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Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHBIH JOKTOPSL, podeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukachl ¥ ITTBIK FRUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankachl:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XUMUS FHIIBIMAAPBIHBIH
JoKTOpBI, podeccop, KP ¥FA akagemuri, «Dutoxumusdy XaablKapaiblK FHUTBIMH-OHIIPICTIK XOIIUHTTHIH
mupexropsl (Kaparanner, Kazakcran) H =11

ATI'ABEKOB Buaagumup EnokoBuu (6ac penaxTopiblH OpBIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
nokTopsl, npodeccop, berapycs ¥YFA akanemuri, JKana marepuaniap XUMUsICbI HHCTUTYTBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Yexust FhUIBIM aKaJeMHUSICHIHBIH DKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUIBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-Mapadu areiHgarsl Ka3¥Y Y-npiy Oipiamn npopexropsl (Anmarsl, Kazakceran) H =11

XOXMAHH J[Ixymut, Ceren ynuBepcuteriniy ®apmauesruxa daxysnpreTinin Papmakornosust
KadenpacsHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpus) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETIHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, @apmanust Mektebinin npodeccops! (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus mokropst (PhD, (apmarerr), Pequnr yHuBepCHTETIHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Barnat Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpEI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kazakcran PecnyOmukacer WHaycTpust koHe WH(PAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxnaa IIsFpic MeunuHa KoJulepKiHIH Tpodeccopsl, Xamaaps
yauBepcuteTiHig LLsrpic Mmequimnaa akynsreti (Kapaun, [Tokicran) H =21

®DA3bIJIOB Cepik IpaxmeTy.ibl, XUMHs FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XMUMUSICHl HHCTUTYTHI JUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp >KOHIHIET
opsiabacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FBUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust skoHe XUMESUIBIK TexXHONOTHsS HMHCTHTYTHI (Bimkek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxurun arernarsr Xumust nHCTUTYTHI ([ymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, Ipodeccop, ¥FA akanemuri
(baky, O3ipoaiixan) H =13

TFAPEJIMK Xempa, ¢unocodus nokropsr (PhD, xwmmus), Xanplkapalblk Taza jKOHE KOJIIaHOAIBI
XMW OJIaFBIHBIH XMMHUS KOHE KOpIIaraH opTa OemnimiHiH npe3uaeHTi (Jlornon, Aarmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, npodeccop, axagemuk HAH PK,
npe3ueHT HaronansHol akagemun Hayk Pecry6mmku Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTENb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUECKUX
Hayk, podeccop, akagemuk HAH PK, nupekrop MexayHapoHOro Hay4HO-IIPONU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), JOKTOP XMMHUYECKHX
Hayk, npodeccop, akanemuk HAH Benapycu, noderHslii aupexrtop MHCTUTYTa XMMHUH HOBBIX MaTepHaoB
(Munck, benapycs) H =13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopatopueli HHCTUTYyTa DKCIEPUMEHTAIBHON
6otanuku Yemickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB MyxameTKaan, JOKTOp XMMUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopexrop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyrommii kapenpoit ®apmaxornozun dapmareBTHiyeckoro (akyisrera
Vansepcurera Cerena, upekTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuy HAIMOHAILHOTO IEHTPa HAYYHBIX
WCCIICJOBaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTra Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop dunocodun (Ph.D, dapmanesr), mpodeccop Yuusepcutera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraat Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Mpodeccop, WieH-KOPPECIIOHACHT
HAH PK, Munucrepcto Unnyctpun u nadpactpykrypHoro pa3sutus PecryOnuku Kazaxcran (Anmarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommiemka Bocrounodd memmmmubel Xampaapia ans-Mapkuzaa,
¢axynsreT BocTouHoit MenuuuHbl yHuBepeutera Xamaapaa (Kapaun, [Takucran) H =21

