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wherein R" 1s a C,_, alkyl; R* is (1) a 5- to 7-membered
nitrogen-contaiming heterocyclic group which may have a
substituent selected from the group consisting of (1') a halo-
gen, (2') a hydroxy group, (3') a C,_, alkyl and (4") a C,_,
alkoxy, (2) a phenyl which may have a substituent selected
from the group consisting o1 (1') a halogen, (2')a C, _, alkoxy-
C,_,alkyl, (3") amono-C, _, alkyl-carbamoyl-C, _, alkyl, (4") a
C, , alkoxy and (5') a mono-C,_, alkylcarbamoyl-C,_,
alkoxy, or the like; R*isa C, _, alkyl; R*isa C,_, alkoxy, or the
like; n 1s an 1nteger of 1 to 4; or a salt thereot, as a thienopy-
rimidine compound having gonadotropin-releasing hormone
antagonistic activity.
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THIENOPYRIMIDINE COMPOUNDS AND
USE THEREOF

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application 1s a divisional of U.S. Pat. No. 11/848,939,
which was filed Aug. 31, 2007 and was 1ssued as U.S. Pat. No.
8,058,280 on Nov. 15, 2011. U.S. Pat. No. 11/848,939 1s a
divisional of U.S. Pat. No. 10/544,069, which was filed Jul.
29, 2005 and was 1ssued as U.S. Pat. No. 7,300,935 on Nov.
2'7,2007. U.S. Pat. No. 10/544,069 1s the U.S. national phase
filing of PCT/JP2004/000741 which was filed Jan. 28, 2004
and published as WO 2004/0673535 on Aug. 12, 2004. PC'T/
JP2004/000741 claims the benefit of Japanese Application
No. 2003-020854 filed Jan. 29, 2003. The entire contents of
cach of the above are incorporated herein by reference.

TECHNICAL FIELD

The present mvention relates to thieno[2,3-d]pyrimidine
compounds exhibiting gonadotropin releasing hormone
(GnRH) antagonizing activity, their production and use.

BACKGROUND ART

Secretion of anterior pituitary hormones undergoes feed-
back control by peripheral hormones secreted from target
organs of the respective hormones and by secretion-regulat-
ing hormones from the hypothalamus, which 1s the upper
central organ of the anterior lobe of the pituitary (heremafter,
these hormones are collectively called “hypothalamic hor-
mones” 1n this specification). Presently, as hypothalamic hor-
mones, the existence of nine kinds of hormones including, for
example, thyrotropin releasing hormone (TRH), and gona-
dotropin releasing hormone [GnRH, sometimes called as LH-
RH (luteimzing hormone releasing hormone)] has been con-
firmed. These hypothalamic hormones are believed to show
their actions via the receptors which are considered to exist in
the anterior lobe of the pituitary, and efforts to find the recep-
tor-gene expression specific to these hormones, mncluding
cases of human, have been made. Accordingly, antagonists or
agonists specifically and selectively acting on these receptors
should control the action of the hypothalamic hormone and
the secretion of anterior pituitary hormone. As a result, such
antagonists or agonists are expected to prevent or treat ante-
rior pituitary hormone dependent diseases.

Known compounds possessing GnRH-antagonizing activ-
ity include GnRH-dertived linear peptides (U.S. Pat. No.
5,140,009 and U.S. Pat. No. 5,171,835), a cyclic hexapeptide
derivative (JP-A-61-191698), a bicyclic peptide derivative
(Journal of Medicinal Chemistry, Vol. 36, pp. 3265-3273
(1993)), and so forth. Non-peptide compounds possessing

GnRH-antagonizing activity include compounds described in
JP-A-8-295693 (WO 95/28405), IJP-A-9-169768 (WO

06/24597), JIP-A-9-169735 (WO 97/14682), JIP-A-9-169767
(WO 97/14697), IP-A-11-315079 (WO 99/33831), JP-A-
2000-219691 (WO 00/00493), JP-A-2001-278884 (WO
00/56739) and JP-A-2002-30087.

Peptide compounds pose a large number of problems to be
resolved with respect to oral absorbability, dosage form, dose
volume, drug stability, sustained action, metabolic stability
etc. There 1s strong demand for an oral GnRH antagonist,
especially one based on a non-peptide compound, that has
excellent therapeutic effect on hormone-dependent cancers,
¢.g., prostatic cancer, endometriosis, precocious puberty etc.,
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2

that does not show transient hypophysial-gonadotropic action
(acute action) and that has excellent oral absorbability.

SUMMARY OF THE DISCLOSUR.

(Ll

We, the present inventors, have conducted various mnvesti-
gations, and as a result, have synthesized the following novel
compound represented by the formula [hereinafter some-
times referred to brietly as Compound (I1)]:

(1)
(CHZ)HR4
R3 ..------'I‘\T O
fRZ
RIO—N N / \ / ‘ |
TN
S N ®
O

F
‘ N
. P

wherein

R'is a C,_, alkyl; R* is (1) a C,_, alkyl which may have a
substituent selected from the group consisting of (1') a
hydroxy group, (2') a C,_, alkoxy, (3') a C,_, alkoxy-car-
bonyl, (4") a di-C, _, alkyl-carbamoyl, (3') a 3- to 7-mem-
bered nitrogen-containing heterocyclic group, (6') a C, _,
alkyl-carbonyl and (/') a halogen,

(2) a C,_4 cycloalkyl which may have (1') a hydroxy group or
(2") a mono-C, _, alkyl-carbonylamino, (3) a 5- to 7-mem-
bered nitrogen-containing heterocyclic group which may
have a substituent selected from the group consisting of (1')
a halogen, (2') a hydroxy group, (3') a C,_, alkyl and (4") a
C,_, alkoxy, (4) a phenyl which may have a substituent
selected from the group consisting of (1') a halogen, (2') a
C,_, alkoxy-C, , alkyl, (3') a mono-C, _, alkyl-carbamoyl-
C,_salkyl, (4"ya C,_, alkoxy and (5') amono-C, _, alkylcar-
bamoyl-C,_, alkoxy or (5)aC, _, alkoxy; R’ isa C,_, alkyl;
R*is (1)ahydrogenatom, (2)aC, _, alkoxy, (3)aC,_,, aryl,
(4) a N—C,_, alkyl-N—C,_, alkylsulfonylamino, (5) a
hydroxy group or (6) a 3-to 7-membered nitrogen-contain-
ing heterocyclic group which may have a substituent
selected from the group consisting of (1') oxo, (2")a C, _,
alkyl, (3') a hydroxy-C, _, alkyl, (4") a C,_, alkoxy-carbo-
nyl, (3') amono-C, _, alkyl-carbamoyl and (6')a C, _, alkyl-
sulfonyl; n is an integer of 1 to 4; provided that when R is
a phenyl which may have a substituent, R* is a 5- to 7-mem-
bered nitrogen-containing heterocyclic group which may
have a substituent selected from the group consisting of (1)
0X0, (2) a hydroxy-C, , alkyl, (3) a C, _, alkoxy-carbonyl,
(4) a mono-C,_, alkyl-carbamoyl and (35) a C,_, alkylsul-
fonyl; or a salt thereof; which 1s characterized by having
3-C,_, alkoxyureido on the para-position of 1ts phenyl
group at the six position of the thieno[2,3-d]pyrimidine
skeleton. And we also have found that Compound (1) has
an unexpected, excellent GnRH-antagonizing activity,
especially strong antagonistic activity, based upon the
above specific chemical structure, and extremely low tox-
icity and 1s therefore satisfactory as a medicine having
GnRH-antagonizing activity, and developed the present
invention based on these findings.
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DETAILED DESCRIPTION OF TH
DISCLOSURE

(L]

Accordingly, the present invention relates to:
[1] A compound of the formula:

(CHZ)HR4
R’ *‘"N
=0 ﬁ
b
wherein
R'isa C,_, alkyl;
RZ is

(1) a C,_, alkyl which may have a substituent selected from
the group consisting ot (1') a hydroxy group, (2') a C, _,
alkoxy, (3") a C,_, alkoxy-carbonyl, (4") a di-C,_, alkyl-
carbamoyl, (5') a 3- to 7-membered nitrogen-containing
heterocyclic group, (6') a C,_, alkyl-carbonyl and (7') a
halogen,

(2) a C,4_4 cycloalkyl which may have (1') a hydroxy group or
(2") a mono-C, _, alkyl-carbonylamino,

(3) a 5- to 7-membered nitrogen-containing heterocyclic
group which may have a substituent selected from the
group consisting o (1')ahalogen, (2') a hydroxy group, (3"
a C,_,alkyl and (4') a C,_, alkoxy,

(4) a phenyl which may have a substituent selected from the
group consisting ot (1') a halogen, (2') a C, _, alkoxy-C, _,
alkyl, (3') a mono-C, _, alkyl-carbamoyl-C, . alkyl, (4') a
C,_, alkoxy and (3') a mono-C,_, alkylcarbamoyl-C, _,
alkoxy, or

(5) a C,_, alkoxy;

R*isa C,_, alkyl;

R*is

(1) a hydrogen atom,

(2) a C,_, alkoxy,

(3)a Cy_y aryl,

(4) aN—C, _, alkyl-N

(5) a hydroxyl group, or

(6) a 5- to 7-membered nitrogen-containing heterocyclic
group which may have a substituent selected from the
group consisting of (1') oxo, (2') a C,_, alkyl, (3") a
hydroxy-C,_, alkyl, (4') a C,_, alkoxy-carbonyl, (5') a
mono-C, , alkyl-carbamoyl and (6') a C,_, alkylsulfonyl;

n 1s an integer of 1 to 4;

provided that when R” is a phenyl which may have a substitu-
ent, R* is a 5- to 7-membered nitrogen-containing hetero-
cyclic group which may have a substituent selected from
the group consisting of (1) oxo, (2) a hydroxy-C,_, alkyl,
(3)a C,_, alkoxy-carbonyl, (4) a mono-C, _, alkyl-carbam-
oyl and (5) a C, _, alkylsulfonyl; or a salt thereof;

[2] A compound as defined 1n [1] above, wherein

R” is

(1) a C,_, alkyl which may have a substituent selected from
the group consisting of (1') a hydroxy group, (2") a C,_,

C,_, alkylsulfonylamino,
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4
alkoxy, (3") a C,_, alkoxy-carbonyl, (4') a di-C,_, alkyl-
carbamoyl and (3') a 5 to 7-membered nitrogen-containing,
heterocyclic group,

(2) a C,_4 cycloalkyl which may have (1') a hydroxy group or
(2') a mono-C, _, alkyl-carbonylamino,

(3) a 5- to 7-membered nitrogen-containing heterocyclic
group which may have a substituent selected from the
group consisting of (1')ahalogen, (2') ahydroxy group, (3')
a C,_,alkyland (4') a C, _, alkoxy,

(4) a phenyl which may have a substituent selected from the
group consisting of (1') a halogen, (2') a C,_, alkoxy-C, _,
alkyl, (3') amono-C, _, alkyl-carbamoyl-C, _, alkyl and (4")
a mono-C, _, alkyl-carbamoyl-C, _, alkoxy, or

(5)a C,_, alkoxy;

R* s

(1) a C,_, alkoxy,

(2) a Cqy_y aryl,

(3) aN—C, _, alkyl-N—C, _, alkylsulfonylamino or

(4) a 5- to 7-membered nitrogen-containing heterocyclic
group which may have a substituent selected from the
group consisting of (1') oxo, (2') a hydroxy-C, _, alkyl, (3")
a C,_, alkoxy-carbonyl, (4') a mono-C, _, alkyl-carbamoyl
and (5") a C, _, alkylsultonyl;

] A compound as defined in[1] above, wherein R" is methyl;

] A compound as defined in [1] above, wherein R* is a 5- to

7-membered nitrogen-containing heterocyclic  group

which may have a substituent selected from the group
consisting of (1) a halogen, (2) a hydroxy group, (3)aC, _,
alkyl and (4) a C, _, alkoxy;

] A compound as defined in [1] above, wherein R” is methyl;

] A compound as defined in [1] above, wherein R*isa C, _,

alkoxy;

| A compound as defined 1n [1] above, wherein n 1s 2;

] A compound as defined in [1] above, wherein R is methyl,
R*is a hydrogen atom and n is 1;

9] N-(4-(1-(2,6-difluorobenzyl)-3-(((2-methoxyethyl)(me-
thyl)amino)methyl)-2,4-dioxo-3-(2-pyridinyl)-1,2,3,4-
tetrahydrothieno[2,3-d|pyrimidin-6-yl)phenyl)-N'-meth-
oxyurea, N-(4-(1-(2,6-difluorobenzyl)-5-(((2-
cthoxyethyl)(methyl)amino )methyl)-2,4-dioxo-3-(2-
pyridinyl)-1,2,3.4-tetrahydrothieno[ 2,3-d|pyrimidin-6-v1)
phenyl)-N'-methoxyurea, N-(4-(1-(2,6-difluorobenzyl)-5-
((dimethylamino )methyl)-3-(6-methoxy-3-pyridazinyl)-
2.,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d|pyrimidin-6-yl)
phenyl)-N'-methoxyurea or

N-(4-(1-(2,6-difluorobenzyl )-3-((dimethylamino )methyl)-
3-(6-methoxypyridin-3-yl)-2,4-dioxo-1,2,3,4-tetrahy-
drothieno[2,3-d]pyrimidin-6-yl)phenyl)-N'-methoxyurea,
or a salt thereof;

[10] N-(4-(5-(((2-methoxyethyl ) methylamino)methyl)-1-(2,
6-difluorobenzyl)-1,2,3,4-tetrahydro-2,4-dioxo-3-(4-
met_loxyphenyl)thleno [2,3-d]pyrimidin-6-y1)phenyl)-N'-
methoxyurea or N-(4-(1-(2,6-difluorobenzyl)-3-
((dimethylamino)methyl)-3-(4-methoxyphenyl)-2.4-
dioxo-1,2,3,4-tetrahydrothieno|2,3-d|[pyrimidin-6-yl)
phenyl)-N'-methoxyurea, or a salt thereof;

[11] A prodrug of the compound as defined 1n [1] above;

[12] A pharmaceutical which comprises the compound as
defined 1n [ 1] above or a prodrug thereof;

[13] A pharmaceutical as defined 1n [12] above, which 1s a
gonadotropin-releasing hormone antagonist;

[14] A pharmaceutical as defined 1n [12] above, which 1s for
preventing or treating a sex hormone dependent disease;
[15] A pharmaceutical as defined 1n [12] above, which 1s for

preventing or treating sex hormone-dependent cancer,
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bone metastasis of sex hormone-dependent cancer, pros-
tatic hypertrophy, hysteromyoma, endometriosis, metrofi-

broma, precocious puberty, amenorrhea, premenstrual
syndrome, dysmenorrhea, multilocular ovary syndrome,
polycystic ovary syndrome, acne, alopecia, Alzheimer’s
disease, infertility, irritable bowel syndrome, benign or
malignant tumor which 1s hormone 1ndependent and LH-
RH sensitive or hot flash; reproduction regulator; contra-
ceptive agent; ovulation inducer; or for prevention of post-
operative recurrence ol sex hormone-dependent cancer;

[16] A method for antagonizing gonadotropin-releasing hor-
mone, which comprises administering an effective amount
of the compound as defined 1n [1] above to a mammal;

[17] Use of the compound as defined 1n [1] above for manu-
facturing a pharmaceutical composition for antagonizing
gonadotropin-releasing hormone;

[18] A compound of the formula:

RE(CH,),,

(CH,),R”

wherein
R“ 1s (1) a hydrogen atom, (2) an aryl group which may have

1 to 5 substituents selected from the group consisting of (1)

a halogen, (11) nitro, (111) cyano, (1v) amino, (v) a carboxyl

group which may be esterified or amidated, (v1) an alky-

lenedioxy, (v11) an alkyl, (vi11) an alkoxy, (1x) an alkylthio,

(x) an alkylsulfinyl and (x1) an alkylsulionyl, (3) a

cycloalkyl group which may have a substituent or (4) a

heterocyclic group which may have a substituent; R” is a

nitrogen-containing heterocyclic group which may have a

substituent; R 1s an amino group which may have a sub-

stituent; R is an aryl group which may have a substituent;

p 1s an 1teger of 0 to 3; g 1s an mteger of 0 to 3; or a salt

thereof; and so forth.

The definition of each term 1s described 1n the following
paragraphs.

Examples of the “C,_, alkyl” include a linear C,_, alkyl
(e.g. methyl, ethyl, propyl, butyl, and the like), a branched
C,_, alkyl (e.g., 1sopropyl, 1sobutyl, sec-butyl, tert-butyl, and
the like), and the like.

Examples of the “C,_, alkyl” include a linear C, _, alkyl
(e.g. methyl, ethyl, propyl, butyl, pentyl, hexyl and the like),
a branched C,_ . alkyl (e.g., 1sopropyl, 1sobutyl, sec-butyl,
tert-butyl, 1sopentyl and the like), and the like.

Examples of the “C, _, alkoxy” include a linear C, _, alkoxy
(e.g. methoxy, ethoxy, propoxy, butoxy, and the like), a
branched C,_, alkoxy (e.g., 1sopropoxy, 1sobutoxy, sec-bu-
toxy, tert-butoxy, and the like), and the like.

Examples of the “C, _, alkoxy-carbonyl” include methoxy-
carbonyl, ethoxycarbonyl, propoxycarbonyl, 1sopropoxycar-
bonyl, butoxycarbonyl, 1sobutoxycarbonyl, sec-butoxycar-
bonyl, tert-butoxycarbonyl, and the like.

Examples of the “di-C,_, alkyl-carbamoyl” include dim-
cthylcarbamoyl, diethylcarbamoyl, dipropylcarbamoyl,
duisopropylcarbamoyl, N-ethyl-N-methylcarbamoyl, and the
like.

Examples of the “3- to 7-membered nitrogen-containing,
heterocyclic group” include pyrrolidin-1-vyl, pyrrolidin-2-vyl,
pyrrolidin-3-yl, oxazolidin-3-yl, thiazolidin-3-yl, 1soxazoli-
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din-2-yl, 1sothiazolidin-2-yl, imidazolidin-1-yl, 1midazoli-
din-2-yl, imidazolidin-4-yl, pyrazolidin-1-yl, pyrazolidin-3-
yl, pyrazolidin-4-yl, pyrrol-1-yl, pyrrol-2-yl, pyrrol-3-yl,
imidazol-1-yl, imidazol-2-yl, imidazol-4-yl, pyrazol-1-vl,
pyrazol-3-yl, pyrazol-4-vyl, 1,2,3-triazol-1-yl, 1,2,5-triazol-1-
yl, tetrazol-1-yl, tetrazol-2-yl, tetrazol-5-yl, oxazol-2-yl,
oxazol-4-yl, oxazol-5-yl, 1soxazol-3-yl, 1soxazol-4-yl, 1s0x-
azol-5-yl, thiazol-2-yl, thiazol-4-yl, thuazol-5-vl, 1sothiazol-
3-yl, 1sothiazol-4-yl, 1sothiazol-5-yl, piperidin-1-yl, piperi-
din-2-yl, piperidin-3-yl, pipendin-4-yl, piperazin-1-vl,
piperazin-2-yl, morpholin-2-yl, morpholin-3-yl, morpholin-
4-yl, pynidin-2-yl, pyridin-3-yl, pyridin-4-yl, pyrazin-2-vl,
pyrimidin-2-yl, pyrimidin-4-yl, pyrimidin-5-vyl, pyridazin-3-
yl, pyridadin-4-yl, and the like. Among them, preferable
examples are pyrrolidin-1-yl, pyrrolidin-2-yl, imidazol-1-vl,
imidazol-2-yl, 1,2,3-trnazol-1-yl, 1,2,5-triazol-1-yl, tetrazol-
1-yl, tetrazol-2-yl, pyridin-2-yl, pyridin-4-yl, and the like.

Examples of the “C,_, alkyl-carbonyl” include methyl-
carbonyl, ethyl-carbonyl, propyl-carbonyl, 1sopropyl-carbo-
nyl, butyl-carbonyl, 1sobutyl-carbonyl, sec-butyl-carbonyl,
tert-butyl-carbonyl, and the like.

The “halogen™ include fluorine, chlorine, bromine and
10dine.

Examples of the “mono-C,_, alkyl-carbonylamino”
include methylcarbonylamino, ethylcarbonylamino, propyl-
carbonylamino, 1sopropylcarbonylamino, butylcarbony-
lamino, 1sobutylcarbonylamino, sec-butylcarbonylamino,
tert-butylcarbonylamino, and the like.

Examples of the “C,_, cycloalkyl” include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
and the like.

The “C,_, alkoxy-C,_, alkyl” include methoxymethyl,
1 -methoxyethyl, 2-methoxyethyl, 1-methoxypropyl, 2-meth-
oxypropyl, 3-methoxypropyl, 1-methoxybutyl, 2-methoxy-
butyl, 3-methoxybutyl, 4-methoxybutyl, 1-methoxy-1-meth-

ylethyl, 2-methoxy-1-methylethyl, 1 -methoxy-1-
methylpropyl, 2-methoxy-1-methylpropyl, 3-methoxy-1-
methylpropyl, 1-(methoxymethyl)propyl, 1-methoxy-2-
methylpropyl, 2-methoxy-2-methylpropyl, 3-methoxy-2-
methylpropyl, 2-methoxy-1,1-dimethylethyl, ethoxymethyl,

2-ethoxyethyl, 3-ethoxypropyl, 4-ethoxybutyl, and the like.

Examples of the “mono-C, _, alkyl-carbamoyl-C, _, alkyl”
include methylaminocarbonylmethyl, ethylaminocarbonyl-
methyl, 2-methylaminocarbonylethyl, 2-ethylaminocarbon-
ylethyl, and the like.

Examples of the “mono-C,_, alkyl-carbamoyl-C,_,
alkoxy” include methylaminocarbonylmethoxy, ethylami-
nocarbonylmethoxy, 2-methylaminocarbonylethoxy, 2-ethy-
laminocarbonylethoxy, and the like.

Examples of the “C,_,, aryl” include phenyl, 1-naphthyl,
2-naphthyl, and the like.

Examples of the “N—C,_, alkyl-N—C, _, alkylsulfony-
lamino™ include N-methyl-N-methylsulfonylamino, N-ethyl-
N-methylsulionylamino, N-ethylsulfonyl-N-methylamino,
N-ethyl-N-ethylsulfonylamino, and the like.

Examples of the “hydroxy-C, _, alkyl” include hydroxym-
cthyl, 1-hydroxyethyl, 2-hydroxyethyl, 1-hydroxypropyl,
2-hydroxypropyl, 3-hydroxypropyl, 1-hydroxybutyl, 2-hy-
droxybutyl, 3-hydroxybutyl, 4-hydroxybutyl, 1-hydroxy-1-
methylethyl, 2-hydroxy-1-methylethyl, 1-hydroxy-1-meth-

ylpropyl, 2-hydroxy-1-methylpropyl, 3-hydroxy-1-
methylpropyl, 1-(hydroxymethyl)propyl, 1-hydroxy-2-
methylpropyl, 2-hydroxy-2-methylpropyl, 3-hydroxy-2-
methylpropyl, 2-hydroxy-1,1-dimethylethyl, and the like.

Examples of the “mono-C,_, alkyl-carbamoyl” include
methylcarbamoyl, ethylcarbamoyl, propylcarbamoyl, iso-
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propylcarbamoyl, butylcarbamoyl, 1sobutylcarbamoyl, sec-
butylcarbamoyl, tert-butylcarbamoyl, and the like.

Examples of the “C, _, alkylsulfonyl” include methylsulio-
nyl, ethylsulfonyl, propylsulfonyl, 1sopropylsulfonyl, butyl-
sulfonyl, 1sobutylsulfonyl, sec-butylsulfonyl, tert-butylsulfo-
nyl, and the like.

As R', methyl and ethyl are preferable, and especially
methyl 1s preferable.

AsR?, 5- to 7-membered nitrogen-containing heterocyclic
group which may have a substituent selected from the group
consisting of (1) a halogen, (2) a hydroxy group, (3) a C,_,
alkyland (4)aC, _, alkoxy 1s preferable. Among them, pyridyl
(pynidin-2-yl, pyridin-3-yl, pyridin-4-yl), which may have a
substituent selected from the group consisting of (1) a halo-
gen, (2) ahydroxy group, (3)aC,_,alkyland(4)aC, _, alkoxy
1s more preferable. Especially, unsubstituted pyridin-2-y1 1s
preferable.

As R®, methyl and ethyl are preferable. Especially, methyl
1s preferable.

AsR?* aC,_, alkoxy is preferable. Especially, methoxy and
cthoxy are preferable.

Asn, 1 or 2 1s preferable. Especially, 2 1s preferable.

Preferable examples of the combination of R, R* and n,
includes the case that R” is methyl, R*is a hydrogen atom and
nisl.

Preferable examples of Compound (I) include N-(4-(1-(2,
6-difluorobenzyl)-5-(((2-methoxyethyl )(methyl)amino)me-
thyl)-2.,4-d1ox0-3-(2-pyridinyl)-1,2,3,4-tetrahydrothieno| 2,
3-d]pyrimidin-6-yl)phenyl)-N'-methoxyurea, N-(4-(1-(2,6-
difluorobenzyl)-5-(((2-ethoxyethyl)(methyl)amino )methyl)-
2.,4-diox0-3-(2-pyridinyl)-1,2,3,4-tetrahydrothieno[2,3-d]
pyrimidin-6-yl)phenyl ))-N'-methoxyurea, N-(4-(1-(2,6-
difluorobenzyl)-5-((dimethylamino )methyl)-3-(6-methoxy-
3-pyridazinyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[ 2,3-d]
pyrimidin-6-yl)phenyl )-N'-methoxyurea or N-(4-(1-(2,6-
difluorobenzyl)-5-((dimethylamino )methyl)-3-(6-
methoxypyridin-3-yl)-2,4-dioxo-1,2,3,4-tetrahydrothieno| 2,
3-d]pyrimidin-6-yl)phenyl)-N'-methoxyurea.

Salts of Compound (I) are preferably physiologically
acceptable acid addition salts. Such salts include, for
example, salts with inorganic acids (e.g., hydrochloric acid,
hydrobromic acid, nitric acid, sulfuric acid, phosphoric acid,
etc.), salts with organic acids (e.g., formic acid, acetic acid,
trifluoroacetic acid, fumaric acid, oxalic acid, tartaric acid,
maleic acid, citric acid, succinic acid, malic acid, methane-
sulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid,
etc.), and the like. When Compound (1) has an acidic group, 1t
may be formed 1nto a physiologically acceptable salt with an
inorganic base (e.g., alkali metals and alkaline earth metals
such as sodium, potassium, calcium, magnesium, etc.;
ammonia, and the like) or an organic base (e.g., trimethy-
lamine, triethylamine, pyridine, picoline, ethanolamine,
diethanolamine, triecthanolamine, dicyclohexylamine, N,N'-
dibenzylethylenediamine, and the like).

For example, Compound (I) can be produced according to
the following production methods. Compounds 1llustrated in
the following reaction schemes include their salts. Examples
ol the salts include the same salts as the salts of Compound (1),
etc. Compounds (I)-(IV) 1llustrated 1n the following reaction
schemes may be formed into the acceptable salts depending
on the reaction conditions.
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(Production Method 1)
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(CH,),R*
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In the above formula, L 1s a leaving group, and other
symbols are the same as defined above.

Examples of “leaving group” represented by L are a halo-
gen atom, C, _, alkylsulfonyloxy which may have a halogen
atom, and the like. Examples of “C, _, alkylsulfonyloxy which
may have a halogen atom™ are methanesulionyloxy, ethane-
sulfonyloxy, trifluoromethanesulfonyloxy, and the like.

Compound (II) can be produced 1n any per se known man-
ner, for example, according to the methods disclosed 1n JP-A-
2001-278884, WO 00/56739 or analogous methods thereto.

For example, Compound (I) can be produced by reacting
Compound (II) and a compound represented by the formula:
R*—(CH.,), -L. This reaction is preferably carried out in the
presence of a base.

Examples of “base” are mmorganic bases such as sodium
carbonate, sodium hydrogen carbonate, potasstum carbonate,
potassium hydrogen carbonate, sodium hydroxide, potas-
sium hydroxide, thallium hydroxide, and the like; and organic
bases such as triethylamine, duisopropylethylamine, pyridine,
and the like. The amount of the compound represented by the
formula: R*—(CH,), -L in the reaction of Compound (II) and
the compound represented by the formula: R*—(CH,), -L is
about 1 to about 3 moles per 1 mole of Compound (II). The
amount ol a base 1s about 1 to about 3 moles per 1 mole of
Compound (II).

This reaction 1s usually carried out 1n a solvent nert to the
reaction. Examples of “solvent” are an ether (e.g., diethyl
cther, dioxane, dimethoxyethane, tetrahydrofuran, and the
like), an aromatic hydrocarbon (e.g., benzene, toluene, and
the like), an amide (e.g., dimethylformamide, dimethylaceta-
mide, and the like), a halogenated hydrocarbon (e.g., chloro-
form, dichloromethane, and the like), and the like.

The reaction temperature 1s usually about O to about 150°
C., preferably about 30 to about 80° C. The reaction time 1s
usually about 1 to about 24 hours.
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(Production Method 2)

(CH,),R*

R?—NH,

(IV)

R2
N/
N /J\O
F
F f

In the above formula, R'1s a hydrogen atom or a C, _, alkyl;
R"1s a C,_, alkyl; and the other symbols are as defined above.

(D

Examples of the C, _, alkyl represented by R' and R" are a
linear C, _, alkyl (e.g., methyl, ethyl, propyl, butyl, and the
like), a branched C,_, alkyl (e.g., 1sopropyl, 1sobutyl, sec-
butyl, tert-butyl, and the like), and the like.

Compound (III) can be produced 1n any per se known
manner, for example, by reacting p-nitrophenylacetone with a
cyanoacetic ester compound and sulphur [e.g., Chem. Ber.,
99, 94-100 (1966)] followed by subjecting the obtained
2-amino-4-methyl-5-(4-nitrophenyl)thiophene to the meth-
ods disclosed 1n JP-A-9-169768, WO 96/2459°7 or analogous
methods thereto.

1) When R' 1s hydrogen atom, Compound (I) can be pro-
duced by reacting Compound (I11I) with a compound repre-
sented by the formula: R*—NH, or a salt thereof in the pres-
ence ol a condensing agent, to obtain Compound (IV),
tollowing by subjecting to cyclization.

Examples of “condensing agent” are WSC (1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride), DCC
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(dicyclohexylcarbodiimide), diethyl cyanophosphate, benzo-
triazol-1-yloxytripyrrolidinophosphonium hexafluorophos-
phate: PyBOP), and the like.

The amount of “condensing agent” 1s about 1 to about 3
moles per 1 mole of Compound (I1I).

This reaction 1s advantageously carried out 1n a solvent
inert to the reaction.

Examples of the solvent are an alcohol (e.g., ethanol,
methanol, and the like), an aromatic hydrocarbon (e.g., ben-
zene, toluene, and the like), an amide (e.g., dimethylforma-
mide, dimethylacetamide, and the like), a halogenated hydro-
carbon (e.g., chloroform, dichloromethane, and the like), and
so the like.

The reaction temperature 1s usually about 0 to about 150°
C., preferably about 0 to 25° C. The reaction time 1s usually
about 1 to about 36 hours.

The product as produced 1n the manner mentioned above
may be applied to the next reaction while 1t 1s still crude 1n the
reaction mixture, or may be 1solated from the reaction mix-
ture 1n any ordinary mannet.

Compound (IV) 1s subjected to cyclization in the presence
of a base.

Examples of “base” are norganic bases such as sodium
methoxide, sodium carbonate, sodium hydrogen carbonate,
potassium carbonate, potasstum hydrogen carbonate, sodium
hydroxide, potassium hydroxide, thalllum hydroxide; and
organic bases such as triethylamine, pyridine, and the like;
and the like.

The amount of “base” 1s about 2 to about 20 moles, prei-
erably about 5 to about 12 mole per 1 mole of Compound
(IV).

This reaction 1s usually carried out 1n a solvent 1nert to the
reaction.

Examples of the solvent are an alcohol (e.g., ethanol,
methanol, and the like), an aromatic hydrocarbon (e.g., ben-
zene, toluene, and the like), an amide (e.g., dimethylforma-
mide, dimethylacetamide, and the like), a halogenated hydro-
carbon (e.g., chloroform, dichloromethane, and the like), and
the like.

The reaction temperature 1s usually about 0 to 150° C.,
preferably room temperature (about 15 to 25° C.). The reac-
tion time 1s usually about 1 to 36 hours.

2) When R' 1s an alkyl group, Compound (I) can be pro-
duced by reacting Compound (III) with an activated
R*—NIH.,.

The activated R°—NH, can be produced in any per se
known manner, for example, by reacting an organo-alumi-
num reagent with R>—NH,, in a solvent inert to the reaction.

Examples of “organo-aluminum reagent” are trimethyl
aluminum, dimethyl aluminum chlornide, and the like; and a
solution including them, and the like.

The amount of “organo-aluminum reagent” 1s about 1 to
about 5 moles, preferably about 1 mole per 1 mole of
R*—NIL.,

Examples of the solvent are a halogenated hydrocarbon
(e.g., chloroform, dichloromethane, and the like).

The reaction temperature 1s usually about 0 to about 150°
C., preferably about O to 25° C. The reaction time 1s usually
about 1 to about 6 hours.

The cyclization can be carried out by reacting Compound
(II1) with an activated R*—NH, to obtain Compound (I).

The amount of “Compound (III)” 1s about 15 volume of a
mixture of R*>—NH, and the organo-aluminum reagent.

This reaction 1s usually carried out 1n a solvent 1nert to the
reaction.

Such solvent 1s the same as those used 1n the reaction to
obtain an activated R*—NH,,.
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The reaction temperature 1s usually about 0 to about 150°
C., preterably about 0 to 25° C. The reaction time 1s usually
about 1 to about 48 hours.

Compound (I) can also be produced by a known hydrolysis
reaction, deprotection reaction, acylation reaction, alkylation
reaction, oxidation reaction, cyclization reaction, carbon
bond expanding reaction, substituent exchanging reaction, or
a combination thereof.

Compound (I) may be 1solated and punified by per se
known means of separation such as recrystallization, distilla-
tion and chromatography, and the like.

When Compound (I) 1s obtained 1n free form, 1t can be
converted to a salt by per se known methods or methods
analogous thereto. When Compound (I) 1s obtained 1n salt
form, 1t can be converted to the free form or another salt by per
se known methods or methods analogous thereto.

Compound (I) may be a hydrate or a non-hydrate. The
hydrate 1s exemplified by monohydrate, sesquihydrate and
dihydrate.

When Compound (1) 1s obtained as a mixture of optically
active configurations, 1t can be resolved into the (R)- and
(S)-forms by the conventional optical resolution techniques.

Compound (I) can be used as a prodrug. The prodrug of
Compound (I) or a salt thereof means a compound which 1s
converted to Compound (I) of the present invention under
physiological conditions or with a reaction due to an enzyme,
a gastric acid, and the like 1 the living body, that 1s, a com-
pound which 1s converted to Compound (I) of the present
invention with oxidation, reduction, hydrolysis, and the like
according to an enzyme; a compound which 1s converted to
Compound (I) of the present invention with gastric acid, etc.
The prodrug for Compound (I) may for example be a com-
pound obtained by subjecting an amino group 1 Compound
(I) to an acylation, alkylation or phosphorylation (e.g., a
compound obtained by subjecting an amino group 1 Com-
pound (I) or to an eicosanoylation, alanylation, pentylami-
nocarbonylation, (35-methyl-2-0x0-1,3-dioxolen-4-yl)meth-
oxycarbonylation, tetrahydrofuranylation,
pyrrolidylmethylation, pivaloyloxymethylation and tert-bu-
tylation, etc.); a compound obtained by subjecting a hydroxy
group 1in Compound (I) to an acylation, alkylation, phospho-
rylation or boration (e.g., a compound obtained by subjecting
an hydroxy in Compound (I) to an acetylation, palmitoyla-
tion, propanoylation, pivaloylation, succinylation, fumaryla-
tion, alanylation, dimethylaminomethylcarbonylation, etc.).
Any of these compounds can be produced from Compound (I)
by a method known per se.

A prodrug of Compound (I) may also be one which 1s
converted into Compound (I) under a physiological condi-
tion, such as those described in “IYAKUHIN no KATHATSU
(Development of Pharmaceuticals)”, Vol. 7, Design of Mol-
ecules, p. 163-198, Published by HIROKAWA SHOTEN
(1990).

Compound (I) may be labeled with an isotope (e.g., “H,
M€, *S) and the like.

In the reaction described above, a starting compound hav-
Ing an amino group, a carboxy group or a hydroxy group as 1ts
substituent may be present as a compound 1n which a protec-
tive group employed ordinarily in a peptide chemistry has
been introduced into such a substituent, and an intended
compound can be obtained by deprotection 11 necessary after
the reaction.

A protective group for an amino group may for example be
an optionally substituted C,_. alkyl-carbonyl (e.g., acetyl,
propionyl, and the like), formyl, phenylcarbonyl, a C, _ alky-
loxycarbonyl (e.g., methoxycarbonyl, ethoxycarbonyl, tert-
butoxycarbonyl, and the like), phenyloxycarbonyl, a C,_,,
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aralkyloxy-carbonyl (e.g., benzyloxycarbonyl, 9-fluorenyl-
methoxycarbonyl, and the like), trityl, phthaloyl and the like.
Its substituent may for example be a halogen atom (e.g.,
fluorine, chlorine, bromine and 10dine), a C, _, alkylcarbonyl
(e.g., acetyl, propionyl, butyryl, and the like), nitro and the
like, and the number of the substituents may be 1 to 3.

A protective group for a carboxy may for example be an
optionally substituted C, _. alkyl (e.g., methyl, ethyl, propyl,
1sopropyl, butyl, tert-butyl, and the like), phenyl, trityl, silyl
and the like. Its substituent may for example be a halogen
atom (e.g., fluorine, chlorine, bromine and 10dine), a C,
alkylcarbonyl (e.g., acetyl, propionyl, butyryl, and the like),
formyl, nitro, and the number of the substituents may be 1 to
3.

A protective group for a hydroxy group may for example be
an optionally substituted C, . alkyl (e.g., methyl, ethyl, pro-
pyl, 1sopropyl, butyl, tert-butyl, and the like), phenyl, a C-_,
aralkyl (e.g., benzyl, and the like), a C, < alkylcarbonyl (e.g.,
acetyl, propionyl, and the like), formyl, phenyloxycarbonyl, a
C,_,, aralkyloxycarbonyl (e.g., benzyloxycarbonyl, and the
like), tetrahydropyranyl, tetrahydroturanyl, silyl and the like.
Its substituent may for example be a halogen atom (e.g.,
fluorine, chlorine, bromine and 10dine), a C, _ alkyl, phenyl,
a C,_,, aralkyl, mitro, and the like, and the number of the
substituents may be 1 to 4.

The method for introducing and removing the protective
group 1s demonstrated in accordance with a known method or
analogous method thereot (e.g., the method described 1n Pro-
tective Groups 1n Organic Chemistry (J. F. W. McOmie et al,
Plenum Press)). A deprotection method may be a treatment
with an acid, base, reduction, UV, hydrazine, phenylhydra-
zine, sodium N-methyldithiocarbamate, tetrabutylammo-
nium fluoride, palladium acetate and the like.

Compound (I) of the present mvention or a salt thereof
(heremafiter also referred to as “the compound of the present
invention™) possesses excellent GnRH-antagonizing activity
and low toxicity (for example, acute toxicity, chronic toxicity,
genetic toxicity, reproduction toxicity, cardiotoxicity, drug
interaction, carcinogenicity ). In addition, 1t 1s excellent 1n oral
absorbability, action sustainability, stability and pharmacoki-
netics. Also, 1t 1s scarcely influenced by plasma ingredients.
The compound of the present mvention can therefore be
safely used 1n a mammal (e.g., human, monkey, bovine,
horse, dog, cat, rabbit, rat, mouse, etc.) for the preventing
and/or treating diseases depending on male or female hor-
mones, diseases due to excess of these hormones, etc., by
suppressing gonadotropin secretion with its GnRH receptor-
antagonizing action to control plasma sex hormone concen-
trations.

