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(57) ABSTRACT

Provided are a disubstituted cucurbituril that can be easily
substituted by a substituent according to a desired usage and
a method for preparing the same. The disubstituted cucurbi-
turil has two end functional groups that can covalently bind
with a solid substrate or a biochemically useful compound to
obtain a cucurbituril-bonded substrate, which enables appli-
cation of the disubstituted cucurbituril as column packing
materials for chromatography, additives to gas separation
membranes, catalysts for various chemical reactions, chemi-
cal sensors, or biological sensors.
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DISUBSTITUTED CUCURBITURILS AND
PREPARING METHOD THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This applicationis a35 U.S.C. § 371 National Phase
Entry Application from PCT/KR2004/000536, filed Mar. 13,
2004, and designating the U.S.

[0002] 1. Field of the Invention

[0003] The present invention relates to a disubstituted
cucurbituril and a method for preparing the same. More par-
ticularly, the present invention relates to a disubstituted
cucurbituril that can easily introduce substituents according
to a desired usage and a method for preparing the same.
[0004] 2. Description of the Related Art

[0005] W. Mock and coworkers characterized cucurbit[6]
uril as a hexameric macrocyclic compound with the compo-
sition of C36H36N24012 which was confirmed by X-ray
crystal structure determination (J. Am. Chem. Soc. 1981, 103,
7367). They named it cucurbit[6]uril. Since then, an
improved synthetic method of cucurbit[6]uril has been dis-
closed (DE 196 03 377 Al).

[0006] Inearly 2000, Kimoon Kim and coworkers reported
the improved preparation and separation of the well-known
cucurbit[6]uril and its homologues, cucurbit[n]urils (n=5, 7,
8) and identified their X-ray crystal structures (J. Am. Chem.
Soc. 2000, 122, 540).

[0007] The above-described cucurbiturils are compounds
comprising unsubstituted glycoluril monomer units.

[0008] Meanwhile, decamethylcucurbit[5]uril comprising
substituted glycoluril monomer units was known (Angew.
Chem. Int. Ed. Engl. 1992, 31, 1475).

[0009] However, introduction of an additional functional
group into the decamethylcucurbit[S]uril by substitution is
difficult, which renders cucurbiturils less practical.

SUMMARY OF THE INVENTION

[0010] Therefore, the present invention provides a disub-
stituted cucurbituril which can be easily substituted by a
substituent according to its usage.

[0011] The present invention also provides a method for
preparing a disubstituted cucurbituril.

[0012] According to an aspect of the present invention,
there is provided a disubstituted cucurbituril represented by
the following Formula 1:

Formula 1
_ jl\ 1| i _
N N—CH, N N—CH,—
N\[(N—CHZ NTN—CHZ
X X
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[0013] wherein X is O, S, or NH;
[0014] nis an integer of 4 to 7;
[0015] R is selected from the group consisting of a substi-

tuted or unsubstituted alkenyl group of C2-C30, a substituted
or unsubstituted alkynyl group of C2-C30, a substituted or
unsubstituted alkylcarboxyl group of C2-C30, a substituted
orunsubstituted hydroxyalkyl group of C1-C30, a substituted
or unsubstituted alkoxy group of C1-C30, a substituted or
unsubstituted nitroalkyl group of C1-C30, a substituted or
unsubstituted aminoalkyl group of C1-C30, a substituted or
unsubstituted aryl group of C6-C30, and a substituted or
unsubstituted heteroaryl group of C6-C30.

[0016] Preferably, R may be selected from the group con-
sisting of a 2-nitrophenyl group, a 3-nitrophenyl group, a
4-nitrophenyl group, a 2-methoxyphenyl group, a 3-methox-
yphenyl group, a 4-methoxyphenyl group, a 2-aminophenyl
group, a 3-aminophenyl group, a 4-aminophenyl group, a
2-hydroxyphenyl group, a 3-hydroxyphenyl group, and a
4-hydroxyphenyl group.

