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Abstrakt

Predkladana dizertacni prace pojednava o piiprave 2,4-disubstituovanych derivata
chinazolinu a byla vypracovana v ramci vyzkumu inhibitort skladani kapsidy viru HIV-1.
Vyse zminéné derivaty tento proces dokazou inhibovat jak vramci kompetitvniho
biochemického testu zaloZzeného na technologii AlphaScreen, tak i v tkdnovych kulturach.
Cilem prace bylo na zakladé hodnot ICsy ziskanych pii biochemickych testech navrhnout a
pfipravit nové kandidaty s vyssi aktivitou, a pokusit se také zvysit rozpustnost téchto jinak
nedostate¢né rozpustnych sloucenin.

2,4-Disubstituované chinazoliny jsou pomérné¢ dobie piistupné z komercné
dostupnych derivati kyseliny anthranilové, které 1ze pomoci kondenzaénich reakci pievést na
ptislusny chinazolin-4(3H)-on. V ramci této prace byly vyuzivany dvé metody pro piipravu
chinazolin-4(3H)-ont. Prvni z nich je reakce anthranilamidi s aromatickymi acylchloridy,
ktera poskytovala 2-arylamidobenzamidy. Jejich nasledna cyklizace v bazickém prostiedi
vedla k derivatim 2-arylchinazolin-4(3H)-onu. Druha metoda je zalozena na reakci estert
kyseliny anthranilové s aromatickymi nitrily. Pozadovany chinazolin-4(3H)-on bylo takto
mozné ziskat v jednom reakénim kroku. Chlorace 2-arylchinazolin-4(3H)-on pomoci POCl;
poté vedla kderivatim 2-aryl-4-chlorchinazolinu jakozto klicovym intermediatim.
Nukleofilni substituce téchto 4-chlor derivath aromatickymi 1 alifatickymi aminy poskytovala
kyzené  N-substituované-2-arylchinazolin-4-aminy. Nejbéznéjsi metodou nukleofilni
substituce byla kysele katalyzovana reakce, kterou doplnovala reakce za bazickych podminek
— vhodna zejména v piipadé€ nereaktivnich stericky branénych anilind.

Vyse popsanou metodikou byla ptfipravena fada cilenych knihoven N-substituovanych-
2-arylchinazolin-4-amint, jejichz schopnost inhibovat skladani virové kapsidy HIV-1 byla
oveéfovana v biochemickém testu (AlphaScreen) a v n€kterych piipadech 1 v tkdnovych
kulturach. Ptiprava latek, vytézky reakci, orienta¢ni hodnoty rozpustnosti a vysledky

biochemickych testt téchto sloucenin jsou diskutovany v ramci predkladané dizertacni prace.

Abstract

This thesis concludes my contribution to research of HIV-1 capsid assembly
inhibitors. It has been shown that 2,4-disubstituted quinazoline derivatives are able to inhibit

this process both, in competitive biochemical assay based on the AlphaScreen technology as



well as in tissue cultures. The main objective of the work was to prepare the aforementioned
quinazolines, to design and prepare new candidates with higher activity based on results of
biochemical tests, and also try to increase the solubility of the otherwise poorly soluble
compounds.

Disubstituted quinazolines are relatively easily accessible from commercially available
anthranilic acid derivatives. These are converted to the corresponding quinazolin-4(3H)-ones
by the condensation reactions. In this work, two methods were used for the preparation of
quinazolin-4(3H)-ones: reaction of acyl chlorides with aromatic anthranilamides provide
2-arylamidobenzamides whose subsequent cyclisation under basic conditions led to
derivatives of 2-arylquinazolin-4(3H)-one; reaction of anthranilic acid esters with aromatic
nitriles which afforded desired quinazolin-4(3H)-one in one reaction step. Chlorination of 2-
arylquinazolin-4(3H)-ones using POCI; then led to 2-aryl-4-chloroderivatives as key
intermediates. Nucleophilic substitution of 4-chloroderivatives by aromatic and aliphatic
amines then provided the desired N-substituted-2-arylquinazolin-4-amines. The most common
method of nucleophilic substitution was acid-catalyzed reaction. The complementary method
was reaction under basic conditions — particularly suitable in the case of non-reactive hindered
anilines.

A number of focused libraries of N-substituted-2-arylquinazolin-4-amines were
prepared by the methodology described above. Ability of these compounds to inhibit HIV-1
capsid assembly was tested in a biochemical assay (AlphaScreen) and some compounds were
tested in tissue culture assay, too. Synthesis of the compounds, reaction vyields, their
approximate solubility and the results of biochemical tests of these compounds are discussed
within the thesis.



Autoreferat

1. Uvod

Virus HIV-1 je pivodcem pandemického onemocnéni AIDS, které je i pies klesajici
pocet obéti stdlou hrozbou s priblizné¢ 35 miliony nakazenych celosvétove.! Ackoliv jiz kratce
po odhaleni HIV-1 jakozto pivodce onemocnéni AIDS byl k dispozici prvni z inhibitort
replikace viru> a dnes je americkou FDA schvaleno kolem 20 preparati s riznymi
mechanismy G&inku®, stale pretrvava riziko vzniku rezistence.* Z tohoto diivodu existovala
poptavka po slouCeninidch snovym, odliSnym mechanismem uc€inku. Jednim z moZnych
procest, kterym Ize dosdhnout inhibice replikace viru je sklddani virové kapsidy. Diive jiz
byly prozkoumany latky, které skladani kapsidy ovliviiuji svoji vazbou na N-terminalni
doménu kapsidového proteinu®, a pozdgji byl objeven téZ peptid, ktery skladani kapsidy
inhibuje svoji vazbou na C-termindlni doménu kapsidového proteinu.® Vzhledem
k nevhodnym farmakologickym vlastnostem peptidi® bylo zahajeno hledani malych
organickych molekul, které by pfi zachovani G¢inku byly lépe vyuzitelné jako potencialni
1é¢iva. Takovéto slouceniny byly pomoci testovani s vysokou propustnosti nalezeny v tiidé
heterocyklickych aromatickych sloucenin, chinazoling.

