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Abstract

Supramolecular systems based on macrocyclic hosts such as pillar[n]arenes and cycloparaphenylenes
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play an important role in the field of supramolecular chemistry for their white-light emission. We de-
signed a D-i-A type guest molecule (TCPN) based on 1,4-bis(anthracen-9-yl)benzene and N-naphthalic
anhydride. Through host-guest interactions, we assembled it with pillar[5]arene (P5), [10]cyclopara-
phenylene ([10]CPP), and [12]cycloparaphenylene ([12]CPP) to construct a multicomponent supramo-
lecular dynamic white-light-emitting system. In this system, the mixture of TCPN and P5, which emits
yellow fluorescence, combined with [10]CPP that emits green fluorescence and [12]CPP that emits blue
fluorescence in a specific proportion, can achieve efficient conversion from monochromatic fluores-
cence to white light emission based on the condition of solvent evaporation, demonstrating excellent
dynamically tunable fluorescent emission characteristics.

Keywords

Supramolecular Chemistry, Pillar[5]arene, Cycloparaphenylenes, Host-Guest Assembly,
White Light Emission

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

FXAERNNITBE & AE T R EEN R —, HERW. Bon. R ARSI a8z m
RIFHATS[1] [2]. &% AR S A BHE F T 2 i RO 5 IR &3], HARetEREEZ R T8
FMH & T2 BENREEMERMSIE AN, ITER, Bo M PoER BN E T A ek
SR RHRAE T 2B R [4]-[6]. 1ENEE HACKIMLA YD, HA MR I FIHE[5]75 & (pillar[S]arene) Kl H

O-OQy
oo

[10]CPP

[12]CPP
MeO
= OMe
% OMe —“?

e
A

MeO

PS5

Figure 1. Dynamic white-light emission based on the host-guest supramolecular system of cycloparaphenylene/pil-
lar[5]arene
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BTSN RN ERARE ARG T R SR AL, TR TS 2] 17 2 B[ 7]-[11].
FE[S]7% & AT A & 2 P4k 2y 7 (A Joe SR B  BH S 7~ S Rb RN - 58 00 7 ) DU BROBE E 1) 32 AR 4 B [ 12]
[13], X NHES T EAR R EIRAE THLIE. thah, RO AL B R I A% 44 14] (Cy-
cloparaphenylenes, CPPs) e MURF (1) FAR 7o~ L8 45 R4 ARSI AR 000 D'y BR AR M T 4% 52 5008, FLILHERE FE A
FE I B B A RS AR AT 2R [ 15]-[17]. SR1T B9 F CPPs K437 P L7 7 4 5 T DR 368 5 o LA S8l (9
R GHR R IR, PRI 75 2 5] N At D) e 570 SE I 2 493 KOk SR 1A 18] [19]. 4N, 2023 4, b
UG K AT AR R L [20]F) F JE T HE[5]55 A CPP Y S A Uk 94 K B 5 244 4 2 1A i 32 A AH
HARR, SEBLT AT MRS A YRTEN I 2 A R RN . IR K, AR08 CPPs. HE[S517%
1 UL RS =P ARGy T (MUK SR AT AE ) ——— 2 T VUK 20 - MRMERD N-Z5 IR Bk 7 1
TCPN)Z A () ERAAAR AR, ARSI E ARSI T A48 FDGTE A 0 2 BUE BN 6 R S RS HE TR 4% .
TRz R, R 56 TCPN FIAE[S]125 & (PS) I 4 & W)(TCPN-P5), 5 B4 G 56 HI[10]CPP LA
F W 56 [12]CPP # IR LU AT 4G, AT LASZIIL M B 6708 6 3] 06 e B 1D v ke ke, 38R
T T A R R IEN S TR IO R SR 1o X TR A B IR 8 4 1 R AL A B,
WAFF ROHT B e e L TR M BHR AL T S %
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Figure 2. Synthetic route of TCPN
& 2. TCPN B4 Bl BE 2k

