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Progress in the Studies of Croconium Dyes
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Abstract Croconium dye is an important part in the cyanine family used as organic function dye, which has been attracted
extensive attention recently because of its strong and sharp absorption, large molar absorption coefficient and good photo-
chemical stability in the near-infrared region. The unique structure, and physical and chemical properties, together with the
recent progress in the preparation methods of croconium dyes are reviewed. The promising application in the fields of optical

materials, biology, medicine, efc. is also introduced.

Keywords croconium dye; structure; property; synthesis; application

EAER, AHLIIRERRLS R T AT RE. A
PLIIRERBHE e A U T T2, el frfit . sy
FEA AN RE v A 5 T, [P IR ZOGRLI . STl
GE7) i TN T BA B/ P | S e TR RS S P 1 )V E R
R 5 SR H AT IEAERT I — A LI RER KL, A
LA X e i 2 HLABE . EERWEE R B 90tk
SYRET B SCHEETELS, XK ri AR HO LA |
KPBHAE M B2 2B RS ) 7 S AT
] (e AT F T, AN B
XK T IR 7 e, AR T 35 AN 25 1) o P PR 5 4
FHRGEIR D>, AR S5 T RS ek gk . et
Js R LN 5 TR AT S U .

1 REEREFEBMEH SR
1.1 HHRHZE

SRR RL R TR SR, SR 5 R
A TR A AT AR, T DT 3

* E-mail: xbyoung2001@163.com, xbyang@pku.edu.cn

(1 FF S5 A K . 11 R A o ™). o P R 75 A el o
T M A B L - HE L (D-A-D) R R A,
AT e A 2 e sV P A, e B N i e A R
AL RO o JEBA R Jukl o Frh A A 3 14k
1 Q-5 A RE-1,3- ksl = FH L2193 £, Chart 1)
TERH 24k, —FNETFEY. METHEDZ
R TLICE S TCHIRAG G, A S IR I Sy i 2y
BRI, R ZHE 0T IE AT AR _E R R A, i g
Fp IR L1 S B SR P ARIE. 3 A s 1 &5
P A4S o R 7 el = AR SR B e BRI, A PR af £E 2
Ao F gl

(e} o (e}
AL T
1

Chart 1

I BT A 1 PTG RACEE R, XL

Received August 4, 2013; revised September 3, 2013; published online September 17, 2013.
Project supported by the National Natural Science Foundation of China (No. 21002123).

[ 5 SRR HE 4 (No. 21002123) % B 33 H .

Chin. J. Org. Chem. 2014, 34, 223~229

A © 2014 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 223



BHLLE

FRH;E

FERFIAS TR T non BEZIRT Ay, Sae
BL> T 10 B R K =2k — e Y R 8. AR S 0
Pl 12 V94 i 2 R AR S (R AN [, Rl A3 kg S R 2R AN e
FREY(L5R 2, Bq. 1). 25 RUATRIHIE], 0k % F5 7 o il
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e AL R L:
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Scheme 1
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1993 4, Keil 2512 ] memsy B3 M v i RR 7 AR AR L
121 HIE TR/ RIRA WA IR R Y, RS9 7
H18 (Scheme 3), #5174 55%~T70%H 45%~55%.
AW T N8 SRR = 25 (>360 C)FIf it [l 14, 1T
ZL AR DX RSB AR iR, A R VE 22 A7 MLV 77 s P AR
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At
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Q NR,
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HO OH OH

reflux

OH o HO
O (6]
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Scheme 3
K1 AW T E e IR K

Table 1 Maximum absorption wavelength of compound 7 in
DCM

Compound R Amax/NM

7a Me 786

7b CN— 783
7e { N— 798

7d 0] N— 792.5
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Table 2 Maximum absorption wavelength of compound 8 in
DCM

Compound R Amax/TNM
8a Me 817
8b Et 822

2000 4, Simard 2 FH S0 45 6 15 T 1 1 1
PRI IE DA AE N BN, el Ve d. L PE AR (it 4l
1k, 1351LEY 9 (Eq. 2). ZWFFE/INAL R BT 4% 9b (14
FEIR B2 80 °C, 1 9a, 9¢ A19d S 100 ‘C, 7F 100 CF
9b [~ R H G 12%. thEY) 9a G HLER AR
W IRE ), BEENG R, B REERDEI0 %
S AT AS BN, AT 55 9b, 9¢ F19d 1113 FH B 2 [ 3
FHOCHRGE. 1bE W 9 B KR K78 55 88 ot &k
SFHYE R, A 820 nm (R AN —HEHOEE] 1064 nm ¥4
WOk, X RAA YA B N G RREO e 38 H 10 TAE A
Ji. 3R 3 AW 9 MBI KRN 2.

