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Abstrakt

Tato diserta¢ni prace je zaméfena na vyvoj novych syntetickych metod pro ptipravu
2-substituovanych-3-hydroxychinolin-4(1H)-ont. Substituci v poloze C2 je alkyl, aryl,
ale také heteroaryl. 3-Hydroxychinolin-4(1H)-ony s heterocyklem v poloze C2, nejsou
prili§ zndmé. Jelikoz jsou v literatufe popsany pouze tii prace, zabyvajici se piipravou
latek tohoto typu, je velkd cast disertacni prace vénovana pravé metodice piiprav
2-heteroaryl-3-hydroxychinolin-4(1H)-onti. Syntéza téchto latek je =zalozena na
transformacich  pfipravenych intermediati  2-alkynyl-chinolin a chinolin-2-

karbaldehyd.

Hlavni ¢ast experimentalni prace vyuziva reaktivity trojné vazby 2-alkynyl-chinolini,
kdy bylo pomoci ,,click* reakci a Sonogashira cross-couplingu pfipraveno nékolik sérii
cilovych derivati. Navic, kromé syntézy 2-heteroaryl-3-hydroxychinolin-4(1H)-ont,
byl nalezen a nésledné¢ také vyvinut novy zplisob pfipravy furo[3,2-b]chinolond.
U ptipravenych derivati bylo provedeno i biologické testovani, kdy byla zjiStovana
antibakteridlni a antivirova aktivita. Soucasti experimentdlni prace bylo i pomérné
rozsahlé testovani antivirové aktivity na Virologickém ustavu Slovenské Akadémie

Vied v Bratislavé.



Abstract

The presented thesis was focused on the development of new synthetic strategies for
preparation of 2-substituted-3-hydroxyquinolin-4(/H)-ones. Substituents in position C2
were alkyl, aryl and also heteroaryl. In addition, 3-hydroxyquinolin-4(1H)-ones
containing heterocyclic moiety in position C2 are rare. Since the literature describes
only three papers dealing with synthesis of such compounds, a large part of the
dissertation is devoted to the methodology of 2-heteroaryl-3-hydroxyquinolin-
4(1H)-one preparations. Synthesis of these compounds is based on transformations of

prepared intermediates 2-alkynyl-quinolines and quinoline-2-carbaldehydes.

The main part of the experimental work utilizes the reactivity of the triple bond of
2-alkynyl-quinolines, where several series of target derivatives were prepared by means
of "click" reactions and Sonogashira cross-coupling. In addition to the synthesis
of 2-heteroaryl-3-hydroxyquinolin-4(1H)-ones, a new process for the preparation
of furo[3,2-b]quinolones has also been developed. Biological testing was performed
on prepared derivatives, where antibacterial and antiviral activities were tested. Part
of the experimental work was also relatively extensive testing of antiviral activity at the

Institute of Virology of the Slovak Academy of Sciences in Bratislava.
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Cil prace

1. Vypracovat literarni reSerSi tykajici se syntézy derivati chinolont, piipadné
chinolint, obsahujicich v molekule heterocyklus.

2. Vyvinout nové syntetické pfistupy pro piipravu C2-substituovanych-3-
hydroxychinolin-4(1H)-onli, se zaméfenim na C2-heterocyklické derivaty a
jejich intermediata.

3. Stanoveni biologické aktivity nove pripravenych derivata.

13



2 Uvod

Syntéza 2-substituovanych-3-hydroxychinolin-4(1H)-onti cyklizaci fenacylesterii byla
poprvé popsana roku 1995." Od té doby jsou tyto latky intenzivné studovany zejména
pro své biologické aktivity,™ zajimavé jsou ale také jejich fluorescenéni vlastnosti.*”

Postupné byly popsany dal§i cyklizace substituovanych fenacylestert,® ' jsou vsak

znamy i jiné piipravy téchto latek, napf. z chalkond,'*"

nebo zlatem katalyzovana
reakce alkynyl ketont.'* Dalsim piikladem je tzv. ,,one-pot reakce, kdy dochazi
v jednom kroku k tvorbé fenacylesteru a nasledné cyklizaci za pouziti mikrovlnného
zateni." Takto jsou syntetizovany derivaty, které maji v poloze C2 aromat nebo alkyl.
Derivaty obsahujici heterocyklus v poloze C2 jsou vSak v literatufe popsany relativné
vzacné. V nas$i vyzkumné skupiné byly takovéto chinolony pfipraveny jiz dfive,
cyklizaci heterocyklickych analogi fenacylester,'® a byla u nich zji§téna zajimava
antiprotozoalni a antivirova aktivita, vysledky bohuzel nebyly publikovany. Tato
metoda se vSak neosvédcila pro piipravu latek, které mély v poloze C2 heterocyklus
obsahujici dusikové atomy napf. pyridin, imidazol apod.

Dale byla v nasi skupiné rozpracovana metodika pro pfipravu C2 substituovanych
derivatl, kterd vychdzela z  2-methyl-3-hydroxychinolin-4(1H)-onu. Nasledné
transformace vyuZzivaly pfedevsim kyselosti vodikd methylové skupiny, diky tomu byly
do polohy C2 zavedeny alkyly, fenyl a (hetero)aryly. U nékterych derivati byla
naméfena antibakterialni aktivita viiéi kmenu M. luteus srovnatelna s ciprofloxacinem."”
Ve zminéné praci je také popsana pfiprava intermediatl obsahujicich v poloze C2
aldehyd nebo termindlni alkyn (Obrazek 1). Tyto latky byly v této disertani praci
vyuzivany jako vychozi komponenty pro zavedeni arylu nebo heterocyklu do polohy

C2.

Syntetické cesty vedouci k 2-heteroaryl-3-hydroxychinolin-4(1H)-onlim byly navrzeny
podle obsazené funkéni skupiny vychoziho intermediatu. Tyto postupy zahrnovaly napf.
kondenzacni reakce, médi katalyzované ,click® reakce nebo Sonogashira cross-

couplingové reakce.
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Obrazek 1. Intermediaty ptipravené drive, slouzici jako vychozi reakéni komponenty.

Ne vzdy vSak byla protektivni methylenova skupina kompatibilni s reakénimi
podminkami, a proto byly pfipraveny intermediaty, s benzylovou chranici skupinou,

kterou lze odstranit napt. hydrogenolyticky.

Samotna experimentalni prace se nejvice zaméfuje na tfi st€Zzejni tkoly. Prvnim ukolem
byla ptiprava konjugatt chinolonu s triazolo-sacharidy pomoci ,,click reakce. U téchto
latek byla ve spolupréci se Slovenskou Akadémii Vied méfena antimikrobialni aktivita
vucéi specidlnimu bakteridlnimu kmenu P. larvae. Navic, byla nalezena zajimava
antivirovd aktivita vi¢i gammaherpes viru MHV-68. Déle byla zkouména reaktivita
terminalniho alkynu pifi Sonogashira cross-couplingu. Touto metodou byly do polohy
C2 zavedeny substituované aromdty a nejriznéj$i heterocykly. Na tuto Cast
experimentalni prace navazuje syntéza furo[3,2-b]chinolonil. Ptiprava téchto latek je
v literatufe popsana pomérné malo, vyuziva se cyklizace v PPA za vysokych teplot

nebo piisobenim mikrovinného zafeni.'® !

Pomoci nové metodiky, ktera je zaloZena na
cyklizaci  2-alkynyl-chinolint v MSA, se podafilo ziskat substituované
furo[3,2-b]chinolony. Vybrané derivaty byly podrobeny in vitro a in vivo testovani vici
chiipkovému viru typu Influenza A. Nicméné, na testovanych virech se pomoci
pouzitych experimentll nepodafilo prokazat antivirovy ucinek u Zadné z testovanych

latek.

V praci je uveden také nespocCet negativnich vysledkii, kdy se nékteré z navrzenych
syntéz nepodafilo dokoncit a to napt. vlivem charakteru latek (polarita, rozpustnost)
nebo jejich Spatné reaktivity. V jiném piipad¢ byla pfipravena cela série 2-heteroaryl-3-
hydroxychinolin-4(1H)-ond, pomoci jednoduché metodiky. AvSak pfipravené latky byly
tak nerozpustné, Ze nebylo mozné ziskat kompletni analytickd data pro jejich

charakterizaci.
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Na zékladé ziskanych vysledkl biologické aktivity jednotlivych derivati nase skupina
pokracuje v hledani novych derivatl. Navic, omezena metodika ptipravy vedouci k C2
heterocyklickym chinoloniim déva prostor pro nové syntetické cesty, které¢ by mohly

vést k témto latkam.
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3 Teoreticka Cast

V teoretické casti je uveden piehled doposud publikovanych ptiprav 2-heteroaryl-3-
hydroxychinolin-4(1H)-ond. Byly vSak nalezeny pouze tfi literarni odkazy, z nichz dva
byly publikovany v impaktovanych ¢asopisech®** a jeden pochazi z diserta&ni prace.'®
Proto byla reSerSni cast rozSifena o ptehled pfiprav chinolond, které maji jako
substituent heterocyklus i1 v dalSich pozicich heterocyklické ¢asti chinolinového skeletu,
a to vedle polohy C2 ipolohy NI, C3 nebo C4. Jednotlivé reakce jsou rozdéleny do
skupin dle struktury vychozi komponenty a fazeny od nejstarsi po nejnovéjsi literarni
odkazy. Jelikoz je podstatnd ¢ast experimentalni prace zalozena na reakcich
z piipravenych 2-alkynyl-chinolind, byla teoretickd cast rozsifena o piehled piiprav

alkynyl chinolint, resp. chinolonti.

3.1 Syntéza chinoloni obsahujicich heterocykly v polohach N1, C2, C3
nebo C4

3.1.1 Syntéza s vyuzitim heterocyklickych analogi fenacylesteri

Cyklizace rizné substituovanych fenacylesteri je b&zn€¢ pouzivanou metodou pro

ptipravu 3-hydroxychinolin-4(1H)-onii. Dle struktury vychoziho esteru se provadi

s 24,25 16,26,27

. . . y. 29,28
v kyseliné octové, trifluoroctove, polyfosfore¢né™ nebo

N-methylpyrrolidonu’ pii teploté varu zvoleného cyklizaéniho média.

3-Hydroxychinolin-4(1H)-ony s heterocyklem v poloze C2 byly pfipraveny cyklizaci
heterocyklickych analogl fenacylesteri kyseliny anthranilové v TFA za varu
(Schéma 1). Touto metodou se podafilo pfipravit thienyl, furyl, selenyl, benzo[b]thienyl
a benzo[b]furyl derivaty ve vysokych vyt&Zcich 73-96 %.'°

* 0
O/\H/R TFA OH
o  7072°C |
NH, N~ "R
l n
R = 2- resp. 3-thienyl, 2-furyl, 73-96 %

2-selenyl, 2-benzo[b]furyl,
2-benzol[b]thienyl

Schéma 1. Cyklizace heterocyklickych analogi fenacylesterti I v TFA.
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Obdobné byl ptipraven derivat IV s ptikondenzovanym benzenovym jadrem, tzv.
3-hydroxy-benzo[g]chinolon (Schéma 2). Reakce probihala zahtivanim slouceniny III

v kyseling polyfosforeéné (PPA) s velmi dobrym vytézkem 73 %.*

i /
o (@] PPA
120°C, 2 h
o ,
NH,

73 %

Schéma 2. Cyklizace slouceniny III v PPA.

3.1.2 Reakce s vyuzitim alkynyl ketont

Cyklizaci alkynylketonli 1ze pfipravit N1, C2 nebo C3 substituované 4-oxochinoliny.
V literatufe bylo nalezeno celkem Sest riznych metod ptipravy téchto latek.

Postupem zahrnujicim palladiem katalyzovanou aminaci a naslednou cyklizaci byly v
jednom kroku ziskdny ptislusné N1, C2-substituované-4-oxochinolinové derivaty Vla a

VIb (Schéma 3). V zavislosti na substituci alkynyl ketonil byl pfipraven N-fenyl nebo
N-pyrimidyl-2-fenyl-4-oxochinolin.*’

O X K,COs3 (2 ekv.) Via 63 %
\Y%
5-aminopyrimidin

dioxan, reflux,
9-23 h, N,

(0]
11
anilin

Pdy(dba); (5 mol. %)

PPh3 (10 mol. %)
(0]
N

2

X
vib 81 %

Schéma 3. Piiprava sloucenin VIa a VIb.
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Obdobny derivat, substituovany 2-bromo-alkynyl keton VII, byl podroben 1,4 adici s
alkylaminem a vytvofeny enamino keton byl bez nutnosti izolace cyklizovan
v bazickém prosttedi s hydridem sodnym v DME (Schéma 4). Takto byly pfipraveny
N-alkylované-2-thienyl nebo pyridyl-chinolin-4(1H)-ony VIII s vytézky kolem 50 %.*

O

] O R?
R Br R2 A Rr3 | 60%NaH
\©i’/ R3-NH, (1,5 ekv.) WH DME |
EIOHTHF (11) | q Br reflux, 7-30h R’ N~ "R?
vii O vii R®

R'=Cl, Me 51-56 %
R? = 3-thienyl, 3-pyridyl
RS = alkyl

Schéma 4. Cyklizace alkynyl ketonii VII v bazickém prostiedi.

Zajimavou syntetickou cestou byl pfipraven 2-thienyl-3-tosyl-chinolin-4(1H)-on X
(Schéma 5). Vychozi azid IX reagoval s 4-methylbenzensulfinovou kyselinou za
pfitomnosti  #-butylhydroperoxidu (TBHP). Autofi popisuji dva rizné reakéni
mechanismy probihajici pfes radikalové intermediaty. Derivat X byl pfipraven ve

vysokém vytézku 96 %.’!

SO,H
TBHP (0,4 ekv. )
ACN argon
80°C,0,55h

96 %
Schéma 5. Priprava slouceniny X.
Adici nitritového iontu na B-(2-aminofenyl)-a,f-ynony XI s naslednou cyklizaci
vznikaly 2-substituované-4-nitrochinoliny (Schéma 6). Metoda byla pouzita pro

ptipravu 2-thienyl-4-nitrochinolinu Xla, ktery byl nasledn¢ hydrolyzovan v kyselém
prostiedi s TFA na 4-oxochinolin XII ve vytézku 78 %.*
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S

NO, o)
NaNO, (2 ekv.) AN
= O NH,CI (2 ekv.) M HS0, |
- NG S TFA S
DMF, 60 °C, 2 h | ) socc.4n ” | )
NH,
Xl Xla Xl
68 % 78 %

Schéma 6. Ptiprava slouc¢eniny XII.

Z alkynylketonti XIII lze reakci s (iso)chinolin-N-oxidy pfipravit rizné substituované
3-(iso)chinolinyl-4-oxochinoliny XIVa a XIVb (Schéma 7). Autofi uvadéji reakeni
mechanismus, podle kterého nejprve dochazelo k tvorbé (iso)chinolinyl-B-diketonu. Ten
dale podléhal kysele katalyzované intramolekularni dehydrataci za vzniku ptisluSného

produktu. Takto byly pfipraveny riizné substituované derivaty s vytézky 47-80 %.>

(@]
R1|— X % (iso)chinolin-N-oxid
_ R?
HCI, DMF, 140 °C
NH2 tlakova ampule, 2 h
Xin ’

47-80 %

R'=H, halogen, CF5;, OMe, Me
R? = aryl, thienyl, alkyl, H
R3=H, NO,, Me

Schéma 7. Ptiprava derivatt typu XIVa a XIVb.

Nejnovejsi  publikace uvadi syntézu 1,2,3-trisubstituovanych-chinolin-4(1H)-ont
z piipravenych ynont typu XV a sulfonamidl v bazickém prostfedi Cs,CO; v DMSO
zahrnuje Michealovu adici, Smilestiv pfesmyk a N-arylaci. Reakci bylo pfipraveno
celkem 52 derivatl, mezi nimiz byl i 3-benzothiazolyl derivat XVI. Kromé Siroké
aplikovatelnosti metody na nejrizngj$i substraty, autofi uvadéji jako dalsi vyhodu vznik

minimalniho mnozstvi vedlej$ich produktd (SO, a HX).*
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O

% S H/N—Bn Cs,CO3 (3 ekv.) _
. O + N/>_302 DMSO, 100 °C, 24 h

XV

Schéma 8. Ptiprava slouc¢eniny XVL
3.1.3 Reakce s vyuzitim isoxazolovych/oxazolinovych derivatu

Isoxazolové a oxazolinové derivaty jsou zajimavou vychozi komponentou, kterou lze
vyuzit pii tvorbé chinolonovych derivati. Prvni nalezeny synteticky postup vychazejici
z oxazolinu je zroku 2012 (Schéma 9). Oxazolinovy derivat XVII, piipraveny
z isatoic anhydridu, byl podroben reakci sketonem XVIII za kyselé katalyzy
p-toluensulfonovou kyselinou v n-butanolu. Touto metodou byly pfipraveny slouceniny,
které byly navrzeny jako potencidlni antimalarika. Uvedena sloucenina XIX byla
pfipravena v relativn€ vysokém vytézku 69 % a vykazovala antimalarickou aktivitu v

nanomolarnich koncentracich. Mechanismus reakce autofi neuvadéji.

@) 0
“fjf NS
| PTSA (20 mol. %)
(0] + = n-BuOH
reflux, 24 h, N,

NH, F,CO
Xvil XVl

69 %
Schéma 9. Priprava slouc¢eniny XIX.

Obdobn¢ byla pfipravena fada substituovanych oxazolini XX (Schéma 10). Reakci

s ketoskupinou v poloze 4 substituovanych pyrazoli XXI za kyselé katalyzy, tentokrat

s trifluormethansulfonovou kyselinou v n-butanolu, vznikaly 2-pyrazolyl-chinolin-

4(1H)-ony XXII ve vyt&zcich 42-84 %.*
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TfOH (20 mol. %)
_ n-BuOH _

reflux 24 h

N
XXII N b

R'=H, F, Cl, OMe, CFs 42-84 % R®
R? = alkyl
R®=F, OCF;

Schéma 10. Priprava sloucenin typu XXII.

Reduktivni transformaci 3-substituovanych-5-(2-nitrofenyl)isoxazola XXIII, lze
pfipravit  2-substituované-chinolin-4(1H)-ony XXIV (Schéma 11). Jako redukéni
¢inidlo autofi uvadeji tzv. borid niklu, ktery vznikal in situ z chloridu nikelnatého a
borohydridu sodného, kdy dochézelo k redukci nitroskupiny a otevieni isoxazolového
cyklu. Vznikly enamino keton XXIIIa podléhal samovolné cyklizaci na
2-substituovany-4-oxochinolin. V praci bylo pfipraveno nékolik rizné substituovanych

derivati, z nichZ jeden obsahoval thiofenovy cyklus.®’

o-N O NH o
~ \ | NaBH, (7 ekv.) _ s
NiCl,.6 H,0 (1 ekv.) \ P | S
NO, 0°CazRT NH, N
XX XXllla XXIV
82 %

Schéma 11. Piprava slouceniny XXIV.

3.1.4 Reakce vychazejici z amidi

Cyklizace amidi jsou dobfe znamé a popsané i1 ve starSi literatufe. Casto probihaji v

< 1 T o . 4
bazickém prostiedi znamym mechanismem dle Campse®® *’

nebo jinymi cyklizacnimi
metodami v zavislosti na struktufe substratu. V této reSersi byly vybrany takové vychozi

amidy, které cyklizaci poskytovaly C2 nebo C3 heteroaryl-chinolin-4(1H)-ony.
Cyklizace piipraveného amidu XXV intramolekuldrni aldolovou kondenzaci byla

provedena v bazickém prostfedi s metanolatem sodnym v ethanolu pfi teploté varu.

2-Indolyl-chinolin-4(1H)-on XXVI byl pfipraven s vytézkem 76 % (Schéma 12).*!
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0 N
N /
1) 28% MeONa

o) EtOH, reflux, 2 h _
9 2) AcOH

XXV KL H/ XXVI

COOEt COOH 79,

Schéma 12. Ptiprava slouceniny XXVI.

Série amidl typu XXVII byla cyklizovdna za bazickych podminek za varu v dioxanu
(Schéma 13). Celkem bylo takto ptipraveno 15 sloucenin typu XXVIII, pfi¢emzZ jsou ve

schématu uvedeny derivaty obsahujici thiofen a pyridin v poloze C2.*

O 0
X NaOH X
R P (3-35ekv.) RI-- |
NH dioxan = N R2
& reflux, 1-2 h H
R? S0
XXVII XXVIII
R'=H E OMe 86-97 %

R? = 2- resp.3-thienyl,
2- resp. 3-pyridyl

Schéma 13. Priprava sloucenin typu XXVIII.

Podobné substituované amidy XXIXa byly pfipraveny in situ pomoci palladiem
katalyzované reakce 2-bromoacetofenonti s amidy XXIX (Schéma 14). Néslednou
bazicky katalyzovanou cyklizaci bylo pfipraveno 14 derivati typu XXX, které¢ mély v

poloze C2 aryl, (cyklo)alkyl, adamantyl, ale pfedevsim také heterocykly thiofen, pyridin

a furan.®

23



O 0 O

(0] Pdy(dba)z (1 mol. %) t—gugNa
+ H2N—< Xantphos (2,5 mol. %) (2 ekv.) |
R Cs,CO03 (3 ekv.) NH 100 °C, 18 h ” R

Br dioxan, 100 °C, /g
XXIX 2-18 h R o) XXX

R = 3-thienyl, 3-pyridyl, 3-furyl XXIXa 91-94 %

Schéma 14. Ptiprava sloucenin typu XXX.

Ptipravené amidy s methylendioxy muistkem XXXI byly cyklizovany metodou dle
Campse v bazickém prostiedi za pritomnosti dvou raznych bazi, které byly voleny dle
vychoziho substratu (Schéma 15). Touto metodou byly pfipraveny derivaty XXXII se
substituci v poloze C2: naftalenem, antracenem a hetereocykly s anelovanym
benzenovym jadrem.*

t-BuOK (5 ekv.) 0
t-BuOH < |

—_—
< nebo NaOH )
NH (5 ekv.), dioxan N R
reflux, 12 h H
argon

xxx1 ©© R XXXII

R = benzo[b]thienyl, 17-74 %
benzo[b]furyl, chinolinyl

Schéma 15. Ptiprava sloucenin typu XXXII.

Obdobn¢ byla piipravena slouc¢enina XXXIV (Schéma 16). Tato latka vykazovala silné

protinadorové Gi¢inky.*’

O 0
<O NaOH (5 ekv.) o |
@) NH dioxan, reflux, 16 h <O N Se
5 Se H o\
XXX |/ XXXIV
84 %

Schéma 16. Priprava slouceniny XXXIV.
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In situ ptipraveny chlorid thiazolkarboxylové kyseliny reagoval s o-aminoacetofenonem
XXXVI za vzniku amidu XXXVIa. Ten byl ihned cyklizovan v bazickém prostiedi
pomoci t+-BuOK za vzniku findlni latky XXXVII (Schéma 17). Sloucenina byla
pfipravena v pom&mé vysokém vytézku 81 % jako novy inhibitor proteazy HCV.*

o ~ 0 —

':'El HN)H/
s PN 0

Br HoOoC NN
MeO NH — 1) t-BuOK (6 ekv.)
SOClj (1,05 ekv.) 2) 6M HCl MeO N N NH
NMP O (54 ekv.) gr H \ S>, H

fo) Br
XXXVI XXXVII ®)
L OMe _ 81 %

XXXVia

Schéma 17. Piiprava slouceniny XXXVII.

Amidickd skupina vychozich 1,3-diarylpropenontt XXXVIII, které se piipravuji
Claisen-Schmidtovou kondenzaci, byla kysele hydrolyzovana za vzniku volné amino
skupiny a nasledn& dochézelo k jeji samovolné adici na vytvotfeny enon (Schéma 18).
Vznikly tetrahydrochinolin XXXVIIIa byl poté oxidovan jodem na produkt XXXIX.
Kromé rGzné€ substituovanych aroméatii byl takto do polohy C2 zaveden i thiofen a

pyridin.*’

A

O”"NH O O o
Z R EtOH, 5% HCI 2 (1,5 ekv.) |
reflux, 12 h DMSO
N° R N” "R

H reflux, 12 h H
XXXVl XXXVllla XXXIX
R = 2-thienyl, 3-pyridyl 72-76 %

Schéma 18. Ptiprava sloucenin typu XXXIX.

Slouc¢enina XLII byla pfipravena zamidu XL, ktery byl pomoci thionylchloridu
pfeveden na imidoylchlorid XLa. Ten reagoval in situ s 3-oxopropanoiatem XLI

v bazickém prostiedi za vzniku produktu XLII ve vytézku 41 % (Schéma 19).*
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o) SOCl, Cl F
6 ekv.
. o e | 2l g XLI | o
H | P RT, 16 h | P K,COs (3 ekv.), DIPEA F N \
nebg Lef'ux (2 ekv.), DMF (suchy) F | /
XL XLa 0°C, 1h;110°C, 1h LIl
41 %

Schéma 19. Piiprava slouceniny XLII.

Obdobné jako u derivati s methylendioxy muistkem XXXIII (Schéma 16), byla
provedena cyklizace sloucenin s ethylendioxy mustkem XLIII (Schéma 20). Pro tento
typ latek autofi pouzivali jako bazi ethanolat sodny. Ziskané 2-thienyl a 2-furyl
chinolony byly pfipraveny ve vysokych vyt&zcich 92-98 %.*

(0]
EtONa (5 ekv.) O
[ _EtOH, 78°C _ [ |
NH BECT o) N~ R
H
XLl R o XLIV
R = 2-thienyl, 2-furyl 92-98 %

Schéma 20. Ptiprava sloucenin typu XLIV.

Derivat XLVII byl pfipraven reakci N-(2-acetylfenyl)pikolinamidu XLV
s 2-acetylfuranem XLVI v DMSO za pfitomnosti smési dvou bazi (Schéma 21). Autofi
uvadéji zvyseni vytézku pii optimalizaci baze na modelové slouceniné (3-benzyl-2-
fenylchinolin-4(1H)-on), kdy pii pouZiti samotného KHCOs byl vytézek 55 % a pfi
pouziti smési KHCO3/DBU 71 %. Optimalizaci reak¢ni teploty na 120 °C bylo docileno
dalSiho zvysSeni vytézku a modelovéa sloucCenina byla pfipravena ve vytézku 81 %.
Optimalizované podminky byly pouzity i pro piipravu 2,3-bisfurylového derivatu
XLVII s vjt&zkem 70 %.
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KHCO; (2 ekv.)
| o H . 2 O DBU@ekv)
NZ N w DMSO, 120 °C
(@]
XLV XLVI XLVII

70 %

Schéma 21. Ptiprava slouceniny XLVIIL.

3.1.5 Reakce vyuzivajici katalyzu kovy

V literatufe byly nalezeny také rtizné typy couplingovych reakci, vedouci ke vzniku
4-oxochinolini. Reakce probihaly za ptitomnosti béznych katalyzatori palladia nebo
médi. V nékterych piipadech vSak byly pouzity i specidlni katalyzatory obsahujici zlato,

stfibro, rhodium nebo tzv. Grubbstiv katalyzator.

Pomoci karbonylativniho Sonogashira cross-couplingu byl pfipraven klicovy
intermediat L, ktery slouzil k pfipravé inhibitoru proteasy HCV (Schéma 22). Vychozi
latka 2-iodo-5-methoxy-anilin XLVIII reagovala oxidativni adici s Pd(Il)
katalyzatorem. Naslednou karbonylaci za zvySeného tlaku s thiazolyl derivatem XLIX

a v bazickém prostiedi diethylaminu dochazelo k cyklizaci za vzniku slougeniny L.’

0
| S PdCl,(dppf)
J O P L,
MeO NH; N )7 120 °C. DEA, 61 MeO N
V4 0°C, DEA, 6 N \ \>—«NH
XLVII XLIX L S )/
70 %

Schéma 22. Ptiprava slouceniny L.

Reakci substituovanych 3-halogen-chinolin-4(1H)-ontt LI za optimalizovanych
podminek Suzuki-Miyaura cross-couplingu byla pfipravena fada (hetero)aryl derivata
typu LII. Reakce probihala s katalytickym syst¢émem Pd,(dba);/SPhos a bazi K;POs.
Byla volena rtizna rozpoustédla (toluen, DMF, 2-BuOH) a mnozstvi boronové kyseliny
v zavislosti na jeji struktufe. Ve schématu 23 je uvedena pfiprava a vytézky 2-furyl,

3-pyridyl a 5-pyrimidyl derivatii.>
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) Pda(dba)s (4 mol. %) O

| SPhos (8 mol. %) Ar
RO Ar—B(OH) KPOs@ekv) i ]
N 2 05-18h, 85-110 °C ZN
\ DMF nebo 2-BuOH \
R2 R2
LI LIl
R'=6-Cl, H 51-97 %
RZ = H, Me

Ar = 2-furyl, 3-pyridyl, 5-pyrimidyl

Schéma 23. Ptiprava sloucenin typu LII.

Pomoci Ullmanova couplingu byly pfipraveny 3-(N-substituované)-chinolin-4(1H)-ony
LIV (Schéma 24). Vychozi chinolony LIII reagovaly s rznymi N-nukleofily typu
amidl, laktami, sulfonamidii a azolid. Reakce probihaly v toluenu, s médi, DMEDA
jako ligandem a bazi K,CO;. Takto bylo pfipraveno celkem 26 sloucenin, z nichZ jsou

ve schématu uvedeny ty, které obsahovaly heterocyklus.”

O Cu (10 mol. %) 0
X DMEDA (20 mol. %) Nu
| + NuH KoCO3 (1,25 ekv.) |
2 toluen, 135 °C, 14-96 h 2
TR TR
R R
LI LIv
41-98 %

Nu = N-indolyl, N-(benz)imidazolyl,
N-indazolyl, N-pyrazolyl, N-pyrazolopyrimidin

X =Br, |
R' = alkyl, benzyl
R? = H, alkyl

Schéma 24. Ptiprava sloucenin typu LIV.

3-Heteroaryl-chinolin-4(1H)-ony LVII byly pfipraveny pomoci cross-couplingu
chinolonu LV s riznymi azoly LVI za katalyzy Cu(I). Reakce probihala v bazickém
prostfedi +-BuOLi, diky kterému dochazelo k odstépeni protonu z azolu a zaroven k
tvorbé organomédného intermedidtu. Dale dochéazelo k oxidativni adici a reduktivni
eliminaci za vzniku produkti LVII (Schéma 25). Takto bylo do polohy C3 zavedeno
celkem 6 riiznych typi heterocyklt s vytezky 54-91 %.>*
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O e} [\f/2>\— //
' Neo- s tBuOLi (1,2-2 ekv.) X B
| + </ z| iR Cul (3 ekv.) |
N XJ\\:”/) dioxan, 110 °C, N
. 20 h, N, |
n B
LV LVI Lvir "
X=8,0,NR 54-91 %
Z=C,N
R = CI, Me, OMe, Ph

Schéma 25. Piiprava sloucenin typu LVIL

Karbonylativni Sonogashira cross coupling byl pouzit pro ptipravu 2-thienyl-chinolin-
4(1H)-onu LX (Schéma 26). Vychozimi latkami byly substituované o-jodaniliny LVIIT
a 2-ethynyl-thiofen LIX. Reakce probihala za katalyzy Pd(II), pficemz byl zvolen
pevny zdroj CO hexakarbonyl molybdenu.”

Pdy(dba), (5mol. %)
dppf (12 mol. %)

|
R {i[ + ES/ L Mo(CO)s (1 ekv.)
| / — o
_ NH, DEA, 120 °C
LIX

MW, 20 min

LVill
R=H,CI 51-62 %

Schéma 26. Ptiprava slou€enin typu LX.

Nova metoda ptipravy 2-amino-4-oxochinolini LXIII vyuziva stfibrem katalyzovanou
chemoselektivni [4+2] cykloadici mezi aryl-isokyanidy LXI a substituovanymi
isokyanoacetamidy LXII (Schéma 27). Touto metodou byly pfipraveny rizné
2-aminochinolony, naftyridiny a fenantroliny v jednom kroku. Ve schématu je uvedena

ptiprava 2-morfolino a 2-thiomorfolino derivati.”
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(0] O

A CN Ag,CO3 (30 mol. %)
R + j)‘\N/\ Li,CO3 (30 mol. %) | Tol

7 NC Tol K/X ACN, 100 °C, 3-12 h N
LXI LXi LXin H K/X
R =halogen, aryl, X=0,S 35-80 %

Me, OMe, ester

Schéma 27. Ptiprava slouc¢enin typu LXIII.

2-Substituované-chinolin-4(1H)-ony byly pfipraveny oxidativni karbonylaci z ketont,
aminl a CO (Schéma 28). Z téchto jednoduchych a dobte dostupnych vychozich latek
bylo pfipraveno celkem 20 derivatd (vytézky 39-76 %). Ve schématu je uvedena
ptiprava 2-furyl derivatu LXVI, vychazejici z 2-acetylfuranu LXIV a anilinu LXV
s 51% vytézkem.”’

Pd(dba), (10 mol. %) o
CuBr(Me,S) (1 ekv.)

PhCOONa (1,5 ekv.) |
Xantphos (10 mol. %) O

Iz

KI (1 ekv.), CO/O, (3/1)
LXIV toluen/DMSO (2/0,4) LXVI
110 °C, 24 h
51 %

Schéma 28. Ptiprava slou€eniny LXVI.

Metateze vyuZivajici k uzavreni cyklu tzv. Grubbsovych katalyzatori, byla pouZita pro
ptfipravu piirodniho alkaloidu Marinamidu, ktery vykazuje antimalarickou aktivitu
(Schéma 29). Vychozi latka N-allyl imid LXVII podléhala eliminaci vody s naslednou
cyklizaci za ptitomnosti Grubssova katalyzatoru II. generace. Debenzylaci intermediatu
LXVIII s TFA byl pfipraven zndmy pfirodni insekticid - Quinolactacid (LXIX), jehoz
bazickou hydrolyzou byl pak ziskan Marinamid (LXX).*®

LiOH (4,1 ekv.) COOH
B N GRuUBES I THF/HZ0 (3/1)
N —DCEsoc RT.16h Tescc.2h H \ /
HO /
LXVII LXVII LXIX LXX
Quinolactacid Marinamid
87 % 60 % 86 %

Schéma 29. Ptiprava Marinamidu (LXX).
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Jednokrokové syntéza, zahrnujici reakci tfi komponent: 3-(2-halogenfenyl)-3-
oxopropanitrilu LXXI, (hetero)aromatickych aldehydid LXXII a amoniaku, poskytla
2 substituované-3-kyanchinolin-4(1H)-ony LXXIII s vytézky az 87 % (Schéma 30).
Vyhodami reakce byly napt. pouziti vody jako tzv. “zeleného” rozpoustédla a snadno
dostupné vychozi latky. Z heterocyklickych sloucenin byly pfipraveny derivaty

obsahujici furan a thiofen.*

o) CuCl, (6 mol. %) )
CN o KoCO3 (2 ekv.) CN
NH3 (3 ekv.
. R_/< 2q NHs (3 okv.) |
H L-prolin (10 mol. %) N R
X H50, reflux, 18-20 h H
LXXI LXXII LXXIN
R = 2-furyl, 2-thienyl 62-65 %
X =Cl, Br, |

Schéma 30. Piiprava sloucenin typu LXXIIL.

Zlatem katalyzovanou cyklizaci 1-(2’-azidoaryl)propynoli typu LXXIV byly
pfipraveny chinolony typu LXXV. Autofi uvadé¢ji, Ze pii reakci nejprve dochazelo
k intramolekularnimu nukleofilnimu ataku azidu na zlatem aktivovanou trojnou vazbu.
Nasledna cyklizace vedla ke wvzniku chinolonu, eliminaci dusiku, a vzniku
a-iminokarbenu. Poslednim krokem byla 1,2-migrace substituentu z polohy C4 do C3
se soucasnou eliminaci zlata a aromatizaci. Celkem bylo takto pfipraveno 26 sloucenin,

z nichz jedna obsahovala thiofen v poloze C2 (Schéma 31).%°

HO Q
JohnPhosAuNTf, CH3
% \ (5 mol. %) |
DCE, 65°C, 48 h
Na ol N1
S
LXXIV LXXV
84 %

Schéma 31. Ptiprava slouceniny LXXV.

Zajimavou metodou pfipravy 2,3-disubstituovanych-4-oxochinolin je reakce
N-nitrosoanilint LXXVTI s cyklopropenony LXXVII (Schéma 32). Autofi uvadéji, ze
kli¢ové bylo nalezeni vhodné stiibrné soli. Pokud byl pouzit AgSbF¢ dochéazelo k [3+2]

cykloadici za vzniku indoll, zatimco pii pouziti AgNTf, vznikaly [3+3] cykloadici
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chinolony. Kromé¢ substituovanych aromati se podafilo pfipravit 2-thienylovy derivat

LXXVIII s dobrym vytézkem 56 %.°'

o) O
| [RnCp*(OAC,)l, 10D
Nexo _ GmoL%) s
©/ + S S AgNTf, (20 mol. %) s
\ | | 4AMS, DCE N \
120 °C, 24 h | /
LXXVI LXXVII LXXVIII
56 %

Schéma 32. Piiprava slouceniny LXXVIII.

3.1.6 Reakce vyuzivajici chalkony

Cyklizace chalkonli je dalSi metodou pfipravy 2-heteroaryl-3-hydroxy-chinolin-
4(1H)-onl. Reakce mohou probihat napt. za katalyzy Lewisovymi kyselinami nebo za

pfitomnosti oxidac¢nich ¢inidel.

Karbazoyl chinolon LXXX byl pfipraven cyklizaci aminochalkonu LXXIX pomoci péti
riznych reakénich podminek (Schéma 33). Zatimco kysele katalyzované cyklizace
(podminky 2-4) poskytovaly vytézky kolem 50 %, reakci s Montmorillonitem K10
v mikrovlnném reaktoru doSlo ke zvySeni vytéZku az na 75 % s minimalni reakéni
dobou (2.5 minut). Navic bylo zji§téno, Ze reakce probihala i v pfitomnosti KHSO4
s pramérnym vytézkem 49 %.%
o
H,oN

% ()
— O N
O O Podminky 1-5 D O H

N

H M

LXXIX LXXX
41-70 %
Schéma 33. Piiprava slouceniny LXXX. Reagenty a podminky: (1) Montmorillonit
K10 Clay, MW, 2,5 minut, 75 %; (2) InCls (20 mol. %), 2 h, 49 %; (3) In(OTf);
(20 mol. %), 1,5 h, 55 %; (4) PPh3-HCIO4 (20 mol. %), 1 h, 41 %; (5) KHSO4
(30 mol. %), 1 h, 49 %.
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Slouc¢enina LXXXII byla pfipravena z pfislusného chalkonu LXXXI oxidaci
peroxidem v bazickém prosttedi za vzniku oxiranového intermedidtu LXXXIa, ktery
byl izolovan ve vytézku 61 %. Naslednym varem v ethanolu dochazelo k otevieni
epoxidu a cyklizaci za vzniku produktu s vytézZkem 47 %. Piipraveny chinolon

LXXXII byl zkouman jako potencialni dudlni fluorescenéni sonda (Schéma 34).%

H20,
10% NaOH

—_—

EtOH, 0 °C

(@] EtOH/O,
(@) —
reflux, 20 h

NH,

LXXXla

LXXXII
61 % 47 %

Schéma 34. Piiprava slouceniny LXXXII.

2-(Thiofen-2-yl)chinolin-4(1H)-on (LXXXIV) byl pfipraven cyklizaci z nitrochalkonu
LXXXIII s pouzitim zinku ve smési s TiCly (Schéma 35). Autofi uvadéji, ze zinek
slouzil k redukei Ti (IV) na Ti (0), ktery redukoval nitroskupinu na nitroso. Poté
dochazelo k ataku a,B-nenasyceného ketonu nitrososkupinou za vzniku chinolinového
kruhu a po okyseleni a nasledné tautomerizaci vznikal pfisluSny 4-oxochinolin
LXXXIV. Byly pfipraveny i dalsi derivaty se substituovanymi aromaty ve vysokych
vytézcich (70-89 %).%

O O
= S TiCly-Zn
\ HF 40°C |
NO 2h N N S
2 e H Ly
LXXXIII LXXXIV
79 %

Schéma 35. Ptiprava sloueniny LXXXIV.
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3.1.7 Reakce s vyuzitim vySe vroucich rozpoustédel

Cyklizace jsou ¢asto provadény za vysokych teplot ve vysoce vroucich rozpoustédlech,
napt. v difenyletheru (258 °C) nebo také bez rozpoustédla pfimo v tavening. V literature

byly nalezeny tfi reakce, kdy termickou cyklizaci vznikaly 2-heteroaryl-chinolin-

4(1H)-ony.

Termolyzou v taveniné 3-anilino-furfurylidenmalonatu (LXXXV) pii 250 °C byl
pfipraven 3-(ethoxykarbonyl)-2-(furan-3-yl)chinolin-4(1H)-on (LXXXVI) s vysokym
vytézkem 85 % (Schéma 36).*

.  COOEt O
H COOE
@/ ZSCOOEt  250°C |
tavenina
N
// H \ N
0] O
LXXXV LXXXVI

85 %

Schéma 36. Priprava slouceniny LXXXVI.

Intermediat LXXXVII, ktery byl pfipraven z Meldrumovy kyseliny, byl cyklizovan za
varu v difenyletheru a poskytoval 2-morfolino-chinolin-4(1H)-on (LXXXVIII) ve
vysokém vytézku (84 %). Tento derivat slouzil k dalSim reakcim pro piipravu inhibitora

DNA-dependentnich proteinkinaz (Schéma 37).%

(@) o/ o
Br H

N @) reflux, 3 h H N/\
[ j Br K/O
@)
LXXXVII LXXXVIII
84 %

Schéma 37. Piiprava slouc¢eniny LXXXVIII.

Cyklizace lze také provadét u (bis)methylthio derivatd LXXXIX v 1,2-dichlorbenzenu
pii 180 °C (Schéma 38). Vznikly 3-acyl-2-methylsulfanyl-chinolin-4(1H)-on byl

oxidovan peroxidem vodiku v kyselin¢ octové na sulfoxid XC. Nukleofilni substituci
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sulfoxidové skupiny pfislusSnymi aminy v difenyletheru pfi 180 °C vznikaly
morfolinové nebo piperidinové derivaty XCI. Kromé téchto dvou slouc¢enin byla takto
piipravena série rtizn¢ substituovanych derivati v poloze C2 aromaty a v polohach
C5-C8 halogenem nebo alifatickym fetézcem. Slouceniny byly pfipraveny jako

inhibitory MERS-CoV (Corona viru). Vt&ZKky autofi neuvadi.®

1)0d|ch|orbenzen F
)ﬁiu\ 2) H,0,/ACOH, T oPE
50 °C SOMe 180°C,8h
H5;CS
X =CHy, O
LXXXIX

ZT

R= 4-morfoI|nyI, 1-piperidinyl

Schéma 38. Piiprava sloucenin typu XCI.

3.1.8 Bazicky katalyzované cyklizace

Bazicky katalyzované cyklizace 1ze provadét z riznych vychozich latek, jako jsou napf.

isatoic anhydridy, o-aminoacetofenony nebo o-oxoketen-S,N-acetaly.

Reakci isatoic anyhydridu XCII s imidazolinovym derivaitem XCIII v bazickém
prostfedi hydridu sodného byly sice ziskdny dva derivaty 2-oxo-3-imidazolyl-chinolinu

XCIV, ale s velmi nizkymi vjt&zky (Schéma 39).%

O OH I\f/>
50% NaH (1 ekv.)
(0] + {NH DMA, 120 °C, 6 h N ”
A N//K/COOEt >
'Tj O l?l @]
R
Xcll XClll XCIV
R = Me, Bn 5-13 %

Schéma 39. Ptiprava sloucenin typu XCIV.

Intramolekularni Mannichova reakce mezi sekundarnim aminem a ketonem
u slouceniny XCV probihala s oxida¢nim ¢inidlem (TEMPO) v bazickém prostiedi

(+-BuOK). Za t&chto podminek byla vytvofena novéa vazba mezi dvéma sp’ uhliky za
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vzniku 2-(hetero)aryl-chinolin-4(1H)-oni XCVI. Pyridyl a thienyl derivaty byly
piipraveny s vysokymi vt&zky 91 %, resp. 93 % (Schéma 40).°®

(0] 0]
| TEMPO (2 ekv.)
t-BuOK (2 ekv.g |
DMSO (0,05M)
N/\R 80°C,6h ” R

H
XCV XCVI
R = 4-pyridyl, 2-thienyl 91-93 %

Schéma 40. Piiprava sloucenin typu XCVL

Intramolekuldrni aminaci oa-oxoketen-S,N-acetali XCVII byla pfipravena série
N-substituovanych-2-methylthio-chinolin-4(1H)-ont XCVIII (Schéma 41). Reakce

probihala v bazickém prostfedi +~-BuOK za varu v dioxanu, kdy byl takto pfipraven

N-pyridyl derivat.*
0]
%SCH3 t.-BuOK (1,5 ekv.) m
dioxan, 90 °C, 6-8 h
Br O NH N SCH3
7~ = |
Na | Nx
XCVil XCVil

63 %

Schéma 41. Priprava slouc¢eniny XCVIII.

3.1.9 Dalsi reakce

V literatufe byly nalezeny dvé zajimavé reakce. Prvni z nich vyuziva termického
pfesmyku iminocyklobutenli XCIX, které byly syntetizovany konjugovanou adici
ketensilylacetali na alkynyliminy. Pfipravené 2-(hetero)aryl-3-alkenyl-chinolin-

4(1H)-ony C byly ziskany ve vysokych vytézcich (Schéma 42)."
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R2

RS reflux, toluen,
R3 \ — 3h
N nebo xylen,
R’ \ | % 5h
4
XCIX
R' = Ph, 2-thienyl, 2-furyl 76-100 %

R? = Ph, 2-thienyl, 2-furyl, naftyl
R3 = alkyl, R* = H, OMe, halogen

Schéma 42. Piiprava sloucenin typu C.

Druhou znich je syntéza 1,2,3-trisubstituovanych-chinolin-4(1H)-onti, ktera byla
provedena reakci arynu ptipraveného in situ a naslednou kaskddou reakci zahrnujici
inzerci/cyklizaci/”ene” reakci (Schéma 43). Inzerci aminu CII na aryn a cyklizaci byl
vytvoten ,,enon“ CIII, ktery reagoval s dalsi molekulou arynu v tzv. “ene” reakci
a vznikal C3-arylovany produkt. Touto reakci bylo pfipraveno 40 latek s vytézky az
92 %. Ve schématu je uvedena piiprava C2-thiofenyl derivatu CIV.”!

fo) AN —-—R
_ KF (2 ekv.) | | R
XN SiMe3 S NHPh 18-crown-6 x =
R:_ + | p (2 ekv.) R—: -
= OTf COOMe ACN,RT,4h P N S R—:
| |/
inzerce,cyklizace Ph "ene" reakce ,
cl ci cli civ Ph
R =H, O-CH,-O "ENON" 68-69 %

Schéma 43. Ptiprava slouceniny CIV.
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3.2 Priprava alkynylchinolinii a alkynylchinoloni

V literatufe bylo nalezeno pouze pét publikaci zabyvajicich se pfipravou alkynyl-
chinolont a sedm s ptipravou alkynyl-chinolinti. Sloucenin tohoto typu neni mnoho a
vétSinou slouzily jako intermediaty pro dalsi reakce. Latky byly pfipraveny napft. cross-

couplingovymi reakcemi, z isatoic anhydridli, pomoci alkylace aj.

U chinolinti, resp. chinolonii substituovanych halogenem nebo trifluormethansulfonyl
skupinou se nabizi reakce katalyzované palladiem. Takto byly pfipraveny C2, C3 a C4
alkynyl derivaty.

2-Alkynyl-3-substituované chinoliny CVI byly pfipraveny Castro-Stephensovou reakci
(Schéma 44). Typickymi vychozimi latkami jsou arylbromidy, iodidy a triflaty, pficemz
arylchloridy nejsou obvykle pouzivany, kvili nizké reaktivité pfi oxidativni inzerci
Pd(0) mezi vazbu C-Cl. Autofi nicméné uvadeji, ze reakce probihala dobfe i s 2-chloro-
C3-substituovanym chinolinem CV. Vytézky reakci byly zavislé na substituentu
v poloze C3, kdy vysSich vytéZku (88 % a 98 %) bylo dosazeno, jestlize byla v poloze

C3 methylova skupina.”

1 1
R m2_—— _Cul@3mol.%) R
_ + T Pd(PPha), (4 mol. %) _

N Cl TEA N

X
cv cvi R?
R'=H, Me 20-98 %
R? = Ph, n-Bu

Schéma 44. Priprava sloucenin typu CVL

2-Alkynyl-chinolin-3-karbaldehydy CVIII byly pfipraveny také z chloridu (CVII)
ovSem tentokrat Sonogashira cross-couplingem (Schéma 45). Reakce probihala dokonce
bez pifidavku kokatalyzatoru Cu(l), ktery se bézné pouziva pro zvysSeni reaktivity
alkyni. Autofi pouzili podminky z literatury”, které byly vhodné pro alifatické i

aromatické alkyny.74
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X H TEA/PACI, N H
~ * R—= "N e0°cC Z
N ’ NN

R
Ccvil cvii
R = alkyl, (hetero)aryl, 70-89 %
propargylalkohol

Schéma 45. Priprava sloucenin typu CVIIL

2-Oxo0-3-nitro-4-alkynyl chinoliny CXI byly pfipraveny také za podminek Sonogashira
cross-couplingu avSak misto halogenu byl jako odstupujici skupina zvolen triflat
(Schéma 46). Intermediat CX byl pfipraven ve vysokém vytézku 82 %, ale k reakcim
dochazelo pouze salkyny se substituci alkyl nebo TMS skupinou, naopak

s aromatickymi alkyny reakce neprobihaly.”

NO NO,  Pd(PPh):Cly
©\)I 2 T1,0/TEA, DCM ©\)I 2 Cul,K,COs o NO2
— > —_—
0°C azRT THF, RT, 24 h
N (@] N (0] R
CIX cx R=alkyl, TMs  CXI
82 % 70-88 %

Schéma 46. Priprava sloucenin typu CXI.

3-Ethynyl chinolin CXVII byl pfipraven za podminek Sonogashira cross-couplingu
dvéma riznymi metodami (Schéma 47). V obou ptipadech byl jako vychozi
latka 3-bromochinolin (CXII), ktery reagoval bud’ s trimethysilyl acetylenem’®
(CXIII) nebo dimethylethynylkarbinolem’” (CXV). V obou piipadech vznikaly
intermediaty ve vysokych vytéZzcich 96 % (CXIV) resp. 99 % (CXVI). Produkt byl
ziskan eliminaci TMS skupiny resp. #-butanolu, kdy metoda vychazejici z intermedidtu

CXVI poskytla téméf kvantitativni vytézek 95 %.
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|

Si .
~ Si
// & ~N
o cxm o K,CO4/MeOH
Cul/PdCl,(PPhg), N/ argon, 2 h, RT
TEA, THF, 24 h 66 %
Br RT, argon CXIV &
h X
96 %
— >
N OH N/
Cul/PdCly(PPhs),
cXxil gz CXVII
TEA, 1,5 h, reflux N = KOH, K,POX
toluen, reflux
— ,
= N 95 %
HO CXVI
99 %

CXV

Schéma 47. Dvé metody piipravy slou¢eniny CXVII.
Alkynylova skupina byla zavedena do polohy C2 také reakci s nesubstituovanymi
chinoliny, kdy byly pomoci dvou specifickych reakci ptipraveny 2-alkynyl-chinoliny.

Reakci chinolinu CXVIII s chloromravenéanem ethylantym vznikala chinoliniova sul.
Néslednou adici alkynyl kupratu, vytvoten¢ho in situ, za ptfitomnnosti chiradlniho
katalyzatoru (S)-StackPhos, byly pfipraveny 2-ethynyl-(2H)-chinoliny CXIX s vysokou
enantioselektivitou (90-98 % ee) (Schéma 48)."

Ny 4+ g_—— CICOOE CuBr (55 mol. %) N
N "~ (S)-StackPhos (5,5 mol. %)

DIPEA (1,4 ekv.), l}l %
DCM, -20°C COOEt R
CXVill CXIX
R = (hetero)aryl, alkyl, TMS 90-98 % ee

Schéma 48. Piiprava sloucenin typu CXIX.

2-Ethynyl-chinoliny CXXII byly pfipraveny dehydrogenativnim cross-couplingem
z chinolin-N-oxidu CXX a pfislusnych alkyntt CXXI za bazické katalyzy (Schéma 49).
Celkem bylo pfipraveno 30 derivata s vyt&zky 50-92 %.”

B KOH (0,3 ekv.) R o
— toluen, reflux AP Pz
> + —R S ——— / —_— N \
£
l?j 40W, 12h l}l H AN R
O et
CXX CXXI oK CXXII
R = (hetero)aryl CXXla 50-92 %

Schéma 49. Priprava derivati typu CXXII.
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Transformaci isatoic anhydrida l1ze obecné piipravit chinoliny, resp. chinolony, ale byly

nalezeny i dva postupy pfipravy, které poskytovaly pfimo N1 nebo C2 alkynyl derivaty.

Série 2-alkynyl-chinolin-4(1H)-ontt CXXYV, slouzicich jako potencidlni antibakterialni
latky, byla pfipravena reakci z N-alkyl-isatoic anhydridi CXXIII s methyl-alkynyl
ketony CXXIV v bazickém prostfedi LDA (Schéma 50).%

0 o)

O 1

@%i c = 5 ="
NSo \ THF,-78°C N
R R
CXX1 CXXIV CXXV
R, R = alkyl 48-57 %

Schéma 50. Piiprava sloucenin typu CXXYV.

Wittigovou reakei ptipravené¢ho fosforanu CXXVII s alifatickymi aldehydy CXXVIIT
vznikaly trans-o,B-nenasycené ketony, které in situ reagovaly s N-propargyl isatoic

anhydridem CXXVI znimym piesmykem za vzniku chinoloni CXXIX (Schéma 51).%!

-~ i
O
PO PPRL /L ko |
+ \—< + T3 H e e = CH
(@] n THF, -78 °C 3
o) N

n

o
CXXVI CXXVII CXViil CXXIX %
n=6-9, 11 40-53 %

Schéma 51. Ptiprava sloucenin typu CXXIX.

Ptima alkynylace chinolin-4(1H)-onli byla nalezena ve dvou publikacich. V prvnim
pfipadé¢ se jednalo o syntézu N-propargyl derivatl, které byly pfipraveny alkylaci
dusiku ptislusného chinolonu typu CXXX propargyl bromidem v bazickém prostiedi s

K>CO; v DMSO s vyt&zky az 90 % (Schéma 52).%
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R
R ] — |
N K,CO3/DMSO
N 70°C, 5h N
CXXX CXXXI \%

R =H, COOEt 53-90 %
R' = H, Me, halogen,
OCH,0

Schéma 52. Piiprava propargyl derivati typu CXXXI.

Druhou reakci je selektivni alkynylace do polohy C2 a C5 chinolin-4(1H)-ontt CXXXII
(Schéma 53). Syntéza vyuziva specidlniho alkynylacniho cinidla TIPS-EBX.
V zavislosti na typu pouzitého katalyzatoru pak probihala reakce selektivné bud’ do

polohy C2 (s Rh(III) katalyzatorem), nebo C5 (s Ru(Il) katalyzatorem).*

TIPS
([
TIPS [CP*RN(MeCN3)(SbFe)a] ™
(5 mol. %), xylen R U |
0 | | 8O1°C, 12 h = N
R' = alkyl
N ! ay CXXXllla R’
2
S ¥ ©:(b — 46-85 %
N o]
R [Ru(p-cymen)Clal,
CXXXII TIPS-EBX (4 mol. %), Zn(OTf), off
(16 mol. %), xylen Re1 |
60°C, 10 = N
R' = pyrimidyl -
CXXXIIIbR TIPS
55-93 %

Schéma 53. Piiprava sloucenin typu CXXXIII.

Metoda intramolekularni cyklizace byla vyuZita pii ptipraveé 2-alkynyl-4-trifluormethyl-
chinolini CXXXVII (Schéma 54). Reakci substituovanych o-aminoacetofenonti
CXXXIV a alkynonit CXXXV s fosfinovym katalyzatorem (dppb) byly pfipraveny
intermediaty CXXXVI, které¢ samovolné cyklizovaly za vzniku produkti CXXXVII
s vytézky 33-78 %.%
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FsCc O O
dppb (20 mol. %) N
toluen 0°C R1|— %
6h,3A MS L R2
NH,
CXXXIV CXXXV CXXXVI

R!=H, CFs, R? = alkyl, aryl,
halogen, alkyl ™S

Schéma 54. Ptiprava sloucenin typu CXXXVIL
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4 Vysledky a diskuze

V této kapitole je uvedena syntéza kliCovych intermediati 2-karbaldehyd a 2-alkynyl
chinolinii. Ty nasledné slouzi jako vychozi latky k ptipravé 2-(hetero)aryl-chinolont,
které jsou syntetizovany ruznymi metodami s vyuzitim napt. ,.click® reakci,

Sonogashira cross-couplingu aj.

4.1 Syntéza kli¢ovych intermediati

Pro pfipravu 2-substituovanych-3-hydroxychinolin-4-(1H)-oni byly zvoleny rizné
syntetické pfistupy. V zavislosti na typu substituentu v poloze C2, byly vyuzity
cyklizatni nebo cross-couplingové reakce. Nejprve byl pfipraven 2-methyl-3-
hydroxychinolin-4(1H)-on 3 dle zndmého postupu.’ Naésledujici krok, protekce
kyslikovych atomil, byl proveden jednak kvili zvySeni rozpustnosti vychozich
chinolinti, a také aby bylo zabranéno nezadoucim vedlejsSim reakcim pii dalSich
transformacich. Methylenova protektivni skupina byla zvolena ptedevSim diky své
stabilité viici oxida¢nim ¢inidliim a bazickému prostiedi. Takto pfipraveny intermediat
4 byl podroben oxidaci za vzniku aldehydu 5, ktery byl poté pfeveden na derivat 6
s terminalni trojnou vazbou (Schéma 55). Posledni reakce, tzv. Seyfert-Gilbertova
homologace, je obecné pouzivéana pii transformaci aldehyda nebo arylketonti na alkyny
a probihd s dimethyl(diazomethyl)fosfonatem v bazickém prosttedi (nej¢. +-BuOK) za
nizkych teplot (-78 °C) v THFE.® V nasem piipadé byla zvolena tzv. Bestmann-Ohira
modifikace,*® kdy se pouziva 1-diazo-2-oxopropylfosfonat (Bestmann-Ohira &inidlo).
S timto Cinidlem lze pak reakci provadét za mirn€jSich podminek (laboratorni teplota)
s K»CO3 v metanolu. Intermediaty 4, 5 a 6 byly pfipraveny dle postupu vyvinutého

v nasi skupin&'’ (viz Ptiloha A) a slouzily jako vychozi latky v dal§ich reakcich.
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O (0]
COOH 0 OH
|
NH N
2 NH; N
2 3

78 % 70 %
c

Schéma 55. Syntéza kliCovych intermediatd 4, 5 a 6. Reagenty a podminky: (a)
chloraceton, TEA, DMF, RT, 4 h, (b) NMP, reflux, 45 minut, (c) CH,Br,, K,COs,
DMF, reflux, 45 minut, (d) SeO,, THF, reflux, 45 minut, (¢) Bestmann-Ohira Cinidlo,
K,COs3, MeOH, RT, 1 h.

Béhem experimentalni prace bylo zjisténo, ze v n€kterych ptipadech byla methylenova
chranici skupina nevhodna, jelikoz pti deprotekci, ktera se provadi v kyselém prostiedi,
dochéazelo k nezadoucim vedlejSim reakcim (viz dale). Proto bylo nutné zvolit jinou
chranici skupinu, kterou by bylo moZzné odstranit jinak, nez v kyselém prostfedi. Benzyl
skupinu, s obdobnou stabilitou v oxida¢nim ¢i bazickém prostiedi, 1ze dobfe odstranit
katalytickou hydrogenolyzou nebo za aprotickych podminek Lewisovou kyselinou.
Benzylace chinolonu 3 poskytla intermediat 7, ktery byl nasledné oxidovan na aldehyd
8 a poté preveden na alkyn 9 obdobnym zplisobem jako u aldehydu S Sayfert-
Gilbertovou homologaci. Nové vyvinuta metodika pro piipravu derivatd 7-9 byla
publikovana®’ (viz Piiloha B), pfi¢emz nejvétsi optimalizace byly nutné pii benzylaci

chinolonu 3.

Reakce byla provedena v DMF se 3 ekv. benzylbromidu a 4 ekv. K,CO; pfi teploté
refluxu. Po ukonceni reakce (TLC hexan/EtOAc 7/3) a izolaci z cyklohexanu byla
ziskdna smés produktu 7 (70 %) spolecné s neCistotami a monobenzyl derivatem
(13 %), ktery se krystalizaci nepodafilo odd¢lit. Pti optimalizaci reakénich podminek
byla zménéna baze na 60% NaH, coz vedlo pouze ke smési latek. Jako dalsi baze byl
pouzit Cs,COs (2 ekv.) se 4 ekv. benzylbromidu. Po izolaci sloupcovou chromatografii

bylo zjisténo, ze vznika 87 % produktu 7, 2 % produktu 7A a 10 % monobenzyl
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derivatu. Optimalizaci prvni metody pouzitim 4 ekv. benzylbromidu a 5 ekv. K,CO;
bylo dosazeno nejlepSiho vysledku, kdy bylo ziskdno po izolaci sloupcovou
chromatografii 87 % derivatu 7 a 10 % vedlej$iho produktu 7A (Schéma 56). Struktura
obou latek byla ovéfena pomoci NMR experimentii véetné N-H HMBC. U derivatu 7A
byla jasnd interakce CHj-skupiny pochazejici z benzylu s pyridinovym dusikem,
zatimco u derivatu 7 tato interakce chybéla (viz kapitola 4.6). Navic byla tato reakce

provedena 1 v gramovém méfitku (20 g), potom byly vytézky latky 7 kolem 80 %.

Q Br OBn 0

N + 4 - |/ + |

H N I
7 7A BN

3
87 % 10 %

Schéma 56. Ptiprava intermediatu 7. Reagenty a podminky: (a) K,CO3;, DMF, 90 min,

reflux.

Oxidace methyl skupiny oxidem seleni¢itym (1,5 ekv.) v suchém THF za varu poskytla
po 30 min aldehyd 8. Produkt vSak neslo precistit pfes bisulfitovou stl, jako tomu bylo
v pfipad€ aldehydu 5. Latka byla nejprve ptedcisténa pomoci flash chromatografie a
odparek byl krystalovan s aktivnim uhlim z cyklohexanu. Takto pfipraveny aldehyd byl
podroben Sayfert-Gilbertové homologaci. Po reakci byl izolovan produkt 9 ve vytézku
50 % (Schéma 57).

OBn OBn OBn
| N OBn . | N OBn b XN OBn
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Schéma 57. Ptiprava intermediatu 9. Reagenty a podminky: (a) SeO, (1,5 ekv.), THF,
30 min, reflux; (b) Bestmann-Ohira ¢inidlo (1,2 ekv.), K,COs;, MeOH, 1 h, RT.

Ptipravené aldehydy S a 8 stejné jako alkyny 6 a 9 slouZily jako klicové intermediaty
pro dalsi syntézy.

46



4.2 Syntéza 2-substituovanych chinoloni pomoci 1,3-dipolarni cykloadice

1,3-Dipolarni cykloadice je obecné zaloZena na reakci mezi dvéma komponentami —
1,3-dipdlem a dipolarofilem za vzniku péti Clenného kruhu. Typickymi zastupci
dipolarofilnich slouc¢enin jsou alkeny a alkyny ale mohou to byt i molekuly obsahujici
ve struktuie heteroatom napt. karbonyly nebo iminy. Molekuly majici 1,3-dip6l se déli

dle geometrie na allylového typu (nelinearni) a propargyl-allenylového typu (linedrni).

Pro pfipravu heterocykli v poloze C2 chinolonového jadra byly pouzity linearni
1,3-dipdly (azidy, ethyldiazoacetat, diazomethan, benzonitril oxid), se kterymi byly
takto pfipraveny 3 typy heterocyklii — triazol, pyrazol a isoxazol. Reakce alkynu 6 nebo
9 s diazoslou¢eninami probihala podle podminek Huisgenovy cykloadice (termicky) bez
katalyzy kovy. V pfipad¢€ triazoli a isoxazolu byla provedena tzv. ,.click® reakce

katalyzovana Cu(I).
4.2.1 Priprava chinolonu s 1,2,3-triazolovym kruhem v poloze C2

Azidy patii mezi nejcastéji pouzivané 1,3-dip6ly a jejich reakci s alkyny vznikaji rizné
substituované derivaty 1,2,3-triazolli. Cyklizaci lze provadét termicky za vzniku dvou
regioisomerti 1,4- a 1,5-disubstituovanych triazoli nebo katalyzovanou kovy (Cu" nebo
Ru"), ktera probih4 regioselektivné a v zavislosti na pouzitém kovu vznika piislusny
1zomer.

C2-Triazolyl-chinolinovy derivat byl pfipraven reakci s benzylazidem, ktery je snadno
dostupny a byl pfipraven nukleofilni substituci benzylbromidu s azidem sodnym.88
Podminky cyklizace byly voleny dle obdobnych reakci =z literatury napf.
+-BuOK/DMSO,¥ CuS0,.5H,0/askorban sodny/DMF/H,0” a Cul/MeOH/THE.”!
V prvnim piipadé k reakci nedochazelo, katalyza s CuSO4.5H,0 a askorbanem sodnym
poskytla produkt ale pouze v nizkém vytézku 37 %. Nejlepsich vysledkti bylo dosazeno
»click® reakei za katalyzy s Cul (5 mol. %) s vytézkem 78 % (Schéma 58).
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Schéma 58. Piiprava latky 10. Reagenty a podminky: (a) benzylazid (1,2 ekv.), Cul
(5 mol. %), THF/MeOH (1/1), 3 dny, RT.
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Nesubstituované 1,2,3-triazoly se pfipravuji pomérné obtizn¢. Piimym zahfivanim
alkynu 6 s azidem sodnym v DMSO (110 °C)** vznikala smés regioisomerti v poméru
1: 1 (LC-MS) spolu s vedlejsimi produkty. Reakci azidu sodného za katalyzy Cul
vznikala smés latek, kde byl produkt v minoritnim mnozstvi spolu s vychozi latkou.
V literatuie”™ byla popsina piiprava aromatickych 1,2,3-triazoli s vyuZitim
trimethylsilyl azidu za katalyzy CuBr s TEA v DMF. Reakci alkynu 6 za téchto

podminek vSak vznikala pouze smés latek a triazol 10a nebyl detekovan (Schéma 59).

0\ o\
(o) O
N azid =
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N NN
6 10a N/H

Schéma 59. Priprava latky 10a.

K ptipravé nesubstituovaného triazolu 10a se nabizela N-debenzylace derivatu 10.
Reakce je vétSinou provadéna vodikem za katalyzy palladiem. Pii pouziti 5% Pd/C
(10 hm. %) v metanolu za atmosférického tlaku nedochéazelo k zadné reakci ani po tfech
dnech. Reakce byla provedena i s Pearlmanovym katalyzatorem (20% Pd(OH),/C,
1 ekv.) v metanolu pfi 65 °C a tlaku 40 Bar, ale opét byla izolovana vychozi latka.
Stejna reakce byla opakovéna s piidavkem HCI, avSak k deprotekci opét nedochazelo.
Byl vyzkousen také postup z literatury,”* kdy reakce probiha za p¥itomnosti vzduiného
kysliku v DMSO/THF s ptidavkem baze ~-BuOK (7 ekv.) pii laboratorni teploté. Po
30 min byla konverze na debenzylovany triazol 40 % (dle LC-MS), zbytek byla smé&s

latek. Izolace produktu pomoci sloupcové chromatografie nebyla uspésna.

Bohuzel se nepodatilo najit vhodné podminky pro N-debenzylaci a nesubstituovany

triazolovy derivat 10a v ¢isté podob¢ nebyl piipraven.

Deprotekce methylenové skupiny u slouceniny 10 byla provedena za varu ve smési
kyselina/voda. Byla optimalizovana pouzita kyselina a jeji koncentrace (Tabulka 1).
Reakce s kyselinou chlorovodikovou poskytovala Zadnou (reakce 1) nebo nizkou
(reakce 2) konverzi vychozi latky na produkt. V roztoku kyseliny bromovodikové
v kyseliné octové rovnéZ nedochdzelo k Zadné reakci (reakce 3). Mirna konverze
vychozi latky na produkt byla detekovana ve ziedéné 48% HB1/H,O (2/3, v/v), kdy po
24 h doslo ke vzniku 21 % produktu (reakce 4). Uplného odreagovani vychozi latky
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bylo dosaZeno pii poméru 48% HBr/H,0 1/3 (v/v) po 42 h refluxu (Schéma 60). Cisty
chinolon 11 byl ziskan krystalizaci z EtOAc s vytézkem 67 %.

Tabulka 1. Optimalizace podminek deprotekce.

Pomér .
Cas Vysledek *
Reakce Kyselina kyselina/voda
(b (%)
(v/v)
1 37% HCI 1/4 6 0
2 37% HCI 2/1 5 17
3 33% HBr/AcOH 0 2 0
4 48% HBr 2/3 24 21
5 48% HBr 1/3 42 100
*a Konverze vychozi latky na produkt dle HPLC-UV-MS pti 200-600 nm.
O"’\ 0
AN © OH
a
N/ =
NTEBn N ~ “N—btn
10 N= 11 N=,/

67 %

Schéma 60. Demethylenace latky 10. Reagenty a podminky: (a) 48% HBr/H,O (1/3),
reflux, 42 h.

Kromé N-benzyltriazolu 10 byla pfipravena série triazolli obsahujici rizné sacharidy.
Celkem 6 raznych azido-sacharidii poskytla Slovenskd Akadémia Vied v Bratislavé
(Obrazek 2), kdy se podafilo vyvinout metodiku pro piipravu glykokonjugati
s chinoliny, resp. chinolony. Hlavnim cilem tohoto projektu byla ptiprava glykosyl-
triazolo-3-hydroxychinolin-4(1H)-onovych konjugatl, které by potencialné mohly
pusobit jako antibakteridlni latky.
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Obrazek 2. Struktura azido-sacharidu A-F.

,.Click® reakce byla provedena s alkynem 6 a azidy A-F dle podminek z literatury®® za
katalyzy CuS0O,4.5H,0/askorban sodny ve smési rozpoustédel DMF/H,0, pfti laboratorni
teploté 3-16 h, dle pouzitého azidu. Vytézky se pohybovaly od 70 % do 90 %, ptfi¢emz
nejnizsi vytézek poskytovala reakce s f-azido-laktézou E (70 %), naopak nejvyssi
vytézek byl pii reakci s a-azido-mannopyrandézou B (90 %). Deprotekce acetyl, resp.
benzoyl skupin na sacharidové casti byla nejprve provedena v metanolu s K,COs pfti
laboratorni teploté¢ 16 h. Pfi purifikaci sloucenin dochazelo k velkym ztratam,
pfedevs§im vlivem stejné rozpustnosti produktu a vznikajici soli acetatu, resp. benzoatu
draselného, kdy se latky nepodaftilo izolovat Cisté krystalizaci ani chromatograficky a
vytézky tak nepiesahovaly 40 %. Debenzoylace latky 12f byla optimalizovana reakci
s IM MeONa v metanolu po dobu 1 h, kdy bylo dosaZeno lepsi separace vzniklého
ribofuranosyl derivatu (13f) od benzoatu sodného a vytézek byl zvysen z 38 % na 61 %.
Stejnd metoda byla pouzita pro deacetylaci latek 12a-e, ale ke zlepSeni separace a
zvySeni vytéZzku nedochdzelo. Deprotekce acetyl skupin byla nakonec provedena
s diethylaminem (DEA) v metanolu. Po odpafeni rozpoustédla byl produkt vysraZen
diethyletherem a vznikajici diethylacetamid zlstal v roztoku. Touto metodou bylo
mozné pfipravit zbylych 5 sacharido-triazolt rychle (2 h), bez ciSténi sloupcovou

chromatografii, s t¢éméf kvantitativnimi vytézky (82-92 %) (Schéma 61).
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Schéma 61. Priprava triazolo-sacharidi 12a-f a 13a-f. Reagenty a podminky: (a)
CuS04.5H;0, askorban sodny, DMF/H,0O (3/1), 3-16 h, RT; (b) DEA, MeOH, 2 h, RT
(latky 13a-e) nebo MeONa, MeOH, 1 h, RT (latka 13f).

Problémy nastaly pii poslednim kroku syntézy, kdy se nepodaftil odstranit methylenovy
mustek. Demethylenace byla provedena na modelové slouceniné 13a s raznymi
kyselinami (HBr, HCI, MSA), ale vZdy byl detekovan produkt deglykosylace (Schéma
62). Reakce neprobihala ani s BF3.Et,O pfi laboratorni teploté v ethylacetatu, kdy byla
po 48 h vreakéni smési detekovana pouze vychozi latka. Po zahtati reakéni smési

dochazelo ke vzniku smési produkti, kde byl identifikovan i produkt deglykosylace.

demethylenace
= Q =

vedlejsi produkt

Schéma 62. Demethylenace modelové slouceniny 13a.

Jelikoz se nepodafilo odstranit methylenovy miustek, byly pfipraveny intermediaty
s benzylovou protektivni skupinou, kterd mize byt snadno odstranéna hydrogenolyticky
bez vzniku vedlejSich produktii. Dibenzylovany alkyn 9 byl pfipraven dle vyvinutého
postupu (viz Schéma 57). ,,Click* reakce s azidy A-F a alkynem 9 probihala za stejnych
podminek jako salkynem 6 s vysokymi vytézky 69-84 %. Hydrolyza acetylovych
skupin pfipravenych derivati 14a-e byla provedena optimalizovanou metodou
s DEA/MeOH s témét kvantitativnimi vytézky (82-94 %) nebo v ptipadé derivatu 14f
postupem s 1M MeONa/MeOH (83 %) (Schéma 63).
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Schéma 63. Ptiprava triazolo-sacharidi 14a-f a 15a-f. Reagenty a podminky: (a)
CuS04.5H;0, askorban sodny, DMF/H,O (3/1), 3-16 h, RT; (b) DEA, MeOH, 2 h, RT
(latky 15a-e) nebo MeONa, MeOH, 1 h, RT (latka 15f).

Optimalizace podminek debenzylace byla provedena u B-D-glukosyl derivatu 14a, kdy
reakce probihala v 2-methoxyethanolu pfi laboratorni teploté s 5% Pd/C (20 hm. %) za
atmosférického tlaku vodiku po dobu 24 h. Pfi teploté 45 °C byla konverze na produkt
16a jiz po 4 h a pti 100 °C po 2-3 h. Deprotekce probihala hladce u vSech Sesti derivati
a dle LC-MS Vznikaly pouze zadané derivaty 3-hydroxychinolin-4(lH)-onﬁ bez
produktu, jelikoZ po ochlazeni na laboratorni teplotu dochézelo k ¢aste¢nému vysrazeni
produktu zroztoku. Zistaval tak adsorbovan na katalyzatoru, a proto dochdzelo ke
dramatickému poklesu ve vytéZzcich, 1 pres dikladné promyvani DMF. Reakéni smés
byla proto filtrovana za horka ptes skelny filtr a odpafenim rozpoustédla byl ziskan
Cisty produkt. U derivatli obsahujicich mannopyranosu (16b), galaktopyranosu (16¢)
a xylopyranosu (16d) bylo nutné natfedit reakéni smés DMF pro Uplné rozpusténi, za
horka odfiltrovat a odpaftit. Vytézky byly téméi kvantitativni a ztraty byly pouze béhem
izolace produktli (Schéma 64). Piiprava téchto latek, spolu s vysledky méfeni

biologické aktivity, byla publikovana®’ (viz P¥iloha B).
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Schéma 64. Debenzylace sloucenin 15a-f. Reagenty a podminky: 5% Pd/C (20 hm. %),
H,, atm.tlak, 2-methoxyethanol, 2-3 h, 100 °C.

4.2.2 Priprava chinolonu s isoxazolovym kruhem v poloze C2

Ptiprava isoxazoll je nejcasteji zalozena na cykloadic¢nich reakcich. Termalni cyklizaci
alkynu s ptislusnym nitril oxidem dochazi ke vzniku smési 3,5 a 3,4-regioisomert.
Pouzitim katalytického mnozZstvi Cu" iontf, které vytvaii komplex mezi alkynem a nitril
oxidem, vznika pouze 3,5-izomer.

Piislusny 1,3-dip6l, benzonitril oxid, byl ptipraven dle literatury.” Benzaldehyd
reagoval s hydroxylaminem za vzniku oximu 17, ktery byl ptedlozen surovy ke chloraci
s NCS za vzniku imidoyl chloridu 18. Benzonitril oxid byl generovan in situ ptidanim
baze (KHCO3) a reakci s alkynem 6 za katalyzy Cu' ionty vznikl 3,5-disubstituovany
isoxazol (19). Reakéni podminky byly pievzaty z literatury.”” Vytézek reakce byl velmi
nizky (pouze 36 %), coz bylo pravdépodobné zpiisobeno manipula¢nimi ztratami,

jelikoz byla reakce provedena pouze v desitkdch miligramli (Schéma 65).

