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Crystal Structures of Two Partially Methyl-Substituted Cucurbit[n]urils
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Abstract: Two partial methyl-substituted cucurbit[n]urils were characterized by single-crystal X-ray diffractions.
A new methyl-substituted cucurbituril, 1,2,4,5-octamethylcucurbit|6]uril (OMeQ[6]) was separated by the formation
of the inclusion complexes of OMeQ|6] with 1,2-(2,2-bisbenzimidazolyl)ethane dichloride (SBE) in the presence
of CdCl,, and a 1,2,4-hexamethylcucurbit[5Juril (HMeQ[S]) coordination to sodium ion was also obtained. In the
crystal structure of compound {(SBE@20MeQ[6])**[Cd,( u-Cl),(Cl,),(H0),*"} (1), the OMeQ[6] host selectively
included the benzimidazolyl moiety of the guest SBE through the hydrophobic cavity interaction and the ion-
dipole interaction of the cation N* with the carbonyl oxygens of the host, and formed a dumbbell shape host-guest
inclusion complex with a ratio of 2:1. In the crystal structure of the complex {[Na(H,O)HMeQ[5]|[*(NO;)"5H,0} (2),
a molecular capsule included one water molecule was formed, and the capsules assembled one-dimensional

supramolecular chain through the hydrogen bonding. CCDC: 760759, 1; 760758, 2.

Key words: partial methyl-substituted cucurbit[n]urils; 1,2,4,5-octamethylcucurbit|[6]uril; 1,2,4-hexamethylcucurbit|5Juril;

crystal structures

Recent year, our group reported a series of partial curbit[6]uril (TMeQ[6]), was synthesised by using
methyl-substituted cucurbit[n]urils. The first partial diether of dimethyl glycoluril and the dimer of the
methyl-substituted cucurbit [n]urils, 1,4,-tetramethylcu- unsubstituted glycoluril™. This partial methyl-substitu-
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ted Q[6] showed surprising water solubility, which
allowed us to investigate host-guest chemistry in neutral
water. The most significant feature of the TMeQ[6] is
not circular but ellipsoid with Dy, symmetry. More
recent, the crystal structure of 1,3,5-hexamethylcu-
curbit[6]uril (m-HMeQ[6])” was obtained after it was
first reported by Day and coworkers. A tetramethylcu-
curbit[6]uril isomer, 1,2-tetra methylcucurbit|[6]uril (o-
TMeQ[6]) was prepared by using the similar synthesis
process to the conditions for the synthesis of TMeQ[6],
and was separated by the formation of the inclusion
complexes of 0-TMeQ[6] with 1,6-(2,2'-bisbenzimida-
zolyl) hexane dichloride (SBH), and the water solubility
was even better than TMeQ[6] due to the lower
symmetric feature™. Another hexamethylcucurbit|[6]uril
(HMeQ[6]), which was first synthesized by using 3a-
methyl-glycoluril as the building block, was charac-
terized by the single crystal X-ray diffraction in 2008".
In the methyl- substituted cucurbit[S]urils homologues,
the permethylated cucurbit[S]uril (MelOQ[5]) was first
reported by Flinn and coworkers in 1992/, This methyl-
substituted Q[5] was structurally identified even 8 years
earlier than the normal cucurbituril homologues (Q[n=
5,7,8,10]) were reported”. However, the partial
methyl-substituted  cucurbit[S]urils, such as the
dimethyl-cucurbit [5uril (DMeQ [5])",
substitutedQ[5] (PMeQ[5])®, 1,3-tetramethy lcucurbit[3]
uril (1,3-TMeQ [5]) M, 1,2,4-hexamethylcucurbit [S]uril

pentamethyl-

(1,2,4-HMeQ[5)" and
(NMeQ[5])™, exhibited some interesting properties.

