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Abstract: Six new antibiotics, TMC-151 A-F (2-7) have been isolated from organic extracts of the
fermentation broth of Gliocladium catenulatum Gilman & Abbott TC 1280, isolated from a soil sample. Their
structures including the absolute stereochemistries, were determined by extensive analyses of NMR and X-ray
crystallography, and degradation studies. TMC-151s are novel polyketides containing D-mannopyranoside

and D-mannitol or D-arabitol. These antibiotics showed moderate cytotoxicity to several tumor cell lines.
© 1999 Elsevier Science Ltd. All rights reserved.

Hypocreacean fungi and their anamorph such as Trichoderma and Gliocladium have played an important
role in the field of biocontrol and biomolecular screening. Species belonging to the genus Gliocladium are in
fact known to produce a variety of secondary metabolites, such as tetracycline,' piperazines,” peptides,’
sesquiterpene,’ and polyprenols.™ These findings promoted us to investigate the fungal metabolites for
discovery of novel chemotherapeutic agents.

During the course of our screening of fungal extracts for cytotoxicity, we have discovered new substances,

designated by TMC-151 A-F (2-7). These antibiotics are structurally characterized by novel polyketides
containing sugars and hexitol or pentitol moieties

We report herein the isolation, structure elucidation and biological activity of these six new antibiotics,
produced by a fungus Giliociadium catenuiatum Gilman & Abbott TC 1280

*e-mail: jun-k@tanabe.co.jp, Tel: 81-48-433-2732, Fax: 81-48-433-2734

0040-4020/99/% - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(99)00408-1
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Results and Discussion
Isolation

Gliociadium catenuiatum TC 1280 was fermented under the static condition, and the resultant solid was
The extract was purified by solvent partition, followed by column chromatography

extracted with 1-butanol.
This complex was further purified by reverse phase

on a Sephadex LH-20 to afford TMC-151 complex (1).
silica gel column chromatography and preparative HPLC to give pure six components, designated as TMC-151

A-F (2-7).

Structure Elucidation

s C,H,,0)5 on the basis of its HRESI-MS [m/z found
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of 4 was ident
805.4962 (M-H), caled 805.4949] and 'H and "C NMR spectral data. The IR spectra of 4 indicated the
presence of hydroxyl (3400 cm™), ester (1700 cm™) and ether or hydroxyl (1075 cm™) groups. The "*C and 'H

formula

H
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1 1d
thyienes, 3 oxygenated methylenes, 6 methines, 11 oxygenated methines, an anomeric methine, 3
olefinic methines, 3 olefinic quaternary carbons and an ester carbonyl carbons. The 'H NMR spectrum of 4
showed D,0 exchangeable 11 protons at & 3.97 - 4.78, which were assigned to hydroxyl groups. The
extensive 1D and 2D-NMR spectra such as DQF-COSY, ROESY, HMQC and HMBC revealed the following

three partial structures (A-C) of 4, as shown in Figure 1.
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Figure 1. COSY (bold line) and HMBC ("Joy = 8.5 Hz) correlations
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(A): In the DQF-COSY spectrum, a sequential proton network of H11-H12(H26)-H13-H14(H27)-H15-
H16(H28)-H17-H18(H29)-H19-H20 and two fragments, =CH-CH(CH,)-CH(OH)- were observed. Low-field
chemical shifts of three methyl groups (H-21: & 1.80, H-23: & 1.56 and H-25: & 1.54) suggested that these
methyl groups attached to the olefinic carbons. Full spin network of (A) was accomplished based on the
observation of the 'H-"’C correlations from methyl groups as

1
167.6), C-2 (8 126.5) and C-3 (8 146.4); from H-23 to C-5 (3 80.9)

AT, T L\ 2L QRN T\ 2 2303x: 14

to C-9 (8 81.2), C-10 (8 134.6) and C-11 (6 130.1).

(B): the presence of one hydroxy methylene and four hydroxy methines was revealed by the foliowing
'H-'H correlations: from 8 4.32 (m) to & 3.63 and 3.40, from & 4.78 (d) to 6 3.72, from 84.28 (d) to 8 3.59,
from & 4.14 (d) to 6 3.58 and from & 4.42 (d) to 6 3.48. The connectivity of C-1” to C-6’ was accomplished by
'H-'H and 'H-"C correlations. The "*C chemical shifts at C-3°, C-4’, C-5" and C-6" were in good agreement
with those of mannitol in literature,” with downfield shift at C-1’ (8§ 67.2) and upfield shift at C-2’ (8 68.4) due
to 1’-substitution. (B) was thus concluded to be a 1’-substituted mannitol.

(C): Hydroxyl protons at 3 4.05 (d), 4.53 (d) and 4.68 (d) had correlations with methine protons H-2” (&

3.70), H-3” (6 3.20) and H-4” (3 3.32), respectively, One hydroxyl proton at & 4.20 (dd) coupled with
methylene protons H-6” (§ 3.49 and 70). In he DQF—COSY spectrum, ucntial network of H2”(0H)=

N
\W iyl
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Table 1. PC NMR data for TMC-151 A-F(2-7) in DMSO-¢,
C no. 2 3 4 5 6 7

1 167.2's 166.8 s 167.6 s 167.3 s 167.6 s 167.3 s
z i26.5s i26.3s i26.3s 1264 s i26.6s i26.4 s
3 146.8 d 146.4 d 146.4 d 146.6d 146.4d 14664
4 3694 368d 368d 3694 3684 3684d
5 80.9d 80.9d 80.9d 80.8d 80.9d 80.8d
6 136.0s 136.0's 136.0s 1359 s 136.1s 136.0 s
7 131.6d 131.6d 131.5d 131.4d 131.5d 131.4d
8 36.1d 36.1d 36.2d 36.2d 36.2d 36.2d
9 81.2d 81.2d 81.2d 81.2d 81.2d 81.2d
10 134.5s 1345 134.6 s 134.6 s 134.7 s 134.7 s
11 130.1d 130.1d 130.1d 130.0d 129.7d 129.7d
iz 345d 3454 34.5d 34.5d 34.5d 34.54d
13 85.3d 85.2d 85.2d 8534 86.1d 86.1d
14 33.0d 33.0d 33.0d 33.0d 33.3d 33.3d
15 4211t 421t 4211 42.1¢ 421t 4211
16 27.2d 27.2d 27.2d 27.2d 27.2d 27.2d
17 438t 4381 4381 4381 437t 4371
18 30.9d 3094 30.9d 30.9d 309d 309d
19 28.0t 28.0t 28.0't 28.0t 2791t 2791
20 108q 10.8 q 108 10.7q 10.7 q 10.7q
21 1269 126 q 125q 1259 12.5q 12.5q
22 164 q 16.4 q 165¢q 16.4 q 16.5q 16.4 q
23 ii.l0q iilbg ii.iq ii.iq ii.iq ii.ig
24 174 q 174 q 1744 17449 174 q 1744
25 113g 112¢ 113¢g 11.3¢ 1124 112g
26 18.2q 182q 182q 18.2q 182q 18.2q
27 1584 15.8q 158q 158¢ 1599 1599
28 209q 209 q 209q 209q 209 q 209 q
29 20.0q 200 q 200 g 20.0q 19.9q 1999
r 63.0t 59.8 t 67.21 66.0t 67.2t 66.0 t
2 70.3d 7444 68.4d 67.4d 68.5d 67.4d
3 72.5d 67.1d 69.3d°  70.7d°  69.3d° 70.8d°
4 69.3d 69.9 d 695d°  71.04°  69.5d4°  71.04°
5 70.7d 70.9 d 71.1d 635t 71.1d 635t
6 635t 636t 63.81t 63.81
1 101.3d 101.3d 101.3d 101.3d 101.4d 101.4d
2 70.7d 70.7 d 70.7 d 70.7 d 70.6 d 70.6 d
3" 73.9d 73.9d 73.9d 73.9d 73.6d 73.6d
4" §7.04d 67.04d 67.04d 67.04d 6704 £7.0d
5" 77.3d 77.3d 7724 77.3d 74.1d 74.1d
6" 61.41 6141 61.41 6141 64.0t 64.0t

