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5- (HETERO-) ARYL SUBSTITUTED 1-H-PYRROLE

(57) Abstract: The present invention provides a compound having a su-
perior acid secretion inhibitory effect and showing an antiulcer activity and
the like. The present invention provides a compound represented by the for-
mula (1) wherein R’ is a nitrogen-containing monocyclic heterocyclic group
optionally condensed with abenzene ring or a heterocycle, the nitrogen-con-
taining monocyclic heterocyclic group optionally condensed with abenzene
) 4 ring or a heterocycle optionally has substituent(s), R’ isan optionally substi-
R N R (" tuted Cg.,, aryl group, an optionally 4s.Jbstituted thienyl group or an optionally

| substituted pyridyl group, R* and R” are each a hydrogen atom, or one of R’

02 and R'isa hydrogen atom and the other is an optionally substituted lower
? akyl group, an acyl group, a halogen atom, a cyano group or a nitro group,
R1 and R’ isan alkyl group or a salt thereof.
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DESCRI PTI ON

| - HETEROCYCLYLSULFONYL, 2- AM NOVETHYL, 5- (HETERO-) ARYL SUBSTI TUTED 1-H PYRROLE
DERI VATI VES AS ACID SECRETION | NHI Bl TORS

Technical Field

The present invention relates to pyrrole conpounds having

5 an acid secretion suppressive activity.
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Background Art

Proton punp inhibitors represented by oneprazole, which
suppress secretion of gastric acid for the treatnment of peptic
ul cer, reflux esophagitis and the like, have been w dely used
in clinical situations. However, the existing proton punp
inhibitors are associated with problens in terns of effect and
side effects. To be specific, since the existing proton punp
inhibitors are unstable under acidic conditions, they are
often forrmulated as enteric preparations, in which case
several hours are required before expression of the effect. In
addition, since the existing proton punp inhibitors show
i nconsistent treatnment effects due to metabolic enzyne
pol ynmor phism and drug interaction wth pharnmaceutical agents
such as diazepam and the like, an inprovenent has been
desi r ed.

As pyrrole conpounds having a proton punp inhibitory
action, EP-A-0259085 describes a conpound represented by the

formul a:

N
CeH:CHNH™ “NH, éochHs

and the Iike.
As conpounds having a thronboxane A2 (TXA2) antagonistic
action and a TXA2 synthase inhibitory action, JP-A-8-119936

describes a conmpound represented by the formula:
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r5
r1 Ag—N—r4
2 %
wherein rl is carboxy, protected carboxy, carboxy (lower) alkyl,
protected carboxy (lower) al kyl, carboxy (lower) al kenyl or
protected carboxy (lower) alkenyl, r2 is hydrogen; |ower alkyl/

het erocyclic (lower) al kyl optionally having aminoinmno or

protected aminoinino; heterocyclic (I oner) al kenyl ; or
heterocyclic carbonyl, r3 is hydrogen or lower alkyl, r4 is
acyl, r5 is hydrogen, A, is lower alkylene, and Z, is S or NH,
provided when rl is carboxy or protected carboxy, then Zo is
NH.

Moreover, as a therapeutic drug for neoplastic diseases

or autoi mune diseases, WXQX004/103968 describes a compound

represented by the fornmula:

r8

/ A\

r7

L —=

0,

6

fo S

wherein rf3is aryl, aralkyl or heteroaryl, r7 is aryl or
heteroaryl, and r8 is aryl, heteroaryl or optionally
substituted am nonethyl .
Di scl osure of the Invention
Problens to be Solved by the Invention

A pharmaceutical agent that effectively suppresses
gastric acid secretion as known proton punp inhibitors, which
is inmproved in instability under acidic conditions, dispersion
of effects due to nmetabolic enzynme pol ynorphi sm and drug
interaction, which. are problens of known proton punp

inhibitors, is expected to show nore superior treatnment effect
2
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on peptic ulcer, reflux esophagitis and the like. As the
situation stands, however, a proton punp inhibitor capable of
sufficiently satisfying these requirenents has not been found.
It is therefore an object of the present invention to provide
a conpound having a superior acid secretion suppressive effect
(particularly, proton punp inhibitory effect) , which has been
i mproved in these problens.
Means of Solving the Probl ens
The present inventors have conducted various studies and

found that a conpound represented by the fornula (1) :

R gg—-N "
H
/\
R T \R4 )
T,
R

wher ein R! is a nonocyclic nitrogen-containing heterocyclic
group optionally condensed with a benzene ring or a

het erocycl e, the nonocyclic nitrogen-containing heterocyclic
group optionally condensed with a benzene ring or a

het erocycle optionally has substituent (s),

R2 is an optionally substituted Cs-u aryl group, an optionally
substituted thienyl group or an optionally substituted pyridyl
group,

R3 and R4 are each a hydrogen atom or one of R® and R is a
hydrogen atom and the other is an optionally substituted | ower
al kyl group, an acyl group, a halogen atom a cyano group or a
nitro group, and

R> is an alkyl group, or a salt thereof [hereinafter to be
abbreviated as conmpound (1) ] unexpectedly has a very strong
acid secretion suppressive effect (proton punp inhibitory
effect) , and is fully satisfactory as a pharmaceutical agent,
which resulted in the conpletion of the present invention.

Accordingly, the present invention relates to the
3
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following.
[1] A compound represented by the formula (1) :
5
RY Ic_:lz——N/R
“H
/ A\
R’ N R* M
T,
R1

wherein R! is a nonocyclic nitrogen-containing heterocyclic
group optionally condensed with a benzene ring or a

het erocycl e, the nmonocyclic nitrogen-containing heterocyclic
group optionally condensed with a benzene ring or a
heterocycle optionally has substituent (s), R?2 is an optionally
substituted Cs-ia aryl group, an optionally substituted thienyl
group or an optionally substituted pyridyl group, R3 and R4 are
each a hydrogen atom or one of R3 and R* is a hydrogen atom
and the other is an optionally substituted |ower alkyl group,
an acyl group, a halogen atom a cyano group or a nitro group,
and R> is an al kyl group, or a salt thereof.

[21 A conpound represented by the formula (1) :

H, R

C——N/
N

H

R3

/ A\

|
SO,
Ly

Py

wherein Rl is a nmonocyclic nitrogen-containing heterocyclic
group optionally condensed with a benzene ring or a

het erocycl e, the nonocyclic nitrogen-containing heterocyclic
group optionally condensed with a benzene ring or a
heterocycle optionally has substituent (s), RZis an optionally
substituted Cgisa aryl group or an optionally substituted
thienyl group, R3 and R4 are each a hydrogen atom or one of RS
and R* is a hydrogen atom and the other is an optionally

substituted |ower alkyl group, an acyl group, a halogen atom
4
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a cyano group or a nitro group, and R> is an alkyl group, or a
salt thereof.

[3] The conpound of the above-nentioned [1] or [2], wherein R!
is a nmonocyclic nitrogen-containing heterocyclic group

[4 The conpound of the above-nmentioned [1] or [2], wherein

t he nonocyclic nitrogen-containing heterocyclic group is a
pyridyl group.

[5) The conpound of the above-nentioned [1] or [2], wherein R?
is a phenyl group optionally substituted by 1 to 5
substituents selected from (i) a halogen atom and (ii) a Cj-¢
al kyl optionally substituted by 1 to 5 hal ogen atons.

[6] The conpound of the above-nentioned [1] or [2], wherein R?
is a pyridyl group optionally substituted by 1 to 4 _
substituent (s) selected from C;-¢ alkyl, a halogen atom al koxy,
cyano, acyl, nitro and am no.

[71 The conpound of the above-nentioned [1] or [2], wherein RS
and R* are each a hydrogen atom

[8] The conpound of the above-nentioned [1] or [2], wherein R®
is a nethyl group.

(9] |-{5- (2-Fl uorophenyl)-I1-[ (6-methylpyridin-3-yl) sulfonyl] -

| H pyrrol -3-yl}-N-net hyl met hanamine or a salt thereof.

[10] 1- [4-Fluoro-5-phenyl-1- (pyridin-3-ylsulfonyl) -IH pyrrol-
3-yl] -N-met hyl net hananmi ne or a salt thereof.

[11] N-Methyl-1- [5- (4-methyl-3-thienyl) -1- (pyridin-3-

yl sul fonyl) -1 H pyrrol -3-yl ] nethananmine or a salt thereof.

[12] 1- [5- (2-Fluoropyridin-3-yl) -1- (pyridin-3-ylsulfonyl) -I1H
pyrrol -3-yl] -Nnet hyl net hanam ne or a salt thereof.

[13] 1- [5- (2- Fl uorophenyl) -1- (pyridin-3-ylsulfonyl) -1H pyrrol -
3-yl] -N-met hyl net hananmi ne or a salt thereof.

[14] N-Methyl-1- [5- (2-methyl phenyl) -1- (pyridin-3-ylsul fonyl) -

| H pyrrol -3-yl ] methanamine or a salt thereof.

[15] A prodrug of the conpound of the above-nentioned [1] or
[2].

[16] A pharmaceutical conposition conprising the conmpound of

t he above-nmentioned [1] or [2] or a prodrug thereof.
) 5
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[17] The pharmaceutical conposition of the above-nenti oned
[16], which is an acid secretion inhibitor.
[18] The pharmaceutical conposition of the above-nentioned
[16], which is a potassiumconpetitive acid blocker.
[19] The pharmaceutical conposition of the above-nentioned
[16], which is an agent for the treatnment or prophylaxis of
peptic ulcer, Zollinger-Ellison syndrome, gastritis, erosive
esophagitis, reflux esophagitis, synptomatic gastroesophagea
reflux disease (synptomatic GERD) , functional dyspepsi a,
gastric cancer, stomach MALT | ymphoma, or gastric
hyperacidity; or an inhibitor of upper gastrointestina
henmorrhage due to peptic ulcer, acute stress ulcer,
hemorrhagic gastritis or invasive stress.
[200 A nmethod of treating or preventing peptic ulcer,
Zollinger-Ellison syndrome, gastritis, erosive esophagitis,
reflux esophagitis, synptomatic gastroesophageal refl ux
di sease (synptomatic GERD) , functional dyspepsia, gastric
cancer, stomach MALT |ynphoma, or gastric hyperacidity; or a
met hod of inhibiting upper gastrointestinal henorrhage due to
peptic ulcer, acute stress ulcer, henorrhagic gastritis or
i nvasive stress, which conprises admnistering an effective
anount of the conpound of the above-nentioned [1] or [2] or a
prodrug thereof to a nmanmal.
[21] Use of the conpound of the above-nentioned [1] or [2] or
a prodrug thereof for the production of a pharnmaceutica
conposition for the treatnent or prophylaxis of peptic ulcer,
Zollinger-Ellison syndrone, gastritis, erosive esophagitis,
reflux esophagitis, synptomatic gastroesophageal reflux
di sease (synptomatic GERD) , functional dyspepsia, gastric
cancer, stomach MALT |ynmphoma, or gastric hyperacidity; or an
i nhi bitor of upper gastrointestinal henorrhage due to peptic
ul cer, acute stress ulcer, henorrhagic gastritis or invasive
stress .

Ef fect of the Invention

Since compound (1) shows a superior proton punp
6
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i nhibitory effect (while conventional proton punp inhibitors

such as oneprazole, |ansoprazole etc. form a coval ent bond
with a cysteine residue of H+ K+-ATPase and irreversibly
inhibit the enzyne activity, since conmpound (1) inhibits the
proton punmp (H+ K+-ATPase) activity reversibly and in a K+
antagoni st inhibitory manner to consequently suppress acid
secretion, it is sonetines referred to as a potassium
conpetitive acid blocker: P-CAB or an acid punp antagoni st
(ACPA or APA) ), it can provide a clinically useful

phar maceuti cal conposition for the prophylaxis and/or
treatnment of peptic ulcer (e.g., gastric ulcer, gastric ulcer
due to postoperative stress, duodenal ulcer, anastonotic

ulcer, ulcer caused by non-steroidal anti-inflamatory agents,
ul cer due to postoperative stress etc.); Zollinger-ElIlison
syndrone; gastritis; erosive esophagitis; reflux esophagitis
such as erosive reflux esophagitis and the like; synptomatic
gastroesophageal reflux disease (synptonmatic GERD) such as
non-erosive reflux disease or gastroesophageal reflux disease
free of esophagitis and the like; functional dyspepsia;
gastric cancer (including gastric cancer associated wth
pronoted production of interleukin-I B due to gene pol ynorphi sm
of interleukin-1) ; stomach MALT |ynphoma; gastric

hyperacidity; or an inhibitor of upper gastrointestinal
henmorrhage due to peptic ulcer, acute stress ulcer,

henorrhagi ¢ gastritis or invasive stress (e.g. stress caused
by maj or surgery requiring postoperative intensive nanagenent,
and cerebrovascul ar disorder, head trauma, nultiple organ
failure and extensive burn, each requiring intensive
treatnent) and the like. Furthernore, conmpound (1) is used for
the prophylaxis and/or treatnent of airway disorders; asthm
and the like, pre-anesthetic admnistration, eradication of
Hel i cobacter pylori or eradication assistance and the Iike.
Since conpound (1) shows low toxicity and is superior in
water-solubility, in vivo kinetics and efficacy expression, it

is useful as a pharnaceutical conposition. Mreover, since
7
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conmpound (1) is stable even under acidic conditions, which
enabl es oral admnistration of the conmpound as a conventiona
tablet and the like without formulating an enteric-coated
preparation. This has a consequence that the preparation of
tablet and the like can be nade smaller, which is advantageous
in that it is easily swallowed by patients having difficulty
in swallowing, particularly the elderly and children. In
addition, since a sustained release effect afforded by
enteric-coated preparations is absent, expression of a gastric
acid secretion-suppressive action is rapid, and alleviation of
synptons such as pain and the like is rapid.
Best Mbde for Enbodying the Invention

In the formula (1) , as the "nitrogen-containing
nmonocyclic heterocyclic group optionally condensed with a
benzene ring or a heterocycle" for RI,
(1) a nitrogen-containing nonocyclic heterocyclic group, and

(2 a fused ring group represented by the fornula:

a

>
vy}

b

wherein ring A is a nitrogen-containing nonocyclic

heterocyclic group, ring B is a benzene ring or a heterocycle,
a and b are each a bridgehead ring-constituting atom (e.g., a
carbon atom a nitrogen atom and the like) , and =—— shows a
single bond or a double bond, provided that a bond to an -SO,-
group in the formula (1) is present in a ring A-constituting
atom (ring atom) other than the bridgehead ring-constituting
atoms a and b, can be nentioned.

As used herein, ring A needs only to contain, as a ring
A-constituting atom (ring aton) , at least one (preferably 1 to
4, nore preferably 1 or 2) nitrogen atom and one or both of
the bridgehead ring-constituting atons a and b may be nitrogen

atons .
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The "nitrogen-containing nonocyclic heterocyclic group
optionally condensed with a benzene ring or a heterocycle"
optionally has substituent (s) , and the substituent (s) nmay be
present in any of ring A and ring B.

As the "nitrogen-containing nonocyclic heterocyclic
group"” of the "nitrogen-containing nonocyclic heterocyclic
group optionally condensed with a benzene ring or a
heterocycl e" and the above-nentioned ring A, for exanple, an
aromati ¢ nitrogen-contai ning nonocyclic heterocyclic group, a
saturated or unsaturated non-aromatic nitrogen-containing
nmonocyclic heterocyclic group (aliphatic nitrogen-containing
nmonocyclic heterocyclic group) and the like containing, as a
ring-constituting atom (ring atom) , at least one (preferably 1
to 4, nore preferably 1 or 2) nitrogen atom can be nenti oned.

As the "aromatic nitrogen-containing nonocyclic

het erocyclic group”, for exanple, aromatic nitrogen-containing

nonocyclic heterocyclic groups such as pyrrolyl, oxazolyl,

i soxazolyl, thiazolyl, isothiazolyl, imdazolyl (IHimdazol-
1-yl, I Himnmidazol-4-yl etc.), pyrazolyl, ‘1, 2, 3-oxadi azol yl,
1,2, 4-oxadi azolyl, 1,3, 4-oxadiazolyl, furazanyl, 1,2, 3-

t hi adi azolyl, 1,2, 4-thiadiazolyl, 1,3,4-thiadiazolyl, 1,2, 3-
triazolyl, 1,2,4-triazolyl (1, 2,4-triazol-I-yl, 1,2,4-triazol-
4-yl etc.), tetrazolyl, pyridyl (2-, 3- or 4-pyridyl etc.),
pyridazinyl, pyrimdinyl, pyrazinyl, triazinyl and the Iike,
and N-oxide forns thereof and the |ike can be nentioned. Of
these, a 5- or 6-nenbered aromatic nitrogen-containing
nmonocyclic heterocyclic group is preferable, and thiazolyl,

i mdazolyl, pyrazolyl, pyridyl, pyrimdinyl and pyridazinyl
are preferable, and pyridyl is particularly preferable.

As the "saturated or unsaturated non-aromatic nitrogen-
contai ning nonocyclic heterocyclic group", partially reduced
forms (e.g., imdazolinyl, tetrahydropyrimdinyl and the like)
of the above-nentioned "aromatic nitrogen-containing
nmonocyclic heterocyclic group” and, for exanple, azetidinyl,

pyrrol idinyl, piperidyl (2-, 3- or 4-piperidyl) , norpholinyl,
9
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t hi onor phol i nyl, pi perazi nyl (1-pi perazinyl etc.),

honopi per azi nyl and the like can be nentioned. Of these, a 5-
or 6-iaenbered non-aromatic nitrogen-containing nonocyclic
heterocyclic group is preferable.

As the "heterocycle" optionally condensed with a
nitrogen-containing nonocyclic heterocyclic group, for
exanple, an aromatic heterocycle or non-aronatic heterocycle
can be nentioned.

As the "aromatic heterocycle", for exanple, 5- or 6-
menber ed aromatic heterononocyclic rings such as a furan ring,
a thiophene ring, a pyrrole ring, an oxazole ring, an
i soxazole ring, a thiazole ring, an isothiazole ring, an
i mdazole ring, a pyrazole ring, a 1,2,3-oxadiazole ring, a
1,2, 4-oxadiazole ring, a 1,3,4-oxadiazole ring, a furazan
ring, a 1,2,3-thiadiazole ring, a 1,2,4-thiadiazole ring, a
1,3,4-thiadiazole ring, a 1,2,3-triazole ring, a 1,2,4-
triazole ring, tetrazole ring, pyridine ring, pyridazine ring,
pyrimdine ring, pyrazine ring, triazine ring and the like
and, for exanple, 8- to 12-nenbered aromatic fused
het erocycl es such as a benzofuran ring, an isobenzofuran ring,
a benzo [b] thiophene ring, an indole ring, an isoindole ring, a
| Hindazole ring, a benzindazole ring, a benzoxazole ring, a
1, 2-benzoi soxazole ring, a benzothiazole ring, a benzopyran
ring, a 1,2-benzoisothiazole ring, a |Hbenzotriazole ring, a
quinoline ring, an isoquinoline ring, a cinnoline ring, a
gui nazoline ring, a quinoxaline ring, a phthalazine ring, a
naphthyridine ring, a purine ring, a pteridine ring, a
carbazole ring, an a-carboline ring, a B-carboline ring, a y-
carboline ring, an acridine ring, a phenoxazine ring, a
phenot hiazine ring, a phenazine ring, a phenoxathiine ring, a
thianthrene ring, a phenanthridine ring, a phenanthrone ring,
an indolizine ring, a pyrrolo[l,2-b] pyridazine ring, a
pyrazolo [1, 5-a] pyridine ring, an imdazo [1, 2-a] pyridi ne ring,
an imdazo [1, 5-a] pyridine ring, an imdazo [1,2-b] pyridazine

ring, an imdazo [1,2-a] pyrimdine ring, a 1,2,4-triazolo [4, 3-
10
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alpyridine ring, a 1,2,4-triazolo [4, 3-b]pyridazine ring and
the like (preferably, a heterocycle wherein the aforenentioned
5- or 6-nmenbered aromatic heterononocyclic ring is condensed
with a benzene ring or a heterocycle wherein the sanme or
different two heterocycles of the aforenentioned 5- or 6-
menbered aromatic heterononocyclic ring are condensed, nore
preferably a heterocycle wherein the aforenentioned 5- or 6-
menbered aromatic nonocyclic heterocyclic group is condensed
with a benzene ring, preferably imdazopyrimdinyl etc.) and
the like can be nentioned

As the "non-aromatic heterocycle", for exanple, 3- to 8-
menbered saturated or unsaturated non-aronmatic heterocycles
such as an oxirane ring, an azetidine ring, an oxetane ring, a
thietane ring, a pyrrolidine ring, a tetrahydrofuran ring, a
thioran ring, a piperidine ring, a tetrahydropyran ring, a
nmor pholine ring, a thionorpholine ring, a piperazine ring, a
3- hexahydrocycl openta [c]pyrrole ring, a honopiperidine ring, a
honopi perazine ring and the like, or non-aromatic heterocycles
wherein the double bonds of the aforenmentioned aromatic
het er ononocyclic ring or aromatic fused heterocycle are partly
or entirely saturated such as a dihydropyridine ring, a
di hydropyrimdine ring, a 1,2,3,4-tetrahydroquinoline ring, a
1,2,3, 4-tetrahydroisoquinoline ring and the like, and the Iike
can be nentioned.

As preferable nitrogen-containing nonocyclic heterocyclic
group condensed with a benzene ring or a heterocycle, for
exanpl e, nitrogen-containing aromatic fused heterocyclic
groups such as 8- to 16-nmenbered (preferably 8- to 12-

menbered) nitrogen-containing aromatic bicyclic fused

heterocyclic groups such as 2- or 3-indolyl, 1- or 3-
i soindolyl, |Hindazol-3-yl, 2-benzim dazolyl, 2-benzoxazolyl,
3- benzoi soxazol yl, 2-benzot hi azolyl, 3-benzoisothiazolyl, 2-,
3- or 4-quinolyl, 1-, 3- or 4-isoquinolyl, 3- or 4-cinnolinyl
2- or 4-quinazolinyl, 2- or 3-quinoxalinyl, 1- or 4-

pht hal azi nyl, naphthyridinyl, purinyl, pteridinyl, 1,7-
11
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phenant hrol i n-2-, 3- or 4-yl, 1-, 2- or 3-indolizinyl,

pyrrolo [1, 2-b] pyridazinyl, pyrazolo [1, 5-a]pyridyl,

i mdazo [1, 2-a]pyridyl, imdazo [1, 2-b]pyrazolyl, imdazo [1,5-
alpyridyl, imidazo [4, 5-c]pyridyl, pyrazolo [1, 5-a] pyrinidinyl,
pyrazol o [1, 5-c]pyrimdinyl, pyrazolo [3, 4-d] pyrinmdinyl ,

i mdazo [1, 2-b] pyridazinyl, imdazo [1, 5-Db]pyridazinyl,

pyrazol o [3, 4-b]pyridyl, imnmidazo [1, 2-a]pyrimdinyl, 1,2, 4-
triazolo [4, 3-a]pyridyl, 1,2,4-triazolo [4, 3-b]pyridazinyl,

[1, 2,4]triazol o [1, 2-a] pyridazinyl, [1,2,3] triazolo [1, 5-
alpyrimnmdinyl, [1, 2,4]triazolo [1, 5-c] pyrimdinyl,

[1,2,4] triazolo [1, 5-a]pyridyl, [1,2, 4]triazolo [4, 3-a] pyridyl,

pyrazol o [5, 1-b] thiazolyl, pyrrolo [2, 1-f][1,2, 41triazinyl,
pyrrol o [1, 2-Db] pyridazinyl, pyrrolo [2, 3-d]pyrimdinyl, )
pyrrolo [2, 3-b]pyridyl, thieno [3, 2-b]pyrimdinyl, thieno[2, 3-
b] pyridyl, thieno [2, 3-c]pyridyl, thieno [3, 2-Db]pyridyl,

thieno [3, 2-c]pyridyl, pyrido [2, 3-b]pyrazyl, pyrido [3, 4-

b] pyrazyl, pyrido [2, 3-d] pyrimdinyl, pyrido [3, 2-d]pyrimdinyl,
pyrido [4, 3-d] pyrimdinyl and the like, and the like, and the
like can be mentioned. As the nitrogen-containing aromatic
fused heterocycle, fused pyridine wherein a pyridine ring is
condensed with one or tw (preferably one) of the

af orenenti oned 5- or 6-nenbered nitrogen-containing aronatic
nmonocyclic heterocycles or one or two (preferably one) benzene
rings (when condensed with a benzene ring, the pyridine ring
has a bond) , fused pyrirddine wherein a pyrirdidine ring is
condensed with one or tw (preferably one) of the
aforenmentioned 5 or 6-nenbered nitrogen-containing aronmatic
nmonocyclic heterocycles, or one or two (preferably one)
benzene rings (when condensed with a benzene ring, the
pyrimdine ring has a bond) and the like are preferable.

As the ™ non-aromatic nitrogen-containing heterocycle ™,
for example, 3- to 8-nenbered (preferably 5- or 6-nenbered)
nitrogen-containing saturated or unsaturated (preferably
saturated) non-aromatic heterocycle (aliphatic nitrogen-

containing heterocycle) such as azetidine, pyrrolidine,
12
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i m dazol i di ne, t hi azol i di ne, oxazol i di ne, pi peri di ne,
nor phol i ne, t hi onor phol i ne, pi perazine and the like, or
ni t rogen-cont ai ni ng non-aromatic  heterocycle wherein the

doubl e bonds of the aforenentioned ni t rogen-cont ai ni ng
aromati ¢ nonocyclic het erocycl e or nitrogen-containing

aromatic fused heterocycle are partly or entirely saturated,

such as 1,2,3, 4-tetrahydroquinoli ne, 1,2,3,4-
t et rahydr oi soqui nol i ne and the like, and the like can be
nment i oned.

As the "nitrogen-containing nonocyclic heterocyclic group
optionally condensed wth a benzene ring or a heterocycle", a
5- or 6-menbered aromatic nitrogen-containing nonocycl i c

het erocyclic group is preferable from anmpng those nentioned
above. Of them a 6-nenbered aromatic nitrogen-containing

het erocyclic group such as pyridyl (e.g., 2-, 3- or 4-pyridyl

etc.), pyrimdinyl (e.g., 2-, 4- or 5-pyrimdinyl etc.),
pyri dazi nyl (e.g., 3- or 4-pyridazinyl etc.) and the like is
pref er abl e, and pyridyl is particularly pref er abl e.

As the substituent that the "nitrogen-containing
nonocyclic het erocyclic group optionally condensed wth a
benzene ring or a heterocycle" may have, (1) a halogen atom

(e.g., fluorine atom chlorine atom bromne atom iodine atom

etc.), (2) nitro, (3) cyano, (4) hydroxy, (55 C,_5 alkoxy (e.g.,
nmet hoxy, et hoxy, propoxy, i sopropoxy, but oxy, i sobutoxy, sec-
but oxy, pentyl oxy, hexyl oxy, fluoronethoxy etc.) optionally
having 1 to 3 halogen atoms (e.g., fluorine, chl ori ne,

bromi ne, iodine), (6) Cs-u aryloxy (e.g., phenyloxy,

napht hyl oxy etc.), (7) cr-16 aral kyl oxy (e.g., benzyl oxy,

phenet hyl oxy, di phenyl met hyl oxy, 1- napht hyl et hyl oxy, 2-

napht hyl net hyl oxy, 2, 2-di phenyl et hyl oxy, 3- phenyl pr opyl oxy, 4-
phenyl but yl oxy, 5- phenyl pent yl oxy etc.), (8) mercapto, (99 Ci-g

al kylthio (e.g., nethylthio, di f I uoromet hyl t hi o,

trifluoronethylthio, ethyl thio, propylthio, i sopropyl thio,
butyl t hi o, 4,4,4-trifluorobutylthio, pentyl thio, hexyl thio
etc.) optionally having 1 to 3 halogen atoms (e.g., fluorine,
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chlorine, brom ne, i odi ne), (10) Cs-i4 arylthio (e.g.,

phenyl t hi o, napht hyl t hi o etc.), (11) c7-16 aralkylthio (e.qg.,
benzyl thio, phenethylthio, di phenylr cethylthio , 1-

napht hyl net hyl t hi o, 2-napht hyli et hyl thi o, 2,2-

di phenyl et hyl t hi o, 3- phenyl propyl t hi o, 4- phenyl but yl t hi o, 5-
phenyl pentyl thio etc.), (12) am no, (13) nono-C , 4 al kyl ami no
(e.g., nethylam no, ethylamno etc.), (14) nono-C6-i4 arylam no
(e.g., phenylam no, 1-napht hyl amino, 2-naphthyl amni no etc.),
(15) nono-C ,-i6 aral kyl am no (e.g., benzylam no etc.), (16) di-
C,.¢ alkylam no (e.g., dinethylam no, di et hyl am no etc.), (17)
di -Ceg-44 arylamno (e.g., diphenyl amno etc.), (18) di-C.is

aral kyl am no (e.g., dibenzylam no etc.), (19) fornyl, (20) Cy-4
al kyl - car bonyl (e.g., acetyl, propionyl etc.), (21) Gs-u .aryl -
car bonyl (e.g., benzoyl, 1- napht hoyl , 2- napht hoyl etc.), (22)
car boxyl , (23) C;-¢ al koxy-carbonyl (e.g., nethoxycarbonyl,

et hoxycar bonyl , pr opoxycar bonyl , tert-but oxycar bonyl etc.),
(24) Cs-14 aryl oxy-carbonyl (e.g., phenoxycarbonyl etc.), (25)
car banoyl , (26) thiocarbanoyl, (27) nono-C , ¢ al kyl - carbanoyl
(e.g., nmethylcarbanoyl, et hyl car banoyl etc.), (28) di-C, 4

al kyl - car banoyl

(e

et hyl net hyl car banoyl

phenyl carbanoyl,

.g., dinethylcarbanoyl,

etc.),

(29) Ce-i, aryl-carbanoyl

1- napht hyl car banoyl ,

etc.), (30) C, 4 alkylsulfonyl

(e.g., nethylsulfonyl,

di et hyl car banoyl ,

(e.g.,

2- napht hyl car banoy|

et hyl sul f onyl etc.), (31) Cs-ia arylsul fonyl (e.qg.,

phenyl sul fonyl, 1- napht hyl sul fonyl, 2- napht hyl sul f onyl etc.),
(32) Cas al kyl sul finyl (e.g., methyl sulfinyl, et hyl sul fi nyl
etc.), (33) Cs-14 arylsulfinyl (e.g., phenyl sulfinyl, 1-

napht hyl sul finyl, 2- napht hyl sul fi nyl etc.), (34) fornyl am no,
(35) C,. ¢ alkyl-carbonyl ami no (e.g., acetylamino etc.), (36) Ce-

14 aryl-carbonyl am no (e.g., benzoyl am no, napht hoyl am no
etc.), (37) C,., al koxy-carbonyl am no (e.g.,

net hoxycar bonyl am no, ethoxycarbonyl am no,

pr opoxycar bonyl am no, but oxycarbonyl amino etc.), (38) C,.5
al kyl sul f onyl am no (e.g., nethyl sulfonyl am no,

ethyl sulfonyl amno etc.), (39) Cgi, arylsulfonyl amno (e.g.,
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phenyl sul fonyl amino, 2-naphthyl sul fonyl am no, 1-

napht hyl sul fonyl amino etc.), (40) C, , alkyl-carbonyl oxy (e.q.,
acet oxy, propionyl oxy etc.), (41) Cg-14 aryl -carbonyl oxy (e.g.,
benzoyl oxy, napht hyl car bonyl oxy etc.), (42) C, g alkoxy-

car bonyl oxy (e.g., nethoxycarbonyl oxy, et hoxycar bonyl oxy,

pr opoxycar bonyl oxy, but oxycar bonyl oxy etc.), (43) mono-C ;-4

al kyl - car banoyl oxy (e.g., nmethylcarbanoyl oxy,

et hyl car banoyl oxy etc.), (44) di-C,_g al kyl -carbanoyl oxy (e.g.,
di met hyl car barmoyl oxy, di et hyl car banoyl oxy etc.), (45) Cg4iy
aryl - car banoyl oxy (e.g., phenyl carbanmoyl oxy,

napht hyl car bamoyl oxy etc.), (46) a 5- to 7-menbered saturated
cyclic amno (e.g., pyrrolidin-1-yl, pi peri di no, pi perazin- 1-
yl, norpholino, t hi onor phol i no, hexahydr oazepi n- 1-yl etc.)

optionally containing, besides one nitrogen atom and carbon
atom 1 or 2 kinds of 1 to 4 hetero atons selected from a

nitrogen atom a sulfur atom and an oxygen atom (47) a 5- to

10-nmenbered aromatic heterocyclic group (e.g., 2-thienyl, 3-

t hi enyl , 2-pyridyl, 3-pyridyl, 4- pyridyl, 2-qui nol yl , 3-

qui nol yI, 4- qui nol yI , 5-qui nol yl , 8- qui nol ylI , 1-i soqui nol ylI ,

3-i soqui nol yl , 4-isoqui nol yl , 5-i soqui nol yI , 1-indol yl, 2-

i ndol yl , 3-indolyl, 2- benzot hi azol yl , 2-benzo [b] thienyl, 3-
benzo [b] thienyl, 2-benzo [b] fur anyl, 3-benzo [b] furanyl etc.)
cont ai ni ng, besides <carbon atom 1 or 2 kinds of 1 to 4 hetero

atoms selected from a nitrogen atom a sulfur atom and an
oxygen atom (48) d -3 al kyl enedi oxy (e.g., methylenedioxy,

et hyl enedi oxy etc.), (49) Cjs-7 cycloal kyl (e.g., cyclopropyl,

cycl obut yl, cycl opentyl, cycl ohexyl, cycl ohept yl etc.), (50)
C,-¢ alkyl group (e.g., nethyl, ethyl, n-propyl, i sopropyl, n-
butyl, isobutyl, sec- butyl, tert-butyl, n- pent yl , sec-pentyl,

i sopentyl, neopentyl , n- hexyl , i sohexyl etc.) optionally

having 1 to 3 halogen atons (e.g., fluorine, chlorine,

bromi ne, i odi ne), (51) a C,-6 alkenyl group (e.g., allyl,

i sopropenyl, i sobut enyl 1-nmet hyl al | yl, 2- pent enyl 2- hexenyl
etc.) optionally having 1 to 3 halogen atoms (e.g., fluorine,
chl ori ne, br om ne, i odi ne), (52) a c2-6 alkynyl group (e.g.,
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propar gyl , 2-butynyl, 3-butynyl, 3-pentynyl, 3-hexynyl etc.),
(53) a Cy-4 alkyl group (e.g., hydroxynethyl, hydr oxyet hyl etc.)
substituted by 1 to 3 hydroxy and the |ike can be nentioned.

The substituent nay be present at a substitutable
position, and the nunber of the substituents is 1 to 5,
preferably 1 to 3.

As the “ce61, aryl group"” of the "optionally substituted
Cs-14 aryl group'' for R2, for exanple, phenyl, 1-naphthyl, 2-
napht hyl ,  2- bi phenyl yl, 3- bi phenyl yI , 4- bi phenyl yI , 2-ant hryl
and the like can be nentioned.

As the substituent that the "Cgisa aryl group” optionally
has, groups simlar to the substituents that the "nitrogen-
containing monocyclic heterocyclic group optionally condensed
with a benzene ring or a heterocycle" for the aforenentioned R1
optionally has can be nentioned.

The nunmber of the substituents is 1 to 5, preferably 1 to

As the "thienyl group"” of the "optionally substituted
thienyl group" for R2, 2- or 3-thienyl can be nentioned.

As the substituent that the "thienyl group"” optionally
has, groups similar to the substituents that the "nitrogen-
containing nonocyclic heterocyclic group optionally condensed
with a benzene ring or a heterocycle" for the aforenentioned R1
optionally has can be nentioned.

The nunmber of the substituents s 1 to 4, preferably 1 to

As the "pyridyl group"” of the "optionally substituted
pyridyl group" for R2, 2-, 3- or 4-pyridyl, or bipyridyl (e.g.,
2,3'-bipyridin-5-yl) can be nentioned.

As the substituent that the "pyridyl group” optionally
has, groups similar to the substituents that the "nitrogen-
containing nonocyclic heterocyclic group optionally condensed
with a benzene ring or a heterocycle" for the aforenentioned R1
optionally has can be nentioned.

The nunber of the substituents is 1 to 4, preferably 1 to
16
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3.
As the "lower alkyl group"” of the "optionally substituted

| ower alkyl group” for R® or R4 for exanple, C;-4 alkyl groups

such as nethyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, tert-butyl and the like, and the like can be
ment i oned.

As the substituent that the "lower alkyl group"
optionally has, (1 a halogen atom (e.g., fluorine atom
chlorine atom bromne atom iodine atom etc.), (2 nitro, (3
cyano, (4) hydroxy, (5 GC; g4 alkoxy (e.g., nethoxy, ethoxy,
propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy, pentyloxy,
hexyl oxy, fluoronmethoxy etc.) optionally having 1 to 3 hal ogen
at ons (eA. g., fluorine, chlorine, bromne, iodine), (6 C[514
aryloxy (e.g., phenyloxy, naphthyloxy etc.), (7 GCp,
aral kyl oxy (e.g., benzyloxy, phenethyloxy, diphenyl nethyl oxy,

1- napht hyl met hyl oxy, 2- napht hyl net hyl oxy, 2, 2-

di phenyl et hyl oxy, 3- phenyl propyl oxy, 4-phenyl butyl oxy, 5-
phenyl pentyloxy etc.), (8 nercapto, (9 Ci-s alkylthio (e.g.,
met hyl thio, difluoronmethylthio, trifluoronethylthio,

ethylthio, propylthio, isopropylthio, butylthio, 4,4,4-
trifluorobutylthio, pentylthio, hexylthio etc.) optionally
having 1 to 3 halogen atoms (e.g., fluorine, chlorine,

brom ne, iodine), (100 Cgi4 arylthio (e.g., phenylthio,
naphthylthio etc.), (11) C,14 aralkylthio (e.g., benzylthio,
phenet hyl t hi o, di phenyl net hyl t hi o, 1- napht hyl met hyl t hi o, 2-
napht hyl met hyl t hi o, 2, 2-di phenyl ethyl thio, 3-phenyl propylthio,
4- phenyl butyl thio, 5-phenylpentylthio etc.) (12) amino, (13)
nmono-C ;- al kylamno (e.g., nethylamno, ethylamino etc.), (14)
nmono- Ce- ;4 arylaidino (e.g., phenylamno, 1-naphthylamno, 2-
naphthylamno etc.), (15 mnono-C,.ig aralkylamno (e.g.,
benzylam no etc.), (16) di-Cyqg alkylamno (e.g., dinethyl am no,
diethylamno etc.), (17) di-Cgis arylamno (e.g., diphenylanino
etc.), (18) di-C,.ie aralkylamno (e.g., dibenzylamno etc.),
(19) formyl, (20) C;-4 al kyl-carbonyl (e.g., acetyl, propionyl

etc.), (21) Cgi, aryl-carbonyl (e.g., benzoyl, 1-naphthoyl, 2-
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napht hoyl etc.)/ (22) carboxyl, (23) Cji-s al koxy-carbonyl (e.g.,
nmet hoxycar bonyl , et hoxycar bonyl , pr opoxycar bonyl , tert-

but oxycar bonyl etc.), (24) ce-i4 aryl oxy-carbonyl (e.g.,
phenoxycar bonyl etc.), (25) carbanoyl, (26) thiocarbanoyl,

(27) mono-C ;-6 al kyl - car banoyl (e.g., nethylcarbanoyl,

et hyl car banoyl etc.), (28) di-C, 4 alkyl-carbanoyl (e.g.,

di net hyl car banoyl, di et hyl car banoyl , et hyl met hyl car banoyl

etc.), (29) Cg-ia aryl -carbanoyl (e.g., phenyl carbanoyl, 1-

napht hyl car banoyl , 2- napht hyl car banmoyl etc.), (30) Cy_4

al kyl sul f onyl (e.g., methylsulfonyl, et hyl sul f onyl etc.), (31)
Ce-y arylsul fonyl (e.g., phenylsulfonyl, 1- napht hyl sul f onyl , 2-
napht hyl sul f onyl etc.), (32) C,.4 alkylsulfinyl (e.g.,

net hyl sul fi nyl, et hyl sul fi nyl etc.), (33) Ce-u arylsulfinyl

(e.g., phenyl sulfinyl, 1- napht hyl sul fi nyl, 2- napht hyl sul fi nyl
etc.), (34) fornylam no, (35) C, g alkyl-carbonylam no (e.g.,
acetylamno etc.), (36) Cg-,4 aryl-carbonyl amno (e.g.,

benzoyl ani no, napht hoyl am no etc.), (37) C,_6 al koxy-

car bonyl am no (e.g., nethoxycarbonyl am no,

et hoxycar bonyl am no, pr opoxycar bonyl am no, but oxycarbonyl am no
etc.), (38) C,  alkylsulfonyl amino (e.g., nethylsulfonyl am no,
et hyl sul f onyl ami no etc.), (39) CPis arylsulfonylanino (e.g.,
phenyl sul fonyl am no, 2-naphthyl sul fonyl am no, 1-

napht hyl sul f onyl am no etc.), (40) Cy-¢ al kyl -carbonyl oxy (e.q.,
acet oxy, propionyl oxy etc.), (41) Cg4-4 aryl-carbonyl oxy (e.g.,
benzoyl oxy, napht hyl car bonyl oxy etc.), (42) C,, alkoxy-

car bonyl oxy (e.g., methoxycarbonyl oxy, et hoxycar bonyl oxy,

pr opoxycar bonyl oxy, but oxycar bonyl oxy etc.), (43) nono-C , 4

al kyl - car banoyl oxy (e.g., nmethylcarbanoyl oxy,

et hyl car banoyl oxy etc.), (44) di-C, 4 alkyl-carbanoyl oxy (e.g.,
di net hyl car banoyl oxy, di et hyl car banoyl oxy etc.), (45) Cg 4

aryl -carbanoyl oxy (e.g., phenylcarbanoyl oxy,

napht hyl car banoyl oxy etc.), (46) a 5- to 7-nenbered saturated
cyclic amno optionally containing, besi des one nitrogen atom
and carbon atom 1 or 2 kinds of 1 to 4 hetero atons selected

from a nitrogen atom a sulfur atom and an oxygen atom (e.g.,
18
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pyrrolidin-1-yl, piperidino, piperazin-1-yl, norpholino,
t hi onor phol i no, hexahydroazepin-1-yl etc.), (47) a 5- to 10-
menbered aromatic heterocyclic group containing, besides
carbon atom 1 or 2 kinds of 1 to 4 hetero atons selected from
a nitrogen atom a sulfur atom and an oxygen atom (e.g., 2-
thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-
qui nolyl, 3-quinolyl, 4-quinolyl, 5-quinolyl, 8-quinolyl, 1-
i soqui nolyl, 3-isoquinolyl, 4-isoquinolyl, 5-isoquinolyl, 1-
i ndolyl, 2-indolyl, 3-indolyl, 2-benzothiazolyl, 2-
benzo[ b] thienyl, 3-benzo[b] thienyl, 2-benzo[b] furanyl, 3-
benzo[ b] furanyl etc.), (48) C;-3 alkylenedioxy (e.g.,
nmet hyl enedi oxy, ethylenedioxy etc.), and (49) GC;-; cycloal kyl
(e.g., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycl oheptyl etc.) and the like can be nentioned

The nunber of the substituents is 1 to 3.

As the "acyl group" for R3 or R4 an acyl group having 1
to 20 carbon atons, which is derived from organic carboxylic
acid can be nentioned. For exanple, C;-7 alkanoyl groups (e.g.,

formyl; C;-¢ al kyl -carbonyl such as acetyl, propionyl, butyryl,
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i sobutyryl, pentanoyl, hexanoyl, heptanoyl and the like;
etc.), Cgi, aryl-carbonyl groups (e.g., benzoyl,

napht hal enecar bonyl etc.), C,, al koxy-carbonyl groups (e.g.,

met hoxycar bonyl, et hoxycarbonyl, propoxycarbonyl
i sopropoxycar bonyl, butoxycarbonyl, isobutoxycarbonyl, sec-
but oxycar bonyl, tert-butoxycarbonyl etc.), GCs,, aryloxy-

carbonyl groups (e.g., phenoxycarbonyl group), c7-,4 aralKkyl-
carbonyl groups (e.g., phenyl-C,4 alkylcarbonyl such as

benzyl carbonyl, phenethyl carbonyl, phenyl propyl carbonyl and
the like, naphthyl-C -, alkylcarbonyl such as

benzhydryl carbonyl, naphthyl ethyl carbonyl and the like, etc.),
C,-;g aral kyl oxy-carbonyl groups (e.g., phenyl-C;-4

al kyl oxycarbonyl such as benzyl oxycarbonyl and the Iike,

etc.), 5- or [-nenbered heterocycle-carbonyl group or
condensed heterocycl e-carbonyl groups thereof (e.g.,

pyrrolyl carbonyl such as 2- or 3-pyrrolylcarbonyl and the
19
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l'i ke; pyrazolylcarbonyl such as 3-, 4- or 5-pyrazolylcarbonyl
and the like; imdazolylcarbonyl such as 2-, 4- or 5-
i m dazol yl carbonyl and the like; triazolylcarbonyl such as
1,2,3-triazol - 4-ylcarbonyl, 1,2,4-triazol-3-ylcarbonyl and the
l'ike; tetrazolylcarbohyl such as IH or 2Htetrazol -5-
yl carbonyl and the like; furylcarbonyl such as 2- or 3-
furyl carbonyl and the like; thienylcarbonyl such as 2- or 3-
t hi enyl carbonyl and the like; oxazolylcarbonyl such as 2-, 4-
or 5-oxazolyl carbonyl and the like; isoxazolylcarbonyl such as
3-, 4- or b5-isoxazolylcarbonyl and the like;
oxadi azol yl carbonyl such as 1,2, 3-oxadi azol -4- or 5-
yl carbonyl , 1,2, 4-oxadiazol-3- or 5-ylcarbonyl, 1,2,5-
oxadi azol -3- or 4-ylcarbonyl, 1,3, 4-oxadiazol-2-ylcarbonyl and
the like; thiazolylcarbonyl such as 2-, 4- or 5-
t hi azol yl carbonyl and the like; isothiazolylcarbonyl such as
3-, 4- or 5-isothiazolylcarbonyl and the like
t hi adi azol yl carbonyl such as 1,2, 3-thiadiazol-4- or 5-
yl carbonyl, 1,2, 4-thiadiazol-3- or 5-ylcarbonyl, 1,2,5-
t hi adi azol -3- or 4-yl carbonyl, 1,3,4-thiadiazoI-Z-yIcarbonyI
and the like; pyrrol idinylcarbonyl such as 2- or 3-
pyrrolidinyl carbonyl and the like; pyridylcarbonyl such as 2-,
3- or 4-pyridylcarbonyl and the like; pyridylcarbonyl wherein
nitrogen atom is oxidized such as 2-, 3- or 4-pyridyl-N
oxi docar bonyl and the Ilike; pyridazinylcarbonyl such as 3- or
4-pyridazi nyl carbonyl and the |ike; pyridazinyl wherein one or
both nitrogen atoms are oxidized, such as 3-, 4-, 5- or 6-
pyri dazi nyl - N- oxi docar bonyl and the like; pyrimdinylcarbonyl
such as 2-, 4- or 5-pyrimdinylcarbonyl and the Iike;
pyri m di nyl carbonyl wherein one or both nitrogen atons are
oxi di zed, such as 2-, 4-, 5- or [pyrimdinyl-Noxidocarbonyl
and the I|ike; pyrazinylcarbonyl; piperidinylcarbonyl such as
2-, 3- or 4-piperidinylcarbonyl and the Iike;
pi perazi nyl carbonyl; indolyl carbonyl such as 3Hindol-2- or 3-
yl carbonyl and the I|ike; pyranylcarbonyl such as 2-, 3- or 4-

pyranyl carbonyl and the like; thiopyranylcarbonyl such as 2-,
20
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3- or 4-thiopyranyl carbonyl and the like; quinolylcarbony
such as 3-, 4-, 5-, 6-, 7- or 8-quinolylcarbonyl and the like
i soqui nol yl carbonyl ;  pyrido [2, 3-d] pyri m di nyl car bonyl (e.g.,
pyrido [2, 3-d] pyrimdin-2-ylcarbonyl) ; naphthyridinylcarbonyl
(e.g., |,5-naphthyridin-2- or 3-ylcarbonyl) such as 1,5-, 1,6-
, 1,7-, 1,8-, 2,6- or 2,7-naphthyridinyl carbonyl and the Iike;
thi eno [2, 3-d] pyri dyl car bonyl (e.g., thieno [2, 3-d] pyridin-3-
yl carbonyl) ; pyrazi noqui nol yl car bonyl (e.g., pyrazino [2, 3-
blquinolin-2-ylcarbonyl) ; a 5- or 6-menbered heterocycle-
carbonyl group (e.g., chronenylcarbonyl (e.g., 2H chronen-2-
or 3-ylcarbonyl etc.) and the like) containing 1 to 4 hetero
atoms such as nitrogen atom (optionally oxidized) , oxygen
atom sUIfur atom (optionally nmono or dioxidized) and the
like), a 5- or 6-nmenbered heterocycle-acetyl group (e.g., b5-
or 6-menbered heterocycle-acetyl group containing 1 to 4
hetero atons such as nitrogen atom (optionally oxidized) ,
oxygen atom sulfur atom (optionally nmono or dioxidized) and
the like) , such as 2-pyrrolylacetyl, 3-imndazolylacetyl, 5-
i soxazol yl acetyl and the like, and the like can be used.

As regards the substituent of acyl group, for exanple,
when the above-nentioned acyl group is an al kanoyl group or
al koxy-carbonyl group, the acyl group is optionally
substituted by 1 to 3 alkylthio groups (e.g., C,, alkylthio
such as nethylthio, ethylthio, n-propylthio, isopropylthio and
the like, and the like), halogen (e.g., fluorine, chlorine,
brom ne, iodine), alkoxy groups (e.g., C; s alkoxy such as
met hoxy, ethoxy, n-propoxy, tert-butoxy, n-hexyloxy and the
like, and the like) , a nitro group, alkoxy-carbonyl groups
(e.g., C,, alkoxy-carbonyl such as methoxycarbonyl,
et hoxycar bonyl, n-propoxycarbonyl, isopropoxycarbonyl, n-
but oxycar bonyl , isobutoxycarbonyl, sec-butoxycarbonyl, tert-
but oxycarbonyl and the like, and the like) , alkylam no group
(e.g., mono- or di-C, s alkylanmino such as nethylanino
et hyl am no, n-propyl anino, n-butylamno, tert-butylamno, n-

pentyl am no, n-hexylani no, dinmethylam no, diethylamno,
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nmet hyl ethyl am no, di- (n-propyl) amno, di- (n-butyl) am no and
the like, and the like), alkoxyimno groups (e.g., Cy_g

al koxyimno such as nethoxyi m no, et hoxyi m no, n- pr opoxyi n no,
tert - but oxyi m no, n- hexyl oxy-i m no and the like, and the Iike)
or hydroxyi m no

When the above-nentioned acyl group is an aryl-carbonyl

group, an aryl oxy-carbonyl group, an aralkyl-carbonyl group,
an aral kyl oxycar bonyl group, a 5- or 6-nmenbered heterocycle-
car bonyl group or a 5- or 6-nenbered heterocycle-acetyl group,

it is optionally substituted by 1 to 5 (preferably 1 to 3)

al kyl groups (e.g., C;-6 alkyl such as nmethyl, ethyl, n-propyl,

i sopropyl, n- butyl , i sobut yl, sec- butyl, tert-butyl, n- pentyl,
sec- pentyl, i sopentyl, neopentyl , n- hexyl , i sohexyl and the
like, Cjs-6 cycloalkyl such as cycl ohexyl and the like, and the

like), alkenyl groups (e.g., <2-6 alkenyl such as allyl,

i sopropenyl, i sobut enyl , 1-net hyl al | yl, 2- pent enyl 2- hexenyl
and the like, and the like), alkynyl groups (e.g., -6 alkynyl
such as propargyl, 2- butynyl, 3- butynyl, 3- pentynyl, 3- hexynyl
and the like, and the like), alkoxy groups (e.g., C,o alkoxy

such as nethoxy, et hoxy, n-propoxy, tert - but oxy, n- hexyl oxy

and the like, and the like), acyl groups [e.g., C;-; alkanoyl
such as fornyl, acetyl, propionyl, butyryl,. isobutyryl,

pent anoyl , hexanoyl , hept anoyl and the like; Cg,, aryl-carbonyl
such as benzoyl, napht hal enecar bonyl and the like; C4-5 al koxy-
car bonyl such as net hoxycarbonyl, et hoxycar bonyl ,

pr opoxycar bonyl , i sopropoxycar bonyl , but oxycar bonyl ,

i sobut oxycar bonyl , sec- but oxycar bonyl , tert - but oxycar bonyl and
the like; Cs-14 aryloxy-carbonyl such as phenoxycar bonyl and the
l'ike; C,_io aral kyl -carbonyl such as phenyl-C ;-, al kyl-carbonyl
(e.g., benzylcarbonyl, phenet hyl car bonyl , phenyl propyl car bonyl
and the like) and the like, C;- 4 aralkyloxy-carbonyl such as
phenyl -C , 4 al kyl oxy-car bonyl (e.g., benzyl oxycarbonyl and the
like) and the like, and the like], nitro, amino, hydroxy,

cyano, sul fanoyl, nmer capt o, hal ogen (e.g., fluorine, chl ori ne,
br om ne, iodine) , or alkylthio groups (C;.. alkylthio such as
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substituted by 1 to 3 substituents selected from (i) hal ogen
(e.g., fluorine, chlorine, bromne, iodine), (ii) hydroxy,
(iii) cyano, (iv) Ci-5 alkyl (e.g., nethyl, ethyl, propyl,

i sopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl,

hexyl etc.) optionally substituted by 1 to 5 (preferably 1 to
3) halogen (e.g., fluorine, chlorine, bromne, iodine), (v) Cig
al koxy (e.g., nethoxy, ethoxy, propoxy, isopropoxy, butoxy,

i sobut oxy, sec-butoxy, pentyloxy, hexyloxy etc.) optionally
substituted by 1 to 5 (preferably 1 to 3) halogen (e.g.,
fluorine, <chlorine, bromne, iodine) , (vi) an amno group
optionally substituted by C, . alkyl (e.g., nethyl, ethyl,

propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,

pentyl, hexyl etc.) and (vii) oxo,‘ i s preferable.

As RL, particularly, a 6-nenbered nitrogen-containing
aromatic heterocyclic group (e.g., pyridyl groups (e.g., 2-,
3- or 4-pyridyl etc.), pyrimdinyl groups (e.g., 2-, 4- or 5-
pyri m di nyl etc.), pyridazinyl groups (e.g., 3- or 4-
pyri dazi nyl etc.) etc.) optionally substituted by 1 to 3
substituents selected from (i) halogen (e.g., fluorine,
chlorine, bronine, iodine) , (ii) hydroxy, (iii) cyano, (iv) C,g
al kyl (e.g., nethyl, ethyl, propyl, isopropyl, butyl,

i sobutyl, sec-butyl, tert-butyl, pentyl, hexyl etc.)
optionally substituted by 1 to 5 (preferably 1 to 3) hal ogen
(e.g., fluorine, chlorine, bronmine, iodine), (v) C,.¢ al koxy
(e.g., nethoxy, ethoxy, propoxy, isopropoxy, butoxy,
i sobut oxy, sec-butoxy, pentyloxy, hexyloxy etc.) optionally
substituted by 1 to 5 (preferably 1 to 3) halogen (e.g.,
fluorine, chlorine, bromne, iodine) and (vi) an amno group
optionally substituted by C; 5 alkyl (e.g., methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, hexyl etc.) is preferable, and a pyridyl group
optionally substituted by 1 to 3 substituents selected from
(1) Cy4-g alkyl (e.g., methyl, ethyl, propyl, isopropyl, butyl,
i sobutyl, sec-butyl, tert-butyl, pentyl, hexyl etc.)

optionally substituted by 1 to 5 (preferably 1 to 3) hal ogen
24
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(e.g., fluorine, chl ori ne, br om ne, iodine) and (ii) Q(—B al koxy
(e.g., methoxy, et hoxy, propoxy, i sopropoxy, but oxy,
i sobut oxy, sec- but oxy, pent yl oxy, hexyl oxy etc.) optionally

substituted by 1 to 5 (preferably 1 to 3) hal ogen (e.g.,
fluorine, chl ori ne, br om ne, iodine) is particularly
preferable.

As R2, [1]1 a Cg-,, aryl group (e.g., phenyl group)
optionally substituted by 1 to 5 (preferably 1 to 3)

substituents selected from (i) a halogen atom (e.g., fluorine,
chl orine, br onmi ne, i odi ne), (ii) cyano, (iii) Q- alkyl (e.qg.,
nmet hyl , ethyl, propyl, i sopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, hexyl etc.) optionally substituted by 1 to
5 (preferably 1 to 3) halogen (e.g., fluorine, chl ori ne,

br om ne, i odi ne), (iv) Cj-4 alkoxy (e.g., nethoxy, et hoxy,

pr opoxy, i sopropoxy, but oxy, i sobut oxy, sec- but oxy, pent yl oxy,

hexyloxy etc.) optionally substituted by 1 to 5 (preferably 1

to 3) hal ogen (e.g., fluorine, chl ori ne, br om ne, i odi ne), (v)
acetyl, (vi) c3-7 cycloal kyl (e.g., cyclopropyl, cycl obut yl

cycl opentyl, cycl ohexyl , cycl ohept yl etc.), (vii) G-g4

al kyl sul f onyl (e.g., nmethyl sulfonyl, et hyl sul f onyl etc.),

(viii) a Cy-g alkyl group substituted by 1 to 3 hydroxy (e.q.,

hydr oxynet hyl , hydroxyet hyl etc.), (ix) Cy-g alkylthio (e.qg.,
nmet hyl t hi o, et hyl t hi o, propyl t hi o, i sopropyl thio, but yl t hi o,
i sobutylthio, sec-butyl thio, pentylthio, hexylthio etc.)

optionally substituted by 1 to 5 (preferably 1 to 3) halogen
atons (e.g., fluorine, chl ori ne, br om ne, iodine) and (x) Cyi-¢
al kyl sul fi nyl (e.qg., nethylsulfinyl, et hyl sul fi nyl etc.),

[2] a thienyl group optionally substituted by 1 to 3

substituents selected from (i) a halogen atom (e.g., fluorine,
chl orine, br onmi ne, i odi ne), (ii) cyano, (iii) Cy_e al kyl (e.qg.,
nmet hyl , ethyl, propyl, i sopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, hexyl etc.) optionally substituted by 1 to
5 (preferably 1 to 3) halogen (e.g., fluorine, chl ori ne,

br om ne, i odi ne), (iv) Cj-g alkoxy (e.g., nethoxy, et hoxy,

pr opoxy, i sopropoxy, but oxy, i sobut oxy, sec- but oxy, pent yl oxy,
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hexyl oxy etc.) optionally substituted by 1 to 5 (preferably 1
to 3) halogen (e.g., fluorine, chlorine, bronine, iodine) and
(v) acetyl, or
[3] a pyridyl group optionally substituted by 1 to 4
substituents selected from (i) a halogen atom (e.g., fluorine,
chlorine, bronmne, iodine) , (ii) cyano, (iii) |ower
(specifically Cy-¢) alkyl (e.g., nethyl, ethyl, propyl,
i sopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
hexyl etc.) optionally substituted by 1 to 5 (preferably 1 to
3) halogen (e.g., fluorine, chlorine, bronine, iodine), (iv)
C,.¢ alkoxy (e.g., nethoxy, ethoxy, propoxy, isopropoxy, butoxy,
i sobut oxy, sec-butoxy, pentyloxy, hexyloxy etc.) optionally
substituted by 1 to 5 (preferably 1 to 3) halogen (e.g., .
fluorine, <chlorine, bromne, iodine), (v) acyl (e.g., acetyl),
(vi) nitro and (vii) amno is preferable.

Of these, as R2, [1] a Cgis aryl group (e.g., pheny
group) optionally substituted by 1 to 5 (preferably 1 to 3)
substituents selected from (i) a halogen atom (e.g., fluorine,
chlorine, bromne, iodine), (ii) cyano, (iii) C,e alkyl (e.g.,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, hexyl etc.) optionally substituted by 1 to
5 (preferably 1 to 3) halogen (e.g., fluorine, <chlorine
brom ne, iodine), (iv) C-¢ alkoxy (e.g., nethoxy, ethoxy,
propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy, pentyloxy,
hexyl oxy etc.) optionally substituted by 1 to 5 (preferably 1
to 3) halogen (e.g., fluorine, chlorine, bromne, iodine) and
(v) acetyl,
[2] a thienyl group optionally substituted by 1 to 3
substituents selected from (i) a halogen atom (e.g., fluorine,
chlorine, bromne, iodine), (ii) cyano, (iii) GCi-s alkyl (e.g.,
met hyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, hexyl etc.) optionally substituted by 1 to
5 (preferably 1 to 3) halogen (e.g., fluorine, chlorine
brom ne, iodine), (iv) C,, alkoxy (e.g., nethoxy, ethoxy,

propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy, pentyloxy,
26
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hexyl oxy etc.) optionally substituted by 1 to 5 (preferably 1
to 3) halogen (e.g., fluorine, <chlorine, bromne, iodine) and
(v) acetyl, or
[3] a pyridyl group optionally substituted by 1 to 4
substituents selected from (i) a halogen atom (e.g., fluorine,
chlorine, bromne, iodine), (ii) cyano, (iii) |ower
(specifically C,4) alkyl (e.g., nethyl, ethyl, propyl,
i sopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
hexyl etc.) optionally substituted by 1 to 5 (preferably 1 to
3) halogen (e.g., fluorine, <chlorine, bromne, iodine), (iv)
C, 6 alkoxy (e.g., nethoxy, ethoxy, propoxy, isopropoxy, butoxy,
i sobut oxy, sec-butoxy, pentyloxy, hexyloxy etc.) optionally
substituted by 1 to 5 (preferably 1 to 3) halogen (e.g.,.
fluorine, chlorine, bromne, iodine), (v) acyl (e.g., acetyl),
(vi) nitro and (vii) amno is preferable.

Particularly, [1] a phenyl group optionally substituted
by 1 to 5 (preferably 1 to 3) substituents selected from (i) a
hal ogen atom (e.g., fluorine, chlorine, bromne, iodine) and
(ii) C,, alkyl (e.g., nethyl, ethyl, propyl, isopropyl, butyl,
i sobutyl, sec-butyl, tert-butyl, pentyl, hexyl etc.)
optionally substituted by 1 to 5 (preferably 1 to 3) hal ogen
(e.g., fluorine, chlorine, bromne, iodine),
[2] a thienyl group optionally substituted by 1 to 3
substituents selected from (i) a halogen atom (e.g., fluorine,
chlorine, bromne, iodine) and (ii) Cj-¢ alkyl (e.g., nethyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-
butyl, pentyl, hexyl etc.) optionally substituted by 1 to 5
(preferably 1 to 3) halogen (e.g., fluorine, chlorine,
brom ne, iodine) , or
[3] a pyridyl group optionally substituted by 1 to 4
substituents selected from (i) a halogen atom (e.g., fluorine,
chlorine, bronmne, iodine) and (ii) lower (specifically Cxp)
al kyl  (e.g., nmethyl, ethyl, propyl, isopropyl, butyl,
i sobutyl, sec-butyl, tert-butyl, pentyl, hexyl etc.)

optionally substituted by 1 to 5 (preferably 1 to 3) hal ogen
27
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(e.g., fluorine, chlorine, bromne, iodine) is preferable.

Of those nentioned above, a preferable enbodinment of R?
include [1] a phenyl group optionally substituted by 1 to 5
substituents selected from (i) a halogen atom and (ii) C, 4
al kyl optionally substituted by 1 to 5 halogen atons, [2] a
pyridyl group optionally substituted by 1 to 4 substituents
selected from lower (cq-s) alkyl, a halogen atom al koxy (Css
al koxy) , cyano, acyl (e.g., acetyl), nitro and anino, and the
like.

As R2, a phenyl group, a 2-fluorophenyl group, a 2-
nmet hyl phenyl  group, a 2-fluoropyridin-3-yl group, a 3-
fluoropyridin-4-yl group, a 2-chloropyridin-3-yl group, a 6-
chl or opyri di n- 3-yl group, a 4-nethyl pyridin-3-yl group, a 2-
met hyl pyri di n- 3-yl group, a 3-nethyl pyridin-2-yl group, a 2-
trifluoronethyl pyridin-3-yl group and a 6'-chloro-2, 3'-
bi pyridin-5-yl group are particularly preferable.

Preferably R3 and R* are each a hydrogen atom or one of

R3 and R* is a hydrogen atom and the other is a C; 6 alkyl group

(e.g., nethyl, ethyl, n-propyl, isobutyl etc.), a C_ s alkyl-
carbonyl group (e.g., acetyl, propionyl, butyryl, isobutyryl,
pent anoyl, hexanoyl, heptanoyl etc.), a halogen atom (e.g.,
fluorine, chlorine, bronmne, iodine) , a cyano group or a nitro

group. A conpound wherein both R3 and R* are hydrogen atons is
particularly preferable.

As RS, nethyl or ethyl is preferable, and nethyl is
particularly preferable.

The above-nentioned preferable enbodinents of the
substituents for R! to RS may be optionally conbined to achieve
a preferable enbodiment of conmpound (1) .

