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Abstract

General and modular approach for the preparatiodisafbstituted pyrimidine
and pyridine C-2'-deoxyribonucleosides and benzyl hon@ribonucleosides was
developed. The key intermediate 2,4-dichloropyrimedC-2'-deoxyribonucleoside was
efficiently prepared from easily available TBS-mated deoxyribose glycal in three
steps. Its mild nucleophilic substitutions or crossipling reactions proceeded
regioselectively at position 4, while at elevatethperatures or with excess of reagent, a
double substitution occurred. The 2-chloro-4-subtd intermediates underwent
another substitution or coupling to afford a twednsional library of diverse
2,4-disubstituted pyrimidin-5-yC-2'-deoxyribonucleotides. Modular methodology for
the synthesis of 2,6-disubstituted pyridiae'-deoxyribonucleosides was based on the
Heck coupling of bromo-chloro-iodopyridines with $Brotected deoxyribose glycal.
Obtained 2-bromo-6-chloro- and 6-bromo-2-chlorogyri3-yl deoxyribonucleosides
were used for further transformations. Some of rthHed-catalyzed cross-coupling
reactions proceeded chemoselectively at the paositd the bromine, whereas
nucleophilic substitutions were unselective andegaxtures of products. The mono-
substituted intermediates were used for anotheploca or nucleophilic substitution
giving rise to a small library of 2,6-disubstitutpgridine C-2'-deoxyribonucleosides.
Some of the disubstituted pyridin€-2'-deoxyribonucleosides were converted to
triphosphates and will be tested for polymeraseorimgration in the quest for the
extension of the genetic alphabet. New 2-substituienzyl C-ribonucleosides and
-nucleotides were designed as carba analogues adppbribosylanthranilate, a key
intermediate in tryptophan biosynthesis. The syitheas based on the preparation of
TBS-protected 2-bromobenzyl  C-ribonucleoside by addition of
(2-bromobenzyl)magnesium bromide to ribonolactowwdowved by reduction and
subsequent functional group transformations. Pdlzéd hydrogenation, cross-
couplings, amination or hydroxylation, as well d@kiation followed by reaction with
CO, and amidations, gave a large series of 2-substituderivatives that were
deprotected to afford free hon@fibonucleosides. Some of the title nucleosidesewer
converted to 5'-monophosphates. All final compouduk not exert any antiviral or

cytostatic effects.



Abstrakt

V ramci pedloZzené dizertmi prace byla vyvinuta obecnd metodika pro
piipravu disubstituovanych pyrimidin a pyridi@-2'-deoxynukleosidl a také zfisob
piipravy benzylovych homdC-ribonukleosid. V prvni ¢asti prace byl ze snadno
dostupného TBS-chréného glykalu verech krocich syntetizovan ktivy intermediat
— 2,4-dichlorpyrimidin C-2'-deoxyribonukleosid. V nasledujicich reakcichlabya
pouziti mirnych podminek prokadzana vyrazna regesdpiita substituce v poloze 4.
Pokud byly reakce provéady pii vysSi teplot a byl pouZzit nadbytekinidla, dochazelo
k disubstituci v poloh&ch 2 i 4. Série derivétesoucich substituent v poloze 4 a chlor
v poloze 2 byla pouzita pro syntézu 2D knihovny-@&gubstituovanych pyrimidin
C-nukleosidi nesoucich trzné substituenty. Heckova reakce brom-chlor-jodjyti
s TBS-chradnym glykalem byla vyuZita pro syntézu 2,6-distufostvanych pyridin
C-deoxyribonukleositl. Pro dalSi transformace byly fipraveny dva kkoveé
intermediaty — 2-brom-6-chlor- a 6-brom-2-chlorplmi-3-yl C-2'-deoxyribonukleosid.
Chemoselektivni cross-coupling reakce probihalyéehtdb intermediat prednosts
s atomem bromu. Nukleofilni aromaticka substitue@pak probihala neselektivra
vznikaly snési produkifi. Pripravené monosubstituované derivaty byly pouZity galSi
cross-coupling nebo nukleofilni  substituce a umlgZnivznik  knihovny
2,6-distubstituovanych  pyridin C-2'-deoxyribonukleosiil Z vybranych  pyridin
C-nukleosidl byla gripravena série trifosfaf které budou testovany jako kandidati na
nové unglé pary bazi. Série benzylovych hor@eribonukleosid byla vytvaena jako
potencialni inhibitory PriA isomerazy — &tivého enzymu v biosyntéze tryptofanu
u Mycobacterium tuberculosis. Adice (2-brombenzyl)magnesium bromidu na
TBS-chragny ribonolakton a nasledna redukce poskytlycddy intermediat
2-brombenzyl C-ribonukleosid. Atom bromu byl poté substituovan reakcemi
katalyzovanymi paladiem bylafipravena Sirok& série deriwidtNekolik vybranych
2-substituovanych benzyl hom@G-ribonukleosid bylo prevedeno na odpovidajici
trifosfaty. VSechny odchré&né finalni slodeniny byly testovany na antiviraini a

cytostatické tinky bez vyraznych aktivit.
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1 Introduction

