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Synthesis of Cucurbit[6]uril Using 1-Hydroxyethylidene-1,1-Diphosphonic Acid
as a “Green Catalyst”

Glycoluril (2,4,6,8-tetraazabicyclo[3.3.0]octane-3,7-dione) and its derivatives have a special placegin cheémis-
try of heterocyclic compounds. The macrocyclic derivatives of glycoluril, namely cucurbit[n]urilsthave ‘re-
cently attracted the greatest interest due to their unique properties. Cucurbit[n]urils are usually synthesized by
the condensation reaction of glycoluril with paraformaldehyde using strong mineral acidsas a.eatalyst. In this
work, 1-hydroxyethylidene-1,1-diphosphonic acid (HEDP) was used for the first time as a catalyst for “Green
chemistry” in the synthesis of cucurbit[6]uril in an aqueous medium. The reaction of glyeeluril and paraform-
aldehyde in a ratio of 1: 2 with two equivalents of 1-hydroxyethylidene-1,1-diphosphenicjacid as a catalyst
was carried out, in which the hexamer of cucurbituril (n = 6) was obtained in 25 %fieldd The clathrate of cu-
curbit[6]uril with acetone was obtained by treating the cucurbituril hexamer with acetone. The reaction of
glycoluril with paraformaldehyde in the presence of HEDP can be used as a‘€ompetitive method for the syn-
thesis of cucurbit[6]uril. The structures of the obtained compounds were®proven by NMR and IR spectrosco-
py methods. The phase composition of isolated crystals of cucurbit[6Juril hydrate was analyzed by the pow-
der X-ray diffraction (XRD).

Keywords: cucurbit[6]uril, 1-hydroxyethylidene-1,1-diphosphonic acidyglycoluril, paraformaldehyde, NMR,
“Green” catalyst, oligomer, “guest-host” interactions.

Introduetion

2,4,6,8-Tetraazabicyclo[3.3.0.]octane-3,7=dione (glycoluril) 1 (Scheme 1) and its derivatives are the
most interesting objects among bicyclic biSukeas, which have a special place in the chemistry of heterocyclic
compounds [1]. It has been reflected dA“the, creation of valuable substances in various fields of human activi-
ty such as disinfectants [2, 3],amedi€ines [4) 5], polymer stabilizers [6], and other important substances and
materials based on these compaunds.“Geometrical features of glycoluril 1 determined the possibility of syn-
thesis and investigation of amacromolecular and supramolecular compounds on its basis [7-21]. Cucur-
bit[n]urils (CB[n]) are the/main rgpresentatives of this type of compounds [9-21]. Macrocycles CB[n] have
a narrowed hydrophobi¢ cavity, which is outlined by two identical polar portals of carbonyl groups (Fig. 1
[16]). Hexamer cueurbit[6]uril”CBJ[6] is the major reaction product due to the favorable deformation and
abundance of hydgogen bonds [17-21].
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Figure 1. Cucurbit[n]urils, CB[n], n=5, 6, 7, 8, 10.

In recent years, cucurbit[n]urils have attracted the significant interest due to their unique properties
[11]. It is known [11, 16-21], that cucurbit[n]urils CB[n] are usually synthesized by the condensation reac-
tion of glycoluril 1 with formaldehyde or paraformaldehyde in solutions of strong mineral acids at tempera-
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tures above 50 °C for a day or more. The use of organic acids in the synthesis of cucurbit[n]urils CB[n] is
limited only by the use of methanesulfonic acid [21].

More recently, in a number of works [22-25] it was shown that 1-hydroxyethylidene-1,1-diphosphonic
acid (HEDP) proved to be a convenient “green” catalyst in heterocyclization reactions. 1-Hydroxyethylidene
diphosphonic acid (HEDP) is known for its anti-corrosion properties. It is used as a retardant in concrete,
scale and corrosion inhibition in circulating cool water system, oil field and low-pressure boilers in fields
such as electric power, chemical industry, metallurgy, fertilizer, etc [26]. The HEDP substance decomposes
at a temperature of about 250 °C, and decomposes in aqueous solutions at 140 °C [26]. In natural water bod-
ies, HEDP rapidly decomposes under the action of ultraviolet light, and the decomposition products are used
as fertilizers [27].

