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push-pull TT-conjugated system”

Bulletin of Materials Science, (2015), 38, 791-795.

(Proceeding)
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UNANED

yhmsduasevianseyiud azastilbenes Angunudl (R) vinaumuiwanssiusIL 11
15 198 R = 4-OH (AZ1), 4-OCH; (AZ2), 4-OC,Hs (AZ3), 4-N(CHa), (AZ4), 6-N(C,Hs), (AZ5), 2-OH
(AZ6), 2-OCH; (AZT7), 2,3-OH (AZ8), 3,4-OH (AZ9), 2,3-OCH; (AZ10) uag 3,4-OCH; (AZ11)
(Scheme 1) vmswilassadnsmemedameaunlnglnd 16un 'H NMR, UV-Vis uaz FT-R wag
Anwantivgosisawudluanuyvedudesasnuin @15 AZ1-AZ5, AZ10 uag AZ11 uansauds
vlgeesalwudiliognnszdussuasiirrmenady 400 ulumns Tneansdwamgosisaudly
adfiuandnetu 5 wed Ao s AZL Edw) a3 AZ2 @il ans AZ3, AZ11@ETe) @ AZ4,
AZ10 (@Fwdoe) uaz @15 AZ5 @dw) lnefian solid state fluorescence quantum yields ({) ¢
Tutas 0.05-0.84  wagnuimgunuiivuwnuinasoaudingesisasudivesas lngansoysiusis
yajunuiidueiuazuansaningesisawudlifninanseyiusasingunuiiueaneand

Q Q —/R Solvents O
HO-% NH, + \ "/ Refl HO—§ N\ _/R

S H eflux 3 \ 7
AZ1:R=4-0OH AZ6 :R=2-OH
AZ2 ‘R = 4-OCH, AZ7 :R=2-OCH,
AZ3:R=4.0CH,CH;  AZ8 :R=230H
AZ4 R = 4-N(CHa), AZ9 :R=34-OH
AZ5:R =4-N(CH,CHs), AZ10:R =2,3-OCH;

AZ11 : R = 3,4-OCH3

Scheme 1 M3daATIEOYNUS azastilbenes AZ1-AZ11
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(E)-4-[4-(Dimethylamino)benzylideneammonio]-

benzenesulfonate (AZ4)
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(E)-4-[4-(Diethylamino)benzylideneammonio]-
benzenesulfonate (AZ5)

TAseasdng X-ray V94619 azastilbenes AZ4 wag AZ5




Abstract

Eleven push-pull (E)-4-sulfonic-substituted-azastilbene derivatives [R = 4-OH (AZ1),
4-OCH3 (AZ2), 4-OC2H5 (AZ3), 4-N(CH3), (AZ4), 4-N(C,Hs)2 (AZ5), 2-OH (AZ6), 2-OCH5 (AZT),
2,3-OH (AZ8), 3,4-OH (AZ9), 2,3-OCH; (AZ10) and 3,4-OCHs; (AZ11)] have been synthesized
and characterized by 'H NMR, UV-Vis and FT-IR spectroscopy. Compounds AZ1-AZ5, AZ10
and AZ11 possess solid state fluorescence in five different fluorescence colors ranging
from blue to orange when were excited at 400 nm in which AZ1 (blue), AZ2 (bright-blue),
AZ3 and AZ11 (green), AZ4 and AZ10 (yellow) and AZ5 (orange). Solid state fluorescence
quantum vyields (d)f) of the compounds are in the range of 0.05-0.84. The electron
donating substituent on an aromatic moiety affects their fluorescent properties. The
derivatives containing amine substituents exhibit stronger fluorescence compared with the

derivatives with alkoxy substituents

O O —/R Solvents O
HO-S NH, + \ "/ —— HO-S N —_R

! H Reflux ! \ 5

O O \
AZ1: R =4-OH AZ6 :R=2-OH
AZ2 : R =4-OCHj3 AZ7 :R=2-OCHj;
AZ3 : R = 4-OCH,CHj AZ8 :R=23-OH
AZ4 : R = 4-N(CH3), AZ9 :R=34-OH
AZ5: R =4-N(CH,CHj), AZ10:R=23-OCHs

AZ11: R =3,4-OCH3

Scheme 1 Synthesis of azastilbenes AZ1-AZ11

In addition, two crystal structures of AZ4 and AZ5 were also determined by single

crystal X-ray diffraction.
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(E)-4-[4-(Dimethylamino)benzylideneammonio]-

benzenesulfonate (AZ4)

(E)-4-[4-(Diethylamino)benzylideneammonio]-

benzenesulfonate (AZ5)

X-ray structures of azastilbenes AZ4 and AZ5
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duiilosanmsiauimeinuinemansiazmaluladednasnidy vilsinsiamn fan
el 9 \Aatusgrsunnuislasianizegisdanudosnislunisldusslovivesfanidaua
(optical materials)  dwthlgniafistuvenisitonssimuniom anduasiol 7
UsgAvBnmilandt vide Ausndne Sevilieiddemsnunsmansuiielvl o Aflnuandfidaa
fifusgansnmifietn luinuvie sz gndléilutaganasldduauaulesgraunsvane

Jagtutnideldliauaulafiunntulumsdaesesiasussneufianansouansaudily
n13LUasuas (photoluminescence) ¢ Inslawizegedanisiddanasuuurgosisaious
(fluorescence) iflasanansszneumaniiannsntiludszandldludusing 4 1Fogrsmnane i
Vl’laﬁmqm’mm’iu LU I%LﬂuﬁﬁamWQaaLiaL%uﬁ (fluorescent dye) (Fayed and Awad, 2004)
arsmnatlunaengesisawud (fluorescent  tube) w3eldlulalonUasuas (light-emitting
diodes; LEDs) (Sens and Drexhage, 1981) Tifusfnsiain pH lnegnisiuasuutasmgesisa
\wuAsiaA1 pH (fluorescent pH sensor) (Wang et al., 2011) Uszgndldidusnsininlavenges
e (fluorescent metal sensor) (Yin et al,, 2011) 5‘ﬂﬁ%ﬂ3$&4ﬂ@”&i’fﬁﬁﬂ/\lqaaLiamuﬁma@fm
Faafluazdinisunng 1wy Wlusnnadungessamuddadinziangaaiulusiuniofidue
(fluorescent protein probe 1158 fluorescent DNA probe) (Qiu et al,, 2007; Wu et al.,, 2009)
wagldlunudmiuganuurveuwad (fluorescence cell imaging) (Zhang et al., 2011; Yoshino
etal, 2010) sy Feaziiudausglovlegrannneuasvannaievesansvgooisaisus

ansansnuansautingeaisaeudlifiluaniugvaauds (solid state  fluorescence)
waz/vde luasazans (liquid state fluorescence) daazinsuszyndnsldauiiunnsiediu gy

- liquid state fluorescence I%Lﬁufa@ LCDs (Mullen et al, 2006) @msI99uUlany
(Yin et al, 2011) pH sensor (Achelle et al, 2012) fluorescent protein probe #3®
fluorescent DNA probe (Qiu et al., 2007; Wu et al., 2009) WHuduy

- solid state fluorescence T dudtUaanaslu OLED (Lee et al,, 2004) iawasunaunds
(solid dye laser) (Zhang et al,, 2006) i’aﬂmqﬁﬁumamiwumL%ﬂLﬁu (nonlinear optics)
(Derrar et al,, 2012) MnT1aduloasdunse (organic vapors fluorescence probes) (An et al,,
2005) wa Lwaduaseiing (solar Cell) (Liu et al., 2012) 1Uusiu

whilnuadeunnueiferiumsinyinasssendldanswgesisaeud udannnsiam
yaduAnmaiuazimaluladfinnduuasiai nefufuaudesnsfiinndulunislitanids
wasd il usemeduilesuanudduuasiauieg oo iiolildundensitlauda
vigooisalwudvialmi 9 AfiUszansamiangt waz fanuvainnaneiieliaenndosiuaiy
Fosmsuazdnwarlunisldauiues uwhinans solid state fluorescence azfiselowinazifud
F94N1596191N18 WAAINTIUMTITenuinfissnuiefuaswgesisawudluaniug
voaudsliinntnileifisuivasgesisawudluaniuzvosvar  iesandedidavesansile
TuanavedanssInsaiu (aggregation) 1uvauds nsdndesluanavesansiulassaisazdma
nsgnmulaonsseantAvigessasudvesansluaniuzvonds Famudragsiliiaufvigestsasud
yesasanad vie moll Fufnanusinszvitsgnindiananielulassaiisvesansiues 91n
{]igmﬁqﬂdnﬁﬂﬁﬁﬁaaﬂaﬁ%aaﬂqumsLLazéﬁmiwzﬁmi (design and synthesis) Litefum
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3¢UU push-pull TT-conjugated maamaauﬂ’ué azastilbenes

- ilefnwinavemyunuiiludrues electron donors (D) seandAnsIdsdigesisauives
asuitelsiansilidvigesisasudiunnsiety

