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PROMOCIJAS DARBA VISPAREJS RAKSTUROJUMS

Temas aktualitate

Organiskie D-m-A tipa savienojumi, kuros molekulas elektronu donorais
fragments (D) caur konjugétu m-elektronu sisteému saistits ar elektronu akceptoro (A)
molekulas fragmentu, tiek intensivi pétiti ka potenciali izmantojamie materiali dazadas
fotonikas nozarés'. Dazi §ada veida savienojumi, absorbéjot elektromagnétisko starojumu
ar noteiktu vilna garumu, spgj emitét starojumu ar citu, lielaku vilpa garumu. Savienojumi
ar gaismu emit§josam 1ipaSibam ir potenciali izmantojami organisko gaismu emit&joso
diozu, vai atseviskos gadijumos arT cietvielu lazeru materialu péﬁjumosz.

D-m-A tipa savienojumi, kuri savas molekulas satur azogrupu, var raksturoties ar
fotorefraktivam IpaSibam un tiek pétiti ar1 ka potenciali materiali informacijas ierakstiSanai
un uzglabasanai’. Iedarbojoties uz $adu savienojumu bazes veidotiem materialiem ar
diviem interfergjosiem lazera stariem, fotoizomerizacijas un viskoelastigas masas parneses
rezultata uz materiala virsmas notiek deformacijas process un veidojas virsmas reljefa
rezgis (SRG). Virsmas reljefa rezgim piemit difrakcijas rezga Tpasibas, kuras var izmantot
holografisko datu ierakstidanai un uzglabasanai’.

Neorganisko savienojumu materiali ar gaismu emit§josam un informacijas
uzglabasanas Ipasibam jau tiek izmantoti fotonikas materialu razoSanai un praktiskai
izmantoSanai. Uz neorganisko savienojumu bazes izveidotu fotonikas iericu izgatavosSana ir
darga, jo tehnologiskie procesi to raZzoSanai ir sarezgiti un energoietilpigi, bet pasi materiali
ir trausli un salidzinogi smagi. Sos trikumus baitu iesp&jams novérst, lietojot materialus, kas
iegiiti uz organisko savienojumu bazes. Tie ir plani, viegli, elastigi un saméra vienkarsi
ieglistami sintézes cela'”. Lai organiskos savienojumus varétu izmantot gaismu emit&jo$o
un fotorefraktivo materialu petijumos, tiem japiemit noteiktam fizikalajam ipasibam.

Pieméram, cieta agregatstavokli tiem ir jabtit caurspidigiem jeb javeido amorfa struktira.

"L. S. Hung, C. H. Chen. Mater. Sci. Eng:R, 2002, 39, 143-222.
’1. D. W. Samuel, G. A. Turnbull. Chem. Rev., 2007, 107, 1272—-1295.
* K. G. Yager, C. J. Barret. Polymeric Nanostructures and Their Applications, 2006, 0, 1-38.



Ka zinams amorfs stavoklis ir termodinamiski nestabils un parasti molekulara tipa
organiskos savienojumus $ada stavokli var iegiit to kausgjumu straujas dzes€Sanas rezultata
vai arf tos sublim&jot no vakuuma, kas ir dargi un tehnologiski sarezgiti procesi'. Amorfs
stavoklis ir raksturigs vairumam no sintétiskajiem organiskajiem polimériem. Poliméri spgj
veidot amorfu strukttiru arT no organiskajiem Skidinatajiem, tiem iztvaikojot. Ta ir 1&ta un
vienkarSa metode polimera tipa materialu iegtiSana cieta amorfa stavokli. Lai gan organisko
poliméru iegiiSana nav IpaSi sarezgita, to sintézes atkartojamiba ir slikta jeb praktiski
neiesp&jama’. Veicot viena un ta pa$a poliméra sintézi vairakas reizes, katra no tam tiks
iegiits attiecigo dazadas molmasas molekulu maisfjums. Sadu poliméra tipa materialu
fizikalas ipasibas var nedaudz buit atkarigas no konkrétas poliméra iegiiSanas reizes jeb
molekulu ar atSkirigam molmasam sadalijuma polim&ru materiala.

Paslaik intensivi tiek pétiti tadi ar gaismu emit&josam vai fotorefraktivajam
ipasibam apveltiti organiskie molekulara tipa materiali, kurus veido vienas noteiktas

molekularas strukttiras savienojumi jeb ta saucamie molekularie stikli.

Pétijuma merkis un darba uzdevums

Zinams, ka daziem molekulara D-n-A tipa organiskajiem savienojumiem (skat.
l. att.), kuri savas molekulas satur 4H-piran-4-ildinén vai azobenzola fragmentu,
ka ar1 elektronu akceptoro un elektronu donoro dalas, piemit gaismu emit&josas vai

fotorefraktivas ipasibas. To sinté€ze nav parak sarezgita un izejvielas ir pieejamas.

A A
s s A—
R0 N R 0 N P
R = a) -CH; ;
E)) -.%I({((iﬁil)i))2°; A - elektronu akceptqrais fragments
’ D - elektronu donorais fragments

d) -CH=CH-Ar ;

1. att. Dazu D-m-A tipa fotojutigo organisko savienojumu visparigas struktiiras

4p. Strohriegel, J. V. Grazulevicius. Adv. Mater., 2002, 14, 1439—-1452.



Misu darba galvenais uzdevums bija ne tikai sintez€t un raksturot fizikalas
ipasibas tadiem 1. att. visparigi paraditajiem savienojumiem, bet ar1 iegit S$1 tipa
savienojumus, kuri savas molekulas v€l papildus satur€tu apjomigos tritiloksietil-
aizvietotajus. Apjomigie tritiloksietil- aizvietotaji varétu nodroSinat So savienojumu sp&ju
veidot planas, caurspidigas un amorfas cietas filminas, kuru uzklasana biitu realiz€jama no

viegli gaistoSiem organiskajiem Skidinatajiem.

Zinatniska novitate un galvenie rezultati

Petijuma rezultata izstradatas sint€zes metodes un sintez€ti vairaki apjomigo
tritiloksietilgrupas saturoSie 4H-piran-4-ilidén un azobenzola fotojutigie atvasinajumi, kuri
veido kinétiski stabilas amorfas kartinas jeb filminas no viegli gaistoSiem organiskajiem
Skidinatajiem. Tas lauj tos ievadit fotonikas iericés ar tehnologiski vienkarSu un 1&tu
rot€josas virsmas uzklasanas ("spin-coating’) metodi. legiiti savienojumi izmantoSanai

organiskajos cietvielu lazeros.
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PROMOCIJAS DARBA GAVLVENIE REZULTATI

1. Tritiloksietilgrupu saturoSo 2-alkil-, 6-stiril un 2,6-bis-stiril-4 H-piran-4-ilideén

atvasinajumu sintéze un fizikalo IpasSibu raksturojumi

4H-Piran-4-ilidén fragmentu saturoSo mérka savienojumu iegiiSanai viena no
galvenajam izejvielam — 2,6-dimetil-4H-piran-4-ons (2) tika iegiits (skat. 1.1. att.),
dekarboksilgjot dehidroacetskabi jeb 3-actetil-4-hidroksi-6-metil-2-okso-2H-piranu (25) ar
86 % iznakumu. 2,6-Dimetil-4H-piran-4-ona (26) talakas reakcijas ar aktivo metiléngrupu
saturoSiem savienojumiem (skat. 1.1. att.) reakcija ar malonnitrilu (3a), indan-1,3-dionu
(3b), vai barbittrskabi (3c) etikskabes anhidrida, tika ieguti 4H-pirani 4a-c¢ ar 51-90 %
iznakumiem. Tiem reaggjot ar 4-(N,N-bis-(2-tritiloksietil)-amino)-benzaldehidu (5) visos

gadijumos tika iegiiti mono- un bis- kondensacijas produktu maisijums.

H
I AN CHj, konc HCI 3a_c
o Ac ,0
86 Hs

H,c” Yo7 Yo 51-90%
1 4a-c
Ph Ph PhPh
Plperldms HyC /(Q +
da-c 6a (DWK-1) N
Ph O 6b (ZWK-1)
Ph 6c (JWK-1)
Ph Ph>r0
Ph
Ph
ph\T/hPh Ph|oPh \:\ :j:é
A= : ;
o b
1O Q) 4 ;
N
N 7a (DWK-2) N 42 un 4b un
7b (ZWK-2) 6a. 7a 6b, 7b
7e¢ (JWK-2) > H,
Ph Ph>r0
PhPh Ph Ph O=(l
)\l
4c un
6¢, 7¢

1.1. att. 2,6-Bis-stiril-un 2-metil-6-stiril-4H-piran-4-ilidén atvasinajumu iegiiSana.

12



Attiecigi, 2-(2-(4-(bis(2-tritiloksi)etil)amino)stiril-4 H-piran-4-ilidén atvasinajumu
6a (DWK-1) un 7a (DWK-2), 2-(2-(4-(bis(2-tritiloksi)etil)amino)stiril-4 H-piran-4-ilidén
atvasinajumu 6b (ZWK-1) un 7b (ZWK-2) un 2-(2-(4-(bis(2-tritiloksi)etil)amino)stiril-4H-
piran-4-ilidén atvasinajumu 6¢ (JWK-1) un 7¢ (JWK-2) maisjjumi. legiito mono-
kondensacijas produktu atdaliSana (turpmak vienkar$i mono-stiril-4H-pirani) no bis-
kondensacijas produktiem (turpmak bis-stiril-4H-pirani) ir ilgs un darbietilpigs process,
taCu savienojumi 6a, 6b, 6¢ un 7a, 7b, 7c¢ ka individualas vielas tika izdalitas pietickamos
daudzumos, lai to struktiiras un fizikalas 1pasibas varétu viennozimigi raksturot.

Amorfas fazes veidoSanos, tas stabilitati, ka ar1 savienojumu 6a, 6b, 6¢ un 7a, 7b,
7c¢ termiskas Ipasibas raksturotas atbilstosi ar diferencialo sken&joso kolorimetriju (DSC)

un termogravimetriju (TGA) un iegiitie rezultati paraditi 1.1. tabula.

1.1. Tabula
legiito 4H-piran-4-iliden atvasinajumu 6a-c un 7a-c termiskas 1pasibas.
Savienojums T CO) T CO) k.t., (C) | Ta, (°C)
1. sildiSana | 2. sildiSana
6b 117 110 212 274
7b 122 118 144 284
6a - - 250 267
Ta 118 112 148 296
6c 133 120 146 266
Tc 135 127 144 283

Tq — termiskas sadaliSanas temperatiira ; k. t. — kuSanas temperattra

T, — stikloSanas temperatiira

Bis-stiril-4H-pirani 7a, 7b 7c¢ uzradija augstaku termisko stabilitati, bet zemakas
kuSanas un zemakas stikloSanas temperatiiras, salidzinot ar mono-stiril-4H-piraniem 6a, 6b,
6c, kas skaidrojams ar apjomigo tritiloksietilgrupu skaitu un attiecigd savienojuma
molmasas pieaugumu. Augstakas stikloSanas temperatiiras uzradija 4H-pirana atvasinajumi
6¢ un 7c¢, kuri elektronu akceptoraja dala satur barbittrskabes molekulas fragmentu, kas

skaidrojams ar iesp&jamo tdenraza saiSu veidoSanos starp molekulam. Savienojumiem 6b,
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6¢ un 7a, 7b, 7c tika novérota stikloSanas temperatiira gan pirmaja sildiSanas cikla, gan ari
otraja sildisanas cikla, kas liecina par ta amorfas fazes augstu kingtisko stabilitati cieta
stavokli. DiemZgl savienojuma 6a gadijuma mums neizdevas novérot stikloSanos neviena
no sildiSanas cikliem, kas liecina par ta amorfas fazes zemu kinétisko stabilitati.

Ar rot€josas virsmas uzklasanas metodi iegiitas savienojumu 6a, 6b, 6¢ un 7a, 7b,
7¢ planas amorfas filminas paraditas 1.3. att. Savienojumu 6b, 6¢ un 7a, 7b, 7¢ gadijumos
no to CH,Cl, Skidumiem iegiito plano kartinu virsma ir gluda un kristalizacijas centri nav
noverojami. Savukart plana kartina, kas iegiita no 6a CH,Cl, skiduma var ieraudzit mazu

kristalizacijas centru veidoSanos.

ZWK-2 DWK-2 JWK-2

1.2. att. Optiska mikroskopa fotografijas planam amorfam filminam, kuras iegiitas no

sintezeétajiem 4H-piran-4-ilidén fragmentu saturosajiem molekularajiem stikliem.

Salidzinot ar literatira'” apskatitie 4H-piran-4-ilidén fragmentu saturogie
atvasinajumi, kuri sak kristalizeties, iejaucot (dopgjot) tos poliméru matrica lielaka masas
dala par 2 %, atseviskos gadijumos lielaka par 10 % masas procentiem, bet miisu sintezetie
savienojumi 6a, 6b, 6¢ un 7a, 7b, 7¢ veido kvalitativu plano kartinu (filminu) cieta stavokli
bez poliméru matricas un satur tikai attiecigo 4H-pirana atvasinajumu.

Lai iegiitu informaciju par sintez€to molekularo stiklu 6a, 6b, 6¢ un 7a, 7b, 7c
optiskam 1pasibam, veicam to gaismas absorbcijas un spontanas gaismas emisijas petijjumus

Skiduma un cieta kartina (skat. 1.2. tabulu).
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1.2. Tabula

Iegtito 4H-piran-4-ilidén atvasinajumu 6a-c¢ un 7a-c optiskas pasibas.

Absorbcija, Emisija, Absorbcija, Emisija,
Savienojums | Ap.x (nm); Ige Amax (NM) Amax (nm); Iga Amax (NM),
(CH:CL) (CH:CL) (Filmina) (Filmina)
6b 514 ;4.76 619 505;4.71 668
7b 525;4.95 662 524 ;4.67 685 un 827
6a 470 ; 4.55 583 480 ; 4.88 633
Ta 489 ; 4.84 629 500; 4.62 675
6¢ 511;4.71 626 507 ;4.82 673
Tc 505 ;4.88 687 517 ;4.52 715

Bis-stiril-4H-pirana atvasinagjumu 7a, 7b, 7c¢ gaismas emisija gan CH,Cl,
Skidumos (robezas no 489 nm lidz 525 nm), gan planas kartinas (robezas no 500 nm Iidz
524 nm) nobidita batohromi par 10-30 nm, salidzinot ar mono-stiril-4H-pirana
atvasinajumu 6a, 6b, 6¢ absorbciju Skidumos, kas ir robezas no 470 nm Iidz 511 nm, bet
cietas kartinas ir robezas no 480 nm lidz 507 nm. Tas skaidrojams ar divu elektronu donoru
fragmentu esamibu savienojumu 7a, 7b, 7¢ molekulas. Malonnitrila fragmentu saturoso
4H-pirana atvasinajumu 6a (Amax ~ 475 nm) un 7a (Amax ~ 495 nm), gaismas absorbcija gan
Skidumos, gan ari cieta kartina hipsohromi nobidita par 10—35 nm salidzinot ar indan-1,3-
diona un barbitiirskabes fragmentu saturo$o 4H-pirana atvasinajumu 6b, 6¢ (Ay.x~ 515 nm)
un 7b, 7¢ (Amax ~ 512 nm) gaismas absorbcijam. Tas norada, ka indan-1,3-diona un
barbitiirskabes fragmenti ir spécigaki elektronu akceptori, neka malonnitrila molekulas
fragments.