CH ;CO 20.5q 20.5q

CH,CO 170.1's 170.1 s

ad May be exchangeable.
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0.86 (1H, m)
16 1.53(1H, m)
17 1.20 (1H, m)
0.82 (1H, m)
18  1.40 (1H, m)
19 134 (1H,m)
1.03 (1H, m)
20 0.82(1H,t,7)
21 1.80(3H,d, 1)
22 0.76 (3H,d, 6.8)
23  1.56 (3H, brs)
24 0.70 (3H, 6.8)
25 1.55(3H, brs)
26 095(3H,d,6.8)

27 0.87(3H,d, 6.8)

29 @1 A
28 0.83(334,4,7)

29 0.83(3H,4,7)
1" 3.28(IH,m)

3.39 (1H, m)
2 378 (1H, m)

3 5.02(iH,d4,8,1)

4 3.73 (1H,m)
5 321(H,m)

£ 220 /111
O 3.3%9 (1H, m)
3.60 ({H, m)

1" 432 (1H, brs)
2" 370 (1H, m)
3" 320 (1H, m)
4" 3.30(1H, m)

5" 2.99(1H,ddd, 9, 6,2)

6" 3.70 (1H, m)

2 AQ (1H
3.49 (1H, m)

5-OH 4.58 (1H, 4, 3.9)
9-OH 397 (1H.d,3.4)
1OH 4.43 (1H,t, 5.6)

MO A QRS 1T A £ O
4\ 400 (i1, 4y J.7)

3-OH

4-0OH 4.64 (1H.d, 6.3)
5-OH 4.28 (1H,d,5.4)
6-OH 4.29 (1H,t, 5.6)
2"-OH 4.05 (1H, d, 5.1)
3"-OH 4.53 (1H, d, 6.1)
4"-OH 4.68 (1H,d.5.1)
6"-OH 4.20 (1H, t, 6)

1 2N /11T
1.30 (IH, m)

0.86 (1H, m)
1.53 (1H, m)
1.20 (1K, m)
0.82 (14, m)
1.40 (1H, m)
1.34 (1H, m)
1.03 (1H, m)
0.82 (1H,t, 7y
1.79 3H,d, 1.2)
0.75 (3H, d, 6.8)
1.56 (3H, brs)
0.70 3H, 6.8)
1.55 (3H, brs)
0.95 (3H, d, 6.8)
0.87 (3H, d, 6.8)

Nno1 /21y 3
0.83(3H,4,7)

0.83 3H, d, 7)
3.61 (1H, m)
3.76 (1H, m)

A0 7
4.79 (1H, my)

397 (1H, 1, 8)
3.27 (1H, m)
3.47 (1H, m)
338 (IH, m)
3.59 (1H, m)
4.32 (1H, brs)
3.70 (1H, m)

3.20(1H,ddd, 9.1, 6.1,3.1)

3.31 (1H, m)

2.99 (1H, ddd, 8.8, 5.9, 2.3)

3.70 (1H, m)

2AQ 1Y
3.49 (iH, m)

4.57 (1H, d, 3.7)
397 (1H,d,3.4)
453 (1H,t,5.4)

445 (14, d, 7.6)
4.25(1H,d,7.6)
444 (14, d,5.6)

A1 11 £
4,01 Un i, J.U)

4.05 (1H. d, 4.9)
453 (1H., d, 6.1)
4.68 (1H, d, 5.4)
420 (14, 1,5.9)

Table 2-1. 'H NMR dat C-151 A, B and C(2-4) in

no. 2 3 4
3 6.70(1H,dd, 10, 1) 6.63 (1H,dd,9.8,1.2) 6.68 (1H, dd,9.7,1.2)
4 256(QH, m) 2.56 (1H, m) 258 (1H, m)

5 367 UH, m; 166 (h"{, i‘ﬁ) 3.67 (iH, lll)

7 5.19(1H, brd, 9) 5.19 (1H, brd, 9) 5.19 (1H, brd, 9)
8 245(1H,m) 245 (1H, m) 2.46 (1H, m)

9 3.55(1H,dd.85,34) 3.55 (1H, dd, 8.5, 3.4) 3.55(1H, m)

11 539 (1H, brd, 9) 5.39 (1H, brd, 9) 5.39 (1H, brd, 9)
12 2.67 (1H, m) 2.67 (1H, m) 2.67 (1H, m)

13 3.30(1H, m) 3.30 (1H, m) 3.30 (1H, m)

14 1.70 (1H, m) 1.71 (1H, m) 1.69 (1H, m)

T AN sy

1.30 (IH, m)
0.86 (1H, m)
1.53 (1H, m)
1.20 (1H, m)

nhonrt
0.82 (1H, m)

1.40 (1H, m)
1.34 (1H, m)

1.03 (1H, m)

0.82 (1H.t,7)

1.80 (3H, d, 1.2)

0.77 (3H, 4, 6.9)

1.56 (3H, brs)

0.70 (3H, 6.7)

1.54 (3H, brs)

0.95 (3H, 4, 6.9)
0.87(3H,4d,6.7)
0.83(3H,4,7)

0.83 3H, d, 7)

434 (1H,dd, 11.3,24)
3.99(1H,dd, 11.3,7.0)
3.72 (1H, m)

