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1. Uvod

Modifikace jednotlivych slozek nukleovych kyselin hraje vtéto oblasti vyzkumu
vyznamnou roli. Na trhu jiz existuje cela fada preparati, modifikovanych analog ptirodnich
nukleobazi i nukleosid, které naSly Siroké terapeutické uplatnéni zejména v oblasti
protinadorové a protivirové terapie.

Jednim z takovychto derivati je napt. 5-fluorouracil, po chemické i biologické strance
jedno z nejvice prozkoumanych cytostatik, které stalo na poc¢atku vyzkumu 5-substituovanych
pyrimidinovych analog. Cela fada C-5 substituovanych derivatd pyrimidinu je také znama
svou schopnosti zasdhnout do Zivotniho cyklu viru a ptsobit jako vysoce G¢inna antivirotika.
Do této skupiny latek fadime napt. 5-i0do-2"-deoxyuridin G¢inny proti HSV a VZV virm.

Ze soucasnych znalosti a porozuméni procesim probihajicich béhem bunééného cyklu i
zivotniho cyklu viru Cerpame inspiraci k vyvoji novych potencidlné biologicky aktivnich

Jedna ze skupin zkoumanych derivat jsou analoga uracilu modifikovanych v poloze C-5
etherovym ¢i esterovym zbytkem (Obr. 1). Piehled dosud popsanych vysledkd vybranych C-5

substituovanych derivati uracilu je naplni prvni ¢asti disertacni préce.

O OR;
HN R, R, = Ak, Cy, Cb, Hy
PR | R, = Ak, Cy, Cb, Hy

Y Rz = H, Ak, Cy, Cb, Hy

Rs3

Obr 1. Zkoumané derivaty.

2. Cile prace

Hlavnim cilem piedlozené disertacni prace byla syntéza a studium biologické aktivity
novych C-5 modifikovanych analog uracilu. Diserta¢ni prace je z tohoto pohledu rozdélena do
tfi hlavnich casti.

Prvni Cast je zaméfena na syntézu analog 5-[(4-nitrofenyl)methyl)]uracilu (Obr 2) a

zhodnoceni jejich cytotoxické aktivity.



N02 N02 a) Rl = CH3
b) Rl = CH2CH3
¢) Ry = (CH»),CH3
o o d) Ry = (CHp)3CH3
e) Ry = (CHy)4CH3
HN | R HN | OR; f) Ry =(CH3)sCH3
)\ )\ g) Ry = (CH,)eCH3
O H o~ N h) Ry = (CHy)7CH3
R> i) Ry =(CHp)gCH3
1R =0OH 6 Ry = alkyl, R, = H i) Ry =(CH,)gCHs
2R=Cl 7 R, = alkyl, R, = ribose k) Ry = (CH,)10CH3
3R=Ns ) Ry =(CHy)11CH3
4 R = uracil m)R; = i-Pr
5R= OCH2CH20H n) Rl = s-But
0) Ry = t-But

Obr 2. Ptehled piipravenych derivati odvozenych od 5-[(4-nitrofenyl)methyl)]uracilu.

V druhé ¢&asti  disertaéni

prace je pozornost zaméfena na syntézu analog 5-

alkoxymethyluracilu (Obr 3), studium jejich cytotoxické aktivity, porovnani s piedchozimi

derivaty nitrofenylmethyluracilu a vytvotreni SAR studie.

0] a) Rl = CH3 I) Rl = (CH2)8CH3
HN o R b) Ry = CH,CH3 ) R1=(CHp)gCHs
% | ¢) Ry = (CH2)2CH3 k) R1 = (CH2)10CH3
0° >N d) Ry = (CH2)3CH3 ) Ry =(CH2)11CH3
R, e) Ry = (CH3)4CHg m) Ry = i-Pr
f) Ry =(CH)5CH3 n) Ry = s-But
8 Ry =alkyl, R, =H g) Ry = (CH,)gCH3 0) Ry = t-But

9 Ry = alkyl, R, = ribose

O

h) Ry = (CH,);CH3

10R; =H, Ry =H

/\ﬁ 11 Rl = CO(CH2)14CH3, Rz =H

él\ 12 Ry = COCHs3, Ry = H
R9 13 Ry = H, R, =ribose

Obr 3. Pfehled piipravenych derivati odvozenych od 5-alkoxymethyluracilu.

Posledni c¢ast presentované prace je zaméfena na syntézu oligodeoxynukleotidi
obsahujicich uracil modifikovany v poloze C-5 fenyltriazolovym skeletem (ON2-ON5) nebo
fenylethynylovym zbytkem (ON7-ON8) (Obr. 4). Piipravené oligodeoxynukleotidy byly
studovany z hlediska jejich termické stability i postsyntetické reaktivity.
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AN = -
HN | \ NR X R = OH, p-substitution

Y R = OH, m-substitution

O)\N
0 ON1 5-d(GTG TTT TGC)-3°
O ON2 5°-d(GTG TXT TGC)-3
ON3 57-d(GTG XXX XGC)-3

0 ON4 5-d(GTG TYT TGC)-3’
©o0-p=0 ON5 5-d(GTG YYY YGC)-3'

E

R
HN)‘j/C/ B R=Br
D R=Nj

ONG6 5°-d(GCT GCC ACC G)-3’
ON7 5"-d(GCB GCC ACC G)-3’
ON8 5'-d(GCD GCC ACC G)-3’

Obr 4. Piehled oligodeoxynukleotidi ON1-ONS8.

