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Abstract Calixarene derivatives are widely used in the fields of supramolecular chemistry, coordination chemistry,
self-assembly chemistry, optoelectronic materials, and so on. The extensive development of calixarene studies has fostered
growing interest in exploring the chemistry of heterocalixarenes, particularly while the aryl units of calixarenes are replaced
by heterocycles. Calixfurans, also known as tetraoxaporphyrinogens, represent a significant class of heterocalixarenes. Here,
we present a novel class of calixfuran macrocycles and study their interactions with acid compounds. Under catalysis by sul-
furic acid, furan and tetrahydro-2H-pyran-4-one were condensed to obtain calix[4]furan macrocyclic compound C4TP and
calix[6]furan macrocyclic compound C6TP. The macrocycles were characterized by 'H nuclear magnetic resonance (‘H
NMR), *C nuclear magnetic resonance ('3C NMR), and mass spectrometry, specifically, the structure of C4TP and C6TP
were determined by single-crystal X-ray diffraction analysis. The crystal of C4TP was cuboidal, colorless with smooth sur-
face, good light transmittance, and triclinic system, space group name was P-1. According to the single crystal structure, the
molecular skeleton showed a tetragonal cup structure with mirror symmetry. The four furan rings were enclosed like four
walls, and tetrahydropyranes were located at the four corners through spiral-conjugate interactions. It was found that the sol-
vents of macrocycle C4TP could change color after interacting with acid compounds. The interactions between the macrocy-
cle host C4TP and a series of acid guests were systematically studied by ultraviolet-visible absorption spectroscopy. The
results indicated that the solvents of macrocycle C4TP and different acids presented new absorption bands in the visible light
region, exhibiting different colors. Particularly, when macrocycle C4TP was mixed with methanesulfonic acid (MSA), it
appeared a wide range absorption over 300~700 nm and displayed green color. Subsequently, we investigated the effects of
interaction time and different equivalents of MSA on the ultraviolet-visible absorption spectra. The results figured out that the
interaction between the macrocycle C4TP and MSA essentially reached a stable state after 48 h, and achieved a high intensity
at a molar ratio of 1 : 2000. This study provides a new model and insight into the research of host-guest interactions of ca-
lixfuran macrocycles with acid.
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Figure 1 Synthetic route of C4TP and C6TP

Acta Chim. Sinica 2025, 83, 588—595

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

[6]FK IR K IAME AW COTP, K CA4TP H Xt R 5L 57
TR ERFR. REGFIRIER, 75X UMM E
VIR MAR LR G, #E—0 FEUL Sk
T WETHIRR | Ab 2507 A% B R SR 012160, SR A 58, 7E
KM EY) CATP HIINFRRNAEY), FHAMER AT
PREE, 7T WX P24 T Jriilicig, H C4TP ()i 1
VTR . WETHI RN I O, s ik in# s, I
RATBFFABLG, ZA AR ML R A AL

2 GRS
21 MREXIFMLEDE K

TERRRAR KR A B, R 1Ca k£
Fh G RIS, ARYE B IR 2 /0 3B 5y R — 3D i
220G RN, Horh— 20 G I8 DAY 2% 1
N BFs NEALF, BRI AR 1) i B A K 4 A, 753
[4-+ATPRPRIR RIS, 1230 R a7 7% v 2980T 52 380 75 k.
AR5 LA R A1 DY S IR R R Rk, B 90.5% i R 9 1
A7), BP AT 5[4+ 41PR BRI KPR CATP, ik = A5 3|
T/OEMI[6 6K KIR C6TP, PN EWIE s
RIY AN 20%F1 3% (K 1), ZRWED) 2 HEET &
Rt USRI . FRORSEIE TR, eV T 1E Ol A
LR A AL 7.1 g (100 g S H ),
16 FEE IR L8 0.43 g (100 g FEE), /KA s s 4
790.12 g (100 g 7K). 1ZZEKIF Rl £ 4R FORR BRI K IA
PER B AL T8 I AN R
2.2 #RRKIEAIR CATP #1 C6TP myixmiHiREiE('H
NMR)F0RiE(MS)