®DA3bIJIOB Cepuk /IpaxmeToBUY, JOKTOp XHMHUYECKHX Hayk, npodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHOH paboTe MHcTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemuk HAH
Keipreserana, UactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB J[Ixxypa6aii XaJaukoBU4Y, JOKTOp XHMHYECKHX HayK, mnpodeccop, axkazemuk AH
Tamxukucrana, Wuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKUX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aiimxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npezunent Otnena XUMUHM M OKpY’Karomieit
cpensl MexIyHapogHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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INCLUSION OF AZULENE STRUCTURAL UNITS IN THE BASIS
OF CONJUGATED POLYMERS: IMPROVEMENT OF PROTON
SENSITIVITY AND FLUORESCENCE
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Abstract. The growing interest in aromatic polymer compounds with an extended
n-electron coupling system is explained by their importance as functional materials
for organic optoelectronics. At present, much attention is paid to arylated, as well
as substituted by electron acceptor and/or electron donor groups, aromatic and
heteroaromatic compounds. One of the advantages of such conjugated aromatic systems
is that they can fine-tune the electronic structure of materials in order to optimize their
performance and morphology. In this regard, the structural isomer of naphthalene -
azulene is of considerable interest. The nonalternant aromatic hydrocarbon azulene has
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unique electronic and spectral properties, including a polarized structure with a dipole
moment of the order of 1,08 D and abnormal Anti-Kasha fluorescence S,—S,.

The article discusses the synthesis of two fluorene-azulene n-conjugated copolymers
using the modern methodology of organic synthesis as the Suzuki — Miyaura -cross—
coupling reaction.

It was shown that the interaction of 1,3-dibromazulene, as well as 2,7-Bis(3-
bromoazulen-1-yl)-9,9-dioctyl-fluorene with 2,2'-(9,9-dioctyl-9H-fluorene-2,7-diyl)
bis(1,3,2-dioxaborinane) under Suzuki — Miyaura cross-coupling conditions, azulene
conjugate copolymers were synthesized: poly[2,7-(9,9-dioctylfluorenyl)-alt-(1',3' -
azulenyl)] and poly[1,3-bis(9',9'-dioctylfluoren-2'-yl)azulenyl]-alt-[1",3" - azulenyl]. It
is revealed that neutral solutions of the obtained copolymers are nonfluorescent, but
they become luminescent upon addition of trifluoroacetic acid. The «launching» of
fluorescence occurs as a result of the formation of a 6 m-electron azulenyl cation, which
rearranges the general electronic character of polymers, in particular, HOMO-LUMO
levels and band gap.

The obtained results demonstrate that the introduction of azulene units into a
conjugated polymer framework has great potential for application as new protic
functional materials.

Key words: azulene, azulene copolymers, cross- coupling, photophysical properties.
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AnHoTauusi: KeHEHWTINTeH T-2JIeKTPOHABI KOocapliaHFaH JKyieci Oap apoMarTsl
MOJTUMEPII  KOCBUIBICTapFa KBI3BIFYIIBUIBIKTBIH ~ apTybl OJApABIH ~ OPTaHUKAIbIK
OTITORJICKTPOHHKA YIIiH (YHKIHOHAIAK MaTepuaiiap peTiHAeri MaHBI3IbLIIBIFBIHA
OaifmanpicThl. Kazipri yakpITTa apwiIieHTeH, COHAal-aK AJIEKTPOHIOHOPIBI JKoHE/
HEMecCe JJIEKTPOHAKIENTOPIBI TONTAPMEH AaJIMACTBHIPBUIATBIH ~ apOMATThl  JKOHE
reTepoapoMarThl KOCBUTBICTapFa Kol kKoHiI OemiHeni. OChIHIAN apoMaTThl KyHeIepain
APTHIKIIBUTBIKTAPBIHEIH Oipi - MaTepHamapIblH OHIMAUIITT MeH MOP(OIOTHICHH
OHTaWJIaHBIPY MAaKCATHIH/IA OJap/bIH AMEKTPOHBIK KYPBUIBIMBIH IS PETTEH allafbl.
Ocpiran OaiylaHBICTBI HAQTAIWHHIH a3yleH aTThl KYPBUTBIMIBIK H30Mepi YIIKeH
KBI3BIFYIIBUTBIK TYABIPaAbl. AJBTEPHAHTHI €MEC apoMaTThl KOMIpCyTeK a3yleHiHiH
Oipereii HIEKTPOHABI KOHE CHEKTPIIK KacHeTTepi Oap, OHBIH IITiHAE IUTIOJBIIK
MomeHTi mamameH 1,08 D GonareiH mosspu3anvsuianFal KYPBUTBIM KOHE aHOMAIThITbI
S,—S, antn-Kam ¢ayopecueHuuscel.