3. Vysledky a diskuse

3.1. Studium syntézy a biologické aktivity derivati odvozenych od 5-[(4-
nitrofenyl)methyl)Juracilu.

V ramci prvni ¢asti disertacni prace byla pfipravena série derivati strukturné odvozenych
od 5-[(4-nitrofenyl)methyl)]uracilu za Gc¢elem studia jejich biologické aktivity (Schéma 1).
Reakce uracilu 14 s p-nitrobenzaldehydem 15 poskytla reaktivni chlorderivat 2 a také znamy
bis-uracil derivat 4.' Substituéni reakce chlorderivatu 2 vedly k syntéze série alkoxyderivatii 6
stejné tak jako hydroxy sloucenin 1 a 5 a azidoderivatu 3.2 Efektivni 1ribosylace3 nukleobazi 6
poskytla chranéné nukleosidy 16 Vv jejich diastereomerni smési. Ze smési diastereomert 16f-i
byly izolovany vzdy dva isomery, které byly spolu s neseparovanymi smésmi 16a-e a 16m-n

odchran&ny reakci s methanolickym amoniakem za vzniku nukleosidd 7.
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Schéma 1. Syntéza analog odvozenych od 5-[(4-nitrofenyl)methyl)]uracilu.

Vsechny piipravené slouceniny byly testovany z hlediska jejich cytotoxické aktivity in
vitro proti nadorovy liniim CEM, K562, jejich drug rezistentnim protéjskim CEM-DNR-bulk
a K562-tax, a dale proti A549, HCT116p53 a HCT116p53-/- bunéénym liniim. Vsechny
vystupy testovani cytotoxicity indikuji, Ze zadnd z ptfipravenych sloucenin nevykazuje
signifikantni cytotoxickou aktivitu. Nicméné aktivita alkoxyderivati 6 a jejich
nukleosidovych analog 7 vykazuje zajimavou zavislost na délce postranniho alkoxylového
fetézce. Z tohoto diivodu muze byt spojeni cytotoxické aktivity a latek s delSim lipofilnim
fetézcem slibné pro dalsi vyvo;.

Dale pak bylo zjisténo, ze derivaty 6f-h inhibuji syntézu DNA i RNA a indukuji apoptozu
pti koncentraci 5X ICsy (na CEM bunkach) a derivaty 6f inhibuji syntézu DNA jiz pfi
koncentraci 1x 1Csp.2*



3.2. Studium syntézy a biologické aktivity analog 5-alkoxymethyluracilu.

Tato cast disertatni prace je zaméfena na syntézu sloucenin odvozenych od 5-
alkoxymethyluracilu (Schéma 2) a studium jejich chemickych a biologickych vlastnosti.
Nejdiive byla pozornost zaméiena na syntézu ethert 8 a 9 za ucelem testovani jejich
cytotoxické aktivity a srovnani s predchozimi nitrofenyl analogy 6 a 7. Modifikované
nukleobaze 8 byly pripraveny reakci 5-chloromethyluracilu 17°® s réiznymi alifatickymi
alkoholy a dale pfevedeny na odpovidajici ribonukleosidy 9 wvyuzitim Vorbriiggenovy
methody.®

Studie v této oblasti byly dale rozsifeny na syntézu derivati 11 a 12 obsahujicich 2,3-
dihydroxy-1-propoxy zbytek. Tyto estery byly tGspésné ptipraveny z dihydroxyderivatu 10,

ktery byl rovnéz ribosylovan za vzniku nukleosidu 13.

(@]
O (@) O,Rl
HN R __ROH _ o’Rl — - )\
| — 0~ "N
PN T 100°C )\ — HO
O N
H O
17 R=Cl 8 oH OH
18 R=0OH
9
j a) Rl = CH3 I) Rl = (CH2)80H3
j b)Ry=CH,CHy  j) Ry =(CHy)eCHs
) Ry = (CHy),CH3 k) Ry = (CH2)10CH3
o d) Ry = (CH2)3CH3  [) Ry = (CHy)11CH3
e) Ry = (CH)4CH3  m)Ry =i-Pr
/\ﬁ f) Ry =(CHp)s5CH3 n) Ry = s-But
)\ ) R1=(CH2)eCH;  0) Ry = t-But
h) Ry = (CH)7CH3
Rz

10R;=H,R,=H

11 Rl = CO(CH2)14CH3, R2 =H
12 R;{ =COCH3, R, = H

13 R; = H, R, =ribose

Schéma 2. Syntéza analog odvozenych od 5-alkoxymethyluracilu.

