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Abstrakt

Predlozend disertatni prace se =zabyvd syntézou a reaktivitou
4-hydroxychinolin-2(1H)-ont, chinolin-2,4(1H,3H)-dion1 a sloucenin z téchto
latek dostupnych, ptfedevs§im derivatii kyseliny anthranilové.

V literarni ¢asti je kromé reaktivity ptibliZena také biologicka aktivita, ptirodni
vyskyt a potencidlni vyuziti t€chto sloucenin k upravé vlastnosti nebo k ochrané
materidlti. V druhé ¢asti prace jsou komentovany vysledky vyzkumné ¢innosti
autora publikované v odborné literatute.

Abstract

Presented dissertation thesis is focused on a synthesis and reactivity of
4-hydroxyquinolin-2(1H)-ones, quinoline-2,4(1H,3H)-diones and the substances
available therefrom, especially anthranilic acid derivatives.

In the literary part, biological activity, natural occurrence, and potential
application of these compounds at modifying properties and/or protecting
materials are discussed in addition to reactivity. The second part of the thesis deals
with the results of the research activities of the author published in the literature.
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1. UVOD

Slouceniny, které obsahuji ve své struktuie 4-hydroxychinolin-2-onovy
systtm a znich odvozené chinolin-2,4-diony patifi mezi velmi pocetnou a
zajimavou skupinu chemickych latek, které jsou dlouhodob& zkoumany také na
Ustavu chemie FT UTB ve Zling. Proto neni zvla§tni, Ze na tomto pracovisti bylo
v minulosti publikovano mnoho diplomovych a také nékolik disertaénich!-? praci
s podobnou tematikou. Toto pojednani ke Statni zavérecné zkouSce jsem se
rozhodl pojmout z pohledu, ktery se snazi mapovat nejen syntézu titulnich
slou€enin, ale také jejich prakticky vyznam, vyskyt v pfirodé a nastinit dalsi
vyzkumny potencial téchto zajimavych chemickych individui. Do této skupiny
patii 1 nékolik pouzivanych (laquinimod) ¢i potencialnich (chinoxikain,
L-701324) farmak a fada slouc¢enin vykazujicich slibnou biologickou aktivitu, coz
jen zdUraznuje vyznam vyzkumu v oblasti hydroxychinolond.

ReSerSni Cast disertacni prace se zaméfuje na 4-hydroxychinolony a
chinolin-2,4-diony, které byly izolovany z ptirody a na syntetické slouceniny,
které vykazuji zajimavou biologickou aktivitu. V druhé ¢asti jsou popsany
nekteré syntézy téchto sloucenin s diirazem na recentni literaturu. Pevné doufam,
Ze pro ¢tenare bude tento text zajimavym a inspirativnim zdrojem informaci. Toto
pojednani se také stalo ptfedlohou pro piehledny ¢lanek publikovany v Casopise
Current Organic Chemistry, ktery je soucasti této disertacni prace.

2. ZNAME 4-HYDROXYCHINOLIN-2-ONY A
CHINOLIN-2,4-DIONY

Databazovym ndastrojem Reaxys bylo nalezeno bezméala 10 000 derivati
4-hydroxychinolin-2-onu, znichz u mens$i poloviny byly zkoumdny nékteré
biologické tc¢inky. Chinolin-2,4-diont je znamo cca 2000. Zastupci obou skupin
byly i1zolovany z nékterych hub, bakterii ¢i rostlin a fada latek obsahujicich
strukturu 4-hydroxychinolonu ¢i chinolin-2,4-dionu vykazuje in vivo nebo
alesponi in vitro zajimavé biologické ucCinky.

V této sekci reSerSni Casti disertacni prace budou popsany ptirodni
4-hydroxychinolin-2-ony a chinolin-2,4-diony a také vyznamné syntetické
derivaty.

2.1 4-Hydroxychinolin-2-ony izolované z prirody

Neékteré  jednoduché 4-hydroxychinolin-2-ony se vyskytuji v ptirode¢.
Nejjednodussi derivat této skupiny, sloucenina 1, byla izolovana z plisné

6



Penicillium citrinum’ a také z asijského keie Haplophyllum bucharicum?. Z plisné
P. citrinum byl izolovan® také N-methylderivat 2, ktery vykazuje® schopnost
vychytavani volnych radikali a v biologickych testech vykazoval také jistou
cytotoxickou aktivitu’. Z routovité rostliny Micromelum falcatum byl izolovan®
3-methoxyderivat 3, jehoz analog sdvéma methoxylovymi skupinami,
swietenidin 4, byl izolovan’ z pryskoné zelenodfevé (Chloroxylon swietenia), coz
je indicky strom.

R* N0
RS R’
1-7
1-7 R! R? R3 R* R>
1 H H H H H
2 Me H H H H
3 Me MeO H H H
4 Me MeO H H MeO
5 H H Br H H
6 H H Br Br H
7 H H MeO H MeO

Tabulka 1. Substituenty sloucenin 1-7.

Za zajimavou skute¢nost 1ze povaZovat existenci pfirodnich bromchinolona 5§
a 6, které byly izolovany! z moiského houbovce Hyrtios erecta. Slouéenina 5
¢aste¢né inhibuje krysi neuronalni synthasu oxidu dusného. Ze dieva stromu
Halfordia scleroxyla byl izolovan!! dimethoxychinolon 7. Zajimavy pfirodni
hydroxychinolon bucharidin byl izolovan!'? z kete Haplophyllum bucharicum a
v experimentech na myS$ich'® vykazoval estrogenni u¢inky.

HO Me Meo M‘?VI OH OH
SR
NS0 ~"0H NS0 g N
Me Me Me
bucharidin 8

Slou¢enina 8 se dvéma chinolonovymi jednotkami byla ziskana'* ze dfeva
zlutodievu Zanthoxylum mutans.



OH Me OH Me

Me
LT OB C
N"~0 NS0 " N"0
Me Me Me
ravenolin paraensin SF2809-V

Celed routovitych zahrnuje fadu rostlin, které obsahuji chinolonové derivaty.
Z citrusu Ravenia spectabilis byl izolovan 4-hydroxychinolin-2-on ravenolin,
strukturng piibuzny paraensin byl izolovan' z amarella (Euxylophora paraensis).
Z kultivaéniho média bakterii rodu Dactylosporangium je mozno izolovat'®
indolovy derivat SF2809-V.

Rada derivati 4-hydroxychinolin-2-onu se v ptirodé vyskytuje ve formg
ethert, tedy jako 4-alkoxychinolin-2-ony.

OMe
R? R

R® R’

915
9-15 R! R? R3 R* R>
9 H H H H H
10 Me H H H H
11 MeO H H H H
12 H H H H MeO
13 H H MeO H MeO
14 H CHO H MeO MeO
15 H Et H OH MeO

Tabulka 2. Substituenty methoxychinolonit 9 — 15.

Nejjednodussi zastupce této skupiny, methoxychinolon 9, byl izolovan z fady
rostlin Celedi routovitych — ze dfeva exotického ovocného stromu Clausena
lansium'’, z listi a dfeva tropické rostliny Peltostigma guatemalense'®, ze
dieva Myrtopsis sellingi'® a také ze dieva a listh Haplophyllum bungei a H.
bucharicum?. V laboratornich testech in vitro vykazovala'® tato slou¢enina mirny
antiplasmodicky ucinek. Jesté¢ hojnéji je v pfirod€¢ zastoupen methylderivat 10.
Ten byl izolovan z hortii Hortia superba®', H. brasiliana a H. oreadica, z feronie
Feronia limonia®, ze zlutodievi Zanthoxyllum wuthayenze* a Z. monophyllum**,
z routovité rostliny Raputia praetermissa®, z asijského kete Toddalia asiatica®® a
podobné jako sloucenina 9 také ze dieva Clausena lansium'®. Slou¢enina 10 byla

izolovana®’ také ze stfedozemské routy halebské (Ruta chalepensis). U této
8



slouceniny byly zjistény antifungélni a antialgialni u¢inky?®. Haplotusin (11) byl
izolovan®® z Haplophyllum obtusifolium. Edulitin (12) byl ziskadn z hortie H.
superba®®, z plodu jarvy Cnidium monnieri’' a z kofene tlustoslupky latnaté®?
(Murraya paniculata). Ze vzdusnych casti t€éhozevu Agathosma bisulca byl
izolovan?? trimethoxychinolon halfordamin (13). Glykocitridin (14) je pfirodni
aldehyd vyskytujici se** v melikopé Melicopa semecarpifolia a v
citrusu Glycosmis citrifolia®. Haplosin (15) byl nalezen®® v Haplophyllum
perforatum a obsahuje ve své struktufe ethylové uskupeni v poloze 3
chinolinového kruhu, coz je pro pfirodni chinolony netypické.

Pomérné rozsifeny v rostlinné isi je atanin, ktery byl izolovan ze stonkl a
z listd Clausena lansium®’, ze dfeva Zluotedfevu Zanthoxylum wutaiense®,
z nezralych plodi ampaku Evodia rutaecarpa®, z tropického citrusu Afiaegle
paniculata® a z Ravenia spectabilis*'. Jeho dimethoxyderivat preskimmianin byl
izolovan z boronie Boronia pinnata**, z Sedoku (Citrus grandis)® a z tfemdavy

bilé (Dictamnus albus)*.

OMe Me OMe Me
~ ““Me N Z“Me
R N™ O '0) N™ "0
R H 0 Me
atanin (R = H)
preskimmianin (R = OMe) pteleprenin

Ze vzdusnych &asti orixy japonské (Orixa japonica) byl izolovan*® chinolon
pteleprenin. Z orixy japonské byl izolovan také noroxirin*® a orixiarin*’. Edulinin
byl izolovan z listd a plodd routovité rostliny Teclea nobilis*®, z listd a plodi
Citrus macroptera®, z naté routy vonné (Ruta graveolens)>® a dale z &ilského kefe
Fagara mayu®' a Pelea barbigera®*. Lunacridin byl izolovan® z Lunasia amara.

OMe Me OH OMe Me OMe Me OH
~ Me N A Me
OH Me OH
o 7 NTo NS0 © NS0
O Me Me Me
nororixin orixiarin edulinin
OMe Me
N T Me
N OOH
MeO Me
lunacridin

Ze semen zapoty bilé (Cassimiroa edulis) byl ziskan cassimiroin, ktery ve své
struktufe obsahuje dioxolanovy motiv. Daurin byl izolovan** z Haplophyllum
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dauricum. Chemicky pfibuzny vicindlni diol foliosidin byl izolovan®?
z Haplophyllum foliosum a vykazuje'’ estrogenni aktivitu.

OMe OoM
OMe ©
A 2
AN
Q. N™ O O Me O Me
O Me Me. daurin Me foliosidin
Lo Me OH
cassimiroin Me OH

Naprosta vétSina téchto ptirodnich etherii obsahuje v poloze 4 chinolinového
kruhu methoxylové uskupeni. Ptikladem sloucenin, u kterych je vdzan jiny
alkoholovy zbytek je ravenin a karboxylovéa kyselina bucharain. Ravenin byl
izolovan*' z Ravenia spectabilis, bucharain se vyskytuje’® v Haplophyllum
bucharicum.

Me
Me™ ™~
(0]
m O " CO0H
Me N bucharain
ravenin Me

Pestra skala chinolinovych alkaloidli obsahuje ve své struktufe podjednotku 4-
hydroxychinolin-2-onu, kdy dochazi k vytvoteni dal§iho heterocyklického kruhu
zapojenim kysliku z hydroxylového uskupeni v poloze 4 chinolinového kruhu.
Zajimava diskuse takovych piirodnich sloucenin by vSak piesahovala ramec
tohoto pojednani.

2.2 Biologicky aktivni syntetické 4-hydroxychinolin-2-ony

Jednoduchy fenylchinolon oznacovany jako NSC 16582 je antagonistou
NMDA receptoru na vazebné strané pro glycin®’>%*, Jeho chlorderivat MDL
104653 je jesté UCingsim antagonistou” NMDA receptori a vykazuje®
antikonvulzivni G¢inky. Na zaklad¢ vyzkumu téchto sloucenin byl syntetizovan
selektivni antagonista NMDA receptort L-701324.

OHO OHO OHO©
\ b b ?
N0 Cl N0 Cl N0
H H H

NSC 16582 MDL 104653 L-701324

Slou¢enina L-701324 pisobi jako velmi u¢inny antagonista®' NMDA receptorii
na glycinové strané a NMDA s receptori®!. V experimentech na mysich
10



zpusobovala oralné podana sloudenina piedevs§im hypolokomoci®?, na myS$ich
byly také prokéazany jeji antikonvulzivni u¢inky®*>®. Sedativni u¢inky slou¢eniny
L-701324 jsou srovnatelné® s u¢inky diazepamu. Sloucenina pusobi také jako
hypotensivum®.  Vyuziti  slouCeniny L-701324 k1é¢b&  rlznorodych
neurologickych a psychiatrickych obtizi véetné Skdly neurodegenerativnich
chorob bylo®® patentovano.

Schopnost inhibovat receptor NMDA a souvisejici sedativni, neuroprotektivni
a antikovulzivni u€inky byla prokdzana i1 u dalSich chinolont, jako je napf.
slou¢enina L-701252% (16) ¢ L-703717°7 (17).

OH O OH O OMe
w =
cl NS0 cl NSO

H H

16 17
Mezi derivaty 4-hxdroxychinolin-2-onu patii 1 nékteré slouceniny
s vyznamnym antivirotickym G¢inkem®. Slou¢eniny 18 a 19 jsou
reprezentativnimi®®’®  vysoce G¢innymi inhibitory replikace viru infekéni
Zloutenky C. Mechanismem tuc¢inku sloucenin typu 18 a 19 je inhibice virové RNA
polymerasy’!-"2.

00 00 H
\S/ \Sl N //O
OH N’ OH s
| F | O’ Me
N N N N
H H
N™ O N™ O
o o

Me™ "Me F
Jiné derivaty 4-hydroxychinolin-2-onu inhibuji’>’*7> HIV-1 integrasu. Byla
syntetizovdna Sirokd série hydrazid 4-hydroxychinolin-2-on-3-karboxyloveé
kyseliny, které vykazovaly rtiznou schopnost inhibovat HIV-1 integrasu, zdaleka
nejucinnéjsi slouceninou tohoto typu je hydrazid 20.

NO,
OH O |
H
N™ ~O ©
H 20

Zajimavé je, ze podobné hydrazidy plsobi’®’’® jako alosterické

modulatory enzymu glykogen synthasa kinasa GSK-3. Ptikladem tuc¢inného
modulatoru tohoto receptoru je sloucenina VP0.7 (21). Vyzkum v oblasti
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modulatortt GSK-3 mliZe piinést nové poznatky v 1ecbé nékterych autoimunitnich
176
nemoci’®.

OHO 4

X N‘N\[]/\/\/\/\/\/Me
H

NSoo ©

Nékteré¢ 4-hydroxychinolin-2-ony jsou vyznamnymi imunomodulétory,
vyzkum v této oblasti vedl az k vyvoji linomidu a laqunimodu. Linomid
predstavuje starSi sloucCeninu, farmakum vyvijené spole¢nosti Active Biotech.
Linomid je imunomodulator’#%8! zvySuje aktivitu NK lymfocyti a cytotoxicitu
makrofagll. Je to inhibitor angiogeneze®® a zvySuje sekreci TNF-a. Sloudenina
byla zkoumana jako 1€k pro lécbu nékterych druhli rakoviny a autoimunitnich
onemocnéni. Vyzkum linomidu vSak byl ukoncen z divodu kardiovaskularni
toxicity. Linomid vykazuje vasodilata¢ni u¢inky®’.

OHO@ cl OHO/@
AN
L s

X
N"So Me Et
Me N""0

Me
linomid

(roquinimex) laquinimod

NovéjSim preparatem je laquinimod, ktery je jako farmakum vyvijen
spole€nostmi  Active Biotech a Teva. Sloucenina plsobi jako
imunomodulator®*838687 3 je zkouména jako farmakum pro 1é¢bu roztrousené
skler6zy. V Rusku byl laquinimod povolen jako farmakum pro 1é¢bu roztrousené
sklerdzy a je k dostani®® pod komerénim ndzvem Nerventra.

Nékteré piperidinem  substituované chinolony jsou®® antagonisté
gonadotropin uvolfiujiciho hormonu (GnRH). Piikladem u¢&inné slouceniny”®’! je
substance Q89 (22), jejiz potencialni vyuziti pfi 1é€bé hypogonadismu bylo
patentovano®®. Za stejnym uUcéelem byla patentovana® také podobné& ucinna®*
sloucenina Q76 (23).

12



AR IS W EveTe
N H N Me jc])/ N Me
Cl N @) Cl H @)

22 23

N\
|/
OH O HN
N
Me .4

Sloucenina LT 232244 (24) byla patentovadna jako inhibitor glyceraldehyd-3-
fostat dehydrogenasy S (GAPDH-S), coz je enzym produkovany vyhradné
v muzskych gametach. Inhibitory GAPDH-S by se dle uvedeného patentu mohly
stat muzskymi kontraceptivy. Bylo patentovano vyuziti této slouceniny ke
reverzibilnimu sniZeni motility muZzskych spermii a k modulaci reprodukénich
funkci®.

Skupina ukrajinskych autorti, dlouhodobé se zabyvajici biologickymi uinky
chinolonti pfipravila®® sérii amid@i 4-hydroxychinolin-2-on-3-karboxylové
kyseliny jako latek s potencidlnim lokalné anestetickym ucinkem. Identifikovaly
nejucinnéjsi slouceniny 25 a 26, které vykazovaly srovnatelnou (25) ¢i dokonce
vyssi (26) ucinnost jako lidokain pficemz jsou podstatné mén¢ toxické nez toto
pouzivané lokalni anestetikum.

OH O
OH O OH O o N ”/\/NEtZ
S SN NEt N N/\/N\) NI}
N 0 H 05 N 0 H 26 H chinoxikain
Me Me Me

Vyzkum nového typu lokélnich anestetik vyvrcholil syntézou
chinoxikainu’’, ktery byl patentovan®® pro vyuziti jako injekéni lokalni
anestetikum.

Pomémé nedavno bylo také patentovano” 919 yyuziti nékterych 3-
alkoxy-4-hydroxychinolin-2-ont jako protialergickych 1é¢iv. Pfikladem u¢inného
antialergika, které bylo testovano na morcatech je sloucenina 27.
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Me

OH 29 (R=H)
COOEt 30 (R=Me)
oD O R
L,  COry Tre ERE
H R =Bu
H,N N0 27 -

Cela tada substituovanych 4-hydroxychinolin-2-onli vykazuje rozmanité
biologické tcinky, na rozdil od vyse uvedenych tc¢innych sloucenin vSak nebyly
dostatecné¢ prozkoumany a v budoucnu muze jejich vyzkum piinést nové
biologicky ucinné chinolony ¢i na nich zaloZena farmaka. Slouc¢enina 28 inhibuje
né&které tyrosin kinasy u mysi (VEGFR-2 a PDFGR-A tyrosin kinasy!'??) a
serin/threonin kinasy'?. Pravé na principu inhibice tyrosin kinas tato slou¢enina
inhibuje!™ fosforylaci n&kterych peptidovych substrati a vykazuje!™ in vitro
antiproliferativni G¢inky. Sloucenina 28 a nékteré podobné derivaty vykazuji'®

také schopnost inhibovat ¢innost $titné zlazy.

Ethylester 29 vykazuje antagonismus receptort NMDA na glycinové strané,
v experimentech na kralicich a krysach bylo zjisténo, Ze slouc¢enina vykazuje!®
analgetické a protizanétlivé ucinky stejné jako GCinky protisrazlive, diuretické a
nootropické. Jeji jednoduché N-alkylderivaty (30-34) vykazuji'®” pouze G¢inky

'''''

butylderivatu 33.

Byla pfipravena a prozkouména také tada esterd typu 29, které byly
substituovany na aromatickém jadfe nebo nesly jiny alkoholovy zbytek na
karboxylové funkci. Také tyto slouceniny pusobily antagonisticky na receptor
NMDA a nékteré znich také vykazovaly antiepileptické vlastnosti na modelu
audiogennich kie¢i u mysSi. Nebyly vSak tak ucéinné jako vySe zminéné
3-arylchinolony. Za zminku stoji sloufenina L-701273 (35), ktera ucinné
inhibovala receptor NMDA ale zcela selhala pii testovani antiepileptickych
ucink.

OH O
MO\QOH
Cl N™ 0O
H
35

Vyrazné protizanétlivé Ginky pak byly pozorovany'®” u N-arylderivatt 36 —
43. Tyto slouceniny tlumily exsudativni reakci u mySiho modelu akutniho zanétu
vyvolaného karagenanem.
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OH

O\)\Icooa
R* N"~0

R1
36 -43 R2
R3
36-43 R! R? R3 R*
36 H H H H
37 H Me Me Cl
38 H H Me H
39 H H MeO H
40 H MeO H H
41 Me Me H H
42 H H Me Cl
43 H H MeO Cl

Tabulka 3. Substituenty na aromatickych jadrech sloucenin 36 — 43.

Egyptsti autofi pfipravili sérii  jednoduchych 6-nitrochinolonti, které
zkoumali'®® jako latky s potencialnim antibakteridlnim a antifungalnim G¢inkem.
Slouceniny 44-46 vykazovaly antimikrobialni aktivitu, velmi ¢inn¢ inhibovaly
rust Bacillus cereus, slouceniny 44 a 45 inhibovaly také riust Escherichia coli.
Slouceniny 44 — 46 inhibovaly rlst plisni Aspergillus flavus a A. niger.

OH O H o
N AN e oH NN
N0 OzNO\)\rmeNHz
R N 0
44 (R = Me) Me
45 (R = Et) 46

Skupina indickych autort'® piipravila sérii fluorovanych chinolonii 47 — 52,
které v biologickych testech vykazovaly mirnou fotocytotoxickou aktivitu a
schopnost inhibovat rast Mycobacterium tuberculosis. Nejvyssi fotocytotoxicka
aktivita byla pozorovéna u slou€eniny 51, Tato slou¢enina také nejvice inhibovala
rust M. tuberculosis. Zcela inaktivni v provedenych testech byl nesubstituovany
4-hydroxychinolin-2-on.
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R3 H

47 - 52
47 - 52 R! R? R?
47 F H H
48 H F H
49 H H F
50 CF; H H
51 H CF; H
52 H H CF;

Tabulka 4. Substituenty chinolonii 47 — 52.
Tetrazolové derivaty 53 a 54 byly patentovany!'®!!! jako antidota proti
benzoylisoxazolovym herbicidim, kterd snizuji jejich fototoxicitu a chrani

zasazen¢ rostliny.
N
NS0 TN

R

(R = Me)
(

53
54 (R = Et)

2.3 Chinolin-2,4-diony izolované z prirody

Buchapsin byl izolovan ze vzdusnych &asti Haplophyllum bucharicum''? a H.
tuberculatum''>112, Buchapsin inhibuje'!* replikace viru HIV a vykazuje uréitou
cytotoxicitu. Podobny derivat 55 byl izolovéan ze dieva Esenbeckia flava''® a E.

almawillia''s.
Me

Me Me ) —Me
7/ Me Me Me
4
Q Me, o Q Me
e -
HO
— Me Me
N © N0 e N0 Me
buchapsin 55 severibuxin

Poslednim chinolindionem s obdobnou strukturou je severibuxin, izolovany®
z ozdobné citrusové rostliny Severinia buxifolia. Tato sloucenina vykazuje
cytotoxickou aktivitu.
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Z Micromelum falcatum byly izolovany'!” dva 3-hydroxychinolin-2,4-diony 56
a 57. Podle autorti ¢lanku, kde byla izolace téchto sloucenin popsana vykazuji obé
slouceniny jistou toxicitu vuc¢i larvam zabronozek, coz naznacuje, ze dalsi
vyzkum téchto sloucenin by mohl prokdzat urcitou biologickou aktivitu.
Z pseudomonady P. aeruginosa byly izolovany''® dva 3-hydroxychinolindiony,
heptylderivat 58 a nonylderivat 59.

(@)
OH Q OH
T 1y T LR
NS00 N0
Me H

56 (R = Me) 58 (R = nonyl)
57 (R = MeO) 59 (R = heptyl)

2.4 Biologicky aktivni syntetické chinolin-2,4-diony

Jak jiz bylo zminéno v pfedeslé kapitole, u nékterych ptirodnich 3,3-
dialkylchinolin-2,4-diont byla zjiS§téna schopnost inhibovat replikaci viru HIV a
také cytotoxicka aktivita. Na zaklad¢ struktury buchapsinu byla piipravena''*
série podobnych derivati 60 (12 sloucenin) u kterych byla zjiStovana schopnost
chranit lymfoblasty pted infekci virem HIV a zéaroven cytotoxicita vii¢i témto

lymfoblastim'",
o)
Me
CLtF
o R1= R? N™ "0
R' -CH2CH=CH2, Me
RZ;—: R -CH2CH=C(CH3)2, 61 (R' = Me, R? = H)
N"o -CH2CH2CH=C(CH3)2, 62 (R' = Me, R? = Cl)
50 Pr, Bu 63 (R' = Me, R? = MeO)
R2=H, 7-Cl, 6-F, 8-F 64 (R'=Et, R?=H)

Bylo zjisténo, Ze tyto slouceniny piedstavuji nadéjnou skupinu inhibitor
replikace HIV a také zajimavy fakt, Ze jakakoliv substituce na aromatickém kruhu
vyustila v iplnou ztratu biologické aktivity slou€enin.

V publikaci z roku 1974 je zmin&na'?° piiprava &ty chinolin-2,4-diond 61
— 64, skterymi byly provadény experimenty na mySich. Vyhodnocovala se
toxicita, schopnost slouCenin tlumit elektrogenni kieCe a prodluzovat dobu
spanku. Slouceniny vykazovaly nizkou toxicitu (LDsy v rozmezi 300 — 472
mg/kg) a jen mirné antikonvulzivni U€inky. Vyraznéjsi antikonvulzivni G¢inky
vykazovala sloucenina 61. Slouceniny 61 — 63 prodluzovaly délku spanku u mysi,
z tohoto hlediska byla nejicinngjsi slouc¢enina 62.
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3-Aryl-3-methylchinolin-2,4-diony  vykazuji'?’!2212  yysokou  afinitu

k serotoninovym receptorim 5HTs. Je patentovano'?* 120 sloucenin typu 65 — 68,
které jsou vysoce ufinnymi a selektivnimi inhibitory 5-HTs receptorti a jsou
patentovany k 1é€bé riznych psychiatrickych chorob. VSechny slouceniny
vykazovaly vysokou schopnost inhibovat zminéné receptory (ICso=0,015—-2,471
umol), pfi¢emz plisobily pouze nepatrné na ostatni subtypy receptori 5-HT;, 5-
HT, a 5-HT; a na dopaminové receptory D; — D4. NejucinngjSimi inhibitory
serotoninovych receptorti jsou latky 65 — 68, jejichz inhibi¢ni koncentrace ICs se
pohybovala v rozmezi 0,015 (67) — 0,073 (68) umol.

R1
Cl O
90
R? N0
H

65 (R' = OH, R? = Cl)

67 (R' = NHEt, R = Cl)
68 (R' = NEt2, R? = CI)
69 (R' = Br, R? = MeO)

Biologicka aktivita byla zkoumana u pestré¢ palety derivatii chinisatinu,
ptedevsim u ptisluSnych oximi a hydrazonii. U barviva C.I. disperzni Zlut’ 79 (70)
byla zjisténa schopnost inhibovat rist Mycobacterium tuberculosis. Byla
syntetizovana'? Siroka série sloucenin (celkem 79 derivati) vychazejicich ze
struktury fenylhydrazonu chinisatinu. Tyto slouéeniny (71) G¢inné inhibuji'?%12

rust M. tuberculosis a jejich dalsi vyzkum muze piinést nova antituberkulotika.

i /© ?
7R
AN /NN NS

T NSo "
. 71
O N02 R1 O N3
"N 12
H R'=H, Me N0
NigNe! 2= :
l\'/le R3 } NOz, Cl, F, Me, Ph R 72 (R=H)
70 R” = NO,, Cl, Me 73 (R =Bu)

Nékteré¢ derivaty chinisatinu vykazuji schopnost inhibovat NMDA receptor
na vazebném misté pro glycin. Byla patentovéana fada chinisatinovych derivatda,
které piisobi jako NMDA antagonisté a jsou patentovany pro 1é¢bu nekterych
obtizi souvisejicich s poSkozenim mozku a neurodegenerativnimi chorobami.

Kolektiv ~ rakouskych  autorit  pfipravil sérii  substituovanych
3-azidochinolin-2,4-diontt u kterych byla zkoumana'?’ schopnost inhibovat
18



agregaci lidskych krevnich destiCek. Ze série slouCenin byly nejucinnéjsi
3,3-diazidochinolindiony 72 a 73.

Recentné bylo objeveno!?®, ze n&které chinolin-2,4-diony jsou vysoce
selektivnimi agonisty kanabinoidnich receptorti CB,. U sloucenin obsahujicich ve
své struktuie chinolonovou jednotku bylo jiz dfive prokézano, Ze vykazuji afinitu
ke kanabinoidnich receptor!? (napi. antagonista CB, receptort JTE-907).

O

AN N 0]
H >
MeO N0 o)

H
Me™ >0 JTE-907

V publikaci'?® z roku 2015 byla popsana syntéza Siroké série slou¢enin 74
u kterych byla posuzovana schopnost vazat se na kanabinoidni receptory CB; a
CB,. Slouceniny nevykazovaly afinitu k receptorim CB,, ale fada jich se 0¢inné
vazala na receptory CB,. Tento receptor je dilezity z medicinalniho hlediska,
protoZe pravdépodobné zodpovida za 1écebné t€inky kanabinoidil (protizanétlive,
imunomodulacni, analgetické) piicemz CB,-agonismus nesouvisi
s psychotropnimi ucinky kanabinoidii. Zajimavou skutecnosti je, ze slouceniny,
které byly na aromatickém kruhu substituovany v poloze 8, vykazovaly schopnost
agonistit CB, receptort a slouceniny, které byly substituovany v polohach 6 nebo
7 na aromatickém kruhu vykazovaly u¢inky CB, antagonistu.

R3
F. =
glesiosiaeN st
s, O NHR N F
Rs——
o e O > g ()
8 ! f{
R4
Me
N I e e
R' = Et, Pr, Bu, pentyl, hexyl Me Me
MOy ’ Me Me
R3 = H, Me, MeO, CI, Br, CF3, tBu MeJ_Me OH
° Me)\ﬁ{

Nejucinnéjsi slouceninou z této série byla'?® latka 75, se kterou byly také
uspesné utlumeny symptomy experimentalni autoimunitni encefalomyelitidy u
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mySsi. Sloucenina uspéSné chranila centralni nervovy systém pifed imunitnim

poSkozenim.
0 HN/O

=

N™~0O

Me I_'%u 75

3. Syntéza 4-hydroxychinolin-2-oni a derivati chinolin-
2,4-dionu

Vzhledem ke zna¢nému zajmu odborné vetejnosti o titulni slouceniny, bylo
popsano mnoho postupti jejich ptipravy. VétSina z nich vyuziva klasické metody
organické syntézy, ncékteré postupy vSak vzeSly z peclivého studia reaktivity
chemickych sloucenin a o to jsou zajimavéjsi (reakce vyuzivajici derivaty ethynu,
str. 24). Rada preparaci viak vychazela z potieby ziskat konkrétni derivaty pro
jejich dalsi vyzkum.

3.1 Syntéza substituovanych 4-hydroxychinolin-2-oni

Nejstar$i a nejpouzivanéjsi metodou syntézy 4-hydroxychinolonli je
tepelnd kondenzace substituovanych anilint se substituovanymi derivaty kyseliny
malonové. Metoda se postupné vyvijela, nejdiive se pouZzivaly velké prebytky
substituovanych diethyl-malonatl, pozdéji se objevily dalsi postupy vyuzivajici
napt. aktivované bis(aryl)malonaty. Na Ustavu chemie FT UTB se nejlépe
osvedcil postup, vyuzivajici substituované diethyl-malonaty v mirném nadbytku
vuci pouzitému anilinu. Touto metodou je dostupna pestra Skala substituovanych
chinolonti 76, jak si Ize pov§imnout ve schématu nize (Schéma I). Reakce probiha
pies ketenovy meziprodukt a je znamo, Ze pfi ni mohou vznikat vedlejsi produkty
(napft. dianilidy malonovych kyselin).

prmmennes e , R"=H, Me, By, Ph
R § R® OH § R2= Me, Et, Pr, Bu, Ph
R . COOE T R R R3=H, Me, CI
RS NH Rzkcooa 2EtOH | RS NS0 | R: = H, Me, MeO, CI, F
R6 R ; RE R' 76 | R =H, Me, MeO, CI, F
RS = H, Me, MeO, Cl

Schema 1. Priprava 4-hydroxychinolin-2-onii klasickou metodou tepelné
kondenzace anilinii s diethyl-malondty.

Nekteré chinolony je vSak mozné touto metodou pfipravit jen s malymi
vytézky, proto byly hleddny 1 nové cesty k titulnim slouceninam. Recentné se
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v literatufe objevuji zminky o pfipravé chinolonli za podminek mikrovinného
ohtevu.

Ptikladem muze ptiprava chinolonu 77, uvedena ve Schématu 2. Tato pohodlna
mikrovlnnd syntéza s vyuzitim aktivovanych malonatd'*® naléza vyuziti
ptedevsim pfi syntéze téch derivatl, které jsou starSimi zpusoby hlife dostupné.

0.0 0.9 OH
3 MW, 250 °C, 15 m ! _Ph
F4C Q + PhCH(COOAT), > FyC +2 ArOH
NH, (Ar = 1,3,5-trichlorfenyl) H O

77
(71 %)

Schéma 2. Mikrovinna synthesa fenylchinolonu 77.

Klasickd metoda tepelné kondenzace anilinii se substituovanym malonaty
selhdava zejména v pfipad¢ piipravy 3-nesubstituovanych 4-hydroxychinolin-2-
onll. Za podminek, kdy vznika chinolonovy cyklus dochazi zaroven ke vzniku
pyranového cyklu za ucasti dal$i molekuly malonatu. Nize uvedend reakce

naznacuje princip vzniku'*'132133 pyranochinolindiont 78 (Schéma 3).
0

OH (iOOEt o

+ |

Cly 5 s | OO0, |22 O
+

NH, “COOEt -2EtOH N0 | -2EtOH NS0

H H

78
Schéma 3. Princip vzniku pyranochinolindionii pri reakcich anilinu s diethyl-
malondatem.

3-Nesubstituované chinolony se tedy vétSinou ziskévaly zmifiovanou reakci,
kdy byl nasledné pyranovy kruh hydrolyticky odstranén. Takovy postup miize byt
ilustrovan pomérné recentni syntézou nize (Schéma 4).

0™y NaOHaq) OH Me 70% HSO4(sq) OH
COOEt MW
@ C S S op MW, EOH CK\I&O MW @\)\l
NH Et Ph,O
Ve : N"So N"So Ve ©
79 Me 80 Me Me

Schema 4. Priprava 4-hydroxy-1-methylchinolinonu pres pyranochinolindion.

Tento postup muze byt vyuzit také jako cesta k 3-acetylchinolontim 80, které
vznikaji jako meziprodukt pii §t€peni pyranového kruhu sloucenin 79.

Mikrovinna syntéza vychéazejici ze substituovanych anilini a volné kyseliny

malonové byla na sérii 4-hydroxychinoloni ové&fena'” jako jedna z cest
k ptipravé 3-nesubstituovanych sloucenin s dobrymi vytézky (Schéma 3).
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MW, 128 - 145 °C ¢H

H
RS . cioo _ 3-9m R:_; A R =F, Cl, CF, CH3]
= NH, COOH l[:j{ o)
78 -94 %

Schema 5. Priklad syntézy 3-nesubstituovanych chinolonii z volné kyseliny
malonové.

Dalsi moznosti ptipravy 3-nesubstituovanych sloucenin je naptiklad cyklizace
anilidu kyseliny malonové 81 ptsobenim kyseliny polyfosfore¢né!** (Schéma 6).
Skutecnost, ze dianilidy kyseliny malonové mohou za vysokych teplot poskytovat
keten, ktery nasledné cyklizuje za vzniku 4-hydroxychinolonu, je dobie znama.

PPA
120 - 140 °C o
.28 0y 2 ol
NN NS0
H H H
81 99 %

Schema 6. Transformace dianilidu kyseliny malonové na prislusny chinolonovy
derivat.

Pomémné neddvno byla publikovana'®® také elegantni dvoukrokova syntéza
3-nesubstituovaného 4-hydroxychinolinu vychazejici z anilinu a reaktivniho
substituovaného dioxandionu (Meldrumova kyselina). Intermedidrni malonanilid
82 byl nésledné dehydratovan plisobenim Eatonova ¢inidla (Schéma 7).

%o

M OH
@ @L JJ\/COOH -~ X
NH, CH,Cl,/THF, N

o P4O10‘ M6803H, (@)
60 °C, oh 82 ' 78% 70°C, 4h H oo

Schéma 7. Priklad aplikace Meldrumovy kyseliny p7i dvoukrokové syntéze 4-
hydroxychinolin-2-onu.

V nékterych pripadech mutze byt dokonce pifinosné zvolit k syntéze
3-substituovanych chinolonil postup, vychdzejici z nesubstituovanych sloucenin.
Takova metoda byla recentné popsana''* a vychazi z chinolonli pfipravenych
mikrovinou syntézou ze substituovanych anilini a diethyl-malonatu za
piitomnosti katalytického mnozstvi DMF. Takto ziskané vychozi slouceniny
mohou byt snadno alkylovany pouzitim pfislusnych alkyljodidl a hydroxidu
lithného jako base (Schéema 8).
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OH . OH

LIOH, H,0 -
N™ 0O
k N

-HI @]

Schema 8. Priprava chinolonovych derivatii alkylaci jednoduchého
4-hydroxychinolin-2-onu.

Alternativni metodou pfipravu chinolonit je Claisenova kondenzace
piislusnych N-acylanthranilatd'®. Ptiklad syntézy 3-fenyl-4-hydroxychinolonti
touto metodou ze sloucenin 83 je uveden ve Schéma 9. Tato metoda je dle odborné
literatury také hojné€ pouzivana, predevsim u sloucenin, které pti klasické tepelné
kondenzaci vznikaji v malém vytézku (3-allyl ¢i 3-methyl derivaty).

COOR2 EtONa OH o
@ J\/ EtOH, reflux di R' = H, Me, Et, Pr, Bu
'RZOH (NIN) RZ = Me, Et
R1
88-96 %

Schéma 9. Priklad vyuziti Claisenovy kondenzace pro pripravu
3-fenylchinolonii.

Ptiprava né€kterych substituovanych chinolont byla také realizovana metodou
vyuzivajici cyklizaci Claisenova typu, kdy se na snadno dostupné N-
acylanthranilaty 84 ptisobi basickym katalyzatorem v methanolu a vznikajici
chinolon je nasledné uvolnén trifluoroctovou kyselinou (Schéma 10).

1) Amberlyst A-26
(forma OH") OH
CQOMe  MeOH, r.t, 16 h R
@[ )K/ , > @i ‘R=CN, SPh, Ph, 3-pyridyl-S ’
2) CF,COOH, N0
84 MeOH, 30 m R

78 - 86 %
Schema 10. Modifikovana Claisenova reakce navrzend pro pripravu néekterych
4-hydroxychinolin-2-onii.

Velmi zajimava reakce, vedouci k chinolonfim, byla popsana'*® kolektivem
japonskych autort (Schéma 11). Tato reakce vychazi ze substituovanych ethynti
85, které reaguji s oxidem uhli¢itym za pfitomnosti katalytického mnoZstvi
stfibrné soli a silné nenukleofilni base (DBU).
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10 mol% AgNOs5

_R DBU (1,0 ekv.) OH "
LY 4co. DMSO,B0°C 24h o NN R"=Ph, H, Bu, 2-Py, 1-Np
R 2 Ao R2=H, Me, F, Cl, CF,
NH, N
85
75-99 %

Schema 11. Neobvykla reakce substituovanych ethynii s oxidem uhlicitym,
vedouci k chinolonovym derivatiim.

Tato reakce neni zajimavd pouze zhlediska inovativniho pfistupu
k substituovanym 4-hydroxychinolin-2-onim, ale také zpohledu reakéniho
mechanismu. Reakce, pii kterych je do molekuly zaclenén oxid uhlicity jsou stale
jesté malo prozkoumané. Navrzeny reakéni mechanismus této neobvyklé
transformace je uveden ve schématu nize (Schéma 12).

Ph Ph (0]
Z Ag*, DBU

+CO, ’ . &
NH H N

2 NJL'O
DBU- H+ n

Schéema 12. Navrzeny mechanismus vzniku 4-hydr0xychinolin-2-0nﬁ reakci
vychazejici z latek 85.

3.2 Syntéza chinolin-2,4-dionii

3-Halogenderivaty chinolin-2,4-dioni 1ze snadno pfipravit adi¢ni reakci
halogenu na 4-hydroxychinolin-2-ony. Takovych pfiprav bylo v literatute
popsano velké mnozstvi a byly vypracovany spolehlivé postupy ptipravy 3-
halogenchinolin-2,4-diontl, fada z nich je pouZivéana i na Ustavu chemie FT UTB
ve Zling.

Chlorace 4-hydroxychinolinond jsou obvykle!*”-138139 provadény v dioxanu za
tepla a spouzitim sulfuryl chloridu jako donoru chloru. Pfikladem muze

piiprava!*’ chlorderivatu 86 ve schématu nize (Schéma 13).

OH SO,Cl, dioxan

Bu 40-60°C D Cl
L —— O
Nige) Nige)

Schema 13. Priklad pripravy 3-chlorchinolindionii z prislusného chinolonu.

Ptiprava 3,3-dichlorchinolindionii vychdzi obvykle z nesubstituovanych
4-hydroxychinolin-2-ont a sulfurylchloridu'*! v horkém dioxanu jako donoru
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chloru. Popsany jsou vSak také chlorace ve vodném prosttedi, kde je zdrojem
chloru smés chlore¢nanu, chloridu a kyseliny sirové!*?. Byl popsan i postup, kdy
je nejprve piisluSny 4-hydroxychinolon nitrovdn a ziskany 3-nitroderivat 87
konvertovan na 3,3-dichlorderivat 88 ptisobenim thionylchloridu'#? (Schéma 14).

DMF, benzen
PH HNOgH,sO, ™ No ok
©\)i AcOH, 48 h X 2
— =
N0 ” o]
H 899 = 87 270 33

Schéma 14. Dvoukrokova priprava dichlorchinolindionu 88 pres prislusny 3-
nitroderivdt.

3,3-Dibromderivaty lze pfipravit obdobné!** zpfislusnych chinoloni
pusobenim bromu v horkém dioxanu. Pouzivanym postupem je!40:145.146.147
bromace v kyselin€ octové, ktera byla také prakticky ovétena k syntéze celé skaly
bromderivata. Piikladem je bromace fenylchinolonu uvedena'?” v publikaci S.

Kafky (Schéma 15).
Br, AcOH

™M 20°C R e
NSO NSO
H

92%
Schema 15. Bromace 3-fenyl-4-hydroxychinolin-2-onu bromem v kyseliné
octove.
Pisobenim smési jodidu draselného a jodu na 4-hydroxychinolony ve
vodném roztoku uhli¢itanu draselného je mozno'*® pfipravit také n&které
3-jodchinolindiony, tato tematika vSak jesté neni dostatecné prozkoumana.

3-Halogenderivaty chinolindiontl pak oteviraji cestu k syntéze pestré palety
substituovanych chinolindiont. Substitu¢nimi reakcemi je mozné je hladce
pievést na nitrily, aminy'?”'*° azidy'*4> a dal3i slouceniny.

Oxidaci 4-hydroxychinolin-2-onii jsou snadno dostupné 3-hydroxychinolin-
2,4-diony. V odborné literatuie je popsano vice metod vedoucich ke zminénym
3-hydroxychinolindionim.  Plsobenim rlznych oxida¢nich c¢inidel na
chinolonovy systém dochazi k jeho transformaci na 3-hydroxychinolin-2,4-diony.
Z popsanych oxidaénich ¢&inidel byl pouzit napf. peroxid vodiku!*®’, kyselina
peroxooctova!®? & kyselina 3-chlorperoxobenzoova!®!. Jeden z moZznych
postup!>? zahrnuje také nitraci hydroxychinolontl, pfi které dochazi k soucasné
hydrolyze a wvzniku 3-hydroxyderivati. Reakce vyuzivajici kyselinu
peroxyoctovou byla ovéiena a je Gisp&$né pouzivana na Ustavu chemie FT UTB.
Pfikladem tak muze byt jednoducha oxidace 3-ethylchinolonu, popsana'>?
v recentni publikaci S. Katky (Schéma 16).
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Schema 16. Priklad elegantni oxidace chinolonoveho systemu kyselinou
peroxyoctovou.

Je zndmo, Ze derivaty chinisatinu mohou byt piipraveny hydrolysou 3,3-

dibromchinolindiont'>*, redukci a oxidaci 3-nitrosoderivati!> & z 3-chlor-3-

nitrochinolin-2,4-dion'*®. Jednoduché syntéza derivatd chinisatinu z chinolin-
2,3,4-triolu oxidaci jodistanem draselnym v kyselin¢ sirové (Schéma 17) byla

patentovana'>’,

OH O
—>
N/ OH 25°C,2h N0
H
67 %

Schéma 17. Priprava chinisatinu oxidaci chinolin-2,3,4-triolu.

Alkylaci 4-hydroxychinolin-2-onti piebytkem alkylacniho c¢inidla jsou
dostupné'® 3,3-dialkylchinolindiony. Piikladem muZe byt metoda, ilustrovana ve
Schéma 18, kterd vyuziva alkylbromidy jako alkylacni ¢inidla a hydroxid lithny
ve vodném prostiedi. Reakce poskytovala dobré vytézky ocekavanych produkti.

PH H,0, LIOH o .

O verer Be2n, P
NS0

H R=Pr, Bu, allyl gg N ©

60 - 80 %

Schéma 18. Priprava 3,3-dialkylchinolindionii prebytkem alkylacniho cinidla.

Komplikaci téchto alkylaci v§ak mizou byt vedlejsi reakce'?, které vedou ke
vzniku nezadoucich produkt. Dobrym ptikladem tohoto jevu je reakce uvedena
ve Schéma 19, kdy vedlo pouziti propargylbromidu v horkém toluenu, vodného
hydroxidu sodného a jodidu draselného za podminek katalyzy fazového ptfenosu
k izolaci 4 produkti.
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Schéma 19. Alkylace hydroxychinolonu propargylbromidem, poskytujici ctyri
riizné produkty.

U pfipravy vyznamnych 3-aryl-3-methylchinolont je sice popsana'®® pfiprava
vychazejici z fenylchinolonu, ale detaily nelze vyhledat, nebyly nalezeny recentni
zminky o vyuziti tohoto postupu:

Podle zminek v literatufe, je mozné alkylaci 3-substituovanych
4-hydroxychinolonti ziskat ptislusné 3,3-disubstituované chinolindiony, detaily
této reakce vSak nebylo mozné vyhledat a recentné nebyly nalezeny Zadné zminky
o praktickém vyuziti této reakce, coZ je ptekvapivé, vzhledem k recentnimu zajmu
o 3-aryl-3-methylchinolindiony (str. 17). Piiklad takové ptipravy chinolindionu
90 je uveden ve Schéma 20.

OH 0
@(Iph H,O, NaOH, Ph
A Cu, T Me
+ Mel e
N™~O N0
H 90 H

Schéma 20. V literature nalezena zminka o priprave chinolindionu 90
methylaci.

Pro piipravu biologicky aktivnich 3-aryl-3-methylchinolindiona je dle
odborné¢ literatury pouzivana vyhradné Claisenova kondenzace substituovanych
anthranilatd'®!. Pfikladem metody vyuzivajici tuto reakci je piiprava 3-fenyl-
3-methylchinolindionu  z pfisluSného  N-acylanthranilatu 91  plisobenim
bis(trimethylsilyl)amidu lithného jako base ve smési hexanu a THF (Schéma 21).

; 0]
ol _hexan, THF _ Ve
N -MeOH N"~0
91 H e 90
65 %

Schéma 21. Priklad recentné pouzivané Claisenovy kondenzace, ktera
umoznuje pripravu sloucenin typu 90.
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4. Potencialni vyuziti 4 hydroxychinolin-2-onii a
slouCenin z nich vychazejicich k upravé vlastnosti
nebo k ochrané materiali

Jak bylo probrano v piedeslych kapitolach, fada 4-hydroxychinolin-2-onti
a substituovanych chinolin-2,4-diont1 ¢i chinolin-2,3,4-triont vykazuji zajimaveé
ucinky na zivé organismy. Mnoho téchto slou€enin se také ptirozené v zivych
systémech vyskytuje. Tyto slouceniny jsou zajimavé i1 z hlediska chemické
struktury, reaktivity a pfipadnych chemickych a fyzikalnich vlastnosti. Idea jejich
vyuZiti pro upravu vlastnosti pfirodnich 1 syntetickych materiali je tedy pomérné
logickd. V nésledujici kapitole budou stru¢né nastinény moznosti vyuziti téchto
chemickych individui pro zminéné ucely.

4.1 Potencialni vyuziti jako antioxidanty a antidegradanty

Neékteré  jednoduché ptirodni chinolony, jako je napf. 4-hydroxy-1-
methylchinolon (2, str. 6) vykazuje schopnost vychytavat® volné radikaly.
Podobny 4-methoxy-1-methylchinolon (10, str. 7) vykazuje® navic antifungélni a
antialgidlni u¢inky (str. 8). Je znamo?®107105:147" 7¢ také ¥ada jednoduchych
syntetickych 4-hydroxychinolin-2-onii vykazuje antioxida¢ni vlastnosti a
schopnost vychytavat volné radikaly. Tyto slouceniny by tedy bylo mozno
potencidlné vyuzit jako antidegradanty, které chrani material, do kterého jsou
pfidany proti oxida¢nimu poskozeni.

Je vhodné zminit, Ze za chemicky podobnou slouceninu lze povazovat i
etoxychin!®?, ktery je primyslové vyuzivan jako antioxidant a stabilizator tukd
pro potraviny (oznacovan jako E324). Toto potravinové aditivum je povoleno
v USA, v Evropské unii je jeho vyuziti pro potraviny zakazano.

Me

EtO X
Me
N

HMe

Etoxychin

4.2 Potencialni vyuziti jako biocidnich aditiv

Chinolony vykazuji antibakterialni a antifungélni u¢inky. U 6-nitrochinoloni
(44-46, str. 14) byly prokazany vyrazné antibakteridlni a antifungalni ucinky,
slou¢eniny U¢inné inhibovaly'®® i rist plisni Aspergillus niger a A. flavus, které
casto napadaji rizné materialy. Jednoduché fluorované 4-hydroxychinolony (47
— 52, str. 14) inhibuji'® rast Mycobacterium tuberculosis, stejné jako
chinisatinové barvivo C. . disperzni Zlut’ 79 a fada podobnych derivati chinolin-

2,3 ,4-trionu (str. 17). N&které podobné slou¢eniny vykazuji® i algicidni u¢inky. Je
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tedy redlné, ze nékteré podobné slouceniny by bylo mozné vyuzit k ochrané
riznorodych materiala pied Skodlivymi organismy. Takové slouc¢eniny by bylo
mozné aplikovat bud’ ve formé vhodného posttiku ¢i impregnace nebo ptimo jako
piisady, kterd by byla soucasti smési pro pfipravu materidlu. Zajimavou otazkou
je, zda by bylo mozné pfipravit polymerni materidly, které by byly pfimo
modifikovéany takovymi slouceninami, pfipadné kopolymery, kde by byla vhodna
chinolonova sloucenina jednim z monomeru.

Podobné antibakteridln¢ funkcionalizované polymery byly jiz dfive
piipraveny na bazi polymethakrylatu &i polyurethanu'®, byly vSak modifikovany
znamymi antibiotickymi chinolin-4-ony. Byl také pfipraven'®* polymer na bazi
norfloxacinu, do jehoz molekuly byl zaveden akrylovy zbytek a néslednou
polymeraci byl ziskdn material vykazujici mimotadnou antibakterialni u¢innost.
Tento polymer byl nasledné uspéSné piidavan do smési s polyethylenem,

polypropylenem ¢&i polykaprolaktonem'®4,

0

FWCOOH
I
N N
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norfloxacin

4.3 Vyuziti chinolonovych derivata jako fluorescenénich
sloucenin
Je na misté pfipomenout, ze kyslikaté analogy chinolin-2-ona — substituované

kumariny pfedstavuji vyznamné fluorescencni slouceniny, Siroce vyuZzivané
v primyslu'®. P¥ikladem muize byt kumarin 102, vyznamné laserové barvivo.

Me
H O- (@)
chinolin-2(1H)-on ~ Kumarin kumarin 102

Nekteré derivaty chinolin-2-onu, dostupné ze 4-hydroxychinolin-2-on1,
vykazuji velmi nadéjné fluorescencni vlastnosti; takovymi slouceninami
jsou!®>16¢ také 4-trifluormethyl-, 4-kyano- a 3,4-dikyanchinolony. Pfikladem
mohou byt dimethoxychinolony 92 a 93.

CF,4 CN
Meo]@fi Meo]@f\ICN
MeO N™ O MeO N™ O

92 M 93 H
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Rada chinolonti substituovanych pyrazolovym, isoxazolovym &i pyridinovym
uskupenim byla zkoumana!®’ jako potencialni luminofory. Je znama celd fada
chinolinovych derivatl, které vykazuji fluorescenci a mohou nalézt uplatnéni
napf. jako fluorescen¢ni sondy pro detekci bakterii'®®, nadorovych bunek'® ¢&i

cysteinu uvnitf Zivych bunék!”’.

Recentné byla popsana!”! nova fluorescen¢ni barviva'’? na bazi chinolin-2-on.
Takovymi fluorescennimi barvivy jsou naptiklad aldehydy 94 a 95 a kyselina
96, ziskana chemickymi pfeménami'’* aldehydu 94.

NC. _COOH
Me «_CHO O S |
AN
b H N"~0
94 95 96 H

Jin¢ derivaty chinolin-2-onu mohou nalézt uplatnéni jako fluorescencni sondy
pro detekci kovovych iontl, nékteré chinolinové a chinolonové derivaty byly také
navrzeny k Setrnému fluorescenénimu znadeni pestré $kaly biomolekul!’?. Takové
slouceniny by mohly nalézt uplatnéni jako luminofory, optické zjasnovace ¢i
absorbery UV-zéfeni pro upravu vlastnosti polymernich ¢i jinych materiala.

Nékteré polymerni materialy, které byly modifikovany tak, Ze ve své
struktui'e obsahuji chinolin-2-onové jednotky jsou jiz znamy'”*. Material zaloZeny
na modifikovaném PVP vykazoval'” intenzivni fluorescenci v piitomnosti
terbitych iontd. Pozd&ji byl piipraven!’® obdobny materidl na bazi
modifikovaného polystyrenu.

Za zminku stoji, Ze tento vyzkum byl realizovan odborniky z AVCR.
K modifikaci polymerti byla pouzita slou¢enina 97.
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4.4 DalSi mozZna vyuziti chinolonovych derivati pro dpravu
materiali
Velmi  zajimavé  vlastnosti  byly  pozorovany u  nékterych
1-hydroxychinolin-2-on. U téchto sloucenin dochdzi plisobenim svétla

k roz8tépeni labilni vazby N—-O. Byly pfipraveny kopolymery chinolonu 98 a
methyl-methakrylatu ¢i akrylatu. Takto byly ziskany nové fotoresponzivni
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materialy u kterych byla prokdzéano, Ze 1ze cilené¢ ménit smacivost jejich povrchii
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4.5 Vyuziti derivatia kyseliny 2-aminobenzoové a benzoxazin-4-
onu

Oxida¢nim $té€penim 3-hydroxychinolin-2,4-dionlt je mozno'>® pfipravit
Sirokou paletu derivatl kyseliny 2-aminobenzoové, které by rovné€z mohly nalézt
uplatnéni pro modifikaci né€kterych materiald.

Rada derivatd kyseliny anthranilové vykazuje!'’® zajimavé fluorescenéni
vlastnosti a nachazi uplatnéni ve fluorescenéni spektroskopii'”®. Oznaovani
nékterych biologickych substrati jednotkami 2-aminobenzamidu je béZznou
soudasti n&kterych chromatografickych metod!8%-181:182,

Nedavno bylo zjisténo, Zze nckteré derivaty 2-aminobenzamidu jsou
zajimavymi dipolovymi elektrety!®3, které mohou otevfit cestu k vyvoji materialii
se zajimavymi vlastnostmi a mohou nalézt uplatnéni ve fotovoltaice ¢&i
fotokatalyze.

Nékter¢ derivaty kyseliny anthranilové lze vyuzit jako UV-absorbery,
piikladem mutize byt menthyl-anthranilat'®* (99).

Na bézi substituovanych 2-aminobenzamida bylo v neddvné dobé pfipraveno
185,186 nekolik zajimavych fluorescenénich sond selektivné citlivych vigi
nékterym kovovym iontim. SloucCenina 100 oznafovana jako ZnABA je
selektivni fluorescencni sondou pro zine¢naté ionty, CdAABA (101) je selektivni

pro ionty kademnaté.
@ 20
. . Me N
O\ 1y
@O 99 6 Me
NH, Me
Vajecna papirova blana, na které byla imobilizovdna kyselina anthranilova se

osvédcila jako fluorescenéni biosenzor!®” pro detekcei tetracyklinu. Kopolymery
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polyanthranilové kyseliny byly recentné zkoumany'®® v rdmci vyzkumu novych
systémil distribuce léciv. Pifidavek komplexii kyseliny anthranilové do
polyethylenu byl také zkouman'®.

