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BIOSYNTHETIC STUDIES ON
OLEANDOMYCIN BY INCORPORATION

OF THE CHEMICALLY SYNTHESIZED
AGLYCONES

Sir:

Although a variety of biosynthetic studies have
been focused on macrolide antibiotics1~3), the

biosynthetic processes, especially the final steps in
the biosynthesis of the 14-membered-ring macrolide
antibiotic, oleandomycin (1) have not yet been well
elucidated. Recently, an Abbott group isolated

(8i?)-8,8a-deoxyoleandolide (3) from a fermentation
broth of an erythromycin-producing strain, and
suggested the aglycone 3 to be a biosynthetic
intermediate of oleandomycin4). We have chemically
synthesized the aglycone 3 and the related aglycones
including the intact aglycone, oleandolide (5) for
chemical simulations of the biosynthesis5'6) and the
total synthesis of oleandomycin (1)7'8). The

syntheses of various aglycones enabled us to study
their incorporation by using blocked mutants of an
oleandomycin-producing organism, Streptomyces
antibioticus9).

Herein, a plausible scheme for the final steps in
oleandomycin biosynthesis will be proposed by the
incorporation studies.

The following aglycones were synthesized by
our procedures5 ~ 8) for the incorporation: (8i?,9S)-
9-dihydro-8,8a-deoxyoleandolide (2)5), (8i?)-8,8a-

deoxyoleandolide (3)6), (9i?)-9-dihydro-8,8a-de-

hydro-8 ,8a-deoxyoleandolide (4)7' 8) and oleandolide
(5)7'8). A new aglycone, (97Q-9-dihydro-oleandolide
(6) was derived from 4 by oxidation with
ra-chloroperbenzoic acid in chloroform: MP127°C
(recrystallization from acetone - hexane); [a]" + 8°
(c 0.25, CHC13): FD-MS 389 (M+l)+; XH NMR
(270MHz, CD3OD): S 0.90, 1.00, 1.04, 1.07, 1.17

and 1.26 (3H, each d, CH3), 2.66 (dq, J=7.2

and 9.3Hz, 2-H), 2.82 and 3.00 (each 1H, ABq,
/=3.8Hz, 8-CH2) and 5.48 (dq, /= 1.5 and 7.2Hz,
13-H). The configuration at C-8 was confirmed by
selective benzylidenation of 6 (/?-bromobenzalde-
hyde dimethylacetal and 10-camphorsulfonic acid
in CH2C12 at 0°C for 1.5hours) to give the corre-
sponding 3,5-0-/?-bromobenzylidene compound:
MP 235°C (recrystallization from ethyl acetate-
hexane); [a]£3 +8° (c 0.5, CHC13), which was
identical with our previously reported com-
pound7'^.

The blocked mutants were prepared from an
oleandomycin-producing strain, S. antibioticus

SF760 (Meiji Seika Culture Collection) by iV-methyl-
A^-nitro-N-nitrosoguanidine treatment according

to the Delic procedure10). Ten mutants, which were
isolated from about 1,500 colonies, were lacking in
ability to produce any aglycones11'12*, but they

could produce oleandomycin (1) only when provided
with appropriate biosynthetic aglycones.
The following medium (30ml) was used for the
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Table 1. Incorporation of chemically synthesized agly-
cones (2~ 6) to oleandomycin (1) by the non-producing
blocked mutant.

Aglycones (500/xg/ml) 2 3 4 5 6
ProductionGig/ml)of1 45 72 153 155 0

fermentation which was carried out in the usual way
at 28°C for 4 days9): Dextrin 2.0%, corn starch

1.0%, soy bean meal 1.5%, soluble vegetable protein
(Sungross, Suntory Ltd.) 0.5%, NZ-amine type A
0.5%, NaCl 0.5% and CaCO3 0.5% (pH 7.2).
After 24hours, to the broth was added 500/jg/ml
of each aglycone (2~ 6) and then the resulting broth
was assayed for oleandomycin (1) using Bacillus

subtilis ATCC6633 at appropriate time intervals.
The oleandomycin (1) produced was extracted with
CHC13 from the supernatant of the broths and
quantitatively detected by HPLC according to a
modified Tsuji's procedure as follows13). An ODS
stainless column (4.6x250mm; Yamamura

Kagaku YMCA-303) was operated with UV detec-
tor (280nm) at 40°C in a flow rate 1.0ml/minute of
themobile phase (CH3CN - MeOH- 0.2 m NH4OAc-
H2O, 30: 10: 10 :25). Oleandomycin (1) showed the
Rt of 5.9 minutes. At the same time, glucose, starch
and NH3-nitrogen in the aforementioned broth were
also determined by the autoanalyzer system
(Tenicon Instruments Corp.). No significant meta-
bolic changes (e.g. growth, pH and consumption of
sugar) were observed with or without the aglycones.

The aglycones (500/zg/ml) were converted into

oleandomycin (1) by the incorporation as shown in
Table 1. The aglycones 4 and 5 were most efficiently
incorporated and aglycones 2 and 3 were in-
corporated to a lesser extent. Nooleandomycin (1)
was detected after feeding with aglycone 6. The fact
that the olefin 4 led to production of oleandomycin
(1) as efficiently as did the fully elaborated aglycone,
oleandolide (5), was perhaps remarkable and
provides strong presumptive evidence that the
unique epoxide of this antibiotic is produced via
such an intermediate. The somewhat less efficient
conversion of the aglycone 3 into oleandomycin (1)
may reflect the multiple steps required for its
conversion into the olefin 4. The intra or
extracellular nature of the final steps in the
biosynthesis has not been established and cellular
uptake considerations may play a determining
factor in the extent of conversion of the possible
intermediates into oleandomycin (1). Perhaps most
surprising was the small but definite production of
oleandomycin (1) after the feeding of the 9-alcohol

JULY 1990

(2). This opens the possibility that 2 may be a
biosynthetic intermediate and in this case a logical
biosynthetic pathway would be.2-»3-»?->4-»5->l.
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