Of compounds (1), a conmpound wherein
Rl is a 5-6-menbered aromatic nitrogen-containing nonocyclic
heterocyclic group (for exanple, thiazolyl, imdazolyl,
pyrazolyl, pyridyl, pyrindinyl, pyridazinyl, pyrazinyl and
the like) or an imdazo [1, 2-a] pyrimdinyl group, which are

optionally substituted by 1 to 3 substituents selected from
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(i) hal ogen (e.g., fluorine, chl ori ne, br om ne, i odi ne), (ii)
hydr oxy, (iii) cyano, (iv) Ci alkyl (e.g., nethyl, et hyl ,
propyl, isopropyl, butyl, isobutyl, sec- butyl, tert-butyl,
pentyl, hexyl etc.) optionally substituted by 1 to 5
(preferably 1 to 3) halogen (e.g., fluorine, chl ori ne,

br om ne, i odi ne), (v) Cy-¢ alkoxy (e.g., methoxy, et hoxy,

pr opoxy, i sopr opoxy, but oxy, i sobut oxy, sec- but oxy, pent yl oxy,
hexyloxy etc.) optionally substituted by 1 to 5 (preferably 1
to 3) hal ogen (e.g., fluorine, chl ori ne, br om ne, i odi ne),

(vi) amino group optionally substituted by C; 4 alkyl (e.g.,

nmethyl, ethyl, propyl, i sopropyl, butyl, isobutyl, sec- butyl,
tert-butyl, pentyl, hexyl etc.) and (vii) C;_g al koxy-carbonyl
(e.g., methoxycarbonyl, et hoxycar bonyl , pr opoxycar bonyl , tert-
but oxycar bonyl etc .);

R2 is [1] a Cgia aryl group (e.g., phenyl group) optionally

substituted by 1 to 5 (preferably 1 to 3) substituents

selected from (i) a halogen atom (e.g., fluorine, chl ori ne,
br om ne, i odi ne), (ii) cyano, (iii) Cp ¢ alkyl (e.g., nethyl,
et hyl, propyl, i sopropyl, butyl, isobutyl, sec- butyl, tert-
butyl, pentyl, hexyl etc.) optionally substituted by 1 to 5

(preferably 1 to 3) halogen (e.g., fluorine, chl ori ne,
br om ne, i odi ne), (iv) C,, alkoxy (e.g., nmethoxy, et hoxy,
pr opoxy, i sopr opoxy, but oxy, i sobut oxy, sec- but oxy, pent yl oxy,

hexyloxy etc.) optionally substituted by 1 to 5 (preferably 1

to 3) halogen (e.g., fluorine, chl ori ne, br om ne, i odi ne), (v)
acetyl, (vi) c3-7 cycloal kyl (e.g., cyclopropyl, cycl obutyl,

cycl opentyl, cycl ohexyl , cycl ohept yl etc.), (vii) Cu

al kyl sul f onyl (e.g., nethyl sulfonyl, ethylsulfonyl etc.),

(viii) a C, 4 alkyl group substituted by 1 to 3 hydroxy (e.g.,
hydr oxynet hyl , hydr oxyet hyl etc.), (ix) C,.4 alkylthio (e.q.,
net hyl t hi o, et hyl t hi o, propyl t hi o, i sopropyl thi o, butyl t hi o,

i sobutyl thio, sec-butylthio, pentyl t hi o, hexyl thio etc.)
optionally substituted by 1 to 5 (preferably 1 to 3) hal ogen
atonms (e.g., fluorine, chlorine, bron ne, iodine) and (x) C,q4

al kyl sul fi nyl (e.g., methylsulfinyl, et hyl sul fi nyl etc.),
29
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[2] a thienyl group optionally substituted by 1 to 3
substituents selected from (i) a halogen atom (e.g., fluorine,
chlorine, bromne, iodine), (ii) cyano, (iii) Q(—6 al kyl (e.g.,
met hyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, hexyl etc.) optionally substituted by 1 to
5 (preferably 1 to 3) halogen (e.g., fluorine, chlorine,
bromine, iodine), (iv) C; g alkoxy (e.g., nethoxy, ethoxy,
propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy, pentyloxy,
hexyl oxy etc.) optionally substituted by 1 to 5 (preferably 1
to 3) halogen (e.g., fluorine, <chlorine, bromne, iodine) and
(v) acetyl,

[3] a pyridyl group optionally substituted by 1 to 4
substituents selected from (i) a halogen atom (e.g., fluorine,
chlorine, bromne, iodine) , (ii) cyano, (iii) | ower
(specifically C4-¢) alkyl (e.g., nmethyl, ethyl, propyl,

i sopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
hexyl etc.) optionally substituted by 1 to 5 (preferably 1 to
3) halogen (e.g., fluorine, <chlorine, bromne, iodine), (iv)
C, 6 alkoxy (e.g., nethoxy, ethoxy, propoxy, isopropoxy, butoxy,
i sobut oxy, sec-butoxy, pentyloxy, hexyloxy etc.) optionally
substituted by 1 to 5 (preferably 1 to 3) halogen (e.g.,
fluorine, chlorine, bromne, iodine), (v) acyl (e.g., acetyl),
(vi) nitro and (vii) amno, or

[4] a bipyridyl group optionally substituted by 1 to 3 hal ogen
atons (e.g., fluorine, <chlorine, bromne, iodine);

R3 and R4 are each a hydrogen atom or one of R3 and R is a

hydrogen atom and the other is a Cj-¢ alkyl group (e.g., nethyl,

ethyl, n-propyl, isobutyl etc.), a C;g4 alkyl-carbonyl group
(e.g., acetyl, propionyl, butyryl, isobutyryl, pentanoyl,
hexanoyl, heptanoyl etc.), a halogen atom (e.g., fluorine,
chlorine, bromne, 1iodine) , a cyano group or a nitro group;
R> is nmethyl or ethyl is preferable,

a compound wherein, for exanple
Rl is a pyridyl group optionally substituted by 1 to 3

substituents selected from (i) C, 4 alkyl (e.g., nethyl, ethyl,
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propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, hexyl etc.) optionally substituted by 1 to 5
(preferably 1 to 3) halogen (e.g., fluorine, chlorine,
bromne, iodine) and (ii) C,_, alkoxy (e.g., nethoxy, ethoxy,
propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy, pentyloxy,
hexyl oxy etc.) optionally substituted by 1 to 5 (preferably 1
to 3) halogen (e.g., fluorine, chlorine, bromne, iodine),
R2 is [1] a phenyl group optionally substituted by 1 to 5
(preferably 1 to 3) substituents selected from (i) a hal ogen
atom (e.g., fluorine, chlorine, bromne, iodine) and (ii) Cj-6
al kyl (e.g., nethyl, ethyl, propyl, isopropyl, butyl,
i sobutyl, sec-butyl, tert-butyl, pentyl, hexyl etc.)
optionally substituted by 1 to 5 (preferably 1 to 3) hal ogen
(e.g., fluorine, chlorine, bromne, iodine),
[21 a thienyl group optionally substituted by 1 to 3
substituents selected from (i) a halogen atom (e.g., fluorine,
chlorine, bromne, iodine) and (ii) C,_, alkyl (e.g., nmethyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-
butyl, pentyl, hexyl etc.) optionally substituted by 1 to 5
(preferably 1 to 3) halogen (e.g., fluorine, chlorine,
brom ne, iodine), or
[3] a pyridyl group optionally substituted by 1 to 4
substituents selected from (i) a halogen atom (e.g., fluorine,
chlorine, bromne, iodine) and (ii) lower (specifically Ci-5)
al kyl (e.g., nethyl, ethyl, propyl, isopropyl, butyl,
i sobutyl, sec-butyl, tert-butyl, pentyl, hexyl etc.)
optionally substituted by 1 to 5 (preferably 1 to 3) hal ogen
(e.g., fluorine, chlorine, bromne, iodine),
R3 and R4 are each a hydrogen atom and R> is nethyl is
particularly preferable.

As conmpound (1), N-nethyl-1- [5-phenyl-I- (pyridin-3-
yl sul fonyl) -1 H pyrrol-3-yl]nmethanam ne, 1- [5- (2- fluorophenyl) -
1- (pyridin-3-ylsulfonyl) -lIHpyrrol-3-yl] -Nnethylmethanam ne |,
N-net hyl -1- [4-methyl-1- (pyridin-3-ylsulfonyl) -5-phenyl-IH
pyrrol -3-yl ] net haneam ne, N-net hyl -1- [1- (pyridin-3-
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yl sul fonyl) -5- (3-thienyl) -1 H pyrrol-3-yl] et hanam ne, N-
met hyl - 1- [5- (2-nmet hyl phenyl) -1- (pyridin-3-ylsulfonyl) -IH
pyrrol - 3-yl ] met hanani ne, 1- [5- (2, 4-di fluorophenyl) -1- (pyridin-
3-ylsul fonyl) -IHpyrrol-3-yl] -Nnethyl nethanam ne, [-{5- (2-
fl uorophenyl) -1- [ (6-nethyl pyridin-3-yl) sulfonyl] -IH pyrrol-3-
yl } - N- et hyl net hanami ne, 1- [4-fluoro-5-phenyl-1- (pyridin-3-
yl sul fonyl) -1 Hpyrrol-3-yl] -N nethyl net hanam ne, N- et hyl - 1-
[5- (4-nethyl -3-thienyl) -1- (pyridin-3-ylsulfonyl) -IHpyrrol-3-
yl ] met hanam ne, 1- [5- (2-fluoropyridin-3-yl) -1- (pyridin-3-
yl sul fonyl) -l Hpyrrol-3-yl] -Nnmethyl methananmine or a salt
thereof is particularly preferable.

As a salt of compound (1), nmetal salt, ammonium salt,
salts with organic bases, salts with inorganic bases, salts
with organic acids, salts with basic or acidic amno acids and
the like can be nentioned. Preferable exanples of nmetal salt
include alkali metal salts such as sodium salt, potassium salt
and the like; alkaline earth nmetal salts such as calcium salt,
magnesi um salt, barium salt and the like; alumnum salt and
the like. Preferable exanples of the salt with organic base
include a salt with trinmethylamne, triethylamnmne, pyridine,
pi coline, 2,6-lutidine, ethanolanne, diethanolam ne,
triethanol am ne, cycl ohexyl am ne, dicycl ohexyl am ne, N,N -

di benzyl et hyl enediamine and the like. Preferable exanples of
the salt with inorganic acid include a salt with hydrochloric
acid, hydrobromic acid, nitric acid, sulfuric acid, phosphoric
acid and the like. Preferable exanples of the salt wth
organic acid include a salt with formic acid, acetic acid,
trifluoroacetic acid, phthalic acid, fumaric acid, oxalic

acid, tartaric acid, maleic acid, citric acid, succinic acid,
malic acid, nethanesulfonic acid, benzenesulfonic acid, p-
toluenesulfonic acid and the like. Preferable exanples of the
salt with basic amno acid include a salt wth arginine,

lysin, ornithine and the like. Preferable exanples of the salt
with acidic amino acid include a salt with aspartic acid,

glutamic acid and the Iike.
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Of these, pharnmaceutically acceptable salts are

pref erabl e. For exanple, when a conpound contains an acidic
functional group, inorganic salts such as alkali netal salt
(e.g., sodium salt, potassium salt etc.), alkaline earth netal

salt (e.g., calcium salt, nagnesium salt, barium salt etc.)
and the like, anmmnium salt and the like; and when a conpound
contains a basic functional group, for exanple, salts wth
inorganic acid such as hydrochloric acid, hydrobromc acid,
nitric acid, sulfuric acid, phosphoric acid and the like, or
salts with organic acid such as acetic acid, phthalic acid,
fumaric acid, oxalic acid, tartaric acid, maleic acid, citric
acid, succinic acid, nethanesulfonic acid, p-toluenesulfonic
acid and the like can be nentioned.

Compound (1) can be produced, for exanple, according to
the nethods described in JP application No. 2005-044740, Eur.
J. &g. Chem , p. 2283 (2001), J. Med. Chem , vol. 43, p. 1886

(2000), J. Pharm Pharnacol. , vol. 46, p. 740 (1994),

W92/ 04025, J. Heterocycl. Chem , vol. 25, p. 635 (1988), J.

Med. Chem , vol. 14, p. 328 (1971), J. Med. Chem , vol. 35 p.

4195 (1992) or Tetrahedron Lett. , vol. 26, p. 4047 (1985), or

a net hod anal ogous thereto.

The production methods of conpound (1) in the present
invention are explained. \

The conpounds (I1) -(XXIV) in the formula may form salts,
and as such salts, for exanple, those sinmlar to the salts of
compound (1) can be mentioned.

While the conmpounds obtained in respective steps can be
used for the next reaction in the form of a reaction mxture
or a crude product, they can also be easily isolated and
purified from the reaction mixture by a known separation and

purification neans, such as recrystallization, distillation,

chromat ography and the Ilike.
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Conpound (11) wherein R2?2, R3 and R% are as defined above,
and R® is a Cx-, alkyl group such as methyl, ethyl, propyl,
i sopropyl, butyl and the like can be produced according to a
met hod known per se, such as the nethod described in Chem

Pharm Bull. , vol. 49, p. 1406 (2001), Tetrahedron Letters,

vol. 35, p. 5989 (1994) and the like or a nmethod anal ogous
t heret o.

By reacting conpound (11) with a conpound represented by

the formula (llia)

o)

[
R“——ﬁ—(:l
o)

(a)

wherein R!! is as defined for R, or the protecting group

described in Protective Goups in Organic Synthesis , 3rd Ed.

Theodora W. Greene, Peter G. M. Wits, pp. 615-617, W/ ey-
Interscience (1999) (e.g., phenyl, 4-nethylphenyl etc.),
conpound (1V) (each symbol in the formula is as defined above)

can be produced.
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This reaction is advantageously <carried out using a
solvent inert to the reaction. Wiile the solvent is not
particularly Jlimted as long as the reaction proceeds,
hydrocarbons such as benzene, toluene and the |like and ethers
such as tetrahydrofuran and the like, amides such as N,N-

di met hyl f or mam de, N, N-di met hyl acetam de and the like, and the
like or a mxed solvent thereof and the like are preferable.

Use of a base is effective for the reaction. As the
base, for exanple, inorganic bases such as sodium hydride,
sodi um hydroxi de, potassium hydroxide and the I|ike, basic
salts such as sodium carbonate, potassium carbonate, cesium
carbonate, sodium hydrogencarbonate and the like, netal bases
such as potassium ethoxide, potassium tert-butoxide, sodium
nmet hoxi de, sodium ethoxide and the like, aromatic am nes such
as pyridine, lutidine and the like, tertiary amines such as
triethylanmine, tripropylanine, tributylam ne,
cycl ohexyl di nethyl ami ne, 4-dinethylam nopyridine, N, N-

di met hyl aniline, N nethyl piperidine, N- et hyl pyrrolidine, N-
met hyl nor pholine and the like, and the |ike can be nentioned.
The amount of the base to be used is about 1 - about 10 nol,
preferably about 1 - about 5 nol, per 1 nol of compound (I11)

The reaction can also be carried out in the co-presence
of crowmn ether. As the crown ether, for exanple, 15-crown-5-
ether, 18-crown- B-ether and the like can be nentioned. The
amount of the crown ether to be used is about 1 - about 10
nol, preferably about 1 - about 5 mol, per 1 nol of conpound
(rry .

Wiile the reaction tine varies depending on the reagents
and solvent to be used, it is generally about 30 min - about
24 hr, preferably about 30 min - about 8 hr.

The reaction tenperature is generally about OC - about
100°C, preferably about 10°C - about 50°C.

' Conmpound (v) (each synbol in the formula is as defined
above) can be produced according to a nethod known per se, for

exanpl e, the nethods described in Tetrahedron Letters , vol.
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13, p. 5337 (1972), Heterocycles , vol. 7, p. 77 (1977), Chem

Pharm Bull. , vol. 27, p. 2857 (1979), J. Og. Chem , vol. 62,

p. 2649 (1997) and the like, or a nethod anal ogous thereto.

Compound (vI) (each synbol in the formula is as defined
above) can be produced by reacting compound (v wth N-
br omosucci ni ni de (NBS)

N- Br omosucci ni mi de (NBS) is preferably wused in about one
equi val ent amount relative to conpound (v), and the reaction
is preferably <carried out under an inert gas atnosphere such
as nitrogen, argon and the Ilike.

This reaction is advantageously <carried out using a
solvent inert to the reaction. VWiile the solvent is not
particularly Jlimted as long as the reaction proceeds,
solvents such as ethers (e.g., tetrahydrofuran, di et hyl ether
and the like), anides (e.g., N, N-dinethylformam de, N, N-

di met hyl acet ami de and the like) and the like, a nixed solvent
thereof and the like are preferable.

Wiile the reaction time varies depending on the reagents
and solvent to be used, it is generally about 30 nmin - about
24 hr, preferably about 5-12 hr.

The reaction tenperature is generally about -78°C to
about 25°C, preferably about -78°C to about o0°C

Addition of a base is sonetimes effective for the
reaction. Wiile the base to be used is not limted as long as
the reaction proceeds, an organic base such as pyridine,
picoline, lutidine and the like, and the like can be
ment i oned. The anount of the organic base to be used is about
0.001 - about 10 equivalents, preferably about 0.001 - about
0.1 equivalent, per 1 nol of conpound (v .

Compound (V1) (each synbol in the fornula is as defined
above) can be produced from conpound (Vi) according to a
method sinmilar to the method for producing conmpound (1Vv) from
conmpound (11) .

Compound (1v) (each synbol in the formula is as defined

above) can also be produced by reacting conpound (VII) with a
36
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compound represented by the formula (Villa)

(Villa)

or the formula (VIIlDb)

Me
/O \L_ Me

—~—Me
Me

(V11b)

wherein R2 is as defined above, according to the nethod

described in Synthetic Comuni cations, vol. 11, p. 513 (1981),

or a nethod analogous thereto.

Compound (1X) (each synbol in the formula is as defined
above) can be produced by reducing conpound (I1vy with a
reduci ng agent such as lithium alum num hydride, diisobutyl
al um num hydri de, sodium borohydride, calcium borohydride and
the like. As the reducing agent, diisobutyl aluninum hydride
is particularly preferable. The anount of the reducing agent
to be used is about 0.75 - about 10 equivalents, preferably
about 1 - about 5 equivalents, per 1 rol of compound (1Vv) .

This reaction is advantageously carried out using a
solvent inert to the reaction. Wile the solvent is not
particularly limted as long as the reaction proceeds,
solvents such as hydrocarbons (e.g., benzene, toluene and the
like) and ethers (e.g., tetrahydrofuran, diethyl ether and the
like) , and the like, a mxed solvent thereof and the like are
preferable

While the reaction tine varies depending on the reagents
and solvent to be used, it is generally about 30 min - about
24 hr, preferably about 30 min - about 8 hr.

The reaction tenperature is generally about -78°C to

about 100°C, preferably about -78°C to about 25°C
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Compound (x) (each symbol in the forrmula is as defined
above) can be synthesized by reacting conmpound (1X) with an
oxi dant such as chromi c acid-pyridine conplex, pyridinium
chl orochromate, manganese dioxide, sulfur trioxide-pyridine
conmpl ex or tetra-n-propylamonium perruthenate and the like.
As the oxidant, manganese dioxide, sulfur trioxide-pyridine
compl ex or tetra-n-propylamonium perruthenate is preferable.
The oxidation reaction can be carried out, for exanple,
according to the nethod described in Synthesis , p. 639 (1994) .

Compound (l1a) (each synmbol in the formula is as defined
above) can be produced by subjecting conpound (x and a

compound represented by the forrmula (x) :

3
R— NH,

wherein R® is as defined above, to a reductive amnation

reaction according to the nethods described in Shin Jikken

Kagaku Koza, Vol. 14-111, pp. 1380-1385 (Maruzen Press)

In addition, conmpound (1a) can also be produced by the

follow ng nethod.
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Compound (XIl1) (each synbol in the formula is as defined
above) can be produced from conmpound (VIiI) according to a
method simlar to the nethod for producing conmpound (I1X) from

5 conpound (1V) .

Compound (XI11) (each synbol in the formula is as defined
above) can be produced from conpound (XiI) according to a
method simlar to the nmethod for producing conmpound (x) from
conmpound (1X) .

10 Compound (XIV) (each synmbol in the formula is as defined
above) can be produced from conpound (X Il) according to a
method simlar to the nmethod for producing conpound (la) from
conmpound (X .

Compound (xXv) (each synmbol in the forrmula is as defined

15 above and R’ is an amino-protecting group) can be produced by
protecting an amino group of conmpound (XIV) . As the am no-
protecting group, tert-butylcarbamate group (BCC group) ,
benzyl carbamate group (Cbz group) and the like can be

ment i oned.

The protection

39
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according to a method known per se, for exanple, the nethod

described in Protective Goups in Oganic Synthesis , 39 Ed.,

Theodora W. Greene, Peter G. M. Wits, pp. 494-653, W/ley-

Interscience (1999) and the IliKke.

Compound (XV1) (each synbol in the fornula is as defined
above) can be produced from conpound (Xv) according to a
method sinmilar to the nethod for producing conpound (Iv) from
compound (VII)

Conmpound (la) (each synbol in the forrmula is as defined
above) can be produced by elimnating the am no-protecting
group from conpound (Xvi) by a nmethod known per se, for

exanple, the method described in Protective Goups in Oganic

Synthesis , 3rd Ed., Theodora W. Geene, Peter G. M. Wits, pp.
494- 653, W/l ey-Interscience (1999) and the Iike.
In addition, conpounds (XvI) and (la) can also be

produced by the follow ng nethods.

(o] R5
R oR® ) R oH R =0 R N
reduction oxidation 1) \
7\ — /\ — /N, —— N\ "
4 R? 4 2 4 2
R N R N R R N R R N Rt

)} (Vi) VI %
.
R R . . R
protection of N R ,\/ e%lmlnatlor} R H/
amino grou \ of protective
P M v I{ K" group /\
R? H R R N R by Fil R
o=s=o0 0=?=0
(XX) i

&M
(,)

- (o

Compound (XVil) (each synmbol in the fornmula is as defined
above) can be produced from conpound (11) according to a
method sinmilar to the nethod for producing conmpound (1X) from
conmpound (1V) .

Conmpound (XVIIl) (each synmbol in the fornmula is as
defined above) can be produced from conmpound (XVil) according
to a method simlar to the method for producing conpound (X

from compound (1X) .
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Compound (XIX) (each synmbol in the forrmula is as defined
above) can be produced from conpound (XVIIl) according to a
method simlar to the nmethod for producing conpound (la) from
conmpound (X .

5 Compound (XX) (each synmbol in the formula is as defined
above) can be produced from conpound (XIX) according to a
method simlar to the nethod for producing conmpound (xv) from
conmpound (XIV) .

Compound (Xvi) (each synmbol in the formula is as defined

10 above) can be produced from compound (XX) according to a
method simlar to the nethod for producing compound (1v) from
compound (I11) . Furthernore, conmpound (la) can be produced by a
method simlar to the aforementioned nethod.

In addition,

15 produced by the follow ng nethods.

o) Q
R oR® R OR® . R OH oxjdation R} =0
reduction
/\ e) / \ — A\ — I\
H ” R H T R H T R H N R
0o=s=0 OZTZO o:é:o
) IIR" rR" R!
XD XX Xy
R =0
NBS / \ Villa)
—_—
Br N R* or
) (Villb)
oz?::o R =0 R N
11
R i, = T
i) R? T R T R N R
0=8=0 o:é:o
R —0 y *l?u ‘IRﬁ
R R
N
(XVIII)
Compound (XXI) (each synbol in the forrmula is as defined
20 above) can be produced from compound (v) according to a nethod
simlar to the nethod for producing conmpound (I1Vv) from

conmpounds (Xl
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compound  (I11) .

Compound (XXI'l1) (each synmbol in the fornula is as defined
above) can be produced from conpound (XXI) according to a
method simlar to the nmethod for producing conpound (1X) from
compound (1V) .

Compound (XXI11) (each synmbol in the formula is as
defined above) can be produced from conmpound (XXlIlI) according
to a nethod simlar to the nmethod for producing conpound (X
from compound (IX)

Compound (XIl1l1) (each synmbol in the fornula is as defined
above) can be produced from conpound (XXII11) according to a
method simlar to the nmethod for producing conmpound (W) from
compound (V) .

Compound (x) (each synbol in the fornmula is as defined
above) can be produced from conmpound (XIIl) according to a
nmethod simlar to the method for producing conpound (1Vv) from
compound (VIl) , or from conmpound (XVill) according to a nethod
simlar to the nethod for producing conmpound (1Vv) from
compound (I1) . Furthermore, conmpound (la) can be produced
according to a nethod simlar to the aforenentioned nethod.

Mor eover, conpound (XI11) and conpound (XVIIlI) can also
be synthesized by the following nethod, and conmpound (la) can

be further produced by a nmethod simlar to the aforenentioned

met hod.
R} =0
/A .
(lita) o . ” . N/R
o=s=o0 H
R —o o [\
—_— R? R*
]\ (Villa) il  —— o—z—o
Br N R* or 3 DR
H (Villb) R =0 RN
(XIV) /A (2)
RZ lr)‘ll R4
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Conpound (XX1'V) (each synbol in the formula is as defined

above) can be produced accordi ng to a method known per se, for

exanpl e, the nethod descri bed in J. Og. Chem , vol. 55, p.

6317 (1990) and the |like, or a nmethod anal ogous t heret o.

Conpound (XI1r) (each synbol in the formula is as defined
above) can be produced from conpound (XXI'V) according to a
nmet hod simlar to the nmethod for producing conpound (1v) from

conmpound (rn)

Conpound (XVII1) (each synbol in the formula is as
defi ned above) can be produced from conpound (XXI'V) according
to a method simlar to the nmethod for producing conpound (1rv)

from conpound (Vi)

Wen R1l1 is a group other than the group represented by R1
in each conpound, the conpound can be converted t o conpound
(1) after deprotection by a nethod known per se, for exanple,
the method descri bed in Protective G oups in Oganic
Synthesis , 3rd Ed., Theodora W. G eene, Peter G. M. Wits, pp.
615-617, W ey-Interscience (1999) and the |Iike, using the

formul a crer)

O
.
R——|S—CI
0
(rery
wherein each synbol in the formula is as defined above,
accordi ng to a method sinmlar to the nethod for producing

conmpound (1v) from conpound ()

In each of the aforenentioned reactions, when the
starting conpound has an amino group, a carboxyl group or a
hydr oxy group as a substituent, a protecting group generally
used in peptide chem stry and the like may be introduced into
these groups. In this case, by elimnating the protecting
group as necessary after the reaction, the objective conpound
can be obtained. I nt roduction and elimnation of these
protecting groups can be perforned by a nmethod known per se,
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for exanple, the nmethod described in Protective Goups in

Organic Synthesis , 3rd Ed., Theodora W. G eene, Peter G. M.

Wits, W I ey-Interscience (1999) and the like.

Compound (1) can be isolated and purified by a known
nmeans such as phase transfer, concentration, sol vent
extraction, fractionation, liquid conversion, crystallization,
recrystallization, chromat ography and the Iike.

VWhen conpound (1) is obtained as a free conpound, it can
be converted to a desired salt by a nmethod known per se or a
nmet hod anal ogous thereto; conversely, when compound (1) is
obtained as a salt, it can be converted into a free form or
another desired salt by a nmethod known per se or a nethod
anal ogous thereto .

Compound (1) may be used as a prodrug. The prodrug of

compound (1) nmeans a conpound which is converted to compound
(1) under the physiological <condition in the body by a
reaction with an enzyme, gastric acid, or the like, that is, a
compound which is converted to conpound (1) by enzymatic

oxi dation, reduction, hydrolysis, and the like; a compound
which is converted to conpound (1) by hydrolysis wth gastric
acid, and the I|ike.

The prodrug of conpound (1) includes a conpound wherein
the amno group of conpound (1) is nodified with acyl, alkyl
or phosphoryl (e.g., a compound wherein the amno group of
compound (1) is nodified with eicosanoyl, alanyl,
pentyl am nocar bonyl , (5- et hyl - 2- oxo-1, 3-di oxol en-4-
yl )met hoxycar bonyl , tetrahydrofuranyl, pyrrolidylnethyl,
pi val oyl oxynet hyl or t-butyl, etc.); a conpound wherein the
hydroxy group of compound (1) is nmodified with acyl, alkyl,
phosphoric acid or boric acid (e.g., a compound wherein the
hydroxy group of compound (1) is nodified with acetyl,
pal mtoyl, propanoyl, pivaloyl, succinyl, fumaryl, alanyl or
di et hyl am nonet hyl car bonyl , etc.); a conpound wherein a
carboxyl group of compound (1) is nodified to ester or amde
(e.g., a compound wherein a carboxyl group of compound (1) is
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nodi fied to ethyl ester, phenyl ester, carboxynethyl ester,
di met hyl ami nonet hyl  ester, pival oyl oxynethyl ester,
et hoxycar bonyl oxyet hyl ester, phthalidyl ester, (5-nethyl-2-
oxo-1, 3-dioxol en-4-yl) nmethyl ester, cyclohexyl oxycarbonyl et hyl
ester or nethylamde, etc.); and the like. These prodrugs can
be produced from conpound (1) by a nethod known per se.

In addition, the prodrug of conmpound (1) may be a
compound, which is converted to conpound (1) under the

physi ol ogi cal conditions, as described in Pharnmaceutical

Research and Devel opnent , Vol. 7 (Mdlecule Design), pp. 163-

198 (1990), published by H rokawa Publishing Co.

When compound (1) contains an optical isoner, a
stereoi soner, a regioisonmer or a rotaner, either isonmer and a
m xture of these are also enconpassed in conmpound (1) . For
exanpl e, when compound (1) has an optical isoner, an optical
i somer resolved from a racemate is also enconmpassed in
conpound (1) . These isoners can be obtained as single products
according to synthesis and separation nethods known per se
(concentration, solvent extraction, colum chromatography,
recrystallization, etc.).

The compound (1) may be a crystal, and both a single
crystal and crystal mxtures are enconpassed in conmpound (1) .
Crystals can be produced by crystallization according to
crystallization nethods known per se.

The compound (1) nmay be a solvate (e.g., hydrate etc.) or
a non-sol vate, both of which are enconpassed in the conpound
(ny .

A conpound |abeled with an isotope (e.g., 3H, 4c, 35s,
125] "and the like) is also enconpassed in the conpound (1) .

Compound (1) and a prodrug thereof of the present
invention (hereinafter sonetinmes to be abbreviated as the
conpound of the present invention) have a proton punp
inhibitory effect and effectively suppress gastric acid
secretion. In addition, since they show low toxicity (e.g.,

acute toxicity, chronic toxicity, genetic toxicity,
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reproductive toxicity, cardiotoxicity, drug interaction,

carcinogenicity and the like) and high water-solubility, and

Care superior in the stability, in vivo kinetics

(absorbability, distribution, netabolism excretion and the
like) , and efficacy expression, they are useful as
phar maceuti cal agents. |

The conmpound of the present invention is useful for the
treatment or prophylaxis of peptic ulcer (e.g., gastric ulcer,
gastric ulcer due to postoperative stress, duodenal ulcer,
anastonotic ulcer, ulcer caused by non-steroidal anti-
inflammatory agents etc.); Zollinger-Ellison syndrone;
gastritis; erosive esophagitis; reflux esophagitis such as
erosive reflux esophagitis and the like; synptomatic
gastroesophageal reflux disease (synptomatic GERD) such as
non-erosive reflux disease or gastroesophageal reflux disease
free of esophagitis and the like; functional dyspepsia;
gastric cancer (including gastric cancer associated wth
pronmoted production of interleukin-l B due to gene pol ynorphi sm
of interleukin-1) ; stomach MALT |ynphoma; gastric
hyperacidity; wupper gastrointestinal henorrhage due to peptic
ul cer, acute stress ulcer, henorrhagic gastritis or invasive
stress (e.g. stress caused by major surgery requiring
postoperative intensive nanagenent, and cerebrovascul ar
di sorder, head trauma, nultiple organ failure and extensive
burn, each requiring intensive treatnent) and the Ilike; airway
di sorders; asthma and the like, pre-anesthetic administration,
eradi cation of Helicobacter pylori or eradication assistance
and the like, in mammuals (e.g., human, sinian, sheep, cattle,
horse, dog, cat, rabbit, rat, mnouse etc.).

As used herein, the above-nentioned reflux esophagitis
and synptomatic gastroesophageal reflux disease (synptonatic
GERD) ) are sonetines collectively referred to sinply as GERD.

The content of a conpound of the present invention in the
pharmaceuti cal conposition of the present invention is about

0.01 to 100% by weight relative to the entire conposition.
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Though subject to change depending on the adm nistration
target, admnistration route, target disease and the like, its
dose is about 0.5 to 1,500 ny/day, preferably about 5 to 150
ng/ day, based on the active ingredient, when, for exanple, the
compound is orally admnistered as an anti-ulcer agent to an
adult human (60 kg) . The conpound of the present invention nay
be adm nistered once daily or in 2 or 3 divided portions per
day.

The conpound of the present invention shows |ow toxicity
and can be appropriately admnistered orally or parenterally
(e.g., topical, rectal, intravenous admnistrations and the
like) as it is or as a preparation containing a pharnaceutica
conmposition containing a pharmacologically acceptable carrier
adm xed according to a nethod known per se, such as tablets
(including sugar-coated tablets and filmcoated tablets) ,
powder, granule, capsule (including soft capsule) , orally
disintegrating tablet, orally disintegrating film [|iquid,

i njection, suppository, sustained-release preparation, plaster
and the like. Particularly, the conpound of the present
invention is preferably admnistered as an oral preparation in
the form of tablet, granule, capsule and the Ilike.

The pharnmacol ogically acceptable carrier that may be used
to produce the pharnmaceutical conposition of the present
invention includes various organic or inorganic carrier
substances in comobn use as pharnaceutical materials,

i ncluding excipients, lubricants, binders, disintegrants,

wat er - sol ubl e polynmers and basic inorganic salts for solid
preparations; and solvents, dissolution aids, suspending
agents, isotonizing agents, buffers and soothing agents for
[iquid preparations and the like. Other ordi nary
pharmaceutical additives such as preservatives, anti-oxidants,
coloring agents, sweetening agents, souring agents, bubbling
agents and flavorings nay also be used as necessary.

Such "excipients" include, for exanple, |actose, sucrose,

D-mannitol, starch, cornstarch, crystalline cellulose, 1ight
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silicic anhydride, titanium oxide and the |ike.

Such "lubricants" include, for exanple, magnesium
stearate, sucrose fatty acid esters, polyethylene glycol,
talc, stearic acid and the Iike.

Such "binders" include, for exanple, hydroxypropyl

cel lul ose, hydroxypropyl net hyl cellul ose, crystalline
cellul ose, starch, polyvinylpyrrolidone, gum arabl e powder,
gelatin, pullulan, |owsubstituted hydroxypropyl cellulose and
the Iike.

Such "di si ntegrants” i nclude (1) crosspovidone, (2) what

is called super-disintegrants such as crosscarnellose sodium
(FMC- Asahi Chemical) and carnellose calcium (Gotoku Yakuhin)
etc, (3) carboxymethyl starch sodium (e.g., product of
Mat sutani  Chemical), (4 |ow substituted hydroxypropyl
cellulose (e.g., product of Shin-Etsu Chemcal), (5) corn
starch, and so forth. Said "crosspovidone" nay be any
crosslinked polyner having the chenical nane |-ethenyl-2-
pyrrolidinone honopol yner, including polyvinylpyrrolidone
(PVPP) and |-vinyl-2-pyrrolidinone honopolyner, and is
exenplified by Colidon CL (produced by BASF) , Pol ypl asdon XL
(produced by 1SP), Polyplasdon XL-10 (produced by 1SP),
Pol ypl asdon I NF-10 (produced by 1SP) and the Iike.

Such "water-soluble polynmers" include, for exanple,
et hanol -sol ubl e water-soluble polymers [e.g., cellulose
derivatives such as hydroxypropyl cellulose (hereinafter also
referred to as HPC) etc, polyvinylpyrrolidone and the Ilike],
et hanol -i nsoluble water-soluble polyners [e.g., cellulose
derivatives such as hydroxypropyl net hyl cellul ose (hereinafter
also referred to as HPMC) etc., nethyl cellul ose,
carboxynethyl cellulose sodium and the like, sodium
pol yacrylate, polyvinyl alcohol, sodium alginate, guar gum and
the like] and the like.

Such "basic inorganic salts" include, for exanple, basic
inorganic salts of sodium potassium magnesi um and/or

calcium Preferred are basic inorganic salts of magnesium
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and/or calcium Mre preferred are basic inorganic salts of
magnesi um Such basic inorganic salts of sodium include, for
exanpl e, sodium carbonate, sodium hydrogencarbonat e, di sodi um
hydr ogenphosphate and the like. Such basic inorganic salts of
pot assi um include, for exanple, potassium carbonate, potassium
hydr ogencarbonate and the like. Such basic inorganic salts of
magnesi um include, for exanple, heavy nagnesium carbonate,
magnesi um car bonate, nmagnesi um oxide, magnesi um hydroxi de,
magnesi um al um nonetasilicate, magnesium silicate, magnesium
aluminate, synthetic hydrotalcite [Mgl,(0H) ;4-CO;-4H,0, and

al um num magnesi um hydroxide. Preferred are heavy magnesi um
carbonate, nmagnesium carbonate, magnesi um oxide, nagnesium
hydroxi de and the like. Such basic inorganic salts of calcium
include, for exanple, precipitated calcium carbonate, calcium

hydr oxi de, etc.

Such "solvents" include, for exanple, water for
i njection, alcohol, propylene glycol, macrogol, sesane oil,
corn oil, olive oil and the Iike.

Such "dissolution aids" include, for exanple,
pol yet hyl ene glycol, propylene glycol, D mannitol, benzyl
benzoate, ethanol, trisam nonethane, chol esterol,
tri et hanol am ne, sodium carbonate, sodium citrate and the
like.

Such "suspending agents" include, for exanple,
surfactants such as stearyltriethanol am ne, sodium |auryl
sul fate, laurylam nopropionic acid, lecithin, benzal konium
chloride, benzethonium chloride, glyceryl nonostearate etc;
hydrophilic polymers such as polyvinyl alcohol,
pol yvi nyl pyrrol i done, car boxymet hyl cellul ose sodium nethyl
cel lul ose, hydroxymethyl cellulose, hydroxyethyl cellul ose,
hydr oxypropyl cellulose etc., and the Iike.

Such "isotonizing agents" include, for exanple, glucose,
D-sorbitol, sodium chloride, glycerol, D-mannitol and the
like.

Such "buffers" include, for exanple, buffer solutions of
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phosphates, acetates, carbonates, citrates etc, and the like.

Such "soothing agents" include, for exanple, benzyl
al cohol and the Iike.

Such "preservatives" include, for exanple, p-oxybenzoic
acid esters, chlorobutanol, benzyl alcohol, phenethyl alcohol,
dehydroacetic acid, sorbic acid and the like.

Such "antioxidants" include, for exanple, sulfites,
ascorbic acid, a-~tocopherol and the Iike.

Such "coloring agents" include, for exanple, food colors
such as Food Color Yellow No. 5, Food Color Red No. 2, Food
Color Blue No. 2 etc.; food |ake colors, red oxide and the
like.

Such "sweetening agents" include, for exanple, saccharin
sodi um di potassium glycyrrhizinate, aspartanme, stevia,
thaumatin and the |ike.

Such "souring agents" include, for exanple, citric acid
(citric anhydride) , tartaric acid, malic acid and the Iike.

Such "bubbling agents" include, for exanple, sodium
bi carbonate and the Ilike.

Such "flavorings" my be synthetic substances or
naturally occurring substances, and include, for exanple,
lemon, lime, orange, nenthol, strawberry and the Iike.

The compound of the present invention may be prepared as
a preparation for oral admnistration in accordance with a
common | y- known nethod, by, for exanple, conpress ion- shaping
with a carrier such as an excipient, a disintegrant, a binder,
a lubricant, or the like, and subsequently coating the
preparation as necessary by a comopnly known nethod for the
purpose of taste mamsking, enteric dissolution or sustained
rel ease. For an enteric preparation, an internediate |ayer my
be provided by a commonly known nethod between the enteric
| ayer and the drug-containing |ayer for the purpose of
separation of the two |ayers.

For preparing the conpound of the present invention as an

orally disintegrating tablet, available nmethods include, for
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exanple, a nethod in which a core containing crystalline
cellulose and lactose is coated with the conpound of the
present invention and, where necessary, a basic inorganic
salt, and then further coated with a coating I|ayer containing
a water-soluble polynmer to give a composition, which is coated
with an enteric coating |ayer containing polyethylene glycol,
further coated with an enteric coating |ayer containing
triethyl «citrate, still further coated with an enteric coating
| ayer containing polyethylene glycol, and finally coated wth
mannitol to give fine granules, which are mxed with additives
and shaped.

The above-nentioned "enteric coating |layer"” includes, for
exanple, a layer consisting of a nmxture of one or nore kinds
from aqueous enteric polyner substrates such as cellulose
acetate phthalate (CAP) , hydroxypropyl net hyl cel I ul ose
pht hal ate, hydr oxynet hyl cellul ose acetate succinate,
met hacrylic acid copolyners (e.g., Eudragit L30D-55 (trade
nane; produced by Rohm , Colicoat MAE3ODP (trade nane;
produced by BASF), Polyquid PA30 (trade n‘ame; produced by San-
yo Chemical) etc.), carboxynethylethyl cellul ose, shellac and
the like; sustained-release substrates such as nethacrylic
acid copolyners (e.g., Eudragit NE30OD (trade nane), Eudragit
RL30D (trade nane), Eudragit RS30D (trade nane), etc.) and the
like; water-soluble polyners; plasticizers such as triethyl
citrate, polyethylene glycol, acetylated nonoglycerides,
triacetin, <castor oil and the like; and the like, and the

like.

The above-nmentioned "additive" includes, for exanple,
wat er - sol ubl e sugar alcohols (e.g., sorbitol, mnnitol,
maltitol, reduced starch saccharides, xylitol, reduced
pal ati nose, erythritol, etc.), crystalline cellulose (e.g.,

Ceolas KG 801, Avicel PH 101, Avicel PH 102, Avicel PH 301,
Avicel PH 302, Avicel RC-591 (crystalline cellulose carnellose
sodiun) etc.), lowsubstituted hydroxypropyl cellulose (e.g.,

LH 22, LH 32, LH23, LH33 (Shin-Et su Chemical) , mxtures
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thereof etc.) and the like. Furthernore, binders, souring
agents, bubbling agents, sweetening agents, flavorings,
lubricants, coloring agents, stabilizers, excipients,
disintegrants etc. are also used.

The conmpound of the present invention may be used in
conbination with 1 to 3 other active ingredients .

Such "other active ingredients” include, for exanple,
anti-Helicobacter pylori active substances, imdazole
compounds, bismuth salts, quinolone conpounds, and so forth.

Such "anti-Helicobacter pylori active substances"

include, for exanple, antibiotic penicillins (e.g.,

amoxi cillin, benzylpenicillin, piperacillin, nmecillinam
anpicillin, tenocillin, bacanpicillin, aspoxicillin,
sultamicillin, lenampicillin, etc.), antibiotic cefens (e.g.,

cefixime, cefaclor, etc.), antibiotic nacrolides (e.g.
erythronycin, clarithronycin, roxithronycin, rokitamycin,
flurithronycin, telithronycin, etc.), antibiotic tetracyclines
(e.g., tetracycline, mnocycline, streptonycin, etc.),
antibiotic aminoglycosides (e.g., gentam cin, amkacin, etc.),
i m penem and so forth. Of these substances, preferred are
antibiotic penicillins, antibiotic nacrolides and the like.

Such "im dazole conpounds” include, for exanple,
metroni dazol e, mconazole and the Iike.

Such "bismuth salts" include, for exanple, bisnuth
acetate, bisnuth citrate, bismuth subsalicylate and the Ilike.

Such "qui nol one conpounds” include, for exanple,
of l oxacin, ciploxacin and the Iike.

For eradication of Helicobacter pylori, a conpound (1) or
a salt thereof of the present invention with antibiotic
penicillin (e.g., amoxicillin and the like) and antibiotic
erythronycin (e.g., clarithronycin and the like) is preferably
used.

For the purpose of eradication of Helicobacter pylori,
while the conmpound of the present invention has an anti-H.

pylori action (bacteriostatic action or eradication action) by
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itself, it can enhance the antibacterial action of other
antibiotics based on the pH controlling action in the stonach
and the like, and also provides an assistant effect such as an
eradi cation effect based on the action of the antibiotics to
be used in conbination.

Such "other active ingredients" and the conpound (1) or a
salt thereof of the present invention may be mxed, prepared
as a single pharmaceutical conposition J[e.g., tablets,
powders, granules, capsules (including soft capsules) ,
liquids, injectable preparations, suppositories, sustained-
rel ease preparations, etc.], in accordance with a conmonly
known net hod, and used in conbination, and nay also be
prepared as separate preparations and adm nistered to the sane
subj ect sinmultaneously or at a tine interval.

In addition, the compound of the present invention nmay be
used in conmbination with a gastric notility enhancer, a drug
acting on |lower esophageal sphincter (e.g., tenporary |ower
esophageal sphincter relaxation suppressant etc.), OGC2
channel opener (intestinal juice secretion enhancer) , a
hi stami ne H2 receptor antagonist, an antacid, a sedative, a
stomachic digestant or a non-steroidal anti-inflanmatory drug
( NSAI D)

As the "gastric nmotility enhancer”, for exanple,
domperi done, netoclopranide, nosapride, itopride, tegaserod
and the like can be nentioned.

As the “a drug acting on |ower esophageal sphincter”, for
exanpl e, GABA-B receptor agonists such as baclofen, an
optically active form thereof and the like, and the l|ike can
be nenti oned.

As the "C1C-2 channel opener (intestinal juice secretion

enhancer)", |lubiprostone and the like can be nentioned.
As the "histamine H2 receptor antagonist", cinetidine,
ranitidine, fanotidine, roxatidine, nizatidine, |afutidine and

the |like can be nentioned.

As the "antacid", sodium hydrogencarbonate, al um num
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hydroxide and the like can be nentioned.

As the "sedatives", diazepam chlordiazepoxide and the
like can be mentioned.

As the "stomachic digestant”, gentiana, swertia |aponica,
di astase and the like can be mentioned.

As the "non-steroidal anti-inflanmatory drug”, for
exanple, aspirin, indonethacin, i buprofen, nefenamc acid,

di cl ofenac, etodorac, piroxicam celecoxib and the l|like can be
ment i oned.

A gastric notility enhancer, a drug acting on |ower
esophageal sphincter, a O C2 channel opener (intestinal juice
secretion enhancer) , a histamne H2 receptor antagonist, an
antacid, a sedative, a st orréchic di gestant or a non-steroidal
anti-inflanmatory drug and conpound (1) or a salt thereof of the
present invention may be nmixed, prepared as a single
phar maceut i cal conposition [e.g., tablets, powders, granules,
capsules (including soft capsules), liquids, injections,
suppositories, sust ai ned-rel ease preparations, etc.] according
to a method known per se for conbined use, or may also be
prepared as separate preparations and admnistered to the sane
subject sinmultaneously or in a staggered nanner.

The conmpound of the present invention may be used in
combination wth the follow ng drugs.

(i) proton punmp inhibitors, e.g., oneprazole,
esoneprazol e, pantoprazole, rabeprazol e, tenatoprazole,
ilaprazole and I|ansoprazole/

(ii) oral antacid mxtures, e.g., Malox® Al udrox® and
Gavi scon®,

(iii) mucosal protective agents, e.g., polaprezinc,
ecabet sodium rebam pide, teprenone, cetraxate, sucralfate,
chl oropyl line- copper and plaunotol;

(iv) anti-gastric agents, e.g., Anti-gastrin vaccine,
itriglumde and Z-360;

(v) 5-HT; antagoni sts, e.g., dolasetron, palonosetron,

al osetron, azasetron, rampsetron, nitrazapine, granisetron,
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tropi setron, E- 3620, ondansetron and indisetron;

(vi) 5-HT, agonists, e.g., tegaserod, nosapride,
cinitapride and oxtriptane;

(vii) laxatives, &e.g., Trifyba® Fybogel® Konsyl ®
| sogel ® Regul an®  Cel evac® and Normnacol ®

(viii) GABA ; agonists, e.g., baclofen and AZD- 3355;

(ix) GABA 5 antagonists, e.g., GAS-360 and SGS-742;

(x) calcium channel blockers, e.g., aranidipine,

| aci di pi ne, fal odi pi ne, azel nidi pi ne, cl i ni di pi ne, | oneri zi ne,
diltiazem gal lopain.il, efonidipine, ni sol di pi ne, am odi pi ne,

| er cani di pi ne, bevantol ol , ni cardi pi ne, i sradi pi ne,

beni di pi ne, verapam |, nitrendipine, bar ni di pi ne, pr opaf enone,
mani di pi ne, bepridil, nifedipine, nilvadipine, ni modi pi ne and
fasudil ;

(xi) dopam ne antagonists, e.g., nmetoclopr am de,
donperi done and | evosul piride;
(xii) Tachykinin (NK) antagonists, particularly NK-3, NK-
2 and NK-I antagonists, e.g., nepadutant, sar edut ant ,
t al net ant, (XR,; 9R) -7- [3, 5-bis (trifluoronmethyl) benzyl] -
8,9, 10, Il -tetrahydro-9-nethyl -5- (4- et hyl phenyl) -7H
[1,4]diazocino[2,]-4g] [1, 7] napht hridine- [-13-dione (TAK-637),
5-1 [(2R 3S) -2- [(IR)-1-[3, 5-bis (trifluoronmethyl) phenyl] ethoxy-
3- (4-fluorophenyl) -4-morpholinyl]methyl] -1, 2-di hydro-3H1, 2, 4-
triazol -3-one (MK- 869), lanepitant, dapitant and 3-[[2-
nmet hoxy-5- (trifluoronethoxy) phenyl] methylam no] -2-phenyl-
pi peri di ne (2S, 39);
(xiii) nitric oxide synthase inhibitors, e.g., GW274150,
tilarginine, P54, guani di oet hyl di sul fi de and
ni t rof | urbi profen;
(xiv) vanilloid receptor 1 antagonists, e.g., AMG 517 and
GW 705498,;
(xv) ghrelin agonists, e.g., capronmorelin and TZP-10;
(xvi) AchE release stimulants, e.g., Z-338 and KW5092.
The above-nmentioned drugs (i)-(xvi) and conpound (1) or a

salt thereof of the present invention nay be nixed, prepared
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as a single pharmaceuti cal conposition [e.g., tablets
powders, granules, capsules (including soft capsules),
l'iquids, injections, suppositories, sustained-release
preparations, etc.] according to a nethod known per se for
conbined use, or may also be prepared as separate preparations
and adm nistered to the same subject sinultaneously or in a
st aggered nanner.
Exampl es

The present invention is explained in detail in the
followng by referring to Reference Exanples, Exanples and
Experimental Exanples, which are not to be construed as
limtative

In the following Reference Exanples and Exanples, the
"room tenperature" generally nmeans about 10°C to about 35°C,
but it is not particularly strictly limted. The mxing ratio
of liquids shows a volunme ratio. Unless otherwi se specified,
Mog means weight %. The yield is in nol/nmol % Silica gel
colum chromat ography was perfornmed using silica gel 60
(0.063-0.200 mm nmanufactured by MERCK or Fuji Silysia
Chemical Ltd. Chromatorex (product nane) NH (described as
basic silica gel colum chromatography) . The nelting point was
nmeasured using Yanaginoto trace nelting point mneasurenent
apparatus or Buechi trace nelting point neasurement apparatus
(B-545), and shown without amendnent. For 1H NMR spectrum
tetramet hyl silane was used as the internal standard, and
Varian Gemni-200 (200 MHz), Mercury-300 (300 MHz)
spectroneter, Bruker AVANCE AV300 (300 MHz) and JNM AL400 (400
MHz) nuclear magnetic resonance apparatuses JECOL DATUM (JECL
DATUM LTD.) were used for the neasurenent. The foll ow ng
abbreviations are used for showing the neasurement results,
s: singlet, d: doublet, dd: double doublet, dt: double
triplet, t: triplet, q: quartet, m: nultiplet, br: broad, brs:
broad singlet, J: coupling constant, Hz: Hertz.
Ref erence Exanple 1

2-bronmo-1- (2-fluorophenyl)propan-|-one
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To a solution of 2'-fluoropropi ophenone (25.0 g) in
acetic acid (250 nL) was slowy added brom ne (8.4 itiny . The
m xt ure was stirred at room tenperature for 3 hr, and
concentrat ed under reduced pressure. Wat er (200 nL) was added
to the residue, and the mixture was extracted with diisopropyl
et her. The extract was washed with saturated aqueous sodi um
hydr ogencar bonat e sol ution, water and saturated bri ne, dried
over anhydrous magnesi um sul f at e, filtered and concentrated

under reduced pressure to give the title conpound as a yellow
oi | (yield 36.8 g, 97%.
IHNWR (CDO ;)0: 1.89-1.91 (3H m), 5.27-5.34 (IH, m), 7.12-
7.19 (IH m), 7.24-7.30 (IH, m), 7.52-7.59 (IH, m), 7.88-7.93
(IH, m).
Ref erence Exanple 2
et hyl 2- cyano- 4- oxo- 4- phenyl but anoat e

Pot assi um carbonat e (13.82 g) was added to ethyl
cyanoacet at e (37 m) , and the mixture was stirred at 40-45°C

for 45 mn. A solution (100 nmL) of phenacyl brom de (10.0 g)

in acetone was added dropw se over 30 mn. After conpl etion of
the dropwi se addi tion, the mxture was stirred at room

t enper at ure for 18 hr. The reaction m xture was filtered, and
the filtrate was concentrated under reduced pressure. Wat er

was added to the residue, and the mxture was extracted with

et hyl acet at e. The extract was washed with saturated brine,
dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. Excess et hyl cyanoacet at e cont ai ned in the
obt ai ned oil was evaporated under reduced pressure, and the

residue was purified by silica gel colum chromatography

(el uent: hexane- et hyl acetate=8 :1-—»1: 1) to give the title
conmpound as a pale-yellow oi | (yield 10.41 g, 90%

IHNWR (CDA ,)0: 1.35 (3H, t, J=7.2 Hz), 3.55 (IH dd, J=16.0,
5.6 Hz), 3.80 (IH dd, J=I 6.0, 7.0 Hz), 4.16 (IH dd, J=7.0,
5.6 Hz), 4.31 (2H, q, J=7 .2 Hz), 7.40-7.70 (3H, m), 7.90-8.00
(2H, m) .

Ref erence Exanple 3
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nmet hyl 2-cyano- 4- (2-f | uorophenyl) - 3-net hyl - 4- oxobut anoat e

To a solution of nmethyl cyanoacet at e (15.5 iriyy and
di i sopropyl et hyl am ne (64 nlL) in tetrahydrofuran (110 m) was
added a solution of 2-brono-I- (2-f 1 uorophenyl) propan- 1- one
(36.8 g) in tetrahydrofuran (160 m) , and the nmixture was
stirred at 70°C for 20 hr. The reaction m xture was all owed to
cool to room tenperature, the insoluble mat eri al was filtered
off, and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel colum chromatography
(el uent: hexane- et hyl acetate=5:1) to give the title conmpound
as a brown oil (yield 31.9 g, 80%.
IHNWR  (COC 3)8: 1.42-1.46 (3H m), 3.82-3.85 (4H, m), 3.99-
4.17 (IH n), 7.14-7.22 (IH m), 7.25-7.31 (IH m), 7.55-7.63
(IH m, 7.85-7.91 (I1H, m) .
Ref erence Exanple 4
et hyl 2-cyano- 4- (2-f luorophenyl) - 4- oxobut anoat e

To a solution of 2'-fluoroacetophenone (28.6 g) in ethyl
acetate (400 nL) was added copper (I'1) brom de (92.6 g), and
the mxture was heated under reflux for 4 hr. The reaction
m xture was al | owed to cool to room tenperature and the
i nsol ubl e mat eri al was filtered of f. The filtrate was
concentr at ed under reduced pressure to give <crude 2-brono-|-
(2-f 1 uorophenyl ) et hanone (yield 90.5 g¢g) as an oil. Pot assi um
car bonat e (88 g) was added to ethyl cyanoacet at e (168 g), and
the mxture was stirred at 45°C for 1 hr. A solution (360 nl)
of crude 2-brono-I- (2-f luorophenyl) et hanone (90.5 g) in
acetone was added dropw se over 20 mn. After conpl etion of
the dropw se addi tion, the mxture was stirred at the sane
t enperature for 1 hr. Wat er (300 nL) and ethyl acetate (300
m.) were added to the reaction m xture, and the mxture was
extracted with ethyl acet ate. The extract was washed with 10%
aqueous sodi um di hydrogen phosphat e sol ution and saturated
brine, dried over anhydrous sodium sulfate, and concentrated
under reduced pressure. Excess et hyl cyanoacet at e cont ai ned in
t he obtained oil was evaporated under reduced pressure and the
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residue was purified by silica gel columm chromatography
(eluent: hexane-ethyl acetate=20: 1—4: 1) to give the title
conmpound as an oil (yield 64.0 g, about 100%.

IH NWVR (CDO 4)d: 1.35 (3H t, J=7.2 Hz), 3.55-3.80 (2H m),
4.11 (IH t, J=B.OHz), 4.24-4.34 (2H, m), 7.15-7.29 (2H m),
7.55-7.62 (IH, m), 7.94 (IH dt, J=7.5, 1.8 Hz).
Ref erence Exanple 5
et hyl 2-cyano-4-ox0-4- [(2-trifluoronmethyl) phenyl ]butanoate
2'- (Trifluoronethyl) acetophenone (10.0 g) was dissolved
in chloroform (30 nm.) and diethyl ether (30 nL), a solution of
bromine (8.50 g) in chloroform (20 nL) was added dropw se
while maintaining the reaction tenperature at not higher than
25°C. After the dropwise addition, the mxture was stirred at
room tenperature for 1 hr, water was added to the reaction
m xture and the mxture was extracted with chloroform The
extract was washed with saturated brine, dried over anhydrous
magnesi um sul fate, concentration wunder reduced pressure to
give crude 2-brono-1- (2-trifluoromethy |Iphenyl) ethanone.
Pot assi um carbonate (13.82 g) was added to ethyl cyanoacetate
(44.44 g), and the mxture was stirred at 45°C for 1 hr. A
solution of crude 2-brono-l- (2-trifluoronethylphenyl) ethanone
in acetone (100 nL) was added dropw se. After conpletion of
the dropwi se addition, the mxture was stirred at the sanme
tenperature for 1 hr, and stirred overnight at room
t enper at ure. The reaction mixture was filtered, and the
filtrate was concentrated under reduced pressure. Water was
added to the residue, and the mxture was extracted with ethyl
acetate. The extract was washed with saturated brine, dried
over anhydrous magnesium sulfate, and concentrated under
reduced pressure. Excess ethyl cyanoacetate contained in the
obtained oil was evaporated under reduced pressure and the
residue was purified by silica gel columm chronatography
(eluent: hexane-ethyl acetate=9: 1-—»7: 1) to give the title
conpound as an oil (yield 10.43 g, from 2"-

(trifluoromethyl) acetophenone, vyield 66%.
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IHNVMR (CDO 3)0: 1-36 (3H t, J=I .2 Hz), 3.34-3.46 (IH m),
3.59-3.70 (IH m), 4.08-4.22 (IH m), 4.32 (2H q, J=7.2 Hz),
7.57-7.80 (4H m).
Ref erence Exanple 6
et hyl 2-chl oro-5-phenyl -1 H pyrrol e- 3- car boxyl ate

To a solution (60 m.) of ethyl 2-cyano-4-oxo-4-
phenyl butanoate (5.0 g) in tetrahydrofuran was blown in
hydrogen chloride (28 g) under ice-cooling, and the mxture
was stirred at room tenmperature for 3 hr. Then, nitrogen was
blowmn in to renove excess hydrogen chloride. The reaction
m xture was concentrated under reduced pressure, and the
residue was purified by silica gel colum chromatography
(eluent: hexane-ethyl acetate=f:1) to give the title conpound
as a pale-yellow solid (yield 4.24 g, 79% .
IHNWR (CDO 5)0: 1-37 (3H t, J=6.8 Hz), 4.33 (24 gq, J=6.8
Hz), 6.87 (IH d, J=3.2 Hz), 7.20-7.60 (54 m), 8.79 (IH br) .
Ref erence Exanple 7
ethyl 2-chloro-5- (2-fluorophenyl) -IH pyrrole-3-carboxylate

A mxture of ethyl 2-cyano-4- (2-fluorophenyl) -4-
oxobutanoate (19.3 g) and 4 nol/L hydrogen chloride-ethyl
acetate solution (100 nL) was stirred at room tenperature for
18 hr. The reaction mxture was concentrated under reduced
pressure, and the residue was purified by silica gel colum
chromat ography (eluent: hexane-ethyl acetate=10: 1_»3: 1) to give
the title conmpound as a brown solid (yield 8.76 g, 53%.
IH NVR (CDO 5)8: 1.36-1.41 (3H m), 4.33 (2H q, J=7.2 Hz),
6.99-7.00 (IH m), 7.09-7.26 (3H, m), 7.55-7.61 (IH m), 9.08
(IH,  brs) .
Ref erence Exanple 8
met hyl 2-chloro-5- (2-fluorophenyl) -4-nethyl- | Hpyrrol e-3-
car boxyl ate

To a solution of nethyl 2-cyano-4- (2-fluorophenyl) -3-
nmet hyl - 4- oxobut anoat e (31.0 g) in ethyl acetate (30 nmL) was
added 4 nmol/L hydrogen chloride-ethyl acetate solution (150

m) , and the mixture was stirred at room tenperature for 2
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days. Water (200 nm.) was added to the reaction mxture, and
the mixture was extracted with ethyl acetate. The extract was
washed twice with water, and then washed wi th saturated
aqueous sodi um hydrogencarbonate solution, dried over
anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure. The residue was recrystallized from ethyl
acetate to give the title conmpound as white crystals (yield
19.3 g, 58%
IHNMR (CDCl 3)6: 2.33 (3H s), 3.86 (3H s), 7.12-7.42 (4H m),
8.53 (IH brs)
Ref erence Exanple 9
et hyl 5-phenyl -1 H pyrrol e- 3- car boxyl ate

To a solution (50 nL) of ethyl 2-chloro-5-phenyl-IH
pyrrol e- 3- car boxyl at e (8.5 g) in ethanol was added 10%
pal I adium carbon (50% containing water, 0.5 g), and the
m xture was stirred under a hydrogen atnosphere at room
tenperature for 24 hr. The reaction mixture was filtered, and
the filtrate was concentrated under reduced pressure. The
residue was purified by silica gel columm chromatography
(eluent: hexane-ethyl acetate=9: 1—s1:1) to give the title
compound as a colorless solid (yield 4.50 g, 62%.
HNVR (CDA 5)8: 1-36 (3H, t, J=7.2 Hz), 4.31 (24 gq, J=7.2
Hz), 6.91 (IH m, 7.20-7.70 (6H m), 8.77 (IH br)
Ref erence Exanple 10
ethyl 5- (2-fluorophenyl) -1 H pyrrole-3-carboxyl ate

To a solution (80 nL) of ethyl 2-chloro-5- (2-
fl uorophenyl) -IH pyrrole-3-carboxyl ate (8.6 g) in ethanol was
added 10% pal | adi um carbon (50% containing water, 0.86 g), and
the mixture was stirred under a hydrogen atnosphere at room
tenperature for 36 hr. The reaction mxture was filtered, and
the filtrate was concentrated under reduced pressure. The
residue was dissolved in ethanol (70 m) , 10% pal | adium carbon
(50% containing water, 0.90 g) was added, and the nixture was
stirred under a hydrogen atnosphere at room tenperature for 60

hr. The reaction mxture was filtered, and the filtrate was
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concentrated under reduced pressure. The residue was purified
by silica gel colum chromatography (eluent: hexane-ethyl
acetate=10:1—»5:1) to give the title conmpound as a brown solid
(yield 1.37 g, 18%
IHNVR (CDO 3)0: 1-67 (3H t, J=I .2 Hz), 4.31 (2H gq, J=I .2
Hz), 7.03-7.05 (IH m), 7.08-7.25 (3H m), 7.49-7.50 (IH m),
7.58-7.66 (IH, m), 9.22 (IH brs) .
Ref erence Exanple 11
nmet hyl 5- (2-fluorophenyl) -4-methyl-IH pyrrol e-3-carboxyl ate

To a solution of nmethyl 2-chloro-5- (2-fluorophenyl) -4-
met hyl -1 H pyrrol e- 3- car boxyl at e (10.2 g) in nmethanol (200 n)
was added 10% pall adium carbon (50% containing water, 1.28 g),
and the mixture was stirred under a hydrogen atnosphere at
room tenperature for 20 hr. The reaction mxture was filtered,
and the filtrate was concentrated under reduced pressure. A
saturated aqueous sodium hydrogencarbonate solution (100 ml)
was added to the residue, and the m xture was extracted wth
ethyl. acetate. The extract was washed with saturated aqueous
sodi um hydrogencarbonate solution, water and saturated brine,
dried over anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. Recrystallization of the
residue from ethyl acetate-hexane gave the title conpound as
white crystals (yield 6.70 g, 76%.
IHNWR (CDCl 3)0: 2.40 (3H, s), 3.82 (3H s), 7.12-7.33 (3H m),
7.42-7.49 (2H, m), 8.67 (IH brs).
Ref erence Exanple 12
ethyl 5-[(2-trifluoronethyl) phenyl] -1 H pyrrol e-3-carboxyl ate

By a simlar operation as in Reference Exanples 7 and 9
and using ethyl 2-cyano-4-oxo0-4- [ (2-
trifluoromethyl) phenyl ]butanoate, the title conmpound was
obtained as colorless crystals. Mre specifically, a mxture
of ethyl 2-cyano-4- [(2-trifluoronmethyl) phenyl] -4-oxobutanoate
(10.2 g) and 4 nol/L hydrogen chloride-ethyl acetate solution
(100 nL) was stirred at room tenperature for 18 hr. The

reaction mxture was concentrated under reduced pressure, and
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the residue was purified by silica gel colum chronmatography
(eluent: hexane-ethyl acetate=10: 1—3: 1) to give ethyl 2-
chloro-5- [(2-trifluoronethyl) phenyl] -1 H pyrrol e-3-carboxyl ate
as a brown solid (yield 6.37 g, 59% . This was dissolved in
ethanol (120 nmL) , 10% pal | adium carbon (50% containing water,
0.5 g) was added, and the m xture was stirred under a hydrogen
atmosphere at room tenperature for 24 hr. The reaction mxture
was filtered, and the filtrate was concentrated under reduced
pressure. The residue was purified by silica gel columm
chromat ography (eluent: hexane-ethyl acetate=9:1 »l:l) to give
the title conpound as a colorless solid (yield 2.89 g, 51%.
IHNVR (CDO 5)8: 1-36 (3H, t, J=7.2 Hz), 4.31 (2H gq, J=7.2
Hz), 6.81 (IH s), 7.42-7.61 (54 m), 8.69 (IH br) .
Ref erence Exanple 13
(5-phenyl -1 H pyrrol -3-yl) nmethanol

A solution (100 nm) of ethyl 5-phenyl-IH pyrrole-3-
carboxylate (2.16 g) in tetrahydrofuran was cooled to -78°C,
and a 1.5 nmol/L solution (24 nL) of diisobutyl alum num hydride
in toluene was added dropwise over 10 min. The mxture was
further stirred at -78°C for 1 hr, water (2 nL) was added
dropwi se over 2 min, and the mxture was further stirred at
room tenperature for 1 hr. The reaction nixture was filtered
using celite and anhydrous magnesium sulfate, and concentrated
under reduced pressure to give the title conmpound as a pale-
red powder (yield 1.51 g, 87%.
IHNVR (DVSQd 4)0: 4.34 (24 d, J=5.4 Hz), 4.60 (IH t, J=5.4
Hz), 6.45-6.46 (IH m), 6.74 (IH br), 7.11-7.15 (IH m),
7.31-7.35 (2H m), 7.57-7.59 (24 m), 11.05 (IH s).
Ref erence Exanple 14
[5- (2- fluorophenyl) -4-methyl-1H pyrrol-3-yl] methanol

By a simlar operation as in Reference Exanple 13 and
using nethyl 5- (2-fluorophenyl) -4-nethyl-IH pyrrole-3-
carboxylate (1.63 g) and a solution (15 n.) of 1.5 mol/L
di i sobutyl al umi num hydride in toluene, the title conpound was

obtained as white crystals (yield 1.18 g, 82%.
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IH NMR (CDCl 5)0: 1-30 (IH t, J=4.8 Hz), 2.25 (3H s), 4.61
(24 d, J=4.8 Hz), 6.87 (IH d, J=3.3 Hz), 7.10-7.28 (3H m),
7.44-7.50 (IH m), 8.40 (IH brs) .