Derivaty kyseliny anthranilové, v€etné téch dostupnych oxidaci chinolindiond,
lze vyuzit k syntéze substituovanych benzoxazinont, u kterych byly v literatuie
popsany zajimavé fluorescenéni vlastnosti. Nedavno bylo pfipraveno!® nékolik
elektroluminiscené¢nich zaiizeni OLED zaloZenych na benzoxazinonu 102. Rada
benzoxazinont jiz nalezla uplatnéni jako UV absorbery pro stabilizaci polymert.
Pfikladem muize byt slou¢enina 103, komeréné dostupna'®! jako OMNISTAB UV
3638.
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4.6 MozZna omezeni

Je nutno piipomenout, Ze u nékterych ptirodnich 4-hydroxychinolont bylo
zjiSténo, Ze vykazuji estrogenni aktivitu. Takovymi slouCeninami jsou napf.
foliosidin'® (str. 9) ¢&i bucharidin'® (str. 6). Takové vlastnosti by pfedstavovaly
komplikaci pti praktickém vyuziti téchto sloucenin, jelikoz tfada aditiv do
polymernich materidli byla z divodi estrogenni aktivity vyrazné omezena
(ftalaty, bisfenol A). Né&které syntetick¢é 4-alkoxychinolin-2-ony ovliviiuji
metabolismus gonadotropin uvolfiujiciho hormonu®*~!%* a 4-hydroxychinolon 24
(str. 11) je patentovan®® ke snizeni motility muzskych spermii. N&které chinolony,
obsahujici v poloze 3 chinolonového kruhu imidazolové uskupeni inhibuji'®
¢innost §titné zlazy (str. 12). Také tyto vlastnosti by mohly pfedstavovat problém
pii aplikaci nékterych 4-hydroxychinolont pro Gpravu materialii.

Historické zkuSenosti s podobnymi primyslovymi aditivy, které zasahu;i
do systému hormonalni regulace ¢i reprodukénich funkci by mély nabadat
k dikladnému prozkouméani 4-hydroxychinolonti a jejich derivati pred piipadnou
praktickou aplikaci. Na druhou stranu by mohly chinolony ptedstavovat pomérné
bezpeéné latky z hlediska toxicity. Dosud testované chinolin-2,4-diony!?° (str. 16)
a 4-hydroxychinolony”-#3-969-101 (str 17) vykazuji nizkou toxicitu.
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5. CILE DISERTACNI PRACE

Cile disertacni prace byly logickym pokracovanim mnohaletého vyzkumu
reaktivity 4-hydroxychinolin-2-ont, ktery dlouhodobé probiha na Ustavu chemie
a také Castecné navazovaly na tematiku, kterou se autor disertacni prace zabyval
b&hem bakalarského a magisterského studia.

Hlavnim cilem bylo pfipravit substituované 4-hydroxychinolony a znich
ptislusné chinolin-2,4-diony, které by byly podrobeny dalSim reakcim za ucelem
vyzkumu reaktivity chinolindionového systému. Vyzkum reaktivity byl zam¢ten
pfedev§im na 3-hydroxychinolin-2,4-diony a 3-aminochinolin-2,4-diony.
Hlavnim cilem diserta¢ni prace pak bylo pfipravit sérii 4-hydroxychinolin-2-ond,
pfevést je na 3-hydroxychinolin-2,4-diony a z téch nésledné oxida¢nim $tépenim
ziskat pfislusné N-a-ketoacylanthranilové kyseliny. Z téch je moZné piipravit
Fischerovou indolovou reakci ptislusné indolové derivaty.

Kromé vyzkumu reaktivity studovanych sloucenin bylo cilem pfipravit také
konkrétni derivaty, které¢ by mohly byt dale studovdny z hlediska mozZnych
aplikaci (biologickéa aktivita, vyuziti pfi Gpravé vlastnosti materiall).

Béhem feSeni problematiky také vyplynuly nékteré zajimavé skutecnosti, které
byly déle zkoumany.

6. PREHLED PUBLIKOVANYCH VYSLEDKU A
RESENI OKRUHU ZADANI
Okruh zadani: Syntéza a oxidacni Stépeni 3-hydroxychinolin-2,4-
dionu.
Kafka, S.; Proisl, K.; Kasparkova, V.; Urankar, D.; Kimmel, R.; KoSmrlj, J.:

Oxidative ring opening of 3-hydroxyquinoline-2,4(1H,3H)-diones into N-(o-
ketoacyl)anthranilic acids. Tetrahedron, 2013, 69, 10826—10835.

DOI: 10.1016/j.tet.2013.10.092

Komentar k PUBLIKACI 1

Prvnim dualeZitym tématem mé prace bylo studium oxida¢niho Stépeni
3-hydroxychinolindioni kyselinou jodistou (popf. jodistanem sodnym) a
souvisejici pfiprava N-(a-ketoacyl)anthranilovych kyselin. Tato reakce byla
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studovana jiz béhem autorovy diplomové prace a nésledné byla jeji aplikace
rozS8ifena na celou fadu substituovanych sloucenin. Reakéni podminky byly také
optimalizovany pro preparativni Gcely.

Nejprve byly pfipraveny jednotlivé 4-hydroxychinolony tepelnou kondenzaci
substituovanych malonatli se substituovanymi aniliny. Tyto latky byly nésledné
pusobenim kyseliny peroxyoctové prevedeny na 3-hydroxychinolindiony. Tyto
reakce probihaly snadno a ve vétSing ptipadi bylo dosazeno vysokych vytézka.
Samotné Stépeni 3-hydroxychinolindionii bylo realizovano v prostfedi vodného
ethanolu plisobenim kyseliny pentahydrogenjodisté nebo jodistanu sodného. Obé
¢inidla se ukézala jako u¢innd, pro jednotlivé substituce vSak byly pozorovany
individudlni rozdily. Publikace popisuje ptipravu 16 substituovanych N-(a-
ketoacyl)anthranilovych kyselin, které se timto zplisobem podafilo ziskat ve
vysokych vytézcich.

Pii optimalizaci reakénich podminek se ukazalo, ze v nckterych piipadech
dochézi k rozkladu vychozich sloucenin za vzniku fady neidentifikovanych, casto
barevnych produkt. K tomuto jevu dochéazelo predev§im pokud byly reakce
vedeny pii vysSSi teplot¢ nebo byla-li reakéni doba dlouhd (n€kolik dni).
Vyznamny vliv na ptipadny vznik vedlejSich produkt v§ak maji pravdépodobné
také necistoty pfitomné ve vychozi slouceniné€ nebo v pouzitém rozpoustédle.

Béhem prace na publikaci se autor potykal s problémy pii pokusu o oxidaci
3-benzyl-3-hydroxychinolin-2,4-dionu, kdy dochazelo k rozkladu vychozi latky
za vzniku slozit¢ smési, benzaldehydu a barevnych produktd. Jednim
z prokézanych produkti reakce byl kromé benzaldehydu takeé isatin. Pfi¢inou byla
pravdépodobné vyssi citlivost benzylového substituentu vici silné oxidujicimu
prosttedi. Tento problém byl vyfeSen a UspéSnd syntéza byla zvetfejnéna az
v publikaci II. Vedenim reakce v dvoufazovém prostiedi (voda — ethyl-acetat) za
pritomnosti katalyzatoru fazového ptenosu byla tspésné provedena oxidace i u
benzylového derivatu. Dal§im omezenim byla také vySSi cena pouzitych
jodistanovych Cinidel, postupem casu se vSak ukdzalo, ze k provedeni reakce ve
vysokém vytézku staci i jen malé prebytky oxida¢niho ¢inidla.

Jako spoluautor jsem se vyznamné podilel na jednotlivych syntézach vcetné
piiprav jednotlivych vychozich slou¢enin. Po domluvé se Skolitelem jsem se
snazil optimalizovat reak&ni podminky tak, aby bylo dosazeno vysokych vytézka.
Také jsem se podilel na sestavovani rukopisu, piedevS§im pii sepisovani
experimentalnich dat.
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Okruh zadani: Fischerova indolova reakce u N-(a-
ketoacyl)anthranilovych kyselin.

Proisl, K.; Kafka, S.; Urankar, D.; Gazvoda, M.; Kimmel, R.; KoSmrlj, J.: Fischer
indolisation =~ of  N-(a-ketoacyl)anthranilic ~ acids  into  2-(indol-2-
carboxamido)benzoic acids and 2-indolyl-3,1-benzoxazin-4-ones and their NMR
study. Organic & Biomolecular Chemistry, 2014, 12, 9650-9664.

DOI: 10.1039/C40B01714E

Komentar k PUBLIKACI 11

Dalsi  odbornd  publikace  shrnuje = moznosti  konverze  N-(o-
ketoacyl)anthranilovych kyselin na pfisluSné indolové derivaty s vyuzitim
Fischerovy indolové reakce. Ptiprava téchto sloucenin byla hlavni snahou mé
disertatni prace. Moznost pfipravy téchto sloucenin jsem nastinil jiz v mé
diplomové praci. Protoze tyto slouceniny jsou zajimavé jak z hlediska mozné
biologické aktivity, tak 1 z hlediska moznych aplikaci pfi upravé vlastnosti
materialu, byly hledany cesty, jak je elegantn€¢ z vychozich anthranilovych
kyselin pfipravit.

Byla pfipravena Sirokd série substituovanych anthranilovych kyselin, které
byly nasledné podrobeny reakcim s fenylhydrazinem za podminek Fischerovy
indolové reakce. Pivodni mySlenka pfipravy pftisluSnych fenylhydrazont
s naslednym tepelnym pfesmykem se neosvédCila — pii téchto pokusech
dochdazelo k rozkladu sloucenin coz mélo dramaticky vliv na vytézky produkti.
Nejlépe se osveédcily reakce ve vrouci kyselin€ octové — za téchto podminek sice
vznikaly dva (v nékterych ptipadech i tf1) typy reakénich produkti (ptfislusné
anthranilové kyseliny nesouci indolové uskupeni a také produkty jejich
dehydratace — substituované benzoxazinony), produkty se vSak daly snadno
oddgélit krystalizaci. Zménou reakénich podminek (doba reakce, zdména kyseliny
octoveé za vySe vrouci kyselinu propionovou) bylo v nékterych ptipadech mozné
ovlivnit pomér jednotlivych produkti.

V publikaci je také castecné diskutovana reaktivita vznikajicich benzoxazinont,
které se ukazaly jako pomérné reaktivni nukleofily s moZnym vyuzitim v syntéze
dalSich sloucenin (napf. amidi kyseliny anthranilové nesoucich indolovy kruh).
U ziskanych benzoxazinonti byly nasledné zkoumany také jejich fluorescen¢ni
vlastnosti, vysledky tohoto vyzkumu vSak dosud nebyly publikovany.
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Jako autor jsem provedl vétSinu syntéz a také jsem za konzultace se Skolitelem
navrhoval jednotlivé syntetické postupy. Piipravil jsem navrh rukopisu, ktery byl
nasledné dokonc¢en mym Skolitelem (ve spolupraci s ostatnimi spoluautory).

Okruh zadani: Priprava 1,4-benzodiazepin-2,5-diont
z 3-aminochinolin-2,4-dionii.

Kiemen, F.; Gazvoda, M.; Kafka, S.; Proisl, K.; Srholcova, A.; Klasek A.;
Urankar, D.; Kosmrlj, J.: Synthesis of 1,4-Benzodiazepine-2,5-diones by Base
Promoted Ring Expansion of 3—Aminoquinoline-2,4-diones. Journal of Organic
Chemistry, 2016, 82, 715-722.

DOI: 10.1021/acs.joc.6b01497

Komentar k PUBLIKACI II1

Dalsi publikovana prace byla zaméfena na reaktivitu 3-aminochinolindiond,
které za vhodnych podminek v bazickém prostfedi podléhaji piesmyku, jehoz
produktem jsou substituované benzodiazepin-2,4-diony. Tyto slou¢eniny pro mne
byly zajimavé, protoze obsahuji strukturni podjednotku kyseliny anthranilové.

Béhem studia této reakce byla vyzkouSena celd fada riznych podminek a
vhodnych ¢inidel. Nejlépe se osvédCilo pouziti benzyltrimethylamonium
hydroxidu, tetramethylguanidinu a ethoxidu sodného v ethanolu.

Hledanim vhodnych podminek se zabyvalo také n€kolik studenti béhem svych
diplomovych praci, ptedevS§im Ing. Filip Kfemen, u jehoZ prace jsem byl
konzultantem a ktery také provedl tadu syntéz. K nejvétSim problémim
dochézelo pii pokusu o ptesmyky 1-fenylderivatl, divod tohoto chovani nebyl
objasnén. V téchto ptipadech se nejlépe osveédcilo pouziti tritonu B jako baze.

Zajimavou skute¢nosti take je, ze pfipravené slouceniny existuji ve formé dvou
konformeri — pseudo-axidlniho a pseudo-ekvatoridlniho. Tato skute¢nost byla
zjisténa a studovana NMR experimenty.

Jako spoluautor jsem se podilel pfedev§im pii hledani vhodnych podminek
reakce, pii1 syntézach jednotlivych produktl a také pti piipravé vychozich latek.
Také jsem se teoreticky zabyval vyskytem substituovanych benzodiazepindionti
v pfirod€ a jejich moznymi aplikacemi.
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Okruh zadani: Potencialni aplikace pripravovanych sloucenin.

Proisl, K.; Katka, S.; KoSmrlj, J.: Chemistry and Applications of 4-
Hydroxyquinolin-2-one and Quinoline-2,4-dione based Compounds. Current
Organic Chemistry, 2017, 21, 1949-1975.

DOI: 10.2174/1385272821666170711155631

Komentar k PUBLIKACI IV

Posledni ptedloZzena publikace je reSerSni praci a shrnuje poznatky o
4-hydroxychinolin-2-onech a chinolin-2,4-dionech, které jsem shromazdil béhem
mého doktorského studia. Prekvapilo mne, Ze na toto zajimavé téma v odborné
literatufe  jeSt¢  nevzniklo  veétSi  mnozstvi  ptfehlednych  praci.

Tento ¢lanek vznikl jako spole¢né dilo spolu s mym Skolitelem panem docentem
Kafkou a panem profesorem KoSmrljem. Podkladem pro c¢lanek bylo mé
pojednani ke statni zkouSce a v ném obsazené poznatky, 1 kdyZ béhem ptipravy
¢lanku doslo jesté k doplnéni fady informaci a dal§im dalezitym apravam.

Vzhledem k povaze ¢lanku a k tomu, Ze fada informaci je uvedena v literarni
¢asti povazuji dalsi komentovani ¢lanku za nadbytecné.

7. PRINOS PRO VEDU A PRAXI

Ptinos mé disertacni prace spociva v n€kolika rovinach. Béhem studia jsem
ziskal fadu poznatka o reaktivité zkoumanych sloucenin, které budou déle vyuzity
pfi vyzkumu chinolonovych derivati na Ustavu chemie FT UTB ve Zliné a fada
znich byla také jiz publikovana v odborné literatufe. Byly ziskany také nové
poznatky o aplikacich Fischerovy indolové syntézy, o reaktivit¢ nckterych
benzoxazinont, substituovanych anthranilovych kyselin a benzodiazepindiond.
Béhem mé prace bylo pozorovano nékolik zajimavych reakci a presmykt, které
jsou namétem pro dalSi odbornou préci.

Dale byla ptipravena fada novych sloucenin, které by mohly nalézt uplatnéni jako
biologicky aktivni latky nebo pii1 ovliviiovani vlastnosti materidlii. V nékterych
ptipadech byly ptipravené latky jiz zkoumdny nebo testovany na piipadnou
biologickou aktivitu, vysledky vSak dosud nebyly publikovany.
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1. Introduction

N-(z-Ketoacyl)anthranilic acids, exemplified by N-pyruvoylan-
thranilic acid A in Fig. 1, can serve as valuable precursors for the
construction of heterocycles, such as 4H-benzo[d][1,3]oxazin-4-
ones (B)' and 1H-benzo[e][1,4]oxazepin-2,5-diones (C and D). In
coordination chemistry, N-(z-ketoacyl)anthranilic acid derivatives
can serve as multidentate ligands for transition metal ions.’
N-Pyruvoylanthranilic acid (A) has been proposed to be an in-
termediate in the biosynthesis of anthranilic acid.”

Despite potential biological and synthetic relevance the synthesis
of N-(z-ketoacyl)anthranilic acids has remained largely unexplored.
Although several methods exist for the preparation of «-ketoa-
mides,” to our knowledge, the synthetic procedures to the title
compounds are largely limited to amidation of «-ketoacyl chlorides
with anthranilic acid.>® ® An exception is the work of Podesva and
co-workers® who reported in 1968 that oxidative ring opening
of 3-hydroxyquinoline-2,4(1H,3H)-diones with paraperiodic acid
(H5106)'!" leads to N-(a-ketoacyl)anthranilic acids. Unfortunately,

* Corresponding authors. Fax: +420 57 72 10 172 (S.K.); fax: +386 1 241 9220
(J.K.); e-mail addresses: kafka@ft.utb.cz (S. Kafka), janez.kosmrlj@fkkt.uni-lj.si
(J. KoSmrlj).

0040-4020/$ — see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.tet.2013.10.092
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Fig. 1. The structure of N-pyruvoylanthranilic acid A and its heterocyclic products
B-D.

this reaction was only demonstrated on two substrates and was not
investigated further. Induced by our research interest in the chem-
istry of 3-hydroxyquinoline-2,4(1H,3H)-diones'> ** and due to
a need for preparing N-(u-ketoacyl)anthranilic acids we were
prompted to explore the scope of the title reaction. Herein we report
the optimisation of the reaction conditions and comparison be-
tween paraperiodic acid and sodium periodate (NalO4) to finally
afford the target compounds in good to excellent yields.
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2. Results and discussion

The starting compounds for this study were prepared by known
thermal condensation of the appropriate anilines with substituted
malonates to give 4-hydroxyquinolin-2(1H)-ones 1.”%%%° In few
cases very small amounts of propanediamide side products 1" were
formed, which were easily removed from the reaction mixtures by
filtration. Subsequent oxidation of 4-hydroxyquinolin-2(1H)-ones 1
into 3-hydroxyquinoline-2,4(1H,3H)-diones 2 was accomplished
with peroxyacetic acid in aqueous alkali following the literature re-
ported methods.'>'®?7 Employing several anilines and 2-substituted
diethyl malonates afforded sixteen 3-hydroxyquinoline-2,4(1H,3H)-
diones 2. The key of substituents is given in Scheme 1 and Table 1.

10827

derivative. Unfortunately, as it is evident by comparing entries 1, 5,
7,10, 17, 22, 26 and 27 (Table 2) the generalization of this reaction
protocol to other analogues 2 turned out to be rather limited re-
quiring prolonged reaction times of as much of several days and
affording products 3 in moderate yields. These unacceptably slow
conversions of compounds 2 could be attributed to their sparing
solubility in water-rich reaction media. Attempts to accelerate the
reactions by heating were counterproductive, resulting in complex
mixtures of products and consequently low yield of 3 (compare
entries 27 with 28). Also unsatisfactory were the results of oxida-
tions conducted in other solvents, such as acetic acid and N,N-
dimethylformamide (compare entry 17 with 19 and 20, and entry
26 with 31).

reaction mixtures
(o]
R2
R3 EtO A R? OH R3 R?
v OH
4 4 2 4 4
R Et0” 0 R R R o CH,COH R R?
R o N Taq. NaOH
RS N 2 EtOH RS N0 RS N X R2 aq. NaOH RS NS0
R® RS R RS R’ RS R
1 1 2
Scheme 1. The preparation of 3-hydroxyquinoline-2,4(1H,3H)-diones 2. For key of substituents, see Table 1.
Table 2
Table 1 Screening for the optimal reaction conditions for the oxidation of 3-
Key of substituents R'—R® hydroxyquineline-2,4(1H,3H)-diones 2 with paraperiodic acid (HslOg) into N-(2-
R ) o Y © © ketoacyl)anthranilic acids 3 shown in Scheme 2 #
a H Me H H H H Entry 2 Equiv of Solvent Temperature Reaction 3, yield”
b H Et H H H H HslOg (mL/mmol of 2) time
c H Et H OMe H H 1 2b 1.0 30% EtOH (11) 1t 24 h* 3b, 92,1 47
d H Et H H OMe H 2 2b 3.0 60% EtOH (4.8) 1t 9h 3b, 88
e H Et H H H OMe 3 2b 40 EtOH (7.7) Tt 24h 3b, 84
f H Et H Me H H 4 2b 79 EtOH (32.5) Tt 24 h 3b, 85
g H Et H H H Me 5 2c 13 EtOH (15) It 5days 3¢ 63
h H Et cl H H Me 6 2c 80 EtOH (15) Tt 21h 3c. 73
i H Bu H H H H 7 2d 13 60% EtOH (8.6) 1t 7 days 3d, 89, 59
i H Bu H Me H Me 8 2d 6.0 ELOH (10) Tt 30h 3d,81,°70
k H Bu H OMe H OMe 9 2d 80 EtOH (10) it 7h 3d, 51
1 H Bu H H —(CH)4— 10 2 13 EtOH (5.9) Tt 3 days 3e, 88
m H Ph H H H H 11 2 60 EtOH (5.0) Tt 24h 3e, 81
n Me Et H H H H 12 2e 80 EtOH (5.5) Tt 22h 3e. 79, 63
o Me Bu H H H H 13 2f 40 EtOH (5.4) Tt 27h 3f, 88
P Me Ph H H H H 14 2h 65 ELOH (6.5) It 24h 3h, 71
15 2j 40 EtOH (4.9) Tt 1 3j,73
16 2k 3.0 EtOH (2.5) Tt 23h 3k, 97, 87
Having in hand the library of 3-hydroxyquinoline-2,4(1H,3H)- 1 2m 1 EtOH (15) n 9dayss  Imidl
di 2a—p we focused our attention on the oxidative rin 15 2m 84 FLOH C40) i =ah i 2ao
iones P { 0 ) 2 19 2m 1.1 AcOH (20) I 5days  3m, 59
opening as shown in Scheme 2. Initially, the transformation was 20 2m 1.1 DMF (3.3) Tt 4days  3m, 38
attempted with 3-ethyl-3-hydroxyquinoline-2,4(1H,3H)-dione 21 2n 6.0 EtOH (15) Tt 2h 3n, 62
3 . P A A r
(2b). By employing an equimolar amount of paraperiodic acid 22 20 15 EtOH (13) L5 5333’5 30, 50
(Hsl0g) in wet ethanol at room temperature, the reaction was ;3 ;: i‘? ggn EE‘Z; :E ‘61511 ::, g‘;
conducted for 24 h with 2-[(2-oxobutanoyl)amino]benzoic acid 5 20 80 EtOH (4.8) e 45h 30,65
(3b) isolated in good yield (Table 2, Entry 1). These reaction con- 26 2p 1.1 EtOH (11) Tt 3days  3p,59
ditions as well as the outcome were comparable to those reported 27 2p 13 EtOH (16) Tt 2days  3p, 53‘
by Podesva and co-workers® for HslOg oxidation of 6-chloro-3- 28 2p 13 EtOH (5.3) reflux siah 3p. 25
hvdr 3ol lquinoline-2.4(1H.3H)-di d its N Il 29 2p 80 EtOH (25) Tt 5h 3p, 92
ydroxy-3-phenylquinoline-2,4(1H,3H)-dione and its N-methy 30 2p 80 EtOH (12.5) 11 6h 3p. 757 63
31 2p 20 DMF (3.3) Tt 3days  3p, 39

o

OH _~._COOH

a RZ  HslOg /@ -

S 0 .

N“S0  HO/EOH (e )ﬁrRz
o

R-RY) @i

2 o
3

Scheme 2. Oxidative ring opening of 3-hydroxyquinoline-2,4(1H,3H)-diones 2 with
paraperiodic acid (H510g) into N-(z-Kketoacyl)anthranilic acids 3.

39

# Reaction conditions: 1 mmol of 2 in solvent, equiv of H510g (aqueous solution,
1.25 mL of water/mmol of H510g), temperature.

b Refers to percent yield of pure product obtained after purification by re-
crystallization, unless otherwise noted.

< The reaction was stopped despite the fact that some starting material remained
unconsumed (TLC).

4 Crude product, isolated by filtration from the reaction mixture, contaminated by
small amounts of impurities by TLC.

€ Crude product, isolated by filtration from the reaction mixture, pure according
to TLC and IR analysis.

" Isolated by column chromatography.
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Finally, we found out that using paraperiodic acid in 3—8 M
excess to 3-hydroxyquinoline-2,4(1H,3H)-diones 2 significantly
reduced the reaction times giving products 3 in good to excellent
yields (entries 2—4, 6, 8, 9, 1116, 18, 21, 24, 25, 29, 30). It is also
evident from Table 2 that for the optimal performance the amount
of paraperiodic acid should not be exceeded as this can cause
a serious loss of products 3, presumably by overoxidation (compare
entries 8 with 9 and 11 with 12, for example). Thus, fine tuning of
the reaction conditions for optimal results is suggested for each
specific substrate 2.

Periodic acid is known to equilibrate in solution with different
species including periodate.'” Since considerably different re-
activity towards organic compounds have been reported for these
two species we were prompted to test the oxidation of
3-hydroxyquinoline-2,4(1H,3H)-diones 2 also with soedium peri-
odate (NalO4) (Scheme 3). As demonstrated in Table 3, this oxi-
dizing agent proved to be equally or in some instances slightly less
reactive than HslOg providing the same products, N-(u«-ketoacyl)
anthranilic acids 3, in up to 91% yield.

H _~_COCH
R? NalO, P |
e
(RO-R®) )\WRZ
o

H,0 / EtOH
2 o]

3

Scheme 3. Oxidative ring opening of 3-hydroxyquinoline-2,4(1H,3H)-diones 2 with
sodium periodate (NalOy) into N-(z-ketoacyl)anthranilic acids 3.

Table 3
Oxidation of 3-hydroxyquinoline-2,4(1H,3H)-diones 2 with sodium periodate
(NalOy4) into N-(a-ketoacyl)anthranilic acids 3 shown in Scheme 3 *

Entry 2 Equiv Solvent Reaction 3, yield"”
of NalO, (mL/mmol of 2) time

1 2a 3.0 EtOH (4.0) 2 days 3a, 90

2 2b 8.0 EtOH (7.5) 24h 3b, 79, 44

3 2c 8.0 EtOH (25) 3 days* 3¢, 67

4 2d 8.0 EtOH (27) 3 days’ 3d, 26

5 2e 8.0 EtOH (3.8) 10h 3e, 70

6 2g 8.0 EtOH (2.5) 20h 3g, 44

7 2i 3.1 EtOH (3.3) 22h 3i, 95,° 83

8 2i 37 EtOH (1.0) 8h 3i, 86,° 71

9 21 3.1 EtOH (6.9) 28 h 31, 65

10 2m 8.0 EtOH (41) 24h 3m, 91°

11 20 8.0 EtOH (25) 4h 30,60

12 2p 8.0 EtOH (25) 21h 3p, 56,° 49

@ Reaction conditions: 1 mmol of 2 in solvent, equiv of NalO, (aqueous solution,
1.25 mL/mmol of NalO,4), room temperature.

b Refers to percent yield of pure product obtained after purification by re-
crystallization, unless otherwise noted.

© Crude product, isolated by filtration from the reaction mixture, contaminated by
small amounts of impurities by TLC.

4 The reaction was stopped after 3 days despite the fact that some starting ma-
terial remained unconsumed (TLC).

€ Crude product, isolated by filtration from the reaction mixture, pure according
to TLC and IR analysis.

The fact that sodium periodate (NalO4) and paraperiodic acid
equilibrate in solution and comparable results from Tables 2 and 3
suggests that the same species is operating in the oxidative ring
opening of 3-hydroxyquinoline-2,4(1H,3H)-diones 2.

All compounds under this investigation were fully characterized
by standard analytical and spectroscopic techniques. Some com-
pounds were previously described in the literature with limited or
no NMR spectroscopic data, which we decided to provide herein. For
compounds 2h, j and 3a, h, i, j, 1, p proton and carbon peak assign-
ments were made on the basis of 2D NMR spectra: 'H—'H COSY,

40

"H-"3C HSQC, "H-"*C HMBC and 'H—'>N HMBC. Characteristic in *C
NMR spectra of N-(z-ketoacylanthranilic acids 3a—m (R'=H,
R?=alkyl) are resonances for the carboxyl, amide (NCO) and a-
ketoacyl (NC(O)CO) carbon atoms, resonating at 166—169 ppm,
158—161 ppm and 196—201 ppm, respectively. The presence of
a methyl group at the amide nitrogen atom (3n, o) results in
downfield shift of amide (NCO) and a-ketoacyl (NC(0)CO) carbon
resonances to 166 ppm and 200—201 ppm, respectively. The phenyl
group in compounds 3m, p shows a considerable effect to a-ketoacyl
(NC(0)CO) carbon atom, shifting its resonance upfield to
187—192 ppm (Fig. 2). In a few instances (2j and 3a, h, i, j), "N NMR
chemical shifts were extracted from 2D '"H—'"N HMBC spectra. In
comparison to 2j (dn=129 ppm), the nitrogen atom in 3j is shielded
and resonates at 118 ppm. Single crystal analysis confirmed the
structures of compounds 1e,® 1p*® and 2e,%” as reported previously.

( B 166-169 ppm

(\ICOOH
4 R

3 { N
(R*-R®) )ﬁ(Rz

39 o™ 8 196-201 ppm (R? = alky)

5. 187-192 ppm (R? = Ph)

5y 118-119 ppm (R? = alkyl)

3. 158-161 ppm (R' = H)
5. 166 ppm (R! = CHa)

Fig. 2. Selected '*C and >N chemical shifts for compounds 3.

An easy access to N-(o-ketoacyl)anthranilic acids 3 renders
these compounds as attractive precursors for the preparation of
various benzo-fused heterocyclic compounds. Additionally,
through a simple hydrolytic workup compounds 3 can be con-
verted into the corresponding anthranilic acid derivatives. In this
context it is noteworthy that the chemistry reported herein pro-
vides a facile entry to highly functionalized anthranilic acids that
are inaccessible through other routes. To demonstrate this, se-
lected N-(2-ketoacyl)anthranilic acids 3b—e, n were hydrolysed
with hot aqueous HCl, affording anthranilic acid hydrochlorides
4b—e, n in good to excellent yields as shown in Scheme 4 and
Table 4.

ag. HCI
—

SN
(R3-R5) reflux
O»ﬁr

Scheme 4. Hydrolysis of N-{a-ketoacyl)anthranilic acids 3 into anthranilic acid hy-
drochlorides 4.

Table 4
Hydrolysis of 3 into anthranilic acid hydrochlorides 4
Entry 3 Reaction time (h) 4, yield (%)
1 3b 4 4b, 85
2 3c 6 4c, 91
3 3d 7 4d, 64
4 3e 1 4e, 68
5 3n 2 4n, 73

3. Conclusions

We report an easy approach to N-(z-ketoacyl)anthranilic acids
by paraperiodic acid or sodium periodate mediated ring opening of
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3-hydroxyquinoline-2,4(1H,3H)-diones. The scope of the reaction
was investigated and under optimized reaction conditions N-(a-
ketoacyl)anthranilic acids were obtained in good to excellent iso-
lated yield. These compounds can serve as valuable precursors for
the preparation of highly functionalized anthranilic acid derivatives
that are inaccessible through other routes.

4. Experimental section
4.1. General

The column chromatography was carried out on Fluka Silica gel
60 (particle size 0.063—0.2 mm, activity acc. Brockmann and
Schodder 2—3). Melting points were determined on the microscope
hot stage, Kofler, PolyTherm, manufacturer Helmut Hund GmbH,
Wetzlar. TLC was carried out on pre-coated TLC sheets ALUGRAM®
SIL G/UV3s54 for TLC, MACHEREY-NAGEL. NMR spectra were recor-
ded on a Bruker Avance DPX 300 spectrometer operating at
300 MHz ('H) and 75 MHz (*3C), and Bruker Avance 11l 500 MHz
NMR instrument operating at 500 MHz ('H), 126 MHz ('3C) and
51 MHz (°N). Proton spectra were referenced to TMS as internal
standard. Carbon chemical shifts were determined relative to the
13¢C signal of DMSO-ds (39.5 ppm). N chemical shifts were
extracted from '"H—'°N HMBC spectra determined with respect to
external nitromethane and are corrected to external ammonia by
addition of 380.5 ppm. Chemical shifts are given on the ¢ scale
(parts per million). Coupling constants (J) are given in Hertz. Mul-
tiplicities are indicated as follows: s (singlet), d (doublet), t (triplet),
q (quartet), m (multiplet), or br (broadened). Infrared spectra were
recorded on Mattson 3000 FTIR Spectrometer or Thermo Scientific
Nicolet iS10 FT-IR Spectrometer using samples in potassium bro-
mide disks and only the strongest/structurally most important
peaks are listed; absorption bands intensities are indicated as fol-
lows: s (strong), m (medium), w (weak) or b (broad). MS (EI)
spectra were recorded on a Shimadzu QP-2010 instrument at 70 eV.
HRMS spectra were recorded with Agilent 6224 Accurate Mass TOF
LC/MS system. Elemental analyses (C, H, N) were performed with
FlashEA1112 Automatic Elemental Analyzer (Thermo Fisher Scien-
tific Inc.).

4.2. General procedure for the preparation of 4-
hydroxyquinolin-2(1H)-ones (1)

A mixture of the appropriate aniline (100 mmol) and substituted
diethyl malonate (102 mmol) was heated in a flask equipped with
distillation head on a metal bath at 220—230 °C for 1 h and then at
260—270 °C until the distillation of ethanol stopped (3—6 h). With
the exception of preparation of 1f, I, m, the hot liquid reaction
mixture was carefully poured into stirred toluene (50 mL), cooled
down to room temperature and the precipitate was collected by
filtration. In the case of 1f, 1, m, the hot reaction mixture solidified
and it was cooled down to room temperature. The above precipitate
or solidified material was mixed with aqueous sodium hydroxide
solution (0.5 M, 250 mL) and toluene (50 mL). The substance that
remained undissolved (in the preparation of 1c and 1m) was re-
moved by filtration, purified by recrystallization and identified as
propanediamide derivatives (1¢’ and 1m/, respectively). The layers
of the filtrate were separated and the aqueous layer was washed
with toluene (2x40 mL). The water layer was treated with de-
colorizing charcoal, filtered and then acidified with 10% HCI to
Congo red. The precipitated hydroxyquinolone 1 was collected by
filtration, washed with water, and if necessary, purified by
recrystallization.

4.2.1. 4-Hydroxy-3-methylquinolin-2(1H)-one (1a)”°?" White
powder, yield 13.5 g (77%), mp 274—275 °C (ethanol), mp’® 268 °C,
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mp’' 265—268 °C (butanol). "H NMR (500 MHz, DMSO-ds) § 2.02 (s,
3H), 7.15 (ddd, 1H, J=7.7, 7.7,1.0 Hz), 7.27 (d, 1H, J=7.7 Hz), 7.44 (ddd,
1H, J=7.7, 7.7, 1.0 Hz), 7.89 (dd, 1H, J=8.1, 1.0 Hz), 10.13 (br s, 1H),
11.36 (br s, TH); C NMR (126 MHz, DMSO-dg) 6 9.4, 106.8, 114.8,
115.4,121.0,122.4,129.6,137.2,157.1,163.8; IR (cm ™ !): » 2600—3400
br, 1643 s, 1607 s, 1501 m, 1478 m, 1401 s, 1342 m, 1284 m, 1274 s,
1225 m, 1160 m, 752 m. HRMS (ESI+): m/z calcd for CigH1oNOZ
[M+H]* 176.0706, found 176.0707.

4.2.2. 3-Ethyl-4-hydroxyquinolin-2(1H)-one (1b).*?~** Colourless
solid, yield 131 g (69%), mp 265-267 °C (ethanol), mp’’
260—261 °C (ethanol). 'H NMR (500 MHz, DMSO-ds) 6 1.03 (t, 3H,
J=7.4 Hz), 2.59 (q, 2H, J=7.4 Hz), 7.14 (ddd, 1H, J=7.6, 7.6, 1.0 Hz),
7.26 (d, 1H, J=7.6 Hz), 7.44 (ddd, 1H, J=7.6, 7.6, 1.0 Hz), 7.88 (dd, 1H,
J=7.6,1.0 Hz), 10.06 (br s, 1H), 11.31 (br 5, 1H). *C NMR (126 MHz,
DMSO-dg) 6 13.2, 164, 113.0, 114.8, 115.4, 120.9, 122.5, 129.6, 137.3,
156.6,163.4; IR (Cm’l): 7 2600—3400 br, 1638 s5,1605 5,1590 5,1553
m, 1500 m, 1428 m, 1401 m, 1269 m, 1207 s, 1151 m, 754 m. IR:**
1641 cm~L HRMS (ESI+): m/z caled for CyH;pNO3 [M+H]*
190.0863, found 190.0866.

4.2.3. 3-Ethyl-4-hydroxy-6-methoxyquinolin-2(1H)-one
(1¢).’?%° Yellowish solid, yield 14.0 g (64%), mp 220—224 °C (eth-
anol), mp*” 172 °C. 'H NMR (300 MHz, DMSO-dg) 6 1.04 (t, 3H,
J=17.3 Hz), 2.60 (q, 2H, J=7.3 Hz), 3.80 (s, 3H), 7.10 (dd, 1H, J=8.9,
2.5 Hz), 7.22 (d, 1H, J=8.9 Hz), 7.39 (d, 1H, J=2.5 Hz), 9.98 (br s, 1H),
11.20 (br s, 1H); *C NMR (75 MHz, DMSO-dg) 6 13.2, 16.4, 55.4,
104.3,113.5,115.8,116.2,118.6,131.8,153.8,156.2,162.9; IR (cm ™ '): »
2700-3500b, 1648 s, 1623 5, 1556 m, 1511 5, 1466 m, 1446 m, 1422
m, 1380 m, 1330 m, 1288 m, 1271 m, 1243 m, 1222 5, 1179 m, 1147 m,
1118 m; MS (EI) mjz (%): 220 ([M+1]%,13), 219 ([M]*, 95), 218 (35),
204 (100), 106 (23), 55 (26); Anal. Calcd for C3H13NO3 (219.24): C,
65.74; H, 5.98; N, 6.39%. Found: C, 65.50; H, 5.93; N, 6.41%.

4.2.4. 3-Ethyl-4-hydroxy-7-methoxyquinolin-2(1H)-one
(1d).***° White solid, yield 14.9 g (68%), mp 262—266 °C (ethanol),
mp’® 260—261 °C (methanol). '"H NMR (300 MHz, DMSO-dg) 6 1.03
(t, 3H, J=7.4 Hz), 2.56 (q, 2H, J=7.4 Hz), 3.80 (s, 3H), 6.77 (d, 1H,
J=8.5Hz),6.79 (s, 1H), 7.80 (d, 1H, J=8.5 Hz), 9.92 (br s, 1H), 11.15 (br
s, 1H); 3C NMR (75 MHz, DMSO-dg) 6 13.3, 16.2, 55.2, 97.7, 109.4,
109.5, 110.5, 124.0, 139.0, 156.9, 160.5, 163.8; IR (cm’l): v
2700-3300, 2971 m, 1624 s, 1595 s, 1556 s, 1437 s, 1425 s, 12725,
1222 5, 1153 m, 1112 m, 1031 m, 882, 856 m, 833 m; MS (EI) m/z
(%):220 ([M+1]",7), 219 ([M]*, 50), 204 (100), 191 (22); Anal. Calcd
for Ci2H13NO35 (219.24): C, 65.74; H, 5.98; N, 6.39%. Found: C, 65.69;
H, 6.22; N, 6.22%.

4.2.5. 3-Ethyl-4-hydroxy-8-methoxyquinolin-2(1H)-one
(1e).?737 White solid, yield 13.6 g (62%), mp 225-227 °C (etha-
nol), mp** 226227 °C, mp*’ 225-226 °C. 'TH NMR (300 MHz,
DMSO-ds) 6 1.02 (t, 3H,J=7.3 Hz), 2.58 (q, 2H, J/=7.3 Hz), 3.89 (s, 3H),
7.08—7.13 (m, 2H), 7.48 (dd, 1H, j=4.6, 4.6 Hz), 10.04 (br s, 1H), 10.11
(br s, TH); *C NMR (75 MHz, DMSO-dg) 6 13.1, 16.4, 56.0, 110.3,
113.4, 114.3, 115.9, 120.8, 127.3, 1454, 156.7, 162.7; IR (cm™'): »
2700-3400 br, 1635 5, 1604 5, 1571 5, 1492 m, 1393 m, 1333 m, 1302
m, 1267 m, 1254 m, 1223 m, 1155 m, 1089 s, 771 m,724 m; IR:**
1640 cm™ L. MS (EI) m/z (%): 220 ([M+1]7, 5), 219 ([M]*, 34), 218
(23), 204 (31), 149 (28), 71 (27), 69 (28), 57 (100), 55 (35), 43 (30),
41 (34). X-ray structure is reported.*®

4.2.6. 3-Ethyl-4-hydroxy-6-methylquinolin-2(1H)-one  (1f). White
solid, yield 12.0 g (59%), mp 261—264 °C. 'H NMR (500 MHz, DMSO-
ds) 6 1.02 (t, J=7.4 Hz, 3H), 2.35 (s, 3H), 2.58 (q, 2H, J=7.4 Hz), 7.16 (d,
1H,J=8.2 Hz), 7.26 (dd, 1H, J=8.2, 1.6 Hz), 7.68 (s, 1H), 9.96 (br s, 1H),
1122 (br s, 1H); *C NMR (126 MHz, DMSO-dg) 6 13.2, 16.3, 20.6,
112.9,114.6, 115.2, 122.0, 129.6, 130.7, 135.2, 156.3, 163.2; IR (cm ')
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» 3131 m, 2976 m, 1640 s, 1622 s, 1558 5, 1513 m, 1433 m, 1416 m,
1332 m, 1233 m, 1207 m, 1149 m, 1116 m, 855 w, 814 w; HRMS
(ESI+): m/z caled for CpoH14NO3 ([M+H]'): 204.1019, found
204.1022. Anal. Caled for Cj2H3NO; (203.24): C, 70.92; H, 6.45; N,
6.89%. Found: C, 70.75; H, 6.43; N, 6.79%.

4.2.7. 3-Ethyl-4-hydroxy-8-methylquinolin-2(1H)-one
(]g).” Yellow solid, yield 12.2 g (60%), mp 228—229 °C (acetic
acid), mp*? 217.5—220 °C (acetic acid). "H NMR (500 MHz, DMSO-
dg) 6 1.04 (t, 3H, J=7.4 Hz), 2.41 (s, 3H), 2.61 (q, 2H, J=7.4 Hz), 7.06
(dd, 1H, J=7.7, 7.7 Hz), 7.30 (d, 1H, J=7.7 Hz), 7.77 (d, 1H, J=7.7 Hz),
10.04 (br s, 1H), 10.47 (br s, 1H); 3C NMR (126 MHz, DMSO-dg)
6 13.2,16.4, 174, 112.7, 115.5, 120.5, 120.6, 122.9, 130.9, 135.7, 157.0,
163.7; IR (cm™~'): » 3395 m, 2966 m, 2934 m, 1636 s, 1601 s, 1565 s,
1488 m, 1396 m, 1334 m, 1292 m, 1238 s, 1210 s, 1151 s, 766 m;
HRMS (ESI+): mfz caled for Ci3H14NO3 [M-+H]" 204.1019, found
204.1024.

4.2.8. 5-Chloro-3-ethyl-4-hydroxy-8-methylquinolin-2(1H)-one
(1h). White solid, yield 11.6 g (49%), mp 235—238 °C (ethanol). 'H
NMR (DMSO-dg, 500 MHz) 4 1.02 (t, 3H, J=7.3 Hz), 2.38 (s, 3H), 2.60
(q, 2H, J=7.3 Hz), 7.10 (d, 1H, J=8.0 Hz), 7.23 (d, 1H, /=8.0 Hz), 9.98
(br's,1H),10.41 (br s, 1H); *C NMR (DMSO0-dg, 126 MHz) 6 12.8,16.2,
17.4, 112.4, 114.3, 122.5, 124.2, 127.0, 130.7, 137.8, 157.2, 162.4; IR
(cm™1): ¥ 3471 m, 3166 w, 2959 w, 2870 w, 1647 s, 1459 w, 1338 w,
1324 w, 1210 w, 1147 m, 822 w, 628 w; HRMS (ESI+): m/z calcd for
Cy2H13CINOF [M+H]' 238.0629, found 238.0630. Anal. Calcd for
Cy2H12CINO; (237.68): C, 60.64; H, 5.09; N, 5.89%. Found: C, 60.53;
H, 5.05; N, 5.92%.

4.2.9. 3-Butyl-4-hydroxyquinolin-2(1H)-one ~ (1i).°’ White solid
(microscopic crystals), yield 14.1 g (65%), mp 195—-201, 54%, mp
201-204 °C (ethanol), mp?’ 199—200 °C (ethanol). For 'H and >C
NMR spectra see Ref. 20. IR (cm™"): » 2700—3400 br, 2954 m, 1639 s,
1604 s, 1590 s, 1557 m, 1503 m, 1480 m, 1469 m, 1426 m, 1404 m,
1273 m, 1197 s, 1154 s, 761 s; Anal. Calcd for Ci3Hi5sNO; (217.26): C,
71.87; H, 6.96; N, 6.45%. Found: C, 71.67; H, 6.04; N, 6.39%.

4.2.10. 3-Butyl-4-hydroxy-6,8-dimethylquinolin-2(1H)-one
(1j). Colourless shiny crystals, yield 14.7 g (60%), mp 225—228 °C
(ethanol). 'H NMR (500 MHz, DMSO-dg) 6 0.90 (t, 3H, J=7.3 Hz),
1.30—1.45 (m, 4H), 2.31 (s, 3H), 2.37 (s, 3H), 2.56—2.60 (m, 2H), 7.12
(s, 1H), 7.56 (s, 1H), 9.88 (br s, 1H), 10.40 (br s, 1H). *C NMR
(126 MHz, DMSO-dg) ¢ 14.1, 17.2, 20.6, 22.3, 22.8, 30.5, 111.4, 115.4,
120.0, 122.8, 129.4, 132.2, 133.7, 157.1, 163.7; IR (cm™'): v 3382 s,
2931 m, 2849 m, 1645 s, 1618 s, 1381 m, 1329 m, 1257 m, 1238 s,
1168 s, 1134 s, 1103 m, 1069 m, 871 m, 493 m; HRMS (ESI-): m/z
calcd for CisH1gsNO2 [M—H|™ 244.1343, found 244.1338; calcd for
Ci5H19NO3 (245.32): C, 73.44; H, 7.81; N, 5.71%. Found: C, 73.51; H,
6.52; N, 5.11%.

4.2.11. 3-Butyl-4-hydroxy-6,8-dimethoxyquinolin-2(1H)-one
(1k). Colourless crystals, yield 15.3 g (55%), mp 240—244 °C (eth-
anol). '"H NMR (500 MHz, DMSO-dg) 0 0.90 (t, 3H, J=7.3 Hz),
1.29—1.46 (m, 4H), 2.54—2.59 (m, 2H), 3.80 (s, 3H), 3.87 (s, 3H), 6.74
(d, 1H, J=2.4 Hz), 6.98 (d, 1H, J=2.4 Hz), 9.96 (br s, TH), 1012 (br s,
1H); '*C NMR (126 MHz, DMSO-dg) 6 14.1,22.3,23.0, 30.4, 55.4, 56.1,
95.2,100.8,112.8,115.7, 122.2, 146.6, 154.0,156.7, 162.5; IR (cm™'): »
3374 s, 2954 m, 2929 m, 1661 m, 1613 s, 1583 m, 1504 s, 1327 m,
1257 s, 1228 m, 1206 s, 1162 s, 1093 s, 1056 m; HRMS (ESI+): m/z
caled for Cy5HpoNO4 [M+H]* 278.1387, found 278.1386. Anal. Calcd
for Cy5H1gNO4 (277.32): C, 64.97; H, 6.91; N, 5.05%. Found: C, 65.02;
H, 6.94; N, 5.04%.

4.2.12. 3-Butyl-4-hydroxybenzo[h]quinolin-2(1H)-one (1I). General
procedure was followed for the preparation of this compound with
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one exception; the temperature of the metal bath was kept at
180 °C throughout the condensation. White crystals, yield 249 g
(93%), mp 309—313 °C (ethanol). '"H NMR (500 MHz, DMSO-dg)
4 093 (t, 3H, J=7.2 Hz), 1.35-1.44 (m, 2H), 1.46—153 (m, 2H),
2.65—2.70 (m, 2H), 7.58—7.67 (m, 3H), 7.96 (d, 1H, /=7.4 Hz), 7.99 (d,
1H, J=8.9 Hz), 8.90 (d, 1H, J=8.0 Hz), 10.19 (br s, 1H), 11.82 (br s, 1H);
3C NMR (126 MHz, DMSO-dg) 6 14.1, 22.3, 22.9, 30.4, 111.2, 111.8,
120.0, 121.3, 1214, 122.3, 126.2, 1274, 128.3, 133.5, 134.0, 157.9,
164.0; IR (cm 1): » 1763 s, 1618 m, 1601 m, 1196 s, 1067 m, 779 m;
MS (El) m/z (%): 268 ([M+1]", 5), 267 (M*, 24), 238 (17), 226 (16),
225 (100), 224 (33), 115 (16), 55 (18); HRMS (ESI-): m/z calcd for
Ci7H16NO7 [M—H]|~ 266.1187, found 266.1187. Anal. Calcd for
Cy7H17NO; (267.32): C, 76.38; H, 6.41; N, 5.24%. Found: C, 76.29; H,
6.49; N, 5.07%.

4.2.13. 4-Hydroxy-3-phenylquinolin-2(1H)-one  (1m).***° White
solid, yield 20.9 g (88%), mp 334-338 °C (acetic acid), mp*’
325-327 °C (DMF). 'H NMR (500 MHz, DMSO-dg) & 7.16—7.21 (m,
1H), 7.28—7.33 (m, 2H), 7.37—7.43 (m, 4H), 7.49—7.53 (m, 1H), 7.96
(dd, 1H, J=8.1, 1.0 Hz), 10.10 (br s, 1H), 11.49 (br s, 1H); 13C NMR
(126 MHz, DMSO-dg) 6 112.6, 114.9, 115.4, 121.1, 123.1, 126.9, 127.7,
130.6, 131.2, 133.4, 138.0, 157.3, 162.7; IR (cm™"): » 2700—3330 br,
1645 s, 1610 s, 1588 5, 1499 m, 1408 m, 1365 m, 1289 m, 1244 m,
1226 m, 757 m, 696 m, 557 m; HRMS (ESI+): mfz calcd for
Cy5H12NO3 [M+H]* 238.0863, found 238.0866.

4.2.14. 3-Ethyl-4-hydroxy-1-methylquinolin-2(1H)-one
(1n).*! White solid, yield 18.1 g (89%), mp 188—191 °C, mp”!
184185 °C (ethanol). '"H NMR (500 MHz, DMSO-ds) 6 1.03 (t, 3H,
J=74Hz),2.63(q, 2H,]=74 Hz), 3.59 (5, 3H), 7.22—7.27 (m, 1H), 746
(br d, 1H, J=8.3 Hz), 7.55—7.60 (m, 1H), 7.99 (dd, 1H, J]=8.0, 1.4 Hz),
10.09 (br s, TH); °C NMR (126 MHz, DMSO-dg) 6 13.2, 17.2, 29.1,
112.6,114.2,116.3,121.2,123.0,130.1,138.2,155.4, 162.6; IR(Cm’1): v
2700-3400 br, 2964 w, 1641 5,1607 5,1584 5,1571 5,1392 m, 1219 s,
1205s,1165s,1126 m, 750 s; HRMS (ESI+-): m/z calcd for C12H14NOF
[M+H]* 204.1019, found 204.1020.

4.2.15. 3-Butyl-4-hydroxy-1-methylquinolin-2(1H)-one
(10). Colourless crystals, yield 16.4 g (71%), mp 145—149 °C (eth-
anol), mp** 141 °C. For NMR data, see Ref. 20. IR (cm™'): »
2800—3400 br, 2954 w, 1632 m, 1604 s, 1582 s, 1466 w, 1342 w, 1192
s, 1165 m, 1157 m, 1083 w, 747 m, 471 w.

4.2.16. 4-Hydroxy-1-methyl-3-phenylquinolin-2(1H)-one
(1p)* White solid, yield 23.4 g (93%), mp 227-230 °C, mp*’
226 °C (ethanol). 'TH NMR (500 MHz, DMSO-dg) 6 3.61 (s, 3H),
7.27—7.31 (m, 1H), 7.30—7.37 (m, 3H), 7.39—7.43 (m, 2H), 7.52 (br d,
1H, J=8.3 Hz), 7.63—7.67 (m, 1H), 8.05 (dd, 1H, J=8.0, 1.4 Hz), 10.07
(br s, TH). *C NMR (126 MHz, DMSO-dg) 6 29.5, 112.3, 114.4, 116.3,
121.4, 123.6, 127.0, 127.8, 131.0, 131.2, 133.7, 139.0, 156.2, 162.0; IR
(cm~Y): » 27503250 br, 3060 w, 2953 w, 1629 s, 1612 s, 1594 s,
1581 s, 1572 s, 1328 m, 1251 m, 755 m, 693 m, 511 w; MS (EI) m/z
(%): 252 ([M+1]*, 16), 251 ([M]*, 96), 250 (100), 134 (45), 125 (11),
116 (12), 91 (10), 77 (27). HRMS (ESI+): m/z calcd for CigH14NO3
[M-+H]* 252.1019, found 252.1022. X-ray structure is reported.”*

4.2.17. 2-Ethyl-N,N'-bis(4-methoxyphenyl)propanediamide
(1¢'). White solid, yield 1.37 g (4%), mp 237-241 °C (etha-
nol—benzene). '"H NMR (500 MHz, DMSO-dg) & 0.92 (t, 3H,
J=74 Hz) 191 (dq, 2H, J=74, 7.4 Hz), 3.33 (t, 1H, J=7.4 Hz), 3.72 (s,
6H), 6.86—-6.91 (m, 4H), 7.50—7.54 (m, 4H), 9.80 (br s, 2H); °C
NMR (126 MHz, DMSO-dg) 6 12.0, 23.1, 55.2, 56.2, 113.8, 120.9,
132.0, 155.3, 167.5; IR (cm 1): v 3279 m, 2968 w, 2836 w, 1673 s,
1601 m, 1539 m, 1512 5, 1412 m, 1249 m, 1236 m, 1166 m, 1029 m,
824 m; MS (EI) m/z (%): 343 ([M+1]", 10), 342 (M*, 47), 193 (38),
178 (63), 149 (20), 124 (13), 123 (100), 122 (42), 108 (40), 55 (10);
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HRMS (ESI+): m/z caled for CioH23N204 [M+H] " 343.1652, found
343.1650.

4.2.18. N,N',2-Triphenylpropanediamide (1m').** White solid, yield
1.65 g (5%), mp 198—202 °C (ethanol), mp** 201202 °C (ethanol).
TH NMR (500 MHz, DMSO-dg) 0 4.88 (s, 1H), 7.04—7.08 (m, 2H),
7.28—7.34 (m, 5H), 7.36—7.40 (m, 2H), 7.44—7.48 (m, 2H), 7.59—7.63
(m, 4H),10.25 (br s, 2H); *C NMR (126 MHz, DMSO-dg) 6 59.9,119.3,
123.6,127.4,128.2,128.8,129.0,135.5,138.9,166.6; IR (cm~): » 3313
m, 1672 s, 1647 m, 1618 m, 1605 s, 1551 s, 1497 5, 1443 5, 1334 m, 763
m, 749 m, 718 m, 697 m; HRMS (ESI+): m/z calcd for C21H1gN203
[M-+H]" 331.1441, found 331.1441.

4.3. General procedure for the preparation of 3-
hydroxyquinoline-2,4(1H,3H)-diones (2)

To a solution of the appropriate 4-hydroxyquinolin-2(1H)-one
(1, 20 mmol) in aqueous sodium hydroxide solution (0.5 M, 20 mL),
peroxyacetic acid (32—36 wt. % in dilute acetic acid, 20 mL,
100 mmol) was added dropwise under stirring during 30 min. The
precipitate was collected by filtration and washed with small por-
tions of 5% aqueous potassium carbonate solution until the filter
cake is free of potentially unreacted starting material 1 (until the
filtrate is not clear solution upon acidification with conc. hydro-
chloric acid). Then the solid was washed with water (3x30 mL), air
dried and recrystallized from the appropriate solvent. Analytical
and spectral data of 3-hydroxyquinoline-2,4(1H,3H)-diones 2 are
given below.

