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Total Synthesis of (+)-Milbemycin p3 
Stephen V. Attwood,a Anthony G. M. Barrett,b* Robin A. E. Carr,b and Geoffrey Richardsona 
a Department of Chemistry, Imperial College, London SW7 2AY, U.K. 

Department of Chemistry, North western University, Evanston, Illinois, 60201, U.S.A. 

(+)-Milbemycin p3 (1) was prepared by total synthesis from (6Sr8Rr9S)-methyl 8,9-dimethyl-4-oxo-l,7- 
dioxaspiro[5.5]undec-2-ene-2-carboxylate (2), (4R,6R)-4-methyl-6-phenylsulphonyl-(E)-hept-2-en-l-ol (3a), and 
2-ethyl-4-methoxy-5-methyl benzoic acid (4) using Julia-Lythgoe and benzylic anion chemistry to establish the 
carbon framework and a Mitsunobu reaction to close the lactone ring. 

The avermectins are a group of Streptomyces averrnitilis 
metabolites noted for their most potent activity against two 
major classes of parasites: the nematodes and arthropods. 
Since the corresponding mammalian toxicity is very low, the 
avermectins have emerged as important anthelmintic and 
ectoparasiticidal agents. The milbemycins are a group of 
structurally related natural products which exhibit a compar- 
able spectrum of activity .* The structurally least complex 
molecule in the series is milbemycin p3 (1). Smith,3 Wi l l i am~,~  
and recently Bakers and Kocienski6 have published total 
syntheses of (1). In addition a considerable number of papers 
describing novel syntheses of spiro-acetals7 and approaches to 

total synthesis of more complex milbemycins or avermectinsg 
have been published. Recently we have reported the prepara- 
tion of three intermediates (2), (3a), and (4) for milbemycin p3 
(1) synthesis.9 The spirodihydropyrone (2) was prepared 
stereospecifically and in one step from the condensation of 
optically pure lactone ( 5 )  with dianion (6). (+)-Sulphone (3a) 
was prepared from (S)-propylene oxide via lactone (7) and the 
benzoic acid derivative (4) was prepared from ethyl pent-2- 
ynoate using Danishefsky Diels-Alder chemistry. lo Herein we 
report the completion of a concise total synthesis of milbemy- 
cin p3 (1) (Scheme 1) that unequivocally establishes spirodi- 
hydropyrones as versatile intermediates. 
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Steric approach-controlled hydrogenation of the spirodihy- 
dropyrone (2) over rhodium on alumina gave ester alcohol (8) 
as the major diastereoisomer isolated in 58-90% yield. After 
t-butyldiphenylsilylationll the ester stereochemistry was cor- 
rected to produce (9) (94%) by reaction with lithium 
di-isopropylamide, to produce the enolate (15), and reproton- 
ation under kinetic control using acetic acid at -78 "C. It is 
reasonable to assume that the stereochemical correction 
resulted from preferential formation of the enolate as confor- 
mation (15) (equatorial Ph2ButSiO), rather than (16), and 
steric approach control of the protonation by the C-22 
methylene substituent. Following standard protocol the ester 
(9) was homologated and converted into the aldehyde (10) 
(67% overall). The sulphone (3a) was t-butyldimethylsily- 
latedl2 (95%) and subsequently a-metallated using n-butyl- 
lithium in tetrahydrofuran (THF) at 0 "C to generate the anion 
(3b). This was condensed with aldehyde (10) to produce 
alkene (11) (74%) on work up by acetylation and subsequent 
reductive elimination of the intermediate 0-acetoxy-sulphone 
mediated by sodium amalgam. Geometric control in the 
production of the trisubstituted alkene (11) by the Julia- 
Lythgoe procedure13 was low ( E  : 2 = 5 : 3). However, 
separation of the mixture of geometric isomers was con- 
veniently carried out at stage (14) (vide infra). Selective 
de-t-butyldimethylsilylation of alkene (11) using aqueous 
acetic acid12 and subsequent pyridinium chlorochromate 
oxidation14 gave aldehyde (12) (70%). Following the very 
elegant Williams precedent4 the benzoic acid derivative (4) 
was doubly deprotonated using sodium hydride followed by 
t-butyl-lithium and the resultant dianion (17) condensed with 
aldehyde (12) to give lactone (13) (73%) on acidification and 
subsequent desilylation. Although the lactone (13) was 
obtained as a mixture of diastereoisomers (at C-8 and C-9), 
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Scheme 1. Reagents: i, H2, Rh-A120,: EtOH; ii, ButPh2SiC1, 
dimethylformamide (DMF), imidazole; 111, LiNPrI,, THF, -78 "C; 
HOAc; iv, Bul,AlH, PhMe, -78 "C; v ,  Ph3P=CH2, THF, 0 "C; vi, 
B2H6, Et,O; NaOH, H202; vii, pyH+Cr03C1- (py = pyridine), 
CH,C12; viii, (3b), Et20, 0 "C; Ac,,O; ix, Na-Hg, THF, MeOH, 
-20 "C; x, HOAc, H20,  THF; xi, (17), THF, -50 "C; CF,CO,H; xii, 
Bu4NF, THF, 45 "C; xiii, KH, 18-crown-6, Et,O, -5 "C; xiv, Ph3P, 
EtO,cN=NCO,Et, THF, xv, EtSNa, DMF, heat. 

