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Scheme 1  Synthetic routes of the title compounds

1.2.1 N-(3,5-=(2-(2-FRCZAKL) TAKL) TRE) FE-2,3,3-= F E-5-88 K307 % (F 1]
W) ey ek AR 1a ZBOCER[12-14 ] 7525 180, R 1h ZERSCHERT 15-16 ] 76 il

18 50 mL ZHUHFHARUNA 30 mL FHEE 1.0 g( £y 4.2 mmol ) A1 1a if it LFRE K 2.1 g( 2y
4.2 mmol ) HHEJA 1h N, S A4 T B S 36. 0 h, S 45 A fG , e 2% i B, DMAFRLEE Oy 1:4 (9 F e/
ZRPBEIR G R TR P RE DR B AL 2B AR ALK 2.0 g, IR T6%

"H NMR (400 MHz,DMSO-d,) ,8:7.40(d,1H,J=1.6 Hz,4-H) ,7.35(dd,1H,J=8.4,1.6 Hz,6-H) ,
6.55(d,1H,J=8.4 Hz,7-H) ,6.38(t,1H,J =2.0 Hz,0—Ar—H) ,6.35(d,2H,/=2.0 Hz,0—Ar—H) ,
4.68(s,2H,Ar—CH,—) ,3.99(t,4H,J =4.8 Hz,Ar—0—CH, ) ,3.68(t,4H,J =4. 8 Hz,Ar—0—CH,CH, ),
3.59 ~3.39(m, 16H, 0—C,H,—0—C,H,—0) ,3.34 (s,3H, N=—=C—CH, ),3.22 (s,6H,—0—CH, ),
1.32(s,6H,—CH,) ;m/z:654.3[M+H] ",

1.2.2 wlok Fepteg oo A 2 #SCk[17-18 ] Jrik & il

7E 50 mL =FUHFRIINA 6.0 mL Z R 6.0 mL ZFRHEF.0. 56 g( % 1.5 mmol ) Hr[f]{4 2.0. 39 ¢
(21,5 mmol ) B~k P s I 40 A e £ IR ER 0. 98 (Y 1.5 mmol) A 1, N, R4 T 90 °C [ )i
2.0 hy RMEEHIGERERZENR, A 100 mL LR CHgHTHE EA, flg, ) C18 SO ARIERLr B A 73 15, Uit
A VIR EE) VIZHE) =122 A5 EE AR 1.3 ¢, R 72% o FEARECH AL 100 me/L FH A, R
Byt LC20A 0B (3 {CHERE 20 A, (3545 Tnertsil ODS-SP(Cyg,5 pm,4. 6 x 250 mm) , JEFE
2 pwL, i K 1.0 mL/min, DL ZRE + A i shARAS VR ( Z 85 100% ,3 min;100% ~0% , 10 min;
0% ,5 min) ,650 nm A o AR 04 AR I — 380 i Al B 5 T 98 %

"H NMR (400 MHz, DMSO-d,),8:8.41 (t,2H,B proton of the bridge),7.91(d,2H,J =8.0 Hgz,
—00C—Ar—H),7.88(d,1H,J=1.6 Hz,4-H) ,7.87(d,1H,J = 1.6 Hz,4'-H) ,7.60(dd,1H,] =8. 4,
1.6 Hz,6-H) ,7.58(dd,1H,J= 8.4,1.6 Hz,6'-H) ,7.28 (d,2H,J =8.0 Hz,—00C—Ar—H) ,7.23(d,
2H,/=8.4 Hz,7,7'-H),6.33 ~6.48 (m, 6H, O—Ar—H, «, y proton of the bridge),5.54 (s, 2H,
CH,—Ar—COOH) ,5. 28 (s,2H,CH,—Ar—0) ,4. 01 (1,4H,J =4.8 Hz, Ar—O—CH, ) ,3. 68 (1,4H, ] =
4.8 Hz,Ar—0—CH,CH,) ,3.52 ~3.38(m,16H,0—C,H,—0—C,H,—0),3.20(s,6H,0—CH, ) ,1. 74
(s,12H,—CH, ) ;HRMS(ESI) :C,,H;N,0,,S, 118 {H :1063. 3927 , 5N {F . 1063. 3924
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1.2.3 wlekF F ey EH £E 50 mL = FUHE KK A 30.0 mg (0.0263 mmol ) %k}, 12.0 mg
(0. 0395 mmol ) 2-BE ML Az HE-1,1,3 ,3-PU FE ik U U2 5 L 13. 0 (0. 0921 mmol) = Zf#%,3 mL J&
JKICE DMF , G ACELZE = HUf, Ar AP N E RN 2.0 h, W S5 95 , 8 SO B AF] 100 mL —
AL Berb M TEE i, B T AR A e ekl il B FAEIRRIC , E 98% .

