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ABSTRAKT

Univerzita Karlova v Praze, Farmaceuticka fakulta v Hradci Kralové
Katedra anorganické a organické chemie

Kandidat: Mgr. Eva Petrlikova

Skolitel: Prof. RNDr. Karel Waisser, DrSc.

Néazev disertacni prace: Protituberkulozni latky a jejich dalSi antimikrobidlni ucinky.

Disertacni prace je zamé&fena na piipravu sloucenin s antimykobakterialni aktivitou. U fady
latek byla hodnocena i antibakterialni a antifungalni aktivita in vitro.

V ramci disertacni prace bylo pfipraveno né€kolik skupin sloucenin. Jednalo se o
monosirné a disirné derivaty 3-benzyl-2H-1,3-benzoxazin-2,4(3H)-dionu, N-(pyridylmethyl)
salicylamidy, monosirné a disirné¢ derivaty 3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-
dionu, N-benzylthiosalicylamidy, benzaldehyd-S-benzylisothiosemikarbazony, salicylaldehyd-
S-benzylisothiosemikarbazony, derivaty 1,2-bis(9H-fluoren-9-yliden)-N,N -diarylethan-1,2-
diaminu a hybridni molekuly cholesterolu a terpend.

Nejvyssi antimykobakteridlni aktivitu vykazovaly 3-benzyl-2H-1,3-benzoxazin-2,4(3H)-
dithion a 3-(3,4-dichlorbenzyl)-2H-1,3-benzoxazin-2,4(3H)-dithion, 3-(4-sek-butylfenyl)-
7-methyl-4-thioxo-2H-1,3-benzoxazin-2(3H)-on,  N-(4-methylbenzyl)thiosalicylamid a
4-methyl-N-(4-methylbenzyl)thiosalicylamid. Ze skupiny S-benzylisothiosemikarbazonii byl
nejaktivnéjsi  salicylaldehyd-S-(4-chlorbenzyl)isothiosemikarbazon. Z hybridnich molekul
vykazoval nejvyssi aktivitu [endo-(1S5)-(1,7,7-trimethylbicyklo[2.2.1]heptan-2-yloxy)-6-
oxohexyl]isochinolin-2-ium-bromid. Aktivita N-(pyridylmethyl)salicylamidii byla spiSe
stitedni az nizka. Z fenylesterti kyseliny salicylové byl nejaktivnéjsi fenyl-4-methoxysalicylat.

U sirnych derivata 3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dionu a
u N-benzylthiosalicylamidii byla nalezena vyznamna aktivita proti grampozitivnim bakteriim.
N-benzylthiosalicylamidy vykazuji také antifungélni aktivitu.

U 3-benzyl-4-thioxo-2H-1,3-benzoxazin-2(3H)-oni, 3-benzyl-2H-1,3-benzoxazin-2,4(3H)-
dithiont a u N-benzylthiosalicylamidii byla zjiStovana antiproliferativni aktivita a cytotoxicita.
U  3-(3,4-dichlorbenzyl)-4-thioxo-2H-1,3-benzoxazin-2(3H)-onu,  3-(3,4-dichlorbenzyl)-
2H-1,3-benzoxazin-2(3H)-dithionu, 4-methyl-N-(4-methylbenzyl)thiosalicylamidu a N-(4-
methylbenzyl)thiosalicylamidu byla nalezena vysokéd antimykobakterialni aktivita a zaroven

jejich cytotoxicita je v ramci testovanych sloucenin spise stfedni.



U N-(pyridylmethyl)salicylamidii, sirnych derivath 3-(4-alkylfenyl)-2H-1,3-benzoxazin-
2,4(3H)-diond, N-benzylthiosalicylamidt a u fenylesterti kyseliny salicylové byla provedena

studie lipofility na tenkych vrstvach oktadecysilanylizovaneho silikagelu.



ABSTRACT

Charles University in Prague, Faculty of Pharmacy in Hradec Kréalové
Department of Organic and Inorganic Chemistry

Candidate: Mgr. Eva Petrlikova

Supervisor: Prof. RNDr. Karel Waisser, DrSc.

Title of Doctoral Thesis: Antituberculosis Agents and Their Antimicrobial Effects.

The dissertation focuses on the preparation of antimycobacterially active compounds. Some
of the prepared compounds were also screened for the in vitro antibacterial and antifungal
activity.

The prepared compounds included sulfur derivatives of 3-benzyl-2H-1,3-benzoxazine-
2,4(3H)-diones, N-(pyridylmethyl)salicylamides, sulfur derivatives of 3-(4-alkylphenyl)-
2H-1,3-benzoxazine-2,4(3H)-diones, N-benzylthiosalicylamides, benzaldehyde-S-
benzylisothiosemicarbazones, salicylaldehyde-S-benzylisothiosemicarbazones, derivatives
of 1,2-bis(9H-fluoren-9-ylidene)-N,N -diarylethane-1,2-diamine, and hybrid molecules of
cholesterol and terpenes.

The highest antimycobacterial activity was exerted by 3-benzyl-2H-1,3-benzoxazine-
2,4(3H)-dithione and 3-(3,4-dichlorobenzyl)-2H-1,3-benzoxazine-2,4(3H)-dithione, 3-(4-sec-
butylphenyl)-7-methyl-4-thioxo-2H-1,3-benzoxazine-2(3H)-one, N-(4-methylbenzyl)
thiosalicylamide and  4-methyl-N-(4-methylbenzyl)thiosalicylamide.  Salicylaldehyde-
S-(4-chlorobenzyl)isothiosemicarbazone was the most active derivative in the group of
S-benzylisothiosemicarbazones. [Endo-(1S)-(1,7,7-trimethylbicyclo[2.2.1]heptane-2-yloxy)-6-
oxohexyl]isochinolin-2-ium-bromide showed the highest antimycobacterial activity among the
hybrid molecules of cholesterol and terpenes. The derivatives of N-(pyridylmethyl)salicylamide
showed moderate to low activity against mycobacteria. Phenyl-4-methoxysalicylate was the
most active among the phenylesters of salicylic acid.

The sulfur derivatives of 3-(4-alkylphenyl)-2H-1,3-benzoxazine-2,4(3H)-dione and
N-benzylthiosalicylamide were found to be antibacterially active. N-benzylthiosalicylamides
also show effectivity against fungi.

3-Benzyl-4-thioxo-2H-1,3-benzoxazine-2(3 H)-ones, 3-benzyl-2H-1,3-benzoxazine-
2,4(3H)-dithiones and N-benzylthiosalicylamides were screened for antiproliferative

activity and cytotoxity. 3-(3,4-Dichlorobenzyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-one,



3-(3,4-dichlorobenzyl)-2H-1,3-benzoxazine-2(3 H)-dithione, 4-methyl-N-(4-methylbenzyl)
thiosalicylamide and N-(4-methylbenzyl)thiosalicylamide exerted high antimycobacterial
activity and their antiproliferative activity and cytotoxicity were found to be moderate among
the tested compounds.

The lipophilicity of N-(pyridylmethyl)salicylamides, sulfur derivatives of 3-(4-alkylphenyl)-
2H-1,3-benzoxazine-2,4(3H)-diones, N-benzylthiosalicylamides and phenyl salicylates was

measured by thin layer chromatography on silica gel impregnated with trioctadecylsilane.
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1. UVOD

Tuberkuloéza (TBC), diive nazyvana téZ souchotiny ¢i ubyté, patii mezi infek¢ni bakterialni
onemocnéni a i v soucasné dob¢ predstavuje zavazny celosvétovy problém. Podle Svétové
zdravotni organizace (WHO) bylo v roce 2008 celosvétové diagnostikovano 9,4 miliont
novych piipadd tohoto onemocnéni. Jedna se o nardst oproti roku 2007, kdy bylo zjisténo
9,3 miliént novych piipadu.

Mezi témito novymi piipady se vyskytlo 1,4 miliont piipadd u HIV pozitivnich osob. Velké
nebezpeci piedstavuji zejména multirezistentni kmeny, které tvoii 5 % novych ptipadd. Jedna
se o nejvyssi pocet MDR-TB, ktery byl kdy zaznamenan (1).

Podle dat z registru TBC se v roce 2009 v Ceské republice vyskytlo 710 piipadii onemocnéni
tuberkulozou (tj. 6,8 pripadti na 100 tisic obyvatel). Nove zjisténych onemocnéni bylo hlaseno
688 a recidiv 22. Nejvice postizeny byl kraj HI. m. Praha (10,3 pfipadii na 100 tisic obyvatel),
kraj Ustecky (9,1), Stiedocesky (9,0), dale nasleduji kraje Plzensky (8.4), Pardubicky (7,6)
a Jihomoravsky (6,9). Nejméné postizeny byl naopak kraj Jihocesky a Vysocina. WHO a
Evropska unie pfitom povazuji za kriterium nizké prevalence 20 onemocnéni na 100 tisic
obyvatel, coz dlouhodobé nepiesahuje zadny kraj v Ceské republice. Velkym problémem je
Sifeni tuberkulozy z jinych zemi. Co se tyka poétu nemocnych cizincti v CR, pochézelo nejvice
ptipadi z Ukrajiny (34), Vietnamu (30) a Slovenska (26). Mezi bezdomovci bylo zaznamenano
celkem 43 ptipadu (2).

Velké nebezpeci predstavuji zejména multirezistentni kmeny a také vzestup a zhorSovani
epidemiologické situace tuberkuldzy v souvislosti s ristem onemocnéni AIDS v celém svéte,
zejména v zemich s nedostateCnou lékatskou péci. Aktudlnim tématem mnoha védeckych
vyzkumui je tedy vyvoj novych antituberkulotik s novym mechanismem tuc¢inku, nizkou
toxicitou a umoziujici soucasné podani s 1éky uZivanymi v terapii onemocnéni AIDS.

Infekéni nemoci zistavaji zdvaznym problémem i pies neustaly rozvoj mediciny. Zatimco
vyskyt nékterych onemocnéni se podatilo snizit, jina zlstavaji stale aktudlni nebo s postupem
¢asu nabyvaji na vyznamu. Mezi stale akutnéj$i problémy patii i nemoci vyvolané houbovymi
organismy, zejména systémové mykozy. Jedna se o onemocnéni, se kterymi se stale Castéji
setkdvame v transplantacnich a hematoonkologickych zafizenich a na jednotkéch intenzivni

péce. Rizikovou skupinou jsou lidé se sniZenou imunitou, at’ jiz ve spojeni s prodélanou
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transplantaci, infekci virem HIV, rakovinou, nebo dal§imi okolnostmi, které oslabuji
lidsky organismus. Nebezpecna je i vzrustajici rezistence patogenii na jednotlivé lécebné
prosttedky (3).

Reseni rezistence je aktualni i v pfipadé dal$ich patogennich organismi jakymi jsou napf.
Staphylococcus aureus, Streptococcus pneumoniae, Pseudomonas aeruginosa, Escherichia
coli, Klebsiella pneumoniae, Neisseria gonorrheae, Haemophilus influenzae a Clostridium
difficile (4).

I podle WHO je problém s rezistenci patogennich organizmu vysoce aktualni (5). Ackoliv
je tedy tato disertacni prace zaméfend na ptipravu sloucenin s antimykobakterialnim G¢inkem,
byla tada pripravenych latek otestovana i proti dal§im bakteriim a také proti houbovym

organismuim.
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2. TEORETICKA CAST

2.1. Tuberkuloza

Tuberkuléza je infekéni onemocnéni, které zplisobuje nejcastéji Mycobacterium
tuberculosis komplex (6). Tuberkul6za se §ifi prostiednictvim kapének pochazejicich od osob
trpicich aktivni formou tuberkulézy. Odhaduje se, Ze clovek trpici aktivni tuberkul6zou nakazi
pramérné 10 az 15 lidi roéné (7).

Pfi onemocnéni tuberkulézou dochézi ke vzniku tzv. specifického zanétu, jehoz podstatou
je tvorba tuberkuldznich uzlikt (8). Tuberkul6ozni uzlik (granulom) je tvoren epiteloidnimi
buiikami, které vznikaji preménou makrofagl, fagocytujicich mykobakterii a builkami
Langhansovymi, které vznikaji splyvanim vétSiho poctu makrofaglhi. Mykobakterie jsou
zde ulozeny pifedevsim intracelularné (9). Tyto uzliky mohou podléhat kasedzni nekroze.
U odumtelych ¢asti tkan¢ dochazi k tzv. kalcifikaci (ukladani vapenatych soli). Pfi neptiznivém
pritbéhu onemocnéni mize nekroza zkapalnét (kolikvovat) a mize dojit ke vzniku kaverny a
k dal$imu sifenim infekce a zanétu.

Nejcastéjsi formou tuberkuldézy je forma plicni, mize ale dojit k napadeni i dalSich
organti, naptiklad ledvin, stfev, miznich uzlin, ktize, kosti ¢i kloubt (8). Ke vstupu infekce
do lidského organismu dochazi vice nez z 80 % prostfednictvim dychaciho ustroji, mozny
je téz transplacentarni pfenos do krevniho ob&hu plodu (9). U oslabenych jedincti muze
dojit k mohutnému rozsevu drobnych lozZisek v celém organismu, tzv. milidrni tuberkuléze.
Nebezpec€im je také tézky tuberkuldzni zanét plic nebo bazildrni meningitida. Postupné Siteni
tuberkulozy v plicich s Cetnymi rozpady miize vést k hemoptyze provazené vykaslovanim krve
a také k $ifeni onemocnéni do dalSich organt (8).

K diagnostice tuberkuldozy se vyuziva rentgenové vySetieni, test kozni citlivosti na
tuberkulin (smés antigend pfipravena z mykobakterialnich tél), bronchoskopie a biopticka
vySetfeni tkani. Z laboratornich technik se pouzivaji mikroskopicka a kultiva¢ni vysetieni na

pritomnost mykobakterii. K typizaci kultur se vyuzivaji molekularné genetické metody (10)

2.2. Charakteristika mykobakterii

Pro mykobakterie komplexu M. tuberculosis je charakteristicka 99,9% sekvencni podobnost

genomu s identickymi sekvencemi 16S rRNA. Ackoliv vSechny pravdépodobné pochazi ze
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spole¢ného predka, lisi se jednotlivé mykobakterie v preferenci svych hostitelii, fenotypu a
v patogenité. Nekteré lze povazovat za vyhradné lidské (M. tuberculosis, M. africanum,
M. canetii), hostitelem M. microti jsou hlodavci a naopak M. bovis vykazuje spektrum hostiteli
pomérné Siroké (11).

Jaky je tedy vlastné plivod tuberkulozy u lidi a u zvifat? Pfi hledani spole¢ného piedka
mykobakterii se nejdiive predpokladalo, ze k rozrtiznéni komplexu M. tuberculosis doslo
ptiblizné pied 15 000 az 20 000 lety. Pfedpokladalo se rovnéz, ze M. tuberculosis evolucné
vychazi z M. bovis a ze v prubéhu domestikace zvirat doslo k adaptaci pivodné zviteciho
patogenu na cloveka (12) .

Komparativni genomova analyza a analyza dele¢ni ale prokézaly, Zze spole¢nému piredku
mykobakterii fazenych do komplexu M. tuberculosis se nejvice blizi soucasné kmeny
M. tuberculosis (13).

Teorii, ze by spoleénym piedkem bylo M. bovis, vyvraci 1 vyzkum provadény na
85 egyptskych mumiich. U téchto mumii, pochézejicich z let 2050-1650 pi. n. ., byla
provedena analyza DNA (spoligotyping — studium polymorfizmi na zékladé urcitych
opakujicich se jednotek DNA). Védci dosli ke zjisténi, ze se mykobakterie zplsobujici
tuberkulozu v tehdejSich dobach nejvice podobaji sou¢asnému M. tuberculosis a M. africanum.
Naopak shoda s M. bovis nebyla potvrzena (12).

Jako nejpravdépodobnéjsi se tedy ukazuje teorie, podle které komplex M. tuberculosis
vychazi ze spolecného predka a teprve v pribéhu ¢asu doslo postupné k oddéleni jednotlivych
vyvojovych linii. Zd4 se, ze M. bovis je ¢lenem oddélené vyvojové linie, do niZ je mozné
zatadit 1 M.africanum a M. microti. Lze také ptedpokladat, ze spolecny predek komplexu
M. tuberculosis byl od samého pocatku lidskym patogenem (11).

Kromé komplexu M. tuberculosis mize byt tuberkul6za zplisobena i jinymi mykobakteriemi.
Mykobakterie jsou dle konvenéniho zplsobu rozdélena do ctyf nebo péti skupin podle
urcitych, charakteristickych vlastnosti. Mezi tato kriteria patii zejména patogenita pro ¢lovéka
a pro zvifata, rychlost riistu, optimalni teplota pro rist a také vliv viditelného svétla na tvorbu
pigmentu (14).

Mezi obligatné patogenni mykobakterie pro ¢loveéka fadime M. tuberculosis, M. bovis,
M. africanum a M. leprae.

Mykobakterie pro clovéka podminéné patogenni zpiisobuji tzv. mykobakteridozy. Mezi
tyto mykobakterie fadime M. kansasii, M. xenopi, M. avium, M. intracellulare, M. ulcerans a

M. marinum. Ptikladem nepatogennich mykobakterii je M. aquae (9).
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Velké nebezpeci pro clovéka ptedstavuje také Mycobacterium avium komplex. Jeho
mykobakterie vykazuji konstantni primarni rezistenci vuc¢i antituberkulotikiim a predstavuji
riziko zejména pro pacienty nakazené virem HIV (9). Podle WHO maji lidé infikovani virem
HIV a zaroven i tuberkuldzou 20 az 40 krat vyssi pravdépodobnost, Ze se u nich vyvine aktivni
forma tuberkul6zy nez HIV negativni lidé zijici v téze zemi (7).

Do komplexu M. avium se tadi M. avium, M. intracellulare a n¢kdy téz M. scrofulaceum.
Na zékladé analyzy nukleovych kyselin 1ze M. avium dale rozlisit na M. avium spp. avium,

M. avium spp. paratuberculosis a M. avium spp. silvaticum (14).

Zarazeni mykobakterii do systému organismii:

Kmen: Actinobacteria

Rad: Actinomycetales
Podiad: ~ Corynebacterineae
Celed”: Mycobacteriaceae
Rod: Mycobacterium

Fyziologie M. tuberculosis

Bakterie Mycobacterium tuberculosis, ktera zpisobuje vétSinu piipadi tuberkulozy, byla
poprvé objevena Robertem Kochem v roce 1882 (15). Jednd se o imobilni tyCinkovitou
nesporulujici bakterii, kterd je rovna nebo zahnutd, velka 1,5-5 pm (9). K optimalnimu rastu
této bakterie dochazi pti teploté¢ 37-38 °C a jeji generacni Cas se pohybuje v rozmezi 20 az
48 hodin. Jedna se o bakterie velmi odolné vii¢i vyschnuti, které tak mohou dlouho piezivat
v prachu nebo na predmétech zneciSténych sputem nemocnych (16). Pro mykobakterie je
charakteristickd acidorezistence, tj. obtiznd barvitelnost organickymi barvivy a nasledna
odolnost k odbarveni kyselinami, zdsadami a alkoholem. Tato vlastnost je dana vysokym
obsahem lipidi v bunécné sténé a pouze ziidka se vyskytuje u jinych bakterii (17).
Mykobakterie 1ze dobte barvit napt. Ziehl-Neelsenovym ¢inidlem, které jim dodava ¢ervenou

barvu odolévajici odbarveni roztokem HCI (aq) (15).

2.3. Lécba tuberkulozy

Lécba tuberkuldézy v soucasné dobé spociva v podavani vhodné zvolenych kombinaci

antituberkulotik. PouZivana antituberkulotika lze rozdélit do tf1 linii:
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Antituberkulotika 1.linie (zakladni antituberkulotika)

Isoniazid, rifampicin, streptomycin, ethambutol a pyrazinamid.

Antituberkulotika 2.linie (rezervni antituberkulotika)
Ethionamid, cykloserin, kyselina p-aminosalicylovd, amikacin, kapreomycin a

fluorochinolony.

Antituberkulotika 3. linie

Makrolidy (klaritromycin), amoxycilin, imipenem, klofazimin.

Hlavni z4sadou je zvoleni takového 1é¢iva — kombinace 1é€iv, vii€i kterému jsou patogenni
bakterie citlivé. Vlastni medikaci tak pfedchdzi hodnoceni citlivosti konkrétni mykobakterie
na lé¢ivo. Pfi zjisténi citlivé formy tuberkul6zy jsou aplikovana antituberkulotika prvni linie.
V piipad¢ zjisténi rezistence patogenu musi dojit k modifikaci 1écby a do 1écebného rezimu se
zatazuji 1 antituberkulotika druhé linie. Do medikace lze ptipadné zatradit i léCiva, kterd nejsou
sice v Ceské republice registrovana, ale byla u nich zji§téna citlivost vii¢i patogenni bakterii.
Dle stupné rezistence 1ze tuberkuldzu charakterizovat nasledovné:

Jako o monorezistentni tuberkul6ze hovotime v piipad¢, kdy prokdzané mykobakterium je
pfi testu citlivosti in vitro rezistentni pouze na antituberkulotikum prvni fady.

Oznacenim polyrezistentni turberkul6za rozumime situaci, kdy kmen je rezistentni na vice
nez jedno antituberkulotikum prvni fady s vyjimkou soucasné rezistence na kombinaci INH a
rifampicinu.

Pokud je patogenni bakterie rezistentni minimalné na kombinaci INH a rifampicinu lze jiz
tuberkuldzu oznacit za multirezistentni MDR-TB.

Rozséhla rezistence, kdy patogen kromé rezistence na kombinaci INH a rifampicinu
vykazuje rezistenci minimalné na dalsi tii antituberkulotika druhé fady byla oznacena Svétovou
zdravotni organizaci v bfeznu 2006 jako extensivni lékova rezistence (XDR-TB). Druhd definice
podle WHO z listopadu téhoz roku definuje XDR-TB jako onemocnéni, kdy byla u patogenu
krom¢é multirezistence zaznamenana i1 odolnost vici jakémukoliv fluorochinolonovému
antituberkulotiku a zaroven i vii¢i minimalné jednomu ze tfi parenteralnich antituberkulotik-

capreomycin, kanamycin a amikacin (6).
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2.4. Vyzkum novych potencialnich l1éciv

Psal se rok 1928, kdyz Alexander Fleming nalezl zelenou pliseni rostouci na povrchu kultury
bakterie Staphylococcus aureus. V mistech, kde se tato plisen stykala s bakteriemi, pozoroval
lyzi bakterialnich bunék. Je docela dobfe mozné, Ze byli 1 jini védci, ktefi pozorovali podobny
jev, ale Fleming byl jednoznacné prvni, ktery se na tuto skute¢nost zamértil. Kazdopadné lze
vSak objev penicilinu oznacit za ndhodny nalez 1é€ivé slouceniny aniz by byla zndma tzv. vid¢i
struktura (18).

Vyhledavani vidcich struktur (tzv. lead structures) je v soucasné dob& obvykle prvnim
krokem pfi vyzkumu nového 1é¢iva. Tato zakladni struktura je poté obménovana tak, aby bylo
dosazeno optimélniho 1é¢ebného efektu. VidEi strukturou tak mohou byt jak nové ptipravené
slouceniny, u kterych je zjisStovana jejich biologicka aktivita, tak i biologicky aktivni latky
ptirodniho ptivodu (19). Studium pfirodnich zdroji vedlo naptiklad k objevu streptomycinu
izolovaného z pidnich organismi (20). Vid¢i struktura mize byt nalezena i na zakladé studia
vedlejSich ucinkl 1éciv. Nejednou se stalo, ze vedlejsi ucinek urcité slouceniny prevladl a stal
se tak hlavnim, pro ktery je dana latka vyuzivana. Nebo se dana sloucenina stala pro svij
vedlej$i ucinek novou vadci strukturou. Piikladem je antibakteridlné aktivni karbutamid,
u kterého byl zjistén antidiabeticky vedlejsi ucinek a ktery se stal viid¢i strukturou pro piipravu
tolbutamidu (18).

Vudci strukturu lze ziskat i piipravou strukturnich analog k pfirozenym substratim
enzymu a receptorti. Dobrym zdrojem jsou i bunécné metabolity, které¢ 1ze pomoci malych
strukturnich obmén pfeménit na antimetabolity. Jako ptiklad antimetabolitl 1ze uvést inhibitory
dihydrofolatreduktasy, mezi které patii napt. kyselina p-aminosalicylova.

S rozvojem vypocetni techniky nalezly uplatnéni zejména matematické piistupy, které
na zaklad¢ databazi farmakoforli umoziuji provést navrh novych G€innych struktur (19).
Pro vyzkum IéCiva je velmi dilezitou zélezitosti objev tzv. farmakoforu. Jednd se o urCitou
cast videi struktury, kterd je zodpoveédna za biologickou aktivitu, napiiklad za interakci
s receptorem (18).

Projektovani 1é¢iv s podporou pocitace (Computer-Assisted Drug Design, CADD) se
vyvinulo na zaklad¢ studia vlastnosti 1€¢iv a patii mezi moderni ptistupy. Metoda CADD pracuje
se dvéma zakladnimi pfistupy. Prvnim pfistupem je piimé, strukturou fizené projektovani
1é¢iv (structure-based drug design, SBDD), které Ize pouzit v pfipadé€, Ze je znama presna

struktura cilového receptoru. Pokud neni pfesna struktura receptoru znama, lze pouzit piistup
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tzv. ligandové fizeného projektovani 1éciv (ligand-based drug design, LBDD) pfi kterém se
porovnavaji strukturni vlastnosti skupiny ligand se znadmou biologickou aktivitou s cilem
nalézt jejich spolecny farmakofor (21). Metody CADD zavisi na mnozZstvi informaci, které
mame o ligandu a o receptoru. V nejidealnéjsim pripad¢ je dostupna informace o trojrozmérné
struktufe receptoru i o komplexu ligand-receptor. Tyto informace lze ziskat napt. metodou
rentgenové difrakce nebo nuklearni magnetické rezonance (NMR). K predikci vazebné afinity
protein-ligandového komplexu se znamou trojrozmérnou strukturou 1ze pouZzit metodu SCORE.
Tato metoda umoziuje optimalizovat vedouciho kandidata z hlediska racionalniho 1ékového
designu. Dal§im pfistupem je QSAR (Quantitative Structure Activity Relationship) pii kterém
se vyuziva korelace strukturnich a charakterovych vlastnosti latek s biologickou aktivitou.
Fyzikaln¢ chemické vlastnosti (hydrofobnost, topologie, elektronové vlastnosti a prostorové
efekty) jsou determinovany empiricky nebo pomoci vypocetnich metod. Dalsi metodou je
komparativni molekularni analyza (Comparative Molecular Field Analysis, CoMFA), ktera
se stala vyznamnym nastrojem v trojrozmérnych studiich s QSAR (3D QSAR). Je nezbytné
ale podotknout, Ze vypocetni technika nemiize nahradit Uplné pochopeni studovaného
biologického systému, ale mize pouze pomoci pii porozuméni chemické a biologické strance
problému (22).

Mezi formy vyzkumu nesporné patii i vyuziti biotechnologickych metod, zejména
rekombinantnich technik a genového inZenyrstvi. Velky vyznam ma také poznavani genomu
jednak patologickych organismt, jednak genomu lidského (19). Sekvencovani genomu se
nejvice uplatituje u bakterii. Mezi organismy, jejichz genom byl detailn€ prozkouméan, patii
napt. C. albicans, E. coli, B. subtilis, H. influenzae a H. pylori (21). V roce 1998 byla v Nature
publikovana 1 prace tykajici se genomu M. tuberculosis (23). Zjisténé rozdily mezi lidskym
genomem a genomem patogenu lze vyuzit k projektovani 1é¢iv, jejichz ucinek je zacilen pfimo
na patogenni organismus a ktera tak pfedstavuji pokud mozno minimalni zaté€z pro ¢lovéka.

Cilena syntéza sloucenin na zakladé porozuméni biologickym mechanismiim ucinku a
chemickym strukturdm biologickych systémil je novym a perspektivnim zpiisobem vyzkumu
1é¢iv (22). V nasledujici kapitole (kapitola 2.5) jsou slouceniny s antimykobakterialni aktivitou
rozdéleny dle mechanismu u¢inku. Cilem bylo poskytnout piehled struktur, u kterych je cil
jejich pisobeni znam, nebo alesponn predpokladan a mohou tak slouzit jako inspirace pro

ptipravu dalSich potencialnich 1é¢iv s antimykobakteridlni aktivitou.
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2.5. Antimykobakterialni slouceniny a potencialni cile jejich acinku.

Potencialnimi cily U¢inku antituberkulotik mohou byt zejména nasledujici struktury a
procesy mykobakteridlni bunky:
1. Buné¢na sténa mykobakterii (arabinogalaktan-peptidoglykanovy komplex, mykolové
kyseliny a PKS systémy)
2. Syntéza leucinu, isoleucinu a valinu u mykobakterii (tedy aminokyselin s rozvétvenym
retézcem)
. Syntéza cysteinu v mykobakteridlni burice
. Respiracni fetézec mykobakterii

. Dvouslozkové systémy mykobakterii

3

4

5

6. Serin/threonin kinasy
7. Syntéza kyseliny listové

8. Replikace mybakterialni DNA

9. Proces déleni mykobakteridlni bunky
10. Transkripce u mykobakterii

11. Translace u mykobakterii

12. Mykobakteridlni cytochromy

2.5.1. Bunééna sténa mykobakterii
Bunécénd sténa mykobakterii se

sklada ze tii typd navzdjem spojenych

makromolekul (Obr.1). Vnégjsi lipidovou mycallc
cast tvoii mykolové kyseliny, coz jsou -
rozveétvené mastné kyseliny obsahujici
70 az 90 atoma uhliku (24). Mezi
vyznamné¢ mykolové kyseliny patii
napf. trehalosa 6,6"-dimykolat (TDM) -

a jeji biosynteticky prekurzor trehalosa

lipomannan|[ll " ’
6'-monomykolat (TMM), které maji __._____Jl {B ——
funkci silnych antigenti (25). @ vare (g anar Ooar B SN | inosiol (@ pos
Mykolové kyseliny jsou

Obrazek 1: Bunécna stena mykobakterii. Prevzato
esterovou vazbou pfipojeny z Chatterjee, Khoo, 1998 (28).
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k vrstvé arabinogalaktanu, coz je polymer skladajici se hlavné z D-galaktofuranosylové a
D-arabinofuranosylové ¢asti, které jsou spojeny glykosidickou vazbou. Arabinogalaktan je
pomoci disacharidu a-L-rhamnosyl(1—3)-a-D-N-acetyl-glukosaminosyl-1-fosfatu pfipojen
ke kyseliné muramové. Kyselina muramova je soucasti peptidoglykanové vrstvy tvofici
nejvnitingjsi ¢ast bunééné stény mykobakterii (24).

Vrstva peptidoglykanu se sklada z polysacharidového fetézce tvofeného opakujicimi se
jednotkami N-acetyl-B-D-glukosaminyl-(1—4)-N-glykolylmuramové kyseliny (26). Ac¢koliv
strukturu peptidoglykanu Ize oznacit jako strukturu Aly typu (jeden z nejcastéjsich bakterialnich
typll peptidoglykanu), existuji zde urcité odliSnosti. Jedna se zejména o skutecnost, Ze
peptidoglykan obsahuje kyselinu N-glykolylmuramovou misto kyseliny N-acetylmuramové.
Kyselina muramova dale obsahuje tetrapeptidové (L-alanyl-D-isoglutaminyl-meso-
diaminopimelyl-D-alanin) postranni fetézce. Vazba se pfitom mtize vyskytovat jak mezi dvémi

meso-diaminopimelovymi kyselinami, tak mezi kyselinou diaminopimelovou a D-alaninem

(Obr. 2).

CH,0H
CH,0H o}
o (o}
OH ~
0
\0 (o}
cHo CH,OH NH-CO-CH,
. 0 H,C-CH NH-CO-CH,-0H
H
\Oq 0 0 9 co
NH-CO-CH L)-al
HaC-CH NH-CO-CH,-0H ’ (Lyala
‘[:O (D)-glu
(L)-ala (L)—(D)-ala-(D)-ala-COO
DAP
(D)glu-(L}-DAP-(D})-CO HN-(D)

(D)-ala-(D)-ala-COO"

Obrazek 2 Peptidoglykanova vrstva bunécné stény mykobakterii. Prevzato z: Schroeder a kol.,
2002 (26).

Peptidoglykan, arabinogalaktan a mykolové kyseliny tvoii dohromady tzv. mykolyl-
arabinogalaktan-peptidoglykanovy komplex (mAGP) (27)

K mAGP komplexu je dale nekovalentné piipojen lipoarabinomannan (LAM), jehoz
molekula se sklada z fosfatidylinositolu, mannanu a arabinanu, ktery je strukturné¢ podobny
arabinanu v mAGP-komplexu (27). Zakladem struktury lipoarabinomannanu je hlavni al—6
fetézec, ktery se ptimo ptipojuje na 6-pozici myo-inositolu, ktery je soucasti fosfatidylinositolu

(PD) (Obr. 3). Z mastnych kyselin, které jsou soucasti fosfatidylinositolu prevazuji zejména
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kyselina palmitova (C16:0) a 10-methyloktadekanova (k. tuberkulostearova, C19) a dale malé
mnozstvi kyselin C14:0, C17:0, methyl-C17:0 a C18:0. Otazka mastnych kyselin doposud
nebyla pln€ vyfeSena. Na jedné stran¢ byly nalezeny kmeny majici dva az Ctyfi acylové
fetézce, na strané druhé byl izolovan i kmen M. smegmatis, ktery m¢l naopak neacylovany
fosfoinositol-glycerol. Je tedy téméf jisté, Ze zde existuje urcitd heterogenita mezi jednotlivymi
kmeny, a to jak v pozici, tak i ve stupni acylace lipoarabinomannanu (28). LAM vykazuje
celou fadu biologickych vlastnosti. Pravdépodobné se podili na patogenezi a to tak, Ze inhibuje
aktivaci T-bunék a makrofagt. Déle inhibuje aktivitu proteinkinasy C a indukci makrofagii

(26).

Manm mya-lnosltol o

6¥
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"-.,_______,/ 4

Obrazek 3 Struktura lipoarabinomananu. Prevzato z Chatterjee, Khoo, 1998 (28).

Kromé& LAM obsahuje bunécné sténa mykobakterii celou fadu dalSich lipidd, které jsou
kovalentné¢ vazany k mAGP komplexu. Jedna se napt. o glykolipidy obsahujici trehalosu,
fenolické glykolipidy, glykopeptidolipidy, lipooligosacharidy, fosfatidylinositolmannosidy
(PIMs), fosfatidylethanolaminy a triacylglyceroly (26).

2.5.1.1. Biosyntéza arabinogalaktan-peptidoglykanového komplexu (APc)
Biosyntéza APc muze byt rozdélen¢ do tii ¢asti: syntéza polyprenylfosfatu (Pol-P),
peptidoglykanu a arabinogalaktanu (29).

Syntéza polyprenylfosfatu (Pol-P)

Je jiz dlouho znamo, ze polyprenylfosfat (Pol-P) ma velky vyznam pro syntézu bunécné
stény (30). Bylo naptiklad zjisténo, ze pomalu rostouci kmeny M. tuberculosis syntetizuji
Pol-P mnohem pomaleji nez rychle rostouci kmeny M. smegmatis (31). Déle se ptedpoklada,

ze syntéza mykobakteridlni bunécné stény vychazi konkrétné z dekaprenylfosfatu (29).
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Obrazek 4: Syntéza isopentenyldifostatu.
Prevzato z Crick a kol., 2001 (29)

Prvnim krokem pii syntéze Pol-P je vytvoreni
isopentenyldifosfatu (IPP) (Obr. 4), ktery zacina
kondenzaci glyceraldehyd-3-fosfatu s pyruvatem za
vzniku 1-deoxyxylulosa-5-fosfatu. 1-Deoxyribulosa-
5-fosfat je dale pfeménén na 2-C-methyl-D-
erythritol-4-fosfat a ten poté v dalSich krocich na
isopentenyldifosfat (32). Doposud je zndm pouze
jediny gen této biosyntézy, a to konkrétné Rv2682c,
ktery koduje 1-deoxyxylulosa-5-fostatsynthasu (33).

Jakmile dojde k vytvoteni IPP, nasleduje jeho
pfeména na (DMAPP)

(Obr. 5).

dimethylallyldifosfat

Piesny mechanismus zatim neni

znam, pravdépodobné se jej mize, ale nemusi

ucastnit enzym isomerasa (29). Molekuly

isopentenyldifosfatu jsou nasledné ptikladany k rostoucimu fetézci (dochazi ke 1'-4 head to

tail kondenzaci (34)) dokud se nevytvoii molekula geranyldifosfatu (GPP) a farnesyldifosfatu

(FPP). Prodluzovani fetézce pokracuje stejnym zplisobem az do vzniku polyprenyldifosfatu.

Dimethylallyl )\/\O_E_ o-P-o ,J\/\o-ﬁ_o_ﬁ_o-
Diphosphate s & s o
(DMAPP)
w,E-Geranyl J\/ o
Diphosphate T S VI

(GPP) o

E,Z-FPP synthase l
(Rv1086)

,E,Z-Farnesyl

Diphosphate )\ SN \\\/\/\L g o
(E,Z-FPP) 0 B 0-b-0

|

o
Decaprenyl diphosphate 1 l
synthase (Rv2361c) l l

Decaprenyl diphosphate

Jakmile je dosazeno potiebné délky fetézce,

dochazi k defosforylaci polyprenyldifosfatu na

Isopentenyl
diphosphate

polyprenylmonofosfat. Doposud se nevi, zda
polyprenylmonofosfat vznikd jednoduchou
defosforylaci  polyprenyldifosfatu ~ nebo
zda se z polyprenyldifosfatu odstépuji oba
fosfaty a takto vznikly alkohol je nasledné
refosforylovdn kinasou (29). Z enzymi
podilejicich se na této pfeméné jsou znamy
E,Z-FPP-synthasa kédovana genem Rv1086
(35) a dekaprenyldifosfatsynthasa koédovana

genem Rv2361c (36).

Obrazek 5: Syntéza dekaprenyldifosfatu. Prevzato

z Crick a kol., 2001 (29)
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Bakterie kmene M. smegmatis obsahuji dvé formy polyprenolfosfatu a to dekaprenylfosfat a

heptaprenylfosfat (37), zatimco u M. tuberculosis se nachazi pouze dekaprenylfosfat (31).

Syntéza peptidoglykanu

Syntéza peptidoglykanu (Obr. 6) byla u M. tuberculosis doposud velmi malo prozkouména.
Predpoklada se jeji podobnost se syntézou peptidoglykanu u E. coli (29). Nejprve jsou
v cytoplazmé pfitomnymi enzymy syntetizovany prekurzory. Tyto prekurzory jsou nasledné

preneseny pres membranu pomoci v tucich rozpustného pienasece a ptipojeny k peptidoglykanu.

o ° O~upp
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o 00 o
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[¢]
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0~ "o
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o

06,
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o N/U\ ~o /:[;(N J\I
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N
oy MurG OOJ\ 07N

———» Peptidoglycan

Tunicamycin, Liposidonyrein B,
MMureidomycit &, Capuramycin 3,
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Binding
Protein(s)

Peptide Peptide

Caprazamycity

Obrazek 6. Syntéza peptidoglykanu. Prevzato z Crick a kol., 2001 (29)

Priibéh syntézy peptidoglykanu

V prvni ¢asti dochdzi k syntéze prekurzort. V inicialni reakci je fosforylaci aktivovany
N-acetylglukosamin-1-P  podruhé aktivovan uridintrifosfaitem (UTP) za vzniku UDP-N-
acetylglukosaminu (UDP-GlcNAc). Takto je tedy pfipraven prvni prekurzor. Druhy prekurzor,
kyselina UDP-N-acetylmuramova (UDP-MurNAc) vznikd reakci UDP-N-acetylglukosaminu
s fosfoenolpyruvatem a naslednou redukci enoylpyruvatové skupiny (38). Reakce vedouci
ke vzniku UDP-MurNAc jsou katalyzovany enzymem fosfoenolpyruvat:UDP-GIcNAc-
enoylpyruvattransferasou (murA, gen Rv1315). V dalsim kroku je pfipojenim L-alaninu,
kyseliny D-glutamové, kyseliny meso-diaminopimelové (DAP) a D-alanyl-D-alanindipeptidu
na UDP-MurNAc vytvoten UDP-N-acetylmuramylpentapeptid. U E. coli se na téchto reakcich
podili enzymy MurC, MurD, MurE a MurF (29). U M. tuberculosis byly doposud objeveny pouze
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enzymy MurC (L-alaninligasa, gen Rv2152c¢) (39) a MurD (D-glutamatligasa, gen Rv2155c).
U M. tuberculosis navic dochazi k oxidaci N-acetylové skupiny a vyslednym je produktem je
UDP-N-glykolylmuramylpentapeptid namisto UDP-N-acetylmuramylpentapeptidu. Doposud
ale nebylo objasnéno, kdy presné dochazi k této oxidaci a které¢ enzymy se na této modifikaci
podili (29).

UDP-N-glykolylmuramylpentapeptid je pienesen na molekulu undekaprenylfosfatu,
ktery je pfitomen v membrané a dojde k vytvofeni tzv. Lipidu I. Na tomto pienosu se podili
enzym MurX. Undekaprenylfosfat udili celému komplexu hydrofobni vlastnosti a umoziiuje
prichod hydrofobni vrstvou membrany. Zdrojem energie pro reakci je UDP. Uvolnény UMP je
fosforylovan na UTP a miize byt vyuzit v novém cyklu.

Na membrané dale dochazi k pfipojeni N-acetylglukosaminu pomoci enzymu MurG a
vzniké tak Lipid II (nazyvan téz muropeptid) (29).Tvorba Lipidu I a II jsou posledni kroky,
ke kterym dochézi v cytoplazmé. Lipid II je nasledné transportovan pies cytoplasmatickou
membranu do periplasmatického prostoru. Mechanismus tohoto pfenosu neni doposud znam
(40).

Jednotlivé glykanové fetézce jsou nasledné spojovany pomoci peptidovych miustku.
U E. coli je hlavni vazbou vazba mezi predposlednim D-alaninem jednoho peptidového fetézce
a DAP druhého peptidového fetézce. Tato reakce je katalyzovana penicilin vazajicimi proteiny
(penicilin binding proteins, PBPs) a zahrnuje rozstépeni vazby D-alanyl-D-alanin donorového
peptidu, ¢imz vznikne energie potfebna pro uskute¢néni reakce (29).

PBPs jsou klasifikovany podle své molekulové hmotnosti. Jedna se o enzymy pulsobici
jako peniciloylserintransferasy, které katalyzuji rozstépeni cyklické amidové vazby penicilinu.
Vysokomolekularni PBPs jsou enzymy obsahujici N-termindlni-penicilin-nevazebnou cast
a C-termindlni-penicilin-vazebnou ¢éast. PBPs se dale d¢li na zakladé své primarni struktury
do tfid A a B. Vysokomolekuldrni PBPs tfidy A maji u E. coli funkci transglykosylas a
transpeptidas. U M. tuberculosis byly objeveny ¢tyti PBPs, ale doposud nebylo ovéfeno, zda
funguji také jako transpeptidasy a transglykosylasy.

U M. tuberculosis se dvé tretiny peptidovych vazeb nachdzi mezi karboxylovou skupinou
termindlniho D-alaninu a aminoskupinou D-centra DAP ¢imZ vznikéd vazba D, D. Zbyvajici
jednu tietinu tvoii vazby mezi karboxylovou skupinou L-centra terminalni DAP jednoho fetézce
a aminoskupinou D-centra DAP druhého fetézce. Vznikaji tak vazby L, D. Tento poznatek
napovida o existenci jak D, D tak i L,D-transpeptidas, ackoliv tyto L,D-transpeptidasy nebyly
doposud identifikovany.
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Dosavadni znalosti naznacuji, Ze kromé tvorby amidovych vazeb a vzniku kyseliny
N-glykolylmuramové namisto kyseliny N-acetylmuramové je prubéh syntézy peptidoglykanu

u M. tuberculosis a E. coli podobny. (29).

Syntéza arabinogalaktanu

Arabinogalaktanova vrstva (Obr. 7) se
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®

disacharid jsou navzéajem spojeny 1,4 vazbami, ’ _ @ .

zatimco jednotlivé jednotky galaktanu jsou
mezi sebou st¥idave vazany vazbami B1,5 a p1.6 Obrazek 7: Struktura arabinogalaktanové vrstvy.

a vytvai tak galaktofuran o velikosti pfiblizné Prevzato z Berg a kol., 2007 (44).

30 jednotek (42).

Arabinan se skladé ze dvou nebo tii rozveétvenych fetézct, které jsou pfipojeny k linedrnimu
galaktanovému fetézci. Kazdy D-arabinanovy fetézec je tvofen 22 Araf jednotkami (43).
Zakladni stavebni kostra je tvofena o 1,5-spojenymi jednotkami Araf a nékolika al,3-
pfipojenymi postrannimi fetézci (42). Neredukujici konce jsou vzdy zakonceny P1,2-Araf
jednotkami (B-D-Araf-1,2-a-D-Araf). Jedna se o dimery, na které se vazi mykolové kyseliny
(44).

Pribéh syntézy arabinogalaktanu

Syntéza arabinogalaktanu  zac¢ind pienosem GlcNAc-1-fosfatu z UDP-GIcNAc na
prenylfosfat za vzniku GIcNAc-P-P-Cy, (Obr. 9a). Enzym, katalyzujici pfenos GIcNAc-1-
fosfatu nebyl doposud u M. tuberculosis identifikovan, nicmén¢ existuje nejméné jeden gen,

ktery je homologicky s genem pro GlcNAc-1-fosfotransferasy.
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Nésleduje pfipojeni rhamnosy (Rha) pochdzejici z dTDP-B-L-rhamnosy. dTDP-B-L-

rhamnosa je pomoci enzymu dTDP-rhamnose:prenyldifosforyl-GlcNAc-rhamnosyltransferasy

(Wbbl, gen Rv3265¢) vazana spolu s prenyl-difosforyl-GlcNAc (GlcNAc-P-P-Cs,). Vznika tak

Rha-GlcNAc-P-P-Cy, (Obr. 9b) (29).

V dal$im kroku se k tomuto Rha-GlcNAc-P-P-Cs, pfipojuje galaktofuranosa (galf), ktera

pochazi z UDP-galaktofuranosy (UDP-Galf). Reakce je katalyzovana enzymem UDP-Galf-

misto G€inku pro Rhodamin 5372
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H OH| o
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Obrazek 8: Syntéza dTDP-p-L-rhamnosy, cil piisobeni
Rhodaminu 5372. Prevzato z Ma a kol., 2001 (24)
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transferasou (gen GIfT, Rv3808c). Vznika tak
(Galf);yRha-GlcNAc-P-P-Cs, (Obr. 9c¢).

K Rha-GlcNAc-P-P-Cs, se dale ptipojuje
arabinofuranosa, jejimz donorem je [-D-
arabinofuranosyl-1-monofosfodekaprenol
(27) a vznika tak (Araf),,(Galf);)Rha-GlcNAc-
P-P-Cs5, (Obr. 9d) (29). Predpokladad se, ze
pfenosu arabinofuranosy se uc¢astni enzymy
arabinosyltransferasy. U M. tuberculosis se
jedna o tii geny: embC, embA a embB, které
tvofi dohromady 10-kb embCAE operon
(45) , u kmene M. avium byly nalezeny
arabinosyltransferasy kédovany geny embA

embB (46).

Syntéza dTDP--L-rhamnosy

Syntéza dTDP-B-L-rhamnosy (Obr. 8)
vychazi z a-D-glukosa-1-fosfatu, ktera
je pomoci

thymidylyltransferasy (RmlA, gen Rv0334)

enzymu o-D-glukosa-1-fosfat-

pfeménéna na dTDP-a-D-glukosu. Nasleduje
dehydratace katalyzovand enzymem dTDP-
D-glukosa-4,6-dehydratasou  (RmlB,
Rv3464) za vzniku dTDP-a-6-deoxy-D-

gen

xylo-4-hexulosy. Epimerace této hexulosy
katalyzovana dTDP-4-keto-6-deoxy-D-
glukosa-3,5-epimerasou (RmIC, gen Rv3465)



za vzniku DTP-B-6-deoxy-lyso-4-hexulosy. Tato hexulosa je nasledn¢ plsobenim enzymu

dTDP-rhamnosasynthetasy (RmlD, gen Rv3266¢c) za pfitomnosti NADPH pfeménéna na

dTDP-B-L-rhamnosu.

Glyceraldehyde-

P t
yrivate + 3-Phosphate

Derivaty 4- thiaz olidinonu

Deoxyxylulose-5-
phosphate synthase (DXS, Rv2682c)

deoxyxylulose-5-phosphate

-
.
o

UDP-GlcNAG .
F 5
l MurA (Rv1315)

UDP-MurNAc

l MurC (Rv2152c)
MurD (Rv2155¢c)

l

2-C-methyl-D-erythritol-4-phosphate

v

Isopentenyl Diphosphate (IPP)

Geranyl Diphosphate

* E.Z-FPP synthase (Rv1086)
UDP-MurNAc- @E,Z-Farnesyl Diphosphate (E,Z-FPP)
Pentapeptide

¢ Decaprenyl diphosphate synthase (Rv2361c)

 Decaprenyl Phosphat

UDP-GIcNAc\
a

UMP
GlcNAc-P-P-Cg,

RmiA (Rv0334)

dTDP-Glc
RmiB (Rv3464)
dTDP-4-keto-6-deoxyGlc

y RmIC (Rv3465)
dTDP-4-keto-Rha —> dTDP-Rha

/ GI$-1 -P

AT/

RmiD (Rv3266c) WhbL (Rv3265c)
UDP-Gicp dTDP BTZ038
e | ¢ Rha-GlcNAc-P-P-Cy,
¥ UDP-Galp —> UDP-GaIf\
Lipi dl GIf (Rv3809c) I Galf transferase(s)
(Rv3808c)
UDP-GIcNAC /
- UDP =~ i Rib-5-P
I upp (Galfi,Rha-GIcNACPP-Cy, /¥ |

Lipid It /Araf-P-Cﬂ,*— - P-Rlb-P-.P
T e,
Peptidoglycan (Araf),o(Galf),;Rha-GIcNAC-P-P-Cy, “: Analog C-
fosfoniaiu

Mycolyl-Man-P-C,,?
yeo %0 <——‘/Mycoly| ACP/CoA

‘.——_——
f Trehalose

monomycolate?
Malonyl CoA

4

Acetyl CoA

(Mycolyl),¢(Araf),,(Galf);,Rha-GlcNAc-P-Peptidoglycan

Obrazek 9: Syntéza bunécné stény a antituberkulotika, ktera piisobi na syntézu peptidoglykanové a
arabinogalaktanové vrstvy. Prevzato a upraveno dle Crick a kol., 2001 (29).
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Syntéza UDP-galaktofuranosy

Syntéza UDP-galaktofuranosy (UDP-Galf) zadina preménou UDP-glukosy na UDP-
galaktopyranosu (UDP-Galp) (Obr. 9e). Tato reakce je katalyzovana enzymem UDP-
galaktopyranosaepimerasou (gen Rv3634). UDP-galaktopyranosa je poté pireménéna na
UDP-galaktofuranosu (UDP-Galf) (Obr. 9f), kterd je donorem galaktofuranosy ptipojované
k Rha-GIcNAc-P-P-Cy, (29).

2.5.1.2. Antituberkulotika ptsobici na urovni arabinogalaktan-peptidoglykanového

komplexu (APc)
Inhibice syntézy peptidoglykanu

HN //o
_NH

Obrazek 10: Cykloserin

Cykloserin (Obr. 10)

Cykloserin je Sirokospektré antibiotikum. Jednd se
o strukturni analog D-alaninu, ktery je transportem pro
D-alanin dopraven do bakterie. V bakterii pak inhibuje
alaninracemasu a alaninligasu, coz jsou enzymy podilejici
se na syntéze peptidoglykanu. Alaninracemasa je enzym

H podilejici se na vzniku D-alaninu z L-alaninu, zatimco
C16H33\N

o) alaninligasa umoznuje vznik dipeptidu D-alanyl-D-alanin.

EtOOC
)ﬁ Cykloserin plisobi pouze na rostouci bunky (38). Kromé
0 cykloserinu inhibuji D-alaninracemasu také nékteré

Obrazek 11: Derivat

S-aminofuranosidu derivaty S-aminofuranosidu (Obr. 11) a fludalanin (47).

Derivaty 4-thiazolidinonu (Obr. 12)

//O U nékterych derivati 4-thiazolidinonu bylo zjisténo, ze

- s ovliviiyji tvorbu prekurzorii peptidoglykanu tim, Ze ptisobi

E/@) No jako inhibitory enzymu, ktery umoziiuje pfeménu UDP-N-

O/@)\\O acetylglukosaminu na kyselinu UDP-N-acetylmuramovou
F (47).

Obrazek 12: Derivat 4-thiazolidinonu
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Tunikamycin, Liposidomycin B, Mureidomycin
A, Capuramycin (Obr. 13), Caprazamycin

V soucasné dobé& se tyto pfirodni slouceniny
studuji v souvislosti s jejich inhibi¢nim vlivem na
rust M. tuberculosis. Ptedpoklada se, ze piisobi jako

inhibitory na enzym MurX (48).

Inhibice syntézy arabinogalaktanu

Ethambutol (Obr. 14)

Ethambutol inhibuje arabinosyltransferasu.
Jedna se o enzym, ktery se UcCastni polymerace
D-arabinofuranosy na arabinogalaktan. Rezistence
vici ethambutolu spoc¢iva v mutaci gent, které koduji
arabinosyltransferasu. U M. tuberculosis se jedna o
tii geny: embC, embA a embB, které tvoii dohromady
10-kb embCAE operon. U kmene M. avium se jedna o
geny dva: embA a embB. Ptedpoklada se, ze rezistence

je zpiisobena piedevsim zménami u embB (45).

HO OH M
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HI\Q \ N\H/N
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(@) \ o= OH
H Vo H, O

Obrazek 13: Capuramycin

OH

A

HO

Obrazek 14: Ethambutol

SQ109 (N-geranyl-N'-(2-adamantyl)ethan-1,2-diamin) (Obr. 15)

Tato sloucenina byla odvozena od ethambutolu
s cilem snizit jeho toxicitu. Farmakoforem
u SQI09 je tak stejné jako u ethambutolu
1,2-ethylendiamin (49). Sloucenina vstoupila do
faze klinickych testi vroce 2005 a vroce 2007 byla
dokoncena la faze téchto testi. SQ109 vykazuje

Velikou nevyhodou této slouceniny je jeji

H
in vitro i in vivo aktivitu proti M. tuberculosis N N cooH
vcetné aktivity proti multirezistentnim kmentim. o)\o (

nizkd dostupnost po ordlnim podani. Studie
na mikrosomech lidskych jater prokazaly, ze

pfi metabolismu SQ109 dochazi nejprve k

H
WNN

H

Obrazek 15: SQ109

COOH

o
Obrazek 16: Derivat SQ109 a kyseliny karbamové
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oxidaci, poté k epoxidaci a N-dealkylaci. Aby byla odstranéna tato nevyhoda s dostupnosti,
byla v posledni dobé vyvinuta néktera proléciva. Napft. derivat SQ109 a kyseliny karbamové
(Obr. 16) vykazuje 91,4% dostupnost po oralnim podéani ve srovnani s 21,4% dostupnosti u
SQ109 (testovano na krysach). Po oralnim podani tohoto proléciva byla zaznamenana jeho
ptednostni distribuce do plic a sleziny, coz je z hlediska 1écby tuberkul6zy Zadouci. Derivat
SQ109 a kyseliny karbamové spolu s dalsimi prolé¢ivy na bazi karbamovych kyselin zatim ale
nebyly testovany in vivo (50). Konkrétni cil i€¢inku dosud neni znam, vi se pouze, ze plisobi
na syntézu bunééné stény. SQ109 ma odlisné vlastnosti nez ethambutol a predpoklada se, ze
by se mohlo jednat o zcela novy diamin, a nikoliv pouze o analog ethambutolu. Je také zndm

synergicky ucinek SQ109 v kombinaci s isoniazidem a rifampinem (51).

Analoga C-fosfonatu (Obr. 17)

Analog  C-fosfonatu  pisobi  podobné

O(CH2)15CH
0:10/\/\/( 2)15CH3

Bhrazek 17: Analog C-fosfondtu furanosyltransferasu (47).

jako ethambutol tak, ze inhibuje arabino-

Nitrobenzothiazinon BTZ038 (Obr. 18)
NO, Skupina nitrobenzothiazinonti vykazuje slibné
. " s ucinky proti mykobakteriim. Derivat BTZ038
F />_NC><2:( byl z této skupiny vybran k dal§imu testovani.
Ob}(?ci/zek 18 BTZ038 Studium vztahu mezi biologickou aktivitou a
strukturou prokazaly, ze pro aktivitu je nezbytna
pfitomnost siry a nitroskupiny na pozicich 1 a 8.
Sloucenina obsahuje jedno chiralni centrum a oba enatiomery, BTZ043(S) a BTZ044(R), jsou in
vitro aktivni. Na zaklad¢ metabolickych studii, které prokazaly, Ze nitroskupina je v organismu
casto redukovana na aminoskupinu a skutecnosti, ze vétSina antituberkulotik jsou proléciva,
kterd musi byt v organismu aktivovana, byly pfipraveny i R a S enantiomery aminoderivatu
(BTZ045 S a R) a hydroxylaminoderiat (BTZ046). Tyto derivaty vSak byly méné aktivni nez
BTZ038. BTZ038 pusobi na dekaprenylfosforyl-B-D-ribosa-2"-epimerasu, kterd katalyzuje
pfeménu dekaprenylfosforylribosy na dekaprenylfosforylarabinosu ¢imz plsobi na syntézu

arabinogalaktanové slozky bunééné stény mykobakterii (52) .
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Derivat rhodaminu 5372 (Obr. 19)

Tento derivat zpisobuje inhibici enzymt nezbytnych pro syntézu mykobakterialni dDTP-
rhamnosy (47), kterd je vyznamna pro spojeni arabinogalaktanu s peptidoglykanem. Inhibuje
enzymy RmlA az RmlID, které se podili na vzniku dTDP-rhamnosy R!
z dTTP a glukosa-1-fosfatu. Vyhodou je, Ze Zadny z téchto ctyt W | ,
enzymil se nevyskytuje u ¢loveka, ackoliv Ize Fici, Ze tvorba UDP- R? C\/N/ R

S
glukosy z a-D-glukosa-1-fosfatu a UTP u c¢lovéka je do jisté miry \S
podobna RmIA katalyzované tvorb&é dTDP-glukosy u mykobakterii Obrizek 19- 5372
(24).
2.5.1.3. Mykolové kyseliny wmmmwmww’i"
c-0,
LOH o ¥
o \'\—Hm
Chemicka struktura mykolovych kyselin —J <0 on /
_oom
Mykolové kyseliny jsou H O\i e
vysokomolekularni beta-hydroxy mastné B — '

. , , ’ —é-o\l 9 | oM
kyseliny s dlouhym a-alkylovym postrannim Zﬁ {_UJ/\ III S 1
fetézcem, které se vyskytuji vétSinou ::16-0\_ o/ © -

v tetramykolylpentaarabinosylovych N

oH
Prevzato z Schroeder a kol., 2002 (26)
(Obr. 20).

Ve struktufe mykolovych kyselin lze rozliSit kratky postranni fetézec, ktery je v a-poloze
vzhledem ke karboxylové skupiné a dlouhy fetézec meromykolatovy, ktery nese funkcni
skupiny dle typu mykolové kyseliny. Toto znaceni
vychazi z pyrolyzy mykolovych kyselin, pomoci niz

‘ ‘ Mero \70
1ze mykolovou kyselinu rozstépit na meroaldehyd a
a-tetézec (Obr. 21) (26). U asymetrickych center na /O
. , . . Alfa
C, a C; se u vétSiny mykolovych kyselin vyskytuje OH
R,R stereochemie a substituenty na téchto centrech Obrazek 21: Pyrolyza mykolovych kyselin.

Prevzato z Schroeder a kol., 2002 (26)
jsou tedy vici sobé v erythro pozici (53).

U meromykolatového fetézce mykolovych kyselin Ize déle rozliSit proximalni cast a
cast distalni (Obr. 22). Polarnéjsi funkéni skupiny lze nalézt spiSe na distalni ¢asti. Miize
se jednat napt. o methoxyskupinu, oxoskupinu, skupinu esterovou nebo epoxid, zatimco na

proximalni ¢asti 1ze spiSe pozorovat nepolarni modifikace jako je napt. vyskyt dvojné vazby
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Obrazek 22: Struktura mykolovych kyselin. Prevzato
z Takayama K. a kol. 2005 (43)

nebo cyklopropanového kruhu. Zajimava
je také skutecnost, ze v piipadé€, kdy
se dvojna vazba a cyklopropanovy
kruh nalézaji v konfiguraci trams, tak
lze pokazdé v jejich sousedstvi nalézt
methylovou skupinu, zatimco u cis-
cyklopropanu a cis-dvojné  vazby
methylovou skupinu v jejich sousedstvi

nepozorujeme (26).

U M. tuberculosis 1ze rozlisit tii zakladni typy mykolovych kyselin (Obr. 22). Jedna se o

a-mykolové, methoxy- a keto-mykolové kyseliny (54).

» a-mykolové kyseliny jsou nejvice zastoupenym typem mykolovych kyselin (cca 57%)

(26). Z hlediska struktury se jedna o cis,cis-dicyklopropyl mastné kyseliny. Vyskytuji

se ve dvou formach, které se lisi v délce termindlni alkylové skupiny, v poctu

methylenovych skupin mezi cyklopropanovymi kruhy a karboxylovou skupinou. Napf.

a-mykolové kyseliny kmenu H37Rv a kmenu klinicky izolovaného jsou odlisné (55).

* Methoxymykolové kyseliny tvoii druhou nejvice pocetnou skupinu mykolovych

kyselin (cca 32%). Ve své struktufe obsahuji o-methyl-methyletherovou skupinu

v distalni pozici a cis-cyklopropan a nebo a-methyl, trans-cyklopropan v proximalni

pozici.

+ Ketomykolové kyseliny jsou nejméné pocetnou skupinou (cca 11%) obsahuji

a-methylketonovou skupinu v distalni ¢asti molekuly. Funkéni skupiny v proximalni

¢asti molekuly jsou stejné jako u methoxymykolovych kyselin (26).

Jelikoz se jednotlivé mykolové kyseliny od sebe navzajem 1isi délkou a- fetézce i fetézce

meromykolatového, hovofime u nich o tzv. heterogenité. Kromé heterogenity existuje i tzv.

mikroheterogenita, coz je oznaceni pro skupinu mykolovych kyselin, které maji stejny pocet

atomu uhliku, ale li§i se navzajem pozici funkénich skupin. Odhaduje se, ze pro celkem pét

skupin mykolovych kyselin existuje piiblizné¢ 500 strukturnich izomert (26).

Syntéza mykolovych kyselin

Biosyntézu mykolovych kyselin miizeme rozd¢lit do nékolika nasledujicich kroki, kterymi

jsou:

a) de-novo biosyntéza mykolovych kyselin,
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b) prodluzovani fetézce,
¢) modifikace meromykolatu,
d) Claisenova kondenzace a redukce.

Pii syntéze mastnych kyselin dochazi k nartstani alkylového fetézce o dvouuhlikové
jednotky, které je zptisobeno opakovanim cyklu ¢tyt reakci. Prvni reakei tohoto reakéniho cyklu
je kondenzaéni reakce, pti které dochazi k dekarboxylaci malonatu a jeho nasledné kondenzaci
s fetézcem mastné kyseliny za vzniku B-oxo-produktu. Tato reakce tak vede k prodlouzeni
fetézce mastné kyseliny o dva atomy uhliku. V nasledujicich ttech reakcich dochazi k preméné
vzniklého B-oxo-produktu na jeho alifatickou formu. Nejprve je B-oxoskupina redukovana
na PB-hydroxy-skupinu, nasleduje dehydratace na enoyl-formu, a tato enoyl-forma je v dalsi
reakci redukovéna. Vznika tak nasyceny alifaticky substrat, ktery v dal$im kole podléha opét
kondenzacni reakci s dekarboxylovanou molekulovou malonatu. Tim dochéazi opét k nartstu
uhlikového fetézce o dalsi dva atomy uhliku a cely reakéni cyklus se opakuje az do vzniku
mastné kyseliny o potebné délce.

Na syntéze mastnych kyselin mykobakterii se podili dva typy FAS systému. Jedna se o
FAS-I (fatty acid synthase I) a FAS-II (fatty acid synthase II) systém. Oba tyto systémy maji
podobnou enzymovou funkei, ale 1i8i se v organizaci. Tyto systémy také vykazuji odliSnou

substratovou specifitu a produkuji tak mastné kyseliny odlisné délky (56).

FAS-I systém (Obr. 23a)

FAS-I systém piedstavuje integrovany multienzymovy systém, ktery zahrnuje funkci vSech
enzymu nezbytnych pro biosyntézu mastnych kyselin v rdmci jednoho velkého polypeptidového
fetézce. Tento polypeptidovy fetézec 1ze u mykobakterii rozdélit na nasledujici funkéni domény:
doménu pro acyltransferasu, enoylreduktasu, dehydratasu, malonyl/palmitoyl transferasu,
enzym pienasejici acyl (acyl carrier protein), B-ketoacylreduktasu a B-ketoacylsynthasu. FAS-I
systém je kddovan fas (Rv2524c) genem (54).

FAS-I systém vyuZziva acetyl-CoA a malonyl- CoA jako vychozi substraty pro de-novo
syntézu C,, az C;, mastnych kyselin (56) a dale také katalyzuje prodlouzeni téchto mastnych
kyselin na C,, az C,5 mastné kyseliny (26). C,-C,4, mastné kyseliny jsou déale prodlouzeny
enzymem [-ketoacyl-ACP- synthasou III (mtFabH) o dva atomy uhliku a vstupuji do FAS-II
systému. Mastné kyseliny C,,-C,¢ jsou utilizovany ve form& CoA a jsou jako substraty vyuZity

pro tvorbu a-fetézce (26).
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FAS-II systém (Obr. 23b)
FAS-II systém je slozen z disociovatelnych enzym (57), které jsou kédovany sérii navzajem
oddélenych genti (58). Mezi tyto enzymy patfi:
a) P-ketoacyl-ACP-synthasy (KasA/ KasB,; Rv2245/Rv2246),
b) PB-ketoacylreduktasa (MabA; RvI483),
¢) P-hydroxyacyl-ACP-dehydratasa (Rv0098),
d) Enoyl-ACP-reduktasa (InhA; RvI484).

/

CO2+ CoA

F

\
/

mtFabH €
AcpM + CO3 AcpM + CO2

beta-ketoacyl-ACP-synthasa
(KasA/KasB) beta-ketoacyl-ACP-reduktasa

i
i oo (MabA)
_M N /n+2 AcpM
AcpM

malonyl-AcpM 0 OH

W Fas i i
-— AcpM W

meromykolatovy AcpM

n
oetizec
beta-hydroxyacyl-ACP-dehydratasa
enoyl- ACP reduktasa W ydroxyacyl yd

) NADH:H! H0
Obrazek 23: FAS systemy. Prevzato a upraveno dle Schroeder a kol.2002 (26)

FAS-II systém neni schopen de-novo syntézy mastnych kyselin, ale slouzi k prodlouzeni
Ci6-acyl-CoA na dlouhé meromykolatové fetézce (Cs,y-Cey) (26, 54). Ackoliv oba enzymy
KasA a KasB katalyzuji kondenzaci acyl-ACP s malonyl-ACP a vykazuji specifitu pro
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acyl-ACP obsahujici nejméné Sestnact atomi uhlikli, enzym KasA katalyzuje prodluZovaci
reakce pouze do C;, (26), zatimco enzym KasB je zodpovédny za dosazeni konecné délky

meromykolatového fetézce (54).

B-ketoacyl-ACP- synthase III (mtFabH) (Obr. 23c)

Enzym mtFabH (koédovan genem fabH, Rv0533c) spolu s enzymem B-ketoacyl-ACP-
synthasou tvoii hlavni spojeni mezi poslednim cyklem FAS-I a prvnim cyklem FAS-II
systému. Enzym mtFabH vyuziva produkty FAS-I systému lauroyl-CoA (C,,) a myristoyl-
CoA (Cy,) k vytvoreni myristoyl-AcpM (C,,) a palmitoyl-AcpM (C,;), coz jsou substraty pro
FAS-II systém. B-ketoacyl-ACP-synthasa A (KasA) poté katalyzuje kondenzaci dvouuhlikatého
malonyl-AcpM s myristoyl- nebo palmitoyl-AcpM.

Tato reakce vyzaduje aktivovany malonat ve form&é malonyl-AcpM. Pii této aktivaci
(Obr. 24) dochazi k transacylaci holo-ACP s malonyl-CoA, ktera je katalyzovana enzymem
malonyl-CoA:ACP-transacylasou (mtFabD); (kodovana genem fabD, Rv2243) (57).

AcpS
apo-AcpM ————>  holo-AcpM —
o] (¢]
FabD
_,M AcpM

O AccABCD o 0 s~
)l\ —_— M malonyl-AcpM
acetyl-CoA malonyl-CoA

Obrazek 24: Aktivace malonatu. Upraveno dle Bhowruth a kol., 2008 (56)

Modifikace meromykolatu
U fetézce kyseliny meromykolové se jedné o nasledujici modifikace:
a) vytvoreni dvojnych vazeb (enzymy desaturasy: desAl, desA2, desA3),
b) tvorba cyklopropanovych kruht (enzymy cyklopropan mycolic acid synthasy: cmal,
cma2 a pcaA),
¢) ptenos methylové skupiny (enzymy methyltransferasy: mmal az mma4)
d) oxida¢ni reakce (malo prozkoumany, pravdépodobné enzym alkoholdehydrogenasa

katalyzujici pfeménu hydroxylové skupiny na oxoskupinu) (56).
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Obrazek 25: Claisenova kondenzace a redukce
3-oxomykolatu na mykolat.
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Obrazek 26: INH

Claisenova kondenzace

o o Claisenova kondenzace (Obr. 25) mezi
Rl | ACP o e .
~ meromykolatovym a a-fetézcem a po ni
s-oomykoist  Nasledujici redukce jsou poslednimi kroky
R2
pii biosyntéze mykolovych kyselin. Pii
redukce
Claisenové kondenzaci dochazi interakci
OH © . , o
] aktivovaného Css-meromykolatového
RY _ AcP
fetézce s aktivovanym C,.-a-fetézcem za
R? vzniku 3-oxomykolétu jako meziproduktu.

Tento  3-oxomykolat je  néasledné

redukovan na mykolat (26).

2.5.14. Antituberkulotika pusobici na udrovni mykolovych
Kyselin

Isoniazid (INH, hydrazid kyseliny isonikotinové) (Obr. 26)

Isoniazid patfi k nejstarSim  synteticky  pfipravenym
antituberkulotikiim. Jedna se o slouceninu siln¢ hydrofilni, ktera do
bunék pronika pory v bunééné sténé. Uginek INH vyzaduje nejprve
aktivaci pomoci mykobakterialni peroxidasy KatG. Aktivaci vznika
nestabilni meziprodukt, ktery podléha reakci s NAD'/NAD' (Obr. 27).

Vznikly komplex isonicotinic-acyl-NADH se vaze na aktivni misto

pro NAD(H) u enzymu enoyl-ACP-reduktasy (InhA) ¢imz tento enzym inhibuje (59).

Predpoklada se, ze komplex isoniazidu s NADH je zodpovédny i za inhibici dalSich enzymi

vyzadujicich pfitomnost NADH. Jedna se napt. o enzym MabA (48, 60) a dihydrofolatreduktasu

(48).

Ethionamid, (ETH), prothionamid (PTH) (Obr. 28, 29)

Mezi témito tfemi 1éCivy byla nalezena zkitizend rezistence u kmenl M. leprae a

M. tuberculosis (48). Ackoliv tato 1é¢iva podobn¢ jako INH ptisobi na tirovni InhA, existuje

zde urcity rozdil v aktivaénim mechanismu. Na aktivaci ETH a PTH se na rozdil od INH podili

flavoprotein monooxygenasa EthA (Obr 30). Piedpoklada se vznik bud’ imidoyl-radikalu nebo
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Obrazek 27: Predpokladany mechanismus aktivace INH. Upraveno dle
Rozwarski a kol., 1998 (59)

-~
| 7
A N
HN s NS

Obrazek 28: Ethionamid Obrdzek 29: Prothionamid

imidoyl-aniontu a jejich nasledna interakce s NAD' / NAD' nasledovana hydrolyzou za vzniku
komplexu ethyl-/prothyl-isonicotinic-acyl-NAD. Doposud ale nebylo zjisténo, zda se této

pfemény Ucastni pouze enzym EthA nebo i jiné enzymy (61).

Thiacetazon

Thiacetazon také vykazuje zkiizenou rezistenci s ETH a PTH, ptisobi rovnéz na Grovni InhA
a na aktivaci se podili enzym EthA. Pravdépodobnym produktem aktivace je karbodiimid
(Obr. 31) (48). Existuje i studie, podle které thiacetazon inhibuje tvorbu cyklopropanovych
kruhit u mykolovych kyselin (62).
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Obrazek 30: Pravdeépodobna aktivace ETH a PTH.
Prevzato a upraveno dle Wang a kol., 2007 (61).
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Obrazek 31: Pravdépodobna aktivace thiacetazonu. Prevzato a upraveno dle Janin,
2007 (48)

Triklosan (Obr. 32)
Triklosan byl pGvodné patentovan jako herbicid, ale
OH Cl brzy bylo zjisténo Siroké spektrum jeho uGc€inku. Pro svoji
0 nizkou toxicitu zacal byt pouzivan jako antiseptikum, a to
jak v laboratofich, nemocnicich, tak i v domacnostech.
| Byl pfiddvan do zubnich past, Gstnich vod, deodorantii
Obrazek 32: Triklosan a mydel. Triklosan nepusobi sice jako antibiotikum,
ale ma antiseptické a dezinfek¢éni ucinky (26). Drive se

ptedpokladalo, Ze triklosan jako mala hydrofobni molekula



difunduje do bunécné stény bakterie a Ze jeho biologickd aktivita spociva v disrupci této
bunécéné stény. Teprve nedavno bylo zjisténo, Zze jeho mechanismus spoc¢iva v inhibici InhA

(63).

7y rwe

Dalsi slouceniny, u kterych se predpokliada ucinek na drovni InhA (Obr. 33)

\ i i
|/ 2 S /OH O H Cl
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Obrazek 33: Slouceniny, u kterych se predpoklada piisobeni na InhA (48)

Isoxyl (Thiokarlid, 4,4"- diisoamyloxydifenylthiourea) (Obr. 34)

Isoxyl pfedstavuje dalSi slouceninu obsahujici thiokarbonylovou skupinu, ktera byla
pouzivana v klinické praxi. Nevyhodou je jeho zktizena rezistence s ETH a thiacetazonem.
Ptedpoklada se, ze je podobné jako tato dve 1é¢iva aktivovdn pomoci enzymu EthA (48).
Isoxyl kromé toho, ze plisobi na syntézu mykolovych kyselin inhibuje A9-strearoyldesaturasu

(48, 64).

Obrazek 34: Isoxyl

47



Pyrazinamid (PZA) (Obr. 35)
Pyrazinamid vykazuje silné synergicky a akcelera¢ni ucinek
I v kombinaci s isoniazidem a rifampicinem. Aktivni formou
E | NH, je kyselina pyrazinkarboxylova, ktera vznika hydrolyzou
A pyrazinamidu pomoci mykobakterialni pyrazinamidasy. To, Ze
Obrézek 35: Pyrazinamid kyselina pyrazinkarboxylova je onou aktivni formou, potvrzuje i
skute€nost, Ze tato kyselina je G¢innd in vivo 1 proti pyrazinamid-
a nikotinamid-rezistentnim kmentm M. tuberculosis, u kterych chybi aktivita pyrazinamidasy
(26). Cil ti¢inku PZA je stale pfedmétem vyzkumu, pfedpoklada se ale, Ze by se mohlo jednat o

pusobeni na FAS-I systém (48).

Thiolaktomycin (TLM) (Obr. 36)

. o) Jedna se o thiolaktonové antibiotikum produkované jako

~ — sekundarni metabolit houbovym organismem Nocardia sp.
HO TLM patii do skupiny thiolaktonovych antibiotik.

Obrazek 36: Thiolaktomycin TLM inhibuje kondenza¢ni enzymy FabH, KasA a KasB

(48). Problémy se syntézou a nizk4 stabilita thiolaktomycinu
zatim nedovoluji jeho rozsiteni jako lé¢iva. Nicméné pro své
dalsi vlastnosti zstava stale zajimavym antibiotikem. Vyhodou je zejména Zadna nebo velmi
nizka zkiizena rezistence s ostatnimi antibiotiky, coz umozinuje jeho pouziti i proti rezistentnim

kmentm M. tuberculosis (26).

N-oktansulfonylacetamid (OSA) (Obr. 37)
Bylo zjisténo, ze N-oktansulfonylacetamid
P W NH, pisobi proti riznym druhiim mykobakterii v¢etn€
O¢<0\|C|)/ M. tuberculosis. Vyhodou této slouceniny je absence
Obrizek 37: N-oktansulfonylacetamid zkiiZzené rezistence vuci isoniazidu, rifampicinu,
ethambutolu, streptomycinu a pyrazinamidu. Pfesny
cil piisobeni neni dosud znadm, uvazuje se o FAS-II

systému (26).
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Cerulenin (Obr. 38)
Cerulenin byl izolovan z kultury houbového

organismu Cephalosporium caerulens. Ukdazalo se,

ze inhibuje rast mnoha druhd mykobakterii, véetné ||
M. tuberculosis, M. bovis a multirezistentnich kmenu )

Obrazek 38: Cerulenin
M. tuberculosis. Vyhodou je opét absence zkiizené
rezistence s rifampicinem, ethambutolem, streptomycinem, pyrazinamidem a isoniazidem, coz
nasvédCuje tomu, Ze patii mezi slouceniny s jinym mechanismem ucinku nez maji tato 1é¢iva.
Zkoumani vlivu ceruleninu na M. bovis prokézalo, ze dochazi k inhibici mykolovych kyselin a

predpoklada se inhibice mykobakteridlniho FAS-I i FAS-II systému. Nevyhodou ceruleninu je

jeho nizka stabilita v lidském organismu (26).
PA-824 (NAP) (Obr. 39)

Tento nitroimidazopyran vykazuje vysoce specifickou aktivitu o
proti komplexu M. tuberculosis. Ptedpoklada se, ze zabranuje m

oxidaci hydroxymykolatu na ketomykolat, ktery se vyskytuje

v bunééné sténé mykobakterii (47). Vzhledem ale k tomu, ze Fs O\\/ )
NAP pusobi i na bakterie nachazejici se v nereplikujici fazi

(neprobihd u nich tedy intenzivni syntéza mykolovych kyselin), O//N:O
lze piedpokladat, ze mechanismus uc¢inku NAP je komplexnéjsi. Obrézek 39+ PA-824

Bylo zjisténo, ze pro u¢inek NAP je nutnd nejprve jeho aktivace

pomoci deazaflavin-dependentni nitroreduktasy (Ddn), ktera pfeménuje NAP na tfi primarni
metabolity. Jednim z téchto metabolitil je des-nitroimidazol. Mezi timto des-nitroimidazolem a
bakterialni smrti za anaerobnich podminek byla nalezena vyznamna korelace. Pravdépodobnou
pfi¢inou Ucinku je intracelularni uvolnéni reaktivnich dusikatych sloucenin (Obr. 40) (65).
Vyznamna je také skutecnost, ze NAP je aktivni i proti rezistentnim kmentm M. tuberculosis

(26).

OPC-67683 (Obr. 41)

Tato sloucenina nevykazuje zkiizenou rezistenci s ostatnimi antituberkulotiky. Pusobi
pravdépodobné podobné jako NAP na trovni syntézy hydroxy- a ketomykolovych kyselin
(26). Predpoklada se podobna aktivace a ti¢inek jako u NAP (48).
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Obrazek 40: Aktivace NAP. Prevzato a upraveno dle Singh a kol., 2008 (65)

2.5.1.5. PKS systémy (Polyketidesynthases)
PKS se spolecné s FAS systémy ucastni
syntézy mykobakteridlnich lipidi. Zatimco FAS

\Qom systémy katalyzuji biosyntézu mastnych kyselin,
\

N\

NO,

, PKS obvykle produkuji sekundarni metabolity

Obrazek 41: OPC-67683 (66). Jsou tak producenty raznych exotickych

mykobakteridlnich lipidd (67). Mimo jiné se jedna
zejména o syntézu esterd phthiocerol a phtiodiolon

dimykocerosatu (PDIMs) (Obr. 42) (68), syntézu

R = OCHs; phtiocerol

25 Shiodan sulfolipidu T (SL-I) (Obr. 43) (69) a mykobaktinu

(67).
PDIMs jsou periferni lipidy mykobakterialni

\MM
(0]
W bunécné stény, které jsou produkovany a ve velkém
1
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Obrazek 42: PDIM

poctu transportovany do infikovanych makrofagu.

