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PROMOCIJAS DARBA VISPAREJS RAKSTUROJUMS
Teémas aktualitate

Nukleozidiem un nukleotidiem ir nozimiga loma dazados $tinu dzivibas procesos, tie
piedalas DNS un RNS sintéz&, S$Gnu signalizacijas procesos, enzimu reguléSana un
metabolisma. Nukleozidu un nukleotidu analogi ir sintétiski modific€ti savienojumi, kuri ir
Iidzigi dabiskajiem ekvivalentiem un var tikt izmantoti $inu metabolisma vai tikt ieklauti
DNS un RNS sastava un tadgjadi kavét stnu daliSanos vai virusu replikaciju, pieméram, tie
var nomakt véza $tinu dali$anos procesu.

Modificéti purinu atvasindjumi ir izmantojami: 1) pretaudz&ju terapija, pieméram,
purinu nukleozidi ka antimetaboliti (fludarabins, tioguanins, klofarabins un kladribins); '
2) pretvirusu terapija,’ piemgram, vidarabins, abakavirs, entekavirs un aciklovirs; 3)ka
adenozina un purinergisko receptoru agonisti un antagonisti.’ Piemgram, A; receptoru
agonistus var izmantot ka preparatus pret arterialo aritmiju, 2. tipa diab&tu un ka insulina
jutigos agentus. Tie ir svarigi sapju novér$ana un stenokardijas arstéSana. Savukart, adenozina
receptoru  A,s agonisti ir lieliski pretiekaisuma agenti (pieméram, apadenozons,
regadenozons, binodenozons). Adenozina receptoru antagonistus izmanto arT ka
pretastmatiskos un pretiekaisuma agentus.

Biologiskaja un bioorganiskaja kimija ir izplatita fluorescento iezimju izmantosana.
Tas lieto, lai p&titu biomolekulu strukttiras un dinamiku un veiktu to atpaziSanu. Fluorescento
nukleozidu analogus var izmantot ka DNS un RNS molekulu markierus, p&tit nukletnskabju
struktliru sarezgito dinamiku, izmantot genétiskajas analizés un diagnostika. Tie var kalpot ari
ka fluorescentie sensori, kurus var izmantot metalu jonu mérisanai dzivajas sistémas.

Apkopojot informaciju par zinamajam purinu nukleozidu bazu modifikacijam,
jasecina, ka ar azoliem aizvietotu purinu nukleozidu kimiskas, biologiskas un fotofizikalas
ipasibas Iidz §im ir maz pétitas. Sis fakts lauj attistit jaunas un patent&jamas piemingto
molekularo platformu izmanto$anas iesp€jas, pateicoties gan to biologiskajai aktivitatei, gan
fotofizikalajam ipasibam. Lidz Sim aprakstiti tikai dazi 2- vai 6-(1,2,3-triazolil)purinu
nukleozidi.*

Promocijas darba aktualitate saistita ar (1,2,3-triazolil)purinu nukleozidu ka
azolilaizvietotu purina analogu klases paplasinasanu, ieglistot jauna tipa aizvietotaju
kombinacijas purina cikla. Balstoties uz faktiem par azolilpurinu analogu biologiskajam
aktivitatem, planotas savienojuma s€rijas ir nozimigas no medicinas kimijas viedokla. Jauna

tipa purina nukleozidu analogu iegiiSana veicina purina kimijas attistibu un dod informaciju



par lidz $im neaprakstitiem purina cikla aizvietoSanas pan€mieniem. Savukart dati par
jaunizveidoto un patentbrivo molekularo platformu biologisko aktivitati un fluorescentajam

Tpasibam paver celu jaunu produktu un metoZu attistibai biologiskaja un medicinas kimija.
Pétijuma meérkis un uzdevumi

Promocijas darba mérkis ir sint€zes metozu izstrade jaunu C(2)- un C(6)-modificétu
triazolilpurinu  nukleozidu analogu iegiiSanai, ieskaitot 2,6-bis-(1,2,3-triazolil)purinu
nukleozidus, un to biologisko aktivita$u skrinings un fluorescento ipasibu p&tijumi.

Darba mérka Tsteno$anai izvirziti sekojo$i uzdevumi:

Paplasinat (1,2,3-triazolil)purinu nukleozidu klastu, izmantojot vara(I) kataliz&tas
azidu-alkinu 1,3-dipolaras ciklopievienosanas reakcijas. Izstradat un optimizet attiecigo
izejvielu sintézes metodes.

Pétit jaunieglito bis-triazolilpurinu nukleozidu reagétsp&ju un salidzinat to ar
attiecigo 2,6-dihlorpurina un 2,6-diazidopurina nukleozidiem.

Veikt fluorescento Tpasibu izp€ti jaunieglitajiem savienojumiem.

Sadarbiba ar citam zinatniskajam grupam noteikt jauno savienojumu aktivitati uz
adenozina un purinergiskiem receptoriem, izpétit to citotoksicitati uz véza $inam un noteikt

antiviralo potencialu.
Zinatniska novitate un galvenie rezultati

P&tijumu rezultata izstradatas vairakas metodes dazadi aizvietotu 1,2,3-triazolilpurinu
nukleozidu ieglsanai. 2,6-Bis-triazolilpurinu, 2,6-diazidopurina un 2,6-dihlorpurina
nukleozidu gadijuma izp@titas reakcijas ar dazadiem nukleofiliem un salidzinata savienojumu
reag@tspeja. Atklats, ka 1,2,3-triazolilgredzens purina C(6) pozicija darbojas ka laba aizejosa
grupa. Pieradits, ka ar nukleofiliem aizvietotiem monotriazolilsavienojumiem piemit izteiktas
fluorescgjosas ipasibas. Virknei jauniegto savienojumu atklatas v&ra nemamas biologiskas
aktivitates: agonista aktivitate pret adenozina As; un purinergiska P2Y12 receptoriem;
antiviralais efekts pret dzeltena drudza, Cikungunja virusu un enterovirusu un citotoksicitate

uz véza HT-1080 un MG-22A $tnu [inijam.
Darba struktiira un apjoms

Promocijas darbs sagatavots ka tematiski vienota zinatnisko publikaciju kopa par

triazolilpurinu nukleozidu sintézi un ipasibam. Tas satur publikacijas recenz&tos zinatniskajos



izdevumos, kas ieklauti starptautiskajas datubazes, patentus, RTU Zinatniskos rakstus un

rakstus konferencu pilna teksta rakstu krajumos.
Darba aprobacija un publikacijas

Promocijas darba rezultati izklastiti 5 zinatniskajas originalpublikacijas,

1 apskatraksta un 7 patentos.

Zinatniskas publikacijas:

1. Novosjolova, 1.; Bizdéna, E.; Turks, M. Synthesis and Applications of Azolyl Purine
and Azolyl Purine Nucleoside Derivatives. Eur. J. Org. Chem. 2015, pienemts
publicésanai, DOI: 10.1002/ejoc.201403527.

2. Novosjolova, I.; Bizdena, E.; Turks, M. Synthesis of Novel 2- and 6-
Alkyl/Arylthiopurine Derivatives. Phosphorus, Sulfur, Silicon Relat. Elem. 20185,
pienemts publicésanai, DOI: 10.1080/10426507.2014.989435.

3. Novosjolova, L.; Stepanovs, D.; Bizdéna, E.; Mishnev, A.; Turks, M. 2,6-Dichloro-9-
(2',3',5'-tri-O-acetyl-p-D-ribofuranosyl)-9H-purine. Acta Cryst. 2014, E70, Part?2,
0108-0109.

4. Novosjolova, 1.; Bizdena, E.; Turks, M. Application of 2,6-Diazidopurine Derivatives
in the Synthesis of Thiopurine Nucleosides. Tetrahedron Lett. 2013, 54, 6557-6561;
Novosjolova, I; Bizdéna, E.; Turks, M. Corrigendum to “Application of
2,6-Diazidopurine Derivatives in the Synthesis of Thiopurine Nucleosides”
[Tetrahedron Lett. 54 (2013) 6557—-6561]. Tetrahedron Lett. 2014, 55, 4972.

5. Kovalovs, A.; Novosjolova, I.; Bizdéna, E.; Bizane, 1.; Skardziute, L.; Kazlauskas, K.;
Jursenas, S.; Turks, M. 1,2,3-Triazoles as Leaving Groups in Purine Chemistry: a
Three-Step  Synthesis of ~N’-Substituted-2-Triazolyl-Adenine Nucleosides and
Photophysical Properties Thereof. Tetrahedron Lett. 2013, 54, 850-853.

6. Novosjolova, 1.; Bizdena, E.; Belyakov, S.; Turks, M. Synthesis and X-ray Studies of
6-Pyrrolidinyl-2-Triazolyl Purine Arabinonucleoside. RTU  zindtniskie raksti:

Materialzinatne un lietiska kimija 2013, 28, 39-44.

Latvijas Republikas patenti:

1. Novosjolova, I.; Barzdaine, M.; Mandrika, I.; Petrovska, R., Bizdeéna, E.; Klovins, J.;
Turks, M. Triazolilpurina atvasinajumi ka adenozina un purina receptoru agonisti.

LV14851B, 20.07.2014.
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PROMOCIJAS DARBA GALVENIE REZULTATI

Modificéti purinu nukleozidu analogi ir plasi lietoti biologiskaja un medicinas
kimija. Daudzi no tiem jau ir pieejami aptiekas ka efektivas zales. Purinu nukleozidu bazu
modific€Sanu var veikt purina C(2), C(6) un C(8) vieta (1. attéls). Nukleozida strukttra var
ievadit dazadus azolilciklus, ta iegiistot purinu-azolu konjugatus, kas ir jauni purinu
atvasinajumi, kuri satur slapekli saturo3us piecloceklu aromatiskus heterociklus. Sim nolikam
var izmantot dazadas metodes, pieméram, SyAr, ciklizacijas un parejas metalu kataliz&tas
Skérssametinasanas reakcijas. P&dgja desmitgadé purinu-azolu konjugatu sintézes metodes
attistas arvien plasak, bet virkne logiski iedomajamu molekularo platformu ar dalgji
paredzamam biologiskam aktivitatém nav v&l iegltas. Maz informacijas ir arl par
1,2,3-triazolu ievadiSanu purinu nukleozidu C(2)un C(6) pozicijas, $adu struktiiru

kimiskajam, fotofizikalajam un biologiskajam Ipasibam.

C(6) pozicija

C(8) pozicija
N
4 |\N
=
N

C(2) pozicija

1. attels. Purina-azola konjugats vispargja veida

Promocijas darba ietvaros pievérsamies jaunu metozu izstradei, lai iegitu C(2) un
C(6) vieta modificetus 1,2,3-triazolilpurinu nukleozidu analogus. Izveloties vara(l) katalizetu
azidu-alkinu 1,3-dipolaras ciklopievienosanas (CuAAC) pieeju triazolu konstruésanai,
sakotngji ieguvam stratégiskos diazidus 2, kurus talak izmantojam reakcijas ar dazadiem
terminalajiem alkiniem un ieguvam iepriek§ nezinamus 2,6-bis-triazolilatvasindgjumus 3
(1. shéma). Pétijam ieglto atvasinajumu reagétspgju ar dazadiem N- un S-nukleofiliem, jo par
1,2,3-triazolilcikla apmainu purina C(6) vieta iepriekS nekas nebija zinams. Uzsakam arl

biologisko aktivitasu un fotofizikalo ipasibu pétijumus.
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Biologiskas aktivitates
pétijumi

1. shéma. Mérka produktu vispargja sintézes shéma un pielietojumi

1. 2,6-Diazidopurinu nukleozidu sintéze

Vara(l) katalizéto azidu-alkinu 1,3-dipolaras ciklopievieno$anas reakciju izpildei
pirmais uzdevums bija iegut stratégiskas diazidu izejvielas ar vispargjo formulu 2 (1. shéma).

Purina modificétu nukleozidu sintézes ir iesp&jams veikt péc linearas vai
konvergentas metodes. Lineara metode ir pakapeniska katra nakama starpprodukta iegfiSana
cela uz produktu. Savukart, konvergenta metode nozimé atsevisku katra kimiska biivbloka
sint€zi un to turpmaku reakciju sava starpa. Linearaja sint€z& kopgjais iznakums vispar kritas
ar katru nakamo soli, savukart konvergentaja metode iznakumi médz bat augstaki, un tade] sai
metodei biezi tiek dota prieksSroka salidzindjuma ar linearo metodi.

Forbrugena [Vorbriiggen] glikozilgsanas apstakli * paredz glikozidiskas saites izveidi
reakcija starp sililéto heterociklisko bazi un elektrofilo monosaharida atvasindjumu Luisa
[Lewis] skabes klatbuitng. Svarigi, ka iepriek§ Forbrugena [Vorbriiggen] glikozilésanas
apstakli nekad netika lietoti attieciba uz 2,6-diazidopurinu, bet liclakoties uz adenina vai
guanozina atvasinajumiem.®

Diazids 11 tika iegiits p&c linearas metodes. Reakcija starp bromidu 8 un ar NaH
deprotonétu 2,6-dihlorpurinu 9, iegtist produktu 10, un tad nakamaja stadija, reaggjot ar NaNj,

ieguvam vajadzigo 2,6-diazidopurina nukleozidu 11 ar 83% iznakumu (2. shéma).
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cl Ns

N N
BzO  OMe 33% HBr BzO0  pr ¢ SN ¢ SN
CH3COOH N /)\ NaNj N /)\
e BzO N Cl ———— = Bz0 N N3
Sy EtOH
BzO' BzO 45 -100°C
T
7 008z 10,80% 0a, 11,83%
BzO’ BzO
cl Ny
N N
N N
<l < ]l
OAc 33% HBr < f\/ Ik,
AcO CH3;COOH ~ AcO oAc N N)\CI NaN oAc N N)\N3
—_— AcO 3 AcO
O] 0O of EtOH of
AcO OAc AcO Br OAc 45-100°C OAc
12 13, 99% 14,51% 15, 90%

2. shéma. Arabinofuranozilserijas un arabinopiranozilsérijas purinu nukleozidu 11 un 15 sintéze

Arabinopiranozilsérijas purina nukleozidu 15 arT var iegiit péc 2. shéma aprakstitas
metodes. Sakuma diastereoselektiva veida ieguvam  2,3,4-tri-O-acetil-1-brom-3-D-
arabinopiranozi 13. Tad ta reagé ar deprotonétu 2,6-dihlorpurinu 9 pé&c nukleofilas
aizvietoSanas mehanisma un rodas 2,6-dihlorpurina nukleozids 14 ar 51% iznakumu. Tad
veicot reakciju ar NaN3, ieguvam vajadzigo diazidu 15 ar 90% iznakumu.

Linearaja metodé starp 2,6-dihlorpurinu 9 un peraciléto ribofuranozi 16 Forbrugena
[Vorbriiggen] glikoziledanas apstiklos ieguvam 2,6-dihlorpurina nukleozidu 17 (3. shéma).’
Ta kristaliska struktiira pirmo reizi iegiita $aja darba (2. attels).® Tad seciga reakcija ar NaN;

ieguvam ribofuranozils@rijas diazidu 18 ar 83% iznakumu.

2. attéls. 2,6-Dihlorpurina nukleozida 17 kristaliska strukttra

Péc konvergentas metodes Forbrugena [Vorbriiggen] glikoziléSanas apstaklos
reakcija tika veikta starp aizsargatu ribofuranozi 16 vai arabinopiranozi 12 un ieprieks
pagatavotu 2,6-diazidopurinu 19, BSA un TMSOTT klatbiitné. Produkti 18 un 15 tika iegtti ar
90% un 65% iznakumu (3. shema).



