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1. (VvOD
1.1. Tuberkuléza

Tuberkuldza neohroZuje jen tzv. rozvojovy svét, ale stale vic i vysp&lé zem&. Pocet
novych tragickych pfipadii se mnoZi i u nas. Zcela nechréni ani otkovani. Navic se objevuji
nové kmeny bakterii, které odolavaji dosud uZivanym léktim. Jedt& v poloving 19. stoleti
méla tuberkuléza (lidovy nazev souchotiny &i Ubyt€) na svém kont& asi &tvrtinu celkového
poétu tmrti. Byla hlavni pii¢inou Gmrti d&ti a mladych lidi. Jejiho pivodce — Mycobacterium
tuberculosis hominis - odhalil v roce 1882 Robert Koch. (Tak dostal nazev Kochiiv bacil.)
Dokaze zasahnout jakykoli organ v t&le. NejGast&jsi je tuberkuléza plic. Vinik zplsobuje
Zvlastni formu zanétu, pHi kterém vznikaji tuberkutozni uzliky. Ty vytvafeji (vyprazdnénim
zkapalnéného tuberkulézniho loZiska) chorobné dutiny, tzv. kaverny, a mohou zplsobit
odumteni organé. P¥ TBC plic dochazi k rozpadu plicni tkané. Nelééena TBC byva smrtelna.
V druhé poloviné devadesatych let 20. stoleti pocet novych infekci prudce nanista.

V soutasné dobé na celém svét& pies 30 miliond lidi sutuje aktivni (nikoli jen moZna)
tuberkuloza. Rotn& zemfou pies tfi miliony postizenych — o tietinu vice neZ je obéti obavana
malarie. Oviem celd tietina svétové populace uz v sob& hosti bakterie TBC. Ty &ihaji na
chvili, kdy bude organismus &lovéka, jeho imunitni systém oslaben nebo narusen. Neni tfeba
dlouze vysvétlovat, Ze jejich hiavnim spojencem je bida, hlad, podvyziva. Proto dosud TBC
byla — a zatim ziistava — nejvét§im prokletim rozvojovych zemi.

TBC m#é mnoho podob. V povédomi vétSiny lidi se onemocnéni tuberkulézou
spojuje s postizenim plic. Atkoli to pfedstavuje pies 80 % piipadi, TBC viak miZe
zasahnout mnohem vic organil. V nékterych pfipadech totiz nejsou primarng infikovany
plice, ale lymfatické (mizni) uzliny (zejména na krku), stfevni trakt, kosti, ledviny,
mozkomidni pleny, nitrohrudni uzliny apod. Tuberkuléza perifernich uzlin: Vedle plic se
jedna se o nejéast&jsi postizeni. Zasahuje hlavag uzliny kreni, projevem je mj. nebolestivé
2dufeni. Tuberkulézni zén&t orofacidlni oblasti: V stni duting je vyskyt této choroby jako
priméarni vzacnosti. Objevuje se tak u &lovéka, ktery se s TBC jesté nesetkal — napfiklad u
kojench, batolat, déti predikolniho v&ku. Jinak jde v&tsinou o sekundarni projevy, které jsou
vyvolany zachycenim mykobakterii z jiného (nejéast&ji plicniho) loZiska. Tuberkuléza kiize
a2 podkozi: Pochazi vétSinou z lymfatickych uzlin, kloubl nebo infikovanych slizni¢nich
TBC viedti v Gstech. Tuberkulézni zdnét pdtefe: Predstavuje 40 % vSech onemocnéni
ortopedické TBC. Déle sem Fadime postiZeni kolenniho &i ky&elniho kloubu. Tuberkuléza

urogenitilni: Pivodcem je Mycobacterium tuberculosis. Jedna se pouze o sekundarni




postiZeni, objevuje se viak asi ve &tvrting pfipadi. Narlista soub&Zné s pandemii HIV.
Tuberkuléza stfev: Vzicné onemocnéni se objevuje pfi primarni rozsahlé plicni
tuberkuloze. Pouhé procento viech onemocnéni TBC se poji s osteoartikularni oblasti
(onemocnéni pohybového aparatu).

TBC z 80 — 85 % postihuje plice, takZe nejdileZit&j§im pfiznakem je dlouhodoby
kasel, n&kdy doprovazeny vyka$lavanim krve. Pfidava se bolest na hrudi, dusnost, zvySena
teplota aZ horecka (nad 38°C), poceni (zejména v noci), zhorSena chut k jidlu a ubytek na
véze, unava, malatnost. Lékaf diagnozu stanovi pomoci rentgenového vySetfeni hrudniku,
ko¥nich testli a analyzy slin. DuleZity je tzv. tuberkulinovy test. Tuberkulin je protein
(bilkovina) ziskany z kultur tuberkul6zniho bacilu. UZiva se jak k rozpoznani onemocnéni
TBC, tak k aktivni imunizaci (vakcinaci). Smyslem tohoto oCkovani je pfedevSim zabranit
smrtelnym formam TBC. Tou je zejména tzv. milidrni tuberkuléza — rozsev tuberkuléznich

bacill krvi po celém t&le. Hrozbou je i tuberkul6zni zanét mozkovych blan’.

1.2. Lécba tuberkulézy

V obdobi druhé sv&tové valky se objevila lé&iva tuberkulézy, tzv. antituberkulotika.
Vysvitla nadéje, Ze tuberkuléza prestane byt metlou lidstva. Nejprve se antituberkulotika
délila na dvé skupiny. Mezi 1é&iva prvni fady se fadily nejiisp&¥néjsi latky o nizké toxicité.
Pokud létba byla neisp&ina, pouZivala se ié&iva druhé fady, kterd viak byla toxi¢t€jsi. Dnes
se k 1éeni tuberkulézy pouZivaji dvou aZ &tyfkombinace antituberkulotik. PiedevSim se
jedna o izoniazid (INH), pyrazinamid, rifampicin, ethambutol jako lé€iva podévana ordln€ a
streptomycin jako latka uzivana parenteralng. Didvodem pro vyuZivani kombinaci téchto péti
sloutenin je snaha o pfedchazeni vzniku rezistence na tyto Iéky, dosaZeni niZ8i toxicity a
mengich vedlejSich u¢inkd. BohuZel se u urdité Casti pacientti objevuje rezistence i na tyto
nejefektivn&jsi preparaty, a proto je nutné pouZivat v 16&b& daldi, mnohdy znaln& toxické
latky, jejichz pouZivani je pfisn& individualizovano a vychazi ze zjiténé citlivosti kmene
nebo klinického efektu’, Pravé zvysujici se vyskyt rezistence na jednotlivé léky a Casto i na
jejich vzajemné kombinace je faktorem, ktery upozoriiuje, Ze je nutné vénovat zvySenou
pozommost vyvoji a vyzkumu novych antimykobakterialnich chemoterapeutik.

Mezi dopliiujici lé¢iva patfi p-aminosalicylova kyselina (PAS), ethionamid,
prothionamid, viomycin, kapreomycin, cykloserin a jeho derivat terizidon, ze suifoni dapson,

moderni fluorochinolony — perfloxacin, ofloxacin, ciprofloxacin, levofloxacin, sparfloxacin, a



také piipadné makrolidy jako azithromycin, clarithromycin, roxithromycin, skupina

aminoglykosidi - napf. amikacin a kanamycin, rifamyciny - rifabutin, rifapentin.

Mechanismy 0&inku jsou zndmé jen u nékterych antituberkulotik’® V ptipadé
mechanismu G¢inku INH (I) je znamo, Ze mechanismus vede k oxidaci na isonikotinovou
kyselinu, k zadlengni do NAD a k naslednému zablokoviani NAD a ke vzniku oxo- a
peroxoradikald. Vyslednym efektem je inhibice mykolovych kyselin, které jsou dileZitym
stavebnim kamenem buné&nych stén a membran mykobakterii. Spektrum u€inku izoniazidu
(T) zahrnuje kmeny M. tuberculosis a M.bovis. V ramei snahy o preventivni opatfeni pro vznik
rezistenci se vyuziva kombinace isoniazidu s dalsimi léky prvni fady ethambutolem (II),

rifampicinem (IV) , streptomycinem &i thiacetazonem®

N
i,
(13H3 CI:HS 0
a CH CH N
[ 2 | 2 \ NH
np,  HOH,C—CH HC—CH,OH | 2
2 | |
%) N HN—CH:—CH:—NH sz
H 2 2 N
I 11 m

Podobny 1¢inek jako INH souvisejici s metabolismem nikotinamidu projevuje
pyrazinamid (1), ktery ptisobi jen na M.tuberculosis. Naopak mechanismus ufinku
rifampicinu (IV) spoéiva v inhibici na DNA zavisejicich RNA-polymeraz — u¢inek na témef
latentni zirodky. Kromé& dalSich typid bakterii plisobi na M. tuberculosis, M. bovis, M. leprae a

na atypické mykobaktérie jako jsou M. kansasii, M. avium, M.intracellulare a M. marinum.
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V piipadé syntetického ethambutolu II neni zcela zném jeho mechanismus Ucinku.
Pronika do mykobaktérii a zda se, Ze potlatuje multiplikaci interferenci se syntézou RNA. Je
specificky G¢inny proti rostoucim mikroorganismim rodu Mycobacterium jako M
tuberculosis, M. bovis a M. leprae (s MIC 0,5 — 8 ug/ml), ale ma malou steriliza¢ni aktivitu.®
Je rovnéz G&inny proti n¢kterym podminéné patogennim mykobaktériim v&etné M. kansasii.
Uginek proti jinym mikroorganismim nebyl prokazin. Ethambutol se nepouZiva samostatng,
ale je pfidavan do lékovych kombinaci pacientim s prokazanou nebo piedpokladanou
rezistenci na izoniazid. ZkfiZend rezistence nebyla prokazana. Primirni rezistence na
ethambutol je v rozvinutych zemich fidka, ale pokud se ethambutol pouZiva samotny, snadno

vznikaji resistentni kmeny M. fuberculosis.

Parenteralné podavany streptomycin (V) podi¢ha extracelularni distribuci a je uZiteCny
v boji proti extracelularnim formam M. tuberculosis a M. bovis a proti podminéné patogennim
mykobakteriim. Zpomaluje proteosyntézu a zpGsobuje zabudovani chybnych aminokyselin do
polypeptidickych fetdzci, které jsou syntetizovany v jeho pfitomnosti. Chybn& sestavené
bilkoviny pak pozbyvaji svych biologickych funkci a dojde k tomu, Ze se &astetné nebo upiné
zastavi procesy v bufice. V systému in vitro se prokazalo, Ze v pfitomnosti streptomycinu
vznikaji pfi prekladu informaéni RNA chyby ve &teni. UvaZuje se, Ze streptomycin zpisobuje
deformaci ribosomd, a tim dochazi pravé k chybam &teni. Mutaci se mohou bakterialni kmeny
citlivé na streptomycin stat rezistentnimi. Tuto rezistenci lze prokazat i s bunéénymi extrakty
ve zkumavce. Neni tedy zplsobena nepropustnosti bun&tné stény, ale pozménénymi

ribosomy. Z vysledkd pokusti plyne, Ze streptomycin ziejmé zasahuje na podjednotce 30S.

11
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Rifapentin je cyklopentylovy derivat rifamycinu (IV) a stejné jako on inhibuje DNA
dependentni RNA. polymerazy v citlivych kmenech M. tuberculosis. In vitro je rifapentin
0¢ingji neZ rifampicin, ale bohuZzel mezi t&mito 1éCivy existuje zkiiZena rezistence.V piipadé
dalfich antituberkulotik druhé volby ma i ethionamid mechanismus €inku opét blizky INH a
zasahuje kmeny M. tuberculosis, M. bovis, M. leprae a M. kansasii.

Capreomycin, ktery je uren k parenteralnimu podavani se aplikuje pfi rezistenci na
streptomycin v boji proti M. fuberculosis. Cykloserin (VI) a kondenza&ni produkt cykloserinu
terizidon je bakteriostaticky proti typickym i atypickym mykobakteriim. PAS (VII) zpisobuje
inhibici syntézy listové kyseliny diky kompetici s PABA ( p-aminobenzoovou kyselinou).
Ukinek vyhradng jen na M. tuberculosis. Dapson (diafenylsulfon) (VIII) opét vede k inhibici

listové kyseliny diky kompetici s PABA. V souCasné chemoterapii se uvedenych latek téméf

nepouziva.
COOH
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Clofazimin (IX) je slabé baktericidni sloueninou. Vyznam ma pouze pii chemoterapii kmene

M. leprae a proti nékterym podmin&né patogennim mykobakteriim.

cl
/CHS
N N—CZ
o
N N@—Cl
H

Z tohoto pfehledu v soucasné dobé nejfrekventovanéji pouzivanych antituberkulotik plyne, Ze
zvy§ujici se vyskyt rezistence na jednotlivé 1éky, pfipadn€ Casta zkiizena rezistence je
faktorem, ktery upozorfiuje, Ze je nutné vénovat zvySenou pozornost vyvoji a vyzkumu

novych antimykobakteridlnich chemoterapeutik.

1.3. Vyvoj novych antituberkulotik

Vyvoj novych antituberkulotik lze rozdélit na dvé {asti: a) hledani predlohové
struktury, b) obmény pfedlohové struktury. K navrhu pfedlohové struktury lze dospét na
zakiadé analyz slouCenin s poZadovanou biologickou aktivitou, dedukci na zakladg
systematického screeningu nebo vyuZitim znalosti 0 mechanismech u&inku, pfipadné pomoci
farmakoforové analyzy.

Nejrychlejsi cestou, ktera vede k biologicky Ginnym sfouceninam, se jevi volba
pfedlohové struktury jiZ znamé biologicky aktivni latky, af jiZ se vyuZziva jejtho zakladniho
ucinku nebo se pracuje s vedlej§imi a¢inky. Podminkou v3ak je, aby nové latky v nékterém
sméru vyrazné piekonavaly pivodni pfedlohu (nizdi toxicitou, del§i dobou setrvani v
organismu, mendimi neZidoucimi G&inky &i lepdi formou podani). V tomto piipadé se
vét§inou sméfuje k latkdm s podobnym mechanismem u&inku jako ma plivodni piedichova

struktura.
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Systematicky screening poskytuje nejzajimavejsi vysledky, nicméné je velmi
nakladnou zéleZitosti. Pfi hledani pfedlohové struktury lze jej doplnit matematickymi
pristupy.

Znalosti mechanismu €inku jednotlivych latek jsou vynikajicim zdrojem informaci
pouZitelnych pro vybér pfedlohové struktury, ale zatim syntéza novych latek pfedchazi
znalostem o jejich mechanismu ucinku.

Farmakoforova analyza se pokousi stanovit presnou strukturu farmakoforu, coz byva
spojeno s mechanismem tCinku na molekularni drovni, a proto Ize biologickou aktivitu spojit
s vice farmakofory. Pokud se tedy podafi rozpoznat strukturu farmakoforu, nemusi byt
hledani prediohovych struktur vazano na jednu skupinu organickych sloudenin. Tento druh
analyzy rovnéZ vyZaduje urcitou databazi vstupnich informaci, a asto se zde uplatiiuje opé&t
metoda systematického screeningu

Dospéje-li se jednou z uvedenych metod k néjaké konecné piedlohové struktuie s
ptedpokiadanou biologickou aktivitou, Ize ji dale modifikovat riiznymi obménami. NejCast&ji
se pouZivaji zamény substituentd. V pfipadé, Ze se jedna o obmé&nu uvnitf skeletu, 1ze hovofit
o izosterii. Zakladnim pfedpokladem je, Ze atomy se stejnym poétem valen&nich elektronii
mohou do molekuly vnést podobné sterické vlastnosti, coZ miize vést k dalsi biologicky
aktivni slou¢ening. Podstatou izosterie je podobna geometrie molekul, ktera mizZe vyvolat
téméF identickou interakci biologicky aktivnich latek s receptory. Podminkou je, Ze nesmi byt
zménéna povaha nevazebnych interakci pfi vazb€ na receptor. Jinak by mohlo dojit k
vyvolani zcela rozdilné biologické odezvy a z metabolitu se pak miZe stat antimetabolit,
pfipadné vzniknout biologicky neiinna sloudenina.

Ke strukturnim obmé&nam miiZze dochazet i jinymi zplsoby neZ obménou substituentl
& pomoci izosterie. Jedna se o obmény tykajici se polohové & prostorové izomerie,
hydrogenace &i dehydrogenace nebo obmén v uhlovodikovych zbytcich a kruzich.

Z hlediska vyskytu multirezistentnich kmeni mykobaktérii se za nejvyznamné;si
poklada vyvoj novych antituberkulotik smérovany na latky o odli$ném mechanismu u&inku

od dnes pouZivanych léiv.
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5. CiL PRACE

Ve skupiné& prof. Waissera byl vyvoj novych potencialnich antituberkulotik smérovan
na latky o novém mechanismu G&inku. Perspektivni se jevily salicylanilidy a jejich isostery.

Cilem préce bylo vypracovat pfehled studii, které se zajimaly touto problematikou.

Z predchoziho vyzkumu vyplynuly néktere dalsi Gkoly:

1. Vypracovat metodiku, kterd by umoznila pfipravovat N-heteroarylsalicylamidy za
nizsich teplot, neZ jsou pouZivany dnes pfi jejich pfiprav€. Neékteré heterocyklicke
aminy (napf. aminooxazoly) se pfi 180 °C jiZ rozkladaji.

2. Na zaklad& ptedchozich QSAR studii zvolit skupinu novych salicylanilidi pro syntézu
a hodnoceni. VyuZit pfipraveného souboru latek k pfipravé odpovidajicich novych 3-
aryl-2H-1,3-benzoxazin-2,4(3H)-diond, 3-aryl-4-thioxo-2H-1,3-benzoxazin-2(3H)-
ont: a 3-aryl-2H-1,3-benzoxazin-2,4(3 H)-dithion, které také patfi mezi potencialni
antituberkulotika.

3. Pokusit se metodikou pouZitou pfi pfipravé 3-aryl-2H-1 3-benzoxazin-2,4(3H)-dionu
uplatnit pii syntéze novych 3-pyridyl-2H-1,3-benzoxazin-2,4(3H)-dioni.

4. Vyslovit hypotézu, jakym smérem by se vyzkum mohi dale smérovat.
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3. TEORETICKA CAST

3.1. Salicylanilidy

Salicylanilidy pro svoji biologickou aktivitu byly pfedmétem zijmu fady vyzkumnych
skupin. Byla u nich nalezena obecna antibakterialni aktivita jak proti grampositivnim tak proti
gramnegativnim bakteriim. JiZ vroce 1963 byla zji§téna aktivita S5-brom-4-
methoxysalicylanilidu. 4,5 -salicylanilid byl doporu¢ovan jako (¢inn4 latka proti tuberkuloze
kize. Rada strukturnich obmén byla spojena s poklesem aktivity. Podobné byla studovana
jejich antimykoticka aktivita, aviak bez v&tdiho vyznamu. Difive nez se zalalo
antimykobakterialni aktivitou zabyvat nade pracovisté byla vypracovina podrobna reSersni
studie’ NejdileZit&jsi prace® vénovani obecné antibakterialni aktivitd salicylanilidd vySla
v roce 1990,

Prvni studie zam&feni na antimykobakteridlni aktivitu® salicylanilidi vznikla na
nasem pracoviSti mnohem pozdé&ji.V prici bylo pfipraveno 57 salicylanilidd. Latky byly
v acylové Casti substituované v poloze 5, v anilinové &asti molekuly v poloze 3" nebo 4'.
Substituenty v poloze 5 byly halogeny (fluor, chlor nebo brom), dale nitroskupina. Acylova
dast byla pfipadn€ i nesubstituované. V anilinové &asti molekuly v poloze 3" byl pfitomen
fluor, chlor nebo nitroskupina. Bohat§i byla rozmanitost substituentd v poloze 4°. Byl tam
pfitomen methyl, methoxy skupina, dimethylamino skupina, fluor, chlor, nebo brom. Do
souboru byly zafazeny v anilinové d&asti substituované 3°, 4’-dichlor derivaty a
nesubstituované derivaty. Latky byly hodnoceny na Sulové ptidé vigi M. tuberculosis, M.
kansasii a M. avium pfi 14 a 21 dnech inkubace. K hodnoceni byly pouZiviny pouze
standardni kmeny (CNTC). Prace byla doplnéna QSAR analyzou. Korelaéni vztahy byly
hledany jak pfistupem podle Freeho a Wilsona, tak modifikovanym p¥istupem podle Hansche
§ pfifazenim vlivu elektronovych (o) tak lipofilnich () lokalnich parametri na vyslednou
antimykobakterialni aktivitu. V témZe roce vznikla je§t& jedna prace, jejiz smyslem bylo
rozsifeni skupiny salicylanilidi o dalsi substituenty v poloze 4’ (4'-CN, 4’-CSNH,, 4'-CF;,
4"-COOC,Hs, v acylové &asti nebyly substituenty)'® a dale syntéza odpovidajicich 3-fenyl-
2H-1,3-benzoxazin-2,4(3H)~ dioni. Antimykrobiaini hodnoceni bylo provedeno vii&i stejnym
kmendm jako v pfedchozi praci. Zmin&na druha skupina potencialnich antituberkulotik bude
probrana viak samostatné v dalsi kapitole.

Vroce 1998 byly uvefejnény dvé prace pracovniki zRW. Johnsonova
farmaceutického vyzkumného ustavu z New Jersey v USA, které ukazovaly na dal$i vyznam

salicylanilidG. Obg studie zjistily ve skupinach salicylanilidii rozdilny mechanismus G¢inku od
16
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ostatnich antibakterialnich latek'"'2. Dvoukomponentové systémy se skladaji z histidin-
proteinkinasy a regulatoru odpovédi. Jsou to signalni transduk&éni umoZiiujici baktériim
vnimat zmény Vv jejich Zivotnim prostfedi a rychle na n€ reagovat. Na jejich zaklad® vznikia
jedna z nejrozsahlejdich praci vEnovand antimykobakteridlni aktivité salicylanilidii®. Ve
studii byla hodnocena antimykobakterialni aktivita vice jak 140 latek. Vé&tSina z nich byla
syntetizovana v ramci této prace, nicméné¢ udaje byly doplnény také hodnotami
antimykobakterialnich aktivit jiz dfive pfipravenymi slou€enin kolektivu prof. Waissera.
7 QSAR analyzy vyplyvalo, Ze perspektivni je substituce acylové &asti halogeny a dale
zvyseni lipofility slouCenin. Pozdéji byla uvefejnéna prace, kiera na novych latkach (anilidech
5-methoxysalicylové kyseliny) potvrdila platnost prognéz korela&nich rovnic',

Pii hledani daiich moZnosti obmén byly hodnoceny strukturni obmény na aktivitu.

Strukturni obmény jsou znazornény na obr. 1.

0 0 0
N N
sont G aue NG g

R R R
OH X" 0oH X~"0H
1 2 3

0 )

wQ, oL
R R
SH SH
4 5

R R
a H f 4Br k 3-NO,
b 4CH; g  4F 1 4-OCH;
¢ 4Cl h 3F m NCH)

d 3-C i 4-CF3 n COOEt
e 34CL j 4-NO; o CN

th & W N -

Obr. 1. Obmény salicylanilidi

Ve skupiné obsahujici vice okolo 50 latek byla hodnocena antimykobakteridlni

aktivita vii¢i stejnym kmeniim jako v pfedchozich sdélenich. QSAR analyza byla provedena
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pristupem podle Freeho a Wilsona. Bylo zji$téno, Ze perspektivni by mohl byt pfechod od
salicylanild k N-benzylsalicylamidim. Ke zvySeni aktivity také pfispiva ziména hydroxylu
v salicylamidech za sulfanyl. Naproti tomu zaména v acylovém cyklu uhliku v poloze 5 za
dusik (tj. pfechod k derivatim pikolinové kyseliny) se projevi poklesem aktivity. Acylové
sasti molekul nebyly substituovany. Substitucni ocbmény se tykaly pouze amidové ¢asti. Ve
studii byla stedovina i antitungalni aktivita, aviak z 9 patogennich kmenl (7richophyton
mentagrophytes 445, Microsporum gypseum, Aspergillus fumigatus 231, Absidia corymbifera
272, Candida albicans ATTCC 44859 and Microsporum gypseum) byla aktivita nalezena
pouze u dvou (M. gypseum a T. mentagrophytes). Pouze v téchto dvou pfipadech bylo mozné
provést analyzu QSAR"

Velmi nas zajimalo, jak se antimykobakterialni aktivita zméni, kdyZ v anilinové &asti
na misto derivatd anilinu budou heterocyklické aminy. Nejprve se jednalo o derivaty
pyridinu'®, pozd&ji i dalsich heterocyklickych amint'’. U t¥chto latek bylo nutné zménit
ptipravu sloudenin, na misto ze salicylové kyseliny s heterocyklickymi aminy reagovaly

fenylestery salicylové kyseliny.

H
o)

\C/
OH + NH—R2 ——— f

U pfipravenych pyridinovych analogid salicylanilidd byly feSeny nékteré teoretické otdzky,

R1

napt. hledany rovnice QSAR'® hodnoceni viivu sterickych zabran na aktivitu'®, ptipravu N-
pyridinyl-S-methylsalicylanilidﬁzo a obdobnych analogh jin)’(ch heterocyklickf/ch slouéenin“.
problémy byly:
a) Podle QSAR studie uvefejnéné v citaci'’ pfipravit skupinu v acylové &asti halogenem
substituovanych N-(4-alkylfenyl)salicylamidd a po ovéfeni jejich struktury je piedat
k hodnoceni.
b) Zlepsit metodiku pfipravy heterocyklickych analog salicylamidi, zvlasté v pfipadech,
kdy pfi b&Zném zpilisobu piipravy dochazi k rozkladu latek
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332° 3—Aryl—1,3-benzoxazin-2,4(3H)-diony

Vyzkum téchto antimykobakteridlnich sloudenin zagal na Farmaceutické fakult€ UK.
Prvni studie byly malo vyznamné. Vychazely ze struktury PAS. Ve studii byly hodnoceny
N, N——dimethylaminosalicylové kyselina a jeji anilidy a odpovidajici 3-aryl-2H-1,3-
benzoxazin-2,4(3H)- diony. Aktivita litek byla viak velmi nizka™. Proto se dalsi vyzkum
ubiral jingm smérem. Teprve po 7 letech se pracovni skupina k problematice 3-aryl-2H-1,3-
benzoxazin-2,4(3H)-dionft vratila® Ukézalo se, Ze antimykobakterialni aktivita neni
nevyznamna. Bylo nutné sepsat piehledny referat™ Ukazalo se, %e se jedna o vyznamnou
skupinu biologicky latek (obecna antibakterialni aktivita, antihelminticka aktivita, herbicidni
aktivita a u nékterych latek i analgeticka a protizanétliva aktivita). Pokud se na strukiuru latek
podivame, zjistime, Ze se jedna o cyklické karbamaty salicylanilidd. Hfavni pozornost
pracovni skupiny na Farmaceutické fakuit¢ UK byla viak vénovana jinym skupinam latek.
Proto systematicky vyzkum 3-aryl-2H-1,3-benzoxazin-2,4(3H)- dionli byl zahijen teprve
vroce 1996%°. Latky byly piivodn& nazyvany 3-aryl-2H,4H-benz{e][1,3]Joxazine-2,4-diony.
Nézev 3-aryl-2H-1,3-benzoxazin-2,4(3H)- diony zaCal byt pouzivan po diskuzi jejich
nazvoslovi s pracovniky redakce Sci. Pharm. z Vidng. Z dneSniho pohledu lze oba ndzvy
povazovat za spravné. Prvni 3-aryl-2H-1,3-benzoxazin-2,4(3H)-diony byly hodnoceny
MUDr. Zelmirou Odlerovou v Ustavu preventivneho a klinickeho lekarstva v Bratislave,
Pozdéji jejich hodnoceni provadéla MUDr. Kaustova ze Zdravotniho ustavu se sidlem

v Ostrav&. Protoze ob& pracovnice se lifi experimentalni metodikou nelze vysledky obou

pracovist spojovat.

Skupina pracovniki Farmaceutické fakulty UK se zprvu o salicylanilidy pfili§
nezajimala. V&3i vyznam piikladala 3-aryl-2H-1,3-benzoxazin-2,4(3H)-dionGm. BohuZel
fada salicylanilidd nebyla ani na antimykobakterialni aktivitu hodnocena, i kdyz to byly
dostupné latky (vychozi latky pro pfipravu 3-aryl-2H-1,3-benzoxazin-2,4(3H)- dion).
Poudgji viak byla problematika antimykobakteridlnich 3-aryl-2H-1,3-benzoxazin-2,4(3H)-
dionli feSena spolu s problematikou antimykobakteridlnich salicylamidi pfipadné i 3-
fenylchinazolin-2,4(1H,3H)-diond®’ V uvedené praci byly hodnoceny salicylanilidy a jim
odpovidajici 3-aryl-2H-1,3-benzoxazin-2,4(3H)- diony a dale anthranilidy a jim odpovidajici
3-fenylchinazolin-2,4(1H,3H)-diony. Substituce byly provadény na fenylu v anilidové Casti
salicylanilidi a anthranilanilidi a na fenylu vazaném vpoloze 3 odpovidajich
heterocyklickych sloudenin. Bylo zji§téno, Ze derivaty anthranilové kyseliny a

3-fenylchinazolin-2,4(1H,3H)-diont jsou témsi neucinné.
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Nejjednodussi piipravou  3-aryl-2H-1,3-benzoxazin-2,4(3H)-diond je reakce
odpovidajicich salicylanilidd s estery kyseliny chiormraven&i. Pro moZné sterické zdbrany

nejvf(hodnéj ¥im esterem je methylester.
H 0
R"(IO NH—@—Rz .~ R
) x
e T

Jako byla dfive analogicky studovana antimykobakteridlni aktivita anilidd
substituovanych v acylové Casti v poloze 5 s variaci substituentl v amidové ¢asti molekul
byla pfipravena skupina 3-aryl-2H-1,3-benzoxazin-2,4(3H)-dioni V dal§im vyvoji se
projevila antimykobakterialni aktivita 3-fenyl-2H-1,3-benzoxazin-2,4(3H)-dionii. Substituéni
obmény byly zde v poloze 6 a dale na fenylu vazaném v poloze 3. Celkem bylo hodnoceno 90
latek®® V dal$i praci byla skupina 3-aryl-2H-1 3-benzoxazin-2,4(3H)-dionil ji¥ studovana
spolu s antimykobakterialni aktivitou salicylanilidd pouzivanych k jejich priprave”
Protéjkem rozsihié studie vztahli mezi strukturou a antimykobakterialni aktivitou
salicylanilida' byla studie vztahu mezi strukturou a antimykobakterialni aktivitou 3-aryl-2H-
1,3-benzoxazin-2,4(3H)-diond” kde byly hledany vztahy mezi strukturou a
antimykobakterialni aktivitou v souboru téméf 150 latek. Prognostické pfedpovédi byly viak
méné vyznamné, nez byly provedeny pro salicylanilidy’® Zamé&na atomu kysliku v poloze 1
za atom dusiku byla spojena se ztratou antimykobakterialni aktivity’® Podobny efekt byl jiz
dfive pozorovan u athranilanilidi. Zajimavé bylo zji§téni, Ze antimykobakterialni aktivita
salicylanilidi a odpovidajicich 3-aryl-2H-1,3-benzoxazin-2,4(3H)-diont: spolu koreluji. Na
jejim zékladé byl vysloven pfedpoklad podobnosti mechanismi a&inku®!. Podobng jako
salicylanilidy, tak i 3-aryl-2H-1,3-benzoxazin-2,4(3H)-diony jsou aktivni wi¢i né&kterym
houbam (pievazné dermatofitim)*? Jednim z nepfiznivych vedlejsich uicinki je cytotoxicita™

Na zakladé uvedené reserse vyplynul tkoly:

a) u syntetizovanych N-(4-alkylfeny)salicylamidt pfipravit odpovidajici 3-aryl-2H-1,3-
benzoxazin-2,4(3H)-diony.
b) pokusit se o pfipravu 3-pyridinyl-2H-1,3-benzoxazin-2,4(3H)-dioni.
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3.3 3_Ary]-4-tl1ioxo—2H-l,3-benzoxazin-2(3H)—ony a 3-aryl-2H-1,3-benzoxazin-2,4(3H)-

dithiony

Mnoho latek, které se dostaly do praxe, obsahovalo thioxo skupinu. Napf. Ize uvést
ethionamid, prothionamid a thiosemikarbazony aromatickych aldehydii. Lakava proto byla
mEna u syntetizovanych  3-aryl-2H-1,3-benzoxazin-2,4(3H)-dioni  oxoskupiny  za
thioxoskupinu. Prvni sd&leni, které iniciovalo vyzkum téchto latek, vzniklo v ramci
spolupréce s Farmaceutickou fakultou videfiské univerzity’® Prvni thiolaktamy [3-(4-
cyklohexylfenyl—4-thioxo-2H—1,3-benzoxazin—2(3H)-on a 3-(4-cykiohexylfenyl)-2H-1,3-
benzoxazin-2,4(3H)-dithion] prekonavaly antimykobakterialni thiolaktamy pfipravené ve
Vidni. Usp&ch byl vyzvou k dal§im syntézam. Jeden rok po tomto poznatku vznikla nova
préce” vénovana latkam s chlorem vazanym v poloze 6 a s dalSimi obmé&nami na fenyiu
fazaném v poloze 3 (H, 4-CH,, 4-Br, 4-Cl, 3,4-Cl; a 3-Cl. Celkem se jednalo o 12 latek. Pro
porovnani byly uvadény i hodnoty antimykobakterilni aktivity vychozich 6-chlor-3-fenyl-
2H-1,3-benzoxazin-2,4(3H)-dionii. Nové latky vychozi slouCeniny pfekonavaly
antimykobakterialni aktivitou zv1a§t€ vi€i M. muberculosis a klinicky izolovanému kmenu M.
kansasii 6509/96 o ktery bylo roz§ifeno hodnoceni pomoci standardnich kmenh. Toto
roziiteni ostravské pracovisté provaddlo i v dalSich publikacich. Rada novych latek
piekonavala INH. Vysledky vyvolaly zdjem o dal§i navazujici studie. Cilem bylo rozsifovani
substituénich obmé&n®®’ Napt. v prvni citované préaci nebyl substituent na kruhu B, fenyl byl
substituovany v poloze 4 (COOC;Hs, CN, CFs;, CSNHy), ve druhém citovaném sdéleni vedle
na kruhy B nesubstituovanych slou¢enin byly pfipraveny také 6,8-dichlorderivaty (obmény na
fenylu H, 4-Br, 4-CHs, 4-Cl, 3-Cl) a 3-arylchinazolin-2,4(1H, 3H)-diothiony (obmény na
fenylu H, 4-Br, 4-CH,, 4-Cl, 3,4-Cly). Bylo zji$téno, Ze zcela neaktivni analogy chinazolinové
fady se po zamén€ oxo skupiny za thioxo skupinu stanou stfedn€ silnymi
antimykobakteridlnimi sloudeninami. Ze syntetického hlediska je zajimava zaména
substituent ethoxykarbonylu v poloze 4 na fenylu na ethoxythiokarbonyl p#i pfipravé 3-fenyl-
4-thioxo-2H-1,3-benzoxazin-2(3H)-ont a 3-fenyl-2H-1,3-benzoxazin-2,4(3H)-dithion®®, Zde
viak studie uvedenych litek kon&i. Vzbudily v8ak pozornost zahrani¢nich teoretikd®, jimiz
bylo vyhodnoceno, Ze na riistu aktivity se nejvyznamnéji poditi zimé&na oxo skupiny za thioxo
skupinu v poloze 4 3-aryl-2H-1,3-benzoxazin-2,4(3H)-dionil. Z provedené reerSe vyplyva, Ze
pokud pfipravime 3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-diony, bylo by vhodné se u

nich pokusit 0 zaménu oxo skupin za thioxo skupiny.
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3.4, Zavery vyplyvajici z teoretické &asti

Ve skupiné salicylanilidd jsem zvolil N-(4-alkylfenyl)salicylamidy, protoZe rist
lipovility v poloze 4 fenylu mize zvysit aktivitu latek.

