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DESCRI PTI ON PROCESS FOR PRCDUCI NG

| NDOLOPYRROLOCARBAZOLE DERI VATIVE 5 Technical Field

The present invention is useful in the field of

medi cine. Mre specifically, tlhe present invention

relates to a process for industrially advantageously

produci ng a conpound which is wuseful in the filed of

medi ci ne. 10 Background Art An indol opyrrol ocarbazol e

derivative produced by thEPESERIEIION the present

i nvention, which is represented by the formula (I): 15

HOJ OH OH has an anticancer effect, and the conpound
b > y .

B RO E0 PRRObETNGY R R RN EARAR I i AU v

pages 3307-3312, 1999). Production processes of the

conpound of the present 20 invention have been

drechroiesll i Fi&DA5/ 30682 and W01/ 62769. Al so, a

producti on process of an indol opyrrol ocarbazole 2

der i vatiheePregseadchneenbyonties bsefulainXiie £fiellMl of Rlgdicine.

wherein R Esgresents a hydroxy-protecting

-s~ N H
5%5&5?3%? -¥ﬁﬁ%ﬁ¥ﬂjth resent invention relates to a process

for industrially advantageously producing a compound which is

useful in the filed of medicine.

Background Art
An indolopyrrolocarbazole derivative produced by the
process of the present invention, which is represented by the

formula (I):

HO | OH
OH

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
invention have been disclosed in W095/30682 and W001/62769,

Also, a production process of an indolopyrrolocarbazole
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in Oganic Synthesis Collective Volunes, vol. 7, page
34. In addition, a hydrogenation reaction using a
rhodium 5 conpound, wherein a |arge anount of iron
powders is used as a catalyst for the reduction of the
nitro group of a nitrobenzene derivative in an acid
sol vent such as acetic acid has been known

S- A-5,105,012). Furthernore, a production process of

a9BTdvPLAYEeTEPT! CEERESEn B diftee Sarmatlany( XHe) £ or mul a
(VIII) erein R represents a hydrogen atom a
G -C7 al kyl' group, a phenyl group, a benzyl oxynet hyl

group an aral kyl group) is disclosed in W95-30682.
15 Di sdye of Invention An object of the present
I AY% NS to elimnate the undesirable aspects in
conventi ondl processes for producing an

;g?ﬁ%?gyggpkﬁ%ﬁahlch Isqﬁgd¥@%§ ér&@gé §ﬁgkgﬂnﬁ%)ﬁgﬁ%%sclosed

whi dSrganiob§gathesist bo1peessnve VUGRIEsON VoL .t ¥, page 34.
provi de a production process in 3 which a reagent

haV|ng n gpddisken i naphpduogenatdper akactioantising a rhodium

osugg a heavy, enV|ronnentaI burden is not used and a
I‘b - dhgredn pilangs qmewnt ﬁfalmamowﬂeeewsfmed as a

dole co oun ani c theS|s
(%#Qgggef%go Hifdeags %péigs S FTRRAE? o Lrepnzene
| e SOPECEEd nUgh %1@@5@%3@ st R§ 9%313_?.90&?015 ha% peen known
Raney ni ckel catalyst. This process, howeve
(US-A-5,105,012).
Furthermore, a production process of a bis-indole

compound represented by the formula (VIII):

[VIII]

Y
]
N0

0.

R'O N N OR

H H
(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.

Disclosure of Invention

An object of the present invention is to eliminate the
gndesirable aspects in conventional processes for producing an
indolopyrrolocarbazole derivative represented by the formula
(I) which is useful as a medicine. In other words, an object

of the present invention is to provide a production process in
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desirable for the industrial production, since
hydrazi ne involves a high risk of explosion.
Furthernmore, since the 10 necessary anount of a Raney
ni ckel catalyst is large, the @%nvironmental burden due
to post-production waste liquid treatnent is heavy,

whi ch indicates that this production process is not
deﬁlrgble in the case of .industrial mass production.

RFVRLH Pﬁéflyugella%sﬂr%‘w i REOAMCSAoPe8BeEatdpns and
bj ndol e ound, . a d therefore t hose
progggggg aaarieé'—élI no":"r{ll cla FheFt | N hst ReTotPefd and a

hasd.-vaehdEeg8nNaki AB! §ach! u3|ng a rhodi um
conpo%ng mhergln a argeeakg%gt of iron powder is used

20 as argabatdwnd Oﬂir&&@sé egugt irpbdicidy Sht rlﬁd%rl‘?sUpcompound
of a nitrobenzene derivative in an acidi ¢ nedi um such

atOnganic syhtthebds lGedddatiwe (WSulmés 1060012y, page 34), a
this case, since hydrogenation reaction is conducted
Mv%%?raufct%ﬁm eppductednpsingthitrazinptinappei pabsence of

for those nateri are_nqt 25 stable_under .
i §eRdont ¥ Bhs. aﬁ%} qe'sen vt OFES had NOxfevedy 1is not

Wls{PAETS ¥orSt PlbeSin 1‘]%]90@%%4,%{[; Q)BOdugi e ¥hydrazine
erivativ ,

i ndol opyrrol ocarbazol e fformula™ (|1

antvd Deesl Hhpigal AW GL idxpPosVon. 4 f‘hi‘tﬁef‘ﬂl&ﬁe since the
process for produci ng an |ndolopyrrolocarbazo e

decessane amonhE'hﬂwanBaQéy ndkckel hestalydtowis large, the
envi ronnental burden in terns of waste |iquid treatnent
AMETRRRAER T oPuTAIGne hdug é@bnsﬁseaprydwa@epme rwasted liquid

Vﬂr S%Wehrpr OdUCt \ on oper gtl gn 1(?aetgsar rt&:%q: otl:Jltugafp?:lo%uction
process 1is not desirable in the case of industrial mass
production.

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
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

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).
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reproduci bility as an industrial production process.
(ii) a safe and novel process for producing an indole
derivative of the formula (XI1), (iii) a novel and
econoni cal Iy inproved process flor 10 producing a

bi s-indol e derivative of the formula (M11), (iv) a
novel hydrogenation catalyst which is safe, has a | ow

environPegtaI burden caused by waste Iiguid treat ment,
and can'hé usel not™OREY undRFOESSHECci d EPRdI t i BFOBRELNG an

A h it d 1 f
AR BORT A 101 BRSEEE) S
€3 SYod h Wit €41 YudBe a9 Q_e%@n b#ewd§t8 1Pc¥19£3 ML atment

in the ring-closure reaction usi

laftéi opit 6t bibn (li W BER- s de ASNGRIVA NPPC£381 Pént, and whose
prevented. The present inventors conducted further

| preducybon ovperakfonndan i bal tyrcbapl ebedsdhel pr&s@nvith good
invention. Nanmely, the present invention relates to a
neRRFodetRiLity ops paBdLBARg taAaln Palsptiomno Padsess
derivat'ye)of t%g formul a ﬁlé, a novel process for )
produciGb}aﬁai% F R POUBLVBIOCESRoTOE produsdmgan indole
RIOFA 1Dy BF SchO0PbEmAEN! YRTYE and a 25 novel

hydr ogenati1 on catal yst, fprise the foll ow ng

(1) tqi) . a( hoveIPrac@secbAbmPc@dusy NGnp¥bved process for
i ndol opyrrol ocarbazol e derivative represented by the

fprodicing )a bs eindohpridsesvahive H6l kthei figrsueas:(VIDI),

. the step of reacting a conmpound of the formula (X |

| ) Ra (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

(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,
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

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



NNRb [MI] RHO- " NO2 wherein R represents a hydroxy
protecting group, and Ra and 5 Rb each independently
represents a Cl1-C7 al kyl group, or R8 and Rb nmay be
combi ned together to forma C3-T6 al kyl enyl group, or
a salt thereof with hydrogen gas in the presence of a
rhodi um conpound and a netal conpound to produce an

V\Eggﬁ_gwgﬁgp% ynd of the formula (Xi1): [M] N H 10

erern §PPre sane meani ng as defined above, or a

salt th ofy, 9Qf
asul 11 G bt € e e Ra 3 T8 qeERid Bg e gorpula (xrrm)
salt thereof with a magnesiumchloride of the fornula
(XI) : RCMgC 1XI] 1 rein Rc represents a Cl-C7
al kyl group, ap#pheny ﬁ up, a vinyl group or an allyl
: Qr nesi um conmpound of the formula (X):

RdMgRA H{ Wer®'n Rd represents a Cl-C7 al kyl group or
aR v ﬁup, or a salt thereof, or a mxture of the
nmagnesi um ¢ foride (XI') and 20 t he magnesi um conpound

w@emwl%v\wm;ﬁseemmgmyclueoxxesmmtmgtﬁngrgﬂunp wah8@ R* and
ound of the formula (

Jqmal el m de co
5 ah aciﬂ 1ndepeggently represents a C;- C)Toalkyl group, or R® and
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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 tc produce an indole compound of

the formula (XII):

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 therecf with a magnesium chloride

of the formula (XI):

R°MgCI X1

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
(X):

RYMgR¢

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
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Y [IX] X x wherein X represents a hal ogen atom and Y
represents a hydrogen atom a Cl1-C7 al kyl group, a
phenyl group, a benzyl oxymethyl group, or a C7-Cl2
aral kyl group, to produce a bisfindole 5 conpound of
the formula (MI11): Y [VIII] | OR wherein R and Y
have each t he sane neani ng as defined above, or a salt

ther t step. of subjecting the resultin
&']t?or?pa'tﬂioe g )CHIPARA T t Hag cbprppla tIx) :

ring IQEX]e reaction to 10 produce a conmpound of the

fornuha (MI1): RO~-~N'N HHOR wherein R1L and Y

h the sane neani ng as defined above, or a salt
t her ; (iv): the step of coupling the resulting
co oung (M) or asalt thereof with an activated

glgcose derivative of the 15 formula (VI): 7 X é
wh FaEFﬁne’&Eﬁpﬁf’se%s M’a&r?&ef%afﬂema -wiﬁfo’;@mﬁﬁ%ﬁ »E$ ingydrogen

g%ﬁ%’gunﬁ ? 0%%1 tu$p aphoegneyrh agtp?o p. pbelggj(r:foxymethyl

group, or a Crihz aralkyl group, to produce a bis-indole

compound of the formula (VIII):

[VIII]
0

S X2
0 N N OR'
H H

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

Y
o~N

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):

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

formula (VI):
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5 ORS RSO ! OR3 OR4 wherein Rl, R2, R3, R4, R5 and Y
have each the sane neani ng 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 (1V): OR RS0 | OR3 OR4
wherein R, R2 , R3 , R4 and R5 have each the sane
neani ng ag qsygged 8 above, or a salt thereof; (vi):
the stepXf Treatting the conpound (1V) or a salt
thereof Jith,a conpound of the formula (l111): OR 6
11111 OF-OPRfF NH2 Xa 5 wherein R6 and R7 each

repres s a hydroxy protecting group, and Xa

repre s an acid nolecule to produce a conpound of
therS0qromta (11): wherein R R2, R3, R4, R5 , R6
and R @¢rYe each the sane neaning 10 as defined above,
or a salt thereof; and

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):

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

(IV):

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



(vii): the step of deprotecting the resulting conmpound
(I'l) or a salt thereof to produce an

i ndol opyrrol ocarbazol e derivative of the formula (I):
9 or a salt thereof. (2) the pﬁ%cess according to the
above (1), wherein the rhodium conpound is
rhodiun}carbon rhodiun}alunina, rhodi um cal ci um

c at g oL | barium sul fate; 5 (3) the process
agéggglngrto aggé ), wherein the nmetal conpound

is a ni F{ffb(%ﬂeCQﬂQﬁU&f‘ fz‘&ﬁﬁ?&%ﬁé &8 gﬂﬂg’ (I%) or a salt

iron(l1l) conpound, ‘a coba oun
cohatkt 6k Withcanpempeundd bt hhePFREERA AQCOIH) Ng to the
above (3), wherein the 10 nickel (I1) conmpound, the
iron(ll) conpound, the iron(lll) conmpound, the
cobal&&*ﬁ) co ound or the cobalt(lll) conpound are

, Ni (OCOCH3) 2 , FeBr3, FeCl2, FeSO4
, 96/3 g7 FeCl13- S| 2, Fe(OCOCH3)2, Fe(ll)fumarate,
Cdlr 2, mm% -O [HBGQs CH 32N 10 [H3CCHCO 3
2 NH, e X

wherein R® and R’ each represents a hydroxy protecting group.
and X° represents an acid molecule to produce a compound of the
formula (II):

OR®

HN/[;,0R7 [11]

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
(ITI) or a salt thereof to produce an indolopyrrolocarbazole

derivative of the formula (I):
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H3C.Ckx CO CH3 3 HC Ogx 3 CH3 J 3 Fe or (5) the
process according to the above (1), wherein R, 5 R2,
R3, R, R5, R6 and R7 each represents a benzyl group;
(6) the process according to tHe above (1), wherein the
magnesi um chloride of the formula (Xl) is ethyl
magnesi um chloride, isopropyl magnesium chloride or
n- butyl magnesigm chloride; 10 (7) the process
according to tfhe above (1), wherein the nmagnesi um
conpound 0%“ i a (X) is di(n-butyl)mgnesi um
di (s-butyl )ivagnesiu (n-butyl) (s-butyl)nmagnesi um

di met hyl O -~o--e|un1or di et hyl magnesium (8) the
process acd olng to the above (1), wherein the 15
of the formula (1X) is a mal eimde
conpp bd by the formula (I X-a): 11 Y i

[ thexe pré8ents a hydrogen atom a Cl-C7
al yI gro p, ai phenyl group, a benzyl oxynethyl group
or an a group; (9) the process according to the
above wherein Y is 5 a nethyl group;
HO | OH
CH

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;

(3) the process according to the above (1), wherein the
metal compound is a nickel(1I) 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
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,-5i0,, Fe(OCOCH;3),, Fe(II)fumarate, CoBr,;, CoCl,,

<~ Ni
HsC
3 CHy |,
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(10) the process according to the above (1), wherein Xa
is oxalic acid; (11) the process according to the above
(1), wherein the coupling is conducted in the presence
of a phase transfer 10 catal ydf such as Aliquat 336;
(12) a process for producing an indole conmpound or a
salt thereof, which conprises producing an indole
ound represented by the forrmula (Xl I1): 15 wherein
[ PLQteC ing group, or a salt thereof by
und regresented by the formula (XII1):
[MI] Z~ Ro RI® ' A N2 wherein R has the
N abQQ and Ra and Rb each
dependent |y rep(Hdgn s_a Cl-C7 al kyl group, or Ra and
Rb may be conbined to tBer to fofma C3-C6 al kyl enyl
group, with 12 hydrogen gas in the presence of a
r hodi um coupound and a netal conpound; (13) the
rdi ot above (12), which conprises
nd regresented by the formula 5
(KI11):

o - - ein R is a hydroxy
p oﬂdg(ﬁng upN\ and aﬁgﬁhb each independently
rgpresents a CI-CCHQ( | group, or and Rb may be
conbi ned together to fOrMa C 3-C6 al'kyl enyl group, or
a salt

r¢acting

/
H,C Fe
3 CHy ]

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

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

represented by the formula (IX-a):



10 thereof with hydrogen gas in the presence of a
rhodi um conpound and a netal conpound, and treating
the resulting crude product wth silica gel; (14) a
process for producing a bis-inddl e conpound or a salt
t hereof, which conprises reacting an indole conpound of
15 the formula (XI1): Pun N H wherein Rl represents a
hydroxy protecting group, or a salt thereof with a
magnesium chl[@X-d¢ of the fornula (XI): RcMG [XI|
whereig Rc represents a Cl-C7 al kyl group, a phenyl
nyl group or an allyl group; or a magnesi um
conmpo of the formula 20 (X)-. RdJMgRd [ XI 13 wherein
nts a Cl-C7 al kyl group or a phenyl group, or
a salt thereof, or a mxture of the nmagnesium chloride
of the formula (XI) and the magnesi um conpound of the
ol vent, followed by reacting

Pedn' P ﬁapﬁﬁa&e?&ﬁ”%h TOGR Stottae A SrpCanBiEy L Agoup. a

i S AT

a phenyk99rﬂw,p1%d2£§bz}élc%mtd@/lto %@%@&eﬂlcy %%reln Y is
aral kyl group, preferably in an inert solvent

5 paonetbyd preupiindol e conpound of the fornula (VIII).

(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 (XII):

[XII]

;
1/[1:
R'O ﬂ

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

reacting a compound represented by the formula (XIII):

[XTII]

Ha

]
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 C;-C¢ alkylenyl group, with
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Y [VIII] i ORlL wherein RL and Y have each the sane
meani ng as defined above, or a salt thereof; (15) the
process according to the above (14), wherein the
mal ei m de conpound of the formika (1 X) is a maleimnmde
compound 15 represented by the formula (I X-a): Y
[IX-a] 1 C1 C wherein Y represents a hydrogen atom a
C% 57 aIkyI oup, a phenyl group, a benzyl oxynet hyl
& Eoglenag B Ahg prepengicogl; a 1uhedym compewsd drot a metal
pegm#gyﬂ% a conpound represented by the formula (VII):
I N ROHHMWerein RL represents a

hydr oxy t yEes S hydr i
o ig::ﬁl?c$ﬁtae: %%%p?eegrélngl gor Oﬁlgc’g aboW 'O which

comprises reacting a compound represented by the formula

(XIII):

[XTII]

Ha

m
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 RP 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, 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

the formula (XII):

[X11]

;
1/(:[:
RO u

wherein R' represents a hydroxy protecting group, or a salt

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

R°MgCI X

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

(X):

RMgR®
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5 a benzyl oxynmet hyl group or a C7-Cl2 aral kyl group, or
a salt thereof, which conprises treating a bis-indole
conmpound represented by the formula (VII1): N OOR
wherein R1 and Y have each thel8ane neaning as defined
above, or a salt thereof wth 10
2, 3-di chl oro-5, 6-di cyano- 1, 4- benzoqui none i n a nonpol ar
solvent for ring-closure reaction; (17) the process
according to the above (16). wherein the nonpolar
%vent I Sq benzene, tol uene | ene , mor

PHS T BLR e eBr Spents pr CrimplbEnsaheup B (1 Bheayl group, or
C%t% Sleses, ¢ orm!:lydro atl o%n}p’ggﬁlta.laggﬁ§}upngﬁiorl e%f the

un1conpounﬁ and a net

CRbAhY BA @ﬁPPrﬂié‘Q:ﬂé)ng%&ki it En P%;fépﬁ?%a (X) in

conprises an amne; (20) the catalyst accor

o VinéiB)sdIvédD) , £fo Plowdi@ ey Ned et 14§ G nkN LIPS | Sroduct
rhodi um carbon, 15 rhodi um al um na, rhodi um cal ci um

cnntbnatmabelmhddlqqmbanndnnfsmhbaferm@ZE)(ﬂhs:catalyst
accordiﬂgqto t he above (18) or (19),
¥

O N -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, preferably in an inert solvent

to produce a bis-indole compound of the formula (VIII):
vy [VHI]
]
O=MN-0

H H

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

represented by the formula {IX-a):

[IX-a]

Z-<

0 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;
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wherein the nmetal conpound is a nickel (I |) conpound,
an iron(ll) 5 conpound, an iron(lll) conpound, a
cobalt(11) compound or a cobalt(ll1) conpound; (22)
the catal yst according to the ahove (19), wherein the
amne is a secondary amne or a tertiary amne; (23)
the catal yst according to the above (19), wherein 10

t he an1gﬁﬁhs %éérolld|ne pi peri di ne, driethylam ne,

di et hyl PCRBF GhYT PFPRUCHNG 2 FoMPoRnd represented by
ne rlethylan1ne or tributylam ne; and

(Eﬁgekﬁéhgg%a ysg according to the above (21), wherein

the nickel (11) COMPYYRE. the iron(ll) conpound, the

iron(l1l) 15 ¢b , the cobalt(Il) compound or the

cobal t (111) Ocg are NNBr2, Ni (NO8) 2, N

(OCOCH3) 2 =RY 3, FeC12 FeSO4, Fedl 3, FeCl3 - Si2

Fe (OCQS c ) f umarate , CoBr2, CoCl2 ,

16F$}B CH3 Co 3

wherein R! represents a hydroxy protecting group, and Y
represents a hydrogen atom, a C;-C; alkyl group, a phenyl group,
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):

[VIH]
0

li'J 4 (‘E; 1
R'O N OR
H

wherein R1 and ¥ have each the same meaning as defined above,

Y
o=N

or a salt thereof with
2,3-dichloro-5,6-dicyano-1,4-benzogquinone in 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;

(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),

wherein the rhodium compound is rhodium-carbon,
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[H3CQ\ Fe or By follow ng 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 saflely, easily and
efficiently. Best Mbde for Carrying Qut the Invention

The present invention mAII be illustrated in nore
de éall 10_bel.ow. Fjr the ternms used in the
S8OAL B 8 R a. ok P F dCAELAR E8TBPate ey Ehggium-barium

IJLAYRa bnclude a straight or branched al kyl group such
as netﬁ ethyl, propyl, isopropyl, butyl, isobutyl,
t-butyl (29) PeREVEathEQREN y -he

|sohexyf a%d ept? , gﬁgnggﬁgfgﬁﬂgegﬁ #Fe RBYQ E¥h ?r (19).

i sherepy |ty mbuaY|cdmpdurai @5abheckang Iﬁqtémhpo@ﬁm"an iron(II)
propyl, butyl or heptyl is nore preferable. Exanple

otompauEg, aBRrylizno (FIddptompolnds @ stotsElghtII )ald@dnptlilﬁnd or a
groug such_as trinmethyl ene, tetranethylene, 20
pERP ﬁEfﬁ§Fén§°@HB“ﬁ€xan€thylene among whi ch

h f bl
Exanpl b} “He, &4 ”%%t K lRs ' S ittieir s (%) . wherein
af b Katthi dd %OHpséHSHdﬁ Exgeﬁ;ylga&%&w 'Lgy%gllmd

2-naphtyl net hyl , anDng
Exanpl ez of traﬁldhﬁ'ﬂllﬁt«”a&:cdﬁiﬂ)@&@ HOtHLAE | (A FHCRyherein

as hydrochloric acid, sulfuric acid, nitric acid,
ddee | camdneg, ESneplyylrsatLﬁomec a@nbemﬂbheeneslﬂnfeajﬁylamine
acid, oxalic acjd,
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)
compound, the cobalt(II) compound or the cobalt(III) compound
are NiBr,, Ni(NO;);. Ni{(OCOCH,)., FeBr;, FeCl,, FeSO, , FeCl,,

FeCl;-Si0O,, Fe(OCOCH;),, Fe(II)fumarate, CoBr,, CoCl,,

7, Ni
H
3C CHy |,

= C
H )
3C CH,
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propionic acid, formc acid and benzoic acid, anong
which oxalic acid is preferable. Exanples of "hydroxy
protecting group” include a protecting group for
hydroxy groups, such as benzyl 16tolyl, 10

p- ni trobenzyl, p-methoxybenzyl and benzyl oxynet hyl,
anong which benzyl is preferable. The 'rhodi um

c ound"” refers to a catalyst including a rhodium
ajom typ hodfum cat al yst supported on a
cqrrier, er abl ¢ exanpl es thereof include 15
r ogiﬂug rhodi uft al pwjna, rhodi um cal ci um
cqrbogste o rh

gﬂm ari ul fate. Exanpl es of

| ogen atonf in 8e | orine, iqﬂ?ne and brom ne
The 'metal conpound” do not include a rhodi um
conpound 20 and refers to a catal yst which, together

wigt h ar i um conmpourd, pronotes the reduction

r¢acti on, yand | eq thereof include a nickel(Il)
cpnmpound,fJan irfon(11) gcompound, an iron(ll1) conpound,
a c?g ound jand Eeobal t(111) conpound,
plefed y IBrzipE![% NC8) 2, N (OCOCH3) 2 , FeBr3,
F&C12, FeSO4 25 Fe C13-Si 2, Fe(OCOCH3) 2,

Fe(l1)fumarate, CoBr2, C12, 18 [HBC.AQH 3 H3 CH3 H
X aCH3 N .