In this work, we first carried out the synthesis of cucurbit[6]uril CB[6] in the presence of HEDP as a
“green” catalyst (Scheme 1).
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Scheme 1. The synthesis of cucurbit[6]uril GB6},in the,presence of HEDP

Experimental

NMR spectra were recorded on a Bruker AVANCE 11/ HD spectrometer (Bruker Corporation, Germa-
ny) with an operating frequency of 400 and 100 MPzfor 'H and *C nuclei respectively, in solutions of
DMSO-ds and F;CSOzH. The internal standar@ was tetramethylsilane (TMS).

IR spectra were recorded on a Nicelet 6700 IR spectrometer, Thermo Fisher Scientific. The samples
were studied by the method of disturbed. totaltinternal reflection in the spectral range from 400 to 4000 cm ™.

Powder X-ray diffraction for gubstance CB[6] was recorded on a Shimadzu XRD 7000 diffractometer
using Cu Ko radiation at A = 1954053\A. Reflections were collected from 5 to 50 in 20© with a step of 0.014,
a rate of 20 deg / min and a step'time 0f21.49 s at 17 °C.

Synthesis of cucurbitf6]uril hy@rate CB[6] using HEDP. Glycoluril 1 (21.4 g, 0.15 mol), HEDP
(61.8 g, 0.30 mol) and 120 mlfof Wwater were added to a 250 mL round-bottomed flask equipped with a mag-
netic stir bar. Thedmixture wassheated to 50 °C and then paraformaldehyde (9 g, 0.30 mol) was slowly added,
allowing the solutiomyto stigwell. The viscous solution was allowed to stir for 30 min more until the solution
set as a gel, whichythemywas heated to 100 °C resulting in a rapid dissolution of the gel. The reaction mass
was refluxed fior 20 yat 100 °C. Then it was allowed to cool down to room temperature. The resulting pre-
cipitate’'was filtered off and washed with boiling water, after which it was dissolved in boiling 37 % HCI ac-
id. The resulting solution was cooled and left at 0 °C for a week for crystallization. The colorless hexagonal
crystalsiof cucurbit[6]uril hydrate CB[6] with high purity were formed on the vessel walls. Substance CB[6]
is white pewder with a yield of CB[6] 6.3 g (25 %). T. of decomp. is more than 400 °C. IR spectrum, v,
cm b 3441 (H,0), 2927 (CH), 1712 (C = 0). "H NMR (400 MHz, F;:CSO;H/D,0): & = 5.82 (s. 12H, CH),
5.58 (d. J = 16.4, 12H, CH,), 4.63 (d. J = 16.6, 12H, CH,). *C NMR (101 MHz, F;CSO;H/D,0): & = 160.21
(C=0), 72.71 (CH), 52.04 (CHy).

The obtained CB[6] powder was treated with hot acetone, where the clathrate of hydrate of the cucur-
bit[6]uril with acetone CB[6]A [19] was obtained in a yield of 6.1 g (23 %). The substance CB[6]A is practi-
cally insoluble in concentrated boiling acids HCI, H,SO, and hardly soluble in FsCSO3H. T. of decomp. is
more than 400 °C. IR spectrum, v, cm : 3503 (H,0), 2998 (CHs), 2933 (CH), 1730 (C=0). 'H NMR
(400 MHz, F;CSO3H/D,0): & = 5.81 (d. J = 5.6, 12H, CH), 5.56 (d. J = 13.9, 12H, CHy,), 4.61 (d. J = 14.5,
12H, CH,), 2.67 (s, 3H, CHz). *C NMR (101 MHz, FsCSO3H/D,0): & = 198.49 (C=Oaceione), 160.11 (C=0),
72.68 (CH), 51.87 (CH,), 29.97 (CH3 acetone)-
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Results and Discussion

The reaction (Scheme 1) of glycoluril 1 and paraformaldehyde in a ratio of 1:2 was carried out with the
traditional procedure [19], but HEDP was used as a catalyst in two equivalents relative to substrate 1. It was
suggested [28] that HEDP promoted more efficient transfer of glycoluril 1 into solution, which significantly
accelerated the condensation reaction. In the process of carrying out the synthesis of CB[6] upon heating, the
reaction mass was homogenized after 5 minutes. Then, after 20 minutes of reaction, a precipitate formed.
These are intermediate oligomers 2a—c of the cucurbit[6]uril CB[6] synthesis [18], the proposed structures of
which are shown in Scheme 2.
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Scheme 2. Formation efigucurbit[6]uril CB[n] by stepwise oligomerization