4.3.1. 3-Hydroxy-3-methylquinoline-2,4(1H,3H)-dione
(2a).”> White solid, yield 2.94 g (77%), mp 212—216 °C (ethanol),
mp™® 201 °C (ethanol—water). '"H NMR (500 MHz, DMSO-dg) 6 1.40
(s, 3H), 5.81 (s, 1H), 7.09 (d, 1H, J=8.0 Hz), 7.10~7.14 (m, 1H), 7.60
(ddd, 1H, J=7.7, 7.7, 1.5 Hz), 7.75 (dd, 1H, J=7.7, 1.3 Hz), 10.76 (br s,
1H); '*C NMR (126 MHz, DMSO-ds) 6 26.2, 78.0, 116.2, 118.4, 122.5,
127.0,136.0, 141.5, 173.3, 196.2; IR (cm™'): » 1709 s, 1671 5, 1614 s,
1598 m, 1487 m, 1455 m, 1441 m, 1405 m, 1243 m, 1190 m, 753 m;
HRMS (ESI+): mjz caled for CigHioNO3 [M+H]" 192.0655, found
192.0658.

4.3.2. 3-Ethyl-3-hydroxyquinoline-2,4(1H,3H)-dione (2b).?” White
solid, yield 3.73 g (91%), mp 174—176 °C (benzene—ethanol), mp”’
170-172 °C. 'H NMR (500 MHz, DMSO-dg) 6 0.78 (t, 3H,
J=7.4 Hz), 1.66—1.82 (m, 2H), 5.65 (s, 1H), 7.07 (d, 1H, J=8.0 Hz),
7.09-7.13 (m, 1H), 7.59 (ddd, 1H, J=7.7, 7.7, 1.5 Hz), 7.72 (dd, 1H,
J=7.7,1.4 Hz), 10.76 (br s, 1H); '*C NMR (126 MHz, DMSO-dg) § 7.4,
32.8, 82.0, 116.2, 119.1, 122.5, 126.7, 1359, 141.4, 172.9, 196.0; IR
(em~'): v 3457 m, 1709 s, 1667 s, 1617 m, 1487 m, 1365 m, 1185 m,
774 m, 753 m; MS (EI) mjz (%): 97(22), 83(25), 74(26), 72(73),
71(22), 69(32), 59(100), 55(48); HRMS (ESI+): m/z calcd for
CiiH1pNO§ [M+H]™ 206.0812, found 206.0816. Anal. Calcd for
C1iHiNO3 (205.21): C, 64.23; H, 5.40; N, 6.83%. Found: C, 64.08; H,
5.37; N, 6.65%.

4.3.3. 3-Ethyl-3-hydroxy-6-methoxyquinoline-2,4(1H,3H)-dione
(2¢).°® Yellow solid, yield 4.29 (89%), mp 186—193 °C (ethanol),
mp>° 198 °C (water—DMF). 'TH NMR (500 MHz, DMSO-dg) 4 0.78 (t,
3H,/=7.5Hz), 1.65-1.82 (m, 2H), 3.78 (s, 3H), 5.62 (br s, 1H), 7.02 (d,
1H, J=8.8 Hz), 7.18 (d, 1H, ]=3.0 Hz), 7.22 (dd, 1H, /=8.8 Hz, 3.0 Hz),
10.58 (brs, 1H); *C NMR (126 MHz, DMSO-dg) 6 7.4, 32.9, 55.5, 81.8,
108.4,117.8,119.6, 123.8, 135.4, 154.6, 172.5,196.1; IR (cm '1): v 3414
m, 3200—-2800 br, 3072 m, 1709 s, 1669 s, 1625 m, 1502 s, 1431 m,
1282 s, 1212 m, 1182 m, 1160 m, 848 m; MS (EI) m/z (%): 236
([M+1]%,9), 235 (M*, 63), 220 (20), 123 (20), 122 (47), 109 (29), 106
(28), 79 (26), 57 (21), 52 (26); HRMS (ESI+): m/z calcd for
CipHigNOZ [M+H]" 236.0917, found 236.0916; Anal. Calcd for

Cy2H13NO4- 5 Ho0 (241.24): C, 59.76; H, 5.71; N, 5.81%. Found: C,
59.82; H, 5.78; N, 5.52%.

4.3.4. 3-Ethyl-3-hydroxy-7-methoxyquinoline-2,4(1H,3H)-dione
(2d). White solid, yield 83%, mp 162—164 °C (benzene). 'H NMR
(300 MHz, DMSO-dg) 6 0.78 (t, 3H, J=7.4 Hz), 1.63—1.84 (m, 2H),
3.83 (s, 3H), 5.57 (s, 1H), 6.58 (d, 1H, J=2.3 Hz), 6.70 (dd, 1H, J=8.7,
2.3 Hz), 7.70 (d, 1H, J=8.7 Hz), 10.67 (br s, 1H); '*C NMR (75 MHz,
DMSO-dg) 6 7.4, 33.2, 55.7, 81.2, 100.0, 109.7, 112.6, 129.0, 143.6,
165.1,173.1,194.2; IR (cm ]): v 3258 5,3067 m, 1713 5,1668 5,1612 s,
1589 5, 1482 m, 1461 m, 1409 m, 1349 m, 1274 5, 1207 5, 1173 5, 1119
s, 1108 m; Anal. Calcd for C12H13NOQ4-1/6CgHg: C, 62.90; H, 5.68; N,
5.64%. Found: C, 63.01; H, 5.73; N, 5.60%. The presence and quantity
of residual benzene in the sample is confirmed by 'H and '*C NMR
resonances at § 7.37 ppm and 128.3 ppm, respectively.

4.3.5. 3-Ethyl-3-hydroxy-8-methoxyquinoline-2,4(1H,3H)-dione
(2e)”? Yellow crystals, yield 83%, mp 70—72 °C (benzene). '"H NMR
(300 MHz, DMSO-dg) 6 0.78 (t, 3H, J=7.4 Hz), 1.61—1.86 (m, 2H), 3.87
(s,3H),5.63 (s, 1H), 7.09 (dd, 1H, J=7.9, 7.9 Hz), 7.29 (d, 1H, ]=7.9 Hz),
7.31(d, 1H, J=7.9 Hz), 9.85 (br s, 1H); 3C NMR (75 MHz, DMSO-dg)
6 7.3, 32.9, 56.2, 82.2, 117.1, 117.7, 119.5, 122.6, 131.0, 146.3, 172.4,
196.0; IR (cm™'): » 3579 m, 3486 m, 1710 5, 1667 s, 1615 m, 1591 m,
1508 m, 1384 m, 1266 s, 1203 m, 1187 m, 1018 m, 1004 m. Anal.
Calcd for Ci2H13NO4-H20: C, 56.91; H, 5.97; N, 5.53%. Found: C,
56.90; H, 5.88; N, 5.57%. The presence of H,0 in a 1:1 ratio relative
to 2e was confirmed by single crystal structure analysis.””

4.3.6. 3-Ethyl-3-hydroxy-6-methylquinoline-2,4(1H,3H)-dione
(2f). White solid, yield 91%, mp 198—205 °C. 'H NMR (500 MHz,
DMSO-dg) 6 0.78 (t, 3H, J=7.4 Hz), 1.65—1.81 (m, 1H), 2.25 (s, 3H),
5.62 (s, 1H), 6.98 (d, TH, J=8.2 Hz), 7.41 (dd, 1H, J=8.2, 1.7 Hz), 7.52
(d, 1H, J=1.7 Hz), 10.67 (br s, TH). 3C NMR (126 MHz, DMSO-dg)
6 7.3, 20.0, 32.9, 81.9, 116.1, 118.9, 126.3, 131.7, 136.7, 139.1, 172.7,
196.1; IR (cm™"): » 3588 w, 3449 w, 3191 w, 2914 w, 1712 5, 1670 s,
1618 m, 1504 m, 1421 w, 1200 w, 1159 w, 849 w, 540 w; HRMS
(ESI-). mjz caled for CyH12NO3 ([M—H]™) 218.0823, found
218.0827.

4.3.7. 3-Ethyl-3-hydroxy-8-methylquinoline-2,4(1H,3H)-dione
(2g). Yellow solid, yield 66% mp 164 °C. 'H NMR (500 MHz, DMSO-
ds) 6 0.78 (t, 3H, J=7.2 Hz), 1.64—1.81 (m, 1H), 2.31 (s, 3H), 5.66 (brs,
1H), 7.04 (dd, 1H, J=7.6, 7.6 Hz), 7.45 (d, 1H, J=7.6 Hz), 7.58 (d, 1H,
J=7.6 Hz), 9.94 (br s, 1H); >C NMR (126 MHz, DMSO-dg) § 7.3, 17.2,
32.8, 82.0, 119.5, 122.3, 124.4, 1246, 1370, 139.3, 173.1, 196.2; IR
(cm 1): » 3585 m, 3472 m, 3294 m, 1706 s, 1668 s, 1598 m, 1469 m,
1374 m, 1194 m; HRMS (ESI+): m/z calcd for CipH14NOF [M+H]™
220.0968, found 220.0974.

4.3.8. 5-Chloro-3-ethyl-3-hydroxy-8-methylquinoline-2,4(1H,3H)-
dione (2h). Colourless solid, yield 4.16 g (82%), mp 158—166 °C
(cyclohexane). 'H NMR (500 MHz, DMSO-dg) 6 0.80 (t, 3H, J=7.2 Hz,
CH3CHy), 1.76 (q, 2H, J=7.2 Hz, CH,), 2.28 (s, 3H, CH3—C8), 5.76 (br's,
1H, OH), 7.11 (d, 1H, J=8.1 Hz, H6), 7.38 (d, 1H, J=8.1 Hz, H7), 9.99 (br
s, TH, NH); *C NMR (126 MHz, DMSO-ds) 7.8 (CH3CHj), 17.3
(CH3—C8), 32.2 (CHy), 83.2 (C3), 117.8 (C4a), 124.2 (C8), 124.7 (C6),
129.5 (C5), 136.2 (C7), 140.3 (C8a), 172.0 (C2), 194.9 (C4); IR (cm ™ ):
v 3438 m, 3294 m, 1717 s, 1682 s, 1587 s, 1499 m, 1458 m, 1389 m,
1375 m, 1272 m, 1250 m, 1187 s, 1064 m, 1053 m, 813 m; HRMS
(ESI4+-): mjz caled for Cj3Hy3CINO§ [M+H]® 254.0578, found
254.0578.

43.9. 3-Butyl-3-hydroxyquinoline-2,4(1H,3H)-dione  (2i). Yield’
3.73 g (80%), mp’* 146—149 °C (benzene). 'H NMR (500 MHz,
DMSO-dg) 6 0.77 (t, 3H, J=7.0 Hz), 1.12—1.28 (m, 4H), 1.62—1.78 (m,
4H), 5.67 (br s, 1H), 7.08 (d, 1H, J=8.0 Hz), 7.09-7.13 (m, 1H), 7.59
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(ddd, 1H, J=7.6, 7.6, 1.8 Hz), 7.72 (dd, 1H, J=7.6, 1.8 Hz), 10.79 (br s,
1H); '*C NMR (126 MHz, DMSO-ds) 6 13.8, 22.0, 24.7, 393, 81.7,
116.2,119.0,122.5,126.7,135.9, 141.4,172.9,196.1; IR (cm™'): » 3476
m, 3192 w, 2950 m, 2866 m, 1705 s, 1666 s, 1617 m, 1595 m, 1486 m,
1382 m, 1091 m, 755 m; HRMS (ESI+): m/z caled for Cy3H;gNO3
[M-+H]" 234.1125, found 234.1126.

4.3.10. 3-Butyl-3-hydroxy-6,8-dimethylquinoline-2,4(1H,3H)-dione
(2j). Colourless microcrystals, yield 4.93 g (87%), mp 175-184 °C
(cyclohexane). 'H NMR (500 MHz, DMSO-dg) & 0.76 (t, 3H, J=7.5 Hz,
CH3CH), 1.10-1.29 (m, 4H, CH.CH,CH3), 1.61-1.75 (m, 2H,
CH>—C3), 2.25 (s, 3H, CH3—C6), 2.27 (s, 3H, CH5—C8), 5.63 (s, 1H,
OH), 7.27 (s, 1H, H7), 7.38 (s, 1H, H5), 9.86 (br s, 1H, NH); '3C NMR
(126 MHz, DMSO-dg) & 13.7 (CH3CH,), 17.1 (CHs;—C8), 19.8
(CH3—C6), 21.9 (CH,CHs), 24.6 (CHaCH,—C3), 39.3 (CH,—C3), 81.7
(C3),119.3,124.1 (C5), 124.5,131.4,137.0, 137.9 (C7), 173.1 (C2), 196.3
(C4): >N NMR (DMSO-dg, 51 MHz): 129; IR (cm™'): » 3455 m, 3231
m, 2954 m, 2932 m, 1704 s, 1662 s, 1615 m, 1491 s, 1378 5, 1283 m,
1236 m, 1220 m, 1158 m, 1068 m, 791 w; HRMS (ESI+): m/z Calcd
for Cy5HyoNO% [M+H] " 262.1438, found 262.1437; Anal. Calcd for
C17H7NO3 (283.32): C, 72.07; H, 6.05; N, 4.94%. Found: C, 72.16; H,
6.13; N, 5.11%.

4.3.11. 3-Butyl-3-hydroxy-6,8-dimethoxyquinoline-2,4(1H,3H)-dione
(2k). Pale yellow crystals, yield 3.34 g (57%), mp 119—121 °C (cy-
clohexane). 'H NMR (500 MHz, DMSO-dg) 6 0.77 (t, 3H, jJ=7.0 Hz),
1.11-1.28 (m, 4H), 1.60—1.75 (m, 2H), 3.78 (s, 3H), 3.85 (s, 3H), 5.64
(br s, 1H), 6.77 (d, 1H, J=2.6 Hz), 6.89 (d, 1H, J=2.6 Hz), 9.76 (br s,
1H); 3C NMR (126 MHz, DMSO-dg) 13.8, 22.0, 24.7, 55.5, 56.3, 82.0,
98.8,106.3,119.4,125.5,147.6,155.0,172.3,196.1 (one resonance not
observed); IR (cm"): v 3486 m, 3213 m, 2960 m, 2934 m, 1709 s,
1668 s, 1618 m, 1505 s, 1455 m, 1370 m, 1205 m, 1155 m, 841 w;
HRMS (ESI+): m/z caled for CsHygNOZ [M+H]" 294.1336, found
278.1338.

4.3.12. 3-Butyl-3-hydroxybenzo[h]quinoline-2,4(1H,3H)-dione
(21). Pale yellow solid, yield 4.59 (81%), mp 117—121 °C (benzene).
'H NMR (500 MHz, DMSO-de) & 0.76 (t, 3H, j/=7.2 Hz), 1.11-1.36 (m,
4H), 1.71-1.86 (m, 2H), 5.79 (s, 1H), 7.62—7.68 (m, 2H), 7.71-7.79
(m, 2H),7.99 (d, 1H, J=8.3 Hz), 8.65 (d, 1H, J=8.3 Hz), 11.00 (br s, 1H);
13C NMR (126 MHz, DMSO-dg) 6 13.8, 22.0, 24.8, 81.9, 114.4, 1216,
121.9,122.7,123.6, 126.8, 128.6, 129.6, 136.8, 139.7, 174.5, 196.2 (one
signal not observed); IR (cm 1): 3489 w, 3294 w, 2955 w, 2928 w,
1705 s, 1666 s, 1626 m, 1578 m, 1389 m, 820 w, 797 w, 765 w; MS
(EI) mjz (%): 284 ([M+1]", 8), 283 (M*, 41), 240 (38), 199 (100), 198
(50),170 (13), 142 (14), 140 (17), 115 (45), 114 (16), 57 (22), 41 (19).
HRMS (ESI+): mfz caled for Cy7H1gNO3 [M+H]™ 284.1281, found
284.1279. Anal. Calcd for C17H17NO3 (283.32): C, 72.07; H, 6.05; N,
4.94%. Found: C, 71.96; H, 6.06; N, 4.81%.

4.3.13. 3-Hydroxy-3-phenylquinoline-2,4(1H,3H)-dione
(2m).*>?* White solid, yield 3.80 g (75%), mp 245—250 °C (etha-
nol), mp*® 224226 °C (ethanol). 'H NMR (500 MHz, DMSO-dg)
66.41 (brs, 1H), 7.08—7.15 (m, 2H), 7.27-7.35 (m, 3H), 7.36—7.39 (m,
2H), 761 (ddd, 1H, J=7.8, 7.8, 1.3 Hz), 7.68 (dd, 1H, J=7.8, 1.3 Hz),
1111 (br s, TH); *C NMR (126 MHz, DMSO-dg) 6 82.5, 116.4, 119.0,
122.9, 125.4,127.2, 128.6, 128.7, 136.4, 138.4, 141.4, 1716, 194.2; IR
(cm™Y): » 3441 5, 3250 m, 1732 s, 1708 s, 1675 s, 1613 m, 1482 m,
1368 m, 1169 m, 760 m, 739 m, 696 m; HRMS (ESI+): m/z caled for
C15H12NO3 [M+-H]' 254.0812, found 254.0813.

4.3.14. 3-Ethyl-3-hydroxy-1-methylquinoline-2,4(1H,3H)-dione
(2n).*> White solid, yield 3.16 g (72%), mp 121126 °C (ethyl ace-
tate), mp*® 146 °C (xylene—cyclohexane). 'TH NMR (500 MHz,
DMSO0-dg) 0 0.75 (t, 3H, J=7.4 Hz), 1.64—1.80 (m, 2H), 3.38 (s, 3H),
5.73 (br s, 1H), 7.20—7.24 (m, 1H), 7.36 (d., 1H, J=8.4 Hz), 7.69—7.74
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(m, 1H), 7.80 (dd, 1H, J=7.7, 1.6 Hz); *C NMR (126 MHz, DMSO-ds)
475,298, 332, 82.4, 115.6, 120.4, 123.0, 126 8, 136.0, 142.6, 172.4,
195.3; IR (cm™1): # 3379 m, 2990 w, 2940 w, 1711 s, 1680 s, 1605 5,
1473 5,1359 m, 1102 m, 707 w, 755 W, 666 W, 530 w; HRMS (ESI+):
m/z caled for Ci2H14NOF [M+H| " 220.0968, found 220.0969.

4.3.15. 3-Butyl-3-hydroxy-1-methylquinoline-2,4(1H,3H)-dione
(20)”* White solid, yield 4.20 g (85%), mp 104—108 °C (cyclohex-
ane), mp”* 104—108 °C (cyclohexane). "H NMR (500 MHz, DMSO-
dg) 6 0.74 (t, 3H, J=7.0 Hz), 1.08—1.28 (m, 4H), 1.61-1.75 (m, 2H),
3.37 (s, 3H), 5.73 (br s, 1H), 7.22 (dd, 1H, J=7.4, 7.4 Hz), 7.35 (d, 1H,
J=8.4 Hz), 7.72 (ddd, 1H, J=8.2, 8.2, 1.7 Hz), 7.80 (dd, 1H, J=7.7,
1.6 Hz); 3C NMR (126 MHz, DMSO-dg) 4 13.7, 21.9, 24.8, 29.8, 39.6,
82.1,115.6,120.4,123.0,126.9, 136.0, 142.5,172.4,195.4; IR (cm ™~ '): »
3471 m, 2944 m, 1702 s, 1661 s, 1603 s, 1475 5, 1346 m, 1324 m, 1296
m, 1189 m, 1106 m, 1081 s, 1028 m, 1020 m, 769 m.

4.3.16. 3-Hydroxy-1-methyl-3-phenylquinoline-2,4(1H,3H)-dione
(2p).**" White solid, yield 4.81 g (90%), mp 159—162 °C (ethanol),
mp?’ 160—162 °C (ethanol—water). For yield,”* mp”* and IR spec-
trum”’ see literature. 'TH NMR (500 MHz, DMSO-dg) & 3.49 (s, 3H),
6.49 (brs, 1H), 7.18 (dd, 1H, J=7.3, 7.3 Hz), 7.25-7.31 (m, 5H), 7.40 (d,
1H, J=7.3 Hz), 7.68—7.50 (m, 2H); '*C NMR (126 MHz, DMSO-ds)
¢ 30.0, 83.0, 116.0, 120.5, 123.3, 125.6, 127.3, 128.7, 136.3, 138.5,
142.4, 171.0, 193.4 (one signal not observed); IR (cm™'): » 3615 w,
3422 w, 1709 5, 1668 s, 1602 m, 1474 5, 1359 s, 1297 m, 1099 m, 1015
m, 759 m, 744 m, 700 m; MS (EI) m/z (%): 268 ([M+1]*, 5), 267
([M]*, 26), 162 (65), 146 (11), 105 (100), 91 (12), 77 (43), 51 (12).
Anal. Caled for CigH 3NO3 (267.28): C, 71.90; H, 4.90; N, 5.24%.
Found: C, 71.71; H, 4.86; N, 5.00%.

4.4. Oxidation of 3-hydroxyquinoline-2,4(1H,3H)-diones 2
with paraperiodic acid into N-(a-ketoacyl)anthranilic acids 3

An aqueous solution of HslOg (1.25 mL of water per 1 mmol of
Hsl0g, Table 2) was added to the stirred solution of 3-
hydroxyquinoline-2,4(1H,3H)-dione 2 (1 mmol) in Solvent (Table
2) at room temperature. The reaction mixture was stirred at the
temperature and for the time indicated in Table 2. Then it was left
overnight at 5-10 °C. The resulting precipitate was collected by
filtration and repeatedly washed with small portions of water (to-
tally 15—50 mL) to afford the first crop of product 3. The filtrate was
evaporated to dryness suspended in water and filtered. The filtrate
was washed with water as described above to give the second crop
of the product. Re-crystallisation of the combined crops from the
solvent indicated below gave pure 3.

4.5. Oxidation of 3-hydroxyquinoline-2,4(1H,3H)-diones 2
with sodium periodate into N-(«-ketoacyl)anthranilic acids 3

An aqueous solution of NalO4 (1.25 mL of water per 1 mmol of
NalO4, Table 3) was added to the stirred solution of 3-
hydroxyquinoline-2,4(1H,3H)-dione 2 (1 mmol) in ethanol (Table
3) at room temperature within 5 min. The stirring was continued
for the time indicated in Table 3. The reaction mixture was left at
5—10 °C overnight. The precipitate was collected by filtration and
washed repeatedly with small portions of water (totally
100—200 mL) to give the first crop of product 3. The above water
filtrates were combined, solvents were evaporated in vacuo and the
residue was suspended in water (40 mL). The precipitate was col-
lected by filtration and washed with water (3x5 mL) to give the
second crop of product 3. Re-crystallisation of the combined crops
from the solvent indicated below gave pure 3.

4.5.1. 2-[(2-Oxopropanoyl)aminojbenzoic acid (3a). For UV, IR and
'H NMR (60 MHz) data, see Ref. 2 White solid, mp 207—210 °C
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(ethyl acetate), mp? 194—196 °C (benzene). '"H NMR (500 MHz,
DMSO-dg) 6 2.45 (s, 3H, CHs), 7.24 (dd, 1H, J=7.5, 7.5 Hz, H5), 7.67
(ddd, 1H, J=7.5, 7.5, 1.0 Hz, H4), 8.05 (dd, 1H, J=7.5, 1.0 Hz, H6), 8.67
(d, 1H,J=7.5 Hz, H3),12.31 (br 5, 1H, NH), 13.81 (br 5, 1H, COOH); '*C
NMR (126 MHz, DMSO-dg) 6 24.1 (CHs), 117.1 (C1), 119.4 (C3), 123.7
(C5), 131.5 (C6), 134.3 (C4), 139.5 (C2), 158.8 (NCO), 169.2 (COOH),
196.2 (COCH3); >N NMR (51 MHz, DMSO-dg) 6 118; IR (cm™'): »
3260 m,17255,17005s,1673 s,1585 m, 1520 s,1451 m, 1419 5,1281 s,
1253 5,138 5, 760 s; MS (EI) m/z (%): 208 ([M+1]*, 1), 207 (M*, 8),
164 (31),146 (100), 119 (18), 90 (33), 65 (10), 43 (38). HRMS (ESI+):
m/z caled for C1oH1oNO4 [M+H]* 208.0604, found 208.0610.

4.5.2. 2-[(2-Oxobutanoyl)amino]benzoic acid (3b). Off-white crys-
tals, mp 179—182 °C (benzene); colourless needles, mp 194—196 °C
(ethyl acetate); R=0.13 (5% ethanol in chloroform); 'H NMR
(300 MHz, DMSO-dg) 6 1.04 (t, 3H, J=7.0 Hz), 2.96 (q, 2H, J=7.0 Hz),
724 (dd, 1H, J=7.6, 7.6 Hz), 7.67 (dd, 1H, J=7.6, 7.6 Hz), 8.05 (d, 1H,
J=7.6Hz),8.67 (d, 1H, J=7.6 Hz),12.31 (br s, 1H), 13.77 (br s, 1H); °C
NMR (75 MHz, DMSO-dg) 6 7.0, 29.3,117.0,119.5,123.6, 1314, 134.2,
139.4,158.6, 169.1, 198.6; IR (crn’l): v 2700-3300 br, 3266 w, 2983
w, 1721 m, 1693 5,1672 5,1602 m, 1584 m, 1519 s, 1416 m, 1277 s, 761
m, 662 w; MS (El) m/z (%):222 ([M+1]*, 1), 221 (M*, 8), 164 (35),
146 (100), 119 (16), 90 (19), 57 (30). Anal. Calcd for Ci1H1NOg
(221.21): C, 59.73; H, 5.01; N, 6.33%. Found: 59.72; H 5.03; N, 6.30%.

4.5.3. 5-Methoxy-2-[(2-oxobutanayl)Jamino]benzoic acid
(3c). Colourless shiny crystals, mp 205—207° C (ethyl acetate);
Rp=0.11 (5% ethanol in chloroform); "H NMR (300 MHz, DMSO-dg)
61.03 (t, 3H, J=7.1 Hz), 2.94 (q, 2H, J=7.1 Hz), 3.80 (s, 3H), 7.27 (dd,
1H,J=9.2,3.1 Hz), 752 (d, 1H,J=3.1 Hz), 8.60 (d, 1H,J=9.2 Hz), 12.05
(brs, 1H),13.87 (br s, 1H); >C NMR (75.5 MHz, DMSO-dg) 6 7.0, 29.4,
55.4, 115.4, 118.4, 120.1, 121.1, 132.7, 154.8, 158.2, 168.7, 198.9; IR
(cm’j): v 2500—3300 br, 3270 w, 2978 w, 1722 m, 1697 s, 1689 s,
1673 5,15255,1439 5, 1299 5, 1287 5, 1251 5,1216 5, 1045 m, 829 m;
MS (EI) m[z (%): 251 (M*, 4), 207 (15), 194 (17), 176 (51), 167 (46),
150 (28), 149 (70), 122(47), 107(15), 52(16), 45(24), 44(90); Anal.
Calcd for Ci2H13NOs5 (251.24): C, 57.37; H, 5.22; N, 5.58%. Found: C,
57.53; H, 5.42; N, 5.58%.

4.5.4. 4-Methoxy-2-[(2-oxobutanoyl)amino]benzoic acid (3d). Off-
white crystals, mp 201-203 °C (benzene—ethyl acetate), R=0.08 (5%
ethanol in chloroform). 'H NMR (300 MHz, DMSO-ds) 6 1.03 (t, 3H,
J=7.1 Hz), 2.94 (q, 2H, J=71 Hz), 3.23 (s, 3H), 6.80 (dd, 1H, J=8.9,
2.5 Hz), 799 (d, 1H, J=8.9 Hz), 8.30 (d, 1H, J/=2.5 Hz), 12.46 (br s, 1H),
1340 (br s, 1H); °C NMR (75.5 MHz, DMSO-dg) 6 7.0, 293, 55.5,
104.6,109.3,109.4,133.3,141.4, 158.8, 163.5,168.9,198.4; IR (cm~ 1): v
2800—3400 br, 3180 w, 2972 w, 1698 s, 1688 s, 1661 s, 1608 5, 1583 5,
1530s, 1248 s, 1211 5, 1140 m, 1027 m, 830 m, 624 w; MS (EI) m/z (%):
252 ([M+1]", 2), 251 (M*, 6), 176 (55), 97 (43), 85 (49), 83 (45), 71
(79), 69 (43), 57 (100), 43 (77). Anal. Calcd for C12H13NOs (251.24): C,
57.37; H, 5.22; N, 5.58%. Found: C, 57.28; H 5.43; N, 5.41%.

4.5.5. 3-Methoxy-2-[(2-oxobutanoyl)aminojbenzoic acid (3e). Off-
white crystals, mp 142—146 °C (benzene—cyclohexane), R=0.13
(5% ethanol in chloroform). "TH NMR (300 MHz, DMSO-dg) 6 1.03 (t,
3H,J=7.2 Hz), 2.87 (q, 2H,J=7.2 Hz), 3.81 (5, 3H), 7.27—7.41 (m, 3H),
9.83 (br's, 1H), 12.89 (br s, 1H); 3C NMR (75.5 MHz, DMSO-dg) 6 7.1,
30.2, 56.1, 115.3, 121.5, 124.3, 127.0, 128.8, 154.1, 159.5, 167.3, 199.2;
IR (cm™1): » 2800—3400 br, 3330 m, 2974 w, 2943 w, 1716 5, 1679 s,
1537 m, 1479 m, 1287 m, 1203 m, 1054 m, 760 w, 760 w, 720 w, 647
w; Anal. Calcd for CypH13NO5-0.25H;,0 (255.74): C, 56.36; H, 5.32;
N, 5.48%. Found: C, 56.31; H 5.25; N, 5.48%.

4.5.6. 5-Methyl-2-(2-oxobutanamido )benzoic acid (3f). Colourless
shiny crystals, mp 199—205 °C. "H NMR (500 MHz, DMSO-dg) § 1.03
(t, 3H, J=7.2 Hz), 2.32 (s, 3H), 2.95 (q, 2H, J=7.2 Hz), 7.47 (dd, 1H,

J=15,2.0Hz), 7.86 (d, 1H,J=2.0 Hz), 8.57 (d, 1H, J=7.5 Hz), 12.23 (br
s,1H),13.76 (brs, 1H); 13C NMR (126 MHz, DMSO-de): 7.1, 20.3,29.4,
116.9,119.5,131.6,132.9,134.8,137.1,158.5, 169.2, 198.7; IR (cm’]): v
3480 w, 3275 m, 1693 s, 1673 s, 1595 m, 1524 s, 1419 m, 1292 m,
12705, 1223 5,916 m, 893 m, 794 m, 754 m, 665 m; HRMS (ESI+):
mjz calcd for C13H14NO4 [M+H]™ 236.0917, found 236.0914.

4.5.7. 3-Methyl-2-[(2-oxobutanoylJaminojbenzoic ~ acid  (3g).

Yellowish solid, mp 130—136 °C (benzene). '"H NMR (500 MHz,
DMSO-dg) 6 1.03 (t, 3H, J=7.2 Hz), 2.20 (s, 3H), 2.90 (q, 2H, ]=7.2 Hz),
7.29 (dd, 1H, J=7.7, 7.7 Hz), 748 (d, 1H, J=7.7 Hz), 7.69 (d, 1H,
J=7.7 Hz), 10.29 (br s, 1H), 12.97 (br s, 1H); *C NMR (126 MHz,
DMSO-dg) 6 7.0, 18.2, 30.1, 126.2, 127.8, 127.9, 134.0, 134.5, 135.7,
159.4, 167.5, 199.0; IR (Cm’1): v 2600—3400 br, 3343 w, 2985 w,
1724 55,1697 5, 1678 s, 1597 m, 1515 s, 1468 m, 1431 m, 1405 m, 1291
s, 1193 m, 1113 m, 756 s; HRMS (ESI+): m/z caled for Ci,H14NOZ
[M+H]* 236.0917; found 236.0922.

4.5.8. 6-Chloro-3-methyl-2-[(2-oxobutanoyl)amino [benzoic acid
(3h). Colourless crystals, mp 189—191 °C (benzene). 'H NMR
(500 MHz, DMSO-dg) 6 1.02 (t, 3H, J=7.2 Hz, CH3CHy), 2.12 (s, 3H,
CH3—C3), 2.87 (q, 2H, J=7.2 Hz, CHy), 7.37 (d, J=8.3 Hz, 1H, H4), 7.41
(d, 1H, J=8.3 Hz, H5), 10.22 (br s, 1H, NH), 13.01 (br s, 1H, COOH); *C
NMR (126 MHz, DMSO-dg) 6 7.0 (CH3CH3), 17.2 (CH3—C3), 30.4 (CHa),
126.6 (C6), 128.1 (C5), 131.8 (C4), 133.2 (C2), 133.4 (C1), 135.6 (C3),
160.4 (NHCO), 165.9 (COOH), 199.0 (COCH;); N NMR (51 MHz,
DMSO0-ds) 6 118; IR (cm™1): » 2700—3500 br, 3219 w, 2983 w, 2936 w,
1716 5,1668 s,1530m, 1210 5,1171 5, 1107 m, 694 m; HRMS (ESI-): m/
z caled for CipH11CINOy [M—H]™ 268.0382, found 268.0393.

4.5.9. 2-[(2-Oxohexanoyl)amino]benzoic acid (3i). Colourless shiny
crystals, mp 147—151 °C (ethyl acetate); '"H NMR (500 MHz, DMSO-
dg) 6 090 (t, 3H, J=2.4 Hz, CH3), 1.29-1.37 (m, 2H, CH,CH3),
1.50—1.57 (m, 2H, CH2CH,CH3), 2.93 (t, 2H, J=7.3 Hz, COCH,), 7.24
(ddd, 1H, J=7.7, 7.7,1.0 Hz, H5), 7.67 (ddd, 1H, J=7.7, 7.7, 1.6 Hz, H4),
8.05 (dd, 1H, J=7.7,1.6 Hz, H6), 8.67 (dd, 1H, J=7.7,1.0 Hz, H3),12.33
(brs, 1H, NH), 13.81 (br s, TH, COOH); "*C NMR (126 MHz, DMSO-ds)
4 13.8 (CH3), 21.6 (CH2CH3), 24.8 (CH2CH,CH3), 35.4 (CHCO), 117.0
(C1), 119.5 (C3), 123.6 (C5), 131.5 (C6), 134.3 (C4), 139.4 (C2), 158.6
(NCO), 169.1 (COOH), 198.1 (COCH3); **N NMR (51 MHz, DMSO-ds)
4 119; IR (cm™): » 23003300 br, 3252 w, 2957 w, 2871 w, 1723 m,
1695 s, 1668 s, 1603 m, 1586 s, 1521 5, 1412 m, 1283 5, 1265 5, 762 5,
662 m; MS (EI): m/z, (%) 249 (M, 6), 164 (43), 146 (100), 90 (19), 57
(32); HRMS (ESI+): m/z Caled for Ci3H1gNO4 [M-+H]" 250.1074;
found 250.1075. Anal. Calcd for Ci3H15sNO4 (249.26): C, 62.64; H,
6.07; N, 5.62%. Found: C, 62.93; H 6.14; N, 5.70%.

4.5.10. 3,5-Dimethyl-2-[(2-oxohexanoyl)amino]benzoic acid (3jf).
Colourless crystals, mp 109—110 °C (cyclohexane). 'H NMR
(500 MHz, DMSO-ds) 6 0.89 (t, 3H, J=7.4 Hz, CH3CH3), 1.28—1.36 (m,
2H, CH,CH3), 1.50—1.57 (m, 2H, CH,CH,CH3), 2.15 (s, 3H, CH3—C3),
2.31 (s, 3H, CH3—C5), 2.86 (q. 2H, J=7.3 Hz, COCHy), 7.29 (d, 1H,
J=1.3 Hz, H4), 7.50 (d, 1H, J=1.3 Hz, H6), 10.17 (br s, 1H, NH), 12.89
(br s, 1H, COOH); '>C NMR (126 MHz, DMSO-dg) 6 13.7 (CH>CHs),
18.0 (CH3—C3), 20.2 (CH3—C5), 21.5 (CH2CH3), 24.8 (CH2CH,CH3),
36.2 (COCHy), 127.6 (C1), 128.3 (C6), 132.0 (C2), 134.5 (C4), 135.5
(€3), 135.6 (C1), 159.6 (NHCO), 167.6 (COOH), 198.8 (COCH,); '°N
NMR (51 MHz, DMSO-dg) 6 118; IR (cm™"): » 3332 w, 25003300 br,
2963w, 2930 w, 1726 m, 1690 s, 1671 5, 1511 5,1431 m, 1313 m, 1242
m, 1150 w, 727 w; HRMS (ESI-): m/z Calcd for C15H1gNOgz [M—H]~
276.1241, found 276.1248.

4.5.11. 3,5-Dimethoxy-2-[(2-oxohexanoyl)amino]benzoic acid (3k).

Pale yellow microcrystals, mp 101105 °C (cyclohexane). 'TH NMR
(500 MHz, DMSO-dg) ¢ 0.89 (t, 3H, J=7.4 Hz), 1.28—1.35 (m, 2H),
1.50—1.55 (m, 2H), 2.83 (t, 2H, J=7.2 Hz), 3.78 (s, 3H), 3.81 (s, 3H),
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6.84 (d, 1H, J=2.7 Hz), 6.89 (d, J=2.7 Hz), 9.66 (br s, 1H), 12.93 (br s,
1H); *C NMR (126 MHz, DMSO-ds) 6 13.8, 21.7, 25.0, 36.4, 55.6,
56.2, 102.5, 105.4, 117.5, 129.9, 155.5, 158.2, 159.9, 1671, 199.2; IR
(em™1): ¥ 3384 m, 25003200 br, 2964 w, 2875 w, 1698 s, 1601 m,
1510 s, 1465 m, 1355 m, 1299 m, 1211 s, 1154 5, 1070 m, 1048 m;
HRMS (ESI+): m/fz caled for CisH2oNO¢ [M-+H]" 310.1285, found
310.1284; Anal. Caled for CyjsHigNOg (309.31): C, 58.25; H, 6.19; N,
4.53%. Found: C, 58.07; H, 6.20; N, 5.02%.

4.5.12. 1-[(2-Oxohexanoyl)amino Jnaphthalene-2-carboxylic acid
(3I). White powder, mp 98—105 °C (cyclohexane). 'H NMR
(500 MHz, DMSO-de) 6 0.92 (t, 3H, J=7.4 Hz, CH3CH3), 1.32—1.40 (m,
2H, CH,CH3), 1.56—1.62 (m, 2H, CH>CH,CHs), 2.92 (t, 3H, J=7.3 Hz,
COCH,), 7.60 (ddd, 1H, J=7.6, 7.6, 1.0 Hz, H7), 7.66 (ddd, 1H, J=7.6,
7.6,1.0 Hz, H6), 7.91 (d, 1H, J=8.6 Hz, H3), 7.96 (d, 1H, J=8.6 Hz, H4),
8.00 (br d, 1H, J=7.6 Hz, H8), 8.01 (d, TH, j=8.1 Hz, H5), 10.76 (br s,
1H, NH), 13.17 (br s, 1H, COOH); '*C NMR (126 MHz, DMSO-dg)
6 13.8 (CH2CH3), 21.7 (CH2CH3), 25.0 (CH2CH,CH;3), 36.3 (COCH,),
124.9 (C2), 125.4 (C2), 126.0 (C3), 126.7 (C7), 126.8 (C4), 127.8 (C5),
128.1 (C6), 129.3 (C8a), 134.1 (C1), 135.0 (C4a), 160.8 (NCO), 167.6
(COOH), 198.6 (COCH,); IR (cm™1): » 2800—3300 br, 3294 w, 2961
w, 2877 w, 1694 s, 1675 s, 1571 m, 1501, 1409 m, 1284 m, 1258 m,
764 m; MS (El, 70 eV) m/z (%): 300 ([M+1]%, 2), 299 (M*, 11), 214
(50), 197 (14), 196 (100), 187 (27), 169 (44), 141 (19), 140 (49), 115
(33), 114 (16), 85 (17), 57 (58), 43 (11), 41 (50). HRMS (ESI+): m/z
calcd for Ci7H1gNO4 [M+H] " 300.1230, found 300.1229. Anal. Calcd
for C17H17N04 (173.60): C, 68.21; H, 5.72; N, 4.68%. Found: C, 68.45;
H 5.91; N, 5.71%.

4.5.13. 2-{[Oxo(phenyl)acetyljamino}benzoic acid (3m).” For IR and
'"H NMR (60 MHz) data, see Ref. 9 Colourless crystals, mp
199-200 °C (ethanol), mp 200 °C, R=0.18 (5% EtOH in CHCl3). 'H
NMR (300 MHz, DMSO-dg) 6 7.29 (dd, 1H, J=7.5, 7.5 Hz), 7.60 (dd,
2H, J=7.5, 7.5 Hz), 7.68—7.78 (m, 2H), 8.08 (d, 1H, J=7.5 Hz), 8.24 (d,
2H, J=7.5Hz), 8.67 (d, 1H, J=7.5 Hz),12.43 (br s, 1H), 13.80 (br s, TH);
13C NMR (75.5 MHz, DMSO-ds) 6 117.7, 120.1, 124.0, 128.6, 130.8,
1314, 133.0, 134.1, 134.4, 139.3, 160.2, 169.1, 187.4; IR (cm™'): »
2600—3300 br, 3236 w, 3070 w, 1696 5, 1682 5,1672 5,1585 5,1524 5,
1409 m, 1265 s, 758 m, 689 w, 660 w.

4.5.14. 2-[Methyl(2-oxobutanoyl)amine]benzoic acid
(3n). Colourless crystals, mp 113—115 °C (ethanol). 'H NMR
(500 MHz, DMSO-dg) 6 0.75 (t, 3H, J=7.3 Hz), 2.50—2.71 (m, 2H),
3.17 (s, 3H), 7.44—7.50 (m, 2H), 7.64 (ddd, 1H, ]=7.7, 7.7, 1.6 Hz), 7.90
(dd, 1H, J=7.7, 1.6 Hz), 13.29 (br s, 1H). '3C NMR (126 MHz, DMSO-
dg): 6 6.8, 31.9, 36.6, 128.4, 128.5, 130.0, 131.3, 133.4, 141.5, 165.6,
166.4, 200.6; IR (cm't): v 2800—3200, 2985 w, 1732 m, 1709 5, 1632
5,1598 m, 1237 s, 861 w, 644 w; MS (EI) m/z (%): 179 (11),178 (100),
134(61),105 (35),104(20), 77 (32), 57 (43); HRMS (ESI-+): m/z calcd
for C12H14NOZ [M+H]" 236.0917, found 236.0912.

4.5.15. 2-[Methyl(2-oxohexanoyl )Jamino]benzoic acid
(30). Colourless crystals, mp 101-105 °C (benzene), Rf=0.18 (5%
ethanol in chloroform). 'H NMR (300 MHz, DMSO-dg) 6 0.74 (t, 3H,
J=72 Hz), 098-111 (m, 2H, CH,CHs), 1.19-131 (m, 2H,
CH,CH,CHy), 2.43—2.70 (m, 2H, COCHy), 3.17 (s, 3H), 7.42—7.52 (m,
2H), 7.64 (ddd, 1H, J=7.7, 7.7, 1.3 Hz), 7.91 (dd, 1H, J=7.7, 1.3 Hz),
13.25 (br s, 1H); '>C NMR (75.5 MHz, DMSO-dg) 6 13.5, 21.2, 24.3,
36.5, 38.1,128.5, 128.6, 130.2, 131.3, 133.3, 141.3, 165.7, 166.3, 200.1;
IR (cm ]): » 2600—3300 br, 2959 w, 2623 w, 1714 5,1620 5, 1595 m,
1396 m, 1247 m, 1140 w, 1083 w, 1067 w, 784 w, 710 w; Anal. Calcd
for C14H17N04 (263.29): C, 63.87; H, 6.51; N, 5.32%. Found: C, 63.70;
H 6.47; N, 5.26%.

4.5.16. 2-(N-Methyl-2-oxo-2-phenylacetamido)benzoic acid (3p).
Colourless crystals, mp 145—146 °C (benzene-cyklohexane),
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R=0.21 (5% ethanol in chloroform), 0.05 (20% ethyl acetate in
benzene); "H NMR (500 MHz, CDsCN) 6 3.37 (s, 3H, CHs), 7.34 (dd,
1H,J=7.8,12 Hz, H3), 7.39 (ddd, J=7.8, 7.8, 1.2 Hz, H5), 7.44—7.50 (m,
3H, H4, H3', H5'), 7.61-7.65 (m, 1H, H4'), 7.79-7.82 (m, 2H, H2',
H6'), 7.89 (dd, 1H, j/=7.8, 1.2 Hz, H6), resonances for exchangeable
protons in the baseline; 13C NMR (126 MHz, CD3CN) é 36.9 (CH3),
129.9 (€3, C5), 130.1 (C5), 130.2 (C1), 130.4 (C2/, C6'), 132.0 (C3),
132.9 (C6), 1341 (C1’), 134.6 (C4), 135.6 (C4'), 141.9 (C2), 166.2
(COOH), 166.8 (NCO), 192.0 (COPh); IR (cm™1): » 2500—3300 br,
1719 5, 1680 s, 1616 s, 1593 5, 1576 m, 1249 5, 1236 5, 1220 5, 1081 s,
779 s, 715 s, 668 m; MS (EI) mfz (%): 105 (69), 77 (58), 57 (26), 45
(28), 44 (100), 43 (92), 42 (27), 41 (36); HRMS (ESI+): m/z calcd for
CisH14NO4 [M+H]" 284.0917, found 284.0918; Anal. Calcd for
Ci6H13NO4 (283.28): C, 67.84; H, 4.63; N, 4.94%. Found: C, 67.81; H
4.60; N, 4.90%.

4.6. Hydrolysis of N-(x-ketoacyl)anthranilic acids 3

To a stirred suspension of N-(z-ketoacyl)anthranilic acids 3
(3 mmol) in water (10 mL) aqueous hydrochloric acid (37%, 15 mL)
was added portion-wise at room temperature. The reaction mix-
ture was refluxed, until the starting compound 3 was present
according to TLC analysis (1—7 h). The reaction mixture was cooled
down to room temperature and the precipitate (if formed) was
removed by filtration. The filtrate was evaporated to dryness using
rotary evaporator and the residue was recrystallized to give
anthranilic acid hydrochloride (4-HCI).

4.6.1. 2-Aminobenzoic acid hydrochloride (4b-HCI). N-(x-Ketoacyl)
anthranilic acids 3b; Reaction time: 4 h. White crystalline solid,
yield 443 mg (85%), mp 167—172 °C (ethanol—ethyl acetate), mp*’
193-194 °C; 'H NMR (500 MHz, DMSO-dg) é 6.93 (dd, 1H, J=7.6,
7.6 Hz), 7.13 (d, 1H, J=7.6 Hz), 7.43 (dd, 1H, ]=7.6, 7.6, 1.5 Hz), 7.8 (br
s, 4H), 7.84 (dd, 1H, J=7.6, 1.5 Hz); >C NMR (126 MHz, DMSO-d)
6 1155, 119.9, 120.2, 1313, 1339, 1441, 168.4; IR (ecm™!): »
2400-3300 br, 2980 w, 2681 w, 2569 w, 1693 s, 1561 m, 1494 m,
1460 m, 1393 m, 1219 s, 1100 m, 758 m, 752 m, 650 m; HRMS
(ESI4): mjz caled for C;HgNOF [M+H]* 138.0550, found 138.0548.

4.6.2. 2-Amino-5-methoxybenzoic acid hydrochloride (4c-HCI). N-
(z-Ketoacyl)anthranilic acids 3c; Reaction time: 6 h. Yellowish
solid, yield 556 mg (91%), mp 211-214 °C (ethanol—ethyl acetate),
mp*® 213-214 °C (ethanol—diethyl ether); '"H NMR (500 MHz,
DMSO-dg) ¢ 3.80 (s, 3H), 7.25 (dd, 1H, J=8.8, 3.0 Hz), 745 (d, 1H,
J=3.0 Hz), 7.50 (d, 1H, ]=8.8 Hz), 9.8 (br s, 4H); >C NMR (126 MHz,
DMSO-dg) 6 55.7, 115.5, 119.9, 122.8, 124.9, 128.8, 156.8, 166.8; IR
(cm"): » 2500—3300 br, 2845 w, 2617 w, 1698 s, 1614 s, 1509 s,
1404 m, 1273 5, 1234 s, 1025 m, 845 m, 741 m; HRMS (ESI+): m/z
calcd for CgH1gNO3 [M+H] ™ 168.0655, found 168.0652.

4.6.3. 2-Amino-4-methoxybenzoic acid hydrochloride (4d-HCI). N-
(z-Ketoacyl)anthranilic acids 3d; Reaction time: 7 h. Colourless
crystals, yield 391 mg (64%), mp 176—179 °C (ethanol—diethyl
ether), mp** 178—180 °C; 'H NMR (300 MHz, DMSO-ds) 3.72 (s,
3H), 6.11 (dd, 1H, J=8.9, 2.5 Hz), 6.25 (d, 1H, J=2.5 Hz), 7.61 (d, 1H,
J=8.9 Hz), resonances for exchangeable protons in the baseline; *C
NMR (75.5 MHz, DMSO-dg) 6 54.9, 98.6, 103.16, 103.21, 132.9, 153.5,
163.6, 169.2; IR (cm™'): » 2600—3300 br, 2577 w, 1687 s, 1631 m,
1596 m; 1403 m, 1338 m, 1246 s5,1113 m, 1021 m; HRMS (ESI+): m/z
calcd for CgH1gNO3 [M+H] ' 168.0655, found 168.0653. Anal. Calcd
for CgH1oCINO; (203.62): C, 47.19; H, 4.95; N, 6.88. Found: C, 47.38;
H 5.10; N, 6.82.

4.6.4. 2-Amino-3-methoxybenzoic acid hydrochloride (4e-HCI). N-

(z-Ketoacyl)anthranilic acids 3e; Reaction time: 1 h. White solid,
yield 415 mg (68%) (crude, analytically pure product)) mp
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178—188 °C, mp"? 205-206 °C (hydrochloric acid); 'H NMR
(500 MHz, DMSO-ds) 6 3.82 (s, 3H), 6.61 (dd, 1H, J=8.0, 8.0 Hz), 7.02
(dd, 1H, J=8.0, 1.0 Hz), 7.36 (dd, 1H, J=8.0, 1.0 Hz), resonances for
exchangeable protons in the baseline; *C NMR (126 MHz, DMSO-
dg) 6 55.8, 111.1, 113.7, 115.4, 122.5, 139.6, 147.3, 169.4; IR (cm’l): v
3485 m, 3418 m, 2500—3400 br, 3064 w, 2616 w, 1699 s, 1651 s,
1589 m, 1478 s, 1362 5, 1286 5, 1213 5, 1049 5, 755 m; HRMS (ESI+):
m(z calcd for CgH1pNO¥ [M+H]" 168.0655, found 168.0653. Anal.
Calcd for CgH1pCINO3 (203.62): C, 47.19; H, 4.95; N, 6.88%. Found: C,
47.32; H5.11; N, 6.85%.

4.6.5. 2-(Methylamino)benzoic acid hydrochloride (4n-HCI). N-(a-
Ketoacyl)anthranilic acids 3n; Reaction time: 2 h. Colourless nee-
dles, yield 411 mg (73%), mp 136—140 °C (ethanol—benzene), mp”°
141 °C; "H NMR (500 MHz, DMSO-ds) ¢ 2.85 (s, 3H), 6.65 (dd, 1H,
J=7.7.7.7 Hz), 6.78 (d, 1H,J=7.7 Hz), 742 (ddd, 1H, J=7.7, 7.7, 1.6 Hz),
7.81 (dd, 1H, J=7.7, 1.6 Hz), resonances for exchangeable protons in
the baseline; °C NMR (126 MHz, DMSO-dg) 6 29.8, 111.0, 111.8,
115.2,131.6, 134.5, 150.6, 169.7; IR (cm’l): » 3386 m, 2898 m, 2730
m, 2650 m, 1694 m, 1662 s, 1304 5,1271 5,1122 m, 772 m, 750 s, 699
m; HRMS (ESI-): m/z Calcd for CgHgNO; [M—H]|™ 150.0561, found
150.0558. Anal. Calcd for CgH1oCINO; (187.62): C, 51.21; H, 5.37; N,
7.47%. Found: C, 51.32; H 5.24; N, 7.71%.
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Fischer indolisation of N-(a-ketoacyl)anthranilic
acids into 2-(indol-2-carboxamido)benzoic acids
and 2-indolyl-3,1-benzoxazin-4-ones and their
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N-(a-ketoacyl)anthranilic acids reacted with phenylhydrazinium chloride in boiling acetic acid to afford
2-(indol-2-carboxamido)benzoic acids in good to excellent yields and 2-indolyl-3,1-benzoxazin-4-ones
as by-products. The formation of the latter products could easily be suppressed by a hydrolytic workup.
Alternatively, by increasing the reaction temperature and/or time, 2-indolyl-3,1-benzoxazin-4-ones can
be obtained exclusively. Optimisations of the reaction conditions as well as the scope and the course
of the transformations were investigated. The products were characterized by H, *C and N NMR
spectroscopy. The corresponding resonances were assigned on the basis of the standard 1D and gradient
selected 2D NMR experiments (*H-"H gs-COSY, 'H-*C gs-HSQC, 'H-*C gs-HMBC) with *H-"°N
gs-HMBC as a practical tool to determine >N NMR chemical shifts at the natural abundance level of *N
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Introduction

Molecules containing indole' and anthranilic acid® scaffolds
are ubiquitous in many natural products with diverse biologi-
cal activities. Thus, it is not surprising that the compounds
featuring both the indole and the anthranilic acid fragments
are encountered in nature. Alkaloids cephalandole C and
cephalinone B, isolated from the native orchid plant Cephalan-
ceropsis gracilis,’ and the alkaloids secofascaplysins, isolated
from the sponge Fascaplysinopsis reticulate,® consist of the
2-(indol-2-carboxamido)benzoic acid 1 substructures, for
example (Fig. 1). Derivatives of 2-(indol-2-carboxamido)benzoic
acid 1 are receiving attention because of their antibacterial
activities.” In materials sciences, the 2-(indol-2-carboxamido)-
benzoic acid derivatives are used as UV absorbers.® Com-
pounds with indol-2-carboxamide scaffold are potent inhibi-
tors of HIV-1 replication (Delavirdine, Rescriptor®)’ and the
androgen receptor binding function 3 (BF3),* and were identi-

“Department of Chemistry, Faculty of Technology, Tomas Bata University in Zlin,

762 72 Zlin, Czech Republic. E-mail: kafka@ft. uth.cz

’Faculty of Chemistry and Chemical Technology, University of Ljubljana, $I-1000
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T Dedicated to Professor Marijan Kocevar on his 65th birthday.

1 Electronic supplementary information (ESI) available: '"H NMR and '*C NMR
spectra. See DOI: 10.1039/c40b01714e
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Fig. 1 Naturally occurring compounds containing 2-(indol-2-carbox-
amido)benzoic acid and 3,1-benzoxazin-4-one substructures (blue).

fied as hydrogen-bonding organocatalysts for the ring-opening
polymerization of cyclic esters.’

3,1-Benzoxazin-4-ones serve as valuable precursors for the
preparation of fused heterocycles including an important
pharmacophore, quinazolin-4-one.’” It is also noteworthy
that 3,1-benzoxazin-4-ones are potent inhibitors of the human
leukoeyte elastase,"" human chymase,"* chymotrypsin*® and

This journal is © The Royal Society of Chemistry 2014
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Scheme 1 Two retrosynthetic approaches to 2-(indol-2-carboxamido)
benzoic acids 1.

proteases of herpes simplex type 1,'"* human cathepsin G'°
and serine,'® for example. Avenalumin I, phytoalexin of the
3,1-benzoxazin-4-one structure that is inhibitory to the growth
of rust fungi, was isolated from oat leaves (Fig. 1)."”

Surprisingly, despite the biological relevance and synthetic
potential of 2-(indol-2-carboxamido)benzoic acids 1, to our
knowledge, the only published approach to access these com-
pounds makes use of N-acylation of anthranilic acids with 1H-
indol-2-carboxylic acid derivatives.'® As an alternative to this,
herein we report the protocol that is based on the Fischer
indolisation of N-{o-ketoacyl)anthranilic acids 2 (Scheme 1).
Optimization of the reaction conditions and the scope as well
as multinuclear NMR spectral analysis of the products is
reported.

Results and discussion
Synthesis

Out of the available methods to access indoles, the Fischer
indole synthesis remains one of the most important and versa-
tile methods."” It is generally conducted by reacting an aryl
hydrazine with a carbonyl compound.'®*" Thus, for the con-
struction of 2-(indol-2-carboxamido)benzoic acid 1 through
this pathway N-(a-ketoacyl)anthranilic acid 2 appears to be the
most suitable carbonyl substrate. Based on our recent report,*'
the latter is easily accessible through the consecutive oxidation
protocol from 4-hydroxyquinolin-2-one as shown in Scheme 2.

The Fischer indolisation is known to proceed through an
intermediately formed hydrazone, which then undergoes
several consecutive transformations. It isomerises to an
enamine, which after protonation rearranges to an imine and
then a cyclic aminal. Acid catalysed elimination of ammonia
from the latter finally gives rise to the indole ring. The above
mentioned hydrazone can in principle be pre-assembled by
condensation of aryl hydrazine with an appropriate carbonyl
compound. Herein, we decided to compare the stepwise proto-
col that proceeds through the isolated phenylhydrazone 3
(Route A, Scheme 3) with the direct-one in which N-(a-ketoacyl)
anthranilic acids 2 are treated with phenylhydrazine directly
into the 2-(indol-2-carboxamido)benzoic acid 1 (Route B).