<
AcO. N N/)\CI
° 83% [ NaN;
AcO  OAc
17 Ns
N X
N
< ]
A
AcO. OAc AcO. NTSNTN,
le} o
AcO  OAc AcO  OAc
ol 16 18
N B N
N
<’f;\ e ¢ T N
NTNTel 90% N N Ay
H H
d LA
OAc BSA, TMSOTf oae N NP
AcO Aco&g 3
01 o)
AcOQAC 65% OAc
12 15

3. shéma. 2,6-Diazidopurinu nukleozidu 18 un 15 sintéze

Ka redzams, pec linearas metodes diazidus 11, 15 un 18 var iegiit ar kop&jiem
iznakumiem — 66%, 45% un 61%. Savukart konvergentas metodes gadijuma diazidu 15 un
18 kopgjie iznakumi ir 59% un 81%.

Glikozildonoru reakcija ar sililetam nukleobazém Luisa skabes klatbiitng tiek plasi
izmantota nukleozidu sint€z€, bet iepriekS ta netika izmantota 9-(tri-O-acetil-B-D-
ribofuranozil)-2,6-diazidopurina 18 un 9-(tri-O-acetil-a-D-arabinopiranozil)-2,6-diazidopurina
15 ieguvei.

Savienojuma 14 struktiira tika petita ar HMBC un NOESY spektriem. HMBC spektri
pieradija, ka monosaharida atlikums ir piranozes forma, bet NOESY spektrs un spinu
sadarbibas konstanSu analize, ka nukleozida 14 monosaharida komponente pastav
o-konfiguracija.’

Novérojam, ka iegitie 2,6-diazidopurinu nukleozidu atvasinajumi 11, 15 un 18 ir
nestabili dienas gaisma un paaugstinatas temperatiiras, tapec glabat tos ilgaku laika periodu
ieteicams tumsa pazeminata temperatira (<5 °C).

Originalpublikacijas par $is nodalas pétijumiem atrodamas [V—VII pielikumos.
2. 2,6-Bis-triazolilpurinu nukleozidu sintéze

Talak attistijam 2,6-bis-triazolilatvasinajumu 3 iegiiSanas metodi azidu-alkinu
ciklopievieno§anas reakcijas, izmantojot Cu(l) katalizi.'® Ta ir viena no pedeja laika plasi
lictotim reakcijam “klik” koncepcijas ietvaros.'' Ari bioorganiskds un medicinas kimijas

joma @rti iegiistamais 1,2,3-triazola saistitajtilting ir guvis plasu atsaucibu.'? Jaatzimé, ka
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daudzam triazola fragmentu saturo$am molekularajam platformam ir novérotas daudzveidigas

biologiskas aktivitates.

R

4

N

N S R—=
) N NN
< | /)\ 10% AcOH </ | N
NTSNTN,  cusogsH,0 NN
natrija askorbats “N
20-30°C R
2 3

-
Z’Z

N3

4. sheéma. 2,6-Bis-triazolilatvasinajumu 3 sintéze

Miisu gadijuma par katalitisko sistemu kalpoja CuSO4-5H,O kombinacija ar natrija
askorbatu ka reducétaju (4. shéma). Reakcijas tika realizétas ferc-butanola tdens vide.
Reakcijas atrumu palielinasanai tiek pievienoti 10 mol% AcOH, jo péc B. F. Strauba
[B. F. Straub] uzskatiem ir neizdevigi Cu-C saites protodemetaléSanai izmantot H,O vai
alktnu ka protona avotu. Tap&c ir ieteikts izmantot etikskabi katalitiskos daudzumos, ta
palielinot 1,3-dipolaras reakcijas atrumu un iznakumu."> Ta misu reakcijas pec 10 mol%
AcOH $kiduma pievienoSanas un atkariba no alkina notika no dazam minitém lidz 4 h.
Salidzinajumam: bez etikskabes pievienosanas reakcijas ilga 24-36 h.

Ka alkinu saturo$us reagentus izmantojam terminalos alkinus, kur R ir sanu k&de
aizvietoti vai neaizvietoti alkil-, arilaizvietotdji vai heterocikliskie aizvietotaji (1. tabula).
Dazus alkinus sintez&jam no attieciga aldehida, izmantojot Ohiras-Bestmana [Ohira-

Bestmann] reagentu.

1. tabula. 2,6-Bis-triazolilatvasinajumu 3 sintéze saskana ar 4. shému

R [ Produkts3 | R [ Produkts 3
Ribofuranozilsérija
Monosaharids = 2°,3”,5’-tri-O-acetil-p-D-ribofuranozil-

%@ 3a, 83% ,,IJQOH 3f, 70%
%@—é 3b, 67% T 3g, 58%
§_< >—Br

3¢, 56% 1&)\0/ 3h,51%

O\n
o
3d, 30% 1, 3i, 28%
oH 3e, 64% 0 3j, 42%
L ‘ AN j, 42%
C




R [ Produkts3 | R | Produkts3
Arabinopiranozilsérija
Monosaharids = 2°,3’ 4’ -tri-O-acetil-a-D-arabinopiranozil-

OH
§—© 3K, 78% e 3n,47%
% oH 31, 46% T 30, 50%
E)<OH 3m, 75% TN 3p, 60%

Arabinofuranozilsérija
Monosaharids = 2°,3°,5’-tri-O-benzoil-a-D-arabinofuranozil-

@ ‘ 3q,33% Ii)é’” ‘ 3r, 45%

Savienojuma 3r struktira tika pieradita, izmantojot rentgenstruktiranalizi. Tika

apstiprinati savienojuma 11 kodolmagnétiskas rezonanses dati par ta o-konfiguraciju, ka ari
papildus pieradita 1,2,3-triazolu raSanas 1,4-regioselektivitate (3. att€ls). Ta ir pirma
rentgenstruktiira bis-azolilpurinu rinda. Ka redzams no kristala strukttiras, tad baze attieciba
pret monosaharida atlikumu atrodas syn orientacija. Dabas nukleotidos pamata ir parsvara

sastopama anti orientacija.

3. attels. Savienojuma 3r kristaliska struktiira

Originalpublikacija un patents par §is nodalas pétijumiem atrodami VI un
XIV pielikumos.

3. 2,6-Bis-triazolilatvasinajumu reakcijas ar N-nukleofiliem

No nedaudziem literatliras piemériem bija zinams, ka 1,2.4-triazolilaizvietotajs
purtna C(6) pozicija darbojas ka laba aizejosa grupa nukleofilajas reakcijas, bet plasi $is
parvértibas nebija pétitas. Te var minét K. Rizes [C. Reese], M. Robinsa [M. Robins] un
J.I§ido [Y. Ishido] darbus.'* Savukart, par 1,23-triazoliem ka aizejo§dm grupam nebija
nekadu zinu.

Masu pétijumi pieradija, ka ari 1,2,3-triazols purina C(6) vieta darbojas ka laba
aizejosa grupa, izmantojot 2,6-bis-(1,2,3-triazol-1-il)purinu atvasinajumus 3 nukleofilajas
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heteroaromatiskajas aizvietoSanas reakcijas. Tas paver iesp&ju interesantiem biologiskas
aktivitates un biokonjugdcijas pétijumiem. Tas lava mums izstradat jaunu N’-aizvietotu
2-triazoliladenina nukleozidu 20 sintézes pieeju (5.shéma, 2.tabula). Tika atklats, ka

ieglitiem produktiem piemit izteiktas fluorescentas Tpasibas.

R!

N
T 2
N,N R‘N’R

H
-N

NN R¥ °R® NfN

4 —_— ¢ + HN-N

< /)\N,N H,0 vai H,O/THF <N l /)\N,N\\N |§(N

|
NTON

N N
N 25-40°C
= ) — =, s
i 1t \\< 1-4 h Deaizsargats R
monosaharids R’ monosaharids R!

3 20 21

5. shéma. 2,6-Bis-triazolilatvasinajumu 3 reakciju ar N-nukleofiliem vispargja shéma

2. tabula. 2,6-Bis-triazolilatvasinajumu 3 nukleofilas heteroaromatiskas apmainas reakcijas ar aminiem

Nr.p.k. | R' [ -NR’R? [ Produkts 20
Ribofuranozilsérija
Monosaharids = B-D-ribofuranozil-
1 -NHMe 20a, 92%
2 C -NMe, 20b, 64%
3 O 20c¢, 96%
k4
4 % oH Y’O 20d, 89%

5 HL){’“ *{D 20e, 86%

Arabinopiranozilsérija
Monosaharids = a-D-arabinopiranozil-

6 r\|:> 20f, 88%

ke
7 §_© “NMe, 208, 91%
8 NHMe 20h, 73%
9 ’{,O 20i, 96%
10 % oH -NHMe 20§, 82%
11 h){’” Y'D 20k, 69%

Arabinofuranozilsérija
Monosaharids = a-D-arabinofuranozil-

12 §—© NHMe 201, 46%
13 o 20m, 97%

A
14 -NMe, 20n, 96%
15 -NHMe 200, 39%

Reakcijas tika izmantoti tadi N-nukleofili ka metilamins, dimetilamins, piperidins un

pirrolidins. Reakcijas parasti notika amina Gidens Skiduma 3040 °C temperatira 30 mindiSu
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lidz 6 stundu laika. Reakciju rezultata tiek noskeltas ari acetil- un benzoilaizsarggrupas
(5. shéma, 2. tabula).

Arabinopiranozilsérijas gadfjuma savienojuma 20k struktiira tika pieradita,
izmantojot rentgenstruktiiranalizi (4. att€ls). No kristala struktiiras redzams, ka aizvietoSana

notiek regioselektivi C(6) vieta. Savienojums veido monohidratu, ja to kristalizé no fidens.’

4. attéls. Savienojuma 20k ORTEP struktiira

Misu metode ir konkurétspgjiga ar iepriek§ aprakstitajam metodém, pieméram,
S. van Kalenberga [S. van Calenbergh] grupa 9-(B-D-ribofuranozil)-2-(4-fenil-1H-1,2,3-
triazol-1-il)-6-metilamino-9H-purins 20a tika sintezets piecas stadijas ar maksimalo iznakumu
27%.* Savukart, més demonstr&jam minéta savienojuma jaunu tiis stadiju sintézi ar kopgjo
iznakumu 69%.

Ka N-nukleofilus var izmantot gan aminoskabes, gan hidrazinus, bet reakcijas ar tiem
notiek daudz 1enak un ar zemakiem iznakumiem un vairak piemaisfjumiem. Piem@rotaki
apstakli So reakciju veikSanai vél tiek mekl&ti.

Originalpublikacijas un patents par §is nodalas pétjjumiem atrodami VI-VII un

XII pielikumos.
4. 6-Tio-2-triazolilpurinu nukleozidu sintéze

Tiopurinu atvasinajumi pieder plaSajai purina antimetabolitu klasei. Tie tiek plasi
lictoti v&7a un autoimiino slimibu arstesanai.'> 6-Tioguanins un 6-merkaptopurins tick plasi
izmantoti, lai arstetu limfoleikémiju barniem.'®

Pétfjuma laika izvirzijam vairakas hipotézes 6-tio-2-triazolilpurinu nukleozidu 22
ieguvei (6.shéma). Pirmkart, mérka savienojumus 22 var iegiit no 2,6-dihlorpurina
atvasingjumiem 1, veicot hlorida apmainu ar azidu. Tad Cu(l) katalizétas 1,3-dipolaras

ciklopievienosanas reakcijas (CuAAC) rezultata ar dazadiem terminalajiem alkiniem var ieglit
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iepriek§ aprakstitos 2,6-bis-triazolilatvasindgjumus, kurus talak izmantot nukleofilajas
heteroaromatiskajas aizvietoSanas ar dazadiem tioliem (Metode A: 1—-2—3—22; 6. shéma).
Otrkart, var mainit reakciju secibu un sakotngji veikt divas secigas SyAr reakcijas, ieglistot no
dihlorida 1 monotioaduktu 23, kuru talak parvér§ par strapproduktu 24. So savienojumu
paklaujot CuAAC reakcijai, varétu iegiit mérksavienojumu 22 (Metode B: 1—23—24—22;
6. shéma). Kombingjot metodes A un B, iegtist metodi C, kura domats lietot diazidu 2 SyAr

reakcijas, ieglistot starpproduktu 24 (Metode C: 1—-2—24—22; 6. shéma).

Metode A

N3
N
N
¢
o~
o N N)\Na Sy
Jo
2
Metode C |
@
N> el NN
-
R1

w

N 3

24

Metode B

6. shema. Iespgjamas metodes 6-tio-2-triazolilpurinu nukleozidu 22 sintézei

4.1. 2,6-Dihlorpurina nukleozida reakcijas ar S~nukleofiliem

Hipotézu pieradisanas procesa veicam nukleofilas aizvietoSanas reakcijas starp
2,6-dihlorpurina nukleozidu 17 un dazadiem tioliem, iegiistot rezultatus, kas sasniedz pat 98%
(3. tabula). Bet monohlorsavienojuma 23 parvérSana par azidoatvasinajumu 24 lidz §im bija
neveiksmiga. Reakcijas veicam ar natrija azidu tados skidinatajos ka EtOH vai DMF

temperatiiru robezas no 35 °C lidz 120 °C.
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3. tabula. 2,6-Dihlorpurina 17 reakcijas ar tioliem

cl SR SR
N X\ N N
AcO. </Nj|\/:\ RSH  AcO. )\ NaNs_ AcO </N
o N7 Cl— o N NT e - o N7 N,
K,CO3/DMF
AcO  OAc AcO  OAc AcO OAc
17 23 24
Nr. p. k. RSH Laiks, h Produkts 23
1 C¢HsCH,SH 20 23a, 59%
2 CH;(CH,);;SH 24 23b, 88%
3 n-C,HySH 3 23c¢, 94%
4 ¢-C¢H;;SH 4 23d, 90%
5 4-Cl-C¢H,SH 1 23e, 98%
6 4-Br-C¢H,SH 0.36 23f, 79%
7 4-1-Bu-C¢H4SH 0.25 23g, 93%
8 4-F-C¢H,SH 1.5 23h, 96%

Veicam arT dazu iegiito produktu oksideéSanu ar m-CPBA, iegtstot sulfonus 25
(7. shéma).17 Sadi atvasindjumi var€tu bit interesanti no sintétiskdas un medicinas kimijas

viedokla.'®

Cl

o
..
0=S-R
N X
0.

AcO  OAc AcO  OAc

23 25a: R = 4-CI-CqHy-; 56% (3.5 h)
25b: R = CgHsCHy-; 69% (22 h)

7. shéma. Sulfonu 25 vispargja iegtiSanas shema
Originalpublikacija par §is nodalas p&tTjumiem atrodama III pielikuma.
4.2. 2,6-Bis-triazolilatvasinajumu reakcijas ar S-nukleofiliem

Izp&tot 2,6-bis-triazolilatvasindgjumu reakcijas ar aminiem, tika pieradits, ka
triazolilgredzens purina C(6) pozicija darbojas ka laba aizejosa grupa. Tapéc saskana ar
6. shemas C variantu, nolémam pieversties nukleofilajam reakcijam ar tioliem. AizvietoSana
tiolu gadfjuma arT notiek C(6) pozicija. Reakciju var paatrinat, lictojot bazes (piem., K,COs,
NaH, Et;N u.c.), kas atkariba no pKg vai nu izveido tiolata anjonu vai arl deprotoné onija
jonu. Ka skidinataju var izmantot DMF vai THF. Ka S-nukleofilus izmantojam butantiolu,
cikloheksantiolu, benziltiolu, oktantiolu, dodekantiolu, tiofenolu, 4-hlortiofenolu,
4-bromtiofenolu un citus un ieguvam produktus lidz pat kvantitativiem iznakumiem
(4. tabula). Acetilaizsargrupas dotajos reakcijas apstaklos parasti nenoskelas vai noskelas
dalgji, tap&c monosaharida neaizsargatu nukleozidu iegtiSanai produktu papildus apstrada ar
metilamina vai amonjaka H,O/THF skidumu.
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4. tabula. 2,6-Bis-triazoliatvasinajumu 3 reakcijas ar tioliem

N
Z_ N R2SH )
N K,CO4/DMF SR
N 35-40 °C Nf%,\,
4 T’ 4
<N )\N -N, <N IN/)\N‘N\
N N
L 5
1
R N’N 22
N
Nr. p. k. M harids R’ R’ Produkts 22
1 CeHs- 4-1-Bu-CoH, 22a,47%
2 CeHs- 4-Br-CH,- 22b, 90%
3 CeH;s- 4-Cl-CgHy- 22¢, 68%
4 4-1-Bu-CoHy CH;(CH,) 1 22d, 65%
5 AO H,COOC- CH;(CHy), - 22e, 99%
6 e} H;COOC- 4-Cl-CgHy- 22f, 59%
7 CeHs- CeH;CH,- 22g,95%
8 AcO  OAc CeHs- n-C4Ho- 22h, kvant.
9 CeHs- c-CeH, - 22i,97%
10 CeHs- n-CyH - 22j,92%
11 4-Br-C¢Hy- CgHsCH,- 22Kk, 77%
12 CeHs-CgHy- C¢HsCH,- 221, 89%
OAc .
AcO
13 HO(CH;),C- CH5(CHy)y- 22m, 68%
OC‘)Ac
OBz _
14 o HO(CH;),C- CH,(CH,), - 22n, 99%
OBz
BzO

Lietojot tadus ditiolus ka 1,3-propanditiols un 1,10-dekanditiols un 2 ekvivalentus

bis-triazola 26, ieguvam dim&rus 27-29 ar 56-77% iznakumu (8. shéma).