By following the production process of the present
invention, it is now possible to industrially produce a compound
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
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,
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 7"C3-C¢ alkylene group” include a straight
alkylene group such as trimethylene, tetramethylene,
pentamethylene and hexamethylene, among which tetramethylene
or pentamethylene is preferable.

Examples of "C;-C;; aralkyl group” include a C;-C;, aralkyl
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2 CO 2CO 3 Fe 3 31 or 5 The "phase-transfer
catalyst" refers to a catalyst which pronotes the
reacti on between an ol eophilic organic conmpound and a
hydr ophi | i ¢ organi c conpound i A7a two- phase system
consi sting of oil phase and aqueous phase, and exanpl es
thereof include a conpound of the formul a (XIV) [ xIV]

ED. a 10 wherei n each
 reBn S A5 BESEh: . slﬁ9GPB§¥|]rm358H%yla”@r ] comtylnethyl,
"ulofgoLROBn HoneRieIeLs t idhngen atom of a
phosp

or ous Sr esent s hydroxy, a

Ifggf)gleng:tcﬁfr}]ﬁf%?g%féroﬂm 16 P8 a1 S(% g%%@g(%#%t&g acid such

tas sﬁmﬁ&mmm@xyhetbﬁbmm, Aitd- 1Y alAlgabheetic acid,
exanpl es thereof include tricapryl methyl amoni um
cnebhyteulfonic acid, p-toluenesulfonic acid, oxalic acid,
propionic acid, formic acid and benzoic acid, among which oxalic
acid is preferable.

Examples of T"hydroxy protecting group” include a
protecting group for hydroxy groups, such as benzyl, tolyl,
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
rhodium-carbon, rhodium-alumina, rhodium-calcium carbonate or
rhodium-barium sulfate.

Examples of "halogen atom” include chlorine, iodine and
bromine.

The "metal compound” does not include a rhodium compound
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(NO;),, Ni(OCOCH,),, FeBr,;, FeCl,, FeSO, .

FeCl;, FeCl;3-5i0;, Fe(OCOCH;),, Fe(I1I)fumarate, CoBr,, CoCl,,
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5 tris(2-(2-nethoxyethoxy)ethyl)am ne,

benzyl tri et hyl ammoni um chloride and tributyl anmoni um
hydrogen sul fate. Specific exanples of the conmpound of
the formula (XI'V) include trid&prylmethyl anmoni um
chloride and the like. The "salt" typically refers to
an acid addition salt, and 10 a pharnaceutically
acceptable salt is preferable. Exanples of the acid of

t acid n sal4q include an inorganic acid such
a hydroc acid gdnd sul furic acid, and an organic
a | cetic Cld g*f oxal i ¢ aci d. Exanpl es of
" 5 |n pri a secondary 15 am ne
0 ertiary am@p{3 nd nor e speci fically include an
a ne such as pyrrolidiRe, piperidine, dinethylamne,

di et hyl am ne, diisopropyl am ne, 4di butyl am ne,

trimethylam ne, triethylanm ne and tributylam ne,

preferably a secondary amine or a tertiary am ne, and
re prefeeyably pyrrofidine. 20 The "treating with

rs tojthe process of filtering the

i ssolved in.a solvent through a columm

i "Th\ca gel orla(¥ilter whose surface is

vered with siliClHsgpl. The preferable production

ocess of the prese 225 invention will be

illustrated in detail below The step of producing an

dol e i}iiirjizfi t formula (XI1): 20 Pall R10~~~N
or
[ HSM Fe
3

T O PO W
—_ —
= —

D O
Q
©
— Q
~—+

_.

CH3

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):

{xiv]
Ra
@
e £
Ra

wherein each R® independently represents hydrogen, benzyl or

C,-Cis hydrocarbon; Mrepresents a nitrogen atom or a phosphorous
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wherein Rl represents a hydroxy protecting group, by
reacting a conpound of the formula (XIIl): RO" -NXR2
wherein R has the sane neanin?%as defi ned above, and

Ra and

group,
forma

presence o

cahOBe ah

Rb each i ndependently presents a Cl-C7 al kyl
or Rand 5 Rb may be bonded to each other to
C3-C6 al kyl ene group, with hydrogen gas in the
rhodlumgPr ound and a netal conpound

Rhshh AP T BN R Sy HdoeiER drpBark bt amine acom,

PN BTN T R —
COAROURG13NG - QQQH{etlaQ))é}'é@'lef)(é %ﬁﬁl)’ﬁiﬁn of ayl tallsreferable

conmpound, relative to

nol e “of conpound X

| exartipleer theekwEntimil wd®ut ridfpriyom80hyl hMmodiesti Jhloride,

to 120

hours. Exanples of the inert solvent which may

berised- ( 2-méehoxpevboxyepthydl)amdneet bamzgrldiriredhylammonium

di et hyl

ether, t-butyl 15 nethyl ether, diisopropyl

SR Tie - Bady | tiihiaty lamnenien, Wmn $4ubppbpanolSpecific
h
%&“@ﬁpa yERG, FOMbREREr B5, ' thes JEaELp y iV include

nethyl

%qher AROOYy YhGibn § H’é‘?ﬁ%%w 3fla. EHE ag%tyl

or t-buty ether i s preferable.

The 1 hedidiMsa@RPoLysi vl th réree teses ddid haaakave salt, and
step may be any conpound as long as it has at | east

anpharmdicemtdicahly acchptablecsdkt isnprefenpbade.t hExawnples of
|nclude Freferably 21 rhodi um carbon containing 1 to

aqﬂﬁqﬂ9n salt include an inorganic acid

con |n|n to @&hodlunl al.ci um, gar bona
LR AR STORR R PR AR e FraeE organic acia

such as acetic acid and oxalic acid.

amine

amine

Examples of "amine” include a primary amine, a secondary
or a tertiary amine, and more specifically include an

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 “"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

invention will be illustrated in detail below.

(XII):

The step of producing an indole compound of the formula

r
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contai ning 1-10% r hodi um and nore preferably
rhodi um carbon. 5 Exanples of the netal conpound which
may be used in the above step include a nickel (I1)
conpound, an iron(l1) conpound2® an iron(l11) conpound,
a cobalt(ll) conmpound and a cobalt(lll) conpound,
preferably NiBr2, NN (NO3) 2 , N (OCOCH3) 2, FeBr3,
FeCl2, FeS IJFeCl13, Fed 3-Si @2, Fe(OCOCH3) 2,
Fe(ll)fumarate, CoBr2, 10 C012, CoCl2, N 2 CHI CH3
Co 2 3 3 or 15 Meanwhile, those starting
conpou &d in the step can 22 be obtained by a
i sty bed in, for exanple, Organic Synthesis
Col I ective \Wlunes, vol. 7, page 34, or a sinllaL

i I a e b L r t .
R B Pr ok eProtbckInd GLELE, By feacting
ia eddpbund b6 the fbestbum (xamqund and netal
compound. Additional presence of an amne in the
reaction can inprovelaﬂﬁlieaction rate and the yield.

Ha

S e
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 bonded to each other to form a C;-Cg; 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
(XIII) 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
1 mol¥® to 100 mol% of a metal compound, relative to 1 mole of
the 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
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.

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 thereof include preferably
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The reaction rate can be dramatically inproved with use

of an amne. The am ne includes a primary amne, a

secondary amne 10 or a tertiary am ne, and nore

specifically includes an anmi ne2lsuch as pyrrolidine,

pi peridine, dinethylam ne, diethylam ne,

di i sopropyl am ne, dibutylam ne, trinethylam ne,
preferably a secondary

tH']eéh}%am ng and trihutyl am ne, I .
afPRELUBF CarPEP: FAPTAARING, Tat® Héi% ety  shodium-alumina
P Ldipe. 15 Jhe am ne i s usual |y used in an. anount
o?aggghﬁigsmit og-&lofdé%uieﬁ/ljé dejﬁfshg', pl?ije(? ’r‘%{?ﬂ?/ag%’o‘&'f' oC@ponate
t8oRPatH¥hY2l ENtEe I®% AliSaint NS Wﬁd%m—tlﬁ%f)fum sulfate
hydr ogenated (for exanple, conmpound (XI11)). reover,

nobn byisingl BNEE ahpadded ,ngndmo 281 pife £ Srd By MQasdi19h-carbon .
sol ution, but by appropriately selecting 20 a reactant

t o gendixanples ofithe metaie cosgomingn whdlcht inay bet bsed in the

the progress of hydrogenation according to the reaction
APeYR Steninal vdfFeRi bR (147 t¢RIPD t ednipenARIArgampound,

I S naQt ssary. Agqueous .a ja and brine are added

t%n RSN § ﬁm¥>2§n§0| ﬁt‘?oo?far?(‘rg{iﬁ ﬁé)mur&)fiﬂfin%dsqt??lt (III)
t Sbep SR I su {.9N ’ nd

m x'?%re i spg{e?;e?reagﬁ o?gggéhﬁﬂ g@ﬁhbtﬁrﬁﬁ c%]{laﬁfér%%”d FeCla,
FHECAt, e FeCl9| | HeCBNE 106N Flelfocoesi, fiye Mot 1 yeshedaet Ncobr,,
a solvent such as benzene, toluene or xylene. The

fGoXkx.atC@Cdnd t he washi ng are conbi ned and then washed
23 successively with aqueous citric acid, 5% aqueous

spdi um ar bgnat e d brine, and then concentrated in
vhcua to 5. Afjer dissolving the resulting
cpmpound formut a (>N.) or a salt thereof in a
spl benzehe, tidluene, xyl ene
CH;
b4
P -
= C
H,yC O
3 CH,
- L 2 2
r -
HaC” )\/i-/ - Co
L 3. 3 or
H,C” )\//(i Fe
CH,
-3

Meanwhile, those starting compounds used in the step can
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5 and the like, the solution is placed into a colum
filled wwth silica gel of the sane weight of the
compound (XII) or a filter whose surface is covered
with the said silica gel, and By applying pressure
with an inert gas such as nitrogen. The present
inventors found that inpurities generated in the 10
rsact%gn st p.such as .colored substances can be

e

Fell FaPyS PIf A W% SRECELBEY 3PN ERTy@rample, Organic
Pﬁfrhéhéglgge%ﬂﬁ%lgw Vb)iuﬂteF t IQJ%lCO (l?ré{]a?ﬂ)((jﬁ‘ghoor a similar

| Nprove e present purl ‘caton

re@chb@nghapdopuri fication of the products in
subsequent steps can be therefore operated in

i ndust riml the adbowdvattiepgedits T@NpeéSerableUtod a9 Aut the
nmet hod. Then, the step of producing a bis-indo
CW%@D gin the presente ¢&/lanl pmiNe[ i laddi®Rbmvter eha rhodium
and Y_have each the sane neanln% as defined above,
é

2%?‘6?0%“%%6 m?éﬁéoﬁoworl@&ct i Agdd ‘opﬁaopgeasens@uﬂﬂ an amine
aﬁ %4 paN¢ can I—immhlgreé Rl has the sane nmeani ng

6 1 t-bove ARATY g rFeer%‘btfl%tIéﬁfrF'e(P%oVée yield.
V'!'ﬂé" r dBANUS 4 PeC El @ b@edQBmE@@cC'BQi?J&@prg&ah nggge of an
1XI'] wherein Rc represents a Cl
Ereime . grmhiep amanel Dkblugeeua ﬁflﬁﬂrﬁ'éﬂinﬁr Q&'%ecﬂ)ndary amine
magnesi um conpound of the formla
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 eguivalents,
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 sclid, 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
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5 (X): RIMJRd [ X] wherein Rd represents a Cl-C7 al kyl

group or a phenyl group, or a salt thereof, or a

m xture of the magnesium chloride (XI) and the

magnesi um conpound (X) in the dBorenentioned inert

solvent, and then reacting the reaction product with a

mal ei m de conpound 10 of the formula (I X)-. Y RX] X X

wherein X represents a hal ogen atom and Y represents a

h§UrEgER1vaELEmWiticl aghegnry|CH¥BLp, agighenst gavepusa sodium
| .ox t hyl [ Qup or Cr7-Cl12 aral kyl —group, in

?ﬁgéé g?éﬁngﬁtalynodngglf’ﬁerqnd ?BF{?e‘fﬂn%%fht%y‘b‘? ngeY"g%‘P? to dryness.

CRPEEE! §8s @G ERT G N oY OLES SESrik

AEELE frofp ol ont trb Lt phy “tbiPourd BEPERS ESpmiLe. (x1T)

(ot d sadhdtREPEGE it BOsd1¥BheSs@éh té@b@ﬁ%@ﬁ%‘.u%lugne, xylene

chloride (XlI), relative to 1 nole of the maleimd
caome dthedl 1(iké),, theesodatioed is plhace®rintsobvesiumit filled with
about 30C to 120C for about 0.5 to 24 hours. 20 2)
Apbhic2 gl efnthesame med dhidoifethe mpumpeii(&I(XNIIHndr a filter
ahout 0.8 to 4 noles of the nagnesiun1qonpoynd (X,

[

rEIATE vEUTEBCE S SBTeRGE WhFRi fP8e sodfhothti¢d xgel, and by

j [ ) b 30C 120C
FAFPLERRS Sfrelotly) With 0 iRl MaB8bn SF Il ikgn. e
thvedérol envenronad fahhd Bdt aﬂ@ﬂ&rQ&eé%féﬂHEaﬁ.)%ﬁLén the

the m xture conprising the magnesium chloride (X
e ataigrre ss Lep conglouasl ¢X)loredekabstanteslcanl be @ffiditively

mal ei m de ‘con}gound (1X), are reacted in an inert .
damepd 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
advantageous manners without a special method.

Then, the step of producing a bis-indol compound of the
formula (VIII):

y [vin

O=~MN-0
Cl T,
OR
R’ N
0 H

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

IZ .-

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

[XII]

IS8
R'O N

H

wherein R' has the same meaning as defined above, or a salt
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5 at about 30C to 120C for about 0.5 to 24 hours.

Pref erabl e exanples of the solvent used in the
processes 1), 2) and 3) include toluene and a m xture
of toluene and tetrahydrofurag4 Exanples of the
magnesi um chloride of the formula (XI) 10 used in the
above step include al kyl nagnesi um chl ori des such as

net h\é_l magnesi um chl ori de, ethyl magnesi um chl ori de,
ntBESEOE PRtMbRed MOVl gl a magmesiyim ghynesdenof the formula
ﬁz QrLde, n- butyl magnesi um chl ori de, s-butyl
gnééi um chl ori de, isobutyl magnesi um chl ori de,
t-butyl mef@Hsi um chl oride, 15 n-pentyl magnesi um
chR"dMgdd, n-hexyl magnesium chloride, phenyl nmagnesium
cﬁ[‘ori de, cvi nyl magnesi um chl oride and allyl nmagnesium
cHPBF PR K Jrerrefsitts @ Ginénevrky Eqanppes phenyd group, a vinyl

[ 0 of the fornmula ( used in the
BE05 L 60 ROPE oyt ARSI AT CHERoNAReRpcthe formula
2k §li (n-propyl ) magnesi um dii sopropyl magnesi um
di (n-butyl)mgnesi um di (s-butyl)magnesi um
fﬁ E(P yylsgnesi um di (t-butyl)magnesi um
[ ? ntyl ) magnesi um di (n- hexyl ) magnesi um

(Whextd i JROSTEpE¥LLARENE T, UB, a1k
N LioS butﬂyl sty L}m@,ZaS yl group or a pheny.l group, or
(etslaylit) tbebabfl ) omaneikyore(sEtnd nagnetivin) SBUBLSHEM XT) and
(ethyl)(n-butyl)nmagnesi um (nethyl)(t-butyl)nmagnesium

(@}%?P}JPFSBW()WK% in the aforementioned inert solvent,

Eqrﬁcgﬁggélge%‘é%%}m nest%jtlhrﬂ product with a maleimide compound

OF &r&ov%a(ﬁ.\ﬁfg O%Mragnesi um
(n-butyl)(1-prop nmagnesi um
(s-but ﬁ*ﬁl - propyl ) magnesi um 26

(1-but i - propyl) magnesi um
- $) (1-butyl) magnesi um

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
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.

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.
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and di phenyl magnesium or a m xture thereof. Then, the

step of producing a compound of the formula (VI1) @ nm

Ila HH 5 wherein RL and Y have each the sanme neaning

as defined above, or a salt the&beof by ring-closure

reaction of the bis-indole compound (VIII): Y [VIIII

I ORIl wherein R and Y have each the sane neani ng as

def i ned_above, or salt _thereof obtained above can be
conduct 84 6PeFEr%bF9 41'9°%1€§0Pﬁ|W@etbn@ﬂéefg'bmpwng (XII) and

1 d 2 ound of the formul a
PeBPRY°B7 o te ok indles b VESRPEETES ¢omeRLrhbH: the magnesium

S .

sohyezsa (i )l 18 Bides un compound (X sedntivecto 1 mole
abbrive alaq@ ias deDedmpaunal { 2di U'ereei‘gﬁen:eaufﬂ Cbg%gl:zsolvent
and 15 Pd (OAc) 2, or a copper reagent such

aataabont 30°Gbonit120°C Edd aBhRr @I vl zmtﬁoﬁﬁlsat ive

tol nole of the conpound (VIIIl) or a salt thereof at

about 20¥pEferabbe exanmiesipfuthe solvent used idaybe ghecesses

whi.ch h sed in the step 1) may be any 20
szVe 5 §hfgﬂg%§§ﬁaééf$9ﬁﬁﬁﬂﬁﬂ§n@n6mﬁ1§§uaﬁ|Qﬁﬂﬁ°1uene and
Sﬁéyfgﬁydggfuran.

