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Microwave-Assisted Synthesis and Spectral Properties of Some
Benzoindohemicyanine and Benzoindodimethine Cyanine
Dyes as well as the Interaction with Biomolecules

Kang, Qiong” Fan, Fangli” Bi, Weibin” Huang, Yi° Fu, Yile* Wang, Lanying™*
(“ Key Laboratory of Synthetic and Natural Functional Molecule Chemistry (Ministry of Education),
College of Chemistry and Materials Science, Northwest University, Xi'an 710069)
(® Institute of Condensed Matter Physics & Materials, Northwest University, Xi'an 710069)
(° Department of Chemistry, Xianyang Normal University, Xianyang 712000)

Abstract Two series of benzoindocyanine dyes H1~H4 and F1~F4 were synthesized with the assistance of microwave
irradiation under solvent-free condition using N-alkyl-2,3,3-trimethyl-4,5-benzoindole phosphate hexafluoropropylene and
dimethylaminobenzaldehyde or indole-3-aldehyde as materials and piperidine as catalyst. All of the compounds were charac-
terized by UV-Vis, "H NMR, IR techniques and elemental analysis. Their absorption spectral properities in different solvents
were also investigated. The results showed that the A,,,, of the dyes showed hypochromatic shifts with the increase of polarity
in protic solvents, and bathochromic shifts with the decrease of polarity in aprotic solvents. The interactions of prepared dyes
H3 and F2 with salmon sperm DNA, bovine serum albumin, muramidase, amylase and chymotrypsin were investigated, re-
spectively. The results showed that the fluorescence intensity of H3 increased with the increase of DNA concentration.
Keywords benzoindocyanine dye; microwave synthesis; spectral property; DNA; protein
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2RI MR e 35 B U0 3R T GO Y A B A
N, RIS R R R W kb S A R B
W A WL ) P Bl ke il 2 1O 12 3k by 2 s N B 1)
B, CHTRERBEMAVAER, SEasE g, &
TAER R PePEm . WA, P25 alifh.
IRBE R (AR A B, FETCEE T4 A TSI R I 05 D
N Je U R YR A i(Scheme 1), FEXTA R
YeBLT UV-Vis, '"H NMR, IR M ICE i RiEAT T 45
PR, R T GRS - n] WL K %8 Y6 1 1 .
WIS T H3 F1 F2 7EAEFR 4 F Stk DNAL AR i3s
FIER A R SR BERBE B IR AN AR, X —
APF 00T 2R 05 W 2= K — U PR R 75 e e 1) & (e A 1 2%
A B 2 AR A 1 8 P B3t 2 06 SR A B
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H1R= CH3, H2R = C2H5;
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FIR= CH3, F2R= CZH5;

Piperidine

F3R= C3H7; FAR= C4H9
Scheme 1

1 SIERS
1.1 B 5RF

XT-4 T BIRBE s, W THARERIEAE R
N2 AN ] 77); Vario EL-III CHN JG 240 B (45 ),
General TU-1201 *54b=n] W20 A6 B V(AL 50m A AR
W& A Al ); UV-1700 %% 4 - v] W4y 6 % B 3
(SHIMADZU COROPORATION, assembled in China);

568 http://sioc-journal.cn/

© 2012 Chinese Chemical Society & SIOC, CAS

F-4500 2%¢ 5650 Y6 v (H A H 322 F]); Brucker-55
LA O EETH(KBr i 7)(#8[H); Varian INOVA-400
P PRAX(SE [H); WD700S-1 4% 2 AL 5t .

