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ABSTRACT

A series of O-peralkylated �- and �-cyclodextrins, commonly used as station-
ary phases in high-resolution gas chromatography or as drug carriers, has been
prepared both according to the usual methods and with sonocatalysis. The
sonochemical protocol, using either a common cleaning bath or sonochemical
apparatus, resulted in markedly improved yields, reaction times and repro-
ducibility.

INTRODUCTION

Selective chemical modification of �- and �-cyclodextrins (CDs) has been
widely studied.2,3 Over the last few decades these products have spawned a host of
new applications.4 Nevertheless, an efficient regioselective modification of their
three different hydroxyl groups has not been achieved to-date. Chemical and phys-
ical properties of CDs often make selective O-alkylation a difficult target; totally
persubstituted products are usually obtained in low yields. Commercially available
CD derivatives are incompletely and randomly substituted mixtures.5 Different
batches of any given modified CD show differences in composition, and chro-
matographic purification of these crude products is not a trivial task. It has been
shown6 that small differences of substitution degree can affect the enantiomeric se-
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ORDER                        REPRINTS

lectivity of alkylated CDs when used as stationary phases in high-resolution gas
chromatography (HRGC).

We wish to report a marked improvement in the synthesis of permodified
CDs by a particularly effective application of ultrasounds.7

Although the influence of ultrasounds on chemical reactions was discovered
70 years ago by Richards and Loomis,8 the field of sonochemistry lay fallow for
nearly half a century. Development occurred in the ‘80s soon after the advent of
commercial ultrasound sources for laboratory purposes, and a number of recent re-
views9 have emphasised the expanding role of sonochemistry. Sonochemical reac-
tions of carbohydrates, both in heterogeneous and homogeneous systems, have
been published: Barbier-type reactions,10 introduction and cleavage of protecting
groups, 11 O-glycosylation,12 trifluoromethylation,13 and oxidation of gluco-
sides.14 Surprisingly, to the best of our knowledge, applications of this technique
to CD modification have not appeared in the literature.

The statement that “the reaction mixture has been sonicated” is very often
found in a paper but no experimental details are given. Because sonochemical ef-
fects are dependent on several parameters, we shall report the type of equipment,
frequency, power input, temperature, vessel and reaction conditions used in our ex-
periments.

RESULTS AND DISCUSSION

We recently described1 the preparation of a new set of selectively permodi-
fied CDs where the crucial synthetic step was carried out with the greatest ease un-
der ultrasonic irradiation. The usual conditions (as described by Lehn and co-work-
ers)15 for the O-peralkylation of position 3 in 2,6-persubstituted CDs afforded a
modest yield of the product after a week’s reaction time. Our result prompted us to
further investigate the effect of sonication in the synthesis of permodified CDs, fo-
cusing on O-alkylation under basic conditions (Scheme).

As shown in the Table, each reaction was carried out in three different ways:
A) under stirring at 45 °C, B) under sonication in a common cleaning bath and C)
in a sonochemical apparatus at higher power and intensity.
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Scheme. General conditions for CDs alkylation.
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Heptakis-2,3-O-diethyl-6-O-t-butyldimethylsilyl-�-CD (4) is an efficient
chiral stationary phase in HRGC, however small differences in alkylation degree
dramatically affect the efficiency of enantiomeric separations.16 Thanks to our
sonochemical procedure, fully persubstituted 4 becomes easily available.

We used either a common cleaner bath (35 KHz / 160 W) or a sonication
probe for higher power and intensity (20 KHz / 600 W). Entries 1–5 in the Table
are commercially available chiral stationary phases for HRGC. Entries 6–9 were
intermediates in the synthesis of persubstituted CDs that we have newly prepared
and found even more efficient in enantiomeric separations.1 Heptakis-2,3,6-O-tri-
ethyl-�-CD (1) plays an important role as a slow-release drug carrier.17

Results summarised in the Table encourage us to investigate further applica-
tions of sonocatalysis to the synthesis of modified CDs.

CONCLUSION

The sonochemical approach to the preparation of permodified CDs resulted
in significant improvements in terms of yield, reaction time and reproducibility.
We obtained comparable results even when working at lower power and intensity
with a common ultrasonic cleaning bath, a standard piece of equipment in many
laboratories.