For example, the compound of the present imnvention 1s
usetul for preventing and/or treating sex hormone-dependent
cancers (e.g., prostatic cancer, uterine cancer, breast cancer,
pituitary tumor, etc.), bone metastasis of sex hormone-depen-
dent cancer, prostatic hypertrophy, hysteromyoma,
endometriosis, metrofibroma, precocious puberty, amenor-
rhea, premenstrual syndrome, dysmenorrhea, multilocular
ovary syndrome, polycystic ovary syndrome, acne, alopecia,
Alzheimer’s disease (Alzheimer’s disease, senile dementia of
Alzheimer type and a mixed type thereof), and the like. The
compound of the present invention 1s also useful for the
regulation of reproduction in males and females (e.g., preg-
nancy regulators, menstruation cycle regulators, etc.). The
compound of the present invention can be also used as a male
or female contraceptive, or as a female ovulation inducer.
Based on 1ts rebound etifect after withdrawal, the compound
of the present invention can be used to treat infertility. And the
compound of this invention can be used as an agent for pre-
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venting and/or treating benign or malignant tumor which 1s
hormone imndependent and LH-RH sensitive. And the com-
pound of the present invention can be used as an agent for
preventing and/or treating irritable bowel syndrome and for
preventing postoperative recurrence ol sex hormone-depen-
dent cancer (an agent for preventing postoperative recurrence
ol prostatic cancer; an agent for preventing postoperative
recurrence ol breast cancer or ovarian cancer in the condition
betore or after menopause; especially, an agent for preventing,
postoperative recurrence of breast cancer or ovarian cancer in
the condition before menopause).

In addition, the compound of the present invention 1s usetul
for regulation of animal estrus, improvement of meat quality
and promotion of animal growth i the field of amimal hus-
bandry. The compound of the present invention 1s also usetul
as a fish spawning promoter.

The compound of the present invention can be also used to
suppress the transient rise in plasma testosterone concentra-
tion (flare phenomenon) observed in admimstration of a
GnRH super-agonist such as leuprorelin acetate. The com-
pound of the present invention can be used 1n combination
with a GnRH super-agonist such as leuprorelin acetate, gona-
dorelin, buserelin, triptorelin, goserelin, nafarelin, histrelin,
deslorelin, meterelin, lecirelin, and the like. Among others,
preferred 1s leuprorelin acetate.

It 1s also beneficial to use the compound of the present
invention 1n conjunction with at least one member selected
from the steroidal or nonsteroidal antiandrogen agent or anti-
estrogen agent, chemotherapeutic agent, GnRH antagonistic
peptide, a-reductase inhibitor, o-receptor inhibitor, aro-
matase inhibitor, 173-hydroxysteroid dehydrogenase inhibi-
tor, adrenal androgen production inhibitor, kinase ihibitor,
drug for hormone therapy, and drug inhibiting cell growth
factor or 1ts receptor, among others.

The “chemotherapeutic agent” mentioned above includes
ifosfamide, adrnamycin, peplomycin, cisplatin, cyclophos-
phamide, 5-FU, UFT, methotrexate, mitomycin C, mitox-
antrone, eftc.

The “GnRH antagomstic peptide” mentioned above
includes non-oral GnRH antagonistic peptides such as
cetrorelix, ganirelix, abarelix, etc.

The “adrenal androgen production inhibitor” mentioned
above includes lyase (C, -, ,,-lyase) inhibitors, etc.

The “kinase inhibitor” mentioned above includes tyrosine
kinase inhibitor, etc.

The “drugs for hormone therapy”™ includes antiestrogens,
progesterons (e.g., MPA, etc.), androgens, estrogens and
androgen antagonists, among others.

The “cell growth factor” may be any substance that pro-
motes proliferation of cells and generally includes peptides
with molecular weights not over 20,000 which express the
action at low concentrations through binding to receptors.
Specifically, there can be mentioned (1) EGF (epidermal
growth factor) or substances having substantially the same
activity (e.g., EGF, heregulin (HER2 ligand), etc.), (2) insulin
or substances having substantially the same activity (e.g.,
insulin, IGF (insulin-like growth factor)-1, IGF-2, etc.), (3)
FGF (fibroblast growth factor) or substances having substan-
tially the same activity (aFGF, bFGF, KGF (keratinocyte
growth factor), HGF (hepatocyte growth factor), FGF-10,
etc.), and (4) other growth factors (e.g., CSF (colony stimu-
lating factor), EPO (erythropoietin), 1L-2 (interleukin-2),
NGF (nerve growth factor), PDGF (platelet-derived growth
factor) and TGF[ (transforming growth factor [3), etc.),
among others.

The “cell growth factor receptor” may be any receptor
capable of binding said cell growth factor, including EGF
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receptor, heregulin receptor (HER2), insulin receptor-1, insu-
lin receptor-2, IGF receptor, FGF receptor-1, FGF receptor-2,
etc.

The drug inhibiting the cell growth factor mentioned above
includes herceptin (anti-HER2 receptor antibody), among
others.

The drug inhibiting the growth factor mentioned above or
its receptor includes herbimycin, PD1330335 [e.g., Science,
265 (5175) p 1093, (1994)], efc.

As a further class of drugs inhibiting the cell growth factor
or 1ts receptor includes HER2 inhibitors. The HER 2 1nhibitor
may be any substance that inhibits the activity of HER2 (e.g.,
phosphorylating activity), thus including an antibody, a low-
molecular weight compound (synthetic or natural product),
an antisense, an HER?2 ligand, heregulin, and any of them as
partially modified or mutated in structure. Moreover, 1t may
be a substance which mhibits HER2 activity by inhibiting
HER2 receptor (e.g. HER2 receptor antibody). The low
molecular weight compound having HER2 imnhibiting activity
includes, for example, the compounds described in WO
08/03505, namely 1-[3-[4-]2-((E)-2-phenylethenyl)-4-0x-
azolylmethoxy]|phenyl|propyl]-1,2,4-trnazole and the like.

For prostatic hypertrophy, examples of such combination
includes the compound of the present invention 1n combina-
tion with the GnRH super-agonist, androgen antagonist, anti-
estrogen, GnRH antagonistic peptide, a-reductase inhibitor,
a-receptor inhibitor, aromatase inhibitor, 17p-hydroxys-
teroiddehydrogenase inhibitor, adrenal androgen production
inhibitor, kinase inhibitor, or the like.

For prostatic cancer, examples of such combination
includes the compound of the present invention 1n combina-
tion with the GnRH super-agonist, androgen antagonist, anti-
estrogen, chemotherapeutic agent (e.g., ifosfamide, UFT,
adriamycin, peplomycin, cisplatin, etc.), GnRH antagonistic
peptide, aromatase inhibitor, 17-hydroxysteroid dehydroge-
nase inhibitor, adrenal androgen production inhibitor, kinase
inhibitor, drug for hormone therapy such as estrogenes (e.g.,
DSB, EMP, etc.), androgen antagonist (e.g., CMA. etc.), drug
antagomzing growth factor or its receptor, and so forth.

For breast cancer, examples of such combination includes
the compound of the present invention 1n combination with
the GnRH super-agonist, antiestrogen, chemotherapeutic
agent (e.g., cyclophosphamide, 5-FU, UFT, methotrexate,
adriamycin, mitomycin C, mitoxantrone, etc.), GnRH
antagonistic peptide, aromatase inhibitor, adrenal androgen
production inhibitor, kinase inhibitor, drug for hormone
therapy such as antiestrogen (e.g., tamoxifen, etc.), progest-
crons (e.g., MPA, etc.), androgens, estrogens, etc., drug
antagomzing growth factor or its receptor, or the like.

The administration mode of the compound of the present
invention and a concomitant medicament are not particularly
limited, provided that the compound of the present invention
and the concomitant medicament are combined upon admin-
istration. Such an administration mode may for example be
(1) an administration of a single formulation obtained by
formulating the compound of the present invention and a
concomitant medicament simultaneously, (2) a simultaneous
administration via an 1dentical route of two formulations
obtained by formulating the compound of the present inven-
tion and a concomitant medicament separately, (3) a sequen-
tial and intermittent administration via an identical route of
two formulations obtained by formulating the compound of
the present invention and a concomitant medicament sepa-
rately, (4) a simultaneous admainistration via different routes
of two formulations obtained by formulating the compound
ol the present invention and a concomitant medicament sepa-
rately, (5) a sequential and mtermittent administration via
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different routes of two formulations obtained by formulating
the compound of the present mnvention and a concomitant
medicament separately (for example, the compound of the
present invention followed by concomitant medicament, or
inverse order) and the like.

When the compound of the present invention 1s used as a
preventing and/or treating agent for the above-mentioned
diseases or used in the field of animal husbandry or fishery, 1t
can be administered orally or non-orally, as formulated with
a pharmaceutically acceptable carrier, normally in the form of
solid preparations such as tablets, capsules, granules and
powders for oral administration, or 1n the form of intravenous,
subcutaneous, mtramuscular or other injections, supposito-
ries or sublingual tablets for non-oral administration. It may
also be sublingually, subcutaneously, intramuscularly or oth-
erwise adminmistered in the form of sustained-release prepa-
rations of sublingual tablets, microcapsules, etc. Depending
on symptom severity; subject age, sex, weight and sensitivity;
duration and intervals of administration; property, dispensing
and kind of pharmaceutical preparation; kind of active ingre-
dient etc., daily dose 1s not subject to limitation. For use 1in the
treatment ol the above-described sex hormone-dependent
cancers (e.g., prostatic cancer, uterine cancer, breast cancer,
pituitary tumor, etc.), prostatic hypertrophy, hysteromyoma,
endometriosis, precocious puberty etc., daily dose 1s nor-
mally about 0.01 to 30 mg, preferably about 0.02 to 10 mg,
and more preferably 0.1 to 10 mg, especially preferably 0.1 to
5> mg per kg weight of mammal, normally i 1 to 4 divided
dosages.

The above doses of the active ingredient (the compound of
the present invention) for oral administration are applicable to
the use of the compound of the present invention 1n the field
of animal husbandry or fishery. Daily dose 1s about 0.01 to 30
mg, preferably about 0.1 to 10 mg, per kg weight of subject
organism, normally 1n 1 to 3 divided dosages.

In the pharmaceutical composition of the present mven-
tion, the amount of Compound (1) 1s 0.01 to 100% by weight
or so of the total weight of the composition.

The above pharmaceutically acceptable carriers are vari-
OUS Organic or 1norganic carrier substances in common use as
pharmaceutical matenals, including excipients, lubricants,
binders and dlslntegrants for solid preparations; solvents,
dissolution aids, suspending agents, 1sotonizing agents, buil-
ers and soothing agents for liquid preparations; and the like.
Other pharmaceutical additives such as preservatives, anti-
oxidants, coloring agents and sweetening agents may be used
as necessary.

Preferable examples of excipients include, for example,
lactose, sucrose, D-mannitol, starch, crystalline cellulose,
light silicic anhydride, and the like. Preferable examples of
lubricants include, for example, magnesium stearate, calcium
stearate, talc, colloidal silica, and the like. Preferable
examples of binders include, for example, crystalline cellu-
lose, sucrose, D-mannitol, dextrin, hydroxypropyl cellulose,
hydroxypropylmethyl cellulose, polyvinylpyrrolidone, and
the like. Preferable examples of disintegrants include, for
example, starch, carboxymethyl cellulose, carboxymethyl
cellulose calcium, crosslinked carmellose sodium, car-
boxymethyl starch sodium, and the like. Preferable examples
of solvents include, for example, water for injection, alcohol,
propylene glycol, macrogol, sesame o1l, corn o1l, and the like.
Preferable examples of dissolution aids include polyethylene
glycol, propylene glycol, D-mannitol, benzyl benzoate, etha-
nol, trisaminomethane, cholesterol, triethanolamine, sodium
carbonate, sodium citrate, and the like. Preferable examples
of suspending agents include surfactants such as stearyltri-
cthanolamine, sodium lauryl sulfate, laurylaminopropionic
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acid, lecithin, benzalkonium chloride, benzethonium chlo-
ride, monostearic glycerol, and the like; and hydrophilic
polymers such as polyvinyl alcohol, polyvinylpyrrolidone,
carboxymethyl cellulose sodium, methyl cellulose,
hydroxymethyl cellulose, hydroxyethyl cellulose, hydrox-
ypropyl cellulose, and the like. Preferable examples of 1so-
tonizing agents include, for example, sodium chlornide, glyc-
crol, D-mannitol, and the like. Preferable examples of buifers
1nc1ude butlfer solutlons of phosphates, acetates, carbonates,

citrates, and the like. Preferable examples of soothing agents
include benzyl alcohol, and the like. Preferable examples of
preservatives include paraoxybenzoic acid esters, chlorobu-
tanol, benzyl alcohol, phenethyl alcohol, dehydroacetic acid,
sorbic acid, and the like. Preferable examples of antioxidants
include sulfites, ascorbic acid, and the like.

By adding suspending agents, dissolution aids, stabilizers,
1sotonizing agents, preservatives, and the like, the compound
of the present invention can be prepared as an intravenous,
subcutaneous or intramuscular injection by a commonly
known method. In such cases, the compound of the present
invention can be freeze-dried as necessary by a commonly
known method. In administration to humans, for example, the
compound of the present invention can be sately administered
orally or non-orally as such or as a pharmaceutical composi-
tion prepared by mixing 1t with a pharmacologically accept-
able carrier, excipient and diluent selected as appropriate.

Such pharmaceutical compositions include oral prepara-
tions (e.g., powders, granules, capsules, tablets), parenteral
preparations [e.g., injections, drip infusions, external prepa-
rations (e.g., nasal preparations, transdermal preparations,
and the like), suppositories (e.g., rectal suppositories, vaginal
suppositories, and the like), and the like].

These preparations can be produced by commonly known
methods 1n common use for pharmaceutical making pro-
Cesses.

An 1njection can be produced by, for example, preparing
the compound of the present invention as an aqueous 1njec-
tion along with a dispersing agent (e.g., Tween 80 (produced
by Atlas Powder Company, USA), HCO 60 (produced by
Nikko Chemicals Co., Ltd.), polyethylene glycol, carboxym-
cthyl cellulose, sodium alginate, and the like), a preservative
(e.g., methyl paraben, propyl paraben, benzyl alcohol, and the
like), an 1sotomizing agent (e.g., sodium chloride, mannitol,
sorbitol, glucose, and the like), and the like, or as an oily
injection in solution, suspension or emulsion 1n a vegetable
o1l such as olive o1l, sesame o1l, cottonseed o1l or corn o1l;
propylene glycol and the like.

An oral preparation can be produced by formulating the
compound of the present invention by a compression molding
alter addition of an excipient (e.g., lactose, sucrose, starch,
and the like), a disintegrant (e.g., starch, calcium carbonate,
and the like), a binder (e.g., starch, gum arabic, carboxym-
cthyl cellulose, polyvinylpyrrolidone, hydroxypropyl cellu-
lose, and the like), a lubricant (e.g., talc, magnesium stearate,
polyethylene glycol 6000, and the like) and other additives,
and, where necessary, coating the formulated product for the
purpose ol taste masking, enteric dissolution or sustained
release by a commonly known method. Coating agents for
this purpose include, for example, hydroxypropylmethyl cel-
lulose, ethyl cellulose, hydroxymethyl cellulose, hydrox-
ypropyl cellulose, polyoxyethylene glycol, Tween 80, Pru-
lonic F68, cellulose acetate phthalate, hydroxypropylmethyl
cellulose phthalate, hydroxymethyl cellulose acetate succi-
nate, Fudragit (produced by Rohm Company, Germany;
methacrylic acid/acrylic acid copolymer), dyes (e.g., 1ron
oxide, titanium dioxide), and the like. For an enteric prepa-
ration, an intermediate phase may be provided between the
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enteric phase and the drug-containing phase for the purpose
of separation of the two phases by a commonly known
method.

An external preparation can be produced by converting the
compound of the present invention as a solid, semi-solid or
liguid composition by a commonly known method. Such a
solid composition 1s produced by, for example, powdering the
compound of the present invention as such or in mixture with
an excipient (e.g., glycol, mannitol, starch, microcrystalline
cellulose, and the like), a thickeming agent (e.g., natural rub-
ber, cellulose dervative, acrylic acid polymer, and the like)
and other additives. Such a liquid composition i1s produced by
preparing the compound of the present imnvention as an oily or
aqueous suspension in almost the same manner as the injec-
tion. The semi-solid composition 1s preferably an aqueous or
oi1ly gel, or an ointment. All these compositions may contain
pH regulators (e.g., carbonic acid, phosphoric acid, citric
acid, hydrochloric acid, sodium hydroxide, and the like),
preservatives (e.g., paraoxybenzoic acid esters, chlorobu-
tanol, benzalkonium chloride, and the like) and other addi-
tives.

A suppository 1s produced by preparing the compound of
the present invention as an oily or aqueous solid, semi-solid or
liquid composition by a commonly known method. Usetul
o1ly bases for such compositions include glycerides of higher
fatty acids (e.g., cacao fat, witepsols (produced by Dynamite
Nobel Company, Germany) and the like; medium fatty acids
(e.g., MIGLIOL, produced by Dynamite Nobel Company,
Germany); and vegetable oils (e.g., sesame o1l, soybean o1l,
cottonseed oi1l, and the like). Aqueous bases include, for
example, polyethylene glycols and propylene glycol. Bases
for aqueous gels include, for example, natural rubbers, cellu-
lose dertvatives, vinyl polymers and acrylic acid polymers.

A compound of the formula:

(V)

wherein R'!' and R'? each is a C,_, alkyl, R'* is a hydrogen
atom or a C, _, alkoxy and m 1s an integer of 1 to 4 (hereinafter
briefly referred to as Compound (V)) or a salt thereof also has
an excellent GnRH antagonizing activity, especially a strong
antagonistic activity though the compound falls outside the
scope of Compound (I).

Examples of the “C,_, alkyl” represented by R'" or R*”
include methyl, ethyl, propyl, 1sopropyl, butyl, 1sobutyl, sec-
butyl, tert-butyl, efc.

Examples of the “C, _, alkoxy” represented by R'* include
methoxy, ethoxy, propoxy, 1sopropoxy, butoxy, i1sobutoxy,
sec-butoxy, tert-butoxy, etc.

As R, methyl is preferable.

As R"?, methyl is preferable.

As R'*, a hydrogen atom and methoxy are preferable.

Preferable examples of m are 1 and 2.
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Preferable examples of Compound (V) are N-(4-(35-(((2-
methoxyethyl )methylamino)methyl)-1-(2,6-difluoroben-
zyl)-1,2,3,4-tetrahydro-2,4-dioxo-3-(4-methoxyphenyl)
thieno[2,3-d]pyrimidin-6-yl)phenyl)-N'-methoxyurea
N-(4-(1-(2,6-difluorobenzyl )-3-((dimethylamino )methyl)-
3-(4-methoxyphenyl)-2,4-dioxo-1,2,3.,4-tetrahydrothieno| 2,
3-d]pyrimidin-6-yl)phenyl)-N'-methoxyurea and a salt
thereof.

Salts of Compound (V) are preferably physiologically
acceptable acid addition salts. Such salts include, for
example, salts with inorganic acids (e.g., hydrochloric acid,
hydrobromic acid, nitric acid, sulfuric acid, phosphoric acid),
salts with organic acids (e.g., formic acid, acetic acid, trifluo-
roacetic acid, fumaric acid, oxalic acid, tartaric acid, maleic
acid, citric acid, succinic acid, malic acid, methanesulfonic
acid, benzenesulfonic acid, p-toluenesulfonic acid, etc.), and
the like. When Compound (V) has an acidic group, it may
form a physiologically acceptable salt with an inorganic base
(e.g., alkali metals and alkaline earth metals such as sodium,
potassium, calcium and magnesium, ammonia, and the like)
or an organic base (e.g., trimethylamine, tricthylamine, pyri-
dine, picoline, ethanolamine, diethanolamine, triethanola-
mine, dicyclohexylamine, N,N'-dibenzylethylenediamine,
and the like).

Compound (V) can be produced by the method described
in JP-A-9-169768 (WO 96/243597) and JP-A-2001-278884
(WO 00/56739) and its analogous method.

Compound (V) may be a hydrate or a non-hydrate. The
hydrate 1s exemplified by monohydrate, sesquihydrate and
dihydrate.

Compound (V) can be used as a prodrug. The prodrug
means a compound which 1s converted to Compound (V) by
a reaction due to an enzyme, a gastric acid, or the like under
physiological conditions 1n the living body, that 1s, a com-
pound which 1s converted to Compound (V) with oxidation,
reduction, hydrolysis, or the like according to an enzyme, or
a compound which 1s converted to Compound (V) with gas-
tric acid, etc. The prodrug for Compound (V) may for
example be a compound obtained by subjecting an amino
group 1n Compound (V) to an acylation, alkylation or phos-
phorylation (e.g., a compound obtained by subjecting an
amino group in Compound (V) to an eicosanoylation, alany-
lation, pentylaminocarbonylation, (5-methyl-2-0x0-1,3-di-
oxolen-4-yl)methoxycarbonylation, tetrahydrofuranylation,
pyrrolidylmethylation, pivaloyloxymethylation and tert-bu-
tylation, etc.). These compounds can be produced from the
compound of the present invention.

A prodrug of Compound (V) may also be one which 1s
converted 1into Compound (V) under a physiological condi-
tion, such as those described in “IYAKUHIN no KATHATSU
(Development of Pharmaceuticals)”, Vol. 7, Design of Mol-
ecules, p. 163-198, Published by HIROKAWA SHOTEN
(1990).

Compound (V) may be labeled with an isotope (e.g., “H,
C, *°S) and the like.

And the compound represented by the formula:

or

(A)
RE(CH2)-:;

(CH,),R?
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wherein R” 1s (1) a hydrogen atom, (2) an aryl group which
may have 1 to 5 substituent(s) selected from the group con-
s1sting o1 (1) a halogen, (11) a nitro, (111) a cyano, (1v) an amino,
(v) acarboxyl group which may be esterified or amidated, (v1)
an alkylenedioxy, (vi1) an alkyl, (vi11) an alkoxy, (1x) an alky-
Ithio, (X) an alkylsulfinyl and (x1) an alkylsulfonyl, (3) a
cycloalkyl group which may have a substituent or (4) a het-
erocyclic group which may have a substituent; R is a nitro-
gen-containing heterocyclic group which may have a sub-
stituent; R 1s an amino group which may have a substituent;
R? is an aryl group which may have a substituent; p is an
integer of O to 3; and g 1s an mteger of O to 3 (heremafter as
abbreviated as Compound (A)) or a salt thereol, which con-
tains a part of the Compound (I) of the present invention, has
an excellent GnRH antagonizing activity, especially strong
antagonistic activity similar to Compound (I).

The definitions of the substituents of Compound (A) are
shown below.

Examples of “aryl” of “aryl group which may have 1 to 3
substituent(s) selected from the group consisting of (1) a halo-
gen, (11) a mitro, (111) a cyano, (1v) an amino, (v) a carboxyl
group which may be esterified or amidated, (v1) an alkylene-
dioxy, (vi1) an alkyl, (vi11) an alkoxy, (1x) an alkylthio, (x) an
alkylsulfinyl and (x1) an alkylsulfonyl” represented by R are
Cs_;4 aryl such as phenyl, 1-naphthyl, 2-naphthyl, anthryl,
phenanthryl, acenaphthylenyl, and the like.

Examples of “halogen” of “aryl group which may have 1 to
S substituent(s) selected from the group consisting of (1) a
halogen, (11) a nitro, (111) a cyano, (1v) an amino, (v) a carboxyl
group which may be esterified or amidated, (vi) an alkylene-
dioxy, (vi1) an alkyl, (vi1) an alkoxy, (1x) an alkylthio, (x) an
alkylsulfinyl and (x1) an alkylsulfonyl” represented by R” are
fluorine, chlorine, bromine and 1odine.

Examples of “carboxyl group which may be esterified or
amidated” of “aryl group which may have 1 to 5 substituent(s)
selected from the group consisting of (1) a halogen, (11) anitro,
(111) a cyano, (1v) an amino, (v) a carboxyl group which may
be esterified or amidated, (v1) an alkylenedioxy, (vi1) an alkyl,
(vinn) an alkoxy, (1x) an alkylthio, (x) an alkylsulfinyl and (x1)
an alkylsultonyl” represented by R“ are carboxyl, a C, _,
alkoxy-carbonyl (e.g., methoxycarbonyl, ethoxycarbonyl,
propoxycarbonyl, 1sopropoxycarbonyl, butoxycarbonyl,
1sobutoxycarbonyl, sec-butoxycarbonyl, tert-butoxycarbo-
nyl, pentyloxycarbonyl, hexyloxycarbonyl, and the like), a
C;_¢ cycloalkyloxy-carbonyl (e.g., cyclopropyloxycarbonyl,
cyclobutyloxycarbonyl, cyclopentyloxycarbonyl, cyclo-
hexyloxycarbonyl, and the like), a C,_,, aryloxy-carbonyl
(e.g., phenoxycarbonyl, 1-naphthyloxycarbonyl, 2-naphthy-
loxycarbonyl, anthryloxycarbonyl, phenanthryloxycarbonyl,
acenaphthylenyloxycarbonyl, and the like), a C,_,, aralky-
loxy-carbonyl (e.g., benzyloxycarbonyl, and the like), car-
bamoyl, a N-mono-C,_, alkyl-carbamoyl (e.g., methylcar-

bamoyl, ethylcarbamoyl, propylcarbamoyl,
1sopropylcarbamoyl, butylcarbamoyl, 1sobutylcarbamoyl,
sec-butylcarbamoyl, tert-butylcarbamoyl, pentylcarbamoyl,

hexylcarbamoyl, and the like), a N-mono-C,_, cycloalkyl-
carbamoyl (e.g., cyclopropylcarbamoyl, cyclobutylcarbam-
oyl, cyclopentylcarbamoyl, cyclohexylcarbamoyl, and the
like), a N-mono-C,_,, aryl-carbamoyl (e.g., phenylcarbam-
oyl, 1-naphthylcarbamoyl, 2-naphthylcarbamoyl, anthrylcar-
bamoyl, phenanthryloxycarbamoyl, acenaphthylenyloxycar-
bamoyl, and the like), N-mono-C,_, , aralkyl-carbamoyl (e.g.,
benzylcarbamoyl, and the like), and the like.

Examples of “alkylenedioxy™ of “aryl group which may
have 1 to 5 substituent(s) selected from the group consisting,
of (1) a halogen, (11) a nitro, (111) a cyano, (1v) an amino, (v) a
carboxyl group which may be esterified or amidated, (vi) an
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alkylenedioxy, (vi1) an alkyl, (vi11) an alkoxy, (1x) an alky-
Ithio, (x) an alkylsulfinyl and (x1) an alkylsulfonyl” repre-
sented by R are a C,_; alkylenedioxy (e.g., —OCH,O—,
—O(CH,),0—,  —O(CH;);0—,  —O(CH,),0—,
—O(CH,);0—, —0O(CH,);0—).

Examples of “alkyl” of “aryl group which may have 1 to 5
substituent(s) selected from the group consisting of (1) a halo-
gen, (11) a nitro, (111) a cyano, (1v) an amino, (v) a carboxyl
group which may be esterified or amidated, (vi) an alkylene-
dioxy, (vi1) an alkyl, (vi11) an alkoxy, (1x) an alkylthio, (x) an
alkylsulfinyl and (x1) an alkylsulfonyl” represented by R are
a C,_ . alkyl (e.g., methyl, ethyl, propyl, 1sopropyl, butyl,
1sobutyl, sec-butyl, tert-butyl, pentyl, hexyl, and the like), and
the like.

Examples of “alkoxy” of “aryl group which may have 1 to
S substituent(s) selected from the group consisting of (1) a
halogen, (11) a nitro, (111) a cyano, (1v) anamino, (v) a carboxyl
group which may be esterified or amidated, (vi) an alkylene-
dioxy, (vi1) an alkyl, (vi11) an alkoxy, (1x) an alkylthio, (x) an
alkylsulfinyl and (x1) an alkylsulfonyl” represented by R are
a C,_. alkoxy (e.g., methoxy, ethoxy, propoxy, 1sopropoxy,
butoxy, 1sobutoxy, sec-butoxy, tert-butoxy, pentyloxy, hexy-
loxy, and the like), and the like.

Examples of “alkylthio™ of “aryl group which may have 1
to 5 substituent(s) selected from the group consisting of (1) a
halogen, (11) anitro, (111) a cyano, (1v) an amino, (v) a carboxy]l
group which may be esterified or amidated, (v1) an alkylene-
dioxy, (vi1) an alkyl, (vi11) an alkoxy, (1x) an alkylthio, (x) an
alkylsulfinyl and (x1) an alkylsulfonyl” represented by R are
a C,_ alkylthio (e.g., methylthio, ethylthio, propylthio, 1s0-
propylthio, butylthio, 1sobutylthio, sec-butylthio, tert-bu-
tylthio, pentylthio, hexylthio, and the like), and the like.

Examples of “alkylsulfinyl” of *“‘aryl group which may
have 1 to 5 substituent(s) selected from the group consisting
of (1) a halogen, (11) a mitro, (111) a cyano, (1v) an amino, (v) a
carboxyl group which may be esterified or amidated, (vi) an
alkylenedioxy, (vi1) an alkyl, (vi11) an alkoxy, (ix) an alky-
Ithio, (x) an alkylsulfinyl and (x1) an alkylsulfonyl” repre-
sented by R” are a C,_; alkylsulfinyl (e.g., methylsulfinyl,
cthylsulfinyl, propylsulfinyl, 1sopropylsulfinyl, butylsulfinyl,
1sobutylsulfinyl, sec-butylsulfinyl, tert-butylsulfinyl, pentyl-
sulfinyl, hexylsulfinyl, and the like), and the like.

Examples of “alkylsulfonyl” of “aryl group which may
have 1 to 5 substituent(s) selected from the group consisting
of (1) a halogen, (11) a mitro, (111) a cyano, (1v) an amino, (v) a
carboxyl group which may be esterified or amidated, (v1) an
alkylenedioxy, (vi1) an alkyl, (vi11) an alkoxy, (ix) an alky-
Ithio, (x) an alkylsulfinyl and (x1) an alkylsulfonyl” repre-
sented by R are a C, _, alkylsulfonyl (e.g., methylsulfonyl,
cthylsulfonyl, propylsulfonyl, 1sopropylsulifonyl, butylsulio-
nyl, 1sobutylsulfonyl, sec-butylsulfonyl, tert-butylsulfonyl,
pentylsulfonyl, hexylsulfonyl, and the like), and the like.

Examples of “cycloalkyl group” of “cycloalkyl group
which may have a substituent” represented by R“ are a C,_,
cycloalkyl (e.g., cyclopropyl, cyclobutyl, cyclopentyl, cyclo-
hexyl, and the like), and the like.

Examples of “heterocyclic group” of “heterocyclic group
which may have a substituent” represented by R” are (1) a
S-membered cyclic group which contains 1 to 4 hetero-
atom(s) selected from an oxygen atom, a sulfur atom, a nitro-
gen atom and the like 1n addition to a carbon atom (e.g.,
2-thienyl, 3-thienyl, 2-furyl, 3-furyl, 2-pyrrolyl, 3-pyrrolyl,
2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 2-thiazolyl, 4-thiazolyl,
S-thiazolyl, 3-pyrazolyl, 4-pyrazolyl, 5-pyrazolyl, 2-imida-
zolyl, 4-1midazolyl, 5-imidazolyl, 3-1soxazolyl, 4-1soxazolyl,
S-1soxazolyl, 3-1sothiazolyl, 4-1sothiazolyl, 5-1sothiazolyl,
3-(1,2,4-oxadiazolyl), 5-(1,2,4-oxadiazolyl), 1,3,4-oxad1az-
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olyl, 3-(1,2,4-thhadiazolyl), 5-(1,2,4-thuadiazolyl), 1,3,4-
thiadiazolyl, 4-(1,2,3-thiadiazolyl), 5-(1,2,3-thiadiazolyl),
1,2,5-thiadiazolyl, 1,2,3-triazolyl, 1,2,4-tnnazolyl, 1H-tetra-
zolyl, 2H-tetrazolyl, oxoimidazinyl, dioxotriazinyl, pyrro-
lidinyl, and the like), (2) a 6-membered cyclic group which
contains 1 to 4 heteroatom(s) selected from an oxygen atom,
a sulfur atom, a nitrogen atom and the like in addition to a
carbon atom (e.g., 2-pynidyl, 3-pynidyl, 4-pyridyl, N-oxido-
2-pyridyl, N-oxido-3-pyridyl, N-oxido-4-pyridyl, 2-pyrim-
idinyl, 4-pyrimidinyl, 3-pyrimidinyl, N-oxido-2-pyrimidi-
nyl, N-oxido-4-pyrimidinyl, N-oxido-5-pyrimidinyl,
2-thiomorpholinyl,  3-thiomorpholinyl,  2-morpholinyl,
3-morpholinyl, piperidinyl, pyranyl, thiopyranyl, 1,4-oxazi-
nyl, 1,4-thiazinyl, 1,3-thiazinyl, 2-piperazinyl, 3-piperazinyl,
triazinyl, oxotriazinyl, 3-pyridazinyl, 4-pyrnidazinyl, pyrazi-
nyl, N-oxido-3-pyridazinyl, N-oxido-4-pyridazinyl, and the
like), and (3) a bicyclic or tricyclic condensed cyclic group
which contains 1 to 4 heteroatom(s) selected from an oxygen
atom, a sulfur atom, a nitrogen atom and the like 1n addition
to a carbon atom (e.g., benzofuryl, benzothiazolyl, benzox-
azolyl, tetrazolo|1,5-b]pyridazinyl, triazolo[4,5-b]pyridazi-
nyl, benzoimidazolyl, quinolyl, 1soquinolyl, cinnolinyl,
phthalazinyl, quinazolinyl, quinoxalinyl, indolizinyl, quino-
lizinyl, 1,8-naphthylidinyl, purinyl, pteridinyl, dibenzofura-
nyl, carbazolyl, acridinyl, phenanthrydinyl, chromanyl, ben-
zoxazinyl, phenazinyl, phenothiazinyl, phenoxazinyl, and the
like).

Examples of “substituent™ of “cycloalkyl group which may
have a substituent™ and “heterocyclic group which may have
a substituent” represented by R“ are (1) a C,  alkyl (e.g.,
methyl, ethyl, propyl, 1sopropyl, butyl, 1sobutyl, sec-butyl,
tert-butyl, pentyl, hexyl, and the like), (1) a C,_; alkenyl (e.g.,
vinyl, allyl, 1-butenyl, 2-butenyl, and the like), (1) a C,_,
alkynyl (e.g., ethynyl, propargyl, 2-butynyl, 5-hexynyl, and
the like), (1v) a C,_ cycloalkyl (e.g., cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, and the like), (v) a C,_,, aryl (e.g.,
phenyl, 1-naphthyl, 2-naphthyl, and the like), (v1) a C,_, 4
aralkyl (e.g., benzyl, phenethyl, and the like), (vi1) a nitro,
(vinn) a hydroxy, (1x) a mercapto, (X) a cyano, (x1) a carbam-
oyl, (x11) a carboxyl, (x111) a C, _, alkoxy-carbonyl (e.g., meth-
oxycarbonyl, ethoxycarbonyl, propoxycarbonyl, 1sopro-
poxycarbonyl, butoxycarbonyl, 1sobutoxycarbonyl, sec-
butoxycarbonyl, tert-butoxycarbonyl, pentyloxycarbonyl,
hexyloxycarbonyl, and the like), (x1v) a sulfo, (xv) a halogen
(e.g., fluorine, chlorine, bromine and 1odine), (xvi) a C,_,
alkoxy (e.g., methoxy, ethoxy, propoxy, 1sopropoxy, butoxy,
1sobutoxy, sec-butoxy, tert-butoxy, pentyloxy, hexyloxy, and
the like), which may have a C,_ . alkoxy (e.g., methoxy,
cthoxy, propoxy, 1sopropoxy, butoxy, isobutoxy, sec-butoxy,
tert-butoxy, pentyloxy, hexyloxy, and the like), (xvi1) a C,_,
aryloxy (e.g., phenoxy, 1-naphthyloxy, 2-naphthyloxy, and
the like), (xvi1) a C, ¢ alkylthio (e.g., methylthio, ethylthio,
propylthio, 1sopropylthio, butylthio, 1sobutylthio, sec-bu-
tylthio, tert-butylthio, pentylthio, hexylthio, and the like),
(xix) a C,_,, arylthio (e.g., phenylthio, 1-naphthylthio,
2-naphthylthio, and the like), (xx) a C, _, alkylsulfinyl (e.g.,
methylsulfinyl, ethylsulfinyl, propylsulfinyl, 1sopropylsulfi-
nyl, butylsulfinyl, 1sobutylsulfinyl, sec-butylsulfinyl, tert-bu-
tylsulfinyl, pentylsulfinyl, hexylsulfinyl, and the like), (xx1) a
Ce o arylsulfinyl (e.g., phenylsulfinyl, 1-naphthylsulfinyl,
2-naphthylsulfinyl, and the like), (xxi11) a C, . alkylsulfonyl
(e.g., methylsulionyl, ethylsulfonyl, propylsulfonyl, 1sopro-
pylsulfonyl, butylsulfonyl, 1sobutylsulionyl, sec-butylsulio-
nyl, tert-butylsulfonyl, pentylsulionyl, hexylsulfonyl, and the
like), (xxi) a C, ,, arylsulfinyl (e.g., phenylsulionyl,
1 -naphthylsulfonyl, 2-naphthylsulfonyl, and the like), (xx1v)
an amino, (xxv) a C,_. acylamino, (e.g., formylamino, acety-
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lamino, propionylamino, butyrylamino, isobutyrylamino,
valerylamino, and the like), (xxv1) a mono-C, _, alkylamino
(e.g., methylamino, ethylamino, propylamino, 1sopropy-
lamino, butylamino, and the like), (xxvi1) a di-C,_. alky-
lamino (e.g., dimethylamino, diethylamino, dipropylamino,
duisopropylamino, dibutylamino, and the like), (xxvii1) a C,_4
cycloalkylamino (e.g., cyclopropylamino, cyclobutylamino,
cyclopentylamino, cyclohexylamino, and the like), (xxi1x) a
Ce.10 arylamino (e.g., anilino, 1-naphthylamino, 2-naphthy-
lamino, and the like), (xxx) a C,_; acyl (e.g., formyl, acetyl,
propionyl, butyryl, 1sobutyryl, valeryl, and the like), (xxx1) a
Ce.o arylcarbonyl (e.g., benzoyl, 1-naphthylcarbonyl,
2-naphthylcarbonyl, and the like), (xxx11) a C,_, alkylene-
dioxy (e.g., —OCH,O—, —O(CH,),O—, —O(CH,,),O0—
and —O(CH, ),0—), (xxx111) a 5- or 6-membered heterocy-
clic group which contains 1 to 4 heteroatom(s) selected from
an oxygen atom, a sulfur atom, a nitrogen atom and the like 1n
addition to a carbon atom (e.g., 2-thienyl, 3-thienyl, 2-turyl,
3-furyl, 2-pyrrolyl, 3-pyrrolyl, 2-oxazolyl, 4-oxazolyl, 5-0x-
azolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 3-pyrazolyl,
4-pyrazolyl, 5-pyrazolyl, 2-imidazolyl, 4-1midazolyl, 5-1mi-
dazolyl, 3-1soxazolyl, 4-1soxazolyl, 5-1soxazolyl, 3-1sothiaz-
olyl, 4-1sothiazolyl, 5-isothiazolyl, 3-(1,2,4-oxadiazolyl),
5-(1,2,4-oxadiazolyl), 1,3,4-oxadiazolyl, 3-(1,2,4-thiadiaz-
olyl), 5-(1,2.4-thiadiazolyl), 1,3,4-thiadiazolyl, 4-(1,2,3-
thiadiazolyl), 5-(1,2,3-thiadiazolyl), 1,2,5-thiadiazolyl, 1,2,
3-tniazolyl, 1,2,4-triazolyl, 1H-tetrazolyl, 2H-tetrazolyl,
oxoimidazinyl, dioxotriazinyl, pyrrolidinyl, 2-pyridyl, 3-py-
ridyl, 4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidi-
nyl, 2-thiomorpholinyl, 3-thiomorpholinyl, 2-morpholinyl,
3-morpholinyl, piperidinyl, pyranyl, thiopyranyl, 1,4-oxazi-
nyl, 1,4-thiazinyl, 1,3-thiazinyl, 2-piperazinyl, 3-piperazinyl,
triazinyl, oxotriazinyl, 3-pyridazinyl, 4-pyridazinyl, pyrazi-
nyl, and the like), (xxx1v) oxo, (xxxv) thioxo, and the like. The
number of substituents 1s 1 to 6, preferably 1 to 3, and the
substitution position may be any place on which the substi-
tution 1s possible.