— —
HS SH N, hY
\/(")n\/ N,NTN\ Sv(A;n\/s /Nm/N\N
Monosaharids = K,COj3, DMF N_ SN
2',3',5"-tri-O-acetil- N N
3 ) .
p-D-ribofuranozil- RO, N—Z/ RO YN
:O:
RO OR RO OR
:’)‘ \ 27a: n=1, R=Ac, 56%
N : n= -
N MeNHzI:27b' n=8, R=Ac, 77%
H20 Lo~ 28: n=8, R=H, 75%

\F&

N

= =

Ny N

N’N | N\ S\/anS /N | N‘N
N N
Monosaharids = & N N N
2',3',4'-tri-O-acetil- HS g SH N—Z/ YN
-D- inopi il- OA OA:
a-D-arabinopiranozil AcO C AcO c
K,CO3, DMF of of
OAc OAc

29a: n=1,70%
29b: n=8, 66%

8. shéma. Bis-triazolilatvasinajuma 26 reakcijas ar ditioliem
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C(6) Regioselektivitate S-nukleofilu gadijuma tika pieradita, izmantojot bis-
triazolilatvasinajuma 3a reakciju ar dodekantiolu un iegistot savienojumu 22d. Tam uzmanigi
pievienojot metilaminu, sakuma noskelas acetilgrupas un tiek iegits starpsavienojums 30, bet
ilgstosi turpinot reakciju ar metilaminu, mes ieglistam jau iepriek§ zinamu un pieraditu
savienojumu 20a, kuru var iegiit arT tieSa procesa reakcija starp bis-triazolilatvasinajumu 3a
un metilaminu (9. shéma). attieciga regioselektivitate tieSa veida apstiprinata ari ar

savienojuma 22¢ rentgenstruktiiranalizi (skat. 8. att€ls 4.3.2. nodala).

NHMe
Process A (tieSais) NSy
4
3a-»20a, 92% HO. <N l A AN
NTONTy
O =
MeNH,/H,0
THE HO OH
20a
N 30 - 20a, konversija: 60% (AESH);
N \ izolétais iznakums:
°N 85% balstoties uz atgatu izejvielu
N
¢
AcO <N N/)\N,N\\ MeNHz | tHE
o N H,0 SCyaHgs-n
L ¢
C C
3a HO NSNS N
o =,
n-CyoHosSH HO  OH
K2CO3, DMF N 30, 56% (2 solos)
¢
AcO. N
O Process B
AcO  OAc (caur 22d un 30)

22d (nav izdalits)

9. shema. C(6) Regioselektivitates pieradijums tiolu gadijuma

Originalpublikacija un patents par $is nodalas pétfjjumiem atrodami V un

XII pielikumos.
4.3. 2,6-Diazidopurinu nukleozidu reakcijas ar tioliem
4.3.1. C(2) Alkiltiopurinu nukleozidu sintéze

Meklgjot ekonomiskakus apstaklus mérka savienojumu sint€zei, pievérsamies citai
sint€zes pieejai, sakotngji veicot nukleofilo aizvietoSanas reakciju un tad sekojosu
1,3-dipolaro ciklopievienoSanu. Literatira ir maz zinu par azidogrupas apmainu ar
nukleofiliem purinu nukleozidos. Veicot virkni reakciju starp 2,6-diazidopurina nukleozidu
18 un dazadiem alkiltioliem, nonacam pie secinajuma, ka aizvietoSana alkiltiolu gadijuma

notiek ar dalgju C(2) selektivitati. Atvasinajuma 18 reakcija ar dodekantiolu parsvara radas
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2-dodeciltio-6-azidopurina nukleozids 31, kas pastav divas tautoméras formas — azida 31a
un tetrazola 31a” forma (10. shéma). Azidopurina-tetrazolo[5,1-i]purina lidzsvaru pétijam ar
KMR palidzibu dazados skidinatajos un dazadas temperattras (5. att€ls, 5. tabula). Balstoties
uz tetrazola cikla elektronu atvelkoiem efektiem, tautoméra 31a” H-C(8) signals "H-KMR
spektra ir nobidits vajakos laukos neka azida 31a H-C(8) signals. Savukart mazak polars
skidinatajs un augstaka temperatiira nobida lidzsvaru vairak uz azida formu. To arT pierada

S. tabula apkopotie rezultati. Ka nukleofilas apmainas reakcijas blakusprodukts tika izdalits

'Nr \£
C(6) pozicija N,
N3 N-N \N

N3 )
N
NN N~ N N N~ SN
<’fi «ﬁ </ﬁ O—= «Ii
AcO. NSNS, CizHzsSH AcO, NTINTSC pH sn  ACO. NTINTSSCypHsn AcO. N
—_—
o o

savienojums 32a.

2
N7 SCoHgsn
- o. B — o 1272y
K,CO3, DMF CuSO45H,0,
natrija askorbats
AO OAc AcO  OAc AcO  OAc acetons/tBUOH,  AcO  OAc
18 Qa:aﬂdamummés 31a" tetrazola tautomérs J 10% k. ACOH 33a, 80%
MeNH, | THF
31a+31a" 45% H20
SCioHasn NHMe
NN
N N
¢ f
A Ml
AcO, NTONTNSC oM sn HO, N N/)\SCQHzgn
o o
AcO  OAc HO OH
32a, 23% 34, 66%

10. shéma. Purinu nukleozidu 31, 33 un 34 ieguisanas shéma

80°C 5

g
55°C 3 2
£
40°C 2
p7-°C 1
AL
8.85 8.80 8.75 8.70 8.65 8.60 8.55 8.50 8.45 8.40 8.35
m.d.

6. attels. Tautomera Iidzsvara 31a<»31a” KMR pétijumi DMSO-d, (300 MHz)
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5. tabula. Azidopurina-tetrazolo[S5,1-i]purina Iidzsvara pétijumi CDCl; un DMSO-dg

Attieciba
Nr.p.k. | Temp. (°C) azids 31a : tetrazols 31a’
Skidinatajs: CDCls
1 25 80:20
2 40 87:13
3 55 89:11
Skidinatajs: DMSO-d,
4 27 18:82
5 40 25.75
6 55 32:68
7 70 39:61
8 80 45:55

Talak veicam sekojosu 1,3-dipolaras ciklopievieno$anas reakciju
CuSO4 5H,O/natrija askorbata klatb@itné un ieguvam produktu 33a ar triazolilgredzenu C(6)
pozicija. leprieks pasi pieradijam, ka triazols purtha C(6) pozicija darbojas ka laba aizejosa
grupa, tapéc veicam ieglita savienojuma 33a reakciju ar metilaminu, iegtistot produktu 34 ar
66% iznakumu.

Tika veiktas ari 2,6-diazidopurina 18 reakcijas arT ar citiem alkiltioliem, un
2-alkiltioproduktu izdalitie iznakumi tajas sasniedz lidz pat 74% (6. tabula). Pieradijums
C(2) aizvietosanas selektivitatei ir produkta 31d” tetrazola tautoméra kristaliska strukttra
(6. attels), kura iegtita, kristaliz€jot no etanola. Savukart $kiduma (CDCl;, KMR dati)

produkts 31d pastav ka azida un tetrazola maisijums ar azida : tetrazola attiecibu 78 : 22%.

N-N
\
N N
AcO < ] PN =
NN =
o.
AcO  OAc
31d"

6. attels. Savienojuma 31d” kristaliska struktiira

Talak CuAAC reakcija, ka alkinu izmantojot fenilacetilénu, no monoazido
atvasinagjumiem 31 tika iegiita jauna 2-alkiltio-6-triazolilpurinu nukleozidu 33 klase
(6. tabula). Savienojumi 33 varétu tikt plasi izmantoti medicinas kimija un citu purinu
nukleozidu sintéz€, pieméram, ar tiem var veikt nukleofilas aizvietoSanas reakcijas ar

dazadiem nukleofiliem, izmantojot triazolilgredzenu C(6) pozicija ka labo aizejoSo grupu.



6. tabula. 2-Alkiltiopurinu nukleozidu sintézes rezultati

o B
Ng SAlil
0 $C Iy f
)\ _AIKiISH A0 N N/)\SAIkiI + )\SAIkﬂ = A )\SAIkll
k ? * KaCOSDME 0 k j CuSO45H,0,
natrija askorbats
AcO  OAc AcO  OAc AcO  OAc acetons/t-BuOH, AcO  OAc
10% 8k. ACOH
18 31 32 33
AIkilSH Laiks, h Produkts 31 Blakusprodukts 32 Produkts 33
C¢HsCH,SH 1 31b, 74% - 33b, 91%
n-C4HoSH 72 31c, 74% 32¢, 8% 33¢, 89%
c-CgH 1 SH 24 31d, 62% 32d, 13% 33d, 81%

Originalpublikacija par §Ts nodalas pétijumiem atrodama V pielikuma.
4.3.2. C(2) un C(6) ariltiopurinu nukleozidu sinteze

Petfjumu laika nonacam pie secinajuma, ka ariltiolu gadijuma 2,6-diazidopurinu
nukleozidu nukleofila aizvietosana nav selektiva. Ta notiek gan C(2), gan C(6) purina vieta.
Ka blakusprodukts rodas 2,6-aizvietots produkts 37 (11. shéma). Reakcija iegiito produktu
35-37 maistjumu ir loti griti sadalit, izmantojot kolonnas hromatografiju. Nukleofilaja
ka
4-fluortiofenolu, 4-t-butiltiofenolu. Reakcijas veicam absolGtaja DMF K,COs; vai Et;N

aizvietoSana ariltiolus izmantojam tiofenolu, 4-hlortiofenolu, 4-bromtiofenolu,

klatbiitné. Ka redzams no tabulas, tad Et;N izmantoSana samazina blakusprodukta 37 rasanos

(11. shéma, 7. tabula).

SAr N3 SAr
NN NN N
N N N
4 I <]
ASH AcO. < pZ AcO. f\/ AcO. Pz
)\ : " NJ\N3+ Penr NP aar
cho3 O 0.
vai
AcO  OAc I:E)"al’: AcO  OAc AcO  OAc AcO  OAc
18 35 36 37

11. shéma. 2,6-Diazidopurina nukleozida 18 reakcijas ar ariltioliem

7. tabula. Iznakumi 2,6-diazidopurina nukleozida 18 reakcijas ar ariltioliem

Produktu
Nr. p. k. ArSH Baze Laiks, h 35+36 Produkta 37

L iznakums,%
iznakums,%

1 C¢HsSH K,COs 4 21% —

2 4-C1-C¢H,SH K,CO; 6 22% 4%

3 4-Br-C¢H,SH K,CO4 3.5 38% 23%

4 4-F-C¢H4SH K,CO4 0.17 48% 12%

5 4-1-Bu-C¢H4SH K,CO3 0.12 73% 10%

6 4-1-Bu-C¢H4SH EGN 0.17 60% 1%

7 4-F-C¢H4SH Et;N 0.17 34% 6%

8 C¢HsSH Et;N 0.17 70% 2%

26



Ieglitos monoazidoatvasinajumu izdalitos produktus 35 un 36 izmantojam
1,3-dipolarajas ciklopievienosanas reakcijas ar fenilacetilénu un salidzindjam ar produktiem,
kuri bija ieguti “tieSaja” procesa, veicot attieciga 2,6-bis-triazolilatvasinajuma nukleofilu
aizvietoSanu ar dazadiem tioliem, kuru C(6) regioselektivitate bija pieradita kimiska cela.
Secinajam, ka monoazdioatvasinajumu reakciju rezultata iegiistam produktu maisijumu, kur ir

gan 2-triazolilprodukts 22, gan 6-triazolilprodukts 38 (12. shéma, 8. tabula).

N

N
SAr N3 SAr N
N— X\ NfN — N\ N\
<l <l < > — <l ¢l
AcO <N N/)\N3+ AcO <N N/)\SAr ———» A0 <N N/)\N’No + AcO <N N/)\SAr
o o CuS0,+5H,0, o N 0
natrija askorbats
tons/t-BuOH,
AcO  OAc AcO  OAc angZ”;K Aé‘ on A0 OAc AcO  OAc
35 36 22 38
12. shéma. 1,3-Dipolaras ciklopievienosanas reakcija produktu 22 un 38 iegiSanai
8. tabula. 2-Triazolilproduktu 22 un 6-triazolilproduktu 38 reakciju rezultati
Reakcija lietota
_ produktu 35 : . Produkta 22 Produkta 38
Nr.p. k. Ar 36 maisijuma Laiks, h iznakums,% iznakums,%
AESH attieciba
1 82% : 18% 2 22a, 55% -
2 A-t-Bu-CeHl,- 2% : 98%* 21 - 38a, 65%
3 4-Br-CHae 55% : 45% 4 22b, 29% 38b, 27%
4 o 42% : 58% 22 22b, 28% 38b, 34%
5 4-C1-C¢Hs- 100% 3 22¢,91% -

*Nukleofila heteroaromatiska aizvietoSana veikta Et;N klatbttné

Salidzinasanai ir attgloti produktu 22b un 38b "H-KMR spektri, no kuriem redzams,
ka nobidas signali atkariba no aizvietotaju novietojuma. C(6) Aizvietotam produktam 22b
purtna H-C(8) signals ir pie 8.24 m. d., bet H-C(triazola) signals pie 8.20 m. d., savukart
C(2) produktam 38b H-C(triazola) signals ir nobidijies uz vajakiem laukiem un ir pie

8.83 m. d., bet purina H-C(8) vietas signals pie 8.20 m. d. (7. att€ls).
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- N
H-C(triazols) e 4 fN
gs3md. oC®) AcO <N A

8.20 m.d.
\
v

H-C(triazols)
HC(8) 8.20 m.d.
8.24 m.d. /
Wl Y
9.5 8.5 7.5 6.5 55 4.5 3.5 2.5 1.5 0.5

7. attels. Savienojumu 22b un 38b "H-KMR spektru salidzinjums

Vienam no iegitiem C(6)-aizvietoSanas produktiem izdevas iegtt kristalisko
struktiiru, kas arT konkrétaja gadijuma pieradija nukleofilas aizvietoSanas C(6) regioizoméru
(8. attels).

