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Problemas biitiba un aktualitate
Latvija no 1990. gada onkologisko slimnieku skaits ir pieaudzis gandriz divas reizes un to
kopgjais skaits 2008. gada sasniedza 60797 cilvékus. Cina ar onkologiskam slimibam ir viens no
aktualakajiem uzdevumiem medikiem, farmakologiem un kimikiem visa pasaule. Daudzos
zinatniski-p&tnieciskajos centros zinatnieki censSas izstradat jaunus Dbiologiski aktivus
savienojumus, kuri lautu efektivi cinities ar So slimibu.

Cilveka organisms sastav no ~ 10 *2 iinu, un katrai no tam ir savas funkcijas organisma.
Atseviskos gadijumos $iinas struktiira dazadu faktoru ietekmes rezultata mainas, un tas var sakt
nekontrol€jami vairoties, zaudet sp&ju atpazit un atkartot ,,savas $tnas” struktiiru un parvérsas par
veéza §tinam. Tas veido audzgju, kur§ iespiezas citos organos un audos, un trauc€ veselo Stnu
darbibu. Misu darbs balstas uz biologiskiem pétijumiem, kuri parada, ka, ictekm&jot véza Stnas
DNS darbibu, var apturét vai partraukt ,,nepareizas” informacijas nodoSanu citam $iinam, izsaukt
onkologiskas §tinas diferenciaciju, $tnas dzives cikla partrauk$anu (apoptozi) vai pat parverst tas
atpakal par veselam. Histona deacetilazes (HDAC) ir Zn*" jonu saturofie enzimi, kuri kopa ar
histona acetiltrasferazem (HAT) regulé histonu acetiléSanas-deacetiléSanas procesu §ina. So
procesu nepareiza reguléSana noved pie neatbilstoSas génu ekspresijas, un tas ir viens no
galvenajiem onkologisko §Gnu raSanas un augSanas c€loniem. Paradits, ka onkoproteini izmanto
nedabigu HDAC izraisttu transkripcijas represiju, kuras rezultata izmainas hromatina struktiira un
tiek blok&ta normala $tinas funkcion&$ana. Peédgjos gados veiktie petijumi rada, ka HDAC inhibitori
tiesi ietekm& DNS transkripciju $tina, kura notiek onkologiskas izmainas. Tie var reaktivét génu
ekspresiju, izsaukt onkologiskas $tinas diferenciaciju, $tinas cikla arestu un apoptozi. Balstoties uz
literatiras datiem un ieprieks€jo pieredzi, ka mérki saviem pétijumiem meés izveélgjamies sintezet
tadas jaunas hinolina ciklu saturosas vielas, kuras varétu uzradit pretvéza aktivitati, darbojoties ka
HDAC inhibitori. Izstradatais promocijas darbs ir veltits heteroaromatisku ciklu saturo$u histonu

deacetilazes inhibitoru sint€zei un to struktiiras — aktivitates likumsakaribas p&tijumiem.

Darba meérki

Promocijas darba galvenais uzdevums ir jaunu heteroaromatisku ciklu saturoSu histonu
deacetilazes inhibitoru sintéze un to struktiiras — aktivitates likumsakaribas pétfjumi. ST mérka
sasniegSanai tika nosprausti sekojosi uzdevumi:

1) analizét un klasificet literatliras datus par histonu deacetilazes inhibitoriem, t0 darbibas

mehanismiem un sintézes metodém,

2) izstradat metodologiju dazadi aizvietotu (E)-N-hidroksi-3-hinolin-2-il-akrilamidu sintézeli,

3) veikt hinolinsaturo$o hidroksamskabju linkeru modifikacijas,

4) identificét perspektivas grupas, kuras varétu kalpot ka hidroksamskabei alternativi Zn®*

jonu saistibas doméni (bioizostéri), un izstradat metodes §adu grupu ievadiSanai molekula.



Darba rezultati

Latvijas Organiskas sintézes institiita (LOSI) jau ilgaku laiku tiek veikti petfjumi, kas
saistiti ar HDAC inhibitoru sintézi. Viena no aktivakajam OSI iegttajam vielam ir
hinolinakrilhidroksamskabe 1 (1. att.), kura HDAC enzimu maisijuma inhibicijas testos uzradija
vertibu ICsp = 35 nM (HeLa). Balstoties uz literatiiras datiem, ka arT uz OSI agrak veikto p&tijumu
rezultatiem, meés par sava darba merki izvélgjamies tadu jaunu hidroksamskabju sintezi, kuru
molekulas biitu ieklauts hinolina fragments ka savienojuma 1 (1. att. ir paradita vielas 1 helata ar

Zn** jonu struktiira).

Receptora virsmas ! Linkers L Zn2t helatéjosa

saistibas doméns ' ' grupa
A
N H
N.
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O"‘Zny

1. att. Darba gaita sintez&to savienojumu postulétie farmakoforie doméni uz savienojuma 1 pieméra

Savienojuma 1 modifikacijas tika veiktas ar mérki uzlabot ta aktivitati un iegit priekSstatu
par HDAC katalitisko rajonu. Mainot aizvietotaju lielumu, raksturu un piesaistiSanas vietu pie
hinolina, mé&s var€tu ne tikai atrast aktivus analogus, bet arT izpétit potenciala inhibitora iesp€jas
saistities ar HDAC katalitisko rajonu.

Linkera modifikacijas dod iesp&ju novertet katalitiskas kabatas parametrus. Robeza starp
linkeri un receptora virsmas saistibas doménu nav stingri definéta, ta ir atkariga no molekulu
struktras un no ta izkartojuma katalitiskaja rajona. Runajot par molekulu 1, visticamak hinolina
cikla piridina dala ar7 pilda linkera funkcijas un izkartojas katalitiskas kabatas augséja dala. Lai
ieglitu priekSstatu par katalitiskas kabatas iekStelpu, ka arT sintez&tu aktivus vielas 1 analogus, més
veicam gan linkera struktiiras, gan ta piesaisti$anas vietas pie hinolina izmainas.

Cinka jonu helatgjosa grupa iespaido savienojuma aktivitati un selektivitati starp dazadam
HDAC izoformam. ST darba ietvaros més veicam ne tikai hidroksamskabes grupu saturo$o
savienojumu sint€zi, bet ar1 hidroksamskabes bioizosteru meklgjumus starp dazadu savienojumu
klasém, méginot atrast grupas, kas spétu saistities gan ar Zn®* jonu, gan ar aktivaja centra esofo

aminoskabju atlikumiem.
(E)-N-Hidroksi-3-hinolinilakrilamidu sintéze

(E)-N-Hidroksi-3-hinolin-2-il-akrilamids (1) tika izv€léts ka lidersavienojums talakai
modifikacijai. Lai noskaidrotu aizvietotaju pie hinolina gredzena ietekmi uz savienojumu inhibitoro
aktivitati, ka pirmo izv€lgjamies modificét molekulas hinolina dalu, ievedot taja aizvietotajus, bet

saglabajot neskartu linkera divkar3o saiti un Zn?" helatgjoso hidroksamskabes grupu.



2-Metilhinolinu sintéze ar Skraupa reakcijas palidzibu

Lielu dalu darba nepiecieSamo 2-metilhinolina atvasinajumu ieguvam ar Skraupa reakcijas
modifikacijas (2. att.) palidzibu, kuras pamata ir anilinu apstrade ar nepiesatinatiem aldehidiem
oksidetaja hloranila klatieng. Ja ka nepiesatinato aldehidu izmanto krotonaldehidu, reakcijas
rezultata iegtist 2-metilhinoltnus. Izmantojot para- un meta- aizvietotus anilinus 2a-h, tika ieguti
astoni hinolini 3a-h un 4a-h. p-Aizvietoto anilinu 2b-f, h gadijuma reakcija veidojas viens
produkts 4b-f, h, bet, ja aizvietotajs atrodas meta-stavokli, iespgjama divu dazadu aizvietotu

hinolinu 3a, g un 4a, g veidosanas.

BuOH, HCI

oQ "t QO oo
IOTTT IS

2. att. Skraupa reakcijas vispariga shéma

OSI iepriek§ sintezéto lidzigu hinolmu inhibitoras aktivitates liecinaja, ka lielako
aktivitates pieaugumu varétu sagaidit vielas 1 6-mono- un 6,7-diaizvietotiem analogiem.
Literataras dati liecina, ka, veicot reakciju tas klasiskaja veida, t.i., mineralskabes klatbitng, no p-
un m-dihalogénaizvietotiem aniliniem var iegit 5,6-dihalogénaizvietota un 6,7-dihalogénaizvietota
hinaldina maisTjumu attieciba ~ 1:1. Ta ka galvenais mérkis bija iegtt 6,7-diaizvietotus hinaldinus,
izmantojam Skraupa reakcijas modifikaciju, kura parsvara dod 6,7-aizvietotos produktus (1. tab.),

un reakcijas produktus izdalijam cinka hlorida kompleksu veida.
1. tabula

Skraupa reakcijas apstakli un iznakumi

Amins 2 R! R? K-rotonz-lldehic-ia Iegutais hinaldins
piev. laiks (min.) | Nr. | Iznakums (%)
a Me Me | 60 3a 4
a Me Me | 60 Ja |43
b i-Pr H |40 4 |88
¢ OCHF, |H |40 4c |53
d I H |15 4d |41
Ph H |35 4e |77
f O-n-Bu |H [45 T 31
g Br Cl |60 ag |32
9 Br Cl |60 39 | 721
h OPh H |90 4h | 47




Izmantojot So pieeju, mums izdevas panakt, ka vajadzigas vielas 4a un hinaldina 3a
attieciba sasniedza 10:1, bet vielu 4g un 3g gadijuma - 5:1.Jodanilina 2d reakcija ar krotonaldehidu
radas 6-jodhinaldina 4d un dejodéta hinaldina maisfjums (3:2). Saisinot reakcijas laiku, mums

izdevas palielinat vajadziga produkta 4d attiecibu pret minéto dejodéto formu lidz 6:1.