Prvni generace latek (pfipravena A. Macharou) byla zaméfend na N-arylderivaty
2-(pyridinyl)chinazolin-4-amind, zejména na bioizostery esterové funkéni skupiny, mezi
nimiz bylo nalezeno nékolik latek s aktivitou v AlphaScreen testu (vyjadienou pomoci
hodnoty 1Cso) V jednotkach uM.> Cast&ji se vSak aktivita testovanych latek pohybovala
Vv desitkach uM a cela tada jich nevykazovala Zadnou aktivitu. Vzhledem k chemické povaze
pfipravenych sloucenin, byla problematickym faktorem také jejich nizkd rozpustnost
Vv testovacim médiu. Pfipravou novych derivati chinazolinu (obrazek 1) se zlep$enou

inhibi¢ni aktivitou a rozpustnosti Se zabyva 1 pfedkladand dizertacni prace.

Obr. 1. Obecna struktura latek ptipravovanych v ramci dizertacni prace.

.R3
HN R' = OH, O-alkyl, halogen
W~ NN R2 = aryl, hetaryl
R N | /)\ , R3 = alkyl, aryl
N” R



2. Cile prace

Hlavnim tkolem préace bylo rozsifit knihovnu latek o nové série derivatl, které by
mély vyssi aktivitu, vyssSi rozpustnost a pokusit se odhalit, jaky vliv ma zména struktury na

aktivitu.

Predkladana dizertacni prace si klade nasledujici cile:

a) Piipravit nové série derivatd 2-arylchinazolint s lepsi rozpustnosti a zvySenou
inhibi¢ni aktivitou.

b) Porovnat zjisténé inhibi¢ni aktivity nové pfipravenych sloucenin s aktivitami
diive pfipravenych (ptivodnich) derivati a pokusit se nalézt vztah mezi

inhibi¢ni aktivitou daného derivatu a jeho strukturnimi rysy.

C) Ze ziskanych poznatkl navrhnout nové kandidaty.

3. Material a metodika

Pro piipravu N,2-disubstituovanych derivatti chinazolinu jsem pouzil klasickych
syntetickych postupﬁ.7 Nejprve byl kondenza¢nimi reakcemi komeréné dostupnych reaktantt
ziskan 2-substituovany heterocyklus — chinazolin-4(3H)-on. V tomto kroku byly uzity reakce
substituovanych derivatd kyseliny anthranilové s derivaty pfislusnych aromatickych kyselin.
PoZzadovany chinazolinon lze ziskat bud’ ve dvou krocich bazickou cyklizaci o-
amidobenzamidi, které jsou ziskdny reakci anthranilamidu s aromatickym acylchloridem
(schéma 1, metoda A)?, nebo v jednom kroku kysele katalyzovanou kondenzaci esteru
kyseliny anthranilové s aromatickym nitrilem (schéma 1, metoda B).” 2-Substituovany
chinazolinon je poté pieveden pisobenim POCI;3 na ptislusny 4-chlorderivat (schéma 1).10
Vytézky vyse zminénych reakci byvaji obvykle dobré az vyborné.

Klicovym reakénim krokem je pak nukleofilni substituce zminovaného
4-chlorchinazolinu aromatickymi a alifatickymi aminy. NejCastéjSi byla reakce za kyselé
katalyzy'* (schéma 1, podminky e), ktera v zavislostech na anilinu poskytovala pramérné az
vyborné vytézky. Komplementarni metoda pak byla reakce v bazickém prostfedi,12 ktera byla
vhodna zejména pro stericky branéné aniliny (schéma 1, podminky f). Vytézky reakci za
bazickych podminek byly obvykle nizké, ale presto dostate¢né, aby bylo mozné ziskat

derivaty anilinli, které za podminek kysele katalyzované reakce obvykle nereagovaly.



V piipadé nukleofilnéjSich alifatickych amini byly reakce provadény pouze s nadbytkem
aminu (schéma 1, podminky g) a obvykle poskytovaly dobré az vyborné vytézky.

Vzhledem k omezenému prostoru autoreferatu, nebudu zde zachazet do detaild.
Zajemce o podrobna schémata reakcnich sekvenci a vytézky jednotlivych reakénich krokt
odkazuji na text dizerta¢ni prace.

Schéma 1. Syntetické metody vyuZivané pi piipravé chinazolin-4-aming.” & % 10112
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a: Et;N/DCM, THF, reflux; N~ R
b: KOH/100 °C; .
c: 4M HCl/dioxan, 100 °C; R™ = CHjs, C;Hs
d: POCI3/DMF, 80 °C; R' = alkyl, O-alkyl, halogen, ...
e: kat. HCl/dioxan/reflux; R? = aryl, hetaryl
f: 1. t-BuOK/THF, reflux 2. HCI. R3 = alkyl, aryl
g: 1. nadbytek aminu, RT 2. HCI

4. Vysledky a diskuse

V ramci piedkladané dizerta¢ni prace bylo piipraveno sedm sérii derivatd chinazolinu
a jednu sérii derivata 6-methylpyrimidinu. Pro vétsi ptehlednost budou vysledky jednotlivych

sérii okomentovany samostatné.