N &
¢, =t
AcO. N AN
o N N
AcO  OAc

8. attels. Savienojuma 22c¢ kristaliska struktira

Tika uzsakti arT 2,6-diazidopurinu nukleofilas apmainas mehanisma p&tfjumi.
Zinams, ka atkariba no apstakliem aizvietoSana var notikt péc diviem mehanismiem: 1) péc
pievienosanas-atikel$anas mehanisma, kas ietver Meizenheimera [Meisenheimer] kompleksa
rasanos; 2) péc elektrona parneses mehanisma. Tika veikti divi neatkarigi eksperimenti.
Pirmaja gadijuma veicam 2,6-diazidopurina 18 reakciju ar +-Bu-CsH4SH bez piedevam, bet
otraja gadijuma reakcijas maisfjumam pievienojam ¢-butilhidrohinonu. Tad, neizdalot
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atseviski produktus 35a un 36a, veicam talaku reakciju ar fenilacetilénu #-butanola Cu(l)
klatbutng. Ka redzams no 13. shémas, tad reakcija, kas tika veikta bez piedevam, pagaidam ir
ar vaju atkartojamibu. Tacu var apgalvot, ka taja ir novérojama sliktaka regioselektivitate
neka tas ir t-butilhidrohinona piedevas klatieng, kad daudz lielaka parakuma radies

C(2) aizvietots produkts 38a.

fop o

{1 <f , f
. AcO. N N/)\Nz . AcO N)\S ,k N, AcO
-t-BuCgH,SH o cu(l)

K,CO4/DMF

AcO  OAc AcO  OAc AcO  OAc AcO OAc

N 3sa 36a 22a, 19-49% 38a, 33-36%
Y SN AESH attieciba (35a : 36a)
AcO. N 27-51% : 49-73%
o N N3

N
)\
A0 OAc
18
4-t-BuCgH,SH 3 $
K,CO3/DMF «NfN <f § >_
ACO. “ N/)\N3 + AcO. )\ )\ N +A°0

OH
':O:1 Cu(l) - : —
AcO  OAc AcO  OAc AcO  OAc \\b AcO  OAc

OH 35a 36a 22a,2% 38a,61%
AESH attieciba (35a : 36a)
1% : 89%

13. shéma. 2,6-Diazidopurina nukleozida 18 nukleofilas reakcijas mehanisma pé&ttjumi

2,6-Diazidopurina nukleozida 18 reakcijas ar ariltioliem ka blakusproduktus
izdalfjam un ar Skidruma hromatografijas ar masselektivo detektoru palidzibu defingjam ar1
sakotngjas izejvielas un produkta reducétas formas 39a—d, kas varétu liecinat, ka nukleofila

aizvieto$ana tieSam notiek péc elektronu parneses mehanisma (9. attéls). Sie pétijumi tiks

turpinati.
Y
NfN
¢ ]
AcO. N N/)\Z
0.
AcO  OAc

39a:Y = N3, Z = NH,
39b: Y = NH,, Z = N,
39¢: Y = SR, Z = NH,
39d: Y = NH,, Z = SR

9. attels. Izejvielas un produkta reducétas formas 39a—d
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5. Triazolilpurinu nukleozidu fluorescentas Ipasibas

Péc definicijas, fluorescence notiek tad, kad molekula péc ierosinasanas no zemaka
ierosindta limena atgriezas viend no svarstibu pamata limeniem. Saja procesa tick emitéta
gaisma ar garaku vilna garumu neka ierosina$anas starojumam. Sis process ir loti atrs, un ilgst
10° Iidz 10 s péc ierosinalanas. Fluorescences metodes plasi pielieto analizes un
vizualizacijas mérkiem analitiskaja, biologiskaja un medicinas kimija. No literatiras bija
zinams, ka purinu nukleozidiem ar azolilgredzenu C(8) pozicija un aminogrupu C(6) pozicija
piemit fluorescentas Tpasibas. Interesanti, ka ieklaujot §adu purina nukleozidu DNS struktiira,
fluorescentds Tpasibas joprojam saglabajas.'® Tas vargtu kalpot par pamatu biologisko sensoru
veido$anai, kas varét biit viena no jaunam purinu nukleozidu pielieto$anas iesp&jam.

Balstoties uz informaciju par azolilpurinu potencialajam fotofizikalajam ipasibam,
nolémam parbaudit misu jaunsintezStos savienojumus. Novérojam, ka NC-aizvietotie
2-triazoliladenina nukleozidi 20 fluoresce pie 392-404 nm, ja ierosinasana notiek pie 250—
280 nm (10. att&ls (absorbcijas spektri — partraukta Iinija, emisijas spektri — nepartraukta
linija), 9. tabula). Ka redzams no 10. att€la, absorbcijas spektriem raksturigi divi maksimumi.
Absorbcijas  spektru paraugiem c¢=1,1...2,3-10°M, bet emisijas spektru paraugiem

¢=1,1"10"°M. So fluorescgjoso savienojumu kvantu iznakumi sasniedz 53%.

0.8 1.2 ===20a
===20c

===20d

===20e

===20i

===20f

Absorpcija, A

===20h

Emisija (normalizéta)

20g
=== 20k

S M.\ B
| A
0.0 - 0.0

235 285 335 385 435 485
Vilna garums, nm

10. attéls. Ar nukleofiliem aizvietotu savienojumu 20 absorbcijas un emisijas spektri DMSO
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9. tabula. Savienojumu 20 absorbcijas un emisijas spektru raksturlielumi

M
Nr. Amax (Abs), max Kvantu
p. R' -NR’R? ng (;l Kts (nm) (lf;nnls)), iznakums,
k. (DMSO) (DMSO) %
Ribofuranozilserija
Monosaharids = B-D-ribofuranozil-
1 -NHMe 20a, 92% 257/300 398 32
2 @ 7{,@ 20c¢, 96% 257/271 402 50
3 % oM ‘l{,\o 20d, 89% 255/278 394 38
4 ,HJQOH ’{D 20e,86% | 255/296 394 33
Arabinopiranozilsérija
Monosaharids = a-D-arabinopiranozil-
5 Y’D 20f, 88% 257/267 404 53
6 §_© -NMe, 20g, 91% 258/266 402 50
7 -NHMe 20h, 73% 258/299 396 33
8 ¥,O 20i, 96% 257/271 401 51
9 }L)QOH ﬁ{r\Q 20Kk, 69% 255/275 393 34

Talak ir paraditi ribofuranozilatvasinajuma 20p emisijas spektri dazados $kidinatajos
(11. attels). Ka redzams, lielaka intensitate piemit emisijas spektriem MeOH un EtOH
skidumos ar emisijas maksimumiem pie 420—430 nm, savukart, emisijas spektri tidens vide ir
ar zemu intensitati un ir nobiditi batohromi un to maksimumi ir pie 450 nm. P&tama
savienojuma 20p $kidumu koncentracijas bija 1,19 - 107 Iidz 1,55 - 10°° M un ierosinasanas

vilna garums bija 277 nm.

"\ » T
0 /A N SR o= M Bl
3.0 \\ AcO  OAc ‘\§§| —EtOH
. \ \\ ——MeCN

Emisija (normalizéta)

2.0 ——EtOAc
1.0 4 THF
——DMF

340 390 440 490 540 590 640

Vilpa garums, nm

11. attels. 9-(B-D-Ribofuranozil)-2-(4-(2-hidroksipropan-2-il)-1H-1,2,3-triazol- 1 -il)-6-(pirrolidin-1-il)-9H-purina
20p emisijas spektri dazados skidinatajos
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Ar S-nukleofiliem aizvietotiem savienojumiem fluorescentas Ipasibas ir daudz

vajakas. Ka piemérs paraditi diméra 27b absorbcijas un emisijas spektri MeOH (12. attéls,
13. attéls).

=

AcO. N_/ AcO.
o

AcO  OAc AcO  OAc
12. attels. Diméra 27b struktiira

" 0.6
Mnax(emisy = 378 nm
Mnaxabsy1 = 250 nm < )2
A F 05 ~
0.4 ll \‘ z
< ;) A, =298 nm 2
N" i “ max(abs)Z o
= l, \ ; E
£03 ! \ 7 5
(=] ] \ ’ ‘ g
2 ! \_,’ \ o <
< l, ‘\ Minax(emis)) = 386 nm 5
/ \ :
02 |7 ]
\ L 02 M
\
\
\
0.1 T T £ . : ‘ _ ol
220 260 300 340 380 420 460 500
Vilpa garums, nm

13. attels. Savienojuma 27b absorbcijas un emisijas spektri MeOH
Originalpublikacija par §Ts nodalas pétijumiem atrodama VI pielikuma.
6. Triazolilpurinu nukleozidu biologiska aktivitate
6.1. Iedarbiba uz adenozina un purinergiskiem receptoriem

Adenozina receptori (AR) ir ar G-proteinu saistitie receptori, kam Sobrid zinamas
Cetras apaksklases — Aj, Asa, Az, Az. Adenozina receptors A; izrada augstu, bet A3 zemu
afinitati pret adenozinu. Tie abi iedarbojas inhib&josi uz adenilciklazes aktivitates regulesanu.
Augstas afinitates A,a un zemas afinitates A,p apakstipu aktivéSana stimulé adenilciklazi,
kuras rezultata palielinas cAMF limenis. Sakotn&jais farmakologiskais pieradijums AR

esamibai bija metilksantina, kofeina un teofilina specifiskais antagonisms uz adenozina
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inducéto efektu sirdi un smadzen&s. Adenozina receptori ir izvietoti pa visu kermeni, un to
esamiba gandriz katra §ina padara tos par interesantiem farmakologiskiem mérkiem daudzas
patofiziologiskajas situacijas, kas saistitas ar adenozina Iimena palielinaanos. ledarbo$anas
uz adenozina receptoriem ir kluvusi par daudzsolosu stratégiju neirologisko traucgjumu,
astmas un sirds un nieru mazspgjas arstésanai.”’

Purinergiskie receptori ir membranas receptori, kas iedalds P1 (adenozina receptoros)

un P2 (nukleotidu receptoros).™ 2!

P2 receptori tiek aktivéti gan ar pirimidina, gan ar
purina nukleotidiem. ADF uzsak trombocTtu agregaciju, vienlaicigi aktivgjot divus ar
G-protenu saistitos receptorus — P2Y1 un P2Y12. P2Y1 aktivacija aktivize fosfolipazi C un
izsauc formas izmainas, kamér P2Y'12 piesaistas pie guanozina S-trifosfata saistoSa proteina
(Gi), samazinot adenilciklazes aktivitati. P2Y12 receptors ir mérkis tadam antitrombocitu
zalem ka klopidogrels un tiklopidins.*

Latvijas Biomedictnas p&tijumu un studiju centra pétnieces Ramona Petrovska un
Ilona Mandrika jaunsintez&tiem savienojumiem noteica to sp&ja iedarboties uz adenozina un
purina receptoriem. Izp&te tika izmantotas cilvéka Aj receptoru stabili transfektétas Flp-In-
Hek293 stinas un P2Y12 ekspresgjosa sunu linija C6 (zurkas glioblastoma). Ta ka Az un
P2Y 12 receptoru ligandi veic dalu no fiziologiskajam funkcijam, inhib&jot adenilatciklazi, tad
to funkcionala aktivitate tika parbaudtta ar intracelulara cAMF Iimena noteikSanas metodi.
cAMF limena izmainas tika meritas 3 pM forskolina klatbiitng, kas paaugstina $tinu bazalo
cAMF Iimeni. Rezultati att€loti ka vid&jais mérfjums + vidga standartklida no 2-3
neatkarigiem eksperimentiem. Rezultati atspoguloti ka forskolina stimuléta cAMF Itmena
(100%) inhib&sana 50 pM liganda (p&tamais savienojums) klatieng. Ka standartvielas cAMF
limena noteikSanai eksperimentu laika izmantoja literatlira zinamu selektivu A adenozina
receptora agonistu IB-MECA?* un P2Y12 receptora agonistu adenozina difosfatu (ADF)
(14. attgls).*®*?! IB-MECA tika nemts 50 uM koncentracija un tas uzradija vidgjo aktivitati
61 £ 6%. ADF ka standartviela tika nemts 10 pM koncentracija un tas uzradija vidgjo
aktivitati 86 + 10% (10. tabula).

HN NH;
N N X
1Y ¢ f”
2 A
| NTON HO NTON
HN o) \P,o
o} o*\ O
Ox, P
OH OH He ~OH OH OH
IB-MECA ADF

14. attels. Standartvielas: IB-MECA un ADF
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10. tabula. Purinu nukleozidu iedarbiba uz adenozina un purinergiskiem receptoriem

E//\N >/_\S/\N

N
EXU L
)\S(CH) CH < )\ NN NN NN
2)11+ M3 N R! QN N’

R2
N

NHMe N \ Nu

=, Y
R? R2 R2
34 3 R2 Amini 20 Nu = N 27,29
Bis-triazoli Tioéteri 22 Nu =S Tio&teri
Forskolina stimuléta cAMF
Savienojumi R! R NuR® Iimena inhibésana (%)
Aj receptori P2y12 .
receptori
34 - - 37+5 14+£3
3¢ o 4-Br-CeHy- - 34+ 13 47+7
3d g [CHeCHe - 3211
3s ribofuranozil- 4-F5C-CoHly- — 33411
3t 4-MeO-C¢Hy- - 48 +2
3u 4-Me,N-CgHy- —
2,3’ 4-Tri-O-
22p acetil-o-D- Ce¢Hs- C¢HsCH,S- NA 21+8
arabinopiranozil-
a-D-
20g Arabinopiranozil- CoHs- Me;N- NA 238
2°3°,5-Tri-O-
22¢g acetil-B-D- CeHs- CgHsCH,S- NA 3110
ribofuranozil-
20¢ HO(CHs),C- CN—E NA 208
20p HOCH,- Me,N- NA 317
20q 4-Me-Cylly- 05 43+ 15
20r 4-F3C-CeHs- 43 +11 28+6
20s B-D- 4-F-CoH- CN _§ 0+9 14+7
20¢ Ribofuranozil- | 4-CgHs-CqHy- 52+ 12 40+ 1
20u 4-Br-C¢Hy- 50+ 11 46 + 15
20v 4-MeO-C¢Hy- 35+ 14 12+3
20w 4-Me-CgHy- 37+£9 40+11
20x 4-F;C-CoH,- 26+ 8 50+ 14
20y 4-C4Hs-CHy- CN—%
20z 4-Br-C¢Hy- 29+15 44 + 10
20aa 4-MeO-Cy4H,- 41 +8 NA
29a 2’3’ 4-Tri-O- CeHs- n=3 NA 14+6
acetil-o-D-
29b arabinopiranozil- CeHs- n=10 NA 29 +11
2°,3°,5’-Tri-O-
27b acetil-B-D- CeHs- n=10 NA 2311
ribofuranozil-
IB-MECA
ADF

Apskatitiem savienojumiem piemit adenozina Az un purinergiska P2Y12 receptoru
agonista aktivitate. Ka piemerus var minét savienojumus 3d, 3t, 3u, 20y, kuri ir iekrasoti
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10. tabula gaisi zila krasa, kuru aktivitates ir lidzvertigas standartvielu aktivitatém vai
lielakas. Piem&ram, savienojums 3u inhib@ forskoltna stimul&to cAMF Itmeni par 92 + 3% A3
receptora gadijuma, bet standarts IB-MECA inhibg par 61 + 6%.

Vielas tika parbauditas arT uz adenozina A,x un A,p receptoriem, kas saistiti ar
stimul&joso G-proteinu, bet attieciba uz Siem receptoriem vielas nav aktivas.

Lidz ar to var teikt, ka savienojumi ir selektivi pret receptoriem, kas saistiti ar
inhibgjoso G-proteinu (A; un P2Y12). Atklatas Tpasibas varétu izmantot jaunu farmaceitiski
aktivu preparatu dizainam, kurus veiksmes gadijuma turpmak varétu lietot, piem&ram, sirds
un asinsvadu slimibu arstésanai.

Patents par §Ts nodalas pétjjumiem atrodams VIII pielikuma.
6.2. Pretvirusu iedarbiba

Sadarbiba ar Latvijas Biomedicinas pétijumu un studiju centru uzsakam pretvirusu
aktivitates izp&ti ar jaunieglito purinu nukleozidu analogu iedarbibu uz cilvéka enterovirusu
ECHO-7. Eksperimentos tika izmantotas cilvéka rabdomiosarkomas Siinas, kuras sakuma
4 stundas preinkubg ar 100 uM vielu Skidumiem bezseruma vid€, péc tam 1 stundu inficé ar
cilvéka enterovirusu ECHO-7 (Enteric Cytopathic Human Orphan virus) citopatogéna deva
(106 CPD50/ml). Péc infekcijas $tinas noskalo un talak kultivé bezseruma vidé 100 uM vielu
klatbaitné. Ka kontroli izmanto $tinas, kas kultivétas bezseruma vidé ar/bez virusa. Citolitisko
efektu noverte vizuali gaismas mikroskopa 48 stundas péc infekcijas, kad 100% inficEtas
kontroles §tinas ir liz&tas, bet neinficétas $tinas saglaba 100% monoslani (11. tabula). tabula

apkopoti savienojumi, kuri kavé virusa citolitisko efektu.

