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or a pharmaceutically acceptable salt thereof, wherein
R! and R
the 1- or 2-position, R® is located at the 10- or

each represent an OH group, Ri is located at

11-post tion, R2 is located at the t1-position when R‘ is
located at the 1-position, and Rz is located at the

10-posi tion when R' is located at the 2-position.
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und represerited by general formula (I) or a pharmaceutically acceptable salt thereof, wherein R} and

R2 represent each OH, R! being present at the 1- or 2-position while R2 being preserit at the 10- or 11-position, provided
when R! is present at the 1-position, R2 is present at the 11-position, while when R! is present at the 2-position, R?
i present at the 10-position. As the compound has an excellent antitumor effect, it is useful as an antitumor drug in

the medicinal field.
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DESCRIPTION

ANTITUMOR INDOLOPYRROLOCARBAZOLE DERIVATIVES

Technical Field
This invention relates to novel indolo-

pyrrolocarbazole derivatives which are useful in the
field of medicine and, more specifically, inhibit the
growth of tumor cells and theréeby exhibit an anti tumor
effect, their intermediates, processes for preparing

them, and their use.

Background Art
In the field of cancer chemotherapy, a large

number of compounds have already been put to practical
use as antitumor agents. However, their activities
against various types of tumors are not necessarily
satisfactory, and the problem of tolerance of tumor
cells to these antitumor agents complicates their use
for clinical purposes [see the Proceedings of the 47th
General Meeting of the Japan Cancer Society, pp. 12-15
(1988)1.

Under these circumstances, the development of
novel ¢ancerocidal substances are invariably desired in
the field of cancer therapy. Among others, there is a
need for substances which overcome the problem of toler-
ance to the existing cancerocidal substances and exhibit
effectiveness against such types of cancers as cannot be
effectively controlled by the existing cancerocidal

substances.

In view of the above-described state of the
art, the present inventors screened a wide variety of
microbial metabolites, found a novel compound BE-13793C
having astitumor activity (12,13-dihydro~1, t1-dihydroxy-
5H~indol1eo[2,3-a]pyrrolo[3,4-clcarbazole-5,7(6H)-dione),
and disclosed it [see Japanese Laid-Open Patent No.
20277/'91 and the Journal of Antibiotics, Vol. 44, pp.



723-728 (1991)}.
Thereafter, they created 2n indolopyrrolocarbazole compound having

excellent antitumor activity by a chemical modification of BE-13793C, and
disclosed it (see International Publication No. W091/18003 and European
5 Patent Laid-Open No. EP0545195 A1).

A problem to be solved by the present invention is to create a compound
having more excellent antitumor activity than the indolopyrrolocarbazole-
derived antitumor substances disclosed in the prior patent application
(international Publication No. W091/18003 and European Patent Laid-Open

10 No. EP0545195 A1).

Throughout the description and claims of this specification, the word

"comprise” and variations of the word, such as "comprising” and "comprises”, is

not intended to exclude other additives, components, integers or steps.

15 Disclosure of the Invention
The present inventors have synthesized a large number of

indolopyrrolocarbazole derivatives and have examined their antitumor activities,

with a view to creating a compound having more excelient antitumor activity

*
L
.o

than tie indolopyrrolocarbazole-derived antitumor compounds which were

-
L d
L]
»

s . 20 previously disclosed. As a result, it has now been found that the compounds
represented By the following general formuia [I} are novel compounds having
very excellent antitumor activity, stability and safety.

C Thus, the present invention relates to the compounds of the generai
‘e formula

[
.
L 3
.
[
-
[
.
*
[]
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HO L OH
H

wherein R' and R2 each represent an OH group, Rf is
lTocated at the 1- or 2-position, R is located at the
10- or 1i-position, R’ is located at the 11-position
when R' is located at the 1-positioen, and Rz is located
at the 10-position when R' is located at the 2-position,
or pharmaceutically acceptable salts thereof, their
intermediates, processes for preparing them, and their
use.

The compounds of the present invention and
their intermediates can be prepared according to the

processes represented by the following procedures A to

E.
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Procedure E

Rs 1

H

(X11]
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QOrganometallic
compound

Selective
deprotection

>

The defiriitions of the symbols and terms used

in procedures A to E and the claims given later are as

follows.

In the general formulas, R' and Rz each repre-
sent an OH group, provided that R' is located at the t1-
or 2-position on the ring, Rz is located at the 10- or

11-position on the ring,

P

is located at the 11-posi-

L 4
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tion when R1 is located at the 1-position, and R2

located at the 10-position when R! is located at the

is

2-position.

R3 represents a Tower alkyl group, a
benrzyloxymethyl group or an aralkyl group. The term
"lower alkyl group"™ means straight-chain or branched
alkyl groups of 1 to 6 carbon atoms, suct: as methyl,
ethyl, propyl, sec-propyl, butyl, pentyl and hexyl. The
term "aralkyl group™ means aralkyl groups of 7 to 12
carbon atoms, such as benzyl, phenethyl and
phenylpropyl.

R4 represents a hydrogen atom, a tower alkyl
group, a benzyloxymethyl group or an aralkyl group. The
terms "lower alkyl group" and “aralkyl group"™ have the
same meanings as described for Ra‘

Rs and Rs each represent a protected OH gtoup,
provided that R is located at the 1- or 2-position on
the ring, R6 is located at the 10- or 11-position on the
ring, R6 is located at the 11-position when RS is locat-
ed at the 1-position, and R® is located at the
10-posi tion when R5 is located at the 2-position.

Usable protecting groups include, for example,
benzyl, tolyl, p-methoxybenzyl and benzyloxymethyl
groups.

r! to r' may be the same or different and
each represent a protecting group for an OH group.
Usable protecting groups include, for example, benzyl,
tolyl, p-methoxybenzyl and benzyloxymethyl groups.

R" represents a hydrogen atom or a protecting
group for the amino group of an indole skeleton. Usable
protecting groups include, for example, lower alkoxy-
carbonyl (such as tert-butoxycarboryl and methyloxy-
carbonyl), benzyl, benzyloxymethyl, triisopropylsilyl,
2-trimethylsilylethyloxymethyl, mesyl and tosyl groups.

th represents a protecting group for the
amino group of an indole skeleton. Examples of the
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protecting group are the same as described above.

X represents a leaving group. Examples there-
of include chlerine, bromine and iodine atoms.

Xl represents a leaving group. Examples
thereof include halogen atoms such as chlorine, bromine
and iodine atoms; and organic sulfonyloxy groups such as
mesyl and tosyl.

The organometallic compound which is used to
prepare a compound of the general formula [XI] or the
like by reacting a maleimide compound of the general
formula [IX] or the like with an indole compound of the
general formula [X] or the like can be, for example, an
alkyl lithium such as butyl 1ithium; lithium diiso-
propylamide; an alkali metal hexaalkyldisilazidé such as
Tithium hexamethyldisilazide, sodium hexame thyl-
disilazide or potassium hexamethyldisilazide; or a
Grignard veagent such as ethylmagnesium bromide or
methyimagnesium chloride.

The Mitsunobu réaction is a reaction for
forming a glycoside linkage ®y using an organic phos-
phine such as triphenylphosphine or tributylphosphine,
and an azodicarhoxylic acid derivative such as
azodicarboxylic acid diethyl ester, azodicarboxylic acid
di-tert-butyl ester, azodicarboxylic acid diisopropyl
ester, azedicarboxylic acid di—N,N-dimethylamide or
azodicarboxylic acid di-N-methylpiverazinamide (see
Synthesis, I, 1981, pp. 1-28).

The oxidizing agent which is used to react a
compound of the general formula [XVII] or the Tike
having two indolte skeletons with an oxidizing agent and
thereby convert it to an indolopyrrolocarbazole compound
of the general formula [XVIII] or the 1ike can be 2,3~
dichioro-5,6-dicyano-1,4-benzeguineone (hereinafter
abbrevi sted as DDQ), CuCl,, Gu(bAc)zi Cu(NO, ), . PdC1,,
ﬁd(Oﬁcfg, Pd(CF3800)2 or the Tike.
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Explanation of procedure A

As described above, the reaction of a
maleimide compound ef the general formula [IX] with an
indole compound of the general formula [X] can be car-—
ried out with the aid of an alkali metal hexaalkyl-
disilazide such as lithium hexamethyidisilazide, or a

Grignard reagent such 31s ethylmagnesium hromide. The
solvents which can be used in this reaction include
toluene, benzene, tetrahydrofuran (THF), dioxane,
diethyl ether and the like.

The reaction temperature may usually range
from -78C to 1230C and preferably from -20C to 110°C .

A compound of the general formula [XII]-can be
prepared by introducing a protecting group for the amino
group of the indole skeleton in a compound of the gener-
al formu%a [XI]. The protective agent used for this
purpose can be a halide or acid anhydride corresponding
to the aforesaid protecting group. Preferred examples
thereof incliude di-tert-butyl dicarbonate and tert-
butyloxycarbonyl chloride.

This reaction is preferably carried out in the
presence of a base such as 4-N,N~dimethylaminopyridine.
The solvents which can be used in this reaction include
teluene, benzene, THF, dioxane, ether and the like. The
reaction temperature may usually range from -78C to
100°C ard preferably from -25C to 25T .

The preparation of a compound of the genesral
formula [XIV] by #sacting the compound of the general
formula [XII] with a compound of the general formula
[XIII] may be carrie¢d out in the same manner as de-
scribed above for the reaction of the compound of the
general formula [IX] with the compound of the general
formula [XI}.

The reaction of the compound of the general
formula [XIV] with a compound of the general formula
[XV] can be carried out accordikg to the so-called
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Mitsunobu reaction. In this reaction, there may be used
organic phosphines and azodicarboxylic acid derivatives
as described above. Preferred examples of the organic
phosphines include tributylphosphine and triphenyl-
phosphine, and preferred examples of the azodicarboxylic
acid derivatives include azodicarboxylic acid diethytl
ester and azodicarboxylic acid diisopropyl ester.

As the reaction solvent, THF, dioxane, ether
and the like may preferably be used. The reaction
temperature may usually range from -78C to 50C and
preferably from -40C to 20T .

The deprotection of the amino group of an
indole skeleton in a compound of the general formd]a
[XVI] is preferably carried out under conditions which
permit selective deprotection. For example, it is
preferable to employ 3¢idic or hasic conditions which
permit the tert-butoxycarbonyl, 2-trimethylsilyl-

e thoxymethyl or other group on the amino group to be
selectively removed while retaining the other protecting
groups.

For example, there may preferably be used
acids such as trifluoroaceti¢ acid and HF, and bases
such as methylamine, tert-butoxypotassium and
tetra~-n-butyltammonium fluoride.

A compound of the general formula [XVIII] can
be prepared by oxidatively e¢yclizing a compound of the
general formula [XVII]. The oxidizing agents which can
be used in this reaction include, for example, DDQ,
CuCl,, Cu(OAc), , Cu(NOz)z, PdC1, , Pd(OAc), and
Pd(CF3COO)z as described above. As the reaction sol-
vent, there may be used toluene, methylene chloride,
dimethylformamide, dioxane, ether and the 1ike. The
reaction temperature may usually rangz from 0C ¢to
106°C .

The removal of the protecting groups for the

phenolic hydroxyl groups and the glycosyl gzroup in the
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compound of the general formula [XVIII] can be carried
out under acidic conditions or by wel 1-known common
hydrogenation reaction or the like.

A compound of the general formula [XX] can be
prepared by reacting a compound of the general formula
[XIX] with a base. The bases which can be used in this
reaction include NaOH, KOH, KZCOS’ Nazcoa, NaHCO3 and
the like. The solvents which can be used therein in-
clude water, methanol, ethanol, dimethylformamide and
the like. The reaction temperature may usually range
from 0OC to the boiling point of the solvent.

