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Abstract

In this study, ten fluorescent dyes were preparaseth on three different kinds of central moietyghsas
triphenylamine, diphenylsulfone or triphenyltriagjrwhich was coupled to either carbazole or nagpihtidinyl
group via an acetylene linkage grodpn-Butyl-carbazoleN-phenyl-carbazole dx-n-butyl-naphthalimide was
coupled to the individual central moiety of triplgeamine, diphenyl sulfone, 2,4,6-triphenyl-1,3,8ine or
diphenylamine using a Sonogashira coupling readtiche final step. All dyes were confirmed thelireeical
structure by*H NMR, GC-Mass and elemental analyses. The absorgtioperties and thermal stabilities of the
fluorescent dyes were examined. Density Functidhalory (DFT) and Time-Dependent DFT calculationsewe
carried out, in addition to geometry simulation, Uing the Gaussian 09 program. In terms of fluzrese
properties in this series, two dyes based on digtsiifonyl and three dyes based on triphenylansimestituted
by 1~3 of N-n-butyl-carbazole exhibited a blue emission, wherdage dyes based on triphenylamine
substituted by 1~3 dfl-n-butyl-naphthalimide were observed by a red emiitkeich can be attributable to both
effects the bathochromic shifts in absorption maxiamd larger Stokes shifts. In case of correspgnaja,6-
triphenyl-1,3,5-trazine central moiety coupled t@abazole ring, a green fluorescence was emiRedults
revealed that the fluorescence of the dyes is taifielby the electron-donating strength of the aeetyllinkages

involved in ther-conjugation systems of the dyes.

1. Introduction

Some fluorescent dyes based on 1,8-naphthalimideatiges containing an ethynyl linkage group or an
acetylene analogous for blue or red light emis$ieB]. One of interesting uses for these fluorescm@s can
be applied to improve agricultural productivity whelyes supply the efficient blue or red light whiish
contained in the PE film for a green house. Hetight conversion films have been developed and have
attracted attention. Light conversion films do oet artificial external energy; these films intégraavelength

favorable for photosynthesis with sunlight, andsthélms increase the efficiency of photosyntheGismpared



to artificial LED lights, the light conversion filsnare advantageous due to that additional equipar@henergy

are not required leading to lower cost and impraagdcultural productivities [4-11]. Recently, apmdhalimde-
coumarin conjugate based dye was reported thaticmut an acetylene group between naphthalimide and
coumarin moieties to provide a blue emission of #88 with a quantum vyield of 0.78, however the tharm
stabilities for this dye was not discussed [12].@Asimilar series of 1,8-naphthalimide based dyemected by

an imine linkage group witiN-ethylcarbazole or some other moieties were algpgred to evaluate their
thermal and luminescent properties. Among theses,dyeethylcarbazole based analogue exhibited a green
emission of 501 nm in CHgWwhich was shifted 161 nm from its absorption maximof 340 nm. In addition
the temperature of 5% weight loss by DSC analysis abserved at 363 °C [13]. In caseéNgbhenylcarbazole

substituted by a thiophene moiety, a blue fluoreseef 442 nm was observed [14].

Naphthalimide-based fluorescent dyes have beenestuds one of the blue emitting chromophores
featuring their acceptable durability as well asdjtight fastness, where comparatively larger Statafts can
afford a blue emission from maximum absorptionhia tange of 300 to 390 nm. As another kind of #scent
dyes, triphenylamine based ones, which exhibitelxat purity and luminous efficiency as well aselient
thermal stability and photophysical properties,éhbeen also studied. The acetylene linkage waa afted by
a linkage group of fluorescent dye molecules duéstdigh quantum yield and comparatively good rinedr

stabilities [15-23].

However, there have been very limited literatuegsorting red fluorescent emissions by naphthalinadide
triphenylamine based dyes, it is required to sttty possibility to prepare dyes featuring extendedssion

maximum upto red light ranges.

In this study, ten fluorescent dyes were pregpdme varing three different kinds of central mojetych as
triphenylamine, diphenylsulfone or triphenyltriagjrwhich was coupled to either carbazole or napihtidinyl
group via an acetylene linkage group, so that ffexts of a central moiety and substituted ringtesysvia an

acetylene linkage onto the absorption maxima, Stekét and resultant quantum yields were invettiga

2. Experimental
2.1. Materials and instrumentation

1,8-Naphthalic anhydride (Sigma Aldrich), carbaz(Bgma Aldrich), triphenylamine (Sigma Aldrich),
chlorosulfonic acid (TCI Chemical) and triflic acidCl Chemical) were used as the starting mateffials
synthesizing fluorescent dyes with an acetylen&alje. Based on the dye star synthesis scheme, fgomi
(Junsei Chemical), KI (Ducksan), Ki@Sigma Aldrich), n-butylamine (TCI Chemical), lelnobutane (TCI
Chemical), 2-methyl-3-butyn-2-ol (Sigma  Aldrich), romobenzene (TClI Chemical) and 4-
Bromobenzonitrile(TCI Chemical) were used. Cuprimade (Sigma Aldrich), triphenylphosphine (Alfa/fses,
and bis(triphenylphosphine)palladiumjdichloride (Sigma Aldrich) were used as the cafafpr Sonogashira



coupling, and triethylamine (TCIl Chemical) was usedthe base. Other reagents included chlorofor@i (T
Cheminal), dimethylformamide (DMF, Sigma AldrichAcetic acid (Ducksan), tetrahydrofuran (Ducksan),
toluene (Ducksan), methanol (Samchun Chemicalegnet (Samchun Chemicals), methylene chloride (TCI
Chemical), ammonia water (Ducksan), n-hexane (Samjctethyl. All of the above reagents are firstegra
reagents, which are the directors of acetate (Sam€&hemicals), methylene chloride (Samchun Chesjical

and potassium hydroxide (Ducksan).

High-performance liquid chromatography (HPLC, Acr8@00, Young-Lin, Korea) was employed to
analyze the purity of the fluorescent dyes and ititermediates; mass spectra were recorded on a gas
chromatography—mass spectrometry (GC-MS; 7890//691GC/MSD, Agilent, USA) system:HNMR
spectra (Advance Digit 500, Bruker, Germany) wereorded in DMSO-lor CDCk; elemental analysis was
carried out on a Flash 200 system (Thermo Fishaly)] optical analysis was carried out on a tandeass
spectrometer (LC-MS, Agilent, USA); UV-Visible spephotometry was carried out by dissolving sampies
5.0x10°mol/L of methylene chloride(Thermo Scientific, Eutbn 300); and fluorescence spectra were
recorded on a fluorescence spectrophotometer (§&cHuaoro Mate FS-2) with the samples dissolved.h x
10° mol/L of methylene chloride. PMT voltage was measiy the fluorescence intensity at 500, and quantu
yields were calculated using anthrace®e@.36) and rhodamine Bb(= 0.49 in ethanol) as references for blue
and red fluorescence, respectively. Thermal stgbiias measured at 30 °C/min from 30 °C to 500 AGeu

nitrogen using a Q600 thermal analysis system (B&Uuments, Japan).

2.2. Dye syntheses

2.2.1. Synthesis of Triphenylamine-based dye indeliatesT1-T3 : lodination

Potassium lodide, Potassium lodate

N - N
©/ \© Acetic acid
X Xs

Triphenylamine T1-X1:1, X5:H, X3: H
T2-X1:L, Xs:1, X3 H
T3-X1:LXo: 1, X511

Scheme 1Synthesis of the triphenylamine derived dye intetiaiesT1-T3.

2.2.1.1. Synthesis of 4-ioddN-diphenylaniline T1) : lodination
Potassium iodide (22.2 mmol, 3.68 g) and triphemyfie (33.3 mmol, 8.16 g) were added to acetic &uid
mL), followed by stirring the mixture at 85 °C férhrs then followed by stirring the mixture for Bshthe



temperature was lowered to room temperature. Innthé stage, potassium iodate (16.7 mmol, 3.57 ag w
slowly added, the temperature was increased taC8%rid the reaction was allowed to continue fors When
the reaction was completed, the mixture was cotdetbom temperature, and water was added. The fbrme
crystals were filtered under reduced pressure,rdifig crystals. These crystals were recrystallizesihg
methylene chloride, affording the final product62.5 % yield.'H NMR (400MHz, DMSOds): 6.95(d,J = 8.6
Hz, 2H, ArH), 7.00(d,J = 8.2Hz, 4H, ArH), 7.08(d,) = 7.8 Hz, 2H, ArH), 7.24(d,) = 8.6 Hz, 4H, ArH), 7.50(d,

J = 8.2Hz, 2H, ArH); HRMS (z, MALDI): [M + H] " calculated for GHq4IN: 371.2129; found 371.2132;
Elemental analyses, found C, 58.31; H, 3.79; 1184N, 3.76; ‘GgH14N’ requires C, 58.24; H, 3.77; |, 34.21,
N, 3.77.

2.2.1.2. Synthesis of 4-iodé{4-iodophenyl)N-phenylaniline T2) : lodination

Potassium iodate (56 mmol, 12 g), potassium io@&Bmmol, 13.5 g), and triphenylamine (60 mmol, J15¢g
were added to acetic acid (340 mL), followed byristj the mixture at 80 °C for 1hrs. Secondly, afferring
the mixture for 1 hr, water (30 mL) was added, #r& mixture was stirred at 80 °C for 6 hrs. Theeggated
crystals were filtered under reduced pressurerdifig crystals. Thesecrystals were recrystallizeiigi methyl
chloride, affording the final product in 51.9 %lgi¢H NMR (400MHz, DMSOdy): 6.95(d,J = 8.6 Hz, 4H, ArH),
7.00(d,J = 8.2 Hz, 2H, ArH), 7.08(dJ = 7.8 Hz, 1H, ArH), 7.24(dJ = 8.6 Hz, 2H, ArH), 7.50(d) = 8.2 Hz, 4H, ArH);
HRMS (Wz, MALDI): [M + H] * calculated for gHisl,N: 497.1095; found 497.1038; Elemental analyses)do
C, 43.41; H, 2.59; I, 51.04; N, 2.80;,48:4-N' requires C, 43.48; H, 2.62; |, 51.09; N, 2.82.

