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Synthesis and Properties of Photochromic Dithienylethene
Compounds with Triphenylamine Units
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Abstract Combining dithienylethene photochromic unit with triphenylamine unit, three new photochromic dithienylethene
compounds 1a~1c were successfully synthesized using 5-chloro-2-methyl-3-acetylthiophene and diphenylaminobenzalde-
hydes as starting materials through Aldol condensation reaction, Michael addition reaction and McMurry coupling reaction,
the structures of which were characterized by MS, "H NMR and '*C NMR. Different from majority of previous studies that
introduce different functional groups through thiophene rings, we bridged the triphenylamine unit with fluorescence property
to the cyclopentene at S-position via C—C single bond, which will maintain the activation of photochromism and prevent
other functional groups affecting the dithienylethene backbone. Their photochromic and fluorescence properties in solutions
and polymethylmethacrylate films were investigated by UV-Vis and fluorescence spectra, respectively. The colorless solu-
tions and films of 1la~1c switch to yellow upon irradiation with 302 nm UV light and reach the photostationary state fast,
while bleaching of the colored solutions happen upon irradiation with 450 nm blue light. When 1a~1c¢ are excited by UV
light, the maximum fluorescence wavelengths of 1la~1c increase along with the enhancement of the abilities of electron
donating of substituent R, and 1a~1c emit strong fluorescence in n-hexane, toluene and ethyl acetate, while weak in acetoni-
trile and none in chloroform. Moreover, upon irradiation at 302 nm, Forster resonance energy transfer occurs between
triphenylamine unit and dithienylcyclopentene unit of 1a~1c. Thus, the fluorescence intensities of 1a~1c¢ decrease along
with the prolonging of irradiation time, which indicates the potential application of these compounds as fluorescence mo-
lecular switches.

Keywords dithienylethene; triphenylamine; photochromic; fluorescence molecular switch; Forster resonance energy trans-
fer
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Scheme 1 Photochromic reaction of dithienylethenes 1a~1¢
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Figure 1 Absorption spectra of 1a~1c¢ in n-hexane (a, c, ) and ethyl acetate (b, d, f) upon irradiation with 302 nm light
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Table 1 Absorption parameters and photochromic reactivity of compounds 1a~1c¢
Ao, max/IM Ac, max/TIM (/]
I IR [ex10"*/(Lemol 'scm )] [ex1073/(Lemol 'scm )] ®o-c dc-0
1a 1b 1c 1a 1b 1c 1a 1b 1c 1a 1b 1lc
IECkE 302 (2.63) 301 (3.08) 296 (3.28) 450 (3.06) 451 (2.78) 451 (4.82) 0.18 0.11 0.13 0.12 0.09 0.11
LR LT 299 (3.18) 293 (4.01) 290 (3.83) 449 (3.81) 441 (2.87) 441 (4.20) 0.18 0.16 0.15 0.14 0.07 0.09
PMMA 299 300 296 454 445 453 0.06 0.05 0.08 0.03 0.03 0.03
JEREA(PSS). K 2 1a fEA S B Ik SR A e LA P A A B 0 S IR BDARAS.

EJ 1a EJ—_E EAJ:PT\ ZE&Z&EE%H PMMA E’jjiiujlﬁ%m/u\mﬂj‘

Sk 15,20 f125 s, B WALG M) 1a FEIR I
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Figure 3 Normalized fluorescence excitation (hollow symbols) and
emission spectra (solid symbols) of 1a~1e¢ in n-hexane (a) and PMMA

(b)
R2 la~1c FEARRHI T R TO R B

Table 2 Maximum emission wavelength of 1a~1c in different solvents

e Aem/NIM
sl E1(30)/(kcalemol ")
la 1b 1c
1E Ok 31.0 368 360 384
2K 33.9 369 362 389
L T 38.9 370 361 388
Mg 45.6 372 365 389

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Figure 4 Fluorescence spectra of 1a~1c in different solvents
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Figure 5 Fluorescent changes of 1a in n-hexane (a) and PMMA (b)
upon irradiation with 302 nm light

VAR DG BR - E Wy TR SO0 25 400, HEAA IR A5 il (350~ 425
nm) 5 2RI (375~500 nm) A B, 50N
RADNIIRGER B, I B T2 27K
B, Dt OB s B AT 4. BTEL, 4 302 nm %€
ARG 40 s J5, 1a FECHRBLIE R 29.6%, RIS
PHIRER N 70.4%. ke, tE&4) 1b, 1e BRI T
FAA DT RMETR. &) 1a~1c FEARFN T
FOGIHI AN 3 PR,

