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2. Squarylium 42:9) 34 5917o] YEZSS Eqel Jste] hE Aol Fe] BAHALH R
%) solvatochromism SA4 0 238 4] 4789 1, 3814l indolinedte] A= ol 7|H A7} FA4
TZ2F 3L deS & Uk = ARl 8 v A squaryliumAl 44E AR FAlol
5185 7MAl croconiumA HE FABA L o5 770~780 nmel| A WERHTh o]E Yo
T2 FFLHER Y FAE PPP-MOE AHE-ste] siM3 A3 AFA9 $L A4H3AE vehlch

ABSTRACT. The syntheses and absorption spectra of squarylium and croconium dyes were studied.
IR data and negative solvatochromism revealed that squarylium dyes have symmetrical 1,3-bonded squar-
ylium rings. A new class of unsymmetrical squarylium dyes and their precursor have also been synthesi-
sed. The A, of croconium dyes undergoes a bathochromic shift of about 100 nm compared with correspo-
nding squarylium dyes. This shift can be calculated by the Pariser-Parr-Pople molecular orbital method.
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Agslgch H+3 242 Electrothermal 1A 9100
o2 UV-vis F542¥9 ey Shimadzu UV-2100
Spectrophotometer®, H44%4-2 Carlo Elba Mo-
del 1106 AnalyzerE, Hid2"E=72 Nicolet
Magna-IR 500 Spectrophotometer® AH-4-3t3ict.
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2,3,3-trimethylindolenine(12)2] N-23%. 23,
3-trimethylindolenine(la) 1.2 g(7.5 mmol)®} iodo-
methane 1.07 g-& acetonitrile 60 mLoll 43 A 71 ¥
A7 BFAAY. 49E 2R F oAE
B4 A& oFsle] CHCLE Al3td F3249)
A 1,2,3,3-tetramethylindolenium iodide(2a)
154 go] 2o} 2-methylbenzothiazole, 2,3,3-
trimethyl-5-nitroindolenine 2] N-<#3lw $)9} 7
2 A F¥ch

CHA8Y squarylium A{29O| Bl4d(general method)

2,3,3-trimethylindolenine(1a) 1.9 g(11.9 mmol)=}
squaric acid(4) 0.68 g(5.96 mmol) #-butanol/to-
luene( : 1/v/v) &89 60mL Zo Hristed 3
A7t #FA7I) olu Zul 24 quinoline 3mLE
H7Hch M EE 3?‘- AAE AAES A F
n-hexane 2.2 A&, Az3}e] 1.29 g-—] A 2(3a)5
dsith

Dibutyl squarate(5)2| #4. Squaric acid(4) 3.42
g(30 mmol)2- 1-butanol/toluene 100 mL(1: 1/v:v)
o &-81A|# 14417r &5FA|71c}. Dean-stark trap&
AH-ste] HEg-Fo] YA EE S AAAZ &)
£ Zukx|7] & 7igk2F-8le] 592 g9 dibutyl squa-
rate(5) 592 g% Atk

Mono X|& butyl squarate(6)2] 4. Dibutyl
squarate(5) 13.65 g(60 mmol), 1,2,3,3-tetramethyli-
ndolenium iodide(2a) 27.1 g(90 mmol), triethyla-
mine 12mLE o&t2 90 mLall 4-s1A]1 F 143}
FFAA EF WZ4A71 monoX ¥ butyl
squarate(6)7} A& €} AAHES 73 F ethyl
ether® A|A3te] 13.12g9] BAES Ik

Mono X|# squaric acid(7)2] §4. Mono X3
butyl squarate(6) 4.89 g(15 mmol)-& ol&k-& 70 mL
o Hr}sl FFAIAh 40% NaOHF49 2mLE
Hrlshd A Ao] A=Y A7 F 4%
Eoll Ho giarg Hrlshd FH4e A7 HE

o} B2 4% F
@oj3ct.