PDIMs jsou nasledné vclenény do bunécné



membrany a transportovany dovniti do buniky hostilete (70).

SL-I a mykobaktin také souvisi s mykobakteridlni virulenci HS

OH OH
H
%OH
H H

H
O=— N
(69, 67). S\/Q
PKS se skladaji ze tfi zakladnich katalytickych domén. M \H

Ac
Jedna se o acyltransferasu, ketosynthasu a acyl prendsejici

. . . ) . Obrazek 43: SL-1
protein (acyl carrier protein). U mykobakterii se rozlisuji
celkem tii PKS systémy: PKS I, Il a I (67).
Predpoklada se, ze jelikoz existuje podobnost mezi PKS a FAS, mohou slouc¢eniny inhibujici

FAS slouzit 1 jako inhibitory PKS (67).

Siderofor

Zelezo je obligatnim kofaktorem nejméné pro 40 riiznych enzymi M. tuberculosis. Zelezo
je nezbytné pro spravnou funkci cytochromti a dalSich hemoproteinti, mezi nimi napftiklad 1
pro katalasu-peroxidasu KatG. VétSina Zeleza je u mykobakterii v nehemové podobé, vétSinou
ve formé klastril se sirou, kde slouzi jako kofaktory fady enzymii. Zelezo je také limitujicim
prvkem pro rist mykobakterii (71).

Mykobakterie v makrofazich hostitelského organismu ziskavaji zelezo pomoci vysoce
afinitniho transportniho mechanismu, ktery je zprostfedkovan pomoci sideroforti. Syntéza
téchto sideroforti je regulovéna koncentraci iontil Zeleza v okolnim prostiedi (71).

U mykobakterii se vyskytuji ¢tyti typy sideroforu. Nejjednodussimi jsou kyselina salicylova
a kyselina citronova (71). Déle lze rozliSit dva komplexné¢jsi typy sideroforii. Jednd se o
mykobaktin obsahujici fenyloxazolidinovy cyklus a exochelin, ktery tento cyklus neobsahuje.
Mykobaktiny a exocheliny vykazuji vysokou afinitu vici zelezu. Mykobaktin 1ze déle rozlisit
na hydrofilni a lipofilngj$i mykobaktin s ptredpokladem, Ze hraji pti ziskavani zeleza z okolniho
prostiedi rizné biologické role (Obr. 44) (72).

Mykobaktin se skladd z hydroxyfenyloxazolinového cyklu, ktery je vazan na
g-aminohydroxylovany a acylovany lysin. Ke karboxylové skupiné tohoto lysinu je
esterovou vazbou vazan B-hydroxybutyrat, ktery je dale kovalentné¢ vazan ke druhému
N-hydroxylovanému cyklizovanému lysinu (67).

Na syntéze mykobaktinu (Obr. 45) se ucastni systémy PKS a NRPS (neribozomalni
peptidsynthasa). Biosyntéza mykobaktinu je iniciovdna salicylyl-AMP-ligasou (MbtA),
neribosomalni peptidsynthasa (MbtB) zabudovava serin nebo threonin za soucasné cyklizace

na oxazolinovy cyklus. MbtB vyuziva k tvorbé peptidi z aminokyselin mechanismus na bazi

51



WAL,

lipofilngj$i mykobaktin

exochelin

H,
Obrazek 44: Siderofory (71, 72)

thiotemplatu. MbtE a MbtF pfipojuji dvé molekuly lysinu. MbtC a MbtD vyuzivaji jednotky
acetyl a malonyl-CoA k vytvofeni B-hydroxybutyratu mezi dvéma lysiny. MbtJ cyklizuje
C-koncovy N-hydroxylovany lysin na sedmiclenny laktamovy cyklus (67).

Mezi enzymy, které¢ se podili na modifikacich g-aminoskupiny centralniho lysinu patii
N-acyltransferasa (MbtK), acyl-carrier protein (MbtL), acyl-AMP-ligasa (MbtM) a acyl-CoA
dehydrogenasa (MbtN). MbtM nejprve aktivuje mastné kyseliny, které jsou navazané na MbtL
za vzniku acyladenylatu. MbtK zajisti jejich pfenos na volnou g-aminoskupinu. Nasledné
MDbtN katalyzuje vytvofeni dvojné vazby a za ucasti MbtG vznikd nakonec hydroxamatova
skupina (67).

Celé syntézy se ucastni dva genetické klastry: mbtl a mbt2. Oba tyto klastry jsou regulovany
pomoci irondependentniho represoru (IdeR). Klastr mbtl je zodpoveédny za vznik zakladu
molekuly mykobaktinu a mbt2 pak za ndsledné modifikace zékladni molekuly (67).

Predpoklada se, ze siderofory jsou pomoci specidlnich receptorti a pienasecti transportovany

naptic cytoplasmatickou membréanou (71).
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Obrazek 45: Syntéza mykobaktinu. Prevzato a upraveno dle Parish, Brown, 2009 (67)
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2.5.1.6. Inhibitory siderofori
Inhibice syntézy siderofori vede k zastaveni bakteridlniho ristu a virulence v prostiedi, ve

kterém je nedostatek Zeleza. Takovéto prostiedi se nachdzi v hostitelském organismu.

Salicylsulfamoyladenosin (Obr. 46)
Tato sloucenina je prvnim biochemicky

potvrzenym inhibitorem syntézy sideroforu.

V prostfedi s nedostatkem zeleza inhibuje rust

Obrazek 46: Salicylsulfamoyladenosin (73) M. tuberculosis (73).

2.5.2. Syntéza leucinu, isoleucinu a valinu

Na syntéze aminokyselin s rozvétvenym fetézcem, tj. leucinu, isoleucinu a
valinu se podileji enzymy acetolaktatsynthasa (ALS), ketolacidreduktoisomerasa
(KARI) a dihydroxyaciddehydratasa (DHAD). Syntézy leucinu se navic ucastni
1 enzymy isopropylmaldtsynthasa (IPMS), isopropylmaldtisomerasa (IPMI) a
isopropylmalatdehydrogenasa (IPMD). U M. tuberculosis ale byly nalezeny jesté¢ dalsi dva
enzymy — acetohydroxyacidisomerasa a 2-keto-3-hydroxyacidreduktasa, které spole¢né
nahrazuji ¢innost KARI. Jelikoz se u M. tuberculosis vyskytuji jak tyto dva enzymy, tak i
enzym KARI, lze ptedpokladat existenci dvou alternativnich cest (Obr. 47) (74).

2.5.2.1. Inhibitory syntézy aminokyselin s rozvétvenym retézcem

Sulfometuronmethyl a metsulfuronmethyl (Obr. 48)

Tyto slouceniny patii mezi herbicidy inhibujici acetolaktatsynthasu. Na zaklad¢ sceeningu
chemickych databazi byly nalezeny dalsi slouCeniny piisobici na tento enzym. Jedna se
napt. o pyrazosulfuronethyl. Dalsi slouceniny, jako napt. K13030, K13010 a K12147 byly
nov¢ pripraveny (Obr. 48). Slouc¢enina K13030 byla nejvice aktivni pfi testovani na kmeny
M. tuberculosis H37Rv, INH rezistentni M. tuberculosis, RIF-rezistentni M. tuberculosis a

MDR-rezistentni M. tuberculosis a vykazovala G¢inek i na M. kansasii (75).

2.5.3. Syntéza cysteinu
Thiolova skupina aminokyseliny cysteinu se v mykobakteridlni buiice ucastni celé tfady
metabolickych procesii. Ovliviiuje redoxni pochody i strukturu proteini, GcCastni se celé

fady katalytickych procest 1 procest spojenych s pfijmem kovi. U M. tuberculosis probiha
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Obrazek 47: Syntéza leucinu, valinu a isoleucinu
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Obrazek 48: Inhibitory ALS (75)
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aktivace anorganické siry potfebné pro syntézu cysteinu pies adenosin-5"-fosfosulfat. Tento
makroergicky meziprodukt vzniké interakci ATP-sulfurylasy se sulfatem a ATP.

Enzym APS-reduktasa katalyzuje prvni krok v redukci sulfatu. Tento enzym predstavuje
idedlni cil pro antituberkulotika. Jedna se o totiz o enzym, ktery je nezbytny pro pfeziti
mykobakterie zejména v ptipad¢ latentni faze tuberkuldzy. Metabolicka cesta vedouci ke

vzniku cysteinu je popsana na obr. 49 (76).

HN

\N

CF% APS reduktasa |(|) %S/O_
O‘P\O —O_PI C + (|) B

(0]

HO OH
3 NADPH
> reduktasa
(0] 3 NADP
HS/\/NKOH cysteinsynthasa &
I —
NHZ O-acetylserin

Obrazek 49: Syntéza cysteinu (76)

2.5.3.1. Inhibitory APS-reduktasy
Slouceniny na obrazku 50 byly na zdklad¢ screeningu databazi sloucenin navrzeny jako
inhibitory APS-reduktasy. Jako nejvice perspektivni se ukazala slouc¢enina 23180, slouceniny

133896 a 327704 inhibovaly APS-reduktasu z 50%, sloucenina 348401 pak z 90% (77).

2.5.4. Respiracni retézec mykobakterii

Respiraéni fetézec mykobakterii (Obr. 52) obsahuje nékolik komplexi, pficemz kazdy
z nich se skldda z n¢kolika polypeptidii a obsahuje nékolik elektronovych prenasect at’ jiz
ve form¢ hemu, flavinovych prostetickych skupin nebo atomti médi. Centralnim mistem
respiraniho fetézce je chinonovy pool. Elektrony jsou transportovany pomoci dehydrogenas
z cytoplazmy smérem k tomuto spolecnému chinonovému poolu. Chinol je oxidovéan
v membran¢ vazanou reduktasou nebo cytochrom bc, komplexem a elektrony jsou preneseny
na termindalni elektronovy receptor. Spole¢né s transportem elektronti dochézi k pohybu protont
ptes cytoplasmatickou membranu do periplasmatického prostoru ¢imz dochazi k vytvofeni
elektrochemického gradientu. Pti transportu téchto protonti prosttednictvim ATP synthasy zpét

do cytoplasmy dochézi ke vzniku ATP.
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Obrdazek 50: Inhibitory APS-reduktasy (77).

V respira¢nim fetézci mykobakterii se vyskytuje cela fada modifikaci, které umoznuji preziti
této bakterie jak za aerobnich, tak i za anaerobnich podminek. Pfehled enzym Gcastnicich se

respiraéniho fetézce ukazuje obrazek 52 (67).

Menachinon (MK) (Obr. 51)

Menachinon je bakteridlni lipochinon, ktery hraje klicovou roli v dychacim fetézci
mykobakterii. Jednd se o 2-methyl-1,4-naftochinon, ktery obsahuje riizné¢ dlouhy fetézec.
U M. tuberculosis je tento fetézec tvoreny deviti isoprenovymi jednotkami (MK 9). JelikoZ se

menachinon u ¢lovéka nevyskytuje, predstavuje idealni cil pro G¢inek antituberkulotik (67).

o)
| P H
Menachinon |(|) n =9 u M. tuberculosis Menachinol

OH

Obrazek 51: Menachinon / menachinol
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NADH dehydrogenase |
NDH-I

NADH
NAD* + H*
4H* >

NAD* + H*

NADH dehydrogenase I
NDH-2

Succinate dehydrogenase

SDH Succinate

Fumarate + 2H*

Cytochrome bc, — aa, super
complex

ADP + Pi
FoF, ATP synthase

Cytochrome bd oxidase

Nitrate reductase
NR

Fumarate + 2H*
Fumarate reductase

. Succinate 4

Obrazek 52: Dychaci retézec. Prevzato z Parish, Brown, 2009
(67)

NADH:menachinonoxidoreduktasa
(NADH dehydrogenasa) (NDH)
NDH spoleéné¢ se sukcinatdehydrogena-
sou (SDH) =zajistuji vstup elektrontt do
dychaciho fetézce a jejich prenos z NADH
smérem k chinonovému poolu. Pfispivaji
tak k obnoveni NAD". NDH je polypeptid
skladajici se ze 463 aminokyselin. U M. fu-
berculosis 1ze rozlisit ti1 typy NDH: NDH-
1, NDH-2 a NDH-2A. (M. marinum ma tfi
typy NDH; M. leprae a M. smegmatis pouze

jeden typ) (67).

Cytochrom bd oxidasa
Tento enzym katalyzuje pfimou oxidaci
menachinolu a redukuje kyslik na vodu.
Redukce kysliku ale neni v tomto piipadé
spojena s transportem protonu pies mem-
branu a je tedy z energetického hlediska

mén¢ efektivni (67).

Superkomplex cytochrom bel-reduktasy
a cytochrom c oxidasy

Tento komplex katalyzuje oxidaci menachi-

nolu. Transport elektronti a redukce kysliku

na vodu je spojena s transportem protont

pfes membranu (67).

Sukcinatdehydrogenasa (SDH), Fumaratreduktasa
(FRD)

SDH a FRD jsou strukturné podobné flavoproteiny, které
se lisi ve sméru premény sukcinat/fumarat.

SDH je tvoiena homotrimery, FRD dimery. Kazdy pro-
tomer se pritom sklada ze tii az ¢tyf podjednotek. Jedna
se o podjednotky A a B a o podjednotku C, u nékterych
kmenti je i podjednotka D (67).

F F, ATP synthasa

Jedna se protein, kterym dochazi k navratu
protontt z periplasmatického prostoru zpét
do cytoplasmy a tim i k vyrovnani gradi-
entu. Sklada se ze segmentu F, a segmentu
F .Segment F slouzi k posouvani protont, za-
timco ¢ast F, umoZiuje fosforylaci ADP + Pi za

vzniku ATP (67).
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2.5.4.1. Antituberkulotika ptisobici na irovni respiracniho retézce

R207910 (znacen i jako TMC207) (Obr. 53)
Tato sloucenina patii do skupiny diarylchinolint. O
R207910 puasobi i na multirezistentni a atypické kmeny

jako je M. fortuitum a M. abscessus a zaroven nevykazuje

zkiizenou rezistenci s ostatnimi  antituberkulotiky. OO O
i

Mechanismus ucinku spociva v inhibici ATP synthasy (78).
V soucasné dob¢ se nachazi ve druhé fazi klinickych test Obrizek 53- R207910.

(51).

Meflochin a jeho derivaty (Obr. 54)

Meflochin byl ptivodné pouzivan k 1écbé malarie. Velky O
zdjem vzbudil objev jejiho inhibi¢niho vlivu na ATP- FsC
synthasu. Na zakladé QSAR byly pfipraveny dalsi derivaty CFj

této slouceniny (Obr. 55) (48). Obrazek 54: Meflochin

90 OCO

Obrazek 55: Meflochin

Skupina fenothiazini (Obr. 56)

Bylo prokazano, ze slouceniny patfici do této skupiny, H
napt. chlorpromazin, thioridazin a zejména trifluorperazin,
vykazuji antimykobakteridlni aktivitu (79). Predpoklada se,

ze fenothiaziny ptsobi na irovni NDH-2 a NDH-2A (67).
Obrazek 56: Fenothiazin
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2.5.5. Dvouslozkové systémy mykobakterii

Rozpoznani specifickych signali a jejich konverze do transkripce specifickych genti
umoziluje bakteriim pieZit za rlznych Zivotnich podminek (80). U dvouslozkovych systému
lze rozliSit sensor a regulator odpovédi. Regulatorem odpovédi je ¢asto pfimo transkripéni
faktor.

U sensoru, ktery je umistén v bunééné membrané (67) Ize rozlisit dvé domény: vlastni
sensor s kinasovou aktivitou a doménu s histidin-transferasovou aktivitou (81).

Regulator nachazejici se v cytosolu (67) je také slozen ze dvou domén, a to z domény
aspartatové a domény signalni, ktera vaze DNA (output doména) (81).

Dvouslozkovy systém bakterii (Obr. 57) funguje tak, Ze senzorovd doména sensoru
rozpozna signdl, rozpoznani signalu aktivuje kinasu k autofosforylaci histidinového zbytku
fosfotransferasové domény. Nasleduje prenos Pi ve formé acyl-fosfatu na zbytek asparagové
kyseliny u aspartatové domény reguldtoru odpovédi. Dochazi tak pravdépodobné ke
konformaénim zménam ve druhé regulatorové doméné a nasleduje transkripce, jejiz produkty

jsou odpovédi na signal z okoli (81).

1 Senzorova doména s kinasovou aktivitou

,ll 2 Histidin-transferasova doména

3 Regulator odpovédi

% P; pienos P;ve formé acyl-fosfatu
ATP ADP

P;
autoefosforylace
= transkripce
Obrazek 57: Dvouslozkovy systéem. Prevzato a upraveno dle Macela a kol., 2006 (81)

U M. tuberculosis existuje vice dvouslozkovych systémi, kazdy je specificky pro urcity
podnét. Jedna se napt. o systém PhoP-PhoQ, ktery kontroluje expresi virulentnich gent, systém

PrrA-PrrB, jehoz vyznam neni doposud pfesné zndm nebo o systém MprA-MprB (81).
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2.5.5.1. Slouceniny, u kterych se predpoklada piisobeni na dvouslozZkové systémy

Salicylanilidy (Obr. 58), skupina tritylii (Obr. 59) a benzimidazoli (Obr. 60)

I I Cl

Oo

OH

Obrazek 58: Salicylanilidy (80)

00570 oyl

Obrazek 59: Priklad tritylu (80) Obrazek 60: Priklad benzimidazolu (80)

2.5.6. Serin/threonin kinasy

Reverzibilni fosforylace proteinti je vyznamnym mechanismem, kterym bakterie reaguji
na signaly z okolniho prostiedi (82). Sekven¢ni analyza genomu M. tuberculosis prokazala
existenci genti kodujicich 11 dvoukomponentovych systémt a 11 serin/threonin kinas (67)
PknA az PknL. (82). Krom¢ PknG a PknK, které¢ existuji v podobé rozpustnych proteini se
vSechny ostatni mykobakterialni kinasy vyskytuji jako transmembranové proteiny podobné
receptortim (82).

Serin/threonin kinasy vykazuji stejnou funkci jako dvouslozkové systémy, tj. ucastni se
odpovédi na signaly z vnéjSiho prostiedi (67). Tyto kinasy se také skladaji ze sensoru, ktery
je zde tvoten receptorovou doménou a doménou vykazujici kinasovou aktivitu. Receptorova
doména piijme signdl z vn¢jSiho prostiedi, nasleduje zména konformace a aktivace kinasy.

Poté dochazi k prenosu fosfatu na akceptor serinu nebo threoninu u substratu.
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Serin/threonin kinasy mohou podobné jako dvouslozkové systémy piedstavovat vhodné
cile pro 1éciva jelikoz hraji kli¢ovou roli pfenosu signali a zaroven kontroluji dtilezité bunécné
procesy (67).

Serin/threonin kinasy ovliviuji také interakci host-patogen a rist bakterii. Nejvice
prozkoumanymi jsou kinasy PknA, PknB a PknG. O PknA a PknB je zndmo, Ze ovliviiuji
tvar mykobakteridlni buiky. Tyto dvé kinasy jsou souc¢asti operonu Rv0014c-Rv0018c, ktery
dale obsahuje fosfatasu PstP a enzym PBPA, ktery mé podil na syntéze peptidoglykanu.
Bylo zjisténo, ze nadmérna exprese téchto kinas zpisobuje pomaly riist mykobakterie a jeji
zakulacenéjsi bunécny tvar, zatimco pfi potlaceni jejich exprese maji mykobakteridlni bunky

tvar spise protahly a rovny (82).
2.5.6.1. Inhibitory serin/threonin kinas

Derivaty benzothiofenu a benzochinoxalinu (Obr. 61)

Literatura udava, ze nékteré derivaty benzothiofenu a benzoxochinoxalinu byly patentovany
jako inhibitory serin/threonin kinas s pravdépodobnym pusobenim na PknG v ptipadé
benzothiofenu a PknB, PknG a PknH v ptipad¢ benzochinoxalinu (48).

O\\ NH,
H

0 o OO
80/>—Q —

Obrazek 61: Inhibotory serin / threonin kinas

2.5.7. Syntéza kyseliny listové

Kyselina tetrahydrolistové je dillezitym koenzymem pii syntéze thyminu. Clovék pfijima
kyselinu listovou v potravé a tato kyselina je pak v organismu redukovana na kyselinu
dihydrolistovou a tetrahydrolistovou. Kyselina tetrahydrolistova je pomoci membranovych
prenasecu transportovana dovnitt do buiiky. Jelikoz u bakterii neni tento transportni systém
vytvoren, dochazi k syntéze kyseliny listové ptimo z prekurzort, tj. dihydropterindifosfatu a

kyseliny p-aminobenzoové (Obr. 62) (83).
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Obrazek 62: Syntéza kyseliny listové u bakterii. Prevzato a upraveno dle Franklin a Snow, 2005 (20)

2.5.7.1. Inhibitory dihydrofolitreduktasy

Inhibitort dihydrofolatreduktasy se vyuziva pii 1écbé celé fady bakteridlnich a protozoalnich
onemocnéni. Dihydrofolatreduktasa katalyzuje redukci dihydrofolatu na tetrahydrofolat,
ktery se Ucastni celé fady procest bakteridlni buiiky. Inhbice dihydrofolatreduktasy u bakterii
ovlivituje biosynthesu nukleotidii, methioninu, serinu a glycinu. Ma vliv na syntézu DNA,
RNA i na proteosyntézu (84).

Dihydrofolatreduktasa bakterii se od lidské 1isi, coz umoznuje vyvoj selektivnich inhibitorg.
Nejznamé;jsi slouceninou, o které je znamo, ze inhibuje dihydrofolatreduktasu je trimethoprim,
ktery se pouziva proti celé fad¢ bakteridlnich onemocnéni. Trimetoprim stejné jako epiroprim
maji pouze slaby uc¢inek na mykobakterie, na jejich zédklad¢€ ale byly odvozeny nové derivaty,

které jsou vuci mykobakteriim aktivni (48).
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Obrazek 64: Schiffovy baze

Obrazek 65: Derivat 2,4.diamino-5-methyl-5-
deazapteridinu

Kyselina para-aminosalicylova (Obr. 63)

Kyselina ~ p-aminosalicylovd  je  jednim
z nejstarSich antituberkulotik. Za mechanismus jejiho
ucinku se dfive povazovala kompetitivni inhibice
p-aminobenzoové kyseliny, konkrétné blokovani
syntézy kyseliny dihydrolistové (85). Existuji ale
1 hypotézy, podle kterych by PAS mohla plsobit i na
syntézu mykobaktinu (72).

Schiffovy baze odvozené od kyseliny salicylové

(Obr. 64)

Tyto konjugaty s postrannim fetézcem obsahujicim
velké mnozstvi hydroxylovych skupin vykazovaly
zvySenou antimykobakteridlni aktivitu pfi testech na

M. smegmatis a M. bovis (86).

Derivaty deazapteridinu (Obr. 65)

U ftady derivati deazapteridinu byla hodnocena
jejich  antimykobakterialni  aktivita.  Inhibici
dihydrofolatreduktasy zpusobovaly nckteré
derivaty 5-deazapteridinu, které ve své molekule
obsahovaly arylovou skupinu pfipojenou at’ jiz piimo
nebo pomoci methylenového mistku na 6-pozici

pteridinového kruhu. Dale byla tato aktivita zjisténa

u derivatl 2,4-diamino-5-benzylpyrimidinu, které byly odvozeny od trimethoprimu s cilem

zvysit antimykobakteridlni aktivitu. Mezi slouCeniny s nejvyssi biologickou aktivitou patfi

derivaty 2,4-diamino-5-methyl-5-deazapteridinu, které vykazovaly vysokou ucinnost proti

kmentim M. tuberculosis a M. avium (84).

Naopak u skupiny derivati 1-deaza-7,8-dihydropteridinu, které byly pfipraveny piimo

jako antifolaty, nebyl potvrzen tento ucinek. Slouceniny jsou sice aktivni vici kmenim

M. tuberculosis a M. avium, ale dal$i vyzkum mechanismu jejich u€inku vyvratil hypotézu,

ze by mohly slouzit jako inhibitory dihydrofolatreduktasy. Mechanismus jejich uc¢inku je tedy

stale predmétem vyzkumu (87).
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2.5.8. Replikace bakterialni DNA

Replikace DNA u mykobakterii (Obr. 66) probiha diskontinudlnim zptisobem. Na replika¢ni
vidlici se jeden fetézec na matricovém fetézci syntetizuje kontinualné (vedouci fetézec),
zatimco druhy fetézec diskontinudlné pres Okazakiho fragmenty (opozd'ujici se fetézec) (88).

Replikace probihé ve tfech fazich. Jedna se o iniciaci, elongaci a terminaci.

RNAasa H/ pol1

DNA polvmerasa III

Obrazek 66: Replikace mykobakterialni DNA. Vytvoreno dle www.genome.jpg (92)

Iniciace replikace

Pocatek replikace oriC je rozeznadn DnaA proteiny. K tomu je nutna nejprve aktivace téchto
DnaA proteini pomoci ATP. Aktivované DnaA proteiny se navazou na oriC a ptevedou jej do
oteviené formy (38).

Po otevieni oriC se na uvolnéné DNA fetézce z obou protilehlych stran vaze helikasa
(DnaB protein). K navazani helikasy dochazi za pfitomnosti proteinu DnaC, ktery s helikasou
tvoti komplex a zaroven dokdze rozeznat DnaA proteiny a umoziuje tak transport helikasy
do pocatku replikace. Pfenos jedné molekuly helikasy probiha za ptitomnosti jedné molekuly
ATP. Vznika tak tzv. prepreprimingovy komplex. Vzniku tohoto komplexu se Gcastni také HU-
protein (histone like protein), ktery poté, jakmile dojde ke spravné orientaci helikasy v misté
oriC, zah4ji rozvijeni dvousroubovice (38).

Helikasy navazané v pocatku replikace za¢nou odvijet matricovy DNA-fetézec ve sméru
5’-3’konec za tvorby replikacnich vidlic. Na vzniklé jednotetézcové tseky DNA se vazou
SSB-proteiny (rozmotéavaci proteiny) (89), které udrzuji matricové fetézce v natazeném stavu,
brani vytvoreni vodikovych vazeb a tim i znovuobnoveni dvoufetézcové struktury. K navazani

SSB-proteint je potiebna ATP (90).

65



Elongace

Enzym DNA-primasa (Dna-G) protein vytvoii kratky usek RNA- tzv. startovaci ocko
(primer) pro DNA-polymerasu III, ktera pokracuje v elongaci (91).

Pfitomnost RNA-primeru je nutna k syntéze vedouciho i opozd’ujiciho se fetézce. Syntéza
vedouciho fetézce probiha kontinudln€ a je pro ni tedy potfebny pouze jeden primer, ktery je
syntetizovan v pocatku replikace. U opozd'ujiciho fetézce je po¢et RNA-primerid roven poctu
syntetizovanych Okazakiho fragmenti (90).

Na syntéze RNA-primert se podili enzym DNA-primasa. DNA-primasa (DnaG-protein) je
aktivovana DnaB proteinem. Komplex primasy s helikasou se oznacuje jako primozom. Tento
primozom se pohybuje stejnym smérem jako replikaéni vidlice, tj. proti sméru prodluzovani
Okazakiho fragmentt (90).

Syntéza vedouciho fetézce probiha na matricovém fetézci, ktery se vyznacuje 3'- 5’ smérem
fosfodiesterovych vazeb, zatimco syntéza opozd’ujiciho se fetézce probihd na matricovém
fetézci se smérem fosfodiesterovych vazeb 5'- 3. Okazakiho fragmenty se pfitom prodluzuji
proti sméru pohybu replikacni vidlice (91).

Pomoci DNA-polymerasy III (Pol III) se na 3’- OH konec kazdého primeru napojuji
deoxyribonukleosid -5'- trifosfaty. DNA fetézce obsahujici RNA-primery jsou rozpoznany
y-komplexem DNA-polymerasy III, ktery na DNA fetézec pfipoji tzv. B-svorku. Tato svorka
drzi syntetizovany fetézec pohromadé s fetézcem matricovym. Na vedouci fetézec je pfipojena
pouze jedna B-svorka, zatimco na opozd'ujicim fetézci se P-svorka pfipojuje na kazdém
Okazakiho fragmentu. Timto zplUsobem je pravdépodobné zajiSt€éna koordinace syntézy
vedouciho a zpozd'ujiciho se fetézce. DNA-polymerasa III je pfi syntéze Okazakiho fragmenu
spojena s B-svorkou, po dokonceni syntézy se rychle uvolni a za sebou zanecha B-svorku.
Uvolnénd DNA-polymerasa III se okamzité¢ spoji s novou svorkou na jiném misté, kde se
nachazi RNA-primer (90).

Nakonec dochédzi k odstranéni vSech RNA-primerd a k vytvoreni souvislého fetézce
pospojovanim DNA-fragmentl. Tohoto procesu se ucastni enzym DNA-polymerasa I (Pol
I), ktera se pohybuje za DNA-polymerasou III, postupné odstranuje RNA-primery a dopliiuje
vzniklou mezeru. DNA-ligasa poté takto doplnéné fragmenty pospojuje v souvisly fetézec

(90).
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Terminace

Terminus (terC) je usek chromozomu, kde konci replikace bakteridlniho chromozomu.
Tento Gsek se nachazi ptesné naproti pocatku oriC (38).

Na terC se vaze tzv. Tus-protein, ktery inhibuje aktivitu helikasy, ¢imz dochazi k zastaveni
tvorby replikacni vidlice. Replikacni vidlice se dostanou do oblasti terminatoru, vzajemné se
propletou a vytvorti katenan. Topoisomerasa II (DNA-gyrasa) nasledné katalyzuje dekatenaci a
ptechod obou kruznicovych DNA do dcetinych bunék (90).

Vyzkum replika¢niho ¢asu prokazal, ze rychlost replikace u M. tuberculosis je 3200
nukleotidi za minutu. Probihd tak 11krat pomaleji nez u M. smegmatis a 13-18 krat pomaleji

nez u E. coli (88).

2.5.8.1. Inhibitory replikace bakterialni DNA

Fluorochinolony

Fluorochinolony jsou z hlediska 1écby tuberkul6zy slibnou skupinou sloucenin, které snadno
pronikaji do bunék a ptisobi tak i na intracelularni mykobakterie (51). U¢inek fluorochinolonti
spoc¢iva v inhibici ATP-dependentni DNA-gyrasy (topoisomerasa II). Mezi chinolony patii
napf. ciprofloxacin, levofloxacin, sparfloxacin, gatifloxacin, moxifloxacin a sitafloxacin.
Do taze preklinickych testi se dostala slou¢enina DW-224 (48) a sloucenina DX-619, ktera
vykazuje uc¢inek i proti rezistentnim kmendm (Obr. 67) (93).

Rezistence bakterii vii¢i chinoloniim spoc¢ivéd v mutaci mykobakteridlnich genti gyr4 a gyrB.
Doposud nebyla prokézana zkiizena rezistence mezi chinolony a antituberkulotiky prvni linie.

Byla vsak zjisténa zkiizend rezistence mezi jednotlivymi chinolony (51).

o 0
F L coon COOH
| o
cl H,N A A
H_N DW-224 DX-619 F

Obrazek 67: DW-224 a DX-619
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2.5.9. Déleni mykobakterialnich bunék

Dva identické chromosomy vzniklé replikaci DNA musi byt rozdéleny do dcefinnych
bunck. K tomuto rozdéleni dochazi u bakterii zahy po zahajeni replikace bakteridlni DNA.
Rozestup dcetinného a matetského chromozomu je doprovéazen tvorbou tzv. divizomu, ktery
vznikd ve stfedni Casti buiiky. Tento divizom se podili jak na rozdéleni DNA, tak i na tvorbé
peptidoglykanu a konecném rozdéleni matefské buniky pomoci bunécné prepazky (septa) na
dvé bunky dcefinné (82).

Prvnim cytoskeletarnim proteinem, ktery byl u bakterii prozkouman, je protein oznacovany
jako FtsZ. Jedna se o protein piibuzny eukaryotickému tubulinu (82). JelikoZ FtsZ obsahuje
sekvenci, ktera je u tubulinu spojend s vazbou GTP, predpoklada se, ze FtsZ miize podobné
jako tubulin vazat GTP a fungovat tak jako GTPasa (94).

FtsZ se pii bunééném déleni shromazd’uje ve stiedu buiiky,

Z-kruh
kde wvytvafi dynamickou strukturu podobnou kruhu, tzv.

[ O \0 O ] Z-kruh. Tento Z-kruh (Obr. 68) je zékladni kostrou, ke které se

ptipojuji dalsi proteiny ucCastnici se déleni bakteridlni buiiky.

Obrazek 68: Z-kruh. Tyto proteiny spole¢né s FtsZ vytvaii jiz zminovany divizom
(99).

Z proteint podilejicich se na tvorbé bunééného septa jsou u mykobakterii zndmy FtsE, Ftsl,
FtsK, FtsQ, FtsW, FtsX, AmiC a EnvC. Role proteinll FtsE a FtsX je dosud nezndma, vi se
pouze, ze patii do rodiny ABC transportéra. Ftsl je transpeptidasa patiici mezi tzv. penicilin
binding proteins (konkrétné¢ PBP;) a tcastni se syntézy septalniho peptidoglykanu. FtsQ je
transmembranovy protein, ktery spojuje cytoplasmatickou a periplasmatickou membranu
a ucastni se celé fady interakci mezi proteiny (82). FtsW je ¢lenem rodiny SEDS (Shape,
Division and Sporulation) proteint. Jeho pravdépodobna role spociva v transportu prekurzori
peptidoglykanu do periplasmatického prostoru, kde pomoci specifickych transpeptidas dochdzi
k jejich utilizaci (95). Amidasa AmiC a hydrolasa EnvC hydrolyzuji septalni peptidoglykan a
umoznuji tak rozdéleni matefské buiiky na dvé dcefinné (82).

O mykobakteriich je znamo, Ze v pozdéjsich stadiich bunééného dé€leni tvoii tvar pismena
V. Pfi¢inou je ukladani vétSiny nové vytvorené¢ho peptidoglykanu na pdlech a vnéjsi strané
tohoto V. Pfi déleni mykobakteridlni buniky zlstavaji nejprve dcefiné bunky spojeny vnéjSimi

membranami a teprve pozdéji dochazi k oddéleni dcetfinnych bunck (82).
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2.5.9.1. Inhibitory bunééného déleni

Derivaty 2-alkoxykarbonylaminopyridinu

Pfi hledani potencidlnich antituberkulotik bylo prozkoumano 1 200 derivati
2-alkoxykarbonylaminopyridinu, které byly plvodné syntetizovany jako inhibitory
eukaryotického tubulinu. U nékolika sloucenin byl objeven antimykobakterialni u¢inek. Jako
nejperspektivnéjsi se ukdzaly slouceniny SRI-3072 a SRI-7614, které vykazovaly Gc€inek proti
M. tuberculosis (Obr. 69). Tyto slouceniny pusobi jako inhibitory polymerace FtsZ (96).

I, -~
55l a s

SRI-3072 SRI-7614

Obrazek 69: SRI-3072, SRI-7614

2.5.10. Transkripce

Transkripce je proces, pii kterém dochézi k prepisu matricové chromozomalni DNA, ktera
slouzi jako templat, za vzniku vSech funkénich typit RNA (89). Mezi primarni transkripty patii
pre-rRNA, pre-tRNA a mRNA, kterd je primarnim transkriptem strukturnich gent. Zakladni
transkripéni jednotku tvofi promotor, ktery spolu s operdtorem tvoii operon a startovaci
nukleotid (90).

Hlavnim enzymem transkripce je RNA-polymerasa (transkriptasa). RNA- polymerasa
ma molekulovou hmotnost pfiblizné¢ 400 kDa (97). Jedna se o holoenzym skladajici se ze
dvou a-podjednotek, které¢ se vaZou na promotor, jedné B-podjednotky, kterd zajistuje vazbu
ribonukleotidi na polymerasu, dale I1ze rozlisit B’-podjednotku zajist'ujici spojeni polymerasy
s matricovym fetézcem a o-podjednotku, kterd rozeznd sekvenci kolem nukleotidu 35 a
zajistuje tak navazani RNA-polymerasy na promotor a nikam jinam (20, 90).

Promotor obsahuje dv€ mista, ktera jsou specifickd pro ur¢itou RNA-polymerasu. Jedna se
o misto poznavaci, které se nepirepisuje do syntetizované RNA (sekvence kolem nukleotidu 35)
a misto vazebné, které obsahuje vyssi mnozstvi partt A-T (sekvence kolem nukleotidu 10, tzv.
Pribnowliv box). Vysoky obsah pari A-T umoznuje snadnéjsi lokalni denaturaci a vzajemné

odd¢leni obou zavitnic od sebe (89, 91).
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Vlivem o-faktoru dojde k nasednuti RNA-polymerasy na pozndvaci misto promotoru,

coz vede k lokalnimu rozvolnéni zavitnic na vazebném misté¢ a k pevnému navazani RNA-

.....

.....

protein ziistava navazan az do faze terminace. Po jeho uvolnéni z terminatoru je opét nahrazen
o-faktorem, ktery se podili na zahéjeni dalsi iniciace transkripce (90).

Pti elongaci je rostouci fetézec RNA pfipoutdn kratkym tsekem hybridniho DNA-RNA
komplexu k predlohovému fetézci DNA. K ristu fetézce RNA dochazi na 3 konci, po dosazeni
ptislusné délky dochazi k terminaci, fetézec RNA se uvoliiuje a rozvolnéna dvojsroubovice

DNA nabyva své ptivodni konformace (38).

2.5.10.1. Antituberkulotika inhibujici RNA-polymerasu

Rifampicin (Obr. 70)

Rifampicin patfi mezi antituberkulotika 1. linie. Piisobi tak, Ze se vaZe na B-podjednotku
DNA-dependentni RNA-polymerasy. Studie struktury spoleéné¢ s biochemickou analyzou
prokazaly, Ze rifampicin nema vliv ani na funkci promotoru ani na tvorbu oteviené¢ho komlexu.
Bylo ale zjisténo, ze rifampicin ptimo blokuje elongaci, jakmile RNA-transkript dosdhne délky
2-3 nt. Krystalova struktura komplexu rifampicinu s RNA-polymerasou vede k ptfedpokladu,
ze rifampicin funguje jako stericka zabrana (97). Rifampicin inhibuje polymerasu sterickym
branénim rostouciho fetézce RNA v okamziku, kdy jsou k tomuto fetézci pfipojeny dva nebo
nejvice tfi nukleotidy. Neinhibuje ale vytvoreni fosfodiesterové vazby mezi prvnimi nukleotidy

a nepusobi ani v ptipadé, pokud dojde k interakci mezi nim a RNA fetézcem az po vytvofeni

Obrazek 70: Rifampicin
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treti fosfodiesterové vazby mezi nukleotidy. V tomto ptipadé jiz nedochazi k ovlivnéni
pokracujiciho procesu elongace (20). Obdobny ucinek jako rifampicin maji také rifabutin a

rifapentin (98).

2.5.11. Translace
Mykobakterialni ribozom (70S) je slozen z malé (30S) a velké (50S) podjednotky. Na
ribozomu lze rozlisit nékolik vazebnych mist.
* vazebné misto pro mRNA, které je umisténo na 30S podjednotce,
* aminoacylové misto (A-misto), které se nachdzi z casti na 30S a z casti na 50S
podjednotce,
* peptidylové misto (P-misto), které je z mens$i Casti na 30S a z vétsi Casti na 50S
podjednotce,
* vystupni misto pro deacylovanou tRNA (E-misto),
* peptidyltransferasové misto vykazujici peptidyl-transferasovou aktivitu katalyzujici
tvorbu peptidovych vazeb,
» vazebna mista pro iniciacni a elongacni faktory (90).
U molekuly tRNA rozliSujeme dvé vazebna mista
* vazebné misto pro aminoacyl-tRNA-syntetasu,
 antikodon, ktery vytvaii vazbu s kodonem (90).
K tomu, aby mohlo dojit k pfenosu aminokyseliny pomoci tRNA, musi byt aminokyselina
nejprve aktivovana. Na aktivaci se podili enzymy aminoacyl-tRNA syntetasy.
Kazda aminokyselina je preménéna pomoci specifické aminoacyl-tRNA syntetasy na
aminoacyladenylat, ktery je stabilizovéan asociaci s enzymem. Takovyto aminoacyladenylatovy

komplex s enzymem poté interaguje se specifickou tRNA za vzniku aminoacyl-tRNA (54).

Aminoacyl-tRNA-synthasa .
ATP+AK * AK-AMP-E + PPi

AK-AMP-E + tRNA 4 p aminoacyl-tRNA + AMP + E

Iniciace

.....

slouzi N-formyl-methionyl-tRNA (fMet-tRNA). Incia¢nim kodonem je AUG nebo GUG (20).
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P11 iniciaci dochazi nejprve k rozdisiciovani 70S ribozomu na malou a velkou podjednotku
mRNA - 30S - IF3 (Obr. 71b). Faktor IF3, ktery je soucasti tohoto komplexu a brani opétovnému
spojeni obou podjednotek.

Pti iniciaci dale dochazi k navazani IF2 na fMet-tRNA za vzniku binarniho komplexu, ke
kterému se nasledné vaze GTP a vznika tak ternarni translacni komplex IF2 - fMet-tRNA —

GTP (Obr. 71c). Iniciacni faktor IF2 zajist'uje interakci IF2 - fMet-tRNA - GTP s komplexem

.....

vSech tfi inicia¢nich faktort (IF1-3) a za ucasti GTP dochazi k opétovnému spojeni malé a
velké podjednotky (Obr. 71d) (90).
Enzym peptiddeformylasa, coz je metalopeptidasa obsahujici Zelezo v dvojmocném stavu,

odstrani N-formyl ze vznikajiciho peptidu (99).

Elongace

Mezi elongacni faktory patii faktory EF-G, EF-Tu a EF-Ts.

Iniciaéni fMet-tRNA se pfi iniciaci vaze piimo na P-misto. Navazani dal§iho aminoacyl-
tRNA na A-vazbené misto vyzaduje elongacni faktory EF-Tu a EF-Ts.

EF-Tu je nejprve aktivovan pomoci GTP a nasledn€ interaguje s aminoacyl-tRNA za vzniku
aminoacyl-tRNA-EF-Tu-GTP, ktery se vaze na A-vazebné misto ribozomu (Obr. 71¢) (91). Po
obsazeni A-mista aminoacyl-tRNA dojde k interakci antikodu a kodonu, ktery se nachazi na
mRNA a zméni se konformace ribozomu (20). Hydrolyzou GTP se odstépi Tu-GDP, ktery je za
ucasti elongacniho faktoru EF-Ts recyklovan zpét na GTP a EF-Tu (91).

Mezi karboxylovou skupinou N-formylmethioninu (P-misto) a aminoskupinou
aminokyseliny (A-misto) se vytvoii peptidova vazba (Obr. 71f). Tvorba peptidové vazby je
katalyzovana peptidyltransferasou, ktera je soucasti S0S podjednotky. Takto vytvoteny dipeptid
zustava piipojen svym C-koncem k tRNA nachazejici se na A-vazebném misté. Nasleduje
premisténi dipeptidyl-tRNA z A do P-mista. Tohoto pfemisténi se ucastni elongacni faktor
EF-G a dalsi molekula GTP (Obr. 71g, h).

Deacylovana tRNA je po vytvofeni peptidové vazby pifesunuta na E-misto a opousti
ribozom (20). Dochazi k translokaci ribozomu; tedy k jeho posunu vzdy o jeden kodon smérem

k 3’konci az do vzniku peptidového fetézce potiebné délky (91).
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Obrazek 71: Priibeh translace. Vytvoreno dle Franklin a Snow, 2005 (20)
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Terminace

K ukonceni syntézy polypeptidového fetézce je vyzadovéana pfitomnost terminacniho
kodonu (UAA, UGA nebo AUG) a terminacnich faktord RF1-3. Terminacni faktor RF1
rozpozna terminacni kodon UAA a UAG, RF2 rozezna UAA a UGA a RF3 podporuje ucinek
faktori RF1 a RF2.

Za ptitomnosti terminacnich faktort se uvolni tRNA z C-polypeptidového fetézce, ¢imz
se zastavi jeho prodluzovani. Polypeptidovy fetézec opusti ribozom a ribozom se rozlozi na

malou a velkou podjednotku (Obr. 711) (90).
2.5.11.1. Antituberkulotika piisobici na syntézu proteinti
Inhibitory interagujici s 30S podjednotkou
Streptomycin, kanamycin a amikacin (Obr. 72)
Jedna se o aminoglykosidové antibiotika ptsobici na 30S podjednotku ribosomu (48).

Streptomycin, ktery byl plivodné izolovan ze Streptomyces griseus, brani navazani N-formyl-

methionyl-tRNA a zamezi tak iniciaci proteosyntézy (100).

R = H: kanamycin
R = COCH(OH)CH2CH2NHz: amikacin

Streptomycin

OH OH

Obrazek 72: Streptomycin, kanamycin a amikacin

Kapreomycin, viomycin (Obr. 73)
Kapreomycin a viomycin patii mezi cyklické peptidy. Mechanismus jejich u¢inku opét

spociva v inhibici proteosyntézy navazanim na 30S podjednotku ribozomu (48).
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Capreomycin

2 Viomycin

Obrazek 73: Viomycin, Kapreomycin

Inhibitory interagujici s 50S podjednotkou

Klarithromycin, Telitromycin, RU66252 (Obr. 74)

Klaritromycin je makrolidové antibiotikum, které blokuje proteosyntézu navazanim na 50S
podjednotku. Ackoliv inhibuje riist M. tuberculosis in vitro, jeho in vivo aktivita je velmi slaba.
Telitromycin je makrolidonové antibiotikum nové generace navrzené s cilem obejit bakterialni
rezistenci. Jeho lepsi ucinek ale nebyl prokazan. RU66252 vykazuje lepsi vysledky pti pokusu

in vivo na mys$ich nez klaritromycin (101).

Claritromycin

RU66252

Obrazek 74: Klaritromycin, RU66252

Linezolid, Ranbezolid (RBx7644), RBx 8700 (Obr. 75)

U téchto oxazolidinont se také predpoklada vliv na 50S podjednotku. Jelikoz ale RBx7644
a RBx8700 obsahuji ve své molekule nitroskupinu, 1ze uvazovat i o podobném mechanismu
ucinku jaky vykazuji slouceniny PA-824 a OPC-67683 (48). U linezolidu bylo zjisténo
plsobeni na peptidyltransferasu, ktera je soucasti 50S podjednotky (20). Vyhodou linezolidu
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je jeho vysoka ucinnost i proti MDR-TB. Aktivita linezolidu byla testovdna proti 117 klinicky
izolovanym M. tuberculosis s ruznou citlivosti vici antituberkulotikiim 1. linie. Aktivita
linezolidu byla proti vSem témto kmeniim mensi nez 1 mg/l. Linezolid byl také s dobrymi
vysledky podavan u pacienti s MDR-TB, u kterych nezabrala ptedchozi 1écba. Nevyhodou je
vSak jeho toxicita pokud je podavan déle nez 28 dni (102). Do skupiny téchto sloucenin patii 1
DA-7867, ktera také vykazuje aktivitu proti M. tuberculosis (48).

s qo

X = 0: Ranbezolid
X=S: RBx 8700 |:
O
/ 3
N o) \
-
N
DA- 7867 Llnezolld

0 o

Obrazek 75: Linezolid a jeho derivaty

Pleuromutilin a jeho derivaty: tiamulin a valnemulin (Obr. 76)

Pleuromutilin byl poprvé izolovan z basidiomycety Pleurotus mutilus (dnes nazyvana
Clitopilus scyphoides). Pleuromutilin a jeho derivaty plisobi jako inhibitory proteosyntézy tim,
ze se vazi na 50S ribozomalni podjednotku. Jedna se o inhibitory peptidyltransferasy. Chemicka

struktura téchto sloucenin je velmi odlisnd od struktury ostatnich inhibitori proteosyntézy

(103).

Obrazek 76: R = CH,OH: Pleuromitilin
R = CH,SCH,CH,N(C,H ), Tiamulin
R =CHSC(CH),CHNHCOCH(NH,)CH(CH ) ,: Valnemulin
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Nocathiacin I a jeho derivaty

BMS-249524  (Nocathiacin I) byl ptvodné izolovan z Nocardia sp. (ACC 202099).
Byla u n¢j zjisténa aktivita proti M. tuberculosis, M. avium, ale také i proti mnoha dal$im
bakterialnim kmenim vcetné penicilin a vancomycin rezistentnimu kmeni S. aureus nebo
penicilin rezistentnimu kmeni S. pneumoniae. Nevyhodou této slouceniny je jeji velmi nizka
rozpustnost ve vodé. Z tohoto diivodu byly ptipraveny derivaity BMS-411886 a BMS-461996

(Obr. 77), které jsou ve vode Iépe rozpustné a jsou stejné aktivni jako nocathiacin I (104).

Obrazek 77: BMS-461996

Inhibitory peptiddeformylasy

Actinonin, BB-3497, PDF-611 (LBK-611), PDF-709 (Obr. 78)

Actinonin je pfirodni sloucenina, kterd byla poprvé izolovana z kultury Streptomyces
sp.. Jiz v roce 1969 byla popsana jeji vynikajici biologicka aktivita proti celé fad¢ bakterii.
Diky této aktivité, chemické stabilité a nizké toxicité byl actinonin oznacen jako vyznamné
antibiotikum (105). AZ v sou¢asné dob¢ bylo zji$téno, Ze aktinonin inhibuje peptiddeformylasu.
Enzym peptiddeformylasa je sice znam jiz vice nez 30 let, ale kviili jeho nizké stabilité se
jej diive nepodafilo izolovat a charakterizovat. Jedna se o metaloenzym obsahujici Zelezo v
dvojmocném stavu. Pokusy nahradit toto Zelezo za nikl nebo kobalt byly Gspésné a vedly ke

stabilizaci peptiddeformylasy pfi sou¢asném zachovani jeji katalytické aktivity (99). Ziskani
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Obrazek 78: Inhibitory peptiddeformylasy
stabilniho enzymu umoznilo jeho charakterizaci a navrzeni jeho potencialnich inhibitorti. Jako
nejvice perspektivni se ukazaly slou¢eniny BB-3497, PDF-611 (oznacovana i jako LBK-611)
a PDF-709 (1006).

Inhibitory aminoacyl-tRNA-synthetasy

N . /I\/L \ Ve stru.ktufe 'er’lzymu’ amir.loacyl-tRNA-
N N N synthetasy jsou veliké rozdily mezi eukaryoty a

" " " prokaryoty, které umoznuji selektivni pusobeni

Br pouze na bakteridlni enzym, ale zroven se struktura
Obrazek 79: Inhibitor aminoacyl-tRNA- tohoto enzymu pfili$ nelisi v ramci bakterialni fise,

synthetasy (48 . Cr e et .
Y y (43 coz umoziiuje vyuzit inhibitory aminoacyl-tRNA-

synthetasy (Obr. 79) jako Sirokospektra antibiotika.
Celkem 20 aminoacyl-tRNA-synthetas, které se nachazi ve vétSin€ patogennich bakterii tak
predstavuje 20 nezavislych cili pro potencidlni 1é¢iva. Vyhodou téchto enzymt je jejich dobra

rozpustnost, stabilita a moznost izolace v Cistém stavu a v relativné velkém mnozstvi (107).

2.5.12. Cytochromy P450 u mykobakterii

Sekvencovanim mykobakteridlniho genomu bylo ptekvapivé zjisténo, ze tento genom
obsahuje 20 cytochromt P450. Jedna se o specialitu v rdmci bakterialni fiSe, jelikoZ tyto
hem obsahujici monooxygenasy jsou u bakterii spise vzacné. Naptiklad E. coli nema zadny

P450 a u kmene Bacillus subtilis bylo nalezeno pouze sedm téchto enzymi, coz je po
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mykobakteriich povaZzovano za nejvétsi pocet (108). Lze fici, Ze hustota cytochromt P450 je
v mykobakterialnim genomu 200krat vétsi nez v genomu lidském (109). Takto velké mnozstvi
cytochromil P450 vypovida o jejich vyznamné fyziologicke roli (108).

Bakteridlni cytochromy P450 jsou obecné monooxygenasy, které interaguji redoxnimi
systémy obsahujicimi flavoprotein nebo Fe-S. Na aktivnim mist¢ P450 dochdzi nejcastéji
k hydroxylaci substratu, ktery se vaze nedaleko cytochromového hemu. Pfi interakci se
substraitem dochdzi k rozstépeni molekuly kysliku. Zatimco prvni atom kysliku slouzi

k hydroxylaci substratu, druhy atom kysliku je vyuzit na tvorbu molekuly vody:

RH +0,+2H+2¢" — ROH + H,0.

Elektrony pochézi od redoxniho partnera a k prenosu dochazi za ti¢asti NAD(P)H (110).

Nejvice prostudovanymi jsou CYP51 (108) a CYP121 (109), které byly zatim jako jediné
studovany v podobé rekombinantnich proteini (111). Nedavno ale byly charakterizovany dalsi
cytochromy a to CYP130, 132 (111) a CYP125 (112) .

Objeveni CYP51 u mykobakterii vyvolalo veliké piekvapeni. Jednd se o
14 a-steroldemethylasu, ktera se eukaryot podili na biosyntéze sterolii. U bakterii pfitom syntéza
sterolii neprobiha. Vyskytly se sice studie potvrzujici pfitomnost cholesterolu u mykobakterii,
ale jejich vysledky byly nakonec vyvraceny. Skute€ny vyznam CYP51 v bakteridlnim
organismu tedy ziistava stale nejasny (109). Dal$i moznosti je i tcast cytochromu CYP51 pii
vstupu mykobakterii do makrofagh (111).

Uloha CYP121 v bakterialnim organismu také nebyla doposud objasnéna. Tento cytochrom
se nejvice podoba cytochromu P450 eryF u Saccharopolyspora erythraea, ktery se ucastni
syntézy erytromycinu. Na zéklad¢ této podobnosti se 1ze domnivat, Zze by se mykobakterialni
CYP121 mohl podilet na syntéze polyketida (109).

Biologicka tloha CYP130 je pravdépodobné¢ spojena s virulenci a CYP132 se nejspise
podili na metabolismu mykobakterialnich mastnych kyselin (111). U CYP125 se pfedpoklada
ucinek spojeny katabolismem cholesterolu v hostitelském organismu a nebo cast na syntéze

sloucenin dulezitych pro preziti mykobakterie (112).
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2.5.12.1. Inhibitory cytochromu P450

Skupina azoli (Obr. 80)

Studium mykobakteridlnich P450 prokazalo vysokou afinitu nékterych ptivodné
antifungélnich azolovych sloucenin. Jednd se o velmi dobfe znama léciva klotrimazol,
ekonazol, flukonazol, mikonazol a ketokonazol (108). Nejpravdépodobnéjsim cilem téchto
antimykotik je CYP121, a to na zaklad¢ silné korelace mezi jejich G¢inkem a afinitou k tomuto

cytochromu (111, 110).

@N

Flukonazol

>

%@l

RSavHe oL

Ekonazol

Ketokonazol

C
Mikonazol

Obrazek 80: Inhibitory bakterialniho P450

2.5.13. Slouceniny s neobjasnénym mechanismem ucéinku

Kalanolid A (Obr. 81)

Kalanolid A patii do skupiny pfirodnich latek — kumarint, které

byly plivodné izolovany ze stromu Calophyllum lanigerum rostouciho

@) \O v Malajsii. (+)-Kalanolid A byl pozd¢ji syntetizovan i de novo jelikoz

z ptirodniho zdroje bylo mozné ziskat pouze omezené mnozstvi. Tato

- sloucenina prosla druhou fazi klinickych testti, kde byla hodnocena

Obrazek 81 jeji aktivita proti viru HIV. Pozd¢ji u ni byla zjiSténa 1 aktivita
(+)-Kalanolid A

proti M. tuberculosis véetné kmenl vykazujicich rezistenci vici

standardnim antituberkulotikim. Kombinace aktivity vaci HIV a M. tuberculosis je unikatni

vlastnosti kalanolidu A, kterd umozinuje jeho pouziti u pacientd infikovanych jak virem HIV,

tak 1 tuberkulézou (113).
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Janin a kol., 2007 udavaji dalsi struktury, u kterych byl nalezena antimykobakteridlni

aktivita, ale doposud nebyla objasnéna podstata jejich t¢inku.

Obrazek 82: Potencialni antituberkulotika s neobjasnénym mechanismem ucinku (48)
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3.

CIiLE DISERTACNI PRACE

. Optimalizace = reakénich  podminek pro  syntézu  3-benzyl-4-thioxo-2H-

1,3-benzoxazin-2(3H)-ont a 3-benzyl-2H-1,3-benzoxazin-2,4(3H)-dithiont

odvozenych od N-benzylsalicylamidii

. Pfiprava série N-(pyridylmethyl)salicylamidt

. Dokonceni syntézy série N-(4-alkylfenyl)salicylamidi, z nich odvozenych

3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)dionti a odpovidajicich 3-(4-alkylfenyl)-
4-thioxo-2H-1,3-benzoxazin-2(3H)-ont. a  3-(4-alkylfenyl)-2H-1,3-benzoxazin-
2,4(3H)-dithiona

. Zpracovani vysledk antibakteridlniho a antifungalniho testovani antimykobakterialné

aktivnich N-benzylthiosalicylamida

. Pfiprava novych S-benzylisothiosemikarbazonii
. Pfiprava hybridnich molekul cholesterolu a terpent

.V rdmci studijniho pobytu na Univerzité Friedricha Schillera v Jené nalézt dalsi

slouceniny, které by mohly slouzit jako potencialni antituberkulotika

. Vyzkum vlastnosti u pfipravenych slouc¢enin doplnit o studium lipofility, a to jednak

experimentalné ze studii tenkovrstvé chromatografie a jednak vypocty log P
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4

4.1. Monosirné a disirné derivaty 3-benzyl-2H-1,3-benzoxazin-2,4(3 H)-

dionu

VYSLEDKY A DISKUSE

WAISSER, K., PETRLIKOVA, E., PERINA, M., KLIMESOVA, V., KUNES, J., PALAT,
K., KAUSTOVA, J., DAHSE HM., MOLLMANN, U.: A Note to the Biological Activity of

Benzoxazine Derivatives Containing the Thioxo Group. Eur. J. Med. Chem. 2010, vol. 45,
p. 2719-2725.

Cilem této prace bylo pfipravit derivaty 3-benzyl-2H-1,3-benzoxazin-2,4(3H)-dionu,

u kterych je pouze jedna nebo obé oxoskupiny nahrazeny thioxoskupinou. Vyzkum navazuje

na disertacni praci Pefiny, 2003 (114), kterému se v nékterych ptipadech nepodaftilo pfipravit

disirné derivaty. Mym ukolem bylo nalézt vhodné reakéni podminky pro syntézu téchto

chybéjicich disirnych derivatu.

Syntéza (Obr. 83)

COOH NH, 0

OH PCh N/\Q
PR H _—
+
OH
R1

R2 S

0 0 oA
- P4S10 @)
Py o/go S

R 1 R?

Obrazek 83: Syntéza sirnych derivatii 3-benzyl-2H-1,3-benzoxazin-2,4(3H)-dionu

Metoda A: 3,5 mmol vysuseného vychoziho benzoxazindionu bylo smiseno s 3,8 mmol

sulfidu fosfore¢ného a jemné rozetteno. Smés byla pod vzdusnym chladicem na kovové lazni

zahtivana pii teploté 180—190 °C do z¢ervenani. Teplota byla udrzovana po dobu 20 min. Do

mirné ochlazené reakéni smési byl pfiddn 10% roztok uhli¢itanu sodného. Vznikla suspenze
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byla odfiltrovdna a vysuSena. Byla tak ziskdna smé&s monosirného a disirného derivatu, kterd
byla rozdélena na chromatografické kolon¢. Jako mobilni faze byla pouzita smés hexanu a
acetonu (3:1). Oba produkty byly po sloupcové chromatografii rekrystalizovany z ethanolu.

Metoda A selhala v pfipadé¢ vétSiny 3-benzyl-2H-1,3-benzoxazin-2,4(3H)-dithiont.
K ptiprave téchto derivati bylo nutné provést urc¢ité modifikace reakénich podminek. Nejvyssi
efektivity jsme dosahli zvySenim obsahu sulfidu fosfore¢ného na 10,1 mmol, zvySenim reakéni
teploty na 200-210 °C a prodlouzenim reakéni doby az na 40 min (metoda B). Postup izolace
produktii z reakéni smési ziistal zachovan.

Metoda B byla uspésna z hlediska ptipravy 3-benzyl-2H-1,3-benzoxazin-2,4(3 H)-dithionil
a vedla zarovenn i ke zvySeni vytézku u 3-benzyl-4-thioxo-2H-1,3-benzoxazin-2(3H)-oni

(Tabulka 1).

Tabulka 1: Porovnani vyteézkii u metody A a metody B

3-benzyl-4-thioxo-2H-1,3- 3-benzyl-2H-1,3-
benzoxazin-2(3H)-on benzoxazin-2,4(3H)-dithion
oznaceni R R? vytézek (%)
v publikaci metoda A metoda B metoda A metoda B

e 6-Cl 4-F 24 34 nepfipraven 30
f 6,8-Cl, 3,4-Cl, 24 34 nepiipraven 51
g H 3,4-Cl, 24 52 nepfipraven 42
h 6-Br 3,4-Cl, 23 30 nepfipraven 43
i 6-Cl 3,4-Cl, 21 27 nepfipraven 42

Antimykobakterialni aktivita

U vSech derivath byla hodnocena jejich biologicka aktivita proti kmentim M. tuberculosis
(My 331/88), M. avium (My 330/88) a dvéma kmentiim M. kansasii (My 235/80 a 6509/96)
(Tabulka 2).

Bylo zjisténo, ze testované slouceniny vykazuji antimykobakterialni aktivitu srovnatelnou
s INH, ktery byl pouzit jako standard. Porovnani s vychozimi 3-benzyl-2H-1,3-benzoxazin-
2,4(3H)-diony zaroven ukazuje, ze zavedeni siry do molekuly vyznamné¢ zvySuje biologickou
aktivitu. Antimykobakteridlni aktivita vzristd pii zdméné jedné oxoskupiny za thioxoskupinu
(monosirné derivaty), zdména i druhé oxoskupiny (disirné derivaty) jiz k dalsimu vyraznému

zvySeni biologické aktivity nevede (Obr. 84).
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Tabulka 2: Antimykobakterialni aktivita

MIC (pmol/l)
Inkuba¢ni doba 14 d/21 d
R R M. tuberculosis M. avium M. kansasii M. kansasii
My 331/88 My 330/88 My 235/80 6 509/96
2a H H 1/2 8/8 4/8 4/8
2b 6-Br H 1/2 8/8 8/8 4/8
2¢ 6-Cl H 12 4/8 8/8 4/4
2d 6-CH; H 1/1 2/2 172 172
2e 6-Cl 4-F 1/1 4/4 4/8 4/4
2f 6,8-Cl, 3,4-Cl, 2/2 4/4 16/16 16/16
2g H 3,4-Cl, 1/1 1/1 2/4 2/4
2h 6-Br 3,4-Cl, 2/4 8/8 16/16 16/16
2i 6-Cl 3,4-Cl, 32/32 62,5/62,5 62,5/62,5 62,5/62,5
3a H H 1/1 1/1 2/2 12
3b 6-Br H 1/2 8/8 8/8 4/8
3c 6-Cl H n/n n/n n/n n/n
3d 6-CH;4 H n/n n/n n/n n/n
3e 6-Cl 4-F 12 8/16 8/16 8/16
3f 6,8-Cl, 3,4-Cl, 32/32 62,5/62,5 62,5/62,5 62,5/62,5
3g H 3,4-Cl, 12 0,5/0,5 4/4 4/4
3h 6-Br 3,4-Cl, 4/8 16/16 16/32 16/32
3i 6-Cl 3,4-Cl, 4/8 16/32 32/32 32/32
INH 1/1 >250/>250 >250/>250 8/8

n: MIC se pro nizkou rozpustnost slou¢eniny nepodaftilo stanovit

MIC
(nmol1)
140 A 125
120 4
100 -
80 4 62,5
60 A

40 - 32 32 32 32 32 32

20 7 2 1 22 12 2 1 2
O T T 1 T T T 1

W 3-benzvl-2H-1, 3-benzoxazin-2,4( 3H)-diomy 3-benzvi-4-thioxo-2H- 1, 3-benzoxazin-2( 3H)-o1ry

B 3-Denzvl-2H-1, 3-benzoxazin-2,4( 3H)-dithiomy

Obrazek 84: Biologicka aktivita proti kmenu M. tuberculosis (My 331/88) (21 dni); hodnoty MIC
benzoxazindionii prevzaty z lit. Perina, 2003 (114)



Antiproliferativni aktivita a cytotoxicita

U vsech derivati byla hodnocena i jejich antiproliferativni aktivita a cytotoxicita. Toto
hodnoceni probihalo ve spolupraci s némeckym pracovistém — Leibnitzlv institut pro vyzkum
ptirodnich latek a infekéni biologii — Hans Knoell Institut, Jena.

Ke stanoveni antiproliferativni aktivity byly pouzity buiiky lidské chronické myeloidni
leukémie (K562) a buiky endotelové vény lidského pupecniku (HUVEC). Vyhodnocovana
byla koncentrace, ktera je ve srovnani s kontrolou potiebna k redukci rstu oSetfenych bunck

na polovinu (GlIsy; pg/ml) (Obr. 85 a 86).

Gl Huvec
ﬂtgs-*'anl) 47,3

40 -

30 -

18,9
56 o 148 17,3

9197 95787 36 g 8,1 6,4
10 - 6.3 3.6 37 51 599

0 T T T T T 1

a b e f g i
® 3-benzvl-2H-1, 3-benzoxazin-2,4( 3H)-diony 3-benzvl-4-thioxo-2H-1, 3-benzoxazin-2( 3H)-onv
W 3-benzvl-2H-1, 3-benzoxazin-2,4( 3H)-dithionv

Obrazek 85: Antiproliferativni aktivita. Huvec

Gls K562
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a b e f g i
B 3-benzvl-2H-1, 3-benzoxazin-2,4( 3H)-diony 3-benzvi-4-thioxo-2H-1, 3-benzoxazin-2( 3H)-onv
B 3-benzvl-2H-1, 3-benzoxazin-2,4¢ 3H)-dithionv

Obrazek 86: Antiproliferativni aktivita. K562
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Pro urceni cytotoxicity byly pouzity HeLa bunky. Jedna se o bunky lidské rakoviny
délozniho hrdla a vyhodnocovana byla ICs,, tedy koncentrace, kdy u 50 % bunécné populace
dochazi ke specifické destrukci projevujici se jako lyze bun€k ve srovnani s kontrolou (Obr. 87).
Na zaklad¢ provedenych vyzkumi bylo zjisténo, ze slouceniny vykazuji jak antiproliferativni
aktivitu, tak 1 urCity stupen cytotoxicity. JelikoZ k testovani vedlejSich Gc¢inkii byly pouZity

rakovinné bunécné linie, planujeme do dalsi faze vyzkumu zatadit i linie zdravych bunék.

CCs HelLa

(ngml) 379
40 -

30 -
22,5

20 -+
11,7 12,4 138
8 7,87,8
5’36,9 6,9 F

10 7 3,1 3,9 4,538

a b e f g i
B 3-benzvl-2H-1, 3-benzoxazin-2,4( 3H)-diony 3-benzvi-4-thioxo-2H-1, 3-benzoxazin-2( 3H}-omny
W 3-benzyl-2H-1, 3-benzoxazin-2,4( 3H)-dithiony

Obrazek 87: Cytotoxicita. HeLa

Jelikoz 3-(3.,4-dichlorbenzyl)-4-thioxo-2H-1,3-benzoxazin-2(3H)-on a
3-(3,4-dichlorbenzyl)-2H-1,3-benzoxazin-2(3 H)-dithion vykazuji nejvyssi antimykobakterialni
aktivitu a zaroven hodnoty jejich ICsy a Gls, patii v rdmci testovanych sloucenin spise k t€ém

sttednim, Ize tyto slouceniny vybrat k dal$Simu testovani na zdravych bunéénych liniich.

Podil na publikaci
1) Optimalizace reakénich podminek a piiprava 3-(benzyl)-2H-1,3-benzoxazin-2(3H)-
dithionti (metoda B).
2) Piiprava 3-benzyl-4-thioxo-2H-1,3-benzoxazin-2(3H)-oni ve vys$§im vytézku nez
v pripad¢ metody A (Tabulka 1).

3) Zpracovani vysledki do uceleného publika¢niho vystupu.
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4.2. Syntéza, antibakterialni aktivita, antifungalni aktivita a vyzkum

lipofility fenylestert substituované kyseliny salicylové

PETRLIKOVA, E., WAISSER, K., KUNES, J., BUCHTA, V., JILEK, P., STOLARIKOVA,
J.: Synthesis, Antibacterial Activity, Antifugal Activity and the Lipophilicity Study of Phenyl

Salicylates, pfipravovano k publikovani.

Fenylestery kyseliny salicylové, pfipravené reakci substituované kyseliny salicylové
s fenolem v pfitomnosti chloridu fosforylu (Obr. 88), byly pouZity jako meziprodukty k syntéze
N-(2-pyridylmethyl)salicylamidd a N-(3-pyridylmethyl)salicylamida (kapitola 4.3). Jelikoz je
nesubstituovany fenylester kyseliny salicylové jiz dlouho dobfe znam pro své antiseptické a
antimikrobialni vlastnosti, rozhodli jsme se prozkoumat antibakterialni a antifungalni vlastnosti

téchto sloucenin.

Syntéza (Obr. 88)

COOH OH 0
y ||
POCls

OH
R R

Obrazek 88: Syntéza fenylesteru kyseliny salicylové

Fenylestery kyseliny salicylové byly pfipraveny zahiivanim kyseliny salicylové (1 mol)
s fenolem (1 mol) v pfitomnosti chloridu fosforylu (0,38 mol) pti 70-80 °C pod zpétnym
chladi¢em (115). Teplota reakce byla udrzovéana po dobu 4 hodin. Do ochlazené reakéni smési
byl pfidan 10% roztok uhli¢itanu sodného. Vznikla suspenze byla odfiltrovana, promyta

ctytikrat 20 ml vody a vysledny produkt byl ziskan krystalizaci z ethanolu.

Stanoveni fyzikalnich vlastnosti
Teploty tani byly stanoveny na Koflerové bloku a nejsou korigovany. Vzorky k analyze a
biologickému hodnoceni byly suseny 12 hodin nad oxidem fosfore¢nym pfi tlaku 66 Pa a teploté

68 °C. Elementarni analyza byla provedena na C, H, N, S — analyzatoru FISONS AE 1110
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(Milano). Infracervena spektra byla zméfena v KBr na pfistroji NICOLET IMPACT 400. NMR
spektra byla zmétena na pristroji VARIAN MERCURY VxBB 300, pracujicim pii 300 MHz
pro 'H a 75 MHz pro "C. Jako rozpoustédlo pro méfeni NMR byl pouzit DMSO.

Pripravené derivaty

Fenylester kyseliny 3-methylsalicylové (2), vytézek 64 %, tt. 42-43 °C, IR (v CO)
1685 cm™; '"H NMR (300 MHz, DMSO) & 10,54 (1H, bs, OH), 7,93-7,86 (1H, m, H6),
7,56-7,44 (3H, m, H4, H3’, H5"), 7,38-7,27 (3H, m, H2’, H4’, H6"), 6,94 (1H, t, J/=7,7 Hz,
H5), 2,22 (3H, s, CH,); °C NMR (75 MHz, DMSO) & 168,6, 159,5, 150,1 1374, 129,8, 128,1,
126,6, 126,4, 122,1, 119,4, 111,4, 15,6; Anal. vyp. pro C,,;H,,0; (228,25): C 73,67; H 5,30 %;
Nalezeno: C 73,53; H 5,48 %.

Fenylester kyseliny 3-methoxysalicylové (3), vytézek 56 %, t.t. 67-69 °C, IR (v CO)
1684 cm™; '"H NMR (300 MHz, DMSO) § 10,15 (1H, bs, OH), 7,60-7,43 (3H, m, H6, H3’,
H5"), 7,36-7,26 (4H, m, H4, H2", H4’, H6"), 6,95 (1H, t, J/=8,0 Hz, H5), 3,83 (3H, s, OCHy);
“C NMR (75 MHz, DMSO) & 167,4, 150,8, 150,3, 148,6, 129,8, 126,4, 122,1, 121,7, 119,2,
117,6, 113,4, 56,2; Anal. vyp. pro C,,H,,0, (244,25): C 68,85; H 4,95 %; Nalezeno: C 68,47;
H 5,03 %.

Fenylester kyseliny 4-methylsalicylové (4), vytézek 52 %, tt. 43—44 °C, IR (v CO)
1684 cm™; 'TH NMR (300 MHz, DMSO) & 10,25 (1H, bs, OH), 7,89 (1H, d, J=8,3 Hz, H6),
7,52-7,42 (2H, m, H3’, H5"), 7,36-7,25 (3H, m, H2", H4’, H6"), 6,90-6,81 (2H, m, H3, H5),
2,49 (3H, s, CH3); "C NMR (75 MHz, DMSO) & 167,3, 160,7 150,3, 147,5, 130,7, 129,8,
126,4, 122,2, 120,9, 117,9, 110,2, 21,6; Anal. vyp. pro C,;H,,0; (228,25): C 73,67; H 5,30 %;
Nalezeno: C 73,70; H 5,51 %.

Fenylester kyseliny 4-chlorsalicylové (5), vytézek 54 %, t.t. 4952 °C, IR (v CO) 1672 cm’';
'H NMR (300 MHz, DMSO) & 10,47 (1H, bs, OH), 8,04 (1H, d, J=2,5 Hz, H3), 7,70 (1H, dd,
J=8,8 Hz, J=2,5 Hz, HS), 7,53-7,42 (2H, m, H3", HS"), 7,36-7,26 (3H, m, H2", H4", H6"), 7,02
(1H, d, J=8,8 Hz, H6); "C NMR (75 MHz, DMSO) § 165,7, 160,7, 150,3, 139,9, 132,8, 129,8,
126,4, 122,1, 119,9, 117,5, 113,2; Anal. vyp. pro C;;H,CIO; (248,67): C 62,79; H 3,65 %;
Nalezeno: C 62,97; H 3,80 %.
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Fenylester kyseliny 4-methoxysalicylové (6), vytézek 51 %, t.t. 57 °C, IR (v CO) 1672 cm’';
'H NMR (300 MHz, DMSO) & 10,50 (1H, bs, OH), 7,94 (1H, d, J=8,8 Hz, H6), 7,51-7,42
(2H, m, H3", H5"), 7,36-7,23 (3H, m, H2", H4", H6"), 6,63-6,57 (2H, m, H3, HS), 3,83 (3H, s,
OCH;); "C NMR (75 MHz, DMSO) § 167,4 1659, 163,2, 150,3, 132,3, 129,8, 126,3, 122,2,
107,9, 105,2, 101,3, 55,9; Anal. vyp. pro C,,H,,0, (244,25): C 68.,85; H 4,95 %; Nalezeno:
C 68,88; H 4,99 %.

Fenylester kyseliny 5-fluorsalicylové (7), vytézek 43 %, t.t. 84-85 °C, IR (v CO) 1679 cm’';
'H NMR (300 MHz, DMSO) & 10,20 (1H, bs, OH), 7,72 (1H, dd, J=9,1 Hz, J=3,3 Hz,
H6), 7,54-7,41 (3H, m, H4, H3", H5"), 7,37-7,27 (3H, m, H2’", H4’, H6"), 7,07 (1H, dd,
J=9,1 Hz, J=4,4 Hz, H3); "C NMR (75 MHz, DMSO) & 165,7 (d, J=2,9 Hz), 156,5, 154,8
(d, J=236,2 Hz), 150,3, 129,8, 126,5, 123,3 (d, J/=23,5 Hz), 122,1, 119,4 (d, J=7,8 Hz), 116,2
(d, J=24,4 Hz), 114,2 (d, J=7,5 Hz); Anal. vyp. pro C;;HoFO; (232,21): C 67,24; H 3,91 %;
Nalezeno: C 67,00; H 3,77 %.

Fenylester kyseliny 5-chlorsalicylové (8), vytézek 67 %, t.t. 95-97 °C, IR (v CO) 1685 cm’';
'H NMR (300 MHz, DMSO) & 10,45 (1H, bs, OH), 8,93 (1H, d, J=2,8 Hz, H6), 7,59 (1H, dd,
J=8,8 Hz, J/=2,8 Hz, H4), 7,53-7,42 (2H, m, H3", H5"), 7,36-7,26 (3H, m, H2", H4", H6"), 7,07
(1H, d, J=8.8 Hz, H3); "C NMR (75 MHz, DMSO) & 165,2, 158,6, 150,3, 135.,4, 130,1, 129,8,
126,4, 122,9, 122,1, 119,9, 115,6; Anal. vyp. pro C,;H,ClO; (248,67): C 62,79; H 3,65 %;
Nalezeno: C 62,90; H 3,81 %.

Fenylester kyseliny 5-bromsalicylové (9), vytézek 40 %, tt. 112-113 °C, IR (v CO)
1692 cm™; '"H NMR (300 MHz, DMSO) § 10,47 (1H, bs, OH), 8,04 (1H, d, J=2,5 Hz, H6),
7,70 (1H, dd, J/=8,8 Hz, J=2,5 Hz, H4), 7,53-7,42 (2H, m, H3", H5"), 7,36-7,26 (3H, m, H2",
H4', H6"), 7,02 (1H, d, J=8,8 Hz, H3); "C NMR (75 MHz, DMSO) § 165,1, 159,0, 150,3,
138,2, 133,0, 129,8, 126,4, 122,1, 120,2, 116,2, 110,2; Anal. vyp. pro C;;H,BrO; (293,12): C
53,27; H 3,09 %; Nalezeno: C 53,42; H 2,96 %.

Fenylester kyseliny 3,5-dibromsalicylové (10), vytézek 47 %, t.t. 36-39 °C, IR (v CO)

1690 cm™; "H NMR (300 MHz, DMSO) & 10,85 (1H, bs, OH), 8,18 (1H, d, J = 2.2 Hz, H6),
8,13 (1H, d, J=2.,2 Hz, H4), 7,54-7,44 (2H, m, H3", H5"), 7,39-7,29 (3H, m, H2', H4", H6");
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“C NMR (75 MHz, DMSO) & 165.8, 156,1, 150,1, 140,7, 132,2, 129,8, 126,7, 122.0, 116,2,
113,0, 110,8; Anal. vyp. pro C,;HgBr,05 (372,01): C 41,97; H 2,17 %; Nalezeno: C 42,29; H
1,80 %.

Antimykobakterialni aktivita

Testovani antimykobakterialni aktivity bylo provedeno ve Zdravotnim ustavu se sidlem
v Ostravé. Hodnoceni bylo provedeno in vitro na kmenech z Ceské narodni sbirky typovych
kultur (CNCTC), Jednalo se o kmeny M. tuberculosis My 331/88, M. avium My 330/88 a o dva
kmeny M. kansasii My 235/80 a 6509/96. Kmen M. kansasii 6509/96 byl izolovan z klinického
vzorku pacienta. Antimykobakteridlni aktivita latek byla stanovena na Sulové semisyntetické
pudé (SEVAC, Praha). Latky byly rozpustény v DMSO, stupnice vysledné koncentrace byla
1000, 500, 250, 125, 62,5, 32, 16, 8, 4, 2 a 1 umol/l. Minimalni inhibi¢ni koncentrace byla
stanovena po 14 a 21 dnech pfi inkubaci 37 °C. Jedna se o nejniz$i koncentraci testované latky,

pii které dochazi k inhibici rastu. Jako standard bylo pouzito antituberkulotikum isoniazid.

Antibakterialni aktivita

Antibakterialni hodnoceni bylo provedeno na katedie biologickych a Iékaiskych véd
Farmaceutické fakulty UK v Hradci Kralové. K biologickym testim byly pouzity jednak
bakteridlni kmeny pochézejici z Ceské sbirky mikroorganismii (Brno), jednak bakterie klinicky
izolované (Oddéleni klinické mikrobiologie, Fakultni nemocnice a Lékatské fakulty Karlovy
Univerzity v Hradci Kralové). Ze sbirkovych kment byla aktivita testovana proti kmeniim
Staphylococcus aureus CCM 4516, Escherichia coli CCM 4517 a Pseudomonas aeruginosa
CCM 1961. Klinicky izolovany byly kmeny S. aureus H 5996/08 — methicilin rezistentni, S.
epidermidis H 6966/08, Enterococcus sp. J 14365/08, Klebsiella pneumoniae D 11750/08 a K.
pneumoniae J 14368/08 — ESBL pozitivni.