#3 la~Te fEARFA T BB

Table 3 Fluorescence modulation efficiency of la~1¢ in different
media

! FICBNBE %
IR E1(30)/(kcalemol ')
la 1b 1c

=Y 31.0 704  70.5 75.7
oK 33.9 780 748 716
LI LT 38.9 695 73.6 747
i 45.6 62.6 504 590
PMMA — 654 664 645
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1-(5-50-2- F -3 WE Wy )-3-(4-( 0 AR R R 2
FOTHLY N -3-05-1-[(5¢): 2.37 g BB AR, 77K 85%,
m.p. 133~135 ‘C; 'H NMR (400 MHz, CDCL;) 4: 7.63
(d, J=15.6 Hz, 1H), 7.39 (d, J=8.7 Hz, 2H), 7.19 (s, 1H),
7.09 (d, J=8.9 Hz, 4H), 6.99 (d, J=15.5 Hz, 1H), 6.89~
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6.81 (m, 6H), 3.80 (s, 6H), 2.67 (s, 3H); *C NMR (100
MHz, CDCl;) 0: 185.84, 156.76, 151.14, 146.30, 144.80,
139.59, 136.78, 129.84, 127.51, 126.87, 125.73, 120.63,
118.52, 114.91, 99.99, 55.51, 15.73.
425 1,5 % =BAHT A H(6)89 5 A%,

222 SCHR 321 5 LA e AEASRY T, 1 50
mL PY B I 5-50-2-F1 3E-3- ZWE3EEWy (3) (0.77
g, 4.4 mmol, 1.1 equiv.), PRI 16 mL T THF, [%
WME—25 C, W 24 mL S HREEEM(LDA) (2
mol/L, 4.8 mmol, 1.2 equiv.), Ei%IHE &M 10 min,
W& K MIATAEA0(5) (4 mmol, 1.0 equiv.)i) 10 mL THF
WO, DRSO 15 min, HARTHR =M RN 20 b, ik
VRN, FEERIH pH 52 5~6, H CH,CL A, &9F
KU, NaySO, T4, TeZ&Br W7, FRN B4k
LB8) T VAR =1 : 100~1 : 40].

1,5- 7 (5-5-2- F -3 1y 6 )-3-(4-( X FR SR 2
FIRIE)-1,5-1% - J(6a): 1.52 g, 7“3 58%, m.p. 49~51
“C; '"H NMR (400 MHz, CDCLy) : 7.16 (s, 2H), 7.03 (dd,
J=8.5, 2.4 Hz, 6H), 6.93 (dd, J=8.2, 7.0 Hz, 6H), 3.82 (p,
J=6.9 Hz, 1H), 3.12 (ddd, J=48.3, 16.3, 7.0 Hz, 4H),
2.58 (s, 6H), 2.30 (s, 6H); *C NMR (100 MHz, CDCl;) ¢:
194.02, 147.76, 146.77, 145.35, 136.60, 135.13, 132.26,
129.82, 127.91, 126.80, 12528, 124.36, 122.97, 47.86,
36.40, 20.83, 15.97.

1,5-(5-50-2- F L -3-WE ) 6 )-3-(4- (2R R k) oK
H)-1,5-1% —Mid(6b): 1.52 g, 1“2 60%, m.p. 48~50 C;
'H NMR (400 MHz, CDCly) §: 7.22 (t, J=7.8 Hz, 4H),
7.16 (s, 2H), 7.05 (dd, J=15.2, 8.2 Hz, 6H), 6.98 (t, J=
7.9 Hz, 4H), 3.85 (p, J=6.9 Hz, 1H), 3.13 (ddd, J=49.2,
16.3, 7.0 Hz, 4H), 2.59 (s, 6H); *C NMR (100 MHz,
CDCly) d: 193.93, 147.76, 146.36, 137.65, 135.12, 129.19,
128.11, 126.77, 125.32, 124.20, 124.09, 122.65, 47.80,
36.45, 15.95.