Examples of “nitrogen-contaiming heterocyclic group” of
“mitrogen-containing heterocyclic group which may have a
substituent” represented by R” are a 5- to 7-membered nitro-
gen-containing heterocyclic group (e.g., pyrrolidin-1-vyl, pyr-
rolidin-2-yl, pyrrolidin-3-vyl, oxazolidin-3-yl, thiazolidin-3-
yl, 1soxazolidin-2-vyl, 1sothiazolidin-2-yl, imidazolidin-1-vl,
imidazolidin-2-yl, imidazolidin-4-yl, pyrazolidin-2-vl, pyra-
zolidin-3-yl, pyrazolidin-4-yl, pyrrol-1-yl, pyrrol-2-yl, pyr-
rol-3-yl, imidazol-1-yl, imidazol-2-yl, imidazol-4-yl, pyra-
zol-1-yl, pyrazol-3-vyl, pyrazol-4-yl, 1,2 ,3-triazol-1-yl, 1,2,5-
triazol-1-vyl, tetrazol-1-vyl, tetrazol-2-vl, tetrazol-5-yl, oxazol-
2-yl, oxazol-4-yl, oxazol-3-yl, 1soxazol-3-yl, 1soxazol-4-vl,
1soxazol-3-yl, thiazol-2-yl, thiazol-4-yl, thiazol-3-yl, 1sothia-
zol-3-yl, 1sothiazol-4-yl, 1sothiazol-5-yl, piperidin-1-yl, pip-
eridin-2-yl, piperidin-3-yl, piperidin-4-yl, piperazin-1-vl,
piperazin-2-yl, morpholin-2-yl, morpholin-3-yl, morpholin-
4-yl, pynidin-2-yl, pyridin-3-yl, pyridin-4-yl, pyrazin-2-vl,
pyrimidin-2-yl, pyrimidin-4-yl, pyrimidin-5-yl, pyridazin-3-
yl, pyridazin-4-yl, 1,2,3-triazin-4-vy1, 1,2,3-triazin-5-yl, 1,2,
4-triazin-3-yl, 1,2,4-triazin-3-yl, 1,2,4-triazin-6-yl, 1,3,5-1r1-
azin-2-vyl, 1,2,3,4-tetrazin-5-vl, 1,2,3,5-tetrazin-4-yl, azepan-

1-yl, azepan-2-yl, 1,2-diazepan-3-vyl, 1,2-diazepan-4-yl, 1,2-
diazepan-5-yl, 1,3-diazepan-2-yl, 1,3-diazepan-4-yl, 1,3-
diazepan-5-yl, 1,4-diazepan-2-yl, 1,4-diazepan-3-yl, 1,4-
diazepan-5-yl, 1,2,3-triazepan-4-yl, 1,2,3-triazepan-5-vl,

1,2, 4-tnazepan-3-yl, 1,2,4-triazepan-3-yl, and the like), and
the like.

Examples of “substituent” of “nitrogen-containing hetero-
cyclic group which may have a substituent” represented by R”
are same number and same kind as “substituent” of
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“cycloalkyl group which may have a substituent” and “het-
erocyclic group which may have a substituent™ represented
by R”.

Example of “amino group which may have a substituent™
represented by R° is a group of the formula: —NR°R/ wherein
R 1s (1) a hydrogen atom, (2) a C, _, alkyl which may have a
substituent, (3) a C,_, cycloalkyl which may have a substitu-
ent, (4) a C,_,, aryl which may have a substituent, (5)a C,_,,
aralkyl which may have a substituent, (6) a carbamoyl which
may have a substituent or (7) a heterocyclic group; and R’ is a
hydrogen atom or a C, _4 alkyl whish may have a substituent.

Examples of “C, _; alkyl” of *“C,_, alkyl which may have a
substituent” represented by R and R/ are methyl, ethyl, pro-
pyl, 1sopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
hexyl, and the like.

Examples of the substituent of “C, _, alkyl which may have
a substituent” represented by R® and R’ are (1) a C,_, alkyl
(e.g., methyl, ethyl, propyl, isopropyl, butyl, 1sobutyl, sec-
butyl, tert-butyl, pentyl, hexyl, and the like), (2) aC,_, alkenyl
(e.g., vinyl, 1-methylvinyl, 1-propenyl, allyl, and the like), (3)
a C,_. alkynyl (e.g., ethynyl, 1-propynyl, propargyl and the
like), (4) a C5_ cycloalkyl (e.g., cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, and the like), (5) a C._, cycloalkenyl
(e.g., cyclopentenyl, cyclohexenyl, and the like), (6) a C,_,;
aralkyl (e.g., benzyl, a-methylbenzyl, phenethyl, and the
like), (7)a C,_,, aryl (e.g., phenyl, naphthyl, and the like), (8)
a C, . alkoxy (e.g., methoxy, ethoxy, propoxy, 1sopropoxy,
butoxy, 1sobutoxy, sec-butoxy, tert-butoxy, and the like), (9) a
Ce. ;4 arvloxy (e.g., phenoxy, 1-naphthoxy, 2-naphthoxy, and
the like), (10) a C, _, alkanoyl (e.g., formyl, acetyl, propiony],
butyryl, 1sobutyryl, and the like), (11) a C_, ., aryl-carbonyl
(e.g., benzoyl, 1-naphthylcarbonyl, 2-naphthylcarbonyl, and
the like), (12) a C, . alkanoyloxy (e.g., formyloxy, acetoxy,
propionyloxy, butyryloxy, 1sobutyryloxy, and the like), (13) a
Cq.14 aryl-carbonyloxy (e.g., benzoyloxy, 1-naphthylcarbo-
nyloxy, 2-naphthylcarbonyloxy, and the like), (14) a carboxy,
(15) a C,_4 alkoxy-carbonyl (e.g., methoxycarbonyl, ethoxy-
carbonyl, propoxycarbonyl, 1sopropoxycarbonyl, butoxycar-
bonyl, 1sobutoxycarbonyl, tert-butoxycarbonyl, and the like),
(16) a carbamoyl, (17) a N-mono-C, _, alkylcarbamoyl (e.g.,
N-methylcarbamoyl, N-ethylcarbamoyl, N-propylcarbam-
oyl, N-1sopropylcarbamoyl, N-butylcarbamoyl, and the like),
(18) a N,N-di-C, _, alkylcarbamoyl (e.g., N,N-dimethylcar-
bamoyl, N,N-diethylcarbamoyl, N,N-dipropylcarbamoyl,
N,N-dibutylcarbamoyl, and the like), (19) a cyclic aminocar-
bonyl (e.g., l-azinidinylcarbonyl, 1-azetidinylcarbonyl,
1 -pyrrolidinylcarbonyl, 1-piperidinylcarbonyl, N-methylpip-
erazinylcarbonyl, morpholinocarbonyl, and the like), (20) a
halogen (e.g., fluorine, chlorine, bromine, 10dine), (21)a C, _,
alkyl substituted by 1 to 3 halogen(s) (e.g., chloromethyl,
dichloromethyl, trifluoromethyl, trifluoroethyl, and the like),
(22) an oxo, (23) an amidino, (24) an 1imino, (25) an amino,
(26) a mono- or di-C, _, alkylamino (e.g., methylamino, ethy-
lamino, propylamino, isopropylamino, butylamino, 1sobuty-
lamino, sec-butylamino, tert-butylamino, pentylamino, hexy-
lamino, dimethylamino, diethylamino, dipropylamino, and
the like), (27) a 3- to 6-membered cyclic amino which may
contain 1 to 3 heteroatom(s) selected from an oxygen atom, a
sulfur atom, a nitrogen atom, and the like in addition to carbon
atom (e.g., azindinyl, azetidinyl, pyrrolidinyl, pyrrolinyl,
pyrrolyl, imidazolyl, pyrazolyl, imidazolidinyl, piperidino,
morpholino, dihydropyrnidyl, pyridyl, N-methylpiperazinyl,
N-ethylpiperazinyl, and the like), (28) a C, . alkanoylamino
(e.g., formylamino, acetylamino, trifluoroacetylamino, pro-
pionylamino, butyrylamino, 1sobutyrylamino, and the like),
(29) a benzamido, (30) carbamoylamino, (31) a (IN—C, _,
alkylcarbamoyl)amino (e.g., (N-methylcarbamoyl)amino,

5

10

15

20

25

30

35

40

45

50

55

60

65

24

(N-ethylcarbamoyl)amino, (N-propylcarbamoyl)amino,
(N-1sopropylcarbamoyl)amino, (N-butylcarbamoyl)amino,
and the like), (32) a (N,N-di-C,_, alkylcarbamoyl)amino
(e.g., (N.N-dimethylcarbamoyl)amino, (N,N-diethylcarbam-
oyl)amino, (IN,N-dipropylcarbamoyl)amino, (N,N-dibutyl-
carbamoyl)amino, and the like), (33) a C,_ alkylenedioxy
(e.g., —OCH,O— —O(CH,),0— —O(CH,),0—,
—O0O(CH,),0—, —O(CH,);0—, —O(CH,),0—), (34) a
dihydroboryl, (35) ahydroxy, (36) an epoxy, (37) anitro, (38)
a cyano, (39) a mercapto, (40) a sulio, (41) a sulfino, (42) a
phosphono, (43) a sulfamoyl, (44) a N—C,_; alkylsulfamoyl
(e.g., N-methylsulfamoyl, N-ethylsulfamoyl, N-propylsulfa-
moyl, N-isopropylsulfamoyl, N-butylsulfamoyl, and the
like), (45) a N,N-di1-C, . alkylsulfamoyl (e.g., N,N-dimethyl-
sulfamoyl, N,N-diethylsulfamoyl, N,N-dipropylsulfamoyl,
N,N-dibutylsultamoyl, and the like), (46) a C,_, alkylthio
(e.g., methylthio, ethylthio, propylthio, 1sopropylthio,
butylthio, sec-butylthio, tert-butylthio, and the like), (47) a
phenylthio, (48)a C, _, alkylsulfinyl (e.g., methylsulfinyl, eth-
ylsulfinyl, propylsulfinyl, butylsulfinyl, and the like), (49) a
phenylsulfinyl, (50) a C,_, alkylsulfonyl (e.g., methylsulfo-
nyl, ethylsulfonyl, propylsulionyl, butylsulionyl, and the
like), (51) a phenylsulfonyl, and the like. The number of
substituent 1s 1 to 6, preferably 1 to 3, and the substitution

position may be any place on which the substitution 1s pos-
sible.

Examples of “C,_cycloalkyl” of “C,_.cycloalkyl which
may have a substituent” represented by R® are cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, and the like.

Examples of the substituent of “C,_.cycloalkyl which may
have a substituent” represented by R° are the same as the
substituent of “C,_. alkyl which may have a substituent”
represented by R¢ and R” above. The number of substituents is
1 to 6, preferably 1 to 3, and the substitution position may be
any place on which the substitution 1s possible.

Examples of C,_,, aryl of “C,_,, aryl which may have a
substituent” represented by Re are phenyl, naphthyl, anthra-
cenyl, and the like.

Examples of the substituent of “C_, , aryl which may have
a substituent” are the same as the substituent of “C, _. alkyl
which may have a substituent” represented by R and R’ above
except for oxo and epoxy. The number of substituents 1s 1 to
6, preferably 1 to 3, and the substitution position may be any
place on which the substitution 1s possible.

Examples of C,_,, aralkyl of “C,_,, aralkyl which may
have a substituent” represented by R® are benzyl, phenethyl,
phenylpropyl, benzhydroryl, trityl and the like.

Examples of the substituent of “C,_,, aralkyl which may
have a substituent™ are the same as the substituent of “C, _,
alkyl which may have a substituent” represented by R° and R’
above. The number of substituent 1s 1 to 6, preferably 1 to 3,
and the substitution position may be any place on which the
substitution 1s possible.

Examples of the substituent of “carbamoyl which may
have a substituent” represented by R® are (1) a C,_, alkyl
which may have a substituent, (2) a C,_, cycloalkyl which
may have a substituent, (3) a C_,, aryl which may have a
substituent, (4) a C,_,, aralkyl which may have a substituent,
(3)ahydroxy, (6)a C, _. alkoxy which may have a substituent,
(7)aC,_s alkoxy-carbonyl which may have a substituent, and
the like. The number of the substituent may be 1 or 2.

Examples of “C, _. alkyl which may have a substituent™ as
a substituent of “carbamoyl which may have a substituent™
represented by R® are the same as “C, _. alkyl which may have
a substituent” represented by R® and R/ above. Examples of
“C,_¢ cycloalkyl which may have a substituent™, “C,_, ., aryl
which may have a substituent™ and “C,_,, aralkyl which may
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have a substituent’™ as a substituent of “carbamoyl which may
have a substituent” represented by R® are the same as “C,_,
cycloalkyl which may have a substituent”, “C,_, , aryl which
may have a substituent” and *“07-20 aralkyl which may have
a substituent” represented by R above.

Examples of the C,_. alkoxy of “C, . alkoxy which may
have a substituent” as a substituent of “carbamoyl which may
have a substituent” represented by R® are methoxy, ethoxy,
Propoxy, 1Sopropoxy, butoxy, 1sobutoxy, sec-butoxy, tert-bu-
toxy, pentyloxy, hexyloxy, and the like. Examples of the
substituent of “C, _. alkoxy which may have a substituent™ are
the same as the substituent of “C, _, alkyl which may have a
substituent” represented by R® above. The number of sub-
stituents 1s 1 to 6, preferably 1 to 3, and the substitution
position may be any place on which the substitution 1s pos-
sible.

Example of “C, _, alkoxy-carbonyl which may have a sub-
stituent” as a substituent of “carbamoyl which may have a
substituent” represented by R® 1s a group comprising combin-
ing “C, _. alkoxy which may have a substituent™ as a substitu-
ent of “carbamoyl which may have a substituent” represented
by R® above with carbonyl.

Examples of “heterocyclic group™ represented by R° are
(1) a 5-membered cyclic group containing 1 to 4 hetero-
atom(s) selected from an oxygen atom, a sulfur atom, a nitro-
gen atom, and the like 1n addition to carbon atom (e.g., 2-thie-
nyl, 3-thienyl, 2-turyl, 3-furyl, 2-pyrrolyl, 3-pyrrolyl, 2-0x-
azolyl, 4-oxazolyl, 5-oxazolyl, 2-thiazolyl, 4-thiazolyl,
S-thiazolyl, 3-pyrazolyl, 4-pyrazolyl, 3-pyrazolyl, 2-1imida-
zolyl, 4-1midazolyl, 5-1imidazolyl, 3-1soxazolyl, 4-1soxazolyl,
S-1soxazolyl, 3-1sothiazolyl, 4-1sothiazolyl, 5-1sothiazolyl,
3-(1,2,4-oxadiazolyl), 5-(1,2,4-oxadiazolyl), 1,3,4-oxadiaz-
olyl, 3-(1,2,4-thiadiazolyl), 5-(1,2,4-thiacdiazolyl), 1,3,4-
thiadiazolyl, 4-(1,2,3-thiadiazolyl), 5-(1,2,3-thiadiazolyl),
1,2,5-thiadiazolyl, 1,2,3-triazolyl, 1,2,4-tnnazolyl, 1H-tetra-
zolyl, 2H-tetrazolyl, oxoimidazinyl, dioxotriazinyl, pyrro-
lidinyl, and the like), (2) a 6-membered cyclic group contain-
ing 1 to 4 heteroatom(s) selected from an oxygen atom, a
sulfur atom, a nitrogen atom, and the like 1in addition to carbon
atom (e.g., 2-pynidyl, 3-pyridyl, 4-pyridyl, N-oxido-2-py-
ridyl, N-oxido-3-pyridyl, N-oxido-4-pyridyl, 2-pyrimidinyl,
4-pyrimidinyl,  5-pyrimidinyl,  N-oxido-2-pyrimidinyl,
N-oxido-4-pyrimidinyl, N-oxido-5-pyrimidinyl, 2-thiomor-
pholinyl, 3-thiomorpholinyl, 2-morpholinyl, 3-morpholinyl,
piperidinyl, pyranyl, thiopyranyl, 1,4-oxazinyl, 1,4-thiazinyl,
1,3-thiazinyl, 2-piperazinyl, 3-piperazinyl, triazinyl, oxotri-
azinyl, 3-pyndazinyl, 4-pyridazinyl, pyrazinyl, N-oxido-3-
pyridazinyl, N-oxido-4-pyridazinyl, and the like), and (3) a
bicyclic or tricyclic condensed cyclic group which contains 1
to 4 heteroatom(s) selected from an oxygen atom, a sulfur
atom, a nitrogen atom and the like 1n addition to a carbon atom
(e.g., benzofuryl, benzothiazolyl, benzoxazolyl, tetrazolo|[1,
S-b]pyridazinyl, triazolo[4,5-b]pyridazinyl, benzoimida-
zolyl, quinolyl, 1soquinolyl, cinnolinyl, phthalazinyl,
quinazolinyl, quinoxalinyl, indolizinyl, quinolizinyl, 1,8-
naphthylidinyl, purinyl, pteridinyl, dibenzofuranyl, carba-
zolyl, acridinyl, phenanthrydinyl, chromanyl, benzoxazinyl,
phenazinyl, phenothiazinyl, phenoxazinyl, and the like).

Examples of the aryl of “aryl which may have a substitu-
ent” represented by R? are phenyl, naphthyl, anthracenyl, and
the like.

Examples of the substituent of “aryl which may have a
substituent” represented by R? are (1) a C,_,, aryl (e.g., phe-
nyl, naphthyl, and the like) which may have 1 to 4 sub-
stituent(s) selected from the group consisting of (1) a hydroxy,
(1) an amino, (111) a mono- or di-C, _. alkylamino (e.g., methy-
lamino, ethylamino, propylamino, dimethylamino, diethy-
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lamino, and the like), (1v) a C,_« alkoxy (e.g., methoxy,
cthoxy, propoxy, butoxy, pentyloxy, hexyloxy, and the like),
and (v) a halogen (e.g., fluorine, chlorine, bromine and
1odine), (2) a hydroxy, (3) a carboxy, (4) a nitro, (5) a C, 4
alkoxy (e.g., methoxy, ethoxy, propoxy, 1sopropoxy, butoxy,
pentyloxy, hexyloxy, and the like), (6) a C,_, alkyl-carbony-
loxy (e.g., acetoxy, propionyloxy, butyryloxy, isobutyryloxy,
valeryloxy, 1sovaleryloxy, pivaloyloxy, pentylcarbonyloxy,
hexylcarbonyloxy, and the like), (7) a C,_, alkylthio (e.g.,
methylthio, ethylthio, propylthio, 1sopropylthio, butylthio,
1sobutylthio, sec-butylthio, tert-butylthio, pentylthio, hexy-
Ithio, and the like), (8) a C,_; alkylsulfinyl (e.g., methylsulfi-
nyl, ethylsulfinyl, propylsulfinyl, i1sopropylsulfinyl, butyl-
sulfinyl, 1sobutylsulfinyl, sec-butylsulfinyl, tert-butylsulfinyl,
pentylsulfinyl, hexylsulfinyl, and the like), (9) a C, _ alkyl-
sulfonyl (e.g., methylsulfonyl, ethylsulfonyl, propylsulfonyl,
1sopropylsulionyl, butylsulfonyl, isobutylsulfonyl, sec-butyl-
sulfonyl, tert-butylsulfonyl, pentylsulfonyl, hexylsulfonyl,
and the like), (10) a halogen (e.g., fluorine, chlorine, bromine
and iodine), (11) a group of the formula: —NR#R” wherein
R# 1s (a) a hydrogen atom, (b) a C,_, alkyl which may have a
substituent, (¢) a C,_. cycloalkyl which may have a substitu-
ent, (d) a C_,, aryl which may have a substituent, (e)a C,_,,
aralkyl which may have a substituent, (1) a carbamoyl which
may have 1 or 2 substituent(s) selected from the group con-
sisting of (1) a C5_, cycloalkyl which may have a substituent,
(11) a C._,, aryl which may have a substituent, (111) a C,_,,
aralkyl which may have a substituent, (iv) hydroxy, (v)a C,
alkoxy which may have a substituent and (v1) a C, _. alkoxy-
carbonyl which may have a substituent, (g) a heterocyclic
group; and R” is a hydrogen atom or a C, _ alkyl which may
have a substituent, (12) a 5-membered cyclic group contain-
ing 1 to 4 heteroatom(s) selected from an oxygen atom, a
sulfur atom, a nitrogen atom, and the like 1in addition to carbon
atom (e.g., 2-thienyl, 3-thienyl, 2-furyl, 3-furyl, 2-pyrrolyl,
3-pyrrolyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 2-thiazolyl,
4-thiazolyl, 5-thiazolyl, 3-pyrazolyl, 4-pyrazolyl, 3-pyra-
zolyl, 2-imidazolyl, 4-imidazolyl, 5-imidazolyl, 3-1s0x-
azolyl, 4-1soxazolyl, 5-1soxazolyl, 3-1sothiazolyl, 4-1sothiaz-
olyl, 5-1sothiazolyl, 3-(1,2,4-oxadiazolyl), 5-(1,2.,4-
oxadiazolyl), 1,3,4-oxadiazolyl, 3-(1,2,4-thiadiazolyl), 5-(1,
2.4-thiadiazolyl), 1,3,4-thiadiazolyl, 4-(1,2,3-thiadiazolyl),
5-(1,2,3-thiadiazolyl), 1,2,5-thiadiazolyl, 1,2,3-triazolyl, 1,2,
4-tnnazolyl, 1H-tetrazolyl, 2H-tetrazolyl, oxoimidazinyl,
dioxotriazinyl, pyrrolidinyl, and the like), (13) a 6-membered
cyclic group containing 1 to 4 heteroatom(s) selected from an
oxygen atom, a sulfur atom, a nitrogen atom, and the like 1n
addition to carbon atom (e.g., 2-pyndyl, 3-pyridyl, 4-pyridyl,
N-oxido-2-pyridyl, N-oxido-3-pyridyl, N-oxido-4-pyridyl,
2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, N-oxido-2-py-
rimidinyl, N-oxido-4-pyrimidinyl, N-oxido-3-pyrimidinyl,
2-thiomorpholinyl,  3-thiomorpholinyl,  2-morpholinyl,
3-morpholinyl, piperidinyl, pyranyl, thiopyranyl, 1,4-oxazi-
nyl, 1,4-thiazinyl, 1,3-thiazinyl, 2-piperazinyl, 3-piperazinyl,
triazinyl, oxotriazinyl, 3-pyridazinyl, 4-pyridazinyl, pyrazi-
nyl, N-oxido-3-pyridazinyl, N-oxido-4-pyridazinyl, and the
like), (14) a bicyclic or tricyclic condensed cyclic group
which contains 1 to 4 heteroatom(s) selected from an oxygen
atom, a sulfur atom, a nitrogen atom and the like 1n addition
to a carbon atom (e.g., benzoturyl, benzothiazolyl, benzox-
azolyl, tetrazolo[1,5-b]pyridazinyl, triazolo[4,5-b]pyridazi-
nyl, benzommidazolyl, quinolyl, 1soquinolyl, cinnolinyl,
phthalazinyl, quinazolinyl, quinoxalinyl, indolizinyl, quino-
lizinyl, 1,8-naphthylidinyl, purinyl, pteridinyl, dibenzotura-
nyl, carbazolyl, acridinyl, phenanthrydinyl, chromanyl, ben-
zoxazinyl, phenazinyl, phenothiazinyl, phenoxazinyl, and the
like), (135) a C,_, alkoxycarbonyl (e.g., methoxycarbonyl,
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cthoxycarbonyl, propoxycarbonyl, 1sopropoxycarbonyl,
butoxycarbonyl, 1sobutoxycarbonyl, sec-butoxycarbonyl,
tert-butoxycarbonyl, pentyloxycarbonyl, hexyloxycarbonyl,

and the like), (16) a carbamoyl, (17) a N-mono-C, _, alkylcar-
bamoyl (e.g., N-methylcarbamoyl, N-ethylcarbamoyl,
N-propylcarbamoyl, N-1sopropylcarbamoyl, and the like),
(18) a N,N-di-C,  alkylcarbamoyl (e.g., N,N-dimethylcar-
bamoyl, N,N-diethylcarbamoyl, N,N-dipropylcarbamoyl,
and the like), and the like. The number of substituent 1s 1 to 6,
preferably 1 to 3, and the substitution position may be any
place on which the substitution 1s possible.

The definitions of R® and R/ utilized in the group of the
formula: —NR&R” wherein R® and R” have the same mean-
ings defined above as a substituent of “aryl which may have a
substituent” represented by R are shown below.

Examples of “C,_ alkyl which may have a substituent”
represented by R€ and R” are the same as “C,_. alkyl which
may have a substituent” represented by R® and R/ described
above.

Examples of “C,_, cycloalkyl which may have a substitu-
ent”, “C,_,, aryl which may have a substituent”, “C,_,,
aralkyl which may have a substituent” and “heterocyclic
group’” represented by R® are the same as “C,_, cycloalkyl
which may have a substituent”, “C,_,, aryl which may have a
substituent”, “C,_,, aralkyl which may have a substituent”
and “heterocyclic group™ represented by R described above.

Examples of “C;_. cycloalkyl which may have a substitu-
ent”, “C,_,, aryl which may have a substituent” and “C,_,,,
aralkyl which may have a substituent” of “carbamoyl which
may have 1 or 2 substituent(s) selected from the group con-
sisting of (1) a C,_, cycloalkyl which may have a substituent,
(11) a C,_,, aryl which may have a substituent, (111) a C,_,,
aralkyl which may have a substituent, (1v) a hydroxy, (v) a
C,_ alkoxy which may have a substituent and (v1) a C,_4
alkoxy-carbonyl which may have a substituent” represented
by R# are the same as “C,_; cycloalkyl which may have a
substituent”, “C,_,, aryl which may have a substituent” and
“C,_,n aralkyl which may have a substituent” represented by
R described above.

Examples of “C,_, alkoxy which may have a substituent™
of “carbamoyl which may have 1 or 2 substituent(s) selected
from the group consisting ot (1) a C,_, cycloalkyl which may
have a substituent, (11) a C_, , aryl which may have a substitu-
ent, (1) a C-_,, aralkyl which may have a substituent, (1v) a
hydroxy, (v) a C,_, alkoxy which may have a substituent and
(vi) a C,_4 alkoxy-carbonyl which may have a substituent”
represented by R® are methoxy, ethoxy, propoxy, 1sopropoxy,
butoxy, 1sobutoxy, sec-butoxy, tert-butoxy, pentyloxy, hexy-
loxy, and the like. Examples of the substituent of said “C, _,
alkoxy which may have a substituent” are the same as the
substituent of “C,_, alkyl which may have a substituent”
represented by R® described above. The number of substitu-
ents 1s 1 to 6, preferably 1 to 3, and the substitution position
may be any place on which the substitution 1s possible.

Example of “C,_, alkoxy-carbonyl which may have a sub-
stituent” of “carbamoyl which may have 1 or 2 substituent(s)
selected from the group consisting of (1) a C5_4 cycloalkyl
which may have a substituent, (11)aC,_,, aryl whichmay have
a substituent, (111) a C,_,, aralkyl which may have a substitu-
ent, (1v) a hydroxy, (v) a C,_ alkoxy which may have a
substituent and (v1) a C, _. alkoxy-carbonyl which may have a
substituent” represented by R® 1s a group comprising com-
bining “C, _. alkoxy which may have a substituent™ as a sub-
stituent of “carbamoyl which may have a substituent” repre-
sented by R® above with carbonyl.

Preferable examples of R are an aryl group which may
have 1 to 5 substituent(s) selected from the group consisting,
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of (1) a halogen, (11) a nitro, (111) a cyano, (1v) an amino, (v) a
carboxyl group which may be esterified or amidated, (v1) an
alkylenedioxy, (vi1) an alkyl, (vi11) an alkoxy, (ix) an alky-
Ithio, (x) an alkylsulfinyl and (x1) an alkylsulfonyl. Among
them, a phenyl which 1s mono- or di-substituted by a halogen,
especially 2,6-difluorophenyl, are preferable.

Preferable examples of R” are pyrrolidin-1-yl, pyrrolidin-
2-yl, imidazol-1-yl, imidazol-2-yl, 1,2,3-triazol-1-yl, 1,2,5-
triazol-1-yl, tetrazol-1-yl, tetrazol-2-yl, pyridin-2-yl, pyri-
din-4-yl. Among them, pyridin-2-yl 1s preferable.

Preferable example of R 1s a group represented by the
formula: —NR°R/" wherein R¢'is (1) a C,_, alkyl which may
have a substituent or (2) a C-_,, aralkyl; R/ is a C, . alkyl.
Among them, a group of the formula: —N(Me)R¢" wherein
R¢" is a C,_. alkyl which is substituted by a C,_. alkoxy; or
benzyl 1s preferable.

Preferable example of R is phenyl which may have a
substituent. Among them, phenyl group which 1s substituted
at 1ts 4-position by a group represented by the formula
—NR2R”: wherein each R® and R” has the meaning defined
above, 1s preferable, and especially, phenyl group which 1s
substituted at its 4-position by a group represented by the
formula —NHR# wherein R# is carbamoyl which may have
1 or 2 substituent(s) selected from the group consisting of (1)
a C,_s cycloalkyl which may have a substituent, (11) a Cg_,
aryl which may have a substituent, (111) a C_,, aralkyl which
may have a substituent, (1v) hydroxy, (v) a C, _. alkoxy which
may have a substituent and (v1) a C, _, alkoxy-carbonylamino
1s preferable. Especially, a phenyl group substituted at 1ts
4-position by a C, . alkoxyamino-carbonylamino (e.g.
4-methoxyaminocarbonylaminophenyl, 4-ethoxyaminocar-
bonylaminophenyl, and the like) 1s more preferable.

p 1s preferably 1. And g 1s preferably 1.

Salts of Compound (A) are preferably physiologically
acceptable acid addition salts. Such salts include, {for
example, salts with inorganic acids (e.g., hydrochloric acid,
hydrobromic acid, nitric acid, sulfuric acid, phosphoric acid),
salts with organic acids (e.g., formic acid, acetic acid, trifluo-
roacetic acid, fumaric acid, oxalic acid, tartaric acid, maleic
acid, citric acid, succinic acid, malic acid, methanesulfonic
acid, benzenesulfonic acid, p-toluenesulfonic acid, etc.), and
the like. When Compound (A) has an acidic group, 1t may
form a physiologically acceptable salt with an inorganic base
(e.g., alkali metals and alkaline earth metals such as sodium,
potassium, calctum and magnesium, ammonia, and the like)
or an organic base (e.g., trimethylamine, tricthylamine, pyri-
dine, picoline, ethanolamine, diethanolamine, triethanola-
mine, dicyclohexylamine, N,N'-dibenzylethylenediamine,
and the like).

Compound (A) can be produced by the method described
in JP-A-9-169768 (WO 96/24397) and JP-A-2001-278884
(WO 00/56739) and its analogous method.

Compound (A) may be a hydrate or a non-hydrate. The
hydrate 1s exemplified by monohydrate, sesquihydrate and
dihydrate.

When Compound (A) 1s obtained as a mixture of optically
active configurations, 1t can be resolved into the (R)- and
(S)-forms by the conventional optical resolution techniques.

Compound (A) can be used as a prodrug. The prodrug of
Compound (A) or a salt thereol means a compound which 1s
converted to Compound (A) of the present invention under
physiological conditions or with a reaction due to an enzyme,
a gastric acid, and the like in the living body, that 1s, a com-
pound which 1s converted to Compound (A) of the present
invention with oxidation, reduction, hydrolysis, and the like
with an enzyme; a compound which 1s converted to Com-
pound (A) of the present invention with gastric acid, etc. The
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prodrug for Compound (A) may for example be a compound
obtained by subjecting an amino group 1 Compound (A) to
an acylation, alkylation or phosphorylation (e.g., acompound
obtained by subjecting an amino group 1n Compound (A) or
to an eicosanoylation, alanylation, pentylaminocarbonyla-
tion, (S-methyl-2-oxo0-1,3-dioxolen-4-yl)methoxycarbony-
lation, tetrahydrofuranylation, pyrrolidylmethylation, piv-
aloyloxymethylation and tert-butylation, etc.); a compound
obtained by subjecting a hydroxy group in Compound (A) to
an acylation, alkylation, phosphorylation or boration (e.g., a
compound obtained by subjecting an hydroxy in Compound
(A) to an acetylation, palmitoylation, propanoylation, pi1v-
aloylation, succinylation, fumarylation, alanylation, dim-
cthylaminomethylcarbonylation, etc.); a compound obtained
by subjecting a carboxy group 1n Compound (A) to an esteri-
fication or amidation (e.g., a compound obtained by subject-
ing a carboxyl group 1n compound (A) to an ethylesterifica-
tion, phenylesterification, carboxymethylesterification,
dimethylaminomethylesterification, pivaloyloxymethyles-
terification, ethoxycarbonyloxyethylesterification, phtha-
lidylesterification, (5-methyl-2-ox0-1,3-dioxolen-4-yl)me-
thylesterification, cyclohexyloxycarbonylethylesterification
and methylamidation, etc.) and the like. Any of these com-
pounds can be produced from the compound of the present
invention by a method known per se.

A prodrug of Compound (A) may also be one which 1s
converted mto Compound (A) under a physiological condi-
tion, such as those described in “IYAKUHIN no KATHATSU
(Development of Pharmaceuticals)”, Vol. 7, Design of Mol-
ecules, p. 163-198, Published by HIROKAWA SHOTEN
(1990).

Compound (A) may be labeled with an isotope (e.g., °H
M€, *S) and the like.

The present imvention 1s hereinafter described 1n more
detail by means of, but 1s not limited to, the following Refer-
ence Examples, Examples, Preparation Examples and
Experimental Examples.

"H-NMR spectra are determined with tetramethylsilane as
the internal standard, using the Varian GEMINI 200 (200
MHz) spectrometer, the JEOL LAMBDA 300 (300 MHz)
spectrometer or the Bruker AMS500 (500 MHz) spectrometer;
all 0 values are shown 1n ppm. Unless otherwise specifically
indicated, “%” 1s by weight. Yield indicates mol/mol %. The
other symbols used herein have the following definitions:

s: singlet

d: doublet

t: triplet

dt: double triplet

m: multiplet

br: broad

AIBN: 2,2-azobisisobutyronitrile

DMF: N,N-dimethylformamide

NBS: N-bromosuccinimide

TFA: tnifluoroacetic acid

THE: tetrahydrofuran

Me: methyl

Et: ethyl

Ph: phenyl

TBS: tert-butyl dimethyl silyl

Ms: methanesulionyl

The term “room temperature” indicates the range from
about 15 to 25° C., but 1s not to be construed as strictly
limitative. Each of lactose, corn starch, D-mannitol, low sub-
stituted hydroxypropylcellulose, talc, hydroxypropylcellu-
lose, hydroxypropylmethylcellulose 2910, titammum oxide
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and light silicic acid anhydride used 1n the following Prepa-
ration 1s suited for standard of Pharmacopoeia, Fourteenth
Edition.

EXAMPLES

Retference Example 1

Production of ethyl 2-[(2,6-difluorobenzyl)(ethoxy-
carbonyl)amino]-5-(4-{[(methoxyamino )carbonyl]
amino }phenyl)-4-[ (methylamino)methyl|thiophene-
3-carboxylate

To a solution of ethyl 4-(N-benzyl-N-methylaminom-
cthyl)-2-[N-(2,6-difluorobenzyl)-N-ethoxycarbonylamino]-
5-[4-(3-methoxyureido )phenyl [thiophene-3-carboxylate
(3.64 g, 5.47 mmol) 1 ethanol (100 ml) were added 1N
hydrochloric acid (8 ml) and 10% palladium-carbon (50%
wet, 1.82 g). The mixture was stirred vigorously under hydro-
gen atmosphere for 6 hours. The catalyst was removed, and
the filtrate was neutralized with 1N sodium hydroxide solu-
tion. The solvent was distilled off, and the residue was dis-
tributed between ethyl acetate and water. The organic layer
was washed with saturated brine and dried over anhydrous
magnesium sulfate. The solvent was distilled off under
reduced pressure. The residue was subjected to an NH-silica
gel (Fujp Silysia Chemical) chromatography to give the title
compound (2.43 g, 77%) as yellow powders.

'H-NMR (CDCl,) &: 1.18 (3H, t, J=7.0 Hz), 1.33 (3H, t,

J=7.2 Hz), 2.33 (3H, s), 3.65 (2H, 5), 3.82 (5H, s), 4.16 (2H,
q,J=7.0 Hz), 4.24 (2H, q, J=7.2 Hz), 4.96 (2H, s), 6.84 (2H,
t, 1=7.8 Hz), 7.1-7.35 (3H, m), 7.44 (2H, d, J=8.6 Hz), 7.53
(2H, d, J=8.6 Hz), 7.63 (1M, s).

Retference Example 2

Production of ethyl 2-[(2,6-difluorobenzyl)(ethoxy-
carbonyl)amino]-5-(4-{[(methoxyamino )carbonyl]
amino }phenyl)-4-{[methyl(pyridin-2-ylmethyl)
amino Jmethyl}thiophene-3-carboxylate
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The compound obtained 1n Reference Example 1 (2.43 g,
4.21 mmol) was dissolved in DMF (20 ml), and N,N-di1so-
propylethylamine (2.93 ml, 16.84 mmol) and 2-chlorometh-
ylpyridine hydrochlonide (1.04 g, 6.32 mmol) were added
thereto. The mixture was stirred at room temperature for 24
hours, combined with saturated aqueous solution of sodium
hydrogen carbonate and extracted with ethyl acetate. The
organic layer was washed with saturated brine, dried over
magnesium sulfate and concentrated under reduced pressure.
The residue was purified by silica gel column chromatogra-
phy (eluent: ethyl acetate) to give the title compound (2.34 g,
83%) as yellow powders.

Retference Example 3

Production of 2-[(2,6-difluorobenzyl)(ethoxycarbo-
nyl)amino|-5-(4-{ [ (methoxyamino)carbony]]
amino }phenyl)-4-{[methyl(pyridin-2-ylmethyl)
amino|methyl }thiophene-3-carboxylic acid

To a solution of the compound obtained 1n Reference
Example 2 (2.34 g, 3.5 mmol) in ethanol (40 ml) was added
2N sodium hydroxide solution (8.75 ml), and the mixture was
stirred at 50-60° C. for 14 hours. The reaction mixture was
cooled to room temperature and neutralized with 1N hydro-
chloric acid. The solvent was distilled off and the obtained
residue was distributed between ethyl acetate and water. The
organic layer was washed with saturated brine and dried over
magnesium sulfate. The solvent was distilled off under
reduced pressure to give the title compound (2.06 g, 92%) as
pale yellow powders.

'H-NMR (CDCL,) §: 1.1-1.3 (3H, m), 2.28 (3H, 5), 3.7-3.9
(2H, brm), 3.84 (3H, s), 3.91 (3H, s), 4.1-4.3 (2H, m), 5.07
(2H, s), 6.7-6.85 (2H, m), 7.15-7.8 (10H, m), 8.5-8.6 (1H, m).

Retference Example 4

Production of methyl 6-(bromomethyl)nicotinate

CO,Me

Br S
\'/\N
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Methyl 6-methylnicotinate (1.05 g, 10 mmol) was dis-
solved 1n ethyl acetate (50 ml), and NBS (3.56 g, 20 mmol)

and AIBN (329 mg, 2 mmol) were added thereto. The reaction
mixture was stirred at 80° C. for 3 hours, combined with an
aqueous solution of sodium hydrogen carbonate and
extracted with ethyl acetate. The organic layer was washed
with saturated brine, dried over magnesium sulfate and con-
centrated under reduced pressure. The residue was purified by
silica gel column chromatography (eluent: ethyl acetate/hex-
ane=1/4) to give the title compound (682 mg, 28%) as an
orange amorphous compound.