O O

Schéma 65. Piiprava slouceniny 19. Reagenty a podminky: (a) NH,OH.HCI,
EtOH/H,0, 50% NaOH, 1 h, RT; (b) NCS, DMF, 1 h, RT; (c) alkyn 6, CuSO4.5H,0,
askorban sodny, KHCOs3, --BuOH/H,0, 16 h, RT.

/
19 O-N
36 %

Poslednim krokem byla demethylenace, ktera probihala za varu ve ziedéné kyseliné
bromovodikové (HB1/H,0,1/3) dle optimalizovan¢ho postupu pro benzyl-triazol (10).
Vytéznost reakce (53 %) byla snizena pravdépodobné vlivem krystalizace z metanolu

(Schéma 66).
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Schéma 66. Demethylenace slouceniny 19. Reagenty a podminky: (a) 48% HB1/H,O
(1/3), reflux, 42 h.

4.2.3 Priprava chinolont s pyrazolovym kruhem v poloze C2

Pyrazolovy cyklus je nejcastéji pfipravovan 1,3-dipolarni cykloadici alkynt
s diazoslouc¢eninami. Cyklizace probihajici termicky vyzaduji dlouhé reakéni doby,
v nékterych piipadech i n€kolik dni, ale vétSinou probihaji regioselektivné za vzniku
3,5-izomeru.”® Katalyza kovy Cu(I)’’ nebo Lewisovymi kyselinami (Zn(OTf),”;
InC15”) se pouziva predeviim kvili zkraceni reakéni doby, kdy reakce probihaji v fadu
n¢kolika hodin. V nékterych piipadech dochazi v zavislosti na vychozich komponentach
ke vzniku regioisomertt 3,5- a 3,4- a jejich pomér lze korigovat také piidavkem
katalyzatoru.'*

Cyklizace byla provedena salkynem 6 a nejjednodussi diazoslou¢eninou -—
diazomethanem. Ten byl pfipravovan vzdy tésné pied reakci 2z N-nitroso-N-
methylmocoviny.'®' Reakce probihala v DCM nejprve za chlazeni na 0-5 °C ptidanim
2 ekv. diazomethanu. Po 3 dnech reakce pii laboratorni teploté¢ vzniklo pouze 13 %
produktu (dle LC-MS). Dalsim ptidavkem diazomethanu (12 ekv.) doSlo po dvou dnech
k 40% konverzi na produkt, pficemz byly na LC-MS detekovany 2 signély se stejnou
molekulovou hmotnosti, pravdépodobné se jednalo o izomery (Schéma 67).
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Schéma 67. Reakce alkynu 6 s diazomethanem.
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Vzniklé pyrazolové derivaty 21A a 21B se nepodafilo chromatograficky rozdélit vlivem
stejnych fyzikalné¢ chemickych vlastnosti latek. Diazomethan byl proto nahrazen
ethyldiazoacetatem, ktery je stabilnéjSi, ma vysSi teplotu varu a Iépe se s nim

manipuluje.

Pti optimalizaci podminek cyklizace bylo zjisténo, ze konverze na produkt 22 zavisi na
mnozstvi diazoslouceniny a teploté¢ reakce. Nejprve bylo pouzito 1,5 ekv. Cerstvé
piipraveného ethyldiazoacetatu'®” a reakce probihala v tlakové ampuli za varu v THF.
Po 4 dnech doslo k Gplnému odreagovani vychozi latky a vytéZzek byl po izolaci 59 %.
Reak¢ni doba byla dlouhd, a proto bylo zvoleno rozpoustédlo s vyssi teplotou varu
2-MeTHF. Dale bylo nutné pouzit vétsi prebytek diazoslouceniny (3 ekv.), ktera byla
pfidavana postupné v nekolika davkach az do vymizeni vychoziho alkynu 6. Doba
reakce byla sniZena na 3 dny a vytézek byl vyssi (70 %) (Schéma 68). Reakce probihala
stereoselektivné za vzniku 3,5-disubsituovaného pyrazolu, jehozZ struktura byla ovéfena
NMR experimenty (viz. Kapitola 4.6). Ke zkraceni reakéni doby casto dochazi

katalyzou s Cu” ionty, v tomto p¥ipadé v§ak reakce s Cul neprobihala vibec.

70 % N—NH O/\

Schéma 68. Ptiprava slouceniny 22. Reagenty a podminky: (a) ethyldiazoacetat
(3 ekv.), 2-MeTHF, reflux, 72 h.

V literatute byly nalezeny aromatické pyrazolo amidy se zajimavou biologickou
aktivitou.'”® Transformaci esteru latky 22 na rizn& substituované amidy by bylo mozné
pfipravit mens$i knihovnu novych latek obsahujici pyrazolo amidovy skelet, které by

mohly mit biologickou aktivitu.

Amidy Ize pfipravit neprebernym mnozstvim ruznych syntetickych postupii nejen
z esterd, ale 1 karboxylovych kyselin ¢i jejich chloridi. Nejprve byl zvolen postup pfimo

z piipraveného ethylesteru reakci s riznymi aminy (Tabulka 2).
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Tabulka 2. Optimalizace podminek pro tvorbu amidu.

Teplota Cas
Reakce Rozpoustédlo Katalyzator Amin Vysledek
°O) (dny)
1 DMF - 80-130 25% Amoniak 1 Smés®
2 Pyridin - 100 25% Amoniak 4 Smés”
3 Pyridi 80 Propylami 4 Produkt”
ridin - ropylamin
y Py 14 %
4 THF -BuOK 20-25 Morfolin 1 Smés”
5 Toluen PTSA 110 Morfolin 1 Smés*
N,N- b
Produkt
6 MeOH - Reflux dimethylamino 7
80 %
ethylamin
7 MeOH - Reflux Benzylamin 1 Smés”
N-
8 MeOH - Reflux 7 Smés®
methylpiperazin

*a Smés latek spolu s vychozi latkou dle HPLC-UV-MS pfi 200-600 nm; *b Konverze vychozi latky na
produkt dle HPLC-UV-MS pfti 200-600 nm.

Reakce 1 a 2 byly provedeny v nadbytku 25% amoniaku (10 ekv.) v tlakové ampuli bud’
v DMF nebo pyridinu. Ani pii dlouhém zahtivani na vysokou teplotu nebyl detekovan
produkt. Pfi reakci s propylaminem (reakce 3) bylo v reakéni smési po 4 dnech
zahfivani detekovano pouze 14 % produktu. Reakce 4 dle podminek z literatury'®
nevedla ke vzniku produktu. Aminolyza za katalyzy PTSA (reakce 5) byla takeé
neuspésnd. Pouze reakce s N,N-dimethylaminoethylaminem provedend v tlakové ampuli
poskytla amid (reakce 6). Obdobné byly provedeny reakce s benzylaminem (reakce 7) a

N-methylpiperazinem (reakce 8), ale ke vzniku amidu nedochazelo.

Z vysledki je patrné, Ze je ester vici riznym aminiim nereaktivni nebo reakce vyZaduje
dlouhé reak¢ni doby. Proto byl ester hydrolyzovan na volnou kyselinu, coZ umoznilo
pfipravu amidl pouzitim aktivacnich ¢inidel (EDCI/HOBt nebo CDI). Hydrolyza esteru
byla provedena pomoci 5% vodného roztoku NaOH v ethanolu. Po okyseleni zfedénou
HBr byla izolovéna kyselina 23 s vytézkem 95 %, tudiz zadna dalsi optimalizace nebyla

nutna (Schéma 69).
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Schéma 69. Hydrolyza esteru 22. Reagenty a podminky: (a) 5% NaOH, EtOH, reflux,
30 min; (b) 48% HB1/H,0 (1/3, v/v), reflux, 10 min.

Syntéza amidt z karboxylové kyseliny 23 aktivaci s EDCI/HOBt v DMF s bazi DIPEA
nebyla uspéSna. Byly vyzkouSeny nejriiznéjsi aminy (methylamin, n-propylamin,
n-butylamin, n-hexylamin, benzylamin, morfolin, N-methylpiperazin,
N-methylcyklohexylamin, furfurylamin, 2-thiofenmethylamin, 2-aminothiazol) i
amoniak jak pfi laboratorni teploté, tak pii teploté varu aminti. U vSech aminti byla
konverze na piisluSny amid do 50 % (dle LC-MS) a pfi pokusu o izolaci a identifikaci
pomoci NMR byly izolovany zneciSténé amidy v minoritnim mnozstvi (do 10 % dle
LC-MS). Obménou baze za TEA dochazelo jesté k niz§im konverzim vychozi latky na

amid.

Byla testovéana takeé reakce kyseliny s benzylaminem a aktivaci CDI s pyridinem v THF.
Po 24 h pii laboratorni teploté byla konverze na benzylamid pouze 20 % (dle LC-MS).

Zahtivani na teplotu refluxu po dobu 2 h nemé¢lo na reakci zadny vliv.

Z karboxylové kyseliny lze pfipravit amidy i pfes smésny anhydrid. Pro reakci byl
zvolen chloromravencan ethylnaty v bazickém prostfedi DIPEA. Vytvofeny anhydrid

in situ reagoval s benzylaminem v DMF nebo acetonu, ale reakce neprobihala.

Pfevedenim kyseliny na chlorid pomoci SOCI, a naslednou reakci s benzylaminem nebo
N-methylpiperazinem vznikala smés latek, kde byla detekovana vychozi kyselina a

minoritni mnozstvi amidu.

Deprotekce ptipraveného esteru byla provedena stejné jako u isoxazolového derivatu 19
se ziedénou HBr. V pfipad¢ esteru dochazelo nejprve k jeho hydrolyze, kdy by méla
nasledovat deprotekce methylenového mistku. Refluxem v nadbytku 48% kyseliny

bromovodikové (45 ekv.) vSak ani po 48 h k demethylenaci nedochézelo.
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K odstranéni methylendioxy mustku lze pouzit, obdobné jako u demethylaci, Lewisovy
kyseliny, napft. BC13,105 BBr3,106 AICL'"" a jsou provadény v suchém DCM. Reakee byla
vyzkousena s 1M BCls/hexan (5 ekv.). Pti laboratorni teplot¢ nedochazelo k zadné

reakci, ani pfi zahfivani na teplotu refluxu po dobu nékolika hodin.

Methylenovy mustek slouceniny 22 se odstranit nepodaiilo, proto byla protektivni
skupina zaménéna za benzyl, ktery lze jednoduse hydrogenolyzovat vodikem. Syntéza
byla provedena z piipravené¢ho alkynu 9 s ethyldiazoacetatem, v 2-MeTHF za varu
v tlakové ampuli. Po tfech dnech byla reakce ukoncena a produkt izolovan s 66%
vytézkem. Naslednd debenzylace probihala hladce s 5% Pd/C (20 hm. %), za
atmosférického tlaku vodiku ve 2-methoxyethanolu pii 100 °C, kdy byl za 1 h
detekovan pouze produkt (LC-MS). Po izolaci byl ziskan produkt 25 s 66% vytézkem
(Schéma 70).

OBn OBn
N OBn N OBn OH

_a o L» |
= P
N SN N \ N\, COOEt N \ N\, COOEt

H
9 24 N—p 25 N4
66 % 66 %

Schéma 70. Pfiprava slouceniny 25. Reagenty a podminky: (a) ethyldiazoacetat
(3 ekv.), 2-MeTHF, reflux, 72 h; (b) 5% Pd/C (20 hm. %), H,, 2-methoxyethanol,
100 °C, 1h.

4.3 Syntéza 2-substituovanych chinolontu cyklizaci z pripravenych 1,1-
dibromoalkeni
Reaktivni aldehydickd skupina v poloze C2 chinolinového intermedidtu 5 podléha
mnoha transformacim napf. tvorbé Schiffovych bazi, reduktivni aminaci nebo redukci
na alkohol."” Zajimavé bylo vyuziti aldehydu 5 jako vychozi latky pfi tzv. Corey-Fuchs
reakei,'™ kdy v prvnim stupni vznika 1,1-dibromoalken. Z piipraveného intermeditu
26 byla navrZena synteticka cesta k zavedeni rtiznych typt heterocyklickych derivati
do polohy C2 3-hydroxychinolin-4(1H)-onii (Schéma 71). Pokud by reakce probihala
s alifatickymi aminy (aminoetahnol, cysteamin, ethylendiamin), mély vznikat pfislusné

cyklické produkty (26a). Vytvorené cyklick¢ slouCeniny by nasledné byly
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aromatizovany (26b) pomoci napi. Swernovy oxidace a v poslednim kroku by po
deprotekci methylenové skupiny pak vznikaly 2-heteroaryl-3-hydroxychinolin-
4(1H)-ony (26¢). Reakci s aromatickymi aminy (o-fenylendiamin, o-amino fenol) by
vznikaly prislusné aromatické heterocykly piimo (26d), bez nutnosti oxidace

(Schéma 71).
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Schéma 71. Navrh syntézy 3-hydroxychinolin-4(1H)-oni s heterocyklem v poloze C2.

Névrh reakéniho mechanismu 1 podminky pro piipravu latky 26 byly pfevzaty

1% Jedna se o obdobu Wittigovy reakce, kdy je reaktivni ylid generovan

z literatury.
in situ  z tetrabromomethanu a trifenylfosfinu. Poté dochdzi kadici ylidu na
aldehydickou skupinu slouceniny 5 a nasleduje vznik oxofosfetanového kruhu, ktery je
eliminovan za vzniku 1,1-dibromoalkenu 26 a trifenylfosfin oxidu (TPPO) jako
vedlej§iho produktu (Schéma 72). Cisténi produktu od vzniklého TPPO bylo
problematické a vysraZzenim nebo krystalizaci se jej nepodafilo kompletné oddélit od
produktu. Z tohoto diivodu byla reakéni smés po extrakci do DCM nanesena na

sloupcovou chromatografii a produkt byl ziskén rychle a ve vysokém vytézku 80 %.
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Schéma 72. Mechanismus vzniku 1,1- dibromoalkenu 26.

Nasledujici cyklizace byla vyzkousSena se tfemi alifatickymi a tfemi aromatickymi
aminy (Tabulka 3). Reakce aromatickych amini (reakce 1-3) s alkenem 26 byla nejprve
provedena s TBAF.3H,0/DMF'” (metoda A), aviak vysledkem byla pouze smés latek.
Reakci pfi pouziti baze DABCO v NMP'® (metoda B) dochazelo pouze v
ptipad¢ o-aminofenolu, kdy byl detekovan vznik produktu pouze 41 % (dle LC-MS).
(111

Reakce 4 v nadbytku ethylendiaminu pii laboratorni teploté
po 2,5 h, kdy bylo dle LC-MS dosaZeno 83% konverze na produkt. Latku se vSak

poskytovala imidazolin

nepodafilo izolovat, jelikoZ se pfi purifikaci sloupcovou chromatografii rozkladala.
Derivaty oxazolidinu (reakce 5) a thiazolidinu (reakce 6) byly pfipravovany dle
metody A, kdy v pfipad¢ oxazolidinu vznikala smés dvou neznamych latek. Reakce
s cysteaminem poskytla 67% konverzi na produkt. Po izolaci sloupcovou
chromatografii byl produkt identifikovan pomoci 'H-NMR, kde byly pozorovany dvé

sady signali - pravdépodobné¢ iminu a enaminu.
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Tabulka 3. Reaktivita 1,1-dibromoalkenu 26 s aminy.

Reakce Amin Metoda Predpokladany produkt  Vysledek
NH, A O’\o Smés
1 @[ m@ Produkt®
OH B N/ \N
41 %

NH, A o’\O
2 ;@ m Smés®
NH, B N SN
NH, A O~\O
» X SeCI YAl
CI NH2 B N/ \N
0\

HN o) Produkt®

4 N ™>Nh, C \/ HN\/> %3 %
N N
o~\0

5 HzN\/\OH A X o/> Smés?
N” =
0\
X © S
_ 3 Izolovana
N N +

6  HCOLHN_~, A smés

0\
@éﬁiﬁ zomer
N7 N
H

*a Smés latek bez produktu dle HPLC-UV-MS pi 200-600 nm; *b Konverze vychozi latky na produkt
dle HPLC-UV-MS pti 200-600 nm.

Reagenty a podminky: Metoda A: alken 26 (1 ekv.), amin (1 ekv.), TBAF.3H,0
(4 ekv.), DMF, 60 °C, 3 h; Metoda B: alken 26 (1 ekv.), amin (1,5 ekv.), DABCO
(3 ekv.), NMP, 100 °C, 10 h; Metoda C: alken 26 (0,08 mmol), ethylendiamin (0,8 mL),
RT, 2,5 h.

Dle reakéniho mechanismu popsaného v literatuie'® by reakce méla probihat pres
stadium alkynylbromidu 27, ktery kondenzaci s o-aminofenolem a néslednou cyklizaci
poskytne benzoxazol (Schéma 73) nebo obdobné benzimidazol v piipadé kondenzace

s o-fenylendiaminem.
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Schéma 73. Navrh mechanismu cyklizace.

U vSech reakci vSak byla identifikovana necistota alkyn 6. Pokud alkynyl bromid 27
vznikal, dochézelo pravdépodobné k jeho hydrolyze na alkyn 6 i pfi stopovém mnozstvi

vody, a proto uz reakce dale neprobihala (Schéma 74).

0\ 0o\
o o]
X H,O AN
Z N
NN HBrO NS

27 Br 6

Schéma 74. Hydrolyza alkynyl bromidu 27.

Aby bylo ovéfeno, Ze cyklizace neprobihaji z diivodu hydrolyzy alkynylbromidu 27,
vznikajictho in situ, byl tento alkynyl bromid pfipraven, izolovan a piedloZzen
k cyklizacim. Syntéza latky 27 byla provedena dle podminek z literatury''* eliminaci
bromovodiku pomoci DBU v DMSO pfi laboratorni teploté. Po extrakci byl produkt
izolovan vymichdnim v metanolu za horka s vytézkem 58 % (Schéma 75). Dadle byla

prozkoumana jeho reaktivita vii¢i aminim, které nereagovaly s 1,1-dibromoalkenem 26.
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Schéma 75. Priprava alkynylbromidu 27 a nasledna cyklizace s aminy.

Reakcei alkynylbromidu 27 v nadbytku ethanolaminu pfi laboratorni teploté dochézelo
k 60% konverzi na oxazolidinovy derivat. Alkyn 6 jako vedlejsi produkt nebyl ve smési
detekovan. 2-Aminofenol poskytoval reakci v DMF pii laboratorni teploté produkt
z21 %. 4,5-Dimethyl-1,2-fenylendiamin poskytoval za stejnych podminek téméf
kompletni konverzi na produkt (Obrazek 3). Ackoliv reakce poskytovaly vyssi
konverze, nepodafilo se produkty izolovat =zreakénich smési. Pii sloupcové
chromatografii latky bud’ zlstdvaly zachyceny na silikagelu, nebo se b&hem eluce

castecné rozkladaly.

O™\ 0\ 0\
o o )
LS oy O
N/ \N N/ \N N/ \N

Konverze 21 % Konverze 60 % Konverze 96 %

Obrazek 3. Struktury produktl a konverze dle LC-MS.

Zaménou methylenoveé chréanici skupiny za benzylovou by mélo dojit ke zméné polarity
latek a cykliza¢ni produkty by mohly byt Iépe izolovatelné. 1,1-Dibromoalken
s benzylovymi skupinami (28) byl pfipraven obdobné jako alken s methylenovym
mustkem (26). Intermediat byl izolovan v niz§im vytézku (31 %), jelikoz vznikalo vice
vedlejSich produktii. Pro testovaci cyklizace bylo piipravené mnozstvi dostate¢né, proto

nebyla reakce déale optimalizovana (Schéma 76).

63



OBn OBn
OBn
E—
~
N/ H N Z Br
8 o) 28
31 %

Schéma 76. Priprava latky 28. Reagenty a podminky: (a) CBr4, PPh;, DCM, 0 °C —
RT, 30 min.

Reakce s aminy byly provedeny za stejnych podminek, jako v ptredchozim ptipadé.
Vysledky konverzi byly obdobné jako u reakci s 1,1-dibromalkenem 26, ale produkty se
izolovat nepodatilo ze stejnych diivodi. Obména protektivni skupiny tedy neméla zadny
vliv na zlepSeni purifikace latek. Navrzenou syntetickou cestou se nepodaftilo pfipravit

ptislusné heterocykly.

4.4 Syntéza 2-substituovanych chinolonii vychazejici z aldehydu

Syntézu 2-heterocyklickych derivati 3-hydroxychinolin-4(1H)-onl lze provést také
z aldehydu jeho kondenzaci s ptisluSnymi N, O, S nukleofily s ndslednym odstranénim
protektivnich skupin. Na rozdil od ptfedchozich reakci s vinyldibromidy, kde byl vznikly
heteroaryl s C2-chinolinem propojen pies -CH,- skupinu, by méla vznikat vazba C2-
chinolin-C-heteroaryl ptimo (Obrazek 4). Latky tak budou mit jiné fyzikalné-chemické

vlastnosti, a bylo tedy pifedpokladano, Ze by se mohly chromatograficky 1épe separovat.

OBn B OBn
OBn o
NP NG
— .,/ —
N N N

Bn
X
Lo
Syntéza vychazejici Syntéza vychazejici i
z vinyldibromidu z aldehydu

Obrazek 4. Struktura 2-heteroaryl-chinolinovych intermediatu dle pouZité vychozi

latky.

V literatute byly popsany rtizné podminky pro syntézu benzazolovych derivati
vychazejici z o-substituovanych anilini (viz. déle). Reakce probihd pies stddium

nasycené¢ho péticlenného kruhu, kdy se casto k jeho aromatizaci pouziva piidavek
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oxidagniho ¢&inidla napt. IBD,'" jodu,'"* DDQ'" nebo vzdusného kysliku v kombinaci
s kovy napf. m&d'natymi ionty,''® Zelezitymi ionty,''” aj. Cyklizaci na benzimidazoliny,
benzoxazolidiny 1 benzthiazolidiny a jejich néslednou oxidaci lze provést takeé
pisobenim radikall jako napf. 4-methoxy-TEMPO za atmosférického tlaku kysliku.''®
Reakce jsou casto provadény v nitrobenzenu pii 140-150 °C, kdy je vzdusny kyslik
dostagujicim oxidantem a neni potieba pridavku kovi.''”'?* Vyhodou této reakce je jeji
jednoduché provedeni, pouze zahiivani aldehydu a piisluseného anilinu. Avsak toto
rozpoustédlo je vysoce toxické a potencidln€ karcinogenni, proto byla snaha jej nahradit
a najit stejn¢ efektivni ale zaroven netoxické rozpoustédlo. V literatufe byla popséna
reakce ve vods, kdy autofi uvadgji, Ze funguje zaroveii i jako ambifilni katalyzator.''
Dle téchto podminek byla provedena testovaci reakce s aldehydem 8 (1,5 ekv.) a
4-chlor-o-fenylendiaminem (1 ekv.) ve vodé pii 80 °C. Po 36 h byla konverze na
produkt dle LC-MS 65 %. Reakci s o-aminofenolem nedochazelo ke konverzi na
produkt a vznikala smés latek. Stejn¢ tak reakci s o-aminothiofenolem vznikla pouze
smés latek. Syntéza byla optimalizovdna zdménou rozpoustédla za anisol, ktery je
netoxicky, mé vysokou teplotou varu (154 °C) a je zatazen do kategorie tzv. ,,zelenych*
rozpoustédel.'** Zahtivanim 1 h pii 80 °C dochazelo k cyklizaci na péti ¢lenny kruh
(LC-MS). Zvysenim teploty na 140 °C za pfistupu vzduchu dochazelo k oxidaci za

vzniku aromatického péti clenného kruhu (Schéma 77).

OBn OBn OBn
o o8n H2N | Y anisol ~ ©8n [O] ~ o8n
B >
N/ H * X /\/J 80°C N/ N 140°C N/ /N
R \
8 0] X\z/j\\y 29-44 X\z/j\y
\/ A\

X =NH,, OH, SH L R | 4-80 % I{
Y=C,N

R = Me, Cl, NO,,COEt, benzen

Schéma 77. Ptiprava substituovanych benzazolli. Reagenty a podminky: aldehyd 8
(1 ekv.), amin (1 ekv.), anisol, 80 °C 1h — 140 °C 1-5 h.

V Tabulce 4 je uveden piehled ptipravenych benzimidazoll, benzoxazoli a jednoho
zastupce benzthiazolu. Konverze byly obecné vyssi u benzimidazolt (85-40 %), nez u
benzoxazoli (71-24 %). Cyklizace byla ovlivnéna pfitomnosti substituentu na

benzenovém jadie o-fenylendiamint, resp. o-aminofenolli. Obecné l1ze konstatovat, ze
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elektronakceptorni skupiny typu -NO, (33, 42, 43), -COEt (34) snizuji konverzi na
produkt. Pokud byl jako substituent —Cl, dochéazelo ke srovnatelnym (31, 44)
nebo vyssim (32, 37) konverzim nez u nesubstituované¢ho diaminu, resp. amionofenolu.
Cyklizace s 4,5-dichlor-o-fenylendiaminem (32) probihala s nejvyssi konverzi na
produkt i vytézkem reakce. Pokud byla pfitomna methyl skupina, kterd ma slaby
elektrondonorni efekt (+I), cyklizace byla srovnatelna (30, 38) nebo vyssi (39), nez u
nesubstituovaného diaminu, resp. aminofenolu. Reakce s o-aminothiofenolem (40)
probihala Spatné za vzniku smési, kde byl produkt pouze z 30%. Vysvétlenim miize byt
reaktivita vychoziho thiolu se vzdusnym kyslikem, kdy mize dochazet ke snadné

oxidaci napf. na disulfidy apod.

Vytézky byly ve vétsiné pripadi dramaticky snizeny vlivem izolace z komplikovanych
reakénich smési. Produkty byly izolovany sloupcovou chromatografii, ale v nékterych
ptipadech bylo potieba jesté latky dodistit krystalizaci. Cistota latek byla na ukor
vytézkl, které byly v nékterych piipadech kolem 13-15 % (41, 42, 44). U
S-nitrobenzoxazolového chinolinu (43) byla po cyklizaci ziskdna bohata smés latek a

produkt byl izolovan pouze se 4% vytézkem.

Tabulka 4. Prehled ptipravenych slouc¢enin 29-44.

Vytézek | Cistota (%)
(%) (LC-MS)

X OBn
29 7 ¥ 75 64 99
OBn

XN OBn
H
30 N \N 75 34 98
NQ
OBn
H
N
\
ug

Sloucenina Struktura Produkt* (%)

OBn

X

31 ~

N 74 53 98
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Pokracovani Tabulky 4.

. Produkt* | Vytézek | Cistota (%)
Slou¢enina Struktura (%) (%) (LC-MS)
OBn
x OBn
_ H
32 NN 85 80 98
a8
Cl
OBn
X OBn
33 J_ K 52 30 98
|
Rg e
OBn
XN OBn
34 P 61 30 93
N
OBnN
X OBnN
35 NG \N 70 59 98
OBn
X OBn
36 (PO 60 45 99
)
OBn
X OBn
37 PO 67 30 98
\
e
OBn
x OBn
38 N 62 55 98




Pokracovani Tabulky 4.

. Produkt* | Vytézek | Cistota (%)
Sloucenina Struktura (%) (%) (LC-MS)
OBn
X OBn
39 Nig \0 71 46 98
-0
OBn
X OBn
40 s 30 22 98
N©
)
OBn
XN OBn
41 J_ R 46 15 95
N©
N—" N
OBn
X OBn
42 A o 24 14 99
N" Y
e
OBn
X OBn
43 NN 27 4 96
N
NO,
OBn
N OBn
44 NN O 58 13 94
0
Cl

*Konverze vychozi latky na produkt dle HPLC-UV-MS pfi 200-600 nm.

Reakce s alifatickymi aminy (ethylendiamin, ethanolamin, cysteamin) byly provedeny
dle vyvinuté metodiky pro aromatické aminy. Reakce vSak poskytovaly smési latky, kde
byly produkty v reakéni smési detekovany minoritné. Byl vyzkouSen 1 postup

z literatury,'* pii kterém se pouziva bazické prostiedi K,CO; v i-PrOH s elementarnim
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jodem jako oxida¢nim ¢inidlem. Vznikala v§ak smés rovnéz latek, kde v tomto piipade

produkt nebyl detekovan.

Posledni krok, debenzylace, byl vyzkouSen u vétSiny pfipravenych latek. Pouze u
intermediatd, které byly izolovany s velmi nizkymi vytézky pod 15 % (41-44), nebylo
mnozstvi latek dostacujici pro provedeni reakce. Podminky pro deprotekci byly zvoleny
s ohledem na substituenty na benzimidazolové, resp. benzoxazolové c¢asti sloucenin,
predevsim -Cl a -NO, skupiny. Debenzylace vodikem by nebyla kompatibilni s témito
skupinami, proto byla zvolena metoda s Lewisovou kyselinou BCl; (Schéma 78). Po
debenzylaci vznikd pomérné stabilni boronovy komplex, ktery lze v nékterych

ptipadech rozlozit piidavkem vody.'**

U tohoto typu derivati v§ak pouhym piidavkem
vody k rozkladu nedochézelo. Proto byl vznikly komplex rozlozen vymichénim s konc.
HCI v metanolu za varu, poté byla pfiddna voda, nasledovala Uprava pH ~6-7 a
vyloucena srazenina produktu byla odsata a promyta vodou. Kvantitativnich vytézki
bylo dosazeno v piipad¢ deprotekce sloucenin 31, 34-36. Vytézky sloucenin 29-30, 33,
38, 40 sc pohybovaly v rozmezi 60-85 %. Deprotekce intermediata 32, 37, 39 sice

probihala, ale latky se nepodafilo ziskat v dostate¢né Cistote.

cl
OBn o-B\ (o)
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60-99 %

Schéma 78. Debenzylace sloucenin 29-40. Reagenty a podminky: (a) 1M BCls/hexan
(5 ekv.), DCM, 0-5 °C — RT, 2 h; (b) 35% HCI/MeOH (1/1, v/v), reflux, 1 h, H,O,
pH 6-7.

Problém nastal pfiiidentifikaci pfipravenych sloucenin, které byly velmi Spatné
rozpustné. Méfeni 'H-NMR spekter bylo provadéno pii 80 °C v DMSO-d6, jelikoZ pii

laboratorni teploté byly latky v tomto rozpoustédle pouze Castecné rozpustény a v jiném
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deuterovaném rozpoustédle nebyly rozpustné viibec. Vzhledem k nizkym koncentracim

rozpu§ténych slougenin v DMSO-d6 (~3 mg/0,6 mL) nebyla m&fena *C-NMR spektra.

Vysoké nerozpustnost pripravenych derivati bohuzel znemoziuje jakékoliv vyuziti jako

biologicky aktivnich latek.

4.5 Syntéza 2-substituovanych chinoloni pomoci Sonogashira cross-
couplingu
Pfipravené intermediaty s terminalnim alkynem v poloze C2 chinolinového skeletu lze
vyuzit v cross-couplingovych reakcich, konkrétné pifi Sonogashira cross-couplingu.
Podstatou tohoto couplingu je reakce mezi termindlnim alkynem a allyl nebo
(hetero)aryl halogenem za katalyzy palladiem a médi jako kokatalyzatorem v bazickém
prostiedi aminu.'” V n&kterych ptipadech reakce probihaji i bez piitomnosti medi'*®
nebo je mozné pouzit jako kokatalyzatory jiné kovy, napt. zlato'?’ aj. Alkyny 6 a 9 byly
podrobeny Sonogashira cross-couplingu, kdy bylo nezbytné nalezeni optimalnich
reakénich podminek (katalyzator, baze, rozpoustédlo). Tato reakce byla vyuzita nejen

pro zavedeni ruznych heterocykli do polohy C2, ale také rGzn€ substituovanych

aromati a ptipravené dvé sady derivati byly podrobeny dal$im transformacim.

Reakéni podminky byly optimalizovany s alkynem 6 obsahujici methylenovy miistek a
modelovym halogenderivatem jodbenzenem, ktery je reaktivni a dobfe dostupny. Bylo
vyzkougeno nékolik podminek z literatury (Tabulka 5), napf. reakce 1'** s Pd(OAc),
s DABCO jako ligandem a bazi Cs,COs neposkytla Zadany produkt, v reakéni smési
byla pfitomna pouze vychozi latka. Reakci s PdCIy(PPhs), s TBAF.3H,O jako bazi
(reakce 2)'*° nebo 5% Pd/C s pyrrolidinem (reakce 3)"*° doslo ke vzniku smési latek.
Témét kvantitativni konverze na produkt bylo dosazeno podminkami pii reakci 4
a 5%, Dalgi optimalizaci byly nalezeny reakéni podminky poskytujici stejnd vysokou
konverzi 90 %, pfi¢emz byla snizena spotieba katalyzatorti a nebylo nutné pouziti
bezvodého rozpoustédla (reakce 6). Vysoké konverze bylo dosazeno i metodou s 10%

Pd/C a PPhsy/Cul, kde byla vyhodou i nizsi cena katalyzatoru (reakce 7).'>>
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Tabulka 5. Optimalizace podminek pro Sonogashira cross-coupling.

Mnozstvi  Cul MnoZstvi Teplota Cas

Reakce Katalyzator (ekv.) (ekv.) Baze (ekv.) Rozp. ©C)  (h) Konv.
DABCO
1 Pd(OAc), 0,03 - 0,06/3 ACN 25 16 0%
/C52C03
2 PdCl,(PPh;), 0,03 - TBAF.3H,0 3 - 80 16  smés
3 5% Pd/C 0,001 - Pyrrolidin 1 NMP 100 3 smés
THF
4 Pd(PPhs), 0,05 0,05 TEA 9 50 16 >90%
(suchy)
5 PdCl,(PPh;), 0,05 0,06 TEA solvent - 25 16 >90%
6 PdCl,(PPh;), 0,02 0,01 TEA 3 ACN  50-55 I >90%
DMA/
10% Pd/C/
0,05/0,1 0,1 DIPEA 3 H,O 70-75 I >90%
PPh;
(9,5/0,5)

*Konverze vychozi latky na produkt dle HPLC-UV-MS pfi 200-600 nm.

V piipad¢ aryl halogenii byla metoda s 10% Pd/C/PPh; vhodna pro aromaty se
substituenty jak s elektronakceptornim, tak s elektrondonornim efektem vo- a p-
pozicich s vytézky 35-63 %. Vyjimkou byl pouze 2-jodnitrobenzen a 2-jodacetofenon,
které za téchto podminek neposkytly Zadany produkt. Pfi pouZiti katalyzatoru
PdCl,(PPhs), k reakcim dochézelo, ale s nizkymi vytézky (19 % a 27 %). V ptipadé
heterocyklickych halogen derivatl, pouze 3 z nich (2-acetyl-5-jodthiofen, 2-jodthiofen,
2-jodselenofen) reagovaly pii pouziti katalyzatoru 10% Pd/C/PPhs, a to s vytézky
44-79 %. Ostatni heterocyklické halogenderivaty vyzadovaly pro reakci katalyzu
s PACl,(PPhs),, kde se vytézky pohybovaly od 18 % do 67 % (Schéma 79). Nejméné

Cv v
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=
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Schéma 79. Ptiprava slouCenin 54-71. Reagenty a podminky: (A) alkyn (1 ekv.), jod-
derivat (1 ekv.), 10% Pd/C (0,05 ekv.), PPh3 (0,1 ekv.), Cul (0,1 ekv.), DIPEA (3 ekv.),
DMA/H,0 (9,5/0,5), N,, 70-75 °C; (B): alkyn (1 ekv.), halogenderivat (1 ekv.),
PdCl,(PPh;); (0,02 ekv.), Cul (0,01 ekv.), TEA (3 ekv.), ACN, Ny, 50-55 °C.

Odstranéni methylenového mistku za vzniku 2-alkynyl-3-hydroxy-4(1H)-chinolont

bylo provedeno na modelové slouceniné alkynu 6 (Schéma 80).

O

Schéma 80. Deprotekce modelové slouceniny 6.
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Protokol deprotekce s kyselinou bromovodikovou pouzivany napi. u triazolového
derivatu 10 nebyl pro tento typ sloucenin vhodny, jelikoz by pravdépodobné dochdzelo
ke konkurenc¢ni reakci, adici kyseliny bromovodikové na trojnou vazbu. Tato domnénka
byla potvrzena reakci s mirnéjsi kyselinou chlorovodikovou, kdy byl podle LC-MS
detekovan produkt adice (Tabulka 6, reakce 1). Optimalizace byla provedena s riznymi
kyselinami, které byly voleny tak, aby dochédzelo k minimdlnim vedlej$im reakcim na
nasobné vazbé. Reakci s Lewisovou kyselinou BF;.Et;O nebyl produkt detekovan
(reakce 2),"** stejné tak s trifluoroacetanhydridem v kombinaci s kyselinou octovou
vDCM  (reakce 3).*° Reakce s organickymi kyselinami trifluoroctovou
a methansulfonovou v riznych rozpoustédlech poskytla pouze smés latek s minoritnim
mnozstvim produktu (reakce 4-7). Klicové bylo nalezeni vhodného rozpoustédla
v kombinaci s mnozstvim vody. Reakce probihala dobte v etherickych rozpoustédlech
misitelnych s vodou napt. THF, DME, dioxan nebo v AcOH/H,O s5 ekv.
methansulfonové kyseliny, kdy byly konverze az 85 % (reakce 9 a 10). SniZenim
mnozstvi vody a zvySenim teploty se podafila témet Gplna konverze (95 %) na produkt
(reakce 12).

Tabulka 6. Optimalizace podminek deprotekce slouceniny 6.

Teplota Cas

Reakce Kyselina Rozpoustédlo Vysledek
((®) (h)

1 HCI/H,O (1/1) THF 20-25 72 Produkt adice
2 BF;.Et,0 EtOAc 20-25 48 Vychozi latka
3 TFAéﬁflk)CoH DCM 40 24 Vychozi latka
4 TFA THF/H,0 (2/1) 50 2 Smés

5 MSA/H,0 (1/2) i-PrOH 75 17 Smés

6 MSA/H,0 (1/2) DMF 80 2 Smés

7 MSA DME 80 24 Smeés

8 MSA DME/H,0 (2/1) 80 5 Produkt 75 %%*
9 MSA ACOILO 80 14 Produkt 85 %*

(1/1)

10 MSA THF/H,0 (2/1) 70 24 Produkt 85 %*
11 MSA/H;0 (1/2) dioxan 80 7,5  Produkt 90 %*
12 MSA/H;0 (1/2) dioxan 90 6  Produkt 95 %?*

"Konverze vychozi latky na produkt dle HPLC-UV-MS pti 200-600 nm.
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Predpokladany produkt byl vSak identifikovan pouze dle LC-MS spektra, kde byla
detekovana jeho molekulova hmotnost. Po izolaci a zm&feni 'H a "*C-NMR spekter
bylo zjisténo, Ze struktura neodpovida 2-ethynyl-3-hydroxychinolin-4(1H)-onu 72,
nybrz produktu cyklizace furo[3,2-b]chinolonu 73, ktery ma stejnou molekulovou

hmotnost (Schéma 81).

o)
OH
— % |
o) HoON
’\o Mr =185,1820 g/mol
N MSA 72
— H,O/dioxan
A 0
6
o)
— W
N
H
Mr =185,1820 g/mol
73

Schéma 81. Vznik furo[3,2-b]chinolonu 73.

Piipravené substituované alkyny 54-71 byly podrobeny reakci za optimalizovanych
podminek, kdy byl sledovan pribéh reakce a vznik cyklickych produktd. Cyklizace
o-substituovanych derivatt s elektrondonorni nebo elektronakceptorni skupinou nebyla
uspeésnd. Vznikaly smési, kde byly detekovany pouze stopy produktu. Takovyto pribéh
mohl byt zptsoben napf. sterickym branénim substituentem v o-poloze. To naznacuje i
fakt, Zze substituce elektrondonorni (-OMe) i elektronakceptorni (-COOEt) skupinou
v p-poloze negativné neovlivnila priabéh cyklizace, naopak bylo dosazeno vysokych
vytézkl (84 % a 87 %). Cyklizace anilinového derivatu 55 probihala pouze z 45% (LC-
MS) ale slouceninu se nepodafilo izolovat od necistot. Cyklizaci heterocyklickych
intermediatd thiazolu (65), pyrimidinu (68) a pyridinu (69) také dochazelo ke vzniku
smési. V porovnani stim, chinolinovy derivat 70 poskytoval cyklicky produkt
s vytézkem 92 %. Tento vysledek naznacuje, Ze cyklizace neni piimo ovlivnéna
elektronovou hustotou pfitomnych heteroatomi. Podobné byly zbyvajici heterocyklické

derivaty ptevedeny na furo[3,2-b]chinolony (Schéma 82).

74



o2 olo-

6; 54-71 73-82

33-92 %
R =

AR e g v o g

3(60 %) 74 (85 %) 75 (87 %) 76 (84 %) 77 (92 %)
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H,COC

Schéma 82. Cyklizace alkynli. Reagenty a podminky: (a) MSA (5 ekv.), dioxan, H,O,
85-90 °C; sloucenina 81 byla pfipravena pouzitim 10 ekv. MSA.

Podminky cyklizace vSak nebyly kompatibilni s kysele labilnimi funk¢énimi nebo
protektivnimi skupinami, napf. intermediadt 57 obsahujici ester poskytoval po reakci
smés cyklického esteru (50 %) a kyseliny (40 %). Zbyvajici ester byl hydrolyzovan
v bazickém prostiedi 2N NaOH, kdy byla izolovéna ¢ista kyselina 76. Podobné& tomu
bylo pfi cyklizaci derivatu 66 s N-tosyl skupinou, kdy byla ziskdana smés N-tosyl
derivatu a volného imidazolu 81. V tomto pfipadé byla N-tosyl skupina kompletné

odstranéna pfi cyklizaci v jednom kroku pouzitim 10 ekv. methansulfonové kyseliny.

Pfi LC-MS analyze nékolika rtiznych reakénich smési byla potvrzena piitomnost
sloucenin (do 10% dle UV detekce) s molekulovou hmotnosti odpovidajici
oxochinolinovym intermediatim A (Schéma 83). Toto zjiSt€ni poukazuje na mozny
mechanismus cyklizace. Tvorba furochinolonového skeletu pravdépodobné zacina
kyselou hydrolyzou alkynu na pfislusny keton. Naslednd hydrolyza methylenového
mustku poskytuje intermediaty 3-hydroxychinolin-4(1H)-onu B. Tyto slouceniny nejsou
stabilni a okamzit¢ dochéazi ke kysele katalyzovanému nukleofilnimu ataku hydroxy

skupiny na keton s naslednou dehydrataci a cyklizaci za vzniku furanového cyklu.
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Schéma 83. NavrZzeny mechanismus cyklizace.

Cyklizace 2-alkynyl-oxolochinolini za kyselé katalyzy predstavuje novou a
jednoduchou metodu pro piipravu furo[3,2-b]chinolon*® (viz Ptiloha C). Jelikoz viak
nebylo dosazeno piipravy cilovych 2-alkynyl-3-hydroxychinolin-4(1H)-onovych
derivatli, byl proveden Sonogashira cross-coupling s alkynem 9, obsahujici benzylové
protektivni skupiny, které mohou byt ndsledné odstranény hydrogenolyticky nebo
pouzitim Lewisovy kyseliny BCl;.

Reaktivita benzylovaného alkynu 9 byla srovnatelnd s alkynem 6. Derivaty piipravené
reakci z 2-jodselenofenu, 2-jodthiofenu, 4-jod-N-tosyl-imidazolu a 4-jod-N-methyl-
pyrazolu byly pfipraveny za katalyzy 10% Pd/C/PPhs s vytézky kolem 40 %. Jodbenzen
se substituci v p-poloze (-NH,, -COOMe,-OMe) poskytoval derivaty ve vytézcich od
44 % do 61 %. Reakce s o-methyljodbenzenem probihala s primérnym vytéZkem 44 %.
Naopak ptitomnost elektronakceptorni skupiny v o-poloze (-NO,, -COMe) snizila
reaktivitu a za danych podminek produkty nevznikaly. Katalyticky systém 10%
Pd/C/PPh; nebyl vhodny ani pro monobromované heterocyklické vychozi latky, kdy za
téchto podminek neodchazelo ke vzniku produktd. Pro malo reaktivni jod- a brom-
derivaty byl pouzit katalyzator PdCl,(PPhs),, diky kterému se podatilo piipravit
pottebné intermediaty, pfi€emZ né&které latky byly izolovany s nizkym vytézkem (15 %)
jiné naopak ve vytézku az 70 % (Schéma 84). Stejn¢ jako v pfedchozim ptipadé
(sloucenina 69) byl nejméné reaktivni 3-brompyridin, kdy se slouceninu nepodaftilo

pfipravit ani v nizkém vytézku.
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Schéma 84. Piiprava sloucenin 83-98. Reagenty a podminky: (A) alkyn (1 ekv.), jod-
derivat (1 ekv.), 10% Pd/C (0,05 ekv.), PPh3 (0,1 ekv.), Cul (0,1 ekv.), DIPEA (3 ekv.),
DMA/H,0 (9,5/0,5), N,, 70-75 °C; (B): alkyn (1 ekv.), halogenderivat (1 ekv.),
PdCl,(PPh;); (0,02 ekv.), Cul (0,01 ekv.), TEA (3 ekv.), ACN, Ny, 50-55 °C.

Porovname-li vytézky reakci obou alkynli 6 a 9, vétSinou se 1i8i kolem 10 %. Nejvétsi
rozdil ve vytéZcich byl u derivatli s o-nitrobenzenem a o-acetofenonem, kdy u
methylendioxyalkynu 6 byly pod 30 %, naopak u benzylovaného alkynu 9 se
pohybovaly vrozmezi 50-70 %. Rozdilné vytézky nebyly zplsobeny odlisSnou
reaktivitou alkynu 9, ale izolaci produktli z reakénich smési. Ta byla provedena vzdy

sloupcovou chromatografii, a obecné se 1€pe separovaly benzylované derivaty.

Deprotekci benzylovych skupin vznikaly dle pouzitych podminek dva typy derivati a to

bud’ se zachovanou trojnou vazbou, nebo jednoduchou vazbou (Schéma 85). Vzhledem
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k mnozstvi ptipravenych derivati 83-98, byly deprotekce provadény pouze v desitkach

miligramt (~20 az 50 mg), coZ m¢lo zasadni vliv na vytézky.

0]
OH
o8 BCl, |
n
o8 Ho N
X n 4 produkty R
pZ O
N X - OH
: L
16 latek 20% Pd(OH),/C |
Ho, RT N
7 produktu R

Schéma 85. Deprotekce benzyl skupin dvéma riznymi metodami.

Nejprve byla provedena debenzylace v aprotickém prostiedi Lewisovou kyselinou
s cilem zachovani trojné vazby. Reakce probihaly v DCM s 1M BCls/hexan (5 ekv.) 1 h
za chlazeni pii 0-5 °C.'” V reakénich smésich byl v nékterych piipadech pii téchto
podminkach detekovan kromé produktu i monobenzyl derivat (LC-MS do 20 % dle
konkrétniho derivatu), ktery prodlouZenim reakéni doby aZz na 24 h neodreagoval.
Dalsim pridavkem Lewisovy kyseliny (7 ekv.) dochazelo ke vzniku vétSiho mnoZstvi
necistot a monobenzyl derivaty byly pfitomny v mnozstvi do 10 % (LC-MS). Izolace
produktli z reak¢nich smési byla provedena pfidavkem vody, aby se rozlozil vznikly
boronovy komplex a naslednou extrakci do DCM. Dochazelo vSak ke vzniku Spatné
délitelnych emulzi, a dokonal¢ extrakce bylo docileno az ptidavkem metanolu. Takto
izolované surové produkty bylo potfeba jesté piecistit. Sloupcovou chromatografii
nebylo mozné jako Cistici techniku vyuzit, jelikoz se pfipravené chinolony pevné
adsorbovaly na silikagelu. Pouzitim polarnéj$i mobilni faze pro jejich eluci dochazelo
zaroven 1 ke strZeni necistot. Docisténi vysrdZzenim se podafilo jen u nékolika malo
latek, kdy dosazend Cistota byla maximalné 95 % (LC-MS). Reakce byly provadény
pouze v miligramovém mnoZstvi, coZ mélo zdsadni vliv na vytézky, které nebyly vyssi
nez 75 %. U &ist&jsich latek byla méfena i 'H a >C-NMR spektra, ktera vlivem nizkého
mnozstvi izolovanych produktii (5-7 mg) vyzadovala del§i akvizi¢ni Casy (az 24 h
u PC-NMR), ale i tak byla intenzita signalii nizk4. Charakterizace byla jesté doplnéna
zméfenim HR-MS spekter. U vétSiny latek se vSak izolace a CiSténi nepodafilo a

chinolony s trojnou vazbou byly piipraveny pouze 4 (Obrazek 5).
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Obrazek 5. Struktury latek pfipravenych deprotekei benzyl skupin s BCls.

V druhém piipade byly benzyl skupiny odstranény vodikem s katalytickym mnozstvim
5% Pd/C. Metoda byla optimalizovana na modelové slouceniné 85 a monitorovana
v ¢ase. V 2-methoxyethanolu s pfidavkem 5% Pd/C (10 hm. %) dochézelo pfi teploté
0-5 °C po 15 minut ke vzniku smési, kde byly detekovany dle LC-MS produkt 103,
vychozi latka 85 a intermediaty A a B (Obrazek 6).

COOCH,;

Mr = 499.5 g/mol Mr = 323.3 g/mol Mr = 413.4 g/mol Mr = 409.4 g/mol
72 % 2% 13 % 13 %

Obriazek 6. Detekované intermediaty dle LC-MS spektra.

Po 45 minut byl detekovan pouze produkt 103, ktery byl izolovan cisty nafedénim
metanolem, filtraci a odpafenim s vytézkem 78 %. Pii1 dalSich experimentech bylo
zjisténo, ze u vSech dalSich derivati hydrogenace a debenzylace za katalyzy 5% Pd/C
(10 hm. %) a atmosférického tlaku vodiku pfi laboratorni teploté¢ neprobihaji viibec
nebo byla v reakéni smési detekovana vychozi latka spolu s pfislusSnym monobenzyl
derivatem. Prodlouzenim reakéni doby (az 24 h), ani zvySenim teploty (az 100 °C)
nebylo docileno uplné konverze na zadané produkty. Proto byla zvolena metoda s tzv.
Pearlmanovym katalyzatorem 20% Pd(OH),/C,"’ ktery ma vétsi koncentraci palladia a
je povazovan za jeden znejuinnéjSich hydrogenacnich katalyzatord. Reaktivita
vychozich alkynii se liSila v zavislosti na substituentu. V Tabulce 7 jsou shrnuty
optimalni reakéni podminky pro kazdou latku. Kvantitativni vytéZky byly izolovany u
produktl s pyrazolovym, imidazolovym a benzimidazolovym kruhem (107-109).
Vysokych vytézki bylo dosazeno i u derivatl obsahujicich anisol (104) a pyrimidin
(105). Primérny vytézek (65 %) byl ziskan u derivatu s chinolinem (106), u kterého
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byla také nejdelsi reakéni doba. Derivat se substituci anilinem (110) poskytoval za
uvedenych podminek smés nezndmych latek. Produkt nebyl ziskdn ani v piipadé
derivatu s o-tolylem (111), kde byl dle LC-MS v reakéni smési detekovan produkt
z 97 %, latku se vSak nepodafilo izolovat Cistou. U latky obsahujici o-nitrobenzen (112)
byla predpokladana za danych podminek i soucasna redukce nitro skupiny na amino,
kdy byl tento produkt skutecné identifikovan (LC-MS) jako majoritni produkt v reakéni
smési. Izolace produktu vlivem necistot a malého mnozstvi, ve kterém byla reakce
provadéna (20 mg), nebyla Uspésna. Konecné u heterocyklii obsahujicich siru nebo
selen se za podminek redukce 20% Pd(OH),/C neptedpokladal vznik pfisluSnych
3-hydroxychinolin-4(1H)-ond, jelikoz oba tyto prvky pusobi jako katalytické jedy.
V ptipad€ thiazolového derivatu byl za pomérné drastickych podminek (110 °C,
2.5 Bar) detekovan vznik meziproduktu obsahujici jednu benzyl skupinu (113). Derivat
s thiofenovym cyklem byl inertni a to i vi¢i hydrogenaci na platinovém katalyzatoru
(114), naopak 5-acetyl-thiofen (115) poskytoval smés latek, pravdépodobné v dusledku
reaktivity ketonické skupiny. Posledni derivat obsahujici selenofen (116) byl
debenzylovan za katalyzy Pd nebo Pt kovy za vzniku smési, kde nebyl detekovan

produkt.
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Tabulka 7. Vysledky debenzylace.

Slou¢enina Struktura (El?)s Katalyzator T?))é(;ta V)'(’ifi)ek
0
(@]
OH 20%
104 | 6 20-25 80
N O Pd(OH),/C
OCH;
o)
OH 20%
105 I . 3 20-25 92
N | /L\l Pd(OH),/C
N
20%
106 72 20-25 65
Pd(OH),/C
o)
ot 20%
107 N 8 70 99
N \ Pd(OH),/C
TN
O
OH 20%
108 I H 5 20-25 99
N N Pd(OH),/C
N W
N
o)
| OH 20%
109 6 20-25 99
N N Pd(OH),/C
N
\
o)
| OH 20%
110 24 20-25 @
N O Pd(OH),/C
NH»>
0
OH CH, 20% .
111 O | 24 20-25 -
N O Pd(OH),/C
0
OH NO, 20%
112 O | 24 20-25 -
N O Pd(OH),/C
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Pokracovani Tabulky 7.

Sloudenina Struktura Cas Katalyzator Teplota | Vytézek
(h) (°C) (%)

20% 110/H,/2. A
Pd(OH),/C | 5 Bar

113 24

(6]

L

|
N =
H N
% 20-
OH
114 | 24 5% Pt/C 25/H,/4 -

N =
H s/

Bar
(@]
OH
| 20%
115 N = 8 20-25 A
H S / Pd(OH),/C

COCH;

O

OH 5% Pt/C
116 | tyden 20-25 A
N = nebo PtO,
H Se/

*a Smes latek bez produktu, *b vznikly produkt se nepodatilo izolovat, *c vznikly produkt s redukovanou

nitro skupinou se nepodafilo izolovat, *d vznikal mono benzyl derivat, *e vychozi latka.
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4.6 Urdceni struktury vybranych liatek na zdkladé NMR experimenti

V této kapitole je na n¢kolika typech latek ilustrovano urceni jejich struktury dle 1D i
2D NMR experimentii. Jednd se piedevSim o slouceniny pfipravované pomoci
cykloadi¢nich reakci, kde je teoreticky mozny vznik dvou izomeru. Je zde také uveden
piiklad rozliseni

4(1H)-ond. Pomoci N-H HMBC spekter byl také rozliSeny O,0- a N,O- izomery

struktury furo[3,2-b]chinolonti a 2-alkynyl-3-hydrochychinolin-

vznikajici pii benzylaci chinolonu 3.

Sloucenina 10 byla pfipravena jako jeden izomer pomoci médi katalyzované ,,click™
reakce. Dle literatury’' vznika pouze 1,5-izomer. Struktura izomeru byla ovéiena
pomoci NOESY NMR experimentu, kde byla pozorovana interakce benzylové CH,-
skupiny (5,7 ppm) pies prostor s vodikem (8,8 ppm) triazolového jadra (Obrazek 7a a

7b).
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Obrazek 7a. Struktura slouc¢eniny 10 a interakce v NOESY NMR spektru.
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Obrazek 7b. Struktura slouceniny 10 a interakce v NOESY NMR spektru.

Obdobné interakce byly nalezeny u triazolo-sacharidi 12a-f, resp. 14a-f, které byly
pfipraveny také ,,click® reakci. I zde byla pozorovéna interakce vodiku na triazolovém
jadie (8,5 ppm) napt. u slouCeniny 12a, tentokrat vSak s hemiacetalovym vodikem

(5,9 ppm) B-D-glukopyranosy (Obrazek 8a a 8b).
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Obrazek 8a. Struktura slouceniny 12a a interakce v NOESY NMR spektru.
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Obrazek 8b. Struktura slouc¢eniny 12a a interakce v NOESY NMR spektru.

Vznik 3,5-izomeru isoxazolu 19, resp. pyrazolu 22, byl uréen pomoci hodnoty posunu

vodiku na nové vzniklém heterocyklu. Pokud by vznikaly opaéné 3,4-izomery, vodik by
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pak byl, diky elektronovym vlivim sousedniho heteroatomu kysliku, resp. dusiku,

posunut k vys§im ppm (Obrazek 9).

teor. 8,7 ppm

vznikly 3,5-izomer 19 teoreticky vznik 3,4-izomeru

O/\O 0\

exp. 7,2 ppm 0] .81
AN H p pp N |_tleor 8,1 ppm
2 —
N™ I N—cooEt N
EtOOC

vznikly 3,5-izomer 22 teoreticky vznik 3,4-izomeru

Obrazek 9. Struktury a hodnoty chemickych posunt vodiku ptisluSnych izomert.

V kapitole 4.5 je diskutovan vznik furo[3,2-b]chinoloni namisto 2-alkynyl-3-
hydroxychinolin-4(1H)-ont. Struktura téchto latek, které maji stejnou molekulovou
hmotnost, byla uréena pomoci rozdilnosti v chemickych posunech *C NMR spektra,

napf. latky 74 a 100 (Obrazek 10).

O O
OH
| O/>_© | 80,9 ppm
C N C\\\
SN "
74 97,2 ppm 100

98,7 ppm
Obrazek 10. Struktura latek 74 a 100 a jejich rozliseni na zakladé *C NMR spektra.

Pti benzylaci chinolonu 3 vznikal majoritné€ jeden izomer. Dle N-H HMBC spekter bylo
zjisténo, ze se jednd o O,0-dibenzyl izomer 7, jelikoz byla pozorovéana interakce pouze
aromatického dusiku a sousedniho vodiku. Naopak, u minoritniho N,O-dibenzyl
izomeru 7A, byla interakce dusiku s benzylovou CH,- skupinou, dale sousedniho

vodiku a také methyl skupiny (Obréazek 11 a 12).
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Obrazek 11. Struktura a N-H HMBC NMR spektrum latky 7.
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5 Vysledky biologického testovani

5.1 Antimikrobialni testovani

JelikoZ je chinolonovy skelet pfitomen v mnoha antibakteridlnich légivech,'*® byly
piipravené chinoliny, resp. chinolony testovany na antimikrobidlni aktivitu na
dostupnych G+ a G- kmenech (B. Subtilis, M. Luteus, Staphylococcus aureus,
M. Vaccae, Psudomonas aeruginosa, E. Coli). Navic, 1 u sloucenin typu furochinolinti

byly mimo jiné zji§tény antibakteridlni vlastnosti,**'*

proto byly testovany i
ptipravené furo[3,2-b]chinolony. Témét zadny z derivati vSak nevykazoval vyznamnou
antimikrobialni aktivitu, s vyjimkou Cétyt pripravenych glykokonjugati (15a, 15¢, 15d
a 15f) a alkynti 6 2 9. U latek 15a, 15¢ a 15d byla zjiSténa mirnd antimikrobialni aktivita

vuci G+ bakterialnim kmentim M. luteus a B. subtilis IC100 = 100-200 uM.

Navic byly vSechny pfipravené glykokonjugaty i vychozi alkyny testovany na
antimikrobidlni aktivitu vici specidlnimu kmenu Paenibacillus larvae (P. larvae CCM
4483, CCM 4486). Tato gram-pozitivni bakterie zplisobuje tzv. mor vceliho plodu,
bakterii P. larvae, se zabyva Slovenskd Akadémia Vied, kde byly otestovany ptipravené
triazolo-sacharidové chinoliny, resp. chinolony. Slou¢eniny 15a, 15¢, 15f i oba vychozi
alkyny 6 a 9, vykazovaly vici této bakterii alespont mirnou aktivitu. U slouceniny 15d,
majici jako sacharidovou jednotku xylopyranosyl, byla namétfena nejlepsi aktivita

IC100 =50 uM (Tabulka 8).
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Tabulka 8. Vysledky antimikrobidlni aktivity vybranych latek.

P. larvae P. larvae M. B. subtilis
Slouc¢enina | CCM 4483 | CCM 4486 | luteus
IC 100 (uM)

6 > 200 > 400 > 400 > 200

9 > 100 > 400 > 400 > 400
13a > 400 > 400 > 400 > 400
13b > 400 > 400 > 400 > 400
13c > 400 > 400 > 400 > 400
13d > 400 > 400 > 400 > 400
13e > 400 > 400 > 400 > 400
13f > 400 > 400 > 400 > 400
15a 200 200 200 200
15b > 400 > 400 400 > 400
15¢ 200 200 > 200 > 200
15d 50 50 100 100
15e > 400 > 400 > 400 > 400
15f 200 > 400 > 400 > 400
16a > 400 > 400 > 400 > 400
16b > 400 > 400 > 400 > 400
16¢ > 400 > 400 > 400 > 400
16d > 400 > 400 > 400 > 400
16e > 400 > 400 > 400 > 400
16f > 400 > 400 > 400 > 400

5.2 Antivirové testovani

V literatufe byly nalezeny derivaty chinolinli, resp. chinolond, které vykazovaly
antivirové uclinky, ptredev§im proti chiipkovému viru A.""'" Navic, byly v nasi
vyzkumné skupiné jiz dtive piipraveny 2-(hetero)aryl-3-hydroxychinolin-4(1H)-ony,'®
které byly na pracovisti Akademie véd Ceské republiky pod vedenim prof. De Clercqa
testovany proti viru kravskych neStovic. Zajimava byla aktivita napf. 2-thienyl-3-
hydroxychinolin-4(1H)-onu, ktery ptsobil selektivné viici tomuto viru. Bohuzel tato

data nejsou nikde publikovana.

Na zikladé vySe zminénych informaci, byla stanovena antivirova aktivita
u syntetizovanych sloucenin, pficemz virové kmeny byly voleny podle dostupnosti.
StéZejni bylo navazani spoluprace s Virologickym ustavem Slovenské Akadémie Vied,
kde probihalo samotné testovani. Prvni série ¢trnacti sloucenin byla testovana vici

gammaherpes viru (MHV-68). Obecné by testované slouceniny nemély nijak ovlivitovat
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zivotaschopnost zdravych bun€k, proto bylo nejprve provedeno meéfeni cytotoxicity
latek pomoci MTT testu. Jako kontrolni standard slouzil nejen DMSO, ve kterém se
provadélo meéteni, ale také dvé komercéné pouzivana IéCiva Acyklovir (ACV) a
Gancyklovir (GCV). Z naméienych dat (Graf 1) je vidét, Ze viabilita bun¢€k byla snizena
pusobenim latek 6,9, 10, 11, 22 a 20. Tyto slouCeniny byly proto vyfazeny a nebyly

testovany na zvoleném viru.

Koncentrace 10 pug/mL

120-
T o= T _
] 1004 & L _ T T T T
2 80+ Ldd-dd-44-4E-FE-HE . . - -
2
5§ 60- _
£ 401 w N .. o
o g
€23 20- —
o = 0

DMSO ACV Gcv  13f 15f 16f 15d 16d 13a 6 9 10 11 22 23 19 20

Graf 1. Stanoveni Zivotaschopnosti bunék vii¢i testovanym latkam pomoci MTT testu.

Samotné testovani zbyvajicich sloucenin probihalo na Vero bunikach oSetfené virem
MHV-68 pii koncentraci 10 pg/mL. Ziskanad data odhalila vyznamnou antivirovou
aktivitu slouceniny 15d. M¢éfeni aktivity bylo provedeno dvéma riznymi metodami —
plakovou eseji a tzv. luciferdzovou eseji. Vysledky obou metod se daji povazovat za
srovnatelng, pfi¢emz byla aktivita slou¢eniny 15d na téchto dvou esejich velmi podobna
komeréné pouzivanym léciviim. Pfi podrobnéjSim testovani latky 15d byla pomoci
MTT testu stanovena hodnota CC50 19,12 pg/mL, coz zna¢i mirnou cytotoxickou
aktivitu. Dilezitou hodnotou pfi hledani novych antivirotik je tzv. index selektivity (SI),
tedy pomér mezi cytotoxicitou a inhibici viru. Hodnota SI by méla byt v rozmezi 100 az
1000, aby mélo smysl danou latku testovat in vivo. Ackoliv méla pfipravena sloucenina
hodnotu IC50 = 1,76 pg/mL, index selektivity byl podstatné sniZen vlivem hodnoty
CC50 a latka tak nebyla dale testovana na zvifecim modelu. (Tabulka 9). Detailng;si

popis vysledki je uveden v publikaci'* (viz Piiloha D).
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Tabulka 9. Ptehled vysledkii méfeni biologické aktivity slouc¢eniny 15d.

MTT esej Plakova esej Luciferazova esej
SlOlléeIlilly CC50 IC50 IC50
. . SI . SI
(ng/mL) (ng/mL) (ng/mL)
Acyklovir > 250 1,431 + 0,097 > 175 0,493 + 0,041 > 507
Gancyklovir > 250 2,798 £0,316 > 89 0,724 + 0,056 > 345
19,12 + 4,875 £ 1,760 +
15d 4 11
0,954 0,594 0,321

a Hodnoty predstavuji primér = SD dvou nezavislych experimentti. CC50 = koncentrace potiebna ke
snizeni zivotaschopnosti bun¢k o 50 %; IC50 = koncentrace potiebnd ke snizeni tvorby plakt nebo

aktivity luciferazy o 50 %; SI = index selektivity (pomér CC50/IC50)

Z hlediska vztahti mezi strukturou a aktivitou bylo zajimavé zjisténi, Zze antivirovy
ucinek vykazovala pouze latka 15d, majici na kyslicich benzylové skupiny

(Obrazek 13). Derivat 16d, vznikly debenzylaci latky 15d, vSak nevykazoval Zadnou

aktivitu.

OBn (0]

P OBn H OH H
o-H o-H

x OH OH

N = OH N = OH

N H N
L/ HO /. |HO
= N=
15d NoH H 16d N H H

Obrazek 13. Struktury sloucenin 15d a 16d.

Tyto vysledky vedly k prfedstavé, Ze v mechanismu U¢inku inhibice gammaherpes viru
(MHV-68) hraje roli pfitomnost benzylovych skupin. Byla tedy pfipravena dalsi série
benzylovanych derivata (slouceniny 83-98), obsahujicich aryl nebo heteroaryl v poloze
C2. Vedle toho byly pro srovnani testovany také derivaty s methylendioxy mustkem
pfipravené diive (54-71). Zminéné latky mély byt plvodné testovany opét vici
MHV-68 viru. BohuZel, spoluprace s oddélenim disponujicim timto virem jiZ nebyla

z finan¢nich duvodu mozna.

Podafilo se vSak navazat spolupréci s jinym oddélenim, kde méli k dispozici dva typy

chiipkového viru A, a to kmen A/PR/8 (podtyp HIN1), ktery zpisobuje infekci u lidi a
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kmen A/Chicken/Weybridge (podtyp H7N7), znadmy jako tzv. ,ptaci chiipka®,
vyskytujici se u zvitat. Pomérné rozsahlé testovani trvajici nékolik mésicti zahrnovalo
stanoveni viability bun€k, cytotoxicity, in vitro testovani pomoci plakové eseje a in vivo
testovani na kutfecich embryich. Aktivné jsem se tcastnila testovani v posledni fazi na

kutecich embryich, které bude podrobnéji popsano v nasledujicich odstavcich.

Nové série testdl byly zahdjeny opét stanovenim cytotoxicity latek pomoci MTT testu.
Cytotoxicky efekt na bunky byl sledovan pii stejnych koncentracich (0,5; 1; 5 a
10 pg/mL), které¢ byly pouzivany i pfi in vitro, resp. in vivo testech a vysledky jsou
shrnuty v Tabulce 10. Jsou zde také vysledky zmény morfologie bunck, které
korespondovaly s naméfenou cytotoxicitou. Morfologické zmény na buinkach byly

sledovany pomoci mikroskopie.

Tabulka 10. Vysledky méfeni cytotoxicity a zmén morfologie bunék.

Zména
Sloucenina C}(Itlogfrﬁf)ita m(giﬁlé(;{gie
(ng/mL)

54 5-10 -

55 10 -

56 10 10
57 - -

58 - -

59 10 1-10
60 - 5-10
61 10 -

62 5-10 5-10
63 1-10 -

64 5-10 1-5
65 1-10 1

66 0,5-10 5

67 5-10 5

68 5-10 0,5-1
69 5-10 1-5
70 5-10 -
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Pokracovani Tabulky 10.

Zména
o Cytotoxicita | morfologie
Sloucenina (ug/mL) bunck
(ug/mL)
71 1-10 5
83 5-10 10
84 10 5-10
85 - 0,5-10
86 5-10 5-10
87 - -
88 - 5-10
89 - -
90 - -
91 - -
92 10 -
93 10 5-10
94a - 10
95 10 10
96 - 5-10
97 10 -
98 10 -

94

Vétsina benzylovanych derivatl byla cytotoxicka az pti nejvyssi koncentraci 10 pg/mL.
Naproti tomu derivaty se stejnou substituci v poloze C2, ale s methylenovym miistkem
vykazovaly cytotoxicitu i pfi koncentracich 1 pg/mL. U vybranych benzylovanych
derivatl jsou piilozeny snimky z mikroskopie, kde byla pozorovdna zména morfologie
bunék pii koncentraci 5 pg/mL (Obrazek 14). Ve srovnani s kontrolou bunék v DMSO,
byly nejvétsi zmény pozorovany po ptidavku latky 88 (v poloze C2 acetofenon), kdy
bunky ziskaly vice zakulaceny tvar. Vlivem latky 92 (v poloze C2 selenofen) dochazelo
ke vzniku drobnéjSich bun€k. Naopak ptidavek latky 96 (v poloze C2 N-methyl-
benzimidazol) nemél na morfologii bun¢k zadny vliv. Vzhledem k riznym vysledkiim a
rozmanitosti substituentll v poloze C2 nebyl vysledovan Zadny trend, ktery by pomohl

vysvétlit tak rozdilné plisobeni vic¢i zdravym bunkam.




DMSO Slouc¢enina 96

Sloucenina 88 Sloucenina 92
Obrazek 14. Fotografie bun¢k bez ptidavku nebo s ptidavkem sloucenin.

Pro zajimavost byly testovdny i pfipravené furo[3,2-b]chinolony, kde byla namétena
cytotoxicita pouze u dvou latek 80 (10 pg/mL) a 73 (5-10 pg/mL) a zadné z latek

nem¢éla vliv na morfologii bun¢k.

Nasledné testovani in vitro bylo provedeno pomoci plakové eseje na MDCK burnikach,
ke kterym byl pfidan virus Weybridge (H7N7) spolu se syntetizovanymi slou¢eninami
pii koncentracich 0,5; 1; 5 a 10 pg/mL. Testovany byly 1 dfive pfipravené triazolo-
sacharidy (15d, 16d, 15f, 16f), kdy nas zajimaly piedevs$im vysledky u latky 15d, ktera
byla aktivni vi¢ci MHV-68 viru. Z méfeni bylo vyhodnoceno, ze vétSina sloucenin
nezpusobuje inhibici viru. In vitro testovani je vSak pouze prvni orientacni informaci

av zivém organismu se latky mohou chovat jinak. I ptfes nepfili§ povzbudivé prvni
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vysledky tak bylo pfistoupeno k in vivo testim, které se obvykle provadi na kufecich

embryich.

Nejprve byl proveden test toxicity pripravenych sloucenin. K desetidennim kufecim
embryim byly pfidany slouceniny v koncentraci 10 pg/mL a embrya byla inkubovéna
15 dni pfi 37 °C. Poté se vyhodnotilo, jestli jsou embrya vyvinutd a ziva. VSechna

embrya prezila, coz znamena, Ze slouceniny nemaji toxicky efekt na zivy organismus.

Dalsim krokem bylo testovani latek s pfidavkem virt, kterého jsem se aktivné ucastnila.
Nejprve bylo potieba zkontrolovat, jestli se pfi inkubaci (10 dni, 37 °C) vyvinula kufeci
embrya. Vejce bylo prosviceno paprskem svétla a zdrodek byl pozorovan pies skotapku.
Misto, ve kterém se zarodek nachézel, bylo oznaceno, aby nedoslo k jeho poskozeni pti
davkovani viru. Pro testovani bylo potieba vice jak 500 embryi, jelikoz latky byly
aplikovany pii ¢tyfech koncentracich, pficemz jedna latka byla vzdy testovana dvakrat,
kdyby doslo napft. ke kontaminaci zarodku. Byly pfipraveny zasobni roztoky sloucenin,
které byly dale rozifedény na ptislusné koncentrace (Obrazek 15). Oba pouzité viry byly
nafedény dle pracovniho postupu na koncentrace ¢ = 10° M (A/PR/8/34) a c=10"M
(Weybridge).

Obrazek 15. Vzorky pfipravené k testovani.

Do pfipravenych vajec byl nejprve udélan otvor, kterym byl do alantoické tekutiny
pomoci injekéni stiikacky nadavkovan virus spolu s testovanou latkou (Obrazek 16).
Otvor byl uzavien voskem a embrya byla inkubovana dle ptidavaného typu viru 24 h pii

35 °C (Weybridge) nebo 48 h pfi 37 °C (A/PR/8/34).
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Obrazek 16. Osetfeni embryi virem spolu s testovanou latkou.

Poté byla embrya ochlazena na laboratorni teplotu a byl proveden odbér alantoické
tekutiny (Obrazek 17).

Obrazek 17. Odbér alantoické tekutiny.

Alantoické tekutina byla testovana pomoci hemaglutinaéniho testu (HT).'* Principem
tohoto testu je interakce aglutininového receptoru na povrchu cCervenych krvinek
s hemaglutininem na povrchu virionu, kdy dochazi k hemaglutinaci. Pokud je v séru
pfitomna latka, kterd interaguje s proteiny na povrchu virionu, k hemaglutinaci
nedochazi (Obrazek 18). Je vSak nutné dodat, ze hemaglutina¢ni test neni jedinou
metodou pro méfeni antivirového efektu. Existuje fada jinych mechanismt inhibice
vird, které mohou byt stanoveny jinymi metodami. Hemaglutinacni test byl zvolen dle

dostupnosti a financi.
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¢ervené krvinky buriky viru antiviroticka latka interakce latky na povrchu viry,
nedochazi k hemaglutinaci

Obrazek 18. Princip hemaglutina¢niho testu.'’

Experiment byl proveden na 96 jamkové desticce, kterd obsahovala alantoickou
tekutinu s pfidanymi erytrocyty (lidské RH 0-) v danych koncentracich. Samotny virus
mél hodnotu titru HT = 1000 (A/PR/8/34) nebo HT = 500 (Weybridge). Vysledky

meteni uvadi Tabulky 11 a 12.

Tabulka 11. Vysledky hemaglutina¢niho testu s virem Weybridge.

Hodnoty HT pii danych koncentracich
Sloucenina latek (ug/mL)
0,5 1 5 10
15f 200 400 200 200
60 100 200 50 50
61 200 400 50 400
83 100 100 100 100
85 100 400 200 400
86 100 100 100 100
88 400 800 200 200
89 400 400 400 400
9%4a 400 400 400 400
96 400 400 200 200
Kontrola
Weybridge 500
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Tabulka 12. Vysledky hemaglutina¢niho testu s virem A/PR/8/34.

Hodnoty HT pii danych koncentracich latek
Slouéenina (ng/mL)
0,5 1 5 10
15d 500 1000 1000 1000
15f 1000 1000 1000 1000
16d 1000 1000 1000 1000
16f 1000 1000 1000 1000
54 1000 1000 1000 1000
55 1000 1000 1000 1000
56 1000 1000 1000 1000
57 - 1000 1000 1000
58 1000 1000 1000 1000
59 1000 1000 1000 1000
60 1000 1000 1000 1000
61 500 1000 1000 1000
62 1000 1000 1000 1000
63 1000 1000 1000 -
64 - 1000 1000 <1000
65 1000 1000 1000 1000
66 250 250 250 250
67 500 1000 1000 1000
68 1000 1000 1000 1000
69 1000 1000 1000 1000
70 1000 1000 1000 1000
71 1000 1000 1000 1000
73 1000 1000 1000 1000
74 1000 1000 1000 1000
75 1000 1000 1000 1000
76 2000 2000 2000 <2000
77 1000 1000 1000 1000
78 1000 1000 1000 1000
79 1000 1000 1000 1000
80 1000 1000 1000 500
81 1000 1000 1000 1000
82 125 500 500 500
83 <1000 <1000 < 1000 <1000
84 1000 1000 1000 1000
85 1000 1000 1000 <1000
86 1000 1000 1000 1000
87 1000 1000 1000 1000
88 1000 1000 1000 1000
89 1000 1000 1000 <1000
90 1000 500 1000 1000
91 1000 1000 1000 1000
92 1000 1000 1000 -
93 1000 1000 1000 1000
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Pokracovani Tabulky 12.

