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Dicyanostilbene type two-photon fluorescence temper atur e-sensitive probe
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Abstract: Intermediate 1,4-dicyano-2-methyl-5-(diethylphosphomethyl)benzene (V) was obtained from
paraoxylene through electrophilic substitution, nucleophilic substitution, a-site bromine substitution and
nucleophilic substitution elimination, while intermediate 4-(9-carbazole)-benzaldehyde ( VI ) was
synthesized from nucleophilic substitution of carbazole. Target compound 2,5-dicyano-4-methyl-4'-
(9-carbazolyl)stilbene (donor-z-acceptor, D-z-A) (SP) with a total yield of 45.5% was finally synthesized
from Wittig-Horner reaction of intermediates V and VI. The solvatochromism of SP was redshifted from
412 nm (cyclohexane) to 541 nm (dimethyl sulfoxide) (maximum emission wavelength). Compound SP
exhibited remarkably large two-photon absorption cross section (drpa = 6930 GM) and high fluorescence
quantum yield (@) in cyclohexane, with its fluorescence highly dependent on solvent polarity and
temperature. In the one-photon emission (OPE) and two-photon emission (TPE) spectra, the dependent
coefficients (R?) between single and two-photon emission fluoresence intensity and temperature of SP was >
0.998, and the function expressions were Ir = —0.01416+ 1.2881 (OPE) and Ir = —0.01436+ 1.2698 (TPE)
[Zz: fluorescence intensity; 6: temperature (°C)], respectively.
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JBiBR THF, M GEAH (3x15 mL ), 7K¥E (3x
10 mL ), MJC/KBRFREE T4, 08, E=HhuEmikR
B, ML S RERAE Z M (VRN VEC
$i) : (CTRCHR) =12 : 1), 133 Bk kKR SP, ™
K 72% (336 mg, 0.82 mmol ), ¥4 s 245~248 °C,
SN ST H E 1 R 45.5% 0

FTIR (KBr, v/em '): 2237 (C=N) , 1657 (C=C).
'HNMR (400 MHz, CDCl3), & : 8.15 (d, J = 8.0 Hz,
2H), 8.06 (s, 1H), 7.81 (d, J = 8.0 Hz, 2H), 7.64 (d, J =
8.0 Hz, 2H), 7.63 (s, 1H), 7.48~7.39 (m, 6H, Ar—H),
7.33 (d, J=16.0 Hz, 1H, CH=CH), 7.31 (d, J = 16.0
Hz, 1H, CH=CH), 2.65 (s, 3H, CH3), "*CNMR (100
MHz, CDCls), & : 140.94, 140.71, 138.80, 134.62,
134.04, 129.51, 128.88, 127.45, 126.27, 123.78,
122.78, 120.57, 120.45, 117.48, 116.34, 114.97,
110.54, 20.23.MS, m/Z : C,0H;oN5 [M1HIFHEME (52
AE): 409.1579 (409.1572), JTCE4MHT Caled. for
CaoH oN3: C, 85.06%; H, 4.68%; N, 10.26%, Found: C,
85.01%; H, 4.72%; N, 10.27%.
1.3 HFLIE
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B EETHNAG o XTI R DO IE T R IR
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HENR 76 MHz, BOLHRMATFHHEBTIE 1.5 W
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ZL80HHML ( XSC ST10-1L, dt50 s 37 OB A R
ol MRE .
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mE 1A, SP AIULFSiERTEK.
ME 2, 3 FIZE 1 Al WL, SP AYEA | UG 296K 5t
ik R AR A R AR 5, SP A A KRBT
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Fig. 1 UV-Vis absorption spectra of SP
1 SP OGN
Table 1 Photophysical properties of SP
5 R Aapmad/MM” demma/mm® @' Ao /IM° G/ GM'

1 Hoke 376 412 0.992 780 6930
2 K 361 437 0.978 750 5397
30K 365 440 0.986 780 5975
4 TREGE 367 453 0.968 750 5337
5 THF 364 477 0.972 750 3652
6 &y 372 474 0983 760 4066
7 NHER 372 520 0.530 740 2125
8 DMF 361 525 0.770 750 1050
9 DMSO 361 541 0.370 750 1560
10 2B 344 534 0.440 740 1420

W a— UK LS S8 (Er 30) ) 3BHHET; b—¥x
KW ik K, ¢(SP)=10 pmol/L; c— & KK H I K, «(SP)=
1 pmol/L, 2,=360 nm; d—7EE T =%, S HHKE 1 pmol/L
TR ZE T 1) H,SO ¥R (5 x 10° pmol/L ), 1R K 10%; e—X0GT
TR WA 5 F—H K drpa(1 GM=1x10" cm*-s/photon), c(SP)=
10 umol/L, iR# N+20%.,
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02 Fig. 3 Fluorescence picture of SP in different solvents (¢ =
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Fig.2 One-photon (a) and two-photon (b) emission spectra of SP
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Fig. 4 Schematic diagram of charge separation of SP
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Fig. 5 Correlation between maximum emission wavelength
and solvent polarity parameters
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Fig. 6 SP in glycerol OPE (a) and TPE (b) fluorescence
intensity in relation to temperature

1.1
1.0
09 r
08
0.7 r
0.6
05
0.4
03

1, 428

L=-0.01416 + 1.2881

70

40 50 60

R C

20 30

1.1
1.0
09r
08
0.7r
0.6
051
04
03r
0.2

1450

I=-0.01430 + 1.2698

40 50 60 70

BEE/°C
SP AW HHEE M 1 pmol/L, e = 360(OP), 750(TP) nm
K7 SP#E OPE (a) Ml TPE (b) Ht 5 i & X B
R A 2
Fig. 7 Linear fitting lines of fluorescence intensity of SP
to temperature in OPE (a) and TPE (b)

20 30

2 SPAYTEEHR B S IR ] AY S PR E A OC R AL

Table 2  Correlation coefficients of linear fitting for
fluorescence intensity of SP and temperature
EEEN W R SD P
OPE  -0.0141 1.2881 >0.998 0.0127 <0.0001
TPE -0.0143 1.2698 >0.998 0.0117 <0.001
T
A E
60 v Rk
—o— THF
s 50 —~ Afy
o -
o 40 —e— DMF
< —*— DMSO
\E 30 b - M
20}
10 -
0 -

720 740 760 780 800 820 840 860
P /nm
SP AR MR 10 pmol/L
Bl 8 SP FEAFRA I H BB I W 1 5 MO T &
WRER
Fig. 8 Two-photon absorption cross sections of SP in various
solvents versus two-photon excited wavelengths
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