Savienojumu 6a, 6b, 6¢ un 7a, 7b, 7¢ emisijas apgabals CH,Cl, skidumos atrodas
oranzas un sarkanas gaismas josla (robezas no 580 nm lidz 690 nm), bet no to planam
kartinam tiek emiteta tikai sarkana gaisma (robezas no 633 nm Iidz 715 nm). Mono-stiril-
4H-pirana atvasinajumu 6a, 6b, 6¢ gaismas emisija gan Skidumos (robezas no 583 nm lidz
629 nm), gan ar1 cietas kartinas (robezas no 633 nm Iidz 673 nm), hipsohromi nobidita par
aptuveni 50-200 nm, salidzinot ar bis-stiril-4H-pirana atvasinajumu 7a, 7b, 7¢ gaismas
emisiju, kas Skidumos ir robezas no 629 nm lidz 687 nm , bet kartina — robezas no 675 nm

[idz 827 nm.
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Bis-stiril-4H-pirana atvasinajumu 7b un 7c¢ dala gaismas emisijas notiek
infrasarkanaja spektra (IS) dala (aiz 700 nm), kuru cilvéka acs nespgj uztvert. Tadg] to
izmantoSana tieSi OLED pétijumos nebiis perspektiva. Tacu tie kopa ar 6a, 6b, 6¢ un 7a var
biut perspektivi stimulétas gaismas emisijas pétijumos ka potencialie materiali

organiskajiem cietvielu lazeriem.

2. Uz cikloheks-2-en-1-ilidén un 4H-piran-4-ilidén atvasinajumu

bazes sintezétie molekularie stikli un to 1pasibas

3,3,5-Trimetil-2-cikloheksén-1-ona (8) jeb izoforona reakcija ar malonnitrilu (3a)
vispirms veidojas starpprodukts 9 (skat. 2.1. att.), kur§ netiek izdalits no reakcijas vides.
Talak ar aldehidu 5 kondensacijas rezultata veidojas (E)-2-(3-(4-(bis(2-tritiloksietil)
amino)stiril)-5,5-dimetilcikloheks-2-&n-1-ilidén)malonnitrilu (10 jeb IWK-1D).

N N
Q X _~Z
H.C + ///\\\ Piperidins
—
3 CH, N N DMFA HiC
H3C 8 3a H C CH3
L 3 .
9
H
Ph
\N/\/o%
5 \ pi Ph
___Piperidins h
~  DMFA °>[
o,
53% PH Ph
10 (IWK-1D)

2.1. att. Apjomigo tritiloksietilgrupu saturoSa izoforona atvasinajuma IWK-1D iegtiSana

Tikai mono-stiril- aizvietotus piranilidenfragmentu saturosus luminoforus iesp&jams
sintezet, ja izejvielai 4H-piran-4-onam ir tikai viena kondenséties sp&jiga metilgrupa. Vienu
aktivu metilgrupu saturoSais 2-terc-butil-6-metil-4H-piran-4-ons (14) tika iegiits ar 69 % no
pentan2.4-dionu (11) un metilpivalata (12). Ta talakas kondensacijas reakcijas ar

attiecigajiem aktivo metiléngrupu saturosiem savienojumiem 3a-f (skat. 2.2. att.) iegiiti 4H-
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piranu 15a-f talakas reakcijas ar 4-(N,N-bis-(2-tritiloksietil)amino)-benzaldehidu 5 veidojas
mono-stiril-4H-pirana atvasinajumi — 16a (DWK-1TB), 16b (ZWK-1TB), 16¢ (JWK-1TB),
16h (MWK-1TB), 16k (EWK-1TB) un 161 JWK-1TBS) ar 17-75 % iznakumiem.

Q Hy NaH Hy
. — = |HC
H,C CH

CH ;
3 HsC—OH.C 3 Monoglims HsC CHj3
11 3 13
12
k-H,S0,
0...5°C
69%
[ pny, =2
3 Ac,0 | | H3
H;C [0) . H.C o
CH; 38-70% 3 CH
HC 14 H,d CHs
15a-f

5 > Piperidins PB(O
| .

Ph P ~N
y Ph
><O 17-75% Ph 16a (DWK-1TB)
PR Ph 16b (ZWK-1TB)
Ph o 16c JWK-1TB)
Ph 16d (MWK-1TB)
Ph 16e (EWK-1TB)

16f (JWK-1TBS)

H
A\ )
A = ; ; o%é
Vi N
H o}

N (o]
15a un 16a 15b un 16b 15¢ un 16¢
HQ 9 Et, /9 H
N
H;C o Et)“l (o} H)‘l o
15d un 16d 15e un 16e 15f un 16f

2.2. att. Mono-stiril-4H-pirana atvasinajumu iegiisana.
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Sintezétie savienojumi 15 un 16a-f ir termiski stabili (T4 no 242 °C Iidz 312 °C)
(skat. 2.1. tab.) un tie veido planas amorfas filminas no viegli gaistoSiem S$kidinatajiem.
Tacu tikai mono-stiril-4H-pirana atvasinadjumiem 16c-e un cikloheks-2-&n-1-ilidén
atvasinajumam 10 var€ja noverot stikloSanos otraja DSC sildiSanas cikla, kas norada uz to
amorfas cietas fazes lielaku kinétisko stabilitati, salidzinot ar mono-stiril-4H-piraniem 16a,
16b un 16f. No savienojumiem, kuri uzradija stiklosanos otraja DSC sildiSanas cikla (15,
16¢, 16d, 16e) liclako T, vertibu (133 °C) uzradija 16¢, kas skaidrojams ar Gdenrazu sai$u

veidoSanas iesp&jamibu starp ta molekulam.

2.1. Tabula
legiito ferc-butilgrupu saturoSu 4H-piran-4-ilidén atvasinajumu 16a-f un cikloheks-2-&n-1-

ilidén atvasinajuma 10 reakcijas iznakumi un termiskas Tpasibas.

Savienojums | Iznakums, % Tw CC) T CO) k.t (°C) | Ta, (°C)
1. sildiSana | 2. sildiSana
10 53 - 92 190 295
16b 41 129 ; 167 275
16a 75 158 - 210 309
16¢ 17 134 133 172 264
16d 59 114 111 180 308
16¢ 65 132 108 164 312
16f 20 115 ; 239 242

Savienojumu 10 un 16a-f talakai optisko Tpasibu raksturoSanai tika veikti to gaismas
absorbcijas un gaismas emisijas mérijjumi gan S$kiduma, gan ari amorfas kartinas jeb
filminas (skat. 2.2. tabulu).

Molekularo stiklu 10 un 16a-f gaismas absorbcija planas kartinas (robezas no
480 nm lidz 533 nm) ir par 10 nm nobidita batohromi, salidzinot ar to gaismas absorbciju
CH,Cl, skidumos (robeZas no 470 nm lidz 535 nm). Savienojums 16a uzradija gaismas
absorbciju visisakajos vilnos gan $kidumos (Amax = 470 nm), gan ar1 plana kartind (Amax =
480 nm), kas skaidrojums ar ta molekula eso$as malonnitrila grupas zemaku elektronu
afinitati, salidzinot ar indan-1,3-diona un barbitiirskabju fragmentiem.

Savienojumu 10, un 16a-f gaismas emisija CH,Cl, $kidumos (robeZas no 584 nm

lidz 643 nm) nobidita hipsohromi par 40-60 nm, salidzinot ar to gaismas emisijam planas
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kartinas (robezas no 623 nm Iidz 706 nm). N,N-Aizvietoto un neaizvietoto barbitiirskabju
saturo$o savienojumu 16c-f gaismas absorbcijas ir Iidzigas, tatu to gaismas emisijas
atSkiras viena no otras (robezas no 637 nm lidz 706 nm) pat par 70 nm. Sada gaismas
emisiju atSkiriba skaidrojama ar dazadu 4H-pirana 16¢-f molekulu iesp&jamo agregatu
veidoSanos cieta stavokli, kuriem katram var but sava gaismas emisija. Savienojumu 10 un
16f licla dala gaismas emisija ir aiz 700 nm, t.i. IS dala ko cilvéka acs nespgj uztvert. ST

iemesla dg] tieSi OLED pétijumiem tie nebiis perspektivi.

2.2. Tabula
Iegiito savienojumu 16a-f un 10 optiskas Tpasibas.
Absorbcija, Emisija, Absorbcija, Emisija,
Savienojums | Ayax (nm); Ige Amax (NM) Amax (nm); Iga Amax (NM),
(CH,CL) (CH,CL) (Filmina) (Filmina)
10 501 ;4.51 643 510;4.71 705
16b 510 ; 4.80 618 510;4.61 666
16a 470 ; 4.47 584 480 ; 4.56 623
16¢ 507 ;4.75 623 490 ; 4.66 656
16d 505 ;4.74 619 490 ; 4.75 637
16e 530 ; 4.82 638 524 ;4.84 662
16f 535;4.80 640 533;4.77 706

6-terc-Butil-2-stiril-4H-piran-4-ilidén atvasinajumu 16a-f optiskas IpasSibas ir
analogas ieprieks€ja nodala aprakstitajiem savienojumiem 6a, 6b, 6¢. Tiem ir labaka
termiska stabilitate un lielakas stikloSanas temperatiiras, ta¢u zemaka amorfas fazes
kingtiska stabilitate uz ko norada iegiitie DSC analizu rezultati (skat. 2.1. tab.), kuros
daziem savienojumiem (16a-b un 16f) stikloSanos otraja sildiSanas cikla neizdodas noverot.
Tas liecina, par 16a-b un 16f zemaku amorfas fazes kiné&tisko stabilitati, salidzinot ar 16c-e
un 10.

Savienojumi 16a-e iegiiti pietickami lielos daudzumos un talak tiek intensivi
pétitas gan to stimul&tas emisijas Tpasibas, gan arT potencialas izmantoSanas iesp&jas OLED
gaismu emit€josa slana izveidoSana (LU Cietvielu fizikas institita, Dr. phys., Aivars

Vembris).
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3. AtSkirigas struktiiras stirilgrupas saturoso 2,6-bis-stiril-4 H-piran-4-ilideén

atvasinajumu sintéze un fizikalo IpasSibu raksturojumi

Tikai vienu reag€tsp&jigu metilgrupu saturosie 4H-piran-4-oni 19a-d (skat. 3.1. att.)
veiksmigi sintezeti ari no 3-acetil-4-hidroksi-6-metil-2H-piran-2-ona (1) un attiecigo
aldehidu 17a-d kondensacijas reakcijas produktiem 18a-d tos pargrupgjot. Savienojumi

19a-d bez aktivam karbonil- un metil- grupam 6-pozicija satur jau vienu stirilgrupu.

H
A CH, _ Piperidins
I CHCl
H;C o) (o)
1

40- 55"/
17a-d 18a-d
k-HCl
n-BuOH
-Co,
75-82%
< 50a-c
Ac,0 I I P>
H;C 33-71%  H4C
R
20a-d, 21a-d un 22a-d 19a-d R
a)R=-H

* b) R =-OCH;,
H dR=-Cl
AP0 Ph
1\ e
5 Ph

O\I<Ph
Ph

Ph
Ph. ~N
Piperidi Ph>ro i 23a-d R
iperidins Ph
Py 24a-d
7-60% Ph >|/° 25a-d
Ph
Ph
AN ? 4\
A= 5 ’ O=<‘l
/
% { »
20a-d un 21a-d un 22a-d un
23a (DWK-3) ; R=-H 24a (ZWK-3) ; R=-H 25a (JWK-3); R=-H

23b (DWK-4) ; R=-OCH;  24b (ZWK-4) ;R=-OCH;  25b (JWK-4) ; R=-OCH,
23¢ (DWK-5) ; R=-N(CH3), 24c (ZWK-5) ; R=-N(CH3); 25¢ JWK-5) ; R = -N(CH3),
23d (DWK-6) ; R=-Cl 24d (ZWK-6) ; R = -C1 25d (JWK-6) ; R = -Cl
3.1. att. AtSkirigas strukturas stirilgrupas 2,6-bis-stiril-4 H-piran-4-ilidén

atvasinajumu iegtsana.
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Vienu aktivo metilgrupu saturoSie mono-stiril-4H-piran-4-ilidén atvasinajumi 20a-
d, 21a-d un 22a-d tika iegiiti ar 33-71 % iznakumiem. To talakas reakcijas ar 4-(N,N-bis-
(2-tritiloksietil)-amino)-benzaldehidu (5) piridina Skiduma un baziska katalizatora
piperidina klatbiitné veidojas tritiloksietilgrupu saturoSie atskirigas struktiiras stirilgrupas
2,6-bis-strilaizvietotie-4H-piran-4-ilidén atvasinajumi 23a-d, 24a-d, 25a-d ar 7-60 %
iznakumiem.

Viens no $adu atskirigas stirilgrupas saturoSu 2,6-bis-stirilaizvietotu-4H-pirana
atvasinajumu sint€zes svarigiem uzdevumiem bija panakt tddu meérka savienojumu
iegliSanu, kuros viena stirilgrupa saturétu elektronu donoro, bet otra akceptoru
aizvietotajus. Sada tipa savienojumi varétu nodrofinat to gaismas emisijas hipsohromu
nobidi, salidzinot ar ieprieks€jas nodalas iegiitajiem un aprakstitajiem mono-stiril- un bis-
stiril-4H-piran-4-ilidén atvasinajumiem. Ar mérki iegiit savienojumus, kuros viena no
stirilgrupam saturétu elektronu akceptoro cianogrupu, $§im nolikam tika sintezéts 3-(4-
ciano-stirilkarbonil)-4-hidroksi-6-metil-2 H-piran-2-ons (18e) (skat. 3.2. att.).