Ref erence Exanple 15
5- phenyl -1 H pyrrol e- 3- car bal dehyde

To a solution (45 nm) of (5-phenyl-IH pyrrol-3-

yl) net hanol (1.51 g) in acetonitrile were added tetra-n-,'
propyl ammoni um perruthenate (0.46 g), N nmethylnorpholine N-
oxide (2.36 g) and nol ecular sieves 4A powder (4.5 g), and the
nmxture was stirred at room tenperature for 1.5 hr. The
reaction mnmixture was filtered through celite, and the filtrate
was concentrated under reduced pressure. The residue was
purified by silica gel colum chromatography (eluent: hexane-
ethyl acetate=4:1-»l:1) to give the title conpound as a pale-
yell ow powder (yield 0.92 g, 62%.

IHNVR (CDA 5)8: 6.95 (IH, m), 7.29-7.32 (IH m), 7.40-7.44
(2H m), 7.50-7.52 (3H m), 9.02 (IH br), 9.84 (IH s).

Ref erence Exanple 16
5- (2-fl uorophenyl) -4-nethyl-I1H pyrrole-3-carbal dehyde

By a simlar operation as in Reference Exanple 15 and
using [5- (2-fluorophenyl) -4-nethyl-I|H pyrrol-3-yl]nethanol
(1.17 g), tetra-n-propylamonium perruthenate (101 ng) , N-
net hyl mor pholine Noxide (1.01 g) and nol ecul ar sieves 4A
powder (572 ng) , the title conmpound was obtained as pale-pink

crystals (yield 0.67 g, 58%.

IHNVR (CDO 3)8: 2.45 (3H, s), 7.14-7.36 (3H, m), 7.44-7.50
(2H, m), 8.82 (IH brs), 9.92 (IH s).

Ref erence Exanple 17
5- (2-fluorophenyl) -IH pyrrol e-3-carbal dehyde

A solution (220 nL) of ethyl 5- (2-fluorophenyl) -1H
pyrrol e- 3- car boxyl ate (11.6 g) in tetrahydrofuran was cooled
to -78°C, and a 1.5 nol/L solution (100 nmL) of

di i sobutylalum num hydride in toluene was added dropw se over
10 min. The mxture was stirred at -78°C for 1 hr and water (10

nL) was added dropwise over 2 min. The mixture was allowed to
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warm to room tenperature and the nmixture was stirred for 2 hr.
The reaction mixture was filtered by adding celite and
anhydrous nagnesium sulfate and concentrated under reduced
pressure to give a pale-yellow oil (yield 8.3 g). To a
solution (220 nL) of the obtained pale-yellow oil (8.30 g) in
acetonitrile were added tetra-n-propylamoni um perruthenate
(1.75 g), N-nmethylnorpholine Noxide (13.5 g) and nol ecul ar
sieves 4A powder (5 g), and the mixture was stirred at room
tenperature for 1.5 hr. The reaction mxture was filtered
through celite, and the filtrate was concentrated under
reduced pressure. The residue was purified by silica gel
colum chronatography (eluent: hexane-ethyl acetate=7 :3_>1:1)
to give the title conpound as yellow crystals (yield 5.6 g,
60%
IHNVR (CDA 3)d: 7.07-7.28 (4H, m), 7.52-7.54 (IH m), 7.61-
7.67 (1H, m), 9.49 (IH brs), 9.86 (IH s).
Ref erence Exanple 18
5- [2- (trifluoronethyl) phenyl] -1 H pyrrol e-3-carbal dehyde

A solution (28 nL) of ethyl 5-[2-
(trifluoronethyl) phenyl] -1 H pyrrol e-3-carboxyl ate (1.38 g) in
tetrahydrofuran was cooled to -78°C, and a 1.5 nol/L solution
(13 mL) of diisobutylalumnum hydride in toluene was added
dropwi se over 10 min. The mxture was further stirred at -78°C
for 1 hr, and water (3 nL) was added dropwi se over 2 nmin. The
mxture was allowed to warm to room tenperature and the
m xture was further stirred for 1 hr. The reaction mxture was
filtered by adding celite and anhydrous magnesium sulfate, and
the filtrate was concentrated under reduced pressure to give a
pal e-yellow oil (yield 1.14 g). The obtained oil (1.14 g) was
dissolved in acetonitrile (50 nL) , and tetra-n-propyl anmoni um
perruthenate (0.26 g), N-nethylnorpholine Noxide (1.32 g) and
nol ecul ar sieves 4A powder (5 g) were added to this solution.
The mixture was stirred at room tenperature for 1.5 hr. The
reaction mixture was filtered through celite, and the filtrate

was concentrated under reduced pressure. The residue was
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purified by silica gel colum chromatography (eluent: hexane-
ethyl acetate=4: 1—1:1) to give the title conmpound as colorless
crystals (yield 0.71 g, 61%.
HNVMR (CDOl 5)8: 6.79-6.81 (IH m), 7.46-7.78 (54 m), 9.13
(I1H, br), 9.82 (IH s).
Ref erence Exanple 19
met hyl | H pyrrol e-3-carboxyl at e

To a suspension of potassium tert-butoxide (17.9 g) in
tetrahydrofuran (200 nL) was added dropwi se a solution of p-
t ol uenesul f onyl net hyl i socyanide (25.2 g) and nmethyl acrylate
(11.8 m.) in tetrahydrofuran (200 nL) over 30 min. The
reaction mxture was stirred at room tenmperature for 1 hr,
water was added, and the m xture was extracted wth ethyl
acetate. The extract was washed with saturated aqueous sodium
hydr ogencar bonate solution, water and saturated brine, dried
over anhydrous magnesium sulfate, filtered, and concentrated
under reduced pressure. The residue was purified by silica gel
colum chromat ography (eluent: hexane-ethyl acetate=4:1) to
give the title conmpound as a white solid (yield 6.56 g, 41% .
IH NMR (CDCl 5)0: 3.82 (3H s), 6.15 (IH id), 6.75 (IH m), 7.43
(IH m), 850 (IH brs) .
Ref erence Exanpl e 20
nmet hyl 4-nmet hyl -1 H pyrrol e- 3-car boxyl at e

By a simlar operation as in Reference Exanple 19 and
usi ng p-toluenesul f onyl net hyl i socyanide (94.6 g), nethyl
crotonate (48.5 g) and potassium tert-butoxide (76.7 g), the
title conpound was obtained as a pale-yellow solid (yield 16.8
g, 25% .
IHNWVR (CDCl 3)0: 2.29 (3H s), 3.80 (3H s), 6.53-6.54 (IH m),
7.36-7.38 (IH m), 8.25 (IH brs).
Ref erence Exanple 21
ethyl 2-methyl-1H pyrrol e-3-carboxyl ate

Vinyl acetate (13.4 g) was added dropwise over 2 hr to
bromine (25 g) under ice-cooling with stirring. The reaction

mxture was further stirred at the same tenperature for 1 hr.
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Et hyl 3-oxobutanoate (18.5 g) was added, and 25% aqueous
ammonia solution (44 nm) was added dropwise over 1 hr. The
reaction mxture was further stirred at room tenperature for
30 mn, water was added and the mixture was extracted wth
ethyl acetate. The extract was washed with saturated brine,
dried over anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was purified by silica gel
colum chromat ography (eluent: hexane-ethyl acetate=19: 1_>3:'1)
and recrystallized from hexane to give the title compound as a
colorless solid (yield 7.56 g, 35% .
IH NMR (CDO 5)0: 1.32-1.37 (3H m), 2.53 (3H s), 4.24-4.31
(2H, m), 6.55-6.58 (2H, m), 8.13 (IH br)
Ref erence Exanple 22
met hyl  5-brono-I| H pyrrol e- 3-car boxyl at e

A solution (30 n.) of nethyl |H pyrrole-3-carboxylate
(3.06 g) in tetrahydrofuran was cooled to -78°C, N-
bronosuccinimde (4.38 g) and then pyridine (3 drops) were
added, and the nmixture was stirred at the sane tenperature for
1 hr. Water was added to the reaction mxture, and the mXxture
was extracted with ethyl acetate. The extract was washed with
saturated aqueous sodium hydrogencarbonate solution, water and
saturated brine, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel colum chronatography (eluent: hexane—eth;/l
acetate=5:1) to give the title compound as a pale-yellow solid
(yield 3.08 g, 62% .
1H NVR (CDA 3)8: 3.81 (3H, s), 6.58 (IH, m), 7.36 (IH m), 8.60
(IH, brs)
Ref erence Exanple 23
met hyl  5-brono-4-net hyl -1 H pyrrol e- 3-car boxyl at e

By a simlar operation as in Reference Exanple 22 and
using nethyl 4-methyl-1H pyrrole-3-carboxyl ate (1.0 g) and N-
bronmosuccinimde (1.28 g), the title compound was obtained as
a pale-yellow solid (yield 489 ny, 31% .

IH NMR (CDO 5)0: 2.23 (3H s), 3.80 (34 s), 7.37 (IH d, J=3.0
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Hz) , 8.40 (IH brs)
Ref erence Exanple 24
ethyl  5-bronop-2-nmethyl -1 H pyrrol e- 3- car boxyl at e
To a solution of ethyl 2-nethyl-IH pyrrole-3-carboxylate
(1.53 g) in tetrahydrofuran (20 inL) was added N-

br onbsucci ni m de (1.78 g) at -78°C, and the mxture was stirred
at the sanme tenperature for 30 mn. Water and di et hyl et her
were added to extract the reaction mxture . The extract was

washed wth saturated brine, dried over anhydrous nagnesium
sul fat e, and concentrated under reduced pressure at 5°C or
bel ow. The residue was washed wth hexane to give the title
conpound as a colorless solid (yield 2.26 g, 97%

IHNVMR  (CDA 5)d: 1.30-1.35 (3H m), 2.51 (3H, s), 4.22-4.29
(2H, nm), 6.50 (IH s), 8.01 (IH br)

Ref erence Exanpl e 25

2- hydr oxy- 5- pyri mi di nesul foni c acid

Fum ng sulfuric acid (containing 25% sulfur dioxide, 100
inl) was cooled to 0°C, and 2-am nopyrim dine (25 g) was
gradually added over 1 hr. The mixture was heated to 180°C and
stirred for 40 hr. After cooling to room tenperature, t he
mxture was poured into ice (1 kg) . The precipitate was
collected by filtration and recrystallized from water to give

the title conpound (yield 25.6 g, 55%.
IHNWR (DVBO-de) d: 6.20-7.20 (2H, m), 8.71 (2H s).
Ref erence Exanple 26
2-chl oro-5- pyri m di nesul f onyl chl ori de
A mixture of 2-hydroxy-5-pyrimdinesulfonic acid (12.8 g)

and phosphorus pent achl ori de (37.8 g) was stirred at 180°C for

4 hr. After <cooling to room tenperature, toluene (200 nlL) was
added, and the insoluble material was filtered off. The
filtrate was washed wth ice water, dried over anhydrous

magnesi um sul fate, and the solvent was evaporated under
reduced pressure. The residue was stood in a freezer for one
day to give the title compound as a pale-yellow solid (yield

14.8 g, 96%
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IHNVR (CDO 5)d: 9.19 (2H s).
Ref erence Example 27
6- chl oropyri dazi ne- 3-thi ol

To a suspension (88 nL) of sodium hydrogensulfide (3.78
g) in ethanol was added 3, 6-dichl oropyridazine (5.0 g), and
the mxture was refluxed for 1 hr. The solvent was evaporated
under reduced pressure, and water (12.5 nL) was added. The
mxture was adjusted to about pH 9 with 2 nol/L sodium
hydroxi de solution, and the precipitate was filtered off. The
filtrate was adjusted to about pH 2 with 6 nmol/L hydrochloric
acid and the precipitate was collected by filtration to give
the title conmpound as a yellow solid (yield 4.74 g, 96%
IH NMR (CDClz)5: 6-99 (IH d, J=9.6 Hz), 7.60 (IH d, J=9.6
Hz)
Ref erence Exanple 28
6- chl oropyri dazi ne- 3- sul f onyl fluoride

To a mxture cooled to -20°C of nmethanol (10 m) and
water (10 nL) were added potassium hydrogenfl uoride (16 g) and
6- chl oropyri dazi ne- 3-thi ol (2.37 g). After stirring at the
same tenperature for 20 min, chlorine was blown in for 30 mn.
Ice water (20 nL) was added and the precipitate was collected
by filtration. The precipitate was extracted wth ethyl
acetate and water. The extract was washed wi th saturated
brine, and dried over anhydrous nagnesium sulfate. The sol vent
was evaporated under reduced pressure to allow
crystallization, and the crystals were washed with hexane to
give the title conpound as a gray solid (yield 1.68 g, 53%.
IHNVR (CDO 5)d: 7.86-7.89 (IH m), 8.17-8.19 (IH m).
Ref erence Exanple 29
pyri di n- 3-yl sul f onyl chl oride hydrochl oride

A mxture of 3-pyridinesulfonic acid (50.0 g), phosphorus
pentachloride (80.0 g) and phosphorus oxychloride (100 nL) was
stirred at 120°C for 8 hr. Under a nitrogen atnosphere, the
m xture was cooled to room tenperature, and chloroform

(dehydrated, 330 niL) was added. Hydrogen chloride was bl own
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in, and the precipitated crystals were collected by filtration
and washed with chloroform (dehydr at ed) to give the title
conmpound as a white solid (yield 54.7 g, 81%.

IHNWR  (DMSO-d .)O: 8.03-8.07 (IH m), 8.68 (IH d, J=8.1 Hz),
8.87 (IH d, J=5.7 Hz), 9.01 (IH s)

Ref erence Exanple 30

6- net hoxypyri di n- 3-yl sul fonyl chlori de

5- Ami no- 2- net hoxypyri di ne (1.24 g) was dissolved in
acetic acid (8.3 iriy)y, and the mxture was stirred under i ce-
cool i ng. Concentrated hydrochl oric acid (8.3 mm) was added,
and an aqueous sol ution (5 iriy of sodium nitrite (689 ng) was

added dropw se over 15 mn while keeping the inside
tenperat ure at not higher than 10°C. The reaction m xture was
stirred for 10 nmin, and gradually added at 5°C to a mixture of
cupr ous chlori de (280 nmg) and acetic acid (17 nlL) saturated in
advance with sulfur di oxi de gas. The mxture was al |l oned to
gradual | y warm to room tenperature unti | the generation of gas
st opped. The reaction m xt ure was concentrated t o about 5 mL
under reduced pressure, and the precipitate was coll ected by
filtration to give the title conpound (yield 1.0 g, 51% as
crude crystals. This conpound was used for the next reaction
wi t hout purification.
Ref erence Exanple 31
6- chl or opyri di n- 3-yl sul f onyl chlori de

Under i ce-cooling, t hi onyl chloride (12 nL) was added

dr opwi se over 1 hr to water (70 m.) and the mixture was

stirred at room tenperature for 12 hr to give a sulfur

di oxi de- cont ai ni ng sol uti on. Separately, under i ce-cooling, 5-
am no- 2- chl oropyri di ne (5.0 g) was added to concentrated

hydrochl oric acid (40 nL) and the mxture was stirred. An

aqueous sol ution (12.5 nm) of sodium nitrite (2.88 g) was
added dropw se while keeping the inside tenperature at not

hi gher than 5°C, and the mixture was further stirred for 15
mn. The reaction m xt ure was gradually added at 5°C to the

above- nmenti oned sul fur di oxi de- cont ai ni ng sol ution added with
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cuprous chloride (70 ng) . Under ice-cooling, the nixture was

further stirred for 30 min. The precipitate was collected by
filtration, and washed with water and ethanol to give the
title conpound (yield 4.79 g, 58%.
IH NVR (CDO 3)8: 7.60-7.63 (IH m), 8.24-8.27 (IH m), 9.03-
9.04 (IH m).
Ref erence Exanple 32
2-chl or o- 3- pyri di nesul f onyl chl ori de

Under ice-cooling, thionyl chloride (24 nm) was added
dropwi se over 1 hr to water (140 m.) and the nixture was
stirred at room tenperature for 12 hr to give a sulfur
di oxi de-containing solution. Separately, under ice-cooling, 3-
am no- 2- chl oropyri di ne (10 g) was added to concentrated
hydrochloric acid (80 nL) and the mixture was stirred. An
aqueous solution (25 m) of sodium nitrite (5.75 g) was added
dropwi se while keeping the inside tenmperature at not higher
than 5°C, and the mixture was further stirred for 15 min. The
reaction mixture was gradually added at 5°C to the above-
nmenti oned sulfur dioxide-containing solution added with
cuprous chloride (140 ng) . Under ice-cooling, the mxture was
further stirred for 30 nin, and the precipitate was collected
by filtration and washed with water and ethanol to give the
title conmpound (yield 6.99 g, 42%
IH NVR (CDA 3)®: 7.54-7.56 (IH m), 8.46-8.48 (IH m), 8.71-
8.73 (IH, m).
Ref erence Exanple 33
6- chl or o- 5- et hyl pyri di ne- 3- ani ne

Reduced iron (793 ng) was added to an aqueous solution
(25 m.) of anmonium chloride (1.27 g), and the mixture was
stirred at room tenperature for 5 mn. A solution (10 nl) of
2-chl oro- 3-net hyl -5-ni tropyri di ne (816 ng) in nethanol was
added dropwi se over 10 min. The reaction mixture was stirred
at 40°C for 20 min and at 50°C for 1.5 hr and further refluxed
for 1 hr. The reaction mixture was filtered through celite,

and celite was washed with nethanol. Methanol was nostly
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renoved by concentration under reduced pressure, and saturated
aqueous sodi um hydrogencarbonate solution was added. The
m xture was extracted with ethyl acetate. The extract was
washed with saturated brine, dried over anhydrous nagnesium
sul fate, and concentrated under reduced pressure. The residue
was purified by silica gel columm chromatography (el uent:
hexane-ethyl acetate=19: 1—-7:3) to give the title conpound as a
solid (yield 280 ny, 42%
IHNVR (CDO 3)0: 3.62 (2H br), 6.88-6.89 (IH m), 7.70-7.71
(I'H m).
Ref erence Exanple 34
6- chl or o- 5- net hyl pyri di ne- 3-sul f onyl chl ori de

Under ice-cooling, thionyl chloride (0.6 n) was added
dropwise over 30 min to water (3.4 nL) . The mxture was
stirred at room tenperature for 12 hr to give a sulfur
di oxi de-containing solution. Separately, under ice-cooling, 6-
chl or o- 5- et hyl pyri di ne- 3-am ne (278 ng) was added to
concentrated hydrochloric acid (6 nL) and the mixture was
stirred. An aqueous solution (2 nL) of sodium nitrite (148 ng)
was added dropwi se while keeping the inside tenperature at not
hi gher than 5°C, and the nixture was further stirred for 15
mn. The reaction mixture was gradually added at 5°C to the
above-nentioned sulfur dioxide-containing solution added with
cuprous chloride (5 ng) . Under ice-cooling, the mxture was
further stirred for 30 min, and the precipitate was collected
by filtration and washed with water to give the title conpound
as a pale-yellow solid (yield 271 ng, 62%
IHNWR (CD 3)0: 2.54 (3H s), 8.15 (IH s), 8.86 (IH s).
Ref erence Exanpl e 35
2-pyri di nesul f onyl chl ori de

Under ice-cooling, 2-nmercaptopyridine (2.0 g) was added
to sulfuric acid (50 nL) and the nmixture was stirred. Sodium
hypochlorite solution (chlorine content 5% 126 nm) was added
dropwi se over 1.5 hr, and the mixture was further stirred at

the same tenperature for 30 min. The reaction mxture was
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diluted with water (100 niL) , and extracted with
di chl or orret hane. The extract was washed with saturated brine
dried over anhydrous magnesium sulfate, and concentrated under
reduced pressure to give the title conpound as a colorless oil
(yield 2.45 g, 77%
IH NMR (CDO 5)8: 7.69-7.71 (IH m), 8.06-8.14 (2H m), 8.83-
8.85 (IH m).
Ref erence Exanple 36
ethyl 1- [(2-chloro-5-pyrimdine) sulfonyl] -5-phenyl-IH pyrrole-
3-carboxyl ate ‘

Et hyl 5-phenyl -1 H pyrrol e-3-car boxyl at e (1.60 g) was
di ssolved in tetrahydrofuran (50 mL) , sodium hydride (60% in
oil, 446 ng) was added and the mxture was stirred at room
tenperature for 15 icin. 15-Crown-5 (2.24 nl) was added and the
m xture was further stirred at the same tenperature for 15
m n. 2- Chl or o- 5- pyri m di nesul f onyl chloride (2.06 g) was added
and the reaction mxture was stirred at room temperature for 1
hr. Water was added, and the mixture was extracted wth ethyl
acet at e. The extract was washed with water and saturated
brine, dried over anhydrous nagnesium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel colum chronatography (el uent: hexane-ethyl
acetate=19:1 —»7:3) to give the title conmpound as a yellow oil
(yield 2.03 g, 70%
IHNMR (CDO 5)8: 1.35-1.39 (3H m), 4.30-4.37 (2H m), 6.64
(IH, s), 7.22-7.26 (2H m), 7.37-7.51 (3H, m), 8.04 (IH s),
8.37 (2H, s).
Ref erence Exanple 37
ethyl 1-[(2-methyl-5-pyrimdine) sulfonyl] -5-phenyl-I|H pyrrole-
3-carboxyl ate

Under a nitrogen atnosphere,
tetrakis (triphenyl phosphine) palladium (87 ng) and 2 nol/L
trimet hyl al um num hexane solution (1.5 nL) were added to a
solution of ethyl 1-[(2-chloro-5-pyrimdine) sulfonyl] -5-

phenyl - I H pyrrol e- 3- car boxyl at e (588 nmg) in tetrahydrofuran
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a mcrowave reaction apparatus at 130°C for 30 min. After
cooling to room tenperature, the solvent was evaporated under
reduced pressure. Saturated aqueous sodium hydrogencarbonate
solution was added to the residue, and the m xture was
extracted with ethyl acetate. The extract was washed wth
saturated brine, dried over anhydrous nmagnesium sulfate, and
concentrated wunder reduced pressure. The residue was purified
by silica gel colum chromatography (eluent: hexane-ethyl
acetate=19:1->ethyl acetate) to give the title conpound as a
brown solid (yield 157 nmg, 40% .
IH NMR (CDCO 5)0: 1.35-1.40 (3H m), 4.30-4.37 (24 m), 6.61
(IH, s), 7.17-7.49 (2H, m), 7.26-7.49 (4H m), 7.94 (IH s),
7.99 (IH, s), 8.11 (IH s), 8.38 (IH s).
Ref erence Exanpl e 40
et hyl 5-phenyl-I- (pyridazin-3-ylsulfonyl) -IH pyrrole-3-
car boxyl ate

Et hyl 5-phenyl -1 H pyrrol e-3-carboxyl ate (1.06 g) was
di ssolved in tetrahydrofuran (30 nmL) , sodium hydride (60% in
oil, 300 ng) was added and the mixture was stirred at room
tenperature for 15 min. 15-Crown-5 (1.52 nL) was added and the
m xture was further stirred at the sane tenperature for 15
mn. 6-Chloropyridazine-3-sul fonyl fluoride (1.28 g) was added
and the reaction mxture was stirred at room tenperature for
30 min. Hydrazine (1.60 g) was added and the reaction mxture
was stirred at room tenperature for 15 min. Saturated aqueous
sodi um hydrogencarbonate solution was added, and the m xture
was extracted with ethyl acetate. The extract was washed wth
water and saturated brine, dried over anhydrous magnesium
sul fate, and concentrated under reduced pressure. The residue
was dissolved in tetrahydrofuran (30 nlL) , nanganese dioxide
(75% chem cally treated product, 5.0 g) was added, and the
m xture was stirred at room tenperature for 10 min. The
reaction mxture was filtered through celite, and celite was
washed with ethyl acetate. The filtrate was concentrated under

reduced pressure, and the residue was purified by silica gel
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colum chromat ography (eluent: hexane-ethyl acetate=19: 1->1: 1)
to give the title conmpound (yield 613 ng, yield 24%
(containing inpurity) ).
IHNVR (CDCl 5)0: 1.34-1.39 (3H m), 4.29-4.36 (2H m), 6.61
(I1H s), 7.11-7.22 (2H, m), 7.24-7.51 (5H m), 8.20 (IH s),
9.28-9.30 (IH s).
Ref erence Exanple 41
met hyl 5-brono-1- (phenyl sul fonyl) -1 H pyrrol e-3-carboxyl ate

Sodi um hydride (60% in oil, 1.1 g) was washed wth
hexane, and suspended in N, N-dinethylformamde (50 nm.) . A
solution (10 nm.) of nethyl 5-brono-IH pyrrole-3-carboxylate
(5.0 g) in N, Ndinethylformam de was added to the suspension
at 0°C. After stirring at 0°C for 30 min, a solution of
benzenesul fonyl chloride (3.3 nL) in N,Ndinethylformam de (5
m.) was added, and the reaction mxture was stirred at room
tenperature for 1 hr. Water was added, and the mixture was
extracted with ethyl acetate. The extract was washed wth
saturated aqueous sodium hydrogencarbonate solution, water and
saturated brine, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel colum chromatography (eluent: hexane-ethyl
acetate=5:1) to give the title conmpound as a colorless solid
(yield 8.5 g, 999
IH NMR (CDCl 5)0: 3.83 (3H s), 6.68 (IH d, J=2.1 Hz), 7.55-
7.60 (2H, m), 7.67-7.72 (IH m), 7.96-7.99 (24 m), 8.08 (IH
d, J=2.1 Hz) .
Ref erence Exanple 42
met hyl 5-brono-4-nethyl-1- (phenylsulfonyl) -1H pyrrole-3-
car boxyl ate

Sodi um hydride (60% in oil, 202 ng) was washed wth
hexane and suspended in N,N-dinethylformanmide (10 m) . A
solution (10 nm.) of nmethyl 5-brono-4-nethyl-I|H pyrrole-3-
carboxylate (1.0 g) in N,Ndinethylformam de was added
dropwi se at -78°C. After conpletion of the dropw se addition,

the reaction mxture was stirred at room tenperature for 30
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lain and added dropw se to an ice-cooled sol ution (10 rtiv)y of

benzene sul fonyl chloride (0.71 nlL) in N, Ndinethylfornman de.

After conpl etion of the dropw se addi tion, the reaction

m xt ure was stirred at room tenperature for 1 hr, and
concentrated under reduced pressure. The residue was
recrystallized from ethyl acet at e- hexane to give the title

conpound as a browmm solid (yield 1.13 g, 69%.

IHNVR  (CDO 4)0: 2.11 (3H, s), 3.79 (3H s), 7.45-7.70 (34, m),
7.85-7.95 (2H, m), 8.06 (IH s).

Ref erence Exanpl e 43

et hyl 2-met hyl -1 - (phenyl sul f onyl) -1 H pyrrol e- 3-car boxyl ate

By a simlar operation as in Reference Exanmpl e 41 and

using ethyl 2-net hyl -1 H pyrrol e- 3-car boxyl at e (8.81 g), sodium
hydri de (60% in oil, 2.58 g) and benzenesul fonyl chl ori de (7.8
m.) , the title conpound was obtai ned as white crystals (yield

14.3 g, 85%

IHNVR  (CDO 5)0: 1.31 (3H, t, J=7.2 Hz), 2.62 (3H s), 4.24
(2H, q, J=7.2 Hz), 6.63 (IH d, J=3 .3 Hz), 7.30 (IH d, J=3 .3
Hz), 7.51-7.57 (2H, m), 7.62-7.68 (IH, m), 7.81-7.84 (2H, m) .
Ref erence Exanpl e 44

et hyl 5- br ono- 2- net hyl -1 - (pyridin-3-yl sul fonyl) -1 H pyrrol e- 3-

car boxyl ate

Et hyl 5- br ono- 2- net hyl -1 H pyrrol e- 3-car boxyl ate (2.26 g)
was dissol ved i n tetrahydrofuran (100 nL) , sodium hydride (60%
in oil, 1.16 g¢g) was added and the mixture was stirred at room
tenperature for 15 mn. 15- Crown-5 (5.90 nL) was added and the
m xt ure was further stirred at the sane tenperature for 15
mn. 3- Pyri di nesul f onyl chl ori de hydr ochl ori de (3.13 g) was

added and the reaction m xture was stirred at room tenperature

for 1 hr. Sat ur at ed aqueous sodi um hydrogencar bonat e sol ution
was added, and the mixture was extracted with ethyl acetate.

The extract was washed with saturated brine, dried over

anhydr ous magnesi um sul fate, and concentrated under reduced
pressure. The residue was purified by silica gel colum

chr omat ogr aphy (el uent: hexane- et hyl acet at e=19: 1 >7:3) to give
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the title conpound as a yellow oil (yield 2.31 g, 64% .
IHNVR (CDO 5)&: 1.24-1.34 (3H m), 2.94 (3H s), 4.23-4.30
(2H, m), 6.69 (IH s), 7.51-7.55 (IH 1), 8.17-8.21 (IH m),
8.88-8.91 (IH m), 9.14 (IH m).
Ref erence Exanpl e 45
et hyl 2-nethyl -5-phenyl-1- (pyridin-3-ylsulfonyl) -IH pyrrole-3-
car boxyl ate

A suspension of ethyl 5-brono-2-nmethyl-1- (pyridin-3-
yl sul fonyl) -1 H pyrrol e-3-carboxyl ate (2.26 g), phenyl boronic
acid (1.54 g), dichloro [bis (triphenyl phosphine) ]palladium (211
ng) and sodium carbonate (1.91 g) in 1,2-dinmethoxyethane (20
m) -water (10 nL) was stirred at 80°C for 40 nin. After
cooling, the reaction mxture was filtered through celite, and
celite was washed with ethyl acetate. The organic |ayer was
separated from the filtrate, washed with water and saturated
brine, dried over anhydrous nagnesium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel colum chromatography (eluent: hexane-ethyl
acetate=9: 1—-6:4) to give the title conpound as a colorless oil
(yield 2.39 g, about 100%
IHNMR (CDO 5)0 1.30-1.34 (34 m), 2.92 (3H s), 4.23-4.30
(2H, m), 6.59 (IH s), 7.23-7.39 (4H, m), 7.50-7.68 (2H m),
8.22-8.25 (IH, m), 8.61-8.62 (IH m), 8.75-8.77 (IH m).
Ref erence Exanple 46
[ 5-brono-I1- (phenyl sulfonyl) -1 H pyrrol-3-yl] nethanol

A solution (80 nL) of methyl 5-bronmp-1- (phenyl sul fonyl) -
| H pyrrol e- 3-car boxyl ate (7.1 g) in tetrahydrofuran was cooled
to -78°C, a 1.5 nol/L solution (42 nm) of diisobutylal um num
hydride in toluene was added dropw se over 30 min and the
m xture was further stirred at -78°C for 1 hr. 1 mol/L
hydrochloric acid (20 nL) was added to the reaction mxture,
and the mixture was extracted with ethyl acetate. The extract
was washed with saturated aqueous sodium hydrogencarbonate
solution, water and saturated brine, dried over anhydrous

sodium sulfate, and concentrated under reduced pressure to
78



10

15

20

25

30

35

WO 2007/026916 PCT/JP2006/317408

give the title compound as a brown oil (yield 7.1 g, about
1009 .
IH NVR (CDCI3)6: 1-62 (IH, brs) , 4.51 (2H s), 6.33-6.34 (IH,
m), 7.44-7.45 (1H, m), 7.51-7.57 (2H m), 7.62-7.68 (IH m),
7.93-7.97 (2H, m) .
Ref erence Exanple 47
[2-methyl -1- (phenyl sul fonyl) -1 H pyrrol-3-yl] nethanol

By a simlar operation as in Reference Exanple 13 and
using ethyl 2-nmethyl-Il- (phenyl sulfonyl) -1H pyrrole-3-
carboxylate (8.05 g) and 1.5 nol/L diisobutylalum num hydride
toluene solution (55 nm) , the title conpound was obtained as
white crystals (yield 6.61 g, 96%.
IHNMR (CDO ;)d: 1-37 (IH brs), 2.29 (3H s), 4.42 (2H brs),
6.29 (IH, d, J=3.6 Hz), 7.30 (IH d, J=3.6 Hz), 7.49-7.55 (2H
m), 7.58-7.64 (IH m), 7.78-7.81 (2H m).
Ref erence Exanple 48
5-brono-1- (phenyl sul fonyl) -1H pyrrol e-3-carbal dehyde

To a solution (80 nL) of [5-brono-I- (phenylsulfonyl) -1H
pyrrol -3-yl] nethanol (7.1 g) in acetonitrile were added tetra-
n- propyl amoni um perruthenate (0.63 g), Nmethyl norpholine N-
oxi de hydrate (4.2 g) and nol ecular sieves 4A powder (3.5 g),
and the mixture was stirred at room tenperature for 2 hr. The
reaction mxture was filtered, and the filtrate was
concentrated under reduced pressure. Water was added to the
residue, and the mxture was extracted with ethyl acetate. The
extract was washed with saturated brine, dried over anhydrous
sodi um sul fate, and concentrated under reduced pressure. The
residue was purified by silica gel colum chromatography
(el uent: hexane-ethyl acetate=4:1) to give the title conpound
as a colorless solid (yield 4.6 g, 71% .
IH NMR (CDO 4)8: 6.73 (IH d, J=2.1 Hz), 7.57-7.63 (2H m),
7.70-7.75 (IH, m), 7.98-8.02 (2H m), 8.10 (IH d, J=2.1 Hz),
9.77 (IH s).
Reference Example 49
5-bromo-4-methyl-1- (phenylsulfonyl) -IH-pyrrole-3-carbal dehyde
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By a simlar reaction as in Reference Exanpl e 17 and
using et hyl 5- br ono- 4- et hyl -1 - (phenyl sul fonyl ) -1 H pyrrol e-3-
car boxyl at e, the title conpound was obtai ned as a colorless
solid (1.78 g, 54%
IHNWVR  (CDD ,)0: 2.14 (3H s), 7.50-7.62 (3H, m), 7.91-7.96
(2H m), 8.04 (IH s), 9.77 (IH s).
Ref erence Exanpl e 50

4- et hyl - 5- phenyl - | H pyrrol e- 3- car bal dehyde

A suspension of 5-bronp-4-methyl-I- (phenyl sul fonyl ) -1 H
pyrrol e- 3- car bal dehyde (1.78 g), phenylboronic acid (1.37 g),
dichloro [bis (triphenyl phosphine) ]pal | adi um (0.19 g) and sodium

car bonate (1.72 g) in 1,2-dinmethoxye thane (30 nL) -water (10
itiry was stirred at 100°C for 1 hr. 8 nmol/L aqueous sodi um
hydr oxi de sol ution (15 nL) was added, and the mixture was
stirred at 90°C for 3 hr. After cool i ng, the mxture was
extracted with ethyl acetate. The extract was washed with

sat urat ed bri ne, dried over anhydrous magnesi um sul fate, and
concentrat ed under reduced pressure. The residue was purified
by silica gel colum chromatography (el uent: hexane- et hyl

acet at e=9: 1 >1:1), and the obtained solid was washed wth
hexane to give the title conpound as a pale-yellow solid
(yield 815 ng, 69%

IHNWVR  (CDA ;) 0: 2.47 (3H, s), 7.34-7.48 (6H m), 8.58 (IH,
br), 9.91 (IH s).

Ref erence Exanple 51

2-nethyl -1 - (phenyl sul fonyl ) -1 H pyrrol e- 3- car bal dehyde

To a mxture of [2-methyl-]I- (phenyl sul fonyl ) -1 Hpyrrol - 3-
yl j met hanol (6.35 g), dinethyl sul f oxi de (50 nL) and
triethyl am ne (25 nm) was added sulfur trioxi de-pyridine

conpl ex (4.57 g), and the nmixture was stirred at room

t enperature for 12 hr. Sat ur at ed agueous sodi um
hydr ogencar bonat e sol ution was added to the reaction m xture,
and the mixture was extracted with ethyl acetate . The extract

was washed wth saturated agueous sodi um hydrogencar bonat e

sol ution, wat er and saturated bri ne, dried over anhydrous
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sodium sulfate, filtered, and concentrated under reduced
pressure. The residue was purified by silica gel colum
chromat ography (eluent: hexane-ethyl acetate=2:1) to give a
white title compound (yield 5.27 g, 84% .
IH NMR (CDCl 3)6: 2.62 (3H s), 6.65 (IH d, J=3.6 Hz), 7.35
(IH, d, J=3.6 Hz), 7.55-7.61 (2H m), 7.66-7.71 (IH m), 7.85-
7.88 (2H m), 9.89 (IH s).
Ref erence Exanple 52
2-met hyl -1 H pyrrol e- 3- car bal dehyde

To a solution of 2-nmethyl- 1- (phenyl sul fonyl) -1H pyrrole-
3-carbal dehyde (4.59 g) in tetrahydrofuran (20 nL) and
met hanol (5 nL) was added 8 nol/L aqueous sodium hydroxide
solution (2.5 m) at 0°C and the reaction mxture was stirred
at the same tenperature for 30 min. Water was added to the
reaction mixture, and the nmixture was extracted wth ethyl
acetate. The extract was washed with saturated aqueous sodium
hydr ogencarbonate solution, water and saturated brine, dried
over anhydrous sodium sulfate, filtered, and concentrated
under reduced pressure. The residue was purified by silica gel
colum chromat ography (eluent: hexane-ethyl acetate=2:1) to
give the title conpound as a white solid (yield 1.06 g, 54%.
IH NMR (CDO 5)0: 2.56 (3H s), 6.58-6.59 (IH m), 6.65-6.67
(IH, m), 8.52 (IH brs), 9.89 (IH s).
Ref erence Exanple 53
2-methyl-1- (pyridin-3-ylsulfonyl) -1H pyrrole-3-carbal dehyde

By a simlar reaction as in Reference Exanple 44 and
usi ng 2-nethyl -1 H pyrrol e-3-carbal dehyde (1.10 g), sodium
hydride (60% in oil, 1.20 g), 15-crown-5 (6.0 nL) and pyridin-
3-ylsul fonyl <chloride hydrochloride (3.22 g), the title
compound was obtained as white crystals (yield 1.10 g, 44%.
1H NVR (CDClz)5: 2.66 (3H, s), 6.68 (IH d, J=3.9 Hz), 7.34
(I1H d, J=3.9 Hz), 7.51-7.55 (IH m), 8.09-8.13 (IH m), 8.89-
8.91 (IH m), 9.10-9.11 (IH m), 9.90 (IH s).
Ref erence Exanpl e 54
5-brono-2-nethyl -1- (pyridin-3-ylsulfonyl) -IH pyrrole-3-
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carbal dehyde

To a solution of 2-nmethyl- 1- (pyridin-3-ylsulfonyl) -IH
pyrrol e- 3- car bal dehyde (974 ng) in N, Ndinethylformamn de (10
m.) was added N-bronpsuccininide (1.17 g) at 0°c, and the
mxture was stirred at room tenperature for 1 hr. Water was
added to the reaction mxture, and the mxture was extracted
with ethyl acetate. The extract was washed with saturated
aqueous sodi um hydrogencarbonate solution, water and saturated
brine, dried over anhydrous nagnesium sulfate, filtered, and
concentrated under reduced pressure. The residue was purified
by silica gel colum chromatography (eluent: hexane-ethyl
acetate=2:1) to give the title conpound as white crystals
(yield 675 ng, 53% .
IH NVR (CDO 5)8: 2.89 (3H s), 6.18 (IH s), 7.53-7.57 (IH m),
8.21-8.26 (IH, m), 8.91-8.93 (IH m), 9.17-9.18 (IH m), 9.92
(1H s).
Ref erence Exanpl e 55
5- phenyl -1- (pyridin-3-ylsul fonyl) -IH pyrrole-3-carbal dehyde

Under an argon atnosphere, 5-phenyl-IH pyrrole-3-
car bal dehyde (342 ng) was dissolved in absolute
tetrahydrofuran (20 nL) and sodium hydride (60% in oil, 240
ng) was added while stirring at room tenperature. After
stirring at the same tenperature for 15 min, 15-crown-5 (1.21
m) was added, and the mixture was further stirred at the sane
tenperature for 15 min. Pyridin-3-ylsulfonyl chl ori de
hydrochloride (642 nmy) was added, and the nixture was further
stirred at the same tenperature for 30 nmin. The reaction
mxture was diluted with ethyl acetate, washed successively
with saturated aqueous sodium hydrogencarbonate solution and
saturated brine, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure and the
residue was purified by silica gel colum chromatography
(eluent: hexane-ethyl acetate=19: 1-»1: 1) to give the title
conmpound as a brown solid (yield 470 ng, 75% .

IHNVR (CDO 5)0: 6.60 (IH d, J=I.8 Hz), 7.15-7.19 (2H m),
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7.257.37 (3H, m), 7.42-7.48 (IH, m), 7.53-7.57 (IH, m), 8.13
(IH, d, JI .8 Hz), 8.49-8.50 (IH, m), 8.74-8.76 (IH, m), 9.90
(IH, s).
Ref erence Exanple 56
1- [ (6-met hoxypyridin-3-yl) sulfonyl] -5-phenyl-IH pyrrol e-3-
car bal dehyde

Under an argon atnosphere, 5-phenyl-IH pyrrole-3-
car bal dehyde (171 ng) was dissolved in absolute
tetrahydrofuran (20 nlL) , and sodium hydride (60% in oil, 200
ng) was added at room tenperature while stirring. After
stirring at the sanme tenperature for 15 min, 15-crown-5 (1.01
m) was added, and the mixture was further stirred at the sane
tenmperature for 15 min. 6-Methoxypyridin-3-ylsul fonyl chl ori de
(623 ng) was added, and the mixture was stirred at the same
temperature for 1 hr. The reaction mxture was diluted with
ethyl acetate, washed successively with saturated aqueous
sodi um hydrogencarbonate solution and saturated brine, and
dried over anhydrous nagnesium sulfate. The solvent was
evaporated under reduced pressure and the residue was purified
by silica gel colum chromatography (eluent: hexane-ethyl
acetate=19:1 _»l:1) to give the title conpound as an oil (yield
59 ng, 17% .
IHNVR (CDO 5)d: 3.95 (3H, s), 6.59-6.62 (2H m), 7.19-7.44
(6H, m), 8.08-8.10 (2H, m), 9.88 (IH s).
Ref erence Exanpl e 57
1- (6-chloropyridin-3-ylsulfonyl) -5-phenyl-IH pyrrole-3-
car bal dehyde

Under an argon atnosphere, 5-phenyl-IH pyrrole-3-
car bal dehyde (514 ng) was dissolved in absolute
tetrahydrofuran (15 nL) , and sodium hydride (60% in oil, 180
ng) was added at room tenperature while stirring. After
stirring at the sanme tenperature for 15 mn, 15-crown-5 (0.90
m.) was added, and the m xture was further stirred at the sane
tenmperature for 15 mn. 6-Chloropyridin-3-ylsul fonyl chl ori de

(827 nmy) was added, and the mixture was further stirred at the
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sanme tenperature for 1 hr. The reaction mxture was diluted
with ethyl acetate, washed successively with saturated aqueous
sodi um hydrogencarbonate solution and saturated brine, and
dried over anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure and the residue was purified
by silica gel columm chronmatography (eluent: hexane-ethy
acetate=19:1_ »7:3) to give the title conpound as an oil (yield
762 my, 73% .
HNMR (CDA 5)8: 6-62 (IH s), 7.19-7.49 (7H m), 8.09 (IH s),
8.24-8.26 (IH, m), 8.90 (IH s).
Ref erence Exanple 58
1- (2-chl oropyridin-3-ylsul fonyl) -5-phenyl-IH pyrrole-3-
car bal dehyde

By a reaction under simlar conditions as in Reference
Exanpl e 55 and using 5-ph.enyl-1H pyrrol e-3-carbal deh.yde (514
ng) , sodium hydride (60% in oil, 180 nmy) , 15-crown-5 (0.90 nl)
and 2-chl oro- 3-pyri di nesul f onyl chloride (716 ng) , the title
conpound was obtained as an anmorphous form (yield 716 ng,
69% .
IH NMR (CDClz)5: 6-64 (IH s), 6.70-6.90 (IH m), 7.05-7.08
(2H, m, 7.15-7.18 (2H, m), 7.26-7.32 (IH m), 7.55-7.59 (IH,
m), 826 (IH s), 8.44-8.46 (IH m), 9.94 (IH s).
Ref erence Exanple 59
1- (2-chl oropyrimdin-5-ylsulfonyl) -5-phenyl-IH pyrrole-3-
car bal dehyde

By a reaction under simlar conditions as in Reference
Exanpl e 55 and using 5-phenyl-I|H pyrrol e-3-carbal dehyde (342
nmg) , sodium hydride (60% in oil, 120 ng) , 15-crown-5 (0.60 nl)
and 2-chl oro-5-pyrim di nesul f onyl chloride (554 ng) , the title
conmpound was obtained as a yellow solid (yield 390 ng, 56% .
IHNVR (CDO 53)8: 6.68 (IH s), 7.22-7.26 (24 m), 7.39-7.52
(34, m, 8.09 (IH s), 835 (2H s), 9.91 (IH s).
Ref erence Exanple 60
1- [ (6-chl oro-5-nethyl pyridin-3-yl) sulfonyl] -5-phenyl-IH

pyrrol e- 3- car bal dehyde
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By a reaction under simlar conditions as in Reference

Exampl e 55 and using 5-phenyl-|H pyrrol e-3-carbal dehyde (171
ng) , sodium hydride (60% in oil, 60 ng) , 15-crown-5 (0.30 ni)
and 6-chl oro-5-net hyl pyri di ne- 3-sul f onyl chloride (270 np) ,

the title conpound was obtained as a solid (yield 244 ng,
68%
IH NMR (CDO 3)0: 2.27 (3H s), 6.62 (IH s), 7.20-7.26 (3H m),
7.35-7.49 (3H m), 809 (IH s), 8.13 (IH m), 9.90 (IH s).
Ref erence Exanple 61
2-net hyl - 5-phenyl -1 - (pyridin-3-ylsulfonyl) -IHpyrrole-3-
car bal dehyde

A solution (15 nL) of ethyl 2-nethyl-5-phenyl-I- (pyridin-
3-ylsulfonyl) -IH pyrrole-3-carboxylate (980 ng) in
tetrahydrofuran was cooled to -78°C, a 1.5 nol/L solution (5.3
m.) of diisobutylalumnum hydride in toluene was added
dropwi se over 10 min., and the mxture was warnmed to 0°C over 2
hr. Water (100 nlL) and ethyl acetate (20 nL) were added, and
the mxture was stirred at room tenperature for 30 mn. The
reaction mxture was filtered through celite, and the organic
| ayer was coIIe'cted, washed with saturated brine, dried over
anhydrous sodium sulfate, and concentrated under reduced
pressure. The residue was dissolved in acetonitrile solution
(25 nlL) , tetra-n-propylamonium perruthenate (93 ng) , N-
nmet hyl norpholine N-oxide hydrate (466 ng) and nol ecular sieves
4A powder (500 ng) were added, and the mixture was stirred at
room tenperature for 2 hr. The reaction mixture was
concentrated under reduced pressure, and ethyl acetate (30 nl)
was added to the residue. The mixture was filtered through
celite, and celite was washed with ethyl acetate. The filtrate
was concentrated under reduced pressure, and the residue was
purified by silica gel colum chromatography (eluent: hexane-
ethyl acetate=19: 1—»>1:1) to give the title conpound as a yellow
oil. (yield 235 ng, 27% .
IHNWR (CDO 5)0: 2.93 (3H s), 6.51 (IH s), 7.18-7.42 (6H-m,

7.59-7.64 (IH m), 8.60 (IH s), 8.77-8.79 (IH m), 10.03 (IH,
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S) .
Ref erence Exanple 62
1- [ (2-icethyl -5-pyrimdine) sulfonyl] -5-phenyl-IH pyrrol e-3-
carbaldehyde

Under a nitrogen atnosphere, a solution of ethyl |-[(2-
met hyl - 5-pyri m di ne) sulfonyl] -5-phenyl-I H pyrrole-3-
carboxylate (280 ng) in tetrahydrofuran (20 nm) was cooled to
-78°C, a 1.5 mol/L solution (3.0 nL) of diisobutylal um num
hydride in toluene was added while stirring. After stirring at
the same tenperature for 15 min, the mixture was allowed to
warm to -40°C over 30 min. Water (50 nL) was added, and after
stirring at the sane tenperature for 5 mn, the mxture was
allowed to warm to 0°C over 10 min. Ethyl acetate (30 nL) was
added, and after stirring at the sanme tenperature for 15 min,
the mxture was stirred at room tenperature for 20 min. A gel-
like mixture was filtered through celite, and celite was
washed with ethyl acetate. The organic |ayer was separated
fromthe filtrate, washed with saturated brine, dried over
anhydrous magnesium sulfate, and concentrated under reduced
pressure. The residue was dissolved in tetrahydrofuran (50
m.) , manganese dioxide (75% chemically treated product, 3.0 g)
was added, and the mxture was stirred at room tenperature for
1 hr. The reaction mixture was filtered through celite, and
celite was washed with ethyl acetate. The filtrate was
concentrated under reduced pressure and the residue was
purified by silica gel colum chronatography (eluent: hexane-
ethyl acetate=19: 1-s1:1) to give the title compound as a pal e-
yellow solid (yield 150 ngy, 61% .
IHNVMR (CDO 3)0: 2.78 (3H s), 6.64 (IH s), 7.21-7.26 (2H m),
7.36-7.51 (34 m), 8.10 (IH s), 8.40 (2H, s), 9.90 (IH s).
Ref erence Exanple 63
5- (2-fluorophenyl) -1- (pyridin-3-ylsulfonyl) -IH pyrrole-3-
car bal dehyde

To a solution (96 nm.) of 5- (2-fluorophenyl) -IH pyrrole-3-

car bal dehyde (475 ng) in tetrahydrofuran was added sodium
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hydride (60% in oil, 503 ng) at room tenperature and the
m xture was stirred for 30 mn. 15-Crown-5 (2.77 g¢g) was added
dropwi se and the mixture was stirred for 30 mn. Pyridine-3-
sul fonyl chloride hydrochloride (1.35 g) was added, and the
m xture was further stirred for 3 hr. The reaction mxture was
diluted with saturated brine, and the mxture was extracted
wWith ethyl acetate. The extract was washed wth saturated
brine, dried over anhydrous nmagnesium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel colum chronmatography (eluent: hexane-ethyl
acetate=7:3—»2:3) and crystallized from diisopropyl ether-ethyl
acetate (4:1) to give the title compound as colorless crystals
(yield 680 ng, 82%
IHNVR (CDCl 3)0: 6.68 (IH d, J=I. 8 Hz), 6.99-7.05 (IH m),
7.16-7.19 (24 m), 7.35-7.39 (IH m), 7.45-7.51 (IH m), 7.69-
7.73 (IH m), 8.14 (IH d, J=I .8 Hz), 8.58-8.59 (IH m), 8.81-
8.83 (IH m, 9.91 (IH s).
Ref erence Exanpl e 64
1- (pyridin-3-ylsulfonyl) -5-[2- (trifluoronmethyl) phenyl] -IH
pyrrol e- 3- car bal dehyde

To a solution (36 nL) of 5-[2- (trifluoronethyl )phenyl ]-
| H pyrrol e- 3- car bal dehyde (240 ng) in tetrahydrofuran was
added sodium hydride (60% in oil, 201 ng) at room tenperature
and the mxture was stirred for 30 mn. 15-Crown-5 (1.11 g)
was added dropwise and the mxture was stirred for 30 mn.
Pyri di ne- 3-sul f onyl chl oride hydrochloride (537 ng) was added,
and the mxture was further stirred for 3 hr. The reaction
m xture was diluted with saturated brine, and the mxture was
extracted with ethyl acetate. The extract was washed wth
saturated brine, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel colum chromatography (eluent: hexane-ethyl
acetate=4:1—»2:3) and crystallized from diisopropyl ether to
give the title compound as colorless crystals (yield 380 ny,

about 100% .
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IH NVR (CDCl 5)8: 6.69 (IH d, J=I. 8 Hz), 7.34-7.38 (IH m),
7.44-7.48 (IH, m), 7.61-7.69 (4H m), 8.16 (IH d, J=I .8 Hz),
8.45 (IH, d, J=2.4 Hz), 8.81 (IH m), 9.91 (IH s).
Ref erence Exanpl e 65
4- et hyl - 5- phenyl -1 - (pyridin-3-ylsulfonyl) -IH pyrrole-3-
carbal dehyde

4- Met hyl - 5- phenyl -1 H pyrrol e- 3- car bal dehyde (185 ng) was
di ssolved in tetrahydrofuran (10 nL) , sodium hydride (60% in
oil, 60 nmy) was added and the m xture was stirred at room
tenperature for 15 min. 15-Crown-5 (0.30 nL) was added and the
mxture was further stirred at the sane tenperature for 15
nmn. 3-Pyridinesul fonyl chloride hydrochloride (231 ng) was
added and the reaction mxture was stirred at room tenperature
for 1 hr. Water was added, and the mxture was extracted wth
ethyl acetate. The extract was washed with water and saturated
brine, dried over anhydrous nmagnesium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel colum chronmatography (eluent: hexane-ethyl
acetate=19: 1—.1:1) to give the title conpound as a colorless
solid (yield 172 ng, 53% .
IH NMR (CDClg)s: 2.03 (3H, s), 7.01-7.04 (2H m), 7.26-7.55
(54 m), 8.07 (IH s), 8.47 (IH m), 8.75-8.78 (IH m), 9.97
(1H s).
Ref erence Exanple 66
4- et hyl - 5- phenyl -1 - (pyridin-2-ylsulfonyl) -IH pyrrole-3-
car bal dehyde

By a reaction under sinilar conditions as in Reference
Exanpl e 65 and using 4-nethyl-5-phenyl-I1H pyrrole-3-
car bal dehyde (185 ng) , sodium hydride (60% in oil, 60 nmy) , 15-
crown-5 (0.30 nmL) and 2-pyridinesul fonyl chloride (231 np)
instead of 3-pyridinesulfonyl chloride hydrochloride, the
title conpound was obtained as an anorphous form (yield 262
ng, 809% .
IH NVR (CDCl 5)8: 2.03 (3H s), 6.92-6.95 (2H m), 7.21-7.49

(5H m), 7.65-7.69 (IH m), 814 (IH s), 8.64-8.65 (IH m),
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9.98 (IH, s).
Ref erence Exanple 67
1- [ (1, 2-dinmethyl -1 Himdazol -4-yl) sul fonyl ]-4-nethyl-5-phenyl -
| H pyrrol e- 3-car bal dehyde

By a reaction under sinmlar conditions as in Reference
Exanpl e 65 and using 4-nethyl-5-phenyl-I1H pyrrol e-3-
car bal dehyde (185 ng) , sodium hydride (60% in oil, 60 ng) , 15-
crown-5 (0.30 m) and (I,2-dinmethyl-IHimdazol-4-yl) sulfonyl
chloride (253 ng) , the title conpound was obtained as a
colorless solid (yield 294 nmy, 86% .
IHNWR (CDO 5)0: 2.05 (3H s), 2.33 (3H s), 3.40 (34 s), 6.48
(I, s), 7.11-7.14 (2H, m), 7.26-7.41 (3H m), 8.08 (IH s),
9.93 (IH s).
Ref erence Exanple 68
1- [ (5-chloro-1, 3-dinethyl-IH pyrazol-4-yl) sulfonyl] -4-nethyl-
5- phenyl -1 H pyrrol e- 3- car bal dehyde

By a reaction under sinmilar conditions as in Reference
Exanpl e 65 and using 4-nethyl-5-phenyl-I1H pyrrol e-3-
car bal dehyde (185 ng) , sodium hydride (60% in oil, 60 ng) , 15-
crowmn-5 (0.30 m.) and (5-chloro-I, 3-dinethyl-IH pyrazol -4-
yl) sul fonyl chloride (298 ng) , the title conmpound was obtained
as an oil (yield 379 ng, about 100%
IHNWR (CDO 5)0: 1-74 (3H s), 2.04 (3H s), 3.69 (3H s),
7.04-7.07 (2H, m), 7.28-7.38 (3H m), 8.09 (IH s), 9.96 (IH
s) .
Ref erence Exanple 69
1- [ (2, 4-dinethyl-1, 3-thiazol-5-yl) sulfonyl] -4-nethyl-5-phenyl -
| H pyrrol e- 3-car bal dehyde

By a reaction under simlar conditions as in Reference
Exanpl e 65 and using 4-nethyl-5-phenyl-IH pyrrol e-3-
car bal dehyde (185 nmg) , sodium hydride (60% in oil, 60 ng) , 15-
crowmn-5 (0.30 nL) and (2, 4-dimethyl-1, 3-thiazol-5-yl) sulfonyl
chloride (275 ng) , the title conpound was obtained as an oil
(yield 27.8 ng, 8% .

IHNWR (CDA 3)0: 2.05 (3H s), 2.10 (3H s), 2.59 (3H s),
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7.07-7.10 (2H, m), 7.31-7.40 (3H, m), 8.02 (IH, s), 9.96 (IH,
S) .
Ref erence Exanple 70
5- (2-fluorophenyl) -4-nmethyl-1- (pyridin-3-ylsulfonyl) -1H
pyrrol e- 3- car bal dehyde

By a sinmilar operation as in Reference Exanple 65 and
using 5- (2-fluorophenyl) -4-methyl-IH pyrrol e-3-carbal dehyde
(301 ng) , sodium hydride (60% in oil, 179 ng) , 15-crown-5
(0.88 1) and pyridin-3-ylsul fonyl chloride hydrochloride (476
ng) , the title conpound was obtained as white crystals (yield
440 ny, 87% .
IHNVR (CDO 3)0: 2.02 (3H s), 6.98-7.04 (IH m), 7.13-7.24
(24 m, 7.33-7.38 (IH m), 7.43-7.51 (IH m), 7.65-7.69 (IH,
m), 8.09 (IH s), 8.54-8.55 (IH m), 8.80-8.82 (IH m), 9.98
(1H s).
Ref erence Exanple 71
1- [5-bromo-1- (phenyl sulfonyl) -I1Hpyrrol-3-yl] -N
nmet hyl met hanarmi ne

To a solution (60 nL) of 5-brono-1- (phenyl sulfonyl) -IH
pyrrol e- 3- car bal dehyde (3.5 g) in nethanol were added
nmet hyl anmoni um chloride (7.5 g) and sodi um cyanoborohydri de
(2.4 g), and the mxture was stirred at room tenperature for
hr. The reaction mxture was concentrated under reduced
pressure, saturated aqueous sodium hydrogencarbonate solution
was added to the residue, and the m xture was extracted wth
ethyl acetate. The extract was washed with saturated aqueous
sodi um hydrogencarbonate solution, water and saturated brine,
dried over anhydrous sodium sulfate, and concentrated under
reduced pressure to give the title conpound as a brown oil
(yield 4.4 g, about 100%.
IH NVR (CDCl 3)8: 2.47 (3H s), 2.98 (IH brs) , 3.66 (2H s),
6.35 (IH d, J=2.4 Hz), 7.51-7.57 (3H m), 7.61-7.68 (IH m),
7.9.3-7.97 (2H, m).
Ref erence Exanple 72

tert-butyl {[5-brono-I- (phenyl sulfonyl) -IH pyrrol-3-
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yl Jrmet hyl }net hyl car banmat e
To a solution of 1-[5-brono-1- (phenyl sulfonyl) -1H pyrrol-
3-yl]-N-met hyl met hanani ne (4.4 g) in ethyl acetate (60 nL) was
added di-tert -butyl bicarbonate (2.8 nL) , and the nixture was
stirred at room tenperature for 14 hr. Saturated aqueous
sodi um hydrogencarbonate solution was added to the reaction
nmxture, and the nmixture was extracted with ethyl acetate. The
extract was washed w th aqueous sodium hydrogencarbonate
solution and saturated brine, dried over anhydrous sodium
sulfate, and concentrated under reduced pressure. The residue
was purified by silica gel columm chronatography (el uent:
hexane-ethyl acetate=4:1) to give the title compound as a
colorless oil (yield 3.4 g, 73%.
IHNWR (CDO 3)0: 1-48 (9H, s), 2.79 (3H brs) , 4.17 (2H brs)
6.24 (IH brs), 7.35 (IH brs), 7.51-7.57 (24 m), 7.62-7.68
(IH ), 7.90-7.94 (2H m).
Ref erence Exanple 73
tert-butyl [ (5-bronmo-|IH pyrrol-3-yl) nethyl ]nmethylcarbamate
tert-Butyl {[5-bromo-I- (phenyl sulfonyl) -IH pyrrol-3-
yl] net hyl Jnethyl carbamate (1.0 g) was dissolved in a mxed
solvent of tetrahydrofuran (15 nL) and nethanol (s mL) , and 8
nol /L aqueous sodium hydroxide solution (1.5 nL) was added
dropwi se at not nmore than 10°C. After stirring at the same
temperature for 4 hr, water was added to the residue and the
mxture was extracted with ethyl acetate. The extract was
washed with saturated brine, dried over anhydrous sodium
sul fate, and concentrated under reduced pressure. The residue
was purified by basic silica gel colum chronatography
(eluent: hexane-ethyl acetate=9: 1—4:1) to give the title
conpound as a pale-yellow oil (yield 410 ng, 61%
IHNWR (CDO 3)0: 1-48 (9H, s), 2.79 (3H s), 4.17 (2H s), 6.09
(IH, brs), 6.64 (IH brs), 8.07 (IH br)
Ref erence Exanple 74
tert-butyl {[5-brono-1- (pyridin-3-yl sulfonyl) -IH pyrrol-3-

yl] met hyl }met hyl car bamat e
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To a suspension (10 nL) of sodium hydride (60% in oil,
204 mg) in tetrahydrofuran was added a solution (3 nL) of
tert-butyl [ (5-brono-IH pyrrol-3-yl)nethyl]nethylcarbamate
(410 my) in N, Ndinethylformanide at o0°c, and 15-crown-5 (938
nmg) and pyridin-3-yl sul fonyl chl oride hydrochloride (456 ng)
were added at the sanme tenperature. After stirring at room
tenperature for 2 hr, water was added to the reaction mxture,
and the mixture was extracted with ethyl acetate. The extract
was washed with saturated aqueous sodi um hydrogencarbonate
solution, water and saturated brine, dried over anhydrous
sodi um sul fate, and concentrated under reduced pressure. The
residue was purified by silica gel colum chromatography
(eluent: hexane-ethyl acetate=8 :1—3: 1) to give the title
compound as a pale-yellow powder (yield 522 ng, 85% .
IH NVR (CDO 53)8: 1-47 (9H, s), 2.80 (3H brs) , 4.18 (2H brs) ,
6.28 (IH brs), 7.35 (IH brs), 7.48-7.52 (IH m), 8.18-8.22
(I1H m), 8.85-8.88 (IH m), 9.12-9.13 (IH m).
Ref erence Exanple 75
tert-butyl {[1- (2-chloro-3-pyridinesul fonyl) -5-phenyl-IH
pyrrol -3-yl] methyl Jmet hyl car bamat e

1- (2-Chl oro-3-pyridinesul fonyl) -5-phenyl-IH pyrrole-3-
car bal dehyde (443 ng) was dissolved in absolute
tetrahydrofuran (5 nm) , a 2 nol/L solution (0.74 m.) of
net hylamine in tetrahydrofuran was added, and the mxture was
stirred at room tenperature for 30 nin. The reaction mixture
was added to a solution of sodium borohydride (97 ng) in
net hanol (2.5 nL) , and the mixture was stirred at the sane
tenperature for 20 min. The reaction nmxture was diluted wth
ethyl acetate, washed successively wth saturated agueous
sodi um hydrogencarbonate solution, water and saturated brine
and dried over anhydrous magnesium sulfate, and the sol vent
was evaporated under reduced pressure. The residue was
dissolved in tetrahydrofuran (20 nm.) , di-tert-butyl
bi carbonate (1.40 g), sodium hydrogencarbonate (0.54 g) and

water (13 nmL) were added, and the mixture was stirred at room
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temperature for 20 min. The reaction mxture was diluted wth
ethyl acetate, washed successively wth saturated aqueous
sodi um hydrogencar bonat e solution, water and saturated brine
and dried over anhydrous magnesium sulfate, and the solvent
was evaporated under reduced pressure. The residue was
purified by silica gel colum chronatography (el uent: hexane-
ethyl acetate=19: 1 >3: 1) to give the title conpound as a solid
(yield 361 ng, 61% .
IHNWR (CDCljz)5: 1.47 (9H s), 2.87 (3H s), 4.29 (2H s),
6.30-6.32 (IH m), 6.95-7.00 (IH m), 7.06-7.33 (54, m), 7.51-
7.56 (2H, n), 8.38-8.41 (IH m).
Ref erence Exanple 76
tert-butyl {[1- (6-chl oro-5-nethyl-3-pyridinesul f onyl )-5-
phenyl -1 Hpyrrol -3-yl] nethyl }nethyl carbamate

1- [ (6- Chl oro-5- et hyl pyridin-3-yl) sul f onyl] -5-phenyl -1 H
pyrr ol e- 3- car bal dehyde (244 ng) was dissolved in absolute
tetrailydrofuran (6.8 mL) , a 2 nol/L solution (0.34 nL) of
nethylamine in tetrahydrofuran was added, and the mixture was
stirred at room tenperature for 4 hr. The reaction mxture was
added to a solution of sodium borohydride (51 ng) in nethanol
(3 mL) , and the mxture was stirred at the sane tenperature
for 3 mn. di -tert-Butyl bi car bonat e (654 ng) was added, and
water (5 nmL) and sodi um hydrogencarbonate (420 ng) were added
3 mn later. The mixture was further stirred at room
temperature for 30 mn, water was added to the reaction
m xture, and the mxture was extracted wth ethyl acetate. The
extract was washed with saturated brine, dried over anhydrous
magnesi um sulfate, and the solvent was evaporated under
reduced pressure. The residue was purified by silica gel
col um chromat ogr aphy (el uent: hexane-et hyl acetate=19: 1 >3: 1)
to give the title compound as an oil (yield 247 ng, 77%
IHNWR (CDA 3)0: 1.47 (9H, s), 2.28 (3H s), 2.82 (3H s),
4.24-4.28 (2H, m), 6.15 (IH s), 7.23-7.42 (7H, m), 8.15 (IH,
s) .