nonylmethylcucurbit[5Juril

First, we found that an unsymmetrical partially
substituted cucurbit[n]uril is more water soluble than a
symmetrical one. ab initio calculations suggested that
the water solubility of a normal cucurbit[n]uril or
substituted cucurbit[n]uril relates with its dipole. The
larger the dipole of a cucurbit[n]uril, the more water
soluble the cucurbit[n]uril is. The dipole of a cucurbit
[n]uril is dependent upon its molecular symmetry and
the substituted group. Recent works in our laboratory
revealed that it was a common feature of alkyl-
substituted

cucurbit[5]urils, including the partial

methyl-substituted  cucurbit[5]urils, to coordinate

directly with metal ions and to form various alkyl-
substitutedQ[5]-based
(MOFs) with novel structures™!.

metal-organic  frame works

In this work, A new partial methyl-substituted
cucurbiturils, 1,2,4,5-octamethylcucurbit[6]uril (OMeQ
[6]) was separated by the formation of the inclusion
complexes of OMeQ[6] with 1,2-(2,2"-bis benzimida-
zolyl)ethane dichloride (SBE) in the presence of CdCl,.
A complex of sodium ion with 1,2,4-hexamethylcucurbit
[S]uril (HMeQ[5]), which was synthesised by using
diether of dimethyl glycoluril and the unsubstituted
glycouril was also obtained. Their structures were char-

acterized by single-crystal X-ray diffractions (Fig.1).

Displacement ellipsoids are drawn at the 30% probability level

Fig.1 ORTEP diagram of two partial methyl-substituted cucurbit[n]urils: (a) OMeQ[6]; (b) HMeQ[5]
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1 Experimental

1.1 General materials

Starting materials were purchased from comme-
rcial suppliers and used without further purification,
and sodium nitrate and cadmium chloride were of
reagent grade and used without further purification. The
host 1,2,4-hexamethylcucurbit[S]uril (HMeQ[5]) was
prepared by procedures reported previously™. The
guest 1,2-(2,2" -bis-benzimidazolyl)-ethane dichloride
(SBE) and 1,6-(2,2'-bis-benzimidazolyl)hexane dichlor-
ide (SBH) were synthesized as the literature method"?.
1.2 Synthesis of 1,2,4,5-octamethylcucur-bit[6]

uril (OMeQ[6])

To synthesize OMeQ[6], dimethyl- glycoluril (3.40
g, 20 mmol) and polyformaldehyde (2.70 g, 90 mmol)
were added in a round bottom flask. To the mixture,
(60 mL) was

added. The mixture was stirred at room temperature for

37% concentrated hydrochloric acid

30 min until the solid was dissolved completely. To the
mixture, unsubstituted glycouril (1.42 g, 10 mmol) was
added while the solution was heated up to 50 °C. The
solution was heated up to 100 °C for five hours and then
allowed to cool to room temperature. The acidic solvent
was removed by rotary evaporation and then diluted
with water (100 mL) and filtered. Dioxane (5 mL) was
added to the filtrate and the resulting solution was left
to stand overnight. Light brown crystals were collected
and dissolved in HCl (10 mol - L™, 50 mL), followed by
evaporation of the acidic solvent in vacuo. This process
was repeated three times to remove the dioxane.
Finally, the residue was dissolved with water (20 mL)
and poured into acetone (200 mL) to produce a white
solid. The precipitate was collected by filtration and
dried to afford the product (1.12 g, 20.3%).
1.3 Preparation of {(SBE@20MeQ[6])* [Cd,( ut-

C),CL(H0).1"} (1)

To prepare crystals of the related methyl-substitu-

ted cucurbit[n]urils, water was used as the solvent due
to their water solubility. Thus, the single crystals of
OMeQ[6] adduct with SBE and CdCl, was obtained by
dissolving OMeQ[6] (0.5 g, 0.5 mmol) in a solution of
CdCl, (0.3 g, 2 mmol) and SBE (0.16 g, 0.5 mmol) in
water (15 mL). The solution was mixed thoroughly and
filtered to remove insoluble impurity. The filtrate was
left at room temperature and colorless X-ray quality
crystals were obtained by slow evaporation of this
mixture solution in several weeks.