1,5- 7 (5-5-2- F -3 13 L )-3-(4-( 56 A AU
FEE ) A HE)-1,5- 1% Wi (6¢): 1.01 g, F*F 46%, m.p.
54~56 ‘C; 'H NMR (400 MHz, CDCl3) &: 7.15 (s, 2H),
6.99 (d, J=6.7 Hz, 6H), 6.80 (d, J=8.7 Hz, 6H), 3.78 (s,
7H), 3.11 (ddd, J=47.4, 16.3, 7.0 Hz, 4H), 2.58 (s, 6H);
C NMR (100 MHz, CDCl;) d: 194.03, 147.71, 141.10,
138.83, 135.16, 127.79, 127.77, 126.82, 126.26, 125.25,
121.06, 121.01, 114.62, 55.49, 47.90, 36.33, 15.94.

42.6 BALASHA)EE R

ERARY T, KE R (2.62 g 40 mmol, 20.0
equiv.) A 250 mL PYEIEEfEH, A 80 mL T-H(1)
THF, VKB4 0 °C, Wi TiCly (1.98 mL, 18 mmol,
9.0 equiv.), MH#ZE 68 C[HIy 2.5 h, R/ =k, W
HRN, N 1,5- BT A240(6) (2 mmol, 1.0 equiv.)
] THF ¥ 50 mL, W 24 h, I 150 mL 10%ff]
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K,CO; ¥, B0y, KA CHyClL, L, Kk,
Na,SO, T, BEZREZWA, M B INCR L
ig) © V(A =1 : 50].

1,2- (558 -2- PP A -3 Iy 2 )4 (4= % T 2
FRIL) ARG (1a): 0.30 g, P53 25%, m.p. 136~138
‘C; 'H NMR (400 MHz, CDCl;) §: 7.13 (d, J=8.4 Hz,
2H), 7.04 (d, J=8.2 Hz, 4H), 6.98 (dd, J=8.4, 2.5 Hz,
6H), 6.60 (s, 2H), 3.65~3.53 (m, 1H), 2.99 (ddd, J=21.4,
14.4, 7.8 Hz, 4H), 2.30 (s, 6H), 1.91 (s, 6H); *C NMR
(100 MHz, CDCl;) 6: 146.40, 145.53, 139.62, 134.49,
133.63, 133.41, 132.12, 129.82, 127.36, 126.61, 125.41,
124.24, 123.29, 46.24, 42.00, 20.83, 14.29; MS (APCI)
m/z: calcd for C;sHj3 CLLNS, [M—l—H]+ 600.13, found
600.57.

1,2- 7 (5-54-2- F -3 WE Wy R )-4-(4-( R 20 R ) R
F) IR 45 (1b): 0.26 g, 7<% 32%, m.p. 132~135 C; 'H
NMR (400 MHz, CDCly) 6: 7.23 (t, J=5.8 Hz, 4H), 7.17
(d, J=8.5 Hz, 2H), 7.06 (dd, J=15.8, 8.1 Hz, 6H), 6.98 (t,
J=7.3 Hz, 2H), 6.60 (s, 2H), 3.66~3.55 (m, 1H), 3.01
(ddd, J=21.4, 14.3, 7.8 Hz, 4H), 1.92 (s, 6H); *C NMR
(100 MHz, CDCly) 6: 147.93, 145.98, 140.66, 134.46,
133.67, 133.39, 129.20, 127.56, 126.61, 125.46, 124.52,
123.96, 122.53, 46.24, 42.03, 14.30; MS (APCI) m/z: caled
for C33H,,CILNS, [M+H]" 572.10, found 572.49.

1,2- 7 (5-50-2- FBE -3- I Wy AL )-4-(4-( 0 FHA R
FLE I FILIA LG (1e): 0.29 g, P 26%, m.p. 133~
135 “C; '"H NMR (400 MHz, CDCl;) &: 7.10 (d, J=8.3
Hz, 2H), 7.03 (d, J=8.7 Hz, 4H), 6.90 (d, J=8.2 Hz, 2H),
6.81 (d, J=8.8 Hz, 4H), 6.59 (s, 2H), 3.78 (s, 6H), 3.63~
3.52 (m, 1H), 2.98 (ddd, J=21.4, 14.5, 7.8 Hz, 4H), 1.91
(s, 6H); “C NMR (100 MHz, CDCl3) J: 155.57, 141.29,
134.52, 133.61, 133.43, 127.26, 126.62, 126.16, 125.40,
121.35, 114.63, 99.99, 55.51, 4627, 41.95, 14.28;
MS(APCI) m/z: caled for C;sH; CLINO,S, [M—|—H]+
632.12, found 632.72.
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