Ref erence Exanple 77
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tert-butyl ({ [1- (6-chloropyridin-3-yl) sul fonyl] -5-phenyl-IH

pyrrol - 3-yl }et hyl ) met hyl car bamat e

1- [ (6-Chloropyridin-3-yl) sul fonyl] -5-phenyl -1 H pyrrol e-3-
car bal dehyde (1.27 g) was dissolved in absolute
t et rahydr of uran (20 nL) , a 2 nmol/L solution (2.1 itiny of
nmet hyl am ne i n tetrahydrofuran was added, and the mxture was
stirred at room tenperature for 30 ruin. The reaction m xture
was added to a solution of sodium borohydride (277 ng) in
met hanol (10 nL) , and the mxture was stirred at the sanme
t enperature for 20 mn. The reaction m xture was diluted with
et hyl acetate, washed successi vely with saturated agueous
sodi um hydrogencar bonat e sol ution, wat er and saturated brine
and dried over anhydrous magnesi um sul fate. di-tert-Butyl
bi car bonat e (3.99 g) was added, and the solvent was evaporat ed
under  reduced pressure. The residue was dissolved in
t et rahydr of uran (30 nlL) , sodium hydrogencarbonate (1.53 g) and
wat er (36 nL) was added, and the mxture was stirred at room
t enperature for 30 mn. The reaction m xture was diluted with
et hyl acetate, washed successi vely with saturated agueous
sodi um hydrogencar bonat e sol uti on, wat er and saturated bri ne,
and dried over anhydrous magnesi um sul fate. The sol vent was
evapor at ed under reduced pressure and the residue was purified
by silica gel colum chromatography (el uent: hexane- et hyl
acet ate=19:1->3: 1) to give the title conpound as a solid (yield

544 ngy, 32%
IHNVR  (CDA ,)0: 1.47 (9H, s), 2.82 (3H s), 4.23 (2H s), 6.16
(IH s), 7.23-7.49 (8H m), 8.28 (IH s).
Ref erence Exanple 78
tert-butyl methyl ({[1- (6-nethylpyridin-3-yl) sul fonyl] -5-
phenyl -1 H pyrrol - 3-yl } net hyl) car bamat e
Under an argon atnosphere, a mxture of tert-butyl ({[1-
(6-chl oropyridin-3-yl) sul fonyl ]-5-phenyl-I|H pyrrol-3-
yl'} nmethyl) rmethyl carbanate (100 mg) , nmethyl boronic acid (14

ng) , tetrakis (triphenyl phosphine) pal I adi um (25 ng) , potassium

car bonat e (90 ng) and dioxane (3 mL) was stirred at 80°C for 24
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hr. Met hyl bor oni ¢ acid (14 nmg) and

tetrakis (triphenyl phosphine) pal | adi um (25 nmg) were added, and
the mxture was stirred at 90°C for 24 hr. Met hyl bor oni ¢ aci d
(14 mg) , tetrakis (triphenyl phosphine) pal | adi um (25 mgy) ,

pot assi um car bonat e (90 ng) and dioxane (2 itiry were added, and
the mxture was stirred at 90°C for 24 hr. The reaction

m xture was diluted with ethyl acet at e, washed successi vely

with saturated aqueous sodi um hydrogencar bonat e sol uti on,

wat er and saturated brine, and dried over anhydrous magnesi um

sul fate. The sol vent was evapor at ed under reduced pressure and

the residue was purified by silica gel colum chromatography
(el uent: hexane- et hyl acetate=19:1— »1: 1) to give the title
conmpound as an oil (yield 85.8 ng, 36%

IHNVR (CDO 5)0: 1-46 (9H, s), 2.58 (3H s), 2.81 (3H s),
4.20-4.23 (2H m), 6.13 (IH s), 7.07-7.10 (IH, m), 7.24-7.42
(7TH m), 8.39 (IH s).

Ref erence Exanple 79

tert-butyl methyl {[1- (pyridin-3-ylsulfonyl) -5- (3-thienyl) -1 H

pyrrol - 3-yl ]Jmethyl }carbamate

Under an argon atnosphere, a suspension of tert-butyl
{ [5-brono-I - (pyridin-3-ylsul fonyl) -1 H pyrrol - 3-
yI] methyl} methyl carbanate (232 mg) , 3-thienylboronic acid (138
ng) , tetrakis (triphenyl phosphine) pal | adi um (31.3 my) and
sodi um carbonate (175 ng) in 1,2-dinethoxyethane (10 i) and
wat er (5 m.) was stirred at 105°C for 1 hr. The reaction
m xture was all owed to cool to room tenperature, wat er was
added to the reaction m xture, and the mxture was extracted
with ethyl acet ate. The extract was washed with saturated
aqueous sodi um hydr ogencar bonat e sol uti on, wat er and saturated
brine, dried over anhydrous sodium sulfate, and concentrated
under reduced pressure. The residue was purified by silica gel
colum  chromat ogr aphy (el uent: hexane- et hyl acetate=l:1I) to
give the title conpound as a pale-yellow oi | (yield 189 nmg,

81%

IHNVR  (CDO ,)0: 1-47 (9H, s), 2.82 (3H brs) , 4.22 (2H brs) ,
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6.17 (IH brs), 7.04-7.06 (IH rd), 7.16-7.17 (IH, m), 7.25-
7.32 (3H m), 7.57-7.61 (IH m), 8.56 (IH d, J=2.4 Hz), 8.71-
8.73 (IH m).

Ref erence Exanple 80
tert-butyl {[5- (4-fluorophenyl) -1- (pyridin-3-ylsulfonyl) -IH
pyrrol -3-yl ]nethyl }nethyl carbamate

By a simlar operation as in Reference Exanple 79 and
using tert-butyl {[5-brono-I- (pyridin-3-ylsulfonyl) -IHpyrrol-
3-yl] methyl} nmethyl carbamate (300 ng) , (4-fluorophenyl)boronic
acid (195 ng) , tetrakis (triphenyl phosphine) palladium (40 ng)
and sodium carbonate (222 ng) , the title conpound was obtained
as a pale-yellow oil (yield 293 ng, 94% .
H NVR (CDA 5)8: 1-47 (9H s), 2.81 (3H brs), 4.22 (24 brs),
6.12 (IH brs), 7.00-7.06 (24 m), 7.18-7.31 (4H m), 7.56-
7.60 (IH m, 8.54-8.55 (IH m), 8.73-8.75 (IH m).
Ref erence Exanple 81
tert-butyl nethyl {[5- (2-nethyl phenyl) -1- (pyridin-3-
yl sul f onyl )-1H pyrrol-3-yl ]Jnethyl }carbamate

By a simlar operation as in Reference Exanple 79 and
using tert-butyl {[5-brono-l- (pyridin-3-ylsulfonyl) -IHpyrrol-
3-yl] nethyl }methyl carbamate (300 ng) , (2-nethyl phenyl)boronic
acid (190 nmg) , tetrakis (triphenyl phosphine) palladium (40 ng)
and sodium carbonate (222 ng) , the title conpound was obtained
as a pale-yellow oil (yield 210 ng, 68% . Mre specifically,
suspension of tert-butyl {[5-brono-I- (pyridin-3-ylsulfonyl) -
| Hpyrrol -3-yl] methyl }methyl carbanate (300 ng) , (2-
nmet hyl phenyl ) bor oni ¢ acid (190 ng) ,
tetrakis (triphenyl phosphine) palladium (40 ng) and sodi um
carbonate (222 ng) in 1,2-dinmethoxyethane (10 nL) and water
(7.5 nL) was stirred at 105°C for 18 hr. The reaction mxture
was allowed to cool to room tenperature, water was added to
the reaction mxture, and the mxture was extracted with ethyl
acetate. The extract was washed with saturated aqueous sodium
hydr ogencarbonate solution, water and saturated brine, dried

over anhydrous sodium sulfate, and concentrated under reduced
96



WO 2007/026916 PCT/JP2006/317408

i0

15

20

25

30

35

pressure. The residue was purified by silica gel colum
chromat ography (el uent: hexane-ethyl acetate=7: 1 >3: 1) to give
the title conmpound as a pale-yellow oil (yield 210 ng, 68% .
IHNVR (CDO 3)0: 1.47 (9H s), 1.92 (3H s), 2.84 (3H brs),
4.26 (2H, brs), 6.07 (IH d, J=I.2 Hz), 6.87-6.89 (IH m),
7.09-7.19 (2H m), 7.26-7.35 (3H m), 7.58-7.62 (IH m), 8.54-
8.55 (IH m), 8.75-8.77 (IH m).
Ref erence Exanple 82
tert-butyl {[5- (4-fluoro-2-nethyl phenyl) -1- (pyridin-3-
ylsul fonyl) -IHpyrrol-3-yl] nethyl }nethyl carbanate

By a simlar operation as in Reference Exanple 79 and
using tert-butyl {[5-brono-I- (pyridin-3-ylsulfonyl) -IH pyrrol-
3-yl] methyl} methyl carbamate (300 ng) , (4-fluoro-2-
net hyl phenyl ) boroni c acid (215 ng) ,
tetrakis (triphenyl phosphine) palladium (40 ng) and sodium
carbonate (222 ng) , the title compound was obtained as a pale-
yellow oil (yield 216 ng, 67% .
IHNVR (CDCl 3)0: 1-47 (9H, s), 1.92 (3H s), 2.84 (3H brs),
4.25 (2H brs), 6.05 (IH br), 6.79-6.91 (34 m), 7.30-7.35

(2H, m), 7.61-7.65 (IH m), 8.58-8.59 (IH m), 8.77-8.79 (IH,
m) .
Ref erence Exanpl e 83
tert-butyl nethyl {[5- (4-nmethyl-3-thienyl) -1- (pyridin-3-
yl sul fonyl )-1Hpyrrol-3-yl ]Jrmethyl }carbamate

By a simlar operation as in Reference Exanple 79 and
using tert-butyl {[5-brono-l- (pyridin-3-ylsulfonyl) -IH pyrrol-
3-yl] net hyl }nmethylcarbamate (300 ng) , (4-nethyl-3-
thienyl)boronic acid (198 nmy) ,
tetrakis (triphenyl phosphine) palladium (40 ng) and sodium
carbonate (222 ng) , the title conpound was obtained as a pale-
yellow oil (yield 200 ng, 64% . Mre specifically, a
suspension of tert-butyl {[5-bronmp-1- (pyridin-3-ylsulfonyl) -
| H pyrrol -3-yl] et hyl } met hyl car bamat e (300 ng) , (4-nethyl-3-
thienyl)boronic acid (198 ng) ,
tetrakis (triphenyl phosphine) palladium (40 ng) and sodium
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carbonate (222 ng) in 1,2-dinmethoxye thane (10 ra) and water
(7.5 nL) was stirred at 105°C for 18 hr. The reaction mxture
was allowed to cool to room tenperature, water was added to
the reaction mxture, and the mixture was extracted wth ethyl
acet at e. The extract was washed with saturated aqueous sodium
hydr ogencarbonate solution, water and saturated brine, dried
over anhydrous sodium sulfate, and concentrated under reduced
pressure. The residue was purified by silica gel columm
chromat ography (eluent: hexane-ethyl acetate=6: 1—3: 1) to give
the title compound as a pale-yellow oil (yield 200 ng, 64% .
1H NVR (CDCl 5)8: 1.47 (94 s), 1.81 (3H s), 2.83 (3H, brs),
4.26 (2H brs), 6.10 (IH br), 6.90 (IH br) , 7.02-7.03 (IH
m), 7.26-7.35 (2H, m), 7.61-7.65 (IH m), 8.58-8.59 (IH m),
8.75-8.77 (IH m).
Ref erence Exanple 84
tert-butyl {[5- (3-cyanophenyl) -1- (pyridin-3-ylsulfonyl) -IH
pyrrol - 3-yl ] met hyl } net hyl car barmat e

By a simlar operation as in Reference Exanple 79 and
using tert-butyl {[5-bronmo-Il- (pyridin-3-ylsulfonyl) -1H pyrrol-
3-yl] nethyl} nethyl carbanate (300 ng) , (3-cyanophenyl )boronic
acid (205 ng) , tetrakis (triphenyl phosphine) palladium (40 ng)
and sodium carbonate (222 ng) , the title conpound was obtained
as a pale-yellow oil (yield 298 ng, 94%
IH NMR (CDCl 5)8: 1-47 (9H, s), 2.81 (3H brs), 4.22 (2H brs),
6.21 (IH br), 7.31-7.35 (2H m), 7.46-7.69 (6H m), 8.56 (IH,
d, J=I. 8 Hz), 8.76-8.78 (IH m).
Ref erence Exanpl e 85
tert-butyl {[5- (2-chlorophenyl) -1- (pyridin-3-ylsulfonyl) -IH
pyrrol -3-yl] methyl }nethylcarbamate

By a simlar operation as in Reference Exanmple 79 and
using tert-butyl {[5-bronmo-Il- (pyridin-3-ylsulfonyl) -IH pyrrol-
3-yl] net hyl }methyl carbanate (300 ng) , (2-chlorophenyl) boronic
acid (218 ng) , tetrakis (triphenyl phosphine) palladium (40 ng)
and sodium carbonate (222 ng) , the title conpound was obtained

as a pale-blue oil (yield 171 ng, 53% .
98



10

15

20

25

30

35

WO 2007/026916 PCT/JP2006/317408

I1H-NMR (CDCl5)6: 1.47 (9H, s), 2.84 (3H, brs) , 4.26 (2H, brs) ,
6.20 (IH, d, Xl .8 Hz), 7.26-7 .36 (6H, m), 7.65-7 .71 (IH, m),
8.58-8 .59 (IH, m), 8.75-8 .79 (IH, in) .
Ref erence Exanpl e 86
tert-butyl {[5- (2, 4-di fluorophenyl) -IH pyrrol-3-
yl 1net hyl }net hyl carbanmate

By a simlar operation as in Reference Exanple 79 and
using tert-butyl {[5-bronp-I1- (pyridin-3-ylsulfonyl) -IHpyrrol-
3-yl] methyl | nmethylcarbamate (300 ng) , (2,4-
di fl uorophenyl )boronic acid (198 ng) ,
tetrakis (triphenyl phosphine) palladium (40 ng) and sodium
carbonate (220 ng) , the title conpound was obtained as a
colorless oil (yield 113 ng, 50% .
IH NVR (CDO 5)8: 1-50 (9H, s), 2.84 (3H brs), 4.30 (24 brs),
6.49 (IH br), 6.78-6.92 (3H m), 7.48-7.58 (IH m), 8.78 (IH
br) .
Ref erence Exanpl e 87
tert-butyl {[5- (2, 5-di fluorophenyl) -IH pyrrol-3-
yl ] met hyl Jmet hyl car bamat e

By a simlar operation as in Reference Exanple 79 and
using tert-butyl {[5-brono-I- (pyridin-3-ylsulfonyl) -1Hpyrrol-
3-yl] nethyl }nmethylcarbamate (300 nmg) , (2, 5-
di fl uorophenyl )boronic acid (220 ng) ,
tetrakis (triphenyl phosphine) palladium (40 ng) and sodium
carbonate (220 ng) , the title compound was obtained as a
colorless oil (yield 135 ng, 60% .
IH NVR (CDA 3)8: 1-50 (9H, s), 2.84 (3H brs), 4.30 (2H brs),
6.56 (IH, br), 6.77-6.85 (24 m), 7.00-7.08 (IH m), 7.20-7.26
(I1H m, 8.90 (IH br) .
Ref erence Exanple 88
tert-butyl {[5- (4-chloro-2-fluorophenyl) -I|H pyrrol-3-
yl Jrmet hyl | et hyl car bamat e

By a simlar operation as in Reference Exanple 79 and
using tert-butyl {[5-brono-I- (pyridin-3-ylsulfonyl) -IHpyrrol-

3-yl] methyl | et hyl carbamate (300 ng) , (4-chloro-2-
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fl uorophenyl )boronic acid (243 ng) ,
tetrakis (triphenyl phosphine) palladium (40 ng) and sodium
carbonate (220 ng) , the title conpound was obtained as a
colorless oil (yield 127 ng, 54% .
IH NV\R (CDClz)5: 1-50 (9H, s), 2.84 (3H s), 4.30 (24 s), 6.55
(IH, br), 6.80 (IH br), 7.11-7.15 (2H, m), 7.46-7.52 (IH m),
8.82 (IH br) .
Ref erence Exanpl e 89
tert-butyl {[5- (2, 4-dif [uorophenyl) -1- (pyridin-3-ylsulfonyl) -
| Hpyrrol -3-yl] nethyl }methyl carbanate

By a simlar operation as in Reference Exanple 44 and
using tert-butyl {[5- (2, 4-dif |uorophenyl) -IH pyrrol-3-
yl] methyl } methyl carbamate (113 ng) , sodium hydride (60% in
oil, 51 rrg) , 15-crown-5 (0.21 nlL) and pyridine-3-yl sul fonyl
chl ori de hydrochl oride (113 ng) , the title conpound was
obtained as a pale-yellow oil (yield 110 ng, 68% .
IHNWR (CDd 5)0: 1-46 (9H s), 2.82 (3H brs) , 4.24 (2H brs) ,
6.19 (IH, br), 6.77-6.92 (24 m), 7.11-7.19 (IH m), 7.33-7.37
(2H, m, 7.68-7.72 (IH m), 8.62 (IH d, J=2.4 Hz), 8.77-8.79
(I'H, m).
Ref erence Exanpl e 90
tert-butyl {[5- (2, 5-di fluorophenyl) -1- (pyridin-3-ylsulfonyl) -
| Hpyrrol -3-yl ]nethyl }methyl carbamate

By a simlar operation as in Reference Exanple 44 and
using tert-butyl {[5- (2, 5-dif | uorophenyl )-IH pyrrol-3-
yl] met hyl }nethyl carbamate (135 ng) , sodium hydride (60% in
oil, 60 nmy) , 15-crown-5 (0.25 nlL) and pyridin-3-ylsulfonyl
chloride hydrochloride (135 ng) , the title conpound was
obtained as a colorless oil (yield 105 ng, 54% .
IHNVR (CDO 5)8: 1.50 (9H s), 2.82 (3H, s), 4.23 (24 brs),
6.24 (IH, br) , 6.89-7.13 (44, m), 7.33-7.39 (2H, m), 7.71-7 .75
(IH, m), 8.67 (IH, d, J2.4 Hz), 8.78-8.80 (IH, m).
Reference Example 91
tert-butyl  {[5- (4-chloro-2-fluorophenyl) -1- (pyridin-3-
ylsulfonyl) -IH-pyrrol-3-yllmethyl } methylcarbamate
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By a simlar operation as in Reference Exanple 44 and

using tert-butyl {[5- (4-chloro-2-fluorophenyl) -IH pyrrol-3-
yl] net hyl } net hyl carbanmate (127 ng) , sodium hydride (60% in
oil, 54 my) , 15-crown-5 (0.22 nL) and pyridin-3-ylsul fonyl
chloride hydrochloride (120 ng) , the title conmpound was
obtained as a colorless oil (yield 103 ng, 57% .
IHNVR (CDCl 5)0: 1.46 (9H s), 2.81 (3H s), 4.23 (2H brs) ,
6.21 (IH brs), 7.08-7.15 (44 m), 7.32-7.38 (2H, m), 7.69-
7.73 (IH m), 8.64 (IH d, J=2.4 Hz), 8.77-8.79 (IH m).
Ref erence Exanpl e 92
tert-butyl {[5- (3-fluorophenyl) -1- (pyridin-3-ylsulfonyl) -IH
pyrrol -3-yl ]nethyl }nethyl carbamate

By a simlar operation as in Reference Exanple 79 and
using tert-butyl {[5-bronmp-1- (pyridin-3-ylsulfonyl) -IH pyrrol-
3-yl] nethyl }nethylcarbamate (300 ng) , (3-fluorophenyl)boronic
acid (195 ng) , tetrakis (triphenyl phosphine) palladium (40 ng)
and sodi um carbonate (222 ng) , the title conpound was obtai ned
as a pale-yellow oil (yield 280 ng, 90%
IHNVR (CDCO 5)0: 1.47 (9H, s), 2.81 (3H brs), 4.22 (2H brs),
6.16 (IH brs), 6.93-7.11 (34 m), 7.27-7.32 (3H m), 7.59-
7.63 (IH m), 8.58 (IH d, J=2.1 Hz), 8.73-8.75 (IH m).
Ref erence Exanpl e 93
tert-butyl {[5-bronp-2-nmethyl-1- (pyridin-3-ylsulfonyl) -IH
pyrrol -3-yl ]nethyl }nethyl carbanate

5-Brono-2-nmethyl-1- (pyridin-3-ylsulfonyl) -IH pyrrole-3-
carbal dehyde (565 ng) was dissolved in tetrahydrofuran (2 nl)
and net hanol (2 mL) , a 40% solution (1.5 nL) of nethylanine
net hanol was added at room tenperature and the mixture was
stirred for 30 min. Sodium borohydride (130 ng) was added to
the reaction mxture at room tenperature and the mxture was
stirred for 15 min. The reaction mxture was concentrated
under reduced pressure, a saturated aqueous sodium
hydrogencarbonate solution was added to the residue, and the
m xture was extracted with ethyl acetate. The extract was

washed with saturated aqueous sodium hydrogencarbonate
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solution, water and saturated brine, dried over anhydrous
sodium sulfate, and the solvent was evaporated under reduced
pressure. The residue was dissolved in ethyl acetate (6 niL) ,
di-tert-butyl bicarbonate (0.45 nL) was added, and the m xture
was stirred at room tenperature for 1 hr. To the reaction

m xture was added 1 nol/L hydrochloric acid (10 nL) , and the
mxture was further stirred for 15 min. The reaction mxture
was neutralized wth saturated aqueous sodium

hydr ogencarbonate solution, and extracted wth ethyl acetate.
The extract was washed with saturated aqueous sodium

hydr ogencar bonat e solution, water and saturated brine, dried
over anhydrous sodium sulfate, and the solvent was evaporated
under reduced pressure. The residue was purified by silica gel
col um chromat ogr aphy (eluent: hexane-ethyl acetate=4:1 _»l:1l)
to give a mxture of the title conpound and 5-br onp- 2-nethyl -
1- (pyridin-3-ylsulfonyl) -I|H pyrrole-3-carbal dehyde. The

m xture was dissolved in tetrahydrofuran (5 nL) , a 2 nol/L
solution (4 nL) of nethylamne in tetrahydrofuran was added,
and the mxture was stirred at room tenperature for 12 hr. To
the reaction nixture was added a solution of sodium
borohydride (131 ng) in nethanol (1 nm) , and the nmixture was
stirred for 1 hr. The reaction mxture was concentrated under
reduced pressure, a saturated aqueous sodium hydrogencarbonate
solution was added to the residue, and the m xture was
extracted with ethyl acetate. The extract was washed with
saturated aqueous sodium hydrogencarbonate solution, water and
saturated brine, dried over anhydrous sodium sulfate, and the
sol vent was evaporated under reduced pressure. The residue was
dissolved in ethyl acetate (6 nL) , di-tert-butyl bi car bonat e
(0.45 nL) was added, and the mixture was stirred at room
tenmperature for 1 hr. Saturated aqueous sodium

hydr ogencarbonate solution was added to the reaction nixture,
and‘the m xture was extracted with ethyl acetate. The extract
was washed with saturated aqueous sodium hydrogencarbonate

solution, water and saturated brine, dried over anhydrous
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sodium sul fate, and the solvent was evaporated under reduced
pressure. The residue was purified by silica gel colum
chromat ogr aphy (el uent: hexane-ethyl acetate=2:1) to give the
title conmpound as a yellow oil (yield 384 ng, 50% .
IHNWVR (CDA 3)0: 1.46 (9H, s), 2.49 (3H s), 2.71 (3H brs),
4.15 (24 brs), 6.24 (IH brs), 7.47-7.52 (IH m), 8.13-8.17
(IH, m), 8.84-8.86 (IH, m), 9.07-9.08 (IH m).
Ref erence Exanple 94
2-brono-1- (2, 6-di fl uorophenyl) ethanone

To a solution of 1- (2, 6-di fluorophenyl) ethanone (10.0 g)
in diethyl ether (50 m.) was added anhydrous alum num chloride
(86 ng) and the mixture was stirred for 5 mn. Bronmne (3.3
nL) was added dropwi se at 10-15°C. After stirring at room
tenperature for 2 hr, the mxture was poured into water, and
the mxture was extracted with ethyl acetate. The obtained
organic |ayer was washed with saturated brine, dried over
anhydrous nmagnesium sulfate, concentrated under reduced
pressure to give the title conmpound as a pale-yellow oil
(yield 15.2 g, about 100%
IH NVR (CDO 3)8: 4.37 (2H, s), 6.97-7.04 (24 m), 7.43-7.53
(I'H, m).
Ref erence Exanple 95
et hyl 2-cyano-4- (2, 6-di fluorophenyl) -4-oxobutanoate

To a solution of ethyl cyanoacetate (7.24 g) and
dii sopropylethylamne (19.9 g) in tetrahydrofuran (30 nL) was
added dropwi se a solution of 2-bronmp-I- (2, 6-
di fl uorophenyl) ethanone (15.16 g) in tetrahydrofuran (15 nlL)
at 10-15°C. The mixture was stirred at room tenperature for 12
hr. The reaction mxture was filtered, and the obtained
filtrate was concentrated under reduced pressure. The residue
was dissolved in ethyl acetate, washed successively wth
water, 1 nol/L hydrochloric acid and saturated brine, dried
over anhydrous nagnesium sulfate, and concentrated under
reduced pressure. The residue was purified by silica gel

colum chromatography (eluent: hexane-ethyl acetate=4 :1—3:2)
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to give the title conpound as a pale-green oil (yield 13.8 g,

81% .
IH NVR (CDA 3)&: 1-35 (3H t, J=7.1 Hz), 3.44-3.53 (IH m),
3.63-3.72 (IH, in, 4.13-4.18 (IH m), 4.31 (24 g, J=7.1 Hz),
6.95-7.05 (2H, m), 7.44-7.54 (IH, m).
Ref erence Exanpl e 96
met hyl 2-cyano-4- (4-cycl ohexyl phenyl) -4-oxobutanoate
4- Cycl ohexyl acet ophenone (10.0 g) was dissolved in
chloroform (30 nL) and diethyl ether (30 nL) , and broni ne
(8.70 g) was slowy added dropwi se. After conpletion of the
dropwi se addition, the reaction mxture was stirred at room
tenmperature for 1 hr, diluted with water and extracted wth
chl orof orm The extract was washed with water, dried over
anhydrous magnesium sulfate, and concentrated under reduced
pressure to give crude 2-brono-I- (5-cyclohexylpyridin-2-
yl)ethanone (15.8 g) as an oil. This was dissolved in
tetrahydrofuran (20 nL) , and added dropwise to a mxture of
met hyl cyanoacetate (4.95 g), diisopropylethylamne (16.2 g)
and tetrahydrofuran (50 m.) . The reaction mixture was stirred
at room tenperature for 20 hr, the insoluble material was
filtered off, and the filtrate was concentrated under reduced
pressure. The residue was dissolved in ethyl acetate, washed
with saturated brine, dried over anhydrous magnesium sulfate,
and concentrated under reduced pressure. The residue was
purified by silica gel colum chromatography (eluent: hexane-
ethyl acetate=4:1—>3:1) to give the title conpound as an oil
(yield 12.1 g, 82% .
IHNVMR (CDO 3)0: 1.20-1.51 (54 m), 1.70-1.90 (54 m), 2.51-
2.64 (IH, m), 3.47-3.73 (IH m), 3.58-3.88 (IH m), 3.85 (3H,
s), 4.09-4.19 (IH m), 7.32 (2H, d, J=8.1 Hz), 7.89 (2H d,
J=8.1 Hz) .
Ref erence Exanpl e 97
ethyl 2-chloro-5- (2, 6-difluorophenyl) -IH pyrrole-3-carboxylate
A solution (14 nL) of ethyl 2-cyano-4- (2, 6-

di fl uorophenyl) -4-oxobutanoate (13.83 g) in ethyl acetate was
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added dropw se to 4 nmol/L hydrogen chl ori de- et hyl acetate

sol ution (100 itiny at 10-15°C. The mixture was stirred at room
tenperature for 12 hr, and concentrated under reduced

pressure. The residue was purified by silica gel colum

chr omat ogr aphy (el uent: hexane- et hyl acet at e=9: | ->8:2) to give

the title conmpound as yellow crystals (yield 10.0 g, 68%.
IHNWVR  (CDA 4)0: 1.38 (3H, t, J=7.2 Hz), 4.34 (2H q, J=7.2
Hz), 6.95-7.04 (2H, m), 7.14-7.23 (2H m), 9.20 (IH br)
Ref erence Exanple 98

nmet hyl 2-chl or o- 5- (4-cycl ohexyl phenyl) -1 H pyrrol e-3-

car boxyl at e

14% Hydrogen chl ori de - 1, 4-di oxane sol ution (50 nL) was
added to nethyl 2-cyano- 4- (4-cycl ohexyl phenyl) - 4- oxobut anoat e
(12.1 g) and the mxture was stirred at room tenperature for
hr and concentrated under reduced pressure. The residue was
di ssol ved in ethyl acetate, washed with saturated bri ne, dried
over anhydrous magnesi um sul fate, and concentrated under
reduced pressure. The residue was crystallized from
di i sopropyl et her and collected by filtration to give a nearly

1:1 mixture (3.41 g) of the title conmpound and et hyl 2-am no-

5- (4-cycl ohexyl phenyl) -3-furoate. The filtrate was

concentrat ed under reduced pressure, and the residue was
purified by silica gel colum chromatography (el uent: hexane-
et hyl acet ate=7: 2) to give the title conmpound as crystals

(yield 0.64 g, 5%
IHNVR  (CDA ,)0: 1.22-1.48 (5H, m), 1.71-1.91 (5H, m), 2.46-
2.58 (IH m), 3.86 (3H s), 6.81 (IH d, J=3.2 Hz), 7.23 (2H
d, J=8.3 Hz), 7.36 (2H d, J=8.3 Hz), 8.67 (IH brs)
Ref erence Exanple 99
nmet hyl 2-chl oro- 4-fl uor o- 5- phenyl - I H pyrrol e- 3-car boxyl at e

To a suspension of methyl 2-chl or o- 5- phenyl -1 H pyrrol e- 3-

car boxyl at e (4.66 g) synthesized from nethyl cyanoacet at e and

8

phenacyl br om de in the same manner as in Reference Exanpl e 95

and Reference Exanpl e 97 in acetonitrile (200 nL) was added

2, 6-dichl oro-N-fl uoropyridinium triflate (6.26 g) over 10 mn
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under ice-cooling. The reaction mxture was stirred at the
sane tenperature for 2 hr and at room tenperature for 2 hr,
and concentrated under reduced pressure. A saturated aqueous
sodi um hydrogencarbonate solution was added to the residue,
and the mxture was extracted with ethyl acetate. The extract
was dried over magnhesium sulfate, and concentrated under
reduced pressure. The residue was purified by silica gel

col um chromat ography (eluent: hexane-ethyl acetate=19: 1—7: 3)
to give the title compound as a pale-yellow solid (yield 815
ng, 16% . Mre specifically, to a solution of nethyl
cyanoacetate (41 g) and diisopropylethylamne (117 g) in
tetrahydrofuran (2600 nL) was added dropwi se a solution of
phenacyl bronmide (75 g) in tetrahydrofuran (370 nL) . The

m xture was stirred at room tenperature for 12 hr. The
reaction mxture was filtered, and the obtained filtrate was
concentrated under reduced pressure. The residue was dissolved
in ethyl acetate, washed successively with 1 nol/L
hydrochloric acid, water and saturated brine, dried over
anhydrous sodium sulfate, and concentrated under reduced
pressure. The residue was washed with diethyl ether to give
met hyl  2- cyano- 4- phenyl - 4- oxobut anoat e as a brown oil (yield
77.4 g, 95%. To a solution (125 nm.) of ethyl 2-cyano-4- (2, 6-
di f1 uorophenyl )-4-oxobutanoate (25 g) in ethyl acetate was
added dropwise 4 nol/L hydrogen chloride-ethyl acetate
solution (25 nL) . The mixture was stirred at room tenperature
for 18 hr, and concentrated under reduced pressure. Water was
added to the residue, and the mxture was extracted with ethyl
acetate. The organic |ayer was washed with 6% aqueous sodium
hydr ogencarbonate solution and saturated brine, dried over
anhydrous sodium sulfate, and concentrated under reduced
pressure. The residue was washed with diisopropyl ether to

gi ve methyl 2-chloro-5-phenyl -1 H pyrrol e-3-carboxyl ate as
colorless crystals (yield 10.0 g, 37%. The title conpound was
synt hesized from the thus-obtained nethyl 2-chloro-5-phenyl-

| H- pyrrol e-3-carboxyl at e.
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IHNWR  (CDA ,)0: 3.90 (3H, s), 7.26-7.32 (IH, m), 7.40-7.60
(4H, m), 8.29 (IH br)
Ref erence Exanple 100

ethyl 5- (2, [B-di fluorophenyl )-1 H pyrrol e-3-carboxyl ate

To a solution of ethyl 2-chl oro-5- (2, 6-di fluorophenyl) -
| H pyrrol e- 3- car boxyl at e (9.82 g) in ethanol (200 iciyy was
added 10% pall adi um car bon (50% contai ni ng wat er, 4.91 g), and
the mxture was stirred under a hydrogen at nosphere at 40°C for
72 hr. The reaction m xture was filtered, and the filtrate was
concentr at ed under  reduced pressure. The residue was purified
by silica gel colum chromatography (el uent: hexane- et hyl
acetate=4:1) to give the title conpound as colorless crystals

(yield 3.80 g, 24%
IHNWR  (CDO 5)0: 1-37 (3H, t, J=7.2 Hz), 4.32 (2H gq, J=7.2
Hz), 6.94-7.04 (2H, m), 7.11-7.21 (I1H, m), 7.24-7.27 (IH, m),
7.54-7.55 (IH m), 9.37 (IH br)
Ref erence Exanple 101
met hyl 5- (4-cycl ohexyl phenyl) -1 H pyrrol e- 3-car boxyl ate

To a solution of a nearly 1:1 mxture (3.41 g) of nmethyl
2-chl or o- 5- (4-cycl ohexyl phenyl) -1 H pyrrol e- 3-car boxyl ate and
met hyl 2-am no- 5- (4-cycl ohexyl phenyl) -3- furoate i n met hanol
(30 nL) and ethyl acetate (10 nm) was added 10% palladium
car bon (50% containing wat er, 0.34 g), and the mxture was

stirred under a hydrogen at nosphere at 5¢C°C for 14 hr. The

reaction m xt ure was filtered, and the filtrate was
concentrat ed under reduced pressure. The residue was purified
by silica gel colum chronmatography (el uent: hexane- et hyl

acet at e=3: 1—»2:1) to give the title conpound as crystals (yield
1.25 g, 41%

1H NWR (cbd 3)6: 1.19-1.50 (5H, m), 1.73-1.93 (5H, m), 2.43-
2.57 (IH m), 3.84 (3H s), 6.8 (IH s), 7.24 (2H d, J=8 .3
Hz), 7.41 (2H, d, J=8 .3 Hz), 7.45 (IH dd, J=3.0, 1.7 Hz),

8. 73. (I'H, brs)

Ref erence Exanpl e 102

nmet hyl 4-f luoro-S-phenyl -1 H pyrrol e-3-carboxyl at e
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Met hyl 2-chl oro- 4-f 1 uor o- 5- phenyl -1 H pyrrol e- 3-
car boxyl ate (0.92 mg) , 10% palladium carbon (50% containing

wat er, 0.20 g) and triethylamne (0.56 inL) were suspended in
nmet hanol (30 m.) , and the nixture was stirred under a hydrogen
at nrosphere at room tenperature for 2 hr. The reaction mixture

was filtered through <celite, and the insoluble nmaterial was
washed with ethyl acetate. The filtrate was concentrated under
reduced pressure and the residue was purified by silica gel

col unmm chr omat ogr aphy (el uent: hexane- et hyl acetate=19: 1->1:1)
to give the title conpound as a colorless solid (yield 0.69 g,
87%

IH+NWR (CDO ;)0: 3.87 (3H s), 7.24-7.31 (2H, m), 7.39-7.46

(24, m), 7.51-7.54 (2H, m), 8.32 (IH br)

Ref erence Exanpl e 103

[5- (2, 6-di fluorophenyl) -IHpyrrol-3-yl] nmet hanol
A solution (35 m.) of ethyl 5- (2, 6-dif luorophenyl) -IH
pyrrol e- 3-car boxyl at e (3.35 g) in tetrahydrofuran was cool ed

to -50°C, and a 1.5 nol/L solution (30 nm.) of

di i sobutyl al um num hydride in toluene was added dropwise by
snal |l portions. The mixture was stirred at the sane
tenperature for 1 hr, water was added to the reaction mxture,
and the nmixture was stirred at room tenperature for 1 hr. The
reaction mxture was diluted with ethyl acetate, celite and
anhydrous magnesium sulfate were added and the nmixture was
further stirred for 15 nin. The suspension was filtrated, and
the obtained filtrate was concentrated under reduced pressure
to give the title conpound as pale-red crystals (yield 2.70 g,
97%

IHNWR (CDCl1,)5: 1-46 (IH br) , 4.64 (2H s), 6.88-7.02 (4H
m), 7.06-7.16 (IH m), 9.07 (IH br)

Ref erence Exanpl e 104

[5- (4-cycl ohexyl phenyl) -l Hpyrrol -3-yl] nmet hanol
To a solution of methyl 5- (4-cycl ohexyl phenyl) -1 H
pyrrol e- 3-car boxyl at e (3.0 g) in absolute tetrahydrofuran (40

nm.) was added dropwise a 1.5 nmol/L solution (21.0 nL) of
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dii sobutyl aluminum hydride in toluene at -78°C. The mxture
was further stirred at the same tenperature for 2 hr. To the
reaction mxture was added 1 nol/L hydrochloric acid, and the
mxture was diluted with ethyl acetate. The insoluble material
was filtered off through celite, and the filtrate was
extracted with ethyl acetate. The extract was washed with
saturated brine, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel colum chromatography (eluent: hexane-ethyl
acetate=l:1) to give the title conpound as crystals (yield
1.07 g, 40% .
IHNWR (CDO 5)0: 1.16-1.50 (54, m), 1.69-1.93 (54 m), 2.45-
2.55 (IH, m), 4.60 (2H s), 6.45-6.51 (IH m), 6.81-6.86 (IH,
m), 7.21 (24, d, J=8.3 Hz), 7.39 (2H d, J=8.3 Hz), 8.30 (IH,
br) , IH not detected.
Ref erence Exanple 105
5- (2, 6-difluorophenyl) -IH pyrrole-3-carbal dehyde
To a solution (26 nm.) of [5- (2, 6-difluorophenyl )-I1H

pyrrol -3-yl] nmethanol (2.56 g) in acetonitrile were added
tetra-n-propyl amonium perruthenate (430 ng) , N-
nmet hyl mor pholine Noxide (2.15 g) and nolecular sieves 4A
powder (5 g), and the mxture was stirred at room tenperature
for 2 hr. The reaction mxture was diluted with ethyl acetate
(60 nL) and filtered through celite. The filtrate was
concentrated under reduced pressure. The residue was purified
by silica gel colum chromatography (eluent: hexane-ethyl
acetate=l:1) to give the title conpound as pale-red crystals
(yield 1.94 g, 77% .
IH NVR (CDO 5)8: 6.97-7.06 (2H m), 7.16-7.24 (IH m), 7.28-
7.31 (IH, m), 7.56-7.58 (IH m), 9.55 (IH br), 9.88 (IH s).
Ref erence Exanple 106
5- (4-cycl ohexyl phenyl) -1 H pyrrol e-3-carbal dehyde

~ To a solution (35 n) of [5- (4-cyclohexylphenyl) -IH
pyrrol -3-yl] nmethanol (1.00 g) in acetonitrile were added

tetra-n-propyl ammoni um perruthenate (115 ng) , N-
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met hyl norpholine N-oxide (0.60 g) and nol ecular sieves 4A

powder (1.15 g) under ice-cooling. The mixture was stirred at
room tenperature for 1.5 hr, and the reaction mxture was
suspended in ethyl acetate, and filtered through celite. The
filtrate was concentrated under reduced pressure, and the
residue was purified by silica gel colum chromatography
(eluent: hexane-ethyl acetate=2:1) to give the title conmpound
as crystals (yield 0.53 g, 539
IH NMR (CDO 5)8: 1.17-1.49 (54 m), 1.70-1.95 (5H m), 2.45-
2.58 (IH m), 6.89 (IH s), 7.25 (24 d, J=8.1 Hz), 7.43 (2H
d, J=8.1 Hz), 7.47 (IH s), 8.99 (IH brs), 9.82 (IH s).
Ref erence Exanpl e 107
| H pyrrol e-3-carbal dehyde

To a suspension of sodium hydride (13.7 g) in
tetrahydrofuran (450 nL) was added dropwi se pyrrole (17.4 g)
under ice-cooling. The reaction mxture was stirred at the
same tenperature for 1.5 hr, and triisopropylsilyl chl ori de
(50.0 g) was added dropwi se at the sane tenperature. The
m xture was further stirred at below 10°C for 1.5 hr, ice water
was added and the m xture was extracted with diethyl ether.
The extract was washed with water, dried over anhydrous sodium
sul fate, and concentrated under reduced pressure. A solution
of the residue (57.7 g) in dichloronmethane (30 nmL) was added
at once to a suspension of (chloronethylene) dinmethyl amoni um
chloride (36.5 g) in dichloronethane (500 nL) at o0°C. The
reaction mxture was refluxed for 30 min and cooled to o0°C
The resulting solid was collected by filtration, and washed
with diethyl ether. The obtained solid was dissolved in water
(50 mL) , a 1 nol/L aqueous sodium hydroxide solution (500 ni)
was added at room tenperature, and the nmixture was stirred for
2 hr. The reaction mxture was extracted with chloroform and
ethyl acetate. The extract was dried over anhydrous sodium
sulfate, and concentrated under reduced pressure. The residue
was washed with diisopropyl ether to give the title conpound

as pale-brown crystals (yield 9.4 g, 38%
110
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IHNVR (CDO ;)d: 6.68-6.70 (IH m), 6.83-6.86 (IH m), 7.45-
7.47 (IH, m), 9.00-9.20 (IH m), 9.82 (IH s).

Ref erence Exanpl e 108
2-chloro-2, 2-difluoro-I- (2- et hyl phenyl) et hanone

Magnesi um (flake, 6.2 g) was suspended in diethyl et her
(10 iny) , and iodine (small anmount) was added and a solution of
2- br onot ol uene (43.26 g) in diethyl et her (100 ni> were slowy
added dropw se. After stirring at room tenperature for 1 hr,
the reaction mixture was added dropwise to a solution of
chl or odi fl uor oacetic acid (10.0 g) in diethyl ether (100 ni)
at -10°C, and the mixture was stirred at OC for 1 hr.
Saturated aqueous ammonium chloride solution was added to the
reaction mxture, and the mixture was extracted wth diethyl
et her. The extract was washed wth saturated brine, dried over
magnesi um sul f at e, and concentrated under reduced pressure.
The residue was distilled wunder reduced pressure (boiling
poi nt : 81-82°C/12-13 mmHg) to give the title conmpound as a
pal e-yellow oil (yield 4.9 g, 31%
IHISIMR (CDO 5)0: 2.54 (3H, s), 7.29-7.36 (2H, m), 7.47-7.53
(IH, m), 7.89-7.92 (IH m).
Ref erence Exanple 109

2,2-difluoro-2-iodo-I- (2-net hyl phenyl) ethanone
To a suspension of zinc (1.6 g) in acetonitrile (40 m)
were added trinmethylsilyl chloride (3.1 nL) and 2-chloro-2,2-

di fluoro-1- (2-nethyl phenyl) ethanone (4.0 g), and the mxture

was stirred at 55°C for 3 hr. The reaction nmixture was allowed
to cool to room tenperature, iodine (3.5 g) was added, and the
m xture was further stirred for 2 hr. Water was added to the
reaction mxture, and the mnmixture was extracted wth diethyl

et her. The extract was washed wth aqueous sodium hydrogen
sulfite solution, aqueous sodi um hydrogencar bonate sol ution

and saturated brine, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The residue was purified
by basic silica gel colum chronmatography (eluent: hexane) to

give the title conpound as a yellow oil (yield 2.6 g, 46%
[
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IHNWR (CDO 5)0: 2.51 (3H s), 7.26-7.35 (2H m), 7.46-7.51
(1H nm, 7.91-7.94 (IH m).
Ref erence Exanple 110
2,2-difluoro-4-iodo-l- (2-nethyl phenyl) -4-trinethylsilylbutan-
1- one

Under a nitrogen atnosphere, to a mxture of
tetrakis (triphenyl phosphi ne) palladium (0.52 g) and
vinyltrinmethyl silane (1.9 M) was added 2, 2-difluoro-2-iodo-I-
(2- net hyl phenyl ) ethanone (2.6 g), and the mxture was stirred
at room tenperature for 2 hr. Diethyl ether was added to the
reaction mxture, the insoluble material was filtered off, and
the filtrate was concentrated under reduced pressure. The
residue was purified by basic silica gel colum chromatography
(eluent: hexane) to give the title conpound as a colorless oil
(yield 2.6 g, 74%
IH NVR (CDO 5)8: 0-21 (9H, s), 2.50 (3H, s), 2.70-2.89 (24 m),
3.19-3.24 (IH, m), 7.27-7.32 (2H, m), 7.42-7.48 (IH m), 7.89-
7.92 (IH, m).
Ref erence Exanple 111
3-fluoro-2- (2-nmethyl phenyl) -1 Hpyrrole

To a solution (20 n) of 2,2-difluoro-4-iodo-1- (2-
nmet hyl phenyl ) -4-trinethylsilyl butan-I-one (2.5 g) in
tetrahydrofuran was added 28% aqueous ammonia solution (6 nl) ,
and the mixture was stirred at room tenmperature for 14 hr. The
reaction mxture was extracted with ethyl acetate. The extract
was washed with saturated brine, dried over anhydrous
magnesi um sul fate, and concentrated under reduced pressure.
The residue was dissolved in acetonitrile (15 nL) and water (s
m.) , and potassium fluoride (0.75 g) was added. The reaction
m xture was stirred at 6C°C for 3 hr, and concentrated under
reduced pressure. The residue was extracted with ethyl
acetate. The extract was washed with saturated aqueous sodium
hydrogencarbonate solution, water and saturated brine, dried
over anhydrous magnesium sulfate, and concentrated under

reduced pressure. The residue was purified by silica gel
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colum chromat ogr aphy (eluent: hexane-ethyl acetate=20: 1) to
give the title compound as a pale-yellow oil (yield 0.87 g,
78%

IHNWR (CDO 4)0: 2.39 (3H d, J=I. 5 Hz), 6.06-6.08 (IH m),
6.60-6.63 (IH m), 7.19-7.33 (44 m), 7.71 (IH brs)

Ref erence Exanple 112

5~br onmo- | H pyrr ol e- 3- car bal dehyde

A solution of |H pyrrole-3-carbal dehyde (19.1 g) in
t et r ahydr of ur an (300 inL) was cooled to -70°C, and a solution of
N- br omosucci ni ni de (35.8 g) in N, N-dinethylfornmam de (100 i)
was added dropwi se. After stirring at the sanme tenperature for

1 hr, the mxture was raised to -10°C over 2 hr and further
stirred for 30 mn. lce water was added to the reaction

m xture at 0°C, and the mxture was allowed to warm to room

tenperature and extracted wth ethyl acetate. The extract was
washed with 10% aqueous citric acid solution, 6% aqueous
sodi um hydr ogencar bonat e solution and saturated brine, dried

over anhydrous sodium sulfate, and concentrated under reduced
pressure. The crystals obtained as a residue were washed wth
di i sopropyl ether to give the title conmpound as colorless
crystals (yield 17.7 g, 51%.

IHNWR (CDA ;)d: 6.65-6.66 (IH m), 7.37-7.38 (IH m), 8.80
(IH br), 9.70 (IH s).

Ref erence Exanple 113

5- (2-met hyl phenyl) -1 H pyrrol e-3-carbal dehyde

5- Brono- | H pyrr ol e- 3- car bal dehyde (100 my) , 2-
nmet hyl phenyl bor oni ¢ acid (94 ng) and sodium carbonate (146 o)
were suspended in a mixed solvent of 1,2-dinme thoxye thane (5

m.) and water (2 m) , and the mxture was sufficiently
degassed wunder a nitrogen atnosphere.
Tetrakis (triphenyl phosphine) pal l adium (33 ng) was added, and

the mixture was further degassed and refluxed at 105°C for 24

hr. ~The reaction mixture was allowed to cool to room
t enper at ur e, and the mxture was extracted wth water and
ethyl acetate. The extract was washed wth saturated Dbrine,
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dried over anhydrous sodium sulfate, and concentrated under

reduced pressure. The residue was purified by silica gel
colum chromat ography (eluent: hexane-ethyl acetate=8 :1->3: 1)
to give the title conpound as colorless crystals (yield 72 nyg,
68%
IH NMR (CDCl 3)0: 2.44 (3H s), 6.75-6.77 (IH m), 7.23-7.36
(4H m), 7.50-7.51 (IH m), 8.75 (IH br), 9.85 (IH s).
Ref erence Exanple 114
4-chl oro-5- (2-fluorophenyl) -1 H pyrrol e-3-carbal dehyde

To a solution (15 nL) of 5- (2-fluorophenyl) -IH pyrrole-3-
carbal dehyde (1.0 g) in N,Ndinethylformanm de was added N-
chl orosucci ni m de (0.71 g) at o0°c, and the mixture was stirred
at 60°C for 2 hr. The nmixture was cooled to room tenperature,
water was added and the m xture was extracted w th ethyl
acetate. The extract was washed with saturated brine, dried
over anhydrous sodium sulfate, and the solvent was evaporated
under reduced pressure. The residue was purified by silica gel
colum chromat ography (eluent: hexane-ethyl acetate=8: 1—3: 1)
to give the title conpound as a yellow powder (yield 0.55 g,
46%
IH NMR (CDO 5)8: 7.15-7.40 (3H, m), 7.52 (IH d, J=3.6 Hz),
7.97-8.03 (IH m), 9.24 (IH br) , 9.96 (IH s).
Ref erence Exanple 115
4-fluoro-5- (2-fluorophenyl) -1H pyrrol e-3-carbal dehyde

To a solution (60 m) of 5- (2-fluorophenyl) -IH pyrrole-3-
carbal dehyde (3.1 g) in tetrahydrofuran was added 2, 6-
di chl oro-N-fluoropyridinium triflate (5.6 g) at 0°C, and the
mxture was stirred at the sane tenperature for 2 hr.
Sat ur at ed aqueous sodi um hydrogencarbonate solution was added
to the reaction mxture, and the mxture was extracted wth
ethyl acetate. The extract was washed wth saturated aqueous
sodi um hydrogencarbonate solution, water and saturated brine,
dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The residue was purified by silica gel

colum chronmatography (eluent: hexane-ethyl acetate=2:1) to
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give the title conmpound as white crystals (yield 0.43 g, 13% .
IHNWR (CDO 3)0: 7.11-7.30 (4H m), 7.80-7.87 (IH m), 9.14
(IH, brs) , 9.88 (IH s).
Ref erence Exanple 116
4-fluoro-5- (2-methyl phenyl) -1H pyrrol e-3-carbal dehyde

Sodi um hydride (0.40 g) was washed twice with hexane and
suspended in tetrahydrofuran (10 nL) . A solution of 3-fluoro-
2- (2-nethyl phenyl) -1 Hpyrrole (0.86 g) in tetrahydrofuran (3

nm) was added at 0°c, and the mixture was stirred at the sane

tenperature for 30 min. A solution (2 nmL) of triisopropylsilyl
trifluoroacetate (2.7 mL) in tetrahydrofuran was added at o0°C
and the mxture was stirred at the sanme tenperature for 15
mn. Ice water was added to the reaction mxture, and the

m xture was extracted with ethyl acetate . The extract was
washed with saturated aqueous sodi um hydrogencarbonate
solution, water and saturated brine, dried over anhydrous
sodi um sul fate, and concentrated under reduced pressure. The
residue was dissolved in tetrahydrofuran (10 nL) and
acetonitrile (2 nL) , (chloronethylene) dinmethyl amoni um
chloride (1.6 g) was added, and the mixture was heated under
reflux for 2 hr, and concentrated under reduced pressure. The
residue was dissolved in tetrahydrofuran (2 nL), 1 nol/L
aqueous sodi um hydroxide solution (20 nL) was added, and the
m xture was stirred at room tenperature for 1 hr. The reaction
m xture was extracted with ethyl acetate. The extract was
washed with saturated aqueous sodi um hydrogencarbonate
solution, water and saturated brine, dried over anhydrous
sodi um sul fate, and concentrated under reduced pressure. The
residue was purified by silica gel colum chromatography
(eluent: hexane-ethyl acetate=2:1) to give the title conpound
as a yellow oil (yield 0.48 g, 48%

IH NWVR (CDO 3)0: 2.38 (3H s), 7.23-7.32 (54 m), 8.38 (IH
brs), 9.87 (IH s).

Ref erence Exanple 117

5-nitro-3- (trifluoronethyl)pyridin-2-ol
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2- Hydr oxy- 3- (trifluoronethyl) pyridine (3.0 g) was added
to cone, sulfuric acid (18 iny under ice-cooling, and the
mxture was stirred at the same tenperature for 5 mn. Fum ng
nitric acid (90-95% 7 nm) was added dropwise aqver 5 min, and

the mxture was allowed to return to room tenperature over 2

hr, heated to 50°C and stirred for 3 hr. After <cooling to room
t enper at ur e, the reaction mixture was poured into ice (200 g),
and the nixture was extracted wth ethyl acetate. The extract

was washed with saturated brine, dried over anhydrous
magnesi um  sul f at e, and concentrated under reduced pressure.
The precipitate was washed with diisopropyl ether to give the
title compound as a solid (yield 2.7 g, 69%.
IHNWR (CDO ;)0: 8.65-8.67 (IH m), 8.80-8.81 (l1H m), IH not
det ect ed.
Ref erence Exanple 118
2-chl oro-5-nitro-3- (trifluoronethyl) pyri di ne

A mxture of 5-nitro-3- (trifluoronethyl ) pyridin-2-ol
(2.65 g), phosphorus pent achl ori de (3.17 g) and phosphorus
oxychl ori de (1.5 nm) was stirred at 90°C for 3 hr. After
cooling to room tenperature, the reaction mixture was poured
into ice, and the mxture was extracted wth ethyl acetate.
The extract was washed wth saturated brine, dried over
anhydrous nmagnesium sulfate, and concentrated under reduced
pressure. The residue was purified by silica gel colum
chr omat ogr aphy (eluent: hexane- et hyl acetate=19: 1—3: 1) to give
the title conpound as a yellow oil (yield 2.21 g, 77%.
IHNWR (CDO 3)d: 8.79-8.81  (IH m), 9.40-9.41 (IH m).
Ref erence Exanple 119
6-chloro-5- (trifluoronethyl)pyridine-3-ani ne

Reduced iron (1.3 g) and anmonium chloride (2.1 g) were
added to water (40 m) , and the mxture was stirred at room
t emperat ure for 5 mn. A solution of 2-chloro-5-nitro-3-
(trifluoromethyl) pyridi ne (1.8 g) in methanol (40 nlL) was
added, and the mixture was stirred at room tenperature for 1

hr . Reduced iron (2.3 g) was added, and the mixture was
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further stirred at the sane tenperature for 3 hr. The reaction
mxture was filtered through celite, and celite was washed
with ethyl acetate. The filtrate was extracted with ethyl
acetate, and the extract was washed with saturated brine
dried over anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was purified by silica gel
colum chromat ography (eluent: hexane-ethyl acetate=19: 1 »1: 1)
to give the title conpound as a solid (yield 1.0 g, 65%
IHNWR (CDD 53)d: V.29 (IH m), 7.99 (IH m), 2H not detected
Ref erence Exanple 120
6-chloro-5- (trifluoronethyl)pyridine-3-sulfonyl chl oride

Under ice-cooling, thionyl chloride (4 n) was added
dropwi se over 20 min to water (27 mL) . The mixture was stirred
at room tenperature for 12 hr to give a sulfur dioxide-
containing solution. Separately, 6-chloro-5-
(trifluoromethyl) pyridine- 3-amine (1.14 g) was added to
concentrated hydrochloric acid (9 nL) with stirring under ice-
cooling, and concentrated hydrochloric acid (9 nL) was further
added. A solution of sodium nitrite (0.44 g) in water (6 nl)
was added dropwi se over 10 min. The reaction mxture was
gradual ly added at 5°C to the above-nentioned sulfur dioxide-
containing solution added with cuprous chloride (15 ng) . Under
ice-cooling, the mixture was further stirred for 30 min, and
the precipitate was collected by filtration and washed wth
water. The obtained precipitate was purified by silica gel
colum chromat ography (eluent: hexane-ethyl acetate=19: 1_>9: 1)
to give the title conmpound as an orange solid (yield 437 ng,
27%
IHNVMR (CDO 3)0: 8.58 (IH m), 9.18 (IH m).
Ref erence Exanple 121
6- chl or o- 2- et hyl pyri di ne- 3-sul f onyl chl oride

Under ice-cooling, thionyl chloride (4 n) was added
dropwise to water (24 nL) over 20 min. The mxture was stirred
at room tenperature for 12 hr to give a sul fur dioxide-

containing solution. Separately, to the concentrated
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hydrochl ori c acid (6 iriry was added 5-am no~2-chl oro-6-
réet hyl pyri di ne (1.0 g) with stirring under i ce-cooling, and a

sol ution of sodium nitrite (0.5 g) in water (2 inL) was added

dr opwi se over 10 nmin. The reaction m xture was gradual ly added
at 5°C to the above-nentioned sul fur di oxi de- cont ai ni ng

sol ution added with cuprous chlori de (10 nmg) . Under i ce-

cool i ng, the mxture was further stirred for 30 nmin, and the
precipitate was coll ected by filtration, and washed with water
to give the title conpound as a pale-yellow solid (yield 1.1
g, 61%

IHNWR  (CDA 5)0: 2.99 (3H s), 7.41 (IH dd, J=8.7, 0.9 Hz),
8.26 (IH d, J=8.4 Hz)
Ref erence Exanple 122
et hyl 1- [ (5-bromopyridin-3-yl) sul fonyl ] -5-phenyl -1 H pyrrol e- 3-
car boxyl at e

By a simlar reaction as in Reference Exanpl e 40 and
using 5-brono-6-chl oropyri di ne- 3- sul f onyl chlori de (3.49 g),
the title conmpound was obtai ned as a yellow solid (yield 1.63
9, 38%
1HNWVR  (CDO ,)0: 1.35-1.39 (3H, m), 4.29-4.37 (2H m), 6.60
(IH, s), 7.18-7.20 (2H, m), 7.35-7.51 (4H m), 8.06 (IH s),
8.45 (IH s), 878 (IH s).
Ref erence Exanpl e 123
et hyl 5- phenyl -1 -{ [5- (trifluoronethyl)pyridin-3-yl] sul fonyl }-
| H pyrrol e-3-car boxyl ate

By a simlar reaction as in Reference Exanpl e 40 and
usi ng 6- chl or o- 5- (trif luoromethyl)pyridine-3-sul fonyl chlori de
(413 my) , the title conpound was obtai ned as a colorless solid
(vield 191 ng, 35%
1H NWVR (cod 3)6: 1.37 (3H, t, J=7.2 Hz), 4.33 (2H, dd, J=14.4,
7.2 Hz), 6.61 (IH s), 7.16-7.18 (2H, m), 7.33-7.45 (3H, m),
7.65 (IH, s), 8.09 (IH s), 875 (IH s), 898 (IH s).
Ref erence Exanple 124
et hyl 1- [ (2-nethyl pyridin-3-yl) sul fonyl ] -5-phenyl -1 H pyrrol e-

3-carboxyl ate
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By a simlar reaction as in Reference Exanple 40 and
using 6-chloro-2-nmethylp vyridine-3-sulfonyl chloride (543 ng) ,
the title conpound was obtained as a red oil (yield 135 ng,
18%
IHNWVR (CDCl 5)0: 1.35-1.40 (3H m), 2.47 (3H s), 4.33 (2H dd,
J=14.1, 6.9 Hz), 6.59 (IH d, J=I .8 Hz), 6.82-7.49 (7H, m),
8.21 (IH, d, J=2.1 Hz), 8.51 (IH, dd, J=4.8, 1.8 Hz).
Ref erence Exanple 125
met hyl  4-f [ uoro-5-phenyl -1- (pyridin-3-ylsulf onyl )-1H pyrrole-
3-carboxyl ate

By a simlar reaction as in Reference Exanple 36 and
usi ng nethyl 4-fluoro-5-phenyl -1 H pyrrol e-3-carboxyl ate (172
ng) , the title conmpound was obtained as a colorless solid
(yield 206 my, 73% . More specifically, to a solution of
met hyl 4-fluoro-5-phenyl -1 H pyrrol e-3-car boxyl ate (172 ng) in
tetrahydrofuran (10 nL) was added sodium hydride (60% in oil,
94 ny) , and the mxture was stirred for 15 nin. 15- Crown-5
(0.48 n.) was added, and the mxture was further stirred for
15 min. Pyridine-3-sul fonyl chloride hydrochloride (219 ng)
was added and the mxture was stirred for 30 min. Water was
added, and the mixture was extracted with ethyl acetate. The
organic layer was washed with water and saturated brine, dried
over anhydrous nagnesium sulfate, and concentrated under
reduced pressure. The residue was purified by silica gel
col um chromat ography (eluent: hexane-ethyl acetate=19: 1—1: 1)
to give the title conpound as a colorless solid (yield 206 ng,
73%
IH NV\R (CDClg)5: 3.89 (3H s), 7.17-7.20 (2H m), 7.26-7.55
(54 m), 7.95 (IH d, J=4.8 Hz), 8.50-8.51 (IH m), 8.76-8.78
(I'H, m).
Ref erence Exanple 126
1- [ (5-bronmopyridin-3-yl) sulfonyl] -5-phenyl-IH pyrrole-3-
car bal dehyde

By a simlar reaction as in Reference Exanple 62 and

using ethyl 1- [(5-bronopyridin-3-yl) sulfonyl] -5-phenyl-IH
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pyrrol e- 3- car boxyl at e (1.63 g), the title compound was
obtained as a pale-yellow solid (yield 1.18 g, 80%.
IHNWR (CDA 3)0: 6-63 (IH s), 7.17-7.20 (2H m), 7.36-7.39
(24, m, 7.50-7.52 (2H, m), 8.10 (IH s), 8.46 (IH s), 8.79-
8.80 (IH, m), 9.91 (IH s).
Reference Example 127
5-phenyl-I-  {[5- (trifluoromethyl)  pyridin-3-yl]  sulfonyl }-IH-
pyrrole-3-carbaldehyde

By a similar reaction as in Reference Example 62 and
using ethyl 5-phenyl-I-  {[ (5-trifluoromethyl) pyridin-3-
yl] sulfonyl }-IH-pyrrole-3-carboxylate (190 mg) , the title
compound was obtained as a colorless solid (yield 138 mg,
83%) .
H-NMR (CDClg)8. 6.64 (IH, d, JI .5 Hz), 7.15-7.18 (2H, m),
7.33-7.38 (2H, m), 7.44-7 .47 (IH, m), 7.63-7.64 (IH, m), 8.14
(IH, d, ¥l .5Hz, 8.76 (IH, d, 2.1 Hz, 9.00 (IH, d, XI.5
Hz), 9.92 (IH, s).
Ref erence Exanpl e 128
1- [ (2-methyl pyridin-3-yl) sulfonyl] -5-phenyl-I|Hpyrrole-3-
car bal dehyde

By a simlar reaction as in Reference Exanple 62 and
using ethyl 1-[(2-nethylpyridin-3-yl) sulfonyl] -5-phenyl-IH
pyrrol e- 3- car boxyl ate (364 ng) , the title conpound was
obtained as an orange solid (yield 182 nmg, 57% .
IH NMR (CDO 3)0: 2.47 (3H s), 6.62 (IH d, J=I .8 Hz), 6.83-
6.90 (I1IH, m, 7.02-7.04 (24 m), 7.16-7.31 (3H m), 7.39-7.42
(IH m), 8.24 (IH s), 8.52-8.54 (IH m), 9.93 (IH s).
Ref erence Exanple 129
4-fluoro-5-phenyl-I- (pyridin-3-ylsulfonyl) -IHpyrrole-3-
car bal dehyde

Under a nitrogen atnosphere, a solution of nmethyl A-
fl uoro-5-phenyl-1- (pyridin-3-ylsulfonyl) -I|H pyrrole-3-
carboxylate (200 ng) in tetrahydrofuran (10 nlL) was cooled to
-78°C, and a 1.5 nol/L solution (1.85 nL) of diisobutylalum num

hydride in toluene was added with stirring. After stirring at
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the sanme tenperature for 15 min, the mxture was raised to 0°C
over 1.5 hr. Water (20 nL) was added, and the mixture was
stirred at the sane tenperature for 5 min. After stirring,
ethyl acetate (20 nL) was added, and the mixture was stirred
for 15 min, and then stirred at room tenperature for 20 mn.
The reaction mxture was filtered through celite, and celite
was washed with ethyl acetate. The filtrate was extracted wth
ethyl acetate. The extract was washed with saturated brine,
dried over anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was dissolved in tetrahydrofuran
(10 m) , manganese dioxide (75% chemically treated product,
1.0 g) was added, and the mixture was stirred at room
tenperature for 16 hr. The reaction mixture was filtered
through celite, and celite was washed with ethyl acetate. The
filtrate was concentrated under reduced pressure and the
residue was purified by silica gel columm chromatography
(eluent: hexane-ethyl acetate=19: 1—=1:2) to give the title
compound as a colorless solid (yield 123 ng, 67%
IH NMR (CDO 5)&: 7.17-7.20 (2H, m), 7.26-7.57 (5H m), 7.96
(IH, d, J=4.8 Hz), 8.50-8.51 (IH m), 8.76-8.80 (IH m), 9.92
(IH, s).
Ref erence Exanple 130
5- (2, 6-di fluorophenyl) -1- (pyridin-3-ylsulfonyl) -IH pyrrole-3-
car bal dehyde

To a solution of 5- (2, 6-di fluorophenyl) -IHpyrrole-3-
car bal dehyde (420 ng) in tetrahydrofuran (42 nL) was added
sodi um hydride (60% in oil, 244 ng) at room tenperature and
the mxture was stirred for 30 mn. 15-Crown-5 (1.34 g) was
added dropwise and the nmixture was stirred for 30 min. 3-
Pyridyl sul fonyl chloride hydrochloride (565 ng) was added, and
the m xture was further stirred for 1 hr. The reaction mxture
was diluted with saturated brine, and the m xture was
extracted with ethyl acetate. The obtained extract was washed
with water and saturated brine, dried over anhydrous nmagnhesium

sul fate, and concentrated under reduced pressure. The residue
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was purified by silica gel columm chromatography (eluent:
hexane-ethyl acetate=7:3->l:1) , and crystallized from
dii sopropyl ether to give the title compound as colorless
crystals (yield 590 ng, 84% .
IH NVR (CDA 5)8: 6.76 (IH, d, J=I .9 Hz), 6.90-6.95 (2H m),
7.40-7.52 (24 m), 7.77-7.81 (IH m), 8.18 (IH d, J=I .9 Hz),
8.65-8.66 (IH m), 8.85-8.87 (IH m), 9.91 (IH s).
Ref erence Exanple 131
5- (4-cycl ohexyl phenyl) -1- (pyridin-3-ylsulfonyl) -IH pyrrole-3-
car bal dehyde

Sodi um hydride (60% in oil, 68 ng) was added to a
solution of 5- (4-cyclohexyl phenyl) -1H pyrrol e-3-carbal dehyde
(0.17 g) in tetrahydrofuran (12 nm.) at room tenperature. The
mxture was stirred for 20 min, 3-pyridinesulfonyl chloride
(0.19 g) was added, and the mxture was stirred at room
tenperature for 3 hr. The reaction nixture was poured into ice
water, and the nmixture was extracted with ethyl acetate. The
extract was washed with saturated brine, dried over anhydrous
magnesi um sulfate, and concentrated under reduced pressure.
The residue was purified by silica gel colum chromatography
(eluent: hexane-ethyl acetate=3 :2—2:1) to give the title
compound as crystals (yield 0.26 g, 97%
IHNMR (CDO 5)0: 1.21-1.53 (54 m), 1.73-1.98 (54 m), 2.50-
2.60 (IH m), 6.57 (IH d, J=l .9 Hz), 7.03-7.09 (2H m), 7.13-
7.29 (3H, m), 7.48 (IH, ddd, J=8.3, 2.0, 1.9 Hz), 8.11 (IH d,
J=l. 9 Hz), 8.49 (IH d, J=2.3 Hz), 8.73 (IH dd, J=4.8, 1.6
Hz), 9.89 (IH s).
Ref erence Exanple 132
1- [ (6-chl oropyridin-3-yl) sulfonyl] -5- (2-fluorophenyl) -1H
pyrrol e- 3-car bal dehyde

By a simlar reaction as in Reference Exanple 65 and
using 5- (2-fluorophenyl) -1Hpyrrol e-3-carbal dehyde (893 nm)
and 6-chl oropyri di ne- 3-sul f onyl chloride (1.30 g), the title
compound was obtained as a pale-red solid (yield 1.14 g, 66% .