A compound of the general formula [I] can be
prepared by reacting tiie compound of the general formula
[XX] with HZNNHCH(CHZOH)z. The solvents which can be
used in this reaction include methanol, ethanol, THF,
dimethylformamide and the 1ike. The reaction tempera-
ture may usually range from 0C to the boiling point of
the solvent.

The amount of HZNNHCH(CHZOH)z used is usually
in the range of 1 to 3 molar equivalents based on the
compound [XX]. If necessary, this compound may be used
in smaller or larger amounts.

Explanation of procedures B to E

The reaction of a compound of the general
formuTa [XXIII] with a compound of the general formula
[XXIV] in procedure C, and ¥he reaction of a compound of
the general formula [XXIII] with a compound of the
general formula [XXV] in procedure E can be carried out
in the presence of a base such as KOH, tert-BuOK, NaH,
K.ZCO3 or lithium hexamethyldisilazié~, in a solvent such
as dimethylformamide, THF, toluene, methylene chloride

or acetonitrile.

The reaction temperature may range from 0°C to
the boiling point of the solvent.

The other reactions in procedures B to E can
be carried But under the same conditions as employed for
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the same types of reactions in procedure A.

A compound of the general formula [II] as
claimed in claim 4 can be prepared, for example, by
deprotecting a compound of the general formula [XXIV].

A compound of the general formula [XIX] can also be
prepared by incubating a compound of the general formula
[II] or the compound (28) together with a microorganism
capable of glycosylating them (see Reference Examples 1
and 2).

After completion of each reaction, the desired
product can be isolated and purified according to tech-
niques widely known in the field of organic chemistry
(e.g., precipitation, solvent extraction, recrystalii-
zation and chromatography}. Moreover, H?NNHCH(CHZOH)z
can be prepared, for example, according to the procedure
described in Example 18.

Pharmacological tests

The compounds of the general formula {I],
which are provided by the present invention, exhibit
excellent antitumor effect as demonstrated by the fol-

lowing pharmacological fasts.
(1) Growth-inhibiting activity (CTX) against various
types of cancer cells

Measuring method:
50 ul of a cell culture medium (RPMI-1640

medium containing 10% bovine fetal serum) containing 1 x
103 mouse leukemia cells (P388), human gastric cancer

cells (MKN-45), Hkuman pulmonary cancer cells (PC-13) or

human rectal cancer cells (DLD-1) was pipetted into the
wells of a 96-well microplate, and incubated at 37T
under 5% CO, for 24 hours. Then, 50 pl of a test solu-
tion containing each test compound was added, and the
culture medium was further incubated at 37C under 5%
CQZ for 72 hours. After 10 pl of 0.5% Thiazoyl Blue was
added to the culture medium, anh enzyme reaction was
carried out by incubating the culture medium at 37C
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under 5% COz for 2 hours. After the reaction was
stopped by the addition of 20% sodium dodecyl sul fate
(SDS), the culture medium was further incubated at 37T
for 16 hours to dissolve the pigment so formed. Then,
the absorbances at 560 nm were measured and compared
with that obtained in a control group. The compound of

the formula

CH

was used &s the control compound. The results thus

obtained are shown in Table 1.

Table 1

Growth—-inhibiting activity against

various types of cancer cells

Test compound CTX (M)

p388 MKN-45 PC~-13 DLD-1
Compound [I-A} 0.037 0.29 0.34 0.67
Compound [I-B} 0.0020 0.011 0.035 0.10

Control compound 0.12 0.50 1.4 73
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(2) Effect on human gastric cancer MKN-45

A MKN-45 solid tumor which had previously been
grown by transplantation under the skin of a nude mouse
was minced, and 3 mm cubes of the tumor were transplant-
ed under the skin of mice used for this test. Starting
from the time when the transplanted tumor grew to 0.3

cma, a treatment was carried out by injecting a dose of

each test drug into the caudal vein of the mice, once a

day, for 5 consecutive days and, after two days' pause,
injecting the test drug for 5 days (treatment schedule:
5/w x 2) or four times at intervals of 3 or 4 days
(treatment schedule: 2/w x 2). Twenty or thirty-two
days after the start of the treatment, the larger diame-
ter (L) and smaller diameter (W) of the tumor were
measured, and its volume (V) was determined (V = 1/2 x L
x Hﬂ). The degree of tumor growth inhtbition was calcu-
Tated from this voliaie, and the total dose at which the
tumor growth was inhibited by 75% (GID75. mg/kg) was

determined. The results thus obtained are shown in

Table 2.

Table 2

Effect of the compounds of the presént invention

on human gastric cancer MKN-45

Test compound Treatment schedute GIDH
(mg/kg total)

Compound [I-A] 5/w x 2 27

Compound [I-B] 2/w x 2 3.0
Control compound 5/w x 2 170

As shown by the results of the above-described
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pharmacological tests, the compounds provided by the
present invention exhibit a more excellent antitumor
effect than the control compound.

As is evident from the results of the above-
described pharmacological tests, the compounds of the
present invention exhibit an excellent antitumor effect
and are hence useful as antitumor agents for the pro-
phylaxis or treatment of diseases and, in particular,
for the treatment of cancer. When the compounds of the
present irivention are used for these purposes, they may
usually be combined with pharmaceutically acceptable
carriers or excipients to make pharmaceutical prepara-
tions containing them in effective amounts.

The compounds of the present invention can be
used as antitumor agents in various dosage forms. They
include, for example, oral preparations such as tablets,
capsules, powders, granultes and waters; parenteral
1iquid preparations such as sterilized solutions and
suspensions; suppositories; and ointments.

Solid preparations may be made by forming the
compounds of the present invention directly into tab-
lets, capsules, granules or powder. However, sui table
additives may also be used in combination therewi th.
Such additives include sugars such as lactose and glu-
cose; starches such as corn, wheat and rice; fatty acids
such as stearic acid; inorganic salts such as magnesium
aluminate metasilicate and anhydrous calcium phosphate;
synthetic polymers such as polyvinyl pyrrolidone and
polyalkylene glycol; fatty acid salts such as calcium
s tearaté and magnesium stearate; alcohols such as
stearyl alcohol and benzyl alcohol; synthetic cellulose
derivatives such as methylcellulose, carboxymethyl-
cellulose, ethylcellulose and hydroxypropyimethylcellu-
tose; and other commonly used additives such as gelatin,

tale, vegetable oils and gum arabic,.
These solid preparations such as tzblets, cap-
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sules, granules and powders may generally contain the
active ingredient in an amount of 0.1 to 100% by weight
and preferably 5§ to 100% by weight.

In the case of liquid preparations, the com-
pounds of the present inveantion may be formed into
suspensions, syrups, injections or infusions with the
aid of suitable additives commonly used in liquid prepa-
rations, such as water, alcohols and vegetable oils
(e.g.., soybean 0il, peanut o0il and sesame o0il).

Especially when they are parenterally adminis-
tered by intramuscular, intravenous or subcutanéous
injection, suitable solvents include, for example,
distilled water for injection, an aqueous solution of
lidocaine hydrochloride (for intramuscular injection),
physiological saline, an aqueous glucose wolution,
ethanol, pelyethylene glycol, liquids for intravenous
injection {(e.g., aqueous solutions of citrié¢ acid and
sodium citrate) and electrolyte solutions (for intrave-.
nous drip infusion and intravenous injection), as well
as mixtures thereof.

These injections may be prepared not only in
previously dissolved form, but also in the form of a
powder or mixture with suitable additives for dissolu-
tion prior to use. These injections may usually contain
the active ingredient in an amount of 0.1 to 10% by
weight and preferably t to 5% by weight.

Liquid preparations for oral administration,
such as suspensions and syrups, may usually contain the
active ingredient in an amount of 0.5 to 10% by weight.

The preferred dosages of the compounds of the
present invention may vary according to the type of the
compound used, the type of the composition prepared, the
frequency of use, the site to be treated, the severity
of symptoms, the age of the patient, the diagnosis made
by the doctor, the type of the tumor, and the like. By
way of example, their daily dose for adults may be in



10

15

20

25

30

19

the range of 1 to 800 mg for oral administration, and in
the range of 0.1 to 500 mg for parenteral administration
and preferably for intravenous injection. These daily
doses may be given at a time or in 2 to 5 divided doses,
depending on the method of administration and the sever-
ity of symptoms. Alternatively, they may be adminis-
tered intermittently, for example, every second or third
day.

The present invention is more specifically
explained with reference to the following examples.
However, it is to be understood that the present inven-
tion is not limited thereto.

Example 1

Preparation of the compound represented by the

formula

[1-A]

This compound was prepared according to a

method comprising the following steps 1) to 9).
1) Preparation of the compound represented by

the formula

(1)
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wherein Bn represents a benzyl group and the same will
apply hereinafter.

19 g of 7-benzyloxyindole was dissolved in 150
ml of THF, and 161.3 ml1 of Tithium hexamethyldisilazide
{as a 1M solution in THF) was added thereto. After this
mixture was stirred under ca atmosphere of nitrogen at
0C for 30 minutes, 180 ml1 of a THF solution containing
18.1 g of 2,3-dibromo-N-methylmaleimide was added
dropwise theretoc over a period of 10 minwtes.

After completion of the addition. the result-
ing mixture was stirred at 0°C for 0.5 hour. The reac-
tion mixture was poured into 1 Titer of 2N hydrochloric
acid and extracted with 2 liters of ethyl acetate. The
organic layer was washed with a saturated aqueous solu-
tion of sodium hydrogen carbonate and then a saturated
aqueous solution of sodium chloride, dried and concen-
trated. The resulting residue was recrystallized from
ethyl acetate-hexane to obtain 26.9 g of the desired
compound (1) (in a 97% yield).

HRMS (m/z): found 410.0273, calcd 410.0248
[as Czu”r;“zeaBrl

IR (KBr, cm
1259, 1247, 1076, 762, 739.

"H-NMR (300 MHz, CDCl,. & ppm): 9.03(1H,
brs), 7.94(tH, d, J=3.0Hz), 7.64(1H, d, J=8.RHz),
7.30-7.53(5H, m), 7.15{(1H, ¢, J=8.0Hz), 6,82(1H, d,
J=8.0Hz), 5.22(2H, s), 3.16(3H, s).

2) Preparation of the compound represented by

Yy. 1705, 1628, 1576, 1433, 1383,

the formula

(2)
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wherein Boc represents a tert-butoxycarbonyl group and
the same will apply hereinafter.

29 g of the compound (1) obtained in Exambple
1-1), 169 g of di~-tert-butyl dicarbonate and 136 mg of
4-N,N-dimethylaminopyridine were dissolved in 200 ml of
THF, and this solution was stirred at room temperature
for 1 hour. After the reaction mixture was concentrat-
ed, the resulting residue was purified hy silica gel
chromatography {(chloroform) and then recrystallized from
chloroform-ethyl acetate—hexane to obtain 32.9 g of the
desired compound (2) {(in a 92% yield).

IR (KBr, cm™'): 1765, 1712, 1438, 1369, 1261,
1228, 1149, 739.

HRMS (m/z): found 510.0815, calcd 510.0790
[as CygHyyN,OyBr]

"H-NMR (300 MHz, CDC1,, & ppm): 8.04(1H, s),
7.20-7.62(7H, m), 6.95(1H, d, J=7.9Hz), 5.23(2H, s),
3.18(3H, s), 1.53(9H, s).

