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Topostatin is a new topoisomerase inhibitor isolated from the culture filtrate of
Thermomonospora alba strain No. 1520. The inhibitor inhibits topoisomerases I and II,
and it has neither ability to stabilize the cleavable complex nor ability to intercalate into
DNA strands. The molecular formula of topostatin was determined as C;sHsgN,O,,S
based on the FAB-MS analyses, and the structure was elucidated to be a novel 14-membered
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ring containing peptide and terpenoid by various NMR spectroscopies.

We have isolated a potent topoisomerases inhi-
bitor, topostatin (Fig. 1), from the culture filtrate of
Thermomonospora alba strain No. 1520. Topostatin
showed the inhibitory activities (ICs,) against topo-
isomerase I (13ng/ul) and topoisomerase II (3ng/ul)
without the stabilization of cleavable complex and DNA
intercalation. In the preceding paper?), the taxonomy of
producing organism, fermentation, purification proce-
dure and biological activities of topostatin were reported.
In this paper, we describe the physico-chemical properties
and structure elucidation of topostatin.

Fig. 1.

o)

Results
Physico-chemical Properties

Physico-chemical properties of topostatin are summa-
rized in Table 1. Topostatin was obtained as a yellowish
white powder. The inhibitor was soluble in pyridine and
partially soluble in water, dimethylsulfoxide, methanol,
ethanol and insoluble in acetone, ethylacetate, chloro-
form and ether. The melting point and optical rotation
were found 179~186°C (decomposition) and + 18.3°,
respectively. The UV spectrum of topostatin exhibited
maximum absorption at 285nm (e=2.66x 10%) in

Structure of topostatin. _



1000 THE JOURNAL OF ANTIBIOTICS

Table 1. Physico-chemical properties of topostatin.

Appearance
MP (°C)
[0 (c = 0.1, MeOH)
UV A max (MeOH) nm (&)
IR vEBr o1
TLC (Rf) ®
HPLC (Rt) ®
Solubility
Soluble
Partially soluble
Insoluble
Formula
HRFAB-MS
Found
Calcd

: yellowish white powder
: 179 ~ 186 (decomposition)
1 +18.3°

: 285 (2.66 x 10%
: 3458, 3309, 1730, 1672, 1628, 1259

027
: 6.40

pyridine
H20, DMSO, MeOH, EtOH
acetone, AcOEt, CHCI3, ether

: CusHssNsOn S |
: (M-H+2Na)*

799.3538
799.3540

NOV. 1998

a) Silica gel 60 Fys4, CHCI;-EtOH (7:3).
b) LiChroCART Lichrosorb RP-Select B (7 um), mobile phase;
MeOH-H,0 (7:3), flow rate; 0.8 ml/min, detection; 285 nm.

methanol. Topostatin showed a spot with Rf value of
0.27 on Silica gel 60 F, 5, sheet using solvent system of
chloroform - ethanol (7:3). Coinciding with a single
peak, HPLC on LiChroCART Lichrosorb RP-Select B
with methanol - water (7:3) as mobile phase, resulted
in 6.4 minutes of retention time. Strong absorption at
3458, 3309,k1730, 1672, 1628 and 1259c¢cm~! in IR
spectrum suggested the presence of amide, ester and
ketone. Based on HRFAB-MS experiment, the molecular
weight of topostatin was determined to be 754 and its
molecular formula was established as Ci6HsgN,O, S
[m/z 799.3538 (M —H +2Na)*, Calcd 799.3540].

Structure Elucidation

Topostatin showed a [M —H+2Na]* parent peak at
mfz 799 and a fragment ion peak at m/z 697 lost the
SO;Na ion from the parent peak at m/z 799 in the positive
FAB-MS. In 'H NMR and 'H-'H COSY spectra of
topostatin (Table 2), the proton signals at § 0.84 (CH,-8"),

~0.85 (CH;-1), 1.14 (CH,-15), 1.21 (CH;-26"), 1.31
(CH3-19") and 1.85(CH;-11") were assigned to the methyl
groups, and also the proton signals at & 6.00 (CH-10),
5.44 (CH,-22)), 6.11 (CH,-22'), 6.54 (CH-13) and 7.54
(CH-12) were assigned to the olefinic groups. The proton
signals at 6 8.18 (NH,-33, coupling with & 8.33), 8.22
(NH-24, coupling with 8 3.27 and § 4.18 (CH,-25)), 8.33
(NH,-33, coupling with & 8.18), 9.36 (NH-28) and 10.49