WRWE(CP, dbaifb T ), X — F & FE 2K A% (AR,
Va2 2R ), 2,3,3-= F -4, 5- 28 IR (AL 2R);
Jo/K SHE(AR, PHZAL 2R ), NEI(AR, R T 5
SRR AT IR A FD); 3-MIM (TR ZR); HIRE(AR,
POZAL AR ), SRR DNAL B &M . BEE
IR ST R VA TR B (99%, T 22 DR AR 04T BN 7)),
1.2 FFMmBREFT LR TBTRE S K

LAGERL HT (5 o0, H 1,2,3,3-00 1 3E-4,5-4F
5[/ S IR 2(0.54 mmol) s X — FH IR 1 (0.54
mmol) Fl/b FEWRE 7E Bt iR 53440, AR5k FIE 1
DR, dRs L et s, AR, A E 2R,
P A e, HOESHLA. H M4 @ VAR =1 1 1
ELG RO R HL, 77% 83.8%. m.p. 234~235
‘C; UV-vis (MeOH) Amay: 551 nm; 'H NMR (CH;COCH;-
ds, 400 MHz) &: 2.13 [s, 6H, C(CHs),], 3.25 [s, 6H,
N(CHs),], 4.27 (s, 3H, "NCH,), 6.95 (d, J=8.8 Hz, 2H,
ArH), 7.47 (d, J=15.6 Hz, 1H, CH=CH), 7.68 (t, J=6.8
Hz, 1H, ArH), 7.78 (t, J=7.8 Hz, 1H, ArH), 7.98 (d, J=
9.6 Hz, 1H, ArH), 8.07 (d, J=8.8 Hz, 2H, ArH), 8.18 (d,
J=17.6 Hz, 1H, ArH), 8.25 (d, J=8.8 Hz, 1H, ArH), 8.42
(d, J=8.8 Hz, 1H, ArH), 8.58 (d, J=15.6 Hz, 1H, CH=
CH); IR (KBr) v: 3045, 3020 (W, v—cy), 2990, 2922 (m,
ven), 1569, 1517, 1437 (s, ve-c, ve-x), 1354, 1288, 1160,
1120 (m, ve, Och), 968 (s, o=cn), 938 (m, d=cp), 837 (s,
O0-cn). Anal. calcd for CysHpN,PF¢: C 60.09, H 5.55, N
5.03; found C 60.00, H 5.60, N 5.40.

ekl H2~H4 A BT AL, S50 20
B

Yokl H2: RO, 775 84.5%. m.p. 238~239
‘C; UV-vis (MeOH) Anay: 561 nm; 'H NMR (CH;COCH;-
ds, 400 MHz) &: 1.64 (t, J=7.0 Hz, 3H, CH3), 2.16 [s, 6H,
C(CHs),], 3.25 [s, 6H, N(CH;),], 4.81 (q, J=7.0 Hz, 2H,
"NCH,), 6.95 (d, J=9.2 Hz, 2H, ArH), 7.48 (d, J=15.8
Hz, 1H, CH=CH), 7.68 (t, J=7.6 Hz, 1H, ArH), 7.78 (t,
J=7.2 Hz, 1H, ArH), 7.99 (d, J=9.2 Hz, 1H, ArH), 8.09
(d, J=9.2 Hz, 2H, ArH), 8.19 (d, J=8.0 Hz, 1H, ArH),
8.26 (d, J=9.2 Hz, 1H, ArH), 8.42 (d, J/=8.4 Hz, 1H,
ArH), 8.61 (d, J=15.8 Hz, 1H, CH=CH); IR (KBr) v:
3060 (W, v_c), 2996, 2916 (m, vcy), 1621, 1569, 1533,
1507, 1454 (s, ve—c, ve—n), 1355, 1324, 1285, 1167, 1123,
1094 (m, v, dcn), 970 (s, J-cn), 940 (m, d—c), 839 (s,
d—cn). Anal. caled for CoHooNoPFg: C 60.70, H 5.67, N
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5.45; found C 60.44, H 5.67, N 5.28.