Kromé uvedeného tkolu je nutné najit uginn&j§i reagencie, které pfi pfipravach N-
peteroarylsalicylamilidi umoznily pracovat pfi teplotach, kdy jesté nedochazi k rozkladu
reagujicich heterocyklickych aminti. Ve skuping dfive pfipravenych N-pyridylsalicylaminQ
pude potfeba studovat jejich cyklizace na 3-pyridyl-2H-1,3-benzoxazin-2,4(3H)-diond. V této
souvislosti je tfeba fesit n&které dalsi otazky ve skupiné N-pyridylsalicylaming, jako je napf.

vliv sterické zdbrany na antimykobakteridlni aktivitu.
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4. METODICKA CAST

4.1. Syntéza salicylanilidii
PH syntéze salicylanilidi vychazime z pfislu§né substituované kyseliny salicylové a

anilinu. Reakce probiha za ptitomnosti chloridu fosforitého v chlorbenzenu* nebo pyridinu.

O

NH, I

COOH Cc
R! + = R H R?
OH {toluen,chlorbenzen, pyridin} OH
R

2

Salicylanilidy je mo#né také pripravit z fenylesteru piislusné salicylové kyseliny®***

a anilinu. Syntézy fenylester( jsou dobie popsany**
o NH, 0
e L
O Cromre Ly O
OH OH

4.2. Syntéza heterocyklickych salicylamidii

Jednim z moZnych postupl ptipravy heterocyklickych salicylamidfi je reakce
fenylesteru salicylové kyseliny s aminopyridinem v 1,2,4-trichlorbenzenu nebo tavenim
fenylesteru salicylové kyseliny s pfislu$nou heterocykiickou slou¢eninou®™* pfi teplot& 190-
210 °C. Vyhodou této reakce je absence rozpoustédla. Reakce mé v3ak i své nevyhody,

zejména v termické nestabilit€ nékterych aminoheterocykli.
O
— R2
1d0© *NH—Re B NR
R
OH OH
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4.3. syntéza 3-aryl-2H-1,3-benzoxazin-2,4(3H)-diont
Vychozimi latkami pfi pfipravé syntézy 3-aryl-2H-1 3-benzoxazin-2,4(3H)-dionli
mohou byt salicylanilidy. Reakce je provadéna v prostfedi pyridinu, toluenu nebo THF. Jako

cyklizatni ¢inidla lze pouZit metyl, ethyl ester kyseliny chlormravenéi, fosgen, trifosgen.

V reakéni smési je nutnd pritomnost pomocné baze (pyridin, triethylamin)***, ktera
amoxiiuje vazat odtépujici vodik z hydroxylové skupiny.
0]
CICOOCH,, CICOOCHj o \fo
N -
R H@Rz cocl, - N‘@
OH C1,COC(0)OCCl, I R?

Dal$im mo#nym postupem pfi pfipravé 3-aryl-2H-1,3-benzoxazin-2,4(3H)-diont je
pouZiti methyl nebo ethyl esteru k. salicylové a fenylisokyanatu. Reakce probiha v prostiedi

triethylaminu®.
N=C=0
0. O
COOR o Y
L ) O
o . NCHCH,), I R

4.4. Syntéza 3-aryl-2H-1,3-benzoxazin-4(3H)thioxo-2-onti a 3-aryl-2H-1,3-

benzoxazin-2,4(3H)-dithioni

Substituce karbonylové skupiny za thiokarbonylovou je moZnd pomoci sulfidu
fosforetného*’*®. Reakci lze provést za varu v rozpoustédle (toluen, benzen, pyridin)** nebo

tavenim. Tavenim lze vyrazn& zkratit reak&ni dobu. Pfi této reakci vznikd smés monosirnych

a disirnych produktu.
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Dal¥i metodou, jak pfevést karbonylovou skupinu na thiokarbonylovou je pouZiti
Lawessonova  &inidla®  Jako rozpoustédlo byl pouzit hexamethylfosfodiamid
((CH3)N)3P(0)). PouZitim tohoto rozpoustédla se odstranil problém s rozpustnosti
Lawessonova ¢inidla a minimalizoval se vznik bo¢nich reakci na hydroxy a aminoskupinég.

Reakei lze také provést v suchém toluenu nebo benzenu.

4.5 Syntéza 3-heteroaryl-2H-1,3-benzoxazin-2,4(3H)-dionii

Syntéza t&chto latek nebyla dosud popsana. S vyuZitim poznatkl se syntézou 3-aryl-
2H-1,3-benzoxazin-2,4(3 H)-diont bude vhodné pouZit jiz vySe popsané postupy.
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4.6. Volba postupil
4.6.1 Priprava salicylanilida

Pfi syntéze salicylanilidi jsme vychazeli z osvédSencho postupu, kterym je reakce
odpovidajici kyseliny salicylové s pfisludnym anilinem. Jako &inidio byl pouZit chlorid

fosfority. Misto chlorbenzenu byl pouzit méné toxicky a dostupnéjsi toluen.

4.6.2 Priprava heterocyklickych salicylamidi

Pro piipravu heterocyklickych salicylamidl byl pouZit postup s fenylesterem
salicylové kyseliny a aminoheterocyklem. Z divodii zvySeni reaktivity byly pouZity
substituovéné estery v para poloze na fenolové &asti. Substituenty byly elektron-akceptorove
povahy (-NO,-Cl, -CF3).

4.6.3 Piiprava 3-(alkyfenyl)-2H-1,3-benzoxazin-2,4(3H)-dioni

Pro piipravu byl zvolen postup cyklizace methylchlorformiatem v pyridinu, pfi kterém
se vychazelo z jiz dfive pfipravenych salicylanilidi. Methylchlorformiat byl zam&mé zvolen
z divodu jeho vy$§i reaktivity oproti ethylchlorformistu. Reakci s fosgenem a trifosgenem

jsme nerealizovali pro jejich toxické vlastnosti.

4.6.4 Priprava 3-(alkyfenyl)-2H-1,3-benzoxazin-4-thioxo-2(3H)-oni a
3-(alkyfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithiond

PHi syntéze t&chto latek bylo pouZito taveni se sulfidem fosforeénym. Reakce je Casové
nenaro¢nd. Taveni trva v fadech nékolika minut. Smés obou latek, které pfi reakci vznikaji 1ze

velmi snadno izolovat na chromatografické kolong&
4.6.5 Piiprava 3-pyridyl-2H-1,3-benzoxazin-2,4(3H)-diond

Bylo zvolena piiprava jako u 3-(alkyfenyl)-2H-1,3-benzoxazin-2,4(3H)dioni. Viz
odstavec 4.6.3.

26



4.7. QSAR
47,1, Prehled pristupi

7kratka QSAR dnes je vieobecné roziifena a pouZiva se k oznaCeni metod hledajicich
matematické nebo logické vyjadfeni vztahli mezi strukturou a aktivitou. Byla vytvofena z

anglického vyrazu Quantitative structure-activity relationships, t. kvantitativni vztahy mezi
strukturou a aktivitou. I kdy% pritkopnické prace vznikaly jiZ od konce minulého stoleti® za
sakladatele oboru lze povaZovat Corvina Hansche. Dfive se jednalo o ojedin€lé nebo
specificke studie, které mély jen omezenou platnost. Hansch vytvofil obecnou rovnici, ve
iteré dal do korelace biologickou aktivitu s fyzikalnimi a fyzikalné-chemickymi parametry”’
Matematickym zékladem byla regresni rovnice ktera vyjadfovala vztah mezi parametry
biologické aktivity a strukturnimi parametry, které byly rozdé&lovany do 3 skupin, a to na
hydrofobni, elektronové a sterické. Z hydrofobnich parametri mé&l nejvétSi vyznam
logaritmus rozd€lovaciho koeficientu systému oktanol/voda. Déle to byly substituentové
konstanty 7, fragmentarni hydrofobni konstanty f a udaje z rozd€lovaci chromatografie na
tenkych vrstvach (Ry) nebo z kapalinové chromatografie (k'). Z elektronovych parametri: to
byly Hammettovy konstanty ¢ a jim odpovidajici dalsi konstanty (napf. F a R), n€které
experimentalni hodnoty, jako je pK, 3, A, Eiz. Ze sterickych parametrll 1ze uvést Taftovy
sterické konstanty, van der Waalsovy atomové priméry, hodnoty minimaini sterické deviace
(MSD) a minimalni topologické deviace (MTD), sterické parametry odvozené od
molekulovych obryst a daldi. Hansch se spolupracovniky v nasledujicich mnoZzstvi praci
(jejich po&et dosahoval snad n&kolik set sdéleni) dokazal platnost svého pfistupu. Proto miZe
byt pravem povaZovan za zakladatele oboru. Za druhou vyznamnou metodu opirajici se o
regresni analyzu, lze povaZovat pfistup podle Frecho a Wilsona®?. Na rozdil od Hansche Free
a Wilson se nesnazili svdj piistup dokazovat dalimi pracemi, a proto vyvoj jejich metody byl
pozd&ji v rukou jingch nasledovnikii. Pfedpokladem je, Ze molekulové fragmenty se na
vysledné aktivité podileji linearns.V dané metodé se korelaci dava do vztahu k pfitomnosti,
nebo nepfitomnosti obméfiovanych molekulovych &asti, zpravidla substituentd. Parametry
proto nabyvaji hodnot O nebo 1. Aby soustava rovnic byla FeSitelna, musi byt docileno
nezévislosti zavisljch prom&nnych. Toho lze docilit dvojim zplisobem. V pivodnim pfistupu
podle Free a Wilsona byly zavedeny tak zvané ,symetrické rovnice”, kieré pfedpokladaly, Ze
souet prispévki molekulovych fragmentli na aktivitu v kazdém obméfiovaném misté musi
byt roven 0. Vypotitané hodnoty vyjadfuji odchylky od primé&mé hodnoty aktivity celého

soubory. Druhy zpisob, navrfeny Fujitou a Banem, pfi vypottu vynechd v kazdém
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obméiiovaném mist& hodnoty odpovidajici jednomu substituentu. Vypocet uvadi odchylky od

hodnot nalezejicich vynechanému substituentu (hodnoty vynechaného substituentu jsou rovay

0). Metodika postupli je dobfe vysvétlena v pfiruSce pouZivané na nasi fakulté® ProtoZe

nep
prehled daldiho vyvoje metody systematicky shromazdil Kubinyi® Ukazuje se viak, Ze

ouzivé fyzikélnich a fyzikalng-chemickych prarametrli je také nazyvana metoda De novo.

regresni postupy lze pouZivat jen v omezenych piipadech. Casto se pouziva kombinace
pistupti podle Hansche, Freeno a Wilsona. Nejjednodusii je zavedeni indikétorové proménné
(nabyvajici také hodnot 0 nebo 1) do Hanschovych rovnic. Lze tak chépat, Ze n&kterou
2 molekulovych zm&n na misto fyzikalnich a fyzikalng-chemickych proménnych vyjadfime
podobné jako v pfistupu podle Free a Wilsona. Druhi moZnost je naopak, doplnit prom&nné
podle Free a Wilsona také daldimi parametry vyjadiujicimi fyzikaini nebo fyzikaln& chemické
viastnosti. Kubinyi™ doporuduje pouZiti logaritmu rozd&lovaciho koeficientu (nebo jeho
druhé mocniny). Daldi zpisob kombinace obou pfistupii provede analyzu podle Free a
Wilsona, a potom fyzikalni vlastnosti latek koreluje s vypodtenymi fragmentarnimi piisp&vky
na biologickou aktivitu. Na zavér dojde ke vztahim podobnym Hanschovym, aviak vzhledem
k lokalnim &istem molekul® Jak v pfistupu podle Hansche, tak v pfistupu podle Free a
Wilsona, se doporuuje pro biologickou aktivitu pouzit ekviefektivni zpiisob hodnoceni tj.
sleduji se koncentrace latek, které vyvolaji stejnou biologickou odezvu. Doporuduje se také
pouzivat logaritmi hodnot koncentraci. Pfi mikrobiologickych hodnocenich je to minimalni
inhibi¢ni koncentrace (MIC, koncentrace antimikrobidlni latky zastavujici rust mikrobil) a
doporuduje se pouZivat hodnot log MIC*® Regresni analyza viak nemize vyfeSit veSkeré
vztahy mezi strukturou a aktivitou. Rozenblit a Gofender’® rozdélili vztahll struktura-
biologicka aktivita do skupin: a) biologickd aktivita se méni plynule v zavislosti na
parametrech. b) Biologicka aktivita se méni nahle s ménicim se parametrem. ¢) biologicka
aktivita na parametrech nezavisi. d) se zmé&nou parametru dochazi k uplatnéni vSech
pfedchozich vztahd, tj. bioologicka aktivita v urdité oblasti na parametrech nezavisi, v urdité
oblasti dochazi k nahlym zméndm a v urcité oblasti k plynulym zmé&nam. Sam se snaZil
vytvéfet postupy, které by na misto matematiky operovaly s logikou (logickymi zavislostmi).
Snaha o obsahnuti kvantitativnich vztahG mezi strukturou a aktivitou i v pfipadech,
kde regresni analyza selhavala vedla k hledani dalSich postuptl. Jednalo se napf. o uplatnéni
metod chemometriky (napf. metoda hlavni komponenty), klasifikatnich postupll, napf.
diskrimina&ni analyza, metody rozpoznavani vzori (obecné nazyvané pattern recognition). Na

tyto postupy lze jen odkézat na specialni literaturu®™>®
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Posledni dobou do této oblasti stale vice zasahuje molekulové modelovani a kvantové

vypoﬁtY- Proto byvala mezinérodni QSAR Society zménila nazev na QSAR & Modelling Society.

4.7.2. Volba metody

PH volb& metody jsme byli odkazani na programova vybaveni dostupna na fakulté
UK. Klemerou vypracované programy Linreg a Multireg umoZiiuji pouZivat korelatni
analyzu, 2 to at’ jiz pfistup podle Hansche, tak podle Freeho a Wilsona (pfipadné jejich
kombinace). Dale je tu Klemerou vypracovany program QSARnew, opirajici se o logické
vztahy. K dal§imu postupu jsme zvolili program Multireg a pfistup podle Free a Wilsona.
Aplikace Hanschovy metody na latky podobné latkam této disertace v predchozich sdéieni
se ukazaly velmi slo¥ité a zpravidla musely byt zahdjeny analyzou podle Freeho a Wilsona
(vétSinou vedly k uplatnéni

vlivu lokalnich parametrG).
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5. EXPERIMENTALNI CAST

5.1. Postup pripravy salicylanilidi

Substituovana kyselina salicylova byla suspendovana v bezvodém toluenu (0,005
molu kyseliny v 20 ml toluenu), poté byl pfidan substituovany anilin a postupné piikapan
chlorid fosfority (0,002 molu). Smés byla zahfivana pod zpétnym chladi¢em 3 hodiny, potom

se nechala volné€ chladnout 24 hodin. Produkt byl zfiltrovan a rekrystalizovan v ethanolu.

OH
@]
R1 = 4-Cl; 5-Cl; 5-Br; 3,5-Br,

R2 = propyl, butyl, terc-butyl, pentyl, hexyl, heptyi, oktyl

5.1.1. Piehled pFipravenych salicylanilidii

O
R R’ R*
1 4-Cl a 4’-propyl e  4-hexyl
2 5l b 4’-butyl f 4 -heptyl
3 5Br ¢ 4-terc-butyl g  4-oktyl
4 3,5-Br; d 4’-pentyl
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4-Chior-4 “propyl-salicylanilid (1a) 15701

pilé krystaly, b.t. 187-189 °C. V¥idsek: 71%. Sumarni vzorec CicHisCINO; (289,76), %
alezeno (vypottenc): C 66,29 (66,32); H 5,59 (5,57); N 4,66 (4,83). IR: (Ve-o, cm™) 1615. 'H
NMR (300 MHz, DMSO0) § 12.21 (1H, bs, NH), 10.31 (1H, s, OH), 7.96 (1H, d , J=8.2 Hz,
H6), 7.63-7.53 2H, m, AA’, BB', H2', H6"), 7.22-7.12 (2H, m, AA’, BB', H3/, H5"), 7.07-
6.98 (2H, m, H3, HS), 2.52 (2H, t, J=7.3 Hz, CHy), 1.64-1.48 (2H, m, CHy), 0.87 (3H, 1, J=7.3
Hz, CHs). °C NMR (75 MHz, DMSO) 3 165.7, 1594, 138.4, 137.6, 135.9, 1309, 1283,
121.2,119.4, 117.1, 117.0, 36.9, 34.3, 13.8.

4-Chlor-4 -butyl-salicylanilid (15} T5537

Bilé krystaly, bt. 167-168 °C. Vyt&zek: 77%. Sumérni vzorec Ci7H)sCINO, (303,79), %
nalezeno (vypotteno): C 67,51 (67,21); H 6,18 (5,97); N 4,34 (4,61). IR: (Ve—o, em™) 1618. 'H
NMR (300 MHz, DMSO) § 12.19 (1H, bs, NH), 10.31 (1H, s, OH), 7.95 (1H, d, J=8.5 Hz,
H6), 7.61-7.54 (2H, m, AA’, BB', H2', H6"), 7.21-7.12 (2H, m, AA’, BB’, H3', H5'), 7.03
(1H, d overlapped, J=1.7 Hz, H3), 7.02 (1H, dd overlapped, J=8.5 Hz, J=1.7 Hz, H5), 2.54
(2H, 1, J=7.5 Hz, CH), 1.60-1.46 (2H, m, CHp), 1.36-1.20 (2H, m, CHp), 0.88 (3H, t, J=7.5
Hz, CH;). 3C NMR (75 MHz, DMSO) § 165.7, 159.4, 138.6, 137.6, 135.8, 130.9, 128.7,
1212, 119.4, 117.1,117.0 34.5, 33.4,21.9 14.0

4-Chlor-4 -terc-butyl-salicylanilid (Ic) T5508

Bilé krystaly, b.t. 232-233 °C. Vyt&zek: 76%. Sumarni vzorec Ci7H1sCINO; (303,79), %
nalezeno (vypodteno): C 67,17(67,21); H 6,08 (5,97); N 4,59 (4,61). IR: (Ve=o, cm) 1623. 'H
NMR (300 MHz, DMSO) & 12.21 (1H, bs, NH), 10.33 (1H, s, OH), 7.96 (1H, d, J=9.1 Hz,
H6), 7.63-7.56 (2H, m, AA’, BB', H2’, H6"), 7.41-7.33 (2H, m, AA’, BB’, H3', H5"), 7.05-
7.00 (2H, m, H3, H5), 1.27 (9H, 5, CHs). °C NMR (75 MHz, DMSO0) 5 165.7, 159.5, 146.9,
137.6, 135.6, 130.9, 125.6, 120.9, 119.4, 117.1,34.3,31.4.

4-Chlor-4 -heptyl-salicylanilid (1f) 75536

Bilé krystaly, b.t. 166-167 °C. VytéZek: 65%. Sumarni vzorec Ca0H24CINO, (345,87), %
nalezeno (vypoéteno): C 69,54 (69,45); H 6,97 (6,99); N 3,93 (4,05). IR: (Ve=o, cm™) 1620. 'H
NMR (300 MHz, DMSO) & 12.21 (1H, bs, NH), 10.31 (1H, s, OH), 7.99-7.93 (1H, m, Hb),
7.61-7.54 (2H, m, AA", BB’, H2", H6'), 7.21-7.11 (2H, m, AA’, BB, H3', H5"), 7.05-7.00
(2H, m, H3, H5), 2.53 (2H, t, ]=7.4 Hz, CHy), 1.62-1.46 (2H, m, CHy), 1.32-1.15 (8H, m,
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CHa), 0.83 GH. © J=6.7 Hz, CHs). ®C NMR (75 MHz, DMSO0) & 165.7, 159.4, 138.6, 137.6,
35.8,130.9, 128.7, 121.2, 1194, 117.1, 1170, 34.8,31.5,31.3,288, 288, 223, 14.2-

4-Chlor-4 “oktyl-salicylemilid (1g) T5509

pilé krystaly, bt. 163-164 °C. Vyt&iek: 68%. Sumérni vzorec C21Hz6CINO; (359,90), %
Lalezeno (vypodteno): C 69,91 (70,08); H 7,05 (7,28); N 3,75 (3,89). IR: (ve-s, cm™) 1625. 'H
NMR (300 MHz, DMSO) & 12.23 (1H, bs, NH), 10.32 (1H, s, OH), 7.95 (1H, d, J=8.8 H,
He), 7.61-7.53 (2H, m, AA’, BB, H2', H6'), 7.21-7.12 (2H, m, AA’, BB’, H3', H5’), 7.04-
7,00 (2H, m, H3, H5), 2.53 (2H, t, J=7.4 Hz, CH), 1.61-1.45 (2H, m, CHp), 1.32-1.15 (10H,
m, CHy), 0.83 (3H, t, J=6.7 Hz, CHs). °C NMR (75 MHz, DMSO) 8 165.4, 159.2, 1383,
137.3, 135.6, 130.6, 128.4, 120.9, 119.1, 116.8, 116.8, 34.5, 31.2, 31.0, 28.8, 28.6, 28.6, 22.0,

13.9.

5-Chlor-4 "-propyl-salicylanilid (2a) 15702

Bilé krystaly, b.t. 186-187 °C. Vyidzek: 71%. Suméarni vzorec CisHisCINO: (289,76), %
nalezeno (vypotteno): C 65,92 (66,32); H 5,35 (5,57); N 4,61 (4,83). IR: (Ve—o, cm™): 1628.
'H NMR (300 MHz, DMSO) & 11.94 (1H, bs, NH), 10.35 (1H, s, OH), 8.00-7.94 (1H, m,
H6), 7.63-7.54 (2H, m, AA’, BB', H2', H6"), 7.49-7.41 (1H, m, H4), 7.22-7.12 (2H, m, AA’,
BB, H3', HS'), 6.99 (1H, d, J=8.8 Hz, H3), 2.52 (2H, t, }=7.3 Hz, CH,), 1.65-1.47 (2H, m,
CH;), 0.87 (3H, t, I=7.3 Hz, CHz). BC NMR (75 MHz, DMSO) 8 165.2, 157.3, 138.4, 135.8,
133.3, 128.8, 128.5, 1229, 121.1, 119.5, 119.3, 36.9, 24.3,13.8..

5-Chlor-4 -butyl-salicylanilid (2b) T5538

Bilé krystaly, 1it.5%, b.t. 162-163 °C. Vyt&zek: 79%. Sumarni vzorec Ci7H1:CINO; (303,79),
% nalezeno (vypoéteno): C 67,05 (67,21); H 5,95 (5,97); N 4,38 (4,61). IR: (Ve-o, Cm1™). H
NMR (300 MHz, DMSO0) & 11.93 (1H, bs, NH), 1035 (1H, s, OH), 7.97 (1H, d, J=2.5 Hz,
HS), 7.61-7.55 (2H, m, AA’, BB’, H2', H6'), 7.46 (1H, dd, J=8.8 Hz, J=2.5 Hz, H4), 7.22-
7.13 (2H, m, AA’, BB’, H3', H5"), 7.00 (1H, d, J=8.8 Hz, H3), 2.54 (2H, t, J=7.4 Hz, CH),
1.60-1.45 (2H, m, CHy), 1.36-1.21 (2H, m, CH,), 0.88 (3H, t, J=7.4 Hz, CHs). ’C NMR (75
MHz, DMSO) § 165.2, 157.3, 138.7, 135.8, 133.3, 128.7, 128.5, 122.9, 121.1, 119.5, 1193,
345,33 .4, 21.9, 14.0.
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5.Chlor-4 "terc-butyl-salicylanilid (2c) 15512

pilé krystaly, 1it5 bt 221-222 °C. Vytézek: 73%. Sumarni vzorec C17Hi1zCINO; (303,79), %
Lalezeno (vypotteno): C 67,08 (67,21); H 5,93 (5,97), N 4,61 (4,61). IR: (Ve=o, cm™) 1627. 'H
NMR (300 MHz, DMSO0) § 11.97 (1H, bs, NH), 10.37 (1, 5, OH), 7.98 (1H, d, J=2.6 Hz,
H6), 7.64-1.56 (2H, m, AA", BB’, H2', H6), 7.46 (11, dd, J=8.9 Hz, J=2.6 Hz, H4), 7.41-
133 (2H, m, AA’, BB', H3', H5'), 7.00 (1H, d, J=8.9 Hz, F13), 127 (OH, s, CH;). *C NMR
(75 MHz, DMSO) 8 165.2, 157.4, 147.0, 1356, 1333, 128.5, 125.6, 122.9, 1209, 119.4,
343,31.4.

5.Chlor-4 '-pentylfenyl-salicylamilid (2d) 15510

Bilé krystaly, b.t. 181-182 °C. Vyt&Zek: 79%. Sumarni vzorec C1sH20CINO, (317,82), %
nalezeno (vypotteno): C 68,01 (68,03); H 6,46 (6,34), N 4,33 (4,41). IR: (ve=o, cm™) 1627.
IHNMR (300 MHz, DMSO) § 11.94 (1H, bs, NH), 10.36 (1H, 5, OH), 7.97 (1H, d, J=2.7 Hz,
H6), 7.62-7.54 (2H, m, AA’", BB', H2', H6"), 7.45 (1H, dd, J=8.8 Hz, J=2.7 Hz, H4), 7.21-
713 (2H, m, AA’, BB', H3', H5"), 7.00 (1H, d, J=8.8 Hz, H3), 2.53 (2H, , ]=7.0 Hz, CHy),
1.62-1.47 (2H, m, CHy), 1.36-1.16 (4H, m, CHy), 0.84 (3H, t, J=7.0 Hz, CHs). BC NMR (75
MHz, DMSO) 8§ 165.2, 157.3, 138.7, 135.8, 133.3, 128.7, 1285, 122.9, 121.1, 1195, 1193,
34.8,31.1,30.9,22.2, 14.2.

5-Chlor-4 -hexyl-salicylanilid (2e) T5512

Bilé krystaly, b.t. 172-173 °C. Vytézek: 71%. Sumérni vzorec C1oH2CINO; (331,85), %
nalezeno (vypotteno): C 68,91 (68,77); H 6,76 (6,68); N 4,08 (4,22). IR: (Ve=o, em™) 1621. 'H
NMR (300 MHz, DMSO) & 11.94 (1H, bs, NH), 10.37 (1H, s, OH), 7.97 (1H, d, J=2.8 Hz,
H6), 7.62-7.54 (2H, m, AA’, BB’, H2', H6'), 7.45 (1H, dd, J=8.8 Hz, J=2.8 Hz, H4), 7.21-
7.12 (2H, m, AA’, BB’, H3', H5"), 7.00 (1H, d, J=8.8 Hz, H3), 2.53 (2H, t, J=7.4 Hz, CHp),
1.60-1.46 (2H, m, CHy), 1.33-1.17 (6H, m, CHy), 0.84 (3LL t, J=6.7 Hz, CHs). ®C NMR (75
MHz, DMSO) & 165.2, 157.4, 138.7, 135.8, 1333, 128.7, 128.5, 122.8, 121.1, 119.5, 1193,
34.8,31.3,31.2,28.5,22.3,17.2

5-Chlor-4 -heptyl-salicylanilid (2f) T5539

Bil¢ krystaly, b.t. 170-172 °C. Vytézek: 64%. Sumarni vzorec Ca0H24CINO, (345,87), %
nalezeno (vypotteno): C 69,33 (69,45); H 6,96 (6,99); N 3,90 (4,05). IR: (Vewo, cm™) 1628. 'H
NMR (300 MHz, DMSO) & 11.97 (1H, bs, NH), 10.35 (1H, s, OH), 7.98 (1H, d, J=2.6 Hz,
H6), 7.63-7.54 (2H, m, AA’, BB', H2’, H6"), 7.45 (1H, dd, J=8.8 Hz, J=2.6 Hz, H4), 7.20-
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112 (2H, m, AA’, BB, H3', HS"), 6.99 (1H, d, J=8.8 Hz, H3), 2.52 (2H, t, J=7.1 Hz, CHy),
| 61-1.44 (2H, m, CHy), 1.33-1.12 (8H, m, CHy), 0.83 (3H, t, J=6.7 Hz, CHy). 3C NMR (75

MHZ, DMSO) & 165.2, 157.4, 1387, 135.8, 133.3, 128.7, 128.5, 122.9, 121.1, 1194, 1193,
34.8,31.5,31.3, 28.8,28.8,22.3, 14.2.

5.Chlor-4 -oktyl-salicylanilid (2g) 15534

Bilé krystaly, b.t. 170-172 °C. Vytézek: 77%. Sumarni vzorec C2:H26CINO, (359,90), %
nalezeno (vypotteno): C 69,85 (70,08), H 7,33 (7,28); N 3,69 (3,89). IR: (Ve=o, em) 1628. 'H
NMR (300 MHz, DMSO) 8 11.94 (1H, bs, NH), 10.35 (1H, s, OH), 7.97 (1H, d, }=2.6 Hz,
H6), 7.61-7.54 (2H, m, AA’, BB’, H2', H6"), 7.45 (1H, dd, J=8.8 Hz, J=2.6 Hz, H4), 7.20-
712 (2H, m, AA", BB’, H3', HS"), 7.00 (1H, d, J=8.8 Hz, H3), 2.53 (2H, t, J=7.4 Hz, CHy),
1 62-1.47 (2H, m, CHy), 1.34-1.14 (10H, m, CH), 0.83 (3H, t, J=6.6 Hz, CHy). BC NMR (75
Mz, DMSO) § 165.2, 157.3, 138.7, 135.8, 133.2, 1287, 1285, 122.9, 1211, 119.4, 1193,
34.8,31.5,31.2,29.1,28.9, 28.8,22.3 14.2.

5-Brom-4 -propyl-salicylanilid (3a) T5703
Bilé krystaly, b.t. 196-197 °C Vytézek: 72%. Sumdrni vzorec Ci1sH1sBrNO2 (334,22), %
nalezeno (vypoéteno): C 55,73 (55,50); H 4,62(4,83), N 3,99 (4,19). IR: (Ve=o, cm™) 1628. 'H
NMR (300 MHz, DMSO) & 11.95 (1H, bs, NH), 10.35 (1H, s, OH), 8.09 (14, d J=2.6 Hz,
H6), 7.62-7.54 (2H, m, AA’, BB’ overlapped, H2', H6"), 7.57 (1H, dd overlapped, J=8.8 Hz,
=2 6 Hz, H4), 7.22-7.13 (2H, m, AA’, BB', H3’, H5"), 6.95 (1H, d, J=8.8 Hz, H3), 2.52 (2H,
t, J=7.3 Hz, CHy), 1.66-1.48 (2H, m, CHa), 0.88 (3H, t, J=7.3 Hz, CHs). 3C NMR (75 MHz,
DMSO) & 165.1, 157.7, 138.4, 136.1, 135.8, 1313, 128.8, 121.1, 120.0, 119.7, 110.3, 36.9,
243,138

5-Brom-4-butyl-salicylanilid (3b) T5535

Bil¢ krystaly, b.t. 189-190 °C. VytéZek: 66%. Sumarni vzorec C1-H sBrNO; (348,24), %
nalezeno (vypodteno): C 58,48 (58,63); H 5,13 (5,21); N 3,85 (4,02). IR: (Ve~o, em™). 'H
NMR (300 MHz, DMSO) & 11.97 (1H, bs, NH), 10.35 (1H, s, OH), 8.09 (1H, d, J=2.2 Hz,
H6), 7.63-7.52 (3H, m, H4, H2', H6"), 7.22-7.14 (2H, m, AA’, BB/, H3', H5"), 6.95 (1H, d,
J=8 8 Hz, H3), 2.54 (2H, t, }=7.5 Hz, CHy), 1.61-1.45 (2H, m, CHy), 1.36-1.21 (2H, m, CH,),
0.88 (3H, t, J=7.5 Hz, CH;). 3¢ NMR (75 MHz, DMSO) § 165.2, 157.8, 138.6, 136.1, 135.8,
131.3, 128.7, 121.1, 120.0, 119.7, 110.3, 34.5,33 4, 21.9,14.0.
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5-Brom-4 “pentyl-salicylanilid (3d) 15515

Bilé krystaly, b.t. 186-187 °C. Vytézek: 67%. Sumarni vzorec CisHzBINO: (359,90), %
qalezeno (vypotteno): C 59,46 (59,68); H 5,56 (5,33); N 3,76 (3,87). R: (Ve=o, cm) 1627. 'H
NMR (300 MHz, DMSO0) 3 11.95 (1H, bs, NH), 1035 (1H, s, OH), 8.09 (1H, d, J=2.5 Hz,
Ho), 7.62-7.53 GH, m, H4, H2', HE"), 7.21-7.13 (2H, m, AA’, BB, H3', H5"), 6.95 (1H, d,
j=8.8 Hz, H3), 2.53 (2H, 1, J=7.4 Hz, CHy), 1.62-1.47 (2H, m, CHy), 1.37-1.18 (4H, m, CHy),
0.85 (3H, t, =6.9 Hz, CHg). 3¢ NMR (75 MHz, DMSO) & 165.1, 157.7, 138.7, 136.1, 135.8,
131.3, 128.7, 121.1, 120.0, 119.8, 110.3, 34.8,31.1, 30.9, 22.2, 14.2.

5.Brom-4 -hexyl-salicylomilid (3e) 15513

Bilé krystaly, b.t. 183-184 °C. Vytézek: 69 %. Sumarni vzorec CisHzBrNO; (376,30), %
nalezeno (vypodteno): C 60,50 (60,65); H 5,80 (5,89); N 3,59 (3,72). IR: (Vewo, cm™) 1628. 'H
NMR (300 MHz, DMSO) & 11.97 (1H, bs, NH), 10.35 (1H, s, OH), 8.09 (1H, d, J=2.5 Hz,
16), 7.61-7.53 (3H, m, H4, H2', H6"), 7.20-7.13 (2H, m, AA", BB’, H3', H5), 6.94 (1H, d,
J=8.8 Hz, H3), 2.53 (2H, t, J=7.4 Hz, CHy), 1.62-1.46 (2H, m, CHp), 1.32-1.18 (6H, m, CHy),
0.84 (3H, t, J=6.9 Hz, CHs). '*C NMR (75 MHz, DMSO0) § 165.1, 157.7, 138.7, 136.1, 1358,
131.3,128.7, 121.1, 120.0, 119.8, 1103, 34.8,31.3,31.2, 28.5,22.3, 14.2,

5-Brom-4 -heptyl-salicylanilid (3f) 15540

Bilé krystaly, b.t. 184 °C. VytdZek: 65 %. Sumarni vzorec CzoHa4BfNO; (390,32), %
nalezeno (vypodteno): C 61,58 (61,54); H 6,20 (6,20); N 3,43 (3,59). IR: (Veo, cm™) 1629. 'H
NMR (300 MHz, DMSO) § 11.99 (1H, bs, NH), 10.35 (1H, s, OH), 8.10 (1H, d, J=2.5 Hz,
H6), 7.62-7.52 (3H, m, H4, H2', H6"), 7.19-7.12 (2H, m, AA", BB', H3', H5'), 6.94 (1H, d,
J=8.8 Hz, H3), 2.52 (2H, t, ]=7.1 Hz, CHy), 1.61-1.45 (2H, m, CHy), 1.32-1.15 (8L, m, CIL),
0.83 (3H, t, J=6.7 Hz, CHa). *C NMR (75 MHz, DMSO) § 165.1, 1578, 138.7, 136.1, 135.8,
131.3,128.7, 121.1, 119.9, 119.8, 110.3, 34.8,31.5,31.3,28.8,28.3,22.3, 14.2.

5-Brom-4 -oktyl-salicylanilid (3g) 15704

Bilé krystaly, b.t. 179-180 °C. Vytézek: 63 %. Sumarni vzorec CzHz6BINO; (404,35), %
nalezeno (vypotteno): C 62,29 (62,38); H 6,47 (6,48); N 3,33 (3,46). IR: (Ve=o, cm™). 'H
NMR (300 MHz, DMSO) & 11.98 (1H, bs, NH), 10.35 (1H, s, OH), 8.09 (1H, d, J=2.5 Hz,
H6), 7.61-7.54 (3H, m, H4, H2', H6"), 7.20-7.13 (2H, m, AA", BB’, H3', H5), 6.94 (IH, 4,
J=8 8 Hz, H3), 2.53 (2H, t, }=7.1 Hz, CHy), 1.61-1.45 (2H, m, CHj), 1.32-1.16 (10H, m,
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CHy), 0.85 GH. t, J=6.6 Hz, CH;).>C NMR (75 MHz, DMSO) § 165.1, 157.8, 138.7, 136.1,
35.8,1313, 1287, 121.1, 1199, 119.7, 1103, 34.8,315,31.2,29.1, 289,28 8, 22.3, 14.2.

