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Abstract—The formal synthesis of (+)-antimycin Aj, and the total synthesis of (4)-blastmycinone were achieved using, as a key
step, a method developed by us for the synthesis of 2-methyl-1,3-diols via Ti(Ill)-mediated diastereo- and regioselective opening
of trisubstituted 2,3-epoxy alcohols, to carry out the stereoselective construction of the hydroxy-acid segment. An interesting intra-
molecular radical translocation took place during the epoxide opening process transforming its vicinal PMB-ether in situ, into an

‘1,2-O-(p-methoxy)benzylidene’ ring.
© 2006 Elsevier Ltd. All rights reserved.

Antimycins belong to a family of antifungal antibiotics,
sharing a common nine-membered dilactone ring-struc-
ture, isolated as secondary metabolites during the last 5—
6 decades from various strains of Streptomyces.'~'> The
pronounced biological activities of the antimycins rang-
ing from antifungal to antitumor properties!>~!> make
them attractive targets to synthetic organic chemists.
Although many syntheses of these molecules have
already been reported, there is always scope for new
schemes that will give, not only access to various mem-
bers of this family, but also help to synthesize useful
analogs and other structurally similar compounds, like
UK-2A-D, UK-3A, etc.!® In this Letter, we describe
the formal synthesis of (+)-antimycin As,'” and the total
synthesis of (+)-blastmycinone, a degradation product
of antimycins.!®!® The salient feature of our synthesis
is the successful application, as a key step, of a very effi-
cient method developed by us earlier for the synthesis of
2-methyl-1,3-diols via radical-mediated regioselective
ring opening of trisubstituted 2,3-epoxy alcohols at the
more substituted center using Cp,TiCl.2° The excellent
diastereoselectivities observed in these reactions
prompted us to employ it in our present study for the
stereoselective construction of the hydroxy-acid segment
of the molecule.
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Scheme 1 outlines the details of the synthesis of 1. The
starting material 3 could easily be prepared in two steps
from (S)-lactic acid ethyl ester following a reported pro-
cedure?! —PMB-protection with O-(p-methoxybenzyl)
trichloroacetimidate under acidic conditions,?? followed
by reduction of the ester with DIBAL-H. Horner—
Wadsworth—-Emmons olefination of 3 with (EtO),-
P(O)CH(n-Bu)CO,Et using Z-selective reagents DBU—
Nal?® furnished a mixture of Z- and E-alkenes, in a
7:3 ratio, which could be separated after the next step.
"H NOE difference spectroscopic study, which showed
the proximity of the alkenic and allylic protons of the
butyl group, confirmed the Z-configuration of the major
product 4. Irradiation of the alkenic doublet signal of
the major product at 6 5.26 enhanced the peak of
allylic-CH, triplet at 6 2.12.

Reduction of the mixture of o,B-unsaturated esters with
DIBAL-H gave the allylic alcohols in quantitative yield,
which could be separated easily using standard silica gel
column chromatography. The pure Z-allylic alcohol 5§
(70% overall yield from 3) was treated with m-CPBA
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Scheme 1. Reagents and conditions: (a) (EtO),P(O)CH(n-Bu)CO,Et, DBU, Nal, THF, 0 °C to rt, 1 h; (b) DIBAL-H, CH,Cl,, =78 to —10 °C, 0.5 h,
70% overall yield of 5 from 3; (c) m-CPBA, NaHCO3;, CH,Cl,, 0 °C, 45 min, 72% yield of 6; (d) Cp,TiCl,, ZnCl,, Zn, THF, —20 °C to rt, 12 h, 90%;
(e) Na(CN)BH3, TMSCI, CH;CN, 4 A MS, 0 °C, 10 min, 80% yield of 8; (f) TBSCI, Et;N, CH,Cl,, 0 °C to rt, 12 h, 95% (based on recovered starting
material); (g) (1) DMP, NaHCO;, CH,Cl,, 0 °C to rt, 1 h, quantitative; (2) Zn(BH,),, ether, 0 °C, 10 min, 75% overall yield of 10 from 9; (h)

isovaleryl chloride, DMAP (cat), CH,Cl,/py (3:2),

0°C to rt, 8 h, quantitative; (i) (1) DDQ, CH,Cl,, pH 7 buffer, 0 °C, 30 min, 96%; (2) DCC,

DMAP (cat), Boc-Thr(Bn)-OH, CH,Cl,, 0 °C, 8 h, quantitative; (j) CSA (cat), CH,Cl,/MeOH (1:1), 0 °C, 3 h, 95%; (k) (1) same as in 1; (2) NaClO,,
NaH,P042H,0, 2-methyl-2-butene/-BuOH (1:2), rt, 30 min, 67% after two steps; (1) H,, Pd(OH),~C, MeOH, 45 °C, 5 h, 78%.

to give the requisite epoxide 6 as the major product in
72% yield. The minor isomer was removed by column
chromatography. The stereochemistry of the major
product was confirmed after the next step by '"H NMR
analysis of the product 7.

