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BIS-HOMO AVERMECTIN B, — A SEMI-SYNTHETIC ANALOG WITH A TRIENIC
18-MEMBERED MACROCYCLIC RING

Stephen Hanessian*, Philippe Chemla and Yongxue Tu
Department of Chemistry, Université de Montréal
P.O. Box 6128, Station A, Montréal, P.Q., CANADA

Abstract: The title compound was synthesized from semi-synthetic subunits obtained from avermectin Bj, after
homologation, coupling, lactonization and deconjugation.

The avermectin family of anthelmintic 16-membered macrolides!-2 continues to be the subject of much
research activity in view of their enormous market potential. Numerous efforts to improve or modify the structure-
activity profile of the avermectins, as exemplified by avermectin By, 1 (Figure 1) have been reported in the
literature, largely from the Merck Laboratories3 as well as other groups.4

Inspection of the structure and topology of avermectin Bj, from 1H NMR and X-ray crystal dataS reveal two
interesting features: a. the macrocyclic ring is in fact quite tightly packed with hardly any conformational
flexibility; b. the concave hexahydrobenzofuran portion of the molecule adopts a conformation in which the
carbonyl group of the lactone is pscudoequatorial and pointing away from the macrocycle.

Figure 1

Avermectin Bj,, 1 Triene analog, 2
Previous results from our laboratory and from the Merck group, have shown that even minor alterations in
the basic structure involving configurational inversions at C-2,5 or at C-19,7:8 for example result in drastic erosion
of anthelmintic activity. Intrigued by this unforgiving nature of the natural product vis-a-vis subtle structural and
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stereochemical modifications, we envisaged the synthesis of a bis-homo triene analog of avermectin B4 in which
the macrocycle was enlarged to an 18-membered lactone as shown in structure 2 (Figure 1). Inspection of
molecular models indicated that such a structure would exhibit a greater degree of conformational freedom. Of
prime interest was to probe the effect of macrocyclic lactone ring enlargement on the biologicalactivityandﬁmﬁle
of the natural 16-membered lactone.

Scheme 1 shows the route followed to the intended target. Thus, the readily available degradation product
3, obtained via ozonolysis and reduction of 1, 9 was homologated in three efficient steps to produce the bis-allylic
alcohol 6, [a]p 182° (c 0.97, CHCl3). Oxidation to the aldehyde and protection of the tertiary alcohol group as
the TMS ether gave 7, which was ready for condensation with a nucleophilic "upper” segment en route to the
triene system.

The dioiaspimacetal subunit with the appended disaccharide was also obtained from the ozonolysis of 1.9
Selective phenylthioetherification10 of the primary alcohol group proceeded uneventfully to give the
phenylthioether, [a]p -52° (c 1.01, CHCl3), which was subsequently oxidized to the sulfone §, [a]p -37°,
CHCl3). Formation of the anion with LDA followed by treatment with the aldehyde 7 led to the B-hydroxysulfone
8 as a mixture of diastercomers. Introduction of the double bond took place smoothly via the well known
sequence involving benzoylation and reductive elimination with sodium amalgan.1! Finally, desilylation gave the
seco ester derivative 9, [a]p +40° (c 1.19, CHCI3) in excellent yield. There now remained to form the
macrolactone ring and to deconjugate!S en route to the target molecule.

Basic hydrolysis, acidification and treatment with the Mukaiyama reagent12 led to the conjugated
macrolactone 10. We had previously developed a protocol for the deconjugation and partial equilibration of 2-epi
avermectin B}, a sequence that has been successfully utilized by other groups3.4 in the final stages of their elegant
syntheses of avermectin Aj,413 and B14!4 respectively, and their immediate derivatives. We had also used the same
reactions in the synthesis of 19-epi avermectin A, from avermectin By,,7 where deconjugation of an O-silyl
protected derivative led directly to the desired configuration at C-2.

When 10 was O-silylated then treated with LDA (THF, -78°C) followed by an acidic workup, there was
obtained a product to which we assign structure 2, [at]p -40.53° (c 0.15, MeOH) based on extensive NMR studies
at 500 MHz (1D, 2D NMR, 2D COSY, ROESY with complete JJ and nOe connectivities). A nOe enhancement
can be seen between H-2 and H-8' but not between H-2 and H-5 or H-6 in the 2D ROESY spectrum. Treatment
of 10 without protection of the hydroxy groups with LDA under the same conditions as above did not result in
any change. Itis of interest that deconjugation of the avermectin B}, derivative corresponding to 10 led to the C-2
epi product almost exclusively. In this case, equilibration to the natural product could be achieved by refluxing in
benzene in the presence of imidazole.6:15 However, treatment of 2 under the same conditions led to conjugation,
and the formation of 10 as the major product.

Compound 2 was completely devoid of biological activity when cvaluated in C.elegans motility (ICso
>10000ng/1mL) and in brine shrimp (A.salina) immobilization assays (ICso >55500 ng/mL) compared to
avermectin Bj (15 ng/1mL and 430 ng/mL respectively).16

In spite of the lack of activity, the synthesis of the ring-enlarged bis-homotrienic analog of avermectin By,
provides insight into the intriguing structure-activity requirements for this fascinating group of macrocyclic
lactones.17
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