Naturally occuringN-nucleosides are composed of the heterocyclic aglynd
carbohydrate moiety which are connected via caritngen bond. On the other hand,
in C-nucleosides the linkage of the heterocyclic pad augar is replaced by carbon-
carbon bond Kigure 1). This structural feature is givinG-nucleosides some unique
properties and is responsible for their increastbilgy towards hydrolytic and
enzymatic cleavage.

In recent decade<;-nucleosides have been extensively stutliadd strong
emphasis was placed on the development of new etyni$trategies for the preparation

of unnaturalC-nucleosides which can be used for many differenpgses:

» Biologically active compounds - antiviral, antibmt antitumor and
antibacteria > *°

« Extension of the genetic alphabet and artificialebpairing ’

« Biochemical probés

« Tools for structure-activity studies

« Tools for study and modifications of biological pesse% *°

ase (base)

HO HO

* Fluorescent labelirly

N-Nucleoside C-Nucleoside

Figure 1. General structure ®-nucleoside an@€-nucleoside.

2 Specific aims of the thesis

1. Development of the methodology for the synthesis2¢f-disubstituted
pyrimidin-5-yl  C-2'-deoxyribonucleosides bearing different funcélbn

groups.



2. Development of the methodology for the preparatain2,6-disubstituted
pyridin-3-yl C-2'-deoxyribonucleosides with diverse substituents.

3. Synthesis of the series of nucleoside triphosphatesn selected
2,6-disubstituted pyridin-3-yC-2'-deoxyribonucleosides.

4. Development of the modular approach to 2-substitbedzyl homoc-

ribonucleosides and -nucleotides.

3 Results and discussion

3.1 Synthesis of 2,4-disubstituted pyrimidin-5-yC-2'-deoxyribonu-

cleosides

Modular and selective approach for the synthesia $fdisubstituted pyrimidin-
5-yl C-2'-deoxyribonucleosides was developed. Heck reacif 2,4-dichloro-5-
iodopyrimidine with 3'-TBS-protected glycal follodeéby deprotection and reduction
afforded 2,4-dichloropyrimidin€-2'-deoxyribonucleosides key intermediagxljeme
1).

1
Cl
I Pd(OAc), (PhFs)sP, N SN
HO N™ SN Ag2CO3 =
o , | » HO Cl
p; = Cl 0]
CHCl, 70°C, -
| 10 hours
TBSO TBSO
5
4 6

Et3N « 3HF l THF

I X
NI/gN NaBH(OAc)3 N| >N
_ - —
RO o cl CHZCN, AcOH Hoki;/k ¢
RO o)
8aa,R=H (80%) TBSCI, 7, 42% for two steps
imidazole,
9aa, R=TBS (75%) rt, 14 h

Scheme 1Synthesis of 2,4-dichloropyrimidin-5-@-nucleoside key intermediates.



The key intermediate was than used for a synth&fsaD library of diverse
2,4-disubstituted pyrimidin€-2'-deoxyribonucleosides via regioselective disphaent
of the chlorine atomsScheme 2. The chlorine at position 4 was found signifidgnt
more reactive in nucleophilic substitutions andssroouplings than the chlorine at

position 2.
Cl Cl R2
@ ) )
HO o 7 C'iO» HO o « R“ﬁ HO o 7R
—_— —_—
HO HO HO

Scheme 2Seguential regioselective substitution of chlo@bems.

Thus, the nucleophilic substitution of unprotect@#-dichloropyrimidine
C-nucleoside with ammonia or sodium methoxide undaid conditions gave
selectively 2-chloro-4-amino- or 2-chloro-4-methpygimidine C-nucleosides, whereas
at elevated temperatures the corresponding disutesti derivatives were obtained.
Similarly, the iron-catalyzed methylation or theddwald—Hartwig dimethylamination
of silylated 2,4-dichloropyrimidineC-nucleoside with one equivalent of the reagent
gave selectively 4-substituted 2-chloropyrimidimgermediate whereas, with excess
reagent, the disubstituted products were formed.e TH-monosubstituted

2-chloropyrimidineC-nucleosides served as intermediates for the semacldophilic

@ ®, @) )

