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PROMOCIJAS DARBA VISPAREJS RAKSTUROJUMS

Temas aktualitate

Purina struktiiru modificé8ana ir plasi pétita, jo Sie savienojumi parstav priviligéto struktiiru
klasi medicinas kimija.! Lielakai dalai modific&tu purinu piemit ne tikai biologiska aktivitate,
bet daudziem biezi tiek noverota ar fluorescence, ko plasi lieto §tinu vizualizé$anai biologiskos
pétijumos.? Attiecigajiem atvasinajumiem ir jabiit ideni $kistogiem un ar zemu citotoksicitati.
To var panakt ar atbilsto$am funkcionalam grupam, piem&ram, aminogrupu, hidroksilgrupu vai
ribozilfragmentu pie purina cikla. No otras puses, purina atvasinagjumu izmantoSana
optoelektronika ir pétita daudz mazak. Optisko materialu izstrade ir svarigi sasniegt augstu
emisijas efektivitati, izmantoto savienojumu stabilitati un zemas izmaksas. Ievadot purina cikla
tadas optoelektronika biezi izmantotas grupas ka karbazolu, tiofénu vai cianogrupu, var iegiit
savienojumus ar piemérotam Ipasibam izmantoSanai organiskas gaismu emit€josas diodes
(OLED).

Kops$ pirma piedavata OLED dizaina 1987. gada,’® ir veikti plasi pétijumi augstas
efektivitates baltas vai sarkanas, zalas un zilas krasas diozu izstrade displeju veidoSanai.
Salidzinot ar Sobrid plasi izplatitajiem Skidro kristalu ekraniem (LCD), OLED piemit vairakas
prieksrocibas: tiem ir augstaka energoefektivitate, lielaki krasu atveidoSanas un spektra lidzibas
indeksi, augsts kontrasts, ka ar1 plana un viegla uzbiive, kas lauj radit lokanus displejus. OLED
ir raksturiga arT dabiska krasu gamma, kas sniedz pozitivu efektu gan estetiska, gan veselibas
zind.* OLED galvenie triikumi ir augstakas izmaksas, Tsaks dzives laiks, it Tpasi zilas krasas
gadfjuma, ka arT degradesanas, nonakot saskarsmé ar skabekli. Viens no veidiem izmaksu
samazina$anai ir tadu materialu izmanto$ana, no kuriem iesp&jams izgatavot OLED ar §kidumu
metodi, kas ir létaka par uzneSanu vakuuma.’ Tiesi amorfiz&josu grupu ievadisana purina
struktlira pavers iesp&ju planu kartinu izveidei ar Skiduma metodi.

Lidz Sim optoelektronika ir zinami dazi piemeri purina atvasinajumu lietoSanai par
sensoriem® vai fluorescentiem,” fosforescentiem® vai termiski aktivétas aizkav&tas

fluorescences (TADF)’ emiteriem. Mingtajos pétijumos®”

iegiitas iekartas ir ar vajakam
ipaSibam neka attiecigie komercialie produkti. Pamatojoties uz mazo pétijjumu apjomu, ir
japaplasina zinasanas $aja joma, jadizain€ jaunas struktiiras ar elektrondonoriem un
akceptoriem aizvietotajiem, jaattista jaunas metodes vai japielago zinamas pieejas savienojumu
ieglisanai, par pamatu izmantojot daba plasi sastopamo purina heterociklu.

Literatlira ir zinamas metodes aizvietotaju ievadiSanai pie purina cikla atomiem C(2), C(6)

un C(8) pozicijas, izmantojot nukleofilds aromatiskas aizvieto$anas (SnAr)!!=!

22-26

un parejas
metalu katalizetas Sk&rssametinaSanas reakcijas. Tomér daudzu interes€josSu
elektrondonoru un elektronakceptoru aizvietotaju ievadiSana nav aprakstita, kas prasa pielagot
zinamas metodes vai izstradat jaunas. Ja vajadzigo aizvietotdaju nav iesp&jams ievadit tie$a
veida, dazos gadijumos to ir iesp&jams konstruét, izmantojot funkcionalo grupu parvértibas,
piemé&ram, 1,2,3-triazolu sasl€dzot vara katalizéta azida-alkina dipolaras ciklopievieno$anas
(CuAAC) reakcija.?!



Purina cikla atomi C(2), C(6) un C(8) pozicijas nav savstarpgji simetriski, katrs no tiem ir
ar raksturigu augstaku vai zemaku reag€tsp&ju. Izmainas aizvietotaju izvietojuma ietekmé
savienojumu absorbciju, emisijas vilna garumu un efektivitati, tapec nepiecieSams iegtt dazadi
aizvietotus purina atvasinajumus, lai atrastu savienojumus ar labakajam pasibam. Ja mekletas
struktiiras nav iespgjams ieglit, izmantojot purinu ierasto regioselektivitati, ir jaizstrada metodes
selektivitates apgrieSanai. Viens no veidiem ir izmantot azida-tetrazola lidzsvaru, kas lauj veikt
aizvietosanu pie atoma C(2) pozicija.?’

Literattira ir zinamas metodes purina slapekla N(9) un N(7) atomu funkcionaliz&Sanai ar
alifatiskiem un aromatiskiem aizvietotajiem, un parasti slapekla atoms N(9) pozicija ir
reagétspejigaks. Alifatiskus aizvietotdjus var ievadit, izmantojot alkilhalogenidus vai

Micunobu reakciju,?® savukart aromatiskus aizvietotajus var ievadit vara katalizéta

2 vai Cana-Lama $kérssametinasana.’® Lai

Skerssametinasanas reakcija ar diariljodaniem
ievaditu purina heterocikla interes€joSos aizvietotajus — karbazolu saturo$as, elektroniem
bagatas sistemas, ka ar1 trifenilmetilgrupu, kas veicinatu savienojumu amorfas pasibas, ir
japielago minétas metodes.>!

Ne visas vélamas parvertibas ir iespgjams realizét ar saslégtu purina gredzenu. Gadijuma,
ja cita purina pozicija ir ar augstaku reag€tsp&ju vai parvértibu nav iesp&jams realizet stérisku
traucgjumu dgl, to var méginat paveikt ar de novo sintézi. Vispirms var ievadit vajadzigos
aizvietotajus pirimidina vai imidazola ciklos, tad — saslégt purina gredzenu. De novo sint€ze un
imidazola cikla saslégSana iepriek§ modific€tam pirimidinam paver iespg€ju sintézes izstradei
aromatisku aizvietotaju ievadiSanai pie mazak reagétsp&jiga slapekla atoma N(7) pozicija
(1. shéma).
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1. shéma. Purina cikla numeracija un vélamas reakcijas.

Promocijas darba gaita ir ieglti ar dazadiem aizvietotajiem mérktiecigi funkcionaliz&ti
luminescenti purina atvasingjumi ar amorfiz&o§am grupam, kam ir noteikts potencials
lietojums ar Skidumu metodi iegiistamas OLED iekartas. Darba apskatitas purina-karbazola
konjugatu TADF ipasibas un potencialais lietojums OLED iekartas. Ir izstradati jauni sint€zes
celi specifiski funkcionalizétu N(9)-arilpurinu, N(9)-alkilpurinu un azolilpurinu iegtiSanai.
[zmantojot de novo sintézi, ir radits jauns sintézes cel§ N(7)-arilpurinu iegiiSanai.



Pétijuma mérkis un uzdevumi

Par promocijas darba merki tika izvirzita jaunu purina atvasinajumu sintéze, lai iegiitu
savienojumus ar amorfam 1paSibam, augstu emisijas efektivitati un atbilstosam fizikalam
Tpasibam potencialam lietojumam OLED izveidg.

Darba mérka sasniegSanai definéti vairaki uzdevumi.

1. Izstradat metodes reakciju veikSanai, kas lautu ievadit elektrondonoras un

elektronakceptoras grupas pie purina cikla atomiem:
= meklet jaunus sintézes celus purina funkcionaliz€Sanai, izmantojot 2,6-
diazidopurina azida-tetrazola tautoméro formu lidzsvaru;
= atrast reakcijas apstaklus aizvietotu un neaizvietotu azolu ievadiSanai purina
C(2) un C(6) pozicijas;
= uzlabot un atrast jaunus reakcijas apstaklus dazadu arilaizvietotaju ievadiSanai
purina N(9) un N(7) pozicijas.

2. legiit purina atvasinajumus ar lietojumu optoelektronika OLED izveidg:

= jegut amorfus, fluorescentus purina atvasinajumus un noteikt to fotofizikalas
pasibas;

= sintez€ purina atvasinajumus, kam raksturiga termiski aktivéta aizkaveta
fluorescence.

Zinatniska novitate un galvenie rezultati

Promocijas darba gaita izstradatas jaunas organiskas sint€zes metodes azolu aizvietotaju
ievadiSanai purina gredzena, ka art N(7) arilpurinu iegiiSanai de novo sint€z€ no aizvietotiem
pirimidiniem. Ietekm&jot azida-tetrazola tautoméro formu Iidzsvaru 2,6-diazidopurinam,
izstradatas sintézes metodes ar regioselektivitates mainu purina C(2) un C(6) pozicijas. Radits
jauns struktiiru dizains iekSmolekularas ladinu parneses (“push-pull”) tipa fluorescentiem
purina atvasinajumiem un st€riski trauc€tiem purina-karbazola konjugatiem, izstradatas
sintézes metodes attiecigo savienojumu iegtSanai. “Push-pull” tipa purina atvasinajumiem
raksturiga fluorescence, $os savienojumus var potenciali lietot ka organiskos lauka efekta
tranzistorus. Purina-karbazola konjugati, ka arT purina un karbazola atvasinajumu maisijums
cieta fazé veido eksipleksus, kam ir raksturiga termiski aktivéta aizkavéta fluorescence. Sos
savienojumus var potenciali lietot ka aktivas matricas materialus OLED.

Darba struktiira un apjoms

Promocijas darbs ietver tematiski vienotu zinatnisko publikaciju kopu, kas veltita
pétljumiem par purina atvasindjumiem ar lietojumu materialzinatn€ optoelektronikas problemu
risinaSanai. Taja apkopotas ¢etras originalpublikacijas SCI Zurnalos un viens apskatraksts.
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PROMOCIJAS DARBA GALVENIE REZULTATI

Purins ir daba viens no izplatitakajiem slapekla heterocikliem, ta biezak zinamie piemeri ir
adentns un guanins — divas no DNS un RNS slapekla bazém. Traubes sintéze ir visplasak
zinama purinu atvasindjumu kimiska iegiiSanas metode, tacu, nemot veéra $adu savienojumu
plaso sastopamibu daba, daudzi atvasinajumi tiek iegiiti partikas parstrades procesa vai no
citiem biologiskiem avotiem. Pieméri $o savienojumu lietojumam arpus laboratorijas ir purina
nukleotidu, piem@ram, guanozina monofosfata ka garsas pastiprinataja un kofeina ka stimulanta
izmantosana.'”

Promocijas darba izstradatas metodes jaunu purina atvasinajumu iegliSanai, izméritas $adu
savienojumu fotofizikalas Tpasibas un noteikts lietojums materialzinatné optoelektronikas joma.
Sakotngji tika veikta purina cikla atomu funkcionaliz€Sana ar elektrondonoram un
elektronakceptoram grupam, lai iegiitu fluorescentas “push-pull” sist€mas. Talak purina
slapekla atoms N(9) pozicija tika modificéts ar elektroniem bagatiem heterocikliem, ka saistoSo
grupu izmantojot neitralu aromatisku sistému. Iegltajiem atvasinajumiem ir potencials
lietojums ka organiskiem lauka efekta tranzistoriem vai aktivam matricam OLED.

1. Aizvietotaju ievadiSana purina gredzena

Pateicoties augstai interesei par purina modificéSanu medicinas kimija, ir izstradatas
dazadas metodes aizvietotaju ievadiSanai. Visplasak izmantotas metodes ir SnAr un
Skerssametinasanas reakcijas aizvietotaju ievadiSanai pie purina cikla atomiem C(2), C(6) un
C(8) pozicijas. Ir zinamas gan selektivas, gan neselektivas metodes purina slapekla N(9) un
N(7) atomu funkcionaliz€$anai ar alifatiskiem un aromatiskiem aizvietotajiem. Ka citu pieeju
izmanto de novo sintézi, kura lieto ieprieks attiecigi funkcionaliz&tu pirimidinu vai imidazolu,

savukart otru ciklu, lai iegiitu purinu, saslédz, kad tas ir izdevigak sintézes realiz€Sanai.

Purina C(6) pozicijas atoms ir reagetspgjigakais, to var funkcionalizét ar azidiem,'!

13 5

alkilaminiem,'?  arilaminiem,”® azoliem,'* alkiltioliem,'®> ariltioliem,"> sulfinatiem,'

7

alkoksidiem,'® fenolatiem'!” un 1,3-dikarbonilatvasinajumiem,'® izmantojot SnAr reakciju

(2. shema). Alifatiskos aminus pie purina cikla atoma C(6) pozicija var ievadit zema
temperatiira Cu(I) veicinata SnAr reakcija.!” Visbiezak $aja parvertiba aizejosa grupa ir
halogéns, bet literatiira ir aprakstitas ari metodes, kuras izmanto azidu,? sulfonilgrupu,' 1,2,4-
triazolu vai 1,2,3-triazolu.?! Ar C-N saiti saistitus azolus var ievadit ari modificétos Appela
apstaklos, izmantojot hipoksantinu.!* Dazadus aromatiskus un alifatiskus aizvietotajus var

ievadit, izmantojot parejas metalu katalizetas Sk&rssametinaSanas reakcijas (3. shéma).

Izmantojot Suzuki—Mijauras,?> Negigi??»2>2* vai Stilles®*% reakciju apstaklus, purina
222,23,24

gredzena iesp&jams ievadit aromatiskus aizvietotajus. Izmantojot Negisi vai Kumadas

22a,26 22a,26

apstaklus vai trialkilaluminija reagentus, purina gredzena iesp&jams ievadit

22a

reakcijas
alifatiskus aizvietotajus. Izmantojot SonogaSiras reakcijas®* apstaklus, purina gredzena
iespgjams ievadit alkinilaizvietotajus. Lietojot stehiometrisku reagentu attiecibu, alkilgrupas
pie atoma C(6) pozicija var ievadit, izmantojot organokupratus.’?® Jodpurinu gadijuma,

izmantojot Cu(I)*? vai paladija*® katalizi, ir iespgjams iegilit purina dimérus. Dimeriz&$anas
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reakcija ir raksturiga purina atvasinajumiem, kuru atomiem C(2) vai C(6), vai C(8) pozicija ir
jodaizvietotajs.

YioamF N Yo Nu Nu: _LNHR  --azols R
- _._ 1 5 N Nu x—N ! . ‘ o}
Cl 77SOR _I_N,N:N "i\ Yo —— K > “OR  --SOR -
dar N ENG ISR . o
‘ ! ) - --N R

1 Z 2 Z N3

2. shéma. Purina cikla numeracija un iesp&jamas SnAr reakcijas.!! 2!
Suzuki—Mijauras reakcija Negisi reakcija
Ar—X

Y: --cl *E*N/ﬁ Ar—B(OH), v. Alk—ZnX
\ \=N HetAr—B(OH), FaCl Alkenil—ZnX
--Br Y ; | Ar—2ZnX
w = Alkenil-B(OH), R --B
- ’:’N/\JN XN NaBEAr " N i 1 Hotar-Znx

I N - I—
To N Y NN L i NN 20N, NN
| 1l k / N [Pd] u pZ | k > \>
©-0-$-R N INi] NN -1-ZnX N [Pd] K
0 3 Z 4 Zz 3 z [Ni] 4 \Z
Stilles reakcijaA X Kumadas reakcija
I r—

Y: +-Cl AlksSn . Ar—MgX
Sgr vy AlkgSn-Alkenil Y-q-Cl Alkenil—MgX g
! ~1~SnAlks AlksSn-HetAr ABr Alk—MgX
=l X N AIk3Sn-Ar )I “ > X N\>

0 - k [Pd] Q _
--0-8-R k N pa U ‘ N NN
8 3 z [cu -I-SMe Z  [Fe] 4 Z

Sonogasiras reakcija R Trialkilaluminija reagentu reakcijas

Y: -l
! Y Il Y: 4-cl Y
--Br R—— | N AIk3AI
oS ey |
! Loy ea 0 LY o Lpe TPa L

Ng L ocu N N ‘ 3 z
z z
22-26

3. shéma. Skérssametinaanas iesp&jas C(6) pozicijas funkcionaliz&sanai.