'"H-NMR (CDC1,)8:3.96 (3H, s),4.58 (2H, s), 7.53 (1H, d,
J=8.2 Hz), 8.30 (2H, dd, J=1.8, 8.2 Hz), 9.17 (1H, d, J=1.8
Hz).

Reterence Example 5

Production of ethyl 2-[N-(2,6-difluorobenzyl)-N-
cthoxycarbonylamino]-4-[N-(2-methoxyethyl)-N-
methylaminomethyl]-5-(4-aminophenyl thiophene-
3-carboxylate

MeQO

H,N

A solution of 2N hydrochloride 1n diethyl ether (21 ml) and
10% palladium-carbon (350% wet, 3.73 g) were added to a
solution of ethyl 2-[N-(2,6-difluorobenzyl)-N-ethoxycarbo-
nylamino]-4-[N-(2-methoxyethyl)-N-methylaminomethyl]-
S-(4-mitrophenyl)thiophene-3-carboxylate (12.43 g) (JP-A-
2001-278884, WO 00/56739) m ethanol (315 ml). The
mixture was stirred vigorously under hydrogen atmosphere
for 1 hour. The catalyst was removed, and the filtrate was
neutralized with sodium hydrogen carbonate solution. The
solvent was distilled off, and the residue was distributed
between ethyl acetate and water. The organic layer was
washed with saturated brine and dried over anhydrous mag-
nesium sulfate. The solvent was distilled off under reduced
pressure. The residue was subjected to an NH-silica gel (Fuji
Silysia Chemical) chromatography to give the title compound

(11.44 g) as an oil.

'H-NMR (CDCl,) §: 1.12-1.30 (3H, br), 2.05 (3H, s), 2.39
(2H, t, J=6.3 Hz), 3.27 (3H, s), 3.32 (3H, t, J=6.3 Hz), 3.59
(2H, s), 3.78 (2H, s), 4.20 (2H, q, I=7.1 Hz), 4.10-4.23 (2H,
br), 5.00 (2H, s), 6.66 (2H, d, J=8.6 Hz), 6.84 (2H, t, J=8.2
Hz), 7.18 (2H, d, J=8.6 Hz), 7.15-7.30 (1H, m).

IR (KBr): 1717, 1626, 1609, 1472, 1406, 1300, 1246 cm™".
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Retference Example 6

Production of ethyl 2-[(2,6-difluorobenzyl)(ethoxy-
carbonyl)amino]-5-(4-{[(methoxyamino)carbonyl]
amino }phenyl)-4-{[(2-methoxyethyl)(methyl)amino]
methyl}-3-thiophenecarboxylate

\_\N

/

X
/

COOEt

o

>_§/\/ F
H

O—N

/

N-ethyldiisopropylamine (3.06 ml) was added to a solution
of the compound obtained 1n Reference Example 5 (4.89 g) 1n
dichloromethane (113 ml) under 1ce cooling, and the mixture
was stirred. N,N'-carbonyldiimidazole (2.82 g) was added to
the mixture under ice cooling. The reaction mixture was
warmed to room temperature and stirred for 67 hours. The
reaction mixture was cooled under 1ce cooling, and O-meth-
ylhydroxyamine hydrochloride (7.26 g) and N-ethyldiisopro-
pylamine (15.6 ml) were added thereto. The reaction mixture
was warmed to room temperature and stirred at room tem-
perature for 19 hours. The reaction mixture was distributed
between chloroform and saturated aqueous solution of
sodium hydrogen carbonate, and extracted with chloroform.
The combined extract was washed with brine and dried over
magnesium sulfate. The solvent was distilled off under
reduced pressure. The residue was purified by silica gel col-
umn chromatography to give the title compound (4.89 g) as a
pale yellow caramelized product.

"H-NMR (CDCl,)8: 1.19 (3H, brs), 1.30 (3H, t, ]=6.9 Hz),
2.04 (3H, s), 2.40 (2H, t, J=6.0 Hz), 3.27 (3H, s), 3.33 (2H, t,
I=6.0Hz), 3.60 (2H, s), 3.81 (3H, s), 4.13-4.24 (4H, m), 5.00
(2H, s), 6.84 (2H, t, I=7.8 Hz), 7.19-7.29 (2H, m), 7.36 (2H,
d, J=8.7 Hz), 7.50 (2H, d, J=8.7 Hz), 7.60 (1H, s).

IR (KBr): 1717, 1590, 1528, 1472, 1408, 1304 cm™".

Reterence Example 7

Production of 2-[(2,6-difluorobenzyl)(ethoxycarbo-
nyl)amino]-5-(4-{[ (methoxyamino)carbonyl|
amino }phenyl)-4-{[ (2-methoxyethyl)(methyl )amino]
methyl }-3-thiophenecarboxylic acid

—O\_\

/N COOEt
/ \ COOEt

NN ! N

6
F
H
O—N

An aqueous solution of 2N sodium hydroxide (18.9 ml)
was added to a solution of the compound obtained in Refer-
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ence Example 6 (4.81 g) in ethanol (114 ml), and the mixture
was stirred at 60° C. for 5 hours. The reaction mixture was

warmed to room temperature and combined with 1N hydro-
chloric acid (37.8 ml). The solvent was distilled off. The
residue was dissolved 1n ethanol and toluene, and the solvent
was distilled off. The residue was combined with anhydrous
cthanol (30 ml), and the mnorganic products were filtered oif.
The filtrate was concentrated to dryness. The obtained residue
was fined by anhydrous ether, collected by filtration and dried
to give the title compound (4.43 g).

"H-NMR (CDC1,) 6: 1.17 (3H, brs), 2.45 (3H, s), 2.81 (2H,
brs), 3.28 (3H, s), 3.55 (2H, t, J=4.8 Hz), 3.82 (3H, s), 3.92
(2H, s), 4.10-4.35 (2H, m), 5.06 (2H, s), 6.82 (2H, t, J=7.8
Hz), 7.16 (2H, d, J=8.4 Hz), 7.22-7.35 (1H, m), 7.60 (2H, d,
J=8.4 Hz), 8.00-8.50 (2H, br).

IR (KBr): 1713, 1605, 1528, 1472, 1408 cm ™.

Retference Example 8

Production of 4-(1-hydroxy-1-methylethyl)aniline
(1) and 4-(1-methoxy-1-methylethyl)aniline (2)

(1)

\ 7/ \.

H>N @A(
OMe

To a solution of 2-methyl-2-(4-nitrophenyl)-2-propanol
(2.0 g) 1n methanol (55 ml) was added 5% platinum-carbon
(0.3 g), and the mixture was stirred under hydrogen atmo-
sphere for 4 hours. The catalyst was filtered off, and the
filtrate was concentrated to dryness. The obtained residue was
purified by aminopropylsilica gel column chromatography
(Fuj Silysia Chemical) (120 g; eluent hexane/ethyl acetate
9/1 to 1/4) to give 4-(1-hydroxy-1-methylethyl)aniline (1)
(1.0 g) and 4-(1-methoxy-1-methylethyl)aniline (2) (0.35 g).
4-(1-hydroxy-1-methylethyl)aniline (1)

"H-NMR (CDCl,) &: 1.45 (1H, s), 1.55 (6H, s), 3.64 (2H,
brs), 6.66 (2H, d, J=8.8 Hz), 7.28 (2H, d, J=8.8 Hz).

IR (KBr): 3335, 2975, 1613, 1516, 1256 cm™".
4-(1-methoxy-1-methylethyl)aniline (2)

"H-NMR (CDCl,) 8: 1.49 (6H, s), 3.03 (3H, s), 3.64 (2H,
brs), 6.67 (2H, d, J=8.7 Hz), 7.20 (2H, d, J=8.7 Hz).

IR (KBr): 2978, 1630, 1613, 1518, 1358, 1264 cm ™.

H,N

(2)

Retference Example 9

Production of 3-methoxy-6-methyl-2-nitropyridine

Me(Q)
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Potassium carbonate (4.15 g) and methyl 10dide (2.80 ml)
were added to a solution of 6-methyl-2-nitro-3-hydroxypyri-
dine (4.63 g) in DMF (120 ml), and the mixture was stirred at
room temperature for 14 hours. The reaction mixture was
distributed between ethylacetate and water. The organic layer
was washed with saturated brine and dried over anhydrous
sodium sulfate. The solvent was distilled off under reduced
pressure, and the residue was recrystallized from ethyl
acetate/hexane to give the title compound (3.94 g) as needle
crystals.

"H-NMR (CDCl,) 8: 2.54 (3H, 5),3.95(3H, 5), 7.37 (1H, d,
J=8.8 Hz), 7.44 (1H, d, J=8.8 Hz).

IR (KBr): 1541, 1489, 1381, 1308, 1289 cm™".

Reference Example 10

Production of 2-amino-3-methoxy-6-methylpyridine

“

To a solution of 3-methoxy-6-methyl-2-nitropyridine
(3.85 g) 1n ethanol (91.6 ml) was added 10% palladium-
carbon (50% wet, 0.96 g), and the mixture was stirred under
hydrogen atmosphere for 2 hours. The catalyst was filtered
off, and the filtrate was concentrated to dryness. The residue
was recrystallized from ethyl acetate/hexane to give the title
compound (2.89 g).

"H-NMR (CDCl,) &: 2.32 (3H, s), 3.81 (3H, s), 4.61 (2H,
s), 6.44 (1H, d, ]=8.4 Hz), 6.81 (1H, d, ]=8.4 Hz).

IR (KBr): 1624, 1576, 1480, 1439, 1258 cm™".

Reference Example 11

Production of 2-amino-3-hydroxy-6-methylpyridine

HO

H,N

The stmilar reaction as described in Reference Example 10
by using 6-methyl-2-nitro-3-hydroxypyridine (4.63 g) gave
the title compound (2.81 g) as crystalline powders.

"H-NMR (DMSO-d,) §: 2.14 (3H, s), 5.29 (2H, s), 6.20
(1H, d, JI=7.5 Hz), 6.70 (1H, d, J=7.5 Hz), 9.09 (1H, s).

Reference Example 12

Production of 3-methoxy-2-nitropyridine
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The similar reaction as described 1in Reference Example 9
by using 2-nitro-3-hydroxypyridine (7.0 g), potassium car-
bonate (6.91 g) and methyl 10odide (4.67 ml) gave the title
compound (7.5 g) as crystalline powders.

'H-NMR (CDCl,) 8: 3.99 (3H, s), 7.54-7.56 (2H, m),
3.09-8.12 (1H, m).

IR (KBr): 1601, 1537, 1530, 1422, 1364, 1275 cm™".

Reference Example 13

Production of 2-amino-3-methoxypyridine

O

The similar reaction as described 1n Reference Example 10
by using 3-methoxy-2-nitropyridine (7.5 g) gave the title
compound (5.42 g) as crystalline powders.

"H-NMR (CDCl,) 8: 3.84 (3H, 5),4.65 (2H, brs), 6.62 (1H,
d, J=5.0 Hz, 7.6 Hz), 6.90 (1H, dd, J=1.4 Hz, 7.6 Hz), 7.66
(1H, dd, J=1.4 Hz, 5.0 Hz).

IR (KBr): 3443,3142, 1634, 1601, 1570, 1483, 1460, 1441
—1
CInl

Example 1

Production of N-(4-(5-((benzyl(methyl )Jamino )me-

thyl)-1-(2,6-difluorobenzyl)-2,4-d1oxo-3-(2-pyridi-

nyl)-1,2,3,4-tetrahydrothieno[2,3-d|pyrimidin-6-yl)
phenyl)-N'-methoxyurea

Ethylduisopropylamine (1.05 ml, 6.02 mmol) and diethyl
cyanophosphate (0.86 ml, 5.64 mmol) were added to a solu-
tion ol 4-(N-benzyl-N-methylaminomethyl)-2-[N-(2,6-dii-
luorobenzyl)-N-ethoxycarbonylamino]-5-[4-(3-methox-
yureido)phenyl]thiophene-3-carboxylic acid (2.40 g, 3.76
mmol) and 2-aminopyridine (1.06 g, 11.28 mmol) in DMF
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(20 ml), and the mixture was stirred at room temperature for
3 days. The reaction mixture was combined with sodium
hydrogen carbonate solution and extracted with ethyl acetate.
The organic layer was washed with brine, dried over magne-
sium sulfate and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography
(cluent: ethyl acetate) to give an amide compound. The
obtained amide compound was dissolved in methanol (40
ml), and sodium methoxide (2.03 mg, 37.6 mmol) was added
thereto. The reaction mixture was stirred at room temperature
for 5 hours, concentrated, neutralized with 1N hydrochloric
acid and extracted with ethyl acetate. The organic layer was
washed with brine, dried over magnesium sulfate and con-
centrated under reduced pressure. The residue was purified by
NH-silica gel column chromatography (Fuj1 Silysia Chemi-
cal) (eluent: ethyl acetate) to give the title compound (1.59 g,
63%) as a pale yellow amorphous compound.

'H-NMR (CDCl,) &: 2.05 (3H, s), 3.56 (2H, s), 3.82 (3H,
5), 3.89 (2H, s), 5.34 (2H, brs), 6.91 (2H, t, J=8.0 Hz), 7.1-
7.45 (9H, m), 7.56 (2H, d, J=8.8 Hz), 7.65 (1H, s), 7.75 (2H,
d, J=8.8 Hz), 7.91 (1H, dt, ]=2.0, 7.7 Hz), 8.7-8.75 (1H, m).

Elemental analysis for C,.H,,F,N.O,S,
Calcd.: C, 62.86; H, 4.52; N, 12.57.
Found: C, 62.72; H, 4.31; N, 12.40.

mp 179-182° C.

Reference Example 14

Production of N-(4-(1-(2,6-difluorobenzyl)-3-((me-
thylamino)methyl)-2,4-dioxo-3-(2-pynidinyl)-1,2,3,

4-tetrahydrothieno[2,3-d]pyrimidin-6-yl)phenyl)-N'-
methoxyurea
N
/ 7

X
§_</ \ 4 N N
%—< — S N/KO
/
MeO O F

‘)\

NS

[

\

To a solution of the compound obtained in Example 1 (1.59
g, 2.38 mmol) 1n ethanol (40 ml) were added 1N hydrochloric
acid (7 ml) and 10% palladium-carbon (50% wet, 0.63 g), and

the mixture was stirred vigorously under hydrogen atmo-
sphere for 20 hours. The catalyst was removed, and the filtrate
was neutralized with 1IN sodium hydroxide solution. The
solvent was distilled off. The residue was distributed between
cthyl acetate and water, and the organic layer was washed
with saturated brine and drnied over anhydrous magnesium
sulfate. The solvent was distilled off, and the obtained pow-
ders were washed with diethyl ether to give the title com-
pound (980 mg, 71%) as pale yellow powders.
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'H-NMR (CDCl,) 8: 2.34 (3H, 5), 3.78 (2H, s), 3.82 (21,
5),5.38 (2H, brs), 6.92 (2H, 1, ]=8.2 Hz), 7.2-7.8 (9H, m), 7.92
(1H, dt, J=1.8 Hz, 7.6 Hz), 8.72 (1H, d, J=4.8 Hz).

Example 2

Production of N-{2-[{[1-(2,6-difluorobenzyl)-6-(4-

{[ (methoxyamino )carbonyl |Jamino }phenyl)-2,4-di-

0x0-3-(2-pynidinyl)-1,2,3 4-tetrahydrothieno[ 2,3-d]
pyrimidin-5-yl]methyl } (methyl)amino|ethyl } -N-

methylsulfonamide
O
N7
O// \N/
N o & ‘
X
H
N — S
/ _< o
MeO O o
\‘ AN
F

F/\/

2-(Methylamino)ethanol (0.14 g, 1.903 mmol) was dis-
solved 1n THF (10 ml), and triethylamine (0.58 ml, 4.15
mmol) and methanesulfonyl chloride (0.27 ml, 3.46 mmol)
were added thereto. The reaction mixture was stirred at room
temperature for 1 hour. The reaction mixture was combined
with an aqueous solution of sodium hydrogen carbonate and
extracted with ethyl acetate. The water layer was salted out
and extracted with ethyl acetate. The combined organic layer
was dried over magnesium sulfate and concentrated under
reduced pressure to give a mesylate. A solution of the
obtained mesylate, the compound obtained 1n Reference
Example 14 (200 mg, 0.346 mmol), N,N-duisopropylethy-
lamine (0.12 ml, 0.692 mmol) and potassium 1odide (230 mg,
1.38 mmol) in DMF (8 ml) was stirred at 50-60° C. for 16
hours. The reaction mixture was combined with an aqueous
solution of sodium hydrogen carbonate and extracted with
cthyl acetate. The organic layer was washed with brine, dried
over magnesium sulfate and concentrated under reduced
pressure. The residue was purified by silica gel column chro-
matography (eluent: ethyl acetate/methanol=80/1) and
recrystallized from dichloromethane/methanol/diethyl ether
to give the title compound (115 mg, 47%) as pale yellow
crystals.

"H-NMR (CDCl,) &: 2.11 (3H, s), 2.45-2.6 (2H, m), 2.70
(3H,s),2.75(3H,s),3.1-3.25 (2H, m), 3.80 (2H, s), 3.83 (3H,
s),5.36 (2H, brs), 6.93 (2H, t,J=8.2 Hz), 7.14 (1H, 5), 7.2-7.6
(7H, m), 7.65 (1H, s), 7.85-7.95 (1H, m), 8.65-8.75 (1H, m).

IR (KBr): 1715, 1669, 1530, 1462, 1333, 1146, 1032, 781
cm™.

Elemental analysis for C,,H;;F,N-,O.S,.0.3H,0

Calcd.: C,53.44; H, 4.71; N, 13.63.

Found: C, 53.76; H, 4.75; N, 13.21.

mp 185-187° C.
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Example 3

Production of N-(4-(1-(2,6-difluorobenzyl)-3-((me-
thyl(2-(2-0x0-1-pyrrolidinyl)ethyl Jamino )methyl)-2,
4-di1oxo-3-(2-pyridinyl)-1,2.3,4-tetrahydrothieno| 2,
3-d]pyrimidin-6-yl)phenyl)-N'-methoxyurea

SN

N

P o F ‘
~O~<L
W T
X
F ‘ 7

The similar reaction as described in Example 2 by using the
compound obtained 1n Reference Example 14 (200 mg, 0.346
mmol) and 1-(2-hydroxyethyl)-2-pyrrolidone (0.25 g, 1.903
mmol) gave the title compound (97 mg, 41%) as colorless
crystals.

"H-NMR (CDCl,) §: 1.7-1.85 (2H, m), 2.17 (3H, s), 2.15-
2.3 (2H, m), 2.5-2.6 (2H, m), 3.15 (2H, t, I=7.0Hz), 3.2-3.4
(2H, m), 3.76 (2H, s), 3.83 (3H, s), 5.36 (2H, brs), 6.93 (2H,
t, J=8.4 Hz),7.16 (1H,s),7.2-7.7 (8H, m), 7.85-7.95 (1H, m),
8.65-8.75 (1H, m).

IR (KBr): 1715, 1672, 1526, 1464, 1329, 1032, 783 cm™".

Elemental analysis for C,,H,,F,N,O.S.0.5H,0O

Calcd.: C, 58.44; H, 4.90; N, 14.03.

Found: C, 58.75; H, 4.98; N, 13.71.

mp 199-201° C.

Example 4

Production of N-(4-(1-(2,6-difluorobenzyl)-3-((me-

thyl(2-pyridinylmethyl)amino)methyl)-2,4-d1oxo-3-

(2-pynidinyl)-1,2,3,4-tetrahydrothieno[2,3-d[pyrimi-
din-6-yl)phenyl)-N'-methoxyurea

a
\N/\
PN 0 7 ‘
X
OO0
§—< — S N/J\O
/
MeO O
F
AN
- s
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The compound obtained 1n Reference Example 14 (150
mg, 0.259 mmol) was dissolved in DMF (4 ml), and N,N-
dusopropylethylamine (0.20 ml, 1.14 mmol) and 2-chlorom-
cthylpyridine hydrochloride (85 mg, 0.518 mmol) were
added thereto. The reaction mixture was stirred at room tem-
perature for 1 hour, combined with an aqueous solution of
sodium hydrogen carbonate and extracted with ethyl acetate.
The organic layer was washed with brine, dried over magne-
sium sulfate and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography
(eluent: ethyl acetate/methanol=40/1), and recrystallized
from dichloromethane/methanol/diethyl ether to give the title
compound (70 mg, 40%) as pale yellow crystals.

"H-NMR (CDCl,) &: 2.10 (3H, s), 3.70 (2H, s), 3.82 (3H,
s), 3.96 (3H, s), 5.34 (2H, brs), 6.85-7.7 (14H, m), 7.85-7.95
(1H, m), 8.4-8.5 (1H, m), 8.65-8.75 (1H, m).

IR (KBr): 1717, 1672, 1526, 1464, 1331, 1236, 1036, 772
cm™'.

Elemental analysis for C; ,H, F,N-O,5.0.3H,0

Calcd.: C, 62.36; H, 4.58; N, 12.47.

Found: C, 62.22; H, 4.32; N, 12.57.

mp 165-167° C.

Example 5

Production of N-(4-(5-((benzyl(methyl Jamino )me-
thyl)-1-(2,6-difluorobenzyl)-3-(2-hydroxyethyl)-2,4-
dioxo-1,2,3,4-tetrahydrothieno[2,3-d|pyrimidin-6-yl)

phenyl)-N'-methoxyurea

/\‘
N e
)
N O
OH
g 4 ‘ ji\/
- O~ AN
MeO/ O r
\‘ AN
NG

Ethylduisopropylamine (0.56 ml, 3.2 mmol) and diethylcy-
anophosphate (0.46 ml, 3 mmol) were added to a solution of
4-(N-benzyl-N-methylaminomethyl)-2-[N-(2,6-difluo-
robenzyl)-N-ethoxycarbonylamino]-3-[4-(3-methoxyure-
1ido )phenyl|thiophene-3-carboxylicacid (1.28 g, 2 mmol) and
2-aminoethanol (183 mg, 3 mmol) in DMF (12 ml), and the
mixture was stirred at room temperature for 3 days. The
reaction mixture was combined with an aqueous solution of
sodium hydrogen carbonate, extracted with ethyl acetate,
dried over magnesium sulfate and concentrated under
reduced pressure. The residue was purified by NH-silica gel
column chromatography (Fuj1 Silysia Chemical) (eluent:
cthyl acetate/methanol=80/1) to give an amide. The obtained
amide was dissolved 1n methanol (20 ml), and sodium meth-
oxide (589 mg, 10.9 mmol) was added thereto. The reaction
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mixture was stirred at 50-60° C. for 3 hours, concentrated
under reduced pressure, neutralized with 1N hydrochloric
acid and extracted with ethyl acetate. The extract was washed
with brine, dried over magnesium sulfate and concentrated
under reduced pressure. The residue was purified by silica gel
column chromatography (eluent: ethyl acetate) and recrystal-
lized from dichloromethane/methanol/diethyl ether to give

the title compound (511 mg, 74%) as colorless crystals.

"H-NMR (CDCl,) §: 2.04 (3H, s), 2.5-2.65 (1H, m), 3.58
(2H, s), 3.83 (3H, s),3.91 (2H, s), 3.9-4.0 (2H, m), 4.37 (2H,
t, I=5.0Hz), 5.34 (2H, s), 6.92 (2H, t, ]=8.2 Hz), 7.1-7.4 (7H,
m), 7.54 (2H, d, J=8.6 Hz), 7.66 (2H, d, J=8.6 Hz), 7.6-7.7
(1H, m).

IR (KBr): 1711, 1649, 1535, 1470, 1323, 1236, 1028, 785
—1
CInl

Elemental analysis for C;,H;,F,N.O.S5.0.5H,0
Calcd.: C, 59.62; H, 5.00; N, 10.86.
Found: C, 59.75; H, 4.81; N, 10.93.

Example 6

Production of N-(4-(5-((benzyl(methyl Jamino )me-
thyl)-1-(2,6-difluorobenzyl)-2,4-dioxo-3-(2-(2H-1,2,
3-triazol-2-yl)ethyl)-1,2,3,4-tetrahydrothieno[2,3-d]

pyrimidin-6-yl)phenyl)-N'-methoxyurea (1)

MeO

Production of N-(4-(5-((benzyl(methyl )Jamino )me-
thyl)-1-(2,6-difluorobenzyl)-2,4-dioxo-3-(2-(1H-1,2,
3-triazol-1-yl)ethyl)-1,2,3,4-tetrahydrothieno[2,3-d]

pyrimidin-6-yl)phenyl)-N'-methoxyurea (2)

MeQO
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The similar reaction as described in Example 2 by using the
compound obtained in Example 5 (450 mg, 0.708 mmol) gave
amesylate. A solution of the obtained mesylate, 1,2,3-triazole

(148 mg, 2.12 mmol and potassium carbonate (294 mg, 2.12
mmol) in DMF (8 ml) was stirred at room temperature for 18
hours, and at 50-60° C. for 3 hours. The reaction mixture was
combined with an aqueous solution of sodium hydrogen car-
bonate and extracted with ethyl acetate. The organic layer was
washed with brine, dried over magnesium sulfate and con-
centrated under reduced pressure. The residue was purified by
silica gel column chromatography (eluent: ethyl acetate) to
give the title compound 2-yl form (243 mg, 50%) as a white
amorphous compound. On the other hand, the residue was
recrystallized from dichloromethane/methanol/diethyl ether

to give the title compound 1-yl form (177 mg, 36%) as col-

orless crystals.
2-yl form (1)

'H-NMR (CDCl,) 8: 2.04 (3, 5), 3.51 (2H, s), 3.82 (3H,
5),3.86 (2H, s), 4.57 (2H, t, J=6.2 Hz), 4.81 (2H, 1, J=6.2 Hz).
5.28 (2H, s), 6.91 (2H, t, J=8.4 Hz), 7.15-7.35 (6H, m), 7.46
(2H,s),7.53 (2H, d, J=8.6 Hz), 7.62 (1H, 5),7.70 (2H, t, I=8.6
Hz), 7.75 (1H, s).

IR (KBr): 1705, 1663, 1530, 1472, 1323, 1034, 786 cm ™"
1-yl form (2)

'H-NMR (CDCl,) &: 2.02 (3H, s), 3.52 (2H, s), 3.82 (3L,
5),3.85 (2H, s), 4.58 (2H, t, I=6.4 Hz), 4.78 (2H, t, J=6.4 Hz),
530 (2H, s), 6.92 (2H, t, J=8.2 Hz), 7.12 (1H, s), 7.15-7.4
(7H, m), 7.54 (2H, d, J=8.8 Hz), 7.55-7.65 (2H, m), 7.67 (2H.,
d, J=8.8 Hz).

IR (KBr): 1709, 1659, 1526, 1472, 1319, 1028, 799 cm™".
Elemental analysis tor C,,H,,F,N.O,S.0.8H,0

Calcd.: C, 58.24; H, 4.83; N, 15.98.

Found: C, 58.48; H, 4.89; N, 15.65.

Example 7

Production of N-(4-(5-((benzyl(methyl Jamino )me-
thyl)-1-(2,6-difluorobenzyl)-2,4-d1oxo-3-(2-(2H-
tetrazol-2-yl)ethyl)-1,2,3,4-tetrazolothieno[ 2,3-d]

pyrimidin-6-yl)phenyl)-N'-methoxyurea (1)

MeO O
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Production of N-(4-(5-((benzyl(methyl )Jamino )me-
thyl)-1-(2,6-difluorobenzyl)-2,4-dioxo-3-(2-(1H-
tetrazol-1-yl)ethyl)-1,2,3,4-tetrahydrothieno[2,3-d]
pyrimidin-6-yl)phenyl)-N'-methoxyurea (2)

b

The similar reaction as described in Example 6 by using the
compound obtained in Reference Example 5 (636 mg, 1
mmol) and tetrazole (210 mg, 3 mmol) gave the title com-
pound 2-yl form (234 mg, 34%) as a white amorphous com-
pound. On the other hand, the residue was powdered by
diethylether to give the title compound, 1-yl form, (34 mg,
5%) as pale yellow crystals.
2-yl form (1)

"H-NMR (CDCl,) &: 2.02 (3H, s), 3.51 (2H, s), 3.83 (5H,
s),4.6-4.7 (2H, m), 5.0-5.1 (2H, m), 5.28 (2H, s), 6.92 (2H, t,
J=8.2 Hz), 7.12 (1H, s), 7.2-7.75 (11H, m), 8.38 (1H, s). IR
(KBr): 1705, 1663, 1530, 1472, 1323, 1236, 1032, 777 cm™".
1-yl form (2)

"H-NMR (CDCl,) &: 2.01 (3H, s), 3.51 (2H, s), 3.83 (3H,
s), 3.8-4.0 (2H, m), 4.6-4.7 (2H, m), 4.8-4.9 (2H, m), 5.30
(2H, s), 6.65-6.75 (1H, m), 6.85-7.0 (2H, m), 7.1-7.7 (11H,
m), 8.68 (1H, s).

Example 8

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(2-
hydroxyethyl)-5-(((2-methoxyethyl)(methyl)amino)
methyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d]
pyrimidin-6-yl)phenyl)-N'-methoxyurea

MeQO
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The similar reaction as described in Example 5 by using
4-(N-benzyl-N-methylaminomethyl)-2-[IN-(2,6-difluo-
robenzyl)-N-ethoxycarbonylamino]-5-[4-(3-methoxyure-
ido)phenyl|thiophen-3-carboxylic acid (1.21 g, 2 mmol) and
2-aminoethanol (0.18 ml, 3 mmol) to give the title compound
(302 mg, 25%) as a pale yellow amorphous compound.

"H-NMR(CDCL,) &: 2.11 (3H, s), 2.65 (2H, t, J=5.8 Hz),
3.30(3H,s),3.46 (2H, t, J=5.8 Hz), 3.82 (5H, 5), 3.9-4.0 (2H,
m),4.35(2H,t,]=5.2Hz),5.34(2H, s), 6.92 (2H, t, J=8.0 Hz),
7.14 (1H, s), 7.2-7.35 (1H, m), 7.5-7.65 (SH, m).

Example 9

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(((2-
methoxyethyl)(methyl))amino )methyl)-2,4-d1oxo-3-
(2-(2H-tetrazol-2-yl)ethyl)-1,2,3,4-tetrahydrothieno

[2,3-d]pyrimidin-6-yl)phenyl )-N'-methoxyurea (1)

\T\
/N O /N=N
NP
H / N/\/ NS
N |
§_< S /J\
_O/ Y N O
I3

Production of N-(4-(1-(2,6-ditluorobenzyl)-3-(((2-
methoxyethyl)(methyl))amino )methyl)-2,4-dioxo-3-
(2-(1H-tetrazol-1-yl)ethyl)-1,2,3,4-tetrahydrothieno

[2,3-d]pyrimidin-6-yl)phenyl )-N'-methoxyurea (2)

CMH&
/N O N=N
N_ N
I / NN N\F
N |
%—< S )\
MO/ O | )
- F
F

The similar reaction as described in Example 6 by using the
compound obtained 1n Example 8 (250 mg, 0.414 mmol) and
tetrazole (145 mg, 2.07 mmol) gave the title compound 2-y1
form (66 mg, 24%) and 1-yl form (27 mg, 10%) as white

amorphous compounds.
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2-yl form (1) Reference Example 15

'H-NMR (CDCL,) 8: 2.10 (3H, brs), 2.55-2.65 (2H, m),
3.3} (3H, s),3.4-3.5(2H, m), 3.76 (2H, s), 3.82 (3H, s), 4.62 Production of N-(4-(1-(2,6-difluorobenzyl)-5-((me-
(2ij3 t, 1=5.8 Hz), 5.02 (2H, t, ]=5.8 Hz), 5.27 (2H, s), 6.92 ; thylamino)methyl)-2,4-dioxo-3-phenyl-1,2,3,4-tet-
(2H, t, =82 Hz), 7.13 (1H, s), 7.25-7.4 (1H, m), 7.5-7.65 rahydrothieno| 2.3-d]pyrimidin-6-yDpheny])-N"-
(5H, m), 8.43 (1H, s). methoxyurea
1-yl form (2)

'H-NMR (CDCL,) 8: 2.07 (3H, 5), 2.55-2.65 (2H, m), 3.30
(3H, 5), 3.4-3.5 (2H, m), 3.74 (2H, s), 3.82 (31, 5), 4.55-4.65 10
(2H, m), 4.8-4.9 (2H, m), 5.30 (2H, s), 6.93 (2H, t, J=7.8 Hz),
7.10 (1H, s), 7.2-7.4 (1H, m), 7.5-7.65 (5H, m), 8.69 (1H, s).

Example 10 15

Production of N-(4-(1-(2,6-difluorobenzyl)-5-(((2-

methoxyethyl)(methyl))amino )methyl)-2,4-d1ioxo-3- .
(2-(2H-1,2,3-tr1azol-2-yl)ethyl)-1,2,3,4-tetrahy- 20
drothieno|2,3-d]pyrimidin-6-yl)phenyl)-N'- AN /l\
methoxyurea ‘
F - \/
25

The similar reaction as described 1n Reference Example 14
OMe by using 5-(N-benzyl-N-methylaminomethyl)-1-(2,6-difluo-
30 robenzyl)-6-[4-(3-methoxyureido)phenyl]-3-phenylthieno
H [2,3-d]pyrimidin-2,4(1H,3H)-dione (6.68 g, 10 mmol) gave
the title compound (5.52 g, 96%) as white powders.

~ O N=> 'H-NMR (CDCl,) &: 2.35 (3H, s), 3.76 (2H, s), 3.82 (3,
5), 5.37 (2H, s), 6.92 (2H, t, J=8.2 Hz), 7.25-7.7 (12H, m).
y N NPt ) (2H, s) ( ) ( )

N /]\
/ﬁ < Q N - Example 11
O

MeO
Production of N-(4-(1-(2,6-difluorobenzyl)-3-((me-

40
thyl(2-(2H-1,2,3-triazol-2-yl)ethyl)amino )methyl)-2,
4-dioxo-3-phenyl-1,2,3,4-tetrahydrothieno[2,3-d]
pyrimidin-6-yl)phenyl)-N'-methoxyurea (1)

b

45

N N
™~ N v
50

The stmilar reaction as described in Reference Example 14
by using the compound obtained 1n Example 6 (1-yl form)
(200 mg, 0.291 mmol) gave de-benzyl-form (0.11 g, 63%) as
colorless powders. The similar reaction as described 1n
Example 4 by using the de-benzyl-form (0.11 g, 0.184 mmol) >°
and 2-(chloromethyl)methylether (0.10 ml, 1.104 mmol) H

gave the title compound (35 mg, 29%) as colorless crystals. - N
"H-NMR (CDCl,) &: 2.11 (3H, s), 2.62 (2H, t, J=5.8 Hz), /N
3.31(3H,s),3.44 (2H,t,J=5.8 Hz),3.78 (2H,s),3.82 (3H,s), 5 MeO O

4.55 (20, t, J=5.6 Hz), 4.79 (2H, t, ]=5.6 Hz), 5.27 (2H, s),
6.91 (2H,t,1=8.2 Hz), 7.10 (1H, 5), 7.2-7.4 (2H, m), 7.51 (2H.,
5), 7.45-7.65 (4H, m).

Elemental analysis for C;,H,,F,N,OS
Caled.: C, 55.04; H, 4.93; N, 17.12.
Found: C, 55.02; H, 4.85; N, 16.83.
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Production of N-(4-(1-(2,6-difluorobenzyl)-5-({me-
thyl(2-(1H-1,2,3-triazol-1-yl)ethyl)amino )methyl)-2,
4-di1oxo-3-phenyl-1,2,3,4-tetrahydrothieno[2,3-d]
pyrimidin-6-yl)phenyl)-N'-methoxyurea (2)

Ci
N/

N 0 /\‘
N
O
§—< — S N/J\O
MEO/ O e
‘ XX
s

Potassium carbonate (1.33 g, 10 mmol) was added to a

solution of 1,2,3-triazole (0.46 g, 6.67 mmol) and 1-bromo-
2-chloroethane (0.83 ml, 10 mmol) in DMF (5 ml), and the

mixture was stirred at room temperature for 1 hour, and
50-60° C. for 3 hours. The reaction mixture was combined
with saturated brine and extracted twice with ethyl acetate.
The combined organic layer was dried over magnesium sul-
fate and concentrated to give a halide.

The compound obtained 1n Reference Example 15 (700

mg, 1.21 mmol) was dissolved in DMF (12 ml), and N,N-
duisopropylethylamine (1.16 ml, 6.67 mmol) and the halide
obtained above were added thereto. The mixture was stirred at
50-60° C. for 16 hours, combined with an aqueous solution of
sodium hydrogen carbonate and extracted with ethyl acetate.
The organic layer was washed with brine, dried over magne-
sium sulfate and concentrated under reduced pressure. The
residue was purified by NH-silica gel column chromatogra-
phy (eluent: ethyl acetate) and recrystallized from dichlo-
romethane/methanol/diethyl ether to give the title compound
2-yl form (140 mg, 17%) and 1-yl form (332 mg, 41%) as
colorless crystals.

2-yl form (1)

"H-NMR (CDCl,) &: 2.23 (3H, s), 3.00 (2H, t, J=6.3 Hz),
3.78 (2H,s),3.82 (3H, s),4.45 (2H, t, ]I=6.3 Hz), 5.37 (2H, s),
6.92 (2H, t, J=8.2 Hz), 6.85-6.95 (1H, m), 7.11 (1H, s),
7.2-7.6 (12H, m).

IR (KBr): 1715, 1671, 1530, 1470, 1331, 1236, 1032, 822,
735 cm™".

Elemental analysis for C;;H; ,F,N;,O,S.0.3H,0

Calcd.: C, 58.45; H, 4.55; N, 16.52.

Found: C, 58.75; H, 4.27; N, 16.20.

mp 166-168° C.
1-yl form (2)

"H-NMR (CDCl,) §: 2.14 (3H, s), 2.82 (2H, t, J=6.0 Hz),
3.80(2H,s),3.82(3H,s),4.39 (2H, t, I=6.0 Hz), 5.37 (2H, s),
6.92 (2H, t, J=8.2 Hz), 6.85-6.95 (1H, m), 7.14 (1H, s),
7.2-7.55 (11H, m), 7.63 (1H, s).

IR (KBr): 1719, 1672, 1526, 1470, 1236, 1231, 1028, 824,
733 cm™ .

Elemental analysis for C; H;,F,N,0O,5.0.4H,0

Calcd.: C, 58.30; H, 4.57; N, 16.48.

Found: C, 58.53: H, 4.50; N, 16.29.

mp 194-196° C.
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Example 12

Production of N-(4-(1-(2,6-difluorobenzyl)-3-((me-

thyl(2-(2-pyridinyl)ethyl)amino)methyl)-2,4-d1oxo-

3-phenyl-1,2,3,4-tetrahydrothieno| 2,3-d Jpyrimidin-
6-yl)phenyl )-N'-methoxyurea

()

NF
N 0 /\‘
R
O LT
§—< — S N/J\O
MeO/ O e
‘ X
P

The similar reaction as described in Example 2 by using the
compound obtained 1n Reference Example 15 (350 mg, 0.606
mmol) and 2-(2-hydroxyethyl)pyridine (0.45 g, 3.64 mmol)
gave the title compound (233 mg, 56%) as colorless crystals.

"H-NMR (CDCl,) &: 2.20 (3H, s), 2.85 (4H, s), 3.82 (5H,
s),5.37(2H, s),6.93 (2H, t, I=8.2 Hz), 6.95-7.1 (2H, m), 7.14
(1H, s), 7.2-7.55 (11H, m), 7.60 (1H, s), 8.43 (1H, d, I=4.0
Hz).

Hi (KBr): 1717, 1667, 1530, 1470, 1331, 1236, 1030, 735
cm .

Elemental analysis tor C, H,,F,N.O,S

Calcd.: C,63.33; H, 4.72; N, 12.31.

Found: C, 63.17; H, 4.56; N, 12.31.

mp 159-160° C.