4.1. ,Nulta“ série. Tato série obsahuje latky 61-68, které v poloze 2 chinazolinu nesly
izomerni pyridinyly a aromaticky zbytek na aminu v poloze 4 byl substituovan riznymi
kombinacemi polarnich funk¢nich skupin (obr. 2). VétsSina z latek v této sérii byla Spatné

rozpustnd, nebo v AlphaScreen testu nevykazovala pfili§ vysokou aktivitu.

4.2. Série fotoafitnich derivati. Pro potteby biochemickych pokusti s fotoafinitnim

znadenim®™ byla pfipravena série ti benzofenonovych derivatd 69-71 (obr. 3), které



vykazovaly jistou aktivitu v AlphaScreen testu (ICsp = 9-48 uM). Jejich rozpust vsak byla

nizka, coz mohl byt také jeden z divodii, pro¢ pokusy o fotoafinitni znaceni byly neuspésné.

Obr. 2. Derivaty z ,,nulté* série, substituované polarnimi funk¢énimi skupinami.

61: R1 = pyridin-3-yl; R? = H; 22 %

N 62: R1 = pyridin-3-yl; R? = 2-NO,, 5-COOH; 77 %

ITR? 63: R1 = pyridin-3-yl; R? = 3-NH,; 35 %

Hcl HN X 64: R1 = pyridin-3-yl; R? = 2-COOH, 4-OH; 60 %
SN 65: R1 = pyridin-3-yl; R? = 2-NO,, 4-CI; 21 %

| /)\ 66: R1 = pyridin-3-yl; R? = 2-CONH,, 3-F; 54 %

N~ "R’ 67: R1 = pyridin-2-yl; R? = 2-CONH,, 3-F; 44 %

68: R1 = pyridin-4-yl; R? = 2-NHMe, 5-NO,; 72 %

Obr. 3. Derivaty pro fotoafinitni znaceni.
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69: R = 2-NHMe, 5-NO,; 23 % 71; 83 %
70: R = 3-NOy, 4-F; 52 %

4.3. Série N-fluoraryl-2-(pyridin-3-yl)chinazolin-4-amini. Pii vyhodnocovani a
porovnavani dat pribézné ziskdvanych od jednotlivych diive pfipravenych latek jsme s
kolegy zaznamenali, Ze se u nékterych znacné aktivnich derivatli napadné Casto vyskytuje
spole¢ny strukturni rys, jimz byl N-fluorarylovy substituent. Z tohoto diivodu jsem pripravil
derivaty 72—-88, které na dusiku v poloze 4 nesly mono, di, tri a tetrafluorarylové substituenty
(obr. 4). Dobrych vysledki dosahovaly zejména trifluorarylové derivaty, mezi nimiz za

zminku stoji predevsim latky 84 a 85.

Obr. 4. Fluorarylové derivaty chinazolin-4-aminu.

Z 72: 2-F; 74 % 81: 2,3 4-tri-F; 60 %
] F 73: 3-F; 83 % 82: 2,3 5-tri-F: 55 %
HCl HN 74: A-F; 74 % 83: 2,3,6-tri-F: 49 %
75: 2,3-di-F; 48 % 84: 3,4 5-tri-F; 77 %
SN 76: 2,4-di-F; 67 % 85: 2,4 5-tri-F; 67 %
| 77: 2,5-di-F; 24 % 86: 2,4,6-tri-F; 38 %
N/ A 78: 2,6-di-F; 11 % 87: 2,3,4,6-tetra-F; 66 %
| 79: 3,4-di-F; 84 % 88: 2,3,5,6-tetra-F; 45 %
N/ 80: 3,5-di-F; 59 %



44, Série N-halogenaryl-2-(pyridin-3-yl)chinazolin-4-aminda. Vzhledem
k zajimavym vysledkim fluorovanych derivath mé zajimalo, jakych vysledki budou
dosahovat analogy odvozené od ostatnich halogenii (chlor a brom). Z toho divodu jsem
piipravil latky 89-95 (jsou zde zafazeny i n¢které dalsi slouceniny, které kromé fluoru nesou i
jiny substituent, obr. 5). VétSina derivatd v této sérii (s vyjimkou trifluormethylového
derivatu 91) je zna¢né¢ aktivni v AlphaScreen testu i pfes to, Ze zaznamenané vysledky mohou
byt patrné ovlivnény Spatnou rozpustnosti. Navic v ptipad¢ latek 92 a 93 byly vysledky
ovlivnény jejich interakci se slozkami systému testu. V piipad¢ latek 89 a 90 byla vsak jejich

aktivita jednoznacné€ potvrzena téz testem v tkanovych kulturach (ICsp ~ 5 uM).

Obr. 5. Dalsi halogenované derivaty chinazolin-4-aminu.

