Journal of Inclusion Phenomena and Macrocyclic Chemistry (2023) 103:289-299

https://doi.org/10.1007/s10847-023-01195-0

ORIGINAL ARTICLE

=

Check for
updates

Tetrakis(benzoxazine) calix[4]resorcinarenes as hosts for small

molecules

Xin-Min Zhou' - Qing Wang' - Meng Sun' - Jing-Long Liu' - Ai-Quan Jia' - Qian-Feng Zhang'

Received: 24 November 2022 / Accepted: 7 July 2023 / Published online: 15 July 2023

© The Author(s), under exclusive licence to Springer Nature B.V. 2023

Abstract

Tetrakis(l,3-dihydrobenzoxazine) calix[4]resorcinarenes 4—-6 were synthesized via the Mannich reaction from the
corresponding resorcin[4]arenes 1-3 with S-(—)-a-methylbenzylamine or R-(+)-a-methylbenzylamine and formaldehyde
(aq.). The products were well characterized by FT-IR, '"H NMR, '*C NMR spectroscopies and single crystal X-ray diffraction
analysis. Molecular structures of compounds 4, 5 and 6 showed the same R/S configuration to the starting amines. Compounds
4-6 are stabilized by a collar of intramolecular hydrogen bonding networks between the hydroxy groups and the oxygens
from the benzoxazine rings. Compounds 4 and 5 could encapsulate the guest molecules of acetone and dichloromethane,
respectively. The UV and 'H NMR titration experiments were performed to study the host-guest chemistry between compound
4 and small acetone molecules, indicating that compound 4 exhibited encapsulation behavior towards acetone molecules

through hydrogen bonding interactions.
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Introduction

Crown ethers and cyclodextrins, as a new research field of
supramolecular chemistry, have become representatives of
the first and second generation of supermolecule host com-
pounds. After crown ethers and cyclodextrins, calixarenes
are the third-generation supramolecular compounds, which
have more modifiable sites than crown ethers and cyclodex-
trin. The top edge of the C-2 positions, hydroxyl and the
bottom edge of the alkyl substituents are easy to introduce
functional groups for derivatization. Since the pioneering
work of Cram [1], calix[4]resorcinarene and its functional-
ized derivatives have become the focus of chemists because
of its excellent molecular platform character and potential
applications in various fields [2—4]. For example, Shoichi
Shimizu and coworkers constructed a water-soluble calix[4]
resorcinarene sulfonic acid as recoverable and reusable cata-
lysts through the modification on the C-2 sites of calix[4]res-
orcinarene [5]. Ma and coworkers prepared several structure
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diverse organooxotin clusters with calix[4]resorcinarenes
and organic protease through self-assembly [6].

Host-guest chemistry, as an important branch of supra-
molecular chemistry, has attracted great attention nowa-
days. Unique self-assembling properties of resorcinarenes
have been used to prepare novel host—guest compounds
and nanomaterials: coated gold and cobalt nanoparticles
[7-10], dimeric [11, 12] and hexameric capsules [13] and
molecular containers [14, 15]. Functionalization on the C-2
positions of calix[4]resorcinarenes by Mannich condensa-
tion have been extensively studied [16], which includes the
use of primary amines [17, 18], secondary amines [19—21]
and amino acids [22, 23]. Previous research on the reaction
of primary amines and calix[4]resorcinarenes have been
reported and led to isolations of tetrabenzoxazine deriva-
tives, which could include some small guest molecules in the
crystalline state [24—26] and the flexibility of the benzoxa-
zine rings could result in fast uptake and release of the guest
[17, 25]. Moreover, tetrabenzoxazine derivatives could form
very stable complexes with the guest molecules by multiple
C-H:-'x interactions with eight surrounding aromatic rings
[27]. In this paper, three starting calix[4]resorcinarenes 1-3
were synthesized based on a literature method (Scheme 1)
[1], and their derivatives with benzoxazine moieties 46
were synthesized via the Mannich reaction from 1 to 3,
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Scheme 1 Synthesis of calix[4]resorcinarenes 1—3

S-(—)-a-methylbenzylamine or R-(+)-a-methylbenzylamine,
and formaldehyde (Scheme 2).