The reaction mixture was heated for 20 hours and then left to stand in a cold place overnight to crystal-
lize the precipitate, which was‘iselated and washed with hot water. When the washing solution was cooled,
precipitates of intermediate oligomers 2a—c precipitated. According to the NMR results of the reaction mix-
ture, glycoluril 1 reacted completely:

In the "H NMR spectrua’(DMSO-dg) of oligomers 2a—c, there are multiplets of the main signals of the
structure, namely€ghemical “shifts of NH-groups are found at & 7.68-7.99 ppm, signals of protons of the
methine group CH-CH aremesonated at 6 5.26-5.60 ppm, and the chemical shifts of the protons of the meth-
ylene N-CH,-N groups ‘ase at & 4.24-4.90 ppm (Fig. 2, a).
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Figure 2. The NMR spectra of oligomers 2a—c in DMSO-dg
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In the ®C NMR spectrum (DMSO-ds) of oligomers 2a—c, chemical shifts are observed at &
51.8-52.3 ppm, 6 64.7-70.6 ppm and 6 155.2-158.3 ppm, which refer to carbon atoms of N-CH,-N, CH-CH
and C=0, respectively (Fig. 2, b). In the IR spectrum of oligomers 2a—c there are characteristic absorption
bands indicating the linearity of the structure of the obtained substances, namely the band at 3231 cm™* cor-
responds to NH-groups and the band at 1673 cm ™ corresponds to amide C=0O-groups.

The formation of acyclic structures 2a—c shows that HEDP acts as a trigger for the formation of a linear
platform for further thermodynamically cyclization to cucurbit[n]urils CB[n] in an aqueous medium. The
obtained cucurbit[6]uril CB[6] and non-cyclized oligomers with a high molecular weight are equally insolu-
ble in water, which makes it difficult to isolate CB[6] from the aqueous medium. In the IR spectrum of the
final precipitate, characteristic absorption bands of C=0-groups of non-cyclized oligomers (1675 cm™) and
C=0-groups of cucurbit[6]uril CB[6] (1714 cm™") are observed. The characteristic absorption bandyof C=0-
groups of cucurbit[6]uril CBJ[6] is shifted to short-wavelength region due to the resonance of the‘hegative
charge of the carbamide group of the cavity of cucurbit[6]uril CB[6].

Isolation and purification of cucurbit[6]uril CB[6] was carried out in accordance” withythe procedure
[19]. The separated precipitate was dissolved in boiling 37 % acid HCI and left in the cald place. After a
week, colorless hexagonal crystals of cucurbit[6]uril CB[6] hydrate were obtained.

Due to the low solubility of cucurbit[6]uril CB[6], NMR spectra were recordedyin a trifluoromethane-
sulfonic acid solution (Fig. 3a, b).

CB[6], 1H NMR spectrum (401 MHz, F3CSO3H) CB[6], 13C NMR (101 MHz, F3GSO3H),

52.00

— 160.21
72.71

3 2 1 0 200 180 160 140 120 100 80 60 40 20 0

7o f1 (ppPm) ° N f1(ppm)
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Figure 3. The\NMR spectra of CB[6] in F3CSO3;H

The recorded NMR spectra ofjthe substance CB[6] (Fig. 3a, b), in general, are identical to those previ-
ously recorded in the solvent DCI [18,719].

We additionally analyzed the phase composition of the isolated crystals of cucurbit[6]uril hydrate
CB[6] by the powder X-ray diffraction (XRD) (Fig. 4). XRD analysis showed that the type of crystal lattice
and phase compasition of“€rystals of cucurbit[6]uril hydrate CB[6] obtained in the presence of HEDP was
identical to crystalsyof cucurbit[6]uril hydrate CB[6] * 4.66 H,O [19], which were synthesized in the pres-
ence of HCI acid as ajcatalyst.

Intensity (a.u.)

10,0 15,0 20,0 25,0 930'0 35,0 40,0 45,0
2

Figure 4. XRD of powder crystals of the isolated hydrate cucurbit[6]uril CB[6] structure (red line)
and the corresponding theoretical picture of hydrate cucurbit[6]uril, (black line)
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The clathrate of cucurbit[6]uril with acetone CB[6]A was obtained by treating the substance CB[6]
with hot acetone. Substance CBI6]A is insoluble in concentrated acids HCI, H,SO,4 and slightly soluble in
FsCSO;H acid. The structure of CB[6]A was investigated by IR- and NMR spectroscopy (Fig. 5a, b).