/@R 89: R =2-OH,5-F; 65%
' 90: R = 2-OMe, 5-F; 529
HCl HN _ OMe, 5-F; 52 %
91: R = 3-CF3; 31 %
SN 92: R =2,3,4-tri-Cl; 68 %
| 93:R=24,54i-Cl;,  11%
N | X 94: R = 2,5-di-Br; 47 %
7 95: R =24 5-ri-Br; 28 %

89 - 95

4.5. Série 2-(pyridin-3-yl)chinazolin-4-amina substituovanych na benzenovém jadie.
Vzhledem k omezené rozpustnosti doposud piipravenych derivatt, bylo nutné pfipravit
slouceniny S lepsi rozpustnosti, ¢ehoZ jsem se pokusil docilit zavedenim polarnich funkénich
skupin na benzenové jadro chinazolinu (latky 96-98, obr. 6). Vétsina pripravenych derivati
vykazovala pokles ¢i ztratu aktivity v AlphaScreen testu v porovnani sanalogy bez
substituenti na benzenovém jadie. Vliv substituce na rozpustnost sloucenin byl spise

negativni, ale nijak vyznamny.

Obr. 6. Derivaty chinazolin-4-amint substituované na benzenovém jadre.

_ 96: R' = 6,7-di-OCH,CH,OCH3, R? = 2-NHMe, 5-NO,; 49 %

/E);_Rz 97: R' = 6,7-di-OEt, R? = 3,4,5-tri-F; 86 %

Hol HN 98: R' = 6,7-di-OFEt, R? = 4-COOEt; 78 %
99: R' = 6-OH, R? = 3,4,5-tri-F; 15 %

R1@N 100: R = 7-CF, R? = 3,4,5-tri-F; 55 %
XN BN 101: R" = 7-CF3, R? = 3-CFy; 77 %

| _ 102: R" = 7-CF3, R? = 2-F, 5-NO; 90 %



4.6. Série chinazolin-4-amint substituovanych na arylu v poloze 2. Vzhledem k tomu,
ze derivaty substituované na benzenovém jadie vykazovaly oproti referencnim slou¢eninam
snizenou aktivitu, ¢i Uplnou ztratu aktivity, rozhodl jsem se zaméfit se na modifikace
arylového zbytku v poloze 2 chinazolinového skeletu. Z tohoto divodu jsem pfipravil
derivaty 106-124 (obr. 7). V ptipad¢ latek 106-111 vedly modifikace ke ztraté aktivity a
pon¢kud paradoxné téz ke znacnému snizeni rozpustnosti. Podobnych vysledkii dosahovaly 1
derivaty 112-115, s vyjimkou slouceniny 114, ktera v AlphaScreen testu vykazovala vyssi
aktivitu 1 zlepSenou rozpustnost, nez jeji pyridin-3-ylovy analog. NavysSeni rozpustnosti pfi
zachovani aktivity bylo také dosazeno u latky 117. Bohuzel ostatni derivaty v této sérii
(118-124) vykazovaly ztratu aktivity, nebo sniZeni rozpustnosti v porovnani s jejich

pyridin-3-ylovymi analogy.

Obr. 7. Derivaty chinazolin-4-amind substituované na arylu v poloze 2.

F 106: R = 110: R = < 112:R= <
/©: ; OMs

Hcl HN O., OMs
“‘O-p-CH306H4 ,
~N 107: R =, o) 113: R = ~
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Me N R N
OMs
115 OMs 117 - 120 117: R = 3,4,5-tri-F 122 - 124 122: R = NHCH,CH,OCH3
118: R = 2,4,5-tri-F 123: R = NHCH3
119: R = 2,4,5-tri-Cl 124: R = OCH;

120: R = 4-COOEt



4.7. Série alifatickych derivati chinazolin-4-amint. Dal$i moznost, kterak zvysit
rozpustnost takovychto polyaromatickych sloucenin, spocivala v nahradé¢ nékterého
aromatického kruhu alifatickym zbytkem. Z tohoto diivodu jsem pfipravil slouceniny
125-134, které na dusiku v poloze 4 nesou alifaticky substituent (obr. 8). Ackoliv vSechny
tyto derivaty mély rozpustnost > 100 uM, nahrada aromatu na dusiku v poloze 4 za alifaticky

substituent ve vSech ptipadech vedla k uplné ztraté aktivity v AlphaScreen testu.

Obr. 8. Derivaty chinazolin-4-aminu s alifatickym substituentem.

Hcl  NR'R? 125: R' = H, R? = CHj; 90 %
SN 126: R' = R? = CHg; 80 %

_ 127: R" = H, R? = CH,CHj; 97 %

N | X 128: R" = H, R? = CH(CH3),; 50 %

N 129: R" = H, R? = CH,CH,OCHj; 56 %

125 - 132 130: R" = R? = CH,CH,0OCHy;; 58 %
131: R' = H, R? = cyklohexyl; 73 %

132: R" = H, R? = 4-karboxycyklohexyl; 11 %

4.8. Série 6-methyl-N-aryl-2-(pyridin-3-yl)pyrimidin-4-amint. Jelikoz pokusy o
zlepSeni aktivity a rozpustnosti derivatizaci chinazolinl ¢asto neposkytovaly vysledky, které
jsme pozadovali, pifesunula se vramci celého projektu pozornost k derivatim
6-methylpyrimidinu. V podstaté byl zachovan zakladni diazinovy skelet, avSak aromaticky
kruh v chinazolinu byl nahrazen methylovou skupinou. V ramci prace jsem se zaméfil na
piipravu tii analogii 133135 sloucenin jiz zde diive popsanych (obr. 9). U slou¢enin 133 a
134 byl bohuzel pozorovan pokles rozpustnosti oproti jejich chinazolinovym analogiim, pouze
Vv pfipad€¢ derivatu 135 doSlo k mirnému zvySeni rozpustnosti pii zachovani aktivity

v AlphaScreen testu.

Obr. 9. Derivaty 6-methylpyrimidin-4-aminu.