To examine the stepwise protocol, Route A, phenylhydra-
zones 3a,c-e were initially prepared by the condensation of
N-(o-ketoacyl)anthranilic acids 2a,c-e with phenylhydrazine.
The isolated phenylhydrazones were in the subsequent step
subjected to the thermally induced rearrangement into

This journal is © The Royal Society of Chemistry 2014
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Scheme 2 The preparation of the starting N-(x-ketoacyl)anthranilic
acids 2 and the key of substituents R'~R®.
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Scheme 3 The stepwise (Route A) and direct (Route B) routes to the
2-(indol-2-carboxamido)benzoic acids 1 by the Fischer indolisation of
N-(a-ketoacyl)anthranilic acids 2.

Table 1 Results of the stepwise protocol to indoles 1 (Scheme 3,
Route A)

Step 1 Step 2

Reaction conditions 3, yield” Reaction conditions 1, yield”
AcOH, 60 °C, 2 h 3a, 88 235 °C, 20 min 1a, 27
AcOH, 60 °C, 3 h 3c, 80 180 °C, 10 min 1c, 17
AcOH, 60 °C, 3 h 3d, 79 245 °C, 15 min 1d, 28
AcOH, 60 °C, 1.25 h 3e, 78 180 °C, 15 min 1e, 33

“Percent yields of isolated pure products are given.

2-(indol-2-carboxamido)benzoic acids 1a,c-e. The results are
collected in Table 1. Although the preparation of the phenyl-
hydrazones 3a,c-e proceeded in high 78-88% yields, the sub-

Org. Biomol. Chem.,, 2014, 12, 9650-9664 | 9651
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Table 2 Solvent and catalyst screening for the Fischer indolisation of 2
into 1 following the Route B (Scheme 3)

Entry 2 Solvent®  Additive, reaction time in h 1 Yield”
1 2a AcOH None, 9 la 78
2 2a  MeOH 20 mol% Bi(NO;);-5H,0, 8 la 26
3 2a  MeCN 20 mol% Bi(NO;);5H,0,5  1a 65
4 2a  MeCN 10 mol% Bi(NO;);-5H,0, 12 1a 55
5 2a MeCN 20 mol% ZnCl,, 28 1a 49
6 2a  H,0 130 mol% HCI, 3 1a 7°
7 2a  H,0 120 mol% H,S04, 2 1a 8
8 2a MeCN 2000 mol% AcOH, 22 1a 70
9 2b  MeCN 20 mol% Bi(NO5);5H,0,12  1b 53
10 2b  MeCN 10 mol% Bi(NO5);:5H,0,19  1b 52
11 2¢c  MeCN 20 mol% Bi(NO5);-5H,0, 16 1c 71
12 2d  MeCN 20 mol% Bi(NO;);5H,0,11  1d 75
13 2e MeCN 20 mol% Bi(NOs);-5H,0, 11 1e 69

“ All reactions were conducted under reflux. * Percent yields of isolated
pure products are given. “Anthranilic acid was isolated as the main
product in 35% (entry 6) and 26% (entry 7) yield (Experimental).

sequent indolisation step into the target 2-(indol-2-carbox-
amido)benzoic acids 1a,c-e returned low 17-33% yields.

The disappointing overall results of the stepwise procedure
prompted us to test the direct approach, outlined as Route B in
Scheme 3. In screening for the optimal reaction conditions, a
mixture of selected N-(a-ketoacyl)anthranilic acid 2 and phenyl-
hydrazinium chloride was heated under reflux in different sol-
vents including acetonitrile, acetic acid, methanol and water.
Since Lewis™* and Bronsted acids™ are well known to promote
the Fischer indolisation, we selected to test hydrochloric acid,
sulphuric acid, acetic acid, zinc(un) chloride and bismuth(m)
nitrate pentahydrate (Bi(NO;);-5H,0)* as acid catalysts (Table 2).

View Article Online
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Good results in terms of the reaction time and the product
yields were obtained for the reactions in boiling acetonitrile
either in the presence of Bi(NOj3);-5H,0 (entries 3, 4, 9-13) or
acetic acid (entry 8). However, the highest yields of the pro-
ducts 1 were seen by conducting the reaction in boiling acetic
acid in the absence of the additives (entry 1). As expected, the
heating of N-(a-ketoacyl)anthranilic acid 2a in aqueous hydro-
chloric or sulphuric acid resulted in an amide bond hydrolysis
to produce anthranilic acid (entries 6 and 7).

Having identified the optimal reaction conditions we
turned to examine the scope of the reaction. Several N-(a-ketoa-
cyl)anthranilic acids (2a-1) were allowed to react with phenyl-
hydrazinium chloride in boiling acetic acid, which afforded
the target 2-(indol-2-carboxamido)benzoic acids (1a-1) in good
to excellent yields of the isolated products (Table 3). In few
instances, the reactions were accompanied by the formation of
small amounts of by-products, which were isolated and identi-
fied as 3,1-benzoxazin-4-ones 4 and phenylhydrazides 5. The
only exception to this was compound 2m, which afforded
naphthoxazinone 4m as the sole product, with the anthranilic
acid 1m being undetected in the reaction mixture (entry 13).

In principle, the formation of 2-indolyl-3,1-benzoxazin-
4-ones 4 could be realised by two different pathways as shown
in Scheme 4. An initial formation of 2-acyl-3,1-benzoxazin-4-
one 4' through the Path a could be followed by the Fischer
indolisation with phenylhydrazinium chloride. This pathway
was, however, ruled out on the basis of the 3,1-benzoxazin-4-
ones reactivity considerations. In the presence of nucleophiles
these compounds are prone to undergo rapid ring opening
into the anthranilic acid derivatives (vide infra) suggesting that
somehow higher amounts of the phenylhydrazides 5 should

Table 3 The Fischer indolisation of N-(u-ketoacyl)anthranilic acids 2 in boiling acetic acid

R® R?
R‘\)ﬁ\;\[COOH R‘jé[coou
PhNHNH;*CI™

RI '3 Ri
5 ! —_— 5 -
R E N AcOH R 4 i
R O)TO reflux Ry i N

R® 0O R o
R‘jij\)Lo " R‘\/E?(LN,N@

+ RS NZ \N + Rs N_R‘H

R® Rsz > Rso)\ ‘jN

R? R? R2

2 1 4 5

Substituents Product, yield”
Entry 2 R' R? R? R* R° R® Reaction time (h) 1 4 5
1 a H Me H H H H 9 78
2 b H Me H OMe H H 14 83 5 2
3 c H Me H H OMe H 15 89
4 d H Me H H H OMe 9 81 5
5 e Me Me H H H H 8 91
6 f H n-pr H H H H 10 91 2 1
7 g H Me H H H Me 14 55 14
8 h H Me H Me H H 14 76
9 i H Me Cl H H Me 17 78 4
10 i H n-pPr H Me H Me 12 51 12
11 k H n-Pr H OMe H OMe 13 56 10
12 1 H Ph H H H H 19 62
13 m H n-Pr H H —(CH),- 9 0 87

“Percent yields of isolated pure products are given.
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Scheme 4 The proposed formation of 3,1-benzoxazin-4-ones 4.

have been formed in the reactions shown in Table 3. The Path
a was also ruled out experimentally by heating compound 2a
in neat acetic acid under the reflux conditions in the absence
of phenylhydrazinium chloride, which resulted in no detect-
able formation of 2-acyl-3,1-benzoxazin-4-one 4'. This left the
Path b, i.e. the initial Fischer indolisation of the N-(a-ketoacyl)-
anthranilic acid 2 with phenylhydrazinium chloride into
2-(indol-2-carboxamido)benzoic acid 1 and subsequent cyclo-
dehydration into 2-indolyl-3,1-benzoxazin-4-one 4, as the most
plausible.

Generally, the 3,1-benzoxazin-4-one skeleton is formed by
the reaction of anthranilic acids with an appropriate acid anhy-
dride at the elevated temperatures.”> Mechanistically, the
amino group of the anthranilic acid is N-acylated and the car-
boxylic group is transformed into a mixed anhydride inter-
mediate. This intermediate then undergoes an intramolecular
nucleophilic displacement of the carboxylate ion from the
anhydride moiety by the amide in its iminol form.*® In turn,
heating the 2-(indol-2-carboxamido)benzoic acid 1 in acetic
acid is unlikely to produce mixed anhydride. Since an intramo-
lecular nucleophilic attack of the carboxylic group to the
amide is also unlikely because of the low electrophilicity of the
amide, the formation of 3,1-benzoxazin-4-ones 4 could best be
rationalized through the intramolecular nucleophilic attack of
the iminol 1' to the protonated carboxylic group as shown in
Scheme 4. The formation of naphthoxazinone 4m as the sole
product from 2m (Table 3, entry 13) could be accounted for by
an enhanced resonance stabilisation of iminol 1m’, the result
of an extended conjugation through the naphthalene ring.

If the mechanism shown in Scheme 4 is operating, it can
be expected that a prolonged reaction time and/or an elevated
reaction temperature would work beneficially to the formation
of 3,1-benzoxazin-4-one 4. Indeed, by prolonging the heating
of compound 1j with phenylhydrazinium chloride in acetic
acid (bpacon = 118 °C) from 12 h to 40 h increased the yield of
the expected product 4j from 15% to 65% (compare entries
1 and 2 in Table 4). The use of the higher boiling propanoic acid

This journal is © The Royal Society of Chemistry 2014
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Table 4 The influence of the reaction time and temperature on trans-

formation of 2-(indol-2-carboxamido)benzoic acid 1j into 3,1-benzoxa-
zin-4-one 4j

Entry Reaction conditions Reaction time (h) Yield of 4j*
1 AcOH, reflux 12 127

2 AcOH, reflux 40 65

3 CH;CH,COOH, reflux 17 72

@ percent yields of isolated pure products are given. ” For comparison
reasons the result is taken from Table 3, entry 10.

(bp = 141 °C) in place of acetic acid afforded the 3,1-benzoxa-
zin-4-one 4j in 72% yield already within 17 h (entry 3). It is
noteworthy that these reaction conditions can potentially be
utilized as a convenient one-pot protocol for the preparation of
3,1-benzoxazin-4-ones 4 from N-(o-ketoacyl)anthranilic acids 2
and aryl hydrazines. The synthetic methodologies toward 3,1-
benzoxazin-4-ones, other than those utilizing anthranilic
acids, have been reviewed.?”

Minute amounts of the hydrazides 5 also accompanied the
formation of 2-(indol-2-carboxamido)benzoic acids 1 (Table 3).
As it is less likely that under the applied reaction conditions
phenylhydrazinium chloride reacts with the carboxyl group of
either the starting N-(a-ketoacyl)anthranilic acids 2 or the
product 2-(indol-2-carboxamido)benzoic acids 1, it is reason-
able to assume that the formation of hydrazides 5 proceeds
through the ring-opening at the 3,1-benzoxazin-4-ones 4.
Smooth reactivity of the 3,1-benzoxazin-4-ones towards
different nucleophiles is well documented.*®** In our case the
reactivity of compound 4f towards phenylhydrazine to form 5f
was independently confirmed in boiling toluene as the reac-
tion solvent (Table 5). Analogously, treatment with n-butyl-
amine gave the appropriate amide 6f.

Aqueous sodium hydroxide in DMSO mediated complete
hydrolysis of 3,1-benzoxazin-4-ones 4fj,m to the corres-
ponding 2-(indol-2-carboxamido)benzoic acids 1f,j,m (Table 5).
High tendency of related 3,1-benzoxazin-4-ones for hydrolysis
into the corresponding anthranilic acids has been documen-
ted.***® With these results in mind it can be assumed that
higher quantities of the 3,1-benzoxazin-4-one products 4 are
actually formed during the Fischer indolisation of N-(a-keto-
acyl)anthranilic acids 2 shown in Table 3 as they were actually
isolated. During the isolation workup the latter most probably
partly hydrolyse back into the 2-(indol-2-carboxamido)benzoic
acids 1.

The elemental composition of all the compounds under
investigation was confirmed by combustion analysis and high-
resolution mass spectrometry with electrospray ionization. In
addition, low resolution mass spectra with electron impact

Org. Biomol. Chem., 2014, 12, 9650-9664 | 9653
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Table 5 Reaction of 3,1-benzoxazin-4-ones 4 with some nucleophiles

(o}
o RS
" Nu
: ? H 5
5 PN +NuH R 1 NH
R® | O i
- \
R?
g 1,Nu=0H
5, Nu = PhNHNH
6, Nu = n-BuNH
Reaction conditions, Product,
Entry 4 NuH reaction time in h yield”
1 4f  PhNHNH, Toluene, reflux, 2 5f, 86
2 4f  n-BuNH, Toluene, reflux, 2 6f, 84%
3 4f  H,0 DMSO, H,0, NaOH, rt, 1 1f, 91%
4 af H,0 dioxane, 0.1 M H,SO,, 1t, 2 1f, 70%
5 4j H,O DMSO, H,0, NaOH, rt, 3 1j, 98%
6 4m  H,0 DMSO, H,0, NaOH, rt, 12 1m, 95%

“ Percent yields of isolated pure products are given.
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Fig. 2 Atom numbering scheme for compounds 1 and 4. Curved
arrows denote long-range *H-"°N gs-HMBC connectivities.

ionization and the infrared spectra were provided. In the latter,
the characteristic absorption bands belonging to the indole
N-H, C=0 and C=N bonds identified, where
appropriate.

were

NMR study

The compounds 1, 3-6 were fully characterized by 'H, "*C and
"N NMR spectroscopy. The corresponding resonances were
assigned on the basis of gradient-selected 2D NMR experi-
ments including "H-'H gs-COSY, 'H-"’C gs-HSQC, 'H-"’C gs-
HMBC and 'H-'"N gs-HMBC. The spectra of compounds 1, 3,
5 and 6 were recorded in DMSO-d. For 3,1-benzoxazin-4-ones
4, which proved to rapidly hydrolyse in DMSO-ds into the
2-(indol-2-carboxamido)benzoic acids 1, less polar CDCl; was
identified as a suitable solvent. Acetone-d, was used as an
alternative for dissolving compound 4k due to its sparing solu-
bility in CDCl;. Some characteristic spectral features are dis-
cussed below. For the atom numbering scheme, see Fig. 2.
There is a wealth of 'H and "°C data®" as well as >N NMR
data®® on indoles reported in the literature. The relatively
unsubstituted indole ring in the compounds 1 and 4 enabled
us to unequivocally assign all proton, carbon and nitrogen res-
onances via long-range 'H-""C and 'H-'"N heteronuclear
coupling pathways, which we found in agreement to those dis-
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cussed in the literature.*® For the indole ring in 2-(indol-2-car-
boxamido)benzoic acids 1 the order of shielding in the *C
NMR spectra is C7' > C3' > C5' > C4' > C6' > C2' = C3a’' > C7a’
(Table 6). By changing the indole C-2' substituent from the car-
bamoyl group in compounds 1 into the 3,1-benzoxazin-4-one
ring in 4, the most dramatic changes in the chemical shift are
seen for the carbon atoms of the fused 5-membered ring. In
comparison with compounds 1, the C2' atoms of the indole
ring in 4 are shielded by ca. 4 ppm, whereas the C3’ and C3a’
atoms are deshielded by ca. 6 ppm and ca. 1 ppm, respectively.
By changing the R* = Me to the R” = n-Pr in either 1 or 4, the
carbon atom C3' becomes more shielded for ca. 5-6 ppm
(Tables 6 and 7).

The three-bond long-range couplings were observed in the
'H-""N gs-HMBC spectra from H7' to the indole N1’ resonance
in both 1 and 4 (Fig. 2). In addition, a one-bond direct NH
doublet response corroborated the assignment of N1’ (Fig. 3).
The chemical shifts of the N1' atoms in indoles 1 appear
at § 130.2-136.9 ppm and are in good agreement with the
literature values reported for Delavirdine.”* In compounds 4,
the indole nitrogen atoms N1’ resonate in the narrow range of
5120.3-121.4 ppm (Tables 6 and 7).

Systematic NMR investigations of 3,1-benzoxazin-4-ones are
more scarce.’*?® As pointed out by Osborne and Goolamali
some early NMR data should be taken with care because these
compounds often show high tendency for hydrolysis into the
corresponding anthranilic acids, especially when measured in
polar solvents such as DMSO-d,.”” High suseeptibility towards
hydrolysis has been illustrated by 2-methyl-3,1-benzoxazin-
4-one that reacts with water into 2-acetylaminobenzoic acid
already in the solid state.”® Osborne and Goolamali reported
an unequivocal differentiation between anthranilic acids
and 3,1-benzoxazin-4-ones that was achieved through determi-
nation of characteristic Jou coupling interactions in the carbo-
nyl region of the proton coupled '*C NMR spectra.”’

Herein, the proton, carbon and nitrogen resonances
belonging to the anthranilic moiety in 1 and the 3,1-benzoxa-
zin-4-one group in 4 were rapidly assigned using the gradient-
selected 2D NMR experiments. The results are collected in
Tables 6 and 7. Characteristic for the downfield regions of the
»C NMR spectra of the acylanthranilic acids 1 were two
signals appearing at & 160.2-161.6 ppm and & 166.5-
169.7 ppm for the amide carbonyl and for the carboxylic
group, respectively. In 3,1-benzoxazin-4-one 4, the downfield
region of the spectra were occupied with three signals for
C8a (6 133.1-147.8 ppm), C2 (§ 151.0-154.3 ppm) and C4
(6 156.2-159.7 ppm). Our results are in agreement with the
literature data.*

Chemical shifts for the 3,1-benzoxazin-4-one nitrogen
atoms in compounds 4 were in the range of § 212.0-222.8 ppm
(Table 7). Due to the lack of the '’N NMR data no comparison
with the literature could be done. In C8-unsubstituted 3,1-ben-
zoxazin-4-ones 4b,c,f,h (R® = H), three-bond long-range coup-
lings were observed in the 'H-'’N gs-HMBC spectra from
H8 to the N1 resonance as illustrated in Fig. 2. The strongly
electron donating C8-methoxy substituent in derivatives 4d,k
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Table 6 **C and **N NMR chemical shifts for 2-(indol-2-carboxamido)benzoic acids 1 in ppm?

Atom” 1a 1b 1c 1d 1f 1g 1h 1i 1j 1k 11° 1m?
C1 116.5 118.0 108.6 —° 116.4 126.8 116.4 — — — 116.4

c2 141.0 134.3 143.0 — 140.8 136.3 138.6 — 133.7 118.8 140.4

C3 120.6 122.4 105.3 153.7 120.5 135.8 120.6 — — 155.1 120.4

C4 134.2 120.3 163.6 115.0 134.1 134.4 134.7 131.6 134.8 102.4 134.0

C5 122.8 154.3 108.6 126.1 122.8 125.7 132.0 — — 157.5 122.9

C6 131.3 114.8 133.2 121.5 131.2 128.1 131.3 —° 128.3 105.1 1311

C3(CH,) 18.7 17.5 18.4

C5(CH;) 20.2 20.2

C3(0CH;) 56.1 56.2

C4(OCH;) 55.5

C5(0CH;) 55.4 55.6

C2' 128.2 128.2 128.1 127.2 127.7 127.3 128.1 126.8 126.8 — 128.0 —
Cc3' 113.3 112.9 113.4 115.2 119.3 114.6 113.1 114.6 120.2 120.6 118.5 121.2
C3a’ 128.0 128.1 128.1 128.0 127.5 128.1 128.1 127.8 127.6 127.7 126.7 127.7
c4' 120.1 120.0 120.2 119.9 120.1 120.0 120.1 119.8 119.9 120.0 120.2 120.2
C5' 119.4 119.3 119.4 119.2 119.4 119.3 119.4 119.1 119.2 119.2 120.6 119.4
Ce' 124.4 124.2 124.4 124.2 124.2 124.2 124.3 124.0 124.0 124.0 124.5 124.3
c7' 112.2 112.2 112.2 112.0 112.2 112.1 112.2 111.9 112.0 112.0 112.6 112.2
C7a’ 136.0 135.9 136.1 135.6 136.0 135.7 136.0 135.4 135.5 135.5 136.0 135.7
C3'CH, 25.7 26.0 26.1

C3'CH,CH, 24.0 23.9 23.9

C3'(CH,),CH; 13.9 14.0 14.1

C3'CH; 9.7 9.7 9.7 9.8 9.8 9.7 9.6

CONH 160.5 160.2 160.7 160.2 160.5 160.4 160.4 160.8 160.2 160.2 160.2 161.6
COOH 169.7 169.3 169.6 167.9 169.6 168.4 169.7 166.5 168.3 167.7 168.7 168.3
N1’ 132.7 132.7 132.7 130.3 132.2 131.3 132.7 130.9 130.8 130.2 136.9 130.5
CONH 126.9 125.1 127.7 116.1 126.6 122.8 126.3 120.7 121.4 113.9 129.5 —f

“Tn DMSO-dg. ¥ For atom numbering scheme, see Fig. 2.  Resonances for the C3' phenyl ring: 132.9 ppm (C1"), 130.2 ppm (C2", C6"), 128.7 ppm
(C3", €5"), 127.2 ppm (C4"). “ For the complete set of resonances, see the Experimental section. ‘ Could not be assigned unequivocally; for the

complete list of resonances, see the Experimental section.” Not observed.

Table 7 3C and N NMR chemical shifts for 3,1-benzoxazin-4-ones 4 in ppm?

Atom” ab ac ad af ag i 4j 4K
c2 151.8 154.3 153.1 153.3 152.1 152.6 151.0 151.4
ca 159.3 158.7 158.9 159.0 159.6 156.2 159.7 159.6
Cda 117.1 —d 117.4 116.6 116.4 113.8 116.1 —d
cs 108.7 —4 120.0 128.7 126.3 133.1 125.9 100.6
c6 158.9 130.4 127.8 127.6 127.1 129.3 137.4 160.6
c7 126.1 166.3 117.1 136.6 137.4 136.8 138.7 108.0
c8 128.1 -4 153.8 126.6 135.5 134.5 135.3 156.7
C8a 141.4 -4 137.4 147.3 145.6 147.8 143.6 133.1
C6(CH;) 17.2

C8(CH,) 17.3 17.7 21.2

C6(0CH;) 56.0 56.4
C7(0CH;) 56.0

C8(OCH;) 56.4 57.0
c2 123.4 123.3 123.5 123.0 123.4 122.9 123.2 —
cs' 119.4 120.5 120.3 125.6 120.3 121.2 125.0 124.2
C3a’ 129.3 129.2 129.2 128.9 129.2 129.2 128.9 129.6
c4' 120.5 120.6 120.6 120.8 120.5 120.6 120.6 121.0
cs' 120.1 120.2 120.1 120.1 120.2 120.3 120.1 120.6
ce' 125.6 125.9 125.9 125.8 125.8 126.1 125.5 125.7
c7 111.3 111.4 111.5 111.5 111.5 111.6 111.5 113.0
cra’ 136.5 136.6 136.8 136.7 136.5 136.6 136.4 138.0
C3'CH, 26.9 27.0 27.6
C3'CH,CH, 24.2 23.8 25.0
C3'(CH,),CH; 14.2 14.3 14.7
C3'CH; 10.4 10.5 10.5 10.6 10.7

N1 222.4 222.6 212.0 222.8 — —F 216.4
N1’ 120.5 120.9 121.4 121.1 120.5 120.3 120.9 —£

“In CDCl;, unless otherwise stated. ” For atom numbering scheme, see Fig. 2. “In acetone-ds.  Could not be unequivocally assigned. ° Not

observed.
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Fig. 3 'H-'"N gs-HMBC spectrum of 2-(indol-2-carboxamido)benzoic
acid 1b recorded in DMSO-d, optimized for 5 Hz long-range coupling.
Direct responses for the N1' and CONH resonances were observed as
doublets at 132.7 ppm and 125.1 ppm, respectively. The spectrum also
features three-bond long-range response to N1' and CONH from H7’
and H3, respectively. Five-bond long-range correlation to CONH from
C3'CHs is also observed.

(R® = OMe) enabled a four-bond long-range couplings from H7
to the N1 whereas no such correlation could be observed in
the C8-methyl substituent analogues 4g,i,j (R° = Me).

The amide nitrogen atoms (CONH) in acylanthranilic acids
1 resonate in the range of § 113.9-129.5 ppm (Table 6). In
analogy with the above, the cross-peaks between H3 and
CONH resonance were observed in "H-'"N gs-HMBC spectra of
1a-c)h,l. In the 4-methoxy substituted acylanthranilic acid 1c
there was also a four-bond long-range coupling from H6 to the
CONH. With the exception of 11 and 1m, the 'H-""N gs-HMBC
spectra also featured the one-bond direct NH doublet
response. Interestingly, in 3-methylindoles 1a,b,g,h, five-bond
long-range couplings were observed in the "H-"°N gs-HMBC
spectra from the C3'CH; to the amide nitrogen (CONH) reson-
ance. With the 2-(indol-2-carboxamido)benzoic acid 1b as a
representative example, the above mentioned 'H-""N gs-HMBC
spectral features are illustrated in Fig. 3.

Conclusions

We have demonstrated that Fischer indolisation of N-(a-keto-
acyl)anthranilic acids can serve as a mild and highly efficient
alternative for the preparation of 2-(indol-2-carboxamido)
benzoic acids. By simple changes in the reaction conditions,
this protocol offers a potential to access 2-indolyl-3,1-benzoxa-
zin-4-ones. The anthranilic acid, indol-2-carboxamide and 3,1-
benzoxazin-4-one structural motifs discussed herein were fully
characterized by 'H, '*C and "N NMR spectroscopy. The data
presented will help in unequivocal identification of these
classes of compounds.
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Experimental section
General

The reagents and solvents were used as obtained from com-
mercial sources. Compounds 2a-k,m were prepared according
to the literature procedure.”’ Column chromatography was
carried out on Fluka Silica gel 60 (particle size 0.063-0.2 mm,
activity acc. Brockmann and Schodder 2-3). Melting points
were determined on the microscope hot stage, Kofler, Poly-
Therm, manufacturer Helmut Hund GmbH, Wetzlar and are
uncorrected. TLC was carried out on pre-coated TLC sheets
ALUGRAM® SIL G/UV,5, for TLC, MACHEREY-NAGEL. NMR
spectra were recorded with a Bruker Avance III 500 MHz NMR
instrument operating at 500 MHz ('H), 126 MHz (**C) and
51 MHz ('°N). Proton spectra were referenced to TMS as an
internal standard. Carbon chemical shifts were determined
relative to the 'C signal of DMSO-ds (39.5 ppm), CDCl,
(77.0 ppm) or acetone-d (high-field at 20.8 ppm). '°N chemical
shifts were extracted from 'H-'’N gs-HMBC spectra (with
20 Hz digital resolution in the indirect dimension and the
parameters adjusted for a long-range 'H-'°N coupling con-
stant of 5 Hz) determined with respect to external nitro-
methane and are corrected to external ammonia by addition of
380.5 ppm. Nitrogen chemical shifts are reported to one
decimal place as measured from the spectrum; however, the
data should not be considered to be more accurate than
+0.5 ppm because of the digital resolution limits of the exper-
iment. Chemical shifts are given on the § scale (ppm). Coup-
ling constants (/) are given in Hz. Multiplicities are indicated
as follows: s (singlet), d (doublet), t (triplet), q (quartet),
m (multiplet) or br (broadened). Infrared spectra were recorded
on a Mattson 3000 FTIR Spectrometer or a Thermo Scientific
Nicolet iS10 FT-IR Spectrometer using samples in potassium
bromide disks and only the strongest/structurally most impor-
tant peaks are listed; absorption band intensities are indicated
as follows: s (strong), m (medium), w (weak) or b (broad). Elec-
tron impact mass spectra (EI) were recorded on a Shimadzu
QP-2010 instrument at 70 eV. HRMS spectra were recorded
with the Agilent 6224 Accurate Mass TOF LC/MS system with
electrospray ionization (ESI). Elemental analyses (C, H, N) were
performed with the FlashEA1112 Automatic Elemental Analy-
zer (Thermo Fisher Scientific Inc.).

2-(2-Ox0-3-phenylpropanamido)benzoic acid (21)

To a solution of 3-benzyl-3-hydroxyquinoline-2,4(1H,3H)-dione
(669.4 mg, 2.50 mmol) in ethyl acetate (120 mL), a solution of
sodium periodate (1.62 g, 7.55 mmol) in water (60 mL) was
added. The two-phase reaction mixture was vigorously stirred
for 7 hours at room temperature. The organic layer was separ-
ated, and extracted with 5% aqueous sodium thiosulphate (2 x
20 mL), 5% aqueous hydrochloric acid (2 x 20 mL) and finally
with 5% aqueous potassium carbonate (7 x 10 mL). The pot-
assium carbonate extract was washed with benzene (30 mL)
and neutralised by addition of 10% aqueous hydrochloric acid.
The resulting solution was extracted with ethyl acetate. The
organic layer was separated, dried over sodium sulphate and
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concentrated in vacuo. The crude product was recrystallized
from cyclohexane (85 mL) to give compound 21 (424.3 mg,
60%) as colourless microcrystals, mp 179-181 °C, R¢ = 0.49
(10% ethanol in chloroform), "H NMR (500 MHz, DMSO-ds) &
4.32 (s, 2H), 7.23-7.37 (m, 6H), 7.67-7.72 (m, 1H), 8.07 (dd,
1H, J = 8.0, 1.6 Hz), 8.72 (d, 1H, J = 8.5 Hz), 12.39 (br s, 1H),
13.84 (br s, 1H); due to decomposition, no '*C NMR spectrum
could be recorded. IR (em™): v 3221 w, 3063 w, 3031 w, 1697 s,
1672 s, 1603 m, 1583 s, 1531 s, 1451 m, 1420 s, 1270 s,
1055 m, 755 m, 695 m; MS (EI) m/z (%): 284 (3), 283 (17, [M')),
164 (20), 146 (100), 137 (25), 118 (14), 92 (15), 91 (54), 90 (25),
65 (16); HRMS (ESI'): m/z caled for C,eH,,NO," [M + H]'
284.0917, found 284.0917; HRMS (ESI"): m/z caled for
Cy6H1,NO,~ [M — H]™ 282.0772, found 282.0773. Found:
C, 67.9; H, 4.6; N, 4.9. Calc. for C;¢H;3NO4: C, 67.8; H, 4.6;
N, 4.9%.

The synthesis of phenylhydrazones (3a,c-¢) (Table 1)

To a solution of an appropriate N-(a-ketoacylJanthranilic acid 2
(3.0 mmol) in acetic acid (25 mL), phenylhydrazine (0.49 g,
4.5 mmol) was slowly added and the resulting solution was
stirred at 60 °C until TLC analysis revealed complete consump-
tion of the starting compound (Table 1). The reaction mixture
was cooled and poured into crushed ice (200 g). For phenyl-
hydrazones 3a,d,e, the precipitated solid was collected by
filtration and washed with water (3 x 20 mL) and cyclohexane
(2 x 10 mL). For phenylhydrazone 3c the filter cake was dried
at 50 °C and recrystallized from ethyl acetate to yield 3¢-AcOH.
The yields of compounds 3a,c-e are collected in Table 1.
2-(2-(2-Phenylhydrazono)butanamido)benzoic acid (3a). Pale
yellow solid, yield 822 mg (88%), mp 208-210 °C (benzene),
R = 0.42 (10% ethanol in chloroform). '"H NMR (500 MHz,
DMSO-dg) 5 1.07 (t, 3H, J = 7.2 Hz, CH;), 2.68-2.78 (m, 2H,
CHy), 6.91 (dd, 1H, J = 7.1, 7.1 Hz, H4 of phenyl), 7.14 (dd, 1H,
J=17.5,7.5 Hz, H5), 7.30 (dd, 2H, J = 7.6, 7.6 Hz, H3 and H5 of
phenyl), 7.55 (dd, 2H, J = 7.6, 7.6 Hz, H2 and H6 of phenyl),
7.59-7.64 (m, 1H, H4), 8.06 (dd, 1H, J = 1.5, 7.7 Hz, H6), 8.80
(d, 1H, J = 8.4 Hz, H3), 9.98 (s, 1H, NNH), 12.40 (s, 1H, CONH),
13.54 (br s, 1H, COOH); °C NMR (75 MHz, DMSO-ds) § 10.2
(CH;), 16.2 (CH,), 113.7 (C2, C6 of phenyl), 115.9 (C1), 119.3
(C3), 120.7 (C4 of phenyl), 121.9 (C5), 129.0 (C3, C5 of phenyl),
131.4 (C6), 134.2 (C4), 139.5 (C=N), 141.2 (C2), 144.4 (C1 of
phenyl), 163.2 (CONH), 169.4 (COOH); "N NMR (51 MHz,
DMSO-dg) 6 116.4 (CONH), 144.1 (NHPh), 327.6 (C—N); IR
(em™): v 3287 m, 2970 w, 1665 s, 1650 s, 1604 m, 1586 m,
1577 m, 1518 s, 1496 s, 1449 m, 1241 s, 1225 s, 748 m, 694 m;
MS (EI) m/z (%): 312 (8), 311 (40, [M']), 147 (11), 146 (91), 145
(16), 93 (19), 92 (55), 91 (100), 90 (18), 65 (46). Found: C, 65.6;
H, 5.5; N, 13.25. Cale. for C,;H;;N;0;: C, 65.6; H, 5.5;
N, 13.5%.
4-Methoxy-2-(2-(2-phenylhydrazono)butanamide)benzoic acid,
acetic acid salt (3c:AcOH). Pale yellow microcrystals, yield
795 mg (66%), mp 223-226 °C (ethyl acetate), Ry = 0.66 (10%
ethanol in chloroform). "H NMR (500 MHz, DMSO-d,) § 1.06
(t, 3H, j = 7.5 Hz), 1.92 (s, 3H, CH;CO,H), 2.72 (q, 2H, J =
7.5 Hz), 3.84 (s, 3H), 6.70 (dd, 1H, J = 8.9, 2.6 Hz), 6.90 (dd,
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1H, J = 7.3, 7.3 Hz), 7.28 (dd, 2H, J = 7.9, 7.9 Hz), 7.56 (d, 2H,
J=7.7 Hz), 7.99 (d, 1H, J = 8.9 Hz), 8.47 (d, 1H, ] = 2.6 Hz),
9.99 (s, 1H), 12.54 (br s, 1H), 12.57 (br s, 2H); '*C NMR
(75 MHz, DMSO-d;) § 10.2, 16.2, 21.1 (CH;CO,H), 55.4, 103.9,
108.1, 108.4, 113.8, 120.7, 129.0, 133.2, 139.5, 143.2, 144.4,
163.4, 163.6, 169.3, 172.0 (CH;CO,H); IR (cm™'): v 2971 w,
2937 w, 1694 m, 1603 s, 1585 s, 1494 s, 1462 m, 1231 s,
1059 m, 751 m, 751 m, 692 w. Found: C, 59.6; H 5.7; N, 10.8.
Calc. for C,0H,3N;04: C, 59.8; H, 5.8; N, 10.5%.

3-Methoxy-2-(2-(2-phenylhydrazono)butanamido)benzoic  acid
(3d). Colourless crystals, yield 809 mg (79%), mp 210-212 °C
(ethyl acetate), R = 0.52 (10% ethanol in chloroform). 'H NMR
(500 MHz, DMSO-d;) 6 1.02 (t, 3H, J = 7.5 Hz), 2.65 (q, 2H, J =
7.5 Hz), 3.85 (s, 3H), 6.86-6.91 (m, 1H), 7.22-7.40 (m, 7H), 9.69
(br s, 1H), 9.97 (br s, 1H), 12.82 (br s, 1H); '’C NMR (126 MHz,
DMSO-dg) § 10.2, 16.4, 56.2, 113.5, 114.8, 120.5, 121.3, 125.0,
126.1, 127.3, 129.1, 139.3, 144.5, 153.0, 162.0, 168.2; IR (cm™):
v 3334 w, 3303 m, 3249 m, 2967 m, 1695 s, 1650 s, 1603 s,
1583 s, 1493 s, 1461 s, 1277 5, 1261 5, 1232 5, 1056 s, 748 m,
691 m; MS (EI) m/z (%): 341 (1, [M]"), 167 (78), 134 (54), 121
(73), 119 (59), 106 (59), 93 (76), 92 (64), 91 (100), 77 (73), 43
(74); HRMS (ESI'): m/z caled for C,sH,oN;0," [M + HJ'
342.1448, found 342.1450; HRMS (ESI"): mj/z caled for
CigHgN;0,~ [M — H]™ 340.1303, found 340.1303. Found:
C, 63.15; H, 5.6; N, 12.15. Calc. for C,gH;oN;0,: C, 63.3; H, 5.6;
N, 12.3%.

2-(N-Methyl-2-(2-phenylhydrazono)butanamido)benzoic acid
(3e). Pale yellow microneedles, yield 761 mg (78%), mp
173-178 °C (ethyl acetate-benzene), R¢ = 0.73 (10% ethanol in
chloroform). "H NMR (500 MHz, DMSO-dg) § 1.02 (t, 3H, J =
5 Hz), 2.37-2.52 (m, 2H, CH,), 3.23 (s, 3H), 6.49 (d, 2H, J =
10 Hz), 6.67 (dd, 1H, J = 7.5, 7.5 Hz), 7.01 (dd, 2H, J = 7.5,
7.5 Hz), 7.28 (dd, 1H, J = 7.5, 7.5 Hz), 7.45 (d, 1H, J = 7.5 Hz),
7.63 (ddd, 1H, J = 7.7, 7.7, 1.6 Hz), 7.76 (d, 1H, J = 10 Hz), 9.15
(br s, 1H), 12.94 (br s, 1H); ’C NMR (126 MHz, DMSO-ds)
610.0, 18.8, 38.4,112.9, 119.5, 126.3, 127.8, 128.4, 129.3, 131.0,
132.8, 139.9, 144.5, 146.0, 166.5, 166.8; IR (cm™'): v 3326 m,
1707 s, 1619 s, 1598 s, 1577 s, 1454 m, 1392 m, 1256 s,
1203 m, 760 m, 747 m, 694 m; MS (EI) m/z (%): 325 (1, [M]"),
174 (100), 151 (24), 146 (24), 145 (34), 105 (28), 104 (26), 91
(34), 77 (37), 43 (25). Found: C, 66.2; H, 5.9; N, 12.7. Cale. for
C1sH1oN30;: G, 66.45; H, 5.9; N, 12.9%.

General procedure for the Fischer indolisation of
phenylhydrazones 3a,c-e into 2-(indol-2-carboxamido)benzoic
acids 1a,c-e (Table 1)

Phenylhydrazones 3a,d,e or 3c- AcOH (2.0 mmol) were heated
under a nitrogen atmosphere on a metal bath at the tempera-
ture and for the time given in Table 1. The course of reaction
was monitored by a moistened pH test strip (alkaline reaction
of released ammonia gas). After cooling the reaction mixture,
the corresponding product was isolated as follows.

Compound 1a was obtained from the solidified reaction
mixture by two subsequent recrystallizations from ethanol and
isopropyl alcohol.
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Compound 1c was obtained from the oily reaction mixture
by trituration with toluene (10 mL). The precipitate that
formed was collected by filtration, recrystallized from isopropyl
alcohol and additionally purified by column chromatography
on silica gel using successive mixtures of ethyl acetate and
ethanol as eluents.

Compound 1d was obtained by triturating the solidified
reaction mixture with toluene for 1 hour at ambient tempera-
ture followed by filtration. Pure 1d was obtained after recrystal-
lization of the filter cake from isopropyl alcohol.

Compound 1e was obtained by washing the solidified reac-
tion mixture with toluene (10 mL) and cyclohexane (10 mL).
The solid was subjected to column chromatography on silica
gel using successive mixtures of ethyl acetate and ethanol as
eluents. Recrystallisation from the benzene-ethyl acetate
mixture afforded pure 1e.

Solvent and catalyst screening for the Fischer indolisation of
2 into 1 (Table 2)

A stirred mixture of N-(a-ketoacyl)anthranilic acid 2
(2.00 mmol), phenylhydrazinium chloride (310 mg,
2.15 mmol) and the catalyst in the solvent (entry 1: 7.5 mL;
entries 2-13: 13 mL) was heated under reflux until TLC analy-
sis indicated complete consumption of the starting material.
The progress of the reaction was accompanied by the colour
change of the reaction mixture from pale yellow to green and
finally to dark red. The products were isolated as follows.

Entries 1 and 5: the cooled reaction mixture was poured
into ice water (35-60 mL). The solid was collected by filtration,
washed with water (20-60 mL) and recrystallized from ethanol
affording pure compound 1a.

Entries 2-4, 9-13: the cooled reaction mixture was poured
into ice water (35 mL). If an oily organic phase was formed
(entry 13), the resulting mixture was stirred overnight. The
resulting solid was collected by filtration, washed with 10%
HCl (16 mL) and water (25 mL), and recrystallized from
ethanol affording the appropriate pure compound 1.

Entries 6 and 7: the cooled reaction mixture was filtered.
The filter cake was washed with water (10 mL) and recrystal-
lized from ethanol affording a pure compound 1a. The filtrate
was evaporated to dryness and the residue was dissolved in a
minimal amount of water (ca. 25 mL). The solution was made
alkaline with 0.5 M NaOH, washed with benzene (3 x 5 mL)
and carefully neutralised with 5% HCIl. The precipitated
anthranilic acid was filtered off as colourless crystals.

Entry 8: the reaction mixture was concentrated in vacuo and
the oily residue was triturated with water (10 mL) to give white
precipitate of pure 1a, which was collected by filtration and
washed with water (2 x 3 mL).

General procedure for the Fischer indolisation of
N-(o-ketoacyl)anthranilic acids 2 into 2-(indol-2-carboxamido)-
benzoic acids 1 (Table 3)

A mixture of N-(a-ketoacyl)anthranilic acid 2 (2.00 mmol) and
phenylhydrazinium chloride (310 mg, 2.15 mmol) in acetic
acid (7.5 mL) was heated under reflux until TLC indicated
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complete consumption of the starting material 2. In the case
of 2m (entry 13), at the onset of the reaction the formation of
solid prevented an efficient stirring of the reaction mixture.
Thus an additional amount of acetic acid (5 mL) was added.
The reaction mixture was cooled and diluted with ice water
(60 mL). After stirring the resulting mixture for several hours,
the Precipitate A was collected by filtration and washed with
water (20 mL). The filtrates were combined into the Filtrate A.
The Precipitate A and the Filtrate A were treated as follows.

Entries 1-6, 8, 10-12: recrystallization of the Precipitate A
from ethanol gave pure products 1a-f,h,j-1.

Entries 2, 4, 6, 11: the Filtrate A was concentrated in vacuo
and the residue was subjected to column chromatography on
silica gel using 30% ethyl acetate in chloroform as an eluent to
isolate benzoxazinones 4d,f,k and phenylhydrazides 5b,f as
indicated in Table 3.

Entry 7: recrystallisation of the Precipitate A from ethanol
afforded the appropriate benzoxazinones 4g. The mother
liquor was concentrated in vacuo. From the residue the second
crop of 1g crystallized, which was collected by filtration and
washed with a small amount of benzene and recrystallized
from ethanol. The yield of the combined crops of 1g is given in
Table 3, entry 7.

Entry 13: recrystallisation of the Precipitate A from ethanol
afforded benzoxazinone 4m.

Entry 9: the Precipitate A was washed with boiling benzene
(15 mL) and recrystallized from ethanol affording a pure com-
pound 1i. The benzene extract was concentrated to the oily
residue and subjected to column chromatography on silica gel
using 10% ethyl acetate in chloroform as an eluent, to give
benzoxazinone 4i.

Entry 10: the Filtrate A was evaporated to dryness and sub-
jected to column chromatography on silica gel with chloro-
form as an eluent, affording benzoxazinone 4j.

2-{[(3-Methyl-1H-indol-2-yl)carbonyl Jamine}benzoic acid (1a).
Colourless solid, mp 276-284 °C (ethanol), R = 0.48 (20%
methanol in ethyl acetate), Ry = 0.18 (10% ethanol in chloro-
form). '"H NMR (500 MHz, DMSO-d,) & 2.66 (s, 3H, CH3), 7.09
(dd, 1H, J = 7.5, 7.4 Hz, H5'), 7.22 (dd, 1H, J = 7.6, 7.6 Hz, H5),
7.26 (dd, 1H, J = 7.6, 7.6 Hz, H6'), 7.44 (d, 1H, J = 8.2 Hz, H7'),
7.66-7.71 (m, 2H, H4 and H4'), 8.07 (dd, 1H, J = 7.9, 1.1 Hz,
H6), 8.69 (d, 1H, J = 8.4 Hz, H3), 11.53 (s, 1H, H1"), 11.69 (s,
1H, CONH), 13.82 (br s, 1H, COOH); IR (cm™"): v 3328 5, 3061 w,
1682 s, 1664 s, 1581 w, 1524 s, 1450 m, 1412 m, 1338 m,
1261 s, 727 m, 662 w; MS (EI) m/z (%): 295 (12), 294 (63, [M]"),
158 (95), 157 (100), 130 (56), 129 (48), 128 (26), 120 (78), 103
(36), 77 (36) m/z (%). Found: C, 69.1; H 4.8; N, 9.7. Calc. for
C,,H,4N,05: C, 69.4; H, 4.8; N, 9.5%.

5-Methoxy-2-{[(3-methyl-1H-indol-2-yl)carbonyl Jamino}benzoic
acid (1b). Yellowish solid, mp 265-269 °C (ethanol), Ry = 0.41
(20% methanol in ethyl acetate), Ry = 0.16 (10% ethanol in
chloroform). "H NMR (500 MHz, DMSO-d) 6 2.64 (s, 3H, C3’
CH,), 3.81 (s, 3H, OCH,), 7.09 (dd, 1H, J = 7.3, 7.3 Hz, H5'),
7.25 (ddd, 1H, J = 7.6, 7.6, 0.8 Hz, H6), 7.30 (dd, 1H, J = 9.2,
3.1 Hz, H4), 7.43 (d, 1H, J = 8.2 Hz, H7'), 7.53 (d, 1H, J =
3.2 Hz, H6), 7.67 (d, 1H, J = 8.0 Hz, H4'), 8.59 (d, 1H, J =
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9.2 Hz, H3), 11.37 (s, 1H, CONH), 11.49 (s, 1H, H1'), 13.88 (br
s, 1H, COOH); IR (em™"): v 3321 s, 1638 s, 1521 s, 1337 m,
1289 m, 1245 s, 1218 m, 1036 w, 744 s; MS (EI) m/z (%): 325
(19), 324 (90, [M]"), 307 (16), 306 (71), 158 (97), 157 (40), 150
(57), 130 (65), 129 (41), 77 (41); HRMS (ESI'): m/z calcd for
Cy5H;sN,0," [M + H]' 325.1183, found 325.1184. Found: C,
66.5; H, 5.0; N, 8.6. Calc. for C;gH;N,0,: C, 66.7; H, 5.0; N,
8.6%.

4-Methoxy-2-{[(3-methyl-1H-indol-2-yl )carbonyl J]amino}benzoic
acid (1c). Colourless solid, mp 264-267 °C (iPrOH), Ry = 0.61
(20% methanol in ethyl acetate), Ry = 0.23 (10% ethanol in
chloroform). 'H NMR (500 MHz, DMSO-d,) 6 2.65 (s, 3H, C3'
CH3), 3.87 (s, 3H, OCHj;), 6.79 (dd, 1H, J = 8.9, 2.6 Hz, H5),
7.09 (ddd, 1H, J = 7.2, 7.2, 0.6 Hz, H5"), 7.26 (ddd, 1H, J = 7.6,
7.6, 0.8 Hz, H6'), 7.43 (d, 1H, J = 8.3 Hz, H7'), 7.68 (d, 1H, ] =
8.0 Hz, H4'), 8.02 (d, 1H, j = 8.9 Hz, H6), 8.38 (d, 1H, J =
2.6 Hz, H3), 11.53 (s, 1H, H1'), 11.91 (s, 1H, CONH), 13.47 (br
s, 1H, COOH); IR (cm™"): » 3320 m, 3054 w, 2975 w, 1671 s,
1640 m, 1613 s, 1577 m, 1524 m, 1407 m, 1337 m, 1269 s, 1243 s,
1235 s, 1151 m, 740 m; MS (EI) m/z (%): 325 (2), 324 (8, [M]"),
306 (42), 158 (35), 157 (26), 150 (28), 130 (33), 129 (23), 45 (30),
44 (100); HRMS (ESI'): m/z caled for C¢H;N,0," [M + H]
325.1183, found 325.1187. Found: C, 66.6; H, 5.0; N, 8.45.
Cale. for C,gH,¢N,0,: C, 66.7; H, 5.0; N, 8.6%.

3-Methoxy-2-{[(3-methyl-1H-indol-2-yl)carbonyl Jamino}benzoic
acid (1d). Colourless solid, mp 265-267 °C (ethyl acetate), Ry =
0.39 (20% methanol in ethyl acetate), R¢ = 0.24 (10% ethanol in
chloroform). "H NMR (500 MHz, DMSO-d,) § 2.58 (s, 3H, C3'
CH3), 3.85 (s, 3H, OCHj,), 7.08 (dd, 1H, J = 7.4, 7.4 Hz, H5),
7.25 (ddd, 1H, J = 7.6, 7.6, 0.7 Hz, H6'), 7.30-7.34 (m, 2H, H4
and H5), 7.39-7.46 (m, 2H, H6 and H7'), 7.65 (d, 1H, J = 8.1
Hz, H4'), 9.31 (br s, 1H, CONH), 11.47 (br s, 1H, H1'), 12.91 (br
s, 1H, COOH); *C NMR (126 MHz, DMSO-d,): § 9.8, 56.1,
112.0, 115.0, 115.2, 119.2, 119.9, 121.4, 124.2, 125.7, 126.1,
127.2, 128.0, 128.5, 135.6, 153.7, 160.2, 167.9; IR (cm™'):
v 3387 w, 3292 s, 2837 m, 1690 s, 1619 s, 1538 m, 1506 s, 1478
s, 1459 m, 1280 s, 1257 s, 1056 m, 747 m, 510 w; MS (EI) m/z
(%): 324 (3, [M]"), 323 (26), 322 (100), 250 (13), 149 (48), 111
(6), 97 (8), 85 (8), 71 (10), 57 (24), 43 (8), 41 (13); HRMS (ESI™):
m/z caled for CygH,sN,0,4~ [M — H|™ 323.1037, found 323.1039.
Found: G, 66.5; H, 5.0; N, 8.5. Cale. for C,3H;cN,04: C, 66.7; H,
5.0; N, 8.6%.

