Pergamon

Tetrahedron 58 (2002) 479-487

TETRAHEDRON

Leptosins M-N;j, cytotoxic metabolites from a Leptosphaeria
species separated from a marine alga. Structure determination
and biological activities

Takeshi Yamada,” Chika Iwamoto,” Naoko Yamagaki," Takako Yamanouchi,”
Katsuhiko Minoura,* Takao Yamori,b Yoshimasa Uehara,” Toshiwo Andoh,d Ken Umemura
and Atsushi Numata™”

A0saka University of Pharmaceutical Sciences, 4-20-1, Nasahara, Takatsuki, Osaka 569-1094, Japan
®Division of Molecular Pharmacology, Cancer Chemotherapy Center, Japanese Foundation for Cancer Research, 1-37-1 Kami-Ikebukuro,
Toshima-ku, Tokyo 170-8455, Japan
‘Department of Bioactive Molecules, National Institute of Infectious Diseases, 1-23-1 Toyama, Shinjuku-ku, Tokyo 162-8640, Japan
Department of Bioengineering, Faculty of Engineering, Soka University, Hachioji, Tokyo 192-8577, Japan

Received 12 October 2001; accepted 21 November 2001

Abstract—Leptosins M (4), M, (5) N (6) and N, (7) have been isolated from a strain of Leptosphaeria sp. originally separated from the
marine alga Sargassum tortile. Their absolute stereostructures have been elucidated by spectral analyses and some chemical transformations.
Their NMR and NOE spectral analyses revealed that 4—7 exist in a single conformer of B type in acetone-ds. All the compounds exhibited
significant cytotoxicity against cultured P388 cells. In addition, leptosin M (4) proved to exhibit significant cytotoxicity against human cancer
cell lines, and to inhibit specifically two protein kinases, PTK and CaMKIII, and human topoisomerase II. © 2002 Elsevier Science Ltd. All

rights reserved.

1. Introduction

Based on the fact that some of the bioactive materials
isolated from marine animals have been produced by
bacteria, we have chosen to seek new antitumour metabo-
lites from microorganisms inhabiting the marine environ-
ment.'"™ As part of this program, we reported that
antitumour and cytotoxic compounds, leptosins A—J and
K (1)-K, (3), belonging to a series of epipolysulfanyl-
dioxopiperazines, were produced by a strain of
Leptosphaeria sp. OUPS-4 isolated from the marine alga
Sargassum tortile C. AGAROH (Sargassaceae).s‘8 Our
continuing search for cytotoxic metabolites from this fungal
strain led to the isolation of four new epipolysulfanyl-
dioxopiperazine designated leptosins M (4), M; (5), N (6)
and N; (7). All these metabolites exhibited significant
cytotoxic activity against the murine P388 lymphocytic
leukemia cell line. In addition, leptosin M (4) proved to
show appreciable cytotoxicity against a disease-oriented
panel of 39 human cancer cell lines, and to inhibit specifi-
cally two protein kinases and topoisomerase II. We report
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herein their absolute stereostructures, conformation and
biological activities.

2. Results and discussion

The fungal strain was cultured at 27°C for 3 weeks in a
liquid medium (90 1) containing 2% glucose, 1% peptone
and 0.5% yeast extract in artificial seawater adjusted to pH
7.5 as reported previously.” The MeOH extract of the myce-
lium was purified by bioassay-directed fractionation (cyto-
toxicities against P388 cell line) employing a combination
of Sephadex LH-20 and silica gel column chromatography
and reversed phase HPLC to afford leptosins M—N; (4-7).

Leptosin M (4) is a pale yellow powder with the molecular
formula C33H3¢NgOgS, as established by HRSIMS. Its IR
spectrum contained absorption bands at 3503, 1687, 1658,
1610 and 1599 cm ™!, characteristic of an alcohol, an amine,
an amide and an aromatic ring. A close inspection of the 'H
and *C NMR spectra of 4 (Table 1) by DEPT and '"H-"*C
COSY experiments and comparison with spectral data for
the other leptosins revealed the presence of the following
functionalities: two hydroxymethines (C-11 and C-11), two
methines (C-5a and C-5’a) each bearing two nitrogen atoms,
one methine (C-3’) bearing a nitrogen atom and a carbonyl
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group, two quaternary sp>-carbons (C-3 and C-12) each
bearing both nitrogen and sulfur atoms, one quaternary
sp>-carbon (C-12') bearing both nitrogen and oxygen
atoms, four amide carbonyls (C-1, C-4, C-1’ and C-4/),
two N-methyls (C-13 and C-13’), one isopropyl (C-14,
C-15 and C-16), one hydroxymethyl (C-14'), two 1,2-
disubstituted benzenes (C-6a—10a and C-6’a—C-10'a),
each bonding to an amino group as one substituent, two
benzylic quaternary sp’-carbons (10b and 10’b) and one
methoxy group. The connection of these functional groups
was determined on the basis of '"H-'H COSY and HMBC
correlations summarized in Fig. 1, and the planar structure
of 4 was elucidated. The presence of a tetrasulfide bridge in
the isopropyl-bearing dioxopiperazine ring of 4 was
supported by the following experiment. Treatment of 4
with NaBH,4 and CHil gave bis(methylsulfanyl) derivatives
8, which had the molecular formulae C;sH4NgOsS,
established by the [M]* peak in HRSIMS. The 'H and "*C
NMR signals of 8 (Table 2) were similar to those of 4 except
for additional signals for one N-methyl and two S-methyl
groups. The positions of the S-methyl groups were shown to
be C-3 and C-12 by HMBC correlations from H-13, H-15
and 3-SMe to C-3, and from H-5a, H-11 and 12-SMe to
C-12. In addition, HMBC correlations from N-Me to C-5a
and C-6a implied that the N-methyl group is located at N-6.