/ |
\\_rR
HN

133: R =2-COONH2, 3-F; 54 %
~N 134: R = 3,4,5-tri-F; 50 %
| _ 135: R = 2,4,6-tri-Cl; 22 %

N AN

>

133-135

10



5. Zavér

Tato prace se zabyvala piipravou derivati chinazolin-4-aminu, jakozto inhibitort

vystavby virové kapsidy HIV-1. Na zéklad¢ vyhodnoceni vysledkl biochemického testovani

aktivity téchto latek (ve smyslu inhibice vystavby kapsidy) byly navrhovany strukturni

modifikace za Gcelem ziskani novych kandidati. Taktéz bylo vyvinuto usili o zlepSeni obecné

nizké rozpustnosti téchto sloucenin. Dosazené vysledky shrnuji tyto body:

a)

b)

d)

Byla rozsifena knihovna derivati chinazolin-4-amintt o sedm sérii Citajicich
dohromady 68 latek. Dale byly pfipraveny také tfi derivaty odvozené od 6-

methylpyrimidin-4-aminu.

Podrobné byla prozkoumana série derivati nesouci fluorbenzenové substituenty na
dusiku vpoloze 4, mezi nimiz byly nalezeny latky se zvySenou aktivitou
v AlphaScreen testu. Aktivita n¢kterych téchto slou€enin byla potvrzena také pomoci
virologického testu, kde se jejich virostaticka aktivita, vyjadfena jako hodnota ICsg,
pohybovala v jednotkdch pmol/l. Jako ptiklady lze uvést amidovy derivat 67, a

trifluorbenzenové derivaty 84 a 85.

Na zéklad¢ vysledkl derivath chinazolin-4-amint s fluorbenzenovymi substituenty na
dusiku v poloze 4 byly pfipraveny také chlor- a bromderivaty, které v AlphaScreen
testu vykazovaly az o tad lepsi aktivitu (v jednotkach pmol/l), nez jejich fluorové
analogy. Jednalo se zejména o bromderivaty 94 a 95, a také o trichlorderivaty 92 a 93,
které vSak Castené interaguji se slozkami testovaciho systému AlphaScreen, procez je

nutné jejich vysledky brat s rezervou.

Ve snaze o zvySeni rozpustnosti piipravovanych latek byly uc¢inény pokusy o zavedeni
polarnich funk¢nich skupin do rtiznych ¢asti molekuly. V naprosté vétSiné piipadi
tento zpiisob modifikace vedl ke snizeni, ¢i naprosté ztraté aktivity a ponékud
paradoxné se rozpustnost obvykle zhorsila. Svétlou vyjimkou je katecholovy derivat
114, ktery vykazuje jak vyS§i rozpustnost, tak i ponckud zlepSenou aktivitu

v AlphaScreen testu.
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9)

Dale se autor pokusil zvysit rozpustnost prostfednictvim deplanarizace molekuly™ —
zavedenim 2-methylpyridinového substituentu do polohy 2 chinazolinu. Tento pfistup
se osveédCil pouze v pfipadé derivatu 117, u kterého se podafilo ponc¢kud zvysit

rozpustnost pii zachovani srovnatelné aktivity.

Vyrazného zlepSeni rozpustnosti bylo dosazeno, pokud byl aromat na dusiku v poloze
4 chinazolinu nahrazen alifatickym zbytkem. Zaroven vsak tato modifikace vedla
k aplné ztraté aktivity v AlphaScreen testu. Toto pozorovani zaroven dokazuje nutnost

piitomnosti aromatického substituentu na dusiku v poloze 4.

Posledni prozkoumand moznost jak zvysit rozpustnost byl piechod k derivatim 6-
methylpyrimidinu.  Vysledky jsou pon€kud protichtidné, avSak v piipadé
trichlorbenzenového derivatu 135 se podafilo casteCné zlepSit rozpustnost pii

zachovani aktivity.

Pii pokusu o kone¢né shrnuti vySe zminénych bodl, jakoz i ostatnich vysledki

prezentovanych v této praci, musim pfipustit, Ze pies dil¢i Usp&chy pii zvySovani rozpustnosti

a aktivity zde uvedenych sloucenin, nejsou tyto latky pro své fyzikdln€-chemické vlastnosti

nejvhodnéjSimi kandidaty pro praci na poli medicinalni chemie. Pravdépodobné zde stale

existuje prostor pro zlepSeni jejich vlastnosti, nicméné otazkou zlstava, zda je viibec mozné

modifikaci takovychto polyaromatickych derivatl chinazolinu soucasné dosdhnout dostatecné

aktivity, jakoz 1 rozpustnosti potiebné pro dalsi biochemicky a virologicky vyzkum.
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Summary of the Ph.D. Thesis

1. Introduction

HIV-1 virus is a causative agent of AIDS (Acquired Immune Deficiency Syndrome),
which is lethal pandemic disease with approximately 35 millions of infected worldwide.
Although the number of new cases of the disease is decreasing still it remains serious
problem. Soon after identification of HIV-1 as originator of AIDS there was first medicine
introduced to the market.? Up to date there are ca. 20 separate substances with different modes
of action approved to use in AIDS treatment by FDA.® However the threat of formation of
multiple drug resistant strains (MDR) is still actual.® Therefore there is a need of new
compounds with new mechanism of inhibition of the virus replication. One of such processes
is inhibition of capsid assembly. Some compounds which influence capsid assembly by
binding to N-terminal domain of capsid protein were investigated formerly.” Little bit later
was discovered peptide that binds to C-terminal domain of capsid protein.® However peptides
are not the best candidates for drugs because of their usually poor pharmacological properties.
Therefore the search for small organic molecules with identical mode of action was
established. Such compounds were found by high-throughput screening in the class of
heterocycles called quinazolines.”