2.2.1.3. Synthesis of tris(4-iodophenyl)amifig)(: lodination

Potassium iodide (88 mmol, 14.72 g) and triphenyh&ni40 mmol, 9.8 g) were added to acetic acid (309,
followed by stirring the mixture at 110 °C for 1 Becondly, after stirring the mixture for 1 hre ttemperature
was lowered to 80 °C. After slowly adding potassiogate (44 mmol, 7.3 g), the solution was heatetlO °C,
and the reaction was allowed to continue for 6 Wken the reaction was completed, the solutionaeaded to
room temperature, and water was added. The gedesgistals were filtered under reduced pressuferdifg
crystals. These crystals were recrystallized usieghyl chloride, affording the final product in 526 yield."H
NMR (400MHz, DMSO¢k): 6.95(d,J = 8.6 Hz, 6H, ArH), 7.50(dJ = 8.2 Hz, 6H, ArH); HRMS (n/z, MALDI): [M +
H]" calculated for gH1,l3N: 623.0061; found 623.0090; Elemental analyses)doC, 34.62; H, 1.89; I, 61.07; N,
2.18; ‘GgHidaN' requires C, 34.69; H, 1.93; I, 61.14; N, 2.25.

2.2.2. Synthesis of 4,4'-sulfonylbis(bromobenz€d):

i Q
CI=S-OH Br@ — Br@—ﬁ@—m

0] Chloroform o)

Chlorosulfonic acid Bromobenzene s1

Scheme 2Synthesis of the diphenyl sulfone derived dye mestiatesS1



Chlorosulfonic acid (10 mmol, 1.1 g) was added tdo@form (25 ml), followed by stirring the mixtungith
ice-bath at -15°C for 30 min. After slowly addingpmobenzene (20 mmol, 3.1 g), the solution wasedukti
50 °C for 2 hr. When the reaction was completed,gblution was cooled to room temperature, andviaer
was added. The generated crystals were filtere@rurediuced pressure, affording crystals. Thesdaalsyaiere
recrystallized using methyl chloride, affording fireal product in 68.7 % yieldH NMR (500MHz, DMSC8) 7.72(d,

J = 8.1 Hz, 4H, ArH), 7.77(d,J = 8.1 Hz, 4H, ArH); HRMS (Wz, MALDI): [M + H]" calculated for
C1oHgBr,0,S: 376.0618; found 376.0636; Elemental analysasmd C, 38.30; H, 2.11; Br, 42.46; O, 8.47; S,
8.49; calculated for GHgBr,O,S C, 38.33; H, 2.14; Br, 42.49; O, 8.51; S, 8.53.

2.2.3. 2,4,6-Tris(4-bromophenyl)-1,3,5-triaziAd) : Trimerization

Triflic acid

CN T N N
)9 W
Br N

Br Br
4-Bromobenzonitrile Al

Scheme 3Synthesis of the triazine derived dye intermediates

Trifilic acid (6 mL) was stirred under 0 °C for 38ins and 4-Bromobenzonitrile (10 mmol, 2 g) wasmyjo
added to the solution. The solution was stirredear@d°C for 2hrs. After stirring, the solution wstered under
room temperature for 20hrs. Water (50 mL) was adddtie solution after stirring was completed, andium
hydroxide was used to neutralize. After rinsinghwihethylene chloride (500 mL) and water (500 mhg t
obtained organic layer was washed with Mg&Qremove water, followed by evaporation to obthm reactant.
The obtained reaction product was recrystallizeédgusoluene, affording the final product in 90.9%lg. *H
NMR (500MHz, DMSO€) 7.67(m, 12H, ArH), HRMSrtVz, MALDI): [M + H] * calculated for GH1,BrsNs.
546.0504; found 546.0519; Elemental analyses, foina@l6.20; H, 2.20; Br, 43.87; N, 7.68 calculated f
C,H1BrsN; C, 46.19; H, 2.22; Br, 43.90; N, 7.70.

2.2.4. Synthesis of carbazole-based dye interree@itC7



c4Hg

H
Potassium lodide, Potassium Iodate l-bromobutane O O
Acetic acid Sodium hydride, DMF
Carbazole
C H
4 9 CaHo
|
N
Cul, PPh, Pd(PPR)CI,
2-methyl-3-butyn-2-0! Potassium hydroxide O O
E—S .
TEA, THF, N, Toluene N
C3 \
OH

Scheme 4Synthesis of the carbazole derived dye intermesl@1eC4 [1].

H
N N
bromobenzene
= (0
| Sodium hydride, DMF
|
C1 c5

N
Cul, PPh, Pd(PPR)CI, O O
2-methyl-3-butyn-2-ol Potassium hydrOX|de
N\

“Toluene
TEA, THF, N, oluene

C6
CH

Scheme 5Synthesis of the carbazole derived dye intermesi@5C7.

2.2.4.1. Synthesis of 3-iod¢{Scarbazolel) : lodination [1]

Potassium iodide (22.2 mmol, 3.68 g) and 9H-carleag®@3.3 mmol, 5.57 g) were added into acetic &@D
mL), followed by stirring at 110 °C for 1hrs. Sedorafter stirring the mixture for 1 hr, the temgeara was
lowered to 80 °C. Finally, potassium iodate (16.mah 3.57 g) was slowly added, the temperature was
increased to 100 °C, and the reaction was allowaxbhtinue for 10 min. When the reaction was cotaplethe
solution was cooled to room temperature, and wasesr added. The formed crystals were filtered unelduced
pressure to obtain crystals. These crystals wemystllized using methyl chloride, affording thedl product

in 72.7 % yield*H NMR (400MHz, DMSOs): 7.20(dJ = 8.3Hz, 1H, ArH), 7.35(d,) = 8.0Hz, 1H, ArH), 7.46(d,) =

8.1 Hz, 1H, ArH), 7.50(dy) = 1.8 Hz, 1H, ArH), 7.63(d) = 8.1 Hz, 1H, ArH), 7.93(s, 1H, ArH), 8.19(s, 1H, ArH},.66(s,

1H, NH); HRMS Wz, MALDI): [M + H] " calculated for GHgIN: 293.1019; found 293.1051; Elemental analyses,



found C, 49.15; H, 2.69; I, 43.23; N, 4.7136:IN’ requires C, 49.17; H, 2.75; |, 43.30; N, 4.78.

2.2.4.2. Synthesis of 9-butyl-3-iodét&arbazoleC2) : Alkylation [1]

First, 60 % of NaH (4.25 mmol, 0.17 g) and intermé&eiC1 (2.9 mmol, 0.85 g) were stirred at 80 °C for hhii
DMF (5 mL). Second, after the solution was stirfed 1 hr, 1-bromobutane (4.35 mmol, 0.59 g) waseadd
When the reaction was completed, the solution veasqu into warm water. The formed crystals werterdd
under reduced pressure to obtain crystals. Thestats were recrystallized using ethanol, affording final
product in 89.7 % yieldH NMR (400MHz, DMSOek): 0.89(tJ = 6.5 Hz, 3H, CH), 1.26(m, 2H, Ch), 1.74(m, 2H, Ch),
4.16(tJ = 7.4Hz, 2H, CH), 7.35(m, 1H, ArH), 7.46(d], = 8.0 Hz, 2H, ArH), 7.54(m, 1H, ArH), 7.64(s, 1H, ArH)93(s,
1H, ArH), 8.17(s, 1H, ArH); HRMSnW/z, MALDI): [M + H]* calculated for @H;dN: 349.2071; found 349.2066;
Elemental analyses, found C, 55.01; H, 4.57; I1286N, 4.07; ‘GH1dN' requires C, 55.03; H, 4.62; |, 36.34; N,
4.01.

2.2.4.3. Synthesis of 4-(9-butyHScarbazol-3-yl)-2-methylbut-3-yn-2-aCB) : Sonogashira coupling [1]

Anhydrous tetrahydrofuran (10 mL) was added to latem of intermediateC2 (1 mmol, 349 mg), cuprous
iodide (0.05 mmol, 15.9 mg), triphenylphosphine0Of.mmol, 13.1 mg), and bis(triphenylphosphine)
palladium(ll) dichloride (0.1 mmol, 115 mg), ancetbolution was stirred under nitrogen for 15 miac@dly,
after the addition of trimethylamine (10 mL) andrgtg for 15 min, 2-methyl-3-butyn-20l (3 mmol, 25ng)
was added, and the solution was stirred for 30 follgwed by reflux for 1hrs. The solution was cedlafter
the reaction was completed. Next, the solution a@ded into ammonia water, and ethyl acetate wad tse
separate the layers, followed by rinsing with wafidre obtained organic layer was washed with MgteO
remove water, followed by evaporation to obtain thactant. The obtained reaction product was patify

column chromatography (absorbent: silica gel, dtuethyl acetate/n-hexane), affording the finalduet in
65.1 % yield'H NMR (400MHz, DMSO&): 0.89(t,J = 6.5Hz, 3H, CH), 1.26(m, 2H, Ck), 1.46(s, 6H, 2CHy), 1.74(m,

2H, CH), 4.16(t,J = 7.4Hz, 2H, CH), 5.40(s, 1H, OH), 7.24(d, = 8.0Hz, 1H, ArH), 7.42(d,] = 8.2 Hz, 2H, ArH),
7.55(m, 2H, ArH), 7.71(s, 1H, ArH), 8.17@= 1.9Hz, 1H, ArH); HRMS Wz, MALDI): [M + H]* calculated for
C,H,NO: 305.4098; found 305.4056; Elemental analysesyd C, 82.15; H, 7.51; N, 4.47; O, 5.19,HGNO’

requires C, 82.25; H, 7.59; N, 4.59; O, 5.24.