CB[6]A, 1H NMR (401 MHz, F3CSO3H) CB[6]A, 13C NMR (101 MHz, F3CSO3H)
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Figure 5. The NMR spectra of CB[6]A in F;:CSOgH

Previously, a similar clathrate [19], was described using X-ray diffeaction analysis, the structure of
which was a composition of one CB[6] per one acetone and eight water molecules. In our case, according to
NMR data, the ratio of CB[6] and acetone molecules was alsogl:1 inythe clathrate. In the NMR spectra
(Fig. 5a, b) of the clathrate CB[6]A, in addition to the main_chemigal shifts of cucurbit[6]uril CB[6], there
are chemical shifts of acetone.

“Guest-host” interactions in cucurbit[n]uril chemistry haye been studied in detail [11], and ion-dipole
and dipole-dipole interactions are considered as the main‘dtiving forces for binding various guests (acetone)
with CB[6]. Dipole-dipole interactions are showr'in. NMR spectra, where in the **C NMR spectrum the peak
of the C=0 group of acetone is shielding by an average of8 ppm (Fig. 5b), and in the *"H NMR spectrum the
chemical shift of the CHs-groups of acetoneds deshielding by an average of 0.3 ppm (Fig. 5a), relative to
chemical shifts of a free acetone molecule.

Conclusions

Thus, HEDP has been first,used\in the synthesis of cucurbit[6]uril as a catalyst for “green chemistry” in
an aqueous medium. It has been‘shownythat HEDP not only forms linear structures, but also cyclizes oligo-
mers into cucurbit[n]urils, wihere theymost probable and stable hexamer of cucurbituril (n = 6) is obtained in
25 % yield.

The reactiongf glycoluril with paraformaldehyde in the presence of HEDP can be used as a competitive
method for the synthesis,of cucurbit[6]uril. The advantages of using HEDP are in the “green” synthesis con-
ditions and in thedapidity of the formation of the crystal structure of cucurbit[6]uril CB[6] hydrate, however,
at the purification stage it’is necessary to use mineral acids to separate linear products with similar solubility
in watef”

Acknowledgments

We'thank Tomsk State University for financial support to our research groups.

References

1 Bakibaev A. Synthesis of glycolurils and hydantoins by reaction of urea and 1, 2-dicarbonyl compounds using etidronic acid
as a “green catalyst” / A. Bakibaev, A. Uhov, V. Malkov, S. Panshina // J. Heterocyclic Chem. — 2020. — Vol. 57. — P. 4262—
4270. https://doi.org/10.1002/jhet.4132

2 Patent 102004059041 Germany. Verwendung von Formaldehyd und Formaldehyd freisetzenden Verbindungen in einer
Zusammensetzung zur Bekdmpfung von Mykobakterien / Beilfuss W., Gradtke R., Krull I., Steinhauer, K. Publication date
08.06.2006.

CHEMISTRY Series. 2022 5


https://doi.org/10.1002/jhet.4132

S.Yu. Panshina, A.A. Bakibaev et al.

3 Patent 2354771 Great Britain. Bactericide combinations in detergents / Denk A., Emter A., Moddick C. Publication date
04.04.2001.

4 Bakibaev A.A. 1D and 2D NMR spectroscopy for identification of carbamide-containing biologically active compounds /
A.A. Bakibaev, S.Yu. Panshina, O.V. Ponomarenko, V.S. Malkov, O.A. Kotelnikov, A.K. Tashenov // Bulletin of the university of
Karaganda—Chemistry. — 2021. — Vol. 101, No 1. — P. 71-81. https://doi.org/10.31489/2021Ch1/71-81

5 MamxoBckuit M. /1. JlekapcTBeHHBIE CpeACTBa: ocoOue Uit Bpadeil: crpaBouHuk / M.JI. MamkoBckuit. — 15-e n3g. — M.:
Hosas Bomua, 2005. — 1164 c.