Kympicta Cy3yku-Musiypa KpOCC-KOMOWHAIIMS PEAaKIHACHI PETiHJe 3aMaHayh
OpraHMKaJbIK CHHTE3 OfIiCTeMecCiH IaijanaHa OTHIPHI, €Ki (Top-asyneH
TM-KOHBIOTAIMSUIAHFaH COTIONMMEPIIEpaiH CUHTe31 TankpiiaHagsl. Cy3yku-Musypa
Kpocc-0ipiry peaknuschIHBIH jKaFaaibiHaa 1,3-nuopomasynen, conpaii-ak 2,7-6mc(3-
Oopomazynen-1-nmn)-9,9-mnoxTuin-QayopeH 2,2'-(9,9-muoxTun-9H-dmyopen-2,7-
mumn)onc(1,3,2-mnokcnOOpUHAHMEH) OpEeKEeTTEeCKEHAe Kelleci a3ylieH KocapilaHFaH
comonuMmepiep — cuHTe3denmi:  momu[2,7-(9,9-nmuoxTrmnduryopennn)-ansr-(1',3'
azynennn)| oxoHe momH[1,3-0uc(9',9'-mmoktundyopen-2'-nn)azynenwn|-ant-[1",3'
' - azymeHws1|. ANBIHFaH COTOJHMMEpPIEPIiH OelTapam epiTiHainepi ¢IyopecueHTTi
eMec, Oipak omap TpU(TOPCipKe KBIMIKBUIBIH KOCKAHIA JIFOMHUHECIICHTTI OOJIajbl.
OyopecteHIUIHbBIH "icKke KOCBIUTYbI" TTOTUMEPIIEP/IiH KaITbl SJEKTPOH/IBIK CHITaThIH,
aran aitkagga HOMO-LUMO neHreiyiepin jkoHE >KOJIAK 30HBI ©3TEPTETIH 6 T
AIIEKTPOHBI 0ap a3yJeHNII KaTHOHBIHBIH TY31JTyiHEH TYBIHIANIbI.

Hortmxkenep kocaprmanraH momuMep KaHKAchlHA a3ylieH OipIiKTEpiH eHTi3y jkaHa
MPOTOHAB! (PYHKITMOHAIIBI MaTepHaliap PeTiHAe KONJaHy VIIH YIIKeH olIeyeTKe he
eKCHIH KopCeTemi.

Tyiiin ce3aep: a3yneH, a3ysieH cormonumepiepi, Kpocc-koMOMHAs, HOTOUZNKATIBIK
KacuerTep.
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AnHoTanms. PacTymuii HHTEpEC K apOMaTUYECKUM IOJIMMEPHBIM COECANHEHUSIM C
paCIIMPEHHOI CHUCTEMOH T-3JIEKTPOHHOTO COTPSIKEHUS OOBACHSAETCS WX Ba)XKHOCTBHIO
B KadyecTBe (DYHKIMOHAIBHBIX MAaTepUalIOB IS OPraHUYECKOH ONTOINEKTPOHHKH.
B mnacrosimiee Bpemst OonbIlloe BHHMaHHUE YAEISETCS apWIMPOBAHHBIM, a TaKkKe
3aMEIIEHHBIM DJIEKTPOHOAKIENITOPHBIMU /MM  3JICKTPOHOAOHOPHBIMU TPYIIAMH
apoOMaTHYECKUM H TeTepoapoMaTHIeCKUM coeTMHEHHUSIM. OJTHIM U3 IPENMYIIECTB TAKUX
COTIPSDKEHHBIX apOMATHYECKUX CHCTEM SIBISIETCS TO, YTO OHU MOTYT TOYHO HAaCTPOUTH
IEKTPOHHYIO CTPYKTYPY MaTepHaIOB C IIeJIbI0 ONTUMHU3AINH UX TPOU3BOAUTEIHLHOCTH
u Mopdororud. B 3TOM TulaHe 3HAYMTENBHBIA MHTEPEC MPEACTABISET CTPYKTYPHBIH
n3oMep HadTanuHa asyieH. HeanbrepHaHTHBIA apOMaTHYEeCKHd yIIIEBOAOPO a3yJeH
00Ja1aeT YHUKAIbHBIME JIEKTPOHHBIMH U CIIEKTPAJIbHBIMU CBOHCTBAMH, B TOM YHCIIC
TIOJIIPU30BAHHOM CTPYKTYPOU C TUTIOIBHBEIM MOMEHTOM Topsinka 1,08 D u anoMansHO#M
anTu-Kamma dayopecuenuueit S2—S0.