Slouceniny 8 a 9 byly testovany z hlediska jejich cytostatickych vlastnosti na nékolika
nadorovych liniich (CEM, K562, CEM-DNR-bulk, K562-tax, A549, HCT116p53 a
HCT116p53-/-). Zatimco derivaty srozvétvenym alifatickym fetézcem 8m-0 a 9m-o
nevykazuji zadnou signifikantni aktivitu, derivaty 8a-lI a 9a-l prokazaly zajimavou zavislost

aktivity na délce alkylového fetézce. NejzajimavéjSich vysledkli bylo dosazeno v piipade
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nukleobazi 8 proti drug rezistentnim leukemickym nadorovym bunéénym liniim, kde aktivita
dosahovala mikromolarnich hodnot 1Csy, a to pfedevsim u derivati s delSim alifatickym
fetézcem (ICsp = 2.4-9.3 uM). Srovnani cytotoxické aktivity nukleobazi 8 a nukleosidi 9 proti
drug rezistentnim leukemickym nadorovym bunéénym liniim (CEM-DNR-bulk a K562-tax)
indikuje vyznamné snizeni aktivity v ptipad¢ nukleosida 9.

Srovnani cytotoxické aktivity bazi 8 a 6 indikuje, ze nukleobaze 6 vykazuji signifikantné
nizsi aktivitu proti CEM-DNR-bulk buné¢né linii, ale jsou vyznamné aktivnéjsi proti obéma
HCT bunéénym liniim. Navic, cytotoxicka aktivita nukleosida 7f-i a 9f-i ukazuje, Ze
nukleosidy 7f-i obsahujici objemny nitrofenylovy zbytek vykazuji signifikantné vyssi

cytotoxicitu nez jejich alkoxymethyluracilova analoga 9f-i.

3.3. Syntéza modifikovanych oligodeoxynukleotidii

Tteti Cast prezentované prace je vénovana syntéze oligodeoxynukleotidii a studiu jejich
termické stability. Nejprve byla provedena Huisgen [3+2] cykloadice silylovanych sloucenin
19 s 5-ethynyl-2’-deoxyuridinem 20 ¢ 57-O-(4,4’-dimethoxytrityl)-5-ethynyl-2"-
deoxyuridinem 21, ktera poskytla odpovidajici nukleosidy 22 a 23 (Schéma 3).” Fosfitylace
nukleosidi 23  pouzitim  2-kyanoethyl-N,N-(diisopropyl)-fosforamidochloriditu ~ za
pritomnosti diisopropylethylaminu poskytla fosforamidity 24, ktery byly poté inkorporovany
do oligodeoxynukleotidi ON2-ONS5 s vyuzitim automatického DNA syntetizatoru.
Oligodeoxynukleotidy ON2-ON4 byly pomoci hybridizaénich experimenti studovany
Z hlediska jejich termické stability. Z vysledkl téchto meéteni plyne, Ze zdména centralniho
thymidinu v oligonukleotidu  ON1 monomerem X nebo Y (oligonukleotidy ON2 ¢i ON4)
vede k jasné destabilizaci DNA i RNA duplexu. Zaména ¢tyf po sobé jdoucich thymidind
monomerem X (ON3) vykazuje signifikantni stabilizaci v ptipadé DNA:RNA duplexu (AT =
+4.8°C). ProtoZe tato modifikace vede ke stabilnim DNA:RNA duplexiim, monomer X

vykazuje slibny potencial v antisense terapii.

10
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O
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Schéma 3. Syntéza oligodeoxynukleotidi ON2-ON5.

Dale pak byla provedena Sonogashira coupling reakce® 5-iodo-2"-deoxyuridinu 25 s 1-
bromo-4-ethynylbenzenem 26, ktera poskytla nukleosid 27 (Schéma 4). Tento derivat byl
nasledné ptreveden na odpovidajici fosforamidit 29 standardni 3’-O-fosfitylaci s pouzitim 2-
cyanoethyl-N,N’-(diisopropyl)-fosforamidochloriditu. Derivat 29 byl efektivné inkorporovan
do oligodeoxynukleotidu ON7. Nasledné¢ byla studovana reaktivita bromo skupiny
oligonukleotidu ON7 obsahujiciho monomer B s myslenkou postsyntetického znaceni
DNA.** Tyto pokusy oviem nebyly usp&sné. Nicméné konverze bromo skupiny na azid
byla studovana i na samotném nukleosidu 27, a to s mnohem lepsimi vysledky. Derivat 27 by
mohl byt vbudoucnu déale modifikovan napt. vystavbou heterocyklu s fluorescenénimi

vlastnostmi reakci na trojné vazbe.

11



o) Br

HN O
)\ | =
HO — O)\N
o)
| | R,0
OH i O
25 OR,
27R;=H,R,=H
28 Ry = DMTr, R, = H
29 R, = DMTT,
R, = P(N-iPr,)OCH,CH,CN
| .
B R=Br O —
D R=N3 HN

|
ON6 5'-d(GCT GCC ACC G)-3 N

ON7 5"-d(GCB GCC ACC G)-3' ©
ON8 5"-d(GCD GCC ACC G)-3’ O o
o)

|
@O—I;=O

Schéma 4. Syntéza oligodeoxynukleotidi ON7-ONS8.

