1 DESCRI PTI ON PROCESS FOR PRODUCI NG | NDOLOPYRROLOCARBAZOLE DERI VATIVE 5
Technical Field The present invention is useful in the field of nedicine.
More specifically, the present invention relates to a process for

i ndustrially advantageously producing a conpound which is wuseful in the
filed of nedicine. 10 Background Art An indol opyrrol ocarbazol e derivative
produced by the process of the present invention, which is represented by
the fornmula (1): 15 OH HNOH[I] ONO HONNOH H OOHHOOH OH has
an anticancer effect, and the conpoundEBEGRIRBWONeen <clinically tested
(Mtsuru Ohkubo et al., Bioorganic & Medicinal Chem stry Letters, vol. 9,
pages 3307-3312, 1999). Production processes of the conpound of the present
20 i nvention have been disclosed in_W95/30682 and WX1/ 627 Al s a
production prBRESESSHIFQR PRABYOHYE r SNBELPEERBPLOCARBAZOLE bERTvAY

5 Technical Field
The present invention is useful in the field of medicine.
More specifically, the present invention relates to a process
for industrially advantageously producing a compound which is

useful in the filed of medicine.

10
Background Art
An indolopyrrolocarbazole derivative produced by the
process of the present invention, which is represented by the
formula (I):
15

has an anticancer effect, and the compound has now been
clinically tested (Mitsuru Ohkubo et al., Bioorganic &
Medicinal Chemistry Letters, vol. 9, pages 3307-3312, 1999).
Production processes of the compound of the present

20 1invention have been disclosed in W095/30682 and WO01/62769.

Also, a production process of an indolopyrrolocarbazole



2 derivative represented by the formula (XIl): [M] RON (wherein Rl
represents a hydroxy-protecting group) is disclosed in Organic Synthesis
Col l ective Volunes, vol. 7, page 34. |In addition, a hydrogenation reaction
using a rhodium5 conpound, wherein a |argg anount of iron powders is used
as a catalyst for the reduction of the nitro group of a nitrobenzene
derivative in an acid solvent such as acetic acid has been known

(US- A-5,105,012). Furthernore, a production process of a bis-indole 10
conpound r epr ggent, g6 hy EQﬁrfeQéH‘ﬂba bY' lthk: le{m\alla )(x1@N O RL N N OR
(wherein R represents a rogen atom a Cl1-C7 alkyl group, a phenyl
group, a benzyloxyneth{ﬂﬂggoup or an aral kyl group) is disclosed in

W)95- 30682. 15 Di sclosure of Invention An object of the present invention is
to elimnate the wJesi rabl e aspects in conventional processes for
produci ng an ind ol ocar bazol e derivative represented by the formula
20 (1) which RdoUsefurNas a nedicine. In other words, an object of the
present invention is t'd provi de a production process in 3 which a reagent
havi ng hi gh riwheremnni okEtésenioperkydomsy spdotecting group) is disclosed

in Organic Synthesis Collective Volumes, vol. 7, page 34.
In addition, a hydrogenation reaction using a rhodium
5 compound, wherein a large amount of iron powders is used as a
catalyst for the reduction of the nitro group of a nitrobenzene
derivative in an acid solvent such as acetic acid has been known
(UsS-A-5,105,012).
Furthermore, a production process of a bis-indole

10 compound represented by the formula (VIII):

Y [VIII]

(wherein erepresents a hydrogen atom, a C,-C; alkyl group, a
phenyl group, a benzyloxymethyl group or an aralkyl group) is
disclosed in W095-30682.
15
Disclosure of Invention
An object of the present invention is to eliminate the
undesirable aspects in conventional processes for producing an
indolopyrrolocarbazole derivative represented by the formula
20 (I) which is useful as a medicine. In other words, an object

of the present invention is to provide a production process in



I mposi ng a heavy environnmental burden is not used and a lowyield step is
not included. In a known process for producing an indole conmpound 5
(Organic synthesis Collective volunes, vol. 7, page 34), a reduction step
I s conducted using hydrazine in the presencg of a Raney nickel catalyst.
This process, however, is not desirable for the industrial production,
since hydrazine involves a high risk of explosion. Furthernore, since the
10 necessary anount of a Raney nickel catalyst is large, the environnental

bur den due to qh%ﬁl B éﬁ@'ﬁa%%t 1 %ufgskgrﬁ?mc%ﬁ&?%#ra%o% and

I ndi cat es t hat 'S production 'S not d he case o

industrial Mggpdi@YUChi @Ravid. éﬁ‘vﬁf‘ghfnéﬁﬁalt hivded dikS dPW LBelNWY a
processes for produ0|ng a bi s-indol e conmpound, and therefore those

processes ar aokcgi@udcaltlep iirefddtciadludddt he ot her hand, a hydrogenation
reaction using a rhodium conpound, wherein a |arge anount of iron powder is
used 20 as a catal §st & cknowme pedgesisorfaf phednting gmoufnddler compound
nitrobenzene derivative in an acidic nmedium such as acetic acid has been
known (US-A-5(0092012) synthefiis cGeblegtice VAjHME§endilon TeR3goONn3ts. a

conduct ed under _acidic conditions,. this nmethod i.s not appl.i.cable for thagse
materials whi md&c&w& $R08' 14 Aavsinnd vang BYRRERAIPEaRE ¢ tfﬁ@r&ﬁ of

i nvent ors had c d? %y%keﬂyeg§£¥f%$£udl el 3‘%%¥£Fan% évgﬁod%%!ngogn

|ndolopyrrolocar erivative the Tormu ound’t he
following (i) ge@it¥bie? for the industrial production, since hydrazine

involves a high risk of explosion. Furthermore, since the

10 necessary amount of a Raney nickel catalyst is large, the
environmental burden due to post-production waste 1liquid
treatment is heavy, which indicates that this production
process is not desirable in the case of industrial mass
production.

15 In addition, the yield is low in known processes for
producing a bis-indole compound, and therefore those processes
are economically inefficient.

On the other hand, a hydrogenation reaction using a
rhodium compound, wherein a large amount of iron powder is used

20 as a catalyst for the reduction of the nitro group of a
nitrobenzene derivative in an acidic medium such as acetic acid
has been known (US-A-5,105,012). In this case, since
hydrogenation reaction is conducted under acidic conditions,
this method is not applicable for those materials which are not

25 stable under acidic conditions.

The present inventors had carried out intensive studies
on a process for producing an indolopyrrolocarbazole derivative

of the formula (I), and found the following (i) to (v).



(i) a novel process for producing an indol opyrrol ocarbazol e derivative of
the formula (1), which has a |low environnental burden in terns of waste
liquid treatnment after production, which is economcally excellent, and
whose 5 production operation can be carried out safely and with good
reproducibility as an industrial production process. (ii) a safe and novel
process for producing an indole derivative of the formula (XIl), (iii) a
novel and economically inproved process for 10 producing a bis-indole

derivative of the fg Sula SVIII o eilv) €r88¥§£ hydfggenai% Gaiakyst ¥hich

is safe, has a | ow ronnent a urden used by waste |i treat ment,
and can be US?HdBQBFg?kﬁ16@%%%a%6£%%é&£@£€1@éQﬁf@Méf%&ﬁ@l%ﬂ?ﬁf wHﬂ&Hhas

conditions, and 15 a process for producing the conpound (VIIl), in which

step cont r ol BS1 6@ Atb BReet &1 ivirddn it regais ofanadeeasiquilyprodtmént n
the ring-closure reaction using 1,2-dichloro-5, 6-di cyano-1, 4-benzoqui none
can be prevenaftlerTheoguesinh,i whiohois econiomiecdllvrekeellentst agdtwbose

20 and finally conpleted the present invention. Nanely, the present
i nvention ?el Rregucsignneperasionesan bercpredadi agtapately and with good
i ndol opyrrol ocar bazol e _derivative of the fornuI61éH3 novel rocess for

produci ng an FﬁHBPQuﬂéPFJéFVVQS an FeeS Y de G bi s-i ndol e
derivative and 302?&£§ye?1§ g gggga%bg 0%9@ fg fﬁytﬂ}(ﬁﬂg¥ﬂ§ ﬁ £ dole

followi ng (1) ocess pro uci ng a
I ndol opyrrol ogarbgzaphge 8" k¥al F¥emhan Qsﬁrtt)%d by the formula (1), which

conprises the
(iii) a novel and economically improved process for
10 producing a bis-indole derivative of the formula (VIII),

(iv) a novel hydrogenation catalyst which is safe, has
a low environmental burden caused by waste liquid treatment,
and can be used not only under an acid condition but also under
other conditions, and

15 (v) a process for producing the compound (VII), in which
step control is easy and generation of hydrogen cyanide as a
byproduct in the ring-closure reaction using
1,2-dichloro-5,6-dicyano-1,4-benzogquinone can be prevented.

The present inventors conducted further investigations,

20 and finally completed the present invention.

Namely, the present invention relates to a novel process
for producing an indolopyrrolocarbazole derivative of the
formula (I), a novel process for producing an indole derivative,
a novel process for producing a bis-indole derivative and a

25 novel hydrogenation catalyst, which comprise the following (1)

to (24).

(1) a process for producing an indolopyrrolocarbazole

derivative represented by the formula (I), which comprises the



5 following steps: (i) : the step of reacting a conpound of the formnula

(X1 |

) Ra

[MI] \ Ro RO\ f NO2 wherein Rl represents a hydroxy

protecting group, and Ra and 5 Rb each independently represents a Cl-C7

al kyl

al kyl enyl

group,

or Ra and Rb nay be conbined together to forma C3-C6

group, or a salt thereof with h?drogen gas in the presence of

rhodi um conpound and a netal conmpound to produce an indol e conmpound of

formula (XI1):

above,

[XI] R H 10 wherein Rl has the sanme nmeani ng as defi ned

or a salt thereof Rﬁgli): the step of reacting the resulting indol

conpound of

of the rormuia (X1):s MG DAL, 13 PRSERLNRE JLERERENLE & Cholhuablodo o pup.

a phenyl

the fornul a

gr oup,

TRLleving) Ste

um co oun
(X): RAIMyRd [ X] wherein Rd represents a Cl- C7 aIkyI group or

phenyl group, or a salt thereof or a m xture of the magnesium chl oride
(XI) and 20 the nagne3|uchonpdf , followed by reacting the resulti
6

10

15

20

]
R'O NO

2
wherein R! represents a hydroxy protecting group, and R? and

R® each independently represents a C;-C,; alkyl group, or R® and
R® may be combined together to form a C3-C¢ alkylenyl group, or
a salt thereof with hydrogen gas in the presence of a rhodium
compound and a metal compound to produce an indole compound of

the formula (XII):

[XII]

0
R'O N

H
wherein R! has the same meaning as defined above, or a salt

thereof;
(ii): the step of reacting the resulting indole compound
of the formula (XII) or a salt thereof with a magnesium chloride

of the formula (XI):

R°MgCl X

wherein R® represents a C;-C; alkyl group, a phenyl group, avinyl

group or an allyl group; or a magnesium compound of the formula

(X):

X]
RIMgR®?

wherein R? represents a C;-C,; alkyl group or a phenyl group, or

a salt thereof, or a mixture of the magnesium chloride (XI) and

the magnesium compound (X), followed by reacting the resulting

a
t he

e

f) or a salt thereof with a nagnesiun1ch|oride

a

ng



4 —

product with a naleimde compound of the formula (IX): Y [IxI '_ "/ XX
W\ wherein X represents a hal ogen atom and Y represents a hydrogen atom
a Cl-C7 al kyl group, a phenyl group, a benzyl oxymethyl group, or a C7-Cl2
aral kyl group, to produce a bis-indole 5 cgnpound of the fornula (MIIl): Y
[MIIIT] ONORONNORWerein RL and Y have each the sane neani ng as
defi ned above, or a salt thereof; (iii): the step of subjecting the
resulting bis-indole conpound (VIII) or a salt thereof to ring-closure

reaction to 1,909 Q%“Qﬁt’?u RO He (i Rind! 88 (Mhé) Folnthid (8xN:O R ° N

N ORI wherein Y have each the sanme neaning as defined above, or
salt thereof; (|vy IX$ step of coupling the resulting conmpound (VII) or a
salt thereof V\nthNan activated glucose derivative of the 15 fornula (VI)

7 x' [VIl 40 0

X X
wherein X represents a halogen atom, and Y represents a hydrogen

atom, a C;-C; alkyl group, a phenyl group, a benzyloxymethyl
group, or a C;-C,, aralkyl group, to produce a bis-indole

5 compound of the formula (VIII):

[VIII}

0]

H H

wherein R! and Y have each the same meaning as defined above,

Y
0N

or a salt thereof;
(iii): the step of subjecting the resulting bis-indole
compound (VIII) or a salt thereof to ring-closure reaction to

10 produce a compound of the formula (VII):

wherein R' and Y have each the same meaning as defined above,
or a salt thereof;

(iv) : the step of coupling the resulting compound (VII)
or a salt thereof with an activated glucose derivative of the

15 formula (VI):



I -

R50 OR3 OR4 wherein each R2, R3, R4 and R5 is a hydroxy protecting group,
and X1 represents a hal ogen atom to produce a conpound of the formula (V);
5Y[V ONORHONOR H 40R2 R50 OR3 O”R4 wherein R, R2, R3, R4, R5
and Y have each the sane neaning as defined above, or a salt thereof; (v):
the step of treating the resulting conpound (V) or a salt thereof with a
base to produce a conpound of the fornmula 10 (I1V): [IV] OO0 ORIONNOR
H OOR2 RS0 OR3 OR4 wherein R, R2, R3, R4 and R5 have each the same
meani ng as defi ned 8X‘ afdH or a salt thereof;

0", OR?

RS0 | OR®
OR*

wherein each R?, R?, R* and R® is a hydroxy protecting group,

and x! represents a halogen atom, to produce a compound of the

formula (V):

5

R°0 | OR®

OR*
wherein R*, R?, R?, R*, R® and Y have each the same meaning as

defined above, or a salt thereof;
(v): the step of treating the resulting compound (V) or
a salt thereof with a base to produce a compound of the formula
10 (IV):

wherein R*, R?, R?, R* and R® have each the same meaning as defined



(vi): the step of reacting the compound (l1V) or a salt thereof with a

conpound of the formula (Il11): OR6 [II1l] HN~COR7 1 a NH2 . X 5 wherein R6

and R7 each represents a hydroxy protecting group, and Xa represents an
acid nol ecule to produce a conpound of theg forrmula (I11): OR6 HN-OR7 [In
ONORONHOR 40ROR2 R3 OR 4 wherein Rl, R2, R3, R R5, R and R7
have each the sanme neaning 10 as defined above, or a salt thereof; and
(vii): the step of deprotecting the resulting compound (Il) or a salt

t hereof to pradu¢e, apri adehopytehekeear;bazol e

9 OH HN CCH

10

ONO HONHOO
(vi): the step of reacting the compound (IV) or a salt

thereof with a compound of the formula (III):

wherein R® and R’ each represents a hydroxy protecting group,

and X° represents an acid molecule to produce a compound of the

formula (II):

R°0 |OR®
oR*
wherein R*, R?, R®>, R*, R®>, R® and R’ have each the same meaning

as defined above, or a salt thereof; and
(vii): the step of deprotecting the resulting compound
(II) or a salt thereof to produce an indolopyrrolocarbazole

derivative of the formula (I):

derivative of the formula (1):



=]

OOH HOOH OH or a salt thereof. (2) the process according to the above
(1), wherein the rhodium conpound is rhodi um carbon, rhodi um al um na,

r hodi um cal ci um carbonate or rhodi umbariumsulfate; 5 (3) the process
according to the above (1), wherein the ngtal conpound is a nickel (1)
conpound, an iron(ll) conmpound, an iron(lll) conpound, a cobalt(Il)
conpound or a cobalt(l1l) conpound; (4) the process according to the above
(3), wherein the 10 nickel (l1l) conpound, the iron(ll) compound, the

iron(ll1l) compound, the lt(l11) conpound or the cobalt(lll) conpound
are NiBr2, N (N03)2, Ni( 2, FeBr3, FeCl2, FeSO4 , FeCl3, FeCl13-Si 2,

Fe(OCOCH3) 2, Fe(I1)funppnatey @2, CoCl2, HBC N CHg 2 10 HC O3 2 H3C X
CO CH3 3 or H3 Fe 3 (5) the process according to the above (1), wherein
Rl, 5 R2, R3, R', ' R=hd R7 each represents a benzyl group; (6) the

process according to thks(above (1), wherein the

OH
H N N
0 H
0"/ OH
HO |OH
OH

or a salt thereof.

(2) the process according to the above (1), wherein the
rhodium compound is rhodium-carbon, rhodium-alumina,
rhodium-calcium carbonate or rhodium-barium sulfate;

5] (3) the process according to the above (1), wherein the
metal compound is a nickel(II) compound, an iron(II) compound,
an iron(III) compound, a cobalt(II) compound or a cobalt(III)
compound;

(4) the process according to the above (3), wherein the

10 nickel(II) compound, the iron(II) compound, the iron(III)
compound, the cobalt(II) compound or the cobalt(III) compound
are NiBr,, Ni(NO;),, Ni(OCOCH;),, FeBr;, FeCl,, FeSO, , FeCl,,

FeCl;-SiO,, Fe(OCOCH;),, Fe(II)fumarate, CoBr,, CoCl,,

Z Ni
HyC oHs |



magnesi um chl oride of the formula (Xl) is ethyl magnesium chloride,

i sopropyl magnesi um chl oride or n-butyl nagnesium chloride; 10 (7) the
process according to the above (1), wherein the nagnesium conpound of the
fornula (X) is di(n-butyl) nagnesium di(s-butyl)magnesi um

(n-butyl) (s-butyl)nmgnesi um di nethyl rnagnesi um or diethyl nmagnesium (8)
the process according to the above (1), wherein the 15 nalei m de conpound
of the formula (1 X) is a naleimde conmpound represented by the fornula
(I'X-a): 11 [ X-a] ¢ci ci whereipn Y represents a hydrogen atom a Cl-C7
al kyl group, |Ja phen a benzyl oxynmet hyl group or an aral kyl group;
(9) the procqss acco o the g§bove (1), wherein Yis 5 a nethyl group;
(10) the prodess a to thejabo 1), wherein Xa is oxalic acid,
(11) the pro eddq € g Eaﬁhe abo 1) , wherein the coupling is
conducted injfthe presence of gh 52 transfey 10 catalyst such as Aliquat
336; (12) a process for producing af indole conpound or a salt thereof,
whi ch conpri ses produci ng an indol e conpound represented by the fornula
(XI): [xii] _RIOH 15 wherein RL_is a hydroxy protecting group, or a salt
t her eof by

HaC™ NN Co
C 3 3 or
= Fe
H
aC CHs ] ,

(5) the process according to the above (1), wherein R!,

5 R?, R®, R*, R’, R® and R’ each represents a benzyl group;

(6) the process according to the above (1), wherein the
magnesium chloride of the formula (XI) is ethyl magnesium
chloride, isopropyl magnesium chloride or n-butyl magnesium
chloride;

10 (7) the process according to the above (1), wherein the
magnesium compound of the formula (X) is di(n-butyl)magnesium,
di(s-butyl)magnesium, (n-butyl)(s-butyl)magnesium, dimethyl
magnesium or diethyl magnesium;

(8) the process according to the above (1), wherein the

15 maleimide compound of the formula (IX) is a maleimide compound

represented by the formula (IX-a):



reacting a conmpound represented by the formula (XIl1): Ra [IIl] i N Rb RHO
\ Noz wherein Rl has the sane neaning as defined above, and Ra and Rb each
i ndependently represents a Cl1-C7 al kyl group, or Ra and Rb nay be conbi ned
together to forma C3-CG al kyl enyl group, wth 12 hydrogen gas in the
presence of a rhodi um conpound and a netal conpound; (13) the process
according to the above (12), which conprises reacting a conpound
represented by the fornmula 5 (XII1): Ra [lull] NRb RO\ f NOp wherein Rl
is.a hydroxy protecting géﬁu , and Ra and Rb each independently represents
a Cl-C7 al kyl group, or Rob may be conbined together to forma C3-C6
al kyl enyl group oﬁ a salt 10 thereof with hydrogen gas in the presence of a
r hodi um comnpou a nmet al compound, and treating the resulting crude
product wth sil gel; (14) a process for producing a bis-indole conpound
or a salt thereof, ghich conprises reacting an indole conmpound of 15 the
formula (XIl): RROINH wherein R represents a hydroxy protecting group,

or a salt

wherein Y represents a hydrogen atom, a C;-C; alkyl group, a
phenyl group, a benzyloxymethyl group or an aralkyl group;
(9) the process according to the above (1), wherein Y is
5 a methyl group;
(10) the process according to the above (1), wherein X*
is oxalic acid;
(11) the process according to the above (1), wherein the
coupling is conducted in the presence of a phase transfer
10 catalyst such as Aliquat 336;
(12) a process for producing an indole compound or a salt

thereof, which comprises producing an indole compound

represented by the formula (XITI):

[X1i]

20
R'O

N
H

15 wherein R! is a hydroxy protecting group, or a salt thereof by

reacting a compound represented by the formula (XIII):

[XTII]

Ra

]
R'O NO

2
wherein R' has the same meaning as defined above, and R® and

R® each independently represents a C,-C; alkyl group, or R® and

R® may be combined together to form a C3-C¢ alkylenyl group, with



thereof with a magnesiumchloride of the formula (XI): RwWC [xi] wherein
Rc represents a Cl1-C7 al kyl group, a phenyl group, a vinyl group or an
allyl group; or a magnesi um conpound of the fornula 20 (X): RIJMgRd [ X] 13
wherein Rd represents a Cl1-C7 al kyl group gr a phenyl group, or a salt

t hereof, or a mxture of the nmagnesium chioride of the formila (XI') and the
magnesi um conpound of the formula (X) in 5 an inert solvent, followed by
reacting the resulting product wth a nmal ei m de conpound of the fornula

(rxy: Y [X 09'1Nro X~/ X.wherein X represents. t

represents a™¥ %Pg‘gagnga%tlo%)%héa Bf-eé?naclekgglg %r%%?l%nr&%g%q%?ggﬁ ag‘qgtgl
benzyl oxymet pyl, ogﬁgup or a C7-Cl12 aral kyl group, preferably in an inert
solvent 10 to pPo ucé a bis-indole conpound of the formula (MI1): Y [VIII]

O N O RONN oR wesgi RnRl pskesdaneceaahinghe: ¢ atke "edbiveg @2 def wAeeh
above, or a salt thereof; (15) the process according to the above (14),

wherei n the compeiisede moampoingl af ddpdudrulrapideXenteda byl &he déormupaund
15 represented by the forrmula (I X-a): Y [IX-a]
5 (XIII):

[XIII]

Ha

Q>
R'O NO

2
wherein R! is a hydroxy protecting group, and R* and R® each

independently represents a C;-C; alkyl group, or R® and R® may

be combined together to form a C;-C¢ alkylenyl group, or a salt

10 thereof with hydrogen gas in the presence of a rhodium compound

and a metal compound, and treating the resulting crude product
with silica gel;

(14) a process for producing a bis-indole compound or a

salt thereof, which comprises reacting an indole compound of

15 the formula (XII):

[X1I]

JgR
R'O N

H
wherein R?! represents a hydroxy protecting group, or a salt

thereof with a magnesium chloride of the formula (XI):

R°MgCI Xl

wherein R® represents a C;-C; alkyl group, a phenyl group, a vinyl
group or an allyl group; or a magnesium compound of the formula

20 (X):

[X]
RMgR¢



01IN-0 C1 C1 wherein Y represents a hydrogen atom a Cl-C7 al kyl group, a
phenyl group, a benzyl oxynethyl group or a C7-Cl2 aral kyl group; 14 (16) a
process for producing a conmpound represented by the formula (VI1): | wll
YONOR ONHORwerein RL represents g hydroxy protecting group, and Y
represents a hydrogen atom a O -C7 al kyl group, a phenyl group, 5 a

benzyl oxynmet hyl group or a C7-Cl2 aral kyl group, or a salt thereof, which
conprises treating a bis-indole conpound represented by the formula (M11):
Y [VIII] ONORONNORWaeerein RL and Y have each the sane nmeani ng as
defined above, or a salt thereof with 10

2, 3-di chl or o-vhéeeatic \Rinpeprédsbanzog i, raHealkyh gronwlcar a pbéughtgfoup, or
ring-closure reaction; (17) the process according to the above (16), wherein
t he nonpol ara Siﬁlteﬁﬂleimdfenpé—n@ migktusreot xihemagresivmrclploride nff Bdrezene

or 1,2,4-trinet hyI benzene; &%8) a catal yst used for hydrogenation
reaction, cormhad )%l[)rm Fhec BRE8ESd WhgoRPRENS of o8 utrmula (X) in

5 an inert solvent, followed by reacting the resulting product

with a maleimide compound of the formula (IX):

[IX]

Y
N0

o)

X X
wherein X represents a halogen atom; and Y represents a hydrogen

atom, a C;-C; alkyl group, a phenyl group, a benzyloxymethyl
group or a C;-C,, aralkyl group, preferably in an inert solvent

10 to produce a bis-indole compound of the formula (VIII):

v [vim

i
0~"N<-0

\ /Oon‘
1
R'O u ﬁ

wherein R' and Y have each the same meaning as defined above,
or a salt thereof;
(15) the process according to the above (14), wherein the
maleimide compound of the formula (IX) is a maleimide compound
15 represented by the formula (IX-a):
[1X-a]

Y
i
N

o) 0

Ci Cl
wherein Y represents a hydrogen atom, a C;-C; alkyl group, a

phenyl group, a benzyloxymethyl group or a C;-C;; aralkyl group;



(19) the catalyst according to the above (18), which further conprises an
am ne; (20) the catalyst according to the above (18) or (19), 20 wherein

t he rhodi um conmpound i s rhodi umcarbon, 15 rhodi um al um na, rhodium cal ci um
carbonate or rhodiumbarium sulfate; (21),the catalyst according to the
above (18) or (19), wherein the nmetal cofipound is a nickel (I11)conpound, an
iron(ll) 5 conmpound, an iron(lll) conmpound, a cobalt(ll) conpound or a
cobalt(111) conpound; (22) the catalyst according to the above (19), wherein
the amne is a sec r m ne._or terti 1 ne; t

according to the agggz %1 ?c%%%r%$% gﬁ%égé%ngg%ﬁgoTéggé?ro%?%?%%+¥g& by

pi peridi ne, g LN l.et hyl am ne, dii sopropyl am ne, dibutyl am ne,
trinethylaniﬁggEkP¥#g?hy?géggé or tributylam ne; and (24) the catalyst
according to the above (21y, yNgIgin the nickel (11) conpound, the iron(ll)
conpound, the iron(l1l) conpound, the cobalt(Il) conmpound or the
cobalt(I111) conpound aPexNiB=2 Ni (N03)2, Ni (OCOCH3)2, FeBr3, FeCl2, FeSO%
FeCl3, Fed 3-Si 2, Fe(OCe3)?2, Fe(ll)fumarate, CoBr2, CoCl2, H3C N CH3 2

wherein R! represents a hydroxy protecting group, and Y
represents a hydrogen atom, a C;-C; alkyl group, a phenyl group,
5 a benzyloxymethyl group or a C;-C;; aralkyl group, or a salt
thereof, which comprises treating a bis-indole compound

represented by the formula (VIII):