2.2.4.4. Synthesis of 9-butyl-3-ethynytr@arbazoleC4) : Hydrolysis [1]

IntermediateC3 (1 mmol, 305 mg) and KOH (3 mmol, 168 mg) wererghd with anhydrous toluene and
refluxed under nitrogen for 3 hrs, and after thaction was completed, the solution was cooled. rElaetion
product was filtered under reduced pressure to venkd®OH and impurities, followed by evaporation. &y,
the obtained reaction product was purified by flaslumn chromatography (absorbent: silica gel, mtuethyl
acetate/n-hexane), affording the final product 6 26 yield.'H NMR (400MHz, CDGJ): 0.89(t,J = 6.5Hz, 3H,
CHy), 1.26(m, 2H, Ch), 1.74(m, 2H, Ch), 3.15(s, 1H, CH), 4.16(, = 7.4 Hz, 2H, Ch), 7.24(d,J = 8.0Hz, 1H, ArH),
7.33(dJ = 8.2 Hz, 2H, ArH), 7.55(m, 2H, ArH), 7.71(s, 1H, ArH)18(d.J = 1.9 Hz, 1H, ArH); HRMS (/z, MALDI):



[M + H]" calculated for @HN: 247.3319; found 247.3353; Elemental analyses)doC, 87.38; H, 6.91; N, 5.56;
‘C1HiN' requires C, 87.41; H, 6.93; N, 5.66.

2.2.4.5. Synthesis of 3-iodo-9-phenygarbazole C5) : Phenylation

C5 was synthesized using intermedia®d (2.9 mmol, 0.85 g) based on the C2 synthetic ntkthsing
Bromobenzene(12.5mmol, 0.729) instead of 1-bronairitaffording the final product in 65.1 % yiétd. NMR
(500MHz, DMSOd) 7.25(t,J = 8.4 Hz, 2H, ArH), 7.40(m, 3H, ArH), 7.50(d,= 8.2 Hz, 2H, ArH), 7.58(t,) =
8.2 Hz, 2H, ArH), 7.94(d,) = 8.2Hz, 2H, ArH), 8.55(d,) = 1.8 Hz, 1H, ArH); HRMS Wz MALDI): [M + H] *
calculated for GgH1,IN: 369.1973; found 369.1990; Elemental analysasnBdC:58.55, H:3.24, 1:34.32, N:3.74
calculated for GgH,IN C:58.56, H:3.28, 1:34.37 N:3.79.

2.2.4.6. Synthesis of 2-methyl-4-(9-pheny-8arbazol-3-yl)but-3-yn-2-0ld6) : Sonogashira coupling

C6 was synthesized using intermedi&d (1.5 mmol, 0.5g) based on tk&8 synthetic method, affording the
final product in 62.8 % yieldH NMR (500MHz, DMSOdq) 1.46(s, 6H, Ch), 5.45(s, 1H, OH), 7.24(m, 3H,
ArH), 7.45(m, 3H, ArH), 7.60(d) = 8.1Hz, 3H, ArH), 7.71(s, 1H, ArH), 7.94(s, 1H, ArH),5%5(d,J = 1.9Hz,
1H, ArH); HRMS Wz, MALDI): [M + H] " calculated for gH;gNO: 325.4000; found 325.4011; Elemental
analyses, found C:84.82, H:5.86, N:4.27, O:4.90udated for G;H,gNO C:84.89, H:5.89, N:4.30, 0:4.92.

2.2.4.7. Synthesis of 3-ethynyl-9-phenyi-@arbazole €7) : Hydrolysis

C7 was synthesized using intermedi&t@ (3 mmol, 1.0g) based on tk} synthetic method, affording the final
product in 67.1 % vieldH NMR (500MHz, DMSO#) 4.05(s, 1H, CH), 7.24(m, 3H, ArH), 7.45(m, 3HH)r
7.60(d,J = 8.1Hz, 3H, ArH), 7.71(s, 1H, ArH), 7.94(s, 1H, ArH),5%(d,J = 1.9Hz, 1H, ArH); HRMS @z,
MALDI): [M + H]* calculated for gH.aN: 267.3221; found 267.3235; Elemental analysesndoC:89.82,
H:4.85, N:5.21 calculated for,gH,5N C:89.86, H:4.90, N:5.24.

2.2.5. Synthesis of naphthalimidyl dye intermedisiteN4 [1]



CaHg

0+_0.__0 0+_0.__0 _ _ Os_N.__O
Bromination Aminolysis
OO 9O 9O
Br Br
1,8-Naphthalimide N1 N2
CaHg

CaHg

O~_N__O
) _ O~_N__O
Sonogashira coupling Hydrolysis
- —
< e
\ %
N3 OH N4

Scheme 6Synthesis of the naphthalimidyl dye intermedididsN4.

2.2.5.1. Synthesis of 3-Bromo-1,8-naphthalic antigdN1) : Bromination [1]

Silver(l) sulfate (5 mmol, 1.56 g) and 1,8-naphithainhydride (10 mmol, 1.98 g) were added to sidfacid
(40 mL), and the solution was stirred. Second,rafte slow addition of bromine (13 mmol, 6.3 mL)get
solution was heated to 60 °C and reacted for 12Wirgen the reaction was complete, the solution ceaded to
room temperature, and water was added. The formedats were filtered under reduced pressure taiobt
crystals. These crystals were recrystallized usitiginol, affording the final product in 56.7 % giéH NMR
(400MHz, DMSO6): 7.39(d,J = 8.2 Hz, 1H, ArH), 7.74(dJ) = 7.8 Hz, 1H, ArH), 8.17(s, 1H, ArH), 8.56(d= 8.2 Hz,
1H, ArH), 8.58(s, 1H, ArH); HRMSnYz, MALDI): [M + H]* calculated for @HsBrO;: 277.0684; found 277.0670;
Elemental analyses, found C, 52.01; H, 1.79; G38;7C,HsBrOs requires C, 52.02; H, 1.82; O, 17.32.

2.2.5.2. Synthesis of 5-Bromo-2-butyHiBenzo [de] isoquinoline-1,3E)-dione (N2) : Aminolysis [1]
IntermediateN1 (5 mmol, 1.66 g) and n-butylamine (7.5 mmol, On7¥) were added into ethanol (15 mL), and
the solution was maintained at reflux conditionsXdir. The reaction mixture was cooled after #mction was
completed. Once the solution was completely codleslicrystals produced were filtered under redymedsure
to obtain crystals. The reaction product was raatlyged using ethanol, affording the final product74.2 %
yield. 'H NMR (400MHz, DMSOs): 0.90(t,J = 6.5Hz, 3H, CH), 1.30(m, 2H, Ch), 1.54(m, 2H, Ch), 3.13(tJ = 7.7
Hz, 2H, CH), 7.85(dJ = 7.8 Hz, 1H, ArH), 8.11(d) = 8.2 Hz, 1H, ArH), 8.40(s, 1H, ArH), 8.50d= 1.9 Hz, 2H, ArH);
HRMS (m/z, MALDI): [M + H] * calculated for gH.BrNO,: 332.1891; found 332.1899; Elemental analysesidou
C,57.81; H, 4.21; N, 4.15; O, 9.59;,8,BrNG, requires C, 57.85; H, 4.25; N, 4.22; O, 9.63.

2.2.5.3. Synthesis of Butyl-5-(3-hydroxy-3-methytiuynyl)1H-benzo [de] isoquinoline-1,3kD-dione (N3):

Sonogashira coupling [1]

Anhydrous tetrahydrofuran (10 mL) was added to latem of intermediateN2 (1 mmol, 349 mg), cuprous



iodide (0.05 mmol, 15.9 mg), triphenylphosphine0Of.mmol, 13.1 mg), and bis(triphenylphosphine)
palladium(ll) dichloride, and the solution was @ under nitrogen for 15 min. In the next steperathe
addition of triethylamine (10 mL) and stirring f&b min, 2-methyl-3-butyn-2ol (3 mmol, 252 mg) wakiad,
and the solution was stirred for 30 min, followeg reflux for 1 hr. After the reaction was completédwas
cooled. Next, the solution was added into ammoragery and ethyl acetate was added to separataybes)
followed by rinsing with water. The obtained orgatdayer was washed with MgQ@ remove water and then
evaporated to obtain a reactant. The obtained iomagiroduct was purified by column chromatography

(absorbent: silica gel, eluent: ethyl acetate/naney, affording the final product in 75.8 % vyiellh NMR
(400MHz, DMSOek): 0.90(t, J =6.5Hz, 3H, CH), 1.30(m, 2H, Ch), 1.46(s, 6H, 2CH;), 1.54(m, 2H, Ch), 3.13(tJ = 7.7

Hz, 2H, CH), 5.40(s, 1H, OH), 7.90(d,= 8.0 Hz, 1H, ArH), 8.11(d = 8.2 Hz, 1H, ArH), 8.28(dl = 8.0 Hz, 1H, ArH),
8.45(d,J = 1.8 Hz, 2H, ArH); HRMS (Wz, MALDI): [M + H]" calculated for gH»NOs 335.3922; found
335.3920; Elemental analyses, found C, 75.15; 84;a\, 4.17; O, 14.29; ‘GH,NOs requires C, 75.22; H, 6.27;
N, 4.18; O, 14.33.

