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Abstract—A new macrolide, micromonospolide A, was isolated from an undescribed actinomycete, Micromonospora sp., and its
structure was elucidated to be a bafilomycin-type macrolide which has a 16-membered lactone ring on the basis of spectroscopic
data. Micromonospolide A inhibited gastrulation of starfish embryos at a concentration of 10 ng/ml or greater. © 2001 Elsevier

Science Ltd. All rights reserved.

In the course of our search for inhibitors of starfish
(Asterina pectinifera) embryonic development,'® we
found that the n-BuOH extract of a new actinomycete
of Micromonospora sp. showed potent inhibitory activ-
ity against gastrulation. Based on the bioassay for
inhibition of gastrulation,’ purification of the crude
extract was carried out to afford a new macrolide
designated micromonospolide A (1). Micromonospolide
A (1) is a member of macrolides which have a 16-mem-
bered lactone ring such as hygrolidins,!*!!
bafilomycins,'>!* leucanicidins,'*!> and their related
compounds.'®'® In this paper, we report the isolation
and structure elucidation of 1.

Micromonospolide A (1)

The 2-liter broth filtrate of Micromonospora sp. was
extracted twice with 2 liter of n-BuOH. The extract was
subjected to chromatography on ODS using MeOH-
H,O (8:2). The bioactive fraction was subsequently
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chromatographed on ODS (CH;CN) to afford 1 (57
mg) as a yellow amorphous solid.

Micromonospolide A (1), mp 139-143°C (dec.), [«]5
+14.3° (¢ 0.63, MeOH), was soluble in MeOH and
CHCI; and has a TLC R; value of 0.43 (ODS; MeOH-
H,0, 9:1). The FABMS showed an [M+Na]* ion at m/z
862 in the positive mode and an [M—H] ion at m/z 838
in the negative mode. The molecular formula,
C,cHgsNO,;, which was determined by HRFAB mass
spectrometry (found m/z 862.4390 [M+Na]*; calcd for
C,HsNNaO, 5, 862.4353), requires 15 degrees of unsat-
uration. The IR [v,,,,<®" 3400, 1717, 1703, 1688, 1651
(sh), 1618 cm™'] and UV [, 230 (¢ 75,800), 240
(sh, 73,300), 252 (61,100), 290 (sh, 24,400), 350 nm
(4,700)] spectra showed the presence of OH groups and
conjugated carbonyl groups. The *C NMR spectrum
of 1 (Table 1) revealed the presence of 46 carbon atoms.
The 'H NMR, 'H-'H COSY and HMQC spectra
allowed the presence of the C-5/C-9, C-11/C-18, C-20/
C-28 and C-2'/C-3' units. In the HMBC experiment,
correlations were observed from H;-32 to C-9, C-10,
C-11, from H;-34 to C-17, C-18, C-19, from H-20b to
C-19, thereby allowing the connection of these units.
Further HMBC correlations from H-3 to C-1, C-2, C-5,
C-29, from H-5 to C-3, C-7, C-29, from H;-29 to C-3,
C-4, C-5, from H-15 to C-1 defined the 16-membered
macrolide ring (C-1 to C-15) system. The presence of a
tetrahydropyran ring (C-19 to C-23) was revealed from
the NOESY correlation between OH-19 and H-23 (Fig.
1). The large vicinal 'H coupling constants associated
with H-20b, H-21, H-22 and H-23 (Jy,,;=11.7 Hz,
Jo122=J2,3=10.3 Hz) indicated that the pyran ring
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Table 1. NMR data for micromonospolide A (1) in CDCl,
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C# PR on Mult., J (Hz) C# S Sy Mult., J (Hz)
1 167.0 s 2 409 d 1.52 tq, 10.3, 6.8
2 1413 s 23 74.6 d 4.15 dd, 10.3, 7.8
3 1326 d 6.58 s 24 129.4 d 5.40 dd, 15.1, 7.8
4 133.1's 25 1330 d 6.12 dd, 15.1, 10.7
5 1425 d 5.75 d, 8.8 26 130.9 d 5.92 ddd, 15.1, 10.7, 1.5
6 36.6d 2.51 ddq, 8.8, 7.1, 1.5 27 129.6 d 5.62 dq, 15.1, 6.8
7 81.1d 3.29 dt, 64, 1.5 28 180 q 1.72 br d, 3H, 6.8
7-0H 1.62 br 29 14.0 q 1.97 s, 3H