[VIII]

0

Z-<

o)

\/OR‘
1~

wherein R' and Y have each the same meaning as defined above,
or a salt thereof with
10 2,3-dichloro-5,6-dicyano-1,4-benzoquinone 1in a nonpolar
solvent for ring-closure reaction;
{17) the process according to the above (16), wherein the
nonpolar solvent is benzene, toluene, xylene (o, m or p),
ethylbenzene or 1,2,4-trimethylbenzene;
15 (18) a catalyst used for hydrogenation reaction,
comprising a rhodium compound and a metal compound;
(19) the catalyst according to the above (18), which
further comprises an amine;
(20) the catalyst according to the above (18) or (19),

20 wherein the rhodium compound is rhodium-carbon,



CH3 3 or HFe 3 3 By following the production process of the present
invention, it is now possible to industrially produce a conpound 5 which is
useful as an anticancer agent in the nedical field safely, easily and
efficiently. Best Mdde for Carrying Qut tq% I nventi on The present invention
will be illustrated in nore detail 10 below. Firstly, the ternms used in the
description are explained. Exanples of "Cl1-C7 al kyl group"” include a
straight or branched al kyl group such as nethyl, ethyl, propyl, isopropyl,

butyl, i SObUt%{eopétl%}fr{P-Lgl\ﬁhmiﬂé p%ﬁé’dnnéurh—flfé)fég\%@ lceﬂﬁ?&? dlor jrio'?i’i%r-)ﬂar'um

i sohexyl and anong whic t propyl, 1sopropyl or butyl

i's preferabl egypegh et hyl, ethyl, propyl, butyl or heptyl is nore
preferabl e. Exanples of "C3-C6 al kyl ene group"” include a straight alkyl ene

group such as tringtidy) e deidlast Rdanling G pettiansddyd s arsk (19),
hexanet hyl ene, anong whi ch tetramethyl ene or pentanethylene is preferable.
Exanpl es of "wWierklih dhelngtalcompbundclsidanickeyl C12) saaipoyndl7an grmmnd Bk h
as benzyl, 1-naphtylnmethyl and 2-naphtyl methyl, anong which benzyl is
preferabl & B ofan gkren (bl BLusempeuefude gobﬁé?tdrllacmwd £F a

hydrochloric acid, sulfuric acid, nitric acid, acetic acid,
cobalt(I1I) compound;

(22) the catalyst according to the above (19), wherein
the amine is a secondary amine or a tertiary amine;
(23) the catalyst according to the above (19), wherein
10 the amine 1is pyrrolidine, piperidine, dimethylamine,
diethylamine, diisopropylamine, dibutylamine, trimethylamine,
triethylamine or tributylamine; and
(24) the catalyst according to the above (21), wherein
the nickel(II) compound, the iron(II) compound, the iron(III)
15 compound, the cobalt(II) compound or the cobalt(III) compound
are NiBr,, Ni(NO3;),, Ni(OCOCH;),, FeBr;, FeCl,, FeSO, , FeCl,,

FeCl;-Si0,, Fe(OCOCH;),, Fe(II)fumarate, CoBr,, CoCl,,

Z Ni
HaC cH |

< Co
HsC CH
2 b



5 net hyl sul fonic acid, p-toluenesulfonic acid, oxalic acid, propionic acid,
formc acid and benzoic acid, anong which oxalic acid is preferable.
Exanpl es of "hydroxy protecting group” include a protecting group for

hydr oxy groups, such as benzyl, tolyl, 10.p-nitrobenzyl, p-nethoxybenzyl
and benzyl oxynet hyl , anong which benzyl s preferable. The "rhodi um
conpound” refers to a catalyst including a rhodiumatom typically a
rhodi um cat al yst supported on a carrier, and preferable exanpl es thereof

i nclude 15 rhodi um cggbon, rhodi al um na, rhodi um cal ci um carbonate or
rhodi um bari gm sul f a{g. es pf "hal ogen atoni include chlorine, iodine
and brom ne} The " al cpnpound} does not include a rhodi um conmpound 20
and refers t a‘dc& ich, t getgzgwith a rhodi um conpound, pronotes
the reducti o ri@gkti on, npj es reof include a nickel(ll) conpound,
an iron(l1) qonpound, an iroR(I'8I conpound, garcobal t(11) conpound and a
cobalt(111) conpound, preferably NBr2, N (N0O3)2, N (OCOCH3)2, FeBr3,
FeCl2, FeSO4 25 FeCl3, Fed 3-Si 2, Fe(OCOCH3)2, Fe(ll)fumarate, CoBr2,
CoCl2, 18 [HK3c-H3J pNi 2 HC O 2 H3C CO H3[H3cGEH Fe

~ Fe
HsC oHs | |

By following the production process of the present
invention, it is now possible to industrially produce a compound
5 which is useful as an anticancer agent in the medical field

safely, easily and efficiently.

Best Mode for Carrying Out the Invention
The present invention will be illustrated in more detail
10 below. Firstly, the terms used in the description are
explained.

Examples of "C;-C; alkyl group” include a straight or
branched alkyl group such as methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, t-butyl, n-pentyl, isopentyl, neopentyl,

15 n-hexyl, isohexyl and heptyl, among which methyl, ethyl, propyl,
isopropyl or butyl is preferable, and methyl, ethyl, propyl,
butyl or heptyl is more preferable.

Examples of "C;3;-C¢ alkylene group” include a straight
alkylene group such as ftrimethylene, tetramethylene,

20 pentamethylene and hexamethylene, among which tetramethylene
or pentamethylene is preferable.

Examples of “"C;-C;; aralkyl group” include a C;-C;; aralkyl



3 3 5 The "phase-transfer catalyst" refers to a catalyst which pronotes the
reacti on between an ol eophilic organic conpound and a hydrophilic organic
conmpound in a two-phase system consisting of oil phase and aqueous phase,
and exanpl es thereof include a conpound 35 the formula (XIV): [XIV] Ra IO
0 Ra MRa A la R 10 wherein each Ra independently represents hydrogen,
benzyl or d-d 8 hydrocarbon; Mrepresents a nitrogen atomor a phosphorous
19 atom and A represents hydroxy, a fluorine atom a bromne atom a
chlorine ato 1.0di t ang, hCH gé%{
tris(2-(2-negkgggefﬁg¥€$3€h§€§gﬁ¥he? gggﬁﬁygggggﬁﬁéq£g§a%;?e t%é@ég?yl’

i nclude tricapbhymehR¥haBERRFUMIE Hdtdtarie . _ _
tris(2-(2-nethoxyethoxy)ethyl)am ne, benzyltriethyl anmonium chloride and
tri butyl ammoni um hgfamngeessolef aheidSaetetute”"exaaphae af prbeoaoapoangueh t he
formula (XIV) include tricaprylnethylamoniumchloride and the like. The
"salt" typi cablyydedehlotrbcarciti dudddirtiioacidl, tnitnic adid, platdwcaatidcal |y
acceptable salt is preferable. Exanples of the acid of the acid addition
sal t i ncludemgthyAspddend cacreid suph ted uep@ssdifiondc aeid. amxaddg uprédaci d

and an organic acid, such_as acetic ggid and oxalic .acid. . _
propionic acid, formic acid and benzoic acid, among which oxalic

acid is preferable.
Examples of "hydroxy protecting group” include a
protecting group for hydroxy groups, such as benzyl, tolyl,
10 p-nitrobenzyl, p-methoxybenzyl and benzyloxymethyl, among
which benzyl is preferable.
The "rhodium compound” refers to a catalyst including a
rhodium atom, typically a rhodium catalyst supported on a
carrier, and preferable examples thereof include
15 rhodium-carbon, rhodium-alumina, rhodium-calcium carbonate or
rhodium-barium sulfate.
Examples of “"halogen atom” include chlorine, iodine and
romine.
The "metal compound” does not include a rhodium compound
20 and refers to a catalyst which, together with a rhodium compound,
promotes the reduction reaction, and examples thereof include
a nickel(II) compound, an iron(II) compound, an iron(III)
compound, a cobalt(II) compound and a cobalt(III) compound,
preferably NiBr,, Ni(NO3),, Ni(OCOCH;),, FeBri, FeCl,, FeSO, ,

25 FeCl;, FeCl;-SiO,, Fe(OCOCH;3),, Fe(II)fumarate, CoBr,, CoCl,,



Exanpl es of "ami ne" include a primary am ne, a secondary 15 amne or a
tertiary amne, and nore specifically include an am ne such as pyrrolidine,
pi peri di ne, dinethylamne, diethylam ne, diisopropylam ne, dibutylam ne,
trinethylamne, triethylamnne and tributykam ne, preferably a secondary
amne or atertiary amne, and nore preferably pyrrolidine. 20 The
"treating with silica gel" refers to the process of filtering the crude
product dissolved in a solvent through a colum filled with silica gel or a
filter whose surface is covered with silica gel. The preferabl e production
process of t prese 29~aventfion will be illustrated in detail bel ow
The step of groduci ngl an dol e qonpound of the formula (XIl): 20 Pail RO
\' H wherein Hl repr ngs. hydr gxy pTﬁFecting group, by reacting a
conpound of thek%#@rnn ég: [ M Ro HH | ORO N2 wherein Rl has the
sanme neani ng jas defi ned abov }4@ d Ra and Rb each independently represents
a Cl1-C7 al kyl™group, or Ra and 7 may be bonded to each other to forma
C3-C6 al kyl ene group, with hydrogen gas in %xhe presence of a rhodium
conpound and a netal conpound can be conducted in such a way that the
conpound (XIll) is reacted with hydrogen gas at 1 to 5 atmin the presence

HeC~ N\F ch Co
L 31 » ’
r -
HsC~ \Z ch Co
L 3. 3 Or
HeC~ N\ ch Fe
! 3l 3
5 The "phase-transfer catalyst” refers to a catalyst which

promotes the reaction between an oleophilic organic compound
and a hydrophilic organic compound in a two-phase system
consisting of oil phase and aqueous phase, and examples thereof

include a compound of the formula (XIV):

[X1v]

R a
a ' @ a
R—M—R A
Fl?a
10 wherein each R®° independently represents hydrogen, benzyl or

C;-C,3 hydrocarbon; M represents a nitrogen atom or a phosphorous



of about 0.5 nolt to 30 nolt of a rhodi um conpound and about 10 1 nolt to
100 nmolt of a nmetal conpound, relative to 1 nole of the conmpound (X I1) ,
in an inert solvent at about -20C to 80C for about 1 to 120 hours. Exanples
of the inert solvent which may be used in the above step include
tetrahydrofuran, diethyl ether, t-butyl 15 nmethyl ether, diisopropyl ether,
di butyl ether, nethanol, ethanol, isopropanol, propanol, acetone, ethyl
acetate, isopropyl acetate and cyclopentyl nmethyl ether, or a m xed

sol vent ther;eﬂocfdm.ag}}agk W@F%Psbﬁ%@%@%c?%%é%r‘ﬁ%g&kﬁg%‘w&\, 3’%\;\1’&%{#%& i O

t-butyl neth et’her i's p erable. I um conpoun

used in the apgHeosiRR atBH, A& ﬁaaiﬁemm,dc?sanngs@a bh3@@§oetpﬂ@@z|@ocgne
rhodiumatom in the ol ecul e, and exanpl es thereof include preferably 21

r hodi um car begih@ont 8i 8{ p9( 1-hetho%yehtdixye thiadiamBnd ,un and CphleFietiabd el to
10% r hodi um rhodi um cal ci um carbonate containing 1 to 10% r hodi um or

r hodi um bar i emasnglfest ethevadfii nneduiel 086 T ¢mphiyime tinyll anmen pusf ehdloinide ,
rhodi um carbon. 5 Exanpl es of the metal conpound which nmay be used in the

above step ifdisde o Inmsdigryothempbetiayl haminen( benzydipaetsylagymonium
iron(l11) conmpound,. a cobalt(l1) conpound and a cobalt(I]] conpound, .
preferably NGBHPTIgY r\@?z,trﬁaibc%@ée%%ltﬁ'éswﬁrpgefz,su - n%é’ef&,flc
FeCl3 S (0 FSLORIID) B Fehb! LUMBLERE S YouiR BGW HACiua
tricaprylmethylammonium chloride and the like.
The "salt” typically refers to an acid addition salt, and

10 a pharmaceutically acceptable salt is preferable. Examples of
the acid of the acid addition salt include an inorganic acid
such as hydrochloric acid and sulfuric acid, and an organic acid
such as acetic acid and oxalic acid.

Examples of "amine” include a primary amine, a secondary

15 amine or a tertiary amine, and more specifically include an
amine such as pyrrolidine, piperidine, dimethylamine,
diethylamine, diisopropylamine, dibutylamine, trimethylamine,
triethylamine and tributylamine, preferably a secondary amine
or a tertiary amine, and more preferably pyrrolidine.

20 The "treating with silica gel” refers to the process of
filtering the crude product dissolved in a solvent through a
column filled with silica gel or a filter whose surface is
covered with silica gel.

The preferable production process of the present

25 invention will be illustrated in detail below.

The step of producing an indole compound of the formula

(XII):



32 HICCO CH3 3 or H3C Fe CH3 3 15 Meanwhil e, those starting conpounds
used in the step can 22 be obtained by a nmethod described in, for exanple,
Organic Synthesis Collective Volunes, vol. 7, page 34, or a simlar method
thereof. In the above step, it is preferable to carry out the 5 reaction in
t he presence of an amine in addition to t4% rhodi um conmpound and neta
conpound. Additional presence of an amne 1in the reaction can inprove the
reaction rate and the yield. The reaction rate can be dramatically inproved
with use of an ani ne. am ne includes a primary am ne, a secondary am ne
10 or a tertiary am ne, an& nore specifically includes an am ne such as
pyrrolidine, piperidine, dinethylamne, diethylamne, diisopropylam ne,

di butyl am ne, tri yhNgm ne, triethylam ne and tributylam ne, preferably a
secondary am o rtiary amne, and nore preferably pyrrolidine. 15
The amine is usdally uged in an amount of about 0.01 to 10 equival ents,

preferably 0 Lval r | Vs t.eri gl

hydr ogenat egqt}ﬁ o‘?&e%;n%g%%gsgg%o%n%%%}fhﬁ ér()g%%rélhoﬁloémt?y é%ﬁﬁttcei tary
adding an amQgdQudd o f eacd | POrR@ At (RPrThUt by appropriately selecting 20
a reactant to generate the amne 1n the reaction solution with the progress

of hydrogenation according to the reaction of the

Ra

Qs
R'O NO

2

wherein R! has the same meaning as defined above, and R*® and
R° each independently represents a C;-C; alkyl group, or R* and
5 RP° may be bonded to each other to form a C3-C¢ alkylene group,
with hydrogen gas in the presence of a rhodium compound and a
metal compound can be conducted in such a way that the compound
(XIIT) is reacted with hydrogen gas at 1 to 5 atm in the presence
of about 0.5 mol% to 30 mol% of a rhodium compound and about
10 1 mol% to 100 mol?® of a metal compound, relative toc 1 mole of
tihe compound (XIII), in an inert solvent at about -20°C to 80°C
for about 1 to 120 hours.
Examples of the inert solvent which may be used in the
above step include tetrahydrofuran, diethyl ether, t-butyl
15 methyl ether, diisopropyl ether, dibutyl ether, methanol,
ethanol, isopropanol, propanol, acetone, ethyl acetate,
isopropyl acetate and cyclopentyl methyl ether, or a mixed
solvent thereof, among which tetrahydrofuran, cyclopentyl
methyl ether or t-butyl methyl ether is preferable.
20 The rhodium compound which may be used in the above step
may be any compound as long as it has at least one rhodium atom

in the molecule, and examples therecf include preferably



present invention, further addition of an amne is not necessary. Agueous
ammoni a and brine are added to the reaction 25 solution (suspension)
obtained in this step, preferably a suspension thereof, and the m xture is
stirred for about one hour and filtered Q separate a solid, and then the
residue was washed with a solvent such aS benzene, toluene or xylene. The
filtrate and the washing are conbi ned and then washed 23 successively with
aqueous citric acid, 5% aqueous sodium bicarbonate and brine, and then
concentrated_in_.vacu r L After di Vi.ng.{ r i-n ound
of the for rruFaO(i )@ _%atgg’ogl )sé%%[%sdtlﬁlérne%ﬁ itﬂ6 gfd;%ol]{/rén l@ﬁthggéh%gﬁgg?ﬁg%na

tol uene, xyl eeﬂltéia&ﬂgt he |H§e1,16|§:? ﬁlgwiﬁm | ShHsAERIchDERuA cg{a?amanéitgl ed

with silica gel of the sane weig the conpound (XIl) or a ter whose

surface is cevatedningh tthetsai dosi | tredyeh, 8fd bByod 2Rl ¥aRgufr esaUEaLW th
an inert gas such as nitrogen. The present inventors found that inpurities

generated i ncoheaifiihgatt 10% edhiwc lares moaleopedfsubblgnciesd tam-barbon.
effectively renoved with the above silica gel purification. The purity of
t he conpound (XI|)EkampipsooEdtipy meiealreurprunpd wiichatmaih bentisiedd inahle
reactions and_purification of the products in subsequent steps can be

t her ef ore op@PaVeds tep ilRgdyde amirkeld I sAPRgEBAs amArend I aeypoynd,

speci al nmethod. . The {/i e step of produci bi s-i ndol _conmpoun

formula (V| Flj]:lIVDIP{}F S]qul unc{, a cogaiggl?) compound and a cogafL(&??)
compound, preferably NiBr,, Ni(NO;),, Ni(OCOCH;),, FeBr;, FeCl,,
FeS0O, , FeCl;, FeCl;-5i0O,, Fe(OCOCH,;),, Fe(II)fumarate, CoBr,,

10 CoI,, CoCl,,

Z Ni
H,C oHy |
b
< Co
_ HsC oHs ] ,
- ;
H,;C = Co
L CH3. 3 or
Z Fe
HsC
3 CHy |

15 Meanwhile, those starting compounds used in the step can



RIOHH OR wherein RL and Y have each the sane neani ng as defined above,

or a salt th
R1 has the s
above with a
represents a
group; a nag
represents a
m xture of t
t he af orenen
with a mal ei
wherein Xre
Cl- C7 al kyl

aral kyl grou

ereof by reacting the indole conmpound (XII): ~n RLO H wherein

ane nmeani ng as defined above, or a salt 24 thereof obtained

20

magnesi um chl ori de of the fo gula (XI): IXIl RvgCl  wherein Rc

Cl1-C, al kyl group, a phenyl group, a vinyl group or an allyl

nesi um conpound of the formula 5 (X): RIMJRd [ XI wherein Rd
Cl-C7 al kyl group or a phenyl group, or a salt thereof, or

BE ABHAE R ") | e Erdd Ao BREA0PES AP g Fo IARE o 6rd Sk
g?ﬂghEQEEOEBQHeE919% 838 Uk 1| 9 ?éﬂ.gkr Osigffar

esents a ha ogen atom an Y represents a

f#EPHBA @nBResy¥l. group, a benzyl oxymethyl group or a C7-Cl2
p, in the aforenmentioned inert solvent can be preferably

ydrogen ~atom a

conduct ed accordi ngnt ahthabbokl @tierg i psopesserable 2o aardy dyt Abbhat 2

to 4 noles o
5

10

15

20

25

f the indol compound (X 1) and about
reaction in the presence of an amine in addition to the rhodium

compound and metal compound. Additional presence of an amine
in the reaction can improve the reaction rate and the yield.
The reaction rate can be dramatically improved with use of an
amine. The amine includes a primary amine, a secondary amine
or a tertiary amine, and more specifically includes an amine
such as pyrrolidine, piperidine, dimethylamine, diethylamine,
diisopropylamine, dibutylamine, trimethylamine,
triethylamine and tributylamine, preferably a secondary amine
or a tertiary amine, and more preferably pyrrolidine.

The amine is usually used in an amount of about 0.01 to
10 equivalents, preferably about 0.01 to 10 equivalents,
relative to the material to be hydrogenated (for example,
compound (XIII)). Moreover, not by supplementary adding an
amine to the reaction solution, but by appropriately selecting
a reactant to generate the amine in the reaction solution with
the progress of hydrogenation according to the reaction of the
present invention, further addition of an amine is not
necessary.

Aqueous ammonia and brine are added to the reaction
solution (suspension) obtained in this step, preferably a
suspension thereof, and the mixture is stirred for about one
hour and filtered to separate a solid, and then the residue was
washed with a solvent such as benzene, toluene or xylene. The

filtrate and the washing are combined and then washed



2 to 4 noles of the magnesiumchloride (Xl), relative to 1 nole of the
mal ei m de conpound (1 X) , are reacted in an inert solvent at about 30Cto
120C for about 0.5 to 24 hours. 20 2) About 2 to 4 noles of the indole
conpound (XII) and about 0.8 to 4 noles 8% t he magnesi um conmpound (X),
relative to 1 nole of the naleimde conpéund (IX) , are reacted in an inert
sol vent at about 30C to 120C for about 0.5 to 24 hours. 25 3) About 2 to 4
nol es of the indole conpound (XI'l') and about 0.8 to 4 noles of the m xture

rel at :iéngotggﬁﬁ”?%ﬁ%ﬁ?h@ P ARBESEbBOUTAE (POl ath PORSRRT | F0AN ner t
solvent 5 o, abaLe30C din A20C! Ol PRRUD Dofedi AU LOYS o BESTE @Y Fooo

exanpl es of he“solven t he processes I ncl

and a ”‘Xturﬂfeért@i§§8§vﬂﬂ tﬁ@tféEMQ£QB réBngﬁﬁHD&EStﬂ% f&%mﬁ?ﬁ”ﬁﬁrﬂw
chloride of the formula (Xl 10 used in ove step include alkyl

magnesi um chpprd ¢as tsthdreas iretahybliregiteshdmahbenizdde et8yleABYNEFE] eifie

chl oride, n-propyl magnesium chloride, isopropyl magnesi um chl ori de,

n- butyl ragnasdurhe lide deéhessblitiyliomajaesl aced hirro déecolumobfii ¥ledagiElsi um
chloride, t-butyl magnesium chloride, 15 n-pentyl magnesi um chl ori de,

n- hexyl rragn%slmacgﬂbmfd‘éhe mwexﬁi@t\@é theceompewed (XIn) Oﬁfagrr%slw

chl oride and all gne5|un1chlor|de or a_mxture thereof. Exanples of

t he nagnesid%?%%épéHﬁa G& tife FUFFREL ka udd® 9 Rt b69e9§9epqqﬂﬂQﬁe

g:rggg¥gg§?2%é%£n}ndle£hgl g”%?ﬂﬁnanzgngrén Qrog%h%m%gu% thgen. The
present inventors found that impurities generated in the
10 reaction step such as colored substances can be effectively
removed with the above silica gel purification. The purity of
the compound (XII) is improved by the present purification
method, and reactions and purification of the products in
subsequent steps can be therefore operated in industrially
15 advantageous manners without a special methced.

Then, the step of producing a bis-indol compound of the

formula (VIII):

wherein R' and Y have each the same meaning as defined above,

20 or a salt thereof by reacting the indole compound (XII):

[X11]

0
R'O N

H
wherein R' has the same meaning as defined above, or a salt



di (n-butyl)magnesi um di (s-butyl)magnesium diisobutyl magnesi um

di (t-butyl)nmgnesium di(n-pentyl)nmgnesi um di (n-hexyl)mgnesi um
(n-butyl) (s-butyl)nmagnesi um (nethyl) (s-butyl)nmgnesi um 25

(et hyl) (s-butyl)nmagnesi um (nethyl) (n-but 4)nagnesium

(et hyl) (n-butyl)nmgnesium (nethyl)(t-butyl)mgnesi um

(ethyl) (t-butyl)nmgnesi um (n-propyl)(n-butyl)nmgnesi um

(n-propyl) (s-butyl)magnesi um (n-propyl)(i-propyl)mgnesi um

(n-butyl) (i-propyl nesi u s-hbut vl ) (i-propyl esi um

G- butyl) (i -BreRtes RtradiaiiooRe Wit B hr SheRy iniaehest i oeafhe formula
diphenylnagneﬁiyn] or a mxture thereof. Then, the step of producing a
conmpound of e formula (MI1): WII ONORONNORS5 wherein R and Y
have each the_sane ndXllng as defined above, or a salt thereof by

ri ng-cl osur eRrddgei on of the bis-indole conpound (VII1): Y [VIII] ONO

RCNN OR in Rc.and Y h t ' def i ned_ahove,
R salt t hor CHTCUbL b GE EHRA L Ché Ce BIIE: SEOBP o PP By ST0 el NG (o

0 eSS S APL Fh  EY S R FE Qoo

salt thereof™is "~ trea or exa ,
5 (X):
RIMgR?

wherein R? represents a C;-C; alkyl group or a phenyl group, or
a salt thereof, or a mixture of the magnesium chloride (XI) and
the magnesium compound (X) in the aforementioned inert solvent,
and then reacting the reaction product with a maleimide compound

10 of the formula (IX):

X X
wherein X represents a halogen atom, and Y represents a hydrogen

atom, a C;-C; alkyl group, a phenyl group, a benzyloxymethyl
group or a C;-C;; aralkyl group, in the aforementioned inert
solvent can be preferably conducted according to the following
15 processes 1), 2) or 3).
1) About 2 to 4 moles of the indol compound (XII) and about
2 to 4 moles of the magnesium chloride (XI), relative to 1 mole
of the maleimide compound (IX), are reacted in an inert solvent
at about 30°C to 120°C for about 0.5 to 24 hours.
20 2) About 2 to 4 moles of the indole compound (XII) and
about 0.8 to 4 moles of the magnesium compound (X), relative
to 1 mole of the maleimide compound (IX), are reacted in an inert

solvent at about 30°C to 120°C for about 0.5 to 24 hours.