The relative configuration of 4 was deduced from detailed
analysis of NOE data of 4 and 8 in acetone-dg (Tables 1 and
2). NOE correlations from H-5'a to H-5a, H-15 and H-14/
observed in the NOESY of 4 implied that H-5a, H-5'a,

3-isopropyl and 3’-hydroxymethyl groups are oriented on
the same side, and H-5a and H-5’a are both cis to the
C-10b-C-10'b bond (Fig. 2). This observation also demon-
strated that the hydroxymethyl-bearing dioxopiperazine
ring exists in a boat conformation. NOEs from H-10 to
H-11 and H-11' in 4 and 8, and from H-11 to 12-SMe in 8
implied that H-11, 12-SMe and the C-10a—C-10b bond are
oriented cis to one another, and H-11’ and the C-10b—C-
10’b bond are also arranged cis. In other words, H-11 is
oriented trans to H-5a while H-11' cis to H-5"a. In addition,
NOE:s from H-11’ to 12/-OMe in 4 and from 12’-OMe to
H-11’ and H-14' in 8 were indicative of the cis configuration
of 12’-OMe and 3’-hydroxymethyl group. The relative
configuration of 4 was thus elucidated.

Previously we found that leptosins K; (2) and K, (3) exist in
a mixture of two conformers of A and B types, which are
formed by rotation of two monomeric subunits about the
C-10b—C-10'b bond, in CDCl;, while leptosin K (1) exists
in a single conformer of an A type (Fig. 3).® These con-
formers can be deduced from a combination of chemical
shifts of H-10 and H-10’, and NOE data between H-5a,
H-10, H-11, H-5’, H-10’ and H-11’. In compound 4,
NOEs were observed between H-10 and H-11/, and H-5a
and H-5'a in acetone-dg as mentioned earlier, and the signals
for H-10 and H-10' appeared at lower (8 7.72) and higher (6
5.86) fields, respectively. This evidence demonstrated that 4
exists in a B type of conformer in acetone-d (Fig. 3).

In order to determine the absolute configuration of 4,



T. Yamada et al. / Tetrahedron 58 (2002) 479-487 481

Table 1. NMR spectral data of leptosin M (4) in acetone-dg

Position S5y J (Hz) 'H-'H COSY NOESY S¢ HMBC (C)°
1 167.81 (q)°

3 82.95 (q)

4 166.9 (q)

5a 5.94d 1.8 (6) 6 6, 15, 16, 5'a 80.74 (t) 4, 6a, 10a, 10b, 11, 12, 10’b
6 5.60 s Sa S5a 5a, 6a, 10a, 10b

6a 152.37 (q)

7 6.28 d 7.8 (8) 8 8 108.42 (1) 6a, 9, 10a

8 7.02t 7.8 (7,9) 7,9 7,9 130.24 (t) 6a, 10

9 6.68 t 7.8 (8, 10) 8, 10 8, 10 118.07 () 7,8, 10, 10a

10 7.724d 7.8 (9) 9 9,11, 10/, 11’ 127.73 () 6a, 8, 10b

10a 129.11 (q)

10b 64.25 (q)

11 5.41d 4.4 (11-OH) 11-OH 10, 12'-OCH; 79.72 (t) 1, 5a, 10a

12 81.39 (q)

13 3.00's 14, 15 30.41 (p) L3

14 2.78 heptet 6.6 (15, 16) 15,16 13,15, 16 36.41 (1) 3,4,15,16

15 121d 6.6 (14) 14 5a, 13, 14, 5'a 18.79 (p) 3, 14, 16

16 1.42d 6.6 (14) 14 5a, 14, 5'a 18.73 (p) 3, 14, 15

11-OH 5.66 br d 4.4 (11) 11 11, 10b

1 165.08 (q)

3/ 405t 2.4 (14" 14/ 13 66.05 (t)

4! 166.59 (q)

5'a 6.24d 1.4 (6" 6’ 5a, 15, 16, 6/, 14/ 78.44 (1) 10b, 4/, 6'a, 10'a, 10'b, 11/, 12/
6' 6.03d 1.4 (5'a) 5'a 5'a 5'a, 6'a, 10'a, 10'b
6'a 151.96 (q)

7' 6.54d 7.6 (8" 8’ 8’ 108.59 (t) 9/, 10'a

8/ 69t 7.6 (7,9 7,9 7,9/ 129.0 (t) 6'a, 7', 10/

9/ 6.15t 7.6 (8', 10" 8', 10’ 8, 10’ 117.03 (t) 7', 8, 10'a

10’ 5.86d 7.6 (9" 9/ 10, 9 128.85 (1) 6'a, 8/, 10'a, 10'b
10'a 125.85 (q)

10'b 61.37 (q)

1’ 5.36s 10 84.41 (t) 10b, 1/, 5'a, 10'a, 10’b
12/ 89.82 (q)

13 291s 3,14/ 32.60 (p) 1,3

14/ 403d 2.4 3" 3/ 5'a, 13/ 62.03 (s) 37, 4

11/-OH 448

12'-OCH; 298s 11 51.80 (p) 12/

14'-OH 332brs

* 'H chemical shift values (8 ppm from SiMe,) followed by multiplicity and then the coupling constants (J in Hz). Values in parentheses indicate the proton
coupling with that position.

® HMBC correlations from H to C.

¢ Letters, p, s, t and g, in parentheses indicate, respectively, the primary, secondary, tertiary and quaternary carbons, assigned by DEPT.

Marfey’s analysis’ was applied to N-methylserine produced
by the acid hydrolysis of 4. The result revealed that the
N-methylserine moiety of 4 has the L-(S)-configuration.
The above-summarized evidence led to absolute stereo-
structure 4 for leptosin M.

Leptosin M; (5) had a molecular formula two sulfurs less
than that of 4 as deduced from HRSIMS. The general
features of its UV, IR and NMR spectra (Table 3) closely
resembled those of 4 except that some '*C NMR signals
(C-4, C-12, C-10b, C-14 and C-10'b) for the isopropyl-
bearing dioxopiperazine ring exhibited a chemical shift
difference relative to those of 4. Treatment of 5 with
NaBH, and CH;l afforded a bis(methylsulfanyl) derivative
which was identical with 8 as judged by comparison of
spectral data and specific optical rotations. The absolute
stereostructures of 5 was elucidated on the basis of this
evidence and the molecular formula of 5. The same confor-
mational analysis as above-mentioned with 4 demonstrated
—IH-'H cosY that 5 exists in a B type of conformer in acetone-dg as in 4.