- iiefnwidnwaigmenenin uazanmnisasieAuseuTeaigeslsaLAluAnIuE
(BN

N13ATIANINE1T

U 2002 Lee war aug lavihnsAnwaudivigesisaudvesansiuseuu aromatic -
conjugated vasaNTOYWUS imines Wlofiva] X Auendafu &9 Fig. 1 nudamsaianis
‘U’%'ULU%SU%WQ@@LiﬁL%uﬁﬂJaﬂmﬂﬁ’ lnemy X @io X = H, F, CL, |, CHs, OCHs, NH, Uag N(CHs),

U 2004 Vabre uazAmiz laduasevikavfnuauiingesisawudvetansouius
stilbenes A4 Fig. 2 wudansnquillvivigeaisawwud ai U1k wag 13ed

R1\N/R2
Lo
pZ
N N\ \ Ar
Bu
Fig. 2

U 2010 Zhu uazmnz idunsisikasfnwaudfnisdu Cu sensors vesansoyius
stilbenes @4 Fig. 3 nuansuwansautRnsluinsiadu Cu 9d
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Fig. 3

U 2011 Yan uagae ladnw solid state fluorescence U@sa3nNEY D-T-A stilbene ¢4
Fig. 4 uaz@nwinsusuasudlnensannansaniualssig o (cocrystal strategy)

1,4-bis-p-cyanostyrylbenzene

Fig. 4
U 2011 Chen uazAniz laAnw) solid state fluorescence YBANTBUNUS p-carboxyl-N-

salicylideneanilines (pCSA) NIVILUNUTN Ry, Ry, Rs WAz Ry M619A1U A9 Fig. 5 WUIINTMUVEN
WusEC-N single bond dwwaraaudfngeaisalguivatans

Rs3

HO
Fig. 5
U 2012 Li wezanue lodAnwaudivigesisaudivesanseyius stilbenes 69 Fig. 6

! A v wa sala Ko vo ) o
‘W‘U'ﬂ']aqiﬂQNUIMLLﬁ@QaNUWWQ@@LiaLGUUWVl@ u@ﬂf\]qﬂua\ﬂ@ﬂqu’?migﬂ‘Uwa\‘i\‘]"lueﬂ@\ﬁ HOMO gy
LUMO GUENﬂ']ﬁﬁ']EJW]aLSﬂGWBUéIj’JEJ
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Fig. 6



¥ 2013 Bu wazAme baAnw solid state fluorescence Guaqmﬁawﬁuﬁ‘ 9,10-bis[(9,9-
dialkylfluorene-2-yl)vinylJlanthracene derivatives (FLA-Cn) ¢4 Fig. 7 WUi’lmﬂ‘ﬁWQ’aaLia
LHUAFLTL

Green-emitting

FLA-Cn
n=3,5,12

Fig. 7

U 2013 Ooyama uavAng ba@nw1 solid state fluorescence %Jaﬂmiﬂejm D-TT-A
pyridinium dye 713 counter ions MiuANGA U A9 Fig. 8 wudansiviaudivigeaisawudiuangig
i wazduansaudingeaisawuinilisuludislasuusadiena (mechanochromism) 8neae

X=ClBrorl

Fig. 8

U 2015 Gao uazAniz laAnwiaudRvgeslsalwuivedansouius stilbenes 9 Fig. 9
wuasnauiluansautingosisasuiluaniusvads nglivgosisayudiduns
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Fig. 9

v Y a oqvad 1 a & vl cs' wa s
NMsAUeNasedaiiiiuiianudululanasieeniuulzuanaudivigeaisaigus
wagdtlinussnuautingosisawuiluanuevellavedoyiius azasilbenesiawelulasinisi

JUADUNITIVY

1. fupdonansiuddefiiedes wisuansiailuazgunsalfes foRns

2. #uATzviansoyius azastilbenes AZ1-AZ11 #13 Scheme 1 WagyiNTg
characterization shewmadavnanlagln UV-Vis, FT-R uag 'H NMR

3. msmnuaAnanse YIS azastilbenes AZ1-AZ11 AdaasgAldfielilinaniivangay
Tngldfvhazanesing o Geionhmsuiuasussuuresimihasansaunseislinaniaen
Lwammsmimqaﬁwmamﬂuﬂmmmwumammaﬂ%uumaﬂmm (Single Crystal X-ray
Diffraction)

4. vnmsAnwaudiniaulaeansounus azastilbenes AZ1-AZ11 oA NMspandumeas Uv-Vis
waynsiUauaigoeLsauivesastuanur el uazm quantum yield (Q) vosanseiag
A5n15989 Wrighton (Wrington et al., 1974).

5. ymsAnwdnuaEIanenmYesEseyLs azastilbenes AfauTRnaiitnaulage
wiAla SEM (Scanning Electron Microscope)

6. imsAnwIanmNsANaenLTouYesasoyRLS azastilbenes fauTAuaiuaul
penAtla TGA (Thermogravimetric Analysis)

7. WAT1291 asUna \Jous1e9u wag manuscripts LileARuiHaTI
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- IANABULNAA : Fisher-John melting point apparatus

- NM3QANAULES UV-Vis : Shimadzu UV-2450

- migﬂnauuaﬂ FT-IR : Perkin-Elmer FTS 165 Fourier-transform infrared spectrometer

- 'H NMR spectra : 300 MHz Bruker NMR Ultra Shield spectrometer lugiavinazane
DMSO-d6 Taeil TMS 1Ty internal standard

- Solid wag liquid-states fluorescence excitation wag emission spectra : Perkin-Elmer

LS 55 Luminescence Spectrometer.

ANSEWATITINES

dupsgsianseyius  azastilbene AZ1-AZ11 lpgUjisen condensation F¥13ne
sulfanilic acid waz benzaldehydes 7AgtaanaUfinien Inedin1susuasuRouluwazanieg

Tumsiuisevisgamall et wasdu 9 suanuwsnzaiellandniaginuifents

O ©) — R Solvents O
I I
HO_ﬁONHZ ' \ 7 Refl HO_ﬁON\ —R

AZ1: R =4-OH AZ6 :R=2-OH
AZ2 : R =4-OCHj AZ7 R =2-OCHj;
AZ3:R= 4-OCH2CH3 AZ8 :R=2,3-OH
AZ4 : R = 4-N(CH3), AZ9 :R=3,4-OH
AZ5:R= 4-N(CH2CH3)2 AZ10:R= 2=3'OCH3

AZ11:R = 3,4-OCH,

Scheme 1 N1583LATILRBYNUS azastilbene AZ1-AZ11
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1. (E)-4-sulfonic-4'-hydroxyazastilbene (AZ1)

OH
NH, CHO \/@/
N
MeOH/H,0 (1:3) X
* 100°C,2 h Q
’ \\

0=S=0 OH
OH
AZ1

(E)-4-sulfonic-4’-hydroxyazastilbene (AZ1) ww3sulaannuay sulfanilic acid (2.8
fadlua, 0.48 n3u) Auansazay d-hydroxybenzaldehyde (2.8 fiadlua, 0.34 ndu) luda
yhazanstidemmues 3:1 dvesanildluindndidunat 2 daluseuieujizerauysel
faansazaneildliifurudgungivies nsesmznauwuvanauiy Srangnaufsiuazioniuea
wazimznauluvinlilisnudines

nanAuaJuvenddindes (92% yield), yavasumal >300 °C, UV-Vis (CH;OH)
ﬂ.max (nm): 249, 418, FT-IR (KBr) V(cm'1): 3430 (O-H stretching), 3008 (Ar-H stretching),
1666 (C=N stretching), 1379 (S=0 stretching), "H NMR (ds-DMSO/TMS) 0, ppm: 9.79 (s, 1H),
7.76 (d, J = 8.4 Hz, 2H), 7.65 (d, J = 8.4 Hz, 2H), 7.19 (d, J = 8.4 Hz, 2H), 6.93 (d, J = 8.4 Hz,
2H)

2. (E)-4-sulfonic-4"-methoxyazastilbene (AZ2)

CH
NH, CHO \/O/O 3
N
MeOH/H,O (1:3) X
* 100 °C, 2 h Q
’ N\

0=s=o0 OCH,
OH
AZ2

(E)-4-sulfonic-4’-methoxyazastilbene (AZ2) nseulaannuay sulfanilic acid (2.8
fadlua, 048 nsu) Aua1sazae d-methoxybenzaldehyde (2.8 fadlua, 0.34 adans) Iuéh
Favanetsewniuea 3:1 thvosmaudilaluindndidunan 2 mimautmnﬂgﬂimammm &
asay mawlﬁmamumammwaﬂ NIDINZNBULUUANAINAL A19RZNDUMBUILAZIDNIUDE
wazimznauluvinliuieniedines
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anSneduvesddinies (86% vyield), ynmasumal >300 °C, UV-Vis (CH;OH)
A (nM): 285, 410, FT-R (KBr) V (crm'): 3397 (O-H stretching), 2965 (Ar—H stretching),
1671 (C=N stretching), 1348 (S=0 stretching), 1004 (C-O stretching), "H NMR (d4s-DMSO/TMS)
5, ppm: 9.87 (s, 1H), 7.88 (d, J = 8.7 Hz, 2H), 7.67 (d, J = 8.7 Hz, 2H), 7.27 (d, J = 8.7 Hz,
2H), 7.13 (d, J = 8.7 Hz, 2H), 3.87 (s, 3H)