11. tabula. Savienojumi, kuri izsauc virusa citolitiska efekta kavésanu

R2
N R3 N S/(’\)n\s N
® ¢ Y
\ 4
NfN N~ N N N
y R — — 1
O i T
Ll G
R \§<

R? R2 R2
3 R? Amini 20 Nu =N 29
Bis-triazoli Tioéteri 22 Nu = S Tioéteri
Savienojums R R’ NuR’
3c 235 TH0 | 4BrCoHy ~
acetil-B-D-
3d ribofuranozil- 4-CeHs-CeHy- -
20ab 27,37 4-Tri-O- | HO(CHj),C- H,N-
acetil-o-D-
22p arabinopiranozil- CeHs- C¢HsCH,S-
-D-. 1 - N:
L R T s
20ac P H,NHN-
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Savienojums R' R’ NuR’®
20p B-D 4-F;C-C¢Ha- "
20r L B 4-F-CoHy- CN
20s Ribofuranozil- 4-Colls-CyHla-

2°,3°,4°-Tri-O-
29b acetil-o-D- CeHs- n=10
arabinopiranozil-

Sadarbiba ar REGA institutu Belgija Dr. Piters Leisens masu purinu nukleozidus
parbaudija uz virkni dazadu citu virusu, pieméram, Cikungunja virusu (Chikungunya virus),
pelu norovirusu, enterovirusu 71 un dzeltena drudza virusu.

Cikungunja ir virusu slimiba, ko parngsda moskiti, kuri izplatiti Afrika,
Dienvideiropa, Dienvidaustrumazija un Indijas un Klusa okeana salas. Tas ir alfaviruss, kas
pieder pie Togaviridae virusu dzimtas. Tam ir sfériska forma (60-70 nm diametra).
Cikungunja genoms sastav no vienas pozitivi virzitais RNS molekulas, kur ir kodéti
4 nestrukturalie un 3 strukturalie proteini. SaslimSana parasti izpauzas ka drudzis un smagas
locitavu sapes, dazreiz arT ka galvassapes, muskulu sapes un locitavu pietikums vai izsitumi.
Lidz $im vél nav atrasti medikamenti, kas varétu izarstét $o slimibu, bet ir tadi, kas samazina
drudzi un sapes. Viruss lielakoties ietekmé& aknas, muskulus, locttavas un smadzenes, dazos
gadijumos tas var izraisit arT ilgstosu akiito saslimsanu.?*

Dzeltena drudza viruss, kas originali saucams arl par virusa hemoragisko drudzi, ir
sistémiska saslimS$ana, ko raksturo augsta virémija, aknu, nieru un miokarda bojajumi,
asinoS$ana un augsts mirstibas Iimenis. Tas var ietekm@t centralo nervu sistému, izsaucot
deliriju, krampjus un pat komu. Viruss pieder Flaviviridae virusu dzimtai un ir viens no RNS
virusiem, ko parasti parnes moskiti vai rces. Viruss ir mazs (40—60 nm diametra), sferisks, ar
Tsu virsmas projekciju. Tas satur viendaligu RNS genomu un vienkodola protemnu
(C proteinu), kas ieskauts ar lipidu dubultslani. Viruss biezi sastopams Afrikas un
Dienvidamerikas tropiskajos un subtropiskajos regionos. 30 000 cilvéku mirst katru gadu no
§1 nezéliga virusa, 90% no tiem dzivo Afrika. Lidz §im zalu ta arste$anai nav. Vienigi
vakcin@$anas vargtu pasargt no inficdsanas.”

Enteroviruss 71 arT pieder RNS virusu klasei. Tas izsauc roku, peédu, mutes, nagu
sérgu, aseptisku meningitu un galvas smadzenu encefalitu. Lielakoties no §T virusa cie§
berni.”® Ari &im virusam nav atrasts efektivs arsta¥anas veids.

Pelu noroviruss ir RNS viruss, kas skar peles un izsauc tam caureju, svara zudumu
un sekojogo navi.”’

Ir atklats, ka dazi no miisu savienojumiem ir aktivi pret dzeltena drudza virusu
(12. tabula), bet dazi no tiem savukart ir aktivi pret Cikungunja virusu (13. tabula). DaZi no
savienojumiem izrada aktivitati arT pret enterovirusu 71. Savukart, neviens no savienojumiem

36



neizradija selektivu antiviralu efektu pret pelu norovirusu. Tika atklats, ka dazi savienojumi

turklat ir toksiski dzivajam neinficétajam $tnam.

12. tabula. Purinu nukleozidu antivirala aktivitate uz dzeltena drudza virusu

RZ
N _R® R?
N"fﬁ Nu Ny ,",“ﬁ NHMe
- I Ty ) ST
SN AN 3
<f* LS S Y L s,
R’1 - N ) !\‘ N g
R R!
R? i =
Bis—tr?;azoli Tio/;?;lr?IZZZ? ;\louNuN= S 31 33 34
Savieno- . s s Dzeltenais drudzis
. R R NuR 17D Stamaril
jums
3p R CH;3(CHy)s- -
| FATno Call- -
acetil-o0-D-
30 arabinopiranozil- | CHs(CHy)s- - ‘
3v 2-F-C¢H- -
2°,3°,5°-Tri-O-
3r benzoil-a-D- HO(CH3;),C- -
arabinofuranozil-
3¢ 2°,3°,5°-Tri-O- 4-Br-C¢Hy- - 66,5
3t acetil-B-D- 4-MeO-CgHy- - 33 3,05
3u ribofuranozil- 4-Me,N-CgHy- - 3,37 11,3+0,484
20ad 0D CeHs- (CH;(CH,),),N-
20j Arabinopiranozil- HOCH,- MeNH- 8,08 10,3 +1,82
20ae HO(CHj;),C- Me,N- 43,6 72,6 +5,89
20n Arabinz-fi;anozil— HO(CHj;),C- Me,N- 3,48 4,61 +£0,643
20af 4-t-Bu-CgHy- MeNH-
20q 4-Me-C¢Hy- 87 127 £41,1
20r 4-F;C-C¢Hy- 8,42 32,1+1,1
20s 4-F-C¢Hy- CN_§ 24 +4,79 125+21,5
20t B-D- 4-CeHs-CeHy- 4,29 8,03 £ 0,148
20u Ribofuranozil- 4-Br-C¢Hy- 30,2 +8,29 108 +43
20ag 4-t-Bu-CeHy- 3,16+0,372 | 6,27+ 1,88
20¢ CeHs- 13 +0,593 35,6 +£16,6
20w 4-Me-CgHy- CN_§ 6,46 + 0,697 | 15,1 +3,62
20x 4-F;C-C¢Ha- 27,9 +£23,7 110 +23,9
20z 4-Br-C¢Hy- 18,5+ 8,15 42,9 +284
2°,3”,4’-Tri-O-
22m acetil-o-D- H;COOC- CH;(CH,),;S- 3,19+0,365 | 9.81+1,86
arabinopiranozil-
22g CeHs- CsHsCH,S- 4,48 +£0,356 | 10,7+1,94
22q CeHs- CeH;S-
22e H;COOC- CH;(CH,),;S- 9,33 +4,85 30,3+18,8
22f 2 3 5" THi-O- H,COOC- 4-ClI-C¢H,S- 6,03 +£2,09 16,8 +3,64
221 ;cétil-B-D- 4-CeHs-CsHa- CsHsCH,S- 1,76 2,81+0,258
22k ribofuranozil- 4-Br-C¢Hy- CsHsCH,S- 6,74 + 5,57 18,4 +8,48
22r H;COOC- c-CgH,;S- 34,7+ 1,14 52,2+ 6,08
22h CeHs- n-C4HoS- 7,61 10,6 £3
22¢ CeHs- 4-CI-C¢H,S- 6,73 12,9 +3,87
22i CeHs- ¢-C6H,3S- 30,3
30 Ribo Ex rlzlnozil— C¢Hs- CH;(CH,),,S- 54,8 + 18,5
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Savieno- ) ) s Dzeltenais drufizis

jums R R NuR 17D Stamaril

31b - CeHsCH,S-

31c - n-C4H,S- 117+22,1
31d s s s - ¢-CH, S-

TR e Colls- CHy(CH,)S- | 4.69£198 | 4715192
33b ribofuranozil- CeHs- CeHsCH,S- 6.49 = 0.468 | 16,8+ 0,876
33c CeHs- n-C,H,S- 129441 | 194=441
33d CoHs- c-CeH,S- 2.85£0.552 | 7,02+1,04
34 B 23.5+£6.07 | 116£34,1

Zala krasa — savienojumam piemit antiviralais efekts (savienojums pilnigi aizsarga $tnu pret virusa izraisito

§linu bojaeju, bez nelabveligam sekam uz saimnieka $@nu vai vienslana morfologiju), atkartojami rezultati; gaisi

zala krasa — savienojumam piemit antiviralais efekts, bet rezultati nav atkartojami; dzeltena krasa —
savienojums neatbilst atlases kriterijiem; sarkana krasa — savienojums ir neaktivs.

13. tabula. Purinu nukleozidu antivirala aktivitate uz Cikungunja virusu

. Cikungunja viruss 899
Savienojums
ECso (M) | CCs (nM)
20ad 4,12+1,78 143 +£ 58,1
20ag 3,38+ 0,839 127+24
22m 7,03+ 1,17 14.6 +2,79
22e 26,6 £6,82 | 304+179
22r 53,6 +21 144
22h 3,67+0,593 | 10,2+ 1,89
22¢ 7,29+3.84 | 37,6+22,1
31b 13,7 +£3,63 75,4+432
31d 43+10,3 127 £3.81
33d 2,76 £0,2 7,92+ 1,8

Savienojumu vispargjas struktiiras skat. 12. tabula.
Patents par §is nodalas p&tijjumiem atrodams IX pielikuma.
6.3. Citotoksicitates petijumi

2012. gada M. K. LakSmana [M. K. Lakshman) grupa sintezgetie
C(2) triazoliladenozina analogi 40 un 41 demonstrgja izteiktu antiproliferativo aktivitati
cilvéka olnicu un taisnas zarnas véza $tnu kultaras (15. attéls). attieciba uz DNS un RNS
virusiem, dazi C(2) triazolilinozina atvasinajumi paradija vaju inhib&joso aktivitati pret

. e
citomegalovirusu.™

@

HN

SN oy

AN
Ho NTONTONTY N N//J\N,r\{\
= HO. N
0 o =,
OH OH
OH OH 41

15. attéls. M. K. LakSmana grupa sintezeti savienojumi 40 un 41
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Sie savienojumi bija vienigie lidz §im zinamie biologiski aktivie triazolilpurinu
atvasinajumi. Savukart, purinu 2,6-bis-triazolilatvasinagjumi un 2-triazolil-6-tiopurinu
atvasinajumi $aja konteksta vispar nav zinami.

Dalai no miisu savienojumiem Latvijas Organiskas sintézes institiita Irina Sestakova
un vadosais pétnieks Grigorijs Veinbergs parbaudija pretvéza aktivitati uz Siinu Iinijam HT-
1080 (cilvéka plausu fibrosarkoma), MG-22A (pelu hepatoma) un uz normalas $tinu linijas
NIH 3T3 (pelu embrija fibroblasti). Rezultati pierada, ka savienojumiem 3a, 3k, 3r, 20w, 20x
raksturigs augsts citotoksisks efekts uz abam Stnu linijam, savienojumam 3v piemit augsts
citotoksisks efekts uz §tnu Itniju MG-22A, bet uz $tnu Iniju HT-1080 efekta nav. Savukart,
savienojumiem 3f, 3m, 3s, 20d, 20ak citotoksisks efekts nepiemit. Savienojuma 3p piemit
augsts citotoksisks efekts uz MG-22A, bet vidéjs uz HT-1080. Savienojumam 20y raksturigs
augsts citotoksisks efekts uz HT-1080 un zems uz MG-22A. Savukart, savienojumiem 3b,
3w, 20c, 20e, 20f, 20z, 20aa un 30 ir vidgjs citotoksisks efekts uz abam Stnu Iinijam.
Interesanti, ka savienojums 3c¢ ir vidgji toksisks uz MG-22A, bet uz HT-1080 §inam tam
efekta nav. Savukart savienojumam 34 piemit augsts citotoksisks efekts uz HT-1080 $tinam,
bet vidéjs uz MG-22A. Nozimigi ir tas, ka gan 3¢, gan 34 ir klasificEjami ka nekaitigi

dzivajam Stinam (14. tabula).

14. tabula. Savienojumu salidzinoSais raksturojums péc ICsy (ng/ml)

R2
N
NHMe N

"

o
N N X
NN N
</f)\ fN @AA n
NN N/)\NSZN g NN

Nu'R3

N N
- %
S(CH2)11CH3 N

R

d -
R2
34 3 R? Amini 20 Nu = N
Bis-triazoli Tioéteri 30 Nu=8
HT-1080 | MG-22A 3T3
Sé{vieno- R R NuR’® ICso ICso ICs LDs,
jums (ug/mb) | (pg/ml) | (pg/ml) (mg/kg)
MTT MTT NR gke
3a Cg¢Hs- — 4 1 2 199
3b 4-t-Bu-CgHy- - 42 53 940 3902
3¢ s s s 4-Br-CgH,- - >100 15 * >2000
|2 s [HOCH,.C - >100 * [ >1000 | >2000
3s ribofuranozil- |—rF2C-CeHa- — * - . >2000
3t 4-MeO-CgHy- - >100 25 * >2000
3u 4-Me,N-CgHy- — * 25 * >2000
3w 4-F-C¢Hy- - 49 15 >1000 >2000
3k CgHs- - 10 3 3 266
3m HO(CHj;),C- - * * >1000 >2000
2° 3’ 4°-Tri-O- o
3n acetil-o-D- ~ 7L s - 54 >100 246 1896
arabino-
3p piranozil- H;C(CH,)4- - 38 9 19 587
3v 2-F-C¢Hy- — >100 2 1 140
20ak HOCH,- H,N- * * 711 2634
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HT-1080 | MG-22A 313
Savieno- 1 2 3 1Cs 1Cs 1Cs
! R R NuR LD
jums (ug/mb | (ng/mD) | (ug/mb | - ke )
MTT MTT NR gk
23,5 -Tri-O-
benzoil-a-D-
3r e HO(CH3),C- - 2 3 6 407
furanozil-
20¢ CoHs- CN—§ 55 44 51000 | >2000
20¢ CoHs- 21 32 12 407
20d , HOCH,- * * >1000 | >2000
20w %;D'Rlb_‘i' 4-Me-CqHy 6 2 16 443
20x ranozil- 4-F,C-CoH,- N 6 3 364 2021
20y 4-CoHs-CoHo- 10 88 >1000 | >2000
20z 4-Br-CeHy- 21 13 147 1335
20aa 4-McO-CeHy- 29 56 224 1474
20f | o-D-Arabino- CeHs- CN—% 13 41 791 2415
20ac_| Piranozl Colls- H,NHN- * 20| >1000 | >2000
B-D-Ribo- -
30 . CeHs- CH;(CH), 8- 29 20 >2000
2°3",5"-Tri-O-
34 acetil-p-D- - - 6 35 642 2614
ribofuranozil-

¥ — savienojumam nav citotoksiska efekta

40




SECINAJUMI

1. Izstradatas metodes 2,6-diazidopurinu nukleozidu 11, 15 un 18 ieguSanai.
Konvergenta metode, kas balstas uz 2,6-diazidopurina Forbrugena glikozilé$anas apstakliem,
deva augstaku kopgjo iznakumu. 2,6-Diazidopurins ir labi piemérots sililésanai un talakai

reakcijai Luisa skabes klatieng.