4. Zavéry

V ramci disertacni prace byla ptipravena fada novych C-5 modifikovanych analog uracilu,
které byly dale studovany z hlediska jejich reaktivity a biologickych vlastnosti.

Nejprve byl vytvofen ptehled dosud popsanych vysledkii v oblasti studia syntézy a
biologické aktivity specifickych analog 5-alkoxymethyluracilu.

Dale byla syntetizovana fada derivati odvozenych od 5-alkoxymethyluracilu nesoucich
objemnou 4-nitrofenyl skupinu vazanou pies methylenovy mistek do polohy C-5. Syntéza
téchto derivatl vychazela z chloroderivatu 2, jehoz substitu¢ni reakce vedly k syntéze série
alkoxyderivati 6 stejn¢ tak jako hydroxyderivatim 1 a 5 a azidoderivatu 3. Efektivni
ribosylace nukleobdzi 6 poskytla chranéné nukleosidy 16 V jejich diastereomerni smési. Ze
smési diastereomert 16f-i byly izolovany dva isomery, které byly spolu s neseparovanymi
smésmi 16a-e a 16m-n odchranény reakci s methanolickym amoniakem a poskytly

nukleosidy 7.

12



Dalsi cast prace byla zaméfena na syntézu série analog 5-alkoxymethyluracilu
S nesubstituovanym methylenovym mustkem. Alkoxyderivaty 8 byly pfipraveny reakei 5-
chloromethyluracilu 17 s riznymi alifatickymi alkoholy a dale pfevedeny na odpovidajici
ribonukleosidy 9 vyuzitim Vorbriiggenovy methody. Studie v této oblasti byly dale rozsifeny
na syntézu derivati 11 a 12 obsahujicich 2,3-dihydroxy-1-propoxy zbytek. Tyto estery byly
uspésné pripraveny z dihydroxyderivatu 10, ktery byl rovnéz ribosylovan za vzniku
nukleosidu 13.

Nukleobaze 6 a 8 a jejich nukleosidova analoga 7 a 9 byly studovany z hlediska jejich
cytotoxické aktivity in vitro na nékolika nadorovych bunéénych liniich (CEM, K562, CEM-
DNR-bulk, K562-tax, A549, HCT116p53 a HCT116p53-/-). Ziskané vysledky indikuji
zajimavou zavislost aktivity na pfitomnosti nitrofenylového zbytku a/nebo ribosy a dale na
délce alkylového fetézce. Nejzajimavéjsi vysledky byly ziskany v ptipadé€ nukleobazi 8, které
vykazuji mikromolarni aktivitu proti drug rezistentnim nadorovym bunikam CEM-DNR-bulk
a K562-tax. Naproti tomu nukleobaze 6 jsou signifikantné aktivnéj$i proti A549 a obéma
HCT116p53 bunénym liniim nez jejich analoga 8. Cytotoxickd aktivita nukleosidi 7 a 9
ukazuje, ze nukleosidy 7 obsahujici nitrofenylovy zbytek vykazuji vyznamné vyssi
cytotoxicitu nez jejich alkoxymethyl analoga. Aktivita nukleosidu 7f-i je vys$i proti drug
senzitivnim nez drug rezistetnim nadorovym buiikdm a je nezavisld na chiralit¢ molekuly.
Navic bylo zjisténo, ze slouceniny 6f-h inhibuji syntézu DNA i RNA a indukuji apoptozu pfi
koncentraci 5x 1Cso na CEM linii. Nukleobaze 6f zpusobuje signifikantni apoptozu béhem 24
h jiZ pii koncentraci 1X 1Csy.

V posledni  Casti  disertacni prace se pozornost ubirala ve sméru syntézy
oligodeoxynukleotidti, studia jejich termické stability a postsyntetické reaktivity. Nejdiive
byly slouceniny 22a a 22b inkorporovany do oligodeoxynukleotidi ON2-ON5 standardni
fosforamiditovou metodou. Hybridiza¢ni experimenty ukazaly, ze vicenasobna inkorporace
fenoltriazol-substituovanych analog uracilu vede ke vzniku velmi stabilnich DNA:RNA
duplextm a proto monomer X jevi slibny potencial v antisense terapii.

Dale byl Sonogashira coupling reakci S5-iodo-2’-deoxyuridinu 25 s 1-bromo-4-
ethynylbenzenem 26 pripraven nukleosid 27 a preveden na fosforamidit 29, ktery byl
nasledné inkorporovan do oligonukleotidu ON7. Poté byla studovana reaktivita bromo
skupiny oligonukleotidu ON7 obsahujictho monomer B s myslenkou postsyntetického
znaceni DNA. Tyto pokusy ovSem nebyly uspé$né. Nicméné€, konverze bromo skupiny na

azid byla studovana i na samotném nukleosidu 27, a to S mnohem lep§imi vysledky. Derivat
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27 by mohl byt v budoucnu dale modifikovan a tak vyznamné pfispét k rozvoji této oblasti
vyzkumu.