Y HMBC

Leptosin N (6) had the same molecular formula as 4 as
Figure 1. Selected "H-"H COSY and HMBC correlations in leptosin M (4). deduced from HRSIMS. The general features of its spectral
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Table 2. NMR spectral data of bis(methylsulfanyl) derivative 8 in CDCl;
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Position Syt J (Hz) 'H-'H CcOSY NOESY Sc HMBC (C)°
1 166.06 (q)°

3 79.12 (q)

4 164.47 (q)

5a 5.56 s 15, 16, 5'a, 6-CH;, 86.15 (1) 4, 6a, 10a, 10b, 11, 12, 10’b
6a 153.34 (q)

7 6.21d 8.0 (8) 8 8 106.94 (t) 8,9

8 720 t 8.0 (7,9) 7,9 7,9 129.79 (1) 6a, 10

9 6.75t 8.0 (8, 10) 8,10 8,10 117.24 (1) 7, 10a

10 7.68 d 8.0 (9) 9 9,11, 11/ 125.10 (1) 6a, 10a
10a 128.87 (q)

10b 60.73 (q)

11 5.16d 4.4 (11-OH) 11-OH 10, 12-SCH,, 12/-OCH, 80.81 (t) 5a, 10a
12 72.79 (q)

13 3.06 s 14,15 29.99 (p) 1,3

14 249 heptet 6.8 (15, 16) 15,16 13,15, 16 37.20 (t) 3,4,15,16
15 1.09d 6.8 (14) 14 5a, 13, 14, 5'a 18.22 (p) 3,14, 16
16 1.29d 6.8 (14) 14 5a, 14, 5'a 18.29 (p) 3,14, 15
11-OH 334 brs 11

6-CH, 2.50 5a 33.28 (p) 6a, 5a
3-SCH; 2.12 13.88 (p) 3
12-SCH; 1.95 11 16.24 (p) 12

1 164.70 (q)

3! 3.98t 1.8 (14'A, 14'B) 14'A, 14'B 13/, 14'B 65.27 (t) 1,4/, 14/
4 166.30 (q)

5'a 6.06 s 5a, 15, 16, 6/ 77.22 (t) 10b, 4/, 6a, 10’a, 10'b, 11, 12/
6’ 5.50 br s 5'a

6'a 149.12 (q)

7' 6.54 d 7.3 (8" 8’ 8’ 108.29 (1) 9, 10'a
8’ 6.97 t 73 (7,9 7,9 7,9 129.11 (1) 6'a, 10/
9/ 6.29 t 73 (8, 10" 8’ 10/ 8, 10 117.69 (1) 7', 10%a
10/ 5.69d 73 (9") 9/ 9/ 128.12 (1) 6'a, 8'
10’a 12391 (q)

10’b 62.21 (q)

11’ 524 d 8.7 (11-OH’) 11/-OH 10 78.83 (t) 10’b

12/ 88.74 (q)

13/ 3.09 s 3/, 14/A 32.97 (p) 17,3
14/A 3.99 dd 11.7 (14’B), 1.8 (3/) 3', 14/-OH 13/, 14'B, 12/-OCH, 61.96 (s) i

14'B 4.08 dd 11.7 (14'A), 1.8 (3") 3/ 37, 14/A

11’-OH 3.02brd 8.7 (11') 11/

12'-OCH; 297 s 11, 14/ 52.1 (p) 12/
14/-OH 238 br s 14A

* 'H chemical shift values (8 ppm from SiMe,) followed by multiplicity and then the coupling constants (J in Hz). Values in parentheses indicate the proton

coupling with that position.

® HMBC correlations from H to C.
¢ Letters, p, s, t and g, in parentheses indicate, respectively, the primary, secondary, tertiary and quaternary carbons, assigned by DEPT.

Figure 2. Observed NOEs for leptosin M (4).

data (Table 4) closely resembled those of 4 except that the
NMR signals for H-5a, H-11, H-5’a, H-6/, H-11’, C-10,
C-10a, C-10b, C-4/, C-10/, C-10’a and C-14' in 6 revealed
a chemical shift difference relative to those of 4, implying
that 6 is a stereoisomer of 4. Treatment of 6 with NaBH, and
CHj;l gave bis(methylsulfanyl) derivatives 9, which had two
S-methyl groups but no additional N-methyl group. HMBC
correlations (from H-13, H-15 and 3-SMe to C-3, and from
H-5a, H-11 and 12-SMe to C-12) in 9 demonstrated that a
tetrasulfide bridge in 6 exists between C-3 and C-12 of the
isopropyl-bearing dioxopiperazine ring as in 4. In detailed
NOESY analysis of 6, NOE correlations regarding H-11 and
H-11' were found to be different from those of 4, indicating
that they are useful for the elucidation of the stereo-
chemistry of 6. NOEs from H-10’ to H-11', and from
H-10 to 11-OH and 11'-OH were observed in 6 though
not in 4, suggesting that both C-11 and C-11’ in 6 have
opposite configurations of those of 4. This was supported
by the observation of NOEs from H-11 to H-5a, H-5’a and
12’-OMe in 6. NOEs from 12/-OMe to H-5'a and H-14'
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Figure 3. Respective conformers A and B in leptosins K (1) and M (4).

implied that H-5'a, 12’-OMe and 3’-hydroxymethyl group
are oriented cis to one another, and the hydroxymethyl-
bearing dioxopiperazine ring exists in a boat conformation.
In addition, NOE correlations from H-5’a to H-5a and H-15
implied that H-5a, H-5a and 3-isopropyl group are oriented
on the same side, and H-5a and H-5’a are both cis to the
C-10b—C-10'b bond. This stereochemistry for 6 was

Table 3. NMR spectral data of leptosin M; (5) in acetone-ds

847.72 (H-10)
845.86 (H-10)