3) Preparation of the compound represented by

the formula

{3)

107.2 mg of 7-benzyloxyindole was dissolved in
3 ml of THF, and 0.48 ml of 1ithium hexamethyidisilazide
(as a 1M solution in THF) was added thereto. After this
mixture was stirred under an atmosphere of nitrogen at
0C for 15 minutes, 2 ml1 of a THF solution containing
102.2 mg of the compound (2) obtained in Example 1-2)
was added dropwise thereto over a period of 20 minutes.
After completion of the addition, the resulting mixture
was stirred at room temperature for 0.5 hour. The
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reaction mixture was poured into 10 mL of 2N hydrochlo-
ric acid and extracted with 30 mL of ethyl acetate. The
organiec layer was washed with water, a saturated aqueous
solution of sodium hrydrogen carbonate and then a satu-
rated aqueous solution of sodium chlaride, dried and
concentrated. The resulting residue was purified by
silica gel chromatography (hexane-ethyl acetate = 4 : t)
to obtain 112.7 mg of the desired compound (3) {(in a 86%

yield).
HRMS (m/z): found 653.2529, calecd 653.2526

[as CygHygNyOp 1] 1
IR (KBr, em '): 1759, 1734, 1579, 1498, 1430,

1261, 1217, 1149, 752, 733,
"H-NMR (300 MHz, CDCl,, & ppm): 8.78(1H,

brs), 7.90(1H, s), 7.75(1H, s), 7.29-7.52(1CH, m),

6.58-6.82(6H, m), 5.17(2H, s), 5.15(2H, S), 3.19(3H, s),

1 .53(8H, s).
4) Preparation of the compeund represented by

the formula

(4)

300 mg of the compound (3) obtained in Example
1-3), 746.2 mg of 2,3,4,6-0-tetrabenzyl-D-glucopyranese
and 543 mg of tripheanylphosphine were dissolved in 15 ml
of THF, and 0.419 m] of azodicarboxylic acid diisopropy?
ester was added thereto at -78C . This mixture was
stirred for 3 hours, during which time its temperature
was gradually raised to room temperature. The reaction
mixture was partitioned between 40 ml of ethyl acetate
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and 20 ml! of 2N hydrochloric acid. The organic 1ayer
was washed with water, a saturated aqueous solution of
sodium hydrogen carbonate, water and then a saturated
aqueous solution of sodium chloride, dried and concen-
trated. The resulting residue was purified by silica
gel chromatography {(toluene-ethyl acetate = 50 : 1) to
obtain 459.3 mg of the desired compound (4) {in a 85%
yield).

HRMS (m/z): found 1175.4950, caled 1175, 4932
[as G HygNyOyyl

IR (KBr, om !): 1759, 1701, 1579, 1454, 1440,
1384, 1358, 1259, 1232, 1149, 1087, 752, 735, 662.

"H-NMR (300 MHz, CDCl,, & ppm): 8.19(1H, s),
7.91(1H, s), 7.45(2H, d, J=6.6Hz), 6.96-7.39(25H, m),
6.54-6.71(7H, m), €.48(2H, dd, J=1.6, 8.5Hz), 6.43(1H,
d, J=8.%dz), 5.13(2H, s), 5.02(1H, d, J=11.4Hz),
4 .90(1H, 4, J=10.7Hz), 4.84(1H, d, J=10.8Hz), 4.83(1Hd,
J=11.4Hz), 4.80(1H, d, J=10.8Hz), 4.60(1H, d, JI=12.7Hz),
4 59(1H, d, J=10.8Hz), 4.53(1H, d, JI=11_.4Hz), 4.39(1H,
d, J=9.9Hz), 3.80(1H, t, J=8.9Hz), 3.64-3.76(4H, m),
3.56(1H, t, J=9.1Hz), 3.38-3.46(1H, m), 3.19(3H, s),
1.53{9H, s).

5) Preparation of the compound represented by

the formula

(5)

459.3 mg of the compound (4) obtained in
Example 1-4) was dissolved in 20 ml of methylamine (as a
40% solution in methanol), and this solution was stirred
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at room temperature for 30 minutes. After the reaction
mixture was coricentrated, the resulting residue was
purified by silica gel chromatography (hexane-ethyl
acetate = 4 : 1) to obtain 395.2 mg of the desired
compound (5) (in a 94% yield).

HRMS (m/z): found 1075.4445, calcd 1075. 4408
[as CgqHg N;O41

IR (KBr, cm ' ): 1697, 1577, 1569, 1497, 1454,
1436, 1257, 1083, 752, 753, 696.

TH-NMR (300 MHz, CDC1,, & ppm): 8.61(1H,
brs), 8.07(1H, s), 7.56(1H, d, J=2.7Hz), 6.95-7.50(27H,
m), 6.85(1H, d, J=7.2Hz), 6.40-6.70(9H, m), 5.13(2H, s),
5.06(1H, d, Jd=11.1Hz), 4.91(1H, d, J=11.1Hz), 4.90(1H,
d, J=11.1Hz), 4.84(1H, d, JI=9.6Hz), 4 .80(1H, d,
J=11.1Hz), 4.48-4.62(3H, m), 4.41(1H, d, J=10.3Hz},
3.64-3.83(4K, m), 3.57(2H, t, J=8.97Hz), 3.40-3.48(1H,
m), 3.18(3H, m),

1

6) Preparation of the compound represented by ."

the formula

(8)

562 mg of the compound (5) obtained in Example
1-5) was dissolved in 2.5 ml of DMF, and 49.9 mg of
palladium triflouroacetate was added thereto. This
mixture was stirred at 90°C for 3 hours. The reaction
mixture was partitioned between ethyl acetate and &N

hydrochloric acid. Ths organic layev was shed with

water, a saturated aqueous solution of sadium hydrogen
carbonate, water and then a saturated aqueous solution
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of sodium chloride, dried and concentrated. The result-
ing residue was purified by silica gel chromategraphy
(hexane-ethyl acetate = 4 : 1) to obtain 26 mg of the
desired compound (6) (in a 50% yield).
5 HRMS (m/2): found 1073.4269, calcd 1073. 4251

[as CyqHgy Ny Oy ]

IR (KBr, cm '): 2617, 1699, 1581, 1377, 1257,
1097, 1072, 754, 696.

"H-NMR (300 MHz, CDCl,, & ppm): 10.55(1H, s},

10 9.08(1H, d, J=7.3Hz), 8.87(1H, d, J=8.3Hz),
6.90-7.51(31H, m), 6.86(2H, t, J=7.6Hz), 6.17(2H, d,
J=6.9Hz), 5.30(tH, d, I=11.5Hz), 5.20(2H, d, J=11.5Hz),
5.14(1H, d, J=11.5Hz), 4.73(1H, d, J=10.9Hz), 4.64(1H,
d, J=10.9Hz), 4.59(1H, d, J=11.0Hz), 4.57{1H, d,

15 J=13.1Hz), 4.52(1H, d, J=13.1Hz)}, 4.10(1H, d, J=11.QHz),
4 .00(tH, t, J=9.1Hz), 3.83(1H, d, J=9.6Hz),
3.52-3.76(5H, m), 3.49(3H, s), 2.95(1H, d, J=9.6Hz2).

7) Preparation of the compound represented by
the formula

20

(7)
25

270 mg of the compound (6} obtained in Example
30 1-6) was dissolved in 15 ml of chloroform-methanol (1
1), and a catalytic amount of palladium black was added
thereto. This mixture was stirred under an atmosphere
of hydrogen for 4 hours. After the catalyst was fil~
tered off, the filtrate was concentrated. The resulting
residue was recrystallized from methanol-chloroform-
hexane to obtain 130 mg of the desired compound (7) (in




. I
»

10

15

20

25

30

a 98% yvyield).

26

HRMS (m/z): found 533.1419,

[as Cp; HyyNyOy]

IR (KBr, cm“'):

1387, 1321, 1261, 1238,
"H-NMR (300 MR

J=9.1Hz), 7.01(1H, d, J=7.7Hz),
4.50-5.80(4H, br), 3.95-4.08(2H, m),

3371, 1741,
1081, 754.

calcd 533.1434

1638,

z, DMSO_ds ’ 6 ppm):
s), 10.34(1H, s), 9.95(1H, s), 8.71(1H, d, JI=7.7HZ),
8.53(1H, d, J=7.7Hz), 7.18(2H, t, J=7.7Hz),

6.99(1tH, d,
3.58-3.80(3H, m),

3.39(1H, dd, J=8.6, 9.1Hz), 3.18(3H, s).
8) Preparation of the compound represented by

the formula

1587,

1877,

10.89( 1H,

7.05(1H, d,
J=7.7Hz),

(8)

70 mg of the compound (7) obtained in Example
1-7) was dissolved in 2 ml of a 10% aqueous solution of

potassium hydroxide, and this solution was stirred at

room temperature for 0.5

hour. The reaction mixture was

neutralized by the addition of 1 ml of 2N hydrochloric
acid, and then extracted with methyl ethyl ketone-ethyl
acetate (1 : t). The organic layer was washed with a

saturated aqueous solution of sodium chloride,

dried and

concentrated. The resutting residue was washed with
dichloromethane to obtain 65 mg of the title compound

(8) (in a 95% yield).
HRMS (m/z): f
Fas CygHygMNy 044!

IR (KBr, cm_'):

ound 520.1117,

3353, 18186,

caled 520.1118

1743,

1687,

1348,

}'.‘- o L i N F .
B aly T S
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1249, 1072, 800, 748, 6009.

"H-NMR (300 MHz, DMSO-d,. & ppm): 11.11(1H,
s), 10.52(1H, s), 10.13(1H, s), 8.51(1H, d, J=7.6Hz),
8.36(1H, d, J=7.6Hz), 7.40(1H, d, J=7.8Hz), 7.20(1H, d,
J=7.8Hz), 7.09(1H, d, J=8.0Hz), 7.06(2H, dd, J=7.6,

7 .8Hz), 5.32(1H, dd, J=4.9, 5.1Hz), 5.24(1H, d,
J=5.4Hz), 4.95(1H, d, J=4.6Hz), 3.95-4.10(2H, m),
3.76(1H, m), 3.56-3.70(2H, m), 3.42(1H, m).

8) 100 mg of the compound (8) obtained in
Example 1-8) was dissolved in 10 ml of DMF, and 61 mg of
2-hydrazino-1,3-propanediol was added thereto. This
mixture was stirred at 80°C for 1 hour. After the
reaction mixture was concentrated, the resulting residue
was developed with Sephadex LH-20 and eluted with metha-
nol to obtain 89 mg of the title compound [I-A] {(in a
77% yield).

HRMS (m/z): found 609. 1826, calcd 609.1833
[as CygHygN,0,,1

IR (KBr, cm '): 3300, 1695, 1567, 1540, 1521,
1456, 1417, 1398, 1087, 609.

"H-NMR (300 MHz, DMSO-d;, & ppm): 10.91(1H,
brs), 10.30(1H, brs), 9.90(1H, s), 8.70(1H, d, J=8.0Hz),
8.52(1H, d, J=7.9Hz), 7.16-7.21(2H, m), 6.98-7.05(3H,
m), 5.59¢1H, d, J=2.3Hz), 5.41(1H, d, J=5.7Hz),
5.20-5.40(2H, m), 5.20(tH, d, J=5.3Hz), 4.90(1H, br),
4.50-4.60(3H, m), 3.98-4.15(2H, m), 3.35-3.80(7H, m).
Example 2

Preparation of the compound représented by the

formula

(9)
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69 mg of the compound (3) obtained in Example
1-3) was dissolved in 1 m1 of methylamine (as a 40%
solution in methanol), and this solution was stirred at
room temperature for 10 minutes. After the reaction
mixture was concentrated, the resulting residue was
recrystallized from ethyl acetate-hexane to obtain §5.2
mg of the desired compound (9) (in a 95% yield).