Ka velak noskaidrojas, 3-(4-ciano-stirilkarbonil)-4-hidroksi-6-metil-2 H-piran-2-ona
(18e) skabas pargrupésanas rezultata, ka veélak noskaidrojas, notika ciano grupas hidrolize
ar sekojosu esterifikaciju, un reakcijas gaita gaidita 2-(4-cianostiril)-6-metil-4 H-piran-4-ona
vieta tika iegiits 2-(4-izobutiloksikarbonil)-6-metil-4H-piran-4-ons (19f). Ta ka
izobutiloksikarbonilgrupa ari ir elektronu akceptors aizvietotajs, iegiitais 4H-piran-4-ons
19f tika izmantots cita mérka savienojumu iegiiSanai. 4H-Piran-4-ona 19f reakcija ar aktivo
metiléngrupu saturoSiem savienojumiem — malonnitrilu (1a), indan-1,3-dionu (3b) un
barbitiirskabi (3¢) ieguvam attiecigos 4H-piran-4-ilidén atvasinajumus 20f, 21f un 22f ar
24-78 % iznakumiem. Barbiturskabes fragmentu saturosais 4H-pirans 22f talakas reakcijas
netika izmantots, jo tas raksturojas ar loti sliktu Skidibu organiskajos Skidinatajos.
Sekojosas kondensacijas reakcijas ar aldehidu 5 tika veiktas ar 4H-piraniem 20f, 21f, kuri
pirms sintézes papildus tika attiriti ar Skidruma kolonnas hromatografiju. Tacu tikai
malonnitrila fragmentu saturosais 4H-piran-4-ilidén atvasinajums 20f reakcija ar 4-(N,N-
bis-(2-tritiloksietil)-amino)-benzaldehidu (5), piridina, baziska katalizatora piperidina
klatieng veido attiecigo bis-stiril-4H-piran-4-ilidén atvasinajumu 23f jeb DWK-7E ar 36 %
iznakumu. Veicot lidzigu sintézi ar indan-1,3-diona fragmentu saturoSo mono-stiril-4H-
pirana atvasinajumu 21f, vajadzigais produkts netika iegiits. HPLC-MS analizes uzradija
vairaku citu produktu maisijuma rasanos, kas norada uz planota mérka savienojuma zemo

stabilitati un sadaliSanos reakcijas gaita vai ar1 tas neveidojas vispar.
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3.2. att. Stirilgrupa saturosu elektronu akceptoru aizvietotaju 4H-piran-4-ilidén

atvasinajumu iegiiSana.

Atskirigas  struktiiras  stirilgrupas  2,6-bis-stirilaizvietotu-4H-piran-4-ilidén
atvasinajumu sintézi, kuros viena no stirilgrupam satur elektronu donoro aizvietotaju, bet
otra akceptoro ciano grupu, més veicam, izejot no 2,6-dimetil-4H-pirana atvasinajumiem 4a

un 4b (skat. 3.3. att.).
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3.3. att. Atskirigas stirilgrupas, ka ar1 ciano grupu saturosu bis-stiril-4 H-piran-4-ilidén

atvasinajumu iegiisana.

Malonnitrila (4a) un indan-1,3-diona (4b) fragmentus saturoSu 4H-pirana
atvasinajumu reakcija ar 4-cianobenzaldehidu 17e tika iegiits mono- un bis- kondensacijas
produktu maisijums, no kura ar skidruma kolonnas hromatografiju tika veiksmigi izdaliti
2-(4-cianostiril)-6-metil-4H-piran-4-ilidén atvasinajumi 20e un 21e.

Talaka 20e kondensacija ar aldehidu 5 mums izdevas iegtt malonnitrila elektronu
akceptoro fragmentu saturoSo atSkirigas struktiiras stirilgrupas saturoso 2,6-bis-stiril-4H-
piran-4-ilidén atvasinajumu 23e. Veicot identisku sint€zi ar indan-1,3-diona elektronu
akceptoro fragmentu saturoSo 4H-piran-4-ilidén atvasinajumu 21le, HPLC-MS analizes
neuzradija planota produkta rasanos. Iespgjams, ka planotais indan-1,3-diona atvasinajums
reakcijas gaita neveidojas vispar vai arl ir nestabils un uzreiz sadalas.

Sintezeto atSkirigas strukturas stirilgrupas saturoSo 2,6-bis-stirilaizvietoto-4H-
piran-4-ilidén atvasinajumu 23a-d, 24a-d un 25a-d termisko analizu rezultati apkopoti
3.1. tabula. Redzams, ka to termiska stabilitate Ty ir robezas no 173 °C lidz 312 °C.

Japiezimé, ka kopuma tie uzrada zemako termisko stabilitati, neka ieprieksgjas nodalas
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(1. un 2.) aprakstitie mono- un bis- 4H-pirana atvasinajumi 6a-c, 7a-c un 16a-f (T4 no

242 °C 1idz 312 °C).

3.1. Tabula

Iegiito nesimetrisko bis-stiril-4H-piran-4-ilidén atvasinajumu reakcijas iznakumi

un termiskas Tpasibas.

Savienojums | Iznakums, % T CC) Tw CO) k.t., °C) | T4, (°C)
1. sildiSana | 2. sildiSana
23a 41 - - 246 280
23b 19 115 104 157 198
23c 19 139 111 165 173
23d 30 143 119 244 301
24a 19 - - 245 306
24b 35 118 113 166 239
24c¢ 48 126 120 158 300
24d 28 125 124 185 312
25a 21 134 113 150 261
25b 60 119 115 146 287
25¢ 25 158 132 186 237
25d 7 - - 196 278

Savienojumiem 23a, 24a un 25d netika novérota stikloSanas, kas liecina par to

iespgjamas amorfas fazes mazu kinétisko stabilitati. Sintez€tajiem 4H-piraniem 23b-d,

24b-d, 25a-b stikloSanas tika noverota gan pirmaja gan otraja DSC sildiSanas cikla un ir

robezas no 105 °C Iidz 124 °C. Augstakas stikloSanas temperattiru vértibas uzradija 25c,

kas elektronu akceptoraja dala satur barbitiirskabes fragmentu. 4H-Pirana atvasinajumi 23e

un 23f netika iegiiti pietieckamos daudzumos to termisko 1pasibu p&tijumiem.

Dazu tritiloksietilgrupu saturoSo atskirigas struktiiras stirilgrupas 2,6-bis-stiril-4H-

pirana atvasinajumu amorfas fazes veidoSanos iesp&jas no viegli gaistoSiem Skidinatajiem

paradttas 3.4. att€la. To planas kartinas tika konstateti vairaki kristaliskie centri, kas liecina

par molekulu savstarp€jo pakoSanas, agregatu veidoSanos un zemu amorfas fazes kinétisko

stabilitati. 4H-Pirana atvasinajums 25¢ amorfo fazi neveido.
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(A

JWK-5

ZWK-6 DWK-6

3.4. att. Dazas optiska mikroskopa fotografijas planam optiski kvalitativam amorfam
filminam, kuras iegtitas no sintezétajiem atskirigas struktiiras stirilgrupas bis-stiril-

4H-piran-4-ilidén atvasinajumiem.

2,6-Bis-stiril-4H-pirana atvasinajumu 23b-d, 24b-d, 25a-b gaismas absorbcijas un

emisijas raksturlielumi apkopoti 3.2. tabula.

3.2. Tabula
Nesimetrisko 2,6-bis-stiril-4 H-pirana atvasinajumu gaismas absorbcijas

un gaismas emisijas raksturlielumi.

Absorbcija, Emisija, Absorbcija, Emisija,

Savienojums | Ayax (nm); Ige Amax (NM) Amax (nm); Iga Amax (NmM),

(CH,Cl,) (CHCl,) (Filmina) (Filmina)
23a 507 ;4.59 636 508 ; 4.67 667
23b 502 ; 4.54 633 502 ;4.40 659
23c 487 ; 4.85 633 492 ;4.72 682
23d 510;4.56 644 502 ;4.42 680
23e 507 ; 4.42 647 523 ;4.52 689
23f 515;4.39 599 539;4.58 700
24a 541 ;4.67 668 531;4.72 702
24b 538;4.72 661 479 ; 4.68 695
24c¢ 523 ;4.61 664 530;4.79 726
24d 507 ;4.63 675 534 ;4.53 707
25a 545 ;4.56 681 465 ; 4.55 722
25b 543 ;4.54 679 480 ; 4.67 715
25¢ 502 ;4.88 688 508 ;4.54 715
25d 549 ; 4.64 691 465 ;4.48 740
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To gaismas absorbcija gan CH,Cl, $kiduma, gan ar1 planas kartipas ir robezas no
400 nm lidz 550 nm, bet to gaismas emisija ir planas kartinas ir robezas no 659 nm lidz
740 nm un batohromi nobidita par aptuveni 50 nm salidzinot ar to gaismas emisiju CH,Cl,
Skidumos, kas ir robezas no 600 nm Ilidz 691 nm. Salidzinot 4H-piran-4-ilidén
atvasinajumus 23c¢ un 23e, papildus elektronu akceptora aizvietotaja ievadiSana
stirilfragmenta mérka savienojumu gaismas emisiju nobidija hipsohromi tikai par 30—
50 nm, pie kam $is noverojums konstatéts tikai CH,ClI, skiduma.

Savienojumu 23a-f, 24a-d, un 25a-d gaismas absorbcijas un gaismas emisijas
petijumos tika konstatets, ka ievadot abas stirilgrupas ar dazadiem elektroniskajiem
efektiem — ieglito mérka savienojumu gaismu emitgjosas Tpasibas biitiski nemainas un tas ir
lidzigas iepriekS€ja nodala (1.) aprakstitajiem vienadas stirilgrupas saturoSajiem bis-stiril-
4H-piran-4-ilidén atvasinajumiem 7a, 7b un 7e¢. legiitie nov€rojami liecina par otra
stirilfragmenta ievadita aizvietotdja mazo ietekmi uz visas molekulas gaismu emitgjosam
ipasSibam. Ta, galvenokart, ir atkariga no N,N-bis-(2-tritiloksietil)aminostiril- elektronu
donora aizvietotaja, 4H-piran-4-ildidén m-sist€mas un pie 4H-pirana gredzena 4-vieta esosa
elektronu akceptora fragmenta.

Saja nodala aprakstitie atikirigas struktiiras stirilgrupas saturosie 2,6-bis-stiril-4H-
piran-4-ilidén atvasinajumi 23a-f, 24a-d, un 25a-d, kuri veido planas filminas no viegli
gaistoSiem Skidinatajiem, piemit molekularo organisko stiklu raksturigas ipasibas, kas
padara tos perspektivus fotonikas materialu p&tijumiem.

Lai var€tu ieglit materialus ar gaismas emisiju dzeltenaja vai pat zilaja redzamas
gaismas spektra dala, kas nepiecieSams baltas gaismas emitgjoSu OLED iericu izveidoSanai

un petijumiem, ir javeic cita veida 4H-pirana atvasinajumu modificéSana.

4. Amorfo fazi veicinoSo tritiloksietilgrupu saturoso 2,6-diazvietotu-1H-piridina

atvasinajumu sintéze un fizikalas 1pasibas

leprieksgjas darba nodalas  apskatito  2,6-bis-aizvietoto-4H-piran-4-ilidén
atvasinagjumu gaismas emisija tika nov@rota redzamas gaismas spektra sarkanaja dala.
To noteica pie 4H-pirana gredzena 4-pozicija esosa elektronu akceptora fragmenta struktiira
un elektronu donoro aizvietotaju saturo$a stirilgrupa. Ar meérki iegiit savienojumus ar

dzeltenas gaismas emisijas Tpasibam, més veicam 2,6-diaizvietotu-1H-piridinu iegiiSanu no
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2,6-diaizvietotiem-4H-piraniem. Sadi 1H-piridini 27 var tikt iegati no 4H-pirana

atvasinajumiem 26 to reakcijas ar pirm&jiem aminiem (skat. 4.1. att.).

RZ
_ @,R3 s /‘\
- R°-NH
/Eﬁ\)\ﬂ H -2 I | R — - | |
oJ R 0" "R? RN R?

R1
Q
26a 26 R® 27
‘ -H,0
RZ
AL R® S) -
| N HO| | ~— HO,| |
H 2
R! OH Rj . CH; R' 23 R
26bl R
I 26¢1 26d

AN

A = ¢lektronu akceptorais
R2 p
0 ?\R3 molekulas fragments

26b2

4.1. att. 1H-Piridinu iegtiSanas no 4H-piraniem visparigs reakcijas mehanisms

Kaut arf stbilstosi 4.1.att. dotajam reakcijas mehanismam gan elektronu akceptorais
fragments (A), gan aizvietotaji (R', R? un R’) neviena no reakciju starpstavokliem savu
atraSanas vietu nemaina, to strukttira var ietekmét reakcijas norises efektivitati. Gadijumos,
kad aizvietotdjs R' nav vienads ar aizvietotaju R?, pirm&ja amina nukleofila pievienoganas
pie 4H-pirana atvasinajuma 26 gredzena var notikt 2 vai 6 pozicija, vispirms veidojot
parejas savienojumu 26a. Tas talak pargrup€jas par enolu 26b1 vai ketonu 26b2. Atkariba
no ta pastavosas ketona vai enola formas, talak notiek ciklizacija caur amonija parejas
savienojumiem 26¢l vai 26¢2, kuras gala rezultata izveidojas 1,2,-dihidro-4H-piridins
26d1. Ta dehidratacijas rezultata tiek iegiiti 1H-piridina atvasinajumi 27, kas visticamak
veidosies ka diastereoizomeéru maistjums. Miisu petijjuma ka pirm&jo aminu izvelgjamies
benzilaminu, kura benzilfragments miisu mérka savienojumos varétu nodroSinat lielaku

stikloSanas temperatiiru un labaku amorfas fazes kinétisko stabilitati.
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Ar meérki iegiit amorfo fazi veicinoSo tritiloksietilgrupu saturoSos mérka
savienojumu 16a-N atbilstoSi 1H-piridinu veidoSanas mehanismam (skat. 4.1. att.), ta
sintéze tika méginats sintézi veikt no mono-stiril-4H-pirana atvasinajuma 16a reakcija ar
benzilamina parakumu (skat. 4.2. att.), vai ar1 veicot ferc-butilgrupu saturosa 1H-piridina

atvasinajuma 11a-N kondensaciju ar aldehidu 5.

Ph-CH,-NH,
Py vai EtOH

P
Ph 16a
Ph H (DWK-1TB)
PB(O
Ph Ph

Piperidins
Py vai EtOH

Ph-CH,-NH,
—_— 2
EtOH

X

Ph Ph

11a-N

4.2. att. Amorfo fazi veicinoso tritiloksietilgrupu aizvietotaju saturosu 1H-piridina

atvasinajumu iegiSanas meginajumi.

Tacu iesp&jamais savienojums 16a-N netika ieglits nedz no 4H-piran-4-iliden
atvasinajuma 16a, nedz ari izejot no 4H-pirana atvasinadjuma 11a. Abos gadijumos iegiito
produktu maisijuma HPLC-MS analizes uzradija Iidz pat 20 dazadu savienojumu signalus.
Tadel planota 1H-piridina atvasinajuma 16a-N vai ta analogu iegliSanai méginajam ka
izejvielas izmantot iepriekS sintez€tos savienojumus 4a-f, kuri 2,6 pozicijas satur
metilgrupas (skat. 4.3. att.). To reakcijas ar benzilamina parakumu ieguvam 1H-piridina
atvasinajumus 27a-f ar 46-98 % iznakumiem. Tritiloksietilgrupu saturoSo 1H-piridina
atvasinagjumu iegiiSanu méginajam veikt 1H-piridinu 27a-f kondensacijas reakcijas ar
aldehidu 5. Péc HPLC-MS analizém tika konstatéts, ka neviena no gadijumiem planotie

mérka savienojumi neveidojas, jo min€tajas analizés var redz€t tikai signalus ar molmasam,
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kas atbilst izejvielam. Planoto mérka savienojumu neveidoSanas viens no iesp&jamiem
skaidrojumiem ir benzilgrupas steriskie efekti, kas trauce telpiski apjomigajai aldehida

molekulai reagét ar 1 H-piridina atvasinajuma metilgrupu.