First generation of quinazoline derivates was focused on bioisosteres of ester
functional group and some more N-aryl derivatives of 2-(pyridinyl)quinazolin-4-amines
among which few compound were found with activity (as ICso from AlphaScreen assay) in
low micro molar range.”> However there was more of the compound with lower activity (tens
of uM) and those completely inactive. Considering the chemical nature of such quinazoline
derivatives their poor solubility was common problem. This PhD. thesis is aimed at synthesis
of new quinazoline derivatives (with general structure shown in fig. 1) with higher activity

and improved solubility.

Fig. 1. General structure of compounds prepared during the work on PhD. thesis.

R3
HN R' = OH, O-alkyl, halogen
N N R? = aryl, hetaryl
Rk | A, R3 = alkyl, aryl
N R
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2. Aims of the study

The main objective of my work was to expand the library of quinazolines with
compounds with better activity and solubility and to explore possible relationships between

activity and structure of these compounds.

Submitted PhD. thesis has following aims:

a) to prepare new series of 2-arylquinazoline derivatives with better activity and

increased solubility,

b) to compare measured activities of new compounds with activities of formerly
prepared (original) ones and try to find out relationship between inhibition

activity of given compound and its structural features,

c) to propose new candidates based on obtained data.

3. Material and methods

I was using classical synthetic methods for preparation of N,2-disubstituted
quinazoline derivatives.” At first 2-substituted heterocycle — quinazolin-4(3H)-one — was
obtained. In this step were used reactions of variously substituted anthranilic acid derivatives
with appropriate aromatic acid derivatives. Required quinazolinone was available in two steps
by base catalysed cyclisation of o0-amidobenzamides which were obtained from reaction of
anthranilamide derivative with aromatic acylchloride (scheme 1, method A)® or in one step by
acid catalysed condensation of anthranilic acid ester with aromatic nitrile (scheme 1, method
B).° 2-Substituted quinazolinone was then converted to 4-chloroquinazoline derivative using
POCI; (scheme 1).*° Yields of reactions mentioned above were good to excellent.

Key reaction step was nucleophilic substitution of 4-chloroquinazoline derivatives
with aromatic and aliphatic amines. Most common process was acid catalysed reaction*!
(scheme 1, conditions €) which provided products in good to excellent yields according to
aniline (amine) used. Reaction in basic media? was complementary method suitable mainly
for stericaly hindered anilines (scheme 1, conditions f). Yields of the basic reaction were
usually low however sufficient to obtain derivatives which were not accessible by acid
catalyzed reaction. In the case of more nucleophilic aliphatic amines were reactions done with

excess of amine (scheme 1, conditions g) and products were obtained in good yields.
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Because of limited space of this summary of Ph.D. thesis I will not show any details
here. For those who are interested in details | recommend the original text of the thesis where

all information can be found.

Scheme 1. Synthetic methods used in preparation of quinazoline-4-amines.

methodA
o) 3 0

1.~ NH, Oy Cl b 3 = NH | d 3 = XN
i @HJ\ ' i . 3R1_\ L T R1_\ L

o 4

R3NH, l elflg

= 0
R'-«— | Rt R2-CN ;
A .R
NH, HCl HN
method B F SN
R |
N N/)\Rz
: Et;N/DCM, THF, reflux;
: KOH/100 °C;

: 4M HCl/dioxane, 100 °C;
: POCI3/DMF, 80 °C;
: cat. HCl/dioxane/reflux;
1. t-BUOK/THF, reflux 2. HCI.
: 1. excess of amine, RT 2. HCI

Q PT0QO0TO

RO = CHj, C,Hs

R' = alkyl, O-alkyl, halogen, ...

R? = aryl, hetaryl
RS = alkyl, aryl

4. Results and discussion

During my work on this thesis | prepared seven series of quinazoline derivatives and
one series of 6-methylpirimidine derivatives. | will comment on each series separately to see

the results clearly.

4.1. Series ,,zero.“ This series contains compounds 61 — 68 bearing isomeric pyridinyl
moieties in position 2 of quinazoline scaffold. Aromatic residue on nitrogen in position 4 was
substituted with various combinations of polar functionalities (fig. 2). Most of these
compounds was poorly soluble or did not exhibit any significant activity in AlphaScreen

assay.

4.2. Series of compounds for photoaffinity labelling.** Three benzophenone derivatives 6971
were prepared (fig. 3) to attempt photoaffinity labelling® in laboratory of colleagues from
biochemistry. These compounds has shown some activity in AlphaScreen assay (ICsp = 9 — 48 uM).
Unfortunately their solubility was poor which could be one of the reasons why the photoaffinity

labelling was not successful.
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Fig. 2. Derivatives of series ,,zero* substituted with polar functional groups.

61: R1 = pyridin-3-yl; R2 = H; 22 %

N , 62: R1 = pyridin-3-yl; Ri = 2-NO,, 5-COCOH; 77 %

“ IR 63: R1 = pyridin-3-yl; R = 3-NH; 35%

Hcl HN 64: R1 = pyridin-3-yl; R? = 2-COOH, 4-OH; 60 %
N 65: R1 = pyridin-3-yl; R2 = 2-NO,, 4-ClI; 21 %

| /)\ 66: R1 = pyridin-3-yl; R? = 2-CONH,, 3-F; 54 %

N~ "R 67: R1 = pyridin-2-yl; R> = 2-CONH,, 3-F; 44 %

68: R1 = pyridin-4-yl; R2 = 2-NHMe, 5-NO,; 72 %

Fig. 3. Derivatives for photoaffinity labelling.