FEAR5rF[12]CPP. [10]CPP. P5. Bs-Bu FIZ1A7 T TCPN &R (K 2~5). RFiZZAMF: a, n-
BuLi, THF, 0°C; 2 h, P-toluenesulfonic acid, toluene, reflux, 10 h, yield: 90% (two steps); b, n-BuLi, THF, Iso-
propoxyboronic acid pinacol ester, —78°C, 1 h, yield: 80%; ¢, Pd(PPhs)4, K.COs3, Ar, 1,4-dioxane/H,0 (5/1), 90°C,
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12 h, yield: 71%; d, imidazole, 140°C, Ar, 4.5 h, yield: 91%; e, Pd, (dba)s;, X-phos, ~-BuOK, toluene, 115°C, Ar,
12 h, yield: 85%. f, PIDA, dry MeOH, r.t., 48 h, yield: 58%; g, n-BuLi, THF, =78°C, 6 h, Mel, NaH, 0°C~r.t.,
8 h, yield: 74%; h, n-BuLi, THF, —78°C, 3 h, Mel, NaH, 0°C~r.t., 12 h, yield: 65%; i, n-BuLi, THF, Iso-
propoxyboronic acid pinacol ester, —78°C, 1 h, yield: 80%; j, Pd(PPhs)4, K,COs, Ar, THF/H>O (5/1), 110°C, 24 h,
yield: 58%:; k, Bpin-Bpin, Pdx(dba)s;, X-phos, KOAc, 1,4-dioxane, 110°C, 16 h, yield: 60%; 1, Pd(PPh3)4, K,COs3,
Ar, 1,4-dioxane/H»0:(5/1), 110°C, 72 h; m, SnCl,, HCI, THF, r.t., 12 h, yield: 27% (two steps). n, Pd (PPh3)a,
K,>COs, Ar, THF/H,O (5/1), 110°C, 24 h, yield: 86%:; o, Bpin-Bpin, Pd»(dba)s, X-phos, KOAc, 1,4-dioxane, 110°C,
Ar, 16 h, yield: 60%; p, Pd(PPhs)s4, K»COs3, Ar, dioxane/H,O (5:1), 110°C, 72 h; q, SnCl,, HCI, THF, r.t., 24 h,
yield: 31% (two steps). r, (CH20),, TfOH, DCM, r. t., 5 h, yield: 54%; s, NaOH, HCHO, 120°C, 12 h, then
Diphenyl ether, toluene, 250°C, reflux, yield: 90%; t, AICls, toluene, DCM, r. t. 1 h, yield: 85%; u, 1-Bromobutane,
NaH, MeCN, 85°C, 12 h, yield: 67%.
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Figure 3. Synthetic route of [12]CPP
& 3. [12]CPP HIA A&k

[10]cPP

Figure 4. Synthetic route of [10]CPP
[ 4. [10]CPP HIE RRER LR
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Figure S. Synthetic route of P5 and Bs-Bu
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2.2. MRIFRIE

TPE-Br: H[EH{A, 90%; '"HNMR (400 MHz, CDCl;, 298K, ppm): § = 7.23 — 7.18 (m, 2H), 7.15~7.05
(m, 9H), 7.01 (d, J = 2.6 Hz, 6H), 6.91~6.85 (m, 2H). *C NMR (101 MHz, CDCls, 298K, ppm): & = 143.38,
143.29, 143.19, 142.67, 141.57, 139.62, 132.96, 131.27, 131.21, 130.83, 127.86, 127.76, 127.66, 126.68, 126.62,
126.57, 120.43

TPE-Bpin: F{[E K, 80%: 'HNMR (400 MHz, CDCls, 298K, ppm): & = 7.54 (d, J= 7.9 Hz, 2H), 7.09
(dd, J=6.0, 3.4 Hz, 9H), 7.05~6.98 (m, 8H), 1.32 (s, 12H). *C NMR (101 MHz, CDCls, 298K, ppm): 8 = 146.75,
143.68, 143.58, 143.50, 141.36, 140.83, 134.07, 131.34, 131.31, 130.68, 127.71, 127.61, 126.50, 126.42, 83.68,
24.88.

CB-2TPE: HfEH A, 71%; 'HNMR (400 MHz, CDCls, 298K, ppm): 8 = 8.19 (d, J = 8.7 Hz, 3H), 8.06
(s, 1H), 7.65 (d, J = 8.2 Hz, 2H), 7.50 (d, J = 8.5 Hz, 2H), 7.44 (d, J = 8.1 Hz, 5H), 7.31 (d, J = 8.6 Hz, 2H),
7.18~7.03 (m, 30H). '3C NMR (101 MHz, CDCls, 298K, ppm): & = 143.81, 142.12, 140.98, 140.61, 139.43,
139.18, 138.47, 132.98, 131.85, 131.45, 131.37, 128.67, 127.77, 127.67, 127.62, 126.46, 126.37, 126.26, 125.98,
125.30, 123.19, 122.90, 118.71, 112.38, 112.11, 110.92. ESI-MS: calculated for [CssHasN-+H]", 828.3625; found
828.3699.

