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Abstract. In this study, cucurbit[8]uril (Q[8]) was used as a carrier for Sulfanilamide (G1) and sulfamethoxazole (G2), and the crystals of their inclusion complexes were cultured in a 3M HCl aqueous
solution upon the addition of ZnCl2 as an inducer. The crystal structure was characterized using single-crystal
X-ray diffraction. The results showed that two new supramolecular self-assemblies were constructed and the
main driving forces in the system were hydrogen bond and ion–dipole interactions. In addition, the effects of
Q[8] on the solubility and cumulative release rate in vitro of G1 and G2 were investigated by UV Vis
spectroscopy. The results showed that the intervention of Q[8] had no effect on the solubility of G1 and G2;
the cumulative release rates of G1 and G2 in artiﬁcial gastrointestinal juice were reduced and had a certain
sustained-release effect.
Keywords. Cucurbit[8]uril; sulfanilamide; sulfamethoxazole; crystal structure; supramolecular selfassembly.

1. Introduction
Supramolecular chemistry has a wide range of potential
applications in molecular devices, enzyme analysis,
chemical sensors, drug delivery, selective adsorption and
heterogeneous catalysis.1 Supramolecular self-assembly
is one of the important topics in supramolecular chemistry. Recently, supramolecular self-assembly structures
driven by weak interactions, such as hydrogen bonding,
pp stacking, C-Hp interaction and van der Waals
forces, have gradually become a research hotspot.2,3
Cucurbit[n]urils4–16 are the fourth class of macrocyclic compounds following cyclodextrins, calixarenes
and crown ethers, and are a new member of the
supramolecular family. According to the degree of
polymerization, they can be divided into cucurbit[5,6,7,8,10]urils (Q [5–8, 10]).17–21 Cucurbit[n]urils
are large ring cage compounds linked by glycolylurea
units and methylene bridges, which have two hydrophilic carbonyl ports and a hydrophobic cage structure
as well as good stability and non-toxicity. Many inorganic ions or organic molecules can form stable hostguest inclusion complexes via cage, hydrogen bond, van
*For correspondence

der Waals and ion-dipole interactions. Therefore, the
cucurbit[n]urils have been widely used in supramolecular self-assembly,22,23 coordination chemistry,24–27
drug delivery,28–30 biomolecular recognition31–33 and
other ﬁelds in host and guest chemistry (Figure 1).
Sulfonamides (SAS)34–36 is the general name
referring to a class of drugs with the p-aminobenzene
sulfonamide structure, which is a class of chemotherapeutic drugs used for the prevention and treatment of
infectious bacterial diseases. Sulfonamides are among
the most extensively used antibacterial drugs in the
world because of their low cost, low toxicity and
excellent activity against bacterial diseases. At present, cucurbiturils have been widely used as safe and
non-toxic drug carriers in various drug molecules,37,38
improving drug bioavailability, drug delivery and drug
analysis.27,39,40 In this paper, Q[8] was used as a carrier for Sulfanilamide (G1) and sulfamethoxazole
(G2) (Figure 2). ZnCl2 was added as an inducer to
obtain crystals of the inclusion complexes and their
structures were determined using single-crystal X-ray
diffraction. The effects of Q[8] intervention on the
solubility and cumulative release rate in vitro of G1,
G2 were investigated by UV-visible spectroscopy.
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Figure 1. (top) The structures of ﬁve representative Q[n]s and (bottom) the electrostatic potential maps (ESPs) of the ﬁve
representative Q[n]s. The ESPs were mapped on the electron density isosurfaces (0.001 e/au3) of the cucurbit[n]urils at the
B3LYP/6-311G (d, p) level of theory using Gaussian09 software.

vial, 0.5 mL of distilled water was added, and then
dissolved under ultrasonication. The inducer (ZnCl2)
and Sulfanilamide (G1) were added in a certain proportion and then 2 mL of 3M hydrochloric acid solution was added. The mixture was dissolved upon
heating, boiled for *15s, part of the solvent was
evaporated and the resulting solution was left to stand
for 10–20 d. A colourless and transparent single
crystal was obtained that was used for X-ray diffraction. Preparation of complex 2 (C58H62O20N35SZnCl4): Crystals of Q[8] with sulfamethoxazole (G2)
were obtained using a similar method.
Figure 2. (a) and (b) the Crystal structure of Q[8]; (c) the
structure of G1;(d) is the structure of G2.