HRMS (m/z): found 553.1982, calcd 553.2002

[as CygHy N O, ]

IR (KBr, cm'i): 1691, 1577, 18531, 1423, 1384,
1259, 1083, 752, 715, 694.
lH—NMR (300 MHz, CDC13, 3 ppm): 8.73(2H,
brs), 7.69(2H, d, J=2.1Hz), 7.30-7.49(10H, m),
6.60-6.75(6H, m), 5.16(4H, s), 3.17(3H, s).
Example 3
| Preparation of the compound represented by the

formula

(10)

30 mg of the compound (9) obtained in Example
2 and 49.9 mg of palladium triflourcacetate were added,
and this mixture was stirred at 90C for 0.5 hour. The
reaction mixture was partitioned between ethyl acetate
and 2N hydrochloric acid. The organic layer was washed
with water, a saturated aqueous solution of sodium
hydrogen carbonate, water and then a saturated agqueous
solution of sodium chloride, dried and concentrated.
The resulting residue was developed with Sephadex LH-20
and eluted with methanol to obtain 14.6 mg of the de-
sired compound (10) (in a 49% yield).

HRMS (m/z): found 551.1839, caled 551.1845

[as 635“25“3041
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IR (KBr, em '): 1742, 1695, 1684, 1577, 1406,
1377, 1251, 1103, 776, 737, 696.

"H-NMR (300 MHz, DMSO-d, , & ppm): 11.67(2H,
s), 8.52-8.55(2H, m), 7.62(4H, d, J=7.1Hz), 7.46(4H, t,
J=7.1Hz), 7.40(2H, d, J=7.1Hz), 7.23-7.28(4H, m),
5.37(4H, s), 3.30(3H, s).
Example 4

[

Preparation of the compound represented by the

formula

(6)

360 mg of potassium hydroxide and 2.2 g of
sodium sulfate were suspended in 40 ml of acetonitrile,
and 483 mg of the compound (10) obtained in Example 3
was added thereto. After this mixture was stirred at
room temperature for 0.5 hour, 12 m1 of an acetonitrile
solution containing 1.06 g of t-chloro-2,3,4,6-tetra-0-
benzyl-D-glucopyranoside was added dropwisé thereto.
After the resulting mixture was stirred at room tempera-
ture overnight, the reaction mixture was poured into 50
ml of 2N hydrochloric acid and extracted with 200 ml of
ethyl acetate. The organic layer was washed with water,
a saturated aqueous solution of sodium hydrogen carbon-
ate, water and then a saturated aqueous solution of
sodium chloride, dried and concentrated. The resulting
residue was purified by siTica gel chromatography
(hexane-ethyl acetate = 10 : 1, toluene-ethyl acetate =
90 : 1) tu obtain 840 mg of the desired compound (6) (in

a 90% yield).
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Its property data agreed with those obtained
in Exampie 1-6).

Example 5
Preparation of the compound represented by the

formula

(9)

2.24 ml of ethylmagnesium bromide (as a 1M
solution in THF) was dissolved in 2.2 ml of toluene, and
500 mg of 7-benzyloxyindole was added thereto at 45T .
After this mixture was heated to 130%€C , 2.8 m? of a
toluene soiution containing 201.7 mg of 2,3-dibromo—-N-
methylmaléeimide was added thereto, followed by stirring
at 130C foer 4 hours. The reaction mixture was poured
inte 5 ml of 2N hydrochloric acid and extracted with 20
ml of ethyl acetate. The organic layer was washed with
water, a saturated aqueous solution of sodium hydrogen
carbonate, water and then a saturated aqueous solution
of sodium chloride, dried and concentrated. The result-
ing residue was purified by silica gel chromatography
( hexane-ethyl acetate = 4 : 1 to 2 : 1) to obtain 156 g
of the desired compound (9) (in a 38% yield).

Its property data agreed with those obtained

in Example 2.
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Example 6
Preparation of the compound [I-B] represented

by the formula

[I-8]

10

This compound was prepared according to a

18 method comprising the following steps 1) to 9).
1) Preparation of the compound represented by

the formula

20
(11)

284 g of 6-benzyloxyindole was dissolved in 3
25 1liters of THF, and 2.7 liters of lithium hexamethyl-
disilazide (as a M solution in THF) was added thereto.
After this mixture was stirred under an atmosphere of
nitrogen at -10C for 45 minutes, 3 liters of a THF
solution containing 340 g of 2,3-dibromo-N-methyl -
30 maleimide was added dropwise thereto over a period of 1

hour.

After completion of the addition, the result-
ing mixture was stirred at 0C for 15 minutes. The
reaction mixture was poured into 10 liters of 2N hydro-
chloric acid and extracted with 30 liters of ethy!l
acetate. The organic layer was washed with a saturated
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aqueous solution of sodium hydrogen carbonate and then a
saturated aqueous solution of sodium chloride, dried and
concentrated. The resulting residue was recrystallized
from methanot to obtain 482 g of the desired compound
(1t) (in a 93% yield).

HRMS (m/z): Ffound 410.0292, calcd 410.0266
[as czcﬂtsNzOJBr}

IR (KBr, cm '): 3330, 3318, 1762, 1701, 1606,
1511, 1450, 1165, 1135, 1041, 794.

"H-NMR (300 MHz, CDCl,, & ppm): 8.60(1H,
brs), 7.96(tH, d, J=8.1Hz), 7.94(1H, d., J=2.5Hz),
7.33-7.47(5H, m), 7.00(1H, dd, J=2.5, 8.8Hz), 6.97(1H,
d, J3=2.5Hz), 5.13(2H, s), 3.16(3H, s).

2) Preparation of the compound represented by

the formula

&

= (12)

1.00 g of the compound (11) obtained in Exam-
ple 6-1), 637 mg of di-tert-butyl dicarbonate and 3 mg
of 4-N,N-dimethylaminopyridine were dissolved in 200 ml
of THF, and this solution was stirred at room tempera-
ture for 1 hour. After the reaction mixture was concen-
trated, the resulting residue was recrystallized from
ethyl acetate-hexane to obtain 1.18 g of the desired
compound {(12) (in a 96% yield).

IR (KBr, cm™'): 1740, 1714, 1614, 1527, 1487,
1443, 1373, 1227, 1153.

HRMS (m/z): found 510.0771, caled 510.0791
[as Cst”:lzosBr]

H-NMR (300 MHz, CDC13. 5 ppm): 8 19(1H, s),
7.91(tH, d, J=2.3Hz), 7.73(1H, d, J=8.9Hz),
7.34-7.50(5H, m), 7.03(tH, dd, J=2.3, 8.5Hz), 5.16(2H,
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s)., 3.18(3H, s), 1.68(9H, s).
3) Preparation of the compound represented by

the formula

(13)

10
218.4 mg of 6-benzyloxyindole was dissolved in

20 m1 of THF, and 2.35 ml of 1ithium hexamethyl-
disilazide (as a IM solution in THF) was .added thereto.
After this mixture was stirred under an atmosphere of

15 nitrogen at 0C for 15 minutes, 10 m1 of a THF solution
containing 500 mg of the compound (12) obtained in
Example 6-2) was added dropwise thereto over a period of
10 minutes. After completion of the addition, the
resulting mixture was stirred at room temperature for

20 0.5 hour. The reaction mixture was poured into 100 mL
of 2N hydrochloric acid and extracted with 400 miL of
ethyl acetate. The organic layer was washed with water,
a saturated aqueous solution of sodium hydrogen carbon-
ate and then a saturated aqueous solution of sodium

25 chloride, dried and concentrated. The resulting residue
was recrystallized from toluene-hexane to obtain 580 mg
of the desired compound (13) (in a 91% yield).

HRMS (m/z): found 653.2556, calcd 653.2528

[as Ty y HygN, O

30 IR (KBr, ocm’

1445, 1155,

"H-NMR (300 MHz, CDC1,, & ppm): 8.41(1H,
brs), 7.97(1H, s}, 7.84(1H, brs), 7.68(1H, brs).
7.16-7.43(10H, m), 6.98(1H, d, J=9.2Hz), 6.85(1H, brs),
6.74(1H, d, J=9.2Hz), 6.58(1H, d, J=9.2Hz), 6.52(1H, d,
J=@.2Hzj), 5.05(2H, s), 5.02(2H, s), 3.19(3H, s),

'y. 1740, 1701, 1646, 1623, 1543,
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4) Preparation of the compound represented by

the formula

(14)

50 mg of the compound (13) obtained in Example

6-3), 186 mg of 2,3
and 90 mg e¢f triphe
of THF, and 0.054 m
ester was added the
stirred for 1 hour.

,4,6-0O-tetrabenzyl -D-glucopyranose
nylphosphine were dissolved in 3 ml
1 of azodicarboxylic acid diethyl
reto at 0C . This mixture was

The reaction mixture wasgs parti-

tioned between 40 ml of ethyl acetate and 20 ml of 2N

hydrochloric acid.

The organic layer was washed with

water, a saturated aqueous solution of sodium hydrogen

carbonate, water and then a saturated aqueous solution

of sodium chloride,
ing residue was pur

{ hexane—-ethyl aceta

dried and concentrated. The result-
ified by silica gel chromatography
te = 4 : 1) to obtain 36.4 mg of the

desired compound (14) {(in a 62% yield).
HRMS (m/z): found 1175.4955, calcd 1175.4932

Las C; Hyy N0y, ]

IR (KBr, cm '): 2360, 1736, 1701, 1616, 1543,

1489, 1454, 1363, 1

219, 1183.

TH-NMR (300 MHz, CDCl,, & ppm}: 8.03(1H, s),

7.95({1H, s), 7.78-7
6.84(tH, d, J=8.7Hz
J=8.9Hz), 6.32(1H,

J=2.4, 8.7Hz}, 5.33

.82(tH, m), 7.04-7.38(30H, m),

), 6.76-6.84(1H, m), 6.79(1H, d,
dd, J=2.2, 8.9Hz), 6.28(1H, dd,
(1H, d, J=8.7Hz), 4.82-4.94(7H, m),

4 . 67¢14, d, J=10.642), 4.63(1H, d, J=12.1 H), 4.55(1H,
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d, J=12.1tHz), 4.10(tH, d, J=10.2Hz), 3.69-3.95(6H, m),
3.40(1H, d, J=10.2Hz), 3.20(3H, s), 1.66(9H, s).
85) Preparation of the compournd represented by

the formula

(15)

10

14.1 mg of the compound (14) obtained ir

15 Example 6-4)} was dissolved in 5 ml of methylamine (as a
40% solution in methanol), and this solution was stirred
at room temperature for 30 minutes. After the reaction
mixture was concentrated, the resulting residue was
purified by silica gel chromategraphy (hexane-ethyl

20 acetate = 7 : 3) te obtain 12.3 mg of the desired com-
pound (15) (in a 96% yield).

HRMS (m/z): found 1075.4392, calcd 1075. 4408
[as CgyHy1 N304

IR (KBr, cm '): 3311, 3030, 2927, 1697, 1621,

25 1533, 1454, 1385, 1159, 1093.

"H-NMR (300 MHz, CDC1,, & pem): 8.29(1H,
d,J=2.7Hz), 7.96(1H, s), 7.52(tH, d, I=2.7Hz),
7.19-7.40(25H, m), 7.03-7.19(5H, m), 6.78-6.84(3H, m)},
6.67(1H, d, J=8.8Hz), 6.45(1H, dd, J=2.2, 8.8Hz),

30 6.34(1H, dd, J=2.2, 8.8Hz), 5.34(1H, d, J=8.7Hz),
4.82-4.94(7H, m), 4.67(1H, d, J=10.7HzZ), 4.62(1H, d,
J=12.2Hz), 4.53(1H, d, J=12.2Hz), 4.12(1H, d, JI=10.2Hz),
3.67-3.98(7H, m), 3.18(3H, m).