3. (E)-4-sulfonic-4"-ethoxyazastilbene (AZ3)

CH,CH
NH, CHO \/©/0 2CH3
N
MeOH/H,O (1:3) X
* 100 °C, 2 h Q
’ N\

S
/
HO” \
0o=s=o0 OCH,CH, \o

AZ3

(E)-a-sulfonic-a-ethoxyazastilbene  (AZ3) w3sulaainuay  sulfanilic acid (2.8
fadlua, 0.48 nsu) fuaisazany d-ethoxybenzaldehyde (2.8 fiadlua, 0.39 Haddns) Iué’h
Yhavaneiisowmiuea 3:1 theewauildlusndndiduan 2 mimammmﬂgmmammm &
asey mawlﬁimauwmammwaq NIDINENOULUUANAINNAL A19RTNDUMBUILAZIDNIUDE
LLaummwﬂaulUwﬂmmmU@Lwas

nanA i duvewdsdindes (93% vyield), qawaouwial >300 °C, UV-Vis (CH;OH)
A (nM): 275, 434, FT-R (KBr) V (crm'): 3403 (O-H stretching), 2987 (Ar—H stretching),
1654 (C=N stretching), 1368 (5=0 stretching), 1140 (C-O stretching), 'H NMR (d,-DMSO/TMS)
5, ppm: 9.86 (s, 1H), 7.86 (d, J = 8.7 Hz, 2H), 7.68 (d, J = 8.7 Hz, 2H), 7.23 (d, J = 8.7 Hz),
7.11(d, J = 8.7 Hz, 2H), 4.15 (g, J = 6.9 Hz, 2H), 1.36 (t, J = 6.9 Hz, 3H)

4. (E)-4-sulfonic-4’-dimethylaminoazastilbene (AZ4)

i
N\
NH, CHO \/©/ CH,
N
MeOH/H,O (1:3) X
* w0°c.zh > Q
’ \\
0—t—o ! HO” \\
| H, e~ CHj

OH
AZ4
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(£)-a-sulfonic-4’-dimethylaminoazastilbene (AZ4) 3sulaainuay sulfanilic acid
(2.8 fiadlua, 048 nsu) Auansazany d-dimethylaminobenzaldehyde (2.8 fiadlug, 0.42 n5)
Tushvhavanetdewniuea 3:1 thessmauildluindndduna 2 émimaumﬂﬂgﬂimaumm
mmiaumaﬂﬁlmsuwmammmaq NTDINZNDULUUAAAIILAL A NAZNDUAIBUILAZLONIUDS
LLaummuﬂaulUmﬂmmqmsJamai

nanfnuaduvedaddy (95% yield), Yanaemmas >300 °C, UV-Vis (CH;OH)
A (nM): 280, 443, FT-IR (KBr) V (crm'): 3435 (O-H stretching), 2912 (Ar—H stretching),
1655 (C=N stretching), 1371 (S=0 stretching), '"H NMR (ds-DMSO/TMS) 0, ppm: 9.67 (s, 1H),
7.69 (d,J = 8.7 Hz, 2H), 7.57 (d, J = 8.7 Hz, 2H), 7.04 (d, J = 8.7 Hz, 2H), 6.79 (d, J = 8.7 Hz,
2H), 3.05 (s, 6H)

5. (E)-4-sulfonic-4'-diethylaminoazastilbene (AZ5)

N
NH, CHO \/O/ CH,CH;
N
MeOH/H,0 (1:3) X
¥ “wo°czn > Q
’ N

0=s=0 N
| HsCH,C” “CH,CHs
OH

AZ5

(£)-a-sulfonic-a’-diethylaminoazastilbene (AZ5) n3aulaainueau sulfanilic acid (2.8
fadlua, 0.48 n3u) Aualsazae d-diethylaminobenzaldehyde (2.8 fiaalua, 0.50 n3u) Tusn
yhazaethdeumiues 31 thwewmaniildluiwdndluna 2 dlusauinufAsorauysel
faansazaneildliduaudgungiivies nsesmznauwuvanauiy Sramenaudeiuazioniuea
wazimznauluvinlilieniedines

nanAualuveanleddy (80% yield), qanauLma 267-268 °C, UV-Vis (CH;OH)
Arae (nM): 286, 461, FT-IR (KBr) V(cm ) 3414 (O-H stretching), 2977 (Ar-H stretching),
1654 (C=N stretching), 1346 (S=O stretching), "H NMR (ds-DMSO/TMS) 0, ppm: 9.63 (s, 1H),
7.66 (d, J = 8.4 Hz, 2H), 7.57 (d, J = 8.4 Hz, 2H), 7.05 (d, J = 8.4 Hz, 2H) and 6.76 (d, J = 8.4
Hz, 2H), 3.44 (g, J = 6.9 Hz, 4H), 1.13 (t, J = 6.9 Hz, 6H)
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6. (E)-4-sulfonic-2'-hydroxyazastilbene (AZ6)

HO
N\IJ
@ MeOH/HZO (1:3) X
e s > O
100 °C, 2 h \\

HO” \\
—s—o

OH
AZ6

(E)-4-sulfonic-2'-hydroxyazastilbene (AZ6) nsaulaannway sulfanilic acid (2.8
fadlua, 0.48 ndu) Auansazaty 2-hydroxybenzaldehyde (2.8 fiadlua, 0.30 Jaddns) Tufa
yhazanstidemmues 3:1 dvesanildluindndidunat 2 daluseuinujizerauysel
faensavanefldliBuauigumgivies nsewgnauuuvanauiu Semgnaudesiuasionuen
wazthnznauluvilviuiamedves

nanduauveanlsdivies (78% yield), qavaeumal >300 °C, UV-Vis (CHsOH)
ﬁmax (nm): 247, 427, FT-IR (KBr) V(cm-l): 3325 (O-H stretching), 2968 (Ar-H stretching),
1672 (C=N stretching), 1378 (S=0 stretching), "H NMR (ds-DMSO/TMS) O, ppm: 10.23 (s, 1H),
7.66 (d, J = 8.4 Hz, 2H), 7.19 (d, J = 8.4 Hz, 2H), 6.91 (d, J = 7.8 Hz, 1H), 7.24 (¢, J = 7.8 Hz,
1H), 6.84 (t, J = 7.8 Hz, 1H), 7.60 (d, J = 7.8 Hz, 1H)

7. (E)-4-sulfonic-2'-methoxyazastilbene (AZ7)

H,CO
2 H3C0 \j@
N
@ MeOH/HZO (1:3) X
—Towcanr = O
100°C,2 h \\

AZT

(E)-4-sulfonic-2"-methoxyazastilbene (AZ7) wnseulaanuay sulfanilic acid (2.8
fiadlua, 0.48 n3u) Aua1IaLaIY benzaldehyde (2.8 fiadlua, 0.34 Ladans) Tughyiavanenide
wuea 3:1 theessaudldluindnddunat 2 Hlumuinujitorauysal fesazaneildli
Buruisgnmniivies nsesnznauLUTanANLEY denznaufeiuazioyuoauazinznaulUYn
T dves
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anSnuduvewdadided (82% yield), {aviasuwas >300 °C, UV-Vis (CH;OH)
Aie (nM): 276, 413, FT-IR (KBr) V(cm ) 3828 (O-H stretching), 3014 (Ar-H stretching),
1668 (C=N stretching), 1368 (S=0 stretching), 1012 (C-O stretching), "H NMR (d4s-DMSO/TMS)
5, ppm: 10.33 (s, 1H), 7.66 (d, J = 8.4 Hz, 2H), 7.23 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 7.8 Hz,
1H), 7.21 (t, J = 7.8 Hz, 1H), 7.08 (t, J = 7.8 Hz, 1H), 7.62 (d, J = 7.8 Hz, 1H)

8. (E)-4-sulfonic-2',3'-dihydroxyazastilbene (AZ8)

OH
HO
NH,
HO CHO
N
MeOH/H,O (1:3) X
+ é
HO 100°C,2h 0\\
S
HO” N\
0=?= 0
OH
AZ8

(E)—4—sutfonic—2',3'—dihydro><yazastilbene (AZ8) w3sulaannuay sulfanilic acid (2.8
fadlua, 0.48 nsu) Auarsazaty 2,3-dihydroxybenzaldehyde (2.8 fiadlua, 0.39 nsu) Tusn
yhazanstidemmues 31 dvesanildluindndidunat 2 daluseuAeujitenauysel
faensaranefildliSuauigumgiivios nseswgnaunuvanmNiu demgnaudsiuasionuea
wazthngnauldinlviuisnednes

nanfneiuvesddinges (75% yield), {aviasumas >300 °C, UV-Vis (CH;OH)
/Lnax (nm): 252, 446, FT-IR (KBr) V (cmfl): 3445 (O-H stretching), 3016 (Ar-H stretching),
1652 (C=N stretching), 1368 (S=0O stretching), "H NMR (ds-DMSO/TMS) 0, ppm: 10.18 (s, 1H),
7.63 (d, J = 8.4 Hz, 2H), 7.20 (d, J = 8.4 Hz, 2H), 6.82 (d, J = 7.8 Hz, 1H), 6.64 (t, J = 7.8 Hz,
1H), 7.05 (d, J = 7.8 Hz, 1H)

