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During the attempts to obtain inclusion compounds of “guest-host” type of dimeric p-cyclodextrin derivatives, formed
by the ether bond bridge, with organic acids of various nature an unusual easy cleavage of ether bond occurrs with
the formation of inclusion compound of S-cyclodextrin with corresponding acid. Dimeric dicationic -cyclodextrin
derivatives form corresponding inclusion compounds with molecular ratio of 1:1. The possible mechanisms of such
behavior are proposed. The structure of inclusion compounds was confirmed by *H and 3C NMR spectroscopy, and
elemental analysis.
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Introduction

Ipu nonvimke nonyuenus coeOUHeHUll KIIOUEHUS MUNA «20CMb-XO035UHY» OUMEPHBIX NPOU3EOOHBIX [-YUKIO0EKCMPUNA,
06PA308AHHBIX MOCTIUKOM U3 NPOCMOU PUPHOU CA3U, C OPAHUNECKUMU KUCTOMAMU PA3HOU NPUPOObL HEOMHCUOAHHO
npousouten AesKull 2uopou3 npocmot IQPUPHOU Céa3u ¢ 00PA308aHUeM COCOUHEHUL BKIIOYEHUs [-YUUKI00eKCMpPUHa ¢
coomsemcmeyoweli KUciomotl. JJumepHvie OUKAMUOHHbLE NPOU3BOOHbBLE [-YUKIOOEKCMPUHA 00PA306bI8ATU COOMEEN -
cmeyrouue coeOUHeHUs: BKIIYEHUSL MONEeKYIAPHO20 omHouteHus 1:1. TIpednodicenvl 603MOICHbIE MEXAHUZMbL MAKO20
nosedenus. Cmpoenue noay4eHHbX coeOuHenull 6KmoYenys noomsepocoeno cnexkmpockonuesi AMP *H, BC u ane-
MEHMHBIM AHATUZOM.

Kutouessle ciioBa: [{uk100eKCTpUHBL, JUMEPHBIE IPOU3BOIHBIE, COETUHEHUS BKIIOUEHUS, TOCTh, XO35UH,
MOJIEKYJISIpHBIE KOHTEHHEPBI, TpocTast 3upHas CBs3b, crieKTpockomnus SIMP.

is caused by their cyclic structure and the presence of an
internal hydrophobic cavity capable of forming guest-host
inclusion compounds with various organic substrates. This

It is well known that a-, B-, and y-cyclodextrins (CDs)
(Figure 1) are unique objects which have found wide appli-
cation in various fields of science and technics (see, for
instance, monograph™). The main interest in cyclodextrins
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CDs property attracts much attention in pharmacology where
they used as molecular containers for numerous drugs.
Such encapsulation usually enhances bioaccessibility,
solubility in water and protects drugs from biodegradation.
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Figure 2. Dimeric dicationic B-CD and methotrexate.

Recently, we paid our attention to dimeric derivatives
of B-CD, which due to the presence of two internal cy-
clodextrin cavities in one molecule, their spatial proximity
and other properties of these derivatives, have an increased
so-called cooperative (not additive) effect with respect to
the inclusion of numerous guests.? Thus, for example, di-
meric dicationic derivative of B-CD (Figure 2), as a ditopic
host, easily forms more strong inclusion compound with the
well-known antitumour compound methotrexate than origi-
nal monomeric 8-CD 1.4

It is important that primary hydroxyl groups of 3-CD
are easily undergo etherification by alcohols and glycols with
the formation of corresponding monomeric and dimeric CD
derivatives containing ether bond.®! This reveals high oppor-
tunities for the direct synthesis (with no using protective
groups) of numerous B-CD dimeric derivatives.