N-Br: % ¥ [E A, 91%; 'HNMR (400 MHz, CDCls, 298K, ppm): & = 8.64 (d, J= 7.3 Hz, 2H), 8.28 (d,
J=8.3 Hz, 2H), 7.80 (t, J = 7.8 Hz, 2H), 7.67 (d, J = 8.2 Hz, 2H), 7.21 (d, J = 8.2 Hz, 2H). 3C NMR (101 MHz,
CDCls, 298K, ppm): & = 164.12, 134.45, 134.39, 132.57, 131.71, 130.42, 128.48, 127.05, 122.72, 122.56. ESI-
MS: calculated for [CisH10BrNO,+Na]*, 373.9787; found 373.9788.

TCPN: #EG[EK, 1.1g, 85%; 'HNMR (400 MHz, CDCl;, 298K, ppm): 8 = 8.72 (d, J = 7.2 Hz, 2H),
8.32 (d, J = 8.8 Hz, 4H), 7.89~7.75 (m, 4H), 7.63 (dd, J = 23.9, 8.7 Hz, 6H), 7.49 (d, J = 7.9 Hz, 4H), 7.21~6.99
(m, 34H). >*C NMR (101 MHz, CDCls, 298K, ppm): 8 = 164.42, 143.91, 143.84, 142.05, 140.90, 140.68, 140.45,
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139.54, 137.86, 134.53, 134.17, 133.35, 131.84, 131.48, 131.38, 130.43, 128.60, 127.79, 127.66, 127.61, 127.42,
127.15, 126.47, 126.43, 126.32, 125.49, 124.18, 122.71, 118.61, 110.30. ESI-MS: calculated for [C1sH;oBrNO»+H]",
1099.4258; found 1099.4290.

C2-Br: FfafE{A, 58%; '"HNMR (400 MHz, CDCl;, 298K, ppm): & = 7.48 (d, J = 8.7 Hz, 2H), 7.32 (d,
J=8.6 Hz, 2H), 6.74 (d, J = 10.2 Hz, 2H), 6.41 (d, J = 10.2 Hz, 2H), 3.41 (s, 3H). 3*C NMR (101 MHz, CDCl;,
298K, ppm): & = 185.26, 149.89, 137.42, 131.87, 130.34, 127.48, 122.44, 76.19, 52.89,

C3-Br-Cl: [AfafE14, 74%; 'H NMR (400 MHz, CDCls, 298K, ppm): & = 7.43 (d, J = 8.5 Hz, 2H), 7.29
(q,J = 8.8 Hz, 4H), 7.24 (d, J = 8.5 Hz, 2H), 6.08 (s, 4H), 3.41 (s, 6H). *C NMR (101 MHz, CDCls, 298K, ppm):
8 =142.29, 141.73, 133.35, 133.27, 131.46, 128.51, 127.71, 127.36, 121.66, 74.39, 74.33, 51.99.

C3-2Br: FfE A, 65%; '"HNMR (400 MHz, CDCls, 298K, ppm): 8 =7.46~7.39 (m, 4H), 7.26~7.21 (m,
4H), 6.07 (s, 4H), 3.42 (d, J= 6.1 Hz, 6H). 3C NMR (101 MHz, CDCls, 298K, ppm): 8= 142.29, 133.76, 133.31,
132.90, 131.49, 131.39, 128.44, 127.81, 127.73, 125.91, 121.71, 74.42, 52.02,

Ci-C1-Bpin: [FIfa[E {4k, 80%; 'HNMR (400 MHz, CDCls, 298K, ppm): 8 =7.76 (d, J=7.9 Hz, 2H), 7.38
(d, J = 6.6 Hz, 2H), 7.32 (d, J = 8.7 Hz, 2H), 7.29~7.23 (m, 2H), 6.08 (dd, J = 24.8, 10.3 Hz, 4H), 3.42 (s, 6H),
1.34 (s, 12H). 3C NMR (150 MHz, CDCls, 298 K, ppm): & = 146.3, 142.0, 135.1, 133.7, 133.5, 133.1, 128.6,
127.6, 125.4, 83.9, 75.0, 74.6, 52.1, 25.0,

Co-2Cl: HE[E A, 58%; 'HNMR (600 MHz, CDCls, 298 K, ppm): § = 7.68~7.57 (m, 12H), 7.45~7.44
(m, 4H), 7.36~7.34 (m, 4H), 7.30~7.26 (m, 4H), 6.24~6.00 (m, 12H), 3.51~3.36 (m, 18H). 3C NMR (151 MHz,
CDCls, 298 K, ppm): & = 142.17, 141.99, 140.33, 140.08, 139.39, 139.07, 133.12, 133.07, 133.04, 129.49, 128.49,
127.49, 127.15, 127.11, 126.79, 126.37, 74.65, 74.63, 52.02.

