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Abstract—Stable nanoscaled mono- and dimeric inclusion complexes of B-cyclodextrin with hosts based on
symmetric diols of various length containing fragments of benzoic, nicotinic, or isonicotinic acid were

synthesized.
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Recently we investigated practical ways to prepare
inclusion compounds based on cyclodextrins with
selected aromatic monocarboxylic acids interesting
due to pharmaceutical possibilities [1]. In particular,
we have determined the effect of the cavity size and
solvent nature as well as the nature and number of
substituents at cyclodextrin scaffold on the possibility
to isolate individual complexes. Preliminary trials of
some of the prepared complexes have shown their
pharmaceutical potential [2]. In developing those
studies, we investigated the preparation of stable (both
against isolation and storage) inclusion compounds of
B-cyclodextrin with hosts, consisting of two nuclei:
two covalently bound fragments of either 2-(4-
isobutylphenyl)propionic acid (Ibuprofen active
component), acetylsalicylic acid (Aspirin active
component), or benzoic acid. The length and the nature
(diamide or diester) of the linkage between the nuclei
were varied [3]. Such nanoscaled cyclodextrin
derivatives showed  good  bioadhesion  to
gastrointestinal tract mucous; therefore, significant
fraction of the introduced drug should be absorbed in
the upper segment of gastrointestinal tract thus
accelerating the desired pharmaceutical effect [4].
Moreover, using of the nanosized cyclodextrin
complexes allows enhancement of bioavailability of
lipophilic drugs at intravenous or oral administration
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along with increase in the solubility and absorption of
the drug. Even at high dose the effect of such
complexes on kidneys is reversible and similar to that
of traditional drugs. Evidently, the efficiency
enhancement due to better solubility and
bioavailability should decrease the therapeutic dose
and therefore reduce the total toxicity of the drug [5].

In view of the above, this work consisted of the
study of the formation of inclusion complexes between
B-cyclodextrin and symmetric binuclear guests based
on diols of varied length (» = 2-4) containing
fragments of benzoic (R'OH), p-aminobenzoic
(R’0OH), nicotinic (R’OH), or isonicotinic (R*OH) acid
to be used in further pharmaceutical tests. The
symmetric binuclear guests I-IX were prepared via
one of the general methods: by interaction of the
corresponding glycol with benzoic acid chloride (R'CI)
in pyridine (procedure a, compounds I, II, and IV) or
by interaction of the suitable 1,2- or 1,4-dihaloalkylene
with sodium salt of the corresponding acid in DMF
(procedure b, compounds I, III, and V-IX) (Scheme 1).

Similarly to the previous report [3], the formation
of the inclusion compounds was studied by
precipitation of the desired complex from hot (70°C)
aqueous solution of two-fold molar excess of p-
cyclodextrin with respect to the guest I-IX amount,
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Scheme 1.
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followed by slow cooling the reaction mixture to 20°C.
All the guests were soluble in acetone (in contrast to 3-
cyclodextrin); therefore, the so formed precipitate was
washed with acetone and dried in a vacuum.
Individuality of the complexes was probed by TLC (X,
XI, XV, and XVI); in the cases of complexes XII-
XIV and XVII the efficient eluents for TLC test were
not found, and the product composition was
determined from 'H NMR spectra [comparison of
integral intensity of B-cyclodextrin proton signals (see
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XVI

structure in the Scheme 2) at 3.21-5.80 ppm with that
of the included guest protons].

It was shown that under the selected conditions of
preparation and isolation, B-cyclodextrin formed stable
dimeric complexes with guests I, III, and VII-IX; in
the cases of guests II, IV,VI the stable monomeric
complexes of B type were formed (XV-XVII,
respectively). In the case of guest V no stable inclusion
compound was formed. Complexes X-XVII were
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isolated in 30-50% yields. The relatively severe
conditions of the products drying in a vacuum
(1 mmHg, 50°C, 4 h) confirmed the stability of the
products. Similarly to the previous report [3], the
structurally related guests, for example, compounds I-
IV and VI-IX formed the stable complexes of varied
stoichiometry. It was assumed [6] that the variation in
the complex composition was due to intricate, hardly
predictable parallel non-covalent interactions in the
equilibrium system guest—host—solvent (Scheme 3).

This study opens the possibility towards practical
use of preparation of the stable inclusion complexes of
B-cyclodextrin with guests containing covalently bound
fragments of pharmaceutically active components.

