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ABSTRACT 

Regioselective and Esterfication of β-Cyclodextrin was achieved by 
the reaction of a butyric anhydride solution mixed with a sulfuric acid or a 
pyridine base catalysts.  Thus, yielding an acylated ester product along 
with carboxyl and butyric acids.  Through the use of proton, carbon NMR 
spectroscopy and MALDI-TOF/MS will aid in the structural 
characterization of the major and minor products. 
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Introduction 

While the natural cyclodextrins (CDs) are themselves of interest as 
molecular hosts, much of their utility in superamolecular chemistry derives 
from their modifications. This involves altering the shape, size, and other 
physical properties of the CD annuli and surfaces; thus introducing new 
functional groups of cyclodextrins.  Cyclodextrins are homochiral cyclic 
oligosaccharides composed of six, seven, or eight α 1,4-D-glycopyranose 
units [1].  The CDs are denoted to as αCD, βCD, and γCD and are the most 
plentifully and extensively studied.  Through the coupling of α-D-
glucopyranose monomers cyclodextrin takes a doughnut like annular 
structure with wide and narrow hydrophilic ends delineated by O (2) H and 
O (3) H secondary and O (6) H primary hydroxyl groups respectively [2]. 

The interior cavity of the rigid cone of cyclodextrin is hydrophobic 
and hollow.  Therefore, it is key in providing the ability to include or 
encapsulate a substantial part of a guest molecule and in providing the 
ability to complex and contain a variety of “guest” molecules [3].  Such 
“guests” could be aromatic structures, alcohol derivatives or ester 
complexes.   The “guest” molecule occupies a site within the hydrophobic 
region of the CD cavity on the basis that guests possessing substantial 
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hydrophobic character tend to complex more strongly than those, which do 
not [4]. 

Increasingly sophisticated computational IR, 1H-NMR 
spectroscopy, and MALDI-TOF/MS studies have brought more certainty to 
the structural determination of CD complexes in solution [5].  This ability 
is significant in the application of enzymatic mimics, catalysis and proves 
an aid in drug formation. 

In this paper, we are looking at the esterfication of β-cyclodextrin 
derivatives, focusing on the acylation of the primary hydroxyl groups.  The 
C-6 primary position of CD is the most nucleophilic and is highly reactive 
with electrophilic species.  The primary hydroxyl groups were 
systematically acylated by the reaction of the butyric anhydride mixed with 
the pyridine base and sulfuric acid catalysis.  Therefore, yielding the 
unknown ester and the by- products of carboxyl and butyric acids. 
 
Experimental Procedure  
 
Apparatus 
 

TLC was performed on a pre-coated plate of Silica Gel 60 F254, 
with detection by UV light.  Spots were visualized with a spray containing 
5% H 2SO4 in EtOH, followed by heating.   

CD was dried at 115 degrees Celsius overnight or at a lower 
temperature of 95 degrees Celsius in a vacuum oven before using it in the 
actual synthesis.  Column chromatography was performed on Silica Gel 60 
(70-230 and 230-400 mesh).  Melting points were determined with an 
electrothermal apparatus, but could be incorrect due to the impurity of the 
product.  A proton IR and 1H-carbon NMR spectrum was used to record 
the carbon and proton signals of cyclodextrin. 
 
General Method 
 
Pyridine Catalysts 
 

Selective acylation of β-cyclodextrin was carried out in a solution 
of dry Cyclomaltohexaose in a pyridine mixture at a temperature of –12 
degrees Celsius; a TLC 1 was taken.  The butyric anhydride was added 
dropwise to the mixture.  The reaction was kept between 0 to –12 degrees 
Celsius and monitored by TLC every 45 minutes for 4hrs.  It was then 
poured into a dry ice bath; the mixture was extracted with CHCL3, 10; 50 
fold of 4% NaOH, 0.05g of NaCL, and 50 ml of ice distilled water, then 
extracted with two washes of 50 ml of ether acetate.  The use of the 
Rodervapor system was used to evaporate the solvent off the organic layer 



University of Wisconsin-Superior McNair Scholars Journal, volume 3, 2002 

 61 

to enable a better yield.  Once the product was evaporated and dried, the 
mass was determined.  The following amounts and conditions were used: 
 

