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Investigation on Synthesis and Photostabilities of Novel Asymmetric
Benzothiazole Trimethine Cyanine Dyes
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Abstract Novel asymmetric trimethine benzothiazole cyanine dyes with different N-substituents were synthesized and char-
acterized by MS and 'H NMR techniques. The maximums of absorption and emission spectra of the dyes in ethanol were in
the range of 628~631 and 662~666 nm, respectively. The dyes were almost non-fluorescent in solvents, which can reduce
the background interference greatly. The photodegradation experiment showed that the octyl group on quinoline ring and ben-
zyl group on benzothiazole ring improved the photostabilites of the dyes obviously. The rate constants of photoreaction of the
dyes 8a~8d were 6.38 X107, 12.5X 107, 2.68X 10" and 6.30X 10 * mol*min ", respectively. Oxidation potentials were
determined by cyclic voltammetry.

Keywords benzothiazole cyanine dye; photodegradation; cyclic voltammetry curves; fluorescence; oxidizing potential; pho-
tostability
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ANTRLOS Gk M T R e e 1 RE AT RO R, 1T
X %GR BRI SRR e Tk 2 1] 5% 2R I 9 SRR
R, BATTCAIRIE T I N5 Gk I 25 IR B A Q3
X Gkl e se VER U, AR SC LRI e R, A
&T4ﬁ%%WﬂﬁmﬂiﬂwAﬁTHmﬁﬁ$ﬁ
WL, BRI LI FR = IR LT k], WY
T RIS Gkl e it A e AR e PR, A R S
Lo T 45104 Scheme 1 AT 7.
1 KEEH
1.1 {XEEFARF

B Ah= ] WL T A A s BT I8 P A S AT R BT
2w TU-1901 BYXOE R SR-1] W3 et vt B
PG TEACR ] FE[E Varian 73 7] Cary Eclipse T %¢ %
WY "H NMR R HEE0 /1 44 5 Bruker 24+ AVANCE-
11 74 400 MHz A% F AL RESEAR TS AS; R 55 0
g b 76 352 [E Waters /2 7] Maldi Synapt Q-Tof MS Jiiiik
G4, w5y P4 MICROMASS HPLC-Q-Tof MS
FUg A EeS. PR R 25 /E Bl CHI660D
2 TAESG B, TR B iRk, Sy
TR H TR H AR, o HRR R B 22 H R, RS 100
mV/s, JeRHRE A 1X10°* mol/L ISV, Ml
SURE. I K IR K. AR dn A 1
W 0 [ P oy At Al s A 2F AR, Qi A U I 34 L I 1
KRG TIATAT b H.
1.2 FRME R RERIE

YeBHA A 2% SCRR[19).

1.2.1 PR 2,3- = 3 K Ffoivd xd A R AR L 25 (2)
EREEDAY

% 7.4 ¢ PIAHA 1 (50 mmol) A 8 mL Xf FF R ik
fig(53 mmol) A £ 10 mL Z IR ZE&H 70 C i £En|
U3 he AH, USSR AR R, FlR RER ARSI
SN, I g RO AR R, AR B A A A 10 g, H
R 60%, =i ALl IS —0 ROV
122 F a4k 2-F A3 5R F A OR SR8 3 (3) 494
R

¥ 3.7 g Ak 1 (25 mmol)Fl 4.3 g IRALTEQRS
mmol)IMAZE] 5 mL LR LEEH 70 ChInFAd £ ml% 2 h.
AH, IR, BRAEREE 72 g MHIE 90%,
ARG R — 20 O
123 IR 3-F 3R -2-(2- 3K M R T A ) Ko vdkexd
WA OR AR R 3 (4) AR -3 R F R 2-(2- R e A U
ESESIE LS IO LR

4 rp a4 2 58 3 (10 mmol)¥ - 10 mL BER, 50
N N,N-"ZEHBE 3 g (15 mmol), 70 Chn#di$k, TLC
PRER. RN SEJEVAH, 300 mL 1F CUGERERE, BT 44
gk 2.5 g, MWES R 60%, 85%, i
KRG HIA N R
1.2.4 ) Ra-4-F 3 -1-F okak T4 2 (6)49 6
AR

i 4- FILMEIRE 1.43 g (10 mmol), 1-fE%¢ 2.4 g (10
mmol) Al 1,4- 48 /NFF 20 mL KA F] 50 mL H11%%
e, nAIER, TLC BRER, RNV SEAJEEE S, o

s CH3OTs or
@[ —Ch, BrCHaCatts
N
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sl @fi
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2 BRI, B AR ARG 1 43 B A0 A B A A
2.3 g, W& 60%.