2-Metilhinolinu sintéze, modific€jot pie hinolina gredzena esosos aizvietotajus

Lai paplasinatu iegtito hinolmsaturo$o hidroksamskabju klastu, tika veiktas arT aizvietotaju
modifikacijas hinaldinos. Ta, apstradajot 4-hidroksihinaldinu ar fosfora oksihloridu, sintez&jam 4-

hlorhinaldinu (4Kk).

cl o~ o

Xy 4k Xy 4 | 5
) _88% ) 32% 40%
N N N

Savukart, alkilgjot 4-hidroksihinaldinu ar Mel K,CO; klatieng, ieguvam gan vajadzigo O-

alkilé$anas produktu 41, gan ari ta N-metilregioizoméru 5 (attieciba 3:4).
Hinolinilakrilamidu sintéze caur attiecigiem akrilskabes metilesteriem

Lai no aizvietotiem 2-metilhinoliniem 4a-p iegttu akrilamidus 8a-t, izmantojam tris

stadiju sintézi. Darba lietotie hinaldini 4m-p ir komerciali produkti.

a, R =6,7-di(Me) n, R=6-OMe
N Se0; (Me0),POCH,COOMe b, R = 6-i-Pr o R=GC|
MeSCOKIDMSO c,R=6-OCHF, p,R=6-B

d,R=6-l r, R=68d|(OMe)
e,R=6-Ph s, R = 5,6,7-tri(OMe)
f,R=6-0-n-Bu t R=5,8-di(OMe)

NHOH g,R=6-Br,7-cl W R=H
h, R =6-OPh

0 O Kk R=4Cl
I, R:40Me
7a-u N.
OH M, R =4,7-di(Cl)

Vispirms ar SeO, oksidéjam hinolina atvasinajumu 4a-p sanu virknes metilgrupu lidz
aldehidgrupai 6a-p (2. tab.). Darba lietotie hinolinaldehidi 6r-u ir komerciali produkti. Akrilskabes
linkera izveidosanai tika izmantotas divas sint€zes metodes.

Linkera izveidoSana ar Hornera-Vadsvorta-Emonsa reakcijas palidzibu. Apstradajot
hinolinaldehidus 6a-u ar metil-2-(dimetoksifosforil)acetatu Me3COK klatbiitneé DMSO, ieguvam
aizvietotus akrilskabes metilesterus 7a-u (2. tab.) ar iznakumiem no 16 Iidz 89 %. Tada izkliede ir
atkariga ne tikai no Hornera-Vadsvorta-Emonsa reakcijas norises, bet arT no iepriek$gjas reakcijas
rezultatiem un no seléna piemaisjjumu daudzuma, kas palieck maistjuma ar aldehidiem.
Aprakstitajai reakcijai tika veikti p&tijumi par bazes un S$kidinataja ietekmi uz produkta
iznakumiem. P&tjumi tika veikti estera 7U gadijumam, par izejvielu izmantojot neaizvietoto
hinolinaldehidu 6u (visaugstakie produkta 7u iznakumi (74%) bija tad, ja ka bazi izmanto
Me;COK, bet skidinataju DMSO.).



2. tabula

Savienojumu 6a-p, 7a-u un 8a-t sintézes iznakumi

R 6 7 8
izn. (%) | izn. (%) | izn. (%)

a | 6,7-di(Me) 50 41 88

b | 6-i-Pr 36 79 83

¢ | 6-OCHF, 85 45 70

d || 70 80 54:46"
6-Ph 70 51 45

f | 6-OBu 87 89 94

g | 6-Br, 7-Cl 89 16 74

h | 6-OPh 77 70 60

k | 4-Cl 66 31 40

| | 4-OMe 72 56 40

m | 4,7-di(Cl) 86 81 49

n | 6-OMe 68 72 23

o |6-Cl 70 54 57

p | 6-Br 97 59 57

r | 68-di(OMe) |- 87 36

s |5,6,7-tri(OMe) | - 81 70

t |58-di(OMe) |- 83 77

ul|H - 74 -

™ legiits (E)-N-hidroksi-3-(6-jodhinolin-2-il)akrilamida un (E)-3-(6-jodhinolin-2-il)akrilskabes maisTjums.
**Inhibitora aktivitate, ja substrata koncentracija ir 100 nM.
Linkera izveidosana ar Knévenagela kondensacijas palidzibu. Savienojuma 11 sintézei

izmantojam metodi, kura balstas uz Knévenagela kondensaciju.

1. CH,(COOH),, 87%
A A 2. (cocly, S
9 10 98% H 139% pn.
OH
Pec aldehida 10 iegliSanas ta sanu kédes pagarinasanu veicam ar malonskabi, ka katalizatoru
lietojot piperidinu. Reakcija vispirms rodas 2-[(7-metilhinolin-2-il)metilén]malonskabe, kuru
dekarboksilgjot iegtst (E)-3-(7-metilhinolin-2-il)akrilskabi. Apstradajot to ar oksalilhloridu,
veidojas hloranhidrids, kur$ reakcija ar NH,OH veido hidroksamskabi 11. So metodi akrilskabes
fragmentu saturo$a linkera izveidoSanai var izmantot ka alternativu Hornera-Vadsvorta-Emonsa

reakcijai.



legiito esteru 7a-t reakciju ar hidroksilamtnu veicam pec literatlira aprakstitas metodes.
Veicot esteru 7a-t reakciju ar hidroksilaminu, nov@rojam, ka visos gadijumos paraléli
hidroksamskabes 8a-t veidosanai notiek arT esteru hidrolize, ka blakusproduktu veidojot attiecigo

akrilskabi, kas ieverojami samazina reakcijas iznakumu.

No promocijas darba ir iznemtas sadalas, kuram varetu

but komerciala nozime.

N-Hidroksi-3-(hinolin-2-il)propanamidu sintéze un inhibitoras aktivitates raksturojums

Viens no darba uzdevumiem hinolinsaturoSo hidroksamskabju sint€ze bija izveidot tadus
savienojumus, kuri saturétu dazadas modifikacijas linkera doména dala. Ka modelvielas talakai
linkera dalas modifikacijai izvél&jamies iepriekSséja nodala aprakstitos (E)-N-hidroksi-3-
hinolinilakrilamidus (81 un 8n), kas radija interesi gan no aktivitates, gan aizvietotaju atrasanas
vietas pie hinolina gredzena viedokla, un mgginajam pagatavot to linkera dala piesatinatos
analogus. Piesatinatais linkers lautu molekulai brivak izvietoties HDAC katalitiskaja kabata un
pieklisana Zn?* jonam varétu bat atvieglinata, at3kiriba no nepiesatinata linkera, kur§ stabilizé

molekulas geometrisko formu, padarot to par gandriz ,,plakanu”.

13a, 1.S0Cl,, MeOH

R 2.NH,0H R
R N PU/C. H X 13b, ¢, NH,OH S
» Fp >
— (o) ~ O
o s b S
=6- HN
12,R=6-Me,R'=H O_ 13a-c O. 1 14a, R = 6-Me N
7)R=4-0Me,Ri=Me R R 14b, R=40me M
14c, R = 6-OMe

7n, R = 6-OMe, Rl = Me

3-Propanskabes fragmentu saturo$as hidroksamskabes 14a-C sintez€am no attiecigas
akrilskabes 12 vai akrilskabes esteriem 71 un 7n, katalitiski hidrogeng&jot So savienojumu divkarsas
saites (3. tab.). Nakos$aja stadija iegiitos propanskabes metilesterus 13a-c apstradajam ar NH,OH,

ieglistot savienojumus 14a-c.
3. tabula

Metilesteru 13a-c un propionamidu 14a-c sintézes iznakumi

1.stadijas iznakums

(%) (Pd/C, Hy)

2. stadijas iznakums

(%) (NH,OH)

E3

a| 65 43
b |94 96
c |81 48

Dots summarais iznakums p&c reduc€sanas un esterificésanas reakcijas




No promocijas darba ir iznemtas sadalas, kuram varetu

but komerciala nozime.

(E)-N-Hidroksi-2-[(hinolin-4-il)oksi]acetamidu sintéze un inhibitoras aktivitates
raksturojums

Savienojumos 17a, b linkerT ir ievietots skabeklis un ir izmainita ta piesaistiSanas vieta no
2-hinolnil- uz 4-hinolinil-, salidzinot ar lidersavienojumu. Sis izmainas tika veiktas ar mérki atrast
alternativas linkera piesaistiSanas vietas, ka arT parbaudit, ka skabekla atoma ievadiSana linker1

iespaido savienojuma aktivitati.

OH oﬁ(o\/

o
X CICH,COOEt N
O == 13" — ma
~ —
R N R N R

15a, b ‘;’ ﬁ 16a, 42%

H
cl 16b, 38%

Savienojumu 17a, b sintézes shéma ietver hinaldinu 15a, b O-aliké$anu ar hloretikskabes
etilesteri un iegtito esteru 16a, b reakciju ar NH,OH.

Ar 'H KMR spektru palidzibu noskaidrojam, ka savienojums 17a eksisté 2 tautoméro
formu - hidroksamskabes un hidroksimskabes dinamiska lidzsvara maisijuma (7 : 1) veida. Ari
pargjo darba sintez€to hidroksamskabju spektros noveérojam lidzigu signalu dubulto$anos, tomer

Sajos savienojumos hidrokstmskabes formas klatbiitne bija daudz neizteiktaka.

No promocijas darba ir iznemtas sadalas, kuram varéetu

but komerciala nozime.

N-Hidroksihinolinilbenzamidu un (E)-N-hidroksi-3-[4-(7-hlorhinolin-4-il)fenil]akrilamida
sinteze un inhibitoras aktivitates raksturojums

Turpinot linkera modificé$anas iesp&ju pétijumus, nakamais mérkis bija ieklaut linkera
dala aromatisku fragmentu. Savienojumu 23 un 24a-c struktlru izveido$anai més izmantojam
Suzuki reakciju. No hlorhinoliniem 18a-c un fenilborskabém 19b-c ar §is reakcijas palidzibu
ieguvam etilbenzoatus 21a-c. Misu gadijuma Suzuki reakcijas iznakumi bija < 40%. M&ginajumi
pagarinat reakcijas laiku vai izmainit reagentu attiecibas neiespaidoja reakcijas gaitu un iznakumus.
Iesp&jams, zema hinolinu reagétspgja ir saistita ar to, ka bromaizvietoto analogu vieta més
izmantojam hloraizvietotus hinolinus, kas atbilst literatiiras datiem par Suzuki reakcijas norisi

(reag@tspéja picaug rinda Cl < Br <1).

10



18a, 2-Cl, R=H 19a, p, R=H
18b, 4-Cl, R = Cl 19b, p, R = OEt
18¢c, 3-Cl, R = H R  19c, m, R = OEt

Pd(OAc)2 K;PO,,
P(o-Tol)s, ToI:EtOH (1:3)
3

N 21a,1,p, R=H, 38%
R Q o 21b,2,p, R =H, 34%
1 21c, 3, m, R = Cl, 36%

39% | (Me0),POCH,COOMe NH,0H| O
Me;COK / DMSO \|
N o} 24a 24b
68%
50%
22 72% OMe
NH,OH 24c
65%
23
50%

No p-formilfenilborskabes 19a ieguvam biarilaldehidu 20, kur§ talaka reakcija ar fosfora
reagentu deva esteri 22. SintezStos esterus 2la-c un 22 reakcija ar NH,OH parvértam par

hidroksamskabem 23 un 24a-c.

No promocijas darba ir iznemtas sadalas, kuram varetu

but komerciala nozime.

Hinoliniloksifenilhidroksamskabju sintéze un inhibitoras aktivitates raksturojums

Turpinot potencialo HDAC inhibitoru linkera strukttrizmainu p&tjjumus, nolémam sintezet
hinolina atvasinajumus, kuru linkers saturétu aromatisku fragmentu un heteroatomu.