1.4 Preparation of {{[Na(H,O)HMeQ[5]]*(NO;)~

SH;0} (2)

The single crystals of HMeQ[5] adduct with NaNO;
was obtained by dissolving HMeQ[5] (0.45 g, 0.5 mmol)
in a solution of NaNO; (0.17 g, 2 mmol) in water (10
mL). The solution was mixed thoroughly and allowed to
stand at room temperature and colorless X-ray quality
crystals formed after several days. Anal. Caled. for
C36H52N21019Na (%): C, 39.08; H, 4.74; N, 26.60.
Found(%): C, 39.55; H, 4.65; N, 27.06.

1.5 X-ray crystallography

The crystal data of the two compounds {(SBE@
20MeQ[6])**[Cd,( u-Cl),ClL(H0),1*"} (1) and [Na(H,0)
HMeQ[5]]*(NO3)"SH,0 (2) were collected on a SMART
Apex Il CCD diffractometer with graphite monochro-
mated Mo Ka radiation (A=0.071 073 nm) in the w scan
mode. Lorentz polarization and absorption corrections
were applied. Structural solution and full matrix least-
squares refinement based on F* were performed with the
SHELXS-97 and SHELXL-97 program package!*'",
respectively. All the non-hydrogen atoms were refined
anisotropically. Analytical expressions of neutral-atom
scattering factors were employed, and anomalous dispe-
rsion corrections were incorporated. The crystallo-
graphic data, data collection conditions, and refinement
parameters for compounds 1, 2 are listed in Table 1.

CCDC: 760759, 1; CCDC: 760758, 2.

Table 1 Crystallographic data for complexes 1~2

Complex 1 2

Empirical formula CiosH12sN50xCdsClg CiHN»,OpNa
Formula weight 2 956.05 1 087.96
Crystal system Triclinic Triclinic
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Continued Table 1

Space group P1

a/ nm 1.289 68(7
b/ nm 1.526 60(8
¢/ nm 2.030 21(11)
al (%) 82.375(2)
B1(° 83.399(2)
v /(% 66.642(2)
V / nm? 3.628 6(3)
A 1

D,/ (g-cm™) 1.353
T/K 223(2)

w/ mm™ 0.484
Unique reflns 13 792
Obsd reflns 8971
Params 875

Riu 0.047 5

R (I>20(1))" 0.059 6

w R(I>20(1))" 0.165 7

R (all data) 0.084 2
wR (all data) 0.180 8
GOF on F? 0.974

P
1.114 75(10)
1.140 07(10)
2.094 45(18)
103.301(3)
95.845(3)
96.505(3)
2.551 1(4)

2

1416
223(2)
0.122

9597

6 567

713

0.052 9
0.091 9
02726
0.117 5
02926
1.047

“Conventional R on Fy: 2IF|-IFI/ X IF);

"Weighted R on [Fyl: { X [w(F~F2% X [w(F)}"

2 Results and discussion

The X-ray structures of the HMeQ[5] show that its
macrocyclic cavity and with D, symmetry with two
identical portals surrounded by carbonyl groups, and
OMeQ[6] with Dy, symmetry. Unlike the normal cucur-
bituril and its homologues (Q[5], Q[7], Q[8] and Q[10]),
the macrocycle of HMeQ[5] and OMeQ[6] are not
circular and their structures are easy to be deformed.
2.1 Crystal structure of {(SBE@20MeQ[6])*[Cd,

(u-CD,CL(OH,),I*} (1)

The X-ray crystal structure of the compound 1
revealed that the OMeQ[6] host selectively included the
the

hydrophobic cavity interaction and the ion-dipole

benzimidazolyl moiety of the guest through

interaction of the cation N* with the carbonyl oxygens of
the host, and formed a symmetric dumbbell shape host-
guest inclusion complex (Fig.2a) with a 2:1 host:guest
ratio. The NH on the included benzimidazolyl moiety
(N51-H51 and N52-H52) formed hydrogen bonds with

the portal oxygen atoms O3, 04 and O1, 05, 06 of
the OMeQ[6] with bond distances of 0.273 7 (N51-03),
0.288 7 (N51-04), 0.284 1 (N52-01), 0.304 5 (N52-05)
and 0.273 7 (N52-06) nm respectively.

