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Synthesis, Photochromism and Fluorescence of
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Abstract A novel class of naphthopyran-tetraphenylethylene hybrids NP1—NP5 were designed and synthesized,
and their photochromic and fluorescent properties were investigated in detail. Compared to 2, 2-diphenyl-2H-benzo
[h]chromene(NPO), the thermal fading rate of NP5 has significantly improved with the fastest half-time(z,,) of 0.75
min. Such kind of compounds also exhibited fast photo-responsive speed and excellent fatigue resistance. In addition,
the tetrahydrofuran solution of NP2 is fluorescent, which can be quenched by an irradiation with 360 nm UV light.
However, no aggregation-induced emission was observed for these compounds.
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Scheme 1 Photochromic mechanism of NP0
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Bruker Avance-400 % #% 1 H 4R i 1% 4% (NMR) , LA CDCI, #1 DMSO-d, A % 7, 1% [El Bruker 23 ] ;
Varian 7. 0 TFTMS 7 {8 B A5 3 525433 5 54 (ESI-HRMS) , 35 [ Varian /A 7 ; Analytikjena specord 210
plus B LR UL (UV-Vis) 73 HOE AR, TEEEREE A A, M4 - B 350 ~ 750 nm, B 200
nm/s, YEMHEERT 0. 5 nm; Edinburch-FS5 BI2¢ Y6654, ¥ [E Edinburgh Instruments 23 /] 5 {ZRKE Xe-150
ST (365 nm, 200 mW/em?) , 32 EOS Technologies Inc. ; X-4 BUECT SR 4 AN, db et 2= v {3 a5 4T PR
H].