ORI S o e i
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6) Preparation of the compound represented by

the formula

(16)

52 mg of the compound (15) obtained in Example
6-5), 26.8 mg of copper(IlI) chloride and 50 mg of molec-

ular sieve were dissolved in 1t ml of methyl! ethyl ke-

tone, and this solution was stirred at room temperature

for 2 hours.

through celite,

After the reaction mixture was filtered

the filtrate was concentrated. The

resulting residue was purified ¥ silica gel chromatog-

raphy {dichloromethane) to obtain 42 mg of the desired

compound (16) (in a 84% yield).

HRMS (m/z): found 1073.4237,

[as Cyq HygNy Oy ]

IR (KBr, cm't):

1533, 1454, 1385, 1159, 1
'H-NMR (300 MHz, CDCl,, 5 ppm): 10.6(1H, s),
9.24(1H, d, J=9.5Hz), 9.13(1H, d, J=9.5Hz).

7.07-7.50(29H, m),

calcd 1073. 4251

3311, 3030, 2927, 1697, 1621,

093.

6.98-7.03(1H, m), 6.83-6.91(2H; m),

6.18-6.22(2H, m), 5.84(1H, d, J=8.9Hz), 5.12-5.22(2H,
m), 5.18(1H, d, J=11.5Hz), 5.08(tH, d, JI=11.5Hz),

4.97(1H, d, J=10.7Hz), 4.89(1H, d, J=10.7Hz), 4.84(1H,
d, J=10.7Hz), 4.74(1H, d,
J=10.7Hz), 4.56(1H, d, I=13.0Hz), 4.32{(1H, dd, J=9.6,
3.82-3.97(3H, m), 3.79(1H, dd,

9.6Hz},
J=2.7,

3.98-4.07(2H, m),
10.2Hz ), 3.33(3H,

J=13.0Hz), 4.67(1H, d,

s)n 3-00(1H- dn J=9.7HZ).
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7) Preparation of the compound represented by

the formula

(17)

100 mg of the compound (16) obtained in Exam-
ple 6-6) was dissolved in 6 ml1 of chloroform-methanol
(2 : 1), and a catalytic amount of palladium black was
added thereto. This mixture was stirred under an atmo—
sphere of hydrogen for 2 hours. After the catalyst was
filtered off, the filtrate was concentrated. The re-
sulting residue was crystallized from methanrnol-acetone-
ethyl acetate—-hexane, developed with Sephadex LH-20,
eluted with chloroform-me thanol-ethanol-tetrahkydrofuran
(6 : 2 : 2 : 1), and recrystallized from acetone-metha-
nol-hexane to obtain 43.8 mg of the desired compound
(17) (in a 88% yield).

HRMS (m/z): found §33. 1429, calcd 533.1434
[as CypHy3N3 0yl

IR (KBr, cm"): 3328, 1733, 1683, 1678, 1540,
1417, 1126, 1081, 611.

'H—NMR (300 MHz, DMSO—de, S ppm): 11.20(1H,
s), 9.76(1H, s), 9.74(1H, s), 8.88(1H, d, J=8.6Hz),
8.80(1H, d, J=8.6Hz), T7.18(1H, d, J=2.1Hz), 6.99(1H, d,
J=2.1tHz), 6.82(1H, dd, J=2.1, 8.6Hz), 6.80(1H, dd,
J=2.1, 8.6Hz), 5.97(1H, d, J=8.9Hz), 5.86(1H, t,
J=4.0Hz), 5.33(tH, d, J=4_.9Hz), 5.12(tH, d, J=4.3Hz),
4.94(tH, d, J=5.2Hz), 4.02{1H, dd, J3=3.0, 10.7Hz),
3.94(1H, m), 3.78(1H, m), 3.52(2H, m), 3.16(3H, s}.
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8) Preparation of the compound represented by s

the formula AR

5
(18) :
10 %
1.2 g of the compound (17) obtained in Example ;
6-7) was dissolved in 40 ml of a 10% aqueous solution of “‘%
potassium hydroxide, and this solution was stirred at
15 room temperature for 1 hour. The reaction mixture was :Z/A;f

neutralized by the addition of 40 ml of 2N hydrochloric PRRRY:
acid, and then extracted with 1 liter of methyl ethyl - ST
ketone. The organic layeir was washed with a saturated o ;S
aqueous solution of sodium chloride, dried and céncen- ‘
20 trated. The resulting residue was recrystallized from
acetone-heptane to obtain 1.2 g of the desired compound

(18) (in a 100% yield).

HRMS (m/z): found 520.1147, calecd 520.1118 5
[as CygHygNyOyy ] 1 L
25 IR (KBr, ecm '): 3311, 1810, 1739, 1652, 1626, _

1558, 1405, 1091, 611.
TH-NMR (300 MHz, DMSO-d;, & pem): 11.4(1H,
s), 9.95(1H, s), 9.92(1H, s), 8.69(1H, d, JI=7.7Hz),
8.63(1H, d, J=7.7Hz), 7.25(1H, d, J=1.8Hz), 7.03(1H, d,
30 J=1.5Hz), 6.90(1H, dd, J=1.5, 7.7Hz), 6.87(1H, 4, J=1.5,
7.7Hz), 6.06(1H, d, J=8.0Hz), 5.95(1H, t, J=4.6Hz),
5§.38(tH, d, J=5.tHz), 5.16(1H, d, J=5.2Hz), 4.99(1H, d,
J=5.2HzY, 3.30-4.10(6H, m).
8) 500 mg of the compound (18) obtained in
Example 6-8) was dissolved in 50 m1 of DMF, and 152 mg
of 2-hydrazine-1,3-propanediol was added thereto. This
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mixture was stirred at 80C for 1 hour. After the
reaction mixture was concentrated, the resulting residue
was purified with Sephadex LH-20 (chloroform-methanol~
ethanol-water =5 : 2 : 2 : 1) to obtain 418 mg of the
title compound [I-B] (in a 77% yield).

HRMS (m/z): found 609. 1816, caled 609.1833
[as CygHygN 0y

| IR (KBr, cm™ '): 3415, 3353, 1749, 1652, 1575,

1540, 1375, 1197, 609.

"H-NMR (300 MHz, DMSO-d;, & ppm): 11.20(1H,
s), 9.78(1H, s), 9.75(s4, s), B.87(1H, d, J=8.6Hz),
8.79(1H, d, J=8.6Hz), 7.18(1H, d, J=2.0Hz), 6.98(1H, d,
J=2.0Hz), 6.82(1H, dd, J=2.0, 8.6Hz), 6.80(1H, dd,
J=2.0, 8.6Hz), 5.97(1H, d, J=8.3Hz), 5.86(1H, d,
Jx3.8Hz), 5.55(1H, d, J=2.6Hz), 5.32(1H, d, J=4.6Hz),
5§ 11(1H, d, J=5.3Hz), 4.91(1H, d, J=5.1Hz), 4.53(2H, t,
J=5.4Hz), 4.02(1H, m), 3.85-3.95(2H, m), 3.78(1H, m),
3.40-3.60(6H, m), 3.20-3.30(1H, m).
Example 7

Preparation of the compound represented by the

formula

(19)

1.00 g of the compound (11) obtained in Exam—~
ple 6-1), 6.57 g of 2,3,4,6-0-tetrabenzyt-D-glucopyra=
nose and 3.19 g of triphenylphosphine were dissolved in
40 m1 of TH¥, and 1.91 ml of azodicarboxyli¢ acid
diethyl ester was added thereto at OC . This mixture
was stirred for 1 hour, during which time the tempera-



10

16

20

25

30

40

ture was gradually raised to room temperature. The
reaction mixture was partitioned between 200 ml! of ethyl
acetate and 100 m1 of aqueous ammonium chloride. The
organic layer was washed with water, a saturated aqueous
solution of sodium hydrogen carbonate, water and then a
saturated aqueous solution of sodium chloride, dried and
concentrated. The resulting residue was purified by
silica gel chromatography (hexane-ethyl acetate = 8 : 1
to 4 : 1) to obtain 3.07 g of the desired compound (19)
(in a 91% yield).

HRMS (m/z): found 932.2694, calcd 932.2627
[as C5IH49NZOBBr}

IR (KBr, em™'): 1767, 1707, 1603, 1454, 1379,
1090, 1026.

"H-NMR (300 MHz, CDCl,, & ppm): 7.96(1H, d,
J=8.9Hz), 7.93(1H, s), 7.17-7.41(20H, m), 6.97-7.17(5H,
m), 6.71(2H, dd, J=1.3, B8.9Hz), 5.29(1H, d, J=8.4Hz),
5.00(1H, d, J=7.8Hz), 4.97(1H, d, J=7.8Hz), 4.93(1H, d,
J=11.9Hz), 4.92(1H, d, J=10.8Hz), 4.90(1H, d, J=11,9Hz),
4.68(1H, d, J=10.8Hz), 4.61(1iH, d, J=11.9Hz), 4.52(%H,
d, J=11.9Hz), 4.17(1H, d, J=10.0Hz), 3.75-3.96(5H, m),
3.71¢1H, brd, J=9.6Hz), 3.56(1H, d, JI=10.0Hz), 3.16(3H,

s).
Example 8
Preparation of the compound represented by the

formula

(15)
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5 ml of THF, and 3.45 m1 of lithium hexamethyldisilazide
(as a 1M solution in THF) was added thereto. After this
mixture was stirred under an atmosphere of nitrogen at
0C for 15 minutes, 15 m1 of a THF solution containing
1,470 mg of the compound (19) was added dropwise thereto
over a period of 10 minutes. After completion of the
addition, the resulting mixture was stirred at room
temperature for 1 hour. The reaction mixture was poured
into 100 mL of 2N hydrochloric acid and extracted with
200 mL of ethi: acetate. The organic layer was washed
with water, a saturated aqueous solution of sodium
hydrogen carbonate and then a saturated aqueous solution
of sodium chloride, dried and concentrated. The result-
ing residue was purified by silica gel chromatography
(hexane-ethyl acetate = 4 : 1 to 1 : 1) to obtain 1,234
mg of the desired compound (15) (in a 73% yield).

Its property data agreed with those gbtained
in Example 6-5).
Exampie 9

Preparation of the compound represented by the

formula

(20)

100 mg of the compound (13) obtained in Exam-
ple 6-3) was dissolved in 10 m1 of methylamine (as a 40%
solution in methanol), and this solution was stirred at
room temperature for 30 minutes. After the reaction
mixture was concentrated, the resulting residue was
recrystallized from dichloromethane-acetone-hexane to
obtain 68.6 m of the desired compound (20) (in a 84%

yield).
HRMS (m/z): found 553.1982, calcd 553.2002
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[as CygHy; N0, ]

IR (KBr, cm '): 3419, 3350, 1759, 1697, 1620,
1533, 1454, 1383, 1292, 1167.

"H-NMR (300 MHz, DMSO-d, , & ppm): 11.48(2H,
s), 7.62(2H, s), 7.28-7.45(10H, m), 6.95(2H, d,
J=1.2Hz), 6.70(2H, d, J=8.7Hz), 6.39(2H, dd, J=1.2,
8.7Hz), 5.04(4H, s), 3.03(3H, s).

Example 10
Preparation of the compound represented by the

formula

(21)

1.0t g of the compound (20) obtained in Exam-
ple 9 and 456.1 mg of 2,3~dichloro-5,6-dicyano-1, 4~
benzoquinone we#e dissolved in 50 m1 of toluene, and
this solution was stirred at 110C for 46 minutes.
After the reaction mixture was returned to room tempera=-
ture, the insoluble matter was filtered off and washed
with 30 ml of methanol., The residue was recrystallized
from dimethyl sulfoxide-dichloromethane-methanol to
obtain 981 mg of the desired compound (21) (in a 98%
yield).

HRMS (m/z): found 551.1829, calcd 551.1845
[as CygHygNy 0, ] y

IR (KBr, cm " ): 3257, 1740, 1675, 1620, 157%,
1402, 1246, 1178.

