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STEREOSELECTIVE SYNTHESIS OF (+)-BLASTMYCINONE 
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Summary: (f)-Blastmycinone (2) and the key intermediate g for the total synthesis 

of antimycin A3 (L) have been synthesized based on the stereoselective reduction of 

8-keto ester and a-hydroxy ketone by means of Zn(BH4)2. 

Antimycin A3 (Blastmycin) (L),' produced by a number of Streptomyces species, is one of 

the major component of antifungal antibiotic antimycin A complex. The total synthesis of1, 

has been accomplished in both racemic and optically active forms by M. Kinoshita et al.,* and 

blastmycinone (&),lc'd 

groups.3 

a degradation product of1, has also been synthesized by several 

Antimycin A3 (2 has a unique nine-membered dilactone ring involving 2,3-erythro- 

3,4-erythro-2-n-butyl-3,4-dihydroxy4 and A-threonine moieties. 

We previously reported an efficient method for the stereoselective syntheses of erythro- 

cr-alkyl-B-hydroxy esters from B-keto esters by Zn(BH4)* reduction,5 and described the stereo- 

selective syntheses of erythro-diols from a-hydroxy ketones by Zn(BH4)* reduction6 and threo- _ 

diols from its a-silyloxy derivatives by Vitride reduction.6 Based on these stereoselective 

reductions, we succeeded in the stereoselective syntheses of (f)-blastmycinone (3 and the 

optically active key intermediate 2 for the total synthesis of antimycin A3 (2 by 

M. Kinoshita et al..' 

Antimycin A3 (L) Blastmycinone (3 

Stereoselective Synthesis of (f)-Blastmycinone (&, 

839 The B-keto ester2 was reduced with Zn(BH4)* in ether at O'C to produce the desired 

erythro-2-n-butyl-3-hydroxy esterL[NMR (CDC13): 6 4.28 (dd, J=5.6, 3.4 Hz; C-3 H)] in 25 : 1 

stereoselectivity (79% combined yield).5 Ozonolysis of4_followed by dimethyl sulfide workup 

afforded the a-hydroxy ketone&[NMR (CDC13): 6 2.23 (s; AC), 4.47 (dd, J=4.6, 3.7 Hz; C-3 H)] 

in 84% yield. Zn(BH4)* reduction6 and the successive catalytic hydrogenolysis ofAyieldedtwo 

isomeric lactonesLand&in a ratio of 7.5 : 1 (98% combined yield). The major lactone2, mp 
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52.5-54.5“C, crystallized from n-hexane-ether, was assigned asLhaving 3,4-erythro structureP 

The erythro-selectivity (7.5 : 1) in the reduction ofAwas much lower than that (96 : 4) 

observed in the reduction pf the related compound. 
10 

The result may be attributable to theun- 

favourable coordination of the ester group to Zn(BH4)2, which should prevent the formation of 

the chelate involving the hydroxyl and keto groups necessary to yield the desired erythro-diol 

k Finally, treatment ofLwith isovaleryl chloride in pyridine afforded (f)-blastmycinone 

(2 in 97% yield. The NMR spectrum of the syntheticLwas identical with that of (+)- 

blastmycinone. 
3b 

Me n-Bu 

9 

Me n-Bu 

a,b 

COOBzl - R43 
V 2 COOBzl 

0 OH 

5hle+$$y-But Me._;&ru 

3 4: R=CH2 7: R=H 
5: R=O d Lz R=COi-Bu 

5 

E R+OH, a-H 

&: Zn(BH4)2/ether/O"C,_b: 03/MeOH/-78°C; Me2S/-78'C+rt, c: H2/10% Pd-C/c.H2S04/MeOH/rt, 

& i-BuCOCl/py/rt 

Stereoselective Synthesis of the Key Intermediate 3 

Reduction of the 8-keto ester2 with Zn(BH4)2 gave the ervthro-hydroxy ester 4 [NMR 

(CDC13): 6 4.22 (dd, J=5.8, 3.2 Hz; C-3 H)] in 25 : 1 selectivity (70% combined yield).5 

At this stage, the ester group of s was converted to the trityloxymethyl group having almost 

no coordinating ability to Zn(BH4)2 by LiA1H4 reduction followed by TrCl treatment (yield of 

