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Abstract

Spirobifluorene derivative end-capped methoxybenzene (KW1) and pyrene derivatives
end-capped with carbazole donor (PyCarl1-3) and phenyl naphthylamine donor (PyNap) were
designed and synthesized using iodination, bromination, Ullmann coupling and Suzuki
coupling reaction. The optical properties of all synthesized materials were studied and found
that KW1 shows two distinguished absorption bands at 230 nm which are attributed to the

TC-TC* transition of benzene ring whereas the band at 358 nm indicates TT-TT* transition of

entire molecules. PyCarl, PyCar2, PyCar3 and PyNap show maximum absorption at 347, 342,

358 and 355 nm, respectively which are attributed to localized TT-TT* transitions of the entire
molecules without the Intramolecular Charge Transfer (ICT) bands of accepter pyrene.
Moreover they also show maximum emission at 457, 487, 472 and 468 nm, respectively. The
thermal properties of KW1 were studied by DSC and TGA techniques and found that KW1
shows 5% weight loss at 248 °C, whereas T, and T. were not found indicating that KW1 was
amorphous solid. All physical properties of the synthesized materials indicate that they can

be used as hole transporting materials in solid state dye-sensitized solar cells.

Keywords: solid-state dye sensitized solar cells, spirobifluorene, carbazole, pyrene
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wazdauifdslafuauailannininnmsuasUszrsumly wadiaseniinduindaneu (silicon
solar cells) WszAvEnmmsdasundanuiasorindilundsulnihiifosas 25 luvesufdnnis
Faduuszavdamiigaiasluussawaduaseiingfivunldluludendsd uwi a Yagtunsld
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waduasonfindaladionliuas (Dye-Sensitized Solar Cells, DSSCs) \uisaduasaringia
nszvaunsHaniilidudeunazlfinaluladiligunn esdusznovvesvaduaenfindviaddouliuas
Usgnoude 1) working electrode fiviunaineyniauluves titanium dioxide (TIO,) TARBUUY
WHUFIAY indium tin oxide (ITO) 3@ fluorine doped tin oxide (FTO) Fwhutiiisudidnaseuann
Huddouluas 2) Feulnasiigniadovuueymeuilures TIO, Yiuthganduuas 3) szuudidning
a6 (electrolyte system) @efisaldszuu iodide/triiodide redox couple ¥mihfidanudidnmseu
910 counter electrode TUfadéoaluas 4) counter electrode fvhmihiisudidnnsoudsaugsyuus
Bnlnslad Jafndedldidulane platinum wiownshid Jgmussvaduaseriinduilnddonluasie
defimsldemumaduatefinglulfszoznamils sruvdidninslasdaduvesvaasiinnisidueen
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waduasofingadnddoulnauuureds (solid state Dye-Sensitized Solar Cells) fiaunans
duulszauan (hole transporting materials) @sflanmugiiuveaudunvaunuszuudidninslad
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1. mMsduaseiasdaiiuyszauIn KWl
Usznauludne 3 Jumeudessielui
1.1 mMsduAsERansiisdud d-iodomethoxybebzene

KI, KIOg
H3CO —_— -— Hsco—©—|

Acetic acid

®) ©)

N13d1ATIE9  d-iodomethoxybebzene (asvuneay 9) anunsaduasizilameufiizen
lodination 5¥1374 anisole %38 methoxybenzene (a13%1184a% 8) iU potassium iodide (KI) lagil
potassium iodate (KIO5) Lﬁué’alﬁ'wﬁﬁ%m AIENISNELENTINLaY 8 (5.1 g, 46.2 mmol, 1.0 eq) KI
(3.9176 g, 23.6 mmol, 0.5 eq) uay KIO; (4.9434 g, 23.1 mol 0.5 eq.) ldlurinnunauvuin 250 ml
s Acetic acid 100 ml tilU Stirrer uag reflux figamadl 80 °C 1unan 3 $alus adnanswansousi
#1® Dichloromethane AUt (1:2) Havun 3 A%q ﬁw%’mﬁwﬁmﬁaagﬂiﬁﬂﬁaaé’w anhydrous Na,SO,
warnsewudd Whasudndadiluanndn udnirdnlunsesihuedeanses Wliuienneldaies
doyeyIne

1.2 MSAWATIEN 2-(4-methoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (@19

ngay 13 Meuisen borylation

Pdy(PPh3),Cly

(0] (0] (0]
A / /
H3CO—©—I + BB — - H3CO—©—B\
0 e} KOAc, Toluene 0
(9)

(14) (13)

Heansvineias 9 (0.300 g, 1.3 mmol, 1.0 eq) @suu1ewa 14 (1.6275 g, 6.4 mmol, 5.0 eq)
Pd,(PPh,),Cl, (0.0049 g, 0.064 mmol, 0.05 eq) uag KOAC (0.6289 g, 6.4 mol, 5.0 eq) Taluviniu
nanwuIm 100 ml LAy Toluene 50 ml wazAdnLNADDONTLAULALDINIAGILNS purge N, 11l
unudl 9nduniuveskanigumni 80 °C Wunan 12 Halws meldanmeufdlulpaou afas
wanfausidne Dichloromethane ffuth (1:1) famun 3 ey hinthilwdeagilintiosde anhydrous
Na,SO, Waznsosrudnd thiuassunsslussveseinias Rotary evaporator LLsmmﬂﬁU%qm‘ééha
mefin Column chromatography 1agld 5% EtOAC : Hexane Wugve thansudndomiailaluviili
WiaseL3es Rotary evaporator wag Vacuum line waziluvinuisesiely



1.3 MsdaAsienansaesinulszauIn KWl

0
H3CO—®—B

(13) Pd(PPh3),
+ —_— -

2 M Na,CO5, THF
. m e e eava s
KW1 (17)
A

(16)

N15EAATIZI KW1 91nanSAafuvanenay 13 uagnaneian 16 §eufAsen Suzuki cross
coupling uandsansnuneiay 13 (0.1949 g, 0.084 mmol 4.2 eq) 16 (0.1304 g, 0.021 mmol 1.0
eq) uay PA(PPh), (0.1193 g 0.002 mmol 0.1 eq) laluminiunauvuin 100 ml Wiy THF wazidn
90N319URAZEINIARILNIS puree N, 11 lUwNuT ﬁ]’mﬁ’jumuﬁqmmﬁ 80 °C \fuian 18 Falus
meldannutalulasiau afnansuandneiae Dichloromethane futn (1:1) viaviun 3 ASs Adn
51ﬁLM§@@&JL§ﬂﬁ@EJﬁ’J&J anhydrous Na,SO, WagnTOINIUE] TiuansdunIdlussmedoing og
Rotary evaporator LLEJﬂﬁ’]ﬂﬁU%?j‘wﬁtﬁ’wmﬂﬁﬂ Column chromatography Tagle 20% EtOAc :
Hexane Judwe ﬁ’ﬂmimﬁmﬁm%ﬁlﬁlﬂﬁwmaﬁqﬂﬁwﬂé’ﬂwaiéhswmﬁﬂ FTIR, NMR, Mass, UV-
Visible, DSC wag TGA