(NH-21) were assigned to the amide groups, because
these signals were exchanged by the measurement in D ,0.
The *C NMR (Table 2) spectrum of topostatin exhibited
36 carbon signals, and these signals attributed to 6 methyl
signals, 1 vinyl group (6 114.6 and 139.2), 2 double bonds
(0 123.3, 133.7, 143.7 and 147.8), 1 carbonyl (8 203.7),
5 amide and ester carbonyls (6 165.5, 172.3, 173.8, 174.8

~ and 175.1), 2 oxygenated methines (5 75.1 and 76.9), 5

methines and 11 methylenes, therefore, topostatin is a
terpenoid-peptide derivative. Normal amino acids were
not detected in the acid hydrolysate of topostatin (6N
HCI, 115°C, 24 hours, data not shown). Full assignments
of the 'H and '3C signals were secured by the H-'H
COSY, HMQC and HMBC spectra (Table 2).

In the HMBC spectrum (8 Hz) of topostatin, the
proton signals of topostatin showed 2J._y, 3J._y and
*Jc-q correlations with the carbon signals (Table 2). The
proton signals at 6 0.85 (CH;-1), 0.84 (CH,-8' ), 1.85
(CH;-11"), 1.14 (CH;-15), 1.31 (CH;-19) and 1.21
(CH;-26') correlated with the carbon signals at 6 22.9
(CH,-2), 32.1 (CH,-3) and 29.9 (CH,-4); § 37.1 (CH,-6),
36.4 (CH,-7) and 32.7 (CH-8); & 143.7 (CH-10), 133.7
(C-11) and 147.8 (CH-12); 6 203.7 (CO-14), 44.3 (CH-15)
and 28.1 (CH,-16); 8 76.9 (CH-18) and 44.5 (CH-19);

~and 6 173.8 (CO-20), 42.6 (CH-25), 41.7 (CH-26) and

175.1 (CO-27), respectively. Moreover, the proton signals
at 6 2.13 (CH,-9), 6.54 (CH-13), 5.51 (CH-18), 2.98
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Table 2.
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3C NMR and 'H NMR assignments and 'H-'3C long- range correlations of topostatln by
'H-'H COSY, HMQS and HMBC in pyridine- -ds.

Position 3. Sy Cross peaks (8. ) in HMBC spectrum
1 143 CH, 0.85(6.7) 22.9(2),299 (4),32.1 (3)
2 229 CH, 1.22(@m)
3 321 CH, 122(m)
4 299 CH, 122(m)
5 27.1 CH, 122(m), 1.27 (m)
6 37.1 CH, 122 (m), 1.96 (m)
7 364 CH, 1.22(m)
1.37 (m) 19.6 (8'), 27.1 (5), 37.1 (6)
8 327 CH 135(m) 19.6 (8'), 26.8 (9), 36.4 (7)

8 196 CH, 084(,6.1)
9 268 CH, 2.13(m)
10 1437 CH 6.0t 7.3)
1 1337 C

11’ 124 CH, 185(s)

12 1478 CH 17.54(d, 15.8)
13 1233 CH 6.54(d, 15.8)
14 2037 CO

15 443 CH 296 (m)

15 167 CH; 1.14(d,6.7)
16 28.1 CH, 1.66 (m),
2.01 (m)
17 30.1 CH, 1.82 (m), 2.03 (m)
18 769 CH 5.51 (m)
19 448 CH 2.96 (m)
19 152 CH, 131(d,7.3)
20 1738 CO

21 NH 10.49 (br.s)

22 1392 C

22’ 1146 CH, 5.44 (br.s),
6.11 (br.s)

23 1655 CO

24 NH 8.22 (br.d, 6.0)

25 42,6 CH, 3.27(brd, 13.4),
4.18 (m)

26 41.7 CH 2.88(m)

26" 148 CH, 1.21(d,6.7)

27 1751 CO .

9.36 (br.d, 7.5)

29 50.1 CH 5.40(m)

29 1723 CO

30 343 CH, 2.78 (brt, 10.0),
3.33 (m)

31 75.1 CH 5.63(dd, 3.7, 10.3)

32 1748 CO

33 NH, 8.18 (br.s),

8.33 (br.s) -

175.1 27)
172.3 29), 175.1 27)

32.7 (8), 36.4 (7), 37.1 (6)
32.7 (8), 36.4 (7), 133.7 (11), 143.7 (10)
12.4 (11"), 26.8 (9), 36.4 (7), 147.8 (12)

1337 (11), 143.7 (10), 147.8 (12)
12.4 (11), 1337 (11), 143.7 (10), 203.7 (14)
133.7 (11), 203.7 (14)

16.7 (15"), 28.1 (16), 203.7 (14)

