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An Electrically Responsive Multiple Chiroptical Switching
System Based on a Rhodol Derivative
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Jiaxing 314001, China)

Abstract In this study, a chiral aniline structure was introduced into the 3’ -amino-6'-hydroxyspiro[ 2-benzofuran-
3, 9’ -xanthene ] -1-one (Rhodol) derivative main molecule, which exhibits pH (acid and base) -responsive color
changes. Then, based on the proton-coupled electron transfer mechanism, a novel electrically responsive multiple
chiroptical switching system was constructed by integrating the functional Rhodol derivative with electro-acid/base
molecules. Controlled by suitable voltages, this system could switch among three circular dichroism absorption states
reversibly: in the visible light range, no circular dichroism signal at the initial state, positive circular dichroism
signal under a significant positive voltage, and negative circular dichroism signal under a considerable negative
voltage. More importantly, all the switching processes were totally reversible. This research opens a new route to
achieve the development of electrically responsive multiple chiroptical switching systems, and offers an important
insight on the design and application of innovative materials for multiple chiroptical switches.
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1.1 KK 55

A4-T R IEEIR (AR =98% ) | [A] 2K ) (4l JF>99%) . = LR (CF,COOH, 4iE>99%) . R-(+)-a-
LSz (4l >98% ) | DU T A A A2 [ TBAOH, 4 25% (JF /0550 /KB | . N, N-—F %51, 4-
KR (BEE=97%) | 2,3- AR SE-5-H 3E-1, 4- KT (Bl QO, C-QO0, 4Ef>98%) . — &4k (Fe, 4liff>
98%) . U T FE TR EL (TBAPF,, 4L[E>98% ) I 4-H JE SRR (4ERE=97% ) , 2 75 LA &3 A (47
BETERME AT PR F]) 5 ST H JE DU R (4l >99% ) , b B T304 PR | 5 JoK B . 5 H e
(CH,CL) . HEEFIZ NG (CH,CN) , fagikal, b igBl s 3 i A FRA | Hodr, TBAPF 748 R R LA K
LR R 2, 3 Uk, HE i T B

As 400 BUZREIARBEIEAL(NMR) , DUTRAC LA (DMSO) A, U H Fertbe (TMS) A PR,
RIPRHE A F] 5 Agilent 1290-microTOF-Q 1A 43 HE BT (HRMS) , FE LR 23 F] 5 SP-150 7Y
H Ak 2% TAE S , ¥ [ Bio-logic 22 Fl 5 UV-2550PC 7 48 4h-1] UL 4366 11 (UV-Vis) , H A B H A
Chiralscan Plus V100 Y [B] — @635 (CD) , SLEDEHHLA F) .
1.2 KIediE
1.2.1 R-A#4& K R-AMAESZU Scheme 1 F7R .

Z: HESCHR (22 1056 B Rhodol fiT A9 {67 -( . L FE G Fk)-3" - F2 -3 H-IR[2- R I MK IR -1,9” - el |- 3 -l
R-D, Scheme 1}.

# 10. 0 mmol R-D F1 11. 0 mmol 75 3. H 5 U iz i A J5 & F 100 mL [B IS BE i, fin A 40 mL
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Scheme 1 Synthetic route of the pH-sensitive chiroptical switch(R-A)

CF,COOHAER UM A, W4 SOWAR R INFAEE 95 ‘CIFAESEFE T S 12 he ] B3R R BAR R FPAIA 10 mL
FETK, T95 CHZLRN 2 h. AR IGRHARBR I EENG , BefE2 kB RER . Ko™
YRR T CHL,CL A, IR FIRR R S AN /K I R I 3 K, WA LA ; B2 CHLCL SR BIHL™ &, 42
Mrikaifb A5 204 A=) 6/ -( —. a0 FE ) -3 -F2 ik -3- KL -3H-1R [ 2- 2K I Pk IRy -1, 97— -4 -
It (R-CHO) , W%} 40%. '"H NMR (400 MHz, DMSO), &: 11.89(s, 1H), 10.68(s, 1H), 8.01(d, J=
7.4 Hz, 1H), 7.81(t, J=7.3 Hz, 1H), 7.73(t, J=7.3 Hz, 1H), 7.32(d, J=7.5 Hz, 1H), 6.93(d, J=
8.8 Hz, 1H), 6.69(d, J=7.4 Hz, 2H), 6.50(s, 2H), 3.37(d, J=6.7 Hz, 4H), 1.11(t, J=6.5 Hz,
6H) ; HRMS(C,sH,,NOi1EAE ), m/z: 416. 1488(416. 1492) [M+H]".