3.59 (1H, m)

3.58 (1H, m)

3.48 (1H, m)

2ANTLT BT

1€ £ 10N
3.40 {10, aadq, 15.0, 1U.Z, 4.0

3.63 (1H, m)
4,32 (1H, brs)
3.70 (1H, m)

3.20(1H,ddd, 9.2,6.2,3.1)

3.32 (1H, m)

2,99 (1H, ddd, 8.6, 5.7, 2.1)

3.70 (1H, m)

2 AG /1L
3.49 (1H, m)

4.58 (1H, d, 3.8)
397(1H, d, 3.6)

4.42 (1H, d, 5.5)

432 (1H, m)

4,05 (1H, d, 5.0)

4.53 (1H, d, 6.2)

4.68 (1H, d,5.2)

4.20 (1H, dd, 5.9,5.2)
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Table 2-2. 1H NMR data for TMC-151 D, E and F (5-7) in DMSO-d6
no. 5 6 7
3 6.65 (1H, dd, 9.7, 1.2) 6.67 (1H, dd, 9.7, 1.2) 6.65 (1H, dd, 9.7, 1.2)
4 2.58 (1H, m) 2.58 (1H, m) 258 (1H, m)
5 3.67(1H. m) 1.67(1H,dd, 83,36 3.67 (1H, dd, 8.3,3.8
7 5.19 (1H, brd, 9) 5.18 (1H, brd, 9) 5.18 (1H, brd, 9)
8 2.46 (1H, m) 2.45(1H, m) 2.46 (1H, m)
9 3.55(1H, dd, 8.3,3.5) 3.53 (1H, dd, 8.5, 3.5) 3.53 (1H, dd, 8.5, 3.6)
i1 5.39 (1H, brd, 9) 5.37(1H, brd, 9) 5.37 (1H, brd, 9)
12 2.67 (1H, m) 2.67 (1H, m) 2.66 (1H, m)
13 3.30(1H, m) 3.26 (1H, m) 3.25 (1H, m)
14 1.69 (1H, m) 1.67 (1H, m) 1.67 (1H, m)
15 130 (1H, m) 1 30\1:1, W) 130 (1H, m)
0.86 (1H, m) 0.86 (1H, m) 0.86 (1H, m)
16 1.53 (1H, m) 1.53 (1H, m) 1.53 (1H, m)
17 1.20 (1H, m) 1.20 (1H, m) 1.20 (1H, m)
0.82 (1H, m) 0.82 (14, m) 0.82 (1H, m)
18 1.40 (1H, m) 1.40 (1H, m) 1.40 (1H, m)
19 1.34 (1H, m) 1.34 (1H, m) 1.34 (1H, m)
1.03 (1H, m) 1.03 (1H, m) 1.03 (1H, m)
20 08201H,t,7) 082 (1H,t,7) 082 (1,1, D)
21 1.79 (3H, d, 1.2) 1.80 3H,d,1.2) 1.79 (3H, 4, 1.2)
22 0.77 3H, d, 6.7) 0.76 (3H, d, 6.9) 0.77 (3H, 4, 6.9)
23 1.56 (3H, brs) 1.56 (3H, brs) 1.56 (3H, brs)
24 0.70 (3H, 6.7) 0.69 (3H, 6.9) 0.69 (3H, 6.7)
25 1.54 (3H, brs) 1.54 (3H, brs) 1.54 (3H, brs)
26 0.95 (3H, d, 6.9) 094 (3H, d, 6.9) 0.94 (3H, d, 7.0)
27 0.87 (3H, d, 6.9) 0.87 (3H,d, 6.7) 0.87 (3H,d,6.7)
28 083 (3H,4,7) 0.83 3H, 4,7) .83 (3H,4,7)
29 0.83(3H,d,7) 0.83 (3H,d,7) 083 (3H,d,7)
1 4.06 (2H, m) 434 (1H,dd, 11.1, 2.2) 4.05 (2H, m)
4.00(1H,dd, 11.1, 6.8)
2 394 (1H,m) 3.72(1H, m) 3.94 (1H, m)
3 3.29 (1H, m) 3,59 (1H, m) 3.29 (1H, m)
4 3.49 (1H, m) 3.58 (1H, m) 3.49 (1H, m)
5 3.40(1H, m) 3.48 (1H, m) 3.40 (1H, m)
3.60 (1H, m) 3.60 (1H, m)
6' 340 (1H, m)
3.63 (1H, m)
1" 4.32 (1H, brs) 4.34 (1H, brs) 4.34 (1H, brs)
2" 3.69 (1H, m) 3.72 (1H, m) 3.71 (1H, 1, 3.7)
3" 3.20 (1H, ddd, 9.3, 6.3, 3.4) 3.23 (11, m) 3.23 (1H, m)
4" 332 (1H, m) 3.31 (1H, m) 3.31 (1H, m)
5" 2.99 (1H, ddd, 8.7,5.9, 2.2) 3.22 (1H, m) 3.22 (1H, m)
§" 3.68 (1H, m) 4.27 (1H, dd) 4.26 (1H, dd)
348 (1H,m) 4.08 (1H, dd, 11.5,7.4) 4,08 (1H, dd)
5-OH 4.59(1H,d, 3.8) 4.57 (1H, d, 3.6) 4.59 (1H, d, 3.8)
9-OH 3.97(1H,d,3.5) 3.92(IH, d, 3.5) 3.92(1H, d, 3.6)
1-OH
2-OH 4.55(1H,d,~7) 4.78 (1H, d, 6.2) 4.56 (1H, d, 6.6)
3-OH 4.43(1H,d, 7.4) 428 (1H, d, 7.5) 4.44 (1H, d, 7.5)
4-OH 4.48(1H,d,5.5) 4.14 (1H, d, 7.5) 4.49 (1H, d, 5.6)
5-OH 441(1H,4,5.5)
6-OH 4.32 (1H, m) 4.32 (1H, m) 433 (1H,t,5.4)
2"-OH 4.05(1H,d,5.0) 4.24 (1H, d, 4.8) 4.24 (1H,d, 4.7)
3"-OH 4.53 (IH,d, 6.3) 4.65(1H,d,5.9) 4.67 (1H,d,5.9)
4".-0H 4.68 (1H,d,5.2) 495 (1H,d, 5.2) 495 (1H, d,5.2)
6"-OH 4.20(1H,dd, 5.8,5.1)
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The large vicinal cuupl ig constants, 3fu_3-v‘ﬂ_4nf 9.2 Hz and "/, 4 T = 8.6 Hz, and the NOE between H-3”
and H-5" indicated that H-37, H-4” and H-3" protons were located at axial position. The observation of NOE

between H-4” and 2”-OH proton suggested that 2”-OH was oriented at axial position. From these data above
mentioned, (C) was deduced to be a mannopyranoside. [ configuration was determined by an NOE
correlation from H-1” to H-3” and H-5", and by a small coupling constant, 'J. . ,»= 157.5 Hz (<< 166 Hz).}?