Hodnoty HT pii danych koncentracich latek

Sloudenina (ug/mL)
0,5 1 5 10

94a 500 125 500 500
95 i i - .
96 - <1000 <1000 1000
97 1000 1000 1000 -
98 1000 1000 1000 1000

Kontrola

PR/8/34 HT 1000

Ackoliv byl u nékterych latek zaznamenan pokles hodnoty HT, spolu s mirnou
cytotoxicitou a zménami na bunkéch nebyl jednozna¢né prokazan antivirovy efekt vici
chiipkovym virim. Je vSak nutné dodat, Ze testované slou¢eniny mohou ptisobit
antivirovym efektem, ale jinym mechanismem, ktery by bylo nutné prokdzat fadou
dalsich testa.

Kromé antivirovych t€inkl byl bliZze zkouman 1 vliv na zdravé bunky. Jak bylo uvedeno
vyse, nckteré latky zplsobovaly zménu morfologie bunék. Proto byla u
nejzajimavejSich latek provedena fluorescencni mikroskopie. Experiment probihal na
MDCK bunikdch se zna¢enym tubulinem, ke kterym byly pfidany vybrané latky
o koncentraci 5 pg/mL. Z vysledki méfeni lze fici, Ze méfené latky maji vliv na
mnozstvi a distribuci tubulinu v bunkdch a nckteré dokonce na déleni bunék. Jako
kontrola byl pouzit DMSO, kde mtizeme vidét jednu délici se bunku. Bunky nijak
neovlivnil pfidavek latky 96. K vétsimu déleni dochéazelo po ptidavku latky 93, naopak
latka 88 inhibovala bunécné déleni. (Obrazek 19).

DMSO 98

L) ®

Obrazek 19. Fotografie z fluorescencni mikroskopie vybranych latek
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6 Zavér

V diserta¢ni praci jsou uvedeny Ctyfi nové syntetické cesty vedouci k ptipravé
2-heterocyklickych-3-hydroxychinolin-4(1H)-ont. 1,3-Dipolarni cykloadice,
Sonogashira cross-coupling a kondenzacni reakce aldehydut, vedly k ptipravé cilovych
derivati. CuAAC ,.click® reakce byla vyuzita napt. pro syntézu chinolont s N-glykosyl-
triazoly, pfiCemz zde byla klicova volba protektivni skupiny. Pfipravené slouceniny
s methylendioxy mustkem (13a-f) nebylo mozné ptevést na 3-hydroxychinolin-
4(1H)-ony, jelikoz pti deprotekénim kroku dochdzelo pifednostné k deglykosylaci.
Finalni slouceniny (16a-f) byly pfipraveny hydrogenolyticky z bis-3,4-O-benzyl
intermediatd (15a-f). Kromé triazoli byl pomoci CuAAC reakce pripraven také jeden
isoxazolovy derivat (20) a termickou Huisgenovou 1,3-dipolarni cykloadici jeden
pyrazolovy derivat (25). Vyjma vyuziti alkynylovych derivatt (6 a 9) jako dipolarofili
pfi cyklizacnich reakcich, slouzily tyto intermedidty jako vychozi komponenty pfi
Sonogashira cross-couplingu. Touto metodou bylo do polohy C2 zavedeno devét
riznych heterocyklii a také aromatd substituovanych elektronakceptornimi a
elektrondonornimi funkénimi skupinami. Deprotekce benzylovanych intermediati 83-
98 na cilové chinolony byla provedena dvéma riznymi metodami. Debenzylace
s chloridem boritym ve vétSiné ptipadi poskytla smési latek, proto se takto podatilo
ziskat pouze Ctyfi produkty. Druha metoda, debenzylace vodikem, vyzadovala pouZiti
Pearlmanova katalyzatoru a nebyla kompatibilni s heterocykly, obsahujici siru a selen,
proto bylo ziskano sedm produktd. Pfi deprotekci derivati 54-71 s methylenovym
mustkem pomoci MSA bylo zjisténo, ze dochazi k cyklizaci, a misto ocekavanych
3-hydroxychinolin-4(1H)-ontt  vznikaly furo[3,2-b]chinolony (73-82). Vyvinuta
metodika byla publikovana.'*® Posledni usp&snou metodou syntézy 2-heterocyklickych
chinolonti byla kondenzace aldehydického intermediatu 8 s o-substituovanymi aminy za
vzniku benzimidazoli, benzoxazoli a jednoho zéastupce benzothiazolu (29-44).
Vyhodou této metody byla jednoduchost provedeni (zahtivani v anisolu) a Siroka
aplikovatelnost na rizné substituované vychozi latky. Nevyhodou byly naopak
prumé&rné vytézky kolem 50 % (nejvyssi 80 %) a v nékterych piipadech byly izolovany
produkty ve stopovém mnozstvi (4 %). Navic metoda nefungovala s alifatickymi aminy.
Deprotekce byla provedena s chloridem boritym, kdy se podafilo izolovat v dostate¢né
Cistot¢ devét sloucenin (45-53). Tyto sloucCeniny vSak byly tak nerozpustné, ze se

nepodafilo naméfit analyticka data (*C-NMR) k jejich pIné charakterizaci.
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U pripravenych sloucenin byla provedena méfeni antibakteridlni a antivirové aktivity.
Nejzajimavéjsi biologickou aktivitu vykazovala sloucenina 15d obsahujici v poloze C2
triazolo-xylosovy zbytek. Byla aktivni vii¢i specidlnimu bakterialnimu kmeni P. larvae
IC100 = 50 uM. Navic také vykazovala aktivitu vii¢i gammaherpes viru MHV-68,
srovnatelnou s komeréné pouzivanymi lé¢ivy. Soucasny cytotoxicky efekt vSak snizil
index selektivity (SI = 11) a latka tak nebyla vhodnym kandidatem pro in vivo testovani.
Ve srovnani s tim sloucenina 16d, ktera neobsahovala benzylové protektivni skupiny,
74dné biologické u&inky nevykazovala. Tyto vysledky byly rovn&z publikovany.'*®
Nabizela se teorie, ze by benzylové skupiny na chinolonu mohly byt dilezité pro
biologickou aktivitu tohoto typu sloucenin. Série benzylovanych alkynyl derivati
ptfipravenych Sonogashira cross-couplngem (83-98) byla proto testovana jak vaci G+/-
bakterialnim kmentim, tak vi&i chfipkovému viru A. Zadna vyznamna biologicka
aktivita vSak nalezena nebyla. Vedle toho byly pro srovnéani testovany i zbyvajici
derivaty s methylendioxy mustkem (54-71) stejné jako furo[3,2-b]chinolony (73-82),
ale op¢t nebyla nalezena Zadna zajimava biologické aktivita. Mimo to byl u nékterych
benzylovanych derivati zjiStén efekt na morfologii a také déleni bunék. Konkrétné
derivaty 85, 93 a 95 zplsobovaly jejich zvySené dé€leni a naopak sloucenina 88 vyvolala
inhibici bunééného déleni. Pro detailnéj$i mechanismus ucinku téchto latek bude nutné

provést dalsi experimenty.

Béhem experimentalni prace bylo ptipraveno celkem 138 novych sloucenin, z nichz 41
byly 2-(hetero)aryl-3-hydroxychinolin-4(1H)-ony. Mimo to jsem se aktivné podilela i

na pomérné rozsdhlém antivirovém testovani.
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7 Experimentalni ¢ast

7.1 Material a metody

Reakce byly monitorovany pomoci tenkovrstevné chromatografie (TLC) na deskach
Kieselgel 60gys4 (Merck). Slouceniny byly vizualizovany pod UV lampou (254/365 nm)
a/nebo ponotfenim TLC desky do roztoku H,SO, v ethanolu (20% v/v) s naslednym

zahtivanim nad horkovzdusnou pistoli.

Sloupcova chromatografie byla provedena na silikagelu (VWR, 40-63 pm). Mobilni

faze jsou uvedeny u kazdé slouceniny.

Teploty tani byly méfeny na bodotdvku VEB Analytik Dresden PHMK 78/1586 a

nejsou korigovany.

Specificka otacivost byla méfena na pfistroji Atago Automatic Compact Polarimeter-

POL-1/2 pti 24 °C.

'H-NMR a "“C-NMR spektra byla méfena na pfistroji Jeol ECA400II (400 MHz) nebo
Jeol ECX-500SS (500 MHz) pii 23 °C a 80 °C. NMR spektra byla méfena v
rozpoustédlech CDCl; nebo DMSO-d6. '"H a ">C chemické posuny byly vztazeny ke
sttednimu signalu rozpoustddla: CDCls (8 = 7,26 ('H), 8 = 77,1 (**C)) a DMSO-d6 (& =
2,50 ("H), & = 39,52 (°C)). Piifazeni signalii bylo provedeno na zaklad¢ zmétenych 2D
experimentt HMBC, HMQC, COSY, ROESY/NOESY a N-H HMBC.

HPLC-HR-MS meéfeni bylo provedeno na reverzni fazi (Dionex Ultimate 3000,
Phenomenex Gemini, 50 x 2,00 mm, 3 um castice, C18) s mobilni fazi 80%
acetonitril/20% pufr (0.01M octan amonny) pifi vinové délce A 254 nm. HR-MS
spektrum bylo méfeno metodou ionizace ESI ve spojeni s hmotnostnim spektrometrem

Fischer Sciencetific Exactive Plus Orbitrap pracujicim v pozitivnim i negativnim modu.

LC-MS analyza byla provedena na pfistroji UPLC-MS sPDA detektorem
a hmotnostnim spektrometrem, s HESI (heated electrospray) a kvadrupdlovym
analyzatorem s QDA detektorem, X-Select 18 kolonou, pii 30 °C a pritoku 0.6 mL/min.
Mobilni fazi byl pufr (0.0IM octan amonny) ve smési s acetonitrilem, v rizném

pomeéru, dle métenych sloucenin. Analyza probihala s gradientovou eluci.
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7.2 Biologické testovani
Experimentalni provedeni MTT tesu a testovani vici gammaherpes viru MHV-68
pomoci plakové a luciferazové eseje probihalo na Virologickém ustavu Slovenské

Akadémie Vied (SAV) v Bratislavé. Metody jsou popsany v publikaci.'*

Me¢éieni antibakteridlni aktivity vic¢i bakteridlnimu kmenu Paenibacillus larvae bylo
provedeno na Chemickém Ustavu SAV Bratislava, experimentalni postup je uveden
% publikaci.87 Testovani vici G+ a G- kmentm (B. Subtilis, M. Luteus, Staphylococcus
aureus, M. Vaccae, Psudomonas aeruginosa, E. Coli) probihalo na Katedfe Organické

Chemie, PiF, UP, postupem uvedenym niZze.
Agarovy difuzni test

Kultury testovanych organismu byly kultivovany v Luria-Bertani (LB) bujénu po dobu
18-24 h a standardni suspenze ~ 1,5 x 108 cfu/mL byly pfipraveny ve sterilnim
fyziologickém roztoku (0,9% NaCl) podle BaSO4 0,5 McFarlandova standardu. Z této
standardizované suspenze bylo 0,1 mL pfidano do 34 mL sterilniho, roztaveného
a temperované¢ho (47-50 °C) Mueller-Hinton agaru ¢. 2. Po mirném promichani byl
naockovany roztaveny agar nalit do sterilni Petriho misky (145 mm x 20 mm, Greiner
Bio-One) a ponechan ztuhnout vedle plamene s mirné pootevienymi vicky. Jamky o
priméru 9 mm byly vyfiznuty z agaru Petriho misky a naplnény 50 pL roztoku
testovan¢ho vzorku. Testovaci roztoky byly pfipraveny v koncentraci 20 mM v DMSO
a zfedény v MeOH, ¢imzZ byla ziskdna konecné koncentrace 2 mM. Petriho miska byla
inkubovana pfi 37 °C po dobu 18-24 h a priméry inhibi¢ni zény byly méteny (mm)

pomoci elektronického posuvného métitka po 24-48 h.
Stanoveni MIC

Antibakterialni aktivita slouenin byla stanovena méfenim jejich MIC za pouziti
metody mikrodiluce. Kazdd jamka 96 jamkové mikrotitraéni desticky byla naplnéna
50 uL sterilniho Zeleza s deficitem MH2. Kazda testovana sloucenina byla rozpusténa v
DMSO, ¢imz byl ziskan 10 mM roztok, a poté ziedén sterilnim roztokem MH2 na
800 uM. Ptesn¢ 50 pL roztoku slouceniny bylo pfiddno do prvni jamky mikrotitracni
desticky a v kazdé fad¢ destiCky byla provedena dvojnasobna sériova fedéni. Prekultura
bakterii byla péstovana v LB bujonu pifes noc pii 37 °C. Ten byl ziedén na

McFarlandtv standard 0,5 (1,5 x 108 cfu/mL) solnym roztokem. 100 pL bakteridlni
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suspenze bylo déle zfedéno 14,9 mL média MH2. Do kazdé jamky bylo pfidano piesné
50 pL bakteridlniho inokula (1 x 106 cfu/mL), ¢imz se ziskal celkovy objem
100 uL/jamka, 5 x 105 cfu/mL a koncentratni gradient slouceniny 200-0,1 uM.
Desticka byla inkubovana piti 37 °C a po 18 h byla kazda jamka vizualné vySetfena na
vyzadovana k inhibici bakteridlniho ristu. Ciprofloxacin byl zahrnut jako kontrola v

koncentracnim gradientu 5 pg/mL-0,0025 pg/l.

Testovani antivirové aktivity bylo provedeno Virologickym Ustavem SAV v Bratislavé.

Experimentalni postupy jsou uvedeny nize.
Priprava bunék

MDCK (Madin-Darby Canine Kidney buiiky, ATCC CCL-34) jsou modelové savci
bunécné linie pouzivané v riiznych biomedicinskych vyzkumech. Buitky MDCK byly
kultivovany v kompletnim Eagleové minimalnim esencidlnim médiu (médium EMEM)
obsahujicim 10% fetdlni teleci sérum (FCS) a doplnéné L-glutaminem (2 mM),
penicilinem a streptomycinem (100 jednotek/mL). Bunééné kultury byly péstovany
v atmosféfe zvlhcené 5% CO; pii 37 °C. Pro cytotoxicitu a plakovou esej byly bunky
primarn¢ kultivovany na 12 jamkovych destickach. Mono-vrstvy byly pfipraveny
kultivaci pfes noc pii 37 °C ve zvlhéené atmosféte 5% CO; 1 den pfedem. Bunky byly
po pfidani jednotlivych sloucenin ve vhodnych koncentracich kultivovany 24 h
a nasledné bylo provedeno vyhodnoceni pod mikroskopem (fotografie byla zachycena
pii kazdé koncentraci). VSechny zivotaschopné adherentni buniky byly spocitany, poté
bylo médium odstranéno, buniky byly promyty PBS, oSetfeny Trypsin-EDTA a znovu

spocitany pro kazdou jamku.
Virové kultury

Pro testovani antivirové aktivity konkrétni slouceniny byly pouZity prototypové kmeny
chiipkového viru Bro2a, A/PR/8/34 a Weybridge, které byly kultivovany v 10 dennich
kufecich embryich. Zéasoba viru byla pfipravena infekci bun€ék MDCK pii nizké
multiplicit¢ infekce; buiniky byly sklizeny po 96 hodinach, odstiedény, shromézdény

supernatanty a titr viru byl stanoven plakovym testem.
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Test antivirové aktivity

Mono-vrstva MDCK bun¢k (ve 12 jamkovych destickach) byla preinkubovana po dobu
24 h s 0,5; 1; 5 a 10 pg/mL piipravené slouceniny. Bunky byly jednou promyty
fyziologickym roztokem pufrovanym fosfaty (PBS) a poté infikovany chiipkovym
A/PR/8/34 nebo Weybridge virem pii multiplicité¢ infekce (MOI) 5 plakotvornych
jednotek na buitku po dobu 1 h pii teploté mistnosti. Po adsorpci byly bunky tfikrat
promyty PBS a potom kultivovany v MEM bez séra pii 37 °C. 16 h po infekci byly
bunky seskrabnuty a centrifugovany pii 500 x g po dobu 2 min. Virové titry v

supernatantech byly stanoveny na MDCK buiikach plakovym testem.
Plakova esej

Mono-vrstvy MDCK na 24 jamkovych destickdch byly infikovany sériovym
desetinasobnym fedénim viru (107, 10, 107, 10%; nebo 10, 107, 10, 107) na zakladg
dostupného virového titru. Po adsorpci byly buiiky promyty PBS, k nimz byly ptidany
slou¢eniny v médiu a samotny DMSO jako kontrola. Vse bylo piekryto 0,5%
karboxymethylcelulozou v. MEM. Po 48 h byly bunky fixovany v 10% PBS-

pufrovaném formalinu a plaky byly vizualizovany barvenim krystalovou violeti.
Experiment na kurecich embryich

Testované slouceniny byly zfedény spole¢né s virem tak, aby pozadovana koncentrace
byla v kone¢ném objemu 0,3 mL. Pfipravené roztoky byly injekovany do alantoické

tekutiny embrya a inkubace byla bud’ 24 h, nebo 48 h na zaklad¢ pouzitého viru.
Hemaglutinacni test

Pro testovani byly pouzity lidské krvinky skupina RH 0-. Na 4 mL krve byl pfidan 1 mL
sterilniho citratového roztoku (0.85 g NaCl, 5 g citratu sodného, 100 mL vody). Roztok
byl vychlazen na 4 °C a centrifugovan 10 min pfi 900 rpm v pfedem vychlazené
centrifuze. Poté byla odebrdna plazma a sedimentované krvinky byly suspendovany
v 5 mL 0.9% NacCl (sterilni). Nésledovalo promyti a centrifugace krvinek 3 x 10 min
pii 900 rpm. Ziskany sediment byl natfedén na 10% suspenzi v 0.9% NaCl. Na samotny

test byla z ptipravené 10% suspenze krvinek pfipravena 1% suspenze.

Samotny test probihal v 96 jamkové desticce, kam byl ptidan fyziologicky roztok o pH

7.2 (dle fedéni). Nasledné byla ptidana alantoicka tekutina o 4 koncentracich a nakonec
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1% krvinky. Reakce trvala 1 hod v lednici, kdy se poté se odecital titr v porovnani se

standardem (titr Weybridge konc. 10™® HT 500; titr A/PR/8/34 konc. 10° HT 1000).

7.3 Priprava sloucenin

Slou¢eniny 2-6 byly pfipraveny v gramovém mnozstvi dle postupt z literatury. >’

3,4-Bis(benzyloxy)-2-methylchinolin (7).

Do suspenze vychozi latky 3 (10 g; 0,057 mol; 1 ekv.) v DMF (100 mL) byl ptidan
K,COs (39,4 g; 0,285 mol; 5 ekv.). Po 5 min michani pfi RT byl béhem 10 min po
kapkach pfidan benzyl bromid (27,3 mL; 0,228 mol; 4 ekv.). Reakéni smés byla
zahtivana na teplotu refluxu po dobu 1,5 h. Vznikly Cerveny roztok byl zpracovan
nalitim do dest. H;O (800 mL) a extrahovan DCM (800 mL). Organicka faze byla
vysuSena MgSQOy, zfiltrovana a odpafena na RVO. Surovy produkt byl ¢iStén pomoci
sloupcové chromatografie (hexan/EtOAC 7/1). Ziskany Zluty olej byl nasledné
vymichan v diethyletheru (40 mL) pfi téploté 0 - 5 °C po dobu 1 h. Vyloucena bila
krystalicka latka byla odsata pii téze teploté, promyta minimalnim mnoZstvim ledového
diethyletheru a vysuSena ve vakuové susarné. Vytézek 87 %, t.t. 39,5-42.5 °C. "H NMR
(400 MHz, DMSO-d6): 6 8.02 (d, J = 8.2 Hz, 1H), 7.87 (d, J = 8.2 Hz, 1H), 7.62 (t, J
= 7.1 Hz, 1H), 7.49 (d, J = 7.3 Hz, 5H), 7.39 (t, J = 7.8 Hz, 6H), 5.36 (s, 2H, O-CH,),
5.13 (s, 2H, O-CH,), 2.55 (s, 3H, CH3); °C NMR (101 MHz, DMSO-d6): & 157.0,
151.2, 145.1, 141.3, 136.6, 136.6, 128.5, 128.5, 128.4, 128.3, 128.3, 128.0, 125.6,
123.7, 121.5 (Ar), 74.6 (O-CH,), 20.6 (CHs3); ESI-HRMS CoyH, NO,[M+H]": teor.
356,1645; exp. 356,1646.

1-Benzyl-3-(benzyloxy)-2-methylchinolin-4(1H)-on (7A).

Sloucenina byla ziskdna jako vedlejsi produkt pfi izolaci slouceniny 7 sloupcovou
chromatografii. "H NMR (500 MHz, DMSO-d6): § 8.31 (d, J = 9.7 Hz, 1H), 7.53-7.59
(m, 2H), 7.42 (dd, J = 7.7, 1.4 Hz, 2H), 7.30-7.36 (m, 6H), 7.25 (t, J = 7.2 Hz, 1H),
6.91 (d, J = 7.4 Hz, 2H), 5.55 (s, 2H, O-CH»), 5.13 (s, 2H, N-CH,), 2.29 (s, 3H, CHs);
BC NMR (126 MHz, DMSO-d6): & 170.7 145.6, 139.4, 138.2, 137.4, 136.4, 131.6,
128.9, 128.9, 128.2, 127.9, 127.3, 126.2, 125.6, 125.3, 122.7, 116.9 (Ar), 72.3 (O-CH»),
49.8 (N-CH,), 13.8 (CHj3); ESI-HRMS C24H21N02[M+H]+: teor. 356,1645; exp.
356,1645.

107



3,4-Bis(benzyloxy)chinolin-2-karbaldehyd (8).

Do vysusené 250 mL dvouhrdl¢é baiiky s kulatym dnem byla piedlozena vychozi latka 7
(4,3 ¢g; 0,012 mol; 1 ekv.). Latka byla rozpusténa v suchém THF (50 mL) a ke
vzniklému roztoku byl pfidan SeO, (2,01 g; 0,018 mol; 1,5 ekv.). Baiika byla opatiena
chladi¢em s CaCl, uzdvérem a reakéni smés byla zahtivana pfi teploté refluxu 30 min.
Po ochlazeni na RT byl THF odpafen na RVO. Odparek byl vyvaien s DCM (3 x
30 mL) a vznikly roztok zfiltrovan ptes skelny filtr. Filtrat byl odpafen na RVO a
produkt byl izolovan sloupcovou chromatografii (hexan/EtOAc 4/1) za vzniku
¢erveného produktu. Ten byl nasledné rozpustén a zfiltrovana za horka z cyklohexanu
s akt. uhlim (10 hm. %) a po ochlazeni byla izolovana svétle oranzova praskovita latka
8. Vytdzek 68 %, t.t. 81 °C. '"H NMR (400 MHz, DMSO-d6): & 10.22 (s, 1H, COH),
8.11 (t, J = 8.5 Hz, 2H), 7.80 (t, J = 8.2 Hz, 1H), 7.69 (t, J = 8.0 Hz, 1H), 7.53 (dd, J =
7.6, 1.6 Hz, 2H), 7.47 (dd, J = 7.6, 1.6 Hz, 2H), 7.35-7.43 (m, 6H), 5.45 (s, 2H, O-
CH>), 5.20 (s, 2H, O-CH,); *C NMR (101 MHz, DMSO-d6): & 191.2 (HCO), 154.0,
148.7, 145.1, 142.6, 136.3, 136.2, 129.8, 129.7, 128.9, 128.8, 128.5, 128.5, 128.4,
125.7, 122.0 (Ar), 76.4 (O-CH,), 75.2 (O-CH,); ESI-HRMS C,4H;oNO; [M+H]: teor.
370,1438; exp. 370,1441.

3,4-Bis(benzyloxy)-2-ethynylchinolin (9).

K roztoku Cerstveé pfipraveného Bestmann-Ohirova ¢inidla (1,6 g; 8,32 mmol; 1,2 ekv.)
v metanolu (50 mL) byl pfidan K,CO; (3,38 g; 0,024 mol; 3,5 ekv.) a aldehyd 8 (2,56 g;
6,93 mmol; 1 ekv.). Reak¢éni smés byla michana po dobu 1 h pfi RT (kontrola dle TLC
hexan/EtOAc 2/1). Poté bylo upraveno pH ~ 7 pevnym NH4Cl, reak¢ni smés byla
nafedéna 250 mL dest. H,O a extrahovana EtOAc (220 mL). Organickd faze byla
vysusena MgSQ,, zfiltrovana a odpafena na RVO. Surovy produkt ve formé hnédého
oleje byl precistén pomoci sloupcové chromatografie (hexan/EtOAc 2/1). Nazloutly olej
byl vymichan v diethyletheru pii teploté¢ 0 - 5 °C po dobu 1 h. Vyloucena nazloutla
krystalickd latka byla odsata, promyta minimdlnim mnoZstvim ledového hexanu a
vysusena ve vakuové susarné pies noc. Vytézek 50 %, t.t. 76 °C. '"H NMR (400 MHz,
DMSO-d6): 6 8.03 (d, J = 8.7 Hz, 1H), 7.93 (d, J = 8.2 Hz, 1H), 7.71 (t, J = 8.2 Hz,
1H), 7.55-7.60 (m, 3H), 7.36-7.48 (m, 8H), 5.43 (s, 2H, O-CH,), 5.22 (s, 2H, O-CH,),
4.70 (s, 1H, C-H alkyn); *C NMR (101 MHz, DMSO-d6): & 152.2, 145.5, 143.1, 140.6
136.4, 136.3, 129.3, 128.6, 128.5, 128.4, 128.4, 127.4, 124.1, 121.8 (Ar), 84.9 (-C=CH),
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80.4 (-C=CH), 75.6 (O-CH,), 74.9 (O-CHa); ESI-HRMS C,sH;oNO, [M+H]": teor.
366,1489; exp. 366,1490.

4-(1-Benzyl-1H-1,2,3-triazol-4-yl)-[1,3]dioxolo[4,5-c]chinolin (10).

K roztoku vychoziho alkynu 6 (250 mg; 1,27 mmol; 1 ekv.) ve smési MeOH/THF (1/1,
6 mL) byl pfidan benzylazid (205 pl; 1,52 mmol; 1,2 ekv.) a jodid médny (48 mg;
5 mol. %). Reakce probihala pii RT po dobu 72 h (kontrola dle TLC hexan/EtOAc 7/3).
Vzniklé zlutd suspenze byla poté nalita do 60 ml nasyc. roztoku NH4Cl a produkt byl
extrahovan DCM (2 x 30 mL). Organické faze byly spojeny, vysuSeny Na,SO, a
odpatreny na RVO. Surovy produkt byl rozpustén a za horka zflitrovan z acetonu s akt.
uhlim (10 hm. %), a po ochlazeni byla izolovana Zluté krystalicka latka. Dalsi podil byl
ziskan z matecného louhu. Vytézek 78 %, t.t. 185-189 °C. "H NMR (400 MHz, DMSO-
do6): o 8.84 (s, 1H, C-H triazol), 7.94 (d, J = 6.2 Hz, 1H), 7.83 (d, J/ = 7.3 Hz, 1H), 7.62
(t,J = 6.7 Hz, 1H), 7.53 (t, J = 7.5 Hz, 1H), 7.34-7.41 (m, 5H), 6.50 (s, 2H, O-CH,-0),
5.75 (s, 2H, N-CH,); >C NMR (101 MHz, DMSO-d6): & 149.8, 144.7, 143.5, 138.1,
135.8, 134.2, 128.8, 128.6, 128.2, 128.1, 126.5, 125.4, 119.9, 115.0 (Ar), 103.8 (O-CH,-
0), 53.1 (N-CH); ESI-HRMS C9H4N40, [M+H]+: teor. 331,1190; exp. 331,1190.

2-(1-Benzyl-1H-1,2,3-triazol-4-yl)-3-hydroxychinolin-4(1H)-on (11).

Vychozi latka 10 (104 mg; 0,3 mmol) byla rozpusténa ve 4 mL smési 48% HBr/H,O
(1/3 v/v). Reakce probihala po dobu 42 h pfi teploté refluxu (kontrola dle TLC EtOAc).
Reakéni smés byla poté ziedéna 2 mL dest. H,O a ochlazena na ledové lazni. Vznikla
srazenina byla odsata, promyta dest. H,O a vysuSena ve vakuové suSarné pres noc.
Surovy produkt byl krystalovan z EtOAc (15 mL) a po ochlazeni v ledové lazni byla
vyloucend bilo-Sedd sraZenina odsata, promyta minimalnim mnozstvim EtOAc a
vysusena. Vytézek 67 %, t.t. 242-243 °C. 'H NMR (400 MHz, DMSO-d6): 6 12.02 (s,
1H, N-H chinolon), 8.79 (s, 1H, C-H triazol), 8.14 (d, J = 8.3 Hz, 1H), 8.03 (d, / = 8.3
Hz, 1H), 7.59 (t, J = 7.8 Hz, 1H), 7.34-7.41 (m, 5H), 7.26 (t, J = 7.3 Hz, 1H), 5.80 (s,
2H, N-CH,); >C NMR (101 MHz, DMSO-d6): & 169.2 (C=0), 152.6, 138.3, 137.9,
135.8, 130.7, 128.8, 128.3, 128.0, 126.5, 124.2, 123.5, 121.9, 118.9 (Ar), 53.0 (N-CH»);
ESI-HRMS C3H4N4O, [M+H]+: teor. 319,1190; exp. 319,1189.

Obceny postup CuAAC reakce pro derivaty 12a-f a 14a-f.
Do roztoku azidu A-F (0,21 mmol; 1 ekv.) a alkynu 6 nebo 9 (0,21 mmol; 1 ekv.)
v DMF/H,O (3/1; 2,5 mL) byl pfidan askorban sodny (0,17 mmol; 0,8 ekv.)
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a CuS04.5H,0 (0,085 mmol; 0,4 ekv.). Reakéni smés byla michana pfi RT po dobu
3-16 h do odreagovani vychoziho alkynu (kontrola dle TLC hexan/EtOAc 7/3).
Nasledné¢ byla reak¢éni smes zpracovana nalitim do nasyc. roztoku NH4Cl a extrahovana
EtOAc (3 x 10 mL). Spojené organické faze byly promyty solankou, vysuseny MgSQOy,
zfiltrovany a odpafeny na RVO. Surovy produkt byl piecistén pomoci sloupcové

chromatografie s gradientovou eluci (hexan/EtOAc 7/3 — EtOAc).

2-(1-(Tetra-0-acetyl-p-D-glukopyranosyl)-1,2,3-triazol-4-yl)-3,4-methylendioxy-
chinolin (12a).

Reakce azidu A a alkynu 6 dle obecného postupu CuAAC reakce. Bily prasek, vytézek
86 %, t.t. 126-128 °C. [a]p - 77 (¢ 0.7, CHCl3). "H NMR (400 MHz, CDCl3): & 8.58 (s,
1H, C-H triazol), 8.14 (d, J = 7.3 Hz, 1H), 7.82 (d, J = 8.2 Hz, 1H), 7.59 (t, J = 8.5 Hz,
1H), 7.47 (t, J = 7.6 Hz, 1H), 6.41 (d, J = 11.0 Hz, 2H, O-CH,-0), 6.01 (d, J = 9.6 Hz,
1H), 5.54 (t, J = 9.4 Hz, 1H), 5.45 (t, J = 9.4 Hz, 1H), 5.28 (t, J = 9.6 Hz, 1H), 4.34
(dd, J = 12.6, 5.3 Hz, 1H), 4.17 (dd, J = 12.6, 2.1 Hz, 1H), 4.04 (qd, J = 5.0, 1.8 Hz,
1H), 2.09, 2.07, 2.03, 1.88 (kazdy s, kazdy 3H, 4x CH;CO); “C NMR (101 MHz,
CDCl): 8 170.7, 170.1, 169.5, 169.2 (4x CH;3CO), 150.5, 145.9, 145.5, 138.3, 133.9,
129.7, 128.7, 126.7, 122.6, 120.1, 115.9 (Ar), 103.7 (O-CH,-0), 86.1, 75.4, 72.8, 70.6,
67.9, 61.8 (C1-C6), 20.9, 20.7, 20.4 (3x CH3;CO); ESI-HRMS CysHyN4O;; [M+H]":
teor. 571,1671; exp. 571,1672.

2-(1-(Tetra-0O-acetyl-a-D-mannopyranosyl)-1,2,3-triazol-4-yl)-3,4-methylendioxy-
chinolin (12b).

Reakce azidu B a alkynu 6 dle obecného postupu CuAAC reakce. Svétle Zluty prasek,
vytezek 90 %, t.t. 90-92 °C. [a]p + 69 (c 0.3, CHCI;). '"H NMR (400 MHz, DMSO-d6):
6 8.91 (s, 1H, C-H triazol), 8.01 (d, J = 8.2 Hz, 1H), 7.87 (d, J = 8.2 Hz, 1H), 7.68 (t, J
= 8.2 Hz, 1H), 7.58 (t, J = 8.0 Hz, 1H), 6.58 (d, J = 1.8 Hz, 1H), 6.52 (d, J = 2.3 Hz,
2H, O-CH,-0), 5.85-5.88 (m, 2H), 5.29 (t, J/ = 9.2 Hz, 1H), 4.26 (dd, J = 12.4, 5.0 Hz,
1H), 4.06 (dd, J = 12.6, 2.5 Hz, 1H), 3.97-4.01 (m, 1H), 2.17 (s, 3H, CH3), 2.06 (s, 3H,
CHs), 2.02 (s, 6H, 2x CH3); °C NMR (101 MHz, DMSO-d6): 170.0, 169.5, 169.4,
169.4 (4 x COCHs;), 149.8, 144.9, 143.8, 138.2, 133.7, 129.1, 128.7, 126.7, 126.1,
119.9, 115.1 (Ar), 103.9 (O-CH,-0), 83.0, 71.5, 68.4, 67.6, 65.3, 61.4 (C1-C6), 20.5,
20.5, 20.4 (3 x CH3CO); ESI-HRMS CyHxN4Oy; [M+H]": teor. 571,1671; exp.
571,1674.
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2-(1-(Tetra-0O-acetyl-p-D-galaktopyranosyl)-1,2,3-triazol-4-yl)-3,4-methylendioxy-
chinolin (12¢).

Reakce azidu C a alkynu 6 dle obecného postupu CuAAC reakce. Bily prasek, vytézek
84 %, t.t. 208-209 °C. [o]p - 64 (c 0.4, CHCI3). '"H NMR (400 MHz, CDCls): & 8.60 (s,
1H, C-H triazol), 8.13 (d, J = 7.3 Hz, 1H), 7.83 (d, J/ = 7.8 Hz, 1H), 7.60 (t, J = 7.3 Hz,
1H), 7.48 (t, J = 7.3 Hz, 1H), 6.43 (d, J = 6.9 Hz, 2H, O-CH,-0), 5.98 (d, J = 9.2 Hz,
1H), 5.65 (t, J = 9.6 Hz, 1H), 5.58 (d, J = 3.2 Hz, 1H), 5.29 (dd, J = 10.1, 3.2 Hz, 1H),
4.16-4.29 (m, 3H), 2.27, 2.05, 2.02, 1.91 (kazdy s, kazdy 3H, 4 x CH;CO); °C NMR
(101 MHz, CDCls): & 170.5, 170.2, 170.0, 169.3 (4 x CH3CO), 145.9, 138.4, 134.1,
129.7, 128.7, 126.7, 122.5, 120.1, 115.9 (Ar), 103.7 (O-CH,-0O), 86.7, 74.3, 71.0, 68.2,
67.0, 61.4 (C1-C6), 20.9, 20.8, 20.7, 20.5 (4 x CH3CO); ESI-HRMS CycH26N4O1;
[M+H]": teor. 571,1671; exp. 571,1674.

2-(1-(Tetra-0O-acetyl-p-D-xylopyranosyl)-1,2,3-triazol-4-yl)-3,4-methylendioxy-
chinolin (12d).

Reakce azidu D a alkynu 6 dle obecného postupu CuAAC reakce. Bily prasek, vytézek
83 %, t.t. 219-220 °C. [a]p - 114 (¢ 0.4, CHCl3). '"H NMR (400 MHz, CDCl3): & 8.51 (s,
1H, C-H trazol), 8.12 (d, J = 8.7 Hz, 1H), 7.80 (d, J = 7.8 Hz, 1H), 7.57 (t, J = 8.5 Hz,
1H), 7.45 (t, J = 8.0 Hz, 1H), 6.39 (dd, J = 9.2, 1.4 Hz, 2H, O-CH,-0), 5.92 (dd, J =
6.4, 2.3 Hz, 1H), 5.42-5.49 (m, 2H), 5.14-5.24 (m, 1H), 4.34 (q, J = 5.6 Hz, 1H), 3.63
(dd, J = 11.4, 10.5 Hz, 1H), 2.08, 2.05, 1.88 (kazdy s, kazdy 3H, 3 x CH;CO); *C
NMR (101 MHz, CDCl3): 8 170.0, 169.9, 169.2 (3 x CH3CO), 150.2, 145.9, 145.4,
138.3, 134.0, 129.9, 128.5, 126.6, 122.4, 120.0, 115.9 (Ar), 103.6 (O-CH;-O), 86.7,
72.2, 70.8, 68.5, 65.8 (C1-C6), 20.8, 20.7, 20.4 (3 x CH3CO); ESI-HRMS C,3H2:N409
[M+H]": teor. 499,1460; exp. 499,1460.

2-[1-(4-0-(2,3,4,6-Tetra-0-acetyl-p-D-galaktopyranosyl)-2,3,6-tri-O-acetyl--D
glukopyranosyl)-1,2,3-triazol-4-yl]-3,4-methylendioxy-chinolin (12e).

Reakce azidu E a alkynu 6 dle obecného postupu CuAAC reakce. Bily prasek, vytézek
70 %, t.t. 120-128 °C. [a]p - 45 (c 0.5, CHCl3). '"H NMR (400 MHz, CDCl3): & 8.50 (s,
1H, C-H triazol), 8.09 (d, J = 8.2 Hz, 1H), 7.80 (d, J = 7.8 Hz, 1H), 7.57 (t, / = 7.3 Hz,
1H), 7.45 (t, J = 7.6 Hz, 1H), 6.39 (d, J = 6.4 Hz, 2H, O-CH,-0), 5.96 (d, J = 9.2 Hz,
1H), 5.49 (t, J = 9.4 Hz, 1H), 5.42 (t, J = 8.9 Hz, 1H), 5.36 (d, J = 2.7 Hz, 1H), 5.13
(dd, J = 10.3, 8.0 Hz, 1H), 4.97 (dd, J = 10.3, 3.4 Hz, 1H), 4.54 (d, J = 7.8 Hz, 1H),
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449 (d, J = 11.9 Hz, 1H), 4.07-4.19 (m, 3H), 3.96-4.02 (m, 1H), 3.91 (t, J = 6.6 Hz,
1H), 2.15, 2.10, 2.07, 2.06, 2.05, 1.96, 1.86 (kazdy s, kazdy 3H, 7 x CH;CO); *C NMR
(101 MHz, CDCls): § 170.5, 170.4, 170.2, 170.2, 169.6, 169.3, 169.2 (7 x CH;CO),
150.4, 145.8, 145.5, 138.3, 133.9, 129.6, 128.7, 126.6, 122.5, 120.1, 115.8 (Ar), 103.6
(0-CH,-0), 101.2, 85.8, 76.1, 75.8, 72.7, 71.0, 70.9, 70.8, 69.1, 66.7, 61.9, 61.0 (C1-
C6, C1°-C6"), 20.9, 20.8, 20.7, 20.6, 20.4 (5 x CH;CO); ESI-HRMS C33HiN4019 [M-
H] : teor. 857,2360; exp. 857,2365.

2-(1-(Tri-O-benzoyl-B-D-ribofuranosyl)-1,2,3-triazol-4-yl)-3,4-methylendioxy-
chinolin (12f).

Reakce azidu F a alkynu 6 dle obecného postupu CuAAC reakce. Bily prasek, vytézek
80 %, t.t. 83,5-88,5 °C. [a]p - 143 (¢ 0.2, CHCls). '"H NMR (400 MHz, CDCl5): & 8.59
(s, 1H, C-H triazol), 8.06 (d, J = 7.3 Hz, 2H), 7.98 (t, J = 9.6 Hz, 4H), 7.81 (d, J = 7.8
Hz, 1H), 7.55-7.60 (m, 3H), 7.47 (td, J = 7.6, 2.0 Hz, 2H), 7.34-7.42 (m, 7H), 6.63 (d, J
= 4.1 Hz, 1H), 6.32 (t, J = 4.6 Hz, 1H), 6.29 (s, 1H), 6.22 (s, 1H), 6.16 (t, J = 5.3 Hz,
1H), 4.94 (q, J = 4.4 Hz, 1H), 4.86 (dd, J = 12.1, 3.4 Hz, 1H), 4.67 (dd, J =12.4, 4.6
Hz, 1H); °C NMR (101 MHz, CDCls): & 166.3, 165.3, 165.2 (3 x C=0), 150.4, 145.7,
138.3, 134.0, 133.9, 133.4, 130.1, 130.0, 129.9, 129.4, 128.7, 128.7, 126.6, 123.2,
120.1, 115.8 (Ar), 103.6 (O-CH,-0), 90.7, 81.5, 75.5, 71.9, 64.1 (C1-C5); ESI-HRMS
C3gHogN4O9 [M+H]+: teor. 685,1929; exp. 685,1935.

2-(1-(Tetra-0-acetyl-p-D-glukopyranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-
chinolin (14a).

Reakce azidu A a alkynu 9 dle obecného postupu CuAAC reakce. Zluty prasek, vytézek
74 %, t.t. 181-183 °C. [a]p - 32 (c 0.4, CHCI3). '"H NMR (400 MHz, DMSO-d6): § 8.95
(s, 1H, C-H triazol), 8.06 (d, J = 8.2 Hz, 1H), 7.99 (d, J = 8.2 Hz, 1H), 7.72 (t, J = 8.2
Hz, 1H), 7.57 (t, J = 7.6 Hz, 1H), 7.51 (d, J = 6.9 Hz, 2H), 7.36-7.43 (m, 4H), 7.32 (t, J
= 3.2 Hz, 2H), 6.47 (d, J = 9.2 Hz, 1H), 5.71 (t, J = 9.4 Hz, 1H), 5.63 (t, /] = 9.4 Hz,
1H), 5.42 (s, 2H, -O-CH»), 5.26 (t, J/ = 9.8 Hz, 1H), 5.19 (d, J = 10.5 Hz, 1H), 5.15 (s,
1H), 4.45 (dq, J = 9.7, 2.7 Hz, 1H), 4.12-4.21 (m, 2H), 2.06, 2.02, 2.0,1.81 (kazdy s,
kazdy 3H, 4 x CH;CO); °C NMR (101 MHz, DMSO-d6): 5 170.0, 169.6, 169.4, 168.6
(4 x CH3CO), 152.9, 146.8, 145.3, 144.5, 140.6, 136.4, 136.0, 129.1, 128.9, 128.7,
128.5, 128.5, 128.4, 128.3, 128.2, 126.7, 125.1, 124.1, 121.7 (Ar), 84.0, 75.0, 73.3,

112



71.9, 70.4, 67.6, 62.0 (C1-C6), 20.5, 20.4, 20.2, 19.9 (4 x CH3;CO); ESI-HRMS
C39H38N4011 [M+H]+I teor. 739,2610, exp. 739,2611

2-(1-(Tetra-0O-acetyl-a-D-mannopyranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-
chinolin (14b).

Reakce azidu B a alkynu 9 dle obecného postupu CuAAC reakce. Svétle zluty prasek,
vytezek 75 %, t.t. 50-52 °C. [a]p + 58 (c 0.2, CHCI;). '"H NMR (400 MHz, DMSO-d6):
0 8.79 (s, 1H, C-H triazol), 8.08 (d, J = 7.8 Hz, 1H), 8.00 (d, J = 8.2 Hz, 1H), 7.73 (t, J
= 8.2 Hz, 1H), 7.59 (t, J = 8.0 Hz, 1H), 7.50 (dd, J = 7.8, 1.4 Hz, 2H), 7.32-7.41 (m,
8H), 6.55 (d, J = 1.8 Hz, 1H), 5.87-5.91 (m, 2H), 5.45 (s, 2H, -O-CH,), 5.31 (t, / = 8.9
Hz, 1H), 5.15 (s, 2H, -O-CH,), 4.26 (dd, J = 12.4, 5.0 Hz, 1H), 4.05 (dd, J = 12.4, 2.3
Hz, 1H), 3.98-4.02 (m, 1H), 2.19, 2.08, 2.03, 1.99 (kazdy s, kazdy 3H, 4 x CH;CO);
CNMR (101 MHz, DMSO-d6): & 170.0, 169.5, 169.4 (3 x CH;CO), 153.0, 147.0,
145.5, 144.2, 140.7, 136.4, 136.0, 129.2, 128.7, 128.5, 128.5, 128.3, 127.0, 126.7,
124.1, 121.7 (Ar), 82.8, 75.4, 75.0, 71.5, 68.4, 67.6, 65.3, 61.5 (C1-C6), 20.5, 20.4, 20.3
(3 x CH3CO); ESI-HRMS C39H33N401; [M+H]+: teor. 739,2610; exp. 739,2612.

2-(1-(Tetra-0-acetyl-p-D-galaktopyranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-
chinolin (14c¢).

Reakce azidu C a alkynu 9 dle obecného postupu CuAAC reakce. Svétle zluty prasek,
vytézek 79 %, t.t. 156-158 °C. [a]p - 29 (¢ 0.4, CHCls). '"H NMR (400 MHz, DMSO-
d6): 6 8.75 (s, 1H, C-H triazol), 8.07 (d, J = 7.8 Hz, 1H), 8.02 (d, J = 8.2 Hz, 1H), 7.73
(t, J = 8.2 Hz, 1H), 7.58 (t, J = 7.6 Hz, 1H), 7.51 (d, J = 6.4 Hz, 2H), 7.36-7.46 (m,
8H), 6.41 (d, J = 8.7 Hz, 1H), 5.64 (t, J = 9.6 Hz, 1H), 5.54 (dd, J = 10.1, 3.2 Hz, 1H),
5.48 (d,J = 3.2 Hz, 1H), 5.44 (d, J = 1.8 Hz, 1H), 5.16 (d, J = 10.5 Hz, 1H), 5.08 (d, J
= 10.5 Hz, 1H), 4.67 (t, J = 6.2 Hz, 1H), 4.19 (q, J = 5.5 Hz, 1H), 4.09 (dd, J = 11.4,
7.3 Hz, 1H), 2.20, 2.01, 1.97, 1.84 (kazdy s, kazdy 3H, 4 x CH3CO); >C NMR (101
MHz, DMSO-d6): 6 170.0, 169.9, 169.5, 168.7 (4 x CH3CO), 153.1, 146.7, 145.4,
144.3, 140.7, 136.4, 136.1, 129.2, 128.7, 128.6, 128.5, 128.3, 126.7, 125.0, 124.1, 121.7
(Ar), 84.4, 75.1, 73.0, 70.2, 68.0, 67.2, 61.6 (C1-C6), 20.5, 20.4, 20.3, 20.0 (4 x
CH;CO); ESI-HRMS C30H3sN40;; [M+H]": teor. 739,2610; exp. 739,2623.
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2-(1-(Tetra-0O-acetyl-p-D-xylopyranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-
chinolin (14d).

Reakce azidu D a alkynu 9 dle obecného postupu CuAAC reakce. Zluty prasek, vytézek
84 %, t.t. 110-112 °C. [a]p — 71,8 (¢ 0.5, CHCI;). '"H NMR (400 MHz, DMSO-d6): &
8.94 (s, 1H, C-H triazol), 8.06 (d, J = 8.2 Hz, 1H), 7.98 (d, J = 8.2 Hz, 1H), 7.71 (t, J =
8.2 Hz, 1H), 7.57 (t, J = 8.0 Hz, 1H), 7.49-7.51 (m, 2H), 7.33-7.44 (m, 8H), 6.36 (d, J =
9.2 Hz, 1H), 5.68 (t, J = 9.2 Hz, 1H), 5.57 (t, J = 9.6 Hz, 1H), 5.42 (s, 2H, -O-CH,),
5.15-5.23 (m, 2H), 5.09 (d, J/ = 11.0 Hz, 1H), 4.17 (q, J/ = 5.5 Hz, 1H), 3.91 (t, / = 11.0
Hz, 1H), 2.06, 2.03, 1.82 (kazdy s, kazdy 3H, 3 x CH3CO); >C NMR (101 MHz,
DMSO-db6): 6 169.6, 168.6 (2 x CH3CO), 152.9, 146.9, 145.3, 144.4, 140.7, 136.4,
136.1, 129.1, 128.9, 128.7, 128.5, 128.5, 128.3, 126.6, 125.1, 124.0, 121.7 (Ar), 84.8,
75.1, 75.0, 71.7, 70.5, 67.9, 64.2 (C1-C6), 20.5, 20.3, 19.9 (3 x CH3CO).ESI-HRMS
C36H34N409 [M-H]': teor. 665,224; exp. 665,2257.

2-[1-(4-0-(2,3,4,6-Tetra-0O-acetyl-p-D-galaktopyranosyl)-2,3,6-tri-O-acetyl-p-D
glukopyranosyl)-1,2,3-triazol-4-yl]-3,4-dibenzyloxy-chinolin (14e).

Reakce azidu E a alkynu 9 dle obecného postupu CuAAC reakce. OranZovy prasek,
vytézek 84 %, t.t. 67-70 °C. [o]p — 69.5 (c 0.2, CHCI3). "H NMR (400 MHz, DMSO-
d6): 6 8.81 (s, 1H, C-H triazol), 8.06 (d, J/ = 8.2 Hz, 1H), 7.99 (d, J = 8.2 Hz, 1H), 7.72
(t, J = 7.6 Hz, 1H), 7.57 (t, J = 7.6 Hz, 1H), 7.51 (d, J = 6.4 Hz, 2H), 7.34-7.42 (m,
8H), 6.40 (d, J = 8.2 Hz, 1H), 5.49-5.57 (m, 2H), 5.42 (s, 2H, -O-CH>), 5.26 (d, J =11.4
Hz, 2H), 5.16 (s, 2H, -OCHy), 4.92 (t, J/ = 7.6 Hz, 2H), 4.45 (d, J = 11.4 Hz, 1H), 4.28-
4.36 (m, 2H), 3.99-4.08 (m, 4H), 2.13, 2.04, 1.92, 1.80 (4x) (kazdy s, kazdy 3H, 7 x
CH;3CO); >C NMR (101 MHz, DMSO-d6): § 170.3, 169.9, 169.5, 169.3, 169.0, 168.7
(6 x CH3CO), 152.9, 146.8,145.3, 144.3, 140.6, 136.4, 136.1, 129.1, 128.9, 128.7,
128.5, 128.5, 128.4, 128.3, 126.7, 125.0, 124.1, 121.7 (Ar), 100.1, 83.8, 75.9, 75.0,
74.3, 72.0, 70.7, 70.2, 69.8, 68.9, 67.1, 62.4, 61.1 (C1-C6, C1'-C6"), 20.6, 20.5, 20.3,
20.3, 20.2, 19.9 (6 x CH;CO); ESI-HRMS Cs;Hs4sN4O19 [M+H]": teor. 1027,3455; exp.
1027,3462.

2-(1-(Tri-O-benzoyl-B-D-ribofuranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-chinolin
(141).

Reakce azidu F a alkynu 9 dle obecného postupu CuAAC reakce. Svétle zluty prasek,
vytézek 69 %, tt. 54-57 °C. [a]p — 93.5 (¢ 0.2, CHCl;). '"H NMR (400 MHz,
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DMSO-d6): & 8.95 (s, 1H, C-H triazol), 8.07 (d, J = 8.7 Hz, 1H), 7.95-8.01 (m, 8H),
7.65-7.74 (m, 3H), 7.57 (t, J = 7.8 Hz, 2H), 7.49 (q, J = 7.5 Hz, 6H), 7.34-7.45 (m, 6H),
7.25-7.28 (m, 3H), 6.88 (d, J = 3.2 Hz, 1H), 6.40 (dd, J = 5.3, 3.4 Hz, 1H), 6.19 (t, J =
5.7 Hz, 1H), 5.41 (s, 2H, -OCHy), 5.09 (d, J = 6.0 Hz, 2H), 5.02-5.06 (m, 1H), 4.73 (dd,
J =124, 3.7 Hz, 1H), 4.66 (dd, J = 12.1, 4.8 Hz, 1H); *“ NMR (101 MHz, DMSO-
d6): & 165.4, 164.7, 164.4 (3 x C=0), 153.0, 147.1, 145.5, 144.4, 140.7, 136.4, 136.0,
134.1, 133.9, 133.4, 129.4, 129.2, 129.2, 129.1, 128.8, 128.7, 128.6, 128.5, 128.5,
128.4, 128.2, 126.6, 126.3,124.1,121.7 (Ar), 89.3, 79.9, 75.3, 75.0, 74.5, 71.2, 63.6 (C1-
C5); ESI-HRMS Cs;H49N4Og [M+H]+: teor. 853,2868; exp. 853,2866.

Obecny postup deacetylace pro derivaty 13a-e a 15a-e.

Slouceniny 12a-e nebo 14a-e (0,365 mmol; 1 ekv.) byly michany v metanolu (HPLC,
13,6 mL) s ptfidavkem diethylaminu (7,3 mmol; 20 ekv.) pfi RT po dobu 2 h. Reak¢ni
smés byla odpafena na RVO a ziskany odparek byl nafedén diethyletherem (15-20 mL).
Vznikla suspenze byla michana pfi RT 20 min a nasledné 5 min zahfivéna k varu. Po
samovolném ochlazeni na RT byla srazenina produktu odsita a promyta minimalnim
mnozstvim diethyletheru (2-5 mL). Produkt byl vysuSen ve vakuové susarné pfi teploté

40 °C ptes noc.
2-(1-(B-D-Glukopyranosyl)-1,2,3-triazol-4-yl)-3,4-methylendioxy-chinolin (13a).

Latka byla ziskdna deacetylaci slouceniny 12a jako svétle zluty prasek, vytézek 85 %,
t.t. 104-108 °C. [a]p — 8.5 (c 0.5, DMSO). 'H NMR (400 MHz, DMSO-d6): & 8.85 (s,
1H, C-H triazol), 8.00 (d, J = 8.7 Hz, 1H), 7.85 (d, J = 7.8 Hz, 1H), 7.67 (t, J = 8.2 Hz,
1H), 7.56 (t, J = 7.6 Hz, 1H), 6.50 (s, 2H, O-CH,-0), 5.69 (d, 1H, J = 9.2 Hz, H-1),
549 (d,J = 6.0 Hz, 1H), 5.30 (d, J/ = 5.0 Hz, 1H), 5.19 (d, J = 5.5 Hz, 1H), 4.66 (t, J =
5.5 Hz, 1H), 3.87 (td, 1H, J = 8.9, 6.0 Hz, H-2), 3.73 (dd, 1H, J = 9.8, 5.7 Hz, H-6),
3.50 (dd, 2H, J = 13.3, 5.0 Hz, H-5, H-6), 3.42 (td,1H, J = 8.7, 5.0 Hz, H-3), 3.29-3.32
(m, 1H, J = 8.7, 3.7 Hz, H-4); >C NMR (101 MHz, DMSO-d6): & 149.6, 144.9, 143 4,
138.0, 134.3, 129.0, 128.5, 126.5 (Ar), 124.4 (C-H triazol), 119.8, 115.0 (Ar), 103.7 (O-
CH,-0), 87.7 (C-1), 80.0 (C-5), 76.8 (C-3), 72.1 (C-2), 69.4 (C-4), 60.7 (C-6); ESI-
HRMS C,3HsN4O~ [M+H]+: teor. 403,1248; exp. 403,1249.

2-(1-(a-D-Mannopyranosyl)-1,2,3-triazol-4-yl)-3,4-methylendioxy-chinolin (13b).

Latka byla ziskana deacetylaci slouceniny 12b jako bily prasek, vytézek 80 %, t.t. 239-
242 °C. [a]p + 64.5 (¢ 0.5, DMSO). '"H NMR (400 MHz, DMSO-d6): & 8.80 (s, 1H, C-
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H triazol), 8.00 (d, J = 8.7 Hz, 1H), 7.85 (d, J = 8.2 Hz, 1H), 7.64-7.69 (m, 1H), 7.54-
7.58 (m, 1H), 6.50 (d, J = 4.6 Hz, 2H, O-CH,-0), 6.08 (d, 1H, J = 4.6 Hz, H-1), 5.36
(d, J = 5.0 Hz, 1H), 5.14 (d, J = 5.0 Hz, 1H), 5.07 (d, J = 6.0 Hz, 1H), 4.68 (t, J = 6.0
Hz, 1H), 4.51 (q, 1H, J = 4.4 Hz, H-2), 3.90-3.94 (m, 1H, H-3), 3.57-3.68 (m, 3H, H-4,
H-6), 3.45 (td, 1H, J = 7.0, 3.1 Hz, H-5); >*C NMR (101 MHz, DMSO-d6): & 149.6,
144.9, 143.5, 138.1, 134.3, 129.0, 128.5, 126.5 (Ar), 124.9 (C-H triazol), 119.8, 115.0
(Ar), 103.7 (O-CH-0), 85.8 (C-1), 78.7 (C-5), 71.3 (C-3), 68.0 (C-2), 67.8 (C-4), 60.7
(C-6); ESI-HRMS C5H sN4O; [M+H]": teor. 403,1248; exp. 403,1249.

2-(1-(p-D-Galaktopyranosyl)-1,2,3-triazol-4-yl)-3,4-methylendioxy-chinolin (13c).

Latka byla ziskana deacetylaci slouc¢eniny 12¢ jako bily prasek, vytézek 92 %, t.t. 261-
262 °C. [a]p + 12 (c 0.4, DMSO). '"H NMR (400 MHz, DMSO-d6): & 8.82 (s, 1H, C-H
triazol), 8.01 (d, J = 8.7 Hz, 1H), 7.86 (d, J = 8.2 Hz, 1H), 7.67 (t, J = 8.5 Hz, 1H),
7.57 (t, J = 8.0 Hz, 1H), 6.51 (d, J = 2.3 Hz, 2H, O-CH,-0), 5.64 (d, 1H, J = 9.2 Hz, H-
1),5.37(d, J = 6.0 Hz, 1H), 5.05 (d, J = 5.5 Hz, 1H), 4.74 (t, J = 5.7 Hz, 1H), 4.68 (d, J
= 6.4 Hz, 1H), 4.11 (td, 1H, J = 9.4, 6.0 Hz, H-2), 3.77 (t, 2H, J = 5.5 Hz, H-4, H-5),
3.51-3.61 (m, 3H, H-3, H-6); °C NMR (126 MHz, DMSO-d6): & 149.7, 144.9, 143.5,
138.0, 134.3, 129.0, 128.6, 126.6 (Ar), 124.0 (C-H triazol), 119.9, 115.0 (Ar), 103.8 (O-
CH,-0), 88.3 (C-1), 78.6 (C-5), 73.6 (C-3), 69.6 (C-2), 68.6 (C-4), 60.4 (C-6); ESI-
HRMS C,3H;sN4O7 [M+H]+: teor. 403,1248; exp. 403,1249.

2-(1-(B-D-Xylopyranosyl)-1,2,3-triazol-4-yl)-3,4-methylendioxy-chinolin (13d).

Latka byla ziskdna deacetylaci slouceniny 12d jako bily prasek, vytézek 92 %, t.t. 267-
270 °C. [a]p - 48 (¢ 0.4, DMSO). 'H NMR (400 MHz, DMSO-d6): 5 8.84 (s, 1H, C-H
triazol), 7.99 (d, J = 8.7 Hz, 1H), 7.84 (d, J = 7.3 Hz, 1H), 7.66 (t, J = 8.5 Hz, 1H),
7.56 (t, J = 7.6 Hz, 1H), 6.49 (s, 2H, O-CH,-0), 5.64 (d, 1H, J = 9.2 Hz, H-1), 5.51 (d,
J = 6.0 Hz, 1H), 5.34 (d, J = 4.6 Hz, 1H), 5.21 (d, J = 4.6 Hz, 1H), 3.87-3.93 (m, 2H,
H-2, H-5), 3.51-3.59 (m, 1H, H-3), 3.34-3.44 (m, 2H, H-4, H-5); °C NMR (101 MHz,
DMSO-d6): & 149.6, 144.9, 143.4, 138.1, 134.3, 129.0, 128.5, 126.5 (Ar), 124.4 (C-H
triazol), 119.8, 115.0 (Ar), 103.7 (O-CH,-0O), 88.3 (C-1), 77.0 (C-3), 72.0 (C-2), 69.0
(C-4), 68.4 (C-5); ESI-HRMS C;7H4N4O¢ [M+H]": teor. 373,1143; exp. 373,1146.
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2-[1-(4-0-(p-D-Galaktopyranosyl)-g-D-glukopyranosyl)-1,2,3-triazol-4-yl]-3,4-
methylendioxy-chinolin (13e).

Latka byla ziskdna deacetylaci slouc¢eniny 12e jako bily prasek, vytézek 83 %, t.t. 191-
196 °C. [a]p + 8.5 (¢ 0.3, DMSO). 'H NMR (400 MHz, DMSO-d6): & 8.87 (s, 1H, C-H
triazol), 8.00 (d, J = 8.7 Hz, 1H), 7.86 (d, J = 8.2 Hz, 1H), 7.67 (t, J = 7.3 Hz, 1H),
7.57 (t,J = 7.3 Hz, 1H), 6.50 (s, 2H, O-CH,-0), 5.80 (d,1H, J = 9.2 Hz, H-1), 5.66 (d, J
= 5.5 Hz, 1H), 5.15 (d, J = 4.1 Hz, 1H), 4.92 (s, 1H), 4.83 (d, J = 5.0 Hz, 1H), 4.70 (t, J
= 5.7 Hz, 2H), 4.56 (d, J = 4.1 Hz, 1H), 4.28 (d, 1H, J = 6.9 Hz, H-7), 3.96 (dd, 1H, J
= 14.7, 8.7 Hz, H-2), 3.81 (dd, 1H, J = 5.3 Hz, H-6), 3.51-3.72 (m, 10 H); °C NMR
(126 MHz, DMSO-d6): & 149.4, 144.8, 143.3, 138.0, 134.3, 129.0, 128.5, 126.5 (Ar),
124.3 (C-H triazol), 119.8, 115.0 (Ar), 103.8 (C-7), 103.7 (O-CH,-0), 87.2 (C-1), 79.6
(C-4), 77.8 (C-11), 75.5 (C-10), 75.1 (C-3), 73.2 (C-9), 71.9 (C-2), 70.5 (C-8), 68.1 (C-
5), 60.4 (C-6), 60.0 (C-12); ESI-HRMS Cp4H,sN401, [M+H]™: teor. 565,1776; exp.
565,1781.

2-(1-(B-D-Glukopyranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-chinolin (15a).

Latka byla ziskdna deacetylaci slouCeniny 14a jako oranZovy préasek, vytézek 82 %, t.t.
104-108 °C. [a]p — 2.5 (¢ 0.4, DMSO). 'H NMR (400 MHz, DMSO-d6): & 8.71 (s, 1H,
C-H triazol), 8.07 (d, J/ = 7.8 Hz, 1H), 8.00 (d, J = 8.2 Hz, 1H), 7.72 (t, J = 8.2 Hz, 1H),
7.57 (t,J = 7.6 Hz, 1H), 7.50 (td, J = 3.8, 2.1 Hz, 4H), 7.36-7.42 (m, 6H), 5.68 (d,1H, J
= 9.2 Hz, H-1), 5.50 (d, J = 6.0 Hz, 1H), 5.44 (s, 2H, -O-CH»), 5.34 (d, J = 5.0 Hz,
1H), 5.21 (d, J = 5.5 Hz, 1H), 5.15 (dd, J = 17.9, 10.5 Hz, 2H, -O-CH,), 4.68 (t,J = 5.3
Hz, 1H), 3.73-3.79 (m, 2H, H-2, H-6), 3.48-3.54 (m, 2H, H-5, H-6), 3.45 (td, J = 8.9,
4.7 Hz, 1H, H-3), 3.25-3.31 (m, 1H, H-4); C NMR (101 MHz, DMSO-d6): § 152.9,
147.3, 145.4, 143.9, 140.8, 136.4, 136.1, 129.1, 128.9, 128.7, 128.4, 128.3, 126.5 (Ar),
125.0 (C-H triazol), 124.0, 121.6 (Ar), 87.6 (C-1), 80.0 (C-5), 76.8 (C-3), 75.3 (-O-
CH,), 75.0 (-O-CHy), 72.3 (C-2), 69.5 (C-4), 60.8 (C-6); ESI-HRMS C;;H3)N4O;
[M+H]": teor. 571,2187; exp. 571,2183.

2-(1-(a-D-Mannopyranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-chinolin (15b).

Latka byla ziskdna deacetylaci slou¢eniny 14b jako bily prasek, vytézek 94 %, t.t. 200-

202 °C. [a]p + 38 (c 0.4, DMSO). '"H NMR (400 MHz, DMSO-d6): & 8.72 (s, 1H, C-H

triazol), 8.06 (d, J = 8.2 Hz, 1H), 8.00 (d, J = 8.2 Hz, 1H), 7.71 (t, J = 8.2 Hz, 1H),

7.57 (t, J = 7.6 Hz, 1H), 7.50 (d, J = 6.4 Hz, 2H), 7.35-7.45 (m, 8H), 6.04 (d, 1H, J =
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4.1 Hz, H-1), 5.43 (s, 2H, -O-CH,), 5.37 (d, J = 5.5 Hz, 1H), 5.11-5.19 (m, 3H, -O-
CH,), 5.07 (d, J = 5.5 Hz, 1H), 4.69 (t, J = 5.7 Hz, 1H), 4.52 (q, 1H, J = 4.3 Hz, H-2),
3.95 (t, 1H, J = 7.6 Hz, H-3), 3.59-3.69 (m, 3H, H-4, H-6), 3.47 (td, 1H, J = 6.6, 3.2
Hz, H-5); °C NMR (101 MHz, DMSO-d6): § 153.0, 147.5, 145.4, 144.0, 140.7, 136.4,
136.1, 129.1, 128.8, 128.7, 128.5, 128.4, 128.3, 128.2, 126.5 (Ar), 125.8 (C-H triazol),
124.0, 121.6 (Ar), 85.8 (C-1), 78.5 (C-5), 75.3 (-O-CHy,), 74.9 (-O-CH,), 71.2 (C-3),
68.1 (C-2), 67.6 (C-4), 60.6 (C-6); ESI-HRMS C3H3N4O;7 [M - HJ: teor. 569,2031;
exp. 569,2047.

2-(1-(p-D-Galaktopyranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-chinolin (15c).

Latka byla ziskana deacetylaci slouc¢eniny 14c¢ jako oranzovy prasek, vytézek 91 %, t.t.
107-110 °C. [a]p + 10 (c 0.3, DMSO). '"H NMR (400 MHz, DMSO-d6): 5 8.77 (s, 1H,
C-H triazol), 8.07 (d, J/ = 7.8 Hz, 1H), 8.01 (d, J/ = 8.2 Hz, 1H), 7.71 (t, J = 7.6 Hz, 1H),
7.57 (t, J = 7.3 Hz, 1H), 7.49 (t, J = 5.5 Hz, 4H), 7.34-7.42 (m, 6H), 5.65 (d, 1H, J =
9.2 Hz, H-1), 5.44 (s, 2H, -O-CH), 5.38 (d, J = 6.0 Hz, 1H), 5.08-5.16 (m, 3H, -O-
CH,), 4.76 (t, J = 5.5 Hz, 1H), 4.72 (d, J = 6.0 Hz, 1H), 4.13 (td, 1H, J = 9.2, 6.0 Hz,
H-2), 3.79-3.84 (m, 2H, H-4, H-5), 3.55-3.63 (m, 3H, H-3, H-6); °C NMR (126 MHz,
DMSO-d6): 6 153.1, 147.4, 145.5, 144.1, 140.7, 136.4, 136.1, 129.1, 129.0, 128.7,
128.5, 128.4, 128.4, 128.3, 126.5 (Ar), 124.8 (C-H triazol), 124.0, 121.7 (Ar), 88.3 (C-
1), 78.5 (C-5), 75.4 (-O-CH,), 74.9 (-O-CH,), 73.6 (C-3), 69.6 (C-2), 68.5 (C-4), 60.4
(C-6); ESI-HRMS C3,H30N407 [M+H]": teor. 571,2187; exp. 571,2181.

2-(1-(B-D-Xylopyranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-chinolin (15d).

Latka byla ziskdna deacetylaci slouceniny 14d jako svétle Zluty prasek, vytézek 88 %,
t.t. 99-101 °C. [o]p — 26.5 (c 0.35, DMSO). 'H NMR (400 MHz, DMSO-d6): & 8.69 (s,
1H, C-H triazol), 8.06 (d, J = 8.2 Hz, 1H), 8.00 (d, J = 8.2 Hz, 1H), 7.71 (t, / = 7.3 Hz,
1H), 7.57 (t, J = 7.6 Hz, 1H), 7.46-7.51 (m, 4H), 7.38 (d, J/ = 9.2 Hz, 6H), 5.62 (d,1H, J
= 9.2 Hz, H-1), 5.52 (d, J = 6.0 Hz, 1H), 5.44 (s, 2H, -O-CH»), 5.37 (d, J = 4.6 Hz,
1H), 5.23 (d, J = 4.6 Hz, 1H), 5.13 (q, J = 10.4 Hz, 2H, -O-CH»), 3.90 (q, / = 5.2 Hz,
1H, H-5), 3.74-3.80 (m, 1H, H-2), 3.48-3.55 (m, 1H, H-4), 3.36-3.46 (m, 2H, H-3, H-5);
PC NMR (101 MHz, DMSO-d6): & 152.9, 147.3, 145.4, 143.8, 140.8, 136.4, 136.2,
129.1, 128.9, 128.7, 128.5, 128.5, 128.4, 126.6 (Ar), 125.1 (C-H triazol), 124.0, 121.7
(Ar), 88.2 (C-1), 76.9 (C-3), 75.3 (-O-CHa), 75.0 (-O-CH,), 72.2 (C-2), 69.1 (C-4), 68.4
(C-5); ESI-HRMS C30HsN4Og [M+H]': teor. 541,2082; exp. 541,2086.
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2-[1-(4-0-(p-D-Galaktopyranosyl)-g-D-glukopyranosyl)-1,2,3-triazol-4-yl]-3,4-
dibenzyloxy-chinolin (15e).

Latka byla ziskdna deacetylaci slouc¢eniny 14e jako oranzovy prasek, vytézek 85 %, t.t.
142-144 °C. [a]p + 7.5 (c 0.38, DMSO). 'H NMR (400 MHz, DMSO-d6): & 8.72 (s,
1H, C-H triazol), 8.07 (d, J = 8.2 Hz, 1H), 8.00 (d, J = 8.2 Hz, 1H), 7.72 (t, J = 8.2 Hz,
1H), 7.57 (t,J = 7.6 Hz, 1H), 7.49 (t, J = 7.1 Hz, 4H), 7.35-7.42 (m, 6H), 5.79 (d, 1H, J
= 9.2 Hz, H-1), 5.69 (d, J = 6.0 Hz, 1H), 5.43 (s, 2H, -O-CH,), 5.13-5.20 (m, 3H, -O-
CH,), 4.95 (s, 1H), 4.85 (d, J = 5.0 Hz, 1H), 4.71-4.73 (m, 2H), 4.58 (d, J = 4.6 Hz,
1H), 4.31 (d, 1H, J = 7.3 Hz, H-7), 3.82-3.88 (m, 2H, H-2, H-6), 3.36-3.76 (m, 10H);
>C NMR (101 MHz, DMSO-d6): & 153.0, 147.3, 145.5, 144.0, 140.9, 136.4, 136.2,
129.1, 129.0, 128.7, 128.6, 128.5, 126.6 (Ar), 125.0 (C-H triazol), 124.0, 121.6 (Ar),
103.8 (C-7), 87.1 (C-1), 79.7 (C-4), 77.8 (C-11), 75.6 (C-10), 75.4 (-O-CH>), 75.0 (C-
3), 75.0 (-O-CHy), 73.2 (C-9), 72.0 (C-2), 70.6 (C-8), 68.1 (C-5), 60.4 (C-6), 60.1 (C-
12); ESI-HRMS C37H40N4O1 [M+H]+: teor. 733,2715; exp. 733,2718.

Obecny postup debenzoylace pro derivaty 13f a 15f.

Do suspenze vychozi latky 12f nebo 14f (0,25 mmol; 1 ekv.) v metanolu (HPLC, 5 mL),
byl pfiddn 1M MeONa/MeOH (1 mmol; 4 ekv.). Vznikly roztok byl michan 1 h pfi RT.
Poté bylo upraveno pH na 7 pomoci 99% AcOH a reak¢éni smés byla zakoncentrovana
na RVO. Pevny odparek byl vymichan v dest. H,O (15-20 mL), odsat, promyt
minimalnim mnoZstvim dest. H,O, poté diethyletherem a vysuSen ve vakuové suSarné

pii teploté 40 °C pfes noc.
2-(1-(B-D-Ribofuranosyl)-1,2,3-triazol-4-yl)-3,4-methylendioxy-chinolin (13f).

Latka byla ziskdna debenzoylaci slouceniny 12f jako bily prasek, vytézek 61 %, t.t. 126-
128 °C. [a]p - 71.5 (c 0.2, DMSO). 'H NMR (400 MHz, DMSO-d6): § 8.97 (s, 1H, C-
H triazol), 7.99 (d, J = 8.2 Hz, 1H), 7.84 (d, J = 8.2 Hz, 1H), 7.66 (t, J = 7.3 Hz, 1H),
7.56 (t, J = 7.3 Hz, 1H), 6.49 (s, 2H, O-CH,-0O), 6.10 (d, 1H, J = 3.7 Hz, H-1), 5.67 (d,
J =5.5Hz, 1H), 5.28 (d, J = 4.6 Hz, 1H), 5.10 (s, 1H), 4.49 (d, 1H, J = 4.6 Hz, H-2),
4.20 (d, 1HJ = 4.1 Hz, H-3), 4.04 (d, 1H, J = 2.7 Hz, H-4), 3.69 (d, 1H, J = 11.4 Hz,
H-5), 3.57 (d, 1H, J = 11.4 Hz, H-5); >C NMR (101 MHz, DMSO-d6): & 149.6, 144.9,
143.8, 138.1, 134.4, 129.0, 128.5, 126.5 (Ar), 123.6 (C-H triazol), 119.8, 115.0 (Ar),
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103.7 (O-CH,-0), 92.3 (C-1), 85.9 (C-4), 753 (C-2), 70.3 (C-3), 61.1 (C-5). ESI-
HRMS C;7H;6N4Og [M+H]": teor. 373,1143; exp. 373,1139.

2-(1-(p-D-Ribofuranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-chinolin (15f).

Latka byla ziskana debenzoylaci slouceniny 14f jako bily prasek, vytézek 83 %, t.t. 180-
183 °C. [o]p - 52.5 (¢ 0.18, DMSO). '"H NMR (400 MHz, DMSO-d6): & 8.85 (s, 1H, C-
H triazol), 8.06 (d, J = 7.8 Hz, 1H), 7.99 (d, J = 8.2 Hz, 1H), 7.71 (td, J = 7.6,1.4 Hz,
1H), 7.55-7.59 (m, 1H), 7.49 (d, J = 6.4 Hz, 2H), 7.34-7.44 (m, 8H), 6.07 (d, 1H, J =
4.6 Hz, H-1), 5.72 (s, 1H), 5.42 (s, 2H, -O-CHy), 5.36 (s, 1H), 5.15 (s, 2H, -O-CH,),
5.07 (t, J = 4.8 Hz, 1H), 4.46 (s, 1H, H-2), 4.20 (d, 1H, J = 3.7 Hz, H-3), 4.04 (q, 1H, J
= 4.0 Hz, H-4), 3.54-3.68 (m, 2H, H-5); °C NMR (101 MHz, DMSO-d6): & 153.0,
147.5, 145.4, 144.3, 140.7, 136.5, 136.2, 129.1, 128.7, 128.5, 128.5, 128.4, 128.3,
128.3, 126.6 (Ar), 124.5 (C-H triazol), 124.0, 121.7 (Ar), 92.2 (C-1), 85.9 (C-4), 75.3
(C-2), 75.2 (-O-CH,), 74.9 (-O-CH3), 70.3 (C-3), 61.3 (C-5); ESI-HRMS C3pH3N4O¢
[M+H]": teor. 541,2082; exp. 541,2087.

Obecny postup debenzylace pro derivaty 16a-f.

K pfipravenému 5% roztoku sloucenin 15a-f (0,17 mmol; 1 ekv.) v 2-methoxyethanolu
(2 mL) bylo pi1 100 °C ptidano 5% Pd/C (20 hm. %). Reak¢ni aparatura byla opatfena
balonkem s vodikem, a debenzylace probihala pfi 100 °C do odreagovani vychozi latky
(kontrola dle TLC EtOAc/MeOH 1/1). Poté byla aparatura vyfoukana dusikem a
reakéni smés byla zfiltrovana za horka ptes skelny filtr. V ptipadé sloucenin 16b, 16¢ a
16d byla reak¢ni smés pred filtraci zfedéna DMF a zfiltrovana za horka. Odpatenim a
naslednou lyofilizaci byly pfipraveny slouceniny ve vysoké Ccistoté (+ 99 % dle
LC-MS).

2-(1-(p-D-Glukopyranosyl)-1,2,3-triazol-4-yl)-3-hydroxychinolin-4-on (16a).