HIcHEE squanyliom A§2-2| $}M(general me-
thod). Mono % squaric acid(7) 0.269 g(1 mmol)
2} 2,3,3-trimethylindolenine(1a) 0.159 g(1 mmol)-S-
1-butanol/toluene(1: 1/v:v) €4 40 mLo
7hale] 6217 BFAIA wHEER F 49 E
A7l ¥ n-hexane s, A7FtH 1A 7} M &S
AzA)17) & CHClL/n-hexane £§8H o2 AR
3o 0.33 g(11a)2] M 4F <9lr}. 2,3-dimethylben-
zothiazolium iodide(8), N,N-dialkyl aniline &=
9, 10918 uHS-= 99} ZE FAH FHh

Croconium 444-2| $4d(general method). Cro-
conium 9] §HAde AH8-§ croconic acid(12)=
8% u}e} gHAlste] AHL-#ch Croconic acid 0.3 g
(2 mmol)& pyridine 20 mLoil &34]7 ¥ 1,2,33-
tetramethylindolenine iodide(2a) 1.19 g(4 mmol)=}
triethylamine 0.6 g& A7} A4 2447} =
w7l 4o)E A A3 ¥ isopropyl alcolold& #
7}ahe] 2.2 g9} A 4(13a)F L <ich 2-Methylbenzo-
thiazole¥}2] ¥hg-= $j9} 22 FAHel EYch

PPP(Pariser-Parr-Pople) 2XRIT #lAl 2 A
el 2T /NL" IBM3IFE HFelolA] A4
o] 7}s% “PISYSTEM Version 3.1"& A}-4-3}¢d
squarylium % croconium# 4 4Eo)| sl HOMO,
LUMOCIURE9] B AU E o] W3l 55 Aitsl
o AEX2le] JHAE AEH.

AzA714 1.83g2] AAEo)

ofN
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Squrylium 3 Croconium A§49| $4n} X,
Indoline, benzothiazole#| 9] cyanine® iy 24}
39 F74A, FAEA, HR/BQAR AHEE T
3lt}. Squrylium 4] 49%-& Sprenger 5ol 9
8 d#A glou croconium A9l Aol sl
e A9 Agfarte] 531° o]gjoll= Ao Bud
vl glemg olEA4e] AYHE Yo
TZ9 54 @3 HEHch o] AlE2 polyme-
thines cyaninedive W#Ado] oFs}7] wlFo] o
T At A AlgE] ot Fole Fo] Foo
FEFTAE}L Holvh7] Wi 22 74N AEEA
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Squarylium, Croconium#| Polymethine 4249} #Ad3 EA4

Wo)] A= it} Acetonitriled &0l 2 3le] 2,3,
3-trimethylindolenine(1a), 2,3,3-trimethyl-5-nitro-
indolenine(1b)& CH;IZ Xe}ste] o)Ze] 43} g
EEFID)E 98 F squaric acid9} ¥H-X]H ¥
squarylium BA23)E& AN KHScheme 1). FAE
Ay squarylium Y49 )44 ¥ EHAE
Table 19| Jepic}. T34 o] &L 50~60%°]
Y YEZ7)7) A% 3¢, 3dY ASE o= AR
90% o} ol ek E3F EFBATE 100 HE £
A& Jebych. A2 3a, 3b9) A= 27} 654, 63
nmald] ¥]3le 3¢ 3d9 A, 676, 665 nmE 1
EZ27]9 29lo] &]&) 20~30nm HE AlYo]E5

743

& ¢ 4 2tk Squaric acid®] FITFEEAE
Scheme 29] a~c® F-Z7} ALH gl E A
Holl4] dojAl squarylium¥ e FAlxeld] 1, 3
¥z A" 72 3 lenz PgAde
Scheme 22] 49} 7ZHE squaric acid 729 7|7}
Az A7’

Scheme 1ol Ao 725 F$iAq 1,332
2 UgyAwt Avkge 2R 1, 23 F2 4
27t AAEEEe JeAdE wWAlg e 9d
(Scheme 3).

Fig.19] 42 39 IR A9 EZE Yehjon o]
RAE Ao F2E FAEs U A3 8%

A
AEE AFH Fo} 1, 287 1, 339 Aole IR
cm ) sdegiod FHE $£7} gleh Triebs®} Jacob 5
*@fgc_"c’,,, cHy @fé‘c“ R 2¥=2t23e 1, 289 A& 1700~1800
N — & cm™! ¥ 2709} 7% carbonylE47} Liehod
! 2 1, 389 7A$E 1600cm™! BZel 472)(C,0p)00
o o o o % A8l F4hrk ehdehn B 3a~3
j—lf x - H;f/@" d9) IR 24 Fig. 1) Jelon 3a 3e&
HO oH N N
e y ¥ :
3 (0) R R (0]
1a,2a : X=H 3a : X=H, Y=H Oj :R 0 R
1b,2b : X=NO, 3b : X=H, Y=CH,
3c : X=NO,, Y=H
3d : X=NO,, Y=CHy 1,2-type 1,3-type
Scheme 1. Scheme 3.
Table 1. Physical properties, elemental analysis data for symmetrical squarylium dyes
Dye Yield Amax 4 mp Analysis(% calc.)
(%) (nm) (X1079) © C H N
3a 55 654 1.33 270~272 78.45(78.75) 6.20(6.10) 7.09(7.06)
3b 61 633 1.7 >300(301%) 79.03(79.21) 6.86(6.64) 6.70(6.60)
3¢ 97 676 145 >300 64.06(64.19) 4.85(4.55) 10.93(11.51)
3d 92 665 1.56 >300 65.03(65.35) 5.34(5.09) 10.23(10.89)
®Measured in CHCI,, ‘Ref. 7.
0. 0 . 0 R 0 o
):( 21" - )j IH -« ﬁ 24" HO—%?}—OH
o> o o (4] 0 (o} .
(0]
a b c
Scheme 2.
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Fig. 1. IR spectra of symmetrical squarylium dye 3a,
3b, 3c, 3d.