B pabore obOcyxmaercss cuHTe3 JABYX (IIyOpEH-a3yJIICHOBBIX -COMPSIKEHHBIX
CONOJMMEPOB, IOCPEACTBOM COBPEMEHHOW METOMOJIOIMM OpPraHUYECKOrO CHUHTE3a
Kak peakmnuu Kpocc-codetanus Cy3yku—Musypsl. [lokazaHo, 9T0 B3aUMOAEHCTBHEM
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1,3-nubpomasynena, a Takxke 2,7-Bis(3-bromoazulen-1-yl)-9,9-dioctyl-fluorene
¢ 2,2'-(9,9-dioctyl-9H-fluorene-2,7-diyl)bis(1,3,2-dioxaborinane) B YyCJIOBHUAX
couetanuss Cy3yku—Musypbl OBbUIM CHHTE3UPOBAHBI a3yJICHOBBIC COMPSIKCHHBIC
coronumepsl - poly[2,7-(9,9-dioctylfluorenyl)-alt-(1',3' - azulenyl)] u poly[1,3-bis(9',9'-
dioctylfluoren-2'-yl)azulenyl]-alt-[1",3" - azulenyl]. BsisBiaeHO, 4TO HEHTpaNbHBIC
PaCTBOPBI TIOTYUYCHHBIX a3yJCHOBBIX COIMOIMMEPOB HE SBISIOTCS (DIYOPECIICHTHBIMH,
HO OHHM CTAHOBSTCS CBETAIIMMHCS TPU J00aBICHUU TPUDTOPYKCYCHOM KHCIIOTHI.
[TokazaHO, YTO «BKIIOYEHHUE» (IYOPECUEHIIMN TPOUCXOAUT 3a CueT 00pa3oBaHUs
6T-37ICKTPOHHOTO a3yJICHUJI-KATHOHA, KOTOPBIN MEepecTpanBaeT OOIIMIA 3JICKTPOHHBII
XapakTep IOJUMEPOB, B YAaCTHOCTH, YPOBHH (PpOHTaIbHBIX opoOutaneit HOMO —
LUMO u mmpuHy 3anpenieHHoN 30HblL.

[TomyueHHBIE pe3ynbTaThl JEMOHCTPUPYIOT, YTO BBEJCHHUE a3yJICHOBBIX 3BCHHCB B
COTIPSKCHHBIN TIOJIMMEPHBIN KapKac UMEIOT OOJBINON MOTCHIUAN I IPUMEHEHUS B
Ka4eCTBE HOBBIX ITPOTOHHBIX (PYHKIIMOHATIHHBIX MAaTEPHAIIOB.

KioueBble  cioBa:  a3yjieH, CONOIMMEpPHI  asyleHa, KpOCC-COYeTaHue,
(horodpusnueckue cBONCTBA

Introduction

Azulene and its compounds as nonalternant aromatic substances is the subjects of
much scientific research (Lash, et al, 2007, Wakabayashi, et al, 2007; Lopez-Alled, et
al, 2021; Xin, et al, 2021). This interest was due to its unusual electronic structure and
abnormal photophysical properties, including a polarized structure with a dipole of the
order of 1.08 D (Anderson, et al, 1959) and unusual anti-Kasha’s fluorescence S,—S
(Tomin, et al, 2018; Nenov, et al, 2018), Dunlop, 2023).

The potential of azulene makes it the object of widespread research in the field of
functional materials, such as conductive polymers, optoelectronic molecular switches,
field-effect transistors (OFETs), light-emitting diodes (OLED), solar cells (OSCs),
nonlinear optical (NLO) and other materials (Wang, et al, 2003; Wang, et al, 2004;
Mrozek, et al, 2001; Dong, et al, 2016; Ou, et al, 2019).

The literature describes the synthesis of azulene-containing polymers. For example,
the obtained polyazulene was first reported in the article (Kilara, et al, 1997) Later,
(Wang, et al, 2003; Wang, et al, 2003) showed new methods for producing polyazulene,
as well as the synthesis of a number of highly conductive azulene-containing polymers.