3,5—Dibrom—4 “butyl-salicylanilid (4b) 15546

Bilé krystaly, b.t. 119 °C. Vytdzek: 59 %. Sumarni vzorec C17H7BrNO, (427,14), %
palezeno (vypo&teno): C 47,67 (47,80); H3,91 (4,01); N 3,12 (3,28). IR: (Ve=o, cm’) 1648, 'H
NMR (300 MHz, DMSO) 8 10.59 (1H, s, O, 8.30 (1H, d, J=2.3 Hz, H6), 8.00 (1H, d, J=2.3
Hz, H4),7.59-7.51 (2H, m, AA’, BB’, H2', H6"), 7.24-7.16 (2H, m, AA’, BB’, H3', H5),
255 (2H, t, =75 Hz, CHy), 1.60-147 (2H, m, CHp), 1.36-1.22 (2H, m, CHy), 0.88 BH, ¢,
=75 Hz, CH3).C NMR (75 MHz, DMSO) 8 166.8, 156.8, 139.4, 13838, 135.1, 1298,
128.7,122.1, 118.3, 112.5, 110.0, 34.5,33.3,21.9, 14.0.

3,5-Dibrom-4 -pentyl-salicylanilid (4d) T5544

Bilé krystaly, b.t. 121 °C. Vytézek: 52 %. Sumarni vzorec C sHioBraNO, (441,17), %
nalezeno (vypocteno): C 48,83 (49,01), H4,10 (4,34); N 2,95 (3,17). IR: (Voo cm™) 1650. H
NMR (300 MHz, DMSO0) 5 10.61 (1H, s, OH), 8.30 (1H, d, J=2.3 Hz, H6), 8.00 (1H, d, J=2.3
Hz, H4),7.60-7.55 (2H, m, AA’, BB’, H2', H6'), 7.24-7.16 (2H, m, AA’, BB’, H3’, HS),
2.5 (2H, t, J=7.4 Hz, CHy), 1.62-1.47 (2H, m, CHy), 1.37-1.17 (4H, m, CHz), 0.85 GH, ¢,
=69 Hz, CHs). °C NMR (75 MHz, DMSO) & 166.8, 156.9, 139.5, 138.8, 135.0, ,129.8,
128.7,122.1, 118.3, 112.6, 110.0, 34.8,31.1, 30.9,22.2, 141

3,5-Dibrom-4 -hexyl-salicylanilid (4e) T5543

Bil¢ krystaly, b.t. 120 °C. Vytézek: 64 %  Sumarni vzorec CioHziBraNO, (455,19), %
nalezeno (vypo&teno). C 49,85 (50,14); H 4,60 (4,65); N 2,90 (3,08). IR: (Ve—o, cm™) 1649. 'H
NMR (300 MHz, DMSO) & 10.59 (1H, s, OH), 8.30 (1H, d, J=2.3 Hz, H6), 8.00 (1H, d, J=2.3
Hz, H4), 7.60-7.51 (2H, m, AA’, BB’, H2', Hf'), 7.23-7.15 (2H, m, AA’, BB’, H3', HY'),
2.54 (2H, t, }=7.0 Hz, CHy), 1.62-1.46 (2H, m, CH,), 1.33-1.18 (6H, m, CHy), 0.83 GH, ¢,
J=7.0 Hz, CH3)-*C NMR (75 MHz, DMSO) & 166.8, 156.9, 139.5, 138.8, 135.0, 129.8,
128.7,122.1, 118.3, 112.5, 110.0, 34.8, 31.3, 31.1,28.5,223, 14.2.

3,5-Dibrom-4 -heptyl-salicylanilid (4f) T5342

Bilé krystaly, b.t. 115-116 °C. Vyt&zek: 61 %. Sumarni vzorec Ca0H2Br;NO; (469,22), %
nalezeno (vypotteno): C 51,03 (51,20); H4,79 (4,94); N 2,86 (2,99). IR: (Ve=o, cm™) 1650. 'H
NMR (300 MHz, DMSO) § 10.59 (1H, s, OH), 8.30 (1H, d, J=2.2 Hz, H6), 8.00 (1H, d, J=2.2
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iz, H4),7.59-7.51 (2H, m, AA’, BB', H2', H6), 723-7.16 (2H, m, AA’, BB’, H3’, H5"),
254 (28, 1, 1=7.4 Hz, CHy), 1.63-147 (2H, m, CHy), 134-1.15 (8H, m, CHy), 0.84 (3H, t,
1=6.7 Hz, CH). 3¢ NMR (75 MHz, DMSO) & 166.8, 156.8, 139.5, 138.8, 135.0, 1298,
1287, 122.1, 1183, 1125, 110.0,34.8, 31.5,31.2,28.8, 28 8,22.3, 14.2.

5.2. Postup pEipravy heterocyklickych salicylamidi

Pii syntéze heterocyklickych salicylamid byl pouZit fenylester pfisluiné kyseliny
salicylové (0,001 molu) substituovany chlorem nebo trifluormethylem v poloze para na
fenolové &asti. Na pfipravu fenylesteru43 byla pouZita pfisluind kyselina salicylova (0,01
molu) a substituovany fenol (0,01 molu). Smés byla zahfivana na 80 — 85 °C a poté byl
ptikapan POCls (0,05 molu). Po uplynuti 3 hodin byla smé&s nalita do roztoku 10 % NaHCOs.
Produkt byl izolovan na chromatografické kolon€. Mobilni faze byla smés hexan-aceton
(20:1).

Pii syntéze salicylamidi byl pouZit aminoheterocykl (0,001 molu) a substituovany
salicylat (0,01). Smés byla tavena pfi teplot€ 185 — 210 °C po dobu tfi hodin. Pfib&h reakce
byl sledovan na TLC chromatografii. U aminothiazoli byla reak&ni doba zkricena na 1
hodinu. Vznikly produkt byl zfiltrovan a promyt ethanolem. Na rekrystalizaci byl pouZit
ethanol 96%.

Pii syntéze salicylamidli, které obsahovaly izoxazolovy kruh bylo nutné pouZit
fenylsalicylatu substituovany trifluormetylem v poloze para na fenolové &asti. Taveni bylo
provadéno pfi teplotd max. 135 °C. Reakéni doba byla prodlouzena na 24 hodin. Produkt byl
izolovan na chromatografické kolon€. Mobilni fazi jsme pouzili hexan-aceton v poméru

(20: 1).
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N
Rt H
OH

R!= H, 4-CH,0, 4-Cl, 5-Cl, 5-F, 5-Br

R2 = thiazol-2yl
4-methylthiazol-2yl
5-methylizoxazol-3yl
pyrimidin-2yl
4-methylpyrimidin-2yl
4,6-dimethylpyrimidin-2yl

5.2.1. Piehled pripravenych fenylsalicyliti

OH
O
R’ R’
5 H a CF3

4-Trifluormethylfenyl-salicylat (5a) T5548

Bilé krystaly, b.t. 89-90 °C, vytézek 48 %. Sumérni vzorec C14H3F304 (282,22), % nalezeno
(vypotteno): C 58,41 (59,58); H 3,36 (3,21); F 20,19 (20,20). IR: (Ve—o), cm ') 1681. ‘HNMR
(300 MHz,) & 10.26 (bs, 1H, OH), 8.02-7.96 (m, 1H, H6), 7.89-7.82 (m, AA', BB', 2H, H3',
H5), 7.60-7.51 (m, 3H, H4, H2', H6'), 7.09-6.97 (m, 2H, H3, H5). °C NMR (75 MHz,) §
166.2, 160.3, 153.4, 136.3, 131.2, 127.2 (q, J= 3.7 Hz), 127.0 (q, /=32.1 Hz), 1242 (q,
J=272.0 Hz), 123.4, 119.7,117.9, 113 4.
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Tﬂﬂuormethy Ifenyl-4 -methoxysalicyldt (6a) T5547
Bilé krystaly, b.t. 119-121 °C, vitszek 37 %. Suméarni vzorec CioHnF3O04 (312,25), %
slezeno (vypodteno): C 57,48 (57,70); H 3,60 (3,55 F 18,20 (18,25). IR: (Vie-s), cm- 1 1685.
1 NMR (300 MHz,): 1039 (bs, 1H, OH), 7.94 (d, 1H, J=8.8 Hz, HE), 7.89-7.79 (m, AA!,
pp' 2H, H3', HS"), 7.59-7.49 (m, AA’, BB', 2H, H2', H6'), 6.63-6.59 (m, 2H, H3, H5), 3.83
(s, 3H, OCHs). °C NMR (75 MHz) § 166.5, 166.0, 163.2, 1533, 132.6, 127.1 (q, J=3.7 Hz),
1269 (g, J=32.3 Hz), 124.2 (g, J=272.0 Hz), 123.4, 107.9,105.2, 101.4, 55.9.

5.2.2. Piehled pFipravenych heterocyklickych salicylamidi

R! H

R R?

7 H a 5-methylisoxazol-3-yl

8 4CH;0 b thiazol-2-yl

9 4C1 ¢ 4-methylthiazol-2-yl

10 5F d 4,6-dimethylpyrimidin-2-yl
11 S5Br e 4-methylpyrimidin-2-yl

12 s5Cl f pyrimidin-2-yl
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N5~ Methyhsoxazol-3-yl)saltcylam1d (7a) T5517
Bilé krystaly, b.t. 183- 185 °C. vytések 22 %, Suméarni vzorec CniHioN20s (218,21), %
nalezeno (vypotteno): C 60,71 (60,55); H 4,75 (4,62); N 12, 83(12,84). IR: (Vie=0), €M” D
1653. IHNMR (300 MHz) 8 11.73 (bs, 1H, NH), 11.05 (bs, 1H, OH), 7.97 (dd, 14, /=8.0 Hz,
=17 Hz, H6), 7.50-7.41 (m, 1H, H4), 7.05-6.93 (m, 2H, H3, HS), 6.76 (d, 1H, J=08 Hz
g7, 2.40 (d, J=0.8 Hz, 3H, CHg), 3¢ NMR (75 MHz,) 8 170.1, 165.4, 158.1, 157.9, 134.5,
1303,119.7, 117.4,117.2,97.1,12.4.

4-Methoxy-N-(5-methylisoxazol-3-y))salicylamid (8a) 15556

Fluté krystaly, b.t. 194-196 °C, vytéZek 26 %. Sumarni vzorec CizHiaN2Os (248,24), %
Lalezeno (vypotteno): C 57,90(58,06); H 4,85 (4,87); N 11,11 (11,28). IR: (Vie=o), o ') 1649.
I NMR (300 MHz): § 12.12 (bs, 1H, NH), 10.98 (bs, 1H, OH), 7.99 (d, 1H, J-8.8 Hz, HS),
673 (bs 1H, H4Y), 6.59-6.47 (m, 2H, H3, HS), 3.78 (s, 3H, OCHa), 2.40 (5, 3H, CHy). °C
NMR (75 MHz): § 169.9, 166.0, 164.4, 161.0, 158.2, 131.4, 109.0, 106.9, 101.5, 97.3, 55.7,
12.4.

4-Methoxy-N-(thiazol-2-yl)salicylamid (8b) T5519

Zluté krystaly, b.t. 264-265 °C, vytézek 80 %, Sumarni vzorec C11HoN2058 (250,28), %
nalezeno (vypoéteno): C 53,01 (52,79), H 4,21 (4,03); N 11,25 (11,19); S 12,83 (12,82). IR
(Vo) €M ') 1669. 'H NMR (300 MHz): § 12.28 (bs, 1H, NH), 7.98 (d, 1H, J-8.8 Hz, H6),
7.53 (d, 1H, J=3.4 Hz, H4"), 7.23 (d, 1H, J=3.4 Hz, HY'), 6.56 (d, 1H, J=8.8 Hz, HS), 6.51
(bs, 1H, H3), 3.78 (s, 3H, OCHz). 'C NMR (75 MHz): § 167.2, 164.3, 160.6, 131.9, 131.8,
128.9, 113.6, 109.7, 107.0, 101.5, 55.6.

4-Methoxy-N-(4-methylthiazol-2-yl)salicylamid (8c) 15516

Zluté krystaly, b.t. 245-246 °C, vytéZek 85 %. Sumamni vzorec Ci1oH12N205S (264,31), %
nalezeno (vypodteno): C 54,33 (54,53); H 4,55 (4,58); N 10,48 (10,60); S 12,20 (12,13). IR:
(Vio=o), €M ') 1667. 'H NMR (300 MHz): 6 12.39 (bs, 1H, NH), 7.95 (d, 1H, J=8.8 Hz, HS),
6.73 (s, 1H, HS"), 6.52 (dd, 1H, J-8.8 Hz, J-2.2 Hz, H5), 6.48 (d, 1H, J=2.2 Hz, H3), 3.77 (s,
3H, OCHs), 2.26 (s, 3H, CH3).°C NMR (75 MHz): § 166.9, 164.3, 161.0, 131.7, 110.1,
107.6, 106.9, 101.4, 55.6, 15.8.

4-Chlor-N-(4,6-dimethylpyrimidin-2-yl)salicylamid (9d) T5550




uté Irystaly, bt 264-266 °C. vitézek 45 %. Sumami vzorec C3HiCIN;O; (277,71), %
(vypoiteno): C 56,21 (56,23), H 4,29 (4,36); N 15,09 (15,13); C1 12,85(12,77). IR:
o om™) 1662. 'H NMR (300 MHz): § 12.09 (bs, 1H, NH), 10.86 (bs, 1H, OH), 7.96 (d,
1 J-8.8 Hz, H6), 7.04-6.96 (m, 3H, H3, HS, HS), 2.36 (5, 6H, CHs). *C NMR (75 MHz): §

169.0, 163 .8, 158.3, 157.1, 137.9, 132.3, 119.9, 117.8, 116.9, 116.2, 23.6.

nalezeno

4-Chlor-N-(: 4-methylpyrimidin-2-yl)salicylamid (9¢) 15551

suté krystaly, bt. 276 °C, vjtézek 52 %. Sumérni vzorec C12H1oCIN3O; (263,69), %
salezeno (vypocteno): C 54,40 (54,66); H 3,99 (3,82); N 15,95 (15,94); Ci 13,39 (13,45). IR:
(Viemop M ) 1683. IH NMR (300 MHz): 6 12.07 (bs, 1H, NH), 10.94 (bs, 1H, OH), 8.53 (d,
[H, J=4.9 Hz, H6"), 7.95 (d, 1H, J-83 Hz, H6), 7.11 (4, 1H, J=4.9 Hz, H5), 7.05-6.98 (m,
JH, H3, H5), 2.41 (s, 3H, CHa). "C NMR (75 MHz): § 168.7, 163.6, 158.1, 157.3, 137.9,
132.4, 1199, 117.9, 117.0, 116.9, 23 8.

5-Fluor-N-(4,6-dimethylpyrimidin-2-yl)salicylamid (10d) 15552

7luté krystaly, b.t. 275276 °C, vytézek 46 %. Sumémni vzorec CisHisFN;O; (261,26), %
nalezeno (vypoétenc): C 59,70 (59,77);, H 4,48 (4,63); N 16,20 (16,08), F 7,24 (7,27). IR:
(Vie=oy cm ") 1668. "H NMR (300 MHz) & 11.65 (bs, 1H, NH), 10.91 (bs, 1H, OH), 7.70 (dd,
1H, J=9.5 Hz, J-3.3 Hz H6), 7.36-7.24 (m, 1H, H4), 7.00 (dd overlapped, 1H, J=9,5 Hz,
J-4.7 Hz, H3) 6.98 (s 1H, H5", 2.35 (s, 6H, CHy). °C NMR (75 MHz) 3 168.0, 163.0, 155.4
(d, J=237.4 Hz), 153.6, 1210 (d, J=23.2 Hz), 119.4 (d, J=6.6 Hz), 118.9 (d, J~7.4 Ha),
1163, 115.9 (J=24.7 Hz), 23.6

5-Fluor-N-(4-methylpyrimidin-2-yl)salicylamid (10e) T5553

Zluté krystaly, b.t. 286-287 °C, vitéZek 40 %, Suméarni vzorec CizH10FN:O2 (247,23), %
nalezeno (vypodteno): C 58,55 (58,30), H 4,23 (4,08); N 16,87 (17,00); F 7,65 (7,68). IR:
(Viemoy, cm ') 1682. 'H NMR (300 MHz) & 11.66 (bs, 1H, NH), 11.01 (bs, 1H, OH), 8.65 (d,
1H, J=5.1 Hz, H6'), 7.70 (dd, 1H, J=9.5 Hz, J=33 Hz, H6), 7.36-7.25 (m, 1H, H4), 7.12 (4,
1H, J=5.1 Hz, H5), 7.02 (dd, 1H, J=9.5 Hz, J-4.7 Hz, H3), 2.42 (s, 3H, CHy). BC NMR (75
MHz) 5 168.7, 163.0, 158.2, 157.2, 155.4 (d, J=235.4 Hz), 153.5, 121.1 (d, J=23.5 Hz), 119.5
(d, J=6.6 Hz), 118.9 (d, J=7.4 Hz), 117.1, 116.0 (d, J=24.6 Hz), 23 8.

5-Brom-N-(thiazol-2-yl)salicylamid (11b) T5554
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pilé laystaly, b.t. 272-273 °C, vitéek 53 %, Sumérni vzorec C1oH7BiN, 0,8 (299,15), %
alezeno (vypotteno): C 40,05 (40,15, H 2,53 (2,36); N 9,10 (9,36); Br 26,55 (26,71). IR:
o cm™) 1668. "H NMR (300 MHz): § 12.59 (bs, 1H, NH), 8.03 (d, 1H, J=2.8 Hz, H6),
159-7.53 (m, 2H, H4, H4), 7.25 (d, 1H, J-3.8 Hz, HS"), 6.94 (d, 1H, J=8.8 Hz, H3). e
NMR (75 MHzZ): 8 165.6, 157.9, 136.5, 1323, 120.0, 1198, 113.6, 110.3.

5.ChIor-N-@yrimidin—2-yl)salicylamid (12f) T5555

Futé krystaly, b.t. 99-101 °C, vjtéek 65 %, Suméarni vzorec CiiHsCIN;O, (249,66), %
salezeno (vypotteno): C 53,10 (52,92); H 3,46 (3,23); N 16,95 (16,83); Cl 14,24 (14,20). IR
(Vo M) 1697. 'H NMR (300 MHz) § 8.67 (d, 2H, J=4.4 Hz, H4', H6"), 7.80 (d, 1H,
J-2.1 Hz, H6), 7.23 (dd, 1H, J=8.7 Hz, J=2.1 Hz, H4), 7.17 (t, 1H, J=4.4 Hz, H5'), 6.81 (d,
{H, J-8.7 Hz, H3). *C NMR (75 MHz) § 163.8, 163.5, 158.7, 158.1, 133.2, 1294, 121.6,
119.6, 118.3, 116.7.

5.3, Postup piipravy 3-(d-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dioni

Salicylanilid (0,003 molu) byl rozpuitén v bezvodém pyridinu. Smés byla 5 minut
chlazena na ledové l4zni a poté byl za stalého michani pfikapan methylchlorformiat (0,004
molu) Po pil hoding byla reak&ni nadoba odstrangna z ledové lazn¢ a zahfivana hodinu pod
zpétnym chladi¢em. Potom jsme nechali smés volné chladnout a po 24 hodinach byla
nalita do 5-ti procentni HC. Po filtraci byl nadbyte¢ny HCI neutralizovan 5-ti procentnim
roztokem Na,COjs . Vznikly produkt rekrystalizovan v ethanolu. Pro TLC chromatografii

byla pouZita mobilni faze hexan — aceton v poméru (3:1).

o o
O

R' = 6-Cl; 7-CI; 6-Br; 6,8 Br,
R2 = propyl, butyl, terc-butyl, pentyl, hexyl, heptyl, oktyl
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5.3.1. Piehled pripraven§ch 3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-

dionu

R R*
13 6Cl a propyl
14 7-CI b butyl
15 6-Br ¢ terc-butyl
16 6,8-Br; d pentyl
e hexyl
| f heptyl
g oktyl

6-Chlor-3-(4-propylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion (13a) 15705

Bilé krystaly, b.t. 188-190 °C. Vytézek: 60 %, sumarni vzorec C17H14CINO; (315,76); %
nalezeno (vypodteno): C 64,32 (64.67), H 4,31 (4,47); N 4,22 (4,44); IR (Ve=o, cm™): 1773,
1703, "H NMR (300 MHz, DMSO) § 7.95-7.91 (1H, m, H7), 7.89 (1H, d, J=2.4 Hz, H5), 7.56
(1H, d, /=8.5 Hz, H8), 7.36-7.25 (4H, m, H2', H3', H5', H6"), 2.61 (2H, t, J=7.4 Hz, CHy),
1.73-1.54 (24, m, CHy), 0.93 (3H, t, J=7.4 Hz, CHs). ’C NMR (75 MHz, DMSO0) 5 160.0,
151.5, 147.5, 143.1, 136.1, 132.8, 129.4, 129.1, 128 .4, 126.5, 119.0, 116.7, 37.1, 24.2, 14.0.

6-Chlor-3-(4-butylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion (13b) T5578

Bilé krystaly; b.t. 189-190 °C. Vytézek: 58 %, sumamni vzorec Ci1sH¢CINO; (329,79); %
nalezeno (vypoéteno): C 65,38 (65,59), H 4,88 (4,89), N 4,05 (4,25), IR (Ve=o, cm™): 1771,
1705. 'H NMR (300 MHz, DMSO) 5 7.96-7.87 (2H, m, H5, H7), 7.56 (1H, d, /=8.8 Hz, H3),
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367,24 (4H, m, H2', H3', HS', H6"), 2.64 (2H, t, J=7.5 Hz, CH,), 1.67-1.53 (2H, m, CHy),
| 43-1.26 (2H, m, CHy), 092 GH, t, J=7.5 Hz, CH), 13C NMR (75 MHz, DMSO) 6 160.0,
(51,5, 1475, 1433, 136.1, 132.7, 1294, 129.1, 128.4, 1265, 119.0, 1167, 347, 333, 220,

14.0.

6.Chlor-3—(4-terc-butylfenyl)-ZH-1,3—benzoxazin-2, 4(3H)-dion (13c) T5573

Bilé krystaly, bt 215-215 °C. Vytézek: 61 %, sumarni vzorec Ci1sH16CINOs (329,79), %
nalezeno (vypodteno): C 65,42 (65,56), H 4,70 (4,89), N 4,12 (4,25), IR (Veo, cm™): 1770,
1709. "H NMR (300 MHz, DMSO) & 7.94-7.88 (2H, m, HS, H7), 7.56 (1H, dd overlaped,
8.8 Hz, J=0.6 Hz, H8), 7.55-7.49 (2H, m, AA’, BB’, H2', H6"), 7.35-7.28 (2H, m, AA,
BB’ H3', H5"), 1.33 (9H, s, CH3). °C NMR (75 MHz, DMSO0) & 160.1, 151.5, 151.4, 147.6,
136.1, 132.6, 129.4, 128.1, 126.5, 126.1, 118.9, 116.7, 34.7, 31.3.

6-Chlor-3-(4-pentylfenyl)-2H-1,3-benzoxazin-2,4(3H)~dion (13d) T5563

Bilé krystaly, b.t. 181-182 °C. VytdZek: 52 %, sumarni vzorec C1sH;sCINO; (343,81), %
nalezeno (vypodteno): C 66,54 (66,38), H 5,14 (5,28), N 3,82 (4,07), IR (Ve=o, cm"): 1773,
1702. 'H NMR (300 MHz, DMSO0) 8 7.95-7.87 (2H, m, H5, H7), 7.56 (1H, d, /=8.8 Hz, H8),
736-724 (4H, m, H2', H3", H5’, H6"), 2.63 (2H, t, J=7.7 Hz, CHy), 1.71-1.53 (2H, m, CHD),
1.43-1.22 (4H, m, CH), 0.88 (3H, t, J=6.6 Hz, CHy). *C NMR (75 MHz, DMSO) 5 160.1,
151.5, 147.5, 143.3, 136.1, 132.7, 1294, 129.1, 128.4, 126.5, 118.9, 116.7, 35.0, 31.2, 30.3,
222,141

6-Chlor-3-(4-hexylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion (13e) T5564

Bilé krystaly, b.t. 162-165 °C. Vyt&Zek: 52 %, sumarni vzorec CaoHzCINOs (343,81), %
nalezeno (vypoéteno,): C 66,54 (66,38), H 5,14 (5,28), N 3,82 (4,07), IR (Ve=, cm’): 1776,
1699, 'TH NMR (300 MHz, DMSO) & 7.95-7.88 (2H, m, H5, H7), 7.56 (1H, dd, /=8.5 Hz,
J=0.6 Hz, H8), 7.35-7.25 (4H, m, H2', H3', H5", H6"), 2.63 (2H, t, J=7.7 Hz, CH), 1.70-1.50
(2H, m, CH,), 1.40-1.20 (6H, m, CHy), 0.86 (3H, t, /=6.9 Hz, CHs). C NMR (75 MHz,
DMSO0) & 160.1, 151.5, 147.6, 143.3, 136.1, 132.8, 129.4, 129.1, 128.4, 126.5 119.0 116.7,
35.1,31.3,31.1,286,22.3,14.2.




6-Chlor-3-(4-oktylfenyl)-2H-1,3-benzoxazin-2, 4(3H)-dion (13g) T5577

Bilé krystaly, b.t. 181-182 °C. Vytézek: 50 %, sumarni vzorec C2H24CINO; (343,81), %
salezeno (vypotteno): C 66,54 (66,38), H 5,14 (5,28), N 3,82 (4,07), IR (Ve=o, cm™): 1773,
1702. 'H NMR (300 MHz, DMSO0) § 7.95-7.87 (2H, m, H5, H7), 7.56 (1H, d, /=8.5 Hz, H8),
734-725 (4H, m, H2', H3", H5', H6"), 2.62 (2H, t, J=7.6 Hz, CHy), 1.69-1.47 (2H, m, CHz),
1.37-1.17 (10H, m, CHy), 0.85 (3H, t, /=6.9 Hz, CH;). °C NMR (75 MHz, DMSO)  160.0,
151.5, 147.5, 1433, 136.1, 132.7, 129.4, 129.1, 128.7, 126.5, 1189, 116.7, 35.1, 31.5, 31.2,
29.1,29.0,28.9,22.3, 14.2.

7-Chlor-3-(4-propylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion (14a) 15706

Bilé krystaly, b.t. 158-160 °C. Vyt&Zek: 63 %, sumamni vzorec Ci7H14CINO; (315,76), %
nalezeno (vypoéteno): C 64,27 (64,67), H 4,24 (4,47), N 4,13 (4,44), IR (Veo, cm): 1777,
1696. 'H NMR (300 MHz, DMSO) 6 7.98 (1H, d, /=8.5 Hz, H5), 7.76 (1H, d, J=1.9 Hz, HB),
752 (1H, dd, J=8.5 Hz, J=1.9 Hz, H6), 7.35-7.25 (4H, m, H2', H3', H5", H6"), 2.61 (2H, t,
J=1.5 Hz, CH,), 1.71-1.54 (2H, m, CH), 0.93 3H, t, /=7.5 Hz, CHs). °C NMR (75 MHz,
DMSO) § 160.3, 153.3, 147.6, 143.1, 140.5 132.8, 129.2, 129.1, 1284, 125 8, 116.8, 114.2,
371,242, 14.0.

7-Chlor-3-(4-butylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion (14b) 15576

Bilé krystaly, b.t. 161-162 °C. Vyt&Zek: 66 %, sumami vzorec CisHicCINO3 (329,79), %
nalezeno (vypotteno): C 65,46 (65,56), H 4,85 (4,89), N 4,04 (4,25), IR (Ve=o, cm™); 1776,
1708. '"H NMR (300 MHz, DMSO) & 7.97 (1H, d, /=8.4 Hz, HS), 7.76 (1H, d, /~1.9 Hz, H8),
7.52 (1H, dd, J=8.4 Hz, J=1.9 Hz, H6), 7.35-7.25 (4H, m, H2', H3’, H5', H6'), 2.63 (2H, t,
J=1.5 Hz, CHy), 1.67-1.52 (2H, m, CHy), 1.42-1.25 (2H, m, CHy), 0.92 (3H, t, J=7.5 Hz,
CHa). 1*C NMR (75 MHz, DMSO) 3 160.3, 153.3, 147.6, 143.3, 140.5, 132.8, 129.2, 129.1,
1284, 1258 116.8 114.2,34.7,33.3,, 22.0, 14.0.

7-Chlor-3-(4-terc-butylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion (14c) 15561
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Bilé krystaly, b.t. 214-215 °C. VytéZek: 66 %, sumarni vzorec C;3sHisCINO; (329,79), %
nalezeno (vypotteno): C 65,29 (65,56), H 4,74 (4,89), N 3,97 (4,25), IR (Ve=o, em™): 1767,
1716. "H NMR (300 MHz, DMSO) & 7.98 (1H, d, J=8.5 Hz, H5), 7.74 (1H, d, /=1.9 Hz, HS),
| 755-7.48 (3H, m, H6, H2', H6"), 7.35-7.27 (2H, m, AA", BB’ H3', H5"), 1.39 (SH, s, CHs);
| Be NMR (75 MHz, DMSO) & 160.4, 153.3, 151.5, 147.7, 140.6, 132.6, 129.3, 128.2, 126.2,
1259, 125.7, 120.9, 116.9, 114.2,34.7, 31.4

7-Chlor-3-(4-pentylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion (14d) T5559

| Bilé krystaly, b.t. 136-137 °C. VytéZek: 56 %, sumarni vzorec CioHizCINO; (343,81), %
| nalezeno (vypoéteno): C 66,08 (66,38), H 5,22 (5,28), N 4,04 (4,07), IR (Ve-o, cm™): 1777,
| 1708. 'H NMR (300 MHz, DMSO) & 7.98 (1H, d, J=8.5 Hz, H5), 7.76 (1H, d, J=1.9 Hz, HS8),
751 (1H, dd, J=8.5 Hz, J=1.9 Hz, H6), 7.35-7.25 (4H, m, H2', H3’, H5’, H6'), 2.62 (2H, t,
J=1.7 Hz, CHy), 1.68-1.52 (2H, m, CHy), 1.40-1.23 (4H, m, CH,), 0.88 (3H, t, J=6.9 Hz,
CHs), ®C NMR (75 MHz, DMSO) & 160.3, 153.3, 147.6, 143.3, 140.5, 132.8, 129.2, 129.1,
128.4, 125.8,116.8, 114.2, 35.0,31.2, 30.8,22.2  14.1.

7-Chlor-3-(4-hexylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion (14e) 15560

Bilé krystaly, b.t. 146-148 °C. Vyt&zek: 51 %, sumarni vzorec CoH20CINO; (357,84), %
nalezeno (vypoéteno): C 66,93 (67,13), H 5,60 (5,63), N 3,71 (3,91), IR (Ve—o, cm™): 1776,
1708. '"H NMR (300 MHz, DMSO) & 7.97 (1H, d, /=8.2 Hz, H5), 7.76 (1H, d, J~1.9 Hz, H3),
7.51 (1H, dd, /=8.2 Hz, /~1.9 Hz, H6), 7.34-7.26 (4H, m, H2’, H3’, H5', H6"), 2.62 (2H, t,
J=1.7 Hz, CH,), 1.68-1.46 (2H, m, CHy), 1.41-1.19 (6H, m, CH), 0.86 (3H, t, /~6.6 Hz,
CH;);3C NMR (75 MHz, DMSO) & 160.3, 153.3, 147.6, 143.3, 140.5, 132.8, 129.2, 129.0,
128.4,125.8,116.8, 114.2,35.0,31.3,31.1, 28.6, 22.3, 14.2.

7-Chlor-3-(4-heptylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion (14f) T5529

Bil¢ krystaly, b.t. 134-135 °C. Vyt&iek: 56 %, sumarni vzorec CoiH2CINO;3 (371,87), %
nalezeno (vypoéteno): C 67,54 (67,83), H 5,68 (5,96), N 3,61 (3,77), IR (Ve=o, cm'l): 1777,
1708. '"H NMR (300 MHz, DMSO) & 7.98 (1H, d, J/=8.5 Hz, H5), 7.76 (1H, d, J=1.7 Hz, H8),
751 (14, dd, J=8.5 Hz, J=1.7 Hz, H6), 7.35-7.25 (4H, m, H2', H3', H5', H6'), 2.62 (ZH, t,
J=7.7 Hz, CHj), 1.70-1.50 (2H, m, CH,), 1.39-1.17 (8H, m, CH,), 0.86 (3H, t, J=6.6 Hz,
CH3);'*C NMR (75 MHz, DMSO) & 160.3, 153.3, 147.6, 143.3, 140.5, 132.8, 129.2, 129.0,
128.4,1258,116.8,114.2,35.0,31.5,31.1,289,28.8,223, 142
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7.Chlor-3-(4-oktylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion (14g) 15562

Bité krystaly, b.t. 141-142 °C. Vytézek: 67 %, sumarni vzorec CyHz4CINO;3 (385,89), %
salezeno (vypoéteno): C 68,14 (68,48), H 6,21 (6,27), N 3,52 (3,63), IR (Vemo, cm™): 1777,
1708. "H NMR (300 MHz, DMSO) 8 7.97 (1H, d, J=8 4 Hz, H5), 7.76 (1H, d, J=1.8 Hz, HS),
751 (1H, dd, J=8.4 Hz, J=1.8 Hz, H6), 7.34-7.25 (4H, m, H2', H3’, H5', H6"), 2.62 (2H, t,
7.7 Hz, CHy), 1.70-1.50 (2H, m, CH,), 1.41-1.15 (10H, m, CHy), 0.85 (3H, t, J=6.9 Hz,
CHy):1*C NMR (75 MHz, DMSO0) 8 160.3, 1533, 147.6, 143.3, 140.5, 132.8, 129.2, 129.1,
128.4,125.8,116.8, 114.2, 35.1, 31.5, 31.1, 29.1, 29.0, 28.9, 22.3, 14.2.

6-Brom-3-(4-propylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion (15a) 15707

Bilé krystaly, b.t. 193-194 °C. Vyt&2ek: 58 %, sumarni vzorec Ci7H14BrNO; (360,21), %
nalezeno (vypo&teno): C 56,32 (56,69), H 4,78 (3,92), N 3,57 (3,89), IR (Ve=o, cm™): 1774,
1700, 'H NMR (300 MHz, DMSO) b 8.06-8.00 (2H, m, H5, H8), 7.49 (1H, dd, /=8.5 Hz,
J=0.6 Hz, H7), 7.35-7.25 (44, m, H2", H3", H5', H6'), 2.61 (2H, t, /=7.4 Hz, CH,), 1.71-1.55
(2H, m, CH), 0.93 (3H, t, J=7.4 Hz, CHs). 3C NMR (75 MHz, DMSO) & 159.9, 152.0,
147.5, 143.1, 138.9, 132.8, 129.5, 129.1, 1284, 119.2, 117.1, 117.0, 37.1, 24.2, 14.0.

