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Abstract—The practical pathways are proposed for the synthesis of cyclodextrins and some of their derivatives
inclusion compounds with the “Ibuprofen” remedy substrate. The effect of the cavity size, nature of the solvent
and character and number of substituents at the cyclodextrin carcass on the possibility of isolation of the
inclusion compounds that are of pharmacological significance, are elucidated.
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The cyclodextrin complexes with various com-
pounds (the inclusion compounds of guest—host type)
are of great significance e.g., for the study of
metabolism of some biologically important compounds
and for targeted delivery of medicine means (e.g., see
reviews [1]). However, preparation of the complexes
in mach is tentative because it is based on the different
experimental approaches [2] and in a great extent
depends on the nature of the cyclodextrin (its internal
cavity size, substituents, or absence of the latter),
choice of the solvent, and particular procedure. Earlier
we have proposed a method for the preparation of the
B-cyclodextrin and its silyl and phosphorus-containing
derivatives inclusion compounds with the “Ibuprofen”
remedy substrate, 1-(4-isobutylphenyl)propanoic acid I
and its synthetic precursors [3]. We have found that the
solvent and the cyclodextrin nature affect considerably
the stoichiometry of the formed complexes and the
possibility of their isolation. Accounting for the
pharmacological significance of such inclusion
compounds, in this work we continued the study of the
dependence of their preparation on the nature of free
cyclodextrins a~(Il, n = 6), B-(III, n = 7) and y-(IV,
n = 8) that differ considerably by the internal cavity
size (0.176, 0.346 and 0.510 nm’, respectively) and
solubility in water (145, 18.5 and 232 g I,

respectively) [4]. In addition, we studied a possibility
of formation of the inclusion compounds by the B-
cyclodextrin derivatives bearing functional groups in
the C°® positions of the cyclodextrin carcass glycoside
fragments at various degree of substitution (7): acetyl
(V,n=2; VI, n = 4), tosyl (VII, n = 2; VIII, n = 4)
and silyl (IX, n = 4; X, n = 7). Besides, we studied the
B-cyclodextrin derivative XI possessing 7 acetyl
groups in C2, C? positions of the glycoside fragments.

In the first step of the study, we explored formation
of inclusion compounds of acid I with unsubstituted
cyclodextrins II-IV by the method of join
precipitation of the complex from a hot (70°C) water
solution of cyclodextrin and the acid at slow cooling to
20°C. The precipitate formed was washed and dried in
a vacuum. Individuality of the complex was confirmed
by TLC and its composition was revealed on the basis
of the data of 'H NMR spectroscopy by the
comparison of intensity of the signals of methyl
protons of the sec-butyl fragment of the acid I and the
protons of the cyclodextrin frame (see Experimental).
We found that under these conditions a-cyclodextrin II
does not form inclusion compounds while J-
cyclodextrins III and y-cyclodextrins IV do form
inclusion complexes XII and XIII respectively, of 1:1
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composition, in 67 and 57% yield. Tacking into
account good solubility of a-cyclodextrin in water, we
carried out similar experiments taking water in a half
amount, but in this case also we did not register
formation of the a-cyclodextrin compex with the acid I'.
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Cyclodextrins II-IV are well enough soluble in
DMSO and DMFA, therefore we attempted to obtain
individual complexes using these solvents. However,
we failed to register formation of respective complexes
under these conditions also.
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XIlL:n=m=7,R=H;XIIl: n=m=8 R=H; XIV: n=4, m=7,R = SiMe,-t-Bu; XV: n = m =7, R = SiMe,-¢-Bu.

Among other cyclodextrin derivatives V-X, the
acetyl derivatives V, VI and XI only turn to be soluble
in water, but attempted interaction of compounds V,
VI and XI with acid I by the same procedure did not
lead to formation of inclusion compounds. Taking into
account a high enough solubility of derivatives V-X in
organic solvents (in distinct to the parent cyclodextrins
II-1V), we attempted to obtain and isolate the
inclusion compounds using as a solvent either DMFA,
DMSO, dioxane, acetone, or hexane (see Experi-
mental). We found that silyl derivatives IX, X form
respective inclusion compounds XIV, XV with acid I
in DMFA and dioxane (in water they are insoluble).