2, 3-di chl oro-5, 6-di cyano-1, 4- benzoqui none (hereinafter, abbreviated as
DDQ, a palladiumreagent such as PdC 2 and 15 Pd(QAc) 2, or a copper
reagent such as CuC 2 in an anount of about 1 to 10 nolar equivalents
relative to 1 nole of the conpound (Vlllé or a salt thereof at about 20C to
200 C for about 1 mnute to 5 days. The 3l vent whi ch may be used in the
step 1) may be any 20 solvent as long as it is comonly known as an inert
solvent, 27 and exanpl es thereof include polar solvents such as

P TRy B P A5 ERRTT Bret, 5 on

dlnethylsquOX|de
-pol ar sol veny 34ch  8StBeRZRHfes %:tfojcﬂér}ﬁlx‘&(ﬂfén@otﬁﬁrlghﬁb Phe RLOMELEARENE

and 1,2,4-trimethylbenzene. Tn the case of usin

2, 3-di chi or OCEcL@rdu@y@ap{]anﬁ DA ZRQYHARE cBMﬁbﬁﬁﬁn(}Cya&le(i%tllv% genemnat ed
during the reaction or the treatnment when the above polar solvent is used,
whil e the gepér ¢ malefiniydd ogapouydn( k) 1Gire reapieds sacamtiae rtthsoroanpol ar
solvent is used, which |s advantageous for step control. 2) A compound of
the form#a éVIabpu¢r3Q Gate 1R8Y@ofor sabouta®ed wpt R4ahpuagent conposed of
about 0.01 to 1.0 equivalent of a transition netal catalyst (e.g.

pal | adi um platlnuﬁ¥e§?€3P1§53%Qm®%?$éﬂfGﬁecﬁP%BﬁntaW%ﬁ§ﬁdltB&PEFﬂﬁ?SseS
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(MII1), in
days under 1, Egrgh?hgbghggﬁphere of an oxidizing agent selected fromthe

group consisting of oxygen, air, ethylene and
Examples of the magnesium chloride of the formula (XI)

10 used in the above step include alkyl magnesium chlorides such

as methyl magnesium chloride, ethyl magnesium chloride,

n-propyl magnesium chloride, isopropyl magnesium chloride,
n-butyl magnesium chloride, s-butyl magnesium chloride,
isobutyl magnesium chloride, t-butyl magnesium chloride,

15 n-pentyl magnesium chloride, n-hexyl magnesium chloride,

phenyl magnesium chloride, vinyl magnesium chloride and allyl
magnesium chloride, or a mixture thereof.

Examples of the magnesium compound of the formula (X) used

in the above step include dimethylmagnesium, diethylmagnesium,

20 di(n-propyl)magnesium, diisopropylmagnesium,

di(n-butyl)magnesium, di(s-butyl)magnesium,

diisobutylmagnesium, di(t-butyl)magnesium,

di(n-pentyl)magnesium, di(n-hexyl)magnesium,

25

(n-butyl) (s-butyl)magnesium,
(ethyl) (s-butyl)magnesium,
(ethyl) (n-butyl )magnesium,

(ethyl) (t-butyl)magnesium,

(n-propyl)(s-butyl)magnesium,

(n-butyl) (i-propyl)magnesium,

(methyl) (s-butyl )magnesium,
(methyl) (n~butyl)magnesium,
(methyl)(t-butyl)magnesium,
(n-propyl) (n-butyl)magnesium,
(n-propyl) (i-propyl)magnesium,

(s-butyl) (i-propyl)magnesium,



20 acetyl ene. Exanples of the inert solvent which may be used in the step
2) include tol uene, tetrahydrofuran, nethanol, ethanol, dinethylformam de,
di et hyl sul f oxi de, N-nethyl pyrrolidone and dinethyl acetam de. 25 Then, the
step of producing the conpound of the forgpula (V): 28 Yi IV] ONORIO N
NOR OORZ R3 O wherein R and Y have each the sanme neani ng as defined
above, and R2, R, R and R5 each represents a hydroxy-protecting group, or
a salt thereof by coupling a compound of the formula (VII): (MIII ON O R10

\ / . bR E h i ' :
NN O G T RN LR T e e S5, S0t
the formila fyh)aigheh hhagﬁgggumRSQrC%4ﬂM%¥H¥é1ﬂﬁéré%%. R4 and RS have each

t he sane nmeani ng as define
Then, the step of producing a compound of the formula

(VII):

5 wherein R' and Y have each the same meaning as defined above,
or a salt thereof by ring-closure reaction of the bis-indole

compound (VIITI):

y v

O0~"N -0

wherein R' and Y have each the same meaning as defined above,
or a salt thereof obtained above can be conducted preferably
10 according to the following processes 1) and 2).

1) A compound of the formula (VIII) or a salt thereof is
treated in an inert solvent with, for example,
2,3-dichloro-5,6~dicyano-1,4-benzoguinone (hereinafter,
abbreviated as DDQ), a palladium reagent such as PdCl, and

15 Pd(OAc)., or a copper reagent such as CuCl, in an amount of about
1 to 10 molar equivalents relative to 1 mole of the compound
(VIII) or a salt thereof at about 20°C to 200 °C for about 1
minute to 5 days.

The solvent which may be used in the step 1) may be any

20 solvent as long as it is commonly known as an inert solvent,



above, and X1 represents a hal ogen atom using preferably a 10 system

conprising a base in an aqueous solvent and a phase transfer catal yst

i nert organic solvent can be conducted as follows. 29 The activated

gl ucose derivative (Vl1):

atom can be produced by 5 reacting a glucose derivative (Vla): OH [V a]
OR2 3 R50 ORR wherein R2, R3, R4 and R5 each represents a

hydr oxy- protectin roup, wi.th, for ex |l e, an_acid halide, sulfqnyl
chi ori de or APBdoSKAMBHER | FREESATe TROLIG: DSYEE o SPAOERES ortiibl y2s
about -10C tg

e

f bly j ' : i d
hal i de used I n%(f)ﬁcfelygr g\’/fg&%flé% n+ernltcrfek{l;h e erS ghgg&&W-ﬁféﬂ%éﬁ% E::and
xalyl chl orasife 1 AYRAA1EBKGRe SO 2 OF ONGhYtngihPELE?ikEnRl of or abl €. add

SCC 2 is nore prefera Exanpl es of the i1nert”Solvent used in the above

in an

X1 [VI] 0O OR2 R50 OR3 OR4 wherein R2, R3, R4 and
R5 each represents a hydroxy-protecting §7oup, and X1 represents a hal ogen

0

step 15 inchudeaamBYH{262ERAMIAESam® alrdigiel aX ¥oaRen theptlrae reKzed@xane;
anitrile such as acetonitrile; an ether such as

5

10

20

25

toluene, xylene (o, m or pP). ethylbenzene and
1,2,4-trimethylbenzene. In the case of using
2,3-dichloro-5,6-dicyano-1,4-benzoquinone, hydrogen cyanide
is generated during the reaction or the treatment when the above
polar solvent is used, while the generation of hydrogen cyanide
is suppressed when the non-polar solvent is used, which is
advantageous for step control.

2) A compound of the formula (VIII) or a salt thereof is
treated with a reagent composed of about 0.01 to 1.0 equivalent
of a transition metal catalyst (e.g. palladium, platinum, etc.)
supported on carbon, alumina, calcium carbonate, barium sulfate
or silica gel, relative to 1 mole of the compound (VIII), in
an inert solvent at about 20°C to 200°C for about 1 minute to
5 days under 1 to 5 atm atmosphere of an oxidizing agent selected
from the group consisting of oxygen, air, ethylene and
acetylene.

Examples of the inert solvent which may be used in the
step 2) include toluene, tetrahydrofuran, methanol, ethanol,
dimethylformamide, dimethylsulfoxide, N-methylpyrrolidone
and dimethylacetamide.

Then, the step of producing the compound of the formula

(V):



tert-butyl

met hyl ether and tetrahydrofuran; a hal ogenated hydrocarbon such
as net hyl ene chloride, carbon tetrachloride, chloroform trifluorotoluene

and di chl orobenzene; and a ketone 30 such as nethyl isobutyl ketone and

acet one,

pr ef er abl e,
gl ucose derivative of the fornula (Vla),
may be used. The activated gl ucose derivative of the formula (V)
above is coupled with a ¢gonmpou of the formula (M) : Y [VII] ONO RON
N OR wherein R and Y haﬂp e
salt thereof, using a :

anong which tert-butyl nethyl her or tetrahydrofuran is

and tert-butyl methyl ether i's nore preferable. As for the

ch t'he sanme neaning as defined above, or a

@)

a phase transfer cataly in an inert organic solvent, usually at about

to 200C, preferab
in the above step
i ncl ude al kal iR'OhyY
pot assi um hydr oxi de a

&

XNdes &UC' assﬁPthiun1hydroxide, sodi um hydr oxi de,
cgéﬂun1hydroxide, anong whi ch sodi um hydroxi de or

pot assi um hydr oxi de i ferable. The concentration of the base used is
about 5 wt.%to 95 9 20 preferably about 45 wt.%to 50 wt.% Exanples
of the inert solv%g in the above step

OR*

10

, wherein R! and Y have each the same meaning as defined above,

and R?, R?, R* and R® each represents a hydroxy-protecting group,

or a salt thereof by coupling a compound of the formula (VII):

fvij

wherein R! and Y have each the same meaning as defined above,
or a salt thereof obtained above with an activated glucose

derivative of the formula (VI):

X! fvij

0" OR?

R°0 | OR?®
oRr*

wherein Rz, R3

, R* and R® have each the same meaning as defined
above, and X! represents a halogen atom, using preferably a
system comprising a base in an aqueous solvent and a phase
transfer catalyst in an inert organic solvent can be conducted

as follows.

5 commercially avail abl e products
obt ai ned
conprising a base in an aqueous 10 sol vent and

40C. An exanpl e of the aqueous sol vent used
| es of the base used in the above step



i ncl ude a hydrocarbon such as tol uene, xylene, heptane and hexane; a
nitrile such as acetonitrile; an ether such as tert-butyl nethyl ether and
tetrahydrof uran; a hal ogenated 25 hydrocarbon such as net hyl ene chl ori de,
carbon tetrachloride, 31 chloroform trifluorotoluene and dichl orobenzene;
a ketone such as nethyl isobutyl ketone 28nd acetone; and a non-ionic

sol vent such as N, N-di net hyl f ormam de and 1-nethyl-2-pyrrolidi none, anong
which tert-butyl nethyl ether, 5 nethylene chloride or trifluorotoluene is
preferable. Exanples of the phase transfer catal yst used in the above step
i ncl ude a conpoun@hef actd viadedilglyodsy dgpdwgtive 6VvF)Oa O R-MR A la R
wherein each Ra indepeE?QTtly represents hydrogen, benzyl or 10 Cl1-Cl8

hydr ocarbon; M représe a nitrogen atomor a phosphorous atonm and A

represents hydroxy,s fluorine, bromne, chlorine, iodine, cyano, HS04,
CH3SG3 or PhCH2 @Rd tris(2-(2-nmethoxyethoxy)ethyl)amne, and preferable
exanpl es thereof)Anclude tricapryl net hyl ammoni um chl ori de, 15
tris(2-(2-nmetho hoxy) et hyl ) am ne, benzyltriethyl anmonium chloride and
tri butyl amoni gfogen sul fate. The next step of treating the conpound of

the formula ( :Ogg

* R*! and R’ each represents a hydroxy-protecting

wherein R?, R
group, and x! represents a halogen atom, can be produced by

5 reacting a glucose derivative (VIa):

OH [vial

077 0R?

OR®
OR*

wherein R?, R?, R* and R’ each represents a hydroxy-protecting

R°O

group, with, for example, an acid halide, sulfonyl chloride or
iodo-triphenylphosphine at about -50°C to 200°C, preferably
about -10°C to 30°C, preferably in an inert solvent.

10 Examples of the acid halide used in the above step include
S0Cl,, POCl,, SOBr;, POBr;, PBr; and oxalyl chloride, among which
SOCl, or oxalyl chloride is preferable, and SOCl, is more
preferable.

Examples of the inert solvent used in the above step

15 include a hydrocarbon such as toluene, xylene, heptane and
hexane; a nitrile such as acetonitrile; an ether such as
tert-butyl methyl ether and tetrahydrofuran; a halogenated
hydrocarbon such as methylene chloride, carbon tetrachloride,

chloroform, trifluorotoluene and dichlorobenzene; and a ketone



i Y[V ONORHONHNOR OOR RS0 OR3 OR4 wherein R, R2, R3, R4, R5
and Y have each the sane neaning as defined above, or a salt thereof
obt ai ned above with a base preferably in an inert solvent to produce a
conpound represented by the formula (I1V): [IV] OO0 0O RONNOR H OOR
R50 OR3 OR4 5 wherein R1, R2, R3, R4, aB@l R5 have each the same neani ng as
defi ned above, or salt thereof is usually carried out using the base in an
anount of about 50 to 100 noles, preferably about 50 to 70 noles, relative
to 1 nole of the conpound (V) or a salt thereof, preferably in an inert
sol vent whi csudlas aso mdvbylde ieddlmactybnketonehean@addedronéExaapbayg ofhidiz

af orenenti oned inert solvent include alcohols such as nethanol, ethanol,

i sopropanol B@dt-betylouethipl etdierohytesyphydredurandis preterableemnd

t hereof, anpong whi ch_nethanol, ethanol or isopropanal is preferable.
tert-butyl methyl ether is more preferable.

As for the glucose derivative of the formula (VIa),
5 commercially available products may be used.

The activated glucose derivative of the formula (VI)

obtained above is coupled with a compound of the formula (VII):

y VI

wherein R' and Y have each the same meaning as defined above,
or a salt thereof, using a system comprising a base in an aqueous

10 solvent and a phase transfer catalyst in an inert organic
solvent, usually at about -50°C to 200°C, preferably about 0°C
to 40°C.

An example of the aqueous solvent used in the above step
is water.

15 Examples of the base used in the above step include alkali
hydroxides such as 1lithium hydroxide, sodium hydroxide,
potassium hydroxide and cesium hydroxide, among which sodium
hydroxide or potassium hydroxide is preferable. The
concentration of the base used is about 5 wt.% to 95 wt.%,

20 preferably about 45 wt.% to 50 wt.%.

Examples of the inert solvent used in the above step
include a hydrocarbon such as toluene, xylene, heptane and
hexane; a nitrile such as acetonitrile; an ether such as
tert-butyl methyl ether and tetrahydrofuran; a halogenated

25 hydrocarbon such as methylene chloride, carbon tetrachloride,



15 Exanpl es of the aforenenti oned base include a base such 33 as sodium
hydr oxi de, potassi um hydroxi de, sodi um net hoxi de, potassi um net hoxi de,

sodi um et hoxi de, sodiumtert-butoxide and potassiumtert-butoxide, anong
whi ch sodi um hydr oxi de, potassi um hydroxi de or sodi um net hoxide is
preferable. 5 The reaction tenperature is3&sually fromroomtenperature to
about 60C, preferably about 30C to 50C, and the reaction tinme is usually
about 1 hour to 1 day, preferably about 3 hours to 10 hours. Then, the step

BB SRR lldAd ro sT s a0
Py oxy- pr of eETng oMY ol e o] FebERhETTh dongnataniey .
[IVI OOR Qol_\ll.vungQ H such as N,N-dimethylformamide and
l-methyl-2-pyrrolidinone, among which tert-butyl methyl ether,
5 methylene chloride or trifluorotoluene is preferable.

Examples of the phase transfer catalyst used in the above

step include a compound of the formula (XIV):

[xiv]

wherein each R® independently represents hydrogen, benzyl or

10 C;-Cishydrocarbon; Mrepresents a nitrogen atom or a phosphorous
atom; and A represents hydroxy, fluorine, bromine, chlorine,
iodine, cyano, HSO,, CH350; or PhCH,COO, and
tris(2-(2-methoxyethoxy)ethyl)amine, and preferable examples
thereof include tricaprylmethylammonium chloride,

15 tris(2-(2-methoxyethoxy)ethyl)amine, benzyltriethylammonium
chloride and tributylammonium hydrogen sulfate.

The next step of treating the compound of the formula (V):



OOR2 RS0 OR3 OR4 wherein R, R2, R3, R4 and R5 have each the sane neaning
as defined above, or a salt thereof obtained above with the conmpound (I11)
34 OR6 [I11] HNf~OR7 NH2 Xa wherein R6 and R7 have each the sane neani ng
as defined above, and Xa represents an acid nolecule, is usually carried
out using the conpound (I11) in an anount? of about an equi valent nole to 5
3.0 noles, preferably about 1.0 to 1.5 noles, relative to 1 nole of the
conmpound (IV) or a salt thereof in an inert solvent which has no adverse
effect on the reaction. The said step nay be carried out in the presence of
an acid scavenger or both an acid scavenger and a desiccant. 10 The anpunt
of the acid scavenger t¥ be u§v¥qg is about 0.1 to 100 noles, preferably about
0.1 to 2 noles, rel g @1l nole of the conpound (1V) or a salt thereof.
The amount of the gdant to be used is about 0.1 to 100 noles, nore
preferably about 0. es, relative to 1 nole of the conpound (1V)

15 or a salt the g of the aforenentioned inert solvent include
N, N- di met hyl f or_#agi e ! 'acet am de, tetrahydrofuran, dinethyl

sul f oxi de anﬁ(N-nethy pyr gpl i done, or a m xed solvent thereof, anong which
N, N-di met hyl f or mam gef 0g® N, N-di met hyl acet am de or N-nethyl pyrrolidone is
pref erabl e.

3, R*, R® and Y have each the same meaning as

wherein R', R?, R
defined above, or a salt thereof obtained above with a base

preferably in an inert solvent to produce a compound represented

by the formula (IV):

[1v]

R%0 | OR®
oR*
5 whereinR!, R?, R?, R*, and R® have each the same meaning as defined

above, or salt thereof is usually carried out using the base

in an amount of about 50 to 100 moles, preferably about 50 to

70 moles, relative to 1 mole of the compound (V) or a salt thereof,

preferably in an inert solvent which has no adverse effect on
10 the reaction.

Examples of the aforementioned inert solvent include
alcohols such as methanol, ethanol, isopropanol and
tert-butanol, dimethyl sulfoxide, and a mixed solvent thereof,
among which methanol, ethanol or isopropanol is preferable.

15 Examples of the aforementioned base include a base such



The reaction tenperature is usually fromroomtenperature to about 90C
preferably about 30C to 70C, and the reaction tine is usually about 1 hour
to 1 day, preferably about 1 hour to 3 hours. 25 Exanples of the acid
scavenger include ethyldinethylamne, trjethylam ne, isopropyldiethylam ne,
35 diisopropylethylamne, tributylam ne, pyridine, 2,6-Iutidine,
2,6-tert-butyl pyridine, 2,4,6-collidine, 1,8-diazabicyclo[5.4.0]non-5-ene
(DBU), 1,5-diazabicyclo[4.3.0]undec-7-ene (DBN), diisopropylamne, 5

N, N- di et hyl gniJ | 'aﬂf@%i C L2 2 DA - | ‘

N- et hyl nor p oléldn({ehﬁlr‘éh]llgﬁ%ldé I ch’ I%%?L%f’ﬁvl ngn&?\’%gd%dcﬁg?émmt ?l%é:t oﬁléirﬁ ne,

di i sopropy| gidvd ke md trdei gd ansH&ieh mdthsRERDYsadlinm el ehdiadle and
triethylanine is nore preferable. 10 Exanples of the desiccant include
magnesi um swWd@tgotasothmnt evktbueoxtide , Maneid awh Htieveod idahOniy-dioxi.de ,
HC(O-Et)3, HC(O CH3)3 and (CH3)2C(OCH3) 2, anong whi ch nmagnesi um sul f at e,
sodi um sul f gt aws iure hleetd de &F evediwmpnethoabe, isngrefragabdieum sul fat e
isS nore greferabl e. 15 Then, in the step of producing an

i ndol opyPr ol ocar &6 €eagki Py &eMRe Tt R 18019 BLY FFomGrpoRempRIEiurep N O

HONNOH H
to about 60°C, preferably about 30°C to 50°C, and the reaction

time is usually about 1 hour to 1 day, preferably about 3 hours
to 10 hours.

Then, the step of producing a compound of the formula (II):

R°0 | OR?®
OR*
10 wherein R', R, R?, R* and R® have each the same meaning as defined

above, and R® and R’ each represents a hydroxy-protecting group,

or a salt thereof by reacting the compound (IV):

R°0 | OR®
OR*
wherein R', R?, R?, R* and R® have each the same meaning as defined

above, or a salt thereof obtained above with the compound (III):



OH 40H HOH or a salt thereof by deprotection of the conpound (I11): 36 OR6
HNCOR7 [HH i ONORONHOR OOR RO OR3 OR4 wherein RL, N2, R3, R4,
R5, R6 and R7 have each the same neaning as defined above, or a salt

t hereof, when the reaction is carried out by catalytic reduction, the

catal yst includes, for exanple, palladiucarbon catalyst and Raney- ni ckel
catalyst. Such 5 catal ysts may be known catalysts. In the catalytic
reduction, preferable hydrogen pressure is usually normal pressure to 3
atm and the ann%ﬂ§ ofdiqﬁ catal yst used is usually about 1/100 to 1 fold
preferably abou /10813 1/ 10 fol g, by mass of the starting conmpound (I1).
10 Exanpl es of/[é%oheaction sol vent include m xed solvents of an al cohol
sol vent, e. gHNnethanol, ethanol, isopropanol, butanol, and tetrahydrofuran,
among whi ch aNmkj xed €o0?vent of i sopropanol and tetrahydrofuran (50:50) is
preferable. The reaction tenperature is usually fromabout -30Cto 15 60C,
preferably about 0OC to 50C, and the reaction tine is

wherein R® and R’ have each the same meaning as defined above,

and X® represents an acid molecule, is usually carried out using
the compound (III) in an amount of about an equivalent mole to

5 3.0moles, preferably about 1.0 to 1.5 moles, relative to 1 mole
of the compound (IV) or a salt thereof in an inert solvent which
has no adverse effect on the reaction.

The said step may be carried out in the presence of an
acid scavenger or both an acid scavenger and a desiccant.

10 The amount of the acid scavenger to be used is about 0.1
to 100 moles, preferably about 0.1 to 2 moles, relative to 1
mole of the compound (IV) or a salt thereof. The amount of the
desiccant to be used is about 0.1 to 100 moles, more preferably
about 0.1 to 2 moles, relative to 1 mole of the compound (IV)

15 or a salt thereof.

Examples of the aforementioned inert solvent include
N,N-dimethylformamide, N,N-dimethylacetamide,
tetrahydrofuran, dimethyl sulfoxide and N-methylpyrrolidone,
or a mixed solvent thereof, among which N,N-dimethylformamide,

200 N,N-dimethylacetamide or N-methylpyrrolidone is preferable.

The reaction temperature is usually from room temperature
to about 90°C, preferably about 30°C to 70°C, and the reaction
time is usually about 1 hour to 1 day, preferably about 1 hour
to 3 hours.

25 Examples of the acid scavenger include

ethyldimethylamine, triethylamine, isopropyldiethylamine,



usually froman instant to about 7 days, preferably froman instant to
about 24 hours. The nethod for purification of the obtained conpound (1) or
a salt thereof may be conducted as follows. 20 The resulting reaction
solution is filtered and the pH of the f%ltrate is adjusted to about 1. 5
to about 6. 5, preferably 37 about 1.5t ® about 6.5, nore preferably about
2.5. About 10%to about 30% preferably about 15%to about 25% nore

pref erably about 20% aqueous al cohol is added to the resulting solution to

dj h i f.th d, 5, (! b .10 ni/ 20
e EBE ok By s e RN Vahhrb? BOPLA138, DL uBiEtt .2
m./g. The so uglggﬁtyﬁagg?hgkgg nkS heated to about SOC:iFhE%E%g%l%éég%hirds

preferably about ofution, an al cohol in an amount o

10 the annuni,Qidiggaggggghg@5[g_@qq%g_5tg%eresulting solution is ghpgyed to
stand at about 50C to 100C, preferably about 70C, and filtered to collect

the precipilatedigssgbialaloln.Bhejahaee-f7i-leneat(ipmn) wWaiiclsardpylaminé he
crystal 15 suspension is adjusted to about 1 to about 10 w v% An exanple
of the alicohd|Nudtmethylheidboee sh.ep-diwtabiesycho2-LZ,; 2dbcphaki c(RABCODI ,
preferably methanol, ethanol ropanol , isopropanol, butanol, sec-butanol,
i sobut anol , ap@AN-arethyskery Hewn @monghwhishel pyer aa ey ) amd@@soguabl as 20
Exanpl es of the base used to adjust the gH i ncl yde triethglafine,
di i sopr opyl etRyPERYh@MiBR} but Gl HifRECPY lethy lamine, — tribitylamine  or

diisopropylamine is preferable, and triethylamine is more
preferable.

10 Examples of the desiccant include magnesium sulfate,
sodium sulfate, the Molecular Sieve, HC(0O-i-Pr),, HC(O-Et),,
HC(O-CH;); and (CH;3),C(OCH;),, among which magnesium sulfate,
sodium sulfate or the Molecular Sieve is preferable, and
magnesium sulfate is more preferable.

15 Then, in the step of producing an indolopyrrolocarbazole

derivative of the formula (I):

HO \OH
OH

or a salt thereof by deprotection of the compound (II):



pyridine, 2,6-lutidine, 2,4,6-collidine, 1,8-diazabicyclo[5.4.0]non-5-ene
(DBU), 1,5-diazabicyclo[4.3.0]undec-7-ene (DBN), diisopropylamne, 25

N, N-di met hyl ani | i ne, 1, 4-di azabi cycl o[ 2. 2. 2] oct ane ( DABCO) or

N- et hyl mor phol i ne, among which | ower al kyl am nes such as triethylam ne,
di i sopropyl ethyl am ne, tributylam ne and diisopropylam ne are preferable,
and triethylamne is nore preferable. 38 The conpounds obtai ned by each of
t he above steps can be purified and isolated, if required, solely or in
conbination wth the nmeth known per se in the art, such as col umm
chromat ography on silica Eel or a rbent resin, I|qU|d 5 chr omat ogr aphy,
thin | ayer chronatogra FWen xtraction and
recrystalIlzatlon/repreclpltatlon The present invention also relates to a
hydr ogenation cat algsgN pri sing the af orementi oned rhodi um conpound and
the aforenentioned netal conpound. 10 This catalyst is used for the
reduction of conpg ains the aforenentioned rhodi um conpound and
nmet al conpound e present invention, coexisting state or

m xed state Ad and the metal conpound is the claimed

i nvention. Tﬁerefore in the catalyst of the present 15 invention, for
exanpl e, a sol vent oke contained or exist in addition to a rhodi um
conpound and a netal)\conpound. The reduction reaction in which the catal yst
of the present in ion is utilized should not be |imted to the reduction

reaction in the &B0 éfﬁl), whil e reduction of nitro groups to
OR

wherein R, R?, R?®, R*, R?, R® and R’ have each the same meaning

as defined above, or a salt thereof, when the reaction is carried

out by catalytic reduction, the catalyst includes, for example,

palladium-carbon catalyst and Raney-nickel catalyst. Such
5 catalysts may be known catalysts.