1.2.5 FREKIEAL 4-F HK-1-2-F T )BT 43
(7) 896~ A%,

Bt 4-FFLMEDR 1.43 g (10 mmol)Fl 2-IR 2% 1.23 g
(10 mmol)#K U INAF] 50 mL H LB, 90 C R
ikt 3 h, W uE, AP RG] Ak 2.26 g,
ARAaifb R —2 )N, I 85%.

1.2.6  ## 8a~8d #94 %,

FRECH 44 6, 7 (1 mmol)Zr HIFIH 4K 4, 5 (1
mmol)iE T 5 mL HEREH, 90 CHIEE N WV, TLC MRER,
RN 5E4A )R 0.160 g (1.5 mmol)FEMIFRENA T 1 mL
DMF 1, IIAZI R NIR-EDT, hEitt 15 min WY
SEARJGREN, I CBRGEHTH, EARSIE S H L 4
MEEETI L NE RS/

3-FH L -2-[3-(1- 3 3L -4(1 H)- Mk 55)- 1- I I JE ) K
11 P ST IR 35 (8a): M L [ 44, R 40%. 'H NMR
(CDCl5) 6: 0.88~0.92 (m, 3H, CH3), 1.26~1.90 (m, 12H,
CH,), 3.71 (s, 3H, NCH3), 4.39 (t, J=7.6 Hz, 2H, NCH,),
6.59 (d, J=12 Hz, 1H, C=CH), 7.04 (d, J=12 Hz, 1H,
C=CH), 7.67 (t, J=12 Hz, 1H, C=CH), 7.16~8.30 (m,
10H, ArH); MS m/z: 429.3 [M] . HRMS caled for
CasH33NLS 429.2359, found 429.2360.

3- FIE-2-[3-(1-(2- 38 £ 55)-4(1 H)-WEE KI5 ) -1- A U
LR T E MG R Sh(8b): R A A, R 65%. 'H
NMR (DMSO-dy) §: 3.73 (s, 3H, NCH3), 3.82 (t, J=5.2
Hz, 2H, NCH,), 4.64 (t, J=4.8 Hz, 2H, OCH,), 6.47 (d,
J=12 Hz, 1H, CH=C), 7.14 (d, J=12 Hz, 1H, CH=C),
7.28~8.49 (m, 10H, ArH), 7.71 (t, J=12 Hz, 1H, CH=
C); MS m/z: 361.2 [M]". HRMS calcd for Cp,H, N,OS
361.1369, found 361.1363.

3-8 F L2 [3-(1- 2 BL-4(1LH)- W Wbk g7 3E)-1- P 4 55
TR MU R £ (8c): Wi Ca 44, WK 35%. "H NMR
(CDCl5) 6: 0.85~0.88 (m, 3H, CH3), 4.51 (t, J=8 Hz, 2H,
NCH,), 1.25~1.94 (m, 12H, (CH,)), 5.35 (s, 2H,
CH,C¢Hs), 6.31 (d, J=12 Hz, 1H, C=CH), 6.70 (d, J=8
Hz, 1H, ArH), 6.86 (d, J=12 Hz, 1H, C=CH), 7.06 (d,
J=8 Hz, 1H, ArH), 7.94 (t, J=12 Hz, 1H, C=CH),
7.14~7.97 (m, 13H, ArH), 8.28 (d, J=8 Hz, 1H, ArH),
8.73 (d, J=4 Hz, 1H, ArH); MS m/z: 505 [M]". HRMS
calcd for C34H37N,S 505.2672, found 505.2679.

