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A novel synthetic route to the highly selective and orally active cannabinoid CB1 receptor inverse agonist
ibipinabant is described which combines the use of inexpensive, commercially available reagents and
mild reaction conditions with a high degree of atom-efficiency. The method is expected to enable the
rapid synthesis of a variety of sulfonylguanidines.
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The endocannabinoid system plays a key role in many
physiological processes.1 Moreover, cannabinoid CB1 receptor
antagonists/inverse agonists have shown clinical efficacy in the
treatment of obesity and related cardiovascular and metabolic risk
factors,2,3 and have been related4,5 to the potential treatment of
addiction,6,7 cognitive disorders8 and peripherally mediated disor-
ders, such as liver fibrosis, cancer, arthritis and chronic bronchitis.
However, the risk of psychiatric side-effects has led to the termina-
tion9 of many developmental programmes on CB1 receptor block-
ers for the treatment of obesity. More recently, suggestions have
been made aimed at possible therapeutic applications in peripheral
pathologies10 and continuation of obesity clinical trials, while safe-
guarding the safety of patients and clinical trial subjects.11 The
majority of the reported12–14 CB1 receptor antagonists and inverse
agonists can be described in terms of a general pharmacophore
model.15–19

The dihydropyrazole derivative 1 (ibipinabant, SLV319)20 is a
thousand-fold CB1/CB2 selective and an orally active cannabinoid
CB1 receptor inverse agonist which constitutes an important phar-
macological tool for investigation of the physiological role of the
cannabinoid CB1 receptor in vitro and in vivo (Fig. 1). It should also
be noted that 1 showed negligible off-target activities in a panel of
more than hundred receptor and enzyme biological targets.

Several synthetic approaches to 120 and 2 (SLV330)21 and struc-
tural analogues22–24 have been reported, and routes to general
structure 3 are summarized in Scheme 1.20–22 Typically, the key
building block 4 was coupled with various electrophilic reagents
5–7 to furnish intermediates 8–10, respectively, which were fur-
ther converted into the racemic CB1 inverse agonists of general for-
mula 3.

Although the routes outlined in Scheme 1 are well-suited to
produce pyrazolines, such as 1 and 2 on small scale under labora-
tory conditions, the use of corrosive and highly toxic reagents (e.g.,
HgCl2) has rendered them less useful for synthesis on a larger scale.
ll rights reserved.
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For example, in the described20 synthetic route to 1, the corrosive
chlorinating agent PCl5 was used at reflux temperature in chloro-
benzene. At elevated temperatures, PCl5 is known to slowly
decompose into PCl3 and highly toxic chlorine gas. Large scale
use of such compounds would create considerable safety hazards.

A novel synthetic route to pyrazoline derivatives of the more
general formula 3, under milder reaction conditions, would enable
the inclusion of additional sensitive functionalities without the
need for complicated protecting group strategies. Furthermore, it
should be emphasized that the efficient synthetic methods are
characterized by a high degree of atom economy,25 that is, the
maximum number of atoms from the reactants appearing in the
product.

The above mentioned considerations prompted the design of a
general and easily scalable route toward sulfonylguanidines,26 in
particular those in which one of the guanidine nitrogen atoms is
part of a heterocyclic ring,27 such as 1 and 2, combining the use
of mild reaction conditions and inexpensive, commercially avail-
able reactants with a high degree of atom-efficiency.28 Such an
Figure 1. CB1 receptor inverse agonists 1 and 2.
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Scheme 1. Reported synthetic conversions of 4 into compounds of general structure 3.

1304 J. H. M. Lange et al. / Tetrahedron Letters 52 (2011) 1303–1305
improvement in synthetic access will be of importance since the
(sulfonyl)guanidine moiety constitutes a key structural element
in many biologically active compounds29 and natural products.30
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Scheme 2. Reagents and conditions: (a) CH3N@C@S, EtOH, N2, reflux, 3 h (90%); (b
The resulting novel synthetic route starts from commercially
available 431 which was reacted with methylisothiocyanate in eth-
anol to furnish the corresponding carbothioamide 11 in 90% yield,
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) MeI, MeOH, N2, 40 �C, 16 h (99%); (c) RSO2NH2, MeCN, reflux, 16 h (82–87%).
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which can equilibrate with its tautomer 12 (Scheme 2). Subsequent
reaction of 11 with methyl iodide in methanol gave 13 in almost
quantitative yield (99%). Gratifyingly, no chromatographic purifi-
cation was required for these first two steps. The racemic target
compound 14 was obtained32 in 87% yield by the reaction of 13
with commercially available 4-chlorophenylsulfonamide in aceto-
nitrile. The overall yield of this reaction sequence was 78% which
is substantially higher than the original route20 (�60%). The
atom-efficiency of this novel route was 75% which is considerably
higher than those of the previously described routes. Analogously,
piperidine analogue 15 was prepared in 82% yield from 13 and
commercially available piperidine-1-sulfonamide. The resultant
overall yield in this sequence was 73% being much higher than
the original route21 (�45%).

Application of preparative chiral HPLC enabled the active 4S
enantiomers 1 and 2 to be obtained20,21 in multi-kilogram amounts
after scale-up.

A crucial step herein constituted racemisation of the corre-
sponding 4R enantiomers, which were also collected during the
preparative chiral HPLC procedure, under basic conditions and sub-
sequently recycling the respective racemates 14 and 15 in the chi-
ral HPLC separation process. It was found that treatment with 2 N
NaOH in ethanol at room temperature for 20 h resulted in clean
racemisation which is in line with the observed epimerization33

in structural analogues of 1 and 2.
In conclusion, a novel synthetic approach to the highly selective

and orally active cannabinoid CB1 receptor inverse agonist ibipina-
bant (1) and a structural analogue 2 is disclosed. This route com-
bines the use of inexpensive, commercially available reagents
and mild reaction conditions with a high degree of atom-efficiency.
It can be anticipated that the outlined synthetic methodology will
enable easy access to a wide variety of sulfonylguanidine deriva-
tives. Work in this area is currently in progress.
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