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The chemistry of host—guest molecular complexes has garnered considerable attention in recent years. These
supramolecular systems exhibit a range of unique properties, including interaction selectivity, reversible binding capabilities,
and structural adaptability. Such features make them highly promising candidates for applications in molecular recognition,
targeted drug delivery, chemical sensing, and catalysis [1]. Besides conventional host molecules such as cyclodextrins and
crown ethers [3-4], a new class of macrocyclic compounds—cucurbiturils—has recently gained significant attention due to
its exceptional binding selectivity, remarkable chemical stability across a wide pH range, and distinctive cavity architecture
[5]-

Cucurbit[z]urils (n = 5-8, 10) are a family of macrocyclic molecules composed of glycoluril units linked by
methylene bridges to form a rigid barrel-shaped cavity with a hydrophobic interior and polar carbonyl portals (Figure 1) [6].
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Figure 1 Molecular structures of cucurbit[n = 5-8, 10]urils [6]

The study of cucurbit[n]urils (Q[n]s) began in 1905, when Behrend and coworkers [7] synthesized a white solid later
identified as Q[6], although its exact structure and composition remained unknown at the time. It was not until 1980 that
Freeman and coworkers [8] returned to this compound and successfully elucidated the structure of Q[6] using X-ray
crystallography. Following this breakthrough, Q[6] found applications in the coordination of metal ions and the
encapsulation of small guest molecules. The field experienced a significant surge of interest after Kim and Day reported the
synthesis of various Q[n] homologues in 2000 and 2001 [9-10], paving the way for extensive research in diverse fields such
as molecular sensing, catalysis, targeted drug delivery, nanotechnology, and the development of stimuli-responsive materials.

Typical cucurbit[n]uril homologues consist of n glycoluril units linked by 2n methylene bridges (Figure 1), forming
macrocyclic structures with variable-sized hydrophobic cavities. These cavities are flanked by two polar portals with
carbonyl groups possessing a negative electrostatic potential, while the outer surface of the molecule carries a positive
electrostatic potential. Due to this unique architecture, Q[n] are able to encapsulate hydrophobic guests of appropriate sizes,
coordinate metal ions in their portals, and interact with electronegative species through their outer surfaces. As a result,
numerous Q[n]-based complexes have been described, incorporating a wide range of metal ions, anions, and charged organic
molecules.

In 2002 Blanch and coworkers [11] demonstrated that o-carborane can be deeply encapsulated in the cucurbit[7]uril
cavity, forminga stable complex characterized by a pronounced chemical shift in NMR spectroscopy, indicating strong and
specific host-guest interactions. This system can be viewed as a molecular analogue of a ball bearing, in which the carborane
is free to rotate within the cucurbituril cavity. This behavior opens up possibilities for the development of dynamic
nanostructures, sensors, and molecular machines. Furthermore, the complex exhibits remarkable stability under acidic
conditions and a strong selectivity for cucurbit[7]uril over other homologues, highlighting the potential of carborane as a
highly specific guest for the targeted synthesis and functionalization of cucurbiturils. In this study, we investigated the
complexation of cucurbit[5-8]urils with o-carborane using computational chemistry tools, specifically the semiempirical
PM7 method implemented in the Gaussian 16 software package.

o-Carborane, formally known as 1,2-dicarbadodecaborane(12), is a highly stable organoboron compound with the
formula C,H12B1o. It has a nearly spherical icosahedral cluster structure with C2v symmetry, where two carbon atoms replace
the boron atoms in the closo-dodecaborane framework (Figure 2).
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a) structural formula b) 3D molecular model
Figure 2 o-Carborane

This unique geometry of o-carborane provides exceptional thermal and chemical stability with a melting point of
about 320 °C and resistance to decomposition under harsh conditions. o-Carborane is insoluble in water but exhibits limited
solubility in organic solvents such as chloroform and DMSO. Its electron-deficient framework and, ability to undergo
substitution reactions make it a versatile building block in coordination chemistry, materials science, and medicinal
chemistry. In particular, o-carborane has been used as a bulk ligand scaffold in organophosphorus compounds, facilitating
the development of heat-resistant polymers and boron neutron capture therapy agents.

At the beginning of our computational study, we optimized the geometry of o-corborane and cucurbit[5-8]urils using
the semiempirical PM7 method. The resulting structures were then used for semiempirical modeling of inclusion

complexes between cucurbit[5-8]urils and o-carborane (Figure 3).
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Figure 3 Scheme of complex formation between o-carborane and cucurbit[7Juril
Next, we estimated the complexation energy using the following formula:
AE comp=Eoui(complex)-(Eowi(0-carborane)+E i cucurbituril), (1)

according to which the complexation energy is equal to the difference between the total energy of the complex and
the sum of the total energies of o-carborane and curcubituril (Table 1).