Compound Amount Temperature  °C 

CD 5.120 (g) -12 

Butyric Anhydride  7.24 (ml) -12 

Pyridine 135  (ml) -12 

 
Table 1: Base Catalysis Materials 
 
Sulfuric Acid Catalysts 
 

A second set of conditions was used for the acylation of β-
cyclodextrin.  At 0 degrees Celsius, the sulfuric acid and butyric anhydride 
were added together.  This mixture was added dropwise for a time span of 
½ hr. to the dry cyclodextrin.  TLC was taken for the first 45 minutes of the 
reaction, then sprayed with 5% H2SO4 in EtOH followed by heating.  TLC 
elements were made of a ratio of 2:1:1 of EtOAC: EtOH: H2O.  The 
remaining reaction was left overnight in a Styrofoam cooler apparatus.  
Approximately after 22 hours had elapsed, the mixture was able to be 
poured on to 100 grams of ice water and was allowed to stir for ten 
minutes.  Then the solution was filtrated with a vacuum, recrystalized twice 
with EtOAC and then the sample was analyzed.  MALDI-TOF/MS and IR, 
1H-NMR spectroscopes were performed.  The following amounts and 
conditions were used: 
 

Compound Amount Temperature  °C 

CD 2.84 (g) 0 

Butyric Anhydride  6.1 (ml) 0 

H2SO4 1 drop 0 

 
Table 2: Acid Catalysis Materials 
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Results and Discussion  
 

Our first acylation of β-cyclodextrin and butyric anhydride, with the 
base catalysis under the conditions of Table 1, displayed three phases 
consisting of a top aqueous layer, middle precipitate layer, and a clear 
bottom layer.  The precipitated and clear layers were separated and isolated.  
Sodium Chloride was added to these layers to remove the emulsion.  The 
organic layers were saved for analysis.  Butyric acid from this reaction was 
removed by adding 4% NaOH, resulting in a sodium butyrate product from 
the organic layer.  The organic layers were saved for MALDI-TOF/MS, IR, 
and 1H-NMR spectroscopy.  According to Table 3, the IR spectra of the 
base catalysis displayed various unknown peaks between 4.0 to 3.4 ppm.  
According to Table 4, the 1H-NMR spectra displayed unwanted functional 
groups at 1719.3 to 1000.0 cm-1.  Also, we were not able to determine 
where the butyl groups of β-CD were acylated. 

Due to this error, we hypothesized that the reaction with the 
pyridine over-acylated the reaction, causing blurred IR, 1H-NMR spectras.  
The calculated mass of our derivative was 1.826 grams.  We sent this 
sample to be verified by Cell Resin.    The results came back and the 
reaction was not efficient enough to be carried out in larger quantities. 

An experimental reaction consisting of 2.5 g of the β-CD, 3.4 ml of 
butyl chloride, and 70 ml of the pyridine were allowed to react, under –15 
degrees Celsius.  The result was a color change from yellow →orange→to 
a darker tan, which did not occur in our initial reaction with the butyric 
anhydride.  The color phases were extracted with chloroform, filtrated, 
evaporated, and then put through a 3/1 EtOAC/Hexane column.  The 
product seemed to be thick and not desirable.  The calculated theoretical 
yield displayed a trivial amount, not feasible enough to run any further 
analysis. 

A third reaction went underway involving β-cyclodextrin, butyric 
anhydride, and sulfuric acid at 0 degrees Celsius.  Conditions and amounts 
of reactants are displayed in Table 2.  This reaction seems to be effective 
because, according to Table 5, the 1H-NMR-spectra for the acid catalysis 
displays the desired ester groups around 2925.9 to 1715.0 cm-1.  The 
calculated theoretical yield for this derivative was approximately 40.1 
grams, and an average yield of 75%. 

In summary, reactions containing pyridine mixed with butyric 
anhydride and butyl chloride were not valid reactions for acylation of β-
cyclodextrin.  MALDI-TOF/MS was done and our sample was then sent to 
be verified.  We still are not sure what specific ester was made because the 
IR and 1H-NMR spectra signify too many unknown peaks and various H 
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groups were not acylated.  An explanation for this could be that the product 
was over acylated at both the primary and secondary positions. 

The regioselectivity of the acid catalysis was shown to be a 
convenient acylating reagent.  Through the tests of IR and 1H-NMR 
spectra, the desired esters were displayed.  We sent this sample to be 
verified and the results are still pending. 
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