6-Brom-3-(4-butylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion (15b) 15574

Bilé krystaly, b.t. 194-195 °C. Vytézek: 63 %, sumarni vzorec CisHiBrNO; (374,24), %
nalezeno (vypoéteno): C 57,28 (57,77), H 4,17 (4,31), N 4,17 (4,31), IR (ve=o, em™): 1770,
1702. '"H NMR (300 MHz, DMSO) & 8.06-8.00 (2H, m, H5, H7), 7.49 (1H, dd, /=8.5 Hz,
J=0.6 Hz, H8), 7.35-7.25 (4H, m, H2", H3", H5', H6"), 2.63 (2H, t, /=7.7 Hz, CHy), 1.67-1.51
(2H, m, CHy), 1.43-1.26 (2H, m, CHy), 0.92 (3H, t, /~7.4 Hz, CHs);*C NMR (75 MHz,
DMSO) & 160.0, 152.0, 147.5, 143.3, 138.9, 132.8, 129.5, 129.1, 128.4, 119.2, 117.1, 117.0,
34.7,33.3,22.0, 140

6-Brom-3-(4-pentylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion (15d) T5566

Bilé krystaly, b.t. 179-180 °C. Vytézek: 64 %, sumarni vzorec CioHisBrNO; (388,26), %
nalezeno (vypodteno): C 58,84 (58,78), H 4,58 (4,67), N 3,32 (3,61), IR (ve-o, cm™): 1777,
1702. 'H NMR (300 MHz, DMSO) & 8.07-7.99 (2H, m, H5, H7), 7.49 (1H, d, J=8.5 Hz, H8),
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135124 (4H, m, H2', H3", HS', H6"), 2.63 (2H, t, J=7.4 Hz, CHa), 1.69-1.54 (2H, m, CHy),
| 40-124 (4H, m, CHy), 0.88 (3H, t, J=6.9 Hz, CH3);C NMR (75 MHz, DMS0) 3 160.0,
520, 147.6, 143.4, 139.0, 1328, 1296, 1202, 1285, 1193, 1172, 117.1, 35.1, 313, 309,

223,142

6.Brom-3-(4-hexylfenyl)-2H-l,3-benzoxazin—2,4(3H)—dion (15e) T5565

pilé krystaly, b.t. 168-169 °C. Vytézek: 58 %, sumamni vzorec CaoH2oBrNO; (402,29), %
nalezeno (vypodteno,): C 59,35 (59,71), H 4,92 (5,01), N 3,48 (3,17), IR (v, cm™): 1774,
1701. 'H NMR (300 MHz, DMSO) 5 8.06-7.99 (2H, m, H5, H7), 7.49 (1H, d, /~8.8 Hz, H8),
7135-7.25 (4H, m, H2", H3', H5", H6"), 2.63 (2H, t, J=7.6 Hz, CHy), 1.70-1.52 (2H, m, CH,),
1.40-1.20 (6H, m, CH,), 0.86 (3H, t, J=6.7 Hz, CHs);">C NMR (75 MHz, DMSO) & 159.9,
151.9, 147.5, 143.3, 138.9, 132.7, 1295, 129.1, 128 4, 119.2, 117.1, 117.0, 35.1, 313, 31.1,
28.6,22.3, 14.2

6-Brom-3-(4-heptylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion (15f) 15568

Bilé krystaly, b.t. 158-160 °C. VytéZek: 62 %, sumami vzorec Ca1HpeBINQs (416,32), %
nalezeno (vypotteno): C 60,42 (60,59), H 5,31 (5,33), N 3,26 (3,36), IR (Ves, cm™): 1774,
1701. 'H NMR (300 MHz, DMSO) & 8.07-7.98 (2H, m, H5, H7), 7.49 (1H, d, /=8.5 Hz, H3),
7.34-7.24 (4H, m, H2', H3', H5", H6"), 2.63 (2H, t, /<7.5 Hz, CHy), 1.69-1.53 (2H, m, CHy),
1.40-1.18 (8H, m, CHy), 0.86 (3H, t, J=6.6 Hz, CH;). °C NMR (75 MHz, DMS0) 5 159.9,
151.9, 147.5, 143.3, 138.9, 132.7 129.5, 129.0, 128.4, 119.2, 117.0, 35.1, 31.5, 31.1, 29.0,
28.8,22.3, 14.2.

6,8-Dibrom-3-(4-butylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion (16b) T5575

Bilé krystaly, b.t. 168-169 °C. VytéZek: 47 %, suméarni vzorec Ci1sH;sBraNO; (453,13), %
nalezeno (vypodteno): C 59,35 (59,71), H 4,92 (5,01), N 3,48 (3,17), IR (Ve=o, cm™): 1774,
1701. "H NMR (300 MHz, DMSO) 3 8.43 (1H, d, J=2.2 Hz, H5), 8.05 (1H, d, J=2.2 Hz, H7),
7.36-7.30 (2H, m, AA’, BB’ H2', H6'), 7.30-7.24 (2H, m, AA’, BB" H3', H5"), 2.63 (2H. t,
J=77 Hz, CHy), 1.66-1.52 (2H, m, CH,), 1.42-1.26 (2H, m, CHy), 0.92 3H, t, /=73 Hz,
CH:);*C NMR (75 MHz, DMSO) § 159.5, 149.2, 146.9, 143.5, 140.8, 132.6, 129.2, 129.1,
1283, 118.2, 117.2, 110.8, 34.7, 33.2, 22.0, 14.0

48




6,8-Dibrom-3-(4-pentylfenyl)-2H-1,3-benzoxazin-2, 4(3H)-dion (16d) T5571

Bilé krystaly, b.t. 197-198 °C. VytéZek: 58 %, sumarni vzorec CioH7Br:NOs (467,13), %
nalezeno (vypotteno): C 48,51 (48,85), H 3,54 (3,67), N 3,48 (3,00), IR (ve~o, cm™): 1780,
1701. 'H NMR (300 MHz, DMSO) & 8.42 (1H, d, J=2.2 Hz, H5), 8.05 (1H, d, J/=2.2 Hz, H7),
736-7.23 (4H, m, H2", H3', H5’, H6"), 2.63 (2H, t, /=7.7 Hz, CHy), 1.69-1.53 (2H, m, CHz),
1.39-1.24 (4H, m, CHy), 0.88 (3H, t, J=6.7 Hz, CH3). ®C NMR (75 MHz, DMSO0) & 159.4,
149.2, 146.9, 143.5, 140.8, 132.6, 129.1, 129.0, 128.2, 118.2, 117.2, 110.8, 35.0, 31.2, 30.8,
222,14.1

6,8-Dibrom-3-(4-hexylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion (16e) 75570

Bilé krystaly, b.t. 196-199 °C. Vytézek: 48 %, sumarni vzorec CyoHioBrzNO; (481,19), %
nalezeno (vypoéteno): C 49,60 (49,92), H 3,85 (3,67), N 3,48 (3,98), IR (Veo, cm™): 1781,
1703. 'H NMR (300 MHz, DMSO) 5 8.43 (1H, d, J/~2.3 Hz, H5), 8.05 (1H, d, /=2.3 Hz, H7),
7.36-7.23 (4H, m, H2', H3’, H5', H6'), 2.63 (2H, t, J=7.5 Hz, CHy), 1.68-1.51 (2H, m, CHy),
1.40-1.21 (6K, m, CHy), 0.86 (3H, t, /=6.9 Hz, CH;). °C NMR (75 MHz, DMSQ) 8 1594,
149.2, 146.9, 143.5, 140.8 132.6, 129.1, 129.1, 128.2, 118.2 117.2, 110.8, 35.1, 313, 31.1,
28.7,22.3, 14.2.

5.4. Postup piipravy 3-(4-alkylfenyl)-2H-1,3-benzoxazin-4-thioxo-2(3H)-
2onii a 3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithioni

' Benzoxazindion (0,002 molu) by} smichan s P»Ss (0,002 molu) a taven pfi 200 °C
’ na kovové lazni po dobu S minut. Smés se zbarvila do hnédogervena a poté byla zchlazena.
| Do baiiky se ztuhlou taveninou byl nalit chloroform, aby se tavenina dokonale rozpustila.
Nasledovalo vyifepani s 5 % roztokem NaHCO3. Smés monosirného a disirného derivatu
byla rozd&lena na chromatografické koleng. Jako elu¢ni smés byla pouZita soustava toluen -

hexan (1:3). Vnikly produkt byl rekrystalizovan v ethanolu.
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R'=6-Cl, 7-C, 6-B, 6,8 Br,
R2=propyl, butyl, tercbutyl, pentyl, hexyl, heptyl, oktyl
X=80 Y=S

5.4.1, Pirehled pFipravenych 3-(4-alkylfenyl)-2H-1,3-benzoxazin-4-thioxo-
2(3H)-20nu

o) 0]
R! Y O
N R2

S
R’ R’
17 6-Cl a propyl
18 7CIl b butyl
19 6-Br ¢ ferc-butyl
20 68-Br. d pentyl
e hexyl
f  heptyl
g oktyl

6-Chlor-3-(4-oktylfenyl)-2H-1,3-benzoxazin-4thioxo-2(3H)-on (17g) T5598

Zluté krystaly, b.t. 151-152 °C. Vyt&zek: 35 %. Sumarni vzorec CzHz¢CINO2S (402,0), %
nalezeno (vypoéteno): C 65,70 (65,74), H 5,88 (6,02), N 3,23 (3,48). IR (V(co), cm) 1773. 'H
NMR (300 MHz, DMSO) & 8.21 (1H, d, J=2.5 Hz, H5), 7.91 (1H, dd, J=8.8 Hz, J=2.5 Hz,
H7), 7.55 (1H, d, J=8.8 Hz, H8), 7.36-7.28 (2H, m, AA’, BB’, H2', H6"), 7.28-7.21 (2H, m,
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AA’, BB’, H3", H5), 2.62 (2H, t, J=7.6 Hz, CHy), 1.69-1.52 (2H, m, CHy), 1.39-1.17 (10H,
m, CHy), 0.85 (3H, t, J=6.9 Hz, CHs)

7-Chlor-3-(4-butylfenyl)-2H-1,3-benzoxazin-4thioxo-2(3H)-on (18b) 15588

Zluté krystaly, b.t. 148-150 °C. Vytézek: 30 %. Sumarni vzorec CisHisCINOzS (345,9), %
palezeno (vypotteno): C 62,4 (62,51), H 4,66 (4,44), N 3,93 (3,48), $3,93 (3,93). IR
(Ve=orcm™) 1766. "H NMR (300 MHz, DMSO) & 8.28 (1H, d, J=8.8 Hz, H5), 7.93 (1H, d,
J=2.1 Hz, H8), 7.50 (1H, dd, J=8.8 Hz, J=2.1 Hz, H6), 7.35-7.28 (2H, m, AA’, BB’, H2',
H6'), 7.28-7.22 (2H, m, AA’, BB’, H3’, H5"), 2.63 (2H, t, J=7.5 Hz, CHy), 1.69-1.52 (2H, m,
CHy), 1.42-1.26 (ZH, m, CHy), 0.92 (3H, t, /=7.5 Hz, CH;). °C NMR (75 MHz, DMSO) &
191.9, 150.2, 144.5, 143.1, 140.7, 137.6, 133.0, 129.3, 128.0, 126.2, 120.1, 116.8, 34.7, 33.2,
22.0, 14.0

7-Chlor-3-(4-hexylfenyl)-2H-1,3-benzoxazin-4thioxo-2(3H)-on (18¢) T5590

Zluté krystaly, b.t. 133-134 °C. Vyt&zek: 32 %. Sumarni vzorec Ca0HzoCINO,S (373,9), %
nalezeno (vypoéteno): C 63,86 (64,25), H 5,19 (5,39), N 3,57 (3,75), S 8,56 (8,58). IR (v(eo),
cm™) 1781. 'H NMR (300 MHz, DMSO) & 8.28 (1H, d, J=8.8 Hz, H5), 7.74 (1H, d, /=19
Hz, H8), 7.50 (1H, dd, /=8.8 Hz, J=1.9 Hz, H6), 7.34-7.28 (2H, m, AA’, BB’, H2', Hf'),
7.28-7.22 (2H, m, AA’, BB’, H3', H5"), 2.62 (2H, t, /=7.7 Hz, CH,), 1.69-1.53 (2H, m, CHy),
1.41-1.21 (6H, m, CHy), 0.86 (3H, t, /=6.9 Hz, CHs).">C NMR (75 MHz, DMSO) & 191.9,
150.2, 144.5, 143.2, 140.7, 137.6, 133.0, 129.3, 128.0, 126.2, 120.1, 116.8, 35.1, 31.3, 31.0,
28.6,22.3, 142

6-Brom-3-(4-propylfenyl)-2H-1,3-benzoxazin-4thioxo-2(3H)-on (i9a) T5709

Ziuté krystaly, b.t. 192-194 °C. Vyt&Zek: 39 %. Sumarni vzorec Ci7H14BrNO;S (379,3), %
nalezeno (vypotteno): C 53,87 (54,27), H 3,56 (3,75), N 3,56 (3,72), S 8,46 (8,52). IR (V(e~o),
cm™) 1760. 'H NMR (300 MHz, DMSO) § 8.35 (1H, d, J=2.5 Hz, H5), 8.01 (1H, dd, /~8.8
Hz, J=2.5 Hz, H7), 7.47 (1H, d, J=8.8 Hz, H8), 7.35-7.29 (2H, m, AA’, BB’, H2', H6"), 7.29-
7.23 (2H, m, AA’, BB, H3", H5'), 2.61 (2H, t, /=7.5 Hz, CH,), 1.71-1.55 (2H, m, CH3), 0.93
(3H, t, J=7.5 Hz, CHz)."”C NMR (75 MHz, DMSO) & 191.3, 149.1, 144.5, 143.0, 138.6,
137.7,133.0, 129.4, 127.9, 122.5,119.4, 117.4,37.2,24.2, 13.9

6-Brom-3-(4-butylfenyl)-2H-1,3-benzoxazin-4thioxo-2(3H)-on (19b) T5582
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Fluté krystaly, b.t. 148-151 °C. Vytézek: 36 %. Sumarni vzorec CigHi¢BrNO,S (402,0), %
nalezeno (vypotteno): C 55,62 (55,39), H 3,97 (4,13), N 3,37 (3,37), S 8,20 (8,20). IR(V(e=o),
em) 1758. 'H NMR (300 MHz, DMSO0) 5 8.35 (1H, d, J=2.4 Hz, H5), 8.02 (1H, dd, /=8.8
Hz, J=2.4 Hz, H7), 7.48 (1H, d, J=8.8 Hz, H8), 7.35-7.28 (2H, m, AA’, BB', H2, H6"), 7.28-
722 (2H, m, AA’, BB’, H3', H5"), 2.63 (2H, t, /=7.5 Hz, CHy), 1.67-1.52 (2H, m, CHy),
1.42-1.23 (2H, m, CHy), 0.92 (3H, t, J=7.5 Hz, CH3)."*C NMR (75 MHz, DMSO) & 191 4,
149.1, 1445, 143.2, 138.6, 137.6, 133.1, 129.4, 128.0, 122.6, 119.4, 117.4, 34.7, 33.2, 22.0,
14.0

6-Brom-3-(4-pentylfenyl)-2H-1,3-benzoxazin-4thioxo-2(3H)-on (19d) 75586

Zhuté krystaly, b.t. 147-148 °C. Vyt&¥ek: 44 %. Sumarni vzorec CioHsBINO,S (403,3), %
nalezeno (vypodteno): C 56,83 (56,44), H 4,26 (4,49), N 3,20 (3,46), S 8,01 (7,93), IR (v(c-op
cm’) 1772. 'H NMR (300 MHz, DMSO) 5 8.35 (1H, d, J/=2.5 Hz, H5), 8.02 (1H, dd, /~8.8
Hz, J=2.5 Hz, H7), 7.47 (1H, d, /=8.8 Hz, H8), 7.35-7.22 (4H, m, H2', H3’, H5', H6'), 2.62
(2H, t, J=7.4 Hz, CH,), 1.69-1.52 (2H, m, CHy), 1.41-1.21 (4H, m, CHy), 0.88 (3H, t, /~7.0
Hz, CH;).°C NMR (75 MHz, DMSO) & 191.4, 149.1, 144.5, 143.2, 138.6, 137.6, 133.1,
129.4, 129.0, 122.5 119.4, 117.4, 35.0,31.2,30.7,22.2, 14.1.

6-Brom-3-(4-heptylfenyl)-2H-1,3-benzoxazin-4thioxo-2(3H)-on (19f) 15594

Zluté krystaly, b.t. 136-137 °C. Vytézek: 37 %. Sumarni vzorec CoiHzBrNO,S (432,4), %
nalezeno (vypotteno): C 58.20 (58,34), H 5.05 (5,13), N 3.11 (3,24), § 7.57 (7.42); IR (V(c-o),
em™) 1774. 'H NMR (300 MHz, DMSO) § 8.35 (1H, d, /=2.5 Hz, H5), 8.02 (1H, dd, /=88
Hz, J=2.5 Hz, H), 7.47 (1H, d, J=8.8 Hz, H8), 7.35-7.28 (2H, m, AA’, BB', H2', H6"), 7.28-
721 (2H, m, AA’, BB, H3’, H5"), 2.62 (?H, t, J=7.6 Hz, CHy), 1.67-1.53 (2H, m, CHy),
1.38-1.18 (8H, m, CHy), 0.86 (3H, t, J=6.6 Hz, CH;)."’C NMR (75 MHz, DMSO) 3 191 .4,
149.1, 144.5, 143.2, 138.6, 137.6, 133.0, 129.4, 127.9, 122.5, 119.4, 117.4, 35.1, 31.5, 31.1,
28.9,28.7,22.3, 14.2

6-Brom-3-(4-oktylfenyl)-2H-1,3-benzoxazin-4thioxo-2(3H)-on (19g) T5580

Zluté krystaly, b.t. 144-145 °C. Vyt&zek: 42 %. Sumérni vzorec CxHaBINO,S (446,4), %
nalezeno (vypodteno): C 59,20 (59,19), H 5,50 (5,42), N 3,11 (3,14), § 7,44 (7,18). IR (v(c-o),
em) 1773. '"H NMR (300 MHz, DMSO) & 8.35 (1H, d, J~1.8 Hz, H5), 8.02 (1H, dd, J=8.8
Hz, J=1.8 Hz, H7), 7.47 (11L, d, /=8.8 Hz, H8), 7.39-7.18 (4H, m, H2", H3", H'S, H6"), 2.62
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(2H, t, J=7.4 Hz, CH), 1.69-1.50 (2H, m, CHy), 1.41-1.14 (10H, m, CHy), 0.85 (3H, t, J=6.6
Hz, CHs)

6,8-Dibrom-3-(4-butylfenyl)-2H-1,3-benzoxazin-4thioxo-2(3H}-on (20b) 15585

Zluté krystaly, b.t. 218-220 °C. Vyt&sek: 32 %. Sumérni vzorec CigHisBrNO;S (462,2), %
nalezeno (vypodteno): C 45,80 (46,08), H 2,97 (3,22), N 2,81 (2,99), S 7,00 (6,83). IR (V(e-o),
cm?) 1770. "H NMR (300 MHz, DMSO) & 8.43 (1H, d, J=2.2 Hz, HS), 8.32 (1H, d, J=2.2
Hz, HT), 7.37-7.29 (2H, m, AA’, BB’ H2', H6%), 7.27-7.21 (2H, m, AA", BB H3', H5"), 2.63
(2H, t, 7.7 Hz, CHy), 1.66-1.51 (2H, m, CHy), 1.42-1.26 (2H, m, CHy), 0.92 (3H, t, J=7.3
Hz, CHs). *C NMR (75 MHz, DMSO) & 190.6, 146.6, 144.0, 143.3, 140.4, 137.5, 123.8,
129.5, 127.8, 123.4, 117.4, 111.2, 34.7, 33.2, 22.1, 14.0.

6,8-Dibrom -3-(4-hexylfenyl)-2H-1,3-benzoxazin-4thioxo-2(3H)-on (20e) 75592

Zlhuté krystaly, b.t. 187-188 °C. VytéZek: 35 %. Sumamni vzorec CaHoBrzNO;S (497,3), %
nalezeno (vypotteno): 48,05 (48,31), 3,68 (3,85), 2,67 (2,82), 6,28 (6,45). IR (v(o), cm™)
1758. "H NMR (300 MHz, DMSO) & 8.43 (1H, d, /=2.3 Hz, HS), 8.32 (1H, d, J=2.3 Hz, H7),
7.36-7.28 (2H, m, AA’, BB', H2', H6"), 7.28-7.20 (2H, m, AA’, BB’, H3', H5'), 2.62 (2H, t,
J=7.7 Hz, CH), 1.69-1.52 (2H, m, CHy), 1.41-1.21 (6H, m, CH3), 0.86 (3H, t, /=6.9 Hz,
CH;).C NMR (75 MHz, DMSO) 8 190.6, 146.6, 144.0, 143.4, 140.4, 137.5, 132.8, 129.5,
127.8,123.4,117.4,111.1,35.1,31.3, 31.0, 28.6, 22.3, 14.2

5.4.2. Prehled pripravenych 3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-

dithionu
O S
s hd
N R2

S
R' R’
21 6Cl a propyl
22 7Cl b butyl
23 6-Br ¢ terc-butyl
24 6,8-Br; d pentyl
e hexyl
f heptyl
g oktyl
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§-Chlor-3-(4-oktylfenyl)-2H-1,3-benzoxazin-2, 4(3H)-dithion (21g) T5599

(ervené krystaly, b.t. 94-95 °C. Vytézek: 30 %. Sumarni vzorec CzHz4CINOS; (418,0), %
qalezeno (vypotteno): 63,01 (63,21), 5,76 (5,76), 3,20 (3,35), 15,09 (15,34). TH NMR (300
MHz, DMSO) & 8.12 (1H, d, J=2.7 Hz, H5), 7.93 (1H, dd, J=8.8 Hz, /<2.7 Hz, H7), 7.62
(1H, d, J=8.8 Hz, H8), 7.34-7.27 (2H, m, AA’, BB', H2', H6"), 7.23-7.16 (2H, m, AA’, BB’,
H3', H5"), 2.61 (2H, t, J=7.7 Hz, CHy), 1.69-1.52 (2H, m, CHy), 1.39-1.16 (10H, m, CH),
0.85 (3H, t, /=6.7 Hz, CHs).”C NMR (75 MHz, DMS0) 3 186.9, 177.8, 148.7, 143.1, 141.5,
136.2, 130.7, 130.0, 129.6, 127.7, 123.6, 118.9, 35.1, 31.5, 31.0, 29.0, 28.9, 28.9, 22.3, 14.2

7-Chlor-3-(4-butylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithion (22b) T5589

Cervené krystaly, b.t. 147-148 °C. Vyt&zek: 32 %. Sumérni vzorec C2Ha4CINOS; (361,9), %
nalezeno (vypodteno): C 59,42 (59,7), H 4,22 (4,46), N 3,72 (3,87), § 17,53 (17,72). 'HNMR
(300 MHz, DMSO) & 8.19 (1H, d, J=8.8 Hz, H5), 7.82 (1H, d, J=2.1 Hz, H8), 7.52 (1H, dd,
J=8.8 Hz, J=2.1 Hz, H6), 7.34-7.27 (2H, m, AA’, BB’, H2', H6'), 7.23-7.17 2H, m, AA’,
BB’, H3', H5"), 2.63 (2H, t, J=7.6 Hz, CHy), 1.66-1.51 (2H, m, CHy), 1.42-1.25 (2H, m,
CH), 0.91 3H, t, /=7.5 Hz, CHs).>C NMR (75 MHz, DMSO0) & 187.3, 177.8, 150.1, 143.0,
1414, 141.2, 133.1, 129.6, 127.8, 127.1, 121.5, 116.5, 34.7, 33.1, 22.0, 14.0

7-Chlor-3-(4-hexylfenyl)-2H-1,3-benzoxazin-2,4(3H)~dithion (22e} 15591

Cervené krystaly, b.t. 117-118 °C. Vyt&Zek: 29 %. Sumarni vzorec C3cHzoCINOS; (390,0), %
nalezeno (vypodteno): C 61,55 (61,90), 4,97 (5,17), 3,35 (3,59), 16,76 (16,44). "H NMR (300
MHz, DMSO) § 8.19 (1H, d, /=8.8 Hz, H5), 7.82 (1H, d, J=1.9 Hz, H8), 7.52 (1H, dd, /=8.8
Hz, J=1.9 Hz, H6), 7.34-7.24 (2H, m, AA’, BB’, H2', H6"), 7.23-7.14 (2H, m, AA’, BB,
H3', H5'), 2.62 (2H, t, J=7.7 Hz, CH,), 1.67-1.50 (2H, m, CH), 1.39-1.18 (6H, m, CH), 0.86
(H, t, /=6.7 Hz, CH5).®C NMR (75 MHz, DMSO) & 1874, 177.9, 150.1, 143.0, 1414,
141.2, 133.1, 129.6, 1278, 127.1, 121.5, 116.5, 35.1,31.3, 30.9, 28.6, 22.3, 14.1

6-Brom-3-(4-propylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithion (23a) T5710

Cervené krystaly, b.t. 181-182 °C. Vyt&zek: 37 %. Sumarni vzorec C7H14BINOS; (392,3), %
nalezeno (vypotteno): C 51,93 (52,04), 3,37 (3,60), N 3,40 (3,57), S 15,92 (16,05). 'H NMR
(300 MHz, DMSO) & 826 (1H, d, J=2.3 Hz, H5), 8.04 (1H, dd, /=88 Hz, /=23 Hz, H7),
7.55 (1H, d, J=8.8 Hz, H8), 7.35-7.26 (2H, m, AA’, BB', H2', H6'), 7.24-7.17 (2H, m, AA’,
BB’, H3’, H5), 2.60 (2H, t, J=7.4 Hz, CHp), 1.71-1.55 (2H, m, CHy), 0.92 GH, t, /<7.4 Hz,
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CHa)-BC NMR (75 MHz, DMSO) § 186.8, 177.8, 149.1, 142.8, 141.5, 138.9, 133.0, 129.7,
127.7,123.9, 119.0, 118.5, 37.1, 24.1, 13.9

6.Brom—3—(4-butylfenyl)—2H-l,3-benzoxazin—2,4(3H)—dithion (23b) T5583

Gervené krystaly, b.t. 138-140 °C. Vyté&zek: 40 %. Sumarni vzorec C1eH1sBINOS; (406,4), %
nalezeno (vypoéteno): C 53,33 (53,20), H 3,95 (3,97), N 3,50 (3,45), § 15,51 (15,78). 'H
NMR (300 MHz, DMSO) 3 826 (1H, d, J=2.4 Hz, H5), 8.05 (IH, dd, J=8.8 Hz, /2.4 Hz,
H7), 7.55 (1H, d, /=8.8 Hz, H8), 7.35-7.27 (2H, m, AA’, BB’, H2', H6"), 7.24-7.16 (2H, m,
AA’, BB, H3, H5'), 2.63 (2H, t, J=7.7 Hz, CHy), 1.67-1.51 (2H, m, CH3), 1.42-1.24 2H, m,
CHa), 0.91 (3H, t, /=7.3 Hz, CH3). 3¢ NMR (75 MHz, DMSO) & 186.8, 177.8, 149.1, 143.0,
141.5, 138.9, 133.1, 129.6, 127.8, 123.9, 119.0, 118.5, 34.7, 33.1, 22.0, 14.0.

6-Brom-3-(4-pentylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithion (23d) 15587

Cervené krystaly, b.t. 136-138 °C. Vytézek: 39 %. Sumamni vzorec C1sHisBrNOS; (420,4), %
nalezeno (vypotteno): C 53,96 (54,29), H 4,18 (4,32), N 3,19 (3,33), S 15,25 (15,25). 'H
NMR (300 MHz, DMSO) & 8.26 (1H, d, /=2.5 Hz, H5), 8.05 (1H, dd, /=8.8 Hz, J/=2.5 Hz,
H7), 7.55 (1H, d, J=8.8 Hz, H8), 7.35-7.26 (2H, m, AA’, BB’, H2', H6"), 7.24-7.16 (2H, m,
AA’, BB’, H3', H5"), 2.62 (2H, 1, J=7.3 Hz, CHy), 1.68-1.53 (2H, m, CHy), 1.39-1.24 (4H, m,
CH,), 0.87 (3H, t, J=7.3 Hz, CHs). °C NMR (75 MHz, DMSO) & 186.8, 177.8, 149.1, 143.1,
141.5, 138.9, 133.1, 129.6, 127.8, 123.9, 119.1, 118 5, 35.0, 31.2, 30.7, 222,141,

6-Brom-3-(4-heptylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithion (23f) 15595

Cervené krystaly, b.t. 114-115 °C. Vytézek: 36 %. Sumarni vzorec C11H;;BrNOS; (448,5), %
nalezeno (vypoéteno): C 56,08 (56,25), H 4,84 (4,94), N 2,97 (3,12), S 14,17 (14,30). 'H
NMR (300 MHz, DMSO) & 8.26 (1H, d, J=2.5 Hz, HS), 8.05 (1H, dd, /=83 Hz, J=2.5 Hz,
H7), 7.55 (1H, d, J=8.8 Hz, H8), 7.35-7.26 (2H, m, AA’, BB’, H2', H6"), 7.24-7.15 (2H, m,
AA’, BB', H3", H5'), 2.62 (2H, t, J=7.7 Hz, CHy), 1.68-1.52 (2H, m, CH), 1.39-1.17 (8H, m,
CHy), 0.85 (3H, t, J=6.7 Hz, CH3).">C NMR (75 MHz, DMSO) & 186.8, 177.8, 149.1, 143.1,
141.5, 138.9, 133.1, 129.6, 127.7, 123.9, 119.1, 118.5, 35.1, 31.4,31.0,289,287,223,142

6-Brom-3-(4-oktylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithion (23g) 15581

Cervené krystaly, b.t. 96-96 °C. Vyt&Zek: 31 %. Sumarni vzorec C2H24BrNO;S (462,3), %
nalezeno (vypotteno): C 57,20 (57,14), H 5,09 (5,23), N 2,90 (3,03), S 13,12 (13,87). 'H
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NMR (300 MHz, DMSO) 4 8.26 (1H, d, J/=2.5 Hz, H5), 8.04 (1H, dd, J=8.8 Hz, J=2.5 Hz,
H7), 7.55 (1H, d, J=8.8 Hz, HS), 7.34-7.26 (2H, m, AA’, BB', H2', H6"), 7.23-7.16 (2H, m,
AA’, BB’, H3', H5), 2.61 (2H, t, J=7.7 Hz, CHy), 1.68-1.51 (2H, m, CHy), 1.38-1.16 (10H,
m, CHy), 0.85 (3H, t, J=6.7 Hz, CHa).°C NMR (75 MHz, DMSO) & 186.8, 177.8, 149.1,
143.1, 141.5, 138.9, 133.0, 129.6, 127.7, 123.9, 119.0, 118.5, 35.1, 31.5, 30.9, 29.0, 28.9,
28.9,22.3, 14.2

6,8-Dibrom-3-(4-butylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithion (24b) 15584

Cervené krystaly, b.t. 212-215 °C. Vyt&Zek: 40 %. Sumarni vzorec Ci3H;sBr;NOS; (485,3), %
nalezeno (vypodteno): C 44,70 (44,85), H 2,93 (3,12), N 2,70 (2,89), § 13,20 (13,22). 'H
NMR (300 MHz, DMSO) 6 8.45 (1H, d, J=2.2 Hz, H5), 8.22 (1H, d, /=2.2 Hz, H7), 7.37-7.28
(2H, m AA’, BB" H2", H6"), 7.23-7.14 (2H, m AA’, BB" H3', H5'), 2.63 (2H, t, /=7.7 Hz,
CHy), 1.67-1.51 (2H, m, CH,), 1.42-1.24 (2H, m, CHy), 0.91 (3H, t, /=73 Hz, CH). °C
NMR (75 MHz, DMSO) § 186.1, 177.0, 146.8, 143.1, 1415, 140.5, 132.7, 129.7, 127.6,
124.8, 118.4, 110.6, 34.7, 33.1, 22.0, 14.0

6,8-Dibrom-3-(4-hexylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithion (24f) T5593

Cervené krystaly, b.t. 145-146 °C. Vyt&zek: 33 %. Sumarni vzorec C2oH;sBr,NOS; (513,3), %
nalezeno (vypodteno): C 46,55 (46,80), H 3,47 (3,73), N 2,57 (2,73), S 12,35 (12,49). 'H
NMR (300 MHz, DMSO) & 8.45 (1H, d, J/=2.3 Hz, H5), 8.22 (1H, d, /=2.3 Hz, H7), 7.36-7.28
(2H, m, AA’, BB', H2', H6"), 7.22-7.15 (2H, m, AA’, BB', H3', H5"), 2.62 (2H, t, J=7.7 Hz,
CHy), 1.69-1.52 (2H, m, CH,), 1.38-1.21 (6H, m, CH), 0.86 (3H, t, J=6.7 Hz, CH;).°C NMR
(75 MHz, DMSO) & 186.1, 177.0, 146.8, 143.2, 141.5, 140.6, 132.7, 129.7, 1276, 1248,
118.4, 110.6, 35.1, 31.3, 30.9, 28.6, 22.3, 14.1

5.5. Postup pripravy 3-(heteroaryl)-2H-1,3-benzoxazin-2,4(3H)-dioni

Heterocyklicky salicylamid byl rozpu$tén v bezvodém pyridinu. Smés byla 5 minut
chlazena na ledové lazni a poté byl za stalého michani piikapan methylchlorformiat. Po
piil hoding byla reakéni nadoba odstranéna z ledové 1azné a zahfivana hodinu pod zp&tnym
chladiem. Potom jsme nechali smé&s volng chladnout a po 24 hodinach byla nalita do 5-ti

procentni HCL. Po filtraci byl nadbyte&ny HCI neutralizovan 5-ti procentnim roztokem
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N#;CO3. Vznikly produkt rekrystalizovan v ethanolu. Pro TLC chromatografii byla pouZita

mobilni faze hexan — aceton v poméru (3:1).