'H-NMR (300 MHz, OMSO-d;, & pem): 11.46(2H,
s), 8.79(24, d, J=8.5Hz), 7.53(4H, d, 8.5Hz},
7.35-7.44(84, m), 7.02(2KH, dd, 8.5, 0.8Hz), 5.25(4H, s),

3.13(3H, s).
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Efample 11
Preparstion of the compound represented by the

formula

(16)

10

BrO " OBn

5.7 g of potassium hydroxide and 22 g of

sodium sulfate were suspended in 380 ml of acetonitrile,

15 and 5.51 g of the compound (21) obtained in Example 10
was added thereto. After this mixture was stirred at
room temperature for 1 hour, 170 ml of an acetonitrile
solution containing 11.5 g of 1-chloro-2,3,4,6-tetra-0-
benzyl-D-glucopyranoside was added dropwise thereto.

20 After the resulting mixture was stirred at room tempera-
ture for 7 hours, the reaction mixture was poured into
360 m? of tN hydrochloric acid and extracted withk 360 ml
of ethyl acetate. The orgdnic layer was washed with
water, a saturated aqueous solution of sodium hydrogen

25 <carbonate, water and then a saturated aqueous solution
of sodium chloride, dried and concentrated. The result-
ing residue wasrpurified by silica gel chromatography
( toluene-ethyl acetate = 30 : t) to obtain 7.8 g of the
desired compound (18) (in a 73% yield).

30 Its property data agreed with those obtained

in Example 6-6).
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Example 12
Preparation of the compound represented by the

formula

(20)

10 50 m1 of ethylmagnesium bromide (as a 0.9M
solution in THF) was dissolved in 50 ml of toluene, and
10 g of 6-benzyloxyindole was added thereto at 45T .
After this mixture was stirred for 1 hour, 50 ml of a
toluene solution containing 4.02 g of 2,3-dibromo-N-

'15 methyimaleimi de was added thereto, followed by stirring
at 110C overnight. The reaction mixture was poured
into 500 ml1 of 2N hydrochloric acid and extracted with
900 ml1 of methyl ethyl ketone. The organic layer was
washed with water, a saturated aqueous solution of

20 sodium hydrogen carbonate, water and then a saturated
aqueous solution of sedium chloride, dried and concen-
trated. The resulting residue was purified by silica
gel chromatography (dichloromethane) and then recrystal-
tized from dichloromethane-acetone-hexane to obtain §.66

25 g of the desired compound (20) (in a 69% yield).

Its property data agreed with those obtained
in Example 9.

Example 13
Preparation of the compound represented by the

30 formula

(22)
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wherein SEM represents a 2-trimethylsilylethoxymethyl
group, and the same will apply hereinafter.

2.00 g of the compound (11) obtained in Exam-
ple 6-1), 1 g of 2-trimethylsilylethoxymethyl chloride
and 300 mg of sodium hydride were dissolved in 30 ml of
THF, and this solution was stirred at room temperature
for 0.5 hour. The reaction mixture was poured into 200
ml of 2N hydrochloric acid and extracted with 300 ml of
ethyl acetate. The organic layer was washed with water,
a saturated aqueous solution of sodium hydrogen carbon-
ate, water and then a saturated aqueous solution of
sodium chloride, dried and concentrated. The resulting
residue was purified by silica gel chromatography
{ hiexane—ethyl acetate = 4 : 1) to obtain 1.96 g of the

desired compound (22) (in a 77% yield).

"H-NMR (300 MHz, CDCl,, 5 ppm): 7.96(1H, d,
J=8.9Hz), 7.89(1H, s), 7.33-7.50(5H, m), 7.10(1H, d,
J=2.2Hz). Z.01(1H, dd, J=2.2, 8.9Hz), 5.48(2H, s),
5.15(2H, s). 3.52(2H, t, J=B.1Hz), 3.16(3H, s), 0.90(2H,
t., J=8.1Hz), -0.04(9H, s).

Example 14
Preparation oc the compound represented by the

formula

(23)

1.25 g of 6-benzyloxyindole was dissolved in
20 mt of THF, and 2.35 ml! of 1ithium hexamethyl-
disilazide (as a 'M solution in THF) was added thereto.
After this mixture was stirred under an atmosphere of
nitrogen at 0C for 30 minutes, 20 m1 of a THF solution
containing 1.86 g of the compound (22) obtained in
Example 13 was added dropwise thereto, followed by
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stirring for 2 hours. The reaction mixture was poured
into 100 mL of 2N hydrochloric acid and extracted with
200 mL of ethyl acetate. The organic layer was washed
with water, a saturated aqueous solution of sodium
hydrogen carbonate and then a saturated aqueous solution
of sodium chloride, dried and concentrated. The result-
ing residue was purified by silica gel chromatography

( hexane-~ethyl acetate = 4:1) and then recrystalli zed
from ethyl acetate-acetone-hexane to obtain 2.21 g of
the desired compound (23) (in a 91% yield).

IR (KBr, cm '): 3369, 1697, 1621, 1533, 1456,
1385, 1246, 1164, 1091, 1025, 837, 737, 696.

"H-NMR (300 MHz, CDC1,. & ppm): 8.55(1H, d,
J=2.0Hz), 7.67(1H, s), 7.57(1H, d, J=2.0Hz),
7.27-7.45(10H, m), 7.00(1H, d, J=2.0Hz), 6.89(1H, d,
J=8.9Hz), 6.80(2H, d, J=8.9Hz), 6.49(2H, dd, J=2.0,
8.9Hz), 5.41(2H, s), 5.01(2H, s), 4.96(2H, s), 3.50(2H,
t, J=8.9Hz), 3.17(3H, s), 0.90(2H, t, J=8.9Hz),
-0.02(9H, s).

Example 15
Preparation of the compound represented by the

formula

(24)

1.0 g of the compound (23) obtained in Example
14 and 2.0 g of calcium carbonate were dissolved in 50
ml of DMF, and 1.09 g of palladium chloride was added
thereto. This mixture was stirred at 80C for 0.5 hour.
After the reaction mixture was filtered through celite,
the filtrate was partitioned between 200 ml1 of ethyl
acetate and 100 ml of 2N hydrochloric acid. The organic
1ayver was washed with water, & saturated aqueous solu-
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tion of sodium hydrogen carbonate, water and then a
saturated aqueous solution of sodium chloride, dried and
concentrated. The resulting residue was purified by
silica gel chromatography (hexane-ethyl acetate = 6 : 1
to 3 : 1) and then recrystallized from acetone-hexane to
obtain 689 mg of the desired compound (24) (in a 69%
yield).

IR {KBr, cm°'): 1747, 1697, 1621, 1581, 1454,
1429, 1376, 1338, t282, 1251, 1214, 1187, 1132, 1066.

"H-NMR (300 MHz, CDCl,, & ppm): 9.66(1H,
brs), 9.00(2H, t, J=8.7Hz), 7.35-7.53(10H, m), 7.08(2H,
dd, J=2.2, 8.7Hz), 7.06(1H, d, JI=2.2Hz), 7.03{iH, d,
J=2.2Hz), 5.72(2H, s), 5.22(2H, s). 5.2t1(2H, s),
3.70(2H, t, J=8.1Hz), 3.09(3H, s)., 0.96(2H, t, J=8.1Hz),
-0.05(9H, s).

Example 16
Preparation of the compound represented by the

formula

(25)

30 mg of potassium tert-butoxide and 200 mg of
sodium sulfate were suspended in 2 ml1 of toluene, and 50
mg of the compound (24) obtained in Examplie 15 was added
thereto. After this mixture was stirved at room temper-
ature for 0.5 hour, 1 ml of a toluene soluticon contaia-~
ing 130 mg of 1-chlioro-2,3,4,6-tetra-0O-benzyl-D-
dlucopyranoside was added dropwise therete. After the
resulting mixture was stirred at 50C overanight, the
reaction mixture was poured inte 50 ml1 of tN hydrochto-
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ric acid and extracted with 100 ml of ethyl acetate.

The organic layer was washed wi th water, a saturated
aqueous solution of sodium hydrogen carbonate, water and
then a saturated aqueous solution of sodium chloride,
dried and concentrated. The resulting residue was
purified by silica gel chromatography (hexane-ethyl
acetate = 8 : 1 to 6 : 1) to obtain 58.6 mg of the
desired compound (28) (in a 65% yield).

"H-NMR (300 MHz, CDCl,, & ppm): 9.03(1H, d,
J=9.5Hz), 8.99(1H, d, J=9.5Hz), 6.77-7.57(32H, m),
6.07(2H, d, J=7.5Hz), 5.30(1H, d, J=8 .9Hz2), 5.26(2H, s),
5.13(2H, s), 3.47-5.02(15H, m), 3.42(2H, t, J=8.9Hz),
3.12(3H, s), 2.61(1H, d, J=9.5Hz), 0.93(2H, t, J=8.9Hz),
-0.07(9H, s).

Example 17
Preparation of the compound represented by the

formula

(16)

45 mg of the compound (25) obtained in Example
16, 50 mg of moiecular sieve and 0.9 m]l of tetra-
butylammonium fluoride (as a IM solution in THF) were
dissolved in 1 ml of tetrahydrofuran, and this mixture
was stirred at 50C for 2 hours. After the reaction
mixture was filtered through celite, the filtrate was
poured into 50 ml of IN hydrochloric acid and extracted
with 100 ml of ethyl acetate. The organic layer was
washed with water, a saturated aqueous solution of
sodium hydrogen carbonate, water and then a saturated
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aqueous solution of sodium chloride, dried and concen-
trated. The resulting residue was purified by silica
gel chromatography (hexane-ethyl acetate = 10 : 1) to
obtain 26.7 mg of the desired compound (16) (in a 85%
5 yield).
Its property data agreed with those obtained
in Example 6-6).

Example 18
Preparation of the compound represented by the

16 formula
HENNHCH(QHBOH)2 (26)

1) 10.0 g of dihydroxyacetone dimer and 14.7

15 g of tert-butyl carbazinate were dissolved in 500 ml of
ethanol, and this solution was stirred at room tempera-
ture for 15 hours. After the reaction mixture was
concentrated under reduced pressure, the resulting
residue was recrystallized from ethyl acetate to obtain

20 18.67 g of 2-(tert-butyloxycarbonyl)}-hydrazono-1, 3-
propanediol as a colorless solid.

"H-NMR (300 MHz, DMSO-dy. 5 ppm): 1.49(9H,
s), 3.92(2H, d,aasﬁzﬁ;}, 4.24(2H, d, J=5.0Hz), 4.88(1H,
t, J=5.8Hz), 5.8%(tH, t, JI=B.1Hz), 9.98(1H, brs).

25 2) 50 mi of & borane-tetrashydrofuran complex
was added to 5.00 g of 2-(tert-butyioxycarbonyl)-
hydrazono-1,3-propanediol at 0C , and thig mixture was
gstirred at room temperature for 0.5 hour. 25 ml of 6N
hydrochloric acid was added to the reaction mixture, and

30 the resulting mixture was heated under refiux for 1.5

hours. After the reaction mixture was concentrated

under reduced pressure, the resulting residue was ad-
sorbed to Dowex 50Wx4 of the H' type, washed with water,
and eluted with 0.5N aquecus ammonia. After fractions
containing the desired product were collected and con-
centrated under reduced pressure, the resulting oily

3
&y

£
N
"q.
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material was adsorbed to IRC-50 of the NH4' type and
eluted with water. Fractions containing the desired
product were collected and concentrated under reduced
pressure to obtain 2.26 g of 2-hydrazino-1, 3-propanediol
as a colorless solid.