Latka byla ziskana debenzylaci slouceniny 15a jako svétle zluty prasek, vytézek 93 %,
t.t. 290-292 °C. [a]p — 2.5 (¢ 0.19, DMSO). 'H NMR (400 MHz, DMSO-d6): & 11.94
(s, 1H, N-H), 8.77 (s, 1H, C-H triazol), 8.14 (d, J = 7.8 Hz, 1H), 8.02 (d, J = 8.2 Hz,
1H), 7.59 (t, J = 8.5 Hz, 1H), 7.25 (t, J = 7.6 Hz, 1H), 5.77 (d, 1H, J = 9.2 Hz, H-1),
5.55 (s, 1H), 5.27 (s, 1H), 5.20 (s, 1H), 4.69 (s, 1H), 3.83 (t, 1H, J = 8.0 Hz, H-2), 3.72
(d, 1H, J = 10.1 Hz, H-6), 3.51 (d, 2H, J = 8.2 Hz, H-6), 3.42 (t, 1H, J = 8.9 Hz, H-5),
3.31 (t, 1H, J = 8.0 Hz, H-4); °*C NMR (101 MHz, DMSO-d6): § 169.8 (C=0), 138.1,
138.0, 137.4, 130.6 (Ar), 125.3 (C-H triazol), 124.2, 122.6, 122.0, 121.7, 118.7 (Ar),
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87.7 (C-1), 80.0 (C-5), 76.8 (C-3), 72.3 (C-2), 69.5 (C-4), 60.7 (C-6); ESI-HRMS
C17HsN4O; [M+H]: teor. 391,1248; exp. 391,1249.

2-(1-(a-D-Mannopyranosyl)-1,2,3-triazol-4-yl)-3-hydroxychinolin-4-on (16b).

Latka byla ziskana debenzylaci slouceniny 15b jako tmavé zeleny prasek, vytézek
95 %, t.t. 298-302 °C. [o]p + 73.2 (c 0.4, DMSO). '"H NMR (400 MHz, DMSO-d6): &
11.93 (s, 1H, N-H), 8.78 (s, 1H, C-H triazol), 7.59 (t, J = 7.1 Hz, 1H), 7.25 (t, J = 7.1
Hz, 1H), 6.12 (d, 1H, J = 4.1 Hz, H-1), 5.37 (s, 1H), 5.15 (s, 2H), 4.71 (s, 1H), 4.47 (s,
1H, H-2), 3.92 (s, 1H, H-3), 3.64 (s, 3H, H-4, H-6), 3.50 (s, 1H, H-5); >C NMR (101
MHz, DMSO-d6): 6 169.8 (C=0), 138.2, 138.0, 137.5, 130.6 (Ar), 125.8 (C-H triazol),
124.3, 122.7, 122.0, 121.7, 118.8 (Ar), 85.6 (C-1), 79.1 (C-5), 71.3 (C-3), 67.9 (C-2, C-
4), 60.4 (C-6); ESI-HRMS C,7HsN407 [M+H]": teor. 391,1248; exp. 391,1249.

2-(1-(B-D-Galaktopyranosyl)-1,2,3-triazol-4-yl)-3-hydroxychinolin-4-on (16c).

Latka byla ziskana debenzylaci slouc¢eniny 15¢ jako tmavé zeleny prasek, vytézek 95 %,
t.t. 142-148 °C. [a]p + 8.5 (¢ 0.4, DMSO). '"H NMR (400 MHz, DMSO-d6): § 11.94 (s,
1H, N-H), 8.77 (s, 1H, C-H triazol), 8.15 (d, J = 8.2 Hz, 1H), 8.02 (d, J = 8.2 Hz, 1H),
7.59 (t, J = 7.6 Hz, 1H), 7.25 (t, J = 7.6 Hz, 1H), 5.70 (d,1H, J = 9.2 Hz, H-1), 5.40 (s,
1H), 4.78-5.06 (m, 3H), 4.09 (t, 1H, J = 9.2 Hz, H-2), 3.76-3.79 (m, 2H, H-4, H-5),
3.51-3.60 (m, 3H, H-3, H-6); °C NMR (101 MHz, DMSO-d6): § 169.8 (C=0), 138.3,
138.1, 137.5, 130.7 (Ar), 124.8 (C-H triazol), 124.3, 122.8, 122.1, 121.8, 118.8 (Ar),
88.5 (C-1), 78.7 (C-5), 73.5 (C-3), 69.7 (C-2), 68.5 (C-4), 60.4 (C-6); ESI-HRMS
C17H1sN4O~ [M+H]+: teor. 391,1248; exp. 391,1250.

2-(1-(B-D-Xylopyranosyl)-1,2,3-triazol-4-yl)-3-hydroxychinolin-4-on (16d).

Latka byla ziskana debenzylaci slouc¢eniny 15d jako svétle zeleny prasek, vytézek 92 %,
t.t. 280-283 °C. [a]p — 30.2 (c 0.8, DMSO). '"H NMR (400 MHz, DMSO-d6): 5 11.94
(s, IH, N-H), 8.77 (s, 1H, C-H triazol), 8.15 (d, J = 7.8 Hz, 1H), 8.02 (d, J = 8.2 Hz,
1H), 7.59 (t, J = 7.3 Hz, 1H), 7.25 (t, J = 7.3 Hz, 1H), 5.72 (d, 1H, J = 9.2 Hz, H-1),
5.57 (s, 1H), 5.25-5.57 (m, 3H), 3.83-3.92 (m, 2H, H-2, H-5), 3.57 (dd, 1H, J = 14.4,
9.4 Hz, H-4), 3.35-3.45 (m, 2H, H-3, H-5); *C NMR (101 MHz, DMSO-d6): & 169.8
(C=0), 138.1, 138.0, 137.5, 130.6, 125.4 (C-H triazol), 124.3, 122.7, 122.1, 121.7,
118.8 (Ar), 88.4 (C-1), 77.0 (C-3), 72.2 (C-2), 69.0 (C-4), 68.5 (C-5); ESI-HRMS
C16H1sN4Og [M+H]": teor. 361,1143; exp. 361,1146.
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2-[1-(4-0-(p-D-Galaktopyranosyl)-g-D-glukopyranosyl)-1,2,3-triazol-4-yl]-3-
hydroxychinolin-4-on (16e).

Latka byla ziskdna debenzylaci slouceniny 15e jako svétle zeleny prasek, vytézek 70 %,
t.t. 217-220 °C. [a]p + 8.1 (¢ 0.4, DMSO). "H NMR (500 MHz, DMSO-d6): § 11.91 (s,
1H, N-H), 8.78 (s, 1H, C-H triazol), 8.15 (d, J = 8.0 Hz, 1H), 8.01 (d, J = 8.6 Hz, 1H),
7.59 (t, J = 8.3 Hz, 1H), 7.25 (t, J = 8.0 Hz, 1H), 5.87 (d,1H, J = 9.7 Hz, H-1), 5.69 (s,
1H), 5.12 (s, 1H), 4.90 (s, 1H), 4.53-4.79 (m, 4H), 4.28 (d, 1H, J = 7.4 Hz, H-7), 3.92
(t, 1H, J = 8.0 Hz, H-2), 3.82 (d, J/ = 11.5 Hz, 1H), 3.72-3.74 (m, 1H), 3.49-3.68 (m,
7H), 3.33-3.40 (m, 2H); °*C NMR (126 MHz, DMSO-d6): § 169.8 (C=0), 138.2, 138.0,
137.5, 130.6 (Ar), 125.3 (C-H triazol), 124.3, 122.6, 122.1, 121.7, 118.8 (Ar), 103.8 (C-
7), 87.3 (C-1), 79.6 (C-4), 78.0 (C-11), 75.6 (C-10), 75.1 (C-3), 73.2 (C-9), 72.0 (C-2),
70.5 (C-8), 68.1 (C-5), 60.4 (C-6), 60.0 (C-12); ESI-HRMS C,3H2sN40> [M+H]": teor.
553,1776; exp. 553,1774.

2-(1-(p-D-Ribofuranosyl)-1,2,3-triazol-4-yl)-3-hydroxychinolin-4-on (16f).

Latka byla ziskana debenzylaci slouCeniny 15f jako svétle zeleny prasek, vytézek 77 %,
t.t. 252-263 °C. [o]p — 76.8 (c 0.7, DMSO). "H NMR (400 MHz, DMSO-d6): & 11.91
(s, 1H, N-H), 8.91 (s, 1H, C-H triazol), 8.14 (d, J = 7.8 Hz, 1H), 8.01 (d, J = 8.7 Hz,
1H), 7.59 (t, J = 8.2 Hz, 1H), 7.25 (t, /] = 7.3 Hz, 1H), 6.14 (d, 1H, J = 4.6 Hz, H-1),
5.68 (s, 1H), 5.30 (s, 1H), 5.03 (s, 1H), 4.51 (t, 1H, J = 4.6 Hz, H-2), 4.20 (t, 1H, J =
4.6 Hz, H-3), 4.04 (q, 1H, J = 3.8 Hz, H-4), 3.60 (ddd, 2H, J = 40.8, 11.9, 3.7 Hz, H-5);
BC NMR (101 MHz, DMSO-d6): & 169.8 (C=0), 138.4, 138.0, 137.4, 130.6 (Ar),
124.8 (C-H triazol), 124.2, 122.6, 122.0, 121.7, 118.8 (Ar), 92.4 (C-1), 86.1 (C-4), 75.2
(C-2), 70.4 (C-3), 61.2 (C-5); ESI-HRMS C;¢H;¢N4Os [M+H]: teor. 361,1143; exp.
361,1146.

Sloueniny 17 a 18 byly p¥ipraveny dle literatury’® a pouzity ihned do daliiho
kroku bez purifikace.

4-(3-Fenylisoxazol-5-yl)-[1,3]dioxolo[4,5-c]chinolin (19).

K suspenzi alkyn derivatu 6 (200 mg; 1 mmol; 1 ekv.) v 10 mL smési +-BuOH/H,O
(1/1) byl ptidan Cerstvé ptipraveny (E/Z)-N-hydroxybenzimidoyl chlorid 18 (470 mg; 3
mmol; 3 ekv.), roztok CuSO4.5H,0 (2,7 mg/100 pL dest. H,O; 2 mol. %), 1M askorban
sodny (100 pL; 10 mol. %) a KHCO; (433 mg; 4,3 mmol; 4,3 ekv.). Reakce probihala
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pfi RT po dobu 16 h (kontrola dle TLC EtOAc/toluen 1/1). Reakéni smés byla
zpracovana pridavkem dest. HO (50 mL) a vylou¢ena srazenina byla odsata, promyta
dest. H,O a vysuSena ve vakuové suSarn¢ pies noc. Surovy produkt byl rozpustén a
zfiltrovan za horka z 2-propanolu s ptidavkem akt. uhli (5 hm. %). Po ochlazeni byla
vyloucend svétle hnéda krystalicka latka odsata a promyta minimalnim mnozstvim 2-
propanolu. Dalsi podily produktu byly ziskdny z matecnych louhti. Vytézek 30 %, t.t.
200-208 °C. "H NMR (400 MHz, DMSO-d6): & 8.02-8.08 (m, 3H), 7.89 (d, J = 7.8 Hz,
1H), 7.61-7.74 (m, 2H), 7.56 (s, 2H), 6.59 (s, 2H, O-CH,-0); *C NMR (101 MHz,
DMSO-d6): & 165.7, 162.5, 150.5, 144.9, 130.5, 129.7, 129.4, 129.2, 128.1, 127.7,
126.8, 120.0 (Ar), 104.5 (O-CH,-O), 103.0 (CH-isoxazol); ESI-HRMS C;9H;2N,03
[M+H]": teor. 317,0921; exp. 317,0922.

3-Hydroxy-2-(3-fenylisoxazol-5-yl)chinolin-4(1H)-on (20).

Vychozi latka 19 (40 mg; 0,126 mmol) byla rozpusténa v 1,6 mL smési 48% HBr/H,O
(1/3 v/v). Reakce probihala po dobu 42 h pii teploté refluxu (kontrola dle TLC
EtOAc/toluen 1/1). Reakéni smés byla poté ziedéna 2 mL dest. H,O a ochlazena na
ledové l4zni. Vznikla sraZzenina byla odsata, promyta dest. H,O a vysuSena ve vakuové
susarné pres noc. Surovy produkt byl krystalovan z metanolu a po ochlazeni na ledové
lazni byla vyloucend svétle hnéda sraZenina odsata, promyta minimalnim mnoZstvim
metanolu a vysuSena. Dalsi podily byly ziskany z mate¢nych louhd, vytézek 53 %, t.t.
314-316 °C. "H NMR (400 MHz, DMSO-d6): & 11.97 (s, 1H, N-H chinolon), 8.16 (d, J
= 7.8 Hz, 1H), 7.99 (q, J = 2.9 Hz, 2H), 7.93 (d, J = 8.8 Hz, 1H), 7.61-7.67 (m, 2H),
7.56 (t, J = 2.9 Hz, 3H), 7.29 (t, J = 7.3 Hz, 1H); °C NMR (101 MHz, DMSO-d6): &
170.5 (C=0), 162.9, 161.9, 139.5, 138.3, 131.5, 130.6, 129.3, 128.0, 126.8, 124.5,
122.2, 122.0, 118.8, 118.4 (Ar), 104.3 (O-CH,-O); ESI-HRMS C3H,N,0; [M+H]":
teor. 305,0921; exp. 305,0929.

Ethyl 3-([1,3]dioxolo[4,5-c]chinolin-4-yl)-1H-pyrazol-5-karboxylat (22).

Do roztoku alkyn derivatu 6 (1,5 g; 7,57 mmol; 1 ekv.) v 2-MeTHF (40 mL) byl pfidan
ethyldiazoacetat (1,6 mL; 2 ekv.) a reak¢ni smés byla zahtivana v tlakové ampuli k varu
po dobu 48 h. Poté byl ptidan dalsi podil ethydiazoacetatu (1 ekv.) a reakce probihala za
varu dalSich 24 h. Suspenze byla zakoncentrovana na RVO a vznikly surovy produkt
byl ¢istén vymichanim v acetonu za varu. Po ochlazeni na ledové 14zni byla odsata zluta

srazenina, promyta minimalnim mnozstvim acetonu a vysuSena ve vakuové susarné pres
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noc. Dalsi podily byly ziskdny z mate¢nych louht. Vytézek 70 %, t.t. 223-224 °C.
'HNMR (400 MHz, DMSO-d6): § 14.40 (s, 1H, N-H pyrazol), 8.01 (d, J = 8.3 Hz,
1H), 7.81 (d, J = 8.3 Hz, 1H), 7.67 (t, J = 7.5 Hz, 1H), 7.55 (t, J = 7.5 Hz, 1H), 7.26 (s,
1H, CH pyrazol), 6.51 (s, 2H, O-CH,-0), 4.31 (q, J/ = 7.1 Hz, 2H, CH,), 1.32 (t,J = 7.3
Hz, 3H, CH;); >C NMR (101 MHz, DMSO-d6): & 161.7 (C=O ester), 149.8, 144.7,
144.0, 138.5, 137.6, 131.8, 128.8, 126.7, 119.9, 115.1 (Ar), 108.2 (CH-pyrazol), 104.2
(O-CH,-0), 60.2 (CH,), 14.2 (CH3); ESI-HRMS C;¢H3N304 [M+H]": teor. 312,0979;
exp. 312,0975.

3-([1,3]Dioxolo[4,5-c]chinolin-4-yl)-1H-pyrazol-5-karboxylova kyselina (23).
Vychozi ester 22 (1,52 g; 4,88 mmol) byl suspendovan ve smési 99% ethanolu (27 mL)
a 5% roztoku NaOH (12,7 mL). Reak¢éni smés byla zahtfivana pfi teploté refluxu po
dobu 30 min. Poté bylo upraveno pH na ~ 2 - 3 ptidavkem smési 48% HBr/H,O (1/3,
v/v) a reakce probihala pii teploté refluxu po dobu 10 min. Po ochlazeni na RT byla
vznikld nazloutld srazenina odsata, promyta dest. H,O do neutralniho pH a vysusena ve
vakuové susarné pres noc. Vytézek 95 %, t.t. 347-348 °C. "H NMR (400 MHz, DMSO-
d6): 5 8.01 (d, J = 8.7 Hz, 1H), 7.85 (d, J = 8.2 Hz, 1H), 7.68 (t, J = 8.5 Hz, 1H), 7.57
(t, J = 8.0 Hz, 1H), 7.31 (s, 1H, CH pyrazol), 6.51 (s, 2H, O-CH,); >*C NMR (101
MHz, DMSO-d6): 6 162.4 (C=0 kyselina), 144.5, 138.4, 137.5, 133.5, 132.1, 131.6,
126.7, 124.9, 124.8, 123.4, 118.7 (Ar), 106.7 (CH-pyrazol), 77.3 (O-CH,-O); ESI-
HRMS C4HsN3O4 [M-H]: teor. 282,0509; exp. 282,0510.

Ethyl 3-(3,4-bis(benzyloxy)chinolin-2-yl)-1H-pyrazol-5-karboxylat (24).

Do roztoku alkyn derivatu 9 (200 mg; 0,547 mmol; 1 ekv.) v 2-MeTHF (6 mL) byl
pfidan ethyldiazoacetat (125 pL; 2 ekv.) a reak¢ni smés byla zahtivana v tlakové ampuli
za varu po dobu 48 h. Poté byl pfidan dalsi podil ethydiazoacetatu (1 ekv.) a reakce
probihala za varu dalSich 24 h. Reakéni smés byla zakoncentrovana na RVO a vznikly
surovy produkt byl izolovan sloupcovou chromatografii (hexan/EtOAc 7/3 — EtOAc
— MeOH). Ziskany produkt byl do¢istén vymichanim ve smési hexan/EtOAc (20/1) za
varu. Po ochlazeni na RT byla odsata Zluta srazenina produktu, vytézek 66 %, t.t. 164-
165 °C. '"H NMR (400 MHz, CDCls): & 8.10 (d, J = 9.2 Hz, 1H), 8.04 (d, J = 8.5 Hz,
1H), 7.65-7.68 (m, 2H), 7.37-7.52 (m, 11H), 5.43 (s, 2H, O-CH>»), 5.20 (s, 2H, O-CH»),
4.43 (q, J = 7.1 Hz, 2H, CH,), 1.43 (t, J = 7.2 Hz, 3H, CH3); ’C NMR (101 MHz,
CDCl): 0 162.2, 154.0, 145.8, 144.0, 140.7, 136.2, 135.5, 129.4, 128.8, 128.7, 128.6,
128.6, 128.3, 126.7, 124.8, 121.9 (Ar), 109.9 (CH-pyrazol), 76.0 (O-CH,), 75.8 (O-

124



CH,), 60.9 (CH,), 14.3 (CHs); ESI-HRMS CaoHasN3O4 [M+H]': teor. 480,1918; exp.
480,1920.

Ethyl 3-(3-hydroxy-4-oxo-1,4-dihydrochinolin-2-yl)-1H-pyrazol-5-karboxylat (25).

K pfipravenému roztoku vychozi latky 24 (100 mg; 0,208 mmol; 1 ekv.)
v 2-methoxyethanolu (2 mL) bylo pfi teploté¢ 100 °C ptidano 5% Pd/C (20 hm. %).
Reakéni aparatura byla opatfena balonkem s vodikem, a debenzylace probihala pfi
teplot¢ 100 °C po dobu 1 h (kontrola dle LC-MS). Poté¢ byla aparatura vyfoukéana
dusikem a reak¢ni smés byla zfiltrovana za horka ptes skelny filtr. Vznikly odparek byl
vymichan v diethyletheru, odsat a vysuSen ve vakuové suSarné pies noc. Vytézek 66 %,
t.t. 286-290 °C. "H NMR (400 MHz, DMSO-d6): & 14.62 (s, 1H, NH-pyrazol), 11.52 (s,
1H, N-H chinolon), 8.13 (d, J = 8.4 Hz, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.58 (t, J = 8.6
Hz, 2H), 7.24 (t,J = 7.4 Hz, 1H), 4.37 (q, J = 7.0 Hz, 2H), 1.36 (t, J = 7.1 Hz, 3H); °C
NMR (126 MHz, DMSO-d6): 6 170.2 (C=O ester), 159.0, 143.5, 138.4, 138.0, 130.7,
124.3, 121.8, 121.7, 118.7 (Ar), 110.2 (CH-pyrazol), 61.0 (CH,), 14.0 (CH3); ESI-
HRMS C;5H3N304 [M+H]+: teor. 300,0979; exp. 300,0977.

4-(2,2-Dibromovinyl)-[1,3]dioxolo[4,5-c]chinolin (26).

Ptipraveny roztok CBrs (3,29 g; 9,94 mmol; 3 ekv.) vsuchém DCM (25 mL) byl
ochlazen pomoci ledové 1azn€ na teplotu 0 - 5 °C. K roztoku byl ptidan PPhs (5,21 g;
19,88 mmol; 4 ekv.) a nasledné byl stfikaCkou pfes septum piikapan roztok vychoziho
aldehydu 5 (1 g; 4,97 mmol; 1 ekv.) v suchém DCM (25 mL). Reakce probihala pfi RT
po dobu 50 min (kontrola dle TLC petrolether/EtOAc 1/1). Reakéni smés byla nalita do
100 mL dest. H>O s naslednym ptidanim DCM (40 mL). Po separaci fazi byla vodna
faze extrahovdna 1 x 80 mL DCM. Spojené organické faze byly promyty solankou,
vysuseny MgSO4 a odpafeny na RVO. Cerveny odparek byl oddélen od trifenylfosfin
oxidu sloupcovou chromatografii gradientovou eluci (hexan/EtOAc 4/1 — 2/1).
Odparek byl odpaien s petroletherem za vzniku Zluto-oranzové pevné latky. Vytézek
80 %, t.t. 78 °C. "H NMR (400 MHz, CDCl5): & 8.02 (d, J = 8.8 Hz, 1H), 7.79 (d, J =
8.3 Hz, 1H), 7.74 (s, 1H, CH alken), 7.58 (t, J = 8.6 Hz, 1H), 7.48 (t, J = 8.0 Hz, 1H),
6.29 (s, 2H, O-CH,-0); >C NMR (101 MHz, CDCls): & 149.6, 145.2, 138.8, 138.3,
130.7, 129.4, 128.4, 126.7, 119.9, 115.6 (Ar), 103.1 (O-CH;-0O), 96.5 (CH-alken); ESI-
HRMS C,,H,NO,Br, [M+H]": teor. 357,8896; exp. 357,8892.
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4-(Bromoethynyl)-[1,3]dioxolo[4,5-c]chinolin (27).

Do roztoku slouceniny 26 (0,5 g; 1,4 mmol; 1 ekv.) v DMSO (8,3 mL) byl piikapan
roztok DBU (208 uL; 1,4 mmol; 1 ekv.) v DMSO (8,3 mL). Reakce probihala pii RT
30 min (kontrola dle TLC hexan/EtOAc 7/3). Reakce byla ukoncena nalitim do 80 mL
dest. H,O, poté bylo upraveno pH na ~ 7 pomoci 0,5N HCI a reakéni smés byla
extrahovana 2 x 80 mL DCM. Spojené organické faze byly promyty solankou, vysuseny
MgSO;, a odpateny na RVO. Surovy produkt byl ¢istén vymichdnim v metanolu (5 mL)
za horka a po ochlazeni na RT byla odsata krémova srazenina produktu. Vytézek 58 %,
t.t. 65-69 °C. '"H NMR (400 MHz, DMSO-d6): & 7.90 (d, J = 8.7 Hz, 1H), 7.80 (d, J =
7.8 Hz, 1H), 7.65 (t, J = 8.5 Hz, 1H), 7.57 (t, J = 8.2 Hz, 1H), 6.43 (s, 2H, O-CH,-O);
BC NMR (101 MHz, DMSO-d6): & 149.1, 145.1, 142.7, 128.9, 128.8, 127.5, 125.4,
119.8, 115.2 (Ar), 104.1 (O-CH,-O), 75.0 (C=C-Br), 59.6 (C=C-Br); ESI-HRMS
C1,HgNO,Br [M+H]": teor. 275,9655; exp. 275,9657.

3,4-Bis(benzyloxy)-2-(2,2-dibromovinyl)chinolin (28).

Ptipraveny roztok CBry (1,97 g; 5,96 mmol; 2,2 ekv.) v suchém DCM (20 mL) byl
ochlazen pomoci ledové 1azné na teplotu 0 - 5 °C. K roztoku byl ptidan PPhs (3,12 g;
11,92 mmol; 4,4 ekv.) a nasledné byl sttikackou pfes septum ptikapan roztok vychoziho
aldehydu 8 (1 g; 2,71 mmol; 1 ekv.) v suchém DCM (25 mL). Reakce probihala pii1 RT
po dobu 30 min (kontrola dle TLC hexan/EtOAc 7/3). Reakéni smés byla zpracovéana
nalitim do 50 mL dest. H>O a vzniklé faze byly oddéleny. Organicka faze byla promyta
2 x50 mL dest. H;O, 1 x 50 mL solanky, vysusena MgSO4 a odpatfena na RVO.
Cerveny odparek byl oddélen od trifenylfosfin oxidu sloupcovou chromatografii
(hexan/EtOAc 4/1). Ziskany produkt byl odpafen s diethyletherem za vzniku Zluto-
oranzov¢ pevné latky, kterd byla izolovana odsatim z hexanu. Vytézek 31 %, t.t. 91-
92 °C. '"H NMR (400 MHz, DMSO-d6): & 8.05 (d, J = 8.7 Hz, 1H), 7.93 (d, J = 8.2 Hz,
1H), 7.88 (s, 1H, CH alken), 7.69 (t, J = 7.6 Hz, 1H), 7.58 (t, J/ = 7.6 Hz, 1H), 7.35-7.51
(m, 10H), 5.43 (s, 2H, O-CH,), 5.13 (s, 2H, O-CH,); °C NMR (101 MHz, DMSO-d6):
o 152.1, 151.7, 145.0, 140.4, 136.4, 136.1, 132.9, 129.1, 128.7, 128.7, 128.5, 128.5,
128.4, 126.9, 124.1, 121.7 (Ar), 95.2 (CH-alken), 75.8 (O-CH»), 74.7 (O-CH,); ESI-
HRMS C,sH;9NO,Br, [M+H]+: teor. 525,9835; exp. 525,9838.
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Obecny postup pro pripravu benzazoli 29-44.

K roztoku vychoziho aldehydu 8 (100 mg; 0,27 mmol; 1 ekv.) v anisolu (I mL) byl
piidan ptislusSny aromaticky amin (1 ekv.) a reak¢éni smés byla zahfivana po dobu 1 h
pii teploté 80 °C. Poté byla teplota zvySena na 140 °C a reakce probihala dle zvolného
vychoziho aminu po dobu 1-5 h (kontrola dle LC-MS). Reak¢ni smés byla odpafena na
RVO a surovy produkt byl pfecistén bud’ sloupcovou chromatografii (mobilni faze je
uvedena u kazdého produktu) nebo vymichanim s rozpoustédlem (uvedeno u kazdého

produktu).
2-(1H-benzo[d]imidazol-2-yl)-3,4-bis(benzyloxy)chinolin (29).

Purifikace vymichanim v acetonu, vytézek 64 %. 'H NMR (400 MHz, DMSO-d6): &
12.98 (s, 1H, N-H imidazol), 8.08-8.12 (m, 2H), 7.79 (t, J = 8.4 Hz, 1H), 7.68 (dd, J =
7.8, 1.7 Hz, 2H), 7.63 (t, J = 8.2 Hz, 1H), 7.49 (dd, J = 7.8, 1.7 Hz, 2H), 7.35-7.41 (m,
10H), 5.48 (s, 2H, O-CH,), 5.26 (s, 2H, O-CH,); °C NMR (101 MHz, DMSO-d6): &
154.2, 148.9, 146.3, 145.1, 144.2, 141.9, 136.8, 136.5, 134.2, 129.5, 129.0, 128.7,
128.5, 128.5, 128.4, 128.2, 127.3, 124.6, 123.5, 121.9, 121.8, 119.6, 112.0 (Ar), 75.7
(O-CH,), 75.1 (O-CH); ESI-HRMS C30H»;N30, [M+H]": teor. 458,1863; exp.
458,1864.

3,4-Bis(benzyloxy)-2-(5,6-dimethyl-1H-benzo[d]imidazol-2-yl)chinolin (30).

Purifikace vymichanim ve smé&si cyklohexan/aceton, vytézek 34 %. 'H NMR (400
MHz, DMSO-d6): & 12.74 (s, 1H, N-H imidazol), 8.07-8.10 (m, 2H), 7.76 (t, J = 8.4
Hz, 1H), 7.68-7.70 (m, 2H), 7.60 (q, J = 8.1 Hz, 2H), 7.48 (dd, J = 7.8, 1.5 Hz, 2H),
7.34-7.42 (m, 7H), 5.46 (s, 2H, O-CH,), 5.25 (s, 2H, O-CH,), 2.37 (s, 6H, 2 x CH3);
BCNMR (101 MHz, DMSO-d6): & 154.1, 148.0, 146.5, 145.0, 143.0, 141.8, 136.9,
136.5, 132.8, 132.3, 130.2, 129.4, 128.9, 128.6, 128.4, 128.3, 128.1, 128.1, 127.0,
124.4, 121.9, 119.5, 111.8 (Ar), 75.6 (O-CH,), 75.1 (O-CH,), 20.2 (CH3), 20.0 (CH3);
ESI-HRMS C3,H»7N;0, [M+H]': teor. 486,2176; exp. 486,2178.

3,4-Bis(benzyloxy)-2-(6-chloro-1H-benzo[d]imidazol-2-yl)chinolin (31).

Purifikace vymichanim za varu v cyklohexanu, vytézek 53 %. 'H NMR (400 MHz,
DMSO-d6): 6 13.14 (s, 1H, N-H imidazol), 8.08-8.12 (m, 2H), 7.79 (t, J = 8.4 Hz, 1H),
7.64 (dd, J = 5.8, 1.5 Hz, 3H), 7.49 (dd, J = 7.9, 1.5 Hz, 2H), 7.31-7.41 (m, 9H), 5.48
(s, 2H, O-CH), 5.25 (s, 2H, O-CH,); *C NMR (101 MHz, DMSO-d6): § 154.3, 150.1,
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145.7, 145.0, 141.9, 136.7, 136.5, 129.6, 128.9, 128.7, 128.5, 128.4, 128.4, 128.1,
127.4, 124.6, 121.9 (Ar), 75.8 (O-CHa), 75.1 (O-CH,); ESI-HRMS Cs,H2N;0,Cl
[M+H]": teor. 492,1473; exp. 492,1477.

3,4-Bis(benzyloxy)-2-(5,6-dichloro-1H-benzo[d]imidazol-2-yl)chinolin (32).

Purifikace sloupcovou chromatografii (hexan/EtOAc 4/1), vytézek 80 %. 'H NMR (400
MHz, DMSO-d6): 6 13.24 (s, 1H, N-H imidazol), 8.08-8.12 (m, 2H), 7.79 (t, J = 8.4
Hz, 1H), 7.60-7.66 (m, 3H), 7.49 (dd, J = 7.8, 1.7 Hz, 2H), 7.34-7.41 (m, 8H), 5.48 (s,
2H, O-CH,), 5.24 (s, 2H, O-CH,); "*C NMR (101 MHz, DMSO-d6): & 154.3, 151.3,
145.4, 145.0, 141.9, 136.6, 136.4, 129.7, 129.0, 128.7, 128.5, 128.5, 128.4, 128.2,
127.5, 124.7, 121.9 (Ar), 75.9 (O-CH,), 75.2 (O-CH;); ESI-HRMS C3yH20N30,Cl,
[M+H]": teor. 524,0927; exp. 524,0916.

3,4-Bis(benzyloxy)-2-(6-nitro-1H-benzo[d]imidazol-2-yl)chinolin (33).

Purifikace vymichanim za varu v acetonu, vyt&zek 30 %. Dle '"H NMR spektra byla
latka izolovana s neéistotou. V °C NMR spektru nebyly pozorovany viechny signaly
vlivem nizké koncentrace vzorku. '"H NMR (400 MHz, DMSO-d6): § 8.12 (d, J = 8.5
Hz, 2H), 7.79-7.82 (m, 2H), 7.61-7.68 (m, 3H), 7.50 (dd, J = 7.8, 1.6 Hz, 2H), 7.33-
7.41 (m, 8H), 5.50 (s, 2H, O-CH,), 5.27 (s, 2H, O-CH;). ESI-HRMS C3H22N404
[M+H]": teor. 503,1714; exp. 503,1712.

1-(2-(3,4-Bis(benzyloxy)chinolin-2-yl)-1H-benzo[d]imidazol-6-yl)propan-1-on (34).

Purifikace vymichanim za varu v acetonu, vytézek 30 %. Dle '"H NMR spektra byla
latka izolovana s negistotou. V °C NMR spektru nebyly pozorovany viechny signaly
vlivem nizké koncentrace vzorku. ESI-HRMS C;3H27N305 [M+H]+: teor. 515,2125;
exp. 514,2129.

2-(3,4-Bis(benzyloxy)chinolin-2-yl)-1H-naphtho[2,3-d]imidazol (35).

Purifikace vymichanim za varu ve smé&si cyklohexan/aceton, vytézek 59 %. '"H NMR
(400 MHz, DMSO-d6): 6 13.04 (s, 1H, N-H imidazol), 8.39 (s, 1H), 8.05-8.16 (m, SH),
7.80-7.83 (m, 1H), 7.64-7.71 (m, 3H), 7.51 (d, J = 7.6 Hz, 2H), 7.36-7.45 (m, 8H), 5.51
(s, 2H, O-CHy), 5.33 (s, 2H, O-CH,); >C NMR (101 MHz, DMSO-d6): & 154.3, 153.0,
146.1, 145.0, 144.7, 142.2, 136.5, 134.7, 130.7, 129.7, 129.6, 128.9, 128.8, 128.5,
128.5, 128.4, 128.2, 128.2, 128.1, 127.5, 127.4, 124.9, 124.0, 123.0, 121.9, 116.2, 107.1
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(Ar), 75.9 (O-CH,), 75.2 (O-CH,); ESI-HRMS C34H»sN30, [M+H]": teor. 508,2020;
exp. 508,2021.

2-(3,4-Bis(benzyloxy)chinolin-2-yl)benzo[d]oxazol (36).

Purifikace sloupcovou chromatografii (hexan/EtOAc 4/1), vytézek 45 %. "H NMR (400
MHz, DMSO-d6): 6 8.13 (t, J = 7.3 Hz, 2H), 7.95 (d, J = 7.8 Hz, 1H), 7.88 (d, J = 7.3
Hz, 1H), 7.81 (t, J = 7.6 Hz, 1H), 7.69 (t, J = 7.8 Hz, 1H), 7.49-7.57 (m, 6H), 7.39 (dd,
J =149, 6.6 Hz, 3H), 7.31-7.33 (m, 3H), 5.51 (s, 2H, O-CH>), 5.24 (s, 2H, O-CH,);
BC NMR (101 MHz, DMSO-d6): & 159.0, 154.2, 150.0, 145.3, 143.3, 142.2, 141.2,
136.3, 136.3, 129.9, 129.3, 128.8, 128.6, 128.5, 128.2, 126.5, 125.1, 121.9, 120.5, 111.2
(Ar), 76.0 (O-CH,), 75.2 (O-CH,); ESI-HRMS C30H»nN,0; [M+H]": teor. 459,1703;
exp. 459,1704.

2-(3,4-Bis(benzyloxy)chinolin-2-yl)-6-chlorobenzo[d]oxazol (37).

Purifikace sloupcovou chromatografii (hexan/EtOAc 4/1), vytézek 30 %. "H NMR (400
MHz, DMSO-d6): 6 8.10-8.15 (m, 3H), 7.96 (d, J = 8.5 Hz, 1H), 7.81 (t, J = 8.4 Hz,
1H), 7.69 (t, J = 8.1 Hz, 1H), 7.56 (dd, J = 8.5, 2.1 Hz, 1H), 7.47-7.52 (m, 4H), 7.36-
7.42 (m, 3H), 7.31 (t, J = 3.2 Hz, 3H), 5.50 (s, 2H, O-CH,), 5.23 (s, 2H, O-CH,);
BC NMR (101 MHz, DMSO-d6): & 159.7, 154.2, 150.3, 145.2, 142.8, 142.2, 140.3,
136.3, 136.1, 130.7, 129.9, 129.2, 128.8, 128.5, 128.5, 128.3, 128.2, 128.2, 125.6,
125.1, 1219, 121.5, 111.8 (Ar), 76.0 (O-CH;), 75.2 (O-CH;); ESI-HRMS
C30H2N,03C1 [M+H]": teor. 493,1313; exp. 493,1314.

2-(3,4-Bis(benzyloxy)chinolin-2-yl)-6-methylbenzo[d]oxazol (38).

Purifikace sloupcovou chromatografii (hexan/EtOAc 4/1), vytézek 55 %. "H NMR (400
MHz, DMSO-d6): 6 8.11-8.14 (m, 2H), 7.78-7.82 (m, 2H), 7.67-7.70 (m, 2H), 7.50 (td,
J =3.8, 1.5 Hz, 4H), 7.36-7.42 (m, 3H), 7.32-7.34 (m, 4H), 5.49 (s, 2H O-CHa), 5.23 (s,
2H, O-CH,), 2.53 (s, 3H, CH3); >C NMR (101 MHz, DMSO-d6): & 158.4, 154.1, 150.3,
145.2, 143.4, 142.1, 139.1, 136.6, 136.3, 136.3, 129.8, 129.2, 128.7, 128.5, 128.5,
128.4, 128.2, 128.1, 126.3, 125.0, 121.9, 119.9, 111.0 (Ar), 76.0 (O-CH,), 75.2 (O-
CH,), 21.4 (CH3); ESI-HRMS C3;H4N,03 [M+H]": teor. 473,1860; exp. 473,1861.

2-(3,4-Bis(benzyloxy)chinolin-2-yl)-5-methylbenzo[d]oxazol (39).

Purifikace sloupcovou chromatografii (hexan/EtOAc 4/1), vytézek 46 %. "H NMR (400
MHz, CDCl5): § 8.27 (d, J = 8.7 Hz, 1H), 8.15 (d, J = 8.5 Hz, 1H), 7.70-7.73 (m, 2H),
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7.54-7.58 (m, 2H), 7.47-7.49 (m, 5H), 7.36-7.42 (m, 3H), 7.28-7.31 (m, 3H), 5.50 (s,
2H, 0-CH,), 5.25 (s, 2H, O-CH,), 2.54 (s, 3H, CHz); *C NMR (101 MHz, DMSO-d6):
§ 159.0, 154.1, 1482, 145.2, 143.4, 1422, 141.5, 136.3, 136.3, 134.5, 129.8, 129.2,
128.7, 128.5, 128.5, 128.2, 128.1, 127.5, 125.0, 121.9, 120.1, 110.6 (Ar), 76.0 (O-CHb,),
75.2 (O-CHy), 21.0 (CHs); ESI-HRMS CsHyN,Os5 [M+H]™: teor. 473,1860; exp.
473,1861.

2-(3,4-Bis(benzyloxy)chinolin-2-yl)benzo[d]thiazol (40).

Purifikace sloupcovou chromatografii (hexan/EtOAc 4/1), izolace z diethyletheru,
vytézek 22 %. 'H NMR (400 MHz, DMSO-d6): & 8.18-8.21 (m, 1H), 8.04-8.14 (m,
3H), 7.78 (t, J = 7.6 Hz, 1H), 7.38-7.69 (m, 13H), 5.50 (s, 2H, O-CHy), 5.26 (s, 2H, O-
CH,); >C NMR (101 MHz, DMSO-d6): & 167.0, 154.7, 154.4, 147.3, 144.9, 141.2,
136.7, 136.4, 135.6, 129.9, 128.9, 128.8, 128.5, 128.5, 128.2, 127.9, 126.5, 126.3,
125.0, 123.6, 122.2, 122.0 (Ar), 75.8 (O-CH3), 75.3 (O-CH;); ESI-HRMS C;30H2,N,0,S
[M+H]": teor. 475,1475; exp. 475,1477.

3,4-Bis(benzyloxy)-2-(3H-imidazo[4,5-c]pyridin-2-yl)chinolin (41).

Purifikace vymichanim v EtOAc, vytézek 15 %. Kvili nizké koncentraci vzorku nebyly
v PC NMR spektru pozorovany nékteré signaly. '"H NMR (400 MHz, DMSO-d6): &
9.12 (s, 1H), 8.40 (d, J = 5.5 Hz, 1H), 8.11 (t, J = 7.7 Hz, 2H), 7.79-7.82 (m, 1H), 7.62-
7.68 (m, 4H), 7.50 (d, J = 8.0 Hz, 2H), 7.34-7.41 (m, 6H), 5.50 (s, 2H, O-CH,), 5.26 (s,
2H, O-CH,); °C NMR (101 MHz, DMSO-d6): & 154.3, 145.0, 136.6, 136.4, 129.7,
128.9, 128.8, 128.5, 128.5, 128.4, 128.1, 127.6, 124.8, 121.9 (Ar), 75.9 (O-CHy), 75.2
(0O-CH,); ESI-HRMS C20H»:N40, [M+H]": teor. 459,1816; exp. 459,1816.

2-(3,4-Bis(benzyloxy)chinolin-2-yl)-6-nitrobenzo[d]oxazol (42).

Purifikace sloupcovou chromatografii (hexan/EtOAc 4/1), vytézek 14 %. "H NMR (400
MHz, DMSO-d6): 6 8.83 (s, 1H), 8.39 (d, J = 8.7 Hz, 1H), 8.13 (t, J = 8.1 Hz, 3H),
7.80-7.84 (m, 1H), 7.69-7.73 (m, 1H), 7.52 (d, J = 6.2 Hz, 2H), 7.47 (dd, J = 5.8, 2.2
Hz, 2H), 7.36-7.42 (m, 3H), 7.30 (t, J = 2.4 Hz, 3H), 5.52 (s, 2H, O-CH,), 5.26 (s, 2H,
0-CH,); >C NMR (101 MHz, DMSO-d6): & 163.1, 154.4, 149.2, 146.3, 145.5, 145.3,
142.4, 142.3, 136.2, 136.1, 130.0, 129.3, 128.8, 128.5, 128.5, 128.2, 128.2, 125.3,
121.9, 120.9, 108.0 (Ar), 76.2 (O-CH,), 75.3 (O-CH;); ESI-HRMS C3yHN30s
[M+H]": teor. 504,1554; exp. 504,1554.
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2-(3,4-Bis(benzyloxy)chinolin-2-yl)-5-nitrobenzo[d]oxazol (43).

Purifikace sloupcovou chromatografii (hexan/EtOAc 7/3), vytézek 4 %. Latka byla
charakterizovana pouze dle molekulové hmotnosti pfti LC-MS analyze. Pro méfeni

NMR spekter nebylo pfipravené mnozstvi dostatecné.

2-(3,4-Bis(benzyloxy)chinolin-2-yl)-5-chlorobenzo[d]oxazol (44).

Purifikace sloupcovou chromatografii (hexan/EtOAc 7/3), vytézek 13 %. "H NMR (400
MHz, DMSO-d6): 6 8.13 (t, J = 9.4 Hz, 2H), 8.05 (d, J = 2.3 Hz, 1H), 7.92 (d, J/ = 8.7
Hz, 1H), 7.81 (t, J = 8.4 Hz, 1H), 7.69 (t, J = 8.2 Hz, 1H), 7.60 (dd, J = 8.7, 2.1 Hz,
1H), 7.50-7.52 (m, 2H), 7.45-7.47 (m, 2H), 7.36-7.42 (m, 3H), 7.34-7.29 (3H), 5.51 (s,
2H), 5.23 (s, 2H); °C NMR (101 MHz, DMSO-d6): 5 160.4, 154.2, 148.8, 145.2, 142.9,
142.4, 142.2, 136.3, 136.1, 129.9, 129.2, 129.2, 128.8, 128.5, 128.5, 128.3, 128.2,
126.5, 125.2, 121.9, 120.1, 112.7 (Ar), 76.1 (O-CH;), 75.2 (O-CH,); ESI-HRMS
C30H2 1 N,O5Cl [M+H]+: teor. 493,1313; exp. 493,1315.

Obecny postup debenzylace benzazolii s BCl; pro derivaty 45-53.

Reakce probihaly v riiznych mnoZstvich dle dostupnosti vychozi latky, proto je
uveden reprezentativni priklad na derivatu 52.

K roztoku vychoziho benzazolu 38 (40,7 mg; 0,086 mmol; 1 ekv.) v bezvodém DCM
byl pii teploté¢ 0 - 5 °C stiikackou pies septum piikapan 1M BCls/hexan (0,43 mL;
0,043 mmol; 5 ekv.). Reakce probihala po dobu 2 h za samovolného vytemperovani na
RT. Poté byla reakéni smés zakoncentrovana na RVO a vznikly odparek byl zahtfivan
pii teploté refluxu ve smési metanol (0,5 mL)/konc. HCI (0,5 mL) po dobu 20 min.
Reakéni smés byla ochlazena na RT s ndslednym pifidavkem dest. H,O (2 mL) a
upravou na pH ~ 6 pomoci 10% NaOH. SraZenina byla odsata a promyta dest. H,O a
metanolem. Surovy produkt byl vysusen ve vakuové susarné pies noc. Cisty produkt byl

ziskan vymichanim v DMSO s vytéZkem 55 %.
2-(1H-benzo[d]imidazol-2-yl)-3-hydroxychinolin-4(1H)-on (45).

Latka byla pfipravena debenzylaci derivatu 29 a cCisty produkt byl ziskdn odsatim
z dest. H,0, vytézek 81 %. 'H NMR (400 MHz, DMSO-d6): & 8.16 (d, J = 8.2 Hz, 1H),
8.07 (d, J = 8.5 Hz, 1H), 7.79 (q, J = 3.2 Hz, 2H), 7.62 (t, / = 8.5 Hz, 1H), 7.31 (q, J =
3.2 Hz, 3H); ESI-HRMS C;¢H;1N;50; [M+H]+: teor. 278,0924; exp. 278,0925.
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2-(5,6-Dimethyl-1H-benzo[d]imidazol-2-yl)-3-hydroxychinolin-4(1H)-on (46).

Latka byla pfipravena debenzylaci derivatu 30 a ¢isty produkt byl ziskan odséatim z dest.
H,0, vytézek 69 %. "H NMR (400 MHz, DMSO-d6): & 8.18 (d, J = 8.2 Hz, 1H), 8.00
(d, J =82 Hz, 1H), 7.67 (t, J = 8.4 Hz, 1H), 7.61 (s, 2H), 7.37 (t, J = 7.5 Hz, 1H), 2.39
(s, 6H, 2 x CH3); ESI-HRMS C;3H;5N30, [M+H]+: teor. 306,1237; exp. 306,1236.

2-(6-chloro-1H-benzo[d]imidazol-2-yl)-3-hydroxychinolin-4(1H)-on (47).

Latka byla pfipravena debenzylaci derivatu 31 a ¢isty produkt byl ziskan odséatim z dest.
H,0, vytézek 99 %. "H NMR (400 MHz, DMSO-d6): 6 11.97 (s, 1H, N-H chinolon),
8.16 (d, J = 7.3 Hz, 1H), 8.06 (d, J = 8.5 Hz, 1H), 7.78-7.81 (m, 2H), 7.62 (t, J = 8.4
Hz, 1H), 7.26-7.34 (m, 2H); ESI-HRMS C;sH;oN;0,Cl [M+H]": teor. 312,0534; exp.
312,0533.

3-Hydroxy-2-(6-nitro-1H-benzo[d]imidazol-2-yl)chinolin-4(1H)-on (48).

Latka byla pfipravena debenzylaci derivatu 33 a Cisty produkt byl ziskan odsatim z dest.
H,O a promytim metanolem, vytézek 85 %. 'H NMR (400 MHz, DMSO-d6): & 11.98
(s, 1H, N-H chinolon), 8.64 (s, 1H), 8.16-8.21 (m, 2H), 8.08 (d, J/ = 8.2 Hz, 1H), 7.94
(d, J = 8.5 Hz, 1H), 7.64 (t, J = 7.3 Hz, 1H), 7.29 (s, 1H); ESI-HRMS C;cH;oN4O4
[M+H]": teor. 323,0775; exp. 323,0766.

3-Hydroxy-2-(6-propionyl-1H-benzo[d]imidazol-2-yl)chinolin-4(1H)-on (49).

Latka byla pfipravena debenzylaci derivatu 34 a ¢isty produkt byl ziskan odsatim z dest.
H,0, vytézek 99 %. 'H NMR (400 MHz, DMSO-d6): 6 12.81 (s, 1H, N-H imidazol),
11.94 (s, 1H, N-H chinolon), 8.41 (s, 1H), 8.17 (d, J/ = 8.2 Hz, 1H), 8.08 (d, J = 8.2 Hz,
1H), 7.95 (d, J = 8.5 Hz, 1H), 7.85 (d, J = 8.2 Hz, 1H), 7.63 (t, J = 8.4 Hz, 1H), 7.29 (s,
1H), 3.14 (q, J = 6.6 Hz, 2H, CH,), 1.15 (t, J/ = 7.2 Hz, 3H, CHj3;); ESI-HRMS
Ci19H5N505 [M+H]+: teor. 334,1186; exp. 334,1186.

3-Hydroxy-2-(1H-naphtho[2,3-d]imidazol-2-yl)chinolin-4(1H)-on (50).

Latka byla pfipravena debenzylaci derivatu 35 a ¢isty produkt byl ziskan odséatim z dest.
H,0, vytézek 96 %. 'H NMR (400 MHz, DMSO-d6): & 8.32 (s, 2H), 8.19 (d, J = 8.2
Hz, 1H), 8.07-8.10 (m, 3H), 7.67 (t, J = 8.4 Hz, 1H), 7.45 (q, J = 3.2 Hz, 2H), 7.35 (t, J
= 7.6 Hz, 1H); ESI-HRMS C,oH;3N30; [M+H]+: teor. 328,1081; exp. 328,1079.
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2-(Benzo[d]oxazol-2-yl)-3-hydroxychinolin-4(1H)-on (51).

Latka byla pfipravena debenzylaci derivatu 36 a Cisty produkt byl ziskan vymichanim
v DMSO a naslednou lyofilizaci, vytézek 70 %. 'H NMR (400 MHz, DMSO-d6): &
12.01 (s, 1H, N-H chinolon), 8.16 (d, J = 8.2 Hz, 1H), 7.98 (d, J = 8.5 Hz, 1H), 7.93 (t,
J = 6.3 Hz, 2H), 7.66 (t, J = 8.5 Hz, 1H), 7.50-7.57 (m, 2H), 7.27-7.31 (m, 1H); ESI-
HRMS C4H;oN,03 [M+H]": teor. 279,0764; exp. 279,0765.

3-Hydroxy-2-(6-methylbenzo[d]oxazol-2-yl)chinolin-4(1H)-on (52).

Latka byla pfipravena debenzylaci derivatu 38 a Cisty produkt byl ziskan vymichanim
v DMSO a naslednou lyofilizaci, vytézek 77 %. 'H NMR (400 MHz, DMSO-d6): &
11.97 (s, 1H, N-H chinolon), 8.15 (d, J/ = 6.9 Hz, 1H), 7.97 (d, J = 8.5 Hz, 1H), 7.80 (d,
J = 8.2 Hz, 1H), 7.73 (s, 1H), 7.65 (t, J = 8.5 Hz, 1H), 7.34 (d, J = 7.3 Hz, 1H), 7.26-
7.30 (m, 1H), 2.52 (s, 3H, CH3); ESI-HRMS C;7H;N,03 [M+H]": teor. 293,0921; exp.
293,0920.

2-(Benzol[d]thiazol-2-yl)-3-hydroxychinolin-4(1H)-on (53).

Latka byla pfipravena debenzylaci derivatu 40 a ¢isty produkt byl ziskan odsatim z dest.
H,O a promytim metanolem, vyt&zek 60 %. 'H NMR (400 MHz, DMSO-d6): & 8.10-
8.25 (m, 4H), 7.63 (t, J = 7.4 Hz, 2H), 7.53 (t, J = 7.3 Hz, 1H), 7.26 (t,J = 7.3 Hz, 1H);
ESI-HRMS C;¢HoN,O,S [M+H]+: teor. 295,0536; exp. 295,0535.

Obecny postup Sonogashira cross-couplingu pro derivaty 54-58, 61-64, 83-87, 90-
92, 95 (metoda A).

K roztoku alkyn derivatu 6 nebo 9 (200 mg; 0,54 mmol; 1 ekv.) v DMA/H,0O
(950/50 uL) bylo ptidano 10% Pd/C (29 mg; 0,027 mmol; 0,05 ekv.), PPh; (14 mg;
0,054 mmol; 0,1 ekv.), Cul (10 mg; 0,054 mmol; 0,1 ekv.) a DIPEA (210 pL; 3 ekv.).
Reakéni smés byla probublana dusikem a poté byl ihned ptidéan aryl nebo heteroaryl
jodid (1 ekv.). Reakce probihala pii teplot¢ 70-75 °C a byla monitorovana dle TLC
(hexan/EtOAc 4/1). Po odreagovani vychoziho alkynu bylo provedeno zpracovani
nafedénim DCM a filtraci pfes skelny filtr. Tmavé hnédy filtrat byl odpafen se
silikagelem a produkt byl izolovan pomoci sloupcové chromatografie s gradientovou

eluci (hexan/EtOAc 4/1 — EtOAc).

Pro derivaty 83-87, 90-92, 95 byla pouzivana mobilni faze pro TLC hexan/diethylether

(4/1). Sloupcova chromatografie byla provedena gradientovou eluci (hexan/diethylether
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6/1 — ether). U nékterych sloucenin bylo provedeno docisténi srdzenim

(diethylether/hexan).

Obecny postup Sonogashira cross-couplingu pro derivaty 59, 60, 65-71, 88, 89, 93,
94, 96-98 (metoda B).

K roztoku alkyn derivatu 6 nebo 9 (200 mg; 0,54 mmol; 1 ekv.) v ACN (HPLC, 2 mL)
byl ptidan PdCl,(PPhs), (7,6 mg; 0,01 mmol; 0,02 ekv.), Cul (1 mg; 0,005 mmol; 0,01
ekv.) a TEA (225 uL; 3 ekv.). Reakéni smés byla probublana dusikem a poté byl ihned
pridan aryl nebo heteroaryl jodid/bromid (1 ekv.). Reakce probihala pfti teploté 50-55 °C
a byla monitorovana dle TLC (hexan/EtOAc 4/1). Po odreagovani vychoziho alkynu
bylo provedeno zpracovani nafedénim DCM a filtraci ptfes skelny filtr. Tmaveé hnédy
filtrat byl odpafen se silikagelem a produkt byl izolovan pomoci sloupcové

chromatografie s gradientovou eluci (hexan/EtOAc 4/1 — EtOAc).

Pro derivaty 88, 89, 93, 94, 96-98 byla pouzivana mobilni faze pro TLC
hexan/diethylether (4/1). Sloupcova chromatografie byla provedena gradientovou eluci
(hexan/diethylether 6/1 — ether). U nékterych sloucenin bylo provedeno docisténi

srazenim (diethylether/hexan).
4-(Fenylethynyl)-[1,3]dioxolo[4,5-c]chinolin (54).

Latka byla pfipravena metodou A a izolovana ze smési hexan/EtOAc jako bily prasek,
vytézek 46 %, t.t. 120-121 °C. "H NMR (400 MHz, DMSO-d6): § 7.96 (d, J = 8.7 Hz,
1H), 7.83 (d, J = 8.2 Hz, 1H), 7.67 (td, J = 7.7, 1.7 Hz, 3H), 7.56-7.60 (m, 1H), 7.49-
7.53 (m, 3H), 6.48 (s, 2H, O-CH,); °C NMR (101 MHz, DMSO-d6): & 149.1, 145.3,
142.1, 131.8, 129.9, 129.0, 128.9, 128.7, 127.3, 126.1, 120.9, 119.8, 115.1 (Ar), 104.0
(O-CH,-0), 93.4 (C=C), 84.1 (C=C); ESI-HRMS C;gH,,NO, [M+H]": teor. 274,0863;
exp. 274,0863.

4-([1,3]Dioxolo[4,5-c]chinolin-4-ylethynyl)anilin (55).

Latka byla pfipravena metodou A a izolovana ze smési hexan/EtOAc jako hnédy
prasek, vytézek 36 %, t.t. 216-220 °C. '"H NMR (400 MHz, DMSO-d6): & 7.91 (d, J =
8.7 Hz, 1H), 7.80 (d, J = 7.8 Hz, 1H), 7.61-7.65 (m, 1H), 7.54 (t, J/ = 7.6 Hz, 1H), 7.29
(d, J = 8.7 Hz, 2H), 6.66-6.58 (2H), 6.44 (s, 2H, O-CH,-0), 5.81 (s, 2H, NH,); "*C
NMR (101 MHz, DMSO-d6): 6 150.6, 148.6, 145.3, 141.4, 133.2, 128.7, 128.6, 127.5,
126.7, 119.8, 114.9, 113.6, 106.2 (Ar), 103.7 (O-CH»-0), 96.7 (C=C), 82.3 (C=C); ESI-
HRMS C3H2N>O, [M+H]+: teor. 289,0972; exp. 289,0971.
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4-((4-Methoxyfenyl)ethynyl)-[1,3]dioxolo[4,5-c]chinolin (56).

Latka byla pfipravena metodou A a izolovana ze smési hexan/aceton jako oranzovy
prasek, vytézek 50 %, t.t. 148 °C. '"H NMR (400 MHz, DMSO-d6): & 7.94 (d, J = 8.7
Hz, 1H), 7.82 (d, J = 8.2 Hz, 1H), 7.55-7.68 (m, 4H), 7.04 (d, J = 8.7 Hz, 2H), 6.46 (s,
2H, O-CH,-0), 3.82 (s, 3H, O-CH3); °C NMR (101 MHz, DMSO-d6): § 160.4, 148.9,
145.3, 141.9, 133.5, 128.9, 128.7, 127.1, 126.6, 119.8, 115.0, 114.7, 112.7 (Ar), 103.9
(O-CH,-0), 94.0 (C=C), 83.1 (C=C), 55.4 (O-CH3); ESI-HRMS C;oH3NO; [M+H]":
teor. 304,0968; exp. 304,0968.

Methyl 4-([1,3]dioxolo[4,5-c]chinolin-4-ylethynyl)benzoat (57).

Latka byla pfipravena metodou A a izolovana ze smési hexan/EtOAc jako zluty prasek,
vytézek 63 %, t.t. 173-174 °C. "H NMR (400 MHz, DMSO-d6): & 8.03 (d, J = 8.2 Hz,
2H), 7.96 (d, J = 8.7 Hz, 1H), 7.83 (d, J = 8.2 Hz, 1H), 7.79 (d, J = 6.9 Hz, 2H), 7.66-
7.70 (m, 1H), 7.59 (t, J = 8.2 Hz, 1H), 6.49 (s, 2H, O-CH,-0), 3.88 (s, 3H, CHj ester);
C NMR (101 MHz, DMSO-d6): § 165.5, 149.3, 145.4, 142.4, 135.8, 132.1, 130.3,
129.6, 129.0, 128.9, 127.6, 125.5, 119.9, 115.2 (Ar), 104.2 (O-CH,-0O), 92.3 (C=C),
86.6 (C=C), 52.4 (CH; ester); ESI-HRMS CaH;3NO4 [M+H]": teor. 332,0917; exp.
332,0919.

4-(O-tolylethynyl)-[1,3]dioxolo[4,5-c]chinolin (58).

Latka byla pfipravena metodou A a izolovana ze smési hexan/EtOAc jako svétle hnédy
prasek, vytézek 35 %, t.t. 162-163 °C. "H NMR (400 MHz, DMSO-d6): & 7.96 (d, J =
8.7 Hz, 1H), 7.83 (d, J = 7.8 Hz, 1H), 7.65-7.69 (m, 1H), 7.59 (q, J/ = 7.3 Hz, 2H), 7.38-
7.41 (m, 2H), 7.30 (td, J = 6.8, 2.4 Hz, 1H), 6.49 (s, 2H, O-CH,-0), 2.52 (s, 3H, CH>);
BC NMR (101 MHz, DMSO-d6): & 149.1, 145.3, 142.1, 140.4, 132.1, 129.9, 129.8,
128.9, 128.7, 127.3, 126.4, 126.2, 120.7, 119.9, 115.1 (Ar), 104.1 (O-CH,-0O), 92.6
(C=C), 88.0 (C=C), 20.2 (CH;); ESI-HRMS C9H;3NO, [M+H]": teor. 288,1019; exp.
288,1020.

4-((2-Nitrofenyl)ethynyl)-[1,3]dioxolo[4,5-c]chinolin (59).

Latka byla pfipravena metodou B a izolovéana ze smési hexan/EtOAc jako hnédy prasek,
vytézek 27 %, t.t. 167-170 °C. "H NMR (400 MHz, DMSO-d6): § 8.24 (dd, J = 8.2, 0.9
Hz, 1H), 7.96-7.99 (m, 2H), 7.85-7.89 (m, 2H), 7.75-7.79 (m, 1H), 7.67-7.71 (m, 1H),
7.61 (td, J = 7.6, 1.1 Hz, 1H), 6.51 (s, 2H, O-CH,-0); >C NMR (101 MHz, DMSO-d6):
0 149.5, 149.2, 1454, 142.6, 135.1, 134.0, 131.0, 129.1, 128.9, 127.7, 125.3, 125.0,
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119.9, 115.6, 115.3 (Ar), 104.3 (O-CH,-O), 90.1 (C=C), 88.2 (C=C); ESI-HRMS
CisHoN,O4 [M+H]": teor. 319,0713; exp. 319,0712.

1-(2-([1,3]Dioxolo[4,5-c]chinolin-4-ylethynyl)fenyl)ethan-1-on (60).

Latka byla pfipravena metodou B a izolovana ze smési hexan/EtOAc jako hnédy prasek,
vytezek 19 %, t.t. 142-146 °C. "H NMR (400 MHz, DMSO-d6): & 7.96 (d, J = 8.7 Hz,
1H), 7.90 (dd, J = 7.6, 1.6 Hz, 1H), 7.84 (d, J = 7.3 Hz, 1H), 7.78 (dd, J = 7.6, 1.1 Hz,
1H), 7.68 (qd, J = 3.6, 1.5 Hz, 1H), 7.65 (td, J = 3.0, 1.5 Hz, 1H), 7.57-7.63 (m, 2H),
6.49 (s, 2H, O-CH,-0), 2.73 (s, 3H, CH; keton); °C NMR (101 MHz, DMSO-d6): &
199.2 (C=0 keton), 149.2, 145.4, 142.3, 140.7, 134.3, 131.9, 129.9, 129.1, 129.0, 128.8,
127.4,126.1, 119.9, 118.8, 115.1 (Ar), 104.1 (O-CH,-0), 92.5 (C=C), 88.3 (C=C), 29.5
(CH; keton); ESI-HRMS C,0H 3NO; [M+H]": teor. 316,0968; exp. 316,0968.

Methyl 2-([1,3]dioxolo[4,5-c]chinolin-4-ylethynyl)benzoat (61).

Latka byla pfipravena metodou A a izolovana ze smési hexan/EtOAc jako oranzovy
prasek, vytézek 55 %, t.t. 150-151 °C. '"H NMR (400 MHz, DMSO-d6): & 7.97 (t, J =
6.6 Hz, 2H), 7.82 (dd, J = 10.8, 8.0 Hz, 2H), 7.70 (q, J = 6.7 Hz, 2H), 7.57-7.66 (m,
2H), 6.50 (s, 2H, O-CH,-0), 3.92 (s, 3H, CHj ester); °C NMR (101 MHz, DMSO-d6):
d 165.8 (C=0 ester), 149.2, 145.4, 142.3, 134.3, 132.5, 132.1, 130.3, 129.8, 129.0,
128.8, 127.4, 126.2, 120.9, 119.9, 115.1 (Ar), 104.1 (O-CH,-0O), 92.0 (C=C), 88.2
(C=C), 52.4 (CH; ester); ESI-HRMS CyH;3NO4 [M+H]": teor. 332,0917; exp.
332,0916.

1-(5-([1,3]Dioxolo[4,5-c]chinolin-4-ylethynyl)thiofen-2-yl)ethan-1-on (62).

Latka byla pfipravena metodou A a izolovana z hexanu jako oranzovy prasek, vytézek
44 %, t.t. 178-182 °C. "H NMR (400 MHz, DMSO-d6): & 7.99 (d, J = 3.7 Hz, 1H), 7.95
(d, J = 8.7 Hz, 1H), 7.84 (d, J = 8.2 Hz, 1H), 7.67-7.70 (m, 2H), 7.60 (t, J = 7.6 Hz,
1H), 6.49 (s, 2H, O-CH,-0), 2.59 (s, 3H, CH; keton); *C NMR (101 MHz, DMSO-d6):
6 190.6 (C=0 keton), 149.4, 146.1, 145.5, 142.3, 135.5, 134.1, 129.0, 129.0, 127.7,
127.4,124.9, 119.9, 115.2 (Ar), 104.3 (O-CH,-0), 90.4 (C=C), 85.8 (C=C), 26.7 (CH;
keton); ESI-HRMS C;sH;;NO;S [M+H]+: teor. 322,0532; exp. 322,0532.

4-(Thiofen-2-ylethynyl)-[1,3]dioxolo[4,5-c]chinolin (63).

Latka byla ptfipravena metodou A a izolovana ze smési hexan/EtOAc jako Zluty prasek,

vit&zek 65 %, t.t.. 102 °C. '"H NMR (400 MHz, DMSO-d6): & 7.94 (d, J = 8.7 Hz, 1H),
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7.81-7.83 (m, 2H), 7.65-7.69 (m, 1H), 7.56-7.61 (m, 2H), 7.21 (d, J = 3.7 Hz, 1H), 6.47
(s, 2H, O-CH,-0); '°C NMR (101 MHz, DMSO-d6): § 149.2, 145.4, 141.9, 134.4,
130.8, 128.9, 128.8, 128.2, 127.3, 125.9, 120.2, 119.9, 115.1 (Ar), 104.1 (O-CH,-O),
87.8 (C=C), 87.0 (C=C); ESI-HRMS C;cH,NO,S [M+H]": teor. 280,0427; exp.
280.0424.

4-(Selenofen-2-ylethynyl)-[1,3]dioxolo[4,5-c]chinolin (64).

Latka byla pfipravena metodou A a izolovdna ze smési hexan/EtOAc jako oranzovy
prasek, vytézek 70 %, t.t. 126-127 °C. "H NMR (400 MHz, DMSO-d6): & 8.45 (dd, J =
5.5,0.9 Hz, 1H), 7.94 (d, J = 8.7 Hz, 1H), 7.82 (d, J = 8.2 Hz, 1H), 7.76 (dd, J = 3.7,
0.9 Hz, 1H), 7.65-7.69 (m, 1H), 7.56-7.60 (m, 1H), 7.40 (dd, J = 5.7, 3.9 Hz, 1H), 6.47
(s, 2H, O-CH,-0); >C NMR (101 MHz, DMSO-d6): & 149.1, 145.4, 141.8, 137.6,
136.8, 130.2, 128.9, 128.8, 127.3, 126.1, 124.5, 119.9, 115.1 (Ar), 104.1 (O-CH,-0),
89.3 (C=C); ESI-HRMS C;¢HyNO,Se [M+H]": teor. 327,9871; exp. 327,9868.

4-(Thiazol-4-ylethynyl)-[1,3]dioxolo[4,5-c]chinolin (65).

Latka byla pfipravena metodou B a izolovana ze smési hexan/EtOAc jako oranzovy
prasek, vytézek 27 %, t.t. 154-158 °C. '"H NMR (400 MHz, DMSO-d6): § 9.25 (d, J =
1.8 Hz, 1H, C-H thiazol), 8.39 (d, J = 1.8 Hz, 1H), 7.95 (d, J = 8.7 Hz, 1H), 7.84 (d, J
= 8.2 Hz, 1H), 7.68 (t, J = 7.6 Hz, 1H), 7.59 (t, J = 7.6 Hz, 1H), 6.49 (s, 2H, O-CH;-
0); *C NMR (101 MHz, DMSO-d6): & 155.5 (C-H thiazol), 149.3, 145.4, 142.3, 135.7,
129.0, 128.8, 127.5, 127.0, 125.5, 119.9, 115.2 (Ar), 104.2 (O-CH;-0O), 87.8 (C=C),
83.4 (C=C); ESI-HRMS C;sHsN,O,S [M+H]+: teor. 281,0379; exp. 281,0378.

4-((1-Tosyl-1H-imidazol-4-yl)ethynyl)-[1,3]dioxolo[4,5-c]chinolin (66).

Latka byla pfipravena metodou B a izolovéana ze smési hexan/EtOAc jako svétle hnédy
prasek, vytézek 45 %, t.t. 162-164 °C. "H NMR (400 MHz, DMSO-d6): & 8.53 (s, 1H,
CH imidazol), 8.45 (s, 1H, CH imidazol), 8.05 (d, J = 8.7 Hz, 2H), 7.92 (d, J = 8.7 Hz,
1H), 7.82 (d, J = 8.2 Hz, 1H), 7.64-7.68 (m, 1H), 7.57 (q, J = 8.1 Hz, 3H), 6.45 (s, 2H,
0-CH,-0), 2.42 (s, 3H, CH3); C NMR (101 MHz, DMSO-d6): § 149.3, 147.1, 145.4,
142.2,138.1, 133.6, 130.7, 129.0, 128.8, 127.6, 127.5, 125.5, 124.6, 123.4, 119.9, 115.1
(Ar), 104.1 (O-CH;-0), 85.9 (C=C), 85.1 (C=C), 21.2 (CH3); ESI-HRMS C»H;5N304S
[M+H]": teor. 418,0856; exp. 418,0854.
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4-((1-Methyl-1H-pyrazol-5-yl)ethynyl)-[1,3]dioxolo[4,5-c]chinolin (67).

Latka byla ptipravena metodou B a izolovana ze smési hexan/EtOAc jako tmavé zluty
prasek, vytézek 67 %, t.t. 159-162 °C. "H-NMR (400 MHz, DMSO-d6) & 8.24 (s, 1H),
7.92 (d, J = 8.7 Hz, 1H), 7.81 (d, J = 9.6 Hz, 2H), 7.65 (t, J = 8.2 Hz, 1H), 7.56 (t, J =
7.3 Hz, 1H), 6.45 (s, 2H, O-CH,-0), 3.89 (s, 3H, N-CH3); *C NMR (101 MHz, DMSO-
d6): 5 148.9, 145.3, 141.7, 141.6, 134.7, 128.8, 128.6, 127.0, 126.8, 119.8, 115.0 (Ar),
103.9 (O-CH,-0), 100.3 (CH pyrazol), 86.7 (C=C), 84.9 (C=C); ESI-HRMS
C16H N30, [M+H]": teor. 278,0924; exp. 278,0926.

4-(Pyrimidin-5-ylethynyl)-[1,3]dioxolo[4,5-c]chinolin (68).

Latka byla piipravena metodou B a izolovana ze smési hexan/aceton jako svétle
oranzovy prasek, vytézek 35 %, t.t. 187-188 °C. 'H NMR (400 MHz, DMSO-d6): &
9.28 (s, 1H, CH pyrimidin), 9.13 (s, 2H, CH pyrimidin), 7.97 (d, J = 8.7 Hz, 1H), 7.85
(d, J = 7.8 Hz, 1H), 7.67-7.71 (m, 1H), 7.59-7.63 (m, 1H), 6.50 (s, 2H, O-CH,-0); °C
NMR (101 MHz, DMSO-d6): & 159.1 (2 x CH pyrimidin), 157.6 (CH pyrimidin),
149.5, 145.4, 142.4, 129.0, 129.0, 127.7, 124.9, 119.9, 117.7, 115.2 (Ar), 104.3 (O-CH,-
0), 89.9 (C=C), 86.6 (C=C); ESI-HRMS C;sHoN;0, [M+H]": teor. 276,0768; exp.
276,0767.

4-(Pyridin-3-ylethynyl)-[1,3]dioxolo[4,5-c]chinolin (69).

Latka byla pfipravena metodou B a izolovana z hexanu jako svétle oranZovy prasek,
vytézek 18 %, t.t. 115-119 °C. "H NMR (400 MHz, DMSO-d6):  8.85 (d, J = 1.8 Hz,
1H, CH pyridin), 8.68 (dd, J = 4.8, 1.6 Hz, 1H, CH pyridin), 8.10 (dt, J = 7.9, 2.1 Hz,
1H), 7.96 (d, J = 8.7 Hz, 1H), 7.84 (d, J = 6.0 Hz, 1H), 7.66-7.70 (m, 1H), 7.57-7.62
(m, 1H), 7.53 (ddd, J = 7.8, 5.0, 0.9 Hz, 1H), 6.49 (s, 2H, O-CH»-0); *C NMR (101
MHz, DMSO-d6): 8 151.9 (CH pyridin), 150.0 (CH pyridin), 149.3, 145.4, 142.3,
139.1, 129.0, 128.9, 127.5, 125.5, 123.8, 119.9, 118.0, 115.2 (Ar), 104.2 (O-CH,-0),
90.0 (C=C), 86.8 (C=C); ESI-HRMS C;;H;(N,O, [M+H]": teor. 275,0815; exp.
275,0816.

4-(Chinolin-3-ylethynyl)-[1,3]dioxolo[4,5-c]chinolin (70).

Latka byla pfipravena metodou B a izolovana ze smési aceton/EtOAc jako svétle hnédy
prasek, vytézek 39 %, t.t. 172-174 °C. '"H NMR (400 MHz, DMSO-d6): & 9.06 (d, J =
1.8 Hz, 1H, CH chinolin), 8.79 (d, J = 2.3 Hz, 1H, CH chinolin), 8.08 (d, J = 8.7 Hz,
2H), 7.98 (d, J = 8.7 Hz, 1H), 7.86 (dd, J = 12.8, 8.2 Hz, 2H), 7.70 (q, J/ = 7.6 Hz, 2H),
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7.60 (t, J = 7.6 Hz, 1H), 6.51 (s, 2H, O-CH,-0); *C NMR (101 MHz, DMSO-d6): &
151.3 (CH chinolin), 149.3, 146.7, 145.4, 142.3, 139.6, 131.2, 129.0, 128.9, 128.3,
127.7, 127.5, 126.7, 125.6, 119.9, 115.2, 115.0 (Ar), 104.2 (O-CH,-0), 90.8 (C=C),
86.9 (C=C); ESI-HRMS C,;H2N>0, [M+H]": teor. 325,0972; exp. 325,0970.

4-((1-Methyl-1H-benzo[d]imidazol-2-yl)ethynyl)-[1,3]dioxolo[4,5-c]chinolin (71).

Latka byla pfipravena metodou B a izolovana z hexanu jako Zluty prasek, vytézek 38 %,
t.t. 225-228 °C. '"H NMR (400 MHz, DMSO-d6): & 8.01 (d, J = 8.5 Hz, 1H), 7.87 (d, J
= 8.2 Hz, 1H), 7.69-7.74 (m, 2H), 7.64 (dd, J = 15.6, 8.2 Hz, 2H), 7.39-7.43 (m, 1H),
7.33 (t, J = 7.6 Hz, 1H), 6.55 (s, 2H, O-CH,-0), 4.01 (s, 3H, N-CH3); °C NMR (101
MHz, DMSO-d6): & 149.6, 145.6, 142.9, 142.5, 134.9, 132.8, 129.1, 127.9, 124.3,
123.0, 120.0, 119.7, 115.4, 110.9 (Ar), 104.5 (O-CH,-0), 88.5 (C=C), 82.8 (C=C), 30.9
(N-CH3); ESI-HRMS Cy0H3N;0, [M+H]': teor. 328,1081; exp. 328,1083.

3,4-Bis(benzyloxy)-2-(fenylethynyl)chinolin (83).

Latka byla pfipravena metodou A jako Zluty prasek, vytézek 69 %. "H NMR (400 MHz,
DMSO-d6): 6 8.05 (d, J = 8.2 Hz, 1H), 7.96 (d, J = 8.2 Hz, 1H), 7.72 (t, J = 7.6 Hz,
1H), 7.55-7.60 (m, 5H), 7.49 (m, 5H), 7.40 (m, 6H), 5.46 (s, 2H, O-CH>), 5.30 (s, 2H,
0-CH,); >C NMR (101 MHz, DMSO-d6): & 152.1, 145.7, 143.0, 141.1, 136.5, 136.5,
131.7, 129.7, 129.3, 128.9, 128.5, 128.4, 128.4, 128.3, 127.2, 124.0, 121.8, 121.2 (Ar),
92.8 (C=C), 86.6 (C=C), 75.8 (O-CH>), 75.0 (O-CH,); ESI-HRMS C3,H»;NO, [M+H]":
teor. 442,1802; exp. 442,1805.

4-((3,4-Bis(benzyloxy)chinolin-2-yl)ethynyl)anilin (84).