HO o 7 NHz o o 7 oMe o o 7 Me  Ho o 4
R Compound R Compound R Compound R Compound

Cl 8ab Cl 8ac Cl 8ad Cl 8ae

NH, 8bb NH, 8bc NH, 8bd NH, 8be

OMe 8cb OMe 8cc OMe 8cd OMe 8ce

NMe, 8eb Me 8dc Me 8dd Me 8de

Ph 8fb NMe, 8ec NMe, 8ed NMe, 8ee

H 8gb Ph 8fc Ph 8fd Ph 8fe

H 8gc H 8gd H 8ge

Figure 2. 2D library of 2,4-disubstituted pyrimidir@-2'-deoxyribonucleosides.



substitution or cross-coupling at position Egure 2). Final desilylation of protected
nucleosides was readily performed by treatment witthylamine trihydrofluoride.

Some of the prepared derivatives will be testesubstrates of DNA polymerases.

3.2 Synthesis of 2,6-disubstituted pyridin-3-yC-2'-deoxyribonucleo-

sides

A series of 2,6-disubstituted pyridin-3-yC-2'-deoxyribonucleosides was
prepared from two regioisomeric key intermediatddsromo-6-chloro- and 6-bromo-2-
chloropyridin-3-yl C-2'-deoxyribonucleosides. The synthesis of keyrmezliates was
based on Heck coupling of bromo-chloro-iodopyridineith 3'-TBS-protected glycal
(Scheme 3.

Br
B
NaBH(OAC)s _
o RO o Cl
AcOH,
1. Pd(OAC)2 Br C|33CN
(PhF5)3P, | =N 0°C, 5 min RO
19200 NN 11, 52 % —12,R=H (85%)
CHC% EO C, | Ve TBSCI, imidazole, ! °
2. EtyN » 3HF, DMF, i, 140 L » 43 R=TBS (78 %)
HO o THF, rt, 5 min
Y
TBSO
4 2. Et;N - 3HF,
W 5 min cl Cl
1. Pd(OAc), §' SN SN
(PhFé)osp’ N N BH(OAC) P
Ag,CO3, Br @ C)3
cHCl, Y Br HO™__o "—— RO\ o o
70°C,10h | AcOH,
CH4CN,
O 0°C, 5 min RO
14 9 — 15, R=H 87 %
59 % TBSCI, imidazole, (87%)
DMF, rt, 14h

—> 16, R=TBS (92 %)

Scheme 3Synthesis of 2,6-dihalopyridin-3-@-nucleoside key intermediates.

Systematic study of the chemoselectivity of crasspiing reactions and
nucleophilic substitutions of regioisomeric 2-bro®whloro- and 6-bromo-2-

chloropyridin-3-yl C-2'-deoxyribonucleosides was thereafter perform&de cross-



couplings generally proceeded with good chemoseictat the position of the
bromine but the choice of the starting compoundeddpd on the separability of the

mono-substituted products from the starting compoun

Scheme 4Seguential chemoselective substitution of halagems.

On the other hand, nucleophilic substitution withSWe was unselective giving
a separable mixture of both mono-substituted prisjuehereas the reactions with
ammonia or NaOMe did not proceed or led to compieixtures (at elevated
temperature). The mono-substituted halopyridireucleoside intermediates were used
for another coupling or nucleophilic substitutiddcieme %o give a library of 2,6-
disubstituted pyridin-3-yC-2'-deoxyribonucleosides$-igure 3).

SMe
=
HO o Ph HO o R
HO HO
R Compound R Compound R  |Compound R |Compound
Cl 17b Cl 22b SMe 26 Cl 27b
Me 18b Ph 23b Br 28b Me 29b
NH, 19b NH, 24b Me 30b
ethynyl 20b Me 25b
OMe 21

Figure 3. 2D library of 2,6-disubstituted pyridin-3-@-2'-deoxyribonucleosides.

3.3 Synthesis of 2,6-disubstituted pyridin-3-yC-2'-deoxyribonucleosi-
de triphosphates
A series of seven 2,6-disubstituted pyrididerucleosides was selected for the

testing of their ability to form artificial base i These essays will be done in

collaborative laboratory of proffesor Floyd Romespat the Scrips Research Institute.



Group of selected derivatives was converted toespwnding triphosphates by classical
triphosphorylation methodology S€heme % and afforded series of desired

triphosphates in good to excelent yieldialfle 1).

R? R?
SN 1) POCl3, SN
| PO(OMe)3, 0°C o o o |
N R2 . i i Z S R2
HO 0 2) (NHBuU3),H,P,0;,  O~H-0-F-0-P-0 o)
BuszN, DMF, 0°C (0] (0] (0]
HO HO

Scheme 5Triphosphorylation of 2,6-disubstituted pyridi@enucleosides.