Bkl H3: IREEEARE, 775 89.4%. m.p. 225~227
‘C; UV-vis (MeOH) Ay 561 nm; 'H NMR (CH;COCH;-
de, 400 MHz) §: 1.15 (t, J=7.4 Hz, 3H, CH;), 2.0~2.13
(m, 2H, CH,), 2.16 [s, 6H, C(CHs),], 3.25 [s, 6H,
N(CHs,),], 4.75 (t, J=7.4 Hz, 2H, "NCH,), 6.95 (d, J=8.8
Hz, 2H, ArH), 7.48 (d, J=16.4 Hz, IH, CH=CH), 7.68 (t,
J=172 Hz, 1H, ArH), 7.78 (t, J=6.8 Hz, 1H, ArH), 8.01
(d, J=8.8 Hz, 1H, ArH), 8.08 (d, J=10.0 Hz, 2H, ArH),
8.18 (d, J=7.6 Hz, 1H, ArH), 8.24 (d, J=8.8 Hz, 1H,
ArH), 8.43 (d, J=8.8 Hz, 1H, ArH), 8.61 (d, J=15.6 Hz,
1H, CH=CH); IR (KBr) v: 3055 (w, v—cn), 2992, 2917
(m, vey), 1573, 1531, 1503, 1451 (s, ve—c, ven), 1278,
1168, 1124 (m, ven, dcn), 979 (s, d—cn), 943 (m, d—cp),
838 (s, d=cn). Anal. caled for Cy;H3N,PF¢: C 61.36, H
5.87, N 5.30; found C 61.19, H 5.76, N 5.24.

ol He: JREEE AR, 77K 85.8%. m.p. 240~241
°C; UV-vis (MeOH) Apay: 563 nm; '"H NMR (CH;COCH;-
de, 400 MHz) 8: 1.02 (t, J=7.2 Hz, 3H, CH3), 1.60~1.62
(m, 2H, CH,), 2.06~2.08 (m, 2H, CH,), 2.16 [s, 6H,
C(CHs),], 3.25 [s, 6H, N(CHs),], 4.78 (t, J=7.4, Hz, 2H,
“NCH,), 6.96 (d, J=8.8 Hz, 2H, ArH), 7.46 (d, J=15.6
Hz, 1H, CH=CH), 7.68 (t, J=7.2 Hz, 1H, ArH), 7.78 (t,
J=17.2 Hz, 1H, ArH), 7.99 (d, J=9.6 Hz, 1H, ArH), 8.06
(d, J=8.8 Hz, 2H, ArH), 8.18 (d, J=7.6 Hz, 1H, ArH),
8.25 (d, J=8.8 Hz, 1H, ArH), 8.42 (d, J=8.0 Hz, 1H,
ArH), 8.61 (d, 1H, J=15.6 Hz, CH=CH); IR (KBr) v:
3030 (W, v-cn), 2923 (m, vey), 1622, 1571, 1530, 1503,
1455, (s, ve—c, ve-n), 1292, 1166 (s, v, dcn), 978 (s,
O=cn), 938 (s, d-cn), 838 (s, d=cy). Anal. caled for
CasH33NoPFg: C 61.09, H 6.09, N 5.17; found C 61.92, H
5.95,N 5.10.

1.3 FFFmIR R BEFERBTATIRE S K

PLYSEL F1 Ao Bl, # 1,2,3,3-P0 F -4, 5- 25 5105
W N Fi A IR £2.(0.51 mmol), 3-M[WE F#(0.51 mmol)Fll
D EIRIEEREM IR A5, ARG S Th %, Tl
BARSHL G, WEIBIER, IR AR, BiEkS
FFE, ESESRL. ] () @ KE)=1 @ 2 4
S AR F1, 2% 87.6%. mp. 253~254 C;
UV-vis (MeOH) Ay 484 nm; '"H NMR (CH3;COCHj5-dg,
400 MHz) 6: 2.19 [s, 6H, C(CHs),], 4.33 (s, 3H, "NCHs),
7.43~7.45 (m, 2H, ArH), 7.50 (d, J=15.6 Hz, 1H, CH=
CH), 7.67~7.72 (m, 2H, ArH), 7.79 (t, J=7.8 Hz, 1H,
ArH), 8.03 (d, J=8.8 Hz, 1H, ArH), 8.19 (d, J=7.6 Hz,
1H, ArH), 8.26~8.31 (m, 2H, ArH), 8.45 (d, J=8.8 Hz,
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1H, ArH), 8.63 (s, 1H, pyrrole-H), 9.00 (d, J=15.6 Hz,
1H, CH=CH); IR (KBr) v: 3397 (m, vxz1), 3087, 3030 (w,
Vvcn), 2995, 2913 (m, vey), 1593, 1573, 1487, 1433, 1404
(S, Ve-cs Vo-n, Onpt)s 1302, 1235, 1115 (s, vy, dcn), 968 (s,
o=cn), 943 (m, d-cy), 833 (s, d-cn). Anal. calcd for
CasH3N,PFg: C 60.48, H 4.64, N 5.65; found C 60.31, H
439, N 5.63.