Finally, the connectivity of each fragment, (A)-(C) was accomplished from the 'H-"C correlations as
follows: the long range couplings from anomeric proton H-1" to oxygenated methine carbon C-13 (3 85.2); H-
1’ (8 4.34 and 3.99) to carbonyl carbon C-1 (6 167.6). Based on the results of the NMR studies described
oross structure of TMC-151 C was determined as shown

= o Sius Vi aVARTi: termimned wWil.

TMC-151 A(2)and B (3)
The molecular formuia of Z and 3 was both elucidated to be C,,H,,0,; from its HRESI-MS [m/z found 2:

805.4962, 3: 805.4916 (M-H)", calcd 805.4949], which was the same as that of 4. The IR and UV spectra of 2
and 3 were quite similar to those of 4. The 'H and “C NMR data of 2 and 3 corresponded well to those of 4
except for the signals of the hexitol moiety. The oxygenated methine carbon C-3" (8 72.5) in 2 were shifted
lower field, and methylene carbon C-1" (3 63.0) were shifted higher field relative to those of 4. In addition,
triplet hydroxyl proton ‘1’-OH, 8 4.43) in 2 was observed in place of the corresponding doublet hydroxyl
proton (3’-OH) in 4. On the other hand, the oxygenated methine carbon C-2’ (3 74.4) in 3 were shifted lower

field relative to those of 4.  Conseguentlv. the NMR data of 2 and 3 led to the st

(1
LEwAE BWLEALE Y W S Vi Tw. SUIIOV ULAITR Yy AR LNAVAAN G (e gy L R

ol

MC-151 E (6)

The HRESI-MS spectral analysis of 6 gave a molecular formula of C,;H,,0, [m/z found 847.5057 (M-H)",
caled 847.5055]. The molecular formula of 6 differs from that of 4 by C,H,0 unit. The 'H and °C NMR
spectra of 6 were generally similar to those of 4 except for the additional signals of one methyl (‘H: & 1.98; "’C:
8 20.5) and one carbonyl ("’C: 8 170.1), and the absence of one hydroxyl proton. In addition, the oxygenated
methylene carbon C-6" (& 64.0) in 6 was shifted lower field relative to that of 4. The structure of 6 was thus

determined to be a 6”-acetyl analog of 4.

TMC-151 D (5)

RN, P l A B Aatmamniinad From

A__. it LTDICQT_NA
The molecular formula of 5, determined as C,H,,0,, from its A

CQ lma/r Ffarim
AINLLO1-1VED ll i kU

nAd
uii

1
o T o~ 3 v

caicd 775.4844] differs from that of 4 by CH,O unit. The 'H and *C NMR data of 5 corresponded to those of

4 cxcept for the absence of one —CHOH unit in the hexitol moiety, indicating the presence of a pentitol.
Additional evidence for the pentitol structure was provided by DQF-COSY experiment.
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-ular formula C,,H,,0,, assigned for 7 from its HRESI-MS [m/z found 817.4948 (M-H)", calcd
817.4949]. This moiecuiar formuia suggested that it has C,H,0 unit larger than 5. The 'H and ”C NMR
spectra of 7 were quite similar to those of 5§ except for the additional signals derived from an acetyl group. On
the other hand, the NMR signals in the sugar moiety of 7 were identical with those of 6. Thus, the structure of

7 was determined as 6”-acetyl analog of .

Absolute Stereochemistry of TMC-151 A-F
The absolute stereochemistries of 2-7 were determined by

Acid methanolysis of TMC-151 complex (1) with 1 N methanolic hydrogen chloride gave methyl o-
mannopyranoside (8), which was confirmed by direct comparison of the 'H and *C NMR spectra of 8 with
those of the authentic sample. The configuration of 8 was determined to be D form by comparison of the
optical rotational value of 8 with that of the authentic sample (8: [a],? + 64° (¢ 0.53, MeOH), methyl o-D-
mannopyranoside: [a],> + 80° (¢ 0.56, MeOH)).

TMC-151 complex (1) was alkaline hydrolyzed with 0.4 N KOH at room temperature for 2 hours. After
neutralization of the reaction mixture, the resulting precipitate was purified by silica gel column

chromatography followed by crystallization from methanol to afford 9 as colorless columns. Single crystal X-

ray structure analysis of 9 unequivocally confirmed the substructure of TMC-151 determined by the NMR
analveic dacnrihad ahnuas Qinrs the ahenhiate nnnfignratinn nf the mannncida maiaty wae datarminad ta N tha
a.ucu_yaxo ULOLLILAAL AU Y L. wWIELINAY LIV GLADVJERELL, \/Ullllbul CALIVILE W70 LEIW ERACREBRIVIOAUINL, RRIULFRIGL YV aD Vi itV v U’ [958 .\ w)
absolute stereochemistry of 9 was established to be 45, 58, 8§, 95, 128, 13R, 148, 168, and 18S (Figure 2).
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Figure 2. ORTEP 1l diag
o o

The filtrate of the reaction solution was concentrated and acetylated with acetic anhydride in dry pyridine.
The product was purified by Sephadex LH-20 column chromatography followed by a combination of
crystallization and silica gel column chromatography to yield hexa-O-acetylmannitol, 10 and penta-O-
acetylarabitol, 11, respectively. Direct comparison of optical rotation values of 10 ([a],>” + 24° (¢ 0.264,
CHCL,)) and 11 ([a],” + 29° (¢ 0.258, CHCl,)) with those of authentic hexa-O-acetyl-D-mannitol ([],” + 26°
(c 0.693, CHCL,)) and penta-0O-acetyl-D-arabitol ([a],” + 36° (¢ 0.307, CHCL,)) suggested that 10 and 11 were
both D form.

Since D-mannitol is 2 meso compound, acylation at 1°/6° or 2°/5’ or 3°’/4’ provides a same product
respectively. Consequently, the absolute structures of 2, 3, 4, and 6 were determined as shown. On the other
[ I PRSI PEPRVI: PPN JEpy N Sy I BN L AF & 20 A" Lin nnsslatad comn PR o manlie~l 719 f8%°)
hand, in order {0 aeiermine ine aosoluic sicrcocnemisiry o1 5 and 7, in€ acyiaiea position o1 Oito1 (1 /O

was determined as follows. Compound 12 (1’-acylation of D-arabitol) was synthesized by tw
and 2,3:4,5-di-O-isopropyridene-D-arabitol, and deprotection of 12 with THF-H,O-TFA gave

7Lc'> 9 Me Me Me Me Me Me Me Me Me

~ - - - - '

U\/\/\\/ WY\/\A/ Me
—1— © OH _OH

! UHHO I
H /$’ 2 l
O

14 ~
14 HU~ ™

On

The 'H and “C NMR data of the synthetic compound was identical with those of the authentic sample of
5. The absolute stereochemistry of 5 and 7, therefore, were unequivocally assigned as shown.