Latka byla pfipravena metodou A a izolovana ze smési hexan/diethyether ve formé
svétle hnddého prasku, vytézek 44 %. '"H NMR (400 MHz, DMSO-d6): & 8.01 (d, J =
7.3 Hz, 1H), 7.91 (d, J = 8.2 Hz, 1H), 7.67-7.70 (m, 1H), 7.59 (d, J = 7.8 Hz, 2H), 7.51-
7.56 (m, 1H), 7.49 (d, J = 8.2 Hz, 2H), 7.36-7.43 (m, 6H), 7.20 (d, J = 8.7 Hz, 2H),
6.58 (d, J = 8.2 Hz, 2H), 5.80 (s, 2H, NH,), 5.43 (s, 2H, O-CH,), 5.27 (s, 2H, O-CH,);
BC NMR (101 MHz, DMSO-d6): & 151.8, 150.5, 145.7, 142.5, 142.1, 136.7, 136.6,
133.3, 129.1, 128.5, 128.4, 128.4, 128.3, 128.2, 128.2, 126.6, 123.6, 121.7, 113.6, 106.6
(Ar), 96.2 (C=C), 84.7 (C=C), 75.5 (O-CH3), 74.9 (O-CH;); ESI-HRMS C;3;H24N,0,
[M+H]": teor. 457,1911; exp. 457,1910.
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Methyl 4-((3,4-bis(benzyloxy)chinolin-2-yl)ethynyl)benzoat (85).

Latka byla pfipravena metodou A jako oranzovy prasek, vytézek 61 %. "H NMR (400
MHz, DMSO-d6): 6 8.06 (d, J = 8.2 Hz, 1H), 8.01 (d, J = 8.7 Hz, 2H), 7.97 (d, J = 8.7
Hz, 1H), 7.73 (t, J/ = 7.1 Hz, 1H), 7.66 (d, J = 7.8 Hz, 2H), 7.55-7.62 (m, 3H), 7.50 (d, J
= 7.3 Hz, 2H), 7.40 (t, J = 7.8 Hz, 6H), 5.47 (s, 2H, O-CH), 5.30 (s, 2H, O-CH,), 3.89
(s, 3H, CH; ester); °C NMR (101 MHz, DMSO-d6): § 165.5 (C=0 ester), 152.2, 145.7,
143.2, 140.6, 136.5, 136.4, 132.1, 130.1, 129.5, 128.5, 128.5, 128.4, 127.5, 125.9,
124.2, 121.8 (Ar), 91.5 (C=C), 89.1 (C=C), 76.0 (O-CH,), 75.0 (O-CH,), 52.4 (CH;
ester); ESI-HRMS Cs3HpsNO4 [M+H]+: teor. 500,1856; exp. 500,1861.

3,4-Bis(benzyloxy)-2-((4-methoxyfenyl)ethynyl)chinolin (86).

Latka byla piipravena metodou A jako rizovy prasek, vytézek 56 % 'H NMR (400
MHz, DMSO-d6): 6 8.04 (d, J = 8.2 Hz, 1H), 7.94 (d, J = 8.2 Hz, 1H), 7.71 (t, J = 7.1
Hz, 1H), 7.58 (m, 3H), 7.50 (m, 4H), 7.38-7.41 (m, 6H), 7.03-7.06 (m, 2H), 5.45 (s, 2H,
0-CH,), 5.29 (s, 2H, O-CH,), 3.83 (s, 3H, O-CH3); °C NMR (101 MHz, DMSO-d6): &
160.3 (C-0O), 152.0, 145.7, 142.8, 141.4, 136.5, 136.5, 133.4, 129.2, 128.5, 128.4, 128.2,
127.0, 123.9, 121.7, 114.6, 113.0, 93.4 (C=C), 85.6 (C=C), 75.7 (O-CH,), 74.9 (O-
CH,), 55.3 (O-CH3); ESI-HRMS C3,HsNO3; [M+H]": teor. 472,1907; exp. 472,1908.

3,4-Bis(benzyloxy)-2-(o-tolylethynyl)chinolin (87).

Latka byla pfipravena metodou A a izolovana ze smé&si hexan/diethyether ve formé
svétle rizového prasku, vytézek 45 %. '"H NMR (400 MHz, DMSO-d6): § 8.05 (d, J =
8.2 Hz, 1H), 7.97 (d, J = 8.2 Hz, 1H), 7.72 (t, J = 7.8 Hz, 1H), 7.58 (t, J/ = 7.6 Hz, 1H),
7.50 (t, J = 6.4 Hz, 5H), 7.35-7.42 (m, 8H), 7.27 (t, J = 7.3 Hz, 1H), 5.44 (s, 2H, O-
CH,), 5.31 (s, 2H, O-CH,), 2.43 (s, 3H, CH;); °C NMR (101 MHz, DMSO-d6): &
152.0, 145.7, 142.9, 141.2, 140.3, 136.4, 132.1, 129.7, 129.6, 129.3, 128.4, 1284,
128.3, 128.2, 127.1, 126.0, 124.0, 121.7, 121.1 (Ar), 91.7 (C=C), 90.2 (C=C), 75.6 (O-
CH,), 75.0 (O-CH,), 20.2 (CH3); ESI-HRMS C3,H,sNO, [M+H]": teor. 456,1958; exp.
455,1959.

1-(2-((3,4-Bis(benzyloxy)chinolin-2-yl)ethynyl)fenyl)ethan-1-on (88).

Latka byla ptipravena metodou B jako oranzovy prasek, vytézek 50 %. 'H NMR (400
MHz, DMSO-d6): & 8.05 (d, J = 9.2 Hz, 1H), 7.97 (d, J = 8.2 Hz, 1H), 7.89-7.91 (m,
1H), 7.72 (t, J = 8.4 Hz, 1H), 7.57-7.68 (m, 4H), 7.47-7.53 (m, 4H), 7.32-7.42 (m, 6H),
5.44 (s, 2H, O-CH,), 5.33 (s, 2H, O-CH,), 2.66 (s, 3H, CH; keton); *C NMR (101
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MHz, DMSO-d6): § 199.2 (CHs keton), 152.1, 145.7, 143.0, 141.0, 140.5, 136.4, 134.2,
131.7, 129.6, 129.3, 129.1, 128.4, 128.4, 128.3, 128.2, 127.3, 124.1, 121.7, 119.2 (Ar),
91.7 (C=C), 90.6 (C=C), 75.8 (O-CH,), 75.0 (O-CH,), 29.3 (CH; keton); ESI-HRMS
C33HpsNOs [M+H]: teor. 484,1907; exp. 484,1910.

3,4-Bis(benzyloxy)-2-((2-nitrofenyl)ethynyl)chinolin (89).

Latka byla pfipravena metodou B a izolovana ze smési hexan/diethyether ve forme
7lutého prasku, vytézek 70 %. '"H NMR (400 MHz, DMSO-d6): & 8.23 (d, J = 9.2 Hz,
1H), 8.06 (d, J = 7.8 Hz, 1H), 7.99 (d, J = 8.2 Hz, 1H), 7.72-7.86 (m, 4H), 7.59-7.63
(m, 1H), 7.47-7.51 (m, 4H), 7.36-7.42 (m, 3H), 7.33 (td, J = 3.1, 1.4 Hz, 3H), 5.44 (s,
2H, O-CH,), 5.32 (s, 2H, O-CH,); °C NMR (101 MHz, DMSO-d6): & 152.3, 149.2,
145.7, 143.2, 140.4, 136.4, 136.3, 135.1, 133.9, 130.8, 129.5, 128.6, 128.5, 128.3,
127.6, 125.0, 124.3, 121.9, 116.0 (Ar), 92.6 (C=C), 87.4 (C=C), 76.1 (O-CH,), 75.0 (O-
CH;); ESI-HRMS Cs31H2,N,04 [M+H]+: teor. 487,1652; exp. 487,1655.

1-(5-((3,4-Bis(benzyloxy)chinolin-2-yl)ethynyl)thiofen-2-yl)ethan-1-on (90).

Latka byla pfipravena metodou A a izolovana ze smési hexan/diethyether ve formé
svétle oranzového prasku, vytézek 47 %. "H NMR (400 MHz, DMSO-d6): & 8.06 (d, J
= 8.2 Hz, 1H), 7.95-7.99 (m, 2H), 7.74 (t, J = 8.5 Hz, 1H), 7.55-7.63 (m, 4H), 7.51 (d, J
= 7.8 Hz, 1H), 7.39-7.40 (m, 7H), 5.47 (s, 2H, O-CH), 5.28 (s, 2H, O-CH,), 2.59 (s,
3H, CHj; keton); *C NMR (101 MHz, DMSO-d6): & 190.7 (C=0 keton), 152.3, 146.0,
145.8, 142.9, 140.2, 136.4, 136.3, 135.3, 134.1, 129.6, 128.6, 128.5, 128.4, 127.9,
127.6, 124.3, 121.9 (Ar), 93.1 (C=C), 85.1 (C=C), 76.0 (O-CHy), 75.0 (O-CH,), 26.7,
ESI-HRMS C3;H»3NO;S [M+H]': teor. 490,1471; exp. 490,1475.

3,4-Bis(benzyloxy)-2-(thiofen-2-ylethynyl)chinolin (91).

Latka byla pfipravena metodou A a izolovana ze smési hexan/diethyether ve formé
svétle oranzového prasku, vytézek 44 %. 'H NMR (400 MHz, DMSO-d6): & 8.05 (d, J
= 8.2 Hz, 1H), 7.95 (d, J = 8.2 Hz, 1H), 7.81 (d, J = 5.0 Hz, 1H), 7.72 (t, J = 7.6 Hz,
1H), 7.59 (m, J = 5.7 Hz, 3H), 7.51 (d, J = 8.2 Hz, 3H), 7.36-7.44 (m, 6H), 7.21 (t,J =
4.4 Hz, 1H), 5.46 (s, 2H, O-CH,), 5.26 (s, 2H, O-CH,); °*C NMR (101 MHz, DMSO-
d6): 6 152.1, 145.8, 142.6, 140.9, 136.4, 136.4, 134.3, 130.7, 129.4, 128.5, 128.5, 128.4,
128.1, 127.3, 124.0, 121.8, 120.7 (Ar), 90.4 (C=C), 86.3 (C=C), 75.8 (O-CH,), 75.0 (O-
CH,); ESI-HRMS Ca9H,NO,S [M+H]": teor. 448,1366; exp. 448,1363.
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3,4-Bis(benzyloxy)-2-(selenofen-2-ylethynyl)chinolin (92).

Latka byla pfipravena metodou A jako svétle Zluty prasek, vytézek 43 %. "H NMR (400
MHz, DMSO-d6): 6 8.44 (d, J = 5.5 Hz, 1H), 8.05 (d, J/ = 8.2 Hz, 1H), 7.95 (d, J = 8.2
Hz, 1H), 7.70-7.74 (m, 1H), 7.68 (d, J = 3.7 Hz, 1H), 7.58 (m, 3H), 7.50 (d, J = 6.4 Hz,
2H), 7.41 (m, J = 8.0 Hz, 7H), 5.46 (s, 2H, O-CH,), 5.26 (s, 2H, O-CH,); *C NMR
(101 MHz, DMSO-db6): & 152.1, 145.8, 142.6, 141.1, 137.4, 136.7, 136.5, 136.4, 130.2,
129.4, 128.5, 128.5, 128.4, 127.2, 125.0, 124.0, 121.8 (Ar), 92.0 (C=C), 88.7 (C=C),
75.8 (O-CH,), 75.0 (O-CH,); ESI-HRMS C1oH, NO,Se [M+H]": teor. 496,0810; exp.
496,0813.

4-((3,4-Bis(benzyloxy)chinolin-2-yl)ethynyl)thiazol (93).

Latka byla pfipravena metodou B jako oranzovy prasek, vytézek 15 %. 'H NMR (400
MHz, DMSO-d6): 6 9.28 (d, J = 1.8 Hz, 1H, CH thiazol), 8.27 (d, J = 1.8 Hz, 1H, CH
thiazol), 8.06 (d, J = 8.2 Hz, 1H), 7.96 (d, J = 8.7 Hz, 1H), 7.73 (t, J = 7.8 Hz, 1H),
7.58-7.64 (m, 3H), 7.49 (d, J = 6.4 Hz, 2H), 7.36-7.42 (m, 6H), 5.46 (s, 2H, O-CH,),
5.28 (s, 2H, O-CH,); >C NMR (101 MHz, DMSO-d6): & 155.4 (CH thiazol), 152.2,
145.8, 142.9, 140.7, 136.4, 136.2, 136.1, 129.5, 128.9, 128.5, 128.5, 128.4, 127.5,
126.7, 124.2, 121.9 (Ar), 87.2 (C=C), 85.9 (C=C), 76.0 (O-CH;), 75.0 (O-CH,); ESI-
HRMS CysH>oN-O»S [M+H]+: teor. 449,1318; exp. 449,1318.

3,4-Bis(benzyloxy)-2-((1-tosyl-1H-imidazol-4-yl)ethynyl)chinolin (94).

Latka byla pfipravena metodou B a izolovana ze smési hexan/diethyether ve formé
bilého prasku, vytézek 39 %. '"H NMR (400 MHz, DMSO-d6): & 8.56 (d, J = 1.6 Hz,
1H), 8.22 (d, J = 1.4 Hz, 1H), 8.03-8.08 (m, 3H), 7.92 (d, J = 8.2 Hz, 1H), 7.71 (t, J =
8.5 Hz, 1H), 7.56-7.60 (m, 5H), 7.47 (dd, J = 7.8, 1.4 Hz, 2H), 7.28-7.41 (m, 6H), 5.44
(s, 2H, O-CH,), 5.23 (s, 2H, O-CH,), 2.43 (s, 3H, CH3); °C NMR (101 MHz, DMSO-
d6): 6 152.5,145.7, 145.6, 143.7, 142.9, 139.9, 137.6, 136.4, 136.3, 136.1, 129.7, 128.9,
128.5, 128.5, 128.5, 128.4, 128.1, 128.0, 127.7, 125.5, 124.8, 124.3, 121.9, 114.6 (Ar),
90.4 (C=C), 76.1 (O-CH,), 75.0 (O-CH,), 20.7 (CH3).

2-((1H-Imidazol-4-yl)ethynyl)-3,4-bis(benzyloxy)chinolin (94a).

Detosylace slouceniny 94 (81 mg; 0,138 mmol) byla provedena v dioxanu (2,9 mL)
pomoci smé&si CH3;SOsH/H,O (12 pl/24 pL) pti RT po dobu 48 h. Reakéni smés byla
ziedéna dest. HO/THF (1/0,1 mL) a pomoci nasyc. NaHCO; bylo upraveno pH na 7-8.

Vylou€end srazenina byla michédna pfi teploté¢ 0 - 5 °C po dobu 2 h. Slouc¢enina byla
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odsata, promyta 10% THF v dest. H;O a vysuSena za vakua. Svétle hnédy prasek,
vytézek 90 %. V °C NMR spektru chybi signaly trojné vazby kvili nizké koncentraci
vzorku. "H NMR (400 MHz, DMSO-d6): & 8.18 (s, 1H), 8.04 (d, J = 8.5 Hz, 1H), 7.93
(d, J = 8.5 Hz, 1H), 7.69-7.73 (m, 2H), 7.56-7.62 (m, 3H), 7.48 (d, J = 7.6 Hz, 2H),
7.35-7.41 (m, 6H), 5.45 (s, 2H, O-CH,), 5.28 (s, 2H, O-CH,); *C NMR (101 MHz,
DMSO-d6): & 152.0, 145.7, 142.5, 136.5, 136.3, 129.2, 128.8, 128.5, 128.4, 128.4,
128.3, 126.9, 123.8, 121.7 (Ar), 75.7 (O-CH,), 74.9 (O-CH;); ESI-HRMS C,sH,1N30,
[M+H]": teor. 432,1707; exp. 432,1707.

3,4-Bis(benzyloxy)-2-((1-methyl-1H-pyrazol-4-yl)ethynyl)chinolin (95).

Latka byla pfipravena metodou A jako svétle hnddy prasek, vytézek 46 %. '"H NMR
(400 MHz, CDCls): 6 8.05-8.10 (m, 2H), 7.64 (t, J = 6.6 Hz, 2H), 7.55-7.58 (m, 3H),
7.35-7.49 (m, 9H), 5.45 (s, 2H, O-CH>), 5.25 (s, 2H, O-CH,), 3.92 (s, 3H, N-CH3); *C
NMR (101 MHz, CDCls): & 153.3, 146.2, 143.0, 142.7, 142.2, 136.8, 136.7, 133.9,
129.4, 128.7, 128.7, 128.6, 128.5, 128.5, 128.4, 126.8, 124.4, 122.1 (Ar), 102.5 (C=C),
87.4 (C=C), 76.5 (O-CH,), 75.7 (O-CHy), 39.5 (N-CH3); ESI-HRMS C,9H3N;0,
[M+H]": teor. 446,1876; exp. 446,1875.

3,4-Bis(benzyloxy)-2-((1-methyl-1H-benzo[d]imidazol-2-yl)ethynyl)chinolin (96).

Latka byla pfipravena metodou B a izolovana ze smési hexan/diethyether ve formé
svétle hnédého prasku, vytézek 41 %. 'H NMR (400 MHz, DMSO-d6): 6 8.09 (d, J =
8.2 Hz, 1H), 8.02 (d, J = 8.7 Hz, 1H), 7.77 (t, J = 7.3 Hz, 2H), 7.60-7.66 (m, 4H), 7.52
(d, J = 7.8 Hz, 2H), 7.34-7.43 (m, 8H), 5.49 (s, 2H, O-CH,), 5.36 (s, 2H, O-CH,), 3.85
(s, 3H, N-CH;); >C NMR (101 MHz, DMSO-d6): & 152.4, 145.9, 143.4, 142.6, 139.7,
136.3, 136.1, 135.9, 134.9, 129.7, 128.8, 128.7, 128.6, 128.5, 128.4, 127.9, 124.5,
124.2, 123.0, 121.9, 119.7, 110.9 (Ar), 90.9 (C=C), 81.9 (C=C), 76.1 (O-CH»,), 75.1 (O-
CH,), 30.7 (N-CH3); ESI-HRMS C33HysN30, [M+H]': teor. 496,2020; exp. 496,2021.

3,4-Bis(benzyloxy)-2-(chinolin-3-ylethynyl)chinolin (97).

Latka byla ptipravena metodou B jako bily prasek, vytézek 49 %. '"H NMR (400 MHz,
DMSO-d6): 6 8.92 (d, J = 2.3 Hz, 1H, CH chinolin), 8.55 (d, / = 1.8 Hz, 1H, CH
chinolin), 8.08 (dd, J = 7.8, 4.6 Hz, 2H), 8.00-8.03 (m, 1H), 7.98 (s, 1H), 7.85-7.89 (m,
1H), 7.70-7.77 (m, 2H), 7.60-7.63 (m, 3H), 7.52 (d, J = 6.4 Hz, 2H), 7.36-7.43 (m, 6H),
5.50 (s, 2H, O-CHa), 5.36 (s, 2H, O-CH,); °C NMR (101 MHz, DMSO-d6): & 152.2,
151.3, 146.6, 145.8, 143.2, 140.7, 139.5, 136.6, 136.5, 131.1, 129.5, 128.9, 128.5,
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128.5, 128.4, 128.4, 128.2, 127.8, 127.5, 126.7, 124.2, 121.9, 115.4 (Ar), 90.1 (C=C),
89.3 (C=C), 76.0 (O-CHa), 75.0 (O-CH,); ESI-HRMS CisH2sN,0, [M+H]": teor.
493,1911; exp. 493,1915.

3,4-Bis(benzyloxy)-2-(pyrimidin-5-ylethynyl)chinolin (98).

Latka byla pfipravena metodou B jako oranzovy prasek, vytézek 29 %. '"H NMR (400
MHz, DMSO-d6): & 9.27 (s, 1H, CH pyrimidin), 8.95 (s, 2H, CH pyrimidin), 8.07 (d, J
= 7.8 Hz, 1H), 7.98 (d, J = 8.2 Hz, 1H), 7.75 (t, J = 7.6 Hz, 1H), 7.62 (t, J/ = 7.6 Hz,
1H), 7.50-7.56 (m, 4H), 7.35-7.42 (m, 6H), 5.49 (s, 2H, O-CH>), 5.32 (s, 2H, O-CH,);
C NMR (101 MHz, DMSO-d6): & 159.0 (CH pyrimidin), 157.5 (CH pyrimidin),
152.3, 145.7, 143.2, 140.2, 136.5, 136.4, 129.6, 128.6, 128.5, 128.5, 128.4, 127.7,
124.3, 121.9, 118.0 (Ar), 92.4 (C=C), 85.9 (C=C), 76.2 (O-CH,), 75.0 (O-CH,); ESI-
HRMS Cy9H,;N;0, [M+H]": teor. 444,1707; exp. 444,1707.

Obecny postup cyklizace alkyni s MSA pro derivaty 73-82.

K roztoku derivatu 6; 54-71 (50 mg; 1 ekv.) vdioxanu (0,5 mL) byla piiddna
methansulfonova kyselina (5 ekv.) a dest. H;O v poméru 1/2 (v/v). Reakéni smés byla
zahtivana pfi teploté 85-90 °C v tlakové ampuli do odreagovani vychozi latky (kontrola
dle LC-MS). Poté byla reakéni smés nafedéna dest. H,O (4 mL) s naslednou upravou
pH na 6-7 pomoci 10% NaOH. Vylou€ena srazenina byla odsata, promyta vodou a
vysu$ena. Ci§téni surového produktu bylo provedeno bud’ sloupcovou chromatografii,

nebo vymichanim v rozpoustédle popt. smési rozpoustédel, dle konkrétniho derivatu.

Sloucenina 81 byla pfipravena stejnym zptisobem, ale s ptidavkem 10 ekv. MSA.

Sloucenina 76 byla izolovdna jako smés methylesteru a kyseliny. Tato smés byla
hydrolyzovana s 2N NaOH (10 ekv.) v metanolu pfi RT po dobu 16 h. Po odpateni
metanolu byla pfidana H,O a suspenze byla okyselena pomoci 1IN HCI na pH 3-4.
Vznikla kyselina 76 byla izolovéna filtraci, promyta smési MeOH/H,O (1/1), vodou a

vysusena za vakua.
Furo[3,2-b]chinolin-9(4H)-on (73).

Cyklizaci slouceniny 6 vznikl produkt 73, ktery byl izolovan z chloroformu ve formé
oranzového pragku. Vytézek 60 %, t.t. 180-183 °C. '"H NMR (400 MHz, DMSO-d6): &
12.12 (s, 1H, N-H chinolon), 8.24 (d, J = 8.2 Hz, 1H), 8.14 (s, 1H), 7.55-7.65 (m, 2H),
7.26 (t, J = 7.3 Hz, 1H), 6.86 (s, 1H, CH furan); °C NMR (101 MHz, DMSO-d6): &
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164.0 (C=O chinolon), 149.9, 139.6, 137.9, 137.5, 131.3, 125.4, 124.5, 121.4, 117.9
(Ar), 102.3 (CH furan); ESI-HRMS C;;H;NO, [M+H]": teor. 186,0550; exp. 186,0551.

2-Fenylfuro[3,2-b]chinolin-9(4H)-on (74).

Cyklizaci slouceniny 54 vznikl produkt 74, ktery byl izolovan ze smési
DMF/diethylether ve formé svétle rizového prasku. Vytézek 85 %, t.t. 347-350 °C.
"H NMR (400 MHz, DMSO-d6): 6 12.25 (s, 1H, N-H chinolon), 8.30 (dd, J = 8.0, 1.1
Hz, 1H), 8.03 (dd, J = 8.2, 1.4 Hz, 2H), 7.61-7.69 (m, 2H), 7.54-7.58 (m, 2H), 7.47-
7.51 (m, 1H), 7.39 (s, 1H, CH furan), 7.28-7.32 (m, 1H); >C NMR (101 MHz, DMSO-
d6): & 163.5 (C=0 chinolon), 158.2, 139.6, 139.1, 137.1, 131.2, 130.0, 129.1, 128.9,
125.4, 124.9, 121.4, 117.8 (Ar), 97.2 (CH furan); ESI-HRMS C;7H,;NO, [M+H]": teor.
262,0863; exp. 262,0861.

2-(4-Methoxyfenyl)furo[3,2-b]chinolin-9(4H)-on (75).

Cyklizaci slouceniny 56 vznikl produkt 75, ktery byl izolovan ze smési
DMF/diethylether ve formé svétle zlutého prasku. Vytézek 87 %, t.t. 220-224 °C.
"H NMR (400 MHz, DMSO-d6): 6 12.17 (s, 1H, N-H chinolon), 8.28 (d, / = 8.2 Hz,
1H), 7.97 (d, J = 7.3 Hz, 2H), 7.66 (t, J = 6.6 Hz, 1H), 7.60 (d, J = 8.2 Hz, 1H), 7.29 (t,
J =17.6 Hz, 1H), 7.22 (s, 1H, CH furan), 7.12 (d, J = 8.7 Hz, 2H), 3.85 (s, 3H, O-CH3);
BC NMR (101 MHz, DMSO-d6): 8 163.2 (C-0), 160.7, 158.7, 139.5, 136.7, 131.1,
127.2, 125.4, 124.9, 121.4, 121.3, 117.8, 114.6 (Ar), 95.5 (CH furan), 55.4 (O-CH,);
ESI-HRMS C3H3NO3 [M+H]+: teor. 292,0968; exp. 292,0967.

4-(9-0x0-4,9-dihydrofuro[3,2-b]chinolin-2-yl)benzoova kyselina (76).

Cyklizaci slouceniny 57 s naslednou bazickou hydrolyzou vznikla kyselina 76 ve formé
svétle hnddého prasku. Vytszek 84 %, t.t. < 360 °C. '"H NMR (400 MHz, DMSO-d6): &
12.35 (s, 1H, N-H chinolon), 8.30 (d, J = 8.2 Hz, 1H), 8.15 (d, J = 8.2 Hz, 2H), 8.09 (d,
J = 8.2 Hz, 2H), 7.69 (t, J = 6.6 Hz, 1H), 7.64 (d, J = 7.3 Hz, 1H), 7.54 (s, IH, CH
furan), 7.32 (t, J = 8.0 Hz, 1H); °C NMR (101 MHz, DMSO-d6): § 166.7 (COOH),
163.8, 157.0, 139.8, 138.9, 137.5, 132.7, 131.5, 131.4, 130.0, 125.4, 125.4, 124.9,
121.5, 117.9 (Ar), 99.2 (CH furan); ESI-HRMS C;sH;;NO,4 [M+H]": teor. 306,0761;
exp. 306,0761.
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2-(Chinolin-3-yl)furo[3,2-b]chinolin-9(4H)-on (77).

Cyklizaci slouceniny 70 vznikl produkt 77, ktery byl izolovan ze smési
DMF/diethylether ve formé svétle hnédého prasku. Vytézek 92 %, tt. < 360 °C.
'H NMR (400 MHz, DMSO-d6): & 12.35 (s, 1H, N-H chinolon), 9.55 (d, J = 2.3 Hz,
1H, CH chinolin), 8.98 (s, 1H, CH chinolin), 8.32 (d, J = 8.2 Hz, 1H), 8.19 (d, J = 7.8
Hz, 1H), 8.09 (d, J = 8.2 Hz, 1H), 7.84 (t, J = 7.6 Hz, 1H), 7.63-7.72 (m, 4H), 7.32 (t, J
= 7.3 Hz, 1H); °C NMR (101 MHz, DMSO-d6): & 163.5, 155.7, 147.6, 139.7, 138.9,
137.6, 131.9, 131.4, 130.7, 128.9, 128.9, 127.6, 127.2, 125.4, 125.0, 122.3, 121.5, 117.9
(Ar), 98.9 (CH furan); ESI-HRMS Cy0H2N,0; [M+H]+: teor. 313,0972; exp. 313,0971.

2-(5-Acetylthiofen-2-yl)furo[3,2-b]chinolin-9(4H)-on (78).

Cyklizaci slouceniny 62 vznikl produkt 78, ktery byl izolovan ze smési DMF/EtOAc ve
formé svétle hnédého prasku. Vytézek 84 %, t.t. < 360 °C. 'H NMR (400 MHz,
DMSO-d6): 6 12.27 (s, 1H, N-H chinolon), 8.27 (d, J = 8.2 Hz, 1H), 8.02 (d, J = 4.1
Hz, 1H), 7.92 (d, J = 4.1 Hz, 1H), 7.67 (t, J = 8.5 Hz, 1H), 7.60 (d, J = 8.2 Hz, 1H),
7.43 (s, 1H, CH furan), 7.30 (t, J = 8.0 Hz, 1H), 2.58 (s, 3H, CHj acetyl); °C NMR
(101 MHz, DMSO-d6): 6 190.9 (C=0 acetyl), 163.7, 152.5, 144.9, 139.7, 138.7, 138.1,
137.2, 134.8, 131.5, 128.2, 125.4, 125.0, 121.6, 117.9 (Ar), 99.3 (CH furan), 26.3 (CH;
acetyl); ESI-HRMS C;7H; NOsS [M+H]+: teor. 310,0532; exp. 310,0532.

2-(Thiofen-2-yhHfuro[3,2-b]chinolin-9(4H)-on (79).

Cyklizaci slouc¢eniny 63 vznikl produkt 79, ktery byl izolovan sloupcovou
chromatografii (CHCIl;/MeOH/EtOAc 6/1/3) ve formé Zlutého prasku. Vytézek 85 %,
t.t. 340-341 °C. '"H NMR (400 MHz, DMSO-d6): & 12.17 (s, 1H, N-H chinolon), 8.28
(d, J = 7.9 Hz, 1H), 7.81-7.85 (m, 2H), 7.62-7.66 (m, 2H), 7.29 (q, J = 7.2 Hz, 2H),
7.18 (s, 1H, CH furan); >C NMR (101 MHz, DMSO-d6): § 163.2, 154.1, 139.6, 139.2,
136.5, 131.3, 131.2, 129.1, 128.8, 127.6, 125.4, 125.0, 121.5, 117.8 (Ar), 96.3 (CH
furan); ESI-HRMS C;sHoNO,S [M+H]": teor. 268,0427; exp. 268,0428.

2-(Selenofen-2-yl)furo[3,2-b]chinolin-9(4H)-on (80).

Cyklizaci slouc¢eniny 64 vznikl produkt 80, ktery byl izolovan sloupcovou
chromatografii (CHCl;/MeOH/EtOAc 6/1/3) ve formé Zlutého prasku. Vytézek 79 %,
t.t. 320-324 °C. '"H NMR (400 MHz, DMSO-d6): & 12.16 (s, 1H, N-H chinolon), 8.42
(d, J = 5.2 Hz, 1H), 8.28 (d, J/ = 7.9 Hz, 1H), 8.02 (d, J = 3.7 Hz, 1H), 7.59-7.68 (m,
2H), 7.47 (t, J = 4.6 Hz, 1H), 7.30 (t, J = 7.5 Hz, 1H), 7.19 (s, 1H, CH furan); >C NMR
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(101 MHz, DMSO-d6): & 163.2, 156.0, 139.5, 139.3, 136.6, 135.9, 135.3, 131.2, 130.9,
129.6, 125.3, 124.9, 121.4, 117.8 (Ar), 95.9 (CH furan); ESI-HRMS C;sH;NO,Se
[M+H]": teor. 315,9871; exp. 315,9869.

2-(1H-Imidazol-5-yl)furo[3,2-b]chinolin-9(4H)-on (81).

Cyklizaci slouceniny 66 vznikl produkt 81, ktery byl izolovan sloupcovou
chromatografii (CHCI;/MeOH/NH,OH 6/1/0,05) ve form¢ svétle zlutého prasku.
Vytszek 82 %, t.t. <360 °C. '"H NMR (400 MHz, DMSO-d6): & 12.11 (s, 1H, N-H
chinolon), 8.28 (d, J = 9.2 Hz, 1H), 7.88 (s, 1H, CH imidazol), 7.84 (s, 1H, CH
imidazol), 7.63-7.67 (m, 1H), 7.59 (d, J = 7.8 Hz, 1H), 7.29 (t, J = 7.8 Hz, 1H), 6.88 (s,
1H, CH furan); °C NMR (101 MHz, DMSO-d6): § 162.8, 156.2, 139.5, 139.4, 137.3,
131.4, 130.9, 128.0, 125.3, 125.0, 121.3, 117.7, 116.5 (Ar), 94.5 (CH furan); ESI-
HRMS C4HoN;0O, [M+H]+: teor. 252,0768; exp. 252,0767.

2-(1-Methyl-1H-pyrazol-5-yl)furo[3,2-b]chinolin-9(4H)-on (82).

Cyklizaci slouceniny 67 vznikl produkt 82, ktery byl izolovan sloupcovou
chromatografii (CHCl;/MeOH/EtOAc 6/1/3) ve formé Zlutého praSku. Vytézek 33 %,
t.t. 314-316 °C. '"H NMR (400 MHz, DMSO-d6): & 12.15 (s, 1H, N-H chinolon), 8.40
(s, 1H, CH pyrazol), 8.27 (d, J = 8.2 Hz, 1H), 8.05 (s, 1H, CH pyrazol), 7.58-7.66 (m,
2H), 7.28 (t, J = 8.1 Hz, 1H), 6.93 (s, 1H, CH furan), 3.93 (s, 3H, N-CH;); °C NMR
(101 MHz, DMSO-d6): 6 162.8, 154.1, 139.5, 139.4, 137.0, 136.0, 130.9, 129.6, 125.3,
124.9, 121.3, 117.7, 112.2 (Ar), 94.8 (CH furan); ESI-HRMS C;sH;;N;0, [M+H]":
teor. 266,0924; exp. 266,0922.

Obecny postup debenzylace s BCl; pro derivaty 99-102.

Vychozi alkyn derivat 83, 85, 89 nebo 95 (40 mg, 1 ekv.) byl rozpustén v suchém DCM
(1,6 mL) a vznikly roztok byl ochlazen na ledové 1azni na teplotu 0 - 5 °C. Poté byl ptes
septum stiikackou ptikapan 1M BCls/hexan (0,44 mL, 5 ekv.) a vznikla suspense byla
michana pfi RT po dobu 2 h. Reakce byla ukoncena ptidanim 3 mL dest. H,O spolecné
s 0,5 mL metanolu. Po odd¢€leni organické faze byla vodné faze extrahovana 2 x 3 mL
DCM. Spojené organické faze byly vysuseny MgSO,, zfiltrovany a odpatfeny na RVO.
Cisty produkt byl ziskian vymichanim ve smési rozpoustédél (uvedeno u kazdého

derivatu).
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Methyl 4-((3-hydroxy-4-oxo-1,4-dihydrochinolin-2-yl)ethynyl)benzoat (99).
Sloucenina byla pfipravena debenzylaci derivatu 85 a izolovéna ze smési DCM/hexan
ve formé hnédého prasku, vytézek 76 %. '"H NMR (400 MHz, DMSO-d6): & 11.97 (s,
1H, N-H chinolon), 8.11 (d, J = 8.2 Hz, 1H), 8.06 (d, J = 8.2 Hz, 2H), 7.77 (d, J = 8.0
Hz, 2H), 7.60 (t, J = 7.3 Hz, 1H), 7.55 (d, J = 8.5 Hz, 1H), 7.25 (t, J/ = 7.4 Hz, 1H),
3.89 (s, 3H, CHj ester); °C NMR (101 MHz, DMSO-d6): & 169.7 (C=O chinolon),
165.49 (C=0 ester), 144.1, 138.3, 131.7, 131.1, 130.1, 129.6, 125.7, 124.6, 122.3,
121.9, 117.8, 114.1 (Ar), 97.6 (C=C), 83.7 (C=C), 52.3 (CHj ester); ESI-HRMS
C19H3NOy4 [M+H]+: teor. 320,0917; exp. 320,0915.

3-Hydroxy-2-(fenylethynyl)chinolin-4(1H)-on (100).

Sloucenina byla pfipravena debenzylaci derivatu 83 a izolovana ze smési DCM/metanol
ve formé zlutého prasku, vytézek 43 %. 'H NMR (400 MHz, DMSO-d6): & 11.15 (s,
1H, N-H chinolon), 8.19 (t, J/ = 9.6 Hz, 2H), 7.69 (t, J = 7.8 Hz, 1H), 7.45 (t, J = 7.1
Hz, 2H), 7.36 (q, J = 7.3 Hz, 4H); °C NMR (101 MHz, DMSO-d6): § 169.6, 143.7,
138.2, 131.4, 131.0, 129.7, 128.9, 124.5, 122.2, 121.8, 121.1, 117.8, 114.7 (Ar), 98.7
(C=C), 80.9 (C=C); ESI-HRMS C7H;;NO, [M+H]": teor. 262,0863; exp. 262,0861.

3-Hydroxy-2-((2-nitrofenyl)ethynyl)chinolin-4(1H)-on (101).

Sloucenina byla ptipravena debenzylaci derivatu 89 a izolovana ze smési DCM/hexan
ve form& svétle hnédého prasku, vytdzek 52 %. 'H NMR (400 MHz, DMSO-d6): &
11.97 (s, 1H, N-H chinolon), 9.43 (s, 1H), 8.24 (d, / = 7.8 Hz, 1H), 8.11 (d, J = 8.2 Hz,
1H), 7.86-7.94 (m, 2H), 7.76 (t, J = 7.6 Hz, 1H), 7.56-7.61 (m, 2H), 7.25 (t, J = 7.1 Hz,
1H); °C NMR (101 MHz, DMSO-d6): & 170.3, 149.3, 145.0, 138.9, 135.4, 134.5,
131.8, 131.4, 125.5, 125.1, 122.9, 122.5, 1184, 116.4, 114.4 (Ar), 94.3 (C=C), 87.8
(C=C); ESI-HRMS C7H;(N,0,4 [M+H]": teor. 307,0713; exp. 307,0711.

3-Hydroxy-2-((1-methyl-1H-pyrazol-4-yl)ethynyl)chinolin-4(1H)-on (102).

Sloucenina byla ptipravena debenzylaci derivatu 95 a izolovana ze smési DCM/hexan
ve form& svétle hnédého prasku, vytdzek 52 %. 'H NMR (400 MHz, DMSO-d6): &
11.90 (s, 1H, N-H chinolon), 8.98 (s, 1H, CH pyrazol), 8.20 (s, 1H, CH pyrazol), 8.10
(d, J = 8.0 Hz, 1H), 7.79 (s, 1H), 7.52-7.59 (m, 2H), 7.21-7.25 (m, 1H), 3.90 (s, 3H, N-
CHs); °C NMR (101 MHz, DMSO-d6): & 169.5, 143.1, 141.3, 138.1, 134.3, 130.8,
124.5, 122.2, 121.6, 117.7, 115.4, 100.5 (Ar), 91.5 (C=C), 81.1 (C=C); ESI-HRMS
Ci5H; N30, [M+H]': teor. 266,0924; exp. 266,0924.
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Methyl 4-(2-(3-hydroxy-4-oxo-1,4-dihydrochinolin-2-yl)ethyl)benzoat (103).

K suspenzi vychozi latky 85 (10 mg; 0,02 mmol; 1 ekv.) v 2-methoxyethanolu (0,2 mL)
bylo pfiddno 5% Pd/C (10 hm. %) a reakéni aparatura byla opatfena balonkem s
vodikem. Reakce probihala po dobu 1 h pii RT (kontrola dle LC-MS). Po odstranéni
balonku s vodikem byla reakéni smés profoukana dusikem, nafedéna metanolem,
zfiltrovdna ptes skelny filtr a ziskany filtrat byl odpafen na RVO. Po lyofilizaci byl
ziskan produkt ve formé Zlutého prasku s vytézkem 78 %. '"H NMR (400 MHz, DMSO-
d6): & 11.50 (s, 1H, N-H chinolon), 8.09 (d, J = 7.8 Hz, 1H), 7.89 (d, J = 8.2 Hz, 2H),
7.53 (q, J = 8.2 Hz, 2H), 7.40 (d, J = 8.2 Hz, 2H), 7.22 (t, J = 8.0 Hz, 1H), 3.83 (s, 3H,
CHj ester), 3.06 (s, 4H, -CH,-CH,-); °C NMR (101 MHz, DMSO-d6): & 169.1 (C=0
chinolon), 166.1 (C=0 ester), 146.5, 138.0, 137.3, 134.0, 130.1, 129.3, 128.6, 127.5,
124.5, 122.2, 121.5, 117.7 (Ar), 52.0 (CH3 ester), 33.3 (-CHy-), 29.6 (-CH;-); ESI-
HRMS C9H{7NO4 [M+H]+: teor. 324,1230; exp. 324,1230.

Obecny postup debenzylace s Pearlmanovym katalyzatorem pro derivaty 104-113.

Ke 2% roztoku vychozi latky (86, 94a, 95, 96, 97, 98) v 2-methoxyethanolu byl pfi
teploté 80 °C ptidan 20% Pd(OH),/C (~ 25 hm. %). Aparatura byla opatfena balonkem
s vodikem a reakce probihala pii téZe teploté¢ po dobu 3-72 h, dle konkrétniho derivatu.
Poté byla aparatura probublana dusikem, reakéni smés zfiltrovana za horka pies skelny
filtr a ziskany filtrat byl odpafen na RVO. U né&kterych produktli bylo nutné provést

docisténi vymichanim s rozpoustédlem (uvedeno u kazdého derivatu).
3-Hydroxy-2-(4-methoxyfenethyl)chinolin-4(1H)-on (104).

Latka byla pfipravena debenzylaci slouCeniny 86 jako Zluty prasek, vytézek 80 %.
"H NMR (400 MHz, DMSO-d6): 6 11.47 (s, 1H, N-H chinolon), 8.10 (d, / = 7.8 Hz,
1H), 7.54 (t, J = 2.7 Hz, 2H), 7.20-7.24 (m, 1H), 7.17 (d, J = 8.7 Hz, 2H), 6.85 (d, J =
8.7 Hz, 2H), 3.71 (s, 3H, O-CHj), 2.89-3.01 (m, 4H, -CH,-CH,-); *C NMR (101 MHz,
DMSO-d6): & 168.9, 157.6, 137.9, 137.3, 134.6, 132.7, 130.0, 129.1, 124.5, 122.2,
121.5, 117.7, 113.8 (Ar), 54.9 (O-CHs), 32.6 (-CH,-), 30.4 (-CH;-); ESI-HRMS
Ci1sH17NO;3 [M+H]+: teor. 296,1281; exp. 296,1279.

3-Hydroxy-2-(2-(pyrimidin-5-yl)ethyl)chinolin-4(1H)-on (105).

Latka byla pfipravena debenzylaci sloueniny 98 jako hnédy prasek, vytézek 92 %.
'HNMR (400 MHz, DMSO-d6): & 11.51 (s, 1H, N-H chinolon), 9.01 (s, 1H, CH
pyrimidin), 8.62 (s, 2H, CH pyrimidin), 8.08 (d, J = 8.2 Hz, 1H), 7.48-7.54 (m, 2H),
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7.22 (t,J = 8.0 Hz, 1H); *C NMR (101 MHz, DMSO-d6): & 169.0, 156.6, 156.5, 138.1,
137.4, 136.0, 133.8, 133.4, 130.1, 124.5, 122.2, 121.6, 117.8 (Ar), 28.9 (-CH,-), 27.7 (-
CH,-); ESI-HRMS C;sH;3N;0, [M+H]'": teor. 268,1081; exp. 268,1083.

3-Hydroxy-2-(2-(chinolin-3-yl)ethyl)chinolin-4(1H)-on (106).

Latka byla pfipravena debenzylaci slouceniny 97 a izolovana z DMSO a metanolu ve
formé hn&dého prasku, vytdzek 65 %. '"H NMR (400 MHz, DMSO-d6): § 11.51 (s, 1H,
N-H chinolon), 8.79 (d, J = 2.1 Hz, 1H, CH chinolin), 8.18 (s, 1H, CH chinolin), 8.10
(d, J = 8.0 Hz, 1H), 7.98 (d, J = 8.5 Hz, 1H), 7.91 (d, J = 8.2 Hz, 1H), 7.68-7.71 (m,
1H), 7.49-7.59 (m, 3H), 7.20-7.24 (m, 1H), 3.14-3.24 (m, 4H, -CH,-CH>-); >C NMR
(101 MHz, DMSO-d6): 6 169.0, 151.6, 146.3, 138.1, 137.3, 134.0, 133.9, 133.6, 130.1,
128.8, 128.6, 127.6, 126.6, 124.5, 122.3, 121.6, 117.7 (Ar), 30.6 (-CH,-), 29.5 (-CH;-);
ESI-HRMS C,0H,N,O, [M+H]+: teor. 317,1285; exp. 317,1284.

3-Hydroxy-2-(2-(1-methyl-1H-benzo[d]imidazol-2-yl)ethyl)chinolin-4(1H)-on (107).

Latka byla pfipravena debenzylaci slouceniny 96 jako hnédy prasek, vytézek 99 %.
"H NMR (400 MHz, DMSO-d6): 6 11.72 (s, 1H, N-H chinolon), 8.11 (d, / = 7.8 Hz,
1H), 7.61 (d, J = 6.9 Hz, 1H), 7.53-7.55 (m, 3H), 7.18-7.26 (m, 3H), 3.78 (s, 3H, N-
CHs3), 3.30 (s, 4H, -CH,-CH,-); °C NMR (101 MHz, DMSO-d6): § 169.1, 153.9, 141.0,
138.0, 137.4, 135.6, 134.1, 130.1, 124.5, 122.4, 121.9, 121.6, 118.0, 117.8, 110.0 (Ar),
29.6 (N-CH3), 25.9 (-CH»-), 25.2 (-CHy-); ESI-HRMS C;9H7N3;0, [M+H]": teor.
320,1394; exp. 320,1394.

2-(2-(1H-imidazol-4-yl)ethyl)-3-hydroxychinolin-4(1H)-on (108).

Latka byla pfipravena debenzylaci sloueniny 94a jako hnédy prasek, vytézek 99 %.
"H NMR (400 MHz, DMSO-d6): 6 11.65 (s, 1H, N-H chinolon), 8.10 (d, / = 8.0 Hz,
1H), 7.58 (d, J = 1.1 Hz, 1H), 7.53-7.54 (m, 2H), 7.19-7.23 (m, 1H), 6.84 (s, 1H), 3.03-
3.07 (m, 2H, -CH,-), 2.90-2.94 (m, 2H, -CH,-); >*C NMR (101 MHz, DMSO-d6): &
169.0, 137.9, 137.4, 136.5, 134.9, 134.6, 130.0, 124.5, 122.2, 121.5, 117.8, 115.3 (Ar),
28.1 (-CH,-), 25.4 (-CH,-); ESI-HRMS C4H;3N;0, [M+H]": teor. 256,1081; exp.
256,1079.

3-Hydroxy-2-(2-(1-methyl-1H-pyrazol-4-yl)ethyl)chinolin-4(1H)-on (109).

Latka byla pfipravena debenzylaci slouceniny 95 jako svétle hnédy prasek, vytézek

99 %. 'H NMR (400 MHz, DMSO-d6): & 11.47 (s, 1H, N-H chinolon), 8.10 (d, J = 8.2
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Hz, 1H), 7.54 (d, J = 3.2 Hz, 2H), 7.50 (s, 1H), 7.22 (td, J = 8.0, 3.8 Hz, 2H), 3.76 (s,
3H, N-CH3), 2.97 (t, J = 8.0 Hz, 2H, -CH>-), 2.80-2.83 (m, 2H, -CH,-); >C NMR (101
MHz, DMSO-d6): 6 169.0, 137.9, 137.6, 137.3, 134.6, 130.0, 128.6, 124.5, 122.2,
121.5, 119.4, 117.8 (Ar), 38.3 (N-CHs), 29.6 (-CH,-), 22.3 (-CH;-); ESI-HRMS
Ci5H5N30, [M+H]+: teor. 270,1237; exp. 270,1238.
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Abstract

Compounds bearing [1,3]dioxolo-quinoline scaffolds have been found in
quinoline-based natural products; the only exception is the [1,3]dioxolo[4,5-c]
quinoline moiety with a rare occurrence in both natural and synthetic deriva-
tives. In this article, we report the preparation of diversely substituted and
functionalized [1,3]dioxolo[4,5-c]quinolines using [1,3]dioxolo[4,5-c]quinoline-
4-carbaldehyde (DQC) as the common intermediate. DQC was synthesized on
a large scale from anthranilic acid and chloroacetone as the starting materials,
with the rearrangement of acetonyl-anthranilate as the key step. The devel-
oped method allows for the simple preparation of [1,3]dioxolo[4,5-c]quinolines
with various C2 substituents on the quinoline scaffold. Additionally, the syn-
thetic route was successfully applied to the preparation of 3-hydroxyquinoline-
4(1H)-ones. The target compounds were tested against representative Gram-
positive/negative bacteria, and two derivatives exhibited submicromolar mini-

mum inhibitory concentrations against Micrococcus luteus.

quinoline alkaloids contain the cyclic methylenedioxy
moiety, which results in [1,3]dioxolo-quinolines.

Synthetic derivatives with the molecular framework
resembling the structure of natural compounds are
important derivatives in the field of drug discovery.!)
The main scaffolds of natural products have been fre-
quently used as templates for the design of ligands to
either improve their affinity for biological targets or to
modify their pharmacological properties. In the field of
natural products, an important and large group of com-
pounds with diverse biological effects are the quinoline
alkaloids.!*3! These compounds are typically simple quin-
oline derivatives that possess alkoxy groups in different
positions on the main scaffold. 4l Apart from the most
commonly occurring methoxy groups, specific types of

Depending on the mutual annellation of dioxole and
quinoline rings, these heterocycles can be classified as
[1,3]dioxolo[4,5-b]quinolines I, [1,3]dioxolo[4,5-c]quino-
lines II, [1,3]dioxolo[4,5-f]quinolines III, [1,3]dioxolo
[4,5-g]quinolines IV, and [1,3]dioxolo[4,5-h]quinolines
V (Figure 1). Within the group of quinoline alkaloids,
derivatives based on [1,3]dioxolo-quinolines I, III, IV,
and V have already been reported. The most frequently
studied types of these compounds are [1,3]dioxolo[4,5-g]
quinolines IV and [1,3]dioxolo[4,5-h]quinolines V, with
the group of Orixa japonica alkaloids and furoquinolones
being the best-known representatives. Similarly, syn-
thetic compounds derived from IV have been widely

J Heterocyclic Chem. 2020;1-11.
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reported in the literature.">">*! In contrast, the [1,3]dio-
xolo[4,5-c]quinolines II have not been isolated from nat-
ural sources, and the synthetic derivatives of such
heterocycles are an unexplored group of compounds,
undoubtedly due to the problematic synthetic availability
of the [1,3]dioxolo[4,5-c]quinoline scaffold. Inspired by
this fact, we decided to develop a simple approach to
[1,3]dioxolo[4,5-c]quinolines with variable substitution
on the quinoline scaffold. With respect to the large num-
ber of antibacterial and antitumor quinoline derivatives
reported to date, the activity of the synthesized com-
pounds against representative bacterial strains was eluci-
dated, and the most promising results are reported in this
article.

2 | RESULTS AND DISCUSSION

Synthesis of the key intermediate began from anthranilic
acid 1 (Scheme 1). After alkylation with chloroacetone 2,
the resulting 2-oxopropyl 2-aminobenzoate 3 was sub-
jected to rearrangement in boiling N-methylpyrrolidin-
2-one,*®  and  3-hydroxy-2-methylquinolin-4(1H)-one

Natural source

laurifolia (ref.6)
paulo-alvinii (ref.7)

corniculata (ref.8)

Properties FIGURE 1 Isomeric [1,3]dioxolo-
quinolines, examples of related alkaloids and
their reported biological properties™®'# [Color

Nematicidal figure can be viewed at wileyonlinelibrary.com]
(ref.9)

not reported

Anticancer
(ref.10)

Antiplasmodial
(ref.12)
Cytotoxic
(ref.13)

Orixa Japonica  Antibacterial

(ref.15)
DMF NMP
COOH cl K2C03 /\g/ reflux ©\)i
Cl, L EI
1 385% 470 %
CH,Br, O’\O Se0,, THF O~\O
DMF, reflux BN reflux m/
_— —_— o
N7 NANE
570 % 660 %
DQC
SCHEME 1 Preparation of the key intermediates 5 and 6

4 was obtained. Alkylation with dibromomethane yielded
4-methyl-[1,3]dioxolo[4,5-c]quinoline 5, which was fur-
ther oxidized using selenium dioxide to [1,3]dioxolo
[4,5-c]quinoline-4-carbaldehyde 6 (DQC). The developed
conditions were successfully used to synthesize the key
intermediates in good yields that were scaled up to 50 g
(compound 5) and 10 g (compound 6).

To demonstrate the applicability of DQC for structural
diversification wusing nucleophiles, compound 6 was
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subjected to reductive alkylation with 1-methylpiperazine,
to condensation with hydrazine hydrate or to Corey-Fuchs
reaction with dibromomethane/triphenylphosphine,'?”
which yielded the corresponding products 7-9 (Scheme 2).
Furthermore, the reduction of DQC with sodium borohy-
dride afforded primary alcohol 10, and the reaction of DQC
with the Ohira-Bestmann reagent gave alkyne derivative 11
which can be further applied in the conjugation with
azides.”® 1t is worth mentioning that except for DQC 6,
compounds 9-11 with reactive functionalities represent use-
ful intermediates to prepare other derivatives of [1,3]dioxolo
[4,5-c]quinoline based on, for example, acylation or cycload-
dition reactions. Finally, intermediate 6 was successfully
hydrolyzed with hydrochloric acid to 3-hydroxyquinolin-4
(1H)-one derivative 12 (see the wider application of this
reaction later in the text). Not only DQC 6, but also
4-methyl-[1,3]dioxolo[4,5-c]quinoline 5 can be considered
as the reactive compound suitable for further modification
of the [1,3]dioxolo[4,5-c]quinoline scaffold in the C2 posi-
tion. To demonstrate the reactivity of picoline-like methyl
group toward electrophiles, compound 5 was subjected to

1-methyl piperazine
NaBH3;CN

MeOH, AcOH O/\
7 55%
hydrazine
hydrate OI\O
pyridine, rt N
N~ N\NHQ
879%
CBry/PPhg Ojo
DCM, rt N Br
~
N Br
957%
O'\O NaBH, 0\
X MeOH, 5°C AN o
Ny | N7 ~-OH
6 Ohira-Bestmann 10 80%
reagent
K2003 O——\
MeOH, rt O
L VeVrL o X
~
N A
11 80%
H,0, HCI
reflux )
OH
N L0
H
12 75%
SCHEME 2 Reaction of DQC 6 with nucleophiles

WILEY_L_®

reaction with butyllithium followed by addition of represen-
tative aldehydes (Scheme 3). In each case, the
corresponding secondary alcohols 13a-f were obtained.
Compounds 13 were further reacted with methanesulfonyl
chloride in pyridine which yielded 2-styryl-[1,3]dioxolo
[4,5-c]quinolines 14a-d. Derivatives bearing cyclopentyl
(13c) or 3-thienyl (13e) moiety gave after reaction with
MsCl/pyridine a mixture of unknown compounds with
traces of product. In the case of t-butylaldehyde and
pyridine-3-carbaldehyde, alcohols 13a and 13d were not iso-
lated but directly converted to styryl derivatives 14a, 14c
respectively. The smooth hydrolysis of the [1,3]dioxolo
[4,5-c]quinoline scaffold (see compound 12 in Scheme 2)
indicated further applicability of the developed procedures
in the field of 3-hydroxyquinolin-4(1H)-ones (3HQs).
2-Aryl-3HQs have been recently intensively studied as flavo-
nol analogues, and their significant fluorescent and cyto-
toxic properties have been reported.!>>-?

It was proven that 2-aryl-3HQs interact with the elonga-
tion factor in the gamendazole binding site and that the
3-hydroxy-4-oxo moiety is directly involved in the structure
of the pharmacophore.'**! On the other hand, 3HQs gener-
ally suffer from very low solubility resulting from an inter-
molecular hydrogen bond mediated by the 3-hydroxy
group.*?! The limited solubility of 3HQs results in problem-
atic bioavailability, and two different approaches (micellar
dispersion and liposomal solubilization) have previously
been suggested to overcome this problem.**3! In this
regard, 2-aryl-[1,3]dioxolo[4,5-c]quinolines may serve as
suitable prodrugs with better solubility and better ability to
release the parent 3HQ after administration in vivo. Obvi-
ously, 2-aryl-[1,3]dioxolo[4,5-c]quinolines are not accessible
from intermediates 5 or 6, but the set of dioxolo-quinolines
was prepared from the corresponding 3HQs (15a-e), which

were pre-synthesized wusing previously published
O\  Buli, THF 0o\
S (106 0
i XY OH
Z R'CHO Z
N
THF, -78°C N R
5 then NH,CI 13a-f 56-94%
R= (B MsClI
a = r-bu . ge
b R = Cyclopropyl pyridine, rt
¢ R = Cyclopentyl
d R = 3-Pyridyl 0\
e R=3-Thienyl P
f R =2-Selenyl B
N R
14a,b,d,f 33-58%
SCHEME 3 Reaction of intermediate 5 with aldehydes
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procedures.**3® The formation of 2-aryl-[1,3]dioxolo[4,5-c]
quinolines from 2-aryl-3HQs (Scheme 4) was applicable to a
broad range of starting 2-aryl-3HQs; dichloroacetic acid and
dichloroacetamide were also used to cyclize the dioxole
scaffold to provide 16f and 16g (see structures in experimen-
tal section). To our delight, the solubility of compounds 16
compared to 3HQs 15 was significantly higher, and their
hydrolysis with hydrochloric acid smoothly afforded the
corresponding 2-aryl-3HQs. Similarly, hydrolysis of repre-
sentative 2-styryl-[1,3]dioxolo[4,5-c]quinolone 14a yielded
the corresponding 2-styryl-3HQ 17.

The prepared [1,3]dioxolo[4,5-c]quinolines were tested
for their antibiotic activity against representative Gram-
positive (Bacillus subtilis, ATCC 6633; Micrococcus luteus,
ATCC 10240; Mycobacterium vaccae, DSM 43514; Staphylo-
coccus aureus, CCM 2524), and Gram-negative (Pseudomo-
nas aeruginosa, CCM 3955; Escherichia coli, CCM 3954)
bacteria using the agar diffusion assay.*” (E)-4-styryl-[1,3]
dioxolo[4,5-c|quinoline 16b and (E)-4-(3,3-dimethylbut-
1-en-1-yl)-[1,3]dioxolo[4,5-c]quinoline 14a displayed notice-
able antibacterial activities against M. luteus when tested at
2mM, as indicated by the large inhibition zones (dia-
meter > 20 mm). These derivatives were subjected to a fur-
ther assay™® to determine their minimum inhibitory
concentration (MIC). The MIC value against M. luteus was
0.2 pmol/L for both compounds, reaching the MIC of the
control compound (ciprofloxacin, 0.26 pmol/L). In contrast,
(E)-3-hydroxy-2-styrylquinolin-4(1H)-one 15b (as the hydro-
lytic 3HQ analogue of 16b) exhibited an order of magnitude
higher MIC (3.13 pmol/L) against the same bacteria, which
indicates the positive influence of the [1,3]dioxolo[4,5-c]
quinoline scaffold on the resulting antibacterial activity.
The other tested compounds were inactive.

CH,Br,/K,CO4
DMF, rt

N- R
4 U o
15 16 a-€ 59-78%

HCI/H,0
reflux

a R = Phenyl

b R = (E)-p—Styryl

€ R = 2-Thienyl

d R = 2-Furyl

e R = 2-Selenyl

SCHEME 4 Conversion of [1,3]dioxolo[4,5-c]quinolines to
3HQs and vice versa [Color figure can be viewed at
wileyonlinelibrary.com]

3 | CONCLUSION
4-Methyl-[1,3]dioxolo[4,5-c]quinoline and [1,3]dioxolo
[4,5-c]quinoline-4-carbaldehyde can be simply synthe-
sized on a multigram scale from anthranilic acid and
used as the key intermediates to access diverse [1,3]dio-
xolo[4,5-c]quinolines. These heterocycles resemble the
structure of well-known quinoline alkaloids but have not
been studied to date. The developed approach allows for
the simple preparation of target compounds with variable
C2 substitutions, and further modification of the quino-
line moiety at the C5-8 positions is available in the case
of variously substituted anthranilic acids. The biological
potential of [1,3]dioxolo[4,5-c]quinolines was demon-
strated by an antibacterial assay in which two com-
pounds inhibited M. luteus with MIC values equal to
ciprofloxacin. The [1,3]dioxolo[4,5-c]quinoline scaffold
was readily hydrolyzed to the 3-hydroxyquinolin-4(1H)-
one moiety, and for this reason, compounds 5 and 6 can
be used as starting materials to prepare 3HQs that are
not accessible by traditional methods based on anthrani-
late rearrangement.**! Additionally, 2-aryl-[1,3]dioxolo
[4,5-c]quinolines might be used as prodrugs of the cyto-
toxic 3-hydroxyquinolin-4(1H)-ones to overcome their
solubility problems.

4 | EXPERIMENTAL SECTION

41 | General information

Reactions were monitored by thin layer chromatography
(TLC) Merck Kieselgel 60F254. Compounds were visual-
ized under UV light (254 nm). Column chromatography
was performed on silica gel (VWR, 40-63 mesh). The
purity of all compounds was determined by LC/MS
(Waters 2695) with PDA detector (Waters, Milford, Mas-
sachusetts) and quadrupole mass spectrometer (hybrid
Q-TOF micro mass spectrometer) using electrospray ioni-
zation ESI (Waters MS Technologies, Manchester, United
Kingdom). Liquid chromatography was carried out using
C18 reversed-phase column. Elution was by 0.01 M
ammonium acetate (A) and acetonitrile/water (90/10)
(B) with a linear gradient (0.6 mL/min). 1H and 13C
NMR spectra were measured on Jeol ECA400II
(400 MHz) at 23°C and reported in ppm. NMR spectra
were recorded in CDCI® or DMSO-dg as a solvent. The
1H and 13C chemical shifts were referenced to the cen-
tral signal of the solvent: CDCl; (d = 7.26 (1H), d = 77.0
(13C)); and DMSO-dg (d = 2.50 (1H) and d = 39.43
(13C)). Assignments were made with the aid of APT,
HMQC, HMBC experiments. HPLC-HRMS analyses were
performed on reverse phase gradient using
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DionexUltimate 3000; column Phenomenex Gemini,
50 X 2,00 mm, 3 pm particles C,g; 80% acetonitrile and
20% buffer (0.01 M ammonium acetate) as mobile phase;
wavelength 4 254 nm. High resolution mass determina-
tion was performed by ESI MS on a Fischer Sciencetific
Exactive Plus Orbitrap mass spectrometer operating in
positive and negative mode.

4.2 | Experimental procedures
Ohira-Bestmann reagent (dimethyl 1-[1-diazo-
2-oxopropyl]phosphonate): Into a suspension of NaH
(263 mg, 6.6 mmol, 60% disp. in mineral oil) in dry THF
(16 mL), dimethyl-2-oxopropylphosphonate (1.00 mL,
6 mmol) was added dropwise at 0°C to 4°C. Reaction was
kept at 0°C for 1 hour, then p-TsN; (2.6 g 50% solution in
toluene, 6.6 mmol) was added and the reaction mixture
was stirred at the same temperature for 30 minutes. Sol-
vents were evaporated in vacuo and the crude product
was purified by column chromatography (petrolether/
EtOAc 1/1 — EtOAc).

4.2.1 | 2-Oxopropyl 2-aminobenzoate (3)

Compound 3 was prepared according to the literature!?*)
in 78% yield. '"H-NMR (400 MHz, DMSO-d) & 7.75 (d,
J =99 Hz, 1H), 7.27 (t, J = 8.6 Hz, 1H), 6.78 (d,
J = 8.3 Hz, 1H), 6.62 (s, 2H), 6.55 (t, J = 8.0 Hz, 1H), 4.93
(s, 2H), 2.14 (s, 3H). *C-NMR (101 MHz, DMSO-D6) &
202.3, 166.6, 151.5, 134.4, 130.8, 116.6, 114.8, 108.1,
68.2, 25.9.

4.2.2 | 3-Hydroxy-2-methylquinolin-4
(1H)-one (4)

Compound 4 was prepared according to the literature!2*)
in 70% yield. 'H-NMR (400 MHz, DMSO-dg) & 11.54 (s,
1H), 8.10 (d, J = 7.8 Hz, 1H), 7.49-7.55 (m, 2H), 7.21 (t,
J = 8.0 Hz, 1H), 2.38 (s, 3H). *C-NMR (101 MHz,
DMSO-D6) & 168.6, 138.1, 137.2, 131.7, 129.9, 124.5,
122.3,121.5, 117.6, 14.1.

4.23 | 4-Methyl[1,3]dioxolo[4,5-c]
quinoline (5)

To a 2000 mL round bottom flask with a thermometer,
magnetic stirrer and reflux condenser, compound
4 (74.1 g, 0.42mol), DMF (740 mL), K,CO; (2054 g,
1.49 mol) and CH,Br, (71.5 mL, 1.03mol) were
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successively added. Reaction mixture was heated at
120°C for 75 minutes under the nitrogen atmosphere.
After cooling to room temperature, the volume was
reduced to 500 mL, the precipitated material was col-
lected by filtration and washed with DMF. The filtrate
was poured into 3000 mL of ice-cold water and after
30 minutes of stirring, the crude product was filtered,
washed with water, and dried under vacuum. Crude
product was purified by crystallization from cyclohexane
to give crystalline solid in 66% yield (52 g).

'"H-NMR (400 MHz, DMSO-ds) & 7,88(1H, td; 8,5; 0,9)
(7); 7,77(1H, ddd, J = 8,2; 1,5; 0,7 Hz)(4); 7,58(1H,ddd,
J=8.5; 6,8; 1,6 Hz)(6); 7,49 (1H, ddd; J = 8,1; 6,9; 1,2)(5);
6,35 (2H,s)(11); 2,54(3H,s)(10). '*C-NMR (101 MHz
DMSO-D6) & 147,6(3); 144,5(8); 142,9(1); 139,3(2); 128,5
(7); 127,6(6); 125,7(5); 119,6(4); 114,7(9); 103,0(11); 19,0
(10). HRMS: calcd for C;;HgNO, (M + H): m/z 188.0667;
found: m/z 188.0668.

4.2.4 | [1,3]Dioxolo[4,5-c]quinoline-
4-carbaldehyde (6)

Into a solution of 5 (15.0 g, 80 mmol) in THF (150 mL),
SeO, (13.3 g, 120 mmol) was added and the resulting sus-
pension was heated to reflux for 3 hours. After cooling,
the reaction mixture was evaporated to dryness and the
residual material was dissolved in warm DCM (150 mL).
DCM solution was extracted with 3 X 100 mL of diluted
HCI (water/HCI 4/1). The combined aqueous layers were
filtrated with charcoal (750 mg) and neutralized at 10°C
with 40% NaOH solution to pH 8-8.5. Obtained yellow
precipitate was filtered, washed with water and dried
under vacuum. Aldehyde 6 was prepared in 60% yield
(9.7 g) and used in further reactions without purification.

'H-NMR (400 MHz, DMSO-ds) & 10,09(1H, s)(10);
8,08 (1H,ddd, J = 8,6; 1,6; 0,8 Hz)(7); 7,88(1H, ddd,
J = 8,0; 1,6; 0,8 Hz)(4); 7,73(1H,dt, J = 7,6; 1,7 Hz)(6);
7,68 (1H, dt; 7,5; 1,3)(5); 6,51 (2H,s)(11). 13C-NMR
(101 MHz DMSO-dg) 6 191,6(10); 151,5(3); 144,5(8); 140,1
(2); 136,8(1); 129,9(7); 129,2(6); 129,0(5); 120,0(4); 116,2
(9); 104,9(11). HRMS: calcd for C;;H,NO; (M + H): m/z
202.0449; found: m/z 202.0449.

4.2.5 | 4-[(4-Methylpiperazin-1-yl)
methyl][1,3]dioxolo[4,5-c]quinoline (7)

Into a solution of N-methylpiperazine (0.6 g, 6 mmol)
and aldehyde 6 (1 g, 5 mmol) in methanol (50 mL), gla-
cial acetic acid (0.42 mL, 6 mmol) was added. After stir-
ring at rt for 1 hour, the reaction mixture was cooled at
10°C and NaBH;CN (1.6 g, 25 mmol) was added in
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10 portions over 1 hour period. Temperature spontane-
ously raised to rt. Methanol was evaporated, the residual
material was diluted with water (15 mL) and extracted
with EtOAc (2 x 25 mL). Combined organic layers were
extracted with 5% HCl (2 x 15mL) and 1 x 15 mL of
water, alkalized to pH ~12 with 40% NaOH and extracted
with EtOAc (2 x 25 mL). Organic layers were washed
with brine (1 X 15 mL) dried over Na,SO, and evapo-
rated. Oily residue was crystallized from cyclohexane to
yield crystalline compound 7 in 56% yield (0.8 g).

'H-NMR (400 MHz, DMSO-dg) & 7.94 (1H, d,
J = 8.3 Hz)(7), 7.80 (1H, dd, J = 8.3, 1.6 Hz)(4), 7.61 (1H,
dt, J = 8.0, 1.6 Hz)(6), 7.53 (1H, ddd, J = 7.8, 7.3, 1.0 Hz)
(5), 6.37 (2H,s)(16), 3.71 (2H, s)(10), 2.50(4H, brs)(11
+ 14), 2.28 (4H, brs)(12 + 13), 2.12 (3H, s)(15). *C-NMR
(101 MHz, DMSO-dg) 8 148.4(3), 144.3(8), 142.6(1), 140.0
(2), 129.0(7), 127.7(6), 126.3(5), 119.6(4), 115.0(9), 103.1
(16), 59.2(10), 54.5(12 + 13), 52.7(11 + 14), 45.6(15).
HRMS: caled for C;H19N3;O0, (M + H): m/z 286.1550;
found: m/z 286.1548.

4.2.6 | 4-[(E)-Hydrazinylidenemethyl]
[1,3]dioxolo[4,5-c]quinoline (8)

Into a solution of 6 (2 g, 10 mmol) in pyridine (20 mL),
NH,NH,-H20 (1 mL) was added. Reaction mixture was
stirred at rt for 6 hours, then diluted with water to vol-
ume of 200 mL and stirred overnight. Obtained precipi-
tate was filtered, washed with water and dried under
vacuum to provide pink solid in 79% yield (1.7 g). Product
was crystallized from ethanol.

"H-NMR (400 MHz, DMSO-ds) & 7.87-7.85 (2H, m)(7
+10), 7.74 (1H, ddd, J = 8.3, 1.3, 0,5 Hz)(4), 7.59-7,55
(3H, m)(6, NH2), 7.46 (1H, t, J = 8.0 Hz)(5), 6.35 (2H, s)
(11). *C-NMR (101 MHz, DMSO-dy) & 148.6(3), 144.4(8),
141.1(1), 137.6(2), 135.2(10), 128.4(7), 127.8(6), 125.7(5),
119.5(4), 114.5(9), 103.0(11). HRMS: calcd for C,;HgN,O;
(M + H): m/z 216.0768; found: m/z 216.0769.

4.2.7 | 4-(2,2-Dibromovinyl)-[1,3]dioxolo
[4,5-c]quinoline (9)

PPh; (1.02 g, 3.89 mmol, 4 equiv.) was added to a solu-
tion of CBr, (0.66 g, 1.99 mmol, 2 equiv.) in dry CH,CI,
(3 mL) at 0°C. At the same temperature, aldehyde (0.2 g,
0.995 mmol, 1 equiv.) was dissolved in dry CH,CI,
(5.8 mL) and the resulting solution was added dropwise
into the reaction mixture. The mixture was warmed to
room temperature and stirred for 50 minutes (TLC
petrolether/EtOAc 1/1). The reaction mixture was
quenched by 25 mL of water followed by extraction of

product with DCM (3 x 20 mL). Purification was per-
formed by column chromatography (CHCls/petrolether
3/1). It provided yellow solid which was stirred in cyclo-
hexane, filtered and dried in a yield of 302 mg (57%). 'H-
NMR (400 MHz, CDCLs) & 8.00 (d, J = 8.8 Hz, 1H) (7);
7.77 (d, J = 7.3 Hz, 1H) (4); 7.72 (s, 1H) (10); 7.56 (t,
J = 8.6 Hz, 1H) (6); 7.46 (t, J = 8.0 Hz, 1H) (5); 6.27 (s,
2H) (12). *C-NMR (101 MHz, CDCl;) & 149.6 (3), 145.2
(8), 138.8 (1), 138.3 (2), 130.7 (10), 129.4 (7), 128.4 (6),
126.7 (5), 119.9 (4), 115.6 (9), 103.1 (12), 96.5 (11); ESI-
HRMS: calcd. For C;,H,NO,Br, [M + H]+: 357.8892,
found: 357.8896.

4.2.8 | [1,3]Dioxolo[4,5-c]quinolin-
4-ylmethanol (10)

Into a solution of 6 (1 g, 5 mmol) in methanol (10 mL),
NaBH, (0.19 g, 5 mmol) was added in five parts over
30 minutes period at the temperature below 10°C. After
30 minutes, the reaction mixture was diluted with water
(20 mL) and extracted with EtOAc (3 X 10 mL). Com-
bined organic layers were dried with Na,SO, and evapo-
rated. Crude product was crystallized from toluene to
obtain white crystals of 11 in a yield of 79% (0.8 g).

'H-.NMR (400 MHz, DMSO-dy) & 7.95 (1H, d,
J = 8.8 Hz)(7), 7.80 (1H, dd, J = 8.3, 1.0 Hz)(4), 7.62 (1H,
dt, J = 7.5, 1.6 Hz)(6), 7.53 (1H, ddd, J = 7.8, 7.3, 1.0 Hz)
(5), 6.38 (2H, s)(11), 5.40 (1H, t, J = 6.0 Hz)(OH), 4.69
(1H, d, J = 6.2 Hz)(10). **C-NMR (101 MHz, DMSO-d,) &
148.5(3), 145.6(1), 144.2(8), 138.9(2), 128.8(7), 127.8(6),
126.2(5), 119.6(4), 115.1(9), 103.3(11), 61.0(10). HRMS:
calcd for C;;HgNO5; (M + H): m/z 204.0655; found: m/z
204.0656.

429 | 4-Ethynyl[1,3]dioxolo[4,5-c]
quinoline (11)

Freshly prepared Ohira-Bestmann reagent (1.15g,
6 mmol) was dissolved in methanol (30 mL) followed by
addition of K,CO3 (2.1 g, 15 mmol) and aldehyde 6 (1.0 g,
5 mmol). Reaction mixture was stirred at rt for 1.5 hours
(TLC hexane/EtOAc 4/1). After that, 2.5 g of NH,Cl was
added and after 5 minutes of stirring the suspension
was diluted by water (150 mL). Precipitated orange solid
was filtered, washed with water, dried under vacuum,
and crystallized from 2-propanol to provide 12 in 80%
yield (0.8 g).

'"H-NMR (400 MHz, CDCl5) & 8.00 (d, J = 8.8 Hz, 1H)
(7), 7.76 (d, J = 8.3 Hz, 1H)(4), 7.57 (t, J = 7.8 Hz, 1H)(6),
7.46 (t, J = 7.5 Hz, 1H)(5), 6.31 (s, 2H)(12), 3.47 (s, 1H)
(11). **C-NMR (101 MHz, CDCl;) & 149.3(3), 145.9(8),
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142.4(2), 129.4(7), 128.4(6), 127.0(5), 125.9(1), 119.7(4),
115.8(9), 103.4(12), 82.1(11), 78.0(10). HRMS: calcd for
C,H,NO, (M + H): m/z 198.0550; found: m/z 198.0549.

4210 | 3-Hydroxy-4-oxo-
1,4-dihydroquinoline-2-carbaldehyde (12)

To suspension of aldehyde 6 (1 g, 5 mmol) in water
(10 mL), conc. HCI was dropped to adjust pH ~1. The
solution was heated at 75°C for 15 minutes. After precipi-
tation, acetonitrile (2 mL) was added and reaction mix-
ture was heated to reflux for 3 hours. Reaction mixture
was cooled to rt, diluted with water (15 mL), cooled to
5°C. The precipitated material was filtered, washed with
water and dried under vacuum. Pure product 13 was
obtained by crystallization from DMF (20 mL) as a yellow
powder in 69% yield (0.65 g).

'"H-NMR (400 MHz, DMSO-d,) & 11.46 (1H, s)(NH),
10.40 (1H, s)(10), 10.40 (1H, brs)(OH), 8.11 (1H, dd,
J = 83, 1.3 Hz)(4), 7.85 (1H, d, J = 8.6 Hz)(7), 7.63
(1H,dt, J = 7.8, 1,6 Hz)(6), 7.24 (1H, dt, J = 7.6, 1.0 Hz)
(5). >*C-NMR (101 MHz, DMSO-ds) & 186.1(10), 173.1(3),
146.4(2), 138.1(8), 132.2(6), 124.7(1), 124.5(4), 122.5(9),
121.9(5), 119.1(7). HRMS: HRMS: calcd for C,;,H,NO;
(M + H): m/z 190.0499; found: m/z 190.0499.

4.3 | General procedure for preparation
of compounds 13 a-f

A solution of 5 (935 mg, 5 mmol) in dry THF (20 mL)
was cooled to —70°C under nitrogen atmosphere. Over
30 minutes period, 2 M solution of n-BuLi in hexane
(2.75 mL, 5.5 mmol) was added dropwise via syringe and
after 75 minutes a solution of aldehyde (5.5 mmol) in dry
THF (10 mL) was added. Reaction was kept at —70°C for
1 hour, then treated with NH,Cl (0.5 g) and warmed up
to rt. THF was evaporated and the residual material was
extracted with EtOAc/water. Organic phase was dried
over Na,SO, and concentrated. Compounds 13a and 13d
were used without further purification. Compounds
13b,c,e.f were purified by crystallization or precipitation.