! Here and thereafter is noteworthy that it is possible that in
solution exist labile inclusion complexes in equilibrium with the
parent compounds, but in this work we consider a possibility of
isolation of individual complexes.

By comparison of integral intensities in the '"H NMR
spectra of the signals of aromatic protons of the acid I
with that of the signals of tert-butyltdimethylsilyl
group protons and cyclodextrin frame of compounds
IX and X we established that the complexes XIV and
XV are of guest—host 1:1 composition.

Thus, indroduction of bulky #-butyl groups to the p-
cyclodextrin molecule promotes formation of stable
inclusion comppounds. Taking this into account, for
the increase of “inclusing” power of a-cyclodextrin we
prepared two its derivatives, XVI and XVII, that bear
respectively 3 and 6 silyl residues in C° positions of
glucoside fragments. These compounds were tested on
the complex formation with acid I, with the same
solvents and under the same conditions as were used
for the synthesis and isolation of the complexes of [3-
cyclodextrin silyl derivatives IX and X. We found that
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the a-cyclodextrin derivative XVI with 3 silyl groups
do not form inclusion compounds under these
conditions while the derivative XVII bearing 6 silyl
groups form inclusion compound XVIII of 1:1
composition that could be isolated, but only when
either DMFA, or dioxane, or acetone were used as a
solvent.

Thus, the cavity size, nature of solvent, character
and number of substituents at the cyclodextrin carcass
affect considerably the possibility of formation and
isolation of the inclusion complexes with acid I. The
carried out investigation opens practical pathways for
preparation of important in pharmacological aspect
inclusion compounds and new remedies forms based
on the cyclodextrins and some their derivatives and
remedy Ibuprofen.

EXPERIMENTAL

The 'H NMR spectra were registered on a Bruker
AC-200 instrument at the operating frequency
200.13 MHz, external reference TMS.

For thin layer chromatography were used aluminum
plates with fixed silica gel layer (Silufol UV-254).
Eluents: acetonitrile—water—25% aqueous ammonia 6 :
3:2(A), benzene—ethanol 3 : 1 (B).

The o- and B-cyclodextrin acetyl derivatives V, VI
and XI are prepared along the procedure in [5], the
tosyl derivatives VII, VIII as in [6] and the silyl
derivatives IX, XVI and X, XVII as in [7] and [8&],
respectively.

B-Cyclodextrin from “Sigma” was additionally
carefully dried.

Inclusion compound of B-cyclodextrin with 1-(4-
isobutylphenyl)propanoic acid (XII). To a solution
0f 0.20 g of B-cyclodextrin III in 4 ml of water at 70°C
was added at stirring 0.07 g of acid I. The reaction
mixture was left for cooling to room temperature, the
precipitate dropped in 20 h was filtered off, washed
with acetone (2x5 ml ) and dried in a vacuum (1 mm
Hg) for 4 h at 50°C. Yield 0.16 g (67%), mp 237-240°C
(decomp.), R, 0.80 (A). The 'H NMR spectrum
(DMSO-ds), 9, ppm (J, Hz): B-cyclodextrin: 3.29-3.63
m (42H; C*H-CH, C°H,), 4.32-4.75 br.s (7H, C°OH),
4.66-4.99 m (7H, C'H), 5.56-5.89 br.s (14H; C*OH,
C’0H); acid I: 0.84 d [6H; (CHs),, *Juccn 6.4], 1.33 d
(3H; CHs, *Jucen 7.0), 1.70-1.95 m [1H, CH(CHs),],
2.40 d (2H; CH,, *Juccn 6.8), 3.58-3.72 m (1H, CH),
7.02-7.28 m (4H, CHyom), 12.2 s [1H, C(O)OH].
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Found, %: C 48.12; H 6.75. CssHggO57. Calculated, %:
C49.25; H6.61.