V ramci celé disertacni prace byla pfipravena fada C-5 substituovanych analog uracilu,
studovana jejich reaktivita a biologicka aktivita. Rozsdhlé SAR studie pfinesly vyznamné
vysledky a nastinily tak cestu k vyvoji dalSich potencidlné¢ biologicky aktivnim latkam,

latkam, jejichz plsobeni na nadorovou buitku by mohlo byt selektivnéjsi a vice specifické.
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1. Introduction

Modifications of the nucleic acids components play a significant role in the field of nucleic
acids research. Nucleoside analogues find broad therapeutic applications in anti-cancer field
or antiviral chemotherapy in particular.

One of those compounds is 5-fluorouracil, for instance, one of the most investigated
anticancer drugs, either chemically or biologically, and triggered the research of 5-substituted
pyrimidine analogues. A number of C-5 substituted pyrimidine analogues are also known for
their ability to weigh in life cycle of viruses and act as highly active antiviral agents. One of
such a drug with antiviral properties is 5-iodo-2"-deoxyuridine discovered in the 1960s as the
first agent active against HSV and VZV viruses.

From current pieces of knowledge and understanding to cell cycle processes and life cycle
of viruses we draw inspiration to the development of new potent biological active compounds,
compounds that might be more selective, more specific and much less toxic for organism.

One of those groups of investigated derivatives is a group of uracil analogues modified at
the 5 position by ether or ester moiety (Figure 1). Within the presented thesis the attention is
paid to the already published studies on synthesis of selected derivatives. The short summary

of biological activity of investigated compounds is also reported.

O OR;
HN R, R, = Ak, Cy, Cb, Hy
PR | R, = Ak, Cy, Cb, Hy

Y Rz = H, Ak, Cy, Cb, Hy

Rs3

Figure 1. Investigated derivatives.

2. Aims of the study

The main goal of this thesis is the study of synthesis and biological activity evaluation of
new compounds based on C-5 modification of uracil analogues. The reported thesis is divided
into three main parts.

The first one is focused on studies of synthesis of diverse range of aliphatic 5-[(4-

nitrophenyl)methyl)]Juracil analogues (Figure 2) and evaluation of their cytotoxic activity.
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NO,

1R=0H

2R=ClI

3R= N3

4 R = uracil

5 R = OCH,CH,0OH

NO,

|
R>
6 Ry =alkyl, R, =H
7 Ry = alkyl, R, = ribose

a) Rl = CH3

b) Rl = CH2CH3

¢) Ry = (CH»),CH3

d) Ry = (CH)3CH3

e) Ry = (CHy)4CH3

f) Ry =(CHp)sCH3

g) Ry = (CH,)eCH3

h) Ry = (CHy)7CH3

i) Ry =(CHp)gCH3

) Ry =(CHp)oCHj3

k) Ry = (CH2)19CH3
) Ry =(CH2)11CH3
m)Rq, = i-Pr

n) Ry = s-But

0) Ry =t-But

Figure 2. Summary of prepared 5-[(4-nitrophenyl)methyl)]uracil analogues.

In the second part of the thesis the attention is paid to studies of synthesis of various 5-

alkoxymethyluracil analogues (Figure 3), evaluation of their biological activity, comparison

with nitrophenylmethyluracil analogues and the SAR study of prepared compounds.

8 Ry = alkyl, R, = H

9 Ry = alkyl, R, = ribose

O

2\

R9

L

a) Rl = CH3

b) Rl = CH2CH3
¢) Ry = (CH2),CH3
d) Ry = (CH3)3CH3
€) Ry = (CH2)4CH3
f) Ry =(CH3)sCH3
g) Ry = (CH2)6CH3
h) Ry = (CH2)7CH3

10R; =H, Ry =H

i) Ry =(CHp)gCHs
) R1=(CHp)gCH3z
K) Ry = (CH2)10CH3
) Ry =(CH2)11CH3
m) Ry =i-Pr

n) R; = s-But

0) R = t-But

11 Ry = CO(CH,)14CH3, R, = H
12 R; = COCHg, Ry = H

13 Ry = H, R, =ribose

Figure 3. Summary of prepared 5-alkoxymethyluracil analogues.

The last part of the presented work

is focused on synthesis of pyrimidine

oligodeoxynucleotides containing either substituted phenyltriazole ON2-ON5 or substituted

phenylethynyl moiety ON7-ON8 attached to the 5-position and the hybridization studies of

the prepared oligodeoxynucleotides (Figure 4).
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HN <N N\ & X R = OH, p-substitution
)\ | R Y R = OH, m-substitution
O N
QO ON1 5-d(GTG TTT TGC)-3’
O ON2 5°-d(GTG TXT TGC)-3’
ON3 5 -d(GTG XXX XGC)-3’
5 © ON4 5-d(GTG TYT TGC)-3’
| - ,
O-P=0 ON5 5-d(GTG YYY YGC)-3
R
O
=
HN | B R=Br
0 N D R=Nj
QO ONG6 5-d(GCT GCC ACC G)-3°
O ON7 5-d(GCB GCC ACC G)-3°
ON8 5"-d(GCD GCC ACC G)-3’
(@]
©0-p=0

Figure 4. Summary of oligodeoxynucleotides ON1-ONS.