2.2.5.4. Synthesis of 2-Butyl-5-ethynyHibenzo [de] isoquinoline-1,3kP-dione (N4) : Hydrolysis [1]
IntermediateN3 (1 mmol, 305 mg) and KOH (3 mmol, 168 mg) wererghd to anhydrous toluene and
refluxed under nitrogen for 3 hrs. Second, after raction was completed, the solution was codlext, the
reaction product was filtered under reduced pressuremove KOH and impurities, followed by evapiora
The obtained reaction product was purified by flaslumn chromatography (absorbent: silica gel, mtuethy!
acetate/n-hexane), affording the final product 64 26 yield.*H NMR (400MHz, CDGJ): 0.90(t,J = 6.5Hz, 3H,
CHy), 1.30(m, 2H, Ch), 1.54(m, 2H, CH), 3.13(tJ = 7.7 Hz, 2H, CH), 4.08(s, 1H, CH), 7.90(d,= 8.0 Hz, 1H, ArH),
8.11(d,J = 8.2Hz, 1H, ArH), 8.28(s, 1H, ArH), 8.45(d, = 1.8 Hz, 2H, ArH); HRMS (Wz, MALDI): [M + H] "
calculated for ¢H;NO,: 277.3143; found 277.3141; Elemental analyseqydo@, 77.68; H, 5.51; N, 4.96; O,
11.79; ‘GHi NG, requires C, 77.98; H, 5.42; N, 5.05; O, 11.55.

2.2.6. Synthesis of fluorescent dyie6



0
X1 N R,
C4 \
Sonogashira couplin
+ or 9 Png
/O/N\Q\ /©/N\©\
X3 X3 n-CaHg R; Rs
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N Fluorescent dye 5 R1=N4, R,=N4, R=H
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Scheme 7Synthetic routes of fluorescent dykst.

2.2.6.1. Synthesis of fluorescent dyeSonogashira coupling

First, anhydrous tetrahydrofuran (10 mL) was adttedh solution of intermediat€4 (1 mmol, 349 mg),
cuprous iodide (0.05 mmol, 15.9 mg), triphenylptosp (0.05 mmol, 13.1 mg), and bis(triphenylphoaphi
palladium(ll) dichloride, and the solution was i@t under nitrogen for 15 min. Secondly, triethyilaen(10 mL)
was added, and the solution was stirred for 15 follgwed by the addition of intermediald (1.1 mmol, 305
mg) and stirring for 30 min. Finally, the solutievas refluxed for 1 hr. After the reaction was costgdl, the
solution was cooled. Next, the solution was added ammonia water, and ethyl acetate was usedptar st
the layers, followed by rinsing with water. The @bed organic layer was washed with Mg3®@remove water
and then evaporated to obtain a reactant. Thermataeaction product was purified by column chramgetphy
(absorbent: silica gel, eluent: ethyl acetate/naney, affording the final product in 735 % vyielll NMR
(400MHz, DMSO€): 0.89(t,J = 6.5Hz, 3H, CH), 1.26(m, 2H, Ch), 1.74(m, 2H, Ch), 4.16(tJ = 7.5Hz, 2H, CH),
7.08(m, 6H, ArH), 7.14(m, 2H, ArH), 7.24(m, 9H, AiH.64(m, 3H, ArH), 8.17(dl = 8.2 Hz, 1H, ArH);**C NMR (75
MHz, DMSOs, J, ppm) 147.72, 146.12, 140.65, 140.30, 132.98, 1321929.25, 127.69, 126.44, 124.72,
124.44, 123.39, 122.93, 122.64, 120.74, 120.45,4219109.37, 108.98, 107.87, 90.45, 86.65, 43.81072
13.85; HRMS vz, MALDI): [M + H] * calculated for @HsN,: 490.6326; found 490.6318; Elemental analyses,
found C, 88.11; H, 6.12; N, 5.68; 3\, requires C, 88.13; H, 6.16; N, 5.71.

2.2.6.2. Synthesis of fluorescent &/eSonogashira coupling
Fluorescent dy® was synthesized using intermedi&@é (1 mmol, 330 mg) and intermediai® (2.2 mmol,
610 mg) based on the above method, affording te firoduct in 68.5 % yieldH NMR (400 MHz, DMSQOg):

0.89(t,J = 6.5 Hz, 6H, XCHy), 1.26(m, 4H, 2CH,), 1.74(m, 4H, 2CH,), 4.16(tJ = 7.5Hz, 4H, XCH,), 7.08(d,) = 7.8

Hz, 6H, ArH), 7.14(m, 1H, ArH), 7.51(m, 16H, Art)75(m, 3H, ArH), 8.17(d] = 8.2 Hz, 1H, ArH);**C NMR (75 MHz,



DMSO-ds, J, ppm) 147.72, 146.12, 140.65, 140.30, 132.98, 132195.25, 127.69, 126.44, 124.72, 124.44,
123.39, 122.93, 122.64, 120.74, 120.45, 119.42,31M9108.98, 107.87, 90.45, 86.65, 43.31, 31.010720
13.85; HRMS (Vz, MALDI): [M + H] " calculated for @H, N3 735.9489; found 735.9483; Elemental analyses,
found C, 88.13; H, 6.13; N, 5.69;5#£,sN5 requires C, 88.16; H, 6.12; N, 5.71.

2.2.6.3. Synthesis of fluorescent d/eSonogashira coupling
Fluorescent dy& was synthesized using intermedi&@é (1 mmol, 330 mg) and intermediai@ (3.3 mmol,

915 mg) based on the above method, affording thal firoduct in 53.1 % yieldH NMR (400 MHz, DMSOd):
0.89(t,J = 6.5Hz, 9H, XCH,), 1.26(m, 6H, 8CH,), 1.74(m, 6H, 8CH,), 4.16(tJ = 7.5Hz, 6H, XCH,), 7.14(dJ = 8.3

Hz, 6H, ArH), 7.51(m, 19H, ArH), 7.75(m, 5H, Art§,17(d,J = 8.2 Hz, 3H, ArH);**C NMR (75 MHz, DMSOdg, 4,

ppm) 146.12, 140.65, 140.30, 132.98, 132.95, 127.89.39, 122.93, 122.64, 120.74, 120.45, 119.089,37,
108.98, 107.87, 90.45, 86.65, 43.31, 31.01, 2013785; HRMS vz, MALDI): [M + H] " calculated for
CrHsdN4 981.2652; found 981.2665; Elemental analyses)do@, 88.07; H, 6.14; N, 5.65; /&£ls\, requires C,
88.07; H, 6.12; N, 5.71.

2.2.6.4. Synthesis of fluorescent dyeSonogashira coupling

Anhydrous tetrahydrofuran (10 mL) was added to latem of intermediateN4 (1 mmol, 349 mg), cuprous
iodide (0.05 mmol, 15.9 mg), triphenylphosphineO.mmol, 13.1 mg), and bis(triphenylphosphine)
palladium(ll) dichloride, and the solution was i&d under nitrogen for 15 min. Second, after tgiltmine (10
mL) was added, and the solution was stirred fomi®, intermediatéel'l (1.1 mmol, 305 mg) was added, and
the solution was stirred for 30 min, followed bylug for 1hr. After the reaction was completed, gwution
was cooled. Next, the cooled solution was addemlantmonia water, and ethyl acetate was used toaeghe
layers, followed by rinsing with water. The obtainerganic layer was washed with MgSt remove water,
followed by evaporation to obtain a reactant. THatamed reaction product was purified by column
chromatography (absorbent: silica gel, eluent: ledlbgtate/n-hexane, affording the final producé3i’ % yield.
'H NMR (400 MHz, DMSOd): 0.90(tJ = 6.6 Hz, 3H, CH), 1.30(m, 2H, Ch), 1.54(m, 2H, Ch), 3.13(tJ = 11 Hz, 2H,
CH,), 7.08(dJ = 8.3Hz, 6H, ArH), 7.14(d,) = 8.0Hz, 2H, ArH), 7.51(dJ) = 7.3 Hz, 6H, ArH), 7.89 (dJ = 7.5Hz,
1H, ArH), 8.11(dJ = 8.3 Hz, 1H, ArH), 8.28(s, 1H, ArH), 8.42(d= 2.0 Hz, 2H, ArH);**C NMR (75 MHz, DMSOs,

J, ppm) 147.72, 146.12, 138.85, 133.95, 132.95, 13A.28.25, 128.37, 125.50, 124.72, 124.44, 124.22 98,
121.56, 107.87, 91.05, 90.45, 55.19, 53.68, 2203)7, 13.85; HRMSniz, MALDI): [M + H] * calculated for
CaH N0, 520.6150; found 520.6153; Elemental analysesiddd, 83.01; H, 5.42; N, 5.49; O, 6.1234@dN,0,
requires C, 83.05; H, 5.52; N, 5.42; O, 6.15.

2.2.6.5. Synthesis of fluorescent dyeSonogashira coupling
Fluorescent dy® was synthesized using intermedi&té (1 mmol, 330 mg) and intermediaf® (2.2 mmol,

610 mg) based on the above method, affording tie firoduct in 65.7 % yieldH NMR (400 MHz, DMSOg):
0.90(t,J = 6.6 Hz, 6H, ZCHy), 1.30(m, 4H, 2CH,), 1.54(m, 4H, 2CH,), 3.13(tJ = 11 Hz, 4H, ZCH,), 7.08(dJ = 8.3

Hz, 6H, ArH), 7.14(d)) = 8.0 Hz, 1H, ArH), 7.51(d)) = 7.3 Hz, 6H, ArH), 7.90(dJ = 7.5 Hz, 2H, ArH), 8.11(d) = 8.3



Hz, 2H, ArH), 8.28(s, 4H, ArH), 8.45(d, = 2.0 Hz, 2H, ArH);**C NMR (75 MHz, DMSOds, 6, ppm) 147.72,
146.12, 138.85, 133.95, 132.95, 130.38, 129.253172827.69, 125.50, 124.72, 124.44, 124.22, 122.9B.56,
107.87, 91.05, 90.45, 55.19, 53.68, 29.73, 20.B785 HRMS @z MALDI): [M + H]" calculated for
CsHaN:O,: 795.9137; found 795.9134; Elemental analysesddd, 81.46; H, 5.14; N, 5.12; O, 8.0254841N-0;
requires C, 81.49; H, 5.19; N, 5.28; O, 8.04.