EXPERIMENTAL

General methods. Melting points were obtained on a Büchi SMP-20 ap-
paratus and are uncorrected. ESI-MS spectra were recorded on a TSQ-700 Finni-
gan-Mat spectrometer (positive mode, CH3CN) and IR spectra with a Shimadzu
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Table 1. Reaction Time and Yields for Procedure A, B, and C

C
B Sonochemical

A Cleaning Bath Apparatus
Stirring (35kHz � 160W) (20kHz � 600W)

Entry Starting CD Product (45 °C) (20 °C) (20 °C)

1 � Et-� 72 h � 14% 7 h � 62% 3 h � 68%
2 � Et-� 48 h � 41% 7 h � 71% 3 h � 81%
3 � Pe-� 72 h � 32% 12 h � 63% 5 h � 64%
4 6-TB-� 6-TB-2,3-DE-� # 72 h 8 h � 58% 4 h � 70%
5 6-TX-� 6-TX-2,3-DE-� 48 h � 14% 7 h � 62% 4 h � 74%
6 6-TB-2-Bz-� 6-TB-2-Bz-3-Me-� # 72 h 8 h � 39% 4 h � 67%
7 6-TX-2-Bz-� 6-TX-2-Bz-3-Me-� # 72 h 8 h � 67% 4 h � 75%
8 6-TB-2-Bz-� 6-TB-2-Bz-3-Me-� # 72 h 8 h � 66% 4 h � 71%
9 6-TX-2-Bz-� 6-TX-2-Bz-3-Et-� # 72 h 10 h � 42% 5 h � 53%

Pe � n�pentyl; TB � t-butyldimethylsilyl; DE � diethyl; Bz � Benzyl;
TX � t�hexyldimethylsilyl; # � incomplete alkylation
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FT-IR 8001 spectrometer. All solvents and chemicals were reagent grade; anhy-
drous conditions were achieved (when indicated) by the flame-drying of flasks and
other critical equipment; THF was dried by distillation from benzophenone-ketyl
and DMSO from CaH2. Reactions were monitored by TLC on Alufolien Fluka
plates (F254, 0.25 mm); spots were detected by staining with 5% H2SO4 in EtOH
and heating. Column chromatography was performed using silica gel 60 (Merck).
Sonication was performed either in a Sonic Vibra Cell 600 apparatus at 20 kHz
(nominal operating frequency) and 600 W, or in an Elma TS540 cleaner bath at 35
kHz (nominal operating frequency) and 160 W.

Procedure B and C. All reactions were carried out on 500 mg of CD, dis-
solved in THF/DMSO 4:1 (20 mL), in a Carius-type pyrex tube (ACE Glassware)
(100 mL) sealed with a pressure-resistant screw cap. All CDs were previously
dried for 2–3 h at 105 °C in a vacuum oven. In procedure B, the sealed tube was
placed in the ultrasonic cleaner bath together with a thermometer; during sonica-
tion the temperature was maintained below 20 °C by adding ice to the bath. In pro-
cedure C, the reaction tube was placed in a thermostatted bath at 20 °C (water cir-
culation), where the sonication probe was dipped for half of its length. In either
case, an excess of NaH (60–65%, 200 mg) was then added to the mixture and the
tube was sonicated under a darkened aspirator hood for 20 min. Then an excess of
the appropriate alkyl iodide (1 mL) was added. Reactions were monitored every
two hours by TLC analysis.

Procedure A. All reactions were carried out under anhydrous conditions
with the same amounts of reagents as for B and C using a 50-mL three-necked
round-bottomed flask equipped with a magnetic stirrer, a condenser and a nitrogen
inlet. The mixture of CD and NaH in THF/DMSO 4:1 was stirred 1 h at 45 °C un-
der a darkened aspirator hood, then cooled to 5 °C, after which the appropriate alkyl
iodide was added dropwise. Reactions were stirred at 45 °C for a maximum time of
72 h; after the first 24 h, an addition of the same amount of alkyl halide was made.

General work-up conditions. Reaction mixtures were quenched by
adding MeOH (2 mL), and after 5 min were poured into ice water (20 mL), then
extracted with CHCl3 (15 mL � 2). The organic layer was washed with a saturated
solution of NH4Cl, a 5% solution of Na2S2O3, and brine. After drying on MgSO4

and evaporation of the solvent, the raw products were purified by column chro-
matography.

Structure identification. All products were examined by 1H NMR and
spectra were compared with data in the literature. O-alkylation was shown to be
complete by IR, elemental analysis and by ESI-MS.