Ng Ny Ny
NNy N X
«f ,NfN ,fw

o N N/)\N3 ¢ 1 /)\N3 AcO. <N IN/)\M
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Bz OAc NN
AcO
071 o1
B20 0Bz OAc AcO  OAc
" 15 18

2. legita jauna iepriek$ nezinama 2,6-bis-(1,2,3-triazol-1-il)purinu nukleozidu 3
klase, izmantojot Cu(l) katalizétu 1,3-dipolaro ciklopievienosanas (CuAAC) reakciju starp
2,6-diazidopurinu atvasinajumiem un dazadiem alkil-, hidroksialkil-, aril- un monosaharida
fragmentu saturoSiem terminalajiem alkiniem. CuAAC reakciju iznakumus var uzlabot,
reakcijas maisfjumam pievienojot 10% AcOH skidumu. Produktu iznakumi var sasniegt pat

83%.
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3. 2,6-Bis-triazolilatvasinagjumu nukleofilajas heteroaromatiskajas reakcijas ar

L=z

dazadiem aminiem un tioliem tika pieradits, ka 1,2,3-triazolilgrupa purina C(6) pozicija
darbojas ka laba aizejosa grupa. N’-Aizvietotu 2-triazoliladenina nukleozidi 20 tika iegiti ar
iznakumiem 1idz 97% un 6-tio-2-triazolilpurinu nukleozidi 22 ar iznakumiem no 59% lidz
99%.

R2 _R® SR?
N Ay NlAN
4 4
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20 22

4. N°-Aizvietotiem 2-triazoliladenina nukleozidiem 20 piemit izteiktas fluorescentas

Tpasibas. So savienojumu kvantu iznakumi dimetilsulfoksida sasniedz 53%.



250-280 nm

390-450 nm

5. 2,6-Diazidopurina nukleozida 2 reakcijas ar alkiltioliem ar labu regioselektivitati
var iegit 2-alkiltiopurinu nukleozidus, kuri $kiduma pastav — azida 31 un tetrazola 31’
tautomérajas formas. Savukart, 2 reakcijas ar ariltioliem ir vajaka regioselektivitate un rodas

6-aizvietotu un 2-aizvietotu produktu 35 un 36 maisTjums.
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Ng AliISH < r\)\ IQ)\N
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Monosaharids =
2'3'5'-Tri- O-acetil--D-ribofuranozil- /k . (’ )\
ArSH

6. Attistita metode 2,6-dihlorpurina nukleozida 1 aizvietoSanas reakcijam ar

S-nukleofiliem, iegtistot produktus 23 ar iznakumiem no 59% lidz 98%. legtitie monohloridi
23 tiesa veida parbauditajos apstaklos neiesaistas nukleofilajas aromatiskajas aizvietoSanas

reakcijas ar azidiem.

Cl SR

Ny N~"SN
¢l RSH 4 f\
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1 23

7.Ir  uzsakti pétfjumi reag@tsp&jas salidzindanai  2,6-bis-triazolilpurinu,
2,6-diazidopurina un 2,6-dihlorpurina atvasinajumu starpa. Péc pirmgjiem rezultatiem drosi
var apgalvot, ka 2,6-bis-triazolilatvasinajumi  visvieglak iesaistas nukleofilajas
heteroaromatiskajas aizvietoSanas reakcijas — reakcijas notiek atrak un ar nenozimigu

blakusproduktu daudzumu.
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8. Jaunieglitiem triazolilpurinu  nukleozidiem piemit sekojoSas biologiskas
aktivitates:
e agonista aktivitate pret adenozina Az un purinergiska P2Y12 receptoriem,

pieméram, savienojumam 3u;

N—
/

e antivirdlais efekts pret dzeltend drudza virusu, Cikungunja virusu un

enterovirusu, pieméram, savienojumam 30;

S(CH2)11CH3
@
HO N/)\N‘NoN
O —
OH OH

e citotoksicitate uz véza HT-1080 un MG-22A S§Gnu linijam, piem&ram,

savienojumiem 3¢ un 34.
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N NHMe
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GENERAL OVERVIEW OF THE THESIS

Introduction

Nucleosides and nucleotides play an important role in various cellular processes.
They participate in DNA and RNA synthesis, cell signalling processes, enzyme regulation and
metabolism. Nucleoside and nucleotide analogues are chemically modified compounds that
are similar to their natural counterparts and may be used to influence cell metabolism or be
included in the composition of DNA and RNA. The latter act can prevent cell division or viral
replication.

There are at least three distinct areas of application of purines and purine
nucleosides: anticancer therapy with antimetabolic purine nucleosides, which among others
include fludarabine, thioguanine, clofarabine and cladribine; ' antiviral purine derivatives’
with prominent examples being vidarabine, abacavir, entecavir and acyclovir; agonists and
antagonists of adenosine receptors.” Thus, the agonists of A, receptor have provided clinical
candidates for atrial arrhythmias, type 2 diabetes and insulin-sensitizing agents, pain
management, and angina. To continue, adenosine receptor A, agonists are excellent anti-
inflammatory agents (apadenoson, regadenoson, binodenoson). Antagonists of adenosine
receptors are usually used in the treatment of asthma and as anti-inflammatory drugs.

On the other hand, fluorescent labels are widely used in bioorganic and medicinal
chemistry. They are exploited to perform the recognition of biomolecules and to study their
structure and dynamics. Fluorescent nucleoside analogues can be used as DNA and RNA
molecular markers, in the studies of complex dynamics of nucleic acids and in genetic tests
and diagnostics. Fluorescent purine analogues are also known as probes to measure the metal
ions in living systems.

A vast amount of various nucleoside analogues have been synthesized and their
chemical, biological and photophysical properties have been tested in the past 50 years.
However, azolylpurine derivatives constitute only a small fraction of the latter. Among
azolylpurine derivatives only few 2- or 6-(1,2,3-triazolyl)purine nucleosides are described so
far. This fact allows to develop new and patenTable applications of the aforementioned
molecular platforms due to both the biological activity and photophysical properties.*

This thesis deals with the extension of the class of azolyl substituted purine
analogues with 1,2,3-triazolylpurine nucleosides. This leads to the novel type of substitution
combinations in the purine cycle. The existing literature data on biological activities of azolyl

purine derivatives allow the prediction of interesting properties of our products from
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medicinal chemistry point of view. The quest for novel type of purine nucleoside analogues
promotes the development of purine chemistry and gives the chance to uncover yet unknown
substitution techniques of the purine cycle. Additionally, the data on biological activities and
fluorescent properties of the newly created and generic molecular platforms open the way for

the development of novel products and methods in biological and medicinal chemistry.
Aims and objectives

The aim of this doctoral thesis is to develop synthetic methodologies towards
different types of novel C(2) and C(6) modified triazolylpurine nucleoside analogues,
including 2,6-bis-(1,2,3-triazolyl)purine nucleosides, screening of their biological activity and
study of their fluorescent properties.

In order to achieve the aims the following tasks were set:

To extend the range of (1,2,3-triazolyl)purine nucleosides, using copper (I) catalysed
azide-alkyne 1,3-dipolar cycloaddition reactions. To develop and optimize the method for the
synthesis of starting materials.

To study the reactivity of novel 2,6-bis-(1,2,3-triazolyl)purine nucleosides and
compare it with 2,6-dichloropurine and 2,6-diazidopurine nucleosides.

To study fluorescent properties of the obtained products.

To explore in collaboration with other research groups the influence of the obtained
compounds on adenosine and purinergic receptors, study their cytotoxicity to cancer cells and

determine their antiviral potential.
Scientific novelty and main results

Several synthetic methodologies towards differently substituted 1,2,3-triazolylpurine
nucleosides have been developed during this thesis. The nucleophilic substitution reactions of
2,6-bis-triazolylpurine, 2,6-diazidopurine and 2,6-dichloropurine nucleosides with different
nucleophiles have been studied and the reactivity of these key-intermediates has been
compared. It is demonstrated that triazolyl ring at the C(6) position of purine is acting as a
good leaving group in nucleophilic heteroaromatic substitution reactions. Substituted
monotriazolylproducts possess interesting fluorescent properties. A number of novel triazolyl
compounds have promising biological activities: agonist activity of adenosine A; and
purinergic P2Y'12 receptors; antiviral activity against yellow fever virus, Chikungunya and
enteroviruses. These compounds are also cytotoxic for cancer cell lines HT-1080 and

MG-22A.
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Structure and volume of the thesis

The thesis is presented as a set of thematically unified scientific publications on the
synthesis and properties of triazolylpurine nucleosides. It consists of publications in peer-
reviewed scientific journals included in international scientific databases, patents, articles in

Scientific Journal of RTU and full text conference articles.
Publications and approbation of the thesis

Results of the thesis are discussed in 5 original research articles, 1 review article and

7 patents.

Scientific publications:

1. Novosjolova, I.; Bizdéna, E.; Turks, M. Synthesis and Applications of Azolyl Purine
and Azolyl Purine Nucleoside Derivatives. Eur.J. Org. Chem. 2015, in press,
DOI: 10.1002/ejoc.201403527.

2. Novosjolova, I.; Bizdena, E.; Turks, M. Synthesis of Novel 2- and 6-
Alkyl/Arylthiopurine Derivatives. Phosphorus, Sulfur, Silicon Relat. Elem. 2015, in
press, DOI: 10.1080/10426507.2014.989435.

3. Novosjolova, I; Stepanovs, D.; Bizdéna, E.; Mishnev, A.; Turks, M. 2,6-Dichloro-9-
(2',3",5'-tri-O-acetyl-B-D-ribofuranosyl)-9H-purine. Acta Cryst. 2014, E70, Part?2,
0108-0109.

4. Novosjolova, L; Bizdéna, E.; Turks, M. Application of 2,6-Diazidopurine Derivatives
in the Synthesis of Thiopurine Nucleosides. Tetrahedron Lett. 2013, 54, 65576561,
Novosjolova, I.; Bizdéna, E.; Turks, M. Corrigendum to “Application of
2,6-Diazidopurine Derivatives in the Synthesis of Thiopurine Nucleosides”
[Tetrahedron Lett. 54 (2013) 6557-6561]. Tetrahedron Lett. 2014, 55, 4972.

5. Kovalovs, A.; Novosjolova, 1.; Bizdena, E.; Bizane, I.; Skardziute, L.; Kazlauskas, K.;
Jursenas, S.; Turks, M. 1,2,3-Triazoles as Leaving Groups in Purine Chemistry: a
Three-Step ~ Synthesis of ~N’-Substituted-2-Triazolyl-Adenine Nucleosides —and
Photophysical Properties Thereof. Tetrahedron Lett. 2013, 54, 850-853.

6. Novosjolova, I.; Bizdéna, E.; Belyakov, S.; Turks, M. Synthesis and X-ray Studies of
6-Pyrrolidinyl-2-Triazolyl Purine Arabinonucleoside. Scientific Journal of Riga
Technical University: Materials Sciences and Applied Chemistry 2013, 28, 39—44.
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Latvian patents:

. Novosjolova, I.; Barzdaine, M.; Mandrika, I.; Petrovska, R., Bizdéna, E.; Kloving, J.;
Turks, M. Triazolylpurine Derivatives as Agonists of Adenosine and Purine
Receptors. LV14851B, 20.07.2014.

. Novosjolova, I.; Barzdaine, M.; Mandrika, .; Petrovska, R., Bizdéna, E.; Klovins, J.;
Turks, M. Triazolylpurine Derivatives as Antiviral Agents. LV14852B, 20.07.2014.

. Bizdena, E.; Novosjolova, 1.; Turks, M. The Use of 2,6-Diazidopurine Derivatives in
the Synthesis of Thiopurine Nucleosides. LV14756B, 20.03.2014.
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1,2,3-triazol-1-yl)-9H-purine Nucleoside Derivatives. LV14758B, 20.03.2014.

. Turks, M.; Bizdéna, E.; Novosjolova, I.; Bizane, I.; Kovalovs, A. Synthesis of
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. Turks, M.; Bizdéna, E.; Novosjolova, I.; Bizane, I.; Kovalovs, A. Synthesis of
2,6-Bis-(1H-1,2,3-triazol-1-yl)-9H-purine Nucleosides and Uses Thereof. LV14591B,
20.01.2013.

Full text conference articles:
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13,2014, pp 332-336.
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MAIN RESULTS OF THE THESIS

Modified purine nucleoside analogues are widely used in biological and medicinal
chemistry. Many of them are already available in pharmacies as effective drugs. Purine
nucleosides can be modified at C(2), C(6) and C(8) positions of purine (Figure 1). Several
azoles can be introduced in the structure of purine, resulting in purine-azole conjugates, which
are novel purine derivatives with five membered nitrogen containing heterocyclic aromatic
rings in the structure. A variety of methods can be used for this purpose, such as SyAr
reactions, cyclization approaches and transition metal catalysed cross-coupling reactions. In
the last decade synthetic techniques towards purine-azole conjugates are developing, but a
series of logical molecular platforms with a partially predicTable biological activity has not
been obtained yet. Only few reports have dealt with the introduction of 1,2,3-triazolyl ring at
C(2) and C(6) positions of purine nucleosides and the chemical, photophysical and biological

properties of such analogues.

C(6) position

C(8) position

@<
&2

Figure 1. General structure of purine-azole conjugate

In this thesis we focused our attention on the development of new methodologies for
the synthesis of C(2)and C(6) modified 1,2,3-triazolylpurine nucleosides. A copper (I)
catalysed azide-alkyne 1,3-dipolar cycloaddition (CuAAC) reaction was chosen as the key-
transformation in the synthesis of target compounds. Therefore, starting materials 2 were
required. CuAAC reactions with various terminal alkynes resulted in previously unknown
2,6-bis-triazolylderivatives 3 (Scheme 1). The reactivity of the obtained compounds towards
different N- and S-nucleophiles has been studied because there was no information about the
substitutions of 1,2,3-triazolyl ring at the C(6) position of purine. The studies of biological

activity and photophysical properties have been initiated.
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Scheme 1. General Scheme for the synthesis of target products and their applications

1. Synthesis of 2,6-diazidopurine nucleosides

The first task was to obtain diazide starting materials with general formula 2 for
copper (I) catalysed azide-alkyne 1,3-dipolar cycloaddition reactions (Scheme 1).

Synthesis of modified purine nucleosides can be performed according to the linear or
convergent syntheses. Linear synthesis is the gradual building of each additional intermediate
towards the product. On the other hand, convergent approach includes the synthesis of
advanced individual chemical building blocks and the subsequent reaction between them. In
linear synthesis the overall yield quickly drops with each reaction step while in convergent
synthesis the overall yields tend to be higher. Therefore, very often the convergent synthesis
is preferred over the linear synthesis.

Diazide 11 was obtained by a linear synthesis. In the key step the reaction was
carried out between bromide 8 and deprotonated (NaH) 2,6-dichloropurine 9. The resulting
product 10 was then treated with NaNj; and gave the expected 2,6-diazidopurine nucleoside 11

in 83% yield (Scheme 2).
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Scheme 2. Synthesis of arabinofuranosyl series and arabinopyranosyl series purine nucleosides 11 and 15

Purine nucleoside 15 from arabinopyranosyl series was also obtained by the linear
synthesis (Scheme 2). Firstly, 2,3,4-tri-O-acetyl-1-bromo-p-D-arabinopyranose 13 was
synthesized diastereoselectively. Secondly, intermediate 13 reacted with deprotonated
2,6-dichloropurine 9 in nucleophilic substitution reaction, resulting in 2,6-dichloropurine
nucleoside 14 in 51% yield. Finally, the reaction between nucleoside 14 and NaNj; gave
diazide 15 in 90% yield.