Oksifeniltiltinu saturo$u hidroksamskabju 28a, b un 29a-d iegtisanai izmantojam divstadiju
procesu, kurs sastav no esteru 25a-c ariléSanas reakcijas un sekojosas iegtito esteru 26a, b un 27a-d

kondensacijas ar NH,OH (4. tab.).

R + n [ ¢, R=4-0OH,
18a, 2-CI, R=H 3 25a-c 0

18b, 4-Cl, R = 7-CI ngHFl @_ﬂ
4k, 4-Cl, R = 2-Me o—
/ \ O‘
AN 3
(;O\ 4®_f\\_)_/<o N 27ad
N~ "0 R

* 26a, b o— N

| k
28a, b a, 3-O-izomérs, n =0 29a-d a, 3-O-izomérs, R = 2-Me
b, 4-O-izomérs, n = 1 b, 4-O-izomérs, R = 2-Me

¢, 3-O-izomérs, R = 7-Cl
d, 4-O-izomérs, R = 7-Cl

Alkilétos produktus 26a, b un 27a-d parvértam par hidroksamskabém 28a, b un 29a-d (4. tab.).

4. tabula
Hidroksamskabju 28a, b, 29a-d un to izejvielu 26a, b, 27a-d sintézes iznakumi
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Nr. | Iznakumi (%) | Nr. | Iznakumi (%)
26a | 20 28a | 80
26b | 33 28b | 48
27a | 24 29a | 91
27b | 95 29b | 55
27c | 67 29c | 80
27d | 91 29d | 90

No promocijas darba ir izpemtas sadalas, kuram varétu

but komerciala nozime.

N-Hidroksi-3-(hinolin-2-ilmetoksi)benzamida sintéze un inhibitoras aktivitates raksturojums

Lai pagarinatu oksifenilgrupu saturoso linkeri, tika sintez€ts savienojums 32. Ta iegtiSanai
izmantojam divstadiju procesu, kur, pirmkart, veicam 3-hidroksibenzoskabes metilestera 25a

alkilésanas reakciju un tad estera 31 kondenséciju ar NH,OH.

Cs CO,,
KI, TEBA 31 27%

(|3 o

Esteri 25a alkilgjam ar hloratvasinajumu 30 Cs,CO; un Kl klatbatné. Lai palielinatu fenola 25a
anjona $kidibu, reakcijai pievienojam fazu parneses katalizatoru TEBA. legito alkiléto produktu 31

apstradajot ar NH,OH bazes klatieng, parvértam par hidroksamskabi 32.

No promocijas darba ir iznemtas sadalas, kuram varetu

but komerciala nozime.

N-Hidroksi-3-(hinolinilaminofenil)akrilamidu sintéze un inhibitoras aktivitates raksturojums

Turpinot pétijumus linkera modific€sana, misu nakosais darba mérkis bija sintez&t un

parbaudit inhibitoro efektivitati aminofenillinkeru saturoSu savienojumu rinda.

18a, 2-CI, R=H 34a 4-N-izomeérs, R = 2-Me, 95%
18b, 4-Cl, R = 7-Cl 34b, 4-N-izomérs, R = 7-Cl, 98%
4k, 4-Cl, R = 2-Me 35a = 34c, 2-N-izomérs, R = H, 54%
85% l
35c
35b 36%

93%
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Aminotiltinu saturos$as hidroksamskabes ar 35a-c tiek iegtitas divas stadijas — pirmkart, veicot 2-
vai 4-hlorhinolinu 3k, 18a, b aminoariléSanas reakcijas un, otrkart, iegiito esteru 34a-c
kondensacijas ar NH,OH. Hlorhinolinu 3k, 18a, b reakcija ar esteri 33 ieguvam literatiira
neaprakstitus akrilskabes atvasinajumus 34a-c. Apstradajot esterus 34a-c ar NH,OH, ieguvam

hidroksamskabes 35a-c.

No promocijas darba ir iznemtas sadalas, kuram varetu

but komerciala nozime.

(E)-N-Hidroksi-3-{3-[(hinolin-2-ilmetil)amino]fenil}akrilamida sintéze un inhibitoras
aktivitates raksturojums

Lai izpétitu aminofenilgrupu saturosa linkera garuma ietekmi uz aktivitati, tika nolemts
sintez&t savienojuma 35c¢ analogu 38, kura linkera dala ir pagarinata par vienu metiléngrupu.
Savienojuma 38 sintéz€é izmantojam hinolin-2-aldehida 6u reduktivas amin&$anas reakciju

ar aniltna atvasinajumu 33, kuras rezultata ieguvam esteri 36.

\©/\/‘L ) . m O NaBH.CN
—> 38 50%
37 50% \©A/\L

Imina atvasinajuma 36 izveidoSanu veicam MeOH, talak iminosaiti reducgjam ar
NaBH;CN un ieguvam vajadzigo vielu 37. Pedgja stadija savienojumu 37, apstradajot ar NH,OH,

parvertam par attiecigo hidroksamskabi 38.

No promocijas darba ir iznemtas sadalas, kuram varéetu

but komerciala nozime.

Hidroksamskabes fragmentu nesaturoSo potenciilo HDAC inhibitoru sintéze

Lai gan hidroksamskabes darbojas ka efektivi HDAC inhibitori, t0 izmantoSanu medicina
ierobezo biologiskas darbibas profils organisma. Tapéc hidroksamskabju bioizostéru meklgjumiem
HDAC inhibitoru pétijumos paslaik pasaulé ir pieversta liela uzmaniba. Ideala hidroksamskabes
bioizostéra grupa biitu tada, kas efektivi saistitos ar katalitisko centru, nevis tikai ar Zn®* jonu, un
tadejadi neiedarbotos uz citiem metalproteTniem.

Nakosais misu darba merkis bija tadu savienojuma 1 analogu sintéze, Kuri

hidroksamskabes funkcionalas grupas vieta saturétu potencialu tas bioizosteru grupu.
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(E)-3-[2-(Hinolin-2-il)vinil]-5-(trifluorometil)-4,5-dihidroizoksazol-5-ola sintéze

Elektrofilo trifluormetilketona grupu saturo$i savienojumi ir pazistami ka HDAC inhibitori,
tapeéc nolémam sintezét vielu 53, kura ka potencialu hidroksamskabes bioizostéru saturétu
trifluormetilizoksazola grupgjumu. Sim noliikam tika izméginatas vairakas metodes.

1. Metode. No aldehida 6u ar Vitiga reakcijas palidzibu ieguvam ketonu 47. Reakciju veicam
dazados skidinatajos (labakais - DMSO — 95%). Talakais sintézes plans bija no ketona 47 iegit
oksimus 48a, b, tad ar BuLi deprotonét oksima hidroksilgrupu un metilgrupu, un, apstradajot

iegiito dianjonu ar metiltrifluoracetatu, iegiit galaproduktu 53.

Xy Ph,PCHCOMe Xy NH,0H N +

7 ~ =

No N N
47 48a

6u 0

Non N
64% 2,51

Akrilketons 47 reakcija ar NH,OH veidoja cis- un trans- oksimu 48a, b maisijumu (1:2,5).

Diemzgl, nakosaja reakcija ar n-BuLi un sekojosu apstradi ar metiltrifluoracetatu mums neizdevas

iegiit gaidamo produktu 53.

2. Metode. Pirma ieplanotas reakciju s€rijas stadija bija anjona 47a izveidoSana. Protona atrausanai

no ketona 47 metilgrupas ka bazes tika izmé&ginati litija diizopropilamids (LDA) un NaH.

N N - \n/CFs
N/ — = —> 53 32%
47 OH 52 52%
l'- O
CH, Na*

Reakcija ar LDA bija neveiksmiga, jo novérojam tikai izejvielas 47 sadaliSanos. Ar NaH veiksmigi
izdevas deprotonet savienojumu un iegita enolata 47a talaka reakcija ar trifluormetilacetatu
izveidojas diketons 52. Iegutais diketons eksisté divu enolformu lidzsvara veida. Veicot §i
savienojuma strukturpétijumus ar *H KMR palidzibu, novérojam, ka ta spektri DMSO-ds, CDCl,

un THF-dg ievérojami atskiras (7. tab.).

7. tabula
Enola 52a *H KMR (DMSO-ds, CDCl; un THF-dg) spektru dati
F AN o
5 N TN
52a O OHuw
1 2 3 4 5 6 7 8 9 10
DMSO- | 7.85 8.35 7.95 7.58 7.75 7.99 7.42 n.n. 5.29 n.n.
dg 8.6 8.5 8.0 8.0 8.5 85 | 159 (pl.s)
(pl.d) (d) (d) 7.0 7.0 (d) (d)
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11 | 15
(ddd) | (ddd)

CDCl, | 749 | 793 | 7.95 | 7.39 | 757 | 764 | 751 | 707 | 570 | nn.
86 | 86 | 81 | 81 | 84 | 84 | 159 | 159 | (9
@ | @ | @ | 70 | 70 | 11 | @ | ()
11 | 16 | (dd)
(ddd) | (ddd)

THF-d; | 7.74 | 800 | 7.81 | 7.48 | 766 | 818 | 750 | 722 | 562 | 481
85 | 85 | 80 | 80 | 84 | 84 | 158 | 158 | (5 | (pls)
(d) (d) (d) 7.0 7.0 (d) (d) (d)
10 | 14
(ddd) | (ddd)

Ta OH (10) protons netika novérots DMSO-dgs un CDClI; spektros, to izdevas ieraudzit tikai THF-dg
spektra. Viens no dubultsaites protoniem (8) ari netika novérots DMSO-dg spektra, bet viens no
hinolina protoniem (1) deva platu dubletu. Tadu signalu izkliedi izskaidrojam ar diketona 52 enol-
formu lidzsvaru. Apstradajot iegiito diketonu 52 ar NH,OH, mums izdevas iegiit produktu 53.
Veicot reakcijas apstaklu izpéti tika konstatéts, ka piemérotakie $kidinataji §is reakcijas veiksanai ir

benzols un THF.

No promocijas darba ir iznemtas sadalas, kuram varetu

but komerciala nozime.

Tioetikskabes-S-[(E)-4-(6-aizvietotu-hinolin-2-il)-2-0kso-but-3-enil]esteru sintéze un
inhibitoras aktivitates raksturojums

S-2-Oksoetiltioacetata grupa ka potenciali interesants Zn”* jonu helatgjosais grupgjums ir

aprakstita vairakos darbos. Tioetikskabes esteru 56a-c sintézei izméginajam divus celus.