Examples of the magnesium chloride of the formula (XI)
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,
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,
di(n-propyl)magnesium, diiscpropylmagnesium,
di(n-butyl)magnesium, di(s-butyl)magnesium,
diisobutylmagnesium, di(t-butyl)magnesium,

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

(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,
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and exanpl es thereof include polar solvents such as

t etrahydr of uran, nethanol, ethanol, N, N-dine

t hyl f ormam de, di met hyl sul f oxi de, N nethyl pyrroli done

and N, N-di et hyl acet ami de, and®a non-pol ar sol vent

such as benzene, 5 toluene, xylene (o, mor p),

et hyl benzene and 1, 2, 4-tri net hyl benzene. In the case of
di chl or 0- 1, 4- benzoqui none

usi.n 2,3- -5, 6--di cyan | ,
) dr BYST 13 ArBFOP VI AR S G TRF QWL | EhebREHL dragnes ium
t t t.he above. polar solwvent [s used,
mﬁﬁﬁehgﬁggg %gI F%HR§P E&ﬁfb&%ﬁ%:gﬁﬂ%ﬁfﬁfp 5
suppr esggdnWh t o]+ ¥ I ' gjﬁgﬂa [ [
advantagegué ?gf ??S% ?gﬁ??gf?ﬁgfﬁﬁgigﬁ%“ n of&?hgﬂe formula
fovmaha (VIII1) or a salt thereof is treated with a
r eagent conposeﬁxgggabout 0.01 to 1.0 equivalent of a
transition ngtal alyst (e.g. palladium platinum
etc.) 15 @upprted on carbon, alum na, cal cium
car bonat e, um sulfate or silica gel, relative to 1
(M), in an inert solvent at
about 1 mnute to 5 days under 1
tg1g 8 : oforin oxi di zi ng agent sel ected
fromthe groupHonsi sting of oxygen, air, ethylene and

I £ s t ipert solvent whigch_ m
éghﬁgg%xiﬁn?ﬁ% sggkngggﬁc ﬁaegs%Fd%%%?lng a5 dehda avove,
L6 rahysli of thére o MBSy ¥l g - CLEANEE ' re SPBSNY £ FHRB AL indole
di met hyl sul f oxi de, met hyl pyrrol i done and
oconapdryhdcevanide. 25 Then, the step of producing the

d of th I :
compound o Y e[ﬁﬁifr a (v

R'O N N

H
wherein R' and Y have each the same meaning as defined above,
or a salt thereof obtained above can be conducted preferably
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-benzoquinone (hereinafter,
abbreviated as DDQ), a palladium reagent such as PACl, and
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

solvent as long as it is commonly known as an inert solvent,
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28 OR R50 10R3 OR4 wherein R1 and Y have each the
sane neani ng as defined above. and R2, R3, R4 and R5
each represents a hydroxy-protecting group, or a salt

t hereof by coupling a conpound26f the formula (M) : Y
[vii] N_ O ORL 5 wherein R1 and Y have each the sane
meani ng as defined above, or a salt thereof obtained

above with an activated glucose derivative of the
f 8Pul sx(f'w)lesRséherd%f cRaclyfer ePRIRY, RP1VRAtEJ RFh  as

LSRR AR SRR LS4y Prormanae,
saﬁ.f..eerh P8R EskABea base in ag_ ag gfgﬁ%ﬁ%ng”d a and

phase ransfer catal yst in an I ner gani ¢ sol vent

CR(NbaimebH{t¢hedtams kol e notf: ﬂ&l&nﬁ%b'l‘(r@h@:ds GEN ﬁ@'.st?enz ene,
derivative (M): X [VI] wherein R2, R3, and R5 each

repleerat s axhjyednexy- oot ecmi ngorxgrowp,, ambﬁﬁylbenzene and
represents a hal ogen atom can be produced by
l,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 cof producing the compound of the formula

(V):



5

10

5 reacting a glucose derivative (VMla): OH[Via] 9 OR2
wherein R2, R3, R4 and R5 each represents a

hydr oxy-protecting group, with, for exanple, an acid
hal i de, sul fonyl chloride or ?%do-triphenylphosphine
at about -50C to 200C, preferably about -10C to 30C,
preferably in an inert solvent. 10 Exanples of the acid
hal i de used inythe aﬁgfe step include SOC 2 , POCL13,
SOBr 3, POB 3,|?Br§ oxal yl chloride, anpbng which

SOC12 or o oride is preferable, and SOC12 is
nor e Exanpl es of the inert solvent used in
the ab Rgl ude a hydrocarbon such as
toluen and hexane; a nitrile such as

acea'oA] , anNet' fch as tert-butyl nmethyl ether

and tetrah ro@uvan a hal ogenated hydrocarbon such as

nmet hyl ene i de, carbon tetrachl oride, chloroform
trifluor uene and di chl orobenzene; and a ketone 30
such asys I sobutyl ketone and acetone, anong which

tert-butylggethyl ether or tetrahydrofuran is
preferable,,and tert-butyl methyl ether is nore
pr sherganeR’ ng ¥rhave epckddhe gamevmeanansfasidefined above,

b 5 | | l.Lab] e
s T e N 5#@%8%“3@??6%4 rPRReCt NG group,
f \V/ t
¥ LRIt MherObE %?%u%%q}lﬂaq ]a ﬁg_%ﬂgilﬁﬁ“ 3\45 I\fhéa fco(}mg]d(\lll} :

of the formula (VI

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! [VI]

01.0R?

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

above, and Xx! represents a halogen atom, using preferably a
system comprising a base in an aqueous sclvent and a phase
transfer catalyst in an inert organic solvent can be conducted

as follows.
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HHOR wherein RL and Y have each the sane neani ng as
defi ned above, or a salt thereof, using a system
conprising a base in an aqueous 10 solvent and a phase
transfer catalyst in an inert 8%ganic solvent, usually
at about -50C to 200C, preferably about 0OC to 40C. An
exanpl e of the aqueous solvent used in the above step

i's mate%. 15 Exanglgs f the base used in the above
step i nerGdBCEIEAFRd AYUFOREIdeTdvatixe |(VIHium
hydroxi de, qa&d[um hydroxi de, potassium hydroxide and
cesi um hydr oxi de, anong whi ch sodi um hydroxi de or
potassb gﬂ¥ﬂroxide is preferable. The concentration
of the used is about 5 wt.* to 95 wm.% 20
prefergbly about 45 wt.- to 50 wt.% Exanples of the
i ner vent used in the above step include a
hy dt'62 ﬁﬂbn such as tol uene, xylene, heptane and
hexaneOR! nitrile such as acetonitrile; an ether such
as tert-butyl nmethyl ether and tetrahydrofuran; a
hal ogenat ed 25 hydrocarbon such as nethyl ene chl ori de,
oidhosin i, arh] Y daa Rl e rUgYdledrd fd WOMAWH S tecting
and dlchlorobenzene a ketone such as nethyl isobuty
lantone. AR afetmamresamt @ acnalogen asohyeoansbeh pibauced by
N, N- di net hyl f or mam de and 1-net hyl -2-pyrrolidinone,
zﬁﬁﬁﬁf%ﬂﬁ(ﬁ1Q%ﬁ?oiﬁtQ?rh%?theefﬁéﬁ) 5 met hyl ene
chloride or trifluorotoluene is preferable. Exanples of
the phase trapgf,gr catalyst used in the above
OH

07/ oR?

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.

Examples of the acid halide used in the above step include
S0Cl1;, POCl,, SOBr,, POBr;, PBr, and oxalyl chloride, among which
S0C1l: or oxalyl chloride is preferable, and SOCl, is more
preferable.

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
hydrocarbon such as methylene chloride, carbon tetrachloride,

chloroform, trifluorotoluene and dichlorobenzene: and a ketone
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step include a conpound of the fornmula (XIV): [XIV] Ra
al (DaQR_MRA | aRwerein each Ra

i ndependently represents hydrogen, benzyl or 10 Cl-Os
hydrocarbon; Mrepresents a ni#Pogen atomor a
phosphorous atom and A represents hydroxy, fluorine,
brom ne, chlorine, iodine, cyano, HSO4 , CH3SO3 or

Ph COQ, an tris(2-(2-nmethoxyethoxy)ethyl) am ne, _

aﬁ}%;%r eqsérg'ﬁl(%gyéxajné)?'é tylhdvdsmq nepfldeacetone, among which

¢ FRERSBUSTE A BITOMES G eraaatoturan is preferable, ana

bea%%&k%ﬁ.hmls%mnw%rcH'somo% fter:iaki:lﬁfé’.l ammroni um

hydrogen sul fate. The next step of treating the

conpoundls Ofoicha HeOr gLh8oéd) derd%a®R9eRSr 16Re3 £odhia (VIia),

wherein Rl, R2, R3, R4, R5 and Y have each the sane

neemneycisliyf amedlabdeeproduatsamayt her eefedbt ai ned

above with a base preferably in an inert solvent to

pr oducelBe cefipdlintiefe glisoree demivatierd opfiu Itl;e( rh]‘i‘oi)rmula (VI)
5.wherein R., R2 R4, and R5 have each the sane

LS ICE SRie s LamRted whtn i oTheragios ShgstarRyia (VII)

carried out 1lasi 1¥IThe base

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

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.%,
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

hydrocarbon such as methylene chloride, carbon tetrachloride,
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15

in an anount of about 50 to 100 nol es, preferably about
50 to 70 noles, relative to 1 nole of the conmpound (V)
or a salt thereof, preferably in an inert sol vent

whi ch has no adverse effect on3110 the reaction.
Exanpl es of the aforenentioned inert solvent include

al cohol s such as nmet hanol , et hanol, isopropanol and

RO L M oS S P B R, wecone
| suphele mgas 1155@535 SRS geheqqaéorgg@nﬁéggg,ggggaﬁ@

i nclude a sach 33 Yas sodl ydroxi
hxenoxhte, sodiyennethodgde,  pRt ASEh ARG BOHEG: de and
sodi um met hoxi de, sodi umtert-bufoxide and pot.assi um
t 2rtebhiydx2dpyrasiidinone) sadhywhieh @drds butidt aethyl ether,
hydr oxi de or sodi um net hoxide is preferable. 5 The
r agthydenecabdpzidee ors tadfdiorotadmearsonm s qpefertaivke .
to about 60C referabl about 30C to 50C, and the
reacti o]ﬁxa‘l‘ﬂf% it Ggﬁaﬁ’g FSefdanafernsated ystgaged in the above
p oyt hour 0,10 hours the step
%@L? gﬁ%?ﬁgga308§%88“8%- %tﬁé forﬁm%}?:% V). " OR6 ORY
["J OR RS0 1 OR3 OR4 10 wherein R1, R2, R3 R4 and
R5 have each the an& meani ng as def i ned above, and R6
and R7 each repr s a hydroxy-protecting group, or
a saluzéyereof by reacting the conpound (1V):

}
R*>=~M—R?® A
F'za

wherein each R* independently represents hydrogen, benzyl or
C;:-Cis hydrocarbon; M represents 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,
tris(2-(2-methoxyethoxy)ethyl)amine, benzyltriethylammonium
chloride and tributylammonium hydrogen sulfate.

The next step of treating the compound of the formula (V):
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OR1 R5016R 3 OR4 wherein R, R2, R3 , R4 and R5 have
each the sane neaning as defined above, or a salt

t hereof obtained above with the conmpound (I11) : 34
wherein R6 and R7 have each théZ2same neani ng as defined
above, and Xa represents an acid nolecule, is usually
carried out using the conpound (IIl) in an anmount of
about an equivalent nole to 5 3.0 noles, preferably
about 1. O to 1.5 noles, relative to 1 nole of the
conmpound (IV) or afyg/t thereof in an inert solvent

whi ch hag.p ersé effect on the reaction. The said
step may be ried out in the presence of an acid
scavenger aci d scavenger and a desi ccant.
10 The [ acid scavenger to be used is about

s N pfefem'abl y about 0.1 to 2 nol es,
rS1%tive t 1 rnnle of the conmpound (I1V) or a sal t
t her eof . oTher&nount of the desiccant to be used is
about 0. \to 100 noles, nore preferably about 0.1 to 2
nol es, tive to 1 nole of the conpound (IV) 15 or a
salt mPel@Ff. Exanpl es of the aforementioned inert
sol vent iRl ude N, N-di net hyl f or mani de,

thyl| geet am 5e r t#gﬁ
%}P%%(lﬂﬁeﬁznggﬂ ;Rlnet ﬁﬁ p)l}r r%llrllég%ﬂﬁegvél cekh dmhg(% 7 Vemning as
tdef boéd avowng, Woich baltdicreickylef @lbmamn@@, atldve with a base
N, N- di et hyl acet am de or N-net hyl pyrrolidone is
s ety inTae ineadt $ohverhper prodece @ gempblhpdfrepresented
roomtenperature _to about 90C, preferably about 30C to

7, the t R LR abTY b

r°0 \OR®
oR*
wherein R, 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
the reaction.

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

Examples of the aforementioned base include a base such



10

time is usually about 1 hour to 1 day, preferably about
1 hour to 3 hours. 25 Exanples of the acid scavenger

i nclude ethyldinethylamne, triethylam ne,

i sopr opyl di et hyl ani ne, 35 diisépropyl et hyl ani ne,
tributylamne, pyridine, 2,6-Iutidine,

2,6-tert- butylpyridine 2, 4 6-col |'i di ne,

1,8- di azabi .0] ngn- - 5-ene (DB
a§ S0d3 i g;vgllrg%ﬁ %171%2336(@?@@ sodium methoxide,

T T
h l;kyl j .
’\hﬂat pyhaRsRuA 118t APk Y C a.lhgrl\gr whi Ok rs.?%ﬂul{hgnf al?#(%%oxlde ,

as triethyl am ne, dllsopropy1e m ne,

opotdssiomr hpiraxide oos Qbaflahame&,hoaﬁdaé rlﬁtﬁbé@éﬁzn?le.

is nore preferable. 10 Exanples of the desiccant

i ncl udeTlmg‘#@gtdmermaeeatusedisutrssatlflgtﬂom Peom temperature
Nblecular Sieve, Oi-Pr) FE§C>Et )3, HC (O CH3) 3

ahd qRgwy oA oemfefablanahgum eff mr@sfsummm eeaction

S sul fa or. ecul ar eve i s preferable,

P gr?asg ﬁé‘sg iab an’S? i\/q‘sourﬁ)%’ b r B eé%rfé’l'ﬁh 8Rouity3 hours
t@@ $6 o @f s Produci ng an i ndol opyrrol ocarbazol e

derivative of the formula (I): ~OH HV mN OH OH or a

sal t theneanf thy ey 6fgaidAit g oy se tHd Yormula (11):

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):

R0 \OR®
oRr*

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):
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36 HN i 6 OR 111] ORL R56 1 OR3 OR4 wherein Rl, R2,
R3, R4, R5, R6 and R7 have each the sane neani ng as
defi ned above, or a salt thereof, when the reaction is
carried out by catalytic redud4ion, the catalyst

i ncl udes, for exanple, palladiumcarbon catalyst and
Raney-ni ckel catalyst. Such 5 catalysts may be known
catal ystes. |l n the catalytic reduction, preferable

hydr pr re is usually normal pressure to 3 atm
and _khegpmount of the catalyst used is usually about
11400 fo 1 fold , preferably about 1/100 to 1/10 fold,

byNHRss of X?he starting conpound (I1). 10 Exanpl es of
the reaction solvent include m xed solvents of an
al cohol solvent, e.g. nethanol, ethanol, isopropanol,

eh7 furan, .a ] :
Sfateln ok SR QLU ns U MDY fLifdEgncq above.
nared &P Al pre st 4 QACAE O Mo/ UG 8 ﬁ.«ﬁml.ﬁwlclah&mut using
about -30Cto 15 60C, preferably about 0Cto 50C, and
tthee rapanpiciond t(iITd )i $n ams Ehdyn £ racimadouitnahasduivadénttmole to
7 days, preferably froman instant to about 24 hours.
Thed melesd Peefpuably ahdwnlof thd .Somaiasd wokhpbive to 1 mole

| or a salt _thereof may .be conducted as_foll ows,
(03 the compound {¥%) or a salt thereof in an inert solvent which

has no adverse effect on the reaction.

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

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)
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,
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.

Examples of the acid scavenger include

ethyldimethylamine, triethylamine, isopropyldiethylamine,
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20 The resulting reaction solution is filtered and the

pH of the filtrate is adjusted to about 1. 5 to about

6. 5, preferably 37 about 1.5 to about 6.5, nore

preferably about 2.5. About 10%to about 30%

preferably about 15%to about 25% nore preferably

about 20% aqueous al cohol is added to the resulting

solution to_adjust the concentration of the conpound 5
(F}lf’ep’&BBUtlerY%E#“g“P@ bbdbutydaming, pyeidinely2 abolutidine,

1 / t bout 18 .nL/g, nore preferably about 15 .
n%lg%tgﬁté'gsl%ﬁgpgﬁlﬁﬁﬂg'obt ained i s heated t o dbdutcebtidine,
t b ref er akout 70C. To the solution,

ag'gl g%&%ﬁﬂ’?gggﬁgéﬁogntﬁqg nt\k/%/otét&'ﬁal rds 10 the amount of (PBU).
thes s@iykhpiche18dded. oThageesyl-nad (TNt A 150 lami

al l owed to sfgnd at aboEt 50C to 100(C, Ngr eferlablpyrOPY amine.
bt d¥e€rhghdnilliher ed tD-aDdi&bicydbo[ precepbtebfid (DABCO)
crystals. In the above filtration, water content of the

caRa iNyime tiyy Inardnel iore | amedjcuwhddht boweo 1Ky X emdlpeist such as
10 w v% _ An_exanpl e. of the al cohol used in the above

stetethwiamine. a Glisrroprheteyhpmdngl, prefitplymine or
. |, | .. but | .
LGB 8 S b O S M b 1. oo

PreEPFhegabl y i sopropanol. 20 Exanpl es of the base
used to adjust the pH include triethylam ne,
di i soprExanmEldy | affi nhe deisdldodrad el Pdé i flhBAesium sulfate,

2,6-lutidine, 2,4,6-collidine,

G bl £9te o[ Bhel My leeubaen8ié¢vBU)HC(0-1i-Pr),;, HC(O-Et),,
HC(O-CH3)3 and (CH3;).C(OCH;3),, among which magnesium sulfate,
sodium sulfate or the Molecular Sieve is preferable, and
magnesium sulfate is more preferable.

Then, in the step of producing an indolopyrrolocarbazole

derivative of the formula (I):

or a salt thereof by deprotection of the compound (II):
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1, 5-di azabi cycl o[ 4. 3. 0] undec- 7-ene (DBN),

di i sopropyl am ne, 25 N, N-di net hyl anili ne,

1, 4-di azabi cycl o[ 2. 2. 2] oct ane (DABCO or

N- met hyl nor phol i ne, anpbng whi cK®l ower al kyl ani nes such
as triethylam ne, diisopropylethylamne, tributylam ne
and diisopropylamne are preferable, and triethyl am ne
is nore preferagke. 38 The conpounds obtai ned by each
of the above sf{eps can be purified and isolated, if
required, sg R7i n[Bdnbi nation with the nethods
known per s Nn The art, such as colum chronmat ography
on silicageMNprpoadsorbent resin, liquid 5

thin layer chromatography, solvent

extrac crystallization/reprecipitation. The
prese o relates to a hydrogenation
CREGHY : b SR r'af or enent i oned rhodi um conpound
and t he metal conpound. 10 This

cat al ystofsom8ed for the reduction of conmpounds and
cont ai ns M¥he af orenenti oned rhodi um conpound and net al
compoun According to the present invention,

coexi BP® @Hgtate or m xed state of the rhodi um
conpoundcﬁﬁd the netal conmpound is the clained

I WERé1i AR TRET &40 @F, IkP T ke 634 RYRhvRl eLBR Pﬁgsdﬁﬂe IReaning
invention, for exanple, a solvent may be contalned or

exs Sefiinedaahiové port @ salthole bed £ PRPRUNEhaE Rl s carried
conpound. The reduction reaction in which the catalyst

AUt By ¢rtabyticineduatiion . thetdatakyscHoglladest, ber example,
Iiri%g$.to t he reduction reaction in the above (1),

it TP Ece OB CREALESEr Gss RePe0-Bhtkelgratipdysdnd Such
"EUPEY s Gha ! KEMHhowh CUREa s ELKYNY! Oroups

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).

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
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 (I)
or a salt therecf may be conducted as follows.

The resulting reaction solution is filtered and the pH

of the filtrate is adjusted to about 1.5 to about 6.5, preferably
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to the correspondi ng al kyl groups are preferable. The
catal yst of the present invention has specific actions
when it is used in the reduction of nitro groups to
ami no groups, and reduction of7al kenyl groups or

al kynyl groups to the correspondi ng al kyl 25 groups,
and it is very useful for industrial purposes. As an

exg Le o% %he gaid specific actions, a remarkable

oBPRABT; 4-hkP. BPH fiodr MOEE G eHeTAk AV { -

am no d,in.th ducti on of . al kenyl . groups_or

al kyny?igérjlgﬁr}gﬁt Bbt beu cgpges%lé% Jﬁﬁb%ﬂ’éo%tr 6g§s1f abeyt 25%,
ithotde ' e e S O of her _t-han
hotOepTRrarablyl il M6 Cdgilolds HARA 1 0°0ablY" to the

coebohying salutlsiehyded 9is ke wd Borle A £3%&h b? the compound
addition to nitro, alkenyl or alkynyl, the reduction 6?

the} tyr ebputol fewl fhdaw abone, 2@inkeny) paefldaly abdut 12 mL/g
substantially 5 stopped or suppressed, or the reduction

Jf° ket gt upk/ 9o MATROPTEFELRYLANAbONE ASdmEyigon of

al kenyl,_.qroups,or al kyn roups. to the correspondin

al kyl gi;rgeufig 3?8(’8%}?5 nggcts hratedstr apost 39°6 g@ about
A RS FHerl j nyl or al kynyl .

