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SUPRAMOLECULAR SELF-ASSEMBLY OF D-PINITOL
WITH CYCLODEXTRINES

Abstract. Water-soluble mixed complexes of D-pinitol with cyclodextrins in the
ratio 1:1 composition were formedby the supramolecular interaction. The structure of
supracomplexeswas studied by NMR spectroscopy methods.

Keywords: D-pinitol, cyclodextrins, supramolecular complexes, NMR spectroscopy.

One of the most promising and intensively developing areas of modern sup-
ramolecular chemistry is the preparation and investigation of complexes of
biologically active compounds of plant origin with cyclodextrins (CDs) [1-5]. It is
known, that inclusion supramolecular complexes of CDs with biologically active
compounds make it possible to regulate the solubility of the latter in water, reduce
their toxicity, permit the transfer of liquid substances to solid substances, and
increase the stability of substances to oxidation and hydrolysis [6-8].

The choice of D-pinitol(1) as a substrate of supramolecular self-assembly is
due to the fact that this compound of plant origin has antidiabetic and hypo-
glycemic properties and it is very promising for use in pharmaceutics [9].

1

CDs are relatively affordable compounds, manufactured from renewable raw
materials such as starch. The a-, - and y-CDs containingglucopyranose units are
the most common ones. The increased interest in CDs is primarily due to their
cyclic structure and the ability to form supramolecular host-guest inclusion
complexes with a variety of hydrophobic guests due to the internal cavity [10,
11]. The attractiveness of CDs as host molecules in the formation of inclusion
complexes is also explained by their nontoxicity.
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In supramolecular chemistry, the size and shape or geometric comple-
mentarity of the interacting components play a decisive role; therefore, a-, - and
v-CDs of various sizes of the internal cavity as well as the more hydrophilized 2-
HP-B-CD (2-hydroxy-B-CD) were used to obtain complexes with the substrate.

Supramolecular complexes of 1 with a-, B-, y- and 2-HP-B-CDs were ob-
tained by the interaction of equimolecular amounts of substrate with receptors in
ethanol solutions of reacting substances at 50°C for 5 hours followed by isolation
of supracomplexes drying.

Investigation of supramolecular complexes of 1 with CDs by NMR spectro-
scopyis based on the determination of the difference in the values of *H chemical
shifts of substratel and receptors (CDs) in the free state and in the composition of
complexes as a result of intermolecular interaction. One can judge the formation
of internal or external complexes, respectively, according to the change of the
value of chemical shifts of internal or external protons of CDs. The change in the
chemical shifts of '"H NMR in the spectra of the substrate makes it possible to
determine the direction of entry of the latter in the cavity of CDs [12, 13].

The substrate of supramolecular self-assembly 1 was obtained from
SilenebranhuicaBoiss collected in the South Kazakhstan region in natural habitats
and isolated by water-ethanol and isobutanol extraction [9]. Its structurewas
established based on the results of *H and *C NMR spectroscopy obtained in
DMSO-d; (table 1). The correctness of the assignment of one-dimensional *H and
3C NMR spectra of 1 was confirmed by two-dimensional correlations of the
NMR spectra such as 'H-'HTOCSY, 'H-'HROESY, 'H-CHMQCand'H-
BBCHMBCand coincided with the published results [9, 14, 15].

'H NMR spectra data of a-, B-, y- and 2-HP-B-CDs in the free state and sup-
ramolecular complexes on their basis with 1 obtained in D,O are represented in
tables 2 and 1.

Table 1 — The values of the chemical shifts of ‘Hand**C NMR of 1
in the free state (5o, DMSO-dg) and in the composition of the complexes (8, D,O), ppm

C atom " ) & (*H) in the complex with
No 3 (°C) 8o ('H)
- a-CD B-CD y-CD 2-HP-B-CD

1 7252 | 3.34m, 4.41d (OH) Signals of CDs are overlapped by signals of 1

2 73.12 | 3.60m, 4.64 d (OH) Signals of CDs are overlapped by signals of 1

3 71.45 | 3.47m, 4.38d (OH) Signals of CDs are overlapped by signals of 1

4 72.92 | 3.60m, 4.55d (OH) Signals of CDs are overlapped by signals of 1

5 70.61 | 3.34m, 4.25d (OH) Signals of CDs are overlapped by signals of 1

6 84.33 297t 3.28t 3.209t 3.28t 3.20t
6-OCH; | 60.15 3.41s Signals of CDs are overlapped by signals of 1
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Table 2 — The *HNMR chemical shiftsof a-, B-, y- and 2-HP-CDs
in the free state (8o) and in the composition of the complexes (3), ppm

H a-CD B-CD v-CD 2-HP-CD

atom — _ _ —
AS= AS= AS= AS=
No. | Qo | 8 5510 | & | 55 | % | O |55 | % | 0 | 55

491|500 0.09 |4.87|502| 015 | 496 | 505 | 0.09 | 492 | 495 | 0.03
349|358 | 0.09 |345|360| 015 | 351 | 3.60 | 0.09 | 3.46 | 3.48 | 0.02
3.84|3.93| 0.09 (377391 014 | 3.78 | 3.88 | 0.10 | 3.87 | 3.86 | -0.01
3.441353| 0.09 339|354 | 015 | 3.44 | 353 | 0.09 | 3.46 | 3.48 | 0.02
3.71|3.82| 0.09 |[3.68|383| 014 | 3.72 | 381 | 0.09 | 372|374 | 0.02
3.71382| 011 |3.68|3.83| 014 | 3.72 | 381 | 0.09 | 3.72 | 3.74| 0.02

oW [IN|F

A comparison of the integrated intensities of the "H NMR signals of the
molecule of 1 with a-, B-, y-, and 2-HP-B-CDs in supramolecular complexes has
shown that 1 forms complexes of 1:1 composition with all CDs.