2-{Methyl[(3-methyl-1H-indol-2-yl)carbonylJamino}benzoic
acid (1e). White solid, mp 216-219 °C (EtOAc-benzene), Ry =
0.54 (20% methanol in EtOAc), Ry = 0.36 (10% ethanol in
chloroform). "H NMR (500 MHz, DMSO-d,) & 1.95 (br s, 3H),
3.35 (s, 3H), 6.88-7.72 (m, 8H), 10.56 (br s, 1H), 13.07 (br s,
1H); *C NMR (126 MHz, DMSO-d,) 6 9.0, 38.0, 111.3, 111.6,
118.6, 119.2, 122.7, 127.1, 127.3, 128.3, 129.7, 130.9, 132.7,
135.5, 143.5, 164.3, 166.5; IR (em™'): v 3233 5, 2913 m, 1704 s,
1614 s, 1590 s, 1545 m, 1445 m, 1421 m, 1395 m, 1349 m,
1287 m, 1256 s, 759 m, 752 m, 741 m; MS (EI): m/z (%)
309 (14), 308 (67, [M]'), 290 (100), 250 (89), 234 (37), 233 (80),
232 (63), 204 (52), 158 (48), 102 (37), 77 (42), 44 (53); HRMS
(ESI"): m/z caled for CygH;-N,0;" [M + H]" 309.1234, found
309.1237.
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2-{[(3-Propyl-1H-indol-2-yl)carbonyl J]amino}benzoic acid (1f).
Colourless solid, mp 239-246 °C (ethanol), Ry = 0.23 (10%
ethanol in chloroform). "H NMR (500 MHz, DMSO-d) & 0.94
(t, 3H, J = 7.3 Hz, C3'(CH,),CH;3), 1.67-1.74 (m, 2H, C3'
CH,CH,), 3.08-3.14 (m, 2H, C3'CH,), 7.08 (dd, 1H, J = 7.7,
7.7 Hz, H5'), 7.22 (dd, 1H, J = 8.0, 8.0 Hz, H5), 7.26 (dd, 1H, J =
7.8, 7.8 Hz, H6'), 7.44 (d, 1H, J = 8.2 Hz, H7'), 7.65-7.70 (m,
2H, H4, H4'), 8.07 (dd, 1H, J = 1.4, 8.0 Hz, H6'), 8.66 (d, 1H, J =
8.4 Hz, H3), 11.52 (br s, 1H, H1’), 11.64 (br s, 1H, CONH),
13.79 (br s, 1H, COOH); IR (cm™): v 3311 s, 2956 m, 2870 w,
1673 s, 1655 s, 1580 m, 1540 m, 1521 m, 1511 m, br, 1449 m,
1407 m, 1262 s, 1166 m, 752 m, 730 m; MS (EI) m/z (%):
324 (4), 323 (11), 322 (56, [M]), 304 (11), 275 (39), 186 (40), 185
(100), 170 (21), 168 (15), 156 (48), 130 (21), 129 (22), 128 (47),
120 (50), 77 (13); HRMS (ESI'): m/z caled for CioH;oN,O5'
[M + HJ" 323.1390, found 323.1390. Found: C, 70.8; H, 5.75; N,
8.6. Calc. for C;9H;3N,05: C, 70.8; H, 5.6; N, 8.7%.
3-Methyl-2-{[(3-methyl-1H-indol-2-yl)carbonyl ]amino}benzoic
acid (1g). Colourless solid, mp 234-241 °C (benzene), R; = 0.26
(10% ethanol in chloroform). 'H NMR (500 MHz, DMSO-dg)
§ 2.29 (s, 3H, C3CH,), 2.62 (s, 3H, C3'CH;), 7.08 (dd, 1H, J =
7.4, 7.4 Hz, H5'), 7.25 (dd, 1H, J = 7.5, 7.5 Hz, H6), 7.30 (dd,
1H, J = 7.7, 7.7 Hz, H5), 7.44 (d, 1H, J = 8.2 Hz, H7'), 7.53 (d,
1H, J = 7.4 Hz, H4), 7.66 (d, 1H, J = 8.0 Hz, H4"), 7.77 (d, 1H, J =
7.1 Hz, H6), 9.83 (s, 1H, CONH), 11.45 (s, 1H, H1'), 13.14 (br s,
1H, COOH); IR (em™"): v 3460 w, 3303 s, 3059 w, 2966 w, 1673
s, 1647 s, 1622 s, 1505 s, 1463 s, 1447 s, 1335 5, 1243 5, 744 s,
739 m; HRMS (ESI): m/z caled for C,sH;;N,03" [M + HJ
309.1234; found 309.1236.
5-Methyl-2-{[(3-methyl-1H-indol-2-yl)carbonyl J]amino}benzoic
acid (1h). Pale yellow crystals, mp 268-274 °C (ethanol), Ry =
0.63 (20% methanol in ethyl acetate), R; = 0.30 (10% ethanol in
chloroform). 'H NMR (500 MHz, DMSO-d,) & 2.34 (s, 3H,
C5CH3), 2.65 (s, 3H, C3'CHj), 7.09 (ddd, 1H, J = 7.5, 7.5,
0.7 Hz, H5'), 7.25 (ddd, 1H, J = 7.6, 7.6, 0.9 Hz, H6'), 7.44 (d,
1H, J = 8.2 Hz, H7'), 7.49 (dd, 1H, J = 8.6, 2.0 Hz, H4), 7.67 (d,
1H, J = 8.0 Hz, H4'), 7.88 (d, 1H, J = 1.8 Hz, H6), 8.58 (d, 1H, J =
8.5 Hz, H3), 11.51 (s, 1H, H1'), 11.58 (s, 1H, CONH), 13.76 (br
s, 1H, COOH); IR (cm™"): v 3316 m, 2919 w, 2863 w, 1672 m,
1648 m, 1586 m, 1520 s, 1418 m, 1398 m, 1336 m, 1296 m,
1259 s, 1217 m, 736 m, 671 w; MS (EI) m/z (%): 310 (1), 309 (8),
308 (36, [M]), 290 (53), 158 (65), 157 (49), 134 (100), 130 (60),
129 (42), 103 (40), 77 (57); HRMS (ESI'): m/z caled for
CygHy7N,0;" [M + H]' 309.1234, found 309.1234. Found: C,
70.2; H, 5.4; N, 9.1. Cale. for C,gHy6N,03: C, 70.1; H, 5.2; N,
9.1%.
6-Chloro-3-methyl-2-{[(3-methyl-1H-indol-2-yl)carbonyl Jamino}-
benzoic acid (1i). Colourless solid, mp 256-264 °C (ethanol),
Ry = 0.38 (10% ethanol in chloroform). '"H NMR (500 MHz,
DMSO-d;) & 2.23 (s, 3H, C3CHj3), 2.57 (s, 3H, C3'CHj3), 7.07
(ddd, 1H, J = 7.8, 7.2, 0.7 Hz, H5'), 7.24 (ddd, 1H, J = 8.1, 7.1,
0.9 Hz, H6'), 7.40-7.45 (m, 3H, H4, H5 and H7'), 7.64 (d, 1H,
J = 8.0 Hz, H4'), 9.43 (br s, 1H, CONH), 11.35 (br s, 1H, H1'),
13.59 (br s, 1H, COOH); "*C NMR (126 MHz, DMSO-dy) & 9.6,
17.5, 111.8, 114.6, 119.1, 119.8, 124.0, 126.3, 126.8, 127.75,
127.83, 131.6, 134.1, 134.2, 135.4, 136.3, 160.8, 166.5; IR
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(em™): » 3820 m, 3057 w, 2927 m, 1734 s, 1686 S, 1624 8, 1617 s,
1583 s, 1556 s, 1509 s, 1335 s, 1296 s, 743 s; MS (EI) m/z (%):
327 (7), 326 (35), 325 (22), 324 (100, [M — H,0]"), 295 (48), 130
(76), 129 (56), 128 (50), 103 (40), 102 (57), 77 (60), 44 (70);
HRMS (ESI'): m/z caled for C,3H,sCIN,0;" [M + H]" 343.0844,
found 343.0849. Found: C, 62.8; H, 4.5; N, 7.9. Calc. for
CygH;5CIN,O;: C, 63.1; H, 4.4; N, 8.2%.
3,5-Dimethyl-2{[(3-propyl-1H-indol-2-yl)carbonyl Jamino}benzoic
acid (1j). Colourless solid, mp 240-244 °C (benzene), Ry = 0.51
(10% ethanol in chloroform). '"H NMR (500 MHz, DMSO-dj)
§ 0.92 (t, 3H, J = 7.4 Hz, C3(CH,),CH;), 1.67 (tq, 2H, J = 7.4,
7.4 Hz, C3'CH,CH,), 2.23 (s, 3H, C3CHj), 2.34 (s, 3H, C5CHj;),
3.07 (t, 1H, J = 7.6 Hz, C3'CH,), 7.07 (ddd, 1H, J = 7.9, 7.2,
0.7 Hz, H5"), 7.24 (ddd, 1H, J = 8.1, 7.1, 0.9 Hz, H6'), 7.34, (d,
1H, J = 1.3 Hz, H4), 7.44 (d, 1H, ] = 8.2 Hz, H7'), 7.58 (d, 1H, ] =
1.7 Hz, H6), 7.66 (d, 1H, J = 8.1 Hz, H4'), 9.71 (br s, 1H,
CONH), 11.41 (br s, 1H, H1"), 13.06 (br s, 1H, COOH); *C NMR
(126 MHz, DMSO-de): & 14.0, 18.4, 20.2, 23.9, 26.0, 112.0,
119.2, 119.9, 120.2, 124.0, 126.4, 126.8, 127.6, 128.3, 133.7,
134.8, 134.9, 135.5, 160.2, 168.3; IR (cm™"): v 3368 w, 3301 m,
3263 m, 3052 m, 2956 m, 1663 s, 1618 w, 1603 w, 1547 m, 1527
w, 1477 w, 1444 m, 1405 m, 1336 w, 1300 m, 1231 m, 742 w;
MS (EI) m/z (%): 351 (11), 350 (46, [M]"), 332 (5, [M — H,0]"),
186 (44), 185 (70), 156 (33), 148 (100), 130 (30), 129 (25), 128
(39); HRMS (ESI'): m/z caled for C,H,3N,0," [M + HJ
351.1703, found, 351.1702. Found: C, 71.7; H, 6.3; N, 7.9. Calc.
for Cy1Hz,N,05: C, 72.0; H, 6.3; N, 8.0%.
3,5-Dimethoxy-2-{[(3-propyl-1H-indol-2-yl)carbonyl amino}benzoic
acid (1k). Pale yellow solid, mp 227-230 °C (ethanol), R; = 0.33
(10% ethanol in chloroform). "H NMR (500 MHz, DMSO-d;) &
0.92 (t, 3H, J = 7.3 Hz, C3'(CH,),CHj3), 1.64 (tq, 2H, J = 7.4 Hz,
C3'CH,CH,), 3.05 (t, 3H, J = 7.6 Hz, C3'CH,), 3.82 (s, 3H,
C30CH3), 3.83 (s, 3H, C50CH3), 6.88 (d, 1H, J = 2.7 Hz, H4),
6.92 (d, 1H, J = 2.7 Hz, H6), 7.06 (dd, 1H, J = 7.4 Hz, H5'), 7.23
(ddd, 1H, J = 7.9, 7.2, 0.7 Hz, H6'), 7.43 (d, 1H, J = 8.2 Hz, H7'),
7.64 (d, 1H, J = 8.0 Hz, H4'), 9.06 (br s, 1H, CONH), 11.40 (br s,
1H, H1'), 12.92 (br s, 1H, COOH); **C NMR (126 MHz, DMSO-
dg) & 14.1, 23.9, 26.1, 55.6, 56.2, 102.4, 105.1, 112.0, 118.8,
119.2, 120.0, 121.0, 124.0, 126.8, 127.7, 129.6, 135.5, 155.1,
157.5, 160.2, 167.7; IR (em™): v 3409 w, 3288 m, 2957 m, 1694
s, 1657 s, 1597 m, 1502 s, 1471 m, 1454 m, 1334 s, 1309 m,
1215 m, 1067 m, 1043 m, 752 m; MS (EI) m/z (%): 382 (6, [M]"),
365 (25), 364 (100), 335 (82), 221 (35), 179 (50), 156 (32), 129
(38), 128 (56), 73 (51); HRMS (ESI'): m/z caled for CoyHy3N,05"
[M + H]" 383.1601, found 383.1601. Found: C, 65.9; H, 5.8;
N, 7.1. Calc. for C,,H,,N,0s: C, 66.0; H, 5.8; N, 7.3%.
2-{[(3-Phenyl-1H-indol-2-yl)carbonyl Jamino}benzoic acid (1l).
Colourless crystals, mp 237-246 °C (ethanol), Ry = 0.36 (10%
ethanol in chloroform). 'H NMR (500 MHz, DMSO-d;)
§7.11-7.17 (m, 2H, H5, H5'), 7.29-7.36 (m, 2H, H6', H4"), 7.44
(dd, 2H, J = 7.7, 7.7 Hz, H3", H5"), 7.53-7.55 (m, 3H, H7', H2",
H6"), 7.59 (d, 1H, J = 8.1 Hz, H4'), 7.64 (ddd, 1H, J = 8.6, 7.1,
1.6 Hz, H4), 7.91 (dd, 1H, ] = 7.9, 1.5 Hz, H6), 8.60 (dd, 1H, ] =
8.4, 0.6 Hz, H3), 11.28 (br s, 1H, CONH), 12.03 (br s, 1H, H1'),
13.36 (br s, 1H, COOH); IR (cm™): v 3309 s, 3057 w, 1671 s,
1655 s, 1605 m, 1580 m, 1519 s, 1449 m, 1405 m, 1332 m,
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1296 m, 1262 s, 1230 m, 754 m, 700 m; MS (EI) m/z (%):
357 (3), 356 (13, [M]'), 339 (24), 338 (100), 337 (44), 293 (17),
220 (29), 219 (31), 207 (20), 191 (27), 190 (47), 165 (31),
164 (18), 90 (21), 44 (54); HRMS (ESI'): m/z caled for
Cy,H;N,0;" [M + H]" 357.1234; found 357.1228. Found:
C, 74.1; H, 4.6; N, 7.8. Calc. for Cy,H;sN,05: C, 74.2; H, 4.5;
N, 7.9%.
6-Methoxy-2-(3-methyl-1H-indol-2-yl)-4H-benzo[d][ 1,3]oxazin-
4-one (4b). Pale-yellow microcrystals, mp 220-225 °C, Ry = 0.44
(20% ethyl acetate in petroleum ether). "H NMR (500 MHz,
CDCl;) § 2.78 (s, 3H, C3'CH3), 3.92 (s, 3H, OCH;), 7.15 (ddd,
1H,J=7.8, 7.0, 0.9 Hz, H5"), 7.32 (ddd, 1H, J = 7.5, 7.5, 0.9 Hz,
H6'"), 7.36-7.39 (m, 2H, H7 and H7'), 7.55 (d, 1H, J = 9.0 Hz,
H8), 7.59 (d, 1H, J = 2.9 Hz, H5), 7.67 (d, 1H, J = 8.1 Hz, H4'),
8.94 (br s, 1H, H1"); IR (em™"): v 3399 m, 3047 w, 2836 w, 1747
s, 1624 s, 1603 m, 1492 s, 1354 m, 1335 m, 1326 m, 1240 s,
1035 m, 838, 743 m; MS (EI) m/z (%): 307 (8), 306 (35, [M]"),
181 (100), 158 (30), 157 (18), 130 (28), 129 (17), 103 (18), 77
(16); HRMS (ESI'): m/z caled for C,4H;sN,0;" [M + H]
307.1077, found 307.1080.
7-Methoxy-2-(3-methyl-1H-indol-2-yl)-4H-benzo[d][ 1,3 ]oxazin-
4-one (4c). Pale-yellow crystals, mp 234-236 °C (benzene), Ry =
0.52 (20% ethyl acetate in petroleum ether). 'H NMR
(500 MHz, CDCl3) § 2.79 (s, 1H, C3'CH3), 3.95 (s, 1H, OCHj,),
6.99-7.02 (m, 2H, H5 and H8), 7.16 (ddd, 1H, J = 7.8, 7.1,
0.8 Hz, H5'), 7.34 (ddd, 1H, J = 7.9, 7.2, 0.7 Hz, H6'), 7.39 (d,
1H, J = 8.2 Hz, H7'), 7.69 (d, 1H, J = 8.0 Hz, H4'), 8.11 (d, 1H,
J = 9.0 Hz, H6), 8.98 (br s, 1H, H1'); "*C NMR (126 MHz,
CDCly) § 10.5, 55.8, 108.4, 109.3, 111.4, 116.6, 120.2, 120.5,
120.6, 123.3, 125.9, 129.2, 130.4, 136.6, 149.7, 154.3, 158.7,
166.3; IR (em™'): v 3376 m, 2946 w, 1736 s, 1622 s, 1599 s,
1565 s, 1548 s, 1493 m, 1444 m, 1439 m, 1287 m, 1203 m,
1043 m, 744 m; MS (EI) m/z (%): 308 (2), 307 (19), 306 (100,
M), 277 (27), 249 (25), 157 (14), 150 (23), 130 (17), 129 (20),
128 (17), 120 (10), 103 (12), 102 (13), 77 (18); HRMS (ESI'): m/z
caled for CyHy5N,0;" [M + H]' 307.1077, found 307.1081;
found: C, 70.2; H, 4.6; N, 9.0. Calc. for C;3H4N,05: G, 70.6;
H, 4.6; N, 9.15%.
8-Methoxy-2-(3-methyl-1H-indol-2-yl)-4H-benzo[d][1,3]oxazin-
4-one (4d). Yellow microcrystals, mp 238-240 °C (benzene),
Ry = 0.54 (20% ethyl acetate in petroleum ether). '"H NMR
(500 MHz, CDCly) & 2.79 (s, 3H, C3'CHs) 4.03 (s, 3H, OCHj),
7.15 (ddd, 1H, J = 7.4, 7.0, 0.5 Hz, H5"), 7.27 (dd, 1H, J = 8.2,
0.7 Hz, H7), 7.32 (ddd, 1H, J = 7.5, 7.0, 0.6 Hz, H6'), 7.38 (d,
1H, J = 8.8 Hz, H7'), 7.40 (dd, 1H, J = 8.1, 8.1 Hz, H6), 7.68 (d,
1H, J = 8.1 Hz, H4'), 7.81 (dd, 1H, j = 7.9 Hz, 1.0 Hz, H5), 9.23
(br s, 1H, H1"); IR (em™): v 3379 m, 2838 w, 1755 s, 1612 s,
1597 s, 1574 s, 1488 m, 1445 m, 1335 s, 1274 s, 1046 m,
1023 m, 754 m, 738 m, 720 m; MS (EI) m/z (%): 308 (2), 307
(19), 306 (100, [M]"), 305 (9, [M — H]'], 260 (12), 130 (27), 129
(16), 128 (18), 103 (17), 102 (14), 77 (23); HRMS (ESI'): m/z
caled for CigHysN,05" [M + H] 307.1077, found 307.1075.
Found: C, 70.5; H, 4.6; N, 9.2. Calc. for C,3H,4,N,05: C, 70.6;
H, 4.6; N, 9.15%.
2-(3-Propyl-1H-indol-2-yl)-4H-benzo[d][1,3]oxazin-4-one (4f).
Pale-yellow microcrystals, mp 160-165 °C (cyclohexane), Ry =
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0.60 (20% ethyl acetate in petroleum ether). 'H NMR
(500 MHz, CDCI;) § 1.05 (t, 3H, / = 7.4 Hz, C3'(CH,),CH3;), 1.81
(tq, 2H, J = 7.4, 7.4 Hz, C3'CH,CH,), 3.27 (t, 2H, J = 7.5 Hz, C3'
CH,), 7.15 (ddd, 1H, J = 7.8, 7.1, 0.8 Hz, H5'), 7.31 (ddd, 1H, J =
8.0, 7.1, 0.9 Hz, H6'), 7.39 (d, 1H, J = 8.2 Hz, H7'), 7.46 (ddd,
1H, J = 8.0, 7.1, 1.0 Hz, H6), 7.60 (d, 1H, J = 7.9 Hz, H8), 7.70
(d, 1H, J = 8.0 Hz, H4'), 7.79 (ddd, 1H, J = 8.4, 7.0, 1.5 Hz, H7),
8.21 (dd, 1H, J = 7.9, 1.2 Hz, H5), 9.01 (br s, 1H, H1'); IR
(em™): v 3372 s, 2957 w, 1754 s, 1621 s, 1603 s, 1571 m,
1472 m, 1261 m, 1240 w, 1055 m, 766 w, 741 m, 684 w; MS (EI)
m/z (%): 305 (14), 304 (66, [M]"), 289 (10, [M — CH;]"), 276 (24),
275 (100, [M — CH,CH,]"), 257 (12), 247 (19), 146 (15), 128
(26), 90 (14); HRMS (ESI'): m/z caled for C;oH,7N,0," [M + H]®
305.1285, found 305.1283. Found: C, 75.25; H, 5.45; N, 9.3.
Calc. for C10H;6N,0,: C, 75.0; H, 5.3; N, 9.2%.
8-Methyl-2-(3-methyl-1H-indol-2-yl)-4H-benzo[d][1,3]oxazin-
4-one (4g). Yellow microcrystals, mp 251-254 °C (benzene),
Re = 0.62 (20% ethyl acetate in petroleum ether). '"H NMR
(500 MHz, CDCl;) § 2.64 (s, 3H, C8CH;), 2.80 (s, 3H, C3'CH,),
7.15 (ddd, 1H, J = 7.9, 7.1, 0.8 Hz, H5'), 7.34 (ddd, 1H, J = 8.1,
8.1, 1.0 Hz, H6'), 7.35 (dd, 1H, J = 7.5, 7.5 Hz, H6), 7.41 (d, 1H,
J = 8.2 Hz, H7'), 7.66 (d, 1H, ] = 7.4 Hz, H7), 7.69 (d, 1H, J =
8.0 Hz, H4'), 8.06 (dd, 1H, J = 7.6, 0.6 Hz, H5), 8.93 (br s, 1H,
H1); IR (em™): v 3365 s, 2918 w, 1746 s, 1623 s, 1597 m,
1548 m, 1446 m, 1322 m, 1322(m), 1234 m, 1062 m, 1029 m,
764 m, 740 m; MS (EI) m/z (%): 291 (23), 290 (100, [M]"),
289 (17), 261 (21), 233 (20), 165 (22), 158 (99), 157 (86),
145 (18), 130 (68), 129 (55), 128 (27), 104 (17), 103 (37),
102 (24), 77 (46); HRMS (ESI'): m/z caled for C,4H,;N,0,"
[M + H]" 291.1128, found 291.1127. Found: C, 74.4; H, 4.9;
N, 9.4. Calc. for C;gH;4,N,0,: C, 74.5; H, 4.9; N, 9.65%.
5-Chloro-8-Methyl-2-(3-methyl-1H-indol-2-yl)-4H-benzo[d][1,3}-
oxazin-4-one (4i). Pale-yellow microcrystals, mp 251-256 °C
(eyclohexane), Ry = 0.82 (20% ethyl acetate in petroleum ether).
'H NMR (500 MHz, CDCl) § 2.59 (s, 3H, C8CH3), 2.79 (s, 3H,
C3'CH3;), 7.17 (ddd, 1H, J = 7.9, 7.0, 0.9 Hz, H5'"), 7.35 (ddd, 1H,
J = 8.6, 7.7, 1.0 Hz, H6'), 7.36 (d, 1H, J = 8.1 Hz, H6), 7.42 (d,
1H, J = 8.3 Hz, H7'), 7.53 (dd, 1H, J = 8.1, 0.6 Hz, H7), 7.69 (dd,
1H, J = 7.5, 0.5 Hz, H4'), 8.92 (br s, 1H, H1"); IR (em™"): v
3384 m, 3351 m, 3057 w, 2917 w, 1739 s, 1629 s, 1576 m,
1328 m, 1262 m, 1232 w, 1028 w, 914 m, 744 m, 730 m; MS
(ET) m/z (%): 327 (7), 326 (34), 325 (22), 324 (100, [M]"), 323 (4),
295 (49), 130 (53), 129 (46), 128 (44), 102 (50), 77 (51); HRMS
(ESI"): m/z caled for CygH,,CIN,O," [M + H]' 325.0738, found
325.0740. Found: C, 66.4; H, 4.0; N, 8.8. Cale. for
C.5H1:CIN,O,: C, 66.6; H, 4.0; N, 8.6%.
6,8-Dimethyl-2-(3-propyl-1H-indol-2-yl }-4H-benzo[d][ 1,3 ]oxazin-
(4j). Pale-yellow microcrystals, mp 201-202 °C
(benzene), Ry = 0.93 (20% ethyl acetate in petroleum ether).
'H NMR (500 MHz, CDCl;) 6 1.04 (t, 3H, J = 7.4 Hz, C3'
(CH,),CH;), 1.81 (tq, 2H, J = 7.4, 7.4 Hz, C3'CH,CH,), 2.41
(s, 3H, C6CH3), 2.59 (s, 3H, C8CH,), 3.27 (t, 2H, J = 7.6 Hz, C3’
CH,), 7.14 (ddd, 1H, J = 7.8, 7.2, 0.7 Hz, H5'), 7.32 (ddd, 1H, ] =
8.0, 7.2, 0.8 Hz, H6'), 7.40 (d, 1H, J = 8.2 Hz, H7'), 7.46 (s, 1H,
H7), 7.69 (d, 1H, J = 8.0 Hz, H4'), 7.84 (s, 1H, H5), 8.93 (br s,
1H, H1'); IR (em™'): v 3363 s, 2953 W, 1740 s, 1623 s, 1603 s,

4-one
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1477 m, 1249 m, 1054 m, 789 m, 729 m; MS (EI) m/z (%):
334 (3), 333 (18), 332 (77, [M]'), 303 (100), 288 (33), 128 (37),
85 (31), 71 (36), 57 (65); HRMS (ESI'): m/z caled for
CyH,N,0," [M + H]' 333.1598, found 333.1597. Found:
C, 75.9; H, 6.1; N, 8.35. Calc. for C,;H,oN,0,: C, 75.9; H, 6.1;
N, 8.4%.
6,8-Dimethoxy-2-(3-propyl-1H-indol-2-yl)-4H-benzo[d][1,3]-
oxazin-4-one (4k). Yellow crystals, mp 202-204 °C (cyclo-
hexane), Ry = 0.69 (20% ethyl acetate in petroleum ether).
"H NMR (500 MHz, (CD5),CO) &§ 0.97 (t, 1H, J = 7.4 Hz,
C3'(CH,),CH3), 1.71 (tq, 2H, J = 7.7, 7.4 Hz, C3'CH,CH,), 3.19
(t, 2H, J = 7.7 Hz, C3'CH,), 3.85 (s, 3H, C60CH3), 3.93 (s, 3H,
C80OCH3), 6.93 (d, 1H, J = 2.6 Hz, H7), 7.01 (ddd, 1H, J = 7.9,
7.2, 0.7 Hz, H5'), 7.05 (d, 1H, J = 2.6 Hz, H5), 7.18 (ddd, 1H, J =
8.1, 7.1, 0.9 Hz, H6'), 7.46 (d, 1H, J = 8.2 Hz, H7'), 7.62 (d, 1H,
J = 8.0 Hz, H4"), 10.80 (br s, 1H, H1'); '*C NMR (126 MHz,
(CD3),C0) & 14.6, 25.0, 27.6, 56.4, 57.0, 100.6, 108.0, 113.0,
118.9, 120.6, 121.0, 124.2, 125.7, 129.6, 133.1, 138.0, 151.4,
156.7, 159.6, 160.6; IR (cm™'): v 3368 m, 2963 w, 1736 s, 1619
s, 1491 m, 1437 m, 1373 s, 1325 m, 1300 m, 1219 m, 1036 m,
782 m, 739 m; MS (EI) m/z (%): 366 (4), 365 (24), 364 (100,
[M]"), 349 (18), 336 (22), 335 (82), 179 (48), 156 (24), 129 (29),
128 (44); HRMS (ESI'): m/z caled for C,H,N,0," [M + H]'
365.1496, found 365.1494. Found: C, 69.1; H, 5.5; N, 7.6. Calec.
for C,,H,oN,0y: C, 69.2; H, 5.5; N, 7.7%.
2-(3-Propyl-1H-indol-2-yl)-4H-naphtho[1,2-d][1,3]oxazin-4-one
(4m). Bright yellow crystals, mp 273-274 °C (ethanol), Ry =
0.73 (20% ethyl acetate in petroleum ether). 'H NMR
(500 MHz, CDCl;) 8 1.12 (t, 3H, J = 7.4 Hz), 1.92 (tq, 2H, ] = 7.6,
7.4 Hz), 3.42 (t, 2H, J = 7.6 Hz), 7.19 (dd, 1H, J = 7.4, 7.4 Hz),
7.38 (dd, 1H, J = 7.2, 7.2 Hz), 7.46 (d, 1H, J = 8.2 Hz), 7.72-7.80
(m, 3H), 7.86 (d, 1H, J = 8.6 Hz), 7.94 (dd, 1H, J = 8.1, 1.6 Hz),
8.13 (d, 1H, ] = 8.6 Hz), 8.98 (dd, 1H, J = 8.2, 1.6 Hz), 9.10 (br s,
1H); C NMR (126 MHz, CDCl;) § 14.4, 24.0, 27.2, 111.6,
112.3, 120.3, 120.9, 122.7, 123.2, 125.3, 126.1, 126.4, 127.4,
127.7,128.1, 128.9, 129.0, 130.2, 136.7, 137.3, 146.6, 159.4 (one
resonance could not be determined due to low solubility of the
compound and thus the low signal/noise ratio); IR (em™):
v 3360 m, 3057 w, 2951 w, 1744 s, 1602 s, 1564 s, 1542 w, 1509 w,
1444 w, 1394 w, 1272 m, 780 w, 765 m, 736 m, 626 w; MS
(EI) m/z (%): 355 (22), 354 (86), 326 (27), 325 (100), 297 (23),
283 (18), 269 (18), 170 (23), 169 (18), 156 (17), 140 (46),
129 (15), 128 (49), 115 (18), 101 (17), 77 (12); HRMS (ESI'): m/z
caled for Cp3HoN,O," [M + H]' 355.1441; found 355.1438.
Found: C, 78.1; H, 5.1; N, 8.0. Calc. for C,3H,gN,0,: C, 78.0;
H, 5.1; N, 7.9%.
N'-Phenyl-5-methoxy-2-{[(3-methyl-1H-indol-2-yl)carbonyl |-
amino}benzohydrazide (5b). White solid mp 243-253 °C
(benzene), Ry = 0.47 (20% benzene in ethyl acetate). '"H NMR
(500 MHz, DMSO-dg) & 2.52 (s, 3H, C3'CH,), 3.87 (s, 3H,
OCH3), 6.72 (t, 1H, J = 7.3 Hz, H4"), 6.82 (d, 2H, J = 7.7 Hz, H2
and H6 of phenyl), 7.05 (ddd, 1H, J = 7.5, 7.5, 0.6 Hz, H5'),
7.14 (dd, 2H, J = 8.2, 7.6 Hz, H3 and H5 of phenyl), 7.20-7.25
(m, 2H, H4 and H6'), 7.40 (d, 1H, ] = 8.2 Hz, H7'), 7.48 (d, 1H,
J = 3.0 Hz, H6), 7.62 (d, 1H, J = 8.1 Hz, H4'), 8.00 (d, 1H, J =
1.0 Hz, NHPh), 8.35 (d, 1H, J = 9.1 Hz, H3), 10.65 (d, 1H, J =
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1.0 Hz, NHNHPh), 11.00 (br s, 1H, C2NH), 11.45 (br s, 1H,
H1); “C NMR (126 MHz, DMSO-dg): § 9.7 (C3'CH;), 55.6
(OCH;), 112.1 (C7’), 112.4 (C2 and C6 of phenyl), 112.8 (C6),
113.0 (C3'), 117.9 (C4), 118.9 (C4 of phenyl), 119.3 (C5'), 120.0
(C4), 121.9 (C1), 123.6 (C3), 124.1 (C6’), 127.9 (C3a’), 128.1
(C27, 128.8 (C3 and C5 of phenyl), 131.6 (C2), 135.9 (C7a’),
149.1 (C1 of phenyl), 154.7 (C5), 160.1 (C2'CO), 168.0 (COOH);
N NMR (51 MHz, DMSO-d,) & 89.0 (NPh), 123.2 (C2N); 132.3
(N1'), 137.6 (C1CON); IR (ecm™'): » 3374 m, 3302 m, 3053 w,
1655 s, 1609 m, 1541 s, 1524 s, 1494 m, 1419 m, 1335 m,
1283 m, 1234 m, 1223 m, 740 m; MS (EI) m/z (%): 338 (43), 181
(100), 158 (38), 130 (32), 129 (25), 77 (25), 60 (23), 45 (35), 44
(39), 43 (40); HRMS (ESI"): m/z caled for CpH,3N,0;5" [M + H]"
415.1765; found 415.1760; Found: C, 69.6; H, 5.3; N, 13.35.
Calc. for C,,H,,N,03: C, 69.6; H, 5.35; N, 13.5%.

N'-Phenyl-2-{[(3-propyl-1H-indol-2-yl)carbonyl Jamino}benzo-
hydrazide (5f). Colourless needles, mp 214-216 °C (benzene),
Ry = 0.61 (20% methanol in ethyl acetate), R¢ = 0.28 (20% ethyl
acetate in petroleum ether). "H NMR (500 MHz, DMSO-d;)
5 0.83 (t, 3H, J = 7.4, Hz, CH3), 1.58 (tq, 2H, J = 7.4, 7.4 Hz,
CH,CH3), 3.02 (t, 2H, J = 7.4 Hz, C3'CHy), 6.72 (t, 1H, J =
7.3 Hz, H4 of phenyl), 6.82 (d, 2H, J = 7.8 Hz, H2 and H6 of
phenyl), 7.05 (dd, 1H, J = 7.4, 7.4, Hz, H5'), 7.14 (dd, 2H, ] =
7.8, 7.8 Hz, H3 and H5 of phenyl), 7.22 (dd, 1H, J = 7.5, 7.5 Hz,
H6'), 7.27 (ddd, 1H, J = 7.6, 7.6, 0.7 Hz, H5), 7.41 (d, 1H, J =
8.2 Hz, H7'), 7.60-7.65 (m, 2H, H4 and H4'), 7.96 (dd, 1H, J =
7.9, 1.1 Hz, H6), 7.98 (br d, 1H, J = 2.3 Hz, CONHNH), 8.45 (d,
1H, J = 8.1 Hz, H3), 10.66 (br d, 1H, J = 2.3 Hz, CONHNH),
11.33 (br s, 1H, C2NH), 11.49 (br s, 1H, H1); ’C NMR
(126 MHz, DMSO-dg): 6 13.7 (CH3;), 24.0 (CH,CHj;), 25.6 (C3'
CH,), 112.1 (C7'), 112.2 (C2 and C6 of phenyl), 118.8 (C4 of
phenyl), 119.26 (C3'), 119.29 (C5'), 120.0 (C4"), 120.3 (C1),
121.8 (C3), 123.1 (C5), 124.1 (C6'), 127.3 (C2), 127.7 (C3a’),
128.0 (C6), 128.7 (C3 and C5 of phenyl), 132.2 (C4), 135.9
(C7a’), 138.5 (C2), 149.0 (C1 of phenyl), 160.3 (C2'CO), 168.2
(COOH); '"N NMR (51 MHz, DMSO-d,) 6 88.9 (NPh), 124.6
(C2N), 131.9 (N1'), 137.6 (C1CON); IR (em™Y): © 3319 s, 2953 w,
2869 w, 1655 s, 1631 s, 1593 s, 1540 m, 1515 s, 1493 m,
1446 m, 1281 m, 1244 m, 740 s; MS (EI) m/z (%): 413 (3), 412
(12, [M]"), 306 (21), 305 (100), 186 (67), 146 (28), 130 (22), 128
(22), 120 (68), 108 (37), 77 (21); HRMS (ESI'): m/z caled
for Cy5H,5N,0," [M + H]' 413.1972, found 413.1971. Found:
C, 72.7; H, 5.9; N, 13.6. Calc. for C,5H,,N,0,: C, 72.8; H, 5.9;
N, 13.6%.

Reaction of 4f with phenylhydrazine into hydrazide 5f (Table 5,
entry 1)
A mixture of benzoxazinone 4f (332 mg, 1.09 mmol) and
phenylhydrazine (143 mg, 1.32 mmol) in toluene (15 mL) was
heated under reflux for 2 hours. After cooling, the precipitated
solid was filtered off with suction and crystallized from
benzene to give hydrazide 5f (382 mg, 86%). The spectral and
analytical data were in agreement with those for the authentic
sample, as prepared above.

Reaction of 4f with n-butylamine into amide 6f (Table 5,
entry 2). A mixture of benzoxazinone 4f (305 mg, 1.00 mmol)
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and n-butylamine (90 mg, 1.23 mmol) in toluene (15 mL) was
stirred at room temperature for 2 hours. The precipitated solid
was filtered off with suction and crystallized from benzene to
give amide 6f (316 mg, 84%) as a white crystalline solid, mp
187-188 °C (benzene), Ry = 0.41 (20% methanol in ethyl
acetate). 'H NMR (500 MHz, DMSO-d,) 6 0.89 (t, 3H, ] = 7.4 Hz,
NH(CH,);CH3), 0.95 (t, 3H, J = 7.3 Hz, C3'(CH,),CHj;),
1.29-1.38 (m, 2H, NH(CH,),CH,), 1.49-1.57 (m, 2H,
NHCH,CH,), 1.62-1.72 (m, 2H, C3'CH,CH,), 3.08-3.14 (m, 2H,
C3'CH,), 3.26-3.32 (m, 2H, NHCH,), 7.07 (ddd, 1H, J = 7.8, 7.2,
0.6 Hz, H5'), 7.21 (ddd, 1H, J = 8.4, 7.4, 1.0 Hz, H5), 7.24 (ddd,
1H, J = 7.9, 7.2, 0.8 Hz, H6'), 7.44 (d, 1H, J = 8.2 Hz, H7'), 7.56
(ddd, 1H, J = 7.4, 7.4, 1.3 Hz, H4), 7.67 (d, 1H, J = 8.0 Hz, H4'),
7.78 (dd, 1H, J = 7.8, 1.3 Hz, H6), 8.53 (dd, 1H, J = 8.3, 0.5 Hz,
H3), 8.83 (br t, 1H, J = 5.4 Hz, C1'CONH), 11.48 (br s, 1H, H1'),
11.71 (br s, 1H, C2NH); *C NMR (126 MHz, DMSO-ds) § 13.6
(NH(CH,)3CH3), 13.8 (C3'(CH,),CH;), 19.6 (NHCH,CH,), 24.1
(C3'CH,CH,), 25.7 (C3'CH,), 30.9 (NHCH,CH,), 38.8 (NHCH,),
112.2 (C7'), 118.6 (C3), 119.2 (C5'), 120.0 (C4'), 121.2 (C3),
121.5 (C1), 122.7 (C5), 124.0 (C6'), 127.6 (C2'), 127.7 (C3a’),
128.0 (C6), 131.6 (C4), 135.9 (C7a’), 138.6 (C2), 160.3 (C2'CO),
168.1 (C1CO); '°N NMR (51 MHz, DMSO-d;) 6 120.33 (Ca-NH),
125.0 (C2-NH), 132.6 (N1'); IR (em™"): v 3320 s, 2956 m, 2932 W,
2869 w, 1653 s, 1626 s, 1595 s, 1538 m, 1518 s, 1465 w,
1446 m, 1432 w, 1338 w, 1325 w, 1281 s, 1241 m, 762 W, 736 s,
677 m; MS (EI) m/z (%): 378 (19), 377 (70), 305 (20), 304 (76),
276 (22), 275 (88), 247 (15), 219 (20), 186 (29), 185 (100),
170 (62), 168 (39), 167 (20), 159 (20), 158 (33), 157 (31),
156 (56), 146 (23), 130 (46), 129 (36), 128 (58), 120 (66),
119 (30), 77 (15); HRMS (ESI'): m/z caled for C,3H,sN;0,'
[M + H]" 378.2176, found 378.2168. Found: C, 73.0; H, 7.3;
N, 11.1. Calc. for C,3H,;N;05: C, 73.2; H, 7.2; N, 11.1%.

General procedure for the hydrolysis of benzoxazinones 4f,j,m
into 2-(indol-2-carboxamido)benzoic acids 1f,j,m (Table 5,
entries 3-6)

A mixture of benzoxazinone 4 (343 mg, 0.968 mmol), dimethyl
sulfoxide (10 mL) and aqueous sodium hydroxide (0.5 M,
1 mL) was stirred at room temperature for the time indicated
in Table 5 (for the reaction in entry 4, dioxane (3 mL) and
aqueous sulphuric acid (0.1 M, 2 mL) were used). The reaction
mixture was diluted with water (50 mL) and acidified with 10%
hydrochloric acid to Congo red (for the reaction from entry 4,
no additional acid was added). After stirring for 1 h, the pre-
cipitate was filtered off, washed with water and dried to afford
2-(indol-2-carboxamido)benzoic acid 1. Yields of the products
are indicated in Table 5. The spectral and analytical data for
1f,j were in agreement with those for the authentic samples,
prepared above.

1m: Colourless solid, mp 227-230 °C (ethanol), Ry = 0.39
(10% ethanol in chloroform). '"H NMR (500 MHz, DMSO-d;) &
0.94 (t, 3H, J = 7.1 Hz, C3'(CH,),CH;), 1.69 (tq, 2H, J = 7.1,
7.1 Hz, C3'CH,CH,), 3.11 (t, 2H, J = 7.1 Hz, C3'CH,), 7.10 (dd,
1H, ] = 7.5, 7.5 Hz, H5'), 7.28 (dd, 1H, J = 7.5, 7.5 Hz, H6'), 7.50
(d, 1H, J = 8.2 Hz, H7'), 7.61 (dd, 1H, J = 7.5, 7.5 Hz, H7), 7.67
(dd, 1H, J = 7.5, 7.5 Hz, H6), 7.70 (d, 1H, J = 8.0 Hz, H4'), 7.95

This journal is © The Royal Society of Chemistry 2014
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(d, 1H, J = 8.7 Hz, H4), 7.98 (d, 1H, J = 8.6 Hz, H3), 8.03 (d, 1H,
J = 8.1 Hz, H5), 8.09 (d, 1H, J = 8.4 Hz, H8), 10.27 (br s, 1H,
CONH), 11.54 (br s, 1H, H1'), 13.30 (br s, 1H, COOH); '*C NMR
(126 MHz, DMSO-d,) 6 14.2 (C3(CH,),CH3), 24.1 (C3'CH,CH,),
26.2 (C3'CH,), 112.2 (C7'), 119.4 (C5'), 120.2 (C4"), 121.2 (C3),
123.8 (C2), 124.3 (C6'), 125.5 (C8), 126.0 (C3), 126.2 (C4),
126.6 (C7), 126.7 (C2'), 127.7 (C3a’), 128.0 (C5), 128.1 (C6),
129.5 (C8a), 135.2 (C4a), 135.7 (C7a’), 135.8 (C1), 161.6
(CONH), 168.3 (COOH); IR (cm™'): v 3311 s, 3051 w, 2957 m,
2927 m, 2865 w, 1675 s, 1641 s, 1604 w, 1571 m, 1530 w,
1482 m, 1465 w, 1451 w, 1416 m, 1335 m, 1285 m, 1259 m,
1238 s, 1224 w, 1204 w, 1178 w, 767 m, 749 s; MS (EI) m/z (%):
373 (2), 372 (7), 355 (23), 354 (87), 326 (28), 325 (100), 297 (23),
283 (19), 269 (19), 170 (46), 169 (26), 156 (27), 140 (48), 129
(20), 128 (58), 115 (25), 77 (16); HRMS (ESI'): m/z caled
for C,3H,,N,0;" [M + H]" 373.1547, found 373.1544. Found:
C, 74.4; H, 5.5; N, 7.7. Cale. for Cy3H,oN,0;: C, 74.2; H, 5.4;
N, 7.5%.
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ABSTRACT: An unprecedented reactivity of 3-aminoquinoline-
2,4-diones is reported. Under basic conditions, these compounds
undergo molecular rearrangement to furnish 1,4-benzodiazepine-
Z,S-d_iones. The transformations take Place under mild reaction FI{’
conditions by using 1,1,3,3-tetramethylguanidine, NaOEt, or
benzyltrimethylammonium hydroxide as a base. A proposed

o] [o}

NHR® R
N o EtOH N
room temperature ﬁ' (o]

MILD CONDITIONS
BROAD SCOPE

12 examples
up to 97% yield

readily available

mechanism of the rearrangement and the conformational

equilibrium of 1,4-benzodiazepine-2,5-dione rings are discussed.

he 1,4-benzodiazepine-2,5-dione scaffold, a subset of the

1,4-benzodiazepines, comprises a privileged structure, and
numerous derivatives have been found to exhibit a diverse array
of biological activities.' ™ These activities include: histone
deacetylase inhibition (Figure 1, structure 1);® anticholinester-
ase activity (I, R = H, R' = Br);’ melanocortin agonist
activity; endothelin receptor antagonism (III);” glycoprotein
IIb-ITTa antagonism (Tv); 1! antagonism of the HDM2-pS$3
interaction (V);'*'" anxiolytic activity;'* antileishmanial
activity;'® and herbicidal activity.'"® The 1,4-benzodiazepine-

NH o
HaN N HO.G cl
o] Q =
A N [ N
o 5
N N
Me o H ©
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q Me
@
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Figure 1. Selected 1,4-benzodiazepine-2,5-diones of biological
relevance.
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2,5-dione motif appears in natural products including cyclo-
penin'”"* (I; R = CH,, R’ = H, Ar = C¢Hy), cyclopenol'” (II;
R = CH;, R’ = H, Ar = 3-OH-C¢H,), and cyclopeptin (VI)."”
They were predicted to be biosynthesized by the condensation
of anthranilic acid and an amino acid.*® In addition to diverse
biological activities, 1,4-benzodiazepine-2,5-diones found wide-
spread applications as intermediates in the preparation of
products of medicinal interest.”"**

The synthesis of 1,4-benzodiazepine-2,5-dione has been
reviewed."”* There are two major strategies for their
preparation. One relies on the condensation of an anthranilic
acid or its derivative, e.g., isatoic anhydride, with a-amino acid
(Figure 2a). Another versatile route takes advantage of Ugi
reaction, a four component reaction of substituted N-Boc-
protected anthranilic acid with an aldehyde, an amine, and an
isonitrile to form bis-amide (Figure 2b).** Subsequent N-Boc-
deprotection and condensation of the bis-amide Ugi product
generate the 1,4-benzodiazepine-2,5-dione ring skeleton. With
some exceptions,b’m this procedure has been largely executed
to give NI unsubstituted products (R' = H). After ring
formation, late stage, selective alkylation (N1/N3) to form the
desired product can sometimes be challenging.”” High-
throughput synthetic Erotocols have been realized by a
combinatorial approach. ARss2

Due to the remarkable synthetic and biological relevance of
1,4-benzodiazepine-2,5-diones and related compounds, there is
an urge to discover new strategies for their preparation. As a
part of our interest in the chemistry of quinoline-2,4(1H,3H)-
diones,**™* herein we report a novel approach to this scaffold
that is based on a rearrangement of 3-aminoquinoline-
2,4(1H,3H)-diones (Figure 2c). In a simple four-step protocol,
this method employs anilines as starting substrates. An

Received: June 22, 2016
Published: October 27, 2016

DOI: 10.1021/acs joc.6b01497
J. Org. Chem. 2017, 82, 715-722



The Journal of Organic Chemistry

of two applied strategies:

a)
oW
H,N._R?
NH, I o o
HO™ Yo NH
o P
N % M=
(e} R'
N/&O
H

or

b) R2-CHO R?

H
b o 3
R %
R®-NH, N/S(N R Qo3
CO,H + 1
O e opet L o e
NBoc NBoc N
R R' R O
This work:
c
! OH 0 Q0
R? NHR® :
= R? N 2
—_— - — - R
NH
N y"o N0 L
R R 4 0
R' =H, alkyl, aryl
R? = alkyl, benzyl, aryl

R® = alkyl, aryl

Figure 2. Approaches to 1,4-benzodiazepine-2,5-diones.

advantage of the method over those from Figure 2a=b is a
broad availability of aniline derivatives in comparison to
anthranilic acids and isatoic anhydrides, both, synthetically
and commercially. It readily provides the 1,4-benzodiazepine-
2,5-dione ring functionalized at N1 and N3 with an alkyl or aryl
moiety. Optimization of the reaction conditions as well as the
scope of the reaction are reported.

Differently functionalized starting compounds required for
this study were prepared in three simple steps starting from
commercially available anilines and diethyl malonates to
initially afford 4-hydroxy-2(1H)-quinolones (Scheme 1).
Chlorination of 4-hydroxy-2(1H)-quinolones with sulfuryl
chloride gave 3-chloroquinolin-2,4(1H,3H)-diones 1,"**
which subsequently readily underwent nucleophilic displace-

Scheme 1. Preparation of Compounds 1 and 2
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ment of the chlorine atom with selected primary amines into 3-
aminoquinoline-2,4(1H,3H)-diones 2.*°

Investigating the scope of the Wittig olefination at the C-4
carbonyl atom of 3-aminoquinoline-2,4(1H,3H)-diones, we
have previously made a preliminary observation that these
compounds are capable of ring expansion into 1,4-benzodiaze-
pine-2,5-diones.® In one instance, the treatment of a selected
3-aminoquinoline-2,4(1H,3H)-dione with ethyl
(triphenylphosphoranylidene)acetate (Ph;P=CHCO,Et) in
xylene at elevated temperature unexpectedly resulted in its
rearrangement into 1,4-benzodiazepine-2,5-dione instead of the
anticipated olefination.

It is reasonable to assume that in the presence of Ph;P=
CHCO,Et, the rearrangement was enabled by the assistance of
a relatively basic Wittig reagent (pK,"” of the conjugated acid,
Ph,P*CH,CO,Et, measured in DMSO = 8.50). To find out
whether 3-aminoquinoline-2,4(1H,3H)-diones are in general
susceptible to base-mediated transformations into 1,4-benzo-
diazepine-2,5-diones, we initially conducted some base screen-
ing experiments with compound 2a as a model substrate. As the
above-mentioned heating in xylene in the presence of a
phophonium ylide would unlikely find practical applications, we
decided to test amine bases including 4-dimethylaminopyridine
(DMAP), triethylamine, piperidine, butylamine, and 1,1,3,3-
tetramethylguanidine (TMG) in ethanol as the reaction solvent
(Table 1). Whereas DMAP completely failed to react with 2a,
triethylamine resulted in a complex mixture of products, as
judged by TLC analyses of the crude reaction mixtures. In
contrast, piperidine, butylamine, and TMG afforded the desired
(3a) in low to moderate yield. Out of these three bases, TMG
was the most effective. It appeared that the efficiency of this
rearrangement correlated with its basic character [pK, data of
conjugated acids in water for DMAP = 9.60;" triethylamine
=10.68;" piperidine =11.12;"" butylamine =10.6;"" TMG (pK,
= 136" 152%)]. We next explored sodium ethoxide and
Cs,CO; as alternative nonamine bases and found out to
perform similarly as TMG. Finally, benzyltrimethylammonium
hydroxide (Triton B), a source of hydroxide ion that is soluble
in organic solvents, turned out to be superior. Triton B, TMG,
and NaOEt were thus selected for the subsequent substrate
scope screening experiments. The results are shown in Table 1.

In the case of N1-substituted substrates 2a—2g (R" = alkyl or
phenyl), catalytic amounts of TMG, NaOEt, or Triton B could
be employed for the rearrangement into 3. However, the
reactions with TMG and NaOEt were too slow and/or resulted
in unacceptably low conversions for practical applications in
preparative purposes. For the rearrangement of these
substrates, Triton B was found to be superior. It is also
noteworthy that the reactions with Triton B were extremely
clean, as no side products could be detected by TLC or NMR
analyses of the crude reaction mixtures. A simple extractive
workup was only required to isolate pure products that needed
no further chromatographic purification. In contrast, for N1
unsubstituted analogues 2h—21 (R' = H), an excess of a base
(NaOEt) had to be applied for an efficient rearrangement.

The proposed reaction mechanism that accounts for the
rearrangement of 2 into 3 is shown in Scheme 2. The base-
assisted intramolecular addition of the 3-amino nitrogen atom
to the C-4 carbonyl group results in the formation of aziridine
oxo-anion, which then undergoes cleavage of C-3/C-4 bond,
followed by protonation. It is interesting to note that a reverse
reaction, i.e., ring contraction of some 1,4-benzodiazepine-2,5-
diones into the corresponding 3-aminoquinoline-2,4(1H,3H)-

DOl 10.1021/acs joc.6001497
J. Org. Chem. 2017, 82, 715-722
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Table 1. Rearrangements of Compounds 2 into 3

. nHRe 5 N»Ra
O e OO

N"So EtOH, room temperature N /&;

R? g ©

2 3

entry 2 R! R’ R} base equiv t (h) 3 yield” (%)

1 2a Me Ph cHex DMAP 0.7 L 3a 0
2 2a Me Ph c-Hex Triethylamine L1 48 3a >
3 2a Me Ph c-Hex Piperidine 1.0 N 3a 26
4 2a Me Ph c-Hex Butylamine 1.6 b 3a 41
N 2a Me Ph c-Hex TMG 1.0 72 3a 46
6 2a Me Ph cHex TMG 03 4 3a 73
7 2a Me Ph cHex NaOEt 23 4 3a 68
8 2a Me Ph c-Hex NaOEt 0.2 1 3a 35
9 2a Me Ph c-Hex Cs,CO4 0.2 35¢ 3a 46
10 2a Me Ph c-Hex Triton B 0.2 1 3a 95
11 2b Me Ph Me TMG 22 23 3b Ve
12 2c Me Ph Ph TMG 22 10 3c 76
13 2d Me Me c-Hex Triton B 0.2 1 3d 97
14 2e Me Bn Bu NaOEt 2.5 30 3e 68
15 2e Me Bn Bu Triton B 0.2 1. 3e 94
16 2f Ph Ph cHex TMG 23 5 3f 67
17 2f Ph Ph c-Hex Triton B 0.2 1 3f 34
18 2f Ph Ph c-Hex Triton B 0.2 4 3f 65°
19 2g Ph Ph Me TMG 22 16 3g 97
20 2g Ph Ph Me Triton B 0.2 1 3g 90
21 2h H Ph Me TMG 22 32 3h 59
22 2i H Ph Bu NaOEt 23 12 3i 4
23 2 H Et Bu NaOEt 23 n 3 58
24 2k H Bu Bu NaOEt 23 48 3k 71
25 2k H Bu Bu Triton B 2.5 24 3k 43°
26 2k H Bu Bu Triton B 2.5 72 3k 83¢
27 2k H Bu Bu Triton B 0.2 24 3k 9°
28 21 H Bn Me NaOEt 23 S1L 31 40

“Yield of isolated pure product is given. 24 h at rt and then heated at 50 °C for 30 h. “Complex mixture of products. “Reflux. “Conversion based on
'H NMR integration. '/DMF used as a solvent. €15 h at rt, then 14 h at 80 °C, then 6 h at 90 °C. B34 hat rt, then 4 h at 50 °C, then 4 h at 65 °C.

Scheme 2. Proposed Mechanism
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diones, was recently reported by the groups of Dewynter* and
Carlier.”* The transformation was achieved by using LIHMDS
or KHMDS at —78 °C.

The chemical compositions of all the compounds under
investigation were confirmed by standard spectroscopic and
analytical methods. Structure elucidation of compounds 3 as
well as the assignments of proton and carbon resonances were
performed by using 2D NMR experiments. "H NMR spectra of
C3-alkyl and C3-benzyl derivatives 3d, 3e, 3j—3l, recorded in
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DMSO-ds at 296 K, exhibited split signal patterns. This
suggested the presence of two conformers that are slowly
interconverting on the NMR time scale and was confirmed by
variable-temperature (VT) "H NMR experiments. VT 'H NMR
spectra of compound 31 in the temperature range of 293—353
K are shown in Figure 3. The spectrum at 293 K, in the slow
exchange regime, is consistent with the presence of two isomers
of the compound 3l At increase in the temperature, the
broadening of the resonances occurs with the subsequent
appearance of the average resonance above 323 K, where fast
ring inversion takes place. The VT '"H NMR spectra could be
rationalized by the 1,4-benzodiazepine-2,5-dione seven-mem-
bered ring interconversion in which the C3 substituent has
either pseudoequatorial or pseudoaxial orientation thus
providing two pairs of enantiomers (P)-(S)-3/(M)-(R)-3 and
(P)-(R)-3/(M)-(S)-3 in two diastereomeric forms (P)-(R)-3/
(M)-(S)-3 and (M)-(R)-3/(P)-(5)-3, respectively (Figure 4).
The existence of two conformers in DMSO-ds at 296 K
through the split signal patterns was also evident from 3C
NMR spectra and 2D NMR spectra. In contrast to the C3-
benzyl and C3-alkyl derivatives 3d, 3e, 3j—31, the NMR spectra
of the C3-phenyl-substituted products 3a—3c and 3f-3i
indicated a single set of resonances. The conformational
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Figure 3. Selected parts of VT 'H NMR spectra of 31 in DMSO-d,.
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Figure 4. Conformational equilibrium in 1,4-benzodiazepine-2,5-dione
ring at racemic compounds 3. Conformational assignment (M/P)
followed an earlier proposal to designate the sense of conformational
chirality of the benzodiazepine ring and is based on the sign of the 2—
1—9a—>5a dihedral angle (M = minus, P = positive).”*"’

behavior is consistent with that observed in related 1,4-
benzodiazepine-Z,S-diones.("' Lisg=sa

In conclusion, a novel approach to 1,4-benzodiazepine-2,5-
dione scaffold is reported. It is based on a molecular
rearrangement of easily available 3-aminoquinoline-2,4-
(1H,3H)-diones in the presence of base, such as benzyltrime-
thylammonium hydroxide (Triton B), 1,1,3,3-tetramethylgua-
nidine (TMG), or NaOEt. The transformations proceed under
mild reaction conditions in environmentally friendly ethanol as
a reaction solvent, at room temperature. In contrast to the
known methods, this approach does not require N1/N3 post
alkylation of the 1,4-benzodiazepine-2,5-dione parent ring.

B EXPERIMENTAL SECTION

General Experimental Methods. The reagents and solvents were
used as obtained from the commercial sources. Compounds 1a,"**
14, 1¢°" 16" 10" 1j,* 1" and 11"**°" were prepared as
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described in the literature. Column chromatography was carried out
on Silica gel 60 (particle size 0.063—0.2 mm, activity acc. Brockmann
and Schodder 2-3). Melting points were determined on the
microscope hot stage and are uncorrected. TLC was carried out on
TLC-cards with a fluorescent indicator, and visualization was
accomplished with UV light (254 nm). NMR spectra were recorded
with a 500 MHz NMR instrument operating at 500 MHz ('H), 126
MHz (**C), and 51 MHz (**N) at 300 K. Proton spectra were
referenced to TMS as internal standard, in some cases to the residual
signal of DMSO-ds (at 6 2.50 ppm). Carbon chemical shifts were
determined relative to the *C signal of DMSO-d (39.5 ppm). N
chemical shifts were extracted from "H—'""N gs-HMBC spectra (with
20 Hz digital resolution in the indirect dimension and the parameters
adjusted for a long-range 'H—"N coupling constant of S Hz),
determined with respect to external nitromethane, and are corrected to
external ammonia by addition of 380.5 ppm. Nitrogen chemical shifts
are reported to one decimal place as measured of the spectrum,
however, the data should not be considered to be more accurate than
+0.5 ppm because of the digital resolution limits of the experiment.
Chemical shifts are given on the § scale (ppm). Coupling constants (])
are given in Hz. Multiplicities are indicated as follows: s (singlet), d
(doublet), t (triplet), q (quartet), m (multiplet), or br (broadened).
The numbering used for the assignment of NMR signals is as follows:
quinoline-2,4(1H,3H)-dione ring (2) and 1,4-benzodiazepine-2,5-
dione (3), simple figures, R!-substituent primed figures; RZ-
substituent, double primed figures; and R*-substituent, triple primed
figures. NMR peak assignments are based on the analyses of 'H—'H
gs-COSY, 'H-"C gs-HSQC, 'H-"C g-HMBC, and 'H-""N g
HMBC 2D NMR spectra. Infrared spectra were recorded on a FT-IR
spectrometer using samples in potassium bromide disks, and only the
strongest/structurally most important peaks are listed. Electron impact
mass spectra (EI) were recorded at 70 eV. High-resolution mass
spectra (HRMS) were obtained with a time-of-flight (TOF) mass
spectrometer equipped with an electrospray source at atmospheric
pressure ionization (ESI). Elemental analyses (C, H, N) were
performed with a CHNS/O analyzer.

Synthesis of 3-Aminoquinoline-2,4(1H,3H)-diones 2. 3-
Aminoquinoline-2,4(1H,3H)-diones 2 were prepared from 3-chlor-
0qujno]jn-2,,4(lH,_3H)-diones 1 according to the procedures described
in the literature."® Spectroscopic and analytical data for compounds
2a* % 26% 26,7 20,¥ 2&45 21" 2k* and 21 were in
agreement with the literature data. Spectroscopic and analytical data of
new compounds 2d, 2f, 2g, and 2j are reported below.

3-(Cyclohexylamino)-1,3-dimethylquinoline-2,4(1H,3H)-dione
(2d). Compound 2d (1.67 g, $8.3 mmol, 58%) was prepared from 1d
(2.24 g, 10.0 mmol). Beige solid, mp 78—81 °C (ethanol). '"H NMR
(500 MHz, DMSO-d,) & 0.88—1.09 (m, SH), 1.32 (s, 3H), 1.40—1.60
(m, SH), 2.34 (br s, 1H), 2.38—2.45 (m, 1H), 3.21 (s, 3H), 7.24 (dd,
1H, ] = 7.4 Hz, 7.4 Hz), 7.40 (d, 1H, ] = 8.4 Hz), 7.75 (ddd, 1H, J =
8.7, 7.0, 1,6 Hz), 791 (dd, 1H, J = 7.7, 1.6 Hz); *C NMR (126 MHz,
DMSO-dy) & 24.7, 25.4, 26.6, 29.8, 34.0, 34.5, 52.8, 67.6, 115.8, 119.4,
122.9, 1274, 1364, 1427, 173.1, 1954; two *C resonances are
overlapped; IR (cm™): v 3326, 2924, 2854, 1693, 1658, 1597, 1491,
1468, 1363, 1345, 1298, 1101, 762, 579, 418; MS (EI) m/z (%): 286
(2, [M]*), 243 (34), 214 (22), 191 (36), 189 (19), 160 (16), 98 (89),
83 (42), 71 (16); HRMS (ESI+): m/z caled for C;H,;3N,0," [M +
H]* 287.1754, found 287.1751. Anal. calcd for C,,H,,N,0, (286.37):
C, 7130, H, 7.74, N, 9.78%. Found: C, 71.60, H, 7.99, N, 9.80.

3-(Cyclohexylamino)-1,3-diphenylquinoline-2,4(1H,3H)-dione
(2f). Compound 2f (3.91 g, 9.5 mmol, 96%) was prepared from 1f
(344 g 9.9 mmol). Beige solid, mp 86—92 °C (benzene); 'H NMR
(500 MHz, DMSO-d,) & 0.98—1.15 (m, SH), 1.45 (br s, 1H), 1.53—
1.64 (m, 3H), 177 (d, 1H, J = 10.1 Hz), 2.60-2.67 (m, 1H, H1"),
637 (d, 1H, ] = 8.3 Hz, H8), 7.16 (dd, 1H, J = 7.3, 7.2 Hz, H6), 7.29—
7.35 (m, 2H, H4', H3'), 7.35—7.40 (m, 2H, H3", HS"), 7.45-7.53 (m,
4H, H7, H2", H6", H3'), 7.58 (dd, 1H, ] = 7.4, 7.4 Hz, H4'), 7.61—
7.71 (m, 2H, H2, H6'), 7.86 (dd, 1H, J = 7.8, 1.5 Hz, H3); NH
proton not found, probably in fast exchange with HOD; *C NMR
(126 MHz, DMSO-dg) & 24.97, 25.00, 254, 34.5, 34.8, 53.0 (C1"),
75.7 (C3), 116.7 (C8), 119.9 (C4a), 123.5 (C6), 126.7 (C2”, C6"),

DOl 10.1021/acs joc.6b01497
J. Org. Chem. 2017, 82, 715-722



The Journal of Organic Chemistry

127.8 (CS), 128.6 (C4”), 128.7 (C3' or C5'), 1289 (C3”, CS"), 129.0
(C4'), 1292 (C5" or €3'), 130.3 (C2' or C6'), 130.6 (C6’ or C2'),
136.1 (C7), 137.3 (C1°), 138.4 (C1"), 143.0 (C8a), 172.2 (C2), 192.7
(C4); SN NMR (51 MHz, DMSO-dg) § 151.4 (N1); IR (em™): v
2924, 2850, 1705, 1672, 1599, 1491, 1461, 1332, 1301, 1240, 757, 717,
695; MS (EI) m/z (%): 411 (4, [M + 1]7), 410 (12, [M]*), 367 (14),
316 (11), 313 (26), 312 (25), 196 (14), 186 (16), 104 (100), 98 (82),
77 (12); HRMS (ESI+): m/z caled for C,,HyN,0," [M + H]*
411.2067, found 4112062 Anal. caled for C,yHLgN,O, (410.51): C
79.00, H 6.38, N 6.82; found: C 78.92, H 6.44, N 6.99.