Experimental section
General

Methanol (99%), ethanol (99%), ethanol (95%) and
hydrochloric acid (37%) were commercial products
of high purity and used as received. Propionaldehyde,
n-butyraldehyde, iso-valeraldehyde, resorcinol, S-(—)-a-
methylbenzylamine and R-(+)-a-methylbenzylamine were
purchased from Sinopharm Chemical Reagent Co., Ltd.
Compounds 1-3 were prepared following the literature
method [1]. NMR spectra were recorded on a Bruker ALX
400 Plus spectrometer operating at 400 MHz for 'H NMR
and 101 MHz for '3C NMR. Electronic absorption spectra
were obtained on a Shimadzu UV-2600 spectrophotometer.
Infrared spectra were recorded on a PerkinElmer 16
PC FT-IR spectrophotometer with use of pressed KBr
pellets in the region of 400—4000 cm™!. PL spectra were
measured with a Shimadzu RF-5301PC fluorescence
spectrophotometer. Elemental analyses were carried out
using a PerkinElmer 2400 CHN analyzer.

Scheme 2 Synthesis of
tetrakis(dihydro-1,3-benzox-
azine) calix[4]resorcinarenes
4—6

HOQOH HO,OH HOOH
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Synthesis of 1

Resorcinol (5.0 g, 45 mmol) was dissolved in 15 mL of
95% ethanol and 5.0 mL of 37% HCI under nitrogen. To
this mixture stirred at 0 °C was added dropwise over a 30
min period 3.3 mL (45 mmol) of propionaldehyde. Under
the condition of 0 °C, the reaction solution was maintained
for 0.5 h. Then the clear reaction was allowed to warm to
room temperature. The reaction mixture was refluxed for 6
h, in which a white product was precipitated. After cooling
to room temperature, the solid was filtered, washed with
cold 50% methanol-water and then dried in vacuo of an oil
pump to a constant weight. Yield: 5.5 g (80%). ! H NMR
(400 MHz, DMSO-dg, ppm): 6 8.94 (s, 8 H, AtOH), 7.24 (s,
4 H, AtH ), 6.16 (s, 4 H, ArH,,,), 4.10 (t, J=8.0 Hz, 4
H, ArCHAr), 2.13-2.10 (m, 8 H, CH,CH,), 0.80 (t, /=8.0
Hz, 12 H, CH,CH,). IR spectrum (KBr, cm™): y(Ar — OH)
3327, 1(C=C,,) 1617, 1435. Anal. Calc. for (C;4H,,O5): C
71.98; H 6.71%; found: C 72.02; H 6.69%.

Synthesis of 2

Compound 2 was prepared similarly from resorcinol (5.0
g, 45 mmol) and n-butyraldehyde (4.1 mL, 45 mmol). The
white solid was filtered, washed with cold 50% methanol-
water and then dried in vacuo of an oil pump to a constant
weight. Yield: 6.3 g (85%). '"H NMR (400 MHz, DMSO-d,
ppm): 6 8.91 (s, 8 H, ArOH), 7.23 (s, 4 H, ArHupper), 6.13 (s,
4 H, ArH,,,.,), 421 (t,J=8.0 Hz, 4 H, ArCHAr), 2.09 - 2.04
(m, 8 H, CH,CH,CH,), 1.21 - 1.15 (m, 8 H, CH,CH,CH,),
0.88 (t, /J=8.0 Hz, 12 H, CH,CH,). IR spectrum (KBr,
cm™Y): (Ar—OH) 3370, v(C=C,,) 1614, 1435. Anal. Calc.
for (C4H,g04): C 71.35; H 7.37%; found: C 71.38; H 7.35%.

4 H£ + 8 HCHO ,83%

me” NH;
EtOH reflux

H” NH; HN

Me, Me
4Me,| +8HCHO,80~85% Me. H” N H™T H

EtOH reflux
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Synthesis of 3

Compound 3 was prepared similarly from resorcinol (5.0 g,
45 mmol) and iso-valeraldehyde (4.9 mL, 45 mmol). The
white solid was filtered, washed with cold 50% methanol-
water and then dried in vacuo of an oil pump to a constant
weight. Yield: 7.7 g (95%). '"H NMR (400 MHz, DMSO-d,
ppm): 6 8.87 (s, 8 H, ArOH), 7.09 (s, 4 H, ArHupper), 6.12
(s, 4 H, ArH,,,.,), 4.34 (t, J=8.0 Hz, 4 H, ArCHAr),
1.85 (t, J=8.0 Hz, 8 H, CHCH,CH), 1.33-1.27 (m, 4 H,
CH,CH(CH,),), 0.85 (d, /J=4.0 Hz, 24 H, CH,CH(CHs),).
IR spectrum (KBr, cm™!): 1(Ar—OH) 3372, 1(C=C,,) 1621,
1444. Anal. Calc. for (C44Hs¢0y): C 74.13; H 7.92%; found:
C74.15;H7.95%.