More specifically, 5- (2-fluorophenyl) -IH pyrrole-3-
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car bal dehyde (893 ng) was dissolved in tetrahydrofuran (10
m.) , sodium hydride (60% in oil, 226 ng) was added and the
mxture was stirred at room tenperature for 15 min. 15-Crown-5
(1.1 n) was added and the mxture was further stirred at the
sane tenperature for 15 mn. 6-Chloropyridine-3-sulfonyl
chloride (1.30 g) was added. The reaction mxture was stirred
at room tenperature for 15 min. Water was added, and the
mxture was extracted with ethyl acetate. The extract was
washed with water and saturated brine, dried over anhydrous
magnesi um sul fate, and concentrated under reduced pressure.
The residue was purified by silica gel colum chromatography
(el uent: hexane-ethyl acetate=19: 1—3:2) to give the title
conpound as a pale-red solid (yield 1.14 g, 66%
IHNVR (CDA 3)8: 6.71 (IH, d, J=9.0 Hz), 7.05 (IH t, J=9.0
Hz), 7.19-7.23 (2H m), 7.38 (IH d, J=8.4 Hz), 7.45-7.53 (IH
m), 7.63-7.67 (IH m), 811 (IH d, J=I .8 Hz), 8.33 (IH d,
J=2.7 Hz) , 9.91 (IH s).
Ref erence Exanple 133
5- (2- fluorophenyl) -1- [ (6-nethyl pyridin-3-yl) sulfonyl]-IH
pyrrol e- 3- car bal dehyde

Under an argon atnosphere, a mixture of |-[(6-
chloropyridin-3-yl) sulfonyl] -5- (2-fluorophenyl) -IH pyrrole-3-
car bal dehyde (365 ng) , nethylboronic acid (90 ng) ,
tetrakis (triphenyl phosphine) palladium (116 ng) , potassium
carbonate (691 ng) and 1, 4-dioxane (25 n) was stirred at 80°C
for 3 days. The reaction mxture was poured into saturated
aqueous sodi um hydrogencarbonate solution, and the nixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, dried over magnesium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel colum chromatography (eluent: hexane-ethyl
acetate=19:1—»1:1) to give the title conmpound as a yellow solid
(yield 134 ng, 39% .
IHNWR (CDO 3)0: 2.64 (3H s), 6.67 (IH d, J=I .8 Hz), 7.04

(l1H, t, J=8.4 Hz), 7.17-7.21 (3H, m), 7.45-7.50 (IH m), 7.58
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(IH, dd, X8 .7, 3.6 Hz, 8.12 (IH, d, Xl .8 Hz, 8.45 (IH, d,
J2 .4 Hz), 9.89 (IH, s).
Ref erence Exanple 134
5- (2-f luorophenyl) -1- (pyridin-2-ylsulfonyl) -1 H pyrrol e-3-
car b al dehyde

By a simlar reaction as in Reference Exanpl e 65 and
using 5- (2-f |uorophenyl) -1 H pyrrol e- 3- car bal dehyde (190 nm)
and pyridine-2-sul fonyl chloride (231 ng) , the title conmpound
was obtai ned as a pale-red solid (yield 183 ng, 55%
IHNWR  (CDO ;)0: 6.67 (IH d, J=I. 8 Hz), 6.97 (IH t, J=8.7
Hz), 7.07-7.10 (2H, m), 7.36-7.42 (IH, m), 7.52-7.55 (2H, m),
7.76-7.82 (I1H m), 8.23 (IH d, J=I. 5 H), 8.67 (lH d, J=4 .5
Hz) , 9.92 (IH s).
Ref erence Exanple 135
5- (2-f luorophenyl) -1- [ (I-nethyl -1 H pyrazol -4-yl) sul fonyl]-1H

pyrrol e- 3- car bal dehyde

By a simlar operation as in Reference Exanpl e 65 and
using 5- (2-f | uorophenyl ) - I H pyrrol e- 3-car bal dehyde (189 nm)
and | -nethyl-I|H pyrazol e-4-sul fonyl chloride (217 mg) , the
title conmpound was obt ai ned as yellow crystals (yield 217 nyg,

65%

IHNWR  (CDAD ;)0: 3.85 (3H s), 6.67 (IH d, J=I .8 Hz), 7.04-
7.11 (IH, m, 7.17-7.22 (IH, m), 7.25-7.35 (3H, m), 7.43-7.50
(IH, m), 806 (IH d, J=I. 5 Hz), 9.8 (IH s).

Ref erence Exanple 136

5- (2- et hyl phenyl) -1- (pyridin-3-ylsul fonyl) -1 Hpyrrol e-3-

car bal dehyde

To a solution of 5- (2-nethyl phenyl) -1 H pyrrol e- 3-
car bal dehyde (371 ng) in tetrahydrofuran (10 itiyy were added
sodi um hydri de (60% in oil, 288 ng) and 15-crown-5 (1.32 g) at
room tenperature. After stirring for 5 nmn, a suspension of
pyri di ne- 3-sul f onyl chl ori de hydr ochl ori de (642 ng) in NN
di net hyl f or mami de (5 mL) was added at the sane tenperature.
After stirring for 15 nmin, ice water was added, and the
m xture was extracted with ethyl acet at e. The extract was
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washed with saturated brine, dried over anhydrous sodium

sul f at e, and concentrated under reduced pressure. The residue
was purified by silica gel colum chromatography (el uent:
hexane- et hyl acetate=6: 1->3: 1) to give the title conmpound as a

red oil (yield 521 rug, 80%

IHNWR (CDO 3)0: 1-82 (3H s), 6.56 (IH d, J=I .5 Hz), 6.87-
6.90 (IH m, 7.11-7.19 (2H, m), 7.30-7.39 (2H, m), 7.56-7.60
(I1H, m), 8.15 (IH d, J=I. 5 Hz), 8.52-8.53 (IH m), 8.80-8.82
(IH m), 9.92 (IH s).

Ref erence Exanple 137

4-chloro-5- (2- fluorophenyl) -1- (pyridin-3-ylsulfonyl) -1 H
pyrrol e- 3- car bal dehyde

A suspension of sodium hydride (60% in oil, 216 ng) in
t et rahydr of uran (5 mb) was cooled to 0°C, a solution of 4-
chloro-5- (2-f luorophenyl) -IH pyrrole-3-carbal dehyde (335 nm)

i n tetrahydrofuran (5 m.) , 15-crown-5 (991 nmg) , and pyridine-
3-sul f onyl chloride hydrochloride (482 nmg) were added at 10°C
or bel ow After stirring for 15 min, water was added, and the
mxture was extracted wth ethyl acetate. The extract was

washed with saturated brine, dried over anhydrous sodium

sul f at e, and concentrated under reduced pressure. The residue
was purified by silica gel colum chromatography (el uent:
hexane- et hyl acetate=4 :1—2: 1) to give the title conmpound as a

yel  ow powder (yield 429 ny, 78%
IHNVR (CDO 5)d: 7.02-7.08 (IH, m), 7.19-7.29 (2H, m), 7.37-
7.41 (IH, m, 7.50-7.57 (IH, m), 7.68-7.72 (IH m), 8.15 (IH,
s), 8.54-8.55 (IH m), 8.83-8.86 (IH m), 9.97 (IH s).
Ref erence Exanple 138
4-fluoro-5- (2- fluorophenyl) -1- (pyridin-3-ylsulfonyl) -1 H
pyrrol e- 3- car bal dehyde

Sodium hydride (60% in oil, 0.25 g) was washed twice wth
hexane and suspended in tetrahydrofuran (10 m.) . A solution (5
m.) .of 4-fluoro-5- (2-fluorophenyl) -IH pyrrole-3-carbal dehyde
(0.43 g) in tetrahydrofuran was added at 0°C, and the mxture

was stirred at the sanme tenperature for 30 mn. 15-Crown-5
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(1.3 itiry and 3-pyridinesul fonyl chl ori de hydr ochl ori de (0.68
g) were added at 0°C, and the mxture was stirred at the sane
t enperat ure for 1 hr. Water was added to the reaction m xture,
and the nmixture was extracted with ethyl acet at e. The extract
was washed wth saturated aqueous sodi um hydrogencar bonat e

sol ution, wat er and saturated brine, dried over anhydrous
sodium sulfate, and concentrated under reduced pressure. The
residue was purified by silica gel colum chromatography

(el uent: hexane- et hyl acetate=l:1) to give the title conpound
as pal e-yell ow crystals (yield 0.55 g, 76%

IHNWR  (CDO ;)0: 7.02-7.08 (IH, m), 7.20-7.31 (2H, m), 7.36-
7.41 (IH, m), 7.48-7.55 (I1H, m), 7.67-7.71 (IH m), 8.00 (IH,
d, J=5.1 Hz), 8.55-8.56 (IH, m), 8.83-8.85 (IH, m), 9.93 (IH,
s) .

Ref erence Exanpl e 139

4-f luoro-5- (2-nmethyl phenyl) -1- (pyridin-3-ylsul fonyl) -1 H

pyrrol e- 3- car bal dehyde

Sodi um  hydri de (60% in oil, 0.11 g) was washed twice wth
hexane and suspended i n tetrahydrofuran (10 m) . A solution
m.) of 4-f luoro-5- (2- met hyl phenyl) -1 H pyrrol e- 3- car bal dehyde
(0.45 g) in tetrahydrofuran was added at 0°C, and the mixture
was stirred at the sane tenperature for 15 mn. A solution (2
m) of 15-crown-5 (0.56 nL) and 3-pyridinesul fonyl chl ori de
(0.44 g) in tetrahydrofuran was added at 0°C, and the mxture
was stirred at the sane tenperature for 30 mn. Water was
added to the reaction m xture, and the mxture was extracted
with ethyl acet ate. The extract was washed wth saturated
aqueous sodi um hydrogencar bonat e sol ution, wat er and saturated
brine, dried over anhydrous magnesi um sul f at e, and
concentr at ed under reduced pressure. The residue was purified
by silica gel colum chronmatography (el uent: hexane- et hyl
acetate=l:1) to give the title conpound as pal e-yell ow

crystals (yield 0.59 g, 779%.
IHNVMR (CDC 3)6: 1-77 (3H, s), 7.02-7.04 (IH, m), 7.17-7.23

(2H, m), 7.29-7.34 (I'H, m), 7.37-7.42 (I'H, m), 7.54-7.58 (I'H,
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m), 8.00 (IH d, J=4.5 Hz), 8.49-8.50 (IH m), 8.81-8.83 (IH,
m), 9.92 (IH s).
Ref erence Exanpl e 140
2-chloro-5- (2, 6-dif luorophenyl) -1- (pyridin-3-ylsulfonyl) -1 H
pyrr ol e- 3- car bal dehyde

To a solution of 5- (2, 6-di fluorophenyl) -1- (pyridin-3-
yl sul fonyl) -1H pyrrol e-3-carbal dehyde (250 ng) in
t et rahydr of uran (10 inL) and N, N-dinethyl formani de (10 nL) was
added N-chl orosuccini n de (1.06 g) and the mixture was stirred
for 15 hr. \Water was added to the reaction mxture, and the
mxture was extracted wth ethyl acetate. The extract was
washed. with saturated aqueous sodium hydrogencarbonate

solution and saturated brine, dried over anhydrous nmgnesium

sul fat e, and concentrated under reduced pressure. The residue
was purified by silica gel colum chronatography (el uent:
hexane- et hyl acetate=7 :3—1:1) to give the title conpound as a

pal e-yellow oil (yield 160 ng, 58%
IHNWVR (CDA ,5)0: 6.74 (IH s), 7.00-7.05 (2H m), 7.42-7.56
(2H, m), 8.10-8.14 (IH, m), 8.91 (IH dd, J=4.9, 1.5 Hz), 9.07
(IH d, J=2.1 Hz), 9.92 (IH s).
Ref erence Exanple 141
2-chloro-5- (2-fluorophenyl) -1- (pyridin-3-ylsulfonyl) -1 H
pyrr ol e- 3- car bal dehyde
To a solution of 5- (2-fluorophenyl) -1- (pyridin-3-

yl sul fonyl) -1H pyrrol e-3-carbal dehyde (331 mg) in N,N-

di met hyl f or mam de (33 nL) was added N-chlorosuccinimde (268
ng) and the mixture was stirred at 60°C for 1 hr. A saturated
aqueous sodi um hydrogencarbonat e solution was added to the
reaction mxture, and the mixture was extracted wth ethyl
acet at e. The extract was washed wth saturated brine, dried

over anhydrous rmagnhesium sulfate, and concentrated under

reduced pressure. The residue was purified by silica gel

col unm chronat ogr aphy (el uent: hexane-ethyl acetate=7:3-»l: 1)
to give the title conpound as a colorless oil (yield 250 ng,
68%

127



10

15

20

25

30

35

WO 2007/026916 PCT/JP2006/317408

IH NVMR (CDO 3)0: 6-65 (IH s), 7.13-7.35 (3H m), 7.45-7.55
(24 ), 8.09-8.13 (IH m), 8.90-9.03 (2H m), 9.92 (IH s).
Ref erence Exanple 142
tert -butyl ({1- [ (5-bronopyridin-3-yl) sulfonyl] -5-phenyl-3-yl -
| H pyrrol -3-yl }met hyl ) net hyl car bamat e

1- [ (5-Bronmopyridin-3-yl) sulfonyl] -5-phenyl -1 H pyrrol e-3-
car bal dehyde (1.18 g) was dissolved in absolute
tetrahydrofuran (15 nL) , a 2 mol/L solution (4.6 m) of
met hyl amine in tetrahydrofuran was added, and the m xture was
stirred at room tenperature for 16 hr. The reaction mxture
was added to a solution of sodium borohydride (341 ng) in
nmet hanol (6 nL) , and the mxture was stirred at the sane
tenmperature for 5 nmin. di-tert-Butyl bicarbonate (3.87 g) was
added, and water (15 nmL) and sodi um hydrogencarbonate (1.26 g)
were added 5 min later. The mxture was further stirred at
room tenperature for 30 nin, water was added to the reaction
mxture, and the mixture was extracted with ethyl acetate. The
extract was washed with saturated brine, dried over anhydrous
magnesi um sulfate, and concentrated under reduced pressure.
The residue was purified by silica gel columm chromatography
(eluent: hexane-ethyl acetate=19: 1—1: 1), and fractions show ng
Rf values of 0.63, 0.30 and 0.075 (eluent: hexane-ethyl
acetate=3:1) by TLC analysis were collected and concentrated
under reduced pressure. The residue was dissolved in
tetrahydrofuran (30 nmL) , manganese dioxide (75% chemically
treated product, 3.0 g) was added, and the mixture was stirred
at room tenperature for 2 hr. The reaction mxture was
filtered through celite, and celite was washed with ethyl
acetate. The filtrate was concentrated under reduced pressure,
and the residue was purified by silica gel colum
chromat ography (eluent: hexane-ethyl acetate=19: 1-»1: 1) to give
the title conpound as a colorless oil (yield 733 ng, 48% .
IHNMR (CDA 3)0: 1-47 (9H, s), 2.82 (3H s), 4.23 (24 m), 6.16
(IH, s), 7.21-7.56 (7H, m), 8.44 (IH s), 8.76 (IH s).

Ref erence Exanpl e 143
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tert-butyl {[5- (2, 4-di et hyl phenyl) -1- (pyridin-3-ylsul fonyl) -
| Hpyrrol -3-yl] nmet hyl } et hyl car bamat e

By a sinmlar operation as in Reference Example 79 and
using tert-butyl {[5-bromo-1- (pyridin-3-ylsul fonyl) -1 Hpyrrol -
3-yl] nethyl Jnethyl carbamate (300 ng) , (4-fluorophenyl ) boroni c
acid (209 ng) , tetrakis (triphenyl phosphine) pal | adi um (40 o)
and sodium carbonate (222 ng) , the title conmpound was obtained
as a pale-yellow oil (yield 177 ng, .56%
IHNVR (CDCl,)5: 1.46 (9H s), 1.89 (3H s), 2.36 (3H s), 2.83
(3H s), 4.25 (2H, brs) , 6.03-6.04 (IH m), 6.76 (IH d, J=8 .1
Hz), 6.92-6.95 (IH, m), 7.00 (IH brs), 7.26-7.33 (2H m),
7.61-7.65 (IH, m), 8.56-8.57 (IH m), 8.75-8.77 (IH m).
Ref erence Exanple 144
tert-butyl {[5- (2-fornyl phenyl) -1- (pyridin-3-ylsulfonyl) -1 H
pyrrol -3-yl] nmethyl Jnethyl carbanate

tert-Butyl {[5-bronp-1- (pyridin-3-ylsulfonyl) -1 Hpyrrol -
3-yl] methyl Jnmethyl carbamat e (430 mg) was dissolved in toluene
(10 iny) , and the mixture was sufficiently degassed.
Di cycl ohexyl (2" , 6'-di net hoxybi phenyl - 2-yl ) phosphi ne (66 nD)
and tris (dibenzylideneacetone) di pal I adi um (0) (37 nmg) were
added at room tenperature. The mixture was stirred for 30 mn
with degassing, and a 2 mol/L aqueous sodium carbonate
sol ution (1.2 iny) and (2-fornyl phenyl )boronic acid (180 np)
were added. After further stirring at room tenperature for 15

mn, the mxture was heated to 12C°C over 1 hr, and further

stirred for 16 hr. The reaction mxture was cooled to room
t enmper at ur e, water was added and the mxture was extracted
with ethyl acetate. The extract was washed wth saturated

brine, dried over anhydrous sodium sulfate, and concentrated
under reduced pressure. The residue was purified by silica gel
col um chr omat ogr aphy (eluent: hexane- et hyl acetate=4 :1—»1:1)
to give the title conmpound as a yellow oil (yield 218 nyg,

48% . .

IHNVR (CDCl,)5: 1-47 (9H, s), 2.86 (3H s), 4.27 (2H brs),

6.23 (IH brs), 7.09-7.11 (IH m), 7.28-7.33 (IH m), 7.43
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(IH, d, J=l. 2 Hz), 7.53-7.61 (3H i0d), 7.96-7.99 (IH m), 8.49-
8.50 (IH m), 8.75-8.77 (IH m), 9.61-9.62 (IH m).
Ref erence Exanpl e 145
tert-butyl nethyl {[5- [4- (nethyl sul fonyl) phenyl] -1- (pyridin-3-
yl sul fonyl) -1 Hpyrrol-3-yl]nethyl} carbamate

A mxture of tert-butyl {[5-brono-1- (pyridin-3-
yl sul fonyl) -1H pyrrol-3-yl] nmethyl }methyl carbamate (430 ng) , 4-
(et hanesul f onyl ) phenyl bor oni ¢ acid (300 ng) ,
tetrakis (triphenyl phosphine) palladium (115 nmg) , sodium
carbonate (320 ng) , 1,2-dinmethoxye thane (10 nL) and water (10
m) was stirred under a nitrogen atnosphere at 80°C for 14 hr.
The reaction mixture was allowed to cool to room tenperature,
filtered through celite, and the filtrate was extracted wth
ethyl acetate. The extract was washed with saturated brine,
dried over anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was purified by silica gel
col unmm chromat ography (eluent: hexane-ethyl acetate=2: 1-»1:2)
to give the title compound as an oil (yield 275 ny, 64% .
IHNVR (CDtl3)d: 1-26 (9H, s), 2.79 (3H s), 3.13 (34 s), 4.22
(2H s), 6.26 (IH s), 7.26-7.37 (2H m), 7.44-7.71 (3H m),
7.93 (2H, d, J=8.3 Hz), 8.58 (IH d, J=2.1 Hz), 8.76 (IH dd,
J=4.9, 1.5 H)
Ref erence Exanpl e 146
tert-butyl ({5- [2- (hydroxynet hyl) phenyl] -1- (pyridin-3-
yl sul fonyl) -1 Hpyrrol-3-yl}nmethyl)nmethyl carbamate

tert-Butyl {[5- (2-fornylphenyl) -1- (pyridin-3-ylsulfonyl) -
| Hpyrrol -3-yl ]nmethyl }methylcarbamate (218 ng) was dissol ved
in tetrahydrofuran (2 nL) , and sodium borohydride (24 ng) and
nmet hanol (1 nL) were added at o0°c. After stirring at the sane
tenperature for 30 min, water was added, and the nixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel colum chromatography (eluent: hexane-ethyl

acetate=l: 1-»1:3) to give the title conpound as a colorless oil
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(yield 132 nmg, 60%

IHNWVR  (CDA ;)0: 1-46 (9H, s), 2.10-2.15 (IH m), 2.85 (3H s),
4.25 (2H, brs), 4.30-4.38 (2H, m), 6.12 (IH d, J=I. 5 Hz),
6.69-6.72  (IH, m), 7.13-7.18 (IH, m), 7.30-7.35 (2H, m), 7.44-
7.49 (IH, m, 7.59-7.62 (2H, m), 850 (IH d, J=2 .4 Hz), 8.76-
8.78 (IH m).

Ref erence Exanple 147

5-nesityl -1 H pyrrol e- 3-car bal dehyde

A mxture of 5-bromo-IH pyrrol e-3-carbal dehyde (0.87 g),
2,4, 6-trimethyl phenyl boronic acid (3.28 g), cesium carbonate
(13.0 g), tri-tert-butyl phosphine (0.10 g),
tris (dibenzylideneacetone) di pal | adi um (0) (0.23 g¢g) and
nesi tyl ene (200 itiry was stirred vvith- heat i ng under reflux for
5 hr. Water was added to the reaction m xture, and the mxture
was extracted with ethyl acetate. The extract was washed with
sat ur at ed bri ne, dried over anhydrous sodium sul fate, and
concentrat ed under reduced pressure. The residue was purified
by silica gel colum chronatography (el uent: hexane- et hyl
acetate=3:1) to give the title conpound as a brown anorphous

form (yield 0.30 g, 28%.
IHNWR  (CDO ,)0: 2.11 (6H s), 2.32 (3H s), 6.51-6.52 (IH  m),
6.93 (2H, s), 7.47-7.49 (I1H m), 9.82 (IH s), IH not
det ect ed.
Ref erence Exanple 148
5- [2- (methyl thio) phenyl] -IH pyrrole-3-carbal dehyde
5- Brono- | H pyrrol e- 3- car bal dehyde (174 nmg) , [2-

(methylthio) phenyl |boronic acid (202 ng) and sodium carbonate

(254 mgy) were suspended in a mxed solvent of 1,2-

di net hoxyet hane (5 nL) and water (2 m) , and the mixture was
sufficiently degassed under a nitrogen at nosphere.

Tetrakis (triphenyl phosphi ne) pal | adi um (58 ng) was added, and

the mxture was further degassed and stirred at 105°C for 16

hr. The reaction mixture was allowed to cool to room
t enper at ur e, water was added and the mxture was extracted
with ethyl acetate. The extract was washed with saturated
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brine, dried over anhydrous sodium sulfate, and concentrated
under reduced pressure. The residue was purified by silica gel
colum chromat ography (eluent: hexane-ethyl acetate=9: 1-—s4:1)
to give the title conpound as pale-yellow crystals (yield 150
ng, 69% .
1H NVR (CDCls)s: 2.38 (3H s), 6.94-6.95 (IH m), 7.21-7.31
(2H m), 7.39-7.42 (IH m), 7.48-7.53 (2H m), 9.85 (IH s),
9.95 (IH br) .
Ref erence Exanpl e 149
5- (2-bronmophenyl) -1 H pyrrol e-3-carbal dehyde

By a simlar operation as in Reference Exanple 148 and
usi ng 5-brono-| H pyrrol e-3-carbal dehyde (870 nmgy) , (2-
br omophenyl ) bor oni c acid (1.20 g), sodium carbonate (1.27 g)
and tetrakis (triphenyl phosphine) palladium (289 nmg) , the title
compound was obtained as colorless crystals (yield 396 ny,
329 .
IH NVR (CDO 5)d: 6.94-6.95 (IH m), 7.16-7.22 (IH m), 7.34-
7.39 (IH, m), 7.49-7.54 (2H, m), 7.63-7.66 (IH m), 9.28 (IH,
br) , 9.85 (IH s).
Ref erence Exanpl e 150
5- [2- (rmethylsul finyl) phenyl ]-IH pyrrol e-3-carbal dehyde

To a solution of 5-[2- (nethylthio) phenyl] -IH pyrrol e- 3-
carbal dehyde (200 ng) in ethyl acetate (10 nm.) was added 3-
chl oroperbenzoic acid (238 ng) under ice-cooling. After
stirring at room tenperature for 1 hr, a saturated sodium
thiosulfate aqueous solution was added to the reaction
m xture, and the mixture was extracted with ethyl acetate. The
extract was washed with saturated brine, dried over anhydrous
sodium sulfate, and concentrated under reduced pressure. The
residue was purified by silica gel colum chronatography
(eluent: ethyl acetate) to give the title compound as a pale-
pi nk powder (yield 160 ng, 75% .
IHNVR (CDA 3)8: 2.64 (3H s), 7.04-7.06 (IH m), 7.35-7.41
(IH m), 7.57-7.64 (2H m), 7.72-7.82 (2H m), 9.86 (IH s),

12.35 (IH, br) .
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Ref erence Exanpl e 151
5- [2- (et hyl sul fonyl) phenyl] -1 H pyrrol e-3-car bal dehyde

To a solution of 5-[2- (nmethyl thio) phenyl ]-1H pyrrole-3-
car bal dehyde (100 ng) in ethyl acetate (5 nmL) was added 3-
chl oroperbenzoic acid (318 ng) under ice-cooling. After
stirring at room tenperature for 3 hr, a saturated sodium
thi osul fate aqueous solution was added to the reaction
m xture, and the mxture was extracted with ethyl acetate. The
extract was washed with saturated brine, dried over anhydrous
sodium sulfate, and concentrated under reduced pressure. The
residue was purified by silica gel columm chromatography
(eluent: hexane-ethyl acetate=l :1—1:3) to give the title
compound as pale-yellow crystals (yield 88.9 ng, 78%.
IHNWVR (CDO 3)0: 2.77 (3H s), 6.94-6.96 (IH m), 7.54-7.60
(2H, m), 7.67-7.73 (2H m), 8.20-8.24 (IH, m), 9.88 (IH s),
10.60 (IH s).
Ref erence Exanpl e 152
5- (2-fl uorophenyl) -4-iodo-IH pyrrole-3-carbal dehyde

5- (2- Fl uorophenyl) -IH pyrrol e-3-carbal dehyde (2.0 g) was
di ssolved in N, N-di et hyl f or mam de (60 nL) , N-iodosuccininide
(2.38 g) was added and the mixture was stirred at for 12 hr.
Water was added to the reaction mxture and the mxture was
extracted with ethyl acetate. The extract was washed
successively with a saturated aqueous sodium hydrogencarbonate
solution, a 3% aqueous potassium hydrogensul fate solution and
saturated brine, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel colunm chronatography (eluent: hexane-ethyl
acetate=7 :3 >1:1) to give the title conpound as a pal e-brown
powder (yield 450 ng, 14% .
IH NMR (CDA 5)&: 7.16-7.30 (24, m), 7.37-7.44 (IH m), 7.63
(IH, d, J=3.4 Hz), 7.81-7.86 (IH m), 9.24 (IH br), 9.81 (IH
s) .
Ref erence Exanple 153

5-mesityl-1- (pyridin-3-ylsulf onyl) -l H pyrrol e-3-carbal dehyde
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To a solution of 5-nesityl-IH pyrrol e-S-carbal dehyde
(0.36 g) in tetrahydrofuran (20 nL) was added sodium hydride
(60% in oil, 0.14 g) under ice-cooling, and the mxture was
stirred at room tenperature for 0.5 hr. A solution of 15-
crown-5 (0.75 g) in tetrahydrofuran (3 nL) was added and,
after stirring for 5 min, pyridin-3-ylsulfonyl chloride (0.45
g) was added under ice-cooling. The reaction nmixture was
stirred at room tenperature for 0.5 hr, a saturated aqueous
sodi um hydrogencarbonate solution was added to the reaction
m xture, and the mxture was extracted with ethyl acetate. The
extract was washed with saturated brine, dried over anhydrous
sodium sulfate, and concentrated under reduced pressure. The
residue was purified by silica gel colum chromatography
(eluent: hexane-ethyl acetate=10: 1 >2:1) to give the title
compound as a pal e-brown anorphous form (yield 0.38 g, 62% .
IHIMR (CDC 3)0: 1-63 (6H s), 2.35 (3H s), 6.48 (IH d, J=I.5
Hz), 6.83 (2H s), 7.26-7.35 (IH m), 7.60-7.64 (IH m), 8.17
(IH, dd, J=l.5, 0.9 Hz), 8.56 (IH d, J=2.1 Hz), 8.83 (IH dd,
J=4.5, 1.5 Hz) , 9.90 (IH s).
Ref erence Exanpl e 154
5- [2- (et hyl thio) phenyl 1-1- (pyridin-3-ylsulfonyl) -IHpyrrole-
3- car bal dehyde

To a suspension of sodium hydride (60% in oil, 40 ng) in
tetrahydrofuran (3 nL) were added a solution of 5-[2-
(et hyl t hi o) phenyl ]-1H pyrrol e-3-carbal dehyde (150 ng) in
tetrahydrofuran (5 nlL) , 15-crown-5 (182 ng) and pyridin-3-
yl sul fonyl chloride (135 ng) under ice-cooling. After stirring
at room tenperature for 2 hr, water was added and the m xture
was extracted with ethyl acetate. The extract was washed with
saturated brine, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel colum chromatography (eluent: hexane-ethyl
acetate=4: 1->2:1) to give the title conpound as colorless
crystals (yield 170 ng, 69% .

IH NVR (CDCl 5)8: 2.05 (3H s), 6.68 (IH d, J=2.1 Hz), 6.97-
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6.99 (IH, m), 7.17-7.31 (3H, m), 7.40-7 .45 (IH, m), 7.65-7.70
(IH, m), 8.16 (IH, d, J>2.1 Hz, 8.458 .46 (IH, m), 8.758 .77
(IH, m), 9.90 (IH, s).
Reference Example 155
5 (2-bracophenyl) -1- (pyridin-3-ylsulfonyl) -IH-pyrrole-3-
car bal dehyde

By a sinmlar operation as in Reference Exanple 154 and
usi ng sodium hydride (60% in oil, 91.0 nmg) , 5- (2-bronmophenyl) -
| H pyrrol e- 3- car bal dehyde (396 ny) , 15-crown-5 (418 ngy) and
pyridi n- 3-yl sul f onyl chloride (309 ng) , the title conmpound was
obtained as a pale-yellow solid (yield 560 ng, 91% .
IHNWR (CDd 5)d: 6.66 (IH d, J=I.5 Hz), 7.31-7.40 (4H m),
7.48-7.52 (IH m), 7.66-7.71 (IH m), 8.15 (IH d, J=I .8 Hz),
8.55 (IH d, J=2.7 Hz), 8.82-8.84 (IH m), 9.92 (IH s).
Ref erence Exanpl e 156
5- [2- (nmethyl sul fonyl) phenyl ]-1- (pyridin-3-ylsulfonyl) -IH
pyrrol e- 3- car bal dehyde

By a simlar operation as in Reference Exanmple 154 and
using sodium hydride (60% in oil, 40 ng) , 5-[2-
(et hyl sul fonyl ) phenyl ]-IH pyrrol e-3-carbal dehyde (88.9 ng) ,
15-crown-5 (94.4 ng) and pyridin-3-yl sul fonyl chloride (69.7
ng) , the title conmpound was obtained as a colorless anorphous
form (yield 72.0 ng, 52%.
IH NVR (CDO 3)8: 2.87 (3H s), 6.67 (IH d, J=I .8 Hz), 7.37-
7.48 (2H m), 7.72-7.76 (3H m), 8.02-8.05 (IH m), 8.14 (IH
d, J=I. 8 Hz), 8.50 (IH d, J=2.7 Hz), 8.81-8.83 (IH m), 9.89
(1H s).
Ref erence Exanpl e 157
2- [4-formyl -1 - (pyridin-3-ylsulfonyl) -1H pyrrole-2-
yl ] benzonitrile

A suspension of 5- (2-bronophenyl) -1- (pyridin-3-
yl sul fonyl) -IH pyrrol e-3-carbal dehyde (102 ng) , zinc cyanide
(61.0 ng) and tetrakis (triphenyl phosphine) palladium (60.0 ng)
in N, N-dinethyl fornman de (2 nL) was heated (100 w, 4 nin 30

sec) using a nmicrowave focused chemcal synthesis reactor
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manufactured by CEM water was added to the reaction mxture
and the mixture was extracted with ethyl acetate. The extract
was washed with saturated brine, dried over anhydrous sodium
sul fate, and concentrated under reduced pressure. The residue
was purified by silica gel colum chrorfatography (el uent:
hexane-ethyl acetate=4 :1—2: 1) to give the title conpound as a
pal e-yellow oil (yield 97.4 ng, 63%
IHNVR (CDA 3)8: 6.79 (IH d, J=I .8 Hz), 7.41-7.51 (2H m),
7.58-7.-78 (44, m), 8.17 (IH d, J=I. 5 Hz), 8.45 (IH d, J=2.7
Hz), 8.84-8.86 (IH m), 9.91 (IH s).
Ref erence Exanpl e 158
5- (2-fluorophenyl) -4-iodo-I- (pyridin-3-ylsulfonyl) -IHpyrrole-
3- car bal dehyde

To a solution (42 nL) of 5- (2-fluorophenyl) -4-iodo-IH
pyrrol e- 3- car bal dehyde (400 ng) in tetrahydrofuran was added
sodi um hydride (60% in oil, 102 nmy) at room tenperature and
the mxture was stirred for 30 mn. 15-Crown-5 (560 ng) was
added dropwise and the mxture was stirred for 30 nin.
Pyridi n- 3-yl sul f onyl chloride (340 ng) was added, and the
m xture was further stirred for 1 hr. The reaction mxture was
diluted with saturated brine and the mixture was extracted
with ethyl acetate. The extract was washed with saturated
brine, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel colum chromatography (eluent: hexane-ethyl
acetate=3 :2—1:1) and crystallized from diisopropyl ether to
give the title conmpound as colorless crystals (yield 540 nmg,
93%
IHNVR (CDA 5)8: 7.01-7.07 (IH, m), 7.12-7.17 (IH m), 7.23-
7.28 (IH, m), 7.37-7.41 (IH, m), 7.50-7.58 (IH m), 7.69-7.73
(I1H, m), 8.21 (IH s), 8.54-8.54 (IH m), 8.85 (IH dd, J=4.9,
1.5 Hz) , 9.85 (IH s).
Ref erence Exanpl e 159
5- (2, 6-di net hyl phenyl) -1- (pyridin-3-ylsulfonyl) -IH pyrrole-3-
car bal dehyde
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A mxture of 5-bronmo-| H pyrrol e-3-carbal dehyde (0.87 g),

2, 6-di net hyl phen Y| boronic acid (4.50 g), cesium carbonate

(13.0 g), tri-tert-butyl phosphine (0.10 gq),

tris (dibenzylideneacetone)di pal | adi um (0) (0.23 g) and

nesi tyl ene (200 itiny was stirred wth heating under reflux for
5 hr. Wat er was added to the reaction m xture, and the mxture
was extracted with ethyl acet ate. The extract was washed with
sat ur at ed brine, dried over anhydrous sodi um sul fate, and
concentrat ed under reduced pressure. The residue was purified
by silica gel colum chronatography (el uent: hexane- et hyl
acetate=3:1) to give a brown oil (0.48 g). To a solution of
the oil in tetrahydrofuran (20 inL) was added sodium hydride
(60% in oil, 0.19 g) under i ce-cool i ng, and the mxture was
stirred at room tenperature for 0.5 hr. A solution of 15-
crown-5 (1.06 g) in tetrahydrofuran (3 nmL) was added, and the
m xture was stirred for 5 mn. Pyridi n- 3-yl sul f onyl chloride
(0.64 g) was added under ice-cooling. The reaction m xture was
stirred at room tenperature for 0.5 hr, a saturated agueous

sodi um hydrogencar bonat e sol ution was added, and the mxture
was extracted with ethyl acetate. The extract was washed with
sat ur at ed brine, dried over anhydrous sodi um sulfate, and
concentrat ed under reduced pressure. The residue was purified
by silica gel colum chronatography (el uent: hexane- et hyl
acetate=2:1) to give the title conpound as a pal e-brown oi |

(yield 0.42 g, 25%

IHNVR (CDO ,)0: 1-66 (6H s), 6.52 (IH d, J=2 .1 HzZ), 6.70
(2H, d, J=7.5 Hz), 7.25-7.34 (2H, m), 7.56-7.60 (I1H, m), 8.19
(I1H, d, J=I. 5 Hz), 8.53 (IH d, J=I .8 Hz), 8.81-8.83 (I1H, m),
9.91 (IH s).

Ref erence Exanpl e 160

2- br ono- 5- (2-f I uorophenyl) -1- (pyridin-3-ylsul fonyl) -1 H

pyrrol e- 3- car bal dehyde

5- (2-Fl uorophenyl) -1- (pyridin-3-ylsul fonyl) -1 H pyrrol e- 3-
car bal dehyde (330 ng) was dissolved in N, Ndinethylfornmam de
(30 nL) , N bronosuccini mde (356 ng) was added and the mxture
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was stirred at 80°C for 2 hr. The reaction mixture was allowed
to cool, a saturated aqueous sodium hydrogencarbonate sol ution
was added, and the mixture was extracted wth ethyl acetate.
The extract was washed with saturated brine, dried over

anhydrous sodium sulfate, and concentrated under reduced

pressure. The residue was purified by silica gel colum
chr omat ogr aphy (eluent: hexane-ethyl acet at e=7: 3) and
crystallized from diisopropyl ether to give the title conmpound

as colorless crystals (yield 270 nmg, 66%
IHNVMR (CDO 5)0: 6.70 (IH s), 7.12-7.26  (2H m), 7.29-7.35
(IH, m), 7.44-7.52 (2H m), 8.07-8.11 (IH m), 8.89 (IH dd,
J=4.9, 1.5 Hz), 9.01-9.02 (IH m), 9.86 (IH s).
Ref erence Exanple 161
2- (2-fluorophenyl) -4-fornyl-1- (pyridin-3-ylsul fonyl) -1 H
pyrrol e-3-carbonitrile

5- (2-Fluorophenyl) -4-iodo-1- (pyridin-3-ylsulfonyl) -1 H
pyrrol e- 3- car bal dehyde (489 ng) , copper (1) cyanide (480 ng) ,
tris (di benzylideneacetone) di pal I adi um (0) (49 ng) and 1,1'-
bi s (di phenyl phosphi no) ferrocene (89 my) were nmixed in 1,4-

di oxane (20 iny) , and the mixture was heated wunder reflux for 3

hr. The reaction mnmixture was allowed to cool, diluted wth
ethyl acetate, and filtered. The obtained filtrate was washed
with a saturated aqueous sodium hydrogencarbonate solution and

saturated brine, dried over anhydrous magnesium sulfate, and
concentr at ed under reduced pressure. The residue was purified
by silica gel colum chromatography (eluent: hexane-ethyl
acetate=2 :3 -»>3:7) to give the title compound as a colorless oil
(yield 380 ng, about 100%
IHNVR (CDA 5)®: 7.06-7.12 (IH m), 7.24-7.32 (2H m), 7.40-
7.45 (IH m), 7.55-7.63 (IH m), 7.70-7.74 (IH m), 8.19 (IH
s), 8.57 (IH d, J=I. 9 Hz), 8.88 (IH dd, J=4.8, 1.6 Hz), 9.97
(IH, s).
Reference Example 162
5 (2-fluorophenyl) -3-formyl-I- (pyridin-3-ylsulfonyl) -IH-
pyrrole-2-carbonitrile
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2- Br ono- 5- (2- fluorophenyl) -1- (pyridin-3-ylsul fonyl) -l H
pyrr ol e- 3- car bal dehyde (340 ng) , copper (1) cyanide (400 ng) ,
tris (dibenzylideneacetone)di pall adium (0) (40 my) , 1,1'-
bi s (di phenyl phosphi no) ferrocene (70 my) were nmixed in 1,4-

di oxane (30 rtiy , and the mxture was heat ed under refl ux for

24 hr. The reaction m xture was al |l owed to cool, diluted with
et hyl acet at e, and filtered. The obtai ned filtrate was washed
with a saturated aqueous sodi um hydrogencar bonat e sol ution and
sat ur at ed brine, dried over anhydrous magnesi um sul f at e, and
concentrat ed under reduced pressure. The residue was purified
by silica gel colum chronatography (el uent: hexane- et hyl

acet at e=3: 2) and crystallized from diisopropyl ether to give

the title conmpound as colorless crystals (yield 169 nmg, 57%
IHNWR  (CDD 5)0: 6.72 (IH s), 7.12-7.18 (IH, m), 7.24-7.28
(2H, m), 7.50-7.60 (2H, m), 8.10-8.14 (IH m), 8.82 (IH d,
J=2.4 Hz), 8.92 (IH dd, J=4.9, 1.5 Hz), 10.09 (IH s).
Ref erence Exanple 163
tert-butyl ({5-brono-1 - [ (6-net hoxypyridin-3-yl) sulfonyl] -IH
pyrrol -3-yl }net hyl ) met hyl car bamat e

Sodi um  hydri de (60% in oil, 433 ng) was washed twice wth
hexane, and suspended i n tetrahydrofuran (20 nm) . A solution
of tert-butyl [ (5-bronmo-| H pyrrol-3-yl)nmethyl ] met hyl car bamat e
(2.66 g) in tetrahydrofuran (10 nL) was added to the
suspensi on at 0°C, and a solution of 15-crown-5 (2.20 m) and
6- met hoxypyri di n- 3-yl sul f onyl chlori de (2.29 g) in
t et rahydr of uran (5 nL) was added at the sane tenperature.
After stirring at room tenperature for 30 min, water was added
to the reaction m xture, and the mxture was extracted with
et hyl acet ate. The extract was washed with a saturated agueous
sodi um hydrogencar bonat e sol ution, wat er and saturated brine,
dried over anhydrous sodium sul fate, and concentrated under
reduced pressure. The residue was purified by basic silica gel
col um chr omat ogr aphy (el uent: hexane- et hyl acetate=6:1) to
give the title conmpound as a browmn oil (yield 4.02 g, 95%

IHNVR  (CDA 5)®: 1-47 (9H, s), 2.79 (3H brs) , 4.01 (3H s),
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4.17 (2H, brs), 6.25 (IH brs), 6.82 (IH d, J=9.0 Hz), 7.32
(IH, brs), 7.94-7.98 (IH m), 8.77-8.78 (IH, m).
Ref erence Exanple 164
tert-butyl {[5- (4-cyanophenyl) -1- (pyridin-3-ylsulfonyl) -IH
pyrrol-3-yl] nethyl }nmethyl carbamate

By a simlar operation as in Reference Exanple 79 and
using tert-butyl {[5-bromp-1- (pyridin-3-ylsulfonyl) -IHpyrrol-
3-yl] methyl }nethylcarbamate (430 ng) , (4-cyanophenyl )boronic
acid (176 ng) , sodium carbonate (254 ng) and
tetrakis (triphenyl phosphine) palladium (57.8 nmy) , the title
compound was obtained as a pale-yellow oil (yield 382 ny,
84% .
IHNVR (CDO 5)8: 1-46 (9H s), 2.79 (3H s), 4.21 (2H brs),
6.23 (IH brs), 7.28-7.34 (24 m), 7.39-7.43 (2H, m), 7.59-
7.66 (3H m), 8.55 (IH d, J=2.1 Hz), 8.74-8.76 (IH m).
Ref erence Exanple 165
tert-butyl {[5- (5-cyano-2- fluorophenyl) -1- (pyridin-3-
yl sul f onyl )-1H pyrrol-3-yl ]nmethyl }nmethylcarbamate

By a simlar operation as in Reference Exanple 79 and
using tert-butyl {[5-brono-l- (pyridin-3-ylsulfonyl) -IHpyrrol-
3-yl] nethyl} nmethyl carbamate (430 ng) , (5-cyano-2-
fl uor ophenyl ) boronic acid (198 ng) , sodium carbonate (254 ny)
and tetrakis (triphenyl phosphine) palladium (57.8 ng) , the title
compound was obtained as a pale-yellow oil (yield 28.9 ny,
6% .
IHNVR (CDA 3)8: 1-46 (9H, s), 2.82 (3H, s), 4.24 (2H brs),
6.28 (IH brs), 7.21 (IH t, J=8.7 Hz), 7.35-7.42 (2H, m),
7.49-7.52 (IH, m), 7.69-7.73 (2H m), 8.66 (IH d, J=2.4 Hz),
8.81-8.83 (IH m).
Ref erence Exanple 166
tert-butyl {[5- (2-fluoro-5-nmethoxyphenyl) -1- (pyridin-3-
ylsul f onyl )-1Hpyrrol-3-yl ]methyl }methyl carbamate

tert-Butyl {[5-brono-I- (pyridin-3-ylsulfonyl) -I1H pyrrol-
3-yl] nethyl }rmethyl carbamate (431 nmg) , (2-fluoro-5-

nmet hoxyphenyl ) boroni ¢ acid (256 ng) , sodi um hydrogencarbonate
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(253 ng) and tetrakis (triphenyl phosphine) palladium (174 ng)
were added to a degassed nixture of 1,2-dinmethoxyethane (8 niL)
and water (2 mL) , and the mixture was stirred under a nitrogen
at nosphere at 90°C for 1 hr. The reaction mxture was allowed
to cool, a saturated aqueous sodium hydrogencarbonate sol ution
was added, and the mixture was extracted with ethyl acetate.
The extract was washed with saturated brine, dried over
anhydrous nmagnesium sulfate, and concentrated under reduced
pressure. The residue was purified by silica gel colum
chromat ography  (eluent: hexane-ethyl acetate=l:1) to give the
title conpound as a colorless oil (yield 475 nmg, about 100%
IHNWR (CDCl 3)0: 1.47 (9H s), 2.83 (3H s), 3.78 (3H s), 4.24
(2H, s), 6.22 (IH d, J=LI Hz), 6.69-6.71 (IH m), 6.90-6.98
(24, m), 7.72-7.36 (24 m), 7.69-7.73 (IH m), 8.65 (IH d,
J=2.3 Hz), 8.77 (IH dd, J=4.9, 1.5 Hz).
Ref erence Exanpl e 167
tert-butyl {[5- (2-fluoro-3-fornyl phenyl) -1- (pyridin-3-
yl sul f onyl )-IH pyrrol-3-yl ]Jmethyl }nmethyl carbanate

By a simlar operation as in Reference Exanple 79 and
using tert-butyl {[5-bronmo-I|- (pyridin-3-ylsulfonyl) -IHpyrrol-
3-yl] methyl }nethyl carbamate (430 ng) , (2-fluoro-3-
fornyl phenyl )boronic acid (252 ng) , sodium carbonate (254 nm)
and tetrakis (triphenyl phosphine) palladium (173 ng) , the title
conpound was obtained as a pale-yellow oil (yield 250 nyg,
539 .
IHNWR (CDCl 5)0: 1-47 (9H, s), 2.83 (3H s), 4.25 (2H brs) ,
6.28 (IH brs), 7.26-7.46 (4H m), 7.68-7.72 (IH m), 7.92-
7.97 (IH m), 8.61 (IH d, J=2.1 Hz), 8.77-8.79 (IH m), 10.30
(1H s).
Ref erence Exanpl e 168
tert-butyl {[5- (3-acetyl-2-fluorophenyl) -1- (pyridin-3-
yl sul fonyl) -1 Hpyrrol-3-yl] methyl }nmethyl carbanate

By a simlar operation as in Reference Exanple 79 and
using tert-butyl {[5-brono-I- (pyridin-3-ylsulfonyl) -IH pyrrol-
3-yl] methyl Jrethyl carbamate (430 ng) , (3-acetyl-2-
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fl uorophenyl )boronic acid (273 ng) , sodium carbonate (254 ng) ,

and tetrakis (triphenyl phosphine) palladium (173 ng) , the title
compound was obtained as a pale-yellow oil (yield 443 ny,
91% .
IHNWR (CDA 3)d: 1.47 (9H s), 2.59 (3H d, J=5.4 Hz), 2.83
(3H s), 4.25 (2H brs), 6.24 (IH brs), 7.19-7.36 (4H m),
7.66-7.70 (IH, m), 7.90-7.96 (IH, m), 8.60 (IH d, J=2.4 Hz),
8.76-8.78 (IH, m).
Ref erence Exanple 169
tert-butyl {[5- (2-fluoropyridin-3-yl) -1- (pyridin-3-
ylsul fonyl) -I1Hpyrrol-3-yl] nethyl }nmethylcarbamate

A suspension of tert-butyl {[5-bromo-I- (pyridin-3-
ylsul fonyl) -IHpyrrol-3-yl] nethyl }nethylcarbamate (430 ng) ,
(2-fluoropyridin-3-yl) boronic acid (221 ng) , sodium carbonate
(254 ng) and tetrakis (triphenyl phosphine) palladium (173 nmg) in
1, 2-di net hoxye thane (10 nl) and water (5 nL) was stirred at
105°C for 1 hr. The reaction mnmixture was cooled to room
t enperat ure. Water was added to the reaction mxture and the
m xture was extracted with ethyl acetate. The extract was
washed with saturated brine, dried over anhydrous sodium
sulfate and concentrated under reduced pressure. The residue
was purified by silica gel colum chromatography (eluent:
hexane-et hyl acetate=6: 1-s1:1) to give the title conmpound as a
pal e-yellow oil (yield 310 ng, 69% .
IHNWR (CDO 5)0* 1-46 (9H s), 2.82 (3H s), 4.23 (2H brs),
6.29 (IH brs), 7.23-7.27 (IH m), 7.34-7.39 (2H m), 7.66-
7.73 (2H, m), 8.25-8.27 (IH m), 8.66 (IH d, J=2.4 Hz), 8.78-
8.80 (IH m).
Ref erence Exanple 170
tert-butyl {[5- (3-fluoropyridin-4-yl) -1- (pyridin-3-
yl sul fonyl) -IH pyrrol-3-yl]nethyl}nmethyl carbamate

tert-Butyl {[5-brono-I- (pyridin-3-ylsulfonyl) -lHpyrrol-
3-yl] nmethyl }nethyl carbamate (215 ng) , (3-fluoropyridin-4-
yl)boronic acid hydrate (120 ng) , sodium hydrogencarbonate

(126 ng) and tetrakis (triphenyl phosphine) palladium (87 ng)
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were added to a degassed m xture of 1,2-dinethoxyethane (8 mbL)
and water (2 nL) , and the nmixture was stirred under a nitrogen
at nrosphere at 80°C for 3 hr. The reaction mxture was allowed
to cool, a saturated aqueous sodium hydrogencarbonate sol ution
was added, and the mixture was extracted with ethyl acetate.
The extract was washed with saturated brine, dried over
anhydrous magnesium sulfate, and concentrated under reduced
pressure. The residue was purified by basic silica gel colum
chromat ography (eluent: hexane-ethyl acetate=l:1) to give the
title conpound as a pale-yellow oil (yield 60 ng, 27% .
IH NMR (CDO 5)d: 1-47 (9H, s), 2.61 (3H, s), 4.24 (24, s), 6.35
(IH, s), 7.22-7.26 (IH m), 7.35-7.40 (2H m), 7.71-7.75 (IH
m), 8.47 (IH d, J=4.8 Hz), 8.50 (IH d, J=I .3 Hz), 8.70 (IH
d, J=2.1 Hz), 8.81 (IH dd, J=4.8, 1.6 Hz).
Ref erence Exanple 171
tert-butyl {[5- (2-chloropyridin-3-yl) -1- (pyridin-3-
ylsul f onyl )-1H pyrrol -3-yl Jnmethyl }nethyl carbanate

tert-Butyl {[5-bronmo-I- (pyridin-3-ylsulfonyl) -IH pyrrol-
3-yl] nethyl }methyl carbamate (431 ng) , (2-chloropyridin-3-
yl)boronic acid (237 ng) , sodium hydrogencarbonate (126 nm)
and tetrakis (triphenyl phosphine) palladium (87 ng) were added
to a degassed m xture of 1,2-dimethoxyethane (8 mL) and water
(2 nL) , and the mxture was stirred under a nitrogen
at nrosphere at 100°C for 3 hr. The reaction nixture was allowed
to cool, a saturated aqueous sodium hydrogencarbonate sol ution
was added, and the mixture was extracted with ethyl acetate.
The extract was washed with saturated brine, dried over
anhydrous magnesium sulfate, and concentrated under reduced
pressure. The residue was purified by silica gel colum
chromat ography (eluent: hexane-ethyl acetate=l: 1—1: 4) to give
the title conpound as a colorless oil (yield 280 ny, 60% .
IH NMR (CDO 3)8: 1.47 (9H, s), 2.84 (3H s), 4.27 (2H s), 6.30
(IH s), 7.30-7.39 (3H m), 7.65-7.73 (2H, m), 8.43-8.45 (IH,
m), 8.67 (IH d, J=2.3 Hz), 8.80 (IH dd, J=4.9, 1.5 Hz).

Ref erence Exanple 172
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tert-butyl {[5- (6-chloropyridin-3-yl) -1- (pyridin-3-
yl sul fonyl) -l1Hpyrrol-3-yl] nethyl }methyl carbanmate
Ref erence Exanple 173 ’
tert-butyl {[5- (¢ -chloro-2, 3'-bipyridin-5-yl) -1- (pyridin-3-
yl sul fonyl) -1H pyrrol-3-yl]nethyl}nmethyl carbanat e

tert-Butyl {[5-bromp-I1- (pyridin-3-ylsulfonyl) -IH pyrrol-
3-yl] methyl }nmethylcarbamate (431 ng) , (6-chloropyridin-3-
yl)boronic acid (237 ng) , sodium hydrogencarbonate (252 nm)
and tetrakis (triphenyl phosphine) palladium (87 ng) were added
to a degassed nmixture of 1,2-dinethoxyethane (8 mL) and water
(2 nL) , and the mixture was stirred under a nitrogen
at nrosphere at 90°C for 3 hr. The reaction nixture was allowed
to cool, a saturated aqueous sodium hydrogencarbonate solution
was added, and the mixture was extracted with ethyl acetate.
The extract was washed with saturated brine, dried over
anhydrous magnesium sulfate, and concentrated under reduced
pressure. The residue was purified by silica gel colum
chromat ography  (eluent: hexane-ethyl acetate=l: |-»3:7), and
fractions showing Rf value of 0.6 (eluent: hexane-ethyl
acetate=l:1) were collected to give the title conpound of
Ref erence Exanple 172 as a colorless oil (yield 100 ng, 22%
Then, fractions showing Rf value of 0.4 (eluent: hexane-ethyl
acetate=l:1) were collected to give the title conpound of
Ref erence Exanple 173 as a pale-yellow powder (yield 100 ng,
19%
Ref erence Exanple 172 H-NVR (CDO 3)0: 1-47 (9H s), 2.81 (3H
s), 4.23 (2H, s), 6.24 (IH s), 7.23-7.38 (3H m), 7.59-7.63
(lH, m), 7.72 (IH dd, J=8.3, 2.3 Hz), 8.14 (IH d, J=2.3 Hz),
8.64 (IH d, J=2.3 Hz), 8.78 (IH dd, J=4.7, 1.7 Hz).
Ref erence Exanple 173 H-NVR (CDO 5)d: 1-47 (9H s), 2.82 (3H
s), 4.24 (2H s), 6.29 (IH s), 7.31-7.37 (2H m), 7.47 (IH
d, J=8.3 Hz), 7.64-7.68 (IH m), 7.76-7.86 (2H m), 8.38 (IH
dd, J=8.5, 2.5 Hz), 8.51 (IH d, J=I .9 HZ), 8.63 (IH d, J=2.3
Hz), 8.77 (IH dd, J=4.9, 1.5 Hz), 9.04 (IH d, J=2.3 Hz).

Ref erence Exanple 174
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tert-butyl ({5- (2-fluoropyridin-3-yl) -1- [(6-methoxypyridin-3-
yl) sul fonyl]-1H pyrrol -3-yl }met hyl ) met hyl car barmat e

By a simlar operation as in Reference Exarrpfe 79 and

using tert-butyl ({5-bromo-1- [ (6-nmethoxypyridin-3-

yl) sulfonyl]-1H pyrrol-3-yl}methyl)net hyl carbamat e (463 ng) ,
(2-fluoropyridin-3-yl)boronic acid (172 mg) , sodium carbonate
(260 ng) and tetrakis (triphenyl phosphine) palladium (176 ng) ,
the title conmpound was obtained as a pale-yellow oil (yield
293 ny, 45% .

IH NVR (CDO 3)8: 1.47 (9H, s), 2.83 (3H, brs) , 3.97 (3H s),

4.23 (24, brs), 6.28 (IH s), 6.69-6.72 (IH m), 7.26-7.36
(2H, m), 7.49-7.53 (IH m), 7.75-7.80 (IH m), 8.22-8.23 (IH,
m), 8.26-8.27 (IH m).
Ref erence Exanple 175
tert-butyl ({5- [2-fluoro-3- (hydroxynethyl) phenyl ]-1- (pyridin-
3-ylsulfonyl) -IHpyrrol-3-yl}nethyl)nethyl carbamate

To a solution of tert-butyl {[5- (2-fluoro-3-
fornyl phenyl) -1- (pyridin-3-ylsulfonyl) -IH pyrrol-3-
yl] met hyl } methyl carbamate (388 ng) in tetrahydrofuran (8 i)
were added under ice-cooling, sodium borohydride (41.3 ng) and
met hanol (3 mL) . After stirring at the same tenperature for 30
mn, water was added to the reaction mxture and the mxture
was extracted with ethyl acetate. The extract was washed wth
saturated brine, dried over anhydrous sodium sulfate, and
concentrated wunder reduced pressure. The residue was purified
by basic silica gel colum chromatography (eluent: hexane-
ethyl acetate=2 :1-»1:2) to give the title conpound as a
colorless oil (yield 238 ny, 61% .
IH NVMR (CDCl 3)0: 1-46 (9H s), 2.83 (3H s), 4.24 (2H brs),
4.65 (2H, brs), 6.19 (IH brs), 7.15-7.19 (2H m), 7.34-7.38
(2H M), 7.51-7.55 (IH m), 7.73-7.76 (IH m), 8.40-8.41 (IH
m), 8.75-8.77 (IH m), IH not detected.
Ref erence Exanple 176
tert-butyl ({5- [2-fluoro-3- (1-hydroxyethyl) phenyl] -1- (pyridin-
3-ylsulfonyl) -IH pyrrol-3-yl}nmethyl)nethyl carbamate
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By a simlar operation as in Reference Exanple 175 and
using tert-butyl {[5- (3-acetyl-2-fluorophenyl) -1- (pyridin-3-
yl sul fonyl) -IHpyrrol-3-yl] methyl }methyl carbamate (443 ng) ,
the title conpound was obtained as a pale-yellow anorphous
form (yield 318 ng, 71% .

IHNVR (CDD 5)0: 1.47 (9H s), 1.50 (34 d, J=6.3 Hz), 2.83

(34, s), 4.25 (2H brs), 5.06 (IH gq, J=6.3 Hz), 6.20 (IH
brs), 7.09-7.22 (24 m), 7.34-7.38 (24 m), 7.59-7.64 (IH m),
7.72-7.76 (1H m), 8.40 (IH d, J=2.4 Hz), 8.75-8.78 (IH m),
IH not detected.

Ref erence Exanple 177

tert-butyl {[5- (2-fluoro-3-nmethoxyphenyl) -1- (pyridin-3-

yl sulf onyl )-1H pyrrol -3-yl ]Jnethyl }nethylcarbamte

tert-Butyl {[5-bromp-I|- (pyridin-3-ylsulfonyl) -IH pyrrol-
3-yl] net hyl }nethyléarbanate (431 nmg) , (2-fluoro-3-
met hoxyphenyl) boronic acid (256 ng) , sodium hydrogencarbonate
(253 ng) and tetrakis (triphenyl phosphine) palladium (88 ny)
were added to a mxture of 1,2-dinmethoxyethane (8 nlL) and
water (2 nmb) , and the mxture was stirred under a nitrogen
at nrosphere 100°C for 2 hr. The reaction mxture was allowed to
cool, a saturated aqueous sodium hydrogencarbonate solution
was added, and the mixture was extracted with ethyl acetate.
The extract was washed with saturated brine, dried over
anhydrous nmagnesium sulfate, and concentrated under reduced
pressure. The residue was purified by silica gel colum
chromat ography (eluent: hexane-ethyl acetate=l:1) to give the
title conmpound as a colorless oil (yield 475 ng, about 100%
1HNVR (CDA 5)d: 1-46 (9H s), 2.82 (3H, s), 3.90 (3H s), 4.24
(2H, s), 6.21 (IH d, J=I.5 Hz), 6.72-6.79 (IH m), 7.00-7.09
(2H, m), 7.32-7.36 (2H, m), 7.69-7.73 (IH m), 8.63 (IH d,
J=2.3 Hz), 8.76 (IH dd, J=4.9, 1.5 Hz).

Ref erence Exanple 178
tert-butyl {[5- (2-fluoro-6-nmethoxyphenyl) -1- (pyridin-3-
yl sul fonyl) -I1Hpyrrol- 3-yl] methyl }nmethyl carbanate

tert-butyl {[5-bromp-Il- (pyridin-3-ylsulfonyl) -iH pyrrol-
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Ref erence Exanpl e 180
tert-butyl ({5- [4- (difluoronethoxy) phenyl] -1- (pyridin-3-
yl sul f onyl )-IH pyrrol-3-yl }nethyl )nethyl carbamate
tert-Butyl {[5-bromo-I- (pyridin-3-ylsulfonyl) -IHpyrrol-
3-yl] methyl }nethylcarbamate (430 ng) , 2- [4-
(di fluoromet hoxy )phenyl ]1-4,4,5,5-tetranethyl-1 ,3,2-
di oxaborolane (348 ng) , sodium carbonate (254 ny) and
tetrakis (triphenyl phosphine) palladium (174 ng) were suspended
in di nethoxyethane (10 nL) and water (4 nL) , and the mixture
was stirred under a nitrogen atnosphere at 105°C for 1 hr. The
reaction mxture was allowed to cool to room tenperature,
water was added, and the mixture was extracted wth ethyl
acetate. The extract was washed with saturated brine, dried
over anhydrous sodium sulfate, and concentrated under reduced
pressure. The residue was purified by silica gel colum
chromat ography  (eluent: hexane-ethyl acetate=4: 1_>2: 1) to give
the title conpound as a pale-yellow dil (yield 550 nmg,
quantitative vyield) .
IH NMR (CDO ;3)0: 1.46 (9H, s), 2.80 (3H s), 4.21 (2H brs),
6.13 (IH brs), 6.57 (IH t, J=73.2 Hz), 7.06-7.09 (2H, m),
7.21-7.31 (4H m), 7.55-7.59 (IH m), 8.54 (IH d, J=2.4 Hz),
8.71-8.73 (IH, m).
Ref erence Exanpl e 181
tert-butyl nethyl{ [5- (4-nmethylpyridin-3-yl) -1- (pyridin-3-
yl sul fonyl) -IHpyrrol-3-yl] methyl} carbanate
tert-Butyl {[5-brono-1- (pyridin-3-ylsulfonyl) -I|Hpyrrol-
3-yl] nethyl }nethyl carbamate (431 ng) , (4-nethyl pyridin-3-
yl)boronic acid (206 ng) , sodium hydrogencarbonate (253 nm)
and tetrakis (triphenyl phosphine) palladium (87 ng) were added
to a degassed mixture of 1,2-dinethoxyethane (8 nL) and water
(2 mL) , and the mixture was stirred under a nitrogen
at nosphere at 80°C for 6 hr. The reaction mixture was allowed
to cool, a saturated aqueous sodium hydrogencarbonate solution
was added, and the nixture was extracted with ethyl acetate.