3-(Methylamino)-1,3-diphenylquinoline-2,4(1H,3H)-dione (2g).
Compound 2g (1.58 g 4.6 mmol, 90%) was prepared from 1f (1.79
g 5.1 mmol). White solid, mp 142—149 °C (ethanol). 'H NMR (500
MHz, DMSO-dg) & 2.26 (s, 3H, H"), 2.98 (br s, 1H, NH), 6.34 (d,
1H, ] = 8.3 Hz, H8), 7.14 (dd, 1H, ] = 7.5, 7.4 Hz, H6), 7.32 (dd, 1H, |
=72, 7.2 Hz, H4"), 7.39 (dd, 2H, J = 7.6, 7.6 Hz, H3", H5"), 7.40—
7.50 (m, SH, H7, H3, HS', H2", H6"), 7.57 (dd, 1H, ] = 7.4, 7.4 Hz,
H4'), 7.60—7.70 (m, 2H, H2/, H6'), 7.82 (dd, 1H, ] = 7.8, 1.2 Hz,
H5); *C NMR (126 MHz, DMSO-dg) & 31.7 (C”), 78.0 (C3), 116.6
(C8), 120.6 (C4a), 123.3 (C6), 126,8 (C2”, C6"), 127.5 (C5), 128.7
(c4”), 1289 (C3”, C5"), 129.0 (C4’), 129.1 (C3’, C5'), 130.4 (C2’,
C6"), 1359 (C7), 137.3 (C1”), 137.4 (C1'), 143.0 (C8a), 171.2 (C2),
192.7 (C4); "N NMR (51 MHz, DMSO-d¢) 6 342 (NH), 152.1
(N1); IR (em™): v 3342, 3062, 2953, 2853, 2793, 1701, 1670, 1598,
1491, 1461, 1336, 1301, 1247, 763, 73S, 690, 598, 537, 518; MS (EI)
m/z (%):343 (6, [M + 1]%), 342 (23, [M]"), 313 (14), 312 (11), 119
(11), 118 (100), 104 (12), 77 (19); HRMS (ESI+): m/z caled for
CyHoN,0," [M + H]" 343.1441, found 343.1440. Anal. calcd for
C,,H 4N, 0, (342.39): C, 77.17, H, 5.30, N, 8.18; found: C, 76.89, H,
525, N, 8.07.

3-(Butylamino)-3-ethylquinoline-2,4(1H,3H)-dione (2j). Com-
pound 2j (597 mg, 2.3 mmol, 46%) was prepared from 1j (1.12 g,
5.0 mmol). Yellowish solid, mp 86—89 °C (cyclohexane). 'H NMR
(500 MHz, DMSO-dy) 6 0.71 (t, 3H, ] = 7.4 Hz), 0.81 (t, 3H, J = 7.2
Hz), 1.20—129 (m, 2H), 129-136 (m, 2H), 1.68—1.82 (m, 2H),
2.17-2.33 (m, 3H), 7.09 (d, 1H, ] = 8.0 Hz), 7.11 (dd, 1H, ] = 7.6
Hz), 7.60 (dd, 1H, ] = 7.6 Hz), 7.75 (d, 1H, J = 7.7 Hz), 10.94 (s, LH).
3C NMR (126 MHz, DMSO-dg) & 7.8, 13.8, 19.8, 32.2, 32.8, 44.1,
73.5, 116.3, 119.3, 122.6, 126.6, 136.3, 141.7, 172.8, 196.5. IR (cm™"):
v 330, 2963, 2925, 2872, 1706, 1695, 1670, 1650, 1609, 1593, 1485,
1435, 1369, 757, 666. HRMS (ESI+): m/z caled for C;H, N,0," [M
+ HJ]" 261.1598, found 261.1596. Anal. caled for C,sH,oN,0,
(260.33): C 69.20, H 7.74, N 10.76; found: C 68.98, H 7.88, N 10.53.

Rearrangement of 3-Aminoquinoline-2,4(1H,3H)-diones 2
into 1,4-Benzodiazepine-2,5-diones 3. General Procedure for
Rearrangement of 2 into 3. A mixture of 3-aminoquinoline-2,4-
(1H,3H)-dione (2, 0.9 mmol) and a base in ethanol (9 mL) was
stirred at room temperature for given time (see Table 1). Details of
isolation are described below.

With Benzyltrimethylammonium Hydroxide (Triton B) as a Base.
A mixture of 3-aminoquinoline-2,4-(1H,3H)-dione (2, 0.9 mmol) and
Triton B (34 mg, 0.2 mmol; as 84 mg of 40 wt % solution in
methanol) in ethanol (9 mL) was stirred for 1 h at room temperature.
The reaction mixture was at room temperature concentrated under
reduced pressure. The crude product was dissolved in ethyl acetate (30
mL), washed with water (2 X 15 mL) and brine (15 mL), dried over
sodium sulfate, and evaporated to dryness to afford pure products 3 in
excellent isolated yield (Table 1, entries 10, 13, 15, 20) or ratio of
conversion (Table 1, entries 17, 18, 25—27), which was determined by
'"H NMR integration.

With TMG as Base. A mixture of 3-aminoquinoline-2,4-(1H,3H)-
dione (2, 0.9 mmol) and TMG (230 mg, 2.0 mmol) in ethanol (9 mL)
was stirred at room temperature until completion, as judged by TLC
analysis (Table 1). The precipitated crude product was collected by
filtration, washed with water (2 X 2 mL), and recrystallized from
ethanol to afford pure 1,4-benzodiazepine-2,5-dione 3.

With NaOEt as Base. A mixture of 3-aminoquinoline-2,4-(1H,3H)-
dione (2, 0.9 mmol) and 0.5 M solution of NaOEt (4.5 mL, 2.25
mmol) was stirred at room temperature under exclusion of
atmospheric moisture (the flask equipped with drying tube filled
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with potassium hydroxide) until completion as judged by TLC analysis
(Table 1). The isolation of 1,4-benzodiazepine-2,5-diones 3 from the
reaction mixture was done as follows:

From 2a or 2e: The reaction mixture was filtered. The filter cake
was washed with water (2 mL) and dried at 50 °C to afford pure 3a
(212 mg, 68%) or 3e (206 mg, 68%).

From 2i and 2I: The reaction mixture was acidified with 1 M HCI to
Congo red and concentrated in vacuo. The oily residue was triturated
with water (1 mL), and the resulting precipitate was collected by
fileration. The filter cake was washed with water and dried at 50 °C to
afford pure 3i (121 mg, 44%) or 31 (100 mg, 40%).

From 2j or 2k: The reaction mixture was acidified with 1 M HCl to
Congo red and extracted with dichloromethane (3 X 9 mL). The
combined organic layers were dried over Na,SO, and evaporated to
dryness. The residue was subjected to column chromatography on
silica gel using (i) benzene as an eluent to isolate product 3j, which
was additionally crystallized from a mixture of hexane and benzene to
obtain pure 3j (136 mg, 58%) or (i) chloroform as an eluent to
provide pure 3k (185 mg, 71%).

4-Cyclohexyl-1-methyl-3-phenyl-3,4-dihydro-1H-benzo[e][1,4]-
diazepine-2,5-dione (3a). Triton B: 298 mg, 95% yield; TMG: 232
mg, 74% yield; NaOEt: 212 mg, 68% yield. White solid, mp 192—193
°C (benzene/cyclohexane). "H NMR (500 MHz, DMSO-d,) § 1.11—
1.22 (m, 1H, cyclohexyl), 1.32—1.89 (m, 9H, cyclohexyl), 3.37 (s, 3H,
H1'), 473—4.81 (m, 1H, H1" of cyclohexyl), 5.59 (s, 1H, H3), 6.87
(d, 2H, J = 7.7 Hz, H2", H6"), 6.95 (dd, 1H, ] = 7.5, 7.5 Hz, H7), 6.99
(t, 1H, ] = 6.8 Hz, H4"), 7.03 (d, 1H, ] = 8.5 Hz, H9), 7.06 (dd, 2H, |
=7.5,7.5 Hz, H3", H5"), 721 (ddd, 1H, ] = 8.5, 7.0, 1.6 Hz, H8), 7.38
(dd, 1H, J = 7.8, 1.5 Hz, H6); *C NMR (126 MHz, DMSO-d,) &
24.6, 25.3, 25.4, 29.1, 30.4, 35.1 (C1), 54.3 (C1”), 61.1 (C3), 120.7
(C9), 124.0 (C2”", C6"), 124.6 (C7), 126.9 (C4"), 128.1 (C3", CS"),
129.8 (C6), 129.9 (Csa), 131.4 (C8), 135.0 (C1"), 138.9 (C9a), 165.8
(Cs), 170.3 (C2); "N NMR (51 MHz, DMSO-d;) & 124.3 (N1),
143.3 (N4); IR (ecm™): v 2936, 2856, 1664, 1629, 1601, 1493, 1475,
1457, 1432, 1366, 1246, 1145, 715; MS (EI) m/z (%):349 ([M + 1]°,
12), 348 ([M]*, 49), 291 (48), 266 (43), 251 (68), 161 (65), 132
(44), 105 (60), 104 (100), S5 (42); HRMS (ESI+): m/z caled for
Cy,HyN,0," [M + H]" 349.1911, found 349.1907. Anal. caled for
CyH, N, 0, (348.74): C, 75.83; H, 6.94; N, 8.04%. Found: C, 75.62;
H, 6.96; N, 8.07%.

3,4-Dihydro-1,4-dimethyl-3-phenyl-1H-benzo(e][1,4]diazepine-
2,5-dione (3b). TMG: 194 mg, 77% yield. White solid, mp 183—186
°C. '"H NMR (500 MHz, DMSO-dy) 5 3.38 (s, 3H, H1'), 3.41 (s, 3H,
H1"), 5.64 (s, 1H, H3), 6.83 (d, 2H, ] = 7.8 Hz, H2", H6"), 6.96 (dd,
1H,J = 7.5, 7.5 Hz, H7), 7.01 (t, 1H, ] = 7.3 Hz, H4"), 7.08 (dd, 2H, J
=7.7,7.7 Hz, H3", H5"), 7.10 (d, 1H, ] = 8.0 H, H9), 7.26 (ddd, 1H, J
=77, 7.7, 1.2 He, H8), 7.38 (dd, 1H, ] = 7.8, 1.0 Hz, H6); *C NMR
(126 MHz, DMSO-d¢) & 35.3 (C1’), 382 (C1”), 68.0 (C3), 121.0
(€9), 123.9 (C2", C6"), 124.8 (C7), 127.1 (C4"), 128.3 (C3", C§"),
129.1 (CSa), 129.6 (C6), 131.6 (C8), 134.6 (C1"), 139.2 (C9a), 166.3
(Cs), 169.3 (C2); SN NMR (51 MHz, DMSO-dy) & 1192 (N4),
1240 (N1); IR (cm™): v 2933, 2852, 1702, 1670, 1602, 1473, 1443,
1356, 1307, 1124, 1098, 765, 704, 647; MS (EI) m/z (%):281 (8, [M
+ 177,280 (42, [M]"), 175 (46), 161 (36), 133 (38), 120 (100), 118
(91), 105 (46), 104 (45), 78 (23), 77 (27); HRMS (ESI+): m/z caled
for C;;H,,N,0," [M + H]" 281.128, found 281.1283. Anal. Cald. for
C1,H N, 0, (280.33): C 72.84, H 5.75, N 9.99, found C 72.76, H
5.77, N 10.04.

3,4-Diphenyl-1-methyi-3,4-dihydro- 1H-benzole][1,4]diazepine-
2,5-dione (3c). TMG: 234 mg, 76% yield. White solid, mp 202—204
°C. '"H NMR (500 MHz, DMSO-d;) & 3.48 (s, 3H, H1'), 5.78 (s, 1H,
H3), 7.03 (dd, 1H, ] = 7.6, 7.6 Hz, H7), 7.06 (d, 2H, J = 7.8 Hz, H2",
H3"), 7.07 (t, 1H, ] = 7.8 Hz, H4"), 7.14 (dd, 2H, ] = 7.5, 7.5 Hz, H3",
Hs"), 7.16 (d, 1H, J = 8.3 Hz, H9), 7.32 (ddd, 1H, J = 8.5, 7.0, 1.4 Hz,
HS), 7.36-7.41 (m, 1H, H4"), 7.46 (dd, 1H, ] = 7.8, 1.2 Hz, H6),
7.49-7.54 (m, 4H, H2"”, H3", H5"”, H6"); *C NMR (126 MHz,
DMSO-dg) & 35.4 (C1'), 69.9 (C3), 121.3 (C9), 124.0 (C2", C6"),
1250 (C7), 1261 (C2”, C6"), 127.3 (C4”), 127.4 (C4”), 1285
(C3", Cs"), 1294 (Csa, C3", CS"), 1299 (C6), 132.1 (CB), 134.2
(C1”), 139.2 (C9a), 143.8 (C1"”), 165.7 (C5), 169.1 (C2); SN NMR
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(51 MHz, DMSO-d;) & 124.1 (N1), 139.2 (N4); IR (em™): v 3064,
1667, 1654, 1600, 1494, 1473, 1438, 1417, 1369, 1243, 764, 712, 698,
614, 545, 524; HRMS (ESI+): m/z caled for C,H ;gN,O," [M + H]*
343.1441, found 343.1441. Anal. caled for C,,H sN,0, (342.40) C,
77.17; H, 5.30; N, 8.18%. Found: C, 77.47; H, 5.35; N 8.22.
4-Cyclohexyl-1,3-dimethyl-3,4-dihydro-1H-benzo[e][1,4]-
diazepine-2,5-dione (3d). Triton B: 250 mg, 97% yield; White solid,
mp 120—124 °C (hexane). Major isomer:minor isomer = 88:12. Major
isomer: '"H NMR (500 MHz, DMSO-d) & 0.89 (d, 3H, 7.5 Hz, 3-H"),
1.00—1.83 (m, 10H, H2", H3", H4", H5", H6"), 3.30 (s, 3H, H1"),
441 (q, 1H, ] = 7.5 Hz, H3), 4.53—4.60 (m, 1H, H1"), 7.31 (dd, 1H, ]
= 7.4 Hz, H7), 7.38 (d, 1H, ] = 8.2 Hz, H9), 7.60 (ddd, 1H, J = 7.8,
7.7, 1.3 Hz, H8), 7.68 (dd, 1H, J = 7.8, 1.3 Hz, H6); °C NMR (126
MHz, DMSO-d,) 8 16.0 (C17”), 24.7, 25.2, 25.3, 29.3, 29.8, 35.2 (C1’),
53.6 (C3), 542 (C1"), 121.1 (C9), 125.1 (C7), 129.4 (CSa), 1302
(C6), 132.0 (C8), 139.2 (C9a), 164.7 (C5), 170.9 (C2); *N NMR
(51 MHz, DMSO-dg) & 123.0 (N1), 146.9 (N4). Minor isomer: 'H
NMR (500 MHz, DMSO-dg) 6 1.00—1.83 (m, 10H, H2", H3", H4",
HS"”, H6"), 1.36 (d, 3H, J = 6.8 Hz, H"), 3.26—3.31 (m, 1H, H1"),
3.31 (s, 3H, H1"), 423 (q, 1H, ] = 6.8 Hz, H3), 7.29 (dd, 1H, ] = 7.4
Hz, H7), 7.38 (d, 1H, ] = 8.2 Hz, H9), 7.57 (ddd, 1H, ] = 7.8, 7.7, L.3
Hz, H8), 7.68 (dd, 1H, ] = 7.8, 1.3 Hz, H6); *C NMR (126 MHz,
DMSO-dg) 6 12.5 (C1"), 25.0, 25.8, 28.5, 30.7, 34.1 (C1"), 51.0 (C3),
55.0 (C1"), 121.0 (C9), 124.9 (C7), 129.7 (C5a), 130.1 (C6), 131.7
(C8), 140.4 (C9a), 1674 (CS), 170.5 (C2), one resonance belonging
to cyclohexane ring not visible; SN NMR (51 MHz, DMSO-d,) ¢
142.0 (N4); IR (cm™): v 2931, 2918, 2850, 1678, 1636, 1601, 1454,
1423, 1377, 1368, 1318, 1248, 1138, 794, 766, 713; HRMS (ESI+): m/
z caled for Cy;Ha3N,O," [M + H]* 287.1754, found 287.1753. Anal.
caled for C,;H,,N,0, (286.37): C, 71.30, H, 7.74, N, 9.78%. Found:
C, 71.10, H, 8.00, N, 9.69%.
3-Benzyl-4-butyl-3,4-dihydro-1-methyl-1H-benzol[e][1,4]-
diazepine-2,5-dione (3e). Triton B: 286 mg, 94% yield; NaOEt: 206
mg, 68% yield. Pale yellow solid, mp 135-136 °C. Major
isomer:minor isomer = 53:47. Major isomer: 'H NMR (500 MHz,
DMSO-d;) 5 0.87 (t, 3H, ] = 7.3 Hz, H4"), 1.11-1.26 (m, 2H, H3"),
1.39—1.49 (m, 1H, H2"), 1.49—1.59 (m, 1H, H2"), 3.13 (ddd, 1H, ]
= 13.9, 8.8, 4.5 Hz, H1"), 3.22 (dd, 1H, ] = 14.5, 7.3 Hz, PhCH,),
3.32-3.38 (m, 1H, PhCH,), 3.31 (s, 3H, H1’), 3.89 (ddd, 1H, | =
14.0, 8.2, 8.1 He, H1"”), 446 (t, 1H, J = 7.5 Hz, H3), 7.15—7.20 (m,
1H, H4"), 7.20-7.29 (m, 4H, H2", H3", HS", H6"), 7.34 (dd, 1H, ] =
7.5, 7.5 Hz, H7), 740 (d, LH, ] = 8.3 He, H9), 7.59 (ddd, 1H, ] = 7.7,
7.7, 1.4 Hz, H8), 7.71 (dd, 1H, J = 7.7, 1.5 Hz, H6); *C NMR (126
MHz, DMSO-d;) & 13.6 (C4”), 194 (C3”), 299 (C2”), 318
(PhCH,), 34.4 (C1’), 41.3 (C1"), 55.8 (C3), 121.4 (C9), 125.3 (C7),
126.5 (C4"), 128.4 (C3”, C5"), 128.9 (C2", C6"), 129.1 (CSa), 129.7
(Cé6), 132.0 (C8), 137.2 (C1"), 140.4 (C9a), 167.2 (CS), 169.7 (C2);
SN NMR (51 MHz, DMSO-d;) 6 125.6 (N1), 132.0 (N4). Minor
isomer: 'H NMR (500 MHz, DMSO-d,) 5 0.82 (t, 3H, ] = 7.3 He,
H4"), 1.11-1.26 (m, 2H, H3"), 1.28—1.39 (m, 2H, H2"), 2.44 (dd,
1H, ] = 13.4, 9.3 Hz, PhCH,), 2.49—2.55 (m, 1H, PhCH,), 2.99 (ddd,
1H, J = 134, 8.1, 5.6 Hz, H1”), 3.31 (s, 3H, H1'), 3.68 (ddd, 1H, ] =
13.3,7.8, 7.5 Hz, H1"), 441 (t, 1H, J = 8.9 Hz, H3), 6.96 (d, 2H, ] =
7.1 Hz, H2"), 7.20-7.29 (m, 3H, H3", H4", HS"), 741 (dd, 1H, ] =
7.5,7.5 Hz, H7), 7.50 (d, 1H, ] = 8.2 Hz, H9), 7.70 (ddd, 1H, ] = 7.4,
7.4, 1.4 Hz, H8), 7.79 (dd, 1H, J = 7.7, 1.3 Hz, H6); '*C NMR (126
MHz, DMSO-dg) & 13.6 (C4™), 192 (C3"), 29.1 (C2"), 343
(PhCH,), 354 (C1’), 49.5 (C1™), 66.0 (C3), 121.5 (C9), 125.4 (C7),
126.9 (C4"), 128.5 (C3”, C5"), 128.9 (C2", C6"), 129.3 (C5a), 130.1
(C6), 132.4 (C8), 136.0 (C1”), 139.4 (C9a), 165.0 (Cs), 169.2 (C2);
BN NMR (51 MHz, DMSO-dg) & 1244 (N1), 131.8 (N4); IR
(em™): v 2951, 2866, 1676, 1640, 1629, 1602, 1459, 1408, 1384, 760,
707; HRMS (ESI+): m/z caled for Cy HyN,O," [M + H]* 337.1911,
found 337.1909. Anal. caled for C,H,,N,0, (336.43): C, 74.97; H,
7.19; N, 8.33%. Found: C, 74.67; H, 7.43; N, 8.26%.
4-Cyclohexyl-1,3-diphenyl-3,4-dihydro-1H-benzo[e][1,4]-
diazepine-2,5-dione (3f). TMG: 247 mg, 67% yield. Yellow solid, mp
224-227 °C (ethanol). '"H NMR (DMSO-d,, 500 MHz): 1.10—1.21
(m, 1H, cyclohexyl), 1.31—1.48 (m, 2H, cyclohexyl), 1.50—1.84 (m,
6H, cyclohexyl), 1.84—1.92 (m, 1H, cyclohexyl), 4.81—4.89 (m, 1H,
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H1"), 5.72 (s, 1H, H3), 6.32 (d, 1H, ] = 8.1 Hz, H9), 6.94 (dd, 1H, |
=7.5,7.5 Hz, H7), 7.01-7.06 (m, 2H, H8, H4"), 7.08—7.15 (m, 4H,
H2", H3", HS", H6"), 7.31 (d, 2H, ] = 7.4 Hz, H2, H6'), 7.40 (t, 1H,
J=17.4Hz, H4'), 747 (dd, 1H, ] = 7.9, 1.5 Hz, H6), 7.50 (dd, 2H, ] =
7.9, 7.6 Hz, H3', HS'); *C NMR (DMSO-d,, 126 MHz) 24.6, 25.3,
25.4,29.0,30.4, 54.6 (C1"), 61.3 (C3), 123.2 (C9), 124.1 (C2”, C6"),
125.0 (C7), 127.1 (C4"), 127.8 (C4"), 128.3 (C3", §"), 128.5 (C2/,
C6"), 129.5 (C3', C5'), 130.1 (C6), 130.6 (C5a), 131.3 (C8), 134.8
(C1"), 138.5 (C9a), 140.7 (C1’), 165.6 (CS), 169.2 (C2); "N NMR
(51 MHz, DMSO-d;) & 142.0 (N4), 145.3 (N1); IR (em™): v 2918,
2848, 1668, 1640, 1602, 1493, 1456, 1426, 1353, 1238, 1149, 765, 708,
693, 568; MS (EI) m/z (%): (411 5, [M + 1]*), (410 (16, [M]"), 328
(32), 327 (19), 313 (34), 305 (19), 291 (65), 223 (34), 196 (23), 195
(100), 167 (37), 132 (25), 77 (19); HRMS (ESI+): m/z calcd for
CyHyyN,O,' ([M + HJY) 411.2067, found 411.2065. Anal. caled for
C,H,eN,0, (410.52): C 79.00, H 6.38, N 6.82, found: C 79.11, H
6.29, N 6.76.
1,3-Diphenyl-4-methyl-3,4-dihydro-1H-benzo[ej[1,4]diazepine-
2,5-dione (3g). Triton B: 276 mg, 90% yield; TMG: 298 mg, 97%
yield. Yellow solid, mp 84—89 °C. '"H NMR (500 MHz, DMSO-d;) &
3.47 (s, 3H, H1"), 5.77 (s, 1H, H3), 6.36 (d, 1H, J = 8.2 Hz, H9), 6.96
(dd, 1H, ] = 7.5, 7.5 Hz, H7), 7.03—7.10 (m, 4H, H8, H2", H4", H6"),
7.15 (dd, 2H, ] = 7.6, 7.6 Hz, H3", H5"), 7.33 (d, 2H, ] = 7.5 Hz, H2,
H6'), 7.40 (t, 1H, ] = 7.5 Hz, H4'), 747 (dd, 1H, ] = 7.9, 1.4 Hz, H6),
7.50 (dd, 2H, | = 7.5 Hz, H3', HS'); '*C NMR (126 MHz, DMSO-d)
5382 (C1”), 68.1 (C3), 1234 (C9), 1239 (C2", C6"), 125.1 (C7),
127.3 (C4"), 127.8 (C4'), 128.5 (C3”, CS"), 128.6 (C2/, C6'), 129.5
(C3/,€5"), 129.8 (H6), 129.9 (C5a), 131.5 (C8), 1344 (C1"), 138.8
(C9a), 140.8 (C1’), 166.2 (C5), 168.0 (C2); *N NMR (51 MHz,
DMSO-d;) § 118.4 (N4), 145.8 (N1); IR (em™): v 3061, 2929, 1678,
1643, 1601, 1492, 1450, 1396, 1352, 1243, 1162, 758, 711, 695 595,
529; MS (EI) m/z (%): (8, [M + 1]%), 342 (34, [M]"), 237 (40), 223
(40), 196 (24), 195 (100), 167 (32), 118 (16), 77 (22); HRMS (ESI
+): m/z caled for Cp,HN,O," ([M + HJ]") 343.1441, found
343.1439.
3,4-Dihydro-4-methyl-3-phenyl-1H-benzole][1,4]diazepine-2,5-
dione (3h). TMG: 142 mg, 59% yield. White solid, mp 249-252 °C;
mp®” 242-244 °C (DMF/water). 'H NMR (500 MHz, DMSO-d;) &
3.46 (s, 3H, H1"), 5.55 (s, 1H, H3), 6.93 (d, 1H, ] = 8.1 Hz, H9), 6.98
(dd, 1H, J = 7.5, 7.5 Hz, H7), 7.00~7.08 (m, 2H, H2", H6"), 7.14 (t,
1H, ] = 7.2 Hz, H4"), 7.22 (dd, 2H, ] = 7.6, 7.6 Hz, H3", HS"), 7.28
(dd, 1H, J = 7.4, 7.4 Hz, H8), 7.54 (d, 1H, J = 7.7 Hz, H6), 10.80 (brs,
1H, H1); *C NMR (126 MHz, DMSO-d,) & 38.6 (br, C1”), 67.5 (br,
C3), 1199 (C9), 123.6 (C7), 124.3 (br, C2", C6"), 126.7 (CSa),
127.4 (C4"), 1284 (C3", C5"), 130.3 (C6), 131.7 (C8), 1343 (br,
C1"), 1352 (C9a), 1664 (CS), 1703 (C2); "N NMR (51 MHz,
DMSO-d;) 6 116.4 (N4), 1357 (N1); IR (em™): v 3143, 2920, 1687,
1618, 1488, 1448, 1396, 1373, 1246, 1168, 795, 760, 728, 693, 495;
MS (EI) m/z (%):267 (15, [M + 1]7), 266 (81, [M]"), 161 (100), 146
(13), 120 (60), 119 (43), 118 (44), 92 (32), 91 (14), 77 (12), 42
(21); HRMS (ESI+): m/z caled for C;gHsN,0,* [M + H]* 267.1128,
found 267.1129. Anal. caled for C,¢H,N,0, (266.29): C 72.17, H
5.30, N 10.52%, found C 72.02, H 5.26, N 10.59.
4-Butyl-3-phenyl-3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-
dione (3i). NaOEt: 121 mg, 44% yield. Brownish solid, mp 166—170
°C (ethyl acetate); mp*® 159—163 °C (benzene/hexane) 'H NMR
(500 MHz, DMSO-d,) 6 0.92 (t, 3H, ] = 7.3 Hz, H4"), 1.34 (tq, 2H, |
= 7.3, 7.3 Hz, H3"), 1.58—1.71 (m, 2H, H2"), 3.53 (ddd, 1H, ] =
13.7,7.7, 54 Hz, H1"a), 4.07—4.17 (m, 1H, H1"b), 5.47 (s, 1H, H3),
6.83 (d, 1H, J = 8.0 Hz, H9), 6.90 (dd, 1H, J = 7.5, 7.5 Hz, H7), 696
(br d, 2H, J = 6.9 Hz, H2", H6"), 7.0 (t, 1H, ] = 7.1, H4"), 7.14 (dd,
2H, | = 7.5, 7.5 Hz, H3", HS"), 7.19 (dd, 1H, J = 7.5, 7.5 Hz, H8),
7.46 (d, 1H, ] = 7.7 Hz, H6), 10.70 (s, 1H, H1); *C NMR (126 MHz,
DMSO-dg 6 13.7 (C4"), 194 (C3"), 29.9 (C2"), 49.7 (C1"), 66.1
(C3), 1199 (C9), 123.6 (C7), 1242 (br, C2", C6"), 127.3 (C4,
C5a), 128.4 (C3", C5"), 130.3 (C6), 131.6 (C8), 134.5 (C1"), 135.1
(C9a), 166.1 (CS), 170.8 (C2); "N NMR (51 MHz, DMSO-d,) &
128.5 (N4), 135.5 (N1); IR (cm™): v 3206, 3085, 2955, 2926, 2859,
1675, 1630, 1606, 1484, 1461, 1450, 1434, 1400, 765, 735; HRMS
(ESI+): m/z caled for CoH,N,0," [M + H]* 309.1598, found
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309.1594. Anal. caled for CyoH,0N,0, (308.38): C, 74.00; H, 6.54; N,
9.08%. Found: C, 73.70; H, 6.67; N, 9.01%.
4-Butyl-3-ethyl-3,4-dihydro-1H-benzole][1,4]diazepine-2,5-dione
(3j). NaOEt: 136 mg, 58% yield. Colorless solid, mp 98—104 °C
(benzene/hexane). Major isomer:minor isomer = 59:41. Major
isomer: '"H NMR (500 MHz, DMSO-d,) & 0.76 (t, 3H, J = 7.4 Hz,
H2"), 0.89 (t, 3H, ] = 7.3 He, H4"), 1.23—1.31 (m, 2H, H3"), 1.31—
142 (m, 2H, H1"), 1.49-1.56 (m, 2H, H2"), 3.19-3.27 (m, 1H,
H1"a), 3.90—4.01 (m, 2H, H3, H1"b), 7.08 (d, 1H, J = 8.1 Hz, H9),
7.17 (dd, 1H, J = 7.5, 7.5 Hz, H7), 747 (dd, 1H, ] = 7.7, 7.7 H, H8),
7.73 (d, 1H, J = 7.8 Hz, H6), 10.50 (br s, 1H, H1); *C NMR (126
MHz, DMSO-dy) & 10.3 (C2"), 13.7 (C4"), 19.3 (C3"), 21.9 (C1"),
29.7 (C2"), 49.8 (C1"), 654 (C3), 1199 (C9), 123.7 (C7), 126.6
(Csa), 130.7 (C6), 132.2 (C8), 135.5 (C9a), 164.9 (C5), 171.2 (C2).
Minor isomer: '"H NMR (500 MHz, DMSO-d,) § 0.84 (t, 3H, J = 7.1
Hz, H2"), 0.89 (t, 3H, ] = 7.3 Hz, H4"), 1.16—1.23 (m, 2H, H3"),
1.41—1.49 (m, 2H, H2"), 1.74—1.84 (m, 1H, H1"a), 1.92—2.03 (m,
1H, H1"b), 3.00—3.09 (m, 1H, H1"a), 3.83 (t, 1H, ] = 7.2 Hz, H3),
3.90—4.01 (m, 1H, H1”b), 7.08 (d, 1H, J = 8.1 Hz, H9), 7.21 (dd, 1H,
J=76,7.6 Hz, H7), 7.49 (dd, 1H, ] = 7.8, 7.8 He, H8), 7.73 (d, 1H, J
=7.8 Hz, H6), 10.50 (br s, 1H, H1); *C NMR (126 MHz, DMSO-d,)
5109 (C2"), 13.6 (C4"), 19.1 (C1”), 19.5 (C3"), 302 (C2"), 41.0
(C1"), 56.3 (C3), 120.5 (C9), 123.9 (C7), 127.3 (C5a), 130.7 (C6),
131.8 (C8), 136.7 (C9a), 167.4 (C5), 170.9 (C2); IR (em™): v 3223,
3169, 2956, 2930, 2871, 1709, 1616, 1604, 1482, 1414, 1391, 1220,
767, 757; HRMS (ESI+): m/z caled for C;iH, N,0," [M + H]"
261.1598, found 261.1601. Anal. caled for C,sH,oN,O, (260.33): C,
69.20; H, 7.74; N, 10.76%. Found: C, 69.13; H, 7.73; N, 10.62%.
3,4-Dibutyl-3,4-dihydro-1H-benzole](1,4]diazepine-2,5-dione
(3k). NaOEt: 185 mg, 71% yield, colorless oil. Major isomer:minor
isomer = 61:39. Major isomer: '"H NMR (500 MHz, DMSO-d,) § 0.69
(t,3H, ] = 7.1 Hz, H4"), 0.89 (t, 3H, ] = 7.4 Hz, H4"), 1.05—1.57 (m,
10H, H3", H2", H1", H3", H2"), 3.16—3.26 (m, 1H, H1"), 3.94 (dd,
1H, J = 7.6, 7.6 Hz, H1"), 4.00 (dd, 1H, ] = 8.5, 8.5 Hz, H3), 7.08 (d,
1H, J = 7.9 Hz, H9), 7.18 (ddd, 1H, J = 7.2, 7.2, 0.6 Hz, H7), 7.48
(ddd, 1H, ] = 7.4, 7.4, 1.4 Hz, H8), 7.72 (d, 1H, ] = 7.9 Hz, H6, H6),
1049 (s, 1H, H1); *C NMR (126 MHz, DMSO-d;) § 13.5 (C4"),
13.7 (C4"), 193 (C3"), 21.5 (C3"), 27.6 (C2"), 282 (C1"), 29.7
(C2), 49.8 (C1"), 64.2 (C3), 120.0 (C9), 123.8 (C7), 126.7 (C5a),
130.7 (C6), 132.2 (C8), 135.6 (C9a), 165.0 (C5), 171.3 (C2); N
NMR (51 MHz, DMSO-dg) § 129.2 (N4), 135.5 (N1). Minor isomer:
"H NMR (500 MHz, DMSO-d,) 6 0.85 (t, 6H, ] = 7.3 Hz, H4", H4"),
1.05—1.57 (m, 10H, H3", H2", H3", H2"), 1.69—1.81 (m, 1H, H1"),
1.88—2.00 (m, 1H, H1"), 2.98—3.08 (m, 1H, H1"), 3.88 (dd, 1H, ] =
7.3,7.3 Hz, H3), 3.97 (dd, 1H, J = 7.5, 7.5 He, H1"), 7.07 (d, 1H, ] =
8.0 Hz, H9), 7.21 (dd, 1H, J = 7.8, 7.8 Hz, H7), 7.49 (ddd, 1H, | = 7.4,
7.4, 1.3 Hz, H8), 10.49 (s, 1H, H1); *C NMR (126 MHz, DMSO-d,)
513.6 (C4™), 13.8 (C4"), 19.5 (C3”), 22.1 (C3"), 254 (C1”), 28.1
(C2"), 302 (C2"), 41.1 (C1”), 549 (C3), 120.5 (C9), 124.0 (C7),
127.3 (C5a), 130.7 (C6), 131.9 (C8), 136.7 (C9a), 167.5 (C5), 171.0
(C2); "N NMR (51 MHz, DMSO-dg) & 1374 (N1); IR (em™): v
3221, 2958, 2930, 2871, 1689, 1636, 1620, 1484, 1437, 1380, 1164,
760, 703, 526; HRMS (ESI+): m/z caled for C,,H,sN,0," [M + H]*
289.1911, found 289.1909.
3-Benzyl-4-methyl-3,4-dihydro-1H-benzolel[1,4]diazepine-2,5-
dione (3l). NaOEt: 100 mg, 40% yield. Brownish solid, mp 121—124
°C; mp™ 100.5-103 °C (acetone/hexane). Major isomer:minor
isomer = 62:38. Major isomer: 'H NMR (500 MHz, DMSO-d;) 6 2.95
(s, 3H, H1"), 3.21 (dd, 1H, ] = 14.4, 7.5 Hz, PhCH,), 3.29 (dd, 1H, J
= 144, 7.6 Hz, PhCH,), 4.33 (t, 1H, ] = 7.4 Hz, H3), 7.08 (d, 1H, ] =
8.1 Hz, H9), 7.16—7.32 (m, 6H, H7, H2", H3", H4", HS", H6"), 7.50
(dd, 1H, J = 7.3, 7.3 Hz, H8), 7.73 (d, 1H, ] = 7.6 Hz, H6), 10.51 (brs,
1H, H1); “C NMR (126 MHz, DMSO-ds) & 28.7 (C1”), 314
(PhCH,), 56.0 (PhCH,), 120.7 (C9), 124.1, 1265, 127.0, 1284,
129.0, 130.7 (C6), 132.0 (C8), 136.6 (C9a), 137.4, 167.6, 169.2 (C2).
N NMR (51 MHz, DMSO-dg) § 117.3 (N4), 136.9 (N1). Minor
isomer: 'H NMR (500 MHz, DMSO-d,) & 2.62 (dd, 1H, J = 132, 10.2
Hz, PhCH,), 2.72 (dd, 1H, J = 13.3 H, 7.8 Hz, PhCH,), 2.88 (s, 3H,
H1"), 432 (4, 1H, ] = 7.8 Hz, H3), 7.02 (d, 2H, ] = 7.2 Hz, H2',
H6"), 7.16—7.32 (m, SH, H7, H9, H3", H4”, H5"), 7.58 (dd, 1H, ] =
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7.4, 7.4 Hz, H8), 7.86 (d, 1H, J = 7.7 Hz, H6), 10.65 (br s, 1H, H1);
13C NMR (126 MHz, DMSO-dg) 6 33.7 (PhCH,), 38.7 (C1”), 67.1
(C3), 120.2 (C9), 124.0, 126.4, 126.9, 128.5, 128.9, 131.0 (C6), 132.5
(C8), 135.6 (C9a), 136.0, 1652, 169.8 (C2). "N NMR (51 MHz,
DMSO-dg) 6 115.5 (N4), 136.6 (N1); IR (em™): v 3602, 3084, 2904,
1691, 1613, 1607, 1482, 1454, 1436, 1396, 755, 700, 525, 499; HRMS
(ESI+): m/z caled for C;,H;N,0," [M + HJ' 281.1285, found
281.1283. Anal. caled for C;,H,(N,0, (280.32): C, 72.84; H, 5.75; N,
9.99%. Found: C, 72.58; H, 5.98; N, 9.83%.
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Abstract: Background: 4-Hydroxyquinolin-2-ones and quinoline-2,4-diones, a subset of the quinolone scaffold,
have attracted attention due to their biological properties. These structures are present in many classes of natural
products and pharmaceutical agents and show promise in antiviral and antibacterial treatment. They possess anti-
convulsive effects, selective affinity to cannabinoid receptors, and other interesting biological activity. Some of
these compounds have the potential for protection and properties modification of natural as well as synthetic ma-
terials as antioxidants, antidegradants, antifungal agents, UV absorbers, optical brighteners, luminophores, efc.

Objective: The importance of these compounds stimulated the development of innovative conventional and mod-

ern catalytic methods for their preparation. The present review highlights recent progress in the above subjects.
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1. INTRODUCTION

This review highlights 4-hydroxyquinolin-2-ones and quino-
line-2,4-diones from several different aspects including natural
occurrence, synthesis and applications. The type of compounds
have been isolated from a broad range of living organisms, and
exhibited diverse range of biological properties. The interest of
many rescarch laboratories worldwide, both from academia and
industry, to study these molecules as potential therapeutic agents is
thus not surprising. The requirements for novel derivatives thus
prompted organic synthetic chemists to design new synthetic path-
ways.

2. KNOWN 4-HYDROXYQUINOLIN-2-ONES AND QUINO-
LINE-2,4-DIONES

Till now almost 14,000 compounds with 4-hydroxyquinoline-2-
one pattern have been reported in the literature with nearly half of
them associated with investigations of bioactivity. Analogously,
there are over 2,800 compounds with the quinoline-2,4-dione struc-
ture, with almost 800 records describing bioactivity studies. Repre-
sentatives of both groups of compounds were isolated from fungi,
bacteria or plants, and many of them proved to show interesting
biological effects in vivo and in vitro.

2.1. 4-Hydroxyquinolin-2-ones Isolated from Natural Products

Some simple 4-hydroxyquinolin-2-ones are found in nature.
The simplest representative, compound 1, was isolated from the
fungus Penicillium citrinum [1] as well as from the Asian bushes
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Haplophyllum bucharicum [2]. From the fungi P. citrinum was
isolated N-methyl derivative 2 [3], possessing the ability of a free
radical scavenger [4] and also some cytotoxic activity [5].

Table 1. Substituents of compounds 1-7.
OH
R R
R* TTI o
RS R!
1-7

1-7 R' R R’ R R’
1 H H H H H
2 Me H H H H
3 Me MeO H H H
4 Me MeO H H MeO
s H H Br H H
6 H H Br Br H
7 H H MeO H MeO

From the rutaceae plant Micromelum falcatum, 3-methoxy-
derivative 3 was isolated [6], and its analogue having two methoxy
groups, swietenidin 4, was isolated from the bark of Indian tree
Chloroxylon Swietenia [7]. Natural bromoquinolones 5 and 6 were
isolated from marine sponge Hyrtios erecta [8]. Compound 5 was

© 2017 Bentham Science Publishers
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found to inhibit Wistar rat cerebellum neuronal nitric oxide syn-
thase [8]. From the wood of tree Halfordia scleroxyla dimethoxy-
quinolone 7 was isolated (Table 1) [9]. An interesting natural hy-
droxyquinolone bucharidine was obtained from the bush Haplo-
phyllum bucharicum [10], which exhibited estrogenic activity in
mice [11]. Compound 8, named zanthobisquinolone, with two qui-
nolin-2-one moieties, was obtained from the root wood of Zan-
thoxylum mutans [12].

OH
0.
@éELCf
N (¢] OH
H

bucharidine 8

Rutaceae (rue or citrus family) includes a variety of plants that
contain quinolone derivatives. From the citrus Ravenia spectabilis
ravenoline was isolated [13], whereas structurally related paraens-
ine was obtained from woody plant yellowheart (Euxylophora
paraensis) [14]. From the fermentation broth of bacteria Dacty-
losporangium sp. it is possible to isolate the indole derivative of SF
2809-V [15].

OH OH
N X
OH
N [e] T o
ravenoline paraensine

SF 2809V

A number of 4-hydroxyquinoline-2-one derivatives occur in na-
ture in a form of ether, i.e. as 4-alkoxyquinolin-2-ones.

Table 2. Substituent of methoxyquinolones 9-16.
OMe
R? X R?
R N o]
R R
9-16
9-16 R' R R R R
9 H H H H H
10 Me H H H H
11 OMe H H H H
12 H H H H OMe
13 H H OMe H OMe
14 H CHO H MeO OMe
15 H Et H OH OMe
16 H MeO H H OH
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The simplest representative of this group, methoxyquinolone 9,
was isolated from plants of rue family - from stems and roots of
citroid fruit trees or shrubs Clausena lansium [16], from leaves and
wood of tropical plants Peltostigma guatemalense [17], from the
wood of Myrtopsis sellingi [18], and also from the wood and leaves
Haplophyllum bungei [19] and H. bucharicum [2, 19]. This com-
pound showed a modest antiplasmodic effect in laboratory tests in
vitro [17]. Methyl derivative 10 occurs in the nature even more
abundantly. It was isolated from stem and branches of Hortia
superba [20], from stems of H. brasiliana [20] and H. oreadica
[20], from the roots of trees Feronia limonia [21], from the root
wood of Zanthoxyllum wuthayenze [22], from leaves and bark of Z.
monophyllum [23], from the stems of Raputia praetermissa [24],
from the wood of the Formosan tree Toddalia asiatica [25], and
similarly as compound 9, also from stems and roots Clausena lan-
sium [16]. Compound 10 was isolated from roots of Ruta chalepen-
sis [26]. For this compound antifungal and antialgal activities were
reported [27]. Haplotusin (11) was isolated [28] from Haplophyllum
obtusifolium. Edulitin (12) was obtained from stem of Hortia su-
perba [20], from fruit of Cnidium monnieri [29] and from Murraya
paniculata [30]. Trimethoxyquinolone halfordamin (13) was iso-
lated from the plants Halfordia kendack [31] and from the aerial
parts of the plants Agathosma bisulca [32]. Glycocitridine (14) is a
naturally occurring aldehyde in the leaves of the citrus Glycosmis
citrifolia [33] and in the leaves of the plant Melicopa semecarpifo-
lia [34]. Haplosin (15) was found in the seeds and roots of Haplo-
phyitum perforatum [35]. It contains an ethyl group at position 3 of
the quinoline ring, which is atypical for natural quinolones. The
compound 16 was isolated from the dried body of centipede
Scolopendra subspinipes mutilans L. KOCH (Scolopendridae),
which has been utilized as a traditional Chinese and Korean medi-
cine for a variety of diseases, such as spasm, childhood convul-
sions, seizures, poisonous nodules, diphtheria, and tetanus (Table 2)
[36].

Fairly widespread in the vegetable kingdom is atanine, which
was isolated from the plant Fagara zanthoxyloides [37], from Rave-
nia spectabilis [13, 38], from tropical citrus Afraegle paniculata
[39], from stem and root barks of Almeidia guayinensis [40], from
unripe fuits of Evedia rutaecarpa [41], from the fruits of Zan-
thoxylum integrifoliolum [42], from root wood of Zanthoxylum
wurtaiense [43], and from stems and roots of Clausena lansium [16].
Its dimethoxy derivative preskimmianine was isolated from Boro-
nia pinnata [44), from Citrus grandis [45] and from Dictamnus
albus [31].

OMe Me OMe Me
=
X Me
o T o
\’O Me
atanine (R = H)
preskimmianine (R = OMe) pteleprenine

Japan shrub Orixa japonica has been found to contain various
quinoline alkaloids. Isolated were: pteleprenine from the stems
[46], noroxirine from the root bark [47], N-demethyllunidonine,
orixiarine (orijanone), isopteleflorine and 3'-O-methylorixine from
the leaves and stems [48]. Edulinine was isolated from leaves of
Melicope semecarpifolia (Rutaceae) [34], from cell cultures of Ruta
graveolens [49], from the rutaceous Hawaiian shrub Pelea bar-
bigera [50], from bark of Citrus macroptera [51], from leaves of
shrubs Fagara mayu [52], from epigeal part of plant Haplophyllum
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Joliosum [53), from Zanthoxylum williamsii (Rutaceae) [54], from
the leaves and fruits of African medicinal plant Teclea nobilis [55],
from the leaves of Teclea simplicifolia [56], and from root wood of
Melicope semecarpifolia [57]. Lunacridine was obtained from
Indonesian medicinal plant Lunasia amara [58].

O/
OH
X
OH
o N o
o H
nororixine
o
~
OH
T 0
/O

lunacridine

The so-called "zapota blanco", seeds and fruit of the citruses
relative fruit tree Casimiroa edulis, native to Mexico and Central
America, used to be an item of the Mexican Pharmacopoeia. From
the mentioned seeds, casimiroine, which has dioxolane moiety in its
structure, was isolated [59-62]. Daurine was isolated from the roots
of Haplophyllum dauricum [63]. Chemically related vicinal diol
foliosidine was isolated from Haplophyllum foliosum [64, 65],
exhibiting estrogenic activity [11].

e
O/
S
S
Tl\l o
o NTFo N 0
LO | \h/

casimiroine daurine
0/
S
OH N (¢}
o |
HO

pholiosidine

The vast majority of these natural ethers contain methoxy group
at position 4 of the quinoline ring. Examples of compounds with
other alkoxy group are ravenine and bucharaine. Ravenine was
isolated from Ravenia spectabilis [13, 38], whereas bucharain
occurs in Haplophyllum bucharicum [66-70]. In test of biological
activity on mice or rats, bucharaine has shown a significant hypo-
thermic effect [71] and had little or no effect on urinary excretion
[72].

Me
OH
=
0 ~h Me o /\)W/k
OH

A X

N o

' N o

Me H
ravenine bucharaine
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A variety of alkaloids contain 4-oxyquinoline-2-one pattern in
the structure where the C4 oxygen atom is a part of an additional
fused ring; however, this type of natural product is beyond the
scope of this review.

2.2. Biologically Active Synthetic 4-hydroxyquinolin-2-ones

A simple phenylquinolone, NSC 16582, is an antagonist of the
strychnine-insensitive glycine site on NMDA receptor ion channel
complex [73-75]. Even more effective antagonist of NMDA recep-
tor is its chloroderivative, MDL 104653 [75], exhibiting an anti-
convulsant activity [76].

Cl N (o]
H

NSC 16582

SO
Cl N 0
H

L-701324

MDL 104653

The compound L-701324 acts as a very potent antagonist of
NMDA receptors due to high affinity at the glycine site [77]. In
experiments on mice, orally administered compound caused mainly
hypolocomotion [78]. Anticonvulsant activity was also established
on mice [74, 79]. Sedative effects of the compound L-701324 are
comparable with those of diazepam [80]. This compound has also
an inhibitory effect on both spreading depression initiation and
propagation [81]. It has also been patented for the treatment of
various neurological and psychiatric troubles, including a range of
neurodegenerative diseases [82]. In addition to L-701324, the abil-
ity to inhibit NMDA receptor as well as related sedative, neuropro-
tective and anticonvulsant effects have also been documented for
other quinolones, including compounds L-701252 (17) [74, 83] and
L-703717 (18) [74, 84].

OMe
! LA
w SH
cl N o Cl N [¢]
H H
17 18

Some 4-hydroxyquinoline-2-one derivatives possess significant
antiviral effect [85]. Compounds 19 and 20 are representatives of
highly potent inhibitors of the replication of the hepatitis virus C
[86, 87]. The effect of compounds 19 and 20 is due to a viral RNA
polymerase inhibition [88, 89].

19 20

Other 4-hydroxyquinoline-2-one derivatives inhibit HIV-1 inte-
grase [90-92]. 4-Hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxylic
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acid scaffold bearing a variety of substituents at position 1 (N1) and
position 6 (C6) has also been designed and prepared as HIV-1 inte-
grase inhibitors, potentially involved in a metal chelating mecha-
nism [93]. A series of 4-hydroxyquinoline-2-one-3-carboxylic acids
hydrazides were synthesized, which possess various high ability to
inhibit HIV-1 integrase [92]. By far the most potent compound of
this type is hydrazide 21 [92].

NO,
OH O "
N
X NT
H o
N [0}
H

21

Interestingly, similar hydrazides act as allosteric modulators of
the enzyme glycogen synthase kinase GSK-3 [94-96]. An example
of an effective modulator of the receptor is the compound VP-0.7
[94, 96-100]. Some human GSK-3 inhibitors could be applied as
modulators of Aspergillus fumigatus growth and show promise in
different applications to eradicate invasive aspergillosis [100].

OH

H
N
S N7 Y\/\/\/\/\/
H o
)N ’
yP-0.7

One compound with 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-
carbohydrazide moiety in molecule was found to exhibit acetylcho-
linesterase inhibition activity [101].

3-(1,1-Dioxo-2H-1,2,4-benzothiadiazin-3-y1)-4-hydroxyquino-
lin-2(1H)-ones, which have 4-hydroxy-2-oxo-1,2-dihydroquinoline-
3-carboximidamide pattern in their structure, potently inhibits
Hepatitis C Virus (HCV) polymerase enzymatic activity and inhib-
its the ability of the subgenomic HCV replicon to replicate in Huh-7
cells. A structure-activity relationships investigation focused to
substituents on the quinolinone ring culminated in the discovery of
compound 22 [102].

Ny
.S
OH HN j@
F >
X N

N o

22

Some 4-hydroxyquinolin-2-ones are important immunomodula-
tors. Currently available research in this area has led to the devel-
opment of linomide and laquinimod. Linomide, developed by
Active Biotech, is an immunomodulatory that increases the activity
of NK lymphocytes and cytotoxicity of macrophages [103-105]. It
is an inhibitor of angiogenesis and enhances the secretion of TNF-a
[106].

The compound has been investigated as a drug for the treatment
of certain cancers and autoimmune diseases. However, the research
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of linomide was cancelled because of its cardiovascular toxicity,
showing vasodilating effects [107].

OH O
¢ OH O
X N
| NN
N7 o k
| e

laquinimod

linomide
(roquinimex)
More recently, laquinimod, an alternative to linomide has been
developed by Active Biotech and Teva. The compound acts as an
immunomodulator and it is being explored for the treatment of
multiple sclerosis [108-111]. In Russia, laquinimod has been
approved as drug for the treatment of relapsing-remitting multiple
sclerosis under the brand name Nerventra [112]. 4-Hydroxy-2-
quinolone-3-carboxamides have been recently developed as a novel
class of subnanomolar cannabinoid receptor 2 (CB2, CB2R) ligands
with good water solubility [113, 114].
N-(3-Pyridylmethyl)-4-hydroxy-2-oxo-1,2,5,6,7.8-hexahydro-
quinoline-3-carboxamide has shown an analgesic activity [115].
Derivatives with noticeable increase in the analgesic activity have
been derived by using bioisosteric replacement strategy in structural
design [116]. Analgesic activity was also found for several other
compounds having  N-benzyl-4-hydroxy-2-oxo-1,2-dihydroqui-
noline-3-carboxamide structure [117].
Ethyl-4-hydroxy-1-methyl-2-oxo-1,2-dihydroquinoline-3-car-
boxamide is a part of recently developed specific molecular imag-
ing probe such as Cy5.5-CES271 for optical imaging of local
inflammatory activity in vivo [118].

OH

X

0.8
Cy5.5-CES271

Some 2-[(quinolin-3-yl)carbonyl]aminoacetic acid derivatives
are inhibitors of prolyl hydroxylases, having potential in treating
diseases benefiting from the inhibition of this enzyme including
anemia [119].

Derivatives of 4-(4-hydroxy-2-oxo-1,2-dihydroquinoline-3-car-
boxamido)benzoic acid are useful in the treatment of disorders
related to a cell differentiation defect, especially of osteoblasts and
osteoclasts [120]. In a program aimed at developing drugs against
human African trypanosomiasis (HAT), a major tropical disease,
sodium 3-(benzylcarbamoyl)-1-butyl-6-fluoro-7-morpholino-2-oxo-
1,2-dihydroquinoline-4-olate was found to be active against 7rypano-
soma brucei brucei [121]. Recently, several N-substituted 4-hydroxy-
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1-methyl-2-oxo0-1,2-dihydroquinoline-3-carboxamides  have been
found to exhibit considerable anti-proliferative activity [122].

Some piperidine functionalized 4-hydroxyquinolin-2-ones
derivatives are antagonists of gonadotropin releasing hormone
(GnRH) [123-130]. An example is the compound Q89 (23) the
potential use of which in the treatment of hypogonadism was pat-
ented [131]. Similar applies to Q76 (24) [131, 132].

Compound 25 acts as an inhibitor of glyceraldehyde-3-
phosphate dehydrogenase-s (GAPDHs), a glycolytic enzyme
expressed only in male germ cells [133]. GAPDHs inhibitors could
become a male contraceptive, therefore the use of the compound 25
was patented [133] to a reversible reduction in male sperm motility
and for the modulation of reproductive function.

Ukrainian research group published the preparation of a series
of  4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxamides ~ with
potential local anaesthetic effect [134, 135]. The most effective of
the prepared compounds showed a comparable (compound 26) or
even higher (compound 27) effect than lidocaine with a signifi-
cantly lower toxicity [136].

o o ( "o (\0
A O G R
H—Cl NT =0 f-a

N

N o

26 27

on o K

X NN
H

N o H—al

chinoxicaine

Research activities on a new type of local anesthetics led to the
synthesis of chinoxicaine [136], which has been patented [137] for
use as an injectable local anesthetic.

Among 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxamides
derivatives were found exhibiting inhibition of cholinesterases
[101, 138]. It has been suggested that these compounds are promis-
ing for the treatment of Alzheimer Discase [138].
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Recently, the use of certain 3-alkoxy-4-hydroxyquinolin-2-ones
as therapeutic agents for chronic obstructive pulmonary disease and
as anti-allergic agents was patented [139, 140]. An example of sub-
stance with those effects, tested in guinea pigs, is the compound 28
[139, 140]. Although lacking solubility in the culture medium,
selected  8-nitro-3-phenoxy-4-hydroxyquinolin-2-ones  showed
attractive jn vitro antileishmanial activity [141].