Biological Activity
TMC-151s A-F showed moderate cytotoxicity against several tumor cell lines human colon carcinoma

HCT-116 (ICy: 2.6 ~ 11.5 uM), human promyelocytic leukemia HL-60 (ICy: 13 ~ 25 uM) and murine
lymphoid neoplasm P388D, (IC,;: 3.1 ~ 7.9 uM).
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In this study, we isolated six new antibiotics, TMC-151 A-F (2-7), from Gliocladium catenulatum Gilman
& Abbott TC 1280, and our structural study demonstrated that these antibiotics belonged to novel polyketides
family. If the macrolactonization between C-1 and C-13 of TMC-151s occurred, the carbon skeieton of the
product would have the same core polyketide structure of erythromycins, 14-membered macrolide antibiotics.
All of the known 14-membered macrolide antibiotics represented by albocycline,” erythromycins,'" !

megalomycin'? and oleandomycin,” have been isolated from actinomyc

Ctrentomvees a icromonosnora The core structure of TMC-151s, ervthromvcin-tvne nolvketide were
BarCpiliinylos @amae Ll U nloplrG. ALT WUIV S WVIMEIW Vi LIVALTIU RS, VIYULAVIMJWITULY PV PULYRVIIUL, WL

isolated for the first time as fungal metabolites, although a large number of polyketides such as tetraketides and

/ketide, have been isolated from fungal origins."

O

H 0]
macrolactonization . \)R.,.m

7 ~ J Ks/ ‘., )\OHK-“‘“
I Lo ),

6-Deoxyerythronolide B,
precurcor of erythromycin A

The structures of TMC-151s possesses all of four functional groups formed in the polyketide synthases
(PKSs) reaction,'” that is, keto, hydroxy, alkane and alken groups. These fact suggests that six esseitial PKSs,
acyl transferase (AT), acyl carrier protein (ACP), B-ketoacyl synthase (KS), B-ketoacyl reductase (KR), enoyl
reductase (ER) and dehydrase (DH)'® are utilized for assembly and elaboration of the polyketide chain in TMC-

A0 a3, Axi AAC

151s. In the hlnqynthegis of ervthro

o

starter unit (propionate) with an extender unit (methylmalonate) and chain expansion carries out by mainly

three essentiai PKSs (AT, ACP and KS). Once the chain has reached the required iength (thirteen carbon
units), it is cyclized by the thioesterase (TE) to give 14-membered macrolide.”” On the basis of the above
explanation, the biothynthetic pathway of TMC-151s could be expected as follows: 1) The chain elongation is
initiated from acetate as a starter unit in a similar manner in erythromycin, and the resulting B-ketoester is then
processed (reduced, dehydrated and reduced) repeatedly by fatty acid synthases (FASs)-type enzymes (ER, DH
and KR) in the early step. 2) Subsequently, chain extension cycle takes place in a similar manner in the case

of erythromycins. 3) Finally, ester-exchange of ACP at C-1 with D-mannitol or D-arabitol, and glycosidation

L=
at C-13 with D-mannonvranoside takes nlace instead of macrolactonization The earlv stace of the exnected
at C-12 with D-mannopyranosiQe taxes place instead of macrolactonization. 1he early stage of the expected
nnnnnnnnnnnn thwwnw 1m TR _1&81¢c ~lacaly racamhlac that Af mavinaninana icnlatad feam AMurnhartoriiam
UlUb_yuuleLb patii ay 1T 1iviv-10158 CiOd01Yy TCSCINUICS diat Ul ifavi uiliung, Wwinawciu Y00 2 yLOovGliiurre



General Methods

Preparative HPLC separations were carried out using Gilson HPLC system and YMC D-ODS-5B;
column size: 30 x 250 mm; flow rate: 25 mL/minute; detection: UV light at 254 nm. Rf values were
determined with Kieselgel 60 Fy, TLC glas plates (E. Merck, Darmstadt, Germany) in EtOAc/MeOH/H,O

(15:3:1). TLC spots were visualized by exposure to a ammonium molibdate/H,SO, spray reagent. Optical
rotations were determined using the sodium D line on a2 Horiba mode!l SEPA-200 high sensitive polarimeter in

methanol. IR spectra were recorded on a JASCO model 100 infrared spectrophotometer. The samples were
prepared and mounted as KBr micropellets. All mass spectra were obtained using MStation 700 tandem type
mass spectrometer (JEOL, Japan) equipped with an electrospray ionization source. Analytical HPLC were
obtained using a HP1100 system (Hewlett Packard, USA). 'H and >)C NMR spectra were recorded on a JEOL
GSX-400 NMR spectrometer at 30°C. The chemical shifts are given in ppm () relative to tetramethylsilane
(TMS) as an internal standard. DQF-COSY, ROESY, HMQC and HMBC spectra were obtained using standard
pulse sequences. DQF-COSY and ROESY spectra were recorded in phase-sensitive mode. The ROESY

Fermentation of Gliocladium catenulatum TC 1280

Gliocladium catenulatum TC 1280 was inoculated into 500-ml Erlenmeyer flasks containing pressed
barley 10 g, yeast extract 0.02 g, Na tartrate 0.01 g, KH,PO, 0.01 g, and deionized water 20 ml. The
fermentation was conducted under the static condition at 25°C for 12 days.

Isolation of TMC-151 A-F (2-7)

The resultant solid was combined from the above fermeniation and was exiracted with i-butanoi (1.8 L)
by shaking on a shaker at room temperature for 30 min. The solvent layer was separated and concentrated in
vacuo to dryness. The residue (12.5 g) was suspended in water (200 mL), washed with EtOAc (200 mL) twice
to remove liophilic impurities, and then extracted with 1-butanol (100 mL) twice to afford a crude solid (6.34 g).
This solid was applied onto a column of Sephadex LH-20 (4.0 x 680 mm) and eluted with CH,Cl,-MeOH (1:1).
The appropriate fractions, determined by TLC analysis, were combined and evaporated under reduced pressure
to yield 4.55 g of the TMC-151 complex (1). This complex (1.55 g) was subjected to mcdium-pressure liquid

chromatography (MPLC, 4.0 x 420 mm) on a reversed-phase silica gel and eluted with 30% ueous
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Firsi fraction (130 mg) obtained from 800-1160 mL of the MPLC eiuate, was chromatographed by a
reverse phase preparative HPLC (column: YMC D-ODS-5-B, 30 x 250 mm ; eluent: 50% aqueous acetonitrile,
flow rate 25 ml/min). Active fractions were concentrated and lyophilized to afford 2 (13.2 mg, #, 33 min) and
3 (10.7 mg, t; 35 min) as colorless amorphous powders.