1.2 SCEEFE
121 fAEH28 4 K [ 100 mL T A REJEEOR A 1.2 g(4. 87 mmol) 54 1. 1. 04 g(7. 31
mmol )l A% | 2. 69 g(19. 49 mmol ) BRFRHH A K& 30 mL JC/K M , $itdE B E (1137, TLC Wl '~ K2 i
hy 19 RN IR E R 25 AR 205500, ™ b R AT 2T (V etV 2mes=201 1) 43 5 414K, 15
F)0. 95 gL FIRIL G2, 77K 75%, m. p. 142. 6~143.8 °C. 3CHK>{H: 142. 0~143.3 C.
122 AH3IWAK 15 AR T, 1250 mL Schlenk JH FP A 3. 22 g(49. 18 mmol ) 1% AL A H)
K 80 mL JG/K DU KRR , ki &5 T HEHE 10 min J5 , B IIA 2. 70 mL(24. 59 mmol ) TiCl,; 1 S A
REEWRE BEWE, AR RIGERN 2 h; FERVARREER N B EIR)E, TUKEEME T R MAKRR
60 mL A7 1. 60 g(26. 15 mmol ) AbE#H 2 K 1. 34 g(7. 38 mmol ) & F il (1) JC /K DU S R i T %
RN ZR ARTHR R, FTLC WM RN, In#A RN 12 by R NS R )G , WHI E SR, S8
A 100 mLAR A S AL 2K AW, T2 TR 2 EEFEEL(50 mLx3) , A IEA P, FIJCKBRRReN T4, 11ug, 1
TERE 78 RANBRZVE ), B ST JZT (V eV e =80 1) 20 BS 24, #531] 520 mg 841 (0 [ 144k,
EW3, 77% 19%, m. p. 190.6~191.6 ‘C. 'H NMR (400 MHz, CDCl,), &: 8.72(d, J=8.5 Hz, 1H),
8.34~8.19(m, 2H), 7.63(t, J=7.7 Hz, 1H), 7.50(d, J=7.4 Hz, 1H), 7.47(s, 8H), 7.33(t, J=7.6
Hz, 1H), 7.23~7.00(m, 2H), 6.92(t, J=7.6 Hz, 1H), 6.77(d, J=7.9 Hz, 1H), 6.29(s, 1H), 3.48
(s, 3H); “C NMR (101 MHz, CDCL,), 8: 153.9, 146.1, 143.5, 143.3, 143.0, 141.8, 139.0, 137.9,
135.4, 130.4, 130.2, 129.8, 128.8, 128.6, 128.5, 128.4, 128.2, 127.8, 127.2, 126.0, 125.9,
125.0, 124.5, 124.0, 123.0, 121.4, 101.9, 54.7; HRMS (C,H,,0" i} & (& ) , m/z: 411.1700
(411.1704)[M+H J*.
123 ety sk 78 AcSART R, 1) 120 mL Schlenk & H1/11 A 500. 00 mg (1. 22 mmol ) fb 54 3
}% 30 mL ok AW 5, eV S FHERE 10 min, Z%0A 586. 79 mmL(6. 09 mmol) =JRALHN, F &
Tt 2 ST RO 5 FHTLC W 2 S0 58 58, FEVKIE 254 ) SOW A 30 mL 7K 5 SR FH S S 2
(50 mLx3) , B IFA N, FITCKERREA T8, 208, FIBER 78 AR L0, B sh i A 2 b
(Ve V 2o =401 D 23 B 44L , 1331 320 mg 2L AR G4, 77 4£66%, m. p. 219.5~220.5 C.
'H NMR (400 MHz, DMSO-d,), 8: 9.93(s, 1H), 8.70(d, J=8.5 Hz, 1H), 8.28~8.17(m, 2H), 7. 64(t,
J=7.7Hz, 1H), 7.53~7.43(m, 7TH), 7. 41~7.32(m, 4H), 7.27(t, J=7.5 Hz, 1H), 6. 83(t, J=7. 6 Hz,
1H), 6.45(d, J=9.3 Hz, 2H) ; “C NMR (101 MHz, DMSO-d,) , &: 152.53, 146.9, 143.7, 142.7,
141.7, 138.8, 138.3, 134.5, 130.0, 129.7, 129.7, 129.5, 129.2, 129.1, 128.9, 128.4, 127.9,
127.1, 125.7, 125.1, 124.6, 124.3, 124.2, 123.7, 121.6, 106. 1; HRMS (C,,H,,0 #5218 ) , m/z:
395. 1440(395. 1441 )[M-H |".
124 A& NPLE A& 9] 100 mL BB PRI A 500. 00 mg(1. 26 mmol ) fb54 4. 341. 42 mg
(1. 64 mmol) 1, 1- R FEN -2-bf-1-5 | 40 mL HH 2R I 130+ e FORRA R , Bt T ingi 22 55 “C/i 3 h;
FHIERE 28 AR IR, MU= SRR ZMT (V et V o =40: 1A 414, 1551 410 mg i 41 (A 54
L&Y NP1, ;7% 55%, m. p. 218.4~219.4 “C. 'H NMR (400 MHz, CDCL,), &: 8.69(d, J=8.5 Hz,
1H), 8.47(d, J=8.4 Hz, 1H), 8.21(d, J=7.8 Hz, 1H), 7.60(t, J=7.7 Hz, 1H), 7.53~7.43(m, 4H),
7.35(d, J=7.3 Hz, 2H), 7.30~7.22(m, 10H), 7.20(s, 1H), 7. 12(t, J=7.4 Hz, 1H), 6.97(d, J=7.6
Hz, 2H), 6.88~6.77(m, 3H), 6.48(d, J=9.9 Hz, 1H), 6.39(d, J=8.0 Hz, 1H), 5.61(d, J=9.9 Hz,
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1H) ; “C NMR (101 MHz, CDCL,), 6: 147.7, 145.2, 143.6, 143.5, 140.9, 140.6, 135.9, 134.9,
132.3, 131.4, 130.1, 129.5, 129.1, 128.8, 128.6, 128.2, 128.1, 128.0, 127.9, 127.6, 127.3,
127.1, 127.0, 126.9, 125.4, 125.3, 124.7, 124.6, 124.5, 124. 1, 123.6, 123.5, 123.3, 122.8,
121. 4, 111. 8, 82.3; HRMS(C,sH; O 715318 , m/z: 587.2293(587.2370)[M+H ]".
1.2.5 A4 NP2~NP5 & ik tbEW 470515 1, 1-80(4-F AR ) -2- T pe-1-E | 18838, 1-(4-B¢
IRIL)2-PUBR-1-B L 1, 1-X (4R 3 ) -2-1-IN B I 1, 1-X(4- - LR FEIR I ) -2- T - 1- B S g, SR FHAH
IALTE, 4356 AL 1) NP2~NP5.