Another little-known but important aspect of dimeric
CDs application is that they can be represented as so-called
bolaamphiphiles, i.e., amphiphilic molecules with two hy-
drophilic groups at the ends of the relatively long hydro-
phobic hydrocarbon chain. The presence of the second hy-
drophilic head dramatically increases the solubility in wa-
ter, increases the critical concentration of the micelle for-
mation, which allows these bolaamphiphiles to form a vari-
ety of ensembles in water, i.e., spheres, cylinders, disks,
vesicles, etc. Therefore, it was of a special interest to con-
sider the application opportunity of some dimeric CD de-
rivatives as hosts for guests representing practical interest.
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Experimental

IH and 13C NMR spectra were recorded on a JEOL ECX-
400 spectrometer at the frequencies 399.78 and 100.53 MHz, re-
spectively. The *H and 3C chemical shifts are presented relative
to tetramethylsilane in a solution of [D6]DMSO. Elemental anal-
yses were performed on a FlashEA 1112 HT instrument. For com-
pounds 6, 10 — 18 thin layer chromatography was performed on
aluminum plates with fixed layer of SiO2 (Silufol UV-254), elu-
ent: acetonitrile-chloroform (1:1).

Di-6,6-dideoxy-6,6 -(1-methylethane-1,2-diyldiammonium)-
p-cyclodextrin diiodide (6). 0.0296 g (0.40 mmol) of 1-methyl-1,2-
diamine were added at stirring to a solution of 1.00 g (0.80 mmol)
of mono(6-iodo-6-deoxy)-p-cyclodextrin(® in 15 mL of DMF. The
solution was stirred for 40 hrs at 120-130 °C. The reaction mixture
was concentrated in a vacuum to 5 mL, diluted with 5 mL of ace-
tone, the mixture was stirred, the separated precipitate was filtered
off, washed consecutively with acetone (2x5 mL), diethyl ether
(2x5 mL), and dried in a vacuum (1 mm Hg) for 4 hrs at 80 °C.
Yield: 0.73 g (71%); m.p. 252-254 °C (decomp.); Rf =0.69. Found, %:
C 40.35, H 5.76, N 1.04. Cs7H14812N20ss requires C 40.76, H 5.82,
N 1.09. *H NMR &x ppm: 1.05 t (3H, CHz, %) = 6.8 Hz), 2.45-2.48 m
(1H, NCH(CHz3)), 2.51 d (2H, NCHz, 3] = 7.3 Hz), 3.29-3.32 m
(28H, C®H2), 3.57-3.59 m (56H, C?H-C°H), 4.44 brs (12H,
CS0H), 4.78-4.83 m (14H, C'H), 5.72 br.s (28H, C?0H, C°0OH),
7.43 s (4H, (NH*2)2). 3C NMR &c ppm: 19.2 (CHs), 30.1 (CH),
37.5 (NCHy), 56.3 (C®1), 60.4 (C®), 69.2 (C™), 72.5 (C®), 72.9(C?),
73.6 (C®), 82.0 (C*), 84.0 (C*), 102.5 (CY).

Inclusion compound 10. A) 0.056 g (0.27 mmol) of 2-(4-
isobutylphenyl)propionic acid 7 were added at stirring to a solu-
tion of 0.212 g (0.09 mmol) of dimer 2 in 5 mL of H20. The solu-
tion was stirred for 4 hrs at 70 °C and stood overnight at 20 °C.
The separated precipitate was filtered off, washed consecutively
with water (5 mL), acetone (5 mL), and dried in a vacuum (1 mm
Hg) for 4 hrs at 80 °C. Yield: 0.122 g; m.p. 251-254 °C (decomp.);