3- 2K JE-2-[3-(1-(2-F% 4. 95)-4(1 H)-Ws kI 55)-1- I
W HE 2RI E M G O 2 £ (8d): TR (A EA, R 74%; 'H
NMR (CDCly) &: 3.99 (t, J=4 Hz, 2H, NCH,), 4.67 (t, J=
4.0 Hz, 2H, CH,OH), 5.50 (s, 2H, CH,CgHs), 6.42 (d, J=
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12 Hz, 1H, C=CH), 7.04 (d, J=12 Hz, 1H, C=CH), 7.69
(t, J=12 Hz, 1H, C=CH), 7.34~7.94 (m, 11H, ArH),
8.06 (d, J=8 Hz, 1H, ArH ), 8.23~8.17 (m, 2H, ArH),
8.47 (d, J=8 Hz, 1H, ArH); MS m/z: 437.2 [M]". HRMS
caled for CpsHasN,OS 437.1682, found 437.1685.
1.3 WREBFFEE

WA=l P S B (0=0.56, LZE)fE
PRAEREROA Gt = R A Ok

D, = D(F JF)(AJA)OJA)(n/n)
X @y, D 53 B IRE R RHED) 1) 56 1 7= 2K,
Ay, As 53 B DR S AR HED) L0 SR I K AR I e 1
Ny s SR B URE S FOARHEY) BT E S I 3 % F,
Fg 53 A MR b AR HE) 16 % s S8 08 (1) A 4 THT A
s A T3 R R U fits (RO D (560 nm) FIARHED ¥
KK (470 nm).
1.4 HPERBRI

B 1 em JE A DE LG LS YR £ R o AR
FEEE A, 16 500 WIS AT R R, b T BR 2 Kok
PRI e RS Tt R = A PR e, A B 68 LRI RIS AT 2
I E YA, b Feil 2 L IKIE R 50 g/L 1) NaNO,
VL, YBFTEIE N 15 em, BESAT L5 Ukl I AR EE 25
em. FE L AR AR OR R G RR RS LHERR LS TR R (R 5 .
T g 0 Al o e B R e R WA 1 AR AT 5T G
BHEEARIEA RN Gkl AR 1 (1 5 .
2 #ZR51He
21 FERERK

2RI BE PR AN G R = ¢ FE O 5 G ) o A W s A R
WA IR BT 3k — AN PR 0 R RS B L e 4 i, 1228 ekl
JEBEMEE YUK RT AR, YR B R AR I E BN 4-
FE LI A A ORI R4 25 71 N, N- S5 R b Jse
MAFE] H ARGk YLkl 8b, 8d 77 L 8a, 8¢ B A e,
FEEHT 8b, 8d IR L5 AR 23E, LR
ARYRIE [ NAR AW HAT IR ZE I iR, A6 1L 5 s
AT HS DT AR SO A B [ . S ke B R s B T
SEREMTHR AR 4 KIS (/=) R 2R, W R
SIS TSR A S A 20 E ) = i 22, DR I i) e I il 88
1670 “Chidy, RIMIHETE 1.5 h 58K, 4 Bk it
HoT LU 2 A AR R, BRI T R A BUSAR,
A Gl 5 HLAT S B N AN .
2.2 FRIA IR ILFATE f f i

4 FPYLRIE ZBEF R ] WBOROG 1% AN 5 6k
ST TERIEAAA ], JePE g 1 fros. B 1 S g
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Kl 8a 71 OWEH 4 VH—A0 5 BIWOBCRI 5 ARG, A
KR mT LA H, Gerl 8a i KIROBUEAE 629 nm, K
PWICRIHMEAE 662 nm. FRIHATE KM EE /R E R AL
[>10° L/(mol*cm)]. fEHW - YLRIFEATL RN, 9t
TreREK, 6 0.011~0.023 Z 7], & th 10 F S Mk
P it PR I WA (Sl 500 ) FH I IBR B (2 3508 ) <2 10 1) 1/ e e
MR 20, LA Y k] 8¢, 8d IL Stokes A7 F4{H LT
© 2 Tl R EUAR R 4L Rl 8a, 8b [ Stokes 75 K 3~4 nm,
AT RE A TN U T 3 PR A [ B RS O R A
IR AR R R e R

1.0+

0.4

Normalized intensity

e
)
)

~ -

<@
=)

500 600 700 800
Wavelength/nm
B 1 GYk} 8a 78 LI IO 2Ot
Figure 1 Absorption and fluorescent spectra of dye 8a
1 YR L R
Table 1 Spectral properties of the dyes in ethanol
Stokes shift/  &/(10° L*mol '

Dye Jgps/mm  Aep/nm -1 D
nm cm )