Heptakis-2,3,6-O-triethyl-�-CD (1) pale yellow oil; IR (liquid film) 1462,
1377, 1113, 1032 cm�1; Rf (CHCl3/MeOH 98:2) 0.40. ESI-MS 1724 [M�H]�,
[M�Na]� 1746.6

Anal. Calcd for C84H154O35 (1724.1): C, 58.52; H, 9.00. Found: C, 58.29; H,
9.12.
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Octakis-2,3,6-O-triethyl-�-CD (2) semisolid off-white mass; mp 33 °C;
IR (liquid film) 1458, 1377, 1144, 1115, 1032 cm�1; Rf (CHCl3/MeOH 98:2) 0.53.
ESI-MS 1970 [M�H]�, [M�Na]� 1992.

Anal. Calcd for C96H176O40 (1970.4): C, 58.52; H, 9.00. Found: C, 58.60; H,
8.94.

Octakis-2,3,6-O-(tri-n-pentyl)-� -CD (3) yellow viscous oil; IR (liquid
film) 1464, 1377, 1111 cm�1; Rf (hexane/EtOAc 1:1) 0.65. ESI-MS 2979
[M�H]�, 3001 [M�Na]�.

Anal. Calcd for C168H320O40 (2980.3): C, 67.70; H, 10.82. Found: C, 67.66;
H, 10.80.

Heptakis-2,3-O-diethyl-6-O-t-butyldimethylsilyl-�-CD (4) white pow-
der; mp 54 °C; IR (KBr) 1473, 1254, 1146, 1115, 1032, 835, 777 cm�1; Rf (hex-
ane/EtOAc 9:1) 0.67. ESI-MS 2326 [M�H]�, 2348 [M�Na]�.

Anal. Calcd for C112H224O35Si7 (2327.6): C, 57.79; H, 9.70. Found: C, 57.84;
H, 9.70.

Octakis-2,3-O-diethyl-6-O-t-hexyldimethylsilyl-�-CD (5) white powder;
mp 66 °C; IR (KBr) 1470, 1368, 1252, 1158, 1098, 1030, 835, 776 cm�1; Rf (hex-
ane/EtOAc 8:2) 0.42. ESI-MS 2883 [M�H]�, 2905 [M�Na]�.

Anal. Calcd for C144H288O40Si8 (2884.5): C, 59.96; H, 10.06. Found: C,
59.78; H, 10.22.

Heptakis-2-O-benzyl-3-O-methyl-6-O-t-butyldimethylsilyl-�-CD (6)
white powder; mp 81 °C; IR (KBr) 1464, 1161, 1090, 1047, 835, 777, 698 cm�1;
Rf (hexane/ EtOAc 8:2) 0.49. ESI-MS 2662 [M�H]�, 2684 [M�Na]�.

Anal. Calcd for C140H224O35Si7 (2663.8): C, 63.12; H, 8.48. Found: C, 63.23;
H, 8.41.

Octakis-2-O-benzyl-3-O-methyl-6-O-t-hexyldimethylsilyl-�-CD (7) vis-
cous oil; IR (liquid film); IR (KBr) 1460, 1252, 1160, 1090, 1047, 826, 780 cm�1;
Rf (CHCl3/MeOH 98:2) 0.84. ESI-MS 3267 [M�H]�, 3289 [M�Na]�.

Anal. Calcd for C176H288O40Si8 (3268.8): C, 64.67; H, 8.88. Found: C, 64.50;
H, 8.94.

Octakis-2-O-benzyl-3-O-methyl-6-O-t-butyldimethylsilyl-�-CD (8) mp
82 °C; IR (KBr) 1463, 1158, 1090, 1047, 830, 777, 698 cm�1; Rf (hexane/ EtOAc
8:2) 0.50. ESI-MS 3043 [M�H]�, 3065 [M�Na]�.

Anal. Calcd for C160H256O40Si8 (3044.4): C, 63.12; H, 8.48. Found: C, 63.20;
H, 8.37.

Octakis-2-O-benzyl-3-O-ethyl-6-O-t-hexyldimethylsilyl-�-CD (9) mp 45
°C; IR (KBr) 1465, 1256, 1160, 1090, 1045, 830, 779 cm�1; Rf (CHCl3) 0.42. ESI-
MS 3379 (100%) 3351 [M�H-Et]� (30%), 3401 [M�Na]�.