In the catalytic reduction, preferable hydrogen pressure
is usually normal pressure to 3 atm, and the amount of the
catalyst used is usually about 1/100 to 1 fold , preferably about
1/100 to 1/10 fold, by mass of the starting compound (II).

10 Examples of the reaction solvent include mixed solvents
of an alcohol solvent, e.g. methanol, ethanol, isopropanol,
butanol, and tetrahydrofuran, among which a mixed solvent of
isopropanol and tetrahydrofuran (50:50) is preferable.

The reaction temperature is usually from about -30°C to

15 60°C, preferably about 0°C to 50°C, and the reaction time is
usually from an instant to about 7 days, preferably from an
instant to about 24 hours.

The method for purification of the obtained compound (1)
or a salt thereof may be conducted as follows.

20 The resulting reaction solution is filtered and the pH

of the filtrate is adjusted to about 1.5 to about 6.5, preferably



20 am no groups, and reduction of al kenyl groups or al kynyl groups to the
correspondi ng al kyl groups are preferable. The catalyst of the present

i nvention has specific actions when it is used in the reduction of nitro
groups to am no groups, and reduction of,ﬁlkenyl groups or al kynyl groups

to the correspondi ng al kyl 25 groups, and® is very useful for industrial
purposes. As an exanple of the said speC|f|c actions, a remarkable point is
that, in the reduction of nitro groups to anino groups and in the

duct f_al kenyl | kynyl he ding al kyl
G oups. overP 11Ut Hk- b r apoF 3b§y”éaﬁ%re§‘f‘ TRRSYGPBERE GoRor than nitro,
al kenyl oral kyny duqo%‘?*ioﬂsto %%'67:13@ £ ﬂ%&%%%bgutaigﬁ?'%dgb%t 90”9

or hal ogen in lon'to nitro, the reductron

groups ot hermcsf@npfékégab@&k%wntorz@é kygubolis SNt iAd | ¥agedt QBD%&V
suppressed, or the reduction of nitro groups to amno groups and the

reduction ofrediketiig FolutSic tal XFHyst dHeipdnded tirat iQer 6E€Siiod diorpalndy |
groups are predom nant over the reduction of the groups other than nitro,
al kenyl ér alXyrgl aboiztir i enintyg ¢o ébeutal @imistg opbrelferiainaenabontal 2 mlsimwed
that an 10 action of accelerating the reduction of nitro groups to am no

gr oups and1ﬁﬂ3Qhﬁﬂktl%wmbfgajm@h9lPaﬁﬁﬁﬁébéy abrykyLSgP&ifs to the

correspondi ng al k g When, articul ar, catal tic reductign is
conduct ed using ayrs.}lf‘p EBE&OPM%HP'C%&P&%% fded taeReyd SCEnheidAE i r on
sal t, nickel é%%ré% aﬂg AR met al compound, the reduction of

functi onal groups Sde s enzy et'’her,” aryl halides, al dehydes or ketones

i's substantially siprprd s%lu%i%{,e%ﬁﬁ%lc%%lt his éd“%n&a‘%}n@cCTdeecwo-thlrds
10 the amount of the solution is added.

The resulting solution is allowed to stand at about 50°C
to 100°C, preferably about 70°C, and filtered to collect the
precipitated crystals.

In the above filtration, water content of the crystal

15 suspension is adjusted to about 1 to about 10 w/v%.

An example of the alcohol used in the above step includes
a C;-Cs aliphatic alcohol, preferably methanol, ethanol
propanol, isopropanol, butanol, sec-butanol, isobutanol,

pentanol and isopentanol, and more preferably isopropanol.

20 Examples of the base used to adjust the pH include
triethylamine, diisopropylethylamine, tributylamine,
pyridine, 2,6-1lutidine, 2,4,6-collidine,
1,8-diazabicyclo[5.4.0]lnon-5-ene (DBU),

1,5-diazabicyclo[4.3.0]lundec-7-ene (DBN), diisopropylamine,
25 N,N-dimethylaniline, 1,4-diazabicyclo[2.2.2]loctane (DABCO)
or N-methylmorpholine, among which lower alkyl amines such as
triethylamine, diisopropylethylamine, tributylamine and
diisopropylamine are preferable, and triethylamine is more

preferable.



reduction of nitro groups to am no groups and the selective reduction of

al kenyl groups or al kynyl groups to the 20 correspondi ng al kyl groups becone
possi bl e. Consequently, by wusing the catalyst of the present invention in a
reduction reaction, conplicated steps tggen i n conventional reduction
reactions involving protection with prot&tting groups, subsequent reduction
procedure and deprotection are not 25 required. In the present invention,

it is preferable that the aforenentioned catalyst further contains t he

f ti d ) ' dditi hodi
Compound, a5 menfRErEUTRBGULS TEHRSL Tararys oL COTR 4196 11y SRR B8
accor ding 16,4 0g, BReSRRL 1 LAYERLONS FS u3adeheapFREY 8p ﬁtgomﬁnat on

dramati cal |l ¥ accerel a reduction e o6f functiona group Ich are

easily redugednSygl aﬁeaﬁr&ayl ksbaﬁr dexr decngasel Apd, ”%h%hs%‘@f:biumn
reduction of nitro, alkenyl or 5 al Kynyl can be achieved and thus the vyield

of the redugpdoph®dyehphlyS bMPIsAVEGa agetONPAr edisdorddit casginher eighed
af orenenti oned catalyst not containing an amne is used. Exanples 10 The

present 3 nvehtrbmatbgrdebyr,i tiedn ilaykat ahiroma twayr aphy ,Exafpkes extr&eftosnce
Exanpl es, however, it is not restricted thereto. Exanple 1 (1) (2) H2 Z
_Bno O N BapdNgecHystallization/reprecipitation.

The present invention also relates to a hydrogenation
catalyst comprising the aforementioned rhodium compound and the
aforementioned metal compound.

10 This catalyst is used for the reduction of compounds and
contains the aforementioned rhodium compound and metal compound.
According to the present invention, coexisting state or mixed
state of the rhodium compound and the metal compound is the
claimed invention. Therefore, in the catalyst of the present

15 invenrtion, for example, a solvent may be contained or exist in
addition to a rhodium compound and a metal compound. The
reduction reaction in which the catalyst of the present
invention is utilized should not be limited to the reduction
reaction in the above (1), while reduction of nitro groups to

20 amino groups, and reduction of alkenyl groups or alkynyl groups
to the corresponding alkyl groups are preferable. The catalyst
of the present invention has specific actions when it is used
in the reduction of nitro groups to amino groups, and reduction
of alkenyl groups or alkynyl groups to the corresponding alkyl

25 groups, and it is very useful for industrial purposes. As an
example of the said specific actions, a remarkable point is that,
in the reduction of nitro groups to amino groups and in the
reduction of alkenyl groups or alkynyl groups to the

corresponding alkyl groups, even if the material to be reduced



15 (Bn: benzyl group (hereinafter the sane); Rnh/C: rhodium carbon powder;

Ac: acetyl group) 3-Benzyl oxy-6-(2-pyrrolidinylvinyl)nitrobenzene (1) (5.00
g, 15.4 mmol), 5 %rhodi um carbon powder (952 ng, 0.462 mmol), iron(ll)
acetate (536 ng, 3.08 mmol) and tetrahydrofuran 20 (50 nmL) were placed in a
100 L three-necked flask equi pped with &9nmagnetic stirrer and a

t hermonet er under nitrogen atnosphere. The resultant suspension was stirred
at 22C to 25C for 24 hours under hydrogen atnosphere, and then stirred
over ni ght under nitrogen atnn;ghere. To the _suspensi on were added 28 %

aqueous 25 aR@BnigxoURs Ithed Shepbmhere 202AkpnYanPE hdlkvR¥dr e SHER s2Frred
41 for one hour,_ then filtered to separat solid. .The residu sol | d was
washed with 'P%Pﬁ%ﬁ@x?loﬁaﬁi’)’flyindet'ﬁe &@ﬁiﬁ’ A IRGEREE A ﬁ?w%i‘?/\%es’hiﬁ’@
wer e conbi ne The solutjon S C Ivel vy w t 0 u

citric acid %%‘Blgiwnsltt% Eéﬁéﬁsaﬁé%g‘gﬁur%s‘ﬁiﬁéﬁ‘ﬁm et}\t,% ) can%&gogﬁ)u@?? ne
(50 g) , andgfeegsnafﬁéfdthaﬂﬂfﬁy&,té?lﬁéwfsar dleyhgsl fllesyest dh el ypd in
toluene (about 100 nmL) and filtered with a filter covered with silica ™ gel

(5 9). The sitépped8®r Yapprashed, vt khleotsgnet 206 g1 teSyitd@hd teCARINESS
solution (152.15 g) was anal yzed by high 10 performance |iquid

chr omat ogr apgyoupsdacat ting tédicthen obj@Tkengl cgnipaps dox 29 1kasy bideounesl i n
91 %yield (crop 3.15 g¢g). 1H NWR (500MHz, DMSO d6, Sppm): 10.90 (br.s, 1H)
7.49 (d, J= tq. shepy corpesppndingd allyB. greps 1pre pregopdagant= oyey, the Hz,
15 1H), 7.33 (dd, J= 7.5, 7.5 Hz, 1H), 7.21 (br.dd, J=_2.4, 2.4 Hz, 1|—_12,
7.01 (br. mTafyctEonof dehe gropps ofhenfhappitgozgalkenyl or alkynyl.

Furthermore, the catalyst of the invention also showed that an
10 action of accelerating the reduction of nitro groups to amino
groups and the reduction of alkenyl groups or alkynyl groups
to the corresponding alkyl groups. When, in particular,
catalytic reduction is conducted using a supported rhodium
catalyst and a catalyst comprising iron salt, nickel salt or
15 cobalt salt as a metal compound, the reduction of functional
groups such as benzyl ether, aryl halides, aldehydes or ketones
is substantially stopped or suppressed, and thus the selective
reduction of nitro groups to amino groups and the selective
reduction of alkenyl groups or alkynyl groups to the
20 corresponding alkyl groups become possible. Consequently, by
using the catalyst of the present invention in a reduction
reaction, complicated steps taken in conventional reduction
reactions involving protection with protecting groups,
subsequent reduction procedure and deprotection are not

25 required.
In the present invention, it is preferable that the
aforementioned catalyst further contains the aforementioned
amine in addition to a rhodium compound and a metal compound,

as mentioned above. When the catalyst containing an amine



(br. m 1H), 5.12 (s, 2H) 13C-NWR (126MHz, DWVSO d6, 6ppm: 154.7, 138.0,
136.8, 128.7, 128.0, 127.9, 124.4, 122.5, 120.9, 110.1, 101.3, 96.3, 69.9
20 Exanples 2 to Exanples 18 Sim | ar procedures to that of Exanple 1 were
carried out using rhodiunfcarbon powder ,(hereinafter abbreviated as Rh/C
and additives shown in the follow ng tabf® in pl ace of 25 ferrous(I1)
acetate. 42 Table 1 Reaction Conpound Exanple Anpunt of Additives (Anpunt
used) tinme (2) No. Rh/C used (hr) Yield 2 5 nmol %N Br, (10 nDI %9 35 79%
4 5 mol % N (QAc)2 %2087%53rm % _Ni ) 2 %
40 oL e MECRENRROL 0l 00 200 8106, R ik YN, ) B0 UBL 20202030 ©
5> ol %Fqu(é%ﬁ%%%ﬂ@%r%%ce@e éi% ﬂ@z%dﬂétl%rf%ﬁ&%( b%)f@ﬂ%@!()%i ml)l6
0

78% 13 5 no % 16 77% 14 3 nol % FeCl2
% 21 92% 5058§D|wl%cﬁ’ﬁ( bipf @@é’ﬂ% (r%@u@i’é'd %udl® HYbdezPlMAthér is

Fe(l1) (acac)?2(2 | % 16 86% % Fe(11)S0, (20 nmol %9 16 96%
decreased, and more spe01flc reduction of nitro, alkenyl or
5 alkynyl can be achieved and thus the yield of the reduced product
is improved, as compared to the case where the aforementioned

catalyst not containing an amine is used.

Examples
10 The present invention is described in detail by way of

Examples and Reference Examples, however, it is not restricted

thereto.
Example 1
(1 2
H, - Rh/C
O™ et
BnO NO, Fe (OAC)2 BnO u

15 (Bn: benzyl group (hereinafter the same); Rh/C:rhodium carbon
powder; Ac: acetyl group)

3-Benzyloxy-6-(2-pyrrolidinylvinyl)nitrobenzene (1)

(5.00 g, 15.4 mmol), 5 % rhodium-carbon powder (952 mg, 0.462

mmol), iron(IX) acetate (536 mg, 3.08 mmol)and tetrahydrofuran

20 (50 mL) were placed in a 100 mL three-necked flask equipped with

a magnetic stirrer and a thermometer under nitrogen atmosphere.

The resultant suspension was stirred at 22°C to 25°C for 24 hours

under hydrogen atmosphere, and then stirred overnight under

nitrogen atmosphere. To the suspension were added 28 % agqueous

25 ammonia (50 g) and 5 % brine (20 mL), and the mixture was stirred



18 3 mol % Co(acac), (1Q (20 mol 9% 12 94% Conparison 3 nol % None 42 62%
Exanple 1 In the table, acac is a group shown by the followng formula, and
Ac is acetyl. 50 0- H3C\CH 3 Exanple 19 43 (2) 1) EtMgCl Me (3) ONO
BnO\ H2) M ONBNO _CNN/ OBh HHd [Et is ethyl and Me is nethyl
(hereinafter the sane)] 6-Benzyloxyindole (2) (2.00 g, 8.96 mol),
tetrahydrofuran (2.70 nL) and toluene (15.2 nL) were placed in 5 a 50 nL

t hree- necked flask equi pped with a magnetic stirrer, a D nroth condenser

dath { d | h L ' : d 33C,
and 2.00 M Ry on RN heBE b FERFT R Mrbant & AO4A8 P Gliadn L

added over 1 AU , ] Xt Y h d t 0 .
stirred at 5%01&1%‘09%%0@(}?1%&;?%%&0%&% hsll%q gﬁgi'c%ﬁo%lgei%lc%%%

nrgbI 3. ?6 NMDf 1 ¥B&t e AnTSER & GEshAnlgohdied @ombithedl.) , TRBG A iS6H WhisGih s¥esa
adde 0

0,

successively with 10 % aqueous citric acid (50 g), 5 % aqueous
5 sodium bicarbonate (50 g) and 20 % brine (50 g), and concentrated

in vacuo to dryness. The residue was dissolved in toluene

(about 100 mL) and filtered with a filter covered with silica

gel (5 g). The silica gel was washed with toluene and the

resultant colorless solution (152.15 g) was analyzed by high
10 performance liquid chromatography, indicating that the

objective compound (2) was obtained in 91 % yield (crop 3.15

g)-

'H-NMR (500MHz, DMSO-d¢, dppm): 10.90 (br.s, 1H), 7.49 (d, J=

7.5 Hz, 1H), 7.44 (4, J= 8.6 Hz, 1H), 7.40 (d4d, J= 7.5, 7.5 Hz,
i5 1K), 7.33 (dd, J= 7.5, 7.5 Hz, 1H), 7.21 (br.dd, J= 2.4, 2.4

Hz, 1H), 7.01 (br. m, 1H), 6.77 (dd, J= 1.8, 8.6 Hz, 1H), 6.3%6

(br. m, 1H), 5.12 (s, 2H)

13C_NMR (126MHz, DMSO-ds, Oppm): 154.7, 138.0, 126.8, 128.7,

128.0, 127.9, 124.4, 122.5, 120.9, 110.1, 101.3, 96.3, 69.9
20

Examples 2 to Examples 138

Similar procedures to that of Example 1 were carried out
using rhodium/carbon powder (hereinafter abbreviated as Rh/C)
and additives shown in the following table in place of

25 ferrous(I1) acetate.



t he above m xture over

addi ti on of the washing,
m nut es.
stirred at 100C to 108C
t enperature and

10 m nut es,

and the container of the
N- et hyl - 1, 2-di chl oronal ei m de was washed with toluene (1 ni).

15 After

the m xture was stirred at 55 C to 60C for 20

The reaction m xture was further 2was
hour s, aI4I owed

for 12

stirred overnight.

heated up to 100 Cto 108 C,
to stand for cooling to room
The reaction m xture was heated to 80C

and 20 toluene (15.2 nlL) and 13 % aqueous anmoni um chl oride (17 nmL) were
added to the njl,xf)gre The resultant m xture was cooled down to room
o g

tenperature t g :oL\ suspensi on, which was filtered to obtain a red solid.

The solid was| washed sugcessivelly wth toluene (20 nL), tkgl yener yat er .
(m xing ratio| ofg, te 2 Almu%t%gc 44 nmethanol (20 nL x 2). e spI PPN
dried in vacup overnrght —at rogm t gigief Rt Yakeuh? Whaie the opjectyve ,,
bis-indole (3) iny84 % | Wil shefqrop 1.89 g). 1H NVR (500MHz, DVEO- dé, bpﬁm’):
11.50 (s, 2H} 7.63 (d,]J= 2.3 |5 Hz, 2H), 7.42 (d, J= 7.3 Hey 2H) .vidra37
(dd, J= 7.3, 3 Hz_2H) 7.300(dd_ 1 =73 7 3 4z 21 6897 kd I1= 211
Hz, 2H), 6.72] (d,2J= 8} 85 kg1 32K)), 6. 4kidrido mdF 33. 1, 8.8 Has 2H), %904 ﬂs,
4H), 3.03 (s}—3H13C-NVR (126NMHz — DMSO-d6,—SppAa)—217242—155.- 0 1377,
137.1, 10 12B.7, 428.5 428 %, |128. Oni (b&A, (ko mb22)0, 120. 1, 2d10.4, 806.1
96.3, 69.7, 2h-3—Mp—Ea—240CH-decorpr—Exarple—20-15234—1
BuzZnng(*) Me 5 3 mol % Ni(NO;),(20 mol %) 24 90%

6 3 mol % Ni(acac),(20 mol %) 27 86%

8 5 mol % FeCl,(Il) (10 mol %) 11 85%

9 5 mol % FeCl,( 1) /$i0,(10 mol %) 18 87%

10 5 mol % FeBr,(Il) (20 mol %) 16 78%

13 5 mol % Fe(lll)(acac),(20 mol %) 16 77%

14 3 mol % FeCl,(11)(20 mol %) 21 92%

15 5 mol % Fe(ll )fumarate (20 mol %) 16 94%

16 5 mol % Fe(Il)(acac),(20 mol %) 16 86%

17 5 mol % Fe(11)S0,(20 mol %) 16 96%

18 3 mol % Co(acac);(M) (20 mol %) 12 943

Comparison 3 mol % None 42 62%
Example 1

In the table, acac is a group shown by the following

formula, and Ac is acetyl.

Example 19



ONO BnOH?2) M ONOgnO OBh INN20C G HHs a mxture of

di (n-butyl)mgnesi um di (sec-butyl)nmagnesi um and

(n-butyl) (sec-butyl)nmagnesi um 6- Benzyl oxyi ndole (2) (2.00 g, 8.96 mmol),
tetrahydrofuran (2.64 nL) and toluene (15.2 nmL) were placed in 25 a 50 nL

t hree- necked fl ask equi pped with a magnettdc stirrer, a Dinroth condenser and
a thernoneter under nitrogen atnosphere. The m xture was warnmed up to 38C,
and 0.90 M di butyl magnesium chl oride /heptane (4.96nL, 4.47 nmol) wherein
the heptane contained a m xture of di(n-butyl) nmagnesium 45 di(sec -butyl)
magnesi um and (n-butyl) sec butyl) magnesi um was added over 10 nigwtes,
and the m xture was stl )gﬁ ?é Cto 60C for one hourMe (

N Met hyl -1, 2-di c on Ie|n1 50 my, 4.06 mml) Heag Rl
(4.4 nL), and thg
and the cont

t ol uene éh’

di ssol ved honngenously by addltlon of tetrahydrofura 10 (1 m.). The
solution was stirred at 55C tgn d&f 30 m nutes, rther "heated up to 98
Cto 100 C, stirred at 98C 100C"for 12 hours, allowed to stand for
cooling to room tenperature and stirred overnight. After the reaction
m xt ure [Et is ethyl and Me is methyl (hereinafter the same)]
6-Benzyloxyindole (2) (2.00 g, 8.96 mmol),
tetrahydrofuran (2.70 mL) and toluene (15.2 mL) were placed in
5 a 50 mL three-necked flask equipped with a magnetic stirrer,
a Dimroth condenser and a thermometer under nitrogen
atmosphere. The mixture was warmed to 33°C, and 2.00 M ethyl
magnesium chloride/diethyl ether (4.48 mL, 8.96 mmol) was added
over 7 minutes, and the mixture was heated up to 55 °C to €0°C,
10 stirred at 55 °C to 60°C for one hour.
M-Methyl-1,2-dichloromaleimide (730 mg, 4.06 mmol) was
dissolved in toluene (4.4 mL), and the solution was added to
the above mixture over 10 minutes, and the container of the
N-methyl-1,2-dichloromaleimide was washed with toluene (1 mL).
15 After addition of the washing, the mixture was stirred at 55
°C to 60°C for 20 minutes. The reaction mixture was further was
heated up to 100 °C to 108 °C, stirred at 100°C to 108°C for 12
hours, allowed to stand for cooling to room temperature and
stirred overnight. The reaction mixture was heated to 80°C and
20 toluene (15.2 mL) and 13 % aqueous ammonium chloride (17 mL)
were added to the mixture. The resultant mixture was cooled down
to room temperature to give a suspension, which was filtered

to obtain a red solid. The so0lid was washed successively with

toluene (20 mL), toluene-water (mixing ratio of 1:1, 20 mL) and



bei ng heated up to 90C , 13 % aqueous ammoni um chloride (17 nlL) 15 was added
to the reaction mxture, and the m xture was cooled down to room
tenperature to give a suspension, which was filtered to give a red solid,
whi ch was washed successively with toluepe (20 nL), toluene-water (m xing
ratio of 1:1, 20 nL) and nethanol (20 nL X 2). The solid was dried in vacuo
overnight 20 at roomtenperature to give the objective bis-indole (3) in 82
% yield (crop 1.85 g). 1H NWR (500MHz, DMSO d6, 6ppm) : 11.50 (s, 2H), 7.63
(d, J= 2. 7. 7 i Xyl H) ,
7.30 (dd, J n‘gﬂé@l (Zg%ﬂ% 2‘36 g'f‘h%‘ésof:t& we;s Qiriéi&i 1rf| vacu% oZre(%&H@Jh_@B 8
Hz, 2H), 6.4l tddm dempedatdrd td 135')théo%e@9c,1v@'%1s $na3lés(3)3|iﬂ1 483G NWVR
(126MHz, DMVMSO-d6, Sppm): 172.2, 155.0, 137.7, 137.1, 128.7, 128.5, 128.1,
128.0, 127. zid®?. Qord01 189 14P. 4, 106.1, 96.3, 69.7, 24.3 46 Mp. ca.
240C (deconp.) Conparison Exanple 2 M NO (3~ 5(2) 0OXI'i ~ONNO BnO
| N H BnO OBH-NHMR- ¥§oBMHN , NOMSO[ 86, &epra)! ;1IME0 Nist,hgH), 7.63 (4, J= 2.3

5 Hz, 2H), 7.42 (4, J= 7.3 Hz, 2H), 7.37 (d4d, J= 7.3, 7.3 Hz, 2H),
7.30 (dd, J = 7.3, 7.3 Hz, 2H), 6.97 (4, J= 2.1 Hz, 2H), 6.72
(d, J= 8.8 Hz, 2H), 6.41 (dd, J= 2.1, 8.8 Hz, 2H), 5.04 (s, 4H),
3.03 (s, 3H)
13C_NMR (126MHz, DMSO-d6, dppm): 172.2, 155.0, 137.7, 137.1,
10 128.7, 128.5, 128.1, 128.0, 127.1, 122.0, 120.1, 110.4, 106.1,
96.3, 69.7, 24.3.

M.p. ca. 240°C (decomp.)

Example 20
15 @) 3)
1) Bu,Mg(*) Me
\ [
BnO ” 2) Me —
OxM2°  Bro V4 \_oen
20 o c H

%+ : a mixture of di(n-butyl)magnesium, di(sec-buty!)magnesium
and (n-butyl) (sec-butyl)magnesium

6-Benzyloxyindole (2) (2.00 g, 8.96 mmol),
tetrahydrofuran (2.64 mL) and toluene (15.2 mL) were placed in

25 a 50 mL three-necked flask equipped with a magnetic stirrer,
a Dimroth condenser and a thermometer under nitrogen
atmosphere. The mixture was warmed up to 38°C, and 0.90 M
dibutyl magnesium chloride/heptane (4.96 mL, 4.47 mmol) wherein

the heptane contained a mixture of di(n-butyl)magnesium,



10 6-Benzyl oxyindole (2) (2.00 g, 8.96 mmol ), tetrahydrofuran (2.64 nlL) and
toluene (15.2 nL) were placed in a 50 nmL three-necked flask equi pped with a
magnetic stirrer, a Dinroth condenser and a thernoneter under nitrogen 15
at nrosphere. The m xture was warnmed up to C, and 2. 82M et hyl rmagnesi um
brom de/ di ethyl ether (3.12 nL, 8.82 mol )" was added over 7 m nutes, heated
up to 55 Cto 60 C, then stirred at 55C to 60C for one hour.