Ke zjisténi antibakterialni aktivity byla zvolena mikrodilu¢ni bujonova metoda v desti¢kach.
Jako kultiva¢ni médium byl pouzit Mueller-Hintonlv bujon (Difko/Becton Dickinson, Detroit,
MI). Testované slouc¢eniny byly ptfidavany k médiu v dimethylsulfoxidu, stupnice vysledné
koncentrace byla 500; 250; 125; 62.,5; 31,25; 15,62; 7,81; 3,90; 1,95 a 0,98 ],tmol'dm_3.
Minimalni inhibi¢ni koncentrace (MIC) byla stanovena po 24 a 48 hodinach inkubace pfi
35 °C. Jako standard byla pouZita antibiotika neomycin, penicilin G, fenoxymethylpenicilin a

ciprofloxacin.
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Antifungalni aktivita

Antifungalni hodnoceni bylo provedeno na katedie biologickych a Iékatskych véd
Farmaceutické fakulty UK v Hradci Kralové. Z houbovych organismii byly do testl
zatazeny Candida albicans ATCC 44859, C. tropicalis 156, C. krusei E28, C. glabrata 20/1,
Trichosporon asahii 1188, Aspergillus fumigatus 231, Absidia corymbifera 272 a Trichophyton
mentagrophytes 445.

K hodnoceni antifungélni aktivity byla pouzita mikrodilu¢ni bujonova metoda v destickach
M27-A-M1. Jako zivné médium bylo zvoleno RPMI 1640 s glutaminem (Sevapharma, Praha)
a upraveno na pH 7,0 pomoci 0,165M morfolinpropan-1-sulfonové kyseliny. Minimalni
inhibi¢ni koncentrace MIC byla stanovena po 24 a 48 hodinach statické inkubace ve tmé,
v humidni atmosféte pfi teploté 35 °C. U kmene 7. mentagraphytes byla MIC vyhodnocena po
72 a 120 hodinach. Testované slouceniny byly ptidavany k médiu v dimethylsulfoxidu, stupnice
vysledné koncentrace byla 500; 250; 125; 62,5; 31,25; 15,62; 7,81; 3,90; 1,95 a 0,98 pmol/l.

Flukonazol byl do testovani zatazen jako standard pro porovnani aktivit jednotlivych derivati.

Vysledky testovani

Fenylestery substituované kyseliny salicylové vykazovaly aktivitu pouze proti
mykobakteriim a i tato aktivita byla spiSe stfedni az nizka. Piehled antimykobakterialni
aktivity je uveden v tabulce 10 (kapitola 4.3). Nejvice aktivnim derivatem byl fenylester
kyseliny 4-methoxysalicylové s minimalni inhibi¢ni koncentraci 8 umol/l vic¢i M. tuberculosis

(inkubacni doba 14 dni).

Studium lipofility

Lipofilitu fenylsalicylati jsme studovali pomoci RP-TLC. Jako mobilni faze byl pouzit
fosfatovy pufr (pH = 7,4) s riznym obsahem acetonu. Koncentrace acetonu byla volena 80,
75,70, 65 a 50 %. Ry byly z experimentalné ziskanych retencnich faktorti Ry vypocitany podle
rovnice: Ry = log (1/Ry — 1) (Tabulka 3).

Rovnice dle Soczewinskiho-Wachtmeistera prokazaly linearni zavislost mezi hodnotami Ry,
a sloZzenim mobilni faze (Pearsonliv korelacni koeficient se pohyboval v rozmezi —0,985 az
—0,993) (Tabulka 4).

V dalii fazi byla vySetfovana vzajemna zavislost mezi hodnotami Ry, ziskanymi extrapolaci

na nulovy obsah acetonu a rozdélovacimi koeficienty log P, které byly vypocitany pomoci
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nékolika softwarovych programi. Jednalo se o freewarové produkty ALOGPs, ACD logP, AB/
logP, MiLogP, ALOGP, MLOGP, KowWIN, XLOGP, a XLOGP;, které lze nalézt na internetu
(116, 117). K vypoctu log P byl pouzit i komeréné dostupny ChemBioDraw Ultra 11.0.

Tabulka 3: Prehled fenylesterii kyseliny salicylové zarazenych do studia lipofility a jejich Ry, hodnoty pro riiznou
koncentraci acetonu

Ry,
aceton (%)
80 75 70 65 60 50
1 H -0,25 -0,02 0,14 0,45 0,55 0,91
2 3-CH; -0,18 0,10 0,25 0,58 0,66 1,12
3 3-OCH; -0,37 -0,09 0 0,31 0,37 0,69
4 4-CH, -0,18 0,09 0,23 0,55 0,6 1,00
5 4-Cl -0,18 0,10 0,25 0,63 0,72 1,12
6 4-OCH; -0,29 -0,05 0,12 0,45 0,52 0,91
7 5-F -0,23 0,03 0,18 0,45 0,55 1,00
8 5-Cl -0,18 0,09 0,25 0,6 0,69 1,12
9 5-Br -0,16 0,1 0,29 0,63 0,72 1,19
10 3,5-Br, -0,02 0,29 0,48 0,79 0,95 1,38

Tabulka 4: Linedrni zavislost mezi hodnotami Ry, a slozenim mobilni faze

rovnice dle Soczewinskiho-Wachtmeistera

Ry=b-c+Ry

r S F n
1 Ry =-0,038 ¢ + 2,876 -0,993 0,054 302,22 6
2 Ry =-0,042 ¢ + 3,239 -0,987 0,083 150,32 6
3 Ry =-0,034 c + 2,408 -0,985 0,073 128,05 6
4 Ry =-0,038 ¢ + 2,966 -0,988 0,072 169,04 6
5 Ry =-0,042 ¢ + 3,266 -0,989 0,077 177,79 6
6 Ry =-0,038 c +2,876 -0,993 0,062 242,94 6
7 Ry =-0,042 c + 3,239 -0,987 0,075 161,65 6
8 Ry =-0,034 c + 2,408 -0,985 0,064 260,25 6
9 Ry =-0,038 ¢ + 2,966 -0,988 0,062 301,45 6
10 Ry =-0,042 c + 3,266 -0,989 0,09 149,61 6

Nejvyssi vzajemna zavislost byla nalezena mezi Ry a hodnotami MiLogP (Pearsontiv
korelacni koeficient r = 0,93) (Tabulka 5). Hodnoty log P vypocitané pomoci jednotlivych

softwarovych produktd jsou uvedeny v tabulce 6 na konci kapitoly.
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Abychom mohli studovat ptispévky lipofility jednotlivych substituentli, zatadili jsme

do nasi studie i fenylester nesubstituované kyseliny salicylové (salol). Hodnoty AR, byly
vypocitany podle rovnice ARy = ARy — ARyy; kde ARy je substituovany fenylester a

ARy’ predstavuje nesubstituovany salol (Tabulka 7).

Vzajemnou zavislost mezi hodnotami AR, a lipofilnimi parametry 7 vyjadiuje nasledujici

rovnice:

AR\ = 0,733(0,187) m— 0,118(x0,111)
r=0,81,s=0,215F=1530,n= 10

Tabulka 5: Collanderovy rovnice

Collanderova rovnice r s F n
ALOGPs log P=0,750 Ry + 1,605 0,85 0,168 21,6 10
ACDlogP log P=1,200 Ry’ — 0,253 0,89 0,231 29,2 10
AB/logP log P=1,6788 Ry, — 1,418 0,88 0,331 27,83 10
miLogP log P=1,314 Ry’ +0,132 0,93 0,185 54,87 10
ALOGP log P=1,118 Ry — 0,219 0,88 0,235 27,76 10
MLogP log P=1,070 Ry’ + 0,452 0,89 0,199 31,22 10
KowWIN log P = 1,455 Ry"— 0,177 0,91 0,251 36,32 10
XLOGP, log P=1,274 Ry’ + 0,580 0,86 0,283 21,97 10
XLOGP; log P=1,020 Ry’ +1,146 0,87 0,214 24,66 10
Chem BioDraw Ultra 11.0 log P=1,361 Ry’ — 0,644 0,88 0,271 27,32 10
Tabulka 7: Ry, AR\, a lipofilni parametry
Ry ARy T

1 H 2,88 0,00 0,00

2 3-CH; 3,24 0,36 0,52

3 3-OCH; 2,41 -0,47 0,12

4 4-CH; 2,97 0,09 0,60

5 4-Cl 3,27 0,39 0,73

6 4-OCHj; 2,94 0,06 -0,03

7 5-F 2,97 0,10 0,22

8 5-Cl 3,27 0,39 0,77

9 5-Br 3,41 0,53 0,58

10 3,5-Br, 3,67 0,79 1,16

Podil na publikaci

Tato prace patfila k mym samostatnym ukoltim.
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4.3. N-(2-Pyridylmethyl)salicylamidy a N-(3-pyridylmethyl)salicylamidy

PETRLIKOVA E., WAISSER, K., PALAT, K., KUNES, J., KAUSTOVA, J.: New Group
of Potential Antituberculotics: N-(2-Pyridylmethyl)salicylamides and N-(3-Pyridylmethyl)

salicylamides. Chem. Pap., under review.

Tento vyzkum také navazuje na vyzkum N-benzylsalicylamidi (114), které patii ke
sttedné aktivnim antimykobakteridlnim sloucenindm. Stanoveni jejich biologické aktivity
vSak znaéné ztézuje jejich velmi nizka rozpustnost v testovacim médiu. Na zdkladé
predpokladu, Zze lepSi rozpustnosti lze dosahnout nahrazenim benzylové c¢asti, byly pro
testovani antimykobakteridlni aktivity navrzeny N-(2-pyridylmethyl)salicylamidy a
N-(3-pyridylmethyl)salicylamidy.

Syntéza
COOH OH

(6]
OH POCI3 |
—_— O
+
R R OH

W

Obrazek 89: Syntéza N-(pyridylmethyl)salicylamidii

N-Benzylsalicylamidy byly pfipraveny reakci kyseliny salicylové s benzylaminem
v ptitomnosti chloridu fosforit¢ho. Tato metoda se vSak v ptipadé N-(2-pyridylmethyl)
salicylamidi a N-(3-pyridylmethyl)salicylamidii ukéazala jako netspés$na. Pro pfipravu
heterocyklickych salicylamidii musel byt pouzit postup s fenylesterem kyseliny salicylové a
aminoheterocyklem (Obr. 89). N-(3-pyridylmethyl)salicylamidy se podafilo pfipravit tavenim
fenylesteru kyseliny salicylové s 3-pikolylaminem pii teploté 190 az 210 °C po dobu 90 minut.
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N-(2-Pyridylmethyl)salicylamidy se za téchto podminek v reakéni smési rozkladaly a pro
jejich syntézu bylo nutné zajistit nizsi reakéni teplotu (70-90 °C) a reakéni dobu prodlouzit na

180 minut.

Studium intramolekuldrnich vodikovych vazeb

Pomoci infracervené spektroskopie byly studovany intramolekularni vodikové vazby
mezi vodikem hydroxylové skupiny a karbonylem. Na zakladé vlnocti hydroxylt v(OH)
byla vypocitana délka téchto vodikovych vazeb. Jako standard, vic¢i kterému byly v(OH)
jednotlivych slou¢enin vztazeny, byl zvolen fenol (v(OH) = 3611 cm™). U N-(2-pyridylmethyl)
salicylamiddi byl rozdil vino&ta Av(OH) 204222 cm™ a u N-(3-pyridylmethyl)salicylamida
142185 cm™'. Cim krat3i je zjisténa vzdalenost mezi vodikem a kyslikem, tim lze usuzovat na

siln€jsi interakci. Vodikové vazby u N-(2-pyridylmethyl)salicylamidii jsou obecné kratsi a tim

1 pevnéjsi nez u N-(3-pyridylmethyl)salicylamidi.

’J J‘:‘l X .‘ ‘
’j"(:(‘fﬁ ‘93 133 : i‘i ’
.20 o -0 Ak
9 M

Obrazek 90: 3D-modely 4-methyl-N-(2-pyridylmethyl)salicylamidu a 4-methyl-N-(3-pyridylmethyl)salicylamidu

Pro 4-methyl-N-(2-pyridylmethyl)salicylamid, 4-methyl-N-(3-pyridylmethyl)salicylamid
a byly vytvotfeny 3D-modely (Obr. 90). Dalsi modely byly vytvofeny i pro 4-methyl-N-(2-
pyridylmethyl)salicylamid a 4-methoxy-N-(2-pyridylmethyl)salicylamid (Tabulka 8 a 9).

Tabulka 8: Konformery 4-methyl N-(2-pyridylmethyl)salicylamidu

0}
\
/H
_O/
N
\ 7
2dA ZdB
Ey (kJ/mol) -2105992,17 -2105958,36 -2105958,81
1,66071 1,97334
LA 2,13908 1,93131 2,23179

E, = celkova energie, A = délka vodikovych vazeb
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Tabulka 9: Konformery 4-methoxy-N-(2-pyridinylmethyl)salicylamidu

N, \O\ \ \
& N
b | |
: S| s
\'H H—°, o H—0, o
—d o H—N H—n
S N
\_/
2¢ ZCC ZCA ZCB
E;, (kJ/mol) -2303487,47 -2303457,60 -2303476,49 -2303476,73
»(A) 1,64684 2,06871 2,01384 ?’g%gig
2,13788 2,18585 1,92950 223725

E\, = celkova energie, A = délka vodikovych vazeb

Antimykobakterialni aktivita

U fenylesteri kyseliny salicylové, N-(2-pyridylmethyl)salicylamidt a N-(3-pyridylmethyl)

salicylamidli byla hodnocena jejich aktivita proti kmenim M. tuberculosis (My 331/88),
M. avium (My 330/88) a dvéma kmentim M. kansasii (My 235/80 a 6509/96) (Tabulka 10, 11

a 12). Minimélni inhibi¢ni koncentrace N-benzylsalicylamidt byly ptevzaty z literatury (118)
(Tabulka 13).

Tabulka 10: Antimykobakterialni aktivita fenylesterii kyseliny salicylové

MIC (pmol/l)
Inkuba¢ni doba 14 d/21 d
R M. tuberculosis M. avium M. kansasii M. kansasii

My 331/88 My 330/88 My 235/80 6 509/96
la 3-CH; 62,5/125 250/500 250/500 250/250
1b 3-OCH; 125/500 250/1000 500/1000 250/500
1c 4-CH; 32/62,5 250/250 250/500 500/500
1d 4-OCH; 8/32 62,5/62,5 62,5/125 62,5/125
le 4-Cl 16/62,5 62,5/125 62,5/250 62,5/250
1f 5-F 32/125 125/500 250/500 125/250
lg 5-Cl 62,5/125 250/500 500/500 250/500
1h 5-Br 62,5/125 125/250 250/500 125/250
1i 3,5-Cl, 250/500 1000/1000 500/500 250/500

INH 1/1 >250/>250 >250/>250 8/8
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Tabulka 11: Antimykobakterialni aktivita N-(2-pyridylmethyl)salicylamidii

MIC (pmol/l)
Inkubacni doba 14 d/21 d

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

My 331/88 My 330/88 My 235/80 6 509/96
2b 3-CH; 62,5/62,5 125/250 250/500 250/250
2¢ 3-OCH; 250/250 1000/1000 500/1000 500/500
2d 4-CH, 62,5/125 250/500 250/500 250/250
2f 4-Cl1 125/250 500/500 250/500 250/500
2g 5-F 500/1000 500/1000 500/1000 500/500
2h 5-Cl 125/250 125/250 500/500 250/250
2i 5-Br 250/500 250/250 125/250 125/250
2k 3,5-Br, 125/250 >250/>250 125/250 125/250
2b 3-CH; 62,5/62,5 125/250 250/500 250/250

INH 1/1 >250/>250 >250/>250 8/8

Tabulka 12: Antimykobakterialni aktivita N-(3-pyridylmethyl)salicylamidu

MIC (pmol/l)
Inkubaéni doba 14 d/21 d
R M. tuberculosis M. avium M. kansasii M. kansasii

My 331/88 My 330/88 My 235/80 6 509/96
3a H 500/500 500/500 250/500 250/500
3b 3-CH; 250/250 500/500 500/500 250/250
3c 3-OCH; 250/500 1000/1000 500/500 62,5/125
3d 4-CH; 250/500 500/1000 1000/1000 500/500
3e 4-OCH; 500/500 1000/1000 250/500 250/500
3f 4-Cl1 125/250 250/250 250/500 250/500
3g 5-F 250n/500n 500n/500n 500n/500n 500/1000
3h 5-Cl 500/500 250n/250n 250n/500n 500/500
3i 5-Br 125/125 250n/250n 250/500 125/250
3j 3,5-Cl, 250/500 500n/500n 1000/1000 500/1000
3k 3,5-Br, 125/250 1000/1000 1000/1000 250/500

INH 1/1 >250/>250 >250/>250 8/8

n: nardst (nebylo mozno ptesné stanovit hodnotu MIC)

Porovnanim  antimykobakteridlni ~ aktivity  fenylesteri  kyseliny  salicylové,
N-(2-pyridylmethyl)salicylamidd, N-(3-pyridylmethyl)salicylamidii a N-benzylsalicylamidi
bylo zjisténo, ze tato aktivita obecné klesa v ftadé od N-benzylsalicylamidi
pies N-(2-pyridylmethyl)salicylamidy k N-(3-pyridylmethyl)salicylamidam.
N-Pyridylmethylsalicylamidy jsou také méné aktivni nez fenylestery kyseliny salicylové
(Obr. 91 a 92).
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Tabulka 13: Antimykobakterialni aktivita N-benzylsalicylamidii. Hodnoty
prevzaty z literatury (118)

MIC (pmol/l)
Inkubacéni doba 14 d/21 d
R M. tuberculosis M. avium
My 331/88 My 330/88
4a H n/n 125/125
4c 3-OCH; n/n n/n
4e 4-OCH; 125/n 125/n
4f 4-Cl 62/62 62/62
4h 5-Cl 62/n n/n
4i 5-Br n/n n/n
4 3,5-Cl, 32/62 125/125
4k 3,5-Br, 32/32 125/125
INH 1/1 >250/>250

n: MIC se pro nizkou rozpustnost slou¢eniny nepodatilo stanovit

MIC 250
(nmol 1)
250 1

200 -

150 -

100 - 62,5

8
50 -
0 T T T
1d 2d 3d

Obrazek 91: Porovnani aktivity proti M. tuberculosis (14 d) pro slouceniny 1d, 2d a 3d

MIC
(lunol 1y

140 ~
120 A
100 A
80 - 62
60 A 32

40 -

20 4

0 T T T 1
1f 2f 3f af

Obrdazek 92: Porovnani aktivity proti M. tuberculosis (14 d) pro slouceniny If, 2f, 3fa 4f
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Vztahy mezi strukturou a biologickou aktivitou

Zavislost minimalni inhibi¢ni koncentrace na log P byla zjistovana pro kmeny
M. tuberculosis a M. avium (inkubacni doba 14 dni). Na zakladé¢ naSich vypocti bylo
zjisténo, Ze antimykobakteridlni aktivita vzristd s rostouci lipofilitou vyjadfenou jako
log P (ChemBioDraw) (Rovnice 1, 2). Indikatorovou proménnou I, byly oznaceny
N-(2-pyridylmethyl)salicylamidy a indikatorovou proménnou I, N-(3-pyridylmethyl)
salicylamidy.

10g MICy e 10 = —0,267 (£0,089) log P + 0,141 (£0,163) I,+ 0,246 (+0,187) I, + 2,613(20,310)

r=0,81,5=0,229,n=23,F = 12,17 (1)
10g MICyy avium 14 = —0,025 (£0,102) log P+ 0,450 (£0,180) I,+ 0,709 (£0,221) I, + 2,116 (+0,344)
r=0,78, s = 0,262, n =20, F = 8,03 2)

Vypovidaci hodnota vypocitanych log P byla ovérovana pomoci tenkovrstvé chromatografie
(mobilni faze 60% aceton s fosfatovym pufrem — pH 7,4) a mezi experimentalnimi hodnotami
Ry, a vypocitanymi hodnotami log P byla zjisténa vzajemna zavislost (Rovnice 3). Ry a log P

jsou uvedeny v tabulce 14.

log P=2,64 (£0,17) Ry, + 1,41 (£ 0,075) (3)
r=0,95,s=0,260,n=27, F =22581

Tabulka 14: Ry a log P hodnoty

R log P Ry R log P Ry
2b 3-CH; 2,09 0,25 3g 5-F 1,34 0,11
2c 3-CH;0 1,48 -0,12 3h 5-Cl 1,74 0,23
2d 4-CH; 2,09 0,12 3i 5-Br 2,01 0,21
2f 4-Cl 2,16 0,31 3j 3,5-ClL, 2,3 0,39
2g 5-F 1,76 0,1 3k 3,5-Br, 2,84 0,5
2h 5-Cl 2,16 0,23 4a H 2,52 0,42
2i 5-Br 2,43 0,29 4c 3-CH;O 2,39 0,31
2k 3,5-Br, 3,26 0,55 4e 4-CH;0O 2,39 0,42
3a H 1,18 0,02 4f 4-Cl 3,08 0,65
3b 3-CH; 1,67 0,23 4h 5-Cl 3,08 0,65
3c 3-CH;0O 1,06 -0,16 4i 5-Br 3,53 0,65
3d 4-CH; 1,67 0,12 4 3,5-Cl, 3,64 1,05
3e 4-CH;0 1,06 -0,03 4k 3,5-Br, 4,18 0,95
3f 4-Cl 1,74 0,23
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Dosadime-li do vypoctu Ry misto log P, dostaneme rovnice 4 a 5.

10g MICy e 10 = —0,688 (£0,254) log P + 0,072 (£0,190) I,+ 0,269 (+0,194) I, + 2,249(+0,216)
r=0,80,s=0,236,n=23,F=11,13 (4)

10g MICyy avium 12 = —0,187 (£0,275) log P+ 0,385 (£0,198) I,+ 0,643 (£0,217) L, + 2,166 (£0,224)
r=0,78, s = 0,258, n = 20, F = 8,36 (5)

Podil na publikaci
Ptiprava a studium N-(pyridylmethyl)salicylamidi patiila k mym samostatnym tkolim. Na
tomto vyzkumu se nepodilel Zadny jiny student. Vytvotfeni 3D-modelll, vypocet nejstabilngjsich

konformaci a délky vodikovych vazeb je praci pana doktora Palata.
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4.4. Salicylanilidy

WAISSER, K., PETRLIKOVA, E., KUNES, J., VRABCOVA, P, KOLAR, K.
STOLARIKOVA J.: The Antimycobacterial Salicylanilides, Inhibitors of ATP Synthesis. Folia
Pharm. Univ. Carol. accepted.

Biologicka aktivita salicylanilidii byla pfedmétem celé fady vyzkumd. Jejich antibakterialni
aktivita je znama od 50. let, kdy se ukazalo, Ze se jednd o slouceniny ucinné jak proti
grampozitivnim, tak i proti gramnegativnim bakteriim. Dalsi vyzkumy prokazaly vyznamné
vlastnosti, jako je napf. antiprotozodlni, anthelmintickd, cestodocidni, nematocidni,
moluskocidni, neurolepticka a antimykobakterialni aktivita, kterd byla poprvé vyhodnocovana
jiz v roce 1963. 4’ ,5-dichlorsalicylanilid byl dale pouzivan k 1é¢bé koznich onemocnéni
zpusobené mykobakteriemi (119).

Nékolik praci se také zabyva mechanismem ucinku salicylanilidi. V roce 1998 byly
zvetejnény dvé prace vypracované v R. W. Johnsonové farmaceutickém vyzkumném Ustavu
v New Jersey, USA. Jejich autofi predpokladaji, ze salicylanilidy ptisobi jako inhibitory
dvoukomponentového systému, a tim se tedy jejich Gcinek 1isi od ucinku v soucasné dobé
pouzivanych antituberkulotik (120, 121). V roce 2003 byla zvefejnéna prace podle niz
salicylanilidy patii mezi potencidlni inhibitory sekre¢niho systému u bakterie Yersinia
pseudoteburculosis (122).

Waisser a kol. ve spolupréci s Institutem virologie Slovenské akademie véd v Bratislavé
studovali mechanismus ucinku u salicylanilidi. K testovani byly pouzity mysi EAC buiky
(H Swiss albino mice). Cilem vyzkumu bylo zjistit vliv testovanych slou€enin na respiraci EAC
bun¢k. Na zaklad¢ tohoto vyzkumu bylo zjisténo, ze testované derivaty maji skute¢né vliv na
respiracni fetézec. Predpoklada se, ze salicylanilidy pisobi podobné jako ostatni rozpojovace,
jakymi jsou napt. dinitrofenol a karbonylkyanid-p-trifluormethoxyfenylhydrazon. Méteni
pomoci kyslikové elektrody prokézalo, Ze salicylanilidy snizuji hladinu ATP (123).

U salicylanilidt se predpoklada, ze aniontova forma zachyti proton v extramitochondrialnim
prostoru, takto vznikld neutrdlni molekula projde pfes vnitini mitochondridlni membranu a
v matrix mitochondrie dojde k uvolnéni protonu. Salicylanilid se poté v podob¢ aniontu vrati

pasivnim transportem zpét. Timto zplisobem dochézi k ovlivnéni protonmotivni sily nezbytné
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pro oxidacni fosforylaci (124). U salicylanilidi je to pravdépodobné pravé hydroxylova
skupina, ktera podminuje pieruseni oxida¢ni fosforylace. Pomoci hydroxylové skupiny dochazi
k pfenosu protonu a po jeho odstépeni vzniké delokalizaci stabilizovany aniont (125).

Nasim cilem bylo navézat na ptedchozi vyzkum (123) a pfipravit sérii salicylanilidi
k testovani antimykobakteridlni aktivity. Piehled antimykobakteridlni aktivity je uveden

v tabulce 15.

Tabulka 15: Antimykobakterialni aktivita salicylanilidi

MIC (pmol/l)
Inkubacni doba 14 d/21 d
R R? M. tuberculosis M. avium M. kansasii M. kansasii
My 331/88 My 330/88 My 235/80 6 509/96
1 5-Br ethyl 16/32° 62,5/62,5" 16/62,5" 32/62,5°
2 5-Cl ethyl 8/8" n/na 8/8" 16/16°
3 4-Cl ethyl 8/8" 16/16" 8/16° 16/16°
4 5-Br isopropyl 8/8" 16/32° 16/16° 16/16°
5 5-Cl isopropyl 8/8" 16/32° 16/16° 16/16"
6 4-Cl isopropyl 8/8" 8/16" 8/16° 16/16"
7 5-F isopropyl 8/32 8/32 16/16 16/16
8 4-CH; isopropyl 62,5n/125n 250n/250n 125n/250n 125n/250n
9 5-Br sek-butyl 4/8" 16/16° 16/16° 16/16"
10 5-Cl sek-butyl 8/8" 16/16° 16/16° 16/16"
11 4-Cl sek-butyl 8/8" 8/8° 16/16° 16/16"°
12 5-F sek-butyl 8/8 8/8 8/16 8/16
13 4-CH;  sek-butyl 250n/250n 250n/500n 500n/500n 250n/500n
14 5-Cl butyl 4/4 8/8" 8/8" 4/8°
15 5-Cl terc-butyl 8/16° 16/32° 16/16° 16/16"°
16 4-Cl terc-butyl 16/16° n/nb 32/62,5" 32/62,5°
17 5-F terc-butyl 8/8 8/16 16/16 8/16
18 4-CH;  ferc-butyl 125n/250n 250n/500n 500n/500n 250n/250n
INH 1/1 >250/>250 >250/>250 8/8

“Husékova, 2008 (126), "Divisové, 2007 (127); n: nartst (nebylo mozné piesné stanovit hodnotu MIC)

Minimalni inhibi¢ni koncentrace salicylanilidii se pohybuje v rozmezi 4 az 62,5 pmol/l.
Nejvice aktivnim derivatem je derivat 14 s aktivitou 4 az 8 pmol/l proti vSem mykobakterialnim

kmentm.

Podil na publikaci
Ptipravila jsem slouc¢eniny 7, 12 a 17. Slouceniny 8, 13 a 18 pfipravila pod mym vedenim

diplomantka Petra Vrabcova.

108



4.5. 3-(4-Alkylfenyl)-4-thioxo-2H-1,3-benzoxazin-2(3H)-ony a
3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3 H)-dithiony

PETRLIKOVA E., WAISSER, K., DIVISOVA, H., HUSAKOVA, P., VRABCOVA, P,
KUNES, J., KOLAR, K. STOLARIKOVA, J.: Highly Active Antimycobacterial Derivatives of
Benzoxazine. Bioorg. Med. Chem., under review. (Do publikace nebyla zafazena antibakterialni

a antifungalni aktivita.)

3-Fenyl-4-thioxo-2H-1,3-benzoxazin-2(3H)-ony a 3-fenyl-2H-1,3-benzoxazin-2,4(3H)-
dithiony patfi k nejaktivnéjsim sloucenindm, které¢ byly na naSem pracovisti vytvoreny.
Holy, 2001 (128) se v rdmci své disertani prace vénoval ptipravé 3-fenyl-4-thioxo-2H-
1,3-benzoxazin-2(3H)-ont a 3-fenyl-2H-1,3-benzoxazin-2,4(3H)-dithioni substituovanych
v poloze Sest (128). U pfipravenych sloucenin byla provedena QSAR analyza podle Freeho-
Wilsona v modifikaci podle Fujity a Bana pro jednotlivd obménovand mista. Provedené
vypocty prokazaly vyznamny vliv substituce v poloze Sest benzoxazinového skeletu a také vliv
substituce na fenylu na antimykobakterialni aktivitu. Substituce methylovou skupinou v poloze
Ctyfi na fenylu se z hlediska antimykobakteridlni aktivity ukazala obecné jako efektivnéjsi nez
substituce halogeny. Na zaklad¢ tohoto poznatku byl navrzen novy smér dal§iho vyzkumu
a naSe pozornost se obratila k 3-(4-alkylfenyl)-4-thioxo-2H-1,3-benzoxazin-2(3H)-onim a
3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3 H)-dithionim.

Na vyzkumu takto substituovanych 3-fenyl-4-thioxo-2H-1,3-benzoxazin-2(3H)-onii a
3-fenyl-2H-1,3-benzoxazin-2,4(3H)-dithiont se nejprve podilely diplomantky DiviSova (127)
a Husédkova (126), které ptipravily n¢které derivaty v ramcei své diplomové a pozdéji i rigordzni
prace. Mym ukolem bylo navazat na jejich ptedchozi vyzkum. Protoze se jedna o velky pocet

syntéz, na jejich realizaci se pod mym vedenim podilela také diplomantka Petra Vrabcova.

Syntéza (Obr. 93)

3,5 mmol vysuseného vychoziho benzoxazindionu bylo smiseno a rozetfeno se 7,6 mmol
sulfidu fosfore¢ného. Smés byla pod vzdusnym chladicem na kovové lazni zahtivana do
z¢ervenani pii teploté 175-200 °C. Teplota byla udrzovana po dobu 20 min. Do ochlazené

reakéni smési byl pfidan 10% roztok uhli¢itanu sodného. Vznikla suspenze byla odfiltrovana
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a vysu$ena. Byla tak ziskdna smés monosirného a disirného derivatu, kterd byla rozdélena na
chromatografické kolon¢. Jako mobilni faze byla pouzita smés hexanu a acetonu (3:1). Oba

produkty byly po sloupcové chromatografii rekrystalizovany z ethanolu.

2
OH PCl
—_—
R1
R2
R2
0 P
j\ 5 0~ 0
c g P4S10 R2
—_— /& ——
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R1
>/<: :o/gs
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Obrdazek 93: Syntéza sirnych derivatii benzoxazindionu

Antimykobakterialni aktivita

U pripravenych sloucenin byla zjisStovana jejich aktivita proti kmentim M. tuberculosis
(My 331/88), M. avium (My 330/88) a dvéma kmeniim M. kansasii (My 235/80 a 6509/96).
Vysledky testli prokazaly, ze sirné derivaty benzoxazindionli vykazuji stejnou nebo vyssi
aktivitu nez INH, ktery byl zvolen jako standard (Tabulka 17 a 18).

Porovnanim s vychozimi 3-fenyl-2H-1,3-benzoxazin-2,4(3H)-diony (Tab. 16) bylo zjisténo,
7e k nejvysSimu nartistu antimykobakterialni aktivity dochazi po zaméné jedné oxoskupiny za
thioxoskupinu.

Nase piivodni hypotéza se potvrdila a nové ptipravené derivaty obsahujici alkyl na fenylové
casti vykazuji obecné¢ vyssi biologickou aktivitu nez derivaty substituované halogenem na
stejné ¢asti molekuly.

Nejvyssi antimykobakteridlni aktivita byla zjisténa u 3-(4-sek-butylfenyl)-7-methyl-4-
thioxo-2H-1,3-benzoxazin-2(3H)-onu a tento derivat je vybran k dal$imu testovani, zejména

cytotoxicity a antiproliferativni aktivity.
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Tabulka 16: In vitro antimykobakterialni aktivita 3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dionii

MIC (pmol/l)
Inkubacni doba 14 d/21 d

R R? M. tuberculosis M. avium M. kansasii M. kansasii
My 331/88 My 330/88 My 235/80 6 509/96

la 6-Br methyl 16/16° 31/31° 62/62° -*
1b 6-Br ethyl 8/8b 32/32° 8/16° 16/16"
lc 6-Cl ethyl 8/16° 16/32° 16/16° 16/16°
1d 7-Cl ethyl 8/8" 8/16" 16/16° 16/16"
le 6-Br isopropyl 2/4 8/16 8/8 4/8
1f 6-Cl isopropyl 4/8° 32/32° 8/16° 8/16°
lg 7-Cl isopropyl 4/4° 8/16" 8/16" 8/8°
1h 6-F isopropyl 8/8 8/16 8/8 8/16
li 7-CH; isopropyl 250n/250n 32n/62,5n 62,5n/62,5n 32/62,5n
1 6-Br sek-butyl 4/8" 16/32° 8/8° 8/16"
1k 6-Cl sek-butyl 4/8° 32/32° 16/16° 16/16°
11 7-Cl sek-butyl 4/4° 8/8¢ 8/8° 8/8°
Im 6-F sek-butyl 8/8 8/8 8/8 4/8
In 7-CH; sek-butyl 250n/250n 125n/125n 125n/250n 32/62,5n
lo 6-Cl butyl 16/16° 16/16° 8/8° 8/16°
1p 6-Cl terc-butyl 8/16° 16/32° 8/16° 8/8°
1q 7-Cl terc-butyl 4/4° 4/8° 8/16° 8/8°
Ir 6-F terc-butyl 16/16 16/16 16/16 8/16
1s 7-CH;, terc-butyl 250n/250n 125n/125n 125n/250n 125n/250n

INH 0,5/0,5 >250/>250 >250/>250 8/8

“Waisser, Hladtivkova, 2001 (129), bHuseikovei, 2008 (126), ‘Kubicova, 2004 (130), dDiviéové, 2007 (127),
‘Waisser, Matyk, 2007 (131), *netestovan, n: narGst (nebylo moZné presné stanovit hodnotu MIC)
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Tabulka 17: In vitro antimykobakterialni aktivita 3-(4-alkylfenyl)-4-thioxo-2H-1,3-benzoxazin-2(3H)-onti

MIC (pmol/l)
Inkubacni doba 14 d/21 d

R R? M. tuberculosis M. avium M. kansasii M. kansasii
My 331/88 My 330/88 My 235/80 6 509/96

2a 6-Br methyl 0,5/1° 32/32° 2/4° 2/4°
2b 6-Br ethyl 0,5/0,5" 32/32° 8/16° 4/8°
2¢ 6-Cl ethyl 0,5/0,5" 16/16° 8/8" 4/4°
2d 7-Cl ethyl 0,5/0,5" 8/8" 8/8" 8/8"
2e 6-Br isopropyl 0,25/0,5° 4/8° 32/62,5° 4/8°
2f 6-Cl isopropyl 0,5/1 32/125 8/16 1/2
2g 7-Cl isopropyl 0,5/1° 8/8° 8/8° 4/8°
2h 6-F isopropyl 0,25/0,5 0,5/1 2/4 4/4
2i 7-CH; isopropyl 0,25/0,5 0,5/1 2/4 1/2
2j 6-Br sek-butyl 0,25/0,5° 16/32° 4/8° 2/4°
2k 6-Cl sek-butyl 0,5/1° 32/32° 8/8° 4/8°
21 7-Cl sek-butyl 12 8/8 4/8 12
2m 6-F sek-butyl 0,25/0,5 1/1 4/4 2/4
2n 7-CH;  sek-butyl 0,25/0,5 0,5/0,5 40210 0,5/1
20 6-Cl butyl 1/2b 8/16° 8/16° 4/4°
2p 6-Cl terc-butyl 0,25/0,5 12 8/8 4/8
2q 7-Cl terc-butyl 2/2 4/8 4/8 2/4
2r 6-F terc-butyl 0,25/0,5 0,5/1 4/8 8/8
2s 7-CH,  terc-butyl 0,25/0,5 0,25/0,5 22 11

INH 0,5/0,5 >250/>250 >250/>250 8/8

“Holy, 2001 (128), "Husakové, 2008 (126), “Divisov4, 2007 (127)
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Tabulka 18: In vitro antimykobakterialni aktivita 3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithionti

MIC (pmol/l)
Inkubacni doba 14 d/21 d

R R? M. tuberculosis M. avium M. kansasii M. kansasii
My 331/88 My 330/88 My 235/80 6 509/96

3a 6-Br methyl 0,5/1° 15/30° 4/4° 4/4°
3b 6-Br ethyl 12 62,5/62,5" 8/16° 4/8°
3¢ 6-Cl ethyl 0,5/0,5" 8/16° 8/8" 4/6°
3d 7-Cl ethyl 0,5/0,5" 4/8" 8/16° 8/16°
3e 6-Br isopropyl 0,5/1° 8/16° 32/62,5° 4/8°
3f 6-Cl isopropyl 0,5/1 32/125 8/16 12
3g 7-Cl isopropyl 0,5/1° 8/8° 4/8° 4/4°
3h 6-F isopropyl 0,25/0,5 0,5/1 4/8 2/4
3i 7-CH; isopropyl 0,5/1 0,5/0,5 2/4 1/2
3j 6-Br sek-butyl 1/2¢ 32/32° 4/8° 2/4°
3k 6-Cl sek-butyl 1/2° 16/32° 8/16° 4/8°
31 7-Cl sek-butyl 1/1 4/8 4/8 172
3m 6-F sek-butyl 0,25/0,25 0,5/1 2/4 2/4
3n 7-CH; sek-butyl 0,25/0,5 0,25/0,5 2/2 0.5/1
30 6-Cl butyl 2/4° 8/16" 8/8" 8/8"
3p 6-Cl terc-butyl 0,25/0,5 1/2 8/8 8/8
3q 7-Cl terc-butyl 0,5/0,5 2/4 2/4 2/4
3r 6-F terc-butyl 0,5/0,5 0,5/1 8/8 4/8
3s 7-CH; terc-butyl 0,25/0,5 0,5/1 2/2 172

INH 0,5/0,5 >250/>250 >250/>250 8/8

“Holy, 2001 (128), "Husakové, 2008 (126), “Divisova, 2007 (127)

Studium vztahii mezi strukturou a antimykobakterialni aktivitou

Ke studiu vztahli mezi strukturou a biologickou aktivitou byla opét pouzita metoda

podle Freeho a Wilsona s modifikaci podle Fujity-Bana. Abychom vysetfili vliv alkylti na

antimykobakterialni aktivitu, zafadili jsme do vypoctu i hodnoty MIC sirnych derivati

6-brom-3-(4-propylfenyl)-2H-1,3-benzoxazin-2,4(3 H)-dionu,

6-brom-3-(4-butylfenyl)-

2H-1,3-benzoxazin-2,4(3H)-dionu a 3-(4-butylfenyl)-7-chlor-2H-1,3-benzoxazin-2,4(3 H)-

dionu (132). Na zéklad¢ provedenych vypoctlu bylo zjisténo, ze k nardstu biologické aktivity

nejvice prispiva substituce fluorem nebo methylovou skupinou na acylové ¢asti a substituce

rozvétvenym alkylem na fenylu (Tabulka 19 a 20).
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Tabulka 19: Freeho-Wilsonova analyza v modifikaci dle Fujity a Bana pro 3-(4-alkylfenyl)-4-thioxo-2H-1,3-

benzoxazin-2(3H)-ony

A log MIC (umol/l) 14 d

M. tuberculosis M. avium M. kansasii M. kansasii
My 331/88 My 330/88 My 235/80 6509/96
R' 7-Cl 0 0 0 0
6-Cl -0,482 (+0,197) 0,180 (+0,208) 0,060 (+0,144) -0,060 (£0,161)
6-Br -0,295 (£0,212) 0,176 (£0,224) 0,202 (£0,155) 0,133 (£0,173)
6-F -0,563 (x£0,237) -0,949(%0,251) -0,292 (£0,173) 0,218 (£0,194)
7-CH; -0,563 (+0,237) -1,150 (£0,251) -0,594 (+£0,173) -0,485 (£0,194)
R’ methyl -0,301 (+0,440) -0,028 (+0,466) -0,602 (+0,322) -0,602 (+0,359)
ethyl -0,337 (+£0,380) -0,244 (+£0,403) 0,115 (£0,278) -0,092 (+£0,311)
isopropyl -0,396 (+£0,371) -0,499 (£0,393) 0,206 (+£0,272) -0,370 (+£0,304)
sek-butyl -0,335 (+0,371) -0,318 (+£0,393) -0,034 (x£0,272) -0,551 (£0,304)
terc-butyl -0,269 (+0,394) -0,925 (+0,417) 0,108 (+0,288) -0,237 (£0,322)
propyl 0 0 0 0
butyl 0,767 (+0,380) -0,444 (+£0,403) 0,315 (£0,278) 0,109 (+0,311)
Ko 0,295 (£0,376) 1,329 (+0,398) 0,701(£0,275) 0,770 (+0,308)
r 0,9 0,94 0,89 0,88
s 0,311 0,329 0,227 0,254
4,94 8,92 4,06 3,58
22 22 22 22

Tabulka 20: Freeho-Wilsonova analyza v modifikaci dle Fujity a Bana pro 3-(4-alkylfenyl)-2H-1,3-benzoxazin-

2,4(3H)-dithiony

Alog MIC (umol/l) 14 d

M. tuberculosis M. avium M. kansasii M. kansasii
My 331/88 My 330/88 My 235/80 6509/96
R' 7-Cl 0 0 0 0
6-Cl -0,180 (+0,168) 0,301 (+0,200) 0,241 (+0,135) 0,120 (£0,150)
6-Br -0,234 (+0,181) 0,830 (+0,216) 0,299 (£0,146) 0,200 (£0,162)
6-F -0,280 (£0,202) -0,888(%0,241) 0,047 (£0,163) 0,096 (£0,181)
7-CH; -0,280 (£0,202) -0,988 (£0,241) -0,254 (+£0,163) -0,406 (£0,181)
R’ methyl -0,301 (£0,375) -0,329 (+0,447) -0,301 (+£0,303) -0,301 (+0,336)
ethyl -0,016 (+£0,324) 0,048 (+£0,387) 0,119 (£0,262) -0,108 (£0,291)
isopropyl -0,026 (+£0,317) 0,136(£0,378) -0,009 (£0,256) -0,464 (£0,284)
sek-butyl 0,095 (+0,317) -0,045 (x£0,378) -0,129 (£0,256) -0,525 (+0,284)
terc-butyl -0,323 (+0,336) -0,357 (£0,401) -0,011 (£0,271) -0,204 (£0,302)
propyl 0 0 0 0
butyl 1,120 (£0,324) -0,149 (+£0,387) 0,320 (£0,262) 0,194 (£0,291)
o -0,234 (£0,321) 0,676 (+0,383) 0,604 (+0,259) 0,703 (+0,288)
r 0,93 0,95 0,86 0,9
s 0,265 0,316 0,214 0,238
6,57 10,85 3,12 4,56
22 22 22 22
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Antibakterialni a antifungalni aktivita

In vitro aktivita 3-fenyl-4-thioxo-2H-1,3-benzoxazin-2(3H)-oni a 3-fenyl-2H-1,3-
benzoxazin-2,4(3 H)-dithioni byla stanovovadna proti osmi bakteridlnim kmentim. Jednalo
se jak o sbirkové kmeny Staphylococcus aureus CCM 4516, Escherichia coli CCM 4517 a
Pseudomonas aeruginosa CCM 1961, tak 1 kmeny klinicky izolované: S. aureus H 5996/08
— methicilin rezistentni, S. epidermidis H 6966/08, Enterococcus sp. J 14365/08, Klebsiella
pneumoniae D 11750/08 a K. pneumoniae J 14368/08 — ESBL pozitivni (Tabulka 21-24).

Slouceniny 3-(4-sek-butylfenyl)-6-fluor-4-thioxo-2H-1,3-benzoxazin-2(3H)-on a 3-(4-sek-
butylfenyl)-6-fluor-2H-1,3-benzoxazin-2,4(3H)-dithion byly testovany 1 proti houbovym
organismim Candida albicans ACC 44859, C. tropicalis 156, C. krusei E28, C. glabrata 20/1,
Trichosporon asahii 1188, Aspergillus fumigatus 231, Absidia corymbifera 272 a Trichophyton
mentagrophytes 445. Podminky testovani byly stejné jako v ptipad¢ testovani antibakterialni a
antifungalni aktivity fenylsalicylatl (kapitola 4.2.).

Vsechny testované slouceniny s vyjimkou 3-(4-isopropylfenyl)-7-methyl-4-thioxo-2H-
1,3-benzoxazin-2(3H)-onu, 3-(4-terc-butylfenyl)-7-methyl-4-thioxo-2H-1,3-benzoxazin-
2(3H)-onu a 3-(4-sek-butylfenyl)-7-methyl-2H-1,3-benzoxazin-2,4(3H)-dithionu vykazovaly
vysokou aktivitu proti grampozitivnim bakteriim. Tato antibakteridlni aktivita byla srovnatelna
nebo vyssi nez aktivita 1€¢iv, kterd byla do studie zafazena pro porovnani. Jednalo se o 1é¢iva
neomycin, penicilin G, ciprofloxacin a fenoxymethylpenicilin. Zadna z testovanych slougenin
vsak nebyla aktivni proti gramnegativnim bakteriim.

3-(4-Sek-butylfenyl)-6-fluor-4-thioxo-2H-1,3-benzoxazin-2(3H)-on a 3-(4-sek-butylfenyl)-
6-fluor-2H-1,3-benzoxazin-2,4(3H)-dithion nevykazovaly zadnou aktivitu proti houbovym

organismim, proto bylo od testovani dalSich derivati odstoupeno.

115



urporuadAypowAxoudy :uayd ‘uroexogordio :1di) ‘o) urroruad :ud ‘UIOAWOU :WOIN "NIPIUW WIOBAOISI) A AUTUIINO[S 13sowisndzor 93z1u 1Ay j1aoue)s ofrrepodau as DI U

005< 18°L 00S< 69°S1 STI< wu STI< STI< STI< STI< STI< STI< 1961 DD

/00S< /6°€ /00S< /18°L /STI< /STI< /STI< /STI< /STI< /STI< /STI< DSOULSNIID SVUOWIOPNIS
005< /00S< /00S< 86°0 STI< wu STI< STI< STI< STlI< STI< SZI<  wanizod 19SH ‘80/89¢H1 [
/00S< /00S< /00S< /860 /STI< /STI< /STI< /STI< /STI< /STI< /STI< avuownaud vjjaisqary
00S< z1°0 00S 860 STI< wu STI< STI< STI< STI< STI< STI< 80/0SLI1 A
/00S< /210 /0ST /86°0 /STI< /STI< /STI< /STI< /STI< /STI< /STI< avownaud vjjaisqary
00S< 90°0 STl 86°0 SARS STI< STI< STI< SARS YARS STI<

u/u 1702 D1YI142YDS

/00S< /90°0 /ST1 /860 /STI< / /STI< /STI< /STI< /STI< /STI< /STI< LISV INOD 102 PHPHYST
18°L 86°0 7961 0S¢ STI< wu STI< 6°€ STI< STI< STI< STI< 80/S9EYT [

/18°L /860 /18°L /0ST /STI< /79°S1 /6°¢ /29°S1 /ST1 /STI /ST1 ds snoood0423u5

0ST 0ST STl 18°L STI< wu 6°¢ 6°C S6°1 STI< STI¢ STIE 80/9969 H

/$T9 /0ST /STIE /6°¢ /STI< /S6°T /S6°1 /S6°T /ST1 /STIE /18°L  sipruiapida snoo0o0jdydoig
00S 00S STl 860 STI< S6°1 6°€ 860 6°€ 6°€ STI¢ szl

c c c . c u/u 6T <6 . o6 o6 " UIIOIYIdW ‘80/966S H

/0ST /00 /ST1 /86°0 /STI< /S6 /S6°1 /86°0 /S6°1 /S6°1 /29°61 snaunp sno0201ydvig
vZ0 86°0 vZ°0 6°€ STI< wu S6°1 6°€ S6°1 6°€ 6°€ STI¢ 915y INDD

0 /860 o /6°¢ /STI< /S6°1 /6°¢ /860 /S6°1 /S6°1 /18°L SNy sno2020]dydpig
wYyJ adp LEE | WoaN 114 4z 14 14 Y4 114 aY4 qz

4 8p/4 v (1/10wm) DA

17-q7 UIUDINO]S DIIANYD 1UIDILIYDGUUY [T DYINGD]

116



urporuadjAyowAxoudy uayq ‘uroexogoldio :adi) ‘o urroruad (usd ‘UIDAWOU WOIN

005< 18°L 005< 69°S1 SCI< ISARS 0sC< 0s¢C< SCI< 00S< ISARS 0sC< 1961 INDD
/008< /6°€ /00S8< /18°L /STI< /STI< /0§T< /08¢C< /STI< /008< /STI< /08T< DSOULSNIOD SPUOULOPNIS]
005< 00s< 00s< 86°0 ISARS ISARS 0sC< 0s¢C< ISARS 005< SCI< 0sC< uAnizod T4SH ‘80/89¢1 [
/008< /008< /008< /860 /STI< /STI< /0S§T< /08¢T< /STI< /008< /STI< /0§T< aviuounaud v]ja1sqaly
005< zro 008 86°0 S48S SCI< 0sc< 0sc< Sll< 005< SCI< 0sc< 80/0SL1T d
/008< /T1°0 /0S¢ /860 /STI< /STI< /08¢C< /0SC< /STI< /008< /STI< /08¢C< avuounaud v]ja1sqa]y
005< oo”o ¢ll wmﬂo Sll< Sll< 0s¢< 0s¢< SlI< 005< SlI< 0s¢< L1SH INDD 100 DIyaLiayosg
/005< /90°0 /SC1 /860 /STI< /STI< /0§T< /0§T< /STI< /005< /STI< /08T<

18°L 86°0 7961 0s¢C Sll< SCl $79 0§¢C< SCI< T9°s1 STIE 7951 80/9¢v1 [

/8L /860 /8L /0S¢ /STI< /2961 /18°L /29°S1 /STI< /6°€ /6°€ /6°€ ds sn22000.42)u7]

0s¢C 0s¢T Scl 18°L STIE 6°¢ 86°1 860 SARS 7961 6°¢ S6°'l 80/9969 H

/ST9 /0S¢ /STIE /6°€ /S6°1 /6°€ /86°1 /860 /STI< /18°L /S6°1 /S6°1 SipruLiap1da sn22020]4ydjg
008 008 4! 86°0 SCl 6°€ 86°0 86°0 Scl 6°¢ S6°l S6°1 el

< ¢
/08¢ /00§ /SCI /860 /ST /6°€ /6¥°0 /6%°0 /STI< /S6°1 /S6°1 /86°0 ST 80/966¢ H
sna.unp sn22020j4ydoig

1Z40] 86°0 1740 6°€¢ ¢cl 18°L 86°1 18° Sll< S6°1 S6°1 S6°l 915y INDD

0 /860 T /6°€ /STI /6°€ /86°1 LIS'L /STI< /S6°1 /S6°1 /S6°1 SnaAnp sn22020]4ydjg
uwYyq adi) LER | WOoIN Y4 ag dg (174 ug wy |4 b 4

Y 8p/u ¥ (/1own) DI

SZ-YZ UIUIINOLS DIIANYD JUIDLIIYDGUUY 17T PYINGD]

117



urporuadjAyowAxousy uayq ‘uroexogoldio :adi) ‘o urroruad (usd ‘UIDAWOU (WOIN

18°L

00S< 00S< 69°ST STI< STI< STI< 00S< STI< STI< 00S< 0sT< STI< 1961 INDD
/00S< /6°€ /00S< /18°L /STI<  /STI<  /STI<  /00S<  /STI<  /STI<  /00S<  /0ST<  /STI<  DSOUISN.IoD SPUOUOPNIS]
005< 00S<  /00S< 86°0 STI< STI< STI< 005< STI< STI< 00S< 0sT< §ti<  muanizod TSH ‘80/89¢t1 [
/00S<  /00S<  /00S< /86°0 /STI<  /STI<  /STI<  /00S<  /STI<  /STI<  /00S<  /0ST<  /STI< avuounaud v]1a15qa1y
00S< Tro 00S 86°0 STI< STI< STI< 00S< STI< STI< 00S< 05T< STI< 80/0SLIT A
/00S< /T1°0 /0ST /86°0 /STI<  /STI<  /STI<  /00S<  /STI<  /STI<  /00S<  /0ST<  /STI< avruounaud v]1a15qa1y
00S< ooﬂo STl woﬂo STI< STI< STI< 00S< STI< STI< 005< 0ST< STI< L1Sh DD 109 DUoLOYIST
/00S< /90°0 /STI /86°0 /STI<  /STI<  /STI<  /00S<  /STI<  /STI<  /00S<  /0ST<  /STI<
;ﬁm wﬁo S@ 0ST Szl< STI< szi< 005< Szl< sel< 00S< sel STL  oo/coep] [ ds snovosoumg
/18°L /86°0 /18°L /0ST /T9°ST  /STI< /S°29 /S'T9  JT9'sT  /STIE /STI /STIE  /I8°L
0ST 0ST szl 18°L S6°1 STI< $79 STIE 7961 I18°L 00S< 7961 6°¢ 80/9969 H
/ST9 /0ST /STIE /6°€ /S6°T /T9ST /T9°ST /6°€ /S6°T /6°¢ /STIE  /T9°ST /S6°T  sipruLapda sn22020]4ydpig
00S 005 STl 86°0 S6°1 §79 STIE 79°61 6°¢ 18°L T9°61 18°L 6°¢ et
c c c ‘ <6 o c . . o6 o ; o6 UI[IIYIOW ‘80/9665 H
/0ST /00 /STI /86°0 /S6°T /18 /T9°S1 /6°€ /860 /S6°T /18 /6°€ /S6°T snamp sno00201ydvig
v2°0 86°0 vT°0 6°¢ 860 $79 6°¢ S6°1 S6°1 $6°1 6°¢ 18°L 6°¢ 91SH
T /86°0 T /6°¢ /86°0 /S6°T /S6°T /S6°T /86°0 /S6°T /6°€ /18°L /6 INDD Snainp sn22000]4ydvjg
wyg adip LEX | WodN f¢ 1€ L[ 3¢ J€ o¢ PE o€ q¢
U 8p/4 T (/10w DTN

[e-q¢ u1uaIN0]s PHANYD IUDIIIYDUUY £ DYINGD]

118



urporuadAypowAxoudy :uoyd ‘uroexogordio :1di) ‘o) urroruad :us ‘UIOAWOU :WOIN “NIPIUW WIOBAOISI) A AUTUIINO[S 1Isowisndzor 93z1u 1Ay j1aoue)s ofrrepodau as DI U

005< 18°L 00S< 69°S1 wa wu wu 00S< 0ST< 00S< 0SZ< STI< 1961 DD
/00S< /6°€ /00S< /18°L /00S< /0ST< /00S< /0ST< /STI< DSOULSNIID SVUOWIOPNIS
005< 005< /00S< 86°0 wu wu wu 00S< 0ST< 00S< 0SZ< SZI<  wanizod 19SH ‘80/89¢H1 [
/00S< /00S< /00S< /860 /00S< /0ST< /00S< /0ST< /STI< avuownaud vjjaisqary
00S< z1°0 00S 860 wu wu wu 005< 0ST< 00S< 0ST< STI< 80/0SLI1 A
/00S< /210 /0ST /86°0 /00S< /0ST< /00S< /0ST< /STI< avownaud vjjaisqary
00S< 90°0 STl 860 005< 0ST< 00S< 0ST< STl<
u/u u/u u/u 1702 D1YI142YDS

/00S< /90°0 /ST1 /860 / / / /005< /0ST< /00S< /0ST< /STI< LISV INOD 102 PHPHYST
18°L 860 7961 0ST wa -~ wu 00S< 0ST< 18°L STl STI< 80/S9EYT [

/18°L /860 /18°L /0ST /STIE /0ST< /18°L /18°L /STIE ds snoood0423u5

0SZ 0ST STI 18°L wu o wu 6°C 0ST< 6°C 18°L 6°¢ 80/9969 H

/$T9 /0ST /STIE /6°¢ /S6°1 /0ST< /S6°T /S6°T /S6°T  sipruriapida snoo0o0jdydpig
00S 00S STl 860 6°€ 0S¢ S6°1 S6°1 S6°1 szl

< 3
. u/u u/u u/u . ‘ ‘ . UIIOIYIdW ‘80/966S H

/0ST /00S /ST1 /86°0 /6°€ /0ST< /S6°1 /86°0 /S6°1 snaunp sno0201ydvig
vZ°0 860 vZ0 6°¢ wu wu wu 6°€ 0ST< 860 S6°1 S6°1 915y INDD

0 /860 o /6°¢ /6°¢ /0ST< /860 /860 /S6°1 SNy sno2020]dydpig
wYyJ adp LEE | WoaN Y i€ d¢ o¢ ug wg I€ b (Y

4 8p/4 v (1/10wm) DA

SE-YE UIUIINO]S DIIANYD TUDLIDIYDQUUY ‘F7 DYINGN]L

119



Podil na publikaci
1. Pfipravila jsem nasledujici slouceniny:
a) 3-fenyl-2H-1,3-benzoxazin-2,4(3H)-diony: le, 1h, Im, 1r.
b) 3-fenyl-4-thioxo-2H-1,3-benzoxazin-2(3H)-ony: 2f, 2h, 21, 2m, 2p, 2q, 2r.
¢) 3-fenyl-2H-1,3-benzoxazin-2,4(3H)-dithiony: 3f, 3h, 31, 3m, 3p, 3q, 3r.

2. Slouceniny 1i, 1n, 1s, 2i, 2n, 2s, 3i, 3n a 3s pfipravila pod mym vedenim diplomantka
Petra Vrabcovda, ostatni derivaty pfipravili RNDr. Hana DiviSovd, RNDr. Petra
Husékova a slouc¢eniny 1a, 2a a 3a Ing. Pavel Holy, PhD.

3. U celého souboru sloucenin jsem provedla vypocty tykajici se vztahli mezi strukturou
a biologickou aktivitou.

4. Ziskané vysledky jsem zpracovala v podobé publikace.
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4.6. Studium lipofility u 3-fenyl-4-thioxo-2H-1,3-benzoxazin-2(3H)-oni a
3-fenyl-2H-1,3-benzoxazin-2,4(3H)-dithionii.

PETRLIKOVA, E., WAISSER, K.: TLC Study of the Lipophilicity of New Antibacterial
Active Benzoxazine Derivatives Containing a Thioxo Group. J. Planar. Chromatography,

under review.

U 3-fenyl-4-thioxo-2H-1,3-benzoxazin-2(3H)-ond a 3-fenyl-2H-1,3-benzoxazin-2,4(3H)-
dithioni byla studovéna lipofilita pomoci tenkovrstvé chromatografie na obracenych
(reverznich) fazich. U tohoto typu chromatografie je stacionarni faze nepolarni a mobilni faze
poléarni. Jako mobilni faze se pouziva zpravidla silikagel se zakotvenou nepoléarni latkou, kterou
byva dlouhy uhlovodikovy zbytek s osmi nebo osmnacti atomy uhliku a molekuly slou¢enin
jsou na tento uhlovodikovy zbytek poutdny van der Waalsovymi silami. Polarni mobilni fazi
muze byt naptiklad smés voda-methanol, voda-acetonitril nebo voda-aceton. Pfehled sloucenin

zatazenych do studie lipofility ukazuje tabulka 25.

R2

Tabulka 25: Prehled sloucenin zarazenych do studie lipofility

R! R? R! R?
a 6-F isopropyl h 6-Br sek-butyl
b 6-Cl isopropyl i 7-Cl sek-butyl
c 6-Br isopropyl j 7-CH; sek-butyl
d 7-Cl isopropyl k 6-F terc-butyl
e 7-CH; isopropyl 1 6-Cl1 terc-butyl
f 6-F sek-butyl m 7-Cl terc-butyl
g 6-Cl sek-butyl n 7-CH; terc-butyl

Jako mobilni faze slouzila v nasem ptipadé¢ smés fosfatového pufru (pH 7,4) s riznym
podilem acetonu. Koncentrace acetonu se pohybovala v rozmezi 60—-80 %. Ze zjisténych

hodnot reten¢nich faktorii Ry (pramér ze tii méteni) byly vypocitany hodnoty R\, dle rovnice:
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Hodnoty Ry jsou uvedeny v tabulkach 26 a 27. Mezi hodnotami R,; a slozenim mobilni
faze byl nalezen linearni vztah (Obr. 94 a 95), coz umoznilo extrapolaci na nulovou hodnotu

acetonu. (Tabulka 28 a 29).

Tabulka 26: Hodnoty Ry, 3-(4-alkylfenyl)-4-thioxo-2H-1,3-benzoxazin-2(3H)-onti

Ry
aceton (%)
80 75 70 65 60 0
la -0,09 0,11 0,39 0,55 0,79 3,423
b -0,07 0,19 0,43 0,63 0,87 3,638
lc -0,04 0,21 0,48 0,69 0,95 3,895
1d -0,07 0,19 0,43 0,63 0,87 3,638
le -0,07 0,12 0,39 0,58 0,83 3,509
1f -0,02 0,21 0,45 0,69 0,91 3,707
Ig 0,04 0,25 0,53 0,79 1,01 3,991
1h 0,04 0,27 0,55 0,83 1,01 4,032
li 0,02 0,25 0,53 0,79 1,01 3,991
1j -0,02 0,23 0,48 0,72 0,95 3,878
1k -0,04 0,19 0,43 0,69 0,87 3,641
11 0,02 0,25 0,5 0,79 1,01 4,031
Im 0,02 0,25 0,5 0,79 1,01 4,031
In -0,02 0,21 0,45 0,72 0,91 3,757

Tabulka 27: Hodnoty Ry 3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithionu

Ry
aceton (%)
80 75 70 65 60 0
2a 0,05 0,35 0,6 0,75 1,06 3,955
2b 0,11 0,43 0,66 0,91 1,2 4,378
2¢ 0,12 0,45 0,69 0,95 1,28 4,637
2d 0,11 0,43 0,66 0,91 1,19 4,378
2e 0,07 0,37 0,6 0,79 1,12 4,129
2f 0,11 0,43 0,66 0,91 1,2 4,378
2g 0,19 0,5 0,75 1,01 1,38 4,793
2h 0,19 0,5 0,79 1,06 1,51 5,277
2i 0,18 0,48 0,75 1,01 1,38 4,869
2j 0,14 0,45 0,72 0,95 1,28 4,597
2k 0,11 0,43 0,66 0,91 1,12 4,378
21 0,16 0,48 0,75 0,95 1,28 4,834
2m 0,16 0,48 0,75 0,95 1,28 4,834
2n 0,12 0,45 0,69 0,95 1,2 4,639
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Tabulka 28: Rovnice dle Soczewinskiho-Wachtmeistera pro 3-fenyl-4-thioxo-2H-1,3-benzoxazin-2(3H)-ony

Ry=b-:c+Ry r S F n
la Ry =-0,044 ¢ + 3,423 -0,997 0,029 566,49 5
1b Ry =-0,046 ¢ + 3,638 —-0,999 0,020 1402,68 5
lc Ry =-0,049 ¢ + 3,895 -0,999 0,014 3060,96 5
1d Ry =-0,046 ¢ + 3,638 —-0,999 0,020 1328,08 5
le Ry =-0,045 ¢ + 3,509 —-0,998 0,022 1071,81 5
If Ry =-0,465 ¢+ 3,707 -0,999 0,007 12523.,79 5
g Ry =-0,050 ¢ + 3,991 —-0,998 0,02 1609,64 5
1h Ry =-0,050 ¢ +4,032 —-0,998 0,032 615,06 5
li Ry =-0,050 ¢ + 3,991 -0,999 0,018 2064,52 5
1j Ry =-0,049 ¢ + 3,878 -0,999 0,006 19604,15 5
1k Ry =-0,046 ¢ + 3,641 -0,999 0,023 1037,16 5
11 Ry =-0,050 ¢ +4,031 —-0,999 0,019 1739,56 5
Im Ry =-0,050 ¢ +4,031 —-0,999 0,018 1861,8 5
In Ry =-0,047 ¢ + 3,757 -0,999 0,020 1347,88 5

Tabulka 29: Rovnice dle Soczewinskiho-Wachtmeistera pro 3-fenyl-2H-1,3-benzoxazin-2,4(3H)-dithiony

Ry=b-c+R) r S F n
2a Ry =-0,048 ¢ + 3,955 -0,990 0,044 302,65 5
2b Ry =-0,053 ¢ +4,378 —-0,996 0,028 918,06 5
2¢ Ry =-0,056 ¢ + 4,637 —-0,996 0,030 907,54 5
2d Ry =-0,053 ¢ +4,378 —-0,996 0,028 918,06 5
2e Ry =-0,050 ¢ +4,129 -0,992 0,041 378,81 5
2f Ry =-0,053 ¢ +4,378 —-0,996 0,028 918,06 5
2g Ry =-0,057 ¢ + 4,793 —-0,994 0,039 549,7 5
2h Ry =-0,063 ¢ +5277 -0,990 0,056 320,66 5
2i Ry =-0,057 ¢ + 4,869 —-0,994 0,035 719,7 5
2j Ry =-0,055 ¢ + 4,560 -0,997 0,027 1101 5
2k Ry =-0,050 ¢ +4,378 —-0,994 0,028 918,06 5
21 Ry =-0,054 ¢ + 4,834 —-0,994 0,058 252,51 5
2m Ry =-0,054 ¢ +4,834 —-0,994 0,058 252,51 5
2n Ry =-0,052 ¢ + 4,639 —-0,996 0,030 907,54 5
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Linearni regresni analyza prokazala vyznamnou zavislost mezi experimentalnimi hodnotami
Ry, pro vSechny koncentrace acetonu a hodnotami log P, které byly vypocitany programem
ChemBioDraw Ultra 11.0. Hodnota korela¢niho koeficientu se pohybovala v rozmezi
0,90-0,95 pro 3-fenyl-4-thioxo-2H-1,3-benzoxazin-2(3H)-ony a v rozmezi 0,92-0,96 pro
3-fenyl-2H-1,3-benzoxazin-2,4(3H)-dithiony. Zavislost log P na Ry a R, byla ve viech
ptipadech prokézana na hladin€ vyznamnosti 0,001. K vyjadteni lipofility téchto sloucenin lze

tedy pouzit jak hodnot Ry/Ry, tak i log P (Tabulka 30 a 31).

Tabulka 30: Vzdjemna zavislost mezi Ry, a log P u 3-fenyl-4-thioxo-2H-1,3-benzoxazin-2(3H)-onii

aceton (%) Rovnice r S F n
0 log P=1,29 (£0,14) Ry + 0,68 (£0,54) 0,93 0,110 80,93 14
60 log P = 3,59 (£0,42) Ry + 2,24 (£0,39) 0,93 0,115 72,06 14
65 log P=3,22 (+0,31) Ry + 3,29 (£0,22) 0,95 0,097 104,63 14
70 log P = 5,36 (£0,68) Ry + 3,06 (£0,32) 0,92 0,122 61,80 14
75 log P =15,58 (£0,70) Ry + 4,39 (£0,15) 0,92 0,121 63,04 14
80 log P =6,33 (£0,87) Ry + 5,70 (£0,04) 0,90 0,130 53,10 14

Tabulka 31: Vzdjemna zavislost mezi Ry, a log P u 3-fenyl-2H-1,3-benzoxazin-2,4(3H)-dithionii

aceton (%) Rovnice r s F n
0 log P =0,83(0,06) Ry + 2,92 (£0,29) 0,97 0,080 32,48 14
60 log P=2,30 (£0,18) Ry + 3,78 (£0,23) 0,96 0,080 159,11 14
65 log P =3.32 (£0.42) Ry + 3,63 (£0,39) 0,92 0,121 63,63 14
70 log P = 4,64 (£0.48) Ry + 3.49 (+£0.33) 0,94 0,102 94,40 14
75 log P =6,09 (£0.71) Ry + 4.00 (£0.32) 0,93 0,114 73,63 14
80 log P=6,21 (£0.75) Ry + 5,91 (£0.10) 0,92 0,117 68,93 14

Kromé programu ChemBioDraw Ultra 11.0 byly k vypoctu log P pouZity i jiné softwarové
produkty. Jednalo se 0 ALOGPs, ACD logP, AB/LogP, MiLogP, ALOGP, MLOGP, KowWIN,
XLOGP,, XLOGP;, které 1ze nalézt v podobé freewaru na internetu (Tabulka 32 a 33) (116,
117). Nejvyssi korelace byla zjisténa mezi R, a hodnotami AB/logP (korelaéni koeficient
r = 0,96 pro 3-fenyl-4-thioxo-2H-1,3-benzoxazin-2(3H)-ony (Tabulka 34) a r = 0,97 pro
3-fenyl-2H-1,3-benzoxazin-2,4(3H)-dithiony) (Tabulka 35).
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Tabulka 34: Collanderovy rovnice vyjadrujici vztah mezi Ry hodnotami a hodnotami log P vypocitanymi riiznym
softwarem

3-(4-alkylfenyl)-4-thioxo-2H-1,3-benzoxazin-2(3 H)-ony

Rovnice r s F n

ALOGPs log P=1,515 Ry’ — 0,749 0,95 0,112 106,09 14
ACDlogP log P=1,473 Ry’ +0,193 0,96 0,094 143,14 14
AB/logP log P=1,515 Ry’ — 1,115 0,96 0,096 146,35 14
miLogP log P=2,258 Ry’ — 4,170 0,74 0,450 14,72 14
ALOGP log P=1,222 Ry’ + 1,201 0,91 0,125 56,29 14
MLogP log P = 0,665 Ry’ + 1,946 0,84 0,095 28,48 14
KowWIN log P = 1,402 Ry'+ 0,001 0,94 0,109 97,36 14
XLOGP, log P=1,487 Ry’ — 0,447 0,95 0,105 117,06 14
XLOGP; log P=1,561 Ry’ — 0,633 0,95 0,108 122,23 14
Chem BioDraw Ultra 11.0  log P = 1,283 Ry’ + 0,682 0,93 0,109 80,42 14

Tabulka 35: Collanderovy rovnice vyjadrujici vztah mezi Ry, hodnotami a hodnotami log P vypocitanymi riiznym
softwarem

3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithiony

Rovnice r S F n

ALOGPs log P = 0,896 Ry’ + 0,865 0,98 0,071 239,83 14
ACDlogP log P=0,908 Ry’ + 2,304 0,96 0,098 129,5 14
AB/logP log P=0,992 Ry + 0,363 0,97 0,089 187,65 14
miLogP log P = 1,406 Ry’ — 1,685 0,74 0,450 14,72 14
ALOGP log P=0,760 Ry’ + 3,265 0,91 0,125 56,27 14
MLogP log P=0,419 Ry’ + 2,982 0,84 0,094 29,87 14
KowWIN log P =0,894 Ry + 1,866 0,97 0,077 203,25 14
XLOGP, log P=0,934 Ry’ +1,178 0,96 0,096 143,88 14
XLOGP, log P=0,960 Ry’ + 1,504 0,94 0,120 96,97 14
Chem BioDraw Ultra 11.0  log P= 0,827 R’ + 2,921 0,97 0,078 172,23 14

Aby bylo mozné zjistit pispévek lipofility u jednotlivych substituentii (AR,), byly hodnoty
AB/logP pouzity k vypoétu Ry, pro derivaty jednak s nesubstituovanou acylovou ¢asti, jednak
s nesubstituovanou ¢asti fenylovou. Ry, nesubstituovanych 3-(4-alkylfenyl)-4-thioxo-2H-1,3-
benzoxazin-2(3H)-onl byly vypocitany podle rovnice:

Ry’ = 0,609 log P+ 0,968; r = 0,96, s = 0,061, F = 146,35, n = 14

Hodnoty nesubstituovanych 3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithiont pak dle
rovnice:
Ry’ =0,946 log P + 0,068; r = 0,97, s = 0,087, F = 187,65, n = 14
Vypotitané ARy, pro jednotlivé substituenty (Tabulka 36) byly nasledné srovnavany se

substituentovymi parametry m a byla mezi nimi zjiSténa vzajemna zavislost (Obr. 96).
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Tabulka 36: Hodnoty AB/logP, RMO nesubstituovanych derivati, ARMO a hodnoty &

3-(4-alkylfenyl)-4-thioxo-2H-1,3-  3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-

benzoxazin-2(3H)-ony dithiony
R! R? AB/LogP R\ ARy AB/LogP R\ ARy T
H isopropyl 2,73 3,24 0,70 4,12 2,78 1,08 1,43
H sek-butyl 4,22 3,54 1,01 4,60 3,33 1,57 2,10
H terc-butyl 4,20 3,53 0,98 4,59 3,51 1,53 1,81
6-F H 2,85 2,70 0,16 3,01 3,13 0,11 0,22
6-Cl H 3,37 3,02 0,45 3,59 3,33 0,39 0,77
6-Br H 3,46 3,08 0,58 3,75 3,83 0,90 0,96
7-CHs; H 2,99 2,79 0,28 3,38 4,28 0,33 0,60
7-Cl H 3,37 3,02 0,47 3,59 4,27 0,57 0,73
AR,® 1,8
1,6 -
1,4 -
1,2 -
1 -
0,8
0,6
ARy, " =0,4687 + 0,074
0.4 - 1 =099 s=0,058 F=192.10 n=8
0,2 1 A2: ARy?=0,838 - 0,003
0 . . 1=008 §=0.124 F=132,05 n=3
0 0,5 1 1,5 2 2,5

n

Obrazek 96: Vzdjemny vitah mezi AR,/ a konstantami  1: 3-(4-alkylfenyl)-4-thioxo-2H-1,3-
benzoxazin-2(3H)-ony, 2: 3-(4-alkylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithiony

Podil na publikaci
Tato prace patfila k mym samostatnym tkolim. Na vyzkumu lipofility sirnych derivati

3-fenyl-2H-1,3-benzoxazin-2,4(3H)-dionu se spolecné se mnou nepodilel zadny jiny student.
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4.7. Syntéza a antimykobakterialni aktivita N-benzylthiosalicylamidu

DOLEZAL, R., WAISSER, K., PETRLIKOVA, E. KUNES, J., KUBICOVA, L.
MACHACEK, M., KAUSTOVA, J., DAHSE, H. M.: N-Benzylsalicylthioamides: Highly
Active Potential Antituberculotics, Arch. Pharm. Life Sci. 2009, vol. 342, no. 2, p. 113—119.

Skupina N-benzylthiosalicylamidl byla navrZena na zaklad€ poznatku, Ze zavedeni siry do
molekuly slouc¢eniny vede ke zvysSeni antimykobakterialni aktivity napt. u salicylanilidi nebo

arylderivatl 1,3-benzoxazin-2,4-diond.
Syntéza

Syntéza N-benzylsalicylamida

Jedna se o jednostupnovou reakci (Obr. 97), kdy bylo 0,01 mol piislusné substituované
salicylové kyseliny rozpusténo v 50 ml chlorbenzenu. Pii laboratorni teploté bylo do roztoku
ptikapéano 0,005 mol PCl; a pak ptidano 0,01 mol piislusného substituovaného benzylaminu.
Smés byla za intenzivniho michdni zahiivdna k varu 3 hodiny pod zpétnym chladicem.
Ziskany derivat N-benzylsalicylamidu byl po odpafeni chlorbenzenu piecistén rekrystalizaci
z 30 ml vodného ethanolu (ethanol:voda = 2:1). Cistota latek byla kontrolovana TLC (eluénim

¢inidlem toluen).

NH
COOH 2 0
H
= 13T
+ H
CsHsCl
OH
R! R R! R

2

Obrazek 97: Syntéza N-benzgylsalicylamidi

Syntéza N-benzylthiosalicylamida (Obr. 98)

Ke smési N-benzylsalicylamidu (1,0 g) a ekvimolarniho mnozstvi sulfidu fosfore¢ného
bylo pfidéno 10 ml vysuseného pyridinu. Reakéni smés byla zahtivana Ctytikrat 5 minut pod
zpétnym chladicem v mikrovinném reaktoru (MicroSYNTH ETHOS 1600 URM (2450 Hz).
Reakci v mikrovinném reaktoru vznikl pyridinium-3-aryl-2,4-dithioxo-3,4-dihydro-2H-
1,3,21>-benzoxazafosfinin-2-thiolat, ktery byl po ochlazeni pieveden do smési 150 ml toluenu

a 150 ml HCI (¢ = 0,1 mol/l). Smés byla zahfivana 3 hodiny pod zpétnym chladi¢em. Ve
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druhém stupni tak dochdzi k hydrolyze pyridinium-3-aryl-2,4-dithioxo-3,4-dihydro-2H-
1,3,21-benzoxazafosfinin-2-thiolatu. Po ochlazeni byla toluenova vrstva oddélena, zahusténa
na objem pfiblizné 5 ml a prevedena na sloupec silikagelu. Frakce obsahujici thioamid byly
spojeny, rozpoustédlo odpareno a vysledny thioamid byl ziskan krystalizaci ze smési etanolu a

vody v poméru 2:1.

i i
I
P4S10
b —_ |
OH CsHsN, 1h 0 I>\S

S H

| +

S S @
O O HCI (aq)
| —_—
o CeHsCHs; var 3h O H O
L OH
'ﬁ

Obrdazek 98: Syntéza N-benzgylthiosalicylamidi

Antimykobakteridlni hodnoceni piipravenych latek bylo provedeno ve Zdravotnim tstavu se
sidlem v Ostravé. K hodnoceni in vitro byly pouzity kmeny z Ceské narodni sbirky kmenovych
kultur (CNCTC) Mycobacterium tuberculosis My 331/88, M. avium My 330/88, M. kansasii,
My 235/80 a kmen M. kansasii 6509/96 klinicky izolovany. Jako standard byl pouzit isoniazid
(INH).

N-Benzylthiosalicylamidy vykazuji podobnou aktivitu va¢i kmenu M. tuberculosis
jako INH. Minimdlni inhibi¢ni koncentrace proti tomuto kmenu se pohybuji v rozmezi
0,5-2 umol.l""). Aktivita N-benzylthiosalicylamidd viiéi ostatnim mykobakterialnim kmentim
je vyssi nez v ptipadé INH (Tabulka 37). Derivaty N-(4-methylbenzyl)thiosalicylamid a
4-methyl-N-(4-methylbenzyl)thiosalicylamid jsou nejucinnéjS$imi derivaty, naopak jako
nejméné aktivni se ukdzal N-(4-methylbenzyl)-5-nitro-thiosalicylamid. Obrazek 99 ukazuje
narust antimykobakteridlni aktivity po zavedeni siry do molekuly 5-brom-N-(3-brombenzyl)
thiosalicylamidu (a), 5-brom-N-(4-brombenzyl)thiosalicylamidu (b), N-(4-brombenzyl)-4-
chlorthiosalicylamidu (c¢) a 4-methyl-N-(4-methylbenzyl)thiosalicylamidu (d).