1. PPh,, 75%

2.Na,CO,, 84% XN E é 56a
—_—
CIA[ohCI 3 A N cl
= 0
54 6u N 55 95% 9

Saskapa ar pirmo, trifenilfosfina reakcija ar 1,3-dihloracetonu (54) ieguvam 1-hlor-3-
(trifenilfosforanilidén)acetonu, kuru talaka reakcija ar Na,CO; parveidojam par 1-hlor-3-(trifenil-
A>-fosfaniliden)propan-2-onu, kas reakcija ar aldehidu 6u deva gaidamo vielu 55. Reakciju ar 1-
hlor-3-(trifenil-A>-fosfanilidén)propan-2-onu veicam varigjot 3kidinatajus, lai iegiitu optimalu
iznakumu (labakais DMSO — 95%). Diemzél, ieguta starpprodukta 55 talaka reakcija ar kalija

tioacetatu bija neveiksmiga.
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i 0,
Ph 1. AcSK, izn. 75%

l?/ Cl _R—) 56a-c
Ph O )
57 . N/ .0
R =H, Me, MeO

Mainot reakciju norises kartibu ka paradits sheéma, izdevas iegtit mérkproduktus 56a-c.

No promocijas darba ir iznemtas sadalas, kuram varéetu

but komerciala nozime.

(E)-N'-Hidroksi-3-(hinolin-2-il)akrilimidamida un N'-hidroksi-3-(hidroksiamino)-3-(hinolin-
2-il)propanimidamida sintéze un inhibitoras aktivitates raksturojums

N’- Hidroksiimidamida funkcionalo grupu saturoSu lidersavienojuma 1 analogu 62 un 63
sinté€zei izmantojam divus celus. Vispirms 2-hlorhinolins 18a tika apstradats ar akrilonitrilu 58 Pd-

katalizatora klatbutne.

N k Pd(OAC),, Xantphos ©\/j\/|
@Nj\cr \\ NaOAc, DMF m = 23%: O 1%
18a 58

Reakcijas rezultata veidojas trans-izomérs 59a, bet attiecigais Cis-izomérs 59b radas
nenozimiga daudzuma. Neskatoties uz to, ka reakcija bija veiksmiga Cis-trans izoméru attieciba, tas
iznakumi bija zemi. Reakcija nenotika Iidz galam un nozimigs izejvielas daudzums tika izdalits
atpakal. Savukart neracionalu Pd katalizatora un liganda daudzumu palielinasanu ierobeZoja to
augsta cena, tade] nolémam meklet citu metodi vielas 59a iegtiSanai.

Ka otru metodi izvel&jamies hinolinaldehida 6u reakciju ar fosfororganiskajiem reagentiem
6la-c bazes klatieng, kas arT lautu iegat trans- un cis- izoméru 59a un b maisijumu. Darba més
izmantojam tris dazadus fosfororganiskos reagentus 61a-c, kurus sintez&jam pasi. Darba gaita tika
veikta metodes optimizacija, kura ka mainigie faktori tika izraudziti fosfora reagenti, baze un
skidinatajs.

PhgP G
= F’hapx\\N 61a, 54%

o
60

B
NP B p S

N\ 61b, 75%

(MeO),p _O. H
— /\\N 61c, 48%

~N
Saja procesa tika izmantoti fosfora reagenti 6la-c, ka bazes izméginajam EtONa,
Me;COK, n-BuLi un NaH, reakcijas tika veiktas dazados skidinatajos: DMSO, THF un
THF:benzols (0,2:1) maistjuma. Tika atrasts, ka gan vislabako trans : cis attiecibu gan arl

iznakumu dod 6la deprotonéSana ar n-BuLi DMSO un sekojosa iegiita ilida reakcija ar
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hinolinaldehidu 6u. Sajos apstak]os kop&jais produktu 59a, b iznakums sastadija 80%, bet trans-

X
@j\%—\) 62 56%
AN sBlifi?nataJs 59a N \\
@vao RTON, 59b
6u 61a-c @ﬁ\) —> 63 20%

E:Z=68%:12%

izoméra 59a iznakums — 68%.

Sintézes peédgja stadija tika veikta iegito hinolinakrilnitrilu 59a, b reakcija ar NH,OH. trans-
Izoméra 59a gadijuma reakcija ar NH,OH deva gaidito N'-hidroksiimidamida atvasinajumu 62. cis-
Izomérs 59b izradijas daudz mazak aktivs, un lidzigos reakcijas apstaklos ka trans-izomérs 59a
vispar nereaggja, bet, dubultojot NH,OH daudzumu un palielinot reakcijas laiku, radas cits
produkts 63 ka divu NH,OH molekulu pievieno$anas rezultats. No Siem rezultatiem var secinat, ka
cis-izoméra 59b nitrilgrupa ir neaktiva un tikai tad, kad ir notikusi NH,OH pievienoSanas pie
divkarsas saites, nitrilgrupa sak reagét ar NH,OH. P&dgja reakcija, acimredzot, notiek loti atri, jo
eksperimenta laika mums neizdevas konstatét starpprodukta klatbttni reakcijas maisijuma.

Sintez&tie savienojumi izradijas neaktivi ka HDAC inhibitori.
(E)-1-Aziridin-1-il-3-hinolin-2-il-propenonoksima sintéze

Aziridina ciklu saturoiem savienojumiem piemit pretvéza aktivitate. ST darba ietvaros mes
nolémam sintez&t aziridina ciklu saturoSu savienojumu 65.
Savienojuma 65 iegfiSanai izmantojam divstadiju procesu, kur§ sastavéja no

akrilimidamida 62 transformacijas par hloridu 64 un ta sekojosas reakcijas ar aziridinu.

AN NO AN 0,
~ i
N F ~ "OH N Z Z "OH

62 NH, 64 90%  Cl

Ieguta hloratvasinajuma 64 reakciju ar aziridinu bija javeic loti uzmanigi vairaku iemeslu
del. Pirmkart, aziridina cikls ir nestabils un viegli var atverties, tapec reakcija un produktu apstrade
javeic bez sildisanas. Otrkart, aziridins ir indigs savienojums ar zemu ku$anas temperatiiru un,
pirms pievienot to reakcijas maisijumam, tas ir ripigi jaatdzesé. Nestabilitates d€] arT produktu 65

nevar attirit hromatografejot to uz silikagéla.
(E)-2-Hinolin-2-il-eténsulfonskabes amida sintéze

Sulfonamidi ir pazistami ka pretvéZa agenti. Lai parbauditu, vai sulfonamida funkcionala grupa

nevarétu darboties ka hidroksamskabes 1 bioizosters, tika nolemts sintezét sulfonamidu 71.
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00 . BN y
s’ — = &g’
e HN 5o W

67 68 69 96%

Izveloties par izejvielu sulfohloridu 67, ta reakcija ar aminu 68 ieguvam attiecigo amidu 69

ar gandriz kvantitativu iznakumu.

Pdktl ds, Et;N
ey st

18a, R = Cl
66, R = Br 69

Ieguto vinilsulsulfonamidu 69 sametinajam ar hlorhinolinu 18a Heka reakcijas apstaklos, tacu
kopuma $1 transformacija gaja ar zemiem iznakumiem un, atkariba no izmantota katalizatora un
liganda, ka piemaisijums dazados daudzumos veidojas homo-sametinasanas produkts bis-hinolins
(9-q), ka ari pari palika daudz neizreaggjusas izejvielas (8. tab.). Labakos rezultatus ieguvam ar

Pd(OAC),, tris-o-tolilfosfina un EtN kombinaciju, ka izejvielu izmantojot 2-bromhinolinu (66).

8. tabula
Amida 70 iegiiSanas apstakli, iznakumi un konstatétie piemaisijumi
Eksper.
NI Izejviela Pd kat. Ligands Baze Piedevas | 70(%) | Piemaisijumi
1 18a Pd(OAC), PPh; EtzN - pédas 183, g-q
2 18a Pd(OAc), | JohnPhos K3PO, - 16 183, g-q
3 18a Pd,(dba)s; JohnPhos K3PO, - pédas 18a
4 18a Pd(OAC), o-TolzP NaOAc - - 18a
5 18a Pd(OAC), o-TolsP KsPO, | Et;BnN'CI 20 183, g-q
6 66 Pd(OAC), | o-TolsP Et;N - 35 66, q-q
7 66 Pd(OAc), | o-TolP | KiPO, | Et;BnN°CI' | 18 66, 9-q
8 66 | Pd(OAc), | o-TolP | DBU . pédas 20
hinolins

No promocijas darba ir iznemtas sadalas, kuram varéetu

but komerciala nozime.

18




1,5-Diaminopentana linkeru saturo$u savienojumu sintéze

Analizgjot informaciju par HDAC inhibitoru struktiras-aktivitates likumsakaribam,
secinajam, ka daudzas aktivas struktiiras satur garus alifatiskus linkerus (5-6 metiléngrupas).
Balstoties uz Siem datiem, nolémam sintez&t virkni jaunu savienojumu, kuru struktiras biitu
ieklauts §ada garuma linkers, vienlaicigi pétot jaunu ar Zn®* jonu saistities sp&jigu grupu

izveidoSanas iespgjas.

Amidoksimu 78a, b iegisana no hinolin-2-karbonskabes (5-aminopentil)amida (75a) un (E)-
N-(5-aminopentil)-3-hinolin-2-il-akrilamida (75b)

Turpinot petijumus N'-hidroksiimidamida grupu saturoS$u savienojumu ka potencialu
hidroksamskabes bioizostéru izveidé, nolémam sintez& savienojumus 78a, b, kuri
hidroksamskabes grupas vieta ka fragmentu, kur§ varetu helatéties ar cinka jonu, saturétu
metilaminoglioksima grup&jumu. Savienojumu 75a, b sintéze ka izejvielas izmantojam mono-Boc-

aizsargato 1,5-diaminopentanu 73, un skabes 72 un 41.

R._OH a. cp|, THF H 1N HCI/MeOH
: _—
\[r 2 Et3 R N\WNHBOC R N\H’NH
72, 21 NHA(CHoNHBOc™HCI 73 5 744, 86% 75a 62%

74b, 54% 75b, 54%
72,74a, 75a R = 41,74b, 75b R =

Aminu 73 acilgjam ar skabém 72 un 41 CDI klatbutng, iegtistot amidus 74a, b.

H > 78a, 56%

0,

R e EN.OWF 78D, 65%
O 75a,b

N % YT 0 79ab
(0] N.
b,R= b OH
s N/ _ Et,N, DMF 80a, 51%

80b, 35%

Boc-aizsarggrupas nonemsanai izmantojam 1N HCI skidumu MeOH, iegiistot aminus 75a,
b. Lai iegtitu produktus 78a, b, izmantojam aminu 75a, b reakciju ar hloridu 76. Sava darba bijam
ieplanojusi sintezet arl iegiitajiem savienojumiem 78a, b lidzigas struktiiras 79a, b, kuras vienas
oksTma grupas vieta saturétu oksogrupu. Bet aminu 75a, b reakcijas ar hloridu 77 gaidito

propanimidamidu 79a, b vieta radas acetilamidi 80a, b.