base mediated elimination for stereospecific introduction of 
the A8 double bond simplified the mixture. Thus, using a 
variation of Williams chemistry, lactone (13) was treated with 
potassium hydride and 18-crown-615 in diethyl ether at -5 "C 
to produce rapidly the diene carboxylic acid (14) (81%). 
Chromatographic separation of the A14 geometric isomers was 
most conveniently carried out at this point. The El-isomer (14) 
was smoothly cyclised under Mitsunobu conditions16 to 
produce, after Smith3 phenol de-0-methylation, milbemycin 
63 (1) (51%). The sample {[a13 + 102"(c 0.17, MeOH)} was 
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authenticated by complete correlation of physical properties 
and spectroscopic data [m.p., and 1H n.m.r. (400 MHz), 13C 
n.m.r., i.r., u.v., and high resolution mass spectra] with both 
the Smith and the Williams synthetic materials. 
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Wolfson Foundation, and Northwestern University for gen- 
erous support, Drs. Bernard J. Banks and Nigel D. A. Walshe 
(Pfizer Central Research) for helpful discussions, and Profes- 
sors Amos B. Smith 111 and David R. Williams for the 
provision of spectroscopic and experimental data and for 
helpful discussions. 

Received, 25th October 1985; Corn. 1513 

References 
1 M. H. Fisher, ‘The Avermectins,’ in ‘Recent Advances in the 

Chemistry of Insect Control,’ ed. N. F. Janes, The Royal Society 
of Chemistry Special Publication No. 53, London, 1985, p. 53 and 
references therein. 

2 Y. Takiguchi, H. Mishima, M. Okuda, M. Terao, A. Aoki, and R. 
Fukuda, J .  Antibiotics, 1980, 33, 1120; H. Mishima, J. Ide, S. 
Muramatsu, and M. Onu, ibid., 1983, 36, 980 and references 
therein. 

3 A. B. Smith 111, S. R. Schow, J. D. Bloom, A. S.  Thompson, and 
K. N. Winzenberg, J .  Am.  Chem. SOC., 1982, 104, 4015. 

4 D. R. Williams, B. A. Barner, K. Nishitani, and J. G.  Phillips, J. 
Am.  Chem. SOC., 1982, 104, 4708. 

5 R. Baker, M. J. O’Mahony, and C. J. Swain, J .  Chem. SOC. ,  
Chem. Commun., 1985, 1326. 

6 S. D. A. Street, C. Yeates, P. Kocienski, and S. F. Campbell, J .  
Chem. SOC., Chem. Commun., 1985, 1386; C .  Yeates, S.  D. A. 
Street, P. Kocienski, and S. F. Campbell, ibid., 1985, 1388. 

7 S. V. Attwood, A. G.  M. Barrett, and J.-C. Florent, 1. Chem. 
SOC., Chem. Commun., 1981, 556; R. Baker, R. H. 0. Boyes, 
D. M. P. Broom, J. A.  Devlin, and C. J. Swain, ibid., 1983, 829; 
P. J. Kocienski and S. D. A. Street, ibid., 1984, 571; J. Godoy, 
S. V. Ley, and B. Lygo, ibid., 1984, 1381; D. R. Williams and 
B. A. Barner, Tetrahedron Lett., 1983, 24, 427; M. T. Crimmins 
and D. M. Bankaitis, ibid., 1983, 24, 4551; S .  J. Danishefsky and 
W. H. Pearson, J. Org. Chem., 1983, 48, 3865; R. Baker, C. J. 
Swain, and J.  Head, ‘Synthetic Studies towards the Avermectins 
and Milbemycins’ in ref. 1, p. 245. 

8 I. T. Kay and M. D. Turnbull, ‘Synthetic Approaches to the 
Avermectin Toxophore’ in ref. 1, p. 229; S .  Hanessian, A. 
Ugolini, and M. Therien, J. Org. Chem., 1983, 48, 4427; M. 
Prashad and B. Fraser-Reid, ibid., 1985, 50, 1566; M. J .  Hughes, 
E. J.  Thomas, M. D. Turnbull, R. H. Jones, and R. E. Warner, J. 
Chem. SOC., Chem. Commun., 1985,755; R. Baker, C. J .  Swain, 
and J.  C. Head, ibid., 1985, 309; M. E. Jung and L. J. Street, J. 
Am.  Chem. S O C . ,  1984, 106, 8327. 

9 S. V. Attwood, A. G. M. Barrett, R. A. Carr, M. A. W. Finch, 
and G. Richardson, ‘The Application of Novel Carbanion 
Chemistry in Milbemycin-Avermectin Synthesis’ in ref. 1, p. 257. 

10 S.  Danishefsky, Acc. Chem. Res., 1981, 14, 400. 
11 S. Hanessian and P. Lavalee, Can. J .  Chem., 1975,53,2975; 1977, 

55, 562. 
12 E. J.  Corey and A. Venkateswarlu, J .  Am. Chem. SOC. ,  1972,94, 

6190. 
13 M. Julia and J.-M. Paris, Tetrahedron Lett., 1973, 4833; P. J .  

Kocienski, B. Lythgoe, and 1. Waterhouse, J .  Chem. SOC. ,  Perkin 
Trans. I ,  1980, 1045, and references therein. 

14 E. J. Corey and J.  W. Suggs, Tetrahedron Lett., 1975, 2647. 
15 E. Buncel and B. Menon,]. Am.  Chem. SOC. ,  1977,99.4457. 
16 0. Mitsunobu, Synthesis, 1981, 1. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
86

. D
ow

nl
oa

de
d 

by
 Q

ue
en

s 
U

ni
ve

rs
ity

 -
 K

in
gs

to
n 

on
 2

5/
10

/2
01

4 
04

:3
2:

21
. 

View Article Online

http://dx.doi.org/10.1039/c39860000479