43.1 | 1-cyclopropyl-2-([1,3]dioxolo[4,5-c]
quinolin-4-yl)ethanol (13b)

Crystallized from cyclohexane, yield 60% (770 mg). ‘H-
NMR (400 MHz, DMSO-d,) § 7.90 (d, J = 8.6 Hz, 1H)(7),
7.78 (dd, J = 8.2, 0.9 Hz, 1H)(4), 7.58 (dt, J = 7.8, 1.6 Hz,
1H)(6), 7.50 (ddd, J = 7.7, 7.4, 1.3 Hz, 1H)(5), 6.33-6.35
(m, 2H)(15), 4.77 (d, J = 5.2 Hz, 1H)(OH), 3.55-3.49 (m,

1H)(11), 3.07-3.05 (m, 2H)(10), 0.96-0.88 (m, 1H)(12),
0.38-0.25 (m, 3H)+ 0.04-(—0.01) (m, 1H)(13A,13B,
14A,14B). *C-NMR (101 MHz, DMSO-dg) & 147.6(3),
145.0(1), 144.5(8), 139.7(2), 128.7(7), 127.6(6), 125.8(5),
119.6(4), 114.7(9), 102.9(15), 72.4(11), 41.1(10), 17.4(12),
2.2 + 2.0(13, 14). HRMS: calcd for C,sH;sNO; (M + H):
m/z 258.1125; found: m/z 258.1126.

4.3.2 | 1-Cyclopentyl-2-([1,3]dioxolo[4,5-c]
quinolin-4-yl)ethanol (13c)

The crude product was dissolved in diethyl ether, filtered
with charcoal and evaporated. Residual material was
purified by precipitation (from petroleum ether to
EtOAC) to give pale yellow solid in 56% yield (800 mg).
'"H-NMR (400 MHz, DMSO-d) & 7.91 (d, J = 8.3 Hz,
1H)(7), 7.78 (dd, J = 8.3, 0.8 Hz, 1H)(4), 7.58 (ddd, J = 8.3,
7.8, 1.4, 1H)(6), 7.50 (dt, J = 7.5, 1.0 Hz, 1H)(5), 6.34 (s,
2H)(17), 4.69 (d, J = 5.7 Hz, 1H)(OH), 3.98-3.91 (m, 1H)
(11), 3.01-2.88 (m, 2H)(10A,B), 1.92-1.84 (m, 1H)(12),
1.72-1.27 (m, 8H). *C-NMR (101 MHz, DMSO-ds) & 147,7
(3) 145,5(1) 144,5(8) 139,7(2) 128,7(7) 127,6(6) 125,8
(5) 119,6(4) 114,7(9) 102,9(17) 72,2(11) 45,7(12) 39,9
(10) 18,7+ 27,5(13,16) 25,5 + 25,3(14,15). HRMS: calcd for
C1;Ho0NO5 (M + H): m/z 286.1438; found: m/z 286.1439.

4.3.3 | 2-([1,3]Dioxolo[4,5-c]quinolin-
4-yl)-1-(thiophen-3-yl)ethan-1-ol (13e¢)

Crude product was refluxed in diethyl ether (30 mL)
which gave, after filtration and evaporation, gray powder
in 94% yield (1.4 g). Crystallization from 2-propanol
furnished white crystals. "H-NMR (400 MHz, DMSO-d) &
7.93 (td, J = 8.3, 0.8 Hz, 1H)(7), 7.79 (ddd, J = 8.0, 1.6,
0.5 Hz,1H)(4), 7.60 (ddd, J = 7.8, 7.5, 1.6 Hz, 1H)(6), 7.51
(dt, J = 7.5, 1.0 Hz, 1H)(5), 7.45 (dd, J = 4.9, 3.1 Hz, 1H)
(14), 7.33-7.32 (m, 1H)(15), 7.12 (dd, J = 5.1, 1.2 Hz, 1H)
(13), 6.35-6.29 (m, 2H)(16), 5.46 (d, J = 5.2 Hz, 1H)(OH),
5.32-5.28 (m, 1H)(11), 3.29-3.18 (m, 2H)(10). *C-NMR
(101 MHz, DMSO-dg) 6 147.8(3), 146.9(12), 144.5(8), 144.3
(1), 139.8(2), 128.7(7), 127.7(6), 126.3(13), 125.9 + 125.8
(5,14), 120.4(15), 119.6(4), 114.8(9), 103.0(16), 67.6(11),
42.1(10). HRMS: calcd for HRMS: calcd for C;H;3NO3S
(M + H): m/z 300.0650; found: m/z 300.0652.

434 | 2-([1,3]Dioxolo[4,5-c]quinolin-
4-yl)-1-(selenophen-2-yl)ethan-1-ol (13f)

The crude product was refluxed in diethyl ether (30 mL)
which gave, after filtration and evaporation, gray powder
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in 72% vyield (1.25g). Crystallization from acetone
furnished white crystals. "H-NMR (400 MHz, DMSO-d) &
8.00 (dd, J = 5.4, 1.3 Hz, 1H)(15), 7.94 (d, J = 8.6 Hz, 1H)
(7), 7.80 (ddd, J = 8.3, 1.6, 0.8 Hz, 1H)4), 7.61 (ddd,
J=178,7.7, 1.5, 1H)6), 7.52 (ddd, J = 7.7, 7.4, 1.3 Hz, 1H)
(5), 7.14 (dd, J = 5.4, 3.6 Hz, 1H)(14), 7.05 (td, J = 2.3,
1.2 Hz, 1H)(13), 6.36-6.30 (m, 2H)(16), 5.99 (d, J = 4.9 Hz,
1H)(OH), 5.49-547 (m, 1H)(11), 3.31-3.24 (m, 2H)(10).
13C-NMR (101 MHz, DMSO-ds) & 158.0(12), 147.9(3),
144.5(8), 143.7(1), 139.8(2), 129.6(15), 128.8(14), 128.7(7),
127.8(6), 126.0(5), 124.2(13), 119.7(4), 114.8(9), 103.1(16),
69.1(11), 43.5(10). HRMS: calcd for C,;H;3NOsSe (M
+ H): m/z 348.0133; found: m/z 348.0131.

4.4 | Synthesis of compounds 14 a-c

Into a solution of 13 (2.5 mmol) in pyridine (7.5 mL),
MsCl (232 pL, 3.0 mmol) was added and the mixture was
stirred for 16 hours. Mixture was poured into ice-cold
water (50 mL) and stirred for 1 hour. The resulting sus-
pension (compound 14b and 14c) was filtered, dried
under vacuum and purified by crystallization. Compound
14a was purified by extraction with EtOAc followed by
column chromatography (hexane/EtOAc 4/1) which
furnished green-yellow solid.

441 | 4-[(1E)-3,3-dimethylbut-1-en-1-yl]
[1,3]dioxolo[4,5-c]quinoline (14a)

Prepared from compound 13a as a green-yellow solid in
45% yield (290 mg). '"H-NMR (400 MHz, DMSO-dg) &
7,89(1H, d; J = 8,8 Hz)(7); 7,76(1H, d, J = 8,3 Hz)(4); 7,59
(1H, dt, J = 7,8; 1,0 Hz)(6), 7,48(1H,dt, J = 7,8; 1,0 Hz)
(5); 7,05(01H,d, J = 16,6 Hz)(11); 6,52 (1H, d; J = 16,6 Hz)
(10); 6,40(2H,s)(16); 1,15(9H,s)(13 + 14 + 15). *C-NMR
(101 MHz, DMSO-dg) & 149,4(11); 148,6(3); 144,7(8),
140,9(1); 138,3(2); 128,7(7); 128,0(6); 125,9(5); 121,2(10);
119,6(4); 114,6(9); 103,2(16); 33,6(12); 29,0(3C)(13 + 14
+ 15). HRMS: caled for C;cH{7NO, (M + H): m/z
256.1350; found: m/z 256.1333.

44.2 | 4-[(E)-2-cyclopropylethenyl][1,3]
dioxolo[4,5-c]quinoline (14b)

Prepared from compound 13b, crystallization from
diethyl ether gave pale green solid in 50% yield (300 mg).
'H-NMR (400 MHz, DMSO-d) & 7.85 (d, J = 8.3 Hz, 1H)
(7), 7.74 (ddd, J = 8.2, 1.3, 0.8 Hz, 1H)(4), 7.57 (dt,
J = 7.8, 1.6 Hz, 1H)(6), 7.46 (dt, J = 7.5, 1.0 Hz, 1H)(5),
6.72 (d, J = 15.8 Hz, 1H)(10), 6.49 (dd, J = 15.8, 9.6 Hz,

1H)(11), 6.37 (s, 2H)(15), 1.78-1.69 (m, 1H)(12), 0.94-0.90
(m, 2H), 0.66-0.62 (m, 2H)(13, 14). *C-NMR (101 MHz,
DMSO-d,) & 148.4(3), 144.7(8), 144.3(11), 140.9(1), 138.0
(2), 128.6(7), 128.0(6), 125.7(5), 123.2(10), 119.6(4), 114.5
(9), 103.1(15), 15.1(12), 8.0(2C)(13 + 14). HRMS: calcd
for C;sH;3sNO, (M + H): m/z 240.1019; found: m/z
240.1018.

443 | 4-[(E)-2-(Pyridin-3-yl)ethenyl][1,3]
dioxolo[4,5-c]quinoline (14d)

Prepared from compound 13d. Purification was performed
by reflux in methanol followed by filtration and precipita-
tion with diethyl ether which furnished yellow solid in 58%
yield (800 mg). 'H-NMR (400 MHz, DMSO-d) & 8.85 (s,
1H)(13), 8.53-8.52 (m, 1H)(14), 8.18 (dd, J = 8.0, 1.3 Hz, 1H)
(16), 7.94 (d, J = 8.3 Hz, 1H)7), 7.82-7.76 (m, 2H)(11,4),
7.61 (ddd, J = 8.3, 7.3, 1.6 Hz, 1H)6), 7.52-7.41 (m, 3H)
(5,10,15), 6.46 (s, 2H)(17). *C-NMR (101 MHz, DMSO-d;) &
149.5(14), 148.9(13), 148.9(3), 144.8(8), 139.9(1), 139.0(2),
133.3(16), 131.9(11), 131.7(12), 128.8(7), 128.3(6), 126.3(5),
125.8(10), 123.8(15), 119.7(4), 114.8(9), 103.5(17). HRMS:
caled for C;H,N,0, (M + H): m/z 277.0972; found: m/z
277.0976.

4.5 | Preparation of compound 14f

Into a solution of 13f (867 mg, 2.5 mmol) in pyridine
(7.5 mL), MsClI (232 pL, 3.0 mmol) was added. Reaction
mixture was heated at 100°C for 5 hours, cooled to rt,
diluted with water and stirred overnight. After evapora-
tion of solvents, the residual material was dissolved in
acetonitrile (25 mL) and DBU (1.49 mL, 10 mmol) was
added. After stirring for 1 hour at rt, the temperature was
increased to reflux and kept for 30 minutes. After cooling
to rt the solvent was evaporated followed by addition of
ice-cold water (25 mL). After 30 minutes of stirring, the
suspension was filtrated and dried to obtain brown solid.
Crude product was refluxed in toluene (55 mL) and char-
coal, filtrated and evaporated. Pure product was obtained
by crystallization from methanol to provide pale yellow
solid in 33% yield (271 mg).

"H-NMR (400 MHz, DMSO-d,) & 8.22 (d, J = 5.4 Hz,
1H)(15), 7.99 (d, J = 15.8 Hz, 1H)(11), 7.91 (d, J = 8.6 Hz,
1H)(7), 7.78 (dd, J = 8.1, 1.0 Hz, 1H)(4), 7.63-7.58 (m, 2H)
(6,13), 7.50 (dt, J = 7.5, 1.0, 1H)(5), 7.33 (dd, J = 5.6,
3.8 Hz, 1H)(14), 6.97 (d, J = 16.1 Hz, 1H)(10), 6.45 (s, 2H)
(16). *C-NMR (101 MHz, DMSO-dy) & 148.7(3), 147.4
(12), 144.9(8), 140.1(1), 138.7(2), 132.8(15), 132.2(13),
131.1(11), 130.6(14), 128.7(7), 128.3(6), 126.1(5), 123.7
(10), 119.7(4), 114.8(9), 103.5(16). HRMS: calcd for
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CicH11NO,Se (M + H): m/z 330.0028; found: m/z
330.0026.

4.6 |
d, e

Preparation of compounds 16a, b, c,

Into a solution of 15 (5 mmol) in DMF (12.5 mL), K,CO;
(2.42 g, 17.5 mmol) and CH,Br, (0.83 mL, 12 mmol) were
added. Suspension was refluxed until disappearance of
starting material (TLC hexane/EtOAc 7/3). Reaction mix-
ture was poured into ice-cold water (125 mL). A precipi-
tated solid (for compounds 16c, 16d, and 16e) was
isolated by filtration and purified by crystallization. Com-
pounds 16a and 16b furnished oily material to which
diethyl ether (50 mL) was added together with charcoal
(100 mg). After 30 minutes of stirring a mixture was fil-
tered through glass filter, layers were separated and aque-
ous layer was extracted with diethyl ether (2 x 25 mL).
Combined organic phases were dried over MgSO,, evapo-
rated and purified by crystallization.

4.6.1 | 4-Phenyl[1,3]dioxolo[4,5-c]
quinoline (16a)

Crystallization from ethanol gave pale pink solid in 78%
yield (970 mg). "H-NMR (400 MHz, DMSO-d,) & 8,33-8,30
(2H, m)(11 + 15); 8,02 (1H,ddd, J = 8,6; 1,0; 0,7; Hz)(7);
7,84(1H,ddd, J = 8,3; 1,5; 0,7 Hz)(4); 7,65(1H,ddd, J = 8,6;
6,8; 1,5 Hz)(6); 7,59-7,48 (4H, m)(12 + 14, 5, 13); 6,47
(2H,s)(16). *C-NMR (101 MHz, DMSO-ds) & 149,6(3);
144,7(8); 140,8(1); 138,8(2); 135,4(10); 129,7(13), 129,2(7);
128,6(2C)(12 + 14); 128,4(6); 127,7(2C)(11 + 15); 126,4(5);
119,7(4); 114,9(9); 103,2(16). HRMS: calcd for C;cH;;NO,
(M + H): m/z 250.0863; found: m/z 250.0863.

4.6.2 | 4-[(E)-2-Phenylethenyl][1,3]
dioxolo[4,5-c]quinoline (16b)

Crystallization from cyclohexane furnished yellow solid
in 69% yield (950 mg). "H-NMR (400 MHz, DMSO-d,) &
7,95(1H, d; 8,6)(7); 7,83(1H, d, J = 16.5 Hz)(11); 7,79(1H,
ddd, J = 8,3; 1,4; 0,6 Hz)(4), 7,722H,d, J = 7,3 Hz)(13
+17); 7,62(1H,ddd, J = 8,5; 6,8; 1,5 Hz)(6); 7,51 (1H,
ddd; J = 8,1; 6,9; 1,1)(5); 7,45-7,37 (4H,m)(14 + 16,
10, 15); 6,47(2H,s)(18). **C-NMR (101 MHz, DMSO-d) &
148,8(3); 144,9(8); 140,5(1); 138,8(2); 136,0(12); 135,5(11);
128,9(3C)(14 + 16, 15); 128,8(7); 128,3(6); 127,2 (2C)(13
+ 17); 126,2(5); 123,9(10); 119,7(4); 114,8(9); 103,5(18).
HRMS: caled for C;3sH3NO, (M + H): m/z 276.1019;
found: m/z 276.1022.

4.6.3 | 4-(Thiophen-2-yl)[1,3]dioxolo
[4,5-c]quinoline (16¢)

Crystallization from ethanol furnished yellow powder in
72% yield (920 mg). "H-NMR (400 MHz, DMSO-dy) & 7.93
(d, J = 8.7 Hz, 1H)(7), 7.88 (dd, J = 3.8, 1.2 Hz, 1H)(13),
7.81-7.78 (m, 2H)(4,11), 7.63 (dt, J = 7.8, 1.6 Hz, 1H)(6),
7.51 (dt, J = 7,5, 1,0 Hz, 1H)(5), 7.26 (dd, J = 5.1, 3.8 Hz,
1H)(12), 6.50 (s, 2H)(14). >*C-NMR (101 MHz, DMSO-ds)
8 149.3(3), 144.6(8), 140.3(10), 137.0(2), 136.8(1), 129.4
(11), 128.5(2C) + 128.5(7,6,12), 126.1(5), 119.7(4), 114.8
(9), 103.7(14). HRMS: calcd for C;,HoNO,S (M + H): m/z
256.0427; found: m/z 256.0423.

4.6.4 | 4-(Furan-2-yl)[1,3]dioxolo[4,5-c]
quinoline (16d)

Crystallization from 2-propanol furnished white crystals in
59% yield (706 mg). 'H-NMR (400 MHz, DMSO-ds) &
7.97-7.95 (m, 2H)(13, 7), 7.79 (ddd, J = 8.3, 1.4, 0.6 Hz, 1H)
(4), 7.63 (dt, J = 7.8, 1,6 Hz, 1H)(6), 7.51 (dt, J = 7.6, 1.2 Hz,
1H)(5), 7.21 (dd, J = 3.6, 0.8 Hz, 1H)(11), 6.74 (dd, J = 3.5,
1.7 Hz, 1H)12), 648 (s, 2H)(14).*C-NMR (101 MHz,
DMSO-dy) & 149.2(3), 149.1(10), 144.8(13), 144.7(8), 136.9
(2), 133.2(1), 128.8(7), 128.4(6), 126.2(5), 119.7(4), 114.7(9),
112.8(11), 112.2(12), 103.7(14). HRMS: calcd for C;4,HoNOq
(M + H): m/z 240.0655; found: m/z 240.0654.

4.6.5 | 4-(Selenophen-2-yl)-[1,3]dioxolo
[4,5-c]quinoline (16¢)

Crystallization from ethanol furnished white crystals in
73% yield (1.1 g). "H-NMR (400 MHz, DMSO-d;) & 8.38
(d, J = 5.4 Hz, 1H)(11), 8.07 (d, J = 3.9 Hz, 1H)(13), 7.90
(d, J = 8.6 Hz, 1H)(7), 7.79 (d, J = 8.0 Hz, 1H)(4), 7.61
(dd, J = 8.3, 7.0 Hz, 1H)(6), 7.48-7.52 (m, 2H)(5,12), 6.50
(s, 2H)(14). *C-NMR (101 MHz, DMSO-dy) & 149.2(3),
146.7(10), 144.7(8), 138.3(1), 136.5(2), 135.0(11), 131.1
(12), 130.3(13), 128.5+ 128.5(6,7) 126.1(5) 119.7(4) 114.8
(9) 103.7(14). HRMS: calcd for C,4HgNO,Se (M + H):
m/z 303.9871; found: m/z 303.9869.

4.7 | Preparation of compound 16f

Into a solution of 15a (2.0 g, 8.43 mmol) in DMF
(25 mL), K,CO3 (4.1 g, 29.5 mmol) was added and the
suspension was heated to reflux under nitrogen atmo-
sphere. Meanwhile a solution of sodium salt of
dichloroacetic acid was prepared pouring NaHCO; (3.4 g,
40.4 mmol) into dichloroacetic acid (3.32 mL, 40.4 mmol)
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in DMF (10 mL). Approximately a half of the prepared
solution was dropped into refluxed reaction mixture over
15 minutes period. Reaction was kept for 50 minutes
under reflux and after that the other half of solution was
added. Reaction was kept for additional 45 minutes
under the same temperature. DMF was evaporated and
the residue was quenched with water (50 mL) followed
by filtration. Obtained solution was cooled at 5°C, acidi-
fied with diluted HCI (HCI/H,O 1/10) to pH ~ 4 and pre-
cipitate was filtered and dried. Crude product was
crystallized from methanol (25 mL) to provide pale pink
solid in 72% yield (1.8 g).

'"H-NMR (400 MHz, DMSO-d;) & 8,32-8,30(2H, m)(11
+ 15); 8,05 (1H,d, J = 8,6 Hz)(7); 7,88 (1H,dd, J = 8,3;
0,8 Hz)(4); 7,70 (1H,ddd, J = 8,5; 6,9; 1,5 Hz)(6); 7,61-7,57
(3H, m)(12 + 14, 5); 7,55-7,51 (1H, m)(13); 7,02 (1H,s)
(16). *C-NMR (101 MHz, DMSO-D6) & 166,1(17); 148,8
(3); 144,9(8); 140,8(1); 138,1(2); 135,1(10); 129,9(13); 129,2
(7); 128,7(6); 128,7(2C)(12 + 14); 127,8(2C)(11 + 15);
126,8(5); 119,7(4); 114,7(9); 104,7(16). HRMS: calcd for
C7H1NO, (M + H): m/z 294.0722; found: m/z 294.0724.

4.8 | Preparation of compound 16g
Into a solution of 15a (2.0 g, 8.43 mmol) in DMF
(20 mL), K,CO3 (4.1 g, 29.5 mmol) was added and sus-
pension was warmed up to reflux under nitrogen
atmosphere. A solution of dichloroacetamide (2.6 g,
20.2 mmol) in DMF (10 mL) was added dropwise over
45 minutes period. Reaction mixture was poured into ice-
cold water (125 mL) and precipitate was filtered, washed
with water and dried. Crude product was crystallized
from DMF/H,O0 to obtain beige solid in 70% yield (1.7 g).
'H-NMR (400 MHz, DMSO-dg) & 8,34-8,31(2H, m)(11
+15); 8,29(1H,brs) + 7,94(1H,brs)(NH2); 8,04 (1H,d,
J = 8,6 Hz)(7); 7,86 (1H,dd, J = 8,0; 0,8 Hz)(4); 7,68 (1H,
dt, J = 7,7; 1,3 Hz)(6); 7,60-7,56 (3H, m)(12 + 14, 5); 7,52
(1H, tt, J = 7.3; 1.3 Hz)(13); 6.80 (1H,s)(16). **C-NMR
(101 MHz, DMSO-dg) & 165,9(17); 149,1(3); 144,3(8); 140,7
(1); 138,5(2); 135,3(10); 129,8(13); 129,1(7); 128,6(2C)(12
+14); 128,5 (6); 127,8(2C)(11 + 15); 126,5(5); 119,9(4);
114,7(9); 105,9(16). HRMS: calcd for C;7H;,N,05; (M + H):
m/z 293.0921; found: m/z 293.0921.

4.9 | Hydrolysis of compound 14a to
compound 17

A suspension of 14a (216 mg, 0.846 mmol) in 5 mL of
diluted HC1 (HCI/H,O 1/1) was heated to reflux. After
5 minutes brown oil appeared which slowly transformed
to yellow precipitate. Reaction was stirred for 3 hours

(TLC hexane/EtOAC 7/3). The precipitate was filtered,
washed with water and dried under vacuum. Crude prod-
uct was purified by crystallization from 2-propanol/hex-
ane to provide yellow crystals in 63% yield (130 mg).

'H-NMR (400 MHz, DMSO-dg) & 14.00 (s, 1H); 10.60
(s, 2H); 8.26 (d, J = 8.6 Hz, 2H) (4,7); 7.78 (t, J = 8.6 Hz,
1H) (6); 7.54 (t, J = 7.8 Hz, 1H) (5); 7.45 (d, J = 16.6 Hz,
1H) (11); 6.84 (d, J = 16.1 Hz, 1H) (10); 1.01-1.17 (m, 9H)
(13,14,15). *C-NMR (101 MHz, DMSO-dg) & 159.2 (3);
154.1 (11); 139.8 (1); 135.9 (8,2); 131.3 (6); 125.4 (5); 122.8
(4); 119.7 (9); 119.0 (7); 114.1 (10); 34.5 (12); 28.7
(13,14,15). HRMS: calcd for C;sH;(NO, (M + H): m/z
242.1191; found: m/z 242.1176.
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A synthetic approach to novel 2-(1-glycosyl-1,2,3-triazol-4-yl)-3-hydroxyquinolone conjugates has been
developed. The methodology involves preparation of a suitable quinoline intermediate and its subse-
quent conjugation with various acylated glycosyl azides by CuAAC click reaction. A choice of protective
group at quinoline moiety appeared to be crucial for subsequent 3-step deprotection sequence that has
to kept glycosyl triazole bond intact. Evaluation of antimicrobial properties of the conjugates revealed

that their activity was strongly affected by protecting group of the quinoline moiety. Some of the con-
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jugates inhibited exclusively G+ bacterial strains including honeybee larval pathogen Paenibacillus larvae,
which were most susceptible to 2-substituted, particularly 2-glycosylated, dibenzylated quinolines.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Quinolones are pharmaceutically attractive compounds pos-
sessing various biological activities [1]. Drugs based on 4-
quinolones, for instance ciprofloxacin, sparfloxacin, rosoxacin or
ofloxacin are used as antibiotics against numerous bacterial infec-
tion diseases [1,2]. Many papers deal with a synthesis of 4-
quinolone derivatives [2] and report their biological properties,
for example, antiviral [3,4], antitubercular [5—7], and antimalarial
[8,9]. After successful development of a simple synthesis of 3-
hydroxy-quinolones (3HQs), these structures also have become a
subject of interest [10,11]. Thus, various 2-substituted 3HQs have
been later synthesized and some of them exhibited cytotoxic ac-
tivity [12—14] while others have been active against Gram-positive
and Gram-negative bacteria [15]. Their fluorescence properties are
also noteworthy [15].

Quinolone or quinoline (as protected quinolones) moieties are
also a part of the conjugates in which the heterocycles are linked
with other units through various spacers, such as amide [16],

* Corresponding author.
E-mail address: chemonca@savba.sk (M. Poldkova).

https://doi.org/10.1016/j.molstruc.2018.09.030
0022-2860/© 2018 Elsevier B.V. All rights reserved.

oxazolidinone [17] or triazole [18,19].

In particular, the coupling through a triazole spacer, became a
favorite and widely used method for synthesis of very interesting
structures that have found a broad applicability in the fields of
medicinal, macromolecular and material sciences, biochemistry,
and pharmacology [20—26]. Their size varied from small molecules
to glycoconjugates and polymers, which consist of saccharide as
well as non-saccharide units. The ongoing research of glyco-
conjugates containing triazole linker indicates that these may serve
as biologically relevant molecules having targeted functional
properties. These properties form the basis for an exploitation of
the triazole glycoconjugates in various fields of science [26,27].
Despite increasing number of quinolone synthetic derivatives
[2,28], triazolo-quinolones are reported rarely [18,29]. Thus, qui-
nolone based antibiotics have been conjugated with alkyne, aryl
and amino acid units or peptides. These modified quinolones
(Example 1) showed promising antimicrobial properties against
Gram-positive and Gram-negative bacteria (Fig. 1) [18]. A coupling
of ciprofloxacin derivatives with aminoglycoside (neomycin)
(Example 2) also resulted in potent antimicrobial hybrids (Fig. 1)
[29].

To the best of our knowledge, conjugates of quinolone with
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Fig. 1. Examples of antibiotic conjugates [18], [29].

glycosyl triazoles at position 2 have not been disclosed yet. Linking
the quinolone with polyhydroxylated saccharide unit would be
beneficial in many aspects, especially improvement of solubility in
both organic solvents and water, which might also increase
bioavailability. In addition, better solubility of protected 3HQs as
starting material is important for reaction course and rate, and also
significantly simplifies purification of products.

This paper deals with synthesis of glycoconjugates with glycosyl
triazole unit attached to position 2 of 3HQs by CuAAC reaction and
cleavage of protecting groups at quinolone moiety with regard to
glycosyl unit. Antimicrobial properties of these synthetic conju-
gates against some G+ and G-strains were also evaluated.

2. Experimental
2.1. Reagents and equipments

Reactions were monitored by thin layer chromatography (TLC)
MerckKieselgel 60F254. Compounds were visualized under UV light
(254 nm) and/or dipping in ethanol—sulfuric acid (20% v/v) fol-
lowed by heating the plate for a few minutes. Column chroma-
tography was performed on silica gel (VWR, 40—63 mesh). Melting
points were determined on VEB Analytik Dresden PHMK 78/1586
apparatus.'H NMR and '3C NMR spectra were measured on Jeol
ECA400II (400 MHz) or Jeol ECX-500SS (500 MHz) at 23 °C. NMR
spectra were recorded in CDCl3 or DMSO-dg as solvent. The 'H and
13C chemical shifts were referenced to the central signal of the
solvent: CDCl; (d=726 ('H), d=770 (3C)); and DMSO-dg
(d=2.55"H and d = 39.6 ('3C)). Assignments were made with the
aid of HMBC, HMQC, COSY and ROESY experiments. Specific rota-
tion measurements were carried out with an Atago Automatic
Compact Polarimeter - POL-1/2 at 24 °C. HPLC-HRMS analyses were
performed on reverse phase gradient using DionexUltimate 3000;
column Phenomenex Gemini, 50 x 2,00 mm, 3 um particles C18;
80% acetonitrile and 20% buffer (0.01 M ammonium acetate) as
mobile phase; wavelength 4 254 nm. High resolution mass deter-
mination was performed by ESI MS on a Fischer Sciencetific Exac-
tive Plus Orbitrap mass spectrometer operating in positive and
negative mode.

2.2. In vitro antimicrobial assay

Antimicrobial activities of the compounds were tested by the

broth microdilution method. The determination of minimum
inhibitory concentrations MIC;gg (concentrations at which 100% of
the microorganisms were inhibited) was carried out in 96-well
plates. Ciprofloxacin was used as a standard. The susceptibility of
tested microorganisms to ciprofloxacin was performed at a con-
centration gradient of 5pug/mL — 0.0025 pg/L. All strains were
susceptible to ciprofloxacin at concentrations less than 0.5 pg/mL.

Two-fold serial dilutions of prepared compounds (dissolved in
DMSO making a 20 mM stock solution) were used. The final con-
centrations of the tested compounds were in range
800 uM—12.5uM per well. Mueller-Hinton broth and MYPGP
cultivation medium (for P. larvae) were used for the cultivation of
bacterial suspensions (fresh overnight cultures). The suspension of
cells (147 uL) obtaining 1 x 10° CFU/mL was inoculated into
microplate wells and 3 pL of solutions containing appropriate
concentrations of prepared products were added. The plate was
incubated at 37°C, 18 h(P. larvae strains were cultivated at 35°C,
40 h). The bacterial growth was determined by monitoring the
absorbance at 630 nm, measured with the plate reader Mithras’LB
943 (Berthold Technologies). Positive/negative growth controls of
the tested strains contained 147 pl of bacterial inoculum/cultivation
medium and 3 pl of DMSO. All tests were performed in triplicate
and were repeated three times.

2.3. Synthesis of azides

Azides 2—7 were synthesized by the reaction of corresponding
acylated saccharide with TMSN3 catalyzed by SnCly and their
analytical data are in agreement with those published previously
(see experimental section).

2.4. General procedure for 3,4-bis(benzyloxy)-2-methylquinoline
(11)

To the suspension of 10 (10 g, 0.057 mol, 1 eq) in DMF (100 mL),
K,CO3 (39.4 g, 0.285 mol, 5 eq) was added. After being stirred for
5 min at room temperature, benzylbromide (27.3 mL, 0.228 mol, 4
eq) was added dropwise over period of 10 min. Then the reaction
mixture was refluxed 1.5 h. The resulting red solution was poured
into demineralized water (800mL) and extracted with DCM
(800mL). The organic layer was dried (MgSOy4), filtered and
concentrated. Crude product was purified by column chromatog-
raphy (hexane:EtOAc 7:1) afforded yellow oil. This was stirred in
cold diethyl ether (40 mL) at 0°C for 1 h. Precipitated white solid
was filtered off, washed with small amount of diethyl ether at 0°C
and dried in vacuo at 40 °C overnight.

2.5. General procedure for 3,4-bis(benzyloxy)quinoline-2-
carbaldehyde (12)

Compound 11 (4.3 g,0.012 mol, 1 eq) was added to dried 250 mL
double-necked round flask. Dry THF (50 mL) was dropped from
pre-dried dropping funnel. To the resulting solution selenium di-
oxide (2.01 g, 0.018 mol, 1.5 eq) was added. The reaction flask was
equipped with a condenser and a drying tube filled with calcium
chloride. The reaction proceeded for 30 minat reflux and the
resulting red solution was evaporated. The residue was rinsed with
hot DCM (3 x 30 mL) and the solution was filtered and evaporated
to obtain red oil which was prepurified by column chromatography
(hexane:EtOAc 4:1) to afford red solid. This was recrystallized from
cyclohexane with charcoal (10wt%) provided pale orange
aldehyde 12.



18 V. Samsulova et al. / Journal of Molecular Structure 1177 (2019) 16—25

2.6. General procedure for 3,4-bis(benzyloxy )-2-ethynylquinoline
(13)

To a solution of freshly prepared Bestmann-Ohira reagent [30]
(1.6 g, 8.32mmol, 1.2 eq) in methanol (50 mL), K,COs; (3.38¢g,
0.024 mol) and aldehyde 12 (2.56 g, 6.93 mol, 1 eq) were added and
the reaction mixture was stirred at room temperature for 1 h. Once
the reaction was complete (TLC hexane:EtOAc 2:1), the reaction
mixture was neutralized with solid NH4Cl to pH 7, poured into the
demineralized water (250 mL) and extracted once with EtOAc
(220 mL). The organic layer was dried (MgS0,), filtered and evap-
orated. Obtained light brown oil was purified by column chroma-
tography (hexane:EtOAc 2:1) to afford pale yellow oil. The residue
was stirred with diethyl ether (15 mL) at 0°C for 1 h and precipi-
tated pale yellow solid was filtered off, washed with minimum
amount of cold hexane and dried in vacuo to provide the alkyne 13.

2.7. General procedure for CuAAC reaction (Method A) [31]
synthesis of compounds 8a-f and 14a-f

To a solution of azide 2—7 (0.21 mmol, 1 eq) and alkyne 1 or 13
(0.21mmol, 1 eq) in DMF:H;0 (3:1, 2.5mL), sodium ascorbate
(017mmol, 0.8 eq) and copper(ll) sulfate pentahydrate
(0.085 mmol, 0.4 eq) were added. The reaction mixture was stirred
at rt for 3—16 h until disappearance of the starting material (TLC
hexane:EtOAc 7:3). The reaction mixture was poured into NH4CI
(satd) and extracted with EtOAc (3 x 10 mL). Combined organic
layers were washed with brine, dried (MgSQ4), filtered and
concentrated. The crude products were purified by column chro-
matography (hexane:EtOAc 7:3 — EtOAc).

2.8. General procedure for deprotection (Method B) synthesis of
compounds 9a-e and 15a-e

Protected compound 8a-e or 14a-e (0.365 mmol, 1 eq) was
stirred in dry methanol (13.6 mL) with diethylamine (7.3 mmol, 20
eq) at rt for 2 h. Then, the reaction mixture was concentrated and
diethyl ether (15—20 mL) was added. Suspension was stirred at rt
for 20 min followed by heating to the reflux for 5 min. After spon-
taneous cooling to rt, the solid was filtered off, washed with min-
imum amount of diethyl ether (2—5 mL) and dried in vacuo at 40 °C
overnight.

2.9. General procedure for debenzoylation (Method C) synthesis of
compounds 9f and 15f

To a suspension of protected compound 8f or 14f (0.25 mmol, 1
eq) in dry methanol (5 mL), 1 M solution MeONa (1 mmol, 4 eq) was
added dropwise. The resulting solution was stirred at room tem-
perature for 1 h. The reaction mixture was then neutralized to pH 7
using glacial acetic acid. The solution was concentrated and
resulting solid was suspended in demineralized water (15—20 mL),
filtered off and washed with minimum amount of demineralized
water, then diethyl ether and dried in vacuo at 40 °C overnight.

2.10. General procedure for debenzylation (Method D) synthesis of
compounds 16a-16f

To a 5% solution of 15a-15f (0.17mmol, 1 eq) in 2-
methoxyethanol (2 mL) 5% Pd/C (20 wt%) was added at 100 °C.
The reaction mixture was stirred under atmospheric pressure and
hydrogen atmosphere at 100 °C. Once the reaction was complete,
(TLC EtOAc:CH30H 1:1), the reaction mixture was flushed with
nitrogen and hot filtered via glass filter. In case of compounds 16b,
16c a 16d, the reaction mixture was diluted with DMF before

filtration. Evaporation and lyophilisation gave the target com-
pounds for biological evaluation.

2.11. Spectral data

2.11.1. 3,4-bis(benzyloxy)-2-methylquinoline (11)

White powder; yield: 80% m.p. 39.5-425°C. 'H NMR
(400 MHz, DMSO-dg): 9 8.02 (d, ] =8.2 Hz, 1H), 7.87 (d, J=8.2 Hz,
1H), 7.62 (t, ] = 7.1 Hz, 1H), 7.49 (d, ] = 7.3 Hz, 5H), 7.39 (t, ] = 7.8 Hz,
6H), 5.36 (s, 2H, O-CH>), 5.13 (s, 2H, O-CH3), 2.55 (s, 3H, CH3); °C
NMR (101 MHz, DMSO-dg): & 157.0, 151.2, 145.1, 141.3, 136.6, 136.6,
128.5, 128.5, 128.4, 128.3, 128.3, 128.0, 125.6, 123.7, 121.5 (Ar), 74.6
(0-CHy), 20.6 (CHs3). ESI-HRMS: calcd. for CogHz1NO2[M+H]+:
356.1645, found: 356.1646.

2.11.2. 3,4-bis(benzyloxy )quinoline-2-carbaldehyde (12)

Pale orange powder; yield: 68%, m.p. 81°C. 'TH NMR (400 MHz,
DMSO-dg): & 10.22 (s, 1H, COH), 8.11 (t, J=8.5Hz, 2H), 7.80 (¢,
J=82Hz, 1H), 7.69 (t, J=8.0Hz, 1H), 7.53 (dd, J= 7.6, 1.6 Hz, 2H),
7.47 (dd, ] = 7.6, 1.6 Hz, 2H), 7.35—7.43 (m, 6H), 5.45 (s, 2H, -O-CH>),
5.20 (s, 2H, -O-CH,); 3C NMR (101 MHz, DMSO-dg): & 191.2 (HCO),
154.0, 148.7, 145.1, 142.6, 136.3, 136.2, 129.8, 129.7, 128.9, 128.8,
128.5, 128.5, 128.4, 125.7, 122.0 (Ar), 76.4, 75.2 (2x -O-CH,). ESI-
HRMS: calcd. for Co4H19NO3 [M+H]+: 370.1438, found: 370.1441.

2.11.3. 3,4-bis(benzyloxy )-2-ethynylquinoline (13)

Pale yellow solid; yield: 50%, m.p. 76°C. 'H NMR (400 MHz,
DMSO-dg): & 8.03 (d, J = 8.7 Hz, 1H), 7.93 (d, ] = 8.2 Hz, 1H), 7.71 (t,
J=82Hz, 1H), 7.55—7.60 (m, 3H), 7.36—7.48 (m, 8H), 5.43 (s, 2H),
5.22 (s, 2H), 4.70 (s, 1H, C-H alkyne); '3C NMR (101 MHz, DMSO-dg):
d 152.26, 145.56, 143.10, 140.61, 136.45, 136.33, 129.39, 128.61,
128.52, 128.46, 128.40, 127.41, 124.17, 121.82 (Ar), 84.96 (-C=CH),
80.42 (-C=CH), 75.69, 74.97 (2x -O-CH,). ESI-HRMS: calcd. for
Ca5H19NO;, [M+H]+: 366.1489, found: 366.1490.

2.114. 2-(1-(Tetra-0O-acetyl-3-p-glucopyranosyl)-1,2,3-triazol-4-
yl)-3,4-methylenedioxy-quinoline (8a)

The reaction of 2 [32] and alkyne 1 according to general pro-
cedure (Method A) gave 8a as a white solid; yield: 86%, m.p.
126—128°C, [a]p —77 (c 0.7, CHCl3). "TH NMR (400 MHz, CDCl3):
0 8.58 (s, 1H, C-H triazole), 8.14 (d, ] = 7.3 Hz, 1H), 7.82 (d, ] = 8.2 Hz,
1H), 7.59(t,] = 8.5Hz, 1H), 7.47 (t,] = 7.6 Hz, 1H), 6.41 (d, ] = 11.0 Hz,
2H, 0-CH,-0), 6.01 (d, ] = 9.6 Hz, 1H), 5.54 (t, ] = 9.4 Hz, 1H), 5.45 (¢,
J=9.4Hz, 1H), 5.28 (t,] = 9.6 Hz, 1H), 4.34 (dd, J = 12.6, 5.3 Hz, 1H),
417 (dd,J =12.6, 2.1 Hz, 1H), 4.04 (qd, J = 5.0, 1.8 Hz, 1H), 2.09, 2.07,
2.03,1.88 (each s, each 3H, 4x CH3CO); 3C NMR (101 MHz, CDCls):
0 170.7, 170.1, 169.5, 169.2 (4x CH3CO), 150.5, 145.9, 145.5, 138.3,
133.9, 129.7, 128.7, 126.7, 122.6, 120.1, 115.9 (Ar), 103.7 (O-CH>-0),
86.1, 75.4,72.8, 70.6, 67.9, 61.8 (C1-C6), 20.9, 20.7, 20.4 (3x CH3CO).
ESI-HRMS: calcd. for CygHogN4O11 [M+H]+: 5711671, found:
571.1672.

2.11.5. 2-(1-(Tetra-O-acetyl-a-p-mannopyranosyl)-1,2,3-triazol-4-
yl)-3,4-methylenedioxy-quinoline (8b)

The reaction of 3 [32] and alkyne 1 according to general pro-
cedure (Method A) gave 8b as a pale yellow solid; yield: 90%, m.p.
90—92°C, [a]p +69 (c 0.3, CHCl3). 'TH NMR (400 MHz, DMSO-ds):
0 8.91 (s, 1H, C-H triazole), 8.01 (d,J = 8.2 Hz, 1H), 7.87 (d, ] = 8.2 Hz,
1H), 7.68 (t,] = 8.2 Hz, 1H), 7.58 (t,] = 8.0 Hz, 1H), 6.58 (d, ] = 1.8 Hz,
1H), 6.52 (d, = 2.3 Hz, 2H, 0-CH;-0), 5.85—5.88 (m, 2H), 5.29 (t,
J=9.2Hz, 1H), 4.26 (dd, J=12.4, 5.0Hz, 1H), 4.06 (dd, J=12.6,
2.5Hz, 1H), 3.97—4.01 (m, 1H), 2.17 (s, 3H, CH3), 2.06 (s, 3H, CHs),
2.02 (s, 6H, 2x CH3); 13C NMR (101 MHz, DMSO-dg): & 170.0, 169.5,
169.4,169.4 (4x COCH3), 149.8,144.9,143.8,138.2,133.7,129.1,128.7,
126.7,126.1,119.9, 115.1 (Ar), 103.9 (0-CH,-0), 83.0, 71.5, 68.4, 67.6,
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65.3, 61.4 (C1-C6), 20.5, 20.5, 20.4 (3x CH3CO). ESI-HRMS: calcd. for
Co6H26N4011 [M+H]+: 5711671, found: 571.1674.

2.11.6. 2-(1-(Tetra-O-acetyl-(-p-galactopyranosyl)-1,2,3-triazol-4-
yl)-3,4-methylenedioxy-quinoline (8c)

The reaction of 4 [33] and alkyne 1 according to general pro-
cedure (Method A) gave 8c as a white solid; yield: 84%, m.p.
208—209°C, [a]p —64 (c 0.4, CHCl3). 'H NMR (400 MHz, CDCl5):
8 8.60 (s, 1H, C-H triazole), 8.13 (d, ] = 7.3 Hz, 1H), 7.83 (d, ] = 7.8 Hz,
1H), 7.60 (t, ] = 7.3 Hz, 1H), 7.48 (t, ] = 7.3 Hz, 1H), 6.43 (d, ] = 6.9 Hz,
2H, 0-CH,-0), 5.98 (d, ] = 9.2 Hz, 1H), 5.65 (t, ] = 9.6 Hz, 1H), 5.58 (d,
J=3.2Hz, 1H), 5.29 (dd, J=10.1, 3.2 Hz, 1H), 416—4.29 (m, 3H),
2.27, 2.05, 2.02, 191 (each s, each 3H, 4 x CH3CO); *C NMR
(101 MHz, CDCl3): 3 170.5, 170.2, 170.0, 169.3 (4x CH3CO), 145.9,
138.4,134.1,129.7,128.7,126.7,122.5,120.1,115.9 (Ar), 103.7 (O-CH>-
0), 86.7,74.3,71.0, 68.2, 67.0, 61.4 (C1-C6), 20.9, 20.8, 20.7, 20.5 (4x
CH3CO). ESI-HRMS: calcd. for CygHagN4Oq11 [M+H]+: 571.1671,
found: 571.1674.

2.11.7. 2-(1-(Tetra-O-acetyl-3-p-xylopyranosyl)-1,2,3-triazol-4-yl)-
3,4-methylenedioxy-quinoline (8d)

The reaction of 5 [28] and alkyne 1 according to general pro-
cedure (Method A) gave 8d as a white solid; yield: 83%, m.p.
219-220°C, [a]p —114 (c 0.4, CHCl3). '"H NMR (400 MHz, CDCl3):
3 8.51 (s, 1H, C-H trazole), 8.12 (d, J= 8.7 Hz, 1H), 7.80 (d, ] = 7.8 Hz,
1H), 7.57 (t, ] = 8.5 Hz, 1H), 7.45 (t, ] =8.0 Hz, 1H), 6.39 (dd, J]=9.2,
1.4 Hz, 2H, 0-CH,-0), 5.92 (dd, J=6.4, 2.3 Hz, 1H), 5.42—5.49 (m,
2H), 5.14—-5.24 (m, 1H), 4.34 (q, J=5.6 Hz, 1H), 3.63 (dd, J=114,
10.5 Hz, 1H), 2.08, 2.05, 1.88 (each s, each 3H, 3 x CH3CO); *C NMR
(101 MHz, CDCl3): § 170.0, 169.9, 169.2 (3 x CH3CO), 150.2, 145.9,
145.4,138.3,134.0, 129.9, 128.5, 126.6, 122.4,120.0, 115.9 (Ar), 103.6
(O-CH,-0), 86.7, 72.2, 70.8, 68.5, 65.8 (C1-C6), 20.8, 20.7, 20.4 (3 x
CH3CO). ESI-HRMS: calcd. for Cy3HoN409 [M+H]+Z 499.1460,
found: 499.1460.

2.11.8. 2-[1-(4-0-(2,3,4,6-Tetra-0O-acetyl-(3-p-galactopyranosyl)-
2,3,6-tri-0-acetyl-(-p-glucopyranosyl)-1,2,3-triazol-4-yl]-3,4-
methylenedioxy-quinoline (8e)

The reaction of 6 [34] and alkyne 1 according to general pro-
cedure (Method A) gave 8e as a white solid; yield: 70%, m.p.
120—128°C, [a]p —45 (c 0.5, CHCl3). '"H NMR (400 MHz, CDCl5):
38.50 (s, 1H, C-H triazole), 8.09 (d, ] = 8.2 Hz, 1H), 7.80 (d, ] = 7.8 Hz,
1H), 7.57 (t,J = 7.3 Hz, 1H), 7.45 (t, ] = 7.6 Hz, 1H), 6.39 (d, ] = 6.4 Hz,
2H, 0-CH,-0), 5.96 (d, ] = 9.2 Hz, 1H), 5.49 (t, ] = 9.4 Hz, 1H), 5.42 (t,
J=8.9Hz, 1H), 5.36 (d, ] = 2.7 Hz, 1H), 5.13 (dd, ] = 10.3, 8.0 Hz, 1H),
497 (dd, J=103, 3.4Hz, 1H), 454 (d, J=7.8Hz, 1H), 449 (d,
J=119Hz, 1H), 4.07—4.19 (m, 3H), 3.96—4.02 (m, 1H), 3.91 (t,
J=6.6Hz, 1H), 2.15, 2.10, 2.07, 2.06, 2.05, 1.96, 1.86 (each s, each 3H,
7 x CH3CO); 13C NMR (101 MHz, CDCls): § 170.5,170.4,170.2,170.2,
169.6, 169.3, 169.2 (7 x CH3CO), 150.4, 145.8, 145.5, 138.3, 133.9,
129.6, 128.7, 126.6, 122.5, 120.1, 115.8 (Ar), 103.6 (0-CH,-0), 101.2,
85.8, 76.1, 75.8, 72.7, 71.0, 70.9, 70.8, 69.1, 66.7, 61.9, 61.0 (C1-C6,
C1’-C6’), 20.9, 20.8, 20.7, 20.6, 20.4 (5 x CH3CO). ESI-HRMS: calcd.
for C3gH42N4019 [M — H]-: 857.2360, found: 857.2365.

2.11.9. 2-(1-(Tri-O-benzoyl-B-p-ribofuranosyl)-1,2,3-triazol-4-yl)-
3,4-methylenedioxy-quinoline (8f)

The reaction of 7 [35] and alkyne 1 according to general pro-
cedure (Method A) gave 8f as a white solid; yield: 80%, m.p.
83.5—88.5°C, [a]p —143 (c 0.2, CHCI3). '"H NMR (400 MHz, CDCl3):
3 8.59 (s, 1H, C-H triazole), 8.06 (d, ] = 7.3 Hz, 2H), 7.98 (t,] = 9.6 Hz,
4H), 7.81 (d, J=7.8Hz, 1H), 7.55—7.60 (m, 3H), 7.47 (td, =76,
2.0Hz, 2H), 7.34-7.42 (m, 7H), 6.63 (d, J=4.1Hz, 1H), 6.32 (t,
J=4.6Hz, 1H), 6.29 (s, 1H), 6.22 (s, 1H), 6.16 (t, ] = 5.3 Hz, 1H), 4.94
(q, J=4.4Hz, 1H), 4.86 (dd, J=12.1, 3.4Hz, 1H), 4.67 (dd, J= 124,

4.6 Hz, 1H); 3C NMR (101 MHz, CDCls): 3 166.3,165.3,165.2 (3 x C=
0), 150.4, 145.7, 138.3, 134.0, 133.9, 133.4, 130.1, 130.0, 129.9, 129.4,
128.7, 128.7, 126.6, 123.2, 120.1, 115.8 (Ar), 103.6 (O-CH»-0), 90.7,
815, 75.5, 71.9, 64.1 (C1-C5). ESI-HRMS: calcd. for CsgHagN4Oq
[M+H]+: 685.1929, found: 685.1935.

2.11.10. 2-(1-(B-p-Glucopyranosyl)-1,2,3-triazol-4-yl)-3,4-
methylenedioxy-quinoline (9a)

Pale yellow solid; yield: 85%, m.p. 104—108 °C, [a]p —8.5 (c 0.5,
DMSO). 'H NMR (400 MHz, DMSO-dg): 3 8.85 (s, 1H, C-H triazole),
8.00(d,J=8.7Hz,1H),7.85(d,] = 7.8 Hz, 1H), 7.67 (t,] = 8.2 Hz, 1H),
7.56 (t,] = 7.6 Hz, 1H), 6.50 (s, 2H, 0-CH»-0), 5.69 (d, 1H, ] = 9.2 Hz,
H-1), 549 (d, ] = 6.0Hz, 1H), 5.30 (d, ] = 5.0Hz, 1H), 5.19 (d, ] =
5.5Hz, 1H), 4.66 (t, ] = 5.5 Hz, 1H), 3.87 (td, 1H, J = 8.9, 6.0 Hz, H-2),
3.73 (dd, 1H,J = 9.8, 5.7 Hz, H-6), 3.50 (dd, 2H, J = 13.3, 5.0 Hz, H-5,
H-6), 3.42 (td,1H, J = 8.7, 5.0 Hz, H-3), 3.29—-3.32 (m, 1H, J = 8.7,
3.7 Hz, H-4); 3C NMR (101 MHz, DMSO-dg): 5 149.6, 144.9, 143 .4,
138.0,134.3,129.0,128.5,126.5 (Ar), 124.4 (C-H triazole), 119.8,115.0
(Ar), 103.7 (O-CH;-0), 87.7 (C-1), 80.0 (C-5), 76.8 (C-3), 72.1 (C-2),
69.4 (C-4), 60.7 (C-6). ESI-HRMS: calcd. for C1gH1gN4O7 [M+H]+:
403.1248, found: 403.1249.

2.11.11. 2-(1-(a-p-Mannopyranosyl)-1,2,3-triazol-4-yl)-3,4-
methylenedioxy-quinoline (9b)

White solid; yield: 80%, m.p. 239—242°C, [a]p +64.5 (c 0.5,
DMSO0). '"H NMR (400 MHz, DMSO-dg): 3 8.80 (s, 1H, C-H triazole),
8.00 (d, J = 8.7 Hz, 1H), 7.85 (d, | = 8.2 Hz, 1H), 7.64—7.69 (m, 1H),
7.54—7.58 (m, 1H), 6.50 (d, ] = 4.6 Hz, 2H, O-CH,-0), 6.08 (d, 1H, ] =
4.6 Hz, H-1), 5.36 (d, ] = 5.0 Hz, 1H), 5.14 (d, ] = 5.0 Hz, 1H), 5.07 (d,
J = 6.0Hz, 1H), 4.68 (t, ] = 6.0 Hz, 1H), 4.51 (q, 1H, ] = 4.4 Hz, H-2),
3.90—3.94 (m, 1H, H-3), 3.57—3.68 (m, 3H, H-4, H-6), 3.45 (td, 1H,
J = 7.0, 3.1 Hz, H-5); 13C NMR (101 MHz, DMSO-dg): 5 149.6, 144.9,
143.5, 138.1, 134.3, 129.0, 128.5, 126.5 (Ar), 124.9 (C-H triazole),
119.8, 115.0 (Ar), 103.7 (O-CH,-0), 85.8 (C-1), 78.7 (C-5), 71.3 (C-3),
68.0 (C-2), 67.8 (C-4), 60.7 (C-6). ESI-HRMS: calcd. for C1gH1sN40
[M+H]+: 403.1248, found: 403.1249.

2.11.12. 2-(1-(B-p-Galactopyranosyl)-1,2,3-triazol-4-yl)-3,4-
methylenedioxy-quinoline (9c)

White solid; yield: 92%, m.p. 261-262°C, [a]p +12 (c 0.4,
DMSO0). 'H NMR (400 MHz, DMSO-dg): 3 8.82 (s, 1H, C-H triazole),
8.01(d,J = 8.7 Hz, 1H), 7.86 (d, ] = 8.2 Hz, 1H), 7.67 (t,] = 8.5 Hz, TH),
7.57 (t,J = 8.0 Hz, 1H), 6.51 (d, ] = 2.3 Hz, 2H, O-CH,-0), 5.64 (d, 1H,
J=9.2Hz,H-1),5.37 (d, ] = 6.0 Hz, 1H), 5.05 (d, ] = 5.5 Hz, 1H), 4.74
(t,J =5.7Hz, 1H), 4.68 (d, ] = 6.4 Hz, 1H), 4.11 (td, 1H, ] = 9.4, 6.0 Hz,
H-2),3.77 (t, 2H, ] = 5.5 Hz, H-4, H-5), 3.51—3.61 (m, 3H, H-3, H-6);
13C NMR (126 MHz, DMSO-dg): & 149.7, 144.9, 143.5, 138.0, 134.3,
129.0, 128.6, 126.6 (Ar), 124.0 (C-H triazole), 119.9, 115.0 (Ar), 103.8
(0-CH,-0), 88.3 (C-1), 78.6 (C-5), 73.6 (C-3), 69.6 (C-2), 68.6 (C-4),
60.4 (C-6). ESI-HRMS: calcd. for CigH1gN407 [M+H]+: 403.1248,
found: 403.1249.

2.11.13. 2-(1-(B-p-Xylopyranosyl)-1,2,3-triazol-4-yl)-3,4-
methylenedioxy-quinoline (9d)

White solid; yield: 92%, m.p. 267—270°C, [a]p —48 (c 0.4,
DMSO). "H NMR (400 MHz, DMSO-dg): 3 8.84 (s, 1H, C-H triazole),
7.99(d,]=8.7Hz,1H), 7.84(d,J = 7.3 Hz, 1H), 7.66 (t,] = 8.5 Hz, 1H),
7.56 (t,] = 7.6 Hz, 1H), 6.49 (s, 2H, O-CH,-0), 5.64 (d, 1H, ] = 9.2 Hz,
H-1), 5.51 (d, ] = 6.0Hz, 1H), 5.34 (d, ] = 4.6 Hz, 1H), 5.21 (d, ] =
4.6 Hz, 1H), 3.87—3.93 (m, 2H, H-2, H-5), 3.51-3.59 (m, 1H, H-3),
3.34-3.44 (m, 2H, H-4, H-5); 3C NMR (101 MHz, DMSO-dg):
3 149.6,144.9, 143.4,138.1,134.3,129.0, 128.5, 126.5 (Ar), 124.4 (C-H
triazole), 119.8, 115.0 (Ar), 103.7 (O-CH,-0), 88.3 (C-1), 77.0 (C-3),
72.0 (C-2), 69.0 (C-4), 68.4 (C-5). ESI-HRMS: calcd. for C17H16N406
[M-+H]+: 373.1143, found: 373.1146.
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2.11.14. 2-[1-(4-0-(6-p-Galactopyranosyl)-B3-p-glucopyranosyl)-
1,2,3-triazol-4-yl]-3,4-methylenedioxy-quinoline (9e)

White solid; yield: 83%, m.p. 191-196°C, [a]p +8.5 (c 0.3,
DMSO0). 'H NMR (400 MHz, DMSO-dg): & 8.87 (s, 1H, C-H triazole),
8.00(d,J = 8.7 Hz, 1H), 7.86 (d,] = 8.2 Hz, 1H), 7.67 (t,] = 7.3 Hz, 1H),
7.57 (t, ] = 7.3 Hz, 1H), 6.50 (s, 2H, 0-CH,-0), 5.80 (d,1H, ] = 9.2 Hz,
H-1),5.66 (d,J = 5.5 Hz, 1H), 5.15 (d, ] = 4.1 Hz, 1H), 4.92 (s, 1H), 4.83
(d, ] = 5.0Hz, 1H), 4.70 (t, ] = 5.7 Hz, 2H), 4.56 (d, ] = 4.1 Hz, 1H),
428 (d, 1H, ] = 6.9 Hz, H-7), 3.96 (dd, 1H, ] = 14.7, 8.7 Hz, H-2), 3.81
(dd, 1H, J = 5.3 Hz, H-6), 3.51—3.72 (m, 10H); 13C NMR (126 MHz,
DMSO-dg): 8 149.4,144.8,143.3,138.0,134.3,129.0, 128.5, 126.5 (Ar),
124.3 (C-H triazole), 119.8, 115.0 (Ar), 103.8 (C-7), 103.7 (O-CH,-0),
87.2 (C-1), 79.6 (C-4), 77.8 (C-11), 75.5 (C-10), 75.1 (C-3), 73.2 (C-9),
71.9 (C-2), 70.5 (C-8), 68.1 (C-5), 60.4 (C-6), 60.0 (C-12). ESI-HRMS:
calcd. for Co4HagN4O12 [M+-H]+: 565.1776, found: 565.1781.

2.11.15. 2-(1-(B-p-Ribofuranosyl)-1,2,3-triazol-4-yl)-3,4-
methylenedioxy-quinoline (9f)

White solid; yield: 61%, m.p. 126—128°C, [a]p —71.5 (c 0.2,
DMSO0)."H NMR (400 MHz, DMSO-dg): & 8.97 (s, 1H, C-H triazole),
7.99(d,] = 8.2 Hz,1H), 7.84 (d, ] = 8.2 Hz, 1H), 7.66 (t, ] = 7.3 Hz, 1H),
7.56 (t, ] = 7.3 Hz, 1H), 6.49 (s, 2H, O-CH,-0), 6.10 (d, 1H, J = 3.7 Hz,
H-1),5.67 (d,] = 5.5 Hz, 1H), 5.28 (d, ] = 4.6 Hz, 1H), 5.10 (s, 1H), 4.49
(d, 1H, J=4.6 Hz, H-2), 4.20 (d, 1H J=4.1Hz, H-3), 4.04 (d, 1H,
J=2.7Hz,H-4),3.69 (d, 1H, ] = 11.4 Hz, H-5), 3.57 (d, 1H, ] = 11.4 Hz,
H-5); 13C NMR (101 MHz, DMSO-dg): o 149.6, 144.9, 143.8, 138.1,
134.4,129.0,128.5,126.5 (Ar), 123.6 (C-H triazole), 119.8, 115.0 (Ar),
103.7 (0-CH,-0), 92.3 (C-1), 85.9 (C-4), 75.3 (C-2), 70.3 (C-3), 61.1
(C-5). ESI-HRMS: calcd. for C17H16N4Og [M+H]+: 373.1143 found:
373.1139.

2.11.16. 2-(1-(Tetra-O-acetyl-(3-p-glucopyranosyl)-1,2,3-triazol-4-
yl)-3,4-dibenzyloxy-quinoline (14a)

The reaction of 2 and alkyne 13 (Method A) gave 14a as a pale
yellow solid; yield: 74%, m.p. 181-183 °C, [a]p —32 (c 0.4, CHCl3).'H
NMR (400 MHz, DMSO-ds): & 8.95 (s, 1H, C-H triazole), 8.06 (d, ] =
8.2Hz,1H),7.99 (d,] = 8.2 Hz,1H), 7.72 (t,] = 8.2 Hz, 1H), 7.57 (t,] =
7.6 Hz, 1H), 7.51 (d, ] = 6.9 Hz, 2H), 7.36—7.43 (m, 4H), 732 (t, | =
3.2Hz, 2H),6.47 (d,] = 9.2 Hz,1H), 5.71 (t,] = 9.4 Hz, 1H), 5.63 (t,] =
9.4 Hz, 1H), 5.42 (s, 2H), 5.26 (t, ] = 9.8 Hz, 1H), 5.19 (d, ] = 10.5 Hz,
1H), 5.15 (s, 1H), 4.45 (dq, ] = 9.7, 2.7 Hz, 1H), 412—4.21 (m, 2H),
2.06,2.02,2.0,1.81 (each s, each 3H, 4 x CH3CO); '*C NMR (101 MHz,
DMSO0-dg): & 170.0, 169.6, 169.4, 168.6 (4 x CH3CO), 152.9, 146.8,
145.3, 144.5, 140.6, 136.4, 136.0, 129.1, 128.9, 128.7, 128.5, 128.5,
128.4, 128.3, 128.2, 126.7, 1251, 1241, 121.7 (Ar), 84.0, 75.0, 73.3,
71.9, 70.4, 67.6, 62.0 (C1-C6), 20.5, 20.4, 20.2,19.9 (4 x CH3CO). ESI-
HRMS: calcd. for C39H38N4011 [M+H]+: 739.2610, found: 739.2611.

2.11.17. 2-(1-(Tetra-O-acetyl-a-p-mannopyranosyl)-1,2,3-triazol-4-
yl)-3,4-dibenzyloxy-quinoline (14b)

The reaction of 3 and alkyne 13 (Method A) gave 14b as a pale
yellow solid; yield: 75%, m.p. 50—52 °C, [a]p +58 (c 0.2, CHCl3).'H
NMR (400 MHz, DMSO-dg): 9 8.79 (s, 1H, C-H triazole), 8.08 (d, ] =
7.8 Hz, 1H), 8.00 (d, ] = 8.2 Hz, 1H), 7.73 (t,J = 8.2 Hz, 1H), 7.59 (t, ] =
8.0 Hz, 1H), 7.50 (dd, J = 7.8, 1.4 Hz, 2H), 7.32—7.41 (m, 8H), 6.55 (d,
J = 1.8Hz, 1H), 5.87-5.91 (m, 2H), 5.45 (s, 2H, CHy), 5.31 (t, ] =
8.9Hz, 1H), 5.15 (s, 2H, CH;), 4.26 (dd, ] = 12.4, 5.0 Hz, 1H), 4.05 (dd,
J=124,2.3Hz, 1H), 3.98—4.02 (m, 1H), 2.19, 2.08, 2.03,1.99 (each s,
each 3H, 4 x CH3CO); >C NMR (101 MHz, DMSO-dg): 3 170.0, 169.5,
169.4 (3 x CH3CO), 153.0, 147.0, 145.5, 144.2, 140.7, 136.4, 136.0,
129.2,128.7,128.5, 128.5, 128.3, 127.0, 126.7, 124.1, 121.7 (Ar), 82.8,
75.4, 75.0, 71.5, 68.4, 67.6, 65.3, 61.5 (C1-C6), 20.5, 20.4, 20.3 (3 x
CH3CO). ESI-HRMS: calcd. for C39H3gN4017 [M+H]+: 739.2610,
found: 739.2612.

2.11.18. 2-(1-(Tetra-O-acetyl-(-p-galactopyranosyl)-1,2,3-triazol-4-
yl)-3,4-dibenzyloxy-quinoline (14c)

The reaction of 4 and alkyne 13 (Method A) gave 14c as a pale
yellow solid; yield: 79%, m.p. 156—158 °C, [a.]p —29 (c 0.4, CHCl5)."H
NMR (400 MHz, DMSO-dg): 8 8.75 (s, 1H, C-H triazole), 8.07 (d, ] =
7.8 Hz,1H), 8.02 (d, ] = 8.2 Hz, 1H), 7.73 (t,] = 8.2 Hz, 1H), 7.58 (t, ] =
7.6 Hz, 1H), 7.51 (d, ] = 6.4 Hz, 2H), 7.36—7.46 (m, 8H), 6.41 (d, ] =
8.7Hz,1H), 5.64 (t,] = 9.6 Hz, 1H), 5.54 (dd, ] = 10.1, 3.2 Hz, 1H), 5.48
(d,J = 3.2Hz, 1H), 5.44 (d, ] = 1.8 Hz, 1H), 5.16 (d, J = 10.5 Hz, 1H),
5.08 (d, J = 10.5 Hz, 1H), 4.67 (t, ] = 6.2 Hz, 1H), 419 (q, ] = 5.5 Hz,
1H), 4.09 (dd, J = 11.4, 7.3 Hz, 1H), 2.20, 2.01, 1.97, 1.84 (each s, each
3H, 4 x CH3CO); '3C NMR (101 MHz, DMSO-dg): 3 170.0, 169.9, 169.5,
168.7 (4 x CH3C0), 153.1,146.7,145.4, 144.3,140.7,136 .4, 136.1,129.2,
128.7, 128.6, 128.5, 128.3, 126.7, 125.0, 124.1, 121.7 (Ar), 84.4, 75.1,
73.0,70.2,68.0, 67.2,61.6 (C1-C6), 20.5, 20.4, 20.3, 20.0 (4 x CH3CO).
ESI-HRMS: calcd. for C3gH3gN4O17 [M+H]+: 739.2610, found:
739.2623.

2.11.19. 2-(1-(Tetra-O-acetyl-(3-p-xylopyranosyl)-1,2,3-triazol-4-
yl)-3,4-dibenzyloxy-quinoline (14d)

The reaction of 5 and alkyne 13 (Method A) gave 14d as a pale
yellow solid; yield: 84%, m.p. 110—112°C, [a]p —71.8 (c 0.5,
CHCl3)."H NMR (400 MHz, DMSO-dg): d 8.94 (s, 1H, C-H triazole),
8.06 (d,J=8.2Hz,1H), 7.98 (d,] = 8.2 Hz, 1H), 7.71 (t,] = 8.2 Hz, 1H),
7.57 (t,] = 8.0 Hz, 1H), 7.49—7.51 (m, 2H), 7.33—7.44 (m, 8H), 6.36 (d,
J=9.2Hz,1H), 5.68 (t,] = 9.2 Hz, 1H), 5.57 (t,] = 9.6 Hz, 1H), 5.42 (s,
2H), 5.15-5.23 (m, 2H), 5.09 (d, J = 11.0 Hz, 1H), 4.17 (q, ] = 5.5 Hz,
1H), 3.91 (t, ] = 11.0 Hz, 1H), 2.06, 2.03, 1.82 (each s, each 3H, 3 x
CH3CO0); '3C NMR (101 MHz, DMSO-dg): 5 169.6, 168.6 (2 x CH3C0),
152.9, 146.9, 145.3, 144.4, 140.7, 1364, 136.1, 129.1, 128.9, 128.7,
128.5, 128.5, 128.3, 126.6, 125.1, 124.0, 121.7 (Ar), 84.8, 75.1, 75.0,
71.7,70.5,67.9, 64.2 (C1-C6), 20.5, 20.3,19.9 (3 x CH3CO).ESI-HRMS:
calcd. for C36H34N409 [M — H]-: 665.2242, found: 665.2257.

2.11.20. 2-[1-(4-0-(2,3,4,6-Tetra-0O-acetyl-(-p-galactopyranosyl)-
2,3,6-tri-O-acetyl-(3-p-glucopyranosyl)-1,2,3-triazol-4-yl|-3,4-
dibenzyloxy-quinoline (14e)

The reaction of 6 and alkyne 13 (Method A) gave 14e as an or-
ange solid; yield: 84%, m.p. 67—70°C, [a]p —69.5 (c 0.2, CHCl3).'H
NMR (400 MHz, DMSO-dg): 0 8.81 (s, 1H, C-H triazole), 8.06 (d, ] =
8.2 Hz, 1H), 7.99 (d, ] = 8.2 Hz, 1H), 7.72 (t,] = 7.6 Hz, 1H), 7.57 (t, ] =
7.6 Hz, 1H), 7.51 (d, | = 6.4 Hz, 2H), 7.34—7.42 (m, 8H), 6.40 (d, ] =
8.2 Hz, 1H), 5.49—5.57 (m, 2H), 5.42 (s, 2H), 5.26 (d, ] = 11.4 Hz, 2H),
516 (s, 2H), 4.92 (t, ] = 7.6 Hz, 2H), 445 (d, ] = 11.4Hz, 1H),
4.28—4.36 (m, 2H), 3.99—4.08 (m, 4H), 2.13, 2.04, 1.92, 1.80(4x)
(each s, each 3H, 7 x CH3CO); 3C NMR (101 MHz, DMSO-ds):
8 170.3, 169.9, 169.5, 169.3, 169.0, 168.7 (6 x CH3CO), 152.9, 146.8,
145.3, 144.3, 140.6, 136.4, 136.1, 129.1, 128.9, 128.7, 128.5, 128.5,
128.4, 128.3, 126.7, 125.0, 124.1, 121.7 (Ar), 100.1, 83.8, 75.9, 75.0,
74.3,72.0,70.7,70.2,69.8,68.9,67.1,62.4,61.1 (C1-C6, C1’-C6'), 20.6,
20.5, 20.3, 20.3, 20.2, 19.9 (6 x CH3CO). ESI-HRMS: calcd. for
C51H54N4019 [M+H]+: 1027.3455, found: 1027.3462.

2.11.21. 2-(1-(Tri-O-benzoyl-(3-p-ribofuranosyl)-1,2,3-triazol-4-yl)-
3,4-dibenzyloxy-quinoline (14f)

The reaction of 7 and alkyne 13 (Method A) gave 14f as a pale
yellow solid; yield: 69%, m.p. 54—57 °C, [a]p —93.5 (¢ 0.2, CHCl3).'H
NMR (400 MHz, DMSO-dg): 3 8.95 (s, 1H, C-H triazole), 8.07 (d, ] =
8.7 Hz, 1H), 7.95—-8.01 (m, 8H), 7.65—7.74 (m, 3H), 7.57 (t,] = 7.8 Hz,
2H), 749 (q, ] = 7.5 Hz, 6H), 7.34—7.45 (m, 6H), 7.25—7.28 (m, 3H),
6.88 (d, J = 3.2Hz, 1H), 6.40 (dd, J = 5.3, 3.4Hz, 1H), 6.19 (t, ] =
5.7 Hz, 1H), 5.41 (s, 2H), 5.09 (d, ] = 6.0 Hz, 2H), 5.02—5.06 (m, 1H),
4.73(dd,J = 12.4, 3.7 Hz, 1H), 4.66 (dd, ] = 12.1, 4.8 Hz, 1H); ®C NMR
(101 MHz, DMSO-dg): & 165.4, 164.7, 164.4 (3x C=0), 153.0, 147.1,
145.5, 144.4, 140.7, 136.4, 136.0, 134.1, 133.9, 1334, 1294, 129.2,
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129.2, 129.1, 128.8, 128.7, 128.6, 128.5, 128.5, 128.4, 128.2, 126.6,
126.3,124.1,121.7 (Ar), 89.3, 79.9, 75.3, 75.0, 74.5, 71.2, 63.6 (C1-C5).
ESI-HRMS: calcd.for Cs1H4oN4O9 [M-+H]+: 853.2868, found:
853.2866.

2.11.22. 2-(1-(8-p-Glucopyranosyl)-1,2,3-triazol-4-yl)-3,4-
dibenzyloxy-quinoline (15a)

Orange solid; yield: 82%, m.p. 104—108°C, [a]p —2.5 (¢ 04,
DMSO). 'H NMR (400 MHz, DMSO-dg): 3 8.71 (s, 1H, C-H triazole),
8.07 (d,] = 7.8 Hz, 1H), 8.00 (d, ] = 8.2 Hz, 1H), 7.72 (t, ] = 8.2 Hz, 1H),
7.57 (t, ] = 7.6 Hz, 1H), 7.50 (td, J = 3.8, 2.1 Hz, 4H), 7.36—7.42 (m,
6H), 5.68 (d,1H, J = 9.2 Hz, H-1), 5.50 (d, ] = 6.0 Hz, 1H), 5.44 (s, 2H,
-0-CH,), 5.34(d, ] = 5.0 Hz, 1H), 5.21 (d, ] = 5.5 Hz, 1H), 5.15 (dd, ] =
17.9,10.5 Hz, 2H, O-CH,), 4.68 (t, ] = 5.3 Hz, 1H), 3.73—3.79 (m, 2H,
H-2, H-6), 3.48—3.54 (m, 2H, H-5, H-6), 3.45 (td, ] = 8.9, 4.7 Hz, 1H,
H-3), 3.25-3.31 (m, 1H, H-4); 3C NMR (101 MHz, DMSO-dg):
3 152.9, 147.3, 145.4, 143.9, 140.8, 136.4, 136.1, 129.1, 128.9, 128.7,
128.4,128.3, 126.5 (Ar), 125.0 (C-H triazole), 124.0, 121.6 (Ar), 87.6
(C-1), 80.0 (C-5), 76.8 (C-3), 75.3 (0-CHy), 75.0 (O-CH3), 72.3 (C-2),
69.5 (C-4), 60.8 (C-6). ESI-HRMS: calcd. for C31H3oN407 [M+H]+:
571.2187, found: 571.2183.

2.11.23. 2-(1-(a-p-Mannopyranosyl)-1,2,3-triazol-4-yl)-3,4-
dibenzyloxy-quinoline (15b)

White solid; yield: 94%, m.p. 200—202°C, [a]p +38 (c 04,
DMSO). 'H NMR (400 MHz, DMSO-dg): 3 8.72 (s, 1H, C-H triazole),
8.06 (d,] = 8.2 Hz, 1H), 8.00 (d, ] = 8.2 Hz, 1H), 7.71 (t,] = 8.2 Hz, 1H),
7.57 (t, ] = 7.6 Hz, 1H), 7.50 (d, ] = 6.4 Hz, 2H), 7.35—7.45 (m, 8H),
6.04 (d, 1H, ] = 4.1 Hz, H-1), 5.43 (s, 2H, 0O-CH,), 5.37 (d, ] = 5.5 Hz,
1H), 5.11-5.19 (m, 3H, 0-CH,), 5.07 (d, J = 5.5 Hz, 1H), 4.69 (t, ] =
5.7 Hz, 1H), 4.52 (q, 1H, ] = 4.3 Hz, H-2), 3.95 (t, 1H, ] = 7.6 Hz, H-3),
3.59—-3.69 (m, 3H, H-4, H-6), 3.47 (td, 1H, ] = 6.6, 3.2 Hz, H-5); 13C
NMR (101 MHz, DMSO-dg): & 153.0, 147.5, 145.4, 144.0, 140.7, 136 .4,
136.1,129.1,128.8, 128.7,128.5, 128.4, 128.3,128.2, 126.5 (Ar), 125.8
(C-H triazole), 124.0, 121.6 (Ar), 85.8 (C-1), 78.5 (C-5), 75.3 (0-CH>),
74.9 (0-CH,), 71.2 (C-3), 68.1 (C-2), 67.6 (C-4), 60.6 (C-6). ESI-HRMS:
calcd. for C31H3poN407 [M — H]-: 569.2031, found: 569.2047.