2. A9A9LATIZR PyCarl

t-Bu

_ B Br t-Bu t-Bu B(OH),
tBu t u Cul, KsPO, Qg\e O t-Bu
N

+ m’ N
H Bro RN, N © Pd(Phy),, THF _
1 2 O T 2 M Na,COs QOQ
3;81% Q
PyCarl, 72%
NSFUATIER PyCarl Suannnsians 3,6-di-tert-butyl-9H-carbazole (1) (0.50 ¢, 3.0
mmol) 1,4-dibromobenzene (2) (3.55 g, 15.0 mmol), Cul (0.47 g, 1.5 mmol), (£)-1,2-trans-
diaminocyclohexane (0.25 ml, 1.5 mmol), KsPO, (1.62 g, 2.5 mmol) azarglusivinazans toluene
50 ml Mntuilidneonduunazermaneldanzussenmavesialulasuduna 10 wil
thwosmauiomalianufeuiigamniindndidunm 24 dalus ndnidlilmsu afmvomands
duazlonaelsiin (1:1) 100 ml weovme 3 pd dhasvomelussveuidnenies rotary
evaporator ﬁ]’]ﬂij?uﬁ’ma\‘mﬂﬂﬂLLEJﬂIﬁU%Z‘jVIé@]J’JEﬁ% column chromatography %gA1852UUAYN

avane DCM:Hexane (1:9) lanansaianssisdusuunean 3 Wuveaudsdinngau 0.63 ¢ (81%)



nnuhansivssudmnean 3 1vUA581 Suzuki coupling iU pyrene-1-boronic acid
TagnaEl @151u18Lav 3 (0.20 g, 0.61 mmol), pyrene-1-boronic acid (0.15 g, 0.61 mmol), Pd(Phs),
(0.01 g, 0.012 mmol) uag 2 M Na,CO5 3 ml Tusvinazats THF 30 ml nthlumdneendiay
warermaneliannzussenmaveialulasouduna 10 il theewauiomnlfniudeud
punTandndidunm 12 Falus visnfisilndu afpueswauimeniuaylanaslsfivnu (1:1) 100
ml seun 3 ASs thansauelussmeuisnenios rotary evaporator st we e luwenls
U%qwéé’aﬁ% column chromatography wemesyuumazals DCM:Hexane (1:9) lananueians
PyCarl \Juvesudedun 0.172 g (69%)

3. ANSA4LATIZY PyCar2
t-Bu t-Bu

N e

cul, K3PO N

: @ ©

7; 70%

B(OH),

Pd(Phg),, THF

2 M Na,COj

t-Bu
N t-Bu
N
N O O t-Bu

(D

®
age

T

t-Bu

PyCar2, 52%

NM3§9LATIEI PyCar2 13 uduanansiadumaneian 6 ¥ufasen Ullmann coupling fu 1,4-
dibromobenzene Ingnsuauasuuneay 6 (0.4 ¢) AU 1,4-dibromobenzene (0.65 g) Cul (0.28 g,

0.7 mmol), ()-1,2-trans-diaminocyclohexane (0.12 ml, 0.7 mmol), KsPO4 (0.8 g, 1.3 mmol)
azanglusvinazans toluene 50 ml antuthlufdneendounazernidnglian1nzusseiniaves
ualulnsaudung 10 und dhwssnauiualianuioudiguvgdsndndidung 24 4lus
wdnfalslidy afnvemwaudioinaglnraslsiivn (1:1) 100 ml savun 3 afe Yranstamualy
seABuada8LAT 84 rotary evaporator 9101 utvasnaulluenliuiansdas38 column



chromatography vesieszuufvinazate DCM:Hexane (1:9) lanansausiasisduduuneas 7 1Ju
Yeaudadnseou (0.34 g, 70%)

N asmneay 7 MMUJAT81 Suzuki coupling U pyrene-1-boronic acid lagnay a3
wueLaY 7 (0.15 ¢, 0.12 mmol), pyrene-1-boronic acid (0.042 ¢, 0.012 mmol), Pd(Phs), (0.005 g,
0.006 mmol) kA 2 M Na,CO, 3 ml lusaviazane THF 30 ml a1nduiluidnesndiaunas
arnaneliannizussernirvesialulnsioudunat 10 uit dveswautanualianudoud
prunpiandndiduna 12 Halus vdsnfislilidu atavomandeiuaslaeaelsiing (1:1) 100
ml avan 3 ASs tansiemmelUssmeuReieeses rotary evaporator antuthvesnadlUuenl
U%Ejm‘éﬁwa%{ column chromatography w¥Mgseuuivinazats DCM:Hexane (1:9) landnstunians
PyCar2 \Uuvesuisdun (0.088 g, 52%)

4. n5&UASIZH PyCar3

t-Bu t-Bu t-Bu t-Bu
N —_— N

Pd(Phg)s, THF
2 M Nay,CO3
Br 7 s

3; 81%

4, 77%

t-B

t-Bu u
6 B(OH),
- 7 g
Pd(Phg),, THF =
2 M Na,CO4 Br
PyCar3, 56% 5;: 89%

NSFBATIZR PyCar3 13 ufuainnisinasnuieiay 3 WU AT81 Suzuki coupling iU 2-
thiopheneboronic acid Taenan @15uu18tav 3 (0.3 g, 0.25 mmol), pyrene-1-boronic acid (0.12
g, 0.25 mmol), Pd(Phs), (0.01 g, 0.012 mmol) waz 2 M Na,CO5; 3 ml Tudavinazaney THF 30 ml
nntuiluidneendiaunazonmanielfanizussemaveialulasaudunem 10 uiil twes
wauviovmalinufeuiigamgiindnddunar 12 $2lus wdmnidilidy afnveswaudotuay
Tapaalsiinu (1:1) 100 mlviavan 3 ads thansvanuelszimeuiadnginias rotary evaporator
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ﬁ]’lﬂﬂguﬁ’l“ll@ﬂwﬁlllﬂLLSﬂIﬁU%ﬁWéﬁUS?% column chromatography %gA 1852 UURIVINaLa1Y
DCM:Hexane (1:9) lananiusiasunneay 4 \Wuveauwdsdun (0.23 ¢, 77%)

inansvunelay 4 11vUfAse1 bromination Tnedeansnunotas 4 41 (0.23 g, 0.53 mmol)
avangluiiazans THE 20 ml deansazanenun ABYeLAN N-Bromosuccinamide (0.094 g, 0.53
mmol) asluasazatefiazosnildaniizusseniauialulasiay wdsania NBS wualinau
asazanenesn 30 u’mLwaiumuimmg]mmmmammm mmmmmﬂ@ﬂgﬂimma TLC aﬂmaqmau
Freuarlanaslsidnu (1:1) 50 mlsfanun 3 ade thanshaomeluseieutedaenios rotary
evaporator mﬂuumsuaamaulﬂLLsmIMUﬁEjmmmﬁ column chromatography 9¥£#1852UUAIYN
ava1y DCM:Hexane (1:9) landniusiarsunieiay 5 \Wuveaundsdun (0.21 g, 85%)