2.2.6.6. Synthesis of fluorescent d/eSonogashira coupling
Fluorescent dy® was synthesized using intermedi&té (1 mmol, 330 mg) and intermediai@ (2.2 mmol,
610 mg) based on the above method, affording te firoduct in 51.2 % yieldH NMR (400 MHz, DMSOg):

0.90(t,J = 6.6 Hz, 9H, ZCHs), 1.30(m, 6H, 8CH,), 1.54(m, 6H, 8CH), 3.13(t,J = 11 Hz, 6H, XCH,), 7.08(dJ = 8.3

Hz, 6H, ArH), 7.51(d) = 8.0 Hz, 6H, ArH), 7.90(dJ = 7.5Hz, 3H, ArH), 8.11(d) = 8.3 Hz, 3H, ArH), 8.28(s, 6H, ArH),
8.45(d,J = 2.0 Hz, 3H, ArH);*C NMR (75 MHz, DMSOds, J, ppm) 146.12, 138.85, 133.95, 132.95, 130.38,
128.37, 127.69, 125.5, 124.22, 122.93, 121.56,8R1.05, 90.45, 55.19, 53.68, 29.73, 20.07, 134BUS
(m/z, MALDI): [M + H] " calculated for €HsNOg 1071.2124; found 1071.2168; Elemental analyses)d C,
80.28; H, 5.02; N, 5.17; O, 8.26;78:N,Os requires C, 80.37; H, 5.08; N, 5.23; O, 8.29.

2.2.7. Synthesis of fluorescent dye$

n-CyHo
0
c4 N
O
it or Cul, PPR, Pd(PPR)CI, I
Br S Br + 2-methyl-3-butyn-2-ol Ry S Rs
O O
TEA, THF, N,
S1 Fluorescent dye 7: R,=C4, R=C4
Fluorescent dye 8 R4,=C7, R;=C7
0
c7 N

Scheme 8Synthetic routes of fluorescent dyés8.

2.2.7.1. Synthesis of blue fluorescent dye

Fluorescent dyg was synthesized using intermedi&é (16mmol, 3.9g) and intermedia&l (8mmol, 3.0g)
based on the above method, affording the final pebéh 75.8 % yieldH NMR (500MHz, DMSGH) 09(J = 6.5
Hz, 6H, CH), 1.31(m, 4H, Ch), 1.74(m, 4H, CH4.16(tJ = 6.4 Hz, 4H, CH), 7.32(m, 4H, AH), 747(, = 6.6 Hz, 2H, AH),



754(t, J = 8.4Hz, 2H, AH), 765(t) = 8.5Hz, 2H AH), 7.76(d) = 7.3Hz, 11H, AH), 836(d) = 8.4 Hz, 1H, AH);**C
NMR (75 MHz, DMSOdg, o, ppm) 143.89, 140.70, 140.65, 140.30, 132.98, 132197.10, 131.04, 129.23,
128.35, 127.69, 126.73, 126.44, 124.65, 123.39@,612 121.00, 120.74, 120.45, 119.42, 117.29, 1)9.3
108.98, 90.45, 86.65, 58.06, 49.56, 43.31, 34.1413 30.12, 20.07, 13.85; HRM8Vg, MALDI): [M + H] *
calculated for ¢HNSOS: 708.9020; found 708.9036; Elemental analysemdadC, 81.29; H, 5.65; N, 3.94; O,
4.49; S, 4.49 calculated g NOS C, 81.32; H, 5.69; N, 3.95; O, 4.51; S, 4.52.

2.2.7.2. Synthesis of blue fluorescent 8ye

Fluorescent dy® was synthesized using intermedi@@ (16mmol, 4.2g) and intermedia&l (8mmol, 3.09)
based on the above method, affording the final pcoih 68.3 % yield"H NMR (500MHz, DMSGH) 7.72(m, 5H, AH),
7454 = 7.9 Hz, 2H, AH), 763m, 11H, AH), 7.75(s, 2H, AA79d,J = 7.9 Hz, 8H, AH), 794(d) = 7.5Hz, 2H, AH),
855dJ = 6.2 Hz, 2H, AH):*C NMR (75 MHz, DMSOdg, 6, ppm) 141.38, 140.70, 140.62, 137.60, 132.98,
132.97, 129.25, 128.35, 127.69, 127.10, 126.44,722423.39, 123.23, 121.00, 120.74, 120.45, 119.@2.95,
109.37, 90.45, 86.65; HRM®n(z, MALDI): [M + H] " calculated for GH3,N,0,S: 748.8824; found 748.8801;
Elemental analyses, found C, 83.36; H, 4.27; N3;30, 4.24; S, 4.25 calculated fige33,N,0,S C, 83.40; H, 4.31;
N, 3.74; O, 4.27; S, 4.28.

2.2.8. Synthesis of Fluorescent d@e$0

TIT—C4H9
N
. O .
C4 \%
Cul, PPh, Pd(PPR)CI,
NS + or 2-methyl-3-butyn-2-ol N" SN
| - L
N TEA, THF, N, N
Br Br R7 R
N Fluorescent dye 9: Rg=C4, R=C4, Re=C4
Al Q O Fluorescent dye 10 Rg=C7, R=C7, Re=C7
c7 \\

Scheme 9 Synthetic routes of fluorescent dy&sl10.

2.2.8.1. Synthesis of green fluorescent flye

Al (1 mmol, 1.4 g) was added to a solution of trithyine (30 mL) and toluene (30 mL), and the sohtias



stirred under nitrogen for 30 min. Secondly, aftee addition of copper iodide (0.04 mmol, 0.02 @),
triphenylphosphine (0.02 mmol, 0.014 g) and bigftenylphosphine) palladium(ll) dichloride (0.08 nmipt15

g), and the solution was stirred under nitrogeB(atC for 1hrs. After the stirring was completatteimediate
C4 (3.6 mmol, 2.3 g) was slowly added and followedrbftux for 10 hrs. The solution was filtered under
reduced pressure after the reaction was complitext, the solution was added into ammonia water ethgil
acetate was used to separate the layers, followeth&ing with water. The obtained organic layersweashed
with MgSQ, to remove water, followed by evaporation to obttie reactant. Finally, the obtained reaction

product was purified by flash column chromatograpdffording the final product in 57.3 % yieltH NMR
(500MHz, DMSO€g) 0.9(t,J = 6.5Hz, 9H, CH), 1.31(m, 6H, 8CH,), 1.74(m, 6H, 8 CH,), 4.16 (m, 6H, 8

CH,), 7.28(d,J = 7.6 Hz, 3H, ArH), 7.41(t) = 6.2Hz, 6H, ArH), 7.62(m, 12H, ArH), 7.75(d,= 7.6 Hz, 9H,
ArH), 8.17(d,J = 5.9 Hz, 3H, ArH); *C NMR (75 MHz, DMSOs, 5, ppm) 171.46, 143.89, 140.65, 140.30,
131.63, 136.12, 133.00, 132.98, 131.63, 129.23,00R928.45, 127.69, 126.73, 126.44, 126.02, 124.24.50,
123.39, 122.64, 122.28, 121.58, 120.74, 120.45,421916.80, 112.32, 109.37, 108.98, 95.12, 9B&%K5,
86.49, 58.06, 49.56, 43.31, 34.74, 31.01, 30.10)72013.85; HRMSrtVz, MALDI): [M + H] " calculated for
CssHgoNe: 1045.3107; found 1045.3124; Elemental analysesmydoD, 86.15; H, 5.77; N, 8.05 calculated for
CrsHeoNs C, 86.17; H, 5.79; N, 8.04.

2.2.8.2. Synthesis of green fluorescent @i§e

Fluorescent dy&0was synthesized using intermediéXé (3.6mmol, 2.48g) and intermediatd (1mmol, 1.4q)
based on the above method, affording the final proth 61.3 % yieldH NMR (400MHZ, DMSO#dg) 7.29(m,
9H, ArH), 7.47(m, 9H, ArH), 7.58(m, 9H, ArH), 7.65(@J = 7.7 Hz, 6H, ArH), 7.75(d,] = 6.9 Hz, 9H, ArH),
7.94(d,J = 5.1Hz, 3H, ArH), 8.55(d,J = 1.8 Hz, 3H, ArH); *C NMR (75 MHz, DMSOds, J, ppm) 171.46,
141.38, 140.62, 137.60, 136.12, 132.98, 131.63,262928.45, 127.69, 127.10, 126.44, 124.72, 124.88.39,
123.23, 120.74, 120.45, 119.42, 109.95, 109.3A0®6.65; HRMS1tvz, MALDI): [M + H] " calculated for
CgiHaeNg: 1105.2813; found 1105.2823; Elemental analysesydon, 88.04; H, 4.35; N, 7.57 calculated for
CgiHagNs C, 88.02; H, 4.38; N, 7.60.

2.3. Geometry optimization of dyes

Time-dependent density functional theory (TD-DFThidaliscrete Fourier transform (DFT) were carried
out using the Gaussian 09 programs using the B3BY®LG as the standard. Hence, the geometry tyde an
Frontier molecular orbital (FMO) are calculated.eThore twist angle in intermolecular interactionasw
analyzed by geometry calculations. In case of Hegimide, the carbazole angle was calculated fiwencenter
of the triphenylamine main body, the angle betwinenacetylene linkage and naphthalimide, carbazolé the
substituent. The highest occupied molecular orlftEDMO), lowest unoccupied molecular orbital (LUMO)

band gap, and electron density were calculatedW® Ealculations.



3. Results and Discussion

3.1 Dye synthesis

Some dyes and intermediates were reported in #ndqus studies [1,4] featuring their excellent quam
yields for the acetylene-linked fluorescent dyestaming ann-butyl or a phenyl ring at thK-position of 1,8-
naphthalimide. The six fluorescent dyk$ were synthesized in six steps, such as iodinatioomination,
alkylation, aminolysis, Sonogashira coupling, agdrblysis, respectively [1,24].