Co-2Bpin: [{4[E 1A, 58%; 'H NMR (600 MHz, CDCls, 298 K, ppm): & = 7.76 (d, J = 8.2 Hz, 4H),
7.55~7.50 (m, 12H), 7.44 (dd, J = 13.8, 8.3 Hz, 8H), 6.25~6.03 (m, 12H), 3.49~3.44 (m, 18H), 1.31 (s, 24H). '*C
NMR (100 MHz, CDCls, 298 K, ppm): & = 146.36, 142.48, 142.39, 140.01, 140.00, 134.90, 133.31, 133.26, 127.13,
127.09, 126.39, 125.31, 83.75, 74.94, 74.68, 52.00, 51.95, 24.82, 24.55.

[12]CPP: two steps, 25 mg, 27%; 'H NMR (400 MHz, CDCl;, 298K, ppm): & = 7.52 (s, 48H) [15].

C-2Cl: A& K, 86%; 'HNMR (400 MHz, CDCls, 298K, ppm): & = 7.68~7.65 (m, 4H), 7.63~7.59 (m,
4H), 7.50~7.45 (m, 4H), 7.40~7.35 (m, 4H), 7.32~7.28 (m, 4H), 6.21~6.16 (m, 4H), 6.13~6.08 (m, 4H), 3.46 (d,
J=5.8 Hz, 12H). *C NMR (101 MHz, CDCl;, 298K, ppm): & = 142.32, 141.98, 139.99, 139.63, 133.67, 133.39,
133.08, 128.48, 127.47, 127.43, 127.04, 126.42, 77.32, 77.00, 76.68, 74.63, 74.49, 52.03, 52.01

C7-2Bpin: HE[EE, 60%; '"HNMR (400 MHz, CDCls, 298K, ppm): & = 7.78 (d, J = 8.2 Hz, 4H), 7.67
(d, J=5.6 Hz, 4H), 7.59 (d, J = 8.3 Hz, 4H), 7.49 (d, J = 8.4 Hz, 4H), 7.45 (d, J = 8.2 Hz, 4H), 6.14 (d, J = 4.8
Hz, 8H), 3.46 (d, J = 5.2 Hz, 12H), 1.34 (s, 24H). 3*C NMR (101 MHz, CDCls, 298K, ppm): = 156.36, 141.35,
139.62, 139.07, 134.93, 134.65, 134.51, 133.35, 131.02, 129.52, 129.10, 127.43, 127.16, 126.49, 125.34, 83.75,
74.97,74.79, 54.03, 52.08, 50.89, 29.69, 24.86.

[10]CPP: two steps, 31%; '"H NMR (400 MHz, CDCls, 298K, ppm): 8 = 7.56 (s, 40H) [15].

P5: HGE R, 54%; 'H NMR (400 MHz, CDCls, 298K, ppm): & = 6.77 (s, 10H), 3.78 (s, 10H), 3.65 (s,
30H). *C NMR (101 MHz, CDCls, 298K, ppm): & = 150.75, 128.21, 114.02, 55.74,29.61