Changes in the proton chemical shifts in cyclodextrin molecules A occurred
to an equal extent both for the internal hydrophobic protons H-3, H-5 and H-6,
and for protons located in the outer hydrophilic surface H-1, H-2 and H-4at the
formation of supramolecular complexes 1 with all CDs. Changes in the chemical
shifts of the proton H-6in the molecule of 1 occurred to an equal extent in all the
complexes formed by a-, B-, and y-CDs. The chemical shifts of the proton H-6 in
the complexes of 1 with 2-HP-B-CD were slightly different. Due to the similarity
in the chemical structure of CDs with molecule 1, almost all the proton signals of
the substrate were not resolved because of the superimposition of cyclodextrin
NMR responses on them. Integral intensities of the protons of CDs molecules
were 6-8 times larger in magnitude than the corresponding signals of the mole-
cule 1. It can be assumed on the basis of the data obtained that the main inter-
action factors are hydrophilic interactions through hydroxyl-groups of interacting
molecules with the formation of inclusion complexes, and complexes without
inclusion in the supramolecular self-assembly of 1 with CDs molecules [16, 17].
The water-soluble aggregates formed thereby are able to solubilize the lipophilic
molecules of substrate 1 through non-inclusive complexation [18]. This is confir-
med by the good solubility of the obtained supramolecular aggregates of 1 with
CDs in aqueous solutions.

In order to direct search of "candidate compounds” with the desired types of
pharmacological activity, substrate 1was tested using the PASSonline program
(http://wvww.pharmaexpert.ru/passonline). The computer program PASSonline is
based on the principle of "sliding control” of databases of chemical compounds,
and allows selecting the most promising from the set of substances, i.e. with the
desired pharmacological properties. The accuracy of the prediction of biological
activity is 94% [19]. It is established that lpotentially has a wide range of
pharmacological properties as a result of PASS-prediction (table 3).
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Table 3 — PASS prediction data of the compound 1

Type of Probability, Type of Probability,
biologicalactivity % biologicalactivity %
Anti-seborrheic 86 Antidiskinetic 67
Anti-eczemic 82 Fibrinolytic 67
Vasoprotective 77 Anthelmintic 63
Antineoplastic 77 Cytoprotective 62
Analeptic 69 Anti-infectious 58
Lipotropic 67 Anti-inflammatory 58

As can be seen from table 3, antiseborrhoea and antiparasitic activities are
predicted for the molecule 1 with a comparatively high probability of experi-
mental confirmation, as well as other promising pharmacological properties.

Despite of the fact that the computer prediction data does not allow one to
state absolutely exactly whether the substance under study will have predictable
activity, nevertheless, the use of computer programs like PASSonline allows
selecting the most promising substances for in-depth study in biological test
systems invitro and invivo from the set of substances.

EXPERIMENTAL PART

The a-, B-, y- and 2-HP-B-CDs of “Fluka”company were used in the work
with a purity of 99%; The *H and **C NMR spectra were recorded in DMSO-ds
(1) and D,O (complexes) on a JNM-ECA Jeol400 spectrometer (399.78 and
100.53 MHz, respectively). Chemical shifts are measured relative to signals of
residual protons or carbon atoms of deuterated dimethyl sulfoxide.
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D-ITMHUTOJIABIH HTUKJIOAEKCTPMHAEPMEH
CYIIPAMOIJIEKYJIAJIBI ©31H-O31 K¥PAVYbI

D-nUHATONABIH LUKIOASKCTPUHICPMEH CYNPaMOJICKYJIANBIK SPEKETTeCYi apKbLIbI
omapaeiH 1:1 KaTeiHAC KypaMJarel CyJa €pHTIH apanac kemeHzmep Ty3uimi. Cympaxe-
meHep Kypsutbickl IMP criekTpocKomus omicTepMeH 3epTTEIiHII.

Tyiiin ce3mep: D-IuHUTON, NUMKIOAEKCTPUHIEP, CYIPaMOJIEKYJanbl KeIICHIED,
SMP cnexTpockomnusi.
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CVYIIPAMOJIEKVYJISIPHASI CAMOCBOPKA
D-ITMHUTOJIA C HUKIJIIOJAEKCTPUHAMU

[lyrem cympamomnexyisipHOTo B3amMmojeicTBus D-muHuTONA ¢ MUKIIOAEKCTPUHAME
00pa30BaHBl BOJIOPACTBOPHMEIE CMEIIaHHBIE KOMIUIEKCHI COCTaBa B cooTHomeHnn 1:1.
CtpoeHne CynpakoMIUIEKCOB U3YYeHO METOJIaMH CieKTpockonuu SIMP.

KaioueBsbie cioBa: D-nuHHUTON,IUKIONEKCTPHUHBI, CYNPaMOJIEKYJISIPHbIE KOMILIEK-
cbl, cnektpockonus SAMP.
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