Anal. Calcd for C184H304O40Si8 (3381.04): C, 54.19; H, 8.49. Found: C,
54.02; H, 8.58.

SONOCHEMICAL PROTOCOL FOR CD SYNTHESIS 499

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
1
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

ACKNOWLEDGMENTS

We are thankful to Professor P. Savarino of the Dipartimento di Chimica
Generale ed Organica Applicata for the use of sonochemical apparatus, and to Pro-
fessor C. Bicchi of our Department for the GC tests.

This work was supported by M.U.R.S.T. (Progetto: Chimica dei Composti
Organici di Interesse Biologico, Fondi ex 40%).

REFERENCES

1. Part II in the Series: Synthesis and Applications of Chemically Modified Cyclodex-
trins. Part I: Cravotto, G.; Palmisano, G.; Panza, L.; Tagliapietra, S. Synthesis of Se-
lectively Permodified �-Cyclodextrins. A New Set of Chiral Stationary Phases in
Capillary GC. J. Carbohydr. Chem. 2000, 19 (9), 1235–1245.

2. Khan, R. K.; Forgo, P.; Stine, K. J.; D’Souza, V.T. Methods of Selective Modifica-
tions of Cyclodextrins, Chem. Rev. 1998, 98, 1977–1996.

3. Bicchi, C.; Cravotto, G.; D’Amato, A.; Rubiolo, P.; Galli, A.; Galli, M. Cyclodextrin
Derivatives in GC Separation of Racemates with Different Volatility: 6-O-t-
butyldimethylsilyl- vs. 6-O-t-hexyldimethylsilyl-�- and -�-Derivatives. J. Microcol-
umn Sep. 1999, 7, 487–500 and references therein.

4. Hedges, A.R. Industrial Applications of Cyclodextrins. Chem. Rev. 1998, 98,
2035–2044.

5. Koizumi, K.; Kubota, Y.; Utamura, T.; Horiyama, S.; Analysis of Heptakis(2,6-Di-
O-Methyl)-� -Cyclodextrin by Thin-Layer, High Performance Liquid and Gas Chro-
matography and Mass Spectrometry. J. Chromatogr. 1986, 368, 329–337.

6. Jaus, A.; Oehme, M. Enantioselective Behaviour of Ethylated �–Cyclodextrins as GC
Stationary Phases for Chlorinated Pesticides and Phase Characterization by HPLC.
Chromatographia 1999, 50 (5–6), 299–304.

7. a) Ley, S. V.; Low, C. M. R. Ultrasound in Synthesis, Springer Verlag: New York,
1989.

8. a) Richards, W. T.; Loomis, A. L. The Chemical Effects of High Frequency Sound
Waves. I. A Preliminary Survey. J. Am. Chem. Soc. 1927, 49, 3086. b) Bremner, D.
Adv. Sonochem. 1990, 1, 1.

9. a) Luche, J.-L.; Cintas, P. Can Sonication Modify the Regio-and Stereoselectivities
of Organic Reactions Adv. Sonochem. 1999, 5, 147. b) Mason, T.J.; Recent Advances
in Sonochemistry and Processing. Acta Phys. Sin. 1999, 8, 313. c) Cintas, P.; Luche,
J.-L.; The Sonochemical Approach. Green Chem. 1999, 1, 115. d) Mason, T.J. Large
Scale Sonochemical Processing: Aspiration and Actuality. Ultrasonics Sonochem.
2000, 7 (4),145–149. e) Browser, R.; Davidson, R. S. Current Trends in Sonochem-
istry, Price G. J. Ed.; The Royal Society of Chemistry, 1992. c) Maynard, B.J. Chem-
istry (Am. Chem. Soc.) 17 (summer 2000). f) See also the web sites
http://www.scs.uiuc.edu/�suslick/execsummsono.html The Chemistry of Ultra-
sound by K.S. Suslick and http://chemistch.shiga-med.ac.jp/chemistry/sonochem.
shtml Literatures Related to Sonochemical Reactions.

10. Peters, D.; Zur, C.; Miethchen, R. Organofluorine Compounds and Fluorinating
Agents; 20: The Nucleophilic Perfluoroalkylation of Sugar Aldehydes Using a Sono-
chemical Barbier-Type Reaction. Synthesis 1998, 1033–1038.