Sz“jgumauqmﬁw WU1a15vanetaY 5 viufnsen Suzuki coupling i pyrene-1-boronic acid lag
Nyl @199u8La% 5 (0.2 g, 0.09 mmol), pyrene-1-boronic acid (0.068 g, 0.009 mmol), Pd(Ph3),
(0.006 g, 0.007 mmol) uag 2 M Na,CO5 3 ml Tudvinazaty THF 30 ml Mntutluidneandiau
wazenraeldannrussenrvestalulasiaudung 10 und theswautmunlianuseud
grunpiandndiduna 12 Halas vdsndislilidu atavomaudeiuaslaeaelsiing (1:1) 100
ml a3 ASs Yansimunlussmeuieiieedes rotary evaporator aantuthweskaslduenls
U%@%‘éﬁ’wa% column chromatography %gAieszUUfiazaty DCM:Hexane (1:9) landndugians
PyCar3 \Uuvesudsdun (0.138 g, 56%)

5. A1589LAS1EH PyNap

0.0 e

Cul, K3PO4 Pd(Ph3)4 THF
toluene 2 M Na,COg

o i QgQ

PyNap, 24%

N19E9LATIEY PyNap 15 19101 naphthalene-1-amine (8) (0.20 g, 0.88 mmol), 1,4-

dibromobenzene (2) (1.08 g, 4.46 mmol), Cul (0.044 g 0.22 mmol), (£)-1,2-trans-
diaminocyclohexane (0.03 ml, 22 mmol), t-BuONa (0.42 g, 2.64 mmol) avaelu toluene 20 ml
Mniuhlusndnd meldannzussemelulasiaudunan 26 $alus ndaanfialslandu afnvosnas
Freuuazlnmaslsing (1:1) 50 mlstanua 3 ase dhanstenelussimeniadaeiados rotary
evaporator mmfuﬁwawaulﬂLLaﬂ’LﬁU%qwéé’w?% column chromatography 9¥£#1852UUAIYN
arane DCM:Hexane (1:9) lanansaueianstisdun 9 Wuvesdsdimesuy (0.17 g, 48%)
MNTUIENTHUNELEY 9 MUJA31 Suzuki coupling U pyrene-1-boronic acid lngkas @13
nugLay 9 (0.17 g, 0.21 mmol), pyrene-1-boronic acid (0.11 ¢, 0.21 mmol), Pd(Ph;), (0.018 g,

11



0.02 mmol) kag 2 M Na,CO5 4 ml Tudviazae THF 40 ml nntnhlumdneendiauunazenn
melfannrusssinaveaudalulanauduna 10 wifl dweswautomeliauiouiigung i
Snduluna 12 $lus ndnidBlidu afnvemausetiuazlanaslsiimu (1:1) 100 ml Haun
3 Ads dhansvienuelusuiveuiadeinias rotary evaporator antutweskadlLenliuIanice
35 column chromatography ¥gAl5¥UUAIYINagats DCM:Hexane (1:9) landnstuet PyNap 1Ju
voaudedu1 (0.054 ¢, 24%)

NANNSNARADY
1. msigatliendnwalansdewinuuszauin KW1

1.1 mMsiigainyiladusiemaila FTIR

Wgationanualansdewiiulszauin KW1 uavansdisdud 8 9 13 areweilla FTIR wudn IR
spectra Y93E1TUNYLAY 8 9 13 WULLﬂUﬂWi@JﬂﬂﬁuLLmﬁﬁ’lﬁ'ﬁyﬁ wavenumber 2800-2900 cm'! &4
.Ju C-H Stretching ¥4 CH; %723 wavenumber 7 2900-3100 cm™ § a1 u C-H Stretching U84
al5unfin 979 wavenumber 7 1600-1680 cm @y C=C Stretching vaselsunfin waznudiais
wavenumber 1000-1250 cm! §a.8u C-0 Stretching v¥@talsanAnas1aiuseiuny methoxy &
kw1 laiusingdyanunisgandunasditns 2800-2900 cm! uazta 2900-3100 e 1io991niinTg
UnUwed base line Fsvhlmiusingdyaalugaesdingn mszdifiansananlassadawdilidng
uansnafiy fauanslugui 4

400 - Y
H3CO—©
®)
chO—O—I
9)
300 S s
8
E HacO—O—Biojé
é | (13)
12} ‘ A f‘
g
Eé 200 4
[ HBCOOCHg
(15) o
i HaCO O O.Q O OCH; W
100 HyCO O O‘Q O OCH, M
kw1 (17)

T T T T
2500 2000 1500 1000

Wavenumber (cm'1)

T T
4000 3500 3000

gﬂﬁ 4 IR spectra 989 d@131018La8Y 8 9 13 lay KW1
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1.2 msfigaulassaiesiemeada NMR

NMR spectrum fidutendnuaivesansvaneias 9 fazaslu Chloroform-D uandlugud 5
wag 6 MUEIRU gﬂ‘f?f 5 uand 'H NMR spectrum dayayafilusnaulslasiaudidumis Chemical
shift Tusiuuils 7.5, 6.6 Way 3.7 ppm AUaIAU LLang‘ﬁ 6 Wwang °C NMR spectrum Wansdeyeal
frlUsmounsuauTisumus Chemical shift Tusumiia 138, 116 wazte 76-77 ppm suadiu

uaﬂmﬂulemmmi‘wmuLaﬂaﬂwmmmmuﬂ Mass spectroscopy Fauandlusuil 7 a3
MNEaY 9 Jeazuansfinddnfisumis 233 m/z ﬂama‘lmLaﬂammmaamwmaLasu 9 uazdini
fumids 211 m/z Aesnaluanafivaelile -OCH; aanesly ﬁNwwimwagamlmmwmmﬂmﬂuﬂ
FTIR, NMR wag Mass spectroscopy Wuansuuneas 9

inuva

.563
7.548
€.689

£.675
1
0.001

-7
—7.260
-

T T T T T T T T T T

T T T T T T T T T
9.0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm

i 4 g o

gﬂﬁ 5 'H NMR spectrum ¥89a15v3118La% 9
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—159.45

—138.21

—116.30
.80
—55.31

|

r T T T T T T T T T T T = |
200 180 160 140 120 100 80 60 40 20 0 ppm
‘I.Jdl 13
3 N 6 °C NMR Spectrum VDIANTNRUYLRY 9
S x104 211.8871
3,
"]
&
&
278.9880
3 |
[
2 227.8368
2158586 ‘ 255.0951
] ‘ 268.0467 }
| 2068008 233.8143 ‘
‘ ‘ \ \ | 3068727
' | | |4
(| AR 14y
200 220 240 260 280 300 320

3UN 7 Mass spectrum 99a15MaNeLa 9

NMR spectrum duendnwalvesansvaneias 13 flaza1elu Chloroform-D uansluguil 8
wand IH NMR spectrum dgyaiasfialusmaulalasiaudisiummis Chemical shift lusumis 7.7, 6.8-
6.9, 3.8, 1.5 haz 1.3 ppm 1ua1su @ °C NMR dulaflavinnnsTa esanansiidaaseilad
USinadesdsliiisanadmiumsiigaliendnualsiemaiin *CNM- R
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6.885