2. Experimental
2.1 General materials and apparatus
All materials were reagent grade and used without any
further puriﬁcation. Q[8] (purity C 97%) was prepared
in the Key Laboratory of Macrocyclic and
Supramolecular Chemistry of Guizhou Province,
China. G1@Q[8] {or G2@Q[8]}: the requisite
amounts of Q[8] and G1 (or G2) were weighed
according to the ratio of n(G1 or G2):n(Q[8]) = 1:1,
dissolved in deionized water and the solutions were
mixed and stirred for 1 h. The solvents were then
evaporated to leave the G1@Q[8] (or G2@Q[8]).
2.2 Preparation of crystals
Preparation of complex 1 crystals (C58H62O20N35SZnCl4): 10 mg of Q[8] was weighed into a crystal

2.3 Determination of crystals
Characterization methods and test conditions: We
selected crystals of an appropriate size and ﬁxed them
to a glass ﬁlament with Vaseline. Crystal data were
collected using a Bruker D8 Venture X-ray single
crystal diffractometer in scan mode using a graphite
monochromatic Mo–K ray source (k = 0.71073 Å,
l = 0.828 mm–1) in x-scan mode. Lorentz polarization and absorption corrections were applied. Structural solutions and full-matrix least-squares
reﬁnements based on F2 were performed using the
SHELXT-14 and SHELXL-14 program packages,
respectively. All non-hydrogen atoms were reﬁned
anisotropically. Analytical expressions of the neutralatom scattering factors were employed and anomalous
dispersion corrections were incorporated. Most of the
water molecules in the compounds were omitted using
the SQUEEZE option in the PLATON program. The
main crystal structural parameters are shown in
Table 1.
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2.4 The effect of Q[8] on the properties of G1
and G2
2.4a Solubility study: Calibration curve for the G1
(or G2) standard solution: a 1910–3 mol/L solution of
G1 (or G2) in deionized water was used as a stock
solution. Different volumes (0.04, 0.08, 0.12, 0.16, 0.20,
0.24, 0.28 and 0.32 mL) of this G1 (or G2) solution were
placed in 10 mL volumetric ﬂasks, respectively. The
absorbance at k = 258 nm (G1) or k = 261 nm (G2) for
each G1 (or G2) solution was measured and the standard
calibration curve for G1 (or G2) was obtained. The
regression equations are A(G1) = 18589.2857c ?
0.0131, R2(G1) = 0.998, A(G2) = 14732.1428c ?
0.0101, R2(G2) = 0.997. The same method was used
for the correction curves for the G1 and G2 standard
solution in the presence of Q[8]. And the regression
equations are A(G1) = 18827.3800c ? 0.0024,
R2(G1) = 0.999 and A(G2) = 14324.404c?0.0095,
R2(G2) = 0.997, respectively.
The phase solubility experiment was carried out
according to the method of Ref.41, G1(0.15 g) or
G2(0.01 g) solid was weighed in a 10 mL volumetric
ﬂask, and different volumes (0, 2, 4, 6, 8 and 10 mL)