[0017] According to another aspect of the present inven-
tion, there is provided a method for preparing a disubstituted
cucurbituril represented by the following Formula 1, com-
prising reacting a disubstituted glycoluril represented by For-
mula 2 and a glycoluril represented by Formula 3 with form-
aldehyde:

Formula 1
i )XI\
N N—CH, N N—CH,
N N—CH, N, N—CH,
D D
X X
Formula 2
j(]\
HN NH
HN NH
Formula 3

HN NH
HN NH

[0018] wherein X is O, S, or NH;
[0019] nis an integer of 4 to 7;
[0020] R is selected from the group consisting of a substi-

tuted or unsubstituted alkenyl group of C2-C30, a substituted
or unsubstituted alkynyl group of C2-C30, a substituted or
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unsubstituted alkylcarboxyl group of C2-C30, a substituted
or unsubstituted hydroxyalkyl group of C1-C30, a substituted
or unsubstituted alkoxy group of C1-C30, a substituted or
unsubstituted nitroalkyl group of C1-C30, a substituted or
unsubstituted aminoalkyl group of C1-C30, a substituted or
unsubstituted aryl group of C6-C30, and a substituted or
unsubstituted heteroaryl group of C6-C30.

[0021] The disubstituted glycoluril of Formula 2 may be
prepared by reacting a 1,2-diketone derivative represented by
Formula 4 with an urea represented by Formula 5 in the
presence of an acid catalyst:

Formula 4
(@) R
R @]
Formula 5
X
H,N NH,
[0022] wherein X and R are as defined in the above.

[0023] The acid catalyst may be one or more selected from
the group consisting of a hydrochloric acid, a sulfuric acid,
and a trifluoroacetic acid.

[0024] Inthe reaction of the disubstituted glycoluril of For-
mula 2, the glycoluril of Formula 3, and the formaldehyde, the
acid catalyst may be primarily added and stirred at 70-85° C.
for 20-60 minutes and, when gelation occurs, the acid catalyst
may be further added and stirred at 90-100° C. for 12-30
hours.

[0025] After the reaction of the disubstituted glycoluril of
Formula 2, the glycoluril of Formula 3, and the formaldehyde
is terminated, a reaction mixture may be left stand at room
temperature for 1-20 hours and a cucurbituril precipitate may
be filtrated to obtain a disubstituted cucurbituril-containing
filtrate. One or more of acetone and methanol may be added
to the filtrate to form a precipitate and the precipitate may be
washed with a mixed solvent of acetone and water (2:1 to
10:1, by volume) to prepare the disubstituted cucurbituril of
Formula 1.

[0026] The disubstituted cucurbituril of Formula 1 where R
is an aminophenyl group may be prepared by reacting the
disubstituted glycoluril of Formula 2 where R is a nitrophenyl
group and the glycoluril of Formula 3 with the formaldehyde
to form a disubstituted cucurbituril of Formula 1 where R is a
nitrophenyl group, followed by reduction of the disubstituted
cucurbituril.

[0027] The reduction may be carried out in the presence of
one or more reducing agents selected from the group consist-
ing of hydrogen, ammonium formate, tin and tin chloride,
hydrazine, iron and iron chloride, zinc, formic acid, hydrogen
sulfide, ammonia, sodium sulfide, titanium chloride, and
aqueous ammonium sulfide solution.

[0028] The disubstituted cucurbituril of Formula 1 where R
is a hydroxyphenyl group may be prepared by reacting the
disubstituted glycoluril of Formula 2 where R is a methox-
yphenyl group and the glycoluril of Formula 3 with the form-
aldehyde to form a disubstituted cucurbituril of Formula 1
where R is a methoxyphenyl group, followed by deprotection
of the disubstituted cucurbituril.
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[0029] The deprotection may be carried out in the presence
of one or more selected from the group consisting of boron
tribromide, boron trichloride, sodium alkyl sulfide, sodium
sulfide, sodium cyanide, lithium iodide, aluminum bromide,
9-borobicyclo[3.3.1]nonane (9-BBN), pyridinium chloride
salt, methyl magnesium iodide, hydrobromic acid, acetic
acid, aluminum chloride, and lithium chloride.