U nékterych derivati (Tabulka 38) byla vyhodnocovana i antiproliferativni aktivita a
cytotoxicita. Ke stanoveni antiproliferativni aktivity byly pouzity bunky lidské chronické

myeloidni leukémie (K562) a buiiky endotelové vény lidského pupecniku (HUVEC).
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Tabulka 37: Antimykobakterialni aktivita N-benzylthiosalicylamidu

MIC (pmol/l)
inkuba¢ni doba 14 d/21 d
R R? M. tuberculosis M. avium M. kansasii M. kansasii
My 331/88 My 330/88 My 235/80 6 509/96
H H 0,5/1 172 1/2 2/2
H 3-CH; 0,5/1 0,5/1 2/4 2/2
H 3-Cl 1/1 1/1 1/1 1/1
H 3-CF; 0,5/1 0,5/1 2/2 2/2
H 3,4-Cl, 0,49/0,98 0,98/0,98 2/2 2/4
H 4-CH; 0,25/0,5 0,25/0,5 0,5/1 0,5/1
H 4-F 0,5/1 12 4/4 2/2
H 4-Cl 12 0,5/0,5 1/1 0,5/1
H 4-OCH; 4/4 0,98/0,98 4/4 4/4
H 4-terc-butyl 12 0,25/0,25 2/4 2/2
3,5-Cl, 3,4-Cl, 16/32 62,5/62,5 32/62,5 32/32
3,5-Cl, 4-terc-butyl 32/32 62,5/62,5 62,5/62,5 62,5/62,5
3,5-Br, 4-CF; 32/32 32/32 62,5/62,5 62,5/62,5
4-CH; H 0,5/1 172 2/2 172
4-CH, 3-NO, 2/2 12 2/4 4/4
4-CH; 4-CH; 0,125/0,25 0,25/0,5 0,25/0,5 0,5/1
4-CH; 4-Cl 0,5/0,5 0,5/0,5 0,5/1 1/1
4-CH; 4-terc-butyl 0,5/0,5 1/2 1/1 1/1
4-Cl 4-Br 12 2/4 8/16 4/8
4-OCH; H 2/4 4/4 8/8 8/8
4-OCH; 3-Cl 0,5/1 172 2/2 1/1
5-Cl H 2/2 8/8 8/8 8/8
5-Cl 4-F 12 8/8 8/16 8/8
5-Cl 3,4-Cl, 2/4 16/32 32/32 16/16
5-Br 3,4-Cl, 4/4 16/16 16/32 16/16
5-Br 3-Br 172 8/8 8/8 8/8
5-Br 4-Br 1/2 4/4 8/16 4/4
5-NO, 4-CH, 32/62,5 >125/>125 125/125 125/125
5-OCH; 3-Cl 4/8 4/4 16/32 16/16
INH 1/1 >250/>250 >250/>250 8/8

Hodnoty GIs, a 1Cs, vypovidaji o urcité aktivité, nicméné ke stanoveni zavéru ohledné

toxicity je tfeba slouceniny otestovat na kulturach zdravych bunék.
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MIC

(nmolT)
150 -~ 125
100 -

50 4 32

16 16
1 1 1 0,125
0 e
a b C d

B N-benzylsalicylarnid ¥ N-benzylthiosalicylarmid

Obrazek 99: ZvySeni antimykobakteridalni aktivity po zavedeni siry do molekuly 5-brom-N-(3-
brombenzyl)thiosalicylamidu (a), 5-brom-N-(4-brombenzyl)thiosalicylamidu (b), N-(4-brombenzyl)-4-
chlorthiosalicylamidu (c) a 4-methyl-N-(4-methylbenzyl)thiosalicylamidu (d); M. tuberculosis 14 d

Tabulka 38: Antiproliferativni aktivita a cytotoxicita

R R Huvec K-562 HeLa
GI;s (ng/ml) Gl;5 (ng/ml) CCs (pg/ml)
H H 9,2 8,7 11,1
H 4-CH; 10 9,9 12,5
H 4-Cl 5,9 5,2 5,5
H 4-OCH; 19,2 14,8 21,6
H 3,4-Cl, 5,9 5,2 5,6
4-CH; 4-CH; 12,5 13 12,4
H 4-terc-butyl 4,6 3,5 3,7
INH >50,0 >50,0 >50,0
ETH 37,2 50 40,8
Podil na publikaci

Pfipravila jsem tfi slouceniny: 5-brom-N-(3-brombenzyl)salicylamid, 5-brom-N-(4-

brombenzyl)salicylamid a N-(4-brombenzyl)-4-chlorsalicylamid.
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4.8. Antimykoticka aktivita N-benzylthiosalicylamidii

PETRLIKOVA, E. WAISSER, K., BUCHTA, V,

JILEK, P,

VEJSOVA, M.:

N-Benzylsalicylthioamides as Novel Compounds with Promising Antimycotic Activity.

Bioorg. Med. Chem. Lett. 2010, vol. 20, p. 4535-4538.

Na zéklad¢ predpokladu, ze slouc¢eniny vykazujici antimykobakterialni aktivitu mohou mit

i antifungélni ucinek, jsme se rozhodli N-benzylthiosalicylamidy otestovat proti nékterym

houbovym organismiim. Tabulka 39 ukazuje ptehled sloucenin zatfazenych do testovani

antifungalni aktivity, jejich log P vypocitan¢ pomoci ChemBioDraw Ultra 11.0 a pK,

vypocitané programem SPARC 4.0.

R1

OH

R2

Tabulka 39: Prehled sloucenin zarazenych do testovani antifungalni aktivity, jejich log P a pK,

R! R? log P pK, R! R? log P pK,
1 H 3,4-Cl, 4,62 7,5 12 H 3-CH; 3,99 7,5
2 5-Br 4-Br 5,16 6,9 13 4-CH; H 3,99 7,7
3 5-Cl 4-F 4,22 7 14 4-CH; 4-CH;, 4,48 7,7
4 5-Br 3-Br 5,16 6,9 15 4-OCH; H 3,38 7,3
5 5-Cl 3,4-Cl, 5,18 6,9 16  5-NO;, 4-CH; 2,73 4,5
6 5-Br 3,4-Cl, 5,45 6,9 17  3-CH; 4-Cl 4,55 8
7 4-Cl 4-Br 4,89 6,7 18 H 3-Cl 4,06 7,6
8 H 4-terc-butyl 5,21 7,5 19  4-OCH; 3-Cl 3,94 7.3
9 5-Cl H 4,06 7 20  4-CH; 4-Cl 4,55 7,7
10 H 4-CH; 3,99 7,5 21 4-CH; 4-terc-butyl 5,7 7,7
11 H 4-F 3,66 7,6

K testovani byly zvoleny nésledujici organismy: Candida albicans, C. tropicalis, C. krusei,

C. glabrata, Trichosporon asahii, Aspergillus fumigatus, Absidia corymbifera a Trichophyton

mentagrophytes. Jako standard, s jehoz antifungalni aktivitou jsme nase slouc¢eniny srovnavali,

byl zvolen flukonazol. Nejvice aktivni testované slouceniny vykazovaly antifungélni
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aktivitu v rozmezi 0,98-62,5 pmol/l. Nejvyssi aktivitu vykazovaly slouceniny 5-brom-N-(4-
brombenzyl)thiosalicylamid (2), 5-brom-N-(3-brombenzyl)thiosalicylamid (4), 5-chlor-N-(3,4-
dichlorbenzyl)thiosalicylamid (5), 5-brom-N-(3,4-dichlorbenzyl)thiosalicylamid (6) a 4-chlor-
N-(4-brombenzyl)thiosalicylamid (7) (Tabulka 40). Piehled biologické aktivity ostatnich

derivati je v tabulce 41.

Tabulka 40: Prehled sloucenin s nejvyssi antifungalni aktivitou

MIC (umol/l) 24 h/48 h
2 4 5 6 7 Flu
Candida albicans 15,62/ 15,62/ 31,25/ 15,62/ 15,62/ 1(£1)/
ATCC 44859 31,25 31,25 31,25 31,25 31,25 2(£1)
Candida tropicalis 31,25/ 15,62/ 31,25/ 31,25/ 31,25/ 3(£1)/
156 31,25 62,5 62,5 31,25 31,25 5(x2)
. . 3,9/ 3,9/ 3,9/ 7,81/ 3,9/ >50/
Candida krusei E28 15,62 7,81 15,62 15,62 15,62 >50
Candida glabrata 31,25/ 7,81/ 31,25/ 31,25/ 31,25/ 22(x06)/
20/1 125 31,25 31,25 62,5 31,25 >50
Trichosporon asahii 3,9/ 15,62/ 3,9/ 3,9/ 7,81/ 4(£2)/
1188 7,81 31,25 7,81 7,81 7,81 9(£3)
Aspergillus fumigatus 15,62/ 7,81/ 3,9/ 7,81/ 7,81/ >50/
231 15,62 15,62 15,62 7,81 7,81 >50
Absidia corymbifera 3,9/ 3,9/ 3,9/ 3,9/ 0,98/ >50/
272 3,9 3,9 7,81 3,9 1,95 >50
Trichophyton 15,62/ 1,95/ 0,98/ 0,98/ 0,98/ 17(£6)/
mentagrophytes 445%* 31,25 1,95 0,98 0,98 1,95 26(£1)

*72 h/120 h, Flu: flukonazol

Jelikoz mezi nejaktivngj$i derivaty patii slouceniny substituované halogenem, rozhodli
jsme se souvislost mezi antifungalni aktivitou a substituci halogenem potvrdit pomoci QSAR
vypocti. K proSetieni vztahli mezi antifungélni aktivitou a strukturou slouc¢enin byla pouzita
korelace podle Hansche. Vysledkem byla tfiparametrova regresni rovnice. Prvnim parametrem
byla Hammettova konstanta ¢ substituentu v thioacylové ¢asti molekuly, druhym parametrem
pak indikatorova proménna vyjadiujici pfitomnost halogenu v celé molekule (I = 1). Tretim

parametrem byla lipofilita molekuly vyjadiena jako log P nebo Ry,.
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Vysledky multilinearni regresni analyzy (Tabulka 42 a 43) skute¢né potvrdily zavislost

antifungalni aktivity na pfitomnosti halogenu v molekule. Dle vypocti vzrista antifungalni

aktivita také s rostouci lipofilitou a ve vétSiné ptipadd i1 s rostouci hodnotou konstanty

polarity .

Tabulka 42: Vysledky analyzy dle Hansche

Vysledky analyzy dle Hansche

Candida albicans
ATCC 44859; 24h

Candida albicans
ATCC 44859; 48h

Candida tropicalis
156;24h

Candida tropicalis
156; 48h
Candida krusei
E28; 24h
Candida krusei
E28;48 h
Candida glabrata
20/1; 24h

Candida glabrata
20/1; 48h

log MIC = - 0,440 (£0,109) log P - 0,145 (+0,161) I + 0,021 (£0,233) & + 3,699 (+0,422)
R=0,83 s=0,259 F=1045 n=18

log MIC = - 0,392 (£0,118) log P - 0,135 (£0,131) I - 0,267 (0,304) & + 3,801(+0,497)
R=0,87 s=0,200 F=1391 n=17

log MIC = - 0,318 (£0,086) log P - 0,097 (£0,097) I - 0,476 (+0,224) & + 3,360 (0,365)
R=0,92 s=0,148 F=24,18 n=17

log MIC = - 0,292 (£0,155) log P - 0,153 (+0,173) I - 0,478 (£0,401) & + 3,498 (+0,655)
R=0,80 s=0264 F=7,71 n=17

log MIC = - 0,444 (£0,127) log P - 0,190 (+0,144) I - 1,232 (£0,346) & + 3,588 (+0,537)
R=0,95 s=0210 F=41,07 n=16

log MIC = - 0,331 (£0,113) log P - 0,249 (£0,129) I - 0,913 (+0,309) & + 3,418 (0,480)
R=0,95 s=0,188 F=33,19 n=16

log MIC = - 0,230 (£0,149) log P - 0,090 (£0,170) I - 1,088 (+0,407) & + 2,998 (+0,632)
R=0,88 s=0247 F=1426 n=16

log MIC = - 0,244 (+0,183) log P - 0,116 (+0,208) I - 0,798 (+0,499) & + 3,327 (+0,776)
R=0,80 s=0304 F=7,15 n=16

Tabulka 43: Vysledky analyzy dle Hansche

Vysledky analyzy dle Hansche

Trichosporon
asahii 1188; 24h

Trichosporon
asahii 1188; 48h

Aspergillus
fumigatus 231; 24h
Aspergillus
fumigatus 231; 48h
Absidia
corymbifera 272;
24h
Absidia
corymbifera 272;
48 h

Trichophyton
mentagrophytes
445; 72h

Trichophyton

mentagrophytes
445; 120h

log MIC = - 0,386 (+0,146) log P - 0,560 (+0,218) I - 0,174 (£0,360) & + 3,500 (£0,599)
R=0,80 s=0,400 F=8,69 n=19

log MIC = - 0,335 (£0,118) log P - 0,550 (£0,176) I - 0,140 (£0,290) o + 3,427 (+0,484)
R=0,83 s=0323 F=11,35 n=19

log MIC = - 0,394 (£0,114) log P - 0,577 (£0,170) I - 0,277 (£0,281) & + 3,749 (0,468)
R=0,87 s=0313 F=15,62 n=19

log MIC = - 0,403 (£0,126) log P - 0,525 (+0,186) I - 0,594 (£0,270) o + 3,925 (+0,488)
R=0,90 s=0,299 F=18,85 n=18

log MIC = -0,582 (+0,133) log P - 0,321 (+0,198) I + 0,452 (£0,327) & + 3,798 (+0,545)
R=0,83 s=0364 F=10,92 n=19

log MIC = - 0,480 (+0,132) log P - 0,524 (£0,197) I + 0,091 (+0,325) & + 3,699 (+0,542)
R=0,84 s=0362 F=11,68 n=19

log MIC = - 0,375 (£0,136) log P - 0,488 (£0,202) I - 0,404 (+0,333) o + 2,945 (£0,555)
R=081 s=0371 F=9,74 n=19

log MIC = - 0,453 (+0,141) log P - 0,212 (£0,210) I - 0,459 (+0,347) o + 3,213 (+0,577)
R=0,77 s=0,386 F=734 n=19
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Abychom potvrdili spravnost nasich vypoct, stanovili jsme dodatecné antifungalni aktivitu
N-benzyl-5-methoxythiosalicylamidu a experimentalné stanovenou MIC porovnali s MIC

vypocitanou (Tabulka 44).

Tabulka 44: Porovnani vypocitané a experimentailné stanovené antifungalni aktivity pro N-benzyl-5-
methoxythiosalicylamid

log MIC / log MIC vyp.; 24 h log MIC / log MIC vyp.; 48 h

Candida albicans ATCC 44859 2,10/2,.21 2,40 /2,48
Candida tropicalis 156 2,40/2,29 2,40/2,51
Candida krusei E28 2,40/2,09 2,40/2,30
Candida glabrata 20/1 2,40/2,22 2,40/2,50
Trichosporon asahii 1188 2,10/2,20 2,40/2,29
Aspergillus fumigatus 231 2,40/2,42 2,40/2,56
Absidia corymbifera 272 1,49/1,83 2,10/2,08
Trichophyton mentagrophytes 445 1,80/1,68° 1,80/ 1,68°
72 h; "120 h

Dle nasich predpokladii i vysledkl vypoctl se mélo jednat o slouceninu spise stiedni aktivity
v porovnani s ostatnimi derivaty. Vysledky testovani skutecné naSe domnénky potvrdily.
Sloucenina vykazovala stfedni aktivitu a mezi skute¢nymi a vypocitanymi hodnotami log MIC
se nevyskytovaly vyrazné rozdily.

Tenkovrstva chromatografie s obracenymi (reverznimi) fazemi byla opét pouzita k ovéteni
vypovidaci hodnoty log P. Mobilni fazi byl fosfatovy pufr (pH 7,4) s acetonem. Koncentrace
acetonu byla volena od 50 do 80 %. Hodnoty R\, byly z experimentaln¢ ziskanych reten¢nich
faktorit Ry vypocitany podle rovnice Ry, = log (1/R; — 1). Mezi hodnotami Ry a sloZenim
mobilni fdze byl nalezen linearni vztah, coz umoznilo extrapolaci na nulovou hodnotu acetonu.
Hodnoty Ry a Ry, jsou uvedeny v tabulce 45.

Jelikoz linearni regresni analyza potvrdila vzajemnou zavislost mezi Ry, a log P (Tabulka 46),
dosadili jsme do naseho ptfedchoziho QSAR vypoctu namisto log P experimentalné ziskané
hodnoty Ry. Korela¢ni koeficienty vyslednych regresnich rovnic se téméf nezmeénily
(Tabulka 47 a 48).

U studovanych sloucenin jsme také studovali vliv pK, na antifungélni aktivitu. K vypoctu
pK, byl pouzit na internetu dostupny program SPARC 4.5. Za podminek kultivace (35 °C,
pH 7,00) by se nejaktivnéjsi slou¢eniny mély nachazet v kultivaénim médiu z 54-66 % ve své
deprotonované formé. Pro antifungalni aktivitu bylo nalezeno optimum pK, mezi hodnotami
6,7-6,9. Slouceniny s niz8i antifungalni aktivitou vykazovaly bud’ niz§i nebo naopak vyssi

hodnoty pK, nez je toto rozmezi.
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Tabulka 45: Ry a Ry’
Ry,
aceton (%)
80 75 70 65 60 55 50 0
1 -0,22 -0,05 0,12 0,37 0,57 0,83 1,12 3,29
2 -0,19 0,01 0,21 0,48 0,71 0,95 1,28 3,64
3 -0,27 -0,07 0,1 0,35 0,57 0,83 1,08 3,3
4 -0,2 0 0,19 0,46 0,67 0,93 1,25 3,58
5 -0,16 0,03 0,25 0,51 0,75 1,03 1,31 3,74
6 0,13 0,06 0,27 0,56 0,8 1,12 1,34 3,87
7 -0,18 0,03 0,21 0,52 0,74 1 1,28 3,69
8 -0,15 0,05 0,25 0,51 0,75 1,09 1,25 3,68
9 -0,26 -0,07 0,18 0,35 0,61 0,81 1,04 3,21
10 -0,26 -0,1 0,05 0,29 0,48 0,69 0,99 2,97
11 0,32 -0,14 0,02 0,23 0,39 0,59 0,94 2,84
12 -0,26 -0,08 0,09 0,29 0,49 0,72 0,97 2,96
13 -0,26 -0,08 0,09 0,29 0,49 0,7 0,92 2,87
14 -0,2 -0,02 0,14 0,37 0,59 0,83 1,04 3,12
15 0,33 0,15 0 0,22 0,37 0,62 0,8 2,67
16 -0,5 -0,31 -0,19 -0,13 0,05 0,34 0,56 2,16
17 -0,17 0,07 0,25 0,52 0,74 0,95 1,19 3,46
18 -0,32 -0,12 0,12 0,27 0,53 0,7 0,94 3,01
19 -0,28 -0,1 0,16 0,31 0,58 0,74 0,94 3,01
20 -0,24 0,03 0,19 0,39 0,67 0,87 1,08 3,26
21 -0,13 0,04 0,31 0,5 0,87 1,16 1,34 3,93
Tabulka 46: Vzdjemna zavislost mezi Ry, a log P
% aceton rovnice r s F n

50 Ry = 0,264 (£0,015) log P - 0,088 (+0,066) 0,97 0,049 321,07 21
55 Ry = 0,262 (£0,015) log P - 0,325 (+0,069) 0,97 0,051 285,91 21
60 Ry = 0,230 (+£0,020) log P - 0,425 (+0,090) 0,94 0,066 131,26 21
65 Ry = 0,194 (£0,019) log P - 0,492 (+0,085) 0,92 0,063 104,44 21
70 Ry = 0,142 (£0,014) log P - 0,483 (+0,064) 0,92 0,047 98,43 21
75 Ry =0,114 (+0,012) log P - 0,549 (+0,053) 0,91 0,039 90,65 21
80 Ry =0,108 (+0,010) log P - 0,715 (£0,043) 0,93 0,032 124,62 21
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Tabulka 47: Hanschova analyza s pouzitim R, hodnot

Vysledky analyzy dle Hansche
Candida albicans log MIC = - 1,694 (£0,380) Ry, - 0,055 (£0,162) I - 0,010 (£0,224) ¢ + 3,538 (+0,349)

ATCC 44859; 24h r=0,85 s=0,245 F=1221 n=18
Candida albicans ~ log MIC = - 1,523 (+0,506) Ry - 0,090 (0,141) I - 0,211 (0,336) 6 + 3,690 (£0,514)
ATCC 44859; 48h r=0,86 s=0210 F=12,34 n=17
Candida tropicalis ~ log MIC = - 1,120 (£0,402) Ry, - 0,069 (+0,112) I - 0,479 (£0,267) 6 + 3,156 (+0,408)
156;24h r=0,90 s=0,167 F=17,98 n=17
Candida tropicalis ~ log MIC = -1,082 (0,653) Ry -0,123 (0,181) I - 0,459 (£0,434) o + 3,364 (+0,664)
156; 48h r=0,79 s=0.271 F=7,12 n=17
Candida krusei E28;  log MIC = - 2,112 (0,513) Ry - 0,157 (£0,133) 1 - 0,919 (20,359) o + 3,859 (+0,524)
24h r=0,96 s=0,193F=49,64 n=16
Candida krusei E28;  log MIC = - 1,479 (+0,497) Ry, - 0,226 (+0,129) I - 0,728 (+0,347) & + 3,526 (+0,508)
48 h r=0,95 s=0,187 F=33,74 n=16
Candida glabrata  log MIC = - 0,888 (0,675) Ry - 0,078 (£0,175) I - 1,030 (£0,471) & + 2,931 (+0,689)
20/1; 24h r=0,88 s=0,253 F=1343 n=16
Candida glabrata  log MIC = - 1,336 (£0,776) Ry - 0,092 (£0,201) I - 0,537 (+0,543) & + 3,655 (+0,793)
20/1; 48h r=0,82 s=0291 F=8,11 n=16

Tabulka 48: Hanschova analyza s pouzitim R hodnot

Vysledky analyzy dle Hansche
Trichosporon asahii  log MIC = - 1,492 (+0,539) Ry - 0,477 (+0,226) 1 - 0,202 (+0,354) o + 3,363 (£0,525)

1188; 24h r=0,80 s=0,394 F=9,13 n=19
Trichosporon asahii  log MIC = - 1,301 (£0,433) Ry - 0,477 (£0,182) I - 0,164 (+0,284) o + 3,313 (+0,421)
1188; 48h r=0,84 s=0,316 F=12,05n=19
Aspergillus fumigatus log MIC = - 1,495 (£0,424) Ry - 0,499 (£0,118) I - 0,305 (+0,278) o + 3,582 (+0,412)
231; 24h r=0,87 s=0,310 F=16,08 n=19
Aspergillus fumigatus log MIC = - 1,566 (£0,446) Ry - 0,440 (=0,190) I - 0,623 (+0,259) o + 3,786 (+0,409)
231; 48h r=0,90 s=0,288 F=20,82 n=18
Absidia corymbifera log MIC = - 2,181 (£0,498) Ry, - 0,212 (£0,209) I + 0,410 (+0,327) & + 3,524
272; 24h (£0,484) R = 0,83 s=0,363 F=10,94 n=19
Absidia corymbifera  log MIC = - 1,824 (+0,489) Ry - 0,429 (£0,205) I + 0,057 (£0,321) ¢ + 3,496 (+0,475)
272;48 h r=0,84 s=0,357F=12,11 n=19
menz ’c:;oihyt:;’; 45, log MIC=- 1,440 (£0,501) Ry - 0,410 (:0,210) I - 0,430 (+0,329) &+ 2,801 (+0,487)
gropry : r=0,82 s=0,366 F=10,13 n=19
72h
menZ ’Ch"ihyt ”’”4 45, log MIC=-1,732 (£0,520) Ry - 0,120 (£0,218) I - 0,492 (+0,342) &+ 3,032 (+0,506)
SrOpHYIEs 3%, r=0,78 s=0380 F=7,69 n=19
120h
Podil na publikaci

Tato prace patiila k mym samostatnym tkolim. Na vyzkumu vztahii mezi strukturou a
antifungalni aktivitou N-benzylthiosalicylamidii se spole¢né¢ se mnou nepodilel Zadny jiny

student.
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4.9. Antibakterialni aktivita N-benzylthiosalicylamidi

PETRLIKOVA, E., WAISSER, K., JILEK, P., DUFKOVA, 1.: Antibacterial Activity of
N-Benzylsalicylthioamides, Folia Microbiol. 2010, in press.

N-Benzylthiosalicylamidy vykazuji jak antimykobakteridlni, tak i antifungalni aktivitu.
Abychom objasnili, zda je G€inek téchto sloucenin obecny, provedli jsme jejich dalsi testovani.
K biologickym testim byly pouZity jednak bakterialni kmeny pochazejici z Ceské sbirky
mikroorganismi (Brno), jednak bakterie klinicky izolované (Oddéleni klinické mikrobiologie,
Fakultni nemocnice a Lékarské fakulty Karlovy Univerzity v Hradci Kralové). Ze sbirkovych
kmeni byla aktivita N-benzylthiosalicylamidi testovana proti kmenlm Staphylococcus aureus
CCM 4516, Escherichia coli CCM 4517 a Pseudomonas aeruginosa CCM 1961. Klinicky
izolovany byly kmeny S. aureus H 5996/08 — methicilin rezistentni, S. epidermidis H 6966/08,
Enterococcus sp. J 14365/08, Klebsiella pneumoniae D 11750/08 a K. pneumoniae J 14368/08 —
ESBL pozitivni. Tabulka 49 ukazuje piehled slou€enin zatazenych do testovani antibakterialni

aktivity. Antibakterialni aktivita jednotlivych derivati je uvedena v tabulkach 50 a 51.

OH
R1 R2

Tabulka 49: Prehled derivatii zarazenych do testovani antibakterialni aktivity

R! R? log P R! R? log P
1 H 3-CH; 3,99 13 4-Cl 4-Br 4,89
2 H 3-Cl 4,06 14 4-OCH; H 3,38
3 H 4-CH, 3,99 15 4-OCH; 3-Cl 3,94
4 H 4-terc-butyl 5,21 16 5-Cl H 4,06
5 H 4-F 3,66 17 5-Cl 4-F 4,22
6 H 3,4-Cl, 4,62 18 5-Cl 3,4-Cl, 5,18
7 3-CH; 4-Cl 4,55 19 5-Br 3-Br 5,16
8 4-CH; H 3,99 20 5-Br 4-Br 5,16
9 4-CH; 3-NO, 2,73 21 5-Br 3,4-Cl, 5,45
10 4-CH; 4-CH; 4,48 22 5-NO, 4-CH; 2,73
11 4-CH; 4-terc-butyl 5,7 23 5-OCH; 3-NO, 2,45
12 4-CH; 4-Cl1 4,55 24 3,5-Cl, 4-terc-butyl 6,33
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Vsechny testované slouceniny s vyjimkou derivatu 11 vykazovaly vysokou aktivitu proti
grampozitivnim bakteriim. Uvedend antibiotika (neomycin, penicilin G, ciprofloxacin a
fenoxymethylpenicilin) byla za¢lenéna do studie antibakteridlnich ¢inkl pro porovnani aktivit
jednotlivych derivata.

Testované slouceniny vSak vétSinou nevykazovaly Zadnou, nebo velmi malou aktivitu
proti gramnegativnim bakteriim. Pouze u 5-chlor-N-(3,4-dichlorbenzyl)thiosalicylamidu a
5-brom-N-(4-brombenzyl)thiosalicylamidu byla nalezena vyznamnéjsi aktivita proti kmenu
Pseudomonas aeruginosa CCM 1961 (1,95-3,9 umol/l).

Ke zjisténi vztahli mezi strukturou a biologickou aktivitou byla pouzita korelace podle
Hansche. Do vypoctu jsme zaradili pouze MIC pro grampozitivni bakterie (Tabulka 52). Mezi
parametry s nejvys$im vlivem na biologickou aktivitu patii lipofilita (log P), Hammettova
substituentova konstanta o, kterd byla vztazena ke karbonylu acylové ¢asti a indikatorova
proménna I vyjadiujici piitomnost halogenu jako substituentu R* (I = 1; v piipadé jiného R’

substituentu nez halogenu I = 0).

Tabulka 52: Hanschova analyza

Vysledky analyzy dle Hansche

. Lf::ﬁélg;j’[‘fg‘f 5. log MIC=-0399 (20,073) log P~ 0,300 (£0,127) I - 1,106 (+0,226) & + 2,788 (+0,295)
’ r=0092 s=0,282 F = 35,80 n=23
24h
. MS’“p hgg;ﬁ;‘f 5. logMIC=-0,353 (£0,084) log P - 0,301 (+0,146) I - 0,895 (:0,259) 6 + 2,695 (0,338)
reus ’ r=0,88 s=0324 F=20,72 n=23
48h
. 5;2’5%05090;2758 log MIC = - 0,378 (£0,054) log P - 0,288 (£0,094) I - 1,207 (+0,167) & + 2,740 (+0,218)
: r=0,96 s=0,209 F = 65,73 n=23
24h
Sr“‘phﬁos"gogg;’(fg. log MIC = - 0,336 (£0,084) log P - 0,395 (£0,145) I - 1,174 (+0,258) & + 2,825 (+0,337)
aureus : r=0,90 s=0,323 F=26,52 n=23
48h
.5;“" hy.é‘.)c‘l’{cz”;‘z 5. 10gMIC=-0,388 (£0,068) log P - 0,328 (+0,119) I - 1,385 (£0211) 0 +2,877 (0,276)
epidermas : r=0,94 s=0264 F=4884 n=23
24h
. .Sdmp hy.cll?c‘f{cg’;% 5. 10g MIC=-0,344 (+0,088) log P - 0,359 (+0,152) I - 1,229 (20,270) & + 2,881 (0,352)
praermdis ’ r=0,89 s=0337 F=24,88 n=23
48h
Enterococcus sp.  log MIC = - 0,393 (£0,122) log P - 0,264 (+0,215) I - 1,345 (£0,388) ¢ + 3,303 (£0,491)
J 14365/08; 24h r=0,84 s=0,470 F=14,45 n=22
Enterococcus sp. log MIC = - 0,350 (£0,085) log P - 0,228 (£0,149) I - 1,112 (+0,269) & + 3,442 (+0,341)
J 14365/08; 48h r=0,89 s=0,326 F=22,26 n=22
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5-Brom-N-(4-brombenzyl)thiosalicylamid je nejaktivngj$im derivatem 2z pfipravené
skupiny sloucenin. Je stejné uc¢inny nebo u¢innéjsi nez standardni antibiotika proti kmentim
S. epidermidis, Enterococcus a methicilin rezistentnimu kmenu S. aureus.

Ze skuteCnosti, ze N-benzylthiosalicylamidy nevykazuji aktivitu vici gramnegativnim
bakteriim, 1ze usuzovat, ze jejich Uc¢inek je ur€itym zptisobem specificky a ze se nejedné o
obecnou toxicitu. Nicméné pro dalsi vyzkum téchto sloucenin je nutné stanoveni vedlejsich

ucinkd, zejména toxicity vic¢i zdravym bunéénym liniim.

Podil na publikaci

Tato prace pattila k mym samostatnym ukoltim.
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4.10.Nové S-benzylisothiosemikarbazony s antimykobakterialni aktivitou

PETRLIKOVA, E. WAISSER, K., HEINISCH, L. STOLARIKOVA, J.: New
S-Benzylisothiosemicarbazones with Antimycobacterial Activity. Folia Microbiol., under
review. (publikace zahrnuje informace tykajici se antimykobakteridlni aktivity, syntéza
sloucenin a jejich experimentalni data budou pozdéji publikovany v Casopise s chemickou

tématikou).

S-alkylisothisemikarbazony patii mezi slouCeniny s antimykobakteridlni a antivirotickou
aktivitou (133, 134, 135). Farmakoforem zodpovédnym za biologickou aktivitu
je pravdépodobné alkylsulfanylovd skupina (136). Dr. Heinisch vénoval vyzkumu

isothiosemikarbazonti mnoho pozornosti (133, 134, 135), nasim cilem bylo na jeho vyzkum

navdazat a pripravit sérii S-benzylisothiosemikarbazonii.

X
NH,
S \N/NH2
HN - .
2 \N)kNHZ + HX X = CI, Br
H
R R
CHO CHO
i l OH
R2 R?
R2 R?
NH, H NH,
R R

Obrazek 100: Syntéza S-benzylisothiosemikarbazonii

Syntéza (Obr. 100)
Piiprava S-benzylisothiosemikarbazidi

S-benzylisothiosemikarbazidy byly v podobé svych hydrohalogenidli pfipraveny

zahtivanim isothiosemikarbazidu (1 mol) s pfislusné¢ substituovanym benzylchloridem nebo
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benzylbromidem (1 mol) po 60 az 90 minut pod zpétnym chladi¢em. Jako rozpoustédlo byl
pouzit ethanol (50 ml). Po ochlazeni na pokojovou teplotu byl vysledny produkt oddélen

filtraci a precistén krystalizaci z ethanolu.

Priprava S-benzylisothiosemikarbazoni

S-benzylisothiosemikarbazid-hydrohalogenid (1 mol) byl spoleéné s benzaldehydem
(1 mol) nebo salicylaldehydem (1 mol) zahtivan po dobu deseti minut pod zpétnym chladic¢em.
Jako rozpoustédlo byl opét pouzit ethanol (50 ml). Po ochlazeni na pokojovou teplotu bylo
k reakéni smési piiddno 50 ml vody a reakéni produkt byl oddélen filtraci. Po ptecisténi
pomoci sloupcové chromatografie (mobilni faze chloroform) byl vysledny produkt v podobé
dvou izomeril krystalizovan z methanolu. Tyto dva izomery se nepodafilo od sebe oddé¢lit.
Benzaldehyd-S-benzylisothiosemikarbazony ~ a  5-bromsalicylaldehyd-S-(4-fluorbenzyl)

isothiosemikarbazon byly izolovany v podob¢ hydrohalogenidi.

Stanoveni fyzikalnich vlastnosti

Teploty tani byly stanoveny na Koflerové bloku a nejsou korigovany. Vzorky k analyze
a biologickému hodnoceni byly suSeny 12 hodin nad oxidem fosfore¢nym pfti tlaku 66 Pa a
teploté 68 °C. Elementarni analyza byla provedena na C, H, N, S — analyzatoru FISONS AE
1110 (Milano). Infrac¢ervend spektra byla métena v KBr na pfistroji NICOLET IMPACT 400.
NMR spektra byla zmétena na pfistroji VARIAN MERCURY VxBB 300, pracujicim pii 300
MHz pro 'H a 75 MHz pro "°C. Jako rozpoustédlo pro méfeni NMR byl pouzit DMSO. Pribéh
reakce a Cistota vyslednych produktt byly kontrolovany pomoci TLC (silikagelové desky
s fluorescen¢nim indikatorem Silufol UV 254 + 366, Kavalier, Votice, CR).

Pripravené derivaty

Benzaldehyd-S-benzylisothiosemikarbazon-hydrochlorid (1a), vytézek 65 %,
t.t. 174-177 °C, IR (v NH,) 1645 cm '; '"H NMR (300 MHz, DMSO) & 9,86 (2H, bs, NH,),
8,61 (1H, s, CH), 7,95-7,88 (2H, m, Ar), 7,55-7,26 (8H, m, Ar), 4,78 (2H, s, CH,); "C NMR
(75 MHz, DMSO) 6 163,4, 152,5, 135,8, 132,9, 131,8, 129,3, 129,0, 129,0, 128,6, 128,2, 35,0;
Anal. vyp. pro C;sH;sN;S.HCI (305,83): C 58,91; H 5,27; N 13,74; S 10,48 %, Nalezeno:
C 58,58; H 5,32; N 13,54; S 10,83 %.
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Benzaldehyd-S-(3-chlorbenzyl)isothiosemikarbazon-hydrochlorid  (1b), vytézek 82%,
t.t. 158-161 °C, IR (v NH,) 1644 cm '; 'H NMR (300 MHz, DMSO) & 8,59 (1H, s, CH), 7,94—
7,87 (2H, m, Ar), 7,62-7,32 (9H, m, Ar + NH,), 4,78 (2H, s, CH,); "C NMR (75 MHz, DMSO)
0 163,0, 152,7, 138,8, 133,3, 133,0, 131,7, 130,8, 129,1, 129,0, 128,6, 128,1 1279, 34,0; Anal.
vyp. pro C;sH4,CIN;S.HCI (340,27): C 52,95; H 4,44; N 12,35; S 9,42 %, Nalezeno: C 53,33;
H4,41; N 12,66; S 9,02 %,

Benzaldehyd-S-(4-methylbenzyl)isothiosemikarbazon-hydrochlorid (1c), vytézek 72 %,
t.t. 166-169 °C, IR (v NH,) 1642 cm '; "H NMR (300 MHz, DMSO) § 9,87 (2H, bs, NH,), 8,61
(1H, s, CH), 7,95-7,88 (2H, m, Ar), 7,55-7,41 (3H, m, Ar), 7,39-7,32 (2H, m, AA’, BB’, Ar),
7,20-7,12 (2H, m, AA’, BB, Ar), 4,73 (2H, s, CH,), 2,26 (3H, s, CH;); "C NMR (75 MHz,
DMSO) 6 163,5,152,5,137,6 132,9, 132,6, 131,8, 129,6, 129,1, 128,8, 128,7, 34,9, 20,9; Anal,
vyp. pro C,;H;N;S.HCI (319,85): C 60,08; H 5,67; N 13,14; S 10,02 %, Nalezeno: C 60,30; H
5,70; N 12,85; S 9,69 %.

Benzaldehyd-S-[4-(trifluormethyl)benzyl]isothiosemikarbazon-hydrochlorid (1d), vytézek
74 %, t.t. 164-168 °C, IR (v NH,) 1623 cm '; '"H NMR (300 MHz, DMSO) 3 8,61 (1H, s, CH),
7,96-7,75 (4H, m, Ar), 7,73-7,56 (3H, m, Ar), 7,54-7,39 (4H, m, Ar + NH,), 4,90 (2H, s, CH,);
“C NMR (75 MHz, DMSO) & 163,0, 152,7, 137,8, 1334, 132,9, 131,8, 130,1, 129,7, 129,3,
129,0, 128,6, 126,0, 125,9, 125,9, 124,9, 124,9, 122,4, 34,1; Anal. vyp. pro C,;H,,F;N;S.HCI
(372,82): C 51,41; H4,04; N 11,24; S 8,58 %, Nalezeno: C 51,60; H 3,91; N 10,97; S 8,39 %.

Benzaldehyd-S-(4-brombenzyl)isothiosemikarbazon-hydrobromid (le), vytézek 61 %,
tt. 171-175 °C, IR (v NH,) 1635 cm '; 'H NMR (300 MHz, DMSO) § 9,72 (2H, bs, NH,),
8,39 (1H, s, CH), 7,95-7,89 (2H, m, Ar), 7,62-7,37 (7H, m, Ar), 4,65 (2H, s, CH,); "C NMR
(75 MHz, DMSO) 6 163,2, 152,9, 135,4, 132,8, 132,0, 131,9, 131,4, 129,1, 128,7, 121,5, 34,3;
Anal. vyp. pro C;sH,BrN;S.HBr (429,17): C 41,98; H 3,52; N 9,79; S 7,47 %, Nalezeno:
C42,03; H3,74; N 9,53; S 7,34 %.

Salicylaldehyd-S-benzylisothiosemikarbazon (2a), smés izomert cca 1:1, vytézek 56 %,
t.t. 134-136 °C, IR (v NH,) 1630 cm '; 'H NMR (300 MHz, DMSO) & 11,62 (1H, bs, OH, A),
10,68 (1H, bs, OH, B), 8,56 (1H, s, CH, A), 8,33 (1H, s, CH, B), 7,76-7,66 (1H, m, Ar, A),
7,46-7,04 (8H, m, Ar + NH,, A + B), 6,95-6,78 (2H, m, Ar, A + B), 4,38 (2H, s, CH,, A), 4,29
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(2H, s, CH,, B); "C NMR (75 MHz, DMSO), smés A + B § 163,9, 1609, 157,9, 157,7, 152.2,
136,6, 131,8, 130.6, 129,3, 129,2, 128,9, 128,7, 127.6, 127,6, 119,4, 119.3, 119,1, 116,3, 116,2,
33,6; Anal. vyp. pro C;sHsN;OS (285,37): C 63,13; H 5,30; N 14,72; S 11,24 %, Nalezeno:
C 63,07; H5,20; N 14,97; S 11,42 %.

Salicylaldehyd-S-(3-chlorbenzyl)isothiosemikarbazon (2b), smés izomert 1:1; vytézek
63 %, t.t. 125-128 °C, IR (v NH,) 1641 cm '; '"H NMR (300 MHz, DMSO) & 11,49 (1H, bs,
OH, B), 11,69 (1H,bs, OH, A), 8,54 (1H, s, CH, A), 8,32 (1H, s, CH, B), 7,79-7,57 (1H, m,
Ar, A), 7,49 (1H, s, Ar, A+ B), 7,42-7,16 (5H, m, Ar, A + B), 7,08 (2H, bs, NH,, A), 6,92—6,80
(4H, m, Ar, A + B, + NH,, B), 4,34 (2H, s, CH,, B), 4,30 (2H, s, CH,, A); "C NMR (75 MHz,
DMSO), smés A + B § 163,3, 157,9, 157,7, 152,5 139,7, 133,3, 133,1, 130,8, 130,6, 129,0,
128,0, 127,6, 119,6, 119.4, 119,1, 116,3, 35,6, 32,8; Anal. vyp. pro C,sH,,CIN,0S (319,82):
C 56,33; H4,41; N 13,14; S 10,03 %, Nalezeno: C 56,50; H 4,32; N 13,32; S 10,34 %.

Salicylaldehyd-S-(4-fluorbenzyl)isothiosemikarbazon (2¢), smés izomert cca 1:1; vytézek
44 %, t.t. 127-129 °C, IR (v NH,) 1639 cm '; 'H NMR (300 MHz, DMSO) & 11,53 (1H, bs,
OH, B), 10,81 (1H, bs, OH, A), 8,51 (1H, s, CH, A), 8,32 (1H, s, CH, B), 7,62-7,32 (3H, m,
Ar, A+ B), 7,29-6,96 (5H, m, Ar + NH,, A + B), 6,93-6,80 (2H, m, Ar, A + B), 4,29 (2H, s,
CH2, B), 4,27 (2H, s, CH,, A); "C NMR (75 MHz, DMSO), smés A + B § 163,6, 159,9, 1579,
157,6, 154,3, 152,3, 134,9, 134,8, 133,0, 133,0, 131,3, 131,2, 131,2, 131,1, 130,8, 130,6,
130,5, 119,7, 119,4, 119,3, 119,1, 116,1, 115,8, 115,5, 115,4, 115,2, 32,7, 32,3; Anal. vyp. pro
C,sH,,FN;0OS (303,36): C 59,39; H 4,65; N 13,85; S 10,57 %, Nalezeno: C 59,67; H 4,77,
N 14,21; S 10,29 %.

Salicylaldehyd-S-(4-chlorbenzyl)isothiosemikarbazon (2d); smés izomert cca 1:1; vytézek
42 %, t.t. 155-156 °C, IR (v NH,) 1643 cm '; '"H NMR (300 MHz, DMSO) & 11,52 (1H, bs,
OH, B), 10,79 (1H, bs, OH, A), 8,50 (1H, s, CH, A), 8,32 (1H, s, CH, B), 7,62—7,18 (6H, m,
Ar, A+ B), 7,05 (2H, bs, NH,, A), 6,98 (2H, bs, NH,, B), 6,93—6,80 (2H, m, Ar, A + B), 4,29
(2H, s, CH,, B), 4,27 (2H, s, CH,, A); "C NMR (75 MHz, DMSO), sm&s A + B § 163,4, 159,7,
157,9, 157,6, 154,4, 152,4, 137,9, 136,1 132,2, 131,8, 131,1, 131,0, 130,8, 130,6, 130,5, 128.8,
128,5, 119,7, 119,4, 119,3, 119,1, 116,2, 32,7, 32,3; Anal. vyp. pro C;sH,,CIN;OS (319,82):
C56,33; H4,41; N 13,14, S 10,03 %, Nalezeno: C 56,35; H 4,41, N 13,07; S 10,31 %.
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Salicylaldehyd-S-(4-brombenzyl)isothiosemikarbazon (2e), smés izomert 1:1; vytézek
61 %, t.t. 129-132 °C, IR (v NH,) 1637 cm '; 'H NMR (300 MHz, DMSO) & 11,52 (1H, bs,
OH, B), 11,79 (1H, bs, OH, A), 8,50 (1H, s, CH, A), 8,32 (1H, s, CH, B), 7,60-7,32 (5H, m,
Ar + NH,, A + B), 7,30-7,17 (1H, m, Ar, A + B), 7,09-6,97 (2H, m, Ar, A + B), 6,92-6,79
(2H, m, Ar, A + B), 4,28 (2H, s, CH,, B), 4,25 (2H, s, CH,, A); "C NMR (75 MHz, DMSO),
smés A + B & 163,3, 159,7, 157,9, 157,6, 154,4, 152,4, 138,3, 136,5, 131,7, 131,4, 131,1,
130,8, 130,6, 130,5 120,7, 120,3, 119,7, 119,4, 119,3, 119,1, 116,2, 32,8, 32,4; Anal. vyp. pro
C,sH,BrN;OS (364,27): C 49,46; H 3,87; N 11,54; S 8,80 %, Nalezeno: C 49,46; H 3,81;
N 11,34; S 8,90 %.

5-Chlorsalicylaldehyd-S-(3-chlorbenzyl)isothiosemikarbazon (2f), smés izomeri cca 1:1,5,
vytézek 47 %, t.t. 165-166 °C, IR (v NH,) 1640 cm '; '"H NMR (300 MHz, DMSO) & 11,57
(1H, bs, OH, A), 10,67 (1H, bs, OH, B), 8,47 (1H, s, CH, B), 8,32 (1H, s, CH, A), 7,85-7,78
(1H, m, Ar, B), 7,54-7,08 (8H, m, Ar + NH,, A + B), 6,93-6,83 (1H, m, Ar, A+ B), 4,31 (2H, s,
CH,, A), 4,28 (2H, s, CH,, B); "C NMR (75 MHz, DMSO), smés A + B § 162,8, 156,8, 147,8,
138,7, 133.,4, 132,7, 130,9, 129,1, 128,2, 128,0, 126,3, 123,6, 120,8, 118,4, 34,2; Anal. vyp.
pro C;sH;CL,N;0S (345,26): C 50,86; H 3,70; N 11,86; S 9,05 %, Nalezeno: C 50,83; H 3,92;
N 11,92; S 8,80 %.

5-Chlorsalicylaldehyd-S-(3-methoxybenzyl)isothiosemikarbazon (2g), vytézek 85 %,
t.t. 197-200 °C, IR (v NH,) 1627 cm '; '"H NMR (300 MHz, DMSO) & 10,74 (1H, bs, OH), 9,83
(2H, bs, NH,), 8,72 (1H, s, CH), 8,13 (1H, d, J= 2.9 Hz, Ar), 7,37-7,23 (2H, m, Ar), 7,06-7,01
(2H, m, Ar), 6,98 (1H, d, J = 8,3 Hz, Ar), 6,88 (1H, dd, J = 8,3 Hz, ] = 2.9 Hz, Ar), 4,66 (2H,
s, CH,), 3,74 (3H, s, OCH,); "C NMR (75 MHz, DMSO) & 163,5, 159,6, 159,5, 156,7, 137,1,
130,1, 123,6, 121,4 120,7, 118.4, 114,9, 113,6, 55,3, 34,9; Anal. vyp. pro C,sH,:CIN;O,S
(349,84): C 54,93; H4,61; N 12,01; S 9,17 %, Nalezeno: C 55,00; H 4,56; N 12,38; S 9,05 %.

5-Chlorsalicylaldehyd-S-(4-methylbenzyl)isothiosemikarbazon (2h), smés izomerd 1:1;
vytézek 54 %, t.t. 162-165 °C, IR (v NH,) 1641 cm '; '"H NMR (300 MHz, DMSO) & 11,60
(1H, bs, OH, B), 11,73 (1H, bs, OH, A), 8,47 (1H, s, CH, A), 8,30 (1H, s, CH, B), 7,80 (1H, d,
J=2,6 Hz, Ar, A), 7,49 (1H, d, J = 2,6 Hz, Ar, B), 7,32-7,03 (7H, m, Ar + NH,, A + B), 6,89
(1H, d, J = 8,8 Hz, Ar, A), 6,84 (1H, d, J = 8,8 Hz, Ar, B), 4,24 (2H, s, CH,, B), 4,23 (2H, s,
CH,, A), 2,27 (3H, s, CH,, A), 2,25 (3H, s, CH,, B); °C NMR (75 MHz, DMSO), smés A + B
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o 164,7, 161,1, 156,5, 156,0, 151,0, 150,6, 136,9, 136,4, 135,1, 133,3, 130,4, 129,9, 1294,
129,2, 129,1, 129,1, 128,4, 123,1, 122,7, 122,0, 120,7, 117,9, 33,4, 33,0, 20,9; Anal. vyp. pro
CsH,cCIN;0OS (333,84): C 57,57; H 4,83; N 12,59; S 9,60 %, Nalezeno: C 57,59; H 5,27,
N 12,27; S 9,52 %.

5-Chlorsalicylaldehyd-S-(4-fluorbenzyl)isothiosemikarbazon (2i), smes izomerti cca 1:1;
vytézek 77 %; t.t. 148—150 °C, IR (v NH,) 1641 cm '; 'TH NMR (300 MHz, DMSO) § 11,59
(1H, bs, OH, A), 10,70 (1H, bs, OH, B), 8,47 (1H, s, CH, B), 8,31 (1H, s, CH, A), 7,80 (1H,
d, J=2.8 Hz, Ar, B), 7,50 (1H, d, J = 2,8 Hz, Ar, A), 7,48-7,41 (2H, m, Ar, A + B), 7,28-7,07
(5H, m, Ar + NH,, A + B), 6,93-6,82 (1H, m, Ar, A + B), 4,29 (2H, s, CH,, A), 4,26 (2H, s,
CH,, B); "C NMR (75 MHz, DMSO), smés A + B § 164,3, 163,3, 163,0, 160,8, 160,0, 159,8,
156,5, 156,0, 151,0, 150,7, 134,8, 134,8, 133,0, 132,9, 131,3, 131,2, 131,2, 131,1, 130.,4, 129.9,
129,5, 128,3, 123,1, 122,8, 122,0, 120,7, 118,0, 115,8, 115,5, 115,4, 115,2, 32,7, 32,2; Anal.
vyp. pro C,sH;CIFN;0S (337,81): C 53,33; H 3,88; N 12,44; S 9,49 %, Nalezeno: C 53,27;
H 3,84; N 12,16; S 9,17 %,

5-Chlorsalicylaldehyd-S-(4-chlorbenzyl)isothiosemikarbazon (2j), smés izomert cca 1:1;
vytézek 73 %; t.t. 157-159 °C; IR (v NH,) 1638 cm '; '"H NMR (300 MHz, DMSO) & 11,58
(1H, bs, OH, A), 10,70 (1H, bs, OH, B), 8,47 (1H, s, CH, B), 8,31 (1H, s, CH, A), 7,83-7,77
(1H, m, Ar, A), 7,52-7,48 (1H, m, Ar, B), 7,48-7,32 (4H, m, Ar, A+B), 7,28-7,20 (1H, m, Ar,
A+B), 7,17 (2H, bs, NH,, A), 7,11 (2H, bs, NH,, B), 6,94-6,81 (1H, m, Ar, A+ B), 4,30 (2H, s,
CH,, A), 4,26 (2H, s, CH,, B); °C NMR (75 MHz, DMSO), smé&s A + B § 164,2, 160,7, 156,5,
156,0, 151,0, 150,8, 137,8, 136,0 132,3, 131,8, 131,1, 131,0, 130,4, 130,0, 129,5 128,8, 128.,5,
128,3, 123,1, 122,8, 122,0, 120,7, 118,0, 32,7, 32,2; Anal. vyp. pro C,;sH;CI,N;OS (354,26):
C 50,86; H 3,70; N 11,86; S 9,05 %, Nalezeno: C 50,85; H 3,64; N 12,04; S 8,88 %.

5-Bromsalicylaldehyd-S-(3-chlorbenzyl)isothiosemikarbazon  (2k),  vytéZzek 68 %,
t.t. 149-150°C, IR (v NH,) 1643 cm '; '"H NMR (300 MHz, DMSO) & 10,79 (1H, bs, OH),
10,79 (2H, bs, NH,), 8,71-8,61 (1H, s, Ar), 8,28-8,18 (1H, m, Ar), 7,60-7,49 (1H, m, Ar),
7,49-7,32 (4H, m, Ar), 6,96-6,87 (1H, m, Ar), 4,70 (2H, s, CH,); °C NMR (75 MHz, DMSO)
01629, 157,2,138,6, 135,6, 133,5, 131,0, 129,2, 128,3, 128,0, 121,3, 1189, 111,3, 34,3; Anal.
vyp. pro C,sH;BrCIN;OS (398,71): C 45,19; H 3,29; N 10,54; S 8,04 %, Nalezeno: C 45,27;
H 3,45; N 10,74; S 7,81 %.
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5-Bromsalicylaldehyd-S-(4-methylbenzyl)isothiosemikarbazon (21), smés izomert cca 1:1,
vytézek 77 %, t.t. 169-172 °C, IR (v NH,) 1638 cm '; 'H NMR (300 MHz, DMSO) § 11,63
(1H, bs, OH, A), 10,76 (1H, bs, OH, B), 8,46 (1H, s, CH, A), 8,30 (1H, s, CH, B), 7,92 (1H,
d,J=2,4Hz, Ar, A), 7,62 (1H, d, J = 2,4 Hz, Ar, B), 7,43-7,23 (3H, m, Ar, A + B), 7,19-7,05
(4H, m, Ar + NH,, A + B), 6,89-6,76 (1H, m, Ar, A + B), 4,24 (2H, s, CH,, A), 4,23 (2H, s,
CH,, B), 2,28 (3H, s, CH;, A), 2,26 (3H, s, CH;, B); °C NMR (75 MHz, DMSO), smés A + B §
164,7,161,1, 156,9, 156,5, 150,9, 150,5, 136,9, 136,4, 135,1, 133,3, 133,2, 132,7, 132,4, 131,2,
129.4, 129,2, 129,1, 129,1, 122,6, 121,3, 118,4, 110,7, 110,2, 33,4, 33,0, 20,9, 20,9; Anal. vyp.
pro C,¢H,(BrN;OS (378,29): C 50,80; H 4,26; N 11,11; S 8,48 %, Nalezeno: C 50,94; H 4,26;
N 11,13; S 8,23 %.

5-Bromsalicylaldehyd-[S-4-(trifluormethyl)benzyl]isothiosemikarbazon (2m), smes
izomert cca 1:1,5; vytézek 55 %; t.t. 110-111 °C; IR (v NH,) 1640 cm '; 'H NMR (300 MHz,
DMSO0) 6 11,59 (1H, bs, OH, A), 10,68 (1H, bs, OH, B), 8,46 (1H, s, CH, B), 8,31 (1H, s, CH,
A), 7,92 (1H, d, J = 2,4 Hz, Ar, B), 7,80-7,30 (SH, m, Ar, A + B), 7,20 (2H, bs, NH,, A), 7,13
(2H, bs, NH,, B), 6,83 (1H, t, /= 9,4 Hz, Ar, A + B), 4,40 (2H, s, CH,, A), 4,35 (2H, s, CH,,
B); "C NMR (75 MHz, DMSO), smé&s A + B § 163,8, 160,5, 156,9, 156,4, 150,8, 150,7, 140,6,
138,8, 133,4, 133,2, 132,8, 132,4, 131,1, 129,9, 129,6, 129,5, 129,3, 129,2, 128,9, 126,2, 125,9,
125,8, 125,7, 123,9, 123,8, 122,6, 122,5, 121,3, 118,4 110,7, 110,2, 32,7, 32,3; Anal. vyp. pro
C,6H3sBrF;N;0S (432,26): C 44,46; H 3,03; N 9,72; S 7,42 %, Nalezeno: C 44,70; H 3,21;
N 9,38; S 7,26 %.

5-Bromsalicylaldehyd-S-(4-fluorbenzyl)isothiosemikarbazon-hydrochlorid ~ (2n), smés
izomert cca 1:1; vytézek 64 %, t.t. 154-156 °C, IR (v NH,) 1638 cm '; 'H NMR (300 MHz,
DMSO) 6 11,61 (1H, bs, OH, A), 10,72 (1H, bs, OH, B), 8,46 (1H, s, CH, B), 8,30 (1H, s,
CH, A), 7,92 (1H, d, J= 2,5 Hz, Ar, A), 7,62 (1H, d, J = 2,5 Hz, Ar, B), 7,49-7,30 (3H, m, Ar,
A+ B), 7,22-7,06 (4H, m, Ar + NH,, A + B), 6,88-6,76 (1H, m, Ar, A + B), 4,29 (2H, s, CH,,
A), 4,26 (2H, s, CH,, B); "C NMR (75 MHz, DMSO), smés A + B § 164,3, 160,8, 156,9, 156,5,
150,9, 150,6, 134,8, 134,8, 133,2, 133,0, 132,7, 132,3 131,3, 131,2, 131,2, 131,1, 122,6, 121,3,
118,4,115,8, 115,5, 115,4, 115,1, 110,7, 110,2, 32,7, 32,2; Anal. vyp. pro C;sH;;BrFN;OS.HCI
(418,71): C 43,03; H 3,37; N 10,04; S 7,66 %, Nalezeno: C 43,39; H 3,41; N 9,90; S 7,72 %.
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5-Bromsalicylaldehyd-S-(4-brombenzyl)isothiosemikarbazon (20), smés izomera cca 1:1,
vytézek 68 %, t,t, 191-194 °C, IR (v NH,) 1642 cm '; '"H NMR (300 MHz, DMSO) § 11,61
(1H, bs, OH, A), 10,72 (1H, bs, OH, B), 8,46 (1H, s, CH, B), 8,31 (1H, s, CH, A), 7,95-7,86
(1H, m, Ar, B), 7,65-7,58 (1H, m, Ar, A), 7,58-7,44 (2H, m, Ar, A+ B), 7,41-7,29 (3H, m, A,
A+B), 7,16 (2H, m, NH,, A), 7,11 (2H, m, NH,, B), 6,89-6,76 (1H, m, Ar, A+ B), 4,28 (2H, s,
CH,, A), 4,25 (2H, s, CH,, B); °C NMR (75 MHz, DMSO), smé&s A + B § 164,1, 160,6, 157,0,
156,5, 151,0, 150,7, 138,3, 136,4, 133,2, 132,8, 132.4, 131,7, 131,4, 131,2, 122,6, 121,3,
120,8, 120,3, 118,4, 110,7, 110,2, 32,8, 32,3; Anal. vyp. pro C,sH,;Br,N;OS (443,16): C 40,65;
H 2,96; N 9,48; S 7,24 %, Nalezeno: C 40,48; H2,91; N 9,17; S 7,18 %.

3,5-Dichlorsalicylaldehyd-S-(4-methylbenzyl)isothiosemikarbazon (2p), smés izomeril
cca 1:2, vytézek 31 %, t.t. 179-180 °C, IR (v NH,) 1642 cm '; 'H NMR (300 MHz, DMSO)
6 12,51 (1H, bs, OH, A), 11,79 (1H, bs, OH, B), 8,50 (1H, s, CH, B), 8,33 (1H, s, CH, A), 7,66
(1H,d,J=2,5Hz, Ar, A), 7,54 (1H, d, J=2,5 Hz, Ar, A), 7,51 (1H, d, J= 2,5 Hz, Ar, B), 7,48
(1H, d, /= 2,5 Hz, Ar, B), 7,33-7,21 (4H, m, Ar + NH,, A + B), 7,18-7,08 (2H, m, Ar, A + B),
4,27 (2H, s, CH,, B), 4,23 (2H, s, CH,, A), 2,28 (3H, s, CH,, B), 2,25 (3H, s, CH;, A); "C NMR
(75 MHz, DMSO), smés A+ B 6 163,7, 153,5, 152,0, 132,6, 129,7, 129,5, 129,2, 123,5 122,2,
120,5, 50,0, 34,8, 20,9; Anal. vyp. pro C;H,sCI,N;0S (368,29): C 52,18; H 4,11; N 11,41;
S 8,71 %, Nalezeno: C 51,82; H4,17; N 11,56; S 8,46 %.

3,5-Dichlorsalicylaldehyd-S-(4-chlorbenzyl)isothiosemikarbazon (2q), smés izomeril
cca 3:2; vytézek 59 %, t.t. 163-165 °C, IR (v NH,) 1639 cm '; '"H NMR (300 MHz, DMSO)
8 12,50 (1H, bs, OH, A), 11,74 (1H, bs, OH, B), 8,50 (1H, s, CH, B), 8,34 (1H, s, CH, A),
7,68-7,27 (8H, m, Ar + NH,, A + B), 4,33 (2H, s, CH,, A), 4,26 (2H, s, CH,, B); °C NMR
(75 MHz, DMSO), smé&s A + B § 164,9, 161,3, 153.,2, 152,5, 152,3, 150,4, 137,6, 135,9, 132.3,
131,8, 131,1, 131,1, 129,9, 129,3, 128,9, 128,9, 1288, 128,5, 123,1, 122,8, 122,0, 121,3,
121,2, 120,9, 32,8, 32,5; Anal. vyp. pro C,sH,,C1;N;0S (388,71): C 46,35; H3,11; N 10,81; S
8,25 %, Nalezeno: C 46,43; H 2,98; N 10,53; S 8,09 %.

3,5-Dichlorsalicylaldehyd-S-(4-brombenzyl)isothiosemikarbazon (2r), smés izomeri
cca 4:3, vytézek 81 %, t.t. 176-178 °C, IR (v NH,) 1642 cm '; '"H NMR (300 MHz, DMSO)
8 12,50 (1H, bs, OH, A), 11,74 (1H, bs, OH, B), 8,50 (1H, s, CH, B), 8,34 (1H, s, CH, A),
7,74-7,16 (8H, m, Ar + NH,, A + B), 4,31 (2H, s, CH,, A), 4,25 (2H, s, CH,, B); °C NMR

156



(75 MHz, DMSO), smés A+ B 8 164,8, 161,2, 153,2, 152,5, 152,3, 150,4, 138,1, 136,3, 131,8,
131,4,129,9, 1294, 128,9, 128,7, 123,1, 122,8, 122,0, 121,3, 121,2, 120,9, 120,8, 120,3, 32,8,
32,5; Anal. vyp. pro C;sH,BrCL,N;0S (433,16): C 41,59; H 2,79; N 9,70; S 7,40 %, Nalezeno:
C41,95; H 3,00; N 9,33; S 7,37 %.

3,5-Dibromsalicylaldehyd-S-benzylisothiosemikarbazon (2s), smés izomert cca 2:3,
vytézek 42 %, t.t. 191-193 °C, IR (v NH,) 1636 cm '; 'H NMR (300 MHz, DMSO) § 12,62
(1H, bs, OH, B), 11,96 (1H, bs, OH, A), 8,49 (1H, s, CH, A), 8,32 (1H, s, CH, B), 7,77-7,65
(2H, m, Ar,A+ B), 7,46-7,21 (7TH, m, Ar + NH,, A+ B), 4,33 (2H, s, CH,, B), 4,27 (2H, s, CH,,
A); "C NMR (75 MHz, DMSO), smés A+ B § 165,2, 161,5, 153,8, 153,7, 153.4, 150,2, 138.1,
136,5, 135,1, 134,5, 132,6, 132,2, 129,3 129,2, 128,9, 128,6, 127,7, 127,3, 122,2, 121,7, 110,8,
110,6, 110,3, 33,6, 33,4; Anal. vyp. pro C,;sH;;Br,N;0S (443,16): C 40,65; H 2,96; N 9,48;
S 7,24%, Nalezeno: C 40,46; H 3,02, N 9,09; S 6,87 %.

3,5-Dibromsalicylaldehyd-S-(4-methylbenzyl)isothiosemikarbazon (2t), smés izomerQ
cca 1:2, vytézek 36 %, t.t. 193—195 °C, IR (v NH,) 1637 cm '; 'H NMR (300 MHz, DMSO) &
12,62 (1H, bs, OH, B), 11,97 (1H, bs, OH, A), 8,48 (1H, s, CH, A), 8,31 (1H, s, CH, B), 7,81—
7,74 (2H, m, Ar, A), 7,71-7,65 (2H, m, Ar, B), 7,35-7,07 (6H, m, Ar + NH,, A + B), 4,28 (2H,
s, CH,, B), 4,22 (2H, s, CH,, A), 2,28 (3H, s, CH;, B), 2,25 (3H, s, CH;, A); "C NMR (75 MHz,
DMSO), smés A + B & 165,4, 161,6, 153,8, 153,7, 153,3, 150,1, 137,0, 136,5, 134,9, 134,5,
133,2, 132,6, 132,2, 129,5, 129,2, 129,2, 129,1, 122,2, 121,8, 110,8, 110,6, 110,3, 33,5, 33,2,
20,9; Anal. vyp. pro C,(H;sBr,N;0S (457,19): C 42,03; H 3,31; N 9,19; S 7,01%, Nalezeno:
C42,17; H 3,36; N 9,30; S 6,84 %.

Antimykobakterialni aktivita

U pripravenych S-benzylisothiosemikarbazonli byla stanovena biologickéd aktivita proti
kmentm M. tuberculosis (My 331/88), M. avium (My 330/88) a dvéma kmentim M. kansasii
(My 235/80 a 6509/96). Jako standard pro porovnani aktivit byl pouzit isoniazid. Piehled
slou€enin spole¢né s hodnotami minimdlnich inhibi¢nich koncentraci je v tabulce 53.

Antimykobakteridlni aktivita S-benzylisothiosemikarbazont se u vétSiny derivatii pohybuje
v rozmezi 16-62,5 umol/l. Kviili $patné rozpustnosti n€kterych testovanych slouc¢enin v mediu
se bohuzel ne vzdy podafilo stanovit aktivitu proti vSem bakteridlnim kmenim. Nejvice

aktivni salicylaldehyd-S-(4-chlorbenzyl)isothiosemikarbazon vykazuje ze vSech piipravenych
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sloucenin nejvyssi aktivitu proti M. tuberculosis (8 pmol/l, hodnoceni po 14 dnech) a je uc¢inny
1 na ostatni mykobakteriadlni kmeny. Byl tedy doporucen pro dalsi vyzkum toxicity a vedlejSich
ucinkd.

Tabulka 53: Antimykobakterialni aktivita S-benzylisothiosemikarbazonii

MIC (pmol/l)
Inkubaéni doba 14 d/21 d
R! R M. tuberculosis M. avium M. kansasii M. kansasii
My 331/88 My 330/88 My 235/80 6 509/96
la H H 62,5/125 32/62,5 62,5/62,5 125/125
1b H 3-Cl 32/62,5 16/62,5 62,5/62,5 62,5/62,5
Ic H 4-CH, 32/62,5 16/32 62,5/62,5 62,5/62,5
1d H 4-CF, 32/62,5 16/62,5 62,5/62,5 32/62,5
le H 4-Br 16/32 16/16 62,5/62,5 32/62,5
2a H H 62,5n/62,5n 62,5n/125n 32n/32n 62,5n/125n
2b H 3-Cl 32/32 62,5/125 62,5/62,5 16/32
2¢ H 4-F 32/62,5n 32n/62,5n 32n/62,5n 62,5n/62,5n
2d H 4-Cl 8/16 62,5n/125n 32/62,5 32/32n
2¢ H 4-Br 16/32 62,5n/62,5n 32/32 32/32
2f 5-Cl 3-Cl 32/32 250n/250n 32/32 32/32n
2g 5-Cl 3-OCH; 32/32 250n/250n 32/32 62,5/62,5
2h 5-Cl 4-CH; 32/32 500n/500n 62,5/125n 125n/125n
2i 5-Cl 4-F 16/16 32/32n 16/32 32/32
2j 5-Cl 4-Cl 16/16 125n/250n 32/32 32/32
2k 5-Br 3-Cl 32/32 125n/125n 32/32n 125n/250n
21 5-Br 4-CH, 62,5n/250n 250n/250n 125n/250n 125n/250n
2m 5-Br 4-CF; 32/32 32/62,5n 62,5/62,5 32/32
2n 5-Br 4-F 16/16 62,5/62,5n 32/32 32/32
20 5-Br 4-Br 16/32 62,5n/62,5n 32n/62,5n 32/32n
2p 3,5-Cl, 4-CH, 250n/250n 250n/250n 250n/250n 250n/250n
2q 3,5-Cl, 4-Cl 62,5n/62,5n 125n/250n 62,5n/62,5n 62,5n/62,5n
2r 3,5-Cl, 4-Br 16/32 62,5n/62,5n 32/32 125n/250n
2s 3,5-Br, H 250n/250n 250n /250n 125n/250n 250n/250n
2t 3,5-Br, 4-CH; 125n/250n 250n/500n 62,5n/125n 125n/250n
INH 1/1 >250/>250 >250/>250 8/8

n: nardst (nebylo mozné presné stanovit hodnotu MIC)

Kromé aktivity proti mykobakteriim byla u vybranych derivati vySetfovana i aktivita
proti nékterym houbovym organismim, grampozitivnim a gramnegativnim bakteriim.
K testovani byly pouzity sbirkové i klinicky izolované kmeny. Z Ceské sbirky mikroorganismi
(Brno) pochézely kmeny Staphylococcus aureus CCM 4516, Escherichia coli CCM 4517 a
Pseudomonas aeruginosa CCM 1961. Mezi kmeny klinicky izolované patfily kmeny S. aureus

H 5996/08 — methicilin rezistentni, S. epidermidis H 6966/08, Enterococcus sp. J 14365/08,
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Klebsiella pneumoniae D 11750/08 a K. pneumoniae J 14368/08 — ESBL pozitivni.
Z houbovych organismt byly do testl zatazeny Candida albicans ATCC 44859, C. tropicalis
156, C. krusei E28, C. glabrata 20/1, Trichosporon asahii 1188, Aspergillus fumigatus 231,
Absidia corymbifera 272 a Trichophyton mentagrophytes 445. Podminky testovani byly stejné
jako u fenylesteri kyseliny salicylové (kapitola 4.2.). Zadna vyznamng&jsi biologicka aktivita

ale zjisténa nebyla.

Podil na publikaci

Tato prace patiila k mym samostatnym tkoliim.
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4.11.Derivaty esterii cholesterolu/terpenti a alkanovych kyselin

substituovanych dusikatymi bazemi

(pripravovano k publikovani)

Tato prace navazuje na vyzkum Adamce, 2007 (137), ktery se zabyval syntézou a
hodnocenim biologické aktivity komplexnich derivatl obsahujicich estron pfipojeny pomoci
alkylového fetézce k ruznym heterocyklickym sloucenindm (pyridin, benzylsulfanylové
derivaty pyridinu a derivaty tetrazol-5-thiolu). Pfedpoklada se, Ze na biologické aktivité téchto
sloucenin by se mohlo podilet vice faktor. Ve spojeni s biologickou aktivitou se uvazuje o
a) naboji na dusikovém atomu, b) hydrofobni steroidni jednotce, kterd mulze interagovat
s bunéénymi membranami, c) délce alkylového fetézce.

Mym tkolem bylo pfipravit derivaty, které misto estronu obsahuji cholesterol a rizné
terpeny. Cilem bylo zjistit, zda prave steroidni jednotka je zodpovédna za biologickou aktivitu

nebo zda je mozna jeji ndhrada za jinou lipofilni jednotku.

Syntéza (Obr. 101)

Piiprava esterii kyseliny 6-bromhexanové

Cholesterol/terpen (0,1 mol) byl rozpustén v suchém pyridinu a ochlazen na 0 °C. Za
stalého michani byl po kapkach ptidan 6-bromhexanoylchlorid (0,1 mol). Smés byla michana
za laboratorni teploty 36 hodin. Vznikly produkt byl pfeveden do smési 150 ml chloroformu
a 150 ml 5% kyseliny chlorovodikové. V piipadé cholesterolu jako vychozi slouceniny, byl
vysledny ester po odpafeni chloroformu izolovan a ptekrystalizovdn z acetonu. V ptipadé

terpent vznikl vysledny ester v podob¢ visk6zni kapaliny.

Piiprava pyridinium- a isochinolinium-bromidi

Pyridinium/isochinolinium-bromidy byly pfipraveny reakci esterti kyseliny 6-bromhexanové
(0,1 mol) s pyridinem, 4-methylpyridinem, 3,4-dimethylpyridinem a s isochinolinem (0,3 mol).
Reakce probihala pfi teploté 110 az 120 °C v atmosféte argonu. Reakce trvala piiblizné
12 hodin (kontrola pomoci TLC). Po ochlazeni reakéni smési byl produkt pfeveden do smési
150 ml chloroformu a 150 ml 5% kyseliny chlorovodikové. Po odpateni chloroformu byl

kone¢ny produkt izolovan v podobé viskdzni kapaliny.
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R? = H, 4-CHjs, 3,4-CHs

Obrazek 101: Syntéza derivatii esteriy cholesterolu/terpenii a alkanovych kyselin substituovanych dusikatymi
bazemi

Stanoveni fyzikalnich vlastnosti pfipravenych sloucenin

IR spektra byla zmétena ptistrojem NICOLET IMPACT 400. Pro NMR spektra byl pouZit
ptistroj VARIAN MERCURY VxBB 300 pracujici pii 300 MHz pro 'H a pti 75 MHz pro
“C. Pro NMR analyzu byly slougeniny rozpustény v deuteriochloroformu CDCI; nebo
dimethylsulfoxidu DMSO.

Pribéh reakce a cistota vyslednych produkti byly kontrolovany pomoci TLC (silikagelové
desky s fluorescenénim indikatorem Silufol UV 254 + 366, Kavalier, Votice, CR).
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Pripravené derivaty

1-[3B-Cholest-5-en-3p-yloxy)-6-oxohexyl]|pyridin-1-tum-bromid (1), vytézek 67 %, IR
(v COur) 1731 cm'; 'TH NMR (300 MHz, CDCL;) & 9,43 (2H, d, J = 7,0 Hz, Ar), 8,50 (1H,
t, J = 7,0 Hz, Ar), 8,12 (2H, t, J = 7,0 Hz, Ar), 5,32 (1H, d, J = 4,1 Hz, CH), 4,95 (2H, t,
J =17,3 Hz, NCH,), 4,60-4,43 (1H, m, OCH), 2,28-0,78 (48H, m, CH + CH,), 0,64 (3H, s,
CH,); "C NMR (75 MHz, CDCL,) & 172.8, 145,1, 139,5, 128.4, 122,6, 73,9, 61,5, 56,6, 56,1,
49,9, 42,2,39.,6,39.,4, 38,0, 36,9, 36,5, 36,1, 35,7, 34,0, 31,8, 31,7, 31,4, 28,1, 27,9, 27,7, 25,3,
24.2,24.,0,23,8,22,7,22,5,20,9, 19,2, 18,6, 11,8,

1-[3B-Cholest-5-en-3p-yloxy)-6-oxohexyl]-3,4-dimethylpyridin-1-ium-bromid (2), vytézek
48 %, IR (v COue) 1726 cm'; 'H NMR (300 MHz, CDCL;) § 9,25 (1H, s, Ar), 9,17 (1H, d,
J=6,1 Hz, Ar), 7,78 (1H, d, J = 6,1 Hz, Ar), 5,37-5,29 (1H, m, CH), 4,88 (2H, t, J = 7,3 Hz,
NCH,), 4,62-4,45 (1H, m, OCH), 2,50-0,78 (45H, m, CH + CH, + CH,), 0,99 (3H, s, CH,),
0,85 (3H, d, J = 1,4 Hz, CH,), 0,83 (3H, d, J = 1,4 Hz, CH,), 0,64 (3H, s, CH;); "C NMR
(75 Hz, CDCl,) & 172.8, 157.4, 143,5, 142,0, 139,6, 138,2, 128.4, 122.6, 73,9, 60,5 56,6, 56,1,
49,9, 42,2,39,6,39,4, 38,0, 36,9, 36,5, 36,1, 35,7, 33,9, 31,8, 31,8, 31,4, 28,2, 27,9, 27,7, 25,3,
24.2,24.0,23,8,22.8, 22,5, 20,9, 20,3, 19,2, 18,6, 17,0, 11,8,

1-[3B-Cholest-5-en-3B-yloxy)-6-oxohexyl]isochinolin-2-ium-bromid  (3), vytézek 68
%, IR (v COester) 1727 cm '; 'H NMR (300 MHz, CDCl;) & 11,04 (1H, s, Ar), 8,80 (1H, d,
J=17,6 Hz, Ar), 8,72 (1H, d, J = 7,6 Hz, Ar), 8,33 (1H, d, J = 7,6 Hz, Ar), 8,15-8,03 (2H, m,
Ar), 7,96-7,87 (1H, m, Ar), 5,32-5,24 (1H, m, CH), 5,09 (2H, t, J = 7,0 Hz, NCH,), 4,59-4,43
(1H, m, OCH), 2,31-0,77 (39H, m, CH + CH,), 0,95 (3H, s, CH;), 0,88 (3H, d, J = 6,5 Hz,
CH,), 0,83 (3H, d, J = 6,5 Hz, CH;), 0,64 (3H, s, CH,); °C NMR (75 MHz, CDCL;) & 172.8,
150,8, 139,5, 137,1, 136,9, 134,4, 131,5, 131,2, 127,8, 126,9, 126,1, 122.5, 73,9, 61,1, 56,6,
56,0, 49,9, 42,2, 39,6, 39,4, 38,0, 36,9, 36,5, 36,1, 35,7, 33,9, 31,8, 31,7, 31,4, 28,1, 27,9, 27,6,
253,24.2,24.1,23,7,22,7,22,5,20,9, 19,2, 18,6, 11,8

2-[6-(19B,28-Epoxy-18a-oleanan-3B-yloxy)-6-oxohexyl]-3,4-dimethylpyridin-1-ium-
bromid (4), vytézek 53 %, IR (v CO.) 1721 cm '; '"H NMR (300 MHz, CDCl,) § 9,50 (1H,
bs, Ar), 8,51 (1H, bs, Ar), 8,12 (1H, bs, Ar), 5,03 (2H, bs, NCH,), 4,42 (1H, t, J = 8,1 Hz,
OCH), 3,75 (1H, d, J = 7,5 Hz, OCH,), 3,50 (1H, s, CH), 3,42 (1H, d, J = 7,5 Hz, OCH,),
2,59-0,63 (38H, m, CH + CH, + CHs), 0,95 (6H, s, CH;), 0,92 (3H, s, CH5;), 0,90 (3H, s, CH;),
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0,84 (3H, s, CH,), 0,79 (3H, s, CH,), 0,76 (3H, s, CH,); °C NMR (75 MHz, CDCL,) & 173.4,
145,5, 128,7, 88,1, 81,2, 71,5, 62,0, 55,8, 51,2, 47,0, 41,7, 40,9, 40,8, 38.8, 38,1, 37,4, 36,9,
36,5, 34,3, 34,0, 32,9, 31,9, 29,9, 29,0, 28,3, 26,6, 26,5, 25.6, 24,8, 24,4, 24,0, 21,2, 20,6, 18,3,
17,3,16,8, 16,8, 15,9, 13,7,

[(1R,2S,5R)-(2-isopropyl-methylcyklohex-2-yloxy)-6-oxohexyl]pyridin-1-ium-bromid (5),
vytézek 64 %, IR (v CO.) 1725 cm '; 'TH NMR (300 MHz, CDCl;) 8 9,57 (2H, d, J = 7,0 Hz,
Ar), 8,51 (1H, t, J= 7,0 Hz, Ar), 8,13 (2H, t, /= 7,0 Hz, Ar), 5,04 (2H, t, J = 7,3 Hz, NCH,),
4,61 (1H, td, J= 10,7 Hz, J = 4,4 Hz, OCH), 2,26 (2H, t, /= 7,3 Hz, CH,), 2,16-1,99 (2H, m,
CH,), 1,94-0,92 (13H, m, CH + CH,), 0,86 (6H, t, J = 6,3 Hz, CH5;), 0,69 (3H, t, J = 6,9 Hz,
CH,); "C NMR (75 MHz, CDCLy) & 172,9, 145,3, 145,1, 128,4, 74,1, 61,6, 46,8, 40,9, 34,1,
34,0, 31,6, 31,3, 26,2, 25,3, 24,1, 23,3, 22,0, 20,7, 16,3,

[(IR,2S,5R)-(2-isopropyl-methylcyklohex-2-yloxy)-6-oxohexyl]-3,4-dimethylpyridin-1-
ium-bromid (6), vytézek 51 %, IR (v CO) 1724 cm '; 'H NMR (300 MHz, CDCl,) § 9,15 (1H,
s, Ar), 9,07 (1H, d, J=6,5 Hz, Ar), 7,78 (1H, d, J= 6,5 Hz, Ar), 4,80 (2H, t, /= 7,3 Hz, NCH,),
4,63-4,48 (1H, m, OCH), 2,55-2,38 (6H, m, CH,), 2,21 (2H, t, J = 7,3 Hz, CH,), 2,06-0,87
(15H, m, CH + CH,), 0,81 (6H., t, J = 6,5 Hz, CH;), 0,64 (3H, t, J = 6,5 Hz, CH;); °C NMR
(75 MHz, CDCl,) & 172.,9, 157.5, 143,3, 141,9, 1382, 128,5, 74,0, 60,4, 46,7, 40,7, 34,0, 33,9,
33,7,31,2,26,1,24.8, 24,0, 32,2, 21,9, 20,6, 20,2, 16,9, 16,1,

[(1R,2S,5R)-(2-isopropyl-methylcyklohex-2-yloxy)-6-oxohexyl]isochinolin-2-ium-bromid
(7), vytézek 62 %, IR (v COp) 1724 cm '; '"H NMR (300 MHz, CDCl;) & 11,12 (1H, s, Ar),
8,86 (1H, d, J= 7,6 Hz, Ar), 8,70 (1H, d, J = 7,6 Hz, Ar), 8,36 (1H, d, J= 7,6 Hz, Ar), 8,16—
8,03 (2H, m, Ar), 7,89 (1H, t, J = 7,6 Hz, Ar), 527 (2H, t, J = 7,0 Hz, NCH,), 4,65-4,46
(1H, m, OCH), 2,22 (2H, t, J = 7,3 Hz, CH,), 2,17-2,03 (2H, m, CH,), 1,93-0,71 (19H, m,
CH + CH,+CH,), 0,62 (3H, d, J = 7,0 Hz, CH;); "C NMR (75 MHz, CDCl;) § 172.8, 150,7,
137,1, 136,9, 134,4, 131,3, 131,1, 127,8, 126,9, 126,2, 74,0, 61,0, 46,7, 40,7, 33,7, 31,4, 31,2,
26,1,25,3,24,8,24.1,23.2, 21,9, 20,6, 16,1,

[Endo-(1S)-(1,7,7-trimethylbicyklo[2.2.1]heptan-2-yloxy)-6-oxohexyl]-3,4-
dimethylpyridin-1-ium-bromid (8), vytézek 52 %, IR (v COqy.) 1724 cm '; 'H NMR (300 MHz,
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CDCL,) § 9,19 (1H, s, Ar), 9,09 (1H, d,.J = 5,9 Hz, Ar), 7,78 (1H, d, J = 5,9 Hz, Ar), 5,06-4,65
(3H, m, OCH + NCH,), 2,60-0,95 (21H, m, CH + CH, + CH), 0,81 (3H, s, CH,), 0,80 (3H, s,
CHS), 0,72 (3H9 S, CH3),

[Endo-(1S)-(1,7,7-trimethylbicyklo[2.2.1]heptan-2-yloxy)-6-oxohexyl]isochinolin-2-ium-
bromid (9), vytézek 57 %, IR (v CO.) 1724 cm '; 'H NMR (300 MHz, CDCl;) § 11,26 (1H,
s, Ar), 8,78-8,71 (2H, m, Ar), 8,29 (1H, d, J = 7,3 Hz, Ar), 8,15-8,09 (2H, m, Ar), 7,99-7,90
(1H, m, Ar), 5,13 (2H, t, J = 7,3 Hz, NCH,), 4,85-4,75 (1H, m, OCH), 2,38-0,94 (15H, m,
CH + CH,), 0,85 (3H, s, CH;), 0,84 (3H, s, CH;), 0,73 (3H, s, CH;); °C NMR (75 MHz,
CDCly) & 173,7, 151,2, 137,1, 134,1, 131,6, 131,3, 127,9, 126,9, 126,0, 79,8, 61,1, 48,6, 47,7,
44.8, 36,7, 33,9, 33,8, 31,5, 27,9, 27,0, 24,8, 19,6, 18,8, 13,5,

[Endo-(1S)-(1,7,7-trimethylbicyklo[2.2.1 Jheptan-2-yloxy)-6-oxohexyl]-4-methylpyridin-1-
jum-bromid (10), vytéZek 50 %, IR (v CO.) 1719 cm '; '"H NMR (300 MHz, DMSO) § 9,06
(2H, d, J= 6,5 Hz, Ar), 7,97 (2H, d, J = 6,5 Hz, Ar), 4,63-4,50 (3H, m, OCH + NCH,), 2,56
(3H, s, CHj;), 2,32-0,89 (15H, m, CH + CH,), 0,82 (3H, s, CH;), 0,79 (3H, s, CH;), 0,69 (3H,
s, CH;); "C NMR (75 MHz, DMSO) & 173,3, 159.0, 144,2, 128,7, 79,9, 78,9, 59,8, 48,7, 47,7,
44,5, 40,5, 33,9, 33,6, 30,6 27,9, 27,0, 25,7, 25,1, 24,7, 24,3, 21,7, 19,8, 18,9 13,8,

Antimykobakterialni aktivita

Antimykobakteridlni hodnoceni pfipravenych latek (Tabulka 54) bylo provedeno ve
Zdravotnim ustavu se sidlem v Ostravé. K hodnoceni in vitro byly pouzity kmeny z Ceské
narodni sbirky kmenovych kultur (CNCTC) Mycobacterium tuberculosis My 331/88, M.
avium My 330/88, M. kansasii My 235/80 a kmen M. kansasii 6509/96 klinicky izolovany.
Antimykobakteridlni aktivita latek byla stanovena na Sulové semisyntetické piidé (SEVAC,
Praha). Testované slouceniny byly ptidavany k médiu v dimethylsulfoxidu, stupnice vysledné
koncentrace byla 1000; 500; 250; 125; 62,5; 32; 16; 8;4;2a 1 pmol-dm_3. Minimalni inhibi¢ni
koncentrace (MIC) byla stanovena po 14 a 21 dnech pii inkubaci pti 37 °C. Jako standard byl
pouzit isoniazid (INH).