0.0
2
\
\ /
0
R', R2=H, CH,

Rl RZ

25 H a H
26 6-CH; b 4-CH;
c 5-CH;3

3-(Pyridin-2yl)-2H-1,3-benzoxazin-2,4(3H)-dion (25a) 15520

Bilé krystaly, b.t. 251-252 °C. Vyt&zek 42 %. Sumarni vzorec: Ci1sHsN2O; (240,22), %
nalezeno (vypodteno): C 64,95 (65,00); H 3,41 (3,36); N 11,57 (11,66). IR: (Ve=o, cm™)
1774,1700. '"H NMR (300 MHz, DMSO) § 8.65-8.60 (1H, m, H6'), 8.10-7.97 (2H, m, H5,
H4'), 7.93-7.85 (1H, m, H7), 7.66-7.44 (4H, m, H6, H8, H3", H5"). BC NMR (75 MHz,
DMSO) & 160.7, 152.9, 149.7, 148.7, 147.4, 1394, 137.0, 127.7, 125.8, 125.1, 124.2, 116.8,
114.7

3-(4-Methylpyridin-2-yl)-2H-1,3—benzoxazin-2,4(3H)-dion (258) 75526

Bilé krystaly, b.t. 158-161 °C. Vytézek 52%, IR:. sumarni vzorec CidHoN205 (254,25), %
nalezeno (vypoéteno): C 66,16 (66,14); H 3,87 (3,96); N 10,87 (11,02) IR: (Vo) cm™)
1765,1704. 'H NMR (300 MHz, DMSO) 5 8.47 (d, 1H, J=4.95 Hz, H6'), 8.00 (dd, 1H, J=7.83
Hz, J=1.78 Hz, H5), 7.92 - 7.84 (m, 1H, H7), 7.55 - 7.37 (m, 4H, H6, H8, H2, H5), 2.40 (s,
3H, CHs). ®C NMR (75 MHz, DMSO0) & 160.7, 152.9, 150.4, 149.3, 148.6, 1474, 137.0,
127.6, 125.9, 125.8, 124.5, 116.8, 114.7, 20.6

3-(5-Methylpyridin-2-yl)-2H-1, 3-benzoxazin-2,4(3H)-dion (25¢c) 15524

Bilé krystaly, b.t. 283-286 °C. Vytézek 47 %; sumamni vzorec Ci1sHi1oN203 (254,25), %
nalezeno (vypoéteno): C 66,22 (66,14); H 3,99 (3,96); N 10,88 (11,02). IR (V(c=o), cm™) 1775,
1697. "H NMR (300 MHz, DMSO) & 8.46-8.42 (m, 1H, H6’), 8.02-7.98 (m, 1H, H5), 7.92-
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781(m,2H, H7, H4"), 7.55-7.44 (m, 3H, H6, H8, H3"), 2.38 (s, 3H, CH)."’C NMR (75 MHz,
DMSO) 8 160.7, 152.9, 149.7, 147.5, 146.2, 139.6, 136.9, 134.6, 1277, 125.8, 123.4, 1168,
114.7,17.8

§-Methyl-3-(pyridin-2yl)-2H-1, 3-benzoxazin-2,4(3H)-dion (26a) T 5530

Bilé krystaly, bt 218-220 °C. Vytézek 49 %. Sumarni vzorec: CidHioN20s (254,25), %
nalezeno (vypotteno): C 65,93 (66,14); H 3,91 (3,96); N 10,86 (11,02). IR: (Veso, cm™) 1768,
1699. "H NMR (300 MHz, DMSO) & 8.65-8.59 (1H, m, H6"), 8.05 (1H, dt, /~7.7 Hz, J=1.9
Hz, H4"), 7.84-7.77 (1H, m, H5), 7.69 (1H, dd, J=8.5 Hz, J=2.2 Hz, H7), 7.63-7.52 (2H, m,
H3', H5"), 7.42 (1H, d, J=8.5 Hz, H8), 2.40 (3H, s, CHs). ’C NMR (75 MHz, DMSO) &
160.7, 151.0, 149.7, 148.6, 147.5, 139.4, 137.7, 135.4, 127.1, 125.0, 124.2, 116.6, 114.3, 20.3

6. BIOLOGICKA AKTIVITA LATEK

6.1. Hodnoceni antimykobakterialni aktivity

Testovani antimykobakterialni aktivity pfipravenych litek bylo provedeno ve
Zdravotnim ustavu se sidlem v Ostravé. Hodnoceni bylo realizovano in vitro na kmenech
teské narodni sbirky kmenovych kultur (CNCTC) Mycobacterium tuberculosis CNCTC My
331/88, M. avium CNCTC My 330/88, M. kansasii CNCTC My 235/80 a kmenu M. kansasii
6509/96 izolovaném z klinického vzorku od pacienta. Antimykobakterialni aktivita latek byla
stanovena na Sulové semisyntetické plidé (SEVAC, Praha), ktera obsahuje bilkoviny. Latky
byly rozpustény v dimethylsulfoxidu, stupnice vysledné koncentrace byla 1000, 500, 250,
125, 62.5, 32, 16, 8, 4, 2, 1 a 0,5 pmol dm™. Minimalni inhibi¢ni koncentrace (MIC), ktera
byla stanovena po 14 a 21 dnech pfi inkubaci pii 37 °C, je nejnizsi koncentrace testované
latky, p¥i které jesté dochazi k inhibici ristu. Jako standard bylo pouzito pfedni u¢inné
antituberkulotikum isoniazid (INH).

6.1.1. Antimykobakteridlni aktivita salicylanilidi

Tabulka &1 Minimalni inhibiéni (MIC(umol/1) salicylanilidd
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OH
RF@E’(H-@? R2

O
R R R

1 4-Cl a 4’-propyl e  4’-hexyl

2 5-Cl b 4"-butyl f 4 -heptyl

3 5Br ¢ 4'-terc-butyl g 4'-oktyl

4 3,5-Br; d 4 -pentyl

Salicylanilidy MIC(umolf)
doba inkubace 14 d/21 dni
R! . M. tuberculosis M. kansasii M. avium M. kansasii
My 331/ 88 My 235/ 80 My 330/ 88 6 509/ 96
1a 4-Cl propyl 2/2 8/8 8/32 8/8
1b 4-Ci butyl 4/4 8/8 8/8 8/8
1c 4-Cl terc-butyl 16/16 32/62,5 - 32/62,5
If 4-Cl heptyl 4/8 8/16 4/8 8/16
1g 4-Cl oktyl 16/16 16/16 8/16 16/16
2a 5-Cl propyl 2/2 16/16 8/8 16/16
2b 5-Cl butyl 4/4 8/8 8/8 4/8
2c 5-Cl terc-butyl 8/16 16/16 16/32 16/16
2d  5-Cl pentyl 16/16 16/16 16/16 16/16
2e 5-Cl hexyl 16/16 16/16 8/16 16/16
2f 5-Cl heptyl 4/4 8/8 4/8 8/8
2g 5-Cl oktyl 2/4 4/4 8/32 4/4
3a 5-Br propyl 2/2 4/8 16/16 4/8
3b 5-Br butyl 8/8 8/8 8/16 8/8
3d 5-Br pentyl 8/8 32/32 - 16/16
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3e 5-Br hexyl 8/16 32/32 8/16 16/16
3f 5-Br heptyl 8/8 8/8 8/8 8/8
3g 5-Br oktyl 2/4 4/4 8/8 4/4
4b 3,5-Br,  butyl 16/32 32/32 62.5/62.5 32/32
4d 3,5-Br,  pentyl 32/32 32/32 62.5/62.5 32/32
de 3,5-Br;  hexyi 16/32 32/32 32/62,5 32/32
o 3,5-Br,  heptyl 16/16 32/32 32/32 32/32
i INH 172 250/250 2507250 8/8

6.1.2. Antimykobakteriilni aktivita heterocyklickych salicylamidi

Tabulka €.1 Minimalni inhibi¢ni (MIC(pmol/t) salicylamidt

OH

R1
N— R

R’ R’

7 H a 5-methylisoxazol-3-yl

8 4-CH:O b thiazol-2-yl

9 4Cl ¢ 4-methylthiazol-2-yl

10 5-F d 4,6-dimethylpyrimidin-2-yl
11 5Br e 4-methylpyrimidin-2-yl

12 5C1 f pyrimidin-2-yl

60




s ] MIC(umol/l)
Salicylamidy _
doba inkubace 14 dni
M. tuberculosis M. kansasii M. avium M. kansasii
R! R? My 331/ 88 My 235/80 My330/  6509/96
88
r H 5-methylthiazol-2yl - - - -
- S-methyli 1-
ga  4-CHO o-mefylizonazo 125 250 250 250
3yl
8b 4.CH;0  thiazol-2yl 250 500 500 500
- 4-methylthiazoi-
sc  4-CHsO A-mefyltazo 125 250 250 250
2yl
9d 4-Cl 4,6-
dimethylpyrimidin- n n n n
2y1
- 4-methylpyrimidin-
9%e  4Cl metylpyrint 62.5 1000 500 1000
2yl
10d 5-F 4.6-
dimethylpyrimidin- n n n n
2y1
10e 5-F 4-methylpyrimidin-
n n n n
2y1
11b 5-Br thiazol-2yl 62,5 250 125 250
12f  5-Cl pyrimidin-2yl n n n n
INH 1/2 2501250 250/250 8/8

n- nedoslo k rozpusténi vzorku

6.1.3. Antimykobakterialni aktivita 3-(4-alkylfenyl)-2H-l,3-benzoxazin—2,4(3H)-dionﬁ

Tabulka &3 Minimélni inhibi¢ni (MIC(umol/1) 3-(4-alkylfenyl)-2H-1,3-benzoxazin-
2,4(3H)-diont
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R' R*
13 6-Cl a propyl
14 7Cl b butyl
15 6-Br ¢ terc-butyl
16 6,8-Br, d pentyl
e hexyl
f heptyl
g oktyl
3-(4-alkylfenyt)-2H-1,3- MIC(umol/1)

benzoxazin-2,4(3H)-diony doba inkubace 14 d/21 dni

M. tuberculosis M. kansasii M. avium M. kansasii

R' R’
My 331/ 88 My 235/ 80 My 330/88 6509/ 96
13a 6-Cl propyl 16/16 8/8 16/16 8/16
13b 6-Ci butyl 8/8 8/8 8/8 8/16
13¢  6-Cl terc-butyl 8/16 8/16 16/32 8/8
13d 6-Cl pentyl 8/4 8/16 8/16 8/16
13¢ 6-Ci hexyl 8/8 8/16 8/8 8/16
13g 6-Cl oktyl 8/8 4/8 8/8 4/4
142 7-Cl propyl 8/8 8/16 16/16 8/16
14b 7-Cl butyl 8/8 8/16 16/16 8/16
14¢ 7-Cl terc-butyl 4/4 8/16 4/8 8/8
14d 7-Cl pentyl 8/8 8/8 4/8 8/16
14¢ 7-Cl hexyl 4/8 8/8 4/8 8/8
4t 7-Cl heptyl 16/32 8/8 16/32 8/16
14g 7-Cl oktyl 8/16 8/16 8/16 8/16
1S5a 6-Br propyl 16/16 8/16 16/16 8/16
15b  6-Br butyl 4/4 8/8 8/8 8/8
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15d 6-Br pentyl 4/4 8/16 8/8 8/8
15¢  6-Br hexyl 4/8 8/16 4/8 8/8
15f 6Br heptyl 4/8 8/16 4/4 4/8
16b  6,8-Bra butyl 32/32 62.5/62.5 62.5/62.5  62.5/62.5
16d 6,8-Br  pentyl 16/32 16/16 62.5 32/32
16e  6,8-Br; hexyl 62.5/62.5 32/32 62.5 62.5/62.5
-3 INH 12 250/250 250/250 8/8

6.1.4. Antimykobakteridlnf aktivita 3-(4-alkylfenyl)-2H-1,3-benzoxazin-4-thioxo-
2(3H)-20nit a 3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithiona

Tabulka & 4 Minimalni inhibiéni (MIC(umol/l) 3-(4-alkylfenyl)-2H-1,3-benzoxazin-
4-thioxo-2(3H)-2ont

benzoxazin-4-thioxo-

S
R' R’
17 6Cl a  propyl
18 7-CI b butyl
19 6-Br ¢ terc-butyl
20 6,8-Br; d pentyl
e hexyl
f heptyl
g oktyl
3-(4-alkylfenyl)-2H-1,3- MIC [umol/1]

doba inkubace 14 d/21 dni

2(3H)-2ony
Rl R? M. tuberculosis M. kansasii M. avium M. kansasii
My 331/88 My 235/80 My330/88 6 509/96
17 6-Cl  oktyl 4/4 4/4 4/4 4/8
18 7-Cl  butyl 16/16 16/16 8/8 8/8
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18 7-Cl  hexyl 2/2 8/8 2/2 8/8
19 6-Br  propyl /1 8/16 32/32 8/8
19 6-Br  butyl 16/16 16/16 16/32 16/16
19 6-Br  pentyl 32/32 32/32 62.5/62.5 32/32
19 6-Br  heptyl 2/2 4/8 8/16 4/8
19 6-Br  oktyl 8/16 8/16 8/16 8/16
20 6,8-Br, butyl n/n 32/62.5 n/n n/n
20 6,8-Br; hexyl 16/32 32/32 n/n 32/32
F INH 1/2 250/250 250/250 8/8

6.1.5. Antimykobakteridlni aktivita 3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-

dithiona

Tabulka & 5 Minimalni inhibi&ni (MIC(umol/1)) 3-(4-alkylfenyl)-2H-1,3-
benzoxazin-2,4(3H)-dithioni

5
R] RZ
21 6Cl a propyl
22 7C1 b butyl
23 6-Br ¢ terc-butyl
24 638-Br; d pentyl
e hexyl
f heptyl
g oktyl
3-(4-alkylfenyl)-2H-1,3- MIC [pmol/l]
benzoxazin-2,4(3H)-dithiond doba inkubace 14 d/21 dni
R! R M. tuberculosis M, kansasii M. avium M. kansasii
My331/88 My235/80 My330/88 6509/96
21 6-Cl oktyl 2/4 4/8 4/8 4/8
22 7-Cl butyl 8/8 8/8 4/8 8/8




22 7-Cl hexyl 212 8/8 2/4 8/8
23 6-Br propyl /1 8/16 32/32 8/8
23 6-Br butyl 32/32 32/32 16/32 16/16
23  6Br pentyl 32/32 32/32 16/32 32/32
23 6-Br heptyl 2/4 4/8 8/8 4/8
23 6-Br oktyl 8/8 8/8 8/16 4/8
24 6,8Bn; butyl N/N N/N N/N 62.5/62.5
24 6,3Bn; hexyl 32/32 16/32 62.5 32/32
e INH 1/2 >250/>250  >250/>250 8/8

6.1.6. Antimykobakterialni aktivita 3-(heteroaryl)-2H-1,3-benzoxazin-2,4(3H)-dionii

Tabulka & 6 Minima&lni inhibi¢ni (MIC(umol/1)) 3-(heteroaryl)-2H-1,3-benzoxazin-
2,4(3H)-dionti

O
R R*
25 H a H
26 6-CH; b 4-CH,
< 5-CH3
3-(heteroaryl)-2H-1,3- MIC(pmol/1)

benzoxazin-2,4(3H)-diony doba inkubace 14 d/21 dni

M. tuberculosis M. kansasii M. avium M. kansasii

2
R R My 331/ 88 My 235/80 My 330/88 6509/ 96
21a H H - 500/500 250/500 500/500
21b H 4-CH; 62,5/125 250/500 125/250 500/500
21c H 5-CH; 62,5/62,5 - - 250/500
22a 6-CHj H 250/250 500/500 2507250 500/500
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6.2 Antimykoticka aktivita pFipravenych latek
Salicylanilidy a 3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-diony byly testovany™

(4'_propyl-4-chlor-saiicylanilid (1a), 4'-pentyl-4-chlor-salicylanilid, 4’-propyl-5-chlor-
salicylanilid (2a), 4'-hexyl-5-chlor-salicylanilid, 4'-ferc-butyl-5-chlor-salicylanilid, 4 -butyl-
5-prom-salicylanilid, 4’-hexyl-5-brom-salicylanilid, 4’-butyl-3,5-dibrom-salicylanilid (4b),
4 -butyl-3,5-dibrom-salicylanilid, 6-chlor-3-(4-propylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion
(132), 7-chlor-3-(4-propylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion  (14a), 6-brom-3-(4-
pfopylfenyl)-ZH-l,3-benzoxazin—2,4(3H)—dion (15a)) na tyto kmeny: Candida albicans ATCC
44859, Candida tropicalis 156, Candida krusei E28, Candida glabrata 20/1, Trichosporon
beigelii 1188, Trichophyton mentagrophytes 445, Aspergillus fumigatus 231, Absidia

corymbifera 272. Latky vSak byly 6ginné pouze vici Iiichophyion mentagrophyies.

Tabulka & 1 Minimalni inhibi&ni koncentrace (MIC; pmoV/]) halogenovanych 4'-
alkylfenylsalicylanilid a halogenovanych 3-(4-alkylfenyl)-2H-1,3-benzoxazin-
2,4(3H)-dioni testovanych na kmen Trichophyton mentagrophytes

MIC (umol/1) MIC (umol/)
testované latky doba inkubace testované latky doba inkubace
72 h/120 h 72 1W/120 h
la 62.5/62.5 13a 3.91/3.91
2a 3.91/7,81 14a 3.91/3.91
4b 1.95/3.91 15a 1.95/3.91

6.3. Antiproliferativni a cytotoxicka aktivita

Z ptedchozich antimykobakteridlnich testd byly vybrany nejaktivnéjsi salicylanilidy®’,
(4 -propyl-4-chlor-salicylanilid  (1a), 4'-propyl-S-chlor-salicylanilid (2a), 6-brom-3-(4-
propylfenyl)-2H-1,3-benzoxazin-4-thioxo-2(3H)-2on (19a) a 6-brom-3-(4-propylfenyl)-2H-
1,3-benzoxazin-2,4(3H)-dithion (23a) vybrany k preklinickym testim®.
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Tabulka & 1 Antiproliferativni (Glso) und cytotoxicka (CCso) activity

Compounds. L-929 K-562 Hela
Glso [ug/ml] Glso [pg/ml]  CCso [pg/ml)/
CCio [ng/ml]

la 2.5 1.0 42/04
2a 23 0.5 29/04
SEM. 0.7 10.3

Glsp rust inhibice

CCso cytotoxicka koncentrace

6.4. Antim ikrobidlni aktivita vybranych salicylanilidi

4-chlor-4’-propylsalicylanilid (1a) a 5-chlor-4'-propylsalicylanilid (2a) byly
otestovany na bakteridlni kmeny®*: Staphilococcus aureus 994/MRSA, Stafilococcus aureus
134/93 MRSA, Enterococcus vaccae 10670, Mycobakterium smegmatis SG 987,
Mycobakterium fortuitum B, Candida albicans.

Tabulka &. 1 antimikrobialni aktivita studovanych latek

Mikrobialni latky
kmeny Amphotericin B | Ciprofloxacin la 2a
S. aureus 994/93 MRSA i) 100 1.56 3.12
S. aureus 134/93 MRSA i) 25 3.12 3.12
Enteroccoccus faecalis 1528 VRE 1) 0.78 >100 >100
Mycobacterium vaccae 10670 i) 04 0.78 0.4
Mycobacterium smegmatis i) 0.78 6.25 3.12
| Mycobacterium aurum SB66 i) <0.05 1.56 1.56
| Mycobacterium fortuitum B i) 0.1 0.4 0.4
Candida albicas 0.1 1) >100 >100
{.
| i) neaktivni
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7. QSAR VYPOCTY

V predlozené disertaci jsme QSARvypodty provadéli pouze ve dvou skupinach latek, a
to ve skuping v acylové &asti substituovanych halogenem N-(4-alkylfenyl)salicylamidi a
skuping v polohich 6 nebo 5 substituovanych halogenem 3-(4-alkylfenyl)-2H-1,3-
benzoxazin-2,4(3H)-dionli. V obou skupinich jsme pouZili metodu Freeho a Wilsona a to v
jejich pivodni metodice vypottu. Jednim obméfiovanym substituénim mistem byla acylova
gast salicylanilidd nebo substituenty kruhu B v piipadé 3-(4-alkylfenyl)-2H-1,3-benzoxazin-
2,4(3H)-dionit a druhym byla poloha 4 na fenylu vazaném k atomu dusiku ve skupiné
salicylanilidi nebo na fenylu vézaném v poloze 3 u 3-(4-alkylfenyl)-2H-1,3-benzoxazin-
2,4(3H)-diond).

Vysledky, které jsou shrnuty v nasledujicich tabulkach, byli uvefejnény v nalich
publikacich®®’. Z QSAR analyzy

Z QSAR analyzy halogenovanych N-(4-alkylfenyl)salicylanilidi vyplyva, Ze na
vyslednou aktivitu ma nejvétdi vliv substituce bromem nebo chlorem v poloze 5 v acylové
Zasti molekuly. Z alkyld vizaném na fenylu je to propyl a oktyl. Pro dalsi studie jsme zvolili
latky na fenylu substituované propylem a v acylové asti chlorem, protoZe pfi pfipadném
pouZiti in vivo latky pfili§ lipofilni nejsou vhodné.

U v polohich 6 nebo 7 substituovanych halogenem 3-(4-alkylfenyl)-2H-1,3-
benzoxazin-2,4(3H)-diond vysledky nebyly jiZ tak vyhranéné. Doporufovali bychom
substituci bromem v poloze 6 a pentyl jako alkyl v poloze 4 fenylu. Vzhledem k vyznamné;jsi
aktivitd halogenovanych N-(4-alkylfenyl)salicylanilidd jsme se touto skupinou vice

nezabyvali.

Tabulka & 1 vypogitané piisp&vky substituentl na antimykobakteridlni aktivitu
halogenovanych N-(4-alkylifenyl)salicylanilidd a statistickd vyznamnost korelace

Parameter A log MIC [pumol/1]
| inkubace 14d /21 d
| M. tuberculosis M. kansasii M. avium M. kansasii
I My 331/88 My 235/80 My 330/ 88 6 509/ 96
3 4-Ci 0.0405/-0.0131 0.0303/0.0928 -0.2556/-0.0819 0.0426/0.0912
5-Cl -0.1193/-0.1357 -0.1121/-0.1584 -0.1936/-0.1439 -0.1161/-0.1294
68

T S e



5-Br -0.1077/-0.096 -0.099/-0.0793 -0.037/-0.1505 -0.1154/-0.1478
3 5-Bra 0.3196/0.3966 0.3067/0.2802 0.6405/0.5219 0.3815/0.3343
4’-propyl -0.4697/-0.546 -0.1579/-0.1108 0.127/0.0805 -0.1013/-0.0698
4 -butyl -0.0401/-0.0655 -0.0997/-0.1429 -0.098/-0.0814 -0.1407/-0.1189
4'-terc-butyl 0.2577/0.3466 0.3478/0.3589 0.3586/0.8818 0.3032/0.3874
4'-pentyl 0.3373/0.2178 0.2499/0.2267 0.2415/0.066 0.1857/0.1492
4’-hexyl 0.2373/0.3178 0.2499/0.2267 -0.0716/0.0791 0.1857/0.1492
4'-heptyl -0.0401/-0.0655 -0.0997/-0.0679 -0.1736/-0.231 -0.0657/-0.0439
4’-oktyl -0.1697/-0.046 -0.2579/-0.3107 0.027/0.0804 -0.2013/-0.2698
. o 0.832/0.927 1.118/1.159 1.035/1.245 1.0772/1.1318
r 0.864/0.925 0.842/0.860 0.965/0.887 0.868/0.888
0.254/0.197 0.230/0.219 0.134/0.207 0.2064/0.1865
F 3.91/7.89 3.26/3.81 15.10/4.13 4.14/4.95
n 22/22 22122 20/20 22/22

Tabulka &. 2 vypogitané prisp&vky substituentil na antimykobakterialni aktivitu v polohach 6

nebo 7 substituovanych halogenem 3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-diont

a statistickd vyznamnost korelace

Parameter A log MIC (umol/1)
inkubace 14d/21d
M. tuberculosis M. kansasii M. avium M. kansasii
My 331/88 My 235/80 My 330/88 6509/96
R": 6-Cl 0.0209/-0.207 -0.1121/x -0.0435/-0.0646 -0.1383/-0.062
7-Cl -0.0935/-0.0842 -0.0638/x -0.1504/-0.0569 -0.0696/-0.006
6-Br -0.2664/-0.2469 0.0023/x -0.2318/-0.2654 -0.1459/-0.235
6,8-Br; 0.6204/0.6494 0.5133/x 0.8247/0.7043 0.7451/0.5321
R%: propyl 0.2701/0.1744 0.0152/x 0.2991/0.1718 0.0322/0.1585

butyl -0.0444/-0.1423 0.0901/x 0.0575/-0.0365 0.0572/0.679
terc-butyl -0.1566/-0.0904 0.0165/x -0.0458/0.1037 0.0182/-0.208
pentyl -0.1132/-0.1423 -0.0597/x -0.0926/-0.0365 -0.0178/0.0002
hexyl -0.0382/0.0078 0.0153/x -0.0962/-0.115 0.0572/0.0002
heptyl 0.1371/0.3227 0.0025/x 0.0483/0.054 -0.128/0.028
oktyl -0.0066/0.0596 -0.1335/x -0.0458/-0.0464 -0.1318/-0.207

Ho 0.943/1.043 0.9714/x 1.043/1.157 0.1015/0.1724

r 0.881/0.878 0.928/x 0.915/0.860 0.971/0.901

3 0.2033/0.2087 0.1253/x 0.211/0.238 0.1015/0.1724

F 4.24/4.12 7.57/x 6.25/3.48 20.42/5.25

n 21/21 21/21 21/21 21/21
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8. DISKUZE

8.1. Uvod

Primyslové rozvinuté zem& (Evropa a Severni Amerika) jsou ohroZovany
multirezistentnimi kmeny mykobaktérii. Tuberkuléza se stava opét vaznou chorobou, na
kterou se &asto umira. Patrani po antimykobakteridlné uginnych litkach nové struktury se
stalo naplni price mnoha védeckych ustavi. Zatim co pfed dvaceti lety Chem. Abstr.
zaznamenal do roka okolo 50 sd&eni smérovanych na zmin&nou tematiku, v roce 2006 to jiz
bylo 3 000. Do této oblasti je cilend i moje disertace. V diskuzi chci shrnout viechny naSe
snahy hledani novych struktur potencialnich antituberkulotik. Roztfidii jsem ji podle struktur

piipravovanych latek.

8.2, Salicylanilidy

Pfi syntéze salicylanilidd jsem vychazel osv&dEeného postupu (viz odstavec 5.1.).
Jako rozpoustédio jsem vSak pouZival toluen, kterym jsem nahradil dosud pouZivany
chlorbenzen. Toluen je méné toxicky, levn&jsi a snize dostupny. Reakce poskytovala

priblizné stejné vytézky jako v chlorbenzenu.

Vztahy mezi strukturou a antimykobakteridlni aktivitou litek jsem analyzoval
metodou podie Freeho-Wilsona. Jednalo se o 22 latek. Soubor dat byl zpracovan programem
pro vicenasobnou regresni analyzu MULTIREG (Doc. Klemera) v Microsoft Excel.
Z vysledki ziskanych postupem podle Free -Wilsona jsem zjistil, Ze v acylové ¢asti molekuly
je antimykobakteriaini aktivita vii&i M. tuberculosis 331/88; M. kansasii 235/80 a M. kansasii
6509/96.j¢ ovlivnéna substituenty v tomto pofadi (nejvice aktivni-nejméné aktivni) 5-chlor >
5- brom > 4-chlor > 3,5-dibrom. V& M. avium 330/88 je pofadi ovlivn€ni aktivity
substituenty pongkud jiné (4-chior >5-chlor>5-chlor>3,5 dibrom).

Anilidové ¢&asti molekuly jsme zjistovaly vliv lipofilniho fetézce na
antimykobakterialni aktivitu. Jednalo se o homologickou fadu substituenti propyl az oktyl,
vyjimku tvofil ferc-butyl. U mykobaterialnich kmend M. tuberculosis 331/88, M kansasii
235/80 a M kansasii 6509/96 nejvice zvySovaly aktivity tyto alkyly propyl,butyl,heptyl,oktyl.
Vliv alkylu na aktivitu vi&iM. avium 330/88 byl opét odli¥ny. Ukazalo se, Ze nejvetsi vliv ma
butyl, hexy! a heptyl.
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Minimalni inhibi¢ni koncentrace MIC uvadéna v (umol / 1) se pohybovala v rozmezi
(2 - 62,5). Nejvy3$i antimykobakterialni aktivitu pro M. tuberculosis vykazovaly tyto latky 4-
propyl-4’-chlor-salicylanilid 1a, 4-propyl-5'-chlor-salicylanilid 2a, 4-propyl-5’-brom-
salicylanilid. 3a. Hodnota MIC (14/21 dni inkubace) byla 2/2 (umol/l). Pro srovnéni
uvadéno antituberkulotikum izoniazid (INH), ktery ma MIC 2/1. U patogennich kmend M.
kansasii @ M. avium byly tyto latky 0&ing&jsi neZ INH. Jejich mechanismus ucinku je
pravdépodobng inhibice ATP v bakterialni buiice.

Litky 1a, 2a mély také antifungdlni GCinek, ale pouze na kmen Trichophyton
mentagrophytes. Obg& latky byly udinné proti S. aureus 994/93 MRSA, (ktery je rezistentni
viigi Ciprofloxacinu), S. aurens 134/93 MRSA a rychle roustoucim kmendm mykobakterii.

Vybrané latky 1a, 2a byly podrobeny cytotoxickym testim a bylo zjidténo, Ze se jedna
o sttedné cytoxické latky. ProtoZe 1é¢ba antituberkulotiky probihd n&kolik mésicii i stfedné

| cytotoxické latky nejsou pfi ni pouZitelné.

8.3. Heterocyklické salicylamidy

PHi syntéze jsme pouZivali reakce fenylsalicylath s heterocyklickymi aminy. Cilem
této prace bylo studium zvySeni reakdni rychlosti reakce pomoci substituce esterového
fenylu. Studie byla nutné pro pfipravu isosterd salicylanilidi obsahujicich v amidové &asti
isoxazol, nebof samotny 2-aminoisoxazol se rozkladal pii teplot€ pouZivané pii reakci
Substituenty na fenolové &asti jsme zvolili tak, aby byly elektron-akceptorové povahy (-NO-,
-Cl, CF»), tj. s kladnou Hamettovou konstantou v poloze para. ZvétSenim kladného naboje na
karbonylovém uhliku u esteru dochazi ke snadn&jsimu ataku volného el paru dustku u
aminoheterocyklu. Nejreaktivngj3i fenylsalicylat byl substituovany v poloze para skupinou
—CF; méné reaktivni se ukazal se substituovanych chlorem. 4-nitro-fenylsalicylaty byly pro
tuto reakci nevhodné-dochizelo k nezadoucim oxidacim.

Pro QSAR analyzu byly vybran kombinovany pfistup metody podle Freeho-Wilsona a
Hansche. Pfi postupu jsme pouZili fyzikéln&-chemické parametry: logP, 6(N-H) z 'H-NMR a
dale parametry piitomnosti substituentll v acylové &asti a druhu heterocyklu v amidové Casti
molekuly. Hodnoceni bylo provedeno na 53 aZ 65 heterocyklickych salicylamidech. Rust
lipofility vyjadfeny pomoci logP aktivitu sniZoval. Naproti tomu alektronakceptorové
vlastnosti heterocyklu, vyjadiené hodnotami &(N-H) zNMR aktivitu zvySovaly.
Nejutinngj$im heterocyklickym substituentem v druhé &asti molekuly byl isoxazolyl a

benzimidazolyl Potadi vlivu substituentll v acylové &asti pfi hodnoceni aktivity wiili M.
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wherculosis bylo 4-CH;0 > 4-CH; > 4-Cl > 5-Cl > 5-F, 5-Br. Pofadi u jinych kmend
mykobakterii se viak liSilo.

8.4. 3-(4-Alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-diony

Piiprava latek byla provedena vbezvodém pyridinu, byl vyzkouSen i toluen.
Nevyhodou toluenu bylo nedokonalé rozpusténi produktu a vzniku suspenze. Vysledkem byla
nedéliteina smé&s anilidu a benzoxazindionu. Proto doporucujeme pyridin. Jako Cinidlo jsme
pouZily methylchloroformiét, kiery je reaktivnéjsi nez dfive pouZivany ethylchioroformiét.

Z vysledicd antimykobakteridlnich testii byla pouZita QSAR analyza (Metoda Free-
Wilsona). Soubor tvofil 22 pfipravenych latek. Zabyvali jsme se otazkou, jaky vliv maji
halogeny na aromatickém kondezovaném kruhu a také jaky vliv maji alkyly na fenylové Casti
molekuly. Benzoxazindiony méZeme brat jako cyklické isostery salicylanilidi a proto nas
také zajimalo jak budou biologicky aktivni v porovnani vigi salicylanilidim. V3echny
substituenty (halogeny,alkyly) byly stejné jako u salicylanilidii. Zjistili jsme, Ze u kmene M.
tuberculosis nejvice zvySuje biolog. aktivitu vazany brom v poloze 6. Chlor v poloze 6 ma
pfiblizn& stejny vliv jako vpoloze 7. Nejniz8i antimykobakteidlni aktivitu mély 6,8-
dibromované derivaty Rozsah MIC u celého souboru latek byl mezi 4 -62,5 (umol/l).
Nejéast&j§i aktivita byla v rozmezi 4-16 (umol/l). U dibromovanych derivati 32 - 62,5
(umol/1.). Nejptihodné&jsimi byly alkyly o 4-5 atomech uhliku (napf. fercbutyl, butyl, pentyl.)

Lze konstatovat, e proti patogennim kmend M kansasii a M. avium studované

benzoxazindiony jsou G&inn&j§i ne? nejvyznamnijii antituberkulotikum INH ( a také neZ
odpovidajici salicylanildy). Proti M. tuberculosis jsou benzoxaziny mén¢ ulinné neZ
salicylanilidy .

| Vybrané benzoxazindiony [6-chlor-3-(4-propylfenyl)-2H-1,3-benzoxazin-2,4(3H)-
dion 17a, 7-chlor-3-(4-propylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion 18a, 6-brom-3-(4-
propylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion 6a] byly testovany na antifungalni aktivitu,

ale uginné byly pouze na kmen Trichophyton mentagrophytes.

8.5. 3~(4-Alkylfenyl)-2H-1,3-benzoxazin-4-thioxo-2(3H)-2ony a 3-(4-alkylfenyl)-2H-1,3-
benzoxazin-2,4(3H)-dithiony

Pii syntéze t&chto latek jsme sledovali vliv &inidla (PSs) na pomér monosirného a

disirného produktu. Konkrétn& u latky 7-chlor-3-(4-oktylfenyl)-2H-1,3-benzoxazin-2,4(3H)-
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dion. Pfi konstantni dob& reakce, ktera ¢inila 5 minut, jsme provad&li sérii reakci

s polovitnim, ekvimolarnim a dvojnasobnym poétem molu (P2Ss). Zjistili jsme, Ze pii pouZiti
polovi¢niho po¢tu molu (P2Ss) vznika 2/3 molarniho mnoZstvi monosirného a 1/3 disirného
derivatu. Pfi ekvimolarnim mnoZstvi (P2Ss) je pomér molarniho mnoZstvi monosirného a

disimého derivatu 1:1. Pokud jsme pouZili dvojnasobného molarni mnoZstvi (P2Ss) vznikla

— e —

1/3 mol. mnoZstvi monosirného a 2/3 disirného derivatu, K vyméné atomu siry za atom
kysliku na karbonylu dochazi nejprve v poloze 4. (potvrzeno 2D NMR spektrem).

U latek nemohla byt provedena QSAR analyza. Jednalo se o maly soubor latek s mnoha
parametry. Byla vSak zjit€éna vyznamni korelace mezi monosirnymi a disirnymi derivéty.
Substituci karbonylové skupiny za thiokarbonylovou dojde ke zvySeni antimykobakterialni
aktivity. DalSi atom siry v molekule tj. (3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-
dithiony) nema prakticky zidna vliv na zvySeni aktivity. Hodnoty MIC se pohybovaly
vrozmezi 1- 62,5 (umol/l.). Nejvy3§i hodnoty MIC vykazovaly dibromované slouc¢eniny.
Vysokou  antimykobakteriadlni  aktivitu mély tyto  sloueniny:  6-brom-3-(4-
propylfenyl)benzoxazin-4thioxo-2(3H)-on 19a, 6-brom -3-(4-propylfenyl}benzoxazin(3H)-2,4-

dithion & Tyto latky byly G¢ingj$i neZ INH proti viem testovanym kmentiim.
8.6. 3-(Heteroaryl)-2H-1,3-benzoxazin-2,4(3H)-diony

U  nékterych  heterocyklickych  salicylanilidi  byly zkouSeny reakce
s chlormethylformiatem s pfedpokladem vzniku 3-(heteroaryl)-2H-1,3-benzoxazin-2,4(3H)-
dionu. Dil&ich Gspéchi bylo dosaZeno pouze u reakci izosterh salicylanilidd, které v amidové
&asti obsahovaly misto fenylu 2-pyridyl. Byly pfipraveny pouze nesubstituované nebo latky
na pyridinu substituované methylem. Methylova skupina jako donor elektrond pravdépodobné
zvySovala hustotou elektroni na atomu dusiku v amidové skupiné. Pokud byl pfitomen
elektron- akceptorovy subtituent na acylové nebo na pyridinové ¢asti molekuly, cyklizace se
nedafila. Podobné se nam nepodatilo cyklizovat N-(2-thiazolyl)salicylamid.

Antimykobakterialni aktivita pfipravenych latek byla nizka, minimalni inhibini
koncentrace se pohybovaly vrozmezi 125 — 1000 (umol/l). MiiZeme se domnivat, Ze u
pripravenych latek se zaporn€ muZe projevovat i stericky efekt methylové skupiny (branéni
pfistupu k thioamidové skupinég).

Pyridinyl by! nahrazen thiazolylem ale také nedochazelo k cyklizaci. Reakénim
¢inidlem byl methylchloroformiat. Pro nizkou biologickou aktivitu dosud pfipravenych latek

jsme syntézu dale nerozvijely, a proto reakce s fosgenem a trifosgenem nebyly uskutednény.
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9. ZAVER

V ramci této disertatni prace bylo pfipraveno celkem 79 latek (potencialnich
antituberkulotik). Z toho 2 latky byly popsény v odborné literatute®.