DETAILED DESCRIPTION OF THE INVENTION
[0030] The present invention provides a disubstituted

cucurbit/m]uril where m=n+1 and m is an integer of 5 to 8,
represented by Formula 1:

Formula 1

X X

N N—CIH,

R+<—R H%H
N N—CH,

L \[( .

X X

[0031]

[0032] The term “heteroaryl” means an aromatic group
having 6 to 30 ring atoms, which contains 1, 2 or 3 hetero
atoms selected from N, O, P and S, and the remaining ring
atoms of which are carbon. The term “heteroaryl” also means
an aromatic group forming a quaternary salt or N-oxide
which is obtained by oxydizing a heteroatom in the ring.
Examples of such heteroaryl radicals include, but are not
limited to, thienyl, benzothienyl, pyridinyl, pyrazinyl, pyri-
midinyl, pyridazinyl, quinolinyl, quinoxalinyl, imidazolyl,
furanyl, benzofuranyl, thiazolyl, isoxazolyl, benzisoxazolyl,
benzimidazolyl, triazolyl, pyrazolyl, pyrrolyl, indolyl, 2-py-
ridonyl, 4-pyridonyl, N-alkyl-2-pyridonyl, and their equiva-
lent N-oxides (e.g., pyridyl N-oxide or quinolinyl N-oxide),
and quaternary salts thereof.

[0033] In Formula 1, one or more hydrogen atoms on the
alkenyl group of C2-C30, the alkynyl group of C2-C30, the
alkylcarboxyl group of C1-C30, the hydroxyalkyl group of
C1-C30, the nitroalkyl group of C1-C30, the aminoalkyl
group of C1-C30, the aryl group of C6-C30, and the het-
eroaryl group of C6-C30 may be substituted by a halogen
atom, halide, a hydroxy group, a nitro group, an alkoxy group,
a cyano group, a substituted or unsubstituted amino group, a
carboxyl group, a sulfonic acid group, an alkyl group of
C1-C10, or an aryl group of C6-C15.

[0034] A method for preparing the disubstituted cucurbi-
turil of Formula 1 will now be described in detail.

[0035] First, a 1,2-diketone derivative of Formula 4 reacts
with an urea of Formula 5 in the presence of an acid catalyst
to obtain a disubstituted glycoluril of Formula 2:

wherein X, n, and R are as defined in the above.



US 2008/0139821 Al

Scheme 1
X
HN NH
0, R X
) S G
HoN NH, HN NH
R 0
X

<formula 4> <formula 5> <formula 2>

[0036] wherein X and R are as defined in the above.
[0037] In Scheme 1, the urea is used in an amount of 2 to 3
moles, based on 1 mole of the 1,2-diketone derivative. The
acid catalyst is not particularly limited and may be hydrochlo-
ric acid, sulfuric acid, or trifluoroacetic acid. Hydrochloric
acid is preferable. The acid catalyst is used in an amount 0of 0.4
to 3 moles, based on 1 mole of 1,2-diketone derivative.
[0038] The reaction temperature varies depending a kind of
the 1,2-diketone derivative and the urea but may be in a range
of 50 to 100° C.

[0039] Next, the disubstituted glycoluril of Formula 2
reacts with glycoluril of Formula 3 in the presence of a form-
aldehyde and an acid catalyst as the following Scheme 2:

Scheme 2

HN)J\NH HN)]\NH
\ [/ \ [/

. HCHO(aq.)
H H R R acid
[\ [\
HN\[(NH HNTNH
X X
{— X ar X ]
—N N—CH, N N—CH,—
+ CB
R R H H
—N N—CH, N N—CH,
X X

[0040] wherein X, R, and n are as defined in the above.

[0041] In Scheme 2, a disubstituted cucurbit[mJuril where
m is an integer of 5-8 is synthesized by reacting the glycoluril
of Formula 3 with the disubstituted glycoluril of Formula 2 in
amolarratioofnto 1.2n(i.e.,4t07.2):1. For example, where
mis 5 (nis 4), the glycoluril of Formula 3 reacts with 1 mole
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of'the disubstituted glycoluril of Formula 2 in an amount of 5
to 5.2 moles. The acid catalyst may be hydrochloric acid,
sulfuric acid, or trifluoroacetic acid. The formaldehyde may
be used in an amount of 1 to 1.5 moles, based on 1 mole of the
disubstituted glycoluril of Formula 2.