N Met hyl -1, 2-di chl oromal eimde (730 ng, 4.06 nmol) was dissolved in tol uene

(4.4 m), ang. S i g() %ﬁﬁ qggg t {tgﬁ ve m : I nut es,
and the cont%ﬁ%?csgé&%gﬂ _rr% ylin- , C{dll gqn _ro) e?n%?%@a%ggﬁle%mvr&ﬁ

toluene (1 fddea d¥d:en PAAdhlit@d OhnhhendaRMPlre liigs N &4 HF&a WS 53 PE gl at
55 Cto 60C for 30 mnutes, further heated up to 100 Cto 107 C, stirred at

100C to 107G 4w fox il showt | owedMé bhel ang2 28i ERl ocombilBgmider B0 mg,
tenperature and stirred overnight. After the reaction m xture being heated

up to 80C, tdolaemmnol)s5wasnd)ssahded3idotaguemne (dnoniLim ahd orheles qllit i
were added to the reaction mxture, and the resultant m xture was cool ed
down to 5rooias edgedataitbetabqiemixtyrepever df. minetess gavstha centainer
filtered to give a red solid, which was washed successi veI%/l V\Hh t ol uene
(20 ni), tolWUWerdanlirBetpylil.Zodichlaremedetiisle Fas WathgdHithtoluana was
019 L0, S T DL a8 O SINSISLUER 1 SLEE RIGEERL S Kharea
gl?gg?i( dé,l- \?3157%03%%)79%7%0‘25%0(2 @l_lf):,,‘]s:,t?.rﬁed'_gt 2iloc {ot6otd td ik d%0131d,
which was dissolved homogenously by addition of tetrahydrofuran
10 (1.5 mL). The solution was stirred at 55°C to 60°C for 30
minutes, further heated up to 98 °C to 100 °C, stirred at 98°C
to 100°C for 12 hours, allowed to stand for cooling to room
temperature and stirred overnight. After the reaction mixture
being heated up to 90°C, 13 % agqueous ammonium chloride (17 mL)
15 was added to the reaction mixture, and the mixture was cooled
down to room temperature to give a suspension, which was
filtered to give a red solid, which was washed successively with
toluene (20 mL), toluene-water (mixing ratioof 1:1, 20 mL) and
methanol (20 mL x 2). The so0lid was dried in vacuo overnight
20 at room temperature to give the objective bis-indole (3) in 82 %
yield (crop 1.85 g).
'H-NMR (500MHz, DMSO-d6, dppm): 11.50 (s, 2H), 7.63 (d, J= 2.3
Hz, 2H), 7.42 (4, J=7.3 Hz, 2H), 7.37 (44, J= 7.3, 7.3 Hz, 2H),
7.30 (dd4, J= 7.3, 7.3 Hz, 2H), 6.97 (d, J = 2.1 Hz, 2H), 6.72
25 (d, J= 8.8 Hz, 2H), 6.41 (44, J=2.1, 8.8 Hz, 2H), 5.04 (s, 4H),
3.03 (s, 3H)
13C-NMR (126MHz, DMSO-d6, oppm): 172.2, 155.0, 137.7, 137.1,
128.7, 128.5, 128.1, 128.0, 127.1, 122.0, 120.1, 110.4, 106.1,

96.3, 69.7, 24.3



7.30 (dd, J=7.3, 7.3 Hz, 2H), 6.97 (d, J= 2.1 Hz, 2H), 6.72 (d, J= 8.8 Hz,
2H), 6.41 (dd, J= 2.1, 8.8 Hz, 2H), 5.04 (s, 4H), 10 3.03 (s, 3H 13C -NWR
(126MHz, DVMSO-d6, bppm): 172.2, 155.0, 137.7, 137.1, 128.7, 128.5, 128.1,
128.0, 127.1, 122.0, 120.1, 110.4, 106.1,,, 96.3, 69.7, 24.3 Mp. ca. 240C
(deconp.) 15 Exanpl e 21 (3) (4) M Me 4(?3ODDQOOBnON N OBn BnO H H OBn
H H Bi s-i ndol e conmpound (3) (3.00 g, 5.42 nmml) and toluene (75.3 n.) were
placed in a 300 nL three-necked flask equi pped 20 with a nagnetic stirrer,

a Dnmroth ¢ en under nitrogen atnosphere, and the
m xture was?ﬂceba't:%'u?{bo 1(3% % gol ution of

2, 3-di chl oro-5, 6-di cyano- 1, 4- benzoqui none (DDQ (1.37 g, 6.03 mml) in
toluene (48.0 nL) was added to the above m xture over 15 mnutes at 107C to
110C. After cwnglirigdiB Estdigpreomnt ai ner containing DDQ with tol uene (12 ni) ,
the washing is also added to the reaction m xture. The m xture was stirred
at 108C to 110C for one hour, and angkyzed by high performance |iquid
chromat ogr aphy, i ndicating(2hat ¢he tardi ng materi al sappear ed 3)The
reacti on2solution was cooled to 7 an met hanol (13& rﬂi’ Wl adde over 3
hours at 60C to 71 N —

Cl

BnO ”
BnO OBn

Et-Mg-Br

[Bn: Benzyl; Me: Methyl]
10

6-Benzyloxyindole (2) (2.00 g, 8.96 mmol),
tetrahydrofuran (2.64 mL) and toluene (15.2 mL) were placed in

a 50 mL three-necked flask equipped with a magnetic stirrer,

a Dimroth condenser and a thermometer under nitrogen

15 atmosphere. The mixture was warmed up to 38°C, and 2.82M ethyl
magnesium bromide/diethyl ether (3.12 mL, 8.82 mmol) was added
over 7 minutes, heated up to 55 °C to 60 °C, then stirred at 55°C

to 60°C for one hour. N-Methyl-1,2-dichloromaleimide (730 mg,
4.06 mmol) was dissolved in toluene (4.4 mL), and the solution

20 was added to the above mixture over 7 minutes, and the container
of the N-methyl-1,2-dichloromaleimide was washed with toluene
(l1mL). After addition of the washing, the mixture was stirred

at 55 °C to 60°C for 30 minutes, further heated up to 100 °C to

107 °C, stirred at 100°C to 107°C for 12 hours, allowed to stand

25 for cooling to room temperature and stirred overnight. After
the reaction mixture being heated up to 80°C, toluene (15.2 mL)

and 13 % aqueous ammonium chloride (17 mL) were added to the
reaction mixture, and the resultant mixture was cooled down to

room temperature to give a suspension. The suspension was



[ measurenment stage: A]. The m xture was cool ed down to room tenperature and
stirred overnight [neasurenent stage: B]. The reaction solution was
filtered and washed with nmethanol (15 nL 10 x 2) to give a brown solid (2876
ng), which was suspended in N, N-di net hyl4t70r mam de (54 nl). The suspension
was heated and stirred at 95C to 105C for one hour, cooled down to room
tenperature and stirred overnight. The reaction solution was filtered and
washed with methanol (15 nL x 2) to give a yellow 15 solid (3018 ng), which

was suspend i, _di hyd. sul f oxi (2 - : [ O t ed
to 60C to 7%%]1‘5811%6;@% Ch ﬁereaét?g@éﬁsg‘f‘?ﬁ?%ﬁ%%%%&?ﬁ?%?ﬁ%%%?é’qg%|
amount of t R&, ARV JIAGR) kel ENMUNLAT 13 15689 GiL)Shila Weithaacqsy vely
added, and the mxture was stirred for one hour to nmature the 20 suspension.

After additinan of 2pet hapel ddi2id wh Qbled@ DErvA@duoOfovkditigi: &He riiox ure
was cool ed down to roomtenperature and then stirred overnight. The

reacti on m xtemperstsird ltbegide, thevasdje il veh bist-Haielld 13 )minx7 @)%, ydeildd i n
vacuo at 60C overnight to give the objective indolocarbazole derivative (4)
as yell ov A%ropydt-al3s dn 87 % yield (crop 2589 ny). 1H NVR(500MHz, DMSO- d6,

Sppm : 11.23 (s, 2r2, 8.69 (d, J= 8.7 Hz, 2 H) , 7.54 (d, J= 7.3 Hz,
2H), 7.43 (dH-NMR (508MH7, PMGO-G6y dppm)3711d§0 §s.728) .77 363A d.21F 27327

(d, J= 2.1 Hg. 6. d. J= 8. 2H), 6. 96. (dd, _J= Tz, 2H),
502" (o0 anfe-ad)y BedTdd 5o T\ Pale oSl o TS 7 e il P Ten
condi tions: ;Sepangld 03-Col wm ;YNCAM 303 2309% 446 FD 249CHz, 2H), 6.72
(d, J= 8.8 Hz, 2H), 6.41 (dd, J= 2.1, 8.8 Hz, 2H), 5.04 (s, 4H),
10 3.03 (s, 3H)

3¢ _NMR (126MHz, DMSO-d6é, oppm): 172.2, 155.0, 137.7, 137.1,
128.7, 128.5, 128.1, 128.0, 127.1, 122.0, 120.1, 110.4, 106.1,

96.3, 69.7, 24.3
M.p. ca. 240°C (decomp.)
15

Example 21

(3) (4)

DDQ

Bis-indole compound (3) (3.00 g, 5.42 mmol) and toluene

(75.3 mL) were placed in a 300 mL three-necked flask equipped

20 with a magnetic stirrer, a Dimroth condenser and a thermometer
under nitrogen atmosphere, and the mixture was heated up to 110°C.

A solution of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
(DDQ)(1.37 g, 6.03 mmol) in toluene (48.0 mL) was added to the

above mixture over 15 minutes at 107°C to 110°C. After washing



5 W220 nM
aci
M M NO

m.) and the bis-indole conpound (3)(3.00

I njection amobunt 10 |.tL, Mbile phase: MeCN-0.1 % phosphoric
= (t=0, 65:35; t=20, 90:30), Flowrate 1 nL/mn. Exanple 22 (3) (4)
DDQ ONOBnO\ ONNOBn BAONNOB HH10 HH Toluene (75.3

mL four-necked flask under nitrogen atnngphere and the resultant

suspensi on was heated

5.42 mvol) were placed in a 300

to 70C. To the suspension was added a solution of 15
2, 3-di chl oro-5, 6- dicyano-1, 4-benzoqui none (DDQ (1.29 g, 5.69 mmol) in

N, N- di t hyl f ] 24 . t [ t
Wit ' cont aiReSEBRI ERe £ Aot 184 Bnd W ROMB iy £ WY el RERIMLA NC
added to theg JLEGTddALATLY! 1R E re-mﬁ:lrﬂﬁq'nli&%u\ﬁ@s S&‘hérﬁﬁc@ﬁrg%é ertleﬁadhour

20 [measurenent stage: C], and anal yzed by high perfornmance Iiquid
chr onat ogr aply108tliteal i 0W Ebat oh&m i) bndJandl ¢ekalby tiigRppedfodmantieer
addi tion of nethanol (134 nlL) over 2 hours, the mxture was stirred at
for one houligunddcobkesadowraphy ,256ddce timg hbetsther stlaatingemadnrial
tenperature overnight. 50 The reaction mxture was filtered and washed
met hanol 5 ( 18isappeaZpedto @hﬁanﬁaﬂﬂiva§@Lu§10mhw@ﬁ\Mﬂpkﬁdeﬂolﬂlwécand

over ni ght

10

oy
(V1]

25

at 25C to give the objective_indol ocarbazol e derlvgtlve 9
methanol (913 mL) was added over 3 hours at

[measurement stage:A]. The mixture was cooled down to room
temperature and stirred overnight [measurement stage: B]. The
reaction solution was filtered and washed with methanol (15 mL
x 2) to give a brown solid (2876 mg), which was suspended in
N,N-dimethylformamide (54 mL). The suspension was heated and
stirred at 95°C to 105°C for one hour, cooled down to room
temperature and stirred overnight. The reaction solution was
filtered and washed with methanol (15 mL x 2) to give a yellow
solid (3018 mg), which was suspended in dimethyl sulfoxide (28.3
mL). The suspension was heated to 60°C tc 70°C to dissolve the
above solid. Methanol (13.3 mL) and a small amount of the
above-identified compound as a seed crystal were successively
added, and the mixture was stirred for one hour to mature the
suspension. After addition of methanol (42.4 mL) over a period
of 2 hours, the mixture was cooled down to room temperature and
then stirred overnight. The reaction mixture was filtered ,
washed with methanol (15mL x 2), dried in vacuo at 60°C overnight
to give the objective indolocarbazole derivative (4) as yellow
crystals in 87 % yield (crop 2589 mg).

'H-NMR(500MHz, DMSO-ds, Oppm): 11.26 (s, 2H), 8.69 (d, J= 8.7
Hz, 2H), 7.54 (4, J= 7.3 Hz, 2H), 7.43 (4d, J= 7.3, 7.3 Hz, 2H),
7.37 (a4, J= 7.3, 7.3 Hz, 2H), 7.27 (4, J= 2.1 Hz, 2H), 6.72

(d, J= 8.8 Hz, 2H), 6.96 (dd, J= 2.1, 8.7 Hz, 2H), 5.22 (s, 4H),

70C

W th



as crude yellow crystals (3.08 g). 5 Exanple 23 (3) (4 M M OODDQ OO
BnhONNOBn Bnp NNpBn HHHH Toluene (28.6 kg) and the bis-indole
conmpound (3) (1.50 kg, 2.71 nol) were placed in an 80 L reaction vessel
under 10 nitrogen atnosphere, and the ir)itrger wal | of the vessel was washed
with toluene (3.9 kg). After addition of The washing, the resultant
suspensi on was heated to 110C, and a sol ution of

2, 3-di chl oro-5, 6-di cyano-1, 4- benzoqui none (DDQ (0.65 kg, 2.86 nol) in

tol uene (20.8 d¢ Mes ﬁ_p)ded to the above suspension 15 over one hour. After
washi ng the “‘contaifer, in which DDQ was contained, with toluene (5.2 kg),
the washingM $ alsP afdee Yaechp.neaction solution. The mxture was stirred
at 110C for oOne hour and anal yzed by high performance liquid

chr omat ogr apipL.C ndiH adndift tdwmiditheosd arting materi al di sappeared. The 20
m xture was cool ed dowmn to 25C over 0.5 hour [neasurenent stage D] and
stirred at the saSepwee@idoat woduor YME AM1303 TRB0 xedctimm, nERiGr e was
filtered and washed with toluene (13 kg) to give a brown solid (2.07 kg),
whi ch wa8 dried i 8V¢&2@@0 nMovdmiiegtiticat a@@@ntThEO sl i d was suspended in 51
N, N-di met hyl f ormam de (25,4 kg)..and the suspensjon was stirred at 100C to
105C for one hour MoPrd Bgﬁéﬁéi%ﬁcuég'ioﬁl%tgo r18%efd (=0, 65:%%"

t=20, 90:30), Flow rate 1 mL/min.

Example 22

3) (4)

DDQ

10
Toluene (75.3 mL) and the bis-indole compound (3)(3.00

g, 3.42 mmol) were placed in a 300 mL four-necked flask under
nitrogen atmosphere, and the resultant suspension was heated
to 70°C. To the suspension was added a solution of
15 2,3-dichloro-5,6- dicyano-1,4-benzoquinone (DDQ) (1.29 g,
5.69 mmol) in N,N- dimethylformamide (24.0 mL) over one hour.
After washing the container which contained DDQ with
N,N-dimethylformamide(6.0 mL), the washing is also added to the
reaction mixture. The mixture was stirred at 70°C for one hour
20 [measurement stage:C], and analyzed by high performance liquid
chromatography, indicating that the starting material
disappeared. After addition of methanol (134 mL) over 2 hours,
the mixture was stirred at 70°C for one hour and cooled down

to 25°C and further stirred at the same temperature overnight.



to 25C over a period of one hour and stirred overni ght [neasurenent stage
E]. The reaction mxture was filtered, 5 washed with N, N-di net hyl f ormam de
(9.8 kg) and nmethanol (8.2 kg), and dried overnight at 60C to give a yell ow
solid (1.51 kg). The yellow solid was sggpended in dimethyl sulf oxide
(16.7 kg). The suspension was heated to 60C to dissolve the above solid.
Met hanol (5.6 kg) and a seed crystal (8.0 g) of the 10 objective

i ndol ocarbazol e derivative (4) were successively added to the suspension.

The suspensturt cﬂ& e Al 03698:; %9 é?e&oén{i’l?al%%s& iQ'h MREHELRY giystal 5

formati on. , after addr tion ano over a period of
hours, themm&grﬁo YaseH yémewaéom? %%htv?i@@&ﬁre‘drfnfv%'bd?ﬁ@vgﬁﬂigh%5
cool ed down to 25C and stitred overnight. The reaction solution was
filtered, washgd°avitd gmidrarmu c(blg?edﬂgﬂvearmhdiﬂ@@larwzweU@eﬁyeaﬂigét(at) 60C
to give the objective indol ocarbazole derivative (4) as yellow crystals
(1.29 kg, yasel drg@e%yelThw cryatalend®. age in the parentheses neans a

st age when hydrogen 20 cyani de was neasured, and hydrogen cyani de

measur enent as shown in the following Test Exanples is to be referred. NWR
spectrum and | R spectrum of the objective compound (4) in this Exanple
agreed to tﬁﬁgﬂpig £Re obj ective conpound of Exanple 21. 25 Test Exanpl es
52 Table 2: Measurenent of hydrogen cyani de Exanpl e No. Measurenent Cyani de

ion content (ppm stage (3) @)

DDQ

Toluene (28.6 kg) and the bis-indole compound (3) (1.50

kg, 2.71 mol) were placed in an 80 L reaction vessel under

10 nitrogen atmosphere, and the inner wall of the vessel was washed
with toluene (3.9 kg). After addition of the washing, the
resultant suspension was heated to 110°C, and a solution of
2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) (0.65 kg,
2.86 mol) in toluene (20.8 L.) was added to the above suspension

15 over one hour. After washing the container, in which DDQ was
contained, with toluene (5.2 kg), the washing is also added to

the reaction solution. The mixture was stirred at 110°C for

one hour and analyzed by high performance 1liquid chromatography,
indicating that the starting material disappeared. The

20 mixture was cooled down to 25°C over 0.5 hour [measurement stage
D] and stirred at the same temperature for one hour. The
reaction mixture was filtered and washed with toluene (13 kg)

to give a brown solid (2.07 kg), which was dried in vacuo

overnight at 60°C. The solid was suspended in



21 A50 21 B 100 22 C80 23 D, E Not Detected Measurenent nethod:

Ni trogen gas discharged fromthe reaction vessel was 5 introduced into 0.05
N sodi um hydroxide solution (7 m of 0.05 N sodium hydroxi de sol uti on was
used to 1 g of the bis-indole conpound (8)) during the treatment. Wth
respect to the resultant sodi um hydroxide solution, cyanide ion was
nmeasured using an ion test paper (CN-) avail able from ADVANTEC. 1.0 Exanple
24 (3) (4) MM ONOONOBNONNON BhONNZ OBn HHHHThe

bi s-indol e &mg I 1A | Pavgler
(384 ngy, O. ilgrlﬁ)mml élﬁ%\%ﬁ?ﬁrﬁ%ﬁge?&%@% 58] ?na&r eé Sggggaglllr?%;ﬁ%% eggpl ant

type flask egijued vbot Nosedrawiebne BbuE! €TheUSESHe Rl LoAWERS REGS Bed TdWin
m xture was heated in an oil bath of 105C, stirred at the same tenperature
for 4 days, twoksfc anderonsemplerdiodd 66 cngnelssur Alangy stitirtedn bR rmight
di met hyl sulfoxide (40 nmL) to the residue, insoluble nmaterials were renoved
by filtratiolmedsuerement astadeasElanafpeedrdnchiom méxtorennes |figtiered,

chr omat o%r aphy, indicati ngh
washed with N dimethylformamide (9.8 kg) and methanol (8.2

kg), and dried overnight at 60°C to give a yellow solid (1.51
kg). The yellow solid was suspended in dimethyl sulfoxide (16.7
kg). The suspension was heated to 60°C to dissolve the above
solid. Methanol (5.6 kg) and a seed crystal (8.0 g) of the
10 objective indolocarbazole derivative (4) were successively
added to the suspension. The suspension was stirred at 60°C
to 65°C for one hour for maturing crystal formation. Further,
after addition of methanol (18.0 kg) over a period of 2 hours,
the mixture was stirred at the same temperature for one hour,
15 cooled down to 25°C and stirred overnight. The reaction
solution was filtered, washed with methanol (12 kg) and dried
in vacuo overnight at 60°C to give the objective indolocarbazole
derivative (4) as yellow crystals (1.29 kg, yield 86 %). The
measurement stage in the parentheses means a stage when hydrogen
20 cyanide was measured, and hydrogen cyanide measurement as shown
in the following Test Examples is to be referred.
NMR spectrum and IR spectrum of the objective compound
(4) in this Example agreed to those of the objective compound
of Example 21.
25

Test Examples



that the objective conpound (4) as a dinethyl
obtained in yield 66 % (330 ng).
obj ective conpound
of Exanple 21. 10 Exanple 25
BnO OBn OBn OBn 2, 3,4, 6- 0 Tetrabenzyl - D- gl ucopyranose (5) (100.00 g,
nmol ) was dissolved in N, Ndinethylformal dehyde (360 nlL)
sol ution was cooled to 9C and t hi onyl

added t her eg%tplﬁ

conpound

raised to
stand for
pot assi um
t he tenperdg

(¢

(4)

28 rﬁ’&%

e resu

sol ution _wa

sul f oxide solution 5 was

NVR spectrum and IR spectrum of the
in this Exanple agreed to those of the objective

OOBn 0 OBnh BnG3

5) d
Ao 18

(6)
at 23C. The

el he tenperature was
0 30C and allowed to

OBn
5

chloride 15 (16.2 nL, 222 mml) was
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350 nl contlai ni ng2& chl oro-2, 3, 4, 6-t et rabenzyl -1 - deoxy- 3% gl ucopyr anose
(6). The cg ing

ncentrate was s
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D, E

Not Detected

i C

of

10

15

Measurement method:

Nitrogen gas discharged from the reaction vessel was

introduced into 0.05 N sodium hydroxide solution (7 ml of 0.05

N sodium hydroxide solution was used to 1 g of the bis-indole

compound

(3)) during the treatment.

With respect to the

resultant sodium hydroxide solution, cyanide ion was measured

using an ion test paper (CN ) available from ADVANTEC.

Example 24

3)

(4)

The bis-indole compound (3) (500 mg,

palladium-carbon powder (384 mg,

0.903 mmol),

0.181 mmol) and toluene (22

mL) were placed in a 50 mL eggplant type flask equipped with

a magnetic stirrer,

under air atmosphere.

The mixture was

heated in an o0il bath of 105°C, stirred at the same temperature

for 4 days, cooled and concentrated to dryness.

After addition



material for Exanple 26 without purification. Exanple 26 (4) O (6) (7)) M
OOBn N NO O Bno OBn Bno NH OBn Bnho NN OBn OBn Bno OBn OBn The

i ndol ocar bazol e derivative (4) (72.00 g, 131 mmol), which was obtained in
Exanpl e 21, was dissolved in tert-butyl Jyet hyl ether (600 nmL). The solution
was stirred at 23C for 10 mnutes, and to this solution was added a
solution (350 nL) containing 1-chloro-2, 3,4, 6-tetrabenzyl-1-deoxy-D 15

gl ucopyranose (6) obtained in Exanple 25. The solution was stirred for 10
m nut es, an 5.9 | hygroxi ol y Lo ) 5 d.
The sol uti o%fﬁag{%{z%%éd%lﬁso}wr‘%m x(&toeéjflﬂgn(}% 409%(%%%0‘%?%113?@?&2‘%% ered
Trade Mark) 236 »i(0dijeteNafEov&a t &t - Ul ¥ka¥BbAY! efher £obtalnedRy 20
di ssolving Aliquat 336 (72 g) in tert-butyl methyl ether (110 g)) was added
gradual | y owgfaldZed ByttEisgh pBe foinnhrice Weguis idhrdith tdgrkiihy Ofin@ikatisg and
water (350 nlL) was added thereto. 55 The m xture was stirred for 5 mnutes,
and separ at adhaintloe &b jeartgare compypendaiy)) an aadimetbyllasiekf oxXihide sgladusnl ayer
was washed with tert-butyl nethyl ether (300 nL x 1). The tert-butyl

met hyl ebhewdsaypdtadmed Ha Grigalrd 66 a¥yet 3R rmg) -

NMR spectrum and IR spectrum of the objective compound
(4) in this Example agreed to those of the objective compound

of Example 21.

10 Example 25

(5) (6)
OH Ci
O [ OBn 0”7.0Bn
-
BnO | OBn BnO | OBn
OBn OBn

2,3,4,6-0-Tetrabenzyl-D-glucopyranose (5) (100.00 g,

185 mmol) was dissolved in N,N-dimethylformaldehyde (360 mL)

at 23°C. The solution was cooled to 9°C and thionyl chloride

15 (16.2mL, 222 mmol) was added thereto over a period of 15 minutes,
whereby the temperature was raised to 20°C. The resultant
solution was warmed to 30°C and allowed to stand for one hour.

The solution was cooled to -10°C, and 10 % (w/w) potassium
hydroxide solution (about 150 mL) was added while maintaining

20 the temperature of not higher than 0°C. The solution was warmed
to 22°C and separated into an organic layer and an aqueous layer.

The aqueous layer was extracted with tert-butyl methyl ether

(300 mL x 1). The previous organic layer and the tert-butyl



5 conbi ned, washed with 10 % (ww) aqueous citric acid (300 nL x 1) and
then with water (300 nmL x 1). The organic solution was stirred overnight at
22C to precipitate crystals of the objective indol ocarbazole derivative
(7). The resultant suspension was conce %rated to a volunme of about 625 nL
under 10 atnospheric pressure, and cooledto 23C. Methanol (225 nL) was
added gradually to the suspension over one hour, and the suspension was
cooled to -5C and stirred for 45 mnutes to give crystals. The crystals

[ 1 by fi ' hed ith | d h / -b I hyl
vore coll cchedibt LHhLLAon vashet b eacl b B o0ol Lokl vhoRL Y
the result a%‘i]c%re%%?@t% %&L}!hgga!ﬂﬁ%%ggf}‘fﬁne' K %Pdmﬁ'}! AMRLQYH @%‘%éfv\ggbggt ed

that the content o jective in ocar bazol e derivative %

The Aliquat pfReghgt eree Ts888t ¥MBhkwad38onaddatrakba ino¥hcdl Abdai ¢gB1Ghen cal
Co., Inc.) used in this Exanple is tricapryl nmethylamoni um chl oride.

Exanpl e 27 %& 39bBml Yo iBnddn ~ch Bird3nz, H, 4, 6 Boe Bhab&nBpl Bh - feBry~DH2
BnBnO Bin HD Ethanol (36 nL) was added to a 300 nmi four-necked flask
equi ppeds wi ghuzoplyrmanesean(® )a t Thenoobtentrane ¥asl8erved as a starting

material for Example 26 without purification.