FAB-MS (m/z): 107 (M+H)'

1H-NMR (200 MHz, Cb, 0D, & ppm): 2.78(1H, m),
3.50-3.75(4H, m).
Reference Example 1

Prepéfation of the compound represented by the

formula

(27)

Microtetraspora sp. A34549 strain [Accession
Number: FERM BP-4206 {(a microorganism transferred from
No. P-13292 deposited with the Research Institute of
Microbiological Techriology on November 17, 1992) which

had been grown on a stant agar medium was inoculated in
a 500 m1 conical culture flask containing 110 m1 of a
culture medium (pH 7.2 before sterilization) composed of
0.2% glucose, 2.0% dextrin, 0.5% catmeal, 0 .5% degreased
rice bran, 0.2% degreased meat-bone meal, 0.1% dry
veast, 0.05% magnesium sulfate heptahydrate, 0.05%
sodium bromide, 0.5% sodium chioride and 0.1% dipotassi-
um hydrogen phosphate, and incubated at 28C on a rotary
s haker (180 revolutions per minute) for 8 days. 2 ml
each of the resulting cul ture was inoculated in twenty
500 m1 conical culture flasks containing 110 ml of a
cutture medium having the aforesaid composi tion, and
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itncubated at 28C on a rotary shaker (180 revolutions
per minute). After 9 days' incubation, 0.5 ml of a 20
mg/ml solution of 12,13-dihydro-1,t1~dihydroxy-SH-
indolof2,3-alpyrrola{3,4-clcarbazole-5,7(6H)-dione
[compound (28); see Japanese Laid-Open Patent No.
2077/'91] in dimethyl sul foxide was added to each flask,
and the incubation was continued under the aforesaid
conditions for an additional 15 days.

The culture thus obtained was extracted with 3
liters of methyl ethyl ketone {MEK). After the MEK
extract was concentrated under reduced pressure, the
resulting concentrate was extracted with ethyl acetate..
The ethyl acetate extract (850 wml) was dehydrated with
anhydrous sodium sulfate and then concentrated to dry-
ness. This was subjected to silica gel column chroma-
tography (1.5 cm in inner diameter and 30 cm in length;
BW-350 silica gel; manufactured by Fuji-Davison Chemical
Co., Ltd.), washed with chloroform—me thanol-tetra-
hydrofuran-28% aqueous ammonia (2 : 1 : 3 : 0.2}, and
eluted with chloroform-methanol -tetrahydrofurarn (3 : 1
1). Fractions containing the desired product were
collected and concentrated to dryness. The resulting
residue was dissolved in a small amount of tetra-
hydrofuran-ethanel (1 : 3), subjected to Sephadex LH-20
column chromatography (1.5 cm in inner diameter and 87
cm in length), and eluted with ethanol. Fractions
containing the desired product were collected and con-
centrated to dryness to obtair 53.9 mg of the title
compound €27), i.e., 12,13-dihydro-1,11-dihydroxy-13-
(B-D-glucopyranosyl )-5H-indoloje¢,3-a]pyrrolof3,4-¢cl~-
carbazole-5,7{6H)-dione.

HR FAB-MS (m/z): §519.1313

"H-NMR (400 MHz, DMSO-d, & ppm): 11.0(1H,
s), 10.9(1H, s), 10.3{tH, brs), 9.93{(1H, brs), B8.69(1H,
d, J=7.8Hz), 8.51(1H, d, J=7.8Hz), 7.17(2H, t, J=7.8Hzy},
7.050tH, 4, J=9.3Hz), 7.01(1H, d J=7.8Hz), 6.99(1H, ¢,
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J=7.8Hz), 5.41(1H, d, J=5.9Hz), 5.34(1H, brs), 5.20(1H,
d, J=5.4Hz), 4.89(1H, brs), 4.02(2H, m), 3.74(1H, m),
3.63(2H, m), 3.41(1H, m).
Reference Example 2

Preparation of the compound represented by the

formula

(27)

SacclEarothrix aerocolonigenes ATCC 39243
strain which had been grown orn a slant agar medium was
inoculated in seven 500 ml1 conical culture flasks con-
taining 110 m1 of a culture medium (pH 7.2 before ster-
itization) composed of 3.0% glucose, 1.0% soya flour,
1.0% cottonseed cake and 0.3% calcium carbonate, and
incubatad at 28C on a rotary shaker (180 revolutions
per minute) for 48 hours. 4 ml each of the resulting
culture was inoculated in one hundred and fifty 500 ml
conical culture flasks containing 170 ml of a culture
medium (pH 7.2 before sterilization) composed of 1.0%
glucose, 6.0% dextrin, 1.5% linseed cake, 0.5% powdered
yeast, 0.1% ferrous sulfate heptahydrate, 0.1% ammonium
dihydrogen phosphate, 0.1% ammonium sulfate and 1.0%
calcium carbonate, and incubated at 28C on a rotary
shaker (180 revolutions per minute). After 120 hours'
incubation, 0.5 ml of a 20 mg/m1 solution of 12,13~
dihydro-1,11-dihydroxy-5H-indol6[2,3-alpyrrolo(3, 4-¢]}~
carbazote-5,7(6H)-dione [see Japanese Laid-Open Patent
No. 2077/'91] in dimethyl sulfoxide (DMSO) was added to
each flask, and the incubation was continued under the
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aforesaid conditions for an additional 120 hours.

The microbial cells separated by filtering the
culture thus obtained was extracted twice with methanol
(5.1 liters and 5.6 liters) and twice with tetra-
hydrofuran (2.2 liters and 2.3 liters). The methanol
and tetrahydrofuran extracts were combined and concen-
trated to about 1,600 ml1:. The aqueocus solution obtained
by concentration was extracted with hexane (780 m1) to
remove any impurities, and the aqueous layer was ex-
tracted with 3.3 liters of ethyl acetate. After the
ethyl acetate extract was concentrated to dryness, the
resulting residue was washed with about 90 ml of ethyl
acetate and then extracted with about 90 ml1 of methanol.

The methanol extract was concentrated to dryness to

obtain 694 mg of a yellow-orange solid. This was dis-

solved in 40 ml of methanol and subjected to Sephadex
LH-20 column chromatography (3.0 x 53 cm; manufactured
by Pharmacia Co.) using methanol as the eluent. Frac-
tions containing the desired compound were collected and
concentrated to dryness. The resulting residue was
subjected to silica gel column chromatography (1.5 x 46
cm; HKiuselgel 60; manufactured by Merck Co.), washed
with chloroform and then with chloroform-me thanal (10
1), and eluted with ethyl acetate-methanol (106 : 1).
The eluate was concentrated to dryness to obtain 169 mg
of the desired title compound (27), i.e., 12,13-
dihydro-1,11-dihydroxy-13~-(B-D~giucopyranosyl)-5H~
indolo[2,3~a]lpyrrolo[3,4-c]lcarbazole-5,7(6H)-dione.

The property data of the title compound thus
obtained were identical to those of the compound ob-

tained in Reference Example 1.
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Reference Example 3

Preparation of the compound represented by the

formula

go¥a®

HO H OH
£2§OH
‘ H OH
10 H

3.4 g of the 12,13-dihydro-1,1t-dihydroxy-13-

(8)

(B-D-glucopyranosyl )-S5H-indolo(2,3-alpyrrolo[3,4-c]-
carbazole-5,7(6H)-dione prepared in Reference Example 1

15 or 2 was dissolved in 120 ml of a 10% aqueous solution
of potassium hydroxide, and this solution was stirred at
room temperature for 2 hgurs. After the reaction mix-
ture was neutralized by the addition of 120 ml of 2N
hydrochloric acid, the precipitated red crystals were

20 separated by filtration, washed with weter and dried to
obtain 3.0 g of the title compound (8).

FAB-MS (m/z): 520 (M)', 521 (M+H)}
"H-NMR (400 MHz, DMSO-d;, & ppm): 3.42(1H,
m), 3.56-3.70(2H, m), 3.76(1H, m), 3.95-4.10(2H, m),

25 4.95(1H, d, J=4.6Hz), 5.24(1H, d, J=5.4Hz), 5.32(1H dd,
J=4.9, 5.1Hz), 7.06(2H, dd, J=7.6, 7.8Hz), 7.09(1H, d,
J=8.0Hz), 7.20(1H, d, J=7.8Hz), 7.40(1H, d, J=7.8Hz),
8.36(1H, d, J=7.6Hz), 8.51(1H, d, J=7.6Hz), 10.13(1H,
s), 10.52(1H, s), 11.11(1H, s).

30 Exploitability in Industry

The compounds of the present invention have an

excellent antitumor effect and are hence useful as
antitumor agents in the field of medicine.
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CLAIMS

(1) A compound of the general formula

(1]

HO ¢ OH
M

or a pharmaceutically acceptablie salt thereof, wherein
R‘ and Rz
the 1- or 2-position, R® is located at the 10- or

t11-posi tion, Rz

each represent an OH group, RI is located at

is located at the 1i-position when R' is

located at the 1-position, and R2

1

is located at the

10-posi tion when R 1is located at the 2-position.

{2) The compound of the formula

{OH
N

[I-A]

HO ¢ OH
H

or a pharmaceutically acceptable salt thereof.
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(3) The compound of the formula

—COH
R

[I-B]

HO ¢ OH
OH

or a pharmaceutically acceptable salt thereof.

(4) A compound of the general formula

(11}

wherein R3 represents a loweér alkyl group, a

! and R

benzyloxymethyl group or an aratkyl group, and R
have the same meanings as described in claim 1.

(5) A compound of the general formula

r represents a hydrogen iom, a lower alkyl
]
L3

-~

f ) LA
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(1)

wherein R* represents a hydrogen atom, a lower alkyl group, a benzyloxymethyl
group or an aralkyl group, R®' and R®' each represent a protected OH group (R*'
is located at the 2-position, R®' is located at the 10-position, R” to R'® may be the
5 same or different ang each represent a protecting group for a hydroxy! group, and
R'' represents a hydrogen atom or a protecting group for the amino group of an

indole skeleton.
(6) A compound of the general formula

av)

R1oo ORB
oR’
10  wherein R* represents a hydrogen atom, a lower alkyl group, a benzyloxymethy!
group or an aralkyl group, R® and R® each represent a protected OH group (R® is

located at the 1- or 2-position, R® is located at the 10- or 11-position, R® is located
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at the 11-position when R’ is located at the 1-position, and R® is located at the 10-

position when R® is located at the 2-position), R’ to R'® may be the same or
different and each represent a protecting group for a hydroxyl group, and R"!

represents a hydrogen atom or a protecting group for the amino group of an

5 indole skeleton.

[ 4
L]
*

s *
e oo
e L X ]

*
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-
L]
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ed at the 1- or 2-position, R’ is located at the 10-

t1-post tion, R‘ is located at the t1-position whe
located at the 1-position, and R° is located a
10-posi tion when Rs is located at the 2-position), R' to

R" may be the same or different and each Tepresent a

{6) A compound of

vl

§

wherein X represents a leaving ¢croup, and R" represents

a protected OH group located at the 1- or 2-position,
and R‘ and RI to R'u have the same meanings as described

in ¢laimé.
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(8) A compound of the general formula

[vi]

\ to Rs and‘R"

described in claim 6.

wherein R have the same méanings as

(9) A compound of the general formula

[viI]

) 1t

and R

described in claim 6.

wherein R‘ to R have the same meanings as

(10) A compound of the general formula

[VII1]

1

and R

scribed in claim 6, and X has the same meaning as de-

wherein R‘, R have the same meanings as de-
scribed in claim 7.