[0042] The acid catalyst is primarily added to a mixture of
the disubstituted glycoluril of Formula 2 and the glycoluril of
Formula 3 and stirred at 70-85° C. for 20-60 minutes. When
gelation occurs, the acid catalyst is further added thereto and
stirred at 90-100° C. for 12-30 hours.

[0043] After the reaction is terminated, the work-up of the
resultant solution is carried out to obtain the disubstituted
cucurbituril of Formula 1. The work-up method is not par-
ticularly limited and recrystallization using acetone and water
may be preferably used. In detail, the reaction mixture is left
stand at room temperature for 1 to 20 hours to obtain a
cucurbituril precipitate and filtered. Then, acetone is added to
a filtrate obtained to form a precipitate. The precipitate is
several times washed with a mixed solvent of acetone and
water (2:1 to 10:1, by volume) and dried to obtain the disub-
stituted cucurbituril of Formula 1 (yield 15-30%).

[0044] In the disubstituted cucurbituril synthesized by
Scheme 2, when an end functional group of R is an alkenyl
group, an alkynyl group, a hydroxy group, or an amino group,
a covalent bond between the disubstituted cucurbituril and a
substrate can be easily formed. However, the disubstituted
cucurbituril where an end functional group of R is a nitro
group or an alkoxy group is used after converting the nitro
group and the alkoxy group to an amino group and a hydroxy
group, respectively.

[0045] The disubstituted cucurbituril of Formula 1 where
an end functional group of R is a nitro group is converted into
the disubstituted cucurbituril of Formula 1 where an end
functional group of R is an amino group by reduction. For
example, diaminophenylcucurbituril of Formula 1 is synthe-
sized by reduction of dinitrophenylcucurbituril. The reduc-
tion may be carried out in the presence of a reducing agent
such as hydrogen, ammonium formate, tin and tin chloride,
hydrazine, iron and iron chloride, zinc, formic acid, hydrogen
sulfide, ammonia, sodium sulfide, and titanium chloride. An
aqueous ammonium sulfide solution is preferred. The aque-
ous ammonium sulfide solution has advantages in that it
solubilizes the dinitrophenylcucurbituril in an aqueous solu-
tion and excess ammonium sulfide is easily removed by sub-
limation after reaction termination.

[0046] The disubstituted cucurbituril of Formula 1 where
an end functional group of R is an alkoxy group is converted
into the disubstituted cucurbituril of Formula 1 where an end
functional group of R is a hydroxy group by deprotection. For
example, the dihydroxyphenylcucurbituril of Formula 1 is
synthesized by deprotection of the dialkoxyphenylcucurbi-
turil. The deprotection may be carried out in the presence of
boron tribromide, boron trichloride, silane iodide, sodium
alkyl sulfide, sodium sulfide, sodium cyanide, lithium iodide,
aluminum bromide, 9-BBN, pyridinium chloride salt, methyl
magnesium iodide, hydrobromic acid, acetic acid, aluminum
chloride, and lithium chloride. Hydrobromic acid and acetic
acid are preferred.

[0047] The disubstituted cucurbituril of Formula 1
covalently bonded with a solid substrate can be used in vari-
ous applications. In more detail, the disubstituted cucurbituril
of'the present invention contains end functional groups reac-
tive for addition or substitution reaction such as an unsatur-
ated hydrocarbon, a hydroxy group, and an amino group. The
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end functional groups of the disubstituted cucurbituril
covalently bind with end functional groups of a solid sub-
strate to produce a cucurbituril-bonded substrate. The cucur-
bituril-bonded substrate can be used as packing materials of
chromatographic columns, additives to gas separation mem-
branes, or catalysts for various chemical reactions. According
to a preferred embodiment of the present invention, there is
provided a composite compound obtained by a covalent link-
age between the disubstituted cucurbituril and a biochemical
compound such as C60 and biotin. The composite compound
binds with a specific substrate through a non-covalent bond-
ing for various molecules, thereby promoting transfer and
dissociation of biochemically important substances. The
applications of the disubstituted cucurbituril of the present
invention are now being extended to chemical sensors or
biological sensors by a covalent linkage between the disub-
stituted cucurbituril and a surface of metal or glass or chro-
mophore.