Entry  Starting compound R’ R? Product (yield)
1 17b Me Cl 36 (68%)
2 18b Me Me 37 (17%)
3 19b Me NH-> 38 (51%)
4 21 Me OMe 39 (54%)
5 26 SMe  SMe 40 (81%)
6 28b Br SMe 41 (27%)
7 30b Me SMe 42 (85%)

Table 1 Yields of triphosphorylation of 2,6-disubstitutpgridine C-nucleosides.

3.4 Synthesis of 2-substitued benzyl homG-ribonucleosides and

-nucleotides

Group of benzyl homdC-ribonucleosides was designed as carba-analogues of
phosphoribosylanthranilate (PRAJigure 4). This part of my thesis was done in
collaboration with laboratory of proffesor MatthM&lmanns from European Molecular
Biology Laboratory in Hamburg and benzyl hoi@eaibonucleosides were prepared as

potential inhibitors oMycobacterium tuberculosis.
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Na HO R

R
¢ ¢
HO—I|=|>—O 0 HN HO 0 H,C HO—I|=|>—O 0 HoC
O O
HO OH HO OH HO OH
N-(5'-Phosphoribosyl)-anthranilate Carba analogues - benzyl homo C-ribonucleosides
(PRA)

Figure 4. Structure of phosphoribosylanthranilate and desigrarba analogues.

| have developed a facile approach for the synshetidiverse 2-substituted
derivatives of benzyl hom@-ribonucleosides and -nucleotides. The key interated
was prepared by addition of (2-bromobenzyl)magmashromide to TBS-protected
ribonolactone followed by reduction and re-silybatiScheme 6. Further substitutions
gave broad series of differently substituted derres Eigure 5). Pd-catalyzed
hydrogenation, cross-couplings, Buchwald—Hartwigreations and hydroxylation gave
corresponding 2-unsubstituted or 2-alkyl-, 2-arglkamino and 2-hydroxy derivatives.
The Stille cross-coupling was employed for theadtrction of furyl and thienyl moiety.
Lithiation followed by reaction with Cfgave carboxylic acid, which was transformed
into series of carboxamides. All protected derixedi were deprotected either with
triethylamine trihydrofluoride or trifluoroacetici to final free nucleosides. Selected
benzyl homo C-ribonucleosides were also converted to correspondi
5'-monophosphates. Series of deprotected benzyloh@mmibonucleosides and -
nucleotides was tested for the inhibition of Pridomerase fromMycobacterium
tuberculosis in laboratory of proffesor Matthias Wilmanns. Nomé the tested
compounds showed any considerable inhibition o$ thnzyme at up to 0.5 mM

concentrations.

11



Br
~O )
BrM
TBSO 0o 9 TBSO o
THF, rt OH

TBSO OTBS TBSO OTBS
45 46,88 %
Et;SiH, .
BF.Et,0 | PCM.0°C
Br Br Br
TBSO o TBSO 0 TBSO o)
+ +
HO OTBS TBSO OH TBSO OTBS

K 48 \/ 49 J 47a, 36 %

40 % 72 % of 47a together

| !

TBSCI, imidazole,
DMF, rt, 14h

Scheme 6Synthesis of the key intermediatéa

47,50 R
Br

H o
Me HO-P-O o
Ph o

NH HO OH
NMe2
OH
OMe 51 R

-~ 0 QO O T O

RO
c 51e,f, I, n, p

0o Q@

RO OR

47 a-0, R=TBS [ 2-thienyl

e NH2
2-furyl
50 a-o,R=H f NMe,

COOH
| CONH,

I CONH,
n CONMe,
CONHMe

CONMe,
CONHBn

x —

o S 3

Figure 5. Series of 2-substituted benfAribonucleosides and 5'-monophosphates.
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4 Conclusion

In first part of my thesis | successfully employddck reaction and prepared
key dichloropyrimidineC-nucleoside intermediate in multigram scale. Regaxgive
nucleophilic substitutions and cross-coupling resas under mild conditions afforded
series of 4-monosubstituted 2-chloropyrimidi@enucleosides while reactions with
excess of reagent at elevated temperature gavedisti¥stituted pyrimidine
C-nucleosides. Series of 4-monosubstituted 2-chiprmopdine C-nucleosides wagsed
for the synthesis of six types of disubstitutedmpydine C-nucleosides bearing different
substituents at positions 2 and 4. In total, 2Dalilp of 30 new 2,4-disubstituted
pyrimidin-5-yl C-2'-deoxyribonucleosides was prepared.