Example 13

Production of N-(4-(1-(2,6-difluorobenzyl)-5-({me-

thyl(2-(4-pyridinyl)ethyl)amino)methyl)-2,4-d1oxo-

3-phenyl-1,2,3,4-tetrahydrothieno| 2,3-d|pyrimidin-
6-yl)phenyl)-N'-methoxyurea

PN

]
AN
i/ \__/ /L
ﬁ — N O
MeQ O e
\‘ AN
NG
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The similar reaction as described in Example 2 by using the
compound obtained 1n Reference Example 15 (350 mg, 0.606
mmol) and 4-(2-hydroxyethyl)pyridine hydrochloride (0.58
g, 3.64 mmol) gave the title compound (166 mg, 40%) as
colorless crystals.

'H-NMR (CDCl,) &: 2.18 (3H, s), 2.68 (4H, s), 3.83 (5H,
5), 5.37 (2H, 5), 6.85-7.0 (5H, m), 7.16 (1H, 5), 7.2-7.65 (10H,
m), 8.35-8.4 (2H, m).

IR (KBr): 1715, 1667, 1532, 1470, 735 cm™".
Elemental analysis for C;H;.F,N.0O,S.0.1H,O
Calcd.: C, 63.16; H, 4.74; N, 12.28.

Found: C, 62.91; H, 4.68; N, 12.26.

mp 194-196° C.

Example 14

Production of N-(4-(1-(2,6-difluorobenzyl)-5-((me-

thyl(2-pyridinylmethyl)amino)methyl)-2,4-d1oxo-3-

phenyl-1,2,3,4-tetrahydrothieno| 2,3-dJpyrimidin-6-
yl)phenyl)-N'-methoxyurea

=
\N
/N /\‘
e VY
— N/ \
N — S N/J\O
MeO/ Q F
\‘)\
F/\/

The similar reaction as described in Example 4 by using the
compound obtained 1n Reference Example 15 (350 mg, 0.606
mmol) and 2-chloromethylpyridine hydrochloride (149 mg,
0.908 mmol) gave the title compound (297 mg, 73%) as
colorless crystals.

'H-NMR (CDCl,) 8: 2.10 (3H, s), 3.71 (2H, s), 3.83 (3H,
5), 3.99 (2H, s), 5.36 (2H, s), 6.92 (2H, t, ]=8.2 Hz), 7.0-7.1
(1H, m), 7.15 (1H, s), 7.2-7.35 (4H, m), 7.4-7.65 (9H, m),
8.4-8.5 (1H, m).

IR (KBr): 1715, 1667, 1532, 1472, 735 cm™".
Elemental analysis for C;H;,F,N.0,5.0.5H,0
Calcd.: C, 62.03; H, 4.61; N, 12.40.

Found: C, 62.13: H, 4.59; N, 12.47.

mp 181-182° C.
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Reference Example 16

Production of N-(4-(5-((benzyl(methyl Jamino )me-
thyl)-1-(2,6-difluorobenzyl)-2,4-d1oxo-3-(4-fluo-
rophenyl)-1,2,3,4-tetrahydrothieno[2,3-d]pyrimidin-
6-yl)phenyl)-N'-methoxyurea

H;C—O

The similar reaction as described 1n Example 5 by using
4-(N-benzyl-N-methylaminomethyl)-2-[IN-(2,6-difluo-
robenzyl)-N-ethoxycarbonylamino]-5-[4-(3-methoxyure-
ido)phenyl|thiophene-3-carboxylic acid (2.87 g, 4.49 mmol)
and 4-fluoroaniline (0.64 ml, 6.735 mmol) gave the title com-
pound (2.71 g, 88%) as pale yellow powders.

"H-NMR (CDCL,) 8: 2.05 (3H, s), 3.56 (2H, s), 3.83 (3H,
s), 3.89 (2H, s), 5.36 (2H, s), 6.93 (2H, t, J=8.0 Hz), 7.1-7.35
(11H, m), 7.56 (2H, d, J=8.4 Hz), 7.63 (1H, s), 7.72 (2H, d,
J=8.4 Hz).

Elemental analysis for C;H;,F;N.O,5.0.5H,0

Calcd.: C, 62.24; H, 4.50; N, 10.08.

Found: C, 62.43; H, 4.21; N, 9.34.

Reference Example 17

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(4-
fluorophenyl)-5-((methylamino )methyl)-2,4-di1oxo-1,
2,3 4-tetrahydrothieno[2,3-d|pyrimidin-6-yl)phenyl)-

N'-methoxyurea

PN

X

The similar reaction as described 1n Reference Example 14
by using the compound obtained 1n Reference Example 16
(2.50 g, 3.65 mmol) gave the title compound (1.85 g, 85%) as
white powder.

"H-NMR (CDCl,) §: 2.37 (3H, s), 3.76 (2H, s), 3.82 (3H,
s), 5.37 (2H, s), 6.92 (2H, t, J=8.2 Hz), 6.85-7.0 (1H, brs),
7.15-7.35(6H, m), 7.42 (2H, d, JI=8.4 Hz), 7.57 (2H, d, J=8.4
Hz), 7.63 (1H, s).

O

MeO
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Example 15

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(4-
fluorophenyl)-5-((methyl(2-pyridinylmethyl )Jamino)
methyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d]
pyrimidin-6-yl)phenyl)-N'-methoxyurea

Me(Q)

X

The similar reaction as described in Example 4 by using the
compound obtained in Reference Example 17 (150 mg, 0.25
mmol) and 2-chloromethylpyridine hydrochloride (85 mg,
0.52 mmol) gave the title compound (105 mg, 61%) as col-
orless crystals.

"H-NMR (CDCl,) 8: 2.10 (3H, s), 3.71 (2H, s), 3.83 (3H,
s), 3.97 (2H, s), 5.35 (2ZH, s), 6.93 (2H, t, J=8.2 Hz), 7.0-7.7
(14H, m), 8.4-8.5 (1H, m).

IR (KBr): 1723, 1665, 1532, 1510, 1474, 1236, 1032, 761
cm™'.

Elemental analysis for C; H,,Fi;N.O,S.0.7H,O

Calcd.: C, 60.11; H, 4.38; N, 12.02.

Found: C, 59.76; H, 4.03; N, 11.71.
mp 183-185° C.

Example 16

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(4-
fluorophenyl)-5-((methyl(2-(2-pyrnidinyl)ethyl)
amino)methyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno| 2,
3-d]pyrimidin-6-yl)phenyl)-N'-methoxyurea

X

MeQ)
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The similar reaction as described in Example 2 by using the
compound obtained 1n Reference Example 17 (150 mg, 0.25

mmol) and 2-(2-hydroxyethyl)pyridine (0.19 g, 1.512 mmol)
gave the title compound (100 mg, 57%) as colorless crystals.

"H-NMR (CDCl,) §: 2.19 (3H, s), 2.85 (4H, s), 3.82 (5H,
s), 5.36(2H, s), 6.9-7.55(13H, m), 7.60 (1H, s), 8.4-8.45 (1H,
m).

IR (KBr): 1723, 1665, 1334, 1510, 1474, 1464, 1238,
1034, 762 cm™".

Elemental analysis for C,H;,F;N.0O,S.0.5H,0
Calcd.: C, 60.92; H, 4.54; N, 11.84.

Found: C, 61.12; H, 4.63; N, 11.78.

mp 185-187° C.

Example 17

Production of N-(4-(1-(2,6-difluorobenzyl)-5-({me-

thyl(2-(2-pyridinyl)ethyl)amino)methyl)-2,4-d1oxo-

3-(2-pyridinyl)-1,2,3 ,4-tetrahydrothieno[2,3-d]pyri-
midin-6-yl)phenyl)-N'-methoxyurea

‘ X
N
N 0 7 ‘
X
i/ \_J/ T
N —/ \S N/J\O
/
MeQO O b

o

X
NS

The similar reaction as described in Example 2 by using the
compound obtained 1n Reference Example 14 (150 mg, 0.259
mmol) and 2-(2-hydroxyethyl)pyridine (0.18 g, 1.425 mmol)
gave the title compound (83 mg, 47%) as pale yellow crystals.

'H-NMR (CDCL,) &: 2.21 (3H, s), 2.8-2.9 (4H, m), 3.82
(5H, s), 5.34 (2H, brs), 6.85-7.75 (13H, m), 7.60 (1H, s).
7.85-7.95 (1H, m), 8.4-8.5 (1H, m), 8.65-8.75 (1H, m).

IR (KBr): 1715, 1671, 1530, 1458, 1329, 1032, 781 cm™".
mp 194-196° C.
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Example 18

Production of N-(4-(1-(2,6-difluorobenzyl)-3-((me-

thyl(3-pyridinylmethyl)amino)methyl)-2,4-dioxo-3-

phenyl-1,2,3 4-tetrahydrothieno| 2,3-d|pyrimidin-6-
yl)phenyl)-N'-methoxyurea

h

N

i/ \_J/
AR

2 N\

AN

O

e

N

g
BY

N
AN

b

The similar reaction as described in Example 4 by using the
compound obtained in Reference Example 15 (150 mg, 0.26
mmol) and 3-chloromethylpyridine hydrochloride (85 mg,
0.52 mmol) gave the title compound (117 mg, 67%) as col-
orless crystals.

"H-NMR (CDCl,) 8: 2.04 (3H, s), 3.58 (2H, s), 3.83 (3H,
s), 3.92 (2H, s), 5.37 (2H, s), 6.92 (2H, t, J=8.2 Hz), 7.05-7.7
(14H, m), 8.35-8.45 (2H, m).

IR (KBr): 1713, 1669, 1532, 1464, 1329, 1238, 1032, 787
cm™'.

Elemental analysis for C;H;,F,N.O,S.0.3H,0
Calcd.: C, 62.36; H, 4.58; N, 12.47.

Found: C, 62.22: H, 4.32; N, 12.57.
mp 184-185° C.

Example 19

Production of N-(4-(1-(2,6-ditluorobenzyl)-3-((((6-
(hydroxymethyl)-2-pyridinyl)methyl)(methyl)amino)
methyl)-2,4-dioxo-3-phenyl-1,2,3,4-tetrahydrothieno

[2,3-d]pyrimidin-6-y])phenyl)-N'-methoxyurea

=
e
. 0 7 ‘
X / \__/ ‘ /E\
o N T

\
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The similar reaction as described in Example 4 by using the
compound obtained 1n Reference Example 15 (150 mg, 0.26
mmol) and 6-bromomethyl-2-pyridinemethanol (105 mg,
0.52 mmol) gave the title compound (1135 mg, 63%) as col-
orless crystals.

'H-NMR (CDCl,) §: 2.13 (3H, 5), 3.72 (2H, s), 3.83 (3L,
s), 3.97 (2H, s), 4.05-4.1 (1H, m), 4.65-4.75 (2H, m), 5.37
(2H, s), 6.93 (2H, t, J=8.2 Hz), 6.9-7.05 (1H, m), 7.1-7.2 (2H.,
m), 7.2-7.7 (12H, m).

IR (KBr): 1713, 1669, 1534, 1472, 1032, 789, 735 cm™".
Elemental analysis for C;H;,F,N.O.S5.1.1H,O

Calcd.: C, 60.17; H, 4.80; N, 11.70.

Found: C, 60.02; H, 4.70; N, 11.53.

Example 20

Production of methyl 6-((((1-(2,6-difluorobenzyl)-6-
(4-(((methoxyamino)carbonyl)amino)phenyl)-2,4-
dioxo-3-phenyl-1,2,3,4-tetrahydrothieno[2,3-d]pyri-
midin-5-yl)methyl)(methyl)amino)methyl )nicotinate

0
MeO 7z
g\
AN o A~ ‘
S~ = N/J\O
wed o :
N

The similar reaction as described in Example 4 by using the
compound obtained 1n Reference Example 15 (280 mg, 0.485
mmol) and methyl 6-(bromomethyl)micotinate (0.19 g, 0.825
mmol) gave the title compound (267 mg, 76%) as colorless
crystals.

'H-NMR (CDCl,) 8: 2.09 (3, 5), 3.76 (2H, s), 3.83 (3H,
5), 3.93 (3H, s), 3.99 (2H, s), 5.35 (2H, 5), 6.92 (2H, t, ]=8.2
Hz), 7.26 (1H, s), 7.2-7.6 (11H, m), 7.64 (1H, s), 8.05-8.15
(1H, m), 9.0-9.05 (1H, s).

IR (KBr): 1732,1715, 1669, 1526, 1470, 1296, 1032, /89,
735 cm™ .

Elemental analysis for C,-H;,F,N.O.S
Calcd.: C, 61.15; H, 4.44; N, 11.56.
Found: C, 60.96; H, 4.47; N, 11.52.
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Example 21

Production of 6-((((1-(2,6-difluorobenzyl)-6-(4-
(((methoxyamino)carbonyl)amino )phenyl)-2,4-di-
0x0-3-phenyl-1,2,3,4-tetrahydrothieno[2,3-d]pyrimi-
din-5-yl)methyl)(methyl )amino )methyl )-N-

methylnicotinamide
O
\N Vs
H
A
N
o N /\‘
A
%4</ \ 1
N — S N 0
/
MeO O b
\‘)\
AN

Ethyldiisopropylamine (0.48 ml, 2.76 mmol) and a solu-
tion of dimethylaluminium chloride in hexane (0.98 M, 1.69

ml, 1.656 mmol) were added dropwise to a solution of methy-
lamine (2ZM 1 THF) (1.38 ml, 2.76 mmol) 1 dichlo-
romethane (4 ml) under i1ce cooling, and the mixture was
stirred at room temperature for 30 minutes. A solution of the
compound obtained in Example 20 (200 mg, 0.275 mmol) 1n
dichloromethane (14 ml) was added to the mixture, and the
mixture was stirred at room temperature for 2 days. The
reaction mixture was combined with an aqueous solution of
sodium hydrogen carbonate and extracted with chloroform.
The organic layer was washed with brine, dried over magne-
sium sulfate and concentrated under reduced pressure. The
residue was purified by NH-silica gel column chromatogra-
phy (Fuj1 Silysia Chemical) (eluent: ethyl acetate/metha-
nol=40/1) and recrystallized from dichloromethane/metha-
nol/diethyl ether to give the title compound (68 mg, 34%) as
colorless crystals.

'H-NMR (CDCl,) 8: 2.21 (3H, s), 3.00 (3H, d, J=4.6 Hz),
3.74 (2H, s),3.84 (3H, s), 3.92 (2H, s), 5.36 (2H, s), 6.5-6.65
(1H, m), 6.92 (2H, t, J=8.0 Hz), 7.15-7.6 (12H, m), 7.71 (1H,
5), 7.9-8.0 (1H, m), 8.80-8.85 (1H, m). IR (KBr): 1713, 1665,
1534, 1470, 1327, 1032, 735 cm ™.

Elemental analysis for C,,H,,F,N,O.S.1.6H,O

Caled.: C, 58.89; H, 4.84; N, 12.99.

Found: C, 59.12: H, 5.06; N, 12.66.
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Example 22

Production of ethyl 6-((((1-(2,6-difluorobenzyl)-6-
(4-(((methoxyamino)carbonyl)amino)phenyl)-2,4-
dioxo-3-phenyl-1,2,3,4-tetrahydrothieno[2,3-d]pyri-
midin-5-yl)methyl)(methyl)amino)methyl )-2-
pyridinecarboxylate

7

O
\/ \ﬂ/\N
© N 0

L N ]
AR

\

4

N/

A

0
F
\‘/K

A
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b

The similar reaction as described in Example 2 by using the
compound obtained 1n Reference Example 15 (578 mg, 1
mmol) and ethyl 6-hydroxymethyl-2-pyridinecarboxylate
(797 mg, 4.4 mmol) gave the title compound (590 mg, 80%)
as colorless crystals.

"H-NMR(CDCL,) &: 1.40 (3H, t, J=7.2 Hz), 2.10 (3H, s).
3.79(2H,s),3.83 (3H,s),4.01 (2H,s),4.43 (2H, q, I=7.2 Hz),
5.35 (2H, s), 6.92 (2H, t, J=8.2 Hz), 7.15 (1H, s), 7.2-7.7
(13H, m), 7.88 (1H, d, J=7.4 Hz).

HE (KBr): 1717, 1667, 1530, 1464, 1310, 1236, 1032, 747
cm™ .

Elemental analysis for C,H; F,NO.S

Calcd.: C, 61.61; H, 4.63; N, 11.34.

Found: C, 61.39; H, 4.65; N, 11.17.

Example 23

Production of 6-((((1-(2,6-difluorobenzyl)-6-(4-
(((methoxyamino)carbonyl)amino )phenyl)-2,4-di-
0x0-3-phenyl-1,2,3,4-tetrahydrothieno[2,3-d|pyrimi-
din-5-yl)methyl)(methyl)amino)methyl )-N-methyl-
2-pyridinecarboxamide

R
N
N

o [
YN
O

N 0 7 ‘
N
2a%se
§—< — S N/J\O
MeO/ O b
\‘ N
NP
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The similar reaction as described 1n Example 21 by using
the compound obtained 1n Example 22 (300 mg, 0.413 mmol)
and a solution of methylamine in THF (2 M, 2.07 ml, 4.13

mmol) gave the title compound (158 mg, 53%) as colorless
crystals.

'H-NMR (CDCl,) &: 2.13 (3H, 5), 2.95 (3H, d, J=5.2 Hz),
3.74 (2H, 5), 3.84 (3H, 5), 3.99 (2H, 5), 5.36 (2H, 5), 6.93 (2H,
t, J=8.2 Hz), 7.15-7.7 (13H, m), 7.9-8.1 (3H, m).

IR (KBr): 1719, 1663, 1534, 1472, 1331, 1032, 737 cm™".
Elemental analysis for C;,H; F,N-O.S.1.0H,O

Calcd.: C, 59.75; H, 4.74; N, 13.18.

Found: C, 59.60; H, 4.77; N, 13.12.

Example 24

Production of N-(4-(1-(2,6-difluorobenzyl)-5-({((2-
(1H-1midazol-1-yl)ethyl)(methyl)amino )methyl)-2.4-
dioxo-3-phenyl-1,2,3,4-tetrahydrothieno[ 2,3-d|pyri-

midin-6-yl)phenyl)-N'-methoxyurea

8

P 0 AN
X

~
/N
N — S N/J\O
MeO/ O I3
\‘ N
NS

The compound obtained 1n Reference Example 15 (289
mg, 0.5 mmol) was dissolved in DMF (30 ml), and ethyldi-
1sopropylamine (0.44 ml, 2.5 mmol) and 1-bromo-2-chloro-
cthane (0.17 ml, 2.5 mmol) were added thereto. The reaction
mixture was stirred at 50-60° C. for 1 hour, combined with an
aqueous solution of sodium hydrogen carbonate and
extracted with ethyl acetate. The combined organic layer was
dried over magnesium sulfate and concentrated under
reduced pressure to give a halide. A solution of the obtained

halide, imidazole (177 mg, 2.6 mmol) and potassium carbon-
ate (72 mg, 0.52 mmol) in DMF (4 ml) was stirred at room
temperature for 18 hours and at 50-60° C. for 1 hour, com-
bined with water and extracted with ethyl acetate. The organic
layer was washed with brine, dried over magnesium sulfate
and concentrated under reduced pressure. The residue was
purified by NH-silica gel column chromatography (Fuj Sily-
s1a Chemical) (eluent: ethyl acetate/methanol=80/1 to 20/1)
and recrystallized from dichloromethane/methanol/diethyl
cther to give the title compound (40 mg, 23%) as colorless
crystals.

'H-NMR (CDCl,) §: 2.17 (3H, s), 2.6-2.8 (2H, m), 3.80
(2H, 5), 3.83 (3H, ), 3.9-4.0 (2H, m), 5.38 (2H, ), 6.78 (11,
5), 6.85-7.0 (3H, m), 7.2-7.6 (12H, m), 7.71 (1M, s).
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Example 25

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(((2-
(2-(2-hydroxyethyl)-1H-1imidazol-1-yl)ethyl )(me-
thyl)amino)methyl)-2,4-dioxo-3-phenyl-1,2,3,4-tet-
rahydrothieno[2,3-d]pyrimidin-6-yl)phenyl )-N'-
methoxyurea

X
F

b

The similar reaction as described 1n Example 24 by using
the compound obtained in Reference Example 15 (289 mg,
0.5 mmol) and 2-(2-hydroxyethyl)imidazole (292 mg, 2.6
mmol) gave the title compound (19 mg, 10%) as colorless
crystals.

'H-NMR (CDCL,) 8: 1.9-2.1 (2H, m), 2.16 (3H, 5), 2.6-2.8
(4H,m), 3.78 (2H, 5), 3.83 (2H, 5), 3.9-4.0 (2H, m), 5.38 (21,
5), 6.70 (1H, s), 6.80 (1H, s), 6.94 (2H, t, 1=8.0 Hz), 7.2-7.6
(11H, m), 7.73 (1H, s).

Example 26

Production of 2-(4-(1-(2,6-difluorobenzyl)-6-(4-
(((methoxyamino )carbonyl)amino )phenyl)-3-((me-
thyl(2-pyridinylmethyl )amino )methyl)-2,4-dioxo-1,
4-dihydrothieno[2,3-d]pyrimidin-3(2H)-yl)
phenoxy)-N-methylacetamide
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The similar reaction as described in Example 5 by using the
compound obtained 1n Reference Example 3 (320 mg, 0.5
mmol) and 4-aminophenoxy-N-methylacetamide (135 mg,
0.75 mmol) gave the title compound (192 mg, 51%) as col-
orless crystals.

'H-NMR (CDCl,) &: 2.09 (3H, s), 2.93 (3H, d, J=4.8 Hz),
3.72(2H, 5),3.83 (3H, 5), 3.97 (2H, 5), 4.55 (2H, 5), 5.35 (2H,
5), 6.55-6.65 (1H, m), 6.92 (2H, t, J=8.0 Hz), 7.0-7.65 (14H,
m), 8.44 (1H, d, J=6.0 Hz).

IR (KBr): 1721, 1669, 1532, 1472, 1236, 1032, 764 cm ™.

Elemental analysis for C; H; . F,N-OS.0.5H,O
Calcd.: C, 59.68; H, 4.74; N, 12.82.
Found: C, 59.51; H, 4.66; N, 12.68.

Example 27

Production of 2-(4-(1-(2,6-difluorobenzyl)-6-(4-
(((methoxyamino)carbonyl)amino )phenyl )-5-((me-
thyl(2-pyridinylmethyl)amino )methyl)-2,4-dioxo-1,
4-dihydrothieno[2,3-d|Jpyrimidin-3(2H)-y]l)phenyl )-
N-ethylacetamide

H

N
/N 0O ~_"
O
N

N/KO
F

MeQO

b

The similar reaction as described in Example 5 by using the
compound obtained 1n Reference Example 3 (320 mg, 0.5
mmol) and 4-aminophenyl-N-ethylacetamide (134 mg, 0.75
mmol) gave the title compound (145 mg, 38%) as pale yellow
crystals.

'H-NMR (CDCl,) &: 1.10 (3H, t, J=7.2 Hz), 2.10 (31, s),
3.2-3.4 (2H, m), 3.64 (2H, s), 3.72 (21, 5), 3.83 (3, s5), 3.98
(2H, s), 5.36 (2H, s), 5.45-5.55 (1H, m), 6.93 (2H, t, ]=8.0
Hz), 7.0-7.1 (1H, m), 7.16 (1H, s), 7.25-7.7 (12H, m), 8.44
(1H, d, J=4.0 Hz).

IR (KBr): 1721, 1672, 1534, 1470, 1032, 762 cm™".
Elemental analysis for C;oH;-F,N-O.S5.0.5H,0
Calcd.: C, 61.41; H, 5.02; N, 12.85.

Found: C, 61.44; H, 4.90; N, 12.75.
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Example 28

Production of methyl 3-(1-(2,6-difluorobenzyl)-6-(4-
(((methoxyamino)carbonyl)amino )phenyl)-5-((me-
thyl(2-pyridinylmethyl Jamino )methyl)-2,4-dioxo-1,

4-dihydrothieno[2.3-d]pyrimidin-3(2H)-yl)propanate

MeQO

The stmilar reaction as described in Example 5 by using the
compound obtained 1n Reference Example 3 (320 mg, 0.5
mmol) and 3-alanine methyl ester (115 mg, 0.75 mmol) gave
the title compound (255 mg, 75%) as a pale yellow amor-
phous compound.

'H-NMR (CDCl,) &: 2.10 (3H, s), 2.65-2.8 (2H, m), 3.68
(3H, s), 3.72 (2H, 5), 3.83 (3H, ), 3.98 (2H, ), 4.3-4.5 (2H,
m), 5.31 (2H, s), 6.91 (2H, t, J=7.6 Hz), 7.0-7.4 (5H, m),
7.45-7.65 (5H, m), 8.4-8.5 (1H, m).

Example 29

Production of 3-(1-(2,6-ditluorobenzyl)-6-(4-
(((methoxyamino)carbonyl)amino )phenyl)-5-((me-
thyl(2-pyridinylmethyl )amino )methyl)-2,4-dioxo-1,
4-dihydrothieno[2,3-d]pyrimidin-3(2H)-y1)-N,N-
dimethylpropanamide

MeQ

The similar reaction as described 1n Example 21 by using,
the compound obtained 1n Example 28 (300 mg, 0.413 mmol)
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and a solution of dimethylamine in THF (2M) (1.63 ml, 3.26
mmol) gave the title compound (73 mg, 33%) as pale yellow

powders.

'H-NMR (CDCl,) &: 2.09 (3H, s), 2.75 (3H, d, J=7.8 Hz),
2.94 (3H, 5),3.02 (3H, 5), 3.73 (2H, 5), 3.83 (3H, 5), 4.07 (2H,
s),4.40 (2H, 1, J=7.8 Hz), 5.33 (2H, 5), 6.91 (2H, t, J=8.2 Hz).
7.0-7.35 (5H, m), 7.5-7.65 (5H, m), 8.45 (1H, d, J=4.0 Hz).

IR (KBr): 1703, 1659, 1530, 1472, 1321, 1034, 779 cm™".
Elemental analysis for C;,H;.F,N-O.S.1.0H,O

Calcd.: C, 57.54; H, 5.25; N, 13.81.

Found: C, 57.56; H, 5.05; N, 13.59.

Example 30

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(4-
hydroxycyclohexyl)-5-((methyl(2-pyrnidinylmethyl)
amino)methyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno| 2,
3-d]pyrimidin-6-yl)phenyl)-N'-methoxyurea

OH

MeQO

X

The similar reaction as described in Example 5 by using the
compound obtained in Example 28 (320 mg, 0.5 mmol) and
4-aminohexanol (86 mg, 0.75 mmol) gave the title compound
(154 mg, 45%) as colorless crystals.

"H-NMR (CDCl,) §: 1.4-1.8 (4H, m),2.0-2.1 (2H, m), 2.12
(3H, s),2.55-2.75(2H, m),3.73 (2H, s),3.7-3.8 (1H, m), 3.82
(3H, s), 3.98 (2H, s), 4.9-5.1 (1H, brm), 5.29 (2H, s), 6.91
(2H, t, J=8.2 Hz), 7.0-7.4 (7TH, m), 7.45-7.65 (SH, m), 8.45
(1H, d, J=4.8 Hz).

IR (KBr): 1705, 1639, 1330, 1470, 1312, 1236, 1069,
1034, 783 cm™".

Elemental analysis for C;H;.F,N.O.S.1.5H,0

Calcd.: C, 58.57; H, 5.48; N, 11.71.

Found: C, 58.65; H, 5.35; N, 11.64.
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Example 31

Production of N-(4-(1-(2,6-difluorobenzyl)-3-((me-
thyl(2-(2ZH-tetrazol-2-yl)ethyl)aminomethyl))-2,4-
dioxo-3-phenyl-1,2,3,4-tetrahydrothieno[2,3-d]pyri-
midin-6-yl)phenyl)-N'-methoxyurea (1)

N\
N..____N/
N O = ‘
™
§—< — S N)\O
/
MeO O P
‘ AN
V4

Production of N-(4-(1-(2,6-difluorobenzyl)-3-((me-
thyl(2-(1H-tetrazol-1-yl)ethyl)amino )methyl)-2,4-
dioxo-3-phenyl-1,2,3,4-tetrahydrothieno[2,3-d]pyri-
midin-6-yl)phenyl)-N'-methoxyurea (2)

X
F

b

Potassium carbonate (2.075 g, 15 mmol) was added to a
solution of tetrazole (0.70 g, 10 mmol) and 1-bromo-2-chlo-
roethane (1.25 ml, 15 mmol) 1n DMF (5 ml), and the mixture
was stirred at room temperature for 16 hours. The reaction
mixture was combined with saturated brine and extracted
twice with ethyl acetate. The combined extract was dried over
magnesium sulfate and concentrated under reduced pressure

to give a halide (4.23 g including DMF).
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N,N-diuisopropylethylamine (1.16 ml, 6.67 mmol) and the
halide obtained above were added to a solution of the com-
pound obtained 1n Reference Example 15 (378 mg, 1 mmol)
in DMF (10 ml), and the mixture was stirred at 60-70° C. for
16 hours. The reaction mixture was combined with an aque-
ous solution of sodium hydrogen carbonate and extracted
with ethyl acetate. The organic layer was washed with brine,

dried over magnesium sulfate and concentrated under
reduced pressure. The residue was purified by silica gel col-
umn chromatography (eluent: ethyl acetate/hexane=9/1) and
recrystallized from dichloromethane/methanol/diethyl ether
to give the title compound 2-yl form (80 mg, 12%) and 1-yl
form (38 mg, 57%) as colorless crystals.

2-yl form (1)

"H-NMR (CDCl,) &: 2.25 (3H, s), 3.04 (2H, t, J=6.2 Hz),
3.78 (2H,s),3.83 (3H,s),4.66 (2H, t, J=6.2 Hz), 5.38 (2H, s),
6.94 (2H, t, I=8.0 Hz), 7.16 (1H, s), 7.2-7.6 (10H, m), 7.64
(1H, s), 8.30 (1H, s).

IR (KBr): 1713, 1669, 1530, 1470, 1325, 1032, 735 cm™".
Elemental analysis for C;,H,,F,N;O,S.0.5H,O
Calcd.: C, 56.30; H, 4.43; N, 18.46.

Found: C, 56.18; H, 4.42; N, 18.19.
1-yl form (2)

'H-NMR (CDCL,) &: 2.02 (3H, s), 2.7-2.8 (2H, m), 3.78
(2H, 5), 3.83 (3, 5), 4.4-4.5 (2H, m), 5.38 (2H, s5), 6.92 (2H.,
t, J=8.0 Hz), 7.17 (1H, s), 7.25-7.65 (10H, m), 7.66 (1H, s).

IR (KBr): 1713, 1669, 1530, 1470, 1327, 1236, 1032, 735
—1
CI1l

Elemental analysis for C,,H,,F,N,0O,S.0.5H,0
Calced.: C, 56.30; H, 4.43; N, 18.46.
Found: C, 56.54; H, 4.30; N, 18.27.

Example 32

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(2-
hydroxyethyl)-5-((methyl(2-pyridinylmethyl Jamino)
methyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d]
pyrimidin-6-yl)phenyl)-N'-methoxyurea

/\‘
S
N
B
TN O
OH
AT LT
§—< — \S N/KO
MeO/ O F
\‘ N
NG

The similar reaction as described in Example 5 by using the
compound obtained in Reference Example 3 (410 mg, 0.64
mmol) and 2-aminoethanol (0.06 ml, 0.96 mmol) gave the
title compound (76 mg, 19%) as colorless crystals.
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'H-NMR (CDCl,) &: 2.22 (3H, s), 3.3-3.5 (1H, br), 3.78
(2H, s), 3.83 (3, s), 3.9-4.05 (2H, m), 3.99 (2H, ), 4.35-4.4
(2H, m), 5.27 (2H, s), 6.91 (2H, t, J=8.0 Hz), 6.9-7.1 (1H, m),
7.15 (1H, s), 7.2-7.65 (8H, m), 8.35-8.4 (1H, m).

IR (KBr): 1709, 1649, 1470, 1323, 1030, 787 cm™".
Elemental analysis for C,,H;,F,N.0O.S.0.5H,0
Calcd.: C, 57.67; H, 4.84; N, 13.02.

Found: C, 57.77; H, 4.90; N, 12.82.

Example 33

Production of N-(4-(1-(2,6-difluorobenzyl)-3-((me-

thyl(3-(2-oxo-1-pyrrolidinyl)propyl Jamino )methyl)-

2.,4-dioxo-3-phenyl-1,2,3 ,4-tetrahydrothieno[2,3-d]
pyrimidin-6-yl)phenyl)-N'-methoxyurea

O
AN
N 0 /\‘
N
O LT
§—< — S N/J\O
MEO/ O F
\‘ AN
NS

The stmilar reaction as described in Example 2 by using the
compound obtained in Reference Example 15 (404 mg, 0.7
mmol) and 1-(3-hydroxypropyl)-2-pyrrolidone (0.55 g, 3.85
mmol) gave the title compound (322 mg, 66%) as colorless
crystals.

'H-NMR (CDCl,) §: 1.5-1.7 (2H, m), 1.8-2.0 (2H, m), 2.05
(3H, 5), 2.25-2.45 (4H, m), 3.15 (2H, t, J=7.8 Hz), 3.23 (2H.
t, J=7.2 Hz),3.76 (2H, 5), 3.83 (3H, 5), 5.37 (2H, 5), 6.93 (211,
t, J=8.0 Hz), 7.15 (1H, s), 7.2-7.6 (10H, m), 7.67 (1H, s).

IR (KBr): 1715, 1671, 1532, 1470, 1327, 1032, 735 cm™".
Elemental analysis for C,H;F,N.O.S.1.0H,O

Calcd.: C,59.99; H, 5.31; N, 11.66.

Found: C, 60.21; H, 5.18; N, 11.74.

mp 128-129° C.
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Example 34

Production of N-(4-(1-(2,6-difluorobenzyl)-3-((me-
thyl(2-(2-ox0-1-pyrrolidinyl)ethyl Jamino )methyl)-2,
4-dioxo-3-phenyl-1,2,3,4-tetrahydrothieno[2,3-d]
pyrimidin-6-yl)phenyl )-N'-methoxyurea

[ =

N

N 0 /\‘

i/ \_/ ‘
AR

e

A

b

N

A
NG

The similar reaction as described in Example 2 by using the
compound obtained 1n Reterence Example 15 (404 mg, 0.7
mmol) and 1-(3-hydroxyethyl)-2-pyrrolidone (0.50 g, 3.85
mmol) gave the title compound (290 mg, 60%) as colorless
crystals.

"H-NMR (CDC,) 8: 1.7-1.85 (2H, m), 2.14 (3H, s), 2.21
(2H, t, I=8.1 Hz), 2.54 (2H, t, J=6.2 Hz), 3.19 (2H, t, J=7.0
Hz), 3.29 (2ZH, t, J=6.2 Hz), 3.77 (2H, s), 3.83 (3H, s), 5.38
(2H, s), 6.93 (2H, t, J=8.1 Hz), 7.18 (1H, s), 7.25-7.7 (11H,
m).

Ifi (KBr): 1715, 1672, 1530, 1470, 1323, 1238, 1032, 735
cm™ .

Elemental analysis for C;H,,F,N.O:.S.0.5H,0
Calcd.: C, 60.25; H, 5.06; N, 12.04.

Found: C, 60.29; H, 5.04; N, 12.13.

mp 134-136° C.

Example 35

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(4-
fluorophenyl)-5-((methyl-(2-(2-oxo-1-pyrrolidinyl)
cthyl)amino )methyl)-2,4-dioxo-1,2,3,4-tetrahy-
drothieno[ 2,3-d]pyrimidin-6-yl)phenyl)-N'-
methoxyurea
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The similar reaction as described in Example 2 by using the
compound obtained 1n Reference Example 17 (350 mg, 0.588
mmol) and 1-(3-hydroxyethyl)-2-pyrrolidone (0.50 g, 3.85
mmol) gave the title compound (283 mg, 68%) as pale yellow
crystals.

'H-NMR (CDCl,) 8: 1.7-1.9 (2H, m), 2.15 (3H, s), 2.15-
2.3 (2H, m), 2.52 (2H, t, I=6.2 Hz), 3.20 (2H, t, ]=6.8 Hz),
3.29(2H, t,J=6.2 Hz), 3.77 (2H, 5), 3.83 (3H, 5), 5.37 (2H, s),
6.93 (2H, t, J=8.2 Hz), 7.1-7.35 (6H, m), 7.5-7.65 (4H, m),
7.64 (1H, s).

IR (KBr): 1723, 1667, 1332, 1472, 1236, 1034, 8377, 762
cm™ ]

Elemental analysis for C,H;;F;N.O.S.0.5H,0
Calcd.: C, 58.73; H, 4.79; N, 11.74.

Found: C, 58.99; H, 4.98; N, 11.92.

mp 198-200° C.

Example 36

Production of N-(2-(((1-(2,6-difluorobenzyl)-3-(4-
fluorophenyl)-6-(4-(((methoxyamino )carbonyl)
amino )phenyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno| 2,
3-d]pyrimidin-5-ylmethyl)(methyl)amino )ethyl )-N-
methylmethanesulfonamide

O
\S//

PN

X

The stmilar reaction as described in Example 2 by using the
compound obtained 1n Reference Example 17 (350 mg, 0.588
mmol) and 2-methylaminoethanol (0.29 g, 3.85 mmol) gave
the title compound (263 mg, 61%) as pale yellow crystals.

'H-NMR (CDCL,) &: 2.13 (3H, s), 2.55 (2H, t, J=6.4 Hz),
2.70 (3H, 5),2.71 (3H, 5), 3.15 (2H, t, ]=6.4 Hz), 3.81 (2H, s),
3.83 (3H, s), 5.37 (2H, s), 6.93 (2, t, ]=8.2 Hz), 7.1-7.7
(11H, m).

IR (KBr): 1725, 1663, 1534, 1474, 1331, 1236, 1142,
1034, 793 cm™".

Elemental analysis for C,,H;;F;N.O.S,
Calcd.: C, 54.24; H, 4.55; N, 11.50.

Found: C, 54.10; H, 4.45; N, 11.36.
mp 218-220° C.

O

MeQO

oy
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Example 37

Production of N-(4-(1-(2,6-difluorobenzyl)-3-((me-
thyl(((25)-1-(methylsulfonyl)-2-pyrrolidinyl )methyl)
amino )methyl)-2,4-dioxo-3-phenyl-1,2,3,4-tetrahy-
drothieno|2,3-d]pyrimidin-6-yl)phenyl )-N'-
methoxyurea

N..--"‘""
O\\\S/ \
/ Yo N 0 /\‘
AN
N — S N/J\O
/
Me(O) O F
‘ AN
P

The similar reaction as described in Example 2 by using the
compound obtained 1n Retference Example 15 (404 mg, 0.7
mmol) and (L)-2-hydroxymethylpyrrolidine (0.39 g, 3.85
mmol) gave the title compound (262 mg, 51%) as colorless
crystals.

"H-NMR (CDCl,) 8: 1.7-1.85 (4H, m), 2.08 (3H, s), 2.2-
2.4(1H,m),2.5-2.65 (1H, m), 2.72 (3H, 5),3.15-3.3 (2H, m),
3.7-3.9(3H, m), 3.83 (3H, s), 5.37 (2H, s), 6.92 (2H, 1, J=8.2
Hz), 7.13 (1H, s), 7.2-7.7 (11H, m).

IRI (KBr): 1713, 1667, 1528, 1470, 1333, 1148, 1030, 785
cm .

Elemental analysis for C,.H,.F,N.O.S,

Calcd.: C, 56.90; H, 4.91; N, 11.37.

Found: C, 56.55; H, 4.87; N, 11.23.

mp 195-197° C.

Example 38

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(4-
fluorophenyl)-5-((methyl(((2S)-1-(methylsulionyl)-
2-pyrrolidinylmethyl))amino )methyl)-2,4-dioxo-1,2,
3.4-tetrahydrothieno[2,3-d|pyrimidin-6-yl)phenyl)-

N'-methoxyurea

MeQO
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The similar reaction as described in Example 2 by using the
compound obtained 1n Reference Example 17 (400 mg, 0.672
mmol) and (L)-2-hydroxymethylpyrrolidine (0.39 g, 3.85
mmol) gave the title compound (222 mg, 44%) as colorless
crystals.

