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Maytansinoids are compounds having strong cytotoxic

), and are products of a

4,5)

and antineoplastic activities'?
bacterium (Actinosynnema pretiosum)®, mosses and

three closely related plant families, Celastraceae,
Rhamnaceae and Euphorbiaceae'?. It was speculated that
maytansinoids produced by endophytic microorganism
were accountable for the occurrence of those in higher
plants. However, up to date, no literatures were reported
about the isolation of endophytes from maytansine-
containing plants. Moreover, endophytes occurring in
higher plants are important sources of natural products with
pharmaceutical potential®”. New experimental models are
currently tested in which the cytotoxic activity of
maytansine is employed to develop new drugs®”. Therefore,
the isolation of maytansine-producing endophytic
microorganisms from plants is of significance in the
aspects of plant-microbe interactions (coevolution) and
new drug discovery.

In the course of our search for maytansine-producing
endophytic microorgaisms from the plant Maytenus

10 we found that the extract of the culture material

hookeri
of Streptomyces sp. CS (one of the commensal
microorganisms) showed potent antifungal activity against
Penicillium avellaneum UC-4376 by diffusion assay on
agar plate as described'). Antifungal activity-guided
tsolation afforded a new macrolide antibiotic 1, named
24-demethyl-bafilomycin C, (Figure 1)'?, based on NMR
experiments and HRFABMS data.

Compound 1, [a]® —29.5 (c, 20, MeOH), was

determined to have the molecular formula C,;H,;0,, based
on the negative HRFABMS peak at m/z 705.3833 (calcd:
705.3850), and showed the presence of carbonyl groups
(1690.7 and 1714.4cm™ ") in its IR spectrum. Inspection of
the NMR data (proton, carbon, DEPT, HMQC and HMBC)
revealed a bafilomycin-type 16-membered macrolide (Table

Fig. 1. Structural fragments and the conformation
of the pyranose ring of 1, and the selected 'H-'H
COSY («) and HMBC (H—C) correlations.
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Table 1. The 'H, '>C NMR assignments and 'H-'C long-range correlations (HMBC) for 1°.

No Bc W HMBC

1 167.3s / /

2 141.2s / /

3 133.6d 6.68 (s) C-1, C-2, C-4a, C-5,

4 133.0s / /

5 142.8d 5.78 (br d, 9.2) C-4, C-6, C-4a, C-7,

6 36.6d 2.56 (brf, 7.2) C-5, C-6a

7 81.2d 3.31(dd, 2.1,7.7) C-5, C-6, C-8, C-8a

8 40.0d 1.96 (m) <

9 41.2t 1.93 (m), 2.16 (m) C-7, C-10

10 143.0s / /

11 125.2d 5.83 (br d, 10.4) C-10a

12 133.0d 6.54 (dd, 10.8, 14.8) C-10, C-14

13 127.1d 5.19 (dd, 9.2, 14.8) C-14,C-15

14 82.2d 3.92(t, 8.8) C-12, C-15, C-16

15 76.7d 4.97 (br d, 8.4) C-1, C-14, C-16, C-17, C-16a

16 37.3d 2.16 (m) C-14, C-17, C-16a

17 70.6d 4.15 (dd, 2.0, 10.4) C-18, C-18a

18 41.7d 1.80 (dg, 2.0, 7.6) C-19, C-18a

19 99.0s / /

20 39.8t 1.35 (m), C-19, C-21, C-22
2.43 (dd, 4.8,11.2)

21 75.1d 5.12(ddd, 4.8, 10.8, 10.8) C-1',C-22a

22 40.8d 1.50 (m) ¢

23 73.5d 3.70 (d, 11.6) ¢

24 25.6t 1.70 (m), 1.30 (m) C-22,C-25

25 10.3q 0.90 (t, 7.6, 3H) C-23, C-24

MeO-2  [59.9q 3.64 (s, 3H) Cc-2

4a 14.0q 1.99 (s, 3H) C-3,C-4,C-5

6a 17.3q 1.08 (d, 7.2, 3H) C-5, C-6, C-7

8a 21.69 0.95 (d, 6.0, 3H) C-7, C-8, C-9

10a 20.1q 1.94 (s, 3H) C-9, C-10, C-11

MeO-14 | 55.5q 3.25 (s, 3H) C-14

16a 9.7q 0.85 (d, 6.4) C-15, C-16, C-17

18a 71q 1.05(d, 7.2) C-17, C-18, C-19,

22a 12.8q 0.87 (d, 6.8) C-21, C-22, C-23

1' 164.2s / /

2' 132.8d 6.90 (br d, 16.0) c-1', C-3'

3' 135.4d 6.94 (br d, 16.0) c-2,Cc-4

4' 168.7s / /

a lH, BC NMR and HMBC spectra were obtained at 400MHz, 100MHz and 400MHz, respectively,

and recorded in CDCl; at room temperature.
b Coupling constants are presented in Hertz.
integrate to 1H.

Unless otherwise indicated, all proton signals

¢ Correlations were not recognized because the proton signals overlapped severely.