9. (E)-4-sulfonic-3',4’-dihydroxyazastilbene (AZ9)

OH

OH
NH, CHO

N
MeOH/H,0 (1:3) X
+ —Twcan > O
100 °C,2 h \\
HO S

N\
=0 OH HO \0

AZ9
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(E)-4-sulfonic-3",4"-dihydroxyazastilbene (AZ9) w3sulsanway sulfanilic acid (2.8
fadlua, 0.48 n3u) Auarsazaie 3,4-dihydroxybenzaldehyde (2.8 fadlua, 0.39 n3u) Tudawi
azapthdawniuea 31 theewanfildluindnddunat 2 FlusaudaufAzenauysal
faensaranefildliBuauiguugiivios nsewgnauuuvanmNiy demgnaudsiuasionuea
wazthnznauluvilviuiamedives

wanSnuaduveudsdivios (81% yield), aviasuwan >300 °C, UV-Vis (CH;OH)
/Lnax (nm): 278, 429, FT-IR (KBr) V (cmfl): 3394 (O-H stretching), 2969 (Ar-H stretching),
1652 (C=N stretching), 1376 (S=0 stretching), "H NMR (ds-DMSO/TMS) 0, ppm: 9.64 (s, 1H),
7.60 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 7.21 (d, J = 1.6 Hz, 1H), 6.89 (d, J = 7.8 Hz,
1H), 7.28 (dd, J = 1.6, 7.8 Hz, 1H)

10. (E)-4-sulfonic-2’,3"-dimethoxyazastilbene (AZ10)

OCH;

H,;CO

NH,

H5CO CHO
N
MeOH/H,0 (1:3) X
+ _—  »
H;CO 100°C,2 h 0\\
S
HO” \
0=?=0 (o]
OH
AZ10

(E)-4-sulfonic-2",3"-dimethoxyazastilbene (AZ10) ww3sulaainuas sulfanilic acid
(2.8 fadlua, 0.48 n3u) Auasazany 2,3-dimethoxybenzaldehyde (2.8 fiaalug, 0.47 nsu) Tu
favhazaneidemmiuea 31 dvewanildluindndiduna 2 Flusauiaufiserauysal
faensaranefldliBuauigumgiivios nseswgnauwuvanmNiy demgnaudsiuasionuea
wazthnznauluvilviuiamedives
nanSnsiuvesuddindeseu (78% yield), avasuinad >300 °C, UV-Vis (CH;OH)
Arae (nM): 268, 417, FT-IR (KBr) V (cmfl): 3403 (O-H stretching), 3001 (Ar-H stretching),
1653 (C=N stretching), 1372 (S=0 stretching), 1018 (C-O stretching), "H NMR (ds-DMSO/TMS)
O, ppm: 10.28 (s, 1H), 7.67 (d, J = 8.4 Hz, 2H), 7.21 (d, J = 8.4 Hz, 2H), 7.25 (d, J = 7.8 Hz,
1H), 7.19 (t, J = 7.8 Hz, 1H), 7.38 (dd, J = 1.6, 7.8 Hz, 1H)
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11. (B)-4-sulfonic-3',4"-dimethoxyazastilbene (AZ11)

OCHs
OCHs
NH, CHO
N
MeOH/H,0 (1:3) X
+ —»
100°C, 2 h 0\\
HsCO S
Ve
HO” N\
0=S=0 OCH3 o)
OH
AZ11

(E)-4-sulfonic-3",4"-dimethoxyazastilbene (AZ11) ww3sulaainuas sulfanilic acid

(2.8 fadlua, 0.48 n3u) Auasazany 3,4-dimethoxybenzaldehyde (2.8 fiadlug, 0.47 nsu) Tu

favhazaneidemmiuea 31 dvewanldluindndiduna 2 Flusauieufiserauysal

faensaranefldliSuauigumgiivios nsewgnauwuvanmNiu demgnaudeiuasionuea
wazthnznauluvilviuiamedives

nanSnuaduveudsdivios (83% yield), aviasuwas >300 °C, UV-Vis (CH;OH)

Ao (nm): 254, 428, FT-IR (KBr) V (cmfl): 3406 (O-H stretching), 2987 (Ar-H stretching),

1667 (C=N stretching), 1375 (S=0 stretching), 1021 (C-O stretching), "H NMR (ds-DMSO/TMS)

0, ppm: 9.82 (s, 1H), 7.67 (d, J = 8.4 Hz, 2H), 7.24 (d, J = 8.4 Hz, 2H), 7.38 (br s, 1H), 6.97 (d,

J=T78Hz 1H), 7.26 (dd, J = 1.3, 7.8 Hz, 1H)

TAs9a319nEn

o d‘u yg."/ o = U o 1 d" Y =X QII Qlld
ansnduaneilanmualuyinisanndnludviaganesneg ielilandnifesniamunin
LAZYUIANDLAUNEL DTN ASIFS 1A IUMATANITRUNULYDITIADNTUUNANLAYY  @1UNSORNKEAN
a15l9 2 @15 A9 AZ4 Laz AZ5 AINNNSHNNANLAYMIATIASNAIEMATANTISIA UL IFLENG
o A ] 9] P Y] &
VUNANLAEIVDIANTNA 2 @5balATIasananwanansnalull

1 fo—

02w

o q

(E)-4-[4-(Dimethylamino)benzylideneammonio]benzenesulfonate

Fig. 10 1AS9a319 X-ray U93d15 AZ4
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(E)-4-[4-(Diethylamino)benzylideneammonio]benzenesulfonate

Fig. 11 Tas9a3519 X-ray ¥@9d15 AZ5

autavigeaisawuilugauzvauds

W1aNToUNUS azastilbenes NdLATIZIANG 11 15 (AZ1-AZ11) IURnwaudivigesisa
\wuRluan Uz veIndansilanwaly Absorption way emission spectra ¢14dl
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Fig. 12 Absorption LLag emission spectra U839 AZ1
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Fig. 13 Absorption Wag emission spectra U891 AZ2
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Fig. 14 Absorption e8¢ emission spectra U8 AZ3




Absorption
oo o0 0 0 0 o 9 0
| TV R S ¥y Y = M I R o s I Vs

[y

o

Fluorescence Intensity (%T)

Wavelength (nm)

====Ahsorption

Emission

Fig. 15 Absorption Wag emission spectra U891 AZ4
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Fig. 16 Absorption LLag emission spectra U833 AZ5
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PMsAnwantansaanduwasluie UV-Visible uag fluorescence wasansusenau

BUNUS azastilbene (Fig. 12 - Fig. 22) Wuinas AZ1-AZ11 TuaUNITAANGULET 2 kaU Tuae
ANHENIAGY 218-416 nm laefuaunsaandulugaue AR UAUANINNINILETY n-TT*
TuvgNtaMInanaulugeNUeMeRUNININAAIN TT-TT* A15197 1 wansAl UV-Vis

absorption wa¢ fluorescence emission spectra data maﬂaﬁﬂizﬂauayﬁué azastilbenes
wanganUR fluorescence Ao @15 AZ1 — AZ5 AZ10 waz AZ11
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s

A5199 1 UV-Vis absorption wag fluorescence emission spectra data V8edN5UT¥NOUDYNUS
azastilbenes AZ1 - AZ5 AZ10 Way AZ11

Mosis Ao Fluorescence Stokes Fluorescence
compound D,

(nm) (nm) intensity shift (nm) colors
AZ1 418 arq 10.87 56 blue 0.12
AZ2 410 469 14.08 59 bright-blue 0.18
AZ3 434 537 27.62 103 green 0.32
AZ4 443 568 49.83 125 yellow 0.61
AZ5 461 540, 630*  54.80 169 orange 0.84
AZ10 a17 575 3.16 158 yellow 0.05
AZ11 428 491 10.76 63 green 0.12

* Selected emission wavelength for Stoke shift calculation

913U Fig. 12 - Fig. 22 Uay M1597 1 wandliiiiuin @5 AZ1, AZ2, AZ3, AZ4, AZ5,
AZ10 uaz AZ11 uansauid fluorescence luanuzveuds dedluaunismauadlugi 469-630
nm uagdlAn fluorescence quantum vyield (D) Tuva9 0.05-0.84 (Jleld coumarin-7 uans
1MsgIL) G9ans AZ5 1Tuasiiuansant@ fluorescence Aidian (D; = 0.84) uenanil Syt
asUsEnevoyiius azastilbene Faiflassairmdnifusyuu D-T-A lnedi D Ao vyliBianmsou
(electron donor, Tufidiae vy sulfonic acid (-SOsH) wag A AevySudiannseau (electron
acceptor, Tuithae mgl,muﬁ R) uansauUd fluorescence  Tuantuzvesudsiunaula nanie
AuituveILas fluorescene asifintuiionyunuiiiilidianasouiiniuansalunisl
SudnaseULNTY uazaunsaLUasuas fluorescene  lalutrsmauadiinluaudeady einns
Usuasumjunuiflibianmson
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Fig. 23 Solid-state fluorescence emission spectra 83615 AZ1 - AZ5 AZ10 uag AZ11