No promocijas darba ir iznemtas sadalas, kuram varetu

but komerciala nozime.

Hinolin-2-karbonskabes-(6-metansulfonilamino-6-0kso-heksil)amida sintéze
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Turpinot petijumus sulfonamidu rinda, nolémam sintezet metilsulfonamida atvasinajumu
84, kura sulfonamida grup&ums ar noteikta garuma linkeri biitu savienots ar karbonilgrupu. Ka
izejvielu izmantojam skabi 72, kura reakcija ar CDI un aminu 81 Et;N klatbiitné veidoja

amidoesteri ar 60% iznakumu, kuru, savukart, hidroliz&jam par skabi 82.

AN 1. CDI N " OH
NT O o~ J_ N Wg()—» 84 86%
*HCI N 5
2. EtN, HN

3.NaoH 81 60%
Sintézes pedeja stadija karbonskabi 82 apstradajam ar sulfonamidu 83 CDI un DBU klatieng un

ieguvam acilsulfonamidu 84 ar 86 % iznakumu.

Metilfosfonskabes metilestera atvasinajumu sintéze

Par potenciali labu Zn*? saistibas doménu var kalpot metilfosfonskabes metilestera
funkcionala grupa. Balstoties uz literattiras datiem, m&s nolémam sintezét savienojumus 86 un 89,
kuros hidroksamskabes grupa butu nomainita ar O- un N-tiltipu palidzibu piesaistitu
metilfosfonskabes metilestera fragmentu. Metilfosfonskabes metilesteri 85 ieguvam no
metilfosfonskabes dimetilestera, hidroliz&jot to ar NaOH skidumu ar 84% iznakumu. Lai sintezetu
savienojumu 86, kura fosforu saturosais fragments biitu pievienots pie pamatstruktiiras ar N tiltinu,

izmantojam aminu 75a, kuru apstradajam ar metilfosfonskabes metilesteri 85 EDC klatieng.

N H N O Epc EtN
Z N NH .P. > 86
N s 2 HO \<|3 78%
75a le) 85 o
0 85

P,
X X HO 0~

1. CDI — > 89
NT >N OH N OH pygoP, Et,N
2.HN_ _OH N 5
72 g7 88 91% O

Savienojumu 89, kura fosforu saturoSais fragments ir pievienots pie pamatstruktiras ar O-tiltina
palidzibu, sintez&jam no skabes 72, kondensgjot to ar aminopentanolu 87 EDC klatieng. Talaka

hidroksisavienojuma 88 reakcija ar metilfosfonskabes metilesteri 85 deva gaidito produktu 89.
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Secinajumi

Izstradata metodologija (E)-N-hidroksi-3-(aizvietotu-hinolin-2-il)-2-propénamidu sintézei no
attiecigiem karbonskabju esteriem, apstradajot tos ar hidroksilaminu natrija etilata klatbatne.
Ar So metodi var sekmigi ieglt hidroksamskabes no savienojumiem, kuri satur aktivas
divkarsas saites.

Noskaidrots, ka sintezgtais N-hidroksi-2-[(2-metilhinolin-4-il)oksi]acetamids DMSO skiduma
eksiste 2 tautoméro formu — hidroksamskabes un hidrokstimskabes — dinamiska lidzsvara veida
attiectba 7 : 1. Arl pargjam sintez€tajam hidroksamskabém konstatéta hidrokstmformas
klatbiitne DMSO s$kiduma, tacu tas daudzums ir niecigs.

Izstradata metodologija (E)-N-(aizvietotu)-3-(hinolin-2-il)-2-propénamidu sintézei no (E)-3-
(hinolin-2-il)akrilskabes un attiecigiem aromatiskiem aminiem.

Ir paradits, ka (E)-3-(hinolin-2-il)akrilskabes hloranhidrida reakcija ar oksazola metalorganisko
kompleksu var iegut (E)-1-(1,3-0ksazol-2-il)-3-(hinolin-2-il)-2-propén-1-onu , neskatoties uz
to, ka izejvielas strukttra satur aktivu divkarso saiti.

No (E)-4-hinolin-2-il-but-3-en-2-ona sintezéts 1,1,1-trifluoro-6-hinolin-2-il-heks-5-én-2,4-
dions un noskaidrots, ka tas eksisté parsvara (1E,4Z)-6,6,6-trifluoro-5-hidroksi-1-hinolin-2-
ilheksa-1,4-dién-3-ona forma, kas nodroS$ina (E)-3-(2-(hinolin-2-il)vinil)-5-(trifluorometil)-4,5-
dihidroizoksazol-5-ola veidosanu talaka reakcija ar hidroksilaminu.

Izstradata metodologija tioetikskabes-S-[(E)-4-(6-aizvietotu-hinolin-2-il)-2-okso-but-3-
enil]esteru sintézei no attiecigajiem hinolinaldehidiem un tioetikskabes-S-[2-0kso-3-(trifenil-A-
5-fosfaniliden)propil]estera.

Varigjot $kidinatajus, bazes un fosforsaturoSos reagentus, ir izstradata un optimizéta metode
(E)-3-hinolin-2-il-akrilnitrila iegiiSanai no hinolinaldehida.

Ir izstradatas metodologijas hinolinsaturosu hidroksamskabes potencialu bioizostéru sintézei.
Kopuma darba gaita ir sintez&éti 27 potenciali hidroksamskabes bioizostéri. Darba gaita ir iegiti
savienojumi ar sekojosiem Zn?* jona saistibas doméniem: orto-feniléndiamina atvasinajumi,
heterocikliskie amidi, acil-2-oksazols, S-2-oksoetiltioacetatgrupa, N'-hidroksiimidamidi,
aziridinoksims, trifluormetilaizvietots  dihidroizoksazols, @ amidoksimi, N-aizvietotie

tiohidroksilamidi, aizvietotie sulfonamidi vai metilfosfonskabes.
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Introduction

Since 1990, the number of oncological disease cases in Latvia has increased almost two-
fold and the total number of patients in 2008 has reached 60,797. Control of oncological diseases is
one of the most urgent tasks for doctors, pharmacists and chemists throughout the world.

The human body consists of ~ 10 ** cells and each of them has its own functions. In some
cases, cell structure can change under the influence of various factors, and they can start to multiply
uncontrollably losing the ability to recognize and repeat the original cell structure and turn into
cancer cells. Defective cells form tumors which penetrate other organs and tissues and interfere
with their activity.

Our work is based on biological studies showing that normalization of the functioning of
cancer cell DNA may interrupt or terminate the "incorrect” information release to other cells,
initiate oncological cell differentiation, apoptosis, or even convert them back to normal cells.

Histone deacetylases (HDAC) are Zn** ion containing enzymes which together with
histone acetyltransferases (HAT) are responsible for histone acetylation — deacetylation processes
in the cell. The incorrect regulation of these processes leads to inappropriate gene expression, and
this is one of the main reasons of oncological cell emergence and growth. It was shown that
oncoproteins use the inappropriate HDAC-mediated transcriptional repression resulting in changes
of chromatin structure that blocks normal cell functioning. The data obtained in recent years show
that HDAC inhibitors directly affect transcription of DNA in the cancer cell. They can reactivate
gene expression, initiate cancer cell differentiation, cell cycle arrest and apoptosis.

Taking into account the literature data and our previous experience, we chose to synthesize
quinoline containing compounds which could act as HDAC inhibitors. Current doctoral theses have
been devoted to the synthesis of heteroaromatic cycle containing HDAC inhibitors and to the
studies of their structure - activity relationships.

Purpose of the work

The main tasks of this thesis work are the synthesis of new HDAC inhibitors containing
quinoline cycle and studies of their structure - activity relationships. To achieve this goal the
following objectives were set:

1) summarize and analyze the literature data about HDAC inhibitors, their mechanisms of
action and methods for the synthesis,

2) develop a methodology of the synthesis of (E)-N-hydroxy-3-quinolin-2-yl-acrylamide
derivatives and analogues,

3) investigate possibilities of modification of the linker part of quinoline containing molecules,

4) identify prospective chemical fragments that may act as alternative Zn®* ion binding domains
(bioisosteres) to hydroxamic acid and develop the methods of their incorporation in the

target molecules.
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Results

Latvian Institute of Organic Synthesis (IOS) has been involved in research related to
HDAC inhibitor synthesis for a long time. One of the most active compounds synthesized at 10S is
(E)-N-hydroxy-3-quinolin-2-yl-acrylamide (1) (Fig.1). It shows high biological activity in HDAC
enzyme inhibition tests with IC5, = 35 nM (HeLa). Guided by the analysis of literature data and
10S’s experience, as a target of our work we chose such new hydroxamic acid synthesis that would
contain a quinoline fragment in its structure similarly to 1 (Fig.1. shows a chelate structure of 1

with Zn?* ion).

Capping group ! Linker | Zn2* binding

moiety

X H H
SN IN‘?f
O"‘Zn2+

1. Fig. 1. The pharmacophoric domains of the synthesized compounds shown on the
acrilamide 1 example

In order to improve the activity and get a perspective view of HDAC catalytic region
modifications of the compound 1 were performed. By changing the substituent spatial volume,
nature and attachment point to the quinoline ring, we could find active analogues and explore the
potential inhibitor interaction possibilities with the HDAC catalytic region as well.

Modifications of the linker part could allow evaluating the parameters of the catalytic
pocket. Borderline between the linker part and the receptor surface domain is not strictly defined; it
depends on the molecular structure and its position in the catalytic pocket. In the molecule 1, it is
likely that pyridine part of the quinoline cycle also performs the linker’s functions and its position
is in the upper part of the catalytic pocket. We made changes to the linker structure, length and
attachment position to get a perspective view of the HDAC catalytic region as well as to synthesize
active analogues of the lead structure 1.

Zinc chelating group affects the activity of the compound and selectivity towards specific
HDAC isoforms. During this research, we were searching hydroxamic acid bioisosteres among
different functional groups and their compositions to identify perspective chemical fragments that

could interact with the Zn** ion and the HDAC catalytic region.

Synthesis and SAR profile of quinoline cycle containing hydroxamic acids

Synthesis of (E)-N-hydroxy-3-quinolin-2-yl-acrylamides

(E)-N-Hydroxy-3-quinolin-2-yl-acrylamide 1 was selected as a lead compound for further

modification. To investigate the influence of the substituents at the quinoline cycle on the
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inhibitory activity of the compound the modifications were performed in this part of the molecule
keeping intact the double bond linker and the Zn** chelating group.

Synthesis of 2-methylquinolines via Skraup reaction

A large part of the required 2-methylquinoline derivatives were obtained via the modified
Skraup reaction (Fig. 2) that is based on aniline treatment with unsaturated aldehydes in the
presence of the oxidizing agent (chloranil) producing the quinoline derivatives. If crotonic
aldehydes are used, the reaction results in 2-methylquinolines. Eight quinolines 3a-h and 4a-h were
obtained from para and meta substituted anilines 2a-h. In the case of p-substituted anilines 2b-f, h,
the reaction afforded sole products 3b-f, h, whereas if the substituent was in the meta position, two

differently substituted quinolines 3a, g and 4a, g formed.