# 1. 0 mmol R-CHO Ji§ # T 100 mL [H IR B, A 60 mL JG/K LBl 58 s i, SR A
1. 1 mmol R-(+)-a- I R I PR HIE 53957, BihE MR SR R IR 10 he REROWZE o, %
KRR H R, SN 7R KR LR . S ST )20 B4R 4, A O ESS &, RAA5H)
o [ A R-A, %4 30%. 'H NMR (400 MHz, DMSO), 8: 15.19(s, 1H), 9.35(s, 1H), 7.99(d,
J=7.5Hz, 1H), 7.80(t, J=7.4 Hz, 1H), 7.71(t, J=7.4 Hz, 1H), 7.47(d, J=7.4 Hz, 2H), 7.42(1, J=
7.3 Hz, 2H), 7.33(d, J=7.0 Hz, 1H), 7.29(t, J=6.7 Hz, 1H), 6.63(d, J=8. 1 Hz, 2H), 6. 54~6. 44
(m, 3H), 4.99(d, J=6.2 Hz, 1H), 3.37(d, J=6.9 Hz, 4H), 1.65(d, J=6.4 Hz, 3H), 1. 12(t, J=6.6
Hz, 6H) ; HRMS(Cy,H, N,O, 7 F5AE ) , m/z: 519.2273(519. 2278)[M+H J*.
122 U-N# &k SBSCHR[26 ] 775G R U-N, A %2 AN Scheme 2 fT7 .
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Scheme 2 Synthetic route of the electro-acid 1-[4-(dimethyl-amino)phenyl]-3-(p-tolyl)urea(U-N)

123 B ACFEMBEHR L (CV)IMR  BERFIRE S 5 B AR BT (TBAPF IR A, Vi T L vh s BT
R AR BV B2 S 1. 0107 mol/L, Fi A B B2 24 1. 0107 mol/L. 5% ] = M Bl AR 22 i AT 6 #R AR 22
I, A 2R A4 Bl A AR A, ) | A 22 A R LA ) B AR 22 LA (S AR ), T2
100 mV/s.
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o L. B b ML A G SR = MR AR R AT A3, A R A48 0 22 I A (A
B ) A2z HR ORF FEAR ) AR/ R AR FE A (3 EU R ). 38 e WA B AN [ A W e, W ) e o+
TEAN R AR ST BTSRRI LA A8 A A T S o 55 404
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Fig. 1 Acid and base-responsive chiroptical switching property of R-A
CD(A, C) and UV-Vis absorption(B, D) spectra of 2. 0x10™ mol/L R-A when added different concentrations of
CF,COOH (A, B) and TBAOH (C, D) in CH,CN, respectively. Insets: photographs of 2. 0x10™* mol/L. R-A
before and after the addition of CFSCOOH( B) and TBAOH(D) in CH,CN, respectively.

PE— 3 i IR B 73 M%) R-A IR/ B 25 R AR A R4 T T 30 uE . i8I 2 AT L, 24 R-A Kb T
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HEI 737 N B BERBEIAR , TGS AZERS . S P ARG , 15 HR %, 7 TN EBBRUR,
FED TR TG R AR . 58 BRBdE T OGEEdE (B D LLERTIBFE SR, IR0 S
BRATTERES AN 2 P . RO IR A A SO IS5 B AR B9 T 5, IR, PIRP S X
(9 CD SCTE e AT WG BB AR 7 10 el (55 (BRAXOAIE, Bl ). i T LR AR 4 A4 (4 Rk
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Fig.2 'H NMR spectra and the corresponding structures of R-A, R-A added acid(CF,COOH) and

R-A added base(TBAOH) in deuterated DMSO recorded at 400 MHz
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Fig. 3 Cyclic voltammetry diagrams of 1. 0x10~° mol/L R-A, 1. 0x10~* mol/L. U-N and 1. 0x10* mol/L.

C-Q0 with 1. 0x10™" mol/L TBAPF, in CH,CN, respectively
Scan rate: 100 mV/s.
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Fig.4 CD(A) and UV-Vis absorption(B) spectra of the mixture of 2. 0x10™* mol/L. R-A, 1. 0x10~* mol/L
C-Q0 and 1. 0x10~* mol/L U-N with 1. 0x10™" mol/L. TBAPF, in CH,CN under various voltages
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Fig. 5 CD spectra of 2. 0x10™ mol/L R-A(A), 1. 0x10~* mol/L U-N(B) and 1. 0x10~* mol/L. C-Q0(C) with 1. 0x10™*
mol/L TBAPF, in CH,CN and UV-Vis absorption spectra of 2. 0x10™ mol/L R-A(D), 1. 0x10~* mol/L. U-N
(E) and 1. 0x10™* mol/L. C-Q0(F) with 1. 0x10™" mol/L. TBAPF, in CH,CN under various voltages

Chem. J. Chinese Universities, 2024, 45(6), 20240118 20240118(6/8)



J 5% s Kws g R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

TN R AR I 7S AT 7 2S5 T LA,
24 HEENSEFHERZTFELNVIESHT

FIT ST R R TG TF AL A Scheme 3 7R . 24 U-N, C-Q0 5 R-A = HIRA G, KEWIH#E
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“HUER " & AR F AL S RN B BT, AR IR R RIU It , 5% R-A 15 8 i1 & AR JT 3R,
TE ] DG B N 7= A= RRAE (R BR i b CD W, BIIE CDAE 55 1 24756 i C-QO YA JF L JEIE, C-Q0 1A
LB & AR AR IR N, A C-QO IR ES - A 3R, (AR R BB, 755 R-A K 2¢
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Scheme 3 Diagram of the multiple chiroptical switching mechanism based on the R-A
A
3 &% i

BT BTG TR L 8 2 PR/ N T DG T 06 R-A L HLEUR (U-N) LA L E0AR
(C-Q0) =& Z I, Wl 1 i i 2 8 THEIT AR . TEE &R R T, IR RTE AT WG
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