2,6-Dichloropurine nucleoside 17 was also obtained by linear synthesis, but in
Vorbriiggen® glycosylation between 2,6-dichloropurine 9 and peracetylated ribofuranose 16
(Scheme 3).° The crystal structure of 17 was firstly obtained in this work (Figure 2).” Next,
diazide 18 from ribofuranosyl series was obtained in the following reaction with NaN3 in 83%

yield.

Figure 2. Crystal structure of 2,6-dichloropurine nucleoside 17

On the other hand, products 18 and 15 were obtained by convergent synthesis in 90%
and 65% yields, respectively. By this approach 2,6-diazidopurine 19 was glycosylated under
Vorbriiggen conditions with protected ribofuranose 16 or protected arabinopyranose 12 in the

presence of BSA and TMSOTT (Scheme 3).
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Scheme 3. Synthesis of 2,6-diazidopurine nucleosides 18 and 15

We can conclude, the linear approach provided diazides 11, 15 and 18 in 66%, 45%
and 61% overall yields. By contrast, the convergent approach gave diazides 15 and 18 in 59%
and 81% overall yields, which are considerably higher.

Reaction between glycosyl donor and silylated nucleobases in the presence of a
Lewis acid is widely used for the formation of nucleosidic bond. But this approach was not
previously used for the synthesis of 9-(tri-O-acetyl-B-D-ribofuranosyl)-2,6-diazidopurine 18
and 9-(tri-O-acetyl-o-D-arabinopyranosyl)-2,6-diazidopurine 15. To the best of our
knowledge the Vorbriiggen glycosylation conditions have never been used on 2,6-
diazidopurine before.®

The structure of compound 14 was studied by HMBC and NOESY spectra. HMBC
spectrum has proven that arabinose moiety of nucleoside exists in a pyranose form rather than
in a furanose form. In turn, the NOESY spectrum in combination with the coupling constant
analysis has shown that the nucleoside has the a-configuration.’

We observed that 2,6-diazidopurine nucleosides 11, 15 and 18 are rather unsTable in
daylight and at elevated temperatures, but can be stored without considerable degradation at
low temperatures (< 5 °C).

The research publications covering the topics of this chapter can be found in

appendixes [V-VII.
2. Synthesis of 2,6-bis-triazolylpurine nucleosides

Next, we developed the synthesis of 2,6-bis-triazolylpurine nucleosides 3 by Cu(I)

catalysed azide-alkyne 1,3-dipolar cycloaddition reaction (CuAAC)."° It is one of the most
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widely used reactions under the concept of “click” chemistry.'" Also 1,2,3-triazoles as linkers
are well-accepted structural entities in bioorganic and medicinal chemistry.'> They show

diverse biological activities in different molecular platforms.
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Scheme 4. Synthesis of 2,6-bis-triazolylderivatives 3

In our case, CuSO45H,0 and sodium ascorbate were used as catalytic system for
1,3-dipolar cycloadditions (Scheme 4). Reactions were carried out in tert-butanol-water
solvent system. The reaction rate was increased with addition of 10 mol% AcOH. B. F. Straub
et. al. have suggested that the use of H,O or alkyne as proton source for Cu-C bond proto-
demetallation is disadvantageous. So it is suggested to use the catalytic amount of acetic acid,
thus increasing the rate and outcome of 1,3-dipolar cycloaddition reaction.”’ After the
addition of 10 mol% AcOH and depending on alkyne full conversion was achieved in few
minutes up to 4 hours. By comparison, in the absence of the acetic acid the reaction times
increased to 24-36 h.

We exploited the terminal alkynes with alkyl, aryl and heterocyclic substituents in
the structure of product 3 (Table 1). Some alkynes were synthesized from the corresponding

aldehydes with Ohira-Bestmann reagent.

Table 1. Synthesis of 2,6-bis-triazolylderivatives 3 according to Scheme 4

R | Yield of product 3 | R | Yield of product 3
Ribofuranosyl series
Monosaccharide = 2°,3”,5’-tri-O-acetyl-B-D-ribofuranosyl
%——@ 3a, 83% OH 3, 70%
%@—é 3b, 67% 3g, 58%
§—©-Br 3¢, 56% 3h, 51%
3d, 30% 3i, 28%
% oH 3e, 64% 3, 42%
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R | Yield of product 3 | R | Yield of product 3
Arabinopyranosy! series
Monosaccharide = 2°,3”,4’-tri-O-acetyl-a-D-arabinopyranosyl

OH
§—© 3k, 78% PN 3n,47%
% OH 31, 46% TS 30, 50%
HL)<)H 3m, 75% L 3p, 60%

Arabinofuranosyl series
Monosaccharide = 2°,3”,5’-tri-O-benzoyl-a-D-arabinofuranosyl

%—@ ‘ 3q,33% ,LL)QOH ‘ 3r, 45%

The structure of compound 3r was confirmed by X-ray analysis. This confirmed the

a-configuration of derivative 11 which was previously determined from the NMR data and
the 1,4-regioselectivity of the formation of 1,2,3-triazoles (Figure 3). It is the first X-ray
structure in the series of bis-azolylpurine derivatives. As appears from the crystal structure,
compound 3r has syn orientation according to the N-glycosidic bond. It is interesting to note,

that anti orientation usually predominates in naturally occurring nucleotides.

Figure 3. Crystal structure of compound 3r

The research publication and patent covering the topics of this chapter can be found

in appendixes VI and XIV.
3. 2,6-Bis-triazolylderivatives in the reactions with N-nucleophiles

The groups of C.Reese, M. Robins and Y. Ishido have described the use of
1,2,4-triazoles at the C(6) position of purines as good leaving groups in SyAr reactions, but

1." On the other hand, there was no information about

this was not explored in detai
1,2,3-triazoles as leaving groups.

Our studies proved that 1,2,3-triazolyl moiety is acting as a good leaving group at the
C(6) position of purine when the heteroaromatic nucleophilic substitution reactions of 2,6-bis-

(1,2,3-triazol-1-yl)purine intermediates 3 are made. This opens the possibility for interesting
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studies of biological activities and bioconjugation of the obtained compounds. This allowed
us to develop a new way of synthesis of novel N%-substituted 2-triazolyl adenine nucleosides
20 (Scheme 5, Table 2). We have also discovered that the title compounds show useful levels

of fluorescence.
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N H N

% 4 v oM
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) 25-40°C N
Acylprotected ‘\( 1-4 h Unprotected R’

monosaccharide monosaccharide R!
3 20 21

Scheme 5. General Scheme of reactions of 2,6-bis-triazolylderivatives 3 and N-nucleophiles

Table 2. Nucleophilic heteroaromatic substitution reactions between 2,6-bis-triazolylderivatives 3 and amines

Entry \ R' | -NR’R’ | Yield of product 20
Ribofuranosyl series
Monosaccharide = -D-ribofuranosyl
1 -NHMe 20a, 92%
2 C -NMe, 20b, 64%
3 ,O 20c, 96%
k1
4 % oH i{@ 20d, 89%
5 IL‘)QO H i{D 20e, 86%
Arabinopyranosyl series
Monosaccharide = o-D-arabinopyranosyl
6 i{r\D 20f, 88%
7 §_® -NMe, 20g, 91%
8 -NHMe 20h, 73%
9 ,O 20i, 96%
¥
10 % oH ‘NHMe 20§, 82%
1 %)<)H 1{,0 20Kk, 69%
Arabinofuranosyl series
Monosaccharide = a-D-arabinofuranosyl
12 §—© -NHMe 201, 46%
13 K " i{D 20m, 97%
14 -NMe, 20n, 96%
15 -NHMe 200, 39%

N-Nucleophiles such as methylamine, dimethylamine, piperidine and pyrrolidine

were successfully used in the nucleophilic substitutions 3—20. The reactions were carried out
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in amine-water solution at 30—40 °C temperatures for 30 minutes to 6 hours. Cleavage of
acetyl and benzoyl protecting groups did also occurred during exposure to amines (Scheme 5,
Table 2).

In the case of arabinopyranosyl series structure of compound 20k was confirmed by
crystallography (Figure 4). The crystal structure shows that the product exists in its a-D-
arabinopyranoside form and the SyAr substitution proceeds regioselectively at purine C(6)

position. Compound 20k forms monohydrate in the crystallization process from water.’

ozs
@ \r:ﬁ. i ! 9 ! ?
N> L > N os c2a
Y "
o \70& ..

Figure 4. ORTEP diagram of molecule 20k

Our approach competes well with the previously reported methods. For example,
9-(B-D-ribofuranosyl)-2-(4-phenyl-1H-1,2,3-triazol-1-yl)-6-methylamino-9H-purine 20a was
synthesized in five steps with the overall yield of 27% in group of S. van Calenbergh.** While
we have demonstrated a three step synthesis of the same compound with the overall yield
of 69%.

Also amino acids and hydrazines as N-nucleophiles may be used in the substitution
reactions, but these reactions proceed slowly, with lower yields and more by-products. The
search of suitable conditions for these reactions is underway in our laboratory.

The research publications and patent covering the topics of this chapter can be found

in appendixes VI-VII and XIII.
4. Synthesis of 6-thio-2-triazolylpurine nucleosides

Many thiopurine derivatives belong to the class of purine antimetabolites and play an
important role in the treatment of cancers and autoimmune disorders.”” For example,
6-thioguanine and 6-mercaptopurine are widely used for the treatment of childhood

lymphoblastic leukaemia.'®
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During the study we envisaged a number of approaches for the synthesis of 6-thio-2-
triazolylpurine nucleosides 22 (Scheme 6). Firstly, the target compounds 22 can be obtained
from 2,6-dichloropurine derivatives 1 carrying out the exchange of chloride with azide. Then,
the described 2,6-bis-triazolylderivatives 3 can be obtained via CuAAC. The latter 2,6-bis-
triazolylderivatives 3 can be used in nucleophilic heteroaromatic substitution reactions with
different thiols (Method A: 1—-2—3—22, Scheme 6). In the second approach, it is possible to
change the order of the reactions: SyAr reaction between 1 and thiols would lead to the
intermediate 23 which in a consecutive SyAr reaction with NaNs; would give 24. Finally,
CuAAC reaction would result in the target compound 22 (Method B: 1—-23—24—-22,
Scheme 6). The combination of methods A and B gave us method C which would use

intermediate 24 obtained from 2 via SyAr reaction (Method C: 1—2—24—22, Scheme 6).
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Scheme 6. Potential methods for synthesis of 6-thio-2-triazolylpurine nucleosides 22
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4.1. 2,6-Dichloropurine nucleoside in the reactions with $-nucleophiles

To prove the hypothesis we made a variety of nucleophilic substitution reactions
between 2,6-dichloropurine nucleoside 17 and various thiols. The expected products 23 were
obtained with isolated yields up to 98% (Table 3). Next, we tried to substitute chlorine atom
at the C(2) position of compounds 23 with azide group under different conditions (solvents:
EtOH, DMF; temperatures: 35—120 °C), but we did not obtain the desired products 24 which

would be ready to use for CuAAC reactions.

Table 3. Reactions of 2,6-dichloropurine nucleoside 17 with thiols

cl SR SR
SN N SN N SN
e o </N I N/)\m RSH_, AcO </N l N/)\CI Nalg A0 5 </N | N/)\N:,
KoCO4/DMF
AcO  OAc AcO  OAc AcO  OAc
17 23 24
Entry RSH Time, h Yield of product 23
1 C¢HsCH,SH 20 23a, 59%
2 CH;(CH,),;SH 24 23b, 88%
3 n-C4HoSH 3 23c¢, 94%
4 ¢-CgH,;SH 4 23d, 90%
5 4-Cl-C¢HsSH 1 23e, 98%
6 4-Br-CsH,SH 0.36 23f, 79%
7 4-t-Bu-C¢H,SH 0.25 23g, 93%
8 4-F-C¢H,SH 1.5 23h, 96%

Additionally, we have performed the oxidation of the monothioproducts with
m-CPBA to produce sulfones 25 (Scheme 7)."” These are interesting substances due to the

wide applications of purine-derived sulfones in medicinal and synthetic chemistry.'®

SR 0=S-R
N XN N
4 g SN
aco O<Nj©\c.ﬂ>ﬁ\co TN

DCM NN |
o Cl
AcO  OAc AcO  OAc
23 25a: R = 4-Cl-CgHy-; 56% (3.5 h)

25b: R = C4HsCH,-; 69% (22 h)

Scheme 7. General Scheme for the synthesis of sulfones 25

The research publication covering the topics of this chapter can be found in

appendix I1I.
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4.2. 2,6-Bis-triazolylderivatives in the reactions with $-nucleophiles

We demonstrated that 1,2,3-triazolyl ring at the C(6) position of purine is acting as a
good leaving group in nucleophilic substitution reactions between 2,6-bis-triazolylderivatives
and amines. Therefore, according to the proposed method A in Scheme 6, we decided to focus
on the SNAr reactions of 2,6-bis-triazolylderivatives with thiols. Substitution with thiols
proceeded similarly like with amines at the C(6) position of purine. The reaction can be
accelerated in the presence of the base (eg., K,CO;, NaH, Et;N, etc.), which generates thiolate
anion or deprotonates the corresponding onium ion depending on pKp value. DMF or THF
can be used as solvents. As S-nucleophiles were used butanethiol, cyclohexanethiol,
benzylthiol, octanethiol, dodecanethiol, thiophenol, 4-chlorothiophenol, 4-bromothiophenol
and others. The products were obtained up to quantitative yields (Table 4). Acetyl protecting
groups were not cleaved or were partly cleaved under the described conditions. Therefore, to
obtain unprotected sugar moieties we used the water solution of methylamine or ammonia in

THF for the subsequent step.

Table 4. Reactions of 2,6-bis-triazolylderivatives 3 with thiols

RW
N
! N RZSH )
N KoCO3/DMF SR
NfN 35-40 °C NfN
4 l T’ 4
§ NN & IN/)\N’N\N
~ 1
3 R N'N 22 R
H
Entry M haride R’ R’ Yield of product 22
1 CoHy- 4-1-Bu-CqH,- 22a,47%
2 CoHs- 4-Br-CoHy- 22D, 90%
3 Cells- 4-CI-CH,- 22¢, 68%
4 4--Bu-CgH,- CH3(CHp)1- 224, 65%
5 Ao H,COOC- CH3(CHy), - 22¢,99%
6 o H:COOC- 4-CI-CeH 221, 59%
7 CeHs- CoH:CH,- 22g,95%
8 A0 Onc CeHs- n-CHy- 22h, quant.
9 CoHs- -Celly - 22i,97%
10 CoHs- #-CyH - 22§, 92%
11 4-Br-Coly CoHsCHy- 22k, 77%
12 CoHs-Coll,- CoH:CH,- 221,89%
ACO OAc ..
13 @ HO(CHj),C- CH(CHy)y - 22m, 68%
OAc
oBz
14 Foj HO(CH;),C- CH3y(CHy)i1- 22n,99%
OBz
BzO
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Dimeric structures 27-29 in 56-77% yields were obtained in reactions between 2
equivalents of bis-triazole 26 and dithiols such as 1,3-propanedithiol and 1,10-decanedithiol

(Scheme 8).

