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SUnary: A highly stereocontrolled route to the hexahydrobenzofuran subunit of the 
averzectins and the l ilbeuycins via an asymetric Dielsdlder reaction is described. 

The averuectins and the milbemycins are a fauily of uacrolide natural products, isolated 

from the broths of Streptomyces avermitilis and Streptonyces hygroscopicus subsp. 

avreolacrinosrs cultures respectively. ’ Their unique structures and potent autiparasitic 

activities has stiuulated a great deal of interest in their chemical synthesis.? Herein we 

describe a stereocontrolled synthesis of the crucial extensively functionalized 

hezahydrobenzofurau subunit 1 in optically active form using an asyuuetric Diels-Alder 

strategy. 

Our retrosynthetic analysis for 1 is outlined in Scheme I. 

function and disconnection of Ou& bond, 1 would be retrograded 
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2. In principle cyclohexenol 2 could be obtained by the reduction from the convex face of 

cyclohexenone 3, which in principle could be prepared by a Diels-Alder reaction using diene 4 

and dienophile 5, oriented in a manner as shown in Scheme I. However Diels-Alder cycloadditon 

of diene 4 and dienophile 5 will also produce the other re.gioisomer.a Hence reduction of CO 

ketone function of 5 to an alcohol 6 would reduce such complexity. Furthermore, the chirality 

at CI, of 6 might induce a facial selective addition in the Diels-Alder reaction such that a 

favorable formation of one diastereomeric cycloadduct will be expected.’ If the synthesis 

started with optically active alcohol (S)-8, the target molecule 1 would be synthesized in 

optically active form with correct antipode. 

Optically active (S)-8 was prepared according to a literature procedure& by the 

condensation of (B)-2,3_isopropylidene glyceraldehyde and t-butyl acetate. When (S)-8 and 

diene ad were heated at 115’C for 26 hr, followed by treatment with BFs etherate at -78’C for 2 

hr, two diastereomric cyclohexenones 7s and 7b (ratio 3:l)’ were obtained in 981 yield. 

According to Hulzer’s’ and Takano’s@ observations, the major product was temporally assigned as 

7s. Separation of 7a and 7b was achieved by BPLC only at this stage, therefore mixture of isomers 

was carried over to the next reactions until where easy separation of isomers was found along 

the synthetic sequence. To construct O&$, bond, we require a leaving group at Co position and 

trans to the substituent on Cv. However unsuccessful monobromination of disnion of 7 produced 

intractable material, and the desired Gbroaocyclohexenone 8 was not observed. One would 

expect that chsnge of the ester group of 7 to a protected alcohol might reduce some complexity 

in the monobromination reaction. Therefore 7was reduced with LAB/TBF at room temperature, 

followed by treatment with benzoyl chloride (leq)/Etfi at O’C and Swern oxidatioxP to produce 

9a and 9b in 611 yield. Treatment of Qa and 9b with lithium hexrulethyldisilazide in TBF, 

followed by N-bromophthalinide at -78’C gave Mromocyclohexenones 19a and lob in 80X yield. 

Hydrolysis of 19a and lob in aq. EClO~/TBF afforded the corresponding diols lla, llb, and some 

ring closure product 12. At this stage these two isomeric diols lla and llb could be separated 

by column chromatography. Formation of hexahydrobenzofuran 12a was effected by treating the 

major diol lla with 2,Mutidine in Cl&. Similarily 12b was obtained by treating diol llb 

under a similar reaction condition. In an NOE experiment, an enhancement of Hz signal was 

observed when HZ of 12b was irradiated. Bowever, no NOE enhancement was observed for 12a in a 

similar experiment. These suggestedthatlIxsndHewere syntoeachotherin12baudantitoeach 

other in 12a. Thus the stereochemical assignments for h and 7b were confined by this chemical 

correlation. Jones oxidation of 12a and 12b gave the corresponding ketones 13a and 13b 

respectively. The ‘rr NBB spectra of ketones 13a and 13b were found to be identical after Careful 

exsmination of these spectra. Since 12a and 12b contained identical configuration on Cc chiral 

center and after reaoval of Cz chiral center two compounds becsae to have identical ‘H NUB 

spectra and TLC behavior, therefore 13a and 13b were enantiomers which also indicated that h 

and 7b were diastereoners with opposite configuration on each of their Ca and CT chiral centers. 

Thus the Dielsdlder reaction of (S)-8 and diene 4 had a clean regiospecificity. 



Scheme II 

In principle, chemoselective reduction on enone portion of 13 followed by methylation of 

the resultingalcoholandoxidationof C+Ito analcoholwouldfurnishthehexahydrobeneofuran 

subunit 1. Eowerer, reduction of 13 with NaDH~/CeC1~‘L in methanol at O’C or at -78’ C gave a 

mixture of reduction products which arose from a random reduction onCeand Cr carbonylgroups. 

Therefore 12a was silylated with triethylsilyl chloride in the presence of triethylamine to 

give 14. Deduction of 14 using NaDE&eCls in nethanol at -WC gave 15a and 15b (ratio 119). 

The reduction presumably proceeded predominantly from the convex face of the six-five fused 

oxaindenone.12 Yethylation of 15a with NaD/CArI gave methyl ether 16. Treatment of 16 with aq. 

HOAc/THF followed by Jones oxidation gave 17 in 74’1, yield. Finally, 17 was deprotonated with LDA 

at -78’ C and the resulting enolate was warmed to -2O’C for 30 min then was treated with Davis 

reagent *’ at -78’C for one hour furnished the hexahydrobenzofuran subunit 1 in 701 yield with no 

sign of the other regioisomer . (Scheme III) 



Scheme III 
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