of 1 9 10–4 mol/L Q[8] solution were added and make
the volume constant with water (concentrations ranging from 2 9 10-5 mol/L to 1 9 10–4 mol/L), followed by ultrasonic vibration 60 min to reach
equilibrium, and the absorbances of the solution at
k = 258 nm (G1) or k = 261 nm (G2) were measured
after ﬁltration through a 0.5 lm membrane ﬁlter,
respectively. The G1 (or G2) content was determined
with reference to the working curve.
2.4b
In vitro release studies: The constant
temperature oscillation method42 was used to detect
the release behavior of G1 and G1@Q[8] (complex 1),
G2 and G2@Q[8] (complex 2) in artiﬁcial gastric and
intestinal juice. Accurately weigh 3.0 mg (0.017
mmol) of G1 and 25.52 mg (0.017 mmol) of the
corresponding inclusion compound in duplicate and
place them in dialysis bags, respectively. The bags
were tightened and then placed in a thermostatic
shaker containing artiﬁcial intestinal juice (pH = 6.8
phosphate buffer solution) or artiﬁcial gastric juice
(pH = 1.2 hydrochloric acid solution) at 37 hem in
dialysis bags, respectively. The bags were tightened
and removed. Meanwhile, with adding the same

Table 1. Crystallographic parameters of complexes 1-2.
complex

1

C66H78N38O22S3ZnCl4
2059.01
monoclinic
C2/c
30.850(3)
19.8301(17)
18.7120(16)
90
95.141(2)
90
11401.3(17)
4
1.200
298.15
4248
0.436
10002/672
2.412-26.164
0.0914
0.0799
0.2063
0.1469
0.2340
0.860
2071851
P
P
a
Conventional R on Fhkl: ||Fo| - |Fc||/ |Fo|
P
P
b
Weighted R on |Fhkl|2: [w(Fo2 - Fc2)2]/ [w(Fo2)2]1/2

Empirical formula
Mr
Crystal system
Space group
a (A˚)
b (A˚)
c (A˚)
a (deg)
B (deg)
c (deg)
V (Å3)
Z
Dc.(g cm-3)
T(K)
F(000)
l(mm-1)
Data/Params
h(deg)
Rint
R[I [ 2r(I)]a
wR[I [ 2r(I)]b
R(all data)
wR(all data)
GOF on F2
CCDC

26

2
C58H62O20N35SZnCl4
1808.65
triclinic
P-1
17.566(7)
17.934(7)
18.126(8)
70.176(10)
82.349(10)
66.117(9)
4912(4)
2
1.223
296.0
1858
0.454
16819/1074
2.24-26.41
0.1621
0.1306
0.4081
0.3361
0.3811
1.042
2039124
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volume of fresh release medium. The same method
was used to detect the release behavior of G2 and
inclusion compound 2 in artiﬁcial gastric juice and
artiﬁcial intestinal juice. The absorbance of the
samples was measured at 258 or 261 nm, the release
rate of G1 or G2 was calculated according to the
absorbance of G1 or G2.

3. Results and Discussion
3.1 Description of crystal structure of complexes
1 and 2
Figure 4. Stacking diagram along the c-axis view direction of complex 1.

Complex 1 exhibits a monoclinic C2/c space group.
The asymmetric unit structure contained half a
cucurbit[8]uril molecule, one [ZnCl4]2n counter ion
and two G1 molecules (Figure 3a); one G1 molecule
was located in the cavity and the other was on the
outer surface of the cucurbit[n]uril. There were four
[ZnCl4]2– ions around each cucurbit[n]uril and each
[ZnCl4]2– ion interacts with the methylene hydrogen
on the outer surface of the cucurbit[n]uril via C-H...Cl
interactions, as shown by the purple curve in Figure 3b. In addition, there were two G1 molecules
connected via dipole-dipole interaction in the cavity of
the cucurbit[n]uril, as shown by the orange curve in
Figure 3b. Each G1 molecule was hydrogen-bonded
with the carbonyl oxygen of the cucurbit[n]uril, as
shown in Figures 3c and 3d. The hydrogen bond
lengths of N17-O1, N17-O3 and N18-O2 were 2.895,
3.047 and 2.881 Å, respectively.