AZ1 AZ2 AZ3 AZ4 AZ5 AZ10 AZ11

Fig. 24 Solid-state fluorescence v4@15 AZ1 - AZ5 AZ10 uaz AZ11 aeld day light (Uw)
wag UV irradiation (814)

AUUANITAIAIFNDAIUSOUVDIES

ﬁqmaﬁuamﬁuﬁ'ﬁﬂqaaLiaLsziuGT AZ1 - AZ5 AZ10 way AZ11 lU@Enwaudfniseediine
AMUSaUAIEmATA TGA Lag DTA lanass Fig. 25 - Fig. 31



200 -+ 0
= v/ )
92_ 150 - - -10 %
100 - - 20 5
@ i I
2 50 - -30 :
0 . 40 5
1]
0 500 1000 %
Temperature (°C) a
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Fig. 26 TGA (N3 MMAUE"9) ko DTA (NFINEUUL) VBIENTOUNUS azastilbenes AZ2
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Fig. 27 TGA (N5MMAUEA") kae DTA (NSIMEUUL) YBIaNTOUNUS azastilbenes AZ3
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Fig. 31 TGA (N5 MMdUaN) ko DTA (NS IMEUUL) YaeaToUNus azastilbenes AZ10

RNNan1sAne (Fig. 25 - Fig. 31)  nuimansnariduiuiauls Wesannuandlisiuii

aslunguilynimiianuasiarionuTauIuiRUMgwINNI1 300 DeA AT

ANWUENNNILAMNYBIET AZ3 Uag AZ4
lfansaunhansivansautingosisauiaulalunguiiivgununiluniueanend fe

15 AZ3 uay viunuiiiediu feans AZ4 lURnwdnwaemenenimsiemealin SEM lanads

Fig. 32 ua Fig. 33

(a) (b)

Fig. 32 SEM w83 AZ3 fifnasvens (a) x 2,500 waz (b) x 5,000
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Fig. 33 SEM 224 AZ4 fifnasvens (a) x 2,500 uaz (b) x 5,000

913U Fig. 32 waz Fig. 33 a15 AZ4 Hanwazilu block 1nn31ens AZ3 Tuvnieians

AZ3 fanwusnazideaningls AZ4
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1. Uszaumnudisalunisdunsnsiassuiaus  Ineanulsodunsien wasmlassaseansene
wiatiansanlnalnUvesanseyius benzohydrazides laiuiu 11 @15 e AZ1-AZ11

O ©) —/R Solvents ”
HO-% NH, + \ "/ ”
S H “Reflux \_<:>
AZ1:R =4-OH AZ6 :R=2-OH
AZ2 : R =4-OCH; AZ7 :R=2-OCHj
AZ3 : R = 4-OCH,CH3 AZ8 :R=2,3-OH
AZ4 : R = 4-N(CHa), AZ9 :R=34-OH

AZ5:R =4-N(CH,CH3), AZ10:R=23-OCHy
AZ11:R = 3,4-OCH,

Scheme 1 N15§3LATIZROYNUS azastilbenes AZ1-AZ11

2. Wumi‘ﬁLLamamﬁ’anaaLial,ézjuﬁuamuwamﬁq 7 @15 A AZ1-AZ5 AZ10 hay AZ11 lag

Fefinsiasungunuiiansaziinislidngesisawudfiuandnaiy  aewuinans AZ1-AZ5 AZ10
uaz AZ11 uansauifvigesisasudluaniuzyeads Tnefnsduasiinugnnady emission
peak (Ao.) Tunnenaiu Tneans AZ1-AZ5 a5 AZ10 uay a5 AZ11 I Ao, 71 474 469
537 568 500,630 575 WAz 491 unluims mudwy dauanslugy Fig 23 wagasnad 1
fedwmalimnuduamigoosawudludiiunndety Ao a5 Azt GGy AZ2 Gifh)
AZ3, AZ11(8087) AZ4, AZ10 @Ewdes) way AZ5 (@&u) tneansil A1 solid state fluorescence
quantum yield (@) eglutie 0.05-0.84 uaﬂmﬂﬁé’awuimyjLmuﬁuu’NLLmuﬁmaﬁiaauﬂ’a
vlgeeisalwuAvesans wavansoyiusTdnyunuiiluediu Ae a3 AZ4 uaz AZ5 fid §; figend
aseuusdvyunuiuoanond fie @135 AZ1-AZ3 uay @3 AZ10-AZ11 dwugu Fig. 24 uans
nsLIsuasvesEsnelauas day light wag wae UV
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AN5199 1 UV-Vis absorption ey fluorescence emission spectra data maﬂaﬂiﬂizﬂauauﬁuﬁ‘
azastilbenes AZ1 - AZ5 AZ10 uay AZ11

Mosis Nern Fluorescence Stokes Fluorescence
compound (OX

(nm) (nm) intensity shift (nm)  colors
AZ1 418 474 10.87 56 blue 0.12
AZ2 410 469 14.08 59 bright-blue 0.18
AZ3 434 537 27.62 103 green 0.32
AZ4 443 568 49.83 125 yellow 0.61
AZ5 461 540, 630*  54.80 169 orange 0.84
AZ10 a17 575 3.16 158 yellow 0.05
AZ11 428 491 10.76 63 green 0.12

* Selected emission wavelength for Stoke shift calculation
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Fig. 23 Solid-state fluorescence emission spectra 83615 AZ1 - AZ5 AZ10 uag AZ11

AZ1 AZ2 AZ3 AZ4 AZ5 AZ10 AZ11

Fig. 24 Solid-state fluorescence v9%d15 AZ1 - AZ5 AZ10 uaz AZ11 aeld day light (Uw)
waz UV irradiation (819)
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(E)-4-[4-(Dimethylamino)benzylideneammonio]- (E)-4-[4-(Diethylamino)benzylideneammonio]-
benzenesulfonate (AZ4) benzenesulfonate (AZ5)

4. UuanUARLNTUNTANTIBINITIZAVLIUITIA (IS) 990U 1 1599 tag Proceeding

o dl U 49-’
UIU 1 1393 AU

- PUMSAK RUANWAS, NAWONG BOONNAK and SUCHADA CHANTRAPROMMA

“Five different colours solid-state fluorescence of azastilbenes: a new push-pull

TT-conjugated system”

Bulletin of Materials Science, (2015), 38, 791-795. (Impact Factor 1.017)

(Proceeding)

L4 a o Q‘
49191 JuNswInaEn QRANA (aUE uae aed Yyuuia

“Novel push-pull Tt-conjugated molecules for Solid State Fluorescence: Synthesis,

Fluorescence Color Tuning and Thermal Stability”

~ oa & A th
Lau@NaqquﬁLUWU53ﬁﬂﬂ§ﬁqa@§3%qﬂq3ﬂiqm 8 ay 10

Intermational conference of DEPISA,
Nakhon Si Thammarat Rajabhat University, 27-29 July 2016.
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Five different colours solid-state fluorescence of azastilbenes:
a new push—pull 7t-conjugated system
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Abstract. Five push—pull azastilbene derivatives [R = —OH (1), —OCH3 (2), —OCH,CH3 (3), —N(CH3z), (4)
and —N(CH,CHz3); (5)] have been synthesized and successfully characterized by I'H NMR, ultraviolet-visible
(UV-Vis) and Fourier-transform infrared (FT-IR) spectroscopy. Compounds 1-5 possess solid-state fluorescence in
five different colours ranging from blue to orange (Aex at 400 nm) in which blue (A at 474 nm) for 1, bright-blue
(Aem at 469 nm) for 2, green (Aey at 537 nm) for 3, yellow (Aem at 568 nm) for 4 and orange (Aem at 540, 630 nm) for
5. Compounds 4 and 5 exhibited strong fluorescence with quantum yield values 0.61 and 0.84, respectively, higher
than those of 1-3. Moreover, liquid-state fluorescence performed in non-polar solvent in order to investigate the
effect of dipolar intermolecular interactions on their fluorescence properties, the results revealed that the emission
spectra of 1—5 in liquid state are similar to those of solid state, indicating that no significant dipolar interactions
were observed. Therefore, the substituent with electron-donating group as N- or O-donor and electron-withdrawing

group as —-SO3H, on the azastilbene skeleton play a major role on their solid-state fluorescence.

Keywords.
fluorescence.

1. Introduction

Organic solid-state fluorescence materials have been
attracted a great deal of interest in various electronic and
photonic applications such as semiconductor lasers,' fluores-
cence sensors,” fluorescent technology,® nonlinear optics,*
organic light-emitting diodes (OLEDs)> and optoelectronic
devices.®” One of the advantages of the organic solid-state
fluorescence materials is the ability to tune and control of flu-
orescence colours. Many extensive studies have shown that
organic materials exhibit a variety of fluorescent colours in
the solid state (scheme 1) such as triphenylamine styryl dye
(TMS1);? 9, 10-bis[(9,9-dialkylfluorene-2-yl)vinyl]Janthracene
derivatives (FLA-Cn)’ and diphenylamino-carbazole pyri-
dinium dyes (OD).' From these studies, it indicated that
m-conjugated system influences the photonic properties of
the compounds.