Atoms purina C(2) pozicija ir mazak reagétspgjigs par atomu C(6) pozicija. SNAr reakcija
atomu C(2) pozicija var funkcionaliz&t, ja reakcija nav iesp&jama pie atoma C(6) pozicija. SNAT

1435 alkiltioliem,®

reakciju var realizét ar azidiem,'' alkilaminiem,** arilaminiem,'? azoliem,
ariltioliem,*” alkoksidiem®® un fenolatiem.’® Aizvietosanas reakcijas pie atoma C(2) pozicija
notiek skarbakos apstaklos neka C(6), tapéc ir iesp&jams realizet secigas reakcijas ar dazadiem
reagentiem vai vienlaikus veikt aizvieto$anu abas pozicijas. Skérssametina$anu gadijuma var
veikt aizvietofanu pie atoma C(2) pozicija, izmantojot Suzuki-Mijauras,??® Negisi,?
Kumadas,*® Sonogasiras*® vai Stilles*! reakciju apstaklus, ka ar trialkilaluminija reagentus,?
ja C(6) pozicija nav pieejama, vai arT vienlaikus ievadit grupas gan pie C(6), gan C(2) atomiem.
So selektivitati var apgriezt, ja aizvietotdji purina cikla pie C(6) atoma ir hlors, bet pie C(2)
atoma ir jods. Sada gadfjuma Suzuki-Mijauras,*’ Negisi,** Sonogasiras* un Stilles* reakcijas
notiek selektivi C(2) pozicija. Joda izmantoSana lauj apgriezt selektivitati arT starp atomiem
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C(6) un C(8) pozicijas, bet gadijumos, ja pie atomiem gan C(2), gan C(8) pozicijas ir
jodaizvietotajs, reakcija notiek pie atoma C(2) pozicija.**

Atoms purina C(8) pozicija arT ir mazak reag€tsp&jigs par atomu C(6) pozicija. C(8) pozicija
iesaistds SNAr*® un skérssametinasanas*’ reakcijas, lidzigi ka C(2) pozicija, ta¢u atoms C(8)
pozicija ir ar skabaku protonu, ko var selektivi deprotonét vai litijét,*® ka ari iesaistit C-H
aktivacijas reakcijas. Dazadus aromatiskos un alifatiskos aizvietotajus var ievadit purina
gredzena, izmantojot parejas metalu katalizetas C-H aktivacijas reakcijas (4. shéma).
Ieksmolekularas reakcijas ar C(8) pozicijas C-H aktivaciju ir iesp&jams iegut arl annel€tus

purinu atvasinajumus.’® 4

Alkenil—Br R R: -E-Ar
Ar—Cl [Pd] .
Ar—Br | MR Y (N Y --Alk R
Ar—I N (Cu] N . .
R Pd(OH),/C NTX -i-SAr TN
_ N N R | I R
WSO Ly J\ > AT N

S-S \ , . \
Ar/ \Ar A|k_MgX 6 Z 7 b —l-AIkenll R

4. shema. C(8) pozicijas C-H aktivacijas reakcijas.>

Salidzinot purina slapekla atomus N(7) un N(9) pozicijas, atoms N(9) pozicija ir daudz
reag@tspéjigaks un ka nukleofila komponente dos galveno produktu. Visbiezak izmantotas
metodes, lai ieglitu N(9) aizvietotus alkilpurinus, ir alkiléSana ar alkilhalogenidiem un
Micunobu reakcija.?® Specifiskus aizvietotajus var iegiit paladija katalizéta alilacetata un purina

28,50 skandija kataliz&éta reakcija ar diazoatvasinajumiem,’! ka arl

Skerssametinasanas reakcija,
atverot epoksida ciklu.”? Slapekla atoma N(9) pozicija alkilésanas reakcijas parasti rodas ari
neliels daudzums N(7) pozicijas alkiléSanas produkta. Visbiezak izmantota purina cikla N(9)
slapekla atoma ariléSanas metode ir Cana—Lama reakcija, kura notiek purina atvasindjuma
Skérssametinasana ar arilborskabem.*° Citas vara katalizétas metodes izmanto arilhalogenidus®®
vai jodanus, ko var izmantot arT alkenilaizvietotaju ievadisanai.? Ja ievadamajai aromatiskajai
grupai ir pietieckami sp&cigi elektronus atvelkoSi aizvietotdji, ir iesp&ams veikt ariléSanu
saskana ar SNAr reakcijas mehanismu.>* AriléSanas reakcijas atkariba no aizvietotdja pie C(6)
atoma biezi ir pilnigi selektivas N(9) pozicija.

Slapekla atoms purina N(7) pozicija ir mazak reag€tsp&jigs. Izmantojot Grinjara reagentus
ka bazi reakcija ar alkilhalogenidiem, iegiist lielakoties N(7) pozicijas alkileSanas produktu.
Selektivi N(7) aizvietotus alkilpurinus var iegit, alkilgjot reduc€tus purinus 10, kas ir aizsargati
N(9) pozicija (5. shema).*® Purina slapekla atoma N(7) pozicija arilésanas produkta veidoSanos
parakuma atkariba no aizvietotaja pie C(6) var panakt optimizétos Cana—Lama reakcijas
apstaklos.’’

z 4 R? . Z R
DIBAL-H 1) aizsarggrupas )
N N\> R-X N va| /ai NaBH, > \ N> nonemdana  NTX N>
A Ay A )\ — 0 I
YON YOON N N 20,y N
8 R 12

5. shéma. 7,8-Dihidropurinu 10,11 izmanto$ana 7-alkilpurinu iegiisanai.>®*
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Gadijumos, kad aizvietotaju ievadiSana purina gredzena ir sareZgita, to var panakt,
izmantojot de novo purina sintézi, kura saslédz pirimidina vai imidazola gredzenus (6. shéma).
Sasleédzot pirimidina ciklu, purina atvasinajumu ar vélamajam funkcionalajam grupam N(9),
N(7)un C(8) pozicijas iesp&jams sintezgt, izveloties attiecigu imidazola izejvielu 13, 14, 17, 18.
Aizvietotaju Y var ievadit C(2) pozicija ar atbilstoSu reagentu pirimidina cikla saslégsanai,
savukart aizvietotajs Z var but tikai —OH vai —NH: atkariba no izmantotas imidazola
izejvielas.’ Saslédzot imidazola gredzenu, purina atvasinajumu ar vélamajam funkcionalajam
grupam N(9), N(7), C(2) un C(6) pozicijas var iegit, izv€loties attiecigu pirimidina izejvielu
15,19. Aizvietotaju Q var ievadit C(8) pozicija ar atbilstoSu reagentu imidazola cikla
saslégganai.*® 7-Arilpurinu de novo sintéze, sasledzot imidazola ciklu uz pirimidina prekursora,
nav plasi pétita. Tas rosinaja attistit $adu metodi promocijas darba izstrades gaita.

z
NCL o PR Z R H
N X N AN acHo  NTNTR
Was vai | )@ — >_ —
H,NT N N~ N NH )\ QC(OEt); Y~ N7 "NH,
13 14 J\ 16 (QCO)ZO 15
e} O
I\>_Q vai \>—Q E— )\ )\
HNT N QCOOH y
17 R 18 20 R

6. shéma. Purina de novo cikla saslég$ana no pirimidina vai imidazola atvasinéjumiem.s& Sk

1.1. Purina reakciju selektivitates kontrole ar azida-tetrazola lidzsvaru

Azida-tetrazola lidzsvars ir iesp&jams azolos, kuros azidogrupa atrodas blakus slapekla
atomam (7. shéma). Sadu savienojumu tautoméram formam var pastavét lidzsvars, ta¢u atkariba
no savienojuma struktiiras un citiem faktoriem (1. tab.) var tikt noverota tikai azida vai tikai
tetrazola forma. Azida-tetrazola tautoméro formu klatbltne var ietekmét savienojumu
reag€tsp&ju un reakciju selektivitati, tapec ir svarigi izprast lidzsvara ietekmi uz reakcijam un
faktorus, kas to ietekmé. Azida grupa var iesaistities SnAr reakcijas?® vai dipolara
ciklopievieno$ana,?! ka ari citas reakcijas, kurds tetrazols neiesaistas. Annelgta tetrazola cikla
izveidoSanas, kas var aktivet vai dezaktivet savienojumu reakcijam kada cita reakcijas centra,
izmaina savienojuma elektroniskas Tpasibas.

N <7 N

'\\l( P ~ N

7. shéma. Azida-tetrazola tautoméro formu lidzsvars.
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1. tabula

Azida vai tetrazola tautoméras formas veicinoSie faktori

Faktors Azida tautoméras formas Tetrazola tautomeras formas
ipatsvara palielinasana ipatsvara palielinasana
Heterocikls, aizvietotaju efekti | Ar elektroniem nabadzigs | Ar elektroniem bagats
Skidinataja polaritate Nepolars Polars
Temperatiira Paaugstinata Pazeminata
Steriski trauc€jumi tetrazola | Ir Nav

cikla tuvuma

Lai gan diazidopurinu gadijuma var eksistét piecas tautoméra lidzsvara formas (8. shéma),
visbiezak tiek noverota diazida tautoméra forma AA, jo purins ir elektroniem nabadzigs cikls.
Kristaliska forma §ie savienojumi pastav diazida tautomeraja forma, tacu polaros $kidinatajos
var noverot arT vienu no tetrazola tautomerajam formam AT1, kuras klatbiitne ir jau ieprieks

miisu zindtniskaja grupa izmantota purina parastas reagétspéjas apgriesanai.?” ¢
N-N
N )
N
BN
Ny~ N7 N ‘%
1/ AT1 R
N‘
Na N3 N \ N’ i N
NN XN N~ -—— N
N TS ™ T Iy= L Lo — 1 LY
NN N Ny N7 N N7 N Nh NN Nh
R R N=N N=N
AT3 AA AT2 T

8. shéma. Diazidopurina teorétiskie azida-tetrazola tautoméro formu lidzsvari.

Jaunaka informacija par azidu-tetrazolu Ilidzsvaru dazados heterociklos apkopota
apskatraksta 1. pielikuma.

Nemot véra iepriekSminéto informaciju, tika piedavata parveértibu virkne, ar kuru varétu
iegiit “push-pull” tipa fluorescentus purina atvasinajumus. Sadiem savienojumiem ir potencials
lietojums optoelektronika ka ar 8kidumu uzklajamiem materialiem. Sim noliikam
savienojumam ir japiemit amorfam 7ipasibam, kuras var veicinat, ievadot molekula
trifenilmetilaizvietotajus.®'

Alkilaizvietotajs pie slapekla atoma N(9) pozicija tika ievadits Micunobu reakcija, kura
veidojas arT neliels daudzums blakusprodukta, jo reakcija notiek arT ar slapekla atomu N(7)
pozicija. leglta savienojuma 22 SnAr reakcija ar NaNs produkts 23 veidojas ar gandriz
kvantitativu iznakumu. Izmantojot starpprodukta 23 iepriek§minétas AT1 tautomeras formas
reag€tspéju, savienojums 24 tika iegiits SNAr reakcija ar piperidinu ar C(2)-selektivitati.
Reakcijas veik§ana DMF 20 °C temperatiira palielingja tetrazola tautoméras formas ipatsvaru
starpprodukta 23. Sados apstaklos reakcija notiek lielakoties C(2) pozicija, tau pilniba novérst
aizvietoSanos pie purina C(6) atoma neizdevas.
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Lai nonaktu lidz pretgji aizvietotajam regioizoméram 27, ar sakotngjo izejvielu 21 vispirms
tika veikta SnAr reakcija ar NaNs, kas $aja gadijuma deva savienojumu 25 ar zemaku iznakumu
neka N(9) aizvietota purina gadijuma, jo veidojas arT monoazidoaizvietots purina atvasinajums.
Nakamaja stadija tika veikta S~Ar reakcija ar piperidinu, kas $aja gadijuma notiek pie atoma
C(6) pozicija. Reakcijas selektivitates apgrieSana vargja notikt, jo ar izmainam savienojuma
struktiira (NV(9) pozicija neatrodas elektrondonora alkilgrupa) un reakcijas apstakliem
(paaugstinatu temperatiiru) tika veicinata azida forma. Reakcijas gaita notika azida
degradésanas, kas pazeminaja iznakumu, bet C(2) aizvieto$anas netika noveérota. Alternativi,
savienojumu 26 varétu me&ginat ieglt, vispirms veicot savienojuma 21 SnAr reakciju ar
piperidinu un tad tam sekojosu azidéSanu C(2) pozicija. Tacu Sis cel§ netika izvelets, jo
elektrondonoru grupu ievadiSana dezaktivé purinu SNAr reakcijam, kas nozimé, ka azideSana
ir javeic skarbos apstaklos. leglitajam savienojumam 26 pie atoma N(9) pozicija Micunobu
reakcija tika ievadta trifenilpentilgrupa (9. shema). Substratam 26 ir iesp&jama arT Staudingera
reakcija, kuras produkts tika novérots ar Micunobu apstaklos lietoto fosfinu. So blakusreakciju
izdevas noverst, veicot Micunobu reakciju lielaka atSkaidijuma.

Cl

3 4 \
Ph;P; DIAD /K MezCO /‘\ > DMF; 20 °c /‘\

THF, h 50°C; 14h Ng Q
0. tad 20 °C 22, 65% 23,99% R 24, 83% ©
Cisn O O
/EN R: \Iz

N
/H\ = \>
Sk 50
>
NaN, N O y
. 3
EtOH; 80 °C \ PhsC(CH2):OH q
5 min AN
\, PhsP: DIAD N
/‘\ ° /‘\ > : /H\ \>
N HZO 100 Cy THF, NS N
|-| 3 \
25, 75% 26,52% O tjd;: °c 27,71% R

9. shéma. Diazidopurina funkcionalizgSana ar piperidinu purina cikla atomu C(2) vai C(6)
pozicija.

Originalpublikacija par $aja apaksnodala aprakstitajiem pétijjumiem — 4. pielikuma.

1.2. Purinu funkcionalizé$ana ar azoliem C(2) vai C(6) pozicijas

Azoli ir slapekli saturosi heterocikli, kas ir elektroniem nabadzigi un “push-pull”
fluorescentas sistémas var kalpot ka elektronu akceptori.?” Azolu aizvietotajus purina gredzena
var iegiit, sasleédzot heterociklu ar atbilstoSu funkcionalo grupu vai ievadot ciklu aizvieto$anas
reakcija. Saja nodala tiks apskatiti purina-azolu konjugati, kas ir saistiti ar C-N saiti.

Dazadi aizvietotus 1,2,3-triazolilpurinus var vienkarsi iegit, veicot Cu(I) kataliz&tu alkina-
azida ciklopievienoganas reakciju ar azidopurinu un aizvietotu alkinu.?' $ada reakcija ar labiem
iznakumiem tika ieglti Cetri 2/6-(1,2,3-triazolil)purina atvasingjumi ar aromatiskiem
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aizvietotajiem. “Push-pull” sisttmu izp&tei interesantas ir aromatiskas sistémas ar
elektrondoram un elektronakceptoram grupam, tapéc tika iegiiti atvasinajumi ar metoksigrupu
28b un 29b, dimetilaminogrupu 28c un 29¢, cianogrupu 28d un 29d vai bez papildu grupam
28a un 29a. CiklopievienosSanas reakcijas 20 °C norit tiri, bez azida reduc€sanas, toties reakcijas
atrums ir Iéns un samazinas, picaugot konversijai. Reakcijas temperatiiras paaugstinasana
izraisa blakusproduktu veidoSanos. Savienojums 24 un elektronakceptoras grupas saturosi
alkini izradijas reag@tsp&jigaki par savienojumu 27 un elektrondonoras grupas saturo§iem
alkiniem, ka rezultata savienojuma 29¢ reakcijas maisijums tika izturéts 11 dienas, lai sasniegtu
vajadzigo konversiju (10. shéma).

Y Y: .
N ’
Na Y ” @
N/EN\ cu(l) 28a, 79% 292, 88%
. N> THF/DCM )\)i
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Y
/‘\/t /ﬁ 28c, 66% 29c¢, 85%
“Dbom D
\ )\ N ’
72-264h \” \
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Y

20°C
28d, 81% 29d, 86%

10. shéma. 1,2,3-Triazola ievadisana purina C(2) vai C(6) pozicijas.