165



Tabulka 54: Antimykobakterialni aktivita pripravenych sloucenin

MIC (pmol/l)
Doba inkubace 14 d/21 d
M. tuberculosis M. avium M. kansasii M. kansasii
My 331/88 330/88 My 235/80 6 509/96
1 32/32 32n/32n 125n/125n 62,5n/62,5n
2 125/125 125n/125n 125n/125n 125n/125n
3 62,5n/125n 62,5n/125n 125n/250n 125n/125n
4 16/16 8/32 62,5/62,5 62,5/62,5
5 32/62,5 8/16 62,5/62,5 32/62,5
6 16/16 32/125 62,62,5 32/62,5
7 16/32 32/125 62,5/62,5 62,5/62,5
8 4/8 16/32 32/32 16/32
9 2/4 8/16 16/16 16/16
10 2/8 8/16 32/32 16/32
INH 1/1 >250/>250 >250/>250 8/8

n: nartst (nebylo mozné ptesné stanovit hodnotu MIC)

Antibakterialni aktivita

K biologickym testiim byly pouzity jednak bakterialni kmeny pochazejici z Ceské sbirky
mikroorganismi (Brno), jednak bakterie klinicky izolované (Odd¢leni klinické mikrobiologie,
Fakultni nemocnice a Lékarské fakulty Karlovy Univerzity v Hradci Kralové). Ze sbirkovych
kment byla aktivita testovana proti kmentim Staphylococcus aureus CCM 4516, Escherichia
coli CCM 4517 a Pseudomonas aeruginosa CCM 1961. Klinicky izolovany byly kmeny
S. aureus H 5996/08 — methicilin rezistentni, S. epidermidis H 6966/08, Enterococcus sp. J
14365/08, Klebsiella pneumoniae D 11750/08 a K. pneumoniae J 14368/08 — ESBL pozitivni.

K zjisténi antibakterialni aktivity byla zvolena mikrodilu¢ni bujonova metoda v destickéach.
Jako kultiva¢ni médium byl pouzit Mueller-Hintonlv bujon (Difko/Becton Dickinson, Detroit,
MI). Testované slouc¢eniny byly ptfidavany k médiu v dimethylsulfoxidu, stupnice vysledné
koncentrace byla 500; 250; 125; 62.,5; 31,25; 15,62; 7,81; 3,90; 1,95 a 0,98 ],tmol'dm_3.
Minimalni inhibi¢ni koncentrace (MIC) byla stanovena po 24 a 48 hodinach inkubace pii 35 °C.
Jako standard byly pouZity neomycin, penicilin G, fenoxymethylpenicilin a ciprofloxacin.

Ptehled antibakterialnich aktivit jendnotlivych sloucenin je uveden v tabulce 55.

Antifungalni aktivita

Z houbovych organismt byly do testli zatazeny Candida albicans ATCC 44859, C. tropicalis
156, C. krusei E28, C. glabrata 20/1, Trichosporon asahii 1188, Aspergillus fumigatus 231,
Absidia corymbifera 272 a Trichophyton mentagrophytes 445.
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K hodnoceni antifungélni aktivity byla pouzita mikrodilu¢ni bujéonova metoda v destickach
M27-A-M1. Jako médium bylo zvoleno RPMI 1640 médium s glutaminem (Sevapharma,
Praha) upraveno na pH 7,0 pomoci 0,165M morfolinpropan-1-sulfonové kyseliny. Minimalni
inhibi¢ni koncentrace MIC byla stanovena po 24 a 48 hodinach statické inkubace ve tmé,
v humidni atmosféfe pfi teploté¢ 35 °C. U kmene 7. mentagraphytes byla MIC vyhodnocena
po 72 a 120 hodinéach. Flukonazol byl do testovani zafazen jako standard pro porovnéni
aktivit jednotlivych derivatl. Pfehled antifungalni aktivity jendnotlivych sloucenin je uveden

v tabulce 56.

Vysledky testovani

Testované slouceniny vykazuji podobnou aktivitu jako latky pfipravené v ramci vyzkumu
PharmDr. Jana Adamce, PhD. Podafilo se prokazat, ze kromé estronu lze pii zachovani
antimykobakteridlni aktivity pouzit k pfipravé sloucenin i terpeny a cholesterol. Zejména

derivaty obsahujici borneol jsou proti mykobakteriim vyrazné aktivni.
Podil na vyzkumu

Tento vyzkum patfil k mym samostatnym Ukolim. Na syntéze a hodnoceni biologické

aktivity se spole¢n¢ se mnou nepodilel Zadny jiny student.
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4.12.Derivaty 1,2-bis(9H-fluoren-9-yliden)-/V,N -diarylethan-1,2-diaminu a

jejich antimykobakterialni aktivita

PETRLIKOVA, E., WAISSER, K., BUEHRDEL, G., BECKERT, R., KAUSTOVA: Search
for New Antituberculotics. Folia Pharm. Univ. Carol. 2009, vol. 38, p. 15-18. (publikace

zahrnuje informace tykajici se antimykobakteridlni aktivity)

Derivaty 1,2-bis(9H-fluoren-9-yliden)-N,N -diarylethan-1,2-diaminu  byly pfipraveny
v rdmci mého studijniho pobytu na Univerzité¢ Friedricha Schillera v Jené. Jednd se o
slouceniny, které ve své molekule obsahuji strukturu ethan-1,2-diaminu, ktery je farmakoforem
zodpovédnym za antimykobakteridlni aktivitu u ethambutolu (45). Tento farmakofor je
pravdépodobné zodpovédny i za antimykobakteridlni aktivitu u slouc¢eniny SQ 109, ktera
vykazuje uc¢inek proti M. tuberculosis i proti multirezistentnim kmenlim (49). Na zdkladé
téchto znalosti jsme se rozhodli prozkoumat antimykobakteridlni aktivitu u nové pfipravenych

derivatt 1,2-bis(9H-fluoren-9-yliden)-N,N-diarylethan-1,2-diaminu.

Syntéza (Obr. 102)

Obrazek 102: Syntéza derivatii 1,2-bis(9H-fluoren-9-yliden)-N,N "-diarylethan-1,2-diaminu

Fluoren (12 mmol) byl rozpustén ve 40 ml suchého THF pod atmosférou argonu. K roztoku
byl pfidan KOtBu (13 mmol) a reakéni smés byla ochlazena na —78 °C. K ochlazené reakcni
smési byl pfidan bis-imidoylchlorid (6 mmol) a smés byla michdna 10 minut pfi pokojové
teploté. Reakéni smés byla poté neutralizovana pomoci HCl/isopropanolu na pH 7 a odpafena
do sucha. Vysledny produkt byl krystalizovan ze smési chloroformu a n-heptanu. Zajimavou

vlastnosti pripravenych sloucenin je fluorescence jejich chloroformovych roztokt (Obr. 103).
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Obrizek 103: 1,2-Bis(9H-fluoren-9-yliden)-N,N’-difenylethan-1,2-diamin v podobé pevné krystalické litky (a)
a v podobé svého roztoku v chloroformu (b)
Stanoveni fyzikalnich vlastnosti pfipravenych sloucenin
Pro NMR spektra byl pouzit piistroj Bruker AVANCE pracujici pti 250 MHz pro 'H a pii
63 MHz pro "*C. Pro NMR analyzu byly slou¢eniny rozpuitény v deuteriochloroformu CDCI,
nebo dimethylsulfoxidu DMSO.
Pribéh reakce a Cistota vyslednych produktit byly kontrolovany pomoci TLC (Merck 60

F,s4). Teploty tani byly stanoveny na Koflerové bloku a nejsou korigovany.

Pripravené derivaty

1,2-Bis(9H-fluoren-9-yliden)-N,N -bis(4-methoxyfenyl)ethan-1,2-diamin (1), C,,H3,N,O,
(596,74); ervena krystalicka latka, vytéZek 9 %, teplota tani 255 °C, '"H NMR (250MHz,
CCL;D) & 8,03-6,62 (m, 24H, CH-Ar), 8,93 (s, 2H, NH), 3,36 (d, 6H, OCH;) ppm; "C-NMR
(63 MHz, CCL;D) 6 155,0 (C-Ar), 139,9-135,3(C-Ar), 126,8-119,7 (C-Ar), 114,1 (C-Ar), 55,6
(OCHs;) ppm; MS (EI) m/z: 596,4 (5) [M+], 431,4 (5), 339,3 (5), 298,3 (98), 271,2 (30), 267,2
(30), 190,1 (10), 165,2 (100), 134,2 (50), 122,2 (12), 108,2 (5), 44,2 (3). 28,3 (10).

1,2-Bis(9H-fluoren-9-yliden)-N,N -difenylethan-1,2-diamin (2), C4,H,sN, (536,68) Cervena
krystalicka latka, vytézek 11 %, teplota tani 278,5 °C; 'H NMR (250MHz, DMSO) 6 8,30-
6,76 (m, 26H, CH-Ar), 10,82 (s, 2H, NH) ppm; "C NMR (63 MHz, DMSO) & 159.1 (C-Ar),
142,3 (C-Ar), 138,5 (C-Ar), 138,1(C-Ar), 137,7(C-Ar), 129,2(CH), 128,8 (C-Ar), 125,1 (C-
Ar), 121,6 (C-Ar), 118,5 (C-Ar), ppm; MS (EI) m/z: 536,4 (10) [M+], 442,4 (8), 371,3 (10),
339,2 (10), 328,3 (10), 268,3 (100), 256,2 (10), 241,2 (8), 214,1 (5), 190 (10), 165,2 (70),
104,2 (10), 77,2 (10), 28,3 (10).
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1,2-Bis(9H-fluoren-9-yliden)-N,N -bis(naftalen-1-yl)ethan-1,2-diamin (3), C,5H;,N, (636,8)
ervena krystalicka latka, vytdzek 4 %, teplota tani 259,5 °C; 'H NMR (25 0MHz, DMSO) &
8,31-7,30 (m, 30H, CH-Ar), 10.97 (s, 2H, NH) ppm; MS (EI) m/z: 634.,4 (5) [M+], 470.,4 (20),
343.3 (8), 330,3 (8), 316,3 (20), 307,3 (80), 289,2 (50), 233,2 (30), 165,1 (100), 153,1 (70),
143,2 (70), 115,2 (40). 82,6 (20), 44,2 (45).

Biologicka aktivita

Antimykobakteridlni hodnoceni (Tabulka 57) piipravenych latek bylo provedeno ve
Zdravotnim ustavu se sidlem v Ostravé. K hodnoceni in vitro byly pouzity kmeny z Ceské
narodni sbirky kmenovych kultur (CNCTC) Mycobacterium tuberculosis My 331/88, M.
avium My 330/88, M. kansasii My 235/80 a kmen M. kansasii 6509/96 klinicky izolovany.
Antimykobakterialni aktivita latek byla stanovena na Sulové semisyntetické piidé (SEVAC,
Praha). Testované slouceniny byly pfidavany k médiu v dimethylsulfoxidu, stupnice vysledné
koncentrace byla 1000; 500; 250; 125; 62,5; 32; 16; 8;4;2a 1 pmol-dm%. Minimalni inhibiéni
koncentrace (MIC) byla stanovena po 14 a 21 dnech inkubace pii 37 °C. Jako standard byl
pouzit isoniazid (INH).

Tabulka 57: Antimykobakterialni aktivita derivati 1,2-bis(9H-fluoren-9-yliden)-N,N -diarylethan-1,2-diaminu

MIC (nmol/T)
Inkubac¢ni doba 14 d/21 d

M. tuberculosis M. avium M. kansasii M. kansasii
My 331/88 My 330/88 My 235/80 6 509/96
16/32 125/125 62,5/62,5 62,5/125
2 32/32 125n/125n 250n/250n 62,5n/250n
62,5n/125n 125n/125n 250n/500n 250n/250n
INH 1/1 >250/>250 >250/>250 8/8

n: nartst (nebylo mozno piesné stanovit hodnotu MIC)

Farmakoforem zodpovédnym za antimykobakterialni aktivitu derivatd 1,2-bis(9H-fluoren-
9-yliden)-N,N -diarylethan-1,2-diaminu je pravdépodobné stejné jako v ptipad¢ ethambutolu
ethan-1,2-diamin. Kvili $patné rozpustnosti v médiu a tvorbé zakalti se bohuzel nepodatilo
stanovit biologickou aktivitu proti vS§em mykobakteridlnim kmeniim. Derivaty 1,2-bis(9H-
fluoren-9-yliden)-N,N -diarylethan-1,2-diaminu by mohly podobn¢ jako ethambutol a SQ109

plsobit na Girovni syntézy bunééné stény mykobakterii.
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Podil na publikaci

Tato prace byla soucasti vyzkumu pracovni skupiny profesora Beckerta (Univerzita
Friedricha Schillera v Jeng), u n€hoz jsem se Ucastnila syntézy fady slou€enin, které vSak
z hlediska antimykobakterialni aktivity nebyly vyznamné a nejsou tedy soucasti této disertacni

prace.



5. ZAVER

V ramci disertacni prace bylo ptipraveno nékolik skupin sloucenin. Jednalo se 0 monosirné a
disirné derivaty 3-benzyl-2H-1,3-benzoxazin-2,4(3H)-diond, N-(2-pyridylmethyl)salicylamidy,
N-(3-pyridylmethyl)salicylamidy, monosirné¢ a disirné derivaty 3-(4-alkylfenyl)-2H-1,3-
benzoxazin-2,4(3H)-dionli,  benzaldehyd-S-benzylisothiosemikarbazony,  salicylaldehyd-
S-benzylisothiosemikarbazony,  derivaty  1,2-bis(9H-fluoren-9-yliden)-N,N -diarylethan-
1,2-diaminu a hybridni molekuly cholesterolu a terpenti. N-benzylthiosalicylamidy byly
pfipraveny jiz diive v ramci disertac¢ni prace Mgr. Dolezala, PhD.

Vsechny slouceniny byly pfipraveny a odeslany do Zdravotniho tstavu se sidlem v Ostravé
k testovani antimykobakteridlni aktivity. Obrazek 104 ukazuje ptehled slou€enin s nejvyssi
antimykobakterialni aktivitou v radmci dané skupiny sloucenin. VétSina z téchto sloucenin
vykazuje aktivitu srovnatelnou nebo vyssi nez INH. U téchto sloucenin je pldnovan vyzkum
dalsich vlastnosti, zejména toxicity. Aktivita N-(pyridylmethyl)salicylamidi byla spise stiedni

az nizka, proto z této skupiny sloucenin nebyl k dal§imu vyzkumu vybrén zadny derivat.
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Obrazek 104: Prehled antimykobakterialné nejaktivnéjsich sloucenin pripravenych v ramci disertacni prace
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U fady slouCenin nas zajimala 1 antibakteridlni a antifungdlni aktivita. Ptehled
nejperspektivngjsich slou¢enin z hlediska antibakterialni aktivity ukazuje obrazek 105. Rada
sloucenin vykazuje vyssi aktivitu nez bézné pouzivana antibiotika neomycin, ciprofloxacin,

penicilin G a fenoxymethylpenicilin.
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Obrazek 105: Slouceniny s nejvyssi antibakterialni aktivitou pripravené v ramci disertacni prace

U N-benzylthiosalicylamidi byla zjiSténa také vyznamna antifungalni aktivita. Antifungéalné
nejaktivnéjsi slouceniny jsou na obrazku 106.

U 3-benzyl-4-thioxo-2H-1,3-benzoxazin-2(3H)-ond, 3-benzyl-2H-1,3-benzoxazin-2,4(3 H)-
dithion a u N-benzylthiosalicylamidi byla zjistovana jejich antiproliferativni aktivita a
cytotoxicita. K testovani antiproliferativni aktivity byly pouzity buiiky lidské chronické
myeloidni leukémie (K562) a buniky endotelové vény lidského pupeéniku (HUVEC). Pro urceni
cytotoxicity byly pouzity buniky lidské rakoviny déloZzniho hrdla (HeLa). Testované slouceniny
vykazovaly jak antiproliferativni aktivitu, tak i cytotoxicitu. U 3-(3,4-dichlorbenzyl)-4-thioxo-
2H-1,3-benzoxazin-2(3H)-onu, 3-(3.,4-dichlorbenzyl)-2H-1,3-benzoxazin-2(3 H)-dithionu,
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Obrazek 106: Slouceniny s nejvyssi antifungalni aktivitou pripravené v ramci disertacni prdce

4-methyl-N-(4-methylbenzyl)thiosalicylamidu a N-(4-methylbenzyl)thiosalicylamidu byla
nalezena vysoka antimykobakterialni aktivita a zdrovei hodnoty jejich ICs, a Gly, patii v rdmci
testovanych sloucenin ke stfrednim. Tyto slouceniny jsou tedy vybrany pro dalsi testovani a pro
vyzkum toxicity na zdravych bunécnych liniich.

Jelikoz je lipofilita jednou z nejvyznamnéjSich vlastnosti biologicky aktivnich sloucenin
byla u N-pyridinylmethylsalicylamidi, sirnych derivatt 3-(4-alkylfenyl)-2H-1,3-benzoxazin-
2,4(3H)-dioni, N-benzylthiosalicylamidi a u fenylestert kyseliny salicylové provedena jeji

studie na tenkych vrstvach oktdecysilanylizovaneho silikagelu.
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New 3-benzyl-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones and 3-benzyl-2H-1,3-benzoxazine-2,4(3H)-
dithiones were synthesized. The compounds were tested for in vitro antimycobacterial activity against
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carbonyl group by the thiocarbonyl group increased the antimycobacterial activity. The most active
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activity were studied as well.
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1. Introduction

In the period dating from 1985 there has been an increase in the
occurrence of tuberculosis in both Europe and North America. In the
developing countries, due to the insufficient medical care and
hygienic standards, a number of mycobacterial strains become
resistant to antituberculotic drugs used (i.e. multidrug resistant
strains). Due to the contemporary migration of the population with
this infection, it is often transferred to Europe and North America. The
multidrug resistant strains of Mycobacterium tuberculosis are brought
to Central Europe mainly from the countries of the former Soviet
Union. In addition, this unfavorable state is also being influenced by
an increase in the occurrence of AIDS which is often accompanied by
mycobacterial diseases. Our aim is the development of drugs that
show the activity against M. tuberculosis and against the potential
pathogenic strains of mycobacterium (Mycobacterium avium and
Mycobacterium kansasii). The purpose of our research is the devel-
opment of new antituberculotic agents with high activity. We have
recently studied some hybrid molecules of estrone [ 1], many isosters
of salicylanilides and salicylamides [2,3] and some derivatives of

* Corresponding author. Tel.: +420 495067276; fax: +420 465067166.
E-mail address: waisser@faf.cuni.cz (K. Waisser).

0223-5234/$ — see front matter © 2010 Elsevier Masson SAS. All rights reserved.
doi:10.1016/j.ejmech.2010.02.037

benzylsulfanyl benzoxazole [4]. We suppose that the mechanism of
their antimycobacterial action is different from the mechanisms of
recent commercial drugs [5,6]. The most active compounds show
better activity than INH. The goal is to study the antimycobacterial
activity of some compounds with the thioxo group, i.e. substituted
3-benzyl-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones, 3-benzyl-2H-
1,3-benzoxazine-2,4(3H)-dithiones prepared from N-benzylsalicy-
lamides. The compounds in this study are the derivatives of ben-
zoxazinediones in which one or both oxo groups were replaced by
the thioxo group. We focused both on their cytotoxicity and
antiproliferative activity. Many antituberculous agents containing
the thioxo group were important in the history of antituberculotics,
e.g. p-acetamidobenzaldehyde thiosemicarbazone (Thiacetazone)
[7], 4, 4'-bis(isopentoxy)thiocarbanilide (Isoxyl) [8] and 2-ethyl-
pyridine-4-carbotioamide (Ethionamide) [9]. The replacement of
the oxo group by the thioxo group generally increases anti-
mycobacterial activity. The compounds with the thioxo group are
usually the inhibitors of mycolic acid biosynthesis [8,9]. Our study
comes out from a previous QSAR calculation [10].

2. Chemistry

The synthesis of starting 3-benzyl-2H-1,3-benzoxazine-2,4(3H)-
diones has already been described [11]. Initially we studied the
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Fig.1. 2D NMR: a correlation between the hydrogen in position 5 and the thiocarbonyl
group.

conditions of the synthesis of 3-benzyl-4-thioxo-2H-1,3-benzox-
azine-2(3H)-ones and 3-benzyl-2H-1,3-benzoxazine-2,4(3H)-dithiones.
The compounds prepared by the reaction of 3-benzyl-2H-1,3-
benzoxazine-2,4(3H)-diones with P4Si9 form a chromatographic
swimmingly separable mixture of sulfur analogues. These products
differ in their colour, 3-benzyl-4-thioxo-2H-1,3-benzoxazine-2
(3H)-ones crystallise as yellow or orange solids, while 3-benzyl-2H-
1,3-benzoxazine-2,4(3H)-dithiones form red coloured crystals. The
fractions of pure compounds were collected and crystallized from
ethanol. The mother liquor was evaporated. The residue contained
the pure compound (controlled by TLC). Additionally we crystallized
the residue from ethanol. Two methods were developed for the
conversion of the oxo group to the thioxo group in 3-benzyl-2H-1,3-
benzoxazine-2,4(3H)-diones. The conditions of the first method (A)
were very mild (lower temperature, an equivalent amount of the
reagents and a shorter time of reaction). 3-Benzyl-4-thioxo-2H-1,3-
benzoxazine-2(3H)-ones were the main products. The position of
sulfur was established by 2D NMR. The position of the thiocarbonyl
group was determined via gHMQC correlation of hydrogen in posi-
tion 5 with the carbon atom of the thiocarbonyl group in position 4
over three bonds. A cross-peak of the hydrogen in position 5 and the
thiocarbonyl group is displayed in Fig. 1.

An increase in the reagents, temperature and reaction time was
used in the method (B). The reaction yielded a mixture of both
products. The synthetic pathway is illustrated in Scheme 1. The first
two steps have already been published [11,12].

3. Biology
COOH R2
©/OH 22 NH,
R1
PCl,
)k - \f

F’4S10

@EXJQ @/YUQ

Scheme 1. Synthesis of 3-benzyl-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones and 3-
benzyl-2H-1,3-benzoxazine-2,4(3H)-dithiones. a Ref [12], b Ref. [11]. Substituents are
described in Table 1.

3-Benzyl-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones, 3-benzyl-2H-
1,3-benzoxazine-2,4(3H)-dithiones and corresponding 3-benzyl-2H-
1,3-benzoxazine-2,4(3H)-diones were used for the biological evaluations.
The in vitro antimycobacterial activity of these compounds was
evaluated against M. tuberculosis CNCTC My 331/88 (identical with

H37RV and ATCC 27294), M. kansasii CNCTC My 235/80 (identical
with ATCC 12 478, resistant to INH), M. avium CNCTC My 330/88
(identical with ATCC 25291, resistant to INH) and M. kansasii 6509/
96 using the dilution-micromethod for the determination of
minimum inhibitory concentrations (MIC). All these strains were
obtained from the Czech National Collection of Type Cultures
(CNCTC), National Institute of Public Health, Prague, with the
exception of M. kansasii 6509/96. This strain was clinically isolated,
because of the fact that INH-resistant strains of M. kansasii have not
been found in the Czech Republic.

All prepared compounds were also tested for their cytotoxicity
(cell death) and antiproliferative activity (retardation of cell
proliferation). HeLa (ATCC CRL-1730, human cervical cancer cells)
were used for the cytotoxic assay, while HUVEC (ATCC CRL-1730,
human umbilical vein endothelial cells) and K-562 (DSM ACC 10,
human immortalised myelogenous leukaemia cells) served for the
evaluation of antiproliferative activity. For these studies, we used
different colorimetric assays to determine the number of viable
cells. Under our experimental conditions, the optical density
measured from the CellTiter-Blue® reagent and methylene blue
assay is proportional to the number of viable cells.

4. Results and discussion

We prepared two groups of benzoxazine derivatives with the
thioxo group: 3-benzyl-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones
(2a—2i) and 3-benzyl-2H-1,3-benzoxazine-2,4(3H)-dithiones
(3a—3i). The mixture of these sulfur analogues was obtained by the
reaction of previously prepared 3-benzyl- 2H-1,3-benzoxazine-2,4
(3H)-diones (1a—1i) with phosphorus pentasulfide. We used two
different methods for this preparation. The first method (A) was
mild, the reaction temperature was 180—190 °C, the equivalent
molecular amount of the reagent was used and the melting time
was 20 min. The increase in temperature, the duration of the
reaction and the excess of phosphorus pentasulfide (P4S1p)
provided both products, increasing the yield (method B). The
temperature of the reaction was 200—210 °C, a three times larger
amount of phosphorus pentasulfide was used and the duration of
melting was 40 min. The products were separated by column
chromatography. Only 3-benzyl-4-thioxo-2H-1,3-benzoxazine-2
(3H)-ones were obtained by method A in some cases (2e—2i). The
frequencies in the region (1735—1758 cm~!) within the infrared
spectra are characteristic of 3-benzyl-4-thioxo-2H-1,3-benzox-
azine-2(3H)-ones. The second method resulted in the production of
both products. The location of sulfur for 3-benzyl-4-thioxo-2H-1,3-
benzoxazine-2(3H)-ones was elaborated by gHMQC experiments.

The correlation of the chemical shifts of the carbon in the thi-
ocarbonyl moiety with the chemical shifts of H-5 was observed (see
Fig. 1). The structure of 3-benzyl-2H-1,3-benzoxazine-2,4(3H)-
dithiones was also confirmed by NMR. The modifications of mole-
cules were made by various substituents.

In vitro antimycobacterial activity of the compounds against
M. tuberculosis CNCTC My 331/88, M. kansasii CNCTC My 235/80,
M. avium CNCTC My 330/88 and M. kansasii 6509/96 are summa-
rized in Table 1. To compare the MIC (minimum inhibition
concentration) values, the previously described 3-benzyl-2H-1,3-
benzoxazine-2,4(3H)-diones (1a—1i) [9] were inserted in Table 1.
Thus the replacement of the oxo group by the thioxo group
increases the antimycobacterial activity. All studied compounds are
active against INH-resistant strains M. kansasii CNCTC My 235/80
and M. avium CNCTC My 330/88. The antimycobacterial activity
against M. tuberculosis of compounds 2d, 2e, 2g and 3a is compa-
rable with the activity of INH but the activity against M. kansasii
6509/96 is higher. All strains are active to rifampicin but the activity



K. Waisser et al. / European Journal of Medicinal Chemistry 45 (2010) 2719-2725 2721
Table 1
Minimum inhibitory activity of 3-benzyl-2H-1,3-benzoxazine-2,4(3H)-diones 3-benzyl-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones and 3-benzyl-2H-1,3-benzoxazine-2,4(3H)-
dithiones.
o\]/o OYO OYS
@%‘/NVQ @;‘/NVQ @%‘/NVQ
RO o1 ROR g 2 Rog s 3 K
Compounds MIC (pmol/L) Incubation time 14 d/21d
R! R? M. tuberculosis My 331/88 M. avium My 330/88 M. kansasii My 235/80 M. kansasii 6509/96

1a H H 32/32 32/62.5 62.5/62.5 62.5/62.5

1b 6-Br H 62.5/62.5 62.5/62.5 62.5/125 62.5/125

1c 6-Cl H 62.5/125 32/62.5 32/62.5 125/125

1d 6-CHs H 32/62.5 32/62.5 62.5/62.5 62.5/125

1e 6-Cl 4-F 32/32 32/32 62.5/62.5 al125

1f 6,8-Cl, 3,4-Cl, 62.5/125 125/125 125/125 125/125

1g H 3,4-Cl, 32/32 32/32 62.5/62.5 62.5/62.5

1h 6-Br 3,4-Cl, 32/32 32/32 62.5/62.5 62.5/62.5

1i 6-Cl 3,4-Cl, 16/16 16/32 62.5/62.5 62.5/62.5

2a H H 1/2 8/8 4/8 4/8

2b 6-Br H 1/2 8/8 8/8 4/8

2¢c 6-Cl H 1/2 4/8 8/8 4/4

2d 6-CHs3 H 11 2/2 1/2 1/2

2e 6-Cl 4-F 11 4/4 4/8 4/4

2f 6,8-Cl, 3,4-Cl, 2/2 4/4 16/16 16/16

2g H 3,4-Cl, 11 11 2/4 2/4

2h 6-Br 3,4-Cl, 2/4 8/8 16/16 16/16

2i 6-Cl 3,4-Cl, 32/32 62.5/62.5 62.5/62.5 62.5/62.5

3a H H 11 11 2/2 1/2

3b 6-Br H 1/2 8/8 8/8 4/8

3c 6-Cl H n n n n

3d 6-CHs H n n n n

3e 6-Cl 4-F 1/2 8/16 8/16 8/16

3f 6,8-Cl, 3,4-Cl, 32/32 62.5/62.5 62.5/62.5 62.5/62.5

3g H 3,4-Cl, 1/2 0.5/0.5 4/4 4/4

3h 6-Br 3,4-Cl, 4/8 16/16 16/32 16/32

3i 6-Cl 3,4-Cl, 4/8 16/32 32/32 32/32

INH 11 >250/>250 >250/>250 8/8

Rifampicin 0.25/0.5 16/65 0.25/0.25 0.125/0.25

Antimycobacterial activity of 3-benzyl-2H-1,3-benzoxazine-2,4(3H)-diones was taken over from the Ref. [11]. n, The test was not evaluated due to the low solubility of the

compound.

of rifampicin against M. avium CNCTC My 330/88 is low. Thus,
rifampicin has no medical importance in this case.

Above all, the compounds in the study possess excellent anti-
mycobacterial activity. It was also necessary to study their side
effects, cytotoxicity and antiproliferative activity. The results are
shown in Figs. 2—4.

The antimycobacterial activities of sulfur analogs of 3-benzyl-
2H-1,3-benzoxazine-2,4(3H)-diones, especially 3-benzyl-4-thioxo-
2H-1,3-benzoxazine-2(3H)-ones, are strong, but due to their
cytotoxicity they seemed not to be prospective as antituberculous
drugs.

5. Experimental protocols
5.1. Chemistry, general information

The melting points were determined on a Kofler apparatus. The
samples for the analyses and antimycobacterial tests were dried over
P,05 at 61 °C and 66 Pa for 24 h. Elemental analyses (C, H, N) were
performed on a CHNS-O CE elemental analyzer (Fisions EA 1110,
Milan) and were within 4+-0.4% of the theoretical values. The IR spectra
were measured in KBr pellets on a Nicolet Impact 400 apparatus; the
wavenumbers are given in cm~. TLC was performed on silica gel
plates precoated with a fluorescent indicator Silufol UV 254 + 366
(Kavalier Votice, Czech Republic), hexane—acetone (3:1) was used as

the mobile phase. Crystallization of products was carried out from
ethanol. The 'H NMR and 3C NMR spectra of new compounds were
recorded in CDCl3 or DMSO-dg solutions at ambient temperature on
a Varian Mercury-Vx BB 300 spectrometer operating at 300 MHz for
TH NMR, and 75 MHz for 3C NMR. Chemical shifts were recorded as
0 values in parts per million (ppm) and were indirectly referenced to
tetramethylsilane via the solvent signal (2.49 for 'H or 39.7 for 13C).
The position of the thiocarbonyl group was determined via gHMQC
correlation of hydrogen in position 5 with the carbon atom of the
thiocarbonyl group in position 4 over three bonds. The starting 3-
benzyl-2H-1,3-benzoxazine-2,4(3H)-diones were prepared in our
previous paper [11] (see Scheme 1).

5.1.1. Chemistry, synthetic procedures for the preparation of
3-benzyl-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones and 3-benzyl-
2H-1,3-benzoxazine-2,4(3H)-dithiones

A) 3-Benzyl-2H-1,3-benzoxazine-2,4(3H)-diones prepared in the
previous paper [10] (3.8 mmol) were melted with P4Sqio
(3.8 mmol) for 20 min (180—190 °C). After cooling to the room
temperature, a 10% potassium carbonate solution (60 mL) was
poured into the reaction mixture; the crude product was filtered
off, and dissolved in toluene (p.a., 40 mL). Column chromatog-
raphy onsilica gel gave 3-benzyl-4-thioxo-2H-1,3-benzoxazine-
2(3H)-ones (2a—2d) and 3-benzyl-2H-1,3-benzoxazine-2,4
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Fig. 2. Cytotoxicity (HeLa): 1) 3-benzyl-2H-1,3-benzoxazine-2,4(3H)-diones, 2) 3-
benzyl-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones, 3) 3-benzyl-2H-1,3-benzoxazine-2,4
(3H)-dithiones.

(3H)-dithiones (3a—3d). In other cases only 3-benzyl-4-thioxo-
2H-1,3-benzoxazine-2(3H)-ones (2e—2i) were isolated.

B) 3-Benzyl-2H-1,3-benzoxazine-2,4(3H)-diones prepared in the
previous paper [10] (3.8 mmol) were melted with of P4Sqo
(10.1 mmol) for 40 min (200—210 °C). After cooling to the room
temperature, a 10% potassium carbonate solution (60 mL) was
poured into the reaction mixture; the crude product was
filtered off, and dissolved in toluene (p.a., at the most 40 mL).
Column chromatography on silica gel gave 3-benzyl-4-thioxo-
2H-1,3-benzoxazine-2(3H)-ones (2e—2i) and 3-benzyl-2H-1,3-
benzoxazine-2,4(3H)-dithiones (3e—3i).

5.1.2. 3-Benzyl-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (2a)

3-Benzyl-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (2a) was
synthesized using procedure A from 3-benzyl-2H-1,3-benzoxazine-
2,4(3H)-dione (0.96g, 3.8 mmol) to vyield 20% (0.204g,
0.758 mmol) of the title compound as a crystalline yellow solid. Mp.
115—116 °C, IR vc—o 1735 cm ™.

For C15H11NO3S (269.3 g/mol) calculated: 66.91% C, 5.20% N,
4.09% H, 11.90% S; found: 66.77% C, 5.15% N, 4.14% H, 11.68% S.

TH NMR (300 MHz, DMSO-dg) ¢ 8.30 (dd, 1H, J=8.4Hz,
J=2.7Hz, H5), 7.86—7.80 (m, 1H, H7), 7.45—7.41 (m, 2H, H6, H8),
7.37—7.21 (m, 5H, H2', H3’, H4', H5', H6'), 5.66 (s, 2H, CH>). 13C NMR
(75 MHz, DMSO-dg) ¢ 91.7, 149.6, 145.3, 136.6, 135.4, 131.7, 128.5,
127.4,127.3,125.9, 120.5, 116.7, 51.7.
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Fig. 3. Antiproliferative activity (K-562): 1) 3-benzyl-2H-1,3-benzoxazine-2,4(3H)-
diones, 2) 3-benzyl-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones, 3) 3-benzyl-2H-1,3-
benzoxazine-2,4(3H)-dithiones.
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Fig. 4. Antiproliferative activity (HUVEC): 1) 3-benzyl-2H-1,3-benzoxazine-2,4(3H)-
diones, 2) 3-benzyl-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones, 3) 3-benzyl-2H-1,3-
benzoxazine-2,4(3H)-dithiones.

5.1.3. 3-Benzyl-6-bromo-4-thioxo-2H-1,3-benzoxazine-2(3H)-one
(2b)

3-Benzyl-6-bromo-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (2b)
was prepared using procedure A from 3-benzyl-6-bromo-2H-1,3-
benzoxazine-2,4(3H)-dione (1.26 g, 3.8 mmol) to yield 21% (0.277 g,
0.796 mmol) of the title compound as a crystalline yellow solid. Mp.
130—133°C, IR vc—o 1758 cm ™.

For C15H19BrNO,S (348.2) calculated: 51.72% C, 4.02% N, 2.87% H,
9.20% S; found: 51.64% C, 3.97% N, 2.94% H, 9.06% S.

TH NMR (300 MHz, DMSO-dg) 6 8.34 (d, 1H, J = 2.4 Hz, H5), 7.98
(dd, 1H, J=8.1Hz, J=2.4Hz, H7), 743 (d, 1H, J=8.1 Hz, H8),
7.37—7.23 (m, 5H, H2, H3', H4', H5', H6'), 5.64 (s, 2H, CH,). 13C NMR
(75 MHz, DMSO-dg) ¢ 190.2, 148.8, 144.9, 138.7, 135.1, 133.1, 128.4,
127.4,127.3,122.1,119.4, 117.6, 52.0.

5.1.4. 3-Benzyl-6-chloro-4-thioxo-2H-1,3-benzoxazine-2(3H)-one
(2c)

3-Benzyl-6-chloro-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (2c)
was prepared using procedure A from 3-benzyl-6-chloro-2H-1,3-
benzoxazine-2,4(3H)-dione (1.09 g, 3.8 mmol) to yield 26% (0.3 g,
0.988 mmol) of the title compound as a crystalline yellow solid. Mp.
120—122 °C, IR vc—p 1762 cm™ .

For C15H10CINO3S (303.8) calculated: 59.31% C, 4.61% N, 3.29% H,
10.54% S; found: 59.49% C, 4.57% N, 3.34% H, 10.45% S.

'H NMR (300 MHz, DMSO-dg) 6 8.21 (d, 1H, J = 2.7 Hz, H5), 7.88
(dd, 1H, J=8.7Hz, J=2.7Hz, H7), 7.50 (d, 1H, J=8.7 Hz, H8),
7.38—7.21 (m, 5H, H2', H3', H4, H5, H6'), 5.64 (s, 2H, CHy). >*C NMR
(75 MHz, DMSO0-dg) 6 190.3, 148.4, 144.9, 135.9, 135.1, 130.1, 129.9,
128.5,127.4,127.3,121.7,119.2, 52.0.

5.1.5. 3-Benzyl-6-methyl-4-thioxo-2H-1,3-benzoxazine-2(3H)-one
(2d)

3-Benzyl-6-methyl-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (2d)
was prepared using procedure A from 3-benzyl-6-methyl-2H-1,3-
benzoxazine-2,4(3H)-dione (1.02 g, 3.8 mmol) to yield 22% (0.25 g,
0.872 mmol) of the title compound as a crystalline yellow solid. Mp.
132—-135°C, IR vc—g 1746 cm™ 1.

For C1gH13NOS (283.4) calculated: 67.82% C, 4.62% H, 4.94% N,
11.32% S; found: 67.51% C, 4.61% H, 4.90% N, 11.00% S.

'H NMR (300 MHz, DMSO-dg) 6 8.08 (d, 1H, J = 2.1 Hz, H5), 7.63
(dd, 1H, J=8.1 Hz, J=2.1 Hz, H7), 7.35—7.20 (m, 6H, H8, H2/, H¥,
H4', H5', H6'), 5.66 (s, 2H, CHy), 2.39 (s, 3H, CH3). *C NMR (75 MHz,
DMSO0-dg) 6 191.7,147.7,145.4,137.4,135.4,131.2,128.5, 127.4, 127.3,
120.1, 116.6, 51.6, 20.5.
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5.1.6. 6-Chloro-3-(4-fluorobenzyl)-4-thioxo-2H-1,3-benzoxazine-2
(3H)-one (2e)

6-Chloro-3-(4-fluorobenzyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-
one (2e) was prepared using procedure A from 6-chloro-3-(4-flu-
orobenzyl)-2H-1,3-benzoxazine-2(3H)-dione (1.16 g, 3.8 mmol) to
yield 24% (0.29 g, 0.911 mmol) of the title compound and using
procedure B to yield 34% (0.42 g,1.290 mmol) of a crystalline yellow
solid. Mp. 127—129 °C, IR vc—o 1751 cm™ .

For C15HgCIFNO,S (321.8) calculated: 55.99% C, 2.82% H, 4.35% N,
9.94% S; found: 55.94% C, 4.26% N, 2.91% H, 9.92% S.

TH NMR (300 MHz, DMSO-dg) 6 8.19 (d, 1H, J = 2.4 Hz, H5), 7.87
(dd, 1H, J=8.7Hz, J=2.4Hz, H7), 749 (d, 1H, J=8.7 Hz, HS),
7.46—7.40 (m, AA’, BB/, 2H, H2', H6), 7.16—7.08 (m, AA’, BB/, 2H, H3’,
H5'), 5.60 (s, 2H, CH,). 1*C NMR (75 MHz, DMSO-dg) 6 190.3, 161.6
(d, J=241.6 Hz), 148.4, 145.0, 135.9, 131.3 (d, J=3.1 Hz), 129.9 (d,
J=18.8 Hz), 129.8, 129.7, 121.8, 119.2, 115.4 (d, J = 21.1 Hz), 51.4.

5.1.7. 6,8-Dichloro-3-(3,4-dichlorobenzyl)-4-thioxo-2H-1,3-
benzoxazine-2(3H)-one (2f)

6,8-Dichloro-3-(3,4-dichlorobenzyl)-4-thioxo-2H-1,3-benzox-
azine-2(3H)-one (2f) was prepared using procedure A from 6,8-
dichloro-3-(3,4-dichlorobenzyl)-2H-1,3-benzoxazine-2(3H)-dione
(1.49 g, 3.8 mmol) to yield 24% (0.37 g, 0.911 mmol) of the title
compound and using procedure B to yield 34% (0.53 g, 1.292 mmol)
of a crystalline yellow solid. Mp. 169—170 °C, IR vc—o 1739 cm ™.

For C15H7CI4NO,S (407.1) calculated: 44.26% C,1.73% H, 3.44% N,
7.88% S; found: 44.03% C, 1.83% H, 3.52% N, 7.72% S.

TH NMR (300 MHz, DMSO-dg) 6 8.23 (d, 1H, ] = 2.4 Hz, H5), 8.15
(d, 1H, J=2.4Hz, H7), 7.71 (d, 1H, J=2.1Hz, H2'), 7.57 (d, 1H,
J=8.4Hz, H5'), 7.40 (dd, 1H, ] = 8.4 Hz, ] = 2.1 Hz, H6'), 5.58 (s, 2H,
CHy). le NMR (75 MHz, DMSO-dg) 6 189.6,145.2,144.5,136.1,135.0,
131.2,130.5, 129.9, 129.4, 129.1, 129.1, 127.8, 122.9, 121.8, 51.6.

5.1.8. 3-(3,4-Dichlorobenzyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-
one (2g)

3-(3,4-Dichlorobenzyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-one
(2g) was prepared using procedure A from 3-(3,4-dichlorobenzyl)-
2H-1,3-benzoxazine-2(3H)-dione (1.22 g, 3.8 mmol) to yield 24%
(0.31 g, 0.911 mmol) of the title compound and using procedure B
to yield 52% (0.67 g, 1.976 mmol) of a crystalline yellow solid. Mp.
169—170 °C, IR vc—o 1739 cm™ L

For C15HgCloNO,S (338.2) calculated: 53.27% C, 2.69% H, 4.14% N,
9.48% S; found: 53.08% C, 2.67% H, 4.10% N, 9.55% S.

'H NMR (300 MHz, DMSO-dg) 6 829 (dd, 1H, J=8.4Hz,
J=2.40 Hz, H5), 7.86—7.80 (m, 1H, H7), 7.71 (d, 1H, J = 2.1 Hz, H2'),
7.55 (d, 1H, J = 8.1 Hz, H5'), 7.45—7.37 (m, 3H, H6, H8, H6'), 5.61 (s,
2H, CH,). 13C NMR (75 MHz, DMSO-dg) 6 191.9, 149.8, 145.4, 136.7,
136.5,131.5,131.2,130.5, 129.9, 129.4, 127.8, 125.9, 120.7, 116.7, 51.0.

5.1.9. 6-Bromo-3-(3,4-dichlorobenzyl)-4-thioxo-2H-1,3-
benzoxazin-2(3H)-one (2h)

6-Bromo-3-(3,4-dichlorobenzyl)-4-thioxo-2H-1,3-benzoxazin-2
(3H)-one (2h) was prepared using procedure A from 6-bromo-3-
(3,4-dichlorobenzyl)-2H-1,3-benzoxazin-2(3H)-dione (1.52 g, 3.8 mmol)
to yield 23% (0.37 g, 0.875 mmol) of the title compound and using
procedure B to yield 30% (0.48 g, 1.141 mmol) of a crystalline yellow
solid. Mp. 180—183 °C, IR vc—op 1739 cm L.

For C15HgBrCl;NO3S (417.1) calculated: 43.16% C, 1.93% H, 3.36%
N, 7.69% S; found: 43.33% C, 2.00% H, 3.31% N, 7.58% S.

1H NMR (300 MHz, DMSO-dg) 6 8.33 (d, 1H, J = 2.1 Hz, H5), 8.00
(dd, 1H, J=8.7 Hz, = 2.1 Hz, H7), 7.71 (d, 1H, J = 2.1 Hz, H2'), 7.57
(d, 1H, J=8.1 Hz, H5'), 7.44 (d, 1H, J=8.7 Hz, H8), 7.39 (dd, 1H,
J=81Hz, J=2.1Hz, H6'), 5.59 (s, 2H, CH,). >C NMR (75 MHz,
DMSO-dg) 6 190.4, 149.0, 145.1, 138.7, 136.4, 133.0, 131.2, 130.5,
129.9, 129.3, 127.9, 122.3,119.4, 117.5, 51.3.

5.1.10. 6-Chloro-3-(3,4-dichlorobenzyl)-4-thioxo-2H-1,3-
benzoxazin-2(3H)-one (2i)

6-Chloro-3-(3,4-dichlorobenzyl)-4-thioxo-2H-1,3-benzoxazin-2
(3H)-one (2i) was prepared using procedure A from 6-chloro-
3-(3,4-dichlorobenzyl)-2H-1,3-benzoxazin-2(3H)-dione (1.36 g,
3.8 mmol) to yield 21% (0.30 g, 0.833 mmol) of the title compound
and using procedure B to yield 27% (0.38 g, 1.025 mmol) of a crys-
talline yellow solid. Mp. 157—160 °C, IR vc—o 1756 cm ™.

For C15HgCI3NO,S (372.7) calculated: 48.32% C, 32.16% H, 3.76%
N, 8.60% S; found: 48.42% C, 2.05% H, 3.39% N, 8.29% S.

'H NMR (300 MHz, DMSO-dg) 6 8.20 (d, 1H, J = 3.0 Hz, H5), 8.00
(dd, 1H, J=9.0 Hz, J=3.0 Hz, H7), 7.71 (d, 1H, = 2.1 Hz, H2'), 7.56
(d, 1H, J=8.4 Hz, H5'), 7.52 (d, 1H, J=9.0 Hz, H8), 7.39 (dd, 1H,
J=84Hz, J=21Hz, H6'), 5.59 (s, 2H, CH,). >°C NMR (75 MHz,
DMSO-dg) 6 190.5, 148.6, 145.1, 136.4, 135.9, 131.2, 130.5, 130.0,
129.9,129.8, 129.3, 127.9, 121.9, 119.2, 51.3.

5.1.11. 3-Benzyl-2H-1,3-benzoxazine-2,4(3H)-dithione (3a)
3-Benzyl-2H-1,3-benzoxazine-2,4(3H)-dithione (3a) was
prepared using procedure A from 3-benzyl-2H-1,3-benzoxazine-
2,4(3H)-dione (0.96 g, 3.8 mmol) to yield 22% (0.24 g, 0.835 mmol)
of the title compound as a crystalline red solid. Mp. 147—150 °C.

For C15H11NOS; (285.0) calculated: 63.13% C, 4.91% N, 3.89% H,
22.47% S; found: 62.88% C, 4.85% N, 3.95% H, 22.38% S.

'H NMR (300 MHz, DMSO-dg) 6 8.22 (dd, 1H, J=8.1Hz,
J=12Hz, H5), 7.90—7.84 (m, 1H, H7), 7.53—-7.44 (m, 2H, H6, H8),
7.29—7.18 (m, 5H, H2/, H3, H4', H5', H6'), 6.20 (s, 2H, CH;). >°C NMR
(75 MHz, DMSO-dg) ¢ 187.1, 178.4, 149.6, 136.9, 134.3, 131.8, 128.5,
127.2,1271, 126.6, 121.9, 116 .4, 57.

5.1.12. 3-Benzyl-6-bromo-2H-1,3-benzoxazine-2,4(3H)-dithione
(3b)

3-Benzyl-6-bromo-2H-1,3-benzoxazine-2,4(3H)-dithione (3b)
was prepared using procedure A from 3-benzyl-6-bromo-2H-1,3-
benzoxazine-2,4(3H)-dione (1.26 g, 3.8 mmol) to yield 21% (0.29 g,
0.795 mmol) of the title compound as a crystalline red solid. Mp.
157—-160 °C.

For C15H19oBrNOS; (364.9) calculated: 49.46% C, 3.85% N, 2.75% H,
17.61% S; found: 49.32% C, 3.61% N, 2.82% H, 17.75% S.

'H NMR (300 MHz, DMSO-dg) 6 8.26 (d, 1H, J = 2.4 Hz, H5), 7.54
(dd, 1H, J=8.4Hz, J=2.4Hz, H7), 7.53 (d, 1H, J=8.4Hz, H8),
7.29—7.17 (m, 5H, H2/, H3', H4', H5', H6'), 6.16 (s, 2H, CH,). >°C NMR
(75 MHz, DMSO-dg) ¢ 185.6, 177.9, 148.9, 139.1, 134.1, 133.2, 128.5,
127.1,126.6, 123.5, 119.1, 118.8, 57.9.

5.1.13. 3-Benzyl-6-chloro-2H-1,3-benzoxazine-2,4(3H)-dithione
(3¢c)

3-Benzyl-6-chloro-2H-1,3-benzoxazine-2,4(3H)-dithione (3c)
was prepared using procedure A from 3-benzyl-6-chloro-2H-1,3-
benzoxazine-2,4(3H)-dione (1.09 g, 3.8 mmol) to yield 16% (0.20 g,
0.638 mmol) of the title compound as a crystalline red solid. Mp.
148—150 °C.

For C15H19CINOS; (319.0) calculated: 56.33% C, 4.38% N, 3.15% H,
20.05% S; found: 56.28% C, 4.52% N, 3.08% H, 19.95% S.

TH NMR (300 MHz, DMSO-dg) ¢ 8.13 (d, 1H, J = 2.7 Hz, H5), 7.93
(dd, 1H, J=8.7Hz, J=2.7Hz, H7), 7.60 (d, 1H, J=8.7 Hz, H8),
7.34—7.18 (m, 5H, H2', H3', H4', H5', H6'), 6.17 (s, 2H, CH,). *C NMR
(75 MHz, DMSO-dg) 6 185.8, 178.0, 148.5, 136.3, 134.1, 130.9, 130.2,
128.5,127.2,126.6, 123.1, 118.9, 58.0.

5.1.14. 3-Benzyl-6-methyl-2H-1,3-benzoxazine-2,4(3H)-dithione
(3d)

3-Benzyl-6-methyl-2H-1,3-benzoxazine-2,4(3H)-dithione (3d)
was prepared using procedure A from 3-benzyl-6-methyl-2H-1,3-
benzoxazine-2,4(3H)-dione (1.02 g, 3.8 mmol) to yield 15% (0.17 g,
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0.571 mmol) of the title compound as a crystalline red solid. Mp.
118—119 °C.

For C1gH13NOS; (299.0) calculated: 64.18% C, 4.68% N, 4.38% H,
21.42% S; found: 64.32% C, 4.63% N, 4.23% H, 21.60% S.

'H NMR (300 MHz, DMSO-dg) 6 8.00 (d, 1H, J = 2.1 Hz, H5), 7.69
(dd, 1H, J=8.4Hz, J=2.1Hz, H7), 743 (d, 1H, J=8.4Hz, HS),
7.31-7.19 (m, 5H, H2’, H3’, H4', H5’, HE'), 6.20 (s, 2H, CHy) 2.39 (s,
3H, CH3). *C NMR (75 MHz, DMSO-dg) 6 187.0, 178.3, 147.9, 137.8,
136.8, 134.4, 131.1, 128.4, 127.1, 126.5, 121.6, 116.2, 57.6, 20.6.

5.1.15. 6-Chloro-3-(4-fluorobenzyl)-2H-1,3-benzoxazine-2(3H)-
dithione (3e)

6-Chloro-3-(4-fluorobenzyl)-2H-1,3-benzoxazine-2(3H)-dithione
(3e) was prepared using procedure B from 6-chloro-3-(4-fluo-
robenzyl)-2H-1,3-benzoxazine-2(3H)-dione (1.16 g, 3.8 mmol) to
yield 30% (0.39 g, 1.139 mmol) of the title compound as a crystalline
red solid. Mp. 147—150 °C.

For C15Hg CIFNOS; (337.8) calculated: 53.33% C, 4.15% N, 2.69% H,
18.98% S; found: 53.52% C, 3.86% N, 2.80% H, 18.99% S.

TH NMR (300 MHz, DMSO-dg) 6 8.12 (d, 1H, ] = 2.6 Hz, H5), 7.91
(dd, 1H, J=8.8 Hz, J=2.6 Hz, H7), 7.59 (d, 1H, J=8.8 Hz, H8),
7.42—7.32 (2H, m, H2, HE'), 7.16—7.06 (m, 2H, H3/, H5'), 6.13 (s, 2H,
CHy). 3C NMR (75 MHz, DMSO-dg) 6 8,178.0,161.4 (d, = 242.8 Hz),
148.5, 136.3, 130.9, 130.2 (d, J=3.2 Hz), 130.1, 128.8 (d, ] = 8.0 Hz),
123.2,118.9, 115.2 (d, J=21.5 Hz), 57.4.

5.1.16. 6,8-Dichloro-3-(3,4-dichlorobenzyl)-2H-1,3-benzoxazine-2
(3H)-dithione (3f)

6,8-Dichloro-3-(3,4-dichlorobenzyl)-2H-1,3-benzoxazine-2(3H)-
dithione (3f) was prepared using procedure B from 6,8-dichloro-3-
(3,4-dichlorobenzyl)-2H-1,3-benzoxazine-2(3H)-dione (1.49 g,
3.8 mmol) to yield 51% (0.82 g, 1.938 mmol) of the title compound
as a crystalline red solid. Mp. 178—181 °C.

For C15H7CI4NOS; (420.9) calculated: 42.57% C, 3.31% N, 1.67% H,
15.16% S; found 42.31% C, 3.05% N, 1.68% H, 15.40% S.

TH NMR (300 MHz, DMSO-dg) 6 8.26 (d, 1H, J = 2.5 Hz, H5), 8.06
(d, 1H, J=2.5Hz, H7), 7.68 (d, 1H, J=2.2 Hz, H2'), 7.55 (d, 1H,
J=8.2Hz, H5'), 7.37 (dd, 1H, ] = 8.2 Hz, ] = 2.2 Hz, H6’), 6.09 (s, 2H,
CH,). 3C NMR (75 MHz, DMSO-dg) 6 185.2,177.2,145.3,135.3,135.2,
131.2,130.5, 130.4, 129.7, 129.1, 128.5, 127.2, 124.3, 121.3, 57.6.

5.1.17. 3-(3,4-Dichlorobenzyl)-2H-1,3-benzoxazine-2(3H)-dithione
(3g)

3-(3,4-Dichlorobenzyl)-2H-1,3-benzoxazine-2(3H)-dithione (3g)
was prepared using procedure B from 3-(3,4-dichlorobenzyl)-2H-
1,3-benzoxazine-2(3H)-dione (1.22g, 3.8 mmol) to yield 42%
(0.565 g, 1.595 mmol) of the title compound as a crystalline red
solid. Mp. 170—-172 °C.

For C15HoCI;NOS; (354.3) calculated: 50.85% C, 3.95% N, 2.56% H,
18.10% S; found 50.56% C, 3.85% N, 2.49% H, 18.14% S.

'H NMR (300 MHz, DMSO-dg) 6 8.25—8.17 (m, 1H, H5), 7.91—7.83
(m, 1H, H7), 7.67 (s, 1H, H2’), 7.56—7.42 (m, 3H, H6, H8, H5'),
7.37—7.30 (m, 1H, H6'), 6.13 (s, 2H, CH,). 13C NMR (75 MHz, DMSO-
dg) 6 187.5,178.6, 149.8,136.9, 135.8, 131.6, 131.2, 130.5, 129.6, 128.7,
127.1,127.0,122.2,116.3, 57.2.

5.1.18. 6-Bromo-3-(3,4-dichlorobenzyl)-2H-1,3-benzoxazin-2(3H)-
dithione (3h)

6-Bromo-3-(3,4-dichlorobenzyl)-2H-1,3-benzoxazin-2(3H)-dithione
(3h) was prepared using procedure B from 6-bromo-3-(3,4-
dichlorobenzyl)-2H-1,3-benzoxazin-2(3H)-dione (1.52 g, 3.8 mmol)
to yield 43% (0.71 g, 1.634 mmol) of the title compound as a crys-
talline red solid. Mp. 168—171 °C.

For C15HgBrCl,NOS; (430.8) calculated: 41.59% C, 3.23% N, 1.86%
H, 14.81% S; found 41.37% C, 2.87% N, 1.98% H, 15.10% S.

TH NMR (300 MHz, DMSO-ds) 6 8.25 (d, 1H, J = 2.5 Hz, H5), 8.03
(dd, 1H, J=8.8 Hz, ] = 2.5 Hz, H7), 7.68 (d, 1H, = 1.9 Hz, H2'), 7.54
(d overlapped, 1H, J=8.2Hz, H5'), 752 (d overlapped, 1H,
J=8.8Hz, H8), 7.35 (dd 1H, J=8.2 Hz, ] = 1.9 Hz, H6'), 6.10 (s, 2H,
CH,). 3C NMR (75 MHz, DMSO-dg) 6 185.9, 178.2,149.1,139.0, 135.6,
133.0, 131.2, 130.5, 129.7, 128.6, 127.2, 123.7, 119.0, 118.7, 57.4.

5.1.19. 6-Chloro-3-(3,4-dichlorobenzyl)-2H-1,3-benzoxazin-2(3H)-
dithione (3i)

6-Chloro-3-(3,4-dichlorobenzyl)-2H-1,3-benzoxazin-2(3H)-
dithione (3i) was prepared using procedure B from 6-chloro-3-(3,4-
dichlorobenzyl)-2H-1,3-benzoxazin-2(3H)-dione (1.36 g, 3.8 mmol)
to yield 42% (0.62 g, 1.595 mmol) of the title compound as a crys-
talline red solid. Mp. 183—185 °C.

For C15HgCI3NOS; (388.7) calculated: 46.35% C, 3.60% N, 2.07% H,
16.50% S; found 46.09% C, 3.35% N, 1.97% H, 16.49% S.

TH NMR (300 MHz, DMSO-dg) 6 8.11 (d, 1H, J = 2.5 Hz, H5), 7.91
(dd, 1H, J = 8.8 Hz, = 2.5 Hz, H7), 7.67 (d, 1H, J = 1.4 Hz, H2'), 7.59
(d, 1H, J=8.8 Hz, H8), 7.542 (d, 1H, J=8.8 Hz, H5'), 7.35 (dd 1H,
J=82Hz, J=14Hz, H6'), 6.10 (s, 2H, CH>). 3C NMR (75 MHz,
DMSO-dg) ¢ 186.0, 178.2, 148.7, 136.2, 135.5, 131.2, 130.8, 130.5,
130.0, 129.7, 128.6, 127.2, 123.3, 118.8, 57.4.

5.2. Biology

5.2.1. Antimycobacterial assay

5.2.1.1. Antimycobacterial susceptibility testing. For the in vitro
evaluation of the antimycobacterial activity of the substances, the
following strains were used: M. tuberculosis CNCTC My 331/88
(identical with H37RV and ATCC 27294), M. kansasii CNCTC My
235/80 (identical with ATCC 12 478), M. avium CNCTC My 330/88
(identical with ATCC 25291), obtained from the Czech National
Collection of Type Cultures (CNCTC), National Institute of Public
Health, Prague, and a clinical isolate of M. kansasii 6509/96. 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 Petri dish containing
the Lowenstein—]Jensen medium for the control of sterility of the
inoculum and its growth. The compounds were added to the
medium in DMSO solutions. The final concentrations were 1000,
500, 250, 125, 62.5, 32, 16, 8, 4, 2, 1 and 0.5 pmol/L. The MICs were
determined after incubation at 37 °C for 14 days and 21 days. The
MIC was the lowest concentration of the antimycobacterially
effective substance (on the above concentration scale) at which
the inhibition of the growth of mycobacteria occurred. The eval-
uation was repeated three times and the values of the MIC were
the same.

5.2.2. Antiproliferative and cytotoxic assay

5.2.2.1. Cells and culture conditions. Cell proliferation and cytotox-
icity assays using various cancer cell line models are among the
basic assays used to assess the efficacy and potency of different
anti-cancer compounds. Therefore, we used the following cell
lines:

Cells Cell culture medium

e HUVEC (ATCC CRL-1730) DMEM (CAMBREX 12-614F)
o K-562 (DSM ACC 10) RPMI 1640 (CAMBREX 12-167F)
o HeLa (DSM ACC 57) RPMI 1640 (CAMBREX 12-167F).

Cells were grown in the appropriate cell culture medium supple-
mented with 10 mL/L ultraglutamine 1 (CAMBREX 17-605E/U1),
500 pL/L gentamicin sulfate (CAMBREX 17-518Z), and 10% heat
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inactivated fetal bovine serum (PAA A15-144) at 37 °C in high
density polyethylene flasks (NUNC 156340).

5.2.3. Antiproliferative assay

The test substances were dissolved in DMSO before being
diluted in DMEM. The adherent cells were harvested at the loga-
rithmic growth phase after soft trypsinization, using 0.25% trypsin
in PBS containing 0.02% EDTA (Biochrom KG L2163). For each
experiment approximately 10,000 cells were seeded with 0.1 mL
culture medium per well of the 96-well microplates (HUVEC: NUNC
167008, K-562: NUNC 163320). To test the antiproliferative effect of
compounds on HUVEC and K-562, the cells were incubated for 72 h
in plates prepared with control and different dilutions of test
substances.

5.2.4. Cytotoxic assay

For the cytotoxicity assay, HeLa cells were preincubated for 48 h
without the test substances. To test the cytotoxic effect of
compounds on HeLa, the dilutions of the compounds were carried
out carefully on the subconfluent monolayers of HeLa cells after the
preincubation time. After the incubation time, the cytolytic effects
of compounds were analysed in comparison with the negative
control.

5.2.5. Condition of incubation

The cells were incubated with dilutions of the test substances in
microplates for 72 h at 37 °C in a humidified atmosphere and 5%
CO,. This incubation was found to be an optimum time for the
evaluation of the cytotoxicity and the inhibition of cell proliferation
by finding out the number of viable cells stained with the CellTiter-
Blue® reagent or methylene blue.

5.2.6. Method of evaluation

We used different methods to measure cell proliferation and
cytotoxicity. For estimating the influence of chemical compounds
on cell proliferation of K-562, the metabolic capacity of viable cells
present in multiwell plates were measured using the CellTiter-
Blue® assay (PROMEGA), employing the indicator dye resazurin.
Viable cells of untreated control retain the ability to reduce resa-
zurin into resorufin, whereas nonviable cells rapidly lose their
metabolic capacity and do not reduce the indicator dye.

The adherent HUVEC and HelLa cells were fixed by glutaralde-
hyde (MERCK 1.04239.0250) and stained with a 0.05% solution of
methylene blue (SERVA 29198) for 15 min. After gently washing,
the stain was eluted with 0.2 mL of 0.33 N HCl in the wells. The
optical densities were measured at 660 nm in a SUNRISE micro-
plate reader (TECAN).

The Glsp and CCsg values were defined as being where the dose
response curve intersected the 50% line, compared to the untreated
control. These comparisons of the different values were performed
with the software Magellan (TECAN). The Glso and CCsg values were
defined as being where the dose response curve intersected the 50%
line, compared to the untreated control. These comparisons of the
different values were performed using the software Magellan (TECAN).
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As a part of our systematical study of antimycobacteriallly active derivatives of
salicylamides, a series of nineteen derivatives of N-(2-pyridylmethyl)salicylamides and N-(3-
pyridylmethyl)salicylamides was synthesized. The compounds exhibited in-vitro activity
against Mycobacterium tuberculosis and M. avium. Their lipophilicity, Ry, was measured by
thin layer chromatography on silica gel impregnated with trioctadecylsilane and the logarithm
of the partition coefficient (octanol-water), log P, was calculated. Both parameters of
lipophilicity correlated. The quantitative relationships between the structure and
antimycobacterial activity were calculated. The antimycobacterial activity increased with an
increase in lipophilicity. The derivatives of N-(2-pyridylmethyl)salicylamides were more
active than the derivatives of isomeric N-(3-pyridylmethyl)salicylamides. The geometry of
compounds was calculated and the calculation was verified by the measure of hydrogen bond

of salicylic hydroxide to carbonyl on the salicylic moiety.
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Introduction

Tuberculosis has always been a serious problem in developing countries and the
multidrug resistant strains of M. tuberculosis are being transferred by the migration of a
population to Europe and North America. WHO (2009) estimated that in Europe there were
463,500 new cases of tuberculosis in the year 2007. The research of antituberculotics with a
new structure and a new mechanism of action has always belonged to the main topics of
medicinal chemistry. Sixty-six new papers were published in the field of heterocyclic
compounds showing activity against mycobacteria in the year 2009 (according to The
Chemical Abstracts).

The results of the research which took place in New Jersey have demonstrated that the
antibacterial mechanism of salicylanilides is probably different from that of other antibacterial
drugs, and salicylanilides can serve as bacterial two-component system inhibitors (Hlasta,
1998, Macielang, 1998). This type of mechanism of action seems to be very promising, and
the team at the Faculty of Pharmacy in Hradec Kralové has been oriented on the development
of new potential antituberculotics since then. The research was mainly focused on different
modifications of the salicylamide molecule. N-benzylsalicylamides, N-benzylpicolinanilides,
N-benzylpicolinamides, 2-sulfanylbenzanilides and N-benzyl-2-sulfanylbenzamides have
been prepared and tested against some mycobacterial strains (Waisser, 2003b

This paper is a part of an overall study dealing with salicylamides. Previously prepared
N-benzylsalicylamides (Waisser, 2003a) possess low solubility in water, which caused
problems with biological testing in some cases. N-(3-Pyridylmethyl)salicylamides were
prepared in order to increase the solubility in water and in the medium.

Since the QSAR analysis has been successfully used many times for the prediction of
new antimycobacterially active derivatives (Nemecek, 2009, Revathi, 2009), another goal of
this paper is the QSAR analysis of newly prepared compounds. Having found that there exists
a correlation between antimycobacterial activity and lipophilicity expressed by the calculated
log P (partition coefficients of octanol-water system), it was necessary to verify the accuracy
of these calculated values against the experimental ones. Thin layer chromatography on the
reverse phase was employed for this verification as it is also recommended in the literature

(Kaliszan, 1984).



A quantum-chemical calculation of the optimal geometry for these molecules has been
performed. The measurement of the hydrogen bond between the hydroxide and the carbonyl

groups of the salicylic moiety by infrared spectroscopy completes this research.

Theoretical

Mathematical modeling

All regression calculations were set up using the Linreg and Multireg programs for
Microsoft Excel. Quantum-chemical calculations were performed using the program Gaussian
03W, version 6.1, revision-E.O1 (Gaussian, Inc.). Geometry of the molecules was optimized
using the B3LYP/6-311+G (d,p) method. Possible starting conformations for the
optimizations on the DFT level were searched for by simulated heating (from 0 to 800 K),
using molecular dynamics on the RM1 level. The software HyperChem 8.0.4 (HyperCube,
Inc.) was employed for these calculations. Models were visualized by using the software

GaussView, v. 4.1.2; (Gaussian, Inc.).

Calculations
All regression calculations for the lipophilicity study were set up using the Linreg and
Multireg programs for Microsoft Excel. Logarithms of the partition coefficient were

calculated using the ChemBioOffice.

Experimental

Chemistry
General information

The melting points were determined on a Kofler apparatus. The samples for the
analyses and antimycobacterial tests were dried over P,Os at 61 °C and 66 Pa for 24 h.

Elemental analyses (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 standard IR spectra were measured in KBr pellets on a Nicolet Impact 400
apparatus; the wavenumbers are given in cm™. Infrared absorption spectra for the study of
hydrogen bonds in molecules were recorded on a Nicolet 6700 FTIR spectrometer purged
with dried and purified air (128 scans, resolution 4 cm™, detector DTGS, 4000-3000 cm™) in a

5 cm Si0O; cell in tetrachloromethane (dried over P,Os, and then purified by distillation).



Concentration of the solutions was 2.10™* mol/L. The spectra were measured against air as a
background, and then the spectra of solvents were subtracted manually.

The 'H and C NMR spectra of new compounds were recorded in DMSO-dg
solutions at room temperature on a Varian Mercury-Vx BB 300 spectrometer operating at 300
MHz for '"H NMR and 75 MHz for ?C NMR. Chemical shifts were recorded as & values in
parts per million (ppm), and were indirectly referenced to tetramethylsilane via the solvent
signal (2.49 for 'H or 39.7 for "*C for DMSO-d6).

TLC was performed on silica gel plates precoated with a fluorescent indicator Silufol
UV 254 (RP-18 Fas45 of Merck Company) and inpregnated with trioctadecyl silane. Aquous

acetone (60 %) was used as the mobile phase.

General procedure of synthesis of phenyl salicylates

A mixture of substituted salicylic acid (1 mol) and phenol (1 mol) was heated with the
presence of phosphorus oxychloride (0.38 mol) at 75-80 °C for 4 hours under a reflux
condenser. Then, the reaction mixture was reduced to a molten mass and poured slowly into a
5% solution of sodium carbonate (100 ml) with continuous stirring. The precipitated ester was
collected on a filter and washed four times with 20 ml portions of water. The crude product

was crystallized from ethanol.

General procedure of synthesis of N-(2-pyridylmethyl)salicylamides
A mixture of an amine (1g) and phenyl salicylate (1.2 equivalents) was melted at 70-
90 °C for 180 min. The reaction mixture was then heated at reflux with 96% ethanol for 10

minutes, and then filtered off, and the product was crystallized from 96% ethanol.

General procedure of synthesis of N-(3-pyridylmethyl)salicylamides
A mixture of an amine (1g) and phenyl salicylate (1.2 equivalents) was melted at 190-
210 °C for 90 min. The reaction mixture was then heated at reflux with 96% ethanol for 10

minutes, and then filtered off, and the product was crystallized from 96% ethanol.

Microbiology

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. The compounds were added to the medium in DMSO solutions. The
final concentrations were 1000, 500, 250, 125, 62.5, 31, 16, 8, 4, and 2 umol/l. The MICs



were determined after incubation at 37°C for 14 days and 21 days. The evaluation was

repeated three times.

The study of intramolecular hydrogen bonds

The study of intramolecular hydrogen bonds between the hydrogen atom of a phenol
OH group and the oxygen atom of carbonyl group in synthesized molecules was made in
diluted tetrachloromethane solutions (¢=2.10™ mol/L). At such dilution, intermolecular bonds
do not exist, and only monomers are observed. The shift Av(OH) calculated for the phenol as
the reference molecule is in the range of 204-222 cm™ for 2-pyridyl derivatives and 142-185

cm™ for 3-pyridyl compounds.

Results and discussion

A series of nineteen derivatives of N-(2-pyridylmethyl)salicylamide and N-(3-
pyridylmethyl)salicylamide was synthesized. The method for the preparation of salicylamides
from salicylic acid, phenylmethylamine and phosphorous trichloride failed (Waisser, 2001).
N-(pyridylmethyl)salicylamides were prepared by the treatment of phenyl salicylate (or
substituted phenyl salicylates) with 2-picolinylamine or 3-picolinylamine. The phenyl
salicylates were prepared by modification of the approach from the paper (Organic Synthesis,
1963). The overview of the starting phenyl salicylates is given in Table 1. The synthesis of N-
(2-pyridylmethyl)salicylamides and N-(3-pyridylmethyl)salicylamides is presented in Scheme

2. Yields, melting points and v(C=0) are summarized in Table 2.

OH
1
R R R
la H le 4-OCH; 1i 5-Br
1b 3-CH3 1f 4-Cl 1j 3,5-Cl,
lc 3-OCH3; 1g 5-F 1k 3,5-Br;

1d 4-CH3 1h 5-Cl




Table 1. Overview of phenyl salicylates.

Figure 1. Synthesis of of N-(2-pyridylmethyl)salicylamides and N-(3-

N/\El\lj
H _
H

pyridylmethyl)salicylamides.

OH

NH2

H =
H

Table 2. Yield, melting point and carbonyl frequency in IR of new compounds.

Compound Yield M.p. vic=0) Compound Yield M.p. V(c=0)
(%) O (em’) (%) O (em)

la 70 42 - 43 © - 2g 31 119 -121 1653
1b 64 42.5-43 1685 2h 46 160 1617 1628
1c 64 66.5 - 69 1684 2i 80 178 - 179 1651
1d 65 43 -43.5 1685 2k 53 170 - 171 1640
le 65 57 1672 3a 64 167 -170 1638
1f 75 49 -52 1672 3b 66 122 - 124 1637
1g 76 84 — 85 1679 3c 66 110-111 1642
1h 78 95-97.5 1685 3d 52 168 — 171 1644
1i 84 112-113 1692 3e 51 137 -138 1651
1j 75 112-113 1700 3f 70 181 -184 1637
1k 82 126 - 127 1686 3g 81 213 -217 1648



2b 47 145 - 146” 1636 3h 95 178 1636

2c 19 125-126 1638 3i 84 166 — 168 1643
2d 20 133 - 134 1650 3j 86 174 - 175 1642
2f 48 132 -134 1645 3k 48 177-179 1640

“Litt. 158-160 °C (Bayer Aktiengeselschaft, 1975), "Litt. 140-142 °C (Bayer
Aktiengeselschaft, 1975), “Litt. 42-43 °C (Organic Synthesis, 1955).

The structural assignment of the compounds is based on 'H NMR, “C NMR, IR
spectra and elemental analysis. In the IR spectra, the carbonyl vibration v(C=0) was observed
between 1642-1692 cm™ for phenyl salicylates and between 1628-1653 cm™ for N-
(pyridylmethyl)salicylamides. The NMR spectra of N-(2-pyridylmethyl)salicylamides and N-

(3-pyridylmethyl)salicylamides are given in Table 3 and elemental analyses in Table 4.

Table 3. NMR spectra of derivatives of N-(2-pyridylmethyl)salicylamides and  N-(3-
pyridylmethyl)salicylamides.

Compounds NMR

2b 'H NMR (300 MHz, DMSO-ds) & 13.07 (1H, bs, OH), 9.50 (1H, t, J=5.9 Hz, NH),
8.54-8.49 (1H, m, H6"), 7.82-7.71 (2H, m, H6, H4"), 7.36-7.22 (3H, m, H4, H3’,
H5%), 6.80 (1H, t, J=7.6 Hz, H5), 4.59 (2H, d, J=5.9 Hz, CH,), 2.15 (3H, s, CH3).
C NMR (75 MHz, DMSO-dg) § 170.6, 159.5, 158.1, 149.1, 137.0, 134.8, 126.2,
124.8,122.4, 121.2, 118.0, 113.6, 44.5, 15.6.

2c 'H NMR (300 MHz, DMSO-dg) & 12.49 (1H, bs, OH), 9.42 (1H, t, J=5.7 Hz, NH),
8.53-8.49 (1H, m, H6"), 7.76 (1H,dt, J=7.6 Hz, J=1.8 Hz, H4"), 7.50 (1H, dd, J=8.1
Hz, J=1.2 Hz, H6), 7.33 (1H, d, J=8.1 Hz, H4), 7.30-7.23 (1H, m, H3"), 7.15-7.08
(1H, m, H5"), 6.84 (1H, t, J=8.1 Hz, H5), 4.59 (2H, d, J=5.7 Hz, CH>), 3.78 (3H, s,
OCH3). *C NMR (75 MHz, DMSO-dg) 6 169.5, 158.1, 150.7, 149.1, 148.6, 137.0,
122.4,121.3,119.1, 118.2, 115.7, 115.4, 56.0, 44.5.