Stilbenes and azastilbenes are types of compounds which
comprise the 7t-conjugated system in their molecules. Sev-
eral of them exhibit interesting electronic and photonic pro-
perties.!!'~1* In addition, the previous report by Shirai and
co-workers!> found that the substituents affect the photonic
properties of the compounds. From the above mentioned, it
led us to develop a new push—pull azastilbene fluorophore

* Author for correspondence (suchada.c @psu.ac.th)

Dipole interaction; multi-colour fluorescence; push—pull azastilbene; quantum yield; solid-state

(D—mt—A system) exhibiting multi-colour fluorescence by
introducing electron-donating group (EDG) on ring A and
electron-withdrawing group (EWG) on ring B of azastilbene
skeleton (see scheme 1). Herein, we report the synthesis of
five push—pull azastilbenes with two kinds of EDGs in which
N-alkyl and O-alkyl groups and sulphonic acid as EWG.
Their solid-state fluorescence properties were evaluated.

2. Experimental

2.1 General experimental procedures

All the chemical reagents and solvents were of analytical
grade, purchased commercially and used without further
purification. Melting points were determined on a Fisher—
John melting point apparatus. Ultraviolet—visible (UV-Vis)
absorption spectra were measured on a Shimadzu UV-2450.
Fourier-transform infrared spectra (FT-IR) were recorded on
a Perkin-Elmer FTS 165 Fourier-transform infrared spec-
trometer. The 'H NMR spectra were recorded on 300 MHz
Bruker NMR Ultra Shield spectrometer in DMSO-ds with
TMS as the internal standard. Chemical shifts reported in
ppm are expressed in Hertz. Both solid- and liquid-states
fluorescence excitation and emission spectra were recorded
on a Perkin-Elmer LS 55 Luminescence Spectrometer.
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D—TU—A system

Push—pull azastilbenes

EDG = N- or O-alkyl group
EWG = —SOzH

Green-emitting

Hap,1CN
FLA-Cn
n=3,5,12
Scheme 1.
compounds.

2.2 Method of solid- and liquid-states fluorescence
measurement

The powder samples of each azastilbene compounds
(0.72 mmol) were heaped in the tray, covered with a quartz
plate and then the solid-state fluorescence excitation and
emission spectra were recorded on a Perkin-Elmer LS 55
Luminescence Spectrometer with slit width of 10 nm at the
ambient temperature. Liquid-state fluorescence excitation
and emission spectra of the clear solution of each azastilbene
compound (1.0 mmol) in tetrahydrofuran (THF) were per-
formed on Perkin-Elmer LS 55 Luminescence Spectrometer
with slit width of 10 nm at the ambient temperature. For emission
spectra study, the excitation wavelength of both solid and
liquid states was set at 400 nm, as selected from their max-
imum UV-Vis absorption bands. The difference of relative
intensities in reflection between the sample and MgO powder
was calibrated using diffusion reflection in a non-absorbed
wavelength, in the present case it is 650 nm. Finally, fluo-
rescence quantum yield (®¢) was determined by Wrighton’s
method and calculated according to the below equation'®

;= ji/(Vjo — J) ey
where j¢ is the fluorescence intensity of the sample, y the
calibration factor (ranging over 0.85-0.97), j, the back-
scattered intensity of excitation light from a blank (in the

present case it is MgO) and j the back-scattered intensity of
a loaded sample.

2.3 Synthesis of azastilbene derivatives (1-5)

A mixture of sulphanilic acid (2.8 mmol) and each benzalde-
hyde derivative (2.8 mmol), in which 4-hydroxybenzaldehyde

Pumsak Ruanwas et al

Red-emitting
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Yellow-emitting

The designed structure of push—pull azastilbenes and other 7-conjugated

for 1,4-methoxybenzaldehyde for 2,4-ethoxybenzaldehyde for
3, 4-dimethylaminobenzaldehyde for 4 and 4-diethylamino-
benzaldehyde for 5, was dissolved in 3:1 water—methanol
and stirred at 100°C, and the reaction mixture was monitored
by TLC. After 2 h, the reaction was completed to give the
azastilbene products as a precipitate, which was then filtrated
and washed with distilled water. The obtained precipitate was
further purified by recrystallization in ethanol to afford the
desired azastilbene products 1-5.
(E)-4-sulphonic-4'-hydroxyazastilbene (1): Yellow solid
(92% yield); mp >300°C; UV-Vis (solid state) Am.x: 249,
418 nm; IR (KBr) upax: 3430 (O-H stretching), 3008 (C-H
stretching), 1666 (C=N stretching), 1379 (S=O stretching)
cm™!. 'H NMR (300 MHz, DMSO-dg): 8 9.79 (s, 1H,
N=CH), 7.76 (d, J = 8.4 Hz, 2H, Ar-H), 7.65 (d, J =
8.4 Hz, 2H, Ar-H), 7.19 (d, J = 8.4 Hz, 2H, Ar—H) and
6.93 (d, J = 8.4 Hz, 2H, Ar-H).
(E)-4-sulphonic-4'-methoxyazastilbene (2): Yellow solid
(86% yield); mp > 300°C; UV-Vis (solid state) Amax: 285,
410 nm; IR (KBr) vms: 3397 (O-H stretching), 2965
(C-H stretching), 1671 (C=N stretching), 1348 (S=0

stretching), 1004 (C—O stretching) cm~'. 'H NMR
(300 MHz, DMSO-dg): & 9.87 (s, 1H, N=CH),
788 (d, J = 87 Hz, 2H, Ar-H), 7.67 d, J =

8.7 Hz, 2H, Ar-H), 7.27 (d, J = 8.7 Hz, 2H, Ar-H), 7.13 (d,
J = 8.7 Hz, 2H, Ar-H) and 3.87 (s, 3H, —OCHj3).
(E)-4-sulphonic-4'-ethoxyazastilbene (3): Yellow solid
(93% yield); mp > 300°C; UV-Vis (solid state) Amax: 275,
434 nm; IR (KBr) Umax: 3403 (O-H stretching), 2987 (C-H
stretching), 1654 (C=N stretching), 1368 (S=O stretching),
1140 (C—O stretching) cm~'. "H NMR (300 MHz, DMSO-
de): § 9.86 (s, 1H, N=CH), 7.86 (d, J/ = 8.7 Hz, 2H, Ar-H),
7.68 (d, J = 8.7 Hz, 2H, Ar-H), 7.23 (d, J = 8.7 Hz, 2H,
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Ar-H), 7.11 (d, J = 8.7 Hz, 2H, Ar-H), 4.15 (q, / = 6.9 Hz,
2H, -OCH,-) and 1.36 (t, / = 6.9 Hz, 3H, -CH3).
(E)-4-sulphonic-4'-dimethylaminoazastilbene (4): Orange
solid (95% yield); mp > 300°C; UV—Vis (solid state) Apax:
280, 443 nm; IR (KBr) wvmax: 3435 (O-H stretching),
2912 (C-H stretching), 1655 (C=N stretching), 1371 (S=0
stretching) cm™'. "H NMR (300 MHz, DMSO-dg): § 9.67
(s, IH, N=CH), 7.69 (d, J = 8.7 Hz, 2H, Ar—H), 7.57
(d, J =8.7Hz, 2H, Ar—H), 7.04 (d, J = 8.7 Hz, 2H, Ar—H),
6.79 (d, J = 8.7 Hz, 2H, Ar-H) and 3.05 (s, 6H, -N(CH3),).
(E)-4-sulphonic-4'-diethylaminoazastilbene (5): Orange
solid (80% yield); mp 267-268°C (decomposed); UV-Vis
(solid state) Apax: 286, 461 nm; IR (KBr) vyay: 3414 (O-H
stretching), 2977 (C—H stretching), 1654 (C=N stretching),
1346 (S=O stretching) cm~'. '"H NMR (300 MHz, DMSO-
dg): 8 9.63 (s, 1H, N=CH), 7.66 (d, J = 8.4 Hz, 2H, Ar—H),
7.57 (d, J = 8.4 Hz, 2H, Ar-H), 7.05 (d, J = 8.4 Hz, 2H,
Ar-H), 6.76 (d, J/ = 8.4 Hz, 2H, Ar-H), 3.44 (q, / = 6.9 Hz,
4H, -N(CH,—),) and 1.13 (t, J = 6.9 Hz, 6H, —(CH3),).

3. Results and discussion

We reported the successful synthesis of push—pull azastil-
bene derivatives 1-5, which were formed by condensation of
benzaldehyde derivatives and sulphanilic acid as illustrated
in scheme 2.

FT-1R spectra of 1-5 exhibited a key vibration signal of the
C=N stretching at 1654-1671 cm™! (see section 2). The 'H
NMR (300 MHz, DMSO-dg) spectra of 1-5 also exhibited
a singlet signal of an olefinic proton at § 9.63-9.87 ppm
(see section 2) responsible for a signal of an imine part on
the azastilbene skeleton, which indicated that the formation
of desired azastilbene skeleton was successfully formed via
condensation reaction.