With the trisubstituted epoxy alcohol 6 in hand, the
stage was now set to carry out the crucial radical-medi-
ated epoxide opening reaction. Treatment of 6 with
Cp,TiCl, generated in situ from Cp,TiCl, using Zn dust
and freshly fused anhydrous ZnCl, following a reported
procedure,? gave an intermediate ‘2-butyl-1,3-diol’ with
excellent diastereoselectivity, which underwent a sponta-
neous acetalization under the reaction conditions with
the adjacent O-PMB ether to furnish the p-methoxyben-
zylidene protected acetal 7 as a single product in 90%
yield. The usual work-up procedure followed in these
reactions involving quenching the reaction mixture with
dilute HCI?® was not used here. Instead, the reaction
mixture was quenched by adding saturated aqueous
NH,4CI solution, which were followed by extraction with
EtOAc. A small amount of Et;N (<1%) was added to
the combined organic extracts, which were filtered
through a sintered funnel and concentrated in vacuo.
The residue was purified by Et;N-impregnated silica

gel column chromatography to give the acetal 7 in good
yield. To see whether such radical translocation reaction
occurs with other substrates, similar radical-mediated
reactions were carried out with two more epoxides, 17
and 19.

In these cases, in situ acetalization concomitant with the
epoxide-opening process was indeed observed, resulting
in the formation of benzylidene-protected products 18
and 20, respectively (Scheme 2).
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Scheme 3. Reagents and conditions: (a) (1) CSA (cat), CH,Cl,/MeOH
(1:1), 0°C, 3 h, 95%; (2) DMP, NaHCO;, CH,Cl,, 0°C to rt, 1h,
quantitative; (3) NaClO,, NaH,PO42H,0, 2-methyl-2-butene/
-BuOH (1:2), rt, 30 min, 90%; (4) CH,N,, ether, 0°C, 5min,
quantitative; (b) (1) DDQ, CH,Cl,, pH 7 buffer, 0 °C, 30 min, 95%;
(2) CSA (cat), CH,Cl,/MeOH (1:1), 0 °C, 3 h, 95%.

The *J coupling of 6.2Hz of the vicinal protons,
CH(0O)-CH(O), of the 1,3-dioxolane ring in 7 confirmed
the assigned stereochemistry of the major isomer 6 dur-
ing the epoxidation step.’* Reductive opening of the
benzylidene ring using Na(CN)BH3;-TMSCI*® gave the
diol 82° in 80% yield after separating the minor product
chromatographically. Silylation of 8 with TBSCI selec-
tively protected the primary alcohol giving 9 in 95%
yield based on recovered starting material. Compound
9 was next subjected to inversion following a two-step
oxidation-reduction protocol—oxidation with Dess—
Martin periodinane (DMP),?’ followed by reduction
using Zn(BH4)>—to furnish the requisite isomer 10 in
75% yield from 9. The minor isomer 9, ca. 20%, formed
during the reduction could be separated chromato-
graphically and recycled. Acylation of 10 with isovaleryl
chloride gave the ester 11 in quantitative yield. PMB-
deprotection of 11 was followed by reaction with Boc—
Thr(Bn)-OH using DCC-DMAP (cat.) to furnish 12
in 96% vyield from 11. Desilylation of 12 gave 13 in
95% yield. Compound 13 was oxidized to acid 14 in
two steps—oxidation with DMP to aldehyde followed
by NaClO, oxidation to the acid—in 67% yield. Debenz-
ylation of 14 by catalytic hydrogenation furnished the
hydroxy-acid 15?® in 78% yield. Conversion of 15 to
(+)-antimycin Asp 1 has already been reported.!”"

Intermediate 11 was next transformed into (+)-blast-
mycinone 2 as shown in Scheme 3. Desilylation of 11
was followed by two-step oxidation with subsequent
esterification using CH, N5 in ether to furnish the methyl
ester 16 in 85% yield. PMB-deprotection of 16 was fol-
lowed by lactonization using acid to furnish the desired
product 2 in 90% yield. The spectroscopic data, namely,
IR, NMR, mass spectra as well as the rotation of our
synthetic product 2*° were in conformity with those
reported earlier.'%?
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