8 402 d 1.90 m 30 172 q 1.07 d, 3H, 7.1

%a 413t 2.13 br d, 13.7 31 217 q 0.93 d, 3H, 6.4
9b 1.94 m 32 20.1 q 1.94 s, 3H

10 1432 s 33 9.6 q 0.82 d, 3H, 6.8

11 1252 d 5.81 d, 10.7 34 70q 1.03 d, 3H, 7.1

12 133.0 d 6.51 dd, 15.1, 10.7 35 132 q 0.82 d, 3H, 6.8

13 127.1 d 5.15 dd, 15.1,9.3 g 164.3 s

14 81.9d 3.90 dd, 9.3, 8.8 X 1329d 6.89 d, 15.1

15 76.4 d 497 br d, 8.8 3 133.6 d 7.03 d, 15.1

16 373d 2.12 m 4 1634 s

17 702 d 4.07 ddd, 10.3, 3.9, 1.5 6 114.5 s

17-OH 4.68 d, 3.9 7 196.6 s

18 413 d 1.76 br q, 7.1 8 30.9 t 2.59 br s, 2H

19 99.6 s o 309 t 2.59 br s, 2H
19-0H 5.80 br s 10 175.0 s

20a 39.7 t 2.40 dd, 11.7, 4.9 2-OMe 59.7 q 3.49 s, 3H

20b 1.29 t, 117 14-OMe 55.5q 3.24 s, 3H

21 747 d 5.14 ddd, 11.7, 10.3, 4.9

@ Multiplicities were determined by DEPT experiments.

exists in a chair conformation, which was also corrobo-
rated by the NOESY correlations between H-21 and
both OH-19 and H-23. The locations of the methoxyl
groups were established on the basis of HMBC correla-
tions from methoxyl protons at dy 3.49 (2-OMe) and
3.24 (14-OMe) to C-2 and C-14, respectively. The struc-
ture of the remaining CoHgNO, unit was determined to
be  N-(3-hydroxy-2-cyclopentenone-2-yl)fumarylester
monoamide by comparison of the 'H and '*C NMR
data for the CoHgNO, unit with those of the known
compounds bafilomycins B, and B,.!> The location of
the unit was determined by observation of an HMBC
correlation from H-21 to C-1'. The geometry of the
trisubstituted olefins was determined to be 2Z,4E,10E

by ROE experiments, as shown in Fig. 1. The geometry
of the disubstituted olefins was determined to be
12E24E26E2'E from the large vicinal 'H coupling
constants (J5 13 =Jr425=Js627=J» =151 Hz). Com-
parison of '"H and '*C chemical shifts and the magni-
tude of the coupling constants of 1 with those of
bafilomycin A,'° revealed that the relative stereochem-
istry of 1 is the same as for bafilomycin A,, which was
supported by the NOESY correlations, as shown in
Fig. 1. Consequently, the structure of micromono-
spolide A was elucidated as 1.

Micromonospolide A (1) has been isolated as a specific
inhibitor of starfish (A4. pectinifera) embryogenesis:
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Figure 1.

Selected ROEs (—) and NOESY correlations («---—) of 1.
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when 8-hour-old embryos at the early blastula stage
were cultured in the presence of 1 at a concentration of
10 ng/ml or greater, they stopped the progression of
embryonic development at the late blastula stage just
prior to gastrulation. On the other hand, bafilomycin
A, did not affect embryogenesis even at 50 ng/ml.
Further studies on the structure—activity relationship
are in progress.
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