Second fraction (112 mg) obtained from 1160-1430 mL of the MPLC eluate, was subjected to the
preparative HPLC and eluted with 55% aqueous acetonitrile to yield 2 (11.9 mg, 7, 20 min), 3 (9.8 mg, £, 21
min) and 4 (19.9 mg, 1, 27 min) as colorless amorphous powder, respectively.

Third fraction (158 mg) obtained from 3400-4430 mL of the MPLC eluat

e, was annlied to the
ate, appaec ic ine

HPLC and eluted with 60% aqueous acetonitrile to give 4 (28.4 mg, #; 19 min), 5 (33.4 mg, 1, 22 ) 6 (29.5
mg, i, 30 min) and 7 (8.7 mg, 7, 36 min) as colorless amorphous powder, respectively. Total yield: 2 (25.1
mg), 3 (20.5 mg), 4 (48.3 mg), 5 (33.4 mg), 6 (29.5 mg) and 7 (8.7 mg).

TMC-151 A (2): colorless powder; [a],*° +4° (¢ 0.210, MeOH); Ry value 0.33; UV (MeOH) A, 220 sh
(4.16) and 207 (4.21) nm (log €); IR (KBr) v,,, 3400, 2950, 2920, 2870, 1695, 1640, 1450, 1370, 1265, 1225,
1120, 1075 and 1020 cm™'; ESIMS m/z 829 (M+Na)*, 805 (M-H); HRESI-MS m/z 805.4962 (M-H), (calcd for
CyH,;0,5 805.4949); The 'H and °C NMR data are given in Table 1 and 2.
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TMC-151 C (4): colorless powder; [a],>** +27° (¢ 0.103, MeOH); Rf value 0.36; UV (MeOH) A, 220
sh (4.20) and 205 (4.26) nm (log €); IR (KBr) v,,,, 3400, 2950, 2920, 2870, 1693, 1640, 1455, 1370, 1270, 1225,
1120, 1070 and 1020 cm'; elemental analysis C 58.58, H 9.11 (calcd for C,,H,,0,,2H,0 C 58.41, H 9.32);
ESIMS m/z 829 (M+Na)", 805 (M-H); HRESI-MS m/z 805.4962 (M-H), (calcd for C, H,,0,; 805.4949); The
'H and °C NMR data are given in Table 1 and 2.

TMC-151 D (5): colorless powder; [a],**’ +78° (¢ 0.069, MeOH); Ry value 0.40; UV (MeOH) A 220
sh (4.15) and 205 (4.27) nm (log €); iR (KBr) v, 3400, 2950, 2920, 2870, 1700, 1640, 1455, 1370, 1265, 1225,

1165, 1120, 1070 and 1020 cm’'; ESIMS m/z 799 (M+Na)*, 775 (M-H); HRESI-MS m/z 775.4877 (M-H),
(calcd for C, H,,0,, 775.4844); The 'H and °C NMR data are given in Table 1 and 2.

TMC-151 E (6): colorless powder; [0, +21° (c 0.244, MeOH); Rf value 0.42; UV (MeOH) A, 220
sh (4.13) and 206 (4.24) nm (log £); IR (KBr) v, 3400, 2950, 2920, 2870, 1730, 1700, 1640, 1450, 1370, 1265,
1235, 1175, 1120, 1075 and 1020 cm’'; ESIMS m/z 871 (M+Na)*, 847 (M-H); HRESI-MS m/z 847.5057 (M-

HY, Icd for (" I—L,(') RA7 5055); The H a_n(_l (‘, NMR data are glven in Table 1 and 2.
7 slmdac e wmvgrdame [l 245, €70 7, AMITY. D Aliia N EN. TTY ey 4 290
TMC-151 F (7): colorless powder; [, +57° (¢ 0.077, MeOH); Ry value 0.50; UV (MeOH) A, 220
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13
C NMR data are given in Table 1 and 2.

1120, 1075 and 102
(M-H),, (caled for C,,H,,0,; 817.4949); The 'H and

Acid Methanolysis of TMC-151 Complex (1)

A solution of 300 mg of 1 in 0.88 N methanolic hydrogen chloride (30 mL) was refluxed for 1.5 hours.
After evaporation of the solvent in vacuo, the residue was dissolved in H,O (15 mL), washed with diethyl ether

(15 mL, twice), neutralized with 1 N NaOH. and then the solution was concentrated to dryness to give crude
solid (147.5 mg). This solid was subjected to a silica gel column (2.2 x m) developed with EtOAc-
MeOH-H,0 (20:3:1). The active eluate was concentrated and chromatographed on a Se ephadex .LH-20 column

(2.2 x 44 cm) with 50% aqueous MeOH as an eluent to yield amorphous powder of 8 (50.4 mg). [a],” +63.8°
(c 0.53, MeOH); ESTMS m/z 195 (M+H)"; elemental analysis C 41.50%, H 7.53%, (calcd for C,H,,0, -1/2 H,0O
C 41.37%, H 7.44%); "C NMR (DMSO-d,) § 100.9 (C-1), 73.7 (C-5), 70.9 (C-3), 70.1 (C-2), 67.0 (C-4), 61.2

(C-6), 53.8 (CH,).
Alkaline Hydrolysis of TMC-151 Complex (1)

Fifteen milliliters of 0.4 N KOH was added to 1 (400 mg) and stand at room temperature for 2 hours.
The reaction mixture was then neutralized with 1 N HCl. The resulting suspension was filtered and the

esidual solid was dried under reduced pressure to give 308 mg of the crude product. This product was

e . . iling gal (THNMA A MO LI O — 1021 ac an aliiant) to oluve O (101

pu’iﬁw"" b:y column c}m’)r"“cgr"puy Oii a suiica gcx \ufun\,-nu Un-n,U = 5U:3:1 as an eiuent) to give 7 (isl
Ay 3 n 11 £ JTT or . 1 1 24.5 ) AN R X TT