Furt her(rir)tgj%e,e tal}g@calytﬁaﬁru%stﬁdoﬁt he invention al so showed

that arrol@meisotntafonaCed anaidHd L e doln® 0¥ two-thirds
nitro groups to amno groups and the reduction of

dileeamouptbups e adddaunyi omyr bsipsddéa.t he correspondi ng
al kyl groups. Wen, in particular, catalytic reduction
i s condir® E&stditiggaselnpbrpcts rhbiwed teasikhpst asingbaut 50°C

t al c [l Si iron salt_  nickel salt or 15 cobalt

3 oA BB T a b0 AR Y RE " eafB: 5 L6PTPONEE: GRARECt the
QD i AR s ether, aryl halides, aldehydes or
etones s substantially stopped or suppressed, and

thus tlia a®ee@boi® filtration, water content of the crystal
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
propancl, isopropanol, butanol, sec-butanol, isobutanol,
pentanol and isopentanol, and more preferably isopropanol.

Examples of the base used to adjust the PH include

triethylamine, diisopropylethylamine, tributylamine,
pyridine, 2,6-1utidine, 2,4,6-collidine,
1,8-diazabicyclo[5.4.0]non-5-ene (DBU),

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

preferable.
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reduction of nitro groups to am no groups and the

sel ective reduction of al kenyl groups or al kynyl
groups to the 20 correspondi ng al kyl groups becone
possi bl e. Consequently, by us?ﬁg the catalyst of the
present invention in a reduction reaction, conplicated
steps taken in conventional reduction reactions

i nvol vi ' i,th protectin oups,

subseq ugﬁ? Fgr(g{o‘ﬁ&cl%ljl“g% o\plaﬂrtoé}:le i’yaﬁa_cge%% _(#g‘i tqbdﬁ"’?\ ﬁé‘%?l(ﬁ can be
2purefivbdclnd! Psb 8L PG SEPT 1 on s_preferahl e .
tﬁgt ?hga a?oreﬁ%ﬂtanedfgaféﬁgggééUr?%%%l%p% ar S Pination
avbremthei oeethoddi KRown PRH tdONiHO the' NOGE U %aeﬁp A% 6 1umn
and a metal conpound, as mentioned above. Vhen t he
cehronyatogoaphyniony anlagianegdd amc oadisbgbent! Nfesin, liquid
present invention is used, the reaction rate is

drrrpategr IPhx ¢ dihimdayert ghrematiegiraphyatsob¥ent extraction

' i ch ily reduced such as
%gﬂgsléégiﬁﬁéigy %5%$é2§%g¥gﬁﬁg§hﬁ¥é°§pecific reductLon
f ni y n_b chi eved and t hus ]
the'yi anf P T el a1 68 e pRER Fie Byarogenation

aagEatk Eomphe séagervd ﬁpf%rbhl%n%&%%m&@%%q _Fﬁgﬁatoﬂlyds Lnd the

not containing an amne is used. Exanples

Pfeyemen tiamd oretal desopoled. i n detail by way of
Exanpl es and Reference Exanpl es, homever,_lt i s not

restri c0df Cehed¥ss. ipusad £or the reduehieh-oRYdBpounds 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
invention, 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
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
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
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N2 Fe(OAC)2 BnOr4 H 15 (Bn: benzy]L group
(hereinafter the sane); Rh/C.rhodium carbon powder;
Ac: acetyl group)

3- Benzyl oxy- 6- (2- pyrrolidinyl vyl ) ni t robenzene (1)
(5.00 9, 15.4 mol ), 5 % rhodi um carbon powder (952 ny,
0.462 mmol), iron(ll) acetate (536 ng, 3.08 mmol ) and
tetra_c%drof uran 20 (50 nL) were placed in a 100 niL

thfEe SrouRs) PTRR’K &BaPpJeHt %P t halkemydneary cadkypydr such as
herrmrret

resu?Y ﬂf‘YSugﬁgﬁgf’g d%sgls: |aﬁ%§3’yﬁ mﬁgg‘e‘{%%" ©F dpadbogen in
hedasripRdes HYEE8IeaIRLIRIPE S gt NS iddilion of the

over ni ght under nltrogen at nosphe suspensi on

VgFSupsdeehds tRARMEOES, 221 REAPDI r (2D Py ANs Ss¥Bstantially

brine (20 nL) , and the mxture was stirred 41 for one
hetoppedenr suppeesdetio metheat €ductDbn bf Aherbaptdliypd to amino
solid was washed with toluene (100 m ), and the

P ENRE sand | the gedugiiemcohioshieny Wegroupsdnerl kyitel groups
sol ut}aon was washed successively with 10 % aqueous

ct e r FReaEPITEEBORFI NS ki eHERUBS s%ﬁ?uwsﬂealrim @ver the
(Isé)dlgé%'f‘&g c?:lp t:O{Yeb p%sgtgﬁler %ﬂgncr? nt r%il?en l%]é rf':bl]w;ynyl

vacuo ryness. e resi dISSO

(bt e BROr&L )t D @a&'a'lﬁf%rterV\tﬁQ 15}1\férlttfc§n %q\é%' @Howgdhthat an

silica gel (5 g). The'silica gel was washed

taat Wisore cehGhcided erreisinld aie celdachdassn 66! Witoo éﬁ&ﬂpé&o amino
g) was anal yzed by high 10 performance |iquid

T ORS Grd e mﬂﬂ@atqrhg)ﬁ reskk el g;mm iore addmpaingroups
(23 Pas obt ai ned i % |(:=,LI l(orog .15 0).

€ correspon 1ng al When, in particular,
catalytic reduction is conducted using a supported rhodium
catalyst and a catalyst comprising iron salt, nickel salt or
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
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
reqguired.

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
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1H NMR (500MHz, DMSO-d6, bppm): 10.90 (br.s, 1H), 7.49
(d, J= 7.5 Hz, 1H), 7.44 (d, J= 8.6 Hz, 1H), 7.40 (dd,
J=7.5, 7.5 Hz, 15 1H), 7.33 (dd, J= 7.5, 7.5 Hz, 1H),
7.21 (br.dd, J= 2.4, 2.4 Hz, 1Hp, 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 NWR (126MHz, DMSO- d6, 8pr132’)é 5 15%7@ 138. 0,
136.8, .128. 128.0, 127.9, 124.4, 122.5, .9, ]
1%8."?3‘“&8?. g? YR PTYP st d s Usg dex ARpl Esaggion rate

Sk i f anple 1 were carried )

ot SEEmRLRERELY BRoc it ol I HReS R Epte of Tunctional
kat C ﬁqﬂ,a lat, %8s in .

?glbf)gymbﬁﬁggfeg?ﬁ |)oelaace of ggggb}égrrousi | Py a%:‘g‘(f%}’]é. epper is

Tabteedskdanphd AoeenkpetiRaecredtc®amROWId MNaRY Gikenyl or

usedAddi ti ves (Anmount used)tinme (2) (hr)Yield 25 nol

oY DY 1 Ganpbe B3ERyE dianduihuls\t hEAC)eA(R0£ ritle 3308EW product

53 mol 9Ni (N03)2(20 nol 1) 24901 63 nol 1N (acac)2(20 _
nbf YIREBES estsnsomppaei tel theloane|whgud 83% aforementioned

catalyst not containing an amine is used.

Examples
The present invention is described in detail by way of

Examples and Reference Examples, however, it is not restricted

thereto.
Example 1
(M @
H, - Rh/C
QY . o0
BnO NO, Fe (OA C)2 BnO H

(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(II) acetate (536 mg, 3.08 mmol)and tetrahydrofuran
(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 % aqueous

ammonia (50 g) and 5 % brine (20 mL), and the mixture was stirred
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95 nol %-eCl, (111)/S102(10 nol 9% 1887% 105 nol

1FeBr3(111) (20 nol 9% 16781 135 nol %-e(1) (acac) 3(20 nol

% 1677% 143 nol 1FeCl2(D) (20 nol 9% 2192% 155 nol
%-e(ll)fumarate (20 nol 9 1694%1165 nol %e (D) (acac)

2 (20 nol 1)1686% 175 nol 1Fe(D) SO4(20 nol % 1696% 183

nmol % Co(acac) 301) (20 nol 1) 1294% Conpari son 3 nol

1None42621 Exanple 1 In the table, acac is a group

sA&RNCBRY howr i dihegwifdd tersdipasenatare 4 saddaty| The Pesidual

G H3 le 19 43 (2) 1) EtMgCl Me. O-N_, ~O BnO
[ BTG 0% | VaRRefie s Hrot hY o PRoNaRtar el . (BT A9 | Previous

' . . 96 ), .
o TN 4 N
Pkaeedskh vel yaw2bh Mo thiaeReRKed thidskceqYi H9 eéj) wigt iy 8queous

magnetic stirrer,
sodium bicarbonate (50 g) and 20 ¥ brine (50 g), and concentrated

in vacuo to dryness. The residue was dissolved in toluene
(about 100 mlL) 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
performance liquid chromatography, indicating that the
objective compound (2) was obtained in 91 % yield (crop 3.15
g).

'H-NMR (500MHz, DMSO-d¢, oppm): 10.90 (br.s, 1H), 7.49 (d, J=
7.5 Hz, 1H}, 7.44 (d, J= 8.6 Hz, 1H), 7.40 (44, J= 7.5, 7.5 Hz,
1H), 7.33 {(4d, 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)

’C-NMR (126MHz, DMSO-d¢, dppm): 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

Examples 2 to Examples 18

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

ferrous{II) acetate.



a Dinroth condenser and a thernoneter under nitrogen

at nosphere. The m xture was warned to 33C, and 2.00 M
et hyl nmagnesi um chl ori de/ di ethyl ether (4.48 nL, 8.96
nmol ) was added over 7 minuted4? and the m xture was
heated up to 55 Cto 60C, 10 stirred at 55 C to 60C for
one hour. N Methyl-1,2-dichloromaleimde (730 ngy, 4.06
nol ) was _dissolved in toluene (4.4 nL), and the

sol J3W® Was added to the above mixture over 10

m fut €S, and]tne contg nerof the
N- et hyl -1 . 24di chI ororml ei m de was washed w t[h Regttiem¢ Compound
(1rrLa'11]§Aft“€? |t|o %fthe vvashlqr}g thg m xture
waj Stigred at, 55 C ko Hes MAomteeRl. The time (2)
reficti on m x{ure Was further was heated up tlo ? 10
10§ C, stirred at 100C to 108C for 12 hours,| al FSded| Yeld

to[stang for|ceqlhing [fo roo erature and | sti red
ovgprnight The rgar‘tl on_ni Xt%uélgﬁ&@lgﬁh%eﬁat ed td SO&Eand 9%

20| tol uene (155%0mls) Jand 1g:{madpROm3 §MDONI Um chhorifle 4.4

(1) —werp added-tio the mxture The resulit ant

LR =y ]

m ktureSwas foblmetl sddwn t i(NogMbaipenaturelto give R 9o

su - rqh.r_e.h_wan f:!tcrcd o nhfalnnrnd saolid
The sol$#d wap hashéd succemslambzyzmbh%}tol ugne @20 nl) 86
, potuenme=waper (nmixing rattoof I —i—20-f)—and 44
mef hano? (20| nt. ™1 23) | The EsSLi(dl1ksmadr#)led injvacdb 85%

ovarnlgt aJ room tgnperart g ve ttre-ohjective

5 - |nd£| e (3)5i"'ﬂ 84 |u §?céb(£¥ﬁ(/§¥%ﬂolm°8@19) 1H-NNR 87%
550 6 m - 11.50 2H), 7. 63 =2
( Bo g5 4%"?1(1?“— 7. 3"“15123””5% o) b, (dd I 3, > 78

j':saHf’lrﬁFD 75, w2 (épe‘ [y Geas 0 By ") 42 (gsd N S

2.1, 818 Hz,| 2Hhmor §- 04 (S, pefh 1) (20 mo1 ¥) 21 923

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

16 5 mol % Fe(ll)(acac),(20 mol §) 16 86%

17 5 mol % Fe(l)50,(20 mol %) 16 96%

18 Imol & Co{acac);([) (20 mol %) 12 943

Comparison 3 mol % None 42 624
Example 1

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

formula, and Ac is acetyl.

Example 19
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3.03 (s, 3H) 13C-NMWR (126MHz, DWVSO d6, Sppm: 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. 240C (deconp.) Exanpl 320 15 20 C1 d BnO * :
a mxture of di(n-butyl)”~agnesium

di (sec-butyl)nmagnesi um and (n-butyl)
(sec-butyl)nmagnesi um OBn 6-Benzyl oxyi ndole (2) (2.00 g,
8.96 nmol ), 2§etrahydrofuran (2.64 nmL) and tol uene

(152m_) wer e plnz hp 25 a 50 niL three- neclM@IfIask (3)
equi ppe gnef’l C stirrer, ‘
and a t er—under nit rogeg

Mg ' ngg 38C “and 0.9
rragne3| um ctHlori ﬁj)he e (4. 9
wherein the hepta ned a
di (n-butyl) magnesi um 1) Bu2My (* ) Bna H 2) ”\/E N
O (3) 45 di (sec-but magkesi um and (n-butyl)
(sec-butyl) magnesi um was~ added over 10 m nutes, and
the m xture was stirred at 55 Cto
[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
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 60°C,
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 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).
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
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 solid was washed successively with

toluene (20 mL), toluene-water (mixing ratio of 1:1, 20 mL) and
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60C for one hour. N Methyl-1,2-dichloromal eimde (730
nmg, 4.06 mmol) was dissolved in toluene (4.4 nlL), and
the solution 5 was added to the above m xture over 10
m nutes, and the container of 4the

N- et hyl -1, 2-di chl oromal ei mi de was washed with tol uene
(1 nm) . After addition of the washing, the m xture was

h d 55 C 60 _C, i, d 55 C. 60C
gﬁééﬁgnggmﬁ "'Jg\Hf .0 §§§4{¢£§aﬁghﬁgsﬂoagfyaﬁyotgvernight

agddi .t I dr of L .5 . 5. Lhe sol uti i

as S rBreEE L EREES A thE s e Thte DY e 13 1 sa s
hg@égd ¢Brbp 9889 59.100 C, stirred at 98C to 100C for

12 hours, allowed fo stand for cooling to room

t BreNRt(WoprMand, DMSO-a¢ ,088pR) 9Nl . dbtes, the reagldi Qa, J- 2.3
m xture being heated up to 90C, 13 % aqueous anmmpni um
chtordile (1A2mM§. 15 Was Hdde2H} 0 1199 dddct Jor7 nd xtlurkeHz, 2H),

and the m xture was cooled down to roomtenperature to
of vaQal@spbrisilond - hikHana@H i bt 87eddt 0Jgi ¥elaHFed2H)., 6.72

splid,_ whicC was.h cessively with toluene (2

m@: q%-omgn%me)r' ?mﬁji Zéara T&g‘f §-8 Hog 2H). &nf4 ?5' 4H),
nptdgnps (Rt x 2). The solid was dried in vacuo

overni ght 20 at roomtenperature to give the objective

bi*g- NREOk @ 26821, N DRiS0%a6Y,| %?%8@ 9921285185 olHHNVR 7 1371,
(500M+Hz, DVSO-d6, Sppm : 11.50 (s, 2H), 7.63 (d, J=

213.THz 128H)5,, 12842 ,(H28J67. 2 HA,, ARAR2.0,7120.0dd110=4, 106.1,
7.3, 7.3 Hz, 2H) , 7.30 (dd, J= 7.3, 7.3 Hz, 2H), 6.97
(WP-3- 591, 184-3H), 6.72 25 (d, J= 8.8 Hz, 2H), 6.41

( J=_2. 2H), 5.04 (s, 4H), 3.03 (s, 3H
fgg‘?Nl\ﬁ?u%%‘K}%&%%é’&pde’, Sppm): 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

Example 20

@ @)
1) BuMg(*) Me

,J:::I:1> > ° ) °
BnO N 2 Me —
; oo gl ] ()
OW BnO \ / OBn
= N N
H H

Cl Cl

% : a mixture of di(n—butyl)magnesium, di (sec—butyl)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
a 50 mL three-necked flask equipped with a magnetic stirrer,
@ 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,
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46 MP. ca. 24 O C (deconp. ) Conparison Exanple 2 Me
(2) O~zZkl NO Me (3) OBn Et-My-Br 10 [Bn: Benzyl; Me:
Met hyl ] 6-Benzyl oxyl ndole (2) (2.00 9. 8.96 nmol),
tetrahydrofuran (2.64 nL) and #Bl uene (15.2 L) were
placed in a 50 nL three-necked flask equi pped with a
magnetic stirrer, a Dinroth condenser and a

t hermonmet er under nitrogen 15 at m)sEher e. The m xture

\Aﬂé (REFTPYtHR ) megneadumaand2( BoWR bY hy ( seqabnéyildmagnesium was
ether (3.12 niL, 8.82 mvl) was added

35 geﬁ?"ﬁﬁiﬁlmm‘i% frd &%mlétpaeavaﬁcstﬁﬁgﬁd at 55 °C to

S k2 RS T Y e 0 oo
b6 HEHE) (vfhﬁd‘f[‘s)sol%’é@ E.Hetéi’lllé’ﬁéoﬂ 29 s, adgetnbos ?lutlon

the above m xture over 7 m nutes, and the contai ner

t has dmidiyb -the 2bdie ehibannrebes emivaatess el Whiehcontainer
toluene (1 nmL) . After addition of the washing, the

ne % tithe Nppe thyillo@ - @Cwmldleﬁﬁm fwas @sheduvish toluene
further heated up_.to 100 OC to 107 'C, stirred at

| Bbd ko PEEGE RBALEIORORE Sthey Waskkidg o tieamdxtgreovas heated

OS2 ST ECH A e« sose
(RSl KAk Y ST B B o urn
reésub tAny . M Ther @olak iee0|wsdk dowirted 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 % aqueous ammonium chloride (17 mL)
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 ratiocof 1:1, 20 mL) and
methanol (20 mL x 2). The solid was dried in vacuo overnight
at room temperature to give the objective bis-indole (3) in 82 %
yvield (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 (dad4, 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, 3m)
13C-NMR (126MHz, DMSO-d6, éppm): 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
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roomtenperature to give a suspension. The suspensi on
was 47 filtered to give a red solid, which was washed
successively with toluene (20 ni), toluene-water (1:1,
20 nL) and methanol (20 nL x 2f." The solid was dried
i n vacuo overnight at room tenperature to give the
obj ective bis-indole (3) in 70 %myi el d go(z:roleaj?S
1H NVR_(,5Q DI\/BO d6é, Spp o 11. S, ,
g.}%é’ (§2°3 @g%éc 742 (d, J= 7.3 Hz, 2H), 7.37
(dd, J= 7.3, 7.3 Hz, 2H) 7.30 (dd, J= 7.3, 7.3 Hz,
2H), 6.97 (d, J-21Hz, 2H), 6.72 (d, J= 8.8 Hz, 2H),
6 céhpadtd soh~ Ekalhpl1® & Hz, 2H), 5.04 (s, 4H), 10 3.03

(s, 3H) 13C -NMR (126Miz. DVBO-d6, bppm): 172.2, 155.0,
137.7. 137.1, 128.7, 128,5. 128.1, 128.0, 127.1,

122.0, 120.1, 112)4, 106. N. 9§.3, 69.7, 24.3 Mp. ca. 4
240C {deconp.) 15 ExampRe 2F(3) BnO (4] NN e Bpo N (3)
N OBn FREi s- i ndol npound (3) (3. Boneg™N5-42

nmol ) auee (75 L) re placedln a\.300 nL
t hr @nOfecked Nask_eq.uj_pp.ed_%;im_t_h, . oF

a Dintoth condBnser and a therno

here, and the mixture was
at nospher B Ma-Br

[Bn: Benzyl; Me: Methyl]

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
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
was added to the above mixture over 7 minutes, and the container
of the N-methyl-1,2-dichloromaleimide was washed with toluene
(1mL). 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
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
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A solution of 2,3-dichloro-5, 6-di cyano-1, 4- benzoqui none
(DDQ (1.37 g, 6.03 mml) in toluene (48.0 nlL) was
added to the above m xture over 15 minutes at 107C to
110C. After washing 48 the contdi ner containi ng DDQ
with toluene (12 nlL), the washing is also added to the
reaction mxture. The m xture was stirred at 108Cto

1%05 for .one hour, and analyzed by high performance ]

| F4ot8FER TNAESG AFRY SPhifc NS VRaVathed syccesg§ively with
Lal i peared. The_reaction sqlutlion_was

c55Fuke, 170 AERE “EhEradoRat 82 heY  nal Bl catvap tnanoy (20

hiatlr & @) 60Grhe €b%id RASURETEA! 15 3%8HY - o VBTtV St room

was cooled down to room tenperature and sti rred

ovempeghtulk8ees W@ thesbbgectBle BNE-1h@BTEI PF) in 70 % yield

solution was filtered and washed with nmethanol (15 nL

10cxop) 1t @33ggve a brown solid (2876 ng), which was

suspended in N N-dinmethyl formam de (54 nL). The

s USRS | (59 OMEEz .h OMSEd dnd dppmd £ rBH. 36 OSC 2H) ,10563f ¢d, J= 2.3

, I d t t t d sti d
SBE, T RSB PR TS T S £ e, .
d;with h 2)t j I 1
aeC o e (4R T Dty e S2 L S 6.2

oka der{ 38 83uz [1lan) ,Tlee 4quspaNSIHR wasgheaed 41y 6@ColuO(s, 4H),
70C to dissolve the above solid. Mthanol (13.3 nl)

ahd03d ésml BHanount of the above-identified conmpound as

a ,seed crystal were successively added, and the

m %t oNMRwAL26MHE; cBMEOrd6nedpmu) : t107 2e2 urkbs he, 287.7, 137.1,

Lol o -ﬁﬁééﬁsz‘mﬁ?,Fx?lgaﬁgiri%%a(f‘iﬁ‘e‘o%’ HEO rBomos-1.
_ “Codled |
ALt o bl (7Fi2rea . vashed w Lh rothanol (15 L x

N.pdrégd »pov@CURESMPOC over ni ght

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
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-benzoguinone
(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
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to give the objective indol ocarbazol e derivative (4) as
yellow 25 crystals in 87 %yield (crop 2589 ny).