500 CRAVOTTO, NANO, AND PALMISANO

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
1
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

11. a) Luche, J.-L.; Einhorn, C. Ready Preparation of Sugar Acetals Under Ultrasonic Ir-
radiation Carbohydr. Res. 1986, 155, 258–261. b) Lee, A. S.-Y.; Yeh, H.-C.; Tsai,
M.-H. A Simple and Highly Chemoselective Desilylation of t-Butyldimethylsilyl
Ethers. Tetrahedron Lett. 1995, 36, 6891.

12. Ferrières, V.; Bertho J. N.; Plusquellec, D. A New Synthesis of O-Glycosides from
Totally O-Unprotected Glycosyl Donors. Tetrahedron Lett. 1995, 36 (16),
2749–2752.

13. Hanzawa, Y.; Uda, J.-I.; Kobayashi, Y.; Ishido, Y.; Taguchi, T.; Shiro M. Trifluo-
romethylation of Chiral Aldehyde and Synthesis of 6-Deoxy-6,6,6-trifluorohexoses.
Chem. Pharm. Bull. 1991, 39 (9), 2459–2461.

14. Brochette-Lemoine, S.; Joannard, D.; Descotes, G.; Bouchu, A.; Queneau, Y. Sono-
catalysis of TEMPO-Mediated Oxidation of Glucosides. J. Mol. Catal. (A-Chem.)
1999, 150 (1–2), 31–36.

15. Canceill, J.; Jullien, L.; Lacombe, L.; Lehn, J. M. Synthesis of Bouquet-Shaped
Molecules Based on a �-Cyclodextrin Core. Helv. Chim. Acta, 1992, 75, 791–812.

16. GC chiral test for the stationary phase 3: mixture of racemic linalol, linalyl acetate and
linalyl propionate (standard columns: 40% of 3 in achiral polysiloxanic phase
OV1701, film 15 �m).

17. a) Horiuchi, Y.; Hirayama, F.; Uekama, K. Slow-Release Characteristics of Diltiazem
from Ethylated–Cyclodextrin Complexes. J. Pharm. Sci. 1990, 79 (2), 128–131.

Received January 8, 2001
Accepted May 25, 2001

SONOCHEMICAL PROTOCOL FOR CD SYNTHESIS 501

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
1
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Order now!

 

Reprints of this article can also be ordered at

http://www.dekker.com/servlet/product/DOI/101081CAR100106932

Request Permission or Order Reprints Instantly! 

Interested in copying and sharing this article? In most cases, U.S. Copyright 
Law requires that you get permission from the article’s rightsholder before 
using copyrighted content. 

All information and materials found in this article, including but not limited 
to text, trademarks, patents, logos, graphics and images (the "Materials"), are 
the copyrighted works and other forms of intellectual property of Marcel 
Dekker, Inc., or its licensors. All rights not expressly granted are reserved. 

Get permission to lawfully reproduce and distribute the Materials or order 
reprints quickly and painlessly. Simply click on the "Request 
Permission/Reprints Here" link below and follow the instructions. Visit the 
U.S. Copyright Office for information on Fair Use limitations of U.S. 
copyright law. Please refer to The Association of American Publishers’ 
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted, 
reposted, resold or distributed by electronic means or otherwise without 
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the 
limited right to display the Materials only on your personal computer or 
personal wireless device, and to copy and download single copies of such 
Materials provided that any copyright, trademark or other notice appearing 
on such Materials is also retained by, displayed, copied or downloaded as 
part of the Materials and is not removed or obscured, and provided you do 
not edit, modify, alter or enhance the Materials. Please refer to our Website 
User Agreement for more details. 

 

 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
1
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1

http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Dekker&publication=CAR&title=A+SONOCHEMICAL+PROTOCOL+FOR+THE+SYNTHESIS+OF+PERMODIFIED+CYCLODEXTRINS1&offerIDValue=18&volumeNum=20&startPage=495&isn=0732-8303&chapterNum=&publicationDate=07%2F31%2F2001&endPage=501&contentID=10.1081%2FCAR-100106932&issueNum=6&colorPagesNum=0&pdfStampDate=07%2F28%2F2003+09%3A54%3A37&publisherName=dekker&orderBeanReset=true&author=Giancarlo+Cravotto%2C+Gian+Mario+Nano%2C+Giovanni+Palmisano&mac=ReEBFMOX%QvjKUf1c$tDbw--