U vsech pfipravenych sloudenin byla in vitro zjiiténa antimykobakterialni aktivita,
zmé&Fena IC a NMR spektra, potvrzena jejich struktura, stanoveny n&které fyzikalng-chemické
vlastnosti a provedena elementarni analyza.

Vysledky antimykobakterialniho hodnoceni provedené ve Zdravotnim tstavu se sidlem
v Ostravé umozZnily vypod&itat vztahy mezi chemickou strukturou a biologickou aktivitou.
Analyza vysledki byla provedena pomoci metody QSAR. Antimykobakterialni aktivita
ptipravenych salicylanilidd, 3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dionit a jejich
sirnych analog byla velmi dobra. V piipadé kmene M. tuberculosis My 331/88 se n&kolik
derivath vyrovnalo aktivitt® INH, coZ je soudobé nejuinn&jsi antituberkulotikum. U
ptileZitostn& patogennich kmend M. avium My 330/88, M. kansasii My 235/80 a M. kansasii
6509/96 byla vétsina latek u¢inngj§i nez INH. Ostatni heterocyklické salicylamidy a 3-(4-
heteroaryl)-2H-1,3-benzoxazin-2,4(3H)-diony nebyly tolik i¢inné.
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11. Seznam T-Cisel

Cislo T Nazev slouceniny
5508 4-chlor-4"-terc-butyl -salicylanilid
5509 4-chlor-4°-oktyl-salicylanilid
| 5510 5-chlor-4’-pentyl-salicylanilid
5512 5-chlor-4"-terc-butyl -salicylanilid
5513 5-brom-4°-hexyl-salicylanilid
5514 5-brom-4’-terc-butyl-salicylanilid
5515 5-brom-4’-pentyl-salicylanilid
5516 4-methoxy-N-(4-methylthiazol-2yl)salicylamid
5517 N-(5-methylizoxazol-3-yl)salicylamid
5519 4’-methoxy -N-(thiazol-2yl)salicylamid
5520 3-(pyridin-2yl)benzoxazin-2,4(3H)-dion
5524 3-(5-methylpyridin-2-y1)-2H-1,3-benzoxazin-2,4(3H)-dion
5526 6-methyl-3-(pyridin-2yl)-2H-1,3-benzoxazin-2,4(3H)-dion
5529 7-chlor-3-(4-heptylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion
5530 6-methyl-(3-pyridin-2yl)-2H-1,3-benzoxazin-2,4(3H)-dion
5534 5-chior-4'-oktyl-salicylanilid
5535 5-brom-4’-butyl-salicylanilid
5536 4-chlor-4’-heptyl-salicylanilid
5537 4-chlor-4’-butyl-salicylanilid
5538 5-chlor-4"-butyl-salicylanilid
5539 5-chlor-4’-heptyl-salicylanilid
5540 5-brom-4-heptyl-salicylanilid
5542 3,5-dibrom-4'-heptyl-salicylanilid
5543 3,5-dibrom-4°-hexyl-salicylanilid
5544 3,5-dibrom-4’-pentyl-salicylanilid
5546 3,5-dibrom-4’-butyl-salicylanilid
5547 p-triffuormethylfenyl ester kyseliny-4-methoxy salicylové
5548 p-trifluormethylfenyl ester kyseliny salicylové
5550 4-chlor-N-{4,6-dimethylpyrimidin-2yl)salicylamid
5551 4-chlor-N-(4-methylpyrimidin-2yl)salicylamid
5552 5-fluor-N-(4,6-dimethylpyrimidin-2yl)salicylamid
5553 5-fluor-N-(4-methylpyrimidin-2yl)salicylamid
5554 5-brom-N-(thiazol-2yl)salicylamid
5555 5-chlor-N-(pyrimidin-2yl)salicylamid
5556 4-methoxy-N-(5-methylizoxazol-3yl)salicylamid
5559 7-chlor-3-(4-pentylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion
5560 7-chlor-3-(4-hexylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion
5561 7-chlor-3-(4-tercbutylfenyl)-2H-1,3benzoxazin-2,4(3H)-dion
5562 7-chlor-3-(4-oktylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion
5563 6-chlor-3-(4-pentylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion
5564 6-chlor-3-(4-hexylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion
5565 6-brom-3-(4-hexylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion
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5566
5568
5570
5571
5573
5574
5575
5576
5577
5578
5580
5581
5582
5583
5584
5585
5586
5587
5588
5589
5590
5591
5592
5593
5594
5595
5598
5599
5701
5702
5703
5704
5705
5706
5707
5709
5710

6-brom-3-(4-pentylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion
6-brom-3-(4-heptylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion
6,8-dibrom-3-(4-hexylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion
6,8-dibrom-3-(4-pentylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion
6-chlor-3-(4-terc-butylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion
6-brom-3-(4-butylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion
6,8-dibrom-3-(4-butylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion
7-chlor-3-(4-butylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion
6-chlor-3-(4-oktylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion
6-chlor-3-(4-oktylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion
6-brom-3-(oktylfenyl)-2H-1,3-benzoxazie-4thiooxo-2(3H)-on
6-brom-3-(oktylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithion
6-brom-3-(butylfenyl)-2H-1,3-benzoxazin-4thioxo-2(3H)-on
6-brom-3-(butylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithion
6,8-dibrom-3-(butylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithion
6,8-dibrom-3-(butylfenyl)-2H-1,3-benzoxazin-4-thioxo-2(3H)on
6-brom-3-(4-pentylfenyl)-2H-1,3-benzoxazie-4-thiooxo-2(3H)-on
6-brom-3-(4-pentylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithion
7-chlor-3-(4-butylfeny})-2H-1,3-benzoxazin-4thioxo-2(3H)on
7-chlor-3-(4-butylfenyl)-2H-1,3-benzoxazin-2,4(3H)dithion
7-chlor-3-(4-hexylfenyl)-2H-1,3-benzoxazin-4-thioxo-2(3H)-on
7-chlor-3-(4-hexylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithion
6,8-dibrom-3-(4-hexylfenyl)-2H-1,3-benzoxazin-4-thioxo-2(3H)-on
6,8-dibrom-3-(4-hexylfenyl)-2H—1,3-benzoxazin-2,4(3H)-dithion
6-brom-3-(heptylfenyl)-2H-1,3-benzoxazin-4 thioxo-2(3H)-on
6-brom-3-(heptylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithion
6-chlor-3-(4-oktylfenyl)-2H-1,3-benzoxazin-4 thioxo-2(3H)-on
6-chlor-3-(4-oktylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithion
4'-propyl-fenyl-4-chlor-salicylamid
4’-propyl-5-chlor-sallicylanitid

4’-propyl-5-brom-salicylanilid

4’-oktyl-5-brom-salicylanilid
6-chlor-3-(4-propy'fenyl)-2H-1,3-benzoxazin-2,4(3H)-dion
7-chlor-3-(4-propylfenyl)-2H-1,3-benzoxazin-2,4-dion
6-brom-3-(4-propylfenyl)-2H-1,3-benzoxazin-2,4-dion
6-brom-3-(propylfenyl)-2H-1,3-benzoxazin-4-thioxo-2(3H)-on
6-brom-3-(propylfenyl)-2H-1,3-benzoxazie-2,4-dithion
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A series of 64 derivatives of substituted heterocyclic analogues of salicylanilides was synthesized. The compounds were evaluated for in
vitro antimycobacterial activity against Mvcobacterium tuberculosis, Mycobacterium avium and two strains of Mycobacterium kansasii. For
e QSAR study, the combination of Free~+Wilson approach with Hansch approach was used. The molecules were separated on the heterocy-
dic and salicyl moieties and the study of influences of electronic and hydrophobic properties was used as well. The compounds are a new

mroup of potential antituberculotics.
£72005 Elsevier SAS. All rights reserved.
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L, Introduction

The study of annmycobacten&!) properties of salicylanil-
des [1,2] is of great interest, ‘as salicylanilides can inhibit
tacterial two-component systems [3,4]. We have published
everal papers oriented on the antimycobacterial benzylsali-
tylamides [5,6], the activity of isosters of salicylanilides:
Lsulfanylbenzanilides [7], N-benzylsulfanylbenzamides [7],
:-hydroxypicolinanilides [7], N-benzyl-3-hydroxypico-
inamides [7). In our previous paper, we published in this jour-
nal, the first part of heterocyclic isosters of amide moiety was
presented, e.g., N-pyridinylsalicylamides [8]. The goal of this
paper was to study the antimycobacterial activity of other isos-
ers of salicylanilides with other heterocyclic rings in amide
moiety of compounds (pyrimidine, pyrazine, thiazole, benz-
thiazole, benzimidazole and isoxazole).

L Chemistry

The synthetic pathway leading to N-heteroary-
kalicylamides is depicted in Fig. 1. N-heteroarylsalicylamides

et 4
* Comresponding author. Fax: +4204955144330.
E-muil addresses: waisser@ faf cuni.cz (K. Waisser),
Rrmila.kaustova@zuova.cz (J. Kaustovi).

%014-827X/$ - see front matter © 2005 Elsevier SAS. All righits reserved.
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were prepared by the treatment of phenyl-salicylate with het-
eroaromatic compound substituted by amine group. An over-
view of the compounds under study is in Fig. 1. The synthe-
sis of some N-{5-methylisoxazol-3-yl)salicylamides by this
pathway was not often successful because of the thermal
decomposition of the product. In these cases we have suc-
ceeded by use more active 4-trifluromethyiphenyl-salicylate.
The use of 4-nitrophenyl-salicylate usually was going to
destruction of product, as well.

The structural assignment is based on "H NMR and '°C
NMR spectra and IR specira. In the IR spectra, the carbonyl
vibration w(C=0) was observed in the region 1620-1697 cm™'.
The antimycobacterial activity of the synthesized
N-benzylsalicylamides is given in Table 1.

3. Result and discussion ol _—

Compounds under study are a new group of the potential
antitubercuoltics. For the QSAR analysis, we used the com-
bination of Hansch and Free-Wilscn approaches. According
to the Free—Wilson method the molecules were separate on
two moieties, We used the experimental values from physical
measurements as electronic parameters. We suppose d(N-H)
from 'H-NMR spectrum is the describing influence of elec-
tronic properties of the heterocyclic moiety. We used the cal-
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44-Ct d N-(thiazol-2-yl) i N-(5-methylisoxazol-3-yl)

& N-(1,2 4-triazol-4-yl)

k N-(4-methylthiazol-2-yI)

Fig. 1. Synthesis of N-heteroaryl-2-hydroxy-benzamides.

culated logarithm of partition coefficients for expression of
the hydrophobic properties of molecules. The result is sum-
marised in Table 2. All equations were statistically signifi-
cant (confidents level more as 95%, significant level less as
0.05).

It seems that substitution in position 4 and 5 on the acyl
moiety increases antimycobacterial activity against all strains
of Mycobacterium. From heierocyclic moieties, benzimida-
zolyl brings to molecules good antimycobacterial activity,
isoxazolyl has the strongest influence on the increase of the
activity against M. uberculosis. Some compounds under study
are more active against potentially pathogenic strains (M. kan-
sasii 250/30 and M. avium 330/88, e.g., 2¢, Ti) than iso-
niazid.

4. Experimental
4.1. Chemistry

The melting poinis were determined on a Kofler appara-
tus. The samples for analysis and antimycobacterial tests were
dried over P,05 at 61 °C and 66 Pa for 24 h Elemental analy-
ses (C, H, N) were performed on a CHNS-O CE elemental
analyzer (Fisions EA 1110, Milan) and were within +0.4%
of the theoretical values. The IR spectra were measured in
KBr pellets on a Nicolet Impact 400 apparatus; the wavenum-
bers are given incm™, TLC was performed on silica gel plates
precoated with a fluorescent indicator Silufol UV 254 + 366
(Kavalier Votice, Czech Republic), cyclohexane-acetone (3:1)
was used as the mobile phase. The 'H NMR and '3C NMR
spectra of new compounds were recorded in DMSO-d, solu-
tions at ambient temperature on a Varian Mercury-Vx BB
300 spectrometer operating at 300 MHz for '"H NMR, and
75 MHz for '3C NMR. Chemical shifts were recorded as &
values in parts per million (ppm) and being indirectly refer-
enced to letramethylsilane via the solvent signal (2.49 for 'H
or 39.7 for °C).

4.1.1. Synthesis of 4-trifluoromethyiphenyl-salyeylates
To the mixture of 0.1 mol salicylic acid (or substituted sali-
cylic acid) and 0.1 mol 4-trifftucromethytphenoi 0.04 mol of

phosphorus oxychloride was added The mixture was heated
at 75-80 °C for 4 h.and then poured into a solution of 12 g
sodium carbonate in 80 mi of water. The product was fil-
trated and recrystallised from ethanol.

4.1.1.1. Synthesis of 4-trifluorophenyl-salicylat. White crys-
tals. Yield 48%, m.p. 89-90 °C, IR: v(C=0) 1681 cm™. 'H
NMR (300 MHz,) § 10.26 (bs, 1H, OH), 8.02-7.96 (m, 1H,
H6), 7.89-7.82 (m, AA’, BR', 2H, H3’, H5"), 7.60~7.51 (m,
3H, H4, H2', H6"), 7.09-6.97 (m, 2H, H3, H5). '*C NMR
(75 MHz,) § 1662, 160.3, 153.4, 136.3, 131.2, 127.2 (q, J
=3.7 Hz), 127.0 (q, J = 32.1 Hz), 124.2 (g, J = 272.0 Hz),
123.4,119.7, 117.9, 113.4.

v4.1.1.2. Synthesis of 4-trifluorophenyl-4-methoxysalicy-
late. White crystals. Yield 37%, m.p. 119-121 °C, IR: v(C=0)
1685cm™'. "H NMR (300 MHz,): § 10.39 (bs, 1H, OH), 7.94
(d, 1H, J = 8.8 Hz, H6), 7.89-7.79 (m, AA’, BB’, 2H, H3',
H5"). 7.59-7.49 (m, AA’, BB’, 2H, H2', H6"), 6.63-6.59 (m,
2H, H3, H5), 3.83 (s, 3H, OCH;). '*C NMR (75 MHz) &
166.5, 166.0, 163.2, 153.3, 132.6, 127.1 (q, /= 3.7 Hz), 126.9
(9,/=32.3 Hz), 124.2(q,J=272.0 Hz), 123 .4, 107.9, 105.2,
101.4, 55.9.

4.1.2. Synthesis of N-heteroaryllsalicylamides. General
procedure

A mixture of an amine (1 g) and phenyl-salicylate
(1.2 equivaients) was melted at 190-210 °C for 90 min under
an air condenser. The reaction mixture was then heated at
reflux with ethanol for 10 min, filtered off and the product
was recrystallised from the same solvent (yields 22-89%).
For the preparation of compounds li 4-trifluorophenyl-
salicylate was used instead of phenyl-salicylate. Similar for
preparation of compounds 3§, d4-trifluorophenyl-4-
methoxysalicylate was used and the reaction mixture was
melted at 132 °C for 24 h.

4.1.2.1. 2-Hydroxy -N-(4,6-dimethylpyrimidin-2-yl)benza-
mide (l1a). Yellow crystals. Yield 52%, m.p. 211-213 °C, IR:
w(C=0) 1648 cm™. 'H NMR (300 MHz): & 11.74 (bs, IH,
NH), 10.93 (bs, 1H, OH), 7.99 (dd, 1R, J = 7.69 Hz, J
= 1.65 Hz, H6}, 7.47-7.39 (m, 1H, H4), 7.03-6.91 (m, 3H,
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Table 1
[n vitro antimycobacterial activity of N-heteroarylsalicylamides
“Com. Minimum inhibitory concentrations (MICs) mol !
R, R, M. wberculosis M. avium M. kansas ii M. kansasii
My 331/88 My 330/88 My 235/80 My 6509/96
14 days 14 days 14 days 14 days
la H N-(4,6-dimethylpyrimidin-2-y1} 1000 1000 1000 1000
b H N-(4-methylpyrimidin-2-y1) " n n n
le H N-(pyrazin-2-yl} 125 125 500 500
Id H N-(thiazol-2-yl) 62.5 250 500 250
le H N-(1,2 4-riazol-4-yl) 1000 n n "
f H N-«(1,2,4-triazol-3-yl) 500 n n n
1g H N-{benzimidazol-2-yl) n n n n
1h H N-(benzothiazol-2-yl) n n n 500
;\ 1k H N-(4-methylthiazol-2-yl)
2a 4-CH, N-{4,6-dimethylpyrimidin-2-yl) 62.5 1000 n n
2c 4-CH, N-(pyrazin-2-yl) 16 62.5 32 6.5
eli| 4-CH, N-{thiazoi-2-y]) 16 125 n 125
2e 4-CH, N-(1,2,4-triazol-4-y1) 1000 1000 1000 1000
2 4-CH, N-(1,2,4-triazol-3-y1) 125 n 500 n
2g 4-CH, N-(benzimidazot-2-yl) n n n "
2h 4CH, N-(benzothiazol-2-yl) 8 " n "
2 4-CH, N-(5-methylisoxazol-3-yl} 161 62.5 125 125
b 4-OCH, N-(4-methylpyrimidin-2-yl) k7] n n n
3 4-OCH, N-(pyrazin-2-yl) 16 250 250 250
3d 4-OCH;, N-(thiazol-2-yl) 250 500 500 500
3e 4-0CH, N-(1,2,4-triazol-d-y1) 1000 1000 1000 1000
3 4-OCH, N-(1,2,4-triazol-3-y1) 500 1000 1000 1000
3 4-OCH, N-(benzimidazol-2-yl) n n n n
3h 4-QCH, N-(benzothiazol-2-yl) n n n n
" 3i 4-OCH, N-(S5-methylisoxazol-3-yl) 125 250 250 250
1P 3k 4-OCH, N-{4-methylthiazol-2-yl) 125 250 250 250
| 4a 4-Cl N-(4,6-dimethylpyrimidin-2-y1) n n n n
4b 4-Q N-(4-methylpyrimidin-2-y1) 62.5 500 10600 1000
4c 4-Q N-(pyrazin-2-yl) 6 250 125 125
4d 4-C1 N-(thiazol-2-yl) 16 250 250 250
de 4-Cl N-(1,2 d-triazol-4-yl) 1000 1000 1000 1000
4f 4-C] N-(1,2.4-triazol-3-yl) n n n n
4g 4Cl N-(benzimidazol-2-yl) n n n n
4h 4-Ct N-(benzothiazol-2-yl) n n n n RY
4 4-C\ N-(5-methylisoxazol-3-yl) 3 125 n 125
4% 4-Cl N-(4-methylthiazol-2-yl) [ 250 125 125
5a 5-F N-(4,6-dimethylpyrimidin-2-yl) n n n "
5b 5-F N-{4-methylpyrimidin-2-yl) n n n n
5c 5-F N-(pyrazin-2-yl} 125 125 125 125
5d 5-F N-(thiazol-2-yl) 250 1000 62.5 62.5
Je 5-F N-(1.24-triazol-4-yl) 1000 n 1600 1000
sf 5-F N-(1,2,4-triazol-3-yl) 500 250 500 n
) Sg 5-F N-{benzimidazol-2-yl) n n n n
Sh 5-F N-{benzothiazol-2-yl} n n n n
Si 5-F N-(5-methylisoxazol-3-y1) 250 250 250 62.5
&b 5-Br N-(4-methylpyrimidin-2-yl) n n n n
e 5-Br N-{pyrazin-2-yl) 125 250 n 125
6d 5-Br N-(thiazol-2-y1) 62.5 125 250 250
6e 5-Br N-(1,2,4-triazol-4-yl) 1000 1000 1000 1000
6f 5-Br N-(1.2.4-triazol-3-y1} 500 n n "
6g 5-Br N-(benzimidazol-2-yb) n " n "
6h 5-Br N-(benzothiazol-2-y1) n n n n
6i 5-Br N-(5-methylisoxazol-3-yl) 125 250 500 500
6k 5-Br N-(4-methylthiazol-2-yl) 125 250 250 125

{continued on next page)
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Table 1
(continued)
Com. Minimum inhibitory concentrations (MICs) mol 1™
R, R, M. iuberctlosis M. avium M. kansas ii M. kansasii
My 331/88 My 330/88 My 235/80 My 6509/96
14 days 14 days 14 days 14 days
b 5-Cl N-(4-methylpyrimidin-2-yl) 250 250 125 62.5
Te 5-C1 N-(pyrazin-2-y) 62.5 250 625 62.5
Te 5-Cl N-(1,2,4-triazol-4-y1) 1000 1000 1000 1000
7f 5-Cl N-(1,2.4-triazol-3-yl} n n n "
7% 5-Cl N-(benzimidazol-2-yl) n n n n
7h N-(benzothiazoh2-yl) n n R
5-Cl
Ti 5-C1 N-(5-methylisoxazol-3-y1) 125 62.5 62.5 32
il 5-C1 N-(pyrimidin-2-y1) n n n n
! Tk 5-C N-{4-methylthiazol-2-yl) 62.5 250 62.5 32
INH (i.g. isontazide) 2 250 250

n—MIC values could not be determined due to the Tow solubitity.

H3, H5, H5%),2.37 (s, 6H, CH,).">C NMR (75 MHz): § 168.0,
164.5,157.6, 157.2,134.2, 130.6,119.7, 118.2,117.4, 116.2,
23.6.

4.1.2.2, 2-Hydroxy N-(4-methylpyrimidin-2-yl)benzamide
(1b). Brown crystals. Yield 76%, m.p. 261-264 °C. IR:
v(C=0) 1686 cm™'. 'H NMR (300 MHz): 8 11.74 (bs, 1H,
NH), 11.01 (bs, 1H, OH), 8.54 (d, 1¥, J = 4.94 Hz, H6"), 7.98
(dd, 1H, J = 7.97 Hz, J = 1.65 Hz, H6), 7.48-7.39 (m, 1H,
H4), 7.12 (d, 1H, J = 495 Hz, H5"), 7.03-6.93 (m, 2H, H3,
HS5), 2.43 (s, 3H, CH,). *C NMR (75 MHz): § 168.6, 164.4,
158.2,157.5,157.4,134.2,130.7,119.8, 118.3,117.4, 117.0,
23.8,

Table 2

Activity contribution of the combination of Free-Wilson and Hansch analysis

4.1.2.3. 2-Hydroxy N-(pyrazin-2-yl)benzamide {(Ic). Brown
crystals. Yield 74%, m.p. 213-216 °C, Ref. [9] 216-218 °C.
IR: v(C=0) 1671 ecm™. 'H NMR (300 MHz): & 11.78 (bs,
IH, NH), 11.02 (bs, 1H, OH), 9.50(d, 1H, /= 1.38 Hz, H3",
8.43-8.39 (m, 2H, H5', H6"), 8.02 (dd, 1H, J = 7.97 Hz, J
= 1.79 Hz, H6), 7.49-7.42 (m, 1H, H4), 7.08-6.95 (m, 2H,
H3, H5). 13C NMR (75 MHz): § 164.5, 157.0, 148.6, 143.0,
140.4, 136.8, 134.5, 131.0, 120.1, 117.9, 117 4,

4.1.2.4. 2-Hydroxy-N-(thiazol-2-yl)benzlamide (1d). Brown
crystals. Yield 56%, m.p. 251-252 °C, Ref. [10] 252 °C. IR:
v(C=0) 1671 cm™'. 'H NMR (300 MHz): 5 12.22 (bs, 1H,
NH), d 7.99 (dd, 1H, J =7.83 Hz, /= 1.37) Hz, H6), 7.54 (d,

Fragment Alog MIC (umol/l, incubation 14 days)

M. tubercuiosis My 331/88 M. avium My 330/80 M. kansasii My 235/80 My 6509/96
R;:H 0 0 0 0 ’
4-Cl -0.7144 (£0.2196) ~0.2080 (x0.2117) —0.8811 (+0.2871) -1.1168 (£0.2654) -
4-CH, =0.7159 (x0.1974) =0.2945 (x0.2098) -1.0103 (+0.3358) -0.8459 (x0.3076)
4-OCH, —0.7570 (+0.1991) =0.1105 (x0.2189) —0.4726 (0.3199) -0.5030 (+0.3360)
5-F -0.4518 (x0.2144) —0.5055 (£0.2042) —-1.0504 (+0.2892) -0.8196 (=0.2864)
5-Br —0.4324 (20.2215) —0.1850 (x0.2109) -0.9109 (x0.2998) -1.1828 (20.2954)
5-Cl -0.6772 (x0.2270) -0.2537 (x0.2176) -1.0060 (+0.2889) -1.1547 (x0.2885)
R,:benzimidazolyl 0 0 0 ¢
Pyrimidyl 0.8571 (£0.2523) 1.2541 (£0.3590) 0.8547 (+0.4552) 0.7174 (x0.4323)
Pyraziny) 0.4576 (£0.1671) 0.4797 (0.1481) 0.5578 (x0.2189) 0.5720 (x0.2114)
Thiazolyl 0.3834 (+£0.2390) 0.5962 (+0.2159) 1.0135 (£0.2982) 0.6154 (=0.2574)
Triazolyl 1.6472 (+0.2015) 1.2661 (£0.1762) 1.55521 (+0.2370) 1.6457 (£0.2271)
Benzothiazolyl 0.0174 (x0.4377) 0.2803 (z0.1214) 0.1264 (0.0573) 0.2344 (x0.1102)
Isoxazolyl -0.0923 (£0.4370) 0.3356 (x0.1485) 0.3267 (0.4549) -0.0459 (+0.3543)
A(NH) -0.5305 (£0.2051) 04772 (£0.1671) -0.5760 {20.2261) -0.0001 (+0.0003)
log P? 0.2198 (x0.0831) 0.1627 (0.0672) 0.2039 (+0.0888) 0.3054 (20.0859)
T §.0314 7.6572 —0.0045 23799
R 0.853 0.308 0.877 0.339
5 0.404 0324 0428 0462
F 10.55 6.58 917 7.96
n 65 46 46 53
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| |H,J = 3.85 Hz, B4"), 7.48-7.40 (m 1H, H4), 7.25 (d, 1H, J

_ 3.85 Hz, H5"), 7.04-6.91 (m, 2H, H3, H5). '°C NMR
(75 MHz): 8 160.4, 158.2, 1344, 130.5, 119.6, 117.4,

{13.8.

4,1.2.5. 3-Hydroxy-N-(4H-{1,2,4]triazol-4-yl)benzamide
(le). White crystals. Yield 62%, m.p. 290-293 °C, IR: v
(C=0) 1662 cm™'. 'H NMR (300 MHz): 8 11.53 (bs, 1H,
NH), d 8.75 (s, 2H, H3', HS"), 7.85 (dd, 1H, J=7.97 Hz, J
= 1.65 Hz, H6), 7.52-7.43 (m, 1H, H4), 7.06-6.94 (m, 2H,
H3, H5). '°C NMR (DMSO): & 166.4, 158.0, 144.2, 134.7,
1302, 119.6, 117.3, 115.7.

4.1.2.6. 2-Hydroxy-N-(4H-[1,2,4]triazol-3-yl)benzamide
(1f). White crystals. Yield 80%, m.p. 276-279 °C, IR: v (C=0)
1667 cm™'. "H NMR (300 MHz): § 11.41 (bs, 1H, NH), d
8.02-7.96 (m, 2H, H6, H5), 7.50-7.41 (m, 1H, H4), 7.05—
6.92 (m, 2H, H3, H5). '>*CNMR (75 MHz): § 165.9, 158.3,
147.3, 134.6, 130.2, 119.7, 117.5, 116.8.

4.1.2.7. N-(Benzimidazol-2-yl)-2-hydroxybenzamide
(Ig). White crystals. Yield 90%, m.p. 355-357 °C, Ref. [11]
250 °C IR: v (C=0) 1667 cm™". For C, ;H,,N;0, (253.3) cal-
culated: 66.40% C, 16.59% N, 4.38% H; found: 66.23% C,
16.43% N, 4.31% H. '"H NMR (300 MHz): 5 8.02-7.97
(m, 1H, H6), 7.49-7.42 (m, 2H, H4', H7"), 7.38-7.31
(m, 1H, H4), 7.27-7.20 (m, 2H, H5’, H6"), 6.88-6.82
(m, 2H, H3, H5). *C NMR (75 MHz): § 172.6, 160.7,
151.3, 133.6, 130.1, 129.5, 123.2, 119.8, 118.2, 117.3,
112.1.

4.1.2.8. N-(Benzothiazol-2-yl)-2-hydroxybenzamide
{1Rh). White crystals. Yield 86%, m.p. 322-324 °C, IR: v
{C=0) 1676 cm™". 'H NMR (300 MHz): § 12.26 (bs, 1H,
NH), d 8.03-7.97 (m, 2H, H6, H7"), 7.72 (d, 1H, J=7.97 Hz,
H4"), 7.52-7.42 (m, 2H, H4, H6%), 7.37-7.29 (m, 1H, HS"),
7.07-6.95 (m, 2H, H3, H5). '3C NMR (75 MHz): § 166.7,
158.2, 146.5, 134.9, 130.7, 126.8, 124.0, 122.3,119.8, 119.2,
117.5,117.3.

«4.1.2.9. 2-Hydroxy-N-(5-methylioxyzol-3-vl)benzamide

{1i). White crystals, Yield 22%, m. p. 183-1855 *C. IR: v
{C=0)1653cm™". "HNMR (300 MHz) § 11.73 (bs, IH, NH),
11.05 (bs, 1H, OH), 7.97 (dd, 1H, J = 8.0 Hz, /= 1.7 Hz, H6),
7.50-7.41 (m, 1H, H4), 7.05-6.93 (m, 2H, H3, H5), 6.76 (d,
1H, J = 0.8 Hz H4'), 2,40 (d, J = 0.8 Hz, 3H, CHj), ’CNMR
(75 MHz,) § 170.1, 165.4, 158.1, 157.9, 134.5, 130.3, 119.7,
1174, 117.2,97.1, 12.4.

4.1.2.10. 2-Hydroxy-N-(4-methylthiazol-2-yl)benzamide
{1k). Yellow crystals. Yield 85%, m.p. 254-255 °C. IR: v
(C=0) 1672 cm™!, '"H NMR (300 MHz): § 7.97 (IH, dd, J
=8.0Hz, /= 1.9 Hz, H6), 7.47-7.37 (1H, m, H4), 7.02-6.88
(24, m, H3, H5), 6.78 (14, s, H5), 2.77 (3H. s, CH,). '*C
NMR (75 MHz): 6 167.7, 158.6, 134.3, 1304, 119.4, 117.6,
117.4, 107.8, 15.7.
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4.1.2.11. 2-Hydroxy-4-methyl-N-(4,6-dimethylpyrimidin-2-
yl)benzamide (2a). Yellow crystals. Yield 53%, m.p. 248-
251 °C,IR: v(C=0) 1662 cm™. '"H NMR (300 MHz): § 11.77
(bs, 1H, NH), d 10.93 (bs, 1H, OH), 7.88 (d, I1H, /=796 Hz,
H6), 7.00 (s, 1H, H5"), 6.82-6.74 (m, 2H, H3, H5), 2.37 (s,
6H, CH,), 2.28 (s, 3H, CH,). '>C NMR (75 MHz): § 168.0,
164.8, 158.0, 157.2, 144.8, 130.4, 120.7, 117.6,116.1, 115.3,
23.6,21.3.

4.1.2.12. 2-Hydroxy-4-methyl-N-(pyrazin-2-yl)benzamide
{2¢). Brown crystals. Yield 65%, m.p. 213-215 °C, IR: v
(C=0) 1676 cm™. 'H NMR (300 MHz): & 11.74 (bs, IH,
NH), 10.96 (bs, 1H, OH), 9.49 (d,1H, J= 1.37 Hz, H3"), 8.43-
8.39 (m, 2H, H5', H6"), 7.93 (d, 1H, J =7.97 Hz, H6), 6.86—
6.79 (m, 2H, H3, H5), 2.29 (s, 3H, CH;). ’C NMR (75 MHz):
3 164.6, 157.0, 148.6, 145.2, 143.0, 140.3, 136.8, 130.9, 121.2,
117.5, 115.0, 21.3.

4.1.2.13. 2-Hydroxy-4-methyl-N-(thiazol-2-yl)benzamide
(2d). Brown crystals. Yield 54%, m.p. 254257 °C, IR: v
(C=0) 1666 cm™'. '"H NMR (300 MHz): § 12.10 (bs, 1H,
NH), 7.89 (d, 1H, J=7.97 Hz, H6), 7.53 {d, 1H, J=3.85 Hz,
H4"), 7.24 (d, 1H, J = 3.84 Hz, H5"), 6.83-6.76 (m, 2H, H3,
H5), 2.29 (s, 3H, CH,). '>C NMR (75 MHz): § 179.3, 166.9,
158.2, 145.2, 130.4, 120.8, 117.6, 114.5, 113.8, 21.4.

4.1.2.14. -2-Hvdroxy-4-methyl-N-(4H-[1,2,4]Jtriazol-4-yl)
benzamide (2e). White crystals. Yield 65%, m.p. 304-
306 °C, IR: v (C=0) 1661 cm™". 'H NMR (300 MHz): 5 11.51
(bs, 1H, NH), 8.74 (bs, 2H, H3’, H5"),7.75(d, 1H, J=8.24 Hz,
H6), 6.85-6.77 (m, 2H, H3, H5), 2.29 (s, 3H, CH,). '*CNMR
(75 MHz): § 166.6, 158.3, 145.5, 144.2, 129.9, 120.7, 117.5,
112.6, 21.4.

4.1.1.15. 2-Hydroxy-4-methyl-N-(4H-[1,2,4]triazoi-3-yl)
beznamide (2f). White crystals. Yield 82%, m.p. 315-
317 °C,IR: v(C=0) 1681 cm™". "H NMR (300 MHz): 3 11.80
(bs, 1H, NH), 7.91 (d, 1H, J = 7.97 Hz, H6), 7.90 (bs, 1H,
H5’), 6.84-6.76 (m, 2H, H3, H5), 2.29 (s, 3H, CH;).'>C NMR
(75 MHz): § 166.0, 158.4, 148.6, 145.4, 130.0, 129.8, 120.8,
117.6,113.7, 21.4.

4.1.2.16. N-(Benzimidazol-2-yl)-2-hydroxy4-methylbenza-
mide (2g). White crystais. Yield 82%, m.p. 318-320 °C, IR:
v (C=0) 1664 cm™. 'H NMR (300 MHz): § 7.87 (d, 1H, J
= 7.69 Hz, H6), 7.49-7.41 (m, 2H, B4', HT"), 7.26-7.18 (m,
2H, H5', H6"), 6.68 (s, 1H, H3), 6.67-6.64 (m, 1H, H5), 2.27
(s, 3H, CH;). °C NMR (75 MHz): § 172.7, 160.6, 151.3,
143.9, 130.1, 129.6, 123.1, 119.5, 117.5, 117.3, 112.0, 21 4.

4.1.2.17. N-(Benzothiazol-2-yl)-2-hydroxy-4-methylbenza-
mide (2h). White crystals. Yield 78%, m.p. 294-296 °C, IR:
v (C=0) 1677 cm™". 'TH NMR (300 MHz): § 12.12 (bs, IH,
NH), 7.99(d, 1H,/=7.96 Hz, H6), 7.92 (d, IH, /=7.97 Hz,
H7), 7.72 (d, 1H, J =7.96 Hz, H4"), 7.50-7.42 (m, 1H, H5"),
7.36-7.29 (m, 1H, H6), 6.87-6.78 (m, 2H, H3, H5), 2.30 (s,
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3H, CH;). '>C NMR (75 MHz): § 158.1, 145.7, 130.6, 126.7,
124.0, 122.3, 121.0, 117.6, 114.4, 114.3, 21.4.

4.1.2.18.  2-Hydroxy-4-methyl-N-(5-methylisoxazol-3-yi)
benzamide (2i), Brown crystals. Yield 59%, m.p. 245-
247 °C, IR: v(C=0) 1653 cm™. "THNMR (300 MHz): § 11.76
(bs, 1H, NH), 11.02 (bs, 1H, OH), 7.90 (d, 1H, H6), 6.82-
6.75 (m, 2H, H3, H5), 6.74 (d, 1H, J = 0.82 Hz, H4), 2.40 (s,
3H, CH,), 2.28 (s, 3H, CH,). '*C NMR (75 MHz): § 170.0,
165.6, 158.3, 158.1, 145.3, 130.1, 120.8, 117.6, 114.1,97.2,
21.3, 12.4.