1600 cm ™! F-Zof o’ sfo]2E ERH A 3b, 3
de) ASele o] dgq A3 FFHE dehln
L& o4 F Y

ey 1, 3R AgsA sda dvizse
a2 2 o 3-1 3-119) 2714 vt sk et
A LD cHScheme 4).

A7) 27 F2 F Ax F2E HeAE &
o}y 7] 2l8)] solvatochromism E4-& &4t} Sol-
vatochromism-& #4:9) of 7] e o} 7] 2 4el7F A
2 o AAHF2E A w2 e @
Ao gujo] FA S} wel Mie] Fasiatel
Asiato|u} hupdq o o) Fdle dAtelth Fig.
20) guj o] SA ] W o1x| 2 4] W3} solvato-
chromism® Jebdch. 71437} 7| A dd v} =
AQl EAo] qlehd FAo] & 4wl E Aol ot
g FAa A7t HAstEle] o7y A]
(AE)7} =to}A)A| =lo] bathochromic shift7} el
A "tkFig. la). WHIE 71ARE7 o SA4S
Jehle EAdAE FA0] & &l AT
AL E & GASATNA Fo] o7]eiqA] g
Z7}e] w}E hypsochromic shift7} dewtrhFig. 1
b). ol8} o] AH&HE Swie] FAE F7HIAC

CHs _cwy cHy
Y b
R o R
s o O cml
N N
R o R

Scheme 4.

Positive Solvatochromism Negative Solvatochromism

Ground state

Increasing solveat polarity Increasing solvent polarity
Be<p, He>,
Fig. 2. Schematic qualitative representation of solvent
effect on the electronic transition energy of dipolar
solvents in polar solvents (a) <, ie. the dipole mo-
ment of the Frank-Condon excited state of the solvent
in larger than those of its ground state; (b) w>u."

w2}4] hypsochromic shift7} dolvie @A
gative solvatochromismo]2} &}z £vje] FAZ7}
o] w}2}A] bathochromic shift7} dejie Ak
positave solvatochromismo]2} &t} wlelx FAd
£ o8 4ulE Addste Yio] FridEs)
k& [ JAAE Y T2 7)1 T
£ 9% 4

¥ AT 5A4el o d7 57 4E
A9l squarylium¥ 49 FroHAeEduists 3
#3 o} Dimroth 5-& £v)2] S40] ob& o] &
wol 4 pyridinium-N-phenoxide betain A}4-9]
UV-Vis Fpadeyogrie]  Holdu=|(keal/
mol)& T-3lo] ©]F solvent parameter, E; 3122
AP o o) Ergbel ©E squarylium ¥4 3
b A W3HE Fig. 3o vieblch gujje] SA4o)
%7} hypsochromic shift7} &= gl o o]
+ negative solvatochromisme|® o]2ig gAle
HE squarylium 449] 7| A A= 3-1I F+324
© FA4U7E 3-IF #H3a ok A=

< ne-
3
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Fig. 3. Plots A, (nm) vs. E; value for squarylium dye
3b.
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A3 squarylium Y 4E squaric acid®} indo-
line fEA2te] ddAulse 2 A= &Y v)5le
Bl A & 9] squarylium 4 4€ chehA o) whe-A 2 S
A=A Qe xKcKHScheme 5).