Lai gan SnAr reakcijas ar azoliem pie atoma C(6) pozicija ir apskatitas plasak, dazadus
azolus var ievadit purina cikla atoma C(2) pozicija SnAr reakcija skarbos apstaklos, ka tas tika
paradits ar pirazolu un benzimidazolu citu autoru darbos.'*3* Purina atvasinajumiem ar
azolaizvietotdjiem C(2) pozicija tika sagaiditas fluorescentas ipasibas, tapec tika ieplanots tajos
ieviest trifenilmetilgrupu amorfu ipasibu veicinaanai. Soreiz §im mérkim tika izvéléts
savienojums 35, jo tas ir vienkar$ak ieglistams neka 5,5,5-trifenilpentanols. STizmaina struktiira
neietekmé fluorescenci, jo abos gadijumos © konjugg@tas sisteémas, kuras notiek ierosinaana un
emisija, ir identiskas. Lai iegiitu savienojumus 32 ar dazadam azolu grupam, slapekla atomu
N(9) pozicija izejviela 21 vispirms nacas aizsargat ar THP aizsarggrupu. Talak ar piperidinu
tika veikta SnAr reakcija, kas notiek selektivi pie atoma C(6) pozicija. Savienojumam 31 var
veikt SNAr reakciju ar imidazolu vai 1,2,4-triazolu, vai 4-fenil-1,2,3-triazolu. IepriekSmingta
reakcija nenotiek ar tetrazolu, jo §is heterocikls ir parak vaj$ nukleofils, ko var izskaidrot ar
augsto NH skabumu. Attiecigu reakciju veicot savienojuma 31 analogam, kas ir N(9)
funkcionaliz&ts ar savienojumu 35 Micunobu reakcija, aizvietoSanas pie atoma C(2) pozicija
notika, ta¢u tika noverota ar estera grupas $kelSana. Izm&ginajuma ar N(9) neaizvietotu purinu
azola aizvietoSanas pie atoma C(2) pozicija nenotika. 1,2,4-Triazola un 4-fenil-1,2,3-triazola
gadijuma $aja reakcija var veidoties regioizoméru maisijums. 1,2,4-Triazola gadijuma tika
novérota tikai 32b veido$anas, savukart reakcija ar 4-fenil-1,2,3-triazolu veidojas regioizioméri
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32c¢ un 32d lidzigos daudzumos. Savienojumiem 32a,b tika nonemtas THP aizsarggrupas, lai
tos Micunobu apstaklos funkcionaliz&tu ar savienojumu 35 un iegitu galaproduktus 36a,b
(11. shema).

° ()
o [J) o« (j "
NN p-TsOH NTX—N SN KOs p-TsOH
)I >o— )I = J MeOH
/kN/ H DCM; 0 °C Cl/KN/ N 20°C c|/k NP /k > MeOH

3h 160 °C 60 °C
21 30,73% / O 30min  31,95% o] 323' 68% o)
14h  32p 519 14h
O 32¢, 35%

32d, 32%
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35 N

(Nj ! /EN VA | ,N: 1 ,N\
DIAD ay: *;—N\% bY: --N, ch: *;*N\/Nk dy:-I-N /:L
/'J\l‘\ SN PhgP N = N
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N
Y N H

S )\N > Ph Ph

THF Y ;
1) (COCI),; DMF (Kat.)
36a, 789 \\\ Ph
33a,53% 0. tad20°C GZ 120//“’] Ph.| Ph DCM;20°C;2h Ph HO
[33b] 12h 0P j/ — 2, Ph
HOOG ) HO" > PH o
oh Et;N; DCM o
P b, 34 20°C; 12 h 35, 56%

11. sheéma. Azolu ievadiSana purina C(2) pozicija SNAr reakcija.

Lai identificetu savienojumus 32¢,d, tika veikta savienojuma 32¢ sint&ze, ietekmgjot azida-
tetrazola tautomé&ro formu lidzsvaru. leprieks iegtais savienojums 30 tika funkcionaliz€ts par
diazidu 37. Sekojosa SnAr reakcija ar piperidinu tika veikta toluola paaugstinata temperatiira,
lai veicinatu azida tautoméro formu, ka rezultata aizvietoSana parsvara notiek pie atoma C(6)
pozicija, tacu tapat veidojas salidzinosi liels C(2) pozicijas aizvietoSanas produkta daudzums,
un savienojums 38 tika ieglts ar 56% iznakumu. Dipolaras ciklopievienoSanas reakcija var
veidoties tikai savienojums 32¢ (12. shéma), un, salidzinot to ar savienojuma 31 SnAr reakcija
iegitajiem produktiem, tika veikta 32¢ regioselektivitates pieradiSana.

5 Q a §

N
Cul; Et;N

X N NaN3 AcOH X N
/‘\ Me,CO )I\> )\ > N\

DCM )\
o 50°C N3 5o° 20°c N
30 16n  37,98% h 38, 56% Q >/,32c 77%@

12. shéma. Savienojuma 32c¢ iegiiSana ar citu sintézes celu.

Cl N3

Tetrazola ievadiSana SnAr reakcija neizdevas, tap&c tika apsveérta $1 cikla saslégSana uz
aminogrupas savienojuma 39 péc literatiira zinamas metodes citu savienojumu klasés.®
Aminogrupu pie purina atoma C(2) pozicija var vienkarsi iegiit, katalttiski reducgjot azidogrupu
savienojuma 26. Tetrazola konstruéSana C(2) pozicija notika ar labu iznakumu. legiitajam
savienojumam 40 Micunobu reakcija ar dazadam grupam tika funkcionaliz&ts slapekla atoms
N(9) pozicija (13. shéma). Trifenilmetilgrupu saturo$ais fragments veicina savienojuma 41a

amorfas Tpasibas, hloretilgrupas ievadiSana paver iespgjas talakai funkcionalizé$anai, savukart

19



3,5-dikarbazolilbenzola fragments purina atvasingjuma 41lc¢ var€tu uzlabot savienojuma
pasibas lietojumam elektronika, jo $is fragments biezi tiek izmantots optoelektronika.5?

H2 Pd/C HC(OEt PhsP \
\> “EoH \> > D N
/K to /j\ AcOH /j\ T Ney /j\

20°C H2N C

N’
N = Otad 20°C ) ;’ R
26 39, 969 40, 66°
96% 66/ - 12h Ha, 85%
41b, 63%
cR: *‘ 41c, 77%

O,
aR: —| Ph i
\>O Ph bR \>CI

Ph

O

13. shéma. Tetrazola cikla konstrug$ana pie purina atoma C(2) pozicija.

Originalpublikacijas par $aja apak$nodala aprakstitajiem pétijumiem — 2. un 4. pielikuma.

1.3. Arilaizvietotaju ievadisana purina /NV(9) vai N(7) pozicijas

Aromatisku aizvietotaju ievieSana pie purina slapekla atoma N(9) un N(7) pozicijas ir
potenciali noderigs pétjjumu virziens gaismu emitgjoSu savienojumu izpétei, jo S$adi
atvasinajumi lielakoties sastav no saistitiem aromatiskiem cikliem ar vai bez komplekséta
parejas metala.®* Purina slapekla atoma N(9) pozicija arileSanai ir zinamas literatiiras
metodes,? 475334 tagy slapekla atoma N(7) pozicija ariléSana ir apskatita daudz mazak.’’ Ja
arilésanas reakcijas nav iesp&jams ievadit vajadzigo arilaizvietotaju, to var panakt purina de
novo sintézgé no aizvietota imidazola®® vai pirimidina.*

Sakotngjais izpétes objekts bija savienojums 44a,% kas tika iegiits, katalitiski arilgjot
savienojumu 42 ar difeniljodanu®® ar tam sekojosu cianogrupas ievadisanu pie atoma C(6)
poZzicija, izmantojot sulfinata aktivétu SNAr reakciju ar KCN.% Diariljodanu izmanto$anai
slapekla atoma N(9) pozicija ariléSana tika dota prieksroka, jo §1 reakcija ir selektiva un ar
augstu iznakumu. Talakie izp&tes objekti bija ar karbazoliem aizvietoti benzola gredzeni, ko ar
diariljodaniem neizdevas ievadit, jo karbazola gredzens ir parak specigs elektronu donors.
Meéginot iegit ar karbazolu aizvietotus nesimetriskus diariljodanus, tika novérota tulitgja
degradesanas. Savienojumus 44b-d izdevas iegiit Cana—Lama reakcija ar attiecigi aizvietotam
arilborskabém, péc tam ievadot cianogrupu (14. shéma). Cana—Lama reakcija tika izvéleta
aril@Sanai, jo ta bija vieniga metode, kas deva vajadzigos produktus, tacu metodei ir arT nopietni
trakumi, piem&ram, iznakumi 51-57% un ekvimolars katalizatora daudzums.
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14. shéma. 6-Ciano-9-arilpurinu 44a-d ieglisana.

Purina slapekla atoma N(7) pozicija ariléSana ir literatiira maz pétita. 7-Arilpurinu ieglisana,
izmantojot de novo sint€zi ar imidazola gredzena saslégSanu, nav zinama, tapec tika nolemts
izpetit So metodi. Optimalu reakcijas apstaklu meklgsana tika veikta, izmantojot izejvielas 45
un 47, jo So pirimidinu simetrija lava izvairities no blakusreakcijam. Atslégas solis $aja
parvertibu sekvence bija arilaminu ievadisana pie pirimidina atoma C(5) pozicija, jo ta ir izteikti
mazak reagétspejiga neka C(4/6) pozicijas. Sakotngjie meéginajumi ar pirimidina atvasindjumu
45 lava iegit intermediatu 48, tacu, veicot optimizaciju, noskaidrojas pieejas trikumi. SNAr
reakcija ar anilinu notiek ar zemaku iznakumu, ja tiek izmantoti §kidinataji, bet veikt reaciju
bez skidinataja vajadzigaja daudzuma (20 ekv.) ar citiem anilina atvasinajumiem bija
ekonomiski neizdevigi. Savienojuma 46 dehidroksihlorésanu ar POCI3; neizdevas talak
optimizet — citi hlor&josi reagenti un $kidinataji deva vai nu zemaku iznakumu, vai ar7 tikai
degradésanos. Savukart izméginajumi ar diariljodaniem un Cu(]) katalizi lava iegtt pirimidina
atvasinajumu 48 no izejvielas 47 viena soli. Iedvesmojoties no Cu(0) katalizes piemé&ra
literatiird,% izdevas panakt pilnigu konversiju un iegiit pirimidina atvasinajumu 48 ar 81%
iznakumu. Talaka SnAr reakcija tika veikta, izmantojot piesatinatu amonjaka skidumu i-PrOH,
lai novérstu hidrolizi. Pédgjam solim ir zinamas daudzas imidazola saslégianas metodes,”
savukart ar substratu 49 pilnigu konversiju bez blakusproduktu veidoSanas izdevas panakt
skabes katalizéta reakcija ar ortoesteri,
(15. shema).

ieglistot purina atvasinagjumu 50 kvantitativi
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15. sheéma. 7-Fenil-6-hlorpurina (50) iegtiSanas sekvence de novo sinteze.

Parbaudot arileSanas apstaklus ar dazadiem diariljodaniem un aizvietotiem pirimidina
atvasinajumiem 47, noskaidrojas, ka ar So metodi iespgjams ievadit gan elektroniem bagatas,
gan elektroniem nabadzigas aromatiskas sisteémas, gan heterociklu, ka redzams savienojuma
48d gadijuma (2. tab.). Izmainas pirimidina aizvietotajos, kas nevar iesaistities reakcija,
neizraisa negativas izmainas ariléSana, ka redzams savienojumiem 48e-g. Vienigais
parbauditais iznémums ir S5-amino-4-hlorpirimidins, kas degrad&jas reakcijas apstaklos.
Reakcija ar elektrondonoru grupu saturoSiem ariljodaniem jodana degradgSanas ir pastiprinata,
un netika sasniegta pilniga konversija. Reakcija ar elektronatvelkoSu grupu saturoSiem
ariljodaniem jodana degradé$anas ir minimala, tau reag€tsp&ja ari samazinas, un reakcijas laiks
ir japalielina I1dz 48 h.

Talak monoaizvietoSanas SnAr reakcija ar amonjaku labakie rezultati tika iegiiti 80 °C
temperatira. Ar elektroniem bagatiem substratiem 48b,e vajadz€ja ilgaku reakcijas laiku
pilnigas konversijas sasniegSanai. Savienojumiem 48f,g reakcija notika gan pirimidina atomu
C(2), gan C(4/6) pozicijas, tapec 49f,g tika ieglits ar nedaudz zemakiem iznakumiem.
AizvietoSanas produkts C(2) pozicija veidojas nelielos daudzumos, jo C(4/6) pozicija ir
reagétspéjigaka (2. tab.).
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2. tabula

Aizvietotu pirimidinu 49a-g iegiiSanas apstakli

)\/[ Dlarlljodans )\/[ )i
)\ NMP )\ J-| PrOH

47a-d 80°C 48a-g 80°c 49a-g

.. Reakcija

Reakcija 47->48 48549
Nr. X|Y Izna- Izna-
Diariljodans Ar t(h) | kums t(h) kums
(%) (%)

oTf N

1. |c|H @'@ O 2 | 482,81 | 16 | 49a,091

(?Ts

2 |a| ! @\ 2 | 48b,65 | 48 | 49b,90
OMe

oTf ~

3. || n ;@\ @\

oTf ,
| N
4. |cl|H 5 ';(5\ @\ 48 | 484,61 | 16 | 49d,80
N Cl

Cl N

48 | 48c, 66 16 | 49¢, 97

5. | Cl| Me 2 48e, 71 24 | 49e,93
48f, 78 16 | 491,73

oTf =
= a @/'\@ O , ,
7. [al| a 2 | 48g,71 | 16 | 49g,75

Imidazola saslégSanas reakcijas, kuras R = H, vislabakie iznakumi tika sasniegti, izmantojot
ortoesteri (3. tab., 1., 4.-9. rinda). Veicot So parveértibu ar skudrskabi, neizdevas noveérst

=)
[\

hidrolizi pie atoma C(6) pozicija. Lai nenotiktu hidrolize pie atoma C(6) pozicija reakcijas ar
ortoesteri, elektroniem nabadzigaku substratu gadijuma tika izmantots beziidens HCI dioksana
paaugstinata temperatiira. Imidazola cikla saslégSana, izmantojot ortoesteri, ja R # H, notiek
slikti vai nenotiek vispar. Pie atoma C(8) pozicija var ievadit alifatiskus aizvietotajus, saslédzot
ciklu ar anhidridu. Trifluormetilgrupu var ievadit pie atoma C(8) pozicija divu stadiju procesa
ar (CF3CO),0, kura sakotngji veidojas trifluoracetamids, tad paaugstinata temperatiira tiek
saslégts cikls.®” Cikla saslegsanas gaita notiek hidrolize pie atoma C(6) pozicija. Lai iegiitu
produktu 50¢, hloru pie atoma C(6) pozicija atjauno dehidroksihloré$anas reakcija ar POCls.
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Aizvietotu 7-arilpurinu 50a-i iegianas apstakli

3. tabula

X H X Ar
N /
N SAr NN
ji - iﬁ )
Y N7 NH, v NN

49a-g 50a-i
.. Izna-
Nr.| X | Y | R Ar Reagents SKIdi- | prodeva OT T | kums
natajs cO) | (h) o
(%)
L|c|u|H HC(OEf)s | DCM | aq. HCIL | 20 | 16 532’
2 lal H | Me © Ac0 - - 120 | 1 5%”
(CFsCO), | 1)DCM 120 | 116 | 50c,
3. | ¢ H | CK 0 | otHF | Y 295|224 70*
4. |c|u|H @\ HC(OEt); | DCM | aq HCI | 40 | 16 | 2%
on 98
e
7 HCI 50e,
s. || H | H @Noz HC(OED; | DCE | 22 |80 | 3 | 3
ZEN
6. || H | H | HC(OEty; | DCE | €l | g | 3 | 50
N dioksana 82
7. | cl | Me | H HC(OEt); | DCM | aq. HCl | 20 | 16 539&
8. |ul|c | u © HC(OEt); | DCM | aq. HCl | 20 | 16 53;"
HCI 501,
0. |cl|cl| nu HC(OEts | DCE | BT 150 | 16 | 2

* Summarais iznakums 2 stadijas

Originalpublikacijas par $aja apak$nodala aprakstitajiem pétijumiem — 3. un 5. pielikuma.

24



2. Purina atvasinajumu fotofizikalas ipasibas un lietojums

Veiktie petijumi par purinam un 6-metilpurina Ipasibam ierosinata stavokli parada, ka
fotoierosinasanas rezultata izveidotais singleta stavoklis atri iesaistas starpsist€mu parejas
procesa un izveidojas relativi stabils tripleta stavoklis ar dzives laiku 1,7 ps istabas temperatiira,
vai dzives laiku pat 1 s 77 K temperatiira.®® So savienojumu tripletu kvantu iznakums ir 88%.%
Citos petljumos tika apskatita purtha C(2) un C(6) poziciju aizvietotaju ietekme uz ierosinata
stavokla relaksacijas celu un atrumu, ka ar piedavats relaksacijas mehanisms 9-metilpurinam
no ierosinata singleta stavokla uz tripletu caur diviem starpstavokliem.”