i KR C4TP A1 C6TP (1) 'H NMR it (W% F75 B
ATLAE BN KR4 7 10T TG4 2 6 6 (0) FH U 2

catp ceTP
20% yield

3% yield

http://sioc-journal.cn 589



o F 5 R

SEAAHE]. R BT g, A SEAI RS TE 5.93 b,
PUEMEmG s e RET O IR Ty =B, A iTE
3.66 4b, DAL HLITIE S O [ TIg o h =& I%, 1k
SERIREAE 2.15 40, K3 CATP A1 C6TP 7 T EiEATHR
1E, SEIME SRS FEA —FL.
2.3 HRBKIEAIR CATP F1 C6TP G {kLEFNEFN
MR RIR C4TP 1) X SZRAT5 (XRD)EdE o
(WSCFHE BB S, ZEWH R 7.88°, 15.86°H
32,13 BATT ST U, 775 AR UEEAST 43 6T B T(100) (200)
(400) = A 10 38 I I 7009 B0 B TR A BAR R i R ER
CATP H C6TP (1] dtfk, Hidid X 54 MAiT it K b
RACEHRE, W T A0 T450, Rk
DL FFE (R S1, CCDC 45 : 2427546, 2442547).
PRI K FE CATP s TR AT K7 k(] 2), &
MG, Lt, By, HaRE=fER, =H
BN P-1. ARIE RS ER, S0 THRENA
VMR b, BRSEITHRE, O, @@ =AWk
PR BT AU 1 ) 4R T P, R PR R ) 485 - 5 [ AR T
A, DA IR 48 i B AR TE A — AN KR F . L kg
HO5@M il FAT, A28 23.20°, EJRT
PEESHEIT, 2979 0.479 nm, B BRIR T B HSIL(0.563 ~
0.564 nm), EAI15 RIAP LT HE B, Z A5 0N
74.58°F1182.22°. BRI 5 KA M LK 88.39°, Mk
MA@ 5 KR HALIN 27.69°, IRIREGH @I M
K, 4124 63.96°, FIRTFEELN 0.483 nm. PYEHLH
B ER MG, ORIV, AR 2 8] 4 B
AN T2 KN 0.526 nm, 7T K/N2)1.216 nm.
CATP @b S G WA, [F— 204731,
FHAT = S HES.

(@)

Bl2 CATP [F5R A58, (o) A0 (A 470 A i M 01 2 . Bt o A &
1), () IFRLIEE, (c)HERRIE

Figure 2  Single crystal structures of C4TP, (a) main view (insert: opti-
cal microscopy image), (b) top view and (c) packing mode
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Figure 3 (a) UV-Vis spectra, (b) cyclic voltammograms (CV) and (c)
thermogravimetric analysis (TGA) of C4TP and C6TP
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Figure 4 (a) UV-Visible absorption spectra of macrocyclic C4TP in-
teracting with acid molecules (HAc, HCI, HNO;, TFA, HBr, MSA). In-
sets: The solvent colors of C4TP-acid under daylight; (b) Normalized UV
and fluorescence tests of the C4TP-MSA interaction system. Insets: The
top left and top right show the colors of C4TP and C4TP-MSA solutions
under daylight, respectively; the bottom left and bottom right show the
colors of C4TP and C4TP-MSA solutions under 365 nm UV light, re-
spectively
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Table 1 Optical and electrochemical data for C4TP, C6TP and
C4TP-MSA

iea d
_UV-ViS' g d/ Stokes) Ty _CV
/lmax/ nm eV nm nm c EXIV
C4TP 231 5.37 352 122 306 1.50
Co6TP 231 5.37 — — 293 1.48
C4TP-MSA 615 2.02 516 — — —

% The photophysical properties of the compounds were measured in CH,Cl,
(C4TP 107* mol-L™!), n(C4TP) : n(MSA)=1 : 1000 (molar ratio); E,°"" is
the optical band gap and estimated from the onset of the absorption peak, (E,°"
=1240/Aonser); ? Measured in CH,Cl, (concentration of C4TP is 107° molsL™);
¢ Decomposition temperature determined by TGA corresponding to 5% weight
loss at 10 “Cemin™! under nitrogen flow. ¢ CVs were measured in ultradry
dichloromethane with TBAPF (0.1 molsL™") as the supporting electrolyte and
a scan rate of 100 mVss™!; E is the onset of the oxidation potential.
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Figure 5 (a) The UV-Vis absorption spectra of the system where the
macrocycle C4TP interacts with MSA (molar ratio as 1 : 1000, at differ-
ent times), with a concentration of C4TP at 1.0X10™* mol-L™" and the
solvent being dichloromethane; (b) The plot of peak intensities at 390 nm
and 620 nm along with time; (c) The color of the solution in the system
where the macrocycle C4TP interacts with MSA (molar ratio as 1 : 1000,
at different times)
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Figure 6 (a) The UV-Vis absorption spectra of the system where the
macrocycle C4TP interacts with MSA (at different equivalents), with a
concentration of C4TP at 1.0X10™* molsL™' with solvent of dichloro-
methane; (b) The plot of peak intensities at 390 nm and 620 nm along
with increasing acid equivalents; (c) The color of the solution in the sys-
tem where the macrocycle C4TP interacts with MSA (at different equiv-
alents)
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TR i T4 R A MK Bl = R 8l, [FIRTTE 6 3.0
11.0 P HBLHT R0, 5 CATP-MSA 1A R % 7HK
K, FRUIEABRIG R E 55T DU R K3E C4TP.