! Hereinafter strokes mark the CD C6' carbon atoms of a glycoside
unit at which the hydroxyl groups are substituted; C5' and C4'
carbon atoms do not contain substituents, but, in NMR *3C spec-
tra, they respond to the presence of substituents at C6' in the same
glycoside unit.
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Rt = 0.69. Found, %: C 48.76, H 6.55. CssHssOs7 requires C 49.25,
H 6.61. *H NMR &n ppm: B-cyclodextrin 1: 3.29-3.32 m (14H,
C%H2), 3.57-3.59 m (28H, C?H-C°H), 4.44 br.s (7H, C°0OH), 4.78-
479 m (7H, C'H), 5.67 brs (14H, C?0OH, C3OH); 2-(4-
isobutylphenyl)propionic acid 7: 0.82 d (6H, (CHa)2, 3J = 6.4 Hz),
1.29 d (3H, CHs, 3J = 7.3 Hz), 1.76 (m, 1H, CH), 2.37 d (2H,
CHz, 3) = 6.9 Hz), 3.75 s (1H, CH(CHs)COOH), 7.06 d (2H,
CaromH, %) = 7.8 Hz), 7.14 d (2H, CaromH, 3] = 8.3 Hz), 12.21 s
(1H, COOH). 3C NMR &c ppm: g-cyclodextrin 1: 60.4 (CS), 72.5-
73.6 (C?, C3, ), 82.0 (C%), 102.5 (CY); 2-(4-isobutylphenyl)propionic
acid 7: 19.3 (CHs), 22.7 ((CHs)2), 30.0 (CH), 39.9 (CH(CH3)COOH),
40.6 (CHz), 127.8 (C3arom, CProm), 129.9 (C%rom, C®rom), 139.2
(C*arom), 140.1 (Clarom), 176.1 (COOH). B) Inclusion compound 10
was prepared similarly to method A from 0.0526 g (0.255 mmol)
of 2-(4-isobutylphenyl)propionic acid (7) and 0.20 g (0.085 mmol)
of dimer 3. Yield: 0.102 g; m.p. 248-251 °C (decomp.); Rt = 0.70.
Data of 'H and 3C NMR spectra were similar to those registered
for the inclusion compound 10 obtained by method A.

Inclusion compound 11 was prepared similarly to inclusion
compound 10 from 0.0311 g (0.255 mmol) of benzoic acid 8 and
0.20 g (0.085 mmol) of dimer 3. Yield: 0.060 g; m.p. 219-222 °C
(decomp.); Rt = 0.56. Found, %: C 46.35, H 6.03. Cs9H76037 re-
quires C 46.82, H 6.09. *H NMR &1 ppm: g-cyclodextrin 1: 3.32-
3.58 m (14H, C®Hy), 3.59-3.62 m (28H, C2H-C5H), 4.44 br.s (7H,
CS0H), 4.78-4.79 m (7H, C*H), 5.67 br.s (14H, C?0OH, C30H);
benzoic acid 8: 7.47 d (2H, CmetaH, 3J = 7.8 Hz), 7.89 d (1H,
CparaH, 3J = 7.6 Hz), 7.91 d (2H, CortoH, 3J = 6.8 Hz), 12.95 s (1H,
COOH). 3C NMR &c ppm: g-cyclodextrin 1: 60.4 (C8), 72.5-73.6
(C?, C3, CP), 82.0 (C*, 102.5 (CY); benzoic acid 8: 129.1 (Crmeta),
129.8 (Cpara), 131.3 (Cortho), 133.4 (Cipso), 167.9 (COOH).

Inclusion compound 12 was prepared similarly to inclusion
compound 10 from 0.0133 g (0.13 mmol) of valeric acid 9 and
0.10 g (0.0433 mmol) of dimer 3. Yield: 0.053 g; m.p. 217-220 °C
(decomp.), Rf = 0.59. Found, %: C 45.17, H 6.45. C47Hs0Oz37 re-
quires C 45.63, H 6.52. 'TH NMR &1 ppm: g-cyclodextrin 1: 3.29-
3.31 m (14H, C®H2), 3.58-3.62 m (28H, C?H-C°H), 4.43 br.s (7H,
C0H), 4.78-4.79 m (7H, C'H), 5.67 br.s (14H, C?0OH, C30H);
valeric acid 9: 0.84 t (3H, CHs, %) = 7.3 Hz), 1.23-1.25 m (2H,
CH3CHz), 1.42-144 m (2H, CH.CH.COOH), 2.15 d (2H,
CH>COOH, 3J = 7.3 Hz), 11.94 s (1H, COOH). 3C NMR &c ppm:
p-cyclodextrin 1: 60.4 (CP), 72.5-73.6 (C?, C3, (%), 82.0 (C%,
102.5 (CY); valeric acid 9: 14.0 (CHs), 22.2 (CH3CH2), 26.9
(CH2CH2COOH), 33.8 (CH2COOH), 178.1 (COOH).