Purina atvasinajumi dazadu funkciju veikSanai ir iesaistiti OLED struktiiras, tacu kopuma
tamlidzigu pieméru ir maz. Viens no $adiem piemériem ir fluorescentas purina “push-pull”
sisttmas izmantoSana OLED. lerices ar purina atvasinajumu 51 sasniedza 3,1% ar&jo kvantu
efektivitati. Fluorescentu sistému maksimala iesp&ama efektivitate ir 25%, jo ierosinato
singleta un tripleta stavoklu sadalfjums ir 1:3.7 Cita pieméra divi purini ir savienoti ar
aromatisku tiltu, un atkariba no aromatiska cikla Tpasibam var iegiit donora-akceptora-donora,
akceptora-donora-akceptora vai neitralu fluorescentu sistému. Sadiem savienojumiem,
pieméram, 52, ir potenciils lietojumam OLED vai sensoros.® Adenins un guanins tika
parbauditi ka elektronus blok&joSie un caurumus transportgjosie slani OLED struktiira. No
izmé&ginatajiem purina un pirimidina atvasinajumiem ierice ar adeninu izradija labako stravas
vadi$anu un emisijas efektivitati.® Dazi piem@ri ar termiski aktivétu aizkavéto fluorescenci ir
zindmi purina atvasindjumiem, kas ir saistiti ar elektroniem bagatu fenoksazinu, kur
aromatiskas sist€mas ir izgrieztas arpus plaknes. Ar purina atvasinajumu 53 tika iegiits OLED
ar 16% argjo kvantu iznakumu.’ Nesen publicéti ir arT pirmie fosforescentie iridija kompleksi
emité gaismu oranZi-sarkanaja regiona, savukart katjonie kompleksi emité gaismu dzelteni-
zalaja regiona.®

N

j{\/j: S—co,Me N

SNTONTTN §
| )
51 ph

1. att. Literat{ira zinami purina atvasinajumi ar lietojumu OLED.%?

OLED sastav no diviem elektrodiem — katoda un anoda, starp kuriem atrodas vairaki
organisku materialu slani, kas nodrosina caurumu un elektronu parvietoSanos uz emisijas slani
(EML), kura notiek ladinu rekombinacija un emisija (2. att.). Vienam vai abiem elektrodiem ir
jabut caurspidigiem, lai izstarota gaisma var€tu izklGt arpus iekartas. Ka piemérus biezi
izmantotiem materialiem var minét LiF/Al katodu un indija alvas oksida (ITO) anodu.”? Dazadi

25



paligslani nodrosina efektivu caurumu un elektronu noklisanu Iidz EML un rekombing$anos
taja. Caurumu un elektronu ievadiSanu sisteéma regulé ar caurumu injekcijas slani (HIL), kura
energijas limeni ir pieskanoti anodam, un elektronu injekcijas slani (EIL), kura energijas limeni
ir pieskanoti katodam. Caurumu transporta slani (H7L) un elektronu transporta slani (E7L)
izmanto, lai saskanotu elektronu un caurumu mobilitati, to energijas limeni ir pieskanoti EML.
Lai sekmétu rekombinacijas notikSanu EML, dazkart izmanto elektronus blok&josu slani (EBL)
vai caurumus blok&josu slani (HBL), kas kalpo ka energétiskas barjeras un kavé elektronu vai
caurumu aizplii$anu uz pretgjo elektrodu.” EML sastav no aktiva matrica icjauktas emitgjosa
savienojuma, retos gadijumos $o slani veido tikai no emitera.”

EML LiF/Al

katods

HTL

2. att. OLED struktiiras un darbibas mehanisma atspogulojums.

Daudz plasak fluorescenti purina atvasindjumi ir izmantoti jonu sensoros’ fluorescentai
iezZimé&Sanai’® un §inu vizualizésanai.”?’ Izmantojot tamlidzigus sensorus, iesp&jams ari
noteikt jonu koncentraciju atkariba no fluorescences pastiprinaSanas vai dz&Sanas. Vielam ar
lietojumu $tinu vizualizé$ana svarigakie parametri ir biosavietojamiba, caurlaidiba caur
membranam, citotoksicitate un ietekme uz $nu vairo$anos. Siem mérkiem var izmantot ari
savienojumus ar zemaku emisijas kvantu iznakumu, ja tie ir nepiecieSami kvalitativai analizei
(3. att.).
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3. att. S@inu vizualizésana ar purina-zelta nanoklasteriem (a
atvasinajumu (b).?’

vai “push-pull” purina

2.1. Fluorescentu purinu atvasinajumu fotofizikalas ipasibas

Organiskas “push-pull” fluorescentas sist€mas sastav no elektronu donora un akceptora, kas
ir savienoti ar 7 sistémas konjuggtu tiltu. Pievadot $adai molekulai energiju, pieméram, ar UV
starojumu, ta tiek ierosinata. lerosinata stavokli elektrons no augstakas aiznemtas molekularas
orbitales (HOMO), kas atrodas uz elektrona donora un ta tuvuma, ir parvietojies uz zemako
neaiznemto molekularo orbitali (LUMO), kas atrodas uz elektrona akceptora un ta tuvuma.
Ierosinatais elektrons ir ar pretgju spinu neka otram $1 para elektronam, tas ir, singleta stavoklr.
Lai atgrieztos pamatstavokli, ierosinata sistéma atdod energiju videi fotona veida — notiek
fluorescence. Ja molekulu, kurai ir iesp&jama fluorescence, ierosina ar elektribu, veidojas gan
singleta, gan tripleta ierosinatie stavokli. Sada gadijuma emisija notiek tikai no singleta
stavokliem, savukart tripleta stavokli atdod videi energiju, visbiezak siltuma veida, un ari
atgriezas pamatstavokli (4. att.).”® lerosinata stavokla geometrija var atSkirties no
pamatstavokla. lerosinatais stavoklis var izgriezties no sakotn&ji planara stavokla un notikt
fluorescence péc izgriezta iek§molekulara ladina parneses (7/CT) mehanisma.”® Pretéja
gadijuma sakotngji neplanara struktiira ierosinata stavokll var klut vairak planara un
fluorescence notiek pec planara iekSmolekulara ladina parneses (PICT) mehanisma, kam ir
raksturiga augsta Stoksa nobide.’’ “Push-pull” sistémas fluorescences kvantu iznakumu,
fluorescences laiku, Stoksa nobidi un citas fotofizikalas Ipasibas var izmainit, modificgjot
elektronu donoru, akceptoru vai m sistémas konjuggto tiltu.”® Slapekli saturosi heterocikli ir
plasi apskatiti ka elektronu akceptori §adas “push-pull” sistémas.®!

27



\ 4

So

4. att. Ar elektribu ierosinatas fluorescences shematisks atspogulojums — fluorescence (F)
no singleta stavokla un bezstarojuma relaksacija (R) no tripleta stavokla.

1.2. apak$nodala sintez€tajiem purina atvasinajumiem tika izmeritas fotofizikalas ipasibas
un veikti izm&ginajumi lietojumam OLED. Tika apskatita savienojumu absorbcija, emisija,
kvantu iznakumi, energijas [imeni un citi dati.

legiitie savienojumi 28a-d, 29a-d, 36a,b un 41a satur trifenilmetilgrupas, kas veicina
amorfas Tpa§ibas,®' lai tos vardtu iekartas uzklat ar $kidumu metodem, kas ir vieglak
realiz&jamas neka uzneS$ana ar vakuumu. Izméginajumi ar minétajiem savienojumiem paradija,
ka Sie savienojumi patiesam veido planu amorfu slani uz stikla, uzklajot no skiduma. DSC
meérfjjumi ar savienojumiem 28a,d un 29a,b,d paradija, ka tie ir amorfi ar stikloSanas
temperatiram 82-102 °C. Cianogrupu saturo$iem savienojumiem ir raksturiga augstaka
stikloSanas temperatiira. Termogravimetriska analize savienojumiem 28d un 29d parada, ka 2-
amino-6-triazolilpurini 28 ir termiski stabilaki par 6-amino-2-triazolilpuriniem 29, jo
sadaliSanas temperatiiras ir attiecigi 298 °C un 258 °C.

legitie “push-pull” purina atvasindjumi 28a-d, 29a-d, 36a,b un 41a,c ir fluorescenti, un
atkariba no azola un piperidina izvietojuma purina C(2) un C(6) pozicijas izteikti mainas to
absorbcijas un emisijas spektru maksimumu izvietojums. Savienojumiem 28a-d zemakas
energijas absorbcijas maksimums, kas atbilst iek§molekularai ladinu parnesei, atrodas ap
365nm (5. att.), savienojumiem 29a-d §is maksimums atrodas ap 305 nm (6. att.).
Savienojumiem 28a,b,d emisijas maksimums atrodas 440—450 nm, savienojumiem 29a,b.d tas
atrodas tuvaja UV regiona 390400 nm. Iznémumi ir dimetilaminogrupu saturo$ie purina
atvasinajumi 28c¢ un 29¢, kuru emisijas maksimumi ir nobiditi batohromi par aptuveni 60 nm,
salidzinot ar parjiem atvasindjumiem. Tas tika skaidrots ar izteiktu solvatohromiju, kas ir
raksturfiga dimetilaminogrupu saturoiem savienojumiem.®” Savienojumu 36a,b un 4la,c
absorbcijas un emisijas spektri minimali at§kiras no analogisko savienojumu 29a,b,d spektriem.
Savienojuma 41c¢ gadijjuma absorbcijas spektra tika novérota ari karbazolam raksturiga
absorbcija, ka arT dazi maksimumi emisijas spektra, kas attiecas uz karbazolu (4. tab.). M@rfjumi
savienojumiem 28a un 29a paradija, ka abiem regioizomériem ir raksturiga pozitiva
solvatohromija.
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4. tabula

Purina atvasinajumu absorbcijas, emisijas un kvantu iznakumu eksperimentalie dati

Nr. | Savienojums | Aabsmax (MM)* | Aemmax, (nm)* | g (DCM) q’lf;r(gllf‘a‘)‘a
1. 28a 364 446 0,91 0,32
2. 28b 360 439 0,78 0,28
3. 28¢ 365 511 0,74 0,03
4. 28d 367 448 0,90 0,40
5. 29a 320 (plecs) 394 0,31 0,22
6. 29b 320 (plecs) 399 0,17 0,15
7. 29¢ 330 (plecs) 455 0,30 0,03
8. 29d 330 (plecs) 388 0,44 0,20
9, 36a 305 (plecs) 356 0,01 0,12
10. 36b 300 (plecs) 373 0,07 0,45
11. 41a 310 (plecs) 398 0,66 0,42
12. 41c 292,323,338 | 362,378,397 0,51 0,20

*Merits 5 - 10° M DCM $kiduma.

Fluorescentajiem savienojumiem DCM S$kiduma un plana kartina tika noteikti kvantu
iznakumi, ko vargja paveikt amorfo 1paSibu dé]. Savienojumi 28a-d, 29a-d un 41a,c deva
sagaidamus rezultatus — fluorescences kvantu iznakums Skiduma sasniedza pat 91%, bet plana
kartina bija ievérojami mazaks, jo Skiduma molekulas ir savstarp&ji izolétas un nenotiek
fluorescences dze€Sana. Savienojumiem 36a,b tika noverots pretgjs efekts — fluorescences
Skiduma, kas dzes fluorescenci, bet tiek noversta cieta faze. 2-Amino-6-triazolilpuriniem 28a-
d skiduma tika noveroti vidgji augstaki kvantu iznakumi neka 6-amino-2-triazolilpuriniem 29a-
d, tacu Siem savienojumiem arT tika noverots lielaks kvantu iznakuma kritums, parejot uz cieto
fazi plana kartina (4. tab.).

Savienojumiem 28a-d un 29a-d tika noteikta jonizacijas energija un fotovaditsp&jas
slieksnis, no ka tika izrékinata afinitates energija (A. Vembris, CFI). Mérjjumos noskaidrojas,
ka jonizacijas energija gandriz nemainas atkariba no aizvietotaju izvietojuma C(2) un C(6)
pozicijas, bet mainas atkariba no donora vai akceptora aizvietotdaja pie feniltriazola.
Fotovaditspgjas slieksnis mainas gan atkariba no aizvietotaju izvietojuma, gan donora vai
akceptora aizvietotdja klatbatnes. Sis vértibas ir izteikti augstakas 6-amino-2-triazolilpuriniem
29a-d (3.07-3.45 V), salidzinot ar apgrieztajiem regioizomériem 28a-d (2,75-2,95 eV).

Siem savienojumiem tika noteikti ari tripletu energijas Iimeni, kas ir svarigi tadam
potencialam lietojumam ka OLED aktivas matricas. Savienojumiem 28a-d tripletu ITmenu
vertibas ir 2,52-2,54 eV, savienojumiem 29a,b,d — 2,87-2,95 eV, savienojumam 29¢ — 2,75 eV.
Savienojumu 29 ipasibas ir atbilstoSas teorétiskajam lietojumam aktivo matricu materialos zili
fosforescgjosSiem emiteriem.

DFT aprékini paradija, ka neitralu vai elektronakceptoru aizvietotaju gadijuma pie
feniltriazola savienojumiem 28a,d HOMO orbitales ir centrétas uz purina, LUMO ir centrétas
uz feniltriazola, savukart 29a,d HOMO un LUMO orbitales ir delokalizétas pa visu konjugéto
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sistému. Sis izkartojums liecina par izteiktaku “push-pull” raksturu savienojumiem 29a,d, ka
arT zemaku tieksmi ierosinatam stavoklim relaksg&ties bez emisijas. Elektrondonoru aizvietotaju
gadfjuma pie triazola savienojumiem 28b,c un 29b,c HOMO orbitales ir centrétas uz
feniltriazola, LUMO orbitales — uz purina.

Purina atvasinajumi 28a,d un 29a,d tika izm&ginati ka emiteri OLED, jo tie uzradija
augstakos kvantu iznakumus. Savienojums 29b tika izméginats ka aktivo matricu materials
OLED ar Flrpic emiteri, jo tam bija augstaka tripletu energija. Emiteru gadijuma netika
novérota elektroluminescence, savukart eksperimenta ar purina atvasindjumu ka OLED aktivas
matricas materialu, kapinot spriegumu, ierices efektivitate strauji kritas, salidzinot ar
kontroleksperimentu, kura akfiva matrica ir polivinilkarbazols (PVK). Sos rezultatus var
izskaidrot ar augstu stravas blivumu OLED, izmantojot purina atvasinajumus iekarta. Augsto
ladinu vaditsp&ju var izskaidrot ar iegiito atvasinajumu planaro struktiiru un dipolo dabu,
ieglitos savienojumus iesp&jams nakotné izmantot ka organiskos lauka efekta tranzistorus.

Organisko lauka efekta tranzistoru izpéte ir pétijumu virziens, kas mégina aizstat
neorganisko amorfo siliciju pusvaditajos. Izmantojot mazmolekularus savienojumus vai
polimérus, var iegiit ar §kiduma metodém veidojamu lokanu elektroniku. Sadiem materialiem
viens no svarigakajiem parametriem ir ladinu vaditsp&ja, kas nodroSina energoefektivitati,
darbibu iericés ar zemu energijas padevi un stabilu ierices temperatiiru. Sadas ierices var
konstruét divos veidos — ar aizvara elektrodu virs pargjiem slaniem vai zem tiem (7. att.). Ja
aizvara elektrods atrodas virs pargjiem slaniem, tad ka pamatne tiek izmantots poliméra
substrats, pretéja gadijuma ka pamatne var kalpot aizvara elektrods. Pargjie struktiirelementi ir
izteces un noteces elektrodi, organisks pusvaditajs un izolators. %

7. att. Organiska lauka efekta tranzistoru shematisks atspogulojums ar aizvara elektrodu
virspuse (pa kreisi) un apaksa (pa labi). Polim@ra substrats (melns), izteces un noteces
elektrodi (peléki), organisks pusvaditajs (oranzs), izolators (zils), aizvara elektrods (balts).®3

Originalpublikacijas par $aja apak$nodala aprakstitajiem pétijumiem — 2. un 4. pielikuma.