2d 'H NMR (300 MHz, DMSO-dg) & 12.33 (1H, bs, OH), 9.36 (1H, t, J=5.7 Hz, NH),
8.53-8.49 (1H, m, H6"), 7.81 (1H, d, J=8.2 Hz, H6), 7.75 (1H, td, J=7.6 Hz, J=1.8
Hz, H4"), 7.33 (1H, d, J=7.6 Hz, H3"), 7.30-7.23 (1H, m, H5"), 6.76-6.69 (2H, m,
H3, H5), 4.59 (2H, d, J=5.7 Hz, CH,), 2.27 (3H, s, CH3). ">C NMR (75 MHz,
DMSO-dg) §169.2, 160.1, 158.2, 149.1, 144.4, 136.9, 128.0, 122.4, 121.3, 119.9,



2f

2h

2i

2k

3a

117.7,112.8, 44.5, 21.2.

'H NMR (300 MHz, DMSO-dg) & 12.63 (1H, bs, OH), 9.46 (1H, t, J=5.4 Hz, NH),
8.51 (1H, d, J=4.7 Hz, H6"), 7.94 (1H, d, J=8.0 Hz, H6), 7.76 (1H, td, J=8.0 Hz,
J=1.8 Hz, H4"), 7.34 (1H, d, J=8.0 Hz, H3"), 7.30-7.23 (1H, m, H5"), 7.03-6.95 (2H,
m, H3, H5), 4.61 (2H, d, J=5.4 Hz, CH,). >°C NMR (75 MHz, DMSO-d¢) 5 167.8,
160.4, 157.9, 149.2, 137.8, 137.0, 130.3, 122.5, 121.4, 119.3, 117.2, 115.2, 44.6.

'H NMR (300 MHz, DMSO-ds) & 12.08 (1H, bs, OH), 9.46 (1H, t, J=5.4 Hz, NH),
8.55-8.49 (1H, m, H6"), 7.81-7.71 (2H, m, H6, H4"), 7.40-7.22 (3H, m, H4, H3’,
H5), 6.99-6.91 (1H, m, H3), 4.62 (2H, d, J=5.4 Hz, CH,). °*C NMR (75 MHz,
DMSO-dg) & 167.4 (d, J=2.3 Hz), 157.9, 155.8 (d, J=1.1 Hz), 154.9 (d, J=234.9
Hz), 149.2, 137.1, 122.5, 121.5, 121.2 (d, J=32.3 Hz), 118.9 (d, J=8.1 Hz), 116.6 (d,
J=6.3 Hz), 114.2 (d, J=24.1 Hz), 44.7.

'H NMR (300 MHz, DMSO-dg) & 12.18 (1H, bs, OH), 9.33 (1H, t, J=5.4 Hz, NH),
8.38-8.33 (1H, m, H6"), 7.83 (1H, d, J=2.3 Hz, H6), 7.60 (1H, td, J=7.6 Hz, J=1.8
Hz, H4"), 7.28 (1H, dd, J=8.8 Hz, J=2.3 Hz, H4), 7.20 (1H, d, J=7.6 Hz, H3"), 7.15-
7.08 (1H, m, H5"), 6.80 (1H, d, J=8.8 Hz, H5), 4.45 (2H, d, J=5.4 Hz, CH,)."”C
NMR (75 MHz, DMSO-dg) & 167.3, 158.3, 157.8, 149.1, 137.0, 133.4, 128.0,
122.7,122.5,121.4, 119.4, 117.5, 44.7.

'H NMR (300 MHz, DMSO-dg) & 12.38 (1H, bs, OH), 9.49 (1H, t, J=5.7 Hz, NH),
8.54-8.48 (1H, m, H6"), 8.11 (1H, d, J=2.3 Hz, H6), 7.81-7.72 (1H, m, H4"), 7.59-
7.52 (1H, m, H4), 7.36 (1H, d, J=9.0 Hz, H3"), 7.32-7.24 (1H, m, H5"), 6.91 (1H, d,
J=8.8 Hz, H3), 4.60 (2H, d, J=5.7 Hz, CH,).""C NMR (75 MHz, DMSO-d¢) &
167.3, 158.7, 157.8, 149.2, 137.1, 136.3, 130.9, 122.5, 121.5, 119.9, 118.0, 110.1,
44.7

'H NMR (300 MHz, DMSO-dg) & 9.81 (1H, t, J=5.7 Hz, NH), 8.51 (1H, dd, J=4.7
Hz, J=1.8 Hz, H6"), 8.23 (1H, d, J=2.3 Hz, H6), 7.99 (1H, d, J=2.3 Hz, H4), 7.77
(1H, td, J=7.6 Hz, J=1.8 Hz, H4"), 7.37 (1H, d, J=7.6 Hz, H3"), 7.29 (1H, dd, J=7.6
Hz, J=4.7 Hz, H5"), 4.60 (2H, d, J=5.7 Hz, CH,). >C NMR (75 MHz, DMSO-dg) &
168.5, 157.5, 157.3, 149.2, 138.8, 137.1, 129.4, 122.6, 121.6, 117.0, 112.4, 109.8,
44.8.

'H NMR (300 MHz, DMSO-ds) & 12.38 (1H, bs, OH), 9.38 (1H, bs, NH), 8.57 (1H,
s, H2"), 8.46 (1H, d, J=4.7 Hz, H6"), 7.87 (1H, d, J=8.0 Hz, H6), 7.73 (1H, d, J=7.7



3b

3c

3d

3e

3f

Hz, H4"), 7.45-7.31 (2H, m H4, H5"), 6.96-6.84 (2H, m, H3, H5), 4.53 (2H, d, J=5.8
Hz, CH,). °C NMR (75 MHz, DMSO-ds) & 169.2, 160.1, 149.1, 148.4, 135.4,
134.7, 134.0, 128.1, 123.7, 118.9, 117.6, 115.4, 40.4.

'H NMR (300 MHz, DMSO-d¢) & 13.03 (1H, bs, OH), 9.46 (1H, t, J=5.7 Hz, NH),
8.56 (1H, d, J=1.8 Hz, H2"), 8.46 (1H, d, J=4.7 Hz, H6"), 7.77-7.67 (2H, m, H6,
H4"), 7.40-7.26 (2H, m, H4, H5"), 6.79 (1H, t, J=7.6 Hz, H5), 4.52 (2H, d, J=5.7 Hz,
CH,), 2.14 (3H, s, CH3). >C NMR (75 MHz, DMSO-ds) & 170.5, 159.6, 149.1,
148.5, 135.4, 134.9, 134.6, 126.3, 124.8, 123.8, 118.1, 113.4, 40.5, 15.7.

'H NMR (300 MHz, DMSO-ds) & 12.50 (1H, bs, OH), 9.37 (1H, t, J=5.7 Hz, NH),
8.55 (1H, d, J=1.5 Hz, H2"), 8.46 (1H, dd, J=4.7 Hz, J=1.5 Hz, H6"), 7.76-7.69 (1H,
m, H4"), 7.43 (1H, dd, J=8.2 Hz, J=1.2 Hz, H6), 7.38-7.32 (1H, m, H5"), 7.13-7.07
(1H, m, H4), 6.82 (1H, t, J=8.2 Hz, H5), 4.51 (2H, d, J=5.7 Hz, CH,), 3.77 (3H, s,
OCH3). *C NMR (75 MHz, DMSO-dg) &6 169.7, 150.8, 149.1, 148.7, 148.4, 135.4,
134.6, 123.7, 118.9, 118.2, 115.7, 115.1, 56.0, 40.5.

'H NMR (300 MHz, DMSO-dg) & 12.42 (1H, bs, OH), 9.29 (1H, t, J=5.7 Hz, NH),
8.55 (1H, d, J=1.5 Hz, H2"), 8.46 (1H, dd, J=4.7 Hz, J=1.5 Hz, H6"), 7.80-7.67 (2H,
m, H6, H4"), 7.35 (1H, dd, J=7.7 Hz, J=4.7 Hz, H5"), 6.75-6.67 (2H, m, H3, H5),
4.50 (2H, d, J=5.7 Hz, CH,), 2.26 (3H, s, CH3). °C NMR (75 MHz, DMSO-d¢) &
169.4, 160.4, 149.1, 148.4, 144.6, 135.4, 134.8, 127.8, 123.7, 119.9, 117.7, 112.5,
40.5,21.3.

'H NMR (300 MHz, DMSO-dg) & 12.85 (1H, bs, OH), 9.22 (1H, t, J=5.9 Hz, NH),
8.58-8.52 (1H, m, H2"), 8.49-8.42 (1H, m, H6"), 7.80 (1H, d, J=9.4 Hz, H6), 7.75-
7.68 (1H, m, H4"), 7.35 (1H, dd, J=7.6 Hz, J=4.7 Hz, H5"), 6.51-6.39 (2H, m, H3,
H5), 4.50 (2H, d, J=5.9 Hz, CH,), 3.76 (3H, s, OCH3). >*C NMR (75 MHz, DMSO-
ds) 5 169.5, 163.9, 162.8, 149.1, 148.4, 135.4, 134.9, 129.1., 123.8, 107.8, 106.4,
101.4, 55.6, 44.2.

'H NMR (300 MHz, DMSO-ds) & 12.63 (1H, bs, OH), 9.37 (1H, t, J=5.7 Hz, NH),
8.56 (1H, s, H2"), 8.46 (1H, d, J=4.1 Hz, H6"), 7.88 (1H, d, J=8.5 Hz, H6), 7.76-
7.69 (1H, m, H4"), 7.35 (1H, dd, J=7.7 Hz, J=4.1 Hz, H5"), 7.02-6.93 (2H, m, H3,
H5), 4.52 (2H, d, J=5.7 Hz, CH,). °C NMR (75 MHz, DMSO-dg) & 168.1, 160.7,
149.1, 148.5, 137.9, 135.5, 134.6, 130.0, 123.8, 119.2, 117.2, 114.9, 40.4.

'H NMR (300 MHz, DMSO-dg) & 12.08 (1H, bs, OH), 9.35 (1H, t, J=5.6 Hz, NH),
8.56 (1H, s, H2"), 8.49-8.43 (1H, m, H6"), 7.79-7.63 (2H, m, H6, H4"), 7.42-7.20



3h
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(2H, m, H4, H5"), 6.94 (1H, dd, J=8.8 Hz, J=4.7 Hz, H3), 4.52 (2H, d, J=5.6 Hz,
CH,). *C NMR (75 MHz, DMSO-ds) & 167.8 (d, J=2.3 Hz), 156.4, 154.8 (d,
J=234.4 Hz), 149.2, 148.5, 135.5, 134.6, 123.8, 121.0 (d, J=23.6 Hz), 119.0 (d,
J=7.5Hz), 116.2 (d, J=6.9 Hz), 114.0 (d, J=24.8 Hz), 40.5.

'H NMR (300 MHz, DMSO-dg) & 12.38 (1H, bs, OH), 9.40 (1H, t, J=5.7 Hz, NH),
8.58 (1H, s, H2"), 8.45 (1H, d, J=4.5 Hz, H6"), 7.95 (1H, d, J=2.5 Hz, H6), 7.70
(1H, d, J=7.7 Hz, H4"), 7.50 (1H, dd, J=8.8 Hz, J=2.5 Hz, H4), 7.25 (1H, dd, J=7.7
Hz, J=4.5 Hz, H5"), 6.90 (1H, d, J=8.8 Hz, H3), 4.52 (2H, d, J=5.7 Hz, CH,). "C
NMR (75 MHz, DMSO-dg) §167.7, 158.5, 149.2, 148.5, 135.5, 134.5, 133.5, 127.7,
123.7,122.6, 119.5, 117.1, 40.5.

'H NMR (300 MHz, DMSO-dg) & 12.38 (1H, bs, OH), 9.39 (1H, t, J=5.7 Hz, NH),
8.56 (1H, s, H2"), 8.47 (1H, d, J=4.5 Hz, H6"), 8.05 (1H, d, J=2.5 Hz, H6), 7.73
(1H, d, J=7.7 Hz, H4"), 7.54 (1H, dd, J=8.8 Hz, J=2.5 Hz, H4), 7.36 (1H, dd, J=7.7
Hz, J=4.5 Hz, H5"), 6.90 (1H, d, J=8.8 Hz, H3), 4.52 (2H, d, J=5.7 Hz, CH,). "*C
NMR (75 MHz, DMSO-dg) §167.6, 159.0, 149.2, 148.5, 136.4, 135.5, 134.5, 130.6,
123.8,119.9, 117.7, 110.0, 40.5.

'H NMR (300 MHz, DMSO-ds) & 13.52 (1H, bs, OH), 9.73 (1H, t, J=5.4 Hz, NH),
8.58 (1H, s, H2"), 8.48 (1H, d, J=4.7 Hz, H6"), 8.01 (1H, d, J=2.1 Hz, H6), 7.76
(1H, d overlapped, J=2.1 Hz, H4), 7.79-7.72 (1H, m, H4"), 7.37 (1H, dd, J=7.6 Hz,
J=4.7 Hz, H5"), 4.53 (2H, d, J=5.4 Hz, CH,). °C NMR (75 MHz, DMSO-dg) &
168.5, 155.9, 149.2, 148.6, 135.7, 133.9, 133.4, 125.9 123.8, 122.6, 122.2, 116.5,
40.7.

'H NMR (300 MHz, DMSO-ds) & 13.68 (1H, bs, OH), 9.74 (1H, t, J=5.7 Hz, NH),
8.57 (1H, s, H2"), 8.48 (1H, d, J=4.7 Hz, H6"), 8.16 (1H, d, J=2.1 Hz, H6), 7.97
(1H, d, J=2.1 Hz, H4), 7.75 (1H, d, J=7.6 Hz, H4"), 7.37 (1H, dd, J=7.6 Hz, J=4.7
Hz, H5"), 4.53 (2H, d, J=5.7 Hz, CH,). "C NMR (75 MHz, DMSO-d¢) & 168.4,
157.3,149.2, 148.6, 138.8, 135.7, 133.9, 129.3, 123.8, 116.8, 112.4, 109.8, 40.7.

Table 4. Elemental analysis.

Compound Formula M, wi(calculated; %) / wi(found; %)
C H N
2b Ci14H 14N, 0O, 24228 69.41/69.99 582/599 11.56/11.74



2¢ Ci14H14N,03 258.28 65.11/64.81 5.46/5.61 10.85/10.87
2d CisHiuN,O, 24228 69.41/68.99 5.82/6.01 11.56/11.63
2f Ci3Hi1CIN,O,  262.70  59.44/59.25 4.22/4.22 10.66/10.37
2g Ci3Hi1FN,O,  246.24 63.41/63.11 4.50/4.52 11.38/11.13
2h Ci3Hi1CIN,O,  262.70  59.44/59.22 4.22/4.39 10.66/10.62
2i Ci3H;1BrN,O,  307.15 50.84/50.87 3.61/3.63 9.12/8.85

2k Ci3HioBroN,O, 386.04 40.45/3993 2.61/248 7.26/6.97

3a CisHi2N,O, 22825 68.41/68.27 530/523 12.27/12.17
3b CisHisN,O, 24228 69.41/69.09 5.82/5.77 11.56/11.37
3c Ci14H14N,03 258.28 65.11/64.94 5.46/5.49 10.85/10.55
3d CisHiuN,O, 24228 69.41/69.52 5.28/5.71 11.56/11.55
3e Ci14H14N,03 25828 65.11/64.72 5.46/5.40 10.85/10.53
3f Ci3H11CIN,O,  262.70  59.44/59.44 4.22/429 10.66/10.26
3g CisHi1FN,O, 24624 63.41/63.17 4.50/4.47 11.38/11.08
3h Ci3Hi1CIN,O,  262.70  59.44/60.38 4.22/4.43 10.66/10.16
3i Ci3Hi1BrN,O,  307.15  50.84/50.67 3.61/3.50 9.12/8.87

3j Ci3H1oCI2N,O,  297.14  52.55/52.29 3.39/329 9.43/9.22

3k Ci3HioBroN,O, 386.04 40.45/4032 2.61/2.56 7.26/6.92

The N-(pyridylmethyl)salicylamides under study were screened for their in vitro
antimycobacterial activity against two mycobacterial strains: Mycobacterium tuberculosis
CNCTC My 331/ 88 (identical with H37RV and ATCC 27294) and Mycobacterium avium
CNCTC My 330/ 88 (identical with ATCC 25291). Both these strains were obtained from the
Czech National Collection of Type Cultures (CNCTC), National Institute of Public Health,
Prague. The mycobacterioses caused by M. avium are rare but usually fatal. The
antimycobacterial activities of the compounds under study against these strains were
determined in the Sula semisynthetic medium (SEVAC, Prague) and the results are
summarized in Table 5.

Lipophilicity of the compounds was calculated (log P in octanol-water system) and
moreover measured with the help of thin layer chromatography on the reverse phase
(expressed by Ry, values) in order to verify the predicative value of the calculated log P. The

values of Ry and log P are also summarized in Table 6.



Table 5. Logarithm of partition coefficients, Ry values from TLC on silicagel impregnated of

trioactadecylsilan and minimum inhibitory concentrations (MIC) on M. tuberculosis and M.

avium.

o) o) 0
N
N NN N
OH 2 7 OH 3 7 e
5 5 " OH

MIC (umol/l)

Compound
Incubation 14d/21d
M. tuberculosis M. avium

R log P Ru My 331/88 My 330/88
2b 3-CH3 2.09 0.25 62.5/62,5 125/250
2c 3-CH;0 1.48 -0.12 250/250 1000/1000
2d 4-CH; 2.09 0.12 62.5/125 250/500
2f 4-Cl 2.16 0.31 125/250 500/500
2g 5-F 1.76 0.10 500/1000 500/1000
2h 5-Cl 2.16 0.23 125/250 125/250
2i 5-Br 2.43 0.29 250/500 250/250
2k 3,5-Br, 3.26 0.55 125/250 - /-
3a H 1.18 0.02 500/500 500/500
3b 3-CH; 1.67 0.23 250/250 500/500
3c 3-CH;0 1.06 -0.16 250/500 1000/1000
3d 4-CH; 1.67 0.12 250/500 500/1000
3e 4-CH;0 1.06 -0.03 500/500 1000/1000
3f 4-Cl 1.74 0.23 125/250 250/250
3g 5-F 1.34 0.11 b)/b) b)/b)
3h 5-Cl 1.74 0.23 500/500 o))
3i 5-Br 2.01 0.21 125/125 o))
3j 3,5-Cl, 2.30 0.39 250/500 R
3k 3,5-Br, 2.84 0.50 125/250 1000/1000
4a H 2.52 0.42 - /- 125/125
4c 3-CH;0 2.39 0.31 -/ -/
4e 4-CH;0 2.39 0.42 125/- 125/-



4f 4-Cl 3.08 0.65 62/62 62/62

4h 5-Cl 3.08 0.65 62/- -/-®

4i 5-Br 3.53 0.65 -/ /-

4j 3,5-Cl, 3.64 1.05 32/62 125/125

4k 3,5-Br, 4.18 0.95 32/32 125/125
INH 1/1 >250/>250

“The values of the antimycobacterial activity group of compounds 4 were taken from the ref.

(Waisser, 2003b). ® MIC values could not be determined due to low solubility.

We looked for a correlation between the values of Ry and log P using the Linreg
program, and according to equation 1, it is possible to say that both parameters of lipophilicity

correlated with each other (Fig. 2).

log P =2.64 (0.17) Ry + 1.41 (= 0.075) (1)
R=0.95 s=0260 n=27

log P

Figure 2: The correlation between log P and Ry;.

The Hansch approach was carried out in order to study the relationship between the
structure and antimycobacterial activity. The indicator parameter I; was used for the
derivatives of N-(2-pyridylmethyl)salicylamides, while the indicator parameter I, for the
derivatives of N-(3-pyridylmethyl)salicylamides. Another parameter was lipophilicity
expressed as Ry or log P. As both MICs corresponding to 14d and 21d incubation correlated,

only the MIC values from the 14d incubation experiments were used for calculations.



We found Egs. 2 and 3 for the relationships between structure and antimycobacterial
activity against M. tuberculosis. The statistical significance of these calculated equations for

both parameters of lipophilicity (RM and log P) was similar.

log MIC e 14 = -0.688 (£0.254) Ry + 0.072 (£0.190) I+ 0.269 (+0.194) T, +
+ 2.249 (£0.216) )
R=0.80 s=0236 n=23 F=11.13

log MIChe 14 = -0.267 (20.089) log P + 0.141 (£0.163) I;+ 0.246 (£0.187) I, +
+2.613(£0.310) 3)
R=0.81 s=0229 n=23 F=12.17

Similar equations were also found for the relationships between the structure and

antimycobacterial activity against M. avium (See Eq. 4, 5).

10g MICfavium 14 = -0.187 (£0.275) Ry + 0.385 (0.198) I;+ 0.643(£0.217) I, +
+2.166 (£0.224)
R=0.78  s=0258 n=20 F=836 ()

10g MIC M avium 14 = -0.025 (£0.102) log P + 0.450 (£0.180) I;+ 0.709 (£0.221) I, +
+2.116 (£0.344)
R=0.78 s=0262 n=20 F=8.03 (5)

Equations 2-5 have a significant level better than 0.05. The significant level of Eq. 1 is
better than 0.001. Eqs. 2-5 show that the antimycobacterial activity increases with
lipophilicity. It is possible to conclude that the derivatives of N-(2-
pyridylmethyl)salicylamides are more suitable for the development of new antituberculotics

than adequate derivatives of N-(3-pyridylmethyl)salicylamides.

The intramolecular hydrogen bonds between the hydrogen atom of a phenol OH group
and the oxygen atom of the carbonyl group were studied. A shift of v(OH) band in the
phenolic molecules (Table 6) is observed depending on the position and of the nature of the

substituent(s). The shift Av(OH) calculated for the phenol as the reference molecule is in the



range of 204-222 cm™ for 2-pyridyl derivatives and 142-185 cm™ for 3-pyridyl compounds.
These differences correspond to the length of hydrogen bond in calculated 3D models. The
shorter distance between hydrogen and oxygen atoms indicates a stronger interaction which
leads to a higher shift of the band in the IR spectrum. IRs of the intramolecular hydrogen
bond and the calculated length A of hydrogen bond between OH group and C=O group are

summarized in Table 6.

Table 6. Wavenumbers v(OH) of the valence vibration of OH group in CCly4 solution and the
calculated length A of hydrogen bond between OH group and C=O group.

Compound v(OH) (cm™) Av(OH) (cm™) MA)
2b 3406 205 1.64417
2¢ 3406 205 1.64684
2d 3407 204 1.66071
2f 3399 212 1.64788
2g 3397 214 1.65933
2h 3395 216 1.65586
2i 3395 216 1.65527
2k 3389 222 1.62770
3a 3468 143 1.67309
3b 3468 143 1.66326
3¢ 3468 143 1.66451
3d 3469 142 1.66884
3e 3469 142 1.67028
3f 3466 145 1.66280
3g 3467 144 1.67638
3h 3466 145 1.67403
3i 3465 146 1.67642
3] 3464 147 1.65312
3k 3464 147 1.64792

Phenol 3611 - -

3D models were created for one derivative of N-(2-pyridylmethyl)salicylamides and

for the corresponding derivative of N-(3-pyridylmethyl)salicylamides (Fig. 3).
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Figure 3. 3D models of compounds 2d (left) and 3d (right).

We believe that our conformations based on the simulated heating calculations are the
most stable conformers but for the molecule 2d we also calculated models based on different
starting possible conformations stabilised with other hydrogen bonds — 2da, 2dg (Table 7).
Geometry optimizations yield models with higher energy compared with the original most

stable conformer. The conformer 2dy is planar, but the conformer 2d, is not planar.

Formula
C)\
/H
— _
o H O\H_ (o]
\—
\ /
N
Code 2d 2d 2dg
E, -2105992.17 -2105958.36 -2105958.81
(kJ/mol)
MA) 1.66071 1.93131 1.97334
2.13908 2.23179

Table 7. A comparison of three conformers of compound 2d, their calculated total energy Ep
and the length A of the possible hydrogen bond(s) (the upper bond in the formula is given
first).

We also further studied the molecule 2¢ and the possible interaction between the methoxy

group and other parts of the molecule (Table 8). We started the geometry optimization from



the different planar conformers 2c4, 2¢p, and 2¢c. We did not obtain any other more stable
conformer than our originally calculated model 2¢ with planar arrangement. As far as the new

conformers are concerned, only the model 2¢g has a planar conformation.

Formula N \O\\ \Q \Q
q J | L
\H H—O\ o} H o\_ o}
_ ) H—N H—N
O O !
H— _ —
- N \_7
\ 7
Code 2¢ 2¢c 2¢ca 2¢p
En -2303487.47 -2303457.60 -2303476.49 -2303476.73
(kJ/mol)
MA) 1.64684 2.06871 2.01384 2.02460
2.13788 2.18585 1.92950 1.97948
2.23725

Table 8. A comparison of three conformers of compound 2¢, their calculated total energy Ep
and the length A of the possible hydrogen bond(s) (the upper bond in the formula is given
first).

Conclusions

In conclusion, N-(2-pyridylmethyl)salicylamides show better solubility in medium
than N-benzylsalicylamides and show a better activity than N-(3-pyridylmethyl)salicylamides.
The QSAR calculations showed that their antimycobacterial activity increases with their
lipophilicity. The lipophilicity parameter might be used as a predictive indicator for the
biological activity of new compounds in these series. As lipophilicity can be measured by thin
layer chromatography on silica gel impregnated with trioctadecylsilane, this would be a very
simple and quick test for new compounds. 3D models were created for compounds 2d and 3d.

The molecules 2¢ and 2d were further studied to find the possible interactions.

Acknowledgements. This study is part of research project number MSM0021620822 of
Ministry of Education of the Czech Republic.



Symbols

14/21d  14/21 days incubation
DMSO  Dimethylsulfoxide
F Fischer-Snedecer F-test

I Indicator parameter

log P partition coefficient (octanol-water)
MIC minimum inhibitory concentration (LM)
n number of compounds used for the calculation

QSAR  quantitative structure-activity relationship

R correlation coefficient
Rm retention data, calculated by means of the formula Ry = log (1/Rg-1)
S standard deviation

TLC thin layer chromatography
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Abstract

On the basis of our previous results, 18 salicylanilides were synthesized. The compounds
were tested for the in vitro antimycobacterial activity against Mycobacterium tuberculosis,
Mycobacterium avium and two strains of Mycobacterium kansasii. The new compounds are
mainly active against INH-resistant strains of M. kansasii and M. avium. The activity against
M. tuberculosis is lower than that of INH. The 5 -butyl-5-chlorsalicylanilide is the most active
derivative of the newly prepared compounds.

Keywords: anilides - thioxo group — tuberculostatics - antimycobacteriens

Introduction

The return of tuberculosis to Europe and North America is one of the features of the period
dating from 1985. The new mycobacterial diseases have occurred that have been recently
considered intransferable to humans (mycobacterioses produced by potentially pathogenic
strains). The development of new antituberculotic agents is the principal goal of our research
group. We have published a study of substituted salicylanilides as potential antituberculotics
with a new mechanism of action, different from the drugs already in use®™. According to our
study, we suppose that the substitution of N-phenylsalicylanilides in position 4” by alkyls
decreases the antimycobacterial activity. The salicylic moiety was substituted with fluorine,
chlorine, bromine and a methyl group. The goal of this paper is the synthesis and
antimycobacterial evaluation of new compounds. The paper has completed our previous
study’. According to our previous paper, 4’-Alkylsalicylanilides are the inhibitors of ATP

biosynthesis which is a very important mechanism of action.



Experimental
Chemistry

Melting points were determined on a Kofler block (C. Reichert, Vienna, Austria) and are
uncorrected. The IR spectra were measured in KBr pellets or 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 Mercury-Vx BB 300 spectrometer operating at 300 MHz
for 'H- and 75 MHz for *C-NMR in d¢-DMSO (Varian Inc., Palo Alto, CA, USA). Chemical
shifts were recorded as & values in ppm, and were indirectly referenced to tetramethylsilane
via the solvent signal (7.26 for 'H- and 77.0 for *C-NMR). The coupling constants J are
given in Hz. Elemental analyses were performed on a CHNS-O CE elemental analyzer
(FISONS EA1110, Milano). Analyses of the C, H, N, S contents 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)salicylanilides

A suspension of substituted salicylic acid (0.02 mol) and substituted aniline (0.02 mol) in
toluene (100 mL) was heated under reflux in the presence of PCl; (0.01 mol) for three hours.
The reaction mixture was filtered while hot, and the solvents were evaporated. The product
was crystallized from ethanol-water (yields in the range 52-79%). The structure is
summarized in Table 1, the melting points and v(C=0O) are summarized in Table 2, the NMR

spectra are summarized in Table 3.

Microbiology

Newly synthesized derivatives of substituted N-(4-alkylphenyl)salicylanilides were used for
the biological evaluations. The in-vitro antimycobacterial activity of the compounds was
investigated against M. tuberculosis CNCTC My 331/ 88 (identical with H37RV and ATCC
27294), M. kansasii CNCTC My 235/ 80 (identical with ATCC 12 478, resistant to INH), M.
avium CNCTC My 330/ 88 (identical with ATCC 25291, resistant to INH). The standard
strains were obtained from the Czech National Collection of Type Cultures (CNCTC),
National Institute of Public Health, Prague. The strain M. kansasii 6509/ 96 was clinically
isolated. The dilution-micromethod was used for the determination of minimum inhibitory

concentrations (MIC) and the MIC values for the standard isoniazid (INH) were included for



the sake of comparison. The overview of the antimycobacterial activity together with the
activity of INH is summarized in Table 1. The antimycobacterial activity was in the range
from 8 to 62.5 pmol/l, so this activity is better than or comparable to that of INH. Only in the
case of M. tuberculosis and M. kansasii 6509/96, these derivatives are less active than INH.

Table 1.
alkylphenyl)salicylanilides (incubation 14d/21d).

Structure and antimycobacterial activity in pmol/l of substituted N-(4-

Rl

Comp. | R' R M. tuberculosis | M. avium | M. kansasii | M. kansasii
My 331/ 88 My 330/ 88 | My 235/ 80 6 509/ 96
1 5-Br ethyl 16/32 62.5/62.5 16/62.5 32/62.5
2 5-Cl ethyl 8/8 n/n 8/8 16/16
3 4-Cl ethyl 8/8 16/16 8/16 16/16
4 5-Br | isopropyl 8/8 16/32 16/16 16/16
5 5-Cl | isopropyl 8/8 16/32 16/16 16/16
6 4-Cl | isopropyl 8/8 8/16 8/16 16/16
7 5-F | isopropyl 8/32 8/32 16/16 16/16
8 4-CH3 | isopropyl n/n n/n n/n n/n
9 5-Br | sec-butyl 4/8 16/16 16/16 16/16
10 5-Cl | sec-butyl 8/8 16/16 16/16 16/16
11 4-Cl | sec-butyl 8/8 8/8 16/16 16/16
12 5-F | sec-butyl 8/8 8/8 8/16 8/16
13 4-CHj; | sec-butyl n/n n/n n/n n/n
14 5-Cl butyl 4/4 8/8 8/8 4/8
15 5-Cl | tert-butyl 8/16 16/32 16/16 16/16
16 4-Cl | tert-butyl 16/16 n/n 32/62.5 32/62.5
17 5-F | tert-butyl 8/8 8/16 16/16 8/16
18 4-CH3 | tert-butyl n/n n/n n/n n/n
INH 111 >250/>250 | >250/>250 8/8




Table 2. The melting point and frequency of the carbonyl group of new compounds.

Compounds Melting v(C=0) Compounds Melting v(C=0)

point (°C) (cm™) point (°C) (cm™)
1 208-210 1629 10° 157-159 1621
2 198-201 1621 117 200-205 1621
3° 198-200 1622 12 157-160 1621
4 197-198 1621 13 155-158 1619
5 181-185 1620 14 162-163 1628
6 218-219 1616 15 221-222 1627
7 173-175 1623 16 232-233 1623
8 183-184 1620 17 184 1624
9 163-165 1621 18 208-210 1618

Compounds 3, 10 and 11 have already been described.

Table 3. NMR spectra.

Compound

1 '"HNMR (300 MHz) 11.95 (1H, bs, NH), 10.35 (1H, bs, OH), 8.09 (1H, d, J=2.5 Hz,
H6), 7.62-7.56 (2H, m, AA’, BB’, overlapped, H2", H6"), 7.57 (1H, dd, overlapped,
J=8.8 Hz, J=2.5 Hz, H4), 7.24-7.16 (2H, m, AA’, BB’, H3", H5"), 6.94 (1H, d, J=8.8
Hz, H3), 2.57 (2H, q, J=7.6 Hz, CH,), 1.16 (3H, t, J=7.6 Hz, CH;)."”C NMR (75
MHz) & 165.1, 157.8, 140.1, 136.1, 135.8, 131.3, 128.2, 121.2, 119.9, 119.8, 110.3,

NMR data

27.9,15.09..

2 '"H NMR (300 MHz) 5 11.95 (1H, bs, NH), 10.35 (1H, bs, OH), 7.98 (1H, d, J=2.5
Hz, H6), 7.63-7.55 (2H, m, AA’, BB’, H2", H6"), 7.45 (1H, dd, J=8.8 Hz, ]=2.5 Hz,
H4), 7.24-7.16 (2H, m, AA’", BB’, H3", H5"), 7.00 (1H, d, J=8.8 Hz, H3), 2.58 (2H, q,
J=7.6 Hz, CH,), 1.16 3H, t, J=7.6 Hz, CH3). °C NMR (75 MHz) § 165.2, 157.3,
140.1, 135.8, 133.3, 128.4, 128.2, 122.9, 121.2, 119.4, 119.3, 27.8, 15.9.

3 'HNMR (300 MHz) § 12.22 (1H, bs, NH), 10.31 (1H, bs, OH), 7.96 (1H, d, J=8.8 Hz,
H6), 7.62-7.55 (2H, m, AA’, BB, H2’, H6"), 7.22-7.16 (2H, m, AA", BB", H3", H5"),
7.05-6.99 (2H, m, H3, H5), 2.57 (2H, q, J=7.5 Hz, CH,), 1.16 (3H, t, J=7.5 Hz,
CH;).>C NMR (75 MHz) 5 165.7, 159.4, 140.0, 137.6, 135.8, 130.9, 128.2, 121.2,

119.4,117.0,27.8, 15.9.




'H NMR (300 MHz) & 11.98 (1H, bs, NH), 10.35 (1H, bs, OH), 8.10 (1H, d, J=2.5 Hz,
H6), 7.63-7.56 (2H, m, AA’, BB’, overlapped, H2", H6"), 7.57 (1H, dd, overlapped,
J=8.8 Hz, J=2.5 Hz, H4), 7.28-7.18 (2H, m, AA’, BB, H3", H5"), 6.94 (1H, d, J=8.8
Hz, H3), 2.94-2.78 (1H, m, CH), 1.19 (6H, d, J=6.9 Hz, CH;)."’C NMR (75 MHz,
DMSO) § 165.2, 157.8, 144.7, 136.1, 135.8, 131.3, 126.7, 121.2, 119.9, 119.8, 110.3,
33.1,24.1.

'H NMR (300 MHz) & 11.96 (1H, bs, NH), 10.35 (1H, bs, OH), 7.98 (1H, d, J=2.6
Hz, H6), 7.64-7.55 (2H, m, AA’, BB’, H2’, H6"), 7.46 (1H, dd, J=8.8 Hz, ]=2.6 Hz,
H4), 7.27-7.19 (2H, m, AA’, BB, H3’, H5"), 7.00 (1H, d, J=8.8 Hz, H3), 2.94-2.78
(1H, m, CH), 1.19 (6H, d, J=6.9 Hz, CH3).""C NMR (75 MHz, DMSO) 5 165.2,
157.4, 144.8, 135.8, 133.3, 128.4, 126.7, 122.9, 121.2, 119.3, 33.1, 24.1.

'H NMR (300 MHz) 5 12.21 (1H, bs, NH), 10.32 (1H, bs, OH), 7.96 (1H, d, J=8.8
Hz, H6), 7.64-7.54 (2H, m, AA’, BB’, H2’, H6'), 7.28-7.18 (2H, m, AA’, BB’, H3’,
H5%), 7.08-6.98 (2H, m, H3, H5), 2.94-2.78 (1H, m, CH), 1.18 (6H, t, J=6.9 Hz,
CH3).">C NMR (75 MHz, DMSO) § 165.7, 159.5, 144.7, 137.6, 135.9, 130.9, 126.7,
121.2,119.4,117.0, 33.1, 24.1.

'H NMR (300 MHz, DMSO) § 11.74 (1H, bs, NH), 10.34 (1H, bs, OH), 7.77 (1H, dd,
J=9.4 Hz, J=3.0 Hz, H6), 7.63-7.56 (2H, m, AA’, BB’, H2’, H6"), 7.35-7.25 (1H, m,
H4), 7.26-7.19 (2H, m, AA’, BB", H3", H5"), 6.99 (1H, dd, J=9.4 Hz,, J=4.7 Hz, H3),
2.95-2.79 (1H, m, CH), 1.19 (6H, d, J=6.9 Hz, CH3).""C NMR (75 MHz, DMSO) 5
165.2 (d, J=2.3 Hz), 155.0 (d, J=234.8 Hz), 154.8, 144.7, 135.8, 126.7, 121.2, 120.7
(d, J=23.5 Hz), 118.8 (d, J=7.5 Hz), 118.3 (d, J=6.6 Hz), 114.8 (d, J=24.3 Hz), 33.1,
24.1.

'H NMR (300 MHz, DMSO) & 12.06 (1H, bs, NH), 10.26 (1H, bs, OH), 7.91 (1H, d,
J=8.5 Hz, H6), 7.62-7.55 (2H, m, AA’, BB, H2’, H6"), 7.26-7.18 (2H, m, AA’, BB’,
H3’, H5"), 6.80-6.74 (2H, m, H3, H5), 2.93-2.78 (1H, m, CH), 2.29 (3H, s, CH3), 1.19
(6H, d, J=7.2 Hz, CH3).”C NMR (75 MHz, DMSO) 5 167.2, 159.5, 144.6, 136.0,
128.8, 126.6, 121.5, 120.2, 117.7, 114.0, 33.1, 24.1, 21.3.

'H NMR (300 MHz) 5 11.97 (1H, bs, NH), 10.35 (1H, bs, OH), 8.10 (1H, d, J=2.5
Hz, H6), 7.64-7.56 (2H, m, AA’, BB’, overlapped, H2’, H6"), 7.57 (1H, dd,
overlapped, J=8.8 Hz, J=2.5 Hz, H4), 7.22-7.15 (2H, m, AA’, BB’, H3’, H5"), 6.95
(1H, d, J=8.8 Hz, H3), 2.63-2.51 (1H, m, CH), 1.60-1.46 (2H, m, CH,), 1.17 (3H, d,
J=7.1 Hz, CH3), 0.75 (3H, t, J=7.1 Hz, CH3)."’C NMR (75 MHz, DMSO) § 165.1,



10

157.8, 143.4, 136.1, 135.9, 131.3, 127.3, 121.2, 120.0, 119.7, 110.3, 40.6, 30.8, 22.0,
12.3.

'H NMR (300 MHz) & 11.87 (1H, bs, NH), 10.35 (1H, bs, OH), 7.98 (1H, d, J=2.6
Hz, H6), 7.63-7.56 (2H, m, AA’, BB’, H2’, H6"), 7.45 (1H, dd, J=8.8 Hz, ]=2.6 Hz,
H4), 7.22-7.14 (2H, m, AA’, BB’, H3’, H5"), 7.00 (1H, d, J=8.8 Hz, H3), 2.64-2.51
(1H, m, CH), 1.61-1.46 (2H, m, CH,), 1.17 (3H, d, J=7.1 Hz, CH3), 0.75 (3H, t, J=7.1
Hz, CH3). °C NMR (75 MHz, DMSO) § 165.2, 157.3, 143.5, 135.9, 133.3, 128.5,
127.3,122.9, 121.2, 119.4, 119.3, 40.6, 30.8, 22.0, 12.3..

11 H'H NMR (300 MHz) § 10.32 (1H, bs, OH), 7.96 (1H, d, J=8.5 Hz, H6), 7.64-7.54

12

13

14

(2H, m, AA’, BB’, H2', H6"), 7.23-7.13 (2H, m, AA’, BB’, H3", H5"), 7.05-6.99 (2H,
m, H3, H5), 2.64-2.50 (1H, m, CH), 1.60-1.46 (2H, m, CH»), 1.17 (3H, d, J=7.1 Hz,
CHs), 0.75 (3H, t, J=7.1 Hz, CH3).">C NMR (75 MHz, DMSO) & 165.7, 159.5, 143 .4,
137.6, 135.9, 130.9, 127.3, 121.2, 119.3, 117.1, 117.0, 40.6, 30.8, 22.0, 12.3.

'H NMR (300 MHz, DMSO) 5 11.72 (1H, bs, NH), 10.34 (1H, bs, OH), 7.77 (1H, dd,
J=9.1 Hz, J=3.3 Hz, H6), 7.63-7.56 (2H, m, AA’, BB’, H2', H6"), 7.30 (1H, dt, J=9.1
Hz, J=3.3. Hz, H4), 7.23-7.15 (2H, m, AA’, BB’, H3", H5"), 6.99 (1H, dd, J=9.1, Hz,
J=4.7 Hz, H3), 2.66-2.51 (1H, m, CH), 1.63-1.45 (2H, m, CH,), 1.17 (3H, d, J=7.1
Hz, CH3), 0.76 (3H, d, J=7.1 Hz, CH3).">C NMR (75 MHz, DMSO) § 165.2 (d, J=2.3
Hz), 155.0 (d, J=234.8 Hz), 154.8, 143.4, 135.9, 127.3, 121.2, 120.7 (d, J=23.2 Hz),
118.8 (d, J=7.5 Hz), 118.4 (d, J=6.9 Hz), 114.8 (d, J=24.3 Hz), 40.6, 30.8, 22.0, 12.2.
'H NMR (300 MHz, DMSO) § 12.04 (1H, bs, NH), 10.26 (1H, bs, OH), 7.90 (1H, d,
J=8.5 Hz, H6), 7.63-7.55 (2H, m, AA’, BB’, H2', H6"), 7.21-7.14 (2H, m, AA’, BB’,
H3’, H5"), 6.81-6.74 (2H, m, H3, H5), 2.63-2.51 (1H, m, CH), 2.29 (3H, s, CH3),
1.63-1.44 (2H, m, CH,), 1.17 (3H, d, J=7.2 Hz, CH3), 0.75 (3H, d, J=7.2 Hz,
CH3).*C NMR (75 MHz, DMSO) & 167.1, 159.5, 144.5, 143.3, 136.0, 128.8, 127.2,
121.4,120.2, 117.7, 114.1, 40.6, 30.8, 22.0, 21.3, 12.3..

'H NMR (300 MHz, DMSO) 5 11.93 (1H, bs, NH), 10.35 (1H, s, OH), 7.97 (1H, d,
J=2.5 Hz, H6), 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, CH,), 1.36-1.21 (2H, m, CH,), 0.88 (3H, t,
J=7.4 Hz, CH3).*C NMR (75 MHz, DMSO) 5 165.2, 157.3, 138.7, 135.8, 133.3,
128.7, 128.5, 122.9, 121.1, 119.5, 119.3, 34.5, 33.4, 21.9, 14.0..



15 '"H NMR (300 MHz, DMSO) 5 11.97 (1H, bs, NH), 10.37 (1H, s, OH), 7.98 (1H, d,
J=2.6 Hz, H6), 7.64-7.56 (2H, m, AA’, BB’, H2’, H6"), 7.46 (1H, dd, J=8.9 Hz, J=2.6
Hz, H4), 7.41-7.33 (2H, m, AA’, BB’, H3", H5"), 7.00 (1H, d, J=8.9 Hz, H3), 1.27
(9H, s, CH3). >C NMR (75 MHz, DMSO) § 165.2, 157.4, 147.0, 135.6, 133.3, 128.5,
125.6,122.9, 120.9, 119.4, 34.3, 31.4.

16 '"H NMR (300 MHz, DMSO) 5 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, s, CH3). *C NMR (75 MHz, DMSO)
8 165.7,159.5, 146.9, 137.6, 135.6, 130.9, 125.6, 120.9, 119.4, 117.1, 34.3, 31 4.

17 '"H NMR (300 MHz, DMSO) & 11.75 (1H, bs, NH), 10.35 (1H, bs, OH), 7.78 (1H, dd,
J=9.3 Hz, J=3.2 Hz, H6), 7.64-7.57 (2H, m, AA’, BB’, H2', H6'), 7.42-7.35 (2H, m,
AA’, BB, H3’, H5"), 7.30 (1H, dt, J=9.3 Hz, J=3.2 Hz, H4), 6.99 (1H, dd, J=9.3, Hz,,
J=4.7 Hz, H3), 1.27 (9H, s, CH3).">C NMR (75 MHz, DMSO) § 165.3 (d, J=2.3 Hz),
155.0 (d, J=235.0 Hz), 154.8, 147.0, 135.5, 125.6, 120.7 (d, J=24.2 Hz), 118.8 (d,
J=7.5Hz), 118.3 (d, J=6.9 Hz), 114.8 (d, J=24.8 Hz), 34.3, 31.3..

18 '"H NMR (300 MHz, DMSO) & 12.06 (1H, bs, NH), 10.26 (1H, bs, OH), 7.91 (1H, d,
J=8.5 Hz, H6), 7.64-7.56 (2H, m, AA’, BB’, H2', H6"), 7.41-7.33 (2H, m, AA’, BB’,
H3', H5"), 6.81-6.75 (2H, m, H3, H5), 2.29 (3H, s, CH3), 1.27 (9H, s, CH3)."’C NMR
(75 MHz, DMSO) & 167.2 159.5, 146.8, 144.6, 135.7, 128.8, 125.5, 121.1, 120.2,
117.7,114.0, 34.3, 31.4, 21.3.

Results and Discussion

The identification of the structure of the new compounds was made by means of the IR and
NMR spectra. The studied compounds are active against all strains of the mycobacterium
under study. The antimycobacterial activity was in the range from 4 to 62.5 umol/L (mainly 8
umol/L against M. tuberculosis and 16 umol/L against the potentially pathological strains).
The compounds are active against INH-resistant strains. These derivatives were less active
than INH in the case of the strains of M. tuberculosis and M. kansasii 6509/96. As reported in
our previous paper4’ 4’-butyl-4-chlorsalicylanilide and 5’-octyl-5-bromsalicylanilide were
almost as active as INH against M. tuberculosis and M. kansasii 6509/96. The present study
has completed the results about the activity of 4’-alkylsalicylanilides. 5’-Butyl-5-
chlorsalicalanilide (14) is the most active derivative of the newly prepared compounds. On the

basis of our previous paper’, we suppose that the new compounds are potential inhibitors of



ATP synthesis. Some parts of compounds are described but their documentation is very poor.
It seems that the compounds deserve chemical interest.

Acknowledgements

This work is a part of the research project No. MSM 0021620822 of the Ministry of Education
of the Czech Republic.

References

1. Macielag, M. J., Demers, J. P., Fraga-Spano, S. A., Hlasta, D. J., Johnson, S. G.,
Kanojia, R. M., Russel, R. K., Sui, Z., Weidner-Wells, M. A., Werblood, H., Foleno,
B. D., Goldschmidt,R. M., Loeloff, M. J., Webb, G. C., Barrett, J. F.: Substituted
salicylanilides as inhibitors of two-component regulatory systems in bacteria.
J.Med.Chem., 41, 2939-2945 (1998).

2. Lin Guo, Wang, Q.-L., Jiang, Q.-Q., Jiang, Q.-J., Jiang Y.-B.: Anion-triggered
substituent-dependent conformational switching of salicylanilides. New hints for
understanding the inhibitory mechanism of salicylanilides. J. Org. Chem. 72, 2007,
9947-9953.

3. Hlasta, D. J., Demers, J. P., Foleno, B. D., Fraga-Spano, S. A., Guan, J., Hilliard, M.
J., Macielang, M. J., Ohemeng, K. A. , Sheppard, Ch. M., Sui , Z., Webb, G. C,,
Weidner-Wells, M. A., Werblood, H., Barrett, J. F.: Novel inhibitors of bacterial two-
component systems with Gramm positive antibacterial activity: Pharmacophore
identification based on the screening hit closantel. Bioorg Med Chem Lett., 8, 1998,
1923-1928.

4. Waisser, K., Matyk, J., DiviSova, H., Husdkova, P., Kunes, J., KlimeSova, V.,
Kaustova, J., Mdllmann, J., Dahse, H.-M-, Miko, M.: The oriented development of
antituberculotics. Arch. Pharm. Chem. Life Sci., 339, 2006, 616-620.

5. Kuhnt, D.; Jelich, Kl.; Haug, M.; Stenzel, K.; Dehne, H.-W.; Erdelen, Ch.:
Preparation of 4-chlorbenzamides as pesticides. Ger. Offen. (1996), 17 pp. CODEN:
GWXXBX DE 4428381 A1 19960215 CAN 124:289012 AN 1996: 262047.

6. Muto, S.; Itai, A.Preparation of phenol or phenyl acetate derivatives as inhibitors

against the activation of activator protein-1 (AP-1) and nuclear factor of activated T-



cells (NFAT). PCT Int. Appl. (2003), 401 pp. CODEN: PIXXD2 WO 2003103647
Al 20031218 CAN 140:27849 AN 2003:991329.

. Chen, J., Dixon, B. R.; Dumas, J.; Brittelli, D.: Protocols for amide high-speed
analoging. Preparation of novel, small molecule cathepsin D inhibitors. Tetrahedron

Letters, 40(52), 1999, 9195-9199.






PETRLIKOVA E., WAISSER, K. DIVISOVA, H.,
HUSAKOVA, P., VRABCOVA, P., KUNES, J., KOLAR, K.
STOLARIKOVA, J.: Highly Active Antimycobacterial

Derivatives of Benzoxazine. Bioorg. Med. Chem., under review.






Highly Active Antimycobacterial Derivatives of Benzoxazine

, L, a¥ . . ey ” ’ , ) v
Eva Petrlikova®, Karel Waisser’, Hana DiviSov4®, Petra Husakova®, Petra Vrabcova’, Jifi

Kunes®, Karel Kola®, Jifina Stolafikova®

“ Department of Inorganic and Organic Chemistry, Charles University in Prague, Faculty of
Pharmacy in Hradec Krdlové, Heyrovskeho 1203, 500 05 Hradec Kralové, Czech Republic

®Department of Chemistry, University of Hradec Kralové, Rokitanského 62, 500 03 Hradec
Kralove, Czech Republic

“Regional Institute of Public Health, Partyzdnské namésti 7, Ostrava, Czech Republic

"Corresponding author: Phone: +420495067335. Fax: +420465067166.

E- mail: Eva.Petrlikova@faf.cuni.cz

Abstract

New 3-(4-alkylphenyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones and 3-(4-alkylphenyl)-2H-
1,3-benzoxazine-2,4(3H)-dithiones were synthesized. The compounds were tested for in-vitro
antimycobacterial activity against Mycobacterium tuberculosis, M. avium and two strains of
M. kansasii. The antimycobacterial activity increased with the replacement of the carbonyl
group by the thiocarbonyl group in the starting 3-(4-alkylphenyl)-2H-1,3-benzoxazine-
2,4(3H)-diones. The most active derivatives were more active than isonicotinhydrazide (INH).

Free-Wilson analysis was also carried out and the activity contribution was examined.

Keywords: Benzoxazine, Thioxo group, Antimycobacterial activity, Tuberculosis



1. Introduction

Tuberculosis is an infectious bacterial disease that can be transmitted from person to person
because of the droplets from the throat and lungs of people suffering from the active
respiratory disease. Tuberculosis was always a serious problem in developing countries and
the multidrug resistant strains of M. tuberculosis are transferred by the migration of a
population to Europe and North America. More than two billion people (one third of the
world’s population) are, according to WHO, infected with TB bacilli, the microbes that cause
tuberculosis.' WHO also estimated that 9.37 million incident cases of TB and 11.09 million
prevalent cases of TB occurred in the year 2008. There were 1.32 million deaths from TB in
the same year.” Hence, there is a great need to develop new drugs and found new strategies to

control this outbreak of tuberculosis.

Many antituberculosis agents containing a thioxo group were important in the history of
antituberculosis  drugs. For example, p-acetamidobenzaldehyde thiosemicarbazone
(Thiacetazone), 4, 4’-bis(isopentoxy)thiocarbanilide (Isoxyl), or 2-ethylpyridine-4-

carbotioamide (Ethionamide) are known to inhibit the mycolic acids biosynthesis.*”

This study is oriented on the derivatives of benzoxazinediones in which one or both oxo
groups were replaced by the thioxo group. Since the compounds are cyclic derivatives of
salicylanilides it can be supposed that they can serve as bacterial two-component system
inhibitors.®” This type of mechanism of action is very promising while such a type of the

antibacterial effect is probably different from the effect of other antibacterial drugs.

2. Chemistry

The starting 3-(4-alkylphenyl)-2H-1,3-benzoxazine-2,4(3H)-diones were prepared by the
reaction of N-(4-alkylphenyl)salicylamides with methyl chloroformate in dry pyridine and
purified by crystallization from ethanol. 3-(4-Alkylphenyl)-4-thioxo-2H-1,3-benzoxazine-
2(3H)-ones and 3-(4-alkylphenyl)-2H-1,3-benzoxazine-2,4(3 H)-dithiones were synthesized
by the treatment of 3-(4-alkylphenyl)-2H-1,3-benzoxazine-2,4(3H)-diones with phosphorus
pentasulfide. The structural assignment is based on 'H-NMR, *C-NMR and IR spectra. The

purity of the compounds was confirmed by means of elemental analysis. An overview of the



synthesis is in Scheme 1. The structures of the prepared compounds are summarized in Tables
1-3.
Scheme 1
Table 1
Table 2
Table 3

3. Antimycobacterial Activity

The in-vitro antimycobacterial activity of the compounds was investigated against M.
tuberculosis CNCTC My 331/ 88 (identical with H37RV and ATCC 27294), M. kansasii
CNCTC My 235/ 80 (identical with ATCC 12 478, resistant to INH), M. avium CNCTC My
330/ 88 (identical with ATCC 25291, resistant to INH) and M. kansasii 6509/96. All the
strains were obtained from the Czech National Collection of Type Cultures (CNCTC),
National Institute of Public Health, Prague. The only exception is M. kansasii 6 509/ 96 that
was clinically isolated and that is in contrast to the standard strain not resistant to isoniazid
(INH). The dilution micromethod was used for the determination of minimum inhibitory
concentrations (MIC) and the MIC values for the standard INH were included for the sake of
comparison. The overview of the biological activity together with the activity of INH is
shown in Tables 1-3. The MIC values of compounds 1a, lc, 1f, 1k, 1o, 1p and 1q were taken

8,9,10

from our previous papers to complete the evaluation and to compare with the biological

activity.

The antimycobacterial activity of the starting 3-benzyl-2H-1,3-benzoxazine-2,4(3H)-diones is
in the range of 4-16 pmol/L. The replacement of one oxo group with a thioxo group strongly
increases the antimycobacterial activity. The additional replacement has a small effect on the
activity. Figure 1 shows such an increase in the activity in the case of M. tuberculosis. The
MIC values of the sulfur compounds are generally within the range of 0.25-125 pumol/L but
the majority of MICs is in the range of 0.25-8 umol/L. All the sulfur derivatives are more
active than INH.

Figure 1

4. Free-Wilson analysis



The Free-Wilson method with the Fujita-Ban modification was used to investigate the activity
contribution in the case of sulfur derivatives. All the calculations were carried out using the
Multireg program for Microsoft Excel. Since the MIC values after 14d and 21d incubation
correlated with each other, only the MICs after 14d evaluation were taken for the calculations.
The MICs of sulfur derivatives of 6-bromo-3-(4-propylphenyl)-1,3-benzoxazine-2,4(3H)-dione,
6-bromo-3-(4-butylphenyl)-1,3-benzoxazine-2,4(3H)-dione  and  7-chloro-3-(4-butylphenyl)-1,3-
benzoxazine-2,4(3H)-dione were taken from the literature'' and used for the calculation. Chlorine as
the R' substituent at the position 7 on the benzoxazine ring and propyl as the R* substituent
were used as the standards. The results show that the biological activity increases with the
fluorine or methyl moiety as the R' substituents. The increase in activity is also connected

with the branched R? substituents.

Table 4
Table 5

5. Conclusion

The replacement of the carbonyl group by the thiocarbonyl group in 3-(4-alkylphenyl)-2H-
1,3-benzoxazine-2,4(3H)-diones increases the antimycobacterial activity. The derivatives of
3-(4-alkylphenyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones (2a-2s) and 3-(4-alkylphenyl)-
2H-1,3-benzoxazine-2,4(3H)-dithiones (3a-3S) possess a better biological activity than INH,
the standard used for the sake of comparison. An advantage is the presumption that these
compounds can be of different mechanisms of action from the antituberculosis drugs already
in use. (4-Sec-butylphenyl)-7-methyl-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (2N) seems to be the
most prospective compound as it shows the best activity against all mycobacterial strains

under tests. This compound has been selected for future investigation.
6. Experimental protocols
6.1. Chemistry, general information

The melting points were determined on a Kofler apparatus. The samples for the analyses and
antimycobacterial tests were dried over P,Os at 61 °C and 66 Pa for 24 h. Elemental analyses
(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 wavenumbers are given in cm™. TLC was



performed on silica gel plates precoated with the fluorescent indicator Silufol UV 254 + 366
(Kavalier Votice, Czech Republic), hexane-acetone (3:1) was used as the mobile phase.
Crystallization of products was carried out from ethanol. The 'H NMR and *C NMR spectra
of new compounds were recorded in DMSO-d solutions at ambient temperature on a Varian
Mercury-Vx BB 300 spectrometer operating at 300 MHz for 'H NMR, and 75 MHz for °C
NMR. Chemical shifts were recorded as ¢ values in parts per million (ppm) and were

indirectly referenced to tetramethylsilane via the solvent signal (2.49 for 'H or 39.7 for °C).

6.2 Chemistry, synthetic procedures to preparation of 3-(4-alkylphenyl)-2H-1,3-
benzoxazine-2,4(3H)-diones (1b, 1d, 1e, 1g, 1h-1j, 1l-1n, 1r, 1s).

Methyl chloroformate (5.2g, 48 mmol) was added dropwise to a stirred solution of the
corresponding salicylanilide (40 mmol) in dry pyridine (20mL) under ice cooling. The
mixture was heated on a steam bath for 1 hour and then poured into 5% hydrochloric acid
(140mL). After 24 h the product was filtered off, suspended in 5% natrium carbonate solution

and the solid was filtered off. The crude product was purified by crystallization from ethanol.

6.2.1 6-Bromo-3-(4-ethylphenyl)-1,3-benzoxazine-2,4(3H)-dione (1b), white solid, yield
59%, mp 219-222°C, IR (v CO) 1772,1703 cm™; "H NMR (300 MHz, DMSO) & 8.07-
7.97 (2H, m, H5, H7), 7.49 (1H, d, J=8.5 Hz, HY), 7.37-7.27 (4H, m, H2", H3’, H5’,
H6"), 2.67 (2H, q, J=7.6 Hz, CH,), 1.22 (3H, t, J=7.6 Hz, CH3); °C NMR (75 MHz,
DMSO) & 159.9, 151.9, 147.5, 144.7, 138.9, 132.8, 129.5, 128.6, 128.4, 119.2, 117.1,
117.0, 28.1, 15.7; Anal calc. for C;cH2BrNO; (346.18): C 55.51; H 3.49; N 4.05.
Found: C 55.67; H 3.55; N 3.80.

6.2.2 7-Chloro-3-(4-ethylphenyl)-1,3-benzoxazine-2,4(3H)-dione (1d), white solid, yield
58%, mp 185-189°C, IR (v CO) 1776,1708 cm™'; '"H NMR (300 MHz, DMSO) & 7.98
(1H, d, J=8.4 Hz, H5), 7.75 ( 1H, d, J=1.8 Hz, H8), 7.51 (1H, dd, /=8.4 Hz, J=1.8 Hz,
H6), 7.37-7.27 (4H, m, H2’, H3", H5', H6"), 2.67 (2H, q, J=7.6 Hz, CH,), 1.22 (3H, t,
J=7.6 Hz, CH3); C NMR (75 MHz, DMSO) & 160.3, 153.3, 147.6, 144.6, 140.5,
132.8, 129.2, 128.6, 128.5, 125.8, 116.8, 114.2, 28.1, 15.7; Anal calc. for
C16H,CINO; (301.73): C 63.69; H 4.01; N 4.46. Found: C 63.59; H 3.95; N 4.36.

6.2.3 6-Bromo-3-(4-isopropylphenyl)-1,3-benzoxazine-2,4(3H)-dione (1le), white solid,
yield 72%, mp 174-177°C, IR (v CO) 1763,1703 cm™; "H NMR (300 MHz, DMSO) &
8.08-7.97 (2H, m, H5, H7), 7.49 (1H, d, J=8.5 Hz, H8), 7.41-7.34 (2H, m, AA’, BB’,



6.2.4

6.2.5

6.2.6

6.2.7

H2', H6"), 7.34-7.26 (2H, m, AA’, BB’, H3’, H5"), 3.05.2.85 (1H, CH), 1.24 (6H, d,
J=6.9 Hz, CH3); >C NMR (75 MHz, DMSO) & 159.9, 151.9, 149.2, 147.5, 138.9,
132.8, 129.5, 1284, 127.1, 119.2, 117.1, 117.0, 33.4, 24.0; Anal calc. for
C17H14BrNOj3 (360.2): C 56.69; H 3.92; N 3.89. Found: C 56.47; H 3.97; N 3.80.
7-Chloro-3-(4-isopropylphenyl)-1,3-benzoxazine-2,4(3H)-dione (1g), white solid,
yield 61%, mp 180-183°C, IR (v CO) 1770,1704 cm™; '"H NMR (300 MHz, DMSO) &
7.98 (1H, d, J=8.5 Hz, H5), 7.74 ( 1H, d, J=1.8 Hz, HS), 7.51 (1H, dd, J=8.5 Hz,
J=1.8 Hz, H6), 7.41-7.27 (4H, m, H2', H3', H5', H6"), 3.04-2.88 (1H, m, CH), 1.25
(6H, d, J=6.9 Hz, CH3); °C NMR (75 MHz, DMSO) & 160.3, 153.3, 149.2, 147.6,
140.5, 132.8, 129.3, 128.5, 127.1, 125.8, 116.8, 114.2, 33.4, 24.0; Anal calc. for
C17H14CINO; (315.76): C 64.67; H 4.47; N 4.44. Found: C 64.62; H 4.43; N 4.20.
6-Fluoro-3-(4-isopropylphenyl)-1,3-benzoxazine-2,4(3H)-dione (1h), white solid,
yield 60%, mp 193-194°C, IR (v CO) 1770,1700 cm™; '"H NMR (300 MHz, DMSO) &
7.79-7.69 (2H, m, H5, H7), 7.62-7.54 (1H, m, HS), 7.41-7.34 (2H, m, AA’, BB’, H2’,
H6"), 7.34-7.28 (2H, m, AA’, BB’, H3’, H5"), 3.04-2.87 (1H, m, CH), 1.25 (6H, d,
J=6.9 Hz, CH3); Anal calc. for C;7H 4FNO3 (299.3): C 68.22; H 4.71; N 4.68. Found:
C 68.03; H4.71; N 4.55.
3-(4-1sopropylphenyl)-7-methyl-1,3-benzoxazine-2,4(3H)-dione (1i), white solid,
yield 67%, mp 212-213°C, IR (v CO) 1764,1689 cm™; '"H NMR (300 MHz, DMSO) &
7.86 (1H, d, J=8.0 Hz, H5), 7.41-7.24 (6H, m, H6, H8, H2’, H3", H5", H6"), 3.05-2.87
(1H, m, CH), 2.46 (3H, s, CH3), 1.25 (6H, d, J=6.9 Hz, CH3); °C NMR (75 MHz,
DMSO) & 160.8 152.7, 149.0, 148.0, 147.8, 133.0, 128.6, 127.4, 127.0, 126.5, 116.4,
112.4, 33.4, 24.0, 21.5; Anal calc. for CsH7NO3 (295.34): C 73.20; H 5.80; N 4.74.
Found: C 72.81; H 5.80; N 4.57.
6-Bromo-3-(4-sec-butylphenyl)-1,3-benzoxazine-2,4(3H)-dione (1j), white solid,
yield 64%, mp 208-209°C, IR (v CO) 1770,1703 cm™; '"H NMR (300 MHz, DMSO) &
8.07-7.98 (2H, m, H5, H7), 7.49 (1H, d, J=8.5 Hz, HS), 7.37-7.26 (4H, m, H2", H3",
H5', H6"), 2.75-2.59 (1H, m, CH), 1.66-1.52 (2H, m, CH,), 1.22 (3H, d, J=7.1 Hz,
CH3), 0.81 (3H, t, J=7.1 Hz, CHs); >C NMR (75 MHz, DMSO) & 159.9, 151.9,
148.0, 147.5, 138.9, 132.8, 129.4, 128.4, 127.7, 119.2, 117.1, 117.0, 40.8, 30.7, 21.8,
12.3; Anal calc. for C;gH¢BrNO3 (374.24): C 57.77; H 4.31; N 3.74. Found: C 57.54;
H 4.27; N 3.50.
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3-(4-Sec-butylphenyl)-7-chloro-1,3-benzoxazine-2,4(3H)-dione (1l), white solid,
yield 70%, mp 136-137°C, IR (v CO) 1776,1696 cm™; "H NMR (300 MHz, DMSO) &
7.98 (1H, d, J=8.2 Hz, H5), 7.75 ( 1H, d, J=1.9 Hz, H8), 7.52 (1H, dd, J=8.2 Hz,
J=1.9 Hz, H6), 7.37-7.24 (4H, m, H2’, H3’, H5’, H6"), 2.74-2.59 (1H, m, CH), 1.66-
1.51 (2H, m, CH»), 1.22 (3H, d, J=7.1 Hz, CH3), 0.81 (3H, t, J=7.1 Hz, CH;); °C
NMR (75 MHz, DMSO) 6 160.3, 153.3, 148.0, 147.6, 140.5, 132.8, 129.2, 128.4,
127.7, 125.8, 116.8, 114.2, 40.8, 30.7, 21.8, 12.3; Anal calc. for C;sHcCINO;
(329.79): C 65.56; H 4.89; N 4.25. Found: C 65.27; H 4.90; N 4.07.
3-(4-Sec-butylphenyl)-6-fluoro-1,3-benzoxazine-2,4(3H)-dione (1m), white solid,
yield 63%, mp 114-116°C, IR (v CO) 1767,1734 cm™"; "H NMR (300 MHz, DMSO) &
7.82-7.68 (2H, m, H5, H7), 7.64-7.54 (1H, m, HS), 7.37-7.27 (4H, m, H2", H3", HS",
H6"), 2.74-2.58 (1H, m, CH), 1.67-1.50 (2H, m, CH2), 1.22 (3H, d, J=7.2 Hz, CH3),
0.81 (3H, d, J=7.2 Hz, CH3); Anal calc. for C;sHsFNO3 (313.3): C 69.00; H 5.15; N
4.47. Found: C 68.93; H 5.25; N 4.37.
3-(4-Sec-butylphenyl)-7-methyl-1,3-benzoxazine-2,4(3H)-dione (1n), white solid,
yield 71%, mp 137-140°C, IR (v CO) 1761,1694 cm™; "H NMR (300 MHz, DMSO) &
7.86 (1H, d, J=8.0 Hz, H5), 7.36-7.24 (6H, m, H6, H8, H2", H3’, H5', H6"), 2.74-2.58
(1H, m, CH), 2.46 (3H, s, CH3), 1.66-1.49 (2H, m, CH,), 1.22 (3H, d, J=7.1 Hz,
CHs), 1.81 (3H, d, J=7.1 Hz, CH3); °C NMR (75 MHz, DMSO) & 160.8, 152.8,
148.0, 147.8, 133.1, 128.6, 127.4, 127.2, 126.5, 116.5, 112.4, 40.8, 30.8, 22.0, 12.3;
Anal calc. for C;9H9NO3 (309.37): C 73.77; H 6.19; N 4.53. Found: C 73.96; H 6.28;
N 4.45.

3-(4-Tert-butylphenyl)-6-fluoro-1,3-benzoxazine-2,4(3H)-dione (1r), white solid,
yield 58%, mp 145-147°C, IR (v CO) 1770,1733 cm™; '"H NMR (300 MHz, DMSO) &
7.80-7.68 (1H, m, H5), 7.64-7.53 (1H, m, H7), 7.55-7.48 (2H, m, AA’, BB’, H2’,
H6"), 7.42-7.35 (1H, m, HS), 7.35-7.28 (2H, m, AA’, BB’, H3’, H5"), 1.32 (9H, s,
CH3); Anal calc. for C1gsHsFNO3 (313.3): C 69.00; H 5.15; N 4.47. Found: C 68.90;
H 5.21; N 4.39.

3-(4-Tert-butylphenyl)-7-methyl-1,3-benzoxazine-2,4(3H)-dione (1s), white solid,
yield 70%, mp 170-172°C, IR (v CO) 1753,1707 cm™; "H NMR (300 MHz, DMSO) &
7.86 (1H, d, J=8.0 Hz, H5), 7.55-7.47 (2H, m, H2', H6"), 7.35-7.24 (4H, m, H6, H3,
H3’, H5"), 2.46 (3H, s, CH3), 1.32 (9H, s, CH3); *C NMR (75 MHz, DMSO) & 160.9,



152.8, 151.2, 148.1, 147.8, 132.8, 128.3, 127.5, 126.5, 126.0 116.5, 112.4, 34.7, 31.3,
21.6; Anal calc. for C19H9NO3 (309.37): C 73.77; H 6.19; N 4.53. Found: C 73.49; H
6.17, N 4.36.

6.3 Chemistry, synthetic procedures for the preparation of 3-(4-alkylphenyl)-4-thioxo-
2H-1,3-benzoxazine-2(3H)-ones (2a-2s) and 3-(4-alkylphenyl)-2H-1,3-benzoxazine-
2,4(3H)-dithiones (3a-3s).

3-(4-alkylphenyl)-2H-1,3-benzoxazine-2,4(3H)-diones (3.8 mmol) were melted with P4S
(7.6 mmol) for 20 minutes (175-200°C). After cooling to the room temperature, a 10%
potassium carbonate solution (60 mL) was poured into the reaction mixture; the crude product
was filtered off, and dissolved in toluene (p.a., 40 mL). Column chromatography on silica gel
yielded 3-(4-alkylphenyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones and 3-(4-alkylphenyl)-
2H-1,3-benzoxazine-2,4(3H)-dithiones. The products were crystallized from ethanol.

6.3.1 6-Bromo-3-(4-methylphenyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (2a), yellow
solid, yield 36%, mp 259-261°C; IR (v CO) 1759 cm™; "H NMR (300 MHz, CDCl5) &
8.54 (d, 1H, J=2.45 Hz, H5), 7.80 (dd, 1H, J=8.52 Hz, J=2.45 Hz, H7), 7.40-7.34 (m
AA’, BB', 2H, H2’, H6"), 7.20 (d, 1H, J=8.52 Hz, H8), 7.16-7.11 (m AA’, BB’, 2H,
H3’, H5"), 2.45 (s, 3H, CH3); °C NMR (75 MHz, CDCl3) & 190.0, 148.2, 144.6,
139.5, 138.4, 136.2, 134.3, 130.6, 127.3, 122.0, 118.8, 118.4, 21.5; Anal calc. for
C15HoBrNO,S (348.2): C 51.74; H 2.89; N 4.02; S 9.21. Found: C 51.22; H 2.62; N
3.98;S9.11.

6.3.2 6-Bromo-3-(4-ethylphenyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (2b), yellow
solid, yield 42%, mp 227-229°C, IR (v CO) 1759 cm™; "H NMR (300 MHz, DMSO) &
8.35 (1H, d, J=2.3 Hz, H5), 8.02 (1H, dd, J/=8.8 Hz, J=2.3 Hz, H7), 7.47 (1H, d, J=8.8
Hz, H8), 7.38-7.30 (2H, m, AA’, BB’, H2’, H6"), 7.30-7.23 (2H, m, AA’, BB’, H3’,
H5"), 2.66 (2H, q, J=7.6 Hz, CH,), 1.22 (3H, t, J=7.6 Hz, CH3); °C NMR (75 MHz,
DMSO) 6 191.4, 149.1, 144.5, 138.6, 137.6, 133.0, 128.9, 128.0, 122.5, 119.4, 117.4,
28.1, 15.6; Anal calc. for C;sH;BrNO,S (361.0): C 52.05; H 3.34; N 3.87; S 8.85.
Found: C 52.80; H 3.33; N 3.56; 8.73.

6.3.3 6-Chloro-3-(4-ethylphenyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (2c), yellow
solid, yield 33%, mp 199-202°C, IR (v CO) 1761 cm™'; 'H NMR (300 MHz, DMSO) &
8.22 (1H, d, J=2.6 Hz, H5), 7.91 (1H, dd, J=8.8 Hz, J=2.6 Hz, H7), 7.55 (1H, d, J=8.8
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Hz, HS), 7.38-7.31 (2H, m, AA’, BB’, H2", H6"), 7.31-7.24 (2H, m, AA’, BB’, H3’,
H5%), 2.67 (2H, q, J=7.6 Hz, CH,), 1.22 (3H, t, J=7.6 Hz, CH3); *C NMR (75 MHz,
DMSO) 6 191.5, 148.7, 144.6, 144.5, 137.7, 135.8, 130.0, 129.7, 128.9, 128.0, 122.2,
119.2, 28.1, 15.6; Anal calc. for C;cH;2CINO,S (317.0): C 60.47; H 3.81; N 4.41;
S 10.99. Found: C 60.39; H 3.84; N 4.31; S 11.28.
7-Chloro-3-(4-ethylphenyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (2d), yellow
solid, yield 39%, mp 188-190°C, IR (v CO) 1761 cm™'; 'H NMR (300 MHz, DMSO) &
8.28 (1H, d, J/=8.8 Hz, H5), 7.74 (1H, d, J=2.2 Hz, H8), 7.50 (1H, dd, J=8.8 Hz, J=2.2
Hz, H6), 7.38-7.30 (2H, m, AA’, BB’, H2", H6"), 7.29-7.23 (2H, m, AA’, BB’, H3",
H5"), 2.67 (2H, q, J=7.6 Hz, CH,), 1.53 (3H, t, J=7.6 Hz, CH3); °C NMR (75 MHz,
DMSO) 6 191.9, 150.2, 144.5, 144.5, 140.7, 137.6, 133.0, 128.9, 128.1, 126.2, 120.1,
116.8, 28.1, 15.6; Anal calc. for C;¢H,CINO,S (317.0): C 60.47; H 3.81; N 4.41,
S 10.99. Found: C 60.33; H 3.79; N 4.22; S 10.22.
6-Bromo-3-(4-isopropylphenyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (2e),
yellow solid, yield 26%, mp 199-201°C, IR (v CO) 1759 cm™; "H NMR (300 MHz,
DMSO) ¢ 8.35 (1H, d, J=2.5 Hz, HS), 8.01 (1H, dd, J=8.8 Hz, J=2.5 Hz, H7), 7.47
(1H, d, J=8.8 Hz, H8), 7.42-7.34 (2H, m, AA’, BB’, H2", H6"), 7.32-7.24 (2H, m,
AA’, BB’, H3’, H5"), 3.04-2.87 (1H, m, CH), 1.24 (6H, d, J=6.9 Hz, CH3); °C NMR
(75 MHz, DMSO) & 191.3, 149.1, 149.0, 144.5, 138.6, 137.7, 133.0, 128.0, 127.4,
122.5, 119.4, 117.4, 33.4, 24.0; Anal calc. for C7H4BrNO,S (376.27): C 54.27; H
3.75; N 3.72; S 8.52. Found: C 54.04; H 3.62; N 3.62; S 8.51.
6-Chloro-3-(4-isopropyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-one  (2f), yellow
solid, yield 14%, mp 163-165°C, IR (v CO) 1751 cm™; '"H NMR (300 MHz, DMSO)
§8.22 (1H, d, J=2.6 Hz, H5), 7.91 (1H, dd, J=8.8 Hz, J=2.6 Hz, H7), 7.54 (1H, d,
J=8.8 Hz, H8), 7.41-7.35 (2H, m, AA’, BB’, H2", H6"), 7.31-7.25 (2H, m, AA’, BB’,
H3’, H5"), 3.04.2.86 (1H, CH), 1.24 (6H, d, J=6.9 Hz, CH;); °C NMR (75 MHz,
DMSO) 5 191.4, 149.0, 148.7, 144.6, 137.7, 135.8, 130.1, 129.7, 128.0, 127.4, 122.2,
119.2, 33.4, 24.0; Anal calc. for C;7;H14CINO,S (331.8): C 61.53; H 4.25; N 4.22; S:
9.66. Found: C 61.18; H4.27; N 3.77; S: 10.05.
7-Chloro-3-(4-isopropylphenyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (20),
yellow solid, yield 31%, mp 198-199°C, IR (v CO) 1761 cm™; '"H NMR (300 MHz,
DMSO) ¢ 8.28 (1H, d, /=8.8 Hz, HS), 7.73 (1H, d, J/=2.1 Hz, HS8), 7.50 (1H, dd, J=8.8
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Hz, J=2.1 Hz, H6), 7.46-7.34 (2H, m, AA’, BB’, H2', H6'), 7.30-7.24 (2H, m, AA’,
BB’, H3’, H5"), 3.03-2.87 (1H, m, CH), 1.24 (6H, t, J=6.5 Hz, CH3); *C NMR (75
MHz, DMSO) & 192.3, 150.7, 149.5, 145.0, 141.2, 138.1, 133.5, 128.6, 127.9, 126.6,
120.6, 117.3, 33.9, 24.5; Anal calc. for C;7H4CINO,S (331.8): C 61.54; H 4.25; N
4.22, S 9.66. Found: C 61.55; H4.07; N 3.99, S 9.91.
6-Fluoro-3-(4-isopropylphenyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (2h),
yellow solid, yield 58%, mp 197-200°C, IR (v CO) 1749 cem™; '"H NMR (300 MHz,
DMSO) & 7.97 (1H, dd, J=9.1 Hz, J=2.9 Hz, H5), 7.76 (1H, dt, J=9.1 Hz, J=2.9 Hz,
H7),7.57 (1H, dd, J/=9.1 Hz, J/=4.7 Hz, H8), 7.41-7.34 (2H, m, AA’, BB’, H2’, H6"),
7.32-7.25 (2H, m, AA’, BB’, H3’, H5"), 3.06-2.87 (1H, m, CH), 1.24 (6H, d, J=7.0
Hz, CH3); °C NMR (75 MHz, DMSO) & 191.7 (d, J=2.9 Hz), 158.8 (d, J=242.5 Hz),
149,0, 146.3 (d, J=1.7 Hz), 144.7, 137.8, 128.0, 127.4, 123.8 (d, J=25.4 Hz), 122.0 (d,
J=-9.2 Hz), 119.3 (d, J/=8.0 Hz), 116.2 (d, J=26.5 Hz), 33.4, 24.0; Anal calc. for
C17H14FNO,S (315.4): C 64.75; H 4.47; N 4.44; S: 10.17. Found: C 64.74; H 4.66; N
4.27;S:9.78.
3-(4-1sopropylphenyl)-7-methyl-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (20),
yellow solid, yield 20%, mp 203-207°C, IR (v CO) 1746 cm™; '"H NMR (300 MHz,
DMSO) & 8.17 (1H, d, J=8.0 Hz, H5), 7.41-7.22 (6H, m, H6, H8, H2', H3", H5', H6"),
3.03-2.87 (1H, m, CH), 2.44 (3H, s, CH3), 1.24 (6H, d, J=7.1 Hz, CH3); °C NMR (75
MHz, DMSO) & 192.6, 149.8, 148.8, 148.1, 145.0, 137.8, 131.4, 128.2, 127.3, 127.0,
118.9, 116.4, 33.4, 24.0, 21.5; Anal calc. for C;sH;7NO,S (311.4): C 69.43; H 5.50; N
4.50; S 10.30. Found: C 69.06; H 5.41; N 4.54; S 10.50.
6-Bromo-3-(4-sec-butylphenyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-one 2)),
yellow solid, yield 24%, mp 189-190°C, IR (v CO) 1756 cm™; '"H NMR (300 MHz,
DMSO) & 8.35 (1H, d, J=2.5 Hz, H5), 8.02 (1H, dd, J=8.8 Hz, J=2.5 Hz, H7), 7.47
(1H, d, J=8.8 Hz, H8), 7.37-7.30 (2H, m, AA’, BB’, H2’, H6"), 7.30-7.24 (2H, m,
AA’, BB', H3’, H5"), 2.73-2.59 (1H, m, CH), 1.65-1.51 (2H, m, CH>), 1.23 (3H, d,
J=1.2 Hz, CH>), 0.80 (3H, t, /=7.2 Hz, CH3); °C NMR (75 MHz, DMSO) & 191.4,
149.1, 147.9, 144.5, 138.6, 137.7, 133.0, 128.0, 122.5, 119.4, 117.4, 40.8, 30.7, 21.7,
12.3; Anal calc. for C1gsH¢sBrNO;S (390.30): C 55.39; H 4.13; N 3.59, S 8.22. Found:
C 55.08; H4.15; N 3.44, S 8.43.