'H-NMR (CDCl,) &: 1.7-1.85 (4H, m), 2.09 (3H, s), 2.25-
2.35(1H, m), 2.55-2.65 (1H, m), 2.71 (3H, s), 3.15-3.3 (2H,
m), 3.65-3.7 (2H, m), 3.74 (1H, d, J=12.0 Hz), 3.83 (3H, s),
3.87 (1H, d, 1=12.0 Hz), 5.36 (2H, s), 6.92 (2H, t, J=8.2 Hz),
6.85-6.95 (1H, m), 7.1-7.35 (5H, m), 7.49 (2H, d, J=8.4 Hz).
7.55 (2H, d, J=8.4 Hz), 7.62 (11, s).

IR (KBr): 1715, 1667, 1530, 1470, 1333, 1236, 1152,
1032, 795 cm™".

Elemental analysis for C;.H; . F;N.O.S,
Calcd.: C, 55.55; H, 4.66; N, 11.10.
Found: C, 55.42; H, 4.45; N, 11.01.

mp 202-204° C.

Example 39

Production of N-(4-(1-(2,6-difluorobenzyl)-5-({me-
thyl(((2R)-1-(methylsulfonyl)-2-pyrrolidinyl)methyl)
amino )methyl)-2,4-dioxo-3-phenyl-1,2,3,4-tetrahy-
drothieno[2,3-d|pyrimidin-6-yl)phenyl)-N'-

methoxyurea
Q'-.w‘?
o\\\s/
/o NC o A ‘
A
§—< — S N/J\O
/
MeO O F
‘ X
F

The similar reaction as described in Example 2 by using the
compound obtained 1n Reference Example 15 (188 mg, 0.325
mmol) and (R)-2-hydroxymethylpyrrolidine (0.14 g, 1.38
mmol) gave the title compound (136 mg, 57%) as colorless
crystals.

'H-NMR (CDCl,) &: 1.7-1.85 (4H, m), 2.08 (3H, s), 2.2-
2.4 (1H, m), 2.5-2.65 (1H, m), 2.72 (3H, s), 3.15-3.3 (2H, m),
3.7-3.9 (3H, m), 3.83 (3M, 5), 5.37 (21, 5), 6.92 (2H, t, ]=8.2
Hz), 7.13 (1H, 5), 7.2-7.7 (11H, m).

IR (KBr): 1713, 1665, 1330, 1470, 1333, 1148, 1030, 785
—1
CcIn

Elemental analysis for C,H;F,N.O.S,.0.5H,0
Calcd.: C, 56.21; H, 4.99; N, 11.24.

Found: C, 56.29; H, 4.79; N, 11.11.

mp 208-210° C.
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Example 40

Production of N-(4-(1-(2,6-difluorobenzyl)-5-({((2-
methoxyethyl)(methyl)amino )methyl)-2,4-dioxo-3-
(2-pyridinyl)-1,2,3,4-tetrahydrothieno[2,3-d[pyrimi-

din-6-yl)phenyl)-N'-methoxyurea

e 0 /‘

X,
O
MeO T - . . )
O F

Diethyl cyanophosphate (245 mg) and N-ethyldiisopropy-
lamine (284 ul) were added to a solution of the compound

obtained 1n Reference Example 7 (607 mg) and 2-aminopy-
ridine (142 mg) in DMF (10 ml) under ice cooling, and the
reaction mixture was warmed gradually to room temperature

and stirred for 13 hours. The reaction mixture was distributed
between ethyl acetate and water. The organic layer was suc-
cessively washed with water and saturated brine, dried over
magnesium sulfate, and concentrated under reduced pressure.
The obtained residue was roughly purified by aminopropyl
silica gel column chromatography (Fuj Silysia Chemical).
The obtained crude amide (350 mg) was dissolved in ethanol
(25.5 ml), and a solution of 28% sodium methoxide 1n metha-

nol (196 mg) was added thereto. The mixture was stirred at

room temperature for 15 hours. The reaction mixture was

neutralized with 1N hydrochloric acid (1 ml), and the solvent
. The residue was distributed between ethyl
acetate and water. The organic layer was successively washed

[

was distilled o

with water and saturated brine, and dried over anhydrous
sodium sulfate. The solvent was distilled off under reduced
pressure. The obtained residue was purified by aminopropyl
s1lica gel column chromatography (45 g, eluent: ethyl acetate/
hexane 7/3 to ethyl acetate) and recrystallized from THEF-
cthanol to give the title compound (210 mg) as colorless
crystals.

Elemental analysis for C,, H,,N,O.SF,
Calcd.: C, 58.48; H, 4.75; N, 13.20.
Found: C, 58.46; H, 4.68; N, 12.93.

'H-NMR (CDCl,) &: 2.15 (3H, s), 2.62 (2H, t, J=5.9 Hz),
3.26 (3M, s), 3.41 (2H, t, J=5.9 Hz), 3.80 (3H, s), 3.81 (2H,
brs), 5.34 (2H, brs), 6.91 (2H, t, ]=8.1 Hz), 7.24-7.40 (4H, m),
7.53 (2H, d, J=8.4 Hz), 7.62 (2H, d, 1=8.4 Hz), 7.65 (1M, s),
7.88 (1H, dt, J=1.5 Hz, 7.8 Hz), 8.67-8.69 (1H, m).

IR (KBr): 1717, 1674, 1591, 1530, 1460, 1329 cm™".
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Example 41

Production of N-(4-(1-(2,6-ditluorobenzyl)-3-(((2-
cthoxyethyl)(methyl)amino)methyl)-2,4-dioxo-3-(2-
pyridinyl)-1,2,3,4-tetrahydrothieno[2,3-d]pyrimidin-

6-yl)phenyl )-N'-methoxyurea

Btwy

H

P =

I \
J ‘)]\N/\N
S"’H\N/KO

N N
MeO” \r
O

b

I

To a solution of the compound obtained in Reference
Example 14 (251 mg) in DMF (4.3 ml) were added 2-ethoxy-

cthyl chlonide (141 mg), N-ethyldusopropylamine (245 ul)
and potassium 1odide (107 mg), and the mixture was stirred at
60° C. for 24 hours. The reaction mixture was distributed
between ethyl acetate and water. The organic layer was
washed with saturated brine and dried over magnesium sul-
tate. The solvent was distilled off, and the residue was puri-

fied by aminopropyl silica gel column chromatography (Fuji
Silysia Chemical) (45 g, eluent: ethyl acetate/hexane=3/2 to
4/1) and recrystallized from ethyl acetate to give the fitle

compound (62 mg) as colorless crystals.
Elemental analysis for C;,H;,N.O.SF,.0.1 AcOFEt

Calcd.: C, 59.01; H, 5.01; N, 12.74.

Found: C, 59.11; H, 5.13; N, 12.55.

"H-NMR (CDCl,) &: 1.13 (3H, t, J=6.9 Hz), 2.15 (3H, s),
2.63 (2H, t, I=6.2 Hz), 3.39 (2H, q, ]=6.9 Hz), 3.44 (2H, t,
J1=6.2 Hz), 3.80 (2H, brs), 3.81 (3H, s), 5.34 (2H, brs), 6.91
(2H, t, J=8.1 Hz), 7.19 (1H, s), 7.27-7.32 (1H, m), 7.35-7.41
(2H, m), 7.53 (2H, d, J=8.4 Hz), 7.63 (1H, s), 7.64 (2H, d,
I=8.4Hz), 7.88 (1H, dt,J=1.2 Hz, 7.5 Hz), 8.68 (1H, dt, J=0.9
Hz, 4.8 Hz).

IR (KBr): 1717, 1674, 1591, 1530, 1460, 1329 cm™".

Example 42

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(5-
fluoro-2-pyridinyl)-5-(((2-methoxyethyl)(methyl)
amino)methyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno| 2,
3-d]pyrimidin-6-yl)phenyl )-N'-methoxyurea

""-..___O
H |
/N O / ‘
N \N
H 8|
AN ]
MeO
S N 0O
O F
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By a similar manner to Example 40, a crude amide (270
mg) was obtained from the compound obtained 1n Reference
Example 7 (304 mg), diethyl cyanophosphate (153 ul),
2-amino-5-fluoropyridine (113 mg) and N-ethyldiisopropy-
lamine (190 ul), and the title compound (113 mg) was
obtained from the crude amide by using methanol (19 ml)and
a solution of 28% sodium methoxide in methanol (146 mg).

Elemental analysis for C;,H, N O.SF,
Calcd.: C, 56.87; H, 4.46; N, 12.84.
Found: C, 56.69; H, 4.57; N, 12.83.

'H-NMR (CDCL,) &: 2.13 (3H, s), 2.62 (2H, t, J=5.9 Hz),
3.26 (3H, 5), 3.41 (2H, t, J=5.9 Hz), 3.80 (2H, brs), 3.82 (3H,
5), 5.33 (2H, brs), 6.92 (2H, t, I=8.3 Hz), 7.19 (1H, s), 7.28-
7.38 (2H, m), 7.52-7.63 (6H, m), 8.51 (1H, d, J=3.0 Hz).

IR (KBr): 1715, 1674, 1586, 1530, 1462 cm™".

Example 43

Production of N-(4-(3-(5-bromo-2-pyridinyl)-1-(2,6-
difluorobenzyl)-5-(((2-methoxyethyl)(methyl Jamino)
methyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d]
pyrimidin-6-yl)phenyl)-N'-methoxyurea

"'--...___‘O
H Br
/N O / ‘
N \N
H 8|
R /]
Me(O
> N O
O F
F

The similar reaction as described in Example 40 by using
the compound obtained in Reference Example 7 (304 mg),
diethyl cyanophosphate (133 ul), 2-amino-5-bromopyridine
(173 mg) and N-ethyldusopropylamine (190 ul) gave a crude
amide (228 mg). Furthermore, the similar reaction by using
methanol (14.5 ml) and a solution of 28% sodium methoxide
in methanol (112 mg) gave the title compound (113 mg).

Elemental analysis for C;,H, N O.SBrF,.0.5H,0

Calcd.: C, 51.39; H,4.17; N, 11.60.
Found: C, 51.68; H, 4.25; N, 11.53.

'H-NMR (CDCl,) 8: 2.13 (3H, ), 2.62 (2H, t, J=5.9 Hz),
3.26 (3H, 5), 3.41 (2H, t, J=5.9 Hz), 3.78 (2H, brs), 3.80 (3H,
s), 5.32 (2H, brs), 6.92 (2H, t, J=8.1 Hz), 7.27 (1H, d, ]-8.4
Hz), 7.27-7.33 (1H, m), 7.37 (1H, s), 7.54 (2H, d, J=9.0 Hz),
7.60 (2H, d, J=9.0 Hz), 7.64 (1H, s), 7.98 (1H, dd, J=2.7 Hz,
8.4 Hz), 8.72 (1H, d, J=2.7 Hz).

IR (KBr): 2938, 1717, 1674, 1590, 1456 cm™".
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Example 44

Production of N-(4-(1-(2,6-ditluorobenzyl)-3-(((2-
methoxyethyl)(methyl)amino )methyl)-3-(5-methyl-
2-pyridinyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[ 2,3-
d]pyrimidin-6-yl)phenyl)-N'-methoxyurea

"'"'-..__.-O
\\‘ Me
N \N
8 8
A ]
MeO \[r .
N 0

O F

The similar reaction as described 1n Example 40 by using,
the compound obtained 1n Reference Example 7 (304 mg),
diethyl cyanophosphate (153 ul), 2-amino-5-methylpyridine
(109 mg) and N-ethyldiisopropylamine (190 ul) gave a crude
amide (188 mg). Furthermore, the similar reaction by using
methanol (13.5 ml), a solution of 28% sodium methoxide in
methanol (103 mg) gave the title compound (122 mg).

Elemental analysis for C,,H,,N.O.SF,.0.5H,0

Calcd.: C, 58.26; H, 5.04; N, 12.74.

Found: C, 58.55; H, 5.14; N, 12.67.

"H-NMR (CDC]l,) &: 2.14 (3H, s), 2.39 (3H, 5), 2.62 (2H, t,
J=5.7Hz),3.26 (3H,s),3.41 (2H, t,J=5."7 Hz), 3.77 (2H, brs),
3.80(3H, s), 5.26 (1H, brs), 5.38 (1H, brs), 6.91 (2H, t, J=8.3
Hz), 7.23-7.34 (2H, m), 7.42 (1H, s), 7.53 (2H, d, J=8.7 Hz),
7.62 (2H, d, J=8.7 Hz), 7.66 (1H, s), 7.66-7.69 (1H, m), 8.48
(1H, d, I=2.4 Hz).

IR (KBr): 2938, 1717, 1675, 1586, 1530, 1462 cm™".

Example 45

Production of N-(4-(1-(2,6-difluorobenzyl)-5-({(2-
methoxyethyl)(methyl)amino )methyl)-3-(6-methyl-
2-pyridinyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[ 2,3-
d]pyrimidin-6-yl)phenyl)-N'-methoxyurea

_N o F ‘
N \N M
1T IT e
AN ]
Me()
> N O
O F
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The similar reaction as described 1n Example 40 by using
the compound obtained 1n Reference Example 7 (423 mg),
diethyl cyanophosphate (212 ul), 2-amino-6-methylpyridine
(151 mg) and N-ethyldusopropylamine (265 ul) gave a crude
amide (242 mg). Furthermore, the similar reaction by using
methanol (17 ml), a solution of 28% sodium methoxide in
methanol (131 mg) gave the title compound (145 mg).

Elemental analysis tor C,,H,,N.O.SF,.0.5H,0
Caled.: C, 58.26; H, 5.04; N, 12.74.
Found: C, 58.39; H, 4.86; N, 12.79.

'H-NMR (CDCl,) 8: 2.15 (3H, 5), 2.60 (3H, 5), 2.62 (2H, 1,
1=5.8 Hz),3.27 (3H, 5), 3.41 (2H, 1, J=5.8 Hz), 3.66-3.94 (2H,
m), 3.81 (3H, s), 5.15 (1H, d, J=15.3 Hz), 5.48 (1H, d, J=15.3
Hz), 6.91 (2H, t, J=8.1 Hz), 7.16 (1H, d, J=7.8 Hz), 7.21 (1H,
d, J=7.8 Hz), 7.25 (1H, s), 7.26-7.35 (1H, m), 7.53 (2H, d,
1=8.7 Hz), 7.63 (1H, s), 7.53 (2H, d, J=8.7 Hz), 7.64 (2H, d,
1=8.7 Hz), 7.76 (1, t, I=7.8 Hz).

IR (KBr): 2936, 1715, 1672, 1603, 1530, 1472 cm™".

Example 46

Production of N-(4-(1-(2,6-difluorobenzyl)-5-(((2-
methoxyethyl)(methyl Jamino )methyl)-3-(3-meth-
oxy-6-methyl-2-pyridinyl)-2.,4-dioxo-1,2,3,4-tetrahy-
drothieno[ 2,3-d]pyrimidin-6-yl)phenyl)-N'-

methoxyurea
""-..__.O
H MeO
N
P O = ‘

N \N M

H H ©
AN g

MeO
S N O
O F

I3

The similar reaction as described in Example 40 by using
the compound obtained in Reference Example 7 (455 mg),
diethyl cyanophosphate (227 ul), 2-amino-3-methoxy-6-me-
thylpyridine (208 mg) and N-ethyldiisopropylamine (310 ul)
gave a crude amide (130 mg).

Furthermore, the similar reaction by using methanol (8.5
ml), a solution of 28% sodium methoxide 1n methanol (666
mg) gave the title compound (107 mg).

Elemental analysis tor C,,H,,N.O.SF,.0.5H,0
Caled.: C, 5747, H, 5.11; N, 12.18.
Found: C, 57.54; H, 5.03; N, 12.26.

'H-NMR (CDCl,) §: 2.13 (3H, 5), 2.51 (3H, 5), 2.62 (2H, t,
J=5.9 Hz), 3.26 (3H, s), 3.40 (2H, t, J=5.9 Hz), 3.77 (1H, d,
J=12.3 Hz), 3.77 (3H, s), 3.79 (3M, s), 3.86 (1H, d, J=12.3
Hz), 5.24 (1H, d, 1=15.6 Hz), 5.40 (1H, d, J=15.6 Hz), 6.90
(2H, t, 1=8.1 Hz), 7.19 (1H, d, J=8.4 Hz), 7.23-7.34 (1H, m),
7.27 (1H, d, 1=8.4 Hz), 7.51 (2H, d, J=8.7 Hz), 7.58 (2H, d,
1=8.7 Hz), 7.65 (1H, s), 7.69 (1H, s).

IR (KBr): 2938, 1715, 1674, 1589, 1532, 1470 cm™".
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Example 47

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(3-
hydroxy-6-methyl-2-pyridinyl)-5-(((2-methoxyethyl )
(methyl)amino)methyl)-2,4-dioxo-1,2,3,4-tetrahy-
drothieno[2,3-d|pyrimidin-6-yl)phenyl)-N'-

methoxyurea
""'"-..._.hO
\\‘ HO
/N 0 = ‘

N \N M

H H ©
AN C ]

MeO T .
N O
O F

b

A crude amide (163 mg) was produced by reacting the
compound obtained 1n Reference Example 7 (455 mg) with
1 -ethyl-3-(3-dimethylaminopropyl)-carbodiimide  hydro-
chloride (306 mg), 1-hydroxybenzotriazole (288 mg),
2-amino-3-hydroxy-6-methylpyridine (187 mg) and N-ethyl-
dusopropylamine (517 ul). Furthermore, the title compound
(127 mg) was obtained from the crude amide by using metha-
nol (11 ml) and a solution of 28% sodium methoxide in
methanol (85 mg).

Elemental analysis for C,,H, , N .OSF,.H,O

Calcd.: C, 56.13; H, 5.01; N, 12.27.

Found: C, 56.03; H, 5.21; N, 12.05.

"H-NMR (CDCl,) §: 2.11 (3H, s), 2.48 (3H, s), 2.51-2.59
(2ZH, m), 3.20 (3H, s), 3.30-3.46 (4H, m), 3.60 (1H, d, ]=12.3
Hz),3.79 (3H,s),4.05(1H,d, J=12.3Hz), 5.21 (1H, d, J=13.6
Hz),5.31 (1H,d,J=15.6 Hz), 6.88 (2H, t, J=8.1 Hz), 7.07 (1H,
d,J=8.1 Hz),7.21-7.31 (2H, m), 7.43-7.51 (4H, m), 7.69 (1H,
S ).

IR (KBr): 2936, 1715, 1669, 1591, 1530, 1472 cm™".

Example 48

Production of N-(4-(1-(2,6-ditluorobenzyl)-3-(((2-
methoxyethyl)(methypamino)methyl)-3-(3-methoxy-
2-pyridinyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[ 2,3-

d]pyrimidin-6-yl)phenyl)-N'-methoxyurea

"'*-...__‘O
L‘ MeQO
N 0o N ‘
X
- - ( > /: ‘ N N
N N
MeO/ /K
\r S N i
O F
F
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The similar reaction as described 1n Example 40 by using
the compound obtained in Reference Example 7 (455 mg),
diethyl cyanophosphate (285 ul), 2-amino-3-methoxypyri-
dine (233 mg) and N-ethylduisopropylamine (388 ul) gave a
crude amide (226 mg). Furthermore, the similar reaction by
using methanol (15.5 ml), a solution of 28% sodium methox-
ide 1n methanol (120 mg) gave the title compound (115 mg).

Elemental analysis for C;,H;,N.OSF,.0.5H,O

Calcd.: C, 56.88; H,4.92; N, 12.44.

Found: C, 56.88; H, 4.96; N, 12.31.

'"H-NMR (CDCl,) &: 2.20 (3H, s), 2.63 (2H, t, J=6.2 Hz),
3.28 (3H, s), 3.41 (2H,t, J=6.2 Hz), 3.78 (1H, d, I=12.3 Hz),
3.82 (3H,s),3.84 (3H,s),3.88 (1H, d, J=12.3 Hz), 5.35 (2H,
s), 6.92 (2H, t, JI=8.1 Hz), 7.17 (1H, s), 7.23-7.39 (3H, m),
7.54 (2H, d, J=8.8 Hz), 7.57 (1H, s), 7.69 (2H, d, J=8.8 Hz),
8.23-8.2°7 (1H, m).

IR (KBr): 1717, 1674, 1590, 1530, 1470 cm™".

Example 49

Production of N-(4-(1-(2,6-ditfluorobenzyl)-3-(4-(1-
hydroxy-1-methylethyl)phenyl)-5-(((2-methoxy-
cthyl)(methyl)amino)methyl)-2,4-dioxo-1,2,3,4-tet-
rahydrothieno[ 2,3-d|pyrimidin-6-yl)phenyl )-N'-
methoxyurea

OH

7T
7
N
Z
>
O

Meo./ T .

The similar reaction as described in Example 40 by using
the compound obtained 1n Reference Example 7 (1.22 g),
diethyl cyanophosphate (456 ul), 4-(1-hydroxy-1-methyl-
cthyl)aniline (454 mg) and N-ethylduisopropylamine (569 ul)
gave a crude amide (1.12 g). Furthermore, the similar reaction
by using ethanol (60 ml), a solution of 28% sodium methox-
ide 1n methanol (579 mg) gave the title compound (849 mg).

Elemental analysis for C;:H;-N.O.SF,.0.5H,0
Calcd.: C, 59.82; H, 5.45; N, 9.97.
Found: C, 60.09; H, 5.40; N, 10.06.

'H-NMR (CDCl,) 8: 1.60 (6H, s), 1.79 (1H, s), 2.14 (3H,
5),2.63 (2H, 1, J=5.9 Hz), 3.27 (3H, 5), 3.41 (2H, t, J=5.9 Hz).
3.81 (3H, 5),3.82 (2H, 5), 5.36 (2H, 5), 6.92 (2H, t, ]=8.3 Hz),
7.20-7.34 (4H, m), 7.53 (2H, d, J=8.7 Hz), 7.60-7.63 (5H, m).

IR (KBr): 1713, 1669, 1590, 1532, 1470 cm™".
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Example 50

Production of N-(4-(5-((benzyl(methyl Jamino )me-
thyl)-1-(2,6-difluorobenzyl)-3-(4-(1-hydroxy-1-me-
thylethyl)phenyl)-2,4-d1oxo-1,2,3,4-tetrahydrothieno
[2,3-d]pyrimidin-6-yl)phenyl)-N'-methoxyurea

OH

MeQ)

The similar reaction as described 1n Example 40 by using
4-(N-benzyl-N-methylaminomethyl)-2-[IN-(2,6-difluo-
robenzyl)-N-ethoxycarbonylamino]-5-[4-(3-methoxyure-
1ido)phenyl|thiophene-3-carboxylic acid (470 mg), diethyl
cyanophosphate (167 ul), 4-(1-hydroxy-1-methylethyl)
aniline (166 mg) and N-ethylduisopropylamine (209 ul) gave
a crude amide (422 mg). Furthermore, the similar reaction by
using ethanol (25.5 ml) and sodium ethoxide (70 mg) gave the
title compound (113 mg).

Elemental analysis for C;cH;,N-O.SF,

Calcd.: C, 64.54; H, 5.14; N, 9.63.

Found: C, 64.46; H, 5.05; N, 9.70.

"H-NMR (CDCl,) &: 1.62 (6H, s), 1.77 (1H, s), 2.05 (3H,
s), 3.56 (2H, s), 3.82 (3H, s), 3.90 (2H, s), 5.36 (2H, s), 6.91
(2H, t, J=8.1 Hz), 7.14-7.38 (9H, m), 7.55 (2H, d, J=9.0 Hz),
7.62 (1H, s), 7.64 (2H, d, J=8.7 Hz), 7.72 (2H, d, ]=8.4 Hz).

IR (KBr): 1713, 1669, 1590, 1530, 1470 cm ™"

Example 51

Production of N-(4-(1-(2,6-ditluorobenzyl)-3-(((2-
methoxyethyl)(methyl)amino )methyl)-3-(4-(1-meth-
oxy-1-methylethyl)phenyl)-2,4-dioxo-1,2,3,4-tet-
rahydrothieno[2,3-d]pyrimidin-6-yl)phenyl)-N'-

methoxyurea
-~ N O OMe
H H N
_N_ _N 4 |
MeO Y ‘
N O
O F
F
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The similar reaction as described 1n Example 40 by using
the compound obtained in Reference Example 7 (364 mg),
diethyl cyanophosphate (136 ul), 4-(1-methoxy-1-methyl-
cthyl)aniline (149 mg) and N-ethylduisopropylamine (171 ul)
gave a crude amide (292 mg). Furthermore, the similar reac-
tion by using ethanol (19 ml) and a solution of 28% sodium

methoxide 1n methanol (146 mg) gave the title compound
(146 mg).

Elemental analysis for C, ,H,,N.O.SF,
Calcd.: C, 61.09; H, 5.55; N, 9.89.
Found: C, 60.97; H, 5.54; N, 9.92.

'H-NMR (CDCl,) 8: 1.55 (6H, 5), 2.15 (3H, 5), 2.64 (2H, t,
J=5.9 Hz), 3.11 (3H, s), 3.27 (3H, s), 3.41 (2H, t, J=5.9 Hz),
3.82 (3H, 5), 3.83 (21, 5), 5.36 (2H, 5), 6.92 (2H, t, ]=8.3 Hz),
7.16 (1H, s), 7.24-7.36 (4H, m), 7.51-7.63 (6H, m).

IR (KBr): 1715, 1674, 1590, 1532, 1464, 1327 cm™".

Example 52

Production of N-(4-(1-(2,6-difluorobenzyl)-5-({(2-
methoxyethyl)(methyl)amino)methyl)-3-(1-methyl-
1H-1imidazol-2-y1)-2,4-d1oxo-1,2,3,4-tetrahy-
drothieno[2,3-d]pyrimidin-6-yl)phenyl)-N'-
methoxyurea

"‘\....___O

by 0
)\
’T%\ / /K

5

The similar reaction as described 1n Example 40 by using
the compound obtained 1n Reference Example 7 (455 mg),
diethyl cyanophosphate (228 ul), 2-amino-1-methyl-1H-1mi-
dazole hydrochloride (214 mg) and N-ethyldiisopropylamine
(586 ul) gave a crude amide (48 mg). Furthermore, the similar
reaction by using methanol (3.3 ml) and a solution of 28%
sodium methoxide 1n methanol (25 mg) gave the title com-
pound (17 mg).

'H-NMR (CDCL,) &: 2.15 (3H, s), 2.61 (2H, dt, =1.8 Hz,
6.90 Hz), 3.27 (3H, s), 3.40 (2H, dt, J=1.8 Hz, 6.0 Hz), 3.53
(3H, s), 3.75 (1H, d, J=12.3 Hz), 3.80 (3H, s), 3.81 (1H, d,
J=12.3Hz), 5.12 (1H, d, J=15.9 Hz), 5.57 (1H, d, J=15.9 Hz),
6.91 (2H, t, J=8.1 Hz), 6.99 (1H, d, J=1.5 Hz), 7.14 (1H, d,
J=1.5Hz), 7.28 (1H, s), 7.25-7.34 (1H, m), 7.53 (2H, d, ]=9.0
Hz), 7.60 (2H, d, J=9.0 Hz), 7.70 (1H, s).

IR (KBr): 1725, 1682, 1590, 1530, 1470 cm™".
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Example 353

Production of N-(4-(1-(2,6-ditluorobenzyl)-3-(((2-
methoxyethyl)(methyl)amino )methyl)-3-(3-methyl-
butyl)-2.,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d|pyri-
midin-6-yl)phenyl)-N'-methoxyurea

7T
7T

MeO”

The similar reaction as described 1n Example 40 by using,
the compound obtained in Reference Example 7 (455 mg),
diethyl cyanophosphate (228 ul), 1soamylamine (139 mg) and
N-ethyldiuisopropylamine (310 ul) gave a crude amide (102
mg). Furthermore, the stirring with methanol (7 ml), a solu-
tion of 28% sodium methoxide 1n methanol (35 mg) at 55° C.
for 20 hours and the similar treatment gave the title compound
(80 mg).

Elemental analysis for C,,H,,N.O.SF,

Calcd.: C,59.13; H, 5.92; N, 11.12.

Found: C, 58.97; H, 5.99; N, 10.90.

'"H-NMR (CDCl,) 8: 0.98 (6H, d, J=6.3 Hz), 1.52-1.58
(2H, m), 1.64-1.71 (1H, m), 2.14 (3H, s), 2.66 (2H, t, J=5.9
Hz), 3.30 (3H, s), 3.45 (2H, t, J=5.9 Hz), 3.81 (3H, s), 3.85
(2H, s), 4.04-4.09 (2H, m), 5.33 (2H, s), 6.90 (2H, t, J=8.3
Hz), 7.17 (1H, s), 7.24-7.35 (1H, m), 7.51 (2H, d, J=8.7 Hz),

7.57 (2H, d, 1=8.7 Hz), 7.60 (1H, s).
IR (KBr): 2959, 1705, 1659, 1590, 1531, 1472 cm™".

Example 54

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(2-
methoxyethyl)-5-(((2-methoxyethyl)(methyl)amino)
methyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d]
pyrimidin-6-yl)phenyl)-N'-methoxyurea

7T
7T

MeO”
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The similar reaction as described 1n Example 40 by using
the compound obtained in Reference Example 7 (455 mg),
diethyl cyanophosphate (228 ul), 2-methoxyethylamine (120
mg) and N-ethyldiuisopropylamine (310 ul) gave a crude

amide (266 mg). Furthermore, the similar reaction by using >

methanol (19.6 ml) and a solution of 28% sodium methoxide

in methanol (152 mg) gave the title compound (140 mg).
Elemental analysis for C,oH ;N OSF,
Calcd.: C, 56.39; H, 5.39; N, 11.34.
Found: C, 56.40; H, 5.35; N, 11.135.
'"H-NMR (CDCl,) &: 2.14 (3H, s), 2.65 (2H, t, =59 I-

3.30 (3H, s), 3.36 (3H, 5), 3.45 (2H, t, J=5.9 Hz), 3.66 (2H

),

1,

J=5.9 Hz), 3.81 (3H, s), 3.84 (2H, s), 4.30 (2H, t, J=5.9 Hz),

533 (2H, s), 6.90 (2H, t, J=8.3 Hz), 7.15 (1H, s), 7.24-7.34
(1H, m), 7.51 (2H, d, J=9.0 Hz), 7.56 (2H, d, J=9.0 Hz), 7.60

(1H, m).
IR (KBr): 2936, 1705, 1663, 1590, 1532, 1472 cm™".

Example 35

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(2-
cthoxyethyl)-5-(((2-methoxyethyl)(methyl Jamino)
methyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d]

pyrimidin-6-yl)phenyl )-N'-methoxyurea

Z D

MeO” T ‘ )\
> N 0

The similar reaction as described 1n Example 40 by using,
the compound obtained 1n Reference Example 7 (4355 mg),
diethyl cyanophosphate (228 ul), 2-ethoxyethylamine (143
mg) and N-ethyldiisopropylamine (310 ul) gave a crude
amide (259 mg). Furthermore, the similar reaction by using
methanol (18.7 ml) and a solution of 28% sodium methoxide

in methanol (144 mg) gave the title compound (193 mg).
Elemental analysis for C;H; N .O.SF,
Calcd.: C, 57.04; H, 5.58; N, 11.09.
Found: C, 57.01; H, 5.66; N, 10.93.
"H-NMR (CDCl,) &: 1.15 (3H, t, J=6.9 Hz), 2.14 (3H

3.54 (2H, q, J=6.9 Hz), 3.69 (2M, t, ]=6.0 Hz), 3.81 (3H

Hz), 7.57 (2H, d, J=8.7 Hz), 7.60 (1H, m).
IR (KBr): 2975, 1705, 1663, 1590, 1532, 1472 cm™".

X
(

. S)!
2.66 (2, t, J=6.0 Hz), 3.30 (3H, s), 3.45 (2H, t, ]=6.0 Hz),

2 S)j
3.84 (2H, s), 4.29 (2H, t, J=6.0 Hz), 5.32 (2H, s), 6.89 (2H, 1,
J=8.1Hz), 7.17 (1H, s), 7.23-7.34 (1, m), 7.52 (2H, d, ]=8.7
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Example 56

Production of N-(4-(1-(2,6-difluorobenzyl)-3-1sopro-
pyl-5-(((2-methoxyethyl )(methyl)amino)methyl)-2,
4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d]pyrimidin-6-
yl)phenyl)-N'-methoxyurea

TN O

O

-~

eO \I'r S____..--\N/J\O
O

The similar reaction as described 1n Example 40 by using,
the compound obtained in Reference Example 7 (455 mg),
diethyl cyanophosphate (228 ul), isopropylamine (95 mg)
and N-ethyldiisopropylamine (310 ul) gave a crude amide
(306 mg). Furthermore, the stirring with methanol (23.2 ml)
and a solution of 28% sodium methoxide 1n methanol (179
mg) at 60° C. for 17 hours and the similar treatment gave the

title compound (192 mg).
Elemental analysis for C,oH; ;N O.SF,

Calcd.: C, 57.89; H, 5.53; N, 11.64.

Found: C, 57.98; H, 5.49; N, 11.72.

"H-NMR (CDCl,) &: 1.52 (6H, d, J=6.9 Hz), 2.13 (3H, s),
2.66 (2H, t, I=5.9 Hz), 3.31 (3H, s), 3.46 (2H, t, J=5.9 Hz),
3.82 (3H, s) 3.84(2H,s),5.31(2H,s), 5.34 (1H, m) 6.90 (2H,
t, J=8.1 Hz), 7.16 (1H, s), 7.24-7.35 (1H, m), 7.52 (2H, d,
I1=8.4 Hz), 7.55 (2H, d, J=8.4 Hz), 7.60 (1H, m). IR (KBr):
2973, 1703, 1659, 1590, 1534, 1472 cm™*

Example 57

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(((2-
methoxyethyl)(methyl Jamino )methyl)-3-(6-meth-
oxy-3-pyridazinyl)-2,4-dioxo-1,2,3,4-tetrahy-
drothieno[2,3-d]pyrimidin-6-yl)phenyl)-N'-

methoxyurea
\O
H OMe
AN 0 7 ‘
X, N
H H / N N
AN \
MeO
S N7 0
O F
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The similar reaction as described 1n Example 40 by using
the compound obtained in Reference Example 7 (455 mg),
diethyl cyanophosphate (285 ul), 3-amino-6-chloropyridine
(243 mg) and N-ethylduisopropylamine (388 ul) gave a crude
amide (207 mg). Furthermore, the similar reaction by using
methanol (14.2 ml) and a solution of 28% sodium methoxide
in methanol (109 mg) gave the title compound (132 mg).

'H-NMR (CDCL,) &: 2.13 (3H, s), 2.62 (2H, t, J=5.7 Hz),
3.26 (3H, s), 3.41 (2H, t, J=5.7 Hz), 3.74 (2H, brs), 3.82 (3H,
5), 4.18 (3H, s), 5.32 (2H, brs), 6.92 (2H, t, J=8.3 Hz), 7.12
(1H, d, J=9.3 Hz), 7.24 (1H, s), 7.29-7.35 (1H, m), 7.41 (2H,
d, J=9.3 Hz), 7.54 (2H, d, J=9.0 Hz), 7.59 (2H, d, J=8.7 Hz),
7.66 (1M, s).

IR (KBr): 2936, 1717, 1674, 1591, 1530, 1460 cm™".

Example 38

Production of N-(4-(1-(2,6-difluorobenzyl)-5-({(2-
methoxyethyl)(methyl)amino )methyl)-2,4-dioxo-3-
(3-pynidazinyl)-1,2,3,4-tetrahydrothieno[2,3-d|pyri-

midin-6-yl)phenyl )-N'-methoxyurea

S
\

N

MeQ)

O F

F

The similar reaction as described 1n Example 40 by using,
the compound obtained 1n Reference Example 7 (364 mg),
diethyl cyanophosphate (182 ul), 3-aminopyridazine hydro-
chloride (158 mg) and N-ethyldiisopropylamine (414 ul)
gave a crude amide (55 mg). Furthermore, the similar reaction
by using methanol (4 ml) and a solution of 28% sodium
methoxide in methanol (30 mg) gave the title compound (15

mg).

"H-NMR (CDC,) 8: 2.12 (3H, s), 2.61 (2H, t, J=5.7 Hz),
3.26 (3H, s),3.39 (2H, t, ]I=5.7 Hz), 3.78 (2H, brs), 3.82 (3H,
s), 5.34 (2H, brs), 6.93 (2H, t, J=8.1 Hz), 7.26 (1H, s), 7.29-
7.37 (1H, m), 7.53-7.61 (SH, m), 7.67 (1H, s), 7.69 (1H, dd,
J=4.8 Hz, 8.4 Hz), 9.28 (1H, dd, J=1.8 Hz, 4.8 Hz).

IR (KBr): 2936, 1717, 1674, 1590, 1530, 1470 cm™".
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Example 59

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(((2-
methoxyethyl )(methyl)amino)methyl)-3-methoxy-2,
4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d|pyrimidin-6-

yl)phenyl)-N'-methoxyurea

MeQO

The similar reaction as described 1n Example 40 by using,
the compound obtained 1n Reference Example 7 (607 mg),
diethyl cyanophosphate (304 ul), o-methylhydroxylamine
hydrochloride (334 mg) and N-ethyldiisopropylamine (1.04
ml) gave a crude product, which was purified by aminopropyl
silica gel column chromatography (Fuji1 Silysia Chemaical) to
give the title compound (283 mg).

"H-NMR (CDCL,) &: 2.14 (3H, s), 2.68 (2H, t, J=6.0 Hz),
3.31(3H,s),3.47 (2H, t,J=6.0 Hz), 3.82 (3H, s), 3.83 (2H, s),
4.06 (3H,s),5.35(2H, s), 6.92 (2H, t, J=8.3 Hz), 7.20 (1H, s),
7.29-7.35 (1H, m), 7.55 (4H, s), 7.63 (1H, s).

IR (KBr): 1725, 1684, 1590, 1530, 1472 cm™".

Example 60

Production of N-(4-(1-(2,6-difluorobenzyl)-5-({(2-
methoxyethyl )(methyl)amino)methyl)-3-methyl-2.4-
dioxo-1,2,3,4-tetrahydrothieno[2,3-d|[pyrimidin-6-yl)

phenyl)-N'-methoxyurea

o
N O
y N% \ //\‘)LN"Me
MeO” _/ = )
O k F

/
—d N
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The similar reaction as described 1n Example 40 by using
the compound obtained in Reference Example 7 (607 mg),
diethyl cyanophosphate (304 ul), methylamine hydrochloride
(270 mg) and N-ethyldusopropylamine (1.04 ml) gave a
crude amide (133 mg). Furthermore, the stirring with metha-
nol (9.1 ml) and a solution of 28 sodium methoxide in metha-
nol (70 mg) at 60° C. for 17 hours and the similar treatment
gave the title compound (83 mg).

'H-NMR (CDCl,) 8: 2.13 (3H, ), 2.66 (2H, t, J=5.9 Hz),
3.31 (3H, 5),3.45 (3H, 5), 3.48 (2H, t, ]=5.9 Hz), 3.82 (3H, s),
3.84 (2H, 5), 5.33 (2H, 5), 6.91 (2H, t, ]=8.3 Hz), 7.17 (1H, 5),
7.25-7.35 (1H, m), 7.55 (4H, s), 7.62 (1M, s).

IR (KBr): 1705, 1661, 1590, 1532, 1472 cm™".

Reference Example 18

production of N-(4-(3-chloromethyl-1-(2,6-difluo-
robenzyl)-1,2,3,4-tetrahydro-2,4-dioxo-3-phenylth-
ieno|2,3-d]pyrimidin-6-yl)phenyl)-N'-methoxyurea

Cl

0 /\‘
N

L/ N
RS

&

AN

Into a solution of N-(4-(5-((benzyl(methyl)amino)me-
thyl)-1-(2,6-difluorobenzyl)-1,2,3,4-tetrahydro-2,4-dioxo-
3-phenylthieno| 2,3-d]pyrimidin-6-yl)phenyl )-N'-methox-
yurea (7.7 g, 11.53 mmol) in THF (200 ml) which was cooled
with a dry 1ce-acetone bath was added a.-choloroethyl chlo-
roformate (1.7 ml, 11.64 mmol). The temperature of the mix-
ture was elevated up to room temperature, and the mixture
was stirred for 2.5 hours. The reaction mixture was diluted
with saturated aqueous solution of sodium bicarbonate and
extracted with chloroform. The organic layer was washed
with saturated aqueous solution of sodium chloride, dried
over magnesium sulfate and concentrated under reduced
pressure.