2.2. Termiski aktivéta aizkaveta fluorescence purinu atvasinajumos

Sakotn&jie OLED ar fluorescentiem emiteriem spgj lietderigi izmantot tikai 25% pievaditas
energijas, jo, izmantojot elektribu, tikai ceturtdala ierosinato molekulu ir singleta stavokli, kas
ir sp&jigas emitt gaismu, savukart pargjas ir tripleta stavokli, un energija netiek lietderigi
izmantota. So situaciju uzlaboja fosforescenti metalu kompleksi, kas sp&j izmantot visu
pievadito energiju, tacu $ajos kompleksos tiek izmantoti dargi un izsikstoSi parejas metali —
visbiezak iridijs, dazkart platins, kuru lietojumu cenSas mazinat. Termiski aktivéta aizkavéta
fluorescence (TADF) ir p&tijumu joma, kas ir attistijusies ped&ja desmitgade un var potenciali
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aizstat fosforescentus parejas metalu kompleksus. TADF apskata savienojumus, kas spgj
realizét visu pievadito energiju, izmantojot apgrieztu starpsistému pareju (RISC), kura
ierosinata molekula pariet no tripleta stavokla uz singletu. Sada gadijuma molekulas, kas ir
sakotngji ierosinatas singleta stavokli, rada fluorescenci (F), savukart molekulas no sakotngja
tripleta stavokla caur RISC nonak singleta stavokli un veido aizkavéto fluorescenci (DF)
(8. att.).3

E

8. att. TADF emisijas shematisks atspogulojums.

Lai RISC process vargtu notikt, spina-orbitas sadarbibas (SOC) vertibai jabiit p&c iespgjas
augstakai, savukart starpibai starp singleta un tripleta limeniem (AEsr) ir jabut pietiekami zemai.
Augstaku SOC var sasniegt struktiiras, kas satur smagos atomus. Zemu AEst panak, samazinot
HOMO un LUMO orbitalu parklasanos. Molekulas ar kovalenti saistitiem donoru-akceptoru
pariem to panak ar stériskiem trauc€jumiem, kas partrauc konjugaciju starp donoru un
akceptoru. Cita alternativa ir eksipleksu sistému izmantoSana ar atseviSkam donora un
akceptora komponentem®* (9. att.). Sadus savienojumus var modificét, lai iegitu vajadzigas
fizikalas TpaSibas, ieklaujot aktivo komponenti polim&ros vai dendrim@ros, lai tos varétu
izmantot OLED izgatavo$anai ar $kidumu metodi.’® Purina gredzenam ir raksturigs atrs
starpsistému parejas process’® ar augstu tripletu kvantu iznakumu,® kas ir atbilstosi parametri
TADF sistému izpétei. Karbazols ir plasi izmantots ka elektronu donors TADF emiteros un
OLED aktivas matricas, pateicoties ta augstajai stabilitatei, labai caurumu vaditsp&jai un tripleta

energijas I[imeniem, kas ir augstaki neka fluorénam vai bifenilam.3¢
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9. att. Steriski traucgtu savienojuma 51 un eksipleksu para 52 + 53 pieméri, kuriem ir
iespgjams RISC.3*

Petijumi tika veikti ar 6-ciano-9-fenilpurinu (24a), jo cianogrupa samazina purina elektronu
afinitati, savukart fenilgrupa novér§ N(9)-N(7) tautomerizaciju. Merjjumi savienojumam
paradija vaju fluorescenci, toties izteiktu fosforescenci pie 77 K temperatiiras, kas liecina par
tripleta stavokli esoSu molekulu klatbttni pietickama daudzuma, kas atbilst energijas [imenu
teoretiskajos aprékinos atrastajam.
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10. att. 6-Cianopurina komponente 44a un kovalenti saistitiec konjugati 44b-d.

Savienojums 44a tika izm&ginats eksipleksu sisttéma ar PVK un 9-fenilkarbazolu (9-PhCbz)
So donoru atbilstoSo energijas limenu dél. Fiziskiem maisijumiem var rasties tehniskas
problémas ar molekulu sakartojumu, ka rezultata eksipleksu paru veidoSanas ir mazak ticama.
Alternativa ir kovalenti saistiti eksipleksu pari, kuros ladinu parneses process nevar notikt
iek8molekulari. Tika iegiiti savienojumi 44b-d (10. att.), kuros cianopurins un karbazols ir
savienots caur benzola gredzenu, kas ir izgriezts arpus plaknes. Steriski traucéts aromatisks
fragments traucg m-elektronu sistému konjugacijai, gan kopuma strada ka donora-donora’-
akceptora sistéma,?” kas nelauj notikt ick§molekularam procesam. legiita savienojuma 44b
rentgenstruktiira parada, ka purins un karbazols ir koplanari, savukart benzola gredzens ir par
50° izgriezts no plaknes (11. att.).
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4

11. att. Savienojuma 44b XRD struktiira divas projekcijas ar benzola gredzenu arpus plaknes.

Nesaistita purina un karbazola maisijumam $kiduma novéroja karbazola emisijas dzeSanu,
kas liecina par ierosinata stavokla parnesi no karbazola uz purinu. Kovalenti saistitajiem 44b-
d istabas temperatiira tika noverota vaja fluorescence, bet 77 K temperatiira savienojumiem
44c,d fosforescence ir vairakas reizes intensivaka par fluorescenci, kas liecina par
starpmolekularu procesu. Savukart iek§molekularo procesu nomac izjaukta konjugacija. Sadu
noverojumu pamato arT absorbcijas spektri, kas kovalenti saistitajiem savienojumiem ir veidoti
no savienojuma 44a un karbazola komponensu summas bez papildu absorbcijas joslas kop&jai
sistémai. Savienojumam 44b 77 K tika novérota salidzinamas intensitates fluorescence un
fosforescence, kas liecina par paaugstinatu iekSmolekulara procesa varbitibu.

Merfjumi plana kartina (5. tab.) paradija, ka emisija notiek no eksipleksiem 473528 nm
regiona ar kvantu iznakumu 11dz pat 41% un skabekla klatbiitng tick novérota emisijas dz&Sana.
Temperatiiras pazeminasana diapazona 300-77 K veicina kvantu iznakuma pieaugumu
lielakaja diapazona dala. Sis novérojums ir pretruna ar sagaidamo rezultatu TADF, tatu tika
izskaidrots ar tripleta stavokla paaugstinatu stabilitati zemas temperatiiras, kas ir svarigi
ierosinata stavokla relaksacija. ST sakariba nav lineara, un TADF efekts tika novérots ar kvantu
iznakuma lokalu maksimumu 100—-180 K. Fotoluminescence sastav no vairakam dazada ilguma
komponentém, kas ir raksturigi eksipleksu sisttmam. Atraka komponente paraugos ir 31-55 ns,
kas ir lenak neka tipiska fluorescence, tatad tika noverota aizkaveta emisija. Zemas
temperattiras atraka komponente tiek ietekméta maz, savukart nakama komponente tiek
paildzinata apméram par 80 ns, kas ir raksturigi TADF. Atraka un lenaka komponente veidojas
péc dazadiem mehanismiem, kas ir sagaidams eksipleksu sist€émas, jo attalums starp donoro un
akceptoro komponenti ir mainigs. Divkomponentu sistémas attiecibu starp lénako un atrako
komponenti iesp&jams ietekmét, izmainot donora-akceptora daudzuma attiecibu. Eksperimenti
ar 44c¢ polimetilmetakrilata matrica dazadas koncentracijas paradija emisijas nobidi uz zilo
regionu un kvantu iznadkuma samazinasanos, pieaugot 44¢ atSkaidijumam.
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5. tabula

Eksipleksu sisteému fotofizikalas 1pasibas plana kartina

. AFL, o/ b Es, d AEsr,

Nr. Sistema (nm)* DrL t, (ns) t, (%) (V) Er, (eV) (eV)*
44a/ 49 21

1. 9-PhCbz 473 0,25 137 56 2,98 2,95 0,03
(1:1) 682 16
44a/ 31 12

2. PVK 528 0,08 140 56 2,81 2,95 -0,14
(1:1) 692 32
34 21

3. 44b 501 0,17 149 79 2,97 2,92 0,05
54 39

4., 44c 502 0,41 246 61 2,82 2,94 -0,12
55 27

5. 44d 497 0,13 183 73 2,85 2,94 —-0,09

* Emisijas maksimums.

® Fotoluminescences komponensu procentuals sadalfjums.
¢ Fluorescences aktivacijas energija istabas temperatiira.

d Fosforescences aktivacijas energija 77 K.

¢ AEst = Es— Er.

Kovalenti saistitam 74 DF molekulam var biit dazadi emisijas mehanismi atkariba no cietas
fazes morfologijas.®® Mérfjumos ar savienojumu 44c tika noskaidrots, ka amorfa fazé notiek
iepriek$ apskatita TADF emisija, savukart kristaliska fazeé notiek fluorescence ar emisijas
maksimumu 471 nm, kvantu iznakumu 52%. Emisijas mehanisma izmaina kristaliska fazg tiek
skaidrota ar stipraku donora-akceptora konjugaciju, ko veicina konformacijas fiks€Sana
kristaliskaja rezgi.

legiitie purina atvasindjumi ir atbilsto§aki OLED aktivas matricas lomai, jo to
fotoluminescence dzES$as, pieaugot temperatirai. OLED izmé&ginajumi tika veikti ar
savienojumu 44d, jo tas uzradija labako ladinu mobilitati. Tika ieglits OLED ar zalo TADF
DACIPN emiteri ar 44d ka aktivo matricu ar maksimalo argjo kvantu iznakumu 11,6% un
spozumu virs 50000 cd/m?. Izmantojot zemu emitera koncentraciju (5%), tika novérota
nepilniga energijas parnese uz emiteri. OLED ar aktivo matricu 44d paradija augstakus argjos

kvantu iznakumus neka ieprieks publicétos rezultitos ar zinamam aktivam matricam.

Originalpublikacija par $aja apak$nodala aprakstitajiem pétijjumiem — 3. pielikuma.
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SECINAJUMI

Izmantojot azida-tetrazola lidzsvaru, pie 2,6-diazidopurina mazak reagetsp&jiga atoma C(2)
pozicija ir iesp&jams veikt SNAr reakciju ar aaniem

Ns
AﬁQ - )\)i — At
R

Trifenilmetilgrupas saturoSu aizvietotdju izmantoSana veicina amorfas TpaSibas
savienojumiem un lauj izveidot purinu atvasindjumu paraugus amorfas planas kartinas,
izmantojot savienojuma Skidumu.

Imidazolu, 1-1H-1,2,4-triazolu, 1-1H-1,2,3-triazolu un 2-2H-1,2,3-triazolu var ievadit pie
purina atoma C(2) pozicija, izmantojot SNAr reakciju 160 °C temperatiira.

Y

ﬁ» e ﬁ

Aromatiskos aizvietotajus var ievadit pie purina slapekla atoma N(9) pozicija, izmantojot

diariljodanus vai Cana—Lama reakcijas apstaklus.
X Ar— B(OH) X
x N\> APAZIOTE N X N\>

Ar

k

H

N(7) Arilpurinus ar augstiem iznakumiem var iegiit no aizvietotiem S-aminopirimidiniem
de novo sinteze.

X X H NH X H HC(OEt); vai
NH, Ar'Ar2I0Tf 3 RCO),0
U D R St
|
P
AP AP A N, )\

2/6-Amino-2/6-azolilpurini, atkariba no aizvietotaju izvietojuma C(2) un C(6) pozicijas,
fluorescg ar emisijas maksimumu ap 390 nm vai 450 nm. Kvantu iznakumi sasniedz 91%
$kiduma un 45% plana kartina. Sadiem savienojumiem ir potencials lietojums ka
organiskiem lauka efekta tranzistoriem.

Gan kovalenti saistitiem purina-karbazola eksipleksiem, gan to analogu maisijumiem
piemit TADF ipasibas. Sadi savienojumi un to maisijumi izrada eksipleksiem raksturigu
dazada ilguma emisiju ar maksimumu ap 500 nm. Emisijas efektivitati dazadas
temperatliras nosaka tripleta stavokla stabilitate un TADF efekts. Kvantu iznakumi
galaproduktos sasniedz 41% plana kartina. Sadiem savienojumiem ir potencials lietojums
ka aktivam matricam OLED.
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GENERAL OVERVIEW OF THE THESIS

Introduction

The modification of purine ring has been studied extensively, since these compounds are a
class of privileged structures in medicinal chemistry.! Most purine derivatives exhibit not only
biological activity, but in several cases also fluorescence, which is commonly used for cell
visualization in biological studies.? Such derivatives have to be soluble in water and have low
cytotoxicity. That may be achieved with respective functional groups such as amino or hydroxyl
groups or ribosylfragment on the purine cycle. On the other hand, the use of purine derivatives
in optoelectronics has been studied to a lesser extent. In the development of optical materials,
the most important aspects are high emission efficiency, stability of the used compounds and
low costs. By introducing functional groups, which are commonly used in optoelectronics, such
as carbazole, thiophene or cyano group, in the purine cycle, compounds with adequate
properties for applications in organic light-emitting diodes (OLED) could be obtained.

Since the first OLED design was proposed in 1987, extensive research has been conducted
to obtain highly efficient white or red, green and blue diodes for production of displays.
Compared to currently widespread liquid crystal displays (LCD), OLED offers several
advantages: higher energy efficiency, bigger color rendering and spectral similarity index
values, higher contrast, and a thin and lightweight design, which enables creation of flexible
displays. OLED also emits a more natural color range, which is an advantage both aesthetically
and healthwise. The main disadvantages of OLED are higher costs, shorter lifespans,
especially for blue color, and degradation upon contact with oxygen. A way to reduce costs is
the use of materials that enable OLED production via solution method, which is cheaper than
using vacuum.’ Introduction of amorphousing groups into the purine structure will open the
possibility of creating thin layer films via the solution method.

Current research in optoelectronics contains examples regarding the use of purine
derivatives as sensors,® fluorescent,” phosphorescent,® or thermally activated delayed
fluorescence (TADF)® emitters. The devices obtained in the aforementioned studies®® have
inferior properties to those of the corresponding commercial products. Based on the sparsity of
research, knowledge in this field should be expanded, new structures with electron donors and
acceptors should be designed, new methods should be developed or known approaches for
compound preparation should be adapted, using the widely occurring purine heterocycle as a
basis.

There are methods described in literature for the introduction of substituents at the C(2),
C(6) and C(8) positions of the purine ring atoms using nucleophilic aromatic substitution
(SnAD)!''"?! and transition metal catalyzed cross-coupling reactions.?> % Introduction of many
electron donors and acceptors of our interest has not been described, requiring adaptation of
known methods or development of new ones. If the required substituent cannot be introduced
directly, in some cases it is possible to construct it using functional group transformations, such
as the formation of 1,2,3-triazole in a copper catalyzed azide-alkyne dipolar cycloaddition
(CuAAC) reaction.?!
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The atoms at C(2), C(6) and C(8) positions are not symmetrical in the purine cycle and each
position has a characteristic higher or lower reactivity. Differences in the arrangement of
substituents often have an effect on the absorption and emission wavelengths and efficiency, so
it is necessary to obtain variously substituted purine derivatives to find compounds with the
best properties. In order to prepare compounds that cannot be obtained using the usual purine
regioselectivity, we need to develop methods for reversing the selectivity. One way to achieve
this is via azide-tetrazole equilibrium, that enables substitution at the atom in C(2) position.?’

Methods for functionalizing purine nitrogen atoms N(9) and N(7) with aliphatic and
aromatic substituents are known in the literature, usually the nitrogen atom in the N(9) position
is more reactive. Aliphatic substituents can be introduced using alkyl halides or the Mitsunobu
reaction,”® while aromatic substituents can be introduced by a copper catalyzed cross-coupling
reaction with diaryliodanes?® or Chan-Lam cross-coupling reaction.*® We need to adapt these
methods to introduce the substituents we are interested in — carbazole-containing, electron-rich
systems and structures containing a triphenylmethyl group, which would contribute to the
amorphous properties of the compounds.*!

Not all desired transformations can be realized with a closed purine ring. If another purine
position is far more reactive, or the transformation cannot be performed due to steric hindrance,
it can be attempted by de novo synthesis. This approach enables introduction of the required
substituents on the pyrimidine or imidazole followed by closing of the purine ring. Use of de
novo synthesis and closing the imidazole ring on a previously modified pyrimidine opens a
synthetic route for introduction of aromatic substituents at the less reactive nitrogen atom at the
N(7) position (Scheme 1).

SNATr or ring closure *E*CN

[
/\ lSNAr .
SNAr de noY2-
Y=Y < : i : 1 6\5 IIIAS‘I“/Y\GS‘S
. i \ - 1
Y:C orH Yo Y N-1 SNAr N‘/i \>3 A
N EE—— —~N, <Chan-Lam ' \//
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\ X

/ XPh
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Scheme 1. Purine cycle numbering and the desired reactions.

