
Tctrahe&on Lctter~, Vu1.32. Nu.20, pp 2263.2272. 1331 ocdo-4039/91 $3.00 + .oa 
Printed in Orcat Britain Pcr&WWnl Press plc 

Milbemycin Synthesis: 
Synthesis of 6B-Hydruxy-3,4_Dihydromilbemycin E 
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DeprtnmC oCChemislry, University of Manchester, Manchester, Ml3 9F’L. U.K. 

The rnilbetnycins and avermeccins have attracted considerable interest because of their potent and useful 

biological activities.1 The chemistry uf these compounds is being widely studied, ilnd several total syntheses 

have been reported.2+3 However, there remains scope for the development of flexible synthetic approaches to 

these compounds, not only to the natural products themselves, but also to analngues for biological evaluation. 

One approach involves a Wittig condensation bctwecn an ‘upper fragment’ ylid and a hydroxyhutcnolide, and 

has been applied to synthesize milbemycin E (1).4 Hydroxybutenolides are readily availabie by oxidation of 2- 

trimethylsilyll’urans using 102,s and the Robinson annelation provides a rapid, stereoselective, synthesis of the 

cyclnhexenyl fragment.6 We now report an extension of the Robinson reaction to include alkoxymcthyl 

isopropcnyl ketones, and a synthesis of a SR~hydrnxymilhemycin, as a prelude to the ayplicalion ol’ this 

approach to the synthesis of a-milbemycins, c.g. (2), and avermcctins, together with a significantly itnprovcd 

procedure for the aucia1 Wittig coupling. 
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Stirring 3 mixture of furanyl keto-ester (3)4 and henzyloxymethyl isopropenyl ketone (5)7 in ethanol 

containing aqueous sodium hydroxide gave the hydroxycyclohexanone (6), which precipitated out of the 

reaction mixture, and was isolated in 74% yield.8 Reduction using sodium borohydride gave the Sn-alcohol 18) 

selectively (85%), whereas sodium trlacetoxyhorohydride in acetic acid gave the SB-epimer (9) (90%).fi~x The 

2269 



2270 

~imethylsilylfuranyl keto-ester (4) similarly gave a good yield of adduct (7). This adduct has the functionality 

required for incorporation into a milbcmycin synthesis, however requires an inversion of configuration at C(6). 

Reduction of adduct (7) by sodium triacetoxyborohydridc was inefficient, but could be achieved using an 

excess of retramethylammonium rriacetoxyborohydridc in acetic acid-acetonitrile which gave the 5U-alcc>hol (lU) 

(84%). Esterification using phenylacetic acid followed hy hydrogenolysis gave diol (ll),s and oxidation 

followed by reduction, agah using tetramethy~amnlo~liulll rrincetoxyborohyctride, effected the required inversion 

of configuration at C(6), giving the dial (12) stereosclcctively via intramolecular dclivcry af hydride hy the 7- 

hydrvxyl substituent. Conventional procedures were used to convert dial (IZ) into the protcctcd 

n-imethylsilylethyl ester (14), which was oxidized using ‘102 to provide hydroxybutenolide (15), as a mixture of 

epimes, in 88% yield. 
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Scheme 1. Reagents: i, NaOH, 20 “C [(6) 74% (7) SO%]; ii, for (6), NaBH(OAc13 (90%), for (7), 

M~$IBH(OAC)~ (34%); iii, PhCH,CO$I, DCC, DMAP (85%); iv, H,, Pd/C, EtOlI [Yl%); v, (COClb, 

DMSO, Et,W (95%); vi, Me4NBH(OAc)3 (95%); vii, SEMCI, PrYNEt (91%); viii, K,CO,, EtOH (87%); 

ix, AgzO, Me1 (62%); x, NaOH, EtOH (39%); xi, Me,SiCH,CH,OH, DCC, DMAP (X0%); xii, &, TPP, 

hv, CH,Cl,, MeOH (88%). 

The Wittig condensation between hydroxybulenolide [15) and phosphonium salt (16)4 was carried uut by 

adding a solution of lithium hexamethyldisilazide to a solution of the hyclroxybutenolide and phosphonium salt in 

anhydrous tetrahydrofuran at -78 UC1 lullowed by warming to -10 *C. This procedure generated the ylid in the 

presence of the aldehyde derived from the hydroxybutcnolide, and was found to give consistently better yields 
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PPh3+1- OSiBuLMez 

(16) 

i iii 

VIZ 
(17)/(1s) R’ = SEM R2 = CH,CH,SiMe, 

(19)/(20) R’ = II R2 = CHZCH2SiMe3 

+ diastcreoisorncr 
f.22) 

iv G (23)/(24) R1 = SiEu’Me, R2 = CH,CII,SiMe, 

(25)/(26) R’ = R2 = H 

ClMe 

Scheme 2. Reagents: i, (lS), 3LiN(SiMe,),, ‘I’HF, -78 to -10 OC; ii, CI-l,N,; iii, I, (cat.), benzene [60% 

of (17)/(18) from (Is)]; iv, Eu,NF. THF [99% of (21)/(22), 7X% of (253/(26)J; v, 12, hu, benzene [92% 

of (19)/(2(I)]; vi, silica, CHCl, (98%); vii, DCC, DMAP [4h% from (25)j; viii, DIBAL, (74%). 

than if the ylid was generated separately4 The mixture of products from the Wittig reactivn was trcatcd with 

diaznmethane and with a trace of iodine in benzene to give the (FE’) dienyl esters (17) and (18), as a I : I 

mixture in n yield of 60% from the hydmxybutenot’de.~ 

Dcprvtection using tetrabutylammonium fluvride gave the hydroxy acids (21) and (22), but attempts to 

cyclize this mixture, e.g. using DCC/DMAP, were unsuccessful, only complex mixtures of products being 

obtained from which none of the desired macrolide could be isolated. However, it was found that the SEM ether 

could be removed from the Wittig products (17)/(18) by treatment with one mole equivalent of iodine under a 

sunlitmp. This procedure left the other silyl protecting groups unchanged, and gave the 6-hydroxy-compvunds 

(193 and (20) in a 92% yield. Stirring a solution vf these dials in chloroform containing a suspension of silica 
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induced lacmnimtinn and gave an excellent yield of y.lnctones (23) and (24). neprotection using temburyl- 

ammonium fluoride gave the seco-acids (25) and (26). 

Macrolactonization of this mixrure was carried our using DCC/DMAP following rhe procedure used in the 

milbemycin E synthesis4 and gave a single macrolide identified as (27) on the basis of its spectroscopic data. The 

selective cyclirarion of the required diastereoisomer in a mixture uf diastereoisomers analogous to seco-acids (25) 

and (26) has precedent,‘* and is due to transannular interactions in the conformarion required for cyclization of 

the unnatural diastereoisomer. Reduction 01. lactone (27) using DIBAL in toluene gave 6!3-hydroxy-3,4- 

dihydromilbemycin E (28) in good overall yield from the hydroxybutenolide (15),g identified by comparison of 

its spectroscopic data with those of milbemycin E (1) and its 3,4-dihydro derivative.4 

This work establishes a procedure [our the synthesis of GR-hydroxymilbemycins which is being applied to 

complete a synthesis of milbemycin G (2). Of general interest is the extension of the Robinson procedure to 

include alkoxymethyl isnpropenyl ketones, the selective removal of the SEM protecting group in the presence of 

the Z-(trimethylsilyl)ethyl ester and TBDMS groups, and the effect of the 6Bsubstituent on macrolactonization. 
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