Inclusion compound 13 was prepared similarly to inclusion
compound 10 from 0.0241 g (0.117 mmol) of 2-(4-isobutylphenyl)pro-
pionic acid 7 and 0.10 g (0.039 mmol) of dimer 6. Yield: 0.0551 g
(51%); m.p. 248-250 °C (decomp.), R = 0.53. Found, %: C 43.00,
H 5.90, N 0.95. C100H16sN212070 requires C 43.36, H 6.04, N1.01.
'H NMR &1 ppm: dimer 6: 1.07 t (3H, CHs, 3J = 6.8 Hz), 2.45-
2.48 m (1H, NCH(CHBa)), 2.52 d (2H, NCHz, 3] = 7.3 Hz), 3.29-
3.32 m (28H, C®Hy2), 3.57-3.59 m (56H, C?H-C°H), 4.44 br.s (12H,
CS0OH), 4.78-4.83 m (14H, C'H), 5.72 br.s (28H, C?0OH, C30H)
7.41-7.45 m (4H, (NH*2)2); 2-(4-isobutylphenyl)propionic acid 7:
0.80 d (6H, (CHs)2 %] = 6.4 Hz), 1.34 d (3H, CHs, 3] = 6.8 Hz),
1.74-1.79 m (1H, CH), 2.38 d (2H, CHz, 3] = 6.9 Hz), 3.79 s (1H,
CH(CH3)COOH), 7.07 d (2H, CaromH, %J = 8.2 Hz), 7.16 d (2H,
CaromH, 3J = 7.8 Hz), 12.14 s (1H, COOH). 3C NMR &c ppm:
dimer 6: 30.0 (CHs), 32.5 (NCH(CH3)CH:zN), 56.3 (C%), 57.1
(CH), 60.4 (C®), 69.2 (C%), 72.5 (C5), 72.9(C?), 73.6 (C3), 82.0
(C%, 84.0 (C*), 102.5 (CY); 2-(4-isobutylphenyl)propionic acid 7:
19.2 (CHs), 22.7 ((CHs)2), 30.1 (CH), 40.5 (CH(CHs)COOH), 44.8
(CH>), 126.0-127.6 (CZarom, CZarom), 128.6-129.4 (CZarom, CCarom), 139.3
(C*arom), 139.9 (Clarom), 176.3 (COOH).

Inclusion compound 14 was prepared similarly to inclusion
compound 10 from 0.0151 g (0.124 mmol) of benzoic acid 8 and
0.106 g (0.0413 mmol) of dimer 6. Yield: 0.0532 g (48%); m.p.
223-227 °C (decomp.); Rs = 0.68. Found, %: C 41.61, H 5.72, N
0.99. Co4H154N212070 requires C 42.03, H 5.78, N 1.04. *H NMR
dn ppm: dimer 6: 1.05 t (3H, CHs, 3J = 6.8 Hz), 2.44-2.47 m (1H,
NCH(CHa)), 2.51 d (2H, NCHz, ®J = 7.3 Hz), 3.31-3.33 m (28H,
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CSH2), 3.57-3.62 m (56H, C?H-C°H), 4.48 br.s (12H, C50OH), 4.79-
4.87 m (14H, C'H), 5.71 br.s (28H, C20H, C3OH), 7.05-7.08 m
(4H, (NH*2)2); benzoic acid 8: 7.44 d (2H, CaromH, 3J = 7.5 Hz),
7.55 d (1H, CaromH, 33 = 6.9 Hz), 7.90 d (2H, CaromH, 3J = 5.9 Hz),
12.51 s (1H, COOH). *3C NMR &c ppm: dimer 6: 30.1 (CHz3), 32.6
(NCH(CH3)CHzN), 56.3 (C®), 57.2 (CH), 60.4 (CS), 69.0 (C5),
72.6-73.6 (C?, C3, C®), 82.0 (C*), 102.5 (CY); benzoic acid 8: 126.0
(Crmeta), 128.7 (Cpara), 129.7 (Cortho), 132.7 (Cipso), 168.6 (COOH).