—7.T743

Wi

6.900
-

102
ey
157 =

8 'H NMR spectrum ¥a9a15vianeLa 13
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U

CaN

1.3 anautAnNIuEs (Optical properties)

AnwinuandAnisuasiemaila UV-Visible Spectroscopy angUdl 9 Anwinmandinis
ganduuases KW1 Tuinhagaedidnaiu wuiilu kwi awnsaganduuasldgsanil A = 358 nm
Tusvihazans Dichloromethane 3 adusavazaneiliidadiewfioudu Acetone waz Dimethyl
formamide usiilafiansanaind1 Molar Absorptivity (€) u&a KW1 ansnsaganduadléfiigalusy

Wagane Dimethyl formamide 7 98178 Mlcm™ fauanslumsedt 1

A51adt 1 ToyanuauURnIwaIwes KW1
Absorption Molar Absorptivity

sowvent Anpd 1) (&M Rt
DMF 357 98178 400

Acetone 268 87958 307
DCM 358 60818 400
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6x10°

— DMF
H3CO OCHjz
OO0
s ——DCM
Bz oA Ao

— kw1 (17)

5 ax10°+

=

>

= 3x10°

e

Q

[%2]

fle)

4]

5  2x10°

°

£

1x10°

0 | M I |
200 250 300 350 400 450

wave length (nm)

Ul 9 UV spectrum vo9 KW1 Tudviazans DMF Acetone Lag DCM
1.4 AnaNUAN19AMUTaY (Thermal properties)

AnwinuanUAaninIuTeunlsimaila DSC uay TGA 3UN 10 DSC diagram v@e KW1 L]
ansaven T, Ty, kag T, Walaeillafiia1sanain diagram

— kw1
‘ b o — M
(8]
E
£
5
(0
HsCO O 0.0 O OCH;§
e o e
kw1 (17)
5I0 l 160 ' 1%0 | 260 I 2I50 I 360 l 35I0 | 400
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2. nswgaliandnualvas PyCarl-3 uag PyNap
2.1 NMR and MS data @svungiay 3
IH-NMR (600 MHz, CDCls, 8): 1.46 (s, 18H; CHs), 7.30 (d, J = 9.0 Hz, 2H; ArH), 7.44 (d,
J = 8.4 Hz, 2H; ArH), 7.46 (d, J = 8.4 Hz, 2H; ArH), 7.69 (d, J = 9 Hz, 2H; ArH), 8.13 (s, 2H; ArH).
MALDI-TOF (m/z) (M*) calcd for CyeH,gBrN: 433.1422, found: 433.2479.

2.2 NMR and MS data @swungiay 4
'H-NMR (600 MHz, CDCls, 8): 1.46 (s, 18H; CHs), 7.30 (d, J = 9.0 Hz, 2H; ArH), 7.44 (d,
J = 8.4 Hz, 2H; ArH), 7.46 (d, J = 8.4 Hz, 2H; ArH), 7.69 (d, J = 9 Hz, 2H; ArH), 7.80 (t, J = 9.1, 8.6
Hz, 1H; ArH), 7.82 (d, J = 9.1 Hz, 1H; ArH), 7.85 (d, J = 8.7 Hz, 1H; ArH), 8.13 (s, 2H; ArH).
MALDI-TOF (m/z) (M*) calcd for CsoHsiNS: 437.2273, found: 437.4796.

2.3 NMR and MS data @suugway 5
'H-NMR (600 MHz, CDCls, 0): 1.46 (s, 18H; CHa), 7.30 (d, J = 9.0 Hz, 2H; ArH), 7.44
(d, J = 8.4 Hz, 2H; ArH), 7.46 (d, J = 8.4 Hz, 2H; ArH), 7.69 (d, J = 9 Hz, 2H; ArH), 7.80 (d, J = 9.1
Hz, 1H; ArH), 7.82 (d, J = 9.1 Hz, 1H; ArH), 8.13 (s, 2H; ArH).
MALDI-TOF (m/z) (M*) calcd for CsoHsoBrNS: 502.1269, found: 502.2727.
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2.4 NMR and MS data asunueasy 7
TH-NMR (600 MHz, CDCls, 8): 1.46 (s, 32H; CH,), 7.32 (d, J = 8.4 Hz, 4H; ArH), 7.45 (d,
J =8.4 Hz, 4H; ArH), 7.61 (d, J = 7.2 Hz, 4H; ArH), 7.62 (d, J = 8.4 Hz, 2H; ArH), 7.84 (d, J = 8.4
Hz, 2H; ArH), 8.16 (s, 4H; ArH), 8.24 (s, 2H; ArH).
MALDI-TOF (m/z) (M*) calcd for CsgHsgBrNs: 875.3866, found: 875.5788.

2.5 NMR and MS data @sunugway 9
'H-NMR (600 MHz, CDCls, 0): 6.88 (d, J=9.0 Hz, 2H; ArH), 6.98 (t, J = 7.8 Hz, 1H; ArH),
7.06 (d, J = 7.8 Hz, 2H; ArH), 7.21 (t, J = 7.8 Hz, 2H; ArH), 7.28 (t, J = 7.8 Hz, 2H; ArH), 7.33 (d, J
= 7.8 Hz, 1H; ArH), 7.39 (t, J = 7.8 Hz, 2H; ArH), 7.79 (d, J = 8.4 Hz, 1H; ArH), 7.90 (d, J = 8.4 Hz,
2H; ArH).
MALDI-TOF (m/z) (M*) calcd for CyoHi¢BrN: 373.0522, found: 373.1772.

2.6 NMR and MS data ¥84 PyCarl
'H-NMR (600 MHz, CDCls, 6): 1.51 (s, 18H; CH,), 7.53 (d, J = 9.0 Hz, 2H; ArH), 7.55 (d,
J = 8.4 Hz, 2H; ArH), 7.76 (d, J = 8.4 Hz, 2H; ArH), 7.84 (d, J = 7.8 Hz, 2H; ArH), 8.05 (t, J = 7.2
Hz, 1H; ArH), 8.09 (d, J = 7.8 Hz, 2H; ArH), 8.12 (d, J = 7.8 Hz, 2H; ArH), 8.20 (s, 2H; ArH), 8.22 (d,
J = 8.4 Hz, 2H; ArH), 8.28 (d, J = 7.8 Hz, 1H; ArH), 8.32 (d, J = 9.0 Hz, 1H; ArH).
MALDI-TOF (m/z) (M*) calcd for Cy4,Hs7N: 555.2965, found: 555.5826.