Synthesis of 4

To a stirred solution of 1.0 g (1.7 mmol) of ethylcalix[4]
resorcinarene (1) and 1.3 mL (13 mmol) of formaldehyde
(37% aqueous solution) in ethanol (25 mL), 0.86 mL
(6.7 mmol) of R-(+)-a-methylbenzylamine was added
dropwise. The reaction mixture was refluxed under nitrogen
atmosphere for 6 h, in which a light pink product was
precipitated. After cooling to room temperature, the solid
was filtered, washed with ethanol and then dried in vacuo

of an oil pump to a constant weight. Yield: 1.6 g (80%). 'H
NMR (400 MHz, CDCl;, ppm): 6 7.69 (s, 4 H, Ar—OH),
7.18 (d, J=8.0 Hz, 8 H, Ar—H), 7.11 (s, 4 H, ArH,.,),
7.05 (t, J=8.0 Hz, 8 H, Ar—H), 6.95 (t, J=8.0 Hz, 4 H,
Ar—H), 5.15 (d, J=8.0 Hz, 4 H, NCH,0), 4.95 (d, /J=12.0
Hz, 4 H, NCH,0), 4.11 (t, J=8.0 Hz, 4 H, bridge CH),
3.97 (d, J=16.0 Hz, 4 H, CHCHj;), 3.82-3.76 (m, 8 H,
ArCH,N), 2.23-2.20 (m, 8 H, CH,CH;), 1.30 (d, /=4.0
Hz, 12 H, CHCH,), 0.95 (d, J=4.0 Hz, 12 H, CH,CH;). °C
NMR (101 MHz, CDCl,, ppm): 6 149.7, 148.8, 144.5, 128.2,
127.0,124.1, 123.4, 121.0, 109.0, 80.9 (NCH,0), 58.1, 44.6,
34.8,26.7,21.4,12.7. IR spectrum (KBr, cm™'): (Ar—OH)
3368, v(C=C,,) 1601, 1471, v(C—N) 1348, v(C—0—-C)
1182, 1148. Anal. Calc. for (C;4Hg,N,Og): C77.26, H7.17,
N 4.74%; found: C 77.30, H 7.16, N 4.70%.

Synthesis of 5

To a stirred solution of 1.0 g (1.5 mmol) of n-propylcalix[4]
resorcinarene (2) and 1.2 mL (12 mmol) of formaldehyde
(37% water solution) in ethanol (25 mL), 0.79 mL (6.1 mmol)
of S-(—)-a-methylbenzylamine was added dropwise. The
reaction mixture was refluxed under nitrogen atmosphere
for 6 h, in which a white product was precipitated. After
cooling to room temperature, the solid was filtered, washed
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Fig.1 '"H NMR spectrum of compound 4
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with ethanol and then dried in vacuo of an oil pump to a
constant weight. Yield: 1.6 g (83%). '"H NMR (400 MHz,
CDCl,, ppm): 6 7.65 (s, 4 H, Ar—OH), 7.18 (d, /=4.0 Hz,
8 H, Ar—H), 7.12 (s, 4 H, ArH,...), 7.04 (t, J=8.0 Hz, 8
H, Ar—H), 6.95 (t, J=8.0 Hz, 4 H, Ar—H), 5.14 (d, J=8.0
Hz, 4 H, NCH,0), 4.93 (d, /=8.0 Hz, 4 H, NCH,0), 4.24
(t, J=8.0 Hz, 4 H, bridge CH), 3.97 (d, J=16.0 Hz, 4 H,
CHCH,;), 3.84—-3.72 (m, 8 H, ArCH,N), 2.25—-2.11 (m, 8
H, CHCH,), 1.34—-1.32 (m, 8 H, CH,CH;), 1.30 (d, /=8.0
Hz, 12 H, CHCHj,), 1.00 (t, J=4.0 Hz 12 H, CH,CH;). '*C
NMR (101 MHz, CDCl,, ppm): 6 149.6, 148.7, 144.5, 128.3,
127.0, 124.3,123.4,121.2, 108.9, 80.9 (NCH,0), 58.0, 44.6,
35.7,32.3,21.5,21.1, 14.1. IR spectrum (KBr, cm_l): V(Ar—
OH) 3367, 1(C=C,,) 1601, 1471, »(C—N) 1348, ®(C—0—C)
1182, 1147. Anal. Calc. for (CgyHg,N,Og): C 77.64, H 7.49,
N 4.53%; found: C 77.60, H 7.45, N 4.55%.