B BBl F2~F4 (16 75 AR, S50 B an F

Jukl F2: 2Lk, 722 85.5%. m.p. 235~236 C;
UV-vis (MeOH) Aa: 485 nm; '"H NMR (CH;COCH;-dg,
400 MHz) o: 1.71 (t, J=7.2 Hz, 3H, CHj), 2.20 [s, 6H,
C(CHs),], 4.85 (q, J=7.2 Hz, 2H, "NCH,), 7.42~7.46
(m, 2H, ArH), 7.50 (d, J=15.6 Hz, 1H, CH=CH), 7.67~
7.73 (m, 2H, ArH), 7.80 (t, J=7.4 Hz, 1H, ArH), 8.04 (d,
J=8.8 Hz, 1H, ArH), 8.19 (d, J/=8.0 Hz, 1H, ArH),
8.26~8.29 (m, 2H, ArH), 8.45 (d, J=8.8 Hz, 1H, ArH),
8.66 (s, 1H, pyrrole-H), 9.03 (d, J=15.6 Hz, 1H, CH=
CH); IR (KBr) v: 3384 (m, vxy), 3127, 3031 (W, v_cn),
2986 (m, vep), 1594, 1570, 1487, 1470, 1424 (s, ve—c,
veox, Onm)s 1303, 1233, 1204, 1121 (s, ve, dcn), 965 (s,
Jd=cn), 935 (m, d=cy), 838 (s, d=cy). Anal. calcd for
Ca6HasN,PFg: C 61.18, H 4.90, N 5.49; found C 61.25, H
4.60, N 5.40.

Yokl F3: 2OARE R, 72 90.7%. mp. 226~227
C; UV-vis (MeOH) pay: 487 nmy; 'H NMR (CH;COCH;-
de, 400 MHz) d: 121 (t, J=7.2 Hz, 3H, CHy), 2.18~
221 (m, 2H, CH,), 2.22 [s, 6H, C(CHs),], 4.81 (b, 2H,
“NCH,), 7.45 (q, J=6.4 Hz, 2H, ArH), 7.52 (d, J=16.0
Hz, 1H, CH=CH), 7.69 (q, J=7.8 Hz, 2H, ArH), 7.80
(t, J=7.8 Hz, 1H, ArH), 8.05 (d, J=8.8 Hz, 1H, ArH),
8.19 (d, J=8.8 Hz, 1H, ArH), 8.26 (d, J=6.8 Hz, 2H,
ArH), 8.45 (d, J=8.0 Hz, 1H, ArH), 8.66 (s, 1H, pyr-
role-H), 9.04 (d, J=16.0 Hz, 1H, CH=CH); IR (KBr) v:
3390 (m, van), 3030 (W, v—cy), 2967 (m, vey), 1594, 1569,
1485, 1424 (s, ve=c, ve=n, Onn), 1346, 1304, 1233, 1201,
1122 (s, vens Ocn), 971 (s, 0—cr), 944 (m, 5-cy), 838 (s, 5-
cn)- Anal. caled for CoHyN,PFg: C 61.83, H 5.15, N 5.34;
found C 61.60, H 4.95, N 5.26.