2.7 NMR and MS data ¥84 PyCar2
H-NMR (600 MHz, CDCls, 6): 1.48 (s, 32H; CH,), 7.38 (d, J = 8.4 Hz, 4H; ArH), 7.48 (d,
J = 8.4 Hz, 4H; ArH), 7.68 (d, J = 8.4 Hz, 2H; ArH), 7.84 (d, J = 8.4 Hz, 2H; ArH), 7.94 (d, J = 8.4
Hz, 2H; ArH), 7.98 (d, J = 8.4 Hz, 2H; ArH), 8.05 (t, J = 8.4 Hz, 1H; ArH), 8.13 (d, J = 8.4 Hz, 2H;
ArH), 8.15 (d, J = 8.4 Hz, 2H; ArH), 8.18 (s, 4H; ArH), 8.24 (t, J = 8.4 Hz, 1H; ArH), 8.30 (s, 2H; ArH),
8.31(d, J = 9.6 Hz, 1H; ArH), 8.36 (d, J = 9.6 Hz, 1H; ArH).
MALDI-TOF (m/z) (M*) calcd for Cy4Hg7Ns: 997.5324, found: 997.8101.

2.8 NMR and MS data ¥84 PyCar3
'H-NMR (600 MHz, CDCls, O): 1.51 (s, 18H; CH,), 7.53 (d, J = 9.0 Hz, 2H; ArH), 7.55 (d,
J =8.4 Hz, 2H; ArH), 7.76 (d, J = 8.4 Hz, 2H; ArH), 7.80 (d, J = 9.1 Hz, 1H; ArH), 7.82 (d, J = 9.1
Hz, 1H; ArH), 7.84 (d, J = 7.8 Hz, 2H; ArH), 8.05 (t, J = 7.2 Hz, 1H; ArH), 8.09 (d, J = 7.8 Hz, 2H,;
ArH), 8.12 (d, J = 7.8 Hz, 2H; ArH), 8.20 (s, 2H; ArH), 8.22 (d, J = 8.4 Hz, 2H; ArH), 8.28 (d, J = 7.8
Hz, 1H; ArH), 8.32 (d, J = 9.0 Hz, 1H; ArH).
MALDI-TOF (m/z) (M*) calcd for C4eH3oNS: 637.2817, found: 637.4566.
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2.9 NMR and MS data ¥8¢ PyNap
"H-NMR (600 MHz, CDCls, 0): 6.88 (d, J =9.0 Hz, 2H; ArH), 6.98 (t, J = 7.8 Hz, 1H; ArH),
7.06 (d, J = 7.8 Hz, 2H; ArH), 7.21 (t, J = 7.8 Hz, 2H; ArH), 7.28 (t, J = 7.8 Hz, 2H; ArH), 7.33 (d, J
= 7.8 Hz, 1H; ArH), 7.39 (t, J = 7.8 Hz, 2H; ArH), 7.79 (d, J = 8.4 Hz, 1H; ArH), 7.90 (d, J = 8.4 Hz,
2H; ArH), 7.94 (d, J = 8.4 Hz, 2H; ArH), 7.98 (d, J = 8.4 Hz, 2H; ArH), 8.05 (t, J = 8.4 Hz, 1H; ArH),
8.13 (d, J = 8.4 Hz, 2H; ArH), 8.15 (d, J = 8.4 Hz, 2H; ArH).
MALDI-TOF (m/z) (M*) calcd for CsgH,sN: 495.2087, found: 495.3422.

3. auURALYLEIYDe PyCarl-3 uas PyNap

—=—PyNap (i 333 nm]
—+—PyCari (i 347 nm)
—a— PyCar? (i, 342 nm]
—y—PyCar3 (i 338 nm)

Normalized Abs Intensity [a.u.)
Normalized PL Intensity [a.u.)

= [=N=]
00 3 é.l:- .1.[: ] 450 L |:I(- 450 4 5: =] SJ:! -] £ 5I-l: =x &80

wavelength (nm) wavelength (nm])

5UN 12 uansalansunsganauued (A) uazalUansunisiseauas (B) ved PyCarl-3 uag
PyNap Tusavinazans DCM

A13197 2 AINIIAANAULAILAYNITITOIUAIVBY PyCarl-3 Uay PyNap

Pyrene Aabs (nm) log € M'em™) Ao, (hm)  Stroke shift (nm)

Derivatives
PyCarl 347 4.30 as57 110
PyCar2 342 4.60 ag7 145
PyCar3 358 4.39 ar2 114
PyNap 355 4.33 468 113

MNAUARSUNISANAULAILALANIABLAIDS PyCarl-3 uas PyNap lusuil 12 uazdeya
Fauadlumaedl 2 nudiasis 4 aleliansgandulasarnisdeuasogseming 300-450 nm s
Juganisganduuasyia T-* transitions veslaanawarliusinguaunisganiuuaseiln
Intramolecular Charge Transfer (ICT) § st udnwauzianizvesnylniu uansinluianadny 19
Sidnnseuiiseuisdmalsiliusngianisgandunasein ICT udegnalsAamudn stroke shift ¥aaans
1 4 ¥inogsEing 110-145 nm Fadue stroke shift ineudnaniauasfiudnumsienizvosansii

19



i donor-accepter Gaflauvmunanuflnduiiviiutii accepter vasluanaiiuies Ssdnwaganzil
il PyCarl-3 waz PyNap ynazaunsadiivlinduansdsiiulssquinluwaduaseniing
winddonlinasuuvoaudale

wonani Lﬁam?wLﬁaummi@mﬂﬁmmLLazmiﬁaaLLawaa PyCar3 wag PyNap lnuau
awAnuNTRANALULAILAE MSITIUANTININNI PyCarl uay PyCar2 ﬁqﬁLﬁaqmﬂmmm’mau@m
Funigluluianauinniivinliuaunsidesuasuaznisaeuasd eulunianavdung (red shift

absorption and emission)

AJUNANIINAADY

mu%’aﬁmmiaﬁqLﬂiﬂzﬁmidqﬁhuﬂizf\;mﬂlﬁﬁj@%m 5 gfialaun KW1 PyCarl PyCar2
PyCar3 waz PyNap lagaisdseuusyauan ¢ gdalawn PyCarl PyCar2 PyCar3 wag PyNap 11
AuavTRNsgANAUasLazIMELATIATILaUNSgAnFuLAsTindng

AsFUATIEY KWL anansadaasneildainaisdsdu anisole Aa8UfA5e1 iodination
borylation wag Suzuki coupling reaction Tuaueit PyCarl PyCar2 PyCar3 ita¢ PyNap d@141350
duaszilannufizen Ullmann coupling Suzuki coupling wag bromination Fe¥ovazuonanan
filatiAnadveglurig 28-80
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Abstract:

Four blue emitting materials from pyrene substituted carbazole and phenyl
naphthalene-1-amine moieties (PyCars 1-3 and PyNap) were synthesized by Ullmann
coupling and Suzuki coupling reactions. The structures of materials were characterized by
spectroscopic methods.  The absorption maxima of PyCars 1-3 and PyNap m
dichloromethane solution were 347 (¢ 19.764 Mlem™). 342 (¢ 40,166 Mtem™). 358 (e
24,845 Mem™) and 355 (e 21.426 M*cm™) nm. respectively, whereas the emissions were
found to be 457, 487. 472 and 468 nm. The stroke shifts of the four emitters were ranged
between 110-145 nm. The remarkably large stroke shifts indicate that the pyrene series
exhibits pull-push characteristics due to their strong arylamine donor and pyrene accepter in
molecules.
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Abstract:

Four blue emitting materials from pyrene substituted carbazole and phenyl
naphthalene-1-amine moieties (PyCars 1-3 and PyNap) were synthesized by Ullmann
coupling and Suzuki coupling reactions. The structures of materials were characterized by
spectroscopic methods.  The absorption maxima of PyCars 1-3 and PyNap in
dichloromethane solution were 347 (¢ 19,764 M™cm™), 342 (¢ 40,166 M?'cm™), 358 (¢
24,845 M1cm™) and 355 (g 21,426 M™cm™) nm, respectively, whereas the emissions were
found to be 457, 487, 472 and 468 nm. The stroke shifts of the four emitters were ranged
between 110-145 nm. The remarkably large stroke shifts indicate that the pyrene series
exhibits pull-push characteristics due to their strong arylamine donor and pyrene accepter in
molecules.