The extract was washed with saturated brine, dried over
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anhydrous magnesium sulfate, and concentrated under reduced
pressure. The residue was purified by silica gel columm
chromat ography (eluent: hexane-ethyl acetate=l :1—0: 1) to give
the title conpound as a colorless oil (yield 230 ng, 52%
IH NMR (CDO 5)8: 1-47 (9H, s), 2.11 (3H s), 2.85 (3H s), 4.27
(2H, s), 6.15 (IH s), 7.18 (IH d, J=4.9 Hz), 7.34-7.39 (2H
m), 7.58-7.62 (IH m), 7.94 (IH s), 8.49 (IH d, J=5.3 Hz),
8.64 (IH d, J=2.3 Hz), 8.80 (IH dd, J=4.9, 1.5 Hz).
Ref erence Exanple 182
3- br ono- 2- net hyl pyri di ne

2-Methyl pyridine (46.6 g) was added dropwi se to aluni num
chloride (200 g) and the mixture was stirred at 100°C. To a
m xture was added dropwi se bromine (40.0 g) at the sane
tenperature over 1 hr, and the mxture was further stirred for
30 min. After cooling, the reaction mxture was poured into
ice water, concentrated hydrochloric acid was added until the
m xture was acidified. The obtained solution was washed wth
ethyl acetate, and the aqueous |ayer was basified with a 8
nmol /L aqueous sodium hydroxide solution. After extraction wth
diethyl ether, the extract was washed with saturated brine,
dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The residue was purified by silica gel
col um ch'rorratography (el uent: hexane-diethyl ether=10: 1) to
give the title conmpound as a colorless oil (yield 5.09 g,
12%
IH NMR (CDCl 5)§: 2.67 (3H, s), 6.98-7.03 (IH m), 7.78-7.82
(IH, m, 8.40-8.44 (IH m).
Ref erence Exanple 183
tert-butyl nethyl{ [5- (2-nmethylpyridin-3-yl) -1- (pyridin-3-
yl sul f onyl )-1H pyrrol -3-yl ]nethyl }carbamate

To a solution of 3-brono-2-nethyl pyridine (504 nmg) in
diethyl ether (15 nL) was added a 1.62 nol/L solution (2 nl)
of n-butyl lithium in hexane at -78°C, and the m xture was
stirred at the same tenperature for 15 nmin. Thereto was added

triisopropoxyborane (1.22 nL) at the same tenperature, and the
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obtained mixture was stirred at 0°C for 1 hr. Methanol (2 nl)

was added to the reaction mxture, and the m xture was
concentrated under reduced pressure. tert-Butyl ({5-brono-I-
[ (pyridin-3-yl) sulfonyl] -l Hpyrrol-3-yl}nmethyl)nethyl carbamat e
(432 mgy) , sodium carbonate (1.15 g),
tetrakis (triphenyl phosphine) palladium (174 ng) , 1, 2-
di met hoxye thane (20 nL) and water (10 nlL) was added to the
residue, and the mxture was stirred under a nitrogen
at mosphere at 105°C for 1 hr. The reaction nixture was allowed
to cool to room tenperature, water was added, and the m xture
was extracted with ethyl acetate. The extract was washed with
a saturated aqueous sodium hydrogencarbonate solution, water
and saturated brine, dried over anhydrous magnesium sulfate,
and concentrated under reduced pressure. The residue was
purified by basic silica gel colum chronmatography (eluent:
hexane-ethyl acetate=l:1) to give the title compound as a
brown oil (yield 282 ng, 22% .
IH NMR (CDC 3)0: 1.47 (9H, s), 2.09 (3H s), 2.85 (3H s), 4.27
(24, brs), 6.14 (IH brs), 7.10-7.14 (I1H m), 7.26-7.38 (3H
m), 7.56-7.60 (IH m), 8.54-8.56 (IH m), 8.60-8.61 (IH m),
8.78-8.80 (IH m).
Ref erence Exanpl e 184
6-met hyl ni coti nam de

A mxture of methyl 6-nmethylnicotinate (13.9 g) and 28%
aqueous ammonia (140 nm.) was stirred at room tenperature for 4
hr. The reaction mxture was concentrated under reduced
pressure, and the residue was recrystallized from ethanol to
give the title compound as a white solid (yield 8.98 g, 72%.
IHNVMR (CDO 53)0: 2.63 (3H s), 5.60-6.20 (24 brn) , 7.25-7.28
(IH, m), 8.04-8.07 (IH m), 8.90 (IH d, J=2.1 Hz).
Ref erence Exanple 185
6-met hyl pyri di ne-3 -am ne

Bromine (1.0 nL) was added to a 4 nol/L aqueous sodium
hydroxi de solution (60 nL) at o0°Cc, and the mixture was stirred

at the sanme tenperature for 15 min. 6-Mthylnicotinanide (2.4
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g) was added to the obtained solution over 10 mn, and the
mxture was stirred at room tenperature for 30 min and further
stirred at 75°C for 4 hr. The reaction mxture was allowed to
cool to room tenperature, and extracted with ethyl
acetate :THF=2 :1. The extract was washed with a small anmount of
saturated brine, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. Recrystallization of the
residue from ethyl acetate-hexane gave‘ the title conmpound as a
pal e-yellow solid (yield 0.93 g, 49%.
IH NVMR (CDCl;)s: 2.43 (3H s), 3.54 (2H brs), 6.89-6.95 (2H
m), 7.99-8.01 (IH m).
Ref erence Exanpl e 186
6- et hyl pyri di n- 3-yl sul f onyl chl ori de

To a mixture of 6-nethyl pyridine-3-anine (449 ng) and
concentrated hydrochloric acid (5 nL) was added a solution of
sodium nitrite (857 ng) in water (2 nm) at o0°c, and the nixture
was stirred at the sane tenperature for 10 nin. To the nixture
was added a solution of concentrated hydrochloric acid (2.5
m.) , copper sulfate (69 ny) and sodium hydrogen sulfite (5.08
g) in water (8 nmL) at o0°c, and the nixture was stirred at room
tenperature for 30 nin. The reaction mixture was extracted
with ethyl acetate. The extract was washed with saturated
brine, dried over anhydrous magnesium sulfate, and
concentrated wunder reduced pressure. The residue was purified
by silica gel columm chromatography (eluent: hexane-ethyl
acetate=10 :1) to give the title conpound as a pal e-yellow
solid (yield 0.12 g, 15%.
IH NMR (CDO 5)8: 2.73 (3H, s), 7.40-7.43 (IH m), 8.16-8.20
(IH, m), 9.11-9.12 (IH m).
Ref erence Exanpl e 187
tert-butyl ({5-brono-1- [(6-methylpyridin-3-yl) sulfonyl] -IH
pyrrol -3-yl Jmet hyl )net hyl car bamat e

To a solution of tert-butyl [ (5-bronmo-I H pyrrol -3-
yl) nmet hyl ] et hyl car bamat e (207 nmy) in tetrahydrofuran (30 ni)

was added sodium hydride (60% in oil, 31 ng) at o0°C, and the
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m xt ure was stirred at the same tenperature for 10 nmin. A

sol ution (3 m) of 15-crown-5 (0.16 nlL) and 6-nethyl pyridin-3-

yl sul f onyl chl ori de (117 itigp i n tetrahydrofuran was added at
the sanme tenperature. After stirring at room tenperature for
30 mn, wat er was added to the reaction m xt ure, and the

m xt ure was extracted with ethyl acetate. The extract was
washed with a saturated aqueous sodi um hydr ogencar bonat e

sol uti on, wat er and saturated bri ne, dried over anhydr ous
sodium sulfate, and concentrated under reduced pressure. The

residue was purified by silica gel colum chr omat ogr aphy

(el uent: hexane- et hyl acetate=4:1) to give the title conpound
as a brown oil (yield 213 nmg, 79%

IHISIMR (CDC 3)5: 1.47 (9H, s), 2.66 (3H, s), 2.79 (3H s), 4.17
(2H, brs), 6.26 (IH, brs) , 7.26-7.33 (2H, m), 8.03-8.07 (I'H,
m), 9.01-9.02 (IH, m).

Ref erence Exanpl e 188

tert-butyl ({5- (2-fluoropyridin-3-yl)-I- [ (6-methyl pyridin-3-
yl )sulf onyl ]-IHpyrrol-3-yl } et hyl ) net hyl car bamat e

A suspension of tert-butyl ({5-brono-I - [ (6-methyl pyridin-
3-yl) sulf onyl] -IHpyrrol-3-yl}nethyl) nmet hyl car bamat e (206 ny) ,
(2-fluoropyridin-3-yl)boronic acid (80 nmg) , sodium carbonate
(119 ng) and tetrakis (triphenyl phosphine) pal I adi um (80 ng) in

1, 2-di net hoxye t hane (5 m) and water (2.5 m) was stirred

under a nitrogen at nosphere at 105°C for 1 hr. The reaction

m xture was all owed t o cool t o room tenperature, wat er was
added to the reaction m xt ure, and the mxture was extracted
with ethyl acetate. The extract was washed with a saturated
aqueous sodi um hydrogencar bonat e sol uti on, wat er and saturated
bri ne, dried over anhydr ous sodium sul f at e, and concentrated
under reduced pressure. The residue was purified by silica gel
col um chr omat ogr aphy (el uent: hexane- et hyl acetate=l:1) to
give the title conmpound as a pale-yellow oi | (yield 87 ny,

419 . .

IHNVR  (CDO ,)O 1-46 (9H, s), 2.62 (3H m), 2.82 (3H s), 4.23

(2H, brs), 6.29 (IH s), 7.18-7.27  (2H, m), 7.33 (IH s),
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7.54-7.57 (IH, my, 7.72-7.75 (IH, m),

S).
Ref erence Exanple 189
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7.42-7.48  (4H, m), 7.62-7.68  (IH m),
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Ref erence Exanple 190
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(yield 1.03 g, 79%

IHNWR  (DVBO-d 4)O: 6.99 (IH d, J=I. 5 Hz), 7.43-7.48 (lH, m),
7.88 (IH s), 8.12-8.15 (IH m), 8.27-8.34  (IH m), 9.77 (IH

s), 12.28 (IH, brs)

Ref erence Exanple 191
4-chl or o- 5- (2-fluoropyridin-3-yl) -1 H pyrrol e- 3-car bal dehyde

5- (2-Fl uoropyridin-3-yl) -1 H pyrrol e- 3-car bal dehyde (610
ng) was dissol ved i n N, N-di met hyl f or mani de (20 TL) , N-
chl orosucci ni m de (641 ng) was added and the nmixture was
stirred at 80°C for 40 mn. Af t er cool i ng, wat er was added to
the reaction m xt ure, and the mxture was extracted with ethyl
acet at e. The extract was washed with saturated bri ne, dried
over anhydr ous sodium sul fate, and concentrat ed under reduced
pressure. The residue was purified by silica gel colum
chr omat ogr aphy (el uent: hexane- et hyl acetate=3 :2-> :1) to give

the title conmpound as a colorless powder (yield 320 ng, 44%
IHNVR  (DMBO-d 4)O: 7.49-7.54 (I1H, m), 7.86 (IH d, J=2 .3 Hz),
8.12-8.19 (IH, n), 8.30-8.32 (I1H, m), 9.80 (IH s), 12.48 (IH,
brs)
Ref erence Exanple 192
4-chl or o- 5- (2-fluoropyridin-3-yl) -1- (pyridin-3-ylsulfonyl) -1 H
pyrrol e- 3- car bal dehyde

To a solution (20 itiny of 4-chloro-5- (2-f luoropyridin-3-
yl') -1 H pyrrol e-3-carbal dehyde (270 nmg) in tetrahydrofuran was
added sodium hydride (60% in oil, 100 ng) at room tenperature
and the nixture was stirred for 30 nin. 15-Crown-5 (530 ng)
was added dropw se and the nixture was stirred for 30 nin. 3-
Pyri dyl sul f onyl chlori de (321 nmg) was added, and the nixture
was further stirred for 1 hr. The reaction m xture was diluted
with saturated bri ne, and the mxture was extracted with ethyl
acet at e. The extract was washed with saturated bri ne, dried
over anhydrous magnesi um sul fate, and concentrated under
reduced pressure. The residue was purified by silica gel
col um chr omat ogr aphy (el uent: hexane- et hyl acet ate=l : 1—»1: 4),

and crystallized from diethyl ether to give the title conpound
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as colorless crystals (yield 358 ng, 81%

IHNWR  (CDO ;)0: 7.35-7.39 (I1H, m), 7.42-7.46 (IH, m), 7.69-

7.73 (IH m), 7.76-7.82 (IH m), 8.14 (IH s), 8.39-8.41 (1H,
m), 8.64 (IH dd, J=2 .5 Hz, 0.6 Hz), 8.89 (IH dd, J=4 .8 Hz,
1.6 Hz) , 9.97 (IH s).

Ref erence Exanple 193

tributyl (2-thienyl) st annane

A solution (10 irivy of 2-bronothi ophene (1.0 g) in
t et rahydr of uran was cool ed to -70°C, and a 1.6 naol/L solution
(4.2 iriry of n-butyllithium in hexane was added dropw se. After
stirring at the sane tenperature for 30 mn, tributyltin
chl ori de (2.1 g) was added dropw se. After further stirring
for 1 hr, water was added to the reaction m xture, and the
m xture was extracted with ethyl acetate . The extract was
washed with saturated bri ne, dried over anhydr ous sodi um
sul f at e, and concentrated under reduced pressure. The residual
oi | (2.4 g) containing the title conpound was used for the

next step wthout purification.

Ref erence Exanple 194

tert-butyl met hyl { [1- (pyridin-3-ylsulfonyl) -5- (2-thienyl) -IH
pyrrol - 3-yl Jmethyl  }carbamate

To a solution of crude tributyl (2-thienyl) stannane (1.1
g) and tert-butyl { [5-brono-I - (pyridin-3-ylsul fonyl) -1 H
pyrrol -3-yl] nmet hyl } et hyl car bamat e (430 mg) in toluene was
added tetrakis (triphenyl phosphine) pal I adi um (116 ng) , and the
m xture was stirred under a nitrogen at nosphere at 120°C for 1
hr. The reaction m xture was al | oned to cool to room
tenmperature and the solvent was evapor at ed under reduced
pressure. The residue was purified by basic silica gel colum
chr omat ogr aphy (el uent: hexane- et hyl acetate=4:1) to give the
title conpound as a pale-yellow oi | (yield 315 nmg, 73%

IHNWVR  (CDO 4)O: 1.47 (9H, s), 2.83 (3H s), 4.22 (2H brs) ,
6.25 (IH brs), 7.04-7.07 (I1H m), 7.16-7.17 (IH, m), 7.27-
7.31 (2H m), 7.36-7.37 (IH, m), 7.62-7.66 (IH, m), 8.58-8.59

(IH, m), 8.71-8.73 (IH, m).
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Ref erence Exanple 195 ,

3- net hyl - 2- (tributyl stannyl) pyridi ne

A solution (10 i) of 2-brono-3-nethyl pyridine (1.0 g) in
t et rahydr of uran was cooled to -70°C, and a 1.6 nol/L solution
(4.0 itiry of n-butyllithium in hexane was added dropwi se. After
stirring at the sane tenperature for 15 mn, tributyltin
chl ori de (2.2 g) was added dropw se. After further stirring
for 1 hr, water was added to the reaction m xture, and the
m xture was extracted with ethyl acet at e. The extract was

washed with saturated brine, dried over anhydrous sodi um

sul fate, and concentrated under reduced pressure. The residue
was purified by silica gel colum chronmatography (el uent:
hexane- et hyl acetate=19:1) to give the title conpound as a
col orl ess oi | (yield 1.75 g, 79%.

IHNWVR  (CDA ;)0: 0.85-0.95 (9H, m), 1.11-1.17 (6H, m), 1.29-
1.37 (6H, m), 1.49-1.57 (6H, m), 2.36 (3H s), 6.99-7.03 (1H,
m), 7.31-7.34 (IH m), 8.52-8.54 (IH m).

Ref erence Exanple 196

tert-butyl met hyl  { [5- (3-nmethyl pyridin-2-yl) -1- (pyridin-3-

yl sul fonyl) -l Hpyrrol -3-yl] nmet hyl} carbanmate

A solution of 3-methyl -2- (tributylstannyl) pyri di ne (1.0

g), tert-butyl { [5-brono-1I - (pyridin-3-ylsul fonyl) -1 H pyrrol - 3-

yI'] methyl} methyl carbamate (563 ng) and

tetrakis (triphenyl phosphine) pal | adi um (454 ng) in toluene was
stirred under a nitrogen at nrosphere at 120°C for 30 hr. The

m xture was cooled to room tenperature and the solvent was
evapor at ed under reduced pressure. The residue was purified by
basic silica gel colum chronmatography (el uent: hexane- et hyl
acetate=4:1) to give the title conpound as a colorless oi |

(yield 129 nmg, 22%

IHNWVR (CDO 5)0: 1.45 (9H, s), 2.80 (3H, brs) , 4.25 (2H brs) ,
6.26 (IH Dbrs), 7.23-7.27 (2H, m), 7.39-7.44 (IH, m), 7.60

(IH, d, J=6.9 Hz), 7.99-8.03 (IH m), 836 (IH d, J=4 .5 Hz),
8.78-8.80 (IH m), 8.86-8.87 (I'H, m). .

Ref erence Exanple 197
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tert-butyl {[5-{2-fluoro-3- [ (hydroxyimno) nmethyl] phenyl }-I-
(pyridin-3-ylsulfonyl) -IHpyrrol-3-yl] nmethyl }methylcarbamate
To a solution (3 ioL) of tert-butyl {[5- (2-fluoro-3-
fornyl phenyl) -1- (pyridin-3-ylsulfonyl) -IH pyrrol-3-
yl] met hyl }nethyl carbamate (182 ng) in 2-propanol were added
hydr oxyl ami ne hydrochloride (40 ng) and sodium acetate (47
ng) . After stirring at room tenperature for 3 hr, saturated
aqueous sodi um hydrogencarbonéte solution was added to the
reaction mxture and the mxture was extracted with ethyl
acetate. The extract was washed with saturated brine, dried
over anhydrous sodium sulfate, and concentrated under reduced
pressure. The residue was purified by silica gel colum
chromat ography (eluent: hexane-ethyl acetate=8: 1_>3: 1) to give
the title conpound as a pale-yellow oil (yield 150 my, 80% .
IHNVR (CDO 5)0: 1-46 (9H s), 2.82 (3H s), 4.24 (2H s), 6.22
(I, s), 7.15-7.19 (24, m), 7.31-7.35 (2H m), 7.67-7.71 (IH,
m), 7.76-7.85 (IH m), 8.27 (IH s), 8.63 (IH d, J=2.1 Hz),
8.76-8.78 (IH m), IH not detected.
Ref erence Exanple 198
tert-butyl {[5- (3-cyano-2-fluorophenyl) -1- (pyridin-3-
yl sul fonyl) -IHpyrrol-3-yl] methyl }methyl carbamate
To a solution (5 m) of tert-butyl {[5-{2-fluoro-3-
[ (hydroxyi mi no) nmethyl] phenyl }-1- (pyridin-3-ylsulfonyl) -IH
pyrrol -3-yl] nethyl }methyl carbamate (150 ng) in tetrahydrofuran
were added triethylanine (93 ng) and nethanesul f onyl chl ori de
(84 nmy) at room tenperature. The reaction mxture was stirred
at 70°C for 8 hr, and cooled to room tenperature. Water was
added and the nmixture was extracted with ethyl acetate. The
extract was washed with saturated brine, dried over anhydrous
sodium sulfate, and concentrated under reduced pressure. The
residue was purified by silica gel columm chronatography
(eluent: hexane-ethyl acetate=8: 1->3: 1) to give the title
conpound as a pale-yellow oil (yield 106 ng, 73% .
IHNVR (CDA 5)0 1-46 (9H s), 2.82 (3H s), 4.24 (24 s), 6.28

(IH, brs), 7.25-7.40 (3H, m), 7.48-7.53 (IH m), 7.66-7.70
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(2 m), 8.62 (IH, d, J=2.7 Hz), 8.80-8.82 (IH m).
Ref erence Exanpl e 199
tert-butyl {[5 (4-brono-3-thienyl) -1- (pyridin-3-ylsulfonyl) -
| H pyrrol -3-yl ]nethyl }nethyl carbanate

By a simlar operation as in Reference Exanple 79 and
using tert-butyl {[5-brono-l- (pyridin-3-ylsulfonyl) -IHpyrrol-
3-yl] nethyl }nethyl carbamate (430 ng) , (4-brono- 3-
thi enyl)boronic acid (248 ng) , sodium carbonate (254 ng) and
tetrakis (triphenyl phosphine) palladium (116 ng) , the title
conpound was obtained as a pale-yellow oil (yield 470 ng,
929 .
IHNVR (CDCl 3)0: 1.47 (9H s), 2.84 (3H brs), 4.26 (2H brs) ,
6.21-6.22 (IH m), 7.18-7.19 (IH m), 7.30-7.39 (34 m), 7.63-
7.67 (IH m), 8.57-8.58 (IH m), 8.74-8.76 (IH m).
Ref er ence Exanpl e 200
tert-butyl {[5- (4-cyano-3-thienyl) -1- (pyridin-3-ylsulfonyl) -
| Hpyrrol-3-yl] nethyl }nethylcarbamate

To a solution (5 nL) of tert-butyl {[5- (4-bronp-3-
thienyl) -1- (pyridin-3-ylsulfonyl) -IHpyrrol-3-
yl] methyl} nmethyl carbamate (470 ng) in N,Ndinethylforman de
were added zinc cyanide (215 ng) and
tetrakis (triphenyl phosphine) palladium (212 ng) and the mxture
was sufficiently degassed. The nmixture was stirred wth
heating at 120°C for 18 hr and cooled to room tenperature.
Water and ethyl acetate were added and the nixture was
filtered through celite. The filtrate was concentrated under
reduced pressure and the residue was extracted wth ethyl
acet ate. The extract was washed with saturated brine, dried
over anhydrous sodium sulfate, and concentrated under reduced
pressure. The residue was purified by silica gel colum
chromat ography (eluent: hexane-ethyl acetate=4: 1-—2:1) to give
the title conpound as a pale-yellow oil (yield 297 ng, 71% .
IHNWR (CDO 5)0: 1.47 (9H, s), 2.83 (3H brs), 4.25 (2H brs),
6.34-6.35 (IH m), 7.35-7.39 (24 m), 7.48 (IH, br) , 7.65-7.68
(IH m), 7.87 (IH d, J=3.0 Hz), 8.53-8.54 (IH m), 8.78-8.79
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(IH, m).
Example 1
N-met hyl -1- [5-phenyl-1- (pyridin-3-ylsulfonyl) -IHpyrrol-3-

yl ] met hanami ne di hydrochl ori de

5- Phenyl -1- (pyridin-3-ylsulfonyl) -IH pyrrole-3-
car bal dehyde (230 ng) was dissolved in absolute
tetrahydrofuran (10 nL) , a 2 nol/L solution (1 nL) of
nmethylamine in tetrahydrofuran was added, and the m xture was
stirred at room tenperature for 2 hr. The reaction mxture was
added to a solution of sodium borohydride (76 ng) in nethanol
(5 mL) , and the mixture was stirred at the same tenperature
for 20 min. The reaction nixture was diluted with ethyl
acetate, washed successively with a saturated aqueous sodium
hydr ogencar bonate solution, water and saturated brine, and
dried over anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure and the residue was purified
by silica gel colum chromatography (eluent: ethyl acetate-
nmet hanol =l : 0 —sl:1) and further by HPLC (0DS, O0.1%
trifluoroacetic acid-containing water-0.1% trifluoroacetic
acid- containing acetonitrile=97: 3->0.1% trifluoroacetic acid-
containing acetonitrile) to give trifluoroacetate of the title
conmpound. The obtained trifluoroacetate was nheutralized with a
saturated aqueous sodium hydrogencarbonate solution, extracted
with ethyl acetate, washed successively wth a saturated
aqueous sodi um hydrogencarbonate solution, water and saturated
brine, and dried over anhydrous magnesium sulfate. The solvent
was evaporated under reduced pressure. The residue was
di ssolved in ethyl acetate (5 nL) , a 4 nmol/L hydrogen
chloride-ethyl acetate solution (1 m) and ethanol (5 nL) were
added, and the mixture was concentrated under reduced pressure
and crystallized from ethyl acetate-ethanol to give the title
compound (yield 85 ng, 299
IH NVMR (DMSCHdg)d. 2.50 (3H s), 3.97-4.00 (2H s), 6.50 (IH,
s), 7.14-7.16 (2H m), 7.35-7.45 (3H, m), 7.62-7.70 (IH m),

7.78-7.83 (24 m), 8.47-8.48 (IH m), 8.84-8.86 (IH m), 9.08
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(2H, br) , IH not detected.
Exanpl e 2
I -{I-[ (6-methoxypyridin-3-yl) sul fonyl ] -5-phenyl -1 H pyrrol - 3-
y| }- N et hyl net hanani ne hydrochl ori de
1- [ (6- Met hoxypyridin-3-yl) sul fonyl] -5-phenyl -1 H pyrrol e-
3- car bal dehyde (59 mg) was dissolved i n absolute
t et rahydr of ur an (5 m) , a 2 ml/L solution (0.25 iriyy of
nmet hyl am ne in tetrahydrofuran was added, and the nmixture was
stirred at room tenperature for 3 hr. The reaction m xture was
added to a solution of sodium borohydride (19 ng) in nethanol
(2 m) , and the mixture was stirred at the sanme tenperature
for 20 mn. The reaction m xture was diluted with ethyl
acet at e, washed successi vely with water and saturated brine,
and dried over anhydrous magnesi um sul fate. The sol vent was
evapor at ed under reduced pressure and the residue was purified
by silica gel colum chromatography (el uent: et hyl acet at e-
met hanol =1 : 0-»l: 1) to give a free salt (48 mg) of the title
conpound. The obtai ned free salt was dissolved in ethyl
acetate (2 m) , a 4 mol/L hydrogen chl ori de- et hyl acetate
sol ution (3 nmL) was added, and the mixture was left standing
at room tenperature for 30 nin. The precipitated crystals wer e
col l ected by filtration, washed with ethyl acetate to give the

title compound (yield 39 ng, 58%
IHNWVR (DVBO-d 6)6: 2.50 (3H s), 3.90 (3H, s), 3.98 (2H, s),
6.45 (IH s), 6.91-6.94 (IH, m), 7.16-7.18 (2H, m), 7.36-7.45

(34 m, 7.59-7.63 (IH m), 7.72 (IH s), 8.09-8.10 (IH, m),

8.91 (2H br)

Exampl e 3
N-met hyl -1 -{I - [6- (methyl am no) pyri di n-3-yl sul fonyl]-5-phenyl -
| H pyrrol -3-yl} et hananm ne di hydr ochl ori de
By a sinmlar reaction as in Exanple 2 and wusing |-(6-
chl or o- 3- pyri di nesul fonyl) -5-phenyl -1 H pyrr ol e- 3- car bal dehyde

(100 ng) , the title conmpound was obtai ned (yield 58 ng, 47%
IHNVR (DMBO-de) O: 2.50 (3H, s), 2.78 (3H s), 3.95-3.99 (2H,

m), 6.39-6.42  (2H m), 7.20-7.23  (3H m), 7.35-7.43 (3H, m),
160



10

15

20

25

30

35

WO 2007/026916 PCT/JP2006/317408

7.63 (IH, s), 7.82-7.85 (2H, m), 9.00 (2H, br) , IH not
det ect ed.
Exanple 4
N-nmethyl -1 -{1- [2- (nethyl am no) pyridin-3-ylsulfonyl] -5-phenyl -
| H pyrrol -3-yl } et hanam ne  di hydrochl ori de

1- (2-Chl oropyridin-3-ylsul fonyl) -5-phenyl-IH pyrrole-3-
car bal dehyde (173 ng) was dissolved in tetrahydrofuran (10
n.)y, a 2 nol/L solution (1.25 nL) of nmethylamine in
tetrahydrofuran was added, and the nixture was stirred at room
tenperature for 12 hr. The reaction nixture was added to a
solution (2 nL) of sodium borohydride (76 nmy) in methanol, and
the mixture was stirred at room tenperature for 20 min. A
saturated aqueous sodium hydrogencarbonate solution was added,
and the mixture was extracted with ethyl acetate . The extract
was washed with saturated brine, dried over anhydrous
magnesi um sulfate, and concentrated under reduced pressure.
The residue was purified by silica gel colum chromatography
(eluent: ethyl acetate->ethyl acetate-nethanol=l: 4) to give a
free salt of the title conpound. To a solution (3 nm) of the
obtained free salt in ethanol was added a 4 nol/L hydrogen
chloride-ethyl acetate solution (1 nL) . The solvent was
evaporated under reduced pressure, and the residue was
recrystallized from ethanol to give the title conpound (yield
126 ny, 59% .
14+ NVR (DVBO-de) 8: 2.50 (3H, s), 2.77 (3H d, J=4.5 Hz), 3.95-
3.99 (2H, m, 4.80 (IH br), 6.28-6.30 (IH m), 6.41-6.47 (2H,
m), 7.10-7.19 (3H m), 7.32-7.44 (3H m), 7.88 (IH s), 8.25-
8.27 (IH m, 9.19 (2H br) .
Exanple 5
N-nmethyl -1-{I- [2- (nmethyl am no) pyri mdin-3-ylsul fonyl] -5-
phenyl -1 H pyrrol -3-yl }nmet hanam ne hydrochl ori de

By a simlar reaction as in Exanple 2 and using |-(2-
chl oropyri m di n-5-yl sul fonyl) -5-phenyl -1 H pyrrol e-3-
car bal dehyde (100 ng) , the title conpound was obtained (yield

64 ng, 57% .
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IHNVR  (DMBCHd 4)O: 2.50 (3H, s), 2.80-2.82 (3H s), 3.98 (2H
s), 6.47 (IH s), 7.23-7.26  (2H m), 7.39-7.43 (3H m), 7.66-
7.67 (IH m, 7.96-7.97 (I1H, m), 8.11-8.12  (IH, m), 8.48-8.52

(IH, m, 8.97 (2H br)

Exanple 6
N- et hyl - 1- [2-methyl - 5-phenyl- 1- (pyridin-3-ylsulfonyl) -1 H
pyrrol - 3-yl ] net hanamni ne di hydrochl ori de

By a simlar reaction as in Exanple 2 and using 2-nmethy 1-

5- phenyl -1 - (pyridin-3-ylsul fonyl) -1 H pyrrol e- 3- car bal dehyde

(235 ng) , an ethanol (1 equivalent) adduct of the title
conmpound was obt ai ned as a solid (yield 110 ng, 39%

IHNVR (DVMBO-de) O: 1-06 (3H, t, J=7.2 Hz), 2.43-2.50 (6H m),
3.44 (2H, dd, J=14.1, 7.2 Hz), 3.91-3.94 (2H, m), 6.47 (IH
s), 7.21-7.43 (2H, m), 7.36-7.41 (3H m), 7.56-7.63 (IH, m),

7.82-7.88 (IH, m), 853 (IH s), 8.87-8.93 (34 m), 2H not

det ect ed.
Exanple 7
N- et hyl - 1- [1- (2-nmethyl pyrim din-5-ylsul fonyl) - 5- phenyl -1 H
pyrrol -3-yl] - met hanani ne di hydrochl ori de

1- [ (2-Methyl-5-pyrimdine) sul f onyl] -5-phenyl-IH pyrrole-
3- car bal dehyde (148 ng) was dissolved in absolute
t et rahydr of uran (10 roL), a 2 nol/L solution (1.25 itiyy of
nmet hyl am ne i n tetrahydrofuran was added, and the mxture was
stirred over ni ght at room tenperature. The rgact i on m xture
was added to a solution of sodium borohydride (95 my) in
nmet hanol (3.0 nL) , and the nixture was stirred at the sane
t enperature for 20 mn. The reaction m xture was diluted wth
et hyl acet at e, washed with saturated brine, dried over
anhydr ous magnesi um sul fate, and the solvent was evaporated
under reduced pressure. The residue was dissolved in
t et rahydr of uran (20 L) , di-tert-butyl bi car bonat e (0.55 g),
sodi um hydrogencar bonat e (0.25 g) and water (10 m) were
added, and the mxture was stirred at room tenperature for 30
mn. The reaction m xture was diluted with ethyl acet at e,
washed successively with a saturated agueous sodi um
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hydr ogencarbonate solution and saturated brine, dried over
anhydrous magnesium sulfate, and the solvent was evaporated
under reduced pressure. The residue was dissolved in
tetrahydrofuran (20 nl) , manganese dioxide (75% chemically
treated product, 1.5 g) was added, and the m xture was stirred
at room tenperature for 1 hr. The reaction mxture was
filtered through celite, and celite was washed with ethyl
acet at e. The filtrate was concentrated under reduced pressure,
and the residue was purified by silica gel colum
chromat ography (eluent: hexane-ethyl acetate=19: 1—1:1) to give
an oil. The obtained oil was dissolved in ethanol (1 nL) , a 4
nol /L hydrogen chloride-ethyl acetate solution (1 nL) was
added and the mixture was stirred at room tenperature for 3
hr. The solvent was evaporated under reduced pressure to give
a solid (67 ng) . Recrystallization from ethanol gave the title
compound as a colorless solid (yield 34 ng, 18%
14+ NVR (DVBO-dB)&: 2.53 (3H s), 2.70 (3H s), 3.98 (2H s),
6.50 (IH, s), 7.18-7.20 (2H m), 7.38-7.47 (3H m), 7.76-7.77
(IH m), 8.59 (2H s), 8.88 (2H br) , IH not detected.
Exanpl e 8
1- [5- (2-fluorophenyl) -1- (pyridin-3-ylsulfonyl) -IH pyrrol-3-
yl] - N-met hyl net hanami ne funmarate

5- (2- Fl uorophenyl) -1- (pyridin-3-ylsulfonyl) -1H pyrrole-3-
car bal dehyde (1.52 g) was dissolved in nmethanol (30 nL) , a 40%
met hyl am ne methanol solution (3.57 g) was added at room
temperature and the mixture was stirred for 30 mn. Sodium
borohydride (523 ng) was added at room tenperature and the
m xture was stirred for 10 min. 1 nol/L Hydrochloric acid (50
m.) was added and the mixture was stirred for 5 nmin. The
reaction mxture was basified with a saturated aqueous sodium
hydr ogencarbonate solution, and the mxture was extracted with
ethyl acetate. The extract was washed with saturated brine,
dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The residue was purified by basic silica gel

colum chromatography (eluent: ethyl acetate-nethanol=I :0_37:3)
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to give a free salt of the title conpound as a pale-yellow oi |
(yield 1.30 g). The obtained free salt (750 ing) was dissolved
in ethyl acetate (30 mL) , a solution of fumaric acid (278 ng)
i n net hanol (3 m) was added dropwise at room tenperature.
After stirring for 30 min, the obtained «crystals were
collected by filtration, and washed with ethyl acetate to give
the title conmpound as colorless crystals (yield 912 ng, 74%
IHNVR (DVBO-d )®: 2.43 (3H s), 3.87 (2H s), 6.47 (2H s),
6.49 (IH, d, J=I. 8 Hz), 7.07-7.13 (IH m), 7.19-7.26 (2H m),
7.49-7.56  (IH, m), 7.59-7.64 (IH m), 7.74 (IH d, J=l .8 Hz),
7.86-7.90 (IH, m), 8.56-8.57 (IH, m), 8.87-8.89 (IH m), 3H
not detected,
nmelting point 201-203°C
Exanple 9
N-net hyl -1 - {1 - (pyridin-3-ylsul fonyl) -5- [2-
(trifluoronethyl) phenyl] -1H pyrrol-3-yl}nethanan ne
di hydrochl ori de

1- (Pyridin-3-ylsulfonyl) -5- [2- (trif luoronethyl) phenyl] -
| H pyrrol e- 3- car bal dehyde (340 mg) was dissolved i n ethanol
(34 nL) , a 40% net hyl ani ne nmet hanol sol ution (695 mg) was
added at room tenperature and the mxture was stirred for 30
mn. Sodi um bor ohydri de (102 nmg) was added at room temnperature
and the mixture was stirred for 10 mn. 1 nol/L Hydrochloric
acid (10 mL) was added and the mxture was stirred for 5 mn.
The reaction mixture was basified wth a saturated aqueous
sodi um hydr ogencar bonat e sol uti on, and the mxture was
extracted with ethyl acetate. The extract was washed with

saturated brine, dried over anhydrous sodi um sul fate, and

concentr at ed under reduced pressure. The residue was purified
by basic silica gel colum chromatography (eluent: ethyl

acet at e- met hanol =l : 0_>7: 3) and dissol ved in ethyl acetate (5
m) . A 4 nmol/L hydrogen chloride-ethyl acetate solution (1 m)

was added and the mxture was concentrated under reduced
pressure. The residue was crystallized from ethyl acetate to

give the title compound as pale-red crystals (yield 288 nmg,
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69%) .
14 NVR (DMBO-dg)d: 2.47 (3H t, J=5.5 Hz), 4.00 (2H t, J=5.5
Hz), 6.60 (IH, d, J=I. 8 Hz), 7.18-7.21 (IH m), 7.63-7.81 (4H
m), 7.91-8.00 (2H m), 8.58 (IH d, J=I .8 Hz), 8.90-8.92 (IH,
m), 9.48-9.57 (2H m), |IH not detected.
Exanpl e 10
N-net hyl -1- [4-net hyl -5-phenyl -1- (pyridin-3-ylsulfonyl) -IH
pyrrol - 3-yl ] net hanam ne di hydrochl ori de

By a simlar reaction as in Exanple 2 and using 4-nethyl-
5-phenyl -1 - (pyridin-3-ylsulfonyl) -IH pyrrole-3-carbal dehyde
(171 my) , the title conmpound was obtained (yield 110 ng, 50%
IH NVR (DMBO-dg)d: 1.79 (3H s), 2.57 (3H s), 3.96-4.00 (2H
m), 6.98-7.01 (2H m), 7.36-7.43 (3H m), 7.55-7.60 (IH m),
7.79-7.82 (2H m), 8.43-8.44 (IH m), 8.84-8.86 (IH m), 9.13
(2H, br) , IH not detected.
Exanpl e 11
N-net hyl -1- [4-nethyl -5-phenyl -1- (pyridin-2-ylsulfonyl) -IH
pyrrol -3-yl ]nethanam ne hydrochl oride

4- Met hyl - 5- phenyl -1 -  (pyridin-2-ylsulfonyl) -IH pyrrole-3-
carbal dehyde (262 ng) was dissolved in tetrahydrofuran (10
m) , a 2 nmol/L solution (1.0 m.) of nmethylanmne in
tetrahydrofuran was added, and the mxture was stirred at room
tenperature for 4 hr. The reaction mxture was added to a
solution (5 nL) of sodium borohydride (76 ng) in nethanol, and
the mxture was stirred at room tenperature for 20 nmin. \Wter
was added, and the mxture was extracted with ethyl acetate.
The extract was washed with water and saturated brine, dried -
over anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was purified by silica gel
colum chromat ography (eluent: ethyl acetate-methanol=l: 0_> :1)
and further by HPLC (ODS, 0.1% trifluoroacetic acid-containing
water- 0.1% trifluoroacetic acid-containing
acetonitrile=9: 1->0.1% trifluoroacetic acid-containing
acetonitrile) to give trifluoroacetate of the title conpound.

The obtained trifluoroacetate was neutralized with a saturated
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aqueous sodi um hydrogencarbonate solution, extracted wth
ethyl acetate, washed successively with a saturated aqueous
sodi um hydrogencarbonate solution, water and saturated brine,
and dried over anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure. The residue was dissolved
in ethyl acetate (3 nL), a 4 nol/L solution (2 nL) of hydrogen
chloride in ethyl acetate was added. After allowing to stand
at room terrperatur4e for 30 mMin, the precipitate was collected
by filtration and washed with ethyl acetate to give the title
compound (yield 141 ng, 47%
IHNVR (DVMBOd 4)0: 1-79 (3H s), 2.59 (3H s), 4.01 (2H s),
6.88-6.90 (2H m), 7.27-7.45 (4H m), 7.71-7.74 (2H m), 7.95-
7.99 (IH m), 8.68-8.70 (IH m), 8.88 (2H br)
Exanmpl e 12
L-{!'-[ (I,2-dinethyl -1 Himdazol-4-yl) sulfonyl]-4-nethyl-5-
phenyl -1 H pyrrol -3-yl  }-N net hyl net hanam ne  di hydrochl ori de

1- [ (1, 2-Dinethyl -1 Himidazol -4-yl) sulfonyl] -4-nmethyl -5-
phenyl -1 H pyrrol e- 3- car bal dehyde (294 nmg) was dissolved in
tetrahydrofuran (5 m.) , a 2 nmol/L solution (1.0 niL) of
nethylam ne in tetrahydrofuran was added, and the mxture was
stirred at room tenperature for 1 hr. The mxture was heated
to 40°C, and the nixture was further stirred for 4 hr. The
reaction mxture was added to a solution (5 nL) of sodium
borohydride (76 ng) in nethanol, and the mixture was stirred
at room tenperature for 1 hr. Water was added, and the mxture
was extracted with ethyl acetate. The extract was washed with
water and saturated brine, dried over anhydrous nagnesium
sul fate, and concentrated under reduced pressure. The residue
was purified by basic silica gel colunm chromatography
(eluent: hexane-ethyl acetate=9: 1—0: 1) to give a free salt of
the title conpound. To a solution (3 nL) of the obtained free
salt in ethyl acetate was added a 4 nol/L hydrogen chloride-
ethyl acetate solution (1 nm) . After allowing to stand at room
tenperature for 30 min, the precipitate was collected by

filtration, and washed with ethyl acetate to give the title
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conmpound (yield 196 ng, 53%

1H-NMR (DMSOdg)s: 1.79 (3H, s), 2.25 (3H, s), 2.60 (3H, m),
3.45 (3H, s), 3.953.99 (2H, m), 4.86 (IH, br) , 6.99-7 .01 (2H,
in, 7.13 (IH, s), 7.32-7 .39 (3H, m), 7.59 (IH, s), 8.96 (2H,

br)
Example 13
| - {I- [ (5-chloro-I, 3-dimethyl-IH-pyrazol-4-yl) sulfonyl] -4-
methyl-5-phenyl-IH-pyrrol-3-yl }-N-methy linethanamine
hydr ochl ori de
By a simlar reaction as in Exanple 12 and wusing |-[(5-
chl oro-1, 3-di net hyl -1 H pyrazol -4-yl) sul fonyl] -4-methyl-5-
phenyl -1 H pyrrol e- 3- car bal dehyde (378 nmg) , the title conpound

was obtai ned as a solid (yield 238 ng, 55%
I H NVR ( DvsQd 6)5: 1-67 (3H, s), 1.79 (3H s), 2.58 (3H s),
3.67 (3H, s), 3.99 (2H, s), 6.97-6.99 (2H, m), 7.33-7.41 (3H,

m), 7.73 (IH s), 8.90 (2H br)

Exanpl e 14
I-{I-[ (I,3-dinethyl-IH pyrazol-4-yl) sul fonyl] -4-methyl-5-
phenyl -1 H pyrrol - 3-yl } - N- et hyl met hanani ne hydr ochl ori de
Using 1- [ (5-chloro-I, 3-di net hyl -1 H pyrazol - 4~
yl') sul fonyl] - 4- et hyl - 5- phenyl -1 H pyrrol e- 3- car bal dehyde (295

ng) , a free salt (297 nmg) of the conpound of Exanple 13 was

obt ai ned as an oil. The obtai ned oil was dissolved i n toluene
(10 nL) and nethanol (10 itiyy , 10% pall adium car bon (50%

cont ai ni ng wat er, 30 ng) and 20% sodium ethoxide-ethanol

sol ution (309 ng) were added, and the mxture was stirred at
under a hydrogen at nosphere at room tenperature for 24 hr. The
reaction m xture was filtered, and the filtrate was

concentr at ed under reduced pressure. The residue was dissol ved
in ethyl acetate sol ution (5 mb) and a 4 itiol/L hydrogen

chl ori de- et hyl acetate sol ution (1 nm) was added. After

al | owi ng to stand at room tenperature for 30 mn, t he
precipitate was collected by filtration, and washed with ethyl

acetate to give the title compound (yield 221 nmg, 72%

IHNVR  (DMBO-d 4)O: 1-80 (3H, s), 1.90 (3H s), 2.59 (3H, m),
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3.63 (3H, s), 3.99 (2H, s), 6.99-7.02 (2H, m), 7.357.40 (3H,
my, 7.51 (IH, s), 7.66 (IH, s), 8.87 (2H, br) .

Example 15
1- {1- [ (2, 4-dinethyl -1, 3-thiazol-5-yl) sulfonyl] -4-nmethyl- 5-
phenyl - | H pyrrol - 3-yl } - N- net hyl met hanam ne trifluoroacetate

To a solution (1 m) of 1-[(2 4-dinmethyl-l, 3-thiazol-5-
yl) sul fonyl] -4-methyl-5-phenyl-I| H pyrrol e-3-carbal dehyde (27 .7

mg) in tetrahydrofuran was added a 2 nol/L solution (0.1 m)
of methylamne in tetrahydrofuran, and the mxture was stirred
at room tenperature for 2 hr. The reaction mxture was added
to a solution (1 m) of sodium borohydride (7.6 ng) in
net hanol, and the mixture was stirred at room tenperature for
20 min. Water was added to the reaction mxture, and the
mxture was extracted with ethyl acetate . The extract was
washed with a saturated aqueous sodium hydrogencarbonate
solution, water and saturated brine, dried over anhydr ous
magnesi um sul fate, and concentrated under reduced pressure.
The residue was purified by HPLC (0ODS, 0.1% trifluoroacetic
acid-containing water-0.1% trifluoroacetic acid-containing
acetonitrile (97:3)—0.1% trifluoroacetic acid-containing
acetonitrile alone), and triturated with diisopropyl ether to
give the title conpound as a solid (yield 12.1 ng, 33%.
IHNWR (DMSQd 4)0: 1.80 (3H s), 2.06 (3H s), 2.58 (3H s),
2.62 (3H s), 4.03 (2H, s), 7.05-7.07 (2H, m), 7.37-7.44 (3H
m), 7.67 (IH s), 8.62 (2H br) .
Exanple 16
[5- (2-fluorophenyl) -4-methyl-I- (pyridin-3-ylsulfonyl) -I1H
pyrrol -3-yl] -N-nethyl met hanam ne hydrochl ori de

To a solution of 5- (2-fluorophenyl) -4-methyl-I- (pyridin-
3-ylsul fonyl) -1H pyrrol e-3-carbal dehyde (382 ng) in methanol
(5 mL) and tetrahydrofuran (2 nm) was added a 40% net hyl am ne
nmet hanol solution (1.1 nlL) , and the mixture was stirred at
room tenperature for 4 hr. Sodium borohydride (51 ng) was
added to the reaction mxture, and the m xture was fur<ther

stirred for 15 mn. The reaction mxture was concentrated
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under reduced pressure. A saturated aqueous sodium
hydr ogencar bonat e solution (50 n.) was added to the residue,
and the mixture was extracted wth ethyl acetate. The extract

was washed with a saturated aqueous sodium hydrogencarbonate

sol uti on, water and saturated brine, dried over anhydrous

sodi um sul f at e, and the solvent was evaporated under reduced
pressure. The residue was purified by basic silica gel colum
chr omat ogr aphy (eluent: ethyl acetate) to give a free salt of
the title conpound (yield 342 ng) . To a solution of the
obtained free salt (336 ng) in ethanol (5 nmL) was added a 4

iriol/L hydrogen chloride-ethyl acetate solution (5.0 nL) , and
the mxture was stirred at room tenperature for 30 mn. The
reaction mxture was concentrated under reduced pressure, and

the residue was recrystallized from ethanol to give the title
compound as white crystals (yield 197 ng, 46%

IHNVR (DVBO-de) 0: 1-76 (3H, s), 2.59 (3H t, J=5.4 Hz), 4.01
(2H, t, J=5.4 Hz), 7.03-7.08 (IH, m), 7.21-7.28 (24 m), 7.51-
7.64 (2H m), 7.82-7.86 (24 m), 8.53 (IH d, J=2 .4 Hz), 8.80-
8.89 (3H, m).

Exanpl e 17
1- [1- (2-chloropyridin-3-ylsul fonyl) -5-phenyl -1 H pyrrol - 3-yl ] -
N- net hyl met hanam ne hydr ochl ori de

To a solution (3 nm.) of tert-butyl {[1- (2-chloro-3-
pyri di nesul fonyl) - 5- phenyl - | H pyrrol - 3-
yl ] methyl }methy | carbamate (70 mg) in ethyl acetate was added a
4 nol/L hydrogen chloride-ethyl acetate solution (1 nm) , and
the mxture was stirred at room tenperature for 3 hr. The
solvent was evaporated wunder reduced pressure, and the residue
was crystallized from ethanol - et hyl acetate to give the title
compound (yield 29 ngy, 49% .
IHNWR (DMBO-dg)0: 2.56 (3H s), 4.04 (2H s), 6.48 (IH s),
6.99-7.02 (2H m), 7.25-7.36 (4H, m), 7.66-7.69 (IH m), 7.83
(IH s), 8.60-8.62 (IH m), 8.79 (2H br)
Exanpl e 18
5- ({4- [ (methylam no) nethyl] -2-phenyl-IH pyrrol-I-

169



10

15

20

25

30

35

WO 2007/026916 PCT/JP2006/317408

yl| }sul fonyl )pyrimdine-2-am ne

To a solution (4 iriy of 1- (2-chloropyrimdin-5-
yl sul fonyl) - 5-phenyl - H pyrrol e- S-car bal dehyde (139 ng) in
t et rahydrof uran was added a 0.5 nol/L ammoni a-di oxane sol ution
(4 m) . After stirring at room tenperature for 1 hr, a
saturated aqueous sodi um hydrogencar bonat e sol ution was added,
and the mixture was extracted with ethyl acet at e. The extract

was washed with saturated bri ne, dried over anhydrous

magnesi um sul fate, and concentrated under reduced pressure.

The residue was dissolved in a tetrahydrofuran (5 m) , a 2

nol /L solution (0.75 nL) of nmethylamne i n tetrahydrofuran was
added, and the mixture was stirred overnight at room

t emper at ur e. The reaction mxture was added to a solution (2
m.) of sodium borohydride (38 nmg) in methanol, and the mxture
was stirred at room tenperature for 5 mn. A saturated aqueous
sodi um hydrogencar bonat e solution was added to the reaction

m xture, and the mixture was extracted with ethyl acet at e. The
extract was washed with saturated bri ne, dried over anhydrous
magnesi um sul fate, and concentrated under reduced pressure.

The residue was purified by HPLC (ODS, 0.1% trifluoroacetic

aci d- cont ai ni ng wat er- 0. 1% trifluoroacetic aci d- cont ai ni ng
acetonitrile=9 :1—0.1% trifluoroacetic aci d- cont ai ni ng
acetonitrile) to give trifluoroacetate of the title conpound.
The obtai ned trifluoroacetate was neutralized with a saturated
aqueous sodi um hydr ogencar bonat e sol uti on, extracted with

et hyl acet at e, washed  successively with a saturated aqueous
sodi um hydrogencar bonat e sol uti on, wat er and saturated bri ne,
and dried over anhydrous magnesi um sul fate. The sol vent was
evapor at ed under reduced pressure and crystallized crystals
were washed with diisopropyl ether to give the title conmpound

as a colorless solid (yield 23 nmg, 17%

IHNVR  (DMBO-d )0 2.27 (3H s), 3.52 (2H s), 6.31 (IH s),
7.26-7. 40 (6H m), 7.94 (2H br) , 800 (2H s), IH not

det ect ed.

Exanpl e 19
170



10

15

20

25

30

35

WO 2007/026916 PCT/JP2006/317408

1- [ (i mdazo[1, 2-a] pyrimdin-6-ylsulfonyl) -5-phenyl-IH pyrrol-
3-yl] - N-net hyl met hanami ne  di hydr ochl ori de

Under a nitrogen atnosphere, a solution of ethyl 1-
(i mdazo[l, 2-a]pyrimdin-6-ylsulfonyl) -5-phenyl-I|H pyrrole-3-
carboxylate (242 ng) in tetrahydrofuran (10 nmL) was cooled to
-78°C, a 1.5 mol/L solution (2.0 ioc) of diisobutylal um num
hydride in toluene was added with stirring. After stirring at
the sanme tenperature for 1 hr, the mxture was warnmed to -20°C
over 1 hr. Water (30 nmL) was added and, after stirring at the
same tenperature for 5 nmn, the mxture was allowed to warm to
0°C over 10 min. FEthyl acetate (20 nL) was added and, after
stirring at the same tenperature for 15 min, the mxture was
stirred at room tenperature for 20 min. The reaction mixture
in a gel state was filtered through celite, and celite was
washed with ethyl acetate. The organic |ayer was separated
fromthe filtrate, washed with saturated brine, dried over
anhydrous magnesium sulfate, and concentrated under reduced
pressure. The residue was dissolved in tetrahydrofuran (50
m.) , manganese dioxide (75% chenmically treated product, 2.0 g)
was added, and the mixture was stirred at room tenperature for
2 hr. The reaction mxture was filtered through celite, and
celite was washed with ethyl acetate. The filtrate was
concentrated under reduced pressure, the residue was dissolved
in absolute tetrahydrofuran (5 nL) , a 2 mol/L solution (0.6
nm.) of nethyl amine in tetrahydrofuran was added, and the
m xture was stirred at room tenperature for 2 hr. The reaction
m xture was added to a solution of sodium borohydride (45 nmg)
in nethanol (2 nL) , and the mixture was stirred at the same
tenperature for 20 min. The reaction nixture was diluted with
ethyl acetate, washed with saturated brine, dried over
anhydrous magnesium sulfate, and the solvent was evaporated
under reduced pressure. The residue was dissolved in
tetrahydrofuran (10 niL) , di-tert-butyl bicarbonate (0.22 g),

sodi um hydrogencarbonate (84 ng) and water (5 nL) were added,

‘and the mxture was stirred at room tenperature for 30 mn.
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The reaction mxture was diluted with ethyl acetate, washed

wWith saturated brine, dried over anhydrous nagnesium sulfate,
and the solvent was evaporated under reduced pressure. The
residue was dissolved in tetrahydrofuran (20 nL) , nmanganese
dioxide (75% chenmically treated product, 1.0 g) was added, and
the mxture was stirred at room tenperature for 2 days. The
reaction mxture was filtered through celite, and celite was
washed with ethyl acetate. The filtrate was concentrated under
reduced pressure, and the residue was purified by silica gel
colum chronat ography (eluent: hexane-ethyl acetate=19:. 1—0: 1)
to give an oil. The obtained oil was dissolved in ethanol (1
m.) , and a 4 nol/L hydrogen chloride-ethyl acetate solution (1
m.) was added. After stirring at room tenperature for 2 hr,
the solvent was evaporated under reduced pressure, and the
residue was triturated with ethyl acetate-ethanol to give the
title compound as a brown solid (yield 8.5 ng, 3%.

14+ NVR (DVBO-dd)d: 2.50 (3H, s), 4.02-4.05 (2H, m), 6.49 (IH
s), 7.16-7.19 (2H m), 7.32-7.44 (3H, m), 7.79 (IH s), 7.92-
7.99 (2H, m), 8.29-8.30 (IH m), 8.97 (2H br), 9.23-9.24 (IH

m), |H not detected.
Exanpl e 20
N-net hyl -1- [5-phenyl-I- (pyridazin-3-ylsulfonyl) -IH pyrrol-3-

yl et hanam ne funmarate

Under a nitrogen atnosphere, a solution of ethyl 5-
phenyl - 1- (pyridazin-3-ylsulfonyl) -1H pyrrole-3-carboxylate
(567 ng) in tetrahydrofuran (16 nm.) was cooled to -78°C, a 1.5
mol /L solution (6.4 m.) of diisobutylalum num hydride in
toluene was added with stirring. The reaction mxture warned
to -20°C over 1 hr. Water (75 nL) was added, and after
stirring at the sane tenperature for 5 mn, the mxture was
allowed to warm to 0°C over 10 min. Ethyl acetate (75 nL) was
added, and after stirring at the same tenperature for 15 mn,
the. mxture was stirred at room tenperature for 20 mn. The
reaction mxture was filtered through celite, and celite was

washed with ethyl acetate. The organic |ayer was separated
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from the filtrate, washed with saturated bri ne, dried over
anhydrous magnesium sulfate, and concentrated under reduced
pressure. The residue was dissolved i n tetrahydrofuran (30
ITiL), mManganese di oxi de (75% chenically treated product, 5.0 g)
was added, and the mixture was stirred at room tenperature for
1 hr. The reaction mixture was filtered through celite, and
celite was washed wth ethyl acetate. The filtrate was

concentr at ed under reduced pressure and the residue was

di ssol ved in absolute tetrahydrofuran (15 m) . A 2 nol/L

sol ution (1.5 nm) of nethylamne in tetrahydrofuran was added,
and the mixture was stirred overnight at room tenperature. The
reaction mixture was added to a solution of sodium borohydride
(66 mg) in nethanol (5 mL) , and the mxture was stirred at the
same tenperature for 20 mn. A saturated aqueous  sodi um

hydr ogencar bonat e solution was added to the reaction mxture,

and the mixture was extracted wth ethyl acetate. The extract

was washed with saturated brine, dried over anhydrous

magnesi um  sul fate, and the solvent was evaporated under

reduced pressure. The residue was purified by HPLC (ODS, 0.1%
trifluoroacetic aci d-cont ai ni ng water-0.1% trifluoroacetic

aci d- cont ai ni ng acetonitril e=9: 1—0.1% trifluoroacetic aci d-

cont ai ni ng acetonitrile) to give trifluoroacetate of the title
conpound. The obtained trifluoroacetate was neutralized with a
sat ur at ed aqueous sodium hydrogencarbonate sol ution, extracted

with ethyl acetate, washed successively with a saturated

aqueous sodium hydrogencarbonate sol ution, water and saturated
bri ne, and dried over anhydrous magnesium sulfate. The sol vent
was evapor at ed under reduced pressure to give a free salt (59
nmg) of the title conpound. The obtai ned free salt (59 ng) was
di ssol ved i n met hanol (2 nmL) and ethyl acetate (2 m) , and
fumaric acid (21 ng) was added. The solvent was evaporated
under reduced pressure, and recrystallization from ethyl

acet at e- met hanol gave the title conpound as a pale-yellow

solid (yield 41 ng, 6%

IHNWVR (DVBOd )®: 2.42 (3H s), 3.82 (2H s), 6.41 (IH s),
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6.47 (2H, s), 7.09-7.12 (2H m), 7.29-7.38 (3H m), 7.63 (IH
s), 7.80-7.83 (IH m), 7.91-7.96 (IH m), 9.48-9.50 (IH id),
3H not detected.
Exanpl e 21
N-m et hyl -1- [1- (5-net hyl - 3-pyridi nesul fonyl) -5-phenyl-IH
pyrrol - 3-yl ] met hanam ne fumarat e

To a solution (5 nL) of tert-butyl {[1- (6-chloro-5-
nmet hyl - 3- pyri di nesul fonyl) -5-phenyl -1 H pyrrol - 3-
yl] methyl Jmet hyl carbamate (237 ng) in tetrahydrofuran was
added hydrazine (160 ng) at room tenperature wth stirring.
After stirring at the sanme tenperature for 3 hr, a saturated
aqueous sodi um hydrogencarbonate solution was added, and the
m xture was extracted with ethyl acetate. The extract was
washed with water and saturated brine, dried over anhydrous
magnesi um sul fate, and concentrated under reduced pressure.
The residue was dissolved in tetrahydrofuran (30 nm) ,
manganese di oxide (75% chenmically treated product, 1.0 g) was
added, and the mixture was stirred at room tenperature for 10
m n. The reaction mxture was filtered through celite, and
celite was washed with ethyl acetate. The filtrate was
concentrated under reduced pressure, and the residue was
purified by silica gel colum chromatography (eluent: hexane-
ethyl acetate=19:1-»l:1) +to give an oil. The obtained oil was
dissolved in ethanol (2 nL) , and a 4 nol/L hydrogen chloride-
ethyl acetate solution (1 nm) was added. After stirring at
room tenperature for 2 hr, the solvent was evaporated under
reduced pressure, a saturated aqueous sodium hydrogencarbonate
solution was added, and the m xture was extracted wth ethyl
acetate. The extract was washed with water and saturated
brine, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue (93 ng) was
dissolved in ethanol (3 m) , and fumaric acid (29 ng) was
added. After allowing to stand at room tenperature for 30 mn,
the precipitated crystals were collected by filtration and

washed with methanol to give the title conpound as a colorless
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solid (yield 91 ng, 40% .
IH NVR (DMBO-ds) O: 2.27 (3H, s), 2.38 (3H s), 3.75 (2H s),
6.37 (IH s), 6.47 (2H s), 7.15-7.17 (2H m), 7.36-7.45 (4H
m), 7.58 (IH s), 8.28 (IH s), 8.68 (IH -s), 3H not detected.
Exanpl e 22
5- ({4- [ (et hyl anmi no) et hyl ]-2-phenyl-I H pyrrol-1-
yl }sul fonyl ) pyri di n- 2- ol hydr ochl ori de

tert-Butyl {[1- (6-chloro-3-pyridinesul fonyl) -5-phenyl-IH
pyrrol -3-yl] nmethyl }methyl carbanmate (175 ng) was dissolved in
tetrahydrofuran (10 nL) , a 8 nol/L aqueous sodium hydroxide
solution (3.8 nL) was added, and the mixture was stirred at
50°C for 2 days. Water was added to the reaction mixture, and
the nmixture was extracted with ethyl acetate. The extract was
washed with saturated brine, dried over anhydrous nmagnesium
sul fate, and concentrated under reduced pressure. The residue
was purified by silica gel colum chromatography (eluent:
hexane-ethyl acetate=19: 1—0: 1) to give a free salt of the
title compound. To a solution (1 nL) of the obtained free salt
in ethanol was added a 4 nol/L hydrogen chloride-ethyl acetate
solution (2 m) . After stirring at room tenperature for 4 hr,
the solvent was evaporated under reduced pressure, and the
residue was crystallized from ethanol-ethyl acetate to give
the title conpound (yield 40 my, 27% . .
14+ NVR (DVMBO-de) &: 2.50 (3H, s), 3.97-4.01 (2H, m), 6.32-6.36
(IH m), 6.47 (IH s), 7.20-7.23 (4H, m), 7.37-7.48 (3H m),
7.66 (IH s), 8.94 (2H br), 12.35 (IH br) .
Exanpl e 23
5- ({4- [ (net hyl am no) nmet hyl ]-2-phenyl-I|H pyrrol-I-
yl }sul f onyl )pyridine-2-carbonitrile hydr ochl ori de

Under an argon atnosphere, a nixture of tert-butyl {[1-
(6-chl oro- 3-pyridi nesul fonyl) -5-phenyl-I|H pyrrol - 3-
yl] methyl }nethyl carbamate (100 ng) , zinc (11) cyanide (51 nmg) ,
tetrakis (triphenyl phosphine) palladium (50 ng) and N, N-
di et hyl f or mani de (4 nL) was stirred at 100°C for 2 hr. The

reaction mxture was diluted with ethyl acetate, washed
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successively with a saturated aqueous sodium hydrogencarbonate

solution, water and saturated brine and dried over anhydrous

magnesi um sulfate, and the solvent was evaporated under

reduced pressure. The residue was purified by silica gel
colum chromat ography (eluent: hexane-ethyl acetate=19: 1 »7:3)
to give an oil. The obtained oil was dissolved in ethyl

acetate (2 nL) , and a 4 nol/L hydrogen chloride-ethyl acetate
solution (2 nL) was added. After stirring at room tenperature
for 1 hr, the solvent was evaporated under reduced pressure,
and the residue was crystallized from ethanol to give the
title conpound (yield 57 ng, 68% .
IHNVR (DMBO-dg)d: 2.50 (3H s), 3.98 (2H s), 6.52 (IH s),
7.15-7.17 (2H, m), 7.37-7.47 (3H m), 7.79 (IH s), 8.04-8.07
(IH m), 8.22-8.24 (IH m), 8.61-8.62 (IH m), 9.03 (2H br)
Exanpl e 24
N-nethyl -1-{1- [ (6-nethylpyridin-3-yl) sulfonyl] -5-phenyl-IH
pyrrol -3-yl }methanam ne di hydrochl oride

tert-Butyl ({[1- (6-nethylpyridin-3-yl) sulfonyl] -5-phenyl -
| H pyrrol -3-yl }ret hyl ) met hyl car bamat e (113 ng) was dissol ved
in ethanol (2 nmL) , a 4 nol/L hydrogen chloride-ethyl acetate
solution (1 nL) was added, and the mixture was stirred at room
tenperature for 1 hr. The solvent was concentrated under
reduced pressure, and the residue was recrystallized from
ethanol to give the title conmpound (yield 40 ng, 38% .
IH NMR (DVBO-dg)d: 2.50-2.53 (6H, m), 3.97-3.99 (2H m), 6.46
(IH, s), 7.16-7.18 (2H m), 7.38-7.44 (4H m), 7.65-7.75 (2H
m), 8.34 (IH s), 8.98 (2H br) , IH not detected.
Exanpl e 25
N-net hyl -1- [1- (pyridin-3-ylsulfonyl) -5- (3-thienyl) -IH pyrrol -
3-yl ] met hanam ne hydrochl ori de

By a simlar operation as in Exanple 24 and using tert-

butyl {[1- (pyridin-3-ylsulfonyl) -5- (3-thienyl) -1 H pyrrol - 3-

yl] met hyl }nethylcarbanate (182 ng) , the title conpound was

obtained as colorless crystals (yield 64 ng, 41% .