3, quantitative). The 1-trityloxy-3-01 ll_was then ozonolyzed to the a-hydroxy ketone l2_ 

[IR (iC14): 3500, 1710 cm-'; NMR (COC13): S 2.17 (s; AC), 4.57 (dd, J=4.6, 2.0 Hz; C-3 H)] in 

89% yield, which was subjected to Zn(BH4)2 reduction6 to yield the erythro-diol Q,[mp 119- 

12O'C; NMR (CDC13): 6 3.55 (m; C-3 H), 3.75 (m; C-4 H)] in 16 : 1 selectivity (96% combined 

yield). The erythro-selectivity (16 : 1) was much higher than the previous case (2+6_; 

7.5 : 1), as expected. Protection of l3_ with t-butyldimethylsilyl chloride gave the 4-silyl- 

oxy-3-01 V![NMR (CDC13): 6 3.81 (quintet, J=5.9 Hz; C-4 H); 87% yield] regioselectively. 

Benzylation of awith KH and PhCH2Br in THF, followed by desilylation with n-Bu4NF provided 

the 3-benzyloxy-4-01 d1 [mp 91-92°C; NMR (CDC13): 6 3.59 (dd, J=5.2, 4.5 Hz; C-3 H); 91% 

yield] along with the 4-benzyloxy-3-01 l8_(6% yield) via & and fi. Migration of the silyl 

group was found to take place at this benzylation stage. Interestingly, benzylation of the 

3-silyloxy isomer l9_also produced a mixture of l5_ and l&in a ratio of 10 : 1. Finally, 

according to the procedure of M. Kinoshita, 
2e 

z was condensed with N-benzyloxycarbonyl-O-t- 

butyl-L-threonine in the presence of DCC in pyridine-ether to give a mixture of two optically 
12 

active diastereomers g and21_13, which was separated by Lobar column (ether : n-hexane = 

1 : 3) in 41% and 37% yields, respectively. Less polar productswas identified as the 

compound aby comparison of the NMR spectrum and optical rotation with those of the authentic 

compound. 

dilactone2i,2e 

Since $_ has been successfully converted to antimycin A3 in nine steps via 

the present synthesis of 3 represents a formal total synthesis of the 

optically active antibiotic (2. 
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In conclusion, (f)-blastmycinone (2) and the key intermediate ZJ for the total synthesis 

of antimycin A3 (1) were effectively synthesized starting from the B-keto esters based on the 

stereoselective kzone reduction by means of Zn(BH4)* developed in this laboratory. The 

present method would be applicable to the synthesis of other family of antimycin antibiotics. 

Me n-Bu Me n-Bu 
a 

COOt-Bu - cOOt-Elu 

0 OH OH 

9 11: R=CHZ 
E: R=O 

Me n-Bu 
a,e 

V RO + 

OTr 

OH 

Me n-Bu 
f,g 

- RO 
OTr 

E: R=H 
E: R=SiMeZt-Bu 

u: R=SiMe2t-Bu, R'=Bzl 
l&: R=Bzl, R'=SiMe2t-Bu 
lJ: R=H, R'=Bzl 
18: R=Bzl, R'=H 
E: R=H, R'=SiMe*t-Bu 

Ot-Bu 

(')-z 
OCC/py/ether 

o-5°C 
COOBzl COOBzl 

---0Bzl - Antimycin A3 (1) 

11_: Zn(BH4).$ether/O"C,b: LiA1H4/ether/rt, e TrCl/py/rt, d: 03/MeOH/-78'C; Me2S/-78"C+rt, 

5 t-BuMe$iCl/imidazole/DMF/rt, 2: KH/PhCHZBr/THF/OY, 9: n-Bu4NF*3H20/THF/rt 
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NMR (400 MHz, CDC13): 6 0.81 (t, J=7.1 Hz; Me), 1.06 (s; t-Bu), 1.20 (d, J=6.1 Hz; Me of 

threonine), 1.27 (d, J=6.4 Hz; C-4 Me), 3.04 (dd, J=9.5, 7.3 Hz; C-l Ha), 3.14 (dd, J=9.5, 
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NH); [a]i2 +8.8", [n]$i5 t24' (c 0.40, CHC13). 
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NH); [a]i2 -15.7", [cx];;, -46' (c 0.40, CHC13). 
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