{(11) A process for the preparation of a
compound as claimed in c¢laim t which comprises reacting

a compound of the formula



N
PN Y

S9

—

(1xi

wherein R4 has the same meaning as described in claim 6,
and X has the same meaning as described in claim 7, with

a compound of the general formula

LD "

Rs " H

wherein R6

has the same meaning as described in claim 6,
in the presence of an organometallic compound to form a

compound of the general formula

[X1]

10N
Rs u H

4

wherein R , Re

and X have the same meanings as described
above; protecting the hydrogen atom of the amino group
of the indole skeleton to form a compound of the general

formula

[XII]

wherein R‘. R‘

above, and R'z

and X have the same meanings as described
represents a protecting group for the
aminoc group of the indole skeleton; reacting this com-

pound with a compound of the general formula
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@= [XIII]

wherein Rs has the same meaning as described in claim 6,
in the presence of an organometallic compound to form a
compound of the general formula

[XIV]

wherein R‘. Rs, R

and R'2

have the same meanings as
described above;: reacting this compound with a campound

of the general formula

QH

oR’
Q [xv]

RO OR®
OoR?

wherein R7 to Rl have the same meanings as described in

claim 6, by the Mitsunobu reaction, to form a compound
of the general formula

[XVI]

R R
oR®
wherein R‘ to R" and Rtz have the same meanings as

described above; removing the protecting group for the
amine group of the indole skeleton to form a compound of




61

the general formula

[XVII]

=] t H 0 RS
7
Q oR
R'% ¢ OR8
ORS

wherein R‘ to Rlo

have the same meanings as described
above; cyclizing this compound with the aid of an oxi-

dizing agent to ferm a compound of the general formula

[XVIII]

R ¥, ORS
OR?
wherein R‘ to R" have the same meanings as described

above; removing the protecting groups for OH groups to

form a compound of the genera? formula

[XIX]

1

wherein R and R2 have the same meanings as described in

claim ¥, and R‘ has the same meaning as described above;
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reacting this compound with a base to form a compound of

the general formula

[XX]

! and Rz have the same meanings as described

above; and reacting this compeund with HZNNHCH(CHZOH)E.

(12) A process for the preparation of a

wherein R

compound of the general formula

[XVII]

wherein R' to R'" have the same meanings as described
above, which comprises reacting a compound of the gener-

al formula

[XXI]

R ' OH

wherein R‘ and Rs have the same meanings as described in
claim 6, and X has the same meaning as described in
ctaim 7, with a compound of the general formula




€3

oH
2
0 oR
{xv]
RIQO g QR&
R

wherein R? to R‘e have the same meanings as described in

claim 6, by the Mitsunobu reaction, to form a compound

of the general formula

{vl

wherein R to Rs, R! to Rs, and X have the same meanings
as described above; and reacting this compound with a

compound of the general formula

@,, (X
lai n

RS
wherein R6 has the same meaning as described above, in

the presence of an organometallic compound.

{(13) A process for the preparation of a

compound of the general formula

[XvVIII]
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wherein R‘ to R"e have the same meanings as described
above, which comprises removing the protecting group for

the amino group of an indole skeleton from a compound of
the general formula

[X1Iv]

wherein R4 to R6

12

have the same meanings as described in
claim &6, and R has the same meaning as described in
claim 11, te form a compound of the general formula

R‘;

[XXII]

wherein R' to R® have the same meanings as described

above; cyclizing this ¢ompound by reaction with an
exidizing agent, to form a compound of the general
formula

[XXIV]

wherein R‘ to R have the same meanings as described
above; and reacting this compound with a compound of the

general formula

[XXIII]
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wherein X' represents a leaving group, and Rl to R ¢
have the same meanings as described in c¢laim 6, in the

presence of a base.
(14) A process for the preparation of a

compound of the general formula

[XXII]

wherein R‘ and R5 have the same meanings as described

5 has the same meaning as described in claim

above, and R
é&, which comprises effecting the addition of two mole-

cules of a compound of the general formula

N
2l N [XIII]
R® H

wherein R5 has the same meaning as described in claim &6,

to a compound of theée general formula

0=§::Z=0 [1X]

wherein R‘ has the same meaning as described in claim 6,

and X has the same meaning as described in ciaim 7, in

the presence of an organometall ic compound.
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(15) A process for the preparation of a compound of
the general formula

[XXVIII]

wherein R4 to R'0 have the same meanings as described
above, which comprises preparing a compound of the
general formula

[XIV]

‘ 4
~N N ,
H qulz Re

wherein R4 to R6

¢laim é6, and R12 has the same meaning as described in

kave the same meanings as described in

claim 11; reacting this compound with an oxidizing agent
te Form a compound of the general formula

[XXV]

wherein R‘ to Rﬁ and R'2 have the same meanings as
described above: reacting this compound with a compound
of the general formula
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X|

OW‘
[XXIII]

R0 ¢ OR®
OR®

wherein R7

claim 6, and Xi has the same meaning as described in
c¢laim 13, in the presence of a base to form a compound

of the general formula

[XXVI]

R'°0 ¢ 0R®
OR®

wherein R' to Rlu and &'’

described above; and removing the protecting group for

have the same meanings as

the amino group of an indole skeleton.
(16) The compound of the farmula

HzNNHCH(CQfGH)z.

1 . i £ 3 o ‘|a'

to RM have the same meanings as described in
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17. A pharmaceutical composition containing a compound of the general
formula [I] according to claim 1 or a pharmaceutically acceptable salt thereof and

a carrier.

18. A pharmaceutical composition containing a compound of any one of claims

1 to 10 and, a pharmaceutically acceptable carrier, excipient or diluent.

19. A compound according to any one of claims 1 to 10 when prepared by the

process of any one of claims 11 to 15.

20. A method of treatment of tumors involving administration to a patient in
need thereof a pharmaceutically effective amount of a compound of any one of

claims 1 to 10 and, optionally a pharmaceutically effective carrier.

21. A compound according tu any one of claims 1 to 10 substantially as

hereinbefore described with reference to any one of the examples.

22. A process according o any one of claims 11 to 15 substantially as

hereinbefore described with reference to any one of the examples.

23. A method according to claim 20 substantially as hereinbefore described

with reference to any one of the examples.

DATED: 21 August, 1997
PHILLIPS ORMONDE & FITZPATRICK

Attorneys for:
BANYU PHARMACEUTICAL CO LTD

CAWINWORDIRFLIEWARIQUSWODELPR3S35.000
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ABSTRACT
This invention relates to compounds of the

general formula

or pharmaceutically salts thereof, wherein r! and r?

! is located at the 1- or

each represent an OH group, R
2-position, Rz is located at the 10- or 11-position, Rz
is located at the t1-position when R' is located at the
1-position, and R is located at the 10-position when R!
is located at the Z2-position.

The compounds of the present invention have an
excellent antitumor effect and are hence useful as

antitumor agents in the field of medicine.




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP95/00868

A. CLASSIFICATION OF SUBJIECT MATTER
Int. C1® CO07H17/02, A61K31/70

According to International Patent Qassification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system’tollowed by classification symbols)
Int. C16 CO07H17/02, A61K31/70

Documentation searched other than minimum documentation to the extent that such documeats are inciuded in the fields scarched

CAS ONLINE

Electronic data base consulted during the international search (name of data base and, where practicabie, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO, 93-11145, A (BANYU PHARMACEUTICAL
LTD.),

June 10, 1993 (10. 06. 93),

p. 9-11 & Jp, 6-128283, A

X WO, 91-18003, A (BANYU PHARMACEUTICAL
LTD.),

November 28, 1991 (28. 11. 91)

& JpP, 3-504280, A

A JP, 63-198695, A (Bristol-Myers Co.),
August 17, 1988 (17. 08. 88),
Claim & EP, 269025, A

co., 1-3, 17
co., ‘ 5
1 - 17

D Further documents are listed in the conatinuation of Box C. D See patent family annex.

“E" earlier documeat but published oa o¢ after the intemational filing date X"

% Special catogorics of cited documents: e La'm ;d:‘f:ume?x pnbgshedri(;e&he inl.:nmion;l mi:;d date ory pﬂonz
wpn . . w0 and pot in conflict with the application but cited % undsrsta
A m%‘enl&ﬁﬂnfgepmulmuﬁmmwmhmwmm the principie or theory underlying the invention

document of particular relevance; the claimed invention cansot be
considered novel or cannot be considered W involve an investive

“L" document which may throw douits on priority claiz?s) or which is ;
dwdmt:. blish \kz publi .“‘ date ':ti “:ym ﬁé?ﬁo& ot othed step wboin the document is taken alope
specisi reason (as specified) " dm of pqnicn: lar relevance; the ehime:einv;:ﬁon auot‘ h‘:
wyt N . consi to involve an inventive step when documen
'© m‘:“‘ referriug 10 4n oral disclosure, use, exbibition or other combined with one or more other sich docfnm&sucbdhmbinﬁon
, being obvious to & person skilied in the art
“P*  document publisbed prior to the intornational filing date but lasct than
the priority date claimad “&" document member of the same patant family
Date of the actual completion of the internationsl search Date of mailing of the internationai search report
August 18, 1995 (18. 08, 95) September 5, 1995 (05. 09. 95%)
N:ﬁe and mailing address of the ISA/ Authorized officer
Japanese Patent Office
Facsimile No. Telephone No.

Form PCTAISA/210 (second sheet) (July 1992)




EmmE RS EWLNES PCT/JP 95700868
A RMORTIHHONM (ERENIN (1PC))
Int. C&& COTH17/02, A61K31/70
B. MWEET-13F
RELHT - L BNRRY (EMSXH| (1PC))
Int C& CO7TH17/02, A61K31.70
BNBREHLAORE TNE LT - R ENE HD
ERNE TR LA TR~ S X—R (F § <20 B IR IS L% i)
CAS ONLINE
C. MATHIRHONIIM
S XM nATS
NPTy —* JIAXME RU—SONFIMET 523, LOMATIBFORT RROBHOFH
X WO, 93-11145, A(BANYU PHARMACEUTICAL (1-3 17
Co., LTD. ),
10. 6A. 1993(10. 06. 93),
p9—-11&JP, 6-128283, A
X WO, 91-18003, A( RENEARKSH ), )
28. 11H. 1991(28. 11. 91)
&JP, 3-504280, A
(o CHMOEES I LXMAIPEENTL B, [ v b2y i 0BT 3RERE,

* 3 AXMOHFITY -~

TA) #icMEDH 5 XTI, —BNEKRARETTLO

TE) £FXMTREEY. EMERMBLBI-2FINRLO

(L] SEEEECRRERET S XML iO IRORITE
FLOIMOBN I AHERILT SH5IHTLIN
(BT

(O Oz & 5MR, EH. BRRWIZRT 5

TP EMERENT. »>EEMOTBEOERL L SHNMOB

(T EMREBEiEEBHicORINIMTHE-THNE |
FETIHLOTIIN S, RAOEAR IRMORRD I
I3ATE LD

X i MEOHAXBRTH - T, HEXVOSTREONKA
- 3°AEE £ 2. T ANAPE TN (X N

TY) HMEOHLLNMTH -~ T, $EIMEthD | LD
R0, SREE-THHTHIHS L~ THEDY
RN EBLONRDHD

oWz AEENLIR &I B—Fy b2y —2m
EmmEsRT LB EMREREORRH
\ 05.09.95
18. 08. 95

BHRUHTR X BETEFEE (MROH5KR)

BEESFFUSA/IP) 4C|8615

ﬂ!i?lt)() - H ‘ ” — @ V] L I i
PENFHEHARBEAIMTE4 E 3= ,
XEES 03-3581-1101 mm 3452

BRPCT/ISA/210 (W2X=-2) (1 98287RH)




AamRERS ERUEES PCT/JP 95/00868

C (a). MRETIE@HONITM

HAXMD MAT S
AFLY—* HMAME RU-BOMENHRT S 212, EOMBT IAFORT RROREOER
A JP, 63198695, A(FVAA—=AT7—X 34ast=z| 1-17

"')t
17. 8A. 1988(17. 08. 88),
SXBROEMEE EP, 269025, A

WMEPCT/ISA/210 (M2R-VORE) (1932¥TH)




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	SEARCH_REPORT

