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Two novel indolocarbazol-type bioactive molecules, indocarbazostatin (1) and
indocarbazostatin B (2), were isolated as inhibitors of NGF-induced neuronal differentiation in
rat pheochromocytoma PC12 cells from a culture broth of a Streptomyces sp. The structures of
these compounds were determined by HR-FAB-MS, UV, 1H and 13C NMR, 1H-1H COSY, PFG
HMBC, PFG HMQC and DIF NOE experiments. The relative and absolute configurations were
deduced from MM2, MOPAC and CONFLEX calculations, and CD analyses. The imide/amide
sector rule was proposed from the analyses of CD data of 1 and other indolocarbazole
antibiotics. It was concluded that the minor compound 2 has a negative atropisomeric chirality
in the aglycone.

During the course of our screening for modulators of

signal transduction of mammalian cells, we discovered

two novel inhibitors, indocarbazostatin (1) and

indocarbazostatin B (2) from the culture broth of a

Streptomyces sp. TA-0403 (Fig. 1). In our assay system, 1

inhibited NGF-induced neurite outgrowth in PC12 cells at

6nM, which is approximately 33 times lower than the

minimal effective concentration of K252a.1,2) In this paper,

we report details of isolation, physicochemical properties

and structural elucidation of these inhibitors. Taxonomy

and fermentation procedures of the producing

microorganisms, and biological activities of these

compounds are described in the preceding paper.3)

Results and Discussion

Isolation of Indocarbazostatin and Indocarbazostatin B

The purification procedure of 1 and 2 is shown in Fig. 2.

A culture broth (35 liters) of Streptomyces sp. TA-0403

strain was separated into mycelium and supernatant broth

after centrifuging. The mycelium was extracted with

acetone, and the extract was concentrated in vacuo, water

was added, and the mixture was extracted with CHCl3. The

organic layer was evaporated in vacuo to give a crude oil.

This residue was applied to silica gel column

chromatography with hexane-acetone (3: 2) as an elution

solvent. The active fractions were concentrated to give a

syrup which was applied to reversed phase HPLC

(Mightysil RP-18, 65% MeOH) to yield 4mg of a pale

yellow syrup as the major active component showing
retention time at 29 minutes and 1.2mg of a pale yellow

syrup as the minor component showing retention time at 28

minutes. The major compound was crystallized from

acetone-benzene to give 1.7mg of indocarbazostatin (1).

The minor compound was cautiously crystallized from

acetone-benzene to give 0.9mg of indocarbazostatin B (2).
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Physicochemical Properties and Structures

In our preliminary communication,4) we reported the

relative configuration of indocarbazostatin (1), which

differs from K-252a (3)5) in terms of the C-7 carbonyl

group, the C-9 hydroxyl group, the ethyl ester group at C-1"
carbonyl and the relative configuration at position C-3'. In

this paper, we report further details and the absolute

configurations of 1 and 2.

The physicochemical properties of 1 and 2 are

summarized in Table 1. The molecular formula of 1 was

determined to be C28H21N3O7 by high-resolution FAB-MS

and 13C NMR analyses. It was found that 1 possesses

a hetero-substituted indo[2,2-a]-pyrrolo[3,4-c]carbazole-

5,7(6H)-dione system as its chromophore by the analyses of

1H and 13C NMR, and 1H-1H COSY, pulse field gradient

HMQC (PFG HMQC), pulse field gradient HMBC (PFG

HMBC) and differential NOE (DIF NOE) data as well as

IR and UV absorption data, and by ZINDO calculation of

the electronic spectrum. The 1H and 13C NMR assignments

of 1 are listed in Table 2. 1H and 13C NMR, 1H-1H COSY,

PFG HMQC and PFG HMBC analyses revealed the

presence of a hydroxyl group at C-9 of the chromophore
and a sugar moiety. A quaternary carbon (δC 129.6ppm) is

connected to the sugar moiety via the nitrogen atom. Long-

range couplings obtained from an HMBC experiment are

shown in Fig. 3. Observation of an NOE between the

methyl proton (δH 2.35ppm) and the aromatic proton (d,

1H, δH 7.50ppm) indicated that C-2' is bonded to N-12,

and C-5' is bonded to N-13 (Fig. 3). The 1H NMR

spectrum of 1 showed ethyl ester proton signals with

unusually low δH-value (2"-H, each dq, each 1H, δH 3.27

and 3.57; 3"-H, t, 3H, δH 0.49ppm in acetone-d6) due to the

anisotropic effect of the chromophore. The relative

configuration of the sugar in 1 was deduced by MM2 and

MOPAC calculations. The calculated conformation was

similar to that of the ORTEP drawing obtained from the X-

ray crystallography of K-252a5) except for the opposite

Fig. 1. Structures of indocarbazostatin (1), indocarbazostatin B (2), K252a (3) and staurosporine (4).

(+)-Indocarbazostatin (1) (-)-Indocarbazostatin B (2)

(+)-K-252a (3) (+)-Staurosporine (4)
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Fig. 2. Isolation procedures of indocarbazostatin (1) and indocarbazostatin B (2).

Table 1. Physico-chemical properties of indocarbazostatin (1) and indocarbazostatin B (2).



366 THE JOURNAL OF ANTIBIOTICS APR. 2002

Table 2. 13C and 1H NMR assignments for indocarbazostatin (1) (acetone-d6)a.

a: 100MHz for 13C NMR and 400MHz for 1H NMR.

b: Not detected.