ekl Fa: ZORR AR, 77K 84.9%. mp. 218~219
“C; UV-vis (MeOH) Apax: 487 nm; '"H NMR (CH;COCH;-
ds, 400 MHz) d: 1.06 (t, J=8.2 Hz, 3H, CH3), 1.65~1.71
(m, 2H, CH,), 2.11~2.15 (m, 2H, CH,), 2.21 [s, 6H,
C(CHs),], 4.84 (t, J=7.4 Hz, 2H, "NCH,), 7.45 (q, J=7.2
Hz, 2H, ArH), 7.51 (d, J=16.0 Hz, 1H, CH=CH), 7.71
(q, J=8.4 Hz, 2H, ArH), 7.80 (t, J=7.8 Hz, 1H, ArH),
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8.04 (d, J/=8.8 Hz, 1H, ArH), 8.20 (d, J/=7.6 Hz, 1H,
ArH), 8.27 (d, /=8.8 Hz, 2H, ArH), 8.45 (d, J=8.0 Hz,
1H, ArH), 8.66 (s, 1H, pyrrole-H), 9.04 (d, J/=16.0 Hz,
1H, CH=CH); IR (KBr) v: 3408 (m, vny), 3045 (W, v=ch),
2932 (m, vcp), 1594, 1571, 1483, 1425 (S, ve—c, Vc-N, OnH)»
1302, 1235, 1198, 1122 (s, ve—n, Ocn), 961 (s, d=cy), 936
(m, d=cn), 837 (s, d=cn). Anal. calcd for CygHpoN,PF¢: C
62.45, H 5.39, N 5.20; found C 62.67, H 5.19, N 5.14.

1.4 H3 1 F3 WIEME R

Yokl H3 16 R 72 BREEm A 0.40 g (0.0010
mol) 2,3,3-= FI - 13-4, 5-F8 FE 05| S G S eI 26
0.16 g (0.0011 mol)x} — FE FEIR FEE A 8 mL o7k 41,
(LA, SRIE NN REWRIE I 2 h, ¥ E1 2R 50, Hh
&, WG, MBS, O W(CED)  VNE) =1 :
1 A5G 3) 0.40 g RS A A H3, 734 75.1%.

Yokl F3 ARG EREFE A 0.60 g (0.0015
mol) 2,3,3-= FI - - 3E-4,5-F8 FE05 | S G S eI 26
0.23 g (0.0016 mol) 3-M|W AT 8 mL Jo/K 1%, [Hli
Bifl, ARG I RIREERI 2 h, AHIRER, i,
LRSS, SR, T V(LKD) @ VB =12 &
433 0.60 g LLFREE A F3, 72200 75.7%.

1.5 KGR E
1.5.1  WEF LA RRIEA F 6g % 9T JLB
. R

T4 T 1 s 2 35 Ykl H~H4 RE 05 —
FEFE YR F1~F4 354 1X 102 mol/L [ — F IV B %
W, AREARCHK . ZHER. Il . SR
B 107 mol/L [ T AR, 5 4k DL AN 5 e
Tl B PR YRl KW A A R B s LA
T PR  =IR, PR 1 emX 1 em X4 cm A7 9%
P e L, e KO s K RS S Bk 4% 55440 5.0 nm.
1.52 WEFEAL A Yo FAER 6958 50T ILFolk
Ko Ae %R HE R

(1) TE ZZ P i e 1

B 0.25 mol/L Y Tris(— % FF Rk 45 it
HW, I H HCL#H pH E I 2 7~8 2oy, AN RC
0.05 mol/L EDTA-2Na [¥1ifi &, JFH NaOH % pH
iRz 7~8 Zita; REH—E &1 Tris Al EDTA-2Na
AR A, P pH MHE 7.0~7.5 KA, mAWRER,
{if Tris-HC1 F1 EDTA (¥ 2345 43531 29 10 F1 1 mmol/L.

Q)G Bl 53 T T TG

TC T 2R 1 [P > G ) H3 R 2R g — I R R
YURL F2 W52 1X 1072 mol/L (1) DMSO fif % ik, BEHR
HEE VEREE. AiE a8 A, Ak DNA R
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& TE Sl ie i, W8 80 pg/mL.
A3 SR I — 5 B PR G LR A ) 4 TR ORIR &, TR
TE M bR gkl 50 1 1) TAR W, b g
BRI 5T IR B KX A 2X 107> mol/L 1 0, 2,
4,6,8,10, 12 pg/mL.

