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ABSTRACT

The use of carbohydrate sulfonyl chlorides is introduced as a new, facile glycoconjugation method which could find broad applications. We
demonstrate the approach by synthesizing a number of glycosylated cholesterol absorption inhibitors which display high inhibitory efficacies
in our recently established in vitro assay. Furthermore, we highlight an advantage of the electron-withdrawing nature of the sulfonyl linkage
which allowed the synthesis of otherwise unstable azetidine conjugates.

The chemical and analytical tools for studying the biological
functions of carbohydrates and glycoconjugates have seen
explosive development within recent years.1,2 The structural
and synthetic complexity of densely functionalized carbo-
hydrates renders the introduction of carbohydrate domains
onto molecules of interest a nontrivial exercise. Moreover,
the issues of reactivity and stereoselectivity at the anomeric
center during glycosylation adds to the synthetic challenge.1,3

We have become interested in exploring the effect of

glycosylation of small-molecule inhibitors of intestinal
cholesterol absorption.4 In this context, we initiated a study
into the development of new strategies for the synthesis of
carbohydrate conjugates (Scheme 1).

Examples from the wide range of important applications
involving glycoconjugation methods include the synthesis
of neoglycoconjugates by Staudinger ligation to cell sur-
faces,5 the use of neoglycopeptides as oligosaccharyl trans-
ferase inhibitors,6 and the enhanced biological activities of
drugs.4,7 Thus, for instance, ezetimibe (10, Scheme 2)8
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constitutes a notable recent example of a small-molecule
pharmaceutical whosein ViVo activity can be increased
through glycosylation.7,9 In the context of our ongoing
research on cholesterol absorption inhibitors,4 we became

interested in the rapid introduction of a variety of carbohy-
drate domains onto molecules of interest. Given the inherent
complexity that can be associated with traditional glycosyl-
ation methods,1,3 we examined a new conjugation strategy
that would obviate issues relating to reactivity and stereo-
chemistry during the introduction of the carbohydrate. In this
regard, we focused on carbohydrate sulfonyl chlorides be-
cause a conjugation strategy based on sulfonate ester forma-
tion would be convenient.10 The use of a sulfonylation reac-
tion to facilitate the construction of analogues of biopolymers
finds some precedence in the preparation of sulfonate-linked
oligonucleotides.11 However, to the best of our knowledge,
the use of sulfonylation reactions for the purposes of
glycoconjugation has not been previously reported. As a
proof-of-concept study, we have prepared three different
carbohydrate-derived sulfonyl chlorides and examined their
conjugation to ezetimibe, given our expertise with an assay
for in Vitro screening of cholesterol absorption inhibitors.4

The synthetic phase of our investigations commenced with
the synthesis of sulfonyl chlorides3, 6, and9 from the known
O-benzylated glucose derivates1,12 4,13 and disaccharide7.14

The sulfonyl chlorides were prepared in high yields through
a short sequence of reactions involving oxidation15 of the
intermediate thioacetates2,16 5,17 and8 (Scheme 1).
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Scheme 1. Synthesis of Carbohydrate Sulfonyl Chlorides

Scheme 2. Synthesis of Sulfonylatedâ-Lactam Glycosides
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Previous glycosylations of ezetimibe (10) have been
carried out on the phenol and furnished conjugates with
increased activity profilesin ViVo7,9 andin Vitro.4 As a means
of testing our premise involving conjugation of carbohydrates
via sulfonate ester formation, we prepared sulfonylated
derivatives12-14as outlined in Scheme 2.18

Conjugates12-14 were subsequently evaluated for inhibi-
tion of intestinal cholesterol uptake at fixed substrate
concentrations of 6µM using the brush border membrane
vesicle assay (Figure 1).4 Compared to ezetimibe (10) (16%

inhibition), the sulfonylatedâ-lactam glycosides displayed
interesting activities as cholesterol absorption inhibitors. The
highest efficacy was observed for the cellobiose derivative
14 (41% inhibition) compared to the monosaccharide deriva-
tives 12 (20% inhibition) and13 (15% inhibition).19

We have observed an additional important advantage to
the use of sulfonyl glyconjugation in the context of a
structure-activity relationship study of ezetimibe. Specifi-
cally, we sought to address whether replacement of the
â-lactam ring by an azetidine (see15, Figure 2) would furnish
structures retaining activity as cholesterol absorption inhibi-
tors. In this respect, previous studies had suggested that the

â-lactam ring is critical for activity,20,21 with a related open
â-amino acid being inactive.21 As shown in an overlay of
the geometry optimized structures (ab initio minimization,
B3LYP/6-31G*)22 of the â-lactam in10 with azetidine15,
the puckered azetidine ring results in only minor perturba-
tions of the positioning of the side chains compared to the
flatter â-lactam. On the basis of this analysis it might be
anticipated that the azetidine ring could serve as an appropri-
ate replacement of theâ-lactam.

In our initial attempts to prepare an azetidine possessing
the side chains found optimal in ezetimibe, we observed that
the electron-rich phenol at C-4 renders the azetidine unstable.
Attempts at reduction of theâ-lactam with AlH2Cl23 led to
the isolation of rearranged products including predominantly
1824 (Scheme 3). Reduction of16 to the corresponding 1,3-

amino alcohol and closure to the azetidine17 (LiAlH 4, then
CBr4, Ph3P) permitted its isolation. However, upon depro-
tection azetidine15 proved unstable.
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Figure 1. Inhibition of intestinal cholesterol absorption in the brush
border membrane vesicle assay.4

Figure 2. Pictorial representation of the overlay of ezetimibe (10)
and the azetidine15. Geometry-optimized overlay at right with the
flexible C3 side chain omitted for clarity.22

Scheme 3. Attempted Synthesis of Azetidine15

Org. Lett., Vol. 7, No. 6, 2005 1147



We reasoned that substitution of the electron-rich aromatic
group by an electron-deficient sulfonylated aryl would lead
to a stable azetidine analogue.25 As outlined in Scheme 4,

reduction of theâ-lactam ring could be carried out using
AlH2Cl22 to give azetidine sulfonyl conjugates19 and21 in
78 and 94% yield, respectively, following deprotection.
Interestingly, the azetidine glycoconjugates19 and 21
displayed activities as cholesterol absorption inhibitors in the
brush border membrane vesicle assay (27% and 20%

inhibition, respectively) similar to that observed for the
â-lactams counterparts12 and13 (20% and 15% inhibition,
respectively). Thus, the use of a sulfonylated sugar permits
the synthesis of stable glycosylated azetidine analogues of
ezetimibe.

In summary, we have documented the synthesis of readily
available carbohydrate sulfonyl chlorides. We specifically
demonstrated the use of these by conjugation to the phenol
of ezetimibe, a potent cholesterol absorption inhibitor.
Furthermore, we highlight an advantage of the electron-
withdrawing nature of the sulfonyl linkage which allowed
the synthesis of otherwise unstable azetidine conjugates. The
novel sulfonylated glycosides all displayed highin Vitro
efficacies as cholesterol absorption inhibitors. The use of a
sulfonylation reaction for the synthesis of carbohydrate
conjugates has potentially wider applications which includes
sulfonamide linkages.26 Carbohydrate sulfonyl chlorides form
the basis of a versatile method for conjugation which could
find broader use in the syntheses of glycoconjugates.
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Scheme 4. Sulfonylated Azetidine Glycoconjugates
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