1H NVR(500MHz, DMSO-d6, 8ppm: 11.26 (s, 2H), 8.69 (d,
J= 8.7 Hz, 2H) , 7.54 (d, J= #83 Hz, 2H) , 7.43 (dd,
J= 7.3, 7.3 Hz, 2H) , 7.37 (dd, J= 7.3, 7.3 Hz, 2H).
7.27 (d, J= 2.1 Hz, 2H), 6.72 (d, J-88 Hz, 2H), 6.96

( e‘]:E'l 8%25; & 49 2.96 (s, )
3 ('wxb a%:lger J( %,HPQ Wi, Mﬂ%’é@ﬁ?eﬁ%t’ﬂ') the washing
ng%&i @egﬁﬂﬁf l\/% AM 30, 250
400 é%%%?f nj ec%g&n%na%ﬁ Prfo | >§l'l‘fre‘:‘ was stirred
pAese g W EDF D1 dPEBRASI lohs- . 25hd anéizy%?(i%eﬁ%% é%EPOrmance
90:30), Flowrate | nlL/mn. Exanple
CBiqQdd dkrénérographly,| ibdicatifBnthitHkiel seaet{A§- ﬁaterlal
nmL) and the bis-indole conpound (3)(3.00 g, 5.42 mol)
wétgappearddl n FheoFedctiiour -sebketoh | @ak weddred to 71°C and
nltro en_at nosphere, and the resultant suspension was
%n (134 mL) was added over 3 hours at 60°C to 71°C
[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 to 70°C to dissolve the
above so0lid. Methanol (i3.3 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).
1H—INIMR(SOOMHz, DMSC-ds, 6ppm): 11.26 (s, 2H), 8.69 (d, J= 8.7
Hz, 2H), 7.54 (4, J= 7.3 Hz, 2H), 7.43 (dd, J= 7.3, 7.3 Hz, 2H),
7.37 (dad, 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),
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to 700C. To the suspension was added a solution of 15
2.3-dichloro-5, 6- dicyano-1, 4-benzoqui none (DDQ (1.29
g. 5.69 mol) in NN di-methylformam de (24.0 L)
over one hour. After washing #%he contai ner which
contained DDQwth N, N dinmethylf ormam-de (6. 0 niL)
, the washing is also added to the reaction m xture.
The m xture mas stirred at 70cC f or one hour 20
[fed8uf8medl)stage: C] , and anal yzed by high

f hT onat oot O hat th
B TR0 B 02 P, 9L get g Lpat the
th i xt
ot rrg@éa!;&%@gh% Q¥fili €1 884"S, e mxture was

or one hour and cool ed down to 250C

and furgéiearstién e8o bhimh NeMEARA-BEOBPOLAL W Q %V%&m' Q*H°
50 The reaction mixture was filtered and washed
nmet hanqbv%j.ﬁo M, XIn)e&Oi@hVEamaunel hgw g0l id, V\,hl ch was
dried in vacuo overnlght at 25Cto glve t he objective
i ndol od¥%eWiblke | nhake i MeCON® . (4% phosphoeddcystlidw= (t=0, 65:35;
crystals (3.08 g). 5 Exanple 23 (3) BnO (4) Tol uene
(28.6 kg) and the bi $=20nd81:8%onideid qade (1 mig' miqy,
2.71 nmol) were placed in an 80 L reaction vessel under
10 nitrogen atnosphere, and the inner wall of the

18vagp washed with toluene (3.9 kg). After
addi tion of the washing, the resultant suspension was
heated to 110C, and sol uti on of
2,3-dich|oro-5.6-dic?ﬂno-1,4-benzoquinone (DDQ (0. 65(4)
kg,

bDaQ

Toluene (75.3 mL) and the bis-indole compound (3)(3.00
g, 5.42 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
2,3-dichloro-5,6~- dicyano-1,4-benzoquinone (DPDQ) (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
[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.
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2.86 nol) in toluene (20.8 L) was added to the above
suspensi on 15 over one hour. After washing the
container, in which DDQ was contained, with tol uene
(5.2 kg), the washing is also alded to the reaction
solution. The m xture was stirred at 110C for one hour
and anal yzed by hi gh performance |iquid chromatography,
indicating that the startin&ﬁn&terial di sappeared. The

28D XeaF BLoR IsHoIER) wasf1lsersd and washed wihh methanol (15
tirred at the sane

L st D d.
BRSBTS 1 yaag overnigne

fLbt ) i e k to,giye a .
L2520 SIS IL W e OVt 0 B fvative (4)
oMer 8rghe $b168% cF9etadlsi ¢ Ias gyspended in 51

N, N- di net hyl formam de (25.4 kg) and the suspension was

stirred at 100C to 105C for one hour. The suspension
was cool ed down to 25C over a period of one hour and
skxampleo?ddrni ght [neasurement stage E]. The reaction
m xture was filtered, 5 washed with
N,N—dinethylfornanidgn(9.8 kg) and met hanol (8.2 kg),
and dried overnight at" 60C to give a yellow solid (1.5?
kg). The yel | ¢ solid was suspended in di-methyjgsul f
oxi de (16.0% kgxO The suspensi gﬁ was heat eg_t 0
di ssol ve the\abdve solid. Meth2RY (5.6 kg

he 10 objective indol ocar
E *

cessively added

RN ei :he IS was stirred 5. 65
for one hodﬁ forﬁnaturing crystal Ghat i on. NFur t r,
after addition of nethanol (18.0 kg) over a period of 2

hours, ] i.rred.at the.sane tenperature
for oneT lgﬁerr!g 1&?@%&%0%3 é%&m{??ﬁ Bhgs 1P ?i??"é‘g‘?‘mg (3 (1.50
Qe M ot . mdD¢ weRE! b8Bced in an 80 I reaction vessel under

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
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 liquid chromatography,
indicating that the starting material disappeared. The
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
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solution was filtered, washed with nethanol (12 kg) and

dried in vacuo overnight at 60C to give the objective

i ndol ocarbazole derivative (4) as yellow crystals

(1.29 kg, yield 86 % . The neadurenent stage in the

par ent heses neans a stage when hydrogen 20 cyani de was
measured, and hydrogen cyani de neasurenment as shown in

the fol | owing Test Exanples is to be referred. NWR
sPelrAdReiRY rerm@emﬁ? bf 4th@) gbidethe \RusEROLONR wasistirred

n,thise eed to _those of the objective
ﬁpghﬁﬁ&mgga QL e FPUfers (T hg(gﬁﬁpggjsggnrmsecgpled down
S y en. cyani de anple . Measur nt .

R ot G SOEL U S T s

ENababatembad Miagy aent ﬂ?éhfgac%libﬁogﬁ 93 was filtered,

di scharged fromthe reaction vessel intro uced

i Wash8d0wi dh SO vaLhyEhpxFdemamliaei ¢0. 671-:1_31) &hdOm&Bnhhol (8.2
sodi um hydr oxi de sol ution was used to 1 g of the

bkg) i need cdr tedpenech i@ ) alur60i§ thegtiveaanpelloWw sblia (1.51
respect to the resultant sodi um hydroxi de sol uti on,

c§hi deThoReRdevialktd Was SREpRpded iafinathphpeld foaide (16.7

a]¥85 l abll'hef-.- fsruosnﬁe/}\xDsViAol\lgr%%s heated to 60°C to dissolve the above

solid. Methanol (5.6 kg) and a seed crystal (8.0 g) of the
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,
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
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.

Test Examples
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10 Exanple 24 (3) Me BnO Me (4) The bis-indole conpound
(3) (500 ng, 0.903 mmol ), 5 % palladi um carbon powder
(384 ny, 0.181 mmol) and toluene (22 15 nlL) were pl aced
in a 50 nL eggpl ant type flask5&qui pped with a
magnetic stirrer, under air atnosphere. The m xture was
heated in an oil bath of 105C, stirred at the sane

enperature for 4 days, cooled and concentrated to
$E%§s AFP@F“E&EPPFOﬁf5§KQTQﬁQﬁﬂQ%ﬂn%ﬂﬁfOX|de (40

to thﬁPFESI #e IﬂSOl ufl e FCI"BI erial's, were renoved

by #PPLfa was ctPhycoRpFnt (ppm)
per f ormance |iq Egagggonatography, indicating that the
obj ective conmpolin as _a dinethyl sulfoxide solution

THE
i

S5 was opfained fn yield 66 % (330 ng). NWR spggtrum and
IR spectrumof the objective cgnpound (4) inthis

Exanpl e2ngreed o thosa of the|objective corrgcumd of

yvarmla 21 10 Evaml e 25 OH RO ORN OBn_(85Y (R)
J AT L=~ A~ J | T T \\.Il ‘\ I

APz~ == AT o<

22 C 80

23 D, E Not Detected

Measurement method:

Nitrogen gas discharged from the reaction vessel was
introduced into 0.05 N sodium hydroxide solution (7 ml of 0.05
N sodjum 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 jion test paper (CN) available from ADVANTEC.

Example 24

3) (4)

The bis-indole compound (3) (500 mg, 0.903 mmol), 5 %
palladium-carbon powder (384 mg, 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 0il bath of 105°C, stirred at the same temperature

for 4 days, cooled and concentrated to dryness. After addition
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Cl BnO1l OBn OBn 2,3,4,6-0 Tetrabenzyl - D- gl ucopyr anose
(5 (100.00 g, 185 mmol) was dissolved in N, N -dine
thyl f ornal dehyde (360 nL) at 23C. The sol ution was
cool ed to 9C and thionyl chlorPde 15 (16.2 ni, 222
nrnol) was added thereto over a period of 15 m nutes,
whereby the tenperature was raised to 20C. The

resul | uti,an rped to 30C and allowed to.
s?gnoé qu'gétho?lslg Rogi o* e\l\@s{{ﬁﬂlﬂn gﬁs t3%1"’0I ggsiduerpcinsoluble

i %o W 0 ] dr0xq ol utio abaut .15

a Trovied

anﬁ)gt%/géa{a%de%@%i :;r% mai nt apﬁi nfig)jz(jztgteﬁileé#'enpglé‘? u?é‘agfrage was
nghaliygbany haghQlerfJhkasee qti'q‘i?ﬁd’\@ﬁr%ﬁgggragﬂyz,Zﬁudicating
and separated into an organic l‘ayer and an aqueous
| thyat theTobjequivascdmpiamd@d ) ad aatinett W I Bull €bikciBet yblution
met hyl ether (300 rnL x 1). The previous organic |ayer
arvast petadpedplnyyigddnebhy (S8Bemadxtract were
conbi ng@e}‘?and t he solution was washed successively

with sal'tr SARRF B PR SR MPSCHHUmRE \idtee oY iRRr it gompound
3 4 5-5%? %&L%%%P’m n; a%%@%%mtgakﬁgslanof[ atﬁ'lljg Jboj eacty J'(.)xlré'l rTct:eompound

loghéRamp e 324, 6-t et rabenzyl -1 - deoxy-D 5 gl ucopyranose
(6). The concentrate was served as a starting materi al

for Exanple 26 without purification. Exanple 26 (4)
BhO' v -NNHH

Example 25
6
on ® . ©
O OBn 9) OBn
e
OBn OBn

2,3,4,6-0-Tetrabenzyl-D-glucopyranose (5) (100.00 qg,
185 mmol) was dissolved in N,N-dimethylformaldehyde (360 mL)
at 23°C. The solution was cooled to 9°C and thionyl chloride
(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
the temperature of not higher than 0°C. The solution was warmed
to 22°C and separated into an organic layer and an agqueous lavyer.
The aqueous layer was extracted with tert-butyl methyl ether

(300 mL x 1). The previous organic layer and the tert-butyl
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OBn 10 The indol ocarbazol e derivative (4) (72.00 g, 131
mol ), which was obtained in Exanple 21, was dissol ved
in tert-butyl methyl ether (600 nL). The solution was
stirred at 23C for 10 minutespdand 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
fBethpl Athareextangt4eeus COMPLnsst agadukhe perletiidn was washed
solution (300 nL) was_added, The solution was stirred
f%?Cﬁﬁs5ﬁ§ﬁg¥é%%%ﬁwﬁFERFQ%?QwQ619$idﬁﬂﬂ:W@R&g#%t%?@dwater (200
T rk 3 .odu ' : but yl_ et hyl
ReE {80 M S ad Rilcddadidd "HhkadBl ¥0 4 volume
t&f t340/hnit] coBEBYNiGNeLch1lRo-9) )3, Wa% -3¢994b¥adMa) 1 Yaeoxy-D-
over 22 mnutes. The m xture was stirred at 23C for 6
heluicepgnanase ef 6 | 35ahd )cormseritittete twies alexrvdd ddhea starting
m xture was stirred for 5 mnutes, and separated into
damatexpahi for dhvamphel a6 wiobout paydficEitdoagueous
| ayer was washed with tert-butyl nethyl ether (300 niL
X 1). The tert-butyl nmethyl ether layer and the

ni eI er were 5 conbi ned, washed with 10 % (w w)
aqueJﬁs criric acid (300 nL x 1) and then wth water
(300 nL x 1). The organic solution was stirred
overni ght at 22C to precipitater crystals of the
obj ective i ndol ofr bazol e deriyative (7). The re
suspensi on Mas concentrated t §BWqune of about
under ypepheric press and cool ed to 23

: was ad dually to the

yl tant 7
o

suspeps| aqe hour, andP8rmhe suspensi
: = i d for 45 m .
cool Ehare iﬁUt%%. OBn
BnO ﬁ H H
0OBn
BnO 1 OBn
OBn

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 sclution was added a solution (350 mL)
containing l-chloro-2,3,4,6-tetrabenzyl-1-deoxy-D-
glucopyranose (6) obtained in Example 25. The solution was
stirred for 10 minutes, and 45 % (w/w) potassium hydroxide
scolution (300 mL) was added. The sclution was stirred for 10
minutes, and 40 % (w/w) Aliquat (Registered Trade Mark) 336
(Product Name) in tert-butyl methyl ether (cbtained by
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.
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crystals. The crystals were collected by filtration,

washed w th cold nethanol/ tert--butyl nethyl ether

(1:1) (400 nm. x 2) 15 and dried in vacuo at 25C to

40C. Analysis of the resultant5&rystals by high

performance [|iquid chromatography indicated that the

content of the objective indolocarbazole derivative

(7) was 99 1. The Aliquat (Registered Trade Mark) 336,

alhae | mbxbute owas 29t i ved choChemiaihit s,  andcs¢pasatedninto an

this Exanple is tricapryl nethyl ammoni um chl ori de.
aﬁ%%cggaser. pRd( ap ggg/‘eEPﬁa 36 TPF Rdyesy§edaysr was

%%12 HLvu -ne K§ d,z_g{lllgtsnéth%quieg&e WS &St e 3hd,

rm)ma

0l'I’l n I were
&%ﬁf%ﬁ%épy?gﬁggigtﬂéﬁ %%g(%%o?z%%?]%ps)r o o% 3 ye

c¢ombneal ewlsned hwitd, V¢ Mfﬂ;@ﬁ%d&&@g%ml@ &9id (300 mL
mol ) was added thereto while stirring. The m xture

wesl stamd ethen wbitnwaesmet 30@rel forl pne heurgrgardi GNolution
aqueous pot assi um hydroxide 10 (8 nlL) was added
df%i)vﬁ"s-'erla%dt%‘éﬂ%%@t e?r’ﬁ)e?%\tquté) &r@;clmtmtrmt@ystame of the
m Xt ure. was, s

& ‘gi gner t ?ﬁ L60Cf<i
LrIgrtranttde ?‘8‘3 ?é Er ?Eiga nitdde t 6Pgi FESyltant
&%ﬁb Wk ¢ éag-&ewlq}: Stoa%d% h ' US 563t %25 mL
% dgzlépvmsea t1on %/@ I%%roc %rlc acl dm under
(£ndepherti¢ NSrésdrs eNPped atbbe@Ves 13°30 mewiaeﬁut 0(225 mL )
adjust the pHto 2.6, a yellow solution was obtai ned
TS amttbrd)fgnmé(mmg thees satferh g iy etvearnchd our, and the
m xture was
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)
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

Aldrich Chemical Co., 1Inc.) used in this Example is

tricaprylmethylammonium chloride.

Example 27
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stirred for 6 hours. The aqueous |ayer (the | ower

| ayer) was separated, and the organic |ayer was washed
successively with purified water (10 nL x 2) and
saturated brine (10 nL), dried580 over anhydrous sodi um
sulfate (5 g) and filtered. The filtrate was

concentrated in vacuo to give

12, 13- di hydro- 2, 10-di benzyl oxy-13-(1-D-2,3,4,6-tetra-0O

57 CHg (8) _ (9)

S(ppn) 10. 79(1H, s) , 9
8. 95(1H, d, ), 7. 26(32H m o ang ot

,J=8.2 OH ), 4. 32(1H,t,J=8. 9Hz) , 3(PE R,B.l
3(1H ) Exanple 28 (9) B (10) 1 M) 2

H2 ture of

12, di benzyl o (P- BnC

D2 3,8 tetra-C)bEﬁbyK@H }nosyl) ‘ , 3-
a] car bazol e- 5, 6-di'car boxyl i ¢ anhydride (9) (1 50 g,

1.41 mol) obtained in Exanple 27,

N- ( 1- benzyl oxynet hyl -2 15 benzyl oxyet hyl ) hydr azi ne

henm oxa&tand1 Q)34 609 wWas 2a8édeel & 360l four-necked flask
N, N- di net hyl acetam de (14 nlL) was degassed and the

equipped with a stirrer and a thermometer, and 12,13-
dihydro-2,10-dibenzyloxy-13-(8-D-2,3,4,6-tetra-0-
benzylglucopyranosyl)-5H-indolo{2,3-alpyrrolo[3,4-
cl]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 agueous potassium hydroxide
(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
30minutes toadjust thepH to 2.6, ayellow solution was 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
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-0O-
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at nosphere was substituted for nitrogen. The m xture
was heated to 62C. and triethylamne (0.26 nL, 1.84
nmmol ) was added dropwi se. After stirring at the sane
tenperature for 3 hours, 20 th&7reaction nixture was
cool ed down to roomtenperature, and nethyl tert-butyl
ether (10 nL) and water (7 nL) were added thereto. The

oy gani ayer was separated, washed w th water

AR IS LR Y t}tzeﬁe(?]"l"}?é’aszd?lxﬁ‘erﬁ bas

r Y abj.ecti v

cé%%ﬁﬁa*?%i?}%aﬁ%ﬁfwi Shnts Depl 4y % sifige i 85

bg.$1e18.24 (1H, br.d, J=9.6Hz), 9.16 (1H br

J=9.6Hz), 7.50-6.84 (42H, rn), 6.20 5 (2H, br. d

JY-Nitie() 2 7 MIBA, cﬁri(ti;,)d,a(%«é-&)ﬁdd ,795(1313 s()lhtb oo, d—§—9 2Hz )},

OHz) , 5.21 (1H, d 1H d, J=

%295(15 QBJ P16z, 7J2§232Hz)n) 5. 08((211Hd ¥= 7J:'ﬂ-[lz)9|—52)85(1H a
(1H J=10.9Hz), 4.96 (1H, d, J109H26) 4.89

-ﬂFSdZH?JLm 8P4 JOH my54 . B2(1Hy t, §=8G 98ad). 3 -A6LBH. 1) , 3. 13(1H

,dJ 1%9 %' 4.68 (1H, d, 10 J=12.9Hz), 4.62-4.48 (4H,
%%ﬁ) J=9. 6, 96Hz) 4.06-3.77 UH m ,

3 72 (4H, d, J= 5 6Hz) , 3.04 (1H, d, J=9 . 9Hz )

13C NWVR (68I\/Hz, CDC13, Sppm) : 168.8, 168.7, 159.4,

IHarmp1d 4882, 142.9, 138.0, 137.9, 137.6. 136.09.

136.8, 136.6, 136.0, 130.2. 128.7, 128.6, 128.5.

128.4, 128.3, 18)2, 128. g 128.(0,01128.0, 15 12719,)
127.8, 127.7, 127.6, 127.§, 4, 127.3, 126.9, 126/86,

119. 4, 119.1, 118.0. 116. 97, 116. 1, 110. 4.