Inclusion compound 15 was prepared similarly to inclusion
compound 10 from 0.0724 g (0.351 mmol) of 2-(4-isobutyl-
phenyl)propionic acid 7 and 0.30 g (0.117 mmol) of dimer 5.
Yield: 0.188 g (58%); m.p. 239-241 °C (decomp.); R = 0.75.
Found, %: C 42.92, H 5.98, N 0.97. Ci00H166N212070 requires C
43.36, H 6.04, N 1.01. *H NMR &+ ppm: dimer 5: 1.05 t (2H, CHz,
3) = 6.9 Hz), 2.46 d (4H, (NCH2)2 33 7.3 Hz), 3.29-3.32 m (28H,
C%H2), 3.57-3.59 m (56H, C?H-C°H), 4.44 br.s (12H, C50OH), 4.78-
4.83 m (14H, CH), 5.72 brs (28H, C?0H, C°0OH), 7.42-7.45 m
(4H, (NH2%)2); 2-(4-isobutylphenyl)propionic acid 7: 0.81 d (6H,
(CHa)z, 3J = 6.4 Hz), 1.32 d (3H, CHs, 3] = 7.3 Hz), 1.74-1.79 m
(1H, CH), 236 d (2H, CH2 % = 69 Hz), 377 s (1H,
CH(CHs)COOH), 7.06 d (2H, CaromH, 3J = 8.2 Hz), 7.14 d (2H,
CaromH, %) = 7.8 Hz), 12.19 s (1H, COOH). ¥C NMR &c ppm:
dimer 5: 29.9 (NCH2CH2CH:2N), 37.5 ((NCH?2)2), 56.3 (C®), 60.4
(C9H), 69.2 (C), 72.5 (C), 72.9 (C?), 73.6 (C%), 82.0 (C*, 84.0
(C*), 102.5 (CY); 2-(4-isobutylphenyl)propionic acid 7: 19.2
(CHs), 22.7 ((CHs)2), 30.1 (CH), 40.5 (CH(CHs)COOH), 44.8
(CH?2), 126.0-127.6 (CZarom, C%rom), 128.6-129.4 (CZarom, CParom), 139.3
(Crom), 139.9 (Clarom), 176.3 (COOH).

Inclusion compound 16 was prepared similarly to inclusion
compound 10 from 0.0147 g (0.12 mmol) of benzoic acid 8 and
0.103 g (0.04 mmol) of dimer 5. Yield: 0.0486 g (45%); m.p. 269-
273 °C (decomp.), R = 0.60. Found, %: C 41.61, H 5.72, N 0.98.
CosH154N212070 requires C 41.03, H 5.78, N 1.04. 'TH NMR &H
ppm: dimer 5: 1.06 t (2H, CHz, 3] = 6.9 Hz), 2.46 t (4H, (NCH2)z,
8J = 7.3 Hz), 3.31-3.34 m (28H, C®H2), 3.51-3.59 m (56H, C?H-
CSH), 4.43 br.s (12H, C®0OH), 4.78-4.79 m (14H, C'H), 5.74 br.s
(28H, C?0OH, C30H), 7.04-7.08 m (4H, (NH*2)2); benzoic acid 8:
7.44 d (2H, CaromH, 3] = 8.8 Hz), 7.55 d (1H, CaromH, 3J = 6.9 Hz),
7.91d (2H, CaromH, 3J = 9.2 Hz), 12.18 s (1H, COOH). 3C NMR
dc ppm: dimer 5: 30.1 (NCH2CH2CH2N), 37.5 ((NCHz2)2), 56.3
(C%), 60.4 (CP), 69.2 (C%), 72.5-73.6 (C?, C3, C%), 82.0 (C*, 102.5
(ChH; benzoic acid 8: 126.1 (Creta), 128.6 (Cpara), 129.9 (Cortho), 132.5
(Cipso), 168.6 (COOH).