[0048] The disubstituted cucurbituril of the present inven-
tion can directly covalently bind with a specific substrate.
Based on this fact, various applications and significance of the
disubstituted cucurbituril can be understood. Further, it will
be understood by those of ordinary skill in the art that various
syntheses and applications of the disubstituted cucurbituril
may be made without departing from the spirit and scope of
the present invention as defined by the following claims.
[0049] Hereinafter, the present invention will be described
more specifically by Synthesis Examples. However, the fol-
lowing Synthesis Examples are provided only for illustra-
tions and thus the present invention is not limited to or by
them.

SYNTHESIS EXAMPLE 1
Synthesis of di-meta-nitrophenyl glycoluril

[0050] 1.7 g of di-meta-nitrobenzil, 1.7 g of urea, and 0.5
Ml of concentrated hydrochloric acid were mixed with 40 Ml
of'ethanol and refluxed using a Dean-Stark trap under a nitro-
gen gas atmosphere for 20 hours.

[0051] After the reaction was terminated, the reaction mix-
ture was cooled to room temperature. An obtained solid was
filtered and dried to give the di-meta-nitrophenyl glycoluril
(vield 75%).

[0052] 'H-NMR (500 MHz, DMSO-ds):8 7.40 (t, J=5.0
Hz, 2H), 7.48 (d, J=5.0 Hz, 2H), 7.86 (s, 2H), 7.95 (d, J=5.0
Hz, 2H), 8.21 (s, 4H).

[0053] '*C-NMR (125 MHz, DMSO-d,):5 81.2, 121.6,
123.2,129.7, 133.7, 140.5, 147.1, 160.2.

SYNTHESIS EXAMPLE 2
Synthesis of di-para-nitropheyl glycoluril

[0054] The di-para-nitrophenyl glycoluril (yield 91%) was
synthesized in the same manner as in Synthesis Example 1
except that di-para-nitrobenzil was used instead of the di-
meta-nitrobenzil.

[0055] 'H-NMR (500 MHz, DMSO-d,):8 7.37 (d, I=10.0
Hz, 4H), 7.97 (d, J=5.0 Hz, 4H), 8.17 (s, 4H).
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[0056] '>C-NMR (125 MHz, DMSO-d,):5 81.3, 122.8,
1287, 145.4, 147.1, 160.2.

SYNTHESIS EXAMPLE 3
Synthesis of di-para-methoxyphenyl glycoluril

[0057] The di-para-methoxyphenyl glycoluril (yield 88%)
was synthesized in the same manner as in Synthesis Example
1 except that di-para-methoxybenzil was used instead of the
di-meta-nitrobenzil.

[0058] 'H-NMR (500 MHz, DMSO-dy):d 3.71 (s, 6H),
6.95 (d, J=5.0Hz, 4H), 7.28 (d, J=10.0 Hz, 4H), 7.76 (s, 4H).
[0059] '*C-NMR (125 MHz, DMSO-d):8 55.4,80.3, 112.
8,113.3,115.9,158.3, 163 .4.

SYNTHESIS EXAMPLE 4
Synthesis of di-meta-nitrophenyl cucurbit[6]uril

[0060] 3.84 g of the di-meta-nitrophenyl glycoluril of Syn-
thesis Example 1, 7.14 g of glycoluril, 11.3 mL of a formal-
dehyde solution (37%), and 0.9 mL of concentrated hydro-
chloric acid were mixed and stirred at 80° C. for 30 minutes.
The reaction mixture was cooled to room temperature. Then,
27 mL of concentrated sulfuric acid was gradually added at 0°
C., stirred at 80° C. for 30 minutes, and cooled to 0° C. Then,
54 mL of water was gradually added and stirred at 95° C. for
24 hours.