Bs-Bu: [F{afE{R, 66%; 'HNMR (400 MHz, CDCls, 298K, ppm): 8 = 6.93~6.74 (m, 12H), 4.05 (s, 8H),
3.66 (t, J = 6.4 Hz, 8H), 1.74~1.59 (m, 8H), 1.45~1.33 (m, 8H), 0.84 (t, J = 7.4 Hz, 12H). *C NMR (101 MHz,
CDCls, 298K, ppm): & = 155.45, 134.21, 128.83, 123.64, 73.11, 32.39, 29.79, 19.28, 13.95.
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TABEL B IR T D-n-A BU%AERS>F TCPN, Hoh UK 208 - ROk e, N-25
PR T 9 52 A BTG o J8 I B AARAE ELAE B i 3 € 58 Y6 TCPN-PS IRA 15 R 21 658 6 1A1[10] CPP.
KA ETOEHI[12]CPP 25 E LR AR, FTLIE S —Fsh&S 5 F AR R . XMk RAUA
AR AT M, I e Ik T 2 2 1 B SE BT O R S R IR T T . R[S DY R RS NI E
HLF IR 2 i o] DL S SRl 70 T IR R R AR G4, [F S A 7T ARG n- 3L 5005 & RATA D I
FHeTTo BOAL, IR RN n- LA e A AR08 15 DU IR 20 2 TA) T BRI nem A EAE R [21], X FAH B
VER 2 LRSS A TR IKS) J12 — . B CPPs 5 VUK A0 M LR R EAEH, — e fEfE by AP PY
K OIHW AL . ZARy T N-ZE BRI AT LS PS TR R 5 () =R AREE A, T DU2K L0 A
M5 CPPs B A RGBSR AE o X MOBRE B TE MY T8 20 KA T &2 00 ORI, il s 1 1) 37 1)
FEAERSEIL T EDG RS m i, IR EVEREE 31 ROGARHR AL 1307 1 R R A SR

Table 1. Photophysical properties of P5, [10]CPP, [12]CPPP, TCPN
# 1. P5. [10]CPP. [12]CPPP. TCPN K41 AE

D %x Aex/m Aem/nm WHFF i /ns
P5 295 334 2.1
[10]CPP 338 492 6.6
[12]CPP 339 469 2.4
TCPN 334 331/514/660 2.0
P5-TCPN-[10]CPP-[12]CPP 350 465 42
25 25 500
—— 10CPP-FL 4
12CPP-FL —— TCPN solid
2.0 —— P5-FL 2.0 400
—— 10CPP-UV 2
——12CPP-UV g -
154 — P5-UV L1s E ;’ 300
——TCPN-UV 58
L g
kel
10 8 g 200
T 2
E O
5
052 100
T T T T 0'0 0 T T T T
300 400 500 600 700 300 400 500 600
Wavelength/nm Wavenumbers (cm™")

Figure 6. UV-Vis and fluorescence emission spectra of P5. [10]CPP. [12]CPP. TCPN
[& 6. P5. [10]CPP, [12]CPP, TCPN EYSR5N-A] MANTE N & 5T A 1%

T, WATRIAESS - of WIRISOGTE . 28 6 R 1S S50 % 446557 PS. [10]CPP. [12]CPP. 74k
45F TCPN AT T e ER PERERIF 7T, HAAE[S5]175 81 TCPN 7EIA TR 3R B H B85 1098 e R 5T (R 7R [
ARAET, TCPN LI IG IR 5 R, HAR B A4 3 (0 52 22 BUR SRR PT LA F1 Y6 R S T iR K
KU 53 o [10]CPP AI[12]CPP 1£ & e HAA BRI 5K, 7370 R 5 4 e RS (256 15] (14
6, & 1).
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Figure 7. X-ray structure of TCPN and SEM image of the crystal surface
& 7. TCPN Y8 BE5HF R AREH SEM
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Figure 8. (a) (b) COSY and NOESY spectra of TCPN-P5-[10]CPP; (c) (d) COSY and NOESY spectra of TCPN-P5-[12]CPP
(400 MHz, 298 K in CDCl3)

8. (2) (b) TCPN-P5-[10]CPP ] COSY # NOESY ti&; (c) (d) TCPN-P5-[12]CPP &) COSY 1 NOESY 3i&(400
MHz, 298 K in CDCl3)

HI TS DT R AL S i B A e A PE e LU CPP ARSI RE, BATUUH N EMAS T, LA TCPN
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SRR T AR AR A ERARE Y. 156, ¥ TCPN Fl P5 {1 ALK A Y)(TCPN-P5) 77
55 [10]CPP FI[12]CPP #ill % T L&A EW), JiEid 2D NMR # 5% 7 TCPN 5 P5. [10]CPP F1[12]CPP
Z 10§ 3 ZARA EAF F . COSY A1 NOESY 5247, TCPN. P5. [10]CPP DL 1:1:1 V& &S 7] AN 23] TCPN
E[10]CPP E5 F 2 [H] i AH S (] 8(a)~(b)). FoH, [10]CPP 551U %K 2,97 Jk [ &5 T A7 5 B S AR < U,
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Figure 9. SEM images of the dynamic white-light emission system
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Figure 11. Control experiments at different molar ratios
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Figure 12. Solvent evaporation fluorescence titration experiment
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Figure 13. Comparative experiments on the dynamic white-light-emitting system
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