EXPERIMENTAL

'H (400 MHz) and "C (100.53 MHz) NMR spectra
of solutions in DMSO-ds were recorded using the Jeol
ECX400 instrument, external reference TMS.
Elemental analysis was performed using the FlashEA
1112HT instrument. Thin layer chromatography was
carried out using aluminum plates with a fixed silica
gel layer (Silufol-254); eluents were CgHe—dioxane,
3:1(A), CgHe—CHCI;, 1 : 1 (B), and aqueous 4 wt%
solution of NH3;-EtOH-BuOH, 5 : 5 : 4 (C). B-
Cyclodextrin (Merck) was dried prior to the
experiments.

0,0'-Bisbenzoyl-1,2-ethylenediol (I). a. 3.65 g of
benzoyl chloride was added to the solution of 0.81 g of
ethylene glycol in 4 mL of pyridine at stirring and
cooling (20°C). The mixture was stirred during 1 h, the
formed precipitate of pyridinium hydrochloride was
filtered off. The filtrate was evaporated to oily state
and triturated with 20 mL of water. The formed
precipitate was washed with water (3 x 10 mL),
dissolved in 3 mL of acetone, then 10 mL of water was
added, and the precipitate was filtered off. The latter
procedure was repeated, and the precipitate was dried
in a vacuum. Yield 2.71 g (77%), mp 70-71°C (73°C
[7]), R: 0.71 (A). "H NMR spectrum (CCly), 8, ppm (J,
Hz): 4.18-4.22 m (4H, CH,0), 7.01 d.d (4H, CsH™",
3773, 7.4), 7.11 t (2H, CeHP™™, °J 7.4), 7.64 d (4H,
C6Hnrtho’ 3] 73) Found, %: C 7105, H5.12. C16H1404.
Calculated, %: C 71.10; H 5.22.

b. 0.52 g of sodium benzoate was added to the
solution of 0.34 g of 1,2-dibromoethane in 15 mL of
DMF, and the mixture was stirred at 120°C during 3 h.
The formed precipitate was filtered off, washed with
diethyl ether (2 x 2 mL), dried, washed with water (2 x

2 mL), and dried in a vacuum. Yield 0.29 g (60%), mp
70-71°C, R; 0.71 (A). '"H NMR spectrum (CCly)
coincided with that of I prepared via procedure a.

0,0'-Bisbenzoyl-1,3-propylenediol (II) was pre-
pared similarly to compound I (procedure @) from 0.49 g
of 1,3-propandiol and 1.83 g of benzoyl chloride in
4 mL of pyridine. Yield 1.44 g (78%), mp 50-52°C, R;
0.49 (B). '"H NMR spectrum (CDCl;), 8, ppm (J, Hz):
2.24-2.27 m (2H, CH,CH,CH,), 4.41-4.57 m (4H,
CH,0), 7.41 d.d (4H, CH™™, *J 7.3), 7.54 t (2H,
CeHP™™, 3J 7.3), 8.05 d (4H, CeH™, °J 7.3). Found,
%: C 71.95; H 5.50. C7H;604. Calculated, %: C 71.82;
H5.67.

0,0'-Bisbenzoyl-1,4-butylenediol (III) was pre-
pared similarly to compound I (procedure ) from 0.73 g
of 1,4-dibromobutane and 0.97 g of sodium benzoate
in 15 mL of DMF. Yield 0.736 g (78%), mp 64—65°C,
R;0.68 (A). '"H NMR spectrum (DMSO-d), 5, ppm (J,
Hz): 1.90-1.98 m (4H, CH,CH,CH,CH,), 4.35 t (4H,
CH,O0, *J 6.0), 7.51 d.d (4H, CsH™™, °J 7.8), 7.64 t
(2H, CeHP™™, 3J 7.8), 7.97 d (4H, CeH”™, 3J 7.8).
Found, %: C 71.65; H 5.52. C;gH304. Calculated, %:
C 72.47; H 6.08.

0,0'-Bisbenzoyl-2,2-dimethyl-1,3-propylenediol
(IV) was prepared similarly to compound I (procedure
a) from 0.677 g of 2,2-dimethyl-1,3-propanediol and
1.83 g of benzoyl chloride in 8 mL of pyridine. Yield
1.71 g (84%), mp 40-42°C, R; 0.44 (B). 'H NMR
spectrum (CDCl3), o, ppm (J, Hz): 1.66 s (6H, CHj),
4.25 s (4H, CH,0), 7.42 d.d (4H, CcH™", *J 7.3, 7.4),
7.55 t (2H, CeHP™™, °J 7.4), 8.04 d (4H, CcH ™, 3J
73) Found, %: C 7295, H 6.50. C19H2004. Cal-
culated, %: C 73.06; H 6.45.