Inclusion compound 17 was prepared similarly to inclusion
compound 10 from 0.0237 g (0.115 mmol) of 2-(4-isobutyl-
phenyl)propionic acid 7 and 0.10 g (0.0383 mmol) of dimer 4.
Yield: 0.0653 g (61%); m.p. 272-275 °C (decomp.); R = 0.47.
Found, %: C 43.55, H 6.10, N 0.96. C103H172N212070 requires C
43.99, H 6.16, N 1.00. *H NMR &1 ppm: dimer 4: 1.05-1.09 m
(4H, (NCH2CH2CH?2)2), 2.18-2.25 m (4H, (NCH2CH?2)2), 3.01-3.03
m (4H, (NCH2)2), 3.29-3.32 m (28H, C°H2), 3.57-3.59 m (56H,
C?H-C°H), 4.44 br.s (12H, C°0OH), 4.78-4.83 m (14H, C'H), 5.72
brs (28H, C?0H, C30H), 7.41-7.44 m (4H, (NH*%)2); 2-(4-
isobutylphenyl)propionic acid 7: 0.83 d (6H, (CHa)z, 3J = 6.4 Hz),
1.33d (3H, CHs, 3) = 7.3 Hz), 1.75-1.78 m (1H, CH), 2.35 d (2H,
CH2 %) = 6.9 Hz), 3.79 s (1H, CH(CH3)COOH), 7.05 d (2H,
CaromH, 3\] = 8.2 HZ), 7.11d (ZH, CaromH, 3J =78 HZ), 12.20 s
(1H, COOH). 3C NMR &c ppm: dimer 4: 26.4 ((NCH2CH2CHy)2),
29.4 ((NCH2CHz)2), 37.5 ((NCHz2)2), 48.6 (C®), 60.4 (C®), 72.5
(CH), 72.7 (C%), 72.9 (C?), 73.6 (C3), 82.0 (C*), 84.0 (C*), 102.5
(CY); 2-(4-isobutylphenyl)propionic acid 7:19.1 (CHs), 225
((CHs)2), 30.2 (CH), 40.4 (CH(CH3)COOH), 44.6 (CH2), 126.1-
127.5 (C3arom, Crom), 128.7-129.3 (CZarom, Clarom), 139.2 (Carom),
139.8 (Clarom), 176.8 (COOH).

Inclusion compound 18 was prepared similarly to inclusion
compound 10 from 0.0465 g (0.381 mmol) of benzoic acid 8 and
0.33 g (0.227 mmol) of dimer 4. Yield: 0.175 g (50%); m.p. 241-
243 °C (decomp.), R = 0.62. Found, %: C 42.28, H 5.85, N 0.97.
Co7H160N212070 requires C 42.71, H 5.91, N 1.03. 'H NMR &4
ppm: dimer 4: 1.04-1.07 m (4H, (NCH2CH2CH?2)2), 2.21-2.29 m
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(4H, (NCH2CHy)s) 3.02-3.04 m (4H, (NCHz)2), 3.31-3.57 m (28H,
C®Hz), 3.59-3.81 (v, 56H, C2H-CSH), 4.43 br.s (12H, CSOH),
4.78-4.84 m (14H, C'H), 5.72 br.s (28H, C20H, C30H), 7.41-7.44 m
(4H, (NH*2)2); benzoic acid 8: 7.04 d (2H, CaromH, 3J = 8.2 Hz),
7.45 d (1H, CaronH, 33 = 7.5 Hz), 7.89 d (2H, CaronH, 3] = 9.2 Hz),
12.01 s (1H, COOH). ¥C NMR &c ppm: dimer 4: 30.1
((NCH2CH:2CH2)2), 31.2 ((NCH2CH2)2), 32.6 ((NCH2)2), 56.3
(C5), 60.4 (C®), 69.0 (C5), 72.5-73.6 (C2, C3, C5), 82.0 (C%), 102.5
(CY); benzoic acid 8: 126.4 (Cmeta), 128.8 (Cpara), 129.9 (Cortho),
132.4 (Cipso), 161.5 (COOH).