The structure of azulene 1 (Figure 1) can be considered as a tropylium cation
condensed with a cyclopentadienyl anion. The electron-saturated cyclopentane azulene
ring can rapidly undergo electrophilic substitution at C, or C, to form a stable aromatic
azulene cation with 6 m-electrons. The formation of such cation in a number of azulene
compounds has been reported to lead to interesting electrochemical and electrochromic
properties (Sprutta, et al, 2007; Ito, 2005). Therefore, such simple chemical conversion
of'azulene units resulting in the formation of cations in azulene-containing polymers can
be used to adjust the overall physical properties of the polymers, such as " launching"
fluorescence or change in electrical conductivity, etc.

Thus, n-conjugated azulene-based polymers are expected to readily undergo an acid-
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base or redox reaction to form azulenyl cations/radical cations and potentially function
as efficient optoelectronic materials.

In this work we synthesize two azulene m-conjugated copolymers poly[2,7-(9,9-
dioctylfluorenyl)-alt-(1',3" - azulenyl)] 3 and poly[1,3-bis(9',9'-dioctylfluoren-2'-yl)
azulenyl]-alt-[1",3" - azulenyl] 5, by Suzuki — Miyaura cross-coupling reaction using
Pd,(dba), as catalyst. Such molecular construct exploits both the dipole moment of
the azulene unit and its ability to acquire and lose protons in the electron-donor five-
membered cycle.

Methods and Materials

'H and *C NMR spectra were taken on a Jeol ECA-500 spectrometer [operating
frequency 500.15 MHz ('H) and 100.61 MHz ("*C)] in CDCI,, internal standard — TMS.
IR spectra were recorded on a Fourier spectrometer Avatar-360 in KBr tablets. Mass
spectra were obtained on a Thermo Scientific LTQ FT Ultra spectrometer. Elemental
analysis was performed on the instrument EuroVektorEA-3000. Absorption spectra
were taken on a Shimadzu UV-1800 spectrophotometer. Fluorescence spectra were
recorded on an Agilent Cary Eclipse spectrofluorimeter. Thermogravimetric studies
were performed on a TGA Q500 instrument (in current N_; heating at 10 ° per minute;
interval 20-500°C). Differential scanning calorimetry was performed on a DSC
Q2000 (in current N; heating at 5 ° per minute; interval 20-300 °C). Gel permeation
chromatography was performed on Agilent PL-GPC 220 (polystyrene standard; THF
eluent). The melting points were determined on a Melting Point M-560 apparatus.

Commercially available reagents and solvents: azulene, 2,2'-(9,9-dioctyl-9H-
fluorene-2,7-diyl)bis(1,3,2-dioxaborinane), Pd,(dba), Pd(PPh,),, P(o-tol),, Et,NOH,
Ag,CO,, TFA, THF and others were used without further purification. Dibromoazulene
2 was synthesized according to the literary method (Anderson, et al, 1953).

Synthesis and description of copolymers

Poly[2,7-(9,9-dioctylfluorenyl)-alt-(1',3'- azulenyl)] 3. To a solution of 177 mg (0.62
mmol) of compound 2 and 345 mg (0.62 mmol) of 2,2'-(9,9-dioctyl-9H-fluorene-2,7-
diyl)bis(1,3,2-dioxaborinane) in 50 mL toluene under argon were added 17 mg (0.02
mmol) of Pd,(dba), 13 mg (0.04 mmol) of P(o-tol),and 2 mL of tetracthylammonium
hydroxide. The reaction mixture was stirred for 20 hours at 80 °C. After completion of
the reaction, 100 ml of chloroform was added to the reaction flask, followed by washing
with water in a separatory funnel. The resulting chloroform phase was concentrated
in vacuo to 10 mL and added to 300 mL of methyl alcohol. The resulting precipitate
was purified by various organic solvents in a Soxhlet apparatus. The product was then
recovered by chloroform, precipitated from methyl alcohol, dried under vacuum. A dark
orange solid was obtained. Yield 230 mg (65%). Anal. Caled. For (C,;H,)n: C 90.95;
H 9.05; Found: C 89.92; H 8.65. Mn = 19.5 kDa; PDI = 2.15. 'H NMR: 6 8.55-8.60 (m,
2H), 8.23-8.27 (m, 1H), 7.61-7.85 (m, 7H), 7.10-7.14 (m, 2H), 2.06 (br, m, 4H), 0.75—
1.13 (m, 30H). *C NMR: ¢ 151.52, 140.10, 139.63, 137.31, 137.64, 136.52, 136.51,
131.62,129.41, 124.72, 123.64, 120.53, 55.52, 40.76, 32.54, 30.52, 29.63, 29.75, 24.55,
23.13, 14.24.