Ph-CHz-NHz I I
| | EtOH
Hs¢” Y07 CH, 16.98% H3C rll\ CH,
4a-f Ph
27a-f
(0]
AN H
A= H 5 o=(‘
/)
N/ (o] H o)
4b 27b
4aun227a un 4c un 27¢
HQ Et, H
04 ; S% ; 54
H,C o Et 0 H (o)
4d un 27d de un 27e 4f un 27f

4.3. att. 1 H-piridina atvasinajumu iegiiSana no 4H-piraniem.

P&c nesekmigiem ieprieks€jiem eksperimentiem mes nolémam vispirms veikt 1H-
piridina cikla sintézi no tadiem 4H-pirana atvasinajumiem, kuri stirilgrupa saturétu N,N-
dimetilamino- aizvietotajus (skat. 4.4. att.). Modelsavienojumi 28b (41 %) un 28¢ (80 %)

tika iegtti ar apmierinoSiem iznakumiem. Savienojuma 23c¢ gadijuma parvertibas realizet

neizdevas.
Ph-CH,-NH,
—2 1y
H4C CHCI,
N/CH3 41-80% 'i‘
23¢, 24c, 25¢ I 28b (ZE-1), &h,
CHs 29¢ (JE-1)
W R0
A= 5 ;
/4 N
N o H o)
23¢ 24c un 28b (ZE-1) 25¢ un 28c¢ (JE-1)

4.4. att. 1 H-piridina model]savienojumu iegtiSana no luminiscgjoSiem 4H-piraniem.
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Amorfo fazi veicinoSie trifeniloksietilaizvietotajus un fenilgrupu saturosie mérka
savienojumi 29b (ZE-1Tr) un 29¢ (JE-1Tr) (skat. 4.5. att.) iegiiti iepriek$ sintez&to 4H-
piran-4-ilidén atvasinajumu 6b (ZWK-1) un 7¢ (JWK-1) (skat. 1.2. att.) reakcija ar

benzilamina parakumu. Tie tika ieglti ar relativi augstiem iznakumiem (86-97 %).

Ph-CH,-NH,
_— & S

H,C
CHCl,
6b (ZWK-1) N 86-97%
6c JWK-1
e ) . H 29b (ZE-1Tr) H
B(O 29¢ (JE-1Tr) PB(O
Ph Ph Ph boh
}-k
A = 5 0=(l
o} H o
6b (ZWK-1) un 6¢ (JWK-1) un
29b (ZE-1Tr) 29¢ (JE-1Tr)

4.5. att. 1 H-piridina mérka savienojumu iegiis$ana no luminiscgjosiem 4H-piraniem.

Iegiito 1H-piridina atvasindjumu HPLC-MS analizes uzrada divu diasereoizoméru
esamibu, kuru abu molmasas atbilst mérka savienojumiem 29b (ZE-1Tr) vai 29¢ (JE-
1Tr). Péc 'H-KMR spektru analizes aptuveni noteikta diastercoizoméru attieciba: 28b
(3:1), 28¢ (1:3), 29b (1:1 vai 1:1.2) un 29¢ (1:1 vai 1:1.2). So diastereoizoméru atdalisana
nebija §1 darba meérkis un talakajiem pétijlumiem izmantojam attiecigos iegitos
diastereoizom&ru maisijumus.

Savienojumi 29b un 29c¢ ir termiski stabili (T4 no 288 °C lidz 296 °C) (skat.
4.1. tab.), tie veido planas amorfas filminas no viegli gaistoSiem Skidinatajiem (skat.
4.6. att.), tiem vargja noverot stikloSanos pirmaja un otraja DSC sildiSanas cikla
(Tg ~ 140 °C) un tie emité gaismu gan $kidumos, gan planas kartinas (skat. 4.2. tab.)
redzamas gaismas spektra dzeltenaja dala (Skidumos: Amax ~ 545 nm; kartind: Apax ~

600 nm).
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4.1. Tabula

legtito 1H-piridina fragmentu saturoSo mérka reakcijas iznakumi un termiskie raksturojumi.

Tg, (°C) Ty, (°C) | Iznakums
Savienojums ® ® " ket °C) | T4, (°O)
1. sildiSana | 2. sildiSana %
29b 139 - 86 163 296
29¢ 140 140 97 180 288

ZE-1Tr JE-1Tr

4.6. att. Optiska mikroskopa fotografijas planam amorfam filminam, kuras iegiitas no

apjomigo tritiloksietilgrupu saturosiem 1H-piridina atvasinajumiem.

4.2. Tabula

legiito 1H-piridina fragmentu saturoSo mérka savienojumu optiskas Ipasibas.

Absorbcija,
Emisija Absorbcija, Emisija,
Amax (NM);
Savienojums | Amax (NM) | Amax (nm); Iga Amax (NM),
€
8 (CHCL) (Filmina) (Filmina)
(CH,CL)
29b 418 ;4.75 545 438 ;4.56 603
29c 378 ;4.52 544 391 ;4.57 596

Pasreiz sintez€to savienojumu 29b un 29c¢ potencialo izmantoSanu ka gaismu
emit&joso vidi fotonikas materialos peta Latvijas Universitates cietvielu fizikas institiita

(Dr. phys. Aivars Vembris).
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5. Tritilgrupu un azobenzola fragmentus saturo$o molekularo stiklu sintéze

un to fotorefraktivas ipasibas

Daudz pétijumu ir veikti tadam fotorefraktivam D-n-A tipa azobenzolu sistémam,
kuras molekulas elektronu akceptorais fragments A ir aizvietots nitrofenil- fragments’.
Misu darba merkis bija $adas sist€émas ka elektronu akceptoro fragmentu izmantot indan-
1,3-dionil- molekulas fragmentu.

Ta realiz€Sanu sakam ar aldehidgrupu saturoSos azobenzola atvasinajumu 33a-b
sint€zi (skat. 5.1. att.), kuri tika iegtiti ar 79-83 % iznakumiem no 4-amino-benzaldehida
(30) diazotesanas un talakas azosametinasanas reakcija ar N,N-diaizvietotiem aniliniem
32a-b. Gala savienojumi 35a-c¢ tika iegiiti no azobenzoliem 33a-b to kondensacijas
reakcijas ar indan-1,3-dionu (3b) un iegiito starpproduktu 34a-b sekojosam tritiléSanas vai

trifenilsililéSanas reakcijam.

Hj NaOH, Na,$*9H,0,8 4 1.NaNoO, \
EtOH - HCI/H,0 2. F
NO, 64% NH, 79-83% N
30 31
32a-b OH
:Oé

Y
;
o 3b © R
/ A, Piperidins N N
N EtOH N \
59-69% H OH
OH

33a-b

a) R! = -Et
b) R!'=-CH,CH,0H

O—ﬁ i—Ph

35a (WE-1) : R=-Et 35¢ (WE-3) Ph

35b (WE-2) : R= -CH,CH,OC(Ph);
5.1. att. Benzilidén-indan-1,3-diona un azobenzola fragmentu saturosu

molekularo stiklu sintéze.

Savienojumi 35a-c labi veido planas filminas no viegli gaistoSiem Skidinatajiem

(skat. 5.2. att.), tie ir termiski stabili (T4 no 250 °C lidz 282 °C) un uzrada stiklo$anas
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temperattiras DSC otraja sildiSanas cikla (skat. 5.1. tabulu). Lielaka termiska stabilitate tika
konstatéta savienojumiem ar diviem trifenilmetil- (35b) vai diviem trifenilsilil- (35¢)
aizvietotajiem. Azobenzola atvasinajums 35b uzradija daudz augstaku stikloSanos (T, =
98 °C), nekda gandriz identiskas struktiras divas trifenilsilil- aizvietotaju saturo$o
azobenzola atvasindjuma 35¢ (T = 75 °C) un tikai vienu trifenilmetil- grupu satuross
azobenzola atvasinajums 35a (T, = 70 °C). To iesp&jams skaidrot ar trifenilsilil- grupas Si
atoma lielaku diametru salidzinot ar trifenilmetil- C atoma diametru. Tas savukart
nodroSina trifenilsilil- grupas fenil-aizvietotaju lielaku brivo rotaciju ap Si-Ph saiti, ka
rezultata savienojumam 35¢ nepiecieSams pievadit mazaku energiju, lai varétu novérot ta

stiklo$anos un iesp&jamo kristalizaciju.

5.1. Tabula

Iegiito azobenzola atvasinajumu 35a-c reakcijas iznakumi un termiskas 1pasibas.

T, (°C) Ty, (°C)
Savienojums | Iznakums, % k.t., °C) | Tq, (°C)
1. sildiSana | 2. sildiSana

35a 73 - 70 175 250
35b 90 - 98 239 280
35¢ 41 - 75 236 282

WE-1 WE-2 WE-3
5.2. att. Optiska mikroskopa fotografijas planam amorfam filminam, kuras iegiitas

no benzilidén-indan-1,3-diona un azobenzola fragmentus saturoSajiem

molekularajiem stikliem.

D-n-sist€éma-A tipa savienojumi, pieméram, iepriek§ sintez€tie cikloheks-2-&n-1-
ilidéen un 4H-piran-4-ilidén molekulu fragmentu saturoSi molekularie stikli 10, 16a-c
raksturojas ar polaru struktiiru un pagarinatu konjugacijas sistému. Sada tipa savienojumi

varétu tiem nodroSinat fotorefraktivas ipasibas. Merka realiz€Sanai vispirms veicam
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trifeniloksietilaizvietotajus un azobenzola fragmentu saturoSo aldehidu 36a-b sintézi (skat.
5.3. att.). Azobenzolu 36a-b iegiiSanu veicam tritil§jot hidroksil- grupu saturosos aldehidus
33a-b. Cikloheks-2-én-1-ilidén fragmentu saturoSie azobenzola atvasinajumi 37a un 37b
tika veiksmigi iegiiti "viena rektora" tipa reakcija no izoforona (8), malonnitrila (3a) un
aldehidiem 36a-b. Salidzinot ar azobenzola atvasindjumiem 35a-¢ (T4 no 250 °C lidz
282 °C), savienojumu 37a-b termiska stabilitate (skat. 5.2. tabulu) praktiski nemainas (T4
no 288 °C lidz 289 °C) no to struktiiras ievadito trifeniloksietilgrupu skaita.

q ‘Q—\_\ e @—\_\

52 76%

33a) R!=-Et 36a) R?=-Et
33b) R! =-CH,CH,0H 36b) R?* = -CH,CH,0C(Ph),
N\\ //N

H3C N
® CH, DMFA H,C

CH;

37a IWK-2M) : R* = -Et
37b AWK-2D) : R? = -CH,CH,0C(Ph),

5.3. att. [zoforona fragmentu un apjomigo tritiloksietilgrupu saturoSu azobenzolu sintéze.

5.2. Tabula
Izoforona fragmentu saturoSu azobenzolu reakcijas iznakumi un termiskas 1pasibas.

Tg, (°C) T, (°C)
Savienojums | Iznakums, % k.t., °C) | Tg, (°C)
1. sildiSana | 2. sildiSana

37a 21 - 90 188 289
37b 22 108 105 140 288
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Azobenzoliem 37a-b var noverot stikloSanos otraja DSC sildiSanas cikla un tie labi
veido planas kartinas no viegli gaistoSiem organiskajiem skidinatajiem (skat. 5.4. att.).
Lielakas stiklo$anas temperatiiras tika konstatétas savienojam 37b (T, = 105 °C), kas satur

divas tritiloksietilgrupas, 1idzigi ka azobenzola atvasinajums 35b (T, = 98 °C).

IWK-2D

IWK-2M

5.4. att. Optiska mikroskopa fotografijas planam amorfam filminam, kuras iegiitas no

izoforona fragmentu saturoSiem azobenzola atvasinajumiem.

Ieprieks sintezetie tikai vienu kondensg&ties sp&jigu metilgrupu saturosie 4H-piran-4-
ilidén atvasinajumi 16a-c, 21a (skat. 2. un 3. nodalas) reakcija ar aldehidu 36b veido
azohromoforus 38a-c un 39 (skat. 5.5. att.).

legiito 4H-piran-4-ilideén fragmentu saturoso azohromofori 38a-¢ un 39 ir termiski
stabili (T4 no 289 °C lidz 320 °C) (skat. 5.3. tabulu). Azohromoforiem 38a-b otraja DSC
sildiSanas cikla var noverot stikloSanos. Azohromofori 38¢ un 39 uzradija lielas stikloSanas

temperatiiras (T4 no 176 °C lidz 180 °C).

5.3. Tabula
legtito 4H-pirana-4-ildidén fragmentu saturoSo azohromoforu reakcijas iznakumi un

termiskas 1pasibas.

Iznakums, Ty, (°C) Ty, (°C)
Savienojums k.t., ’C) | Tq, (°C)
% 1. sildiSana | 2. sildiSana
38b 13 - 120 205 289
38a 15 - 115 220 320
38¢ 10 - 180 276 291
39 26 - 176 271 298




Ph

Ph
p }q_©_ Plperldlns
10-15%
H,C CH3° CHs 36b
16a-c
Ph
——Ph A = ;
O :
HAC o} \ Ph 16b un38b
3 cH —1—Ph N
N o)
HyC 38a (DWK-2TB) Ph W "
38b (ZWK-2TB) 5 o=(
38¢ JWK-2TB) // N
N
16a un 38a 16¢ un 38¢
+ 36b Piieridins
y

26%

39 (ZWK-3AZO) Ph

5.5. att. Azobenzolu un tritiloksietilgrupu saturoSo 4H-pirana atvasinajumu sintéze.

Eksperimenti paradija, ka savienojumi 38a-b, un 39 labi veido amoru planu kartigu
no viegli gaistoSiem $kidinatajiem (skat. 5.6. att.), bet 38¢ gadijuma iesp&jama tdenrazu
saiSu veidoSanas barbitiirskabes elektronu akceptoraja dala, kas veicina agregatu un lidz ar
to ar1 kristalu veidoSanos. Tade] 38c talakiem holografisko ierakstu pétijumiem nav

izmantojams.
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ZWK-2TB DWK-2TB

JWK-2TB ZWK-3AZO

5.6. att. Optiska mikroskopa fotografijas planam amorfam filminam, kuras iegiitas no

4H-pirana-4-ildidén fragmentu saturoSiem azobenzola atvasinajumiem.