2.11.24. 2-(1-(B-p-Galactopyranosyl)-1,2,3-triazol-4-yl)-3,4-
dibenzyloxy-quinoline (15c)

Orange solid; yield: 91%, m.p. 107-110°C, [a]p +10 (c 0.3,
DMSO). 'H NMR (400 MHz, DMSO-d): 3 8.77 (s, 1H, C-H triazole),
8.07 (d,J = 7.8 Hz, 1H), 8.01 (d, ] = 8.2 Hz, 1H), 7.71 (t,] = 7.6 Hz, 1H),
7.57 (t,J= 7.3 Hz,1H), 749 (t,] = 5.5 Hz, 4H), 7.34—7.42 (m, 6H), 5.65
(d, 1H,J = 9.2 Hz, H-1), 5.44 (s, 2H, 0-CH3), 5.38 (d, ] = 6.0 Hz, 1H),
5.08—5.16 (m, 3H, O-CH3;), 4.76 (t,] = 5.5Hz, 1H), 4.72 (d, ] = 6.0 Hz,
1H), 413 (td, 1H, J = 9.2, 6.0 Hz, H-2), 3.79—3.84 (m, 2H, H-4, H-5),
3.55—3.63 (m, 3H, H-3, H-6); '3C NMR (126 MHz, DMSO-dg): 3 153.1,
147.4,145.5,144.1,140.7,136.4,136.1,129.1,129.0, 128.7,128.5,128 4,
128.4, 128.3, 126.5 (Ar), 124.8 (C-H triazole), 124.0, 121.7 (Ar), 88.3
(C-1), 78.5 (C-5), 75.4 (0-CHy), 74.9 (O-CH3), 73.6 (C-3), 69.6 (C-2),
68.5 (C-4), 60.4 (C-6). ESI-HRMS: calcd. for C31H39N407 [M+H]+:
571.2187, found: 571.2181.

2.11.25. 2-(1-(B-p-Xylopyranosyl)-1,2,3-triazol-4-yl)-3,4-
dibenzyloxy-quinoline (15d)

Pale yellow solid; yield: 88%, m.p. 99—101 °C, [a]p —26.5 (¢ 0.35,
DMSO0). 'H NMR (400 MHz, DMSO-ds): 3 8.69 (s, 1H, C-H triazole),
8.06 (d,] = 8.2 Hz, 1H), 8.00 (d, ] = 8.2 Hz, 1H), 7.71 (t,] = 7.3 Hz, 1H),
7.57 (t, ] = 7.6 Hz, 1H), 7.46—7.51 (m, 4H), 7.38 (d, ] = 9.2 Hz, 6H),
5.62 (d,1H, ] = 9.2 Hz, H-1), 5.52 (d, ] = 6.0 Hz, 1H), 5.44 (s, 2H, O-
CH,), 5.37 (d, | = 4.6 Hz, 1H), 5.23 (d, ] = 4.6 Hz, 1H), 5.13 (q, ] =
10.4 Hz, 2H, 0-CH,), 3.90 (q, ] = 5.2 Hz, 1H, H-5), 3.74—3.80 (m, 1H,
H-2), 3.48—3.55 (m, 1H, H-4), 3.36—3.46 (m, 2H, H-3, H-5); >*C NMR
(101 MHz, DMSO-dg): 6 152.9, 147.3,145.4, 143.8, 140.8, 136.4, 136.2,

129.1, 128.9, 128.7, 128.5, 128.5, 128.4, 126.6 (Ar), 125.1 (C-H tri-
azole),124.0,121.7 (Ar), 88.2 (C-1), 76.9 (C-3), 75.3 (0-CH;), 75.0 (O-
CHy), 72.2 (C-2), 69.1 (C-4), 68.4 (C-5). ESI-HRMS: calcd. for
C30H28N406 [M+H]+: 541.2082, found: 541.2086.

2.11.26. 2-[1-(4-0-(B-p-Galactopyranosyl)-(3-p-glucopyranosyl)-
1,2,3-triazol-4-yl]-3,4-dibenzyloxy-quinoline (15e)

Orange solid; yield: 85%, m.p. 142—144°C, [a]p +7.5 (c 0.38,
DMSO). 'H NMR (400 MHz, DMSO-dg): 3 8.72 (s, 1H, C-H triazole),
8.07 (d,J = 8.2 Hz, 1H), 8.00 (d, ] = 8.2 Hz, 1H), 7.72 (t, ] = 8.2 Hz, 1H),
7.57 (t,] = 7.6 Hz, 1H), 7.49 (t, ] = 7.1 Hz, 4H), 7.35—7.42 (m, 6H), 5.79
(d, 1H, ] = 9.2 Hz, H-1), 5.69 (d, ] = 6.0 Hz, 1H), 5.43 (s, 2H, O-CH,),
5.13-5.20 (m, 3H, O-CHy), 4.95 (s, 1H), 4.85 (d, J = 5.0Hz, 1H),
4.71-4.73 (m, 2H), 4.58 (d, ] = 4.6 Hz, 1H), 4.31 (d, 1H, ] = 7.3 Hz, H-
7), 3.82—3.88 (m, 2H, H-2, H-6), 3.36—3.76 (m, 10H); 3C NMR
(101 MHz, DMSO-dg): d 153.0, 147.3, 145.5, 144.0, 140.9, 136.4, 136.2,
129.1, 129.0, 128.7, 128.6, 128.5, 126.6 (Ar), 125.0 (C-H triazole),
124.0,121.6 (Ar), 103.8 (C-7), 87.1 (C-1), 79.7 (C-4), 77.8 (C-11), 75.6
(C-10), 75.4 (0-CHy), 75.0 (C-3), 75.0 (O-CH,), 73.2 (C-9), 72.0 (C-2),
70.6 (C-8), 68.1 (C-5), 60.4 (C-6), 60.1 (C-12). ESI-HRMS: calcd. for
C37H4oN4012 [M+H]+: 733.2715, found: 733.2718.

2.11.27. 2-(1-(B-p-Ribofuranosyl)-1,2,3-triazol-4-yl)-3,4-
dibenzyloxy-quinoline (15f)

White solid; yield: 83%, m.p. 180—183 °C, [a]p —52.5 (c 0.18,
DMSO). 'H NMR (400 MHz, DMSO-dg): & 8.85 (s, 1H, C-H triazole),
8.06 (d,] = 7.8 Hz, 1H), 7.99 (d, ] = 8.2 Hz, 1H), 7.71 (td, ] = 7.6, 1.4 Hz,
1H), 7.55—7.59 (m, 1H), 7.49 (d, ] = 6.4 Hz, 2H), 7.34—7.44 (m, 8H),
6.07 (d, 1H, ] = 4.6 Hz, H-1), 5.72 (s, 1H), 5.42 (s, 2H, 0-CH,), 5.36 (s,
1H), 5.15 (s, 2H, 0-CHy), 5.07 (t, ] = 4.8 Hz, 1H), 4.46 (s, 1H, H-2), 4.20
(d, 1H, J = 3.7 Hz, H-3), 4.04 (q, 1H, ] = 4.0 Hz, H-4), 3.54—3.68 (m,
2H, H-5); 3C NMR (101 MHz, DMSO-dg): 5 153.0, 147.5, 145.4, 144.3,
140.7, 136.5, 136.2, 129.1, 128.7, 128.5, 128.5, 128.4, 128.3, 128.3,
126.6 (Ar), 124.5 (C-H triazole), 124.0, 121.7 (Ar), 92.2 (C-1), 85.9 (C-
4),75.3 (C-2),75.2 (O-CHa), 74.9 (O-CH,), 70.3 (C-3), 61.3 (C-5). ESI-
HRMS: calcd. for C3gH2gN40g [M+H]+: 541.2082, found: 541.2087.

2.11.28. 2-(1-(B-p-Glucopyranosyl)-1,2,3-triazol-4-yl)-3-
hydroxyquinolin-4-one (16a)

Pale yellow solid; yield: 93%, m.p. 290—292 °C, [a]p —2.5 (c 0.19,
DMSO0). 'H NMR (400 MHz, DMSO-dg): & 11.94 (s, 1H, N-H), 8.77 (s,
1H, C-H triazole), 8.14 (d, ] = 7.8 Hz, 1H), 8.02 (d, ] = 8.2 Hz, 1H), 7.59
(t,J = 8.5Hz, 1H), 7.25 (t,] = 7.6 Hz, 1H), 5.77 (d, 1H, ] = 9.2 Hz, H-1),
5.55 (s, 1H), 5.27 (s, 1H), 5.20 (s, 1H), 4.69 (s, 1H), 3.83 (t, 1H, | =
8.0Hz, H-2),3.72 (d, 1H, ] = 10.1 Hz, H-6), 3.51 (d, 2H, ] = 8.2 Hz, H-
6), 3.42 (t, 1H, ] = 8.9 Hz, H-5), 3.31 (t, 1H, ] = 8.0 Hz, H-4); 3C NMR
(101 MHz, DMSO-dg):  169.8 (C=0), 138.1, 138.0, 137.4, 130.6 (Ar),
125.3 (C-H triazole), 124.2, 122.6, 122.0, 121.7, 118.7 (Ar), 87.7 (C-1),
80.0 (C-5), 76.8 (C-3), 72.3 (C-2), 69.5 (C-4), 60.7 (C-6). ESI-HRMS:
calcd. for C17H1gN407 [M+H]+: 391.1248, found: 391.1249.

2.11.29. 2-(1-(a-p-Mannopyranosyl)-1,2,3-triazol-4-yl)-3-
hydroxyquinolin-4-one (16b)

Dark green solid; yield: 95%, m.p. 298—302 °C, [a]p + 73.2 (c 0.4,
DMSO). 'H NMR (400 MHz, DMSO-dg): & 11.93 (s, 1H, N-H), 8.78 (s,
1H, C-H triazole), 7.59 (t, ] = 7.1 Hz, 1H), 7.25 (t, ] = 7.1 Hz, 1H), 6.12
(d, 1H,J = 4.1 Hz, H-1), 5.37 (s, 1H), 5.15 (s, 2H), 4.71 (s, 1H), 4.47 (s,
1H, H-2), 3.92 (s, 1H, H-3), 3.64 (s, 3H, H-4, H-6), 3.50 (s, 1H, H-5);
13C NMR (101 MHz, DMSO-dg): § 169.8 (C=0), 138.2, 138.0, 137.5,
130.6 (Ar), 125.8 (C-H triazole), 124.3, 122.7, 122.0, 121.7, 118.8 (Ar),
85.6 (C-1), 79.1 (C-5), 71.3 (C-3), 67.9 (C-2, C-4), 60.4 (C-6). ESI-
HRMS: calcd. for C17H1gN407 [M+H]+: 391.1248, found: 391.1249.
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2.11.30. 2-(1-(B-p-Galactopyranosyl)-1,2,3-triazol-4-yl)-3-
hydroxyquinolin-4-one (16¢)

Dark green solid; yield: 95%, m.p. 142—148 °C, [a.]p +8.5 (c 0.4,
DMSO). "H NMR (400 MHz, DMSO-dg): & 11.94 (s, 1H, N-H), 8.77 (s,
1H, C-H triazole), 8.15 (d, ] = 8.2 Hz, 1H), 8.02 (d, ] = 8.2 Hz, 1H), 7.59
(t,J = 7.6 Hz, 1H), 7.25 (t, ] = 7.6 Hz, 1H), 5.70 (d,1H, ] = 9.2 Hz, H-1),
540 (s, 1H), 4.78—5.06 (m, 3H), 4.09 (t, 1H, ] = 9.2Hz, H-2),
3.76—3.79 (m, 2H, H-4, H-5), 3.51—3.60 (m, 3H, H-3, H-6); 3C NMR
(101 MHz, DMSO-dg): 3 169.8 (C=0), 138.3, 138.1, 137.5, 130.7 (Ar),
124.8 (C-H triazole), 124.3,122.8,122.1,121.8, 118.8 (Ar), 88.5 (C-1),
78.7 (C-5), 73.5 (C-3), 69.7 (C-2), 68.5 (C-4), 60.4 (C-6). ESI-HRMS:
calcd. for C7H13N407 [M+H]+: 391.1248, found: 391.1250.

2.11.31. 2-(1-(B-p-Xylopyranosyl)-1,2,3-triazol-4-yl)-3-
hydroxyquinolin-4-one (16d)

Light green solid; yield: 92%, m.p. 280—283 °C, [a]p —30.2 (c 0.8,
DMSO). 'H NMR (400 MHz, DMSO-dg): § 11.94 (s, 1H, N-H), 8.77 (s,
1H, C-H triazole), 8.15 (d, ] = 7.8 Hz, 1H), 8.02 (d, = 8.2 Hz, 1H), 7.59
(t,J = 7.3Hz, 1H), 7.25 (t,] = 7.3 Hz, 1H), 5.72 (d, 1H,J = 9.2 Hz, H-1),
5.57 (s, 1H), 5.25—5.57 (m, 3H), 3.83—3.92 (m, 2H, H-2, H-5), 3.57
(dd, 1H, ] = 14.4, 9.4 Hz, H-4), 3.35—3.45 (m, 2H, H-3, H-5); >*C NMR
(101 MHz, DMSO-dg): 8 169.8 (C=0), 138.1,138.0,137.5,130.6,125.4
(C-H triazole), 124.3, 122.7, 122.1, 121.7, 118.8 (Ar), 88.4 (C-1), 77.0
(C-3), 72.2 (C-2), 69.0 (C-4), 68.5 (C-5). ESI-HRMS: calcd. for
C16H16N40g6 [M+H]+: 361.1143, found: 361.1146.

2.11.32. 2-[1-(4-0-(B-p-Galactopyranosyl)-3-p-glucopyranosyl)-
1,2,3-triazol-4-yl]-3-hydroxyquinolin-4-one (16e)

Light green solid; yield: 70%, m.p. 217—220°C, [a]p +8.1 (c 0.4,
DMSO). 'H NMR (500 MHz, DMSO-dg): d 11.91 (s, 1H, N-H), 8.78 (s,
1H, C-H triazole), 8.15 (d, ] = 8.0 Hz, 1H), 8.01 (d, ] = 8.6 Hz, 1H), 7.59
(t,] = 8.3 Hz, 1H), 7.25 (t,] = 8.0 Hz, 1H), 5.87 (d,1H, ] = 9.7 Hz, H-1),
5.69 (s, 1H), 5.12 (s, 1H), 4.90 (s, 1H), 4.53—4.79 (m, 4H), 4.28 (d, 1H,
J=74Hz,H-7),3.92 (t,1H, ] = 8.0 Hz, H-2), 3.82 (d, ] = 11.5 Hz, 1H),
3.72—3.74 (m, 1H), 3.49—3.68 (m, 7H), 3.33—3.40 (m, 2H); >C NMR
(126 MHz, DMSO-dg): § 169.8 (C=0), 138.2, 138.0, 137.5, 130.6 (Ar),
125.3 (C-H triazole), 124.3, 122.6, 122.1, 121.7, 118.8 (Ar), 103.8 (C-7),
873 (C-1), 79.6 (C-4), 78.0 (C-11), 75.6 (C-10), 75.1 (C-3), 73.2 (C-9),
72.0 (C-2), 70.5 (C-8), 68.1 (C-5), 60.4 (C-6), 60.0 (C-12). ESI-HRMS:
calcd. for Ca3H28N4012 [M+H]+: 553.1776, found: 553.1774.

2.11.33. 2-(1-(B-p-Ribofuranosyl)-1,2,3-triazol-4-yl)-3-
hydroxyquinolin-4-one (16f)

Light green solid; yield: 77%, m.p. 252—263 °C, [a]p —76.8 (c 0.7,
DMSO). 'H NMR (400 MHz, DMSO-dg): & 11.91 (s, 1H, N-H), 8.91 (s,
1H, C-H triazole), 8.14 (d, ] = 7.8 Hz, 1H), 8.01 (d, ] = 8.7 Hz, 1H), 7.59
(t,J = 8.2Hz, 1H), 7.25 (t,] = 7.3 Hz, 1H), 6.14 (d, 1H, | = 4.6 Hz, H-1),
5.68 (s, 1H), 5.30 (s, 1H), 5.03 (s, 1H), 4.51 (t, 1H, ] = 4.6 Hz, H-2), 4.20
(t,1H,] = 4.6 Hz, H-3), 4.04 (q, 1H, ] = 3.8 Hz, H-4), 3.60 (ddd, 2H, ] =
40.8,11.9, 3.7 Hz, H-5); >C NMR (101 MHz, DMSO-dg): d 169.8 (C=
0), 138.4, 138.0, 137.4, 130.6 (Ar), 124.8 (C-H triazole), 124.2, 122.6,
122.0,121.7, 118.8 (Ar), 92.4 (C-1), 86.1 (C-4), 75.2 (C-2), 70.4 (C-3),
61.2 (C-5). ESI-HRMS: calcd. for CigH1gN4Og [M+H]+: 361.1143,
found: 361.1146.

3. Results and discussion
3.1. Synthesis

Click-reaction [31] of alkyne 1 [36] and the corresponding azides
2—7 (Fig. 2) provided intermediates 8a-f (Scheme 1) in high yields
(70% for 8e and above 80% for others).

Removal of acetyl/benzoyl protective groups at saccharide unit
8a-f was initially performed with K;CO3 in methanol at room
temperature for 16 h. Unfortunately, significant losses in the yields

of desired products 9a-f (Scheme 1) occurred during purification by
column chromatography presumably due to their limited solubility
in organic solvents. The yields did not exceed 40%.

Debenzoylation of compound 8f was carried out with freshly
prepared 1 M MeONa in methanol and pure product 9f was simply
isolated. Moreover, the yield of 9f increased to 61%, in contrast to
38% yield achieved with the first method.

The same procedure was applied for deacetylation of remaining
compounds 8a-e. Nevertheless, there was no improvement
compared to the K;COs/methanol deesterification. Therefore
deacetylation with diethylamine (DEA) in methanol was performed
(Scheme 1).

In addition to significant reduction of reaction time (2h)
another advantage of this method was a one-step purification of
the products. After solvent removal from the reaction mixture, the
products 9a-e were simply precipitated from diethyl ether in high
yields (82—92%). Preparation of derivatives 16a-f was not
straightforward. Removal of methylene bridge from derivatives 9a-
fin acidic conditions (HCIl, HBr, BF5.Et;0 or methanesulphonic acid)
did not give expected 3-hydroxy-4-(1H)-quinolones 16a-f.

Methylene group was found to be resistant to all examined
conditions. On the contrary, deglycosylation was observed and
triazole derivative lacking saccharide part was detected as a
byproduct. In order to avoid quinolone deprotection step, click-
reaction of both deprotected alkyne 1a and glycosyl azide 2a
(Fig. 3) was examined. Despite of successful reaction, purification of
product 16a failed, probably due to its limited solubility in both
organic solvents and water.

Considering all the facts, another synthetic approach was
needed to be developed. A strategy was based on benzyl protection
of both oxygens of the quinolone moiety. This choice came from a
possibility of their selective and easy removal by hydrogenolysis
that avoids a formation of any byproducts.

In this respect, an alkyne 13 was prepared from the known
compound 10 [11] over 3 steps (Scheme 2). To find out optimal
reaction conditions for benzylation of 10, different bases (K,COs,
Cs,C03, 60% NaH) and solvents (DMF, CH3CN) were examined. The
best result was achieved by using BnBr and K,COs3 in DMF. In
addition to desired product 11, another isomer - N,0-dibenzyl de-
rivative was detected in the reaction mixture and isolated by col-
umn chromatography. Structure of the major di-O-benzyl
derivative 11 was confirmed by N-H HMBC NMR spectroscopy.

In the next step, methyl function of the compound 11 was
oxidized to aldehyde 12 with SeO; in THF. Purification of the crude
aldehyde either by reprecipitation or through a bisulphite salt
failed. Thus, pure aldehyde 12 was obtained after column chro-
matography and additional crystallization from cyclohexane. Next,
freshly prepared Bestmann-Ohira reagent [26] was used for
transformation of the aldehyde 12 to the target alkyne 13 by
Seyfert-Gilbert homologation [37].

With the alkyne 13 in hand, click reaction [31] with azides 2—7
was carried out to yield intermediates 14a-f (Scheme 3). The
saponification of acetyl protective groups in saccharide unit of
derivatives 14a-e was carried out by DEA methodology described
above and smoothly provided intermediates 15a-e. Deprotection of
benzoylated intermediate 14f was performed with 1M MeONa/
methanol to provide 15f. Finally, subsequent removal of benzyl
groups from 15a-f by catalytic hydrogenolysis gave final 2-
substituted 3-hydroxy-4-(1H)-quinolones 16a-f.

The debenzylation was performed in 2-methoxyethanol initially
at room temperature for 24h when no starting material was
detected. At higher temperature (45 °C) a complete conversion was
observed within 4 h. However, in both cases were noticed signifi-
cant losses in products (yield) due to their insolubility. After opti-
mization of the final step of the synthesis, a complete
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Fig. 2. Structures of alkyne 1 and azides 2—7.

P N=N
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1 2-7 b 8 a-f: R = protected sugar

— 9 a-f: R = deprotected sugar

8a: R = tetra-O-acetyl-B-D-glucopyranosyl

8b: R = tetra-O-acetyl-a-D-mannopyranosyl

8c: R = tetra-O-acetyl-B-D-galactopyranosyl

8d: R = tetra-O-acetyl-B-D-xylopyranosyl

8e: R = 4-0-(2,3,4,6-tetra-O-acetyl-B-D-galactopyranosyl)-
2,3,6-tri-O-acetyl-B-D-glucopyranosyl

8f: R = tri-O-benzoyl-B-D-ribofuranosyl

9a: R = B-D-glucopyranosyl

9b: R = a-D-mannopyranosyl

9c: R = B-D-galactopyranosyl

9d: R = B-D-xylopyranosyl

9e: R = 4-O-(B-D-galactopyranosyl)-B-D-glucopyranosyl
9f: R = B-D-ribofuranosyl

Scheme 1. Reagents and conditions: (a) CuSO4, Na ascorbate, DMF/H;0, 3—16 h, rt; (b) DEA, MeOH, 2 h, rt (for 9a-e) or MeONa, MeOH, 1 h, rt (for 9f).

16b, 16c and 16d, hot DMF had to be added after the end of the

reaction. After hot filtration pure products were isolated by lyo-

philisation. Using this procedure, final products 16a-f were pre-
O pared in good to excellent yield (70—95%).

A H OH

HO HO OH

3.2. In vitro antibacterial assay

O
1a 2a

Fig. 3. Structure of unprotected compounds 1a and 2a.

The compounds (1, 9a-f, 13, 15a-f, 16a-f) were screened for
antimicrobial activity against Gram-positive (Micrococcus luteus
CCM 331, Bacillus subtilis CCM 2216, Paenibacillus larvae CCM 4483
and P. larvae CCM 4486) and Gram-negative (Escherichia coli CCM
3954, Serratia marcescens CCM 8587) bacterial strains. Their effi-
cacy was expressed as minimum inhibitory concentration (MICyqp).

disappearance of the starting material was reached at 100 °C within
2—3 h. The formed products 16a, 16e and 16f were hot filtered off
through glass filter and pure products were obtained upon evap-
oration of the solvent. Due to a poorer solubility of final products

@!I@@I

None of the G-strains was affected by any of the tested com-
pounds. On the other hand, G+ strains were susceptible to some of
the tested compounds. Both protected quinolines 1 and 13 used as
alkyne building blocks in the click reaction exhibited moderate

e O

12

Scheme 2. Reagents and conditions: (a) BnBr, K,CO3, DMF, 1.5 h, reflux (80%); (b) SeO,, THF, 0.5 h, reflux (58%); (c) Bestmann-Ohira reagent, K,CO3, MeOH, 1 h, rt (50%).
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tetra-O-acetyl-B-D-glucopyranosyl!
tetra-O-acetyl-o-D-mannopyranosyl
tetra-O-acetyl-B-D-galactopyranosyl
tetra-O-acetyl-f3-D-xylopyranosyl
4-0-(2,3,4,6-tetra-O-acetyl-B-D-galactopyranosyl)-
2,3,6-tri-O-acetyl-p-b-glucopyranosyl

14f: R = tri-O-benzoyl-B-D-ribofuranosyl

15a, 16a
15b, 16b
15¢, 16¢
15d, 16d
15e, 16e
15f, 16f:

: R = B-D-glucopyranosyl

: R = a-D-mannopyranosyl

: R = B-D-galactopyranosyl

: R = B-D-xylopyranosyl

: R = 4-O-(B-D-galactopyranosyl)-p-D-glucopyranosyl
R = B-D-ribofuranosyl

Scheme 3. Reagents and conditions: (a) CuSO4, Na ascorbate, DMF/H,0, 3—16h, rt; (b) DEA, MeOH, 2h, rt, (for 15a-e) or MeONa, MeOH, 1h, rt (for 15f); (c) 5% Pd/C, Hy, atm.pressure,

2-methoxyethanol, 2—3 h, 100 °C.

antimicrobial activity against honeybee larval pathogen P. larvae
CCM 4483 (MICygp 200 uM for 1 and 100 uM for 13). B. subtilis was
also influenced by quinoline 1 with methylene bridge, in contrast to
di-O-benzylated analog 13.

Antimicrobial activity of carbohydrate conjugates was signifi-
cantly affected by the protective groups at the quinoline unit. Car-
bohydrate conjugates 9a-f derived from 1 having methylene
bridge-protected quinoline hydroxyl groups were completely
inactive compounds. On the other hand, four out of six carbohy-
drate conjugates 15a-f having benzyl protected quinoline hydroxyl
groups were found to be active against G+ strains. The lactose
conjugate 15e was efficient against P. larvae CCM 4483 only, having
moderate bactericidal activity (MICy90 200 uM). On the other hand,
all G+ strains were susceptible to conjugates 15a, 15¢ and 15d. The
activity of the conjugates derived from glucose 15a and galactose
15c were equal against all 4 tested G+ strains (MICygp 200 pM). The
most potent inhibitor of all G+ strains was found to be xylose
conjugate 15d. It is of interest that it was more efficient inhibitor of
honeybee larval pathogen P. larvae strains CCM 4483 and CCM 4486
(MICq90 50 uM for both) than M. luteus and B. subtilis (MICigo
100 uM). It seems that combining di-O-benzyl protected quinoline
13 (being active itself) with xylosyl moiety led to an improval of
antimicrobial activity. Surprisingly, removal of benzyl protective
groups from quinoline unit of 15a-f, leading to conjugates 16a-f,
resulted in a complete loss of activity.

4. Conclusion

A novel synthetic route to sugar-quinolone click conjugates,
namely 2-(glycosyl-1,2,3-triazolyl)-3HQs, was developed. A key
step of their synthesis was based on a proper choice of protecting
groups on the quinoline unit that allows using deprotection
sequence keeping glycosyltriazole bond intact. A simple, efficient
and convenient approach to 2-substituted-3HQs paves the way for
a dissemination of new promising biologically active derivatives.
Some of these carbohydrate conjugates showed antimicrobial ac-
tivity against G+ strains including P. larvae. The honeybee larval
pathogen was the most susceptible Gram-positive strain for which
minimal bactericidal concentration was in the range of 50—200 puM.
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Abstract In this work, we report the simple synthesis of furo[3,2-
b]quinolin-4(1H)-ones from readily available 4-ethynyl-[1,3]dioxo-
lo[4,5-c]quinolone as the key starting material. After Sonogashira
(hetero)arylation, formation of the furoquinoline scaffold was accomplished
using methanesulfonic acid and metal-free conditions. Although the
cyclization was affected by the substitution of reaction intermediates,
the method allowed the preparation of derivatives varying at the C3-
position.

Keywords furoquinolines, quinolines, cyclization, Sonogashira cou-
pling

Furoquinolines are natural products! with a wide range
of promising biological activities. Selected derivatives pos-
sess antiviral,? cytotoxic,? antitubercular, or antimalarial®
effects. This predestines furoquinolines for further struc-
tural modification to find potential therapeutics with im-
proved pharmacological properties. However, research in
this field is limited by the scarcity of synthetic pathways
applicable for construction of the furoquinoline scaffold.
For instance, benzofuro[3,2-b]quinolin-4(1H)-ones I (Figure
1) can be obtained by cyclization of anthranilic acids and
benzofuranones or phenoxyacetyl chloride® or by the cy-
clization of 2-(2-phenoxyacetamido)benzoic acid.”-1° Nev-
ertheless, in each case, harsh reaction conditions (heating
to high temperatures in polyphosphoric acid) are necessary
which significantly limits a general applicability of these
methods. Alternatively, benzofuro[3,2-b]quinolin-4(1H)-
ones can be obtained by the cyclization of benzofuran-
based intermediates under strongly basic conditions.!! Fur-
ther, some furoquinolines can be synthesized using metal-
catalyzed cross-coupling reactions. In this regard, com-
pound I was synthesized from the dibromofuran interme-

Sonogashira
(hetero)arylation

18 examples
18 79%)
aC|d mediated
metal-free
cyclization R =H, Ph, mvleoceH4 p-HOOCCgH,,

10 examples  quinolinyl, thienyl, selenophenyl,
(33-92%) imidazolyl, pyrazolyl

diate by Pd-catalyzed cyclization,'? and Heck coupling un-
der microwave irradiation provided furo[3,2-c]quinolones
II1."3 Recently, Cu(I) catalysis was used in the conversion of
5-chloro-7-(phenylethynyl)quinolin-8-0l to 5-chloro-2-
phenylfuro[3,2-h]quinoline IV.' The latest strategy is based
on the gold-catalyzed annulation of anthranilic acid deriva-
tives with aryloxy-ethynes or aryl propargyl ethers which
provided benzofuro[2,3-b]quinolines V.!> Also metal-free
hydroalkoxylation leading to some tetrahydrofuran deriva-
tives was reported.!617

o] o O\
o /
\/N N \Z N (¢}
H H Br |

harsh conditions multistep synthesis multistep synthesis

(PPA, 130 °C) Fe and Pd catalysis Pd catalysis
cl microwave irradiation
2 —_R'

X R - o

pZ - / A 0,

N \_/ | | R

\_J N P /
o N
PH v v H

Au and Sb catalysis target compounds
metal-free synthesis

few reaction steps

Cu and Pd catalysis
long reaction times

Figure 1 Examples of known furoquinolines and target derivatives

Inspired by limited synthetic approaches applicable to
the preparation of furoquinolines, we herein report on a de-
velopment of a simple pathway leading to furo[3,2-b]quino-
lin-4(1H)-ones (Figure 1). With respect to typical draw-
backs of already existing methods, we have focused on the
use of readily available starting materials and elimination of
harsh reaction conditions or metal catalysis in the cycliza-
tion step.

© 2020. Thieme. All rights reserved. Synlett 2020, 37, A-E
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4-Ethynyl-[1,3]dioxolo[4,5-c]quinolone (1) was used as
the common starting material for the preparation of key in-
termediates 2-19. As previously reported, derivative 1 can
be easily synthesized in few steps starting from anthranilic
acid and chloroacetone, and its synthesis can even be scaled
up to multigram quantities.'® Dioxoloquinoline 1 was sub-
jected to reaction with diverse aryl bromides or iodides un-
der Sonogashira cross-coupling conditions. Although this
type of reaction was previously reported with both haloge-
nated quinolines' or alkynylquinolines?®?! as the starting
materials, a screening of suitable reaction conditions was
necessary to receive desired outcomes. Initially, iodoben-
zene was used as the model aryl halide. Inspired by report-
ed protocols,?-26 we tried several different procedures in-
volving various catalysts [Pd(PPhs),, PdCl,(PPh;),, Pd(OAc),,
10% Pd/C], bases (DIPA, Et;N, Cs,CO; pyrrolidine,
TBAF-3H,0), and solvents (MeCN, THF, NMP, DMAC/H,0) as
described in Table SI 1 of the Supporting Information. The
most suitable results were achieved using a slightly modi-
fied catalytic system consisted of 10% Pd/C and PPhs/Cul
(Table SI 1, entry 7, entitled as method A hereafter)?” or
PdCl,(PPh;),/Cul (Table SI 1, entry 5, entitled as method B
hereafter).?® The both reaction conditions did not require
the use of excessive amount of base or dry solvents and re-
quired only a short reaction time to completion, thus were
applied to the synthesis of further intermediates 3-19.

In the case of aryl halides, method A was applicable for
building blocks bearing both electron-withdrawing and
electron-donating substituents in ortho and para positions
which furnished the desired products in acceptable yields
(35-63%, Scheme 1). On the other hand, derivatives 7 and 8
synthesized from 2-iodonitrobenzene and 2-iodoacetophe-
none did not provide any product. In contrast, application
of method B furnished the both desired compounds in lim-
ited yields (19% and 27%, respectively). In the case of het-
erocyclic halides, only three building blocks derived from 2-
acetylthiophene, thiophene, and selenophene reacted un-
der method A conditions, with isolated yields of the corre-
sponding products ranging from 44-79%. Other heterocy-
clic halides required application of method B, which afford-
ed the desired intermediates in various yields (18-67%).
Additionally, alkylation of 1 with ethyl iodide under basic
conditions was tested (see Supporting Information for de-
tails) and it proceeded. However, the desired intermediate
20 was obtained in low yield (16%).

All synthesized derivatives 2-20 were subjected to cy-
clization to the furoquinoline scaffold. In this case, transi-
tion-metal catalysts were completely omitted to make the
cyclization metal-free and only different acids were tested.
It was discovered that choice of both acid and solvent was
necessary to achieve the desired compounds with a mini-
mum amount of byproducts. Screening of reaction condi-
tions was performed with model compound 1 (Table 1).
When using BF;-OEt, or trifluoroacetic acid anhydride
(TFAA), no reaction occurred. Hydrochloric acid did not pro-

e
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ot oy o
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X=Br) X =Br) X =Br) X =Br) see SI
for procedure)

Scheme 1 Synthesis of intermediates. Reagents and conditions: method
A: alkyne (1 equiv), iodo derivative (1 equiv), 10% Pd/C (5 mol%), PPh;
(10 mol%), Cul (10 mol%), DIPEA (3 equiv), DMAC/H,0 (9.5/0.5), inert
atmosphere, 70-75 °C; method B: alkyne (1 equiv), halogen derivative
(1 equiv), PdCly(PPhs), (2 mol%), Cul (1 mol%), Et;N (3 equiv), acetoni-
trile, inert atmosphere, 50-55 °C. For preparation of 20 see Supporting
Information.

vide the desired product, but we detected the byproduct
with the molecular mass corresponding to chlorinated
alkene, indicating addition of hydrogen chloride to the
alkyne moiety. Trifluoroacetic acid (TFA) as well as meth-
anesulfonic acid (MSA) in various solvents furnished a mix-
ture of unknown compounds with only low content of the
desired product. Reaction with MSA in dimethoxyethane
(DME) provided only a mixture of byproducts. However,
this outcome was dramatically improved in the presence of
water (DME/water, 1:1) which gave 85% conversion into
product. Comparable results were achieved using aqueous
AcOH or a mixture of THF/water (1:1). Later, it was discov-
ered that only minimum volume of water was necessary to
completely dissolve MSA and make the reaction mixture
homogenous (2 equiv of water to MSA). The limited yield of
model product 21 (60%)* was caused by the problematic
separation. Due to its polarity, silica gel chromatography or
crystallization was not feasible. However, precipitation in
chloroform gave pure product.

© 2020. Thieme. All rights reserved. Synlett 2020, 31, A-E

Downloaded by: Karolinska Institutet. Copyrighted material.



Synlett V. Krélova et al.

Table 1 Cyclization in Various Acids/Solvents

0o\ O

5 ° _acid__ 0

_ L

N™ H

1 21
Reagent Solvent Temp (°C) Time (h) Conversion (%)?
BF;-OFEt, EtOAc 20-25 48 -b
HCI/H,0 (1:1)  THF 20-25 72 <
TFA THF/H,0 (2:1) 50 2 —d
TFAA AcOH/DCM 40 24 -b
MSA/H,O (1:2)  i-PrOH 75 17 —d
MSA/H,0 (1:2) DMF 80 2 —
MSA DME 80 24 -
MSA DME/H,0 (1:1) 80 5 85
MSA ACOH[H,0 (1:1) 80 14 85
MSA THF/H,0 (2:1) 70 24 85
MSA/H,0 (1:2)  dioxane 80 7.5 90
MSA/H,0 (1:2)  dioxane 90 6 95

2 Determined by LC-MS.

b No reaction occurred.

¢ Product of hydrogen chloride addition detected.
4 Mixture of products.

With respect to high solubility of compounds 2-20 in
dioxane, this solvent was finally chosen for the synthesis of
the series of target furoquinolines (Scheme 2). The cycliza-
tion of compounds 2-19 using developed conditions re-
vealed some limitation caused by the substitution of (hete-
ro)aromatic moiety. The reaction was not feasible for all
o-substituted intermediates 6-9. The presence of both elec-
tron-donating and electron-withdrawing substituents re-
sulted in a mixture of unknown compounds with only a
trace of the desired product, which points to sterical hin-
drance. In accordance with this presumption, the identical
result was obtained for intermediate 19. On the other hand,
the presence of both electron-withdrawing (COOEt) or elec-
tron-donating (OMe) groups in p-position smoothly provid-
ed products in high yields (84% and 87%, respectively). In
contrast, cyclization of aniline derivative 3 resulted in only
45% conversion (integrated from LC-MS traces), and the fi-
nal compound was inseparable from unidentified reaction
byproducts. Heterocyclic intermediates 13, 16, and 17 de-
rived from thiazol, pyrimidine, and pyridine also furnished
inseparable mixtures. In contrast, quinoline-based com-
pound 18 provided the desired product 25 in high yield
(92%), which clearly shows the cyclization is not directly in-
fluenced by electron densities caused by the presence of
heterocyclic atoms. Similarly, remaining heterocyclic inter-
mediates were smoothly converted into the desired com-
pounds 22-24, 26, 27, and 29 in high yields.

HgO/dloxane (;ﬁi}—
80-90 °C

21-30

dX

. U mep ey ©Cf

21 (60%) (85%) 23 (87%) (84%) (92%)
HsCOC.__g s Se N N
- N\
D [t G ot 10D
26 (86%) 27 (85%) 28 (79%) 29 (84%) 30 (33%)

Scheme 2 Preparation of compounds 21-30 via acid-catalyzed cy-
clization

It should be pointed out that the reaction conditions
were not fully compatible with acid-labile functional
groups. For example, intermediate 5 yielded a mixture of
target ester/acid in a ratio of 50%/40%. To avoid handling
with the mixture, complete hydrolysis was simply carried
out in 2N NaOH, and compound 24 was isolated as a single
product.

Similarly, intermediate 14 yielded a mixture of the cor-
responding product accompanied with detosylated furo-
quinoline 29. In this case, complete cyclization and deto-
sylation was achieved with increased amount of MSA (10
equiv). Cyclization of alkyl intermediate 20 furnished a dif-
ferent outcome. After 10 hours the mixture of products 31
and 32 in a ratio 1:4.5 was detected using LC-UV-MS
(Scheme 3). Prolonged reaction time led to very slow con-
version and after 3 days, a mixture of both compounds in a
ratio 1:1 was obtained. Their separation using silica gel
chromatography was not successful due to similarity of re-
tention times. This result (in combination with the low
yield of compound 20) indicates the method could be appli-
cable towards C3-alkylated furoquinolines; however, fur-
ther optimization would be necessary.

MSA

H.O/dioxane
NN 80 90%
| /

31

not isolated not |solated

Scheme 3 Cyclization of intermediate 20

LC-UV-MS analyses of several crude products have
proven the presence of compounds (up to 10% according to
UV traces) with the molecular mass corresponding to diox-
oquinoline intermediates A (Scheme 4). This fact points to
plausible reaction mechanism of the cyclization. The for-

© 2020. Thieme. All rights reserved. Synlett 2020, 31, A-E

Downloaded by: Karolinska Institutet. Copyrighted material.



Synlett V. Krélova et al.

mation of furoquinoline scaffold is probably started by
acidic hydrolysis of the alkyne moiety to the corresponding
ketone.3® Subsequent acidic ring opening of dioxolo[4,5-
c]quinolones as reported previously'® provides 3-hydroxy-
quinoline-4(1H)-one intermediates B. Finally, the furan ring
is formed via acid-catalyzed nucleophilic attack of the hy-
droxyl group to the ketone, followed by dehydration and
aromatization. In the case of intermediate 20, the corre-
sponding ketone A (R = Et) was not detected as it probably
spontaneously cyclized to the target product 31.

Scheme 4 Proposed reaction mechanism

The cyclization reaction of 2-alkynyl-dioxoloquinolines
under acidic conditions represents a simple methodology
for the preparation of novel furo[3,2-b]quinolines. The for-
mation of the target scaffold was performed under metal-
free conditions and significantly milder conditions com-
pared to known alternatives. Although some limitation was
detected in the cyclization step, the method allows the syn-
thesis of variously C3-arylated furoquinolines. Additionally,
modification of the benzene ring can be feasible as the sub-
stituted intermediates 1 can be simply synthesized using
previously reported protocols'® applied to different anthra-
nilic acids. Overall, the strategy is applicable for the prepa-
ration of pharmacologically promising furoquinolines suit-
able for further research in the field of medicinal chemistry.
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Representative Product: 4-(Phenylethynyl)-[1,3]dioxolo[4,5-
c]quinoline (2)

Yield: 46%; mp 120-121 °C. 'H NMR (400 MHz, DMSO-d;): & =
7.96 (d,J=8.7 Hz, 1 H), 7.83 (d, J = 8.2 Hz, 1 H), 7.67 (td, J = 7.7,
1.7 Hz,3 H), 7.56-7.60 (m, 1 H), 7.49-7.53 (m, 3 H), 6.48 (s, 2 H).
13C NMR (101 MHz, DMSO-dg): & = 149.1, 145.3, 142.1, 131.8,
129.9, 129.0, 128.9, 128.7, 127.3, 126.1, 120.9, 119.8, 115.1,
104.0, 93.4, 84.1. HRMS: m/z calcd for C;gH;;NO, [M + H]:
274.0863; found: 274.0863.

(28) To a solution of alkyne 1 (1 equiv, 200 mg, 0.54 mmol) in aceto-

nitrile (HPLC quality, 2 mL), PdCl,(PPh;), (0.02 equiv, 0.01
mmol, 7.6 mg), Cul (0.01 equiv, 0.005 mmol, 1 mg), and Et;N (3
equiv, 225 pL) were added. The reaction mixture was flushed
with nitrogen, followed by addition of aryl or heteroaryl bro-
mide/iodide (1 equiv). The reaction was heated to 50-55 °C and
was monitored by TLC (hexane/EtOAc, 4:1). Upon completion
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through the glass filter. The dark brown solution was evapo-
rated, and the product was purified by column chromatography
(hexane/EtOAc, 4:1 — EtOAc).
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pressurized tube until the disappearance of starting material
(monitored by LC-MS). After that, the reaction mixture was
quenched by water (4 mL), and pH was adjusted on 6-7 by 10%
NaOH. The precipitated solid was filtered off, washed with
water, and dried. The crude product was purified by stirring in
chloroform.
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125.4,124.5, 121.4, 117.9, 102.3. HRMS: m/z calcd for C,;H,NO,
[M + HJ: 186.0550; found: 186.0551.
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Summary. - Murine gammaherpesvirus 68 (MHV-68) provides a valuable tool to screen novel therapeutic
strategies against oncogenic gammaherpesviruses. The development and characterization of antiviral agents
usually depend on appropriate screening assays. The aim of this study was to develop rapid and sensitive method
for testing antiviral compounds against gammaherpesviruses. For this purpose, a recombinant MHV-68 ex-
pressing firefly luciferase (MHV-68/LUC) was constructed. The conditions for MHV-68/LUC infection in Vero
cells suitable for novel antiviral screening assay in 96-well plate format were then optimized. The sensitivity of
MHV-68/LUC to acyclovir (ACV) and ganciclovir (GCV) was measured by the optimized luciferase activity
reduction assay. The 50% inhibition concentration (IC, ) values for ACV and GCV were comparable to those
determined by conventional plaque reduction assay. Therefore, the luciferase activity reduction assay can effi-
ciently replace the plaque reduction assay. The great advantages of novel assay are represented by the significant
reduction in assay time and rapid and objective measurement of the assay. In order to evaluate whether the
luciferase activity reduction assay could be used as a screening system for novel antivirals, newly synthesized
quinolone/quinoline derivatives were tested for their effects on the replication of MHV-68/LUC in vitro. The
compound 2-(1-(b-D-Xylopyranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-quinoline showed significant antiviral
activity and its IC_ against MHV-68/LUC was estimated to be 1,76 ug/ml. However, this compound was not

suitable for in vivo testing due to its narrow selectivity index (SI = 11).

Keywords: MHV-68; antiviral screening; luciferase; quinolone/quinoline derivatives

Introduction

The vast majority of the world's population is infected with
herpesviruses. Herpesviruses exhibit two distinct phases of

"Corresponding author. E-mail: virumis@savba.sk; phone: +421-
2-59302-426, +421-2-54773172.

Abbreviations: ACV = acyclovir; CC,, = 50% cytotoxic concen-
tration; CPE = cytopathic effect; DMSO = dimethyl sulfoxide;
EBV = Epstein-Barr virus; GCV = ganciclovir; hpi = hours post
infection; IC,, = 50% inhibitory concentration; KSHV = Kaposi's
sarcoma-associated herpesvirus; LDH = lactate dehydrogenase;
MHV-68 = murine gammaherpesvirus 68; MHV-68/LUC = recom-
binant luciferase-expressing MHV-68; MOI = multiplicity of infec-
tion; MTT = 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide; RLU = relative light units; SI = selectivity index

the life cycle, known as lytic replication and latency. Switch-
ing between these two phases has advantageously allowed
herpesviruses to efficiently establish life-long persistent
infections in hosts. Persistent infections are usually asympto-
matic. However, in some cases the persistence of herpesvirus
infection may result in tumorigenesis (Pellett and Roizman,
2013). Human gammaherpesviruses Epstein-Barr virus
(EBV) and Kaposi's sarcoma-associated herpesvirus (KSHV)
are two of the most prominent infectious agents associated
with variety of lymphoproliferative disorders. EBV, the
etiological agent of infectious mononucleosis, is related to
Burkitt's lymphoma, Hodgkin's lymphoma, nasopharyn-
geal carcinoma, and posttranplantation lymphoproliferative
disease (Pagano, 1999; Kutok and Wang, 2006; Odumade
et al., 2011). KSHV is associated with Kaposi's sarcoma,
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multicentric Castleman's disease, and primary effusion
lymphoma (Cesarman, 2014; Dittmer and Damania, 2016;
Jha et al., 2016).

Most of the currently available antiherpetic drugs are
nucleoside analogues, which act as inhibitors of viral DNA
polymerase. Although numerous antiviral agents have
proven to be effective inhibitors of EBV and KSHYV replica-
tion in vitro, no drug has been approved yet for the treatment
of gammaherpesvirus infections (Coen et al., 2014; Pagano
et al., 2018). Therefore, there is a real need to identify new
compounds with high effectivity and selectivity against
human gammaherpesviruses. However, the development
of novel antiviral agents has been limited due to the lack
of efficient gammaherpesvirus replication system. Murine
gammaherpesvirus 68 (MHV-68) is a natural pathogen of
small rodents (Blaskovi¢ et al., 1980) and is biologically and
genetically related to human gammaherpesviruses. MHV-68
provides a useful tool to screen novel chemotherapeutic
and prophylactic strategies to combat gammaherpesviruses
(Simas and Efstathiou, 1998; Stewart, 1999; Mistrikova et al.,
2000). In contrast to most gammaherpesviruses, MHV-68
forms a fully productive infection in conventional cell
cultures and induces characteristic cytopathic effect (CPE)
(Svobodova et al., 1982). Thus, CPE reduction assay (Neyts
and De Clercq, 1998; Medveczky et al., 2004; Coen et al.,
2013) or plaque reduction assay (Smee et al., 1997; Barnes
et al., 1999; Cho et al., 2013; Kang et al., 2017, 2018) can be
used for evaluation of the susceptibility of the MHV-68 to
antiviral agents. These assays represent the gold standard
screening methods and are relatively simple to perform.
However, they are labor-intensive, time-consuming and usu-
ally based on highly subjective observations. CPE reduction
assay and plaque reduction assay are best suited for small
numbers of specimens as they are difficult to automate. In
order to increase the capacity of testing newly synthesized
compounds, it is necessary to improve the efficiency and the
speed of antiviral screening methods.

Recombinant viruses carrying reporter genes may greatly
facilitate screening and identification of compounds with
antiviral activity. Coupled to the use of automated plate
readers, these recombinant viruses can make antiviral as-
says more suitable for standardization and high-throughput
purposes (Rameix-Welti et al., 2014). Recently, recombinant
viruses expressing luciferase have been developed and used
for screening of antiviral agents against several viruses
including human cytomegalovirus (Song et al., 2000; He
et al., 2011), dengue virus (Zou et al., 2011), Ebola virus
(Hoenen et al., 2013), Nipah virus (Lo et al., 2014), respira-
tory syncytial virus (Rameix-Welti et al., 2014), classical
swine fever virus (Shen et al., 2014) and influenza A virus
(Liet al., 2018). Luciferase-based methods can also be used
for the study of viral gene expression (Song et al., 2000),
the non-invasive and continuous monitoring of systemic

infection in vivo and the exploring virus-host interactions
(Barry et al., 2012). A bioluminescence imaging system was
also introduced to monitor MHV-68 infection in the whole
mouse (Hwang et al., 2008; Milho et al., 2009; Lee et al.,
2011; Kang et al., 2012).

At many institutes of chemistry, novel compounds with
potential biological activity such as quinolone derivatives
are synthesized. Quinolones represent an important class of
broad-spectrum antibacterial agents. Recently, quinolones
have been reported to possess a variety of useful biological
activities, including antitumor, antiparasitic, antifungal,
and antiviral activities (Richter et al., 2004; Ahmed and
Daneshtalab, 2012; Dalhoft, 2015).

The aim of this study was to establish a rapid and sensitive
method for testing potential antiviral compounds against
gammaherpesviruses by use of a luciferase-expressing
MHV-68. This novel optimized assay, termed luciferase activ-
ity reduction assay, was compared with conventional plaque
reduction assay and its reliability was verified. Furthermore,
in an attempt to identify novel inhibitors of gammaherpes-
virus replication, newly synthesized quinolone/quinoline
derivatives were screened for their antiviral activity using
luciferase activity reduction assay.

Materials and Methods

Cells. African green monkey kidney (Vero) cells were cultured in
complete Dulbecco's modified Eagle's medium (DMEM) containing
9% heat-inactivated fetal bovine serum (FBS) and supplemented
with L-glutamine (2 mM), penicillin (100 units/ml) and streptomy-
cin (100 pg/ml). Cell cultures were grown in a 5% CO, humidified
atmosphere at 37°C.

Viruses. Working MHV-68 stock (isolated from Myodes glareo-
lus, Blagkovi¢ et al., 1980) was prepared by infection of Vero cells
at low multiplicity of infection (MOI). Recombinant MHV-68
expressing firefly luciferase (MHV-68/LUC) was constructed as
previously described (Hwang et al., 2008). Viral titers were deter-
mined by plaque assay using Vero cells.

Compounds. The 2-(1-glycosyl-1,2,3-triazol-4-yl)-3-hydrox-
yquinolone conjugates (Table 1) used in this study were synthesized
according to the previously reported procedure (Samsulova et
al., 2019). Stock solutions (2 mg/ml) were prepared by dissolv-
ing compounds in dimethyl sulfoxide (DMSO), filtered through
a 0.2 pm filter and diluted to the appropriate concentrations in
culture media. Acyclovir (ACV; Sigma-Aldrich) and ganciclovir
(GCV; Sigma-Aldrich) were dissolved in distilled water to the
concentration of 1 mg/ml.

Growth curves. Multistep virus growth curves were obtained by
infecting subconfluent Vero cells ata MOI of 0.01. After adsorption
for 1 hour, the wells were washed with medium to remove residual
virus and fresh DMEM containing 2% FBS was added. At various
times post infection, the cells and supernatants were harvested,
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Table 1. List of tested compounds

Compound Systematic name for compound
Q1 2-(1-(B-D-Ribofuranosyl)-1,2,3-triazol-4-yl)-3,4-methylenedioxy-quinoline
Q2 2-(1-(B-D-Ribofuranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-quinoline
Q3 2-(1-(B-D-Ribofuranosyl)-1,2,3-triazol-4-yl)-3-hydroxyquinolin-4-one
Q4 2-(1-(B-D-Xylopyranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-quinoline
Q5 2-(1-(B-D-Xylopyranosyl)-1,2,3-triazol-4-yl)-3-hydroxyquinolin-4-one
Q6 2-(1-(B-D-Glucopyranosyl)-1,2,3-triazol-4-yl)-3,4-methylenedioxy-quinoline
Q7 4-ethynyl-[1,3]dioxolo[4,5-c]quinoline
Q8 3,4-bis(benzyloxy)-2-ethynylquinoline

frozen and thawed three times, and subjected to plaque assays on
Vero cells. All experiments were carried out in duplicate.
Cytotoxicity assays. The cytotoxicity of tested compounds was as-
sessed via the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay and the lactate dehydrogenase (LDH) assay.
Vero cells were seeded at 1 x 10* cells per well in DMEM contain-
ing 9% FBS into 96-well tissue culture plates. After a 24 h period
of incubation, the culture medium was removed and replenished
with 150 pl of DMEM containing 2% FBS and various concentra-
tions of the tested compounds (in duplicate). At final dilutions,
the concentration of DMSO never exceeded 0.5%. Solvent controls
were run simultaneously - these wells were set to represent 100%
of viability in MTT assay and the level of spontaneous LDH release
from cells. The maximal LDH release was established by cell lysis
with 1% Triton X-100. Cells not treated with compounds or DMSO
were used as control cells. Cells were then incubated for 2 days in
a 5% CO, humidified atmosphere at 37°C. After treatment, 50 ul
of supernatant were carefully removed from each well without
disturbing the cells and transferred into corresponding wells of
another 96-well plate - this plate was immediately used for LDH
assay. The original plate containing cells with 100 ul of supernatant
per well was used for MTT assay. MTT assay: Then, 10 pl of MTT
solution (5 pg/ml in PBS) was added to each well and the plate
was wrapped with aluminium foil and incubated for 2 h at 37°C.
After this incubation, the mixture was removed and 100 pl of
DMSO was added to each well to dissolve formazan crystals. After
gently shaking the plate for 20 min, the absorbance was measured
on the Epoch™ Microplate Spectrophotometer (Biotek) at a test
wavelength of 570 nm with a reference wavelength of 690 nm. The
percentage of cell viability was calculated as [(compound treated
sample) / (solvent control)] x 100. The 50% cytotoxic concentra-
tion (CC,)) was defined as the compound concentration (ug/ml)
required for the reduction of cell viability by 50% when compared
to the solvent controls. The CC, values of each compound were
calculated as the mean from two independent experiments using
Prism 7 (GraphPad Software Inc.). LDH assay: The LDH assay
reagent was freshly prepared according to the published protocol
(Kaja et al., 2015). Then, 50 pl of assay reagent were added to each
well of plate containing 50 ul of supernatant and mixed briefly on

an orbital shaker. The plate was then incubated at room tempera-
ture in the dark for 1 h. After this incubation, 50 pl of 1M acetic
acid were added to each well to stop the reaction and stabilize the
product. The absorbance was measured on the Epoch™ Microplate
Spectrophotometer (Biotek) at a test wavelength of 490 nm with
a reference wavelength of 650 nm. The percentage of cytotoxicity
was calculated as [(compound treated sample - solvent control) /
(maximum LDH release control - solvent control)] x 100.

Plaque reduction assay. Vero cells were seeded in 24-well tissue
culture plates at 1.5 x 10* cells per well. Next day, the cells were
infected with a viral inoculum of approximately 50 PFU/well.
After 90 min of incubation at 37°C, residual viral particles were
removed, and the wells were overlaid with 1 ml of 1% carboxym-
ethylcellulose in normal growth media containing serial dilutions
of the tested compounds (in duplicate). Solvent treatment was
served as a negative control, while GCV (10 pug/ml) was used as a
positive control. After 6 days of incubation at 37°C and 5% CO,,
monolayers were fixed and stained with 0.2% crystal violet in 20%
ethanol. The plaques were then counted microscopically. The 50%
inhibitory concentration (IC, ) was defined as the compound con-
centration (ug/ml) required to reduce the plaque number by 50%
when compared to the negative control wells. The IC_| values of
each compound were calculated as the mean from two independent
experiments using Prism 7 (GraphPad Software Inc.).

Luciferase activity reduction assay. Vero cells were seeded at
2 x 10* cells per well in 96-well plate. After incubation overnight,
the cells were infected with MHV-68/LUC at a MOI of 0.05. After
90 min adsorption at 37°C, the virus inoculum was removed, and
100 pl of DMEM containing 2% FBS and noncytotoxic concentra-
tions of the tested compounds (in duplicate) were added to each
well. The infected cells treated with solvent were included as a
negative control, while the infected cells with ACV (10 ug/ml)
or GCV (10 pg/ml) were used as positive controls. After 2 days of
incubation at 37°C and 5% CO,, the plate was subjected to three
freeze-thaw cycles to achieve complete cell lysis and centrifuged
at 1000 x g for 10 min at 4°C. Then, 50 ul of the supernatant
were transferred into corresponding wells of a white opaque
96-well plate. Firefly luciferase assay reagent (2x) was prepared
fresh before each use according to the previously published pro-
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Fig. 1

Growth properties of recombinant MHV-68/LUC
(a) Multistep growth curves of MHV-68/LUC and MHV-68. Vero cells were infected at a MOI of 0.01 and incubated at 37°C. At the indicated time points,
the cells and supernatants were collected and viral titers were determined by performing a plaque assay. Reporter activity level on day 0 post infection
indicates background noise of the luminometer. (b) Linear correlation between MHV-68/LUC titers and luciferase activity (expressed as relative light units,
RLU). Linear regression curve and coefficient of determination (R?) are shown. (c) Plaque morphology of the wild type virus and the recombinant virus.

tocol (Oba et al., 2003) with minor modifications - it contained
300 pg/ml D-Luciferin, 300 uM ATP, 500 uM coenzyme A and
10 mM MgCl, in 200 mM Tris-HCI pH 7.8. Luciferase activity
was measured using Synergy™ H4 Hybrid Multi-Mode Micro-
plate Reader (Biotek) with injector. Injection volume was 50 pl
per well. Signal integration was for 10 s with delay settings of 2 s
after each injection. The IC_ value was defined as the compound
concentration (pg/ml) required to reduce the luminescence signal
by 50% when compared to the negative control wells. In order to
demonstrate the reproducibility of the luciferase activity reduc-
tion assay, a series of at least two independent experiments were
performed and the IC,  values of each compound were calculated
as the mean from these independent experiments using Prism 7
(GraphPad Software Inc.).

Statistical analysis. The results were processed using the software
Prism 7 (GraphPad Software Inc.). All data were expressed as mean
+ standard deviation (SD). To describe the cytotoxicity, cell viability
and antiviral activity, one-way analysis of variance (ANOVA) with
Dunnett's post hoc test was used.

Results and Discussion
Growth properties of recombinant virus in Vero cells

To establish a novel screening system for antiviral activity
against gammaherpesviruses, a recombinant MHV-68 that
expresses the firefly luciferase under the control of the M3
viral promoter (MHV-68/LUC) was used. The M3 promoter
is highly responsive to the replication and transcription
activator (Rta) (Martinez-Guzman et al., 2003). The Rta
protein encoded by ORF50 of MHV-68 transactivates viral
gene expression, triggering the lytic replication cycle (Liu et
al., 2000). M3 transcripts are abundantly expressed during
lytic replication of MHV-68 in vitro (Martinez-Guzman et
al., 2003). Thus, the infection of cells with MHV-68/LUC
enables quantitation of viral replication by determining the
luciferase activity in a luminometer (Hwang et al., 2008).

MHV-68/LUC was constructed by inserting the M3
promoter-driven luciferase expression cassette at the left end
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Optimization of the MHV-68/LUC infection conditions for the novel assay
(a) Correlation between luminescent signal and seeding cell density. Vero cells (1 x 10* or 2 x 10*cells/well) were infected with MHV-68/LUC at indicated
MOIs and luciferase activity in relative light units (RLU) was measured 48 h post infection. Data represent the mean + SD of two independent experi-
ments, each performed in triplicate. (b) Correlation between luminescent signal and multiplicity of infection (MOI) at different times post infection. Vero
cells were infected with MHV-68/LUC at varying MOIs and luciferase activity in relative light units (RLU) was measured at 24, 48 and 72 hpi. Reporter
activity levels in non-infected cells (NT) indicate background noise of the luminometer. Data represent the mean + SD of two independent experiments,

each performed in triplicate.

of the viral genome according to the previously described
procedure (Hwang et al., 2008). Multistep growth curve
experiments were conducted to compare the growth kinetics
of the recombinant virus with the wild-type virus (Fig. 1).
The growth of the recombinant virus in Vero cells was also
monitored under a light microscope and typical CPE was
observed. The replication kinetics of MHV-68/LUC and
MHV-68 were nearly identical (Fig. 1a) and viruses produced
plaques of similar sizes (Fig. 1¢). In addition, the samples
collected during the growth curve of MHV-68/LUC were
also used to determine the activity of the expressed firefly
luciferase. A direct relationship between luciferase activity
and viral titers of MHV-68/LUC measured by a plaque assay
was confirmed by regression analysis (Fig. 1b), demonstrat-
ing that the luminescent signal can accurately reflect the
replication of MHV-68/LUC in vitro.

Optimization of MHV-68/LUC infection conditions for
antiviral screening assay

In order to obtain a sufficiently strong luminescent signal,
it was necessary to identify the appropriate conditions for
MHV-68/LUC infection in Vero cells. We investigated the
optimal seeding cell density, the optimal MO], and the ideal
incubation time for an in vitro antiviral screening assay. Vero
cells were seeded in 96-well plates at the density of 1 x 10* or
2 x 10* cells per well. Next day, cells were infected with MHV-
68/LUC at varying MOIs. At 48 hours post infection (hpi),

plates were subjected to three freeze-thaw cycles, centrifuged
and the luciferase activity in supernatants was measured. As
expected, the luminescence signal positively correlated with
the cell number and the virus dose used (Fig. 2a). The cell
density of 2 x 10* cells per well was selected for the novel as-
say. To further optimize the assay, 2 x 10* Vero cells/well were
infected with MHV-68/LUC at MOIs ranging from 0.02 to 1.
The infected cells were monitored daily for the development
of viral CPE and luciferase activity was measured at 24, 48 and
72 hpi. Luminescent signal correlated well with the increasing
MOI and the signal intensity also increased over time post
infection (Fig. 2b). In antiviral activity studies, it is advisable
to use lower MOIs in order to avoid rapid cell destruction and
to enable the detection of the inhibition of virus spread within
the cell culture (Marschall et al., 2000; Postnikova et al., 2018).
Moreover, the purpose of this study was to develop a rapid as-
say system for measuring the antiviral activity. Therefore, the
optimal experimental conditions were determined as MOI
of 0.05 and incubation for 48 h. Under these conditions, the
signal-to-noise ratio was high (8.3 x 10%) and characteristic
viral CPE in Vero cells was observed.

Validation of the luciferase activity reduction assay by
known antiherpetic agents

A novel optimized assay was verified using two anti-
herpetic agents. Since ACV and GCV have been shown to
efficiently inhibit the MHV-68 replication in vitro (Sunil-
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Fig. 3

In vitro antiviral testing using MHV-68/LUC as a tool
Vero cells were infected with MHV-68/LUC at the MOI of 0.05 and the infected cells were incubated in the presence of serial dilutions of (a) acyclovir
(ACV) or (b) ganciclovir (GCV) in duplicate. The luciferase activity was measured 48 hpi using an automatic plate luminometer. Solvent-treated infected
cells were set to represent 100% of the luciferase activity (control). The data are normalized to solvent control, and the mean + SD for the results of two
independent experiments are shown.

Table 2. Cytotoxicity and antiviral activity of selected compounds against MHV-68/LUC in Vero cells.

MTT assay Plaque reduction assay Luciferase activity reduction assay
Compounds
CC,, (ug/ml)* IC,, (ug/ml)* SI IC,, (ug/ml)* SI
Acyclovir >250 1.431 £ 0.097 >175 0.493 + 0.041 >507
Ganciclovir >250 2.798 £ 0.316 >89 0.724 £ 0.056 >345
Q4 19.12 £ 0.954 4.875 £ 0.594 4 1.760 £ 0.321 11

“Values represent the mean + SD of two independent experiments. CC_/ = concentration required to reduce cell viability by 50%; IC, = concentration
required to reduce plaque formation or luciferase activity by 50%; SI = selectivity index (ratio of CC, /IC, ).

Chandra et al., 1994; Smee et al., 1997; Neyts and De Clercq,
1998; Coen et al., 2013), these inhibitors were selected for
the assay validation. ACV and GCV belong to the group
of purine acyclic nucleoside analogues (De Clercg, 2013).
A dose-dependent inhibition of the luciferase activity was
observed following treatment of the MHV-68/LUC infected
Vero cells with serial dilutions of ACV (Fig. 3a) or GCV
(Fig. 3b), while no obvious cytotoxicity was detected for
either drug at the highest concentrations tested (Table 2).
Reduction of luciferase activity in MHV-68/LUC-infected
cells treated with the two compounds allowed the deter-
mination of IC, values for both inhibitors. For ACV, the
observed IC,  value was 0.493 + 0.041 ug/ml. The IC,  value
of GCV was 0.724 + 0.056 pg/ml. Consistent with the previ-
ously published studies (Neyts and De Clercq, 1998; Coen

et al., 2013), virus was more susceptible to ACV than GCV
in vitro. To compare the luciferase activity reduction assay
with a conventional method, IC, values of ACV and GCV
were also determined by the plaque reduction assay. The
observed IC, values, 1.431 +0.097 and 2.798 + 0.316 pg/ml
for ACV and GCV, respectively, were in the same range as
those determined by the novel assay. Table 2 summarizes
the CC_ and IC,  values of the inhibitors in these antiviral
assays. Slightly lower IC, values obtained using luciferase
activity reduction assay indicate a high sensitivity of the novel
assay (Marschall et al., 2000). The variation in IC, values
may possibly be related to the subjective nature of the plaque
reduction assay. Moreover, the usage of the classical plaque
reduction assay does not take into account the size of plaques.
Another disadvantage of the plaque reduction assay is the
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Cytotoxicity data of novel quinolone/quinoline derivatives in Vero cells
Vero cells were treated with various compounds (10 pg/ml) for 48 h. Relative cell viability was determined by (a) MTT assay, while relative cytotoxicity
was determined by (b) LDH assay, as described in Materials and Methods. Data are presented as mean + SD of two independent experiments, each per-
formed in duplicate. Statistical analysis of the data was performed using one-way ANOVA, followed by Dunnett's post hoc test for multiple comparisons.
Statistically significant differences between the solvent control (DMSO) and the treatment groups are indicated by asterisks: ***P <0.001.

impossibility of determining the amount of viral replication
within single cell. Not infrequently, the end-point of the test
shows enlarged cells without spread of the virus to adjacent
cells (He et al., 2011). However, the above shortcomings of
plaque reduction assay can be successfully overcome by using
the sensitive luciferase-based method. Taken together, our
results suggest that the luciferase activity reduction assay
is applicable for screening of antiviral compounds against
gammaherpesviruses and, importantly, is superior to con-
ventional antiviral screening assays.

Evaluation of the cytotoxicity of newly synthesized qui-
nolone/quinoline derivatives

Effective antiviral compounds should specifically inhibit
one or more steps of virus replication without adversely af-
fecting the host cell metabolism (De Clercq, 1982). Therefore,
assessment of the cytotoxicity is an important part of the
evaluation of a potential antiviral agent. One of the most
widely used cytotoxicity or cell proliferation assays is the
MTT assay, which is a quantitative colorimetric assay. The
assay assesses mitochondrial cellular function based on
the enzymatic reduction of the tetrazolium salt MTT by
the mitochondrial dehydrogenases in viable cells. Another
commonly used assay is the LDH assay. This colorimetric
method is based on measuring the activity of cytoplasmic
enzyme LDH released into cell culture medium by damaged
or lysed cells (Fotakis and Timbrell, 2006).

In this study, a total of 8 compounds, newly synthesized
quinolone/quinoline derivatives (Table 1), were subjected
to cytotoxicity assays. Vero cells were incubated in the
presence of tested compounds at a single concentration of
10 pug/ml, as it was the maximum compound concentration
possible to keep final DMSO content non-cytotoxic. After
48 hours of incubation, cell viability was evaluated by MTT
assay. Most compounds did not affect the cell viability, while
compounds Q7 and Q8 significantly reduced number of
viable Vero cells (Fig. 4a). In order to determine if the re-
duction in cell viability obtained with MTT assay was due
to cytotoxicity or antiproliferative activity, the LDH assay
was also performed. High accumulation of LDH in media
was observed after treatment of Vero cells with compounds
Q7 and Q8, demonstrating the significant cytotoxic effects
of these compounds (Fig. 4b). Therefore, we did not include
these cytotoxic compounds in further experiments.

Evaluation of antiviral activity of newly synthesized qui-
nolone/quinoline derivatives against MHV-68 in vitro

The effect of noncytotoxic compounds on the gammaher-
pesvirus replication in vitro was examined using luciferase
activity reduction assay. Vero cells were treated with 10 pg/ml
of compounds after infection with MHV-68/LUC ata MOI of
0.05. DMSO treatment was served as a negative control, while
ACV and GCV were included as positive controls. Luciferase
activity was measured at 48 hpi. Compound Q4 (Fig. 5)
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Chemical structure of compound Q4
2-(1-(B-D-Xylopyranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-quinoline.
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Screening of novel quinolone/quinoline derivatives for antiviral
activity against MHV-68/LUC

The compounds were screened for antiviral activity using luciferase activity
reduction assay, as described in Materials and Methods. Briefly, Vero cells
were infected with MHV-68/LUC at the MOI of 0.05 and infected cells
were treated with various compounds at the concentration of 10 pg/ml.
After 48 h of incubation, luciferase activity was measured. Values were then
normalized to solvent control (DMSO). Data are presented as mean + SD
of three independent experiments, each performed in duplicate. Statistical
analysis of the data was performed using one-way ANOVA, followed by
Dunnett's post hoc test for multiple comparisons. Statistically significant
differences between the solvent control (DMSO) and the treatment groups
are indicated by asterisks: ***P <0.001.

was consistently identified with significant antiviral activity
against MHV-68/LUC from three independent screenings
(Fig. 6). To quantify the antiviral effect, the inhibition rates
of compound Q4 at different concentrations were determined
and IC, value was calculated using nonlinear regression
analysis. The inhibitory effect of compound Q4 showed dose-
dependent pattern (Fig. 7). The IC,  of compound Q4 against
MHV-68/LUC was estimated to be 1.760 + 0.321 pg/ml.

120- ICs = 1.760 + 0.321 ug/ml

100-
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60-
40-
20-

0 ' rrr—— T r
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-20-

Q4 (ug/ml)
Fig. 7
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A dose-response curve for compound Q4

The antiviral activity of the compound Q4 against MHV-68/LUC was de-
termined by luciferase activity reduction assay, as described in Materials
and Methods. Briefly, Vero cells were incubated with increasing amounts
of compound Q4 ranging from 0.078 pg/ml to 10 ug/ml after MHV-68/
LUC infection. After 48 h of incubation, luciferase activity was measured.
Relative levels of luminescence intensity were calculated as a percentage
of levels in solvent-treated infected cells. Data are presented as mean + SD
of two independent experiments, each performed in duplicate. The IC,
value was defined as the concentration of compound Q4 required to reduce
luciferase activity by 50%.

In some cases, newly synthesized compounds can quench
the luminescence without inhibiting viral replication (Zhang
et al., 2016). Therefore, after the initial screening of novel
compounds using the luciferase activity reduction assay
and identification of active compounds, it is recommended
to confirm the antiviral activity of identified compounds
using a second assay.

In addition to luciferase activity reduction assay, com-
pound Q4 was also tested in the plaque reduction assay.
MHV-68 infected cells were treated with serial dilutions of
the compound Q4 for 6 days. Compound Q4 reduced the
plaque number and the plaque size in the dose-dependent
manner (Fig. 8). The IC, value for compound Q4 obtained
with plaque reduction assay was within 3-fold of the IC_|
value determined by luciferase activity reduction assay
(Table 2), indicating that MHV-68/LUC can serve as antiviral
screening tool.

Taken together, these results demonstrate that compound
Q4 has strong antiviral activity against MHV-68 in vitro.
Compound Q4 also exhibited inhibitory effect against Gram-
positive bacterial strains (Samsulové et al., 2019). It seems
that combining di-O-benzyl protected quinoline (compound
Q8) with xylosyl moiety led to the loss of cytotoxic activity
of the compound and to the improvement of its antibacterial
and antiviral effects. Therefore, a novel synthetic route to
2-substituted-3-hydroxyquinolone conjugates paves the way
for extending the range of new biologically active derivatives
(Sam$ulova et al., 2019).
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Plaque reduction assay of compound Q4 against MHV-68
Vero cells were infected with MHV-68 (50 PFU/well) and infected cells were covered with overlay media containing serial two-fold dilutions of compound
Q4. Solvent treatment (DMSO) served as a negative control, while ganciclovir (GCV) was used as a positive control. Non-infected cells (NI) incubated
with overlay media alone were used as control cells. After 6 days of incubation, plaques were visualized by crystal violet staining.

Determination of selectivity index of compound Q4

The potency of antiviral agents is estimated by the ratio
of CC, and IC, . This relationship is called in vitro selectiv-
ity index (SI). The SI value of an antiviral agent must be at
least in the range of 100 to 1000 to indicate useful effect on
viral inhibition in animal experiments (Omura, 1992). The
compound Q4 was found to have low SI value (Table 2),
thus it was not suitable for in vivo testing in animal model.

Conclusion

A novel antiviral screening assay for identifying com-
pounds with activity against gammaherpesviruses has been
developed. The luciferase activity reduction assay yielded
similar data as the plaque assay, but its performance, espe-
cially the rapidity, was superior. Moreover, measurements
using automated microplate luminometer are objective,
quick and conducive to handling large number of plates
during screening.
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Abstrakt

Tato disertacni prace je zaméfena na vyvoj novych syntetickych metod pro
ptipravu 2-substituovanych-3-hydroxychinolin-4(1H)-ond. Substituci v
poloze C2 je alkyl, aryl, ale také heteroaryl. 3-Hydroxychinolin-4(1H)-ony
s heterocyklem v poloze C2, nejsou piili§ znamé. Jelikoz jsou v literatufe
popsany pouze tii prace, zabyvajici se piipravou latek tohoto typu, je velka
¢ast disertacni prace vénovana pravé metodice priprav 2-heteroaryl-3-
hydroxychinolin-4(1H)-onl. Syntéza téchto latek je zaloZzena na
transformacich pfipravenych intermediati 2-alkynyl-chinolint a chinolin-2-
karbaldehydu.

Hlavni ¢ast experimentalni prace vyuziva reaktivity trojné vazby 2-alkynyl-
chinolint, kdy bylo pomoci ,,click™ reakci a Sonogashira cross-couplingu
pfipraveno nékolik sérii cilovych derivati. Navic, kromé syntézy
2-heteroaryl-3-hydroxychinolin-4(1H)-onli, byl nalezen a nasledné také
vyvinut novy zpusob pfipravy furo[3,2-b]chinoloni. U pfipravenych
derivatd bylo provedeno i biologické testovani, kdy byla zjiStovana
antibakterialni a antivirova aktivita. Soucéasti experimentalni prace bylo i
pomérné rozsahlé testovani antivirové aktivity na Virologickém ustavu

Slovenské Akadémie Vied v Bratislavé.



Abstract

The presented thesis was focused on the development of new synthetic
strategies for preparation of 2-substituted-3-hydroxyquinolin-4(/H)-ones.
Substituents in position C2 were alkyl, aryl and also heteroaryl. In addition,
3-hydroxyquinolin-4(1H)-ones containing heterocyclic moiety in position
C2 are rare. Since the literature describes only three papers dealing with
synthesis of such compounds, a large part of the dissertation is devoted to
the methodology of 2-heteroaryl-3-hydroxyquinolin-4(/ H)-one
preparations. Synthesis of these compounds is based on transformations of

prepared intermediates 2-alkynyl-quinolines and quinoline-2-carbaldehydes.

The main part of the experimental work utilizes the reactivity of the triple
bond of 2-alkynyl-quinolines, where several series of target derivatives
were prepared by means of "click" reactions and Sonogashira cross-
coupling. In addition to the synthesis of 2-heteroaryl-3-hydroxyquinolin-
4(1H)-ones, a new process for the preparation of furo[3,2-b]quinolones has
also been developed. Biological testing was performed on prepared
derivatives, where antibacterial and antiviral activities were tested. Part of
the experimental work was also relatively extensive testing of antiviral
activity at the Institute of Virology of the Slovak Academy of Sciences in

Bratislava.
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Cil prace

Vypracovat literarni resersi tykajici se syntézy derivati chinolonti,
pfipadné chinolinti, obsahujicich v molekule heterocyklus.
Vyvinout nové syntetické pfistupy pro piipravu C2-
substituovanych-3-hydroxychinolin-4(1H)-onti, se zaméfenim na
C2-heterocyklické derivaty a jejich intermediatd.

Stanoveni biologické aktivity nove ptipravenych derivati.



2 Uvod

Syntéza 2-substituovanych-3-hydroxychinolin-4(1 H)-oni cyklizaci
fenacylesterti byla poprvé popsana roku 1995.' Od té doby jsou tyto latky
intenzivné studovany zejména pro své biologické aktivity,™® zajimavé jsou
ale také jejich fluorescen¢ni vlastnosti.*”’ Postupné byly popsany dalsi
cyklizace substituovanych fenacylestert,* " jsou viak znamy i jiné p¥ipravy

téchto latek, napft. z chalkong,'*"

nebo zlatem katalyzovana reakce alkynyl
ketoni.'* Dal§im piikladem je tzv. ,,one-pot“ reakce, kdy dochazi v jednom
kroku k tvorbé fenacylesteru a nasledné cyklizaci za pouziti mikrovinného
zéieni."”” Takto jsou syntetizovany derivaty, které maji v poloze C2 aromat
nebo alkyl. Derivaty obsahujici heterocyklus v poloze C2 jsou vsak
v literatufe popsany relativn€é vzacné. V nasi vyzkumné skupiné byly
takovéto chinolony pfipraveny jiz dfive, cyklizaci heterocyklickych analogt
fenacylesterd,'® a byla u nich zjisténa zajimava antiprotozodlni a antivirova
aktivita, vysledky bohuzel nebyly publikovany. Tato metoda se vsSak
neosveédcCila pro piipravu latek, které mély v poloze C2 heterocyklus
obsahujici dusikové atomy napf. pyridin, imidazol apod.