2,7-Bis(3-bromoazulen-1-yl)-9,9-dioctyl-fluorene 4. To the solution of 200 mg (0.70
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mmol) of compound 2 and 155 mg (0.28 mmol) of 0,28 mmozns) 2,2'-(9,9-dioctyl-9H-
fluorene-2,7-diyl)bis(1,3,2-dioxaborinane) in 8 ml of tetrahydrofuran under argon were
added 23 mg (0.02 mmol) of Pd(PPh,), and 220 mg (0.8 mmol) of silver (I) carbonate.
The reaction mixture was stirred for 16 hours at 80 © C. After completion of the reaction,
100 ml of water was added, followed by extraction with methylene chloride (3 x 50 ml).
The organic phase was dried over MgSO,, and the solvent was distilled off in vacuo.
The residue was purified by silica gel column chromatography (hexane-ethyl acetate,
9:1). A dark brown solid was obtained. Yield 480 mg (86%). HRMS (EI): m/z [M]*
caled for C, H,,800.2515, found 800.2510. '"H NMR: &, 8.35 (s, 2H),8.35 (d, J = 10.0
Hz, 4H), 7.86 (d, J = 7.5 Hz, 2H), 7.82 (s,2H), 7.70-7.61 (m, 2H), 7.56 (d, J = 10.0
Hz, 4H), 7.35 (s, 4H), 2.11 (d, J = 7.2 Hz, 4H), 1.11 (s, 24H), 0.81 (t, J = 6.8 Hz, 6H).
BC NMR: § 152.03, 151.55, 144.32, 140.67, 138.71, 134.55, 127.88, 127.25, 125.26,
123.13, 120.42, 119.22, 55.67, 40.34, 31.85, 30.01, 29.25, 23.92, 22.71, 14.13. IR (v,
cm™): 2928, 2857, 1720, 1574, 1540, 1462, 1393, 1247.

Poly[1,3-bis(9',9'-dioctylfluoren-2'-yl)azulenyl]-alt-[1",3" -  azulenyl] 5. To
the solution of 500 mg (0.62 mmol) of compound 4 and 345 mg (0.62 mmol) of
2,2'-(9,9-dioctyl-9H-fluorene-2,7-diyl)bis(1,3,2-dioxaborinane) in 50 ml of toluene
under argon was added 17 mg (0.02 mmol) of Pd (dba),, 13 mg (0.04 mmol) of P(o-
tol), and 2 ml of tetracthylammonium hydrogen. The reaction mixture was stirred
for 13 hours at 80 °C. After completion of the reaction, 100 ml of chloroform was
added to the reaction flask, followed by washing with water in separatory funnel. The
received chloroformic phase was condensed in vacuum to 10 ml and added to 300 ml
of methyl alcohol. The resulting precipitate was purified by various organic solvents in
a Soxhlet apparatus. The product was then recovered by chloroform, precipitated from
methyl alcohol, dried under vacuum. A dark orange solid was obtained. Yield 200 mg
(60%). Anal. Calcd. For (C Hy,)n: C 90.98; H 9.02; Found: C 89.88; H 8.78. Mn =
58.5kDa:PDI =1.76. '"H NMR: 6 8.22-8.39 (m, 2H), 7.85-7.97 (m, 2H), 7.74-7.85 (m,
2H), 7.66-7.74 (m, 2H), 7.55-7.61 (m, 2H), 7.36-7.50 (m, 2H), 2.05 (m, 4H), 1.05 (m,
24H), 0.75-0.79 (m, 6H). *C NMR: 6 151.55, 140.12, 139.63, 137.34, 137.67, 136.53,
131.62,129.41, 124.73, 123.64, 120.57, 55.56, 40.72, 32.54, 30.56, 29.67, 29.72, 24.54,
23.11, 14.25.

Results and discussion

Synthesis route leading to azulene conjugated copolymers 3 and 5 are presented
in Scheme 1 and Scheme 2. As can be seen from Scheme 1, the key compound 2 was
synthesized based on the literature methodology (Anderson, et al, 1953). Further, by
cross-coupling Suzuki-Miyaura between dibromide 2 and 2,2'-(9,9-dioctyl-9H-fluorene-
2,7-diyl)bis(1,3,2-dioxaborinane) in toluene in the presence of catalyst Pd,(dba ),
copolymer 3 was obtained in a good 65% yield.