OH M on N@
(e} |
H
H,N NT o X
I i
29

28
OH O 30 (R=H)
31 (R = Me)
= 0™ nm-m
33 (R="Pr)
NS0 34 (R=Bu)
I‘{ 35 (R = hexyl)
3035

Many substituted 4-hydroxyquinolin-2-ones exhibit multiple
biological effects. Compound 29 inhibits several tyrosine kinases in
mice (VEGFR-2 kinase and PDFGR-P tyrosine kinase) [142]), and
serine/threonine kinases [143]. This compound inhibits phosphory-
lation of some peptide substrates and exhibits antiproliferative
effects in vitro just due to the inhibition of tyrosine kinases [144].
Moreover, compound 29 and some similar derivatives inhibit the
activity of the thyroid gland [145]. Ester 30 shows antagonism of
NMDA receptors to glycine side. It was found in experiments with
rabbits and rats that 30 has analgesic, anti-inflammatory, anticoagu-
lant, diuretic and nootropic effects [146]. Its simple N-alkyl deriva-
tives 31-35 exhibit only analgesic and anti-inflammatory effects
[147], whereas the strongest analgesic effects were observed for the
N-butyl derivative 34 [147]. A number of derivatives of structure 30
functionalized at the aromatic ring or having another alkoxycar-
bonyl group at position 3 have been prepared and investigated [74,
93, 147-169]. These compounds acted antagonistically on NMDA
receptor and some of them showed antiepileptic properties on
model of autogenic convulsions in mice. Worth mentioning is the
compound L-701,273 (36) that effectively inhibited NMDA recep-
tor, but failed completely when testing antiepileptic effects [74, 83,
157,160,170, 171].

OH O
X o}
M /\O/OH
cl N (0]
H
36
Apparent anti-inflammatory effects were observed in the N-aryl

derivatives 37-44 (Table 3), suppressing carrageenan-induced acute
exudative inflammation in mice [147].

Egyptian researchers prepared and investigated a series of
4-hydroxy-6-nitro-1H-quinolin-2-ones as compounds with potential
antibacterial and antifungal effects [172]. Compounds 45-47
showed antimicrobial activity, inhibiting the growth of bacteria
Bacillus cereus and fungi Aspergillus flavus and A. niger. The
compounds 45 and 46 also inhibited the growth of bacteria
Escherichia coli.

A group of Indian researchers prepared a series of fluorinated
quinolones 48-53 Table 4, which showed moderate photocytotoxic
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activity and ability to inhibit the growth of Mycobacterium tubercu-
losis [173]. The highest photocytotoxic activity as well as the most
effective growth inhibition of M. tuberculosis was observed at
compound 52. Completely inactive turned out to be unsubstituted
4-hydroxyquinolin-2-one.

Table 3. Substituents on aromatic rings of compounds 37-44.
OH O
R o /\
Ry N" o
Ry
Ry
Rz
37-44
37-44 R' R? R’ R
37 H H H H
38 H Me Me Cl
39 H H Me H
40 H H MeO H
41 H MeO H H
42 Me Me H H
43 H H Me Cl
44 H H MeO Cl
OH O
0,N OH
: ~ O,N Q (o}
N
Y Y Y
N [e]
) NH,
R N
45 (R = Me) l
46 (R = Et) 47
Table 4. Substituents of quinolones 48-53.
OH
R,
! X
Ry N [¢]
- H
Ry
48 -53
48-53 R' R R
48 F H H
49 H F H
50 H H F
51 CF; H H
52 H CF; H
53 H H CF;
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Tetrazole derivatives 54 and 55 were patented as antidotes
against benzoylisoxazole herbicides that are reducing their phyto-
toxicity and protect the affected plants [174-178].

OH O
8
NS N
I N
N
N Yo N
|
R
54(R = Me)
55 (R~ Et)

2.3. Quinoline-2,4-diones Isolated from Natural Sources

Buchapine was isolated from the epigeal part of Haplophyllum
bucharicum [179] and H. tuberculatum [179, 180] as well as from
Euodia roxburghiana [181]. Buchapine protects CEM-SS cells
from the cytopathic effects of HIV-1 in vitro [181], inhibits the
replication of HIV and shows some cytotoxicity [182-184]. A simi-
lar derivative 56 was isolated from the wood of Esenbeckia flava
[185] and E. almawillia [186, 187].

buchapine 56
Another quinolinedione with a similar structure is severibuxine
isolated from a citrus plant Severinia buxifolia [188]. This com-
pound shows cytotoxic activity [188].

From the stem bark of Micromelum falcatum 3-hydro-
xyquinoline-2,4-diones 57 and 58 were isolated [6].

severibuxine

Both of them showed toxicity (LDs, values of 355 and 143
pg/mL) towards brine shrimp larvae [6]. Two 3-hydroxyquinoline-
2,4-diones, heptyl derivative 59 and nonyl derivative 60, were iso-
lated from Pseudomonas aeruginosa [189].

€]
o
R
R
N ) N [6)
P i
59 (R = nonyl)
60 (R = heptyl)

57 (R =Me)
58 (R = MeO)

2.4. Biologically Active Synthetic Quinoline-2.4-diones

As mentioned in the previous chapter, some natural 3,3-
dialkylquinoline-2,4-diones have been found to inhibit HIV replica-
tion. A series of 12 compounds structurally similar to buchapine 61
was prepared to investigate their ability to protect lymphoblasts
against infection with HIV as well as their cytotoxicity [182, 190].
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9] Ri=
-CH2CH=CH2,
R R' _CH2CH=C(CH3)2,
> -CH2CH2CH=C(CH3)2,
N o Pr, Bu

61 R2=H, 7-C1, 6-F, 8-F

These compounds have been identified as promising inhibitors
of HIV replication. Interestingly, the presence of any kind of substi-
tution at the aromatic ring resulted in a complete loss of biological
activity [182, 190].

Tested on mice, compounds 62-65 were reported to show toxic-
ity, anticonvulsant activity and sleeping time potentiation [191].
Low toxicity (LDs in the range of 300 — 472 mg/kg) was reported
with only moderate anticonvulsant activity. More significant anti-
convulsant effects were shown by compound 62. A sleeping time
potentiation was shown by compounds 62-64, the most effective
from this point of view was the compound 63.

3-Aryl-3-methylquinoline-2,4-diones show a high affinity to the
serotonin receptors 5-HTg [192-194]. A series of 52 compounds,
66-70, of this type is patented as highly potent and selective inhibi-
tors of 5-HTg receptors, showing potential for the treatment of vari-
ous psychiatric disorders [195]. All compounds exhibited a high
ability (ICsp of 0.015-2.471 umol/L) to inhibit aforementioned
receptors, with only a marginal activity to other receptor subtypes
including 5-HT;, 5-HT, and 5-HT;, and to dopamine receptors
D,-D,. The most effective inhibitors of serotonin receptors are
compounds 66-70, whose inhibitory concentration ICs, ranged from
0.015 pmol/L (68) to 0.073 umol/L (70).

66 (R'=NEt, R =H, R’ = Cl)
67 (R'=0OMe, R’ =H, R’ =Cl)
68 (R'=NHEt, R*= H, R* = Cl)
69 (R'=H,R’=OH, R’ =CI)
70 (R' = Br, R* = H, R* = OMe)

A series of 3-benzylidene-1-phenylquinoline-2,4(1H,3H)-diones 71
were found to exhibit antibacterial and antifungal activity [196].

o
7N S
-R
%
Ph

71
H, 3-NO,, 4-NO,, 3-Br, 2-OH,

R=H.3
4-F, 4-OH. 4-Cl, 4-OMe, 4-Br

Quinisatin hydrazone 72 is an isonicotinic acid hydrazide
(isoniazid) derivative prepared in an effort to find compounds with
a higher tuberculostatic activity than that of isoniazid itself [197].
Later, the QSAR antitubercular activity study was performed on a
series of 79 quinisatin phenylhydrazones 73 [198]. These com-
pounds effectively inhibited the growth of M. ruberculosis [198]
and their further research may lead to new anti-tuberculars.

N
Z "N I\
H
N
N7 o z
H
72
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Austrian group of researchers prepared a series of substituted
3-azidoquinoline-2,4-diones, which were tested for their ability to
inhibit human platelet aggregation [199]. The most effective com-
pounds of the investigated series were 3,3-diazidoquinolinediones
74 and 75 [199].

74 (R=H)
75 (R=Bu)

Some compounds containing the quinolone structural motif
have previously been shown to possess affinity for cannabinoid
receptors (e.g. antagonist of CB2 receptors JTE-907) [200].
Recently, it has been discovered that some quinoline-2,4-diones are
highly selective agonists of cannabinoid CB2 receptors [201].

o
X N O,
H >
MeO N o o
/\/\/o "
Me
JTE-907

A large series of compounds 76 were designed, synthesized and
evaluated for their potencies and binding properties toward the can-
nabinoid CB1 and CB2 receptor [201]. The compounds substituted at
position 5 or 8 of the fused benzene ring demonstrated CB2 receptor
agonist activity, whereas the analogues substituted at position 6 or 7
were antagonists of CB2 receptor [201]. These receptors are impor-
tant from the medical point of view, probably because they are
responsible for the therapeutic effects of cannabinoids (anti-
inflammatory, immunomodulatory, analgesic), whereas CB2 agonism
is not connected with the psychotropic effects of cannabinoids.

O NHR,

R' = Et, Pr, Bu, pentyl, hexyl, cyclopropylmethyl, but-3-cn-1-yl

R® = H, 5/6/T/8-Me, 5/6/7/8-OMe, §-E1, 6-Bu, 6-CF3, 6-OCF3, 6/7-Cl,
6-Br, 6-OMe-8-Me, 6-CI-8-Me, 6,9-di-OMe
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As the most effective compound of this series proved to be
compound 77, with which have been significantly reduced the
clinical scores and ameliorate the disease severity of experimental
autoimmune encephalomyelitis (EAE) by #n vivo evaluation in mice
with EAE [201].

z
=}

2-0Oxo0-1,2-dihydroquinoline-3-carboxylates are useful as anti-
allergic agents [202].

3. SYNTHESIS OF 4-HYDROXYQUINOLIN-2-ONE AND
QUINOLINE-2,4-DIONE DERIVATIVES

Due to a considerable interest in the title compounds, many
methods for their preparation have been developed. Most of them
employ conventional methods of organic synthesis. Some efforts
have been motivated by the need to obtain target derivatives for
further research,

3.1. Syntheses of Substituted 4-hydroxyquinolin-2-ones

A simple and widely used method for the preparation of 4-hy-
droxyquinolin-2-ones is thermal condensation of anilines with sub-
stituted malonic acid derivatives. The method has developed over
the time. Initially, large excesses of substituted diethyl malonate
were required, which was later improved by employing activated
diaryl malonates. The most common protocol involves condensa-
tion of an aniline derivative with diethyl ester of substituted malo-
nic acid in an equimolar ratio or with a slight excess of the
malonate. By this method, a diverse range of substituted quinolones
78 is available (Scheme 1) [73, 93, 111, 119, 120, 148, 203-257],
including ethyl 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxy-
lates (R> = COOEt). The later results from the use of triethyl
methanetricarboxylate instead of malonate [93, 111, 113, 119, 120,
256]. The reaction proceeds via Ketene intermediate. As by-
products, corresponding malonyl dianilides were isolated in some
cases [213,217, 250, 258, 259].

R R®  OH
R, R R?

coom x

+ —_—
Yo , -2EOH

RS N EIOOC L RS N0

ROR ROOR

78

RI=H, Me, Cl
R*=H, Me, MeO, CI. F

R! =H, Me, Bu, Ph
R?= Me, Et, Pr, Bu, Ph, COOEt

R5=H, Me, MeO, CI, F
R®=H, Me, MeO, CI

Scheme 1. Preparation of 4-hydroxyquinolin-2-ones by thermal condensa-
tion of anilines with diethyl malonates.

Unfortunately, for some quinolones, this method is limited to
low yields of the products, prompting to seek for alternative
approaches. Recently, conducting these reactions under microwave
heating conditions is reported in the literature as an alternative to
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the conventional heating [113, 260-265]. An example is the synthe-
sis of quinolone 79 shown in Scheme 2 [261].

Generally, 3-unsubstituted 4-hydroxyquinolin-2-ones can not be
obtained directly by the condensation of anilines with the malonic
acid esters. This is duc to the reaction of an intermediately formed
hydroxyquinolone with the malonate forming the corresponding
4-hydroxy-2H-pyrano[3,2-c]quinoline-2,5(6H)-dione 80 (Scheme
3) [230, 266-277].

Alternatively, the 3-unsubstituted 4-hydroxyquinolin-2-ones
can be prepared from the above pyranoquinolinediones by the deg-
radation of pyran ring via 3-acetyl-4-hydroxyquinolin-2-ones [241,
271-274, 276]. A modern example of such a process is the synthesis
of 4-hydroxy-1-methylquinolin-2-one shown in Scheme 4 [276].

Microwave assisted synthesis starting from anilines and malo-
nic acid [171, 278] or diethyl malonate [179] was confirmed
on several examples as one of the good yielding approaches to
3-unsubstituted 4-hydroxyquinolin-2-ones (Scheme 5).

Another possibility for the synthesis of 3-unsubstituted 4-hy-
droxyquinolin-2-ones is cyclization of malonic acid dianilide 81
and its derivatives on the treatment with polyphosphoric acid
(Scheme 6) [279-290], methanesulfonic acid and phosphorus pen-
toxide [217, 291-294] or aluminium trichloride [295, 296]. At high
temperatures, malonic acid dianilide forms ketene, which subse-
quently cyclizes to form 4-hydroxyquinolin-2-one.

Recently, an elegant two-step synthesis of unsubstituted
4-hydroxy-2-quinolone has been described, which started from
aniline and a reactive substituted dioxanedione 82 (Meldrum's acid)
[297]. Intermediary malonic acid monoanilide was dehydrated by
means of Eaton's reagent (Scheme 7).

In addition to the above mentioned condensation of anilines
with methanetricarboxylates, the general method of preparing of
2-0x0-1,2-dihydroquinoline-3-carboxylates is the condensation of
isatoic anhydrides with unsubstituted malonates. These reactions
have been carried out in dimethylacetamide [102, 202, 298-301] or
dimethylformamide [101, 111, 113, 118, 121, 122, 138, 302-305] in
the presence of bases such as sodium hydride [101, 102, 111, 118,
121, 122, 138, 202, 298-302, 305], sodium methoxide [304], or
sodium fert-butoxide [113, 299, 303].

Modified Mukaiyama reaction of N-methylisatoic anhydride
with ethyl trimethylsilyl methylketene acetal or ethyl trimethylsilyl
phenylketene acetal catalyzed with titanium(IV) chloride afforded
4-hydroxy-1,3-dimethylquinolin-2-one (43 %) or 4-hydroxy-1-
methyl-3-phenylquinolin-2-one (46 %), respectively (Scheme 8)
[306].

In some instances, 3-substituted 4-hydroxyquinolin-2-ones can
be prepared by alkylation of the 3-unsubstituted analogues [182].
Alkylations were performed by alkyl iodides in aqueous lithium
hydroxide (Scheme 9) [182]. 3-Arylated 4-hydroxyquinolin-2-ones
have been accessed by Suzuki—Miyaura cross-coupling at the corre-
sponding iodinated quinolone. The method is limited by low-
yielding 3-iodination of the parent 4-hydroxyquinolin-2-one scaf-
fold [307]. An arylthio group can be introduced to position 3 of
4-hydroxyquinolin-2-one scaffold by the reaction of 3-unsubstituted
precursors with arylsulfonylhydrazides in the presence of base, air
oxygen and suitable catalyst [308]. A series of thirteen 3-arylthio-4-
hydroxyquinolin-2-ones was obtained in 70-90 % yields performing
this reaction in dioxane under reflux wusing 1,4-diazabicyclo
[2.2.2]octane (DABCO) as a base and copper(I) bromide-dimethyl
sulfide complex as a catalyst [308].
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Scheme 2. An example of the microwave assisted cyclocondensation of substituted aniline with activated arylmalonate.
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Scheme 4. Preparation of 4-hydroxy-1-methylquinolin-2-one via pyranoquinolinedione.
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Scheme 5. Microwave synthesis of 3-unsubstituted 4-hydroxyquinolin-2-ones from anilines and malonic acid.
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Scheme 6. Transformation of dianilide of malonic acid to the corresponding 4-hydroxyquinolin-2-one.
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Scheme 7. Two-step synthesis of unsubstituted 4-hydroxyquinolin-2-one starting from aniline and Meldrum's acid.
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R
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,g CIl Cl,
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Scheme 8. Preparation of 3-substituted 4-hydroxy-1-methylquinolin-2-one from N-methylisatoic anhydride by modified Mukaiyama reaction.
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Scheme 9. Preparation of 3-alkyl-4-hydroxyquinolin-2-ones by alkylation of 4-hydroxyquinolin-2-one.
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R'=H, Me, Et, n-alkyls C3-Cyg, i-CsH . #-CgHy 3. (CHa)y=c-CgHy . (CHs)20Et, (CH,) ;NHCOO--Bu, allyl, CH,Ph, CHyCHy*-OMe,
3,5-dimethoxy*-hydroxybenzyl, Ph, CgHy*-Me, 2,3-dimethylphenyl, 3,4-dimethylphenyl, C¢Hy*-OMe, CgHy*-OMe, COO--Bu,

N=CHPh

R? = Me, Et, (1-(fert-butoxycarbonyl)pyrrolidin-2-ylymethyl, CH,Ph, CH,CF;, CH,COOMe, CH,COOEt, COMe, COPr, COBu, CO-i-Bu,
CO(CH,),Ph, CO(CH,),0Me, COCH,Ph, 2-(thiophen-2-yl)acetyl, CO-¢-CHs, CO-c-CgH,, (1-phenyleyclopropyl)carbonyl, COPh,
COOMe, COOEt, COO-1-Bu, COOCH,CN, furan-ylcarbonyl, thiophen™*-ylcarbonyl, nicotinoyl, CONHCHMePh,
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hy phenyl)cart
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R3 =H, Me, CL, I, NO,

R* = H, n-CsH,;, CgH4-4-Cl, 2-naphthyl, 1
0-50,-C4Hy1, 0-SiMey-t-Bu, SMe, NO,, NH,

iophen-2-yl, 1-
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R’ = H, Me, c-C¢H, , 2-naphthyl, 1-benzothiophen-2-yl, CF, CN. F, Cl, OMe, NO,, NH,
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Scheme 10. Preparation of 4-hydroxyquinolin-2-ones by Dieckmann condensation of N-acylanthranilates.
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Scheme 11. Preparation of some 4-hydroxyquinolin-2-ones by modified Dieckmann condensation.

An alternative method of preparation of 4-hydroxyquinolin-2-
ones is Dieckmann condensation of N-acylanthranilates
(Scheme 10) using various basic reagents such as sodium in toluene
or xylene [309-316], sodium alkoxides (in most cases sodium
methoxide) [146, 317-339], potassium tert-butoxide in dimethylsul-
foxide [339], sodium hydride [264, 338, 339, 340], lithium [341,
342], sodium [77, 125] or potassium [74, 84, 343-347]
bis(trimethylsilyl) amide, lithium diisopropyl amide [348, 349],
potassium carbonate in dimethylsulfoxide [350] or in dimethylfor-
mamide [351], triethylamine in methanol [339], and even potassium
hydroxide in water [339].

Under Dieckmann condensation conditions methyl 2-(2-((2-
(methoxycarbonyl)phenyl)(methyl)amino)-N-methyl-2-oxoethylsul-
fonamido)benzoate afforded 4-hydroxy-2-oxo-1,2-dihydroquino-
line-3-sulfonamide derivative in 88-94% yield. No formation of
isomeric 4-hydroxy-1H-benzo[c][1,2]thiazine-3-carboxamide 2,2-
dioxide could be observed [339].

Diethyl  2,2'-[(1,3-dioxo-1,3-propanediyl)diimino |bis-benzoate
undergoes Dieckmann condensation also thermally in boiling
diphenyl ether [352]. The simultaneous intramolecular cyclization of
ethyl 2-[(3-ethoxy-1,3-dioxopropyl)amino]benzoate and amidation
with primary amines proved optimal for the preparation of the corre-
sponding  N-alkyl-4-hydroxy-2-quinolone-3-carboxamides  [353].
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There was patented the approach to N-[2-(diethylamino)ethyl]-1,2-
dihydro-4-hydroxy-2-oxo-1-propylquinoline-3-carboxamide (84) by
the procedure, in which ester 83 is subjected directly to condensation
and amidation reaction simultaneously with N ,N'-dielhylethane-l,Z-
diamine by boiling the reaction mixture in ethanol (Scheme 11) [354].

An interesting reaction leading to 4-hydroxy-2-quinolones was
described by a Japanese group of researchers [355] (Scheme 12).
The synthesis starts from substituted ethynes 85, which react with
carbon dioxide in the presence of a catalytic amount of a silver salt
and strong non-nucleophilic base (DBU).

In addition to the innovative approach to the 4-hydroxy-2-
quinolone skeleton, this reaction is interesting from a mechanistic
point of view. The proposed reaction mechanism [355] is shown in
Scheme 13. It is noteworthy that reactions in which carbon dioxide
become incorporated into a molecule of an organic compound, are
still poorly explored.

3.2. Synthesis of 3,3-disubstituted Quinoline-2,4-diones

A large series of quinoline-2,4-diones with chlorine or bromine
atom at position 3 can be prepared easily by chlorination or bromi-
nation of corresponding 4-hydroxyquinolin-2-ones. Chlorination of
4-hydroxyquinolin-2-ones substituted at position 3 with alkyl, cy-
cloalkyl or aryl group is usually carried out with sulfuryl chloride in
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Scheme 12. Reaction of substituted ethynes with carbon dioxide leading to 4-hydroxyquinolin-2-ones.
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Scheme 13. Proposed reaction mechanism for the formation of 4-hydroxy-3-phenylquinolin-2-one by reaction of 2-(phenylethynyl)aniline with carbon dioxide.

dioxane at slightly elevated temperature [199, 223, 224, 244, 247,
254, 356-359]. An example is the preparation of chloroderivative
86 shown in Scheme 14 [254].

By analogy. 3,3-dichloroquinoline-2.4-diones are obtained from
3-unsubstituted 4-hydroxyquinolin-2-ones on treating with sulfuryl
chloride [291, 295, 356, 360-376].

Alternatively, chlorination takes place with chlorine either from
an external source [356] or generated in situ from hydrogen perox-
ide and hydrochloric acid [356, 364, 377-380], or chloride - chlo-
rate mixture and diluted sulfuric acid [360, 381]. Dioxane or other
solvents have been used in these procedures.

OH [}
Bu
Bu
A S0,Cly cl
—_—
dioxan
1‘“ O 40-60°C TI\I o
Ph 10 min Ph
86
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Scheme 14. An example of preparation of 3-chloroquinoline-2,4-dione from
the corresponding 4-hydroxyquinolin-2-one.

An initial nitration of 4-hydroxyquinoline-2-one into 3-nitro de-
rivative 87 and subsequent treatment with thionyl chloride afforded
3,3-dichloro derivative 88 (Scheme 15) [382].

OH

R HNO:/H,S0y
AcOH, 48 h

N

H

3-Bromo-3-substituted derivatives and 3,3-dibromoderivatives
have been prepared from the appropriate 4-hydroxyquinolin-2-ones
by the treatment with bromine, in most cases in acetic acid as a
solvent [223, 224, 231, 244, 358, 383-390]. Bromination of the ring
with bromine has also been accomplished in formic acid [391],
aqueous sodium hydroxide [225], aqueous potassium bromide
[392], aqueous dioxane [377], ethanol [377], tetrachloromethane
[393], benzene [357], and there are protocols for bromination with
pyridinium bromide perbromide in acetic acid [394], sodium hypo-
bromite and potassium hydroxide in water and methanol [395, 396],
N-bromosuccinimide and anhydrous magnesium perchlorate in
acetonitrile [397-399], and N-bromosuccinimide in dichloro-
methane [400]. An example is bromination of 4-hydroxy-3-
phenylquinoline-2-one shown in Scheme 16 [224, 244, 358].

3-Fluoro-3-alkyl/arylquinoline-2,4-diones as well as 3,3-
difluoroquinolinediones can be prepared from the corresponding
chloroderivatives by substitution of chlorine atom(s). These reac-
tions have been carried out by treatment of the substrate with
potasssium fluoride in presence of 18-crown-6 ether in acetonitrile
[223, 224, 375]. Recently, fluorination of 6-nitro-1-propyl-
quinoline-2,4-dione to its 3,3-difluoroderivative by the treatment
with 1-chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2]octane
bis(tetrafluoroborate), commercially called Selectfluor®, was pat-
ented [401].

NO, <l
= SOCly Cl
DMF, benzene
8] N 0
H

8
27%

Scheme 15. Two-step preparation of 3,3-dichloroquinoline-2,4-dione 88 via the intermediacy of 3-nitroderivative 87.
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Scheme 16. Bromination of 4-hydroxy-3-phenylquinolin-2-one with bro-
mine in acetic acid.

Treatment of 3-alkyl-4-hydroxyquinolin-2-ones in aqueous po-
tassium carbonate solution with an aqueous solution of iodine and
potassium iodide (Lugol solution) leads to introduction of iodine
atom at the position 3 [402].

3-Halogenated quinolone-2,4-diones are valuable intermediates
for the synthesis of a diverse range of substituted quinolone-2,4-
diones. By substitution reactions these can be converted into other
derivatives such as amines [247, 358, 359, 403-405], azidocom-
pounds [199, 223,224,244, 358,371, 375], etc.

4-Hydroxyquinolin-2-ones can be readily transformed into 3-
hydroxyquinoline-2.4-diones by oxidation. A variety of oxidizing
agents have been used including hydrogen peroxide [214, 223,
406], peroxyacetic acid (Scheme 17) [225, 227, 229, 249, 250, 403,
407-409], 3-chloroperoxybenzoic acid [406, 223], and Oxone
(2KHSO5 KHSO4K,SOy4) [410]. A two step procedure that in-
volves nitration of 4-hydroxyquinolin-2-ones and subsequent hy-
drolysis of the intermediate also affords 3-hydroxyquinoline-2,4-
diones [403].

OH [

Bt OH
S AcOOH Et
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Scheme 17. Example of the oxidation of 4-hydroxy-2-quinolone derivative

with peroxyacetic acid.

Quinisatin derivatives can be prepared from quinoline-2.4-diones,
such as 3-chloro-3-nitroderivatives [360, 411], 3.3-dichloro-
derivatives [361] and 3,3-dibromoderivatives [412], or by the photo-
chemical reaction of the corresponding 4-hydroxyquinolin-2(1/)-
ones with singlet oxygen using methylene blue or rose bengal as the
sensitizers [413]. An example of a simple method for the synthesis of
quinisatin by oxidation of quinoline-2,3 4-triol with potassium perio-
date in sulfuric acid is shown in Scheme 18 [414].

OH a
H 0
OH KIO,, H,S04
—_— e
25°C.2h
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N7 ToH N ©°

67%

Scheme 18. Preparation of quinisatin by oxidation of quinoline-2,3.4-triol.

Alkylation of 3-unsubstituted 4-hydroxyquinolin-2-ones with
an excess of alkylating agent in the presence of base affords 3,3-
dialkylquinoline-2,4-diones 89 [415]. An example is the reaction
shown in Scheme 19.

Alkylation of 4-hydroxyquinolin-2-ones is sometimes limited
by side reactions [416]. An illustrative example is shown in
Scheme 20 [415] where 4-hydroxyquinolin-2-one reacted with
propargyl bromide into a complex mixture of products, from which
four compounds were isolated.
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Scheme 19. Preparation of 3,3-dialkylquinoline-2.4-diones.

3,3-Dialkyl- or 3-alkyl-3-arylquinoline-2.4-diones were also pre-
pared by alkylation of 3-alkyl- or 3-aryl-4-hydroxyquinolin-2-ones
with alkyl iodide or alkyl bromide in presence of sodium hydroxide in
water or aqueous ethanol, catalysed with copper [417]. An example
of such alkylation affording 3-methyl-3-phenylquinoline-2 4-dione is
shown in Scheme 21 [416].

Recently, the transformation of 4-hydroxy-1,3-dimethyl-2-
quinolone to 3-propargyl- and 3-[3-(4-chlorophenyl)-2-propynyl]-
1,3-dimethylquinoline-2.4-dione have been described [418].

3.3-Dialkyl- and 3-alkyl-3-arylquinoline-2,4-diones have also
been prepared by Dieckmann condensation of the appropriate sub-
stituted anthranilates [192]. An example is the preparation of 3-
methyl-3-phenylquinoline-2.4-dione 91 from methyl N-(2-
phenylpropanoyl)anthranilate 90 by treatment with lithium
bis(trimethylsilyl)amide as base (Scheme 22).

A multi-component  synthesis of (Z)-3-benzylidene-1-
phenylquinoline-2,4(1H,3H)-diones 71 has been reported to employ
diphenylamine, diethyl malonate, and the appropriate substituted
benzaldehyde as the starting materials (Scheme 23), was published
[196]. The reaction was carried out in aqueous ethanol in the pres-
ence of ZrO, nanoparticles as catalyst at 60-70 °C [196].

3,3-Dialkylquinoline-2.4-diones have been directly prepared also
starting from isatoic anhydride or its derivatives. A series of four
ethyl  3-alkyl-2,4-dioxo-1,2,3 4-tetrahydroquinoline-3-carboxylates
were prepared by condensation of isatoic anhydride with the appro-
priate 2-alkyl-2-(diethoxyphosphoryl) acetates in benzene/ dimethyl-
formamide mixture using sodium hydride as base (Scheme 24) [419].

Modified Mukaiyama reaction of N-methylisatoic anhydride
with methyl trimethylsilyl dimethylketene acetal (MTS) catalyzed
with titanium(IV) chloride afforded 1,3,3-trimethylquinoline-2,4-
dione. Small amounts of derivative substituted with 2-
methoxycarbonylpropan-2-yl group in position 7 accompanied the
reaction, a result of Friedel-Crafts alkylation of the target molecule
(Scheme 25) [420]. More recently, the application of this protocol
to prepare other 3,3-disubstituted N-methylquinoline-2,4-diones
was published [306], where ethyl trimethylsilyl acetals of various
disubstituted ketenes were employed.

Recently, the syntheses of quinoline-2.4-diones through a radical
addition/cyclization cascade reaction of N-(2-cyanophenyl)-N-
methylmethacrylamide (R' = R* = Me) and other compounds having o-
acrylamidobenzonitrile structure, were developed (Scheme 26) [421-
425]. Diphenylphosphineoxide [420], sodium trifluoromethanesulfinate
(Langlois’ reagent) [421] and other sulfinic acid sodium salts [421], a-
ketoacids [422], aldehydes [422], arene/hetarene/ alkanesulfonohydraz-
ides [423], and alcohols [424] were used as reactants. Wide substrate
scope and good functional group tolerance have been reported,
providing an efficient and practical access to a variety of quinoline-
2,4(1H,3H)-diones. The reactions can be conducted in aqueous media,
under ambient conditions, using readily available reactants and
reagents. The products were obtained in moderate to excellent yields.
However, the preparation of 1-unsubstituted and 1-acetylderivatives by
these methods failed.
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Scheme 20. Alkylation of 4-hydroxyquinolin-2-one with propargy! bromide providing four products.
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Scheme 21. Methylation of 4-hydroxy-3-phenyl-2-quinolone.
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Scheme 22. Preparation of 3-methyl-3-phenylquinoline-2,4-dione (91) by Dieckmann condensation of methyl N-(2-phenylpropanoyl)anthranilate (90).
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Scheme 23. Synthesis of (Z)-3-benzylidene-1-phenylquinoline-2 4(1/,3H)-diones.
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Scheme 24. Condensation of isatoic anhydride with 2-alkyl-2-(diethoxyphosphoryl)acetates.
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Scheme 25. Reaction of N-methylisatoic anhydride with MTS.

4. POTENTIAL APPLICATIONS OF 4-HYDROXY-
QUINOLIN-2-ONES AND THEIR DERIVATIVES FOR
PROPERTIES MODIFICATION OR PROTECTION OF
MATERIALS

As discussed above, numerous 4-hydroxyquinolin-2-ones, qui-
noline-2,4-diones, and quinoline-2,3,4-triones show interesting
effects on living organisms. Many of these compounds are also
found in living systems. Thus, not only for their chemical structure
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and reactivity, these compounds can be interesting for their physical
properties. This section will briefly outline the possibilities of using
these chemical entities for the mentioned purposes.

4.1. Potential Applications as Antioxidants and Antidegradants

Some simple natural quinolones such as 4-hydroxy-1-
methylquinolin-2-one (2) [4] and compound 16 [36] exhibit the
ability to scavenge free radicals. It is known, that a number of
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3-pyridyl, Me, Bu, ¢-C3Hs, (E)-styryl; catalyst/oxidant = Cul/(NH,),S,05

Y-R = H-C(O)R? generated in situ from RCH,OH; R3 = Ph, C4H,2-Me, CgH,2-Cl, CgH,3-Me, CgH,?-Br, CgH,-F, 2-thienyl;
catalyst/oxidant = FeCl,/fers-butyl peroxybenzoate

Scheme 26. Preparation of quinoline-2,4-diones by radical addition/cyclization cascade reaction from substituted o-acrylamidobenzonitriles.

simple synthetic 4-hydroxyquinolin-2-ones have antioxidant prop-
erties and the ability to scavenge free radicals [136, 145, 147, 383].
These compounds could therefore be potentially useful as antide-
gradants protecting materials against an oxidative damage.

Noteworthy, structurally similar compound, ethoxyquin [426],
is widely used in animal feed in order to protect it against lipid
peroxidation for several decades and despite the search for new
compounds that could be used as free radical scavengers, it is still
the most effective antioxidant [427]. The negative health effects in
domestic animals fed with ethoxyquin containing feed were
observed some years ago, but the presence of its approved doses
should not be hazardous [426].

Me
EtO
N
Me
N Me
ethoxyquin

4.2. Potential Use as Biocidal Additives

Quinolin-2-ones exhibit antibacterial and antifungal effects. For
6-nitro quinolones (45-47) significant antibacterial and antifungal
effects have been proven. These compounds also effectively inhib-
ited growth of the fungi Aspergillus niger and A. flavus [172],
which often attack various materials. Simple fluorinated 4-hydroxy-
quinolin-2-ones 48-53, as well as quinisatine phenylhydrazones 73,
inhibit the growth of Mycobacterium tuberculosis. Some of the
discussed compounds also show fungicidal and algicidal effects
[27]. Thus, some of these compounds could be used to protect vari-
ous materials against harmful organisms. Such compounds could be
applied either in the form of a suitable spraying or impregnation, or
directly as additives, which would be components of the mixtures
for the preparation of the materials. An interesting challenge is the
preparation of materials based on polymers with bound compounds
of these types. Polymers modified by quinolin-4-one moiety are
already known. For example, a hydroxymethacrylate monomer
containing a quinolin-4-one moiety (norfloxacin concretely) was
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synthesized and homopolymerized [428-430] as well as copolymer-
ized with poly(ethylene glycol) methyl ether [428], while the
monomer as well as the corresponding polymer exhibited an excel-
lent antibacterial activity. The same applies to blends of
poly(acrylated quinolone) with other ordinary synthetic polymers
[427].
o
F COOH

N N
HQ I‘EI

norfloxacin
4.3. The Use of Quinoline-2-one Derivatives as Fluorescent Sub-
stances

Oxygen analogues of quinolin-2-ones, chromen-2-ones, repre-
sent important fluorescent substances widely used in industry. An
example is Coumarin 102, which represents a laser dye [431,432].

N o
H 0 o

quinolin-2(1H)-one 2H-chromen-2-one

Me

Coumarin 102

Some derivatives of quinolin-2-one available from 4-hydroxy-
quinolin-2-ones show very promising fluorescence properties. Such
compounds include substituted 4-trifluoromethyl-, 4-cyano- and
3.4-dicyanoquinolones [433]. Examples are dimethoxyquinolones
92 [434-437] and 93 [374, 432, 438].
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A comparative study of 6-methoxy-, 7-methoxy- and 6,7-
dimethoxycarbostyrils revealed, that both, the 6- and the 7-methoxy
group have different effects to the fluorescence properties of car-
bostyrils such as fluorescence wavelength, quantum yield and
Stokes shift. A further important influence is visible from the elec-
tron acceptor properties of the substituent at position 4 [439].

A number of 4-hydroxyquinolin-2-ones substituted by pyrazoline,
isoxazole or pyridine groups at position 3 were examined as potential
luminophores [440]. A series of quinoline derivatives is documented
that exhibits fluorescence and may find use as fluorescent probes for
detection of bacteria [441], tumour cells [442] or cysteine inside liv-
ing cells [443]. Recently, novel fluorescent dyes based on quinolin-2-
ones were described [444, 445]. Such fluorescent dyes include alde-
hydes 94 [443, 444] and 95 [444] as well as acid 96, obtained by
chemical transformations of the aldehyde 94 [444].
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Other quinoline derivatives may find use as fluorescent probes
for the detection of metal ions [446, 447]. Two 4-hydroxyquinolin-
2-one dyes, compound 97 and its boron difluoride complex 98,
containing 4-diethylamino-2-hydroxyphenyl substituent, displayed
high emission and bright fluorescence and thus offer promise for
use in protein detection [448].

OH O OH

NS

\

Some quinoline and quinolone derivatives have been designed
as fluorescent markers of a diverse range of biomolecules [449].
Such compounds could find use as luminophores, colorants, optical
brighteners and UV absorbers for modification of properties of
polymeric or other materials.

98
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There are already known some polymeric materials, which have
been modified so that quinolin-2-one groups are included in their
structure [450]. Material based on maleic anhydride-styrene alter-
nating copolymer containing quinolin-2-one fluorophore showed
intense fluorescence in the presence of terbium(IIl) ions [451].
Later, a similar material based on quinolin-2-one modified polysty-
rene-block-poly(styrene-alt-maleic anhydride) copolymer was pre-
pared and its luminescence was investigated [452]. For the modifi-
cation of the mentioned polymers, 7-amino-4-methylquinolin-2-one
(99) has been used.

Me

S

HoN o

N
H
99

4.4, Another Possible Use of Quinolone Derivatives for the
Treatment of Materials

Interesting properties were observed for some 1-hydroxy-
quinolin-2-ones. In these compounds, light causes splitting of labile
N-O bonds. Photoresponsive 1-(p-styrenesulfonyloxy)-2-quinolone
- methyl methacrylate and 1-(p-styrenesulfonyloxy)-2-quinolone -
lauryl acrylate copolymers were synthesized from photoacid gen-
erator monomer 100. Surface wettability of these polymers can be
specifically changed by light [453].

4.5. Possible Limitations

It should be noted that some natural 4-hydroxyquinolines have
been found to exhibit estrogenic activity. Such compounds are e.g.
foliosidin or bucharidin [11]. These properties would represent a
complication in the practical exploitation of these compounds, in-
asmuch as a number of additives into polymeric materials has been
for reasons of estrogenic activity significantly reduced (phthalates,
bisphenol A). Some synthetic 4-alkoxyquinolin-2-ones affect the
metabolism of gonadotropin-releasing hormone [123, 125, 129,
132] and 4-hydroxyquinolin-2-one 25 is patented to reduce the
motility of male sperm [133]. Some quinolones, which contain
imidazole group at position 3 of the quinolone ring, inhibit thyroid
[145]. Also, these properties could pose a problem when applying
some of 4-hydroxyquinolones for the treatment of materials. His-
torical experiences with industrial additives that interfere with the
hormonal system or regulation of reproductive functions should
encourage a thorough examination of the 4-hydroxyquinolones and
its derivatives before eventual practical applications. On the other
hand, quinolones could represent relatively safe substances for tox-
icity. Until now tested quinoline-2,4-diones [191] and 4-hydroxy-
quinolin-2-ones exhibit low toxicity [103-107, 136, 139, 140].

Another possible restriction on the use of quinolones and com-
pounds accessible from them for the treatment of materials is their
chemical reactivity. Quinolin-2-ones are relatively stable heterocyc-
lic systems, however quinoline-2,4-dione group is relatively reac-
tive and it is known that various unexpected chemical transforma-
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tions and rearrangements can take place in these heterocycles.
Some of those reactions have been investigated [227, 228, 232, 236,
243, 248, 359, 403, 404, 408, 409, 454-463]. Some chemical trans-
formations of 1-hydroxyquinolin-2-ones [464] and quinoline-24-
diones [465] have been reviewed.

CONCLUSION

The aim of this paper is to bring the reader insight into diverse
group of derivatives of 4-hydroxyquinolin-2-ones and related qui-
noline-2,4-diones. It summarizes the information from the literature
about the occurrence of these compounds in nature, their properties
and potential applications. In the part devoted to the syntheses,
some common methods of approach to these compounds are men-
tioned, and these methods are partially commented. The review
ends with a brief outline of the potential use of these natural and
synthetic compounds to modify the properties of materials or mate-
rials protection and possible restrictions on the applications of these
compounds are there also discussed.
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SEZNAM ZKRATEK

SHT
Ar

Bu

CB

D
DBU
DMF
DMSO
Et
GAPDH
GnRH
GSK

ICso

LDso

LiHMDS
Me
MW

NMDA

5-Hydroxytryptofan (oznaceni receptorti).
Aryl.

Butyl.

Kanabinoid (oznaceni receptori).
Dopamin (oznaceni receptort).
1,8-Diazabicyklo[5.4.0Jundec-7-en.
Dimethylformamid.

Dimethylsulfoxid.

Ethyl.

Glyceraldehyd-3-fosfat dehydrogenasa.
Gonadotropin uvolnujici hormon.
Glykogen synthasa kinasa.

Koncentrace, pti které dojde k 50% inhibici
zkouSeného systému.

Davka, pfti které dojde k thynu poloviny
testovanych jedinci.
Bis(trimethylsilyl)amid lithny.

Methyl.

Mikroviny.

N-Methyl-D-aspartat (oznaceni receptorlt).

Methyl.
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PDFGR

Ph

PPA

Pr

THF

TNF-a

VEGR

Receptor riistového faktoru odvozeny
z krevnich desticek.

Fenyl.

Kyselina polyfosforecna.

Propyl.

Pyridyl.

Zvysena teplota (zahiev).
Tetrahydrofuran.

Faktor nddorové nekrozy (kachektin).

Endotelialni vaskularni rastovy faktor.

99



ZIVOTOPIS AUTORA

Jméno: Karel
Piijmeni: Proisl
Datum narozeni: 25.11. 1985
Bydlisté: Studlov 170, 756 12 Horni Lide¢
Kontakt: 603 388 832
kproisl@itczlin.cz
Zaméstnani

2016—dosud  Institut pro testovani a certifikaci, a. s. — technicky inzenyr.

Vzdélani

2011—dosud  Doktorské studium (ptedpokladané ukoncéeni 2017, SZZ uspesné probehla 3.
2. 2016). Univerzita Tomase Bati ve Zlin¢, Fakulta technologicka, Ustav
chemie. Chemie a technologie materiali. Nyni kombinovana forma studia.

2009-2011 Magisterské studium. Univerzita TomaSe Bati ve Zlin€, Fakulta technologicka.
Chemie potravin a bioaktivnich latek. Ziskan titul Ing.

2006-2009 Bakalafské studium. Univerzita TomaSe Bati ve Zling€, Fakulta technologicka.
Chemie a technologie potravin. Ziskan titul Be.

1997-2006 Gymnasium ve Valasskych Kloboukach (osmileté gymnasium).

Ulelové publikace
2016 Proisl, K.: Pojednani ke statni doktorské zkousce.

2011 Proisl, K.: Studium reaktivity N-(a-ketoacyl)anthranilovych kyselin. Diplomovéa
prace.

2009 Proisl, K.: Studie oxidace chinolin-2,4-dioni kyselinou jodistou a jodistanem
sodnym. Bakalaiska prace.

Pivodni sdéleni v ¢asopisech

2017 Proisl, K.; Kafka, S.; Kosmrlj, J.: Chemistry and Applications of 4-Hydroxyquinolin-
2-one and Quinoline-2,4-dione based Compounds. Current Organic Chemistry,
2017, 21, 1949-1975.

2016 Kifemen, F.; Gazvoda, M.; Kafka, S.; Proisl, K.; Srholcova, A.; Klasek A.;
Urankar, D.; KoSmrlj, J.: Synthesis of 1,4-Benzodiazepine-2,5-diones by Base

100



2014

2013

2012

Granty
2015
2014
2013
2012
2010

Projekty

2015

Promoted Ring Expansion of 3-Aminoquinoline-2,4-diones. Journal of Organic
Chemistry, 2016, 82, 715-722.

Proisl, K.; Kafka, S.; Urankar, D.; Gazvoda, M.; Kimmel, R.; KoSmrlj, J.: Fischer
indolisation of N-(a-ketoacyl)anthranilic acids into 2-(indol-2-carboxamido)benzoic
acids and 2-indolyl-3,1-benzoxazin-4-ones and their NMR study. Organic &
Biomolecular Chemistry, 2014, 12, 9650-9664.

Kafka, S.; Proisl, K.; Kasparkova, V.; Urankar, D.; Kimmel, R.; Kosmrlj, J.:
Oxidative ring opening of 3-hydroxyquinoline-2,4(1H,3H)-diones into N-(a-
ketoacyl)anthranilic acids. Tetrahedron, 2013, 69, 10826—10835.

Kafka, S., Pevec, A.; Proisl, K.; Kimmel, R.; KoSmrlj, J.: 4-Hydroxy-1-methyl-3-
phenylquinolin-2(1H)-one. Acta Crystallogr., Sect. E., 2013, 69, 231.

Kafka, S.; Pevec, A.; Proisl, K.; Kimmel, R.; KoSmrlj, J.: 3-Ethyl-3-hydroxy-8-
methoxyquinoline-2,4(1H,3H)-dione monohydrate. Acta Crystallogr., Sect. E., 2012,
68, 3199-3200.

Kafka, S.; Pevec, A.; Proisl, K.; Kimmel, R.; KoSmrlj, J.: 3-Ethyl-4-hydroxy-8-
methoxyquinolin-2(1H)-one. Acta Crystallogr., Sect. E., 2012, 68, 3198.

Proisl, K.; Kafka, S.: Preparation and potential application of 2-(indol-2-yl)-3,1-
benzoxazin-4-ones. Plasty a kaucuk, 2012, 49, 42-47.

Interni grantova agentura UTB ve Zlin¢; IGA/FT/2015/008 — spolufesitel.
Interni grantova agentura UTB ve Zlin¢; IGA/FT/2014/010 — hlavni fesitel.
Interni grantova agentura UTB ve Zlin¢; IGA/FT/2013/003 — hlavni fesitel.
Interni grantova agentura UTB ve Zlin¢; IGA/FT/2012/043 — hlavni fesitel.
Interni grantova agentura UTB ve Zlin¢; IGA/18/FT/10/A — spolufesitel.

Ugast na projektu OPVK CZ.1.07/2.3.00/45.0015. Centrum pro podporu
ptirodovédnych a technickych véd: Technickd a pfirodovédna laboratof
pro déti a mladez Zlinského kraje.

Aktivni aéast na mezinarodnich konferencich

2013

Proisl, K.; KoSmrlj, J.; Urankar, D.; Kafka, S.: Novel scaffolds based on anthranilic
acid. /5th Blue Danube Symposium on Heterocyclic Chemistry. Olomouc, leden

101



2012

2010

2009

2013. Hlavac J., Potacek M.: Book of Abstracts, s. PO 62. ISBN: 978-80-263-0502-
6. Ustni presentace.

Proisl, K.; Urbanek, P.; Kufitka, I.; Urankar, D.; KoSmrlj, J.; Kafka, S.: Spectral
properties of selected indolylbenzoxazinones. /5th Blue Danube Symposium on
Heterocyclic Chemistry. Olomouc, leden 2013. Hlavac¢ J., Potacek M.: Book of
Abstracts, s. PO 62. ISBN: 978-80-263-0502-6. Posterové sdéleni.

Proisl, K.; Kos$mrlj, J.; Urankar, D.; Kafka, S.: A study of 2-substituted
3,1-benzoxazin-4-ones. 4th EuCheMS Chemistry Congress. Praha, srpen 2012.
Chem. Listy 106, 1340 (2012). ISSN 1803-2389. Posterové sdéleni.

Proisl, K.; Kosmrlj, J.; Urankar, D.; Kafka, S.: 2-(Indol-2-yl)-3,1-benzoxazin-4-ones.
13th Belgian Organic Synthesis Symposium. Leuven (Belgie) ¢erven 2012. Posterové
sdeleni.

Kafka, S.; Proisl, K.; Slintdkova, L.; Kimmel, R.; Urankar, D.; Kosmrlj, J.: Study of
reactivity and potential synthetic utilization of N-(a-ketoacyl)anthranilic acids. /4th
European Colloquium on Heterocyclic Chemistry. Viden, srpen 2010. Book of
Abstracts.com, Gumpoldskirchen 2010, ISBN 978-3-9502992-0-5. Posterové
sdelen.

Kafka, S.; Kasparkova, V.; Proisl, K.; Kosmrlj, J.: Oxidative pyridine ring opening

at 3 hydroxyquinoline-2,4(1H,3H)-diones. /3th Blue Danube Symposium on
Heterocyclic Chemistry. Bled, zati 20009.

Ziskané certifikaty a absolvované kurzy

2017

Kurz interpretace vibra¢nich spekter (Spektroskopickd spolecnost Jana Marka
Marci).

102



LITERATURA

. 0. RUDOLF. Syntéza heterocyklii na bazi chinolin-2,4-diont a studium jejich vlastnosti
a naslednych pfemén. Zlin, 2014. Disertacni prace. Univerzita Tomase Bati ve Zliné. Vedouci
prace Prof. Ing. Antonin Klasek, DrSc.

2. R. KIMMEL. Glukosylace 4-hydroxychinolin-2(1H)-oni - cesta k analogfim né&kterych
biologicky aktivnich derivatl chinolinu. Zlin, 2010. Disertacni prace. Univerzita Tomése Bati
ve Zlin€. Vedouci prace Doc. Ing. Stanislav Katka, CSc.

3. M. EL-NEKETI, W. EBRAHIM, W. LIN, S. GEDARA, F. BADRIA, H. E. A. SAAD, D.
LAIL, P. PROKSCH. Alkaloids and Polyketides from Penicillium citrinum, an Endophyte

Isolated from the Moroccan Plant Ceratonia siliqua. Journal of natural products. 2013, 76(6):
1099-1104. DOI: 10.1021/np4001366.

4. 1. A. BESSONOVA. Components of Haplophyllum bucharicum. Chemistry of Natural
Compounds . 2000, 36(3): 323-324. DOI: 10.1007/bf02238348.

5. D. LAIL H. BROTZ-OESTERHELT, W. E. G. MULLER, V. WRAY a P. PROKSCH.
Bioactive Polyketides and Alkaloids from Penicillium citrinum, a Fungal Endophyte Isolated
from Ocimum tenuiflorum. Fitoterapia . 2013, 91: 100-106. DOI: 10.1016/j.fitote.2013.08.017.

6 S. ANGELESKA, P. KEFALAS a A. DETSI. Crude Peroxidase from Onion Solid Waste
as a Tool for Organic Synthesis. Part III: Synthesis of Tetracyclic Heterocycles (Coumestans
and Benzofuroquinolinones). Tetrahedron Letters . 2013, 54(19): 2325-2328. DOI:
10.1016/j.tetlet.2013.02.081.

7. D. AUDISIO, S. MESSAOUDI, S. COJEAN, J. F. PEYRAT, J. D. BRION, C. BORIES,
F. HUTEAU, P. M. LOISEAU a M. ALAMI. Synthesis and Antikinetoplastid Activities of 3-
Substituted Quinolinones Derivatives. European Journal of Medicinal Chemistry . 2012, 52:
44-50. DOI: 10.1016/j.ejmech.2012.03.003.

8. X. M. LUO, S. H. QL H. YIN, C. H. GAO a S. ZHANG. Alkaloids from the Stem Bark
of Micromelum falcatum. Chemical & Pharmaceutical Bulletin. 2009, 57(6): 600-602. DOI:
10.1248/cpb.57.600.

°. B. H. BHIDE. Indian Journal of Chemistry, Section B. 1977, 15: 440-443.

10°S. AOKI, Y. YE, K. HIGUCHL A. TAKASHIMA, Y. TANAKA, 1. KITAGAWA, M.
KOBAYASHI. Novel Neuronal Nitric Oxide Synthase (nNOS) Selective Inhibitor,
Aplysinopsin-Type Indole Alkaloid, from Marine Sponge Hyrtios erecta. Chemical and
Pharmaceutical Bulletin. 2001, 49(10): 1372-1374. DOI: org/10.1248/cpb.49.1372.

"1 W. D. CROW, J. H. HODGKIN. Alkaloids of the Australian Rutaceae: Halfordia

scleroxyla and Halfordia kendack. TV. Co-occurrence of Oxazole and Quinoline Alkaloids.
Australian Journal of Chemistry. 1968, 21: 3075-3077. DOI: 10.1071/ch9683075.

103



12/ Z. S. FAIZUTDINOVA, 1. A. BESSONOVA, S. Y. YUNUSOV. The Structure of
Bucharidine. Chemistry of Natural Compounds . 1969, 5(5): 380-381. DOI:
10.1007/bf00595108.

3.S. S. NAZRULLAEV, 1. A. BESSONOVA, K. S. AKHMEDKHODZHAEVA.
Chemistry of Natural Compounds . 2001, 37(6): 551-555. DOI: 10.1023/a:1014873000974.

4 C.IH-SHENG, W. SHWU-JEN, L. YUH-CHWEN, T. LIH, H. SEKI, K. FENG-NIEN,
T. CHE-MING. Dimeric 2-Quinolone Alkaloid and Antiplatelet Aggregation Constituents of
Zanthoxylum simulans. Phytochemistry . 1994, 36(1): 237-239. DOIL: 10.1016/s0031-
9422(00)97045-6.

15 L. JURD, M. BENSON, R.Y.WONG. New Quinolinone and Bis-quinolinone Alkaloids
from Euxylophora paraensis. Australian Journal of Chemistry. 1983, 36(4): 759-768.
DOI: 10.1071/CH9830759.

16 Y. YAMAMOTO, K. HARIMAYA. Synthesis of SF2809-V, Chymase Inhibitor, and Its
Analogs by Three Component Reaction: Model Study for High Throughput Synthesis of a
Chymase  Inhibitor  Library. Chemistry  Letters. 2004,  33(3):  238-239.
DOI: org/10.1246/c1.2004.238.

7. W. W. SONG, G. Z. ZENG, W. W. PENG, K. X. CHEN a N. H. TAN. Cytotoxic Amides
and Quinolones from Clausena lansium. Helvetica Chimica Acta. 2014, 97(2): 298-305. DOLI:
10.1002/hlca.201300323.

'8 L. E. C. SUAREZ, M. E. PATTARROYO, J. M. LOZANO a F. D. MONACHE.
Biological Activity of Secondary Metabolites from Peltostigma guatemalense. Natural Product
Research. 2009, 23(4): 370-374. DOI: 10.1080/14786410802228439.

9 M. S. HIFNAWY. Phytochemistry. 1977, 16: 1035-1038.
20 1. A. BESSONOVA, S. YUNUSOV. Chemistry of Natural Products. 1989, 25: 18-20.

2l V. SEVERINO, S. D. FREITAS, P. BRAGA, M. FORIM, M. D. SILVA, .
FERNANDES, P. VIEIRA a T. VENANCIO. New Limonoids from Hortia oreadica and
Unexpected Coumarin from H. superba Using Chromatography over Cleaning Sephadex with
Sodium Hypochlorite. Molecules. 2014, 19(8): 12031-12047. DOIL:
10.3390/molecules190812031.

22 1. SIRIDECHAKORN, S. LAPHOOKHIEO. Chemical Constituents from Feronia
limonia Roots. Chemistry of Natural Compounds . 2012, 48(2): 308-309. DOLI:
10.1007/s10600-012-0231-3.

2. H. Y. HUANG, T. ISHIKAWA, C. F. PENG, S.CHEN, I. S. CHEN. Secondary

Metabolites from the Root Wood of Zanthoxylum wutaiense and Their Antitubercular Activity.
Chemistry & Biodiversity. 2011, 8(5): 880-886. DOI: 10.1002/cbdv.201000127.

104



4. R. RODRIGUEZ-GUZMAN, L. J. FULKS, M. RADWAN, C. BURANDT, S. ROSS.
Chemical Constituents, Antimicrobial and Antimalarial Activities of Zanthoxylum
monophyllum. Planta Medica. 2011, 77(13): 1542-1544. DOI: 10.1055/5-0030-1270782.

2> L. V.ROSAS, T. A. M. VEIGA, J. B. FERNANDES, P. C. VIEIRA, M. F. G. F. SILVA.
Prenylindole Alkaloids from Raputia praetermissa (Rutaceae) and their Chemosystematic
Significance. Journal of the Brazilian Chemical Society. 2011, 22(7): 1346-1353. DOIL:
10.1590/s0103-50532011000700021.

26 T. IAN-LIH. Phytochemistry. 1998, 48(5): 880-886.

27 K. E. SAYED, M. S. AL-SAID, F. S. EL-FERALY, S. A. ROSS. New Quinoline
Alkaloids from Ruta chalepensis. Journal of Natural Products . 2000, 63(7): 995-997. DOL:
10.1021/np000012y.

