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A NOVEL DEGRADATION IN THE AVERMECTIN SERIES:
A STEREOSPECIFIC OSMYLATION REACTION

Harold G. Selnick and Samuel J. Danishefsky*
Department of Chemistry, Yale University, New Haven, Connecticut 06511

Abstract: The reaction of osmium tetroxide on a A? (conjugated) isomer of avermectin aglycone,
bearing a free hydroxyl group at C13 occurs with high regio and facial selectivity.

The goal of a total synthesis of a naturally occurring avermectin (cf. avermectin Ay, 1)
becomes more manageable if progress at crucial stages of the program can be monitored by
comparisons with degradation products.! Moreover, systems derived in this way can be used to test
the feasibility of contemplated steps in the advanced stages of a synthesis. Furthermore, as
elegantly demonstrated by Smith,2 the sequence of degradation and synthesis can be used to
construct "hybrids" which are useful in probing the effects of structural variations on biological
activity.

Smith had exploited a free hydroxy! group at C7 to direct epoxidation to the Cg-Cg double
bond, thereby achieving degradation of that linkage. In the course of studies which established the
basis for a fully synthetic route to the avermectins, Hanessian demonstrated that several seco-acid
derivatives, bearing conjugated (i.e., C»>-Cg) double bonds, undergo ozonolysis at C19-C11 with
good selectivity.3 For reasons of strategy, our goal was to effect cleavage at the C14-C15 double
bond and the C13-C14 o-bond (see cleavage points in 1).

Me-~

|
ANAA
See ref. 3 0

f
10\ \/o
A2 OH |

See ref. 2 7] H )
8

11
Me




4956

The oleandrosyl groups of 1 were detached through acidic treatment.l Conjugation of the
double bond was smoothly accomplished through the action of D.B.U. In this fashion the
“conjugated" aglycone 2 was obtained {93%). Previous methods for conjugation?.3 had also
resulted in opening of the macrolactone.

1) H,S0, , THF, H,0
2) DBU, PhH, 80°C

Avermectin A

Reaction of 24 with osmium tetroxide5.6 followed by workup with sodium bisulfite afforded a
78% yield of the tetraol, 3, as a single facial isomer. Examination of the stereo structure arising from
a crystallographic determination of avermectin Baa, wherein the double bond in the cyclohexeno
ring is in its natural A1 position, provides a clue for this apparent stereospecificity. The conformation
of the macrolactone is such that the carbon-oxygen bond of the C13 alcohol is s-cis to the C14-C15
double bond. Attack on the B-face would corresond to approach of the external reagent from the
inside of the macrocyclic array. Such an attack trajectory, were it to occur in the preferred ground
state conformation,? would encounter serious interference from the C17-C1g sector of the spiroketal
lattice. Accordingly, the tetraol is formulated as shown in 3.

Cleavage of the triol with excision of C14 was accomplished through the action of lead
tetraacetate. The secodialdehyde thus generated could be characterized spectroscopically, but in
the usual case was immediately reduced with sodium borohydride. Cleavage of the ester linkage
with potassium carbonate-methano! afforded diols 4 (83%) and 6 (60%).

With a view to utilizing 4 in a projected reconstruction, we attempted the oxidation of the
homoallylic alcohol to the B,y-unsaturated aldehyde 5. We emphasize that a variety of attempts to
achieve such a transformation8 led to complex mixtures from which the desired 5 was never
obtained. Indeed, a total synthesis of 4 has been accomplished,® but it has, in our hands, never
proven to be a useful intermediate. However, compound 6 has proven to be amenable to useful
development in a total synthesis of avermectin Aqa.10
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1) Pb(OAc), , MeOH, PhH
2) NaBH, , MeOH
3) K,C0; , MeOH
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