HSAW-SH

=~ =
N N
n s NN S S NN
o= NN
Monosaccharide = | ,c0,, DMF N N
23" 5'-tri-O-acetyl- N N
i RO, N—/ RO N

B-D-ribofuranosyl

RO OR RO OR

N
N \ 27a: n=1, R=Ac, 56%
MeNH,[— 27b: n=8, R=Ac, 77%

N :n=8, )
qu%N H,0 28: n=8, R=H, 75%
NS SN-N
N N
=~

Y > <
Monosaccharide = Z \
2',3',4'-tri-O-acetyl- ‘/ \__
a-D-arabinopyranosyl
Yy Y| AcO OAc O

K,COj3, DMF

29a n=1, 70%
29b: n=8, 66%

Scheme 8. Bis-triazolylderivative 26 in reactions with dithiols

NHMe
Process A (direct) S
3a > 20a, 929 </ )
a, 92% HO. N N/)\ N
0. —
MeNH,/H,0
N
%’ HO_ OH
20a
N 30 = 20a, conversion: 60% (HPLC);
,\j: \ isolated yield:
N 85% based on recovered
starting material
SN
AcO N/)\N‘N\\N MeNH, | THF
— 5 SCioHa5-n
SN
AcO  OAc
) o A
0. =
n-CyyHysSH
h (‘:20 QSDMF SCyoHasn L"eONHZ HO OH
260, Ne A 5 30, 56% (2 steps)
¢ )N\ THF
AcO NSNS
° = Process B
AcO  OAc (via 22d and 30)

22d (not isolated)

Scheme 9. The proof of C(6) regioselectivity in the reactions with thiols
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C(6) Regioselectivity in the reactions with S-nucleophiles was proved in the
chemical way. In the process B, firstly, bis-triazolylderivative 3a was exposed to the
treatment with dodecanethiol, resulting in compound 22d. Then acetyl protecting groups were
cleaved by a careful addition of methylamine to compound 22d and as a result the
intermediate 30 was obtained. Further exposure of 30 to methylamine provided previously
synthesized product 20a. Compound 20a can also be obtained in a direct process via the
nucleophilic substitution reaction between methylamine and bis-triazolylderivative 3a
(Scheme 9). The relevant regioselectivity was directly confirmed by X-ray analysis of
compound 22¢ (see Figure 8, chapter 4.3.2.).

The research publication and patent covering the topics of this chapter can be found

in appendixes V and XII.
4.3. 2,6-Diazidopurine nucleosides in the reactions with thiols
4.3.1. Synthesis of C(2) alkylthiopurine nucleosides

In the search for the economical synthesis pathway of the previously mentioned
substituted purine nucleosides, we elaborated the method C (Scheme 6). According to this
approach the SyAr reactions with thiols on 2,6-diazidopurine derivatives should be carried out
first, followed by CuAAC. In the literature there are a few reports on the exchange of
azidogroup with nucleophiles in purine nucleosides. We performed a series of reactions
between 2,6-diazidopurine nucleoside 18 and different alkylthiols and we concluded that
substitution occurs with partial C(2) regioselectivity. Reaction of derivative 18 and
dodecanethiol gave 2-dodecylthio-6-azidopurine nucleoside 31. It was observed that
6-azidopurine derivative 31a was in equilibrium with its tetrazole tautomer 31a” (Scheme 10).
The dependence of the equilibrium of 31a<>31a” from different solvents and temperatures
was studied by NMR (Figure 5, Table 5). Due to the electron-withdrawing effect of the fused
tetrazole, H-C(8) signal of tautomer 31a” was shifted to lower field in the 'H-NMR spectrum
than H-C(8) of azide 31a. Furthermore, increase of the temperature and the use of less polar
solvent shifted equilibrium towards the azide form (Table 5). In addition, compound 32a was

obtained as a by-product in the nucleophilic substitution reaction.

68



N
C(6) position N, \
\N

N3 N-N

N3 N N i \\N N
NfN SN N SN
! ¢ ¢ 1 — ¢

P =
AcO. N N/)\Ns n-C12Hp58H AcO, N N/)\SCqus—n AcO. N NJ\SCQHH_,, AcO. N N/)\sc,szs-n
—_— —_
o. == o. —_— o
o K,CO3, DMF CuSO45H;0,
sodium ascorbate
AcO  OAc AcO OAc AcO  OAc acetone/t-BuOH, ~ AcO  OAc
18 vm- azido tautomer 31a'; tetrazole tautomer / 10% aq. AcOH 33a, 80%
MeNH; | THF
31a+ 312" 45% H,0
+
SCiaHpsn NHMe
N~"SN N X
(@ 4 N
A ¢
AcO, NTSNZNSC o Hasn HO. N N)\sc,szs-n
o. o.
AcO  OAc HO OH
32a,23% 34,66%

Scheme 10. The synthesis of purine nucleosides 31, 33 and 34
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Figure 6. NMR studies of tautomer equilibrium 31a<>31a” in DMSO-d, (300 MHz)

Table 5. Equilibrium studies of azidopurine-tetrazolo[5,1-i]purine in CDCl; and DMSO-d,

Ratio
Entry Temp. (°C) azide 31a : tetrazole 31a’
Solvent: CDCly
1 25 80:20
2 40 87:13
3 55 89:11
Solvent: DMSO-dg

4 27 18:82
5 40 2575
6 55 32:68
7 70 39:61
8 80 45:55

Next, we performed the planned 1,3-dipolar cycloaddition reaction in the presence of
CuSO4-5H,0 and sodium ascorbate and obtained product 33a with triazolyl ring at the C(6)

position. Knowing that triazolyl ring at the C(6) position of purine is acting as a good leaving
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group, we performed the reaction between methylamine and compound 33a and obtained
product 34 in 66% yield (Scheme 10).

Additionally, reactions between 2,6-diazidopurine 18 and other alkylthiols were
made and 2-alkylthioderivatives 31 were obtained up to 74% yield (Table 6). The
C(2) regioselectivity was proved by X-ray structure of tetrazole 31d’. Compound 31d” was
crystallized from ethanol. On the other hand, in the solution (CDCl;, NMR data) compound

31d exists as a mixture of azide and tetrazole tautomers with azide : tetrazole ratio 78 : 22%.

N
N \g

Table 6. The yields of 2-alkylthiopurine nucleosides

N3 N3 SAlkyl N
N X N X N X N X
e e Y. D= ¢ A
AcO N N)\N3M> AcO N N)\SA\kyI 4 A0 N N/)\SAlkyl =/ T MO NTSNT Ssalkyl
© K,CO3/DMF o o CuS04+5H,0, o
sodium ascorbate
AcO  OAc AcO  OAc AcO  OAc acetone/t-BuOH,  AcO  OAc
10% aq. AcOH
18 31 32 33
AlkyISH Time, h | Yield of product 31 Yield of by-product 32 Yield of product 33
C¢HsCH,SH 1 31b, 74% - 33b, 91%
n-C4HoSH 72 31c, 74% 32¢, 8% 33c, 89%
c-CeHy 1 SH 24 31d, 62% 32d, 13% 33d, 81%

AcO  OAc
31d’

Figure 6. The crystal structure of compound 31d”

The novel class of 2-alkylthio-6-triazolylpurine nucleosides 33 was obtained by
CuAAC reaction between phenylacetylene and monoazide derivatives 31 (Table 6).
Synthesized compounds can be used in medicinal chemistry and in the synthesis of other
purine analogues, for example, they can be used in the nucleophilic substitution reactions with
different nucleophiles, using triazolyl ring at the C(6) position of purine as a good leaving
group.

The research publication covering the topics of this chapter can be found in

appendix V.
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4.3.2. Synthesis of C(2) and C(6) arylthiopurine nucleosides

In the case of arylthiols the substitution with thiols was not selective: it occurred at
C(2) and C(6) positions of purine. 2,6-Substituted products 37 were obtained as by-products
(Scheme 11). There were difficulties in the separation of products 35-37 by column
chromatography. Such arylthiols as thiophenol, 4-chlorothiophenol, 4-bromothiophenol,
4-fluorothiophenol, 4-z-butylthiophenol were used in our studies. Reactions were made in dry
DMF in the presence of K,CO; or EtzN. We observed that the amount of by-product 37
decreased in the presence of Et;N (Scheme 11, Table 7).

SAr SAr

Ik)\ ASH ¢ j\)\)\ + AcO < Ik)\ 4+ AcO N Ik)\
T/- :1 cho3 |: :1 F > : ~
AcO  OAc 5;&'\; AcO  OAc AcO  OAc AcO  OAc

18 35 36 37

Scheme 11. 2,6-Diazidopurine nucleoside 18 in the reactions with arylthiols

Table 7. Obtained yields in the nucleophilic reactions between 2,6-diazidopurine nucleoside 18 and arylthiols

Vield of Yield of
Entry ArSH Base Time, h 3p5rod;:ic$ product 37,%
+36,% ’
1 C¢HsSH K>,COs 4 21% -
2 4-C1-C¢H4SH K,COs 6 22% 4%
3 4-Br-C¢H,SH K,CO4 35 38% 23%
4 4-F-C¢H4SH K,COs 0.17 48% 12%
5 4-t-Bu-C¢H4SH K,CO; 0.12 73% 10%
6 4-t-Bu-C¢H,SH Et;N 0.17 60% 1%
7 4-F-CcH,SH Et;N 0.17 34% 6%
8 C¢HsSH Et;N 0.17 70% 2%

With monoazidoderivatives 35 and 36 in hand, subsequent CuAAC reactions with
phenylacetylene were made. The obtained products were compared to the products from the
direct process of substitution when 2,6-bis-triazolylderivatives reacted with S-nucleophiles
and C(6) regioselectivity of the products was proved in the chemical way. In conclusion, the
CuAAC reaction of compounds 35 and 36 resulted in a mixture of 2-triazolylcompound 22

and 6-triazolylcompound 38 (Scheme 12, Table 8).

N
SAr SAr N
N N N SN
¢ ¢ T
AcO. < j\)\ AcO. < f\ AcO. < = AcO. =
A s SO /A LA s
CuSOA 5H,0, o — o
sodium ascorbate
A A AcO  OA acetone/t-BuOH, 5 A AcO  OA
cO  OAc c c 10% aq. AcOH cO  OAc c c
35 36 22 38

Scheme 12. Synthesis of products 22 and 38 in 1,3-dipolar cycloaddition reaction
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Table 8. Obtained yields of 2-triazolylproduct 22 and 6-triazolylproduct 38

Entry Ar HPLC ratio of Time. h Yield of Yield of
products 35 and 36 ? product 22,% product 38,%
1 82% : 18% 2 22a, 55% -
2 4--Bu-CeHy- 2% : 98%* 21 - 38a, 65%
3 4-Br-C.Ha- 55% : 45% 4 22b, 29% 38b, 27%
4 o 42% : 58% 22 22b, 28% 38b, 34%
5 4-Cl-C¢Hy- 100% 3 22¢,91% -

* Nucleophilic substitution was made in the presence of Et;N

The chemical shifts of compounds 22b and 38b differ quite significantly (Figure 7).
H-C(8) signal of C(6) substituted product 22b was at 8.24 ppm, but its H-C(triazole) signal at
8.20 pmm. On the other hand, H-C(triazole) signal of C(2) substituted product 38b appeared
at the lower field (8.83 ppm) than that of C(6) substituted product 22b and its H-C(8)
appeared at 8.20 ppm (Figure 7).

H-C(triazole)
8.83 ppm

H-C(8)
8.20 ppm NTON

/

1 A
/©/Br
H-C(triazole) . $
H-C(8) 8.20 ppm o ¢l /N . Ly
8.24 ppm / I o NN N’\oN
\4 AcO  OAc
22b
9.5 8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5
ppm

Figure 7. Comparison of "H-NMR spectra (300 MHz, CDCl3) of products 22b and 38b

Finally, the regioselectivity of one of the C(6) substituted products was proved by
crystal structure analysis of 22¢ (Figure 8).
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Figure 8. The crystal structure of compound 22¢

The mechanistic studies of nucleophilic substitution reactions between
2,6-diazidopurine 18 and arylthiols are in the preliminary stage in our laboratory.
Theoretically, the SyAr substitution of 2,6-diazidopurine derivatives with thiols can occur by
two mechanisms: 1) the addition-elimination mechanism via formation of Meisenheimer
complex; 2) single electron transfer mechanism. We made two independent experiments. In
the first case, the reaction between 2,6-diazidopurine 18 and 4-#-Bu-C¢H4SH was performed
without additives, but in the second case, #-butylhydroquinone was added to the mixture of
azide and thiol. Then the CuAAC reaction on the crude mixture of products 35a and 36a and
phenylacetylene was carried out in -BuOH. The reaction, which was carried out without
additives gave poor reproducibility (Scheme 13). However, one can argue that this reaction
gave worse regioselectivity in the comparison with the reaction which was carried out in the
presence of z-butylhydroquinone. In the latter case C(2) substituted product 38a was obtained

in excess.

s s
N NN
N N — N
4 4
AcO <Nf\/J\ N Aco )\ <Nf\/)\ N+ AcO. < f\
4-t-BuC4H,SH o N™ "Ny u“) NTONy
K,CO4/DMF =
A0 OAc AcO OAc AcO  OAc AcO  OAc

N 350 22a, 19-49% 38a, 33-36%
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o NT N,

AcO  OAc
18 !:l
N,
4-t-BuCgH,SH $ N3 N
K,CO4/DMF NSy NfN )y—= Nf
4 4 =1 4
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Scheme 13. Mechanistic studies of nucleophilic reactions between
2,6-diazidopurine nucleoside 18 and arylthiols
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Reduced forms of the starting material and target products (39a-d) were also
obtained as side products in the nucleophilic substitution reactions of 2,6-diazidopurine 18
and arylthiols (Figure 9). These were defined by liquid chromatography with masselective
detector. The reduction process might indicate that the substitution is initiated by single

electron transfer mechanism. These studies will be continued.

Y
N X
N
¢l
AcO. <
NP,
O
AcO  OAc
39a: Y = Ny, Z = NH,
39b: Y = NH,, Z = Ny

39¢: Y = SR, Z = NH,
39d: Y = NH,, Z = SR

Figure 9. Reduced forms of starting materials and target products 39a—d

S. Fluorescent properties of triazolylpurine nucleosides

By definition, fluorescence occurs when a molecule after excitation from the lowest
excited level returns to one of the basic levels of oscillation. In this process the emitted light
has a longer wavelength than the absorbed radiation. This process is very fast, and lasts 10
to 10 °s after the excitation. Fluorescence techniques are widely used in the analysis and
visualization purposes in analytical, biological and medicinal chemistry. It was known that
purine nucleosides with azolyl ring at the C(8) position of purine and amino group at the C(6)
position of purine possess fluorescent properties. Interestingly, that this fluorescent compound
conserves the fluorescent properties also inside the DNA strain." It can be used as a basis for
the creation of biological sensors, which could be one of the novel applications of purine
nucleosides.

Based on the information regarding the potential photophysical properties of
azolylpurines, we decided to test also our newly synthesized compounds. We observed that
N°-substituted 2-triazolyladenine nucleosides 20 possess fluorescence at 392 to 404 nm, when
the excitation takes place at 250-280 nm (Figure 10 (absorption spectra — dashed line,
emission spectra — solid line), Table 9). As can be seen from Figure 10, absorption spectra
are characterized by two maxima. The concentration of samples for the absorption studies
were ¢= 1.1..2.3 - 10° M, but for the emission ¢=1.1-10" M. The quantum yields of

fluorescent compounds reach 53%.
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Figure 10. Absorption and emission spectra of compounds 20 in DMSO
Table 9. The photophysical characterization of compounds 20
Amax (AbS), | Amax (Emis),
Entry R' -NR’R? sz%ua (nm) (nm) Qlil:l:;t:l/m
(DMSO) | (@Mso) | Yo
Ribofuranosyl series
Monosaccharide = B-D-ribofuranosyl
1 -NHMe 20a, 92% 257/300 398 32
2 §_© ,\O 20c, 96% 257/271 402 50
kY
3 % NoH YO 20d, 89% 255/278 394 38
4 .H)QOH ’{Q 20e,86% | 255296 394 33
Arabinopyranosyl series
Monosaccharide = a-D-arabinopyranosyl
5 YD 20f, 88% 257/267 404 53
6 §—© -NMe, 20g, 91% 258/266 402 50
7 -NHMe 20h, 73% 258/299 396 33
8 ,O 20i, 96% 257/271 401 51
Y
9 ,ﬁ){’” ?{D 20k, 69% | 255/275 393 34

Next, we studied emission properties of ribofuranosylderivative 20p in different
solvents (Figure 11). Its emission maxima were in the range from 420 to 430 nm in MeOH
and EtOH and the emission spectra had the greater intensity in these solvents. On the other
hand, emission maxima in aqueous solutions were around 450 nm and the spectra showed the

lower intensity and bathochromic shift. The concentrations of the studied compound 20p were

in the range from 1.19 - 107 till 1.55 - 10~> M and the excitation wavelengt