The solid-state UV-Vis absorption spectra of 1-5 exhib-
ited two key electronic transitions of 7—7t* and n—7t* at
249-286 and 410-461 nm, respectively (see section 2 and
figure la). The solid-state UV-Vis spectra of 4 and 5 also
showed strong red-shifted absorption bands than 1-3. It
could be suggested that N-substituent group as N(CH3), and
N(CH,CHj3;), for 4 and S posses electron donating ability
than O-substituent group as OH, OCH3; and OCH,CHj3; for
1-3, respectively, which caused the red-shift of the absorption

: CHO OSOSH
R

Push—pull azastilbenes

Sulphanilic acid
(2.8 equiv)

MeOH/H,0 (1:3)
100°C, 2h

80-95% yield

Scheme 2. Synthesis of the push—pull azastilbenes 1-5.
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spectra. From the maximum absorbance of solid-state UV—
Vis spectral data, the excitation wavelength was then set
at 400 nm in order to study the solid-state fluorescence
emission spectra.

From the solid-state fluorescence emission spectra of 1-5
in figure 1b and table 1, it showed that the push—pull aza-
stilbenes 1-5 exhibited five different emission wavelengths
(Aem) in which 474 nm for 1, 469 nm for 2, 537 nm for
3, 568 nm for 4 and 540 and 630 nm for 5. In figure Ic,
the appearance of fluorescence colours of 1-5 were per-
formed under UV irradiation (A at 365 nm), the results
showed that push—pull azastilbenes 1-5 emitted five different

1.4 (a)
@
2 —
s 1
§ —2
e 3
<
4
—5
200 300 400 500 600 700 800
Wavelength {(nm)
- (b)
X
Py
2
8 1
=] —_—2
3
- 3
§ 4
s —5
3
w
400 500 600 700 800

Figure 1.
Vis absorption spectra. (b) Solid-state fluorescence emission spec-
tra (Lex at 400 nm). (¢) The appearance fluorescence colour images
under UV irradiation.

Photophysical properties of 1-5. (a) Solid-state UV—
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Table 1. Solid-state photophysical data for 1-5.

No. R XLabs (nm) dem (NM) Fluorescence intensity Stokes shift (nm) Fluorescence colours [oF
1 —OH 418 474 10.87 56 Blue 0.12
2 —OCH3; 410 469 14.08 59 Bright-blue 0.18
3 —OCH,CHj3 434 537 27.62 103 Green 0.32
4 —N(CH3), 443 568 49.83 125 Yellow 0.61
5 —N(CH;CH3)» 461 540, 630* 54.80 169 Orange 0.84

* Selected emission wavelength for Stoke shift calculation.

2
Z
‘2 1.8 -
3
_E 1.6
g 14
g 1.2 - —1
] A
S s 2
= 08
oy —3
@ 0.6 -
5 o0s “
.
5 02 N 5
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Figure 2. Liquid-state fluorescence emission spectra of 1-5 in
THF (A¢x at 400 nm).

fluorescence colours ranging from blue to orange in which
blue for 1, bright-blue for 2, green for 3, yellow for 4 and
orange for 5, which corresponded to each of their emission
wavelengths. The various fluorescence colours of 1-5 could
be finely tuned by varying the donor substituent groups.

©® C @ cyl = centroid of C1-C6 ring

@N () Cg2 = centroid of C8-C13 ring
®0
H

To determine the fluorescence efficiency, therefore fluo-
rescence quantum yields of 1-5 were carried out as shown
in table 1. It was found that N-substituted azastilbenes 4
and 5 showed higher ®¢ values with 0.61 and 0.84, respec-
tively, in comparison to those of O-substituted azastilbenes
1-3, indicating that N-substituted groups could enhance the
fluorescent intensity.

The presence of the sulphonic and imine parts on this
class of molecules was expected that the dipolar intermolecu-
lar interactions could be formed self-organized architectures,
which may cause their exhibited solid-state fluorescences. To
investigate this interaction, the liquid-state fluorescence in
non-polar solvent as THF was further performed. In figure 2,
the liquid-state fluorescence spectra of 1-5 showed similar
emission spectra to those observed in solid-state fluores-
cence, indicating that no significant dipolar interactions
affect the solid-state fluorescence properties of 1-5.!7

In addition, the crystal packing of 5'8 as shown in figure 3
is clearly seen that no 7—7t interaction was observed in
the solid state indicating by the centriod—centriod distances
(Cg—Cg) between the amino- and sulphonic-substituted

Figure 3. Cg—Cg distances in the solid state of 5. Only H atom involved in hydrogen bonding

was shown for clarity.
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phenyl rings (Cg—-Cg distances = 3.854(6), 4.300(6),
4.782(6) and 6.239(6) A) are out of ranges of the 7—m
interaction (3.3-3.8 A)."?

From the above mention, it showed that substituents with
electron-donating group as N- or O-donor and electron-
withdrawing group as —SOsH, on the azastilbene skeleton
responsible for their solid-state fluorescence properties.

4. Conclusion

We have successfully synthesized and developed the five
push—pull azastilbenes 1-5, which emit various fluorescence
colours with promising quantum yields. Compounds 1-5
were synthesized in the quantitative yields (80-95% yield)
by condensation of sulphanilic acid and benzaldehyde
derivatives. Interestingly that the solid-state fluorescence of
1-5 showed five different colours in range of blue to orange
in which blue for 1, bright-blue for 2, green for 3, yellow for
4 and orange for 5. The results suggested that N-substituted
group on the azastilbene skeleton has a strong influence on
their solid-state fluorescence. Therefore, electron-donating
and electron-withdrawing groups on the azastilbene skeleton
play a major role on their solid-state fluorescence proper-
ties. These synthesized push—pull azastilbenes could be good
candidates for various photonic applications.
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Novel Push-Pull Tt-conjugated Molecules for Solid State Fluorescence:

Synthesis, Fluorescence Color Tuning and Thermal Stability
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Abstract

Eleven push-pull (E)-4-sulfonic-substituted-azastiloene derivatives [R = 4-OH (1), 4-OCH,
(2), 4-OC,H; (3), 4-N(CH,), (4), 4-N(C,Hs), (5), 2-OH (6), 2-OCH, (7), 2,3-OH (8), 3,4-OH (9), 2,3-OCH,
(10) and 3,4-OCH; (11)] have been synthesized and characterized by 'H NMR, UV-Vis and FT-IR
spectroscopy. Compounds 1-5 and 10-11 possess solid state fluorescence in five different
fluorescence colors ranging from blue to orange when were excited at 400 nm in which 1 (blue),
2 (bright-blue), 3 and 11 (green), 4 and 10 (yellow) and 5 (orange). Solid state fluorescence
quantum vyield (d)f) of the compounds are in the range of 0.05-0.84. The electron donating
substituent on an aromatic moiety affects their fluorescent properties. The derivatives containing
amine substituents exhibit stronger fluorescence compared with the derivatives with alkoxy
substituents.

Keyword: azastilbene, fluorescence, push-pull, solid state, synthesis
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- dupsnziansoyiiud azastilbenes 1-11 M1y Scheme 1 uazyinsmlassassansmematia
eanlaalnd lawn 'H NMR, UV-Vis wag FT-IR

- AnwauUAnisaaaigesisamusiveasluanuzelweaseyius azastibenes
1-11 4agun quantum yield (d)f) KNG

- Anwanmmsasdronuiourasansoyus azastilbenes NilaudRigasnuraulame
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O @) =R Solvents O
HO-S NH, + N HO-S N —_R
6 H Reflux ('5 \ el

\ 7/
1:R=4-OH 6 :R=2-OH
2:R=4-OCH,4 7 :R=2-OCHjz
3:R= 4-OCH2CH3 8 :R= 213'OH
4 : R = 4-N(CHj3), 9 :R=3,4-OH
5: R = 4-N(CH,CH,3), 10 : R=2,3-OCHj3

11 : R = 3,4-OCHj

v ¢

Scheme 1 MSFUATILMOUNUS azastilbenes 1-11
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4. NaN15INY
Uszavanudusalunisdumsizianseuius azastilbenes (1-11) uazannsnlase@sse iy
wedamsaUnlnaln® TduA 'H NMR, UV-Vis wag FT-IR Ténadisil

(E)-8-sulfonic-4’-hydroxyazastilbene (1)

nandaaiduvewdsd@vios ganasumad >300 °C, UV-Vis (CH;OH) A,,., (nm): 249, 418, FT-IR
(KBr) v (cmfl): 3430 (O-H stretching), 3008 (Ar-H stretching), 1666 (C=N stretching), 1379 (S=0O
stretching), 'H NMR (dg-DMSO/TMS) & (ppm): 9.79 (s, 1H), 7.76 (d, J = 8.4 Hz, 2H), 7.65 (d, J = 8.4
Hz, 2H), 7.19 (d, J = 8.4 Hz, 2H), 6.93 (d, J = 8.4 Hz, 2H)

(E)-4-sulfonic-4’-methoxyazastilbene (2)

nandariduvewddmvios gavasunad >300 °C, UV-Vis (CH;OH) A, (nm): 285, 410, FT-IR
(KB v (cm’): 3397 (O-H stretching), 2965 (Ar-H stretching), 1671 (C=N stretching), 1348 (5=0
stretching), 1004 (C-O stretching), 'H NMR (dg-DMSO/TMS) & (ppm): 9.87 (s, 1H), 7.88 (d, J = 8.7 Hz,
2H), 7.67 (d, J = 8.7 Hz, 2H), 7.27 (d, J = 8.7 Hz, 2H), 7.13 (d, J = 8.7 Hz, 2H), 3.87 (s, 3H)