2 C. L. CANTRELL, K. K. SCHRADER, L. K. MAMONOV, G. T. SITPAEVA, T. S.
KUSTOVA, C. DUNBAR, D. E. WEDGE. Isolation and Identification of Antifungal and

Antialgal Alkaloids from Haplophyllum sieversii. Journal of Agricultural and Food Chemistry
. 2005, 53(20): 7741-7748. DOI: 10.1021/jf051478v.

2 D. M. RAZAKOVA, 1. A. BESSONOVA, S. Y. YUNUSOV. Components of
Haplophyllum obtusifolium. Chemistry of Natural Compounds. 1984, 20(5): 599-600. DOI:
10.1007/bf00580074.

3%, V. SEVERINO, S. D. FREITAS, P. BRAGA, M. FORIM, M. D. SILVA, 1J.
FERNANDES, P. VIEIRA a T. VENANCIO. New Limonoids from Hortia oreadica and
Unexpected Coumarin from H. superba Using Chromatography over Cleaning Sephadex with
Sodium Hypochlorite. Molecules. 2014, 19(8): 12031-12047. DOI:
10.3390/molecules190812031.

31, Y. HITOTSUYANAGI, H. KOJIMA, H. IKUTA, K. TAKEYA, H. ITOKAWA.
Identification and Structure-Activity Relationship Studies of Osthol, a Cytotoxic Principle from
Cnidium monnieri. Bioorganic & Medicinal Chemistry Letters. 1996, 6(15): 1791-1794. DOL:
10.1016/0960-894x(96)00315-0.

32 F. IMAL K. ITOH, N. KISHIBUCHI, T. KINOSHITA, U. SANKAWA. Constituents of
the Root Bark of Murraya paniculata Collected in Indonesia. Chemical and Pharmaceutical
Bulletin. 1989, 37(1): 119-123. DOLI: org/10.1248/cpb.37.119.

3 W. E. CAMPBELL, K. P. FINCH, P. A. BEAN, N. FINKELSTEIN. Alkaloids of the
Rutoideae: Tribe Diosmeae. Phytochemistry. 1987, 26(2): 433-434. DOI: 10.1016/s0031-
9422(00)81426-0.

34.J.J. CHEN, Y. L. CHANG, C. M. TENG, C. C. SU, 1. S. CHEN. Quinoline Alkaloids

and Anti-Platelet Aggregation Constituents from the Leaves of Melicope semecarpifolia.
Planta. 2002, 68(9): 790-793. DOI: 10.1055/5-2002-34412.

105



3 T.S. WU, F. C. CHANG, P. L. WU. Flavonoids, Amidosulfoxides and an Alkaloid from
the Leaves of Glycosmis citrifolia. Phytochemistry. 1995, 39(6): 1453-1457. DOI:
10.1016/0031-9422(95)00171-3.

36 K. A. RASULOVA, 1. A. BESSONOVA. Alkaloids of Haplophyllum perforatum.
Chemistry of Natural Compounds. 1992, 28(2): 214-216. DOI: 10.1007/bf00630180.

37, W. W. SONG, G. Z. ZENG, W. W. PENG, K. X. CHEN, N. H. TAN. Cytotoxic Amides
and Quinolones from Clausena lansium. Helvetica Chimica Acta. 2014, 97(2): 298-305. DOLI:
10.1002/hlca.201300323.

38 H. Y. HUANG, T. ISHIKAWA, C. F. PENG, I. L. TSAL I. S. CHEN. Constituents of the
Root Wood of Zanthoxylum wutaiense with Antitubercular Activity. Journal of Natural
Products. 2008, 71(7): 1146-1151. DOI: 10.1021/np700719e.

39, S. PERRET, P. J. WHITFIELD. Atanine (3-Dimethylallyl-4-methoxy-2-quinolone), an
Alkaloid with Anthelmintic Activity from the Chinese Medicinal Plant, Evodia rutaecarpa.
Planta medica. 1995, 61(3): 276-278. DOI: 10.1055/s-2006-958073.

40 W. FROMMER, B. JUNGE, L. MUELLER, D. SCHMIDT, E. TRUSCHEIT. Neue
Enzyminhibitoren aus Mikroorganismen. Planta medica. 1979, 35(3): 195-217.
DOI: 10.1055/s-0028-1097207.

4 B. D. PAUL, P. K. BOSE. New Quinolone Alkaloids from Ravenia spectabilis. Journal
of Indian Chemical Society. 1968, 45(6): 552-553.

42 C.ITO, M. ITOIGAWA, T. OTSUKA, H. TOKUDA, H. NISHINO, H. FURUKAWA.
Constituents of Boronia pinnata. Journal of Natural Products. 2000, 63(10): 1344-1348. DOI:
10.1021/np0000318.

4. W. T. SHUNG, K. C. SHENG, H. FURUKAWA. Acridone Alkaloids and a Coumarin
from Citrus grandis. Phytochemistry. 1983, 22(6): 1493-1498. DOI: 10.1016/S0031-
9422(00)84044-3.

4 R. STORER, D. W. YOUNG. Synthesis of Halfordamine, an Alkaloid from Halfordia
kendack. Tetrahedron. 1973, 2015-11-12, 29(9): 1215-1216. DOI: 10.1016/0040-
4020(73)80104-8. ISSN 00404020.

4.S. KAZUHIKO, 1. MIKI, K. MURATA, H. JUNKE, S. MOTOMURA, T. ARAKI Y.
ITOYAMA a Y. OSHIMA. Pharmacological Properties of Pteleprenine, a Quinoline Alkaloid
Extracted from Orixa japonica, on Guinea-pig Illeum and Canine Left Atrium. Journal of
Pharmacy and Pharmacology. 1998, 2015-11-12, 50(7): 803-807. DOIL: 10.1111/j.2042-
7158.1998.tb07143.x. ISSN 00223573.

4. M. TERASAKA, K. NARAHASHI, Y. TOMIKAWA. Alkaloids of the Root-bark of

Orixa japonica THUNB. X. Isolation of Nor-orixine. Chemical and Pharmaceutical Bulletin.
1960, 8(12): 1142-1143. DOI: org/10.1248/cpb.8.1142.

106



47 N. TOSHIRO, M. TANDO, K. SUZUKI, K. MURATA, S. FUNAYAMA. New
Quinoline Alkaloids from the Leaves and Stems of Orixa japonica, Orijanone, Isopteleflorine
and 3'-O-Methylorixine. Bioscience, Biotechnology and Biochemistry. 2014, 65(3), 710-713.
DOI: 10.1271/bbb.65.710. ISSN 0916-8451.

4 A. YENESEW, E. DAGNE. Alkaloids of Teclea nobilis. Phytochemistry. 1988, 27(2),
651-653. DOI: 10.1016/0031-9422(88)83170-4. ISSN 00319422.

49-S. R. JOHNS, R. I. WILLING. *C N.M.R Spectra of Quinoline and Methylquinolines.
The Magnitude of the Vicinal Coupling Constants. Australian Journal of Chemistry. 1976,
29(7): 1617-1622. DOI: 10.1071/CH9761617.

%, W. STECK, B. K. BAILEY, J. P. SHYLUK a O. L. GAMBORG. Coumarins and
Alkaloids from Cell Cultures of Ruta graveolens. Phytochemistry. 1971, 10(1): 191-194. DOI:
10.1016/S0031-9422(00)90269-3. ISSN 00319422.

51 R. TORRES, B. K. CASSELS. Leaf Alkaloids of Fagara mayu. Phytochemistry. 1978,
17(4), 838-839. DOI: 10.1016/S0031-9422(00)94261-4. ISSN 00319422.

52 T.HIGA, P. J. SCHEUER. Alkaloids from Pelea barbigera. Phytochemistry. 1974,13(7):
1269-1272. DOI: 10.1016/0031-9422(74)80116-0. ISSN 00319422.

33, N. TAKAHASHI, N. SUBEHAN, S. KADOTA, Y. TEZUKA. Mechanism-based
CYP2D6 Inactivation by Acridone Alkaloids of Indonesian Medicinal Plant Lunasia amara.
Fitoterapia. 2012, 83(4): 774-779. DOI: 10.1016/j.fitote.2012.03.011. ISSN 0367326x.

4 1. A. BESSONOVA, D. BATSUREN, N. D. ABDULLAEV, S. Y. YUNUSOV. Daurine.
A New Alkaloid from Haplophyllum dauricum. Chemistry of Natural Compounds. 1983, 19(1):
117-118. DOI: 10.1007/BF00579995. ISSN 0009-3130.

5. M. ESKAIROW. Doklady akademii nauk USSR. 11958(5): 23.

%, 'S. M. SHARAFUTDINOVA, S. Y. YUNUSOV. The Alkaloids of Haplophyllum
bucharicum.  Chemistry of Natural Compounds. 1968, 4(3): 171-171. DOL:
10.1007/BF00565764. ISSN 0009-3130.

7. L. A. MCQUAID, E. C. R. SMITH, D. LODGE, E. PRALONG, J. H. WIKEL, D. O.
CALLIGARO a P. J. OMALLEY. 3-Phenyl-4-hydroxyquinolin-2(1H)-ones: Potent and
Selective Antagonists at the Strychnine-insensitive Glycine Site on the N-Methyl-D-aspartate
Receptor Complex. Journal of Medicinal Chemistry. 1992, 35(18): 3423-3425. DOI:
10.1021/jm00096a019. ISSN 0022-2623.

8, M.J.ROWLEY, J. KULAGOWSKI, A. P. WATT, D. RATHBONE, G. I. STEVENSON,
R. W. CARLING, R. BAKER, G. R. MARSHALL, J. A. KEMP. Effect of Plasma Protein
Binding on in Vivo Activity and Brain Penetration of Glycine/NMDA Receptor Antagonists.
Journal of Medicinal Chemistry. 1997, 40(25): 4053-4068. DOI: 10.1021/jm9704170. ISSN
0022-2623.

107



%, H. P. BUCHSTALLER, C. D. SIEBERT, R. STEINMETZ, I. FRANK, M. L. BERGER,
R. GOTTSCHLICH, J. LEIBROCK, M. KRUG, D. STEINHILBER, C. NOE. Synthesis of
Thieno[2,3-b]Pyridinones Acting as Cytoprotectants and as Inhibitors of [3H]Glycine Binding
to the N-Methyl-d-aspartate (NMDA) Receptor. Journal of Medicinal Chemistry. 2006, 49(3):
864 — 871 DOI: 10.1021/jm0503493.

%0 R. W. CARLING, P. D. LEESON, K. W. MOORE, C. R. MOYES, M. DUNCTON, M.
L. HUDSON, R. BAKER, A. C. FOSTER, S. GRIMWOOD, J. A. KEMP, G. MARSHALL,
M. TRICKLEBANK, K. SAYWELL. 4-Substituted-3-phenylquinolin-2(1H)-ones: Acidic and
Nonacidic Glycine Site N-Methyl-d-aspartate Antagonists with in Vivo Activity. Journal of
Medicinal Chemistry. 1997, 40(5): 754 — 765. DOI: 10.1021/jm9605492.

6 A. KREIMEYER, B. LAUBE, M. STURGESS, M. GOELDNER, B. FOUCAUD.
Evaluation and Biological Properties of Reactive Ligands for the Mapping of the Glycine Site
on the N-Methyl-d-aspartate (NMDA) Receptor. Journal of Medicinal Chemistry. 1999,
42(21): 4394 — 4404. DOI: 10.1021/jm9910730.

2. P. WLAZ, W. LOSCHER. Weak Anticonvulsant Effects of Two Novel Glycine Receptor
Antagonists in the Amygdala-kindling Model in Rats. European Journal of Pharmacology.
1998, 342(1): 39-46. DOI: 10.1016/S0014-2999(97)01452-0. ISSN 00142999.

6 R.D. FABIO, A. M. CAPELLI, N. CONTI, A. CUGOLA, D. DONATI, A. FERIANI, P.
GASTALDI, G. GAVIRAGHI, C. T. HEWKIN. Substituted Indole-2-carboxylates as in Vivo
Potent Antagonists Acting as the Strychnine-Insensitive Glycine Binding Site. Journal of
Medicinal Chemistry. 1997, 40(6): 841-850. DOI: 10.1021/jm960644a. ISSN 0022-2623.

6 P. H. HUTSON, C. L. BARTON. L-701,324, a Glycine/NMDA Receptor Antagonist,
Blocks the Increase of Cortical Dopamine Metabolism by Stress and DMCM. European
Journal of Pharmacology. 1997, 326(2-3): 127-132. DOI: 10.1016/S0014-2999(97)85406-4.
ISSN 00142999.

65, T. P. OBRENOVITCH, E. ZILKHA. Inhibition of Cortical Spreading Depression by L-
701,324, a Novel Antagonist at the Glycine Site of the N-Methyl-D-aspartate Receptor
Complex. British Journal of Pharmacology. 1996, 117(5): 931-937. DOI: 10.1111/j.1476-
5381.1996.tb15283.x. ISSN 00071188.

%, THE TRUSTEES OF THE UNIVERSITY OF PENNSYLVANIA. Methods for Treating
Neurological and Psychiatric Conditions. WO 2007/2285 A2, 2007.

87 T. FUCHIGAMI, T. HARADAHIRA, N. FUJIMOTO, Y. NOJIRI, T. MUKAI, F.
YAMAMOTO, T. OKAUCHI, J. MAEDA, K. SUZUKI. Development of N-
[%C]Methylamino 4-Hydroxy-2(1H)-quinolone Derivatives as PET Radioligands for the
Glycine-Binding Site of NMDA Receptors. Bioorganic & Medicinal Chemistry. 2009, 17(15):
5665-5675. DOI: 10.1016/j.bmc.2009.06.014. ISSN 09680896.

8. J. PAESHUYSE, 1. VLIEGEN, L. COELMONT, P. LEYSSEN, O. TABARRINI, P.
HERDEWIIN, H. MITTENDORFER, J. EASMON, V. CECCHETTI, R.
BARTENSCHLAGER, G. PUERSTINGER, J. NEYTS. Comparative In Vitro Anti-Hepatitis
C Virus Activities of a Selected Series of Polymerase, Protease, and Helicase Inhibitors.

108



Antimicrobial ~Agents and  Chemotherapy. 2008, 52(9):3433 — 3437. DOL
10.1128/AAC.01534-07.

6 M. L. BARRECA, G. MANFRONI, P. LEYSSEN, J. WINQUIST, N. KAUSHIK-BASU,
J. PAESHUYSE, R. KRISHNAN, N. IRACI, S. SABATINI. Structure-Based Discovery of

Pyrazolobenzothiazine Derivatives As Inhibitors of Hepatitis C Virus Replication. Journal of
Medicinal Chemistry. 2013, 56(6): 2270-2282. DOI: 10.1021/jm301643a. ISSN 0022-2623.

70_J. D. VICENTE, R. T. HENDRICKS, D. B. SMITH, J. B. FELL, J. FISCHER, S. R.
SPENCER, P. J. STENGEL, P. MOHR, J. E. ROBINSON. Non-nucleoside Inhibitors of HCV
Polymerase NS5B. Part 2: Synthesis and Structure—activity Relationships of Benzothiazine-
substituted Quinolinediones. Bioorganic & Medicinal Chemistry Letters. 2009, 19(13): 3642-
3646. DOI: 10.1016/1.bmcl.2009.05.004. ISSN 0960894x.

1. R. T. HENDRICKS, J. B. FELL, J. F. BLAKE, J. P. FISCHER, J. E. ROBINSON, S. R.
SPENCER, P. J. STENGEL, A. L. BERNACKI, V. J. P. LEVEQUE. Non-nucleoside Thibitors
of HCV NS5B Polymerase. Part 1: Synthetic and Computational Exploration of the Binding
Modes of Benzothiadiazine and 1,4-Benzothiazine HCV NS5b Polymerase Inhibitors.
Bioorganic & Medicinal Chemistry Letters. 2009, 19(13): 3637-3641. DOIL:
10.1016/j.bmcl.2009.04.119. ISSN 0960894x.

2. R. TEDESCO, D. CHAI, M. G. DARCY, D. DHANAK, D. M. FITCH, A. GATES, V.
K. JOHNSTON, R. M. KEENAN, J. LIN-GOERKE. Synthesis and Biological Activity of
Heteroaryl 3-(1,1-dioxo0-2H-(1,2,4)-benzothiadizin-3-yl)-4-hydroxy-2(1H)-quinolinone
Derivatives as Hepatitis C Virus NS5B Polymerase Inhibitors. Bioorganic & Medicinal
Chemistry Letters. 2009, 19(15): 4354-4358. DOI: 10.1016/7.bmcl.2009.05.080. ISSN
0960894x.

3, UNIVERSITY OF SOUTHERN CALIFORNIA. Compounds with HIV-1 Integrase
Inhibitory Activity and Use thereof as Anti-HIV/AIDS Therapeutics. US2009/88420 A1, 2009.

7%, NOVARTIS AG, NOVARTIS PHARMA GmbH. Inhibitors of Undecaprenyl
Pyrophosphate Synthase. WO 2008/14307 A2, 2008.

5. ]. DENG, T. SANCHEZ, L. Q. AL-MAWSAWI, R. DAYAM, R. A. YUNES, A.
GAROFALO, M. B. BOLGER, N. NEAMATI. Discovery of Structurally Diverse HIV-1

Integrase Inhibitors Based on a Chalcone Pharmacophore. Bioorganic & Medicinal Chemistry.
2007, 15(14): 4985-5002. DOI: 10.1016/j.bmc.2007.04.041. ISSN 09680896.

6, V. PALOMO, L. SOTERAS, D. I. PEREZ, C. PEREZ, C. GIL, N. E. CAMPILLO, A.
MARTINEZ. Exploring the Binding Sites of Glycogen Synthase Kinase 3. Identification and
Characterization of Allosteric Modulation Cavities. Journal of Medicinal Chemistry. 2011,
54(24): 8461-8470. DOI: 10.1021/jm200996g. ISSN 0022-2623.

77_CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS (CSIC). Heterocyclic
GSK-3 Allosteric Modulators. US 2015/57311 Al, 2015.

8.J. A. MORALES-GARCIA, V. PALOMO, M. REDONDO, S. ALONSO-GIL, C. GIL,
A. MARTINEZ a A. PEREZ-CASTILLO. Crosstalk Between Phosphodiesterase 7 and

109



Glycogen Synthase Kinase-3: Two Relevant Therapeutic Targets for Neurological Disorders.
ACS Chemical Neuroscience. 2014, 5(3): 194-204. DOI: 10.1021/cn400166d. ISSN 1948-
7193.

. Z.Y.XIAO, W. X. ZHOU, Y. X. ZHANG, J. P. CHENG, J. F. HE, R. F. YANG, L. H.
YUN. Roquinimex-mediated Protection Effect on the Development of Chronic Graft-versus-
host Disease in Mice is Associated with Induction of Th1l Cytokine Production and Inhibition
of Proinflammatory Cytokine Production. Life Sciences. 2007, 81(19-20): 1403-1410. DOL:
10.1016/5.1£5.2007.08.044. ISSN 00243205.

80 L. XIANG, D. KLINTMAN, S. TOHRU, H. GUNNAR, S. RENE, J. BENGT, H.
THORLACIUS. Interleukin-10 Mediates the Protective Effect of Linomide by Reducing CXC
Chemokine Production in Endotoxin-Induced Liver Injury. British Journal of Pharmacology.
2004, 143(7): 865 —871. DOI: 10.1038/sj.bjp.0706015.

81 ACTIVE BIOTECH AB. Quinoline derivatives. EP 1095021 B1, 2003.

82_J. SHI, Z. XIAO, M. A. IHNAT, C. KAMAT, B. PANDIT, Z. HU, P. K. LI. Structure—
activity Relationships Studies of the Anti-angiogenic Activities of Linomide. Bioorganic &
Medicinal Chemistry Letters. 2003, 13(6): 1187-1189. DOI: 10.1016/S0960-894X(03)00047-
7. ISSN 0960894x.

8 S. AMERINI, S. FILIPPI, A. PARENTI, F. LEDDA, M. ZICHE.Vasorelaxant Effects
Induced by the Antiangiogenic Drug Linomide in Aortic and Saphenous Vein Preparations of
the Rabbit. British Journal of Pharmacology. 1997, 122(8): 1739 — 1745. DOI:
10.1038/sj.bjp.0701565.

8. TEVA PHARMACEUTICAL INDUSTRIES, LTD. Laquinimod Combination Therapy
For Treatment Of Multiple Sclerosis. US 2015/94332 A1, 2015.

8 TEVA PHARMACEUTICAL INDUSTRIES, LTD. Treatment of Multiple Sclerosis with
Combination of Laquinimod and Fampridine. US 2014/17226 A1, 2014.

8. TEVA PHARMACEUTICAL INDUSTRIES, LTD. Treatment Of Multiple Sclerosis
With Combination Of Laquinimod And Fingolimod. US 2013/96158 A1, 2013.

87.S. JONSSON, G. ANDERSSON, T. FEX, T. FRISTEDT, G. HEDLUND, K. JANSSON,
L. ABRAMO, L. FRITZSON, O. PEKARSKI. Synthesis and Biological Evaluation of New 1,2-
Dihydro-4-hydroxy-2-oxo-3-quinolinecarboxamides  for  Treatment of Autoimmune
Disorders:  Structure—Activity Relationship. Journal of Medicinal Chemistry. 2004, 47(8):
2075-2088. DOI: 10.1021/jm031044w. ISSN 0022-2623.

88 Nerventra (laquinimod) Capsules 0,6 mg. Registration certificate. State Register of
Medicines (in Russian).
Dostupné z: http://grls.rosminzdrav.ru/Grls_ View v2.aspx?idReg=64645.

8.1, JIANG, R. ]. DEVITA, M. T. GOULET, M. J. WYVRATT, J. L. LO, N. REN, J. B.
YUDKOVITZ, J. CUL Y. T. YANG. Syntheses and Structure—activity Relationship Studies of
Piperidine-substituted Quinolones as Nonpeptide Gonadotropin Releasing Hormone

110



Antagonists. Bioorganic & Medicinal Chemistry Letters. 2004, 14(7): 1795-1798. DOI:
10.1016/j.bmcl.2003.12.101. ISSN 0960894x.

% J. R. YOUNG, S. X. HUANG, L. CHEN, T. F. WALSH, R. J. DEVITA, M. J.
WYVRATT, M. T. GOULET, N. REN, J. LO. Quinolones as Gonadotropin Releasing
Hormone (GnRH) Antagonists: Simultaneous Optimization of the C(3)-Aryl and C(6)-
Substituents. Bioorganic & Medicinal Chemistry Letters. 2000, 10(15): 1723-1727. DOI:
10.1016/S0960-894X(00)00318-8. ISSN 0960894x.

°l. L. H. HEITMAN, P. A. IZERMAN. G Protein-coupled Receptors of the Hypothalamic-
pituitary-gonadal Axis: A Case for Gnrh, LH, FSH, and GPR54 Receptor Ligands. Medicinal
Research Reviews. 2008, 2015-11-12, 28(6): 975-1011. DOI: 10.1002/med.20129. ISSN
01986325.

2, OREGON HEALTH AND SCIENCE UNIVERSITY. Restoring function to
gonadotropin releasing hormone receptor mutants. WO 2004/69859 A2, 2004.

3, MERCK AND CO., INC. Antagonists of Gonadotropin Releasing Hormone. US 6147088
Al, 2000.

%4 1. A. JANOVICK. Structure-Activity Relations of Successful Pharmacologic Chaperones
for Rescue of Naturally Occurring and Manufactured Mutants of the Gonadotropin-Releasing
Hormone Receptor. Journal of Pharmacology and Experimental Therapeutics. 305(2), 608-
614. DOI: 10.1124/jpet.102.048454. ISSN 00223565.

95, THE UNIVERSITY OF NORTH CAROLINA AT CHAPEL HILL. THE GOV. OF THE
U.S.A AS REPRESENTED BY THE SECRETARY OF THE DEPT. OF HEALTH AND
HUMAN SERVICES. Glyceraldehyde 3-Phosphate Dehydrogenase-S (GAPDHS), a
Glycolytic Enzyme Expressed only in Male Germ Cells, is a Target for Male Contraception.
US 2005/266515 Al, 2005.

% 1. V. UKRAINETS, O. V. GOROKHOVA, S. G. TARAN, P. A. BEZUGLYL, N. L
FILIMONOVA, A. V. TUROV. 4-Hydroxy-2-quinolenes. Improved Synthesis and Biological
Properties of Hydrochlorides of p-Dialkylaminoalkylamides of 1-Alkyl-2-oxo0-4-
hydroxyquinoline-3-carboxylic acids. Chemistry of heterocyclic compounds. 1994, 30(10):
1214-1219. DOI: 10.1007/BF01184888.

7. G. RACZ, C. NOE, I. UKRAINETS. Pain management — Current Issues and Opinions.
Janeza Trdine 9, 51000 Rijeka, Croatia: InTech, 2011, s. 63-81. ISBN 978-953-307-813-7.

%8 1. V. UKRAINETS, P. A. BEZUGLIY. Injectable anesthetic. US 6340692 B1.

% DAINIPPON INK AND CHEMICALS, INC. Therapeutic Agent for Chronic Obstructive
Pulmonary Disease with the Same. EP 1650191 A1, 2006.

100 DAINIPPON INK AND CHEMICALS, INC. Therapeutic Agent for Chronic
Obstructive Pulmonary Disease with the Same. WO 2005/12251 A1, 2005.

111



101 DAINIPPON INK AND CHEMICALS, INC. Quinolinone Derivative and Anti-allergic
Agent with Said Quinolinone Derivative as the Active Ingredient. US 5942521 A1, 1999.

192/ K. FRAZIER, E. JAZAN, C. M. MCBRIDE, S. PECCHI, P. A. RENHOWE, C. M.
SHAFER, C. TAYLOR, D. BUSSIERE, M. M. HE. Design and Structure—activity Relationship
of Heterocyclic Analogs of 4-Amino-3-benzimidazol-2-ylhydroquinolin-2-ones as Inhibitors of
Receptor Tyrosine Kinases. Bioorganic & Medicinal Chemistry Letters. 2006, 16(8): 2247-
2251. DOI: 10.1016/j.bmcl.2006.01.020. ISSN 0960894x.

103, Z. J. NI, P. BARSANTI, N. BRAMMEIER, A. DIEBES, D. J. POON, S. PECCHL, K.
PFISTER, P. A. RENHOWE. 4-(Aminoalkylamino)-3-benzimidazole-quinolinones as Potent
CHK-1 Inhibitors. Bioorganic & Medicinal Chemistry. 2006, 16(12): 3121-3124. DOI:
10.1016/5.bmcl.2006.03.059. ISSN 0960894x.

104 P, A.RENHOWE, S. PECCHI, C. M. SHAFER, T. D. MACHAJEWSKI, E. M. JAZAN,
C. TAYLOR, W. ANTONIOS-MCCREA, C. M. MCBRIDE, K. FRAZIER. Design,
Structure—Activity Relationships and in Vivo Characterization of 4-Amino-3-benzimidazol-2-
ylhydroquinolin-2-ones: A Novel Class of Receptor Tyrosine Kinase Inhibitors. Journal of
Medicinal Chemistry. 2009, 52(2): 278-292. DOI: 10.1021/jm800790t. ISSN 0022-2623.

105 . V. UKRAINETS, S. G. TARAN, O. V. GOROKHOVA, N. A. MARUSENKO, A. V.
TUROV. 4-Hydroxy-2-quinolones. 32. Synthesis and Antithyroid Activity of Thio analogs of
1H-2-Ox0-3-(2-Benzimidazolyl)-4-hydroxyquinoline. Chemistry of Heterocyclic Compounds .
1997, 2015-11-12, 33(5): 600-604. DOI: 10.1007/BF02291946. ISSN 0009-3122.

196, P. A. BEZUGLYL L V. UKRAINETS, V. L. TRESKACH, A. V. TUROV, S. V.
GLADCHENKO. Biological Properties of 2,4-Dioxo-3H-quinoline-3-carboxylic Acid and its
Ethyl Ester. Pharmaceutical Chemistry Journal. 1992, 26(2): 138 — 141. DOL
10.1007/BF00766452.

107 1. V. UKRAINETS, O. V. GOROKHOVA, S. G. TARAN, P. A. BEZULYL, A. V.
TUROV, N. A. MARUSENKO, O. A. EVTIFEEVA. 4-Hydroxy-2-quinolones. 22. Synthesis
and Biological Properties of 1-Alkyl(aryl)-2-oxo-3-carbethoxy-4-hydroxyquinolines and their
Derivatives. Chemistry of Heterocyclic Compounds . 1994, 30(7): 829-836. DOLI:
10.1007/BF01169641. ISSN 0009-3122.

198 'A.G. A. EL-AGAMEY, A. A. ATTAIA. Synthesis and study of antimicrobial agents of
newly 6-nitro-4-hydroxy-2-quinolone derivatives. Archives of Applied Science Research.
2012, 4(3):1339-1343.

19 K. ARYA, M. AGARWAL. Microwave Prompted Multigram Synthesis, Structural
Determination, and Photo-antiproliferative Activity of Fluorinated 4-Hydroxyquinolinones.
Bioorganic &  Medicinal  Chemistry  Letters. 2007, 17(1): 86-93. DOL:
10.1016/5.bmcl.2006.09.082. ISSN 0960894x.

11 BAYER CROPSCIENCE LIMITED. New Herbicidal Compositions. EP 1213966 B1,
2006.

T SYNGENTA PARTICIPATIONS AG. Herbicidal Compositions. EP 1388285 A2, 2004.

112



12 E. F. NESMELOVA, 1. A. BESSONOVA, S. Y. YUNUSOV. Buchapine — A New
Alkaloid from Haplophyllum bucharicum. Chemistry of Natural Compounds. 1982, 18(4): 508-
509. DOI: 10.1007/BF00579671. ISSN 0009-3130.

113 ' G. M. SHERIHA, K. ABOUAMER, B. Z. ELSHTAIWIL A. S. ASHOUR, F. A. ABED,
H. H. ALHALLAQ. Quinoline Alkaloids and Cytotoxic Lignans from Haplophyllum
tuberculatum. Phytochemistry. 1987, 26(12): 3339 — 3342, DOI: 10.1016/S0031-
9422(00)82500-5.

114 'N. AHMED, K. G. BRAHMBHATT, S. SABDE, D. MITRA, I. P. SINGH, K. K.
BHUTANI. Synthesis and Anti-HIV Activity of Alkylated Quinoline 2,4-diols. Bioorganic &
Medicinal Chemistry. 2010, 18(8): 2872-2879. DOI: 10.1016/j.bmc.2010.03.015. ISSN
09680896.

5 D. L. DREYER, Alkaloids, Limonoids and Furocoumarins from Three Mexican
Esenbeckia Species. Phytochemistry . 1980, 2015-11-12, 19(5): 941-944. DOI: 10.1016/0031-
9422(80)85142-9. ISSN 00319422.

16, F. M. NUNES, B. A. BARROS-FILHO, M. C. F. DE OLIVEIRA, J. MAFEZOLI, M.
ANDRADE-NETO, M. C. D. MATTOS, E. R. SILVEIRA, J. R. PIRANI. Total Assignment
of 'H and '3C NMR Spectra of the Alkaloid 3,3-Diisopentenyl-N-methyl-2,4-quinoldione and
Novel Reaction Derivatives. Magnetic Resonance in Chemistry. 2005, 43(2): 180 — 183. DOL:
10.1002/mre.1511.

17 L. X. MING, Q.S:HUA, Y.HAO, G. C. HAI, Z. SI. Alkaloids from the Stem Bark of
Micromelum falcatum. Chemical and Pharmaceutical Bulletin. 2009, 57(6): 600 — 602.
DOI: org/10.1248/cpb.57.600.

8 'W. NEUENHAUS, H. BUDZIKIEWICZ, H. KORTH, G. PULVERER.
Bakterieninhaltsstoffe, III 3-Alkyl-tetrahydrochinolinderivate aus Pseudomonas / Bacterial
Constituents, III 3-Alkyl-tetrahydroquinoline Derivatives from Pseudomonas. Zeitschrift fiir
Naturforschung B . 1979-01-1, 2015-11-12, 34(2). DOI: 10.1515/znb-1979-0234. ISSN 1865-
7117.

19.S. S. YANG, G. M. CRAGG, D. J]. NEWMAN, J. P. BADER. Natural Product-Based
Anti-HIV Drug Discovery and Development Facilitated by the NCI Developmental
Therapeutics Program. Journal of Natural Products. 2001, 64(2): 265 — 277.
DOI: 10.1021/np0003995.

120°A. B. DARUWALA, J. E. GEARIEN, W. J. DUNN, P. S. BENOIT, L. BAUER. Beta-
Amino Ketones. Synthesis and Some Biological Activities in Mice of 3,3-Dialkyl-1,2,3,4-
tetrahydro-4-quinolinones and Related Mannich Bases. Journal of Medicinal Chemistry. 1974,
17(8): 819-824. DOI: 10.1021/jm00254a008. ISSN 0022-2623.

121 C. M. SEONG, W. K. PARK, C. M. PARK, J. Y. KONG, N. S. PARK. Discovery of 3-
Aryl-3-methyl-1H-quinoline-2,4-diones as a New Class of Selective 5-HT6 Receptor
Antagonists. Bioorganic & Medicinal Chemistry Letters. 2008, 18(2): 738-743. DOLI:
10.1016/j.bmcl.2007.11.045. ISSN 0960894x.

113



122 R. A. GLENNON, U. SIRIPURAPU, B. L. ROTH, R. KOLANOS, M. L. BONDAREV,
D. SIKAZWE, M. LEE a M. DUKAT. The Medicinal Chemistry of 5-HT6 Receptor Ligands

with a Focus on Arylsulfonyltryptamine Analogs. Current Topics in Medicinal Chemistry.
2010, 10(5): 579-595. DOI: 10.2174/156802610791111542. ISSN 15680266.

122, B. BENHAMU, M. M. FONTECHA, H. V. VILLA, L. PARDO, M. L. LOPEZ-
RODRIGUEZ. Serotonin 5-HT6 Receptor Antagonists for the Treatment of Cognitive
Deficiency in Alzheimer’s Disease. Journal of Medicinal Chemistry. 2014, 57(17): 7160 —
7181. DOI: 10.1021/jm5003952.

124 'S. C. PARK, N. J. YUNGSIK, C. J. PARK, W. C. HEEYUNG, K. JAEYANG, J.
DAEYOUNG, K. SUNHEE, S. SUKIJIN, K. KYUNGRAN. 3-Aryl-3-methyl-quinoline-2, 4-

diones, Preparation Method thereof, and Pharmaceutical Composition Containing the Same.
US 2006/84676 A1, 2006.

125 A. MANVAR, V. KHEDKAR, J. PATEL, V. VORA, N. DODIA, G. PATEL, E.
COUTINHO a A. SHAH. Synthesis and Binary QSAR Study of Antitubercular
Quinolylhydrazides. Bioorganic & Medicinal Chemistry Letters. 2013, 23(17), 4896-4902.
DOI: 10.1016/j.bmcl.2013.06.076. ISSN 0960894x.

126.S. D. FEDORYAK, P. V. PRISYAZHNYUK, I I. SIDORCHUK. Synthesis and
Biological Activity of Isonicotinoylhydrazones of Certain Di- and Tricarbonyl Compounds.
Pharmaceutical Chemistry Journal. 1982, 16(1), 37-40. DOI: 10.1007/BF00761608. ISSN
0091-150x.

127 E. MALLE. Etude de L'action Antiagrégante Plaquettaire de Dérivés Substitués en 2-,
3- et 4- D'azidoquinoléines Nouvelles. European Journal of Medicinal Chemistry. 1990, 25(2):
137-142. DOI: 10.1016/0223-5234(90)90022-U. ISSN 02235234.

128 'S. HAN, F. ZHANG, F. Y. QIAN, L. L. CHEN, J. B. PU, X. XIE, J. Z. CHEN.
Development of Quinoline-2,4(1 H ,3 H )-diones as Potent and Selective Ligands of the
Cannabinoid Type 2 Receptor. Journal of Medicinal Chemistry . 2015, 58(15): 5751-5769.
DOI: 10.1021/acs.jmedchem.5b00227. ISSN 0022-2623.

12 H. INAMURA, H. SUZUKI, Y. UEDA, T. KAYA, T. INABA. In Vitro and in Vivo
Pharmacological Characterization of JTE-907, a Novel Selective Ligand for Cannabinoid CB;
Receptor. J. Pharmacol. Exp. Ther. 2001 296:420-425.

30 A. RIVKIN, Y. R. KIM, M. T. GOULET, N. BAYS, A. D. HILL, I. KARIV, S.
KRAUSS, N. GINANNI, P. R. STRACK. 3-Aryl-4-hydroxyquinolin-2(1H)-one Derivatives as
Type 1 Fatty Acid Synthase Inhibitors. Bioorganic & Medicinal Chemistry Letters.
2006, 16(17): 4620-4623. DOI: 10.1016/1.bmcl.2006.06.014. ISSN 0960894x.

31 R.STORER, D. W. YOUNG, D. R. TAYLOR, J. M. WARNER. Isolation and Synthesis

of N-Methyl-4,7,8-trimethoxy-2-quinolone from Spathelia sorbifolia L. Tetrahedron.
1973, 29(12): 1721-1723. DOI: 10.1016/0040-4020(73)80118-8. ISSN 00404020.

114



132.S. C. CHHABRA, R. L. A. MAHUNNAH, E. N. MSHIU. Plants Used in Traditional
Medicine in Eastern Tanzania. VI. Angiosperms (Sapotaceae to Zingiberaceae). Journal of
Ethnopharmacology. 1993, 39(2): 83-103. DOI: 10.1016/0378-8741(93)90024-Y. ISSN
03788741.

133 E. ZIEGLER, K. GELFERT. Synthesen von Heterocyclen, 24. Mitt.: Uber 4-Hydroxy-
carbostyrile. Monatshefte fuer Chemie, 1959, 90(6): 858-865.

134 'N. SHOBANA, P. YESHODA, P. SHANMUGAM. A Convenient Approach to the
Synthesis of Prenyl-, Furo- and Pyrano-quinoline Alkaloids of the Rutaceae. Tetrahedron.
1989, 45(3): 757-762. DOI: 10.1016/0040-4020(89)80106-1. ISSN 00404020.

135 1. M. Isak, E. S. LEE, S. J. CHOI, J. Y. LEE, Y. C. KIM. Structure—activity Relationships
of Heteroaromatic Esters as Human Rhinovirus 3C Protease Inhibitors. Bioorganic &
Medicinal Chemistry Letters. 2009, 19(13): 3632-3636. DOI: 10.1016/j.bmcl.2009.04.114.
ISSN 0960894x.

136 T. ISHIDA, S. KIKUCHI, T. YAMADA. Efficient Preparation of 4-Hydroxyquinolin-
2(1 H )-one Derivatives with Silver-Catalyzed Carbon Dioxide Incorporation and
Intramolecular Rearrangement. Organic Letters . 2013, 15(14): 3710-3713. DOL:
10.1021/01401571r. ISSN 1523-7060.

137.S. KAFKA, A. KLASEK, J. POLIS, J. KOSMRLIJ. Syntheses of 3-Aminoquinoline-
2,4(1H,3H)-diones. Heterocycles. 2002, 57(9): 1659 — 1682. DOI: 10.3987/COM-02-9522.

138 0. RUDOLF, V. MRKVICKA, A. LYCKA, M. ROUCHAL, A. KLASEK. Reaction of
Some 2-Quinolone Derivatives with Phosphoryl Chloride: Synthesis of Novel Phosphoric Acid
Esters of 4-Hydroxy-2-quinolone. Journal of Heterocyclic Chemistry. 2013, 50: E100-E110.
DOI: 10.1002/jhet.1082.

139 E. ZIEGLER, R. SALVADOR, T. KAPPE. Synthesen von Heterocyclen, 41. Mitt.: Uber
cyclische Dichlormalonyl-Verbindungen. Monatshefte fuer Chemie. 1962, 93: 1376-1381.

140 'W. STADLBAUER, R. LASCHOBER, H. LUTSCHOUIG, G. SCHINDLER, T.
KAPPE. Halogenation Reactions in Position 3 of Quinoline-2,4-dione Systems by Electrophilic
Substitution and Halogen Exchange. Monatshefte fuer Chemie. 1992, 123(6): 617 — 636.

141 C. FOURNIER, J. DECOMBE. Bulletin de la Societe Chimique de France. 1967, 3367-
3370.

142 C. FOURNIER, J. DECOMBE. Comptes Rendus des Seances de l'Academie des
Sciences, Serie C: Sciences Chimiques. 1967, 265: 1169.

3 V.N.DROZD, V.N. KNYAZEV, N. L. NAM, V. P. LEZINA, T. Y. MOZHAEVA, V.
L. SAVELEV. Russian Journal of Organic Chemistry. 1993, 29(4): 653 — 658.

144 E. ZIEGLER, R. SALVADOR, T. KAPPE. Synthesen von Heterocyclen, 50. Mitt.: Uber
Dibrommalonyl-Verbindungen. Monatshefte fuer Chemie. 1963, 94: 941-949.

115



145 'S, KAFKA, S. HAUKE, A. SALCINOVIC, O. SOIDINSALO, D. URANKAR, J.
KOSMRLYJ. Copper(I)-Catalyzed [ 3+ 2] Cycloaddition of 3-Azidoquinoline-2.4(1H,3H)-
diones with Terminal Alkynes. Molecules. 2011, 16(12): 4070-4081. DOI:
10.3390/molecules16054070. ISSN 1420-3049.

146 R. LASCHOBER, W. STADLBAUER. Synthesis of 3-Heptyl- and 3-Nonyl-
2,4(1H,3H)-quinolinediones. Liebigs Annalen der Chemie. 1990, 1990(11), 1083-1086. DOI:
10.1002/j1ac.1990199001195. ISSN 01702041.

7 1. V. UKRAINETS, S. G. TARAN, O. A. EVTIFEVA, O. V. GOROKHOVA, N. L
FILIMONOVA a A. V. TUROV. 4-Hydroxy-2-quinolones. 26. Bromination of 3-Substituted
2-Ox0-4-hydroxyquinolones. Chemistry of Heterocyclic Compounds. 1995, 31(2): 176-179.
DOI: 10.1007/BF01169675. ISSN 0009-3122.

148 'S. KAFKA. Nepublikované vysledky.

49 A. KLASEK, A. LYCKA, I. MIKSIK, A. RUZICKA. Reaction of 3-Phenyl-3-
aminoquinoline-2,4-diones with Isothiocyanates. Facile Access to Novel Spiro-linked 2-
Thioxoimidazolidine-oxindoles and Imidazoline-2-thiones. Tetrahedron. 2010, 66(11): 2015-
2025. DOI: 10.1016/j.tet.2010.01.041. ISSN 00404020.

150 B. C. CHEN, P. ZHOU, F. A. DAVIS, E. CIGANEK. A-Hydroxylation of Enolates and
Silyl Enol Ethers. Organic Reactions. DOI: 10.1002/0471264180.0r062.01. ISBN
0471264180.

151 W.STADLBAUER, T. KAPPE. Zeit. Naturfor. 1982, 37, s. 1196 — 1200.

152 W. STADLBAUER, H. LUTSCHOUNIG, G. SCHINDLER, T. WITOSZYNSKY]J, T.
KAPPE. Synthesis of 3-Nitro- and 3-Aminoquinoline-2,4-diones. An Unexpected Route to 3-
Hydroxyquinoline-2,4-diones. Journal of Heterocyclic Chemistry. 1992, 29(6): 1535-1540.
DOI: 10.1002/jhet.5570290627. ISSN 0022152x.

133 S. KAFKA, K. PROISL, V. KASPARKOVA, D. URANKAR, R. KIMMEL, J.
KOSMRLJ. Oxidative Ring Opening of 3-Hydroxyquinoline-2,4(1H,3H)-diones into N-(a-
Ketoacyl)anthranilic  Acids. Tetrahedron . 2013, 69(51): 10826-10835. DOI:
10.1016/j.tet.2013.10.092. ISSN 00404020.

154 R. M. MAHRAN, W. M. ABDOU, M. M. SIDKY, H. WAMHOFF. Synthesis. 1987, 5:
506 — 508.

155 BAEYER a HOMOLKA. Chemische Berichte. 1883, 16: 2216.

156 T. KAPPE, E. ZIEGLER. Synthesen von Heterocyclen, 53. Mitt.: Zur Chemie der
Chlornitromalonyl-Verbindungen. Monatshefte fuer Chemie. 1964, 95: 415-419.

157, STATE OF OREGON, ACTING BY AND THROUGH THE OREGON STATE

BOARD OF HIGHER EDUCATION, ACTING FOR AND ON BEHALF OF THE OREGON
HEALTH SCIENCES UNIVERSITY AND THE UNIVERSITY OF OREGON, ACEA

116



PHARMACEUTICALS, INC., THE REGENTS OF THE UNIVERSITY OF CALIFORNIA.
Glycine Receptor Antagonists Pharmacophore. US 5597922 A1, 1997.

133 N. AHMED, K. G. BRAHMBHATT, 1. P. SINGH, K. K. BHUTANI. Efficient
Chemoselective Alkylation of Quinoline 2,4-diol Derivatives in Water. Journal of Heterocyclic
Chemistry. 2011, 48(1): 237-240. DOI: 10.1002/jhet.364. ISSN 0022152x.

159 J. REISCH, A. BATHE. Acetylenchemie, 5. Mitt. PTC-Umsetzung von 4-
Hydroxychinolin-2-on und Indolin-2-on mit 3-Bromprop-1-in. Archiv der Pharmazie. 1987,
320(8): 737-742. DOI: 10.1002/ardp.19873200812. ISSN 0365-6233.

160 H, NISHIMURA, Y. NAGAI, T. SUZUKI, T. SAWAYAMA. Synthesis of 4-Hydroxy-
2(1H)-quinolone Derivatives. Yakugaku Zasshi. 1970, 90: 818-825.

161 C.M. SEONG, W. K. PARK, C. M. PARK, J. Y. KONG, N. S. PARK. Discovery of 3-
Aryl-3-methyl-1H-quinoline-2,4-diones as a New Class of Selective 5-HT6 Receptor
Antagonists. Bioorganic & Medicinal Chemistry Letters. 2008, 18(2): 738-743. DOI:
10.1016/j.bmcl.2007.11.045. ISSN 0960894x.

12 L. TAIMR, M. PRUSIKOVA, J. POSPISIL. Angewandte Makromolekulare Chemie.
190(1): 53-65. DOI: 10.1002/apmc.1991.051900104. ISSN 00033 146.

163 T. PROVDER, J. BAGHDACHI. Smart coatings 1. American Chemical Society. 2009,
14: 337. ISBN 0841272182.

164 W. S. MOON, J. C. KIM, K. H. CHUNG, E. S. PARK, M. N. KIM, J. S. YOON.
Antimicrobial Activity of a Monomer and its Polymer Based on Quinolone. Journal of Applied
Polymer Science. 2003, 90(7): 1797-1801. DOI: 10.1002/app.12813. ISSN 0021-8995.

165 Fluorescence Properties of 6-Methoxy- and 6,7-Dimethoxyquinoline-3,4-dicarbonitriles.
14th International Electronic Conference on Synthetic Organic Chemistry (ECSOC-14) 1-30
November 2010. Dostupné z: http://boch35.uni-graz.at/~sta/lecture/066/poster/poster.html.

166_ A. M. KELTERER, G. URAY, W. M. F. FABIAN. Rational Design of Long-wavelength
Absorbing and Emitting Carbostyrils Aided by Time-dependent Density Functional
Calculations. Computational and Theoretical Chemistry. 2015, 1055: 25-32. DOI:
10.1016/j.comptc.2014.12.006. ISSN 2210271.

167 R. B. TOCHE, M. A. KAZI, S. P. PATIL, S. B. KANAWADE, M. N. JACHAK.
Synthesis of Quinolone Substituted Pyrazoles, Isoxazoles and Pyridines as a Potential Blue
Luminophors. Journal of Fluorescence. 2010, 20(5): 1129-1137. DOI: 10.1007/s10895-010-
0654-9. ISSN 1053-0509.

168 R. P. DHANAPAL, T. PERUMAL, M. DAMODIRAN, C. RAMPRASATH, N.
MATHIVANAN. Synthesis of Quinoline Derivatives for Fluorescent Imaging Certain Bacteria.
Bioorganic & Medicinal Chemistry Letters. 2012, 22(20): 6494-6497. DOIL:
10.1016/5.bmcl.2012.08.039. ISSN 0960894x.

117



169 7. WU, P. SHAO, S. ZHANG, X. LING, M. BAI. Molecular Imaging of Human Tumor
Cells that Naturally Overexpress Type 2 Cannabinoid Receptors Using a Quinolone-based
Near-infrared Fluorescent Probe. Journal of Biomedical Optics. 2014, 19(7): 076016. DOL:
10.1117/1.JB0O.19.7.076016. ISSN 1083-3668.

170 H. S. JUNG, J. H. HAN, T. PRADHAN, S. KIM, S. W. LEE, J. L. SESSLER, T. W.
KIM, C. KANG, J. S. KIM. A Cysteine-selective Fluorescent Probe for the Cellular Detection
of Cysteine. Biomaterials . 2012, 33(3): 945-953. DOI: 10.1016/j.biomaterials.2011.10.040.
ISSN 01429612.

171 A. KOWALSKA, J. KOLINSKA, R. PODSIADLY, J. SOKOLOWSKA. Dyes Derived
from 3-Formyl-2(1 H )-quinolone - Synthesis, Spectroscopic Characterisation, and their

Behaviour in the Presence of Sulfhydryl and Non-sulthydryl Amino Acids. Coloration
Technology. 2015, 131(2): 157-164. DOI: 10.1111/cote.12140. ISSN 1472358]1.

72.'G.  PARAMAGURU, R. V. SOLOMON, S. JAGADEESWARI, P.
VENUVANALINGAM a R. RENGANATHAN. Tuning the Photophysical Properties of 2-
Quinolinone-Based Donor-Acceptor Molecules through N - versus O -Alkylation: Insights

from Experimental and Theoretical Investigations. European Journal of Organic Chemistry .
2014, 2014(4): 753-766. DOI: 10.1002/¢joc.201301085. ISSN 1434193x.

173 S, PILLAL, M. KOZLOV, S. A. E. MARRAS, L. N. KRASNOPEROV, A. MUSTAEV.
New Cross-Linking Quinoline and Quinolone Derivatives for Sensitive Fluorescent Labeling.
Journal of Fluorescence. 2012, 22(4): 1021-1032. DOI: 10.1007/s10895-012-1039-z. ISSN
1053-0509.

174 'S. KUKLA, V. CIMROVA, D. VYPRACHTICKY. Terbium Binding in Highly
Luminescent Polymer Complexes. Collection of Czechoslovak Chemical Communications.
2006, 71(9): 1333-1349. DOI: 10.1135/cccc20061333. ISSN 0010-0765.

173, D. VYPRACHTICKY, V. CIMROVA, S. KUKLA, P. PAVLACKOVA. Efficient
Donor for Terbium Luminescence Based on Polymer Ligand Containing Quinolinone
Fluorophore. Macromolecular Chemistry and Physics. 2006, 207(3): 318-326. DOI:
10.1002/macp.200500454. ISSN 1022-1352.

17 D. VYPRACHTICKY, F. MIKES, J. LOKAJ, V. POKORNA, V. CIMROVA.
Resonance Energy Transfer from Quinolinone Modified Polystyrene-block-poly(styrene-alt-

maleic anhydride) Copolymer to Terbium(IIl) Metal lons. Journal of Luminescence. 2015, 160:
27-34. DOI: 10.1016/j.jlumin.2014.11.023. ISSN 00222313.

177 M. IKBAL, R. BANERIJEE, S. ATTA, A. JANA, D. DHARA, A. ANOOP, N. D. P.
SINGH. Development of 1-Hydroxy-2(1 H )-quinolone-Based Photoacid Generators and

Photoresponsive Polymer Surfaces. Chemistry - A European Journal. 2012, 18(38): 11968-
11975. DOI: 10.1002/chem.201104065. ISSN 09476539.

78 'N. RAJENDIRAN, T. BALASUBRAMANIAN. Dual fluorescence of N-
Phenylanthranilic Acid: Effect of Solvents, pH and B-Cyclodextrin. Spectrochimica Acta Part

118



A:  Molecular and Biomolecular Spectroscopy. 2007, 68(3): 867-876. DOI:
10.1016/j.522.2006.12.072. ISSN 13861425.

7 Y. F. QIAO, D. U. Lin, J. ZHOU, Y. HU, L. LI, B. LI, Q. H. ZHAO. Synthesis,
Structures, and Fluorescent Properties of Azo Anthranilic Acid and its Cu(II), Co(II), and Ni(II)
Complexes. Journal of Coordination Chemistry. 2014, 67(15): 2615-2629. DOI:
10.1080/00958972.2014.948870. ISSN 0095-8972.

'80'S. TEP, M. HINCAPIE, W. S. HANCOCK. A MALDI-TOF MS Method for the
Simultaneous and Quantitative Analysis of Neutral and Sialylated Glycans of CHO-expressed
Glycoproteins. Carbohydrate Research. 2012, 347(1): 121-129. DOLI:
10.1016/j.carres.2011.10.005. ISSN 00086215.

181 'K. R. ANUMULA. New High-performance Liquid Chromatography Assay for
Glycosyltransferases Based on Derivatization with Anthranilic Acid and Fluorescence
Detection. Glycobiology. 2012, 22(7): 912-917. DOI: 10.1093/glycob/cws067. ISSN 0959-
6658.

182 Y. ISHIBASHI, Y. NAGAMATSU, S. MEYER, A. IMAMURA, H. ISHIDA, M. KISO,
N. OKINO, R. GEYER, M. ITO. Transglycosylation-based Fluorescent Labeling of 6-Gala
Series Glycolipids by Endogalactosylceramidase. Glycobiology. 2009, 19(7): 797-807. DOL:
10.1093/glycob/cwp051. ISSN 0959-6658.

183 J. LARSEN, E. M. ESPINOZA, V. 1. VULLEV. Bioinspired Molecular Electrets:
Bottom-up Approach to Energy Materials and Applications. Journal of Photonics for Energy.
2015, 5(1): 055598. DOI: 10.1117/1.JPE.5.055598. ISSN 1947-7988.

184 A. KIKUCHI, K. SHIBATA, R. KUMASAKA, M. YAGI. Excited States of Menthyl
Anthranilate: a UV-A Absorber. Photochem. Photobiol. Sci. 2013, 12(2): 246-253. DOI:
10.1039/C2PP25190F. ISSN 1474-905x.

85 J.JIA, Q. C. XU, R. C. LI, X. TANG, Y. F. HE, M. Y. ZHANG, Y. ZHANG, G. W.
XING. Tetrahydroindazolone Substituted 2-Aminobenzamides as Fluorescent Probes:
Switching Metal Ion Selectivity from Zinc to Cadmium by Interchanging the Amino and
Carbamoyl Groups on the Fluorophore. Organic & Biomolecular Chemistry. 2012, 10(31):
6279. DOI: 10.1039/c20b25852h. ISSN 1477-0520.

186 J.JIA, Z. Y. GU,R. C. LI, M. H. HUANG, C. S. XU, Y. F. WANG, G. W. XING, Y. S.
HUANG. Design and Synthesis of Fluorescent Sensors for Zinc lon Derived from 2-
Aminobenzamide. European Journal of Organic Chemistry. 2011(24): 4609-4615. DOI:
10.1002/€joc.201100388. ISSN 1434193x.

187 A. WANG, Y. BAIL H. GAO, S. WANG. A Tetracycline-selective Fluorescent Biosensor
Using Anthranilic Acid Immobilized on a Glutaraldehyde-coated Eggshell Membrane. Anal.
Methods. 2015, 7(16): 6842-6847. DOI: 10.1039/C5AY01047K. ISSN 1759-9660.

188 'A. MURUGESAN, B. MEENARATHI, L. KANNAMMAL, S. PALANIKUMAR, R.
ANBARASAN. Synthesis, Characterization and Drug Delivery Activity of

119



Poly(anthranilicacid) Based Triblock Copolymer. Synthetic Metals. 189: 143-151. DOI:
10.1016/j.synthmet.2014.01.015. ISSN 03796779.

189 1. V. KALINOVSKAYA, A. N. ZADOROZHNAYA, V. E. KARASEV. The Dispersity
and Distribution of Luminophors in High-pressure Polyethylene. Russian Journal of Physical
Chemistry A. 2008, 82(12): 2156-2158. DOI: 10.1134/S0036024408120327. ISSN 0036-0244.

190 'H. PANG, W. G. ZHANG, S. M. ZHAO. The Electroluminescent Devices Based on
Benzoxazinone as Strong Fluorescent Material. Advanced Materials Research. 2011, 380: 339-
343. DOI: 10.4028/www.scientific.net/AMR.380.339. ISSN 1662-8985.

191 DELTACHEM (QINGDAO) CO.,.LTD ) 2010. Dostupné z:
http://www.deltachem.net/enProductList.aspx?id=22

120



Karel Proisl
Syntézy novych sloucenin vychazejici ze 4 hydroxychinolin-2(1H)-oni
potencialné vyuzitelnych k upravé vlastnosti nebo k ochrané materiala

Syntheses of Novel Compounds Based on 4-Hydroxyquinolin-2(1H)-ones
Potentially Applicable for Properties Modification or Protection of Materials

Vydala Univerzita Tomase Bati ve Zling,
nam. T. G. Masaryka 5555, 760 01 Zlin.
Naklad: 5 vytiski
Sazba: Karel Proisl

Publikace neprosla jazykovou ani redakéni upravou.

Rok vydani 2017

121