Conformer B

supported by NOEs observed in 9. The above-summarized
evidence indicated that 6 is a stereoisomer of 4 at C-11 and
C-11'. Application of Marfey’s analysis for 6 revealed that
the N-methylserine moiety of 6 has the L-(S)-configuration
as in 4. Thus the absolute stereostructure 6 for leptosin N
was elucidated. The signals for H-10 and H-10’ in 6
appeared at lower (6 7.87) and higher (6 5.52) fields,

Position Sy J (Hz) 'H-'H COSY NOESY dc HMBC (C)°
1 166.90 (q)°

3 81.84 (q)

4 161.21 (q)

5a 579s 6 6,15, 16, 5'a 81.34 (1) 6a, 10a, 10b, 12
6 5.56s Sa 5a 10a

6a 151.79 (q)

7 6.40 d 7.8 (8) 8 8 109.74 (1) 9, 10a

8 7.10t 7.8 (7,9) 7,8 7,9 130.31 (t) 6a, 10

9 6.78 t 7.8 (8, 10) 8, 10 8, 10 118.47 (v) 7, 10a

10 774 d 7.8 (9) 9 9,11, 11/ 127.59 (1) 8

10a 128.95 (q)

10b 60.46 (q)

11 539d 3.2 (11-OH) 11-OH 10, 11-OH, 11/, 12'-OCH, 79.81 (t) 5a, 10a

12 77.19 (q)

13 3.03s 14 29.21 (p) L3

14 2.78 heptet 6.6 (15, 16) 15, 16 13, 15, 16 32.98 (1) 3,4, 15,16
15 1.37d 6.6 (14) 14 5a, 14 18.23 (p) 3, 14, 16

16 1.39d 6.6 (14) 14 5a, 14 18.70 (p) 3, 14,15
11-OH 559 brs 11 11

1 164.92 (q)

3/ 408t 2.4 (14" 14/ 13/, 14/ 66.30 (t)

4/ 167.78 (q)

5'a 632's 6' 5a, 6, 11/ 78.60 (t) 10'b, 12!

6/ 591 s 5'a 5'a 6'a

6'a 151.77 (q)

7! 6.52d 7.7 (8" 8/ 8’ 108.59 (1) 9. 10'a

8’ 6.88 t 7.7 (7', 9" 7,9 7,9 128.97 (1) 6'a

9/ 6.13 t 7.7 (8/, 10" 8/ 10’ 8/, 10 117.33 (1) 7', 10'a

10 587d 7.7 (9") 9/ 10,9’ 128.68 (1) 6'a, 8/, 10'a
10'a 126.06 (q)

10'b 65.55 (q)

1 5.27d 5.5 (11-OH) 11’-OH 10, 11, 5'a, 11'-OH 83.30 (1) 10b, 1/, 10'a, 10'b
12/ 89.74 (q)

13 3.05s 3/, 14/ 32.60 (p) 1,3/

14/ 403d 2.4 (3 3! 3',13/, 12’-OCHs, 14/-OH 62.57 (s)

11'-OH 3314d 5.5 (117 11’ 11’

12'-OCH;, 2955 14/ 51.84 (p) 12/

14/-OH 434 brs 14 14/

* 'H chemical shift values (8 ppm from SiMe,) followed by multiplicity and then the coupling constants (J in Hz). Values in parentheses indicate the proton

coupling with that position.
® HMBC correlations from H to C.

¢ Letters, p, s, t and q, in parentheses indicate, respectively, the primary, secondary, tertiary and quaternary carbons, assigned by DEPT.
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Table 4. NMR spectral data of leptosin N (6) in acetone-ds

Position Syt J (Hz) 'H-'H COSY NOESY Sc¢ HMBC (C)°
1 167.61 (q)°

3 82.50 (q)

4 167.59 (q)

5a 5.25d 2.3 (6) 6 11, 14 79.07 () 6a, 10a, 10b, 10'b
6 421 brs 5a

6a 152.40 (q)

7 6.46 d 7.8 (8) 8 8 109.51 (t) 9, 10a

8 7.09 t 7.8(7,9) 7,8 7,9 129.47 (1) 6a, 10

9 6.75t 7.8 (8, 10) 8,10 8 118.13 (t) 7, 10a

10 7.874d 7.8 (9) 9 11-OH, 11’, 11/-OH 131.00 (t) 6a, 8, 10b
10a 125.94 (q)

10b 66.77 (q)

11 6.58 s 11-OH 5a, 11-OH, 5'a, 12/-OCHj 80.42 (1) 10b, 12

12 81.65 (q)

13 3.01s 14,15 30.32 (p) 1,3

14 2.82 heptet 6.8 (15, 16) 15, 16 5a, 13, 15, 16 36.48 (1) 3,4,15, 16
15 1.16d 6.8 (14) 14 13, 14, 16, 5'a, 12/-OCHj 18.80 (p) 3,14, 16
16 142d 6.8 (14) 14 14,15 18.80 (p) 3,14, 15
11-OH 6.14 br's 11 11

Y 164.40 (q)

3 404t 2.5 (14 14/ 13/ 67.05 (1) 1, 4/

4! 169.05 (q)

5'a 5.24d 2.3 (6") 6' 11, 15, 6', 11'-OH, 12/-OCHj 77.66 (1) 10’b, 12/

6 539d 2.3 (5'a) 5'a 5'a 6'a, 10'a, 10'b
6'a 151.45 (q)

7! 6.54d 7.6 (8 8’ 8/ 108.84 (t) 6'a, 9, 10'a
8’ 6.90 t 7.6 (7',9") 7,9/ 7,9 130.22 (1) 6'a, 10/

9’ 6.20 t 7.6 (8/,10") 8’ 10’ 8/, 10’ 118.92 (t) 7',10'a

10/ 5.52d 7.6 (9 9/ 9',11', 11'-OH 126.31 (t) 6'a, 8

10'a 129.47 (q)

10'b 62.73 (q)

11 480d 4.5 (11’-OH) 11’-OH 10, 10/, 11-OH 83.90 (1)

12/ 91.84 (q)

13/ 3.05s 30,14/ 33.20 (p) 1,3

14/ 401d 2.5 (3 3 5'a, 13/, 12’-OCH; 64.21 (s) 3,4/
11’-OH 5.80 brs 11’ 10, 5'a 10'b
12/-OCH; 345 11, 15, 5'a, 14 52.99 (p) 12/

14/-OH 433 brs

* 'H chemical shift values (8 ppm from SiMe,) followed by multiplicity and then the coupling constants (J in Hz). Values in parentheses indicate the proton

coupling with that position.
® HMBC correlations from H to C.