(E)-4-sulfonic-4’-ethoxyazastilbene (3)

nandauaiuvewivd@mvdos ganasumnad >300 °C, UV-Vis (CH;OH) A,,., (nm): 275, 434, FT-IR
(KBr) v (cm’): 3403 (O-H stretching), 2987 (Ar-H stretching), 1654 (C=N stretching), 1368 (5=O
stretching), 1140 (C-O stretching), "H NMR (ds-DMSO/TMS) & (ppm): 9.86 (s, 1H), 7.86 (d, J = 8.7 Hz,
2H), 7.68 (d, J = 8.7 Hz, 2H), 7.23 (d, J = 8.7 Hz), 7.11 (d, J = 8.7 Hz, 2H), 4.15 (g, J = 6.9 Hz, 2H),
1.36 (t, J = 6.9 Hz, 3H)

(E)-4-sulfonic-4’-dimethylaminoazastilbene (4)

nandaiduvewdeddn vaeuial >300 °C, UV-Vis (CH;OH) A, (nm): 280, 443,
FT-IR (KBr) v (cm ): 3435 (O-H stretching), 2912 (Ar—H stretching), 1655 (C=N stretching), 1371
(5=0 stretching), 'H NMR (d;-DMSO/TMS) & (ppm): 9.67 (s, 1H), 7.69 (d, J = 8.7 Hz, 2H), 757 (d, J =
8.7 Hz, 2H), 7.04 (d, J = 8.7 Hz, 2H), 6.79 (d, J = 8.7 Hz, 2H), 3.05 (s, 6H)



(E)-4-sulfonic-4’-diethylaminoazastilbene (5)

nanSauaiuvewisddn gavasuma 267-268 °C, UV-Vis (CH;OH) A, (nm): 286, 461, FT-IR
(KBr) v (cm’): 3414 (O-H stretching), 2977 (Ar-H stretching), 1654 (C=N stretching), 1346 (S=O
stretching), "H NMR (d,-DMSO/TMS) & (ppr): 9.63 (s, 1H), 7.66 (d, J = 8.4 Hz, 2H), 7.57 (d, J = 8.4
Hz, 2H), 7.05 (d, J = 8.4 Hz, 2H) and 6.76 (d, J = 8.4 Hz, 2H), 3.44 (g, J = 6.9 Hz, 4H), 1.13 (t, / = 6.9
Hz, 6H)

(E)-4-sulfonic-2’-hydroxyazastilbene (6)

nanSriurewddmvios gavasumnad >300 °C, UV-Vis (CH;OH) A, (nm): 247, 427, FT-IR
(KBr) v (cmfl): 3325 (O-H stretching), 2968 (Ar-H stretching), 1672 (C=N stretching), 1378 (5=0
stretching), 'H NMR (d,-DMSO/TMS) & (ppm): 10.23 (s, 1H), 7.66 (d, J = 8.4 Hz, 2H), 7.19 (d, J = 8.4
Hz, 2H), 6.91 (d, J = 7.8 Hz, 1H), 7.24 (t, J = 7.8 Hz, 1H), 6.84 (t, J = 7.8 Hz, 1H), 7.60 (d, J = 7.8 Hz,
1H)

(E)-8-sulfonic-2’-methoxyazastilbene (7)

nandaaiduvewdsdilen avaeumad >300 °C, UV-Vis (CHsOH) A, (nm): 276, 413, FT-IR
(KBr) v (cmfl): 3428 (O-H stretching), 3014 (Ar-H stretching), 1668 (C=N stretching), 1368 (S=0
stretching), 1012 (C-O stretching), "H NMR (dg-DMSO/TMS) & (ppm): 10.33 (s, 1H), 7.66 (d, J = 8.4
Hz, 2H), 7.23 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 7.8 Hz, 1H), 7.21 (t, J = 7.8 Hz, 1H), 7.08 (t, J = 7.8 Hz,
1H), 7.62 (d, J = 7.8 Hz, 1H)

(E)-4-sulfonic-2’,3’-dihydroxyazastilbene (8)

nandauaiuvewdsd@vios ganasumad >300 °C, UV-Vis (CH;OH) A, (nm): 252, 446, FT-IR
(KBr) v (cm’): 3445 (O-H stretching), 3016 (Ar-H stretching), 1652 (C=N stretching), 1368 (S=0O
stretching), 'H NMR (d,-DMSO/TMS) & (ppm): 10.18 (s, 1H), 7.63 (d, J = 8.4 Hz, 2H), 7.20 (d, J = 8.4
Hz, 2H), 6.82 (d, J = 7.8 Hz, 1H), 6.64 (t, J = 7.8 Hz, 1H), 7.05 (d, J = 7.8 Hz, 1H)

(E)-8-sulfonic-3’,4’-dihydroxyazastilbene (9)

nanSnridurewiddvios gavasumnad >300 °C, UV-Vis (CH;0H) A, (nm): 278, 429, FT-IR
(KB v (cm’): 3394 (O-H stretching), 2969 (Ar-H stretching), 1652 (C=N stretching), 1376 (5=0
stretching), 'H NMR (d;-DMSO/TMS) & (ppm): 9.64 (s, 1H), 7.60 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 8.4
Hz, 2H), 7.21 (d, J = 1.6 Hz, 1H), 6.89 (d, J = 7.8 Hz, 1H), 7.28 (dd, J = 1.6, 7.8 Hz, 1H)

(E)-4-sulfonic-2’,3’-dimethoxyazastilbene (10)

NARS U sEvande U AVABILUAT >300 °C, UV-Vis (CH;0H) A, (nm): 268, 417,
FT-IR (KBr) v (cm ): 3403 (O-H stretching), 3001 (Ar—H stretching), 1653 (C=N stretching), 1372
(S=0 stretching), 1018 (C-O stretching), 'H NMR (dg-DMSO/TMS) & (ppm): 10.28 (s, 1H), 7.67 (d, J =
8.4 Hz, 2H), 7.21 (d, J = 8.4 Hz, 2H), 7.25 (d, J = 7.8 Hz, 1H), 7.19 (t, J = 7.8 Hz, 1H), 7.38 (dd, J =
1.6, 7.8 Hz, 1H)



(E)-4-sulfonic-3’,4’-dimethoxyazastilbene (11)

nandaaiduvewddmvios gavasuad >300 °C, UV-Vis (CH;O0H) A, (nm): 254, 428, FT-IR
(KBr) v (cm): 3406 (O-H stretching), 2987 (Ar-H stretching), 1667 (C=N stretching), 1375 (5=0
stretching), 1021 (C-O stretching), "H NMR (dg-DMSO/TMS) & (ppm): 9.82 (s, 1H), 7.67 (d, J = 8.4 Hz,
2H), 7.24 (d, J = 8.4 Hz, 2H), 7.38 (br s, 1H), 6.97 (d, J = 7.8 Hz, 1H), 7.26 (dd, J = 1.3, 7.8 Hz, 1H)
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A1 1 UV-Vis absorption Wa¥ fluorescence emission spectra ‘uaﬂmiaiéﬁuﬁ‘ azastilbenes 1-5,
10 oy 11

A A Fluorescence  Stokes Fluorescence
a3 o,
(rm) (hrm) intensity shift (hnm)  colors
1 418 474 10.87 56 blue 0.12
2 410 469 14.08 59 bright-blue 0.18
3 434 537 27.62 103 green 0.32
4 443 568 49.83 125 yellow 0.61
5 461 540, 630* 54.80 169 orange 0.84
10 417 575 3.16 158 yellow 0.05
11 428 491 10.76 63 green 0.12

* Selected emission wavelength for Stoke shift calculation
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5. d@sUnauazanusiena

Uszaupnudnsalunisdunsieiansouiug azastibenes 11 @13 lawans 7 alla Ao a1 1-5
uay 10-11 uansansvgesisawudluaniuzveauds Tnsdeivraula fo efinsdsuvyunuilaed
wyflsididnasou (D) Munnsrsiuansanansaldngesisawudluandiunnsieiuleif 5 1wed fe a5 1
Tuaadiin ans 2 Wikasdfin a1s 3 uay 11 Wuasdiden a5 4 wag 11 Wukadvdos waz a1s 5 Tiuas
ddu Tnpansiduyunuiiediu (a3 4-5) Wawamigesisawudiilmnudugaininansitfingunuiidanond
(@15 1-3 uar 10-11) UALANHANTANYINITAFIBAINTEUNUINET 4 uaz 5 TanmnisasisienIy
Souauisgamgiigaunnit 300 ssauwaidea warazuldiilasasne push-pull azastibbenes Hidu
Tassadanfmnzdmiulfifulassaimdnlunisesnuuuansifiauifidsuastneyssgndiingunui
upnA1aY
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amsgeaisawuiluaniugvesudsdannsoiluvssgndldaonldvanuans Wy Hugunsal
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