BuOH, HCI

2
Pl
2

TKQ "o Qo 0 T
IOTTT IS

Fig. 2. The general scheme of the Skraup reaction
Based on the LIOS previous experience, the highest activity was expected for 6 - and 6,7-
substituted compound 1 analogues. Since the classic Skraup reaction in the case of 3,4-disubsituted
anilines would yield disubstituted quinoline 3 and 4 mixture (~ 1:1) we used the modified Skraup
reaction that allowed obtaining mostly 6,7-substituted products (Tab.1).
Table 1

Skraup reaction conditions and yields

Amine 2 Rl R? (.:rotona-ldehyde add. | Quinaldines
time (min) Nr. Yields (%)
a Me CH; 60 3a 4
a Me CH; 60 4a 43
b i-Pr H 40 4b 88
c OCHF, H 40 4c 53
d I H 15 4d 41
Ph H 35 4e 77
f OBu H 45 4f 31
g Br Cl 60 49 32
g Br Cl 60 39 7-21
h OPh H 90 4h 47
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Final products were obtained in a form of zinc chloride complexes, and we managed to get
the compounds 4a and 3a in 10:1 ratio, but the 4g and 3g - in 5:1 ratio. In iodoaniline 2d reaction
with crotonic aldehyde, a mixture of 6-iodoquinaldine and unsubstituted quinaldine (3:2) was
obtained. Such a result could be associated with the fact that iodo-substituent readily deiodinates in
the presence of a weak reducing agent. It is possible that n-BuOH may have acted as such reducing
agent. By shortening the reaction time, we managed to increase the ratio to 6:1 in favor of the

required product 4d.

Modifications of the substituents of quinaldine cycle

To expand the library of quinoline containing hydroxamic acids, the modifications of the
substituents were made. One option was to replace the 4-hydroxy group of quinaldine with a
chlorine atom by treating the former with phosphorus oxychloride. This conversion yielded 4-
chloroquinaldine (4k).

cl o~ o
Xy 4k Xy 4 | 5
| 88% 1 32% 40%
N N N

For the same purpose, 4-hydroxyquinaldine was alkylated with Mel in the presence of
K,COs. The reaction yielded O-alkylation product 41 and its N-methyl regioisomer 5 in a ratio of
3:4. Since only O-alkylation product 4l in hexane was soluble, we were able to easily separate one

isomer from another.

Synthesis of quinolinylacrylamides from the corresponding acrylic acid methylesters

In order to get acrylamides 8a-p from quinaldines 4a-p we used the three stage process.

The quinaldines 4m-p were purchased from commercial sources.

a, R =6,7-di(Me)
SeOz (MeO),POCH,COOMe ' o _ &' by lmRR 44O7M§|(CI)
Me,COK / DMSO ¢, R=6-OCHF, p R=6-OMe
d, R=6- 0, R=6-Cl
e, R=6-Ph p, R=6-Br
NH,OH f,R=6-O-n-Bu r, R =6,8-di(OMe)
N/ _ (o Jalkcanld A o9 R =6-Br, 7-Cl s, R =5,6,7-tri(OMe)
N h, R = 6-OPh t, R = 5,8-di(OMe)
Ta-u O 8a-t HN. k, R =4-Cl u,R=H
OH

In the first stage, the methyl groups of quinolines 4a-p were oxidized with SeO, to
aldehydes 6a-p (Tab. 2).The quinolinealdehydes 6r-s were purchased from commercial sources.
Two approaches were used for the further synthesis of acrylic acids.
Horner-Wadsworth-Emmons reaction. By reaction of the aldehydes 6a-u with methyl-2-
(dimethoxyphosphoryl) acetate in the presence of Me;COK in DMSO we obtained substituted
acrylic acid methyl esters 7a-u (Tab. 2) in yields from 16 to 89%.
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Compounds 6a-p, 7a-u and 8a-t: yields

4 |R 6 (%) | 7 (%) | 8 (%)
a | 6,7-di(Me) 50 |41 |88
b | 6-i-Pr 36 |79 |83
c | 6-OCHF, 85 |45 |70
d || 70 80 54:46
e | 6-Ph 70 |51 |45
f | 6-OBu 87 [89 |94
g | 6-Br, 7-Cl 89 16 |74

h | 6-OPh 77 |70 |60
k | 4-Cl 66 |31 |40

| | 4-OMe 72 |56 |40
m | 4,7-di(Cl) 86 |81 |49
n | 6-OMe 68 |72 |23
o | 6-Cl 70 |54 |57
p | 6-Br 97 59 57
r | 6,8-di(OMe) |- 87 |36
s |5,6,7-di(OMe) | - 81 |70
t |58-di(OMe) |- 83 |77
u | H - 74 |-

Table 2

™ (E)-N-Hydroxy-3-(6-iodoquinolin-2-yl)acrylamide and (E)-3-(6-iodoquinolin-2-yl)acrylic acid mixture.

#okoke

Inhibitory activity at the substrate concentration of 100 nM.

It was observed that the yields depended not only on the Horner-Wadsworth-Emmons

reaction conditions but also on the purity of the employed 6a-u (mainly selenium impurities

remaining in the aldehydes). We carried out an optimization of the method for the mentioned

reaction in terms of the base and solvent effect on the yield of the desired product. Optimization

was carried out on ester 7u example using unsubstituted aldehyde 6u as a starting material. It was
established that the best reaction conditions were Me;COK /DMSOQO affording 7u in 74% yield after

column chromatography.

Knoevenagel condensation. Knoevenagel condensation was used for the synthesis of compound

11.
JOOESSS
Se0,
= =
N N
9 10 98%

H

1. CH,(CO,H),, 87%
2. (cocly,

O 3 NHOH
—_——
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After obtaining the aldehyde 10, the side-chain extension was performed with malonic acid using
piperidine as a catalyst. In the first step of the reaction, 2-(7-methylquinolin-2-
ylmethylene)malonic acid was produced which was decarboxylated in the following step yielding
(E)-3-(7-methyl-quinolin-2-yl)acrylic acid ( 87%). A treatment of the acrylic acid with oxalyl
chloride produced the acid chloride which upon the reaction with NH,OH yielded hydroxamic acid
11. This method of the acrylic acid containing linker construction can be used as an alternative to
the Horner-Wadsworth-Emmons reaction.

The reaction of esters 7a-t with NH,OH was carried out using the following method. By
treating the NH,OH*HCI solution in MeOH with NaOEt and filtering off NaCl we obtained a fresh
solution of NH,OH. NH,OH usually is taken in a large molar excess compared to the employed
esters. The reaction included fast forming of hydroxamic acid sodium salts which could be easily
converted to free hydroxamic acids 8a-t by neutralization with acetic acid or dilute hydrochloric

acid.

Synthesis of N-hydroxy-3-quinolin-2-yl-propionamides

One of the aims of the current research was to develop such compounds that would contain
a variety of modifications in the linker domain part. As the starting structures for further
modification (E)-N-hydroxy-3-quinolinyl acrylamides 8l and 8n were chosen. These compounds
are interesting by their activity and we decided to synthesize their analogues with a saturated linker
part. Saturated linkers would enable the molecule to accommodate HDAC catalytic pocket more
freely, and the access to the Zn®* ion could be facilitated contrary to the unsaturated linker that
stabilizes the molecules geometrical shape making it almost planar.

N-Hydroxy-3-quinolin-2-yl-propionamides 14a-c were synthesized from the corresponding
acrylic acid 12 or acrylic acid esters 71 and 7n by reducing the double bond in methanol with H; in
the presence of Pd/C catalyst (Tab.3).

13a, 1.SOCl,, MeOH
2.NH,OH R

R X PAIC. H R A 13b, ¢, NH,0OH X
P2 — >
= o)
= o}
12,R=6-Me,R'=H O, 13a-c O._1 14a, R=6-Me HN.
7 R=4.0Me,Rl=Me R R 14b,R=4-0Me  OM
7n, R = 6-OMe, R! = Me 14c, R = 6-OMe

In the next stage, the methyl esters 13b, ¢ (R' = OMe) were treated with NH,OH yielding
compounds 14b, c. Alternatively, the carboxylic acid 13a (R* = H) was converted into the ester
with MeOH in the presence of thionyl chloride directly after the hydrogenation. The reaction with
NH,OH gave the hydroxamic acid 14a.

Table 3
Methy esters 13a-c and propionamides 14a-c: yields and 14a-c HDAC activity
13 (%) | 14 (%)
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E3

a | 65 43
b |94 96
c |81 48

“The total yield of the two stages (hydrogenation and esterification).

Synthesis of N-hydroxy-2-(2-methylquinolin-4-yloxy)acetamides

In compounds 17a, b an oxygen atom is incorporated into the linker structure and the linker

connection position to the quinoline cycle has been changed from 2-quinolinyl- to 4-quinolinyl-.

O
OH o ~
(0]
AN CICH,COOEt N > 178, 55%
_ ’ _ 17b, 63%
R N H R N
C

ICH,
15a, b E" R 16a, 42%
16b, 38%

These changes were made with the aim of finding an alternative linker attachment position and
assessing the influence of the oxygen atom incorporation into the linker to the activity of the
compound.

Synthesis scheme of the compounds 17a, b involves O-alkylation of quinaldines 15a, b
with chloroacetic acid ethyl ester and a treatment of the resulting esters 16a, b with NH,OH.
Analysis of the 'H NMR spectrum revealed that the compound 17a exists as a dynamic mixture of
two tautomeric forms - hydroxamic acid and hydroximic acid in a ratio of ~ 7:1. In the case of
other hydroxamic acids synthesized during the current work, similar signal duplication was

observed, however, the presence of the hydroximic acid form was not so pronounced.

Synthesis of (E)-3-[4-(7-chloroquinolin-4-yl)phenyl]-N-hydroxyacrylamide and N-hydroxy-
guinolinylbenzamides

Continuing the studies related with the linker modifications, our next goal was to include
aromatic fragments into the linker part of the molecule. We used the Suzuki reaction for the
synthesis of compounds 23 and 24a-c.

Starting from chloroquinolines 18a-c and boronic acids 19a-c, we obtained a derivative of
benzaldehyde 20 and benzoic acid ethyl esters 21a-c by the Suzuki reaction. In our case, the Suzuki

reaction gave yields of < 40%.
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18a, 2-Cl, R=H 19a,p,R=H
18b, 4-CI, R=ClI 19b, p, R = OEt
18c, 3-Cl,R = H 19c, m, R = OEt

Pd(OAc)2 K;PO,,
P(o-Tol),, Tol:EtOH (1:3)
3

T~ 21a,1,p, R=H, 38%

N2 21b, 2, p, R=H, 34%

R 2, O 21c,3,m, R =Cl, 36%
cl (0] N
39% | (Me0),POCH,COOMe NH,0H| O
Me,COK / DMSO \l
N 0 24a 24b
68% 50%

24c 65%

72%} NH,OH

23 50%
Further in the reaction, the aldehyde 20 with dimethyl phosphonate reagent gave ester 22.
Synthesized esters 21a-c and 22 were converted into hydroxamic acids 23 and 24a-c by reaction
with NH,OH.