0 CHs
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+ ‘+/ PF6 heat
HO OH tBu” X “But
o
tBu— "~ = ‘\ Bu-t
Xz X*
Yo Y )
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9

£3 WEY 9 7R E T LT IR R K
Table 3 Maximum absorption wavelength and yields of com-
pound 9 in DCM

Compound X Amax/TNM Yield/%
9a o 845 75
9b S 950 63
9¢ Se 999 81
9d Te 1081 56

2002 4, Eninas %52 ] 2% I Wemy 3 [4] 15 53 i R 7
AANE T BR AR AR N, B 55 2 RN R &
YIE—20 C AR, 851820 sk~ &
Pk iy, It R A, A Ak & 10 (Eq. 3), 7~
A 76%. WA 10 W KBSGEKAL T 780 nm Zidy
MIELr4hX, HRid pH MG KIM R, L3 2R k2
N TR LA, PEAS T gy k. A& 10
(1 FRREE, [RI 45 AR YR R A LA R
UF IR AR SR, nT B S0 2 pH BBURR AT 21
SR TCEAE T B Th AR B R 4 50 TR & 10 117
R RILAEARFR . BPESAT T 1B KB .
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Table 4 Yields of compound 10 and maximum absorption
wavelength in acid and basic ethanol solution

Compound X! X 2L
Acid Basic
10a H H 759 626 76
10b H CH 775 6245 63
10¢ H OCH, 7935 6385 36
10d H NO, 793 630 70
10e H NHCOCH; 7985 6395 35

© 2014 Chinese Chemical Society & SIOC, CAS

2003 4F, Tian 5L Wy 55 v W R/
IETREARIEN 301 MRS NN, EHMEET
AW 4 (Scheme 4), =2 7.4%. &M KB K
£ 1100 nm Ay, i HEA R SRR R e
P v MR S ekl 3 Stk i, a3 I KRk
£ /& 860 nm /- 47, Langhals $5 HH4L &) 4 P24 B RO
P IR R O A B S5 R P A T — AN A
[11[18].

o NR,
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+ 3
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.
RN O o O NR
— — Z
o} o}
o0d
4

R = (CH3),CHCH,

Scheme 4

2004 4F, WFEMLEWKTRIE, t 2,3,3-— F%-
3H-W|WRBE R AT AL 5 e B BRAE A RNIE T B A 7
[l RN, AHUR NG, H OBERRE, TIEf 24kt
[ 4k, FReentkE it aifh, A8 BKEME 3H-IWE
PR 75 YL k) 11 (Chart 4). ZHF50/INAFR T IGER 5 47
R IE I AEAE, BB T 4y T KA, [FIRE, GmRE N
Ji 7 FEAREE T, T R M RE A BT,
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1
Z=0,S, Se, Te, CR?R®(R?, R® = H, CH3, CF5, CyHs)

R = (CHy)nCHs, (CH2);COOH, (CHy),,S03, m = 0 ~ 18;

7H20@COOH

R% R® R® R’ = H, F, (CH,),CF3, (CH2),CN, SO3, SO3H, (CH,),CHa,
OH, O(CHy),CHa, (CH,),COOH, p =0~ 4

Chart 4

2007 4, Avirah 250150 s mlne S ek, 1
L W fR AT 40, UL CREAERT, MEMRAE 1k 7, T
ME 80 C N, 13T Wk e Y v N R kL 12
(Scheme 5), =34 80%~90%. ‘A1 fx KWL K
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T 2 R e i, IF At 54 @& 7, W Zn®*", Pb*T,
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P 75 Rl ] ST R A A 4 B AR IS, DA AR
HB) 15971 R
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RS IE T RS RIAR R P R ge &, [V AG B —Flopi Y
KL TR TS Yk 13 (Eq. 5), 7% 95%. tb&i13
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(0]
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OH
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2012 4, Kurdiukova PSR 2K 3 AR AEM
v R R AE LIRS N, 192 e PR 5 44kl 14 (Eq.
6), I=H 64%. FLMIRR S kL 14 75 DMF 5 KW