bA I NP2, 390 mg Bt 21 €4 [f1 14, 7738 50%, m. p. 212.4~213.6 °C. 'H NMR (400 MHz, CDCl,),
5: 8.61(d, J=8.5 Hz, 1H), 8.34(d, J=8.3 Hz, 1H), 8.13(d, J=7.9 Hz, 1H), 7.51(t, J=7.7 Hz,
1H), 7.44~7.36(m, 4H), 7.29(d, J=7.3 Hz, 2H), 7.16(d, J=7.3 Hz, 2H), 7.11~7.06 (m, 4H) ,
6.92(d, J=7.6 Hz, 2H), 6.85(t, J=7.6 Hz, 2H), 6. 77~6.71(m, 5H), 6.38(d, J=9.9 Hz, 1H), 6. 31
(d, J=8.0 Hz, 1H), 5.46(d, J=9.9 Hz, 1H), 3.69(s, 6H); “C NMR (101 MHz, CDCl,), &: 158.8,
147.8, 147.6, 143.8, 143.6, 140.9, 140.7, 137.7, 136.0, 134.9, 132.4, 131.4, 130.0, 129.4,
129.1, 128.8, 128.6, 128.4, 128.3, 128.2, 127.9, 127.3, 127.2, 125.5, 125.3, 124.5.124.0,
123.6, 122.9, 122.7, 121.4, 113.2, 111.7, 81.9, 77.3, 55.3; HRMS (C,,H,,0} 3 & i ) , m/4:
647.2534(647.2581)[M+H |*.

A9 NP3, 360 mg ik 21 (& A, 72 % 51%, m. p. 221.3~222.6 ‘C. 'H NMR (400 MHz, CDCI,),
5: 8.77(d, J=8.5 Hz, 1H), 8.55(d, J=8.3 Hz, 1H), 8.28(d, J=7.9 Hz, 1H), 7.68 (1, J=7.5 Hz,
1H), 7.62(d, J=8.0 Hz, 3H), 7.60~7.54(m, 5H), 7.53~7.50(m, 1H), 7.49~7.45(m, 2H), 7. 44~
7.41(m, 3H), 7.40~7.36(m, SH), 7.32(d, J=7.1 Hz, 2H), 7.30(s, 1H), 7.21(t, J=7.4 Hz, 1H),
7.05(d, J=7.6 Hz, 2H), 6.95(t, J=7.4 Hz, 2H), 6.87(t, J=7.6 Hz, 1H), 6.57(d, J=9.9 Hz, 1H),
6.45(d, J=7.9 Hz, 1H), 5.71(d, J=9.9 Hz, 1H); “C NMR (101 MHz, CDCl,), §: 147.7, 145.1,
144.2, 143.7, 143.5, 140.9, 140.8, 140.6, 140.2, 135.9, 134.9, 132.4, 131.4, 130.1, 129.6,
129.1, 128.8, 128.6, 128.0, 127.6, 127.4, 127.3, 127.1, 127.0, 126.8, 125.4, 124.6, 124.1,
123.6, 123.5, 123.4, 122.8, 121.4, 111.8, 82.2; HRMS (CyH,,0" it % i ) , m/k: 663.2655
(662.2682)[ M+H |".