The iodination of carbazole was carried out undsdia conditions to be substituted at position 3 of
carbazole, resulting in reaction yield of 72.7 %ldi In case of extension of the reaction timerafie addition
of Kl the di-iodinated side product formed mairthereby the yield of intermedia&l was decreased to 42 %.

For N-alkylation reaction, the use of polar aprotic golty such as DMF, could enhance the reactivity of
typical S2 reaction. The Sonogashira coupling reaction far §ep was successfully carried out by using
anhydrous toluene, 10 mol % of bis(triphenylphosplpalladium(ll) dichloride, catalytic amounts ofilGand
triphenylphosphine, under these conditions theti@acompleted in 1 hr. The reaction rate of thikofeing
hydrolysis was increased by the use of comparatileds polar solvent, such as toluene, to compzat df
polar solvent, such aso-propylalcohol, resulting in the reaction yield & % [1,25].

In scheme 6, the bromination of 1,8-naphthalic anice was carried out under acidic conditions to
increase the selectivity to substitute at the Jtprsof 1,8-naphthalimide ring, therefore the réae yield of
56.7 % obtained. The consequent aminolysis react@s readily carried out usingbutylamine and ethanol,
under these conditions a reflux for 1 hr providedction yield of 74.2 %.

The synthetic schemes for dye intermediates weosvishn Scheme 1, Scheme 5, and Scheme 6 for
intermediatesl'1-3, intermediateC4, and intermediat®l4, respectively. For the synthetic scheme of sialfin
fluorescent dye&-6 was also illustrated in Scheme 7.

Two dyes7-8 containing a central group of diphenylsulfone wprepared via an intermedia®l which
was readily synthesized from bromobenzene and a$ilbionic acid, as shown in Scheme 2, then two lbrom
atoms were substituted by an acetylene groupl-ofbutyl-carbazole €4) or N-phenyl-butyl-carbazoleQ7)
using Sonogashira coupling reaction conditions €& 8) resulting in reasonable reaction yield o8%&%and
68.3 %, respectively. For a dye intermediate Cigealconsequent reaction steps were carried osh@sn in
Scheme 6.

The other dye®-10 containing a central group of triphenyltriazine revesimilarly synthesized via an
intermediateAl which was prepared from 4-bromobenzonitrile aifictiacid, as shown in Scheme 3, then two
bromo atoms were also substituted by an acetylenapgof N-n-butyl-carbazole ©4) or N-phenyl-butyl-
carbazole €7) utilising Sonogashira coupling reaction conditiofscheme 9), where comparatively lower
reaction yields were found by 57.3% and 61.3 %peesvely. The higher reaction yields in Sonogashir
coupling for dyesr-8 can be explained by the enhanced electrophiliitphenyl ring by the presence of an
electron-withdrawing group, sulfone group, howeadriazine ring also exerted an electron-withdraéffect

therefore the difference in reaction yield wastootsignificant.



3.2. Absorption and fluorescence spectroscopicertims

Based on the TD-DFT theory using the Gaussian Ofkgue, the geometry of the six synthesized
fluorescent dyed-6 was analyzed, and the calculated maximum absorptéorelengths and oscillator strength
were summarized in Table 1. By comparison betwéwn dalculated absorption maxima and the observed
absorption maxima, as shown in Table 2, for disésit was more reliable to predict for two dye# 2, which
mono-carbazole or di-carbazole substituted analegotere the deviations were less than 3 nm [26kreas
the difference of 16 nm became bigger for @y#hnat substituted by tri-carbazole groups. In aafsKH-n-butyl-
naphthalimidyl analogous, the deviations in absorpmaxima were observed by 14 nm, 6 nm, and 9aom f

dyes4-6, respectively.

Table 1
Calculated absorption maxima and F values for #aoent dye$—6.

Calculated absorption maxima (hm) and F values

Fluorescent dyes

)Lma)cal F
1 330 1.57
2 333 1.39
3 357 1.42
4 418 1.61
5 430 1.57
6 431 1.98

Fluorescent dye&-3 exhibited the maximum absorbance at 330-341 nmyeakefluorescent dyes-6
bathochromically shifted leading to the absorptioaxima at 432—440 nm, as shown in Table 2. It iearky
found that as the number of acetylene group whitteduced to the triphenylamine moiety increaskd,more

bathochromic shift was exhibited for all six dygs$. This red shifts can be attributable to the insesha
conjugation oftt-orbitals, where the presence of three acetylani@dje groups connected to a carbazole ring
contributed a bathochromic shift of 11 nm compariaghat of corresponding dyk containing an acetylene
linkage group. The same red shift was also obselbye® nm comparing the dy&containing three acetylene
groups to the corresponding dye It was unusual that the absorption maxima of d4xssubstituted by
naphthalimidyl group were bathochromic shifted gigantly comparing to the corresponding dyie8 which
containing the same number of carbazole analoghese red shifts that exhibited in the range oh®8~ 102
nm may be arisen by the more efficient conjugatioetsveen central triphenylamine system and napintich}l

group via an acetylene linkage group than perforfagctorresponding carbazole analogous. It can be al

assumed that the planarity afconjugations throughout the dye molecule for nhalimidyl based dyed-6

retained. By comparing the dyecontaining threéN-n-butylcarbazole substituents to the correspondiyed

the triphenyltriazine ring as a central moiety citmited a bathochromic shift of 21 nm due to theréasedr-

conjugations by a triazine ring. It was also fouhdt the presence ofMephenyl ring in the carbazole system



created a bathochromic shift comparing to thalNaf-butyl group, therefore dy&0 exhibited a bathochromic

shift of 8 nm to the that of dy&@due to the increased-conjugations.

Judging from the results of Density Functional Tiyg®@FT) and Time-Dependent DFT calculations, as in
Fig. 2 and Table 3, the carbazole and naphthalimidaps were twisted around the acetylene linkdgrefore
the efficiency ofr-conjugations decreased led to the increased enmtkffgyence between HOMO and LUMO
levels. In contrast, the connection between thhémylamine and the acetylene linkage group reda@nplanar
structure at the center contributing to the delaatibn ofz orbitals on the dye molecule.

The molar extinction coefficients of fluorescentedyi—3 ranged from 16,000 to 17,000, which were
apparently similar regardless of the differencetha number of carbazole group, and the molar etidinc
coefficient of fluorescent dye$-6 ranged from 17,000 to 19,000, where the more dulsiis the stronger in
molar extinction coefficient. It was also found tithe dyesr-10 those contained a central group of diphenyl
sulfone or 2,4,6-triphenyl-1,3,5-trazine group pded higher molar extinction coefficients to congpanat of
corresponding dyed-6. Although the relationships between the dye stmectand the molar extinction
coefficients to be often difficult to explain, ihese dye series the stronger electron-withdrawffegteby two
central moieties can be attributable to the in@dasolar extinction coefficients. In other wordsttb the
sulfonyl group and triazine ring exerted readilyhanced effects to accepelectrons from the electron donor, a
nitrogen atom iN-substituted carbazole ring.

The maximum emission wavelengthsleB were observed at 401 nm, 416 nm, and 430 nm, regplsc
whereas corresponding dyds6 exhibited 580 nm, 595 nm, and 604 nm, respectjvislgrefore the bigger
Stokes’ shifts were observed by naphthalimidyl agalis, as summarized in Table 2. As the number of
substituent coupled to the central moiety increatieel Stokes shifts tended to increase. It can esipé that
both contributions of the bathochromic shifts as@iption maxima and larger Stokes shifts by napimidyl
substituted dye#-6 readily provide a red emission, whereas the cpomding carbazole substituted dyes
emitted a blue fluorescence. In similar, two dge$0 containing a central moiety of triphenyltriazinksa
exhibited comparatively larger Stokes shifts of 1 or 145 nm, than that of corresponding triphamjhe
based analogouls3 combined with a bathochromic shift in absorptioaxima leading to a green fluorescence
emission. As shown in Figure 1, all dye solutiorerevprepared at 100 ppm concentration i@l Strictly
speaking, the visual color depths of dy@nd dye6 seem to be comparatively stronger than other tyes d
among 2 set of blue and red three dyes that caisdinlthe relative strength of quantum yieldsnagable 2.

In terms of quantum yield, there was a tendency thaes 7-10 containing a central moiety of
triphenyltriazine or diphenylsulfone exhibited cistently higher quantum yields of 0.83 to 0.85, vefas the
other dyesl—6 varied their quantum yields from 0.34 to 0.89 dejweg on the substituent. In this series, the
highest quantum yield was observed by 8yehere as the number of substituent, sucN-asbutyl carbazole

or N-n-butyl naphtalimidyl, increased the higher quantyigid was provided, therefore it can be explairteat t

the enhancedt-conjugations could contribute the stronger emissio



Table 2
Absorption and fluorescence properties of the s3gited dyes.

Fluorescent dyes Ama Amas Stokes shift €max Quantum yield
(nm) (nm) (nm) (dm® mol™ cni?)
1 330 401 71 16,000 0.68
2 336 416 80 17,000 0.72
3 341 430 89 16,000 0.89
4 432 580 148 17,000 0.34
5 436 595 159 18,000 0.44
6 440 604 164 19,000 0.78
7 346 444 98 43,000 0.83
8 358 452 94 44,000 0.85
9 362 502 140 41,000 0.83
10 370 515 145 42,000 0.85

Amac, Amac™ determined in methylene chloride(1® > mol/L)
Reference: Anthracene.
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Fig. 1. Optical images of fluorescent dy&s10 in methylene chloride solutions (100 ppm) undéialight of
365 nm.