NO,
i G
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° © . 2 ’ acetic anhydride
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HO  OH 2 O
NO,
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by S R U R | S2 e ot B R S E A SNV E R DA N
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REPL R, 228 REDR MR RIBERE T B =k
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BHENRA T 10a [ =B Rt %M, 1591 10a B
PN TENUNE| 53 63 E Rz 1LV SUNIUE |5 épir=al VAN AT N
PEREAL TR AERL. IRk, SURIIR S Y4kl 10a 78914k
PESGSE MR ARRAT 78 7 11 3 FH AN (.
3.3 oA

e T TR 5 A T 40 A X AT IR SR A e
55, BTCA e T LN FH A 25 AR a8 b, oA (e A R
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e PR SJS i 1 5 ek, LB K RAC i K RE B A VA pH
ARk AR A, DRI T LR AR Yo AR s Hh 1) pH BUs s
PEB A 12d AT R —Fhds e 55w R ALk,
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Mg® )P AR R I B A VR, A SO R 7 A e 35
Apfk, BRI, e nr USRI S e A 4 e Y e
FY15 (Chart 55— PRI N T MRS G4k, B n A
A N 2L A0 L€ A 27 ) v SRS 0 2 e 2R LA A SRR
B A, SN T RS R EL, 8 AT B R IR R A
JS R R £ i B 2%,

OH o HQ

C2H5\ o B +/CZH5
N 0 N
C2Hs d 5 C2oHs
15

Chart 5

3.4 FRI81k KFHAE

YoMtk K BH AE Ha it (DSSC) ) A i 312 A1 O
AT EHRBO G RE G A A e e 4, o HAT AR 4%
fal . ReoE MRt A0, C ORI G, FR,
M HI7E DSSC HOGRFI A HLGRL 2 b 5T RS LS P 3k
DARCRIRR, PR PRI ST RE e k), fAAEms i,
TSNS NP AT P - U R AN E PRI Sine e
BEZ 60%40 T KT 600 nm (KB KIEEIN, 4 50%%5%
H{E 600 nm F] 1000 nm (1) A JLAEFIUT 21 A1 X 9K [
Py B0 e R T U R A RS L X BT T A A
HIWe, HATLEAR X OO s PRI RECR .
PRGN R A A T 45 S B A
DRI, o I 7 G ) mp B8 A S Gk btk K BH B FLt i 1)
FERGR, R HT )R
35 HEMA

B IR N AN, ol R 7 AR A ORI
HEFE (800 nm A A0 AT SR AU, T H AT R4
FePFEENE, RIAE e 20 A AR AT K Y
P AP S — P R KE PE SO  IR 75 o k), &
AJ LR KM B vy R I 40 A0 R 48 BLIMIE 6 A
SO IR T G e T v SR B A B AR R I BR 8 £ 5 O,
UBAR, 12 GORBRRR 1RGP A LA O G 4 it
A N FH AT 5

4 FRS5RE

T T P 5 R ) s R WOST 8 K AR 20 b X, e 7Y
7, BORBOCREGE, FOCRGTRE I, S e PR,
HA RIS . 2 T 45 S B 155 AL, 7E6 M
B AR Yesh 1697« K BH g Hith 25 TN A
SRR R RRL Y T AT A KIS o AR, L
R I L R AR 45 LT R ], v B Parise-
Parr-Pople 7> FHUEFEIE F1 TDDFT(4 i %5 B2 oA FEIL)
T, BRI B Y v R 3 AR o ik, AW
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I KBS 7 TR, (%R R 25 B4 Ay
(P, LA AL AN ) ARSI 55 s B 22 SR

HAT, A SRS T TR ekt g b, 1%
A B AETT IR GBI TR B, B0 TR ¥ Ak
WHSE, JLBORRWF SR Cla T 58 3 M. L5 7R+
JERLAHLE, SOMRR & GRSt A A T T R A
MR RIVEBEANESAL, WARLNEt AR RS, B AN
TR MR TR, TEACR I v B s 9kt g AT
(RISGIE. Xt 2w P e ) O A R N I AT VF 2
I AT R AT ST, BEAEBT SN BT B BB R AN W
FESEAMRN, LA N AU 1 2 20 1 Je, e I P 5 4
RERAIAT S 0 ) R I N i, n] 3 Rl D RER R
SIS RFT D B
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