1A NP4, 300 mg fE 21K, P22 55%, m. p. 212.3~213.6 °‘C. 'H NMR (400 MHz, CDCI,),
8: 8.71(d, J=8.5 Hz, 1H), 8.39(d, J=8.3 Hz, 1H), 8.22(d, J =7.9 Hz, 1H), 7.62(t, J=7.6 Hz,
1H), 7.54~7.45(m, 4H), 7.36(d, J=7.2 Hz, 2H), 7.29~7. 13(m, 7H), 7. 04~6.94(m, 7H), 6. 83(t,
J=7.7Hz, 1H), 6.53(d, J=9.9 Hz, 1H), 6.40(d, J=8.0 Hz, 1H), 5.52(d, J=9.9 Hz, 1H); C NMR
(101 MHz, CDCL,), 8: 162. 1(d, 'J.,=246.5 Hz), 147.8, 147.2, 143.8, 143. 4, 140.9, 140.8(d, *J.,=
3.1Hz), 140.5, 135.9, 134.8, 132.5, 131.4, 130.1, 129.8, 129.2, 128.9, 128.8, 128.6, 127.9,
127.4(d, *J.,=10.8 Hz), 125.5, 125.3, 124.7, 124.2, 123.7, 123.3, 123.1, 122.8, 121.5, 114.9
(d, %J.,=21.4Hz), 111.6, 81.5; HRMS(C H,,F,0 1 51H) , m/z: 623.2132(623.2181)[ M+H J*.

1b& NP5, 380 mg sS4 A[E A, 773 50%, m. p. 215. 1~216.4 ‘C. 'H NMR (400 MHz, CDCl,),
5: 8.67(d, J=8.5 Hz, 1H), 8.45(d, J=8.4 Hz, 1H), 8.21(d, J=7.8 Hz, 1H), 7.57(t, J=7.7 Hz,
1H), 7.49(t, J=8.0 Hz, 3H), 7.40~7.35(m, 3H), 7.23~7.19(m, 1H), 7. 14(d, J=7.3 Hz, 1H), 7. 08
(d, J=8.5Hz, 3H), 7.01(s, 2H), 6.91(t, J=7.5 Hz, 2H), 6.79(t, J=7.6 Hz, 1H), 6.64(t, J=8.3
Hz, 1H), 6.57(d, J=8.6 Hz, 4H), 6.41~6.35(m, 2H), 5.54(d, J=9.9 Hz, 1H), 3.32(q, J=7.0 Hz,
8H), 1.14(t, J=7.0 Hz, 12H) ; "C NMR (101 MHz, CDCl,), &: 148.3, 147.4, 146.8, 143.7, 140.9,
136.1, 135.0, 132.6, 132.3, 131.4, 129.9, 128.9, 128.7, 128.5, 128.4, 127.9, 127.2, 127.0,
125.6, 125.0, 124.3, 123.9, 122.7, 121.9, 121.3, 111.7, 110.9, 82.5, 44.3, 12.7; HRMS
(Co,H N,OFHEAH) , m/A: 729. 3857(729. 3840)[ M+H |,
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1, IR PES VR AL A9 NP1~NPS B AR . A e EBUE (oAb A4 0 IR Z AR A ) e R
SEEEMEAE 0. 6~0. 9FEEIA, 4L A NP1V R 5%107, 1107, 8107, 5x10°H1 1x10° mol/L IS

T, FFIHAE 42 A0 6 IR 2 ARSI A S8 A AT WL e 26 . FIET 1(B) AT UL, NP1 ¥R BE A 8%107° mol/L
i, e RIOEEEEN 0. 64. BRI, 354 8x107° mol/LAE A BRI Mk &
12F — 3.0
) _EA‘AQCN ®) 105eNP4/(mol-L-):
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Fig. 1 UV-Vis absorption spectra of NP1(8%10~° mol/L) in different organic solvents(A) and

at different concentrations in chloroform(B)