IH NMR (CDC1;)6: 2.60 (3H s), 3.98 (2H brs) , 6.57 (IH brs) ,
176



10

15

20

25

30

35

WO 2007/026916 PCT/JP2006/317408

7.00 (IH, brd, >4.5Hz, 7.16 (IH, brs), 7.26-7.31 (2H, m),
7.70 (2H, brs) , 8.61 (IH, brs), 8.73 (IH, brs) , 9.86 (2H,
brs) .
Example 26
1- [5- (4- fluorophenyl) -1- (pyridin-3-ylsulfonyl) -IH pyrrol-3-
yl ]-Nicet hyl met hanam ne di hydrochl ori de

tert-Butyl {[5- (4-fluorophenyl) -1- (pyridin-3-ylsulfonyl) -
| H pyrrol -3-yl ]nethyl }nmethyl carbamate (293 ng) was dissol ved
in dichloromethane (1 ioL), trifluoroacetic acid (1 nL) was
added at o0°c, and the mxture was stirred at room tenperature
for 3 hr. The reaction solution was basified by adding
dropwi se to a 6% aqueous sodi um hydrogencarbonate sol ution,
and the mxture was extracted with ethyl acetate. The organic
| ayer was washed with saturated brine, dried over anhydrous
sodium sul fate, and concentrated under reduced pressure. The
residue was purified by basic silica gel colum chromatography
(eluent: hexane-ethyl acetate=l: 1->1:9) to give a free salt of
the title conmpound as a pale-yellow oil. The obtained free
salt was dissolved in ethyl acetate (5 nL) , a 4 nol/L hydrogen
chloride-ethyl acetate solution (1 nm) was added, and the
m xture was concentrated under reduced pressure. The residue
was recrystallized from ethyl acetate-ethanol to give the
title conpound as colorless crystals (yield 110 ng, 40% .
14+ NMR (DVBO-de) &: 2.47-2.51 (3H, m), 3.97 (2H t, J=6.0 Hz),
6.52-6.53 (IH, m), 7.15-7.26 (4H, m), 7.57-7.61 (IH m), 7.79-
7.85 (2H, m, 8.00 (IH d, J=2.4 Hz), 8.85-8.87 (IH m), 9.22
(2H, br) , IH not detected.
Exanmpl e 27
N- et hyl -1- [5- (2-nmet hyl phenyl) -1- (pyridin-3-ylsulfonyl) -IH
pyrrol -3-yl ] net hanam ne  di hydrochl ori de

By a simlar operation as in Exanple 26 and using tert-
butyl nmethyl{ [5- (2-methyl phenyl) -1- (pyridin-3-ylsulfonyl) -1H
pyrrol -3-yl]nethyl} carbamate (210 ng) , the title conpound was
obtained as colorless crystals (yield 67 ny, 34% . Mre

specifically, tert-butyl methyl {[5- (2-nethyl phenyl) -1-
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(pyridin-3-ylsulfonyl) -IHpyrrol-3-yl] nmethyl} carbamate (210
ng) was dissolved in dichloromethane (2 nmL) , trifluoroacetic
acid (1 nm) was added at 0°C, and the mixture was stirred at
room tenperature for 2 hr. The reaction solution was basified
by adding dropwise to a 6% aqueous sodium hydrogencarbonate
solution, and the mixture was extracted with ethyl acetate.
The organic |ayer was washed with saturated brine, dried over

anhydrous sodium sulfate, and concentrated under reduced

pressure. The residue was purified by basic silica gel columm
chromat ography (eluent: hexane-ethyl acetate=l: 1—1: 9) to give
a free salt of the title conpound as a pale-yellow oil. The

obtained free salt was dissolved in ethyll acetate (s nL) , a 4
mol /L hydrogen chloride-ethyl acetate solution (1 nL) was
added, and the m xture was concentrated under reduced
pressure. The residue was recrystallized from ethyl acetate-
ethanol to give the title conpound as colorless crystals
(yield 67 ng, 34%
IHNVR (DVMSQd 4)0: 1-80 (3H, s), 2.49-2.53 (3H m), 4.00 (2H
t, J=5.4 Hz), 6.46 (IH d, J=2.4 Hz), 6.83 (IH d, J=7.8 Hz),
7.13-7.22 (2H m), 7.33-7.39 (IH m), 7.59-7.63 (IH m), 7.80-
7.85 (2H m), 8.46 (IH d, J=2.4 Hz), 8.88-8.90 (IH m), 9.27
(2H, br) , IH not detected,
nmelting point 196-200°C
Exanpl e 28
1- [5- (4-fluoro-2-nethyl phenyl) -1- (pyridin-3-ylsulfonyl) -IH
pyrrol -3-yl] -N-nethyl nethanam ne di hydrochl ori de

By a simlar operation as in Exanple 26 and using tert-
butyl {[5- (4-fluoro-2-nethyl phenyl) -1- (pyridin-3-ylsulfonyl) -
| H pyrrol -3-yl] nethyl }nethyl carbanate (216 ng) , the title
compound was obtained as colorless crystals (yield 81 ny,
40% .
IH NVR (DVMSO-de) &: 1-80 (3H, s), 2.49-2.51 (3H m), 4.00 (2H
t, J=6.0 Hz), 6.47 (IH d, J=2.1 Hz), 6.85-6.90 (IH m), 6.98-
7.12 (2H m), 7.61-7.65 (IH m), 7.81-7.88 (2H m), 8.51 (IH

d, J=2.7 Hz), 8.89-8.91 (IH m), 9.29 (2H br), IH not
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det ect ed.
Exanpl e 29
N-nethyl -1- [5- (4-nethyl-3-thienyl) -1- (pyridin-3-ylsulfonyl) -
| H pyrrol -3-yl] met hanam ne  di hydrochl ori de

By a simlar operation as in Exanple 26 and using tert-
butyl methyl {[5- (4-nethyl-3-thienyl) -1- (pyridin-3-ylsulfonyl) -
| H pyrrol -3-yl] nethyl} carbamate (200 ng) , the title conpound
was obtained as colorless crystals (yield 125 ny, 67% . More
specifically, tert-butyl nethyl {[5- (4-methyl-3-thienyl) -1-
(pyridin-3-ylsulfonyl) -IHpyrrol-3-yl] nmethyl} carbamate (200
ng) was dissolved in dichloromethane (1 nL) , trifluoroacetic
acid (1 nL) was added at o0°Cc, and the mixture was stirred at
room tenperature for 1 hr. The reaction solution was basified
by adding dropwise to a 6% aqueous sodium hydrogencarbonate
solution, and the mixture was extracted with ethyl acetate.
The organic layer was washed with saturated brine, dried over
anhydrous sodium sulfate, and concentrated under reduced
pressure. The residue was purified by basic silica gel colum
chromat ography (eluent: hexane-ethyl acetate=l: 1—1: 9) to give
a free salt of the title conpound as a pale-yellow oil. The
obtained free salt was dissolved in ethyl acetate (5 m) , a 4
nmol /L hydrogen chloride-ethyl acetate solution (1 n) was
added, and the mxture was concentrated under reduced
pressure. The residue was recrystallized from ethyl acetate-
ethanol to give the title conpound as colorless crystals
(yield 125 nmgy, 67% .
IH NMR (DVBCHdg)®: 1.71 (3H s), 2.49-2.51 (3H m), 3.98 (2H
t, J=5.7 Hz), 6.49 (IH d, J=2.1 Hz), 7.16-7.23 (2H m), 7.58-
7.62 (IH, m), 7.79-7.86 (2H m), 8.50-8.51 (IH m), 8.87-8.89
(lH, m), 9.30 (2H br) , IH not detected,
nmelting point 178-181°C
Exanpl e 30
3- [4- [ (et hyl ami no) methyl] -1- (pyridin-3-ylsulfonyl) -1H
pyrrol e-2-yl]benzonitrile hydrochloride

By a sinmilar operation as in Exanple 26 and using tert-
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butyl {[5- (3-cyanophenyl) -1- (pyridin-3-ylsulfonyl) -IHpyrrol-
3-yl] methyl }nmethyl carbanate (298 ng) , the title conpound was
obtained as colorless crystals (yield 132 ng, 52%
IH NVR (DMSO-dg)0: 2.48-2.51 (3H m), 3.98 (2H brs), 6.65 (IH
d, J=I. 8 H), 7.51-7.65 (4H, m), 7.85-7.95 (3H m), 8.55 (IH
d, J=2.4 Hz), 8.88-8.90 (IH m), 9.25 (2H br) .
Exanmpl e 31
1- [5- (2-chlorophenyl) -1- (pyridin-3-ylsulfonyl) -IHpyrrol-3-
yl1 - N-net hyl met hanani ne  di hydrochl ori de

By a simlar operation as in Exanple 26 and using tert-
butyl {[5- (2-chlorophenyl) -1- (pyridin-3-ylsulfonyl) -IHpyrrol-
3-yl] met hyl }nethyl carbamate (171 ng) , the title conpound was
obtained as colorless crystals (yield 74 ng, 46% .
1H NMR (DVBO-ds) &: 2.50 (3H, br) , 4.01 (2H t, J=6.0 Hz), b5.40
(IH, br), 6.55 (IH d, J=2.1 Hz), 7.13-7.16 (IH m), 7.35-7.40
(IH m), 7.47-7.51 (2H m), 7.61-7.65 (IH m), 7.84-7.93 (2H
m), 8.57 (IH d, J=2.1 Hz), 8.89-8.91 (IH m), 9.23 (2H br) .
Exanpl e 32
1- [5- (2, 4-dif luorophenyl) -1- (pyridin-3-ylsulfonyl) -IHpyrrol-
3-yl] - N-net hyl net hanam ne  di hydrochl ori de

By a simlar operation as in Exanple 26 and using tert-
butyl {[5- (2, 4-dif | uorophenyl) -1- (pyridin-3-ylsulfonyl) -I1H
pyrrol -3-yl] nmethyl }methylcarbamate (110 nmg) , the title
conpound was obtained as colorless crystals (yield 58 ng,
56%) .
IH-NMR (DMSO-de) 5: 2.48-2 .51 (3H, m), 3.98 (2H, t, JF5.7 Hz),
6.62 (IH, d, Xl .8 Hz), 7.13-7 .17 (2H, m), 7.28-7 .36 (IH, m),
7.62-7 .66 (IH, m), 7.86-7 .95 (2H, m), 8.61 (IH, d, J2 .4 Hz),
8.89-8 .91 (IH, m), 9.31 (2H, br) , IH not detected.
Example 33
1- [5- (2, 5-dif luorophenyl) -1- (pyridin-3-ylsulfonyl) -IHpyrrol-
3-yl] - N-nmet hyl net hanam ne  hydrochl ori de

By a simlar operation as in Exanple 26 and using tert-
butyl {[5- (2, 5-dif | uorophenyl) -1- (pyridin-3-ylsulfonyl) -IH

pyrrol -3-yl] nmethyl }nethylcarbamate (105 ng) , the title
180



10

15

20

25

30

35

WO 2007/026916

conpound was

43%

obt ai ned as colorl

ess crystals

IHNWR (DVMBO-de) O: 2.50-2.51  (3H, in), 3.9

d, J=I. 8 Hz),
(IH, m, 7.86

Hz), 8.90-8.
Exanpl e 34

1- [5- (4-chloro-2-f

pyrrol -3-yl]

7.00-7.06  (IH m),
(1H, br) , 7.94-7.

92  (IH m), 9.08 (

| uor ophenyl)

- N- et hyl net hanami ne

9

7.27-7.44

97 (IH, m),

2H, m) .

PCT/JP2006/317408
(yield 39 ng,

2H, brs) , 6.

62 (IH

(2H, m), 7.63-7.67

8.65 (IH d,

-1- (pyridin-3-ylsulfonyl)

di hydr ochl ori de

By a simlar operation as in Exanpl

but yl {[5- (4-chloro-2-
| H pyrrol -3-yl]

conpound was

33%)

nmet hyl }nethyl carbanate

obt ai ned as colorl

e

ess crystals

IHNWVR (DVBO-de) O: 2.47-2.52 (3H m), 3.9

5.10 (IH, br),
7.36 (IH m,

brs), 7.95-7.98

J=4.8 Hz) ,
Exanpl e 35

9.33

6.

64 (IH, brs),

7.50-7.53  (IH m),

(IH m), 8.64

(2H, br)

7.15 (IH

7|

t,

7.62-7.67

26 and wusing

(103 ng) , the tit

J=2 .7

-1l H

tert-

fluorophenyl) -1- (pyridin-3-ylsulfonyl) -

l e

(yield 32 ng,

2H t, J=6.0
J=7 .8 H),

Hz),
7. 34-

(I1H, m), 7.88 (IH

(IH d, J=2 .4 Hz), 8.90

1- [5- (3-fluorophenyl) -1- (pyridin-3-ylsulfonyl)

yI'1 - N-net hyl net hanani ne

tert-Butyl

| H pyrrol -3-yl]

in ethyl acetate

acetate solution

net hyl

hydr ochl ori de

{[5- (3-fluorophenyl) -1-

} net hyl car banmat e

-l Hpyrro

(IH, d,

-3-

(pyridin-3-ylsul fonyl)

(3 in)y , a 4 ml/L hydrogen

(280 ng) was dissolved

chl ori de- et hyl

(6 m.) was added, and the mxture was

at room tenperature for 16 hr.

basified by adding dropwise to

hydr ogencar bo

ethyl acetat

nat e

e. The organic

bri ne, dried over

under reduced

silica ge

hexane=| : | _>9:

pal e-yel | ow

col um
1)

oi l .

sol uti on, and

| ayer

The react

i on

a 6% aqueous

the mxture

was washed wth

anhydrous sodium sulfate

chr onat ogr aphy

pressure. The residue was

(el uent:

to give a free salt of

The obtai ned

free salt
181

pur

stirred

solution was

sodi um

was extracted wth

sat urat ed

and concentrated

ified by basic

ethyl acetate-

t he

was

title conpound as

di ssol ved

in ethyl

a



WO 2007/026916 PCT/JP2006/317408

10

15

20

25

30

35

acetate, a 4 nol/L hydrogen chloride-ethyl acetate solution
was added, and the mxture was concentrated under reduced
pressure. The residue was crystallized from ethyl acetate and
hexane, and recrystallized from ethyl acetate-ethanol to give
the title conmpound as colorless crystals (yield 84 ng, 35%
1H NVR (DVBO-dg)d: 2.49-2.51 (3H m), 3.97 (2H s), 6.57 (IH
d, J=I. 8 Hz), 6.98-7.02 (24 m), 7.27-7.33 (IH m), 7.40-7.47
(IH m), 7.58-7.62 (IH m), 7.80-7.87 (2H, m), 8.54 (IH d,
J=2.7 Hz), 8.86-8.88 (IH m), 9.06 (2H, br)
Exanpl e 36
1- [5- (2-fluorophenyl) -2-methyl-1- (pyridin-3-ylsulf onyl) -IH
pyrrol -3-yl] -N-nethyl methanam ne fumarate

A suspension of tert-butyl {[5-bronp-2-nethyl-1- (pyridin-
3-ylsulfonyl) -IHpyrrol-3-yl] nethyl }nethyl carbamate (369 ny) ,
(2-fluorophenyl) boronic acid (234 ng) , sodium carbonate (265
ng) and tetrakis (triphenyl phosphine) palladium (48.9 ng) in
1, 2-di met hoxye thane (15 nL) and water (7.5 nL) was stirred at
105°C for 12 hr. The reaction mxture was allowed to cool to
room tenperature, water was added and the mxture was
extracted with ethyl acetate. The extract was washed with a
saturated aqueous sodium hydrogencarbonate solution, water and
saturated brine, dried over anhydrous nagnesium sulfate,
filtered, and concentrated under reduced pressure. The residue
was purified by silica gel colum chronatography (eluent:
hexane-ethyl acetate=l:4) to give an oil. The obtained oil was
di ssolved in ethanol (5 nL) , a 4 nol/L hydrogen chloride-ethyl
acetate solution (2 nm) was added, and the mxture was stirred
at room tenperature for 4 hr. The reaction mixture was
concentrated under reduced pressure, and the residue was
neutralized by adding a saturated aqueous sodium
hydr ogencarbonate solution (50 nL) . The mixture was extracted
with ethyl acetate, and the extract was washed with a
saturated aqueous sodium hydrogencarbonate solution, water and
saturated brine, dried over anhydrous sodium sulfate, and the

sol vent was evaporated under reduced pressure. The residue was
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purified by basic silica gel colum chronatography (el uent:
ethyl acetate), and further by HPLC (ODS, 0.1% trifluoroacetic
aci d- cont ai ni ng water-0.1% trifluoroacetic aci d- cont ai ni ng
acetonitril e=9: 1—0.1% trifluoroacetic aci d- cont ai ni ng
acetonitrile) to give trif luoroacetate of the title conpound.
The obtained trifluoroacetate was neutralized with a saturated
aqueous sodium hydrogencarbonate sol uti on, and the mixture was
extracted wth ethyl acetate. The extract was washed

successi vely with a saturated aqueous sodium hydrogencarbonate
sol uti on, water and saturated  brine, and dried over anhydrous
magnesi um  sul fate. The solvent was evaporated under reduced

pressure to give a free salt of the title conpound (yield 65

ng) . The free salt (62 ng) was dissolved in ethyl acetate (2
ITiLy, a solution of fumaric acid (17 ng) in methanol (2 m) was
added, and the nixture was stirred for 10 nin. The reaction

m xture was concentrated under reduced pressure, and the |
residue was recrystallized from ethanol to give the title

conpound as white crystals (yield 25 ng, 7%

IHNVR (DVMBO-de) O: 2.35 (3H s), 2.40 (3H s), 3.75 (2H s),
6.46 (3H s), 7.20-7.28 (3H s), 7.44-7.52 (IH, m), 7.63-7.67
(IH, m, 7.88-7.92 (IH, m), 8.61 (IH d, J=2 .4 Hz), 8.88-8.90
(IH m), 3H not detected.

Exanpl e 37

N net hyl - 1- (5-phenyl -1 -{ [5- (trifluoronethyl)pyridin-3-

yl'] sul fonyl}-1H pyrrol -3-yl)net hanam ne hydr ochl ori de

To a solution of 5-phenyl-I-{ [5- (trifluoromnethyl)pyridin-

3-yl] sulfonyl}-IH pyrrol e-3-carbal dehyde (137 nmg) in absolute

t et rahydr of uran (5 mL) was added at room tenperature, a 2

nmol /L solution (0.36 nL) of nethylam ne i n tetrahydrofuran was
added, and the nmixture was stirred for 16 hr. Sodi um

bor ohydri de (27 mg) and nethanol (2 m) were added, and the
mxture was stirred at the sane tenperature for 2 mn. A
saturated aqueous sodium hydrogencarbonate solution was added
to the reaction mxture, and the mixture was extracted with

ethyl acetate. The extract was washed wth saturated  brine,
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dried over anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was dissolved in tetrahydrofuran
(5 m) , di-tert-butyl bi carbonate (218 ng) , water (2 Ty and
sodi um hydr ogencar bonat e (84 ny) were added, and the nixture
was stirred at room tenperature for 30 min. Water was added to
the reaction mxture, and the mxture was extracted wth ethyl
acet at e. The extract was washed with saturated brine, dried
over anhydrous nmagnesium sulfate, and concentrated under
reduced pressure. The residue was dissolved in tetrahydrofuran
(20 nL) , manganese dioxide (75% chemically treated product,
1.0 g) was added, and the mixture was stirred at room
tenperature for 3 hr. The reaction mixture was filtered
through celite, and celite was washed with ethyl acetate. The
filtrate was concentrated under reduced pressure, and the
residue was purified by silica gel colum chronatography

(el uent: hexane-ethyl acetate=19: | -1 :1), fractions containing
a material showing Rf value of 0.46 (eluent: hexane-ethyl
acetate=3:1) by TLC analysis were collected and concentrated
under reduced pressure. The residue was dissolved in ethanol
(1 mb) , and a 4 nol/L hydrogen chloride-ethyl acetate solution
(1 nL) was added. After stirring at room tenperature for 2 hr,
the solvent was evaporated under reduced pressure. The residue
was purified by HPLC (0DS, 0.1% trif luoroacetic acid-
containing water-0.1% trifluoroacetic acid-containing
acetonitrile=97 :3—=0.1% trif luoroacetic acid-containing
acetonitrile) to give trifluoroacetate of the title compound.
The obtained trifluoroacetate was neutralized wth a saturated
aqueous sodi um hydrogencarbonate solution, extracted wth
ethyl acetate, washed successively with a saturated aqueous
sodi um hydrogencarbonate solution, water and saturated brine
and dried over anhydrous nagnesium sulfate, and concentrated
under reduced pressure. The residue was dissolved in ethyl
acetate (1 nL) , a 4 nol/L hydrogen chloride-ethyl acetate
solution (1 nL) was added, and the nixture was concentrated

under reduced pressure. Recrystal lization from ethanol gave
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the title conpound (yield 23 ng, 15%

IHNVR (DMBO-dg)d: 2.50 (3H s), 3.97 (2H s), 6.49 (IH s),
7.13-7.15 (2H, m), 7.37-7.48 (3H, m), 7.80-7.87 (2H m), 8.72
(2H, br), 8.86 (IH s), 9.33 (IH s).
Exanpl e 38
N-nethyl-1-{I- [(2-methyl pyridin-3-yl) sulfonyl] -5-phenyl-IH
pyrrol -3-yl }net hanam ne di hydrochl oride

By a simlar reaction as in Exanple 12 and using |-[(2-
nmet hyl pyri di n-3-yl) sulfonyl] -5-phenyl-I H pyrrol e-3-
car bal dehyde (180 ng) , the title compound was obtained as a
solid (yield 110 ng, 48% .
IH NMR (DVBO-de) &: 2.37 (3H, s), 2.53-2.57 (3H, m), 4.02-4.10
(2H m), 6.51 (IH d, J=I .8 Hz), 7.01 (2H d, J=6.9 Hz), 7.11-
7.35 (4H, m), 7.44-7.46 (IH m), 7.84 (IH d, J=2.1 Hz), 8.61-
8.62 (IH m), 9.07 (2H, br), IH not detected.
Exanpl e 39
1- [5- (2, 6-di fluorophenyl) -1- (pyridin-3-ylsulfonyl) -IHpyrrol-
3-yl] - N-net hyl net hanami ne  fumarate

5- (2, 6-D fluorophenyl) -1- (pyridin-3-ylsulfonyl) -IH
pyrrol e- 3- car bal dehyde (250 ng) was added to a nixture of a
40% et hyl ani ne nethanol solution (560 ng) and nethanol (5 mb)
at room tenperature, and the mxture was stirred for 30 min.
Sodi um borohydride (41 ng) was added to the reaction nixture
and the mxture was stirred for 10 min. The reaction mXxture
was concentrated under reduced pressure at 30°C. The residue
was extracted with a saturated aqueous sodium
hydr ogencarbonate solution and ethyl acetate. The extract was
washed with saturated brine, dried over anhydrous nagnesium
sul fate, and concentrated under reduced pressure. The residue
was purified by basic silica gel colum chromatography
(eluent: ethyl acetate) , dissolved in ethanol (5 nL) , and a
solution of fumaric acid (84 ny) in ethanol (5 nL) was added
to allow crystallization to give the title conpound as
colorless crystals (yield 229 ng, 67% .

IHNWR (DVMBCd 4)8: 2.43 (3H s), 3.85 (2H s), 6.48 (2H s),
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6.57 (IH d, J=I. 7 H), 7.12-7.18 (2H, m), 7.55-7.66  (2H, m),
7.81 (IH d, J=I. 7 Hz), 7.93-7.97 (IH m), 861 (IH d, J=2.1

Hz), 8. 90 (IH, dd, J=4.7, 1.5 Hz), 3H not detected.

Exanpl e 40
1- [5- (4-cycl ohexyl phenyl) -1- (pyridin-3-ylsulfonyl) -IHpyrrol -
3-yl] - N et hyl net hanami ne di hydr ochl ori de

To a solution of 5- (4-cycl ohexyl phenyl) -1- (pyridin-3-
yl sul fonyl) -1 H pyrrol e- 3- car bal dehyde (0.78 g) in methanol (20
iriy were added et hyl anmoni um chlori de (1.61 g) and sodium
cyanobor ohydri de (0.49 g), and the nixture was stirred at room
tenperature for 16 hr. The reaction m xt ure was concentrated
under reduced pressure, a saturated aqueous sodi um
Hydrogencar bonat e sol ution was added to the residue, and the
m xt ure was extracted with ethyl acet ate. The extract was
washed with saturated brine, dried over anhydrous magnesi um
sul fate, and concentr at ed under reduced pressure. The residue

was purified by basic silica gel colum chromatography

(el uent: hexane- et hyl acet at e=3: 2- »0: 1) to give an oil (0.39
g). The oil was dissolved in ethyl acetate (3 m) , a 4 mol/L
hydr ogen chl ori de- et hyl acetate sol ution (1.5 nm) was added,
and the mxture was concentrated under reduced pressure.
Crystallization from nethanol- ethyl acetate gave the title

conmpound as crystals (yield 0.41 g, 43%.

IHNVR (DVBO-de) O: 1.20-1.46 (5H, m), 1.68-1.88 (5H, m), 2.45-
2.59 (IH m), 2.48 (3H, s), 3.97 (2H, d, J=5.3 Hz), 6.48 (IH,
s), 7.04 (2H, d, J=8.1 Hz), 7.20 (2H, d, J=8 .1 Hz), 7.51-7.57

(IH, m), 7.73-7.79 (24 m), 8.43 (IH s), 8.83 (IH d, J=4 .7

Hz), 9.17 (2H, s), | H not detected.

Exanpl e 41

1- [4-f | uoro-5-phenyl -1 - (pyridin-3-ylsul fonyl) -1 Hpyrrol -3-yl] -
N- net hyl met hanam ne di hydr ochl ori de

By a sinilar reaction as in Exanple 12 and wusing 4-

f 1 uor o- 5- phenyl - I - (pyridin-3-yl sul fonyl) -1 H pyrrol e- 3-
car bal dehyde (121 ng) , the title conpound was obt ai ned as a
col orl ess solid (yield 30.7 ng, 20%. More specifically, 4-
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fluoro-5-phenyl-1- (pyridin-3-ylsulfonyl) -IH pyrrole-3-
carbal dehyde (121 ng) was dissolved in tetrahydrofuran (5 ni) ,
a 2 ml/L solution (0.22 nL) of nmethyl amine in tetrahydrofuran
was added, and the mixture was stirred at room tenperature for
4 hr. A solution (2 nL) of sodium borohydride (28 ng) in
met hanol was added to the reaction mxture, and the m xture
was stirred at room tenperature for 20 min. A aqueous sodium
hydr ogencarbonate solution was added, and the nixture was
extracted with ethyl acetate. The extract was washed wth
saturated brine, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel columm chromatography (eluent: ethyl
acetate-nethyl acetate-nmethanol=l: 4) to give a free salt of the
title conpound. To a solution (2 m) of the obtained free salt
in ethanol was added a 4 nol/L hydrogen chloride-ethyl acetate
solution (1 nL) . After allowing to stand at room tenperature
for 30 mn, the mxture was concentrated under reduced
pressure, and the residue was recrystallized from ethanol to
give the title conmpound as a colorless solid (yield 30.7 ng,
20% .
IH NVMR (DVBO-dg)d: 2.56-2.59 (3H m), 4.03-4.05 (2H m), 7.14-
7.16 (2H m), 7.41-7.48 (3H, m), 7.53-7.62 (IH m), 7.80-7.85
(2H, m), 8.50 (IH d, J=2.4 Hz), 8.88-8.89 (IH m), 9.07 (2H
br) , IH not detected.
melting point 201-203°C
Exanpl e 42
1- [ 4-fluoro-5-phenyl-I- (pyridin-3-ylsulfonyl) -IHpyrrol-3-yl] -
N- net hyl nme t hanani ne

4- Fl uor o- 5- phenyl -1- (pyridin-3-ylsulfonyl) -1H pyrrole-3-
car bal dehyde (0.27 g) was dissolved in tetrahydrofuran (10
ml) , a 2 nol/L solution (0.8 nL) of nmethylamne in
tetrahydrofuran was added, and the m xture was stirred at room
tenmperature for 2 hr. Sodium borohydride (91 nmg) and net hanol
(7 mL) were added, and the mixture was stirred at the sane

tenmperature for further 30 min. The reaction nixture was
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concentrated under reduced pressure. A saturated aqueous
sodi um hydr ogencar bonat e solution was added to the residue,
and the mixture was extracted wth ethyl acetate. The extract

was dried over magnesium sulfate and concentrated under

reduced pressure. The residue was purified by basic silica gel
col um chr omat ogr aphy (hexane- et hyl acetate=19:1— »0: 1) . The
above- nmenti oned operation was repeated to give the title
compound (0.22 g, yield 39% as a colorless solid.

IHNWR (CDCl 5)0: 2.48 (3H s), 3.63 (2H s), 7.22-7.42 (7H m),
7.56-7.60 (IH m), 8.55 (IH d, J=2.1 Hz), 8.73 (IH dd,

J=4.8, 1.8 Hz), IH not detected,

melting point 98-99°C

Exanpl e 43
1- [4-fluoro-5-phenyl-I - (pyridin-3-ylsulfonyl) -lIHpyrrol-3-yl] -
N- net hyl met hanani ne 0.5 fumarate

1- [ 4- Fl uor o- 5- phenyl - | - (pyridin-3-yl sul fonyl) -l H pyrrol -
3-yl] - N-net hyl met hanami ne (32 nmg) was dissolved in ethanol (2

mi,), fumaric acid (10 ng) was added, and the mxture was stood
at room tenperature for 1 hr. The precipitate was collected by
filtration to give the title conpound as a colorless solid
(yield 16 nmg, 42%
IHNWR (DMSO-dg)d 2.30 (3H s), 3.60 (2H s), 6.50 (IH s),
7.18-7.21 (2H, m), 7.39-7.50 (4H, m), 7.57-7.61 (IH m), 7.79-
7.83 (IH m), 850 (IH d, J=2.1 Hz), 8.87 (IH dd, J=5.1, 1.8
Hz) , 2H not detected,
melting point 163- 166°C
Exanpl e 44
| -{5- (2-fluorophenyl)-I-] (6-net hyl pyridin-3-yl) sul fonyl] -I1H
pyrrol-3-yl }-N nethyl net hanamni ne di hydrochl ori de

By a simlar reaction as in Exanple 12 and using 5- (2-
fluorophenyl) -1- [ (6-nethyl pyridin-3-yl) sul fonyl] -I1H pyrrole-3-
car bal dehyde (134 ng) , the title conpound was obtained as a
colorless solid (yield 96.1 ng, 57%. Mre specifically, 5- (2-
fluorophenyl) -1- [(6-nmethylpyridin-3-yl) sulfonyl] -1H pyrrole-3-

car bal dehyde (134 nmg) was dissolved in tetrahydrofuran (10
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inL), a 2 mol/L solution (0.6 nL) of nethyl amne in

t et rahydr of uran was added, and the nmixture was stirred at room
tenmperature for 4 hr. A solution (5 nL) of sodium borohydride
(76 ng) in nethanol was added to the reaction mxture, and the
m xture was stirred at room tenperature for 20 min. An aqueous
sodi um hydr ogencar bonat e solution was added, and the nixture
was extracted wth ethyl acetate. The extract was washed with
saturated brine, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The residue was purified

by silica gel colum chronatography (eluent: ethyl

acet ate—>et hyl acet at e- net hanol =I : 4) to give a free salt of the
title conpound. To a solution (2 nL) of the obtained free salt
in ethanol was added a 4 nol/L hydrogen chloride-ethyl acetate
solution (1 mL) . After allowing to stand at room tenperature

for 30 min, the nixture was concentrated under reduced
pressure, and the residue was recrystallized from ethanol to
give the title conmpound as a colorless solid (yield 96.1 ng,
57% .

IHNVR (DMSO-ds) O: 2.50-2.56 (6H, m), 3.97-4.02 (2H, m), 6.55
(IH, d, J=l. 8 Hz), 7.08-7.11 (IH m), 7.22-7.26 (2H m), 7.47-
7.60 (2H m), 7.76-7.82 (2H m), 8.44 (IH d, J=2.4 Hz), 9.04
(2H, br) , IH not detected,

nmelting point 212-213°C

Exanpl e 45
1- [5- (2-fluorophenyl) -1- (pyridin-2-ylsulfonyl) -IHpyrrol-3-
yl']1 - N-net hyl net hanani ne hydr ochl ori de

By a simlar reaction as in Exanple 12 and using 5- (2-
fluorophenyl) -1- (pyridin-2-ylsulfonyl) -IH pyrrole-3-
car bal dehyde (183 ng) , the title conpound was obtained as a
colorless solid (yield 78.3 ng, 37%.
IHNVR (DVMSO-de) &: 2.54 (3H, s), 4.02 (2H s), 6.52 (IH d,
J=2.1 Hz), 7.00-7.04 (IH m), 7.11-7.19 (2H m), 7.46-7.51
(IH m), 7.57-7.60 (IH, m), 7.74-7.78 (2H m), 8.03-8.08 (IH
m), 8.70-8.85 (3H m).

Exanpl e 46
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| -{5- (2-fluorophenyl) -1- [(|-nmethyl-IH pyrazol-4-yl) sulfonyl] -
| H pyrrol -3-yl}-N et hyl met hanam ne fumar at e

To a solution (3 nL) of 5- (2-fluorophenyl) -1- [ (1-iuethyl-
| H pyrazol -4-yl) sulfonyl] -1 H pyrrol e-3-carbal dehyde (217 nm)
in tetrahydrofuran were added a 40% nethyl am ne nethanol
solution (152 ny) and nethanol (1 nL) at room tenperature.
After stirring at room tenperature for 1 hr, sodium
borohydride (82 ng) was added at 0°C. After stirring at room
tenperature for 30 min, water was added and the mixture was
extracted with ethyl acetate. The extract was washed wth
saturated brine, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The residue was purified
by basic silica gel colum chromatography (eluent: hexane-
ethyl acetate=l :1—1:9) to give a free salt of the title
compound as a pale-yellow oil (yield 152 ng) . A solution of
the obtained free salt in ethyl acetate (5 nL) was added to a
solution of fumaric acid (50.6 ng) in methanol (1 ni) , and the
m xture was concentrated under reduced pressure. The residue
was recrystallized from ethanol/water=95/5 +to give the title
compound as colorless crystals (yield 143 ng, 48%
IH NVR (DVSO-de) &: 2.46 (3H s), 3.82 (3H s), 3.85 (2H s),
6.41 (IH d, J=I. 8 Hz), 6.46 (2H s), 7.15-7.26 (3H m), 7.46-
7.56 (3H m), 8.11 (IH s), 3H not detected.
Exampl e 47
N-met hyl -1-[5- (2-methyl phenyl) -1- (pyridin-3-ylsulfonyl) -1H
pyrrol -3-yl]methanami ne fumarate

To a solution of 5- (2-methyl phenyl) -1- (pyridin-3-
yl sul fonyl) -1 H pyrrol e-3-carbal dehyde (521 nmg) in
tetrahydrofuran (5 mL) and nethanol (5 nL) was added a 40%
nmet hyl ani ne nmethanol solution (373 nmy) . After stirring at room
tenperature for 1 hr, sodium borohydride (202 ng) was added.
After stirring at the sane tenperature for 30 min, water was
added, and the mixture was extracted with ethyl acetate. The
extract was washed with saturated brine, dried over anhydrous

sodium sulfate, and concentrated under reduced pressure. The
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residue was purified by basic silica gel colum chromatography
(eluent: hexane-ethyl acetate=l: 1—s1:9) to give a free salt of
the title compound as a yellow oil (yield 422 ng) . A solution
of the obtained free salt in ethanol (5 nL) was added to a
solution (15 m.) of fumaric acid (144 ng) in ethanol, and the
m xture was concentrated under reduced pressure. The residue
was recrystallized from ethanol to give the title conmpound as
colorless crystals (yield 414 ng, 56%
14+ NVR (DMBO-de) &: 1-81 (3H, s), 2.45 (3H s), 3.88 (2H s),
6.33 (IH d, J=I. 8 Hz), 6.46 (2H s), 6.83-6.85 (IH m), 7.12-
7.22 (2H, m), 7.32-7.37 (IH m), 7.57-7.61 (IH m), 7.69 (IH
d, J=l. 8 Hz), 7.78-7.82 (IH m), 8.44-8.45 (IH m), 8.87-8.89
(I1H, m), 3H not detected,
mel ting point 207-210°C
Exanpl e 48
1- [4-chloro-5- (2-fluorophenyl) -1- (pyridin-3-ylsulfonyl) -I1H
pyrrol -3-yl] -N-methyl methanam ne funmarate

To a solution of 4-chloro-5- (2-fluorophenyl) -1- (pyridin-
3-ylsul fonyl) -1H pyrrol e-3-carbal dehyde (429 ng) in
tetrahydrofuran (5 nL) and nmethanol (3 nmL) was added a 40%
nmet hyl am ne nethanol solution (275 ng) at room tenperature.
After stirring for 30 min, sodium borohydride (99 ng) was
added. After stirring at the same tenperature for 1 hr, water
was added, and the mxture was extracted with ethyl acetate.
The extract was washed with saturated brine, dried over
anhydrous sodium sulfate, and concentrated under reduced
pressure. The residue was purified by basic silica gel columm
chromat ography (eluent: hexane-ethyl acetate=l: 1—1: 9) to give
a free salt of the title conpound as a yellow oil (yield 257
ng) . A solution of the obtained free salt in ethyl acetate (5
m.) was added to a solution (10 nL) of fumaric acid (79 ng) in
met hanol, and the mixture was concentrated under reduced
pressure. The residue was recrystallized from ethanol to give
the title compound as colorless crystals (yield 216 ng, 36%

IH NVR (DVMBO-dg)d: 2.43 (3H s), 3.75 (2H s), 6.54 (2H s),
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7.13-7.19 (IH m), 7.24-7.32 (2H m), 7.55-7.66 (2H m), 7.81
(I1H s), 7.88-7.92 (IH m), 8.56-8.57 (IH m), 8.90-8.92 (IH,
m), 3H not detected.
Exanpl e 49
1- [4-fluoro-5- (2-fluorophenyl) -1- (pyridin-3-ylsulfonyl) -IH
pyrrol -3-yl] - N nethyl net hananmi ne fumarate

To a solution of 4-fluoro-5- (2-fluorophenyl )-1- (pyridin-
3-yl sul fonyl )pyrrol e-3-carbal dehyde (0.60 g) in
tetrahydrofuran (6 nL) and nethanol (6 nL) was added a 40%
nmet hyl ami ne nethanol solution (1.8 nL) and the mixture was
stirred at room tenperature for 30 min. Sodium borohydride (84
ng) was added at room tenperature and the mixture was stirred
for 5 mn and concentrated under reduced pressure. A saturated
aqueous sodi um hydrogencarbonate solution was added to the
residue, and the mixture was extracted with ethyl acetate. The
extract was washed with a saturated aqueous sodium
hydr ogencarbonate solution, water and saturated brine, dried
over anhydrous sodium sulfate, and concentrated under reduced
pressure. The residue was purified by basic silica gel colum
chromat ography (eluent: ethyl acetate) to give a free salt of
the title conmpound as a pale-yellow oil (yield 0.36 g). The
obtained free salt (0.36 g) was dissolved in ethanol (10 ni) ,
and a solution of fumaric acid (0.12 g) in ethanol (10 nmL) was
added at room tenperature. The reaction mxture was stirred
for 14 hr, and concentrated under reduced pressure. The
resi due was recrystallized from ethanol to give the title
compound as colorless crystals (yield 0.73 g, 43%.
IHNVR (DMSO-dg)d: 2.36 (3H s), 3.69 (2H s), 6.54 (2H s),
7.21-7.32 (3H m), 7.54-7.65 (3H m), 7.86-7.90 (IH m), 8.57
(l1H, d, J=2.4 Hz), 8.89-8.91 (IH m), 3H not detected.
Exanpl e 50
1- [4-fluoro-5- (2-methyl phenyl) -1- (pyridin-3-ylsulfonyl) -IH
pyrrol -3-yl] -N-nethyl met hanani ne funarate

To a solution (5 nL) of 4-fluoro-5- (2-nethylphenyl) -1-

(pyridin-3-yl sul fonyl )pyrrol e-3-carbal dehyde (0.45 g) in
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tetrahydrofuran were added a 40% nethyl am ne nethanol solution
(1.5 nL) and nethanol (5 nL) and the nixture was stirred at
room tenperature for 30 nmin. Sodium borohydride (76 ng) was
added at room tenperature and the mixture was stirred for 30
mn and concentrated under reduced pressure. A saturated
aqueous sodi um hydrogencarbonate solution was added to the
residue, and the nixture was extracted with ethyl acetate. The
extract was washed with a saturated aqueous sodium
hydr ogencarbonate solution, water and saturated brine, dried
over anhydrous sodium sulfate, and concentrated under reduced
pressure. The residue was purified by basic silica gel colum
chromat ography (eluent: ethyl acetate) to give a free salt of
the title conpound as a pale-yellow oil (yield 0.33 g). The
obtained free salt (0.33 g) was dissolved in ethanol (4 nl) ,
and a solution of fumaric acid (0.10 g) in ethanol (10 nL) was
added at room tenperature. After stirring for 30 nin, the
reaction mxture was concentrated under reduced pressure. The
residue was recrystallized from ethanol to give the title
compound as colorless crystals (yield 0.32 g, 54%.
H NVR (DVMBQd ¢)8: 1-76 (3H s), 2.43 (3H, s), 3.80 (2H s),
6.52 (2H, s), 6.97-6.99 (IH m), 7.19-7.26 (2H m), 7.37-7.42
(IH m), 7.58-7.65 (2H m), 7.80-7.84 (IH m), 7.46 (IH d,
J=2.4 Hz), 8.89-8.91 (IH m), 3H not detected.
Exanpl e 51
1- [2-chl oro-5- (2, 6-dif | uorophenyl) -1- (pyridin-3-ylsulfonyl) -
| Hpyrrol -3-yl] -N-nethyl met hananine fumarate

2-chloro-5- (2, 6-dif luorophenyl) -1- (pyridin-3-ylsulfonyl) -
| H pyrrol e- 3- car bal dehyde (160 ny) was added to a mxture of
40% met hyl ami ne net hanol solution (325 ng) and nethanol (20
nmL) at room tenperature. After stirring for 30 min, sodium
borohydride (48 ny) was added and the mxture was stirred for
1 hr. The reaction mxture was concentrated under reduced
pressure at 30°C. The residue was extracted with a saturated
aqueous sodi um hydrogencarbonate solution and ethyl acetate.

The extract was washed with saturated brine, dried over
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anhydrous nmagnesium sulfate, and concentrated under reduced
pressure. The residue was purified by silica gel colum
chromat ography (eluent: ethyl acetate-nethanol=l :0—7:3) and
dissolved in ethanol (2 nL) , and a solution of fumaric acid
(48 ng) in ethanol (2 nL) was added. Crystallization from the
m xture gave the title conmpound as colorless crystals (yield
29 ny, 14% .

IHNWR (DVMBO-dg)d: 2.28 (3H s), 3.65 (2H s), 6.51 (2H s),
6.73 (IH, s), 7.21-7.28 (2H m), 7.55-7.65 (IH m), 7.73-7.77
(IH, m), 8.08-8.12 (IH m), 8.82 (IH d, J=2.4 Hz), 8.96 (IH
dd, J=4.9, 1.5 Hz), 3H not detected.
Exanpl e 52
1- [2-chloro-5- (2-fluorophenyl) -1- (pyridin-3-ylsulfonyl) -IH
pyrrol -3-yl] -N-nethyl methanam ne fumarate

To a solution of nmethylam ne hydrochloride (232 ng) in

nmet hanol (10 nL) was added 2-chloro-5- (2-fluorophenyl) -1-
(pyridin-3-ylsulfonyl) -IH pyrrole-3-carbal dehyde (250 ng) and
the mxture was stirred for 30 min. Sodium
tri acet oxyborohydri de (218 ng) was added and the mxture was
stirred for 2 hr. The reaction mxture was concentrated under
reduced pressure at 30°C and extracted with a saturated aqueous
sodi um hydrogencarbonate solution and ethyl acetate. The
extract was washed with saturated brine, dried over anhydrous
magnesi um sul fate, and concentrated under reduced pressure.
The residue was purified by silica gel colum chronatography
(eluent: ethyl acetate-nmethanol=l: 0_>17:3) and dissolved in
ethyl acetate (10 nm.) , and a solution of fumaric acid (80 ng)
i n met hanol (2 nL) was added. Crystallization from the mxture
gave the title conpound as colorless crystals (yield 97 ng,
29%
H-NMR (DMSO-dg)&: 2.23 (3H, s), 3.61 (2H, s), 6.51 (2H, s),
6.61 (IH, s), 7.27-7 .33 (2H, m), 7.43-7 .56 (2H, m), 7.69-7 .74
(IH, m), 8.02-8 .06 (IH, m), 8.80 (IH, brs) , 8.94 (IH, dd,

JF4.8, 1.4 Hz), 3H not detected.

Example 53
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1-{1- [ (5-bronopyridin-3-yl) sulfonyl] -5-phenyl-1H pyrrol-3-yl}-
N- net hyl net hanam ne  hydrochl ori de

tert-Butyl ({1- [ (5-bromopyridin-3-yl) sulfonyl] -5-phenyl -

3-yl -1 Hpyrrol -3-yl }nmet hyl ) met hyl car banat e (120 nmg) was
dissolved in ethanol (3 nL), and a 4 nol/L hydrogen chloride-
ethyl acetate solution (1 nL) was added. After stirring at
room tenmperature for 4 hr, the mxture was concentrated under
reduced pressure, and the residue was recrystallized from
ethanol to give the title conpound as a solid (yield 51.3 nmg,
49% .

IH NVMR (DVBO-de) &: 2.50 (3H, s), 3.96 (2H m), 6.51 (IH s),
7.15-7.17 (2H, m), 7.39-7.50 (3H m), 7.77 (IH s), 7.84 (IH
s), 8.48 (IH s), 8.89 (2H br), 9.03 (IH s).

Exanpl e 54

5-({4-] (methyl ami no) nmethyl ]-2-phenyl-IHpyrrol-I-

yl }sul fonyl) nicotinonitrile hydrochloride

A mxture of tert-butyl ({1- [ (5-bronopyridin-3-
yl) sul fonyl] -5-phenyl-3-yl-IH pyrrol -3-
yl }met hyl ) net hyl car bamat e (112 nmgy) , zinc cyanide (50 ng) and
N, N- di et hyl f or mani de (4 mL) was degassed with argon gas.
Tetrakis (triphenyl phosphine) palladium (46 ng) was added, and
the m xture was stirred at 100°C for 1.5 hr. After cooling the
reaction mxture to room tenperature, a saturated aqueous
sodi um hydrogencarbonate solution was added, and the mxture
was extracted with ethyl acetate. The extract was washed with
saturated brine, dried over anhydrous nagnesium sulfate, and
concentrated wunder reduced pressure. The residue was purified
by silica gel columm chromatography (eluent: hexane-ethyl
acetate=19 :1—=3:2) to give a colorless oil. The obtained oil
was dissolved in ethanol (2 nL) , and a 4 nol/L hydrogen
chloride-ethyl acetate solution (2 nL) was added. After
stirring at room tenperature for 1 hr, the mxture was
concentrated under reduced pressure, and recrystallized from
ethanol to give the title compound as a solid (yield 32.7 ny,
429 .
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IHNWVR (DVBO-de) O: 2.50-2.52 (3H m), 3.98 (2H, s), 6.50 (IH
s), 7.13-7.16 (2H, m), 7.37-7.50 (3H m), 7.76 (IH d, J=I .8
Hz), 8.28 (IH d;, J=2.1 Hz), 8.66 (IH d, J=2 .4 Hz), 8.82 (2H
br), 9.31 (IH d, J=2 .1 Hz).

Exanpl e 55
nmet hyl 5- ({4- [ (et hyl am no) net hyl] -2-phenyl-1Hpyrrol-I-
yl }sul fonyl )nicotinate hydr ochl ori de

A mxture of tert-butyl ({1- [ (5-bromopyridin-3-

yl) sulfonyl] -5-phenyl-3-yl-IH pyrrol-3-

yl } et hyl ) net hyl car bamat e (112 nmg) ,
dichloro [bis (triphenyl phosphine) ]pal I adi um (28 ng) ,
triethylam ne (0.25 iriny and nethanol (15 nL) was stirred under

a carbon nonoxide at nosphere (3 atm at 100°C for 12 hr. After

cooling to room tenperature, the reaction m xture was
concentrated under reduced pressure. A saturated aqueous

sodi um hydr ogencar bonat e solution was added to the residue,

and the nixture was extracted with ethyl acetate . The extract
was washed with saturated brine, dried over anhydrous

magnesi um sul fate, and concentrated under reduced pressure.

The residue was purified by silica gel colum chronatography

(el uent: hexane- et hyl acet at e=19: 1—»3:2) to give a colorless
oil. The obtai ned oil was dissolved i n ethanol (2 m) , and a
nol /L hydrogen chl ori de- et hyl acetate sol ution (2 nL) was
added. After stirring at room tenperature for 1 hr, the

m xture was concentrat ed under reduced pressure, and
recrystallized from ethanol to give the title conpound as a

solid (yield 47.0 ng, 56%.

1HNVR  (DVMBOd 4)O: 2.49-2.51 (3H, m), 3.91 (3H, s), 3.98 (2H,
s), 6.50 (IH, d, J=I. 8 Hz), 7.15-7.17 (2H m), 7.37-7.50 (3H,
m), 7.80 (IH s), 7.93-7.94 (I1H m), 8.81 (IH d, J=2 .1 Hz),

8.91 (2H, br) , 9.29 (IH d, J=2 .1 Hz).

Exanpl e 56
N-ret hyl -1 - {1 - [ (5-nmethyl pyridin-3-yl) sul fonyl ] - 5- phenyl -1 H
pyrrol - 3-yl } met hanani ne di hydrochl ori de
Under an argon atnosphere, a mxture of tert-butyl ({1-
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[ (5-bromopyridin-3-yl) sulfonyl] -5-phenyl-3-yl-|H pyrrol - 3-

yl } et hyl ) net hyl car bamat e (112 ng) , nethylboronic acid (18
ng) , tetrakis (triphenyl phosphine) palladium (23 ng) , potassium
carbonate (138 ng) and 1, 4-dioxane (5 nL) was stirred at 80°C
for one day. The reaction mixture was poured into a saturated
aqueous sodi um hydrogencarbonate solution, and the mxture was
extracted with ethyl acetate. The extract was washed wth
saturated brine, dried over nagnesium sulfate, and
concentrated wunder reduced pressure. The residue was purified
by silica gel colum chromatography (eluent: hexane-ethyl
acetate=19: 1—»1: 1) to give an oil. The oil was dissolved in
ethanol (1 nL) , and a 4 nol/L hydrogen chloride-ethyl acetate
solution (1 nL) was added. After stirring at room tenperature
for 1 hr, the nixture was concentrated under reduced pressure.
The residue was recrystallized from ethanol-ethyl acetate to
give the title compound as a colorless solid (yield 32.6 ny,
39% .

IH NVMR (DMSO-dg)0: 2.28 (3H s), 2.50-2.53 (3H m), 3.94-4.00
(2H m), 6.48 (IH d, J=I .8 Hz), 7.12-7.15 (24 m), 7.37-7.52
(44 m), 7.75 (IH s), 8.29 (IH d, J=2.1 Hz), 8.70 (IH d,
J=l. 5 Hz), 9.08 (2H, br) , IH not detected.

Exanpl e 57

1- [5- (2, 4-di et hyl phenyl) -1- (pyridin-3-ylsulfonyl) -IHpyrrol-
3-yl] -N-net hyl met hanam ne  hydrochl ori de

By a simlar operation as in Exanple 33 and using tert-

butyl {[5- (2, 4-di net hyl phenyl) -1- (pyridin-3-ylsulfonyl) -IH
pyrrol -3-yl] methyl }nethylcarbamate (177 nmg) , the title
compound was obtained as colorless crystals (yield 68 ny,

45% .

IHNWR (DMSO-dg)d: 1-76 (3H s), 2.32 (3H s), 2.49 (3H s),
3.99 (2H s), 6.38 (IH d, J=I .8 Hz), 6.71 (IH d, J=8.1 Hz) -
6.95-7.03 (2H m), 7.59-7.63 (IH m), 7.77-7.85 (2H m), 8.48
(I1H, d, J=2.7 Hz), 8.88-8.90 (IH m), 9.07 (2H br) .

Exanpl e 58

N-net hyl -1-{5- [4- (methyl sul fonyl )phenyl ]-1- (pyridin-3-
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ylsulf onyl )-IHpyrrol-3-yl } met hanami ne di hydr ochl ori de
To a solution of tert-butyl methyl{ [5- [4-
(et hyl sul fonyl ) phenyl] -1- (pyridin-3-ylsulfonyl) -1 Hpyrrol - 3-

yl'] methyl} carbamate (275 nmg) in ethyl acetate (2 itiyy was added

a 4 mol/L hydrogen chl ori de- et hyl acetate sol ution (2 m) , and
the mxture was stirred at room tenperature for 4 hr. The
precipitated crystals were collected by filtration, washed
with ethyl acetate and recrystallized from ethanol to give the
title conmpound as white crystals (yield 157 ng, 33%
IHNWR  (DMSO-d 4)O: 2.50 (3H, s), 3.29 (3H s), 3.98 (2H t,
J=5.6 Hz), 6.67 (IH d, J=I .9 Hz), 7.48 (2H d, J=8 .7 Hz),
7.60 (IH dd, J=8.6, 4.4 Hz), 7.86-7.97 (4H, m), 8.59 (IH d,
J=I. 9 Hz), 8.88 (IH dd, J=4.8, 1.4 Hz), 9.20 (2H s), I|H not
det ect ed.
Exanpl e 59
(2- {4- [ (nethylami no)nmethyl]-1- (pyridin-3-yl sul fonyl) -1 H
pyrrol e-2-yl } phenyl) nmet hanol fumarat e

tert-Butyl ({5- [2- (hydroxynethyl) phenyl] -1- (pyridin-3-
yl sul fonyl) -1 H pyrrol -3-yl }met hyl ) net hyl car bamat e (132 ng) was
di ssol ved in trifluoroacetic acid (1 m) , and the mxture was
stirred at room tenperature for 1 hr. The reaction m xture was
basi fi ed with a saturated aqueous sodi um hydrogencar bonate
sol ution and extracted with ethyl acet ate. The extract was
washed with saturated brine, dried over anhydrous sodi um
sul f at e, and the solvent was evapor at ed under reduced
pressure. The residue was purified by basic silica gel colum
chr omat ogr aphy (el uent: et hyl acet at e- et hanol =| :0-»9: 1) to
give a free salt of the title conmpound as a colorless oi |
(yield 60.3 ng) . A solution of the obtained free salt in ethyl
acetate (5 ml) was added to a solution of fumaric acid (19.6
nmg) in methanol (2 nm) , and the mxture was concentrated under
reduced pressure. The residue was recrystallized from ethanol
to give the title compound as colorless crystals (yield 48 ng,
35%
IHNWR  (DMBO-d ¢)O: 2.42 (3H s), 3.83 (2H s), 4.00 (2H s),

198



10

15

20

25

30

35

WO 2007/026916 PCT/JP2006/317408

6.35 (IH d, J=I.5 Hz), 6.46 (2H s), 6.81-6.83 (IH m), 7.17-
7.22 (IH, ), 7.41-7.50 (2H m), 7.55-7.60 (IH m), 7.65 (IH,
s), 7.75-7.78 (IH m), 8.46 (IH d, J=2.4 Hz), 8.86 (IH d,
J=4.8 Hz), 4H not detected.
Exanpl e 60
N-net hyl -1- [5- (4-nethyl-3-thienyl) -1- (pyridin-3-ylsulfonyl) -
| H pyrrol - 3-yl ] met hanam ne fui carat e

By a simlar reaction as in Exanple 59 and using tert-
butyl {[5- (4-nmethyl-3-thienyl) -1- (pyridin-3-ylsulfonyl) -IH
pyrrol -3-yl] nmethyl} nmethyl carbanate (943 ng) , the title
compound was obtained as colorless crystals (yield 553 ng,
57% . More specifically, tert-butyl {[5- (4-nmethyl-3-thienyl) -
1- (pyridin-3-ylsulfonyl) -IHpyrrol-3-yl] nethyl Jnethyl carbanate
(943 ng) was dissolved in trifluoroacetic acid (3 nmL) , and the
m xture was stirred at room tenperature for 30 mn. The
reaction mxture was basified with a saturated aqueous sodium
hydr ogencarbonate solution, and the mxture was extracted wth
et hyl acetate. The extract was washed with saturated brine,
dried over anhydrous sodium sulfate, and the solvent was
evaporated under reduced pressure. The residue was purified by
basic silica gel colum chromatography (eluent: hexane-ethyl
acetate=l:9) to give a free salt of the title conmpound as a
colorless oil (yield 631 ng) . A solution of the obtained free
salt in ethyl acetate (5 nL) was added to a solution of
fumaric acid (211 ng) in nethanol (2 nL) , and the m xture was
concentrated under reduced pressure. The residue was
recrystallized from ethanol-water to give the title conpound
as colorless crystals (yield 553 ngy, 57%
IHNVR (DVBO-de) &: 1.71 (3H, s), 2.42 (3H, s), 3.83 (2H s),
6.34 (IH d, J=l. 8 Hz), 6.45 (2H s), 7.15-7.16 (IH m), 7.21-
7.22 (IH, m), 7.56-7.60 (IH m), 7.64-7.65 (IH m), 7.78-7.82
(IH m, 8.48 (IH d, J=2.4 Hz), 8.84-8.86 (IH m), 3H not
detected,
melting point 182-183°C

Exanpl e 61
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N-net hyl -1- (5-phenyl-1- (pyridin-3-ylsulfonyl) -IH pyrrol-3-
yl )met hanam ne fumarate

5-Phenyl -1 - (pyridin-3-ylsulfonyl) -IH pyrrole-3-
car bal dehyde (650 ng) was dissolved in a mxture of a 40%
nmet hyl ami ne nethanol solution (808 nmg) and mnet hanol (30 nL) at
room tenperature and the mxture was stirred for 10 mn.
Sodi um borohydride (118 ng) was addeq and the mxture was
stirred for 10 min. The reaction mxture was concentrated
under reduced pressure at 3C°C and the residue was extracted
wWth a saturated aqueous sodium hydrogencarbonate solution (40
m.) and ethyl acetate (80 nL) . The extract was washed wth
saturated brine (40 nlL) , dried over anhydrous nmagnesium
sul fate, and concentrated under reduced pressure. The residue
was purified by basic silica gel colum chromatography
(eluent: ethyl acetate) and a solution of fumaric acid (242
ng) in ethanol (24 nL) was added. The obtained crystals were
collected by filtration and recrystallized from ethanol-water
(85:15) to give the title conmpound as colorless crystals
(yield 480 ng, 52%
IH NVR (DMBO-de) & 2.42 (3H s), 3.86 (2H s), 6.42 (IH d,
J=1. 9 Hz), 6.47 (2H s), 7.14-7.18 (2H m), 7.34-7.46 (3H m),
7.54-7.58 (IH m), 7.67 (IH d, J=I.9 Hz), 7.76-7.80 (IH m),
8.46 (IH dd, J=2.5, 0.8 Hz), 8.84 (IH dd, J=4.9, 1.5 Hz), 3H
not detected.
Exanpl e 62
1- [5-nesityl-I- (pyridin-3-ylsulfonyl) -IHpyrrol-3-yl] -N
i tiethylruethanam ne furCarate

To a solution of 5-nesityl-1- (pyridin-3-ylsulfonyl) -IH
pyrrol e- 3- car bal dehyde (0.37 g) in tetrahydrofuran (15 nmL) was
added dropwi se a solution of a 40% nethylam ne nethanol
solution (0.41 g) in tetrahydrofuran (1 nmL) wunder ice-cooling,
and the mxture was stirred at room tenperature for 2 hr.
Met hanol (10 nL) was added, and the mxture was further
stirred at room tenperature for 2 hr. Sodium borohydride (0.06

g) was gradually added under ice-cooling, and the mxture was
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stirred at room tenperature for 1 hr. The reaction mixture was
concentrated under reduced pressure, a saturated aqueous
sodi um hydrogencarbonate solution was added to the residue,
and the mxture was extracted with ethyl acetate. The extract
was washed with saturated brine, dried over anhydrous sodium
sul fate, and concentrated under reduced pressure. The residue
was purified by basic silica gel colunn chronmatography
(eluent: hexane-ethyl acetate=l :1-—sethyl acetate-nethanol”™ 5:1)
to give a free salt of the title conpound as a pale-brown oil.
To a solution of the obtained free salt in ethyl acetate (5
m.) was added dropwise a solution of fumaric acid (0.14 g) in
net hanol (2.5 mL) wunder ice-cooling, and the mxture was
stirred at room tenperature for 15 min. The precipitate was
collected by filtration and recrystallized from ethanol-water
to give the title conpound as white crystals (yield 0.32 g,
61% .
IH NVR (DVBO-de) &: 1-58 (6H, s), 2.28 (3H, s), 2.44 (3H s),
3.87 (2H, s), 6.21 (IH s), 6.45 (2H s), 6.83 (2H s), 7.60
(IH, dd, J=8.1, 1.8 Hz), 7.70 (IH s), 7.84 (IH dd, J=8.4,
1.8 Hz), 8.46 (IH s), 8.88 (IH d, J=3.9 Hz), 3H not
det ect ed.
Exanpl e 63
N-net hyl -1 -{5- [2- (nethylthio) phenyl] -1- (pyridin-3-ylsulfonyl) -
| H pyrrol -3-yl }methanam ne fumarate

To a solution (3 nL) of 5-[2- (nethylthio) phenyl] -1-
(pyridin-3-ylsulfonyl) -1H pyrrole-3-carbal dehyde (170 ng) in
tetrahydrofuran were added a 40% net hyl am ne nethanol solution
(110 nmg) and net hanol (1 mL) at room tenperature, and the
m xture was stirred for 1 hr. Sodium borohydride (59.8 ng) was
added under ice-cooling. After stirring at room tenperature
for 2 hr, water was added and the m xture was extracted wth
et hyl acetate. The extract was washed with saturated brine,
dri ed. over anhydrous sodium sulfate, and concentrated under
reduced pressure. The residue was purified by basic silica gel

colum chromatography (eluent: hexane-ethyl acetate=l: 1-»1: 9)
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to give a free salt of the title conmpound as a colorless oil.
The obtained free salt was dissolved in ethyl acetate, and
added to a solution (1 nL) of fumaric acid (33.2 ng) in
net hanol . The solvent was evaporated under reduced pressure,
and the residue was recrystallized from ethanol to give the
title compound as colorless crystals (yield 89.3 ng, 38% .
IHNWR (OVMBO-dP)d. 2.11 (3H, s), 2.43 (3H, s), 3.86 (2H, s),
6.38 (IH, d, J=I. 8 Hz), 6.46 (2H s), 7.07-7.20 (3H m), 7.41-
7.46 (IH n), 7.53-7.58 (IH m), 7.68 (IH d, J=I.8 Hz), 7.79-
7.83 (IH m), 8.43 (IH d, J=2.4 Hz), 8.82-8.84 (IH m), 3H
not detected.
Exanpl e 64
N-net hyl -1-{5- [2- (nethylsul fonyl) phenyl] -1- (pyridin-3-
yl sul fonyl) -1H pyrrol-3-yl}nmethanani ne 0.5 fumarate

By a simlar operation as in Exanple 63 and using 5- [2-
(et hyl sul fonyl) phenyl] -1- (pyridin-3-ylsulfonyl) -IH pyrrole-3-
carbal dehyde (72.0 ng) , the title conpound was obtained as
colorless crystals (yield 56.4 ng, 66% .
IH NVR (DVMBO-de) &: 2.37 (3H, s), 3.00 (3H s), 3.71 (2H s),

6.41 (IH s), 6.48 (IH d, J=I.5 Hz), 7.14-7.17 (IH m), 7.61-
7.65 (2H m), 7.70-7.80 (2H m), 7.93-7.97 (IH m), 8.02-8.05
(IH, m), 8.66 (IH d, J=2.1 Hz), 8.87-8.89 (IH m), 2H not
det ect ed.

Exanpl e 65

2-{4-[ (nethylam no) methyl] -1- (pyridin-3-ylsulfonyl) -IH

pyrrol e-2-yl }benzonitrile funarate

By a simlar operation as in Exanple 63 and using 2- [4-
formyl-1- (pyridin-3-ylsulfonyl) -1H pyrrole-2-yl]benzonitrile
(129 ng) , the title conpound was obtained as colorless
crystals (yield 69 ng, 38% .
IH NVR (DVMBO-de) 8: 2.39 (3H s), 3.82 (2H s), 6.47 (2H s),
6.58 (IH, d, J=I. 8 Hz), 7.34-7.36 (IH m), 7.59-7.76 (4H, m),
7.84-7.89 (2H m), 8.53 (IH d, J=2.4 Hz), 8.87-8.89 (IH m),
3H not detected.