6 Bakibaev A.A. Methods of synthesis of nitrogen-containing heterocycles using ureas and related compounds /
A.A. Bakibaev, A.Yu. Yagovkin, S.N.Vostretsov // Russ. Chem. Rev. — 1988. — Vol. 67, No.4. — P.295-314.
https://doi.org/10.1070/RC1998v067n04ABEH000295

7 Havel V. Modulation of Bambusuril Anion Affinity in Water / V. Havel, M. Babiak, V. Sindelar // Chemistry-A European
Journal. — 2017. — Vol. 23, No. 37. — P. 8963-8968 https://doi.org/10.1002/chem.201701316

8 Svec J. Bambus[6]uril / J. Svec, M. Necas, V. Sindelar // Angewandte Chemie International Edition. — 2010. —<\Vol. 122.
— P. 2428-2431. https://doi.org/10.1002/anie.201000420

9 Nandi S. Cucurbit[6]uril-Stabilized Palladium Nanoparticles as a Highly Active Catalyst for Chemoselective Hydrogenation
of Various Reducible Groups in Aqueous Media / S. Nandi, P. Patel, A. Jakhar, N.H. Khan, A.V. Biradar, R.I{Kureshy, H.C. Bajaj //
ChemistrySelect. — 2017. — Vol. 171, No. 2. — P. 9911-9919. https://doi.org/10.1002/slct.201702196.

10 Kornmuller A. Cucurbituril for water treatment. Part IlI: Ozonation and oxidative regeneration of cucurbituril /
A. Kornmuller, S. Karcher, M. Jekel // Water Res. — 2001. — Vol. 35, No. 14. — P. 3317-3324>https://dolorg/10.1016/S0043-
1354(01)00039-2

11 Assaf K.I. Cucurbiturils: from synthesis to high-affinity binding and catalysis / K.I. A8saf, W:M. Nau // Chem. Soc. Rev. —
2015. — Vol. 44. — P. 394-418. https://doi.org/10.1039/C4CS00273C

12 Barrow S.J. Cucurbituril-based molecular recognition / S.J. Barrow, S. Kasera, M.J."Rewland, J.del Barrio, O.A. Scherman //
Chem. Rev. — 2015. — Vol. 115. — P. 12320-12406. https://doi.org/10.1021/acs.chemrey.5b00341

13 Isobe H. Ternary Complexes Between DNA, Polyamine, and Cucurbituril. A" Madular Approach to DNA-Binding Molecules
/ H. Isobe, N. Tomita, J.W. Lee, H.-J. Kim, K. Kim, E. Nakamura, // Angew. Chem. Int. Ed. — 2000. — Vol. 39, No. 23. —
P. 4257-4260. https://doi.org/10.1002/1521-3773(20001201)39:23 %3C4257“AID-ANIE4257 %3E3.0.CO;2-6

14 Chen C. Fabrication, characterization and adsorptiohypropetties ofcucurbit[7]uril-functionalized polycaprolactone
electrospun nanofibrous membranes / C. Chen, F. Liu, X. Zhang, Z."Zhao, SjL.iu // Beilstein J. Org. Chem. — 2019. — Vol. 15. —
P. 992-999. https://doi.org/10.3762/bjoc.15.97

15 Tuncel D. Cucurbituril-based Functional Materials / Eds.: D. Tuncel. — Royal Society of Chemistry. — London, 2019. —
303 p. https://pubs.rsc.org/en/content/ebook/978-1-78801-488-5.

16 Cong H. Synthesis and separation of cucurbitfn]urils and their derivatives / H. Cong, X. Ni, X. Xiao, Y. Huang, Q. Zhu,
S. Xue, Z.Tao, L.F. Lindoy, G.Wei // _Org.\\ Biomol. Chem. — 2016. — Vol.14. — P.4335-4364.
https://doi.org/10.1039/C60B00268D.

17 Kim J. New Cucurbituril Homologg@ies: “Syntheses, Isolation, Characterization, and X-ray Crystal Structures of Cucur-
bit[n]Juril (n=5, 7, and 8) / J. Kim, hS. Jung, S.Y.Kim, E. Lee, J.K. Kang, S. Sakamoto, K. Yamaguchi, K. Kim. // J. Am. Chem.
Soc. — 2000. — Vol. 122. — P. 540-541. hitps://doi;0rg/10.1021/ja993376p

18 Day A. Controlling Factorsgin thehSynthesis of Cucurbituril and Its Homologues / A. Day, A.P. Arnold, R.J. Blanch, B
Snushall // The Journal of Organi¢ Chemistry.-— 2001. — Vol. 66, No. 24. — P. 8094-8100. https://doi.org/10.1021/jo015897c.