0,0'-Bis(p-aminobenzoyl)-1,2-ethylebediol (V)
was prepared similarly to compound I (procedure b)
from 0.307 g of 1,2-dichloroethane and 1.00 g of
sodium p-aminobenzoate in 15 mL of DMF. Yield
0.69 g (74%), mp 198-199°C, R; 0.58 (A). 'H NMR
spectrum (DMSO-dg), o, ppm (J, Hz): 4.40 br.s (4H,
CH,0), 5.95 s (4H, NH,), 6.49—6.52 d (4H, CsH"", *J
8.7), 7.57-7.60 d (4H, C¢H™, 3J 8.7). Found, %: C
64.05; H 5.42; N 9.25. CcH;6N,0O4. Calculated, %: C
63.99; H 5.37; N 9.33.

0,0'-Bisnicotinoyl-1,2-ethylenediol (VI) was pre-
pared similarly to compound I (procedure ) from 0.31 g
of 1,2-dichloroethane and 0.92 g of nicotinic acid
sodium salt in 15 mL of DMF. Yield 0.61 g (71%), mp
125-126°C, R; 0.64 (A). "H NMR spectrum (DMSO-d),
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o, ppm (J, Hz): 4.64 br.s (4H, CH,0), 7.53-7.56 m
[2H, NCHCHCHCC(O)], 8.24-8.27 m [2H, NCHCH:-
CHCC(0)0], 8.76-8.79 m [2H, NCHCHCHCC(O)],
9.05 d [2H, NCHCC(0), *J 1.6]. Found, %: C 61.86; H
4.30; N 10.05. C4H,N,04. Calculated, %: C 61.76; H
4.44; N 10.29.

0,0'-Bisnicotinoyl-1,4-butylenediol (VII) was
prepared similarly to compound I (procedure ») from
0.544 g of 1,2-dibromobutane and 0.73 g of nicotinic
acid sodium salt in 15 mL of DMF. Yield 0.59 g
(78%), mp 97-98°C, R; 0.61 (A). '"H NMR spectrum
(DMSO-ds), 6, ppm (J, Hz): 1.83-1.88 m (4H,
CH,CH,), 4.34 br.s (4H, CH,0), 7.51-7.53 d.d [2H,
NCHCHCHCC(0), *J 7.3, 7.8], 8.24 d [2H, NCHCH:-
CHCC(0)0, *J 7.8], 8.77 d [2H, NCHCHCHCC(0), *J
7.3], 9.04-9.05 d [2H, NCHCC(0), *J 1.6]. Found, %:
C 62.85; H 5.30; N 9.45. C;cH cN,O,4. Calculated, %:
C 63.99; H 5.37; N 9.33.

0,0'-Bis(isonicotinoyl)-1,2-ethylenediol ~ (VIII)
was prepared similarly to compound I (procedure b)
from 0.208 g of 1,2-dichloroethane and 0.61 g of
isonicotinic acid sodium salt in 15 mL of DMF. Yield
0.45 g (79%), mp 165-166°C, Ry 0.53 (A). 'H NMR
spectrum (DMSO-ds), o, ppm (J, Hz): 4.71 br.s (4H,
CH,0), 7.81-7.84 m (4H, NCHCH), 8.79-8.82 m (4H,
NCH). Found, %: C 61.90; H 4.28; N 10.15. C;4H5N,0,.
Calculated, %: C 61.76; H 4.44; N 10.29.

0,0'-Bis(isonicotinoyl)-1,4-butylenediol (IX) was
prepared similarly to compound I (procedure b) from
0.41 g of 1,2-dibromobutane and 0.55 g of isonicotinic
acid sodium salt in 15 mL of DMF. Yield 0.43 ¢
(75%), mp 137-138°C, R;0.51 (A). '"H NMR spectrum
(DMSO-dy), o, ppm (J, Hz): 1.89-1.93 m (4H,
CH,CH,), 4.40—4.43 m (4H, CH,0), 7.82-7.83 d (4H,
NCHCH), 8.79-8.81 d (4H, NCH). Found, %: C
64.25; H 5.25; N 9.43. C;sH sN,O4. Calculated, %: C
63.99; H 5.37; N 9.33.