6.3.11 3-(4-Sec-butylphenyl)-6-chloro-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (2k),
yellow solid, yield 32%, mp 154-155°C, IR (v CO) 1759 cm™; "H NMR (300 MHz,
DMSO) ¢ 8.22 (1H, d, J=2.5 Hz, HS5), 7.91 (1H, dd, J=8.8 Hz, J=2.5 Hz, H7), 7.54
(1H, d, J=8.8 Hz, H8), 7.37-7.30 (2H, m, AA’, BB’, H2’, H6"), 7.30-7.25 (2H, m,
AA’, BB', H3’, H5'), 2.74-2.59 (1H, m, CH), 1.66-1.51 (2H, m, CH,), 1.23 (3H, d,
J=1.2 Hz, CH,), 0.80 (3H, t, J=7.2 Hz, CH3); °C NMR (75 MHz, DMSO) & 191.5,
148.7, 147.9, 144.6, 137.7, 135.8, 130.0, 129.7, 128.0, 122.2, 119.2, 40.8, 30.8, 21.7,
12.3; Anal calc. for C;sHsCINO,S (345.85): C 62.51; H 4.66; N 4.05, S 9.27. Found:
C 62.29; H4.64; N 3.92, S 9.47.

6.3.12 3-(4-Sec-butylphenyl)-7-chloro-4-thioxo-2H-1,3-benzoxazine-2(3H)-one 20,
yellow solid, yield 18%, mp 114-116°C, IR (v CO) 1751 ecm™; '"H NMR (300 MHz,
DMSO) & 8.28 (1H, d, J=8.8 Hz, H5), 7.74 (1H, d, J=2.3 Hz, H8), 7.51 (1H, dd, J=8.8
Hz, J=2.3 Hz, H6), 7.36-7.30 (2H, m, AA’, BB’, H2’, H6"), 7.30-7.24 (2H, m, AA’,
BB’, H3', H5), 2.74.2.58 (1H, m, CH), 1.69-1.49 (2H, m, CH,), 1.23 (3H, d, J=6.9
Hz, CH3), 0.80 (3H, d, /=6.9 Hz, CH3); °C NMR (75 MHz, DMSO) & 191.8, 150.2,
147.8, 144.5, 140.7, 137.7, 133.0, 128.0, 127.9, 126.1, 120.1, 116.8, 40.8, 30.7, 21.7,
12.3; Anal calc. for C;gHsCINO,S (345.8): C 62.51; H 4.66; N 4.05; S: 9.27. Found:
C62.12; H4.92; N 3.82; S: 9.25.

6.3.13 3-(4-Sec-butylphenyl)-6-fluoro-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (2m),
yellow solid, yield 42%, mp 141-142°C, IR (v CO) 1753 ecm™; "H NMR (300 MHz,
DMSO) & 7.97 (1H, dd, J=9.4 Hz, J=2.9 Hz, H5), 7.80-7.72 (1H, m, H7), 7.57 (1H,
dd, J/=9.4 Hz, J=4.7 Hz, H8), 7.37-7.31 (2H, m, AA’, BB’, H2’, H6"), 7.31-7.25 (2H,
m, AA’, BB, H3", H5"), 2.75-2.58 (1H, m, CH), 1.68-1.50 (2H, m, CH2), 1.23 (3H, d,
J=6.8 Hz, CH3), 0.80 (3H, d, J=6.8 Hz, CH3); *C NMR (75 MHz, DMSO) & 191.7 (d,
J=3.5 Hz), 158.8 (d, J=242.5 Hz), 147.8, 146.3, 146.3, 144.7, 137.8, 128.0, 123.7 (d,
J=25.3 Hz), 122.0 (d, J=8.6 Hz), 119.3 (d, J=8.0 Hz), 116.2 (d, J=26.5 Hz), 40.7, 30.7,
21.6, 12.3; Anal calc. for C;sHcFNO,S (329.4): C 65.63; H 4.90; N 4.25; S: 9.73.
Found: C 65.42; H4.91; N 4.07; S: 9.43.

6.3.14 3-(4-Sec-butylphenyl)-7-methyl-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (2n),
yellow solid, yield 9%, mp 179-182°C, IR (v CO) 1749 cm™; '"H NMR (300 MHz,
DMSO) & 8.18 (1H, d, J=8.2 Hz, H5), 7.35-7.22 (6H, m, H6, H8, H2', H3", H5', H6"),
2.72-2.59 (1H, m, CH), 2.44 (3H, s, CH3), 1.66-1.49 (2H, m, CH,), 1.23 (3H, d, J=7.2
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Hz, CH;), 0.81 (3H, t, J=7.2 Hz, CH3); '*C NMR (75 MHz, DMSO) & 192.6, 149.8,
148.1, 147.6, 145.0, 137.8, 131.4, 128.2, 127.8, 127.0, 118.9, 116.4, 40.7, 30.7, 21.7,
21.4, 12.3; Anal calc. for C9H;9oNO,S (325.43): C 70.13; H 5.88; N 4.30; S 9.85.
Found: C 69.79; H 5.96; N 4.22; S 9.50.
3-(4-Butylphenyl)-6-chloro-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (20), yellow
solid, yield 29%, mp 149-152°C, IR (v CO) 1771 cm™; "H NMR (300 MHz, DMSO) &
8.22 (1H, d, J/=2.6 Hz, HS), 7.91 (1H, dd, J=8.8 Hz, J=2.6 Hz, H7), 7.55 (1H, d, J=8.8
Hz, HS), 7.36-7.29 (2H, m, AA’, BB’, H2", H6"), 7.29-7.22 (2H, m, AA’, BB’, H3’,
H5%), 2.63 (2H, t, J=7.5 Hz, CH>), 1.67-1.52 (2H, m, CH,), 1.42-1.26 (2H, m, CH,),
0.92 (3H, t, J=7.5 Hz, CHs3); >C NMR (75 MHz, DMSO) & 191.5, 148.7, 144.5,
143.2, 137.6, 135.8, 13.0, 129.7 129.4, 127.9, 122.2, 119.2, 34.7 33.2, 22.0 14.0; Anal
calc. for CsHsCINO,S (345.8): C 62.51; H 4.66; N 4.05. Found: C 62.38; H 4.73; N
3.91.

3-(4-Tert-butylphenyl)-6-chloro-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (2p),
yellow solid, yield 25%, mp 226-229°C, IR (v CO) 1753 cm™; "H NMR (300 MHz,
DMSO) 6 8.22 (1H, d, J=2.9 Hz, H5), 7.91 (1H, dd, J=8.8 Hz, J=2.9 Hz, H7), 7.58-
7.48 (3H, m, H8, H2’, H6"), 7.33-7.24 (2H, m, H3’, H5"), 1.32 (9H, s, CH3); °C
NMR (75 MHz, DMSO) 6 191.4, 151.2, 148.7, 144.5, 137.4, 135.8, 130.0, 129.7,
127.7,126.4, 122.1, 119.2, 34.7, 31.3; Anal calc. for CsHsCINO,S (345.8): C 62.51;
H 4.66; N 4.05; S: 9.27. Found: C 62.81; H4.74; N 3.82; S: 9.43.
3-(4-Tert-butylphenyl)-7-chloro-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (29),
yellow solid, yield 33%, mp 147-148°C, IR (v CO) 1745 cm™; "H NMR (300 MHz,
DMSO) & 8.28 (1H, d, J=8.5 Hz, H5), 7.73 (1H, d, J=1.9 Hz, H8), 7.56-7.47 (3H, m,
H6, H2', H6"), 7.31-7.25 (2H, m, H3’, H5"), 1.32 (9H, s, CH3); °C NMR (75 MHz,
DMSO) 6 191.8, 151.2, 150.2, 144.5, 140.7, 137.4, 133.0, 128.4, 127.8, 126.3, 120.1,
116.8, 34.7, 31.3; Anal calc. for C;sHsCINO,S (345.8): C 62.51; H 4.66; N 4.05; S:
9.27. Found: C 62.30; H 4.63; N 4.10; S: 9.61.
3-(4-Tert-butylphenyl)-6-fluoro-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (2r),
yellow solid, yield 29%, mp 161-163°C, IR (v CO) 1754 cm™; '"H NMR (300 MHz,
DMSO0) & 7.98 (1H, dd, J=9.4 Hz, J=3.5 Hz, H5), 7.81-7.71 (1H, m, H7), 7.57 (1H, dd
overlapped, /=9.4 Hz, J/=4.7 Hz, HS), 7.56-7.49 (2H, m, AA’, BB, H2’, H6"), 7.33-
7.25 (2H, m, AA’, BB’, H3’, H5"), 1.32 (9H, s, CH3); *C NMR (75 MHz, DMSO) &
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191.7 (d, J=2.9 Hz), 158.8 (d, J=242.5 Hz), 151.2, 146.3, 144.7, 137.5, 127.7, 126.4,
123.7 (d, J=24.8 Hz), 120.0 (d, J=8.7 Hz), 119.3 (d, J=8.1 Hz), 116.2 (d, J=26.5 Hz),
34.7, 31.3; Anal calc. for C;sHsFNO,S (329.4): C 65.63; H 4.90; N 4.25; S: 9.73.
Found: C 65.49; H 4.96; N 4.15; S: 9.39.
3-(4-Tert-butylphenyl)-7-methyl-4-thioxo-2H-1,3-benzoxazine-2(3H)-one (2s),
yellow solid, yield 31%, mp 156-159°C, IR (v CO) 1746 cm™; '"H NMR (300 MHz,
DMSO) § 8.18 (1H, d, J=8.0 Hz, H5), 7.55-7.47 (2H, m, H2", H6"), 7.32-7.23 (4H, m,
H6, H8, H3', H5"), 2.44 (3H, s, CH3), 1.33 (9H, s, CH3); '°C NMR (75 MHz, DMSO)
0 192.5, 151.0, 149.7, 148.1, 145.0, 137.5, 131.4, 127.9, 127.0, 126.2, 118.9, 116.4,
34.6, 31.3, 21.4; Anal calc. for C19H;9oNO,S (325.43): C 70.13; H 5.88; N 4.30;
S 9.85. Found: C 70.18; H 5.98; N 4.20; S 9.50.
6-Bromo-3-(4-methylphenyl)-1,3-benzoxazine-2,4(3H)-dithione (3a), red solid,
yield 31%, mp 246-248 °C; '"H NMR (300 MHz, CDCls) & 8.45 (d, 1H, J=2.40 Hz,
HS5), 7.81 (dd, 1H, J=8.77 Hz, J=2.40 Hz, H7), 7.39-7.34 (m AA’, BB’, 2H, H2", H6"),
7.25 (d, 1H, J=8.77 Hz, H8), 7.12-7.06 (m AA’, BB’, 2H, H3’, H5"), 2.46 (s, 3H,
CHs); BC NMR (75 MHz, CDCl3) 6 185.5, 177.0, 148.5, 140.5, 139.2, 138.6, 134.2,
130.7, 127.2, 123.3, 119.5, 118.0, 21.6; Anal calc. for C;sH(BrNOS, (364.3): C
49.46; H2.77; N 3.85; S 17.60. Found: C 49.23; H 2.96; N 3.62; S 17.32.
6-Bromo-3-(4-ethylphenyl)-1,3-benzoxazine-2,4(3H)-dithione (3b), red solid, yield
17%, mp 195°C; '"H NMR (300 MHz, DMSO) & 8.26 (1H, d, J=2.3 Hz, H5), 8.05 (1H,
dd, J=8.8 Hz, J=2.3 Hz, H7), 7.55 (1H, d, J=8.8 Hz, H8), 7.37-7.29 (2H, m, AA’, BB/,
H2’, H6"), 7.25-7.17 (2H, m, AA’, BB’, H3’, H5"), 2.66 (2H, q, J=7.6 Hz, CH;), 1.22
(3H, t, J=7.6 Hz, CH3); '*C NMR (75 MHz, DMSO) & 186.8, 177.8, 149.1, 144.3,
141.5, 138.9, 133.1, 129.2, 127.8, 123.9, 119.0, 118.5, 28.0, 15.5; Anal calc. for
Ci16H12BrNOS,; (378.3): C 50.80; H 3.20; N 3.70; S 16.95. Found: C 50.64; H 3.25; N
3.44; S 16.78.

6-Chloro-3-(4-ethylphenyl)-1,3-benzoxazine-2,4(3H)-dithione (3c), red solid, yield
21%, mp 173-174°C; 'H NMR (300 MHz, DMSO) § 8.12 (1H, d, J=2.3 Hz, H5), 7.93
(1H, dd, J=8.8 Hz, J=2.3 Hz, H7), 7.63 (1H, d, J=8.8 Hz, H8), 7.38-7.29 (2H, m, AA’,
BB’, H2', H6"), 7.25-7.17 (2H, m, AA’, BB’, H3’, H5"), 2.66 (2H, q, J=7.6 Hz, CH,),
1.22 (3H, t, J=7.6 Hz, CHs3); >C NMR (75 MHz, DMSO) & 186.9, 177.8, 148.7,
144.3, 141.5, 136.2, 130.7, 130.0, 129.1, 127.8, 123.6, 118.9, 28.0, 15.4; Anal calc. for



C16H12CINOS; (333.9): C 57.56; H 3.62; N 4.20; S 19.21. Found: C 57.45; H 3.53; N
4.04; S 18.82.

6.3.23 7-Chloro-3-(4-ethylphenyl)-1,3-benzoxazine-2,4(3H)-dithione (3d), red solid, yield
50%, mp 205-208°C; 'H NMR (300 MHz, DMSO) & 8.20 (1H, d, J=8.8 Hz, H5), 7.84
(1H, d, J=1.8 Hz, H8), 7.53 (1H, dd, J=8.8 Hz, J=1.8 Hz, H6), 7.37-7.28 (2H, m, AA’,
BB’, H2', H6"), 7.26-7.17 (2H, m, AA’, BB’, H3’, H5"), 2.66 (2H, q, J=7.6 Hz, CH,),
1.22 (3H, t, J=7.6 Hz, CHs3); *C NMR (75 MHz, DMSO) & 187.4, 177.9, 150.2,
144.3, 141.5, 141.2, 133.1, 129.1, 127.9, 127.1, 121.5, 116.5, 28.0, 15.4; Anal calc. for
Ci6H12CINOS; (333.9): C 57.56; H 3.62; N 4.20; 19.21. Found: C 57.27; H 3.53; N
3.99; S 19.03.

6.3.24 6-Bromo-3-(4-isopropylphenyl)-1,3-benzoxazine-2,4(3H)-dithione (3e), red solid,
yield 32%, mp 181-182°C; 'H NMR (300 MHz, DMSO) & 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, HR), 7.41-7.33 (2H, m,
AA’, BB’, H2', H6"), 7.26-7.18 (2H, m, AA’, BB’, H3’, H5"), 3.03-2.86 (1H, m, CH),
1.24 (6H, d, J=6.9 Hz, CH;); °C NMR (75 MHz, DMSO) & 186.8, 177.8, 149.1,
148.9, 141.5, 138.9, 133.0, 127.8, 127.7, 123.9, 119.0, 118.5, 33.3, 24.0; Anal calc. for
C17H14BrNOS,; (392.34): C 52.04; H 3.60; N 3.57, S 16.35. Found: C 51.78; H 3.48;
N 3.47, S 16.20.

6.3.25 6-Chloro-3-(4-isopropylphenyl)-1,3-benzoxazine-2,4(3H)-dithione (3f), red solid,
yield 28%, mp 163-166°C; 'H NMR (300 MHz, DMSO) & 8.13 (1H, d, J=2.6 Hz, H5),
7.94 (1H, dd, J=8.8 Hz, J=2.6 Hz, H7), 7.63 (1H, d, J=8.8 Hz, H8), 7.41-7.34 (2H, m,
AA’, BB, H2’, H6"), 7.26-7.19 (2H, m, AA’, BB’, H3’, HS5"), 3.04.2.85 (1H, CH),
1.24 (6H, d, J=6.5 Hz, CH3); *C NMR (75 MHz, DMSO) § 187.0, 177.8, 148.9,
148.7, 141.6, 136.1, 130.7, 130.0, 127.8, 127.7, 123.6 118.9, 33.3, 24.0; Anal calc. for
C17H14CINOS; (347.89): C 58.69; H 4.06; N 4.03; S: 18.43. Found: C 58.27; H 3.90;
N 4.07; S: 18.75.

6.3.26 7-Chloro-3-(4-isopropylphenyl)-1,3-benzoxazine-2,4(3H)-dithione (3g), red solid,
yield 24%, mp 200-202°C; 'H NMR (300 MHz, DMSO) & 8.19 (1H, d, J=8.2 Hz, H5),
7.83 (1H, d, J=2.3 Hz, HS), 7.53 (1H, dd, J=8.2 Hz, J=2.3 Hz, H6), 7.41-7.33 (2H, m,
AA’, BB, H2', H6"), 7.25-7.19 (2H, m, AA’, BB’, H3’, H5"), 3.04-2.86 (1H, m, CH),
1.24 (6H, d, J=6.4 Hz, CH3); °C NMR (75 MHz, DMSO) & 187.4, 177.9, 150.1,
148.8, 141.5, 141.2, 133.1, 127.9, 127.7, 127.1, 121.5, 116.5, 33.3, 24.0; Anal calc. for
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C17H14CINOS; (347.89): C 57.69; H 4.06; N 4.03, S 18.43. Found: C 57.45; H 3.89;
N 3.86, S 18.56.

6-Fluoro-3-(4-isopropylphenyl)-1,3-benzoxazine-2,4(3H)-dithione (3h), red solid,
yield 17%, mp 141-143°C; 'H NMR (300 MHz, DMSO) & 7.90 (1H, dd, J=9.4 Hz,
J=2.9 Hz, H5), 7.84-7.76 (1H, m, H7), 7.67 (1H, dd, J=9.4 Hz, J=4.1 Hz, H8), 7.41-
7.33 (2H, m, AA’, BB’, H2", H6"), 7.27-7.20 (2H, m, AA’, BB’, H3", H5"), 3.04-2.85
(1H, m, CH), 1.24 (6H, d, J=7.0 Hz, CH3); °*C NMR (75 MHz, DMSO) & 187.2 (d,
J=3.5 Hz), 177.9, 159.4 (d, J=244.1 Hz), 148.8, 146.5 (d, J=1.7 Hz), 141.6, 127.8,
127.7, 124.1 (d, J=25.3 Hz), 123.6 (d, J=-9.2 Hz), 119.2 (d, J=8.7 Hz), 116.2 (d,
J=27.0 Hz), 33.3, 24.0; Anal calc. for C;;H4FNO,S (331.4): C 61.61; H 4.26; N
4.23; S:19.35. Found: C 61.74; H4.37; N 3.96; S: 19.43.
3-(4-isopropylphenyl)-7-methyl-1,3-benzoxazine-2,4(3H)-dithione (3i), red solid,
yield 29%, mp 195-197°C; 'H NMR (300 MHz, DMSO) & 8.10 (1H, d, J=8.2 Hz, H5),
7.40-7.26 (4H, m, H6, H8, H2’, H6"), 7.25-7.18 (2H, m, H3’, H5"), 3.01-2.86 (1H, m,
CH), 2.44 (3H, s, CH3), 1.24 (6H, d, J=6.9 Hz, CH3); *C NMR (75 MHz, DMSO) &
188.0, 178.4, 149.8, 148.7, 148.6, 141.6, 131.4, 128.1, 128.0, 127.6, 120.4, 116.0,
33.3, 24.0, 21.5; Anal calc. for CigH;7NOS, (327.47): C 66.02; H 5.23; N 4.28;
S 19.58. Found: C 66.00; H 5.34; N 4.18; S 19.19.
6-Bromo-3-(4-sec-butylphenyl)-1,3-benzoxazine-2,4(3H)-dithione (3j), red solid,
yield 38%, mp 161-162°C; 'H NMR (300 MHz, DMSO) & 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, HY), 7.36-7.28 (2H, m,
AA’, BB, H2’, H6"), 7.26-7.18 (2H, m, AA’, BB’, H3", H5"), 2.73-2.58 (1H, m, CH),
1.67-1.47 (2H, m, CH,), 1.23 (3H, d, J=7.2 Hz, CH,), 0.78 (3H, t, J=7.2 Hz, CH3);
BC NMR (75 MHz, DMSO) ¢ 186.8, 177.7, 149.1, 147.7, 141.6, 138.9, 133.0, 128.3,
127.7, 123.9, 119.0, 118.5, 40.7, 30.8, 21.6, 12.2; Anal calc. for C;3H;¢BrNOS,
(406.37): C 53.20; H3.97; N 3.45, S 15.78. Found: C 52.90; H 3.95; N 3.31, S 15.80.
3-(4-Sec-butylphenyl)-6-chloro-1,3-benzoxazine-2,4(3H)-dithione (3k), red solid,
yield 27%, mp 153-154°C; "H NMR (300 MHz, DMSO) & 8.22 (1H, d, J=2.5 Hz, H5),
7.91 (1H, dd, J=8.8 Hz, J=2.5 Hz, H7), 7.54 (1H, d, J=8.8 Hz, HS), 7.37-7.30 (2H, m,
AA’, BB, H2', H6"), 7.30-7.24 (2H, m, AA’, BB’, H3’, H5"), 2.73-2.57 (1H, m, CH),
1.66-1.50 (2H, m, CH,), 1.23 (3H, d, J/=7.2 Hz, CH,), 0.80 (3H, t, J/=7.2 Hz, CHj3);
*C NMR (75 MHz, DMSO) & 186.9, 177.8, 148.7, 147.7, 141.6, 136.2, 130.7, 130.0,
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128.3, 127.8, 123.6, 118.9, 40.7, 30.8, 21.6, 12.2; Anal calc. for CisH;,CINOS,
(361.92): C 59.74; H 4.46; N 3.87, S 17.72. Found: C 59.48; H 4.36; N 3.80, S 17.95.
3-(4-Sec-butylphenyl)-7-chloro-1,3-benzoxazine-2,4(3H)-dithione (3l), red solid,
yield 32%, mp 169-170°C; '"H NMR (300 MHz, DMSO) & 8.20 (1H, d, J=8.8 Hz, H5),
7.83 (1H, d, J=1.8 Hz, H8), 7.53 (1H, dd, J=8.8 Hz, J=1.8 Hz, H6), 7.35-7.28 (2H, m,
AA’, BB’, H2', H6"), 7.25-7.18 (2H, m, AA’, BB", H3’, H5"), 2.75.2.56 (1H, m, CH),
1.68-1.47 (2H, m, CH;), 1.22 (3H, d, J=6.9 Hz, CH3), 0.78 (3H, d, J=6.9 Hz, CHj3);
BC NMR (75 MHz, DMSO) 6 187.4, 177.9, 150.2, 147.6, 141.6, 141.2, 133.1, 128.2,
127.8, 127.1, 121.5, 116.5, 40.7, 30.8, 21.6, 12.2; Anal calc. for C;sH;sCINOS,
(361.9): C 59.74; H 4.46; N 3.87; S: 17.72. Found: C 59.76; H 4.60; N 3.64; S: 17.36.
3-(4-Sec-butylphenyl)-6-fluoro-1,3-benzoxazine-2,4(3H)-dithione (3m), red solid,
yield 25%, mp 107-109°C; 'H NMR (300 MHz, DMSO) & 7.90 (1H, dd, J=8.8 Hz,
J=2.9 Hz, H5), 7.85-7.75 (1H, m, H7), 7.66 (1H, dd, J=8.8 Hz, J=4.7 Hz, HS), 7.36-
7.28 2H, m, AA’, BB’, H2', H6"), 7.26-7.18 (2H, m, AA’, BB’, H3", H5"), 2.73-2.57
(1H, m, CH), 1.67-1.47 (2H, m, CH2), 1.23 (3H, d, J=7.3 Hz, CH3), 0.78 (3H, d,
J=7.3 Hz, CH;); >C NMR (75 MHz, DMSO) & 187.2 (d, J=3.5 Hz), 177.9, 159.4 (d,
J=244.1 Hz), 147.7, 146.5, 141.7, 128.2, 127.8, 124.1 (d, J=24.8 Hz), 123.6 (d, J=8.7
Hz), 119.2 (d, J/=8.7 Hz), 116.2 (d, J/=26.5 Hz), 40.7, 30.8, 21.6, 12.2; Anal calc. for
C1sH6FNOS; (345.5): C 62.58; H 4.67; N 4.05; S: 18.56. Found: C 62.48; H 4.38; N
4.18; S: 18.24.

3-(4-Sec-butylphenyl)-7-methyl-1,3-benzoxazine-2,4(3H)-dithione (3n), red solid,
yield 40%, mp 169-170°C; '"H NMR (300 MHz, DMSO) & 8.11 (1H, d, J=8.3 Hz, H5),
7.39-7.27 (4H, m, H6, H8, H2', H6"), 7.25-7.17 (2H, m, H3’, H5"), 2.73-2.59 (1H, m,
CH), 2.45 (3H, s, CH3), 1.65-1.48 (2H, m, CH»), 1.23 (3H, d, J=7.1 Hz, CHj3), 0.79
(3H, t, J=7.1 Hz, CH3); °C NMR (75 MHz, DMSO) & 188.0, 178.3, 149.8, 148.6,
147.5, 141.6, 131.4, 128.1, 128.0, 120.3, 116.0, 40.7, 30.8, 21.6, 21.5, 12.2; Anal calc.
for C19H19NOS; (341.50): C 66.83; H 5.61; N 4.10; S 18.78. Found: C 66.77; H 5.52;
N 4.27; S 18.49.

3-(4-Butylphenyl)-6-chloro-1,3-benzoxazine-2,4(3H)-dithione (30), red solid, yield
26%, mp 125-127°C; 'H NMR (300 MHz, DMSO) § 8.13 (1H, d, J=2.6 Hz, H5), 7.94
(1H, dd, J=8.8 Hz, J=2.6 Hz, H7), 7.63 (1H, d, J=8.8 Hz, HS), 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=7.5 Hz, CH;),
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1.67-1.51 (2H, m, CH,), 1.41-1.24 (2H, m, CH,), 0.91 (3H, t, J=7.5 Hz, CH;); "°C
NMR (75 MHz, DMSO) & 186.9, 177.8, 148.7, 143.0 141.5, 136.2, 130.7, 130.0 129.6
127.8, 123.6, 118.9, 34.7, 33.1, 22.0, 14.0; Anal calc. for C,5H;c,CINOS, (361.9): C
59.74; H 4.46; N 3.87. Found: C 59.56; H 4.44; N 3.55.
3-(4-Tert-butylphenyl)-6-chloro-1,3-benzoxazine-2,4(3H)-dithione (3p), red solid,
yield 22%, mp 219-222; '"H NMR (300 MHz, DMSO) 8 8.13 (1H, d, J=2.9 Hz, H5),
7.94 (1H, dd, J=8.8 Hz, J=2.9 Hz, H7), 7.63 (d, 1H, J=8.8 Hz, H8), 7.56-7.48 (2H, m,
AA’, BB’, H2’, H6"), 7.26-7.20 (2H, m, AA", BB, H3’, H5"), 1.32 (9H, s, CH3); °C
NMR (75 MHz, DMSO) & 186.9, 177.8, 151.2, 148.7, 141.3, 136.1, 130.7, 130.0,
127.5,126.6, 123.5, 118.9, 34.7, 31.3; Anal calc. for C;sHsCINOS; (361.9): C 59.74;
H 4.46; N 3.87; S: 17.72. Found: C 59.60; H 4.45; N 3.71; S: 17.48.
3-(4-Tert-butylphenyl)-7-chloro-1,3-benzoxazine-2,4(3H)-dithione (3q), red solid,
yield 29%, mp 255-256°C; 'H NMR (300 MHz, DMSO) & 8.20 (1H, d, J=8.8 Hz, H5),
7.82 (1H, d, J=1.9 Hz, H8), 7.56-7.48 (3H, m, H6, H2", H6"), 7.27-7.19 (2H, m, H3",
H5"), 1.32 (9H, s, CH3); *C NMR (75 MHz, DMSO) & 187.4, 177.8, 151.1, 150.1,
141.2, 141.2, 133.1, 127.5, 127.1, 126.6, 121.5, 116.5, 34.7, 31.3; Anal calc. for
C13H16CINOS; (361.9): C 59.74; H 4.46; N 3.87; S: 17.72. Found: C 59.83; H 4.38; N
3.99; S: 18.15.

3-(4-Tert-butylphenyl)-6-fluoro-1,3-benzoxazine-2,4(3H)-dithione (3r), red solid,
yield 40%, mp 168-169°C; 'H NMR (300 MHz, DMSO) & 7.90 (1H, dd, J=8.9 Hz,
J=2.9 Hz, HS), 7.80 (1H, dt, /=8.9 Hz, J=2.9 Hz, H7), 7.66 (1H, dd, J=8.9 Hz, J=4.7
Hz, H8), 7.56-7.48 (2H, m, AA’, BB’, H2’, H6"), 7.27-7.20 (2H, m, AA’, BB, H3’,
H5"), 1.32 (9H, s, CH3); °C NMR (75 MHz, DMSO) & 187.2 (d, J=3.5 Hz), 177.9,
159.4 (d, J=24.4 Hz), 151.1, 146.5, 141.4, 127.5, 126.6, 124.1 (d, J/=24.8 Hz), 123.5
(d, J=9.2 Hz), 119.2 (d, J=8.7 Hz), 116.2 (d, J=26.5 Hz), 34.7, 31.3; Anal calc. for
CisH6FNOS,; (345.5): C 62.58; H 4.67; N 4.05; S: 18.56. Found: C 62.50; H 4.60; N
3.88;S:18.21.

3-(4-tert-butylphenyl)-7-methyl-1,3-benzoxazine-2,4(3H)-dithione (3s), red solid,
yield 16%, mp 260-262°C; 'H NMR (300 MHz, DMSO) & 8.11 (1H, d, J=8.3 Hz,
H5), 7.55-7.47 (2H, m, AA’, BB", H2", H6"), 7.39 (1H, s, H8), 7.34-7.26 (1H, m, H6),
7.26-7.18 (2H, m, AA’, BB’, H3", H5"), 2.45 (3H, s, CH3), 1.32 (9H, s, CH3); °C
NMR (75 MHz, DMSO) 6 188.0, 178.3, 151.0, 149.8, 148.6, 141.3, 131.4, 128.1



127.7, 126.5, 120.3, 116.0, 34.7, 31.4, 21.5; Anal calc. for C19H9NOS, (341.50): C
66.83; H 5.61; N 4.10; S 18.78. Found: C 67.13; H 5.59; N 4.26; S 18.53.

6.4 Antimycobacterial susceptibility testing

For the in-vitro evaluation of the antimycobacterial activity of the substances, the following
strains were used: M. tuberculosis CNCTC My 331/88 (identical with H37RV and ATCC
27294), M. kansasii CNCTC My 235/80 (identical with ATCC 12 478), M. avium CNCTC
My 330/88 (identical with ATCC 25291), obtained from the Czech National Collection of
Type Cultures (CNCTC), National Institute of Public Health, Prague, and a clinical isolate of
M. kansasii 6509/ 96. The antimycobacterial activity of the compounds was determined in
the Sula semisynthetic medium (SEVAC, Prague). Each strain was simultaneously inoculated
into a Petri dish containing the Lowenstein-Jensen medium for the control of sterility of the
inoculum and its growth. The compounds were added to the medium in DMSO solutions. The
final concentrations were 1000, 500, 250, 125, 62.5, 32, 16, 8, 4, 2, 1, 0.5 and 0.25 pmol/l.
The MICs were determined after incubation at 37 °C for 14 days and 21days. The MIC was
the lowest concentration of the antimycobacterially effective substance (on the above
concentration scale), at which the inhibition of the growth of mycobacteria occurred. The

evaluation was repeated three times and the values of the MIC were the same.
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Scheme 1. Synthesis of 3-(4-alkylphenyl)-2H-1,3-benzoxazine-2,4(3H)-diones, 3-(4-
alkylphenyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones and 3-(4-alkylphenyl)-2H-1,3-
benzoxazine-2,4(3H)-dithiones.

Table 1. In-vitro antimycobacterial activity of 3-(4-alkylphenyl)-2H-1,3-benzoxazine-
2,4(3H)-diones.

Table 2. In-vitro antimycobacterial activity of 3-(4-alkylphenyl)-4-thioxo-2H-1,3-
benzoxazine-2(3H)-ones.

Table 3. In-vitro antimycobacterial activity of 3-(4-alkylphenyl)-2H-1,3-benzoxazine-
2,4(3H)-dithiones.

Figure 1. Increase in the biological activity after the replacement of the oxo group with the
thioxo group.

Table 4. Activity contribution of the Free-Wilson analyses of 3-(4-alkylphenyl)-4-thioxo-2H-
1,3-benzoxazine-2(3H)-ones and statistical significances of correlation.

Table 5. Activity contribution of the Free-Wilson analyses of 3-(4-alkylphenyl)-2H-1,3-

benzoxazine-2,4(3H)-dithiones and statistical significances of correlation.



Scheme 1. Synthesis of 3-(4-alkylphenyl)-2H-1,3-benzoxazine-2,4(3H)-diones (1), 3-(4-
alkylphenyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones (2) and 3-(4-alkylphenyl)-2H-1,3-
benzoxazine-2,4(3H)-dithiones (3).
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Table 1. In-vitro antimycobacterial activity of 3-(4-alkylphenyl)-2H-1,3-benzoxazine-
2,4(3H)-diones.

Compound MIC (umol/l)
Incubation time 14 d/21 d

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

R R’ My 331/88 My 330/88 My235/80  6509/96
la 6-Br methyl 16/16° 31/31° 62/62° ¥
1b 6-Br ethyl 8/8 32/32 8/16 16/16
1c 6-Cl ethyl 8/16° 16/32°¢ 16/16° 16/16°
1d 7-Cl ethyl 8/8 8/16 16/16 16/16
le 6-Br isopropyl 2/4 8/16 8/8 4/8
1f 6-Cl isopropyl 4/8 ¢ 32/32°¢ 8/16°¢ 8/16°
1g 7-Cl isopropyl 4/4 8/16 8/16 8/8
1lh 6-F isopropyl 8/8 8/16 8/8 8/16
1i 7-CHs;  isopropyl n/n n/n n/n 32/n
1j 6-Br sec-butyl 4/8 16/32 8/8 8/16
1k 6-Cl  sec-butyl 4/8° 32/32°¢ 16/16° 16/16°
1l 7-Cl  sec-butyl 4/4 8/8 8/8 8/8
Im 6-F sec-butyl 8/8 8/8 8/8 4/8
1n 7-CH; sec-butyl n/n n/n n/n 32/n
10 6-Cl butyl 16/16° 16/16° 8/8° 8/16°
1p 6-Cl  tert-butyl 8/16° 16/32° 8/16° 8/8"
1q 7-Cl  tert-butyl 4/4° 4/8° 8/16° 8/8"
1r 6-F tert-butyl 16/16 16/16 16/16 8/16
1s 7-CHj; tert-butyl n/n n/n n/n n/n

INH 0.5/0.5 >250/>250  >250/>250 8/8

* Waisser, Hladtvkova (10), ° Waisser, Matyk (8) ¢ Kubicové (9), * not tested, n: the MIC value could not be

determined due to the limited solubility of the compound in the test medium



Table 2. In-vitro antimycobacterial activity of 3-(4-alkylphenyl)-4-thioxo-2H-1,3-

benzoxazine-2(3H)-ones.

Compound MIC (umol/l)
Incubation time 14 d/21 d

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

R! R? My 331/88  My330/88 My235/80 6509/ 96
2a 6-Br methyl 0.5/1 32/32 2/4 2/4
2b 6-Br ethyl 0.5/0.5 32/32 8/16 4/8
2¢C 6-Cl ethyl 0.5/0.5 16/16 8/8 4/4
2d 7-Cl ethyl 0.5/0.5 8/8 8/8 8/8
2e 6-Br isopropyl 0.25/0.5 4/8 32/62.5 4/8
2f 6-Cl isopropyl 0.5/1 32/125 8/16 1/2
29 7-Cl isopropyl 0.5/1 8/8 8/8 4/8
2h 6-F isopropyl 0.25/0.5 0.5/1 2/4 4/4
2i 7-CHs  isopropyl 0.25/0.5 0.5/1 2/4 1/2
2j 6-Br  sec-butyl 0.25/0.5 16/32 4/8 2/4
2k 6-Cl sec-butyl 0.5/1 32/32 8/8 4/8
2l 7-Cl sec-butyl 1/2 8/8 4/8 1/2
2m 6-F sec-butyl 0.25/0.5 11 4/4 2/4
2n 7-CH;  sec-butyl 0.25/0.5 0.5/0.5 172 0.5/1
20 6-Cl butyl 1/2 8/16 8/16 4/4
2p 6-Cl tert-butyl 0.25/0.5 1/2 8/8 4/8
2q 7-Cl tert-butyl 2/2 4/8 4/8 2/4
2r 6-F tert-butyl 0.25/0.5 0.5/1 4/8 8/8
25 7-CHs  tert-butyl 0.25/0.5 0.25/0.5 2/2 1/1

INH 0.5/0.5 >250/>250  >250/>250 8/8




Table 3. In-vitro antimycobacterial activity of 3-(4-alkylphenyl)-2H-1,3-benzoxazine-
2,4(3H)-dithiones.

Compound MIC (umol/l)
Incubation time 14 d/21 d
M. tuberculosis M. avium M. kansasii M. kansasii
R! R’ My 331/88  My330/88 My 235/80 6509/96
3a 6-Br methyl 0.5/1 15/30 4/4 4/4
3b 6-Br ethyl 1/2 62.5/62.5 8/16 4/8
3c 6-Cl ethyl 0.5/0.5 8/16 8/8 4/6
3d 7-Cl ethyl 0.5/0.5 4/8 8/16 8/16
3e 6-Br isopropyl 0.5/1 8/16 32/62.5 4/8
3f 6-Cl isopropyl 0.5/1 32/125 8/16 1/2
39 7-Cl isopropyl 0.5/1 8/8 4/8 4/4
3h 6-F isopropyl 0.25/0.5 0.5/1 4/8 2/4
3i 7-CHs  isopropyl 0.5/1 0.5/0.5 2/4 1/2
3] 6-Br sec-butyl 1/2 32/32 4/8 2/4
3k 6-Cl sec-butyl 1/2 16/32 8/16 4/8
3l 7-Cl sec-butyl 11 4/8 4/8 1/2
3m 6-F sec-butyl 0.25/0.25 0.5/1 2/4 2/4
3n 7-CH3 sec-butyl 0.25/0.5 0.25/0.5 2/2 0.5/1
30 6-Cl butyl 2/4 8/16 8/8 8/8
3p 6-Cl tert-butyl 0.25/0.5 1/2 8/8 8/8
3q 7-Cl  tert-butyl 0.5/0.5 2/4 2/4 2/4
3r 6-F tert-butyl 0.5/0.5 0.5/1 8/8 4/8
3s 7-CH;  tert-butyl 0.25/0.5 0.5/1 2/2 1/2
INH 0.5/0.5 >250/>250 >250/>250 8/8




log MIC

Compound
0,38 - I

= === 3-(4-alkylphenyl}-2H-1,3-benzoxazine-2,4(3H)-diones

—f— 3-(4-alkylphenyl}-4-thioxo-2H-1,3-benzoxazine-2(3H}-ones

««-de-+ 3-(4-alkylphenyl}-2H-1,3-benzoxazine-2,4(3H)}-dithiones

Figure 1. An increase in the biological activity against M. tuberculosis (21 d)after the
replacement of the oxo group with the thioxo group.



Table 4. Activity contribution of the Free-Wilson analyses of 3-(4-alkylphenyl)-4-thioxo-2H-

1,3-benzoxazine-2(3H)-ones and statistical significances of correlation.

Parameter A log MIC (umol/L) 14 d
M. tuberculosis M. avium M. kansasii M. kansasii
My 331/88 My 330/88 My 235/80 6509/96
R' 7-Cl 0 0 0 0
6-Cl -0.482 (+£0.197) 0.180 (£0.208)  0.060 (£0.144) -0.060 (+0.161)
6-Br -0.295 (£0.212) 0.176 (£0.224)  0.202 (+0.155) 0.133 (+0.173)
6-F -0.563 (£0.237) -0.949(x0.251) -0.292 (£0.173) 0.218 (+0.194)
7-CH3 -0.563 (£0.237) -1.150 (£0.251) -0.594 (+£0.173) -0.485 (+0.194)
R’ methyl -0.301 (£0.440) -0.028 (£0.466) -0.602 (+£0.322) -0.602 (+0.359)

ethyl -0.337 (£0.380) -0.244 (£0.403) 0.115 (£0.278) -0.092 (+0.311)
isopropyl  -0.396 (£0.371) -0.499 (+0.393) 0.206 (+0.272) -0.370 (+0.304)
sec-butyl  -0.335 (£0.371) -0.318 (+0.393) -0.034 (£0.272) -0.551 (£0.304)
tert-butyl  -0.269 (£0.394) -0.925 (£0.417) 0.108 (+0.288) -0.237 (+0.322)
propyl 0 0 0 0
butyl 0.767 (£0.380) -0.444 (+0.403) 0.315(+0.278) 0.109 (£0.311)

Lo 0.295 (£0.376)  1.329 (+0.398)  0.701(x0.275)  0.770 (+0.308)

r 0.90 0.94 0.89 0.88

S 0.311 0.329 0.227 0.254

F 4.94 8.92 4.06 3.58

n 22 22 22 22




Table 5. Activity contribution of the Free-Wilson analyzes of 3-(4-alkylphenyl)-2H-1,3-

benzoxazine-2,4(3H)-dithiones and statistical significances of correlation.

Parameter A log MIC (umol/L) 14 d
M. tuberculosis M. avium M. kansasii M. kansasii
My 331/88 My 330/88 My 235/80 6509/96
R' 7-Cl 0 0 0 0
6-Cl -0.180 (+0.168) 0.301 (+0.200)  0.241 (+0.135)  0.120 (+0.150)
6-Br -0.234 (£0.181) 0.830 (+0.216)  0.299 (+0.146) 0.200 (+0.162)
6-F -0.280 (+£0.202) -0.888(x0.241) 0.047 (x0.163) 0.096 (+0.181)
7-CH3 -0.280 (+£0.202) -0.988 (£0.241) -0.254 (+0.163) -0.406 (+0.181)
R’ methyl -0.301 (+0.375) -0.329 (+0.447) -0.301 (x0.303) -0.301 (+0.336)

ethyl -0.016 (+£0.324) 0.048 (£0.387) 0.119 (£0.262) -0.108 (£0.291)
isopropyl  -0.026 (£0.317) 0.136(£0.378) -0.009 (£0.256) -0.464 (+0.284)
sec-butyl  0.095 (£0.317) -0.045 (£0.378) -0.129 (£0.256) -0.525 (+0.284)
tert-butyl  -0.323 (£0.336) -0.357 (+0.401) -0.011 (£0.271) -0.204 (+0.302)
propyl 0 0 0 0
butyl 1.120 (£0.324) -0.149 (+£0.387) 0.320 (+0.262) 0.194 (£0.291)

Lo -0.234 (£0.321) 0.676 (£0.383)  0.604 (x0.259) 0.703 (+0.288)

r 0.93 0.95 0.86 0.90

] 0.265 0.316 0.214 0.238

F 6.57 10.85 3.12 4.56

n 22 22 22 22
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1 Introduction

Antibiotics helped to save many lives and to bring many serious infectious diseases under
control. Presently, there are an increasing number of pathogenic organisms resistant to
antibiotics and also the World Health Organization proclaimed the resistance to antibiotics to
be a serious global problem [1]. The development of serious infections is moreover often
associated with immunocopromised persons, such as HIV, elderly, and cancer patients and
transplant recipients [2]. The problem with the resistance to antibiotics under use needs a
solution and the development of new drugs with a better effectivity and a lower toxicity is the

subject of scientific research.

Lipophilicity is one of the most informative and successful physicochemical properties in
medicinal chemistry influencing the transport of a molecule through cellular membranes.
Lipophilicity is determined experimentally as partition of a soluble compound between an
aqueous and an organic phase and is indicated as the partition (log P) or the distribution (log
D) coefficient [3]. The lipophilicity application is used very often in quantitative structure-

activity relationship studies and in a molecular modelling as well [4, 5].

Our research team focuses on the development of new potential antibiotics. Recently we have
prepared a group of new benzoxazine derivatives containing a thioxo group. The most active
derivatives of  3-(4-alkylphenyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones and 3-(4-
alkylphenyl)-2H-1,3-benzoxazine-2,4(3H)-dithiones show a promising antimycobacterial
activity and are better than isonicotinhydrazide (INH). Since the lipophilicity of the drug
plays an important role in its action at all levels of organization (enzyme, membrane, cell,
etc.), we decided to study the lipophilicity of these benzoxazine derivatives. The shake-flask
method is very time-consuming and that is why we employed the reversed-phase

chromatographic approach.



3-(4-Alkylphenyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones and 3-(4-alkylphenyl)-2H-1,3-
benzoxazine-2,4(3H)-dithiones form a swimmingly separable mixture and column
chromatography is necessary for their separation. A mixture of hexane and acetone (3:1)
represents the mobile phase. Therefore the acetone solutions with a phosphate buffer were

chosen for the lipophilicity study. The overview of the compounds under study is presented in

- y
o B

Table 1.

R2

Comp. R R’ Comp. R R’
a 6-F isopropyl h 6-Br sec-butyl
b 6-Cl isopropyl 1 7-Cl sec-butyl
C 6-Br isopropyl ] 7-CH3 sec-butyl
d 7-Cl isopropyl k 6-F tert-butyl
e 7-CH; isopropyl 1 6-Cl tert-butyl
f 6-F sec-butyl m 7-Cl tert-butyl
g 6-Cl1 sec-butyl n 7-CH3 tert-butyl

Table 1. Overview of the compounds.

2 Experimental

All the tested compounds were synthesized in our laboratory. The synthesis, analytical data
and antimycobacterial activity of the compounds will be soon published in a journal.

Analytical grade chemicals were used for the synthesis as well as for lipophilicity testing.



Acetone was supplied by Penta (Czech Republic), sodium hydrogen phosphate and potassium

dihydrogen phosphate by Lachema (Czech Republic).
2.1 Lipophilicity testing

TLC was performed on 20 x 20 cm TLC plates precoated with RP-18 Fjsss (Merck
Company). The mobile phase was represented by a phosphate buffer at pH 7.4 with acetone.
The concentrations of acetone in the mobile phase were 80, 75, 70, 65 and 60%. All the
samples were put on in 5-10% solutions in acetone (2-4 pl). All measurements were
performed at ambient temperature. After development and drying of the plates, the spots were
observed under an UV lamp. The average Ry values were obtained from three measurements

for each sample. The Ry values were calculated by means of the formula: Ry = log (1/Rg-1)
[6].
2.2 Calculations

The following software products were used for log P calculation: AB/LogP (Pharma
Algorithms, Lithuania/Canada), ACD/logP (Advanced Chemistry Development), ALOGP
(Talete SRL, Milano. Italy), ALOGPs (Virtual Computational Chemistry Laboratory,
Germany), KowWIN (Syracuse Inc.), MiLogP (Molinspiration Chemoinformatics, Slovak
Republic), MLOGP (Talete SRL, Milano, Italy), XLOGP, (Institute of Physical Chemistry,
Peking University, China) and XLOGP; (Shanghai Institute of Organic Chemistry, Shanghai,
China) that are together available on internet [7, 8]. ChemBioDraw Ultra 11.0 is

commercially available. The w constants were taken from the literature [9].

3 Results and discussion

The early experiments of the chromatographic work had shown that the tested compounds
stayed at the starting line when the mobile phase was represented only by a phosphate buffer.

An addition of acetone to the mobile phase was necessary for longer migrations.



The comparison of the Ry versus the composition of the mobile phase showed a linear
relationship which enables the extrapolation to zero acetone content and Ry calculation.
Soczewinski-Wachtmeister equations [10] together with the correlation coefficients are

presented in Table 2.

Table 2. Soczewinski-Wachtmeister equations and the correlation coefficients.

Soczewinski-Wachtmeister equation

Ru=b-c+Ry’

r’ r’
la Rm=-0.044 c +3.423 0.995 2a Rm =-0.048 ¢ +3.955 0.990
Ib  Rm=-0.046 c +3.638 0.998 2b Rm =-0.053 ¢ +4.378 0.996
le Rwm=-0.049 c +3.895 0.999 2c Rm =-0.056 ¢ +4.637 0.996
1d Rm=-0.046 c +3.638 0.998 2d Rm =-0.053 ¢ +4.378 0.996
le Rwm=-0.045c¢+3.509 0.997 2e Rm =-0.050 ¢ +4.129 0.992
If Rwm=-0.465c +3.707 0.999 2f Rm =-0.053 ¢ +4.378 0.996
lg Rm=-0.050c+3.991 0.998 2g Rm =-0.057 ¢ +4.793 0.994
lh  Rm =-0.050 c +4.032 0.995 2h Rm =-0.063 ¢ +5.277 0.990
li  Rm=-0.050c+3.991 0.998 2i Rm =-0.057 ¢ + 4.869 0.994
lj  Rm=-0.049 c +3.878 0.999 2j Rm =-0.055 ¢ +4.560 0.997
1k Rm=-0.046 c +3.641 0.997 2k Rm =-0.050 ¢ +4.378 0.994
11 Ry =-0.050c +4.031 0.998 21 Rm =-0.054 ¢ +4.834 0.994

Im Rpm=-0.050c +4.031 0.998 2m Rm =-0.054 ¢ +4.834 0.994



In Ry =-0.047 c+3.757 0.998 2n Rm =-0.052 ¢ +4.639 0.996

The Ry”’s were compared with partition coefficients (ALOGPs, AC logP, AB/LogP,
MiLogP, ALOGP, MLOGP, KowWIN, XLOGP,, XLOGP; and LogP from ChemBioDraw
Ultra 11.0) calculated using different software products (Tables 3 and 4). According to
Collander equations [11, 12], we have been affirmed that Ru’ values correlate the best with

AB/logP values (Table 5).



Table 3. Ry, overview of the log P values calculated by various methods.

Calculated log P for 3-(4-alkylphenyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones

Comp. R ALOGPs ACD logP AB/LogP miLogP ALOGP MLOGP KowWIN XLOGP, XLOGP3; ChemBioDraw
la 342 4.39 5.12 4.00 3.10 5.29 4.27 4.66 4.54 4.59 4.94
1b 3.64 4.83 5.68 4.52 4.58 5.75 4.39 5.11 5.00 5.11 5.34
lc 3.90 5.10 5.76 4.61 4.71 5.84 4.51 5.35 5.19 5.18 5.61
1d 3.64 4.82 5.68 4.52 4.58 5.75 4.39 5.11 5.00 5.11 5.34
le 3.51 4.45 5.38 4.14 4.35 5.57 4.12 5.01 4.81 4.85 5.27
1f 3.71 4.93 5.59 4.48 3.44 5.75 4.51 5.16 5.11 5.13 5.36
lg 3.99 5.31 6.14 5.00 4.93 6.21 4.62 5.60 5.57 5.66 5.76
lh 4.03 5.62 6.23 5.09 5.06 6.29 4.74 5.85 5.74 5.72 6.03
li 4.04 5.29 6.14 5.00 4.93 6.21 4.62 5.60 5.57 5.66 5.76
1j 3.88 5.00 5.84 4.63 4.70 6.03 4.36 5.50 5.38 5.39 5.69
1k 3.64 4.90 5.55 4.47 3.29 5.50 4.51 5.12 4.95 5.13 5.41
11 4.03 5.29 6.10 4.99 4.78 5.96 4.62 5.56 541 5.66 5.81
Im 4.03 5.28 6.10 4.99 4.78 5.96 4.62 5.56 541 5.66 5.81
In 3.76 4.93 5.80 4.61 4.55 5.78 4.36 5.46 5.22 5.40 5.74




Table 4. Ry, an overview of the log P values calculated by various methods.

Calculated log P for 3-(4-alkylphenyl)-2H-1,3-benzoxazine-2,4(3H)-dithiones

Comp. Ru’ XLOGP
ALOGPs ACDlogP AB/LogP miLogP ALOGP MLOGP KowWIN XLOGP; ChemBioDraw
2

2a 3.96 437 5.80 4.16 344  6.19 4.70 5.30 4.79 5.19 6.09
2b 438 477 6.35 474 493  6.65 4.82 5.74 5.25 5.71 6.49
2¢ 4.64 5.01 6.43 4.93 506  6.74 4.94 5.99 5.42 5.78 6.76
2d 438 476 6.35 4.74 493  6.65 4.82 5.74 5.25 5.71 6.49
2e 4.13 4.5 6.05 4.53 470 647 4.55 5.64 5.06 5.45 6.42
2f 4.38 4.84 6.26 4.65 378 6.65 4.94 5.79 5.36 5.73 6.51
2g 4.79 5.26 6.81 5.23 527 711 5.05 6.23 5.82 6.26 6.91
2h 5.28 5.45 6.9 5.42 540  7.19 5.17 6.48 5.99 6.32 7.18
2i 4.87 5.25 6.81 5.23 527 711 5.05 6.23 5.82 6.26 6.91
2j 4.60 5.00 6.51 5.01 504 693 4.78 6.13 5.63 5.99 6.84
2k 438 4.87 6.22 4.64 3.63 6.4 4.94 5.75 5.2 5.73 6.56
21 4.84 5.28 6.77 5.22 512 6.86 5.05 6.19 5.66 6.26 6.96
2m 4.84 527 6.77 5.22 512 6.86 5.05 6.19 5.66 6.26 6.96
2n 4.64 4.99 6.47 5.00 489  6.68 4.78 6.10 5.48 6.00 6.89




Table 5. Collander equations and the correlation coefficients expressing dependence between log P and Ry” for various methods.

3-(4-alkylphenyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones

3-(4-alkylphenyl)-2H-1,3-benzoxazine-2,4(3H)-dithiones

Method used for

log P calculation

Collander equation

Collander equation

Method

character

ALOGPs
ACDlogP
AB/logP
miLogP
ALOGP
MLogP

KowWIN
XLOGP,
XLOGP;

log P=1.515 Ry’ —0.749
log P=1.473 Ry" + 0.193
logP=1.515Ry"-1.115
log P =2.258 Ry" —4.170
log P =1.222 Ry" + 1.201
log P =0.665 Ry" + 1.946

log P = 1.402 Ry"+ 0.001
log P = 1.487 Ry"— 0.447
log P=1.561 Ry" —0.633

Chem BioDraw log P =1.283 Ry’+ 0.682

Ultra 11.0

0.95
0.96
0.96
0.74
0.91
0.84

0.94
0.95
0.95
0.93

log P =0.896 Ry” + 0.865
log P =0.908 Ry +2.304
log P=0.992 Ry + 0.363
log P =1.406 Ry — 1.685
log P =0.760 Ry" + 3.265
log P=0.419 Ry + 2.982

log P =0.894 Ry’ + 1.866
log P =0.934 Ry,"+1.178
log P =0.960 Ry + 1.504
log P=0.827 Ry"+2.921

0.98
0.96
0.97
0.74
0.91
0.84

0.97
0.96
0.94
0.97

Using E-state descriptors
Fragment-based method
Fragment-based method
Fragment-based method
Atom-based method
Using topological
descriptors
Fragment-based method
Atom-based method
Atom-based method

Fragment-based method




The AB/logP values were used to calculate the retention values Ry” of the compounds with
an unsubstituted acyl moiety and with an unsubstituted phenyl ring. Figures 1 and 2 show the

equations used for this calculation.

3-(4-Alkylphenyl)-4-thioxo-2H-1,3-benzoxazine-2 (3 H)-ones
4,2 -

0
Ru 4,1 -

3,9 4
3,8
3,7
3,6

3,5 Ry?= 0,609 logP + 0,968

3,4 A

3,3 T T T T T T 1
3,8 4 4,2 4,4 4,6 4,8 5 5,2

AB/log P

Fig. 1. 3-(4-Alkylphenyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones: correlation between
AB/LogP and Ry (eq. used to calculate Ry of the compounds with an unsubstituted acyl

moiety and with an unsubstituted phenyl ring).



R.0 3-(4-Alkylphenyl)-2H-1,3-benzoxazine-2 ,4(3H)-dithiones
M

55 -
53 - .
51 -
49 -
4,7 -
45 -
4,3 -

41 -
ss Ru = 0,946 log P - 0,068

3,7 A

3,5

4 4,5 5 5,5
AB/log P

Fig. 2. 3-(4-Alkylphenyl)-2H-1,3-benzoxazine-2,4(3H)-dithiones: correlation between
AB/LogP and Ry’ (eq. used to calculate Ry’ of the compounds with an unsubstituted acyl

moiety and with an unsubstituted phenyl ring).

Calculated Ry;” for the standard compounds, calculated average A Ry for the substituents and

the substituent w constants are presented in Table 6.

Table 6. An investigation of the substituent lipophilicity contribution. Calculated Ry for the

standard compounds, calculated average A Ry’ for the substituents and the substituent

constants.
3-(4-alkylphenyl)-4-thioxo- 3-(4-alkylphenyl)-2H-1,3-
2H-1,3-benzoxazine-2(3H)- benzoxazine-2,4(3H)-dithiones
ones
R’ R* AB/LogP Ry ARy’ AB/LogP Ry’ ARy 7

H isopropyl 2.73 3.24 0.70 4.12 2.78 1.08 143




H sec-butyl 4.22 3.54 1.01 4.60 3.33 1.57  2.10

H tert-butyl 4.20 3.53 0.98 4.59 3.51 1.53 181
6-F H 2.85 2.70 0.16 3.01 3.13 0.11  0.22
6-Cl H 3.37 3.02 0.45 3.59 3.33 039  0.77
6-Br H 3.46 3.08 0.58 3.75 3.83 090 0.96

7-CHj3 H 2.99 2.79 0.28 3.38 428 033 0.60
7-Cl H 3.37 3.02 0.47 3.59 427 057 073

The lipophilicity contributions (ARy") of the substituents were later correlated with the

substituent 7 constants (Fig. 3).

018
M
1,6 - ,/"

A
14 -

12 -
1_

/ —®
y /
0,8 -
0,6 -
04 - ARy"=0,4687+ 0,074
g *1: =099 y=0,058 F=192,10 n=§
0,2 1 / A2: ARy = 0,838 7- 0,093
r—098 s—0,124 F—132.25 n—38

0 T T T T 1

0 0,5 1 15 2 . 2,5

AR

Fig. 3. Correlation between ARy and m constants. 1: 3-(4-alkylphenyl)-4-thioxo-2H-1,3-

benzoxazine-2(3H)-ones, 2: 3-(4-alkylphenyl)-2H-1,3-benzoxazine-2,4(3H)-dithiones.

In conclusion, 3-(4-alkylphenyl)-4-thioxo-2H-1,3-benzoxazine-2(3H)-ones and 3-(4-
alkylphenyl)-2H-1,3-benzoxazine-2,4(3H)-dithiones form a new group of potential
antibiotics. Collander equations show that Ry values correlate the best with AB/logP values
and retention constants Ry’ were determined by an extrapolation to zero acetone content. A
good correlation was obtained between retention constants, Ry and log P. The retention

constants can be used as the measure of the lipophilicity of the compounds.
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A gseries of 29 new derivatives of N-benzylsalicylthioamides was synthesized and the compounds
were tested for in-vitro antimycobacterial activity against Mycobacterium tuberculosis, Mycobacte-
rium kansasii, and Mycobacterium avium. The activity was analyzed by quantitative structure-activ-
ity relationship (QSAR). Activity increased with increasing lipophilicity and electron donating
effect of the substituents in the acyl moiety and decreased with the electrophilic superdelocaliz-
ability of the molecules. The most active compounds are more active than isoniazid (INH) and
are active against INH-resistant potential pathogenic strains of mycobacterium.
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Introduction

Since 1985, the world is confronted with the return of
tuberculosis to Europe and North America. In the devel-
oping countries, due to insufficient medical care,
hygienic standards, and compliance of the population
with the treatment, a number of mycobacterial strains
became resistant to modern chemical drugs (i.e., the
development of multidrug resistant strains); infection
has been often transferred to Europe and North America,
since migration towards developed countries is a contem-
porary feature. The multidrug resistant strains of M.
tuberculosis coming to Central Europe are mainly from
the countries of the former Soviet Union. In addition, the
unfavorable state is also being influenced by an increase
in AIDS, which is often accompanied by mycobacterial
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Kralové, Czech Republic.
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© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

diseases. The development of new antituberculotic
agents with high activity is the principal goal of our
research. Our group is especially interested in the devel-
opment of drugs against M. tuberculosis and potentially
pathogenic strains like M. avium and M. kansasii. We have
recently studied a number of structurally different com-
pounds, such as salicylanilides [1], benzoxazinediones [2],
alkoxyphenylcarbamic acids [3], tetrazoles [4, 5], dihy-
droindolethiones [6], derivatives of benzoxazine with thi-
oxo group [7], and other heterocycles [8]. The aim of this
paper is the synthesis, antimycobacterial evaluation, and
quantitative structure-activity relationship (QSAR) study
of N-benzylsalicylthioamides.

Results

Chemistry

The synthesis of the title compounds is illustrated in
Scheme 1. The synthesis of most of the starting N-benzyl-
salicylamides was described in our previous paper [9]. We
completed a group of starting N-benzylsalicylamides
with fourteen new compounds (see Table 1 and Fig. 1).

s WWILEY R
i, InterScience’
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For substituents R'and R? see Tables 1 and 3.

Scheme 1. Synthetic pathway to N-Benzylsalicylthioamides.

Yields, melting points, and carbonyl frequencies are sum-
marized in Table 2. The synthesis of N-benzylsalicylthioa-
mides was performed by the method elaborated in our
group and described in a patent [10].

The synthesis consists of the microwave-promoted
thionation of the starting N-benzylsalicylamides. N-Ben-

Arch. Pharm. Chem. Life Sci. 2009, 342, 113-119

zylsalicylamides and P,S;, produce heterocyclic com-
pounds that hydrolyze to N-benzylsalicylthioamides (see
Fig. 1). The structures are summarized in Table 3 and
Fig. 2. The yields, melting points, and carbonyl frequen-
cies are summarized in Table 4. The application of the
Willgerodt-Kindler reaction [11] in case of N-benzylsali-
cylamides was unsuccessful. The structure of the com-
pounds was established by IR, 'H- and *C-NMR spectro-
scopy and verified by elemental analysis.

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 6509/96 using the micromethod for the determi-
nation of the minimum inhibitory concentration (MIC).
All strains were obtained from the Czech National Collec-
tion of Type Cultures (CNCTC), National Institute of Pub-

Table 1. Antimycobacterial activity (minimum inhibition concentrations, MICs) of N-benzylsalicylamides 1-15.

Compound R’ R? MIC (umol/L)
M. tuberculosis My 331/88 M. avium My 330/88 M. kansasii My 235/80 M. kansasii 6509/96
14d 21d 14d 21d 14d 21d 14d 21d

1 H 4-tert-but 16 32 32 62.5 62.5 62.5 32 62.5
2 H 3-CF3 62.5 62.5 16 16 16 32 62.5 62.5
3 5-Br 3-Br 32 32 32 32 32 62.5 32 32
4 5-Br 4-Br 16 32 16 32 32 32 32 32
5 3,5-Cl, 4-tert-but 32 32 62.5 62.5 62.5 62.5 62.5 62.5
6 4-Cl 4-Br 16 32 32 32 32 32 32 32
7 4-CHj3 H 62.5 125 62.5 125 125 125 125 125
8 4-CHj3 4-CHj3 125 500 62.5 250 250 500 250 500
9 4-CHj3 4-Cl 62.5 125 62.5 125 125 250 250 250

10 4-CHj3 4-tert-but 32 62.5 16 16 32 32 62.5 62.5

11 4-CHj3 3-NO, 62.5 62.5 32 62.5 62.5 125 62.5 125

12 4-OCHj3 3-Cl 125 125 62.5 62.5 62.5 125 62.5 125

13? 3-CH3 H 62.5 125 62.5 62.5 62.5 125 62.5 125

14 3-CH3 4-Cl 16 32 32 62.5 62.5 62.5 62.5 62.5

15 3,5-Br, 4-CF; 62.5 62.5 62.5 62.5 62.5 62.5 62.5 62.5

Isoniazid 1 1 >250 >250 >250 >250 4 4

4 Synthesis in ref. [18].

Table 2. Yield, melting point, and carbonyl frequency of N-benzylsalicylamides 1-15.

Compound Yield M.p. V-0 Compound Yield M.p. Ve-o

(%) () (em™) (%) (C (cm™)

1 73 130-131 1645 8 81 141-143 1642

2 91 116-118 1636 9 89 162-163 1641

3 51 168-170 1641 10 94 118-120 1650

4 49 154-156 1622 11 84 162-163 1640

5 76 91-92 1641 12 77 105-107 1636

6 75 153-156 1621 14 92 97-99 1643

7 76 105-107 1644 15 85 129-130 1630

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 3. Antimycobacterial activity (minimum inhibition concentrations, MICs) of N-benzylsalicylthioamides 16—45.

Compound R* R? MIC (umol/L)
M. tuberculosis My 331/88 M. avium My 330/88 M. kansasii My 235/80 M. kansasii 6509/96

14d 21d 14d 21d 14d 21d 14d 21d
16 H H 0.5 1 1 2 1 2 2 2
17 H 4-CH3 0.25 0.5 0.25 0.5 0.5 1 0.5 1
18 H 4-Cl 1 2 0.5 0.5 1 1 0.5 1
19 H 4-OCHj3 4 4 0.98 0.98 4 4 4 4
20 H 3,4-Cl, 0.49 0.98 0.98 0.98 2 2 2 4
21 H 4-F 0.5 1 1 2 4 4 2 2
22 H 3-CH;3 0.5 1 0.5 1 2 4 2 2
23 H 4-tert-but 1 2 0.25 0.25 2 4 2 2
24 H 3-Cl 1 1 1 1 1 1 1 1
25 H 3-CF3 0.5 1 0.5 1 2 2 2 2
26 5-Br 3,4-Cl, 4 4 16 16 16 32 16 16
27 5-Br 3-Br 1 2 8 8 8 8 8 8
28 5-Br 4-Br 1 2 4 4 8 16 4 4
29 5-Cl H 2 2 8 8 8 8 8 8
30 5-Cl 3,4-Cl, 2 4 16 32 32 32 16 16
31 5-Cl 4-F 1 2 8 8 8 16 8 8
32 3,5-Cl, 3,4-Cl, 16 32 62.5 62.5 32 62.5 32 32
33 3,5-Cl, 4-tert-but 32 32 62.5 62.5 62.5 62.5 62.5 62.5
34 4-Cl 4-Br 1 2 2 4 8 16 4 8
35 4-CH; H 0.5 1 1 2 2 2 1 2
36 4-CH; 4-CH; 0.125 0.25 0.25 0.5 0.25 0.5 0.5 1
37 4-CH; 4-Cl 0.5 0.5 0.5 0.5 0.5 1 1 1
38 4-CH; 4-tert-but 0.5 0.5 1 2 1 1 1 1
39 4-CH, 3-NO, 2 2 1 2 2 4 4 4
40 5-OCH; H 4 8 4 4 16 32 16 16
41 4-OCHj3 H 2 4 4 4 8 8 8 8
42 4-OCHj3 3-Cl 0.5 1 1 2 2 2 1 1
43 5-NO, 4-CH; 32 62.5 >125 >125 125 125 125 125
44 3-CHj 4-Cl 2 4 1 1 2 2 2 4
45 3,5-Br, 4-CF3 32 32 32 32 62.5 62.5 62.5 62.5
Isoniazid 1 1 >250 >250 >250 >250 4 4

3 Synthesis in ref. [19].

OH O

N
R1~©)‘\H/\©~Rz

Figure 1. A survey of structures of N-benzylsalicylamides. For
substituents R' and R®see Table 1.

OH §
N
R1~©)kH/\©7R2

Figure 2. A survey of structures of N-benzylthiosalicylamides.
For substituents R' and R?see Table 3.

lic Health, Prague, with the exception of M. kansasii 6509/
96, a clinical isolate. Tables 1 and 3 summarize the MICs
of the new starting compounds and the title products,
respectively. The MICs were determined after incubation

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

at 37°C for 14 and 21 days. For the sake of comparison,
we also included the values of MICs of the standard iso-
niazid (INH). The method is described in our previous
papers [1-9]. The antiproliferative activity and cytotoxic-
ity of some compounds were investigated at the Leibniz
Institute for Natural Product Research and Infection Biol-
ogy, Hans Knoll Institute in Jena. The results are summar-
ized in Table 5. The methods were described in the pre-
vious papers [12, 13] and in the experimental part (Sec-
tion 4) herein.

Calculations

The program HyperChem, Release 7.52, was used to cal-
culate log P (octanol | water system), volume, surface, and
polarizability of the compounds under study [14]. The
program Gaussian 03, Revision C.02, was used for the
quantum chemical calculations [15]. All molecular mod-
els were computed by the B3LYP/6-31G" method. The
obtained wave-function data were processed in a self-

www.archpharm.com
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Table 4. Yield, melting point, and frequency of hydroxyl vibration of N-benzylsalicylthioamides 17—-45.

Compound Yield M.p. Vc-o Compound Yield M. p. Vc-o

(%) (°C) (cm) (%) (°C) (cm)
17 34 73-74 3311 32 19 91-93 3355
18 17 101-102 3324 33 31 120-122 3338
19 43 92-93 3332 34 49 106-108 3320
20 41 96-97 3301 35 45 91-93 3308
21 34 64-65 3316 36 81 99-100 3313
22 42 85-86 3302 37 45 131-133 3312
23 80 89-90 3312 38 52 121-122 3327
24 51 96-97 3305 39 10 99-100 3315
25 40 29-30 3311 40 37 94-95 3273
26 37 117-118 3365 41 29 74-75 3377
27 32 136-137 3366 42 49 73-74 3376
28 38 131-132 3309 43 25 125-127 3324
29 55 109-110 3311 44 42 94-95 3376
30 34 133-134 3291 45 5 130-132 3347
31 40 112-113 3363

developed program to compute quantum chemical
descriptors. The complete set of 177 molecular descrip-
tors consisted of 166 different quantum chemical
descriptors (e.g., superdelocalizabilities, indices of fron-
tier electron densities, Mulliken charges, etc.), Hammett
constants, Hansch constants, and several chemical shifts
from C-NMR spectra. A detailed review of quantum
chemical descriptors is available in the literature [16].
The structure-activity relationships were searched for by
the program STATOO (R. DoleZal). The program STATOO
is based on multiple linear regression (MLR). Its selection
algorithm searches the best parameters in correlation
equations. Statistical evaluation is given under every
equation. The symbols are usual, g*is the cross-validated
correlation coefficient determined by leave-one-out pro-
cedure.

Discussion

In general, the synthesized compounds possess in-vitro
activities against all tested mycobacterial strains, which
are better than or comparable to that of INH (Tables 1
and 3). The values of MICs are generally within the range
from 0.125 to 125 umol/L, most often between 0.5 and
4 pmol/L. The most active compounds, 17 and 36, were
more active against M. tuberculosis 331/88 than INH. All
new compounds, again, were more effective against M.
kansasii 235/80 and M. avium 330/88 than INH. The
replacement of an oxo group in the starting N-benzylsali-
cylamides for a thioxo group increases the antimycobac-
terial activity of the title compounds against all mycobac-
terial strains. The increase in antimycobacterial activity
against M. tuberculosis (incubation 14 d) by replacing car-
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Figure 3. Comparison of antimycobacterial activity against M.
tuberculosis (log MIC after 14 d incubation) of N-benzylsalicylth-
ioamides 17—-45 with that of N-benzylsalicylamides. The values
of the activity of corresponding N-benzylsalicylamides not pre-
sented in this paper were culled from Ref. [9].

bonyl oxygen for sulfur is demonstrated in Fig. 3. Inter-
estingly, the antimycobacterial activities of N-benzylsali-
cylamides do not correlate significantly with those of the
corresponding N-benzylsalicylthioamides. The newly syn-
thesized compounds form a new promising group of
antimycobacterials with a broad spectrum of antimyco-
bacterial activity. Two most active compounds, 17 and
36, were chosen for preclinical testing. Antiproliferative
activity and cytotoxicity of compounds 16, 17, 18, 19, 20,
23, and 36 were investigated (Table 5). Unfortunately, the
compounds under study are cytotoxic.

The set of 177 descriptors was used for QSAR study. The
best three-parameter QSAR models were searched for
using MIR technique in the STATOO program. The most
important parameters were: log P — partition coefficient
for system octanol | water; o, -~ Hammett constants of
substituents R! in the acyl moiety; SumSY - sum of
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Table 5. Antiproliferative activity and cytotoxicity.

Compound Antiproliferative activity  Cytotoxicity
Huvec GISO K-562 GISO Hela CC50/ CC10
(ng/mL) (1g/mL) (1g/mL)

16 9.2 8.7 11.1/3.9

17 10.0 9.9 12.5/5.7

18 5.9 5.2 5.5/2.7

19 19.2 14.8 21.6/9.2

20 5.9 5.2 56/21

23 4.6 3.5 3.7/1.7

36 12.5 13.0 12.4/4.5

INH >50.0 >50.0 >50.0/50.0

ETH 37.2 50.0 40.8/40.2

weighted electrophilic superdelocalizabilities for all
atoms in the molecule (calculated from the output of the
Gaussian); S,3' - nucleophilic superdelocalizability on
carbon 3 on the benzyl (calculated from output of the
Gaussian); chargel — Mulliken charge on carbon 1 in the
acyl moiety (calculated from output of the Gaussian); S.H
- electrophilic superdelocalizability of hydrogen atoms
in the thioamide group; Sumf. — sum of indices of elec-
trophilic frontier electron density of all atoms in the mol-
ecules (calculated from output of the Gaussian); g, —
Hansch constant of substituents R? on the benzyl; char-
geH - Mulliken charge on the hydrogen atom in the thio-
amide group. The program STATOO determined the stat-
istically most significant correlation equations (see Egs.
1-8).In accordance with the correlations found, the anti-
mycobacterial activities are always enhanced by electron
donating substituents R!in the acyl moiety (i.e., when sg;
is negative). Lipophilicity (log P or my,) mostly increases
the activity. Other significant descriptors correspond
with the local properties of certain atoms (i.e., S,3’, char-
geH, chargel and S.H) or express the overall molecular
properties (i.e., SumSy and Sumf,). A higher nucleophilic
superdelocalizability on carbon 3’ (S,3') increases the
activity against M. avium Eq. (3) and Eq. (4). Electrophilic
superdelocalizability (S¢H) and Mulliken charge (char-
geH) on the hydrogen atom of the thioamide group are
both statistically associated with Hammett constant (ogs),
and therefore, when they are lower, they also enhance
the activity in the same way Egs. (6 and 7). A lower Mul-
liken charge on carbon 1 (chargel) enhances the activity
Eq. (6). The sum of weighted electrophilic superdelocaliz-
abilities (SumSy), present in most equations, should be
lower in order to increase the activity. The sum of indices
of electrophilic electron densities (Sumf,) increases the
activity when it is higher Eq. (6). All presented QSAR mod-
els show acceptable statistical significance suggesting a
high importance of lipophilic and electronic properties
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of N-benzylsalicylthioamides for their antimycobacterial
activities.

log MIC}{4, = - 0.478 (x 0.107)log P + 1.551 (x 0.206)0x,

+0.048 (+ 0.009)SUumSY - 2.46 (x 0.646) Eq.(1)

r’=0.811 ¢*=0.758 s=0.282 F=37.407 n=30

log MICZ!d . = - 0.491 (+ 0.097)log P + 1.581 ( 0.187)0ws

+0.043 (+ 0.008)SumSY - 1.725 (+ 0.586) Eq. (2)

r’=0.828 @*=0.776 s=0.256 F=41595 n=30

log MIC}#d

'M avi.

=1.819 (+ 0.163)o, — 0.013 (+ 0.002)S,3’

+0.043 (+ 0.007)SumSy + 2.118 (= 0.765) Eq. (3)

r’=0913 ¢*=0.88 s=0219 F=86974 n=29

log MICZ4, =1.611 (= 0.19)6w - 0.012 (= 0.002)S,3'

+0.041 (+ 0.008)SumSy + 2.101 (= 0.887) Eq. (4)

’=0.864 q>=0819 s=0.254 F=5298 n=29

log MICHS = - 0.472 (= 0.106)log P + 1.948 (+ 0.204)ow;

+0.04 (+ 0.009)SumSY - 1.27 (= 0.64) Eq. (5)

’=0.846 q*>=0.796 s=028 F=47615 n=30

log MIC2! =39.247 (« 10.225)charge1 + 98.36 (= 9.011)S.H

- 3.271 (+ 0.43)Sumf, + 13.978 (= 2.456) Eq. (6)

’=0.886 q*>=0.856 s§=0.236 F=67.402 n=30

log MIC}# | = - 0.486 (+ 0.103)mx, + 177.82 (= 18.757) chargeH

+0.046 (+ 0.007)SumSy - 64.828 (+ 6.336) Eq. (7)
?’=0.869 ¢>=0.811 s=0.249 F=57.257 n=30
log MIC2!4 ;= - 0.401 (= 0.092)log P + 1.731 (+ 0.177)0w

+0.034 (+ 0.008)SumSY ~1.006 (x 0.556) Eq. (8)

2=0.852 ¢*=0.791 s=0.243 F=50.012 n=30
The most active compound can be obtained by a syn-

thesis of four compounds if the Topliss approach [17] is
used.

The eight above-mentioned MLR QSAR models repre-
sent the best three-parameter linear relationships found
in 177 investigated descriptors. Generally, the antimyco-
bacterial activities of N-benzylsalicylthioamides against
M. tuberculosis, M. avium, M. kansasii, and M. kansasii cl. are
enhanced by electron-donating as well as lipophilic sub-
stituents at the acyl moiety of N-benzylsalicylthioamides.
It seems that electronic properties of the substituents in
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the acyl moiety of N-benzylsalicylthioamides induce
more distinctive changes in the activity than the sub-
stituents on the benzyl. For further development of N-
benzylsalicylthioamides, we suggest to introduce potent
electron-donating substituents (e.g., —N(CH;),) into the
acyl moiety and to keep lipophilic substituents in the
amine moiety. Contrary to isosteres of salicylanilides, the
antimycobacterial activity of which has been recently
found to be enhanced by electron-withdrawing substitu-
ents (paper to be published), the N-benzylsalicylthioa-
mides may act with a different mechanism. We suppose
that increasing the electron density on the sulfur of the
CSNH group is the key factor for increasing the antimyco-
bacterial activity.

This study is a part of the research project number
MSM0021620822 of the Ministry of Education of the Czech
Republic.

The authors have declared no conflict of interest.

Experimental

Melting points were determined on a Kofler block (C. Reichert,
Vienna, Austria) and are uncorrected. The IR spectra were meas-
ured in KBr pellets or in CHCI; 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 (Varian Inc., Palo Alto, CA, USA)
operating at 300 MHz for 'H and 75 MHz for **C in d<-DMSO.
Chemical shifts were recorded as d values in ppm, and were indi-
rectly 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 FISONS
EA1110 elemental analyzer (Fisons Instruments, Italy). Analyses
of the C, H, N, and S contents were within + 0.4% of the theoret-
ical values. To check the purity of the products, TLC was perform-
ed on silica gel plates precoated with a fluorescent indicator,
Silufol UV 254 + 366 (Kavalier, Votice, The Czech Republic), in
cyclohexane | acetone 3 : 1. Interpretation of NMR spectra and
values of elemental analyses are in the attachment to the jour-
nal.

General procedure for preparation of
N-benzylsalicylamides 1-15

A suspension of substituted salicylic acid (0.02 mol) and substi-
tuted benzylamine (0.02 mol) in chlorobenzene (100 mL) was
heated under reflux in the presence of PCl; (0.01 mol) for 3 h.
The reaction mixture was filtered while hot, and the solvent was
evaporated under reduced pressure. The product was recrystal-
lized from ethanol | water (yields were in the range of 49 -95%).