Synthesis of quinolinyloxyphenylacrylamides

Continuing the potential HDAC inhibitors linker’s diversity research, we decided to
synthesize the compound 1 analogues with linkers containing aromatic fragments and a

heteroatom.

0 3-OH,

3-OH,

R + n ? 4-OH,
o

183, 2-Cl R=H " NaH, o C@—/_/{
zltﬁb44c?|RR 27M(él DMF L\
OO @ﬁ

N/ Od _J 27ad

9a-d

el iPy)
o

[l o)

n
n
n

/
oop

28a, b
For synthesis of compounds with the oxyphenyl linker we used a two stage protocol, which
consisted of esters 25a-c arylation and condensation of resulting esters 26a, b and 27a-d with
NH,OH (Tab. 4).
Table 4
Hydroxamic acids 28a, b, 29a-d and their precursors 26a, b, 27a-d: yields and

Nr. | Yields (%) | Nr. | Yields (%)
26a | 20 28a | 80
26b | 33 28b | 48
27a | 24 29a |91
27b | 95 29b | 55
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27c | 67 29c | 80
27d | 91 29d | 90

Synthesis of N-hydroxy-3-(quinolin-2-ylmethoxy)benzamide

The compound 32 was synthesized to extend the oxyphenyl fragment containing linker.
For the synthesis of the desired compound 32 a two stage process was used. The first stage is

benzoic acid methylester 25a alkylation reaction and the second stage is the ester 31 condensation

with NH,OH.
CrLs R e e non

Cs,CO,,
KI, TEBA 31 27%

Cl) o

The ester’s 25a alkylation with chloromethylquinoline 30 in the presence of Cs,CO; and
Kl leads to the product 31. To increase the solubility of the phenolate of phenol 25a, a TEBA was
added to the reaction mixture. The hydroxamic acid 32 was obtained by treatment of the precursor
31 with NH,OH.

Synthesis of N-hydroxy-3-(quinolinylaminophenyl)acrylamides

Continuing the research of linker modifications, our next aim was to synthesize and verify
the effectiveness of inhibitory activity of aminophenyl linker containing compounds. Synthesis of
compounds with aminophenyl linker 35a-c was achieved by 2- or 4-chloroquinoline 3k, 18a, b
aminoarylation and the resulting esters 34a-c condensation with NH,OH. The starting compounds
3k, 18a, b in the reaction with acrylic acid ester 33 yielded derivatives 34a-c. Their treatment with
NH,OH gave the hydroxamic acids 35a-c.

All synthesized aminopheny! linker-containing compounds possess considerably higher
activity than the respective oxyphenyl linker-containing analogues; it proves that the amino group

has the practical significance in the interaction with the catalytic pocket of HDAC.

f [ o @A)L @\A\)LQ_\—(

~
18a, 2CI R=H

18b, 4-Cl, R = 7-CI 34a, 4-N-isomer, R = 2-Me, 95%
4k, 4-Cl, R = 2-Me 34b, 4-N-isomer, R = 7-Cl, 98%
34c, 2-N-isomer, R = H, 54%
/ T~
35a ¢ 35¢c
0,
85% 35p 36%

93%
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Synthesis of (E)-N-hydroxy-3-{3-[(quinolin-2-yImethyl)amino]phenyl}acrylamide

To investigate the aminophenyl linker-containing length effect on the compounds activity,
we decided to synthesize the compound 35c¢ analogue 38, where the linker has been extended by
one methylene group.

For the synthesis of compound 38 we used quinolin-2-aldehyde reductive amination
reaction with aniline derivative 33 that resulted in the ester 36.

H,N o
m 33 | A O NaBH,CN
= 0 —— > _ N . —_—
ol N~ o)
36 45% |

X o
A K  J——> 3850%
N o

37 50% !

The imine derivative 36 synthesis was carried out by the reaction of 6u with 33 in MeOH
followed by reduction with NaBH;CN, this reaction was catalyzed by acetic acid. After 15 min.
stirring, we gained the necessary product 37. The last stage of the process was the compound 37
treatment with NH,OH that yielded the hydroxamic acid 38.

Synthesis and SAR profile of non-hydroxamic acid potential HDAC inhibitors

Despite the fact that hydroxamic acids act as effective HDAC inhibitors, their biological
activity profile in the body limits their medical use. Therefore hydroxamic acid bioisostere
investigations are an important issue to serve this goal. An ideal hydroxamic acid bioisosteric
group should effectively interact with the catalytic center on the whole, not only with Zn** ion, and
through this would be selective with regard to other metal containing proteins.

The next aim of our work was synthesis of compound 1 analogues that would contain a

potential bioisosteric group instead of hydroxamic acid functional group.
Synthesis of 3-((E)-2-quinolin-2-yl-vinyl)-5-trifluoromethyl-4,5-dihydroisoxazol-5-ol

Compounds containing the electophilic trifluoromethylketone group are known as HDAC
inhibitors. Considering this knowledge, we decided to synthesize a compound 53 containing
trifluormethyl isoxazole group as a potential hydroxamic acid bioisosteric group. During the work,
we have tried several methods.

Method 1. The aldehyde 6u was used as a starting compound that gave the product 47 during
Wittig reaction. The reaction was carried out in different solvents (the best of them- DMSO - 95%).
The next step was the synthesis of oximes 48a, b from ketone 47 followed by the BuLi
deprotonation of the hydroxyl and methyl groups of the oximes and treatment of the acquired

dianion with trifluoroacetic acid methyl ester to obtain the desired product 53.

31



Yy Ph,;PCHCOMe
—_—
~
N

6u 0

Akrilketone 47 reaction with NH,OH gave the mixture of cis and trans oximes 48a, b
(1:2,5). Unfortunately, trifluoroacetic acid methyl ester reaction with deprotonated oximes 48a, b
was unsuccessful.

Method 2. One of the possible methods for synthesis of the product 53 would be the use of
monoanion instead of oxime 48a, b dianion. The first step was oxime 50a, b hydroxyl group

protection. In our case, we used O-(tetrahydropyran-2-yl)hydroxylamine 49.

1. LDA N
= 0 >
N~ 5 ?
) 2.0 CF, <
soa b |__n TOV "0
_0
E, Z izoméru maisijums CF

During the first stage - the protected hydroxylamine 49 reaction with ketone 47, the
mixture of cis and trans products 50a, b with yield 55% was obtained. Isolation of the isomers by
column chromatography was complicated because both isomers and starting ketone have the same
R;. Unfortunately, the next reaction with LDA did not give the desired results, and only minimal
amount of the product 53 was noticed in *H NMR spectrum.

Method 3. The first step of the planned reaction sequence was 47a anion generation. Both LDA

and NaH were tested for the deprotonation of ketone 47 methyl group.

Xy NaH AN /O\n/CF3
—_—
_ J o0 o = 53 32%
N, N, N
a7 O 47a OH
52 529

CH, Na*

Reaction with LDA was unsuccessful - we observed only products of 47 decomposition.
We were able to successfully abstract a proton by using NaH, and the resulting enolate 47a reaction
with trifluoroacetic acid methyl ester gave diketone 52. The diketone 52 exists as an equilibrium of

two enol forms. During this investigation we found that compound 52 *H NMR spectra in different
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solvents (DMSO-dg, CDCI; and THF-dg) are significantly different (Tab. 7). For example, OH (10)
proton was not observed in DMSO-ds and CDCl; spectra, it was found only in the THF-dg
spectrum. One of the double bond protons (8) also was not observed in DMSO-dg spectrum, but
one of the quinoline protons (1) gave a broad doublet. The signal dispersion could be explained by
the ketone 72 and enol-forms fast equilibrium interchanges.

After the treatment of diketone 52 with NH,OH, we managed to get the product 53. It was

found that the best solvents for this reaction were benzene and THF.

Table 7
Enol 52a *H NMR (DMSO-dg, CDCl; and THF-dg) spectrum data
C N o
5 N/ 7/ ~CF3
52a O OHro
1 2 3 4 5 6 7 8 9 10
DMSO- | 7.85 8.35 7.95 7.58 7.75 7.99 7.42 n.n. 5.29 n.n.
ds 8.6 8.5 8.0 8.0 8.5 8.5 15.9 (pl.s)
(pl.d) (d) (d) 7.0 7.0 d) (d)
11 15

(ddd) | (ddd)

CDCl, | 749 | 793 | 7.95 | 7.39 | 757 | 764 | 751 | 707 | 570 | nn.
86 | 86 | 81 | 81 | 84 | 84 | 159 | 159 | ()
@ | @ | @ | 70 | 70 | 11 | @ | ()
11 | 16 | (dd)
(ddd) | (ddd)

THF-ds | 7.74 | 800 | 781 | 748 | 7.66 | 818 | 759 | 7.22 | 562 | 4.81
85 | 85 | 80 | 80 | 84 | 84 | 158 | 158 | () | (pls)
(d) (d) (d) 7.0 7.0 (d) (d) (d)
10 | 14
(ddd) | (ddd)

Synthesis of thioacetic acid S-((E)-2-oxo-4-(6-substituted-quinolin-2-yl)but-3-enyl) esters

In several works, S-2-oxoethylethanethioate group was described as a potentially
interesting Zn®* ion chelating group. Two methods were tested for the synthesis of thioacetic acid

esters 56a-c.
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1. PPhy, 75%

2.Na,CO,, 84% A
Cl A[]ACI —_—> >é 56a
A

o) 3. h N cl

A0

54 ou N 55 95% O
In the first method, triphenylphosphine reaction with 1,3-dichloroacetone (54) gave 1-
chloro-3-(triphenylphosphoranylidene)acetone whereas the subsequent reaction with Na,CO;
turned it into the phosphorane 57. Subsequent reaction with aldehyde 6u gave the expected
compound 55; different solvents were tried (the best among them — DMSO, 95%) for this reaction.

Unfortunately, the further reaction of the resulting intermediate 55 with potassium thioacetate was

unsuccessful.
PhPh 1. AcSK, yield 75% a, R=H, 34%
P? Cl R~ 562C p R=Me, 56%
Ph 0 2 ¢, R =0Me, 62%
57 ‘ N
R =H, Me, OMe

In the second method, treatment of previously acquired phosphorane 57 with potassium
thioacetate gave thioacetic acid S-[2-oxo-3-(triphenyl-A*5*-phosphanylidene)propyl] ester that

gave the desired products 56a-c during the further reaction with appropriate quinolinealdehydes.