8a 629 662 33 1.01 0.011

8b 631 662 31 1.28 0.016

8c 630 666 36 1.61 0.014

8d 628 664 36 1.28 0.023

2.3 FRIAYNBERE

BekE N T 9 SR I IR HT B G kb 2 AT
JeRRETE. YRR A A A SOV AR S R S
TR RS BRI SELS SIAT
L T AR B — YR G B AR R R, BRI
LEAIFSE T GRHE SIE T G R 0. JERE AR S0 AE 1
cm BEI LA TR ET, FEREERT 500 W TIAS AT
S, SZEGLE S MBI T, SLIh, K 4 Rk
e RWRE A 2= — 2, BERE 3 h MR Geh i s KR,
P B KRS 5 S T s 28, 73 20 4R AR
NI RS L e, SRR A R L 2 PR, R 9 h e, B
KBl 8a~8d 735742 T 30%, 49%, 14%F1 29% 11670 fiFk,
L ekl 8c Pl i, UiHIMEREER b o] NTR3E | v
WRER b5 | N KA e Al ekl AT o i e ise vk, X
AT BE A HH T 38 (1 1 17 45 A4 R 2 Jod 35 114 K A & g Al I
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Figure 2 Comparisons on the photodegradation of the dyes in
ethanol

2 T BHAE R, 3G AN 2 ik BOh ) W RS, DR T AN
TR AR

XF RISl Gukeh 1)k P R g A it K Ak R R i
2 M HATRM IR, JeBeig s N 7R faitb an

In(4y/4,)=kt
Ao 72 IE IR T YRR R KA TR AR, A4, & eI ekl
PESORPE KA ISR, ¢ 2R RN R, & A2 el
SRV FE R, DRI A A s N e T DL I S50
MFEEO 1 3 BoR, B LRk e R &
MR R R, St S, 4 FhYURAE LR RO R
TR EE kAR 638X 107 12.5X 1074, 2.68X 1074
A 6.30X10°* molemin'. HHEEW], %Ykl t-tik
FH L 75 YR O B R 3 40240 1077 molemin™ 'L
AL rERRE . WGP 2 7 4L 8a>8¢c, 8b>8d
ATCAF H, Yokl e A LU L EAR iy LA
SRYCEHEARE M. MBI 2 H 4L 8a<<8b, 8¢<<8d
AT H, Yokl sk ER Tl o e S B R £ 3L IR
JefesE PERE R, KUk 458 W A4 IR RUs 7 L R
PN ISR S5 NN AR = NI D SRR
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Figure 3 Rate constants of the photodegradation for the dyes
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feoetE, MR LIk HIEMD gkt tEAR], nrRE
J2 TIPS 1) 35 A1 mT DS 238 1 BEL a9 1 4 P g e
A AR 2 S0 S — i) W7 75 G ) e AR AR AR I i
IS 3 By R 1R LAk 2 oA B [ 4 S YRR R
Rz ithde, MR 22 ihZ8 rT LA H, 44k} 8b, 8d 1%
AL ELAES 004 0.234 1 0.406 'V, 1] 8a, 8c [I4EALIELE
0.5~0.8 V Z[H HIL—ANR T8 106, R AMEMRIR b=kt
SEHUARAE GRS A AL G . AIRERR 22 2t
ATCUE Y, gekbtase tlm, LA Fa 07 (EBROR.

209,
dye 8a
0+ - - - dye8b
----- dye 8¢
=204 —.—-dye8d
<
= 40 |
2 .
§ -60-]
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\
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Figure 4 Cyclic voltammetry curves of the dyes
3 4it

A I RAE T 4 Fh s 420 U1 A AN A E
ARFE P 2RI WA FR = Ik L35 Guk), YeRlAE 2
(1) B KW MO 5 S SR G TERE 53 il 628 ~631 FlI
662~666 nm Z[A], {EAH gkl LT 500, JalEfE
SCHG ] Yokl 8a~8d E LI FR IR G B R H A
Mk 6.38X 1074, 12.5X107%,2.68 X 10" * 1 6.30X 10™*
molemin '} FIFBEMEIAE R T L5 N, ML L
FURTFIINEREE, JekHfeiae s, 49kl 8b, 8d
(R LA 2051004 0.234 F110.406 V, EIKIR b2k L HL
AREU AL FELA UG Y I 58 U
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