In the compound 1, the Cd** did not directly
coordinated with the portal oxygen atom of the OMe(Q
[6], and formed a cluster [Cd,(u-Cl),ClL(OH,),]* as
shown in Fig.2b. Each of two Cd** ions in the cluster is
five-coordinated to four C1~ atoms (Cl1, Cl1’, CI2 and
Cl13) and one water molecule (O1W). The related bond
distances and angles in the cluster are 0.261 6 (Cd1-
Cl1), 0.2557 (Cd1-CI1"), 0.244 9 (Cd1-CI2), 0.2517
(Cd1-Cl3), 0.2260 (Cd1-O1W) nm and 100.21° (Cl1-
Cd1-Cl3), 85.36° (Cl1-CdI- Cl1"), 92.36° (CI12-Cd1-
Cl1"), 87.36° (C12-Cd1-ClI3), 83.64° (Cl1-Cd1-O1W),
120.92° (CI3-Cd1-CI1"), 130.18° (CI1'-Cd1-O1W),
92.21° (C12-Cd1-01W), 108.84° (C13-Cd1-O1W). The
coordination geometry of the Cd** was best described as
an anamorphic square-wimble of pentahedral structure.

(Cd1) were linked by two

The two cadmium atoms
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Symmetry codes (b, ¢): ' —x+1, —=y+1, —z; " —x+1, —y+2, -z
Fig.2 (a) ORTEP diagram (displacement ellipsoids are drawn at the 30% probability level) and (b) crystal structure
of the “dumbbell” shape like host-guest inclusion complex of {(SBE@20MeQ[6])*; (c) the [Cdy(u-Cl),Cl(OH,),[*
cluster; (d) connection between the “dumbbell” of (SBE@20MeQ[6])*" and the [Cd,(u-Cl),(Cl)y(OH,),[* cluster
and the “dumbbells” chain linked by the Cd-Cl clusters with carbon-bound hydrogen atoms omitted (Dashed

lines indicate hydrogen bonding interactions)

bridging CI~ (Cl1 and Cl1'), and were s eparated by cluster [Cdy(u-Cl),Cl,(OH,),]* plays an important role
0.3802 nm. in the formation of a “(SBE@20MeQ[6])** dumbbell”

Although the Cd** did not directly coordinated with supra- molecular chain in which the Cd-Cl cluster
the portal oxygen atom of the OMeQ[6], the Cd-Cl [Cd,(u-Cl),Cl4(OH,),)*~ links two neighboring “(SBE@
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20MeQ[6])** dumbbells” through hydrogen bonding
(Fig.2c). The two coordinated water molecules (O1W) in
a cluster interacts two portal oxygen atoms (05 and 02)
belonging to the two OMeQ[6]s in the two neighboring
dumbbells. The related bond distances are 0.276 6
(01W-02), 0.273 6 (O1W-05) nm.
2.2 Crystal structure of [Na(H,O)HMe Q[5]]*
(NO3»)5H,0 (2)

HMeQ[5], similar to the 1,2,4-tricyclohexanocucu-
rbit[S]uril (1,2,4-TriCyH Q[5]), has a tendency to coor-
dinate directly with potassium ions and form a 10-

membered  “bracelet” ", it promoted us to find the

similar coordination of this ligand with other metal ions.
The compound 2 contains a complex of HMeQ[5] with
sodium ion. Fig.3a shows the crystal structure of a
molecular capsule of the host HMeQ[5] which is lidded
(Nal and Na2 with a 50%
occupancy for each) includes one water molecule O5W.
The Na*ions (Nal or Na2) coordinated to six O atoms,
the five carbonyl oxygens of a HMeQ[5] portal (01, 02,
03, 04, 05 for Nal ion and 06, 07, 08, 09, 010 for
Na2 ion), and one water molecule O2W and O04W
respectively. The average distance between the lidded