[0061] After the reaction was terminated, the reaction mix-
ture was left stand at room temperature for 3 hours and filtered
through a filter to obtain a cucurbit|[6]uril filtrate. Acetone
was then added to the filtrate to obtain a precipitate and the
precipitate was washed with acetone and water (5:1) to give
the di-meta-nitrophenyl cucurbit[6]uril (yield 17%).

[0062] 'H-NMR (500 MHz, D,0):8 5.27 (d, J=10.0, 2H),
5.57(d,J=10.0 Hz, 2H), 5.71 (m, 6H), 5.81 (m, 8H), 6.10 (m,
4H), 7.49 (m, 4H), 7.89 (d, J=25.0 Hz, 2H), 8.03 (m, 2H).

SYNTHESIS EXAMPLE 5
Synthesis of di-para-nitrophenyl cucurbit[6]uril

[0063] The di-para-nitrophenyl cucurbit[6]uril (yield 22%)
was synthesized in the same manner as in Synthesis Example
4 except that the di-para-nitrophenyl glycoluril of Synthesis
Example 2 was used instead of the di-meta-nitrophenyl gly-
coluril.

[0064] 'H-NMR (500 MHz, D,0):8 5.24 (d, J=10.0, 2H),
5.56 (d, I=5.0 Hz, 2H), 5.70 (m, 6H), 5.80 (m, 8H), 6.05 (d,
J=15.0 Hz, 4H), 7.36 (d, J=5.0 Hz, 4H), 8.06 (d, J=10.0 Hz,
4H).

SYNTHESIS EXAMPLE 6
Synthesis of di-para-methoxyphenyl cucurbit[6]uril

[0065] The di-para-methoxyphenyl cucurbit[6]uril (yield
21%) was synthesized in the same manner as in Synthesis
Example 4 except that the di-para-methoxyphenyl glycoluril
of Synthesis Example 3 was used instead of the di-meta-
nitrophenyl glycoluril.

[0066] 'H-NMR (500 MHz, D,0):8 3.71 (s, 6H), 4.38 (m,
12H), 5.24 (d, J=10.0, 2H), 5.56 (d, J=5.0 Hz, 2H), 5.70 (m,
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6H), 5.80 (m, 8H), 6.05 (d, J=15.0 Hz, 4H), 7.11 (d, J=10.0
Hz, 4H), 7.43 (d, J=5.0 Hz, 4H).

SYNTHESIS EXAMPLE 7
Synthesis of di-meta-aminophenyl cucurbit[6]uril

[0067] 380 mg of the di-meta-nitrophenyl cucurbit[6]uril
of Synthesis Example 4 was dissolved in 3 mL of an aqueous
20% ammonium sulfide solution and stirred at room tempera-
ture for 20 minutes and then at 40° C. for 8 hours. A remaining
ammonium sulfide was removed by heating at 80° C.

[0068] An obtained solid was filtered and dried to give the
di-meta-aminophenyl cucurbit[6]uril (yield 84%).

[0069] 'H-NMR (500 MHz, D,0):8 5.27 (d, J=10.0, 2H),
5.56 (d, I=10.0 Hz, 2H), 5.70 (m, 6H), 5.80 (m, 8H), 5.97 (t,
J=15.0Hz,4H), 6.26 (s, 2H), 6.39 (m, 2H), 6.62 (m, 2H), 7.04
(m, 2H).

SYNTHESIS EXAMPLE 8
Synthesis of di-para-aminophenyl cucurbit[6]uril

[0070] The di-para-aminophenyl cucurbit[6]uril (yield
84%) was synthesized in the same manner as in Synthesis
Example 7 except that the di-para-nitrophenyl cucurbit[6Juril
of Synthesis Example 5 was used instead of the di-meta-
nitrophenyl cucurbit[6]uril.