Inclusion compound of y-cyclodextrin with 1-(4-
isobutylphenyl)propanoic acid (XIII). To a solution
of 0.20 g of y-cyclodextrin IV in 4 ml of water at 70°C
was added at stirring 0.06 g of acid I. The reaction
mixture was left for cooling to room temperature, 20 h
later the precipitate dropped was filtered off, washed
with acetone (2x5 ml ) and dried in a vacuum (1 mm Hg)
for 4 h at 50°C. Yield 0.13 g (57%), mp 247-249°C
(decomp.), R, 0.83 (A). The 'H NMR spectrum
(DMSO-ds), 8, ppm, y-cyclodextrin IV: 3.35-3.64 m
(48H; C’H-C°H, C°H,), 4.39-4.69 br.s (8H, C°OH),
4.81-5.09 m (8H, C'H), 5.56-6.06 br.s (16H; C*OH,
C’0H); acid I: 0.79-1.00 m [6H, (CH3),], 1.30—1.48 m
(3H, CH3), 1.74-1.92 m [1H, CH(CHj3;),], 2.36-2.46 m
(2H, CH,), 3.63-3.80 m (1H, CH), 7.05-7.29 m (4H,
CHarom), 12.40 s [1H, C(O)OH]. Found, %: C 47.91; H
6.68. C61H98042. Calculated, %: C 4873, H 6.57.

Inclusion compound of tetra-|6-O-(zert-butyl)(di-
methyl)silyl]-B-cyclodextrin  with  1-(4-isobutyl-
phenyl)propanoic acid (XIV). To a solution of 0.20 g
of the B-cyclodextrin derivative IX in 4 ml of DMFA
was added 0.05 g of acid I and the mixture was stirred
for 24 h at 20°C. The reaction mixture was then poured
to ice water (8 ml ), the precipitate dropped was stirred
and then filtered off, washed with water (2x5 ml) and
dried in a vacuum (1 mm Hg) for 4 h at 50°C. Yield
0.19 g (83%), mp 218-220°C, R, 0.72 (B). The 'H
NMR spectrum (DMSO-dy), 8, ppm (J, Hz), B-cyclo-
dextrin derivative IX: —0.14 to 0.30 br.s [24H, Si(CH3;),],
0.71-1.10 s [36H, C(CH;)s], 3.34-3.62 m (42H; C’H-
C°H, C°H,), 3.85-4.06 br.s (3H, C°OH), 4.70-4.92 m
(7H, C'H), 5.60-5.94 br.s (14H; C*0OH, C*OH); acid I:
-0.14-0.3 br.s [6H, (CH3)2], 1.33 d (3H, CH3, 3JHCCH
7.0), 1.72-1.90 m [1H, CH(CHs),], 2.45 d (2H; CH,,
3Jucen 7.0), 3.34-3.62 m (1H, CH), 7.07-7.20 m (4H,
CHarom), 12.3 s [1H, C(O)OH]. Found, %: C 53.66; H
7.98. C79H144037Si4. Calculated, %: C 5276, H 8.07.

Inclusion compound of per[6-O-(tert-butyl)(di-
methyl)silyl]-B-cyclodextrin  with  1-(4-isobutyl-
phenyl)propanoic acid (XV). a. in DMFA. To a solu-
tion of 0.17 g of B-cyclodextrin derivative X in 4 ml of
DMFA was added 0.04 g of acid I and the mixture was
stirred for 24 h at 20°C. The reaction mixture was
poured to ice water (8 ml) and stirred, and then the
precipitate dropped was filtered off, washed with water
(2x5 ml ) and dried in a vacuum (1 mm Hg) for 4 h at 50°C.
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b. In dioxane. The synthesis was carried out like in
the method a from 0.17 g of B-cyclodextrin derivative
X in 4 ml of dioxane and 0.04 g of acid I.

Yields: (method a) 0.17 g (89%), (method ) 0.14 g
(74%), mp 209-211°C, R, 0.72 (B). The 'H NMR
spectrum (DMSO-d;), 3, ppm (J, Hz): B-cyclodextrin
derivative (X): —0.1 to 0.2 br.s [42H, Si(CHj3),], 0.71—
1.10 s [63H, C(CHs)s], 3.32-3.92 m (42H; C*H-C°H,
C°H,), 4.70-4.92 m (7H, C'H), 5.62-6.00 br.s (14H;
C?0H, C°0H); acid I: —0.10 to 0.20 br.s [6H, (CH3),],
132 d (3H; CHs, *Jucen 7.0), 1.70-1.90 m [1H,
CH(CH3)2], 2.39d (2H, CHQ, 3JHCCH 70), 3.32-393 m
(1H, CH), 7.05-7.20 m (4H, CHgom), 12.30 s [1H,
C(O)OH]. Found, %: C 55.52; H 8.18. Co7H,5,037Sis.
Calculated, %: C 54.41; H 8.26.