Squaric esters} w=@ baseste] whgell 23
monoX| ¥ ester7} Pl A= wH--oll Fe A& o]n
By ul? glomg o]F o]gsled vlhA) squary-
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Table 2. Some properties of unsymmetrical squary-
lium dyes

Dye Yield(%) Ap(nm) &(X107%F  mp(C)
11a 80 644 1.356 247~249
11b 69 648 2.353 285~287
11c 73 633 2917 278~ 280
11d 61 637 2414 218~220
“Measured in CHCI,.
(¢]
@E,,)—CH; o 0
+
(‘:HJ HO OH
2 12
X X
— Qo <10
N N
(I:HJ o o éH]
13
a: X=CM, b:X=S
Scheme 6.

Table 3. Some properties of croconim dyes

Dye Yield(%) An(nm) e(X107%y mp(C)
13a 43 773 0.72 190(190~191%)
13b 41 787 1.0 252(252~253%)

*Measured in CHCL, °Ref. 13.

lium ¥4& §A33H9ct AA squaric acid(4)2} 1-
butanol®] ¥H$-o| ]3] dibutyl squarate(5)E 9%
o, 1,2,3,3-tetramethylindolenium iodide(2a)2}<}
uk-goll 93] mono| 8t butyl squrate(6)E & ¢
slrk 40%2] NaOH 489 xjglol &) 7=
mono *|# squaric acid(7& 3& F 3ow 2,33~
trimethylindolenine(la), 2,3-dimethylbenzothiazo-
lium iodide(8), N-alkyl *)%t5l Wl A{ <A 59, 10)
o] qhge 2R HdANL(IDE 4+ 7 U
ot $AE A4e) EAL Table 26 Jehych
Croconium ¥4+ 4219} 259 (2a, 8)3} croconic
acide}e] whg-o 2 HE A A& 5 UcKScheme
6). o1& Y49 FFadEs} 9 EAS Table 30
vetyct o] AFe M4k squarylium YA} v}
A2 Frhe] Fo] Fowm go] AHA AW
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Clh, _cHy " CH N " iy Oy
N 4
L, : L ty, o o &y
3b‘ 13a

LUMO(eV) 2832
_________________ -3.396
-6.885
HOMO(eV) -6.989 e
Cal.(nm) 652 767
Obs.(nm) 633 764

Scheme 7. Comparision between experimental and cal-
culated elecronic absorption spectra of 3a and 13a.

AzE Jepdd. HFeAdA4-E 770~780 nm
el JePNE R Ga/AsA Ht=AH 08 BIE
A2 &4o] 7bs3tch

PPPEXR T AHAlo] 2i8t HAPXQ} EFAME
Ho| MpA. Squarylium A= croconium 4
Ao} vleg 228 sk glont FHulFpaAge
slol A€ croconiumA A7t FAF AYEIAE et
Wtk & ko) 537t M A & A vl
sltka Azl 2 PPPEAIAEA A4S o] 434
o]E MAe] Holdix] X HOMO-LUMOS] ojv
A &S A HcHScheme T).

Squarylium} croconium 42¢] HdFF4-L
7}z 633 nm&} 764 nmol| 4] BEE gl o] AAAE
652 nm, 767 nm2 A&x9} AAbz]zle] L& AT
Aol 3&& ¢ 4 sk HOMO <vAZE4e
squarylium 449} 9 —6.989 eV, croconium 4§
A€ —6885eVE Z zlo]7} glovt LUMOS 73
¥ squarylium 427} —2.832 eV, croconium 44
47} —339%6eVE 5322 =4l 28 LUMO
YA Z$17E s kAsgS o & ek o
#4914 HOMO-LUMOZYY 1z} AHoldidz]d]
#3822 croconium Y47} Ao FHRE
Jehle 7S squarylium 429 LUMO ou=]
Z9)4l| B3 croconium8i9 LUMO o #&$7}
Aeds) Br] dgela 44g 4 Qi

Squarylium % croconium Azl 9le]A] singlet

K - Fa

0.001

-0.002

0.006

(b)

Fig. 4. n-Electron density changes accompanying the
first excitation into the singlet(l) state of squarylium
dye 3a(a) and croconium dye 13(b).

D D

A PN

—A  A— A -
! >

Squarylium dye Croconium dye

( D : donor, A : acceptor)

Scheme 8.

12pde]o] FulEle n AAYES] WS Fig 44
vehlic} 1xp3e]ol] Sutsle AAlUwo) wWsigy
B 9 4, 51eld dFE AAES HALEs}
sy QAT wrielAe AAUES} Fohge
4 4 Ut

% o]& squarylium ¥ croconium# 9] 2
YANM e Fdaele] 7197} a2 u=)E YAst
£ YA 247 olalle} 22 donor(D)} acceptor
A)E 283l &E & 4 slrKScheme 8).
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