In the second part of my thesis were prepared tey iktermediates bromo-
chloropyridineC-nucleoside and their protected analogs. Highectirety of bromine
atom was confirmed by several chemoselective ccospling reactions which gave
monosubstituted chloropyriding-nucleosides. Nucleophilic aromatic substitutionhwi
MeSNa afforded monosubstituted compounds in ratib. Generally nucleophilic
substitution were unselective and led to the compiéxtures which were very hardly
separable. Reactions with excess of reagent aetbahted temperature led to double
substituted derivatives. Further derivatisation nebnosubstituted compounds led to
2D-library of 21 new 2,6-disubstituted pyridin-3-@-2'-deoxyribonucleosides. The
series of seven 2,6-disubstituted pyrididewucleosides triphosphates now undergoes
tests for its possibility to form artificial basaips.

In the last part of my thesis the key intermediate2-bromobenzyl
C-ribonucleoside was prepared by addition of (2-bybenzyl)magnesium bromide to
ribonolactone and subsequent reduction. Pd-cat@hlizgerogenation, cross-couplings,
amination or hydroxylation, as well as lithiatioollbwed by reaction with C®and
amidations, gave a large series of 2-substituted/ateses that were deprotected to
afford free homdz-ribonucleosides. Some of the nucleosides were exted to
corresponding 5'-monophosphates.

All prepared final free pyrimidine and pyridir@2'-deoxyribonucleosides and
benzyl homo C-ribonucleosides were tested for antiviral and stgtic activity.

However, none of tested compound did not exertsagyificant biological activities.

13
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1 Uvod

Prirozere se vyskytujiciN-nukleosidy jsou sloZzeny z heterocyklického aglykon
a cukernécasti, jez jsou dohromady spojeny vazbou uhlik-dusilaproti tomu
u C-nukleosidi je spojeni cukerné a heterocyklickdéisti nahrazeno vazbou uhlik-uhlik
(Obrazek 1). Tento vyrazny strukturni znak prigpuje C-nukleosidim nekteré
jedingné vlastnosti, jako jeféba stabilita &c¢i hydrolytickému a enzymatickému
Stpeni.

V poslednich desetiletich bylo studib-nukleosidi vénovano mnoho Usift
a bylo vyvinuto mnohotiznych syntetickych postippro jejich gipravu. Tyto latky

mohou byt vyuzity mnohaiznymi zpisoby. Napiklad:

* Biologicky aktivni latky - antiviralni, antibiotidk  protirakovinné
a antibakterialrf: 14 1> 16

» Roz&fené genetické abecedy adlénpary bazi" 1

« Biochemické sondy

» Nastroje pro studium vztahu struktura-aktivita

« Nastroje pro studium a modifikaci biologickych pegi?® 2*

(baze) (baze)
TN TN
HO HO

N-Nukleosid C-Nukleosid

« Fluorescedni znaenf?

Obrazek 1.0becna strukturbl-nukleosidu aC-nukleosidu.

2 Cile prace

1. Vyvoj vhodné metodiky pro syntézu 2,4-disubstituogeh pyrimidin-5-yl
C-2'-deoxyribonukleosiil nesoucich dvodliSné funkni skupiny.
2. Vyvoj syntetické metody pro ifpravu 2,6-disubstituovanych pyridin-3-yl

C-2'-deoxyribonukleosiil s odliSnymi substituenty.
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3. Syntéza série nukleosid trifosiat odvozenych od  vybranych
2,6-disubstituovanych pyridin-3-%-2'-deoxyribonukleosiil

4. Vyvoj modularniho fistupu pro syntézu 2-substituovanych benzyl homo
C-ribonukleosid a -nukleotid.

3 Vysledky a diskuze

3.1 Syntéza 2,4-disubstituovanych pyrimidin-5-yC-2'-deoxyribo-

nukleosidi

V této c¢asti prace byl vyvinut modularni a selektivniugpb pro pipravu
2,4-disubstituovanych pyrimidin-5-ylC-2'-deoxyribonukleosiil Heckova reakce
2,4-dichlor-5-jodpyrimidinu s 3'-TBS chrémym glykalem, po které nasledovalo
odchrarni, a redukce vzniklého meziproduktu poskytla 2ghidrpyrimidin

C-2'-deoxyribonukleosid jako Klovy intermediat $chéma J.

cl PY
P Pd(OAc), (PhFs)sP, N| SN
HO N™>N AngO3 7
0 . » HO Cl
p ¢ o
CHCl3, 70°C, .
I 10 hodin
TBSO TBSO
5
4 6
Et;N « 3HF l THF
i ﬂ
Nl)*N NaBH(OAc); N| SN
_— - =
RO o Cl CHsCN,AcOH ~ HO o “
RO O