19 Bardelang D. Cucurhit[njufils (n = 5-8): A Comprehensive Solid State Study / D. Bardelang, K.A. Udachin, D.M. Leek,
J.C. Margeson, G. Chan, Cl. Ratcliffé, J.A. Ripmeester // Cryst. Growth. Des. — 2011. — Vol.11. — P.5598-5614.
https://doi.org/10.1021/CeROTM%Sj

20 Huang W.H.“@ucurbit[n]uril Formation Proceeds by Step-Growth Cyclo-oligomerization / W.H. Huang, P.Y. Zavalij,
L. Isaacs // Journal “of ‘the American Chemical Society. 2008. — Vol.130, No.26. — P.8446-8454.
https://d@ifkg/10.9021/jag0¥3693

21 Patept sWO2000068232A1 Australia. Cucurbiturils and method for synthesis / Day A. ., Arnold A.P., Blanch
R.J. Publigation date 16.11.2000. https://patents.google.com/patent/\WO2000068232A1/en

22 Pansuriya’ A.M. One-pot synthesis of 5-carboxanilide-dihydropyrimidinones using etidronic Acid / A.M. Pansuriya,
M.M. Savant.,;” C.V.Bhuva, J.Singh, Y.T.Naliapara //  Arkivoc. — 2009. — No.7. — P.79-85.
https://doi.org/10.3998/ark.5550190.0010.707

23 Vilapara K.V. Etidronic Acid Promoted Sequential One-Pot Strategy for the Synthesis of 1H-Imidazo[1,2-b]pyrazoles:
A Green Catalyst for Groebke-Blackburn-Bienaymé Reaction / K.V. Vilapara, S.P. Gami, Sh.A. Gadara, Y.T. Naliapara //
ChemistrySelect. — 2019. — Vol. 4. — P. 11235-11238. https://doi.org/10.1002/slct.201902997

24 Savant M.M. Etidronic Acid: a New and Efficient Catalyst for the Synthesis of Novel 5-Nitro-3,4-Dihydropyrimidin-2(1H)-
Ones / M.M. Savant, A.M. Pansuriya, C.V. Bhuva, N.P. Kapuriya, Y.T. Naliapara // Catal. Lett. — 2009. — Vol. 132, No. 1. —
P. 281-284. https://doi.org/10.1007/s10562-009-0112-y

25 Panshina S. New Synthesis of 2,4,6,8-Tetramethyl-2,4,6,8-tetraazabicyclo[3.3.0]octane-3,7-dione Using Etidronic Acid as a
“Green” Catalyst / S. Panshina, O.V. Ponomarenko. A. Bakibaev, V. Malkov // Russian Journal of Organic Chemistry. — 2020. —
Vol. 56, No. 12. — P. 2067-2073. https://doi.org/10.1134/S1070428020120039

6 Bulletin of the Karaganda University


https://doi.org/10.31489/2021Ch1/71-81
https://doi.org/10.1002/chem.201701316
https://doi.org/10.1002/anie.201000420
https://doi.org/10.1002/slct.201702196
https://doi.org/10.1016/S0043-1354(01)00039-2
https://doi.org/10.1016/S0043-1354(01)00039-2
https://doi.org/10.1039/C4CS00273C
https://doi.org/10.1021/acs.chemrev.5b00341
http://dx.doi.org/10.1002/1521-3773(20001201)39:23%3C4257::AID-ANIE4257%3E3.0.CO;2-6
https://doi.org/10.3762/bjoc.15.97
https://pubs.rsc.org/en/content/ebook/978-1-78801-488-5
https://doi.org/10.1039/C6OB00268D
https://doi.org/10.1021/ja993376p
https://doi.org/10.1021/jo015897c
https://doi.org/10.1021/cg201173j
https://doi.org/10.1021/ja8013693
https://patents.google.com/patent/WO2000068232A1/en
https://doi.org/10.3998/аrk.5550190.0010.707
https://doi.org/10.1002/slct.201902997
https://doi.org/10.1007/s10562-009-0112-y
https://doi.org/10.1134/S1070428020120039

Synthesis of Cucurbit[6]uril Using 1-Hydroxyethylidene-...

26 Kabaunuk M.U. Oxcudtunenaudochonosas kuciora u ee npumenerne / M.U. Kabaunuk, H.M. J{atnosa, T.5. Mensensp,
B.U. Buxmas u ap. // Xumudeckasi IpoMbIIIIeHHOCTb. — 1975. — Ne 4, — C. 254-258.

27 JarnoBa H.M. Komriekconsl n komruiekconatel MetaioB / H.M. Jlstiosa, B.S. Temkuna, K.W. [Tomos. — M.: Xumus,
1988. — 544 c.

