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Abstract—Fluorescent analogues of the cholesterol absorption inhibitor (CAI), Sch 58235, have been designed and synthesized as
single enantiomers. Biological testing reveals that they are potent CAIs and are suitable tools for the investigation of the azetidi-
none CAI mechanism of action (MOA). # 2002 Elsevier Science Ltd. All rights reserved.

In the previous paper, we described our efforts to design
chemical tools for the investigation of the MOA of the
very potent class of cholesterol absorption inhibitors
typified by the original lead compound in this series, 1,
Sch 48461.1,2 The preceding paper demonstrated the
importance of metabolic sidechain hydroxylation to
activity in a series of iodinated analogues, echoing the
enhanced activity typified by our current clinical candi-
date, 2 (Sch 58235; Fig. 1).3,4 The importance of under-
standing the precise biological mechanism by which the
2-azetidinones inhibit cholesterol absorption has war-
ranted significant effort in our research labs.5 Our ulti-
mate goal is to discern the basic biochemistry related to
cholesterol absorption. This report details our efforts to
prepare fluorescent analogues of our lead CAIs and the
evolution of our efforts towards structures resembling
Sch 58235 and its glucuronide 3.

Our previous work in making biochemical tools in
the azetidinone CAI area focused our attention at the
N-aryl site for substitution changes. It had proven to be
the most tolerant of a variety of changes while main-
taining biological activity. Our first success at making
fluorescent analogues came with the inclusion of a
benzothiadiazole at the azetidinone nitrogen position.
Biological activity was first shown in a racemic com-
pound related structurally to Sch 48461, then confirmed
by the synthesis of enantiomerically pure 7, the analogue
related to Sch 58235. The synthesis of 7 begins with the

chiral oxazolidinone 4 (Scheme 1).6 Titanium tetra-
chloride mediated condensation with imine 5 gave an
intermediate b-amino acyloxazolidinone, the major dia-
stereomer of which could readily be purified to homo-
geneity by SiO2 chromatography. Silylation and fluoride
catalyzed cyclization gave the desired azetidinone 6
protected at both oxygen positions. Selective deprotec-
tion of first the benzylic alcohol, followed by boron
trichloride mediated removal of the p-methoxybenzyl
protecting group gave the fluorescent CAI 7.7 Chemical
synthesis of the related glucuronide 8 was recalcitrant,
though enzymatic approaches to its synthesis proved to
be quite effective.8

When compound 7 was characterized for its fluorescent
properties in biological systems, the fluorescence was
deemed to be not bright enough for the binding studies
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Figure 1. Cholesterol absorption inhibitors.
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that were planned. Furthermore, the biologically impor-
tant glucuronide analogue 8 was �10-fold less bright in
similar biological systems. Our charge came to be the
preparation of compounds with similar biological prop-
erties, but with the fluorescent properties of fluorescein.
We decided to take advantage of the N-iodophenyl CAI
described previously1 and modify theN-aryl group using
palladium coupling technology. A suitably fluorescent
moiety tethered to an activated carbonyl (5-SFX,
Scheme 2) was purchased from Molecular Probes, Inc.
We coupled this piece to propargyl amine to generate
the fluorescent alkyne 10. This alkyne was then coupled
via a Sonagashira reaction to the N-iodophenyl CAI 12
as shown in Scheme 3.1,9 We found that the methyl ester
was best for this purpose, and mild hydrolysis revealed
the desired fluorescent CAI, 14. This analogue turned
out to be particularly sensitive to a variety of condi-
tions. For example, under acidic conditions, a lactoni-
zation occurred, destroying the fluorescence. Under
basic conditions, the lactam would slowly open up,
probably assisted by the pendant benzylic hydroxyl.
Due to the compound’s sensitivity, further work with
this analogue was abandoned.

In order to overcome these difficulties, we once again
chose to utilize palladium mediated alkynylation of our
iodinated CAI. To our list of requirements for our tar-
get, we added the need for chemical stability. We turned
to the BODIPY1 moiety to solve our lactonization

problem. It is well known that these dyes by Molecular
Probes, Inc. offer significant advantages over fluorescein
dyes by greatly extending the pH range in which they
fluoresce.10 As before, propargyl amine was coupled to
an activated ester of the BODIPY1 dye, followed by
palladium mediated coupling of the alkyne to the iodo-
phenyl lactam (Scheme 3). The methyl ester was pur-
ified by preparative SiO2 TLC, then carefully
hydrolyzed to give the highly fluorescent CAI 16. This
compound absorbed UV light with a lmax of 505 nm in
ethanol (c 0.55 mM, e=33,000M�1 cm�1).11

Determination of CAI Activity4

The biological activity of all the fluorescent analogues
was assessed in a rapid cholesterol absorption assay in
rats as described below. The advantage of this rapid
assay format is that in addition to determining CAI
activity quickly, very small quantities of drug could be
used.

Male Sprague–Dawley rats weighing 250–300 g were
used. After an overnight fast, rats were anesthetized
(Inactin, 100 mg/kg ip) for the duration of each study
and were fitted with a cannula into the small intestine
just below the pyloric valve. For the cannulation of the
small intestine, a catheter (Surflo1 iv catheter (18GX2’’),
Terumo Medical Corporation; Elkton, MD, USA) was

Scheme 1. Reagents and conditions: (a) imine, TiCl4, i-Pr2NEt, CH2Cl2 (54%); (b) BSA, toluene; (c) TBAF (cat) (36%); (d) MeOH, Et3N,
H2O (1:2:7) (36%); (e) BCl3, CH2Cl2 (89%).

Scheme 2. Synthesis of fluorescent alkynes.
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inserted through the fundus of the stomach, advanced 1
cm beyond the pylorus, and ligated in place. Compounds
were mixed in rat bile and delivered by bolus injection (1
mL) via the intestinal catheter into the small intestine.
One-half hour after the bile doses were delivered, 3 mL of
a solution consisting of 2.23 mg/mL l-phosphati-
dylcholine and 11.8 mg/mL triolein in 19 mM sodium
taurocholate (Sigma, St. Louis, MO, USA) buffer (pH
6.4) containing 3 mg cholesterol and 2 mCi 14C-choles-
terol (NEN, Boston, MA, USA) was delivered to each
rat as a bolus via the intestinal cannula. Ninety minutes
after the cholesterol emulsion was delivered, the rats
were euthanized. Blood was collected and plasma was
separated by centrifugation at 2000 rpm for 15 min at
4 �C. Triplicate aliquots of plasma were analyzed for
14C radioactivity and inhibition of cholesterol absorp-
tion relative to bile vehicle control rats was determined.

The results of this assay are shown in Table 1. All
fluorescent compounds were potent cholesterol absorp-
tion inhibitors in this assay at mg/kg levels of dosing. As
a comparison, Sch 58235 has an ID50 of 1.6 mg/kg in
this test.4 Thus, all compounds were deemed to be bio-

logically relevant CAIs and were suitable for use in our
MOA studies.12,13

We have designed and prepared a number of potent
azetidinone CAIs with fluorescent absorption and emis-
sion properties making them suitable for use as biologi-
cal tools for the investigation of the mechanism of
action of this important class of new pharmacological
agents. We have addressed both the photochemical and
stability issues in this work and have assessed their bio-
logical utility via a rapid cholesterol absorption assay in
rats. In particular, compound 16 represents a stable,
highly fluorescent tool representative of this class for
biological studies.
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