The residue was purified with silica gel chromatography
(eluent; ethyl acetate/chloroform; from 1/4 to 1/3) and recrys-
tallized from chloroform/diethylether, whereby the title com-
pound (5.66 g, 84%) was obtained as white crystals.

'HNMR (CDCl1,) 83.83 (3H, s), 4.84 (2, 5), 5.27 (2H, 5),
537 (2H, s), 6.92 (2H, t, 1=7.8 Hz), 7.23-7.35 (4H, m).
7.41-7.66 (SH, m).
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Reference Example 19

Production of N-(4-(5-chloromethyl-1-(2,6-ditluo-
robenzyl)-1,2,3,4-tetrahydro-2,4-dioxo-3-(4-methox-
yphenyl)thieno[ 2,3-d]pyrimidin-6-yl)phenyl )-N'-
methoxyurea

OMe
N
N 7]
§—< S
N O
/
MeO O F

The similar reaction as described in Example 5 by using
4-(N-benzyl-N-methylaminomethyl)-2-(IN-(2,6-difluo-
robenzyl)-N-ethoxycarbonylamino)-35-(4-(3-methoxyure-
ido)phenyl)thiophene-3-carboxylic acid (5.0 g, 7.83 mmol)
and p-anisidine (1.93 g, 15.65 mmol) gave N-(4-(5-((benzyl
(methyl)amino )methyl)-1-(2,6-difluorobenzyl)-3-(4-meth-
oxyphenyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d|pyri-
midin-6-yl)phenyl)-N'-methoxyurea (3.39 g, 62%) as white
solids. The similar reaction as described 1n Reference
Example 18 by using the compound (80 mg, 0.11 mmol) gave
the title compound (50 mg, 74%) as white crystals.

'HNMR (CDCl,)83.81 (3H,s),3.83 (3H, s), 4.83 (2H, s),
5.35(2H, s), 6.92 (2H, t, J=8.1 Hz), 7.00 (2H, d, J=10.2 Hz),
7.18-7.35 (3H, m), 7.48-7.65 (SH, m).

Reference Example 20

Production of N-(4-(5-chloromethyl-1-(2,6-difluo-
robenzyl)-1,2,3.4-tetrahydro-2,4-dioxo-3-(4-hy-
droxycyclohexyl)thieno| 2,3-d|pyrimidin-6-yl)phe-
nyl)-N'-methoxyurea

OH
N
{ /]
%—< S
N O
/
MeO O F

The similar reaction as described in Example 5 by using
4-(N-benzyl-N-methylaminomethyl)-2-(N-(2,6-difluo-
robenzyl)-N-ethoxycarbonylamino)-35-(4-(3-methoxyure-
ido)phenyl)thiophene-3-carboxylic acid (10.0 g, 15.65
mmol) and 4-aminocyclohexanol (3.61 g, 31.30 mmol) gave
N-(4-(5-((benzyl(methyl)amino )methyl)-1-(2,6-difluo-
robenzyl)-3-(4-hydroxycyclohexyl)-2,4-dioxo-1,2,3.4-tet-
rahydrothieno[2,3-d]pyrimidin-6-yl)phenyl)-N'-methox-
yurea (5.20 g, 48%) as white crystals. The similar reaction as
described in Reference Example 18 by using the compound
(500 mg, 0.72 mmol) gave the title compound (180 mg, 41%)

as white crystals.




US 8,735,401 B2

85

'HNMR (CDC1,)8 1.41-1.55 (2H, m), 1.71 (2H, d, J=11.7
Hz), 2.07 (2H, d, J=12.4 Hz), 2.63 (2H, g, J=11.1 Hz), 3.70-
3.82 (4H, m), 4.84 (2H, s), 4.90-5.06 (1H, m), 5.29 (2H, s),
6.91 (2H, t, J=8.1 Hz), 7.13 (1H, s), 7.25-7.33 (1H, m), 7.47
(2H, d, J=8.4 Hz), 7.58 (2H, d, J=9.0 Hz), 7.63 (1H, s).

Reference Example 21

Production of N-(4-(5-chloromethyl-1-(2,6-ditluo-

robenzyl)-3-(3-fluoropyridin-2-yl)-1,2,3,4-tetrahy-

dro-2,4-dioxothieno[2,3-d|pyrimidin-6-yl)phenyl)-
N'-methoxyurea

F
Cl 0 s ‘
N \N
H
N 4 ‘
§—< S
N O
/
Me(Q O F

F

The similar reaction as described 1n Example 5 by using
4-(N-benzyl-N-methylaminomethyl)-2-(N-(2,6-ditluo-
robenzyl)-N-ethoxycarbonylamino)-5-(4-(3-methoxyure-
ido)phenyl)thiophene-3-carboxylic acid (10.0 g, 13.65
mmol) and 2-amino-5-fluoropyridine (3.51 g, 31.30 mmol)
gave N-(4-(5-((benzyl(methyl)amino)methyl)-1-(2,6-difluo-
robenzyl)-3-(5-fluoropyridin-2-yl)-2,4-dioxo-1,2,3,4-tet-
rahydrothieno[2,3-d]pyrimidin-6-yl)phenyl)-N'-methox-
yurea (3.39 g, 32%) as white solids. The similar reaction as
described 1n Reference Example 18 by using the compound
(1.0 g, 1.46 mmol) gave the title compound (560 mg, 64%) as
white solids.

"H NMR (CDCl,) 8 3.83 (1H, s), 4.79 (2H, br), 5.34 (2H,
br), 6.93 (2H, t, J=8.0 Hz), 7.14 (1H, s), 7.29-7.40 (2H, m),
7.50-7.65 (SH, m), 8.51 (1H, d, J=3.0 Hz).

Reference Example 22

Production of N-(4-(5-chloromethyl-1-(2,6-difluo-
robenzyl)-1,2,3,4-tetrahydro-2,4-dioxo-3-(pyridin-2-
yl)thieno[2,3-d]pyrimidin-6-yl)phenyl)-N'-methox-
yurea

Cl

0 =

VA
%% \__/ ‘ )N\ N
H —
/N—< > N O
MeO O X

o

AN
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The similar reaction as described in Reference Example 18
by using compound (500 mg, 0.75 mmol) obtamned in
Example 1 gave the title compound (270 mg, 62%) as white
solids.

'H NMR (DMDO-d,) & 3.63 (3H, s), 4.85 (2H, s), 5.10-
5.24 (2H, br), 7.13 (2H, t, J=8.3 Hz), 7.41-7.54 (4H, m), 7.78
(2H, d, J=8.4 Hz), 8.01 (1H, t, J=8.0 Hz), 8.30 (1H, s),
8.59-8.61 (1H, m), 9.14 (1H, s), 9.66 (1H, s)

Reference Example 23

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(4-
hydroxycyclohexyl)-3-(methylamino)methyl-1,2,3,4-
tetrahydro-2,4-dioxo-thieno[2,3-d|pyrimidin-6-y1)
phenyl)-N'-methoxyurea

MeQO

b

The similar reaction as described 1n Reference Example 14
by using N-(4-(5-((benzyl(methyl Jamino)methyl)-1-(2,6-di-
fluorobenzyl)-3-(4-hydroxycyclohexyl)-2,4-dioxo-1,2,3,4-
tetrahydrothieno| 2,3-d|pyrimidin-6-yl)phenyl )-N'-methox-
yurea (5.20 g, 48%) obtained in Reference Example 20 gave
the title compound (5.20 g, 48%) as white crystals.

'"H NMR (DMDO-d,) & 3.63 (3H, s), 4.85 (2H, s), 5.10-
5.24 (2H, br), 7.13 (2H, t, J=8.3 Hz), 7.41-7.54 (4H, m), 7.78
(2H, d, J=8.4 Hz), 8.01 (1H, t, J=8.0 Hz), 8.30 (1H, s),
8.59-8.61 (1H, m), 9.14 (1H, s), 9.66 (1H, s)

Reference Example 24

Production of
N-(2-methoxy-1-methylethyl)-N-methylamine

N
MeO/\‘/ Me

Me

A mixture of a solution of methoxyacetone (2.92 g, 33.14
mmol) and methylamine 1n 2.0 M THF (100 ml, 200.0 mmol)
and a solution of acetic acid (0.5 ml) in THF (100 ml) was
stirred under 1ce cooling for 30 minutes. To the mixture was
added triacetoxy sodium borohydride (14.05 g, 66.28 mmol),
and the mixture was stirred at room temperature for 4 days. To
the reaction mixture were added saturated aqueous solution
of sodium bicarbonate (100 ml), ethyl acetate ethyl acetate
(100 ml) and benzyloxycarbonylchloride (8.48 g, 49.71
mmol), successively, and the mixture was stirred at room
temperature for 5 hours. The reaction mixture was distributed
between saturated aqueous solution of sodium bicarbonate
and ethyl acetate. The ethyl acetate layer was washed with
saturated brine and dried over magnesium sulfate, and the
solvent was distilled off. The residue was purified by silica gel
chromatography (eluent: ethyl acetate/hexane; from 6/1 to
4/1)to obtain colorless liquid (4.24 g, 54%). A mixed solution
of the colorless liquid (0.94 g, 3.96 mmol) and 10% palla-
dium-carbon (94 mg) in ethanol (10 ml) was stirred at room
temperature under hydrogen atmosphere for 2 hours, and
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subjected to filtration. The filtrate was concentrated under
reduced pressure to give the title compound (220 mg, 54%) as
pale yellow liquid.

"H NMR (CDCl,) & 1.15 (3H, d, J=6.6 Hz), 2.50 (3H, s),
2.90-2.99 (1H, m), 3.29-3.44 (SH, m).

Reference Example 25

Production of N-(4-(5-methylaminomethyl-1-(2,6-

difluorobenzyl)-1,2.3,4-tetrahydro-2,4-dioxo-3-(4-

methoxyphenyl)thieno| 2,3-d]pyrimidin-6-yl)phe-
nyl)-N'-methoxyureahydrochloride

HCl

MeQ)

F

A mixed solution of N-(4-(3-((benzyl(methyl)Jamino )me-
thyl)-1-(2,6-difluorobenzyl)-3-(4-methoxyphenyl)-2.,4-di-
0x0-1,2,3,4-tetrahydrothieno[ 2,3-d|pyrimidin-6-yl)phenyl )-
N'-methoxyurea (2.0 g, 2.87 mmol) synthesized in Reference
Example 19, 10%-palladium-carbon (200 mg), 1N hydro-
chloric acid (3 ml) 1n ethanol (40 ml) was stirred under hydro-
gen atmosphere at room temperature for 72 hours. The reac-
tion mixture was subjected to filtration and the filtrate was
concentrated to dryness to give the title compound (1.77 g,
96%) as white powders.

"HNMR (CDCl,) 8 2.73 (3H, 5), 3.80 (3H, s), 3.85 (3H, s).
4.00-4.18 (2H, br), 5.35 (2H, s), 5.37 (2H, s), 6.90-7.08 (4H,
m),7.20-7.38 (5H, m), 7.61 (4H,s),7.77 (1H,s), 7.95 (1H, s).

Reference Example 26

Production of N-(4-(5-(((1R)-1-phenylethyl(methyl)
amino )methyl)-1-(2,6-difluorobenzyl)-1,2,3,4-tet-
rahydro-2,4-dioxo-3-phenylthieno[2,3-d]pyrimidin-
6-yl)phenyl)-N'-methoxyurea

Me/i\ O / ‘
)l\ A

E / \>—</\ 1
N — S*""\N/J\O

MeO O P
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A solution of the compound (100 mg, 0.17 mmol) obtained
in Reference Example 18, (R)-(+)-N-a-dimethylbenzy-
lamine (28 mg, 0.21 mmol) and N-ethyldiisopropylamine (29
mg, 0.22 mmol) in DMF (200 ml) was stirred at room tem-
perature for 24 hours. The reaction mixture was diluted with
saturated aqueous solution of sodium bicarbonate and
extracted with ethyl acetate. The organic layer was washed
with saturated aqueous solution of sodium chlonde, dried
over magnesium sulfate and concentrated under reduced
pressure. The residue was purified by silica gel chromatog-
raphy (eluent: from ethyl acetate/chlorotorm (2/3) to chloro-
form/methanol (20/1)) and recrystallized from chloroform/
diethylether to give the title compound (358 mg, S0%) as white
crystals.

'"HNMR (CDCl,) 6 1.25 (3H, d, J=6.6 Hz), 1.89 (3H, s),
3.82 (3H, s), 3.82-3.87 (1H, m), 3.91 (2H, d, J=4.5 Hz), 5.35
(2H, s), 6.91 (2H, t, J=8.3 Hz), 7.14-7.30 (9H, m), 7.43-7.61
(8H, m).

mp 192-193° C.

Reference Example 27

Production of N-(4-(5-((methyl((1S)-1-phenylethyl)
amino )methyl)-1-(2,6-difluorobenzyl)-1,2,3,4-tet-
rahydro-2,4-dioxo-3-phenylthieno|2,3-d]pyrimidin-
6-yl)phenyl )-N'-methoxyurea

a
H N\
N
N /J\
/ N O
MeQ O 0
‘\
F

b

The similar reaction as described 1n Reference Example 26
by using compound (100 mg, 0.17 mmol) obtained 1n Refer-
ence Example 18 and (5)-(-)-N-a.-dimethylbenzylamine (28
mg, 0.21 mmol) gave the title compound (61 mg, 53%) as
white crystals.

"H NMR (CDCl,) 8 1.25 (3H, d, J=6.6 Hz), 1.89 (3H, s),
3.82 (3H, s), 3.82-3.90 (1H, m), 3.91 (2H, d, J=4.5 Hz), 5.35
(2H, s), 6.91 (2H, t, J=8.0 Hz), 7.19-7.30 (9H, m), 7.43-7.61
(8H, m).

mp 191-192° C.
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Reference Example 28

Production of N-(4-(5-(((1R)-1-phenylethylamino)
methyl)-1-(2,6-difluorobenzyl)-1,2,3,4-tetrahydro-2,
4-dioxo-3-phenylthieno|2,3-d]pyrimidin-6-y1)phe-
nyl)-N'-methoxyurea

/\‘
N N
HI% O
i/ \_/ -
N — S N/J\O
/
MeQO O F
‘ AN
. ya

The stmilar reaction as described in Reference Example 26
by using compound (100 mg, 0.17 mmol) obtained 1n Refer-
ence Example 18 and (R)-(+)-1-phenylethylamine (25 mg,
0.21 mmol) gave the title compound (56 mg, 49%) as white
crystals.

"H NMR (CDCl,) & 1.32 (3H, d, J=6.6 Hz), 3.59 (1H, d,
J=12.0Hz),3.65-3.82 (5H, m), 5.25-5.46 (2H, AB), 6.90 (2H,
t, J=8.1 Hz), 7.11-7.59 (13H, m).

Elemental analysis C,.H,,F,N.0O,S.0.2H,O

Calcd.: C, 64.41; H,4.71; N, 10.43.

Found: C, 64.29: H, 4.64; N, 10.46.

mp 180-182° C.

Reference Example 29

Production of N-(4-(5-(((15)-1-phenylethylamino)
methyl)-1-(2,6-difluorobenzyl)-1,2,3,4-tetrahydro-2,
4-d1oxo-3-phenylthieno[2,3-d]pyrimidin-6-yl)phe-
nyl)-N'-methoxyurea

Me
HN 5 /\‘
R
!/ N
§—< — S /J\
y N 0O
MeO O P
‘\
. s

The stmilar reaction as described in Reference Example 26
by using the compound (100 mg, 0.17 mmol) obtained in
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Retference Example 18 and (S)-(-)-1-phenylethylamine (25
mg, 0.21 mmol) gave the title compound (56 mg, 49%) as

white crystals.

"H NMR (CDCl,) 6 1.31 (3H, d, J=6.6 Hz), 3.58 (1H, d,
I=12.3Hz),3.72-3.82 (5H, m), 5.24-5.46 (2H, AB), 6.90 (2H.,
t, J=8.1 Hz), 7.12 (1H, s), 7.16-7.37 (8H, m), 7.43-7.56 (4H,
m).

Elemental analysis C, H,,F,N.O,S
Calcd.: C, 64.76; H, 4.68; N, 10.49.
Found: C, 64.46; H, 4.57; N, 10.60.
mp 182-185° C.

Reference Example 30

Production of N-(4-(5-((methyl(1-phenylpropyl)
amino )methyl)-1-(2,6-difluorobenzyl)-1,2,3,4-tet-
rahydro-2,4-dioxo-3-phenylthieno|2,3-d]pyrimidin-
6-yl)phenyl)-N'-methoxyurea

/\‘
Et\K\/
/N\ 0 N\

Me / ‘
PN
O
N — S N O
MeO/ _<o

b

Under ice cooling, to a solution of 1-phenyl-1-propanol
(1.0 g, 7.34 mmol) and N-ethyldusopropylamine (1.42 g,
11.01 mmol) 1n dichloromethane (10 ml) was added meth-
anesulionyl chloride (690 ul, 8.81 mmol), and the mixture
was stirred at room temperature for 5 hours. The reaction
mixture was diluted with saturated aqueous solution of
sodium bicarbonate and extracted with ethyl acetate. The
extract was washed with saturated brine, dried over magne-
sium sulfate, and solvent was distilled off under reduced
pressure. The residue was purified by silica gel chromatog-
raphy (eluent:ethyl acetate/hexane:5/1) to give 1-chloro-1-
phenylpropane (610 mg, 34%) as pale yellow liquid.

The similar reaction as described 1n Reference Example 26
by using the compound (100 mg, 0.17 mmol) obtained in
Retference Example 15 and the 1-chloro-1-phenylpropane (32
mg, 0.21 mmol) obtained above gave the title compound (45
mg, 38%) as white crystals.

'H NMR (CDCl,) 8 0.67 (3H, t, ]=7.2 Hz), 1.63-1.91 (5H,
m), 3.52-3.57 (1H, m), 3.73-3.93 (5H, m), 3.91 (2H, d, J=4.5
Hz), 5.35 (2H, s), 6.91 (2H, t, J=8.1 Hz), 7.08-7.34 (8H, m),
7.41-7.55 (8H, m), 7.64 (1H, s).

mp 171-172° C.
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Reference Example 31

Production of methyl (((1-(2,6-difluorobenzyl)-6-(4-
(((methoxyamino)carbonyl)amino )phenyl)-2,4-di-
0x0-3-phenyl-1,2.3,4-tetrahydrothieno[2,3-d]pyrimi-
din-5-ylmethyl)(methyl)amino )(phenyl)acetic acid

R
Meoch\)
Me/N\ O / ‘
N
O~
§_< — ; N/J\O
MeO/ O F
‘ X
; F

The similar reaction as described in Example 20 by using
the compound (150 mg, 0.17 mmol) obtained 1n Reference
Example 15 and a-bromophenylmethyl acetate (71 mg, 0.31
mmol) gave the title compound (73 mg, 39%) as white crys-
tals.

"HNMR (CDCL,) 8 2.08 (3H, s), 3.54 (32H, s), 3.79 (3H,
s),3.89-4.20 (2H,AB),4.67 (1H, s), 5.35(2H, brs), 6.92 (2H,
t, J=8.2 Hz), 7.22-7.37 (6H, m), 7.44-7.56 (7H, m) 7.71 (2H
d, J=8.0 Hz).

Elemental analysis C;H;:F,N.OS

Calcd.: C, 62.89; H, 4.58; N, 9.65.

Found: C, 62.70; H, 4.61; N, 9.78.

mp 147-149° C.

2

Reference Example 32

Production of N-(4-(1-(2,6-difluorobenzyl)-5-((2-
methoxy-1-phenylethyl(methyl)amino )methyl)-1,2,3,
4-tetrahydro-2,4-dioxo-3-phenylthieno[2,3-d|pyrimi-

din-6-yl)phenyl)-N'-methoxyurea

/\‘
MEO/\I/\/
N 0 /

Me/

i/ N\ / N
MEO/§_<OA< S N/K(;
N
‘ 7

b

A solution of methylphenethylether (1.0 g, 7.34 mmol),
NBS (1.96 g, 11.01 mmol) and AIBN (240 mg, 1.47 mmol) in
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carbon tetrachloride (30 ml) was heated under reflux for 2
hours. After cooling, the reaction mixture was diluted with
saturated aqueous solution of sodium bicarbonate and
extracted with chloroform. The extract was washed with satu-
rated brine, dried over magnesium sulfate and concentrated
under reduced pressure to give a crude 2-methoxy-1-phenyl-
bromoethane (1.33 g, 84%) as brown liquad.

The similar reaction as described 1n Example 14 by using,
the compound (200 mg, 0.34 mmol) obtained 1n Reference
Example 15 and the crude bromide (50 mg) obtained above
gave the title compound (42 mg, 18%) as white crystals.

"H NMR (CDCL,) 8 1.97 (3H, s), 3.24 (3H, s), 3.55-3.61
(1H, m), 3.80 (3H, s), 3.86-3.96 (3H, m), 4.67 (1H, s), 5.36
(2H, s), 6.91 (2H, t, J=8.1 Hz), 7.14-7.31 (8H, m), 7.33-7.56
(8H, m), 7.63 (1H, s).

Elemental analysis C;H,-F,N.O.5.0.2H,0O

Calcd.: C, 63.80; H, 4.99; N, 9.79.

Found: C, 63.64; H, 4.95; N, 9.89.

mp 169-172° C.

Reference Example 33

Production of N-(4-(1-(2,6-difluorobenzyl)-5-({me-

thyl(1-pyridin-2-ylethyl)amino)methyl)-1,2,3,4-tet-

rahydro-2,4-dioxo-3-phenylthieno[2,3-d]pyrimidin-
6-yl)phenyl)-N'-methoxyurea

7R

S
/
Z,
\—

Me/ N\ O /\
AN

'
O LT
N — S N/J\O
MeO/ O o
‘ X
F

A solution of 2-ethylpyridine (10.0 g, 93.34 mmol), N-bro-
mosuccinimide (17.44 g, 98.00 mmol) and azobisisobuty-
ronitrile (1.53 g, 9.33 mmol) in carbon tetrachloride (300 ml)
was stirred at 90° C. for 1 hour. After cooling, the reaction
mixture was subjected to filtration. The filtrate was washed
with saturated aqueous solution of sodium bicarbonate and
saturated aqueous solution of sodium chlonide, dried over
magnesium sulfate and concentrated. The residue was puri-
fied by silica gel chromatography to give a bromide (15.68 g,
90%) as pale vellow liquad.

The similar reaction as described 1n Example 14 by using
the compound (160 mg, 0.26 mmol) obtained 1n Reference
Example 15 and the above bromide (62 mg, 0.33 mmol)
obtained above gave the title compound (133 mg, 75%) as
white crystals.

'"H NMR (CDCL,) & 1.30 (3H, d, J=6.9 Hz), 1.92 (3H, s).
3.80(3H,s),4.00(2H,s),4.04 (1H, q, J=6.6 Hz), 5.35 (2H, s),
6.91 (2H, t, JI=8.0 Hz), 7.02-7.06 (1H, m), 7.24-7.30 (4H, m),
7.40-7.54 (8H, m), 7.65 (1H, s), 8.44 (1H, d, J=3.7 Hz).




US 8,735,401 B2

93
mp 146-148° C.

The title compound (40 mg) was optically resolved by a
preparative HPLC by using CHIRALPAK AD (50 mml.D.x
500 mL), in which mobile phase 1s hexane/2-propanol (=3/2),
to obtain 19 mg of an optical 1somer having an retention time
of 25 minutes (99.9% ee¢) and 19 mg of another 1somer having
retention time of 29 minutes (99.0% ee) 1n an analysis using

CHIRALPAK AD (4.6 mml.D.x250 mL), both of which are
white powders.

Reference Example 34

Production of N-(4-(1-(2,6-difluorobenzyl)-5-(((2-
methoxy-1-methylethyl)methylamino )methyl)-1,2,3,
4-tetrahydro-2,4-dioxo-3-phenylthieno[ 2,3-d]pyrimi-

din-6-yl)phenyl)-N'-methoxyurea

OMe
Me
MG/N\ 0 = ‘
X
i/ \__J/ )
§—< — S N/J\O
MeO/ O .
‘ AN
s

The stmilar reaction as described in Reference Example 26
by using the compound (100 mg, 0.17 mmol) obtained in
Retference Example 18 and the compound (21 mg, 0.21
mmol) obtained in Reference Example 24 gave the title com-
pound (24 mg, 21%) as white crystals.

'H NMR (CDCL,) 8 0.90 (3H, d, J=6.3 Hz), 2.04 (3H, s),
3.06-3.16 (2H, m), 3.26 (3H, s), 3.40-3.46 (1H, m), 3.51-3.98
(4H, m), 5.35 (2M, s), 6.90 (2H, t, J=8.4 Hz), 7.09 (1H, s),
7.25-7.32 (5H, m), 7.39-7.60 (6H, m).

Elemental analysis C;;H;;F,N.O.S5.0.3H,0
Calcd.: C, 60.50; H, 5.17; N, 10.69.

Found: C, 60.28; H, 5.21; N, 10.53.

mp 154-155° C.

The title compound (48 mg) was optically resolved by
preparative HPLC by using CHIRALPAK AD (50 mml.D.x
500 mL), 1n which mobile phase 1s hexane/2-propanol (65/
35), to obtain 22 mg of an optical 1somer having an retention
time of 49 minutes (99.0% ee) and 21 mg of another 1somer
having retention time of 54 minutes (99.0% ee) 1n an analysis

using CHIRALPAK OD (4.6 mml.D.x250 mL), both of

which are white powders.
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Retference

Example 35

Production of N-(4-(1-(2,6-difluorobenzyl)-3-((me-
thyl(1-pyridin-2-ylethyl)amino)methyl)-1,2,3,4-tet-
rahydro-2,4-dioxo-3-(pyridin-2-yl)thieno[ 2,3-d]pyri-
midin-6-yl)phenyl)-N'-methoxyurea

N

Me \(\ /‘
Me/N O / ‘
X <«

A
A

I

7/ \
e

The similar reaction as described in Reference Example 33
by using the compound (100 mg, 0.17 mmol) obtained in
Retference Example 14 gave the title compound (31 mg, 27%)
as white crystals.

'"H NMR (CDCL,) & 1.30 (3H, d, J=6.9 Hz), 1.92 (3H, s).
3.80 (3H, s), 3.98-4.10 (3H, m), 5.33 (2H, brs), 6.90 (2H, t,
J=8.1 Hz), 7.01-7.06 (1H, m), 7.23-7.42 (5H, m), 7.49-7.56
(4H,m) 7.65 (1H,s),7.90 (1H,t,J=7.8 Hz),8.44 (1H,d, J=3.9
Hz), 8.68 (1H, d, J=5.7 Hz).

mp 143-144° C.

The title compound (20 mg) was optically resolved by a
preparative HPLC by using CHIRALPAK AD (50 mml.D.x
500 mL), 1n which mobile phase 1s hexane/2-propanol (1/1),
to obtain 10 mg of an optical 1somer having an retention time

of 23 minutes (99.9% ee) and 11 mg of another 1somer having

retention time of 28 minutes (99.2% ee) 1n an analysis using
CHIRALPAK AD (4.6 mml.D.x250 mL), each of which 1s
colorless o1ly substance.

Reference Example 36

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(4-
hydroxycyclohexyl)-5-((methyl(1-pyridin-2-ylethyl)
amino)methyl)-1,2,3,4-tetrahydro-2,4-dioxothieno| 2,

3-d]pyrimidin-6-yl)phenyl )-N'-methoxyurea

OH

MeQ
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The similar reaction as described in Reference Example 33 Reference Example 38

by using the compound (100 mg, 0.17 mmol) obtained 1n Production of N-(4-(5-((methyl((1R)-1-phenylethyl)
_ _ roduction of N-(4-(5-((methy -1-phenylethy
Reference Example 23 gave the title compound (17 mg, 14%) amino)methyl)-1-(2,6-difluorobenzyl)-1,2,3,4-tet-

as white crystals. 5 rahydro-2,4-dioxo-3-pyridin-2-ylthieno[2,3-d]pyri-
'HNMR (CDC1,) § 1.35 (3H, d, J=6.9 Hz), 1.43-1.54 (2H, midin-6-yl)phenyl)-N'-methoxyurea

m), 1.91 (3H, s), 2.09 (2H, d, J=12.3 Hz), 2.65 (2H, g, J=12.8
Hz), 3.73-3.81 (4H, m), 3.98-4.13 (3H, m), 4.60 (1H, t,

J=12.0 Hz), 5.28 (2H, brs), 6.88 (2H, t, J=8.1 Hz), 6.89-7.08 " N\
(1H, m), 7.22-7.31 (3H, m), 7.40-7.54 (4H, m) 7.62 (1H, s), ‘
8.45 (1H, d, J=4.89 Hz). Me\/\/
mp 144-145° C. :
13 Me/N i 7
Reference Example 37 ‘
A
/N
Production of N-(4-(3-(((1R)-1-phenylethylamino) o N /g
methyl)-1-(2,6-difluorobenzyl)-3-(4-hydroxycyclo- N — S N 0
hexyl)-1,2,3,4-tetrahydro-2,4-dioxothieno[2,3-d] 20 eO/ R .
pyrimidin-6-yl)phenyl)-N'-methoxyurea
9
25 . F

The similar reaction as described in Reference Example 26
by using the compound (270 mg, 0.46 mmol) obtained in
3o Reference Example 22 gave the title compound (178 mg,
57%) as white crystals.
'"H NMR (CDCL,) 8 1.27 (3H, d, J=6.8 Hz), 1.91 (3H, s).
Me 2.04-2.15 (2H, m), 2.62-2.71 (2H, m), 3.75-4.00 (4H, m),
= 5.30 (2H, brs), 6.91 (2H, t, J=8.1 Hz), 7.13-7.42 (10H, m),
OH . 7-54 (2H. d, J=8.6 Hz), 7.61 (2H. d, J=8.5 Hz), 7.91 (1H, t.
J=7.7 Hz), 8.70 (1H, d, J=4.8 Hz).
Elemental analysis C; H;,F,N.0O.,5.0.5H,0O
Calcd.: C, 62.51; H, 4.81; N, 12.13.
Found: C, 62.34; H, 4.71; N, 12.12.
mp 168-170° C.

40

S
o)\zm

MeQ)

Reference Example 39

Production of N-(4-(5-((methyl((1R)-1-phenylethyl)
amino )methyl)-1-(2,6-difluorobenzyl)-1,2,3,4-tet-
45 rahydro-2,4-dioxo-3-(5-tfluoropyridin-2-yljthieno| 2,
3-d]pyrimidin-6-yl)phenyl)-N'-methoxyurea

50

The stmilar reaction as described in Reference Example 26 :
by using the compound (180 mg, 0.30 mmol) obtained in N AN F
Retference Example 20 gave the title compound (77 mg, 37%) 55
as white crystals.

P
"HNMR (CDCl,) 8 1.30(3H, d, J=6.6 Hz), 1.43-1.57 (2H, % / ‘ | )
m), 1.71 (2H, d, J=9.9 Hz), 1.88 (3H, s), 2.04-2.15 (2H, m), §_< S /J\
N O
/
O

2.62-2.71 (2H, m), 3.70-3.93 (7H, m), 4.90-5.10 (1H, m),
5.28 (2H, s), 6.89 (2H, t, J=8.1 Hz), 7.11-7.30 (8H, m), 7.51 ~~ MeO
(3H, s), 7.60 (1H, s).

Elemental analysis C;,H, F,N.O.S.1.5H,0O
Calcd.: C, 60.81; H, 5.79; N, 9.38.

Found: C, 60.77; H, 5.72; N, 9.41.

mp 137-138° C.

65 F
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The similar reaction as described in Reference Example 26
by using the compound (280 mg, 0.46 mmol) obtained in
Retference Example 21 gave the title compound (187 mg,
58%) as white crystals.

'"H NMR (CDCl,) 6 1.27 (3H, d, J=6.6 Hz), 1.90 (3H, s),
3.78-3.99 (5H, m), 5.33 (2H, brs), 6.91 (2H, t, J=8.1 Hz),
7.12-7.38 (OH, m), 7.51-7.63 (5H,m), 8.52 (1H, d, I=3.0 Hz).

Elemental analysis C,.H,,F;N.0O,S.0.2H,0O

Calcd.: C, 61.39; H, 4.49; N, 11.93.

Found: C, 61.22; H, 4.56; N, 11.96.

mp 128-130° C.

Reference Example 40

Production of N-(4-(5-(((2-methoxyethyl )methy-
lamino )methyl)-1-(2,6-difluorobenzyl)-1,2,3.4-tet-
rahydro-2,4-dioxo-3-(4-methoxyphenyl thieno[2,3-
d]pyrimidin-6-yl)phenyl)-N'-methoxyurea

OMe

MeQO

The similar reaction as described in Example 4 by using the
compound (800 mg, 1.24 mmol) obtained 1n Reference
Example 25 and 2-bromoethylethylether (207 mg, 1.49

mmol) gave the title compound (407 mg, 58%) as white
solids.

'H NMR (CDCl,) & 2.13 (3H, s), 2.64 (2H, t, 1=5.7 Hz),
3.27 (3H, s), 3.41 (2H, t, J=5.6 Hz), 3.82 (3H, 5), 3.84 (3H, 5),
536 (2H, s), 6.92 (2H, t, J=8.1 Hz), 7.01 (2H, d, 1=8.7 Hz),
7.11 81H, s), 7.19 (2H, d, J=8.7 Hz), 7.26-7.33 (3H, m),
7.53-7.70 (5H, m).

mp 181-184° C.

Reference Example 41

Production of 1-amino-2-methyl-2-propanol

N /\‘/

OH

To a suspension of lithtum aluminum hydride (2.85 g, 75
mmol) in diethylether (120 ml) was dropwise added a solu-
tion of acetone cyanhydrin (4.73 g, 50 mmol) 1n diethylether
(30 ml) under ice cooling. The reaction liquid was stirred at

room temperature for 4 hours. To the reaction liqguid were
dropwise added water (2.85 ml), 1N sodium hydroxide (2.85
ml) and water (8.55 ml), successively. Insoluble matters are
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filtered off, and the filtrate was concentrated to give the title
compound (1.32 g, 30%) as colorless o1ly substance.

'H-NMR (CDCly) 8: 1.17 (6H, s), 2.60 (2, s).

Reference Example 42

Production of tert-butyl(3-ethoxy-2,2-dimethylpro-
poxy )Jdimethylsilane

TBSO\X/OMS

To a solution of 3-{[tert-butyl(dimethyl)silyl]oxy}-2,2-
dimethylpropan-1-ol (Registry No. 117932-70-4) (2.18 g, 10
mmol) in THF (30 ml) were added triethylamine (1.67 ml, 12
mmol) and methanesulfonyl chloride (0.85 ml, 11 mmol)
under 1ce cooling. The reaction liquid was stirred at room
temperature for 30 minutes, and to the reaction liquid was
added an aqueous solution of sodium bicarbonate. The mix-
ture was extracted with ethyl acetate. The organic layer was
washed with brine, dried over anhydrous magnesium sulfate
and concentrated under reduced pressure to give the fitle
compound (2.98 g, quant.) as colorless o1ly substance.

'H-NMR (CDCl,) 8: 0.04 (6H, s), 0.89 (9H, s), 0.93 (6H,
s), 2.98 (3H, s), 3.34 (9H, s), 4.00 (2H, s).

Reference Example 43

Production of 2-(3-{[tert-butyl(dimethyl)silylJoxy} -
2,2-dimethylpropyl)-1H-1soindol-1,3(2H)-dione

O

TBSO\X/N

To a solution of compound (2.96 g, 10 mmol) obtained 1n
Reterence Example 42 in DMF (10 ml) was added potassium
phthalimide (1.85 g, 10 mmol). The reaction liqud was
stirred at 140° C. for 30 hours, and water was added. The
mixture was extracted with ethyl acetate. The organic layer
was washed with brine, dried over anhydrous magnesium
sulfate and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (eluent;
cthyl acetate/hexane=1/10) to give the title compound (2.79
g, 80%) as pale yellow o1ly substance.

"H-NMR (CDC1,) &: 0.01 (6H, s), 0.87 (9H, s), 0.93 (6H,
s),3.39 (2H, s), 3.61 (2H, s), 7.65-7.75 (2H, m), 7.8-7.9 (2H,
m).

O

Reference Example 44

Production of 3-amino-2,2-dimethylpropan-1-ol

hydrochloride

HO\></ NHz
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A mixture of compound (1.395 g, 4.0 mmol) obtained 1n
Retference Example 43, concentrated hydrochloric acid (10
ml), acetic acid (7 ml) and water (10 ml) was refluxed for 24
hours. The reaction liquid was concentrated and water was
added. The precipitated phthalic acid was filtered off and
filtrate was concentrated. The residue was recrystallized from
cthyl acetate to give the title compound (257.2 mg, 46%) as
pale purple crystals.

"H-NMR(CDC1,,CD.,0OD) §: 2.91 (2H, brs), 3.38 (6H,
brs), 3.52 (2H, brs).

Reference Example 45

Production of [1-({[tert-butyl(dimethyl)silyl]
oxy tmethyl)cyclopropyl]methanol

TBSO\X/OH

To a solution of lithium aluminum hydrnde (9.34 g, 246
mmol) in THF (150 ml) was dropwise added a solution of
dimethylcyclopropane-1,1-dicarboxylate (25.95 g, 164.1
mmol) in THF (150 ml) under 1ce cooling. The solution was
stirred at 0° C. for 2 hours, and to the solution were slowly

added water (9.5 ml), 15% aqueous solution of NaOH (9.5
ml) and water (30 ml), successively. Insoluble matters were
filtered off, and the filtrate was concentrated to give cyclo-
propane-1,1-dimethylmethanol as colorless o1ly substance.
To a solution of the above oi1ly substance 1n 1,2-dimethoxy-

cthane (150 ml) was added sodium hydride (60% o1l, 6.56 g,

164 mmol), and the mixture was stirred at room temperature
for 1 hour. To the reaction liquid was dropwise added a
solution of tert-butylchlorodimethylsilane (24.7 g, 164
mmol)n 1,2-dimethoxyethane (100 ml), and the mixture was
stirred at room temperature over night. The reaction liquid
was poured into water and extracted twice with ethyl acetate.
The organic layer was dried over magnesium sulfate and
concentrated under reduced pressure. The residue was puri-
fied by silicagel column chromatography (eluent; ethyl
acetate/hexane=1/15-1/9) to grve the title compound (28.19 g,
79%) as colorless o1ly substance.

"H-NMR (CDCl,) 8: 0.07 (6H, s), 0.45-0.54 (4H, m), 0.91
(OH, s), 2.35 (1H, brs), 3.56 (2H, s), 3.61 (2H, s).

IR (neat) 3361, 2953, 2856, 1466, 1254, 1088, 1030, 837,
777 cm™".

Reference Example 46

Production of tert-butyl{[1-(ethoxymethyl)cyclopro-
pyl]methoxy }dimethylsilane

TBSO\X/OMS

The stmilar reaction as described in Reference Example 42
by using the compound (4.33 g, 20 mmol) obtained 1n Refer-
ence Example 45 gave the title compound (5.71 g, 97%) as
colorless o1ly substance.

"H-NMR (CDCl,) 8: 0.05 (6H, s), 0.55-0.65 (4H, m), 0.89
(OH, s), 3.01 (3H, s), 3.52 (2H, s), 4.17 (2H, s).
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Reference Example 47

Production of 2-{[1-({[tert-butyl(dimethyl)sily]]
oxy }methyl)cyclopropylJmethyl }-1H-isoindol-1,3
(2H)-dione

O

TBSO\’X/N

The similar reaction as described in Reference Example 43
by using the compound (5.71 g, 19.39 mmol) obtained in
Retference Example 46 gave the title compound (5.02 g, 75%)
as colorless oi1ly substance.

