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GRAPHICAL ABSTRACT

Abstract The synthesis of β-cyclodextrin derivatives bearing one phosphate group on the
primary rim is reported. These compounds were prepared in good to excellent yields, by reacting
β-cyclodextrin with dialkyl chlorophosphates in the presence of 4-dimethyl amino pyridine
(DMAP) catalyst and dimethylformamide (DMF) as solvent. The methodology described is
highly selective and the purification of the title compounds is simple, because difficulties due
to phosphate regioisomers mixture are avoided.
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INTRODUCTION

Cyclodextrins (CD) are cyclic oligosaccharides typically containing six (α-CD),
seven (β-CD), and eight (γ -CD) glucopyranose units forming a toroidal shape. This orien-
tation enables cyclodextrins to form inclusion complexes when a guest molecule is partially
or fully contained in the interior of the cavity.1 Due to this characteristic feature, cyclodex-
trins and cyclodextrin-based polymers have been studied for a number of applications
including chromatography, environmental, and pharmaceutical science.1,2

Over the past five decades, modified cyclodextrins have received increasing interest
due to their applications in various fields, ranging from supramolecular chemistry to drug
delivery, biosensors, and water purification.3 The selective modification of cyclodextrins is
a challenge because of the presence of three different types of hydroxyl groups in their struc-
ture as well as due to the hydrophobic nature of their cavity. The various hydroxyl groups
compete for the modifying reagent making the extent of the functionalization (mono, di,
tri, etc.) difficult to control. Alternatively, the hydrophobic cavity is capable of complexing
the reagent and directing substitution to the formation of unexpected products.4–6 The size
of the cyclodextrin cavity and the solvent used are the other factors that can also affect the
reaction product. Few methods are known for the preparation of monosubstituted cyclodex-
trins bearing organophosphate groups.7,8 However, these methods have drawbacks, such as
the use of pyridine which is a toxic solvent, tedious work-up procedures, and poor yield. For
example, Breslow’s research group7 reports the preparation of 6-O-monophosphorylated
β-cyclodextrins using a method containing a series of protection–deprotection and recrys-
tallization steps leading to poor yields. Pyridine was selected as solvent in these methods,
because of its ability to orient the substitution reactions to the primary hydroxyl groups
of the cyclodextrin moiety. However, it also forms a pyridinium complex, with the cavity
of CDs, which complicates the work-up procedure6 and leads to poor yield. Our current
interest in the application of modified cyclodextrins polymers for water purification9–11 led
our quest for convenient ways of obtaining these compounds with high yield and purity.

In this letter, we wish to report a convenient and better yielding method for the
monophosphorylation of β-cyclodextrin 1 using dialkyl or diaryl chlorophosphates in
the presence of 4-dimethylamino pyridine (DMAP) as a catalyst and dimethylformamide
(DMF) as a solvent (Scheme 1) to produce the corresponding 6-O-monophosphate β-
cyclodextrin compound 2 in good to excellent yields.

RESULTS AND DISCUSSION

In this study, DMF as solvent with DMAP as catalyst is proposed as an attractive
alternative to pyridine (non–user-friendly solvent) used in most of the approaches reported
for the monosubstitution of cyclodextrins in the literature. DMAP is known to catalyze
a wide variety of reactions like acylation, carbamylation, silylation, sulphonylation, and
phosphorylation of amino and hydroxyl groups.12 According to Loannou and colleagues13,
DMAP also activates acylation toward primary hydroxyl groups over secondary hydroxyl.
In addition, it functions as an acid (HCl) scavenger to prevent the hydrolysis of the phosphate
esters. Another advantage of using DMAP is that it is a non-hygroscopic solid, easy to handle
when compared with liquid tertiary amines that are commonly used. In this procedure,
the cyclodextrin and the phosphorylating agent were reacted at room temperature (25◦C) and
in diluted solution to avoid highly substituted derivatives. In addition, the phosphorylating
agent was added slowly to ensure that the cyclodextrin remained in excess in the reaction
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Scheme 1 Preparation of compound 2.

flask.14 This reaction was highly regioselective, because only a single signal was observed
in the 31P NMR spectra of the crude products (Table 1). At higher temperatures or with
more concentrated solution of phosphorochloridate, the reaction selectivity was lost and
multiple signals were observed in the 31P NMR spectra of the crude products.

The proposed mechanism for phosphorylation by DMAP-catalyzed reaction is illus-
trated in Scheme 2.

It begins with a nucleophilic attack of DMAP on the phosphoryl halide to generate a
phosphorylpyridinium-anion-pair intermediate, which reacts selectively with the primary
hydroxyl groups of the cyclodextrin to yield the phosphate ester product while regenerating
the DMAP.

The work-up procedure for obtaining the final products involved: precipitation with
diethyl ether, and washing several times with isopropanol to remove DMAP and its hy-
drochloride salt.15 This protocol afforded the production of the title compounds in yields
ranging from 60% to 85% as shown in Table 1. To the best of our knowledge, the synthesis

Table 1 Percentage yields and spectroscopic data for cyclodextrin phosphorylated derivatives

Compound R % Yield 31P NMR δ(PPM) FT-IR (ν, cm−1)

(2a) 69% 1.1 1 251 cm−1 (P O)
CH3- 1 025 cm−1 (P-OCH3)
(2b) 85% −0.9 1 252.2 cm−1 (P O)
CH3CH2- 1 026 cm−1 (P-OCH2CH3)
(2c) 70% 1.0 1 241 cm−1 (P O)
(CH3)2CH- 1 027 cm−1 (P-OCH(CH3)2)
(2d) 60%a −11.5 1 247 cm−1 (P O)
C6H5- 1 194 cm−1 (P-OC6H5)

aYield = 32% and 49% in ref.7 and ref.8 respectively.
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Scheme 2 Proposed mechanism of catalysis of phosphorylation by DMAP.

of these compounds have never been reported in the literature, except for the mono(6-
O-diphenoxyphosphoryl)-β-cyclodextrin (2d) that have been synthesized by Breslow and
colleagues7 and Liu and colleagues8 with 32% and 49% yield respectively.

CONCLUSION

We have developed a convenient and efficient method for the synthesis of 6-O-
monophosphorylated β-cyclodextrin derivatives in good yields. The monophosphorylation
of cyclodextrins is selectively obtained in DMF by controlled addition of the phosphorylat-
ing agent, with DMAP being a catalyst and base. The work-up and purification procedures
of the title compounds are simple, because the production of phosphate regioisomer mix-
tures that leads to purification difficulties, as described in other procedures in the literature,
is avoided.
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