3 g

T I TR R A A AR T, R R DY SRt e I PR 46 6
N, A BT AR [4]RRIRE KR CATP FIFR[6]RK G K3
CO6TP, F-F) FIAZ AN T B AR 3 W AN K IR AL A 4 it
1T T RAE, Wit X FLRRBATHEARE T C4TP
CO6TP [T 451, FEAIRTT 7 KIF C4TP A1 C6TP (1)
BAM-AT LRI F Ak M R AR M S AL S
Jii. CATP F1 C6TP ¥4 7 A A R W yE [, DA S AR 5+
FISEAL R s A AR e M. R AT IS 7T R,
CATP W] 5 R[A R & A= A0 HAE F o R B0 AR R e,
JeHAEE MSA MHEAER K, RINEE LM, 1£ 300~
700 nm FEAESZ IR FRATTHE— 2P R A UV-Vis Je ik
SERAR, BT KIE C4TP H1(1.0X 1074 molsL ™!, —4
FGE NI MSA S5 AH BLAE F B E] B SIS [E) 4
FLHE MSA X Ah-1] W BOB R g2, B Fi R i,
KIF5F CATP 5 MSA HIEAEH 48 h J&, R RIEARFE
SE, VIRAIELL A 112000 I, A B ATk 208 v
B, Foqa], MR R IAAN R R AR E S M HESE. JLAH
1 B AL — B 5T

SVARTI S, XTI FE A A BT 8 2 (AR R IR 3
WEY, e 7 HER, BIRNBER T 158571
AHEAER, IR RIR ST 1) 25 2R B A F R 78
FHRAE T B FE AR AR L.

4 LIERSY
4.1 XFE5I

Bruker Ascend 400M % LRI 14X (Avance 11T
HD 400 MHz); Agilent (Q-TOF 6520)& 4> H 5 i 4 Hr 4%
Bruker AutoFlex MAX J& 5 i BhOG MR FE 25 RAT S (]
JREAL, S 4h-RT WO A (Lambda 750 S); BEASAS
I (FLS1000); X G LM ARATH X (Bruker D8
Advance); i 7 45 44 D 5E SR L d X B 2 AT A
(XtaLab Synergy). =5 o8 A 50 A 24 i 3 i
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srrat.
4.2 AN

i T2 C), M@ HER R, BUIIMAAFE
FAURTFEFREER, HES 1 h, #E 1 h, HEEFEMT
TR, TFEXTRL 100 g WGTURE SRR, AT

g >l _ My I
VMR RE S=—2 100 g

Miesn)

4.3 HRKIEAIR CATP #1 C6TP FUA KL

7E 100 mL [ KSR H I BRARE (0.68 g, 10 mmol)Fil
DU MR g, 10 mmol)f 1,4- 5N (30 mL)A T,
AEIZE 0 °C, W 90.5%ER(2.5 mL), ZJ5&EHE
FIFEBRE 12 h, BTG R R, RB5E
B, BINKH(50 mL), # H 3 B AR A, H K20
mL) A EE(20 mL)Peidk. AR AR E T (BT
FIM Gl — G e P B 4 28R 218k — B alifk, 53
WA A E A=) CATP T C6TP, P23 1N 20%H
3%. C4TP 'H NMR (400 MHz, CDCls, 298 K) J: 5.93 (s,
8H), 3.66 (t, J=28.5 Hz, 16H), 2.15 (t, J=28.5 Hz, 16H).
13C NMR (100 MHz, CDCls, 298 K) d: 156.38, 104.95,
64.22, 38.72, 33.37. ESI-HRMS calecd for CssHyoOs
600.2723, found 600.2730. C6TP 'H NMR (400 MHz,
CDCls, 298 K) 6: 5.93 (s, 12H), 3.66 (t, J=28.5 Hz, 24H),
2.15 (t, J=28.5 Hz, 24H). 3C NMR (100 MHz, CDCl;,
298 K) J: 156.38, 104.95, 64.22, 38.72, 33.37. MALDI-
TOF-MS caled for CssHgoO12Na*™ 923.4, found [M+Na]*
923 4.
4.4 XS ARLTET(XRD)MIR