General procedure for the preparation of
N-benzylsalicylthioamides 16—-45

A suspension of starting N-benzylsalicylamide (0.005 mol) and
an equivalent amount of P,S,, in pyridine (10 mL) was heated

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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under reflux for 45 min in a microwave reactor. Without isola-
tion of the intermediary product, the reaction mixture was
added to a mixture of toluene (150 mL) and dilute HCI (150 mL,
pH 1), and refluxed under vigorous stirring for 3 h. The toluene
layer was separated, toluene was evaporated, and the residue
was chromatographed (silica gel, toluene). The product was
recrystallized from ethanol | water (yields were in the range of
17-81%).

Tests for cytotoxicity and antiproliferative activity

Cells and culture conditions
Cells [cell-culture medium: A: Huvec (ATCC CRL-1730) | DMEM
(Cambrex 12-614F; Cambrex Bio Science at Biotech A.S., Prague,
Czech Republic); B: K-562 (DSM ACC 10) | RPMI 1640 (Cambrex
12-167F); C: HeLa (DSM ACC 57) | RPMI 1640 (Cambrex 12-167F).
Cells were grown in the appropriate cell-culture medium sup-
plemented with 10 mL/L ultraglutamine I (Cambrex 17-605E/
U1), 500 pL/L gentamicin sulfate (Cambrex 17-518Z), and 10%
heat-inactivated fetal bovine serum (PAA A15-144) at 37°C in
high-density polyethylene flasks (NUNC 156340; Fisher Scien-
tific spol. s.r.o., Pradubice, Czech Republic).

Antiproliferative assay

The test substances were dissolved in DMSO before being diluted
in DMEM | Dulbecco's modified Eagle medium. The adherent
cells were harvested at the logarithmic growth phase after soft
trypsinization, using 0.25% trypsin in PBS containing 0.02%
EDTA (Biochrom KG L2163; Biochrom, Berlin, Germany). For
each experiment approximately 10000 cells were seeded with
0.1 mL culture medium per well of the 96-well microplates
(NUNC 167008).

Cytotoxic assay

For the cytotoxic assay, HeLa cells were 48 hours pre-incubated
without the test substances. The dilutions of the compounds
were carried out carefully on the subconfluent monolayers of
Hela cells after the pre-incubation time.

Condition of incubation
The cells were incubated with dilutions of the test substances for
72 hours at 37°Cin a humidified atmosphere and 5% CO,.

Method of evaluation

To estimate the influence of chemical compounds on cell prolif-
eration of K-562, we determinate the numbers of viable cells
present in multi-well plates via CellTiter-Bluel assay. It uses the
indicator dye resazurin to measure the metabolic capacity of
cells as the indicator of cell viability. Viable cells of untreated
control retain the ability to reduce resazurin into resorufin,
which is highly fluorescent. Non-viable cells rapidly lose meta-
bolic capacity, do not reduce the indicator dye, and thus do not
generate a fluorescent signal. Under our experimental condi-
tions, the signal from the CellTiter-Blue1 reagent is proportional
to the number of viable cells.

The adherent Huvec and HelLa cells were fixed by glutaralde-
hyde and stained with a 0.05% solution of methylene blue for
15 min. After gently washing, the stain was eluted with 0.2 mL
0f 0.33 N HCl in the wells. The optical densities were measured
at 660 nm in SUNRISE microplate reader (TECAN, Switzerland).
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The G5 and CCs values were defined as the value at the inter-
section of the dose response curve with the 50% line, compared
to untreated control. These comparisons of the different values
were performed with the software Magellan (TECAN).

References

[1] K. Waisser, J. Matyk, H. DiviSovd, P. Husdkova, et al., Arch.
Pharm. Chem. Life Sci. 2006, 339, 616 -620.

[2] K. Waisser, J. Matyk, H. DiviSovd, P. Husdkovd, et al., Arch.
Pharm. Chem. Life Sci. 2007, 340, 264-267.

[3] K. Waisser, R. Dolezal, K. Paldt, J. Cizmdrik, J. Kaustova,
Folia Microbiol. 2006, 51, 21 -24.

[4] K. Waisser, J. Adamec, R. Dolezal, J. Kaustovd, Folia Micro-
biol. 2005, 50, 195-197.

[5] J. Adamec, K. Waisser, J. Kune§, ]. Kaustovd, Arch. Pharm.
Chem. Life. Sci. 2005, 338, 385-389.

[6] K. Waisser, L. Heinisch, M. Slosarek, J. Janota, Folia Micro-

biol. 2006, 51, 25-26.

K. Waisser, J. Matyk, J. Kunes, R. DolezZal, et al., Arch. Pharm.

Chem. Life. Sci. 2008, 341, 800-803.

[8] J. Matyk, K. Waisser, K. Drazkovd, J. Kunes, et al., Farmaco
2005, 60, 399-408.

[7

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

9]
[10]
[11]
[12]
[13]
[14]

[15]

[16]

(17]
(18]

(19]

N-Benzylsalicylthioamides as Potential Antituberculotics 119

K. Waisser, M. Perina, V. KlimeSovd, ]J. Kaustovd, Collect.
Czech. Chem. Commun. 2003, 68, 1275-1294.

L. Kubicova, M. Sedldk, V. Chobot, M. Machdcek, CZ Pat.
298498. 2007.

K. Aghapoor, H. R. Darabi, K. Tabar-Heydar, Phosphorus Sul-
fur Silicon Relat. Elem. 2002, 177, 1183-1187.

H. M. Dahse, B. Schlegel, U. Grife, Pharmazie 2001, 56,
489-461.

H. M. Dahse, U. Mo6llmann, K. Waisser, K. Palat, et al., Folia
Pharm. Univ. Carol. 2002, 27-28, 29-33.

Hyperchem Release 7.52 for Windows Molecular Modeling
System. Hypercube, Ontario, Canada.

Gaussian 03, Revision C.02, M. J. Frisch, G. W. Trucks, H. B.
Schlegel, G. E. Scuseria, et al., Gaussian, Inc., Wallingford
CT, 2004.

M. Karelson, V. S. Lobanov, A. R. Katritzky, Chem. Rev. 1996,
96, 1027-1043.

J. G. Topliss, J. Med. Chem. 1972, 15, 1006-1011.

W. Baker, B. Gilbert, W. D. Ollis, T. S. Zealley, J. Chem. Soc.
1951, 209-213.

S. Scheibye, B. S. Pedersen, S. O. Lawesson, Bull. Soc. Chim.
Belg. 1978, 87, 299-306.

www.archpharm.com






PETRLIKOVA, E., WAISSER, K., BUCHTA, V., JILEK, P.,
VEJSOVA, M.: N-Benzylsalicylthioamides as  Novel
Compounds with Promising Antimycotic Activity. Bioorg. Med.
Chem. Lett. 2010, vol. 20, p. 4535-4538.






Provided for non-commercial research and education use.
Not for reproduction, distribution or commercial use.

d

Bioorganic & Medicinal
Chemistry Letters

The Tetrahedron Journal for Research at the Interface
of Chemistry and Biology

Editor-in-Chiof

DALE L. BOGER

Available onling &l www. sciencedirect com

“*.* ScienceDirect

This article appeared in a journal published by Elsevier. The attached

copy is furnished to the author for internal non-commercial research

and education use, including for instruction at the authors institution
and sharing with colleagues.

Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party
websites are prohibited.

In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information

regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:

http://www.elsevier.com/copyright


http://www.elsevier.com/copyright

Bioorganic & Medicinal Chemistry Letters 20 (2010) 4535-4538

Contents lists available at ScienceDirect

Bioorganic & Medicinal Chemistry Letters

journal homepage: www.elsevier.com/locate/bmecl B

N-Benzylsalicylthioamides as novel compounds with promising

antimycotic activity

2

Eva Petrlikova ®*, Karel Waisser?, Vladimir Buchta >, Petr Jilek ¢, Marcela Vejsova ¢

2 Department of Inorganic and Organic Chemistry, Charles University in Prague, Faculty of Pharmacy in Hradec Krdlové, Heyrovského 1203, 500 03 Hradec Krdlové, Czech Republic
b Department of Clinical Microbiology, University Hospital, Sokolskd 581, 500 05 Hradec Krdlové, Czech Republic
€ Department of Biological and Medical Sciences, Charles University in Prague, Faculty of Pharmacy in Hradec Krdlové, Heyrovského 1203, 500 03 Hradec Krdlové, Czech Republic

ARTICLE INFO ABSTRACT

Article history:
Received 1 April 2010
Revised 3 June 2010
Accepted 4 June 2010

Availabl line 11 2010 . . .
vailable online 11 June ity relationship (QSAR).

Keywords:
N-Benzylsalicylthioamides
Antifungal activity

QSAR

Lipophilicity

The in vitro biological activity of N-benzylsalicylthioamides was evaluated against eight fungal strains
by the broth microdilution method and the results were compared with those obtained with fluconazole.
The compounds exhibited an in vitro antifungal activity against the fluconazole-susceptible as well as the
fluconazole-resistant fungal strains. The biological activity was analyzed by quantitative structure-activ-

© 2010 Elsevier Ltd. All rights reserved.

Fungal infections cause a wide range of diseases in humans. They
are caused by microscopic fungi that can be normally found in the
nature and human beings are constantly exposed to them. The estab-
lishment of a mycotic infection usually depends on the pathogenic-
ity of a fungus and on the host resistance.! It is known that almost
everyone comes in contact with fungi during a life period. However,
the development of serious infections is largely associated with
immunocompromised persons, such as HIV, elderly, cancer patients,
and transplant recipients.>~ The incidence of systemic mycoses has
increased over the last years.” The facts that both mammalian and
fungal cells are eukaryotic and that their cell membranes contain
structurally similar sterols (ergosterol in fungi vs cholesterol in
mammals)® can be also connected with some problems in manage-
ment, which can explain some serious side effects of commonly used
antifungal drugs. Whereas there are many antimycotics with differ-
ent chemical structures used in the therapy of superficial mycoses,
that is, mycoses that infect the keratinized layers of the skin, hair,
and nails, there are less efficient and specific drugs for the treatment
of systemic mycoses.” Another problem is a growing number of
opportunistic pathogens with increased resistance to antifungals,
especially in the setting of immunocompromised patients.®°

All these problems need a solution and the development of new
antifungal compounds with a better effectiveness and a lower tox-
icity is the subject of scientific research.

* Corresponding author. Tel.: +420 495067335; fax: +420 465067166.
E-mail address: Eva.Petrlikova@faf.cuni.cz (E. Petrlikova).

0960-894X/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
d0i:10.1016/j.bmcl.2010.06.023

Waisser (1998) has demonstrated that there can be some corre-
lations between the antimycotic and antimycobacterial activities,
and having found that N-benzylsalicylthioamides belong to the
group of very active compounds against tuberculosis,'® we tried
to investigate their activities against some fungal strains. The
hypothesis that these compounds can show some significant bio-
logical activity was also based on the knowledge of some drugs
with a thiocarbonyl functional group that have already been intro-
duced into practice, for example, tolnaphtate that is believed to in-
hibit microsomal squalene epoxidase from Candida albicans.' Also
the antifungal activity of related thiosalicylanilides is known. Wag-
ner et al. synthesized'>!? a series of thiosalicylanilides, tested their
antifungal activity and found some structure-activity relationship
(SAR).™

Our work is focused on N-benzylsalicylthioamides prepared by
a new method of synthesis.'® The goal of this Letter was to study
the in vitro antifungal activity of these compounds and to find
some quantitative correlations between the structure and the bio-
logical activity (QSAR).

N-Benzylsalicylthioamides were prepared by microwave-as-
sisted thionation of starting N-benzylsalicylamides. This synthesis,
the analytical data and the evaluation of the antimycobacterial
activity of these derivatives are described in full details in our pre-
vious paper.’® An overview of the compounds under study and
their calculated log P are summarized in Scheme 1.

In this study, the culture medium RPMI 1640 (Sevapharma,
Prague, Czech Republic) buffered to pH 7.0 with 0.165 M of 3-mor-
pholino-propane-1-sulfonic acid was used to study the antifungal
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N
H
H OH R2
Comp. R’ R? logP pKa Comp. R’ R? logP pKa
1 H 3,4-Cl, 4.62 7.5 12 H 3-CH; 3.99 7.5
2 5-Br 4-Br 5.16 6.9 13 4-CH; H 3.99 7.7
3 5-Cl 4-F 4.22 7.0 14 4-CH; 4-CH;, 4.48 7.7
4 5-Br 3-Br 5.16 6.9 15 4-OCH; H 3.38 7.3
5 5-Cl 3,4-Cl, 5.18 6.9 16 5-NO, 4-CH;, 2.73 4.5
6 5-Br 3,4-Cl, 5.45 6.9 17 3-CH; 4-Cl 4.55 8.0
7 4-C1 4-Br 4.89 6.7 18 H 3-Cl 4.06 7.6
8 H 4-Tert-butyl 5.21 7.5 19 4-OCH; 3-Cl 3.94 7.3
9 5-Cl H 4.06 7.0 20 4-CH; 4-Cl 4.55 7.7
10 H 4-CH;, 3.99 7.5 21 4-CH; 4-Tert-butyl 5.70 7.7
11 H 4-F 3.66 7.6
Scheme 1. Overview of compounds under study, calculated log P and pK,.
Table 1
Antifungal activity
Strains Compounds (MIC (pmol/L) 24/48 h)
1 2 3 4 5 6 7 8 9 10 11 Flu
Candida albicans ATCC 15.62/ 15.62/  31.25/ 15.62/ 3125/ 15.62/ 15.62/ >500/ 62.5/ 62.5/ 62.5/ 1(21)/
44859 31.25 31.25 125 31.25 31.25 31.25 31.25 >500 125 125 125 2(+1)
Candida tropicalis 156 3125/ 3125/ 625/ 15.62/ 3125/ 3125/ 3125/ >500/ 62.5/ 125/125  125/250  3(x1)/
31.25 31.25 125 62.5 62.5 31.25 31.25 >500 125 5(£2)
Candida krusei E28 15.62/ 3.9/ 7.81/ 39/781 3.9/ 7.81/ 3.9/ >500/ 1562/  62.5/ 62.5/ >50/>50
31.25 15.62 15.62 15.62 15.62 15.62 >500 31.25 125 125
Candida glabrata 20/1 31.25/ 31.25/ 62.5/ 7.81/ 31.25/ 31.25/ 31.25/ >500/ 15.62/ 125/125  125/250  22(6)/
31.25 125 125 31.25 31.25 62.5 31.25 >500 62.5 >50
Trichosporon asahii 1188  15.62/ 3.9/7.81 7.1/ 15.62/ 3.9/7.81 3.9/7.81 781/ 250/250 31.25/ 31.25/ 31.25/ 4(+2)/
15.62 15.62 31.25 7.81 31.25 62.5 62.5 9(+3)
Aspergillus fumigatus 231  15.62/ 15.62/ 31.25/ 7.81/ 3.9/ 7.81/ 7.81/ 250/ 31.25/ 125/250 62.5/ >50/>50
31.25 15.62 15.62 15.62 15.62 7.81 7.81 >500 31.25 62.5
Absidia corymbifera 272 7.81/ 39/3.9 1562/  3.9/39  3.9/7.81 3.9/39 098/ 15.62/ 15.62/ 15.62/ 15.62/ >50/>50
15.62 15.62 1.95 62.5 15.62 31.25 31.25
Trichophyton 7.81/ 15.62/ 15.62/ 1.95/ 0.98/ 0.98/ 0.98/ 15.62/ 1.95/3.9 31.25/ 7.81/ 17(x6)/
mentagrophytes 445" 15.62 31.25 15.62 1.95 0.98 0.98 1.95 15.62 15.62 31.25 26(£1)

Flu: fluconazole (standard).
" MIC evaluated after 72 and 120 h.

activity. The organisms examined included the following strains:
C. albicans ATCC 44859, C. tropicalis 156, C. krusei E28, C. glabrata
20/1, Trichosporon asahii 1188, Aspergillus fumigatus 231, Absidia cor-
ymbifera 272, and Trichophyton mentagrophytes 445. The minimum
inhibitory concentration (MIC) was determined after 24 and 48 h
of static incubation at 35 °C (72 and 120 h of incubation in the case
of T. mentagrophytes) and the value of MIC of fluconazole was
included for the sake of comparison. The values of antifungal activity
are summarized in Tables 1 and 2.
5-Bromo-N-(4-brombenzyl)salicylthioamide with the activity
within the range of 0.98-31.25 pmol/L seems to be the most pro-
spective compound. But also the compounds 2, 4-6 exhibited high
activity in the range of 0.98-62.5 pmol/L. In most cases, the activ-
ities of these compounds are comparable to or better than that of
fluconazole. Regrettably, none of the compounds has shown a bet-

ter antifungal activity against C. albicans and C. tropicalis than
fluconazole. However, we must be careful before making any
definitive conclusions because primary resistance or decreased
susceptibility to fluconazole should be taken into consideration
in the case of evaluation of the antifungal potential of the com-
pounds tested against A. fumigatus, A. corymbifera, C. krusei, and
C. glabrata.

The sparc 4.5 program was used to calculate pK, values
(Scheme 1). The calculated pK, values of the most active com-
pounds (2, 4-7) were found in the range of 6.7-6.9 and considering
the incubation conditions (35 °C, pH 7.00) it would be expected to
make 54-66% of the deprotonated form of the active compounds.
The pK, range 6.7-6.9 seems to be the optimum for the antifungal
activity since the less active compounds had lower or higher calcu-
lated pK, than the more active antifungal derivatives.
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Table 2
Antifungal activity
Strains Compounds (MIC (umol/L) 24/48 h)
12 13 14 15 16 17 18 19 20 21 Flu
Candida albicans ATCC 44859  125/250 62.5/125  125/250 62.5/ 500/ 62.5/125  125/125 125/250 >500/ >500/ 1(+1)/2(£1)
250 >500 >500 >500
Candida tropicalis 156 125/250 125/250 125/500 250/ >500/ 125/250 125/125 125/250 >500/ >500/ 3(£1)/5(£2)
250 >500 >500 >500
Candida krusei E28 125/250 62.5/125  62.5/125 250/ >500/ >500/ 62.5/125  125/125 >500/ >500/ >50/>50
250 >500 >500 >500 >500
Candida glabrata 20/1 125/250 125/250 125/500 500/ >500/ >500/ 125/250 250/500 >500/ >500/ 22(+6)/>50
500 >500 >500 >500 >500
Trichosporon asahii 1188 31.25/ 62.5/62.5 31.25/ 250/ 500/500 62.5/62.5 31.25/ 31.25/ >500/ >500/ 4(£2)/9(3)
62.5 62.5 250 31.25 62.5 >500 >500
Aspergillus fumigatus 231 62.5/62.5 62.5/125  125/500 250/ 500/500 62.5/125  62.5/62.5 62.5/125  >500/ >500/ >50/>50
500 >500 >500
Absidia corymbifera 272 62.5/ 7.81/ 7.81/ 62.5/ 500/500 31.25/ 31.25/ 7.81/7.81  >500/ >500/ >50/>50
15.62 31.25 31.25 250 31.25 31.25 >500 >500
Trichophyton mentagrophytes 15.62/ 31.25/ 15.62/ 62.5/ 62.5/ 15.62/ 7.81/ 15.62/ >500/ >500/ 17(26)/
445" 15.62 31.25 15.62 62.5 62.5 15.62 15.62 15.62 >500 >500 26(£1)

Flu: fluconazole (standard).
" MIC evaluated after 72 and 120 h.

Table 3
Results of QSAR calculations

Eq. Strain; incubation time Results of QSAR calculations

1 Candida albicans ATCC 44859; 24 h Log MIC = —0.440 (+0.109) log P —0.145 (+0.161) I +0.021 (+0.233) ¢ +3.699 (+0.422)
R=0.835=0259 F=1045n=18

2 Candida albicans ATCC 44859; 48 h Log MIC = —0.392 (+0.118) log P —0.135 (+0.131) I —0.267 (+0.304) ¢ +3.801(+0.497)
R=0.87s=0200 F=1391n=17

3 Candida tropicalis 156; 24 h Log MIC = —0.318 (+0.086) log P —0.097 (+0.097) I —0.476 (+0.224) ¢ +3.360 (+0.365)
R=0925s=0.148 F=24.18 n=17

4 Candida tropicalis 156; 48 h Log MIC = —0.292 (£0.155) log P —0.153 (+0.173) I —0.478 (+0.401) ¢ +3.498 (+0.655)
R=0805s=0264F=7.71n=17

5 Candida krusei E28; 24 h Log MIC = —0.444 (£0.127) log P —0.190 (+0.144) I —1.232 (+0.346) o +3.588 (+0.537)
R=0.955=0.210 F=41.07 n=16

6 Candida krusei E28; 48 h Log MIC = —0.331 (£0.113) log P —0.249 (+£0.129) I —0.913 (+0.309) ¢ +3.418 (+0.480)
R=0955=0.188 F=33.19n=16

7 Candida glabrata 20/[1; 24 h Log MIC = —0.230 (+0.149) log P —0.090 (+0.170) I —1.088 (+0.407) ¢ +2.998 (+0.632)
R=0.885s=0.247 F=14.26 n=16

8 Candida glabrata 20(1; 48 h Log MIC = —0.244 (+0.183) log P —0.116 (+0.208) I —0.798 (+0.499) ¢ +3.327 (+0.776)

R=0.80s=0304 F=7.15n=16

The Hansch approach was carried out to study the relationship
between the structure of N-benzylsalicylthioamides and their anti-
fungal activity. The QSAR study included the results obtained both
after 24 and 48 h of incubation (72/120 h for T. mentagrophytes). All
regression calculations (Eqs. 1-16 in Tables 3 and 4) were set up
using the muLtirec program for Microsoft Excel. The logarithms of

Table 4
Results of QSAR calculations

the partition coefficient (log P) were calculated using ChemBio-
Draw 11.0 and the values are presented in Scheme 1, the biological
activity data in Tables 1 and 2 and the values of ¢ Hammett con-
stants were taken from the literature.'®

The parameters with the greatest influence on the biological
activity include lipophilicity (log P), the indicator parameter I for

Eq. Strain; incubation time Results of QSAR calculations
9 Trichosporon asahii 1188; 24 h Log MIC = —0.386 (+0.146) log P —0.560 (+0.218) I —0.174 (+0.360) ¢ +3.500 (+0.599)

R=0.805s=0400F=8.69n=19

10 Trichosporon asahii 1188; 48 h Log MIC = —0.335 (+0.118) log P —0.550 (+0.176) I —0.140 (£0.290) ¢ +3.427 (+0.484)
R=0835=0.323F=1135n=19

11 Aspergillus fumigatus 231; 24 h Log MIC = —0.394 (+0.114) log P —0.577 (£0.170) I —0.277 (+0.281) ¢ +3.749 (+0.468)
R=0875s=0313 F=15.62n=19

12 Aspergillus fumigatus 231; 48 h Log MIC = —0.403 (£0.126) log P —0.525 (+0.186) I —0.594 (+0.270) ¢ +3.925 (+0.488)
R=0.905=0.299 F=18.85 n= 18

13 Absidia corymbifera 272; 24 h Log MIC = —0.582 (+0.133) log P —0.321 (+0.198) I +0.452 (+0.327) ¢ +3.798 (+0.545)
R=0.835=0.364 F=10.92n=19

14 Absidia corymbifera 272; 48 h Log MIC = —0.480 (+0.132) log P —0.524 (+0.197) I +0.091 (+0.325) ¢ +3.699 (+0.542)
R=0.845=0.362F=11.68n=19

15 Trichophyton mentagrophytes 445; 72 h Log MIC = —0.375 (+0.136) log P —0.488 (+0.202) I —0.404 (+0.333) g +2.945 (+0.555)
R=0815=0371F=9.74n=19

16 Trichophyton mentagrophytes 445; 120 h Log MIC = —0.453 (+0.141) log P —0.212 (+0.210) I —0.459 (+0.347) ¢ +3.213 (+0.577)

R=0.775s=0386 F=7.34n=19
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Table 5
Comparison between the evaluated and calculated antifungal activity of N-benzyl-5-
methoxysalicylthioamide

Log MIC/log MIC
calculated; 24 h?

Log MIC/log MIC
calculated; 48 h®

Candida albicans ATCC 44859 2.10/2.21 2.40/2.48
Candida tropicalis 156 2.40/2.29 2.40/2.51
Candida krusei E28 2.40/2.09 2.40/2.30
Candida glabrata 20/1 2.40/2.22 2.40/2.50
Trichosporon asahii 1188 2.10/2.20 2.40/2.29
Aspergillus fumigatus 231 2.40(2.42 2.40/2.56
Absidia corymbifera 272 1.49/1.83 2.10/2.08
Trichophyton mentagrophytes 445 1.80/1.68 1.80/1.68

2 72h.
b 120 h in the case of Trichophyton mentagrophytes.

halogens as substituents, and the substituent constants of polarity
o, expressed with regard to the carbonyl group of the acyl moiety.

The lipophilicity (log P) used for the QSAR calculations was con-
firmed by the correlation between the calculated log P and Ry, val-
ues obtained using thin-layer chromatography on silica gel
impregnated with trioctadecylsilane (See Supplementary data).

Equations 1-16 (Tables 3 and 4) show that the biological activ-
ity of the substances increases with lipophilicity, with the presence
of halogens, and mostly with the increasing values of constants o.
The influence of halogens on the activity could be explained by
their electron-withdrawing effect.

The antifungal activity of N-benzyl-5-methoxysalicylthioamide
(log P 3.38, pK, 7.8) was additionally evaluated to verify the QSAR
calculations. The logarithms of measured and calculated antifungal
activity against all examined strains (both 24 and 48 h incubation)
were compared and no big differences were found between the
evaluated and calculated log MIC (Table 5).

In conclusion, N-benzylsalicylthioamides form a new group
with a promising antimycotic activity, and the possibility of how
to obtain the efficient antifungal compounds is to ensure their
optimal lipophilicity and pK,.
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In-vitro antifungal susceptibility testing

The broth microdilution test M27-A' was used for the assessment of in-vitro
antifungal activity of the synthesized compounds against Candida albicans ATCC 44859
(CA), Candida tropicalis 156 (CT), Candida krusei E28 (CK), Candida glabrata 20/1 (CG),
Trichosporon asahii 1188 (TA), Trichophyton mentagrophytes 445 (TM), Aspergillus
fumigatus 231 (AF), and Absidia corymbifera 272 (AC). Fluconazole (Flu) was used as the
reference drug. The procedure was performed with twofold dilution of the compounds in
RPMI 1640 medium (Sevapharma, Prague, Czech Republic) buffered to pH 7.0 with 0.165 M
of 3-morpholino-propane-1-sulfonic acid. Drug-free controls were included. The minimum
inhibitory concentrations (MICs) were defined as 80% (ICgp) and a higher reduction of
growth in comparison with control. The values of MICs were determined after 24 h and 48 h
of static incubation at 35 °C. For T. mentagrophytes, the final MICs were determined after 72
h and 120 h of incubation.

Lipophilicity testing
TLC was performed on silica gel plates impregnated with trioctadecyl silane,

precoated with the fluorescent indicator Silufol UV 254 (RP-18 F254s of Merck Company).



The mobile phase was represented by phosphate buffer at pH 7.4 with acetone. The
concentrations of acetone in the mobile phase were 80, 75, 70, 65 and 60%. All the samples
were put on in 5-10% solutions in acetone (2-4 pl) and the average Ry values were obtained
from three measurements for each sample. The Ry values were calculated by means of the
formula: Ry = log (1/Rg-1) and the extrapolations to zero acetone were done (Table 6). Biagi

et al.” used a similar method to study the lipophilicity of phenols.

Table 6

The correlation between the calculated log P and Ry values for each acetone
concentration were set up using the Linreg program for Microsoft Excel in order to verify the
predicative value of the calculated log P. Both parameters of lipophilicity correlated with each
other (Eq. 17-23 in Table 7).

Table 7

Also the Hansch approach was carried out to study the relationship between the
structure of N-benzylsalicylthioamides and their antifungal activity with the use of Ry values

for 50% acetone instead of the calculated log P (Eq. 24-39 in Tables 8 and 9).

Table 8

Table 9
In this case as well, biological activity increases with increasing lipophilicity, with the
presence of halogens as the substituents and mostly with the increasing values of the constants

O.

1. National Committee for Clinical Laboratory Standards. Reference method for broth
dilution antifungal susceptibility testing of yeast: Approved Standard M27-A.,
NCCLS, Villanova, PA, 1997.

2. Biagi, G. L., Gandolfi, O., Guerra, M. C., Barbaro, A. M., Cantelli-Forti, G., J. Med.
Chem. 1975, 18, 868.



Table 6. Ry values

Table 7. Correlations between lipophilicity expressed by experimentally obtained Ry and
calculated log P

Table 8. Results of QSAR calculations (Ry for 50% acetone)

Table 9. Results of QSAR calculations (Ry for 50% acetone)



Table 6. Rm values

acetone (%)

Compound 80 75 70 65 60 55 50 0
1 2022 20.05 0.12 037 0.57 0.83 112 3.29
2 20.19 0.01 021 0.48 0.71 0.95 128 3.64
3 027 0.07 0.10 0.35 0.57 0.83 1.08 3.30
4 20.20 0.00 0.19 0.46 0.67 0.93 1.25 3.58
5 0,16 0.03 0.25 0.51 0.75 1.03 131 3.74
6 2013 0.06 0.27 0.56 0.80 1.12 134 3.87
7 2018 0.03 0.21 0.52 0.74 1.00 128 3.69
8 015 0.05 0.25 0.51 0.75 1.09 1.25 3.68
9 -0.26 0.07 0.18 0.35 0.61 0.81 1.04 321
10 -0.26 20.10 0.05 0.29 0.48 0.69 0.99 2.97
11 -0.32 0.14 0.02 0.23 0.39 0.59 0.94 2.84
12 -0.26 2008 0.09 0.29 0.49 0.72 0.97 2.96
13 2026 .0.08 0.09 0.29 0.49 0.70 0.92 2.87
14 20.20 0.02 0.14 0.37 0.59 0.83 1.04 3.12
15 -0.33 0.15 0.00 0.22 0.37 0.62 0.80 2.67
16 -0.50 031 20.19 013 0.05 0.34 0.56 2.16
17 017 0.07 0.25 0.52 0.74 0.95 1.19 3.46
18 -0.32 0.12 0.12 0.27 0.53 0.70 0.94 3.01
19 2028 20.10 0.16 0.31 0.58 0.74 0.94 3.01
20 -0.24 0.03 0.19 0.39 0.67 0.87 1.08 3.6
21 0.13 0.04 0.31 0.50 0.87 1.16 1.34 3.93




Table 7. Correlations between lipophilicity expressed by experimentally obtained Ry and
calculated log P

Eq. % acetone Calculation

17 50 Ry = 0.264 (+0.015) log P -0.088 (+0.066)
R=0.97 s=0.049 n=21

18 55 Ry = 0.262 (+£0.015) log P -0.325 (+0.069)
R=0.97 s=0.051 n=21

19 60 Rm = 0.230 (£0.020) log P -0.425 (+0.090)
R=0.94 s=0.066 n=21

20 65 Ry = 0.194 (+£0.019) log P -0.492 (+0.085)
R=0.92 s=0.063 n=21

21 70 Rm = 0.142 (£0.014) log P -0.483 (+0.064)
R=0.92 s=0.047 n=21

22 75 Ry = 0.114 (£0.012) log P -0.549 (+0.053)
R=0.91 s=0.039 n=21

23 80 Ry =0.108 (+£0.010) log P -0.715 (+£0.043)

R=0.93 s=0.032 n=21




Table 8. Results of QSAR calculations (Ry for 50% acetone)

Eq. Strain; incubation time QSAR calculations (Ry for 50% acetone)

24  Candida albicans log MIC = -1.694 (£0.380) Ry -0.055 (+0.162) 1 -0.010 (+0.224) © + 3.538 (+0.349)
ATCC 44859; 24h R=0.85 s=0.245 F=12.21 n=18

25  Candida albicans log MIC = -1.523 (£0.506) Ry -0.090 (£0.141) 1-0.211 (£0.336) 6 + 3.690 (£0.514)
ATCC 44859, 48h R=0.86 s=0.210 F=12.34 n=17

26  Candida tropicalis log MIC = -1.120 (£0.402) Ry -0.069 (+0.112) 1 -0.479 (+0.267) & + 3.156 (+0.408)
156; 24h R=090 s=0.167 F=1798 n=17

27  Candida tropicalis log MIC = -1.082 (+£0.653) Ry -0.123 (£0.181) 1 -0.459 (£0.434) ¢ + 3.364 (+0.664)
156; 48h R=0.79 s=0.271 F=7.12 n=17

28  Candida krusei log MIC =-2.112 (£0.513) Ry -0.157 (£0.133) 1-0.919 (£0.359) o + 3.859 (+0.524)
E28; 24h R=0.96 s=0.193 F=49.64 n=16

29  Candida krusei log MIC = -1.479 (£0.497) Ry -0.226 (+0.129) I -0.728 (+0.347) & + 3.526 (+0.508)
E28;48 h R=095 s=0.187 F=33.74 n=16

30 Candida glabrata log MIC = -0.888 (£0.675) Ry -0.078 (+0.175) I -1.030 (+0.471) & + 2.931 (+0.689)
207T; 24h R=0.88 s=0253 F=13.43 n=16

31 Candida glabrata log MIC = -1.336 (£0.776) Ry -0.092 (+0.201) 1 -0.537 (+0.543) 6 + 3.655 (+0.793)

20/1; 48h

R=0.82 s=0.291 F=8.11 n=16




Table 9. Results of QSAR calculations (Ry for 50% acetone)

Eqg. Strain; incubation time QSAR calculations (Ry for 50% acetone)

32 Trichosporon asahii log MIC =-1.492 (+0.539) Ry -0.477 (£0.226) 1 -0.202 (+£0.354) o + 3.363 (£0.525)
1188; 24h R=0.80 s=0.394 F=9.13 n=19

33 Trichosporon asahii log MIC =-1.301 (£0.433) Ry -0.477 (£0.182) 1 -0.164 (+£0.284) o + 3.313 (£0.421)
1188; 48h R=0.84 s=0.316 F=12.05n=19

34 Aspergillus fumigatus log MIC = -1.495 (+0.424) Ry -0.499 (£0.118) 1-0.305 (+£0.278) o + 3.582 (£0.412)
231; 24h R=0.87 s=0.310 F=16.08 n=19

35  Aspergillus fumigatus log MIC = -1.566 (+0.446) Ry -0.440 (£0.190) 1 -0.623 (x£0.259) o + 3.786 (£0.409)
231; 48h R=0.90 s=0.288 F=20.82 n=18

36  Absidia corymbifera log MIC = -2.181 (+0.498) Ry -0.212 (+0.209) I + 0.410 (£0.327) o + 3.524 (+0.484)
272; 24h R=0.83 s=0.363 F=10.94 n=19

37  Absidia corymbifera log MIC = -1.824 (+0.489) Ry -0.429 (£0.205) I + 0.057 (£0.321) o + 3.496 (£0.475)
272;48h R=0.84 s=0.357F=12.11 n=19

38  Trichophyton mentagrophytes log MIC = -1.440 (£0.501) Ry -0.410 (£0.210) 1 -0.430 (+£0.329) o +2.801 (+£0.487)
445; 72h R=0.82 s=0.366 F=10.13 n=19

39  Trichophyton mentagrophytes log MIC = -1.732 (£0.520) Ry -0.120 (£0.218) 1 -0.492 (£0.342) o + 3.032 (£0.506)

445; 120h

R=0.78 s=0.380 F=7.69 n=19
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The in-vitro biological activity of N-benzylsalicylthioamides against eight bacterial strains
was determined by broth microdilution method and results were compared with those
obtained with neomycin, penicillin G, ciprofloxacin and phenoxymethyl penicillin. The
compounds showed moderate to high activity against Gram-positive bacteria; especially
compounds 4, 6, 13, 16-21 and 24 exhibited comparable or higher activity than reference
drugs. The antibacterial activity was analyzed by quantitative structure-activity relationship
(QSAR). The antibacterial activity increased with lipophilicity, with presence of halogens and

with increasing value of Hammet substituent constants c.

Abbreviations
24/48 h 24/48 hours incubation ] standard deviation
Cipr Ciprofloxacin HCC WHO World Health Organisation
DMSO Dimethylsulfoxide c Hammet constant
F Fischer-Snedecer F-test
I Indicator parameter
log P partition coefficient (octanol-water)
MIC minimum inhibitory concentration
(umol.1™)
n number of compounds used for the
calculation
Neom Neomycini sulfas
Pen Penicillin G
Phen Phenoxymethyl penicillin

QSAR quantitative structure-activity
relationship

R correlation coefficient
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Antibiotics belong to the most important achievements in drug development in the 20™
century. They helped to save many lives and to bring many serious infectious diseases under
control. Presently, there is an increasing number of pathogenic organisms resistant to
antibiotics and also the World Health Organization (WHO, 2000) proclaimed the resistance to

antibiotics as a serious global problem.

N-benzylsalicylthioamides belong to our most perspective compounds. Their previous
study (Dolezal et al. 2009) was oriented on the antimycobacterial properties. Having found
out that they are more active than the commonly used anti-tuberculosis drugs, we tried to
investigate their activities against some bacteria to find out whether they can serve as broad
spectrum antibiotics. The goal of this paper was to study the antibacterial activity of N-
benzylsalicylthioamides and to find some correlations between the biological activity and

their structure.

Materials and methods
Chemistry

N-benzylsalicylthioamides were prepared by the microwave-assisted thionation of
starting N-benzylsalicylamides. The synthesis as well as the analytical data and the evaluation
of the antimycobacterial activity are in full details described in our previous paper (Dolezal et
al. 2009). Overview of the compounds under study and their calculated log P that was used

for QSAR study are summarized in Scheme 1.



N
H
K1 OH R?

Comp. R' R’ log P Comp. R' R’ log P
1 H 3-CH; 3.99 13 4-Cl 4-Br 4.89
2 H 3-Cl 4.06 14 4-OCH; H 3.38
3 H 4-CHj; 3.99 15 4-OCH; 3-Cl 3.94
4 H 4-tert-butyl 5.21 16 5-Cl H 4.06
5 H 4-F 3.66 17 5-Cl 4-F 4.22
6 H 3,4-Cl, 4.62 18 5-Cl 3,4-Cl, 5.18
7 3-CH; 4-Cl 4.55 19 5-Br 3-Br 5.16
8 4-CH; H 3.99 20 5-Br 4-Br 5.16
9 4-CH; 3-NO, 2.73 21 5-Br 3,4-Cl, 5.45
10 4-CH; 4-CHj; 4.48 22 5-NO, 4-CH; 2.73
11 4-CH; 4-tert-butyl 5.70 23 5-OCH; 3-NO, 245
12 4-CH; 4-Cl1 4.55 24 3,5-Cl, 4-tert-butyl 6.33

Scheme 1. Overview of compounds and log P.

Biology

The organisms examined included the following strains from the Czech Collection of
Microorganisms (Brno, Czech Republic): Staphylococcus aureus CCM 4516, Escherichia
coli CCM 4517, Pseudomonas aeruginosa CCM 1961. These strains are recommended as
standards for testing of antibacterial activities. = Other strains were clinical isolates
(Department of Clinical Microbiology, University Hospital and Faculty of Medicine in
Hradec Kralové, Charles University in Prague, Czech Republic): Staphylococcus aureus H
5996/08 — methicilin resistant, Staphylococcus epidermidis H 6966/08, Enterococcus sp. J
14365/08, Klebsiella pneumoniae D 11750/08, Klebsiella pneumoniae J 14368/08 — ESBL
positive. The minimum inhibitory concentration was determined after 24 and 48 hours of
static incubation and the values of MICs of commonly used antibiotics neomycin, penicillin

G, ciprofloxacin and phenoxymethyl penicillin were included for comparison.



Tests for biological activity

The antibacterial activity of all compounds was evaluated by the microdilution broth method
(Jones, Barry 1987). All strains were subcultured on Mueller-Hinton agar (MHA)
(Difco/Becton Dickinson, Detroit, MI) at 35 °C and maintained on the same medium at 4 °C.
Prior to testing, each strain was passaged onto MHA. Bacterial innocula were prepared by
suspending in sterile 0.85% saline. The cell concentration of the inoculum was adjusted using
densitometer to yield suspension of density equivalent 0.5 McFarland scale which is equal to
a number of 1.5 x 10® viable colony forming units (CFU)/mL.

The compounds were dissolved in DMSO, and the antibacterial activity was determined in
Mueller-Hinton liquid broth (Difco/Becton Dickinson, Detroit, MI), buffered to pH 7.0.
Controls consisted of medium and DMSO alone. The final concentration of compounds was
0.98, 1.95, 3.90, 7.81, 15.62, 31.25, 62.25, 125, 250 and 500pmol/L. The final concentration
of DMSO in the test medium did not exceed 1% (v/v) of the total solution composition. The
minimum inhibitory concentration (MIC), defined as 95% inhibition of bacterial growth as

compared to control, was determined after 24 and 48 h of static incubation at 35 °C.

Calculations

All regression calculations (Eq. 1-8 in Table 3) were set up using the Multireg
program for Microsoft Excel. The logarithms of the partition coefficient (log P) were
calculated using ChemBioDraw Ultra 11.0 and the values are presented in Scheme 1. The
structures are in Scheme 1, the biological activity data in Tables 1 and 2 and the values of ¢

Hammet constants were overtaken from the literature (Hansch, Leo 1979).

Results and discussion

The previous research of antimycobacterial properties of N-benzylsalicylthiomides
encouraged their present study with the hypothesis that they can serve as broad spectrum
antibiotics. The examined bacterial strains included both Gram-positive and Gram-negative
bacteria and all the compounds with the exception of 11 show comparable or better activities
against Gram-positives than standards (neomycin, penicillin G, ciprofloxacin and
phenoxymethyl penicillin) (Tables 1 and 2). Especially compounds 4, 6, 13, 16-21 and 24
exhibited high activity within the range 0.98-31.25 pmol/l (Table 1). 5-Bromo-N-(4-
brombenzyl)salicylthioamide with the activity in the range 0.98-3.9 pmol/L against Gram-

positives is the most perspective compound. The activity of this derivative is comparable or



better than all reference drugs in the case of S. aureus methicilin resistant, S. epidermidis and

Enterococcus.

All the compounds have small if any inhibition influence on Gram-negative bacteria.
This partial efficiency against Gram-positives seems to be positive: Selective toxicity signal
the structure specific effect (in contrast to common toxicity). The narrower spectrum of
activity is desirable in majority of antibacterial agents used in therapy — such drugs affect the
indigenous, non-pathogenic bacteria less adversely as do the broad-spectral agents. Structure
of N-benzylsalicylthioamides is merely absent among antimicrobial agents used as antibiotics

or disinfectant, hence the mechanisms of resistance are not selected until now.



Table 1. Biological activity of the most active compounds and reference drugs.

Compounds (MIC (umol/l) 24/48 h)

Strains

4 6 13 16 17 18 19 20 21 24 Neom Pen  Cipr _ Phen
Staphylococcus aureus 1.95/ 0.98/  0.98/ 3.9/ 1.95/ 098/ 098 098 098 098 3.9/  0.24/ 0.98/  0.24/
CCM 4516 195 098 195 39 39 195 39 098 195 195 39 024 098 024
Staphylococcus aureus 3.9/ 195 098 3.9/ 195 098 098 098 098 098 098 125/ 500/ 250/
?esisf;i@ 08, methicilin 39 195 195 39 39 195 39 098 195 195 098 125 500 500
Staphylococcus 3.9/ 195 098 39/ 195 098 098 098 098 098 39/ 3125 250/  62.5/
epidermidis H 6966/08 39 195 195 39 39 39 39 098 195 195 781 125 250 250
Enterococcus sp. 7.81/ 7.81/ 098/  7.81/ 1.95/ 3.9/ 39/ 098 31.25/ 195 250/ 7.81/ 0.98/  7.81/
114365/08 3125 3125 39 3125 781 781 3125 39 3125 39 250 1562 098  7.81
Escherichia coli >500/ 250/ 3125/ 125/  62.5/ 1562/ 7.81/ 3125/ 125/ >500/ 0.98/ 125/  0.06/ >500/
CCM 4517 >500 500 3125 125 625 3125 3125 3125 125 >500 098 125  0.06  >500
Klebsiella pneumoniae ~ >500/ 250/ 62.5/ 250/ 3125/ 62.5/ 7.8/ 3125/ 125/ >500/ 098/ 250/  0.12/  >500/
D 11750/08 ~500 500 625 250 3125 625 625 3125 250 >500 098 500  0.12  >500
Klebsiella pneumoniae >500/ >500/ >500/ 500/ 500/  62.5/ 3125/ 62.5/ 125/ >500/ 0.98/ >500/ >500/ >500/
IJ) ;;f’iii/ 08, ESBL >500  >500 >500/ 500 500  62.5 250  62.5 125 >500 098 >500/ >500/ >500
Pseudomonas aeruginosa >500/ 31.25/ 7.81/ 62.5/ 1562/ 195  7.81/ 3.9/ 15.62/ 3125 7.81/ >500/ 3.9/ >500/
CCM 1961 >500 3125 7.81 625 1562 39 1562 3.9 1562 3125 1569 >500  7.81  >500




Table 2. Biological activity of less active compounds.

Compounds (MIC (pmol/l) 24/48 h)

Strains
1 2 3 5 7 8 5 10 1121415 22 23
Staphylococcus aureus 78/ 1562/ 1562/ 1562/ 1562/ 625/ 625/ 1562/ =500/ 781/ 625 1562 781/ 625
CCM 4516 1562 1562 1562 1562 1562 625 625 3125 >500 7.81 625 1562 7.81 125
Staphylococcus aureus 1562/ 1562/ 15.62/ 15.62/ 15.62/ 3125/ 62.5/ 1562/ >500/ 781/ 62.5/ 3125/ 781/ 62.5/
H 5996/08, methicilin res. 3125 1562 1562 3125 1562 625 625 3125 >500 7.81 125 3125 781 125
Staphylococcus epidermidis 78/ 1562/ 15.62/ 1562/ 1562/ 625/ 62.5/ 3125/ >500/ 15.62/ 125/ 3125/ 781/ 125/
H 6966/08 3125 1562 625 1562 3125 625 625 3125 >500 1562 250 3125 7.81 250
Enterococcus sp. 625/ 625/ 250/ 125/ 3125/ 625/ 250/ 3125/ >500/ 500/ 250/ 625/ 15.62/ 250/
114365/08 125 625 250 125 125 125 500 625 =500 >500 500 125 625 250
Escherichia coli 5500/ >500/ 500/ 250/ >500/ >500/ 500/ >500/ >500/ >500/ >500/ >500/ >500/ >500/
CCM 4517 >500 =500 500 250  >500 >500 >500 >500 >500 500 >500 >500 >500 >500
Klebsiella pneumoniae >500/  >500/ 250/ 250/ >500/ >500/ >500/ >500/ >500/ >500/ >500/ >500/ >500/ >500/
D 11750/08 >500  >500 250 250 =500 500 >500 >500 >500 500 =500 >500 >500 >500
Klebsiella pneumoniae 500/ =500/ 500/ >500/ >500/ >500/ 500/ >500/ =500/ >500/ >500/ =500/ >500/ >500/
J14368/08, ESBL positive >500  >500 >500 >500 >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
Pseudomonas aeruginosa 500/ 500/ 62.5/ 125/ >500/ >500/ >500/ >500/ >500/ =500/ >500/ 500/ 500/ >500/
CCM 1961 500 500 625 125 =500 >500 =500 >500 >500 500 >500 >500 500  >500




The Hansch approach was carried out to study the relationship between the structure
of N-benzylsalicylthioamides and their biological activity against Gram-positive bacteria. The
QSAR study included the results obtained both after 24 and 48 hours incubation. The
parameters with the greatest influence on the biological activity include lipophilicity (log P),
Indicator parameter I for halogens as R? substituents, and Hammet substituent constants o,
expressed with regard to the carbonyl group of the acyl-moiety.

The equations 1-8 (Table 3) show that the biological activity increases with increasing
lipophilicity, with the presence of halogens and with an increasing value of constants 6. The

influence of halogens on the activity could be explained by their electron-withdrawing effect.



Table 3. QSAR calculations.

logMIC=a:I+b-logP+c-oc+e

Eq. Strain; incubation time a b c e R s F
Staphylococcus aureus -0.300 -0.399 -1.106 2.788 0.92 0.282 35.80
CCM 4516; 24h (#0.127)  (£0.073) (20.226)  (+0.295)

Staphylococcus aureus -0.301 -0.353 -0.895 2.695 0.88 0.324 20.72
CCM 4516; 48h (+0.146)  (+0.084) (+0.259) (+0.338)
Staphylococcus aureus -0.288 -0.378 -1.207 2.740 0.96 0.209 65.73
H 5996/08,methicilin res.; 24h  (£0.094)  (£0.054) (£0.167) (+0.218)
Staphylococcus aureus -0.395 -0.336 -1.174 2.825 0.90 0.323 26.52
H5996/08,methicilin res.; 48h  (£0.145)  (+0.084) (+0.258) (+0.337)
Staphylococcus epidermidis -0.328 -0.388 -1.385 2.877 0.94 0.264 48.84
H 6966/08; 24h (£0.119) (£0.068) (20211) (£0.276)
Staphylococcus epidermidis -0.359 -0.344 -1.229 2.881 0.89 0.337 24.88
H 6966/08; 48 h (£0.152) (£0.088) (£0270) (£0.352)
Enterococcus sp. -0.264 -0.393 -1.345 3.303 0.84 0.470 14.45
T14365/08; 24h (£0215) (£0.122) (20388) (£0.491)
Enterococcus sp. -0.228 -0.350 -1.112 3.442 0.89 0.326 22.26
T14365/08; 48h (£0.149) (£0.085) (£0.269) (£0.341)

23

23

23

23

23

23

22

22




In conclusion, N-benzylsalicylthioamides form a new group of potential antibiotics
with the main effect on Gram-positive bacteria and the possibility how to obtain the efficient
antimicrobial compounds is to ensure their optimal lipophilicity and to substitute the benzyl

moiety with halogens.

This study is a part of the research project number MSM0021620822 of the Ministry of
Education of the Czech Republic.
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Salicylaldehyde- and benzaldehyde-S-benzylisothiosemicarbazones were tested for in-vitro
antimycobacterial activity against Mycobacterium tuberculosis, M. avium and two strains of
M. kansasii. Compounds show a moderate to a high biological activity; in particular

compounds le and 2¢ were found to have promising antimycobacterial properties.

Abbreviations

14/21d 14/21 days of incubation

DMSO dimethylsulfoxide

MIC minimum inhibitory concentration
(umolL.I'")

WHO World Health Organisation



The recent reappearance of tuberculosis represents a serious problem worldwide. The
situation in the control of tuberculosis is fuelled by a rise in multidrug-resistant TB (MDR-
TB) (Zignol et al., 2006). Also the World Health Organization (WHO, 2010) proclaimed the
resistance to antituberculotics as a serious global problem. One of the major problems in the
treatment of tuberculosis is also the co-infection with HIV/AIDS (Aaron et al., 2004). This is
also why it is necessary to develop new, high active antituberculosis drugs that can be used

together with the drugs used for HIV treatment.

The aim of this paper is to investigate the antimycobacterial activity of
salicylaldehyde- and benzaldehyde-S-benzylisothiosemicarbazones. The synthesis was
developed by Heinisch (1977). The experimental evidence has demonstrated that
isothiosemicarbazones possess a good antiviral and antimycobacterial activity (Waisser,
Heinsich 2005, Waisser, Petrlikova 2007). This paper continues in the Heinisch research by
preparing new derivatives and by investigating their biological activity. The alkylsulfanyl
group is believed to be the pharmacophore responsible for the antimycobacterial activity

(Klimesova et al., 2002, Waisser et al., 1998).
Materials and methods
Chemistry

Salicylaldehyde- and benzaldehyde-S-benzylisothiosemicarbazones were prepared
from the starting S-benzylisothiosemicarbazides. The details of the synthesis and the

analytical data are to be soon published in a journal dealing with organic synthesis research.
Microbiology

The in-vitro antimycobacterial activity of S-benzylisothiosemicarbazones was
investigated against M. tuberculosis CNCTC My 331/ 88 (identical with H37RV and ATCC
27294), M. kansasii CNCTC My 235/ 80 (identical with ATCC 12 478, resistant to INH), M.
avium CNCTC My 330/ 88 (identical with ATCC 25291, resistant to INH) and M. kansasii
6509/96. All the strains were obtained from the Czech National Collection of Type Cultures
(CNCTC), National Institute of Public Health, Prague. The only exception is M. kansasii
6509/ 96 that was clinically isolated and that is in contrast to the standard strain not resistant

to isoniazid (INH). The dilution-micromethod was used for the determination of minimum

2



inhibitory concentrations (MIC) and the MIC values for the standard INH were included for
sake of comparison. The overview of the biological activity together with the activity of INH

is presented in Table 1.

Table 1. The overview and the minimum inhibitory activity of
S-benzylisothiosemicarbazones.

NH, 1 H NH 2
R! R!
Compound MIC (umol/l); Incubation time 14 d/21d
Rl R? M. tuberculosis M. avium M. kansasii M. kansasii
My 331/ 88 My 330/ 88 My 235/ 80 6 509/ 96
la H H 62.5/125 32/62.5 62.5/62.5 125/125
1b H 3-Cl 32/62.5 16/62.5 62.5/62.5 62.5/62.5
1c H 4-CH; 32/62.5 16/32 62.5/62.5 62.5/62.5
1d H 4-CF, 32/62.5 16/62.5 62.5/62.5 32/62.5
le H 4-Br 16/32 16/16 62.5/62.5 32/62.5
2a H 3-Cl 32/32 62.5/125 62.5/62.5 16/32
2b H 4-F 32/n n/n n/n n/n
2c H 4-Cl 8/16 n/n 32/62.5 32/n
2d H 4-Br 16/32 n/n 32/32 32/32
2e 5-Cl 3-Cl 32/32 n/n 32/32 32/n
2f 5-Cl 3-OCH; 32/32 n/n 32/32 62.5/62.5
29 5-Cl 4-CH; 32/32 n/n 62.5/n n/n
2h 5-Cl 4-F 16/16 32/n 16/32 32/32
2i 5-Cl 4-Cl 16/16 n/n 32/32 32/32
2j 5-Br 3-Cl 32/32 n/n 32/n n/n
2k 5-Br 4-CF; 32/32 32/n 62.5/62.5 32/32
2l 5-Br 4-F 16/16 62.5/n 32/32 32/32
2m 5-Br 4-Br 16/32 n/n n/n 32/n
2n 3,5-Cl, 4-Br 16/32 n/n 32/32 n/n
INH 11 >250/>250 >250/>250 8/8

n: the MIC value could not be determined due to the limited solubility of the compound in the test medium



Antimycobacterial susceptibility testing

The antimycobacterial activity of the compounds was determined in the Sula
semisynthetic medium (SEVAC, Prague). Each strain was simultaneously inoculated into a
Petri dish containing the Lowenstein-Jensen medium for the control of sterility of the
inoculum and its growth. The compounds were added to the medium in DMSO solutions. The
final concentrations were 1000, 500, 250, 125, 62.5, 32, 16, 8, 4, 2 and 1 umol/L. The MICs
were determined after incubation at 37 °C for 14 days and 21days. The MIC was the lowest
concentration of the antimycobacterially effective substance (on the above concentration
scale) at which the inhibition of the growth of mycobacteria occurred. The evaluation was

repeated three times.

Results and discussion

The majority of the MIC values of S-benzylisothiosemicarbazones under study is
generally within the range of 16-62.5 pumol/l.  Salicylaldehyde-S-4-chloro-
benzylisothiosemicarbazone (2C) possesses the best activity against M. tuberculosis and is
active against other mycobacterial strains as well. A substitution in the benzyl moiety with a
halogen seems to increase the biological activity. Especially the activity against M. avium is
very important, since the bacteria of the M. avium strain usually attack the patients with
deficient immunity and the disease is fatal in many cases (Shafran et al. 1996). Benzaldehyde-
S-4-bromo-benzylisothiosemicarbazone (1e) shows the highest activity against M. avium and

is selected together with the compound 2c for future investigation.

In conclusion, salicylaldehyde-S-benzylisothiosemicarbazones and benzaldehyde-S-
benzylisothiosemicarbazones form a new group of antimycobacterial compounds with an

alkylsulfanyl functional group as the pharmacophore.

This work is financially supported by project No. MSM 0021620822 of the Ministry of
Education of the Czech Republic and Grant Agency of Charles University (GAUK
11809/2009/B-CH/FAF).
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ABSTRACT

1,2-bis-ﬂuoren—9-ylidine-N,N-(4~methoxyphenyl)-ethan-1,2—diamine (1) and 1,2-bis-
fluoren-9-ylidine-N,N’-diphenyl-ethan-1,2-diamine (2) form the new group of potential
antituberculotics. The distance between nitrogen atoms is similar as in amidines which
makes it interesting from the scientific point of view. The working group of Beckert has
long tradition with amidine as pharmacophore of antimycobacterial activity in heterocy-
cles. It seems that pharmacophore also can be the 1,2-diaminoethyl group when orienta-
tion of according X-ray has the torsion angle 45°.

Keywords: tuberculostatics — fluoren — antituberculotics — trans-1,2-diaminoethan

INTRODUCTION

The prognosis that after the year 2000 the tuberculosis will not occur in the developed
part of the world was wrong. The tuberculosis has always been a serious problem of third
world countries. By migration of populations, multidrug resistant strains of M. tuberculosis
have been getting to Europe and North America. In 2005, mortality and morbidity statistics
included 14.6 millionchronic active tuberculosis cases, 8.9 million new cases, and 1.6 mil-
lion deaths, mostly in developing countries. Central Europe is endangered by the multidrug
resistant strains coming mainly from the countries of the former Soviet Union. The search
for antituberculotics of the new structure belongs to the topic of medicinal chemistry. We
cooperate on research in this way with several german institutes. The synthesis of com-
pounds under study was realized in laboratory of Institute of Organic and Macromolecular
Chemistry of Friedrich Schiller University in Jena during work of one of the authors in Jena.
Goal of the paper is an introduction of the structure of new group of potential atitubercu-
lotics. The synthesis and structure elucidation will be published in chemical papers.
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EXPERIMENTAL

Chemistry

The synthesis and structural evidence will be printed in journals of organic chemistry.
We prepared two compounds in connection with this paper, namely 1,2-bis-fluoren-9-yli-
dine-N,N’-(4-methoxyphenyl)-ethan-1,2-diamine (1) and 1,2-bis-fluoren-9-ylidine-N,N’-
diphenyl-ethan-1,2-diamine (2).

Microbiology

For the in vitro evaluation of the antimycobacterial activity of the substances was
used the strain of M. tuberculosis CNCTC My 331/88 (identical with H37RV and
ATCC 27294), obtained from the Czech National Collection of Type Cultures
(CNCTC), National Institute of Public Health, Prague. 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 Petri dish containing the LOwenstein-Jensen
medium for the control of sterility of the inoculums and its growth. The compounds
were added to the medium in DMSO solutions. The final concentrations were 1000,
500, 250, 125, 62.5, 32, 16, 8, 4, 2 and 1 umol/l. The MICs were determined after incu-
bation at 37 °C for 14 days. MIC was the lowest concentration of an antimycobacteri-
ally effective substance (on the above concentration scale), at which the inhibition of
the growth of mycobacteria occurred. The evaluation was repeated three times and the
values of the MIC were the same. The minimum inhibitory activity (MIC) of com-
pounds 1 was 16 (umol/l) by 14d incubation and 32 (umol/l) by 24d incubation. The
minimum inhibitory aktivity of compounds 2 was 32 (umol/l) by 14d incubation and
24d incubation as well.

Discussion

The compounds under study form a new group of tuberculostatics. The distance
between nitrogen atoms is similar as in amidines,> which makes it interesting from the
scientific point of view. The working group of Beckert has long tradition with amidine
pharmacophore in heterocycles. It seems that pharmacophore can be also the 1,2-diamino-
ethyl group when orientation of nitrogen in torsion angle is approximately 45°.
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PEZNAM SLOUCENIN PRIPRAVENYCH V PRUBEHU STUDIA

kod nazev
1 T5700 N-(4-brombenzyl)-5-bromsalicylamid
2 T5699 N-(3-brombenzyl)-5-bromsalicylamid
3 T6001  N-(4-brombenzyl)-4-chlorsalicylamid
4 T6002  3-(3,4-dichlorbenzyl)-2H-1,3-benzoxazin-2,4(3H)-dithion
5 T6003  6-brom-3-(3,4-dichlorbenzyl)-2H-1,3-benzoxazin-2,4(3H)-dithion
6 T6004  6-chlor-3-(3,4-dichlorbenzyl)- 2H-1,3-benzoxazin-2,4(3H)-dithion
7 T6021  3-(3,4-dichlorbenzyl)-6,8-dichlor-2H-1,3-benzoxazin-2,4(3H)-dithion
8 T6022  3-(4-fluorbenzyl)-6-chlor-2H-1,3-benzoxazin-2,4(3H)-dithion
9 T6023  N-(3-pyridylmethyl)salicylamid
10 T6024  4-chlor-N-(3-pyridylmethyl)salicylamid
11 T6025  5-chlor-N-(3-pyridylmethyl)salicylamid
12 T6026  5-fluor-N-(3-pyridylmethyl)salicylamid
13 T6027  3,5-dibrom-N-(3-pyridylmethyl)salicylamid
14 T6028  3,5-dichlor-N-(3-pyridylmethyl)salicylamid
15 T6029  4-methyl-N-(3-pyridylmethyl)salicylamid
16 T6030  3-methyl-N-(3-pyridylmethyl)salicylamid
17 T6031  5-nitro-N-(3-pyridylmethyl)salicylamid
18 T6032  5-brom-N-(3-pyridylmethyl)salicylamid
19 T6033  2-acetyl-4-methyl-N-(3-pyridylmethyl)salicylamid
20 Te6034  3,5-dibrom-N-(2-pyridylmethyl)salicylamid
21 T6035  5-brom-N-(2-pyridylmethyl)salicylamid
22 T6036  5-fluor-N-(2-pyridylmethyl)salicylamid
23 T6037  4-chlor-N-(2-pyridylmethyl)salicylamid
24 Te6038  4-methoxy-N-(3-pyridylmethyl)salicylamid
25 T6039  3-(4-brombenzyl)-6-brom-2H-1,3-benzoxazin-2,4(3H)-dion
26 T6040  3-(4-brombenzyl)-6-brom-4-thioxo-2H-1,3-benzoxazin-2(3H)-on
27 T6041  3-(4-brombenzyl)-6-brom-2H-1,3-benzoxazin-2,4(3H)-dithion
28 To6042  3-(3-brombenzyl)-6-brom-2H-1,3-benzoxazin-2,4(3H)-dion
29 T6043  3-(3-brombenzyl)-6-brom-4-thioxo-2H-1,3-benzoxazin-2(3H)-on
30 T6044  3-(3-brombenzyl)-6-brom-2H-1,3-benzoxazin-2,4(3H)-dithion
31 T6045  3-(4-brombenzyl)-7-chlor-2H-1,3-benzoxazin-2,4(3H)-dion




32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

T6046
T6047
T6048
T6049
T6050
T6051
T6052
T6053
T6054
T6055
T6056
T6057
T6058
T6059
T6060
T6061
T6062
T6063
T6064
T6065
T6066
T6067
T6068
T6069
T6070
T6071
T6072
T6073
T6074
T6075
T6076
T6077
T6078

3-(4-brombenzyl)-7-chlor-2H-1,3-benzoxazin-2,4(3H)-dithion
3-(4-brombenzyl)-7-chlor-4-thioxo-2H-1,3-benzoxazin-2(3H)-on
4-methyl-N-(2-pyridylmethyl)salicylamid
3,5-dichlor-N-(pyridylmethyl)salicylamid
3-methyl-N-(2-pyridylmethyl)salicylamid
3-methoxy-N-(2-pyridylmethyl)salicylamid
3-methoxy-N-(3-pyridylmethyl)salicylamid
5-chlor-N-(2-pyridylmethyl)salicylamid
4-methoxy-N-(2-pyridylmethyl)salicylamid
cholest-5-en-3-0l(3)-3-(6-bromhexanoat)
1-[3B-Cholest-5-en-3B-yloxy)-6-oxohexyl]pyridin-1-ium-bromid
S-benzylisothiosemikarbazid-hydrochlorid
aceton-S-benzylisothiosemikarbazon
S-(4-brombenzyl)isothiosemikarbazid-hydrobromid
S-(3-chlorbenzyl)isothiosemikarbazid-hydrochlorid
S-(4-chlorbenzyl)isothiosemikarbazid-hydrochlorid
5-chlorsalicylaldehyd-S-(4-brombenzyl)isothiosemikarbazon
5-chlorsalicylaldehyd-S-benzylisothiosemikarbazon
S-(4-fluorbenzyl)isothiosemikarbazid-hydrochlorid
S-(4-methylbenzyl)isothiosemikarbazid-hydrochlorid
5-bromsalicylaldehyd-S-(4-brombenzyl)isothiosemikarbazon
S-(4-nitrobenzyl)isothiosemikarbazid-hydrochlorid
S-(4-methoxybenzyl)isothiosemikarbazid-hydrochlorid
S-(3-methoxybenzyl)isothiosemikarbazid-hydrochlorid

S- 3-(trifluornethyl)benzylisothiosemikarbazidhydrochlorid
3,5-dibromsalicylaldehyd-S-(4-brombenzyl)isothiosemikarbazon
3,5-dichlorsalicylaldehyd-S-(4-brombenzyl)isothiosemikarbazon

3,5-dichlorsalicylaldehyd-S-(3-methoxybenzyl)isothiosemikarbazon

S-benzylisothiosemikarbazid-hydrobromid
3,5-dichlorsalicylaldehyd-S-(3-chlorbenzyl)isothiosemikarbazon
3,5-dibromsalicylaldehyd-S-(3-chlorbenzyl)isothiosemikarbazon
5-bromsalicylaldehyd-S-(3-chlorbenzyl)isothiosemikarbazon
5-chlorsalicylaldehyd-S-(3-chlorbenzyl)isothiosemikarbazon




65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
&9
90
91
92
93
94
95
96
97

T6079*
T6080*
T6081
T6082
T6083
T6084
T6085
T6086
T6087
T6088
T6089
T6090
T6091
T6092
T6093
T6094
T6162
T6163
T6164
T6165
T6166
T6167
T6168
T6169
T6170*
T6171
T6172
T6173
T6174
T6175
T6176*
T6177
T6178

3,5-dichlorsalicylaldehyd-S-(4-nitrobenzyl)isothiosemikarbazon
3,5-dibromsalicylaldehyd-S-(4-nitrobenzyl)isothiosemikarbazon
5-bromsalicylaldehyd-S-(4-nitrobenzyl)isothiosemikarbazon
5-chlorsalicylaldehyd-S-(4-nitrobenzyl)isothiosemikarbazon
3,5-dichlorsalicylaldehyd-S-(4-trifluormethylbenzyl)isothiosemikarbazon
3,5-dibromsalicylaldehyd-S-(4-trifluormethylbenzyl)isothiosemikarbazon
5-bromsalicylaldehyd-S-(4-trifluormethylbenzyl)isothiosemikarbazon
5-chlorsalicylaldehyd-S-(4-trifluormethylbenzyl)isothiosemikarbazon
3,5-dichlorsalicylaldehyd-S-(4-chlorbenzyl)isothiosemikarbazon
3,5-dibromsalicylaldehyd-S-(4-chlorbenzyl)isothiosemikarbazon
5-bromsalicylaldehyd-S-(4-chlorbenzyl)isothiosemikarbazon
5-chlorsalicylaldehyd-S-(4-chlorbenzyl)isothiosemikarbazon
3,5-dichlorsalicylaldehyd-S-(4-fluorbenzyl)isothiosemikarbazon

ester cholesterolu a kyseliny 16-bromhexanové
3,5-dibromsalicylaldehyd-S-(4-fluorbenzyl)isothiosemikarbazon
5-bromsalicylaldehyd-S-(4-fluorbenzyl)isothiosemikarbazon
5-chlorsalicylaldehyd-S-(4-fluorbenzyl)isothiosemikarbazon
3,5-dibromsalicylaldehyd-S-(3-methoxybenzyl)isothiosemikarbazon
5-bromsalicylaldehyd-S-(3-methoxybenzyl)isothiosemikarbazon
5-chlorsalicylaldehyd-S-(3-methoxybenzyl)isothiosemikarbazon
benzaldehyd-S-(3-methoxybenzyl)isothiosemikarbazon
3,5-dichlorsalicylaldehyd-S-(4-methylbenzyl)isothiosemikarbazon
3,5-dibromsalicylaldehyd-S-(4-methylbenzyl)isothiosemikarbazon
5-bromsalicylaldehyd-S-(4methylbenzyl)isothiosemikarbazon
1-[3B-cholest-5-en-3B-yloxy)-6-oxodekahexyl|pyridin-1-ium-bromid
salicylaldehyd-S-(4-methoxybenzyl)isothiosemikarbazon
salicylaldehyd-S-benzylisothiosemikarbazon
3,5-dichlorsalicylaldehyd-S-benzylisothiosemikarbazon
3,5-dibromsalicylaldehyd-S-benzylisothiosemikarbazon
5-chlorsalicylaldehyd-S-(4-methylbenzyl)isothiosemikarbazon
3,5-dichlorsalicylaldehyd-S-(4-methoxybenzyl)isothiosemikarbazon
3,5-dibromsalicylaldehyd-S-(4-methoxybenzyl)isothiosemikarbazon
5-bromsalicylaldehyd-S-(4-methoxybenzyl)isothiosemikarbazon




98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

T6179
T6180
T6181
T6182
T6183
T6184
T6185
T6186
T6187
T6188
T6189
T6190
T6191
T6192
T6193
T6194
T6195
T6196
T6197
T6198
T6199*
T6221
T6222
T6223
T6224*
T6225
T6226
T6227
T6228
T6229
T6230*
T6231
T6232*

5-chlorsalicylaldehyd-S-(4-methoxybenzyl)isothiosemikarbazon

ester allobetulinu s kyselinou 6-bromhexanovou
1-[3B-Cholest-5-en-3B-yloxy)-6-oxohexyl]-3,4-dimethylpyridin-1-ium-bromid
6,8-dibrom-3-(3-pyridylmethyl)-2H-1,3-benzoxazin-2,4(3H)-dion
1-[3B-Cholest-5-en-3p-yloxy)-6-oxohexyl]isochinolin-2-ium-bromid
1-[3B-Cholest-5-en-3B-yloxy)-6-oxohexyl]-4-methylpyridin-1-ium-bromid
salicylaldehyd-S-(4-brombenzyl)isothiosemikarbazon
salicylaldehyd-S-(3-chlorbenzyl)isothiosemikarbazon
6-chlor-3-(4-isopropylfenyl)-4-thioxo-2H-1,3-benzoxazin-2(3H)-on
6-chlor-3-(4-isopropylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithion
3-(4-sek-butylfenyl)-7-chlor-4-thioxo-2H-1,3-benzoxazin-2(3H)-on
3-(4-sek-butylfenyl)-7-chlor-2H-1,3-benzoxazin-2,4(3H)-dithion
salicylaldehyd-S-(4-nitrobenzyl)isothiosemikarbazon
salicylaldehyd-S-(4-trifluormethylbenzyl)isothiosemikarbazon
salicylaldehyd-S-(4-chlorbenzyl)isothiosemikarbazon
salicylaldehyd-S-(4-fluorbenzyl)isothiosemikarbazon
salicylaldehyd-S-(3-methoxybenzyl)isothiosemikarbazon
salicylaldehyd-S-(4-methylbenzyl)isothiosemikarbazon
5-bromsalicylaldehyd-S-5-benzylisothiosemikarbazon
6-chlor-3-(3-pyridylmethyl)-2H-1,3-benzoxazin-2,4(3H)-dion
6-fluor-3-(3-pyridylmethyl)-2H-1,3-benzoxazin-2,4(3H)-dion
6,8-dichlor-3-(3-pyridylmethyl)-2H-1,3-benzoxazin-2,4(3H)-dion
7-methyl-3-(3-pyridylmethyl)-2H-1,3-benzoxazin-2,4(3H)-dion
8-methyl-3-(3-pyridylmethyl)-2H-1,3-benzoxazin-2,4(3H)-dion
1-[3B-Cholest-5-en-3p-yloxy)-6-oxohexyl]-2-ethyl-pyridin-1-ium-bromid
benzaldehyd-S-(3-chlorbenzyl)isothiosemikarbazon
benzaldehyd-S-(4-nitrobenzyl)isothiosemikarbazon
benzaldehyd-S-(4-trifluormethylbenzyl)isothiosemikarbazon
benzaldehyd-S-(4-fluorbenzyl)isothiosemikarbazon
benzaldehyd-S-(4-chlorbenzyl)isothiosemikarbazon
3-(3-pyridylmethyl)-2H-1,3 -benzoxazin-2,4(3H)-dion
6-brom-3-(3-pyridylmethyl)-2H-1,3-benzoxazin-2,4(3H)-dion
1-[3B-Cholest-5-en-3B-yloxy)-6-oxodekahexyl]-4-methylpyridin-1-ium-bromid




131 T6233 benzaldehyd-S-(4-methylbenzyl)isothiosemikarbazon

132 T6234 benzaldehyd-S-(4-brombenzyl)isothiosemikarbazon

133 T6235 benzaldehyd-S-benzylisothiosemikarbazon

134 T6236 ester geraniolu s kyselinou 6-bromhexanovou

135 T6237  7-chlor-3-(3-pyridylmethyl)-2H-1,3-benzoxazin-2,4(3H)-dion

136 T6238 7-methoxy-3-(3-pyridylmethyl)-2H-1,3-benzoxazin-2,4(3H)-dion
137 T6239* 8-methyl-3-(2-pyridylmethyl)-2H-1,3-benzoxazin-2,4(3H)-dion

138 T6240 8-methoxy-3-(3-pyridylmethyl)-2H-1,3-benzoxazin-2,4(3H)-dion
139 T6241* 6-chlor-3-(2-pyridylmethyl)-2H-1,3-benzoxazin-2,4(3H)-dion

140 T6242  6-brom-3-(4-isopropylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion

141 T6243  3-(4-terc-butylfenyl)-7-chlor-4-thioxo-2H-1,3-benzoxazin-2(3H)-on
142 T6244  3-(4-terc-butylfenyl)-7-chlor-2H-1,3-benzoxazin2,4(3H)-dithion
143  T6245 5-fluor-N-(4-isopropyl)salicylamid

144 T6246 6-fluor-3-(4-isopropylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dion

145 T6247  6-fluor-3-(4-isopropylfenyl)-4-thioxo-2H-1,3-benzoxazin-2(3H)-on
146 T6248  6-fluor-3-(4-isopropylfenyl)-2H-1,3-benzoxazin-2,4(3H)-dithion
147 T6249 N-(4-sek-butylfenyl)-5-fluorsalicylamid

148 T6250 3-(4-sek-butylfenyl)-6-fluor-2H-1,3-benzoxazin-2,4(3H)-dion

149 T6251 3-(4-sek-butylfenyl)-6-fluor-4-thioxo-2H-1,3-benzoxazin-2(3H)-on
150 T6252  3-(4-sek-butylfenyl)-6-fluor-2H-1,3-benzoxazin-2,4(3H)-dithion
151 T6253 N-(terc-butylfenyl)-5-fluorsalicylamid

152 T6254  3-(4-terc-butylfenyl)-6-fluor-2H-1,3-benzoxazin-2,4(3H)-dion

153 T6255* 6,8-dibrom-3-(2-pyridylmethyl)-2H-1,3-benzoxazin-2,4(3H)-dion
154 T6256 7-methyl-3-(2-pyridylmethyl)-2H-1,3-benzoxazin-2,4(3H)-dion

155 T6257 3-(4-terc-butylfenyl)-6-fluor-4-thioxo-2H-1,3-benzoxazin-2(3H)-on
156 T6258 3-(4-terc-butylfenyl)-6-fluor-2H-1,3-benzoxazin-2,4(3H)-dithion
157 T6259 3-(4-terc-butylfenyl)-6-chlor-4-thioxo-2H-1,3-benzoxazin-2(3H)-on
158 T6260 3-(4-terc-butylfenyl)-6-chlor-2H-1,3-benzoxazin-2,4(3H)-dithion
159 T6261* 2-[6-(19pB,28-Epoxy-18a-oleanan-3p-yloxy)-6-oxohexyl]pyridin-1-ium-bromid
160 T6262 fenyl-4-methoxysalicylat

161 T6263 fenyl-3-methoxysalicylat

162 T6264 fenyl-5-bromsalicylat

163 T6265 fenyl-4-chlorsalicylat




164 T6266 fenyl-5-chlorsalicylat

165 T6267 fenyl-5-fluorsalicylat

166 T6268 fenyl-3,5-dibromsalicylat

167 T6269 fenyl-3,5-dichlorsalicylat

168 T6270 fenyl-3-methylsalicylat

169 T6271 fenyl-4-methylsalicylat

170 T6272* 1-[3B-Cholest-5-en-3B3-yloxy)-6-oxodekahexyl]isochinolin-2-ium-bromid

171 T6273* 1-[3B-Cholest-5-en-3B3-yloxy)-6-oxodekahexyl]-3,4-dimethylpyridin-1-ium-
bromid

172 T6274* 2-[6-(19B,28-Epoxy-18a-oleanan-3B-yloxy)-6-oxohexyl]3,4-dimethylpyridin-
2-ium-bromid

173 T6275 2-isopropyl-5-methylcyklohexyl-6-bromhexanoat

174  T6276 1,7,7-trimethylbicyklo[2.2.1]heptan-2-yl-6-bromhexanoat

175 T6277* [Endo-(1S)-(1,7,7-trimethylbicyklo[2.2.1]heptan-2-yloxy)-6-oxohexyl]-3,4-
dimethylpyridin-1-ium-bromid

176  T6278 [(1R,2S,5R)-(2-isopropyl-methylcyklohex-2-yloxy)-6-oxohexyl]|pyridin-1-ium-
bromid

177 T6279 [Endo-(1S)-(1,7,7-trimethylbicyklo[2.2.1]heptan-2-yloxy)-6-
oxohexylJisochinolin-2-ium-bromid

178 T6280 N-(4-isopropylfenyl)-4-methylsalicylamid

179 T6281 N-(4-sek-butylfenyl)-4-methylsalicylamid

180 T6282  N-(4-terc-butylfenyl)-4-methylsalicylamid

181 T6283  3-(4-isopropylfenyl)-7-methyl-2H-1,3-benzoxazin-2,4(3H)-dion

182 T6284  3-(4-sek-butylfenyl)-7-methyl-2H-1,3-benzoxazin-2,4(3H)-dion

183 T6285 3-(4-terc-butylfenyl)-7-methyl-2H-1,3-benzoxazin-2,4(3H)-dion

184 T6286 3-(4-isopropylfenyl)-7-methyl-4-thioxo-2H-1,3-benzoxazin-2 (3H)-on

185 T6287 3-(4-isopropylfenyl)-7-methyl-2H-1,3-benzoxazin-2,4(3H)-dithion

186 T6288  3-(4-sek-butylfenyl)-7-methyl-4-thioxo-2H-1,3-benzoxazin-2 (3H)-on

187 T6289  3-(4-sek-butylfenyl)-7-methyl-2H-1,3-benzoxazin-2,4(3H)-dithion

188 T6290 3-(4-terc-butylfenyl)-7-methyl-4-thioxo-2H-1,3-benzoxazin-2 (3H)-on

189 T6291 3-(4-terc-butylfenyl)-7-methyl-2H-1,3-benzoxazin-2,4(3H)-dithion

190 T6292 [Endo-(1S)-(1,7,7-trimethylbicyklo[2.2.1]heptan-2-yloxy)-6-oxohexyl]-4-

methylpyridin-1-ium-bromid




191

192

193

194

195

196
197

T6293

T6294

T6295

T6296

T6297

T6298
T6299

2-[6-(19B,28-Epoxy-18a-oleanan-3B-yloxy)-6-oxohexyl]isochinolin-2-ium-
bromid
[(1R,2S,5R)-(2-isopropyl-methylcyklohex-2-yloxy)-6-oxohexyl]isochinolin-2-
ium-bromid
[(1R,2S,5R)-(2-isopropyl-methylcyklohex-2-yloxy)-6-oxohexyl]-3,4-
dimethylpyridin-1-ium-bromid
[Endo-(1S)-(1,7,7-trimethylbicyklo[2.2.1]heptan-2-yloxy)-6-oxohexyl]-3.4-
dimethylpyridin-1-ium-bromid
[Trans-3,7-dimethyl-2,6-oktadien-1-yloxy)-6-oxohexyl]-3,4-dimethylpyridin-
1-tum-bromid
[Trans-3,7-dimethyl-2,6-oktadien-1-yloxy)-6-oxohexyl]-pyridin-1-ium-bromid
[Trans-3,7-dimethyl-2,6-oktadien-1-yloxy)-6-oxohexyl]-isochinolin-2-ium-

bromid

*slouceninu se nepodafilo pfipravit
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