4.1.2.19. 3 Hydroxy-4-methoxy-N-(4-methylpyrimidin-2-yl)
benzamide (3b). White crystals. Yield 52%, m.p. 215~
218 °C, IR: v(C=0) 1671 cm™. "H NMR (300 MHz): § 12.10
(bs, 1H, NH), 10.79 (bs, 1H, OH), 8.54 (d, H, J = 5.22 Hz,
H6),7.97 (d, 1H,J = 8.79 Hz, H6), 7.12(d, 1H, /= 5.22 Hz,
H5"), 6.55 (dd, 1H, J = 8.80 Hz, J = 2.48 Hz, H5), 6.50 (d,
1H, J = 2.48 Hz, H3), 3.79 (s, 3H, OCH,), 2.43 (s, 3H, CH,).
13C NMR (75 MHz): § 168.5, 165.2, 164.1, 160.4, 158.1,
157.5, 131.9, 116.9, 110.3, 106.8, 101.5, 55.6, 23.8.

4.1.2.20. 2-Hydroxy-4-methoxy-N-(pyrazin-2-yl)benzamide
(3c). White crystals. Yield 62%, m.p. 220-222 °C, IR: v
(C=0) 1628 cm™. '"H NMR (300 MHz): & 12.00 (bs, 1H,
NH), 10.87 (bs, |H, OH), 9.47 (d, 1H, J = 1.38 Hz, H3"),
8.43-8.38 (m, 2H, H5", H6), 8.00 (d, 1H, J = 9.06 Hz, H6),
6.59 (dd, 14, J =9.06 Hz, /=247 Hz, H5), 6.54 (d, 1H, J
= 2,47 Hz, H3), 3.79 (s, 3H, OCH,). *C NMR (75 MHz): &
164.7, 164.2 159.2, 148.7, 143.0, 140.2, 136.9, 132.5, 110.3,
107.1, 101.6, 55.7.

94.1.2.21. 2- Hydroxy-4-methoxy-N-(thiazol-2-yt) benzamide
(3d). Yellow crystals. Yield 20%, m.p. 264-265 °C, IR: v
(C=0) 1669 cm™. '"H NMR (300 MHz): § 12.28 (bs, 1H,
NH), 7.98 (d, 1H, J = 8.8 Hz, H6), 7.53 (d, 1H, J = 3.4 Hz,
H4%), 7.23 (d, 1H, J = 3.4 Hz, H5"), 6.56 (d, 1H, /= 8.8 Hz,
HS5), 6.51 (bs, 1H, H3), 3.78 (s, 3H, OCH;). '>*C NMR
(75 MHz): § 167.2, 164.3, 160.6, 131.9, 131.8, 128.9, 113.6,
109.7, 107.0, 101.5, 55.6.

4,1.2.22. 2-Hydroxy-4-methoxy-N-(4H- [1,2,4]triazol-4-yl)
benzamide (3e). Brown crystals. Yield 53%, m.p. 264—
265 °C, IR: v (C=0) 1643 cm™'. '"H NMR (300 MHz): § 11.65
(bs, 1H, NH), 8.74 (s, 2H, H3’, H5"), 7.81 (d, 1H, /= 9.06 Hz,
H6), 6.58 (dd, 1H, J =9.07 Hz, J = 2.47 Hz, HS), 6.53 (d, 1H,
J=2.47 Hz, H3), 3.79 (5, 3H, OCH;). >C NMR (75 MHz) &
166.9, 164.5, 160.8, 144.2, 131.1, 107.6, 107.0, 101.4, 55.7.

4.1.2.23. 2-Hydroxy-4-methoxy-N-(4H-{1,2.4 ]Jtriazol-3-yl)
benzamide (3f). Brown crystals. Yield 88%, m.p. 309-
312°C, IR: v(C=0) 1648 cm™'. "H NMR (300 MHz): § 12.27
(bs, 1H, NH), d 8.00 (d, 1H, J = 8.79 Hz, H6), 7.84 (bs, 1H,
H5"), 6.56 (dd, 1H, J = 8.79 Hz, J = 2.47 Hz, H5), 6.51 (d,
IH, J = 2.47 Hz, H3). '3C NMR (75 MHz): 3 166.2, 164.5,
160.8, 148.5, 148.4, 131.5, 108.8, 107.0, 101.5, 55.7.

4.2.1.24. N-(Benzimidazol-2-yl)-2-hydroxy-4-methoxybenza-
mide (3g). White crystals. Yield 9%, m.p. 304-306 °C, IR:
v (C=0) 1665 cm™'. 'H NMR (300 MHz): § 7.90 (d, 1H, J
= 8.79 Hz, H6), 7.47-7.40 (m, 2H, H4’, H7"), 7.25-7.18 (m,
2H, H5', H6"), 6.4 (dd, 1H, J = 8,79 Hz, J = 2.47 Hz, H5),
6.39 (d, 1H, J = 2.47 Hz, H3), 3.77 (3H, OCH,)."*C NMR
(75 MHz) § 172.4, 163.8, 162.5, 151.2, 131.5, 129.6, 123.0,
112.9, 111.9, 106.0, 100.9, 55.4.

4.1.2.25. N-(Benzothiazol-2-yl)-2-hydroxy-4-methoxybenza-
mide {3h). White crystals. Yield 62%, m.p. 297-299 °C, IR:
v (C=0) 1676 cm™". 'H NMR (300 MHz): § 12.27 (bs, 1H,
NH), d 8.00 (d overlapped, 1H, J = 8.79 Hz, H6), 7.97 (d
overlapped, 1H, J =7.96 Hz, H4"), 7.70 (d, 1H, J = 7.96 Hz,
H7%), 7.49-7.42 (m, 1H, H§"), 7.36-7.28 (m, 1H, H5"),
6.59(dd, IH, J = 7.89 Hz, J = 2.34 Hz, HS), 6.54 (d, 1H, J
= 2.34 Hz, H3), 3.80 (s, 3H, OCH;). °C NMR (75 MHz): §
164.7,160.6,132.1,126.7,123.9,122.3,119.8,118.8, 109.7,
107.2, 101.5, 55.7.

04.1.2.26. 2-Hydroxy-4-methoxy-N-{5-methylisoxazol-3-yl)
benzamide (3i). Yellow crystals. Yield 26%, m.p. 194—
196 °C,IR: v (C=0) 1649 cm™'. 'HNMR (300 MHz): 5 12.12
(bs, 1H, NH), 10.98 (bs, 1H, OH), 7.99 (d, 1H, J = 8.8 Hz,
H6), 6.73 (bs 1H, H4), 6.59-6.47 (m, 2H, H3, H5), 3.78 (s,
3H, OCHS,), 2.40 (s, 3H, CH,). "*C NMR (75 MHz): § 169.9,
166.0, 164.4, 161.0, 158.2, 131.4, 109.0, 106.9, 101.5, 97.3,
55.7, 12.4.

~4.1.2.27. 2-Hydroxy-4-methoxy N-(5-methylthiazol-2-yl)ben-
zamide (3k). Yellow crystals. Yield 85%, m.p. 245-246 °C,
IR: v (C=0) 1667 cm™'. 'H NMR (300 MHz): § 12.39 (bs,
1H, NH), 7.95 (d, 1H, J=8.8 Hz, H6), 6.73 (s, 1H, H5"), 6.52
(dd, IH,/=88Hz,J/=2.2Hz HS5),648(d, 1H, /=22 Hz,
H3), 3.77 (s, 3H, OCH,), 2.26 (s, 3H, CH,).'*C NMR
(75 MHz): 5 166.9, 164.3, 161.0, 131.7, 110.1, 107.6, 106.9,
101.4, 55.6, 15.8.

v 4.1.2.28. 4-Chloro-2-hydroxy-N-(4,6-dimethylpyrimidin-2-yi)
benzamide (4a). Yellow crysials. Yield 45%, m.p. 264—
266 °C. IR: v (C=0) 1662 cm™'. 'H NMR (300 MHz): &
12.09 (bs, 1H, NH), 10.86 (bs, 1H, OH), 7.96 (3, 1H, J
= 8.8 Hz, H6), 7.04-6.96 (m, 3H, H3, H5, H5"), 2.36 (s, 6H,
CH,). C NMR (75 MHz): § 169.0, 163.8, 158.3, 157.1,
137.9, 132.3,119.9, 117.8, 116.9, 116.2, 23.6.

«4.1.2.29.  4-Chloro-2-hydroxy-N-(4-methylpyrimidin-2-yl)
benzamide (4b). Yellow crysials. Yield 52%, 276 °C, IR: v
(C=0) 1683 cm™". :

'H NMR (300 MHz): § 12.07 (bs, 1H, NH), 10.94 (bs, tH,
OH), 8.53 (d, 1H, J = 4.9 Hz, H6'), 7.95 (d, 1H, J = 8.3 Hz,
H6), 7.11 (d, 1H, J = 4.9 Hz, H5"), 7.05-6.98 (m, 2H,
H3, HS), 2.41 (s, 3H, CH,). '°C NMR (75 MHz): 3 168.7,
163.6, 158.1, 157.3, 137.9, 1324, 119.9, 117.9, 117.0, 116.9,
23.8.
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4.1.2.30.  4-Chloro-2-hydroxy-N-{pyrazin-2-yl)benzamide
{4¢). Brown crystals. Yield 72%, m.p. 239-240 °C, IR: v
(C=0) 1676 cm™'. '"H NMR (300 MHz) § 12.13 (bs, 1H, NH),
d 10.89 (bs, 1H, OH), 9.46 (d, 1H, J = 1.37 Hz, H3"), 8.43~
8.40 (m, 2H, H5', H6"), 7.98 (d, 1H, J = 8.24 Hz, H6), 7.07-
7.01 (m, 2H, H3, H5). '*C NMR (75 MHz): § 163.6, 157.7,
148.4, 143.0, 140.5, 138.2, 136.8, 132.6, 120.1, 117.3, 116.9.

4.1.2.31. 4-Chloro-2-hydroxy-N-(thiazol-2-yl) benzamide
(4d). Brown crystals. Yield 54%, m.p. 283-285 °C, IR: v
(C=0) 1672 cm™. 'H NMR (300 MHz): § 12.24 (bs, 1H,
NH), d7.94 (d, 1H, /=8.51 Hz, H6), 7.55 (d, 1H, /= 3.85Hz,
H4),7.23(d, 1H, f=3.84 Hz, H5),7.01 (d, |H, /= 1.92 Hz,
H3), 6.98 (dd, 1H, J = 8.51 Hz, H5). '>C NMR (75 MHz): 5
166.6, 162.3,159.5, 138.1, 1324, 132.0, 119.5, 117.2, 117.0,
113.4.

4.1.2.32. 4-Chloro-2-hydroxy-N-(4H-[ 1,2,4 ]triazol-4-yl)
benzamide (4e). White crystals. Yield 53%, m.p. 278-
280°C, IR: v (C=0) 1655cm™. '"H NMR (300 MHz): § 11.72
(bs, 1H, NH), d 8.76 (s, 2H, H2’, H5"), 7.85 (d, IH, J
= 8.24 Hz, H6), 7.07-7.01 (m, 2H, H3, H5). *C NMR
(75 MHz) 8 165.3, 158.5, 143.9, 1383, 132.1, 119.7, 1168,
115.7.

4.1.2.33. 4-Chloro-2-hydroxy-
N-(4H-[1,2,4]triazol-3-yl)benzamide (4f). White crystals.
Yield 80%, m.p. 310-312 °C, IR: v (C=0) 1667 cm™. 'H
NMR (300 MHz): § 11.54 (bs, 1H, NH), d 8.03 (bs, 1H, H5"),
7.95 (d, 1H, J = 8.24 Hz, H6), 7.05-6.98 (m, 2H, H3, H5),"°C
NMR: (75 MHz): § 165.5, 159.2, 150.1, 146.3, 138.2, 131.8,
119.6, 117.0, 116.7.

4.1.2.34. N-(Benzimidazol-2-yl)4-chloro-2-hydroxybenza-
mide (4g). White crystais. Yield 82%, m.p. 329-331 °C, IR:
v (C=0) 1664 cm™. 'H NMR (300 MHz): & 7.97 (d, IH, J
= 8.24 Hz, H6), 7.51-7.43 (m, 2H, H4, H7"), 7.28-7.21 (m,
2H, H5’, H6"), 6.93 (d, 1H, J=2.20 Hz, H3), 6.90 (dd, 1H, J
= 8.24 Hz, J = 2.20 Hz, H5). '*C NMR (75 MHz): § 171.6,
161.6,151.0, 137.4, 131.6, 129.3,123.3, 118.9, 118.4, 116.9,
112.1.

4.1.2,35. N-(Benzothiazol-2-yl)-4-chloro-2-hydroxybenzla-
mide (4h). White crystals. Yield 79%, m.p. 318-320 °C, IR:
v (C=0) 1679 cm™'. '"H NMR (300 MHz): § 12.12 (bs, 1H,
NH), d 8.01-795 (m, 1H, H7"), 7.96 (d overlapped J
=8.24 Hz, H6), 7.69 (4, 1H, J=7.97 Hz, H4"), 7.51-7.43 (m,
1H, H5), 7.37-7.30 (m, 1H, H6"), 7.04 (d, 1H, J = 1.92 Hz,
H3), 7.00 (dd, 1H, J = 8.24 Hz, J = 1.92 Hz, H5). ')C NMR
(75 MHz): § 167.0, 161.6, 159.5, 144.0, 138.6, 132.2, 130.1,
126.9, 124.1, 122.5, 119.7, 118.3, 117.1, 117.0,

4.1.2.36. 4-Chloro-2-hydroxy-N-( 5-methylisoxazol-3-yi)
benzamide (4i). Brown crystals. Yield 59%, m.p. 267-
268 °C, IR: v (C=0) 1620cm™". '"H NMR (300 MHz): § 11.85
(bs, 1H, NH), £1.05 (bs, 1H, OH), 7.91 (d, iH, /= 2.61 Hz,

H6), 7.41 (dd, 1H, J =8.79 Hz, J = 2.61 Hz, H4), 7.02 (4, 1H,
J=8.79 Hz, H3), 6.74 (d, 1H, J = 0.82 Hz, H4"), 2.40 (d, 3H,
J=0.83 Hz, CH,). ’C NMR (75 MHz): § 170.2, 164.0, 157.9,
156.4, 133.9, 1294, 123.3, 119.3, 119.2, 97.1, 12.4.

4.1.2.37. 4-Chloro-2-hydroxy-N-(4-methylthiazol-2-yl)ben-
zantide (4k). Yellow crystals. Yield 73%, m.p. 294-296 °C,
IR: v (C=0) 1664 cm™'. '"H NMR (300 MHz): & 12.65 (bs,
tH, NH), d 7.93 (d, 1H, J = 8.24 Hz, H6), 6.99 (d, 1H, J
= 1.93 Hz, H3), 6.96 (dd, 1H, J =8.24 Hz, J = 1.92 Hz, H5),
6.77 (d, 1H, J = 1.09 Hz, H5), 2.26 (d, 3H, J = 1.10 Hz,
CH,). "*C NMR (75 MHz): § 167.6, 160.0, 137.9, 131.8,
1193, 117.4, 117.0, 107.5, 14.9.

4.1.2.38. 5-Fluoro-2-hydroxy-N-{4,6-dimethylpyrimidin-2-
yl}benzamide (5a). Yellow crystals. Yield 46%, m.p. 275-
276°C, IR: v (C=0) 1668 cm™ . "H NMR (300 MHz) & 11.65
(bs, IH, NH), 10.91 (bs, 1H, OH), 7.70 (dd, 1H, /=9.5 Hz, J
= 3.3 Hz H6), 7.36-7.24 (m, 1H, H4), 7.00 (dd overlapped,
1H,J=9,5Hz, J = 4.7 Hz, H3) 6.98 (s 1H, H5"), 2.35 (s, 6H,
CH,). '*C NMR (75 MHz) & 168.0, 163.0, 155.4 (d, J
= 237.4 Hz), 153.6, 121.0 d, J = 23.2 Hz), 1194 d, J
= 6.6 Hz), 118.9 (d, J = 7.4 Hz), 116.3, 115.9 (/ = 24.7 Hz),
23.6.

4.1.2.39.  5-Fluoro-2-hydroxy-N-(4-methylpyrimidin-2-yi)
benzamide (5b). Yellow crystals. Yield 40%, m.p. 286~
287 °C, IR; v(C=0) 1682 cm™ 'H NMR (300 MHz) 3 11.66
(bs, 1H, NH), 11.01 (bs, 1H, OH), 8.65 (d, 1H, J = 5.1 Hz,
H6",7.70 (dd, 1H, J=9.5Hz,J = 3.3 Hz, H6), 7.36-7.25 (m,
1H, H4), 7.12 (d, 1H, J = 5.1 Hz, H5"), 7.02 (dd, 1H, J
= 9.5 Hz, J = 4.7 Hz, H3), 2.42 (s, 3H, CH,). >*C NMR
(75 MHz) & 168.7, 163.0, 158.2, 1572, 1554 (d, J
= 2354 Hz), 153.5, 121.1 (d, J = 23.5 Hz), 119.5 (d, J
=6.6Hz), 118.9(d,/=7.4Hz), 117.1,116.0 (d, J = 24.6 Hz),
23.8.

4.1.2.40. 5-Fluoro-2-hydroxy-N-(pyrazin-2-yl-)benzamide
(5¢). Brown crystals. Yield 55%, m.p. 255-258 °C, IR: v
(C=0) 1674 cm™. "H NMR (300 MHz): & 11.76 (bs, IH,
NH), 11.05 (bs, 1H, OH), 9.48 (d, IH, J = (.82 Hz, H3"),
8.45-8.41 (m, 2H, H5, H§), 7.72 (dd, 1H, J =9.34 Hz, J
= 3,29 Hz, H6), 7.38-7.29 (m, 1H, H4), 7.06 (dd, 1H, J
=9.34Hz,J=4.67 Hz, H3). ">*CNMR (75 MHz): 5 163.3 and
163.3(J=2.3Hz), 157.1 and 154.0(J=235.7 Hz), 153.3 and
153.3 (/ = 1.4 Hz), 148.3, 143.1, 140.6, 136.8, 121.6 and
121.2(/=23.5Hz), 119.0and 1189 (J=7.8Hz), 118.9 and
118.8 (/=17.1 Hz), 116.3 and 116.0 (/ = 24.3 Hz).

4.1.2.41. 5-Fluoro-2-hydroxy-N-(thiazol-2-yl)benzamide
(5d). Brown crystals. Yield 65%, m.p. 273-275 °C, IR: v
(C=0) 1671 cm™'. "H NMR (300 MHz): & 7.67 (dd, 1H, J
=9.34 Hz, J = 3.29 Hz, H6), 7.55 (d, 1H J = 3.84 Hz, H4",
7.34-7.22 (m, 1H, H4), 7.24 (d overlapped, J = 3.85 Hz, H5"),
6.99 (dd, 1H, J = 9.34 Hz, J = 4.40 Hz, H3). '*C NMR
(75 MHz): § 166.0, 161.8, 156.7 and 153.6 (J = 234.8 Hz),
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155.1,133.2, 121.4 and 121.1 (/=232 Hz), 119.0and 118.9
(J=7.8Hz),118.4and 1184 (J=6.9Hz), 115.6and 115.3 (J
=24.0 Hz), 113.6.

4.1.2.42. 5-Fluoro-2-hydroxy-N-(4H-[1,2,4]triazol-4-yl )ben-

zamide (5e). White crystals. Yield 88%, m.p. 328-330 °C,
IR: v (C=0) 1672 cm™. 'H NMR (300 MHz): § 11.34 (bs,
1H, NH), d 8.77 (s, 2H, H2', H5"), 7.58 (dd, 1H, J=9.21 Hz,
J = 3.29 Hz, H6), 7.39-7.30 (m, 1H, H4), 7.04 (dd, 1H, J
=921 Hz, J=4.67 Hz, H3). >CNMR (75 MHz): 6 165.1 and
165.1 (J = 2.0 Hz), 156.8 and 153.7 (J =235.7 Hz), 154.1 and
154.1 (/ = 1.4 Hz), 144.1, 121.8 and 121.5 (J = 23.2 Hz),
118.9 and 118.8 (J =7.7 Hz), 117.0 and 116.9 (/ = 7.2 Hz),
115.9 and 115.6 (J = 24.4 Hz).

4.1.243.  5-Fluoro-2-hydroxy-N-(4H-[1,2,4]triazol-3-yl}
benzamide (5f). White crystals. Yield 89%, m.p. 357-
360 °C, IR: v (C=0) 1673 cm™'. 'H NMR (300 MHz): § 8.03
(bs, 1H, H5"), 7.71 (dd, 1H, J = 9.34 Hz, J = 3.30 Hz, H6),
7.38-7.27 (m, 1H, H4), 7.01 (dd, 1H,J=9.34 Hz, /= 4.67 Hz,
H3). '*C NMR (75 MHz): § 165.1, 156.7 and 153.6 (J/
= 233.0 Hz), 155.0, 146.5, 121.6 and 121.3 (J = 23.5 Hz),
119.1 and 119.0 (J = 7.7 Hz), 118.0 and 117.9 (/ = 6.9 Hz),
115.6 and 115.3 (J=25.7 Hz.)

4.1.2.44. N-(Benzimidazol-2-yl}-5-fluoro-2-hydroxybenza-
mide (5g). White crystals. Yield 80%, m.p. 336-338 °C, IR:
v (C=0) 1643 cm™. 'H NMR (300 MHz): § 7.66 (dd, 1H, J
=9.34 Hz, J = 3.29 Hz, H6), 7.52-7.42 (m, 2H, H4', H7"),
7.29-7.16 (m, 3H, H4, H5', H6"), 6.88 (dd, 1H,/=9.34 Hz,
J = 4.67 Hz, H3). '>*C NMR (75 MHz): § 171.6, 157.0,
156.3 and 153.2 (J=233.4Hz), 151.2, 129.3,123.3,120.7 and
120.4 (J = 23.5 Hz), 120.4 and 120.3 (/ = 6.6 Hz), 118.7 and
118.6 (J = 7.5 Hz), 115.0 and 114.7 (/ =235 Hz), 112.1.

4.1.2.45. N-(Benzothiazol-2-yl)-5-fluoro-2-hydroxybenza-
mide (5h). White crystals. Yield 85%, m.p. 349-351 °C, IR:
v (C=0) 1679 cm™'. '"H NMR (300 MHz): § 11.88 (bs, IH,
NH), d 7.98 (d, 1H, J = 7.69 Hz, HT"), 7.74-7.67 (m, 2H, H6,
H4), 7.51-7.43 (m, 1H, H5", 7.39-7.29 (m, 2H, H4, H6"),
7.03 (dd, 1H, J = 9.07 Hz, J = 4.67 Hz, H3). '*C NMR
(75 MHz2): 6 166.6, 161.1, 156.8 and 153.7 (J = 235.4 Hz),
154.9, 144.6, 130.3, 126.9, 124.2, 122.5, 121.9 and 121.6 (J
=23.5 Hz), 119.1 and 119.0 (J = 7.5 Hz), 118.6, 118.3 and
118.2 ( = 6.9 Hz), 115.8 and 115.5 (J = 24.3 Hz).

4.1.246. 5-Fluoro-2-hydroxy  N-(5-methylisoxazol-3-y!
benzamide (5i). Brown crystals. Yield 53%, m.p. 258-
261 °C, IR: v{C=0) 1660cm™". "H NMR (300 MHz): § 11.67
(bs, 1H, NH), 11.07 (bs, 1H, OH), 7.71 (dd, 1H, /=934 Hz,
J = 3.29 Hz, H6), 7.37-7.27 (m, 1H, H4), 7.02 (dd, 1H, J
=9.34 Hz, J = 4.67 Hz, H3), 6.74 (d, 1H, J=0.83, H4"), 2.40
(s, 3H, CH,). '*C NMR (75 MHz): § 170.2, 164.1 and 164.1
(J=2.3Hz), 157.9, 156.9 and 153.7 (/=235.7 Hz), 154.0 and
1540 (J= 1.4 Hz), 121.6 and 121.3(/=23.5Hz), 119.0 and
1189 (J = 7.7 Hz), 118.2 and 118.1 (/ =7.2 Hz), 115.8 and
115.5 (J = 24.9 Hz), 97.0, 124,

4.1.2.47.  5-Bromo-2-hydroxy-N-(4-methylpyrimidin-2-yl)
benzamide (6b). Yellow crystals. Yield 59%, m.p. 292—
294 °C, IR: v(C=0) 1684 cm™'. '"HNMR (300 MHz): 6 11.91
(bs, 1H, NH), 10.98 (bs, 1H, OH), 8.54 (d, 1H, J = 4.95 Hz,
H6"), 8.04 (d, 1H, J=2.41 Hz, H6),7.58 (dd, 1H,/=8.79 Hz, -
J=2.41Hz H4),7.13 (d, 1H, J = 4.95 Hz, H5"), 6.97 (d, IH,
J = 8.79 Hz, H3), 2.42 (s, 3H, CH,). °C NMR (75 MHz): &
168.7, 169.1, 158.1, 157.2, 156.5, 136.4, 132.7, 120.9, 119.7,
117.1, 110.8, 23.8.

4.1.2.48.  5-Bromo-2-hydroxy-N-(pyrazin-2-y)benzamide
(6¢). Brown crystals. Yield 57%, m.p. 254-256 °C, IR: v
(C=0) 1677 cm™'. 'H NMR (300 MHz): § 12.03 (bs, 1H,
NH), 10.96 (bs, 1H, OH), 9.46 (d, 1H, J = 1.38 Hz, H3"),
8.43-8.41 (m, 2H, H5', H6"), 8.05 (d, 1H, J = 2.47 Hz, H6),
7.59 (dd, 1H, J = 8.79 Hz, J = 2.47 Hz, H4), 7.00 (d, 1H, J
= 8.79 Hz, H3). ">C NMR (75 MHz): 3 163.2, 156.2, 148.3,
143.1, 140.6, 136.8, 136.7, 132.9, 120.1, 119.7, L 11.1.

v4.1.2.49. 5-Bromo-2-hydroxy-N-{thiazol-2-yl ~benzamide
(6d). White crystals. Yield 53%, m.p. 272-273 °C, IR: v
(C=0). 1668 cm™. 'H NMR (300 MHz): § 12.59 (bs, 1H,
NH), 8.03 (d, 1H, J = 2.8 Hz, B6), 7.59-7.53 (m, 2H, H4,
H4%), 7-25 (d, 1H, J = 3.8 Hz, H5), 6.94 (d, 1H, /= 8.8 Hz,
H3). '*C NMR (75 MHz): 8 165.6, 157.9, 136.5, 132.3, 120.0,
119.8, 113.6, 110.3.

4.1.2.50. 5-Bromo-2-hydroxy-N-(4H-[1,2,4]triazol-4-yl)ben-
zamide (6e). White crystals. Yield 88%, m.p. 304-306 °C,
IR: v (C=0) 1670 ecm™'. '"H NMR (300 MHz): 3 11.68 (bs,
1H, NH), 8.78 (s, 2H, H3’, H5"), 7.93 (d, 1K, J = 2.60 Hz,
H6), 7.61 (dd, 1H, J=8.79 Hz, J = 2.60 Hz, H4), 6.99 (d, 1H,
J=8.79 Hz, H3). '>C NMR (75 MHz): § 164.9, 156.9, 143.9,
136.7, 132.3, 119.6, 118.6, 110.4.

4.1.2.51. 5-Bromo-2-hydroxy-N-(4H-{1,2,4]triazol-4-yl)ben-
zamide (6f). White crystals. Yield 72%, m.p. 335-338 °C,
IR: v (C=0) 1676 cm™'. 'H NMR (300 MHz): & 12.10 (bs,
1H, NH), d 8.07-8.02 (m, 2H, H6, H5"), 7.57 (dd, 1H, J
= 8.79 Hz, J = 2.47 Hz, H4), 6.95 (d, 1H, J = 8.79 Hz, H3).
3C NMR (75 MHz) 8 165.0 157.6, 146.0, 136.6,132.1,119.8,
119.6, 110.4.

4.1.2.52. N-(Benzimidazol-2-yl)-5-bromo-2-hydroxybenza-
mide (6g). White crystals. Yield 87%, m.p. 319-321 °C, Ref.
[11] 323-324 °C. IR: v (C=0) 1634 cm™'. 'H NMR
(300 MHz): 5 8.05 (d, 1H, J = 2.48 Hz, H6), 7.50-7.44 (m,
3H, H4, H4', HT), 7.28-7.21 (m, 2H, H5’, H6"), 6.85 (d, 1H,
J=8.79 Hz, H3). "*C NMR (75 MHz) § 171.2, 160.1, 151.1,
135.8, 131.9, 129.3, 1234, 121.7, 119.9, 112.1, 109.2.

4.1.2.53. N-(Benzothiazol-2-yl)-5-bromo-2-hydroxybenza-
mide (6h). White crystals. Yield 75%, m.p. 317-321 °C, IR:
v (C=0) 1678 cm™'. "H NMR (300 MHz): § 12.38 (bs, 1H,
NH), 8.04 (d, 1H, J = 2.61 Hz, H6), 8.00-7.96 (m, 1H, H7),
7.69 (d, 1H, J = 7.97 Hz, H4"), 7.58 (dd, 1H, /= 8.79 Hz, J




.

J. Matyk et al. / I Farmace 60 (2005) 399408 a07

=2.61 Hz, H4), 7.51-7.43 (m, 1H, H5"), 7.37-7.30 (m, 1H,
H6), 6.97 (d, 1H, J = 8.79 Hz, H3). !*C NMR (75 MHz): §
161.5,158.0, 143.9, 143.7, 136.9, 132.5, 130.1, 127.0, 124.2,
122.5,119.9, 119.8, 118.3, 110.4.

4.1.2.54. 5-Bromo-2-hydroxy-N-(5-methylisoxazol-3-yl)ben-
zamide (6i). White crystals. Yield 54%, m.p. 248-250 °C,
IR: v (C=0) 1655 cm™. '"H NMR (300 MHz): & 11.86 (bs,
1H, NH), 11.04 (bs, 1H, OH), 8.04 (d, 1H, J = 2.48 Hz, H6),
7.59) dd, iH, J = 8.79 Hz, J = 2.48 Hz, H4), 6.97 {(d, 1H, J
=879 Hz, H3),6.74 (d, 1H, J=0.82 Hz, H4"), 240 (d, 3H, J
=0.82 Hz, CH,). *C NMR (75 MHz): § 170.2, 163.9, 157.9,
156.8, 136.7, 132.3, 119.8, 119.7, 110.7, 7.0, 12.4.

4.1.2.55. 5-Bromo-2-hydroxy-N-(4-methylthiazol-2-yl)ben-
zamide (6k). White crystals. Yield 82%, m.p. 287-289 °C,
IR: v(C=0) 1670 cm™'"H NMR (300 MHz): § 8.02 (d, 1H, J
=2.75 Hz, H6), 7.54 (dd, 1H, J=8.79 Hz, /= 2.75 Hz, H4)},
6.91 (d, 1H, J=8.79 Hz, H3), 6.79 (d, 1H,J =0.97 Hz, H5"),
2.27(d, 3H,J=0.97 Hz, CH,). "*C NMR (75 MHz): § 159.0,
136.8, 132.6, 120.8, 120.3, 110.6, 108.0.

4.1.2.56.  5-Chloro-2-hydroxy-N-(4-methylpyrimidin-2-yl)
benzamide (7b). Yellow crystals. Yield 59%, m.p. 295~
297 °C,IR: v (C=0) 1684 cm™". "H NMR (300 MHz): § 11.89
(bs, 1H, NH), 10.96 (bs, 1H, OH), 8.55-8.52 (m, 1H, H6"),
7.91 (d, 1H, J =275 Hz, H6), 747 (dd, 1H, J = 8.79 Hz,
2.75 Hz, H4), 7.13 (d, 1H, J = 4.94 Hz, H5"),7.02 (d, 1H, J
= 8.79 Hz, H3), 2.42 (s, 3H, CH,). 13C NMR (75 MHz,): &
168.7, 162.9, 158.1, 157.2, 156.0, 133.5, 129.8, 123.4, 120.4,
119.3,117.1, 23.8.

4.1.2.57. 5-Chloro-2-hydroxy-N-(pyrazin-2-yl benzamide
(7c). Brown crystals. Yield 66%, m.p. 244-246 °C, IR: v
(C=0) 1675 cm™". '"H NMR (300 MHz): § 12.02 (bs, 1H,
NH), 10.95 (bs, 1H, OH), 9.47-9.45 (m, 1H, H3"), 8.44-8.41
(m, 2H, HY', H6"), 7.93 (d, 1H, J = 3.03 Hz, H6), 7.48 (dd,
IH, J = 8.79 Hz, J = 3.03 Hz, H4), 7.05 (d, 1H, / = 8.79 Hz,
H3). '’CNMR (75 MHz): § 160.2, 155.7, 148.3, 143.1, 140.6,
136.8, 133.9, 129.9, 123.7, 119.6, 119.3.

4.1.2.58. 5-Chloro-2-hydroxy-N-(4H-[1,2,4]triazol-4-yl)
benzamide (7e). White crystals. Yield 88%, m.p. 321-
322°C,IR: v(C=0) 1671 cm™'. 'HNMR (300 MHz): § 11.67
(bs, 1H, NH), 8.78 (s, 2H, H2’, H5", 7.81 (d, 1H,J=2.75 Hz,
H6),7.50(dd, 1H, J=8.79Hz, J=2.75 Hz, H4), 7.05 (d, 1H,
J=8.79 Hz, H3). ">’CNMR (75 MHz): § 165.0, 156.5, 144.0,
134.0, 129.5, 123.1, 119.2, 118.0.

4.1.2.59. 5-Chlore-2-hydroxy-N-(4H-[1,2,4 [triazol-3-yi)
benzamide (7f). White crystals. Yield 84%, m.p. 326
327°C,IR: v (C=0) 1677 cm™'. '"HNMR (300 MHz): 3 11.49
(bs, LH, NH), 8.05(s, 1H, H5"),7.93 (d, 1H, /= 2.74 Hz, H6),
7.47 (dd, 1H, J = 8.80 Hz, J = 2.75 Hz, H4), 7.01 (d, 1H, J
=8.79 Hz, H3). *C NMR (75 MHz): § 165.1, 157.1, 150.4,
146.2, 133.9, 1292, 123.1, 119.4 119.1.

4.1.2.60, N-/Benzimidazol-2-yl)-5-chioro-2-hydroxybenza-
mide (7g), White crystals. Yield 72%, m.p. 328-329 °C, Ref.
[12] m.p. 329-330 °C. IR: v (C=0) 1631 cm™'. '"H NMR
(300 MHz): & 7.92 (d, 1H, J = 2.89 Hz, H6), 7.51-7.44 (m,
2H, H4', H7"), 7.37 (dd, 1H, J = 8.79 Hz, J = 2.89 Hz, H4),
7.29=7.21 (m, 2H, H5, H6"), 6.90 (d, 1H, J = 8.79 Hz, H3).
3C NMR (75 MHz): § 171.3, 159.6, 151.1, 133.1, 129.3,
128.9, 123.4, 121.8, 121.2, 119.4, 112.1.

4.1.2.61. N-(Benzothiazol-2-yl)-5-chloro-2-hydroxybenza-
mide (7 k). White crystals. Yield 81%, m.p. 335-336 °C, IR:
v {C=0) 1678 cm™'. '"H NMR (300 MHz): 5 11.85 (bs, 1H,
NH), 11.05 (bs, 1B, OH), d 8.00-7.95 (m, 1H, H7"), 7.93-
7.90(m, 1H, H6), 7.72-7.66 {m, 1H, H4"), 7.51-7.42 (m, 2H,
H4, H5"), 7.38-7.29 (m, 1H, H6"), 7.06-6.98 (m, 1H, H3).
13C NMR (75 MHz): & 166.8, 161.6, 157.7, 144.0, 134.1,
130.2, 129.5,126.9, 124.1, 123.0, 122.5, 119.5, 119.3, 118.3.