3. Results and discussion

3.1. Studies on synthesis and biological activity of various 5-[(4-nitrophenyl)-

methyl)Juracil analogues

Within this part of thesis diverse range of 5-[(4-nitrophenyl)methyl)]uracil analogues was
synthesized in order to evaluate their biological properties (Scheme 1). Reaction of uracil 14
with p-nitrobenzaldehyde 15 afforded reactive chloroderivative 2 and also known bis-uracil
compound 4.! Substitution reactions of chloroderivative 2 led to the series of
alkoxyderivatives 6 as well as hydroxyderivatives 1 and 5 and azidoderivative 3.% Efficient
ribosylation® of nucleobases 6 afforded protected nucleosides 16 in their diastereomeric
mixtures, where two diastereomers from each mixture 16f-i were isolated using silica gel
column chromatography. These isomers 16f-i along with non-separated mixtures 16a-e and

16m-n were deprotected by treatment with methanolic ammonia solution and gave

ribonucleosides 7.
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NO,

NO,
o) NO,
(@) N reflux reflux
H 4h HN cl 4h HN OR;
iy CHO | A
15 O H

o7y
HCI 2 R
reflux 6 Ry =alkyl, R, =H
24h 7 R, = alkyl, R, =ribose
16 Ry = alkyl, R, = benzoylated
ribose
N02 a) Ry = CH3

b) Rl = CH2CH3
) Ry = (CHp),CH3
d) Ry = (CH)3CH3

Q e) Ry = (CH2)4CH3
HN R f) Rl = (CHZ)SCH3
Py | g) Ry = (CH2)6CHg
0~ "N h) Ry = (CHy)7;CH3
H i) Ry = (CHp)gCHg
1R =OH ) R1=(CHp)oCHj3
3R =Nj K) Ry = (CH2)10CH3
5 R = OCH,CH,OH ) Ry =(CHp)11CHs
m)Rq = i-Pr
n) Ry = s-But
0) Ry = t-But

Scheme 1. General synthetic route leading to 5-[(4-nitrophenyl)methyl)]uracil analogues.

All prepared compounds were submitted to the testing for their cytotoxic activity against
cancer cell lines CEM, K562, their drug resistant counterparts CEM-DNR-bulk and K562-tax,
and A549, HCT116p53 and HCT116p53-/- cell lines. All outcomes indicate that none of
prepared compound exhibit significant cytotoxic activity, nevertheless, cytotoxic activity of
alkoxyderivatives 6 and their nucleoside analogues 7 exhibit interesting dependence on the
length of alkyl chain. On that account the connection of cytotoxic activity with higher
liphophilic alkyl chain might be promising for future study.

Moreover, compounds 6f-h inhibit the synthesis of both DNA and RNA and induce
apoptosis at concentration 5x ICsq in treated CEM cells and, interestingly, at concentration 1x

ICso inhibition of DNA synthesis is significant only for derivative 6f.>*

3.2. Studies on synthesis and biological activity of various 5-alkoxymethyluracil

analogues
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This part of thesis is focused on synthesis of 5-alkoxymethyluracil analogues (Scheme 2)
in order to evaluate their chemical and biological properties. Firstly, the attention was paid to
synthesis of ethers 8 and 9 with a view to compare a biological activity of prepared
compounds with previous nitro analogues 6 and 7. Modified nucleobases 9 were efficiently
prepared via nucleophilic substitution of 5-chloromethyluracil 17°° and further converted to
their corresponding ribonucleosides 9 using Vorbriiggen method.®

The studies were further extended to synthesis of derivatives 11 and 12 containing
modified 2,3-dihydroxy-1-propoxy moiety that were successfully prepared from
dihydroxyderivative 10. Furthermore, dihydroxyderivative 10 was efficiently ribosylated to

afford nucleoside 13.

0 o HN ot
HN R __ROH _ R — oél\N
PN T 100°C )\ — Ho
07 N
N 0
17R=Cl 8 OH OH
18 R = OH
9
J a) R]_ = CH3 I) Rl = (CH2)8CH3

|

b) Rl = CH2CH3
) Ry = (CHp),CH3
d) Ry = (CH)3CH3

J) Ry =(CHy)oCHgz
K) Ry = (CH2)10CH3

o) ) Ry =(CHp)11CH3
e) Ry = (CH2)4CH3 m)R; = i-Pr
/\ﬁ f) Ry =(CHp)sCHs  n) Ry = s-But
A\ 0)R; = (CH)CHs  0) Ry = t-But
h) Ry = (CH2)7CH3
Rz

10 Rl = H, Rz =H

11 Rl = CO(CH2)14CH3, R2 =H
12 R; = COCHg, Ry = H

13 Ry = H, R, =ribose

Scheme2. General synthetic route leading to 5-alkoxymethyluracil analogues.