8aa, R=H (80%) TBSCI, 7, 42% pro dva kroky
imidazol,

9aa, R=TBS (75%) rt, 14 h

Schéma 1. Syntéza 2,4-dichlorpyrimidinC-2'-deoxyribonukleosidu - kového

intermediatu.
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Pomoci regioselektivnich reakci atbnechloru byla z kikového intermediatu
nasleds pripravena 2D knihovna 2,4-disubstituovanych pyrimidi
C-2'-deoxyribonukleosiil nesoucich odlisné substituen§chéma 2. Bylo zjistno, Ze
atom chloru v poloze 4 je vyraznreaktivréjSi nez atom chloru v poloze 2, jak

v nukleofilnich substitucich, tak v cross-coupliegkcich.

Cl Cl R2
@ ) )
HO o 7>a R o o « R“ﬁ HO o 7R
—_— —_—
HO HO HO

Schéma 2 Regioselektivni substituce atérmahloru .

Nukleofilni aromatick& substituce odchéaého 2,4-dichloropyrimidin
C-nukleosidu s methanolickym amoniakem nebo s médleox sodnym za mirnych
podminek poskytla selektigr2-chlor-4-amino- nebo 2-chlor-4-methox@-nukleosidy.
Provedeni reakci za vysSich teplatlonza nasledek vznik disubstituovanych produkt
Zelezem katalyzovana methylace a Buchwald-Hartwagoaminace chr&ného
2,4-dichloropyrimidinC-nukleosidu s jednim ekvivalentetinidla poskytly selektiva
4-substituované 2-chlor pyrimidi€-nukleosidy. Pokud byl pouzit nadbyteknidla,
byly ziskany disubstituované derivaty. Sdeniny nesouci jeden substituent v poloze 4

a atom chloru v poloze 2 byly vyuZzity pro nuklenfisubstituci nebo cross-coupling.

@ ®, g )
= = =
HO\@A NH,  Ho o OMe Ho o Me  Ho o
HO H

R Derivat R Derivat R Derivat R Derivat
Cl 8ab Cl 8ac Cl 8ad Cl 8ae
NH, 8bb NH, 8bc NH, 8bd NH, 8be
OMe 8cb OMe 8cc OMe 8cd OMe 8ce
NMe, 8eb Me 8dc Me 8dd Me 8de
Ph 8fb NMe, 8ec NMe, 8ed NMe, 8ee
H 8gb Ph 8fc Ph 8fd Ph 8fe

H 8gc H 8gd H 8ge

Obrazek 2.2D knihovna 2,4-disubstituovanych pyrimidbA2'-deoxyribonukleosiil
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(Obrazek 2). Konené odchraéni silylovanych nukleosid bylo provedeno reakci
s triethylamin trihydrofluoridem. Vybrané derivabyidou testovany jako substraty pro

DNA polymerazy.

3.2 Syntéza 2,6-disubstituovanych pyridin-3-yC-2'-deoxyribonukleo-
sida

Série  2,6-disubstituovanych  pyridin-3-yIC-2'-deoxyribonukleosid byla
piipravena ze dvou regioisomernich meziprodukt 2-brom-6-chlor- a 6-brom-2-
chlorpyridin-3-yl C-2'-deoxyribonukleosiil Pro syntézu ktovych intermediat byl
pouzit Heckv coupling brom-chlor-jodpyridinu s 3-TBS chegaym glykalem
(Schéma 3.

Br
B
. NaBH(OAc),
HO o Cl -
Br ACOH,
1. Pd(OAc), CH4CN,
(PhF5)3P, | SN o) 0°C, 5 min RO
102005 N ANg 11,52 % —12,R=H (85%)
CHC{% :}0 C, | e e TBSCI, imidazol, ’ °
2. EtsN » 3HF, DMF, i, 140 L » 43 R=TBS (78 %)
HO o THF, rt, 5 min
Y
TBSO

2. Et3N « 3HF,

1. Pd(OAc),, §' SN
|

(PhFs5)3P, # SN
Ag,CO3 | P g, NaBH(OAc); =
CHClj, gr HO o) — o)
70°C,10h | AcOH,
CH4CN,
O 0°C, 5 min RO
0, — — 0,
14,59 % TBSCI, imidazol, 15 R=H (87%)
DMF, rt, 14h

— 16, R=TBS (92 %)

Schéma 3 Syntéza kifovych intermedidt - 2,6-dihalopyridin-3-yIC-nukleosid.
Nasledr’ byla provedena systematicka studie chemoselektivitkleofilnich

substituci a cross-couplidlgpro oba regioisomerni 2-brom-6-chlor- a 6-brom-2-

chlorpyridin-3-yl C-2'-deoxyribonukleosidy. Bylo zji&ho, Ze cross-couplingy probihaji
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chemoselektivé prednostd s atomem bromu, ale velmasto zalezelo nagtitelnosti

monosubstituovanych produka vychozi slogeniny.