¢ Letters, p, s, t and g, in parentheses indicate, respectively, the primary, secondary, tertiary and quaternary carbons, assigned by DEPT.

respectively. In addition, a further NOE from H-10 to H-11'
as well as an NOE between H-11 and H-5’a showed that 6
exists in a B type of conformer in acetone-d.

Leptosin N; (7) was assigned a molecular formula which
contained one sulfur atom less than that of 6 as deduced
from HRSIMS. Its UV, IR and NMR spectra (Table 5)
revealed similarities with those of 6 except that some "*C
NMR signals (C-1, C-3, C-4, C-10a, C-13 and C-10'a)
mainly for the isopropyl-bearing dioxopiperazine ring
exhibited a chemical shift difference relative to those of 6.
Treatment of 7 with NaBH, and CHj;I afforded a bis(methyl-
sulfanyl) derivative which was identical with 9 as judged by
comparison of spectral data and specific optical rotations.
This evidence and the molecular formula of 7 led to absolute
stereostructure 7 for leptosin N;.

The cancer cell growth inhibitory properties of leptosins
M-N; (4-7) were examined using the murine P388
lymphocytic leukemia cell line and a disease-oriented
panel of 39 human cancer cell lines (HCC panel) in the
Japanese Foundation for Cancer Research.'’ All of these
metabolites (4—7) exhibited significant cytotoxic activity

against the murine P388 cell line (Table 6), and the
activities of 6 and 7 were almost 10-fold potent than those
of 4 and 5. In addition, leptosin M (4) showed appreciable
cytotoxic activities against the 39 human cancer cell lines
(Table 7). As shown in Table 7, the delta and range values of
4 were 0.54 and 1.18, respectively (effective value:
delta=0.5 as well as range=1.0), disclosing that this
compound showed selective cytotoxic activity. Further-
more, evaluation of the pattern of differential cytotoxicity
using the COMPARE program'® suggested the possibility
that the mode of action for 4 might be different from that
shown by any other anticancer drug developed to date.

Moreover, inhibitory activities of 4 against five protein
kinases''"® and human topoisomerases were examined.
Compound 4 inhibited two protein kinases PTK and
CaMKIII at a concentration of 10 pgml~' by 40-70%
whereas showed no inhibition against other protein kinases
PKA, PKC and EGFR at extreme doses such as
100 pg ml~'. On the other hand, compound 4 was demon-
strated to inhibit specifically topoisomerase II with ICs,
value of 59.1 uhM without affecting topoisomerase I
(IC50>300 pM).
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Table 5. NMR spectral data of leptosin N; (7) in acetone-ds

Position oy’ J (Hz) 'H-'H CcOSY NOESY S¢ HMBC (C)b
1 171.47 (q)°

3 85.20 (q)

4 163.29 (q)

Sa 5.18d 2.8 (6) 6 6,11,15,5a 79.07 (t) 4, 6a, 10

6 4.18d 2.8 (5a) Sa Sa 6a, 10a, 10b
6a 153.50 (q)

7 6.50 d 7.8 (8) 8 8 109.79 (t) 6a, 9, 10a

8 717t 78(7,9) 7,8 7,9 130.02 () 6a, 10

9 6.89 t 7.8 (8, 10) 8,10 8, 10 118.76 (t) 7, 10a

10 7.72d 7.8 (9) 9 10/, 11/ 129.92 (t) 6a, 8, 10a, 10b
10a 123.76 (q)

10b 65.88 (q)

11 6.77d 1.8 (11-OH) 11-OH 5a, 15, 12'-OCH; 79.38 (1) 10b, 12, 10'b
12 80.25 (q)

13 321s 14, 15 27.28 (p) 1,3

14 2.62 heptet 6.8 (15, 16) 15, 16 13,15, 16 36.09 (t) 3,4,15,16
15 1.21d 6.8 (14) 14 5a, 11, 13, 14, 16, 12’-OCH; 18.72 (p) 3,14, 16

16 1.45d 6.8 (14) 14 14, 15 18.52 (p) 3,14, 15
11-OH 5.80 d 1.8 (11) 11

1/ 164.27 (q)

3/ 4.03t 2.5 (147) 14/ 13/ 66.79 (t)

4! 169.86 (q)

5'a 527d 2.5 (6') 6’ 5a, 14/, 12'-OCH; 77.46 (t) 6’a, 10'a, 12/
6/ 541brs 5'a 6'a

6'a 152.18 (q)

7! 6.52d 7.6 (8') 8’ 8’ 110.02 (t) 9/, 10'a

8’ 6.89t 7.6 (7',9") 7,9 7,9 129.56 (t) 6'a, 7', 10’
9/ 6.22 t 7.6 (8',10") 8’ 10/ 8/, 10’ 118.12 (t) 7', 10'a

10’ 5.54d 7.6 (9") 9/ 10, 11/ 125.48 (t) 6'a, 8/, 10'd
10'a 124.52 (q)

10'b 61.23 (q)

11/ 4.80d 4.8 (11’-OH) 11’-OH 10, 10/ 82.71 (t) 10b, 10'b, 12/
12/ 92.21 (q)

13/ 3.05s 3/, 14/ 33.18 (p) 1,3/

14/ 4.01d 2,53 3/, 14’-OH 5'a, 13/, 12’-OCH; 63.86 (s) 3,4/
11'-OH 5.89 brs 11/

12/-OCH;3 343 s 11, 15, 5’a, 14/ 52.47 (p) 12/

14’-OH 432brs 14/

* 'H chemical shift values (8 ppm from SiMe,) followed by multiplicity and then the coupling constants (J in Hz). Values in parentheses indicate the proton

coupling with that position.
® HMBC correlations from H to C.

