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SELENIUM INITIATED CYCLIZATION-2,3 SIGMATROPIC REARRANGEMENT:
SYNTHESIS OF THE C1 TO C10 FRAGMENT OF THE MILBEMYCINS AND THE
AVERMECTINS

Michael T. Crimmins *18 W. Gary Hollis, Jr.1® and John G. Lever
Department of Chemistry
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Summary: An efficient route to the C1 to C10 fragment of the milbemycins and the avermectins has been
accomplished utilizing a selenium initiated electrophilic cyclization in conjunction with a [2,3] sigmatropic
selenoxide rearrangement in the key transformation.

The structurally related avermectins? and milbemycins3 have been shown to possess significant
antiparasitic activity4 and have recently been the targets of synthetic studies by a number of groups.5-9 In the
accompanying communication we describe our own studies which have culminated in the synthesis of the C11 to
C31 fragment of milbemycin D (1), the primary target of our efforts. While numerous approaches to the
dioxaspiroundecane portion of these important molecules have been reported,6 considerably less success has
been recorded with regard to the hexahydrobenzofuran subunit.7-8 No previous totally synthetic preparation of
the intact C1 to C10 fragment of the milbemycins and the avermectins has appeared. We report here a rapid,
efficient entry into the C1 to C10 fragment 2 of the milbemycins and avermectins appropriately functionalized for
connection to the spiroketal fragment and further elaboration.

OSit-BuPhg

Our initial studies were centered around the preparation of a-hydroxy ketone 37P with the intent of
executing an intramolecular electrophilic cyclization to close the five membered ring and introduce functionality at
C5 in the cyclohexene ring. While we had previously utilized an NBS mediated cyclization of 3 to gain entry into
the desired systems, this sequence proved lengthy and inefficient and we therefore sought an alternative method
for the electrophilic cyclization. Exposure of o-hydroxy ketone 3 to phenylsulfenyl chloride in dichloromethane
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produced a single regio and stereoisomer 4a. Oxidation of the sulfide to the sulfoxide with m-CPBA at -78°C
proceeded cleanly, however, attempts to effect rearrangement of the sulfoxide!! under a variety of conditions
failed to produce any of the desired allyl alcohol 5. Alternatively, treatment of 3 with phenylselenenyl chloride
(CH,Cl,, NaHCO3) followed directly by oxidation (HyO», pyr., CH,Cl) provided alcohol § 10 (via selenide 4b)
in a single operation in 70% yield.1213 When diol 6 (Scheme II) was exposed to similar conditions (PhSeCl,

hexane, -78°C) diol 7 was produced in 45% yield. The lower yield of this reaction and our inability to easily
differentiate the two allylic alcohols prompted further investigation of modifications on alcohol § {[&Pyq =

+29.6°, CHCl3, ¢ = 0.0115 g/mL}.
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(a) PhSeCl, NaHCO3, CHyCl,, 0°C, 15 min. (b) H,05, CHCly, pyr. (1.5 equiv), 0°C, 15 min, 70% 2 steps.
(c) Ph3P=CHCN, CH3CgHs, 110°C, 12h, 85%.. (d) 1% HF, CH4CN, 30 min. (¢) PhCH(OCHj3);, CH,Cly, p-
TsOH, 76% 2 steps . (f) Jones reagent, acetone, 0°C, 5 min. (g) NaBH,, MeOH, 10 min, 79% 2 steps. (h) t-
BuPh,SiCl, DMF, imidazole, DMAP, 48h, 95%. (i) Dibal-H, toluene, -78°C, 3h, 50%.

Completion of the C1 to C10 from 5 fragment required inversion of the C5 hydroxyl and connection of
two carbons at C8. Exposure of ketone 5 to cyanomethylenetriphenylphosphorane (Ph3P=CHCN) in toluene at

reflux resulted in clean olefination at the C8 ketone to give 8 (E:Z >15:1, 85% yield). Alternatively, condensation
of ketoacetate 9 with carboethoxymethylene triphenylphosphorane (PhCHj, 110°C, 48h) produced the
unsaturated ester 10 in 70% yield (E:Z >15:1). Successful execution of a Wittig olefination at the C8 ketone is
highly significant, since the viability of this approach had previously been questioned.14 Cleavage of the
trimethylsilyl and t-butyldimethylsily! ethers (1% HF, CH3CN) and protection of the resultant diol as its
benzylidene [PhCH(OCHj3);, CH)Cly, p-TsOH, 76% from 8] gave 12 which was primarily (5:1) the B
benzylidene. Conversion to the benzylidene allowed confirmation of the relative stereochemistry at C2 by
examining 1H NMR coupling constants.” It is important to note that if 5 is converted to the benzylidene (as
above) prior to the Wittig olefination the o benzylidene predominates (15:1). The C8,9 olefin geometry was
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verified as illustrated in Scheme II. Conversion of 10 to the § benzylidene (1% HF, CH3CN; then
PhCH(OCHj3;),, p-TsOH) followed by reduction of the ester (LiAlH,) and formation of the diacetate gave 11.
This was identical to material independently prepared from diol 7.

With the C8,9 double bond in place, inversion of the C5 hydroxyl to the B stereochemistry was the only
transformation remaining. Careful oxidation with Jones reagent (acetone, 0°C, 5 min) followed immediately by
reduction with sodium borohydride in methanol produced exclusively the B alcohol 13 in 79% yield (Scheme I).
The stereochemistry at C 5 was evident from the coupling constant of Hg with Hg (5.5 Hz) in contrast to that in
the alcohol 12 (2 Hz). These are nearly identical to those of natural milbemycin D and its C5 epimer
respectively.2 Protection of the secondary hydroxy] as its t-butyldiphenylsilyl ether was readily accomplished
(DMF, imidazole, DMAP, Ph,t-BuSiCl) in 95% yield. The nitrile was then reduced with diisobutylaluminum
hydride in toluene at -78°C to provide the desired aldehyde 2.

Thus, the utilization of a selenium initiated electrophilic cyclization in conjunction with a [2,3] sigmatropic
selenoxide rearrangement provides an efficient, rapid entry into the C1 to C10 fragment of the milbemycins and
the avermectins and should provide ready access to structural analogs. Additionally, the demonstration that
intermediates which incorporate a carbonyl at C8 are viable synthetic intermediates for preparation of the
hexahydrobenzofuran subunit of the milbemycins and avermectins is of major significance. Experiments regarding
the connection of this C1 to C10 fragment to the spiroketal subunit are in progress and will be reported in due
course.
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(a) (Et0),POCH,CO,H, DCC, CHyCly, 30 min., 95%. (b) K,CO3, DME, t-BuOH, 80°C, 3h, 88%. (c) LiAlHj,
Et,0, 2h, 70%. (d) PhSeCl, hexane, -78°C; then H,O5, pyr., 0°C, 30 min, 45%. (e) CH;COCI, CH,Cl,, pyr,
1h, 90%. (f) 1% HF, CH3CN, 30 min, 90%. (g) PACH(OCH3),, p-TsOH, CH,Cly, 2h, 80%.
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