Schéma 4 Postupna chemoselektivni substituce halogenovigshia

Na rozdil od cross-couplifig probihala nukleofilni substituce s NaSMe
neselektivd a byla ziskdna odtitelna snés monosubstituovanych derivat
Nukleofilni substituce s methanolickym amoniakerbce NaOMe neprobihalyibec,
nebo za pouziti vysSich teplot vedly k sl@elnym snesim. Monosubstituované
halopydirin C-nukleosidy byly vyuzity pro druhou substituci anpaci nukleofilnich
substituci a  cross-couplitg (Schéma 34 byla p@ipravena knihovna
2,6-disubstituovanych pyridin-3-%-2'-deoxyribonukleosii (Obrazek 3).

Me R R SMe
= = = =
HO o R Ho o Ph HO o SMe  Ho o R
HO HO HO HO
R Derivat R Derivat R Derivat R ‘ Derivat
Cl 17b Cl 22b SMe 26 Cl 27b
Me 18b Ph 23b Br 28b Me 29b
NH, 19b NH, 24b Me 30b
ethynyl 20b Me 25b
OMe 21

Obrazek 3.2D knihovna 2,6-disubstituovanych pyridin-3G42'-deoxyribonukleosil

3.3 Syntéza 2,6-disubstituovanych pyridin-3-yC-2'-deoxyribonukleo-
sid trifosfatu
Sedm 2,6-disubstituovanych pyridin-3-ylC-2'-deoxyribonukleositl bylo

vybrano pro otestovani jejich schopnostiftvaimélé pary bazi. Toto testovani bude

provedeno ve spolupracujici laboratqrofesora Floyda Romesberga na Scrips



Research Institute. Skupina vybranych latek bylvedena na odpovidajici trifosfaty
za pouziti klasickych podminekS¢héma % a poskytla sérii trifosfat v dobrych
vytézcich Tabulka 1).

R? R?
SN 1) POCl3, SN
| PO(OMe)3, 0°C o o o |
N R2 . i i Z S R2
HO 0 2) (NHBuU3),H,P,0;,  O~H-0-F-0-P-0 o)
BuszN, DMF, 0°C (0] (0] (0]
HO HO

Schéma 5Trifosforylace 2,6-disubstituovanych pyridi2'-deoxyribonukleosiil

Experiment  Vychozi latka R R2 (5;?522%
1 17b Me Cl 36 (68%)
2 18b Me Me 37 (17%)
3 19b Me NH, 38 (51%)
4 21 Me OMe 39 (54%)
5 26 SMe SMe 40 (81%)
6 28b Br SMe 41 (27%)
7 30b Me SMe 42 (85%)

Tabulka 1. Vytézky trifosforylace 2,6-disubstituovanych pyriddanukleosidi.

3.4 Syntéza 2-substituovanych benzyl homG-ribonukleosida a

-nukleotida

Benzylové homo C-ribonukleosidy byly navrzeny jako analogy
fosforibosylantranilatu (PRA), které maji misto Nkupiny CH skupinu Qbrazek 4).
Tato ¢ast meého vyzkumu byla provedena ve spolupracia#at¥i profesora Matthiase
Wilmannse z European Molecular Biology Laboratordamburku a benzylové homo
C-ribonukleosidy byly gpraveny jako potencialni inhibitoryMycobacterium

tuberculosis.
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+ +
Na HO R Na R
e @
HO—Ii—O 0 HN HO o) H.C HO—ﬁ—O 0 H,C
0 0]
HO OH HO OH HO OH
N-(5'-Fosforibosyl)-antranilat Benzylové homo C-ribonukleosidy
(PRA)

Obrazek 4. Struktura fosforibosylantranilatu a navrh potehdih inhibitor.