28 Bakibaev A.A. Efficient Synthesis of Tetraacetylglycoluril in the Presence of Phosphorus-Containing Catalysts /
A.A. Bakibaev, S.Y. Panshina, N.F. Hoang, D.A. Kurgachev, A.E. Ukhov, V.S. Malkov, K.B. Zhumanov // Russian Journal of Or-
ganic Chemistry. — 2021. — Vol. 57, No 1. — P. 58-63. https://doi.org/10.1134/S1070428021010085

C.IO. [Tanmmna, A.A. Bakubaes, A.H. I'ycisxos, B.C. MankoB

Kykypout|[6]ypuaain cunresi 1-ruapoxcudtan-1,1-1udgochon KbIKbLIBIH
«GKACBUI KaTAJM3aTOP» peTiHe NaiajJaHy apKbLIbI )Ky3ere achblpbLibl

Tereponmkini KOCBUIBICTap XUMHACHIHAA Tiukonypui (2,4,6,8-terpaaazadurmkio[3.3.0]okraf3, 7-AHoH)
JKOHE OHBIH TYBIHIBUIAPEI €PEKIIe OPBIH ajazbl. ATar aiTKaHAa, TIMKOIYPHIIIH MaKpPOIMKI L Ey b HIBUIAPH,
KyKypOuT[n]ypmiznep, e3iHiH Oipereil KacuerTepiHe OailJIaHBICTBI COHFBI YaKBITTa YIKEH KbI3BEEYITBNIBIK
Tyasipasl. KykypOut[n]ypuinep ogeTTe Katanu3aTop peTiHae KYLITI MUHEpaIAbl KbIIIKBUTAAPHNE] 1ali1anaHa
OTBIPBIN, TIUKONYPWIIIH napadopMaibAeTHIICH KOHICHCALMSIAHy PEaKLUsIChl dpKbUIbl GUHTE3mene]i.
JKaxprama 6ipkarap 3eprreynep 1-ruapokcusTan-1,1-audochon kemmxeuisHEEH (OO D) reTepormkmm3anus
peaKMsIapbIHAA BIHFAIIIBI OKAaChLI» KaTAlM3aTOp CKeHIH nonenneni. Bys sx§MbICTa OI3)Cyinbl OpTajarbl
«OKaChUI XHMMHS» KaTallM3aTopbl peTiHae KyKypOuT[6]ypun cunTesinze, 1rnapoxcupran-1,1-midochon
KBIIIKBIIBIH aJFall peT KOJJAHABIK. [JIMKomypwi MeH mapadopMaibIeI'WMaTIH KaTaju3aTop peTiHae eKi
SKBUBAICHTTI 1-rHApokcudTaH-1,1-miudocoH KBIIKBUIBIMEH lj 2 KATHIHACBIHAA PEAKIMSICHI KYPTi3iii,
MyHIa 25 % mbeFeIMIa KykypOutypuin rekcamep (N =6) anbiHiph, O9HD \KaTbICybIMEH TIIMKOIYPIIIIIH
napadopMalbIeTUIIIEH peakuusiChl KyKypOWT[6]ypnmi cuHTe3i YINiH OoceKere KaOineTTi omic peTiHae
naifanaHelIysl MYMKiH. OKIIaynaHFaH KyKypOHT[6]ypua FéKcaMephl)aleTOHMEH OHJIENIN, KOHAK-XOCT
OpeKeTTecyl apKpUIBl KOCBUIBIC Oepni. AJBIHFaHy KOGBUIBICTAPABIH KypsUlbIMEI SIMP  xome WK
CHEKTPOCKOIHUACH! apKbUTBl ponengeHi. KykypOut[6]ypun FRIpaTHIHBIH OKMIAyJaHFaH KPHUCTAJIIAPBIHBIH
(ha3arnbIK KypaMsl YHTaK peHTreH ik qudpaknusiver (PO T) ennattanaer. POT Tangays! KpuCTanabIK TOPABIH
Typi MeH l-ruapokcudTas-1,1-mudochoH KBIHMKB KaTBICYBIMEH aJBIHFAH KyKypOWT[6]ypun ruapar
KpHCTAIAAPbIHBIH (Da3aibIK KYpaMbl KIIACCHKANBIK 9AiCTepMEH CHHTE3/IeNreH KyKypOuT[6]ypHi rupaThIHBIH
KpHCTaIAapbIMeH Oip/iell eKeHiH KOPCeTTi.