3.3. Calculations of dye structure geometry

The presence of any substituent at Kaposition of carbazole or naphthalimide ring, incafect readily
the geometry of dyes by the resultari interactions by a substituent. This tendency waseoved when the
geometry of dye molecule was analyzed on the liddisne-dependent density functional theory (TD-DFEF
the six dyesl-6 [27-30]. The dihedral angles between central nérogtom and three individual phenyl rings

were calculated in Table 3, in whickbutyl substituent at thi-position of the carbazole or naphthalimide ring



exhibited a distorted structure with some exterftadibedral angles. The calculated dihedral anglesew
revealed 0.14 °, 3.13 °, and 3.19 ° for three iilial phenyl ringsl-3 of dye 1, where the least distortion was
calculated by a carzole substituted phenyl rindue to the efficient conjugation aforbitals, thus it can be
assumed that dyk contained a planar bond, between a carbazole ctethacetylene group and phenyl rihg
and two comparatively distorted bonds unsubstityeeinyl rings2-3. In contrast, the dihedral angles of three
corresponding bonds for dy@&were appeared to be 0.48 °, 0.39 °, and 0.42 itatidg all bonds retained a
planar geometry. These calculated results suggésaecs the number of substituents to triphenyiangientral
moiety increased, the planarity of the dyes waspaatively enhanced which mainly related to thecrdiitz -

conjugations between carbazole ring and tripheniylarsystem.

The similarity of the effect of substituents wasocalobserved by dyed-6, those substituted by
correspondindN-n-butyl-naphthalimide, where the dihedral anglesnoho-substituted triphenylamine of dge
were calculated as 1.02 °, 3.22 °, 4.02 °, thuswpheng 1 retained its planarity but other two analog@es
exhibited more distorted angle. The dihedral anftesdye 6 were calculated by 0.97 °, 1.13 °, and 1.31 °
revealing three individual bond angles to be comtpegly planar that should be also attributablethe
increased conjugations aforbitals between naphthalimide, acetylene group miphenylamine systems. In
case of dyé, an unsubstituted phenyl rilfgwas calculated by its highly distorted form acdamafor dihedral

angle of 7.82, whereas two other phenyl ritfsretained planarity as calculated for 1.75 and.1.62

It can be emphasized that the enhanced plananiggttyi contributed the improved thermal stabiliag
summarized in Table 4. In comparisons of the werghtictions for dye§-6, it was apparently found that the
increased planarity of dye directly contributedtie higher thermal stability, where dgeand dye6 exhibited

better stabilities in weight reduction.

The geometry-optimized structures of the fluoresciyes1-6 were illustrated in Figure 2, and the results

of the calculated dihedral angles for dye8 were also summarized in Table 3.
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Fig. 2.Geometry-optimized structures of the fluorescent dgs1-6.

Table 3
Theoretically calculated dihedral angles.

R1

C4Hg

C4Hg

§oo ol

Triphenylamine Carbazole Naphthalimide
Flug;eesscent R R R A () B (%) re)

1 2 3 1 2 3 1 2 3
1 C H H 014 313 319 045 - - 0.32 - -
2 C C H 213 262 4.68 1.1 1.6 - 1.2 1.4 -
3 C C C 048 039 042 086 079 081 062 054 0.66
4 N H H 102 322 402 071 - - 060 - -
5 N N H 175 162 782 174 161 - 0.84 1.02 -
6 N N N 097 113 131 693 530 425 693 417 3.26




*a1(°)=N of triphenylaminebenzene(1) of triphenylaminent dihedral angles, Rl-acetylene bond dihedralleang2(°)=N of
triphenylamine-benzene(2) of triphenylamine borttedral anglesy3(°)=N of triphenylamine-benzene(2) of triphenylambund dihedral
angles,f1(°)=R1- acetylene bond dihedral anglpg(°)=R2- acetylene bond dihedral anglf8(°)=R3- acetylene bond dihedral angles,
v(°)=C- acetylene bond dihedral angles

3.4 Thermal stability of dyek-10

Factors such as—r interactions, intermolecular hydrogen bonding, aad der Waals forces affect heat
resistance; however, in the casenef interactions, it becomes sufficiently strong tosda planar molecular
structure. The temperature at which the acetyléenkadge in the synthesized fluorescent dyle8 was
decomposed and the thermal decomposition temperafuthe fluorescent dyes was in the range of 2970°
333 °C. In case of fluorescent dykand2, the thermal decomposition temperature was 29t@;h was less
than that of fluorescent dy& comprising a structure in which carbazole is tadsaround tripheylaminer—r
interaction decreased and the relative paralysslaa. Fluorescent dyelsand? in which the carbazole moiety
was not on the same plane as tripheylamine wemm#ily decomposed at a temperature less than that o
fluorescent dy@&.

The temperature at which the acetylene linkagéhefsynthesized fluorescent dygs$o 6 was destroyed
and the thermal decomposition temperature of flemeat dyes was in the range of 320 °C to 357 °C. Fo
fluorescent dye€l and5, the thermal decomposition temperature was 320witich was less than that of
fluorescent dyes, comprising a structure in which naphthalimide wasted around triphenylamine, andn
interactions decreased, with a relatively low hsstomposition temperature. The naphthalimide maiety not
present on the same plane as triphenylamine. Hoent dyegl and5 were paralyzed at a temperature less than
that of fluorescent dyé. When triphenylamine and the substituent werepresent in the same plane and
became a twisted structure, heat resistance wasatisfactory. For a comparison of the substitueffects
betweenN-n-butyl group andN-phenyl group, it was observed tiNsphenyl group afforded higher resistance to
the weight reductions at 30C than that oN-n-butyl analogue, as shown in table 4. This contidrucan be
explained by the extended conjugationstadrbitals, caused by a phenyl ring, resulting ia thore efficient
delocalization ofrn-electrons throughout the dye molecule. Therefiregsan also assume that the most
substituted analogul) by N-phenyl carbazole systems in these series exdréeldast weight reduction of 0.19
% at 300°C.

As previously discussed in the calculations of sliyacture geometry, the planarity of dye molecuées wne
of important parameters to affect thermal stabditiin the series of carbazole substituted dy8sthe less
weight reductions observed by the more presen@arifazole substituents those afforded comparativielse
planar geometry. The same tendency was found inctiteesponding series of dyds6, in which more
substitutions by naphthalimide ring and acetylanieglge exerted improved thermal stabilities.

Table 4 summarizes the results of thermogravimatralysis (TGA) for the dyes-10[31].



Table 4

Thermogravimetric analysis (TGA) of fluorescent sige6.

Thermal stability
Fluorescent Dyes

Weight reduction (%, 300C)

1 4.40
2 0.76
3 0.23
4 3.20
5 1.81
6 1.93
7 4.20
8 1.02
9 1.65
10 0.19

3.5. TD-DFT and frontier molecular orbital (FMO)

As illustrated in Figure 3, the comparison of th@MO and LUMO levels of the synthesized fluorescent
dyes revealed that the LUMO-level electrons arealieed on the substituent carbazole, 1,8-naphtliddim
position, while the HOMO level is localized on ttighenylamine position. Hence, electrons are cordd to
be localized by the removal of the alkyl chain &gosition substituent in thi-position at the LUMO level,
verifying that electrons are localized, while thieyhchain substituents in thd-position are structurally twisted.
The figure possibly confirmed, but in the case @ifiarescent dyes in which the alkyl chain is sitbstd at the

N-position and the acetylene linkage was substittdedhe carbazole or 1,8-naphthalimidyl ring, deetylene

linkage in the center th& electrons became delocalized.

The HOMO and LUMO values calculated by the TD-DR&dry revealed similar values for the HOMO
(0.07) and LUMO (0.05) for the number of acetyléinkages which due to the interruption in thxeonjugation,
including acetylene linkage, by an alkyl chain doghe twisting of the structure; hence, the sttt butyl
group does not considerably affect tgosition [32-33].

The AE values were clearly determined by the effecthef HOMO and LUMO values according to the

number of substituents in the acetylene linkagestasnvn in Table 5. This trend was observed fors&ll



synthesized fluorescent dyes. By consideringABefor each fluorescent dye, thd value for the synthesized

fluorescent dyed4—3 exhibited a large difference of 0.09 due to thedase in ther-conjugation when a dye

comprising an acetylene linkage exhibits a twistiedcture centered on the acetylene linkage.
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Fig. 3. Molecular orbital models of the HOMOs and LUMO<dlobrescent dye$—6.

The AE values were clearly determined by the energyedbfice between the HOMO and LUMO values
according to the number of substituents in theydeee linkage, as summarized in Table 5. As it wasulated

by TD-DFT method, the lesAE values for dye<l-6 compared to that of corresponding dye8 can be

explained by more efficient-conjugations arisen from a planar structure betweaphthalimide ring and



acetylene group [34-35]. In contrast, comparatiielys planar forms between carbazole ring and lecety
group can be responsible for the increas&dvalues. These calculated results were in accosdarith the

observed absorption maxima for dyie§, as summarized in Table 2.

Table 5
Results of TD-DFT calculations for energy differencalues between the HOMO and the LUMO of the

synthesized dyek-6.

Fluorescent dyes HOMO LUMO AE (Homo-Lumo)
1 -7.67 -5.09 2.58
2 -7.62 -5.12 2.50
3 -7.60 -5.14 2.46
4 -7.70 -5.94 1.76
5 -7.78 -6.10 1.68
6 -7.61 -5.96 1.65

3.6. Electron density

From the calculated electron densities for the diye% the carbazole system exhibited higher electron
densities than the central moiety of triphenylamihat indicated both nitrogen atoms in the carbazoid
triphenylamine rings exerted as an electron dothws these dye$-3 can be a donat-donor chromogen. In
contrast, other dye$-6, higher electron densities of carbonyl groupshimnaphthalimidyl ring were calculated,
therefore it can be assumed that these carbonylpgronay act as an electron acceptor leading tagero

donors-acceptor chromogen [36-37]. The calculated eledtiensities of dye$-6 were illustrated in Figure 4.
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Fig. 4.Electron densities of fluorescent dyles.