Fig. 3. Long-range couplings obtained from HMBC experiments and NOEs between the C2'-methyl protons
and the C11-aromatic protons of indocarbazostatin (1) and indocarbazostatin B (2).

-: HMBC connectivities



VOL. 55 NO. 4 THE JOURNAL OF ANTIBIOTICS 367

configuration at the C-3' asymmetric carbon existing in the

deshielding field of the aromatic chromophore, as shown in

Fig. 4. These observations reasonably explained why the 1H

NMR spectra of 1 and 2 showed an ester ethyl signal with

an unusually high-field chemical shift, in contrast to the 1H

NMR spectrum of K-252a that showed an ester methyl

signal with a low-field chemical shift.5) To determine the

absolute configuration, we measured the CD spectra of 1,

and found a positive Cotton effect at 329nm (Fig. 5). An

extension of the lactone sector rule6) revealed that 1 has the

same absolute configuration as K-252a at positions C-2'

and C-5'. The molecule was viewed from the line on the

plane of the imide group along the bisectrix of the O=C-N
angle, i.e., the line from C-5 to C-5' as shown in Fig. 6. The

Fig. 4. Relative configurations of indocarbazostatin (1) and K-252a (3) explain the unusual chemical shifts
of the methyl protons.

Fig. 5. CD spectra of indocarbazostatin (1), indocarbazostatin B (2), and K-252a (3) in CHCl3.

- Indocarbazostatin

--- Indocarbazostatin B

------ K252a
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functional group at C-3' lying in the back upper right sector

was responsible for the positive Cotton effect. The C-N

bond was assumed to have a double-bond character, and as

a crude approximation, we assumed that the O=C and C-N

bonds are equivalent, and that the plane bisecting the

carboxyl angle (O=C-N) is asymmetric. Thus, the ethyl

ester group at C-3' falls within the strongly positive sector

(Fig. 6). A similar treatment in which the molecule was
viewed along the bisectrix of the C-7 N-C=O angle

showed no atom of 1 within the positive or negative sector.

Thus, the total structure of 1 was determined, and is shown

in Fig. 1. This treatment enabled us to explain satisfactorily

the signs of the contributions made by atoms and groups in

the indolocarbazole antibiotics possessing an amide,

K-252a (Fig. 5), staurosporine (4) and RK-286C,7) all of

which showed positive first Cotton effects in their CD

spectra, and their absolute configurations have also been

proven synthetically. 8-10) The imide/amide sector rule

proposed here may be useful for the determination of the
absolute configuration of new indolocarbazole antibiotics

and other imide or amide compounds in combination with

their conformational analyses.

Fig. 6. Application of an imide sector rule to indocarbazostatin (1).

Fig. 7. Side-on view of the energy-minimized structure of indocarbazostatin B (2) and its negative
atropisomeric chirality in the 7b-7c axis.
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The structure of the minor component, 2 was obtained

through a similar approach. The molecular formula of 2

was determined to be C28H22N4O7 by high-resolution FAB-

MS and 13C NMR analyses. It is found that 2 is a simple

derivative in which H at position C-8 was substituted by the

NH2 group, deduced from the data of UV, IR, 1H and 13C

NMR, DIF NOE experiment and 1H-1H COSY, PFG

HMQC, PFG HMBC, 13C NMR chemical shift calculation

and biosynthetic consideration. The biosynthetic

consideration would give the conclusion that 2 has the same

absolute configuration as 1. However, 2 shows an opposite

[α]D value, and the CD spectrum of 2 is totally different

from that of 1 as shown in Fig. 5. To elucidate the unusual

CD spectrum of 2, we performed CONFLEX11,12)

calculations of the molecule. The results showed that 2 has

negative atropisomeric chirality (left-handed twist) in the

7b-7c axis, because of repulsion by the steric hindrance

between the C-8 NH2 group and the C7 carbonyl group

(Fig. 7). This observation explains the unusual negative

sign shown in the CD spectrum of 2 which has the same

Table 3. 13C and 1H NMR assignments for indocarbazostatin B (2) (CDCl3)a.

a: 150MHz for 13C NMR and 600MHz for 1H NMR.

b and c: Assignments may be interchangeable.

d: Not detected.
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absolute configuration as 1. Thus, we propose the total

structure of 2 as depicted in Fig. 1. The 1H and 13C NMR

assignments for 2 are listed in Table 3.

Experimental

General

Optical rotations were measured with a High Sensitive

Polarimeter SEPA-300. UV spectra were recorded on a

BECKMAN DU-600 spectrophotometer. IR spectra were

measured with a SHIMADZU FTIR-8100. FAB MS spectra

were measured with a JEOL JMS-AX 500 Mass

spectrometer. CD spectra were recorded on a JASCO J-

720W spectropolarimeter. NMR spectra were recorded on a

JEOL Lambda 400 spectrometer at 400MHz for 1H NMR

and 100MHz for 13C NMR, and a JEOL alpha 600

spectrometer at 600MHz for 1H NMR and 150MHz for 13C

NMR. Molecular modeling, conformational search with

MM2, MOPAC and CONFLEX calculations and generation

of the electronic spectra with ZINDO calculations were

performed by using CAChe WorkSystem 4.1 (Oxford
Molecular Ltd.) on a Power Macintosh G3.
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