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Abstract 

rhizoxin was achieved by enzymatic approach. Characteristic features of the present synthesis are (1) 
enantioselective hydrolysis of prochiral P-substituted glutarates with pig liver estemse, and (2) 
stereoselective cyclichydroboration of the 1,5-diene 8. 

Enantio- and stereoselective synthesis of the right-half segment (1, Cl-Cg) of macrolide antibiotic 

Rhizoxin is an antitumor antibiotic isolated as a toxin from the culture broth of Rhizopus chinensis 
which is a potent pathogen of rice seedling blight.* We have been investigating the total synthesis of this 
novel macrolide antibiotic based on the retrosynthetic analysis shown in Scheme 1. This paper describes 
the synthesis of the right-half segment (1, Cl-Cg) of rhizoxin by enzymatic approach using PLE. 

1 RihtHalf 

Chromophore 
Side Chain 

The absolute and even the relative stereochemistry have not been fully established when we started 
the synthetic study. Therefore, the synthetic strategy was desired to be flexible in order to be able to 
prepare all stereoisomer from the common intermediate in a stereocontrolled manner. Since we recognized 
a hidden symmetry in the right-half segment of rhizoxin (Scheme l), we were interested in the enzymatic 
hydrolysis of P-substituted glutarates? (Scheme 2) Usefulness of the enzymatic approach has already 
been demonstrated in the synthesis of biologically interesting compounds such as carbapenem, nucleoside, 
and aminocyclitol antibiotics.3 
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Various Psubstituted glutarates were prepared and were subjected to an enzymatic hydrolysis with 
PLE. Some typical results are shown in Table 1.4 Chemical yields were almost quantitative in all cases, 
but the enantiomeric excesses varied delicately according to the size and the functional group. When 
hydroxyl derivative was employed as a substrate, the enantiomenc excess was found very poor (19%, 
entry 1). However, the enantiomenc excess was improved to 74% e.e. by protecting the hydroxyl group 
with tetrahydropyranyl group. (entry 2) These results clearly demonstrates the hydrophobic nature of the 

Table 1 

entry R X yield(%) e.e. (%) 

1 Me CHzOH 99 19 

3 Me Ph 97 88 
4 Et Ph 99 92 

2 Me CH20THP 95 74 

binding site of PLE. Further, the higher enantiomeric excess was achieved with the cinnamyl derivatives 
(entry 3,4). Enantiomeric excesses were determined by *H-NMR experiment using chiral shift reagent 
after transforming the carboxyl group to the t-butoxycarbonyl group. Scheme 3 shows the determination 
of the absolute configuration of the chnamyl derivative 5 (entry 4). Comparison of the [a]D value of the 
derived Glactone 8 with that in the literatures established the absolute configuration of the monoester 5. 
Since enantiomerically p m  Glactone 6 was easily obtained by simple recrystallization, we decided to use 
6 as a starting material. 

Scheme 3 

We examined two approaches, which are aldol-type reaction and hydroboration strategies. Aldol- 
type strategy seemed straightforward, but the degree of 1,3-asymmetric induction was found rather low 
when an achiral nucleophile such as vinyloxyborane or crotyl tin reagent was employed. Our synthetic 
effort was then focused on the alternative hydroboration approach.6 (Scheme 4) We envisaged that on 
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treatment of 8 with a monoalkylborane hydroboration would occur at the terminal olefin fmt, and that the 
resulting dialkylborane 9 was expected to undergo stereoselective intramolecular hydroboration. Since 
hydroboration proceeds with cis addition, the boat transition state A which will afford the desired 12 
seemed most favorable. It should be emphasized here that all chiral centers in 12 can be controlled by this 
hydroboration strategy. The relative stereochemistry at C77 and C8 is determined by the geometry of the 
aisubstituted olefin, and the chiral Center at C7 is induced from the chiral center at Cs by the intramolecular 
hydroboration of 9. Since both enantiomer of 8 can be prepared from the chiral monoester 5, two chiral 
centers at C7 and C8 can be controlled. The stereocontrol at C5 is also possible by oxidizing either the 
hydroxyethyl group or the benzyloxyethyl group in 11. These two groups are functionally equivalent. 

Scheme 5 

The diene 8 was prepared by the sequence shown in Scheme 5. The requisite Z-olefin was 
selectively constructed by Wittig-Homer reaction using bis(trifluoroethy1)phosphonate reagent.8 As 
expected the diene 8 underwent stereoselective cyclic hydrohation with thexylborane affording the 
desired diol12 in 70% yield as a major isomer.9 Two chiral centers, C7 and C8, were thus established. 

Scheme 6 shows the final transformation of 12 to the right half segment 1. Dioll.2 was oxidized 
to Glactone, and the latter was reduced and protected as a hemiacetal. Two carbon unit (CI-C2) was 
introduced by Wittig-Homer reaction, and finally the alcohol 18 was converted to the sulfone 1. 
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In conclusion, the enantio- and stereoselective synthesis of the right half segment (1) of rhizoxin 
was achieved by the reasonable combination of enzymatic and chemical procedures. Particularly, PLE- 
mediated enantioselective hydrolysis of prochiral P-substituted glutarates would provide a potential chiral 
synthons, and the enzymatic approach is considered to be a useful and powerful methodology for 
enantioselective synthesis of biologically interesting compounds. 
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