96. 3, .7, 80. 9HI77. 4, 77.2, 76.0. 75.9,

74.9, 73 9 .3, 73. 2.7[70.172(CO0H), 69. 9, 69. 80
58.7, 27.0 206lHgxanpl e 29 59

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



10

15

20

(9) A mxture of

12, 13- di hydro- 2, 10-di benzyl oxy- 13- (P-D

2,3,4,6-tetra- O benzyl gl ucopyranosyl ) - 5Hi ndol of 2, 3-

a] car bazol e- 5, 6-di carboxylic &hhydride (9)(1.30 g,

1.23 mol ) 5 obtained in Exanple 27,

N- (1- benzyl oxynet hyl - 2- benzyl oxyet hyl ) hydr azi ne

npnooxal ate (599 ng, 1.59 nmol) and

NARE 6 ovety Fod em Atdd ateand fiijl tgded e Fhestrl vank was removed
. xt ur was. heated to 45C under nitraqgen atnosphere,

2R TTPRYRSEART AR Y309 50 191 Ahen o shbvarcppend (11).

I T 1 Xt 10 sfitred at, the.sa

C efdt R27Ehs, TOBCTy L R e 8 kLA L i Ry 5g% TEn. br.a,

tpapesRE Y €9 6t eTH AdsH ta ONg0f et hyl 7561 bak Y 428t NRY, 6. 20
(25 nL) and water (6. 1 nL) , the organic |ayer was

sERHs abedd, Jazheédzfoub.BdngdBy Gh WatBerHD..2 5U3X @H, br.d,
dri ed over magnesium sulfate and filtered. The

953 rQH2) wdls- 2ndR¥ized. bi- e gtH2 K. Fer¥Drddhcd. | Jgll d9Hz), 5.16
c mat.ogr aphy, .t ndicating that the _objectivye conpound

(L P E Y e bor 3080 L T aTEh BHE) 5o Be08 (1K, a.
Vi8] . o5l IC e r ym,an spegLr of, the

o) _jeie(g'tgl@ep' ?orly'plzgﬁg ((iiil;J ilﬁ'?ﬁ#zﬁ'Egéﬁ%I@%'gPéeg"%%'QHZ) . 4.85
those af, therebwef] va, 720 coppound glikxanphe 28,64 Nein, a,
compound (11) was identified as

I 1B- 9y dr ¢: @219: dBb¢aBy| ay,- 6+ N 1¢ hienzgdoxymwet.lgy| -2 6Hz) ,
- ben%¥loxyethylanino)-13-(P-D-2,3,4,6-tetra-C>benzyI
gp06-3.77 (7H, m), 3.72 (4H, 4, J=5.6Hz), 3.04 (1H, d, J=9.9Hz)

Lucopyranosyl )-5Hi ndol o[ 2, 3-a rrol o] 3, 4-c] carbazol e

_ggr’:ﬂaﬁﬁ,)utgrlg%@? CEQéﬁpgepgllé :(;)?8].&/ 168.4, 159.]4, 159.3, 143.
142.9, 138.0, 137.9, 137.6, 136.9, 136.8, 136.6, 136.0, 130.
128.7, 128.6, 128.5, 128.4, 128.3, 128.2, 128.2, 128.1, 128.

127.9, 127.8, 127.7, 127.6, 127.5, 127.4, 127.3, 126.9, 126.

Ww o O N N

119.4, 119.1, 118.0, 116.9, 116.7, 116.1, 110.4, 96.7, 96,
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, 69.9, 69.8, 66.7, 58.7, 49,4, 30.9, 27.0

Example 29



5 (t 2) (11) Bn A m xture of
12, 13- di hydro- 2, 10-di benzyl oxy- 13- (P-D
2.3.4,6-tetra--0O benzyl gl ucopyranosyl ) - SH i ndol of 2, 3-
al car bazol e-5, 6-di carboxylic aphydride (9) (1.30 g,
1.23 mmol ) obtained in Exanple 27,
N- (1- benzyl oxynet hyl -2 10 benzyl oxyet hyl ) hydr azi ne
nonooxal ate (599 ng, 1.59 mmol), rmagnesium sulfate
(1.48g,12.3 mml) and N, N-di net hyl acetam de (12.3 nl) Bn
were degassed. The nixture was heated to 45C under /J:i)a an
ni trogen atnogphere, and triethyki@hi ne (446 [&L, 3. Bn
mol ) was _dropwi se added thegjgto. The m xture was
stirred-=!!—-e sane 15 tenpgrature for 10 hours, ©
t room t enperatur

four t "v' ith water (5. 2 nl) . driel over x
nd filtered. The 20 filtrate was analy
&iGBor mance | iquid chromatography, indi
that 1he obj ective conpound (11) (1.50 g) wB% @Rfmj ned
as a solution in 92 %yield. 61 Since NVR spe@Pum and

Exanpl & ABFEBUTEo AhobE- bf- ARbYBpacr 19e S HOsmFs N Iorl - (B-D-
A %ﬁ%r%él? 10- df)%g%‘é/é%%?@ﬁﬁf?ﬂn Eﬁ"zi‘ oLl e
& etyd odvet $1y6 -add @y bdRy { L Rrrhydi v e Y(®t)r(a-.@00gnzy! 23 mmol)
5 obtained in Example 27, N-(l1-benzyloxymethyl-2-
benzyloxyethyl)hydrazine monooxalate {599 mg, 1.59 mmcl) and
N,N-dimethylacetamide (12.3 mL} were degassed. The mixture
was heated to 45°C under nitrogen atmosphere, and triethylamine
(34.1 puL, 0.25 mmol) was dropwise added thereto. The mixture
10 was stirred at the same temperature for 16 hours, and cooled
down to room temperature. After addition of methyl tert-butyl
ether (25mlL) andwater (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
15 performance 1liquid 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
20 compound of Example 28, the compcocund (l1ll1) was identified as
12,13-dihydro-2,10-dibenzyloxy-6-N-(1l-benzyloxymethyl-2-

benzyloxyethylamino)-13-(f-D-2,3,4,6-tetra-0O-benzyl-
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gl ucopyr anosyl ) - 5Hi ndol o[ 2, 3-a] pyrrol o[ 3, 4-c] car bazol e

- -5,7(6H)-di one. Exanple 31 10 (14) OHH , OH mOH

10 % Pal | adi uni carbon (50 ww % 112 g) was placed in

a hydrogenation vessel, and a68ol ution of

12-p-D- (2, 3, 4, 6-

tetra- O benzyl gl ucopyranosyl )-12, 13-di hydro-2, 10 15

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

( BEHEQPEXFREEH |)yéﬁhymﬁ§#iq{@] BRI, B4 pleasbazele -

, 4z 9£%ﬁﬁggzole-5,7(6kb-dione (13) in tetrahydrofuran

(1?5 6oR%r, 1.12 kg), isopropanol (7.9 L) and 3N

HC1 (224 nlL) were added thereto. The m xture was

hydr ogenated whil e vigorous 20 stirring at 40C under a

hgdamgea ppessure of 40 psi for 4 to 14 hours until

absor bance of hydrogen becones to be fit theoretically

110 % The reaction solution was cooled to 25C and Bn
filtered with Sol ka Fl oc (Registered Trade Mark) to {11)
col lect solit@s such as catal yst{'25uch solid was wag

W th isozropanolltetrahydro

filtrat €25 t he washi ng [were conbi ned, and the
sol ut 5 j ust ed tq1 OBnwi th 1M
tpi prh @/ PsQpr opanolf ( 600 niL). Aft
a 4.0H ,'aﬁgﬁgg¥ution wes0o OBn
conceny volume of 7.5 L in atnospheric
pr essuké concentr at ed 0 B
BrO
Bn

A mixture of 12,13-dihydro-2,10-dibenzyloxy-13-(p-D-
2,3,4,6-tetra-0-benzylglucopyranosyl)-5H-indolo[2, 3-
alcarbazole-5, 6-dicarboxylic anhydride (9) (1.30 g, 1.23 mmol)
obtained in Example 27, N-{(1-benzyloxymethyl-2-
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 uL, 3.20 mmol) was
dropwise added thereto. The mixture was stirred at the same
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 agqueous 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
filtrate was analyzed by high performance l1iguid chromatography,
indicating that the objective compound (11) (1.50 g) was

obtained as a sclution in 92 % yield.
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whi | e addi ng i sopropanol /water (4:1) (6.5 L), and
finally 10 concentrated to a water content of 20 %
(Wv) while further supplying isopropanol (about 9 L)
and mai ntaining the volunme ateéadbout 7.5 L. The
concentrate was kept at 70C, and a suspension of seed
crystals (5 g) in isopropanol (50 nL) was added
thereto. The m xture was kept at 70C for one hour, and
15 i sopPdpafoNMRS spegtywm addedRovepeatpeni of dfhel. Sbjective
hours. The, _resultant solution was kept at 70C for 9 to
29°mBaRRA; (11 ) gy ithis Exappye %9’§¢e¢h€° rdge @ft the objective
S [.Qn concentrated in _atnospheric pressure
WhPREBELE P RxaliBlEr 2B Jnite PRk (i1 (afas EdRRbHELea as
i ot hg._ Lat €928 ) D&y _F W) P
ch2htasnsnyAEbt B, 202 AN RIS R erty ety -2-
t BerZ{1 aRfe kKRPLamlinbhe13aMB -bespar at ¥ e o thy_ ! dﬂﬂg;
The sﬁ;pggsiog was fPItergg to é?&g'g gﬁﬁfgéﬁﬁﬁ% S
vathedpyusnesylyebil-wntihliod @pBepd pyirrio2.cf 4,)4 -arjtarbazole -
met hanol 1.5 L). The cake was dried in vacua at 38C
for- 6{#dUrdieRes5 gi ve orange crystals in 80 % or
hi gher yield (content: 99 % or higher). Since nass
spectrum NMR spectrum and IR spectrum of the above
ogfgmﬁigryﬁtals agreed to those of the conpound of
Exanpl e 6 described in WO 95/ 30682, the objective
conmpound (14) of this Exanple was identified as
12, 13- di hydro-2, 10 63
dihydroxy-6-N-(l-hydqﬁgynethyl-2-hydroxyethy|an1no)- (14)
13-(C>E>g|ucopy. nosyl)-5Hindol o[ 2, 3-a] pyrrol o[ 3, 4- gy
cl carbazol e- 5 -di one. Measurenent conditions of
hi gh perfor Adpgui d 5 chromat ography HN OH

H |

BnC HO(;T

10 3 Palladium/carbon (50 w/w %, 112 g) was placed in a
hydrogenation vessel, and a solution of 12-B-DP-(2,3,4,6-
tetra-0-benzylglucopyranosyl)-12,13-dihydro-2,10-
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), isopropancl (7.9 L)} and 3N HCl1l (224 mL) were
added thereto. The mixture was hydrogenated while vigorous
stirring at 40°C under a hydrogen pressure of 40 psi for 4 to

14 hours until absorbance of hydrogen becomes to be
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Separation colum: YMC ODS-AQ (250 x 4.6 mm) Fl ow

rate: 1.5 nL/mn Detection wave |l ength: 228 nm Mbil e

phase: A=0.1 % H3P0O4-water, B=acetonitrile 10

I njection anount: 10 L Measurefént tenperature: 25C

Exanple 32 H2 - 5%Nh/C BnO' v _NO2 Metal conpound (2c)

BnO HO (3c) 15

3- Benzyl oxy-6- (2-pyrrolidinylvinyl)nitrobenzene(1. 00 o
gthsoggticplly %8 Hodi Fie ZeBGT Loswaelutdgnswag cepbadao 25°C

) esyferrous (| C te (5.4 .0, 030 I S a
aRa bR s BTG s Reed T zes hge et o Sortect
PLaesdsi NsfcRO 4 PpLetyPesall | 88k A0uLRRCA MRS with
a magnetic stirrer under  nitrogen atnosphere and then
t heopirbpagon/gat ranyaresiriainuy 8d 2w t Br, Hdr 0g@hedfSitrate and
The resul tant suspension was stirred at room
t thpevashirg fwared tombimedunded tiyersogbnt dmosEhadgusaied to pH
then the hydrogen gas was substituted with nitrogen
gAs> whbh s fetethy bymine jhsonrapanalt {agent 600 mL}. After

2%?8? :tL]glr’x:%:F ;I;?ﬁet?r/%eia(g%i qﬁg%&%{egoﬁﬁoghlvggrggnggntrated to a
E:‘g&n%%é 3&0 f7l:I 53] 'inTgFt‘mUslpHeQ:r:‘L% aﬁgeg gﬁrﬂ’?sfﬁpgh&\f foncentrated
while adding isopropanol/water (4:1) (6.5 L), and finally
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
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 in atmospheric pressure while supplying
isopropanol (17 L) until water ccontent in the concentrate
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 suspension was 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
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-
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to give a brown solution (79.83 g) . The solution was
anal yzed by high performance |iquid chromatography,
indicating that the objective

6- benzyl oxyi ndol e(2c) (661 ng, 8 %yield) and 5

by- pr oduced 6-hydroxyindole (3c)(2 ng, 0.6 %yield)
were obtained. 6-Benzyl oxyindole: 1H NVR (500MHz,

DVSO- d6, &ppn)h: 10.90 (br.s, 1H), 7.49 (d, J= 10 7.5
HA1hyAFoxy -84 Ne-{ 1 -hydg ogyme thyd)- 2 -hr eep t il amino y- 5
Hz %E) 7.33 gdd, J= 7.5, 7.5 Hz, 1H), 7.21 (br.dd, J=
214-(B~R-glycoppyanesyi ) -5H- indoigl 2.6 -pd pyarolpd 3. 4;
8 _8. G0ty 1H), 5.12 (s, 2H). 13C NWR
(‘ii‘é%?;%édé?ﬁgﬁp%&%m 7. 138.0, 136.8, 128.7,
15 128.4eaddfelent24cdnditions 18P Shi '(\)/igerﬂ&ﬂmémce liquid
96. 3, 69.9 6-Hydroxyindole: 1H NMR (500 , DVBO- d6,
beprpmatOg68phpr. s, 1H), 8.88 (br.s, 1H), 7.33 (d, J=
8.4 Hz, 1H), 7.12 (m1H), 6.79 (m1H), 6.56 20 (dd, J=
8.4, 1.%eperatipn colomppm YME ODSCARMR26028\VM4z 6 mm)
DVSO- d6 Spp!gzy: 153. 78, 137.90, 124.00, 121.90,

121. 17,499 B3te 1ok - $50LgRing  Exanples 33 to 35 25

Fol | ow e L lar Exanpl e 32,

2- (2- py@%’f?%?{rf%v‘?%{'/?)%?{quygﬁén%gﬁem\}\'as hydr ogenated in
the pnesente Phase % A0edi ugT GO AWMIEH- A0 Gt frile
net al compound, ferrous(ll) acetate, nickel (11

ni trat erwjecoben tamdhnt : acgt kLacetonate as the catal yst
of the present invention. 65 Indole was obtained in
hi gh yiMgaswEemenhnt ¢mpaadtere: bab o,

Example 32
/@\/NO H, - 5%Rh/C m + /@
"~ BnO N HO N
BnO NO, Metal compound H H

(2¢) (3c)

3-Benzyloxy-6-(2-pyrrolidinylvinyl)nitrobenzene(l.00
g, 3.08 mL), 5 % rhodium/carbon powder (63.5 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 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
overnight under nitrogen atmosphere. The reaction mixture was

filtered to obtain a solid, which was washed with
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5 Table 3 H2 - 5%h/C Metal conpound (2d) Exanple No.5
% RH CMvet al conpoundReactionYield (% (Anmount
used) (Anount used)tine Fe(OAc)2 331 nmol %31 hours88 (1

mol % N (NOB)2.6H20 343 nol %% hours82 (20 mol %

Co(acac)3 351 nol %38 hours85 (5 nmol % Indole: The

product (2d) was identified as a result of conparison

i ¢ i t f i al | i | abl
oFbhrebeareBurlo Hact EPTatecraung sPphbRedREe combinea

sim t.o .
St‘g‘leé]%? Sx?%aggl‘%‘??% B of W83 A nitheoBeRhvEAg P gag analyzed
Sbt i gH pEREBKnAh cWabi 898 (k- dnth ¢ eNGR %

rh%dill%ggar bon pO\(/\:derl%nd as a net(g‘fﬁf:% 'ogglgl,l%faéng that the
febjeusive) 6-anainyPoxyiwdelé{be) pebLatmg or 9wobsal tyie1d) and
(I'11) acetylacetonate as the catal yst of the present

i Py eprodnced hé -hagirioosy iardw IshowAci) 02t ey f obl. 6withgyTehhle were

4, and in
obtained.

6-Benzyloxyindole:

'H-NMR (500MHz, DMSO-d¢, 8ppm): 10.90 (br.s, 1H), 7.49 (d, J=
7.5 Hz, 1H), 7.44 (d, J= 8.6 Hz, 1H), 7.40 (dad, J= 7.5, 7.5 Hz,
1H), 7.33 (@d, J= 7.5, 7.5 Hz, 1H), 7.21 (br.dd, J= 2.4, 2.4
Hz, 1H}, 7.01 (bxr. m, 1H), 6.77 (dd, J= 1.8, 8.6 Hz, 1H), 6.36
{br. m, 1H), 5.12 (s, 2H).

C-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

6 -Hydroxyindole:

'H-NMR (500MHz, DMSO-d;, Oppm): 10.68 (br.s, 1H), 8.88 (br.s,
1H), 7.33 (4, J= 8.4 Hz, 1Hf, 7.12 (m,1H), 6.79 (m,1H), 6.56
(dd, J= 8.4, 1.5 Hz, 1H), 6.30 {(m,1H).

*C-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

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{(Il} acetate, nickel(II) nitrate or cobalt(III)

acetylacetonate as the catalyst of the present invention.
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15

the case where the reduci ng agent of the present

i nvention was 66 5 used, 4-benzyl oxyi ndol e was obt ai ned

in a higher yield and 4- hydrox%bndole was byproduced

in a lower yield, conpared to npari son Exanpl e 3.

Table 4 H2 - 5%Rnh/C Metal conpound OBn (A) OH (B)

Exanpl e5 % RH CMet al React i onConpoundConpound No. Anount
usedconmpoundtj mre( A) (B) Ampunt usedYi el d Yi el

S3RARIF eRa  ehEF00% b, SRR YISTE)28) Snbmhrpp TabTd 3 betow.
$Ni (NO3) 2' 6H2032 hours886 (20 noll) 381 nol

| Co(acac) 338 hours803 (5 not 1) Conparison3 nol

| Nonel67 ho 4338 Exangle 3 4-Be | oxyi ndol e: 1H NMWR
| MpersT v o PN o 61
1 HZ; 1 —7—44—Gbr—t—,»\]: . ﬁlH), 7.37 (m

1 N&f (dd, Metal compound 2d)
Table 3
Example No. |5 % RH/C Metal compound } Reaction | Yield (%)
{Amount used) (Amount used) time
Fe(OAcC),
33 1 mol % 31 hours 88
(1 mol %)
Ni(NQ;).*6H,0
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.

Exampie 36 to 38

Following a procedure similar to Example 32,
3-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 (II1) acetylacetonate as
the catalyst of the present invention.

The results are shown in the following Table 4, and in

the case where the reducing agent of the present invention was




J=8. 0, 7.8 Hz, 1H , 7.10 (m 1H , 7.04 (d, J= 8.0
Hz, 1H) , 6.77 (m 1H), 6.64 (d, J= 7.7 Hz, 1H), 5.28
(s, 2H). 13C NWR (126MHz, CDC13, 6ppm:

152. 88, 137. 94, 137. 66, 128. 81, $98. 05,

127. 66, 123. 00, 119. 23, 105. 02, 101. 46, 100. 40, 70. 27. 15

4- Hydr oxyi ndol e: 1H NMR (500MHz, CDC13, Sppm): 8.19

br. s, , (.13 , .06 (dd,J= 8.0, 7.6 Hz,
Bpedy HrbeaZylggngplei yes sohbativea im a dissings peid ana

746 122 r ..67.13C-NVR (126

cﬁclig,argégkrd’d?l%@’.ggsﬁﬁ%%gfgli?. i‘s{l\lc"f‘i%.?e%? 17°gppared to

186mpBdridBh- BRamPded3.. Exanple 39 to 41 5 Following a

procedure simlar to Exanple 32,

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

starting material was reduced in the presence of 5 %

rhogigyn carb powder and as a netgg,conmpound, gH

ferqous ”%1 cetﬁ£e5%1nﬁygl(ll) nitrate or cobalt(I11l)
@ it e as® 10 the catal“ t he @Q
ion. The own g f olT owitpg “Tglil e

and ¥@ t he yg‘%{%’l kﬁgﬁ%ﬁ{rﬁg reduci ngd agent of he H

5 Ppresent invention was used, 5-benzxl oxyindole wag
obtained in a higher yield and 5-hydroxyindol e was
bynavaduced in a lower yield, conpared to 15 Conparison

Exarple—4—Bro—H2 51/ C Bro—Met alconpound

70U 7N O DIMTY LAA ~ 2 Y

Example 5 % RH/C Metal Reaction Compound Compound
compound . (A) (B)
No. Amount used time .
Amount used Yield (%) | Yield (%)
36 1 mol 3 FelOAc), 31 hours 83 5
{1 mol %}
37 3 mol 3 Ni(NO,),6H;0 32 hours 88 6
(20 molg)
38 1 mol 3 Cofacac), 38 hours 80 3
{5 mol %)
Comparison
3 Imol 2 None 167 hours 43 38
Example 3

4-Benzyloxyindole:

'H-NMR (500MHz, CDC1,, dppm): 8.12 (br.s, 1H), 7.49 (br.d, J=
10 7.5Hz, 1H), 7.44 (br.t, J= 7.5 Hz, 1H), 7.37 (m, 1H), 7.14 (4d,

J=8.0, 7.8 Hz, 1H), 7.10 (m, 1H), 7.04 (d, J= 8.0 Hz, 1H), 6.77

(m, 1H), 6.64 (d, J= 7.7 Hz, 1H), 5.28 (s, 2H).