2 #R51HE
21 FRIBERK

ekl H1~H4 X F1~F4 & RE&HER1H, N
R rl LA W, KRR N-piE-2,3,3- = F 5
4,5 NGRS A W IR Eh HEAT S S IRE, BT T B K
A T AR () AN ] ) PR SR K F R V- 3k
-2,3,3- = F 34, 5 2R IR WS 36 A WL SR 40 & A2 gkl
H1~H4, Friitha/n, W, X8 h T2k H1~
H4 (1) D-n-A JLHu 28458 K

+ | HH | _HHH _CHs
—N=C—C=C—C=C—C=C—N_
\ CH,

>

1M F1~F4 1] D-n-A 350 284580 A

s | HH Il _HH
*l‘\l*C* =C—C=C—N—

JCHE R BOR, T I BB OR, 2 TR E,
Ir TR RE S A, RIS a0 A A gl BRAER (DT Ay
S R S ) K AN BE T S B I, 388 5 A A I P A
SRSRAAT A B IR AR, R TR AR s M P E Fit
€, AR, &gkl H1I~H4 X F1~
F4 (115 SRR E SR ISR SN, SN JsURE 45 4
WHEAFAEL, B AR R RN, KM TG RE/D,
S A, B R N A Sk AT, Bk D-n-A JLHEE
iR LA Gukl HI~H4 FILPuRE KT 4k
F1~F4, NIETE R H RGBS N7 S AT, S Ny
Dy, IRl R
R 1 Ykl HI~H4 [ F1~F4 ({8 st

Table 1 The synthesis condition of dyes H1~H4 and F1~F4

Dye R Time/min  Power/W  Yield/%
H1 CH; 5 406 83.8
H2 C,H;s 5 406 84.5
H3 C;H, 5 406 89.4
H4 C,Hy 5 406 85.8
F1 CH; 8 567 87.6
F2 C,H; 10 567 85.5
F3 C;H, 10 567 90.7
F4 C,Hy 12 567 84.9

© 2012 Chinese Chemical Society & SIOC, CAS

ARSI T A e T R I AN ekl g R
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R A HLE AR R (07 2R, DA™ i 2 T4k
e, BRI G Beh.

T2 BRI S W I LG R
Table 2 The comparison of synthesis conditions (part dyes)

Common method Microwave irradiation

Dye 5 B - - R
Time/h Yield/% Time/min Yield/%
H3 2 75.1 5 89.4
F3 2 75.7 10 90.7

2.2 FPEEMIEIE

Wit 'TH NMR, IR, UV-Vis M It & AR 4 s
iR T okl H1~H4 5 F1~F4 458, {5241 1o
T 38 I T LA EE WO (), Bkl H1~H4 K
F1~F4 15 I i) s RO 43 il 45 551~563 Fi
484~487 nm 2 [A].

TELLAM GRS T LT 05 BRI AE L (v=cp, 3020~
3087 cm™ ', ve—c, 1400~1622 cm™'; d-cy, 833~979
em ) AN A €8 FH R 3 B AN VRN 45 3R B IR0 (ve = o,
Veon, 1404~1622 cm™ "), 7244kl F1~F4 (L0 4MR IR,
BB T 46 3384~3408 em !, S Bl A 1) v PO AREAE DR
3

M TH NMR i (5 T LLG H, 4okl HI~H4 5
F1~F4 it F SR A 3 B C T HRTE 15~16
Hz, ViM% k H1~H4 5 F1~F4 458300 ARy i
ML AN B ], BTE GRHE 960~980 cm ' 2 []
KA PSR W, X2 X RCH=CHR /ifik
A MTAMREAEIR SIS, WA R GRl A ER
5E I R R .

23 FPAETRREBEFIPRAILHER

3 5 T Ykl H1~H4 5 F1~F4 {EA G %7
(IO R 58 e i Pk . IR AR T DL, 27
B H1~H4 X PS4k F1~F4 £ H,0, DMSO,
MeOH, EtOH, CHCI; " 15 KIRBCI K 2 BilfE 541~
578 F 477~512 nm Z [A]. RN GURL 1) B KK
I R TF 2R TR O gkl 1), X &
THEIEM e gukl H1~H4 [# “D-n-A” HLHifk &R K
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Figure 1 The maximum absorption wavelength of dyes H1~
H4 and F1~F4 in different solvents
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Figure 2 Fluorescence spectra of the dye H3 (2X10~> mol/L)
with different concentration of DNA
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Table 3 The absorption and fluorescence spectral characteristics of dyes H1~H4 and F1~F4 in different solvents

