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Asymmetric synthesis

O

ur group focuses on the synthesis of biologically active compounds for the various stages of
drug development. Several of our projects are devoted to the development of basic synthetic
methodology, with a special focus on asymmetric synthesis, while others address the synthesis
of compounds of known therapeutic interest, in which emphasis is placed on the reliability, efficiency
and scalability of the processes. Finally, other projects underway are related to drug discovery; these
aim to prepare chemical libraries for biological screening.

Basic synthetic methodologies
New developments in the Pauson-Khand reaction. The Pauson-Khand reaction (PKR) is one of the most powerful reactions
for the preparation of cyclopentanic compounds. The PKR is a
cobalt-promoted or catalysed cycloaddition between an alkene
and an alkyne, with the insertion of a carbon monoxide molecule to give a cyclopentenone. One of our main targets is to use
these cyclopentenones as starting materials for the synthesis of
biologically active substances such as carbanucleosides, prostaglandins and phytoprostanes. On route to a new approach for
the synthesis of prostaglandins, a few years ago we uncovered
a novel photochemical rearrangement (Figure 1). After studying
the scope of this new reaction in 2007, this year, in collaboration with Santiago Olivella, we have published a study of the
detailed mechanism of this unprecedented reaction (Olivella et
al, 2008; Figure 2).

Figure 1. Pauson-Khand reaction (PKR) and photochemical
rearrangement of the PKR adducts.

A new family of ligands for metal-catalysed reactions. To
date, the best approach for an asymmetric version of the PKR
is to use chiral ligands. In 2007 we designed an original family of hemilabile P,S-ligands with an unprecedented structure
showing a backbone constituted by four linked heteroatoms (PN-S-O). This year we have synthesised non-racemic N-phosphino-p-tolylsulfinamide ligands and studied their coordination behaviour towards dicobalthexacarbonyl complexes (Revés et al,
2008; Figure 3). We found that the presence of an aryl group on
the sulfinamide reduces the hemilabile character of the sulfurmetal bond. Intermolecular PKR of the resulting complexes led
to selectivities of up to 94% ee.
Applications of the new N-phosphinosulfinamide ligands to other
metal-catalysed processes are now being studied in our lab. We
have published the synthesis and the main structural features
of several rhodium complexes of these ligands (Achard et al,
2009). The activity of these rhodium complexes towards cyclotrimerisation reactions is now being evaluated.

Figure 2. Calculated mechanism of the photochemical
rearrangement showing the relative energy of all
intermediates and excited states along the reaction path.
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Synthesis of biologically active compounds
Synthesis of five-membered-ring compounds. As men-

Figure 3. Reaction of PNSO ligands with dicobalt complexes
produces bridged-type complexes in which phosphorous
(orange) and sulfur (magenta) are bonded to several cobalt
atoms.

tioned, one of the best ways to prepare five-membered ring
compounds is using the PKR. In 2007 we published an efficient
enantioselective protocol for the preparation of cycloadduct
1 from trimethylsilylacetylene and norbornadiene. This year
we have completed a new enantioselective approach for the
synthesis of carbanucleosides starting from this useful PausonKhand adduct, thus showing its usefulness as a cyclopentenone
synthon. Carbanucleosides are nucleosides in which the furanose ring has been substituted by a cyclopentane. Carbovir and
Abacavir (Ziagen) are synthetic cyclopentanic carbanucleosides.
They have shown major antiviral and anticancer activities. Due
to its toxicity, Carbovir was not developed beyond the preclini-
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cal phase; however, Abacavir was approved and launched for
the treatment of HIV. In our synthetic approach, the PKR adduct
was prepared in enantiomerically pure form using N-benzyl-Ndiphenylphosphino-tert-butyl-sulfinamide as a chiral P,S ligand.
From PKR adduct (—)-1, both (—)-Carbovir and (—) Abacavir
were efficiently prepared in optically pure form (Vazquez et al,
2008; Figure 5).
In the field of phytoprostane and prostane synthesis, we have a
fruitful collaboration with Paul Evans (Trinity College, Ireland).
We have published a full paper in which we describe the use of
the PKR adduct (+)-1 as starting material for the preparation
of 5-alkylidenecyclopent-2-enones. This approach is exemplified
by the short, stereoselective total syntheses of cyclopentenone
phytoprostanes such as 13,14-dehydrophytoprostane J1 (DPPJ1).
We have also reported the capacity of this family of synthetic
compounds to activate the peroxisome proliferator-activated
receptor-γ (Figure 6).

Enantioselective synthesis of amino acids and alkaloids.
The enantioselective synthesis of non-natural amino acids is attracting increasing interest due to the growing importance of
modified peptides and drugs that contain fragments of amino
acid derivatives. Cyclic α-amino acids are also present in many
biologically relevant compounds. In particular, hydroxypipecolic
acids can be considered as expanded hydroxylated homoprolines
or as constrained serine derivatives.
(—)-Cis-4-hydroxypipecolic acid (—)-3 (Figure 7), isolated from
the leaves of Calliandra pittieri and Strophantus scandeus, has
been identified as a constituent of cyclopeptide antibiotics such
as virginiamycin S2. It has also been used as precursor in the
preparation of selective N-methyl-D-aspartate (NMDA) receptor
antagonists and in the synthesis of Palinavir, a potent peptidomimetic-based HIV protease inhibitor.
(—)-Trans-3-hydroxypipecolic acid (—)-2 is a non-natural cyclic
β-hydroxy-α-amino acid that has been used as a precursor in the
synthesis of (—)-swainsonine, a potent and specific inhibitor of
α-D-mannosidase (Figure 7). We have described two new enantioselective entries to cis-4 and trans-3-hydroxypipecolic acids
(—)-3 and (—)-2 with complete control of the stereochemistry
of both stereogenic centres from enantiomerically enriched
2,3-epoxy-5-hexen-1-ol (—)-4 (Alegret et al, 2008). This useful
epoxy alcohol is readily available in multigram scale by Sharpless asymmetric epoxidation.
The structural diversity and pharmacological activity associated with alkaloids found in amphibian skin have stimulated
research into their synthesis. Many of these compounds have
an indolizidine structure. For instance, alkylindolizidine alkaloids, isolated from the skin secretions of certain neotropical
frogs of the Dendrobatidae family, have been demonstrated to
non-competitively block neuromuscular transmission. We have
shown the suitability of the same unsaturated epoxide used in
the syntheses of pipecolic acids as starting material for a stereocontrolled synthesis of indolizidine alkaloid trans-209D. The
key intermediate of this synthesis was enantiomerically pure NBoc-baikiain (—)-5, the preparation of which was described by
our group some years ago (Figure 7).

Figure 4. Crystal structure of a Bis-PNSO-Rhodium complex.
The Rhodium (green) centre is coordinated to phosphorous
(yellow) and sulfur (magenta).

Figure 5. Scheme of the enantioselective syntheses of
Abacavir and Carbovir performed by our group at IRB
Barcelona.

Figure 6. Enantioselective syntheses of dehydrophytoprostanes developed in collaboration with Paul Evans’s
group.
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Figure 7. Enantioselective syntheses of pipecolic acids and alkaloid trans-209D performed by our group.
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Synthesis and biological activity of phytoprostanes
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