Synthesis of 6

To a stirred solution of 1.0 g (1.4 mmol) of iso-
butylcalix[4]resorcinarene (3) and 1.1 mL (11 mmol) of
formaldehyde (37% water solution) in ethanol (25 mL),
0.71 mL (5.6 mmol) of R-(+)-a-methylbenzylamine was
added dropwise. The reaction mixture was refluxed under
nitrogen atmosphere for 6 h, in which a white product was

—1497
-148.8
1445
109.0

809

precipitated. After cooling to room temperature, the solid
was filtered, washed with ethanol and then dried in vacuo
of an oil pump to a constant weight. Yield: 1.5 g (85%). 'H
NMR (400 MHz, CDCl;, ppm): 6 7.70 (s, 4 H, Ar—OH),
7.19 (d, J=8.0 Hz, 8 H, Ar—H), 7.11 (s, 4 H, ArH, )
7.07 (t, J=8.0 Hz, 8 H, Ar—H), 6.98 (t, /=8.0 Hz, 4 H,
Ar—H), 5.14 (d, J=8.0 Hz, 4 H, NCH,0), 4.93 (d, /=16.0
Hz, 4 H, NCH,0), 4.35 (t, J=8.0 Hz, 4 H, bridge CH),
3.97 (d, J=16.0 Hz, 4 H, CHCHj;), 3.81 —3.72 (m, 8 H,
ArCH,N), 2.15-1.99 (m, 8 H, CHCH,), 1.52 -1.49 (m,
4 H, CH(CH;),), 1.30 (d, J=8.0 Hz, 12 H, CHCH,), 0.97
(d, J=16.0 Hz, 24 H, CH(CHj,),). '*C NMR (101 MHz,
CDCl,, ppm): 6 149.6, 148.7, 144.5, 128.3, 127.1, 124.3,
123.4, 121.4, 108.9, 81.0 (NCH,0), 58.0, 44.6, 42.7, 31.0,
30.2,26.1,23.0,22.7,21.5. IR spectrum (KBr, cm_l): V(Ar—
OH) 3374, 1(C=C,,) 1601, 1467, v(C—N) 1348, ®(C—0—C)
1182, 1149. Anal. Calc. for (Cg,H,(;N,Og): C 77.98, H7.79,
N 4.33%; found: C 77.95, H 7.82, N 4.31%.

Single crystal X-Ray analysis
Crystallographic data and experimental detail for
compounds 4, 5 and 6 are summarized in Table S1 (see

Supporting Information). Suitable single crystals were
selected and mounted on a Bruker SMART Apex 2000
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Fig.2 '*C NMR spectrum of compound 4
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CCD diffractometer using graphite-monochromated
Mo-Ka (A=0.71073 A) radiation at 296(2) K. The data
was corrected for absorption using the program SADABS
[28]. Cell parameters were retrieved using SMART software
and refined using SAINT on all observed reflections [29].
Structures were solved by the direct methods and refined by
full-matrix least-squares on F2 using the SHELXTL software
package [30, 31]. All non-hydrogen atoms were refined
anisotropically. The positions of all hydrogen atoms were
goenerated geomeErically (Cypy —~H=0.96 A, Cyr-H=0.93
A, O—H=0.82 A) and assigned isotropic displacement
parameters.

Crystallographic data for compounds 4—6 have been
deposited with the Cambridge Crystallographic Data
Centre as supplementary publication nos. CCDC 2,215,954,
2,215,953, 2,215,955, respectively. Copies of the data can be
obtained free of charge on application to CCDC, 12 Union
Road, Cambridge CB2 1EZ, UK [fax: (+44)1233-336-033;
e-mail: deposit@ccdc.cam.ac.uk].