"H NMR (400 MHz, DMSO-d,),6:8.41 (t,2H,B proton of the bridge),7.91(d,2H,J =8.0 Hz,
—00C—Ar—H),7.88(d,1H,J=1.6 Hz,4-H) ,7.87(d,1H,J=1.6 Hz,4'-H),7.60(dd,1H,J =8. 4,
1.6 Hz,6-H) ,7.58(dd,1H,J = 8.4,1.6 Hz,6'-H),7.28(d,2H, J =8. 0Hz,—00C—Ar—H) ,7.23(d,
2H,J=8.4 Hz,7,7'-H),6.33 ~6.48 (m,6H, O—Ar—H, «, y proton of the bridge),5.54 (s, 2H,
CH,—Ar—COOH) ,5.28(s,2H,CH,—Ar—0) ,4.01 (t,4H,J =4.8 Hz, Ar—0—CH, ) ,3.68 (t,4H,J =
4.8 Hz,Ar—0—CH,CH,) ,3.52 ~3.38(m,16H,0—C,H,—0—C,H,—0) ,3.20(s,6H,0—CH, ) ,2. 64
(s,4H, 0=C—CH, ),1.74 (s,12H,—CH, ) ; HRMS ( ESI) : Cs, H,, N, 0, S, +1-8.{F : 1160. 4090 , S {f -
1160. 4087,
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Table 1 UV-visible absorption and emission spectra properties of the title compound in different solvents

Dye Solvent A,/ nm Ao/ M Stokes shifts/nm ex10°/(mol ™' -L-em™") (]
the title H,0 657 671 14 1.6 0.24
compound DMF 670 690 20 1.4 0.35

PAAK IR, YR 2GR T 7= S e 0.2 DL b, W8 i T — B 7K I 1 75 ek, i V-3 R 4 3 -
2,3,3-= H L5l R I-3 H-M8| WE-N-f R T 362 |3, 3- = F -5 iR 33 H-To B9 )1 e kb ( 3 He e k) 16
IR BTGRP RAE 0. 1 2247 o S DR AT BB L s s kel o W R N7 Ji 7 5 A IR PEG ik
HEPTT 1, R PEG ke 1955 35K Pk, B KT YUK VAP, BRI T YURHME K i B SRR 30 22 A 1
KPR T O,
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Fig. 1  Absorption and fluorescence emission spectra of a. the title compound; b. reference dye

the title compound in water and DMF

a,c. absorption spectroscopy; b,d. emission spectroscopy
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Novel Water-soluble Asymmetric Pentamethine
Cyanine Dyes: Synthesis, Fluorescent
Properties and Fluorescent Labeling

JIA Chunhui®’, QIU Na“, WU Pin°, WANG Sheng’, TANG Kun’, ZHANG Fuli**
(“Research Institute of Environmental Medicine ,Medical College of Henan University , Kaifeng 475004 , China ;
* Pharmaceutical College of Henan University ,Kaifeng 475004 , China ;
“Second Branch of Henan Jinkai Investment Holding Group ,Kaifeng 475100, China)

Abstract Novel asymmetric pentamethine cyanine ( CyS) dye with a branched ether chain ( polyethylene
glycol ) was synthesized. The structure of the product was identified by 'H NMR and HRMS. The fluorescence
properties and light stability of this Cy5 were investigated. Then albumin bovine serum(BSA) was labeled with
this Cy5. The maximum absorption and emission wavelengths of the dye in water were 657 nm and 671 nm.
The fluorescence quantum yield (@) was 0.24 in water. After irradiated for 8 h, the 4.4% of the aqueous
soluble dye was photo-degradated. The dye-to-protein( D/P) value of fluorescent labeling reached 1. 57 when
the molar ratio of dye and BSA was 2:1.

Keywords indocyanine dyes, pentamethine, fluorescent labeling, branched compounds, albumin bovine

serum, fluorescence quantum yield
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