Solvent Dye Amax/TM Aex/IM Aem/NM Stockes shift/nm £X107%(Lemol 'ecm™) Diiee
H1 541 541 601 60 3.36 0.0016
H2 545 545 603 58 3.70 0.0017
H3 545 545 605 60 522 0.0023
H4 546 546 603 57 4.55 0.0021
H0 F1 477 477 553 76 3.43 0.0019
F2 478 478 552 74 4.10 0.0022
F3 479 479 553 74 3.77 0.0020
F4 480 480 551 71 2.74 0.0014
H1 553 553 616 63 4.93 0.0112
H2 560 560 616 56 5.09 0.0109
H3 564 564 618 55 5.62 0.0116
H4 562 562 619 57 5.79 0.0123
DMSO F1 486 486 554 68 3.90 0.0100
F2 489 489 561 72 4.14 0.0105
F3 491 491 558 67 436 0.0106
F4 491 491 558 67 3.38 0.0083
H1 551 551 606 55 5.45 0.0039
H2 561 561 607 46 4.97 0.0033
H3 561 561 609 48 6.24 0.0041
H4 563 563 610 47 6.49 0.0043
MeOH F1 484 484 558 74 430 0.0035
F2 485 485 558 73 459 0.0037
F3 487 487 559 72 459 0.0035
F4 487 487 557 70 3.73 0.0029
H1 557 557 608 51 5.03 0.0063
H2 565 565 607 4 5.11 0.0060
H3 565 565 611 46 6.53 0.0075
H4 567 567 611 44 6.49 0.0076
EtOH F1 488 488 560 72 4.55 0.0065
F2 489 489 559 70 4.62 0.0065
F3 490 490 560 70 4.79 0.0065
F4 490 490 554 64 3.95 0.0054
572 http://sioc-journal.cn/ © 2012 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2012, 32, 567~573
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Solvent Dye Amax/M Jex/nm Jem/nm Stockes shift/nm £X10 */(Lemol 'ecm ") Dee
H1 578 578 613 35 6.72 0.0133
H2 578 578 611 33 6.82 0.0129
H3 578 578 613 35 7.46 0.0137
CHCI, H4 578 578 614 36 7.30 0.0138
F1 511 511 568 57 4.44 0.0098
F2 512 512 567 55 4.62 0.0101
F3 511 511 565 54 4.02 0.0086
F4 512 512 564 52 3.24 0.0070
F4 H3 M F2 5AFED > T SO6E 7775
Table 4 The fluorescence quantum yield of dyes H3 and F2 with different biomolecules
Dye c(Biomolecule)/ (Hg'mLfl) DPpna/Piee Psa/Piree  Prpuramidase/ Piee D pmylase! Dice Dihymotrypsin/ Pree
0 1.0000 1.0000 1.0000 1.0000 1.0000
1.0741 1.1993 1.0884 1.0810 1.0497
4 1.1045 0.4844 0.9842 1.1083 1.0018
H3 6 1.2027 0.9494 0.8140 1.0913 1.0470
8 1.3114 0.9275 0.9786 0.9452 1.0089
10 1.3873 0.9235 0.9251 1.0799 1.0741
12 1.4989 0.8523 0.9212 1.0104 1.0246
0 1.0000 1.0000 1.0000 1.0000 1.0000
2 1.1462 0.8680 0.9607 0.9616 0.9310
4 1.1152 0.8347 0.7272 0.9051 0.9553
F2 6 1.0242 0.8483 0.8532 09115 0.9453
8 1.2909 0.8633 0.7974 0.9027 0.9854
10 1.0883 0.8148 0.8173 0.8893 0.8674
12 0.9604 0.7936 0.7765 0.9312 0.9041

DNA IR NG am, 1M BSA. WEEBE. JE8 BEAl
BEAR A B G YR H3 FIF2 [5G0 52 AN K.
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