Rf value 0.53; UV (MeOH) Ay, 211 (4.21) nm (log &); IR (KBN) V., 3400, 2955, 2920, 2870, 1680, 1640 1455,
1370, 1305, 1260, 1225, 1170, 1105, 1070 and 1025 cm™'; ESIMS m/z 665 (M+Na)*, 641 (M-H); HRESI-MS
miz 641.4290 (M-HY, (calcd for CyH,,0,, 641.4265); 'H NMR (DMSO-d,) § 6.60 (H-3, 1H, 9.8, 1 Hz), 5.39
(H-11, 1H, d, 9.3 Hz), 5.18 (H-7, 1H, d, 9.0), 4.58 (5-OH, 1H, d, 3.7 Hz), 4.32 (H-1”, 1H, brs), 3.94 (9-OH, 1H,
d, 3.4), 3.69 (H-2”, 1H, m), 3.69 (H-6"a, 1H, m), 3.66 (H-5, 1H, m), 3.55 (H-9, 1H, brd, 8 Hz), 3.48 (H-6"b, 1H,
dd, 11.4, 6.0 Hz), 3.32 (H-4”, 1H, t, 9.5 Hz), 3.30 (H-13, 1H, m), 3.20 (H-3", 1H, dd, 9.3, 3.2 Hz), 2.99 (H-5",
1H, ddd, 8.7, 5.7, 2.1 Hz), 2.67 (H-12, 1H, m), 2.55 (H-4, 1H, m), 2.45 (H-8, 1H, m), 1.74 (H-21, 3H, brs), 1.69

(H-14, 1H, m), 1.55 (H-23, 3H, brs), 1.54 (H-25, 3H, brs), 1.52 (H-16, 1H, m), 1.38 (H-18, 1H, m), 1.33 (H-19a,

£ 2T 1 £ QO T1TT N\ N Q"7 /1T N7

N NOL S o]
1), U.95 (n-26, o0, 4, 6.0 nzj, .8/ (n-2/,
b g -~

3

( i -29, 3H, d 7 Hz), 0.82 (H-17b, iH, m),
0.82 (H-20, 3H, t, 7 Hz), 0.77 (H-22, 3H, d, 6.8 Hz), 0.70 (H-24, 3H, d, 6.6 Hz) C NMR (DMSO0-4) 3 169.0
(C-1), 145.8 (C-3), 136.1 (C-6), 134.6 (C-10), 131.1 (C-7), 130.0 (C-11), 126.8 (C-2), 101.3 (C-17), 85.3 (C-
13), 81.1 (C-9), 80.6 (C-5), 77.3 (C-57), 73.9 (C-37), 70.7 (C-27), 67.0 (C47), 61.4 (C-67), 43.8 (C-17), 42.1
(C-15), 36.9 (C-4), 36.2 (C-8), 34.5 (C-12), 33.0 (C-14), 30.9 (C-18), 28.0 (C-19), 27.2 (C-16), 20.9 (C-28),
20.0 (C-29), 18.2 (C-26), 17.4 (C-24), 16.5 (C-22), 15.8 (C-27), 12.4 (C-21), 11.3 and 11.2 (C-23 and 25), 10.8
(C-20).

The filtrate of the reaction mixture described above was concentrated

the following manner.
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To a solution of the product in dry pyridine (8.0 mL) was added acetic anhydride (2.0 mL), and the
mixture was stand at room temperature for 2 hours. After completion of the reaction, EtOAc (100 mL) was
added, and the mixture was washed with H,O (50 mL, three times). The organic phase was evaporated under
reduced pressure and was chromatographed over a Sephadex LH-20 (2.2 x 42 ¢cm) column in CH,Cl,-MeOH
(1:1). Elution with the same solvent system afforded 103 mg of colorless powder. This powder was
recrystallized from hot methanol to afford 26.7 mg of 10 as colorless plates. On the other hand, the filirate

was concentrated and was chromatoeranhed on

Q3 LA Al S8 LENRRLRRW s epants U2

(2:1) gave 11 (6.5 mg).

a SALW. el (2.2 x 68 ¢cm) column. Elution wi

10: coioriess piates; LaJD“S +24° (¢ 0.264, CHCIl,); ESIMS miz 452 (M+NH4)* 457 (M+Na)*, 473
M+K)*; 'H and '*C NMR data were identical with those of hexa-0-acetyl-D-mannitol.

11: colorless powder; [o]p” +29° (¢ 0.258, CHCL); ESIMS m/z 380 (M+NH,)*, 385 (M+Na)*, 401
(M+K)*; 'H and C NMR data were identical with those of penta-O-acetyl-D-arabitol.

X-ray Crystaliography of 9

A colorless column of 9 with dimensions 0.30 x 0.10 x 0.10 mm was used for X-ray analysis. The

TSN

intensity data were collected on a Rigaku AFC5R difractometer by using graphite-monochromated Cu-
Ka (A=1.5418 A) radiation by 26/w scan technique. Unit cell dimensions were determined by a least squares
refinement by using the setting of 25 reflections in the range of 70°<26<90°. The crystallographic data are
summarized as follows: CyHg O, Mr=678.9, column, P2,, a=16.971(2)A, b=6.908(1)A, c=18.204(1)A,
B=112.04(1)°, V=1978.0(5)A3, Z=2, D,.=1.14 g/cm’, Mu=0.691 mm". The intensities of 3675 reflections
with 2.6°<26<65.1°, 0<h<19, 0<k<8, -21</<19 were measured. Three standard reflections were monitored

every 200 reflection intervals and showed insignificant fluctuations. The data were corrected for Lorentz and

polarization effects, but not for absorption.
The structure was solved by a direct method by using SHELXS-97 and the subsequent difference

parameters for all of non-hydrogen atoms. The hydrogen atoms were refined by riding with the atoms to
which they were bonded. The full matrix least squares refinement varied 425 parameters and used all 3675
independent reflections weighted by @=1/[6*(Fo)+(0.1000P)*+0.0000P] where P=(Fo*+2Fc*/3. Final
R1=0.075, wR2=0.167 and Goodness of Fit(5)=1.08 for all data; R/=0.055 for 2952 reflections with I>206(/).
The final difference Fourier map showed maximum and minimum values of 0.21 and -0.24¢/A®, respectively.

Preparation of 12

The mixture of 2, 3: 4, 5-di-O-isopropylidene-D-arabitcl (obtained from SIGMA-ALDRICH JAPAN
L7 1AQ oz N ELE o 1) S Fyrinun By RSN PSP (o To T4 Rty B I o RESTORSRS L WPRRer: IE-IRP.ir O PO oo Ly B ~eonp Uy o WY <) S uRy N ) Y-y
K.I\., 120 11Ig, V.00 1IUlV1), t IPHCHYIPHUMPHHITC (LU 11E, 1.1V 11111U1) aliu HINUaZoIc (O /.0 iy, V.J.J HIIViy it
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the resuliing mixture was siirred at the same temperature for 2 hours. To the reaction mixture was added
saturated aqueous NaHCO,, I, and Na,S,0,. The toluene layer was separated and the aqueous layer was
extracted with chloroform, three times. The combined organic extract was dried over MgSQO,, filtered, and
concentrated to give a oil. This oil was purified by silica gel column chromatography eluted with EtOAc-
hexane (2:8) to give a colorless oil (144 mg).