Another key molecule bis(3-bromoazulenyl)-9,9-dioctylfluorene 4 (Scheme 2) was
prepared in 86% yield by combining Suzuki dibromoazulene 2 with 2,2'-(9,9-dioctyl-
9H-fluorene-2,7-diyl)bis(1,3,2-dioxaborinane) in THF in the presence Pd(PPh,), as a
catalyst. Similarly, the Suzuki-Miyaura reaction between 4 and 2,2'-(9,9-dioctyl-9H-
fluorene-2,7-diyl)bis(1,3,2-dioxaborinane) results in polymer 5 with the high 60% yield.
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The obtained azulene copolymers 3 and 5 were easily dissolved in organic solvents
such as dichloromethane, chloroform, toluene, tetrahydrofuran. The number average
molecular weights of the obtained copolymers were determined by GPC (THF eluent).
Thus, the Mn values of polymers 3 and 5 were 19.5 and 58.5 kDa, respectively, and the
PDI were 2.15 and 1.76, respectively.

The chemical structure and purity of copolymers 3 and 5 have been proven by
NMR and mass spectrometry as well as gel permeation chromatography and elemental

a0

Figure 1. Polarized resonant structure of azulene 1.
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Scheme 1. Synthesis of copolymer 3: (i) NBS, benzene, room temperature; (ii) Pd, (dba),, P(o-tol),,
Et,NOH, toluene,85°C.
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Scheme 2. Synthesis of copolymer S: (i) Pd(PPh,),, Ag,CO,, THF, 75°C; (ii) Pd,(dba),, P(o-tol),,
Et,NOH, toluene,85°C.

The thermal stability of copolymers 3 and 5§ was investigated by nitrogen

flow thermogravimetric analysis at a heating rate of 10 °C per minute. The
onset of degradation 3 and 5 (loss was 5%) was recorded at 416 and 430 °C,
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respectively, showing good thermal stability of the synthesized copolymers
(Figure 2). Differential scanning calorimetry measurements for copolymers 3
and 5 were performed at the scanning rate of 10 °C per minute. No endothermic
or exothermic transition was observed over the entire scanning range of 20 to
300°C (Figure 3).
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Figure 2. Thermogravimetric measurements of copolymers 3 and 5.
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Figure 3. Differential scanning calorimetry measurements of copolymers 3 (a) and 5 (b)

Absorption spectra of copolymers 3 and 5 in the UV-Vis range, including protonated
states, are presented in Figure 2, and the corresponding data are summarized in Table
1. In the electron absorption spectra of polymer 3 in tetrahydrofuran (THF), three
absorption bands were observed with maxima at 345 (e = 75850) nm, 468 (¢ = 37120)
nm and 675 (¢ = 1050) nm (Table 1). Similarly, polymer 5 showed two absorption
bands n- ©* electron junction at 344 (¢ = 72500) nm and 462 (¢ = 34900) nm, as well as
absorption in the long-wave region at 673 (¢ = 1015) nm. Weak absorption bands with
maxima at 675 (for 3) nm and 673 (for 5) nm correspond to the energy transition S —S .
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Table 1 - Optical data of copolymers 3 and 5

Absorption Fluorescence “
ISI flfe(:s Unprotonated Protonated Protonated
Solvent | A, ,nm | & M'cm' Solvent ® Ao TM Solvent ? A, nm
3 THF 345 75850 TFA/THF(2:8) 320 TFA/ 380
THF 468 37120 TFA/THF(2:8) 467 | THF(2:8)
THF 675 1050 TFA/THF(2:8) 534
THF 344 72500 TFA/THF(2:8) 321 TFA/ 380
5 THF 462 34900 TFA/THF(2:8) 466 | THF(2:8)
THF 673 1015 TFA/THF(2:8) 534

“},, (excitation wavelength) = 295 nm for 3 and 5. * TFA/THF = v/v.