Compounds 8 and 9 were screened for their cytostatic properties against diverse range of
cancer cell lines. While derivatives with branched side chain 8m-o and 9m-o exhibit no
significant activity against any of tested cancer cell lines, derivatives 8a-lI and 9a-l show
interesting dependence on the length of alkyl chain. The most interesting results concerning to
nucleobases 8 were obtained for drug resistant leukemia cancer cell lines (CEM-DNR-bulk
and K562-tax), where an activity is approaching micromolar concentration of 1Csy. The most

interestingly, a comparison of cytotoxic activity of nucleosides 9 and bases 8 against drug
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resistant leukemia cancer cell lines (CEM-DNR-bulk and K562-tax) indicates significantly
decreased activity of nucleosides 9.

A comparison of cytotoxic activity of bases 8 and 6 indicates that nucleobases 6 exhibits
significantly lower activity against CEM-DNR-bulk line but are significantly more active
against both colorectal carcinoma cell lines. Furthermore, cytotoxic activity of nucleosides 7f-
i and 9f-1 shows that the nucleosides 7f-i containing bulky nitrophenyl moiety exhibit
significantly higher cytotoxicity than their alkoxymethyluracil analogues 9f-i.

3.3. Synthesis of modified oligodeoxynucleotides

In the third part of reported thesis, compound 22 were successfully prepared employing
click chemistry (Scheme 3).” Huisgen [3+2] cycloadition of sylilated compounds 19 with
either 5-ethynyl-2"-deoxyuridine 20 or 5’-0O-(4,4"-dimethoxytrityl)-5-ethynyl-2"-deoxyuridine
21 gave corresponding triazole substituted nucleosides 22 and 23, respectively.
Phosphitylation of nucleosides 23 with 2-cyanoethyl-N,N'-(diisopropyl)-
phosphoramidochloridite in the presence of diisopropylethylamin gave phosphoramidites 24,
which were incorporated into the oligodeoxynucleotides ON2-ON5 via solid-phase synthesis
using automated DNA synthesizer. The oligonucleotides ON2-ON4 were mixed with
complementary DNA and RNA sequences and melting temperatures for duplexes forms were
obtained. While a replacing of central thymidine either with monomer X or monomer Y in
oligodeoxynucleotides ON2 and ON4 led to a clear destabilization for both DNA and RNA
duplexes, the replacing of four thymidines by monomer X showed significant stabilization
(AT = +4.8°C) in the case of DNA:RNA duplex. Since the stacking of triazole analogues in
the major groove led to very stable DNA:RNA duplexes, the above mentioned monomer X

shows promising therapeutical potential via RNA-targeting.

20



o =N
o N=N
\ N 2
3 1 | HN OTBDMS

| N + O N O&I‘\N
N R,0
R,O
OTBDMS (@] 1 o
19
OH o,
20R{=H _ -
a p-substitution 21 Rl — DMTr 22R;1=H,R,=H
b m-substitution 1 23 R; =DMTr, Ry = H
24 R; = DMTT,

R, = P(N-iPry)OCH,CH,CN

X R = OH, p-substitution N \
Y R = OH, m-substitution HNJ]/I% \ AN
O)\N
w0

ON1 5-d(GTG TTT TGC)-3’
ON2 5-d(GTG TXT TGC)-3’
ON3 5 -d(GTG XXX XGC)-3'

ON4 5-d(GTG TYT TGC)-3
ON5 5°-d(GTG YYY YGC)-3°

O

o ¢
o—gzo

Scheme 3. General synthetic route leading to oligodeoxynucleotides ON2-ONS5.

Moreover, Sonogashira coupling reaction® of 5-iodo-deoxyuridine 25 with 1-bromo-4-
ethynylbenzene 26 afforded nucleoside 27 that was protected and converted to desired
phosphoramidite 29 by the standard 3'-O-phosphytilation using 2-cyanoethyl-N,N’-
(diisopropyl)-phosphoramidochloridite. Derivative 29 was successfully and efficiently
incorporated into oligodeoxynucleotide ON7. The reactivity of bromo group of ON7
contaning monomer B was further studied following the idea of postsynthetic labeling of
DNA.**! Despite the unsuccessful postsynthetic conversion of bromo group to azide, the
studies of the same reaction on the nucleoside level showed promising results. Nevertheless,
the primary idea of postsynthetic substitution of bromo group with azide might be further
modified. Oligonucleotide ON7 contains also ethynylen moiety that might be further used for
building up of new heterocycle and so influence a fluorescence properties of new

oligodeoxynucleotide.
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o) Br
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= | HN Z
07 "N .\ — )\ |
HO — P N
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| | R;0
OH i 0
25 OR,
27R;=H,Ry,=H
28 Ry = DMTr, R, = H
29 R, = DMTT,
R, = P(N-iPr,)OCH,CH,CN
l "
B R=Br O —
D R=N3 HN

|
ON6 5'-d(GCT GCC ACC G)-3 N

ON7 5"-d(GCB GCC ACC G)-3' ©
ON8 5"-d(GCD GCC ACC G)-3’ O o
o)

|
@O—I;=O

Scheme 4. General synthetic route leading to oligodeoxynucleotides ON7-ONS8.