During the preparation of Doctoral Thesis, purposefully functionalized luminescent purine
derivatives with amorphousing groups were obtained, for which the potential applications in
OLED devices were researched. TADF properties and potential application in OLED devices
were tested for purine-carbazole conjugates. New synthetic routes for the preparation of
specifically functionalized N(9)-arylpurines, N(9)-alkylpurines, and azolylpurines were
developed. A new synthetic route to N(7)-arylpurines was developed, employing de novo
synthesis.
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Aims and objectives

The aim of the Thesis was the synthesis of new purine derivatives to obtain compounds
with amorphous properties, high emission efficiency, and corresponding physical properties for
potential application in the development of OLEDs.

The following tasks were defined:
1. To develop purine reactions that enable the introduction of electron donating and
accepting functional groups at the appropriate purine ring atoms:
= to search for new synthetic routes for purine functionalization using the
equilibrium of 2,6-diazidopurine azide-tetrazole tautomeric forms;
= to find reaction conditions for the introduction of substituted and unsubstituted
azoles at the C(2) and C(6) positions of purine;
= to develop reaction conditions for introduction of various aryl substituents at the
N(9) and N(7) positions of purine.
2. To create purine derivatives with application in optoelectronics for the development of
OLEDs:
= to obtain amorphous, fluorescent purine derivatives and determine their
photophysical properties;
= to synthesize purine derivatives exhibiting thermally activated delayed
fluorescence.

Scientific novelty and main results

During the course of Doctoral Thesis, new organic synthesis methods for the introduction
of azole substituents into the purine ring as well as for the preparation of N(7) arylpurines by
de novo synthesis from the substituted pyrimidines were developed. Synthesis methods with
altered regioselectivity at purine C(2) and C(6) positions were developed by influencing the
equilibrium of azide-tetrazole tautomeric forms of 2,6-diazidopurine. A new structural design
was developed for intramolecular push-pull fluorescent purines and sterically hindered purine-
carbazole conjugates. New synthetic methods were developed for the synthesis of such
compounds. Push-pull type purine derivatives exhibit fluorescence and can potentially be used
as organic field effect transistors. Purine-carbazole conjugates and a mixture of purine and
carbazole derivatives in solid state forms exciplexes exhibiting thermally activated delayed
fluorescence. These compounds can potentially be used as host materials in OLEDs.

Structure and volume of the Thesis

The Doctoral Thesis has been prepared as a set of thematically related scientific
publications, dedicated to purine derivatives with applications in materials science to solve
problems in optoelectronics. The Thesis unites four original research publications in the SCI
journals and one review.
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MAIN RESULTS OF THE THESIS

Purine is one of the most common nitrogen heterocycles in nature, the most known
derivatives of which are adenine and guanine, two of the nitrogen bases of deoxyribonucleic
and ribonucleic acids. Traube synthesis is the most widely known chemical method for the
preparation of purine derivatives, but due to the widespread occurrence of such compounds in
nature, many are obtained from food processing or other biological sources. Examples of non-
laboratory applications include the use of purine nucleotides as flavor enhancers, such as
guanosine monophosphate, and the use of caffeine as a stimulant.'°

In the Thesis, methods for obtaining novel purine derivatives were developed,
photophysical properties of such compounds were measured and their application in materials
science field of optoelectronics was determined. Initially, purine cycle atoms were
functionalized with electron donating and withdrawing groups to obtain fluorescent push-pull
systems. The nitrogen atom at purine N(9) position was modified with electron-rich
heterocycles, which were bridged by a neutral aromatic system. The prepared derivatives can
potentially be used as organic field effect transistors or host materials in OLEDs.

1. Introduction of substituents in the purine ring

Due to the high interest towards modification of purine in medicinal chemistry, various
methods for the introduction of substituents have been developed. The most widely used
methods are nucleophilic aromatic substitution (SnAr) and cross-coupling reactions for the
introduction of substituents at the C(2), C(6) and C(8) positions. Both selective and non-
selective methods for functionalization of purine nitrogen atoms at N(9) and N(7) with aliphatic
and aromatic substituents have been reported. Another notable approach employs de novo
synthesis with a prefunctionalized pyrimidine or imidazole, followed by purine ring closure at
an opportune stage of the synthesis.

The atom at the C(6) position of purine is the most reactive one and can be functionalized

2 3 azoles,'* alkylthiols,'> arylthiols,'® sulfinates,'®

with azides,!! alkylamines,'? arylamines,’
alkoxides,'® phenolates'” and 1,3-dicarbonyl derivatives,'® using the SnAr reaction (Scheme 2).
Aliphatic amines at the C(6) position of purine can be introduced at low temperatures in a
Cu(I)-associated SNAr reaction.'® The most common leaving groups for the SNAr reactions are

20 sulfonylgroup,' 1,2,4-triazole or 1,2,3-triazole?!

halogens, but such reactions with azide,
leaving groups have also been described in literature. C-N bonded azoles may also be
introduced via modified Appel conditions for hypoxanthine.'* Various aromatic and aliphatic
substituents may be introduced using transition metal catalyzed cross-coupling reactions
(Scheme 3). Aromatic substituents are most often introduced in the purine ring employing the
Suzuki—Miyaura,?? Negishi??®* 23 2* or Stille’** ?° reaction conditions, while alkyl substituents

are introduced using the Negishi??® 23 24 222, 26

or Kumada reaction conditions, or by using
trialkylaluminum reagents.?*» 26 Introduction of alkynyl substituents has been achieved via the
Sonogashira reaction conditions.??® Using stoichiometric reagent amount, alkyl groups at the

C(6) position may be introduced using organocuprates.??* For iodopurines, purine dimers may
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be obtained in Cu(I)*? or palladium®’ catalyzed reactions. The dimerization reaction is reported
for purines with an iodine substituent at C(2), C(6) and C(8) positions.
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Scheme 2. Purine ring numbering and possible SNAr reactions.! ™!
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Scheme 3. Cross-coupling for functionalization of C(6) position.?>2¢

Atom at the C(2) position of purine is less reactive than the atom at the C(6) position. Atom
at the C(2) position can be functionalized in the SnAr reaction if such a reaction is not possible
for the C(6) position. SNAr reaction can be performed with azides,!' alkylamines,**
arylamines,'? azoles,'* 3 alkylthiols,*® arylthiols,?” alkoxides®® and phenolates.*® Substitutions
at the C(2) position are achieved under harsher conditions than at C(6), so it is possible to
perform successive reactions with different reagents, or to carry out simultaneous substitution
at both positions. In the case of cross-coupling, reactions at the C(2) position can be done using
the Suzuki-Miyaura,??® Negishi,”* Kumada,** Sonogashira*” or Stille*! reaction conditions, as
well as trialkylaluminum reagents,® if the C(6) position is not available, or by simultaneously
introducing groups at C(6) and C(2) positions. This selectivity can be reversed if there is iodine
at the atom in C(2) position and chlorine at the atom in C(6) position. In this case, the Suzuki—
Miyaura,** Negishi,*® Sonogashira** and Stille*’ reactions proceed selectively at the C(2)
position. The use of iodine allows reversal of selectivity between C(6) and C(8) positions, but
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if both C(2) and C(8) are substituted with iodine, the reaction takes place at the atom in C(2)
position.*

The atom at the C(8) position of purine is also less reactive than the atom at the C(6)
position. The C(8) position takes part in SNAT*® and cross-coupling?’ reactions, similarly to the
C(2) position, but the atom at the C(8) position is unique with the more acidic proton that can
be selectively deprotonated or lithiated,*® or interacts in C-H activation reactions. A variety of
aromatic and aliphatic substituents can be introduced via transition metal catalyzed C-H
activation reactions (Scheme 4). In intramolecular reactions with C-H activation at C(8)

position, it is also possible to obtain annelated purine derivatives.3%

Alkenyl—Br R R --Ar

Ar—Cl E\& [Pd] ‘
_ R [Ni] -1-Alk
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Ar—I N . N/
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Scheme 4. C-H Activation reactions for C(8) position.>

Comparing the nitrogen atoms at N(7) and N(9) positions of purine, the atom at N(9)
position is more reactive and in reactions as a nucleophilic component it will give the main
product. The most often used methods to obtain N(9) alkylpurines are alkylation with alkyl
halides and the Mitsunobu reaction.?® Specific substituents can be introduced by palladium-

catalyzed cross-coupling with allyl acetates,?®

scandium-catalyzed reaction with diazo
derivatives,’! and via epoxide ring opening reactions.’? Purine cycle N(9) nitrogen alkylation
reactions usually also produce a small amount of substituted product at N(7) position. The most
often used method of purine cycle N(9) nitrogen arylation is the Chan—Lam reaction, where
purine derivatives are cross-coupled with aryl boronic acids.?® Other copper-catalyzed methods
use aryl halides> or iodanes, which can also be used to introduce alkenyl substituents.? It is
possible to perform arylation via SNAr reaction if the aromatic group contains sufficiently
strong electron-withdrawing substituents.>* Arylation reactions, depending on the substituent at
C(6), are often completely N(9) selective.

The nitrogen atom at purine N(7) position of the purine is less reactive. In reaction with
alkyl halides, mostly N(7) alkylation product is obtained if Grignard reagents are employed as
bases.> Selectively N(7) alkylpurines can be obtained by alkylation of reduced purines 10 that
are protected at the N(9) position (Scheme 5).° Arylation in which the N(7) substitution is the
major product, depending on the substituent at C(6), can be achieved in optimized Chan—Lam
reaction conditions.>’

z z z R z R
N DIBAL-H )i / )INI
N or NaBH 1) deprotection N™ X
N \ or NabHy4
—_— — |
gy > A )T > 20y L
9 ‘ 10 R N1 ‘R 12

Scheme 5. Use of 7,8-dihydropurines 10, 11 for the preparation of 7-alkylpurines.*6
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If the introduction of the required substituents into the purine ring is difficult, it can be
achieved by de novo ring synthesis by closing either pyrimidine or imidazole rings (Scheme 6).
When closing the pyrimidine ring, the purine derivatives with the desired functional groups at
N(9), N(7) and C(8) positions may be prepared by choosing the respective imidazole starting
material 13, 14, 17, 18. Substituent Y can be introduced at the C(2) position with an
appropriately substituted pyrimidine ring closing reagent. In pyrimidine closure, the substituent
Z can only be ~OH or —NHa, depending on the imidazole starting material.*® When closing the
imidazole ring, the purine derivatives with the desired functional groups at N(9), N(7), C(2) and
C(6) may be prepared by choosing the respective pyrimidine starting material 15, 19.
Substituent Q can be introduced with an appropriately substituted imidazole ring closing
reagent.’® It should be noted that the de novo synthesis of 7-arylpurines by imidazole ring
closure on a pyrimidine precursor has not been widely studied. This prompted the development
of such a method during the development of the Doctoral Thesis.
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Scheme 6. De novo ring closures of purine from pyrimidine or imidazole derivative.*3 >

1.1. Selectivity control of purine reactions using azide-tetrazole equilibrium

Azide-tetrazole equilibrium is possible in azoles in which the azido group is next to a
nitrogen atom (Scheme 7). Tautomeric forms of such compounds may exhibit the equilibrium,
but depending on the structure of the compound and other factors (Table 1), only azide or only
tetrazole form may be observed. The possibility of the azide-tetrazole tautomeric form
equilibrium in a molecule can affect the reactivity of compounds and the selectivity of reactions,
so it is important to understand its effect on reactions and the factors that shift this equilibrium.
The azide group is able to participate in SNAr reactions as a leaving group,? or in dipolar
cycloaddition as a dipole?' and also in other reactions in which tetrazole is not involved. The
formation of an annulated tetrazole ring changes the electronic properties of a compound, which

can activate or deactivate the compound for reactions at another reaction center.
-~ N3 T =N
: i P — r N
N !

NN

Scheme 7. Azide-tetrazole tautomeric form equilibrium.
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Favoring Factors for the Azide or Tetrazole Tautomeric Forms

Table 1

Factor

Favoring azide
tautomeric form

Favoring tetrazole
tautomeric form

Heterocycle, substituent effects

Electron deficient

Electron rich

Solvent polarity Nonpolar Polar
Temperature Increased Decreased
Steric hinderance near tetrazole ring | Yes No

Although five tautomeric equilibrium forms can exist in the case of 2,6-diazidopurines
(Scheme 8), the diazide AA is the most abundant because purine is an electron-deficient ring.
In crystalline form, these compounds exist in diazide tautomeric form, but one of the tetrazole
tautomeric forms, AT1, can also be observed in polar solvents. The presence of the tetrazole
tautomeric form AT1 has previously been used in our research group to reverse the normal

reactivity of purine.?”> %
IN_
N
. N
N
B
Ny N7 N %
/7 AT1 R
N3 N, N3 N,',\‘":‘
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Scheme 8. Theoretically possible azide-tetrazole tautomeric form equilibria for diazidopurine.

The most recent information regarding azide-tetrazole equilibrium is summarized in the
review found in Appendix 1.

Based on this information, a series of transformations was proposed to obtain push-pull
fluorescent purine derivatives with potential application in optoelectronics as solution-
processed materials. For this purpose, the compound must have amorphous properties, which
can be facilitated by introducing triphenylmethyl substituents into the molecule.®!

The alkyl substituent at the nitrogen atom at the N(9) position was introduced in the
Mitsunobu reaction, and a small amount of substitution at the nitrogen atom in the N(7) position
also ocurred. The obtained compound 22 formed product 23 in a SnAr reaction with NaNj in
almost quantitative yield. Taking advantage of the reactivity of the AT1 tautomeric form of
intermediate 23, compound 24 was obtained with C(2)-selectivity in the SNAr reaction with
piperidine. Carrying out the reaction in DMF at 20 °C increased the proportion of the tetrazole
tautomeric form in intermediate 23 and allowed the highest ratio of C(2) to C(6) substitution,
but failed to completely prevent substitution at C(6).

To obtain the inversely substituted regioisomer 27, starting material 21 was first used in the
SnAr reaction with NaNs, which gave compound 25 in a lower yield than for the N(9)
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substituted purine, as monoazidopurine derivative was also formed. The next step was the SNAr
reaction with piperidine, which in this case took place at the C(6) position. The reversal of
selectivity for this reaction can be explained by changes in the structure of the compound (no
electron-donating alkyl group at the N(9) position) and reaction conditions (elevated
temperature) favoring the azide form. Degradation of the azide occurred during the reaction,
which lowered the yield, but no C(2) substitution was observed. Alternatively, compound 26
could be obtained by the SNAr reaction of compound 21 with piperidine followed by azidation
at the C(2) position. This route was not chosen, since the introduction of electron-donating
groups deactivates the purine for the SNAr reactions. This would require to do the azidation
under harsh conditions. Triphenylpentyl group was introduced at the N(9) position of compound
26 by the Mitsunobu reaction (Scheme 9). Substrate 26 may also participate in the Staudinger
reaction with phosphine under the Mitsunobu conditions. This side reaction was initially
observed but later prevented by performing the Mitsunobu reaction at a higher dilution.
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Scheme 9. Functionalization of diazidopurine with piperidine at C(2) or C(6) positions.

The scientific publication of the research described in this chapter can be found in Appendix
Iv.

1.2. Functionalization of purine with azoles at C(2) or C(6) positions

Azoles are nitrogen containing heterocycles that are electron-deficient and can serve as
electron withdrawing groups in push-pull fluorescent systems.?’ Azole substituents on the
purine ring can be achieved by forming the heterocycle on an appropriate functional group or
by introducing it by a substitution reaction. This chapter will discuss purine-azole conjugates
that are connected by a C-N bond.

Variously substituted 1,2,3-triazolylpurines can be readily obtained in the Cu(I)-catalyzed
alkyne-azide cycloaddition reaction with azidopurine and a substituted alkyne.?! In such a
transformation, four 2/6-(1,2,3-triazolyl)purine derivatives with aromatic substituents were
obtained in high yields. Aromatic systems with electron-donating and electron-withdrawing
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groups are interesting for the study of push-pull systems, so derivatives with methoxy group
28b and 29b, dimethylamino group 28¢ and 29¢, cyano group 28d and 29d or without additional
groups 28a and 29a were obtained. The cycloaddition reactions at 20 °C proceed cleanly,
without azide reduction, yet slowly and with a decreasing rate. Increasing the reaction
temperature leads to formation of by-products. Compound 24 and alkynes containing electron
withdrawing groups proved to be more reactive than compound 27 and alkynes containing
electron donating groups. As a result, the reaction mixture to obtain compound 29¢ was kept
for 11 days to achieve the desired conversion (Scheme 10).
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Scheme 10. Introduction of 1,2,3-triazole at purine C(2) or C(6) positions.

