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Summary : A diastereocontrolled synthests of the spiroketal sub-unit of 22,23-dihydro-

avermectin Bb has been developed wusing a formal double condensation at both ends of
pentane 2,4-d‘ZLO7Z€ 3 with intermediate formation of the ketal 5.

Owing to their unique biological activities, the sixteen-membered lactones mil-

bemycins (1 and avermectins (2) are currently focusing considerable synthetic efforts.
Several total syntheses of milbemycin 83 have been reported to date (3) whereas only one
recent report appeared on the total synthesis of avermectin Bla’ one of the members of the
more complex avermectin family (4). As a first target in our program on the synthesis of
avermectins we chose the aglycon of 22,23-dihydroavermectin Blby 1, one of the components of
the commercial "Ivermectin" selected on the basis of its broad-spectrum antiparasitic
properties (20). This report deals with the synthesis of the spiroketal sub-unit 2 correspon-

ding to the C-15 to C-25 fragment of 1.
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Our approach involved a stepwise condensation at both ends of pentanedione 3
followed by a simple acidic cyclisation. This route was already tested for the formation of
model spiroketals of milbemycins with a subsequent original organéselenium—mediated cyclisa-
tion step (5). Furthermore, having in mind that the spiroketal moiety of 1 exists in its more
thermodynamically stable form due to both the anomeric effects and the equatorial orientation
of all peripheral substituents, some control of the chirality at the C-17, C-19 and C-21
centres of 1 might be anticipated from the early introduction of asymmetry at the chiral
carbons of the hydroxyhalide 4 corresponding to the C-23 to C-25 fragment. We envisioned that

the ketal 5 would be a versatile intermediate for developing this strategy.
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In order to test this approach the racemic anti—C7 synthon 4 was prepared by the

reaction of isobutyraldehyde with 2,6-di-ter-butylphenyl propanocate according to Heathcock
(6) (7)

to give 6 which was reduced to the diol 7 with LiAlH4 (mp: 45-46°C, anti/syn : 99/1,

71% overall yield). Routine transformation of 7 afforded the bromoalcohol 8 (92%) which was
(8)

converted into the trimethylsilylderivative S in quantitative yield.
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a) LiAlH,, ether b) TsCl, pyridine, -35°C then LiBr acetone <¢) TMCS, HMDS, pyridine, pentane,35°C d) LDA-HMPT,
5.5eq., %HF, -78°C, 3, then 20°C e) LDA-HMPT, 4.5eq., THF,-78°C, 3, then 20°C f) citric acid, MeOH.

(9) with the bromo

Direct alkylation of the dianion of pentane 2,4-dione 3
alcohol 8 using LDA-HMPT in THF provided the hemiketal 10 in 50% yield after acidic work up
and chromatography. The efficiency of this step was improved when the dianion of 3 was
treated with the trimethylsilyloxyhalide 9 to give the diketone 11 (enol/ketone : 75/25) in

90% yield. Further acidic treatment of both 10 or 11 yielded the methylketal 12 in over 90%
yield (8>. As expected from anomeric control and conformational stability, a single isomer
was detected and tentatively identified as bearing an axial methoxy group.

We next turned to the second condensation step at the other end of the penta-
nedione moiety. The dianion of 11 was allowed to react with the benzyloxyaldehyde 13a (10) to
give a 1 : 1 mixture of the ketol epimers 14. (enol/ketone : 70/30) in 70% yield. However
further exploitation of the reaction products was troublesome as separation of the diastereo-
isomers proved difficult either at this stage or after acidic cyclisation. The reaction of
the kinetic enolate of the methylketal 12 with either esters (acylation approach) or
aldehydes (aldol approach) was then examined.

Acylation of the enolate of 12 with diethyl oxalate followed by direct thermoly-
sis of the crude reaction mixture at 250°C gave after distillation the spirodihydropyrone 15

(8)

as a single pure isomer in 54% yield This product is analogous to an intermediate in

Barrett's milbemycin synthesis (3g,h,5)

. The route for converting 15 into the hydroxyspiroke-
tal 16 has been thoroughly investigated by this author.

The alternative aldol approach was then developed. Preliminary results showed
that reaction of the enolate of 12 with benzyloxypropanal 13a gave a mixture of the two
diastereomeric alcohols 17a and 18a (55/45, 75%) which were easily separable by chromatogra-

8
phy. HCl treatment of 18a yielded quantitatively the expected spirotetrahydropyrone 19a ( ).
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More interestingly from a synthetic point of view, the kinetic enolate of 12 was
cleanly condensed at -78°C with the highly reactive p-toluenesulfonyl aldehyde ;gg(ll) to
produce the sulfonyl alcohols 17b and 18b (55/45) in 80% yield. Flash chromatography followed
by acidic cyclisation of the less polar 18b isomer led gquantitatively to the crystalline

8
ketosulfone 19b (diisopropylether-hexane ; mp: 101—103°C)( ).
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a) LDA, THF, -78°C, diethyloxalate, then -15°C b) 250°C then distillation O.1mmHg c) LDA, THF, -78°C then 13 a or b,
lh. d) HCL, CHCla e) LiA1H4, benzene, 20°C f) L-Selectride, THF, 0°C. -

Subsequent reduction of the carbonyl group of 19b with LiAlH4 in benzene provided
the easily separable spiroketals 20b and 21b (80/20) in 98% yield. The observed selectivity

is in agreement with already reported observations (3b,d,5b,h)

and probably reflects a
chelation control of the hydride with the axial anomeric oxygen.

Alternatively, the epimeric non-natural spiroketal 21b could be obtained by
L-Selectride reduction (21b/20b : 95/5) in 88% yield. Both isomers easily crystallized from
ether-hexane (mp: 118-120°C for 20b and 104-106°C for 21b) and their stereochemistry was
deduced from 400MHz NMR measurements including proton homonuclear correlation (COSY) experi-
ments. The chemical shifts and the J values observed for the three CHO-protons at the C-17,
C~19 and (C-25 centres are of diagnostic value for the stereochemistry assigment (8).
Particularly the C-17 proton in 21b is axial whereas the C-19 proton is equatorial with
concomitant conservation of both axial anomeric effects.

Work is in progress to extend this simple route to the synthesis of optically

(7)

active spiroketal 20 from the readily available (25,3R)-diol 7 as well as to improve the
stereocontrol in the aldolisation step.
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