The mixture of 9 (200 mg, 0.31 mmol) and Cs,CO, (116 mg, 0.36 mmol) in HMPA (2.0 mL) was stirred
at room temperature overnight. To the reaction mixture was added Nal (12 mg) and the oil (134 mg, 0.45

mmol) described ahove in HMPA (2.0 mL), and the resulting mixture was stirred at 70°C for 3 hours. To the
mixture was added saturated NaHCO;, I, and Na,§,0,. The aqueous layer was extracted with EtOAc three
times. The combined extract was washed with H,O and saturated NaCl, dried over MgSO,, filiered, and then

concentrated to give 416 mg of oil. This oil was subjected to a silica gei coiumn (20g) and eiuted with
MeOH-CHCI, (3:97) to give 111 mg of 12 as a colorless powder. ESIMS m/z 879 (M+Na)*, 855 (M-H); ‘'H
NMR (DMSO-d;) 6 6.68 (H-3, 1H, 9.8, 1.5 Hz), 5.39 (H-11, 1H, brd, 9 Hz), 5.19 (H-7, 1H, brd, 9), 4.67 (4”-
OH, 1H, d, 54 Hz), 4.62 (5-OH, 1H, d, 3.7 Hz), 4.51 (3”-OH, 1H, 4, 6.1 Hz), 4.33 (1H, m), 4.32 (H-1", 1H,
brs), 4.18 (6”-OH, 1H, dd, 6.1, 5.1 Hz), 4.13-4.05 (4H, m), 4.03 (2”-OH, 1H, 4.9 Hz), 3.94 (9-OH, 1H, d, 3.4),
3.83 (1H, dd, 8.1, 4.4), 3.79 (1H, t, 7.3 Hz), 3.69 (H-2", 1H, m), 3.68 (H-6"a, 1H, m), 3.67 (H-5, 1H, m), 3.55
(H-9, 1H, dd, 8.1, 3.4 Hz), 3.48 (H-6"b, 1H, m), 3.32 (H-4”, 1H, m), 3.30 (H-13, 1H, m), 3.20 (H-3", 1H, ddd,

03 61 32Hz), 298 (H-57, 1H, ddd 89 60,23 Hz) 267 (H-12, 1H m), 2590 (H-4, 1H m) 246 (HR 1H

Fasdy Nrhy Tedw RREify due T Lol T NaaT5, \L3170, ax3,

m), 1.80 (H-21, 3H, d, 1.2), 1.69 (H-14, 1H, m), 1.56 (H-23, 3H, 4, 1), 1.54 (H-25, 3H, d, 1), 1.52 (H-16, 1H,

AN /XYY 10 111

m), 1.40 (H-18,

>

1 24 /YY 10 AYY N\ 1 71 /NI 1 AN /YT

,m), 1.34 (H-19a, 1H, m), 1.34 (CH,, 3H, s), 1.33 (CH,, 3H, s), 1.31 (CH,, 3H, s), 1.30 (H-

|—

15a, 1H, m), 1.27 (CH,, 3H, s), 1.20 (H-17a, 1H, m), 1.03 (H-19b, 1H, m), 0.95 (H-26, 3H, d, 6.8 Hz), 0.87 (H-
27, 3H, d, 6.8 Hz), 0.86 (H-15b, 1H, m), 0.83 (H-28, 3H, d, 7 Hz), 0.83 (H-29, 3H, d, 7 Hz), 0.82 (H-17b, 1H,
m), 0.82 (H-20, 3H, m), 0.77 (H-22, 3H, d, 6.8 Hz), 0.70 (H-24, 3H, d, 6.8 Hz); “C NMR (DMSO-d,) 8 167.0
(C-1), 147.1 (C-3), 136.0 (C-6), 134.6 (C-10), 131.3 (C-7), 130.0 (C-11), 125.9 (C-2), 109.1 (>C<), 108.8
(>C<), 101.3 (C-17), 85.3 (C-13), 81.1 (C-9), 80.6 (C-5), 77.4, 76.8 and 76.0 (C-2’, 3’ and 4’), 77.2 (C-57),
74.0 (C-3™), 70.7 (C-27), 67.0 (C-4™), 66.4 (C-1"), 63.8 (C-5’), 61.4 (C-6"), 43.8 (C-17), 42.1 (C-15), 37.0 (C-

4), 36.2 (C-8), 34.5 (C-12), 33.0 (C-14), 30.9 (C-18), 28.0 (C-19), 27.2 (C-16), 26.9 (CH,), 26.8 (CH,), 26.4
(CH) 25.1 (CH) 200 (C28) 200 (C29) 182 (C-26). 173 (C-24). 164 (C20. 158 (C-27). 124 (C-21)
\N2igfy el Wil )y Vel \NTaU)y, aVew \MwTldjy 2UL \NT&U)y Al (W&, AVST \NTLlyy 20U (Tl AT (Tl g,
112 0nAd 11240 92 a0 AN 1N Q /T NN
11.0 44 1Li.46\\~<c0 dllU LU ), 1V.0O (LU,

Deprotection of 12

The solution of 12 (31.8 mg, 0.037 mmol) in THF-H,0-TFA (2.0 mL-0.5 mL-1.5 mL) was stand at room
temperature overnight, and the resulting solution was concentrated to give 12 mg of solid. This solid was
applied onto a silica gel column (5 g) and eluted with EtOAc- MeOH-H,0 (30-3-1) to yield 5.5 mg of 5. The
MS and 'H and "*C NMR data of the product were identical with those of 5.
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n Vitro Cyiotoxic Aciiviiy

The cells used for assay were cultured in following medium; HCT-116: complete McCoy's SA
supplemented with 10% fetal bovine serum, HL-60: complete RPMI-1640 supplemented with 20% fetal bovine
serum, P388D,: complete RPMI-1640 supplemented with 5% fetal bovine serum.

In vitro cytotoxic activity was tested in 96-well microtiter plates of which well containing 1 x 10* each
cell lines in 135 pL medium. The test samples were dissolved in 10% DMSO. The serially diluted DMSO
solution (15 pL) was added to each well of plates. After addition, the cells were incubated at 37°C for 72

urs in a humidified 5% CO, ncmh re. In viltro cvtotoxic activ tv was evaluated hv the microculture

humuaifieq SAIL BRI RURGRAANAAS

tetrazolium assay (MTT assay) method for each cell and by the colorimetrical determination method at 540 nm.
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