28.1 (16), 44.3 (15), 203.7 (14)
203.7 (14)

28.1 (16), 44.8 (19), 173.8 (20)

15.2 (19%), 28.1 (16), 30.1 (17), 76.9 (18), 173.8 (20)
44.8 (19), 76.9 (18), 173.8 (20)

173.8 (20)

139.2 (22), 165.5 (23)

165.5 (23)

41.7 (26), 165.5 (23), 175.1 27)
- 41.7 (26), 165.5 (23), 175.1 27)

14.8 (26"), 42.6 (25), 175.1 27)

41.7 (26), 42.6 (25), 175.1 (27)

50.1 t29)

34.3 (30), 50.1 (29), 174.8 (32)

75.1 (31)

(CH-19), 5.40 (CH-29) and 5.63 (CH-31) showed cor-
relations with the carbon signals at ¢ 36.4 (CH,-7),
32.7 (CH-8), 143.7 (CH-10) and 133.7 (C-11); 6 133.7
(C-11) and 203.7 (CO-14); 6 28.1 (CH,-16), 44.5 (CH-19)
and 173.8 (CO-20); 6 30.1 (CH,-17), 76.9 (CH-18), 15.2

(CH;-19) and 173.8 (CO-20); 6 175.1 (CO-27) and 172.3

(CO-29); and 6 50.1 (CH-29), 34.3 (CH-30) and 174.8
(CO-32), respectively. The proton signals of NH at
6 10.49 (NH-21), 9.36 (NH-28) and 8.33 (NH,-33)
correlated with the carbon signals at § 173.8 (CO-20),

175.1 (CO-27) and 75.1 (CH-31), respectively. From the
above evidences, the two main skeletons which are
compound 1 consisting of CH;-1 to NH-21 and
compound 2 consisting of CH,-22' to NH,-33 in the
structure of topostatin were elucidated as shown in Fig. 2.

The linkage of NH-21 to C-22 was showed . by

‘correlations with the proton signals at § 10.49 (NH-21)

and 5.44 (CH,-22') in the NOESY spectrum (Fig. 2).
Thus, the correlations of all carbons and protons were
recognized. The positions of ester and sulfate were
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Fig. 2. Correlations observed for topostatin by HMBC and NOESY.

=———; 'H-13C long range correlations by HMBC.
< ; nuclear overhauser effects by NOESY.

‘compound 2

compound 1

analyzed by IR spectrum. The absorption at 1730 ¢cm ™!
suggested that the ester was normal ester bond.
Therefore, the ester should be located at C-18 oxygen to
C-29’' carbonyl, and the sulfate linked at C-31 oxygen
position. From these results, the structure of topostatin
was elucidated as shown in Fig. 1. And also, it was
suggested from the correlations of the proton signals at
9 6.00 (CH-10) and 7.54 (CH-12), and 6 1.85 (CH,-11")
and 6.54 (CH-13) in NOESY spectrum that the 4° and
42 double bonds were E conformation.

Discussion

The molecular formula of topostatin was determined
as C3;6HsgN,O;;S based on MS analyses, and its
structure was established by spectroscopic analyses,
mainly by NMR techniques. Topostatin is a novel
14-membered ring containing terpenoid and peptide
which consists of uncommon amino acids.

The known topoisomerase inhibitors such as cam-
ptothecin® and doxorubicin® inhibit topoisomerases by
stabilizing the cleavable complexes®. And some in-
hibitors such as diketopiperazine family *~7 and
CJ-12373% inhibit topoisomerase by direct action on the
enzyme molecule without - stabilizing the complex.
However, these inhibitors have no ability to inhibit

both the enzymes, topoisomerases I and II. On the other
hand, topostatin can inhibit both the enzymes without
stabilizing the cleavable complexes. Topostatin maybe
useful tools for cancer therapy in the future. The
stereochemistry and total synthesis of topostatin are
now under investigation, and the results will be described
in our next papers.

Experimental

'H NMR, '3C NMR, 'H-'H COSY, HMQC and
heteronuclear multiple bond correlation (HMBC) spectra
were measured by a JNM «-500 spectrometer. NMR
spectra with tetramethylsilaie (TMS) as an internal
standard were taken in pyridine-ds solution at 500 MHz
(*H) and 125 MHz (*3C). FAB-MS spectra were recorded
with a IMS-DX 303 HF and JMS-HX 100 spectrometers.
Optical rotation, UV spectrum and IR spectrum were
measured by a Jasco DIP-1000KUY digital polarimeter,
Hitachi U-2000 spectrometer and Hitachi 270-30
spectrophotometer, respectiveiy. ‘
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