212 ke maE R FHIL AP NP1-NPS HE K 8x107° mol/L A7, MR ILAE 365 nm 2546
R Ko 73 5l e S 6 FEO [ 1] 0 CAR S A 58 4h- ] DU IO . 181 2(A) 7R Y T NP2 (58 Hh- AT WL IO
TEBEC RS TR A4 , 1 2(B) 75 Hh e R AT e 1< )R ' R I PR S o 17 ) 22 £ B v o' BT B 6
AL e HARE A P2 P i WA SO {5 R BT S22~825) . M 2(A) Al DL, SR AN G I i NP2 1
ST EIRAE 450~750 nm A JCHT O, AR AR R B0 T 360 nm SRAISEIRGTS , 7EA,,=560 nm 4t
HE IR WG WSO, VRS O ER A 5 SGHRINEE] Sy 50 s I, SRBDEERAS . H e S Wik 2D R a2
45~55 s, RUPZRAA YA BRI E0 ER
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Fig. 2 UV-Vis absorption spectra of NP2(8%10~° mol/L) in chloroform at 298 K(A) and time-dependent
coloring curve of the solution upon irradiation with UV light for different time(B)

Inset: color change of NP2 in chloroform upon UV irradiation to photo stationary state.
2.13 ARG E 2H-ZETF ARG A A (0 0 i AU ROR AL
SI)=A e +A e +A,, (1)
s A (mol - dm™) Fl &, (1) 7353 by PR S8 T J 758 73 6F I B R A) i 516 % 132 1) o3 R AL A0 S5 7 3 5
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mol/L B EI, 0 AN EIR 25 6Fa s, Bl)S 7E S IRRDGIRES T B[R] FE 10 s M5 — 7K 28 7z i
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R ] (o) B 3 T2 AR LA 2k . H e b S W AR S50 WA SC 37 F75 B E S26~829.
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Fig. 3 UV-Vis absorption spectra of NP2(8x107° mol/L) in chloroform at 298 K(A) and time dependent
thermal bleaching curve of the solution after irradiation with 365 nm light(B)

1459 NPO Sz NP1~NP5 (i RIBCI I | WOBRE | Al @3] K e R =8 1 2R T 1.
FHXT AP NPO, ALE 1) NP1~NP5 7ECHR S I A e RIS I M RGBS AT B 25 3 e, U AR 2R
SRR S I ARES IR R o> TR ILRERE R . Horh, 2-9R BRI B A 4 ol RO Al de RIS IR 2088, T
W H, B ) feft e R I RS . LR DR 2 L IBUUE BB A8 5 R BB J p-r JLHE, TS I T B4R
B e (A SRR R . [AIRE, 4 i FHUCSE A R FHE S AR R, AHXT T NPO(7,,=7. 12 min) F1 NP1
(7,,=18.08 min) , HAEFEHACH) NP2(7,, =3. 97 min) Fll — LB ILHALH NP5 (7,,=0. 75 min) f 4R (2
TN, AR, WRESE T 2RO 25 H T ISR IR TC 18] CREEAZ TS, F3 41, BifiEn
SER ) R R A R s LR, AR T AIRMARIIERL. i, X TREE S P NPO, 16
A PINP2 55 NP5 [R5 25 R

Table 1 Maximum-absorption wavelength(A, ) for the colored form at the photo-stationary state, the

max.

fastest half-time(z,,), and the kinetic parameters for the thermal back reaction of the colored
species of NPs in chloroform(8x10~° mol/L) at 298 K

Dye A, /nm A 10™e/(dm*+mol ™" +em™) 7,,,/min k /min™" ky/min™' AJ(mol+dm™)  A/(mol-dm™)
NPO 470 0.57 1.30 7.12 0.002 0.0011 0.276 0.178
NP1 542 0.65 1.30 18.08 0.008 0.0004 0.061 0.320
NP2 560 0.88 1.76 3.97 0.007 0.002 0.298 0.520
NP3 554 0.81 1.62 23.15 0.009 0.0004 0.046 0.537
NP4 533 0.63 1.26 7.93 0.0025 0.001 0.131 0.185
NP5 640 0.70 1.40 0.75 0.0233 0.0015 0.323 0.0445
) N 1.0