Although SnAr reactions with azoles at the C(6) position have been studied more
extensively, various azoles can be introduced at the C(2) position of the purine in the SnAr
reaction under harsh conditions, as shown with pyrazole and benzimidazole in studies of other
authors.'* 34 Fluorescent properties were expected for purine derivatives with azole substituents
at C(2) position, so it was planned to introduce a triphenylmethyl group in these structures to
promote amorphous properties. Thus, compound 35 was chosen for this purpose, as it is easier
to obtain than 5,5,5-triphenylpentanol. This change has no impact on fluorescence, since in both
cases the m systems, which are excited and subsequently emit light, are identical. In order to
obtain compounds 32 with different azole groups, the starting material 21 had to be firstly
protected with a THP protecting group at the nitrogen atom of the N(9) position and then used
in the SNAr reaction with piperidine, which proceeds selectively at the C(6) position. Compound
31 undergoes the S~Ar reaction with imidazole or 1,2,4-triazole, or 4-phenyl-1,2,3-triazole, but
not with tetrazole, as this heterocycle is likely not sufficiently nucleophilic, which can be
explained by high NH acidity. When a similar reaction was performed on the analog of 31,
containing N(9)-substituent derived from compound 35, substitution at C(2) occurred, but a
cleavage of the ester group was also observed. In an experiment with N(9)-unsubstituted
purines, azole substitution at C(2) did not occur. When using 1,2,4-triazole and 4-phenyl-1,2,3-
triazole, a mixture of regioisomers may be formed in this reaction. In the case of 1,2,4-triazole,
only the formation of 32b was observed, but the reaction with 4-phenyl-1,2,3-triazole produced
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32c¢ and 32d in similar amounts. THP groups in compounds 32a,b were removed for further
functionalization with compound 35 under Mitsunobu conditions to give the final products
36a,b (Scheme 11).
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Scheme 11. Introduction of azoles at the purine C(2) position in a SNAr reaction.

In order to identify compounds 32¢,d, the synthesis of compound 32¢ was performed by
influencing the equilibrium of azide-tetrazole tautomeric forms. The previously obtained
compound 30 was functionalized into diazide 37. The subsequent SNAr reaction with piperidine
was carried out in toluene at elevated temperature to promote the azide tautomeric form,
resulting in substitution mostly at C(6), yet a rather large amount of the C(2) substitution
product was still formed, and compound 38 was obtained in 56% yield. Only compound 32¢
can be formed in the dipolar cycloaddition reaction (Scheme 12), so the regioselectivity of 32¢
was proven by comparison with the products obtained in the reaction of compound 31.

ol Ny O O Ph——
N NaN Cul; EtzN
X aNg )I N N\> _ACOH _
)\ Me,CO Tol /L N-y )\
o 50°C N3 . o 50°C N3 . 20 °c N’
30 16h  37,98% 1h 38, 56% >/’32° 77%

Scheme 12. Preparing compound 32¢ with a different synthetlc route.

Since the introduction of tetrazole via the SNAr reaction failed, the ring formation of this
cycle on amino group in compound 39 was considered according to a method known in the
literature for other classes of compounds.®? The amino group at the C(2) position of purine can
be readily obtained by catalytic reduction of the azido group in previously obtained compound
26. Ring formation of tetrazole at C(2) proceeded with a good yield. Compound 40 was
functionalized in the Mitsunobu reaction at the nitrogen atom in N(9) position with different
groups (Scheme 13). The fragment containing the triphenylmethyl group promotes amorphous
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properties of compound 41a, introduction of a chloroethyl group enables options for further
functionalization, and the 3,5-dicarbazolylbenzene fragment of purine derivative 41c is often
used in optoelectronics and could improve the properties for electronics.®
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Scheme 13. Formation of tetrazole ring at purine C(2) position.

40, 66°/

The scientific publications of the research described in this chapter can be found in
Appendices IT and IV.

1.3. Introduction of aromatic substituents at purine N(9) or N(7) positions

The introduction of aromatic substituents at the purine nitrogen atoms at N(9) and N(7)
positions of purine is a potentially useful approach of research in the study of light-emitting
compounds, since such derivatives mostly consist of connected aromatic rings with or without

a complex-forming transition metal.**

Several literature methods are known for the arylation of
purine N(9) position,?® 4% 53 54 but the arylation at N(7) position has been studied less
frequently.®’ If it is not possible to introduce the required aryl substituent by arylation, it can be
attempted using de novo synthesis of purine from a substituted imidazole>® or pyrimidine.>

The initial object of research was compound 44a,®> which was obtained by a catalytic
arylation of compound 42 with diphenyliodane?® followed by introduction of the cyano group
at the C(6) position using a sulfinate mediated SnAr reaction with KCN.® Arylation of N(9)
position using diaryliodanes was preferred, as this reaction is selective and high yielding.
Further objects of research were benzene rings substituted with carbazoles, which could not be
introduced using diaryliodanes, since the carbazole ring is a strong electron donor. During
attempts to obtain carbazole-substituted unsymmetrical diaryliodanes, rapid degradation was
observed. Compounds 44b-d were obtained in the Chan—Lam reaction with substituted
arylboronic acids and subsequent introduction of the cyano group (Scheme 14). The Chan—Lam
reaction was chosen for the arylation because it was the only method that gave the desired
products. This method also has drawbacks, such as yields of 51-57% and an equimolar catalyst
amount.
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Scheme 14. Preparation of 6-cyano-9-arylpurines 44a-d.

Research regarding the N(7) arylation of purines is scarce. Preparation of 7-arylpurines
using de novo synthesis with imidazole ring closure is not known in literature, so we decided
to research this method. The search for optimal reaction conditions was carried out using
starting materials 45 and 47, since the symmetry of these pyrimidines allowed avoiding side
reactions at the beginning of the study. The key step in this sequence was the introduction of
arylamines at the C(5) position of the pyrimidine, which is markedly less reactive than the
C(4/6) positions. Initial attempts with pyrimidine 45 led to intermediate 48, but the optimization
revealed the shortcomings of this approach. The SnAr reaction with aniline occured with a low
yield when solvents were used, but performing the reaction neat at the required excess (20
equiv.) was economically unfeasible for other anilines. Dehydroxychlorination of pyrimidine
46 could not be improved over the initial POCI3 reaction. Other chlorinating agents produced
either lower yields or only degradation. On the other hand, experiments with diaryliodanes and
Cu(I) catalysis produced pyrimidine 48 from starting material 47 in one step. Inspired by an
example of Cu(0) catalysis®® known for the N-arylation, we could achieve complete conversion
and obtain pyrimidine 48 in 81% yield. The further SnAr reaction was performed using a
saturated ammonia solution in i-PrOH to prevent hydrolysis. For the last step, several imidazole
coupling methods are known,>® but complete conversion of substrate 49 without the formation
of'side products was achieved in an acid-catalyzed reaction with an orthoester, producing purine
50 almost quantitatively (Scheme 15).
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Scheme 15. Preparation sequence 6-chloro-7-phenylpurine (50) in a de novo synthesis.

Testing the arylation conditions with various diaryliodanes and substituted pyrimidine
derivatives 47 revealed that this method can introduce both electron-rich and electron-deficient
aromatic systems, as well as heterocycles in the case of compound 48d (Table 2). Changes in
the pyrimidine substituents, which cannot participate in the reaction, do not negatively impact
arylation, as shown in compounds 48e-g. The only exception in our hands was 5-amino-4-
chloropyrimidine, which degraded under the reaction conditions. In the reaction with
aryliodanes containing an electron-donating group, the degradation of iodane was intensified
and complete conversion was not achieved. In the reaction with electron-deficient aryliodanes,
the degradation of iodane is minimal, however the reactivity also decreases, and the reaction
time must be increased to 48 h.

Further, in the monosubstitution SNAr reaction with ammonia, the best results were obtained
at 80 °C. Electron-rich substrates 48b,e required a longer reaction time to achieve complete
conversion. For compounds 48f,g, formation of both pyrimidine C(2) and C(4/6) adducts
occurred, so 49f,g were obtained in slightly lower yields. The C(2) position substitution product
is formed in small amounts because the C(4/6) position is more reactive (Table 2).
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Table 2
Reaction Conditions for Obtaining Substituted Pyrimidines 49a-g

)I D|aryI|odane )I )I
)\ NMP )\ i- PrOH v

47ad sore 48a-g s0*C 49a-g
Reaction 4748 Reaction
48>49
No. X | Y — 49
Diaryliodane Ar t(h) %) t(h) oy

48a

oTf ~
1 |c|n ©/'\© O 2 | B ] 16 | 492,91
QTS o
2 |alH Q'\@ @\ 2 42;” 48 | 49b, 90
OMe
oY =
3 |cl| H ;ij\ O\

48c,
48 66 16 | 49¢, 97

(?Tf N
/ X
4 |[Cl| H N m a8 | 4841 16 | 494, 50
\ N el 61
cI” N7
5 | Cl| Me 2 | 88|04 | 49e,93
C\)Tf N 71
6 |u| ©/'\© © 2 4788f’ 16 | 49f, 73
7 |cl| a 2 43{4’ 16 | 49g, 75

For imidazole ring closing reactions where R = H, the best yields were achieved using the
orthoester (Table 3, rows 1; 4-9). Performing this reaction with formic acid we could not
prevent hydrolysis at the C(6) position. In order to prevent the hydrolysis at the C(6) position
in reactions with orthoester at elevated temperatures, anhydrous HCI in dioxane was used for
the electron-deficient substrates. Imidazole ring formation with orthoester reagents proceeded
poorly or not at all when R # H. Aliphatic substituents could be introduced at the C(8) position
by closing the ring with an anhydride. The trifluoromethyl group was introduced at the C(8)
position in a two-step process with (CF3CO);0 in which trifluoroacetamide was initially
formed, and afterwards the cycle was closed at 95 °C.%” During the ring closure, hydrolysis
occured at the C(6) position. To achieve product 50¢, the chlorine at the C(6) position was
restored by dehydroxychlorination with POCl;.
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Table 3
Conditions for Obtaining Substituted 7-arylpurines S0a-i

Xy X Ar

N /

N7 ar NN
/H\ _ _— )\\ _ />fR

Y7 ONT ONH, v N N

49a-g 30a-i
Sol- | Addi- | T Yield
No.  X| Y | R Ar Reagent vent tive ©C) t(h) (%)
1 |lc|u| ®H HC(OEt)s | DCM | aq. HCI | 20 | 16 sgg,
2 |cl| H | Me O A0 - ] 120 | 1 5;’;”
(CF5C0), | 1)DCM 120 | )16 | 50c,
3 |Cl] H | CF o | orar | P | 295 |2024] 70
4 |cl|H| H @\ HC(OEt); | DCM | aq.HC1 | 40 | 16 | %
on 98

e
s |c|u|# @ HC(OEs | pcp | HClin g5 1 506,
NO, dioxane 91
PN i

6 |cl|H| H m HC(OEt); | pCg | HClin | gy |5 | S0F,
Naae dioxane 82
7 |cl|™e| H HC(OEt)s | DCM | aq.HCI | 20 | 16 539&
8 |H|Cl| H O HC(OEt)s | DCM | aq. HCI | 20 | 16 58;”
HCl in 501,
9 |cl|cal| n HC(OEDs | DCE | o1 | 80 | 16 | O

* Overall yield in 2 steps

The scientific publications on the research described in this chapter can be found in
Appendices IIT and V.
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2. Photophysical properties and applications of purine derivatives

The research on purine and 6-methylpurine about the properties of this heterocycle in the
excited state has shown that the singlet state, which originates during the photoexcitation, is
quickly engaged in the intersystem crossing process to form a relatively stable triplet state with
a lifetime of 1.7 ps at room temperature or a lifetime of even 1 s at 77 K.% The triplet quantum
yield of these compounds is 88%.% Other studies examined the effect of purine C(2) and C(6)
substituents on the path and rate of excited state relaxation and proposed a relaxation
mechanism for 9-methylpurine from an excited singlet state to a triplet through two
intermediary states.”

Purine derivatives have been employed in OLED structures to perform various functions,
but overall, there are very few such examples. One example is the use of a fluorescent purine
push-pull system in OLEDs. Devices with purine derivative 51 achieved an external quantum
efficiency of 3.1%. The maximum possible efficiency of the fluorescent systems is 25%
because the split of excited singlet and triplet states is 1 : 3.7 In another example, two purines
are linked by an aromatic bridge, and depending on the nature of the aromatic cycle, donor-
acceptor-donor, acceptor-donor-acceptor, or neutral fluorescent system is formed. Such
compounds as 52 have potential applications in OLED or sensors.® Adenine and guanine were
tested as electron-blocking and hole-transporting layers in the OLED structure. The device with
adenine showed the best current conduction and emission efficiency of the tested purines and
pyrimidines.”! Some examples of thermally activated delayed fluorescence are known for
purine derivatives linked to electron-rich phenoxazine, where the aromatic systems are twisted
out of plane. An OLED with 16% external quantum yield was obtained using purine derivative
53.° Recently, the first phosphorescent iridium complexes 54 with purine ligands have also been
published (Fig. 1). Neutral iridium complexes emit light in the orange-red region, while cationic
complexes emit light in the yellow-green region.®

NN
\N)\/NIN%COZMe N{
| )

51 Ph 52 Ak

Fig. 1. Purine derivatives known in literature with applications in OLED.*~

OLED consists of two electrodes — cathode and anode, and between them there are several
layers of organic materials, which ensure the flow of holes and electrons to the emission layer
(EML), where recombination and emission take place (Fig. 2). One or both of the electrodes
must be transparent so that the emitted light can exit the device. Examples of commonly used
materials for this include LiF/Al cathode and indium tin oxide (ITO) anode.”® Several auxiliary
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layers ensure efficient transport of holes and electrons to the EML and recombination in it. The
injection of holes and electrons into the system is controlled by a hole injection layer (HIL), the
energy levels of which conform to the anode, and by an electron injection layer (EIL), the
energy levels of which conform to the cathode. The hole transport layer (HTL) and the electron
transport layer (ETL) are used to match the mobility of electrons and holes, and their energy
levels conform to the EML. To promote recombination in EML, an electron blocking layer
(EBL) or a hole blocking layer (HBL) are sometimes used, which serve as energy barriers and
prevent the flow of electrons or holes to the opposite electrode.”® The EML consists of an
emitter embedded in a host, or in some rare cases this layer is formed solely from the emitter.’*

EML

HTL

Fig. 2. Representation of structure and working mechanism of OLED.

Far more widely, fluorescent purine derivatives have been used in ion sensors,” for
fluorescent labeling’® and marking of cells.”” %" Such sensors determine the concentration of
ions depending on the intensification or quenching of fluorescence. For substances with
applications in cell marking, the most important parameters are biocompatibility, permeability
through membranes, cytotoxicity and effect on cell proliferation. Compounds with lower
emission quantum yields can also be used for such purposes if only qualitative analysis is
required (Fig. 3).
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a) b)

Fig. 3. Cell labelling using purine-gold nanoclusters (a)’’® or push-pull purine derivatives
(b).27

2.1. Photophysical properties of fluorescent purine derivatives

Organic push-pull fluorescent systems consist of an electron donor and an acceptor
connected by a conjugated 7 system bridge. Transfering energy to such a molecule, for example
with UV irradiation, moves it into excited state. In the excited state, the electron has moved
from the highest occupied molecular orbital (HOMO) located on and near the electron donor to
the lowest unoccupied molecular orbital (LUMO) located on and near the electron acceptor.
The excited electron is in the singlet state, so it has an opposite spin compared to the other
electron of the pair. To return to the ground state, the excited system returns energy to the
environment in the form of a photon — fluorescence occurs. If a molecule capable of
fluorescence is excited with electricity, both singlet and triplet excited states are formed. In this
case, emission occurs only from the singlet state, but the molecules in triplet state return to the
ground state by releasing energy in other ways, most often by heat (Fig. 4).”® The geometry of
the excited state can differ from that of the ground state. The excited state can twist from the
initially planar state and fluorescence occurs according to a twisted intramolecular charge
transfer (TICT) mechanism.” On the other hand, the initially non-planar structure in the excited
state may become more planar and fluorescence occurs according to a planar intramolecular
charge transfer (PICT) mechanism, which is characterized by a high Stokes shift.’’ The
fluorescence quantum yield, fluorescence time, the Stokes shift, and other photophysical
properties of the push-pull system can be altered by modifying the electron donor, acceptor, or
the 7 system conjugation.”® Nitrogen containing heterocycles have been widely explored as

electron acceptors in such push-pull systems.?!
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Fig. 4. Schematic representation of fluorescence induced by electricity — fluorescence (F)
from singlet state and non-radiative relaxation (R) from triplet state.