Savienojumu 35a-¢, 37a-b, 38a-b un 39 planas kartinas absorbé gaismu no 400 nm
lidz 660 nm, kas norada to holografiska ieraksta iesp&jam ar 532 nm un 632.8 nm lazeriem.
To fotorefraktivo 1pasibu petijumi tika veikti Tehniskas Fizikas Institiita Dr. habil. phys.
Prof., A. Ozola vaditaja darba grupa. Petamas filminas uz stikla pamatnes tika iegiitas ar
rot€josas virsmas uzne$anas metodi. Holografiskais ieraksts ar rezga periodu 2 pm tika
veikts ar diviem interferéjoSiem p-p polarizétiem lazera stariem pie 532 nm un 632.8 nm.
Holografiska ieraksta pasdifrakcijas efektivitate (SDE%, kas tika mérita tikai ar 532 nm
lazeru) un difrakcijas efektivitates (DE%, kas tika mérita tikai ar 632.8 nm lazeru) vertibas
tika noteiktas caurejosaja gaisma. legiito fotorefraktivo IpaSibu mérijjumu rezultati apkopoti
5.4. tabula.

No azobenzola atvasinajumiem 35a-c, lielakas holografiska ieraksta pasdifrakcijas
(SDE; = 1.23 %) un difrakcijas efektivitates (DE; = 4.70 %) tika noverotas 35a gadijuma.
Ta ka savienojums 35a satur tikai vienu telpiski apjomigo tritiloksietilgrupu, tad ta lielakas
SDE; un DE; vértibas iesp&jams skaidrot ar lielaku aktivas hromofora dalas koncentraciju
viena tilpuma vieniba. Sintez&tie molekulara tipa azobenzola atvasinajumi 35a-c uzradija
saméra zemas SDE; un DE; vértibas. Ta galvenais iemesls varétu but molekulu apgriitinata
trans-cis-trans fotoizomerizacija apjomigo tritiloksietil- un indan-1,3-dionil- grupu tuvas

steriskas mijiedarbibas de]. Neskatoties uz minétajiem trikumiem, savienojumi 35a-c¢
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uzradija augstas gaismas absorbcijas vertibas un paslaik tiek intensivi pétiti ka fotoaktivas
vielas jauna tipa saules elementu materialos (LU Cietvielu fizikas institita, Dr. phys.,

Aivars Vembris).

5.4. Tabula
Iegtto tritiloksigrupu saturo$o azobenzola atvasinajumu fotorefraktivo 1pasibu

petijumu galvenie rezultati.

Absorbcija,

Filminas
Amax (NM), t, min SDE;, t, min DE;,

Paraugs biezums
Iga () (532nm) | (%) | (632.8nm) | (%)

m
(Filmina) :

35a 545 ;4.67 0.5 12 1.23 12 4.70
35b 546 ;4.65 3.9 9 0.03 12 1.40
35¢ 533;4.70 0.2 6 0.24 8 1.30
37a 515;4.52 0.9 8 3.77 9 9.00
37b 516 ;4.62 0.7 24 12.94 24 20.40
38b 492 ;4.67 0.2 10 1.53 12 0.40
38a 510;4.79 0.2 9 1.07 10 1.00
39 518 ;4.64 4.1 9 2.36 12 8.20

t — holografiska ieraksta laiks, SDE,— pasdifrakcijas efektivitate,
DE; — difrakcijas efektivitate

No azobenzola atvasindjumiem 37a-b, lielakas holografiska ieraksta
pasdifrakcijas efektivitates (SDE; = 12.94 %) un difrakcijas efektivitates (DE; = 20.40 %)
tika noveérotas azobenzolam 37b, tau ta holografiska ieraksta veikSanai nepiecieSams
2-3 reizes ilgaks laiku neka 37a gadijuma.

Salidzinot ar ieprieks iegiitajiem azobenzola atvasinajumiem 35a-c¢ var uzskatami
redzeét, ka aizvietojot elektronu akceptoro indan-1,3-dionil- grupu ar stériski mazak
apjomigo dicianometiléna- grupu un ciklohekséna fragmentu, daudzkart tiek atvieglotas

mérka savienojumu 37a un 37b trans-cis-trans fotoizomerizacijas iesp&jas uz ko norada to
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SDE; un DE; vertibu palielinaSanas. Azobenzola atvasinajumu 37a (IWK-2M) un 37b
(IWK-2D) fotorefraktivo ipasibu pétjjumi turpinas RTU Tehniskas Fizikas institiita
(Dr. habil. phys. Prof., Andris Ozols).

Veicot 4H-pirana-4-ilidén fragmentu saturoSo azobenzolu 38a-b (SDE; = 1.53 % un
DE; = 1.00 %) izm&rito holografiska ieraksta datu apstradi tika konstatets, ka salidzinot ar
savienojumiem 35a-c¢ (SDE; = 1.23 % un DE; = 4.70 %) tiem netika konstatéti SDE; un DE;
vertibu uzlabojumi. Tas norada uz azobenzola atvasinajumu 38a-b apgriitinatu trans-cis-
trans fotoizomerizaciju.

Savienojuma 39 relativi liela DE; vértiba (8.20 %) skaidrojama ar mazak steriski
traucgjoso stirilgrupu, kura atvieglo molekulas trans-cis-trans fotoizomerizacijas procesu,
salidzinot ar ferc-butilgrupu saturoSajiem azohromoforiem 38a-b (DE; = 1.00 %).
Savienojumi 37a-b uzradija relativi augstas paSdifrakcijas (SDE; = 12.94 %) un difrakcijas
efektivitates (DE; = 20.40 %) to talakai pétiSanai jaunu holografiska ieraksta materialu

iegliSanai.

39



40

GALVENIE SECINAJUMI

. 2,6-Dimetil-4H-piran-4-ilidén atvasinajumu 4a-c¢ reakcija ar 4-(N,N-bis-(2-

trititiloksietil)amino)benzaldehidu 5 rodas mono-stiril- (6a, 6b, 6c) un bis-stiril-
(7a, 7b, 7¢) kondensacijas produktu maisijumus, kurus var hromatografiski atdalit
vienu no otra. Tiem piemit molekularo stiklu TpaSibas. Tie veido amorfas filminas
no viegli gaistoSiem organiskajiem $kidinatajiem un emité gaismu 600—700 nm
apgabala. Savienojumi 6a, 6b, 6¢ ir perspektivi OLED pétijumiem, bet 6a jeb
DWK-1 parada ta potencialas izmantoSanas iesp&jas organiskajos cietvielu

lazeros.

. 2-terc-Butil-6-metil-4H-piran-4-ilidén atvasinajumu 15a-f reakcijas ar 4-(N,N-

bis-(2-trititiloksietil)Jamino)benzaldehidu 5 lauj iegiit tikai momno-stiril-4H-pirana
atvasinajumu molekularos stiklus 16a-f, bet to iegliSana ir mazak darbietilpiga.
Savienojumi 16a-e, kuriem piemit analogas optiskas 1pasibas ka 6a-c, ir
perspektivi ka gaismu emit€josa vide OLED pétijumos un organiskajos cietvielu
lazeros.

Sintezetajiem atSkirigas struktiiras stirilgrupas 2,6-bis-stiril-4H-piran-4-ilidén
atvasinagjumiem 20a-f, 21a-d, un 22a-b, 22d, kuri satur katrd no stirilgrupam
dazadus aizvietotajus ar pret€ja rakstura elektroniskajiem efektiem, arl piemit
molekularo stiklu ipasibas, bet emisijas spektru apgabals, salidzinot ar 7a-c¢
biitiski nemainas un tie nav perspektivi OLED materialiem. Iesp&jams tos var

izmantot cietvielu 1azeru p&tijumos.

. Apjomigo tritiloksietilgrupu saturo$o luminoforu 6b (ZWK-1) un 6c¢ (JWK-1)

reakcija ar benzilaminu veidojas 1H-piridina atvasinajumu 29b (ZE-1Tr) un 29¢
(JE-1Tr), ka attiecigo diastereoizoméru maisijjums. To gaismas emisija (Amax ~
600 nm) vairak atrodas gaismas spektra redzamaja dala, neka 4H-piran-4-ilidén
atvasinajumiem 6b (ZWK-1) un 6¢ (JWK-1) (emité gaismu robezas no 650 nm
lidz 700 nm), tadejadi palielinot energoefektivitati uz to bazes veidotiem OLED

materialiem.



5. Sintezetie D-n-A tipa azobenzola fragmentu saturoSie atvasinajumi — 35a-c, 37a-
b, 38a-b, un 39 (iznemot 38¢) no viegli gaistoSiem organiskajiem Skidinatajiem
veido amorfu struktiiru ar stabilu amorfo fazi un mijiedarbiba ar lazera starojumu
veido virsmas reljefa rezgi (holografisko ierakstu). Augstakas SDE; (12.94 %) un
DE; (20.40 %) vertibas uzrada cikloheks-2-én-1-ilidén fragmentu saturoSie
azobenzola atvasinajumi 37a-b, kuri tika veiksmigi ieguti "viena rektora" tipa
reakcija. Savienojumi 35a-c¢ uzrada augstas gaismas absorbcijas TpaSibas un var

kalpot ka fotoaktivas vielas saules elementu materialos.
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GENERAL OVERVIEW OF THE DOCTORAL THESIS

Introduction

Organic compounds with electron donating fragment bounded through n-conjugated
system with electron acceptor fragment in their molecules have attracted considerable
attention of scientists due to their potential applications as materials for organic photonics'.
By absorbing the light with a certain wavelength some of these organic compounds emit
light back with another, larger wavelength. Therefore such compounds with light-emitting
properties could be used as potential materials for organic light emitting diode and solid
state laser applications®.

Organic D-n-A type compounds with azobenzene fragment in their structures could
be characterized by their photorefractive properties and are studied as potential materials
for information recording and storage. Such materials are able to form holographic volume
and surface relief gratings (SRG) after exposure to laser radiation with two interfering laser
beams, which could be useful for holographic data storage”.

Inorganic crystals, with light-emitting and information storage properties are
already used for this purpose. However the production of devices based on inorganic
materials is complicated and expensive and these materials themselves are heavy and
fragile. The organic materials obtained in synthesis, however, are flexible, light and have
low-cost fabrication possibility. One of the basic requirements for the organic compounds
to be potential for light-emitting and holographic data storage applications are: they have to
be transparent and amorphous in their solid'”. Amorphous solid state is known to be
thermodynamically unstable and low molecular mass organic compounds are obtainable in
it either by vacuum sublimation or in the result of a fast cooling, which are expensive and
technologically complicated processes’. With synthetic polymers such problems can be
avoided as most of them form amorphous structure in their solid state. But their synthesis
poses a repeatability challenge as reaction products always contain a mixture of compounds
with different molecular mass due to difficulties in controlling the polymerization chain

lengths which all will have different physical properties'. It is known, that low molecular

' L. S. Hung, C. H. Chen. Mater. Sci. Eng:R, 2002, 39, 143-222

21.D. W. Samuel, G.A. Turnbull. Chem. Rev., 2007, 107, 1272-1295.

K. G. Yager, C.J. Barret. Polymeric Nanostructures and Their Applications, 2006, 0, 1-38
4p. Strohriegel, J.V. Grazulevicius. Adv. Mater., 2002, 14, 1439-1452.
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mass organic compounds can be synthesized with better repeatability than polymers or
oligomers. Furthermore if small molecules could lend themselves readily to wet coating
processes, it could be of great manufacturing advantage. Therefore it is important to
synthesize low molecular mass fluorescent organic compounds with a structure that forms
thin amorphous solid films from volatile organic solvents.

For such purpose the organic materials with light-emitting or photorefractive
properties, which consist of one particular molecular structure — the so-called molecular

glasses are currently widely being studied.

Aims and Objectives

Among the most widely used red light-emitting or photorefractive materials are 4H-
pyran-4-ylidene or azobenzene fragment containing derivatives, which are conjugated in a
system with electron acceptor and electron donor fragments (Fig. 1). Synthesis of such

compounds is simple and reactants are available.

A A
5 : A—
—D
R” \/\D e \/\D

R = a) -CHj ;

b) -CH(CH3); ; A - electron acceptor fragment

¢) -C(CH3);); D - electron donating fragment

d) -CH=CH-Ar ;

Fig. 1. General structures of some D-mt-A type photosensitive organic compounds

Therefore the main objective of our work was the synthesis and characterization of
physical properties of D-m-A type molecular glasses shown in Fig.1, which in their
molecules would also contain bulky trityloxyethyl- groups. The presence of trityloxyethyl-
substituents in those molecules could ensure their ability to form good optical quality

glassy transparent films from non-polar organic solvents.
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Main scientific results and novelty

Various derivatives of 4H-pyran-4-ylidene and azobenzene with incorporated

trityloxyethyl- groups in their molecules have been synthesized and their physical

properties have been investigated. Obtained compounds form thin solid transparent films

from non-polar organic solvents with technologically simple and non-expensive "spin-

coating" approach. Synthesised compounds could be used in organic solid state lasers.

Scientific publications and approbation of the doctoral thesis
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E. Zarins, A. Vembris, V. Kokars, I. Muzikante. Synthesis and physical
properties of red luminescent glass forming pyranylidene and isophorene
fragment containing derivatives. Book: Organic Light-Emitting Devices. 2012,
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Scientific Publications:
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MAIN SCIENTIFIC RESULTS OF THE DOCTORAL THESIS

1. Synthesis and physical properties of bulky trityloxyethyl, 6-alkyl-, 2-styryl and

symmetric 2,6-bis-styryl group containing molecular glasses of 4H-pyran-4-ylidene

2,6-Dimethyl-4H-pyran-4-one (2) was used as the starting compound, which was
synthesized from 3-acetyl-4-hydroxy-6-methyl-2H-pyran-2-one (1) and obtained in 86 %
yield. In its further Knoevenagel condensation reactions with active methylene group
containing compounds A (1H-indene-1,3(2H)-dione (3b), malononitrile (3a) and
pyrimidine-2,4,6(1H,3H,5H)-trione) (3¢) 4-substituted-4H-pyranes 4a-c were obtained. The
target compounds have been synthesized in reaction from 4-substituted-4H-pyranes 4a-c
and 4-(bis(2-(trityloxy)ethyl)amino)benzaldehyde (5) (see Fig. 1.1.). In all reactions, a

mixture of mono- and bis- condensation products was obtained.

H
I N CH, conc. HCl /(ﬁj\ 3a_c /(ﬁj\
H,C o O 86" H,

51 90"/
1 4a-c

*h
Ph
Ph™ [~pn Ph.] -Ph

H
I I + Piperidine
—
HyC CH, s N Py H,C Io
da-c 6a (DWK-1) N
Ph, O 6b (ZWK-1)
Ph 6c (JWK-1)
PH Ph<_0O
el
Ph
Ph\T/hPh Ph ] Ph W\
A= 5 5
O
Lo SO
N (o]
N 7a (DWK-2) N 42 and 4b and
7b (ZWK-2) 6
6a, 7a b, 7b
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Fig. 1.1. Synthesis of 6-methyl-2-styryl and 2,6-bis-styryl substituted molecular
glasses of 4H-pyran-4-ylidene
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Accordingly, a mixture of 2-(2-(4-(bis(2-trityloxy)ethyl)amino)styryl-4H-pyran-4-
ylidene derivatives 6a (DWK-1) and 7a (DWK-2), a mixture of 2-(2-(4-(bis(2-
trityloxy)ethyl)amino)styryl-4 H-pyran-4-ylidene derivatives 6b (ZWK-1) and 7b (ZWK-2)
and a mixture of 2-(2-(4-(bis(2-trityloxy)ethyl)amino)styryl-4H-pyran-4-ylidene derivatives
6c (JWK-1) and 7c¢ (JWK-2). The separation of obtained mono- condensation products
(mono-styryl-4H-pyranes) from no bis- condensation products (bis-styryl-4H-pyranes) is
complicating but nevertheless large part of each product were separated by liquid column
chromatography and their physical properties were investigated.