’C-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, CDCl,, dppm): 8.19 (br.s, 1H), 7.13 (m, 1H),

7.06 {dd,J= 8.0, 7.6 Hz, 1H), 7.01 (d,J= 8.0 Hz, 1H), 6.62 (m,

1H), 6.54 (d,J= 7.6 Hz, 1H), 5.22 (br.s, 1H).
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HONH(C (D 68 Table 5 Exanpl e5 % RH CMwet al
conpoundReact i onConpoundConpound Anpount used(C) (D)
No. (Amount used)tinme (mol % Yield ($)VYield ($) Fe(OAc)2
391 nol $9 hours991 (1 nol % 6F (NO3)2 6H20 403 nol
%23 hours930.4 (20 nol 1) Co (acac) 3 411 nol %5 not
1) 15 hours963 Conpari son 3 nol %\onel5 hours861. 4

1H NVR (500MHz, CDC13,

e 4 5-Benzyl oxyi ndol e:
bp5g§MR7(ggspgg SCD@KQ dppm] : (BA2¢08] 1577865 3. 189 123.03,

132 (a0, 208375 104,28, meeh™s 25 (o 21y 5 06 (s,

13C NVR (126MHz. CDC13, 5ppn): 153. 64,
137 99, 131. 45, 128. 82, 128.53, 128.08, 127.89, 125. 30,

1BxdamfPle 13€. 6, 4104. 32, 102.59, 71.26.

Following & procedure similar to Example 32,
4-benzyloxy-2-(2-pyrroiidinylvinyl)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
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

Comparison Example 4.

H>-5%Rh/C BnO HO
NO, Metal compound H N
(C) (D}
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10 5-Hydroxyindole: 1H NVR (500MHz, DMSO d6, Sppn):
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), 6.276§m 1H). 15 13C NMR
(126MHz, DWVSO-d6, Sppm) : 151.42, 131.38, 129. 30,
126.37, 112.50, 112.20, 104.76, 101.12. Exanples 42 to
44 Followi ng a procedure simlar to Exanple 32, 20
5-F8h/ 1 Dxy- 2- (2- pyrrolidi nyl vinyl )ni trobenzene as a

starting npkefig],cwas [educed I'h the presence [of 5 96 T -
r hBsampiecal bon "ptomdserd ek slscanpoehdl Reanpoomd, pc P
ferrmus(l1) 09 acet At e, (mederl Gked) Nitikat e or () (D)
cobalt (141} (M) acetionate as  thelcatalyst dfYkedd (8) | Yield (%)
presggt inyenyion. .The restalPrelare gshopn | n_ the
follow ng [Table 6, and in (itdeg¢ 3gase V\,herém?f]e redugcgi ng 1
agent of the present ilnvenkd,pn 6wes |5 used,
6- befA%yI oxlyi ngd‘l"bl s |obt hongd i a|hPENRAYSFi ¢l d did 0.4
6- Nydr oxyi ndol e was Dyproq_ld\:a%?c)iln a | ower yi etfd,
conpéated tjo Towpari sgn e)S. BnCs hour02 H2 96 3
S9RR-C—etlat—eonpeuna{BRO-RHH-HO—(F)—(E)
Comparison

3 mol % None 15 hours 86 14
Example 4

5-Benzyloxyindole:

'H-NMR (500MHz, CDCl,, Oppm): 7.92 (br.s, 1H), 7.44 (br.d, J=
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.

5-Hydroxyindole:

'H-NMR (500MHz, DMSO-de, 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).
13C_NMR (126MHz, DMSO-de, dppm): 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,
5-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)



10 Tabl e 6 Exanpl e5 % RH CMet al
conpoundReact i onConpoundConpound No. Anobunt used( Anount

used)tenperature(E)(F) Yield (%Yield ($) Fe(OAc)2 421

mol 9%® hours960.6 (1 nol % Ni fN03) 16H, 0 433 nol 923
hours901 (20 nol t) Co(acac)3 441 nol $15 hours943 (5

nmol t) Conpari son Exanple 53 nol %\None42 hours5534

ExanPI e 45 70 (A NO2 H2 - 5%h/C HO B') Nitrobenzene
(399tage- 3'.”@%"%%# ) pErERA Y oy Pobehs( 1039 7aceylacegonate as

b , .5 % di um carb wd 63.5 5
ERe b B500vRNoPF ThPLPEGRERY rPVREeRRRE (5. 6 .

0. 0309 | h f .
(20 rrL)mv\%r]}eep ]éggdﬁif%aéahgﬁgpfﬁn&@@off&&fngd{'e?bféag, and in

the case where the reducing agent of the present invention was
used, 6-benzyloxyindole was obtained in a higherxr yield and

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

Comparison Example 5.

H, - 5%Rh/C
e SO 0
Metal compound g N HO H

BnO NO, N
) (F)
Table 6
Example 5 % RH/C Metal compound Reaction Compound Compound
No. Amount used | {Amount used) temperature (E) (F)
Yield (%) | Yield (%)
Fe(OAc),
42 1 mol % 9 hours R
(1 mol %) 26 0.6
Ni(N03)2'6HZD
43 3 mol % 23 h
(20 mol %) ours 80 1
Co{acac}),
44 1 mol % 15 h
(5 mol %) ours 94 3
Comparison 3 1 s N
mo
Example 5 one 42 hours 55 34

Example 45
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30 nL eggpl ant type flask equi pped with a magnetic
stirrer under nitrogen atnosphere. After the nitrogen
gas was substituted w th hydrogen gas, the resultant
suspensi on was stirred at roonYd0 tenperature for 16
hours under hydrogen atnosphere, and after the

hydr ogen gas was substituted with nitrogen gas, the
resul tant suspension was stirred overni ght under

ni tpogen atnosphere. After g&npval of the residua

soly filtration, the re wagAvashed with

tet ythogf ur an nggf&%htrate andiHk5 t he washi ng were
|ned to g| solut|on- The sol ution was

analyzed by hj ﬁ perfornmance Tiquid chromat ography,

t| ng th t‘a'rﬁqmﬁ@lﬂ('% ) benzyl phenyl ether as
coger d substrate and“nij (B') as aé_[ educed
sub tr. obtained in & rop ' (B")

@6recov 20 (crop 503 ng) and 4 yi etd 4
respectively. Each conponent in e resultan
soI utlon was identified as a result of conparison with
vari ous spectrum of comrercially available products.

o Exatg peelth (3785 72, Bl ) CoRRFYLEReRy o her (567
WG . 58"/ﬁuhbwlawap§hbgr&ra<t\é?eﬁ ¢ HIdARdddndt PAlder (63.5

mckel(ll) nitrate or cobalt(lll) 5 acetyl acetonate as

mge0ab308nmwoahil, afetiwusel B) wrieteftd RS . 6pMESAMI0309 mmol) as
i nvention, and benzyl phenyl ether as a substrate. The
PeBgted SPEPEHBANANA tﬁérﬁbYﬂﬁﬂfngaﬁabxérmL)Amﬂﬂernianﬁﬂ in a

I?Jemf. %%%% ant QSt : a%laé)?ﬁ%ﬂ‘i'p ed W1th a magnetic stirrexr under
nitrogen atmosphere. After the nitrogen gas was substituted
with hydrogen gas, the resultant suspension was stirred at room
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
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
(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.
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identified as a result of conparison with various
spectrumof 10 comrercially avail able products. (A )
NO2 H2 -5% Rh/C NH2 HO (B') 72 Table 7 Metal M Me
Exanpl e No. 5%h/ CconpoundReact i7dnYi el dYield (B') Amount
usedtime(A' ) (Amount used) Ni (NO03)2' 6H20 463 nol %46
hours86 %32 % (20 nol 1) Fe(OAc)2 471 nol %46 hours86 %
% (1 mol 9% Co(acac)3 481 nol %46 hours85 %4 % (5 nol %
CBXBAPiL§6n48 61 dRonel6 hours64 9wR7 %

Following a procedure similar to Example 45, reduction
reaction was carried out using 5 % rhodium/carbon powder,
ferrous(II1) acetate, nickel(II) nitrate or cobalt(III)
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 andé the reduced substrate (phenol) were
identified as a result of comparison with various spectrum of

commercially available prcducts.

gt @
NO, NH;

H,-5% Rh/C
+ +

@\I Metal compound
O A

HO
ROERR P
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Exanpl e 6 Conparison 1 nol %Nonel6 hours62 %45 % Exanpl e
7 Yield (A ) is ayield of aniline, and yield (B ) is
a yield of phenol. 5 Exanples 49 to 51 Followi ng a
procedure similar to Exanple 4%2 reduction reaction
was carried out using 5 % rhodi unf carbon powder,
ferrous(ll) acetate, nickel (1l1) nitrate or cobalt(lI1)
acetyl acetonate as a netal conpound as the catal yst of
t h8%48 Present invention, and chl orobenzene as a

ubstrate.[The resul[ts are sho Im Tabl ¢ 8 below
Ani | i ne and tggmygducsduaubstratu b%nzene) wer e
Benpid Ned| as 'a {&sul togfous@npar | BBt nlvafi%ls | vierq (B")
spect rum of “"E8MIEPL || ahdasnavaih pbFEpr oduct s.(A7B (C)
Cl_Table 8 H? - 59Rh/C Metal [conpound]NHz Cl +| (D)
Ni{NO;), 6H,0
46 3 mol% 16 h
no (20 mol %) 6 hours 86 % 32 %
Fe(0OAc),
47 1 mol 1
mol% (1 mol %) 6 hours 86 % 1%
Co{acac),
48 1 mol%
mo (5 mol %) 16 hours 85 % 1 %
Comparison
3 mol% None 16 hours 64 % 27 %
Example 6
Comparison
1 mol% None 16 hours 62 % 15 ¢
Example 7

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

of phenol.

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
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.
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Met al Exanpl e No.5 % Rh/ CconpoundReact i onYi el dYield
Amount usedtinme(C ) (D) (Amount used) 493 nol %N
(NG, ), - 6H 016 hours9l %24 %F]ZO nml % 5 01 nol

$Fe(OAc) 216 hours90 % % (1 nol39% 511 nol %o (acac)
316 hours94 938 (5 nol 9% Conparison 3 nol %\onel6
hoursl10 % 8 % Exanple 8 Conparison | nol %\onel6
hours6 5 %8 3 % Exanple 9 Yield (C ) is a yield of

aniktpe, and yield (D ) is.syield of benzene. 5
Exes 52 to 54 Fol | ow ngoced(tﬁé sinmlar to
Exaipl endp, re ucéi‘);’)\é eact™0n "Mas carried out using 5
% r hodi unt car bda~ pés + ferrous(ll) acetate,

ni ckel (11) ni altM11) 10 acetyl acetonate as

a-et al conpoMedalacorhpeurat al.yst of the present

i ti on, and benzal dehyd a substrate. The

restl t@ are shown in Tabl e S below. 74 ,
+ (D")

Table 8
Metal
5 & Rh/C i i i
Example No. ! ged compound Re:?tlon Yield Yield
a . .
{Amount used) me (¢ (D7)
Ni{NO )1'6H20
49 3 mol % : 16 h 9 S
(20 mol %) 6 hours 1 % 24 %
Fe{QAc
50 1 mol % (0Ac), 16 hours 90 % 4%
(1 mol %)
Cofacac
51 1 mol % ( )3 16 hours 94 % 3%
(5 mol %)
Comparison
P 3 mol % None 16 hours 10 % 78 %
Example 8
Comparison
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,
ferrous(II) acetate, nickel(II) nitrate or cobalt(III)
acetylacetonate as a metal compound as the catalyst of the
present invention, and benzaldehyde as a substrate. The

results are shown in Table 9 below.



Aniline and the reduced substrate (benzyl
identified as a result of conparison with various

spect rum of

Exanpl e5 % Rh/ C\et al
No. Anmount used( Anount used)tlne(E

523 nol
hour s9

(:gdémlf’ie@e[@aa[ 201t 8¢ 2ha2i8oRo0s 2R

16 hour s831
dide fid £

commercially available products.

: “NO,

+

H, - 5%Rh/C

: “NH,

+
Q Metal compound
CHO ©\CHO

commerci al ly avail abl e products.
Table 9 H2 - 5%/ C Metal conpdlind NH2 (E') CHO F')
conpoundReactlonYleIleeId
) Ni(NOQ )z6H O

(F'

(E")

(2 on

al cohol) were

531_no|

5 NO2 CHO

%46

€ch 58&8)6358 i F:eg/?l%easms%&%b@l) were

5%66% Exa
various s

| e
ectrum of

Table 9
Example 5 % Rh/C Metal compound | Reaction Yield Yield
No. Amount used (Amount used) time (E" ) (F' )
Ni(NO,}, 6H,0
52 3mol % 16 hour
(20 mol &) urs 83% 16%
Fe(OAc),
53 1mol % 16 h
(1 mol ) 6 hours 94% 7%
Co{acac);
54 1 mol % 16 h
(5 mol %) 6 hours 81% 8%
Comparison 3 mol % N 16 h 653
Example 10 one ours 56%
Comparison 1 mol % N 16 h 92%
Example 11 mo one ours 29%

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

benzyl alcohol.

Example

QN% -,

55

- 5%Rh/C

OBn Metal compound

]

-+
NH, OH
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Conparison 1 nol %\Nonel6 hours92%29% Exanple 11 Yield
(E') is ayield of aniline and yield (F') is a yield of
benzyl al cohol. 10 Exanple 55 - 5%/ C NO2 OBE Met al
conmpound HN'I 75 Nitrobenzené (379 ng, 3.08 mmol),

benzyl phenyl ether (567 ng. 3.08 nmol), pyrrolidine
(0.257 nm., 3.08 mmol), 5 % rhodiunm carbon powder (63.5

my, O. oswwaeéa.zeﬁsrw%(mg) 3368 Ah&1 gjf $e£f9 10 éﬁ?_} ether

mml ) as a metal conpound and 5 tetrahydfofura
weB67pmaced. o8 AmdQ )L pgaaRiamine N® . 79 AL eod“(P@e:{'}nol) 5 %

with a magnetic stirrer under nitrogen atnosphere.

Arhediumécarbpog@owgesr Wa63shbaig.t ud eei308 t Bmohydr oferous (11)
gas, the resultant suspension was stirred at room
t%ﬁ‘bE?SFur‘eﬁfQJr mg h09r§39ﬁde¥mﬂ§/éﬂr oyen aat mespher epmpodnd and

{e{reﬁ é Q?VGLH 82{) F ni trogen_at nosphere. After
renovary of °tean, o'HQ ‘g%{-‘?dp ¢¢11Pati ¥,k REgPlant type
repisye ged, 4 h O&p rofuran. The filtrate

and t he %@ihﬁﬁ were co |ne ‘%ltd i ver Ja‘b”?’éwﬁméer nitrogen
SOt sPterd he %‘Iltlétr' Oﬂhé\/a%ﬁ:&%gﬁ%?d gR¥ R subﬁtituted with
performance |iquid chromatography, Tndicating that
dwdrogeriSgans thearestlitandl Lospalsi dErwas282ifded at room
and phenol derived

temperature for 5 hours under hydrogen atmosphere, and stirred
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
was obtained in 88 % yield (crop 252 mg,) and phenol derived

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

yield (crop 1 mg).

Examples 56 to 58

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

in Table 10 below.
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fromreduction of benzyl phenyl ether was by-produced in
0.4 % yield (crop 1 ng). Exanples 56 to 58 20
Fol l owi ng a procedure simlar to Exanple 55, reduction
reaction was carried out using?8 % rhodi unf car bon
powder; ferrous(ll) acetate, nickel(Il) nitrate or
cobalt(Ill) acetylacetonate as a netal conpound; and
pyrrolidine as a base as the cata&gst of the present

ey i on. ul'ts ah l e 10 belo
o 5%)Hh/ 'CBH—N%P&%—eeﬁpeun OH HN !!.m
T NiDg 10 dBrRMé?ﬁt@d)mpound NH, OH
conpoundReactlonYleIleeId Exa . Armount
used( Amount used)tine(G): %&EfﬁL @6N|(hﬂ3)2 6520 568H)
nmol 9% 20nmp1% 5 hours9 08 Py idine (1 eq.) 571 nol
4Fe (OQAc) 2 (Imol % )5 hours880.4 Pyrrolidine (1 eq.) 5

81 nol %o (acac) 3 (5nmol 1)5 hours9 46 Pyrrolidine (1

e%é%le 10

5 % Rh/C Metal compound Reaction Yield Yield

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

Ni[N03)1'6H20
56 3 mol § {20mol%} 5 hours 90 8
Pyrrolidine (1 eq.)

Fe(OAc); (1lmol%)
b7 1 mol %
o Pyrrolidine (1 eq.) > hours 88 0.4

Col{acac), (5mol%)
58 1 mol % h 94
Pyrrolidine (1 eq.) > hours 6

No use of metal

Comparison
omp Imol % compound 5 hours 86 42
Example 12
Pyrrolidine (1l eq.)
A No use of metal
Comparison
Imol § compound 2 hours 92 20
Example 13 .o
Pyrrolidine (1 eq.)
. No use of metal
Comparison 1 mol & compound 5 hour 91 14
Example 14 P ours

Pyrrolidine {1 eq.)

Yield (G’') is a yield of aniline and yield (H') is a yield

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.

Example 59
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15

20

No use of netal Conparison3 nol %onpound5 hours8 64 2
Exanple 12 Pyrrolidine (1 eq.) No use of netal

Conpari son3 nol %onpound2 hour7§9 22 0 Exanple 13
Pyrrolidine (1 eq.) No use of netal Conparison 1 nol
%conpound5 hours9 114 Exanple 14 Pyrrolidine (1 eq.)

Yield (G) is ayield of aniline and yield (H) is a
~e(g." neans

yield B-of phen -BEmR evi ation

equi v It V\gg conf| rﬁe fromt ove rigul ts

t o 3 QU t ome

rreé%)ced is i rrp"rov bégmﬁﬂ@ﬁé)%dl tion @F‘Iéan d#fne Th NH;
the catalytic reduction in the presence of a catalyst

of the present invegntigg. 10 Exanple 59 77 H2 - 5%un/C

+ BnO v 'NO2 Met al nmpound BnO- ' NH2 HO-~NH2

[---""NH 3-Benzyl oxyni trobenzene (706 ng, 3.08 mmol),
pyrrolidine

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

(0.257mL, 3.08 mmol), 5 $ rhodium/carbon powder (190 mg, 0.0924
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 under nitregen
atmosphere. After the nitrogen gas was substituted with
hydrogen gas, the resultant suspension was stirred at room
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
performance liguid 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

L i 0
BnO NO, Metal compound gno NH, * 1o NH
(I (J)
CNH

Following a procedure similar to Example 59, reduction

2

reaction was carried out using ferrous(II) acetate, nickel(II)
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(0. 257 nmL, 3.08 mml) , 5 %rhodi um carbon powder (190
nmg, 0. 0924 5 mmol ), nickel (Il) nitrate hexahydrate

(179 ny, 0.616 mmol) and tetrahydrofuran (20 nL) were
placed in a 30 nL eggpl ant typé& flask equi pped with a
magnetic stirrer under nitrogen atnosphere. After the
nitrogen gas was substituted with hydrogen gas, the

res Itggt suspensi s stirred at room 10 tenperature

n
ot toake | of SORAREN I dy 8561 VAPRELONATE md matal compound.
r t] t bsti d for. nitrogen
afl?rgbsiﬁ %?JEET%“?@SU t%%]lt tré%ﬁ?dl\%agecl&wl'ect ed by
filtration and washed with tetrahydrofuran. The
filtrate and the washing were conbined to give a brown
Srablé ont The sol ution was anal yzed by high 15

er-forrange—H-gui-d—shroeratograppy—Hndigati-ngthat
- benzyl ojyani | i ne jvas obtai nedfin 92 %|yield (¢rop 5p5
andlichio. 3- hYdFY Xy ahPFiehe&omeune pPyAerat (Reafier pojield | Yield
anpl es ™Gt ggedp ppount REEAC BnO"e NOF Mewmal ¢ohpbupd (3°)
RONHR2 - HO-—=NH2 11--J Egl] owing alprocedute
gimlLar to E§a Jse bONi (N Thuetd on reacti gn _was carr.i.ed
dut hgl ng|fe r"g’E (1]) emeicatie, hi P8 (1 |)1578%H {rdt%e pr 2
fopal t () —acetytapet oat e as E netat—gonpound—The
fesubtis afe sheyp ih FdWbE HO pel qw, Talbbe k51 92 )
Rh/ Vet al | conpoundplyr r imEReactt i onYi el gYi el d Exanpl e
Ni(NO;); 6H,0
62
3 mols (20 mol$) 3 eq. 2.5hours | 95 0.5
FE(DAC);
63 1
mols (1 molt) None 33 hours 92 0. 8
Fe(oAc)z
64
1 mol% (1 molt) 1 eq. 2.5 hours 98 0.5
Co(acac);
65 1
mol$ (5 molt) None 33 hours 89 0.6
Co(acac);
66
1 molt (5 molt) 1 eg. 4 hours 91 7
Comparison
Example 15 3 molg None None 15 hours 76 11
Comparison
Example 16 3 mols None 1 eq. 2.5 hours 79 15
Comparison
Example 17 3 molg None 3 eq. 2.5 hours 86 14

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

salts or cobalt salts, the reaction rate was dramatically
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15

. Amount usedAnount usednetinme(l')(3') 6 03

mol | Ni (NG, ), - 6H, ONonel5 hours922 (20 nolt) 613

nol t Ni (NO3) 2. 6HZ01 eq. 2.5 hours9 21 (20 noll) 6 23

mol INi (NO3) z' 6H,03 eq.2.5 héUrs9 50. 5 (20 noll) 631
nol t Fe( OAc) 2None33 hours9 20. 8 (1 nolt) 6 41

nol t Fe( OAc) 21 eq. 2.5 hours980.5 (1 noll) 6 51 noll Co)
(acac) 3None33 hours8.90.6 (5 nolt) 6 61 noltCo(acac)3l
ewar%‘eﬁﬁ'? glfi

o5he (BERBRAPY &k AE: TEAUS tAGR tnd\BIREPRAL groups
PN 508ed EL UG GRS PR AASIEG Gaf 1overea.
gl?%felf:é ﬁgﬁaﬁ??gﬂé%c]tﬁv%l\} gbaubbad)and b9 {ePa Rhs increased.
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
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.