1. Introduction

Development of highly efficient blue
emitting materials from small organic
molecules is still considered as an important
research field due to the cheap, ease of
synthesis, and color-tunable ability of
organic materials.! Among various types of
organic emitters, pyrene is remarkably
considered as a good fluorophore? owing to
the large =-conjugation and strong m-
electron delocalization energy.® A number of
blue emitting materials from pyrene have
been reported.*’ However, developing
efficient luminescent material is still
challenging for highly stable and pure blue
emitter. Therefore in this work, the novel
blue emitting materials from pyrene with
electron donor moieties including carbazole
(PyCars 1-3) and phenyl naphthalene-1-
amine (PyNap) were carefully designed as
shown in Figure 1. The bulky electron donor
tricarbazole in PyCar2 was introduced to
pyrene core to suppress the aggregation and
increase thermal stability of the materials
compared to monocarbazole in PyCarl,
whereas thiophene moiety was designed to
extend the conjugation system. The non-
planar phenyl naphthalene-1-amine donor in

PyNap was connected to pyrene for tuning
color of the materials due to its strong
electron donating ability compared to
carbazole. Based on these ideas, the high
fluorescence intensity of the materials was
expected to be obtained.

tBu
tBu t-Bu

O &
“9‘

PyCar1

PyCar3

Figure 1. Structures of target pyrenes
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2. Materials and Methods bromosuccinamide were purchased from

2.1 General TCI chemicals. Potassium phosphate,
1,4-dibromobenzene,  2-thiophene  sodium carbonate and sodium t-butoxide

boronic acid, pyrene-1-boronic acid, N-  were purchased from SigmaAIdrich.

t-Bu t-Bu t-Bu
i Ty S ¢ » VR v o o0
N * ||)
H Br
1 2
B(OH), s
2%y
t-Bu o (i) l(iii)
t-Bu

B
PyCar1, 72% PyCar3, 56% 5; 89%

Figure 2. Synthesis of PyCarl and PyCar3. Reagents and conditions: (i) Cul, KsPOg, (£)-
1,2-trans-diaminocyclohexane, toluene, reflux 24 h (ii) Pd(Phsz)s, 2 M Na2COs, THF, reflux,
12 h (iii) NBS, THF, rt

t-Bu t-Bu

5 O

Br

@ /‘ 7, 70%
(")
tBu
t-Bu
||
' N O t-Bu

Br QQO o
PyNap, 24% PyCar2, 52%
Figure 3. Synthesis of PyCar2 and PyNap. Reagents and conditions: (i) Cul, KsPOg, (£)-
1,2-trans-diaminocyclohexane, toluene, reflux, 24 h (ii) pyrene-1-boronic aci, Pd(Phs)s, 2 M

Na>COs, THF, reflux, 12 h (iii) Cul, t-BuONa, , (+)-1,2-trans-diaminocyclohexane, toluene,
reflux, 24 h
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The chemicals were used without further
purification. Toluene and tetrahydrofuran
(AR grade) were purchased from Carlo
Erba. THF was distillated from
Sodium/benzophenone under N2
atmosphere. The two starting materials 3,6-
di-tert-butyl-9H-carbazole (1) and 3,3",6,6"-
tetra-tert-butyl-9'H-9,3".6',9"-tercarbazole
(6) were synthesized according to the
literature methods.® The chemical structures
of all intermediates and final products were
elucidated by spectroscopic techniques
including *H-NMR, C-NMR, IR and MS.
2.2 Synthesis of 9-(4-bromophenyl)-3,6-di-
tert-butyl-9H-carbazole (3)

A mixture of 3,6-di-tert-butyl-9H-
carbazole (1) (0.50 g, 3.0 mmol), 14-
dibromobenzene (2) (3.55 g, 15.0 mmol),
Cul (047 g, 1.5 mmol), (&)-1,2-trans-
diaminocyclohexane (0.25 ml, 1.5 mmol),
K3PO4 (1.62 g, 2.5 mmol) in toluene 50 ml
was degassed with N2 for 5 min. The
reaction was heated to reflux for 24 h. The
crude was filtered out the solid residue and
the filtrate was evaporated to dryness. The
crude was added water (100 ml) and
extracted with DCM (2 x 100 ml). The
combined organic phase was washed with
water (100 ml), brine solution (100 ml),
dried over anhydrous Na»SOg, filtered and
removal of the solvent to dryness.
Purification by column chromatography
over silica gel eluting with a mixture of
DCM and hexane (1:9) followed by
recrystallization with a mixture of DCM and
methanol afforded a white solid (0.62 g,
81%); 'H-NMR (600 MHz, CDCls, §): 1.46
(s, 18H; CHs), 7.30 (d, J = 9.0 Hz, 2H;
ArH), 7.44 (d, J = 8.4 Hz, 2H; ArH), 7.46
(d, J =8.4 Hz, 2H; ArH), 7.69 (d, J = 9 Hz,
2H; ArH), 8.13 (s, 2H; ArH). MALDI-TOF
(m/z) (M) calcd for CosH26BrN: 433.1422,
found: 433.2479.

2.3 Synthesis of 3,6-di-tert-butyl-9-(4-
(pyren-1-yl)phenyl)-9H-carbazole
(PyCarl)

A mixture of 3 (0.20 g, 0.61 mmol),
pyrene-1-boronic acid (0.15 g, 0.61 mmol),
Pd(Phs)s (0.01 g, 0.012 mmol), 2 M NaxCOs
3 ml in THF 30 ml was degassed with N2 for

5 min. The reaction was heated to reflux for
12 h. The crude was added water (50 ml)
and extracted with DCM (2 x 100 ml). The
combined organic phase was washed with
water (100 ml), brine solution (100 ml),
dried over anhydrous Na>SOa, filtered and
removal of the solvent to dryness.
Purification by column chromatography
over silica gel eluting with a mixture of
DCM and hexane (1:9) followed by
recrystallization with a mixture of DCM and
methanol afforded a white solid (0.172 g,
69%); *H-NMR (600 MHz, CDCls, §): 1.51
(s, 18H; CHs), 7.53 (d, J = 9.0 Hz, 2H;
ArH), 7.55 (d, J = 8.4 Hz, 2H; ArH), 7.76
(d, J = 8.4 Hz, 2H; ArH), 7.84 (d, J = 7.8
Hz, 2H; ArH), 8.05 (t, J = 7.2 Hz, 1H; ArH),
8.09 (d, J = 7.8 Hz, 2H; ArH), 8.12 (d, J =
7.8 Hz, 2H; ArH), 8.20 (s, 2H; ArH), 8.22
(d, J = 8.4 Hz, 2H; ArH), 8.28 (d, J = 7.8
Hz, 1H; ArH), 8.32 (d, J = 9.0 Hz, 1H;
ArH). MALDI-TOF (m/z) (M") calcd for
Ca2H37N: 555.2965, found: 555.5826.
2.4 Synthesis of 3,6-di-tert-butyl-9-(4-
(thiophen-2-yl)phenyl)-9H-carbazole (4)