The thermal properties of trityloxyethyl group containing 4H-pyran-4-ylidene
(pyranylidene) type compounds 6a-c and 7a-¢ were measured with thermogravimetric

analysis (TGA) and differential scanning calorimetry (DSC) and are shown in table 1.1.

Table 1.1.
Thermal properties of synthesized compounds 6a-c¢ and 7a-c
Compound T CO) T CO) kt,(°C) | T (°C)
1. heating | 2. heating
6b 117 110 212 274
7b 122 118 144 284
6a - - 250 267
Ta 118 112 148 296
6c 133 120 146 266
Tc 135 127 144 283

Tq — thermal decomposition temperature ; m. p. — melting point

T, — glass transition temperature

Glassy organic compounds with two N,N-bis-(2-trityloxyethyl)amino electron
donor fragments (7a-c) are slightly more thermally stable than compounds containing only
one such fragment, i.e. 6a-c. The increase in thermal stability of glassy 4H-pyran-4-ylidene
type compounds by adding another electron donor fragment is as high as 10 °C from 6b to
7b, 19 °C from 6¢ to 7¢ and 29 °C from 6a to 7a. The most thermally stable compound is a
two electron donor fragment containing derivative of 4H-pyran-4-ylidene with

malononitrile as the electron acceptor fragment (7a).
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The T, value is obtained from the second heating scan and for almost all compounds
is higher than 100 °C. We could not observe glass transition for 6a. The compounds with
two N,N-bis-(2-trityloxyethyl)amino electron donor fragments (7a-¢) have higher T,
compared to those with only one electron donor fragment (6b-c), which may be attributed
to the different numbers of bulky trityloxyethyl groups attached to the two electron donor
fragment. In a larger number of bulky groups T, increases by 8 °C from 6b to 7b and 7 °C
from 6¢ to 7¢. Glassy compounds with barbituric acid as the electron acceptor, e.g. 6¢ and
7¢ have the highest T, values compared to 6b, 7b and 7a, which may be due to the
additional formation of intermolecular hydrogen bonds by N-H groups of barbituric acid
fragments in the molecules.

Thin solid films obtained from compound 6a-¢ and 7a-c saturated solutions of
dichloromethane are shown in Fig. 1.2. In all cases, pure films obtained from two electron
donor fragment containing derivatives of 4H-pyran-4-ylidene (7a-c) have an almost pure
smooth and amorphous surface, but pyranylidene compounds with one electron donor

fragment (6a-c) show several crystalline state areas.

ZWK-1 DWK-1 JWK-1

ZWK-2 DWK-2 JWK-2

Fig. 1.2. Optical microscope images of the pure films of glassy

4H-pyran-4-ylidene derivatives.

Glasses which contain barbituric acid as the electron acceptor fragment (6¢ and
7¢) show the least amount of small crystal formations on their pure film surface. The higher
stability of their amorphous state could be explained by an enhancement of N-H group

hydrogen bonds in the molecules. Pure films obtained from malononitrile electron acceptor
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fragment containing compounds (6a or DWK-1 and 7a or DWK-2) contain small crystal
dots, especially 6a. This could be due to small sterical dimensions of malononitrile group,
which allows more compound 6a molecules to be concentrated in the same volume. This
results in closer interaction with other molecules enabling higher possibility to form
aggregates and crystallites.

Light absorption and light emission measurement results of the glassy compounds

6a-c and 7a-c in solutions of dichloromethane and in their solid state are shown in table 1.2.

Table 1.2.
Optical properties of synthesized mono-styryl- and bis-styryl- substituted derivatives
of 4H-pyran-4-ylidene.

Absorption, Emission, Absorption, Emission,
Compound | Apax (nm); Ige Amax (NmM) Amax (Nnm); Iga Amax (Nm),
(CH:Cl) (CHCL,) (Film) (Film)

6b 514 ;4.76 619 505;4.71 668

7b 525;4.95 662 524 ;4.67 685 and 827

6a 470 ; 4.55 583 480 ; 4.88 633

Ta 489 ;4.84 629 500; 4.62 675

6¢ 511;4.71 626 507 ;4.82 673

Tc 505 ;4.88 687 517 ;4.52 715

The absorption spectra of bis-stryryl-4H-pyran-4-ylidene derivatives 7a-c¢ in
solutions of dichloromethane (in range from 489 nm to 525 nm) as well as in their thin
solid films (in range from 500 nm to 524 nm) were redshifted by 10-30 nm, comparing to
the absorption of the mono-stryryl-4H-pyran-4-ylidene derivatives 6a-c¢ (in solution of
dichloromethane in rapge from 470 nm to 511 nm, but in thin solid films in range from
480 nm to 507 nm). It could be explained with two N,N-bis-(2-trityloxyethyl)amino
electron donor fragments in the compound 7a-¢ molecules. The absorption of malononitrile
electron acceptor group containing derivatives of 4H-pyran-4-ylidene 6a (Amax ~ 475nm)
and 7a (Amax ~ 495 nm) in solution and solid state were blueshifted by 10-35 nm comparing
to indene-1,3-dione and barbituric acid fragment containing derivatives of 4H-pyran-4-

ylidene 6b, 6¢ (Amax ~ 515 nm) and 7b, 7¢ (Amax ~ 512 nm). It means that the indene-1,3-
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dione and barbituric acid groups have stronger electron withdrawing properties then
malononitrile fragment.

In solutions of dichloromethane compounds 6a-c and 7a-c emit orange-red light (in
range from 580 nm to 690 nm), but in their solid state they emit only red light (in range
from 633 nm to 715 nm). The light emission of mono-stryryl-4H-pyranes 6a-c¢ in solutions
(in range from 583 nm to 629 nm), and their solid state (in range from 633 nm to 673 nm),
are blueshifted by 50200 nm comparing to the light emission of bis-stryryl-4H-pyranes
7a-c¢ (in solution in range from 629 nm to 687 nm, but in thin solid films in range from
675 nm to 827nm).

A part of the light emission of bis-stryryl-4H-pyran-4-ylidene derivatives 7a and 7¢
are beyond 700 nm, e,g, in infrared (IR) part of the spectrum which human eye cannot see.
Therefore their potential application as OLED light-emitting material would be greatly
limited. Nevertheless, the obtained glassy derivatives of 4H-pyran-4-ylidene 6a-c and 7a-c

could be perspective as a new materials for organic solid state laser applications.

2. Synthesis and physical properties of bulky trityloxyethyl group containing

molecular glasses of isophorene and zert-butyl-4 H-pyran-4-ylidene

To ensure the addition of only one molecule of N,N-bis-(2-trityloxyethyl)
aminobenzaldehyde (5) in the last stage of synthesis, 3,5,5-trimethylcyclohex-2-enone
(isophorene) was used as the staring reactant. In its Knoevenagel condensation reaction
with malononitrile (3a) a 2-(3,5,5-trimethylcyclohex-2-enylidene)malononitrile (9) is
obtained (see Fig.2.1.). Non separating 9 from the reaction mixture it was subjected to
further reaction with aldehyde 5 affording 2-(3-(4-(bis(2-(trityloxy)ethyl)amino)styryl)-5,5-
dimethylcyclohex-2-enylidene)malononitrile 10 IWK-1D).

The derivatives of 4H-pyran-4-ylidene with light-emitting properties which contain
only one styryl-fragment is possible to synthesize from mono-methyl-substituted-4 H-pyran-
4-ones. 2-tert-Butyl-6-methyl-4H-pyran-4-one (14) was obtain in 69 % yield from pentane-
2,4-dione (11) and methyl pivalate (12) (see Fig. 2.2.). In its further Knoevenagel
condensation reactions with active methylene group containing compounds A

(malononitrile (3a), 1H-indene-1,3(2H)-dione (3b), pyrimidine-2,4,6(1H,3H,5H)-trione)
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3c¢), 1,3-dimethylpyrimidine-2,4,6(1H,3H,5H)-trione (3d), 1,3-diethyl-2-
thioxodihydropyrimidine-4,6(1H,5H)-dione  (3e¢) and  2-thioxodihydropyrimidine-
4,6(1H,5H)-dione (3f) afforded 2-tert-butyl-6-methyl-4-substituted-4 H-pyranes 15a-f.

N N
N //
H.C + N///\\\N Piperidine
3 CH, DMFA H;C
H3C 8 3a [ H,C 0 c H3_

h

\N/\/O%

5 H p/ Ph
__ Piperidine h
~  DMFA °>[
53% Ph

Fig. 2.1. Synthesis of trityloxyethyl group containing

10 (IWK-1D)

Ph

derivative of isophorene

The target compounds 16b (ZWK-1TB), 16a (DWK-1TB), 16¢ (JWK-1TB), 16d
(MWK-1TB), 16e (EWK-1TB) and 16f (JWK-1TBS) have been synthesized in
Knoevenagel condensation reaction from 2-tert-butyl-6-methyl-4-substituted-4H-pyranes
15a-f and 4-(bis(2(trityloxy)ethyl)amino)benzaldehyde (5) and obtained in 15-75 % yields
after the purification by liquid column chromatography.

Synthesized glassy compounds 10 and 16a-f are thermally stable (T4 from 242 °C to
312 °C) (see table 2.1.) and they form good optical quality transparent amorphous films
from volatile organic solvents. Only the mono-styryl-substituted derivatives of 4H-pyran-4-
ylidene 16¢, 16d, 16e and cyclohex-2-ene-1-ylidene derivative 10 showed glass transition
in the second DSC heating cycle, which indicates on the increased kinetical stability of
their amorphous phase in comparison to glasses 16a, 16b and 16f.

From glassy compounds which showed the glass transition in second DSC heating
cycle, the highest glass transition was observed for compound 16¢ (T, = 133 °C), which

could be explained by the possible formation of the hydrogen bonds in the molecules.
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Fig. 2.2. Synthesis of trityloxyethyl group containing derivatives

of 2-styryl-6-tert-butyl-4H-pyran-4-ylidene

The absorption and emission properties of glassy compounds 10 and 16a-f are

summarized in table 2.2. Compound 10 and 16a-f light absorption in their solid state (in

range from 480 nm to 533 nm) are redshifted by 10 nm comparing to their absorption in

solutions of dichloromethane (in range from 470 nm to 535 nm).
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Table 2.1.

Yields and thermal properties of synthesized compounds 10 and 16a-f.

Compound | Yield, % T (O | Te (O P, o)
1. heating | 2. heating (8
10 53 - 92 190 295
16b 41 129 - 167 275
16a 75 158 - 210 309
16¢ 17 134 133 172 264
16d 59 114 111 180 308
16¢ 65 132 108 164 312
16f 20 115 - 239 242

Among the mentioned glassy compounds, the absorption of 16a in solutions (Amax =
470 nm) and in the solid state (Am.x = 480 nm) was most blue shifted, which could be
attributed to the lower electron affinity of malononitrile fragment in compartment to the

indene-1,3-dione and barbituric acid fragments.

Table 2.2.
Optical properties of synthesized glassy compounds 10 and 16a-f.
Absorption, Emission, Absorption, Emission,
Compound Amax (nm);lge Amax (NM) Amax (nm); Iga Amax (NM),
(CH,Cl) (CH,CL) (Film) (Film)
10 501 ;4.51 643 510;4.71 705
16b 510; 4.80 618 510;4.61 666
16a 470 ; 4.47 584 480 ; 4.56 623
16¢ 507 ;4.75 623 490 ; 4.66 656
16d 505;4.74 619 490 ; 4.75 637
16e 530 ; 4.82 638 524 ;4.84 662
16f 535;4.80 640 533;4.77 706

The light emission of synthesized glasses 10 and 16a-f in solutions of
dichloromethane (in range from 584 nm to 643 nm) are blueshifted by 40—-60 nm in

comparement to their light emission in the solid films (in range from 623 nm to 706 nm).
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The absorption properties of substituted and non-substituted barbituric acid
containing derivatives of 4H-pyran-4-ylidene 16c-f are similar, but their light emission (in
range from 637 nm to 706 nm) vary from each other even by 70 nm. We believe that the
reason of such large shift of light-emission is explained by the different aggregate
formation of the respective compound molecules in their solid state, which influence the
light emission. Unfortunately a large part of light emission of glasses 10 and 16f in their
solid state are beyond the 700 nm, which limits their potential usage in OLED applications.

The optical properties of glassy 6-fert-butyl-2-styryl-substituted-4H-pyranes 16a-f
and mono-styryl-substituted 4H-pyranes 6a-c are similar, however glasses 16a-f have better
thermal stability and higher glass transition, but the kinetical stability of their amorphous
phase is lower than of compounds 6a-c. Nevertheless, the glasses 16a-e, which can be
obtainable in good yields, are perspective as a new amorphous light-emitting materials and
their stimulated emission properties as well as their potential application in light-emitting

systems are currently studied (Institute of Solid state physics, Dr. phys. A. Vembris).

3. Synthesis and physical properties of bulky trityloxyethyl and non-symmetric 2,6-

bis-styryl group containing molecular glasses of 4H-pyran-4-ylidene

Only one methyl group containing 4H-pyran-4-ones 19a-d were successfully
synthesized (see Fig. 3.1.) from 3-acetyl-4-hydroxy-6-methyl-2H-pyran-2-one (1) in its
reaction with aromatic aldehydes 17a-d followed by the following rearrangement and
decarboxylation of intermediates (18a-d). Further 4H-pyran-4-one 19a-d condensation
reactions with electron acceptor group containing compounds 3a-c¢ afforded derivatives of
2-styryl-6-methyl-4H-pyran-4-ylidene 20a-d, 21a-d and 22a-d in 33-71 % yields. Glassy
non-symmetric 2,6-bis-styryl-4H-pyran-4-ylidene fragment containing compounds 23a-d,
24a-d and 25a-d were obtained from 4H-pyran-4-ylidene derivatives 20a-d, 21a-d, 22a-d
in their reactions with aldehyde 5.