Inclusion complex of B-cyclodextrin with O,0'-
bisbenzoyl-1,2-ethylenediol (X). 0.024 g of diol I was
added while stirring at 70°C to the solution of 0.20 g
of B-cyclodextrin in 4 mL of water, and the mixture
was stirred at 70°C during 1 h. The reaction mixture
was cooled to room temperature, the formed
precipitate was filtered off after 20 h, washed with
acetone (3 x 3 mL), and dried in a vacuum at 1 mmHg
during 4 h at 50°C. Yield 0.13 g (58%), mp 251-253°C
(decomp.), Ry 0.75 (C). '"H NMR spectrum (DMSO-
dg), 0, ppm (J, Hz): B-cyclodextrin, 3.34-3.68 m (84H,
C’H-C’H, C°H,), 4.15-4.18 m (14H, C°OH), 4.85-

4.86 br.s (14H, C'H), 5.44-5.47 brs (28H, C’0OH,
C’0H); diol I, 4.65 br.s (4H, CH,0), 7.52 t (4H,
CeH™" 37 7.8), 7.64-7.67 t (2H, CcH™, °J 7.8), 7.98
d (4H, CeH™, *J 7.7). Found, %: C 47.35; H 6.12.
C100H154074. Calculated, %: C 4728, H6.11.

Inclusion complex of B-cyclodextrin with 0,0'-
bisbenzoyl-1,4-butylenediol (XI) was prepared
similarly from 0.34 g of B-cyclodextrin and 0.045 g of
diol IIT in 10 mL of water. Yield 0.21 g (55%), mp
201-202°C (decomp.), R; 0.72 (C). 'H NMR spectrum
(DMSO-dy), 3, ppm (J, Hz): B-cyclodextrin, 3.32-3.68
m (84H, C*H-C°H, C°H,), 4.19-4.21 m (14H, C°OH),
4.85-4.86 br.s (14H, C'H), 4.48-5.49 br.s (28H, C’OH,
C’0H); diol I, 1.87-1.93 m (4H, CH,CH,CH,CH,),
4.38 br.s (4H, CH,0), 7.52 t (4H, CsH™", °J 71.8), 7.65
t (2H, CHP™™, 3J 7.8), 7.98 d (4H, CeH ™, °J 7.7).
Found, %: C 47.60; H 6.12. C,0,H;53074. Calculated, %:
C 47.70; H 6.20.

Inclusion complex of B-cyclodextrin with 0,0'-
bisnicotinoyl-1,4-butylenediol (XII) was prepared
similarly from 0.34 g B-cyclodextrin and 0.045 g of
diol VII in 10 mL of water. Yield 0.12 g (31%), mp
302-303°C (decomp.). 'H NMR spectrum (DMSO-dj),
o, ppm (J, Hz): B-cyclodextrin, 3.32-3.68 m (84H,
C’H-C°H, C°H,), 4.16-4.18 m (14H, C°OH), 4.85-
4.86 br.s (14H, C'H), 5.45-5.47 brs (28H, C*OH,
C*0H); diol VII, 1.91-1.95 m (4H, CH,CH,), 4.41 br.s
(4H, CH,0), 7.54-7.56 d.d [2H, NCHCHCHCC(0), *J
5.6, *7 0.8], 8.27-8.29 d.d [2H, NCHCHCHCC(0)0, *J
7.9, %J 2.1], 8.79-8.82 d.d [2H, NCHCHCHCC(O), *J
5.9,%J1.6],9.09 d [2H, NCHCC(0), *J 1.6]. Found, %:
C 4663, H 605, N 1.15. C100H156N2074. Calculated, %:
C 46.73; H 6.12; N 1.09.

Inclusion complex of B-cyclodextrin with O,0’'-
bis(isonicotinoyl)-1,2-ethylenediol (XIII) was pre-
pared similarly from 0.49 g of B-cyclodextrin and
0.0459 g of diol VIII in 10 mL of water. Yield 0.186 g
(34%), mp 284-285°C (decomp.). '"H NMR spectrum
(DMSO-ds), 8, ppm (J, Hz): B-cyclodextrin, 3.33-3.70
m (84H, C*H-C°H, C°H,), 4.71-4.88 m (14H, C°OH),
4.85-4.86 brs (14H, C'H), 5.45-548 brs (28H,
C’0H, C’OH); diol VIIL, 4.17 br.s (4H, CH,0), 7.82—
7.83 d (4H, NCHCH, *J 4.5), 8.80 d (2H, NCH, *J 4.5).
Found, %: C 4648, H 628, N 1.15. C98H152N2074.
Calculated, %: C 46.30; H 6.03; N 1.10.