cation Nal and carbonyl oxygens of HMeQ[5] is 0.288 4

by two sodium ions

Fig.3 (a) Crystal structure and (b) corresponding ORTEP diagram (displacement ellipsoids are drawn at the 30%

probability level) of the molecular capsule in the complex 2; (c) the supramolecular layer constructed of

the one dimensional chains connected by the hydrogen bonding nets (Dashed lines indicate hydrogen

bonding interactions)
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nm, and another lidded cation Na2 and carbonyl
oxygens of HMeQ[5] is 0.290 7 nm, while the distances
between the lidded ions Na* and the coordinated water
are 0.283 7 nm (Nal-O2W) and 0.283 8 nm (Na2-04W)
respectively. Although no direct coordination exists
between the lidded sodium ion with the carbonyl oxygen
of the neighboring molecular capsules, the interaction
of the coordinated water molecule O2W or O4W with the
portal oxygen atom O1 or 09 leads to the formation of a
one dimensional supramolecular chain constructed of
HMeQ[5] molecular capsules through the hydrogen
bonding (Fig.3b). A hydrogen bonding net plays a role
of connection of the two neighboring supramolecular
chains. The hydrogen bonding net consists of two
nitrate anions, four water molecules (O1W, O3W), two
carbonyl oxygens (02) and also two coordinated water
molecules  (0O2W). Thus, a supramolecular layer cons-
tructed of HMeQ[5]-based supramolecular chains can

be formed through the hydrogen bonding nets (Fig.3c).
3 Conclusion

Generally, it is difficult to separate the homologues
of the SQ[n]s. Using 1,w-(2,2'-bishenzimidazolyl)alkane
as a ligand could form a certain inclusion complex in
presence of SQ[n]s. The formation of the inclusion
complexes of OMeQ[6] with 1,2-(2,2"-bisbenzimida-
zolyl) ethane dichloride (SBE) in the presence of CdCl,
is a typical example. The partial alkyl-substituted Q[5]s
have a strong tendency to coordinate directly with
potassium ions and form some novel potassium-alkyl-

substituted Q[5]s networks or frameworks based on the

6 or 10-membered “bracelets”. However, the complexa-
tion of HMeQ[5] with sodium ion showed no such
special structures in the experimental condition in this

work.

References:

[1] Zhao Y J, Xue S F, Zhu Q J, et al. Chin. Sci. Bull., 2004,49
(I1):1111-1116

[2] Yu D H, Ni X L, Zhang Y Q, et al. J. Mol. Struct., 2008,882:
128-133

[3] Day A I, Arnold A P, Blanch R J. Molecules, 2003,8:74-84

[4] Yu D H, Ni X L, Tian Z C, et al. J. Mol. Struct., 2008,891:247-
253

[5] Lin J X, Zhang Y Q, Zhang J X, et al. J. Mol. Struct., 2008,
875:442-446

[6] Flinn A, Hough G C, Stoddart J F, et al. Angew. Chem. Int.
Ed., 1992.31:1475-1477

[7] Day A 1, Blanch R J, Arnold A P. WO, 0068232. 2000-08.

[8] Kim J, Jung I S, Kim S Y, et al. J. Am. Chem. Soc., 2000,122:
540-541

[9] Day A 1, Blanch R J, Armold A P, et al. Angew. Chem. Int.
Ed., 2002,41(2):275-277

[10INi X L, Lin J X, Zheng Y Y, et al. Cryst. Growth Des., 2008.8
(9):3446-3450

[11]Lu L B, Yu D H, Zhang Y Q, et al. J. Mol. Struct., 2008,885:
70-75

[12]Lillian L Y W, Madeleine M M J. J. Am. Chem. Soc., 1957,79
(21):5706-5708

[13]Sheldrick G M. Acta Crystallogr., 1990,A46:467-473

[14]Sheldrick G M. SHELXL-97 Program for the Solution and
Refinement of Crystal Structures, University of Gottingen,
Germany, 1997.