One of the most important objectives we tried to achieve was the synthesis of such
2,6-bis-styryl-derivatives of 4H-pyran-4-ylidene, in which one of its styryl-groups would
contain substituent with electron withdrawing properties. We believed that such glassy 4H-

pyranes would emit light in yellow or orange light in the visible part of the spectrum.
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For this purpose 4-(3-(4-hydroxy-6-methyl-2-ox0-2H-pyran-3-yl)-3-oxoprop-1-enyl)

benzonitrile (18e) was synthesized (Fig. 3.2.) and used as the staring reactant.
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Fig. 3.1. Synthesis of non-symmetric 2,6-bis-substituted derivatives of 4H-pyran-4-ylidene
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However, compound 18e further acidic rearrangement and decarboxylation reaction
afforded isobutyl 4-(2-(6-methyl-4-oxo0-4H-pyran-2-yl)vinyl)benzoate (19f). As we later
conducted, the cyano- group hydrolyzes and further reacts with the solvent (isobuylalcohol)
forming isobuthyloxycarbonyl- group. Since the carbonyl group has electron withdrawing
properties, we continued the synthetic route from 4H-pyran-4-one 19f as shown in
(Fig. 3.1.). In reaction of 19f with compounds 3a-c¢ afforded 2-(4-isobuthyloxycarbonyl)-
styryl-4H-pyrane-4-ylidene derivatives 20f, 21f and 22f. As the barbituric acid containing
compound 22f was practically insoluble in organic solvents, we only used compounds 20f

and 21f in further reactions with aldehyde 5.

H H
I B CH; H Piperidins I A F
+ CHCl,
HsC O o CN HsC O (o} CN
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50%
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20f, 21f and 22f

23f DWK-TE)

36% Ph
Ph>F|:0
N\ i
/)
N/ o) H (o]
20f 21f 22f

Fig. 3.2. Synthesis of 4-isobutyloxycarbonylstyryl- group containing 2,6-bis-substituted
derivatives of 4H-pyran-4-ylidene
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In order to obtain 4-cyano-styryl-subsituted glassy derivatives of 4H-pyran-4-
ylidene, a different synthetic route was used from compounds 4a and 4b as the starting
reactants (see Fig. 3.2.). In the reaction of 4a and 4b with 4-cyano-benzaldehyde (17e), a
mixture of mono- (20e and 21e) and bis- (24e and 25e) condensation products were
obtained. 2-(4-Cyano-styryl,6-methyl-4H-pyranes 20e and 21e were separated from the
mixture by liquid column chromatography. In further reaction with aldehyde 5, the target
compound 23e was obtained from malononitrile group containing compound 20e. In similar
reaction of 21e with aldehyde 5, the HPLC-MS analysis did not show the formation of

desired product.
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Fig. 3.3. Synthesis of 4-cyanostyryl- group containing 2,6-bis-substituted derivatives
of 4H-pyran-4-ylidene

Obtained glassy non-symmetric 2,6-bis-styrylsubstituted derivatives of 4H-pyrane-
4-ylidene 23a-d, 24a-d and 25a-d are thermally stable (see table 3.1) with T4 from 173 °C
to 312 °C, but showed slightly lower thermal stability then 4H-pyranes 6a-c, 7a-c and 16a-f
(T4 from 242 °C to 312 °C). We could not observe the glass transition for compounds 23a,
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24a and 25d which is explained with the low kinetical stability of their amorphous phase.
The glass transition temperatures (T,) of glassy derivatives of 4H-pyranes 23b-d, 24b-d,
25a-b were in range from 105 °C to 124 °C. The highest glass transition was observed for
compound 25¢ which contain barbituric acid as an electron acceptor fragment.
Unfortunately the obtained quantity of glasses 23e and 23f was not enough for conducting
their thermal property measurements.

Table 3.1.

Yields and thermal properties of synthesized non-symmetric 2,6-bis-styryl-substituted
derivatives of 4H-pyran-4-ylidene

Compound Yield, % T (O T CC) P Ta, (°C)
1. heating | 2. heating ‘0
23a 41 - - 246 280
23b 19 115 104 157 198
23c 19 139 111 165 173
23d 30 143 119 244 301
24a 19 - - 245 306
24b 35 118 113 166 239
24c 48 126 120 158 300
24d 28 125 124 185 312
25a 21 134 113 150 261
25b 60 119 115 146 287
25¢ 25 158 132 186 237
25d 7 - - 196 278

Some of the thin solid amorphous films, which were obtained from some of the
trityloxyethyl-group containing non-symmetric derivatives of 2,6-bis-styryl-4H-pyran-4-
ylidene 23d, 24d, 25¢ saturated solutions of dichloromethane, are shown in Fig. 3.4. A
number of crystalline centres were found on the surface of compound 23d, 24d, 25¢ neat
films, which could be attributed to the low kinetical stability of their amorphous phase,
possible molecular cross-packaging and aggregate formation in the solid state. The light
absorption of glassy compounds 23b-d, 24b-d, 25a-b in solutions of dichloromethane as
well as in their solid state are in range from 400 nm to 550 nm (see table 3.2.), but their

light emission in solid state is in range from 659 nm to 740 nm and are redshifted by
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approximately 50 nm comparing to their light emission in solutions of dichloromethane

(in range from 600 nm to 691 nm).

DWK-6

Fig. 3.4. Optical microscope images of the pure films of some non-symmetric
2,6-bis-substituted derivatives of 4H-pyran-4-ylidene. Dots on the neat film surface
represent compound crystalline state while the rest smooth area shows

amorphous solid state.

Table 3.2.
Optical properties of synthesized non-symmetric 2,6-bis-substituted derivatives

of 4H-pyran-4-ylidene

Absorption, Emission, Absorption, Emission,
Compound | Amax (nm); Ige Amax (NM) Amax (nm); Iga Amax (NM),
(CH:Cl) (CH,CL,) (Film) (Film)

23a 507 ;4.59 636 508 ; 4.67 667
23b 502 ;4.54 633 502 ;4.40 659
23c 487 ; 4.85 633 492 ;4.72 682
23d 510;4.56 644 502 ;4.42 680
23e 507 ;4.42 647 523;4.52 689
23f 515;4.39 599 539;4.58 700
24a 541 ;4.67 668 531;4.72 702
24b 538;4.72 661 479 ; 4.68 695
24c 523;4.61 664 530;4.79 726
24d 507 ;4.63 675 534 ;4.53 707
25a 545 ;4.56 681 465 ; 4.55 722
25b 543 ;4.54 679 480 ; 4.67 715
25¢ 502 ;4.88 688 508 ;4.54 715
25d 549 ;4.64 691 465 ; 4.48 740
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By comparing the glassy compounds 23c¢ and 23e, we can see that the additional
incorporation of electron acceptor group in 4-position in one of the styryl- substituents
caused 30-50 nm hipsohromic shift of the light emission in solutions of dichloromethane.
The light absorption and light emission studies of glassy compounds 23a-f, 24a-d and 25a-
d have shown, that the incorporation of different substituents in 4-position in one of the
styryl- fragments, including substituents with electron acceptor properties — planned and
obtained target compound light emitting properties do not change much, and are similar to
derivatives of 2,6-bis-styryl-4H-pyran-4-ylidene 7a, 7b and 7c¢ described in the previous
section (1st). Obtained results indicate that the second styryl-fragment has very low impact
in the light-emitting phenomena of the molecule and it mostly depends on the N,N-bis-(2-
trityloxyethyl)aminostyryl- electron donor substituent, 4 H-pyran-4-ylidene n-system and on
the electron-acceptor group.

Synthesized non-symmetric derivatives of 2,6-bis-styryl-4H-pyran-4-ylidene 23a-f,
24a-d and 25a-d, which are able to form thin solid amorphous films from volatile organic
solvents are perspective as molecular glasses. However, in order to obtain organic
compounds with yellow-green or blue light emission properties necessary for the possible
white  OLED applications, another synthetic modification of 4H-pyrane-4-ylidene

derivatives is required.

4. Synthesis and physical properties of bulky trityloxyethyl group containing
molecular glasses of 2,6-disubstituted-1H-pyridine

The light emission of 4H-pyran-4-ylidene compounds described in the previous
chapters was observed in the orange and red part of the visible spectra and was mostly
influenced by the electron acceptor fragment and N,N-bis-(2-trityloxyethyl)aminostyryl-
electron donating substituent. In order to obtain the organic compounds with yellow light-
emitting properties, we conducted the synthesis of 2,6-disubstituted-1H-pyridines from 2,6-
disubstituted-4H-pyranes. Such 1H-pyridines could be obtained from 2,6-disubstituted-4-
pyranes in their reactions with primary amines according to the general reaction mechanism

shown in Fig. 4.1.
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Fig. 4.1. General reaction mechanism for obtaining derivates of 1 H-pyridine

from 4H-pyranes

It is clearly shown in the mechanism (Fig. 4.1.), the electron acceptor fragment (A)
and substituents (R', R* and R?) do not directly participate in any of the reaction stages but
their structures could influence the outcome of the reaction. In case the substituents R; and
R, are not identical, the nucleofilic addition of primary amine could take place in 2 or
6 position to the 4H-pyran ring affording transition compound 26a. It can further rearrange
either to enole 26ba or ketone 26b2. Further cyclization of the enole 26b1 or ketone 26b2
which occurs through the transition ammonium compounds 26¢l or 26¢2 affords 1,2-
dihidro-4H-pyridine 26d1. Its further dehydration leads to formation of 1H-pyridine
derivatives 27, which most likely will be a mixture of diastereoisomers. In this study we
decided to use benzyl amine as a primary amine. The benzyl substituent in target
compounds could provide a higher glass transition temperature and a higher kinetic stability

of the amorphous phase.
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The synthesis of amorphous phase promoting trityloxy group containing derivatives
of 1 H-pyridine 16a-N was made from group containing 2-styryl-substituted derivative of 6-
tert-butyl-4H-pyran-4-ylidene 16a (see Fig. 4.2.) according to the general reaction
mechanism (see Fig. 4.1.) or from 2-fert-butyl-1H-pyridine 11a-N in reaction with
aldehyde 5.

Ph-CH,-NH,
Py or EtOH

Ph-CH,-NH,
_— 2 iy
EtOH

Piperidine
Py or EtOH 5

X

Ph Ph

Fig. 4.2. Attempts to synthesize amorphous phase forming derivates of 1H-pyridines from

tert-butyl group containing derivatives of 4H-pyran-4-ylidene

However, in both cases the formation of desired target compound 16a-N was not
observed and the HPLC-MS analysis of reaction product showed up to 40 different signals.
We believe that the large sterical dimensions of tert-butyl, benzyl and trityloxyethyl groups
was the main reason why 16a-N was not obtained. Therefore for the synthesis of analogue
trityloxyethyl group containing derivatives of 1H-pyridine we used derivatives of 2,6-
dimethyl-4H-pyran-4-ylidene 4a-f as the starting reactants. In their reaction with benzyl
amine — 2,6-dimethyl-1H-pyridines 27a-f were successfully obtained in 46-98 % yields
(see Fig. 4.3.). In compound 27a-f further condensation reactions with aldehyde 5 the
trityloxyethyl group containing derivatives of 2,6-dimethyl-1H-pyridine were not obtained.
This could be attributed to the large sterical dimensions of benzyl-group of 1H-pyridines

27a-f and trityloxyethyl groups of aldehyde S as the molecules cannot approach each other
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close enough for a possible reaction. Thereof further in our study we decided to carry out
the synthesis from 4H-pyran derivatives, which would contain 4-(N,N-dimethylamino)-
styryl- group and one methyl group. 1H-Pyridines 28b and 28c¢ were successfully
synthesized in satisfactory yields from 4H-pyranes 24¢ and 25c¢ in their reactions with
benzyl-amine (see Fig. 4.4.), while in the analogue synthesis of 23¢ and benzyl amine the

corresponding derivative of 1 H-pyridine was not obtained.

Ph-CH,-NH, /Eﬁ]\
| | EtOH

H,¢” Y0~ “CH,

46-98%
4a-f kPh
27a-f
W H
A = s 5 0=<\‘
/
N/
4a and 27a 4b and 27b 4c and 27¢
HQ Et, H
0=(‘ 5 s=< 5 s=<4
H;C o Et 0 H)\l o)
4d and 27d 4e and 27e¢ 4f and 27f

Fig. 4.3. Synthesis of 2,6-dimethyl-1H-pyridines from derivatives
of 2,6-dimethyl-4H-pyran-4-ylidene.

Ph-CH,-NH,
— 2

CHCI,
41-80% N
N )
23c, 24c, 25¢ | 28b (ZE-1), EH,
CHs 29¢ (JE-1)
3¢ 24c and 28b (ZE 1)  25c and 28¢ (JE 1)

Fig. 4.4. Synthesis of 2-(4-aminostyryl)-6-methyl-1H-pyridines from derivatives
of 2-(4-aminostyryl)-6-methyl-4H-pyran-4-ylidene.
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The target compounds 29b (ZE-1Tr) and 29c¢ (JE-1Tr) (see 4.5. Fig.) were
obtained in relative high yields in reaction of previously synthesized derivatives of 4H-
pyran-4-ylidene 6b and 6c¢ (see 1.2. Fig.) and benzyl amine excess. The HPLC-MS analysis
showed the presence of two compounds with molecular weight corresponding to the two
target compounds 29b and 29¢ which indicates the occurrence of a mixture of
diastereoisomers as it was noted in the general reaction mechanism (see Fig. 4.1.). The ratio
of formed diastereoisomers were approximately determined by 'H-NMR spectra — 1:1 to
1:1.2 for 29b and 1:1 to 1:1.2 for 29c¢. For further analysis the target compounds 29b and
29c¢ were used in the diastereoisomers mixture ratio in which they were obtained in the

synthesis.

Ph
Ph
Ph-CH,-NH,
CHCI, J/
6b (ZWK-1) N 86-97%
6¢ (JWK-1
¢ ( ) H 29b (ZE-1Tr) H
PB(O 29¢ (JE-1Tr) PB(O
Ph Ph Ph bh
H
\
[o) H [o]
6b (ZWK-1) and 6¢ JWK-1) and
29b (ZE-1Tr) 29¢ (JE-1Tr)

Fig. 4.5. Synthesis of glassy trityloxyethyl group containing derivates
of 1H-pyridine

Synthesized glasses 29b and 29¢ are thermally stable (T4 from 288 °C to 296 °C)
(see table 4.1.), they form thin solid films from volatile organic solvents (see Fig. 4.6.) and
their glass transition could be observed in the first and in the second DSC heating cycle
(Tg~ 140 °C). The light absorption of 1H-pyridines 29b and 29c¢ in solutions of
dichloromethane as well as in their solid state are in range from 350 nm to 450 nm (see
table 4.2). Glasses 29b and 29c¢ emit green to yellow light in the visible part of the spectrum
(see table 4.2.) in their solid state (Amax ~ 600 nm) as well as in the solutions of

dichloromethane (Amax ~ 550 nm). The potential applications of compounds as a light-
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emitting materials for organic photonic devices is currently studied at the Institute of Solid

state physics of University of Latvia (Dr. phys. A. Vembris).

Table 4.1.