Example 26

Cl (6)

@) 7)
Q“1.0Bn Ve
N
BnO | OBn
OBn
.
BnO \OBn
OBn
10 The indolocarbazole derivative (4) (72.00 g, 131 mmol),

which was obtained in Example 21, was dissolved In tert-butyl
methyl ether (600 mL). The solution was stirred at 23°C for
10 minutes, and to this solution was added a solution (350 mL)
containing 1l-chloro-2,3,4,6-tetrabenzyl-1-deoxy-D-

15 glucopyranose (6) obtained in Example 25. The soclution was
stirred for 10 minutes, and 45 % (w/w) potassium hydroxide
solution (300 mL) was added. The solution was stirred for 10
minutes, and 40 % (w/w) Aliquat (Registered Trade Mark) 336
(Product Name) in tert-butyl methyl ether (obtained by

20 dissolving Aliquat 336 (72 g) in tert-butyl methyl ether (110
g)) was added gradually over 22 minutes. The mixture was

stirred at 23°C for 6 hours, and water (350 mL) was added thereto.



5 di hydro- 2, 10-di benzyl oxy-13-(B-D-2, 3,4, 6-tetra-O

benzyl gl ucopyranosyl ) - 5Hi ndol o[ 2, 3-a] pyrrol of 3, 4-

c] carbazol e- 6-net hyl -5, 7(6H) -di one (8) (670 ng, 0.62 mvl) was added
thereto while stirring. The m xture was irred at room tenperature for one
hour, and 5N aqueous potassi um hydroxi de “T0 (8 nL) was added dropw se at the
sane tenperature over 20 mnutes. The mxture was stirred at an inner
tenperature of 60C for 4 hours and at roomtenperature overnight to give a

brown sol utiqn, .tq which was .add al yene Q0 m). After dropwi.se addition
o 1 o Ny aedE RN TINRY A dhatele T S R SR S5
mnutes to j . t . ti LN

Tet r ahydr of %?%%rﬁfém%%d%éﬂ%gégggﬁégéyt hce)fhn%\ﬁ%%'r?%g%sfggﬁ:ryga for 6
hours. The GRS JEMEItdF b OYEMéENPL) e¥REr $8D8! ALed, 13nd £he organic

| ayer was washed successively with purified water (10 nL x 2) and saturated
brine (10 mMiertibed, 2nenteyl astlyslt oLlsysodand shef argahicg)laged fielrteer ed.
The filtrate was concentrated in vacuo to give

12, 13- di hydroondii®edli heashddmi-tis-10( 3- Dw2 w3, 4g@etcats i@ acid (300 mL

benzyl gl ucopyr anosyl ) - 5H-i ndol of 2, 3- a] car bazol e-5, 6- di carboxylic anhydride
(0.63 g) as % Yelanshytdian, widgdy adeam (3P0 gmlyi%|ld.- The organic solution

3 95( L1 0. ) S5 Ry LF o CRBATRANE. B S5, §97PERE) B3 TR PLRFystals of the
=8 200) 4 BYAOHID A S A 9L 3, SELOK B 3 Rl e th IO 270

Exanpl e 28
suspension was concentrated to a volume of about 625 mL under

10 atmospheric pressure, and cooled to 23°C. Methanol (225 mL)
was added gradually to the suspension over one hour, and the
suspension was cooled to -5°C and stirred for 45 minutes to give
crystals. The crystals were collected by filtration, washed
with cold methanol/tert-butyl methyl ether (1:1) (400 mL x 2)

15 and dried in vacuo at 25°C to 40°C.

Analysis of the resultant crystals by high performance
liquid chromatography indicated that the content of the
objective indolocarbazole derivative (7) was 99 %.

The Aliquat (Registered Trade Mark) 336, available from

20 Aldrich Chemical Co., Inc.) used in this Example is

tricaprylmethylammonium chloride.

Example 27



Bh HBn JY~- H 1/2(000H2\ / -~H Bn ~ Bh ~~\ / 1~ HBn OBh H Bn Bn
Bn Bn Bn gn Bn 10 BnO A m xture of 12, 13-di hydro-2, 10-di benzyl oxy-13-((3-
D2, 3,4,6-tetra- O benzyl gl ucopyranosyl ) - 5H i ndol o[ 2, 3-

a) car bazol e- 5, 6-di carboxylic anhydride (9),. (1.50 g, 1.41 mmol) obtained in
Exampl e 27, N-(1-benzyl oxynethyl-2 15 berizyl oxyet hyl ) hydrazi ne hem oxal ate
(10) (609 ng, 1.84 nmmmol) and N, N-di net hyl acetam de (14 nlL) was degassed and
the atnosphere was substituted for nitrogen. The m xture was heated to
62C, and triethylamne (0.26 nL, 1.84 nmmol) was added dropw se. A%égr
stirring at the sane te -Batur@3 or 3 hours, 20 the reaction m xt was
cool ed down to room@epPeLghure, and nethyl tert-butyln 10 nL) and
water (7 mL) were added
with water, 58 dpine
renoved by evapg

Bn Bn
B0 o" [ Bni—c—) | BnO "

Ethanol (36 mL) was added to a 300 mL four-necked flask
equipped with a stirrer and a thermometer, and 12,13-

5 dihydro-2,10-dibenzyloxy-13-(B-D-2,3,4,6-tetra-0-
benzylglucopyranosyl)-5H-indolof{2,3-a]lpyrrolo[3,4-
c]carbazole-6-methyl-5,7(6H)-dione (8) (670 mg, 0.62 mmol) was
added thereto while stirring. The mixture was stirred at room
temperature for one hour, and 5N aqueous potassium hydroxide

10 (8 mL) was added dropwise at the same temperature over 20 minutes.
The mixture was stirred at an inner temperature of 60°C for 4
hours and at room temperature overnight to give a brown solution,
to which was added toluene (20 mL). After dropwise addition
of 1.0 N hydrochloric acid (62 mL) at the same temperature over

15 30 minutes toadjust thepH to 2.6, ayellow solutionwas obtained.
Tetrahydrofuran (10 mL) was added thereto and the mixture was
stirred for 6 hours. The aqueous layer (the lower layer) was
separated, and the organic layer was washed successively with
purified water (10 mL x 2) and saturated brine (10 mL), dried

20 over anhydrous sodium sulfate (5 g) and filtered. The filtrate

was concentrated in vacuo to give

12,13-dihydro-2,10-dibenzyloxy-13-(f-D-2,3,4,6-tetra-0-



1H NVR (270MHz, CDCL3, &ppm): 10.63 (1H, br.s), 9.24 (1H br.d, J=9.6Hz),
9.16 (1H, br.d, J=9.6Hz), 7.50-6.84 (42H rr) 6.20 5 (2H, br.d, J=7.6Hz),
5.84 (1H, d, J=8.6Hz), 5.33 (1H, br. OHz), 5.21 (1H, d, J=12.2Hz),
5.19 (1H, d, J=11.9Hz), 5.16 (1H, d E %é 2Hz), 5.08 (1H, d, J=11.9Hz),
5.08 (1H, d, J=10.9Hz), 4.96 (1H, d, J=10.9Hz), 4.89 (1H, d, J=10.9Hz),
4.85 (1H, d, J=10.9Hz), 4.72 (1H, d, J=12.9Hz), 4.68 (1H, d, 10 J=12.9Hz),
4.62-4.48 (4H, n), 4.33 (1H, dd, J=9.6, 9.6Hz), 4.06-3.77 (7H, m) , 3.72

4H, d, J= 13, S
(168 8. 168, 9egH§ giU%fg%r%J“%fIg) ST 4’2‘1%13[173 &%é@@% 6@%36 9, PP
136. 8, 136. @103%@09 13%0agh d%gﬁe 18§ %)7 elj:3§ dlll %%s:idli]e?&rQBS
128 2 128 1Co 28 Y 115215y a50e, 0557 1 7.6 127.5, 127.4 1273,

126.9, 126. ¢, yiéia.4, 119.1, 118.0, 116. 9, 116.7, 116.1, 110.4, 96.7, 96.3,
85.8, 84.7, 80. 9, 77.4, 77.2, 76.0, 75.9, 75.4, 74.9, 73.9, 73.3, 73.2,
70.7, 70.4, 'HONMR ( $908Hz 66DT L, 53D (hpP: X0 . BO( BH, 2, 9. 0201 Exanpke . 29259 (11)
(9) (12) NH BnBn Bn Bn BnO Bn H2 (COOH)2 BhO OBh H H Bn Bn BnO Bn Bn
BnO 5 8.95(1H,d4,J=9.6Hz),7.26(32H,m),6.17(2H,d,J=7.3Hz),5.85(1H,d
,J=8.2Hz),4.89(10H,m) ,4.32(1H,t,J=8.9Hz),3.96(6H,m),3.13(1H

,4,J=10.2Hz)

Example 28

(9) g (10) (11) _OBn
Bn
Qﬁ H OBn

Hl‘ 1/2(COOH),
H>

10
A mixture of 12,13-dihydro-2,10-dibenzyloxy-13-(-

D-2,3,4,6-tetra-0O-benzylglucopyranosyl)-5H-indolo{2, 3-
alcarbazole-5,6-dicarboxylic anhydride {(9) (1.50 g, 1.41 mmol)
obtained in Example 27, N-(1l-benzyloxymethyl-2-
15 benzyloxyethyl)hydrazine hemioxalate (10) (609 mg, 1.84 mmol)
and N,N-dimethylacetamide (14 mL) was degassed and the
atmosphere was substituted for nitrogen. The mixture was
heated to 62°C, and triethylamine (0.26 mL, 1.84 mmol) was added
dropwise. After stirring at the same temperature for 3 hours,
20 the reaction mixture was cooled down to room temperature, and
methyl tert-butyl ether (10 mL) and water (7 mL) were added

thereto. The organic layer was separated, washed with water,



Bn Bn A mxture of 12,13-di hydro-2, 10-di benzyl oxy-13-((3-D
2,3,4,6-tetra- O benzyl gl ucopyranosyl ) -5Hi ndol o[ 2, 3-

a] car bazol e- 5, 6-di carboxylic anhydride (9)(1.30 g, 1.23 nmol) 5 obtained in
Exanpl e 27, N-(1-benzyl oxymethyl -2- benzyloxyethyl )hydrazine nonooxal ate
(599 ng, 1.59 mmol) and N, N-di net hyl acetam de (12.3 nlL) were degassed. The
m xture was heated to 45C under nitrogen atnosphere, and triethylam ne
(34.1 L, 0.25 nmmol) was dropw se added thereto. The mi xture 10 was stirred

at the sane r : d t1Q, re.
N ter agdtiEa oy oPek|s di¥im %‘?kﬁ?%%"e‘fﬁ%%‘f?‘éé%ﬂS%%%l&eé‘? 3 A A T

organi ¢ | aygjy WRapaRaliditdn vaRMREE of Qukvel itHRS oBkll thlee copouddTli 14 )4)
dried over magnesium sulfate and filtered. The filtrate was anal yzed by

hi gh 15 per f'ar NRRCE2 YoM I cBv0TRSSEH AP0 . 6 NQilEAL bRYshhad . 2he 110Pjecid,ve
conmpound (11) (1.50 g) was obtained as a solution in 92 %yield. Since NWR
spect rum and=9R &Hzekc.t rurhéof( 1the babjdec Ui=¥e 6 Hzdnpdurkd -(61.B)4 (4 2Hhi o )Ex &m2i0e
agreed to those of the objective 20 coq?ound of Exanple 28, the conpound
(11) was®i ddiif itag s J= .6Hz), 5.84 (1H, 4, J=8.6Hz), 5.33 (1H, br.d,

benzy! oxyet fo) 53 20sl EAD & A-a2-dHER OohdsbiHe s, 9-11.9Hz2), 5.16
9 uconyr atoshy., | WYL LA 21 BYpE0! At ot IRy, - 3. 6651l O
anple 30 Bn (11

J=10.9Hz), 4.96 (1H, d, J=10.9Hz), 4.89 (1H, d, J=10.9Hz), 4.85

(1H, d, J=10.9Hz), 4.72 (1H, d, J=12.9Hz), 4.68 (1H, 4,

10 J=12.9Hz), 4.62-4.48 (4H, m), 4.33 (1H, dd, J=9.6, 9.6Hz),
4.06-3.77 (7H, m), 3.72 (4H, &, J=5.6Hz), 3.04 (1H, @, J=9.9Hz)

'3C-NMR (68MHz, CDCl;, dppm): 168.8, 168.7, 159.4, 159.3, 143.2,

142.9, 138.0, 137.9, 137.6, 136.9, 136.8, 136.6, 136.0, 130.2,

128.7, 128.6, 128.5, 128.4, 128.3, 128.2, 128.2, 128.1, 128.0,

15 127.9, 127.8, 127.7, 127.6, 127.5, 127.4, 127.3, 126.9, 126.6,

119.4, 119.1, 118.0, 116.9, 116.7, 116.1, 110.4, 96.7, 96.3,
85.¢, 84.7, 80.9, 77.4, 77.2, 76.0, 75.9, 75.4, 74.9, 73.9, 73.3,

73.2, 70.7, 70.4, 69.9, 69.8, 66.7, 58.7, 49,4, 30.9, 27.0

20 Example 29



(9) (12) NHBn Bn Bn Bno Bnh H2 . (COOH)2 Bno Bn Bn fBn H BBno OBn
A m xture of 12, 13-di hydro-2, 10-di benzyl oxy-13-((3-D
2,3,4,6--tetra- O benzyl gl ucopyranosyl ) - 5H i ndol of 2, 3-

a] car bazol e- 5, 6-di car boxyl i ¢ anhydri de ( (1.30 g, 1.23mmol) obtai ned
N (1- benzyl oxynet hyl -2 10 benZyl oxyet hyl ) hydrazi ne nonooxal at e
(599 ng, 1.59 mmol), nmagnesiumsulfate (1.48 g, 12. 3mml)and

N, N-di met hyl acetam de (12.3 nlL) were degassed. The m xture was heated t

Exanpl e 27,

45C under

nitrogen atnosphere, and triethylamne (446 L, 3.20 mmol)_ was

5 Bn

in

(0]

dropwi se added thereto. The mi xture was stirred at the sane 15 te at yrg
for 10 hours, and cool ed down to roon1tenpgiéture. After addition ofygyet hyl

tert-butyl ether (25_nL%mand water (6. 1

the aqueous | ayi

adjusted to pH 3.5 wxyth 2N HO (1.34 Bn The organic | ayegs_@gepar at ed,
washed four times SKIIFPwater (5.2 nL dried over magnesiu fate and
filtered. The 2 | was anal I gh performa |

‘ S

chr omat ogr ap

10

20

SfgeH e ooy

Y

A mixture of 12,13-dihydro-2,10-dibenzyloxy-13-(p-D-
2,3,4,6-tetra-0O-benzylglucopyranosyl)~5H-indolo[2, 3-
alcarbazole-5,6-dicarboxylic anhydride (9)(1.30 g, 1.23 mmol)
obtained in ‘ Example 27, N-(1-benzvloxymethyl-2-
benzyloxyethyl)hydrazine monooxalate (599 mg, 1.59 mmol) and
N,N-dimethylacetamide (12.3 mL) were degassed. The mixture
was heated to 45°C under nitrogen atmosphere, and triethylamine
(34.1 pL, 0.25 mmol) was dropwise added thereto. The mixture
was stirred at the same temperature for 16 hours, and cooled
down to room temperature. After addition of methyl tert-butyl
ether (25mL) and water (6.1 mL), the organic layer was separated,
washed four times with water (5.2 mL x 4), dried over magnesium
sulfate and filtered. The filtrate was analyzed by high
performance liquid chromatography, indicating that the
objective compound (11) (1.50 g) was obtained as a solution in
92 % yield.

Since NMR spectrum and IR spectrum of the objective
compound (11) in this Example agreed to those of the objective
compound of Example 28, the compound (11) was identified as
12,13-dihydro-2,10-dibenzyloxy-6-N-(1l-benzyloxymethyl-2-

benzyloxyethylamino)-13-(f3-D-2,3,4,6-tetra-0O-benzyl-



Since NVR spectrum and IR spectrum of the objective conmpound (11) in this
Exanpl e agreed to those of the objective conpound of Exanple 28, the
conmpound (11) was identified as

12, 13-di hydro- 2, 10- di benzyl oxy- 6- N- ( 1- be | oxynet hyl -

benzyl oxyet hyl am no) -13-(3-D 2, 3, 4, 6-tetra- O benzyl -

gl ucopyranosyl ) -5H i ndol o[ 2, 3-a] pyrrol o[ 3, 4-c] car bazol e- -5, 7(6H) - di one.
Example 31 10 (13) (14) Bn OH Bn HN~-OH HONO [\ / HX NN OCH Bn OBn

H HOH Bn n; | La 5 0 2 g) was
placed in a ﬁ%%&c}gg(}nna lnq_ivsel'?se%g 018 E@agsg;]ﬁ?fggig?ﬁig_ ?éwﬁweoézé)%e%
tetra- O benzy gj(t@pp_ydiaé}péyl) 12, 13-di hydro-2,10 15

di benzyl oxy-6-T[ (2-benzyl oxy- 1-

(benzyl oxymet hyl ) et hyl ) am no] - 5H-i ndol o[ 2, 3-a] pyrrol o[ 3, 4-

c] carbazol e-5, 7(6H)-di one (13) in tetrahydrofuran (175 g/L, 6.4 L, 1.12
kg), isoprofExemple/. L) and 3N HCO (224 nL) were

) (12)
Bn

Y

A mixture of 12,13-dihydro-2,10-dibenzyloxy-13-(f-D-
2,3,4,6-tetra-0O-benzylglucopyranosyl)-5H-indolc[2, 3-
alcarbazole-5,6-dicarboxylic anhydride (9) (1.30 g, 1.23 mmol)
obtained in Example 27, N-(1l-benzyloxymethyl-2-

10 benzyloxyethyl)hydrazine monooxalate (599 mg, 1.59 mmol),
magnesium sulfate (1.48 g, 12.3mmol) and N,N-dimethylacetamide
(12.3 mL) were degassed. The mixture was heated to 45°C under
nitrogen atmosphere, and triethylamine (446 puL, 3.20 mmol) was
dropwise added thereto. The mixture was stirred at the same

15 temperature for 10 hours, and cooled down to room temperature.
After addition of methyl tert-butyl ether (25 mL) and water (6.1
mL), the aqueous layer was adjusted to pH 3.5 with 2N HC1 (1. 34
mL). The organic layer was separated, washed four times with
water (5.2 mL), dried over magnesium sulfate and filtered. The

20 filtrate was analyzed by high performance liquid chromatography,
indicating that the objective compound (11) (1.50 g) was

obtained as a solution in 92 % yield.



added thereto. The m xture was hydrogenated while vigorous 20 stirring at
40C under a hydrogen pressure of 40 psi for 4 to 14 hours until absorbance
of hydrogen becones to be 62 theoretically 110 % The reaction sol ution was
cooled to 25C and filtered with Sol ka quq]c (Regi stered Trade Mark) to
collect solids such as catalyst. Such solid was washed wth

i sopropanol /tetrahydrofuran (3:2) (3L x 1). The filtrate and 5 the washing
wer e conbi ned, and the solution was adjusted to pH 2.5 with 1M

triethylam ne/i so.opan about . 600 ter i ti r (4.0 L),
t he sol uti on was g&ﬁ%@n%éeap?gtgumvo%%dne of s?.ege%qﬁmn %fngés\ﬁ%h (?Cf}rlégesur e,
further con il L i %%qrgg t : :

finally 10 ﬁgﬁﬁt(é t%ﬁaeﬂmg%?ﬁx %@él)?éent of (12\(%@%6%\% é) &%\hti(lﬁae%fﬂl?ﬁck%%
suppl yi ng i spigtai®|l of abeathp Pe L2 8 aneh8Btsmpbihad (119 WelsuARlendti FARAUtas/. 5
L. The concentrate was kept at 70C, and a suspension of seed crystals (5 @)
i n isopropand, (HAinydwes2 , haldetbéhey bRy - FRE- (il xbene ylasykeghyat- 220C f or
one hour, and 15 isopropanol (5.0 L) was added over a period of 1.5 hours.
The reshl t awnzoletyerhybankep) - B3- YOO 213941 6- BdtheuOsbeozypreci pitate
crystals. The resultant suspension was_ concentrated _in atnospheric pressure
whi | e suppl AIRFOREGRNOTEhbT SH1iMEglohe; B - AdPEFTedAl ént 'Pﬂctaﬁga@(ﬁ?r%@e'nt rate
20 becones t%c e({é_lwl . % The suspension was kept at 70C for 3 to 6 hours,
cooling to 22t a l('e%’[o%ef'the same tenperature for one hour. The
suspension was filtered to give a cake, which was washed successively with
i sopropanol (2.5 L) and nethanol (1.5 L). The cake was dried in vacuo at

38C for 6 hewW=ge 31

i0

10 % Palladium/carbon (50 w/w %, 112 g) was placed in a
hydrogenation vessel, and a solution of 12-f-D-(2,3,4,6-
tetra-0O-benzylglucopyranosyl)-12,13-dihydro-2,10-

15 dibenzyloxy-6-[[(2-benzyloxy-1-
(benzyloxymethyl)ethyl)amino]-5H-indolo[2,3-alpyrrolo[3,4-
clcarbazole-5,7(6H)-dione (13) in tetrahydrofuran (175 g/L,
6.4 L, 1.12 kg), isopropanol (7.9 L) and 3N HCl (224 mL) were
added thereto. The mixture was hydrogenated while vigorous

20 stirring at 40°C under a hydrogen pressure of 40 psi for 4 to

14 hours until absorbance of hydrogen becomes to be



25 give orange crystals in 80 %or higher yield (content: 99 % or higher).
Si nce mass spectrum NWR spectrum and IR spectrum of the above orange
crystals agreed to those of the conpound of Exanple 6 described in WO

95/ 30682, the objective conpound (14) ofgthis Exanple was identified as
12, 13-di hydro 2,10 63 di hydroxy-6-N-(1- hydroxyrret hyl - 2- hydr oxyet hyl am no) -
13- (P-Ddl ucopyranosyl) 5H i ndol o[ 2, 3-a] pyrrol o] 3, 4- c]carbazol e-5,

7(6H) - di one. Measurenent conditions of high performance liquid 5

chromat Ograpé}yeéeep@{@atign 16Q) wm: Tﬁf&/fréz&ﬁ%(s?oi%l&n Q8 ooTle@M b3 &2c 1. 5
mL/ m n Detection wave | ength: 228 nm Mbil e phase: A=0.1 % H3POX4-wat er,

B=acet oni t ridmgy £19 tkRie@Chi R SVMEF10E0( Re JbaBelr €aENIade MRkt tid @012t
Example 32 H2 H2 - 5%h/C HO -~ BnO | H+ H Bno NO2 Metal conpound (2c)

(3c) 15 3- Barizidsoxysueh 2-asyr caltiadiystl.vi ny$ych t raobkid ened<sl. OGashpd 3.WE&hl)
5 % r hodi unf car bon powder (63.5 ng, 0.0309 nmol) , ferrous(f%loz acetate (5.6
my, 0.0309 riredpraepan httel ralngoefiaran g 2 bt(3Hhydd of ur Bive (0L g t guang

placed in a 30 nL eggpl ant type
5 the washing were ¢ombined, and the solution was adjusted to pH

2.5 with 1M triethylamine/isopropanol (about 600 mL). After
addition of water (4.0 L), the solution was concentrated to a
volume of 7.5 L in atmospheric pressure, further concentrated
while adding isopropanol/water (4:1) (6.5 L), and finally
10 concentrated to a water content of 20 % (w/v) while further
supplying isopropanol (about 9 L) and maintaining the volume
at about 7.5 L. The concentrate was kept at 70°C, and a
suspension of seed crystals (5 g) in isopropanol (50 mL) was
added thereto. The mixture was kept at 70°C for one hour, and
15 isopropanol (5.0 L) was added over a period of 1.5 hours. The
resultant solution was kept at 70°C for 9 to 24 hours to
precipitate crystals. The resultant suspension was
concentrated 1in atmospheric pressure while supplying
isopropanol (17 L) until water content in the concentrate
20 becomes to be 3 w/v %. The suspension was kept at 70°C for 3
to 6 hours, cooling to 22°C and kept at the same temperature
for one hour. The suspensionwas filtered to give a cake, which
was washed successively with isopropanol (2.5 L) and methanol
(1.5 L). The cake was dried in vacuo at 38°C for 6 hours to
25 give orange crystals in 80 % or higher yield (content: 99 % or
higher). Since mass spectrum, NMR spectrum and IR spectrum of
the above orange crystals agreed to those of the compound of
Example 6 described in WO 95/30682, the objective compound (14)

of this Example was identified as 12,13-dihydro-2,10-



20 flask equi pped with a magnetic stirrer under nitrogen atnosphere and
then the nitrogen gas was substituted with hydrogen gas. The resultant
suspensi on was stirred at room tenperature for 41 hours under hydrogen

at nosphere, and then the hydrogen gas M%? substituted with nitrogen gas,
and stirred 25 overni ght under nitrogen atnosphere. The reaction m xture was
filtered to obtain a solid, which was washed with 64 tetrahydrofuran. The
filtrate and the washing were conbined to give a brown solution (79.83 Q)

The sol ution; | yzed (b i B( L OLLA et g9r aphy,

i ndi cating ?ﬁg?af%%§ %bﬁgéﬁiéXQ§H§§¥§ﬁﬁggxﬁﬁﬁ?é§éﬁgfﬁﬁiﬁng, gg % vyield) and
5 by- produced_6grhyd ' I )@ : ' bj ai ned.
6-Benzy|oxy?§dgpep b%ﬁ¥ﬁkggfg83332,%&&%ﬁéﬁf%@ﬁﬁﬁéﬂfQXfﬁﬁf?iﬁﬁi, 1H), 7.49
(d, J= 10 ¢)tatbazbhle-5,7.(4#)(-dicke 8.6 Hz, 1H) , 7.40 (dd, J= 7.5, 7.5 Hz,
iH, 7.33 (dd, J= 7.5, 7.5 Hz, 1H), 7.21 (br.dd, J= 2.4, 2.4 Hz, 1H), 7.01
(br. m 1H), 6.77Mé¢ddprément8, c8n@ibiongH) p£6. BEgh( bperfiprmahces5,. 12qpsd 2H) .
13C NWR élZGNPE, DVSO-d6, Sppm): 154.7, 138.0, 136.8, 128.7, 15 128.0,
127.9, 124. ghrepatggraphyg, 110.1, 101.3, 96.3, 69.9 6-Hydroxyi ndol e:

1H NMR (500MHz, DMVEO-d6, .8ppm): 10.68 (br.s, | H.,. 8 88 (br.s,. 1H), 7.33 (d,
J= 8.4 I(—|z 1H) . 7.S§Eafﬁ{°?ci2§?g)8??§m(-m%?‘§% ,°D§'@é?w(z’1§°(dﬁ,4(-ﬁr:"§%, 1.5 H, 1I(—|),

6. 30 (m1h). 13C phRL1gahE%. .6ppm: 153. 78, 137. 121.90, 121,17,
110. 37, 101.75, 9 @.ggw 1 OHH s

Detection wave length: 228 nm
Mobile phase: A=0.1 % H;PO;-water, B=acetonitrile

10 Injection amount: 10 uL

Measurement temperature: 25°C

Example 32

X NO H, - 5%Rh/C
/E:::[i\\/ g BnO
BnO NO

2 Metal compound

7 N
Iz __

\
+@
HO ”

(2c) (3c)

15
3-Benzyloxy-6-(2-pyrrolidinylvinyl)nitrobenzene(1l.00
g, 3.08 mL), 5 % rhodium/carbon powder (63.5 mg, 0.0309 mmol),
ferrous(I1) acetate (5.6 mg, 0.0309 mmol) as a metal compound,
and tetrahydrofuran (20 mL) were placed in a 30 mL eggplant type
20 flask equipped with a magnetic stirrer under nitrogen
atmosphere and then the nitrogen gas was substituted with
hydrogen gas. The resultant suspension was stirred at room
temperature for 41 hours under hydrogen atmosphere, and then
the hydrogen gas was substituted with nitrogen gas, and stirred
25 overnight under nitrogen atmosphere. The reaction mixture was

filtered to obtain a solid, which was washed with



Exanples 33 to 35 25 Following a procedure simlar to Exanple 32,
2-(2-pyrolidinylvinyl)nitrobenzene was hydrogenated in the presence of 5 %
r hodi unf carbon powder, and as a nmetal conpound, ferrous(ll) acetate,

nickel (I'1) nitrate or cobalt(Ill) acetykgcetonate as the catal yst of the
present invention. 65 |Indole was obtain in high yield as showmn in Table 3
below NDH2 - 50kn/C\ \' N N2 Mtal conpound 2d N 5 Table 3 Exanple
No. 5 % RH C Metal conmpound Reaction Yield (% (Anount used) (Armount used)

time Fe(OAc S s l5 9 2Q 34 I
32 hours 82k%tf%§ﬂ%1 @én%%?aca 5 §1§§rf&% ?ﬂﬁ)gé hour's éé @? ﬁ &;ngﬁhole
The product t@givwaé B8 idd 18t i@ g 7esdl §) Of BRENAI S b watshaﬁany%a
spectrum of conmercially available products. 10 Exanple 36 to 38
by high performance liquid chromatography, indicating that the
objective 6-benzyloxyindole(2c)(661 mg, 96 % yield) and
5 Dby-produced 6-hydroxyindole (3c)(2 mg, 0.6 % yield) were

obtained.