¢ Letters, p, s, t and g, in parentheses indicate, respectively, the primary, secondary, tertiary and quaternary carbons, assigned by DEPT.

Table 6. Cytotoxity of leptosins M—N; (4—7) against P388 cells (DMSO
was used for vehicle)

Compound EDs, (pg ml™")
Leptosin M (4) 1.05
Leptosin M; (5) 1.40
Leptosin N (6) 0.18
Leptosin N; (7) 0.19

5-FU (standard) 5.80x1072

3. Experimental
3.1. General procedures

Melting points were determined on a Yanagimoto micro
melting point apparatus and are uncorrected. UV spectra
were recorded on a Shimadzu spectrophotometer and IR
spectra on a Perkin—Elmer FT-IR spectrometer 1720X.
Optical rotations were obtained on a JASCO ORD/UV-5
spectropolarimeter. NMR spectra were recorded at 27°C
on a Varian UNITY INOVA-500 spectrometer, operating
at 500 and 125 MHz for 'H and 3C, respectively, with

tetramethylsilane (TMS) as an internal reference. EIMS
was determined using a Hitachi M-4000H mass spectro-
meter. Liquid chromatography over silica gel (230—
400 mesh) was performed in a medium pressure. Prepara-
tive HPLC was run on a Waters ALC-200 instrument
equipped with a differential refractometer (R 401) and
Shim-pack PREP-ODS (25 cmX20 mm i.d.). Analytical
HPLC was run on a Waters 484 instrument equipped with
a photodiode array detector (900J) and Cosmosil 5C3-MS
(15 cmX4.6 mm 1i.d.). Analytical TLC was performed on
precoated Merck aluminum sheets (DC-Alufolien Kieselgel
60 F254, 0.2 mm) with the solvent system CH,Cl,—MeOH
(19:1), and compounds were viewed under UV lamp and
sprayed with 10% H,SO, followed by heating.

3.2. Culturing and isolation of metabolites

As reported previously,” a strain of Leptosphaeria sp.
OUPS-N8O was isolated from the marine alga S. rortile.
The fungal strain was grown in a liquid medium (90 ml)
containing 2% glucose, 1% peptone and 0.5% yeast extract
in artificial seawater adjusted to pH 7.5 for 4 weeks at 27°C.
The MeOH extract (52.3 g) of the mycelium was dissolved
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Table 7. Cytotoxicity of leptosin M (4) against a panel of 39 human cancer
cell lines

Origin of cancer Cell line Log Glsy (M)*
Breast HBC-4 —5.55
BSY-1 —5.76
HBC-5 —5.62
MCF-7 —5.29
MDA-MB-231 —-5.17
Central nervous system U-251 —5.62
SF-268 —4.96
SF-295 —4.79
SF-539 —5.59
SNB-75 —5.64
SNB-78 —5.59
Colon HCC2998 —5.36
KM-12 —5.21
HT-29 —5.14
HCT-15 —4.75
HCT-116 —5.57
Lung NCI-H23 =5.11
NCI-H226 —5.61
NCI-H522 —=5.79
NCI-H460 —5.09
A549 —4.67
DMS273 —5.55
DMS114 —5.59
Melanoma LOX-IMVI —5.37
Ovary OVCAR-3 —5.44
OVCAR-4 —4.77
OVCAR-5 —5.03
OVCAR-8 —5.44
SK-OV-3 —4.61
Kidney RXF-631L —4.80
ACHN —4.73
Stomach St-4 —4.72
MKNI1 —5.65
MKN7 —5.45
MKN28 —5.41
MKN45 —4.82
MKN74 —5.76
Prostate DU-145 —4.76
PC-3 —4.87
MG-MID" -5.25
Delta® 0.54
Ranged 1.18

* Log concentration of compound (4) for inhibition of cell growth at 50%
compared to control.

" Mean value of log Gls, over all cell lines tested.

¢ The difference in log Gls; value of the most sensitive cell and MG-MID
value.

4 The difference in log Gls; value of the most sensitive cell and the least
sensitive cell.

in CH,Cl,—MeOH (1:1), and the soluble fraction (32.7 g)
was passed through Sephadex LH-20, using CH,Cl,—MeOH
(1:1) as the eluent. The second fraction (12.8 g), in which
the activity was concentrated, was chromatographed on a
silica gel column with a hexane—CH,Cl,—MeOH gradient
as the eluent. The MeOH-CH,Cl, (2:98) eluate (211.7 mg)
was further purified by HPLC using MeOH-H,0 (8:2) as
the eluent to afford 6 (11.7 mg, 0.02%) and 7 (12.1 mg,
0.02%). The MeOH-CH,Cl, (5:95) eluate (426.6 mg)
afforded 4 (50.8 mg, 0.1%) and 5 (25.9 mg, 0.05%) after
purification by HPLC using MeOH-H,O (7:3) as the eluent.

3.2.1. Leptosin M (4). Obtained as a pale yellow powder,
mp 223-226°C, [alp=+1478° (¢ 0.10, CHCl3); A

(EtOH)/nm: 304 (log £ 3.62), 243 (4.08) and 206 (4.64);
Vimax (KBr)/cm_I: 3503 (NH, OH), 1687, 1658 (amide),
1610 and 1599 (Ar); m/z (SIMS): 773 (IM+H]", 0.3%),
645 (MH"—4S, 0.5), 627 (MH"—4S-H,0, 1.8), 557
(0.8), 429 (4.5), 312 (17.3) and 232 (bis-indol-3-yl, 100);
mlz (HRSIMS): 773.1553 [M+H]" (Caled for
C33H37NgOsSs: 773.1550); CD A (¢ 1.63X10°°M in
EtOH)/nm: 390 (Ae 0), 345 (—5.95), 323 (0), 270
(+20.45), 258 (0), 250 (—19.52), 244 (0), 234 (+54.84)
and 222 (0). 'H and '*C NMR data are listed in Table 1.