(E)-N-Hydroxy-3-quinolin-2-yl-acrylamidine and N-hydroxy-3-hydroxyamino-3-quinolin-2-
yl-propionamidine synthesis

The N'-hydroxyimidamide functional group containing compounds were obtained by two
approaches. In the first one, 2-chloroquinoline 18a was treated with acrylonitrile 58 in the presence
of Pd-catalyst.

AN k Pd(OAc),, Xantphos
©j\ + N\ NeOAc, DVF m osn: o1%
NI
18a 58
The reaction resulted in the trans isomer 59a. Despite the fact that the reaction was successful, the
yield of the product was too low and the Pd catalyst and ligand use was limited by the high price,
so we decided to look for another method to obtain the compound 59a.
In the second approach, quinolinealdehyde 6u reaction with organophosphorus reagents

6la-c gave the mixture of trans and cis isomers 59a and b. Optimization of the current reaction
conditions was made. We used three different organophosphate agents 61a-c in our work.

Ph,P + Cl
. Phap/\\\N 61a, 54%

NN

60

Bu,l
N — Bu P/\\N 61b, 75%

(MeO),P O, H
— /\N 61c, 48%

\
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For the optimization process the phosphorus reagents 61a-c were used and as the base were
tried EtONa, Me;COK, n-BuLi and NaH.

S
—> 62 56%

Base, N/ =

m solvent 59a

~0 R/\ 59b

6u 61a-c ©\/j\) ——> 63 20%
E:Z=68%:12%

Reactions were carried out in such solvents as DMSO, THF and the mixture of THF:
benzene (0.2:1). It was found that the best trans: cis ratio, as well as the yields gave the
combination of phosphorderivative 61a, n-BuLi, DMSO. In this case, the total yield of the mixture
59a, b was 80%, while that of pure trans isomer was 68%.

The last step of the synthesis was quinolineacrylonitriles 59a, b reaction with NH,OH. In
the trans-isomer 59a case, reaction with NH,OH gave the desired product 62. While the cis isomer
59b appeared much less active and did not respond under the similar reaction conditions as for the
trans-isomer, however, the another product - 63 was obtained as a result of addition of two NH,OH
molecules after doubling the amount of the NH,OH and increasing reaction time. It could be
concluded from these results that the cis isomers 59b nitrile group is inactive and it starts to react
with NH,OH only after addition of NH,OH to the double bond.

Synthesis of (E)-1-aziridin-1-yl-3-quinolin-2-yl-propenone oxime

It is known that aziridine cycle containing compounds possess anti-cancer activity. During
this research, we decided to synthesize aziridine cycle containing compound 65.
Two stage process was used for the synthesis of 65. It consisted of acrylimideamide 62

transformation into chloride 64 and its subsequent reaction with aziridine.

A HCI / NaNO, A 65 58%
N. N.
N~ >NF N2V 0oH N~ >NF N2 0oH

62 NH 64 90% Cl

2
The resulting chlorinated derivative 64 reacted with aziridine in the presence of Etz:N and gave

product 65 that cannot be chromatographed on silica gel due to its instability.

Synthesis of (E)-2-quinolin-2-yl-ethenesulfonic acid amide

Sulphonamides have been recognized as valuable anti-cancer agents. It was decided to
synthesize sulfonamide 71 to examine whether sulphonamide functional group could act as a

hydroxamic acid bioisostere.

H
> /N

CI/\/S Cl M /, W W
O )

69 96%
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We obtained the amide 69 in sulfochloride 67 reaction with amine 68. Reaction consists of two

chemical transformations - amidation and HCI elimination.

m Pd ca:L’ base = | H — 71 56%
_ X -
N R /\S/N N IS\ W

183, R =CI OII \\O Ol \O

66, R =Br 69 70

The next step is ethenesulfonic acid (1,1,3,3-tetramethylbutyl)amide 69 reaction with
chloroquinoline 18a in the Heck reaction conditions. In general, this transformation gave low
yields, were different amounts of bis-quinoline as main impurity are formed depending on the
catalyst and ligand (Tab. 8).

Table 8
Amide 70 synthesis conditions, yields and identified impurities
Start. . . 70
Nr. Pd cat. Ligands Base Additive Imp.
comp. (%)
1 18a Pd(OAC), PPh; Et;N - signs | 18a, g-q
2 18a Pd(OAc), | JohnPhos K3PO, - 16 183, g-q
3 18a Pdy(dba); | JohnPhos K3PO, - signs 18a
4 18a Pd(OAC), o-TolzP NaOAc - - 18a
5 18a Pd(OAc), o-TolsP KsPO, | Et;BnN*CI 20 18a, g-q
6 66 Pd(OAC), o-TolzP Et;N - 35 66, g-q
7 66 Pd(OAC), o-TolsP KsPO, | Et:BnN'CI 18 66, g-q
] 2-OH-
8 66 Pd(OACc), o-TolzP DBU - signs o
quinoline

The best results (Tab. 8) we gained with the catalyst, ligand and base combination of
Pd(OAC),, tris-o-tolylphosphine and Et;N, and as starting material using 2-bromoquinoline (66).

Bis-quinoline (g-q) is homo coupling product.

Synthesis of 1,5-diaminepentane linker containing compounds

After the analysis of information about the HDAC inhibitor structure-activity relationships
we can conclude that many active structures contain long aliphatic linkers (5-6 methylene groups).
Therefore we decided to synthesize a compound group, structure of which would contain a long

linker together with some new Zn*" ion complexing groups.
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Synthesis of amidoximes from quinoline-2-carboxylic acid (5-aminopentyl)amide and (E)-N-
(5-aminopentyl)-3-quinolin-2-yl-acrylamide

Continuing studies of N'-hydroxyimidamide group containing compound generation, we
decided to synthesize compounds 78a, b, where the Zn?* chelating fragment would be a
methylaminoglioxime group. We used the mono-Boc-protected 1,5-diaminopentane 73 and acids

72 and 41 as a starting materials for the synthesis of 75a, b.

R OH a CDI,THF R H NHB 1N HCI/MeOH H
\[Ol/ b. Et,N, s RTN‘(*%NHZ
72. 41 NH,(CH,)sNHBoc*HCI 73 O 743, 86% (@] 753, 62%

’ X 74b, 54% Xy, 75b, 54%
72, 74a, 75a R = 41,74b, 75b R = P
N/ N Z

After the amine 73 acylation with acids 72 and 41 in the presence of CDI, we obtained
amides 74a, b. We used 1N HCI solution in MeOH for the removal of the protecting groups.

H 78a, 56%
R\n/N\Q/)’sNH2 | 78b, 68%
O 75a,b

a,R=

X
b,R=
=

= Zé\ /;
\
o
=z
o
T

L, 80a,51%

80b, 35%

We used the amine 75a, b reaction with chlorooxime 76 to obtain the products 78a, b. In
our work, we have planned to synthesize structures 79a, b that contains oxogroup instead of one
oxime group. However, amines 75a, b reaction with chlorooxime 77 gave acetylamides 80a, b

instead of desired propanimidamides 79a, b.

Synthesis of quinoline-2-carboxylic acid (6-methanesulfonylamino-6-oxohexyl)amide

Continuing studies of sulfonamide derivatives, we decided to synthesize methyl
sulfonamide 84. We used the acid 72 as a starting material for this synthesis. The reaction with
amine 81 in the presence of CDI and EtsN gave amidoester with 60% yield that was hydrolysed to

form an acid 82.

©\/ﬁ\f 1 - ©\/j\’( Iy 84 80%
~
N 2. EtN, HN HC'

72 OH

O 82 62% o
81 60%
3. NaOH

The last step was acid 82 reaction with sulfonamide 83 in the presence of CDI and DBU;

as result, the acylsulfonamide 84 was obtained in 86% yield.
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Synthesis of methylphosphonic acid methylester derivatives

The methylphosphonic acid methylester functional group could be a potential Zn**
complexing group. Considering the literature data, we decided to synthesize compounds 86 and 89
where hydroxamic acid group would be replaced by methylphosphonic acid methylester fragment
that is bonded with main structure through N- and O-bridge, accordingly. We used amine 75a that
was treated with phosphorus reagent 85 in the presence of EDC to synthesize the compound 86

with N-bridge.
" ——> 86 78%
m s e

85

oo
H————> 89 33%
\f/)/s

88 91% O
We used the acid 72 condensation with 87 aminopentanol to synthesize the compound 89
with O-bridge. The next step was compound 88 reaction with phosphorus reagent 85 in the
presence of PyBOP. Product 89 was obtained in 33% yield.
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Conclusions

Synthetic methodology has been developed for the preparation of (E)-N-hydroxy-3-
(substituted-quinolin-2-yl)-2-propenamides from appropriate carboxylic esters by treating
them with hydroxylamine in the presence of sodium ethoxide. According to this method, the
hydroxamic acids can be successfully obtained from the appropriate carboxylic esters
containing active double bond.

Synthesized N-hydroxy-2-(2-methylquinolin-4-yloxy)acetamide in the DMSO solution exists
as an equilibrium mixture of two tautomeric forms — hydroxamic and hydroximic — in a ratio
of 88:12. The presence of a hydroximic form in a solution of DMSO of other synthesized
hydroxamic acids in negligible amounts was detected as well.

Synthetic methodology has been developed for the preparation of (E)-N-(substituted)-3-
(quinolin-2-yl)-2-propenamides from (E)-3-(quinolin-2-yl)acrylic acid and appropriate
aromatic amines. According to this method, 12 new compounds that exhibit HDAC inhibitory
activity in the micromolar range in vitro were synthesized.

It is demonstrated that it is possible to obtain (E)-1-oxazol-2-yl-3-quinolin-2-yl-propenone
from (E)-3-quinolin-2-yl-acryloyl chloride through reaction with oxazole metal-organic
complex.

(E)-6-Quinolin-2-yl-hex-5-ene-2,4-dione was synthesized from (E)-4-quinolin-2-yl-but-3-en-
2-one. It is shown that the compound exists mostly as (1E,4Z)-5-hydroxy-1-quinolin-2-yl-
hexa-1,4-dien-3-one that ensures the formation of 5-methyl-3-((E)-2-quinolin-2-yl-vinyl)-4,5-
dihydro-isoxazol-5-ol during the next stage with NH,OH.

Synthetic methodology has been developed for the preparation of thioacetic acid S-((E)-2-oxo-
4-quinolin-2-yl-but-3-enyl)ester from quinolinealdehydes. By using this method, 3 new
compounds were synthesized that exhibit HDAC inhibitory activity in the nanomolar range in
vitro.

Synthetic methodology for the (E)-3-quinolin-2-ylacrylnitrile synthesis from quinolinaldehyde
has been developed and optimized.

Synthetic methodologies for the quinoline cycle containing potential hydroxamic acid

bioisostere synthesis have been developed.
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