Exanpl e 66
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1- [5- (2, 6-di met hyl phenyl) -1- (pyridin-3-ylsulfonyl) -I1H pyrrol-
3-yl] - N-net hyl net hanami ne funarate

To a solution of 5- (2, 6-di met hyl phenyl) -1- (pyridin-3-
yl sul fonyl) -IH pyrrol e-3-carbal dehyde (0.42 g) in
tetrahydrofuran (15 nL) was added dropwise a solution of a 40%
met hyl am ne nethanol solution (0.48 g) in tetrahydrofuran (1
m.) under ice-cooling, and the mixture was stirred at room
tenperature for 2 hr. Methanol (10 nL) was added, and the
m xture was further stirred at room tenperature for 2 hr.
Sodi um borohydride (0.07 g) was gradually added under ice-
cooling, and the mxture was stirred at room tenperature for 1
hr. The reaction mxture was concentrated under reduced
pressure, a saturated aqueous sodium hydrogencarbonate
solution was added to the residue, and the m xture was
extracted with ethyl acetate. The extract was washed with
saturated brine, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The residue was purified
by basic silica gel colunmm chromatography (eluent: hexane-
ethyl acetate=l :l->ethyl acetate-nethanol=5: 1) to give a free
salt of the title conmpound as a pale-brown oil. To a solution
of the obtained free salt in ethyl acetate (5 nm) was added
dropwi se a solution of fumaric acid (0.12 g) in nethanol (2
mL) wunder ice-cooling and the mixture was stirred at room
tenperature for 15 min. The precipitate was collected by
filtration, and recrystallized from ethanol-water to give the
title conmpound as white crystals (yield 0.18 g, 50%.
IHNVR (DVBQd 4)0: 1.62 (6H s)-, 2.45 (3H s), 3.88 (2H s),
6.25 (IH d, J=I.5 Hz), 6.45 (2H s), 7.02 (2H d, J=7.5 Hz),
7.24 (IH d, J=7.5 Hz), 7.58-7.62 (IH m), 7.71 (IH s), 7.81-
7.85 (IH m), 8.44 (IH, d, J=2.7 Hz), 8.89 (IH dd, J=4.8, 1.5
Hz) , 3H not detected.
Exanpl e 67
N-methyl-1-{5- [2- (nethylsulfinyl) phenyl] -1- (pyridin-3-
yl sul fonyl) -1 H pyrrol -3-yl}methanam ne funarate

To a suspension (5 nm) of sodium hydride (60% in oil,
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39.5 ng) in tetrahydrofuran were added a solution (3 nL) of 5-
[2- (net hyl sul finyl) phenyl] -1 H pyrrol e-3-car bal dehyde (160 nm)
in N, N-di met hyl f or mam de, 15-crown-5 (181 ng) , and pyridin-3-
yl sul fonyl chloride (134 ng) under ice-cooling. After stirring
at room tenperature for 1 hr, water was added and the mixture
was extracted with ethyl acetate. The extract was washed wth
saturated brine, dried over anhydrous sodium sulfate, and
concentrated wunder reduced pressure. The residue was suspended
in tetrahydrofuran (5 m.) , a 40% nethyl am ne nethanol solution
(160 ng) was added at room tenperature and the mxture was
stirred for 1 hr. Sodium borohydride (86.5 ng) was added under
i ce-cooling. After stirring at room tenperature for 2 hr,
water was added and the nixture was extracted twice with ethyl
acet ate. The extract was washed with saturated brine, dried
over anhydrous sodium sulfate, and concentrated under reduced
pressure. The residue was purified by basic silica gel colum
chromat ography (eluent: hexane-ethyl acetate=l :1-»ethyl
acetate) to give a free salt of the title conpound as a pale-
yellow oil. The obtained free salt was dissolved in ethyl
acetate, and added to a solution (1 nm) of fumaric acid (28.1
ng) in nethanol. The solvent was evaporated under reduced
pressure, and the residue was recrystallized from ethanol to
give the title conmpound as colorless crystals (yield 83.9 ny,
24% .
14+ NMR (DMBO-de) &: 2.41 (3H s), 2.49-2.51 (34 m), 3.81 (2H
s), 6.46 (2H, s), 6.50 (IH d, J=I .5 Hz), 7.00 (IH br), 7.50-
8.00 (6H m), 8.57 (IH br), 8.87-8.89 (IH m), 3H not
det ect ed.
Exanpl e 68
2- (2-fluorophenyl) -4- [ (nethylam no) methyl] -1- (pyridin-3-
ylsul fonyl) -1 H pyrrole-3-carbonitrile fumarate

2- (2-Fluorophenyl) -4-fornyl-1- (pyridin-3-ylsulfonyl) -IH
pyrrol e-3-carbonitrile (295 ng) was dissolved in a solution of
net hyl ami ne hydrochloride (1.12 g) in nethanol (20 nL) and the

mxture was stirred for 30 nmin. Sodium triacetoxyborohydride
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(1.06 g) was added and the mxture was stirred for 2 hr. The
reaction mxture was concentrated under reduced pressure at
30°C, a saturated aqueous sodium hydrogencarbonate sol ution (40
ml,) was added to the residue and the mxture was extracted

with ethyl acetate (80 nm) . The extract was washed with

saturated brine (40 nmL) , dried over anhydrous magnesi um

sul fate, and concentrated under reduced pressure. The residue
was purified by silica gel colum chromatography (el uent:

et hyl acet at e- net hanol =85: 15-»75:25) , and then by basic silica
gel colunmm chromat ogr aphy (eluent: ethyl acetate), and a
solution of fumaric acid (96 ng) in ethanol (5 mL) was added.
Crystallization from the mixture gave the title conpound as

col orl ess crystals (yield 120 ng, 30%

IHNVR (DVBO-de) &: 2.40 (3H s), 3.76 (2H s), 6.57 (2H s),
7.28-7.37 (34 m), 7.63-7.71 (2H, m), 7.87 (IH s), 7.95-7.99
(IH m), 8.64 (IH dd, J=2.5, 0.6 Hz), 8.94 (IH dd, J=4.9,
1.5 Hz), 3H not detected.

Exanpl e 69
5- (2-fluorophenyl) -3- [(methylamino) nmethyl] -1- (pyridin-3-
ylsul fonyl) -I1H pyrrole-2-carbonitrile fumarate
5-Phenyl -1 -  (pyridin-3-ylsul fonyl) -l Hpyrrol e- 3-
car bal dehyde (650 mg) was dissolved in a mxture of a 40%
nmet hyl am ne nmet hanol sol ution (808 mg) and nethanol (30 nL) at

room tenperature and the mxture was stirred for 10 mn.

Sodi um borohydri de (118 my) was added and the mxture was
stirred for 10 mn. The reaction mixture was concentrated

under reduced pressure at 30°C, a saturated aqueous sodium
hydr ogencar bonat e sol ution (40 nL) was added to the residue
and the mxture was extracted wth ethyl acetate (80 nmL.) . The
extract was washed wth saturated brine (40 nL) , dried over
anhydrous magnesium sul fate, and concentrated under reduced
pressure. The residue was purified by basic silica gel colum
chr omat ogr aphy (eluent: ethyl acetate) and a solution of
fumaric acid (242 ng) in ethanol (24 nL) was added. The

obtained <crystals were collected by filtration, and
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recrystallized from ethanol-water (85:15) to give the title
compound as colorless crystals (yield 480 ng, 52% .
IH NVMR (DVBO-de) &: 2.27 (3H s), 3.74 (2H s), 6.57 (2H s),
6.71 (IH s), 7.29-7.38 (3H m), 7.58-7.64 (IH m), 7.71-7.75
(IH m), 7.96-8.00 (IH m), 8.66 (IH d, J=2.3 Hz), 8.97 (IH
dd, J=4.9, 1.5 Hz), 3H not detected.
Exanple 70
4- {4- [ (et hyl am no) nethyl] -1- (pyridin-3-ylsulfonyl) -IH pyrrol-
2-yl }benzonitrile furmarate

To a solution (2 nL) of tert-butyl {[5- (4-cyanophenyl) -1-
(pyridin-3-ylsulfonyl) -IHpyrrol-3-yl Jrmethyl }methyl carbamate
(382 ng) in ethyl acetate was added a 4 nol/L hydrogen
chloride-ethyl acetate solution (3 nmL) at room tenperature.
The m xture was stirred for 3 hr, and basified with a
saturated aqueous sodium hydrogencarbonate sol ution. The
m xture was extracted with ethyl acetate. The extract was
washed with saturated brine, dried over anhydrous sodium
sul fate, and concentrated under reduced pressure. The residue
was purified by basic silica gel columm chromatography
(eluent: hexane-ethyl acetate=l: 1-—»1: 9) to give a free salt of
the title conpound as a pale-yellow oil. The obtained free
salt was dissolved in ethyl acetate, and added to a solution
(2 mL) of fumaric acid (77.1 my) in nethanol. The solvent was
evaporated under reduced pressure, and the residue was
recrystallized from a mxed solvent of ethanol and water to
give the title conpound as colorless crystals (yield 218 ng,
55% .
IH NVMR (DMBO-ds) O: 2.37 (3H, s), 3.79 (2H s), 6.47 (2H s),
6.55 (IH d, J=I. 8 Hz), 7.40-7.44 (2H m), 7.55-7.60 (IH m),
7.70-7.71 (IH m), 7.81-7.87 (3H m), 8.55-8.56 (IH m), 8.84-
8.86 (IH m), 3H not detected.
Exanple 71
4-fluoro-3-{4- [ (rethylam no) nethyl] -1- (pyridin-3-ylsulfonyl) -
| H pyrrol -2-yl }benzonitrile 0.5 funarate

By a simlar operation as in Exanple 70 and using tert-
206



io0

15

20

25

30

35

WO 2007/026916 PCT/JP2006/317408
butyl {[5- (5-cyano-2-fluorophenyl) -1- (pyridin-3-ylsulfonyl) -
| H pyrrol -3-yl] nethyl }nethyl carbanate (100 ng) , the title
compound was obtained as colorless crystals (yield 37.1 ng,
40% .

IH NVR (DwVBO-de) 0: 2.34 (3H s), 3.71 (2H s), 6.44 (IH s),
6.55 (IH brs) , 7.52 (IH, t, J=9.0 Hz), 7.60-7.68 (2H m),
7.73-7.75 (IH m), 7.91-7.93 (IH m), 8.03-8.08 (IH m), 8.64
(IH, d, J=2.4 Hz), 8.88-8.90 (IH m), 2H not detected.
Exanple 72
1- [5- (2-fluoro-5-mnmethoxyphenyl) -1- (pyridin-3-ylsulfonyl) -I1H
pyrrol -3-yl] -Nnethyl methananm ne fumarate

tert-Butyl {[5- (2-fluoro-5-nethoxyphenyl) -1- (pyridin-3-
ylsul fonyl) -1 Hpyrrol-3-yl] nmethyl }nethylcarbanmate (475 ng) was
dissolved in ethanol (10 nL) , a 4 nol/L hydrogen chloride-
ethyl acetate solution (2 nm) was added and the m xture was
stirred at 70°C for 30 min. The reaction mxture was
concentrated under reduced pressure, a saturated aqueous
sodi um hydrogencarbonate solution was added, and the m xture
was extracted with ethyl acetate. The extract was washed wth
saturated brine, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was dissol ved
in ethyl acetate, added to a solution (13 m.) of fumaric acid
(116 ng) in nethanol, and the obtained crystals were collected
by filtration to give the title conpound as colorless crystals
(yield 385 nmg, 78% .
IH NMR (DVBQJ ¢)&: 2.41 (3H s), 3.71 (3H s), 3.82 (2H s),
6.47 (IH d, J=I. 9 Hz), 6.48 (2H s), 6.57-6.60 (IH m), 7.02-
7.07 (IH, m), 7.12-7.18 (IH m), 7.60-7.64 (IH m), 7.70 (IH
d, J=I. 5 Hz), 7.89-7.93 (IH m), 8.60 (IH d, J=2.3 Hz), 8.88
(IH, dd, J=4.9, 1.5 Hz), 3H not detected.
Exanpl e 73
1- (2-fluoro-3-{4- [ (nethylam no) nethyl] -1- (pyridin-3-
yl sul f onyl )-1H pyrrol -2-yl }phenyl )ethanone fumarate

By a simlar operation as in Exanple 70 and using tert-

butyl {[5- (3-acetyl-2-fluorophenyl) -1- (pyridin-3-ylsulfonyl) -
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| Hpyrrol -3-yl] met hyl  }net hyl car bamat e (118 ny) , the title
conmpound was obt ai ned as colorless crystals (yield 44.7 ng,
37%

IHNVR (DMBO-de) &: 2.40 (3H, s), 2.49-2.53 (3H, m), 3.80 (2H
m), 6.47 (2H, s), 6.52 (IH d, J=I .8 Hz), 7.32-7.40 (2H m),
7.59-7.64 (IH, m), 7.73 (IH d, J=I .8 Hz), 7.86-7.93  (2H m),

8.60 (IH d, J=2.7 Hz), 8.87-8.89 (IH, m), 3H not detected.

Exanpl e 74
1- [5- (2-fluoropyridin-3-yl) -1- (pyridin-3-ylsul fonyl) -1 H
pyrrol - 3-yl ] - N et hyl met hanam ne fumarate

To a solution of tert-butyl {[5- (2-fluoropyridin-3-yl) -1-
(pyridin-3-ylsul fonyl) -l Hpyrrol -3-yl] nethyl }rmethyl carbamate
(2.48 g) in ethyl acetate (10 itivyy and nethanol (10 L) was
added a 4 nol/L hydrogen chl ori de- et hyl acetate sol ution (20
m.) at room tenperature. After stirring for 5 hr, the mxture
was concentrated under reduced pressure. The residue was

basi fi ed with a saturated agueous sodi um hydrogencar bonat e

sol ution and extracted with ethyl acetate. The extract was
washed with saturated brine, dried over anhydr ous sodi um
sul f ate, and concentrated under reduced pressure. The residue

was purified by basic silica gel colum chromatography

(el uent: hexane- et hyl acet at e=l :1—>1:9) to give a free salt of
the title conpound as a pale-yellow oil. The obtai ned free
salt was dissolved in ethyl acetate (10 nL) and added to a

sol ution of (10 mL) fumaric acid (350 ng) in methanol. The

sol vent was evapor at ed under  reduced pressure and the residue
was recrystallized from a mxed solvent of ethanol and water

to give the title conpound as colorless crystals (yield 793

ng, 299

IHNWR  (DMSQd )O: 2.39 (3H s), 3.78 (2H s), 6.48 (2H s),
6.56 (IH d, J=I. 8 Hz), 7.40-7.44 (I1H m), 7.61-7.65 (I1H, m),
7.72-7.79 (2H, m), 7.89-7.93  (IH m), 8.32-8.34 (IH, m), 8.62
(I'H, ' d, J=I. 8 Hz), 8.88-8.90 (IH, m), 3H not detected,

nmel ting poi nt 183-184°C

Exanpl e 75
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1- [5- (3-fluoropyridin-4-yl) -1- (pyridin-3-ylsulfonyl) -IH
pyrrol -3-yl] -N nethyl methanam ne fumarate

tert-Butyl {[5- (3-fluoropyridin-4-yl) -1- (pyridin-3-
ylsul fonyl) -1 Hpyrrol-3-yl] nethyl }nethylcarbamate (60 ng) was
di ssol ved in nethanol (s m.) , a 4 nol/L hydrogen chloride-
ethyl acetate solution (1.5 nm) was added and the m xture was
stirred at 70°C for 30 min. The reaction mxture was
concentrated under reduced pressure and a saturated aqueous
sodi um hydrogencarbonate solution was added. The m xture was
extracted with ethyl acetate. The extract was washed wth
saturated brine, dried over anhydrous nmagnesium sulfate, and
concentrated under reduced pressure. The residue was dissolved
in ethyl acetate (8 nmL) , a solution of fumaric acid (58 ng) in
met hanol (2 nmL) was added, and the obtained crystals were
collected by filtration to give the title conpound as
colorless crystals (yield 45 nmy, 72% .
IHNWR (DMSO-dg)d: 2.37 (3H s), 3.78 (2H s), 6.49 (2H s),
6.64 (IH d, J=I.5 Hz), 7.30-7.33 (IH m), 7.62-7.66 (IH m),
7.77 (IH, d, J=I. 5 Hz), 7.94-7.98 (IH m), 8.49-8.51 (IH m),
8.64 (IH, d, J=I.5 Hz), 8.69 (IH d, J=2.3 Hz), 8.90 (IH dd,
J=4.9, 1.5 Hz), 3H not detected.
Exanple 76
1- [5- (2-chloropyridin-3-yl) -1- (pyridin-3-ylsulfonyl) -1H
pyrrol -3-yl] -N nethyl methanam ne funarate

tert-Butyl {[5- (2-chloropyridin-3-yl) -1- (pyridin-3-
ylsul fonyl) -1 Hpyrrol-3-yl] nethyl }nethyl carbamate (280 ng) was
dissolved in ethanol (10 nL) , a 4 nol/L hydrogen chloride-
ethyl acetate solution (2 nL) was added and the m xture was
stirred at 70°C for 30 min. The reaction mxture was
concentrated under reduced pressure, a saturated aqueous
sodi um hydrogencarbonate solution was added, and the mxture
was extracted with ethyl acetate. The extract was washed wth
saturated brine, and concentrated under reduced pressure. The
residue was dissolved in ethyl acetate (10 nmL) , a solution of

fumaric acid (116 ny) in nmethanol (3 nL) was added, and the
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obtained crystals were collected by filtration to give the

title conpound as colorless crystals (yield 197 ng, 68%
IHNVR (DVMSO-dg)d: 2.40 (3H, s), 3.81 (2H s), 6.49 (2H s),
6.52 (IH d, J=I.9 Hz), 7.47-7.52 (IH m), 7.61-7.73 (3H m),
7.90-7.94 (IH m), 8.50 (IH dd, J=4.9, 1.9 Hz), 8.63-8.64
(IH m), 8.90 (IH dd, J=4.5, 1.5 Hz), 3H not detected.
Exanpl e 77
1- [5-(6-chloropyridin-3-yl)-1- (pyridin-3-ylsulfonyl) -IH
pyrrol -3-yl] -Nnethylnmethananine 1.5 fumarate

tert -butyl {[5- (6-chloropyridin-3-yl) -1- (pyridin-3-
ylsul fonyl) -IHpyrrol-3-yl] nethyl }nethylcarbanate (100 ng) was
dissolved in nethanol (8 nL) , a 4 nol/L hydrogen chloride-
ethyl acetate solution (2 nL) was added and the mixture was
stirred at 70°C for 30 min. The reaction mxture was
concentrated under reduced pressure, a saturated aqueous
sodi um hydrogencarbonate solution was added, and the m xture
was extracted with ethyl acetate. The extract was washed with
saturated brine, and concentrated under reduced pressure. The
residue was purified by basic silica gel colunm chromatography
(eluent: ethyl acetate-nethanol=99: 1—»19: 1) to give a free salt
of the title conpound. The obtained free salt was dissolved
ethyl acetate (8 m) , a solution of fumaric acid (116 ng) in
nmet hanol (2 mL) was added, and the obtained crystals were

collected by filtration to give the title conpound as

colorless crystals (yield 60 ng, 52% .
IH NVR (DVBO-de) 0: 2.41 (3H, s), 3.83 (2H s), 6.52 (3H s),
6.58 (IH, d, J=I.5 Hz), 7.57-7.63 (2H m), 7.75-7.78 (2H m),
7.85-7.89 (IH m), 8.20 (IH d, J=2.3 Hz), 8.61 (IH d, J=2.6
Hz), 8.88 (IH dd, J=4.9, 1.5 Hz), 4H not detected.
Exanple 78
1- [5- (6'-chloro-2,3 -bipyridin-5-yl) -1- (pyridin-3-ylsulfonyl)
| Hpyrrol-3-yl] -N-nethyl nethanamne 0.5 fumarate

tert-Butyl {[5- (6 -chloro-2, 3'-bipyridin-5-yl) -1-
(pyridin-3-ylsulfonyl) -IHpyrrol-3-yl] methyl Jnethyl carbamate
(100 ng) was dissolved in ethanol (8 nL) , a 4 nol/L hydrogen
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chl oride-ethyl acetate solution (2 nL) was added and the

m xture was stirred at 70°C for 30 min. The reaction mxture
was concentrated under reduced pressure, a saturated aqueous
sodi um hydrogencarbonate solution was added, and the nixture
was extracted with ethyl acetate. The extract was washed with
saturated brine, and concentrated under reduced pressure. The
residue was purified by basic silica gel colum chronatography
(eluent: ethyl acetate-nmethanol=99: 1 »19: 1) to give a free salt
of the title conpound. The obtained free salt was dissolved in
ethyl acetate (8 nL) , a solution of fumaric acid (116 ng) in
nmet hanol (2 nL) was added, and the obtained crystals were
collected by filtration to give the title conpound as
colorless crystals (yield 61 ng, 66% .
1H NVR (DVBO-dg)d: 2.33 (3H, s), 3.69 (2H s), 6.46 (IH s),
6.58-6.59 (IH, m), 7.57-7.62 (IH m), 7.66-7.70 (24 m), 7.83-
7.88 (24 m), 8.15 (IH d, J=8.3 Hz), 8.52 (IH d, J=I .9 Hz),
8.57 (IH d, J=2.3 Hz), 8.60-8.61 (IH m), 8.86 (IH d, J=4.9
Hz), 9.18 (IH d, J=2.3 Hz), 2H not detected.
Exanpl e 79
| -{5- (2-fluoropyridin-3-yl) -1- [ (6-nethoxypyridin-3-
yl) sul fonyl]-1H pyrrol -3-yl}-N nethyl met hanam ne hydr ochl ori de
By a simlar operation as in Exanple 24 and using tert-
butyl ({5- (2-fluoropyridin-3-yl) -1- [ (6-nethoxypyridin-3-
yl) sul fonyl]-1H pyrrol -3-yl}nethyl)net hyl carbamat e (289 ny) ,
the title conpound was obtained as colorless crystals (yield
74.2 my, 29% .
1H NVR (DVBQJ ¢)&: 2.52 (3H, s), 3.94 (3H s), 3.99 (2H s),
6.65 (IH d, J=I. 8 Hz), 6.99-7.02 (IH m), 7.42-7.47 (IH m),
7.73-7.80 (24 m), 7.84 (IH d, J=I .8 Hz), 8.27-8.28 (IH m),
8.34-8.36 (IH m), 9.10 (2H, brs) .
Exanpl e 80
(2-fluoro-3-{4- [(nethylam no) nethyl] -1- (pyridin-3-ylsulfonyl) -
| H pyrrol -2-yl } phenyl ) nethanol funarate
By a simlar operation as in Exanple 70 and using tert-

butyl ({5- [2-fluoro-3- (hydroxymethyl) phenyl] -1- (pyridin-3-
211



10

15

20

25

30

35

WO 2007/026916 PCT/JP2006/317408

ylsul fon yl)-I H pyrrol -3-yl }met hyl ) met hyl car banat e (238 ng) ,
the title conmpound was obtai ﬁed as colorless crystals (yield
55.3 ngy, 229% .
IH NVR (DVMBO-dP)d: 2.40 (3H s), 3.80 (2H s), 4.49 (2H s),
6.43 (IH d, J=I. 8 Hz), 6.47 (2H, s), 6.97-7.02 (IH m), 7.17-
7.22 (IH, m), 7.54-7.62 (2H m), 7.68 (IH d, J=I.2 Hz), 7.84-
7.88 (IH m), 8.56 (IH d, J=2.1 Hz), 8.86-8.88 (IH m), 4H
not detected.
Exanpl e 81
1- (2-fluoro-3-{4-[ (nethylamino) nethyl] -1- (pyridin-3-
yl sul fonyl) -lIH pyrrol-2-yl}phenyl) ethanol funarate

By a simlar operation as in Exanple 70 and using tert-
butyl ({5- [2-fluoro-3- (1-hydroxyethyl) phenyl] -1- (pyridin-3-
yl sul fonyl) -1Hpyrrol-3-yl}nmethyl) nethyl carbanate (318 nm) ,
the title conpound was obtained as colorless crystals (yield
69.7 ny, 21% .
14+ NVR (DVBO-de) &: 1-31 (34 d, J=6.3 Hz), 2.40 (3H s), 3.81
(2H, s), 4.90 (IH gq, J=6.3 Hz), 6.43 (IH d, J=I .8 Hz), 6.47
(2H, s), 6.94-7.00 (IH m), 7.16-7.22 (IH m), 7.58-7.68 (3H,
m), 7.84-7.87 (IH m), 8.55 (IH d, J=2.7 Hz), 8.86-8.88 (IH
k) , 4H not detected.
Exanpl e 82
1- [5- (2-fluoro-3-nethoxyphenyl) -1- (pyridin-3-ylsulfonyl) -IH
pyrrol -3-yl] -N-nethylnethananm ne fumarate

tert-Butyl {[5- (2-fluoro-3-nmethoxyphenyl) -1- (pyridin-3-
ylsul fonyl) -1 Hpyrrol-3-yl] nethyl }nethyl carbanate (475 ng) was
di ssol ved in nethanol (20 mL.) , a 4 nol/L hydrogen chloride-
ethyl acetate solution (2 nL) was added and the 'mixture was
stirred at 70°C for 20 min. The reaction mxture was
concentrated wunder reduced pressure, a saturated aqueous
sodi um hydrogencarbonate solution was added, and the m xture
was extracted with ethyl acetate. The extract was washed wth
saturated brine, dried over anhydrous nagnesium sulfate, and
concentrated wunder reduced pressure. The residue was dissolved

in ethanol (13 m.) , fumaric acid (116 ng) was added, and the
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obtained crystals were collected by filtration to give the
title conmpound as colorless crystals (yield 310 ng, 63%
1HNVR (DVBO-de) &: 2.41 (3H s), 3.82 (2H s), 3.86 (3H s),
6.45 (IH d, J=I. 7 Hz), 6.48 (2H s), 6.58-6.63 (IH m), 7.10-

7.16 (IH n), 7.24-7.30 (IH, m), 7.59-7.63 (IH m), 7.70 (IH,
d, J=I. 5 Hz), 7.86-7.90 (IH m), 8.58 (IH dd, J=2.3, 0.7 Hz),
8.87-8.89 (IH m), 3H not detected.
Exanpl e 83
1- [5- (2-fluoro-6-nmnmet hoxyphenyl) -1- (pyridin-3-ylsul fonyl) -1 H
pyrrol -3-yl] -N nethyl net hanam ne f Umar at e

tert-Butyl { [5- (2-fTuoro-6-nmet hoxyphenyl) -1- (pyridin-3-

yl sul fonyl) -I1Hpyrrol-3-yl] met hyl }met hyl carbamate (100 my) was
di ssol ved i n met hanol (20 int) , a 4 nol/L hydrogen chloride-

ethyl acetate solution (2 m) was added and the mnmixture was

stirred at 70°C for 20 mn. The reaction nixture was

concentr at ed under reduced pressure, a saturated aqueous

sodi um hydr ogencar bonat e solution was added, and the nmixture
was extracted wth ethyl acetate. The obtained organic |ayer

was washed wth saturated brine, dried over anhydrous

magnesi um  sul fate, and concentrated under reduced pressure.

The residue was dissolved i n ethanol (6 mL) , fumaric acid (49
ng) was added, and the obtained crystals were <collected by
filtration to give the title compound as colorless crystals
(yield 53 ng, 51%

IHNVR (DVBCHd 4)O: 2.45 (3H, s), 3.44 (3H s), 3.83 (2H s),
6.36 (IH d, J=I. 5 Hz), 6.48 (2H s), 6.79-6.86 (2H, m), 7.44-
7.52 (IH, n), 7.60-7.65 (IH m), 7.70 (IH d, J=I. 5 Hz), 7.88-
7.92 (IH, n), 8.56 (IH d, J=I .9 Hz), 8.88 (IH, dd, J=4.7, 1.7

Hz) , 3H not detected.

Exanpl e 84
[ -{5- [4- (difluoromnethoxy) phenyl] -1- (pyridin-3-ylsulfonyl) -1 H
pyrrol -3-yl  }-N-met hyl met hanam ne fumarat e

By a simlar operation as in Example 70 and using tert-
but yl ({5- [4- (diflubromet hoxy) phenyl] -1- (pyridin-3-

yl sul fonyl) -IHpyrrol-3-yl}methyl)nethyl carbamate (550 mg) ,
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the title conpound was obtained as colorless crystals (yield

313 ng, 62% for 2 steps) .

1H NVR (DVBO-dg)d: 2.38 (3H, s), 3.78 (2H s), 6.40 (IH s),
6.47 (2H, s), 7.15-7.24 (4H m), 7.32 (IH t, J=73.5 Hz),
7.54-7.58 (IH, m), 7.62 (IH s), 7.77-7.80 (IH m), 8.50 (IH,
d, J=2.4 Hz), 8.84 (IH d, J=4.5 Hz), 3H not detected.
Exanpl e 85

N-nmethyl -1- [5- (4-nmethyl pyridin-3-yl) -1- (pyridin-3-ylsul fonyl)

| H pyrrol -3-yl ]met hanam ne fumarate

tert-Butyl nmethyl {[5- (4-nmethylpyridin-3-yl) -1- (pyridin-3-

yl sul fonyl) -I1Hpyrrol-3-yl] methyl} carbamate (230 ng) was

di ssolved in nethanol (20 m.) , a 4 nmol/L hydrogen chloride-
ethyl acetate solution (2 nm) was added and the m xture was
stirred at 70°C for 20 min. The reaction mxture was
concentrated wunder reduced pressure, a saturated aqueous
sodi um hydrogencarbonate solution was added, and the mxture
was extracted with ethyl acetate. The obtained organic |ayer
was washed with saturated brine, dried over anhydrous

magnesi um sulfate, and concentrated under reduced pressure.

The residue was purified by basic silica gel colum

chronat ography (eluent: ethyl acetate-nethanol (99: 1_>95: 5) to

give a free salt of the title conpound. This was dissolved in

ethyl acetate (s nL) , a solution of fumaric acid (90 ng) in
met hanol (2 nL) was added, and the obtained crystals were
collected by filtration to give the title conpound as
colorless crystals (yield 115 ng, 48% .

I+ NMR (DVBO-de) &: 1.89 (3H, s), 2.43 (3H s), 3.84 (2H s),
6.45 (IH d, J=I. 9 Hz), 6.48 (2H s), 7.29 (IH d, J=4.9 Hz),
7.60-7.65 (IH, m), 7.73 (IH d, J=I .9 Hz), 7.81-7.85 (IH m),
7.98 (IH, s), 8.47 (IH, d, *4.9Hz, 851 (H, d, JFl.9Hy,
8.90 (IH, dd, J>4.9, 1.5Hz, 3H not detected.

Example 86

N-methyl-1- [5- (2-methylpyridin-3-yl) -1- (pyridin-3-ylsulfonyl)
IH-pyrrol-3-yl] methanamine fumarate

By a Similar operation as in Example 70 and using tert-
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butyl nmethyl{ [5- (2-nethyl pyridin-3-yl) -1- (pyridin-3-
ylsul fonyl) -l Hpyrrol-3-yl] methyl} carbanmate (278 ng) , the
title conpound was obtained as colorless crystals (yield 93
nmg, 32% .
IH NVR (DMBCHdg)&: 2.00 (3H, s), 2.43 (3H s), 3.83 (2H s),
6.42 (IH s), 6.47 (2H, s), 7.20-7.24 (IH m), 7.28-7.31 (IH
m), 7.59-7.63 (IH m), 7.70 (IH s), 7.80-7.84 (IH m), 8.49-
8.51 (2H m), 8.88-8.90 (IH m), 3H not detected.
Exanpl e 87
| -{5- (2-fluoropyridin-3-yl) -1- [(6-nethyl pyridin-3-
yl) sul fonyl] -1 H pyrrol-3-yl}-N nethyl net hanam ne 0.5 fumarate

To a solution of tert-butyl ({5- (2-fluoropyridin-3-yl) -1-

[ (6-nmethyl pyridin-3-yl) sulfonyl] -1H pyrrol - 3-
yl} met hyl )met hyl carbamate (86 ng) in ethanol (2 nL) was added
a 4 mol/L hydrogen chloride-ethyl acetate solution (2 nL) at
room tenperature. The m xture was stirred for 2 hr, and
concentrated under reduced pressure. The residue was basified
wWith a saturated aqueous sodium hydrogencarbonate solution,
and the mxture was extracted with ethyl acetate . The extract
was washed successively wth a saturated aqueous sodium
hydr ogencarbonate solution, water and saturated brine, dried
over anhydrous sodium sulfate, and concentrated under reduced
pressure to give a free salt of the title conpound as a pale-
yellow oil. The obtained free salt was dissolved in ethyl
acetate (2 nL) and added to a solution (2 nL) of funmaric acid
(11.3 ng) in ethanol, and the solvent was evaporéted under
reduced pressure. The residue was recrystallized from ethano
to give the title conpound as colorless crystals (yield 14 ny,
18% .
IH NMR (DVBO-dg)d: 2.33 (3H s), 2.56 (3H s), 3.68 (2H s),
6.44 (IH s), 6.53 (IH s), 7.41-7.50 (2H, m), 7.64 (IH s),
7.74-7.81 (2H, m), 8.34 (IH s), 8.48 (IH s), 2H not
det ect ed.
Exanpl e 88

1- [4-chloro-5- (2-fluoropyridin-3-yl) -1- (pyridin-3-ylsulfonyl) -
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4-Chloro-5- (2-fluoropyridin-3-yl) -1- (pyridin-3-
yl sul fonyl) -1 H pyrrole-3-carbal dehyde (320 nmg) was dissol ved
in a solution of methylamne hydrochloride (591 ng) in
net hanol (32 nL) and the mxture was stirred for 30 nin.
Sodi um tri acet oxyborohydri de (557 ng) was added and the
m xture was stirred for 3 hrs. The reaction mixture was
concentrated under reduced pressure at 30°C, a saturated
aqueous sodi urﬁ hydr ogencarbonate solution was added to the
residue and the mixture was extracted with ethyl acetate. The
extract was washed with saturated brine, dried over anhydrous
magnesi um sulfate, and concentrated under reduced pressure.
The residue was purified by basic silica gel columm
chromat ography (eluent: ethyl acetate-nmethanol=99: 1—95:5) to
give a free salt of the title conpound. This was dissolved in
ethyl acetate (8 nmL) , a solution of fumaric acid (102 ng) in
nmet hanol (2 nL) was added, and the obtained crystals were
collected by filtration to give the title conpound as
colorless crystals (yield 52 my, 12%
IHNVR (DMBO-ds) &: 2.39 (3H, s), 3.70 (2H, s), 6.65 (2H s),
7.48-7.53 (IH m), 7.63-7.68 (IH m), 7.81 (IH s), 7.84-7.96
(2H, m), 8.40-8.42 (IH m), 8.65 (IH d, J=I .9 Hz), 8.93 (IH,
dd, J=4.9, 1.5 Hz), 3H not detected.
Exanpl e 89
N-met hyl -1- [1- (pyridin-3-ylsulfonyl) -5- (2-thienyl) -1Hpyrrol-
3-yl ] met hanami ne funarate

By a simlar operation as in Exanple 70 and using tert-
butyl methyl {[1- (pyridin-3-ylsulfonyl) -5- (2-thienyl) -1H
pyrrol -3-yl] nethyl} carbamate (315 ng) , the title conpound was
obtained as colorless crystals (yield 165 ng, 51%
IH NVR (DVBO-de) &: 2.43 (3H, s), 3.83 (2H s), 6.47 (2H s),
6.52 (IH d, J=I. 8 Hz), 7.07-7.12 (2H m), 7.55-7.62 (2H m),
7.70 (IH d, J=I. 8 Hz), 7.84-7.88 (IH m), 8.53-8.54 (IH m),
8.83-8.85 (IH m), 3H not detected.

Exanpl e 90
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N-ret hyl -1- [5- (3-nmethyl pyridin-2-yl) -1- (pyridin-3-ylsulfonyl)
| H pyrrol - 3-yl ] met hanam ne fumarate

By a simlar operation as in Exanple 70 and using tert-
butyl nethyl {[5- (3-nethyl pyridin-2-yl) -1- (pyridin-3-
yl sul fonyl) -1 H pyrrol -3-yl ] net hyl } car banat e (229 ng) , the
title compound was obtained as colorless crystals (yield 124
ng, 53% .
IH NVR (DVBO-dg)d: 2.18 (3H, s), 2.44 (3H s), 3.86 (2H s),

6.46 (2H, s), 6.52 (IH d, J=I .8 Hz), 7.32-7.36 (IH m), 7.66-

7.74 (3H m), 8.17-8.21 (IH m), 8.28-8.30 (IH m), 8.87-8.90
(24, m), 3H not detected.
Exanpl e 91
2-fluoro-3-{4- [ (nethylam no) methyl] -1- (pyridin-3-ylsulfonyl) -
| H pyrrol -2-yl }benzonitrile funarate

By a simlar operation as in Exanple 70 and using tert-
butyl {[5- (3-cyano-2-f [ uorophenyl) -1- (pyridin-3-ylsulfonyl) -
| Hpyrrol -3-yl] nethyl }nmethylcarbamate (170 ng) , the title
compound was obtained as colorless crystals (yield 96 ng,
74% .
IHNWVR (DMSO-dg)d: 2.39 (3H s), 3.80 (2H s), 6.47 (2H s),
6.59 (IH d, J=I.5 Hz), 7.43-7.48 (IH m), 7.52-7.57 (IH m),
7.60-7.65 (IH, m), 7.76 (IH d, J=I .8 Hz), 7.89-7.93 (IH m),
8.02-8.07 (IH m), 8.59-8.60 (IH m), 8.89-8.91 (IH m), 3H
not detected.
Exanpl e 92
4-{4- [ (nethyl am no) nmethyl] -1- (pyridin-3-ylsulfonyl) -IHpyrrol-
2-yl }thi ophene-3-carbonitr ile fumarate

By a simlar operation as in Exanple 70 and using tert-
butyl {[5- (4-cyano-3-thienyl) -1- (pyridin-3-ylsulfonyl) -IH
pyrrol -3-yl] nmethyl }nethylcarbamate (297 ng) , the title
compound was obtained as colorless crystals (yield 155 ny,
50% .
1HNVR (DMBO-dg)d: 2.41 (3H, s), 3.84 (2H s), 6.47 (2H s),
6.56 (IH d, J=2.1 Hz), 7.59-7.74 (IH m), 7.67 (IH d, J=3.0

Hz), 7.73-7.74 (IH m), 7.86-7.90 (IH m), 8.57-8.59 (2H m),
217
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8.87-8.89 (I1H m), 3H not detected.
The structures of the conmpounds descri bed

Exanpl es are shown in Tables 1-14.
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Table 1
R3a R4a
/\
R2an\R5a
N
R1a
Ref. Ex. No. R1a R2a R3a R4a RS2
6 H @— H COEt cl
F.'
. H Cg, H  COEt ci
F
8 H \ /— Me CO,Me cl
— co
9 H \ / H HEt H
F
10 H (:5* H COoEt H
F
11 H G Me CO-Me H
CF,
12 H @ H COgE H
13 H @— H CH,OH H
F
14 H \ / Me CH,OH H
15 H @— H CHO H
F
16 H Cg‘ Me CHO H
F
17 H @ H CHO H
CF,
19 H H H COMe H
20 H H Me CO,Me H
21 H H H CO,Et Me
22 H Br H CO,Me H
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Table 2
RSa R4a
R22 /NLRSa
Ila1a
Ref. Ex. No. R1a R2 R3a R4 RS2
23 H Br Me COMe H
24 H Br H CO,EL Me
N=—
36 C,._<\ :/>_S{32 @_ H CO,Et H
N
=N\ /
N_
/
38 HN—Q\ / S0, H CO,Et H
N=\ /
a9 N=< :/>7so2 @— H CO,Et H
LN
N=N /
40 <\_ _/)—soz @— H CO,Et H
/
41 S0, Br H CO.Me H
/
42 S0, Br Me CO,Me H
/
43 $0, H H CO.Et . Me
/
44 \ /S0 Br H CO,Et Me
/ o —_— CO,Et
45 \ / S0, \ / H 2 Me
/
46 S0, Br H CH,0OH H
/
47 0, H H CH,OH Me
/
48 g0, Br H CHO H
/
49 g0, Br Me CHO H
50 H @—- Me CHO H
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Table 3

R3a R4a
I\
R2a R5a
N
R1a
Ref. Ex. No. R'a R2 R3a R RS2
/
51 S0, H CHO Me
52 H H CHO Me
N==
53 \ / SO, H CHO Me
N=
54 \ /502 H CHO Me
N=
55 \ / g0, H CHO H
N\ /
56 MeO \ / S0, H CHO H
N==
57 c—\ ) S°2 H CHO H
Cl
N= /

H CHO H

60 C|‘§j/>—s{)2

61 @—séz
N=\ /

6 2
N:/>—so

H CHO Me

H CHO H

N
7
PN

O-
O-
Q_
O
-
Q_
e
-

63 @s{nz H CHO H
CFs

64 {l a o, @—- H CHO H

65 S_ o, @— Me CHO H

66 \_I} £, @— Me CHO H
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Table 4
RSa R4a
RZaIN&RSa
| .
R1a
Ref. Ex. No. R'a R2a R3 R4 RS2
Me. N
67 hig ) &b, @— Me CHO H
/N‘
Mg
Cl
Me
68 E‘ N—sb, @—— Me CcHO H
Me
Me
69 )"‘Eg-séz @—— Me CHO H
Me' S E
Ne=
70 \ / S0, Me CHO H

71 @—s{az Br H CH,NHMe H
/ Me
72 @—soz Br H CHNG G H
H

Me
73 Br H CHNC H
/ Me
74 @—soz Br H CHNC o H
Cl
SR S
76 \ / 802 H CHZN\BOG H
Ne=
76 mﬁs{)z @— H CHzNig:c H
Me
N= M
7 o~ o L) H o H
_Me
78 Me‘D*S{Jz Q‘ H CHzN\BOC H
— / Me
N= / < > Me
80 F H Z H
\ / S0, CHZN\BOc
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Table 5
R3a R4a
I\
RZaMRSa
N
R1a
Ref. Ex. No. R1a R% R3a RAa RSa
Me
N=\ / < I>
Me
81 e
<\:/>—802 H CH2N\Boc H
Me
N=\/
Me
82 Z
Q—SOZ FO— H CHNG H
Me,
N=\ / U
Me
83 Z
<\:/>7302 / \ H CH2N\Boc H
S
NC
/ Me
84 z
<\Nj/>—so2 H CHZN“Boc H
Cl
N=\ /
Me
85 =
<\:/>—so2 C}—- H CHNG H
F
86 H F—Qf H CH NS H
Boc
F
Me
87 H 7
FF
88 H m——@— -Me
H CHZN‘Boc H
F
/ Me
89 =
<_¢_/>7so2 F—< />——— H CHZN"Boc H
/ Me
90 Z
@‘SOZ H CHzN\Boc H
N F i
= / < S Me
91 cl Z
\ / 802 H CHzN\BOC H
N R
= / Me
92 Z
\ / 802 H CH2N\BOC H
/ Me
93 7
<\_Ni/>7so2 Br H CHaN-<g Me
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Table 6
R3a R4a
T3
R2= N RSa
IlQ1a
Ref. Ex. No. R'a R R3a R4 RS2
F
o7 H Q- H COEt o]
F
08 H O—@— H COMe cl
99 H @— F CO,Me Ci
F
F
101 H O—@— H CO,Me H
102 H @— F COMe H
F
F
104 H O—@— H CH,OH H
F
F
106 H O—@—— H CHO H
107 H H H CHO H
Me
112 H Br H CHO H
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Table 7

R3a R4a
RzabN\\RSH
Ria
Ref. Ex. No. R'a R? R3a R4 RS2
Me
113 H @— H CHO H
F
114 H @ cl CHO H
F
115 H @—- F . CHO H
Me
116 H ©~ F CHO H
122 I &b, @— H COEt H
Br
123 /N \ séz @— H CO,Et H
FsC
Me
124 7\ s{)z @— H CO.Et H
125 /_\ 3{32 @— F CO,Me H
126 P b, @— H CHO H
Br
127 P &, @— H CHO H
FoC
Me
128 & s{az @— H CHO H
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Table 8
R3a R4a
R2amR5a
|
R1a
Ref. Ex. No. Ra R% R RA2 RS2
129 @séz @—— F CHO H
N
130 r N, Cgi H CHO H
F
N
131 ' N—o, O—@— i CHo H
F
132 CI_®_S{32 @— H CHO H
F
133 Me \ / S0, C}— H CHO H
F
=N
134 \ / s{az @— H CHO H
Meo
135 NN -, d_ H CHO H
Me
N=
136 § )0 H CHO H
F
N=\ /
137 <\_:/>_S°2 cl CHO H
F
N=\ /
138 Q_S% F CHO H
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Table 9
R3a R4a
T3
RZa N R5
|
R‘la
Ref. Ex. Na. Rla R22 R3a R4a RS5a
Me
139 ®_S{) C}— F CHO H
\ 7/ 2
F
140 ®_ / Q— H cl
g0, CHO
F
F
141 _3{3 C}— H CHO cl
\ 7/ 2
N= / Me
142 H < H
b O
B’ Me
N= / Me
143 <
<\:/>’S°2 Me‘O— H CHNT H
CHO
N= /
~Me
144 Q—soz C}— H CHNS H
N= / < >
Me
145 Q—SOZ MeO,S H CHZN\Boc H
CH,OH
146 = % H CH NIV H
\ / 2 2 ~Boc
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Table 10

R3a R4a
Lo

Ref. Ex. No. R12 R% R32 R4 RS2
Me

147 H MEQ H CHO H
Me
SMe

148 H C}_ H CHO H
Br

149 H G H CHO H
SOMe

150 H @— H CHO H
SO,Me

- H G H CHO H
.

152 H C}— ! CHO H
Me
Me
SMe

154 Dséz C}_ H CHO H
Br

155 Dséz G H CHO H
SO,Me

w (b = n wo
ON

o b = n wo

\
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Table 11
R3a R4a
RZabN\\RSa
)
R1a
Ref. Ex. No. R1a R22 R3a R4 RS2
F
N/
158 I
Q—soz CHO H
Me
N=\ /
159 H
<\:/>7so2 CHO H
Me
F
Nee== /
160 H
\ / SO, CHO Br
F
N=\ /
161 CN
\ / S0, CHO H
F
N= /
162 H
\ / S0, CHO CN
163  MeO = —so Br ~Me
\ / 2 H CHzN\BOC H
N== / Me
164 NCO_ -
<\-:/>—‘SOZ H CH2N\BOC H
F
N=—
M
165 <\:/>—862 </ >— Ho o CHaNC H
NC
F
N== / M
166 Me
Q—soz </ (>— Ho CHNG H
MeO
OHCG F
N== / Me
167 \ /50 67 H CHNG, H
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Table 12

Ref. Ex. No. R1a R3a R4 R52

R1a
R2a
e
(o F
/ ~Me
168 \ / —302 H CH2N-\ Boc H
F

N
/ / \ Me
169 <\Nj/>7so2 . H CHZN\BOC H

F
/ 2\ Me
170 @*e% N H CHNZ H
cl
/ 4 \ Me
171 ®_302 B H CHNGG H
N
/ 7\ ~Me
172 DSOZ c o H CI-Izl\l\Boc H

N= N M
/ PAR _Me
174 MeO \ /S0 . H CHaNC H
HO F
Me
175 \ séz _%3— H CHANT, H

HO
N=\ / /z ﬁ Me
V. s
178 Q—802 H CH2N\“Bch H

Me
N— / Me
177 Q‘SOz 2 g— H CHNS H
F
Ne= / Me
178 \ /—302 Q7 H CHZN\B(Jc H
OMe
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Table 13
RSa Rda
RzaIN§\R5a
)
R1 a
Ref. Ex. No. R1a R2 R3a R4a R%a

N= / Me
180 <\:/>_So2 F_<o—©— H CHNT H

F Me
N== / 7 \ _Me
181 Qsoz _ H CHNG H
Me
N= / M
7\ Me
183 \ / S0, - H CHZN\BOC H

N== Me
187 Me—&}séz Br H CHZN‘Boc H

F
N== N Me
188 Me— ) 362 /_\ H CHaNT H
F
189 ®~s{>2 ) H cHO H
F
190 H 7\ H CHO H
N
191 H { _\ Cl CHO H
=\ I\
192 <\ )0, ci CHO H

N= / Me

N=\ / 7\ Me
196 Q‘s% _ H CHNT H
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Table 14

R
R2
Ref. Ex. No. R12 R2a R R4 R5a
HQN"_
N=— / Me
197 <\:/>7302 2 (>— H CHANT H
N

C

st
198 O—SOZ H CHNS H
.- O

3a R4a
an Sa
I}l R
R1a
F
F
N==
Ne— Bn
\ 2/ . \§
N
200 {l}séz b

The structures of the conpounds described in Exanples are

5 shown in Tables 15-23.
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Table 15
R N,Me
H
2bm4b
RN
b
Ex. No. R R% R%® R addition salt
N=\ [/
1 {\:/>—802 @— H H 2HCI
N=\/
2 Meo—Qsoz @ H H HCI
N=\ /
3 MeHN—<\:/>7502 @— H H 2HCI
NHMe
VAN
4 \ / 2 \ /—'— H H 2HCI
b
5 MeH \N 502 H H Hcl
N=\/
6 <\:/>—so2 @— H Me 2HCI
N=
A — }362 @-— H H 2HCI
N
N=\ / HOOC;
CF3 COOH
_ — H H 2HCI
° W \ 7/
N=\ /
10 Q_soz @— Me H 2HCI
—N /
11 \ /\—SQ2 @— Me H HCI
Me /
12 \E\N}*soz @—— Me H 2HCI
Me/ cl
Me
~
13 E\\ &b, Q— Me H Hel
M Me
A
14 E}Séz @— Me H Hcl
Me
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Ex. No.

addition salt

15

16

17

1

(-]

19

20

21

22

23

24

25

26

27

28

CF3COOH

HCI

HCI

2HCI
HOOC

COOH

HOOC

COOH

HCI

HCI

2HCI

HCI

2HCI

2HCI

2HCI
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Table 17

R N/Me
H
2bz—ﬁR4b
R™ N
éﬂ)
Ex. No. R1P R% R3P R addition salt
Me
29 ®_3{32 Z/ \S H H 2HCH
N S
Ne=
cl
/
31 \ / 80, H H 2HCI
F
32 <Nj>— £ FO— H H 2HCl
\ / S0,
F
N= /
33 QSOz H H Hel
FF
/
F
N=\ [/
35 <\:/>—so2 H H HCl
HOOC
v -
\ / 2 COOH
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Table 18
Rab ﬁ/Me
R2b /N\ R4b
|
R1b
Ex. No. RP R2 R3b R4 addition salt
N=\
37 Qsoz @— H H HClI
FsC y
=]
M=/
38 \ /_302 @— H H 2HCI
F
HOLG
30 @s{j H H \—
\ / 2 CO,H
F
/
40 \ )0 H H 2HCI
N=\ /
41 WL @— F H 2HCI
/
42 \ / (o F H
43 \ /502 @—— F H 05 =
CO,H
F
44 Me—D—séz C}-— H H 2HCI
F
45 N\ 4 H H HCl
\ /—802
F
Me\ H02
46 h1’:>—s/02 C}— H H =
N COLH
Me
N= H02C‘
47 <\_:/>_362 < ’>—— H H \—

CO,H
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Table 19
Rs;,f(\ N,Me
R2 /r\>'\R4b
IlQ1b
Ex. No. R1P R R3p R4 addition salt
F
o4 O "
48 —<0 Cl H =
\_/ 2 Co,H
F
e T TN SEE
o)
<\:/>‘ z co,H
Me
eSS SRS
S0, =
\_ 7/ CO,H
F
N HO,
51 g0 H Cl =\
\_/ 2 CO,H
F
F
o Y o S
52
\ /¢ CO,H
53 / H H HCI
\ / SOZ
Br
/
54 \ / S0, H H HCI
NG
/
55 \ / SO, H H HCI
Me0,C
=\ /
56 \ / S0, H H 2HCI
Me
Me
=\ /
57 \ / s0, Me H H HCI

237



WO 2007/026916

PCT/JP2006/317408
Table 20
R H’Me
R2b /N\ R4b
|
R1b
Ex. No. R1b R2p R3P R4 addition salt
Ne== /
58 \}Soz MeO,S — H H 2HCI
CH,OH
59 \ )< H H —
CO,H
(=]
= = HOLC
% \ / s/oz 84 : : —
CO.H
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Table 21
R3c R4c
R2r: /N>\R5c
|
R‘Ic
Ex. No. R'e R2° R R4 R%  addition salt
N_ H02
61 <0 O_ H CH,oNHMe H —
\ _/ 2 CO,H
N , Me HO,
62 . H CH,NHMe H =
<\:/>—soz Me—< :>—— 2 \ o
Me
SMe HO.C.
N=— 2
63 Qs@ C}_ H  CHNHMe H =
CO,H
SOzMe
Ne HO,G
64 Q—s{az O_ H CH,NHMe H 0.5 \=\
CO,H
CN
Ne== HO>
65 <:>—so § ;__ H  CHNHMe H =
\ /2 COLH
Me
66 O—SOZ H  CHNHMe H =
\_/ CO,H
Me
SOMe
N HOLG
67 L )0 H  CHNHMe H =
CO,H
F
N— HO,
68 \ ) ©_ CN CHyNHMe H c\=\
CO,H
F
N=— / HO;
69 U—soz H  CHNHMe CN =
CO,H
N= HO;
70 \ )50 NC_O_ H  CHNHMe H ==
CO,H
F
Y HO,
71 <\t/>_802 H CHNHMe H 05

NC

CO,H




WO 2007/026916

PCT/JP2006/317408
Table 22
RSc R4c
7\
R2cI-Nj\R5c
é1c
Ex. No. R1e R%e R3° R4 R%  addition salt
B / F HO2
72 {1:>7502 H  CH.NHMe H —
\_/ CoH
MeO
Me
o) F
N= / HO,
73 S0, H  CH.NHMe H =
\_/ CO,H
F
/ HO,
74 CH,NHMe \=—
®—802 \ / H 2 H cozH
F
/ — HO,
5 — CH,NHMe =—
! D_S% "\ ; ’ : Co,H
cl
=N & M= CH,NHM H02C\=\
e <\:/>_802 \_/ : 2nre H COo,H
HO.G
oS ~
77 @—so H CHNHMe H 15
\ / 72 S\ 7 2 COLH
/ N \ N= Hozc\=\
78 \ 502 Clw H CH,NHMe H 05 o
Lo 2
F
N= / Ne=
79 MeO—Q—SOQ <\_ ) H  CHNHMe H Hel
—_ HO F Ho,
80 <\ />—802 H CH,NHMe H co,H
Me
HO F
|— / Ho2
81 @—soz H  CHNHMe H ..
2
MeO F HO
2
2
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Table 23
R3c R4c
5%
chIN R5°
1
R1c
Ex. No. Re R% R3° R4 R%  addition salt
F HO,C
N= —— 2
83 Q—s/oz &) H  CHNHMe H =,
€Oy
OMe
N— / HOzC
“ () ()— o omwe w
\ 7/ : <° COH
F Me
N= / _ HO,
85 <:>—soz H  CHNNHMe H —
\_/ \—7 CO,H
Me
N= / N=— HO3
86 Q—SOZ ®. H  CHyNHMe H ==
CO.H
F
N= / N= HOzC'
87 M @—soz \ / H CH)NHMe H 05 \=\COH
2
F HO,C
N= N== 2
B (), ) I CHNHMe H =\
CO,H
Ne= HO.C,
89 S0 [ N H CHNHMe H =
\ / 2 S CO-H
Me HO,C
Nz / —— 2
90 <:>—soz CS__ H  CHNHMe H N
\_/ \ N/ CO,H
N
N=— / HOz
91 Qsoz H  CHNHMe H —
COH
CN
N= - HO;
92 \ /5 I, H  CH)NHMe H C\ﬁ

COH
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Experi nental Exanple 1
Proton potassium - adenosine triphosphatase (HY, K*-ATPase)
inhibitory activity test

According to the method [Biochim Biophys. Acta, 728, 31

(1983)] of Wallmark et al., a gastric mucous nenbrane

m crosomal fraction was prepared from the stomach of sw ne.
First, the stonach was renoved, washed with tap water,
imersed in 3 mol/L brine, and the surface of the nucous
menbrane was wiped with a paper towel . The gastric mucous
menbr ane was detached, chopped, and honopgenized in a 0.25
mol /L saccharose solution (pH 6.8) containing 1 mml/L EDTA
and 10 mml /L tris-hydrochloric acid using polytron
(Kinematica) . The obtained honpbgenate was centrifuged at
20,000xg for 30 mn and the supernatant was centrifuged at
100,000xg for 90 min. The precipitate was suspended in 0.25
nmol /L saccharose solution, superinposed on a 0.25 nol/L
saccharose solution containing 7.5% Ficoll, and centrifuged at
100,000xg for 5 hr. The fraction containing the interface
between the both |ayers was recovered, and centrifugally
washed with 0.25 nol/L saccharose sol ution.

The obtained nicrosomal fraction was used as a proton,
pot assi um - adenosine triphosphatase standard product.

To 40 UL of a 50 mmol /L HEPES-tris buffer (5 mol/L
magnesi um chloride, 10 mml/L potassium chloride, 10 pnol/L
val i nonycin, pH=6.5) containing 2.5 pg/nm (based on the protein
concentration) of the enzynme standard product was added a test
conpound (5 ML) dissolved in a 10% aqueous dinmethyl sulfoxide
solution, and the m xture was incubated at 37°C for 30 nin.
The enzyne reaction was started by adding 5 UL of a 2 mml /L
adenosine triphosphate tris salt solution (50 mmol/L HEPES-
tris buffer (5 mol/L magnesium chloride, pH 6.5)). The enzyne
reéction was carried out at 37°C for 20 min, and 15 YL of a
mal achite green solution (0.12% malachite green solution in
sul furic acid (2.5 mol/L), 7.5% amoni um nol ybdate and 11%

Tween 20 were mxed at a ratio of 100:25:2) was added to
242
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guench the reaction. After allowing to stand at room
tenperature for 15 min, the resulting reaction product of
i norgani ¢ phosphorus wth nalachite green was colorinetrically
deternined at a wavelength of 610 nm In addition, the anopunt
of the inorganic phosphoric acid in the reaction solution free
of potassium chloride was neasured in the sane manner, which
was subtracted from the inorganic phosphoric acid anpbunt in
the presence of potassium chloride to determine the proton,
pot assium - adenosine triphosphatase activity. The inhibitory
rate (w was deternined from the activity value of the control
and the activity values of various concentrations of the test
conpound, and the 50% inhibitory concentration (I1Cs) of the
proton, potassium - adenosine triphosphatase was determ ned.
The results are shown in Table 24.
Experimental Exanple 2

Human |iver cancer-derived cell line Hep& (ATCC No. HB-
8065) was passaged using Dulbecco's Modified Eagle medium
(DVEM I nvitrogen) containing 10% fetal bovine serum (FBS;
TRACE SCIENTIFIC LTD.), 1 nmmol/L sodium pyruvate (Ilnvitrogen),
2 mol/L L-glutamine (lnvitrogen), 50 IUWnL penicillin
(Invitrogen) and 50 pg/mL streptonycin (Invitrogen) at 5% CO,,
37°C. The test reagent was prepared with DMSO to 10 nM and
further diluted with DVEM medium containing 0.5% FBS, 1 nmol/L
sodi um pyruvate, 2 mmol/L L-glutanine, 50 IUnL penicillin and
50 pg/ mL streptonycin to a final concentration of DMSO of 0.1%
Hep& (2,104 cells/well) was cultured on a 96 well white plate
(Costar) with the test reagent at 5% CO,, 37°C. After culture
for one day, the intracellular ATP content was neasured using
ATPLite™ (PerkinElnmer Life Sciences) . The results are shown in
Table 24 (n>3, average value + SD) as a relative value (% to

control (without addition of drug) at 30 PM.
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Table 24
Example No. H+/K+-ATPase inhibitory |ATP content (%, 30 pM)
activity (ICso, nM)

2 13 45.2
5 65 73.9
7 34 76.5
8 22 87.9
29 41 71.5
32 8.9 53.6
41 43 86.7
44 48 78.5
47 58 81.8
74 210 95.2

From the results of Table 24, it is clear that conpound
(1) of the present invention has a superior HYK* ATPase
i nhibitory activity, and further shows |ow cytotoxicity.

Industrial Applicability

Si nce conpound (1) of the present invention shows a
superior proton punp inhibitory effect (while conventiona
proton punp inhibitors such as oneprazole, |ansoprazole etc.
form a covalent bond with a cysteine residue of H+/ K+ ATPase
and irreversibly inhibit the enzyme activity, since conpound
(1) inhibits the proton punp (H+/ K+-ATPase) activity
reversibly and in a K+ antagonist inhibitory nmanner to
consequently suppress acid secretion, it is sonetines referred
to as a potassium conpetitive acid blocker: P-CAB or an acid
punp antagoni st (ACPA or APA) ), it can provide a clinically
useful pharnaceutical conposition for the prophylaxis and/or
treatment of peptic ulcer, Zollinger-Ellison syndroneg,
gastritis, erosive esophagitis, reflux esophagitis,
synptonati ¢ gastroesophageal reflux disease (synptomatic
GEQ@ , functional dyspepsia, gastric cancéer, stomach MALT

| ynphona, or gastric hyperacidity/ or an inhibitor of upper
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gastrointestinal henorrhage due to peptic ulcer, acute stress

ul cer, henorrhagic gastritis or invasive stress. Since
compound (1) shows low toxicity and is superior in water-
solubility, in vivo kinetics and efficacy expression, it is
useful as a pharmaceutical conposition. Mreover, since
compound (1) is stable even under acidic conditions, which
enabl es oral adm nistration of the conpound as a conventi onal
tablet and the like without formulating an enteric-coated
preparation. This has a consequence that the preparation of
tablet and the like can be made snmaller, which is advantageous
in that it is easily swallowed by patients having difficulty
in swallowng, particularly the elderly and children. 1In
addition, since a sustained release effect afforded by
enteric-coated preparations is absent, expression of a gastric
acid secretion-suppressive action is rapid, and alleviation of
synptons such as pain and the like is rapid.

This application is based on patent application Nos.
2005- 250356 and 2006- 100626 filed in Japan, the contents of

which are incorporated in full herein by this reference.
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CLAIMS

1. A conpound represented by the formula (1) :
5

s H, R
R C—N\H
/A
R? T R’ 0
T
R1

wherein R! is a nonocyclic nitrogen-containing heterocyclic
group optionally condensed with a benzene ring or a

het erocycle, the nonocyclic nitrogen-containing heterocyclic
group optionally condensed with a benzene ring or a
heterocycle optionally has substituent (s), RZ is an optionally
substituted Cgzisa aryl group, an optionally substituted thienyl
group or an optionally substituted pyridyl group, R3 and R* are
each a hydrogen atom or one of R3 and R* is a hydrogen atom
and the other is an optionally substituted |ower alkyl group,
an acyl group, a halogen atom a cyano group or a nitro group,

and R> is an alkyl group, or a salt thereof.

2. A conmpound represented by the formula (1) :

s H, R
R C—N\H
/ \
R’ T R ()
1
R1

wherein R! is a nonocyclic nitrogen-containing heterocyclic
group optionally condensed with a benzene ring or a

het erocycle, the nonocyclic nitrogen-containing heterocyclic
group optionally condensed with a benzene ring or a
heterocycle optionally has substituent (s) , R2 is an optionally
substituted Cgisa aryl group or an optionally substituted
thienyl group, R3 and R4 are each a hydrogen atom or one of R3

and- R* is a hydrogen atom and the other is an optionally
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substituted |ower alkyl group, an acyl group, a halogen atom
a cyano group or a nitro group, and R® is an alkyl group, or a

salt thereof.

3. The conmpound of claim 1 or 2, wherein Rl is a nonocyclic

ni trogen-contai ning heterocyclic group.

4. The conpound of claim 1 or 2, wherein the nonocyclic

ni trogen-containing heterocyclic group is a pyridyl group.

5. The conpound of claim 1 or 2, wherein R2 is a phenyl group
optionally substituted by 1 to 5 substituents selected from
(i) a halogen atom and (ii) a C, 4, alkyl optionally substituted

by 1 to 5 hal ogen atons.

6. The conpound of claim 1 or 2, wherein R2 is a pyridyl group
optionally substituted by 1 to 4 substituent (s) selected from
C,, alkyl, a halogen atom al koxy, cyano, acyl, nitro and

am no .

7. The conpound of claim 1 or 2, wherein R3 and R* are each a

hydr ogen atom

8. The conmpound of claim 1 or 2, wherein R> is a nethyl group.

9. I-{5- (2-Fluorophenyl)-1- [(6-nethylpyridin-3-yl) sulfonyl]-

| H pyrrol -3-yl}-N et hyl net hanami ne or a salt thereof.

10. | -[4-Fluoro-5-phenyl-1- (pyridin-3-ylsulfonyl) -IH pyrrol-3-

yl]-N-net hyl i oet hananm ne or a salt thereof.

11. N-Methyl-1- [5- (4-nethyl-3-thienyl) -1- (pyridin-3-

ylsul fonyl) -1 Hpyrrol -3-yl ] nethananine or a salt thereof.

12. 1- [5- (2-Fluoropyridin-3-yl)-I- (pyridin-3-ylsulfonyl) -IH
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13.1- [5- (2-Fl uorophenyl)-1-

yl ]- N net hyl met hananmi ne  or

14. N-Methyl - 1-

| H pyrrol -3-yl ] net hanam ne

PCT/JP2006/317408
her eof .

(pyridin-3-ylsulfonyl) -1H pyrrol-3--

a salt thereof.

or a salt thereof.

15. A prodrug of the conmpound of claim 1 or

16. A pharmaceuti cal

claim 1 or

17. The pharmaceuti cal

2 or a prodrug

acid secretion inhibitor.

18. The pharmaceuti cal

pot assi um conpetitive acid

19. The pharmaceuti cal

agent for

the treatnment or

Zollinger-Ellison syndrone,

reflux esophagitis,

conmposition conprising

t her eof .

bl ocker.

[5- (2-nethyl phenyl) -1- (pyridin-3-ylsulfonyl) -

2.

t he conpound of

conposition of claim 16, which is an

conposition of claim 16, which is a

conposition of claim 16, which is an

prophyl axis of peptic ulcer,

gastritis, erosive esophagitis,

synptomati ¢ gastroesophageal reflux

di sease (synptomatic GERD) , functional dyspepsia, gastric

cancer, stomach MALT

i nhi bi tor

of upper gastrointestinal

ul cer, acute stress ulcer,

stress.

| ynphona, or gastric hyperacidity; or an

henorrhage due to peptic

henorrhagic gastritis or invasive

20. A nethod of treating or preventing peptic ulcer,

Zollinger-Ellison syndrone,

reflux esophagitis,

gastritis, erosive esophagitis,

synptomati ¢ gastroesophageal reflux

di sease (Synptomatic GERD) , functional dyspepsia, gastric

cancer, st

met hod of

omach MALT |ynphona, or gastric hyperacidity; or a

i nhibiting upper

gastroi ntestinal
248
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peptic ulcer, acute stress ulcer, henorrhagic gastritis or
i nvasi ve stress, which conprises admnistering an effective
amount of the conpound of claim 1 or 2 or a prodrug thereof to

a manmmal

21. Use of the conpound of claim 1 or 2 or a prodrug thereof
for the production of a pharmaceutical conposition for the
treatnment or prophylaxis of peptic ulcer, Zollinger-ElIlison
syndrone, gastritis, erosive esophagitis, reflux esophagitis,
synptomati ¢ gastroesophageal reflux disease (Synptomatic
GERD) , functional dyspepsia, gastric cancer, stomach MALT

| ynphorma, or gastric hyperacidity; or an inhibitor of upper
gastrointestinal henorrhage due to peptic ulcer, acute stress

ul cer, henorrhagic gastritis or invasive stress.
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