Table 1 - Complex formation energy for the complexes between cucurbit[5-8]urils and o-carborane. Calculation
method PM7, vacuum

Macromolecule Euta(complex), Etai(cucurbituril), Eotal(0- AEcomp, AEcomp, kcal/mol
A.U. A.U. carborane), A.U. A.U.

cucurbit[5]uril -0.096367 -0.351580 0.300588 188.6219759

cucurbit[6]uril -0.527115 -0.402709 -0.045375 -0.079031 -49.59274281

cucurbit[7]uril -0.595346 -0.457632 ' -0.092339 -57.94364589

cucurbit[8]uril -0.673260 -0.543794 -0.084091 -52.76794341

As can be seen from the data presented in Table 1, the best complexation energy is observed for the o-corborane
complex with cucurbit[7]uril. For this case, the complexation energy was -57.94 kcal/mol, which is 5 kcal/mol lower than in
the case of cucurbit[8]uril and 8 kcal/mol lower than in the case of cucurbit[6]uril. Complexation with cucurbit[5]uril has a
positive complexation energy, indicating the absence of effective interaction between the "guest" and "host" molecules in
this case. It may be due to the discrepancy between the size of the cavity of cucurbit[5]uril and the size of the o-carborane
molecule - the cavity of cucurbit[5]uril is too small to accommodate the carborane molecule (Figure 4). In the case of
cucurbit[8]Juril we observe the opposite picture - the cavity of cucurbit[8]uril is too large and the o-carborane molecule
"falls" through cucurbit[8]uril.
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Figure 4 Molecular models of complexes between cucurbit[5-8]urils and o-carborane

It should be noted that the efficiency of binding o-carborane with cucurbit[7]uril is confirmed by the experimental
data of Blanch and coworkers [11], who succeeded in synthesizing a complex of o-carborane only with cucurbit[7]uril. In
cases with other curcubiturils, they did not observe the formation of a complex with o-carborane.
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KEWBIP s-f- 3JIEMEHTTEPI TEJLIYP OKCOKOCBLIBICTAPBIHBIH CUHTE3I,
PEHTI'EHAIK )KOHE TEPMOXNMMWAJIBIK CHITATTAMAJIAPBI

Pycrembexos K.T., akanemuk E.A. bexeroB arsinnarsl Kaparauasl yauepcuteti, Kaparannel, Kasakcran
HasaersipoBa Bb.C., akanemuk E.A. Bekero ateianarsl Kaparanas! yausepeureri, Kaparannbl, Kazakcran
Toii0ek, akagemuk E.A. bexeroB ateiHnarsl Kaparauner yauBepcureti, Kaparanasl, Kazakcran

Cupek xep snementrepiHid (CXD) OTTEKTI KOCBUIBICTAaphI, aTall -aWTKaHAa TEJUTypUTTEPi, ONApIbIH TYPaKThI
KPHUCTAIIBIK KYPBUIBIMIAPBI, KOFAphl TEPMUSUIBIK TYPaKTBUIBIFBI JKOHE JKAPTHUIAH OTKI3Tilll KACHUEeTTepi apKachIHIA
(yHKIMOHAJIBI MaTepUaNIap PETiHIEC 3epTTEYLIIEPIiH KOl HazapblH aygapyna. Onap MHKPO- KOHE OINTOAJICKTPOHHUKA/IA,
TEPMOBJIEKTPIIK TYpPJICHIIPrilITepAe KOHE CEHCOPIBIK KYpBUIFbLIapAa MepcHekTuBaibl Koiganyra ue [1,2]. Cintinik (Na,
K) »xoHne cintinik xep MeranmapbiabiH (Ca, Mg) KaTHOHAAPBIH KAMTHTBIH KYPJACHTi TEJUTYPUTTEP, MBICAJbI, IEPOBCKUTKE
YKCac KypbUIbIMAAP/BI TY3II, SIEKTPIIIK KOHE ONTHUKAJIBIK KACUETTEPAl peTTeyre MyMKiHIIK Oepeni [3, 4]. Anaiina, Marauii
CHSKTBI Killll PagdycThl KaTHOHAAPAbl Hemece HTTPUH CusKThl ayblp CIXKD-Tepmi KaMTHTBIH KOCBUIBICTap IKyHeni
3epTTeIMEreH.

by sxymerc Tm?" sxone Yb*" monmaps! Oap eki xxaHa KocbUIBICTEI — TmMgTeOa.s sxore YbKTeOs — cunTe3neyre
JKOHE OJIapbIH (Da3aNIbIK Ta3aJIbIFbIH PEHTTeH(A3aIIBIK Ty d/IiCIMEH 3epPTTEyTre apHaAJIFaH.