[0071] 'H-NMR (500 MHz, D,0):8 5.39 (d, J=10.0, 2H),
5.71 (d, J=10.0 Hz, 2H), 5.85 (m, 6H), 5.94 (m, 8H), 6.10 (d,
J=15.0 Hz, 4H), 6.75 (d, I=10.0 Hz, 4H), 6.85 (d, J=5.0 Hz,
4H).

SYNTHESIS EXAMPLE 9
Synthesis of di-para-hydroxyphenyl cucurbit[6]uril

[0072] 200 mg of the di-para-methoxyphenyl cucurbit[6]
uril of Synthesis Example 6 was dissolved in 10 mL of acetic
acid and refluxed by addition of 0.2 mL. of 47% hydrobromic
acid. After 24 hours of the reaction, the resultant solution was
cooled to room temperature and subjected to addition of
acetone to obtain a precipitate. The precipitate was washed
with water and acetone to give the di-para-hydroxyphenyl
cucurbit[6]uril (yield 80%).

[0073] 'H-NMR (500 MHz, D,0):8 4.38 (m, 12H), 5.12
(m, 2 H), 5.24 (d, I=10.0, 2H), 5.56 (d, J=5.0 Hz, 2H), 5.70
(m, 6H), 5.80 (m, 8H), 6.05 (d, J=15.0 Hz, 4H), 7.11 (d,
J=10.0 Hz, 4H), 7.43 (d, J=5.0 Hz, 4H).

[0074] As apparent from the above descriptions, conven-
tional cucurbiturils non-covalently bind with various types of
compounds for molecular recognition. However, since such
conventional cucurbiturils cannot be substituted by a sub-
stituent, they cannot bind with solid surfaces or biochemical
compounds, which restricts various applications of cucurbi-
turils. Unlike the conventional cucurbiturils, the present
invention provides a disubstituted cucurbituril that can be
easily substituted by a substituent according to its utility and
a method for preparing the same. Therefore, the disubstituted
cucurbituril of the present invention can be easily covalently
linked with desired biochemical compounds, solid surfaces,
or solid substrates. Such a covalently bonded cucurbituril can
be used in the fields of column packing materials for chro-
matographic columns, additives to gas separation mem-
branes, catalysts for various chemical reactions, chemical
sensors, or biological sensors.
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What is claimed is:
1. A disubstituted cucurbit[m]uril where m is 5 to 8, rep-
resented by the following Formula 1:

@®

| )X]\ 1 i |
N N—CH, N N—CH,—|
Rﬁ—é—R H%H
NTN—CHZ NTN—CHZ
X X

wherein n is an integer of 4 to 7;

Xis O, S, or NH;

R is selected from the group consisting of a substituted or
unsubstituted alkenyl group of C2-C30, a substituted or
unsubstituted alkynyl group of C2-C30, a substituted or
unsubstituted alkylcarboxyl group of C1-C30, a substi-
tuted or unsubstituted hydroxyalkyl group of C1-C30, a
substituted or unsubstituted alkoxy group of C1-C30, a
substituted or unsubstituted nitroalkyl group of C1-C30,
a substituted or unsubstituted aminoalkyl group of
C1-C30, a substituted or unsubstituted aryl group of
C6-C30, and a substituted or unsubstituted heteroaryl
group of C6-C30.

2. The disubstituted cucurbit[m]uril of claim 1, wherein R
is selected from the group consisting of a 2-nitrophenyl
group, a 3-nitrophenyl group, a 4-nitrophenyl group, a
2-methoxyphenyl group, a 3-methoxyphenyl group, a
4-methoxyphenyl group, a 2-aminophenyl group, a 3-ami-
nophenyl group, a 4-aminophenyl group, a 2-hydroxyphenyl
group, a 3-hydroxyphenyl group, and a 4-hydroxyphenyl
group.

3. The disubstituted cucurbit[m]uril of claim 1, which is
used as column packing materials for chromatography, addi-
tives to gas separation membranes, catalysts for various
chemical reactions, chemical sensors, biological sensors, or
drug carriers.