FIRT, BUbE SRS ISR X SR AT R
i b WE X SRR ANBHATEE. iR S S
. B8l X SHERATRAL, WAAFE S 5°~40°7E ) XRD
35
4.5 GIREHENIR

H/ b 6 [l K C4TP A1 COTP VA T 1E S Al —
FHBEV - Vo= 1 T DFREERH, 3 d FKH
TEA X PR SR AT E R T B PR R A

MK /NG 2 fR AR, X S R T S K e A A T
APEX-1I CCD fiTHH X R4, RS A £ i ni
f) MoK $1££(0.071073 nm), LA g-o F33# 77 20004 50 5
R EAE. 18 Olex2 A1 ShelXS SR ARIX L4+, FH-1di
ShelXL-2014 4k x] X L5 i AT AR AL,
4.6 Z5M-T] LRI EE

FEHF, & HGONER, B RA CATP FLiil
1.0X 107 molL ™' it &, 43 m#HL 0.5 mL T &7%1 5
mL ZFEIEH, F RN R RN HAc. HCL.
HNO;. TFA. H,SO,;. HBr. MSA), H & WMk s
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ZIRE, IRA TEIERRPOCEREAE48 hE, =il
FAE 200~900 nm i3 [ P e Sk & OV AR R 1R -] DL
WSO (A e ES ).

F T, & BRG], BRI C4TP BCHi L
1.0X 107 molsL ™ it &, 43 mFEHL 0.5 mL T R7%1 5
mL &I T, FIA 0.5 mLIKE AN 1.0 moleL ™! [ MSA
AR, S e, Ao MR
ZIEE, VB2, 7£ 200~900 nm 75 Fl PN 0 s 44 £ Bl I a] )
LRAN-T] WIS, 284 RO B AR e AR (&R
fEZ ).

FIT, LSRG R, KR C4TP Behipk
1.0X 1073 molsL ! fIfi# &3, 43 MAEHL 0.5 mL T &%l 5
mL ZEIEH, FEABIMAEN 0.1 molsL™! % 1.0
moleL™'. MR MSA i S Eis, L& e
EA, S MBERZIE, B WEIRE R
FasE RA2(48 h)JE, £ 200~900 nm 35 Bl N0 5 M
1 R R AN -1T RSO (A R B E S E).

FimF, LSRG, Rk R f S 1.0 X
1073 moleL ™! (il 23, 437 F%HL 0.5 mL - & %1 5 mL %%
I, B MK 0.1 molsL ™" 8% 1.0 moleL™\
AR MSA 1 & P ReiEm, L& bz,
CRFGRBEZEZIE, RE. MEBIBR AT E A
(48 h)J&, 7£ 200~900 nm 7 [l 1035 5% SN R 145
A= WO i (A R e fE S ).

4.7 FHAEMK

FIRT, EHIKIA CATP 1) & e (1.0X 1076
moleL™"). HL 5 mL fIA 1000 equiv. MSA 1] —- & F ke
W, WA EIER RFORRE A48 hE, 5L
231 nm PR, /KIS,

4.8 '"HNMR 5&EEN

Bruker Ascend 400M A% 3L 9% 9% 1 4% (Avance 111
HD 400 MHz), CDCls % Hillik. 72 K4+ C4TP (3
mg FE AT 0.5 mL CDCl, £ E 1.0X1072
mol-L Y ZEIUMAMNFEY & MSA, TR JHEE
ERBEFREAZME8 hiE, WAL KK 5T HRE S
JE G R S AL AR

FERRIR(5.0 L FEMPET 7 mL CDCly, FESIKE
1.0X 1072 molsL )y IZK IR FP R I E MSA, i’
S THE ISR R B OREAE @8 hE, ML SRS
Je G R S AL R 1 AR

S AIBEE 1.0X 1072, 5.0X 1072 1.0X 107" molsL ™'
MSA (RN CDCLy), MRSk S F R 1A
1k.
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