4. Conclusions

Judging from the absorption maxima of dye8 prepared, it was found that increase of the nunober

acetylene group which introduced to the triphenyteenmoiety readily exhibited a bathochromic shithis red

shifts can be attributable to the increased cotiogaf t-orbitals. It was unusual that the absorption maxim

of dyes4-6 substituted by naphthalimidyl group were bathoaticoshifted significantly comparing to the
corresponding dye&-3 which containing the same number of carbazoleogmais. These red shifts may be
arisen by the more efficient conjugations betweentral triphenylamine system and naphthalimidylugreia

an acetylene linkage group than performed by cpomeding carbazole analogous due to the retention of

planarity of t-conjugations throughout the dye molecule for nhplimidyl based dyed-6. It was also

observed that the presence df-phenyl ring in the carbazole system created adeatiomic shift comparing to

that ofN-n-butyl group that can be also attributable to tieréasedr-conjugations.

Both contributions of the bathochromic shifts atsa@iption maxima and larger Stokes’ shifts by
naphthalimidyl substituted dye&6 readily provide a red emission, whereas the cpomding carbazole
substituted dyes emitted a blue fluorescence. Imtrast, two dyes9-10 containing a central moiety of
triphenyltriazine exhibited comparatively largeps’ shifts than that of corresponding triphenytarbased
analogousl1-3 combined with a bathochromic shift in absorptioaxima leading to a green fluorescence
emission.

From the geometry analysis based on the TD-DFT rth@d the six synthesized fluorescent dyes,
carbazole-based fluorescent dyles3 did not exhibit the twisting of the substituentstla¢ N-position, and
naphthalimide-based fluorescent dye$ exhibit a planar structure with the 1,8-naphthalenand carbazole
moieties located in the same plane except fontigihg of the substituents at thieposition.

In terms of quantum yield, there was a tendency thaes 7-10 containing a central moiety of
triphenyltriazine or diphenylsulfone exhibited cimently higher quantum yields of 0.83 to 0.85, vel#s the
other dyesl—6 varied their quantum yields from 0.34 to 0.89 dejdeg on the substituent.

With respect to heat stability, carbazole- and tizgdimide- based fluorescent dyess exhibited therma
decomposition temperatures of >250 °C and >300ré&§pectively. The introduction of acetylene linkage
fluorescent dyes improved the planarity, whichumtlead to excellent heat resistance due to theiderably

strongn—n interactions.
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Table 1

- Tables -

Calculated absorption maxima and F values for #aoent dye$—6.

Fluorescent dyes

Calculated absorption maxima (hm) and F values

xmaycal F

1 330 1.57

2 333 1.39

3 357 1.42

4 418 1.61

5 430 1.57

6 431 1.98

Table 2
Absorption and fluorescence properties of the s3gited dyes.
Fluorescent dyes s mas Stokes shift €max Quantum yield
(hm) (nm) (nm) (dm® mol* cmi?)

1 330 401 71 16,000 0.68
2 336 416 80 17,000 0.72
3 341 430 89 16,000 0.89
4 432 580 148 17,000 0.34
5 436 595 159 18,000 0.44
6 440 604 164 19,000 0.78
7 346 444 98 43,000 0.83
8 358 452 94 44,000 0.85
9 362 502 140 41,000 0.83
10 370 515 145 42,000 0.85

Ama Amac™ determined in methylene chloride(%1®° mol/L)

Reference: Anthracene.



Table 3

Theoretically calculated dihedral angles.

R1
(|:4H9 (|:4H9
N @) N (0]
/N\@\ i
3 AN
~
Rs R2 N X
Triphenylamine Carbazole Naphthalimide
Fluorescent A () B (°) r(°)
dyes Ri R R
1 2 3 1 2 3 1 2 3
1 C H H 0.14 3.13 3.19 0.45 - - 0.32 - -
2 C C H 213 2.62 4.68 1.1 1.6 - 1.2 14 -
3 C C C 0.48 039 042 086 0.79 0.81 0.62 0.54 0.66
4 N H H 1.02 322 4.02 0.71 - - 0.60 - -
5 N N H 1.75 162 782 174 161 - 0.84 1.02 -
6 N N N 097 113 131 693 530 425 6.93 417 3.26

*a1(°)=N of triphenylaminebenzene(l) of triphenylaminend dihedral angles, Rl-acetylene bond dihedralleang2(°)=N of
triphenylamine-benzene(2) of triphenylamine borttedral anglesy3(°)=N of triphenylamine-benzene(2) of triphenylambund dihedral
angles,f1(°)=R1- acetylene bond dihedral anglpg(°)=R2- acetylene bond dihedral anglf8(°)=R3- acetylene bond dihedral angles,
v(°)=C- acetylene bond dihedral angles



Table 4

Thermogravimetric analysis (TGA) of fluorescent sige6.

Thermal stability
Fluorescent Dyes

Weight reduction (%, 300C)

1 4.40
2 0.76
3 0.23
4 3.20
5 1.81
6 1.93
7 4.20
8 1.02
9 1.65
10 0.19

Table5
TD-DFT results for excitation from the HOMO to thelMO of the synthesized dyes

Fluorescent dyes HOMO LUMO AE (Homo-Lumo)
1 -7.67 -5.09 2.58
2 -7.62 -5.12 2.50
3 -7.60 -5.14 2.46
4 -7.70 -5.94 1.76
5 -7.78 -6.10 1.68
6 -7.61 -5.96 1.65




- Figures & Schemes -
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Fluorescent dve 7 Fluorescent dye 8 Fluorescent dye 9 Fluorescent dye 10

Fig. 1. Optical images of fluorescent dy#&s10 in methylene chloride solutions (100 ppm) undéi\alight of
365 nm.
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Fig. 2. Geometry-optimized structures of the fluorescemsdy6.
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Fig. 3. Molecular orbital models of the HOMOs and LUMO<dlobrescent dye$—6.
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Fig. 4.Electron densities of fluorescent dyles.



Potassium lodide, Potassium lodate

N - N
©/ \© Acetic acid
X3 X2

Triphenylamine T1-Xq:1,Xo:H, X3:H
T2-Xq: 1, X1, X3:H
T3-Xqy: L, Xy, X311l

Scheme 1Synthesis of the triphenylamine derived dye intetigiesT1-T3.

O o)

[l
C|—ISI,~OH N Br g %@Br
(0] Chloroform 0
Chlorosulfonic acid Bromobenzene s1

Scheme 2Synthesis of the diphenyl sulfone derived dye megtiatesS1

Triflic acid

CN - N~ N
oy e
Br N

Br Br
4-Bromobenzonitrile Al

Scheme 3Synthesis of the triazine derived dye intermediates



C4H 9

H
Potassium lodide, Potassium Iodate l-bromobutane O O
Acetic acid Sodium hydride, DMF
Carbazole
C H
4 9 C4H9
Cul, PPh, Pd(PPR)CI,
2-methyl-3-butyn-2-o. Potassium hydrOX|de O O
TEA, THF, N, “Toluene”
C3
OH

Scheme 4Synthesis of the carbazole derived dye intermesl@1eC4 [1].
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N
bromobenzene
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C1
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cugmateney (L rosssum noona( <L T
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ez N\

Toluene
TEA, THF, N,

C6
OH

Scheme 5Synthesis of the carbazole derived dye intermesi@5C7.



CaHg

0s_0.__0 0s_0.__0 ) ) 0] N.__O
Bromination Aminolysis
OO 9O 90
Br Br

1,8-Naphthalimide N1 N2

C4H
~49 CaHo
|

0] N._O
. . O _N_O
Sonogashira coupling Hydrolysis
< D
\ %
N3 OH N4

Scheme 6Synthesis of the naphthalimidyl dye intermedididsN4.

C4

Sonogashira couplin
+ or g Ping

Q. A0

2 2 Rs
O N 0 Fluorescent dye 1: R;=C4, R=H, Ry=H
T1: Xq=l, Xo=H, X5=H Fluorescent dye 2 R;=C4, R,=C4, Ry=H
T2 : X1=1, X =1, X 5=H Fluorescent dye 3: R1=C4, R=C4, Rs=C4
T3 : Xq=1, Xo=1, X 4=l Fluorescent dye 4 R;=N4, R,=H, R;=H
N Fluorescent dye 5 R1=N4, R,=N4, R=H
R Fluorescent dye 6: R;=N4, R,=N4, R;=N4
N4

Scheme 7Synthetic routes of fluorescent dykst.
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Scheme 8Synthetic routes of fluorescent dyés8.

Cul, PPR, Pd(PPR)CI, 9
2-methyl-3-butyn-2-ol Ry ﬁ Rs

TEA, THF, N,

Fluorescent dye 7: R,=C4, R;=C4
Fluorescent dye 8 R,=C7, R=C7

fl']- C4Hg

c4 N

Cul, PPh, Pd(PPB)Cl,
2-methyl-3-butyn-2-ol N" SN

TEA, THF, N, N

R7 Rg

+ or
Br
N Fluorescent dye 9: Rg=C4, R=C4, R=C4
Al Fluorescent dye 10 Rg=C7, R=C7, R=C7
c7 \\

Scheme 9 Synthetic routes of fluorescent dy&sl10.

Br



Highlights

® Fluorescence dyes to provide three different ranges of emission, blue, green, and red
fluorescence.

® Dyes containing an acetylene linkage group between N-butyl carbazole or corresponding
naphthalimidyl moiety and triphenylamine central group.

® Dyes containing an acetylene linkage group between N-butyl carbazole or N-phenyl carbazole
and diphenyl sulfonyl central group.

® Dyes containing an acetylene linkage group between N-butyl carbazole or N-phenyl carbazole
and triphenyl triazine central group.

® |mproved thermal stabilities by the increased numbers of substitution.
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