3.2.2. Leptosin M; (5). Obtained as a pale yellow powder,
mp 219-222°C, [a]p=+140° (¢ 0.18, CHCl3); A
(EtOH)/nm: 300 (log & 3.83), 238 (4.30) and 212 (4.73);
Vmax (KBr)/em™': 3528 (NH, OH), 1674, 1658 (amide),
1609 and 1594 (Ar); m/z (SIMS): 731 (IM+Na]*, 2.0%),
667 M"+Na—28, 0.5), 627 (M +Na—2S-H,O0, 1.2), 493
(4.6), 429 (6.4), 312 (19.5) and 232 (bis-indol-3-yl, 100);
ml/z (HRSIMS): 731.1936 [M+Na]® (Caled for
C33H3NeOgS,Na: 731.1931); CD A (¢ 2.51X107°M in
EtOH)/nm: 380 (Ae 0), 358 (—0.36), 337 (0), 304
(+3.92), 281 (0), 252 (—5.07), 246 (0) and 229 (+51.31).
'H and '*C NMR data are listed in Table 3.

3.2.3. Leptosin N (6). Obtained as a pale yellow powder,
mp 226-228°C, [alp=1276° (¢ 0.16, CHCl3); Apax
(EtOH)/nm: 302 (log & 3.86), 240 (4.36) and 212 (4.75);
Vmax (KBr)/em™': 3524 (NH, OH), 1688, 1658 (amide),
1610 and 1598 (Ar.); m/z (SIMS): 773 (IM+H]", 0.9%),
645 (MH"—48, 2.4), 627 (MH" —4S-H,0, 6.5), 557 (0.6),
429 (6.1), 312 (16.8) and 232 (bis-indol-3-yl, 100); m/z
(HRSIMS): 773.1550 [M+H]" (Calcd for C33H3;NeOgSy:
773.1553); CD A (¢ 2.11x107° M in EtOH)/nm: 387 (Ae
0), 343 (—2.44), 318 (0), 304 (—0.72), 299 (0), 252 (—5.07)
and 229 (+31.60). 'H and 'C NMR data are listed in
Table 4.

3.2.4. Leptosin N; (7). Obtained as a pale yellow powder,
mp 227-229°C, [alp=+347° (¢ 0.14, CHCls); A pax
(EtOH)/nm: 302 (log & 3.82), 240 (4.34) and 212 (4.74);
Vmax (KBr)em™': 3528 (NH, OH), 1688, 1658 (amide),
1609 and 1597 (Ar); m/z (SIMS): 741 (IM+H]", 3.2%),
645 (MH"-3S, 7.2), 627 (MH"—3S-H,0, 15.6), 525
(0.8), 429 (5.8), 312 (18.7) and 232 (bis-indol-3-yl, 100);
mlz (HRSIMS): 741.1832 [M+H]" (Caled for
C33H37N608S3: 7411834], CD A (C 195X10_5M in
EtOH)/nm: 371 (Ae 0), 321 (+7.77), 308 (0), 294
(—6.85), 283 (0) and 223 (+40.25). 'H and *C NMR data
are listed in Table 5.

3.3. Formation of bis(methylsulfanyl) derivatives

3.3.1. The bis(methylsulfanyl) derivative 8 from lepto-
sins M (4) and M; (5). Leptosin M (4)(10.3 mg) was
dissolved in a solution (0.5 ml) of pyridine and MeOH
(5:8). To the solution were added Mel (1.5 ml) and
NaBH; (5.0 mg), and the mixture was stirred for 20 min at
room temperature. The reaction mixture was then diluted
with water and extracted with diethyl ether. The ether layer
was evaporated off under reduced pressure, and the residue
was purified by HPLC using MeOH-H,O (8:2) as the eluent
to afford 8 (6.5 mg) as a pale yellow powder; mp 203—
206°C, [a]lp=+15° (¢ 0.16, CHCl3); Ap.x (EtOH)/nm: 305
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(log & 3.56), 248 (4.12) and 211 (4.78); vmax (KBr)/em ™
3510 (NH, OH), 1682, 1659 (amide), 1610 and 1598 (Ar);
mlz (SIMS): 752 [M]"; m/z (HRSIMS): 752.2259 [M]"
(Caled for CsgHuNgOsSy:  752.2260); CD A (¢
2.12x107° M in EtOH)/nm: 338 (Ae 0), 320 (+7.11), 272
(0), 255 (—50.37), 242 (0) and 225 (+21.73). 'H and *C
NMR data are listed in Table 2.

The same reaction with leptosin M; (5) (6.6 mg) gave 8
(3.9 mg).