214 TR LUESY NP2 R 5 5%

T H A Y1 R 7 7 R A 55 S5 08}

5T 365 nm SIS NP2 0 D e ol

(8x107 mol/LL) 40 s, IKFSLARASIT , W7 H5% 5

S 2 N N 04+

Gb- R LRGS0 53 R R i O <

JE . RS, RV TR A T LS 10 min, 02

PO O 1 10 5 e RIS 1Y 0 L

2 4 6 8 10 12 14 16 18 20
Number of cycles

WEOGRE , Gtk S S AER 109K, E4 AT 0L, 4k
FPINP2 285 10 72 (/A ARIR S, oKk
TCEERAGRFFAL , BEWIZIAL S ) HAT AR
FRITIR B 55 PR

Fig. 4 Absorbance values at A, of the color
generation and decoloration of NP2 in chlo-
roform(8x10~° mol/L) at room temperature
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DIAL AW NP2 ], W5 T Hoik BE S 8x10-5 mol/L (14 VU & Wk M VA R 140 T84 R I I 0 2R ST
HY 5 (A) AT UL, 200 VP e R0 TR RN Y D S IR 43 3 8 322 421 nm, 46 v 3 (67 B (B
99 nm. HE—F LT NP2 (1) VU S IV TR B A 35 /K S AR A I 9 R 0TS . 0 & K i i
TS, 58 Y600 B B i A, 1 P K B8 EL 1910 90% I, 5 YRR K 95% , 3¢ B H SR 1) R AR 5 Y6 HE K
(ACQ)BLA[E 5(B) |, BXREF AHIE A RE R 2 FEOCECE 0 TRE, o T ER m-m
BRSBTS . ek, 58 T SR BT R 3R 4y F 9 e bE R i TR AR
1 5(C) AR F 58T NP2 s T RS [ B ] (R 2 S, ] LS8 A R S S0 1 9 S i B
FIRAL, H BG40 s, BDEBUE @R IR FDERSET, 26 R FIRAL. X2 h TEIMNEIES S5
SEE AL A NP2 & AR PRI, AR R TR AL T S5 A P R S A (TT 55 TC) B SN IS G115 P R A
RN E SIS ES, FEOOCRERK.

1LoF @A) —Ex (B) —90%
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Fig.5 Excitation and emission spectra(A, =322 nm) of NP2 in THF(8x10~° mol/L) (A), fluorescence
spectra of NP2 in THF(8x10~° mol/L) with different water fractions(B) and fluorescence spectra
of NP2 in THF(8x10~° mol/L) upon irradiation with UV light for different time(C)
A
3 % ®

IR INFEAHURTEE, A SCAEEOEBUE G 731 SR R RO IR SE S0 7 T B4
A, BT — R ARG VU LIRS AL S P (NPL-NPS ), FFRESE T HOEHEUE bk o0
PRI . 72360 nm SEAMEREN T, AL5 W) NP1~NPS A& U il b L@ S A aliak o, IR FDERa s m
0] 4y 45~55 5. EFAFRASHBERS S w5 0 T ROILHEREE , T2 i GRS 25 I iy M BE HL e M e I 21
B . 2~ AR FEIUCIE ] A AR Al (0 R, 25 L TSR AT R T il (0 R, e DU (o 5 ] (7,
min) A] % 0. 75 min, {HETFIFREE Y ANETAR (3R RAR . 2SI BA RAFATRIE 55 18, 2o esul
CARERRAIEER 100, FRMOERETCIT AR . 6450 NP1~NP5 (DU S kI 7R AE 360 nm 541
MR HAT DOLPERT, SEMUR IO BN , 1ERESI th T35 - SRS BAR R BT S B
PR, BA B R AOEBIG: . A SO L EUE (8 RO SO REM B B TR S5

X HAZ & W http: //www.cjeu.jlu.edu.cn/CN/10.7503/20240201.
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