Kinm ce30epi: xkykypout[6]ypun; 1-ruapoxeustan-1,1-1udocdhoH KeIIKBUIBL, TITHKOIYPUT; mapadopmatb-
nerum; SIMP; «Kaceun» kaTamuzatop, omaromep, «KoHak-XxocT» opeKkeTTecyi.

C.IO. Ianmunna, A.A.|bakubaes, A.H. I'yciskos, B.C. ManbskoB

Cunrte3 KyKypouT[6]ypu/iac ucnoab3oBanuem l-ruapokcudtan-1,1-qrugochonosoii
KHCJI0TBI B Ka4eCTBe «3eJICHOT0 KaTaJIu3aTopa»

B xumuy TEECPOHMKINYECKHX COEAMHEHHMH 0co0oe MecTo 3aHMMarT rmkomypui (2,4,6,8-terpaaasa-
ourmkiofd.3.0JokraH-3,7-a1oH) u ero npou3sBoanble. OCOOEHHO, B IOCIEAHEEe BpeMsi HanOOBIINN HHTEpecC
BBI3BIBAIOT MAKpOUMKINUECKUE TPOU3BO/IHBIC TIMKOIYpHIa — KyKYpOUT[n]ypuiisl, 4TO CBSI3aHO C MX YHH-
KanbHBIMY cBOMeTBaMu. KykypOuT[n]ypHisl 00BIYHO CHHTE3UPYIOT peakIiell KOHICHCAIUH TIUKOIypHIa C
rapahOPMAILIETHIOM C UCIIOIb30BAHHEM CHIBHBIX MHUHEPAIbHBIX KHCIOT B KadecTBe KaTanmm3aTtopa. Co-
BCEM He/1aBHO B psifie paboT OBUIO MTOKa3aHo, 4To 1-ruapokcuitan-1,1-mudochonosas kucnora (O3 /dP) oxa-
3aJ1ach yIOOHBIM «3EJEeHBIM)» KaTalM3aTOPOM B PEaKIUIX TeTepOnnKIN3aniy. B naHHO# paboTe HaMH Briep-
BhIc OFL1a HCIoNb30BaHa 1-ruapokcusTan-1,1-nudochoHoBast kuciaora B CHHTE3e KyKypOuT[6]ypria B Kaye-
CTBE KaTajM3aTopa «3eJeHO XUMHUM» B BOAHOI cpene. [IpoBeneHa peakuus TIMKOIypuia U napadopmanb-
JeTH/a B COOTHOIIEHUH 1: 2 ¢ AByMsl SKBUBaJeHTaMu 1-ruapokcudTaH-1,1-anudocdoHoBoii KHCIOTH B Kade-
CTBE KaTaJM3aTopa, rje rekcamep Kykypourypuia (n = 6) momydex ¢ BbixogoM 25 %. Peakuuro riukomypuna
¢ mapagopmanbaerugom B npucyrctBud OD/1P MOXHO MCHONB30BaTh KaK KOHKYPEHTHBIH METOJ CHHTE3a
KyKypOuT|[6]ypuina. Beinenennsiii rekcamep KyKypOut[6]yprina o6padaTsiBain alleTOHOM, C ITOTyYeHHUEM CO-
€IMHEHHNS 10 TUITy B3anMopeicTBus «I ocTh-x0351H». CTpOeHNE TOTyIeHHBIX COSMHEHUH TOKA3aHO METO-
mamu SIMP un UK-crektpockonmu. ®a3oBbIii COCTaB BBIIEICHHBIX KPHCTAIUIOB KyKypOHT[6]ypuiaruapara
OXapaKkTepr30BaH METOOM MopoiikoBoi peHtreHorpaduu (POA). POA ananmm3 mokasan, 4To THI KPUCTAJ-
JMYECKOM peIeTKH 1 (a30Bblii COCTaB KPHCTAIUIOB THAPATa KYKypOUT[6]ypuia, OIy4eHHBIX B IPUCYTCTBUH
OB /1P, naeHTHYEH KpUCTAIaM THApaTa KyKypOuT[6]ypuia, CHHTE3UpYeMbIM KIaCCHYECKUMHU METOJaMHU.

Knioueswie crosa: xykypour[6]ypun; 1-ruapokcustan-1,1-nudochonoBas kucnora; rimmkonypui; napadgop-
Mmansaerug; IMP; «3enenslit» kaTanuzaTop, oIUroMep, B3auMoaeucTBus «I 0CTh-X03UH».
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