6-Benzyloxyindole:

'H-NMR (500MHz, DMSO-d¢, Sppm): 10.90 (br.s, 1H), 7.49 (4, J=
10 7.5 Hz, 1H), 7.44 (4, J= 8.6 Hz, 1H), 7.40 (dd, J= 7.5, 7.5 Hz,
1H), 7.33 (a4, J= 7.5, 7.5 Hz, 1H), 7.21 (br.dd, J= 2.4, 2.4
Hz, 1H), 7.01 (br. m, 1H), 6.77 (dd, J= 1.8, 8.6 Hz, 1H), 6.36
(br. m, 1H), 5.12 (s, 2H).
13C_NMR (126MHz, DMSO-d¢, Oppm): 154.7, 138.0, 136.8, 128.7,
128.0, 127.9, 124.4, 122.5, 120.9, 110.1, 101.3, 96.3, 69.9

(-
95

6-Hydroxyindole:

'H-NMR (500MHz, DMSO-d¢, Oppm): 10.68 (br.s, 1H), 8.88 (br.s,

1H), 7.33 (d, J= 8.4 Hz, 1H), 7.12 (m,1K), 6.79 (m,1H), 6.56
20 (dd, J= 8.4, 1.5 Hz, 1H), 6.30 (m,1H).

3C-NMR (126MHz, DMSO-d¢, dppm): 153.78, 137.90, 124.00, 121.90,

121.17, 110.37, 101.75, 97.36.

Examples 33 to 35

25 Following a procedure similar to Example 32,
2-(2-pyrolidinylvinyl)nitrobenzene was hydrogenated in the
presence of 5 ¥ rhodium/carbon powder, and as a metal compound,
ferrous(II) acetate, nickel(II) nitrate or cobalt(III)

acetylacetonate as the catalyst of the present invention.



Foll owi ng a procedure simlar to Exanple 32,

3-benzyl oxy-2-(2-pyrrolidinylvinyl)nitrobenzene as a

conpound,

t he present

conpound z HH 5 (A (B
Compound No. Amount used conpound tinme (A (B)

ferrous(Ill)
acetyl acetonate as
shown in the foll ow ng Tabl e 4,
i nvention was 66

o Conpar i catiie, ot S PRoan MBI R e, TS S e

Table 4 Exanple 5 % RH/ C Met al

acet at e,

ni ckel (I
the catal yst of the present
and in

starting materi al
reduced in the presence of 5 % 15 rhodi unml carbon powder and as a netal

nitrate or cobalt (111)
invention. The results are
the case where the reduci ng agent of

used, 4-benzyl oxyi ndole was obtained in a

qugpared

tal -

Reacti on Conpound
Anmount used Yield (t) Yield

(% 36 1 nol % Fe(OAc 31 hours 83 5 (1 ml% 37 3 nol t N (NG)z' 6H O 32
hours 88 6 (@‘?&)NS 1 Wi~ D%E/Scac) 3 ou\s 80 3 (5 nol t)
> N
NO, Metal compound (2d) :
5 Table 3
Example No. | 5 % RH/C Metal compound | Reaction | Yield (%)
(Amount used) (Amount used) time
Fe(OAC)z
33 1 mol % 31 hours 88
(1 mol %)
Ni(NO3)2'6H20
34 3 mol % 32 hours 82
(20 mol %)
Co(acac);
35 1 mol % 38 hours 85
(5 mol %)
Indole:

The product (2d) was identified as a result of comparison
with various spectrum of commercially available products.
10

Example 36 to 38

Following a procedure simiiar to Example 32,
3-benzyloxy-2-(2-pyrrolidinylvinyl)nitrobenzene as a
starting material was reduced in the presence of 5 &

15 rhodium/carbon powder and as a metal compound, ferrous(II)
acetate, nickel(II) nitrate or cobalt (III) acetylacetonate as
the catalyst of the present invention.

and in

The results are shown in the following Table 4,

the case where the reducing agent of the present invention was



Comparison | 3 nol

1H NMR (500MHz, CDC13, Sppm): 8.12 (br.s, ,
1H), 7.44 (br.t, J= 7.5 Hz, 1H), 7.37 (m 1H),
Hz, 1H) , 7210 (m 1 H) , 7.04 ( d ,

(d, J= 7.7 Hz, 1H), 5.28 (s, 2H). 13C N

152. 88, 137. 94, 137. 66, 128. 81,  128. 05,

127. 66, 123. 00, 119. 23, 105. 02, 101. 46, 100. 40, 70. 27.

~ 8.0 Hz,
(126MHz, CDC13, 8ppm:

6. 77

% None 167 hours 43 38 Exanple 3 4-Benzyl oxyi ndol e:
7.49 (br.d, J=

7.14 (dd, J= 8 .
1H),

10 7.5 Hz,
o, 7. 8

(m 1H),

15 4- Hydr oxyi ndol e:

BT (S0, ki etRusbeld (s Spolacd 38 Tyl e (el

téafMea, 1§D§1§ow§9

1H), 5.22 (Bry

dréd
123,18, 123. 03§ * k%

a procedur ecgipi
4- benzyl oxy- 2-

conpound,
acetyl acet onag

he catal yst of the possent
are shown in the foI I@ng Fﬁgblg%ﬁh/@nd |n

agent of the
a higher yie nd 5 hydrmépgl ng‘f\om by odht

1n§81e1§§§
64, 104. 37,

k@gohOEE&ﬁgpbe332,
2-pyrrolidinylvinyl)nitrobenzene as a
reduced in the presence of 5 %
ferrous(ll)

acet at e,

starting materi al

e1d14goﬁ aré§7t§6

04.29, 98.91. Exanple 39 to 41 5 Foll ow ng

r hodi unf carbon powder and as a netal

nickel (I'1) nitrate or cobalt(Ill)
inventiOA. The results
e the redu0|ng
obtained in

he case mher
oxy

E zd

ieId,
conpared to
5 (B)
Table 4
Example 5 % RH/C Metal Reaction Compound Compound
No. Amount used compound time (3) (B)
Amount used Yield (%) | Yield (%)
36 1 mol % Fe(0Ac), 31 hours 83 5
(1 mol %)
37 3 mol % Ni{NO,),"6H,0 32 hours 88 6
(20 mol%)
38 1 mol % Co(acac), 38 hours 80 3
(5 mol %)
Comparison 3 mol % None 167 hours 43 38
Example 3
4-Benzyloxyindole:
'H-NMR (500MHz, CDCl;, dppm): 8.12 (br.s, 1H), 7.49 (br.d, J=
10 7.5 Hz, 1H), 7.44 (br.t, J= 7.5 Hz, 1H), 7.37 (m, 1H), 7.14 (44,
J=8.0, 7.8 Hz, 1H), 7.10 (m, 1H), 7.04 (4, J= 8.0 Hz, 1H), 6.77
(m, 1H), 6.64 (d, J= 7.7 Hz, 1H), 5.28 (s, 2H).
13C-NMR (126MHz, CDCl,, dppm): 152.88,137.94,137.66,128.81,
128.05, 127.66,123.00,119.23,105.02,101.46,100.40,70.27.
15

4-Hydroxyindole:

'H-NMR (500MHz,
7.06 (dd,J= 8.0,

1H),

6.54 (d4,J= 7.6 Hz,

CDC1l,, Oppm):

7.6 Hz,

1H),

1H),

8.19 (br.s,
7.01 (d4,J3= 8.0 Hz,

5.22 (br.s,

1H),

1H),

1H).

7.13 (m,

1H),

6.62 (m,

6. 64

was




15 Conpari son Exanmple 4. BnO N~ H2 -5%nh/C BnO HO ~' 0 Metal conpound ( N +
NN HH (C (D) 68 Table 5 Exanple 5 % RH C Metal conpound Reacti on
Compound Conpound Anopunt used (C) (D) No. (Amount used) tine (nol % Yield
(%9 Yield (% Fe(OAc)z 39 1 nol (1 nol % 9 hours 99 1 N (NO3):' 6H20 40 3
mol % 23 hours 93 0.4 (20 nmol % 41 1 nol % Co(acac)3 15 hours 96 3 (5 nol
% Conparison 3 nol % None 15 hours 86 14 Exanple 4 5-Benzyl oxyi ndol e:
1H NWVR (500MHz, CDCl 3, Sppn): 792(br , 1H), 7.44 (br.d, J= 575Hz

1H, 7. 36 71 1 2H). ,

o e try e (AFbuml tEpfad> suBythasl ol N&B‘zém@%%& EENEl
153. 64, 137199 $31.464139.83204. 322)3 53, . 9h28. 08, 127.89, 125.30, 113. 29
112. 06, 104.32, 102.59, 71.26. 10

Example 39 to 41
5 Following a procedure similar to Example 32,
4-benzyloxy-2-(2-pyrrolidinylvinyl)nitrobenzene as a
starting material was reduced in the presence of 5 &
rhodium/carbon powder and as a metal compound, ferrous(II)
acetate, nickel(II) nitrate or cobalt(III) acetylacetonate as
10 the catalyst of the present invention.

The results are shown in the following Table 5, and in
the case where the reducing agent of the present invention was
used, 5-benzyloxyindole was obtained in a higher yield and
5-hydroxyindole was byproduced in a lower yield, compared to

15 Comparison Example 4.

H, -5%Rh HO
X NO, Metal compound ﬁ ﬁ
(©) (D)



5- Hydr oxyi ndol e:  1H NMR (500MHz, DMSO-d6, Sppm: 10.76 (br.s, 1H), 8.61
(br.s, 1H), 7.24 (m 1H), 7.21 (d,J= 8.6 Hz, 1H), 6.89 (br.d,J= 2.0 Hz,
1H), 6.65 (dd, J= 8.6, 2.0 Hz, 1H), 6.27 (m 1H). 15 13C NVR(126MHz,

DVSO- d6, 6ppm) : 151.42, 131.38, 129.30, 12§.37, 112.50, 112.20, 104.76,
101. 12. Exanples 42 to 44 Following a procedure simlar to Exanple 32, 20
5-benzyl oxy-2-(2-pyrrolidinylvinyl)nitrobenzene as a starting material was
reduced in the presence of 5 % rhodium carbon powder and as a netal
conpound, fepgpus(kl) 69 acetate, nickel (I1) nitrate or cobalt(lI1)

acetyl acetonate as the catalyst of the present inventiop—The results are
shown in thefal Jﬁ W NG Fabi 6, aﬁg ‘Jdgco&. ncaasl@d%/%}qgg t héompernsl ng Camravndof
t he presen |nve I on Amasnt Susesdd % enz e was| obt@ned|in dp)

hi gher i el d aM@ 6- hydrexyindol e| WE°Bpr &ﬁ%&ed 1% a | oweriataek ¢) | cormar ed)
to Conparison Exarrple 5. No HZ 5%3@} I§._Eno [l No Metal fonmpound BnO T H

I H 2 (B (F) 3910 Tabl & @oBEdanpl e t ab lmmpound Reacti on CodApound

Conmpound —AreufRtHused—{(-Aroth N (?«b”) t"“’“""mw e—{(B—(FH—Ytretg—{(H—Yiets
N 1
(%) Fe(OA,)z 40 3 mol % 32 23 hours 93 0.4
(20 mol %)
Co{acac),
41 1l mol % 15 hours 96 3
(5 mol %)
C ison
ompar 3 mol % None 15 hours 86 14
Example 4

5-Benzyloxyindole:
'H-NMR (500MHz, CDCl,;, dppm): 7.92 (br.s, 1H), 7.44 (br.d, J=
5 7.5Hz, 1H), 7.36-7.26 (m, 2H), 7.17-7.15 (m, 2H), 7.03 (m, 1H),
6.92 (dd, J= 8.8, 2.4 Hz, 1H), 6.42 (m, 1H), 5.06 (s, 2H).
13c-NMR (126MHz, CDCl,, dppm): 153.64, 137.99,131.45,128.82,
128.53, 128.08, 127.89, 125.30, 113.29, 112.06, 104.32, 102.59,
71.26.
10
5-Hydroxyindole:
H-NMR (500MHz, DMSO-d¢, Oppm): 10.76 (br.s, 1H), 8.61 (br.s,
1H), 7.24 (m, 1H), 7.21 (d,J= 8.6 Hz, 1H), 6.89 (br.d,J= 2.0
Hz, 1H), 6.65 (dd, J= 8.6, 2.0 Hz, 1H), 6.27 (m, 1H).
15 '3C-NMR (126MHz, DMSO-ds, 6ppm): 151.42, 131.38, 129.30, 126.37,
112.50, 112.20, 104.76, 101.12.

Examples 42 to 44
Following a procedure similar to Example 32,
20 5-benzyloxy-2-(2-pyrrolidinylvinyl)nitrobenzene as a
starting material was reduced 1in the presence of 5 %

rhodium/carbon powder and as a metal compound, ferrous(II)



42 1 mol %9 hours 96 0.6 (1 nmol %9 N (NO3)2 6H20 43 3 nol % 23 hours 90 1
(20 nol %9 Co(acac)3 44 1 nmol % 15 hours 94 3 (5 nmol % Conparison 3 nol %
None 42 hours 55 34 Exanple 5 Exanple 45 70 (A') Noe H2 - 5%h/C NH2 + +
Metal compound + O 1 HO Nitrobenzene (349 ng, 3.08mmmol), benzyl phenyl

ether (567 ng, 3.08 mmol ) as a substrate, "5 % rhodi unf carbon powder (63.5 5

nmg, 0. 0309 nmml) , ferrous (Il) acetate (5. 6 ng, 0. 0309 mmvl) as a netal

conmpound and tetrahydrofuran (20 nmL) were placed in a 30 nlL eggplant type

flask equip Lth a. [ j k it e _JAfter the
Bed + Wil ﬁ%,g?ﬁ?géﬁ Vﬁ#%% &&“%%bals@(lpﬁig 1 RIS Gia vl LE

ni trogen gas was subs rogen gas, resuftant” suspension
was stirredigb LReMIGH PR Preddt LA Sopnder hydrogen at nopsphere,

and after the hydrogen gas was substituted with nitrogen gas, the
The results are shown in the following Table 6, and in
the case where the reducing agent of the present invention was
5 used, 6-benzyloxyindole was obtained in a higher yield and

6-hydroxyindole was byproduced in a lower yield, compared to

Comparison Example 5.

/@\/ Metal compound g, N +HO X N

BnO NO,
(E) (F)
10 Table 6
. Compound Compound
Example 5 % RH/C Metal compound Reaction (E) (F)
No. Amount used (Amount used) temperature - .
Yield (%) | Yield (%)
Fe(OAc),
42 1 mol % 9 hours 96 0.6
(1 mol %)
Ni(NO3),-6H,0
43 3 mol % 23 hours 90 1
(20 mol %)
Co(acac);,
44 1 mol % 15 hours 94 3
(5 mol %)
Comparison
3 mol % None 42 hours 55 34
Example 5

Example 45



resul tant suspension was stirred overni ght under nitrogen atnosphere. After
renoval of the residual solid by filtration, the residue was washed with
tetrahydrofuran. The filtrate and 15 the washing were conbined to give a
brown solution. The solution was analyz Q by hi gh performance |iquid
chromat ography, indicating that aniline ? '), benzyl phenyl ether as the
recovered substrate and phenol (B') as a reduced substrate were obtained in
86 %yield (crop 247 ngy) , 89 %recovery 20 (crop 503 ng) and 1 %yvyield
(crop 4 ng), respectively. Each conponent in the resultant solution was
identified esul t of conparison @ vari u;':? spectrum of commercially
avai l able pra S. 71 Exanples 46 to<d8tFallo g a procedure simlar to
Exanpl e 45, reductNG®n rgact S%FRW carri edWdut usi ng 5 % rhodi un car bon
powder, ferrqus(ll) acet af e, nickel (Il nitrate or cobalt(lll) 5

acetyl acetonate as a rreMtl Fonﬁound s the catal yst of the present

i nventi on, enzyl ph ?}f" BPMBOURG o supstrate. The results are shown in
the foll ow n bl 7. Aniline and thgd subst ratgo( phenol ) were
identified as a resu\V@f conparison w @ speq_tru 18°)

commerci al ly avail abl roducts. I (A") Noe HP o R/ C NHA # + Met al
conpound ~. O HO

Nitrobenzene (379 mg, 3.08 mmol), benzylphenyl ether (567
mg, 3.08 mmol) as a substrate, 5 % rhodium/carbon powder (63.5
5 mg, 0.0309 mmol), ferrous(II) acetate (5.6 mg, 0.0309 mmol) as
a metal compound and tetrahydrofuran (20 mL) were placed in a
30 mL eggplant type flask equipped with a magnetic stirrer under
nitrogen atmosphere. After the nitrogen gas was substituted
with hydrogen gas, the resultant suspension was stirred at room
10 temperature for 16 hours under hydrogen atmosphere, and after
the hydrogen gas was substituted with nitrogen gas, the
resultant suspension was stirred overnight under nitrogen
atmosphere. After removal of the residual solid by filtration,
the residue was washed with tetrahydrofuran. The filtrate and
15 the washing were combined to give a brown solution. The
solution was analyzed by high performance liquid
chromatography, indicating that aniline (A’), benzylphenyl
ether as the recovered substrate and phenol (B’) as a reduced
substrate were obtained in 86 % yield (crop 247 mg), 89 % recovery

20 (crop 503 mg) and 1 % yield (crop 4 mg), respectively.
Each component in the resultant solution was identified
as a result of comparison with various spectrum of commercially

available products.



|~~~ + ~~ (a') 72 Table 7 Metal 5%Rh/C Reaction Yield Exanple No.
conpound Yield (B Anobunt used tine (A') (Anount used) N (NOG3),'6H20 46 3
nolt 16 hours 86t 32t (20 nol %9 Fe(QAc)Z 47 1 nolt 16 hours 86 %1 t
(1 nol %9 48 1 nmolt Co(acac)3 16 hours 8%;% 1t (5 nmol % Conparison 3 nolt
None 16 hours 64 %27 t Exanple 6 Conparison 1 nolt None 16 hours 62 % 15 %
Exanple 7 Yield (A ) is ayield of aniline, and yield (B ) is a yield of
phenol . 5 Exanples 49 to 51 Following a procedure simlar to Exanple 45,
reduction geaabi1Qy ks teardg ed out using 5 % rhodi unf car bon powder,
ferrous(ll) acetate, nickel (I1) nitrate or cobalt(lll)

Following a procedure similar to Example 45, reduction

reaction was carried out using 5 % rhodium/carbon powder,

ferrous(II) acetate, nickel(II) nitrate or cobalt(III)

5 acetylacetonate as a metal compound as the catalyst of the

present invention, and benzylphenyl ether as a substrate. The
results are shown in the following Table 7.

Aniline and the reduced substrate (phenol) were

identified as a result of comparison with various spectrum of

10 commercially available products.

< @\ (A")
X NH,

NO- H,-5% Rh/C
+ +

[f]v Metal compound
!
X ° @\/ HO X
RO G
=




acetyl acetonate as a netal conpound as the catal yst of the 10 present
I nvention, and chl orobenzene as a substrate. The results are shown in Table
8 below. Aniline and the reduced substrate (benzene) were identified as a
result of conparison with various spect rL)%n of comrercially avail able
products. 73 Noe H2-5%Rh/C O NH2 + + Metal compound CI C + HI , ( D)
Table 8 Metal Exanple No. 5 % Rh/ C conpound Reaction Yield Yield Anpunt
used (Anount used) time (C) (D) N(N03)z'6R20 0 0 4 9 3 mol % 16 hours 9
1/ 24 1]o Tg%gengl %9 50 1 nol % Fe(OAc)z 16 hours 9 0 %4% (1 nol % 51 1
c 1

mol % Co(aca hours 94 % 3% (5 mol % Conparison 3 nol % None 16 hours
10 %7 8 % Exanple 8 Comparisqn 1 mol % Ngne 16 hours 6 5 %|3 3 Exanple 9
Yield (C is a yield eippei | i|¥€tand yi el|dedd?iod ils &iyieel d of benzene.
Example No. compound . , Yield (B')
Amount used time (A')
(Amount used)
Ni(NO3),*6H,0
46 3 mol% 16 hours 86 % 32 %
(20 mol %)
Fe(OAC)z
47 1 mol% 16 hours 86 % 1%
(1 mol %)
Co(acac);
48 1 mol% 16 hours 85 % 1 %
(5 mol %)
arison
Comparis 3 mol% None 16 hours 64 % 27 %
Example 6
arison
Comparis 1 mols None 16 hours 62 % 15 3
Example 7

Yield (A’ ) is a yield of aniline, and yield (B’ )} is a yield

of phenol.

(W24

Examples 49 to 51

Following a procedure similar to Example 45, reduction
reaction was carried out using 5 % rhodium/carbon powder,
ferrous(II) acetate, nickel(II) nitrate or cobalt(III)
acetylacetonate as a metal compound as the catalyst of the
10 present invention, and chlorobenzene as a substrate. The
results are shown in Table 8 below.

Aniline and the reduced substrate (benzene) were
identified as a result of comparison with various spectrum of

commercially available products.



5 Exanples 52 to 54 Following a procedure simlar to Exanple 45, reduction
reaction was carried out using 5 % rhodi um carbon powder, ferrous(ll)
acetate, nickel (I1l) nitrate or cobalt(lll) 10 acetyl acetonate as a netal
conpound as the catal yst of the present qgnvention, and benzal dehyde as a
substrate. The results are shown in Table 9 below. 74 Aniline and the
reduced substrate (benzyl alcohol) were identified as a result of conparison
with various spectrumof commercially available products. (E) N2 H2 -
5000/ C NH2 + - + [/ Metal conmpound CHOCHO + I / SOH ( F ) 5 Table 9
Example 5 % RA7T§ Metal conpound Reacti Yield¥reld No. Anmount used
(Armount used e (E ) (FF ) 52 3 ms (N03)2.6H20 16 hours 83% 16%
(20 mol 1) 531 m¥P28 Fe(ARRIFChours 94% 7% (1 nol % 54 1 mol %

| ©

Co(acac)3 16 hours 81% 8% (5 nmol % +

@\ Metal compound
: | H
cl Cl + \[::] (D")

Table 8
Metal . . .
5 % Rh/C Reaction Yield Yield
Example No. compound . s s
Amount used time (c") (D")
(Amount used)
Ni(NO,),°6H,0
49 3 mol % 1(NO)2"6H; 16 hours 91 % 24 %
(20 mol %)
Fe(OAc
50 1 mol % e(0Ac); 16 hours 90 % 4 %
(1 mol %)
Co(aca
51 1 mol % (acac), 16 hours 94 % 3%
(5 mol %)
Comparison
pard 3 mol % None 16 hours 10 % 78 %
Example 8
c .
omparson 1 mol % None 16 hours 65 % 33 %
Example 9

Yield (C' ) is a yield of aniline, and yield (D ) is a yield

of benzene.

Examples 52 to 54

Following a procedure similar to Example 45, reduction
reaction was carried out using 5 % rhodium/carbon powder,
nickel(II) nitrate or cobalt(III)

ferrous(II) acetate,

10 acetylacetonate as a metal compound as the catalyst of the
The

present invention, and benzaldehyde as a substrate.

results are shown in Table 9 below.