N02 NH2

H, -5% Rh/C
+ - 4+

@\/ Metal compound
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Yield (J'): yield (%9 of 3-hydroxyaniline It was
confirmed fromthe results of Exanples 60 to 66
when an am ne such as pyrrolidine was added in
catal ytic 10 reduction system 8¢ the present invention
using rhodium carrier catalyst and using a netal
conpound such as iron salts, nickel salts or cobalt

t hat

Sﬁ|£ Ege reaction rate was dramatically 79 inproved,
g EFO reduction of functiona

bi

ity of

gr oups

such

hs benzyl
ower ed,

yﬁ%ﬂ@lma@ [
procedur e

ferr gﬁ(ll

pcet ylacet

)na &° gé

t her whic
i tgro reu
Qﬁo &%%%dd
imlar to

was |1 abl e
MokRd sel ect i

Sorpoanp| es 6

Exsopt 0:548)
o .

ni cleedac),l )
rret(almomrrpo

to be r¢g

%@Ae&%ed

?edﬁctlo

ate qr

i Bty

Y carbonpowder,

duced wa
ucgd, and

%r%aét

lt|}§eld
|&ﬁ'h ¥

and

%ﬂﬁglt

cat-al yst

)y

he—presen
substr at e.

t abl &9 Ani |
(L)) wer

b i dentifi

lU IHVEH
The resul 1
i nb"ahd t

I OTT, dlﬂr bl
S @6@cacshowm

ne [educef s
bd as a resu

yreme—(K
nin the

[0k here

) as_ a
foll owin
(et be

t of cornparison

D .
hzeRd”

Mt h

V ok Ssof P
Nggmﬁgelégf

bctrum of

Rhi @elvkt a

commer ci al |
conmpdeind N

y avai | al

HA 61 Boyek)

| e !
(13 )% 80

N

produgt s

TabB&

Comparison

Example 19

1l mol

None

16 hours

73%

98%

Yield (K'):

Yield (L'):

yield of aniline

yvield of ethylbenzene

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
the catalyst of the invention, i.e. a catalyst comprising a
rhodium-carrier catalyst and iron salts, nickel salts or cobalt
salts as ametal compound, nitro group, alkenyl group or alkynyl
group can be selectively reduced without reduction of
functional groups such as benzyl ether, aryl halides, aldehydes,
ketones, etc.

Industrial Applicability

The objective compound (I) of the present invention is

useful as a medicine, and the present invention relates to an

industrially advantageous process for producing the said



Met al Exanpl e No.5 % Rh/ CconpoundReact i onYi el dYield
Anmount usedtime(K ): %L"): $ (Amunt used) 681 nol %e
(OCAc) 21 6 hours80%9 8% (1 nmol 9% 691 nol $Co (acac) 31
6 hours8 999 9% (5 nmol $) Conp&lison 3 nol %\onel 6
hours3 1 %9 30 % 18 Exanple Conparison 1 nol %\onel 6
hourso 9 80 7 3% Exanple 19 Yield (K ): yield of

N i el L)) yield of ethylb 5it
BhbbPRad el rlondb b Sl ShIARER SRS bhele avention
r SQH Ché O PPz &8 1A %Pféuysf%égfoﬁ %?A&ERQSL éls?ea catalyst
present 1 nvention, nitro group and vinyl group were

regugRich sk et ivedveluer igh Benmtlaeethrlil a8 or o and
al dehyde groups. Therefore, when catal ytic reduction is

carried out using
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10 the catalyst of the invention, i.e. a catalyst
conprising a rhodiumcarrier catalyst and iron salts,
ni ckel salts or cobalt salts gﬁ a netal compound,
nitro group, alkenyl group or kynyl group can be
sel ectively reduced w thout reduction of functiona
groups such as benzyl ether, aryl halides, aldehydes,
15 ketones, etc. Industrial M§abi|ity The obj ective
compound (I) of the present invention is wuseful as a
medi ci ne, and the present invention relates to an 20
industrially advantageous process for producing the
sai d 81l coappuodeshddidn opedbdycih§eadatidasiiogyfrid¥ocarbazole
present invention can be utilized in various reduction
réektyshivesepnsaan ted bybphehf ormsba dt)i vehietiucomphises the
aﬁ £ﬁde avallable 82 CLAIMS 1. A process for producing

ot epyt %P%carbazole derivative represented by

the for tises the Wi n
st eps: ﬁ% Ste O%hr?'a?g%\%?lahﬁ°3988ﬂﬂo%&%&ff‘?’ﬁ@“la (XIII)
formul a (XIII) [XIII] RV'~-'"~NO2 wherein Rl represents
a hydroxy protectin& oup, and Ra and Rb each
i ndependent | y gaepre Ha cl-cr al kyl group, or Ra and
10 Rb_may bg ﬁonblned together to forma C3-C6
PR®or a salt thereof with hydrogen gas
E $nce of a rhodium conpound and a net al
conpound t.o produce an i ndol e conpound of
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
a8 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]

S
R'O N
H

. 1 x =
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°MgClI Xt

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

(X):
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the formula (XI1): [XII] N Hwherein Rl has the sane
nmeani ng as defined above, or a salt 15 thereof; (ii):
the step of reacting the resulting indole conpound of
the formula (XIl1) or a salt th83eof with a nmagnesi um
chloride of the fornmula (XI): ReMgCl 1XI] wherein Rc
represents a Cl1-C7 al kyl group, a phenyl group, a vinyl
20 group qr)an allyl group; or a nmagnesi um conpound of
t 8&3 au (X): 83 RAMyRd [ XI wherein Rd represents a
a - a ﬁg group or a phenyl group, or a salt thereof,
feheredd Byrepresendst AcCr-dsuaikng growpoir & phenyl group, or
mal ei_m de conmpound. of the fornmula (1 X): Y[IXl i X X

vih S ththerepfe et towed bvogeachiBg thedeswldinss Brpdugt with
h i - 7. al kyl , henyl ,
B A it T LA

pr oduge[lX}i s-i ndol e conmpound of the formula (MII1): Y
[y R

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, t¢ produce a bis-indole

compound of the formula (VIII):
[VIII]

Y
]
AN

o

O S ¢ O
R'G 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):

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
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H H wherein RL and Y have each the sane neani ng as

defi ned above, or a salt thereof; 10 (iii): the step of
subjecting the resulting bis-indole conpound (VIIIl) or
a salt thereof to ring-closured4eaction to produce a

conmpound of the formula (VII): NN HHOR wherein Rl
and Y have each the sane neani ng as defi ned above, or

a.salt.th f; 15 (iv): the step of coupling the
rggﬁ'f‘?%ﬁg?&gg'bound (M) or asalt thereof with an
acti vat ed, gl se derivative of the 84 formula (VI):
wherei n gach . R3, R4 and R5 is a hydroxy protecting
group, g}'gg represents a hal ogen atom to produce a
compou the 5 formula (V): ORS RO OR3 OR4

wher ej , R2, R3, R4, R5 and Y have each the sane
meanjin defi ned above, or a salt thereof ; (v) : the

stfpD Q?eating the resulting compound (V) or 10 a
salt t'eof with a base to produce a conpound of the
formula (1V): 85

wherein each R?’, R’, R' and R’ is a hydroxy protecting group,
and xlrepresents a halogen atom, to produce a compound of the

formula (V):

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

(IV):



10

OR1 R50 1683 OCR4 wherein R, R2, R3, R4 and R5 have
each the sane neaning as defined above, or a salt
thereof; (vi) : the step of reacting conpound (I1V) or a
salt thereof wth a conpound 87 the fornula (I11): 5
OR6 [I11] OR7 HN NH2 Xa wherein R6 and R7 each
represents a hydroxy protecting group, and Xa
represents an acid ecul e to produce a conpound of

t he forqyl.. I1): R50 10R3 OR4 10 wherein Rl , R2 ,
R3, R4 R 6 and R7 have each the sane neani ng as
defi ned abo or a salt thereof; and 86 (vii): the
st ep EF gefs >t ™y t he resulting conpound (I1) or a
saLt 0 gy gguceqan i ndol opyrrol ocarbazol e
dBr@varivelo ornmula (l1): or a salt thereof. 5 2.
The procg Oﬁgcording to Cdaiml, wherein the rhodi um
compoundyi hodi um car bon, rhodi um al um na
rhodi u cium

R°0 \OR®

oR*

wherein R', R?, R?, R* and R® have each the same meaning as defined
above, or a salt thereof:
{(vi): the step of reacting 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 therecf: and
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carbonate or rhodiumbariumsulfate. 10 3. The process
according to Caiml, wherein the netal conpound is a
ni ckel (11) conmpound, an iron(ll) conpound, an

iron(ll11) conpound, a cobalt(II°f conpound or a
cobalt(I1l11) conmpound. 15 4. The process according to
Caim3, wherein the nickel(lIl) conpound, the iron(ll)

Compound 3HTEn SRl pr SRS S FEER b s compoun
('}Q&) b a) aN'sa(lméri)ec?f ’td:‘(iiﬁrfquf@%g in%ﬁ%y {%@%%grbazole

FeCl3-Si @2, Fe(OCOCH3) 2, umar at e

8deflivatiud WICtHE3 fdmu1GIN: 2 Co 2 Co 3 Fe
5 5. The proces%Haccording to daim1l, wherein R', R2 ,

° HNL"” m

HO | CH
OH

or a salt thereof.

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(II) compound, an iron(II) compound, an
iron(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
are NiBr, Ni(NO;)., Ni(OCOCH;),, FeBr;, FeCl,, FeS0; , FeCl,,

FeCl;-S5i0,, Fe{(OCOCH,),, Fe(II)fumarate, CoBr,, CoCl,,
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R, R5, R6 and R7 each represents a benzyl group. 6.
The process according to Caiml, wherein the nmagnesi um
chloride of the formula (Xl) is_ethyl nagnesium
chloride, 10 isopropyl magnesi f chioride or n- but yl
magnesi um chl oride. 7. The process according to C aim
1, wherein the nmagnesi um conpound of the formula (X)
is di(n-butyl)mgnesium di(s-butyl)nmagnesi um
(q-butyl) L) magfesi um di nethyl 15 nagnesi um or
difet hyl m 8818. The process according to Caim
' mal ei mjde ound of the formula (IX)
i4d H ei M oumd re&?ggented by the formula
(fx-a) : Y [IXalCHy I C 5 wherein Y represents a
hydrogen atom a Cl- 3Iky| group, a phenyl group, a
benzyl oxynet hyl group or an aralkyl group. 9. The
process according to Claiml, wherein Y is a nethyl
group. 10 10. The process according to Claim1l, wherein
Xh is oxd{l)c 1d. 13. The process according to Claim

1] wherei oupligg 15 is conducted in the
pj esenc ;p»hase t §ansjer catal yst. 12. A process
f br HyGduci aM [ ndof e cg§§bund or a salt thereof,
ich conprises ;¢H@u inﬁg an i ndpl e conpound
represented by the fornala (X 1I):
[ H, < ch Co
3 3 or
HaC~ \F Fe
CH,
3

5. The process according to Claim 1, wherein R!, R?, R3,

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 chlorigde.

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.
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20 wherein RlL is a hydroxy protecting group, or a salt
thereof by reacting a conpound represented by the

formula (XII1): 89 [7TU 1] whergin RL has the sane

meani ng as defined above, and and Rb each

i ndependently represents a Cl-C7 al kyl group, or Ra and

Ro may be conbi ned together to forma C3-C6 al kyl enyl

group, with hydrogen gas in the presence of a rhodi um
conmpound and a netal 5 conpound. 13. The process
accor di 8g The $reéasd hcdddih ' At d i mi
conpound repr%ent ed by the f%?%iaé%illl'l): R%ﬂ?lzc/?’]elma}elmlde
ReQnpotad afhtheifioxRiulizs ( XNyl axa i RTd cbApBLAdPre fAEsented
Ra and Rb each 10 independently represents a Cl-C7

PXyFhgr 6apmuda RIXaad:Rb may be conbined together to

forma C3-C6 al kyl enyl group, or a salt thereof wth

hydr oggn gas[IX-d]he presence of a rhodi um conpound and

a nEtQ¥ conmpound, and treating the resulting crude

pr th silica gel. 15 14. A process for

produethg a bis-indole conpound or a salt thereof,

whi gfi ¢ rises reacting an indole conpound of the

formula (XI1): IMP RLO N
wherein Y répresents a hydrogen atom, a C1-C; alkyl group, a

phenyl group, a benzyloxymethyl group or an aralkyl group.

9. The process according to Claim 1, wherein Y 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.

12. A process for producing an indole compound or a salt
thereof, which comprises producing an indole compound

represented by the formula (XII):

[XI1]

m
R'C N
H

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

reacting a compound represented by the formula (XIII):
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H wherein Rl represents a hydroxy protecting group, or
a salt 20 thereof wth a nagnesium chloride of the
formula (XI): 90 RCwyCl 1XI1 wherein Rc represents a
Cl1-C7 al kyl group, a phenyl gr%%p, a vinyl group or an
allyl group; or a magnesi um conpound of the fornula
(X): RAMgRd [ XI wherein Rd represents a Cl-C7 al kyl
group or a phenyl group, 5 or a salt thereof, or a

m xture of the magnex chloride of the formula (XI)
and the nagneifun1conpound of the formula (X) in an

I ner t=8olven Nqﬁellomed by reacting the resulting
pr od vvith a mal ei m de conpound of the formula (1X):
YRIQX[~"i "HOX wherein X represents a hal ogen atonm and

p 4TS 0 ato 1=C/7 al kyl grou a

a pﬁ%ﬁ%?ﬁ h(}ahq:*{)enzyi g%yanﬁ%a%r%%l%?ga%Y%lzagd R" and
Hablkvh 9hQUPenBbfteyablyréBedbs Y LcSUMEMH g a
produce a big-indoleyco&%ounﬁ o? the fgrnula ébfﬁF}:°$‘R and
[RNhay teé EBmbihedet ogéthand oYebame €3¢, bMRyIaRY1 group, with
meani ng as defined above, or a salt thereof.

hydrogen gas in the presence of a rhodium compound and a metal

compound.

13. The process according to Claim 13, which comprises

reacting a compound represented by the formula (XIII):

[X11I]

Ha

]
R'O NO

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
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

the formula (XII):

[X1]

JO R
R'O N

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

thereof with a magnesium chloride of the formula (XI):
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15

15 15. The process according to Claim 14, wherein the
mal ei m de conpound of the fornmula (1 X) is a nmal eimde
conmpound represented by the fggnula (IX-a): Y [IX-a]

I G C 91 wherein Y represents a hydrogen atom a

Cl1-C7 al kyl group, a phenyl group, a benzyl oxynet hyl

group or a C7-Cl2 aral kyl group. 16. A process for

produci ng [XKonpound represented by the 5 fornula
(R°MgCRIO-~- N'N H H OR wherein RL represents a

hydr oxy piotecting group, and Y _ represents a hydrogen

2 e%/l"&-@P%ﬂ%&ntﬁﬁéﬂﬁ,cvzsﬂrsw@nyrogpwppheayl group, a vinyl

OGP Y B 1y G o8 STl B B rormons

c ound 10 represented by the formula (MI1): Y [VII]
N NORL HHwerein RL and Y have each the sanme

I R

rreiﬁﬁd{)‘glﬁ@ BX}i ned above, or a salt thereof with

2, or o- 5, 6-di cyano- 1, 4- benzoqui none in a nonpol ar
wherein R? represents a C;-C; alkyl group or a phenyl group,
or a salt thereof, or a mixture of the magnesium chloride of
the formula (XI)} and the magnesium compound of the formula (X)
in an inert solvent, followed by reacting the resulting product

with a maleimide compound 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, preferably in an inert solvent

to produce a bis-indole compound of the formula (VIII):
y [VHI]
)

O=N~—-0

H H

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

or a salt thereof.

15. The process according to Claim 14, wherein the
maleimide compound of the formula (IX) is a maleimide compound

represented by the formula (IX-a):

[IX-a]

==

Cl Cl
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solvent for ring-closure reaction. 15 17. The process
according to Claim 16, wherein the nonpol ar solvent is
benzene, tol uene, xylene (o, 93 et hyl benzene or
1,2,4-trinethyl benzene. p), 20%718. A catal yst used for
hydr ogenati on reaction, 92 conprising a rhodi um
conpound and a netal conpound. 19. The catal yst

a%@’r@hﬁgﬂg}? S@nks 2 Nﬂyﬁ}ggg&t Illeﬂ’c%mcog)rd §‘E!S ggkyl group, a

amne. 5 20 e catal yst “acc ng

Cbhenyl9rodig! & BenkheokPAditu1COAPIYRME: hsc,- C]_z aralkyl group.
rhodi um carbon, rhodi umal um na, rhodi um cal ¢i um

car bonate or rhodlun}barlun1sulfate 10 21. The

catal yst according to Claim18 or Caim19, wherein

the net&f- e’oPﬁ@Qﬁésl Eor pradeting p compound, represented by the

ound, an iron(l11) conpound, a cobalt(Ill)
c%ﬁﬁ%ﬂh% 6VI§ 'cobalt(lll) conpound. 15 22. The
cat al yst accor nglﬁqgtjain119, wherein the amne is a
secondary am neio rtiary amne. 23. The catal yst
accordi ng t O=gr'angm0l9, wherein the amne is
i di (8¢ri di ne, dinethylam ne, diethylam ne,
[ butyl am ne, trinethylam ne,
Ian1ne 24. The catal yst

) ' R/'ein the ni ckel (I11)

compound, thé*lroH(II) compound, the iron(lIl)

wherein R! represents a hydroxy protecting group, and Y

represents a hydrogen atom, a C,-C; alkyl group, a phenyl group,
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):
fviij
(0]

H H

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

¥
Oo~N

or a salt thereof with
2,3-dichloro-5,6-dicyano-1, 4-benzoquinone in a nonpolar

solvent for ring-closure reaction.
17. The process according to Claim 16, wherein the
nonpolar solvent is benzene, toluene, xylene (o, m or P).

ethylbenzene or 1,2,4-trimethylbenzene.

18. A catalyst used for hydrogenation reaction,
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25

25 conpound, the cobalt(ll) conpound or the cobalt(II1)
conpound are NiBr2, NN (NO3) 2, N (OCOCH3) 2 ,
FeBr3, Fed 2 , FeSO4 , FeCl3, FeCl3 - SiQ2 , Fe
(OCOCH3) 2, Fe (I 1) fumarate¥? CoBr2, CoCl2 , H G A%
3CHB2HCCH 21 H~3 CH3 3 HLHO 3 N Co Co Fe 93

or 5
comprising a rhodium compound and a metal compound.

19. The catalyst according to Claim 18, which further

comprises an amine.

20. The catalyst according to Claim 18 or Claim 19, wherein
the rhodium compound is rhodium-carbon, rhodium-alumina ,

rhodium-calcium carbonate or rhodium-barium sulfate.

21. The catalyst according to Claim 18 or Claim 19, 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.

22. The catalyst according to Claim 19, wherein the amine

is a secondary amine or a tertiary amine.

23. The catalyst according to Claim 19, wherein the amine
is pyrrolidine, piperidine, dimethylamine, diethylamine,
diisopropylamine, dibutylamine, trimethylamine,

triethylamine or tributylamine.

24. The catalyst according to Claim 21, wherein the
nickel(II) compound, the iron(II) compound, the iron(III)
compound, the cobalt(II) compound or the cobalt{III) compound
are NiBr,, Ni(NO3),, Ni{OCOCH;)., FeBr;, FeCl,, FeSO, , FeCl;,

FeCl;-5i0;, Fe(OCOCH;),, Fe(II)}fumarate, CoBr,, CoCl,,
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