Yields and thermal properties of synthesized trityloxyethyl group containing

derivatives of 1 H-pyridine

T,, °C) | T, (°C) m.p.,
Compound ® ¥ Yield, % P T4, (°C)
1.heating | 2.heating °C)
29b 139 ; 86 163 296
29¢ 140 140 97 180 288

ZE-1Tr

JE-1Tr
Fig. 4.6. Att. Optical microscope images of the pure films of the glassy trityloxyethyl
group containing derivates of 1H-pyridine obtained with the "spin-coating"
approach. Dots on the neat film surface represent compound crystalline state while

the rest smooth area shows amorphous solid state.

Table 4.2.
Optical properties of synthesized trityloxyethyl group containing derivatives of 1H-pyridine
Absorption,
Emission, Absorption, Emission,
Amax (NM);
Compound | Amax (nm) Amax (NM); 10 | Apax (NmM),
ge
(CHCl,) (Film) (Film)
(CHCl)
29b 418 ;4.75 545 438 ;4.56 603
29c¢ 378 ;4.52 544 391;4.57 596




5. Synthesis, physical and photorefractive properties of triphenyl group

containing molecular glasses of azobenzene

Since the D-m-A type derivatives of azobenzene with nitro group as electron
acceptor fragment are well known as photorefractive materials due to it possible trans-cis-
trans photoisomerisation — the aim of our work was the synthesis of triphenyl group
containing azobenzene derivatives with inene-1,3-dione fragment as an electron acceptor
part of the molecule.

For this study azobenzene fragment containing aldehydes 33a-b were synthesized
(see Fig. 5.1.) as the starting reactants from 4-amino-benzaldehyde in it diazotation and
further azocoupling reactions with N,N-disubstituted anilines 32a-b. Condensation
reactions of azobenzenes 33a-b with indene-1,3-dione (3b) followed by tritylation or

silylation of intermediates 34a-b afforded target compounds 35a-c in 41-90 % yields.

Hs NaOH, Na,S*9H,0,S 4 1.NaNO,
EtOH HCI/H,0
NO 64% NH, 79-83% "K

2
30 31 32a-b

©¥i

3b o
A, Piperidine
EtOH
OH

59-69%
33a-b

a) R!=-Et
b) R'=-CH,CH,OH

Fl’h
p—ﬁi—Ph
Ph
ke C \— Ph
O—Si—Ph
35a (WE-1) : R =-Et 35¢ (WE-3) i

35b (WE-2) : R = -CH,CH,0C(Ph),

Fig. 5.1. Synthesis of glassy indene-1.3-dione fragment containing derivatives

of azobenzene
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Molecular glasses 35a-¢ form good quality transparent amorphous films from
volatile organic solvents (see Fig. 5.2.), they are thermally stable (T4 from 250 °C to
282 °C) and showed glass transition in the second DSC heating cycle (see table 5.1.). The
highest thermal stability was observed for two triphenylmethyl- (35b) or two triphenylsilyl
(35c¢) group containing azobenzenes with almost identical structure, but the glass transition
of 35b (T, = 98 °C) was higher by 23 °C than of 35¢ (T, = 75 °C). This could be explained
by the larger diameter of Si atoms in triphenylsilyl- (Si-Ph) group of 35¢ in relation to C
atoms in triphenymethyl- (C-Ph) groups of 35b which leads to more rotational

conformations of phenyl groups and reduced glass transition of 35¢.

Table 5.1.
Yields and thermal properties of synthesized indene-1,3-dione and triphenyl group

containing derivatives of azobenzene

_ T, (‘C) | Tu(0) . .
Compound Yield, % m.p., (C) | Tq, CO)
1. heating | 2. heating
35a 73 - 70 175 250
35b 90 - 98 239 280
35¢ 41 - 75 236 282

WE-1

WE-2

WE-3

Fig. 5.2. Optical microscope images of the pure films of the of the glassy
indene-1.3-dione group containing derivatives of azobenzene.
Dots on the neat film surface represent compound crystalline state while

the rest smooth area shows amorphous solid state.

Organic D-n-A type compounds with incorporated cyclohex-2-ene-1-ylidene or 4H-
pyran-4-ylidene fragments, for example, the previously synthesized molecular glasses 10,
16a-c have polar structure and extended conjugated system. Therefore the insertion of
azobenzene group in such compounds could provide them with an additional

photorefractive properties. In order to obtain the glassy azobenzene group containing
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derivatives of cyclohex-2-ene-1-ylidene (isophorene) or 4H-pyran-4-ylidene, at first we
conducted the synthesis of triphenymethyl-group containing aldehydes 36a-b (see Fig. 5.3.)
in tritylation reactions from previously synthesized azobenzenes 33a-b. Glassy cyclohex-2-
ene-1-ylidene group containing derivatives of azobenzene 37a and 37b were obtained in
"one pot synthesis" from isophorene (8), malononitrile (3a) and aldehydes 36a-b. In
comparison to glassy azobenzenes 35a-c¢ (T4 from 250 °C to 282 °C), the thermal stability
of isophorene fragment containing azobenzene derivatives 37a-b (T4 from 288 °C to
289 °C) (see table 5.2.) is not influenced by the number of incorporated triphenyl groups.
Compounds 37a-b form good optical quality thin amorphous films from saturated solutions
of dichloromethane (see Fig. 5.4.) and show glass transitions in the second heating cycle of
DSC analysis (T, from 90 °C to 105 °C). The highest glass transition was observed for 37b
(Ty = 105 °C) with two incorporated triphenymethyl- groups.

N N
\\ Z
HaC + N///\\\N Piperidins o
CH DMFA H3C
3 3a
HsC CH3
8 H3C
9
36a-b
Piperidine
21-22%
Ph
h
Ph
N\
R2

37a AWK-2M) : R? = -Et
37b IWK-2D) : R? = -CH,CH,OC(Ph);

Fig. 5.3. Synthesis of glassy azobenzene derivatives of isophorene

Table 5.2.
Yields and thermal properties of synthesized glassy azobenzene derivatives of isophorene
Compound |  Yield, % T CO) T (CC) P o)
1. heating | 2. heating °C)
37a 21 - 90 188 289
37b 22 108 105 140 288
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IWK-2M IWK-2D

Fig. 5.4. Optical microscope images of the pure films of the of glassy azobenzene

derivatives of isophorene obtained with the "spin-coating" approach.

Glassy 4H-pyran-4-ylidene fragment containing derivatives of azobenzene 38a-c
and 39 were obtained from previously synthesized 4H-pyranes 16a-c, 21a in reaction with

aldehyde 36b (see Fig. 5.5.).

/ Ph . sy
/}q Piperidine
Hs | | + H N Ph Py

O—T—Ph 10-15%

HC \o, 36b N
16a-c
Ph
h A= 5
\ / Ph
\ A "
he )0 \ ¢ Ph 16b and 38b
O—I—Ph
CHs
HyC 38a (DWK-2TB) Ph A\ "
38b (ZWK-2TB) ; o=(1
38¢c JWK-2TB) Y N
N H ©
16a and 38a 16¢ and 38¢

Ph
o) h
::: Ph
)/‘l \—\ Ph
O h
39 (ZWK-3AZO) Ph

Fig. 5.5. Synthesis of glassy azobenzene derivatives of 4H-pyran-4-ylidene
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Compounds 38a-c¢ and 39 are thermally stable (T4 from 289 °C to 320 °C) (see
table 5.3.) and 38a-b also showed glass transition (T, from 115 °C to 120 °C) in the second

heating cycle of DSC analysis. Glasses 38¢ and 39 showed high glass transition values
(T, from 176 °C to 180 °C).

Table 5.3.
Yields and thermal properties of synthesized glassy azobenzene derivatives

of 4H-pyran-4-ylidene

Compound | Yield, % Te CC) T (O P 1, o)
1.heating 2.heating 0
38b 13 - 120 205 289
38a 15 - 115 220 320
38c 10 - 180 276 291
39 26 - 176 271 298

The experiments show that it is possible to obtain thin solid amorphous films from
4H-pyran-4-ylidene group containing compound 38a-b and 39 saturated solutions of
dichloromethane (see Fig. 5.6.) while 38¢ in its solid state is practically crystalline.
Therefore compound 38c (JWK-2TB) was not used in further physical property studies.

ZWK-2TB DWK-2TB
JWK-2TB ZWK-3AZO

Fig. 5.6. Att. Optical microscope images of the pure films of the glassy azobenzene

derivatives of 4H-pyran-4-ylidene obtained with the "spin-coating" approach.
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The light absorption of compounds 35a-c, 37a-b, 38a-b and 39 in their solid state is
in range from 400 nm to 660 nm which make them perspective for potential photorefractive
(holographic data storage) property investigation with 532 nm, and 632.8 nm lasers. The
photorefractivity measurements with the grating period of 2 pm were carried out in the
Institute of Technical physics in the group of Dr. habil., phys., professor A. Ozols from thin
solid spin-coated amorphous films of compounds 35a-¢, 37a-b, 38a-b and 39 with two p-p
polarized laser beams at 532 nm and 632.8 nm. Self diffraction efficiency (SDE; , %,
measured with 532 nm) and diffraction efficiency (DE;, %, measured with 632.8 nm) were

determined in the transmitted light and are shown in table 5.4.

Table 5.4.
Main results of holographic data storage of synthesized glassy triphenyl group containing

derivatives of azobenzene

Absorption, | Thickness
t, min SDE,, t, min DE,,

Sample | Apax (nm);lga | of the film
(532nm) (%) | (632.8nm) | (%)

(Film) (um)

35a 545 ;4.67 0.5 12 1.23 12 4.70
35b 546 ;4.65 3.9 9 0.03 12 1.40
35¢ 533;4.70 0.2 6 0.24 8 1.30
37a 515;4.52 0.9 8 3.77 9 9.00
37b 516 ;4.62 0.7 24 12.94 24 20.40
38b 492 ; 4.67 0.2 10 1.53 12 0.40
38a 510;4.79 0.2 9 1.07 10 1.00
39 518 ;4.64 4.1 9 2.36 12 8.20

t — time of the holographic recording process, SDE;— self-diffraction efficiency, DE —

diffraction efficiency

From indene-1,3-dione fragment containing derivatives of azobenzene 35a-c, the
highest self-diffraction (SDE; = 1.23 %)and diffraction efficiencies (DE; = 4.70 %) were
observed for 35a. Since it contain only one triphenymethyl-group the increases
photorefractive properties could be attributed to the larger amount of chromophore
molecules in the same volume comparing to the azobenzenes 35b-c. The glasses 35a-c

overall showed low values of which could be explained by difficult trans-cis-trans
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photoisomerisation process caused by the sterical interaction of indene-1,3-dione and
triphenyl groups. Despite the low photorefractive properties of compounds 35a-c, they
show good light absorption properties in their solid state and their potential applications as
photoactive components in organic solar cells are currently studied at the Institute of Solid
state physics of University of Latvia (Dr. phys. A. Vembris).

From isophorene fragment containing derivatives of azobenzene, glass 37b showed
highest self-diffraction (SDE; = 12.94 %) and diffraction efficiencies (DE; = 20.40 %), but
the time required for the holographic recording is 2-3 times longer than for the glass 37a.
Increased holographic data storage parameters (SDE; and DE;) indicate that by substituting
indene-1,3-dione with sterically smaller dicyanomethylene and isophorene fragments
enhances the trans-cis-trans photoisomerisation process of the molecules. The investigation
of azocompounds 37a (IWK-2M) and 37b (IWK-2D) holographic data storage properties
continues and is currently carried out at the Institute of Technical physics of Riga Technical
university (Dr. habil., phys., Prof. A. Ozols).

By analyzing the photorefractive property investigation results of glassy 4H-pyran-
4-ylidene fragment containing azobenzenes 38a-b (SDE; = 1.53 % and DE; = 1.00 %) and
comparing to compounds 35a-¢, no improvement of DE; and SDE; values have been noted
which points to the difficult trans-cis-trans photoisomerization of azobenzene derivatives
38a-b. The increased DE; (8.20 %) of 39 is explained by additional styryl- fragment as the
trans-cis-trans photoisomerization process may occur with less sterical hindrance then

glasses 38a-b which contain sterically large tert-butyl groups.
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1.

MAIN CONCLUSIONS

In condensation reactions of 2,6-dimethyl-4H-pyranes 4a, 4b, 4¢ with 4-(N,N-bis-
(2-tritytiloxyethyl)amino)benzaldehyde 5 a mixture of mono-styryl- (6a, 6b, 6¢)
and symmetric bis-styryl- (7a, 7b, 7¢) products is obtained, which separation is
complicated. Nevertheless, the synthesized compounds 6a-c and 7a-¢ form thin
solid amorphous films from solution with low-cost "spin-coating" approach and
emit light in the red (600-700 nm) part of the visible light spectrum. Mono-styryl-
substituted derivatives of 4H-pyran-4-ylidene 6a, 6b, 6c are perspective for
OLED application studies, but 6a or DWK-1 show potential in organic solid state
lasers.

Condensation reactions of 2-fert-butyl-4H-pyranes 15a-f with 4-(N,N-bis-(2-
tritytiloxyethyl)amino)benzaldehyde S affords only mono-styryl-substituted
derivatives of 4H-pyran-4-ylidene 16a-f. The physical properties of mono-styryl-
substituted-4H-pyranes 16a-f are analogue to the physical properties of

compounds 6a, 6b, 6¢, but their synthesis and purification is simplified.

. Non-symmetric 2,6-bis-styryl-4H-pyran-4-ylidene derivatives 23a-f, 24a-d, and

25a-b, 25d, which contain substituents of different electron affinity in 4 position
in each of the styryl- fragments — form amorphous structure from solution and are
perspective molecular glasses, however their light emission do not change much
and are similar to the light-emitting properties of symmetric 2,6-bis-styryl-4H-
pyranes 7a, 7b and 7c. Therefore they are not perspective for OLEDs but could be
useful as materials for solid state laser application studies.

Bulky trityloxyethyl group containing molecular glasses of 1H-pyridine 29b (ZE-
1Tr) and 29¢ (JE-1Tr), which were successfully obtained from luminophores 6b
(ZWK-1) and 6¢ (JWK-1) in reaction with benzyl amine — originates as a mixture
of diastereoisomers. Comparing to the glassy derivatives of 4H-pyran-4-ylidene
6b and 6c¢ (light-emission in range from 650 nm to 700 nm), the light emission of
glassy 1H-pyridines 29b (ZE-1Tr) and 29¢ (JE-1Tr) are blue shifted to the
yellow part of the spectrum (Amax ~ 600 nm) which is important for OLED

applications.
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5. Almost all of the synthesized derivatives of azobenzene — 35a-c, 37a-b, 38a-b and
39 (except 38¢) — form glassy structure with stable amorphous phase from volatile
non-polar organic solvents and form surface relief gratings after exposure to laser
irradiation. Isophorene fragment containing azobenzene derivatives 37a-b,
successfully obtained in "one pot" synthesis showed the highest SDE; (12.94 %)
and DE; (20.40 %) values. Glasses 35a-¢ show high light absorption properties in
their solid state which may make them useful as a new photoactive materials for

organic solar cells.