1)!'¥. The 'C NMR and DEPT spectra of 1 showed thirty-
eight carbon signals for eight methyl, two methoxy, three
methylene, eighteen methine, and seven quaternary carbon
atoms including three carbonyl carbons. The 'H NMR
spectra of 1 indicated eight methyls including five doublets,
two singlets and one triplet, and the '>C NMR spectra give
evidence for five methylene carbons in the upfield region
(36.6~41.7 ppm), indicating the presence of at least one
ethyl group.

The structure of fragment 1a (Figure 1) was determined
based on the 'H-">C long-range correlations of the methyl
protons at 6 0.85 (H-16a) with the carbons at § 76.7 (C-
15), 37.3 (C-16) and 70.6 (C-17), and the methyl protons at
6 1.05 (H-18a) with the carbons at & 70.6 (C-17), 41.7
(C-18) and 99.0 (C-19). The fragment 1b was recognized
by the 'H-"3C long-range correlations of the methyl protons
at 6 1.99 (H-4a), 1.08 (H-6a), 0.95 (H-8a), 1.94 (H-10a)
with the corresponding carbons as well. The proton at § 6.68
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(H-3) showed the 'H-"C long-range correlations with
the carbons at 6 167.3 (C-1), 141.2 (C-2), 14.0 (C-4a) and
142.8 (C-5), indicating the presence of fragment 1¢. In the
'H-'H COSY spectra, the proton at § 6.54 (H-12) showed
correlations with the protons at § 5.83 (H-11) and 5.19 (H-
13) and the proton at & 3.92 (H-14) showed correlations
with the proton at  5.19 (H-13) and 4.97 (H-15), which
revealed the structure of fragment 1d. Meanwhile, the
linkages of the fragments 1a, 1b, 1c¢ and 1d were revealed
by the HMBC experiments. The 'H-"*C long-range
correlation of the proton at § 4.97 (H-15) with the carbon
at 8 167.3 (C-1) indicated the linkage between C-1 and C-
15 via oxygen, which determined a 16-member lactone
ring. The protons of two methoxy groups at 6 3.64 and 3.25
were connected with the carbons at § 141.2 (C-2) and 82.8
(C-14), respectively, based on their 'H-""C long-range
correlations. Therefore, the structure of the fragment le
(Figure 1) was determined. According to the "H-"C long-
range correlations between the protons at ¢ 0.87 (H-22a),
0.90 (t, J=17.6, H-25), 1.35 and 2.43 (1H each, H-20) and
the corresponding carbons (Table 1), the fragment 1f was
formed. The fragment 1g was determined to be a trans-
substituted double bond flanked by two carboxyl groups on
the basis of two coupled doublets at § 6.93 (H-2') and 6.94
(br d, J=16 Hz, H-3') in the '"H NMR spectra of 1, and the
HMBC experiments. The negative HRFABMS fragment
ion at m/z 115.0031 gave the molecular constituents
C,H,O* (caled: 115.0031), further confirming the
structure of the fragment 1g. The proton at & 5.12
(H-21) showed the 'H-"C long-range correlations with C-1'
(6 164.2), indicating the linkage of fragments 1f and 1g
via oxygen. All oxygen-substitutions were assigned based
C NMR (Table 1) and HRFABMS data. The coupling
constants 9.2, 2.1, 7.7, 9.2, 8.8, <2.0, 10.4 and 2.0Hz
observed between H-5-H-6, H-6-H-7, H-7-H-8, H-13-H-14,
H-14-H-15, H-16-H-17 and H-17-H-18, respectively, were
similar to those reported for L-681,110A, (bafilomycin
C)'? and hygrolidin'*'>. The distinct doublet-triplets of
the proton at § 5.12 (ddd, 4.8, 10.8, 10.8, H-21) indicated
its axial orientation, and that the proton at 8 1.50 (m, H-22)
was at axial as well (Figure 1). The coupling constant of the
proton at & 3.70 (d, 11.6, H-23) suggested its orientation to
be axial. Therefore, the orientations of the substituents at
C-21, C-22 and C-23 on the pyranose ring were determined
to be equatorial. The hydroxy at C-19 was established to be
axial based the chemical shift of the C-19 (6 99.0), which
was similar to that of bafilomycin A,'®. The NMR data and
optical rotation observed for 1 are consistent with those of
bafilomycin C,'?, indicating that 1 could have the same

absolute configuration'”, Therefore, compound 1 was
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Table 2. The inhibitory rate of 1 against tumor
cell lines P388 and A-549.

Concentrations (M) 10* 10° 10° 107 10°

Cell line P388
Inhibitory rate (%) 979 88.8 827 81.1 78.1
Cell line A-549

Inhibitory rate (%) 96.9 93.1 88.8 90.9 894

determined to be 24-demethyl-bafilomycin C,'?.

A series of bioactivities were reported about this family

of 16-membered macrolide polyketides, such as

bafilomycins—antibiotics against Gram-positive, fungi,
yeasts'?, and the inhibitors of the Na', K'-ATPase'?,

and  hygrolidins—antifungal  agents against Jalsa

ceratosperma'® and antitumor agents against various
cell lines'”. In our work, compound 1 exhibited strong
inhibitory activity against Penicillium avellaneum UC-4376
with the minimal inhibitory amount at 10 pg/disc, and
cytotoxic activity against tumor cell lines P388 and A-549
by the methods SRB (sulforhodamine B) and MTT
(microculture tetrozolium), respectively, as well (Table 2).
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