4 was prepared in a similar manner
to PyCar from 3 (0.3 g) and 2-
thiopheneboronic acid (0.12 g) and obtained
as white solid (0.23 g, 77%); *H-NMR (600
MHz, CDCls, 6): 1.46 (s, 18H; CHz), 7.30
(d, J = 9.0 Hz, 2H; ArH), 7.44 (d, J = 84
Hz, 2H; ArH), 7.46 (d, J = 8.4 Hz, 2H;
ArH), 7.69 (d, J =9 Hz, 2H; ArH), 7.80 (t, J
=9.1, 8.6 Hz, 1H; ArH), 7.82 (d, J = 9.1 Hz,
1H; ArH), 7.85 (d, J = 8.7 Hz, 1H; ArH),
8.13 (s, 2H; ArH). MALDI-TOF (m/z) (M*)
calcd for CazoHaiNS: 437.2273, found:
437.4796.
2.5 Synthesis of 9-(4-(5-bromothiophen-2-
yl)phenyl)-3,6-di-tert-butyl-9H-carbazole

(5)

N-Bromosuccinamide (0.094 g, 0.53
mmol) was added in small portions to a
solution of 4 (0.23 g, 0.53 mmol) in THF
(20 ml). The mixture was stirred at room
temperature under N for a further 1 h. The
crude was added water (50 ml) and extracted
with DCM (2 x 50 ml). The combined
organic phase was washed with water (50
ml), brine solution (50 ml), dried over
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anhydrous Na»SOg, filtered and removal of
the solvent to dryness. Purification by
column chromatography over silica gel
eluting with a mixture of DCM and hexane
(1:9) followed by recrystallization with a
mixture of DCM and methanol afforded a
white solid (0.21 g, 85%); *H-NMR (600
MHz, CDCls, 6): 1.46 (s, 18H; CHz), 7.30
(d, 3 = 9.0 Hz, 2H; ArH), 7.44 (d, J = 8.4
Hz, 2H; ArH), 7.46 (d, J = 8.4 Hz, 2H;
ArH), 7.69 (d, J = 9 Hz, 2H; ArH), 7.80 (d,
J = 9.1 Hz, 1H; ArH), 7.82 (d, J = 9.1 Hz,
1H; ArH), 8.13 (s, 2H; ArH). MALDI-TOF
(m/z) (M") calcd for C3oH30BrNS: 502.1269,
found: 502.2727.

2.6 Synthesis of 3,6-di-tert-butyl-9-(4-(5-
(pyren-1-yl)thiophen-2-yl)phenyl)-9H-
carbazole (PyCar3)

PyCar3 was prepared in a similar
manner to PyCarl from 5 (0.2 g) and
pyrene-1-boronic acid (0.095 ¢g) and
obtained as white solid (0.138 g, 56%); 'H-
NMR (600 MHz, CDCls, 3): 1.51 (s, 18H;
CHj3), 7.53 (d, J = 9.0 Hz, 2H; ArH), 7.55
(d, J = 8.4 Hz, 2H; ArH), 7.76 (d, J = 8.4
Hz, 2H; ArH), 7.80 (d, J = 9.1 Hz, 1H;
ArH), 7.82 (d, J = 9.1 Hz, 1H; ArH), 7.84
(d, J = 7.8 Hz, 2H; ArH), 8.05 (t, J = 7.2 Hz,
1H; ArH), 8.09 (d, J = 7.8 Hz, 2H; ArH),
8.12 (d, J = 7.8 Hz, 2H; ArH), 8.20 (s, 2H;
ArH), 8.22 (d, J = 8.4 Hz, 2H; ArH), 8.28
(d, J = 7.8 Hz, 1H; ArH), 8.32 (d, J = 9.0
Hz, 1H; ArH). MALDI-TOF (m/z) (M%)
calcd for CseH3zoNS: 637.2817, found:
637.4566.

2.7 Synthesis of 9'-(4-bromophenyl)-
3,3",6,6"-tetra-tert-butyl-9'H-9,3":6",9"'-
tercarbazole (7)

7 was prepared in a similar manner
to 3 from 6 (0.4 g) and 2 (0.65 g) and
obtained as white solid (0.34 g, 70%); H-
NMR (600 MHz, CDCls, 3): 1.46 (s, 32H;
CHs), 7.32 (d, J = 8.4 Hz, 4H; ArH), 7.45
(d, J = 8.4 Hz, 4H; ArH), 7.61 (d, J = 7.2
Hz, 4H; ArH), 7.62 (d, J = 8.4 Hz, 2H;
ArH), 7.84 (d, J = 8.4 Hz, 2H; ArH), 8.16 (s,
4H; ArH), 8.24 (s, 2H; ArH). MALDI-TOF
(m/z) (M™) calcd for CsgHsgBrNs: 875.3866,
found: 875.5788.

2.8 Synthesis of 3,3",6,6""-tetra-tert-butyl-
9'-(4-(pyren-1-yl)phenyl)-9'H-9,3":6",9"'-
tercarbazole (PyCar2)

PyCar2 was prepared in a similar
maner to PyCarl from 7 (0.15 g) and
pyrene-1-boronic acid (0.042 ¢g) and
obtained as white solid (0.088 g, 52%); 'H-
NMR (600 MHz, CDCls, 9): 1.48 (s, 32H;
CHs), 7.38 (d, J = 8.4 Hz, 4H; ArH), 7.48
(d, J = 8.4 Hz, 4H; ArH), 7.68 (d, J = 8.4
Hz, 2H; ArH), 7.84 (d, J = 8.4 Hz, 2H;
ArH), 7.94 (d, J = 8.4 Hz, 2H; ArH), 7.98
(d, J =8.4 Hz, 2H; ArH), 8.05 (t, J = 8.4 Hz,
1H; ArH), 8.13 (d, J = 8.4 Hz, 2H; ArH),
8.15 (d, J = 8.4 Hz, 2H; ArH), 8.18 (s, 4H;
ArH), 8.24 (t, J = 8.4 Hz, 1H; ArH), 8.30 (s,
2H; ArH), 8.31 (d, J = 9.6 Hz, 1H; ArH),
8.36 (d, J =9.6 Hz, 1H; ArH). MALDI-TOF
(m/z) (M*) calcd for C74He7N3: 997.5324,
found: 997.8101.