Complex 1 assembles into a stacked structure along
the c-axis, as shown in Figure 4. From this stacking
diagram, we can see obvious pores, which make the
application of this complex on porous adsorbent
materials possible.
Complex 2 exhibits a triclinic P-1 space group. The
asymmetric unit structure contains two cucurbit[8]uril
molecules, one [ZnCl4]2n counter ion and one G2
molecule (Figure 5a). The structures of the two
cucurbit[8]urils can be seen more clearly in Figure 5b.
Each G2 molecule is hydrogen-bonded with the carbonyl oxygen atom of the cucurbit[n]uril, as shown in
Figures 5c and 5d. The imidazole ring in G2 was ﬁxed
at the portal of the cucurbit[n]uril via hydrogen bond
interactions between its nitrogen atoms (N33, N34 and
N35) and the carbonyl oxygen atoms (O1, O2, O9,

Figure 3. Crystal structure of complex 1: (a) Asymmetric
unit; (b) C-H...Cl interaction and dipole-dipole interaction;
(c) and (d) hydrogen bond.

Figure 5. Crystal structure of complex 2: (a) and
(b) Asymmetric unit; (c) and (d) hydrogen bond.
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Figure 6. Crystal structure of complex 2: (a) stacking diagram along the b-axis view direction; (b) C-H...Cl interaction.

Figure 7. Solubility curves of G1 and G2 under different Q[8] concentrations.

O11, O12, O16 and O18). The hydrogen bond lengths
of N33-O1, N33-O2, N33-O9 and N33-O16 are 2.736,
2.927, 20726 and 2.719 Å, respectively; the hydrogen
bond lengths of N34-O11, N34-O12 and N35-O18 are
2.868, 3.059 and 2.894 Å, respectively. In addition,
there is a special hydrogen bond that exists in complex
1; the hydrogen bond length of N35-O20W is 2.334 Å.
Complex 2 assembles into a stacked structure along
the b-axis, as shown in Figure 6a. From this in the
stacking diagram, the arrangement of the two adjacent
cucurbit[8]uril changes under the action of the G2
molecules. There are six [ZnCl4]2– ions around each
cucurbit[n]uril and each [ZnCl4]2– ion interacts with
the methylene hydrogen on the outer surface of the
cucurbit[n]uril via C-H...Cl interactions, as shown by
the purple curve in Figure 6b.

3.2 Q[8] on the properties of G1 and G2
3.2a Solubility study: The Phase-solubility method
was used to study the solubility of G1 and G2 under

the intervention of Q[8] under neutral conditions. As
can be seen from Figure 7, the solubility of G1 and G2
basically remained unchanged with the increase of the
concentration of Q[8], indicating that the addition of
Q[8] did not affect the solubility of G1 and G2.
3.2b
In vitro release studies: According to
Figure 8, the cumulative release of G1 and G2 in
artiﬁcial gastrointestinal juice decreased after the
inclusion complex was formed with Q[8]. The
cumulative release rate of G1 in artiﬁcial gastric
juice reached the maximum at 1 h, which was 24.68%.
The cumulative release rate of complex 1 was 14.06%
at 10 h. According to Figures 8c and 8d, G2 was
released rapidly in artiﬁcial gastrointestinal juice,
reaching the maximum within 1 h, and the
cumulative release rates were 24.68% and 47.66%,
respectively. The release rate of complex 2 slowed
down signiﬁcantly and reached the release equilibrium
at 10h with the release degrees of 14.06% and 9.19%,
respectively. The results showed that the intervention
of Q[8] resulted in the sustained release of G1 and G2.
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Figure 8. Cumulative release of guest and inclusion complex in artiﬁcial gastrointestinal juice.

4. Conclusions
Complexes 1–2 were prepared using cucurbit[8]uril
with Sulfanilamide (G1) and sulfamethoxazole (G2),
and ZnCl2 as an inducer in 3M HCl aqueous solution.
The interactions of cucurbit[8]uril with G1 and G2
were analyzed using single-crystal X-ray diffraction.
The experimental results showed that complexes 1 and
2 form two different supramolecular self-assemblies in
the presence of hydrogen bond and ion-dipole interactions. According to the results of UV-Vis spectroscopy, Q[8] has a certain slow-release effect on G1,
G2 in artiﬁcial gastric juice and G2 in artiﬁcial
intestinal juice.
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