4. Conclusions

In summary, a number of novel compounds was synthesized in order to evaluate their
chemical and biological properties and explore the structure-activity relationships.

Firstly, the extensive studies of available information on synthesis and biological activity
evaluation of 5-alkoxymethyluracil analogues were performed and summarized in review
part.

Further, the synthesis of a diverse range of 5-alkoxymethyluracil analogues bearing bulky
4-nitrophenyl group attached to the methylen bridge was reported. Substitution reactions of
chloroderivative 2 led to the series of alkoxyderivatives 6 as well as hydroxyderivatives 1 and
5 and azidoderivative 3. Efficient ribosylation of nucleobases 6 afforded protected
nucleosides 16 in their diastereomeric mixtures, where two diasteromers from each mixture
16f-i were isolated using silica gel column chromatography. These isomers along with non-

separated mixtures 164a-e and 16m-n were deprotected and gave ribonucleosides 7.
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In the second part of my thesis, | focused on synthesis of 5-alkoxymethyluracil analogues.
Alkoxyderivatives 8 were synthesized via nucleophilic substitution from chloro analogue 17.
Efficient ribosylation of nucleobases 8 using Vorbriiggen method followed with deprotection
afforded nucleosides 9.

The research of 5-alkoxymethyluracil analogues was further extended to synthesis of
compounds 11 and 12 and nucleoside 13 containing modified 2,3-dihydroxy-1-propyloxy
moiety. Esters 11 and 12 were prepared from dihydroxyderivative 10 after protection of
primary hydroxyl group with TBDMS group with subsequent reaction with palmitoyl and
acetyl chloride, respectively. Furthemore, compound 10 was efficiently ribosylated to afford
nucleoside 13.

Nucleobases 6 and 8 and their nucleosides analogues 7 and 9, respectively, were screened
for their cytotoxic activity in vitro against cancer cell lines CEM, K562, their drug resistant
counterparts CEM-DNR-bulk and K562-tax, and A549 as representative of solid tumor and
colorectal carcinoma HCT116p53 and HCT116p53-/- cell lines. All available outcomes
indicate the interesting dependence of cytotoxic activity on the presence of nitrophenyl and/or
ribose moiety and length of alkyl chain. The most interesting results were obtained for
nucleobases 8 for drug resistant leukemia cancer cell lines (CEM-DNR-bulk and K562-tax),
where an activity is approaching micromolar concentration of 1Cso. On the other hand,
nucleobases 6 are significantly more active against A549 and both colorectal carcinoma cell
lines then their analogues 8. Cytotoxic activity of nucleosides 7 and 9 shows that the
nucleosides 7 containing bulky nitrophenyl moiety, exhibit significantly higher cytotoxicity
than their alkoxymethyluracil analogues 9 against all screened cell lines. The activity of
nucleosides 7f-i is higher in drug sensitive than in drug resistant cancer lines and is
independent of the chirality of the molecule. In addition, compounds 6f-h were found to
inhibit the synthesis of both DNA and RNA and induce apoptosis at concentration 5x 1Csg in
treated CEM cells. Interestingly, derivative 6f caused significant apoptosis within 24 h at
concentration 1x 1Cs.

In the last part of my work, | concentrated my efforts on the synthesis of
oligodeoxynucleotides, the study of their thermal stability and the postoligo synthesis. Firstly,
compounds 22 prepared employing click chemistry was converted to their corresponding
phosphoramidites 24 via tritylation of 5°-OH group with subsequent reaction with 2-
cyanoethyl-N,N'-(diisopropyl)-phosphoramidochloridite and further incorporated into the
oligodeoxynucleotides ON2-ON5. Hybridization experiments showed that the stacking of

triazole analogues in the major groove led to very stable DNA:RNA duplexes. Thus the
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monomer X shows promising therapeutical potential via RNA-targeting within cells as a
means of control of a gene expression.

Moreover, derivative 27 was synthesized by Sonogashira coupling reaction of 5-iodo-2"-
uridine with 1-bromo-4-ethynylbenzene and converted to corresponding phosphormidite 29
that was successfully and efficiently incorporated into oligodeoxynucleotide ON7 via
standard phosphoramidite method. The reactivity of bromo group of ON7 contaning
monomer B was further studied followed the idea of postsynthetic labeling of DNA. Results
obtained within these studies did not lead to desired azido substituted oligodeoxynucleotide
ONS8, however derivative 27 can be further modified and thus significantly contribute to
investigation of similar compounds.

In conclusion, diverse range of C-5 substituted uracil analogues was synthesized within
presented thesis and their reactivity and biological activity was studied. Extensive SAR
studies brought out significant results and outlined the next inspiration to the development of
new potent biological active compounds, compounds that might be more selective and more

specific in targeting of cancer cells.
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