The photophysical properties of the purine derivatives obtained in Section 1.2 were
measured and experiments were made to test their application in OLEDs. The absorption,
emission, quantum yields, energy levels and other data of the compounds were examined.

The obtained compounds 28a-d, 29a-d, 36a,b and 41a possess triphenylmethyl groups,
which promote amorphous properties,®! so that they can be applied using solution methods,
which are simpler than vacuum deposition. Experiments with these compounds showed that
these compounds indeed form a thin amorphous layer on the glass when applied with solution.
DSC measurements on compounds 28a,d and 29a,b,d showed that these compounds are
amorphous, with glass transition temperatures of 8§2—102 °C. Compounds containing cyano
group possess a higher glass transition temperature. Thermogravimetric analysis of compounds
28d and 29d shows that 2-amino-6-triazolylpurines 28 are thermally more stable than 6-amino-
2-triazolylpurines 29, as their decomposition temperatures are 298 and 258 °C.

The obtained push-pull purine derivatives 28a-d, 29a-d, 36a,b and 41a,c are fluorescent,
and depending on the arrangement of azole and piperidine at the C(2) and C(6) positions of
purine, their maxima of absorption and emission spectra are shifted. For compounds 28a-d, the
lowest energy absorption maximum corresponding to the intramolecular charge transfer is
located around 365 nm (Fig. 5), while for compounds 29a-d this maximum is located around
305 nm (Fig. 6). For compounds 28a,b,d the emission maximum is located at 440—450 nm,
while for compounds 29a,b.d it is located in the near UV region at 390400 nm. Exceptions
are the dimethylamino group containing purine derivatives 28c¢ and 29¢, whose emission
maxima show a batochromic shift by about 60 nm compared to the other derivatives. This was
explained by a strong solvatochromy, which is common for compounds containing a
dimethylamino group.®? The absorption and emission spectra of compounds 36a,b and 41a,c
differ minimally from the spectra of analogous compounds 29a,b,d. In the case of compound
41c, absorption maxima of carbazole were also observed in the absorption spectrum, as well as
maxima in the emission spectra attributed to carbazole (Table 4). Measurements with 8a and
9a showed that both regioisomers exhibit positive solvatochromy.
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Fig. 5. Normalized absorption(—) and emission(- -) spectra of 2-amino-6-triazolylpurines
28a-d in DCM solution.
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Fig. 6. Normalized absorption(—) and emission(- -) spectra of 6-amino-2-triazolylpurines
29a-d in DCM solution.
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Table 4

Absorption, Emission and Quantum Yield Experimental Data of Purine Derivatives

No Compound Aabs max, (NM)* Aem max, (NM)* &y, (DCM) 13);(2;::)
1 28a 364 446 0.91 0.32
2 28b 360 439 0.78 0.28
3 28¢ 365 511 0.74 0.03
4 28d 367 448 0.90 0.40
5 29a 320 (shoulder) 394 0.31 0.22
6 29b 320 (shoulder) 399 0.17 0.15
7 29c¢ 330 (shoulder) 455 0.30 0.03
8 29d 330 (shoulder) 388 0.44 0.20
9 36a 305 (shoulder) 356 0.01 0.12
10 36b 300 (shoulder) 373 0.07 0.45
11 41a 310 (shoulder) 398 0.66 0.42
12 41c 292,323,338 | 362,378,397 0.51 0.20

*Measured in 5-10 M DCM solution

Quantum yields were determined for the fluorescent compounds in DCM solution and in
thin layer film, which could be done due to their amorphous properties. Compounds 28a-d,
29a-d and 41a,c showed expected results — the quantum yield of fluorescence in solution
reached up to 91%, but in thin layer film it was significantly lower, as the molecules are isolated
in solution and fluorescence quenching does not occur. For compounds 36a,b, the opposite
effect was observed — the fluorescence quantum yield significantly increases in thin layer film.
This can be explained by the rotation of aromatic rings in solution, which quenches fluorescence
but is reduced in the solid phase. 2-Amino-6-triazolylpurines 28a-d showed on average higher
quantum yields in solution than the reverse regioisomers, but these compounds also showed a
larger drop in quantum yield, moving to the solid phase in film (Table 4).

For compounds 28a-d and 29a-d, the ionization energy and photoconductivity threshold
were determined, and from those the affinity energy was calculated (A. Vembris, ISSP). The
measurements revealed that the ionization energy is not much infuenced by the placement of
the substituents in the C(2) and C(6) positions, but changes depending on the donor or acceptor
substituent on phenyltriazole. The photoconductivity threshold changes both depending on the
arrangement of the substituents and the donor or acceptor moiety. These values are significantly
higher for 6-amino-2-triazolylpurines 29a-d (3.07-3.45 eV) compared to the reverse
regioisomers 28a-d (2.75-2.95 eV).

Triplet energy levels were also determined for these compounds, which are important for
potential application in OLEDs as hosts. For compounds 28a-d, triplet levels are at 2.52—
2.54 ¢V, for compounds 29a,b,d 2.87-2.95¢V, and for 29¢ 2.75¢V. The properties of
compounds 29 are theoretically suitable for application as hosts for blue phosphorescent
emitters.

DFT calculations showed that in the case of neutral or electron-withdrawing substituents on
phenyltriazole, the HOMO orbitals of compounds 28a,d are centered on purine, while the
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LUMO are centered on phenyltriazole, while the HOMO and LUMO orbitals of 29a,d are
delocalized throughout the system. This arrangement indicates a more pronounced push-pull
character for compounds 29a,d as well as a lower propensity for the excited state to relax
without emission. In the case of electron-donating substituents on triazole, compound 28b,¢
and 29b,c the HOMO orbitals are centered on phenyltriazole, while the LUMO orbitals are
centered on purine.

Purine derivatives 28a,d and 29a,d were tested as emitters in OLED, but compound 29b
was tested as a host in OLED with Flrpic emitter. In the case of emitters, no
electroluminescence was observed. Whereas in the experiment with the purine derivative 29b
as the host in OLED, the efficiency of the device dropped sharply by increasing voltage, if
compared to the control experiment in which the host was polyvinylcarbazole (PVK). These
results can be explained by the high current density in the OLED when purine derivative was
used. The high charge mobility can be explained by the planar structure and dipole nature of
the obtained derivatives. Such compounds could be used as organic field effect transistors in
the future.

Research regarding organic field-effect transistors attempts to replace inorganic amorphous
silicon in semiconductors. Mechanically flexible electronics, formed by solution methods, can
be obtained by using low molecular weight compounds or polymers. For such materials one of
the most important parameters is charge mobility, which ensures energy efficiency, operation
with low power supply and a stable device temperature. Such devices can be constructed in two
ways — with a gate electrode as the top or bottom layer (Fig. 7). If the gate electrode is the top
layer, then the polymer substrate is used as the base, otherwise the gate electrode can serve as
the base. The other structural elements are input and drain electrodes, an organic semiconductor
and an insulator.®?

Fig. 7. Schematic representation of organic field effect transistors with gate electrode as
the top (left) or bottom (right) layer. Polymer substrate (black), source and drain electrodes
(gray), organic semiconductor (orange), ioslator (blue), and gate electrode (white).%?

The scientific publications on the research described in this chapter can be found in
Appendices Il and IV.

2.2. Thermally activated delayed fluorescence in purine derivatives

The initial OLED with fluorescent emitters is able to use only 25% of the input energy. This
is determined by the fact that during electrical excitation only a quarter of the excited molecules
are in the singlet state, which is able to fluoresce, but the rest are in the triplet state, the energy
of which is wasted. The situation was improved by phosphorescent metal complexes, which are
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able to use all of the input energy, but these complexes are based on expensive and depleting
transition metals — most often iridium, sometimes platinum, the use of which should be reduced.
Thermally activated delayed fluorescence (TADF) is the field of research that has developed in
the past decade and can potentially replace phosphorescent transition metal complexes. TADF
looks at compounds that are able to utilize all the input energy through a reverse intersystem
crossing (RISC) in which an excited molecule goes from a triplet state to a singlet state. In this
case, molecules that are initially excited in the singlet state, produce fluorescence (F), while
molecules from the initial triplet state enter the singlet state through RISC and form delayed
fluorescence (DF) (Fig. 8).%
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Fig. 8. Schematic representation of TADF emission.

For the RISC process to occur, value of spin-orbit coupling (SOC) must be as high as
possible, but the difference between the singlet and triplet levels (AEst) must be sufficiently
low. Higher SOC can be achieved with molecules that contain heavy atoms. Low AEsr is
achieved by reducing the overlap of the HOMO and LUMO orbitals. In molecules with
covalently linked donor-acceptor pairs, this is achieved by steric hindrance that interrupts the
conjugation between the donor and the acceptor. Another alternative is the use of exciplex
systems with separate donor and acceptor components 3* (Fig. 9). Such compounds can be
modified to obtain the required physical properties by including the active component in
polymers or dendrimers to be used for OLED fabrication by the solution method.®5 The purine
ring is characterized by fast intersystem transition process’° with a high triplet quantum yield,®
which are relevant parameters for the study of TADF systems. Carbazole has been widely used
as the electron donor in TADF emitters and OLED hosts due to its high stability, good hole
mobility, and triplet energy levels that are higher than those of fluorene or biphenyl.%
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Fig. 9. Examples of sterically hindered compound (51) and exciplex pair (52+53) that can
take part in RISC.54

Our initial tests were performed with 6-cyano-9-phenylpurine (44a), since the cyano group
decreases the electron affinity of the purine, while the phenyl group prevents N(9)-N(7)
tautomerization. Measurements with this compound showed weak fluorescence, yet
pronounced phosphorescence at 77 K. This indicates the presence of molecules in the triplet
state in sufficient quantity and matches the findings of the theoretical calculations on the energy
levels of this system.

CN CN

N N
TS LTS O
44a 44

25 By b

Fig. 10. 6-Cyanopurine component 24a and covalently bonded conjugates 24b-d.

Compound 44a was tested in an exciplex system with PVK and 9-phenylcarbazole (9-
PhCbz) due to the matching energy levels of these donors. For physical mixtures, there may be
technical problems with molecular arrangement that make the formation of exciplex pairs less
likely. An alternative is covalently bonded pairs of exciplexes in which the charge transfer
cannot occur intramolecularly. Compounds 44b-d (Fig. 10) were obtained in which the
cyanopurine and carbazole are connected through a benzene ring that is twisted out of
hetereocyclic plane. The sterically hindered aromatic fragment interferes with the conjugation
of the m-electron system and also works as a donor-donor-acceptor system,®” which prevents an
intramolecular process from occurring. The X-ray structure of the compound 44b shows that
the purine and carbazole are coplanar, but the benzene ring is 50° out of plane (Fig. 11).
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Fig. 11. Compound 44b XRD structure in two projections with the benzene ring twisted out
of plane.

Quenching of the carbazole emission was observed for the physical mixtures of purine and
carbazole derivatives in solution, indicating an excited state transfer from carbazole to purine.
For the covalently bonded 44b-d, weak fluorescence was observed at room temperature, but at
77 K the phosphorescence of compounds 44¢,d is far more intense than fluorescence, indicating
an intermolecular process. On the other hand, the intramolecular process is suppressed by the
disrupted conjugation. This observation is also supported by the absorption spectra, which for
the covalently bound compounds show a sum of compound 44a and carbazole component
absorption without an additional absorption band for the bonded system. In the case of
compound 44b, fluorescence and phosphorescence of comparable intensity were observed at
77 K, suggesting an increased probability of an intramolecular process.

Measurements in thin layer film (Table 5) showed that emission in the 473—-528 nm region
occurs from exciplexes with a quantum yield of up to 41% and emission quenching is observed
in the presence of oxygen. Decreasing the temperature in the range 300—77 K causes an increase
of the quantum yield over most of the range. This observation is in contrast to the expected
result for TADF but was explained by the increased stability of the triplet state at low
temperatures, which is important in the relaxation of the excited state. This relationship is not
linear, and the TADF effect was observed with a local maximum of the quantum yield at 100—
180 K. The photoluminescence consists of several components of different durations, which is
characteristic to exciplex systems. The fastest component in the samples is 31-55 ns, which is
slower than a typical fluorescence, so the delayed emission was observed. At lower
temperatures, the fastest component is not much affected, but the next component is extended
by about 80 ns, typical to TADF. The fastest and slowest components are caused through
different pathways, which is expected in exciplex systems, since the distance between the donor
and acceptor component is variable. In two-component systems, the ratio between the slow and
fast components can be influenced by changing the donor-acceptor ratio. Experiments with

72



different concentrations of 44¢ in a polymethyl methacrylate host caused an emission shift to
the blue region and a decreased quantum yield by increasing dilution of 44c.

Table 5
Photophysical Properties of Exciplex Systems in Thin Layer Film

APL, 0/\b ES» d AEST,

No. System (nm)* Dy, t, (ns) t, (%) (eVe Ex, (eV) (VY
44a/ 49 21

1 9-PhCbz 473 0.25 137 56 2.98 2.95 0.03
1:1) 682 16
44a/ 31 12

2 PVK 528 0.08 140 56 2.81 2.95 -0.14
1:1 692 32
34 21

3 44b 501 0.17 149 79 2.97 2.92 0.05
54 39

4 44c 502 0.41 246 61 2.82 2.94 -0.12
55 27

5 44d 497 0.13 133 73 2.85 2.94 —-0.09

* Emission maximum.

® Percentage distribution of photoluminescence components.
¢ Fluorescence activation energy at room temperature.

4 Phosphorescence activation energy 77 K.

¢ AEst=Es—Er

Covalently bonded TADF molecules can have different emission mechanisms depending
on the morphology of the solid phase.®® In measurements with compound 44c, it was found that
the TADF emission discussed above occurs in the amorphous phase, while fluorescence occurs
in the crystalline phase with an emission maximum of 471 nm and quantum yield 52%. The
change in the emission mechanism in the crystalline phase is explained by a stronger donor-
acceptor conjugation, which is facilitated by conformation fixed in the crystal lattice.

The obtained purine derivatives are better suitable for the role of OLED hosts because their
photoluminescence is quenched with increasing temperature. OLED tests were performed with
compound 44d because it showed the best charge mobility. An OLED with a green TADF
emitter DACIPN and with compound 44d as the host was obtained and produced a maximum
external quantum yield of 11.6% and brightness above 50000 cd/m?. An incomplete energy
transfer to the emitter was observed when using a low emitter concentration (5%). OLEDs with
active matrix 44d showed higher external quantum yields than previously published results with
other hosts known in literature.®®

The scientific publication of the research described in this chapter can be found in
Appendix III.
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CONCLUSIONS

It is possible to perform the SNAr reaction with amines at the less reactive atom at C(2)
position of 2,6-diazidopurine due to the azide-tetrazole equilibrium.

Ns
xﬁ@ - )\)i — t
R

The presence of triphenylmethyl groups promotes the amorphous properties of the
compounds and enables formation of solution processed amorphous thin layer films of
purine derivatives.

Imidazole, 1-1H-1,2,4-triazole, 1-1H-1,2,3-triazole and 2-2H-1,2,3-triazole can be
introduced at the atom at C(2) position using the SNAr reaction at 160 °C temperature.

Y

ﬁ» e ﬁ

. Aromatic substituents can be introduced at the nitrogen atom at N(9) position of purine
using diaryliodanes or the Chan—Lam reaction.

X Ar—| B(OH) X
1 2 N
\> Ar Ar 10Tf NTX \>

u —
N N

\

Ar

. N(7) Arylpurines can be obtained in high yields from substituted S-aminopyrimidines via

de novo synthesis.
HC(OEt), 3or

X
NH, Ar‘ArZIOTf NH3 N.  (RCO)
)NL \Ar —_— AP
Y N el )\ )\ )\

2/6-Amino-2/6-azolylpurines, depending on the substituent placement at the C(2) and C(6)
positions, exhibit fluorescence with emission maxima around 390 or 450 nm. Their quantum
yields reach up to 91% in solution and 45% in thin layer film. Such compounds have
potential applications as organic field-effect transistors.

Both covalently bonded purine-carbazole exciplexes and the mixtures of their analogs
exhibit TADF properties. Such compounds and mixtures show emissions of various
durations characteristic of exciplexes with the maxima around 500 nm. The emission
efficiencies at different temperatures are affected by the stability of the triplet state and the
TADF effect. Quantum yields of the products reach up to 41% in the thin layer film. Such
compounds have potential applications as hosts in OLEDs.
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