Upon protonation (by addition of 5%, 10%, 15% and 20% trifluoroacetic acid) of
copolymers 3 and 5 in THF in electron spectra, new absorption bands with Amax at
534 nm were observed (Table 1), characteristic of azulene cations 3-H* and 5-H*. The
maxima of their absorption showed the significant redshift of 182 nm compared to the
cation of the initial azulene 1 (A 352 nm [13]), due to the expansion of the n-conjugation
in the five-membered ring by fluorene fragments. In addition, the isobestic points were
observed in these spectra at 495 and 496 nm (Figure 4), suggesting the presence of
convertible copolymers: neutral 3/5 and protonated 3-H* / 5-H*.

Discoloration of copolymers 3 and 5 was also observed when different amounts of
TFA were added. Unlike the dark blue color of the initial azulene 1, the tetrahydrofuran
solutions of copolymers 3 and 5 had the yellowish green color. Adding different
concentrations of TFA to the copolymer solution resulted in color change from light
orange to dark green (Figure 4). Treatment of protonated solutions 3 and 5 with
triethylamine resulted in recovery of the starting state, which indicated the reversible
protonation-deprotonation reaction.

It is known that compared to colorless naphthalene, the color of azulene 1 is caused
by weak repulsion energy between electrons on practically orthogonal HOMO and
LUMO. It is also known that substitutions at the C, or C, atoms of azulene significantly
change the electronic structure and optical properties (Wang, et al, 2003). Therefore, the
color changes of 3 and 5 are closely related to the HOMO and LUMO state changes of
azulene links induced under protonation conditions.

Thus, TFA doping of polymers 3 and 5 results in the formation of polymeric
azulenium cations, with subsequent changes in their electronic spectrum and color.
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Figure 4. UV-visible spectra of (a) 3 and (b) 5 (C=3-10°M in THF;
in the presence of trifluoroacetic acid).

The fluorescence spectra of copolymers 3 and 5, including protonated states, are
given in Figure 3, and the relevant data are tabulate (Table 1). As shown, the spectra
lack emission bands 3 and 5 in THF (Figure 5). However, when TFA was added (i.e.,
5%, 10%, 15%, 20%), the solutions of copolymers 3 and 5 emitted light with & at
380 nm (Table 1). As can be seen from the fluorescence spectra, the emission intensity
of the copolymers varied depending on the TFA concentration. Thus, the intensity of
radiation 3 and 5 reached its highest level at 20% concentration of TFA. However,
further increases in TFA concentration resulted in a drop-in fluorescence intensity. This
was probably due to strong self-absorption or the presence of unprotonated azulene
fragments in the polymer backbone, which also led to the decrease in radiation intensity.

As described above, the abnormal anti-Kasha fluorescence of azulene from state S,
instead of S, was due to the large energy gap S -S,. Obviously, under the conditions
of protonation of copolymers 3 and 5 TFA with the subsequent formation of azulenyl
cations, a noticeable change in the energy levels S, and S, occurs, as well as the decrease
in the gap between HOMO and LUMO. The following factors obviously affect the
decrease in the HOMO-LUMO energy gap: 1) the presence of azulenyl cations in the
system and 2) the decrease in the degree of delocalization of m-electrons in the five-
membered azulene ring.

Therefore, it can be argued that the «launching» of the radiation in 3-H* and 5-H*
copolymers is the consequence of the significant change in the energy of the frontal
molecular orbitals HOMO-LUMO.
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Figure 5. Fluorescence spectra of (a) 3 and (b) 5 (C=3-10"°M B THF; in the presence of trifluoroacetic
acid). The excited wavelengths (A ) are 295 nm.

Conclusion

In conclusion, fluorene-azulene w-conjugated copolymers were synthesized
using the Suzuki-Miyaura cross-coupling reaction with high yields: poly[2,7-(9,9-
dioctylfluorenyl)-alt-(1",3" - azulenyl)] 3 and poly[1,3-bis(9',9'-dioctylfluoren-2'-yl)
azulenyl]-alt-[1",3" - azulenyl] 5. Copolymers are nonfluorescent, because of the
existence of azulene units in the system, which suppress radiation. However, in the
presence of trifluoroacetic acid, these copolymers became fluorescent with emission
maxima (A ) at 380 nm. The formation of azulenyl cations in 3-H* and 5-H* copolymers
has been shown to significantly affect fluorescence activation. It has also been found that
solutions of the obtained copolymers in THF significantly change color when different
amounts of trifluoroacetic acid are added.

The results obtained demonstrate that the introduction of azulene units into the
polymer backbone has great potential for the development of new proton functional
materials.
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