KochuibicTapabl CHHTE3/ICY YIIIH «aHATK3 YIIH Ta3za» Mapkaisl Oactankbl 3attap: Tma20s, Yb20s, TeO2, MgCOs
xoHe KoCOs xommaHburnpl. bacramkel 3aTrtap op TYpii THTPOCKONMSUIBIKTHIKKA W€ OOJNFaHABIKTAH, OJNApAbl BIIBIpAY
TeMIIepaTypachblHa JIeiiH alablH ana KyHaipy *Kypri3ingi. Op0ip KOCBUIBIC YUIIH 0acTamKbl 3aTTap/blH CTEXHOMETPHSIIBIK
MeJIIIepliepi aHaTUTHKAJIBIK Tapa3blia TOPTIHIN OHABIK Oenrire AeiiHTi pongikmeH exmenai. CTeXHOMeTPHSUTBIK KocTanap
arat keqige 30 MUHYT OOMBI MYKHAT YT JKoHE OIPTEKTiNIKKe )KETKEHILE apaacThIPbUIIBL

AJNBIHFaH OIpTEeKTI KOCHMAJap ANXyH] THUrENbIEpre CAaIbIHBIN, aya aTMoc(epachlHIa CENUTTI MeITe KOm Ke3eHII
TEPMUSUIBIK OHACYIeH oTKi3ial. Kyldaipy pe:xumi 3usiHIbI bIIbIPAY OHIMIEPIH O0JIABIPMAY KOHE Tere-TeHIIK (a3achiH TY3y
Y TaHganasl. TepMUSUIBIK ©HACY TopTidi Keeciei OommbL:

1. MgCO; >300°C, K,COs biabipaybin KamTaMachid ety yiuiH 400°C temmnepatypaga 10 carar Ooifbl anjiblH ana
Kkyinipy. bacrankp! ¢azanbik Ty3iny ymin 800°C temneparypana 10 caraT 60ibl KYHIipy.

2. Kpucrammanynsl askray skoHe (azanbik OipTekTinmikTi apTTeipy ymin 1000°C temneparypama 15 carat GoibI
Ky#Haipy.

3. Konimri xarmatina TypakTs! Kochuiblc amy yimin 400°C-ta 10 caraT kyinipy

OpOip TEPMUAIBIK OHJCY KE3CHIHEH KEWiH YJTUIep MEIITeH IIbIFapbuIb, TaOUFH Typae OenMe TemieparypachiHa
JeitiH canKeHAaThUIAEL. Da3aibK OIPTEKTLMIKTI KAKCApTy JKOHE arperaTTaHyasl Oy3y MakcaThIMEH YITLIep araT Kellije
KalTagaH YHTaKTaJbII, apaiacThIPbUIALL.

AJBIHFaH YHTaKTapAblH (ha3aiblK Ta3aJbIFbIH KOHE KPUCTAIIBIK KYPBUIBIMIAPBIH aHBIKTAY YIIIH PEHTTeH(a3aIbIK
tangay (P®A) xyprizinai. Tanmay JIPOH-2.0 mudpakromerpinae xyprizurin, CuKo-coyneneny ke3i (Ni-¢punbtp, 30 kB
kepHey, 10 MA Tok) xonmanbuiabsl. Ckanepiiey 2 rpaj/MUH >KbUiaamablKneH 20 OypbimbiHblH 10°-Tan 90°-xa aewiHri
apalbIFbIHIAA KYPTi3uai. JIMGpakuusuiblK MaKCUMYMIApAbIH KApKbIHABUIBIFBl CalbICThIpManbl 100 OaiiblK —IIKaia
OoifbiHIIa OaranaHabsl. OpOip CblHAMa YILIIH PEHTTeHOIpaMMaHbl MHIMLUPIEY TOMOJIOTHS OMICi apKbUIBI »Kyprizinai [5].
TTMKHOMETPITIK THIFBI3IBIKTAPBIH aHBIKTAYJa MHANMOEPEHTTI CYHBIK peTiHae TeTpaOpOMAITAaH KOJAAHBLIbIN, Oenrii oici [6]
OOMBIHIIIA AHBIKTAJIJIBL.
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