Results and Discussion

In the present work we consider the opportunity to use
some CD dimeric derivatives 2-561 and 62, previously syn-
thesized by us, as hosts for the formation of inclusion com-
plexes with guests representing carbonic acids of aliphatic
and aromatic nature: 2-(4-isobutylphenyl)propionic acid 7
(medicinal compound of drug Ibuprofen), benzoic acid 8
and valeric acid 9 (Figure 3). In all experiments the obtain-
ing of inclusion compounds were performed according to a
standard procedure. To a water solution of one molar
equivalent of host (CD dimeric derivatives 2 — 6) three mo-
lar equivalents of corresponding guest were added. The
resulting solution was heated under stirring for 4 hours at
70 °C and was kept for the night at 20 °C. The resulting
precipitate was filtered off, washed with water, acetone and
dried in vacuum at P,Os. The structure and composition of
thus obtained products 10-16 were analyzed with *H and
13C NMR spectroscopy. The OH proton positions were
identified by their considerable shift (by 0.3 — 0.8 ppm) at
elevated temperature (80 °C). The correctness of the signals
assignment of all obtained compounds was additionally
assigned with the aid of *H-'H homonuclear double reso-
nance and *H-13C 2D correlation techniques.

H H
(HO) 0—R—0 (OH)s (HO)s N —R—N’ (OH)s
+ _ o+
Zil ZJ:X \ /
(OH  OH), (OH  OH); (OH  OH); (OH  OH)7
2,3 4-6

8:R= HO(O)C—@

9: R = HO(O)C-(CH,)s-CHs

R=-(CHpe- 4:R=-(CHp)s- 6:R = -CH(CHy)CHy-

2
3:R= —@— 5:R=-(CHp)s 7:R= HO(O)CCH(CH3)-©-C4H9-V'

Figure 3. Compounds 2-9.

(HO)s O—R—0 (OH)s (OH);
+ 3 @—»
I | I
(OH  OH), (OH OH)7 OH);
2,3 10-12
10: R'=7 11: R'=8 12: R'=9

Figure 4. Hydrolysis and inclusion compounds formation of di-
meric derivatives 2 and 3 with acids 7-9.

2 Dimer 6 was not previously synthesized, so its obtaining is de-
scribed in this paper (see Experimental).
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OH OH)7 OH OH)—,
ﬂ 18

13: R = -CH(CH3)CH,; R'=7
14: R = -CH(CH3)CH,; R'= 8

15:R=-(CH,);- R'=7  17:R=-(CHyg; R'=7
16: R=~(CH,); R'=8  18:R=~(CH,)s; R'=8

Figure 5. Formation of inclusion compounds 13-18 with guests 4-6.

It turned out, that dimeric derivatives 2 and 3, which
contain ether bond between C® carbon atoms at the narrow
rim of a CD frame, are easily undergone hydrolysis of
bridged ether bond with the formation of inclusion com-
pounds 10-12 consisting of native -CD 1 and correspond-
ing guests 7-9 (Figure 4).

Hydrolysis of ether bond of compounds 2 and 3 was
confirmed by disappearance in spectra **C NMR downfield
signals at & 65.7 ppm of carbon atoms C® bounded with
ether bond at compounds 2 and 3 (see Experimental). By
the special experiment® we have shown that in the same
conditions the hydrolysis of ether bond without guests 7-9
does not occur. Consequently, just like monomeric CD de-
rivatives,”l hydrolysis of ether bond of dimers 2 and 3 oc-
curs as a result of preliminary inclusion of a corresponding
guest into CD cavity. Thus, dimeric CD derivatives, con-
taining ether bond, turned out to be similar to the corre-
sponding monomeric derivatives as regards to easy hydrol-
ysis of ether bond under action of acidic guests.