Déle byla vnasi skupiné¢ rozpracovana metodika pro pripravu C2
substituovanych derivatti, kterd vychazela z 2-methyl-3-hydroxychinolin-
4(1H)-onu. Nasledné transformace vyuzivaly piedev§im kyselosti vodikd
methylové skupiny, diky tomu byly do polohy C2 zavedeny alkyly, fenyl a
(hetero)aryly. U nékterych derivati byla naméfena antibakterialni aktivita
viici kmenu M. luteus srovnatelna s ciprofloxacinem.'” Ve zminéné praci je
také popsana pfiprava intermediati obsahujicich v poloze C2 aldehyd nebo

terminalni alkyn (Obrazek 1). Tyto latky byly v této disertacni praci



vyuzivany jako vychozi komponenty pro zavedeni arylu nebo heterocyklu

do polohy C2.

Syntetické cesty vedouci k 2-heteroaryl-3-hydroxychinolin-4(1H)-ontim
byly navrzeny podle obsazené funkéni skupiny vychoziho intermediatu.
Tyto postupy zahrnovaly napi. kondenzacni reakce, médi katalyzované

,»click® reakce nebo Sonogashira cross-couplingové reakce.

0o/ 00—\
O O
X X
N/ H N/
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Obrazek 1. Intermediaty ptipravené diive, slouzici jako vychozi reakéni

komponenty.

Ne vzdy vSak byla protektivni methylenovd skupina kompatibilni
sreakénimi podminkami, a proto byly pfipraveny intermediaty,
s benzylovou chranici  skupinou, kterou Ize odstranit napf.

hydrogenolyticky.

Samotna experimentalni prace se nejvice zaméfuje na tii stéZejni tkoly.
Prvnim tkolem byla pfiprava konjugatii chinolonu s triazolo-sacharidy
pomoci ,,click” reakce. U téchto latek byla ve spolupraci se Slovenskou
Akadémii Vied méfena antimikrobidlni aktivita viaci specialnimu
bakteridlnimu kmenu P. larvae. Navic, byla nalezena zajimava antivirova
aktivita viici gammaherpes viru MHV-68. Ddle byla zkouména reaktivita

terminalniho alkynu pfi Sonogashira cross-couplingu. Touto metodou byly



do polohy C2 zavedeny substituované aromaty a nejriznéjsi heterocykly.
Na tuto ¢ast experimentalni prace navazuje syntéza furo[3,2-b]chinolont.
Pfiprava téchto latek je v literatufe popsdna pomérné malo, vyuziva se
cyklizace v PPA za vysokych teplot nebo ptisobenim mikrovinného
zateni."®*! Pomoci nové metodiky, ktera je zalozena na cyklizaci 2-alkynyl-
chinolin v MSA, se podafilo ziskat substituované furo[3,2-b]chinolony.
Vybrané derivaty byly podrobeny in vitro a in vivo testovani vaci
chiipkovému viru typu Influenza A. Nicméné, na testovanych virech se
pomoci pouzitych experimentli nepodafilo prokéazat antivirovy ucinek u

zadné z testovanych latek.

V praci je uveden také nespocet negativnich vysledkti, kdy se nékteré
z navrzenych syntéz nepodafilo dokoncit a to napt. vlivem charakteru latek
(polarita, rozpustnost) nebo jejich $patné reaktivity. V jiném ptipadé byla
piipravena celda série 2-heteroaryl-3-hydroxychinolin-4(1H)-onti, pomoci
jednoduché metodiky. Avsak pfipravené latky byly tak nerozpustné, ze

nebylo mozné ziskat kompletni analyticka data pro jejich charakterizaci.

Na zakladé ziskanych vysledkd biologické aktivity jednotlivych derivati
nase skupina pokracuje v hledani novych derivatd. Navic, omezena
metodika pfipravy vedouci k C2 heterocyklickym chinoloniim dava prostor

pro nové syntetické cesty, které by mohly vést k t€émto latkam.



3 Vysledky a diskuze

V této kapitole je uvedena syntéza klicovych intermediati 2-karbaldehyd a
2-alkynyl chinolini. Ty nasledné slouzi jako vychozi latky k piiprave
2-(hetero)aryl-chinolonti, které jsou syntetizovdny riznymi metodami

s vyuzitim napt. ,,click* reakci, Sonogashira cross-couplingu aj.
3.1  Syntéza klicovych intermediatia

Pro pfipravu  2-substituovanych-3-hydroxychinolin-4-(1H)-onti  byly
zvoleny rdzné syntetické pristupy. V zavislosti na typu substituentu
vpoloze C2, byly vyuzity cyklizaéni nebo cross-couplingové reakce.
Nejprve byl pfipraven 2-methyl-3-hydroxychinolin-4-(1H)-on 3 dle
znamého postupu.’ Nasledujici krok, protekce kyslikovych atomd, byl
proveden jednak kvili zvySeni rozpustnosti vychozich chinolint, a také aby
bylo zabranéno nezadoucim vedlej§im reakcim pti dalSich transformacich.
Methylenova protektivni skupina byla zvolena ptedevsim diky své stabilité
vici oxidaénim Cinidlim a bazickému prostfedi. Takto pfipraveny
intermediat 4 byl podroben oxidaci za vzniku aldehydu 5, ktery byl poté
pfeveden na derivat 6 stermindlni trojnou vazbou (Schéma 1). Posledni
reakce, tzv. Seyfert-Gilbertova homologace, je obecné pouzivana pfi
transformaci aldehydd nebo arylketonti na alkyny a probihda s
dimethyl(diazomethyl)fosfonatem v bazickém prostiedi (nej¢. +-BuOK) za
nizkych teplot (-78 °C) v THF.* V nafem piipadé byla zvolena tzv.
Bestmann-Ohira modifikace,” kdy se pouZiva 1-diazo-2-oxopropylfosfonat
(Bestmann-Ohira ¢inidlo). S timto ¢inidlem lze pak reakci provadét za

mirngjsich podminek (laboratorni teplota) s K,CO; v metanolu, Intermediaty
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4, 5 a 6 byly ptipraveny dle postupu vyvinutého v nasi skuping'’ a slouzily

jako vychozi latky v dalsich reakcich.

(e} o
COOH o) OH
a o b
— — |
NH, NH, H
2 3

1

78 % 70 %
(o
O”‘\ o
o
AN ° /\O —_—\O
e X -d AN
Z = H
N Z
% N N
6 5 o 4
80 % 60 % 66 %

Schéma 1. Syntéza klicovych intermediatti 4, 5 a 6. Reagenty a podminky:
(a) chloraceton, TEA, DMF, RT, 4 h, (b) NMP, reflux, 45 min, (c) CH,Br,,
K,CO3, DMF, reflux, 45 min, (d) SeO,, THF, reflux, 45 min, (¢) Bestmann-
Ohira c¢inidlo, K,CO3;, MeOH, RT, 1 h.

Béhem experimentalni prace bylo zjisténo, Ze v n€kterych piipadech byla
methylenova chranici skupina nevhodna, jelikoz pii deprotekci, ktera se
provadi v kyselém prostiedi, dochdzelo k nezadoucim vedlejSim reakcim
(viz dale). Proto bylo nutné zvolit jinou chranici skupinu, kterou by bylo
mozné odstranit jinak, nez v kyselém prostfedi. Benzyl skupinu, s obdobnou
stabilitou v oxidacnim ¢i bazickém prostiedi, lze dobfe odstranit
katalytickou hydrogenolyzou nebo za aprotickych podminek Lewisovou
kyselinou. Benzylace chinolonu 3 poskytla intermediat 7, ktery byl nasledné
oxidovan na aldehyd 8 a poté ptreveden na alkyn 9, obdobnym zplsobem

jako u aldehydu 5, Sayfert-Gilbertovou homologaci. Nové vyvinuta

11



metodika pro piipravu derivatii 7-9 byla publikovana,** pii¢emz nejvétsi

optimalizace byly nutné pfi benzylaci chinolonu 3.

Reakce byla provedena v DMF se 3 ekv. benzylbromidu a 4 ekv. K,COj; pfi
teploté refluxu. Po ukonéeni reakce (TLC hexan/EtOAc 7/3) a izolaci
z cyklohexanu byla ziskana smés produktu 7 (70 %) spolecné s necistotami
a monobenzyl derivatem (13 %), ktery se krystalizaci nepodatilo odd¢lit. Pti
optimalizaci reakénich podminek byla zménéna baze na 60% NaH, coz
vedlo pouze ke vzniku smési latek. Jako dalsi baze byl pouzit Cs,CO;
(2 ekv.) se 4 ekv. benzylbromidu. Po izolaci sloupcovou chromatografii
bylo zjisténo, ze vznikd 87 % produktu 7, 2 % produktu 7A a 10 %
monobenzyl derivatu. Optimalizaci prvni metody pouzitim 4 ekv.
benzylbromidu a 5 ekv. K,CO3; bylo dosazeno nejlepsiho vysledku, kdy
bylo ziskano po izolaci sloupcovou chromatografii 87 % derivatu 7 a 10 %
vedlej$iho produktu 7A (Schéma 2). Struktura obou latek byla ovéfena
pomoci NMR experimentd véetné¢ N-H HMBC. U derivatu 7A byla jasna
interakce CH,-skupiny pochazejici z benzylu s pyridinovym dusikem,
zatimco u derivatu 7 tato interakce chybéla. Navic byla tato reakce
provedena i v gramovém métitku (20 g), potom byly vytézky latky 7 kolem
80 %.

O o Br OBn 0
H
‘ a N OBn OBn

+ 4 — \ + \
N NT N
H |
3 7 7a Bn

87 % 10 %

Schéma 2. Piiprava intermediatu 7. Reagenty a podminky: (a) K,CO;,
DMF, 90 min, reflux.
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Oxidace methyl skupiny oxidem selenicitym (1,5 ekv.) v suchém THF za
varu poskytla po 30 min aldehyd 8. Produkt vSak neSlo pfecistit pies
bisulfitovou stl, jako tomu bylo v pfipad¢ aldehydu 5. Latka byla nejprve
predCisténa pomoci flash chromatografie a odparek byl krystalovan
s aktivnim uhlim z cyklohexanu. Takto pfipraveny aldehyd byl podroben
Sayfert-Gilbertové homologaci. Po reakci byl izolovan produkt 9 ve

vytézku 50 % (Schéma 3).

OBn OBn OBn
N - 0Bn b \\_OBn
| —2 - I — |
= Pz H P
N N N \\
7 8 o) 9
68 % 50 %

Schéma 3. Pfiprava intermediatu 9. Reagenty a podminky: (a) SeO, (1,5
ekv.), THF, 30 min, reflux; (b) Bestmann-Ohira ¢inidlo (1,2 ekv.), K,COs,

MeOH, 1 h, RT.

Ptipravené aldehydy S a 8 stejné jako alkyny 6 a 9 slouzily jako klicové

intermediaty pro dal$i syntézy.

3.2 Syntéza 2-substituovanych chinoloni pomoci 1,3-dipolarni

cykloadice

Pro ptipravu heterocyklli v poloze C2 chinolonového jadra byly pouzity
linearni 1,3-dip6ly (azidy, ethyldiazoacetat, diazomethan, benzonitril oxid),
se kterymi byly takto pfipraveny 3 typy heterocyklt — triazol, pyrazol a

isoxazol. Reakce alkynu 6 nebo 9 s diazoslouceninami probihala podle

13



podminek Huisgenovy cykloadice (termicky) bez katalyzy kovy. V piipadé

triazolti a isoxazolu byla provedena tzv. ,click” reakce katalyzovana Cu(I).

Byla pfipravena série triazolt obsahujici rizné sacharidy. Celkem 6 riznych
azido-sacharidi poskytla Slovenskda Akadémia Vied v Bratislavé
(Obrazek 2), kdy se podafilo vyvinout metodiku pro pfipravu
glykokonjugati s chinoliny, resp. chinolony. Hlavnim cilem tohoto projektu
byla ptiprava glykosyl-triazolo-3-hydroxychinolin-4(1H)-onovych
konjugatt, které by potencialné mohly pusobit jako antibakterialni latky.

OA
AcO AcO AcO
AcO AC&H N ACSW
A
A A
AcOC QAc BzO~ N
coaoﬁﬁ'%
OAc OAc OBz0Bz
E F

Obrazek 2. Struktura azido-sacharidi A-F.

,Click” reakce byla provedena s alkynem 6 a azidy A-F dle podminek
z literatury” za katalyzy CuSO,.5H,O/askorban sodny ve smési
rozpoustédel DMF/H,0, pfi laboratorni teploté 3-16 h, dle pouzitého azidu s
vytézky od 70 % do 90 %. Deprotekce acetyl, resp. benzoyl skupin na
sacharidové casti byla nejprve provedena v methanolu s K,CO; pfi
laboratorni teplot¢ 16 h. Pfi purifikaci sloucenin dochazelo k velkym
ztratam, predevsim vlivem stejné rozpustnosti produktu a vznikajici soli

acetatu, resp. benzoatu draselného, kdy se latky nepodatilo izolovat Cisté
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krystalizaci ani chromatograficky a vytézky tak nepfesahovaly 40 %.
Debenzoylace latky 12f byla optimalizovana reakci s IM MeONa
v methanolu po dobu 1 h, kdy byla izolovana sloucenina 13f s vytézkem
61 %. Deprotekce acetyl skupin byla optimalizovana s diethylaminem
(DEA) v methanolu. Po odpafeni rozpoustédla byl produkt vysrazen
diethyletherem a vznikajici diethylacetamid ztstal v roztoku. Touto
metodou bylo mozné pfipravit zbylych 5 sacharido-triazold rychle (2 h), bez
¢isténi sloupcovou chromatografii, s téméf kvantitativnimi vytézky (82-

92 %) (Schéma 4).

o 0\ o
o o] b (P
X X >
— s =
NN N" T ON-R N ON-R?
6 12af N3N 13af NN
70-90 % 61-92 %

oL }%ﬁﬁ %ﬁa ﬁ‘t @ g@

OH

OAc OBzOBz
OH OH OH
12d 12f 13f

Schéma 4. Priprava triazolo-sacharidi 12a-f a 13a-f. Reagenty a podminky:
(a) CuS0,4.5H,0, askorban sodny, DMF/H,O (3/1), 3-16 h, RT; (b) DEA,

MeOH, 2 h, RT (latky 13a-e) nebo MeONa, MeOH, 1 h, RT (latka 13f).

Problémy nastaly pfi poslednim kroku syntézy, kdy se nepodafil odstranit

methylenovy mustek. Demethylenace byla provedena na modelové
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slouceniné 13a sriznymi kyselinami (HBr, HCI, MSA), ale vzdy byl
detekovan produkt deglykosylace (Schéma 5).

vedlejsi produkt

Schéma 5. Demethylenace modelové slouceniny 13a.

Jelikoz se nepodafilo odstranit methylenovy mustek, byly pfipraveny
intermediaty s benzylovou protektivni skupinou, ktera mize byt snadno
odstranéna  hydrogenolyticky bez  vzniku  vedlejSich  produkti.
Dibenzylovany alkyn 9 byl pfipraven dle vyvinutého postupu (viz
Schéma 3). ,,Click® reakce s azidy A-F a alkynem 9 probihala za stejnych
podminek jako salkynem 6 svysokymi vytézky 69-84 %. Hydrolyza
acetylovych skupin pfipravenych derivati 14a-e byla provedena
optimalizovanou metodou s DEA/MeOH s témét kvantitativnimi vytézky
(82-94 %) nebo v pripadé derivatu 14f postupem s IM MeONa/MeOH
(83 %) (Schéma 6).

OBn OBn
OBn OBn
AN _a b B
~ ~
NN ~N-R' N" 7 N-R?
9 14af N=N 15af NN
69-84 % 82-94 %
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R'= OAc

2 — OH
R2= OH e
s &V ﬂ Ho N1 &&
AcO AcO HO
AcO .711 AcO: ‘?77‘ HO OH'L‘L HO HO OHE‘

14a OAc 14cOAc
Aco%}Z A 820 HS)
OAC &&o/&&/‘x k_? %ﬁk &/ /ﬁ/ﬂ k_?l
14d Ohe O&faz OH OH OH

15f

Schéma 6. Piiprava triazolo-sacharidi 14a-f a 15a-f. Reagenty a podminky:
(a) CuS0,4.5H,0, askorban sodny, DMF/H,O (3/1), 3-16 h, RT; (b) DEA,
MeOH, 2 h, RT (latky 15a-e) nebo MeONa, MeOH, 1 h, RT (latka 15f).

Nasledna debenzylace probihala hladce u vSech Sesti derivatd a dle LC-MS
vznikaly pouze Zzadané derivaty 3-hydroxychinolin-4(1H)-ont bez
vedlejSich latek. Vytézky byly témét kvantitativni a ztraty byly pouze
béhem izolace produktl (Schéma 7). Pfiprava téchto latek, spolu s vysledky

méfeni biologické aktivity, byla publikovana.?*

OBn o)
0Bn a OH

< . |

— = 5
N” P \-R2 N N-R
N:N' N=N
15a-f 16a-f
70-95 %

Schéma 7. Debenzylace sloucenin 15a-f. Reagenty a podminky: 5% Pd/C
(20 hm. %), H,, atm.tlak, 2-methoxyethanol, 2-3 h, 100 °C.

Isoxazolovy derivat 19 byl pfipraven médi katalyzovanou ,.click® reakci

benzonitril oxidu, pfipraveného in situ, s alkynem 6. Po demethylenaci
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s kyselinou bromovodikovou byl pfipraven 3-hydroxychinolin-4(1H)-onovy
derivat 20 (Schéma 8).

NOH
Cl a
alkyn 6
18

Schéma 8. Piiprava derivatu 20 pomoci ,click” reakce a nasledné
demethylenace. Reagenty a podminky: (¢) alkyn 6, CuSO,4.5H,0, askorban
sodny, KHCO;, +-BuOH/H,0, 16 h, RT; (b) 48% HBr/H,O (1/3), reflux,
42 h.

Pomoci termické cykloadice ethyldiazoacetatu s alkynem 6 byl pfipraven
derivat s pyrazolovym cyklem v poloze C2. Naslednd demethylenace,
provadéna za varu ve ziedéné kyseliné bromovodikové ani po nékolika
dnech piekvapivé neposkytla 3-hydroxychinolin-4(1H)-onovy derivat 25.
Obménou protektivni skupiny byl pfipraven benzylovany intermediat 24,
ktery po hydrogenolyze s vodikem na palladiu poskytl produkt 25
(Schéma 9).
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NN NT Y Dd—coogt  reflux N° W )—cooet
6 22 25 NN
70 % N~NH
0Bn OBn
OBn OBn
— —
N ™y N" M —cookt
9 24 N~NH

66 %

Schéma 9. Priprava derivatu 25 pomoci termické cyklizace a nasledné
deprotekce. Reagenty a podminky: (a) ethyldiazoacetat (3 ekv.), 2-MeTHF,
reflux, 72 h; (b) 5% Pd/C (20 hm. %), H,, 2-methoxyethanol, 100 °C, 1h.

3.3  Syntéza 2-substituovanych chinoloni vychazejici z aldehydu

Syntézu 2-heterocyklickych derivati 3-hydroxychinolin-4(1H)-ont lze
provést také z aldehydu jeho kondenzaci s pfislusnymi N, O, S nukleofily
s naslednym odstranénim protektivnich skupin. V literatufe byly popsany
rizné podminky pro syntézu benzazolovych derivati vychazejici
z o-substituovanych anilini (viz. dale). Reakce probihd pifes stadium
nasycené¢ho péticlenného kruhu, kdy se Casto k jeho aromatizaci pouziva
ptidavek oxidagniho &inidla napt. IBD,*® jodu,”” DDQ® nebo vzduiného
kysliku v kombinaci s kovy napf. m&d'natymi ionty,” Zelezitymi ionty,* aj.
Cyklizaci na benzimidazoliny, benzoxazolidiny i benzthiazolidiny a jejich
naslednou oxidaci lze provést také ptsobenim radikald jako napft.
4-methoxy-TEMPO za atmosférického tlaku kysliku.’' Reakce jsou &asto
provadény v nitrobenzenu prfi 140-150 °C, kdy je vzdusny kyslik

dostatujicim oxidantem a neni potfeba ptidavku kovi.**** Vyhodou této
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reakce je jeji jednoduché provedeni, pouze zahfivani aldehydu a
pfisluseného anilinu. AvsSak toto rozpoustédlo je vysoce toxické a
potencialn¢ karcinogenni, proto byla snaha jej nahradit a najit stejné
efektivni ale zaroven netoxické rozpoustédlo. V literatufe byla popsana
reakce ve vodé¢, kdy autofi uvadéji, ze funguje zaroven i jako ambifilni
katalyzator.* Dle t&chto podminek byla provedena testovaci reakce
s aldehydem 8 (1,5 ekv.) a 4-chlor-o-fenylendiaminem (1 ekv.) ve vod¢ pii
80 °C. Po 36 h byla konverze na produkt dle LC-MS 65 %. Reakci
s o-aminofenolem nedochéazelo ke konverzi na produkt a vznikala smés
latek. Stejn€ tak reakci s o-aminothiofenolem vznikla pouze smés latek.
Syntéza byla optimalizovana zdménou rozpoustédla za anisol, ktery je
netoxicky, ma vysokou teplotou varu (154 °C) a je zatazen do kategorie tzv.
,zelenych® rozpoustédel.*® Zahtivanim 1 h pii 80 °C dochazelo k cyklizaci
na péti ¢lenny kruh (LC-MS). ZvySenim teploty na 140 °C za pfistupu
vzduchu dochazelo k oxidaci za vzniku aromatického péti ¢lenného kruhu

(Schéma 10).

OBn OBn

OBn
N o8n HzN Y  anisol ~ o8n [ O] A o8n
Pz H + ‘ ,J > Pz K" o — N
N x” 2R 80°C N 140°C N =
8 O x\(\( 2944 x\(\\(
=\/ =\
X = NHy, OH, SH R 4-80 % R/

Y=CN
R = Me, Cl, NO,,COEt, benzen

Schéma 10. Pfiprava substituovanych benzazolti. Reagenty a podminky:

aldehyd 8 (1 ekv.), amin (1 ekv.), anisol, 80 °C 1h — 140 °C 1-5 h.

20



Posledni krok, debenzylace, byl vyzkousen u vétsiny pfipravenych latek.
Pouze u intermediatd, které¢ byly izolovany s velmi nizkymi vytézky (pod
15 %), nebylo mnozstvi latek dostacujici pro provedeni reakce. Podminky
pro deprotekci byly zvoleny s ohledem na substituenty na benzimidazolové,
resp. benzoxazolové casti slouCenin, pfedev§im -Cl a -NO, skupiny.
Debenzylace vodikem by nebyla kompatibilni s témito skupinami, proto
byla zvolena metoda s Lewisovou kyselinou BCl; (Schéma 11). Po
debenzylaci vznikd pomérné¢ stabilni boronovy komplex, ktery lze
v nékterych piipadech rozlozit piidavkem vody.”® U tohoto typu derivati
vSak pouhym pridavkem vody k rozkladu nedochazelo. Proto byl vznikly
komplex rozlozen vymichanim s konc. HCI v methanolu za varu, po té byla
pridana voda, nasledovala uprava pH ~6-7 a vyloucena srazenina produktu

byla odsata a promyta vodou.

ol
OBn o8
N OBn A (0] ‘ OH
P a b
NN A PN LI NN
29-40 =K =/ 4553 =/
R R
60-99 %

Schéma 11. Debenzylace sloucenin 29-40. Reagenty a podminky: (a) 1M
BCls/hexan (5 ekv.), DCM, 0-5 °C — RT, 2 h; (b) 35% HCI/MeOH (1/1),
reflux, 1 h, H,O, pH 6-7.

Problém nastal pfi identifikaci pfipravenych sloucenin, které byly velmi

$patné rozpustné. Méfeni 'H-NMR spekter bylo provadéno pii 80 °C
v DMSO-d6, jelikoz pfi laboratorni teploté byly latky v tomto rozpoustédle
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pouze &asteéné rozpustény a v jiném deuterovaném rozpoustédle nebyly
rozpustné vibec. Vzhledem k nizkym koncentracim rozpusténych slouc¢enin

v DMSO-d6 (~3 mg/0.6 mL) nebyla méfena *C-NMR spektra.

Vysoka nerozpustnost pfipravenych derivatti bohuzel znemoznuje jakékoliv

vyuziti jako biologicky aktivnich latek.

3.4  Syntéza 2-substituovanych chinolonii pomoci Sonogashira cross-

couplingu

Alkyny 6 a 9 byly podrobeny Sonogashira cross-couplingu, kdy bylo
nezbytné nalezeni optimalnich reakénich podminek (katalyzator, baze,
rozpoustédlo). Tato reakce byla vyuzita nejen pro zavedeni rdznych
heterocyklti do polohy C2, ale také rizné substituovanych aromati a
piipravené dvé sady derivatd byly podrobeny dal§im transformacim.

Reakéni podminky byly optimalizovany s alkynem 6 obsahujici
methylenovy mustek a modelovym halogenderivatem jodbenzenem, ktery je
reaktivni a dobfe dostupny. Byly vyzkouSeny rtzné katalyzatory, napf.
Pd(OAc),, PdCl,(PPh3),, 5% nebo 10% Pd/C, vkombinaci s rtiznymi
bazemi (Cs,CO;3;, TBAF.3H,0, pyrrolidin, TEA, DIPEA), ligandy (PPh;,
DABCO) a rozpoustédly (ACN, NMP, THF, DMA/H,0). Nejlepsi reakéni
podminky poskytoval katalyticky systétm A (10% Pd/C/PPhs/Cul/
DIPEA/DMA/H,0) a systém B (PdCl,(PPh;),/Cul/TEA/ACN), poskytujici

90% konverzi na produkt.

V piipadé aryl halogent byla metoda A vhodna pro aromaty se substituenty
jak s elektronakceptornim, tak s elektrondonornim efektem vo- a p-

pozicich s vytézky 35-63 %. Vyjimkou byl pouze 2-jodnitrobenzen a
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2-jodacetofenon, které za téchto podminek neposkytly zadany produkt. Pfi
pouziti katalyzatoru PdCl,(PPh;), (metoda B) k reakcim dochazelo, ale
s nizkymi vytézky (19 % a 27 %). V piipad€ heterocyklickych halogen
derivati, pouze tfi znich (2-acetyl-5-jodthiofen, 2-jodthiofen,
2-jodselenofen) reagovaly za podminek metody A, a to s vytézky 44-79 %.
Ostatni heterocyklické halogenderivaty vyzadovaly pro reakci katalyzu s
PdCl,(PPhy), (metoda B), kde se vytézky pohybovaly od 18 % do 67 %
(Schéma 12). Nejméné reaktivni byl 3-brompyridin, ktery poskytoval

v

0\ o\
O O
A nebo B X
+ R-X ——m
— 7
N % N \\
6 54-71 R
é =Brl 18-79 %
@/‘2 /@/‘Q : S, : S
HoN H,;CO H3COOC
54 55 56 57
(46 %, A (36 %, A (50 %, A (63 %, A
X=1) X=1) X=1) X=1)
¢, o or o
CHg NO, COCH3 COOCH;
58 59 60 61
(35 %, A (27 %, B (19%, B (55 %, A
X=1) X =1) X =1) X=1)
HsCOC.__g s
Se s =N
Ot 0 5 O O
Ts
62 63 64 65 s 66
(44 %, A (65%, A (79%,A (27%,B  (45%,B
X=1) X=1) X=1) X = Br) X=1)
SN N NG % P 3 P N,
o T O OO .l
N N N "“
67 68 69 70 71
(67%,B (35%,B (18%,B (39%, B (38 %, B
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Schéma 12. Pfiprava sloucenin 54-71. Reagenty a podminky: (A) alkyn
(1 ekv.), jod-derivat (1 ekv.), 10% Pd/C (0,05 ekv.), PPh; (0,1 ekv.), Cul
(0,1 ekv.), DIPEA (3 ekv.), DMA/H,0 (9,5/0,5), Ny, 70-75 °C; (B): alkyn
(1 ekv.), halogenderivat (1 ekv.), PACl,(PPh;), (0,02 ekv.), Cul (0,01 ekv.),
TEA (3 ekv.), ACN, N,, 50-55 °C.

Odstranéni methylenového mustku za vzniku 2-alkynyl-3-hydroxychinolin-

4(1H)-ont bylo provedeno na modelové slouceniné alkynu 6 (Schéma 13).

o

Schéma 13. Deprotekce modelové slouceniny 6.

Deprotekce anorganickymi kyselinami (HBr, HCI) nebyla pro tento typ
slou¢enin vhodna, jelikoz by pravdépodobné dochazelo ke konkurencni
reakci, adici halogen kyseliny na trojnou vazbu. Tato domnénka byla
potvrzena reakci s kyselinou chlorovodikovou, kdy byl podle LC-MS
detekovan produkt adice (Tabulka 1, reakce 1). Optimalizace byla
provedena s ruznymi kyselinami, které byly voleny tak, aby dochazelo
k minimalnim vedlej$Sim reakcim na nasobné vazbé. Reakci s Lewisovou
kyselinou BF;.Et,0 nebyl produkt detekovan (reakce 2),” stejnd tak
s trifluoroacetanhydridem v kombinaci s kyselinou octovou v DCM
(reakce 3).* Reakce s organickymi kyselinami trifluoroctovou a
methansulfonovou v riznych rozpoustédlech poskytla pouze smés latek

s minoritnim mnozstvim produktu (reakce 4-7). Klicové bylo nalezeni
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vhodného rozpoustédla v kombinaci s mnozstvim vody. Reakce probihala
dobte v etherickych rozpoustédlech misitelnych s vodou napi. THF, DME,
dioxan nebo v AcOH/H,O s 5 ekv. methansulfonové kyseliny, kdy byly
konverze az 85 % (reakce 9 a 10). Snizenim mnozstvi vody a zvySenim

teploty se podatila téméf Gplna konverze (95 %) na produkt (reakce 12).

Tabulka 1. Optimalizace podminek deprotekce slouceniny 6.

Teplota Cas

Reakce Kyselina Rozpoustédlo Vysledek
0 (h)

1 HCVH,0 (1/1) THF 20-25 72 Produkt adice
2 BF;3.Et,0 EtOAc 20-25 48 Vychozi latka
3 TFAA/AcOH (1/1) DCM 40 24 Vychozi latka
4 TFA THF/H,0 (2/1) 50 2 Smés

5 MSA/H,0 (1/2) i-PrOH 75 17 Smés

6 MSA/H,0 (1/2) DMF 80 2 Smés

7 MSA DME 80 24 Smés

8 MSA DME/H,0 (2/1) 80 5 Produkt 75 %*
9 MSA AcOH/H,0 (1/1) 80 14 Produkt 85 %*
10 MSA THF/H,O (2/1) 70 24 Produkt 85 %*
11 MSA/H,0 (1/2) dioxan 80 7,5 Produkt 90 %*
12 MSA/H,0 (1/2) dioxan 90 6 Produkt 95 %*

"Konverze vychozi latky na produkt dle HPLC-UV-MS pii 200-600 nm.

Predpokladany produkt byl vSak identifikovan pouze dle LC-MS spektra,
kde byla detekovana jeho molekulova hmotnost. Po izolaci a zméteni 'H a
BC-NMR spekter bylo zjiiténo, Ze struktura neodpovidd 2-ethynyl-3-
hydroxychinolin-4(1H)-onu 72, nybrz produktu cyklizace
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furo[3,2-b]chinolonu 73, ktery ma stejnou molekulovou hmotnost

(Schéma 14).

(0]
OH
——— |
(0] N N
/\O Mr =185,1820 g/mol
A MSA 72
_ H,O/dioxan
NN 0
6
(0]
— W,
N
H
Mr =185,1820 g/mol
73

Schéma 14. Vznik furo[3,2-b]chinolonu 73.

Pripravené substituované alkyny 54-71 byly podrobeny reakci za
optimalizovanych podminek, kdy byl sledovan prib&éh reakce a vznik

cyklickych produktii (Schéma 15).

@L@fif

6; 54-71 73-82

33-92 %
R=

= O T

73 (60 %) 74 (85 %) 75 (87 %) 76 (84 %) 77 (92 %)

O D G2 D0 D

78 (86 %) 79 (85%) 80 (79%) 81 (84 %) 82 (33 %)

H3COC
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Schéma 15. Cyklizace alkynd. Reagenty a podminky: (a) MSA (5 ekv.),
dioxan, H,0, 85-90 °C; sloucenina 81 byla pfipravena pouzitim 10 ekv.
MSA.

Pii LC-MS analyze né¢kolika rtiznych reakénich smési byla potvrzena
ptitomnost sloucenin (do 10% dle UV detekce) s molekulovou hmotnosti
odpovidajici oxochinolinovym intermediatim A (Schéma 16). Tento fakt
poukazuje na mozny mechanismus cyklizace. Tvorba furochinolonového
skeletu pravdépodobné zacind kyselou hydrolyzou alkynu na pfislusny
keton. Néasledna hydrolyza methylenového mistku poskytuje intermediaty
3-hydroxychinolin-4(1H)-onu B. Tyto slou¢eniny nejsou stabilni a okamzité
dochazi ke kysele katalyzovanému nukleofilnimu ataku hydroxy skupiny na

keton s naslednou dehydrataci a cyklizaci za vzniku furanového cyklu.

.. H®
OH
@fk @é@m \ 'x"/
N R
H

(0] o
0 o OH2 O) OH
‘ Y/ R 47-
H H,O H

Schéma 16. NavrZzeny mechanismus cyklizace.

Cyklizace 2-alkynyl-oxolochinolint za kyselé katalyzy piedstavuje novou a
jednoduchou metodu pro ptipravu furo[3,2-b]chinolont.* Jelikoz viak
nebylo dosazeno piipravy cilovych 2-alkynyl-3-hydroxychinolin-

4(1H)-onovych derivatl, byl proveden Sonogashira cross-coupling
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s alkynem 9, obsahujici benzylové protektivni skupiny (Schéma 17), které
mohou byt nasledné odstranény hydrogenolyticky nebo pouzitim Lewisovy

kyseliny BCl;.

OBn OBn

OBn
AN + R-X A nebo B X

~ ~
N N
9 83-98 R
X =Br, | 15-69 %
R=

3 % 5
©/ H2N/©/ H3COOC/©/ H3co©/

83 84 85 86
(69%, A (44 %, A (61 %, A (56 %, A
X=1) X=1)

X=1) . X=1)
G, Or .
CHs COCH3 @Noz
87 88 89

(45 %, A (50 %, B (70 %, B
X =) X =1) X =1)

T+ U= = D
90 91 92 93 Ts" 94

47 %, A 44 %, A 43 %, A 15 %, B 39 %, B
X=1) X=1) X=1) X =Br) X=1)

~ A
D O oy
95 96 97 98

46 %, A 41 %, B 49 %, B 29 %, B
X=1) X = Br) X =Br) X =Br)

OBn

Schéma 17. Pfiprava sloucenin 83-98. Reagenty a podminky: (A) alkyn
(1 ekv.), jod-derivat (1 ekv.), 10% Pd/C (0,05 ekv.), PPh; (0,1 ekv.), Cul
(0,1 ekv.), DIPEA (3 ekv.), DMA/H,0 (9,5/0,5), N,, 70-75 °C; (B): alkyn
(1 ekv.), halogenderivat (1 ekv.), PACl,(PPh;), (0,02 ekv.), Cul (0,01 ekv.),
TEA (3 ekv.), ACN, N, 50-55 °C.
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Deprotekei benzylovych skupin vznikaly dle pouzitych podminek dva typy
derivath a to bud’ se zachovanou trojnou vazbou, nebo jednoduchou vazbou
(Schéma 18). Vzhledem k mnozstvi pfipravenych derivatd 83-98, byly
deprotekce provadény pouze v desitkdch miligrami (~20 az 50 mg), coz

mélo zasadni vliv na vytézky.

(0]
OH
BCl3 |
OBn — NN
OBn 4 h
N 4produkty R
_ — (e}
N ] OH
i —
16 latek 20% Pd(OH),/C l
Hy, RT H

7 produktu R

Schéma 18. Deprotekce benzyl skupin dvéma riznymi metodami.

Metodou s BCl; byly pripraveny a izolovany v Cisté podobé pouze 4
produkty (Obrazek 3), protoze pii reakci dochéazelo ke vzniku necistot, které
se nepodafilo odstranit. Sloupcovou chromatografii nebylo mozné jako
¢istici techniku vyuzit, jelikoz se pripravené chinolony pevné adsorbovaly
na silikagelu. Pouzitim polarnéj$i mobilni faze pro jejich eluci dochazelo
zaroven 1 ke strzeni necistot. Krystalizace vzhledem k mnozstvi, ve kterém

byly reakce provadény, nebyla mozna.
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| H3C00C No, NS

N
H X 99 100 101 102
76 % 43 % 52 % 52 %

Obrazek 3. Struktury latek pripravenych deprotekci benzyl skupin s BCls.

V druhém ptipadé byly benzyl skupiny odstranény vodikem s katalytickym
mnozstvim 5% Pd/C. Metoda byla optimalizovana na modelové slouc¢eniné
85 a monitorovana v ¢ase. V 2-methoxyethanolu s pfidavkem 5% Pd/C
(10 hm. %) dochazelo pii teploté¢ 0-5 °C po 15 min ke vzniku smési, kde
byly detekovany dle LC-MS produkt 103, vychozi latka 85 a intermediaty A
a B (Obrazek 4).

OBn o] o] o]
- 0Bn OH OBn OBn
® L SN L)
N N N
. 0 R0 s
85 O 103 COOCH; A COOCH; B O
COOCH; COOCH;

Mr = 499.5 g/mol Mr = 323.3 g/mol Mr = 413.4 g/mol Mr = 409.4 g/mol
72 % 2% 13 % 13 %

Obrazek 4. Detekované intermediaty dle LC-MS spektra.

Po 45 min byl detekovan pouze produkt 103, ktery byl izolovan Cisty
nafedénim metanolem, filtraci a odpafenim s vytézkem 78 %. Pfi dalSich
experimentech bylo zjisténo, ze u vSech dalSich derivatd hydrogenace a
debenzylace za katalyzy 5% Pd/C (10 hm. %) a atmosférického tlaku
vodiku pfi laboratorni teploté neprobihaji viibec nebo byla v reakéni smési
detekovana vychozi latka spolu s pfisluSnym monobenzyl derivatem.

Prodlouzenim reakéni doby (az 24 h), ani zvySenim teploty (az 100 °C)
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nebylo docileno uplné konverze na zadané produkty. Proto byla zvolena
metoda s tzv. Pearlmanovym katalyzatorem 20% Pd(OH),/C,* ktery ma
vetsi koncentraci palladia a je povazovan za jeden z nejucinnéjsich
hydrogenac¢nich katalyzatorG. Takto bylo pfipraveno celkem 6 dalSich
derivatd (Obrazek 5). Metoda vSak nebyla vhodnad napt. pro latky
s heterocyklickym substituentem obsahujici siru nebo selen, jelikoz ptsobi

jako tzv. katalytické jedy.

O O
|
e )
OCHs N

104 105
80 % 92 %
o o}
o)
OH OH OH
I / | H |
N N N N
H N~<::> H W N N
N
107 108 109 \
99 % 99 % 99 %

Obrazek 5. Struktury a vytézky latek pfipravené hydrogenolytickou

debenzylaci.

4  Vysledky biologického testovani

4.1 Antimikrobialni aktivita

Jelikoz je chinolonovy skelet pfitomen v mnoha antibakterialnich
lécivech," byly piipravené chinoliny, resp. chinolony testovany na

antimikrobialni aktivitu na dostupnych G+ a G- kmenech (B. Subtilis,
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M. Luteus, Staphylococcus aureus, M. Vaccae, Psudomonas aeruginosa,
E. Coli). Navic, i u slou€enin typu furochinolind byly mimo jiné zjistény

antibakterialni VlaStHOSti,42’43

proto byly testovany 1 pfipravené
furo[3,2-b]chinolony. Témeét zadny zderivatt vSak nevykazoval
vyznamnou antimikrobialni aktivitu, s vyjimkou C¢tyf pfipravenych
glykokonjugatt (15a, 15¢, 15d a 15f) a alkynti 6 a 9. U latek 15a, 15¢c a 15d
byla zjisténa mirnd antimikrobialni aktivita vii¢i G+ bakterialnim kmentim
M. luteus a B. subtilis IC100 = 100-200 pM.

Navic byly vSechny ptfipravené glykokonjugaty i vychozi alkyny testovany
na antimikrobidlni aktivitu vici specidlnimu kmenu Paenibacillus larvae
(P. larvae CCM 4483, CCM 4486). Tato gram-pozitivni bakterie zptisobuje
latek, které by pusobily selektivné na bakterii P. larvae, se zabyva
Slovenska Akadémia Vied, kde byly otestovany pfipravené triazolo-
sacharidové chinoliny, resp. chinolony. Slouéeniny 15a, 15¢, 15f i oba
vychozi alkyny 6 a 9, vykazovaly vici této bakterii alespoit mirnou aktivitu.
U slou€eniny 15d, majici jako sacharidovou jednotku xylopyranosyl, byla

naméiena nejlepsi aktivita IC100 = 50 uM.
4.2  Antivirova aktivita

V literatufe byly nalezeny derivaty chinolind, resp. chinolontl, které
vykazovaly antivirové Géinky, predevdim proti chiipkovému viru A.***
Navic, byly v nasi vyzkumné skupinég jiz diive piipraveny 2-(hetero)aryl-3-
hydroxychinolin-4(1H)-ony'®, které byly na pracoviiti Akademie véd Ceské
republiky pod vedenim prof. De Clercqa testovany proti viru kravskych

nestovic.
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U syntetizovanych sloucenin bylo provedeno méfeni antivirové aktivity,
pficemz virové kmeny byly voleny podle dostupnosti. Stézejni bylo
navazani spoluprace s Virologickym tstavem Slovenské Akadémie Vied,
kde probihalo samotné testovani. Prvni série latek byla testovana vuci
gammaherpes viru (MHV-68). Ziskand data odhalila vyznamnou
antivirovou aktivitu slouceniny 15d. Méteni aktivity bylo provedeno dvéma
riznymi metodami — plakovou eseji a tzv. luciferazovou eseji. Vysledky
obou metod se daji povazovat za srovnatelné, pficemz byla aktivita
slouceniny 15d na téchto dvou esejich velmi podobna komeréné
pouzivanym lé¢ivim. Pti podrobnéj$im testovani latky 15d byla pomoci
MTT testu stanovena hodnota CC50 19,12 pg/mL, coz znaéi mirnou
cytotoxickou aktivitu. Dtlezitou hodnotou pfi hledani novych antivirotik je
tzv. index selektivity (SI), tedy pomér mezi cytotoxicitou a inhibici viru.
Hodnota SI by méla byt v rozmezi 100 az 1000, aby mélo smysl danou
latku testovat in vivo. Ackoliv méla pfipravena slou¢enina hodnotu IC50 =
1,76 pg/mL, index selektivity byl podstatné snizen vlivem hodnoty CC50 a
latka tak nebyla dale testovana na zvifecim modelu (Tabulka 2). Detailné&jsi

popis vysledki je uveden v publikaci.’’
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Tabulka 2. Piehled vysledkd méfeni biologické aktivity slouceniny 15d.

MTT esej Plakova esej Luciferazova esej
Slouéeniny CC50 IC50 ICS()
. . SI . SI
(ng/mL)”  (ng/mL) (ng/mL)
1,431 + 0,493 £
Acyklovir > 250 > 175 > 507
0,097 0,041
2,798 £ 0,724 £
Gancyklovir > 250 >89 > 345
0,316 0,056
19,12 + 4,875 + 1,760 £
15d 4 11
0,954 0,594 0,321

* Hodnoty pfedstavuji primér = SD dvou nezavislych experimenti. CC50 =
koncentrace potfebnd ke snizeni Zivotaschopnosti buné¢k o 50 %; IC50 =
koncentrace potfebna ke sniZeni tvorby plakii nebo aktivity luciferazy o

50 %; SI = index selektivity (pomér CC50/1C50).

Z hlediska vztahd mezi strukturou a aktivitou bylo zajimavé zjisténi, ze
antivirovy 0¢inek vykazovala pouze latka 15d, majici na kyslicich
benzylové skupiny (Obrazek 6). Derivat 16d, vznikly debenzylaci latky

15d, vsak nevykazoval zadnou aktivitu.

H OH "
o-H o-H
OH OH
OH N = N OH
HO H /. |HO
N=, N=,
N H H N H H

15d

16d

Obrizek 6. Struktury sloucenin 15d a 16d.
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Tyto vysledky vedly k predstavé, ze v mechanismu ucinku inhibice
gammaherpes viru (MHV-68) hraje roli pfitomnost benzylovych skupin.
Byla tedy pfipravena dalsi série benzylovanych derivati (slouc¢eniny 83-98),
obsahujicich aryl nebo heteroaryl v poloze C2. Vedle toho byly pro
srovnani testovany také derivaty s methylendioxy mustkem pfipravené diive
(54-71). Pripravené latky mély byt pivodné testovany opét viici MHV-68
viru. Bohuzel, spoluprace s oddélenim disponujicim timto virem jiz nebyla

z finan¢nich duvodi mozna.

Podarilo se vSak navazat spolupraci s jinym odd€lenim, kde méli k dispozici
dva typy chfipkového viru A, a to kmen A/PR/8 (podtyp HIN1), ktery
zptsobuje infekci u lidi a kmen A/Chicken/Weybridge (podtyp H7N7),
znamy jako tzv. ,ptaci chiipka®, vyskytujici se u zvifat. Pomérné rozsahlé
testovani trvajici n€kolik mésicii zahrnovalo stanoveni viability bunék,
cytotoxicity, in vitro testovani pomoci plakové eseje a in vivo testovani na
kufecich embryich.

Bohuzel, u zadné ztestovanych latek nebyl, pomoci pouzitych metod
meéfeni, jednoznacné prokazan antivirovy efekt vici chiipkovym virim. Je
vSak nutné dodat, Ze testované slouCeniny mohou puisobit antivirovym
efektem, ale jinym mechanismem, ktery by bylo nutné prokazat fadou

dalsich testu.

Kromé antivirovych U€inkd byl blize zkouman i vliv na zdravé buiky.
Pomoci fluorescencni mikroskopie bylo zjisténo, ze nékteré syntetizované
slouceniny maji vliv na mnozstvi a distribuci tubulinu v bunkach. Navic

nékteré latky ovliviuji i déleni bunék
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5 Zavér

V disertacni praci jsou uvedeny Ctyfi nové syntetické cesty vedouci k
ptipravé 2-heterocyklickych-3-hydroxychinolin-4(1H)-ond. 1,3-Dipolérni
cykloadice, Sonogashira cross-coupling a kondenzac¢ni reakce aldehydd,
vedly k ptipravé cilovych derivati. CuAAC ,click” reakce byla vyuzita
napf. pro syntézu chinolonti s N-glykosyl-triazoly, pfi¢emz zde byla klicova
volba protektivni skupiny. Pfipravené slouceniny s methylendioxy mistkem
(13a-f) nebylo mozné ptevést na 3-hydroxychinolin-4(1H)-ony, jelikoz pfi
deprotekénim kroku dochazelo prednostné k deglykosylaci. Finalni
slouceniny (16a-f) byly pfipraveny hydrogenolyticky z bis-3,4-O-benzyl
intermediatd (15a-f). Krom¢ triazolti byl pomoci CuAAC reakce ptipraven
také jeden isoxazolovy derivat (20) a termickou Huisgenovou 1,3-dipolarni
cykloadici jeden pyrazolovy derivat (25). Vyjma vyuziti alkynylovych
derivatd (6 a 9) jako dipolarofilii pfi cykliza¢nich reakcich, slouzily tyto
intermediaty jako vychozi komponenty pii Sonogashira cross-couplingu.
Touto metodou bylo do polohy C2 zavedeno devét riznych heterocyklil a
také aromatd substituovanych elektronakceptornimi a elektrondonornimi
funkénimi skupinami. Deprotekce benzylovanych intermediati 83-98 na
cilové chinolony byla provedena dvéma riznymi metodami. Debenzylace
s chloridem boritym ve vétsiné piipadd poskytla smési latek, proto se takto
podatilo ziskat pouze Ctyfi produkty. Druha metoda, debenzylace vodikem,
vyzadovala pouziti Pearlmanova katalyzatoru a nebyla kompatibilni
s heterocykly, obsahujici siru a selen, proto bylo ziskano sedm produktt. Pti
deprotekci derivati 54-71 s methylenovym mustkem pomoci MSA bylo

zjisténo, ze dochazi k cyklizaci, a misto oc¢ekavanych 3-hydroxychinolin-
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4(1H)-onl vznikaly furo[3,2-b]chinolony (73-82). Vyvinuta metodika byla
publikovana.” Posledni usp&nou metodou syntézy 2-heterocyklickych
chinoloni  byla  kondenzace  aldehydického  intermediatu 8
s o-substituovanymi aminy za vzniku benzimidazolt, benzoxazold a
jednoho zéstupce benzothiazolu (29-44). Vyhodou této metody byla
jednoduchost provedeni (zahiivani v anisolu) a Sirokad aplikovatelnost na
rizné substituované vychozi latky. Nevyhodou byly naopak primérné
vytézky kolem 50 % (nejvyssi 80 %) a v nékterych pripadech byly
izolovany produkty ve stopovém mnozstvi (4 %). Navic metoda
nefungovala s alifatickymi aminy. Deprotekce byla provedena s chloridem
boritym, kdy se podafilo izolovat v dostate¢né Cistoté¢ devét sloucenin (45-
53). Tyto slouceniny vSak byly tak nerozpustné, Zze se nepodafilo naméfit
analyticka data (*C-NMR) k jejich plné charakterizaci.

U pfipravenych slouc¢enin byla provedena méfeni antibakterialni a
antivirové aktivity. Nejzajimavéj$i  biologickou aktivitu vykazovala
sloucenina 15d obsahujici v poloze C2 triazolo-xylosovy zbytek. Byla
aktivni vici specialnimu bakterialnimu kmeni P. larvae IC100 = 50 uM.
Navic také vykazovala aktivitu vi¢i gammaherpes viru MHV-68,
srovnatelnou s komeréné pouzivanymi 1é¢ivy. Soucasny cytotoxicky efekt
vSak snizil index selektivity (SI = 11) a latka tak nebyla vhodnym
kandidatem pro in vivo testovani. Ve srovnani s tim sloucenina 16d, ktera
neobsahovala benzylové protektivni skupiny, zadné biologické ucinky
nevykazovala. Tyto vysledky byly rovn&Z publikovany.”' Nabizela se teorie,
ze by benzylové skupiny na chinolonu mohly byt dulezité pro biologickou
aktivitu tohoto typu slouCenin. Série benzylovanych alkynyl derivata

pfipravenych Sonogashira cross-couplngem (83-98) byla proto testovana
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jak vi¢i G+/- bakterialnim kmentim, tak viéi chiipkovému viru A. Zadna
vyznamna biologicka aktivita vSak nalezena nebyla. Vedle toho byly pro
srovnani testovany i zbyvajici derivaty s methylendioxy mustkem (54-71)
stejné jako furo[3,2-b]chinolony (73-82), ale opét nebyla nalezena zadna
zajimava biologickd aktivita. Mimo to byl u nékterych benzylovanych
derivatt zjistén efekt na morfologii a také déleni bunék. Konkrétné derivaty
85, 93 a 95 zplsobovaly jejich zvySené déleni a naopak sloucenina 88
vyvolala inhibici buné¢ného déleni. Pro detailn€jsi mechanismus uGcinku

téchto latek bude nutné provést dalsi experimenty.

Béhem experimentalni prace bylo ptipraveno celkem 138 novych sloucenin,
z nichz 41 byly 2-(hetero)aryl-3-hydroxychinolin-4(1H)-ony. Mimo to jsem

se aktivné podilela i na pomérné€ rozsdhlém antivirovém testovani.
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NMR spektra

3,4-Bis(benzyloxy)-2-methylchinolin (7).
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1-Benzyl-3-(benzyloxy)-2-methylchinolin-4(1H)-on (7A).
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3,4-Bis(benzyloxy)-2-methylchinolin (7).
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3,4-Bis(benzyloxy)chinolin-2-karbaldehyd (8).
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3,4-Bis(benzyloxy)-2-ethynylchinolin (9).
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4-(1-Benzyl-1H-1,2,3-triazol-4-yl)-[1,3]dioxolo[4,5-c]chinolin (10).
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2-(1-Benzyl-1H-1,2,3-triazol-4-yl)-3-hydroxychinolin-4(1H)-on (11).
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2-(1-(Tri-O-benzoyl-p-D-ribofuranosyl)-1,2,3-triazol-4-yl)-3,4-methylendioxy-chinolin
(12f).
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2-(1-(B-D-Glukopyranosyl)-1,2,3-triazol-4-yl)-3,4-methylendioxy-chinolin (13a).
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2-(1-(a-D-Mannopyranosyl)-1,2,3-triazol-4-yl)-3,4-methylendioxy-chinolin (13b).
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2-(1-(p-D-Galaktopyranosyl)-1,2,3-triazol-4-yl)-3,4-methylendioxy-chinolin (13c).
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2-(1-(p-D-Xylopyranosyl)-1,2,3-triazol-4-yl)-3,4-methylendioxy-chinolin (13d).

HO\\IHH-
4

abundance

8.844

. \\\\\///

0
=

6.494

&g e e o o

oo~ nm
MMMMMM

e en e en e

mmmmmmm
oooooo

mmmmmm

2.500

9.0
EI

00—
9 —
1.09 AD

1.05-—0
1.06 0

X : parts per Million : Proton




e
LLee
;| ——
0Iy'e ——
LEv'E —

€I5°e
L001 S = =
. < 8ESE — =
LO01—C spee \ ==,
195°¢
L§°€
€L5°€
985°€
18°€
$88°€
£68°€ / —_—
668 =" —__
806' -
et \
1€6°€
90z’
. S
8S P s S ————
s~ \u
1€
. N -
8Sr—< 9€€s > —
wes
S0S°S
5 SN —
S6'5—< zss —
0zss \U
L29's
. N
or6< 695 > ——
0sos T
T T T T T T
0's oy 0'¢ 0T o'l 0
souepunqe

p :l;.c

3.6 3.5
—
2

55
T
5
2

X : parts per Million : Pro

on

€9P'88 3

T T T T T T
140.0 130.0 120.0 110.0 100.0 90.0

T
150.0
X : parts per Million : Carbon13

geor 3
s g
96611 —

POSHTL
sl =

~—
LS16T1 — ——
BN
961'8€1
sesEpl .
syl — —
TeLerl

w T T

0e 0T 0l 0

Qouepunqe




2-[1-(4-O-(B-D-Galaktopyranosyl)-p-D-glukopyranosyl)-1,2,3-triazol-4-yl]-3,4-
methylendioxy-chinolin (13e).
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2-(1-(p-D-Ribofuranosyl)-1,2,3-triazol-4-yl)-3,4-methylendioxy-chinolin (13f).
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2-(1-(Tetra-O-acetyl-p-D-glukopyranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-chinolin
(14a).
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2-(1-(Tetra-O-acetyl-a-D-mannopyranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-chinolin
(14b).
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2-(1-(Tetra-O-acetyl-p-D-galaktopyranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-chinolin
(14c¢).
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2-(1-(Tetra-O-acetyl-p-D-xylopyranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-chinolin
(14d).
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2-[1-(4-0-(2,3,4,6-Tetra-O-acetyl-g-D-galaktopyranosyl)-2,3,6-tri-O-acetyl-f-D
glukopyranosyl)-1,2,3-triazol-4-yl]-3,4-dibenzyloxy-chinolin (14e).
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2-(1-(Tri-O-benzoyl-p-D-ribofuranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-chinolin
(14f).
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2-(1-(B-D-Glukopyranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-chinolin (15a).
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2-(1-(a-D-Mannopyranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-chinolin (15b).
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2-(1-(p-D-Galaktopyranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-chinolin (15c).
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2-(1-(p-D-Xylopyranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-chinolin (15d).

2.500

<
-
2
mmmmmmmmmm
__________
SannnIITan Iexess e
hhhhhhhhhh 388883
\\{%// ienenenen e
CrswzepnT s g N
nognzegeIIGog
eennyTanaNN—=—=—=Q
GRRASRANAAEE
< 2
— o
&
sooa
Ipse
Ssce3
SEEe
/ ooooooo
QC83z88
r\ Aoy goo ey ‘
w mmmmmmm

abundance
0
e
C;

T T T T T T T T
9.0 8.0 7.0 6.0 5.0 4.4 3.0 2.0

= s B®wwnwe~

X : parts per Million : Proton T




g€
sog'€
Lee
186°€
00re \\ ——
quvm/r
ssre
£3E N
IS
905°€ =
915€ ——
23\
Sm.m\
vsse
vhLe
oﬁ.m/ E
82/
0L'8—C ;:V _ 160
91’6 e = —— [ _
p08°€ U “ =S
v8se
bOS—< 08T > = o
8SH—< 968 —— o |[le0
s
L16°€ °
€26 =
3=
o
E<
L5v89
S YTre = -
viee |
8667L
EZ oL > —
1869, — —
En
<+
<
ES oTss —
£
<
o«
E<r
o
=
Ee
960°S o Licten
wo_.m/ £90°4T1
L001< me// __ —= G oerset
N [ — ———— oLl 065921
€501 ore — ——— ovv 8Tl 3
LIS — — — o sTs8Tl _
. vees R @ - =
85V o= :v;.c a8l
- oece \ T ’ €LL8T1 —
SETS Een WESTL ——
$9€°S N e PSI'6TL \
. 1Le's _____ .
8y~ oLge == —_— \A:vomon orzosl
-~ & g 85791 —
8EpS — [Fssig
— ) eogor 4
§ SIS 2 Eon g SI8°EY1
o6~ 05— —————— :v;cm 2 R
oS < = opeLpl
96 peoe S — “ :v 60 &
ses g 56Tl
~
= £
s
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
L'l 91 Sl 1 €1 [ 'l 01 60 80 Lo 90 S0 0 €0 4 1o 0 9T ST ¥T €T TT 1I't 0T 61 81 LT 91 ST #1 €1 TIL I'l 01 60 80 L0 90 §0 +0 €0 TO 10 0
Qouepunqe Qouepunqe

140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0

150.0
X : parts per Million : Carbon13




2-[1-(4-O-(B-D-Galaktopyranosyl)-p-D-glukopyranosyl)-1,2,3-triazol-4-yl]-3,4-
dibenzyloxy-chinolin (15e).
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2-(1-(p-D-Ribofuranosyl)-1,2,3-triazol-4-yl)-3,4-dibenzyloxy-chinolin (15f).
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2-(1-(B-D-Glukopyranosyl)-1,2,3-triazol-4-yl)-3-hydroxychinolin-4-on (16a).
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2-(1-(a-D-Mannopyranosyl)-1,2,3-triazol-4-yl)-3-hydroxychinolin-4-on (16b).
HO

N§N

[N

AN

ZT

HO

2.500

=
E 5g
33
@
" !
E g
8 : .
& %  swesunmoane e
2 Togg8gEeReR 8o
E = | S=cSgnnadd S8
r D ggsesaanes

0 01 02 03 04 05 06 07 08 09 1.0 1.1 12 13 14 15 16 1.7 1.8 19 20 2.1

abundance

o]
o
=3
S
=)
el
=3
o
o
=
o
o
=3
v
o
S

L
1.00—0
122]
129-]
112
-l
L4
320]
0841

X : parts per Million : Proton




Ur—

42 4.1

48 4.7

Lo

Qouepunqe

34

35
==

3.7 36

38

40 39

44 43

46 45

50 49

5.1

63 62 61 60 59 58 57 56 55 54 53 52

6.4

6.5

80

=9l

€80

—¥9'1

—LS0

X : parts per Million : Proton

98¥'09 . 4

19629 _
sseiL

9ereL — 3

00968 3

8Y8691 —

DAL DAL AL RS L LA L L LN L AL AN LA LA AL AN LA AR LAY BARL LA AN Ly LAY ALY LN LA AL RARAY RS KRR SARAR
CETETE0E6TRTLTITSTYTETTTITOTOISTLTIITISTYIEITITTON6080L0906S0%0€0T010 0

douepunqe

160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0

170.0
X : parts per Million : Carbon13




2-(1-(B-D-Galaktopyranosyl)-1,2,3-triazol-4-yl)-3-hydroxychinolin-4-on (16c).
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2-(1-(p-D-Xylopyranosyl)-1,2,3-triazol-4-yl)-3-hydroxychinolin-4-on (16d).
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2-[1-(4-O-(B-D-Galaktopyranosyl)-p-D-glukopyranosyl)-1,2,3-triazol-4-yl]-3-
hydroxychinolin-4-on (16e).
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2-(1-(p-D-Ribofuranosyl)-1,2,3-triazol-4-yl)-3-hydroxychinolin-4-on (16f).
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4-(3-Fenylisoxazol-5-yl)-[1,3]dioxolo[4,5-c]chinolin (19).
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3-Hydroxy-2-(3-fenylisoxazol-5-yl)chinolin-4(1H)-on (20).
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Ethyl 3-([1,3]dioxolo[4,5-c]chinolin-4-yl)-1H-pyrazol-5-karboxylat (22).
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Ethyl 3-(3,4-bis(benzyloxy)chinolin-2-yl)-1H-pyrazol-5-karboxylat (24).
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Ethyl 3-(3-hydroxy-4-oxo-1,4-dihydrochinolin-2-yl)-1H-pyrazol-5-karboxylat (25).
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4-(2,2-Dibromovinyl)-[1,3]dioxolo[4,5-c]chinolin (26).
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4-(Bromoethynyl)-[1,3]dioxolo[4,5-c]chinolin (27).
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3,4-Bis(benzyloxy)-2-(2,2-dibromovinyl)chinolin (28).
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2-(1H-Benzo[d]imidazol-2-yl)-3,4-bis(benzyloxy)chinolin (29).
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3,4-Bis(benzyloxy)-2-(5,6-dimethyl-1H-benzo[d]imidazol-2-yl)chinolin (30).
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3,4-Bis(benzyloxy)-2-(6-chloro-1H-benzo[d]imidazol-2-yl)chinolin (31).
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3,4-Bis(benzyloxy)-2-(5,6-dichloro-1H-benzo[d]imidazol-2-yl)chinolin (32).
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2-(3,4-Bis(benzyloxy)chinolin-2-yl)-1H-naphtho[2,3-d]Jimidazol (35).
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2-(3,4-Bis(benzyloxy)chinolin-2-yl)benzo[d]oxazol (36).
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2-(3,4-Bis(benzyloxy)chinolin-2-yl)-6-methylbenzo[d]oxazol (38).
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2-(3,4-Bis(benzyloxy)chinolin-2-yl)-5-methylbenzo[d]oxazol (39).
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2-(3,4-Bis(benzyloxy)chinolin-2-yl)benzo[d]thiazol (40).
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2-(3,4-Bis(benzyloxy)chinolin-2-yl)-6-nitrobenzo[d]oxazol (42).
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2-(3,4-Bis(benzyloxy)chinolin-2-yl)-5-chlorobenzo[d]oxazol (44).
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2-(1H-benzo[d]imidazol-2-yl)-3-hydroxychinolin-4(1H)-on (45).
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2-(5,6-Dimethyl-1H-benzo[d]imidazol-2-yl)-3-hydroxychinolin-4(1H)-on (46).
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2-(6-chloro-1H-benzo[d]imidazol-2-yl)-3-hydroxychinolin-4(1H)-on (47).
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3-Hydroxy-2-(6-nitro-1H-benzo[d]imidazol-2-yl)chinolin-4(1H)-on (48).
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3-Hydroxy-2-(1H-naphtho[2,3-d]imidazol-2-yl)chinolin-4(1H)-on (50).
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2-(Benzo[d]oxazol-2-yl)-3-hydroxychinolin-4(1H)-on (51).
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3-Hydroxy-2-(6-methylbenzo[d]oxazol-2-yl)chinolin-4(1H)-on (52).
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4-(Fenylethynyl)-[1,3]dioxolo[4,5-c]chinolin (54).
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4-([1,3]Dioxolo[4,5-c]chinolin-4-ylethynyl)anilin (55).
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4-((4-Methoxyfenyl)ethynyl)-[1,3]dioxolo[4,5-c]chinolin (56).
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Methyl 4-([1,3]dioxolo[4,5-c]chinolin-4-ylethynyl)benzoat (57).
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4-(0O-tolylethynyl)-[1,3]dioxolo[4,5-c]chinolin (58).
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4-((2-Nitrofenyl)ethynyl)-[1,3]dioxolo[4,5-c]chinolin (59).
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1-(2-([1,3]Dioxolo[4,5-c]chinolin-4-ylethynyl)fenyl)ethan-1-on (60).
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4-((1-Methyl-1H-pyrazol-5-yl)ethynyl)-[1,3]dioxolo[4,5-c]chinolin (67).
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4-(Pyrimidin-5-ylethynyl)-[1,3]dioxolo[4,5-c]chinolin (68).
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4-(Chinolin-3-ylethynyl)-[1,3]dioxolo[4,5-c]chinolin (70).
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4-((1-Methyl-1H-benzo[d]imidazol-2-yl)ethynyl)-[1,3]dioxolo[4,5-c]chinolin (71).
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2-Fenylfuro[3,2-b]chinolin-9(4H)-on (74).
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2-(Selenofen-2-yl)furo[3,2-b]chinolin-9(4H)-on (80).
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2-(1H-Imidazol-5-yD)furo[3,2-b]chinolin-9(4H)-on (81).
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3,4-Bis(benzyloxy)-2-(fenylethynyl)chinolin (83).
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4-((3,4-Bis(benzyloxy)chinolin-2-yl)ethynyl)anilin (84).
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Methyl 4-((3,4-bis(benzyloxy)chinolin-2-yl)ethynyl)benzoat (85).
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3,4-Bis(benzyloxy)-2-(o-tolylethynyl)chinolin (87).
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1-(2-((3,4-Bis(benzyloxy)chinolin-2-yl)ethynyl)fenyl)ethan-1-on (88).
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1-(5-((3,4-Bis(benzyloxy)chinolin-2-yl)ethynyl)thiofen-2-yl)ethan-1-on (90).
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3,4-Bis(benzyloxy)-2-(thiofen-2-ylethynyl)chinolin (91).

OBn

N OBn

—
N \\ s

| /

3.0 410 5.0 6.0 7.0 8.0 9.0

2‘,0

1.0

abundance

e

PR ORI

3.345

2.500

X : parts per Million : Proton

091




abundance

W

o “hih

=
3
%
S
S
)

86392

—— 75,866
75017

39.520

X : parts per Million : Carbon13

T T T T T T T T T T T T T T
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0

3,4-Bis(benzyloxy)-2-(selenofen-2-ylethynyl)chinolin (92).

OBn




00§T —

wee —

LSTS —

-2.0

-1.0

3.0

37 g g—

0-00T

98¢°L
LOY'L
9Tr'L
S6v'L
TIS'L /
S8S°L
SLYL =
+89°L
969°L
669°L
8ILL
SEL'L
LEL'L
SE6°L
9S6°L
0r0'8
0908

—
U €60

0-0TT

7.0

069
651
£€9°T

H:m 0

160
o-SL0

T
ro 0
douepunqe

X : parts per Million : Proton

0Ts6t

168°1T1
YSO¥TI
§S0°STI
LsTLe
0T8Tl
90$°8T1
SS8TI
1Ev°6T1
wToel
89t°9€1
96+°9€1
SIL9ET
88Y'LEL
6ST1¥L
L19Trl
128°svl
£Trest

=\

LIO'SL
—
608'SL — %

S8L8R
80076 — 3

I JMJl JULM

T T T T T T T T T T T T
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0  80.0

T
220.0 210.0 200.0

douepunqe

OBn
X
~
N

X : parts per Million : Carbon13

4-((3,4-Bis(benzyloxy)chinolin-2-yl)ethynyl)thiazol (93).




9€e

00§T —

1.0

2.0

3.0

4.0

50

8TS .
wrs —

95€°L
SLEL
6LEL o
16€°L S
86€L

€8Y'L
66vL S

619, ——
.\mf\l
6L
ﬁi\
S«E\ .
8608

T8

69T

18T°6

cwumv T

11.0

0
Qouepunqe

=—60T

=0TT

=001

X : parts per Million : Proton

@

I

v
S8TS — — E0-60T

v

<+

wr's U 3
— — o 00T

EA

©

Fui

~

Fui

o

Fui

£y

Fa

Es

@

<

Ea

<

Fen

<

<+

Fe

“

Fé

©

Fé

~

Fe

o0

Fé

o

Fe

Ee

9se'L =

LeL E—

6LEL =

16€°L £

86€°L -

SIvL Fr
22% = [Fso

8L —_— Fe
o6vL R B -oet

08§'L ~
665 = "’«h e Mooe

619L 7 —  —

- I
v —
@wwn\ —_— o
ocL'L FZ

o6'L E2

2
106, HUU Eob-er
K08 i

8908 — —_— -

%

Ee

v9T'8 i
%quJ EenO-L60

Y

£

%

“

Fo

©

Foé

~

Fo

o

Fo

o

Fo

o

Fol

25

a

186 (e
9876 > —— [o ol

<+

Fot

“

Fol

T T T T T T T T T T T T T T T T T T T T
I'c 0T 61 81 L1 91 ST +1 €1 Tl Il 60 80 L0 90 SO ¥0 €0 TO 10 O

douepunqe

X : parts per Million : Proton




- W
LeosL _=
S S209L =
=4
Y W
2=
&
= W
Fo
a 906'$8
ooris HMW
0Ts'6E - wm W
Y
¥ W
2
o
£ES W
e
=
2 £
FS
e
LeosL |
ST09L — —
Y
2=
E
9068 __ |
6T8 —  F o
Fo
&
o
Lo
S
: W
=
806121 Y . W
. g 806121
=4
mmww"% P ] scovel L
o - Lot
CME_V = 96 LTl E—
Mcmww" — 2 SLY'STI E 3
3 £95°8T1 =
65321 patie =
£L6'3C1 o . =
9Ts'6T1 = MFMMA —
bEroEl 4 Fg et =
LLTIEL 47 =
LL9ST -
9,2:\! S
686°TH1 2 o
e I ] PEI9ST
Smmi\ _ LLTosT D
mENm_\ - Lyost
681°SST E2
2
6ELOVT
=
ES
= 686TH —
]
o=
Es £ 08Pl —
z5 =
]
=3 W
FSE =
= S6TTS1
]
- &
ES 2
& E 681'SST
2 S
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
€T Tt I't 0T 61 81 LT 91 ST +1 €1 TI I'l 01 60 80 L0 90 S0 +0 €0 TO 10 €00 TTO 1T0 TO 61°0 81°0 LI'0 91°0 SI'0 ¥1°0 €1°0 TI'0 11°0 1°0 600 800 LO'0 90°0 SO0 ¥0'0 €00 TO0 100 O
oouepunqe Qouepunqe

94).

lin

ino

100.0

110.0

dazol-4-yl)ethynyl)ch

120.0

-1mi

130.0

140.0

150.0
OBn

X : parts per Million : Carbon13

OBn

3,4-Bis(benzyloxy)-2-((1-tosyl-1H



0£€'e

L —

1€T6 —

wrs L

€0e'L
ceeL
89€°L
1861
corL r
9op'L
st “;M
ust
st 2
€508
N
ooy
ozzs > T
6558
R
T T T T T
(4 0T
2ouepunqe

1.0

2.0

=—00¢

3.0

4.0

5.0

==00T

=207

6.0

Y6L 0T —

SSOSL
061'9L — —

6106 —

991l
9s6'1TI
rzeven
9T8'vTI
£0S°STI
€SLLTT
890'8T1
PET'STI
65F'8TI
Le¥'8Tl
SES8TI
£95°8T1
LO6'8TI
LIL6TI
£S1°9¢€T
rPE9Ll
L8Y9EL
T9'Lel

L Seodmenl b J'H.u

X : parts per Million : Proton

S0S°TST

——e—

T
o
douepunqe

X : parts per Million : Carbon13




0.1
I

0.09
I

0.08
I

125.503

0.04 0.05 0.06 0.07
I I I I

0.03
I

0.02
h
— 152.505
— 145735

— 137612
s
/- 136344
T 136153

T 5621
— 124826

142913
T 139.938

0.0
I

T 124321
T 121956

!

T 114.662

ﬂ

T 143733

\
l LWWWWWWWWWMW Mm;W(‘W\\ﬂ'M WR’W‘MW,MMMWJL&'MMW ’WNW/W‘MW(

T T T T T IR T T T T T T T T T T T T T T T T T T T T T T T T T T T T IRBARL T T T T
1540 152.0 1500 148.0 1460 1440 1420 140.0 1380 136.0 1340 1320 1300 1280 1260 1240 122.0 1200 118.0 1160 114.0

X : parts per Million : Carbon13

"

0

g

1 %W«M“JWWMWWWWW L*»\W\NWWWMMWWJ o

abundance

2-((1H-Imidazol-4-yl)ethynyl)-3,4-bis(benzyloxy)chinolin (94a).



LLTS
Shys

€L
6LEL
S6€°L
1L
69%'L

L8Y'L
LLS'L

96S°L
109°L
S09°L
619°L
9L
0EL'L
sle'L
9€6'L
€€0'8
508
9Lrg

1.0

3.0

5.0

=86l

=—9I'T

<
=

o/ P9
5- €T
Ohzee
Mzt
[oo-001
® 160

MNzo

9.0

11.0

T T T T T T T T T T T T T T
9T ST ¥T €T TT 1T 0T 61 81 LT 91 ST ¥1 €1 TI I°

T T T T T T
1 0T 60 80 L0 90 S0

T T
v0 €0 TO I'0 0
oouepunqe

X : parts per Million : Proton

1€6L
19L°SL —

YOLITI
£SRETT
£76'9T1
PSE8Tl
10t°8T1
6¥'8T1
916'8T1
698°8T1
65T6T1
8E9€E1
STS9EL
[48y44!
ELL'SKT
60071~ =

SR/

130.0

170.0

200.0
X : parts per Million : Carbon13

T
o 0
douepunqe

110.0  100.0  90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0

120.0

150.0  140.0

160.0

180.0

190.0
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3,4-Bis(benzyloxy)-2-(pyrimidin-5-ylethynyl)chinolin (98).
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3-Hydroxy-2-(fenylethynyl)chinolin-4(1H)-on (100).
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3-Hydroxy-2-((2-nitrofenyl)ethynyl)chinolin-4(1H)-on (101).

2
<
2
<
2
<
B
2
ooooooooooooo o
i I EEEE R P
- & =
“
' 3
3 B
sl | |
O _J
]
T T T T T T T T T T T T
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 30 20 1.0
P = PR oD o
o Txmesr o
= 2 2288~ S
- = ——dSa =
X : parts per Million : Proton




96L'L8 — 3

9SEP6 — 3

9IvvIl
91T e E
S6vo1T D=

| q—

o
&
&

Wi e S

140.0

090°SH1
ce6rt

P8EOLT — 2

220.0 210.0 200.0

90 S0 0 €0 [44 o 0

Qouepunqe

120.0 110.0 100.0 90.0 800 700 600 50.0 40.0 30.0 20.0 10.0 0 -10.0  -20.0

130.0

180.0 170.0 160.0 150.0

190.0

X : parts per Million : Carbon13

96L°L8

9SEV6

Pyl —
S6v'9IT —

A

SLYSIT
2082l w
8L6TT ——

061°STl

£65°6T1 —

—

==
PESPEl =
0St'SEl — =

090°Sk1 —

ereerl —

6£6'8E1 WM

=

P8E0LT

T T T T T
81°0 LI'0O 910 SI'0 ¥I'0

T T T T T T T T
€0 Tro 1o 1o 600 800 L0O 900 SO0 ¥00 €00 TO0O

:
]

Qouepunqe

120.0

130.0

100.0

110.0

170.0 160.0 150.0 140.0

180.0
X : parts per Million : Carbon13




3-Hydroxy-2-((1-methyl-1H-pyrazol-4-yl)ethynyl)chinolin-4(1H)-on (102).
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Methyl 4-(2-(3-hydroxy-4-oxo-1,4-dihydrochinolin-2-yl)ethyl)benzoat (103).
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3-Hydroxy-2-(2-(pyrimidin-5-yl)ethyl)chinolin-4(1H)-on (105).
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3-Hydroxy-2-(2-(chinolin-3-yl)ethyl)chinolin-4(1H)-on (106).
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3-Hydroxy-2-(2-(1-methyl-1H-benzo[d]imidazol-2-yl)ethyl)chinolin-4(1H)-on (107).
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2-(2-(1H-Imidazol-4-yl)ethyl)-3-hydroxychinolin-4(1H)-on (108).
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3-Hydroxy-2-(2-(1-methyl-1H-pyrazol-4-yl)ethyl)chinolin-4(1H)-on (109).
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