4. A method for preparing a disubstituted cucurbituril rep-
resented by Formula 1, comprising reacting a disubstituted
glycoluril represented by Formula 2 and a glycoluril repre-
sented by Formula 3 with formaldehyde:

@®

| j](\ 1 jl\ |
N N—CH, N N—CH,—|
Rﬁ—{-—R H+<—H
NTN—CHZ NTN—CHZ
X X




US 2008/0139821 Al

-continued
@

S

2

NH

|

Z

o

NH

&)

2

NH

1

Z

~

NH

wherein n is an integer of 4 to 7;

X is O, S, or NH;

R is selected from the group consisting of a substituted or
unsubstituted alkenyl group of C2-C30, a substituted or
unsubstituted alkynyl group of C2-C30, a substituted or
unsubstituted alkylcarboxyl group of C2-C30, a substi-
tuted or unsubstituted hydroxyalkyl group of C1-C30, a
substituted or unsubstituted alkoxy group of C1-C30, a
substituted or unsubstituted nitroalkyl group of C1-C30,
a substituted or unsubstituted aminoalkyl group of
C1-C30, a substituted or unsubstituted aryl group of
C6-C30, and a substituted or unsubstituted heteroaryl
group of C6-C30.

5. The method of claim 4, wherein the disubstituted gly-
coluril of Formula 2 is prepared by reacting a 1,2-diketone
derivative represented by Formula 4 with an urea represented
by Formula 5 in the presence of an acid catalyst:
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wherein X and R are as defined in claim 4.
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6. The method of claim 5, wherein the acid catalyst is one
or more selected from the group consisting of a hydrochloric
acid, a sulfuric acid, and a trifluoroacetic acid.

7. The method of claim 5, wherein the acid catalyst is
primarily added and stirred at 70-85° C. for 20-60 minutes
and, when gelation occurs, the acid catalyst is further added
and stirred at 90-100° C. for 12-30 hours.

8. The method of claim 5, wherein after the reaction, a
resultant solution is left stand at room temperature for 1-20
hours and a cucurbituril precipitate is filtrated to obtain a
disubstituted cucurbituril-containing filtrate.

9. The method of claim 8, wherein one or more of acetone
and methanol is added to the filtrate to form a precipitate and
the precipitate is washed with a mixed solvent of acetone and
water in a volume ratio of 2:1 to 10:1 to prepare the disubsti-
tuted cucurbituril of Formula 1.

10. The method of claim 4, wherein the disubstituted
cucurbituril of Formula 1 where R is an aminophenyl group is
prepared by reacting the disubstituted glycoluril of Formula 2
where R is a nitrophenyl group and the glycoluril of Formula
3 with the formaldehyde to form a disubstituted cucurbituril
of Formula 1 where R is an nitrophenyl group, followed by
reduction of the disubstituted cucurbituril of Formula 1 where
R is an nitrophenyl group.

11. The method of claim 10, wherein the reduction is
carried out in the presence of one or more reducing agents
selected from the group consisting of hydrogen, ammonium
formate, tin and tin chloride, hydrazine, iron and iron chlo-
ride, zinc, formic acid, hydrogen sulfide, ammonia, sodium
sulfide, titanium chloride, and aqueous ammonium sulfide
solution.

12. The method of claim 4, wherein the disubstituted
cucurbituril of Formula 1 where R is a hydroxyphenyl group
is prepared by reacting the disubstituted glycoluril of For-
mula 2 where R is a methoxyphenyl group and the glycoluril
of Formula 3 with the formaldehyde to form a disubstituted
cucurbituril of Formula 1 where R is an methoxyphenyl
group, followed by deprotection of the disubstituted cucurbi-
turil of Formula 1 where R is an methoxyphenyl group.

13. The method of claim 12, wherein the deprotection is
carried out in the presence of one or more selected from the
group consisting of boron tribromide, boron trichloride,
sodium alkyl sulfide, sodium sulfide, sodiumcyanide, lithium
iodide, aluminum bromide, 9-BBN, pyridinium chloride,
methyl magnesium iodide, hydrobromic acid, acetic acid,
aluminum chloride, and lithium chloride.
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