4,1.2.62, 5-Chloro-2-hydroxy-N-(5-methylisoxazol-3-yl)ben-
zamide (7i). White crystals. Yield 64%, m.p. 259-261 °C,
IR: v (C=0) 1652 cm™. 'H NMR (300 MHz): § 11.85 (bs,
1H, NH), 11.05 (bs, 1H, OH), 7.91 (d, 1H, /=2.61 Hz, H6),
7.41 (dd, 1H, J = 8.79 Hz, J = 2.61 Hz, H4), 7.02 (d, 1H, J
=8.79 Hz, H3), 6.74 (d, |H,J=0.82 Hz, H4"),2.40(d, 3H, J
=0.83 Hz, CH,). '*C NMR (75 MHz): § 170.2, 164.0, 157.9,
1564, 1339, 129.4, 123.3, 119.3, 119.2, 97.1, 12.4,

*4.1.2.63. 5-Chloro-5-hydroxy-N-(pyrimidin-2-yl)benzamide
{7J). Yellow crystals. Yield 65%, m.p. 99-101 °C, IR: v(C=0}
1697 cm~'. '"H NMR (300 MHz) § 8.67 (d, 2H, J = 4.4 Hz,
H4’, H6"), 7.80 (d, 1H, J = 2.1 Hz, H6), 7.23 (dd, 1H, J
=8.7Hz, J=2.1 Hz, H4), 7.17 (1, 1H, J = 4.4 Hz, H5", 6.81
(d, 1H, J =8.7 Hz, H3). '3C NMR (75 MHz) § 163.8, 163.5,
158.7, 158.1, 133.2, 129.4, 121.6, 119.6, 118.3, 116.7.

4.1.2.64. 5-Chloro-2-hydroxy-N-(4-methylthiazol-2-yljben-

zamide (7k). White crystals. Yield 90%, m.p. 306-308 °C,
IR: v(C=0) 1671 cm™". 'H NMR (300 MHz): 5 7.89 (d, 1H,
J=2.88 Hz, H6), 7.42 (dd, 1H, J=8.79 Hz, J = 2.88 Hz, H4),
6.96(d, 1H, J=8.79 Hz, H3), 6.78 (d, 1H, J = 1.10 Hz, H5"),
2.26(d, 3H, /= 1.10 Hz, CH,). '*C NMR (75 MHz):  167.9,
164.1, 158.1, 133.5, 129.2, 1227, 119,7, 119.4, 107.6, 14.9.

4.2. Microbiology

The following strains, obtained from the Czech national
collection of type cultures (CNCTC), National Institute of
Public Health, Prague, were used for the evaluation of in vitro
antimycobacterial activity: M. tuberculosis CNCTC My
331/8, M. kansasii CNCTC My 235/80, and M. avium
CNCTC My 330/88. Activity against the clinical isolate of
Mycobacterium kansasii 6 509/96 was tested as well. The
antimycobacterial activity of the compounds was determined
in the Sula semisynthetic medium (SEVAC, Prague). This
medium (with bovine serum) is routinely used in the Czech
Republic. Each strain was simultaneously inoculated into a
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Table 3
The calculated value§ of logarithm of partition coefficients (log P}
Ta 243 1k 2387 b 160 4 299 4k 343 66 256 b 229

1b 1.73 2a 292 3¢ 0.37 4 229 5a 259 6c 1.32 Tc 1.05

Ic 0.19 2¢ 098 d 217 de 1.05 Sc 0.65 6d 3.00 Te 0.62

1d 2.17 2d 266 3e ~0.06 4d 213 sd 233 6e 0.89 i 282

le 0.06 2e 055 3f 2.14 4e 0.62 5e 0.22 of 3.10 g 297

If 227 2f 275 3g 208 4f 282 5f 242 6g 3.04 7h 4.20

g 221 2g 270 3 352 4g 277 S5g 237 6h 443 T 223

1h 3.65 2h 4.3 3i 155 4h 420 5h  3.80 6 250 7 158

1 1.68 2i 2.16 3k 2,75 4 223 S5i 1.33 6k 3.70 Tk 343
petri dish containing the Lowenstein—Jensen medium for the (2] K.Waisser,O. Bure§, P. Hoiy, J. Kuneg, R. Oswald, L. Jirdskov4, etal.,
control of the sterility of the inoculum and its growth. The Relationships between structure and antimycobacterial "“’“"L‘Y of
compounds were added to the medium in DMSO solutions. ;‘;Ef;'lmm salicylanides. Arch. Pharm. (Weinheim) 336 (2003)
The final concentrations were 1000, SOQ, 250, 125', 62.5, ;’,I, (3] DJ. }ilam’ JP. Demers, B.D. Foleto, S. Fraga-Spano, J. Guan,
16,8, 4, 2 mol/l. The MICs were determined after incubation 1.1. Hilligard, et al., Novel inhibitors of bacterial two-component
at 37 °C for 14 days (see Table 1). MIC was the lowest con- systems with gram positive antibacterial activity: pharmacophore
centration of an antimycobacterially effective substance (on identification based on the screening HIT clobantel, Bioorg. Med.
the above concentration scale), at which inhibition of the il 3‘:‘“;‘".‘ f (195‘181)"9;2_’92&84& FraeaS _—

- e acielag, J.I. mers, . Taga- i, J. asta,
growth of the Mycobacteria occurred. The results were sum- S.G. Johmon, LM, Kanojia, et al. Subst%lute?imsalicylanilides as
marised in Table 1. inhibitors of two component regulatory systems in bacteria, J. Med.

Chem. 41 (1998) 2939-2945. )
4.3. Calculations (5] K.Waisser, M. Pefina, V. Klime3ové, J. Kaustov4, On the relationship
between the structure and antimycobacterial activity substinned
Al regression calculations were set up using the Multireg N-benzylsalicylamides, Collect. Czech, Chem. Commun. 68 (2003)
H programme (Klemera) for Microsoft Excel. Résults are 12151296
summarised in Table 2. Logarithms of the partition coeffi- (6] K. Waisser, M. Pefina. L Boudovd, J. Kunes, I Kaustovd. A new group
. . of potential antituberculotic  agents. Antimycabacterial
cients were calculated using ChemOffice 5 software (Table 3). N-benzylsaticylamides, Cesk, Slov. Farm. 52 (2003) 291-294.
7] K. Waisser, M. Pefina, P. Hol§, M. Pour, Q. Bureg, J. Kunes, et al,,
Antimycobacterial and antifungal isosters of salicylamides, Arch.
Acknowledgements Pharm. (Weinheim) 336 (2003) 322-335.
[8] K. Waisser, K. DraZkovd, ). Kunes, V. KlimeSovd, }. Kaustov4, Anti-
The work is a part of ‘the research project no. MSM mycobacterial N-pyridinylsalicylamides, isosters of salicylanilides,
0021650822 of the Ministry of Education of the CzechRepub- m" 9 ;’01048) 6:5;25-f e
: H 3 . ermu, €t al., S1S O TAZINOIC AC) rvatives, L. J. Pharm.
lic and by Grant-No. 42/G6/2005 of the Higher Education Soc. Jap. 82 1 962)3’;38_3 o gﬁ’em. b, 56 (1962) 10141,
Development Fund. [10] K. Takatori, Benzoylation by phenylbenzoate IV, Yakugaku Zasshi 73
(1954) 810817 Chem. Abstr, 48 (1954) 8749.
[11] A.V. Gordeeva, S.A. Khasanov, Acylation of 2-aminobenzimidazole
References with chlorides, Regulyatory Rosta Rast, Chem. Absir. 90 (1979)
203963 i Gerbetsidy 1978. 135,
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Introduction

The return of tuberculosis to Europe and North America
is one features of the period dating from 1985. And new
mycobacterial diseases have occurred which have been
recently considered intransferable to humans (mycobac-
terioses produced by potentially pathogenic strains). The
development of new antituberculotic agents is the princi-
pal goal of our group. We have recently studied a number
of structurally different compounds, such as the deriv-
atives of pyridine [1, 2], alkoxyphenylcarbamic acids [3],
tetrazoles [4, 5|, dihydroindolethiones [6] and other het-
erocycles [7, 8].

We published QSAR study of substituted salicylanilides
[9] as potential antituberculotics with the new mechan-
ism of action in one of our previous paper. According to
our study, we suppose that the substitution of N-phenyl-
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salicylanilides in position 5 by chlorine or bromine and
the substitution in pesition 4 in N-phenyl by alkyl
increases the antimycobacterial activity. The goal of this
paper is the synthesis and antimycobacterial evaluation
of in acyl moiety halogenated N{4-phenyljsalicylamides.

Results and discussion

Chemistry

The synthesis of the title compounds is illustrated in
Scheme 1 (see also Fig.1). Various alkyl anilines were
reacted in toluene with substituted salicylic acid in the
presence of phosphorus trichloride, In the set of the start-
ing compounds were 4chloro-, 5-chloro-, 5-bromo-, and
3,5-dibromosalicylic acid. The anilides were substituted
in position 4 by propyl, butyl, pentyl, hexyl, heptyl, octyl,
or tert-butyl. Yields, melting points, and the frequency of

NH;
/\/COOH PGl N N—O_Rz
R'—l' + R 1 H
A, © Ao
R2

Scheme 1. Preparation of N-{4-alkylphenyl)salicylamides.
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N CNH R?
Rt
~ OH
Ry Ra R>
1 4C a propyl e hexyl
2 5-Cl b butyl f  heptyl
3 S5Br ¢ tert-butyl g acty!
4 3,5Bn d pentyl

Figure 1. Overviews of the structures of N-(4-alkylphenyl)sali-
cylamides.

carbony! of the compounds 1-4 are described in Table 1.
Flemental analysis and NMR spectra are described in the
Supplemental Material.

Biology

In vitro antimycobacterial activity of the compounds was
evaluated against Mycobacterium tuberculosis CNCTC My
331/ 88, Mycobacterium kansasii CNCTC My 235/80, Myco-
bacterium avium CNCIC My 330/88, and Mycobacterium
kansasii 6509/96 using the micromethed for the determi-
nation of minimum inhibitory concentration (MIC). All
strains were obtained from the Czech National Collec-
tion of Type Cultures (CNCTC), National Institute of Pub-
lic Health, Prague with the exception of M. kansasii
6509/96. The minimum inhibitory concentrations are
illustrated in Table 2. For the sake of comparison, we
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also included the values of MICs of the standard isonia-
zide (INH). The Free-Wilson method was applied for eval-
uating the structure-antimycobacterial activity relation-
ship. Results of the analysis are summarized in Table 3,
and 4-Chlor-N{4propylphenylisalicylamide 1a and 5
chlor-N-(4-propylphenyljsalicylamide 2a were selected
for preclinical study; other biological evaluation 1is
described only with these compounds. Compounds 1a
and 2a were assayed against cell lines K-562 and L-929
for their antiproliferative effects (Glso: concentration
which inhibited cell growth by 50%) and against Hela
for their cytotoxic effects {CCsq: cytotoxic concentration
which causes a specific destructive action on certain
cells by 50%; used particularly in referring to the lysis of
cells). The cells were incubated with ten concentrations
of the target compounds. Values of antiproliferative and
cytotoxic activity are illustrated in Table 4. The actions
of compounds 1a and 2a on endogenous respiration of
Ehrlich ascites carcinoma (EAC) cells are summarized in
Table 5.

Calculation

All calculations were carried out with the use of the Mul-
tireg H program {Klemera) for Microsoft Excel. The results
of Free-Wilson method are summarized in Table 3.

Discussion

The structures of the compounds were confirmed by 'H-
and “C-NMR, IR spectral data and their purity by elemen-
tal analysis. All salicylanilides showed a band at 1615~
1650 cm ! in their IR spectra, The absorption maxima of
C=0 groups in this region are a characteristic feature for
salicylanilides. The 'H- and "C-NMR spectra and also ele-
mental analyses (for both Supplemental Material) of all
compounds are in agreement with the proposed struc-
tures.

Table 1. Yieid, melting point, and carbonyi frequency of halogenated N-(4-alkylphenyl)-salicylamides.

Compounds Yield (%) M.p.(°C) veso{cm ™Y Compounds  Yield (%) M. p.(*C} vgeo ()
la 71 187-189 1615 2g 77 170-172 1628
1b 77 167-168 1618 3a 72 196-197 1628
1c 76 232-233 1623 3b 66 189-190 1630
1f 65 166-167 1620 ad 67 186187 1627
1g G3 163-164 1625 de 69 183-184 1628
2a 71 186-187 1628 3f 65 184 1629
2b 79 162~163 1628 3g 63 179-180 1628
2c 73 221-222 1627 4b 59 118 1648
2d 79 185186 1627 4d 52 121 1650
2e 71 172-173 1621 4e 64 120 1649
2f 64 170-172 1628 4f 61 115-116 1650

© 2006 WILEY-VCH Vertag GmbH & Co. KGaA, Weinheim

www.archpharm.com




518 K. Waisser et al.

Arch, Pharm, Chem. Life Sci. 2006, 339, 616-620

Table 2. Minimum inhibitory concentration (MIC}) of halogenated AL{4-alkylphenyl)salicylamides.

Compounds MIC {mmel/L) Incubation time 14 d/21 d
I R? M. tuberculosis M. kansasii M. avium M. kansasii
My 331/88 My 23580 My 330/88 6509/96

1a 4C] Propy! 22 818 8/32 8/8

1b 4Cl Buctyl 44 88 8/8 88

1c 4l tert-buyl 16/16 32/62.5 - 32/62,5
if 4-Cl Hepryl 4/8 816 448 816
1g 4Cl Octyl 16/16 16/16 816 16{16
2a 5-Cl Propyl 2{2 16/16 88 1616
2b 5Cl Butyl 44 88 8/8 48

2¢ 5-Cl tert-bucyl &f16 1616 1632 16{16
2d 5-Cl Pentyl 1616 16/16 16{16 16{16
2e 5-Cl Hexyl 1615 16f16 8j16 16{16
2f 5-Cl Heptyl 4/4 8/8 4/8 83

2 5-Cl QOctyl 2/4 44 8{32 4)4
3a 5-Br Propyl 2{2 4/8 16/16 4/8

3b 5-Br Butyl 88 88 816 8/8
3d 5-Br Pentyl 88 32432 - 16/16
3e 5-Br Hexyl 816 3232 8/16 16/16
3f 5-Br Heptyl g8 8/8 818 8/s

3g 5-Br Octyt 24 44 8/8 4/4
4b 3,5-Br, Butyl 16/32 3232 62.5/62.5 32/32
4d 3,5-Bra Pentyl 32{32 32{32 62.5/62.5 32/32
4e 3,5-Br, Hexyl 16/32 32/32 32/62.5 32/32
af 3.5Br, Heptyl 1616 32/32 32/32 32/32
Isoniazid 2f1 >250/>250 »250{>250 4{8

Table 3. Activity contribution of Free-Wilson analyses of salicylanilides and statistically significant correlations.

Parameter A log MIC {mmol[L) Incubation time 14 df21 d
M. tuberculosisMy 331/88 M. kansasiiMy 235/80 M, aviumMy 330/88 M. kansasiié 509/96
4-Cl 0.0405/-0.0131 0.0303/0.0928 0.2556/[-0.0819 0.0426/0.0912
5-Cl -0.1193(-0.1357 -0.1121/0.1584 -0.1936/0.1439 -0.1161/0.1294
5-Br -0.1077/-0.096 -0.099}-0.0793 -0.037/0.1505 -0.1154/-0.1478
3.5Br; 0.3196(0.3966 0.3067]0.2802 0.6405/0.5219 0.3815/0.3343
-propyl -0.4697}-0.546 -0.1579/-0.1108 0.127/0.0805 -0.1013/-0.0698
4-buryl -0.0401/-0.0655 -0.0997/-0.1429 ~0.098/-0.0814 -0.1407/-0.1189
4'-tert-buryl 0.2577/0.3466 0.3478/0.3589 0.3586/0.8818 0.3032/0.3874
‘-pentyl 0.3373/0.2178 0.2499/0.2267 0.2415/0.066 0.1857/0.1492
hexyl 0.2373/0.3178 0.2499/0.2267 -0.0716/0.0791 0.1857/0.1492
heptyl -0.0401/-0.0655 -0.0997/-0.0679 -0.1736/-0.231 -0.0657/-0.0439
4-octyl -0.1697[-0.046 -0.2579/0.3107 0.027/0.0804 -0.2013/-0.2698
™ 0.832/0.927 1.118/1.159 1.035/1.245 1.0772/1.1318
r 0.864{0.925 0.842/0.860 0.965/0.887 0.868/0.888
s 0.254/0,197 0.230/0.219 0.134/0.207 0.2064/0.1865
F 3.91/7.89 3.26/3.81 15.10/4.13 4,14{4,95
n 22{22 22/22 20/20 22/22

The values of antimycobacterial activity of the haloge-
nated N-4{alkylphenyljsalicylamides are shown in
Table 2. For the sake of comparison, we also included the
values of MICs of the standard isoniazide (INH). The
results revealed that the compounds exhibited in vitro
activity against all mycobacterial strains tested. The MIC

© 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

values are generally within the range of 2 to 62.5 pmoljL,
most often between 4 and 16 pmol/L. The compounds
were less active than INH against M. ruberculosis 331/88
on the other hand the compounds possessed a better
activity against M. kansasii 235/80 and M. avium 330/88
than INH. The activities of newly prepared compounds
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Table 4. Antiprotiferative (Glss) und cytotoxic (CCsq) activity.

Compound L-629GIs® K-562 Glso HeLa
{mgfmL) {mg{mL) CCso™CCho
1a 2.5 1.0 4.2{0.4
2a 2.3 0.5 2.9/0.4
0.7 103

SEM.

3 Gls, {mgfmLl): growth inhibition or antiproliferative activizy
Y CCy(mg/mL): cytotoxic concentration.

against M. kansasii 6509/96 (clinical isolate) are compar-
able with that of INH. It is worthy to note that the mono-
halogenated compounds are more active than the dihalo-
genated.

According to Free-Wilson analysis the presence 4-pro-
pyl and 4-octyl group resulted in the increase in antimy-
cobacterial activity, i.e. the alkyls have two optima of the
antimycobacterial activity. With regard to the substitu-
ents in the acyl moiety, the substitution in position 5 by
chlorine or by bromine leads to a rise of the activity. The
highest activity exhibited compound 3g. Substitution
with an octyl group strongly increases the lipophility
{log P: 8.5) of the compounds and it is not favorable for
use in vive [10].

4-Chloro-N-{4-propylphenyljsalicylamide 1a and 5-
chloro-N-{4-propylphenyl)salicylamide 2a were chosen
for preclinical testing. Both compounds displayed a pro-
mising activity in vitro against all mycobacterial strains
tested, their activities reach that of INH against M. tuber-
culosis My 33188 and M. kansasii 6509/96 and exceeded
the potency of INH against M. kansasii My 23580 and M.
avium 330/88. These selected compounds were subjected
to an antiproliferative effect assay and cytotoxic effect
assay. According to the values of Gl and CC. compounds
can be considered as moderately cytotoxic. Both sub-
stances are able to release previously inhibited respira-
tien by oligomycin similarly to carbonylcyanide-p-tri-
fluoromethoxy phenylhydrazone (data not shown) in
tests on effect on endogenous respiration and mode of
action. We can conclude that both substances are similar
to other uncouplers (such as dinitrophenole and carbo-
nylcyanide-p-trifluoromethoxy phenylhydrazone). The
compounds decrease the level of ATP that decreases or
inhibits growth of bacteria. This effect can be connected
to the mechanism of the antimycobacterial action.

Results shown in Table 5 are the arithmetic means of
the three separate experiments (for each concentration).
The precision of these measurements is +%. Stimulation
of endogenous respiration of Ehrlich ascites cells is sig-
nificantly dependent on tested concentration, however,
is similar as in the case of the most effective uncoupler of

© 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 5. Effects of compounds 1a and 2a on endogenous
respiration of Ehrlich ascites carcinoma cells.

Compound Concentrations Consumption Percentof
of compounds of oxygen control
{mmolfi) (nmol Oyfmin} (%)
1a 0 120.15 -
22.73 184.68 +153.7
4545 160.2 +133.3
68.18 151.3 +125.9
90.91 135.73 +112.9
113.64 115.7 +96.3
2a 0 115.7 -
22.73 244.75 +211.5
45,45 244.75 +211.5
68.18 202.48 +175.0
90.91 202.48 +175.0
113.64 180.23 +155.8

Cell suspension (0.2 ml) containing 17 mg dry weight, was
added to 2.0 mL of medium [11]. pH 7.4. Oxygen uptake was
measured at 30°C.

carbonylcyanidep-rifiuvoromethoxy  phenylhydrazone
(FCCP).

This work is a part of the research project No.
MSM0021620822 of the Ministry of Education of the Czech
Republic.

Experimental

Melting points were determined on a Kofler block (C. Reichert,
Vienna, Austria) and are uncorrected. The IR spectra were meas-
ured in KBr peliets or in CHCL, solutions on a Nicolet Impact 400
apparatus (Nicolet, Madison. WI, USA); the wave numbers are
given in cm®. The NMR spectra were recorded on a Varian Mer-
cury-Vx BB 300 spectrometer operating at 300 MHz for 'H- and
75 MHz for "C-NMR in dgDMSQ (Varian Inc., Palo Alto, CA, USA).
Chemical shifts were recorded as d values in ppm. and were
indirectly referenced to terramethylsilane via the solvent signal
(7.26 for 'H- and 77.0 for "C-NMR). The coupling constants ] are
given in Hz. Elemental analyses were done on a CHN5-O CE ele-
mental analyzer (FISONS EA1110. Milano). Analyses of the C, H.
N, § content were within =0.4% of the theoretical values, TLC
was performed on silica gel plates precoated with a fluorescent
indicator, Silufol UV 254 + 366 (Kavalier, Votice, The Czech
Republic), in cyclohexane/acetone 3:1, to check the purity of the
products.

General procedure for the preparation of N-(4-

Alkylphenyl)salicylamides

A suspension of a substituted salicylic acid {0.02 mol) and a sub-
stituted aniline {0.02 mol}in toluene (100 mL} was heated under
reflux in the presence of PCl; (0.01 mol} for three hours. The reac-
tion mixture was filtered while hot, and the solvents evaporated.
The product was crystallized from ethanol-water (yields in the
range 52— 79%).

www.archpharm.com
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Antimycobacterial susceptibility testing

The methods of experimenis are described in our previous paper
[3. 9]. The MICs were determined after incubation at 37°C for 14
and 21 days,

Antiproliferative and cytotoxic activity evaluation

The methods of experiments are described in our previous paper
[11]. The 4<chloro-N-(4-propylphenyl)salicylamide 1a and 5-
chlore-N-{4-propylphenyl)salicylamide 2a were chosen for the
testing.

Endogenous respiration evaluation

The 4chloro-N-{4-propylphenyl)salicylamide 1a and S<hloro-N-
{4-propyiphenyljsalicylamide 2a were chosen for the testing.
FAC cells were maintained and propagated in a strain of H Swiss
albino mice from the Institute of Virology of Slovak Academy of
Sciences, Bratislava, about 10 weeks old and 20-25g body
weight, as described previously [12].

The effect of compeunds tested on the endogenous respiration
of EAC cells was measured with a Clark-type oxygen electrode as
described previously [13] in 154 mM NaCl, 6.2 mM KCl, 11 mM
sodium phosphate buffer, pH 7.4 {14]. Compounds dissolved in
DMSO were mixed with 2.0 mL of this medium, and 200 mi of
the cell suspension in the same buffer solution were added. Incu-
bation temperature was 30°C.
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Introduction

The return of tuberculosis to Europe and North America
is one truly unpleasant development of the period dating
from 1985, New mycobacterial diseases, which recently
have been considerad to be transferable to humans,
occurred during the last years {mycobacterioses pro-
dnced by potentially pathogenic strains). The develop-
ment of new antituberculotic agents is the principal geal
of our group. Lately, we have studied a number of structu-
rally different compounds, such as the derivatives of sali-
cylamides (1], pyridine [2, 3], alkoxyphenylcarbamic
acids |4, tetrazoles [3, 6], dihydroindolethiones (7], and
other heterocycles [8,9]. Our research was strongly
oriented to collaborate with German institutes like Tech-
nical University Dresden, Friedrich Schiller University
Jena, Hans Knéll Institute Jena, and Maxmilian Univer-
sity in Munich). Approximately ten years ago, we studied
antimycobacterial derivatives with the new pharmaco-
phore together with Hans-Dietrich Stachel [10, 11] and
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Krélové, Czech Republic
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for several years now, we are investigating the antimyco-
bacterial arylbenzoxazine-2,4(3HHdiones [12{. Now, we
dedicate this paper to Hans-Dietrich Stachel.

The goal of this paper is the synthesis and antimyco-
bacterial evaluation of 3{4-alkyphenyl}1,3-benzoxazine-
2,4(3H}diones, substituted in the ring B by chlorine or
bromine, and to complete with this study our previous
work [1]. 3-Phenyl-1,3-benzoxazine-2,4{3H}diones are the
cyclic carbamic derivatives of salicylanilides and the
mechanism of the antimycobacterial activity of 3-phenyl-
1,3-benzoxazine-2,4{3H}diones is similar to that of salicy-
lanilides. [13].

Results and discussion

Chemistry

The synthesis of the title compounds is illustrated in
Scheme 1. The synthesis of the starting material, haloge-
nated N-{4-alkylphenyl)salicylamides, were described in
the previous paper [1]. Various N{4-alkylphenyl)salicyl-
amides, being halogen substituted in ring A, were
reacted with methyl-chloroformate in dry pyridine. The

* Dedicated to Prof. Hans-Dietrich Stachel (Munich) on the ocecasion of
his 80" birthday.
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Table 1. Yield, melting point, and carbony! frequency of 3-(4-alkylphenyi)-1,3-benzoxazine-2,4(3H)-diones.

Compound Yield M.p. Voo Compound  Yield M.p. Yo
(%) {0 {em™") {6} (o] fem™1)

1a 60 188-190 1773, 1703 2f 56 134-133 1777,1708
1b 58 189-190 1771,1705 2g 67 141-142 1777,1708
1c 61 214-215 1770, 1709 3a 58 193-194 1774, 1700
1d 52 181-182 1773, 1701 3b 63 194-195 1770, 1702
1le 52 162~165 1776. 1699 3d 54 179- 180 1777, 1709
g 50 181-182 1773, 1702 3e 58 168-169 1774, 1701
2a 63 158~160 1777, 1696 af 62 158-160 1774,1701
2b 66 161-162 1776, 1708 4b 47 168-169 1774,1701
2c 66 214-215 1767,1716 4d 58 197-198 1780, 1701
2d 56 136-137 1777,1708 4e 43 196-199 1781.1703
2e 51 146148 1776,1708

OH 0
o G — T
SN | o
a] -

R?
R R
1 6Cl a propyl
2 -l b butyl
3 6-Br ¢ tert-butyl
4 68Brn d pentyl
[ hexyl
f  heptyl
g octyl

Scheme 1. Synthesis of 3-(4-alkylphenyl}-1,3-benzoxazine-
2,4(3H)-diones.

halogenated  3-{4-alkylphenyl}1,3-benzoxazine-2,4(3H}
diones were purified by crystallization from ethanol.
Yield, melting point, and carbonyl frequency of the pro-
ducts are summarized in Table 1. Data from elemental
analysis and NMR spectra are described in the Support-
ing Information.

Biology

In vitro antimycobacterial activity of the compounds was
evaluated against Mycobacterium tuberculosis CNCTC My
331/88, Mycobacterium kansasii CNCTC My 235/80, Myco-
bacterium avium CNCTC My 330/88 and Mycobacterium
kansasii 6 509/96 using the micromethod for the determi-
nation of minimum inhibitory concentration (MIC). All
strains were obtained from the Czech National Collec-
tion of Type Cultures {CNCTC}, National Institute of Pub-
lic Health, Prague with the exception of M. kansasii 6 509/
96. The minimum inhibitory concentrations are illu-
strated in Table 2. For the sake of comparison, we also
include the MIC values of the standard isoniazide (INH).

Calculation

All calculations were carried out with the use of the Mul-
tireg H program (Klemera) for Microsoft Excel. The results
of Free-Wilson method are summarized in Table 3.
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Table 2. Minimum antimycobacterial inhibitory activity.

Compound MIC {pmol/L) Incubation time 14 df21 d
R R M. tuberculu- M. kansusii M. avium M, kansa.
sis My 235/ 80 My 330/ sii
My 331/ 88 88 6509/96
1a  6C propyl 1616 88 1616 8116
1 &C butyl 88 3f8 38 816
1 6 tertbutyl  8/16 8116 18032 B8
d 60 pentyl 84 3116 316 86
e 60 hexyl ay8 e 18 R4
1g &€ octyl 8f8 48 8/8 44
22 7 propyl 88 816 16016 816
2 70l butyl 8fs 816 16116 816
¢ 7Cl terbuyl  4f4 8/16 4f8 38
a4 7€l pentyl 38 88 48 816
2 7l hexyl 48 38 48 88
2f 7 heptyl 16/32 sfe 16/32 8j16
2 7 octyl 8016 8/16 3hs 316
3a 6&Br propyl 16116 816  16{16 8/16
3b  &Br butyl 44 88 3/8 88
ad  68r pentyl 414 816 88 88
3e 6Br hexyl 413 816 4/8 8j8
3f  6Br heptyl 48 816 4/ 48
4b  6.3Br; buryl 32/32 6250625 6L3/62.5 615625
4d  68Br, pentyl 16J32 1616 625 32/32
4e  68Br, hexyl 6250625 32032 625 62.5/62.5
INH 12 250250 250{250 88
Discussion

The study was incited by the previous synthesis of anti-
mycobacterial salicylanilides. For the synthesis of 3{4-
alkylphenyl}-1,3-benzoxazine-2,4{3H)diones  salicylani-
lides are reacted with chloroformate, The 1.3-benzaxa
zine-2,4{(3H)diones are cyclic carbamates of salicylani-
lides. The structures of products were confirmed by ele-
mental analyses and by IR, 'H- and *C-NMR spectral meth-
ods. All halogenated 3{4-alkylphenyl}-1,3-benzoxazine-
2.4{3H)diones showed characteristic absorption maxima
of two C=0 groups at 1767-1777cm! and 1696-
1716 cm! with the exception of compound 3d. Two
absorption maxima of the C=0 groups in this region are a
characteristic feature for 1,3-benzoxazine-2,4{3H)diones.
The other confirmation of the structure was by NMR
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Tabie 3. Activity contribution of Free-Wilson analyzes of benzoxazinediones and statistical significants of correlations.

Parameter A log MIC (umol/L)
For incubation time 14 d{21d

M. tuberculosis M. kansasii M. avium M. kansasii

My 331/88 My 235/80 My 330188 6509/96
R 6Cl 0.0209/-0.207 -0,1121» -0.0435/-0.0646 -0.1383{-0.062
7-Cl -0.0935/-0.0842 -0.0638% ~0.1504(-0.0569 -0.0696{- 0.006
6-Br -(.2664/-0.2469 0.0023% -0.2318f-0.2654 -0.1459{-0235
6.8-Bry 0.6204/0.6494 0.5133% 0.8247(0.7043 0.7451/0.5321
R propyl 0.2701/0.1744 0.0152% (.2991/0.1718 0.0322/0.1585
buryl ~0.0444{~0.1423 0.0901% 0.0575[-0.0365 4.0572/0.679
tert-butyl -0.1566{-0.0904 0.0165% ~-0.0458/0.1037 4.0182{-0.208
pentyl -0.1132{-0.1423 -0.0597% -0.0926/{-0.0365 -0.0178/0.0002
hexyl -0.0382/0.0078 0.0153% -0.0962{-0.115 0.0572/0.0002
hepiyl 0.1371/0.3227 0.0025% 0.0483/0.054 -0.128/0.028
octyl -0.0066/0.0596 -0,1335% -0.0458{-0.0464 ~0.1318{-0.207
Bo 0.943/1.043 09714 1.043{1.157 0.1015{0.1724
r 0.881/0.378 0.928% 0.915{0.860 0.971{0.901
s (.2033]0.2087 0.1253% 0.211/0.238 0.1015/0.1724
F 4324412 7.57% 6.25(3.48 20.42/5.25
n 21421 2121 2121 2121

3 Correlation is not statistically significant.

meathods: The 'H- and *C-NMR spectra of all compounds
(see Table 1) are in the good agreement with the proposed
structures. In addition, elemental analyses of all com-
pounds correspond to the calculated values.

The values of antimycobacterial activity of the haloge-
nated 3{4-alkylphenyl}1,3-benzoxazine-2,4(3H)}dicnes
are shown in Table 2. For the sake of comparison, we also
included the MIC values of the standard isoniazide (INH).
The results revealed that the compounds exhibited in
vitro activity against all tested mycobacterial strains. The
values of MICs are generally within the range 4
62.5 pmol/L, most often between 4-8 pmolfL. The com-
pounds were less active than INH against M. tuberculosis
331/88. on the other hand, the compounds possessed a
better activity against M. kensasii 235/80 and M. avium
330/88 than INH. The activities of newly prepared com-
pounds against M. kansasii 6509/ 96 (clinical isolate} are
comparable with that of INH. The newly synthesized com-
prunds form the new promising group of antimycobac-
terials with the broad spectrum of activity. It is worth to
note, that the monohalogenated compounds are more
active than the dihalogenated ones. The antimycobacter-
ial activity increases if 1,3-benzoxazine-2,4(3H)dicnes are
substituted in position 6 with bromine. Bromo deriv-
atives were more active than chloro derivatives. Contrary
to the starting salicylanilides, the antimycobacterial
activity mostly increases when the phenyl ring is substi-
tuted by butyl. {In case of salicylanilides it was propyl).
The most active in the group of halogenated 3-{4-alkyi-
phenyl}1,3-benzoxazine-2,4(3H)dione was 6-bromo-3{4-
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butylphenyl)-1,3-benzoxazine-2,4{(3H)-dionc 3b. Accord
ing to Free-Wilson calculations, we can assume that &-
bromo-3-{4-tert-butylphenyl}1,3-benzoxazine-2,4(3H}
dione will be more active than the compounds under
study.

This work is a part of the research project No. MSM0(021620822
of the Ministry of Education of the Czech Republic.

Experimental

Melting points were determined on a Kofler block (C. Reichert,
Vienna, Ausitia) and are uncorrected. The IR spectra were meas-
ured in KBr pellets or in CHCl; solutions on a Nicolet Impact 400
apparatus (Nicolet, Madison, WI, USA); the wave numbers are
given in cm'. The NMR spectra were recorded on a Varian Mer-
cury—-Vx BB 300 spectrometer operating at 300 MHz for 'H and
75 MHz for “C in deDMS0 (Varian Inc., Palo Alto, CA, USA). Che-
mical shifts were recorded as d values in ppm and were indir-
ectly referenced to tetramethylsilane via the solvent signal (7.26
for 'H and 77.0 for '*C). The coupling constants ] are given in Hz.
Elemental analyses were done on a CHNS-O CE elemental analy-
zer (FISONS EA1110, Milano, [taly). Analyses of the C, H, N, § con-
tent were within =(.4% of the theoretical values. TLC was per-
formed on silica gel plates precoated with a Auorescent indica-
tor, Silufol UV 254 + 366 (Kavalier, Votice, The Czech Republic),
in cyclohexane/acetone 3:1, to check the purity of the products.

General procedure for the preparation 3-(4-
alkylphenyl)-1,3-benzoxazine-2,4(3 H)-diones
Methyl-chlorofermate (5.2 g, 48 mmol) was added dropwise to a
stirred solution of the corresponding salicylanilide (40 mmol) in
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dry pyridine (20 mL) under ice cooling, The mixture was heated
on a steam bath for 1 h and then poured into 5% hydrochloric
acid (140 mL). After 24 h the product was filtered off, suspended
in 5% potassium hydroxide solution, and the solid was filtered
off. The crude products were purified by the crystallization from
EtOH-water {yields 55-65%).

Antimycobacterial susceptibility testing

The methods of the experiments are described in our previous
paper [12]. The minimum inhibitory concentrations (MIC) were
determined after incubation at 37°C for 14 and 21 days.
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