Conparison 3 nol % None 16 hours 65% 56% Exanple 10 Conparison 1 nol % None
16 hours 92% 29% Exanple 11 Yield (E') is a yield of aniline and yield (F')
is ayield of benzyl alcohol. 10 Exanple 55 NO2 OBn Metal conpound NI -12 CH
HN3 75 N trobenzene (379 ng, 3.08 mmol ),y benzyl phenyl ether (567 ng, 3.08
mol ), pyrrolidine (0.257 nm., 3.08 nmmol), 5 % rhodiunfcarbon powder (63.5
ng, 0.0309 mmol ), ferrous(ll) acetate (5.6 ng, 0.0309 mmol) as a netal
compound and 5 tetrahydrofuran (20 nL) were placed in a 30 nL eggplant type
flask equi pped W @R 13 {FRIBRE] ghétféd@ée&%sﬁéwqmnza}lwmwoq feker the
nitrogen gas was substituted with hydrogen gas, the resultant suspension
was stirredidlentd@ied asparoésti®tfOf ot Ssom ot hwdirdgris apeespher ef and
stirred 10 overnight under nitrogen atnosphere. After renoval of the

resi dual solciothmeyrdiiditivataverilatie rmeseduetsvas washed with tetrahydrof uran.
The filtrate and the washing were conbined to give a brown solution. The
sol ution was gmal yzed by high performhge |iquid chromat ography, indicating
that anili nes obtained in 88 % créE »52 ngy,) and phenol derived
from reducti onof NBenzyl phe ther was b produced in 0.4 % vyield (crop 1
ny) . Exarrples 56 to 58 PP %/R%e

+
@\ Metal compound
£
CHO @\CHO + ©\/0H (7
5
Table 9
Example 5 % Rh/C Metal compound | Reaction Yield Yield
No. Amount used (Amount used) time (E’ ) (F )
Ni(NO,;),'6H,0
52 3 mol $ 1(NOs),"6H, 16 hours|  83% 16%
(20 mol %)
_ Fe(OAc),
3 1 mol & 16 hour 4% %
5 mo (1 mol %) S 9 7%
C
54 1 mol & o(acac)s 16 hours| 81% 8%
(5 mol %)
Comparison 3 mol % None 16 hours 65% 56%
Example 10
Comparison 1 mol % None 16 hours 92% 29%
Example 11

Yield (E') is a yield of aniline and yield (F') is a yield of

benzyl alcohol.

Example 55

— +
N02 NH, OH

OBn Metal compound

e




20 Follow ng a procedure simlar to Exanple 55, reduction reaction was
carried out using 5 %rhodi unf carbon powder; ferrous(ll) acetate,

nickel (I'1) nitrate or cobalt(lll) acetylacetonate as a netal conpound; and
pyrrolidine as a base as the catalyst of;sthe present invention. The results
are showmn 25 in Table 10 below. 76 Noe osn Metal conmpound NH2 OH HNTJ (G)
(H) Table 10 Exanple No. 5 % Rh/C Metal conpound Reaction Yield Yield .
Amount used (Amount used) tine (G): % (H): ~ N(N®B),"'6HO5 6 3 nol %

(20mol % 5 hours 9NQ+8opBULEAL ‘éb"?@ fné eq. bsF%Qﬁ?)%@h%?'l%bhén 1lefBler~ 5
hours 8 8 0.4 Pyrrolidine (1 eq.) 1 nol % Co(acac), (5molt) 5 hours 9 4

6 Pyrrolidims Inggq.3). 0¥ mieA of piptwdlidial o s»57 3mopl 3%9eonmmoennd 5 Bours
8 6 4 2 Exanple 12 Pyrrolidine (1 eq.) No use of netal Conparison 3 nmol %
conpound 2 hdwedsiun/Zzazbdn powder (63.5 mg, 0.0309 mmol), ferrous(II)
acetate (5.6 mg, 0.0309 mmol) as a metal compound and
5 tetrahydrofuran (20 mL) were placed in a 30 mL eggplant type
flask equipped with a magnetic stirrer under nitrogen
atmosphere. After the nitrogen gas was substituted with
hydrogen gas, the resultant suspension was stirred at room
temperature for 5 hours under hydrogen atmosphere, and stirred
10 overnight under nitrogen atmosphere. After removal of the
residual solid by filtration, the residue was washed with
tetrahydrofuran. The filtrate and the washing were combined
to give a brown solution. The solution was analyzed by high
performance liquid chromatography, indicating that aniline
15 was obtained in 88 % yield (crop 252 mg,) and phenol derived

from reduction of benzylphenyl ether was by-produced in 0.4 2

yield (crop 1 mg).

Examples 56 to 58

20 Following a procedure similar to Example 55, reduction
reaction was carried out using 5 % rhodium/carbon powder;
ferrous(II) acetate, nickel(II) nitrate or cobalt(III)
acetylacetonate as a metal compound; and pyrrolidine as a base
as the catalyst of the present invention. The results are shown

25 in Table 10 below.



Exanple 13 Pyrrolidine (1 eq.) No use of netal Conparison 1 nol % conpound
5 hours 9 1 14 Exanple 14 Pyrrolidine (1 eq.) Yield (G) is a yield of
aniline and yield (H) is a yield 5 of phenol. The abbreviation "eq." neans
equivalent. It was confirmed fromthe aboye results that selectivity of the
functional groups to be reduced is inproved by further addition of an am ne
in the catalytic reduction in the presence of a catalyst of the present
invention. 10 Exanple 59 77 H2 - 5%h/C Bno NO2 Metal conpound Bno a NH2

t + HO NH2 3- Benzyl oxyni trobenzen 7 , pyrrolidine
(0. 257 ni,  mol ), (B 9 r hodi cg?%’o'ﬁﬁéggmm A
nmol ), ni cke ni t Fat exahydrate (179 ng,

tetrahydrofuran (NPnlL) were pPBoddetal gosopeundgp

with a magnetic stirrer under nitrogen i;jnsphere(e fter the Qh@rogen gas
a

was substituted with hydrogen gas, thenresultant stspension was ‘stirred at
room 10 tenperature for 2.5 hours under rogen atnosphere, and the
reaction systemwas substituted for nitrogen atnosphere. The

Table 10

5 % Rh/C Metal compound Reaction Yield Yield

Example No.
P Amount used (Amount used) time (G'): % (H'): %

Ni(NO;),°6H,0
56 3 mol % (20mol%) 5 hours 90 8
Pyrrolidine (1 eq.)

Fe(oA Imol%
57 1 mol % e c)z ({1mo1%) 5 hours 88 0.4
Pyrrolidine (1 eq.)

Co{acac 5mol%
58 1 mol % ( _)3( ) 5 hours 94 6
Pyrrolidine (1 eq.)

No use of metal

Comparison
P 3 mol % compound 5 hours 36 42
Exemple 12 L
Pyrrolidine (1 eq.)
c . No use of metal
omparison
i 3 mol % compound 2 hours 92 20
Example 13 .
B Pyrrolidine (1 eq.)
co 150 No use of metal
mparison
P 1 mol % compound 5 hours 91 14
Example 14

Pyrrolidine (1 eq.)

Yield (G’') is a yield of aniline and yield (H') is a yield
5 of phenol. The abbreviation “eq.” means equivalent.

It was confirmed from the above results that selectivity
of the functional groups to be reduced is improved by further
addition of an amine in the catalytic reduction in the presence
of a catalyst of the present invention.

10

Example 59



resultant solid was collected by filtration and washed with
tetrahydrofuran. The filtrate and the washi ng were conbi ned
solution. The solution was anal yzed by high 15 performance |

to give a brown
iquid

chromat ogr aphy, indicating that 3-benzylexyaniline was obtained in 92 %
yield (crop 565 ng) and 3-hydroxyaniline in 1 %yield (crop 3 ng). Exanples

60 to 66 20 H2 - Rh/C Bno NO2 Metal conpound Bno a NH2 i
U) OCNH Following a procedure simlar to Exanple 59, reduct

was carried out uysi g ferrng(_l by, RegOate, nickek(l1) 78 nitr

cobalt(111) ace onate ds a netal Qorrpohe re_lsjul ts

Tabl e 11 bel v oling ~pyRx ot inqj
eﬁﬁﬁb r\}&A%%'f@l Eolfirg ?l(? KPE do Wh,

Reaction Yi Yleld use used ne

Ni (NO3) 26H20 1 eq. 2.5 hours

+ HONH2 (I")
ion reaction

NG (20 moll) 6 2 3 moll Ni(NO)2-6H0 3 eq.

Ni (NO3),6H,0 6 0 3 nol| None @hours "9 2 2 (20 mol1) 6 1 3 nol i

2.5 hours 9 50. 5

3-Benzyloxynitrobenzene (706 mg, 3.08 mmol), pyrrolidine

(0.257 mL, 3.08 mmol), 5 % rhodium/carbon powder (190 mg, 0.0924

5 mmol), nickel(II) nitrate hexahydrate (179 mg, 0.616 mmol) and

tetrahydrofuran (20 mL) were placed in a 30 mL eggplant type

flask equipped with a magnetic stirrer wunder nitrogen

atmosphere. After the nitrogen gas was substituted with

hydrogen gas, the resultant suspension was stirred at room

10 temperature for 2.5 hours under hydrogen atmosphere, and the

reaction system was substituted for nitrogen atmosphere. The

resultant solid was collected by filtration and washed with

tetrahydrofuran. The filtrate and the washing were combined

to give a brown solution. The solution was analyzed by high

15 performance liquid chromatography, indicating that

3-benzyloxyaniline was obtained in 92 % yield (crop 565 mg) and

3-hydroxyaniline in 1 % yield (crop 3 mg}.

Examples 60 to 66

@\ H, - Rh/C /@\
BnO No, Metal compound gno NH
9!
e

2

Following a procedure similar to Example 59,

reaction was carried out using ferrous(1I) acetate,

reduction

nickel(II)



(20 nmoll) 6 3 1 noll Fe(QAc)2 None 33 hours 9 2 0. 8 (1 nmoll) 6 4 1 noll
Fe(OAc)2 1 eq. 2.5 hours 98 0. 5 (1 noll) 6 51 noll Co(acac)3 None 33
hours 8 9 0. 6 (5 noll) 6 6 1 noll Co(acac)3 1 eq. 4 hours 91 7 (5 noll)
Conparison 3 mol|l None None 15 hours 7 6-% 1 Exanple 15 Conparison 3 nol

None 1 eq. 2.5 hours 7 9 1 5 Exanple 16 nparison 3 noll None 3 eq. 2.5
hours 8 6 1 4 Exanple 17 5 Yield (1'): yield (% of 3-benzyl oxyaniline
Yield (J'): yield (% of 3-hydroxyaniline It was confirmed fromthe results
of Exanpl es §Q 144 S r (a2 45881 S8EFo RSt BYREOLT AbPE 1R mBdded.i N
catalytic 10 reduction systemof the present invention using

rhodi uni car My redldstarmNGHSINgia TedBe TDNPOLGW . such as iron salts,
nickel salts or cobalt salts, the reaction rate was dramatically 79

i nproved, the probability of reduction of functional groups such as benzyl
ether which was liable to be reduced was | owered, nitro group was

sel ectivel y Tleddigcdd and the yield was increased. 5 Exanples 67 to 68

5% Rh/C Metal compound { pyrrolidi | Reaction | Yield Yield
Example No. , , ,
Amount used Amount used ne time (1) (J')
Ni(NO;), 6H,0
60 3 mol% 1(NO,)," 6H; None 15 hours 92 2
(20 mol%)
Ni(NO;), 6H,0
61 3 mol% 1(NO, ), 6H, 1 eq. 2.5 hours 92 1
(20 mol%)
Ni(NO;),*6H,0
62 3 mols 1(NO; )" 6H; 3 eq. 2.5 hours 95 0. 5
(20 mol%)
Fe (OA
63 1 mol% (0Ac), None 33 hours 92 0. 8
(1 mols)
Fe (0OA
€ 4 1 mol$ (0Ac), 1 eq. 2.5 hours 98 0.5
(1 mol%)
Co(acac);
65 1 mol$ None 33 hours 89 0.6
(5 mol%)
Co{acac);
66 1 mol$ 1 eq. 4 hours 91 7
(5 mol%)
Com i
parison 3 mol$ None None 15 hours 76 11
Example 15
Comparison
pariso 3 mols None 1 eq. 2.5 hours 79 15
Example 16
Comparison
i 3 mols None 3 eq. 2.5 hours{ 86 14
Example 17
5 Yield (I'): yield (%) of 3-benzyloxyaniline

Yield (J'): yield (%) of 3-hydroxyaniline

It was confirmed from the results of Examples 60 to 66

that when an amine such as pyrrolidine was added in catalytic

10 reduction system of the present inventionusing rhodium/carrier
catalyst and using a metal compound such as iron salts, nickel

salts or cobalt salts, the reaction rate was dramatically



Foll owi ng a procedure simlar to Exanple 45, reduction reaction was carried
out using 5 % rhodi unf carbon powder, and ferrous(ll) acetate, nickel (Il)
nitrate or cobalt(lll) acetylacetonate as a netal conpound as a catal yst of
the present 10 invention, and styrene (K,, as a substrate. The results are
shown in the following table. Aniline and"the reduced substrate

(ethyl benzene (L')) were identified as a result of conparison wth various
spectrum of comercially avail abl e products. Noe H2 -5% Rh/C - NH2 + +

th al ConpOliQng)ljoﬁle(d( )tl{é‘r#rc%)ab f:t)#g %‘Jﬁ ?ec{wégglwgga%tﬁ%%&%hgﬂ Y' eI d

npl e No npound Anou used nmount Us
m)l $ Fe( OAGQwenlag Mﬁl %tﬂé’rgwﬁl/&h(w]aﬂha%he&gbje F@hu%e@%é’@ﬁ%er%@ hours
8 9% 9 9% (5 nol $} Conparison 3 nol $ None I 6 hours 3 1% 9 3% Exanple 18

CO_”F?‘“ son hifo §rdapaak §emgat§v31§%e&hﬁ%d Examneyif1¥ wagl ipkreasyael d of
ani |1 ne

5 Examples 67 to 68
Following a procedure similar to Example 45, reduction
reaction was carried out using 5 % rhodium/carbon powder, and
ferrous(II) acetate, nickel(II) nitrate or cobalt(III)
acetylacetonate as a metal compound as a catalyst of the present
10 invention, and styrene (K’ ) as a substrate. The results are
shown in the following table.
Aniline and the reduced substrate (ethylbenzene (L))
were identified as a result of comparison with various spectrum

of commercially available products.

\NOQ ©\NH2

H, -5% Rh/C
+ -+

/\' Metal compound
P N
x @\/ T H\//

(K (L)

15



Yield (L'): yield of ethyl benzene 5 It was confirmed fromthe above results
that when <catalytic reduction was carried out using the catal yst of the
present invention, nitro group and vinyl group were reduced w thout

reducti on of benzyl
catal ytic reduction is carried out usi ng

et her,

chl oro and aI%g

yde groups.

Ther ef or e, when

%0 the catal yst of the invention,

I.e. a catalyst conprising a rhodiumcarrier catalyst and iron salts,
ni ckel salts or cobalt salts as a netal conpound, nitro group, aIkenyI
group or al E%oup can be selectively reduced w thout reduction of
functi onal 55 ch as benzyl ether, aryl halides, aldehydes, 15
ketones, etic. Industrjal Applicpbility The pbjective conmpound (1) of [the
present invention is | ugef H+/ca5 ¥etdedi ci ne, | andiidpe prgal%q@t nygiki of
rel ates to |cExampZ@ Nend 3%un@u %iadmmnumbeous I QCeSS g%)pr du? {ng {he said
81 conpound. Additio 9 £ adoah ty siked)f € prese i'nvention can be
utilized in | ' L¥1t by whjch-seleg¢tive
reduction ils g avaj | abl e. 82| CrkAldvd,1. rocess fqr, producj an
i ndol opyrr di ocaf gazole B3 Vat ve“rﬂgrepenté B he gé?p é?g whi ch
conpri ses the—fotHHowmng—steps () the—step—of regacttng—<arconpoung of the
formula (Xl Ra (ajl] N Rb
(X g (a1 MR Cofacacly | 16 pours | 89% 99%
{5 mol %)

Comparison 3 mol % None 1 6 hours 31% 93%

Example 18

Comparison 1 mol % None 16 hours ! 73% 98%

Example 19

Yield (K'): yield of aniline
Yield (L'): yield of ethylbenzene
5 It was confirmed from the above results that when

catalytic reduction was carried out using the catalyst of the
present invention, nitro group and vinyl group were reduced
without reduction of benzyl ether, chloro and aldehyde groups.

Therefore, when catalytic reduction is carried out using

10 the catalyst of the invention, i.e. a catalyst comprising a

rhodium-carrier catalyst and iron salts, nickel salts or cobalt
salts as a metal compound, nitro group, alkenyl group or alkynyl
group can be selectively reduced without reduction of
functional groups such as benzyl ether, aryl halides, aldehydes,
15 ketones, etc.
Industrial Applicability
The objective compound (I) of the present invention is
useful as a medicine, and the present invention relates to an

20 industrially advantageous process for producing the said



R O\ NO2 wherein Rl represents a hydroxy protecting group, and Ra and Rb
each independently represents a Cl1-C7 al kyl group, or Ra and Rb may be
conbi ned together to forma C3-C6 al kyl enyl group, or a salt thereof with
hydrogen gas in the presence of a rhodiugy conpound and a netal conpound to
produce an indole conpound of the formula (XIl): RVO\ H wherein Rl has the
sane neani ng as defined above, or a salt thereof; (ii): the step of
reacting the resulting indole compound of the fornmula (XI 1) or a salt
thereof witReg %ﬁﬁes'ﬂﬂhilﬂhehhdﬁy oéhé RatayBY 8e(efhe prRMIE 1h¢khtwarein
R represents a Cl C- 7 al kyl group, a phenyl group, a vinyl group or an

al kyl groupca@l ba GR@NESEdAMi a0YALREBAsOfefietionnbacti¥hs REMIRIak Xh y83
wherein Rd represents a Cl1-C7 al kyl group or a phenyl group, or a salt

t her eof , or by whithr sedfecthisemagihsituinre hlsomaile (a¢rgibabllet he magnesi um
conmpound (X), followed by reacting the resulting product with a mal ei mde
conpound of the formula (I X): Y[IX] O~N-10 XJ\~/X wherein X represents
a hal ogen atom and Y represents a hydrogen atom a Cl-C7 al kyl group, a
phenyl group, a benzyl oxynet hyl



group, or a C,-Cl2 aral kyl group, to produce a bis-indole conpound of the
formula (VII1): Y[VIII] NORIO\NOHHORwerein RL and Y have each the
sane neani ng as defined above, or a salt ghereof; (iii): the step of

subj ecting the resulting bis-indole conmpound (VIIl) or a salt thereof to
ring-closure reaction to produce a conpound of the formula (M1): [VII] N
ORIOV\ONNORS HHwerein RL and Y have each the sane neani ng as defi ned
above, or a salt thereof; (iv): the stqg%ﬁﬁM§oupling the resulting conmpound
(M1) or asalt thereof with an activated glucose derivative of. the 84
formula (M): X1 [VI] 40R2 R50 OR3 OR4 wherein each R2, R3, R4 and RS is
a hydroxy protecting group, and Xl represents a halogen atom to produce a
conmpound of the formula (V): i [V

1. A process for producing an indolopyrrolocarbazole
derivative represented by the formula (I), which comprises the
following steps:

(i) : the step of reacting a compound of the formula (XIII)

. xum

]
R'o NO

2
wherein R! represents a hydroxy protecting group, and R? and

R® each independently represents a C;-C; alkyl group, or R? ané&
R° may be combined together to form a C;-Cs; alkylenyl group, or
‘a salt thereof with hydrogen gas in the presence of a rhodium
compound and a metal compound to produce an indole compound of
the formula (XII):

[(X11]

R'O/CQ |

H
wherein R!' has the same meaning as defined above, or a salt

thereof;
(ii): the step of reacting the resulting indole compound
of the formula (XII) or a salt thereof with a magnesium chloride

of the formula (XI):

(XT]
R°MgCl

wherein R° represents a C;-C; alkyl group, a phenyl group, a vinyl
group or an allyl group: oxr a magnesium compound of the formula
(X):

(X]
RMgR?



ONORI O\ NNORL H OORZ ROOR3 OR 4 wherein RR Rz, R3, R', R5 and Y
have each the sanme neaning as defined above, or a salt thereof; (v): the
step of treating the resulting compound (V) or a salt thereof with a base
to produce a conpound of the formula (I1VV@8 aNMOR'0O/ OR H O ORZ R50
OR3 OR4 wherein Rl, R2, R3, R4 and R5 have each the sanme neaning as
defined above, or a salt thereof; 85 (vi) : the step of reacting conpound
(I'V) or a salt thereof with a conpound of the fornula (I111): OR6 HN f~O R7
(rrr] NH2 . Xa wherein R6 and R7 each represents a hydroxy protecting
group, and Xa represents an acid nolecule to produce a conpound of the

formul a Qhékéin RY represents a C;-C; alkyl group or a phenyl group, or
a salt thereof, or a mixture of the magnesium chloride (XI) and
the magnesium compound (X), followed by reacting the resulting

product with a maleimide compound of the formula (IX):

Y[IX]
O~"N0

——

X X
wherein X represents a halogen atom, and ¥ represents a hydrogen

atom, a C;-C; alkyl group, a phenyl group, a benzyloxymethyl
group, or a C;-C,; aralkyl group., to produce a bis-indole
compound of the formula (VIII):

y [V}

0~-N~—-0

R'O N N OR
H H

wherein R' and Y have each the same meaning as defined above,
or a salt thereof;

(iii): the step of subjecting the resulting bis-indole.
compound (VIII) or a salt thereof to ring-closure reaction to

produce a compound of the formula (VII):

Y (VII]
O~"N—0

L,
R'O N N OR
H  H

wherein R' and Y have each the same meaning as defined above,
or a salt thereof;
(iv): the step of coupling the resulting compound (VII)

or a salt thereof with an activated glucose derivative of the



OR6 HNCOR7 [I] I NORONNOR H OOR RO OR3 OR 4 wherein Rl, R2,
R, R4, R5, R and R7 have each the sanme neaning as defined above; or a salt
thereof; and (vii): the step of deprotectigg the resulting compound (I1) or
a salt thereof to produce an indol opyrrol ocarbazole derivative of the
formula (1): OH HNOH O NOHONNOH H OOHHOOH OH or a salt
thereof. 86 2. The process according to Claim1l, wherein the rhodium
conmpound i s rhodi um carbon, rhodiunmalum na, rhodiumcal cium carbonate or
rhodi um barium sul fate. 3. The process according to Claim1l, wherein the

met al formula (VI):

o VI

07 0OR?

R°0 | OR?
OR*

wherein each R?, R?, R* and R® is a hydroxy protecting group,
and x' represents a halogen atom, to produce a compound of the

formula (V):

RS0 | OR?
or*
wherein R*, R?, R?®, R*, R® and Y have each the same meaning as

defined above, or a salt thereof;
(v): the step of treating the resulting compound (V) or
a salt thereof with a base to produce a compound of the formula

(1IV):

2

wherein R', R?, R?, R! and R® have each the same meaning as defined

above, or a salt thereof;



R

compound is a nickel (l1l) conpound, an iron(ll) conmpound, an iron(lIl)
conpound, a cobalt(Ill) conpound or a cobalt(lll) conpound. 4. The process
according to Claim3, wherein the nickel(]l) conmpound, the iron(Ill)
conmpound, the iron(ll1l) conpound, the cobalt(l1) conpound or the
cobalt(Ill1) conpound are NiBr2, N (NG3)2, N (OCOCH3)2, FeBr3, Fed 2, FeSO4
, FeCl3, FeCl3-Si02, Fe(OCOCH3)2, Fe(ll)fumarate, CoBr2, CoCl2, 87 H3C N
CH3 2 [H3¢'-QQH Co ~ [HBCHCO3 3 0or 3CFe HCH3 3 5 5. The process
according to Claiml, wherein R, R2, R3, R4, R5, R6 and R7 each represents
a benzyl group(ve) :Theeprtamess zraef RAFIP MLY) Whér erhttHemRehesi um
chlori _dewgftﬁlt Ige_cf AdBUA (88 )ths £SPwhigegreshyum chloride, 10 isopropyl
magnesi um chl or i de for n- butyl magnesium chloride. 7. The process according
to daim1, wherein the nmagnesium conpound of the fornmula (X) is
di (n-butyl) magnesi um di (s-butyl)magnesi um (n-butyl) (s-butyl)mmgnesi um
di net hyl 1% nagnes H or diethyl magnesium 88

or’

&

NH, .« X2

wherein R® and R’ each represents a hydroxy protecting group,
and X* represents an acid molecule to produce a compound of the

formula (II):

RSO {oR®
OR*
wherein R', R?, R?, R*, R®°, R® and R’ have each the same meaning

as defined above, or a salt thereof; and
(vii): the step of deprotecting the resulting compound
(IT) or a salt thereof to:produce an indolopyrrolocarbazole

derivative of the formula (I):
CH

HNL"” 1y

HO | OH
OH

or a salt thereof.



8. The process according to Claim1, wherein the mal ei mde conmpound of the
formula(l X) is a nal eimde conpound represented by the fornula (IX-a): Y

[I X-a] -0y- O5 wherein Y represents a hydrogen atom a C1-C7 al kyl group, a
phenyl group, a benzyl oxynethyl group or an aral kyl group. 9. The process
according to Claim1l, wherein Y is a nethyl group. 10 10. The process
according to Claiml, wherein Xa is oxalic acid. 11. The process according
to daim1, wherein the coupling 15 is coBGucted in the presence of a phase
transfer catalyst.

2. The process according to Claim 1, wherein the rhodium
compound is rhodium-carbon, rhodium-alumina, rhodium-calcium

carbonate or rhodium-barium sulfate.

3. The process according to Claim 1, wherein the metal
compound is a nickel(I1) compound, an iron(II) compounéd, an
iren(III) compound, a cobalt(II) compound or a cobalt(III)

compound.

4. The process according to Claim 3, wherein the
nickel(II) compound, the iron(II) compound, the iron(III)
compound, the cobalt(II) compound or the cobalt(III) compound
aré NiBr,, Ni{NO;);, Ni(OCOCH;),, FeBr;, FeCl,, FeSO, , FeClj,

FeCl5-Si0Q,;, Fe(OCOCH;3);, Fe(IIl)fumarate, CoBr,, CoCl,,



10

15

87

e \Z ons) Ni

;
i - ]
_Hsc =z CH3.2CO |
: I
| HaC ~ CH3.3Co N
HeC~ \F - 3Fe

5. The process according to Claim 1, wherein R', R?, R®

R*, R®>, R® and R’ each represents a benzyl group.

6 . The process according to Claim 1, wherein the magnesium
chloride of the formula (XI) is ethyl magnesium chloride,

isopropyl magnesium chloride or n-butyl magnesium chloride.

7. The process according to Claim 1, wherein the magnesium

compound of the formula (X) is di(n-butyl)magnesium,

di(s-butyl)magnesium, (n-butyl)(s-butyl)magnesium, dimethyl

magnesium or diethyl magnesium.



10

15

88

8. The process according to Claim 1, wherein the maleimide
compound of the formula (IX) is amaleimide compound represented

by the formula (IX-a):

\'/ [IX-a]
o=~"\~-0

C! C!
wherein Y represents a hydrogen atom, a C;-C; alkyl group, a

phenyl group, a benzyloxymethyl group or an aralkyl group.

9. The process according to Claim 1, wherein ¥ is a methyl

group.

10. The process according to Claim 1, wherein X® is oxalic

acid.

11. The process according to Claim 1, wherein the coupling

is conducted in the presence of a phase transfer catalyst.