As we should expect, the dimeric dicationic deriva-
tives 4-6 with more firm bridge bond in similar conditions
were not hydrolysed and formed inclusion compounds but,
according to 'H NMR data, only with one molecule of
guests 7 and 8 (Figure 5).

The absence of hydrolysis by analogy with above
described was confirmed by the remaining of carbon signals
C6" at & 56.3 ppm at 3C NMR spectra, whereas molar ratio
guest-host 1:1 was determined on the basis of 'H NMR
spectra (see Experimental). Inclusion of only one, but not
two guests by dimeric 4-6 was apparently caused by some
unusual property of dimeric CD. Thus, depending on the
rigidity (or flexibility), nature and length of the bridge, they
can form pseudorotaxanes by self-inclusion of one or two
ends of the bridge into the cavity of CD due to the 360°
reversible rotation around the 1,4-interglycoside bond of
one or two glucoside fragments that carry the bridge sub-
stituent. This transition depends also on the nature of the
solvent and leads to the formation of dimers with the head-
to-tail or tail-to-tail configurations.l® It is important that
such self-inclusion of CD dimers limits the ability of dimers
to include other guests.

Conclusions

Thus, we discovered that during the obtaining of in-
clusion compounds of some CD dimeric derivatives with

3 We performed experiments with dimers 2, 3 as it described for
obtaining inclusion compounds 10 — 12, but with no acids 7 — 9. In
this case we do not observed the formation of precipitate of inclu-
sion compounds 10 — 12.
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aliphatic and aromatic carbonic acids it is necessary to take
into consideration the possibility of easy hydrolysis of
bridged ether bonds and possible self-inclusion of CD di-
meric derivatives.

Acknowledgments. This paper was prepared according to
scientific investigations of new laboratories under the guid-
ance of young prospective investigators within the bounds
of program realization of strategic academic leadership
“Priority-2030”: “Investigation of waste utilization of natu-
ral origin for the purpose of practical utilization of obtained
products”.

References

1. Cyclodextrin Fundamentals, Reactivity and Analysis. Part of
the book series Environmental Chemistry for a Sustainable
World, Vol. 16 (Fourmentin S., Crini G., Lichtfouse E., Eds.),
Springer, 2018. 262 p.

Maxpozemepoyurxiavt / Macroheterocycles 2022 15(2) 123-127

10.

11.

M. K. Grachev et al.

Grachev M.K., Terekhova 1.V., Shipilov D.A., Kutyasheva
N.V., Emelianova E.Y. Russ. J. Bioorg. Chem. 2020, 46, 14-31.
Aykag¢ A., Martos-Maldonado M.C., Casas-Solvas J.M.,
Garsia-Fuentes L., Vargas-Berenguel A. J. Drug Del. Sci.
Tech. 2012, 22, 270-272.

Kritskiy I., Kumeev R., Volkova T., Shipilov D., Kutysheva
N., Grachev M., Terekhova I. New J. Chem. 2018, 42,
14559-14567.

Kutyasheva N.V., Kurochkina G.I., Solomatin E.A., Grachev
M.K. Russ. J. Org. Chem. 2021, 57, 92-96.

Shipilov D.A., Kurochkina G.I., Sergievich A A., Grachev
M.K. Macroheterocycles 2017, 10, 238-242.

Kutyasheva N.V., Kurochkina G.I., Glushko V.V., Grachev
M.K. Russ. J. Gen. Chem. 2021, 6, 1068-1072.

Maurer M., Hapiot F., Monflier E., Menuel S. Tetrahedron
2008, 64, 7159-7163.

Manuel S., Azaroul N., Landy D., Six N., Hapiot F., Monflier
E. Chem. Eur. J. 2011, 17, 3949-3955.

Voskuhl J., Schaepc K., Ravoo B.J. Int. J. Mol. Sci. 2011, 12,
4637-4646.

Terao J., Konoshima Y., Matono A., Masai H., Fujihara T.,
Tsuji Y. Beilstein J. Org. Chem. 2014, 10, 2800-2808.

Received 17.01.2022
Accepted 19.09.2022

127