3.3.2. The bis(methylsulfanyl) derivative 9 from lepto-
sins N (6) and N; (7). Using the same procedure as above
with compound 4, leptosins N (6) (8.6 mg) was treated with
Mel (1.2 ml) and NaBH, (4.0 mg) in pyridine and MeOH
(5:8) (0.4ml) and the product was purified by HPLC
[MeOH-H,O (8:2)] to afford 9 (4.7 mg) as a pale yellow
powder; mp 196—198°C, [a]p=146° (¢ 0.18, CHCl3); A .
(EtOH)/nm: 306 (log & 3.78), 245 (4.51) and 210 (4.76);
Vmax (KBr)/em™': 3515 (NH, OH), 1682, 1659 (amide),
1609 and 1595 (Ar); m/z (SIMS): 738 [M]"; m/z (HRSIMS):
738.2103 [M]" (Caled for CisHiNgOsS,: 738.2101); 'H
NMR 6 ppm (CDCl;): 1.11 (3H, d, J=6.8 Hz, Hj-15),
1.20 (3H, d, J=6.8 Hz, H3-16), 1.82 (3H, s, 12-SCHj3),
2.19 (3H, s, 3-SCH3), 2.23 (1H, br s, 14'-OH), 2.60 (1H,
heptet, J/=6.8 Hz, H-14), 2.91 (3H, s, H3-13’), 3.08 (3H, s,
H;-13), 3.41 (3H, s, 12'-OCH3), 3.53 (1H, br s, 11’-OH),
3.65 (1H, br s, 11-OH), 3.90 (1H, t, J=1.8 Hz, H-3'), 4.14
(2H, d, J=2.2 Hz, H-14"), 4.80 (1H, br s, H-6), 4.92 (1H, d,
J=3.7Hz, H-11'), 4.97 (1H, br s, H-11), 5.09 (1H, s, H-5a),
5.31 (1H, br s, H-6"), 5.63 (1H, d, J=7.3 Hz, H-10"), 6.21
(1H, d, J/=8.0 Hz, H-7), 6.35 (1H, s, H-5'a), 6.47 (1H, d,
J=7.3 Hz, H-9'), 6.48 (1H, d, J=7.3 Hz, H-7'), 6.89 (1H, t,
J=8.0 Hz, H-9), 7.04 (1H, t, J=7.3 Hz, H-8'), 7.19 (1H, t,
J=8.0 Hz, H-8) and 7.75 (IH, d, J=8.0 Hz, H-10); *C
NMR 6 ppm (CDCl3): 14.17 (3-SCH3), 15.92 (12-SCHj),
18.26 (C-15), 18.28 (C-16), 30.07 (C-13), 33.21 (C-13),
37.24 (C-14), 52.37 (12'-OCHj), 62.37 (C-10b), 63.12
(C-10'b), 63.39 (C-14"), 66.67 (C-3"), 72.65 (C-12), 76.53
(C-5'a), 78.23 (C-117), 78.88 (C-3), 81.08 (C-11), 84.79
(C-5a), 90.56 (C-12/), 107.52 (C-7), 108.69 (C-7"), 117.38
(C-9), 118.65 (C-9'), 124.84 (C-10a), 126.12 (C-10"),
127.97 (C-10'a), 128.86 (C-8), 130.25 (C-8'), 130.48
(C-10), 148.95 (C-6’a), 154.12 (C-6a), 163.56 (C-4),
164.26 (C-17), 166.14 (C-4’) and 166.21 (C-1'); CD A (c
1.26x107° M in EtOH)/nm: 372 (Ae 0), 345 (—0.29), 317
(0), 255 (+10.70) and 225 (+18.40).

The same reaction with leptosin N; (7) (5.4 mg) gave 9
(2.9 mg).

3.4. Marfey analyses of N-methylserine produced from
leptosins M (4) and N (6)

Leptosins M (4) (1.5 mg) and N (6) (1.2 mg) were dissolved
in MeOH (0.2 ml) and 6N HCI (2 ml) and sealed in separate
vials. The vials were heated at 110°C for 36 h, and the

solution was evaporated in vacuo. To the acid hydrolyzates
of 4 and 6 were added a solution of 1% 1-fluoro-2,4-
dinitrophenyl-5-L-alanineamide (L-FDAA) in acetone
(100 wl) and 1 M NaHCOj; (100 pl). The mixtures were
heated at 80°C for 30 min followed by neutralization with
2N HCI (50 pl) and evaporated off under reduced pressure.
The residues were dissolved in 50% aqueous MeOH and
subjected to reversed phase HPLC: Cosmosil 5C;3-MS
(15 cmXx4.6 mm i.d.), MeOH-H,0-TFA (30:70:0.1) as
the eluent, flow rate 1 mlmin~ ', UV detection 340 nm.
N-Me-L-Ser-L-FDAA derivative was detected from both
the acid hydrolyzates of 4 and 6; retention time (min):
N-Me-D-Ser-L-FDAA (55.2), N-Me-L-Ser-L-FDAA (56.8).
The identity of the peak was confirmed by co-injection with
a solution of a standard derivatized in the same manner.

Acknowledgements

We are grateful to Ms M. Fujitake of this university for the
MS measurements.

References

1. Iwamoto, C.; Minoura, K.; Hagishita, S.; Nomoto, K.
Numata, A. J. Chem. Soc., Perkin Trans. 1 1998, 449-456.

2. Amagata, T.; Doi, M.; Minoura, K.; Numata, A. J. Chem. Soc.,
Perkin Trans. 1 1998, 3585-3599.

3. Amagata, T.; Doi, M.; Tohgo, M.; Minoura, K.; Numata, A.
Chem. Commun. 1999, 1321-1322.

4. Iwamoto, C.; Minoura, K.; Oka, T.; Ohta, T.; Hagishita, S.;
Numata, A. Tetrahedron 1999, 55, 14353—-14368.

5. Takahashi, C.; Numata, A.; Ito, Y.; Matsumura, E.; Araki, H.;
Iwaki, H.; Kushida, K. J. Chem. Soc., Perkin Trans. 1 1994,
1859-1864.

6. Takahashi, C.; Numata, A.; Matsumura, E.; Minoura, K.; Eto,
H.; Shingu, T.; Ito, T.; Hasegawa, T. J. Antibiot. 1994, 47,
1242-1249.

7. Takahashi, C.; Takai, Y.; Kimura, Y., Numata, A,
Shigematsu, N.; Tanaka, H. Phytochemistry 1995, 38, 155—
158.

8. Takahashi, C.; Minoura, K.; Yamada, T., Numata, A.;
Kushida, K.; Shingu, T.; Hagishita, S.; Nakai, H.; Sato, T.;
Harada, H. Tetrahedron 1995, 51, 3483-3498.

9. Marfey, P. Carlsberg Res. Commun. 1984, 49, 591-596.

10. Yamori, T.; Matsunaga, A.; Sato, S.; Yamazaki, K.; Komi, A.;
Ishizu, K.; Mita, I.; Edatsugi, H.; Matsuba, Y.; Takezawa, K.;
Nakanishi, O.; Kohno, H.; Nakajima, Y.; Komatsu, H.;
Andoh, T.; Tsuruo, T. Cancer Res. 1999, 59, 4042-4049.

11. Fukazawa, H.; Li, P.-M.; Mizuno, S.; Uehara, Y. Analyt.
Biochem. 1993, 212, 106—110.

12. Li, P.-M.; Fukazawa, H.; Mizuno, S.; Uehara, Y. Anticancer
Res. 1993, 13, 1957-1964.

13. Murakami, Y.; Fukazawa, H.; Mizuno, S.; Uehara, Y.
Biochem. J. 1994, 301, 57-62.