Byl vyvinut modularni postup pro syntézu 2-substtanych derivat
benzylovych homdaC-ribonukleosid a -nukleotid. Kli¢covy intermediat byl fipraven
reakci  (2-brombenzyl)magnesium bromidu s TBS-ckmgim ribonolaktonem
nasledovanou redukci a silylackohéma ¢. Nésledné transformace poskytly sérii
derivati nesoucich tzné substituenty Gbrazek 5. Paladiem katalyzované reakce
poskytly sérii derivat nesoucich v poloze 2 alkyl, aryl, amino a hydrekupiny.
Stilleho cross-coupling byl pouZzit praipojeni furanylu a thiofenylu. Karboxylova
kyselina byla ppravena lithiaci a néslednou reakci s,CQ/Sechny chrameé
meziprodukty byly odchra&my pomoci triethylamin trihydrofluoridu nebo
trifluoroctové kyseliny. Vybrané benzyl hom@-ribonukleosidy byly pevedeny na
odpovidajici 5'-monofosfaty. V laboréio profesora Matthiase Wilmannse byla
testovana série vSechigravenych benzyl homo C-ribonukleosid -nukleotid na
inhibi¢ni aktivity proti PriA isomeraze zMycobacterium tuberculosis. Zadna

z testovanych latek vSak nevykazala inhibici torertaymu.
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Br.
0 )
BrM
TBSO 0o g TBSO o
THF, rt OH

TBSO OTBS TBSO OTBS
45 46, 88 %
Et,SiH, .
BF,EL,O0 | PCM.0°C
Br. Br. Br.
TBSO o TBSO 0 TBSO o)
n 4
HO OTBS TBSO OH TBSO OTBS

\ 48 49 J 47a, 36 %
Y

40 % 72 % 47a dohromady

| T

TBSCI, imidazol,
DMF, rt, 14h

Schéma 6 Syntéza kifového meziproduktd7a

47,50 R
Br

H o
Me HO-P-0O 0
Ph o)

NH; HO OH
NMe,
OH
OMe 51 R
2-thienyl

e NH2
2-furyl
50 a-0,R=H f NMe,

COOH
| CONH,

CONH,
n CONMGZ
CONHMe

CONMGZ
CONHBn

RO
C 51e,f,I,n, p

o Q@ -~ 0 o O T 9

RO OR
47 a-0, R=TBS

e T ra—

o - 3

Obrazek 5. Série 2-substituovanych benzyl hoi@eibonukleosid a 5'-nukleotid.
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4 Zavér

V prvni ¢asti mé dizerténi prace byla 0sgre vyuzita Heckova reakce na
piipravu kltového meziproduktu — dichlorpyrimidi€-nukleosidu. Nasledna série
regioselektivnich nukleofilnich substituci a crassplingi za mirnych podminek
poskytla 4-substituované 2-chlorpyrimid@inukleosidy. Pokud byly reakce provedeny
s nadbytkentinidla a @i zvySené teplat byly ziskany 2,4-disubstituované pyrimidin
C-nukleosidy. Nasledn bylo z 4-substituovanych 2-chlorpyrimidi©-nukleosidi
piipraveno Sest tyip disubstituovanych pyrimidinC-nukleosidi nesoucich odlisné
substituenty v poloze 2 a 4. Bylatigravena 2D knihovna fiteti novych
2,4-disubstituovanych pyrimidin-5-@-2'-deoxyribonukleosil

V druhé ¢asti mé prace jsemiipravil dva klcové intermediaty — brom-
chlorpyridin C-nukleosidy a jejich ochr&né analogy. V &kolika chemoselektivnich
cross-coupling reakcich byla prokazana vyssi red&tatomu bromu a bylafipravena
série  monosubstituovanych chlorpyridirC-nukleosidi. Nukleofilni aromaticka
substituce s MeSNa poskytla &nmonosubstituovanych derivav poméru cca 1:1.
Nukleofilni substituce byly obeémeselektivni a vedly Kiko separovatelnym sisim
produkti. Reakce provedené za vysSi teploty s nadbytké&mdel poskytly
disubstituované  produkty. Byla fipravena 2D knihovna 21 novych
2,6-disubstituovanych pyridin-3-yC-2'-deoxyribonukleosiil Série sedmi trifosfat
2,6-disubstituovanych pyridi€-nukleosidi bude testovana na jejich schopnostititvo
unmglé pary bazi.

V poslednic¢asti mé prace bylfjpraven kl€ovy intermediat — 2-bromobenzyl
C-ribonukleosid pomoci reakce (2-brombenzyl)magmadimomidu s ribonolaktonem a
naslednou redukci. Reakcemi katalyzovanymi paladibgla pipravena série
2-substituovanych deriviit které byly odchr&émy na volné homd-ribonukleosidy.
Vybrané nukleosidy bylyiievedeny na odpovidajici 5'-monofosfaty.

VSechny pipravené pyrimidin a pyridirC-2'-deoxyribonukleosidy a benzylové
homo C-ribonukleosidy byly testovany na antiviralicytostatické aktivity. Zadna

z testovanych latek vSak nevykazala biologickévékti
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