Fig.3 'H-'H NOSEY spectrum
of compound 5§

t

Results and discussion

The 'H NMR and IR spectral data of calix[4]resorcinarenes
1—3 matches those of literature reports (Figures S1—6), and
the yields of 1—3 (80-95%) are similar to the literature-
reported yields [1]. Compounds 1—3 adopt a symmetrical
(Cy,) bowl-shaped conformation in solution based on their 'H
NMR spectra [32]. As shown in Scheme 2, tetrakis(l,3-dihyd-
robenzoxazine) calix[4]resorcinarenes 4—6 were synthesized
by condensation of 1—3 with S-(—)-a-methylbenzylamine or
R-(+)-a-methylbenzylamine in the presence of excess for-
maldehyde (37% water solution) in ethanol at reflux in rela-
tively high yields (80-85%). IR spectra of compounds 4-6
show the peaks at about 1350 cm™! which are the character-
istic stretching vibration of C—N single bond and the peaks
at about 1180 cm™! and 1150 cm™' may related to C—O—C
groups. Moreover, the intense absorption bands of stretch-
ing vibrations of the aromatic ring at about 1600 cm™' and
1470 cm™! are observed and the absorption band at about
3374 cm™! are owning to hydroxyl groups (Figures S7, S11
and S14). The 'H NMR spectra of compounds 4—6 clearly
exhibited two doublets at around 4.95 ppm and 5.15 ppm,
owning to the NCH,O protons in the dihydrobenzoxazine
rings [33, 34]. The '3C NMR showed the feature NCH,0
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Fig.4 'H-'H COSY spectrum
of compound 5
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carbons at about 80.9 ppm, indicative of the only structure of
the product. Typical 'H and '3C NMR spectra of compound 4
are shown in Figs. 1 and 2. Moreover, the 2D NMR methods
were employed to clarify the exact assignation of the signals,
as shown in Figs. 3 and 4. In the 'H-"H NOSEY spectrum of
compound 5, it could be found that there was a mutual cou-
pling relationship between the hydrogen atoms in compound
5. For examples, the hydrogen atoms at positions 1 and 2,
and the hydrogen at positions 3 and 4 have coupling correla-
tions, respectively. While in the "TH-'H COSY spectrum of
compound 5, coupling correlation between hydrogen atoms
on adjacent carbon atoms in compound 5 is observed, such as
hydrogen atoms at positions 1 and 2, and the hydrogen atoms
at positions 3 and 4.

Slow crystallization of compounds 4, 5 and 6 from the
mixture of dichloromethane and acetone afforded diffraction
quality single crystals after a few days. Molecular structure
of 4 was displayed in Fig. 5. Intramolecular hydrogen bonds
come from adjacent resorcinol units, and the O-:-O distances
is about 2.8 +0.1 A. The C—-N—C—O torsion angles of adja-
cent oxazine rings are 62.1° and 65.9°, respectively. The
C—0—C bond angles of adjacent oxazine rings are 113.2°
and 114.4°, a little larger than the corresponding C—N—C

@ Springer

bond angles (108.3° and 108.4°). Top view structure of com-
pound 4 with lower rim ethyl substituents reveals that the
acetone molecules are embedded in the macrocyclic hosts
(Fig. 6). From the stacking diagram of 4, it could be seen
that the regular spatial arrangement of benzoxazine rings and
acetone molecules makes the structure more stable (Fig. 7).

Compound 5 crystallizes in the monoclinic space group
P2,. The unit cell contains one tetrabenzoxazine calix[4]res-
orcinarene molecule and one methylene chloride molecule
(Fig. 8). Similar to compound 4, intramolecular hydrogen
bonds between the hydroxy groups (O1, O4, OS5, O6) and the
oxygens (02, O3, 07, O8) from the benzoxazine rings exist
in compound 5 with a normal O---O distance of 2.8 +0.1 A.
The conformation of resorcinarene is slightly distorted with
the dihedral angles of opposite resorcinol rings being about
65° and 75°, respectively. In order to reduce steric hindrance,
the benzoxazine fragments are arranged in the same clock-
wise direction along the upper margin of resorcinarenes.
All the nitrogen atoms of flexible benzoxazine rings point
towards the cavity, and all the benzene rings show an angle
of 40° relative to the z axis. The torsion angles of O—C—N—
C range from 63.6 to 66.8° in compound 5, slightly larger
than in compound 4 (62.1-65.9°).
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Fig.5 A: Molecular structure
of 4-4C;H,O in stick presenta-
tion. BMolecular structure

of 4 in space filling presenta-
tion (one acetone molecule

is included in the cavity of
compound 4)

Compound 6 crystallizes in the orthorhombic space group
C222,. Molecular structure of compound 6 with intramo-
lecular O—H:-+--«O hydrogen bonds is shown in Fig. 9. Top
view structures of compounds 5 and 6 show that the cavity
of compound 6 is almost square (Fig. 10B), but the cavity of
compound S is almost rectangular (Fig. 10A). This is prob-
ably due to the presence of the guest molecules in compound
5, which changes its cavity to better accommodate the guest
dichloromethane molecules. Unlike the structures of com-
pounds 4 and 5, there is a big difference of the torsion angles
of O—C—N—C in compound 6, which are 58.4°, 66.0°, 66.3°
and 68.9°, respectively, suggesting the flexibility of the oxa-
zine ring. Stacking diagrams of compounds 5 and 6 exhibit
that each pair of adjacent calixarene units is arranged in
reverse order to stabilize the structures and reduce steric
hindrance (Fig. 11A, B).