(0]
/_' 1p2
|R1R
o S JC
HClI HN

B
— SN
N | B
o) N
69: R = 2-NHMe, 5-NO,; 23 % 71: 83%
70: R = 3-NO,, 4-F; 52 %

4.3. Series of N-fluooraryl-2-(pyridin-3-yl)quinazolin-4-amines. During evaluation
and comparison of data obtained from compounds prepared before together with my
colleagues we realized that some of the most active compounds have similar structural feature
which was N-fluoroaryl substituent. Therefore | decided to prepare compounds 72-88 which
were bearing mono, di, tri and tetrafluoroaryl moieties on nitrogen in position 4 (fig. 4).
Particularly good results in AlphaScreen assay were obtained from trifluoroaryl compounds
84 and 85.

Fig. 4. Fluoroaryl derivatives of quinazolin-4-amine.

/@ . 72: 2-F: 74 % 81: 2,3 4-tri-F; 60 %
S 73: 3-F; 83 % 82: 2,3,5-tri-F; 55 %
HCl  HN 74: 4-F; 74 % 83: 2,3,6-tri-F; 49 %
Q 75: 2,3-di-F; 48 % 84: 3.4 5-tri-F; 77 %

| N 76: 2,4-di-F; 67 % 85: 2,4 5-tri-F: 67 %

N7 N 77: 2,5-di-F; 24 % 86: 2,4,6-tri-F: 38 %

| 78: 2,6-di-F; 11 % 87: 2,3,4,6-tetra-F; 66 %

N 79: 3.4-di-F; 84 % 88: 2,3,5,6-tetra-F; 45 %

80: 3,5-di-F; 59 %
72 - 88
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4.4. Series of N-halogenaryl-2-(pyridin-3-yl)quinazolin-4-amines. In view of
interesting results of fluorinated derivatives | was curious about the results of other halogen
analogues (chlorine and bromine). Therefore | synthesized compound 89-95 (fig. 5; some
compounds with fluorine and another substituent are also included). Most o these derivatives
seemed to be considerably active in AlphaScreen assay despite their quite poor solubility.
Unfortunately the results of compounds 92 a 93 could be influenced by their interference with
components of the assay. In the case of derivatives 89 a 90 was their activity confirmed also

in tissue culture assay (ICsp ~ 5 uM).

Fig. 5. Other halogen derivatives of quinazolin-4-amine.

/@R 89: R =2-OH, 5-F; 65%
' 90: R = 2-OMe, 5-F; 529
HCl HN _ OMe, 5-F; 52 %
91: R = 3-CF3; 31 %
SN 92: R=234-tri-Cl: 68 %
| 93: R=2454i-Cl: 1%
N | X 94: R = 2,5-di-Br; 47 %
7 95: R =24 5-ri-Br; 28 %

89 - 95

4.5. Series of 2-(pyridin-3-yl)quinazolin-4-amines substituted on benzene ring. Due to
very limited solubility of compounds synthesized so far It was necessary to prepare some
derivatives with enhanced solubility. | tried to achieve this goal by introduction of polar
functional groups to benzene ring of quinazoline scaffold (compounds 96-98, fig. 6). Most of
these derivatives however have shown decrease or complete loss of activity in AlphaScreen
assay compared to their analogs without substituents on benzene ring. Effect on their
solubility was rather negative but not significant.

Fig. 6. Derivatives of quinazolin-4-amines substituted on benzene ring.

_ 96: R' = 6,7-di-OCH,CH,OCH3, R? = 2-NHMe, 5-NO,; 49 %
/();—Rz 97: R' = 6,7-di-OEt, R? = 3,4,5-tri-F; 86 %
ol HN 98: R' = 6,7-di-OEt, R? = 4-COOEt; 78 %
99: R' = 6-OH, R? = 3,4,5-tri-F; 15 %

= ~N .l = 2 _ e
R | 100: R" = 7-CF3, R? = 3,4,5-tri-F; 55 %
XN SN 101: R" = 7-CF3, R? = 3-CF3; 77 %
| _ 102: R' = 7-CF3, R? = 2-F, 5-NOy; 90 %

N

4.6. Series of chinazolin-4-amines bearing substituted aryls in position 2. In view of

lowered activity of derivatives substituted on benzene ring in comparison with their non-
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substituted analogs | decided to investigate compounds with substituted aryls in position 2.
Therefore | prepared compounds 106-124 (fig. 7). In the case of derivatives 106-111 the
modifications lead to loss of activity and paradoxically to worse solubility too. Similar results
were obtained in the case of compounds 112-115 with exception of substance 114 which
showed desired increase of solubility and activity in AlphaScreen assay compared to its
pyridin-3-yl analog. Increased solubility with retained activity was also achieved in
compound 117, unfortunately other derivatives within this series had lower activity and/or

decreased solubility in comparison with their paridin-3-yl analogs.

Fig. 7. Derivatives of quinazolin-4-amines with substituted aryls in position 2.