Inclusion compound of per[6-O-(tert-butyl)(di-
methyl)silyl]-a-cyclodextrin  with  1-(4-isobutyl-
phenyl)propanoic acid (XVIII). a. in DMFA. To a
solution of 0.20 g of a-cyclodextrin derivative XVII in
2 ml of DMFA was added 0.05 g of acid I and the
mixture was stirred for 24 h at 20°C. The reaction
mixture was then poured to ice water (4 ml), stirred
and the precipitate dropped was filtered off, washed
with water (2x3 ml ) and dried in a vacuum (1 mm Hg)
for 4 h at 50°C.

b. In dioxane. The synthesis was carried out like in
the method a, from 0.15 g of a-cyclodextrin derivative
XVII in 3 ml of dioxane and 0.04 g of acid L.

c. in acetone. The synthesis was carried out like in
the method a, from 0.20 g of a-cyclodextrin derivative
XVII in 15 ml of acetone and 0.05 g of acid L.

Yield: (method @) 0.15 g (75%), (method b) 0.11 g
(65%), (method c). 0.07 g (41%), mp 242-244°C, R,
0.65 (B). The '"H NMR spectrum (DMSO-d), 3, ppm
(J, Hz.): a-cyclodextrin derivative XVII: —0.02—0.25

SENYUSHKINA et al.

br.s [36H, Si(CHj),], 0.65-1.10 br.s [54H, C(CHs);],
3.26-3.89 m (36H; C’H-C°H, C°H,), 4.68-4.90 m
(6H, C'H), 5.60-5.56 br.s (12H; C*0OH, C*OH); acid I:
—0.02 to 0.25 br.s [6H, (CH;),], 1.30 d (3H; CH,
3 Jhcen 6.0), 1.70-1.95 m [1H, CH(CHs),], 2.38 d (2H;
CH,, *Jucen 7.1), 3.58-3.72 m (1H, CH), 7.05-7.19 m
(4H, CHarom), 12.30 s [1H, C(O)OH]. Found, % : C
5632, H 8.58. C85H1620328i6. Calculated, % : C 5475,
H 8.76.

ACKNOWLEDGMENTS

This work was supported financially by Russian
Foundation for Basic Research (grant no. 08—03—
00374a) and the Grant of the President of Russian
Federation for supporting advanced scientific schools
of Russian Federation (grant no. NSh-582.2008.3).

REFERENCES

1. Uekama, K., Hirayama, F., and Irie, T., Chem. Rev.,
1998, vol. 98, no. 5, p. 2045; Davis, M.E. and Brew-
ster, M.E., Nature Rev., 2004, vol. 3, p. 1023.

. Szejtli, J., Chem. Rev., 1998, vol. 98, no. 5, p. 1745.

3. Kurochkina, G.I., Kudryavtseva, N.A., Grachev, M.K.,
Lysenko, S.A., and Nifant’ev, E.E., Zh. Obshch. Khim.,
2007, vol. 77, no. 3, p. 477.

4. Schurig, V. and Nowotny, H.-P., Angew. Chem., Int.
Ed., 1990, vol. 29, no. 9, p. 939.

5. Sutyagin, A.A., Glazyrin, A.E., Kurochkina, G.I.,
Grachev, M.K., and Nifant’ev, E.E., Zh. Obshch. Khim.,
2002, vol. 72, no. 1, p. 156.

6. Kurochkina, G.I., Trushkin, I.Yu., Grachev, M.K., and
Nifant’ev, E.E., Zh. Obsch. Khim., 2004, vol. 74, no. 10,
p. 1743.

7. Sutyagin, A.A., Glazyrin, A.E., Kurochkina, G.I,
Grachev, M.K., and Nifant’ev, E.E., Zh. Obshch. Khim.,
2001, vol. 71, no. 6, p. 942.

8. Fiigedi, P., Carbohydr. Res., 1989, vol. 192, p. 366.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 79 No. 6 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