2.9 Synthesis of N-(4-bromophenyl)-N-
phenylnaphthalen-1-amine (9)

A mixture of phenyl naphthalene-1-
amine (8) (0.20 g, 0.88 mmol), 1,4-
dibromobenzene (2) (1.08 g, 4.46 mmol),
Cul (0.044 g, 0.22 mmol), (£)-1,2-trans-
diaminocyclohexane (0.03 ml, 22 mmol), t-
BuONa (0.42 g, 2.64 mmol) in toluene 20
ml was degassed with N2 for 5 min. The
reaction was heated to reflux for 24 h. The
crude was filtered out the solid residue and
the filtrate was evaporated to dryness. The
crude was added with water (100 ml) and
extracted with DCM (2x100 ml). The
combined organic phase was washed with
water (100 ml), brine solution (100 ml),
dried over anhydrous Na>SOa, filtered and
removal of the solvent to dryness.
Purification by column chromatography
over silica gel eluting with a mixture of
DCM and hexane (1:9) followed by
recrystallization with a mixture of DCM and
methanol afforded a white solid (0.17 g,
48%); *H-NMR (600 MHz, CDCls, §): 6.88
(d, J=9.0 Hz, 2H; ArH), 6.98 (t, J = 7.8 Hz,
1H; ArH), 7.06 (d, J = 7.8 Hz, 2H; ArH),
7.21 (t, J = 7.8 Hz, 2H; ArH), 7.28 (t, J =
7.8 Hz, 2H; ArH), 7.33 (d, J = 7.8 Hz, 1H;
ArH), 7.39 (t, J = 7.8 Hz, 2H; ArH), 7.79 (d,
J = 8.4 Hz, 1H; ArH), 7.90 (d, J = 8.4 Hz,
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2H; ArH). MALDI-TOF (m/z) (M") calcd
for C22H16BrN: 373.0522, found: 373.1772.
2.10 Synthesis of 3,3",6,6"-tetra-tert-
butyl-9'-(4-(pyren-1-yl)phenyl)-9'H-
9,3":6',9""-tercarbazole (PyNap)

PyNap was prepared in a similar
manner to PyCarl from 9 (0.17 g) and
pyrene-1-boronic acid (0.11 g) and obtained
as white solid (0.054 g, 24%); H-NMR
(600 MHz, CDCls, 6): 6.88 (d, J = 9.0 Hz,
2H; ArH), 6.98 (t, J = 7.8 Hz, 1H; ArH),
7.06 (d, J = 7.8 Hz, 2H; ArH), 7.21 (t, J =
7.8 Hz, 2H; ArH), 7.28 (t, J = 7.8 Hz, 2H;
ArH), 7.33 (d, J = 7.8 Hz, 1H; ArH), 7.39 (t,
J =7.8 Hz, 2H; ArH), 7.79 (d, J = 8.4 Hz,
1H; ArH), 7.90 (d, J = 8.4 Hz, 2H; ArH),
7.94 (d, J = 8.4 Hz, 2H; ArH), 7.98 (d, J =
8.4 Hz, 2H; ArH), 8.05 (t, J = 8.4 Hz, 1H;
ArH), 8.13 (d, J = 8.4 Hz, 2H; ArH), 8.15
(d, J = 84 Hz, 2H; ArH). MALDI-TOF
(m/z) (M*) calcd for CsgHasN: 495.2087,
found: 495.3422.

3. Results and Discussion
3.1 Synthesis

The blue emitting materials from
pyrene derivatives PyCars 1-3 and PyNap
were successfully synthesized by Cu-
catalyzed Ullmann coupling and Pd-
catalyzed Suzuki coupling reactions as
outlined in Figures 2 and 3. First step, a
stoichiometric Ullmann coupling reaction
between carbazole starting compounds (1
and 6) or phenyl naphthalene-1-amine (1
equivalent) and 1,4-dibromobenzene 2 (5
equivalent) under catalytic system of copper
iodide as a catalyst, potassium phosphate or
sodium t-butoxide as a base and (+)-1,2-
trans-diaminocyclohexane as a co-catalyst
gave aryl bromide intermediates 3 (81%), 7
(70%) and 9 (48%). Moderate yields in case
of phenyl naphthylamine series correspond
to the lower electron donating ability of
naphthylamine compare to phenylamine ring
in carbazole.® Intermediate 5 with extended
conjugation  system by introducing
thiophene unit was prepared by Suzuki
coupling between 3 and 2-thiopheneboronic
acid to give 4 in good vyield followed by
bromination of 4 with N-bromosuccinamide

to give 5 in high vyield. Finally, final
products PyCarl PyCar2 PyCar3 and
PyNap were successfully prepared by Pd-
catalyzed Suzuki coupling reaction of
corresponding aryl bromides 3, 7, 5 and 9
with pyrene-1-boronic acid under the same
systems of Pd(Phs)s as a catalyst, 2 M
Na>COs as a base in aqueous THF to give
PyCarl PyCar2 PyCar3 and PyNap in 72,
52, 56 and 24% vyields, respectively. The
overall yields of PyCarl, PyCar2, PyCar3
and PyNap were found to be 56, 16, 37 and
11%. The lowest yield in PyNaP found in
both Ullmann and Suzuki coupling reactions
lead to very low overall yield. Lower overall
yield in PyCar2 than that of PyCar3 even if
PyCar3 has shorter synthetic pathway
possibly due to its steric hindrance.
However, due to the relatively short
preparation process, PyCarl can be easily
prepared and manufactured in large scale.
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Figure 4. Absorption (A) and emission
spectra (B) of PyCarl-3 and PyNap in
DCM solution
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Table 1. Optical properties of PyCar1-3 and PyNap in DCM solution

Pyrene Derivatives Aaps (NM) log & (Mtcm™) Aem (NM)? Stroke shift (nm)
PyCarl 347 457 110
PyCar2 342 487 145
PyCar3 358 472 114
PyNap 355 468 113

aThe emission spectra collected by excitation at absorption maxima for each compounds.

3.2 Optical properties

Absorption and emission spectra of
PyCarl-3 and PyNap in DCM solution are
shown in Figure 4. All compound show one
strong absorption band located around 300-
450 nm, which are attributed to localized =-
n* transitions of the entire molecules
without the Intramolecular Charge Transfer
(ICT) bands of accepter pyrene. PyCar2
shows the most red shift in absorption due to
its longest conjugation system. Surprisingly,
PyNap exhibits more red shift in absorption
than both of PyCarl and PyCar2 although
it has shorter conjugation length. PyCar2
shows highest molar extinction coefficient
due to its huge chromophore in three
carbazole units. In emission spectra (Figure
4B), PyCar2 shows most red shift which is
attributed to the steric hindrance of three
carbazoles. The stroke shifts of the four
emitters were ranged between 110-145 nm.
The remarkably large stroke shifts indicate
that the pyrene series exhibits pull-push
characteristics due to their strong arylamine
donor and pyrene accepter in molecules.

4. Conclusion

In summary, we have successfully
synthesized a series of pyrene derivatives by
key step Ullmann coupling and Suzuki
coupling reactions. All compounds show
strong absorption and emission in blue
region around 300-480 nm, which indicate
that they can be used for blue emitting
materials in OLED.
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