F 106: R =, < 110: R = < 112:R= £
F
OMs

HCI HN F OMs O.,M OMs

, “‘O-p-CH3C6H4 /

| \)N\ 107:R =~ le} 1M3:R=/

_
N R
p-HgC-C6H4-O OH

106 - 114 OH OMs

/
108:R= o, 114:R = /.
1M1:R=, : /
[; OH

OH

Me N R N
OMs
115 OMs 117 - 120 117: R = 3,4,5-tri-F 122 - 124 122: R = NHCH,CH,OCH3
118: R = 2,4,5-tri-F 123: R = NHCH3
119: R = 2,4,5-tri-Cl 124: R = OCH343

120: R = 4-COOEt

4.7. Series of aliphatic quinazolin-4-amine derivatives. Another option to increase
solubility of such polyaromatic substances was replacement of one of aromatic rings by
aliphatic residue. Therefore | prepared compounds 125-134 bearing aliphatic substituent on
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nitrogen in position 4 (fig. 8). Although solubility of all compounds of this series was > 100

uM activities in AlphaScreen assay of these derivatives was completely lost in all cases.

Fig. 8. Derivatives of quinazolin-4-amine with aliphatic substituents.

Hcl NR'R? 125: R' = H, R? = CH3; 90 %
SN 126: R' = R? = CHj; 80 %

127: R' = H, R? = CH,CHj; 97 %

NG N 128: R' = H, R? = CH(CHj3),; 50 %

| _ 129: R' = H, R? = CH,CH,OCHj; 56 %

N 130: R' = R? = CH,CH,OCHj; 58 %

125 - 132 131: R' = H, R? = cyclohexyl; 73 %

132: R' = H, R? = 4-carboxycyclohexyl; 11 %

4.8. Series of 6-methyl-N-aryl-2-(pyridin-3-yl)pyrimidin-4-amines. Derivatisation of
quinazolines very often did not provide desired results — only few synthesised compounds had
increased activity in AlphaScreen assay and better solubility. It was decided to switch our
attention in HIV-1 capsid assembly inhibitors project to derivatives of 6-methylpyrimidines.
In these compounds was retained general 1,3-diazine scaffold, but aromatic ring was replaced
by simple methyl group. Within the thesis | prepared three analogs (133-135, fig. 9) of
compounds described earlier. Derivatives 133 and 134 unfortunately exhibited decrease of
solubility compared to their quinazoline analogs. In the case of compound 135 slightly

solubility was increased while its activity in AlphaScreen assay was retained.

Fig. 9. Derivatives of 6-methylpyrimidin-4-amine.

/ 1
_IR
HNT X

HCI

133: R = 2-COONH,, 3-F; 54 %
~N 134: R = 3,4,5-tri-F; 50 %
| _ 135: R = 2,4,6-tri-Cl; 22 %

N X

L

N
133-135

5. Conclusions

This PhD. thesis was focused on preparation of quinazoline-4-amines as HIV-1 capsid
assembly inhibitors. Based on results of biochemical testing of activity of such compounds

were designed new structurally modified substances with enhanced activity (both, in
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AlphaScreen and tissue culture assays) and better solubility which was generally low. The

results can be summarized as follows:

a)

b)

d)

The library of quinazoline-4-amines was expanded with 68 compounds in seven series;

also 3 derivatives of 6-methylpyrimidin-4-amine were prepared.

Series of derivatives with fluorobenzene substituents on nitrogen in position 4 was
investigated in details and some compounds with increased activity in AlphaScreen
assay were found. Activity of some of these compounds was further confirmed in
tissue culture assay and their virostatic activity (as I1Cso value) was in low micro molar
range. Example of such substances is amide derivative 67 or trifluorobenzene

derivatives 84 and 85.

Based on results of fluorobenzene substituted quinazoline-4-amines some analogs
possessing other halogens (chlorine, bromine) were also prepared. Among them
trichlorobenzene analogs 92 and 93 and bromoanalogs 94 and 95 exhibited activity in
AlphaScreen assay almost one order of magnitude better than original
fluoroderivatives. Unfortunately the results of trichloroderivatives 92 and 93 were also
influenced by their interference with components of AlphaScreen assay

Attempting to improve solubility of prepared compounds different polar functional
groups were introduced to the various positions in the molecule. In most cases these
modifications lead to decrease or total loss of activity and paradoxically solubility was
often decreased. Positive exception from this trend was found in catechol derivative

114 which exhibits both, better solubility and activity in AlphaScreen assay.

Another option which author tried to increase solubility was introduction of
2-methylpyridinyl substituent to position 2 of quinazoline moiety. Resulting hindered
rotation should decrease planarity and symmetry of the molecule, worsen crystal
packing and consequently increase solubility.** This approach was successful only
with derivative 117 which exhibited better solubility with retained activity in
AlphaScreen assay.
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f) Significant increase of solubility was achieved with derivatives bearing aliphatic
residue instead of aromatic ring on nitrogen in position 4 of quinazoline. However this
modification lead to complete loss of activity in AlphaScreen assay which is evidence

of necessity of aromatic substituent on nitrogen in position 4 of quinazolinamines.

9) The last explored possibility which should lead to solubility improvement was
replacement of aromatic ring of quinazoline with simple methyl group. In other word
shift from quinazoline to 6-methypyrimidine derivatives. Results are somehow
contradictory however in the case of trichlorobenzene derivative 135 solubility was

partially increased while activity in AlphaScreen assay was retained.

When attempting to summarise the points above, as well as other results presented in
this work, | have to admit that despite some successes in increasing the solubility and activity
of presented compounds, for their physic-chemical properties they are not the best candidates
for work in the field of medicinal chemistry. Probably there is still room for improvement of
their properties, but the question remains. Is it possible to simultaneously achieve sufficient
activity and solubility needed for further biochemical and virological research by modification

of such polyaromatic quinazoline derivatives?
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