In light of the host-guest structure of compound 4 in the
solid state, UV titration experiments were performed to
study its host-guest behavior in solution. Different equiv-
alents of acetone molecules were added into the trichlo-
romethane solution of compound 4, and rigorously stirred
for 2 h, affording dynamic host-guest complexes. Several

Fig.6 Top view structure of compound 4

B)

parallel and independent measurements were conducted
and the host-guest behavior was tested by the UV absorp-
tion spectra. As is shown in Fig. 12, UV absorption was
enhanced and a red shift occurred with the addition of guest
acetone molecules, suggesting that the guest molecules were
captured into the cavity of compound 4 in solution.

In order to further study the host-guest system, the host-
guest behavior was estimated through '"H NMR titration
experiments. All titration experiments were conducted at the
same concentration. Different equivalents of guest acetone
molecules were added dropwise to a fixed concentration of
the host compound 4 to study this host-guest interaction in
solution. As is shown in Fig. 13, the chemical shift of the
characteristic hydroxyl protons in compound 4 have changed
significantly. When the molar ratio of guest acetone mole-
cules and 4 increased from O to 1, the chemical shift of —-OH
hydrogen moved up field (7.70 ppm vs. 7.45 ppm), possibly
due to formation of hydrogen bonds between —OH groups
and acetone, indicating that the guest acetone molecules
could be encapsulated by the cavity of compound 4 on the
NMR time scale as fast exchange in solution.

In summary, three tetrakis(l,3-dihydrobenzoxazine)
calix[4]resorcinarenes 4—6 with different lower rim alkyl
substituents were synthesized in relatively high yields

k(",/% Ny 22BN »J«%"
0 h R T R IR R e
IS AT IO I 1
I AR

Fig.7 Stacking diagram of compound 4
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Fig.8 A Molecular structure
of 5.CH,Cl, in stick presenta-
tion. B Molecular structure of
5 in space filling presentation
(dichloromethane molecule is
included in the cavity of com-
pound 5)

Fig.9 A Molecular structure
of 6 in stick presentation. B
Molecular structure of 6 in
space filling presentation

Fig.10 A Top view structure
of compound 5. B Top view
structure of compound 6
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Fig. 11 A Stacking diagram
of compound 5. B Stacking
diagram of compound 6

1.2
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P .
< 1:0
0.4 A
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T T
200 300 400
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Fig.12 UV titration experiments: guest acetone molecules from 0.0
equiv. to 1.0 equiv. of the host 4 solutions

(80-85%). The molecular structures of 4—6 are confirmed
by single crystal X-ray diffraction analysis, indicating that
the tetrakis(l,3-dihydrobenzoxazine) calix[4]resorcinarenes
are stabilized by intramolecular hydrogen bonding between
hydroxyl groups and benzoxazine oxygen atoms with similar
O:---O distances being about 2.8 A. Compounds 4—6 bearing
eight surrounding aromatic rings have a deep cavity, which
could encapsulate small molecules of acetone and dichlo-
romethane. Such host-guest chemistry has been further
studied by UV titration experiments and 'H NMR titration
experiment between compound 4 and acetone in solution.
The changes of UV absorption behavior and chemical shift
of hydroxyl protons in the '"H NMR spectra showed that the
electron-rich macrocyclic cavity could encapsulate acetone
molecules through hydrogen bonding interactions. Next, we
will modify the synthesis of other types of organic amin and
amino acid compounds for resorcinol calixarene, so as to
further expand its cavity and explore its recognition process
of organic small molecules.

s 18 ALY

: 0.6

7.70 7.65 760 7.50 745

755
f1 (pom)

9.0

8.0 7.0 3.0 20 0.0

4.0
f1 (ppm)

Fig. 13 'H NMR titration experiments of guest acetone molecule in the solution of 4 (the concentrations of guest compounds were from 0.0 to

1.0 equiv. of the host)
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Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10847-023-01195-0.
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