Inclusion complex of p-cyclodextrin with 0,0’'-
bis(isonicotinoyl)-1,4-butylenediol (XIV) was pre-
pared similarly from 0.50 g of B-cyclodextrin and
0.066 g of diol IX in 10 mL of water. Yield 0.17 g
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(30%), mp 277-278°C (decomp.). '"H NMR spectrum
(DMSO-dy), 6, ppm (J, Hz): B-cyclodextrin, 3.34-3.68
m (84H, C*’H-C°H, C°H,), 4.15-4.17 m (14H, C°OH),
4.85-4.86 brs (14H, C'H), 5.44-5.47 brs (28H,
C’0OH, C’OH); diol IX, 1.90-1.94 m (4H, CH,CH,),
4.43-4.45 m (4H, CH,0), 7.81-7.82 m (4H, NCHCH),
8.79-8.80 m (4H, NCH). Found, %: C 46.83; H 6.15;
N 1.05. C100H156N2074. Calculated, %: C 4673, H
6.12; N 1.09.

Inclusion complex of B-cyclodextrin with O,0'-
bisbenzoyl-1,3-propylenediol (XV) was prepared
similarly from 0.227 g of B-cyclodextrin and 0.0284 g
of diol I in 10 mL of water. Yield 0.078 g (55%), mp
254-256°C (decomp.), Ry 0.68 (C). "H NMR spectrum
(DMSO-dy), 6, ppm (J, Hz): B-cyclodextrin, 3.32-3.71
m (42H, C*H-C°H, C°H,), 4.38-4.51 m (7H, C°OH),
4.73-4.79 br.s (7H, C'H), 5.59-5.68 br.s (7H, C’OH),
5.69-5.73 br.s (7H, C*OH); diol II, 2.12-2.21 m (2H,
CH,CH,CH,), 4.39-4.41 m (4H, CH;0), 7.45 t (4H,
CeH™™, 3J 7.8), 7.61 t (2H, CeHP™, 3J 7.3), 7.93 d
(4H, C¢H”™, 3J 7.3). Found, %: C 50.05; H 6.20.
Cs9HgO39. Calculated, %: C 49.93; H 6.11.

Inclusion complex of B-cyclodextrin with 0,0'-
bisbenzoyl-2,2-dimethyl-1,3-propylenediol (XVI) was
prepared similarly from 0.227 g of B-cyclodextrin and
0.0312 g of diol IV in 4 mL of water. Yield 0.068 g
(47%), mp 272-274°C (decomp.), Ry 0.51 (C). 'H
NMR spectrum (DMSO-dy), 3, ppm (J, Hz): B-cyclo-
dextrin, 3.21-3.69 m (42H, C*H-C’H, C°H,), 4.42—
4.45 m (7H, C°OH), 4.77-4.83 br.s (7H, C'H), 5.61—
5.75 br.s (7H, C*OH); 5.76-5.80 br.s (7H, C*OH); diol
1V, 1.08 s (6H, CH;), 4.17 s (4H, CH,0), 7.48 t (4H,
CeH™™ 37 7.8), 7.62 t (2H, CeHP™™, °J 7.8), 7.95 d
(4H, C¢H*™_ 37 7.3). Found, %: C 50.75; H 6.17.
C61Ho9O39. Calculated, %: C 50.62; H 6.27.

Inclusion complex of B-cyclodextrin with 0,0'-
bisnicotinoyl-1,2-ethylenediol (XVII) was prepared
similarly from 0.363 g of B-cyclodextrin and 0.0436 g
of diol VI in 10 mL of water. Yield 0.092 g (41%), mp
306-307°C (decomp.). '"H NMR spectrum (DMSO-d),
o, ppm (J, Hz): B-cyclodextrin, 3.32-3.68 m (42H,

C’H-C’H, C°H,), 4.20-4.22 m (7H, C°OH), 4.85-4.86
br.s (7H, C'H), 5.49-5.52 br.s (14H, C*OH, C’0OH);
diol VI, 4.70 br.s (4H, CH,0), 7.55-7.58 d.d [2H,
NCHCHCHCC(0), *J 4.9], 8.28-830 dd [2H,
NCHCHCHCC(0)O, *J 7.9, *J 2.1], 8.81-8.82 d.d
[2H, NCHCHCHCC(0), *J 7.9, *J 1.7], 9.10 d [2H,
NCHCC(0), *J 1.7]. Found, %: C 47.91; H 5.77; N
1.89. Cs¢HgoN>O39. Calculated, %: C 47.80; H 5.87; N
1.99.
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