'"H-NMR (CDCl,) 8: -0.07 (6H, s), 0.45-0.55 (2H, m),
0.65-0.75 (2H, m), 0.79 (9H, s), 3.53 (2H, s), 3.74 (2H, s),
7.65-7.75 (2H, m), 7.80-7.90 (2H, m).

Reference Example 48

O

Production of 1-[1-({[tert-butyl(dimethyl)silyl]
oxy jmethyl)cyclopropyl|methanamine

TBSO\‘X/ NH,

To a solution of compound (2.0 g, 5.79 mmol) obtained 1n
Retference Example 47 1n ethanol (20 ml) was added hydra-
zine monohydrate (0.42 ml, 8.68 mmol) and the mixture was

refluxed for 2 hours. Insoluble matters were filtered off and
the filtrate was concentrated. The residue was distributed
between ethyl acetate and aqueous solution of 1N-sodium
hydroxide, and extracted with ethyl acetate. The organic layer
was washed with brine, dried over magnesium sulfate and
concentrated to give the title compound (1.15 g, 92%) as pale
yellow o1ly substance.

"H-NMR (CDCl,)$8: 0.0-0.1 (6H, m), 0.3-0.4 (4H, m), 0.85
(9H, s), 2.61 (2H, s), 3.49 (2H, s).

Reference Example 49

Production of N-(4-(5-chloromethyl-1-(2,6-difluo-

robenzyl)-1,2,3,4-tetrahydro-2,4-dioxo-3-(6-meth-

oxy-3-pyridinyl)thieno[ 2,3-d]Jpyrimidin-6-yl)phe-
nyl)-N'-methoxyurea

Cl 0 /O/O
NO}IU\N ~
—<O SF N/J\O

N

N
/
—O0
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The similar reaction as described in Reference Example 18 "H-NMR (CDCl,)8:1.4-1.9(3H,m), 2.0-2.2 (2H, m), 2.40
by using the N-(4-(1-(2,6-difluorobenzyl)-5-(((2-methoxy- (3H,s),2.5-2.75(2H, m), 3.77 (2H, s), 3.7-3.85 (1H, m), 3.82
cthyl)(methyl)amino)methyl)-3-(6-methoxy-3-pyridinyl)-2, (3H, s), 4.9-5.1 (1H, m), 5.30 (2H, s), 6.90 (2H, t, J=8.0 Hz),
4-dioxo-1,2,3 4-tetrahydrothieno[ 2,3-d[pyrimidin-6-yl)phe- 7.2-7.35 (2H, m), 7.38 (2H, d, J=8.4 Hz), 7.54 (2H, d, -8 4
nyl)-N'-methoxyurea (49.3 mg, 0.074 mmol) gave the title 5 Hy), 7.61 (1H, s).
compound (44.1 mg, quant.) as white powders.

"H-NMR (CDCl,) &: 3.83 (3H., s), 3.97 (3H, s), 4.83 (2H, |
s), 5.37 (2H, s), 6.87 (1H, d, J=9.0 Hz), 6.94 (2H, 1, ]=8.4 Hz), Reterence Example 52
7.13 (1H, s), 7.25-7.35 (1H, m), 7.5-7.6 (3H, m), 7.52 (2H, d,
J=9.0 Hz), 7.66 (1H, s), 8.1-8.15 (1H, m).

10 Production of N-(4-(1-(2,6-difluorobenzyl)-3-(2-
hydroxypropyl)-3-((methylamino )methyl)-2,4-dioxo-
1,2,3,4-tetrahydrothieno| 2,3-d[pyrimidin-6-yl)phe-

Production of N-(4-(5-chloromethyl-1-(2,6-difluo- nyl)-N'-methoxyurea
robenzyl)-1,2,3,4-tetrahydro-2,4-dioxo-3-(6-meth-
oxy-3-pyridazinyl)thieno|2,3-d|pyrimidin-6-yl)phe- 15
nyl)-N'-methoxyurea

Cl 0 /(\‘(O\
x N
N N
N S
/ _< N
—Q O F

The stmilar reaction as described in Reference Example 18 . .
by using the N-(4-(1-(2,6-difluorobenzyl)-3-(((2-methoxy- 91%) as white powders.
ethyl)(methyl)amino)methyl)-3-(6-methoxy-3-pyridazinyl)- "H-NMR (CDCl,) §: 1.29 (3H, d, J=6.0 Hz), 2.39 (3H, s),
2.,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d|Jpyrimidin-6-yl) 35 3.80(2H,s),3.82 (3H,s),4.1-4.25 (3H, m), 5.34 (2H, s), 6.91
phenyl)-N'-methoxyurea (1.34 g, 2 mmol) gave the title (2H, t, J=8.2 Hz), 7.25-7.35 (2H, m), 7.40 (2H, d, J=8.6 Hz),
compound (888.5 mg, 71%) as pale yellow powders. 7.56 (2H, d, J=8.6 Hz), 7.63 (1H, s).

"H-NMR (CDCl,) §: 3.83 (3H, s), 4.19 (3H, s), 4.7-4.9
(2H, brm), 5.3-5.45 (2H, m), 6.93 (2H, t, J=8.0 Hz), 7.14 (1H,

Reference Example S0

20

25

50  lhesimilarreaction as described in Reference Example 14
by using the compound (360 mg, 0.554 mmol) obtained in
Example 72 described later gave the title compound (281 mg,

d,J=9.0Hz),7.16 (1H,s), 7.2-7.4 (1H, m), 7.42 (1H, d, ]=9.0 ,, Reference Example 53
Hz),7.52 (2H, d, J=8.6 Hz), 7.62 (2H, d, J=8.6 Hz), 7.69 (1H,
S). Production of N-(4-(1-(2,6-difluorobenzyl)-3-(2-

hydroxy-2-methylpropyl)-3-((methylamino)methyl )-
2.,4-dioxo-1,2,3,4-tetrahydrothieno| 2,3-dJpyrimidin-
Production of N-(4-(1-(2,6-difluorobenzyl)-3-(4- + 6-yl)phenyl)-N'-methoxyurea
hydroxycyclohexyl)-5-((methylamino )methyl)-2,4-
dioxo-1,2,3,4-tetrahydrothieno[2,3-d]pyrimidin-6-yl)
phenyl)-N'-methoxyurea

Reference Example 51

50

55

60

The similar reaction as described 1n Reference Example 14
by using the compound (310 mg, 0.467 mmol) obtained in

The similar reaction as described in Reference Example 14 ~ £xample 73 described later gave the title compound (241 meg,

by using the compound (1.75 g, 2.54 mmol) obtained in 65 2U”0)as white powders.
Example 69 described later gave the title compound (1.60 g, 'H-NMR (CDCl,) 8: 1.28 (6H, s), 2.38 (3H, s), 3.80 (2H,
quant.) as colorless crystals. s),3.82(3H, s),3.88 (1H, brs), 4.26 (2H, s), 5.37 (2H, s), 6.91
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(2H, t, J=8.1 Hz), 7.25-7.35 (2H, m), 7.40 (2H, d, J=8.6 Hz),
7.56 (2H, d, 1=8.6 Hz), 7.63 (1H, s).

Reference Example 54

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(6-
methoxy-3-pyridazinyl)-5-((methylamino )methyl)-2,
4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d]pyrimidin-6-
yl)phenyl)-N'-methoxyurea

H,C—O

The similar reaction as described in Reference Example 14
by using the compound (320 mg, 0.457 mmol) obtained in
Example 77 described later gave the title compound (138 mg,
50%) as white powders.

'H-NMR (CDCl,) 8: 2.34 (3H, s), 3.77 (2H, s), 3.82 (3H,
s),4.19 (3H, s), 535 (2H, s), 6.92 (2H, t, J=8.0 Hz), 7.14 (1H,
t, J=9.2 Hz), 7.25-7.5 (5H, m), 7.57 (2H, d, J=8.6 Hz), 7.64
(1H, s).

Reference Example 55

Production of N-{4-[1-(2,6-difluorobenzyl)-5-[(dim-
cthylamino)methyl]-3-(4-methoxyphenyl)-2,4-dioxo-
1,2,3,4-tetrahydrothieno[2,3-d]pyrimidin-6-yl]|phe-
nyl }-N'-methoxyurea

10
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45

The stmilar reaction as described in Reference Example 26
by using the compound (130 mg, 0.192 mmol) obtained in
Reference Example 19 described later and a solution of dim-
cthylamine 1n THF (0.96 ml, 1.92 mmol) gave the title com-
pound (43.4 mg, 36%) as colorless crystals.

'H-NMR (CDCl,) 8: 2.14 (6H, s), 3.70 (2H, s), 3.82 (3H,
5),3.83 (3H, 5), 5.36 (2H, 5), 6.92 (2H, t, I=7.8 Hz), 7.01 (1H.,

55

60

104

d, J=8.7 Hz), 7.1-7.35 (4H, m), 7.51 (2H, d, J=8.7 Hz), 7.56
(2H, d, J=8.7 Hz), 7.63 (1H, s).

Reference Example 56

Production of N-{4-[1-(2,6-difluorobenzyl)-3-(6-
methoxypyridazin-3-yl)-2.4-dioxo-5-(pyrrolidin-1-
ylmethyl)-1,2,3,4-tetrahydrothieno[2,3-d]pyrimidin-

H;C— O

6-yl]phenyl}-N'-methoxyurea

@Qr“f\r

The similar reaction as described 1n Reference Example 26
by using the compound (110 mg, 0.175 mmol) obtained in

Reterence

gave the tit.

Example 50 and pyrrolidine (124 mg, 1.75 mmol)

e compound (68.1 mg, 60%) as colorless crystals.

'H-NMR (CDCl,) &: 1.5-1.7 (4H, m), 2.35-2.5 (4H, m),
3.82 (3H, 5), 3.89 (2H, brs), 4.18 (3, s), 5.34 (2H, brs), 6.92

(2H, t, =8

8 Hz), 7.12 (2H, d, J=9.2 Hz), 7.2-7.35 (2H, m).

7.41 (1H, d, J=9.2 Hz), 7.5-7.6 (3H, m), 7.64 (1H, s).

Reference Example 57

Production of N-{4-[1-(2,6-difluorobenzyl)-3-(6-
methoxypyridazin-3-yl)-5-(morpholin-4-ylmethyl)-
2.,4-dioxo-1,2,3,4-tetrahydrothieno| 2,3-d|Jpyrimidin-

H;C— o]

6-yl]phenyl}-N'-methoxyurea

@Qfﬁ

The similar reaction as described 1n Reference Example 26
65 by using the compound (110 mg, 0.175 mmol) obtained 1n

Reterence

gave the tit.

Example 50 and morpholine (152 mg, 1.75 mmol)

e compound (78.0 mg, 67%) as colorless crystals.
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'H-NMR (CDCl,) 8: 2.35-2.5 (4H, m), 3.5-3.65 (4H, m),
3.76 (2H, 5), 3.83 (3H, 5), 4.19 (3H, 5), 5.35 (2H, 5), 6.93 (2H,
t, J=8.0 Hz), 7.1-7.2 (2H, m), 7.2-7.3 (1H, m), 7.40 (1H, d,
1=9.0 Hz), 7.5-7.7 (5H, m).

Reference Example 58

Production of N-(4-(5-((benzyl(2-methoxyethyl)
amino)methyl)-1-(2,6-difluorobenzyl )-3-(6-meth-
oxy-3-pyridazinyl)-2,4-dioxo-1,2,3,4-tetrahy-
drothieno|2,3-d]pyrimidin-6-yl)phenyl)-N'-
methoxyurea

H3C.HO
H 0
H

3 / ‘ N N
- A A

/
H;C—O 0 R

The stmilar reaction as described in Reference Example 26
by using the compound (120 mg, 0.191 mmol) obtained in
Reference Example 50 and N-benzyl-N-(2-methoxyethyl)
amine (316 mg, 1.91 mmol) gave the title compound (103.1
mg, 74%) as white powders.

"H-NMR (CDCl,) §: 2.67 (2H, t, J=6.2 Hz), 3.18 (3H, s),
3.34(2H,t,]=6.2 Hz),3.65 (2H, s), 3.83 (3H, 5), 4.03 (2H, s),
4.20 (3H, s), 5.32 (2H, brs), 6.92 (2H, t, J=8.2 Hz), 7.1-7.25
(6H, m),7.25-7.35(2H, m), 7.40 (1H, d, I=9.0 Hz), 7.55 (2H,
d, I=8.7 Hz), 7.64 (1H, s), 7.75 (2H, d, J=8.7 Hz).

Elemental analysis C;-H;F,N-OS.1.0H,O

Calcd.: C, 58.34; H, 4.90; N, 12.87.

Found: C, 58.51; H, 4.58; N, 12.56.

Reference Example 59

Production of N-(4-(1-(2,6-difluorobenzyl)-5-({((2-
methoxyethyl)amino )methyl)-3-(6-methoxy-3-py-
ridazinyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d]
pyrimidin-6-yl)phenyl)-N'-methoxyurea

H;C—O
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The similar reaction as described in Reference Example 14
by using the compound (400 mg, 0.538 mmol) obtained in
Retference Example 58 gave the title compound (215.9 mg,
61%) as colorless crystals.

"H-NMR (CDCl,) &: 2.72 (2H, t, J=5.6 Hz), 3.28 (3H, s).
3.40(2H,t,]=5.6 Hz),3.82 (3H, 5),3.86 (2H, 5), 4.19 (3H, s),
5.35(2H, brs), 6.92 (2H, t, J=8.4 Hz), 7.14 (2H, d, J=9.0 Hz),
7.25-7.35(1H, m), 7.39 (2H, d, JI=9.0 Hz), 7.43 (2H, d, J=8.8
Hz), 7.56 (2H, d, J=8.8 Hz), 7.64 (1H, s).

Elemental analysis C,,H,,F,N,OS.0.5H,0

Calcd.: C, 54.38; H, 4.56; N, 14.80.

Found: C, 54.62; H, 4.39; N, 14.62.

Example 61

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(2-
hydroxypropyl)-5-({{(2-methoxyethyl)(methyl)
amino)methyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno| 2,
3-d|pyrimidin-6-yl)phenyl )-N'-methoxyurea

The similar reaction as described in Example 5 by using the
compound (1.82 g, 3 mmol) obtained 1n Reference Example
7 and 1-amino-2-propanol (0.45 g, 6 mmol) gave the title
compound (1.11 g, 60%) as white powders.

"H-NMR (CDCl,) §: 1.27 (3H, d, J=5.6 Hz), 2.12 (3H, s),
2.64 (2H, t, J=5.8 Hz), 2.9-3.05 (1H, m), 3.30 (3H, s), 3.45
(2H, d, J=5.8 Hz), 3.82 (3H, 5), 4.05-4.25 (1H, m), 4.18 (2H,
s), 5.34 (2H, s), 6.91 (2H, t, J=8.2 Hz), 7.2-7.4 (1H, m),
7.5-7.6 (3H, m), 7.63 (1H, s).

Elemental analysis C, H;,F,N.O.5.0.7H,O

Calcd.: C, 55.26; H, 5.50; N, 11.11.

Found: C, 55.42; H, 5.52; N, 10.75.

Example 62

Production of N-(4-(1-(2,6-ditluorobenzyl)-3-(((2-

methoxyethyl)(methyl)amino )methyl)-2,4-dioxo-3-

(2-oxopropyl)-1,2,3.4-tetrahydrothieno[2,3-d]pyri-
midin-6-yl)phenyl)-N'-methoxyurea
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To a solution of oxalyl chloride (0.20 g, 1.58 mmol) in Example 64
dichloromethane (2 ml) was dropwise added a solution of
dimethylsulfoxide (163 mg, 2.09 mmol) in dichloromethane Production of N-(4-(1-(2,6-diftuorobenzyl)-5-(((2-
(2 ml) under cooling at -78° C. After stirring for 10 minutes, methoxyethyl)(methyl)amino)methyl)-2,4-dioxo-3-
a solution of the compound (308 mg, 0.5 mmol) obtained in > (2,2,2-trifluoroethyl)-1,2,3,4-tetrahydrothieno[2,3-d]
Example 61 1n dichloromethane (2 ml) was dropwise added. pyrimidin-6-yl)phenyl)-N'-methoxyurea

After stirring for further 30 minutes, triethylamine (0.40 ml,
2.88 mmol) was dropwise added, and the mixture was stirred
at 0° C. for 2 hours. To the mixture was added an aqueous
solution of ammonium chloride at 0° C., and the mixture was
extracted with ethyl acetate. The organic layer was washed
with brine, dried over anhydrous magnesium sulfate, and
concentrated with under reduced pressure. The residue was
purified by NH-silica gel (Produced by Fuji Silysia Chemical
Ltd.) column chromatography (eluent; ethyl acetate), and the
obtained powders was washed with diisopropyl ether and

H
: : N
hexane to give the title compound (40.7 mg, 13%) as pale o
yellow powders. /N_‘<
O

10

15

'"H-NMR (CDCl,) &: 2.13 (3H, s), 2.27 (3H, 5), 2.55-2.65 20 H;C—O
(2H, m), 3.29 (3H, 5), 3.4-3.5 (2H, m), 3.82 (5H, s), 4.88 (2H,
s), 5.33 (2H, s), 6.91 (2H, t, ]=8.0 Hz), 7.2-7.35 (1H, m),
7.5-7.65 (4H, m). £

25

Example 63

The similar reaction as described in Example 5 by using the
compound (303 mg, 0.5 mmol) obtained 1n Reference
Example 7 and 2,2,2-trifluoroethylamine (99 mg, 1 mmol)
gave the title compound (52.9 mg, 16%) as colorless crystals.

"H-NMR (CDCl,) &: 2.12 (3H, s), 2.65 (2H, t, J=6.0 Hz),
3.31 (3H, s), 3.45 (2H, d, J=6.0 Hz), 3.82 (5H, s), 4.75-4.85
(2ZH, m), 5.36 (2H, s), 6.92 (2H, t, ]=8.2 Hz), 7.13 (1H, s),
7.2-7.35 (1H, m), 7.55-7.6 (4H, m), 7.62 (1H, s).

H;Cy 35  Elemental analysis C, H,;F.N.O.S.1.0H,O
Calcd.: C, 50.98; H, 4.58; N, 10.62.
Found: C, 51.14; H, 4.44; N, 10.34.

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(3,3-
dimethyl-2-oxobutyl)-5-(((2-methoxyethyl)(methyl )
amino)methyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno| 2, 30
3-d]pyrimidin-6-yl)phenyl)-N'-methoxyurea

40 Example 65

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(2-
hydroxy-3,3-dimethylbutyl)-3(((2-methoxyethyl)
(methyl)amino)methyl)-2,4-dioxo-1,2,3,4-tetrahy-
43 drothieno[2,3-d]pyrimidin-6-yl)phenyl)-N'-
F methoxyurea

50

The similar reaction as described in Example 5 by using the 55
compound (303 mg, 0.5 mmol) obtained in Reference

Example 7 and 3,3-dimethyl-2-oxobutylamine hydrochloride
(U.S. Pat. No. 6,096,688) (152 mg, 1 mmol) gave the title
compound (195.7 mg, 60%) as pale yellow crystals.

'H-NMR (CDCl,) &: 1.30 (9H, 5), 2.12 (3H. 5), 2.62 (2H, 1, 60
J=5.8 Hz), 3.29 (3H, s), 3.44 (2H, d, J=5.8 Hz), 3.80 (2H, s), -
3.82 (3H, 5), 5.04 (2H, 5), 5.33 (2H, 5), 6.91 (2H, t, ]=8.2 Hz),
7.14 (1H, s), 7.2-7.3 (1H, m), 7.5-7.6 (4H, m), 7.61 (1H, s).

Elemental analysis C;,H;-F,N.OS

65  To a mixed solution of compound (120 mg, 0.182 mmol)
Caled.: C, 58.43; H, 5.67; N, 10.65. obtained in Example 63 in methanol (6 ml) and THF (4 ml)

Found: C, 58.15; H, 5.71; N, 10.42. was added sodium borohydride (6.9 mg, 0.182 mmol) under




US 8,735,401 B2

109

ice cooling. The reaction liquid was stirred at room tempera-
ture for 1.5 hours and concentrated under reduced pressure.
The residue was distributed between water and ethyl acetate,
and the organic layer was extracted. The extract was washed
with brine, dried over anhydrous magnesium sulfate and con-
centrated under reduced pressure. The residue was purified by
NH-silica gel (Produced by Fuj1 Silysia Chemuical Ltd.) col-
umn chromatography (eluent; ethyl acetate), and recrystal-

lized from ethyl acetate and diethylether to give the title
compound (81.1 mg, 68%) as colorless crystals.

"H-NMR (CDCl,) 6: 1.04 (9H,s), 2.12 (3H, s), 2.64 (2H, t,
J=6.0 Hz), 2.96 (1H, d, ]=6.0 Hz), 3.31 (3H, s), 3.46 (2H, d,
J=6.0 Hz), 3.5-3.6 (1H, m), 3.82 (3H, s), 3.75-3.9 (2ZH, m),
4.05-4.2 (1H, m), 4.3-4.45 (1H, m), 5.25-5.45 (2H, m), 6.91
(2H, t,J=8.2 Hz), 7.14 (1H, s), 7.2-7.35 (1H, m), 7.5-7.6 (4H,
m), 7.61 (1H, s).

Elemental analysis C,,H,F,N.O.S.0.2H,0
Calcd.: C, 57.94; H, 5.99; N, 10.56.
Found: C, 57.89; H, 5.91; N, 10.43.

Example 66

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(2-
hydroxy-2-methylpropyl)-3-(((2-methoxyethyl)(me-
thyl)amino)methyl)-2,4-dioxo-1,2,3,4-tetrahy-
drothieno[ 2,3-d]pyrimidin-6-yl)phenyl )-N'-
methoxyurea

The similar reaction as described in Example 5 by using the
compound (303 mg, 0.5 mmol) obtained 1m Reference
Example 7 and compound (89 mg, 1 mmol) obtained 1n
Retference Example 41 gave the title compound (133.9 mg,
42%) as colorless crystals.

IH-NMR (CDCL,) 8: 1.28 (6H, s), 2.3 (3H, s), 2.64 (2H, 1,
J=5.8 Hz), 3.30 (3H, s), 3.45 (2H, t, J=5.8 Hz), 3.82 (5H, s),
3.99 (1H, s), 4.25 (2H, 5), 5.36 (2H, 5), 6.91 (2H, t, ]=8.2 Hz),
7.12 (1H, s), 7.2-7.4 (1H, m), 7.5-7.6 (4H, m), 7.61 (1H, s).

Elemental analysis C,,H;.F,N.OS.0.1H,O
Caled.: C, 56.88; H, 5.60; N, 11.06.
Found: C, 56.65; H, 5.54; N, 10.85.
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Example 67

Production of N-[4-(1-(2,6-difluorobenzyl)-3-(3-
hydroxy-2,2-dimethylpropyl)-5-{[ (2-methoxyethyl)
(methyl)amino]methyl }-2,4-dioxo-1,2,3,4-tetrahy-
drothieno[2,3-d]pyrimidin-6-yl)phenyl]-N'-
methoxyurea

The similar reaction as described 1n Example 5 by using the
compound (303 mg, 0.5 mmol) obtained 1n Reference
Example 7 and compound (140 mg, 1 mmol) obtained 1n
Retference Example 44 gave the title compound (36.8 mg,
11%) as pale yellow crystals.

"H-NMR (CDCl,) 8: 0.96 (6H, s), 2.13 (3H, 5), 2.64 (2H, t,
I1=6.2 Hz), 3.13 (2H, s), 3.30 (3H, s), 3.45 (2H, t, J=6.2 Hz),
3.82 (3H, s),3.95-4.15 (2H, brm), 5.1-5.5 (2H, br), 6.91 (2H,
t, I=8.2 Hz), 7.14 (1H, s), 7.2-7.4 (1H, m), 7.5-7.6 (4H, m),
7.61 (1H, s). HPLC (220 nm) Purity 90% (Retention time
1.83 minutes)

MS (ESL,, m/e) 646 (M+1)

Example 68

Production of N-(4-(1-(2,6-difluorobenzyl)-3-((1-
(hydroxymethyl)cyclopropylmethyl)-5-(((2-meth-
oxyethyl)(methyl)amino )methyl)-2,4-d1oxo-1,2,3,4-
tetrahydrothieno[2,3-d]pyrimidin-6-yl)phenyl)-N'-
methoxyurea

\\

_N

O
H,C
N OH
g ae0%
N S /K
/—< N O
O F

H;C—O

The similar reaction as described in Example 5 by using the
compound (606 mg, 1 mmol) obtained 1n Reference Example
7 and compound (431 mg, 2 mmol) obtained in Reference
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Example 47 gave the thienopyrimidine cyclized form (549.3
mg, 72%). The above cyclized form was dissolved in THF (10
ml), and a solution of tetrabutylammoniumiluoride in 1M
THF (1.7 ml, 1.7 mmol) was added. The mixture was stirred
at room temperature for 20 hours. The reaction liquid was
distributed between water and ethyl acetate, and the organic
layer was extracted. The organic layer was washed with brine,
dried over anhydrous magnesium sulfate and concentrated
under reduced pressure. The residue was purified by NH-
silica gel (Produced by Fujp Silysia Chemical Ltd.) column
chromatography (eluent; ethyl acetate), and recrystallized
from ethyl acetate and diethylether to give the title compound
(196.1 mg, 43%) as colorless crystals.

'H-NMR (CDCl,) 8: 0.46 (2H, t, J=5.4 Hz), 0.85 (2H, 1,
J=5.4 Hz), 2.11 (3H, s), 2.64 (2H, t, J=6.0 Hz), 3.25 (2H, s),
3.31 (3, s), 3.46 (2H, t, 1=6.0 Hz), 3.82 (5H, s), 3.95-4.15
(1H, br), 4.14 (2H, s), 5.37 (2H, s), 6.91 (2H, t, J=8.0 Hz).
7.12 (1H, 5), 7.2-7.4 (1H, m), 7.54 (4H, 5), 7.61 (1H, s).

Elemental analysis C;,H;F,N.OS
Calcd.: C, 57.84; H, 5.48; N, 10.88.
Found: C, 57.63; H, 5.46; N, 10.86.

Example 69

Production of N-(4-(5-((benzyl(methyl Jamino )me-
thyl)-1-(2,6-difluorobenzyl)-3-(4-hydroxycyclo-
hexyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[ 2,3-d]
pyrimidin-6-yl)phenyl)-N'-methoxyurea

The similar reaction as described in Example 5 by using
4-(N-benzyl-N-methylaminomethyl)-2-[N-(2,6-difluo-
robenzyl)-N-ethoxycarbonylamino]-5-[4-(3-methoxyure-
ido)phenyl[thiophene-3-carboxylicacid (3.19 g, 5 mmol)and
trans-4-aminocyclohexanol (1.44 g, 12.5 mmol) gave the title
compound (1.80 g, 52%) as colorless crystals.

"H-NMR (CDCl,) 8: 1.35-1.65 (3H, m), 1.65-1.8 (2H, m),
2.07 (3H, s), 2.5-2.8 (2H, m), 3.58 (2H, s), 3.7-3.9 (1H, m),
3.82 (3H, s),3.91 (2H, s), 4.9-5.1 (1H, m), 5.29 (2H, s), 6.90
(2H, t, I=7.8 Hz), 7.13 (1H, s), 7.15-7.35 (6H, m), 7.53 (2H,
d, J=8.6 Hz), 7.61 (1H, s), 7.66 (2H, d, J=8.6 Hz).

Elemental analysis C,;H;-F,N.O.S.0.5H,0

Calcd.: C, 61.09; H, 5.55; N, 9.89.

Found: C, 61.41; H, 5.65; N, 9.56.
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Example 70

Production of N-[4-(1-(2,6-difluorobenzyl)-3-(4-
hydroxycyclohexyl)-5-{[(2-methoxyethyl)(methyl)
amino Jmethyl}-2.4-dioxo-1,2,3,4-tetrahydrothieno

[2,3-d]pyrimidin-6-yl)phenyl]-N'-methoxyurea

H;C
N
H,C”

Il es
7T
& p,

The similar reaction as described in Example 4 by using the
compound (300 mg, 0.5 mmol) obtained 1n Reference
Example 31 and 2-bromoethylmethylether (0.69 g, 5 mmol)
gave the title compound (75.1 mg, 23%) as colorless crystals.

'H-NMR (CDCL,) &: 1.2-1.6 (3H, m), 1.6-1.8 (2H, m),
2.0-2.1 (2H, m), 2.14 (3H, s), 2.5-2.75 (4H, m), 3.31 (3H, s),
3.45 (2H, t, J=5.8 Hz), 3.65-3.85 (3H, m), 3.82 (3H, s),
4.9-5.05 (1H, br), 5.30 (2H, s), 6.90 (2H, t, I=8.0 Hz), 7.12
(1H, s), 7.25-7.4 (1H, m), 7.5-7.6 (4H, m), 7.60 (1H, s).

Elemental analysis C,,H;;F,N.O.5.0.5H,0

Calcd.: C, 57.65; H, 5.74; N, 10.50.
Found: C, 57.54; H, 5.75; N, 10.64.

Example 71

Production of N-{4-[1-(2,6-difluorobenzyl)-5-{[ (2-
methoxyethyl)(methypamino Jmethyl }-3-(6-meth-
ylpynidazin-3-yl)-2,4-dioxo-1,2,3,4-tetrahydrothieno
[2,3-d]pyrimidin-6-yl]phenyl }-N'-methoxyurea

H;C
\O/\
N

H,C”

The similar reaction as described in Example 5 by using the
compound (303 mg, 0.5 mmol) obtained 1n Reference
Example 7 and 3-amino-6-methylpyrnidazine (136 mg, 1.25
mmol) gave the title compound (48.3 mg, 15%) as colorless
crystals.

"H-NMR (CDCl,) &: 2.13 (3H, s), 2.61 (2H, t, J=5.8 Hz),
2.79 (3H, s), 3.26 (3H, s), 3.41 (2H, t, J=5.8 Hz), 3.75-3.85
(2H, m), 3.82 (3H, s), 5.25-5.45 (2H, brm), 6.92 (2H, t, J=8.2
Hz), 7.18 (1H, s), 7.2-7.7 (8H, m).
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Example 72

Production of N-(4-(5-((benzyl(methyl Jamino )me-
thyl)-1-(2,6-difluorobenzyl)-3-(2-hydroxypropyl)-2,
4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d]pyrimidin-6-

yl)phenyl)-N'-methoxyurea

H;C—O

The similar reaction as described 1n Example 5 by using
4-(N-benzyl-N-methylaminomethyl)-2-[N-(2,6-difluo-
robenzyl)-N-ethoxycarbonylamino]-5-[4-(3-methoxyure-
1do)phenyl [thiophene-3-carboxylic acid (639 mg, 1 mmol)
and 1-amino-2-propanol (0.19 g, 2.5 mmol) gave the title
compound (409.7 mg, 63%) as colorless crystals.

"H-NMR (CDCL,) 6: 1.30 (3H, d, J=6.0 Hz), 2.06 (3H, s).
2.90(1H,d, J=5.2Hz),3.57 (2H, 5),3.82 (3H, 5),3.91 (2H, s),
4.1-4.25 (1H, m), 4.20 (2H, s), 5.34 (2H, 5), 6.91 (2H, t, J=8.0
Hz), 7.16 (1H, s), 7.2-7.4 (6H, m), 7.54 (2H, d, J=8.8 Hz),
7.62 (1H, s), 7.67 (2H, d, J=8.8 Hz).

Elemental analysis C;,H;,F,N.O.S

Caled.: C, 61.00; H, 5.12; N, 10.78.

Found: C, 60.82: H, 5.21; N, 10.68.

Example 73

Production of N-(4-(5-((benzyl(methyl Jamino )me-
thyl)-1-(2,6-difluorobenzyl)-3-(2-hydroxy-2-methyl-
propyl)-2.,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d]
pyrimidin-6-yl)phenyl)-N'-methoxyurea

N O
-~
H3C CHj
/\/CHg
N
g 4
N \
E < S /J\ OH
N O
/
H;C—O O 0
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The similar reaction as described in Example 5 by using the
4-(N-benzyl-N-methylaminomethyl)-2-[IN-(2,6-difluo-
robenzyl)-N-ethoxycarbonylamino]-5-[4-(3-methoxyure-
ido)phenyl|thiophene-3-carboxylic acid (639 mg, 1 mmol)
and compound (0.22 g, 2.5 mmol) obtained 1n Reference
Example 41 gave the title compound (360.9 mg, 54%) as
colorless crystals.

'H-NMR (CDCl5) 8: 1.29 (6H, s), 2.06 (3H, s), 3.56 (21,
s), 3.83 (3H, s), 3.91 (2H, ), 3.96 (1H, s), 4.28 (2H, s), 5.36
(2H, s), 6.91 (2H, t, J=8.2 Hz), 7.13 (1H, 5), 7.2-7.35 (6H, m),
7.54 (2H, d, J=8.8 Hz), 7.62 (1H, s), 7.67 (2H, d, J=8.8 Hz).

Elemental analysis C; ,H;-F,N.O.S
Calcd.: C, 61.53; H, 5.32; N, 10.35.
Found: C, 61.30; H, 5.32; N, 10.32.

Example 74

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(2-
hydroxypropyl)-3-((methyl(2-(2-pyridinyl)ethyl)
amino)methyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno| 2,
3-d|pyrimidin-6-yl)phenyl )-N'-methoxyurea

X

The stmilar reaction as described in Example 2 by using the
compound (260 mg, 0.465 mmol) obtained 1n Reference
Example 52 and 2-(2-hydroxyethyl)pyridine (400 mg, 1.63
mmol) gave the title compound (195.9 mg, 63%) as colorless
crystals.

"H-NMR (CDCl,) &: 1.28 (3H, d, J=5.8 Hz), 2.21 (3H, s),
2.75-2.95(4H, m),3.0-3.1 (1H, m), 3.82 (5H, s), 4.1-4.2 (1H,
m),4.17 (2H, s), 5.34 (2H,s), 6.91 (2H, t, J=8.2 Hz), 6.95-7.1
(2H,m), 7.14 (1H,s),7.2-7.4 (1H, m), 7.4-7.35 (5H, m), 7.59
(1H, s), 8.43 (1H, d, J=5.0 Hz).

Elemental analysis C,;H,,F,N.O.S.0.2H,0O

Caled.: C,59.31; H, 5.19; N, 12.57.

Found: C, 59.24; H, 5.29; N, 12.32.
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Example 75

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(2-
hydroxy-2-methylpropyl)-3-((methyl(2-(2-pyridinyl)
cthyl)amino )methyl)-2.4-dioxo-1,2,3,4-tetrahy-
drothieno[ 2,3-d]pyrimidin-6-yl)phenyl )-N'-
methoxyurea

‘ X

The similar reaction as described in Example 2 by using the
compound (220 mg, 0.384 mmol) obtamned in Reference
Example 53 and 2-(2-hydroxyethyl)pyridine (800 mg, 3.25
mmol) gave the title compound (138.2 mg, 53%) as colorless
crystals.

"H-NMR (CDCl,) §: 1.26 (6H, s), 2.21 (3H, s), 2.75-2.95
(4H, m), 3.82 (5H, s),3.99 (1H, s), 4.24 (2H, s), 5.36 (2H, s),
6.91 (2H,t,]=8.2 Hz), 7.0-7.1 (2H, m), 7.13 (1H, s), 7.2-7.35
(1H, m), 7.45-7.55 (5H, m), 7.59 (1H, s), 8.43 (1H, d, J=4.0
Hz).

Elemental analysis C, ,H;F,N.O.S.0.1H,O

Calcd.: C, 59.85; H, 5.38; N, 12.32.

Found: C, 59.81; H, 5.45; N, 12.03.

Example 76

Production of N-(4-(1-(2,6-difluorobenzyl)-5-({(2-
methoxyethyl)(methyl)amino )methyl)-2,4-dioxo-3-
(2-pyrazinyl)-1,2,3,4-tetrahydrothieno[2,3-d|pyrimi-

din-6-yl)phenyl)-N'-methoxyurea

N

L
N

/

)

b

The similar reaction as described in Example 5 by using the
compound (303 mg, 0.5 mmol) obtained in Reference

10

15

20

25

30

35

40

45

50

55

60

65

116

Example 7 and aminopyrazine (119 mg, 1.25 mmol) gave the
title compound (35.2 mg, 11%) as colorless crystals.

"H-NMR (CDCl,) &: 2.13 (3H, s), 2.62 (2H, t, ]=6.0 Hz),
3.26(3H,s),3.41 (2H, t,J=6.0 Hz),3.79 (2H, s), 3.83 (1H, s),
5.36(2H,s), 6.94 (2H,t,]1=8.0Hz), 7.12 (1H, s), 7.2-7.4 (1H,
m), 7.5-7.65 (SH, m), 8.65-8.7 (3H, m).

Elemental analysis C;,H,,F,N,O.5.0.1H,O

Calcd.: C, 56.35; H, 4.60; N, 15.33.

Found: C, 56.20; H, 4.52; N, 15.16.

Example 77

Production of N-(4-(5-((benzyl(methyl Jamino )me-
thyl)-1-(2,6-difluorobenzyl)-3-(6-methoxy-3-py-
ridazinyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d]
pyrimidin-6-yl)phenyl )-N'-methoxyurea

-

The similar reaction as described 1n Example 5 by using
4-(N-benzyl-N-methylaminomethyl)-2-[N-(2,6-difluo-
robenzyl)-N-ethoxycarbonylamino]-5-[4-(3-methoxyure-
1do)phenyl]thiophene-3-carboxylicacid (1.28 g, 2 mmol) and
6-chloro-3-aminopyridazine (648 mg, 5 mmol) gave the title
compound (0.36 g, 26%) as colorless crystals.

"H-NMR (CDCl,) 8: 2.06 (3H, s), 3.55 (2H, s), 3.83 (3H,
s), 3.87 (2H, s), 4.19 (3H, s), 5.35 (2ZH, s), 6.92 (2H, t, J=8.2
Hz), 7.1-7.45 (9H, m), 7.55 (2H, d, J=8.4 Hz), 7.63 (1H, s),
7.72 (2H, d, J=8.4 Hz).

Example 78

Production of N-(4-(1-(2,6-difluorobenzyl)-3-(6-
methoxy-3-pyridazinyl)-5-((methyl(2-(2-pyridinyl)
cthyl)amino)methyl)-2,4-dioxo-1,2,3,4-tetrahy-
drothieno[2,3-d]pyrimidin-6-yl)phenyl)-N'-
methoxyurea
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The similar reaction as described in Example 2 by using the
compound (135 mg, 0.221 mmol) obtamned 1n Reference
Example 54 and 2-(2-hydroxyethyl)pyridine (272 mg, 2.21
mmol) gave the title compound (79.6 mg, 50%) as colorless
crystals.

"H-NMR (CDCl,) &: 2.20 (3H, s), 2.7-2.9 (4H, m), 3.78
(2H, s), 3.82 (3H, s), 4.19 (3H, s), 5.34 (2H, s), 6.85-7.2 (5H,
m), 7.25-7.45 (2H, m), 7.45-7.7 (7H, m), 8.42 (1H, d, ]=4.0
Hz).

Elemental analysis C;.H,,F,N,O.S.1.0H,O

Calcd.: C, 57.37; H, 4.68; N, 15.29.

Found: C, 57.29; H, 4.60; N, 15.15.

Example 79

Production of N-(4-(5-((methyl(2-pyridin-2-ylethyl)
amino )methyl)-1-(2,6-ditfluorobenzyl)-1,2,3,4-tet-
rahydro-2,4-dioxo-3-(4-methoxyphenyl)thieno[2,3-
d]pyrimidin-6-yl)phenyl)-N'-methoxyurea

B
N
P hl/[e
OMe
I N
s / ‘ )\
H
N—< S N 0O
/
Me(O O b

b

The similar reaction as described in Example 2 by using the
compound (800 mg, 1.24 mmol) obtained in Reference
Example 25 and 2-(2-hydroxyethyl)pyridine (300 mg, 1.49
mmol) gave the title compound (407 mg, 58%) as white

solids.
'H NMR (CDCl,) 02.20 (3H, s), 2.86 (4H, m), 3.82-3.84

(8H, m), 5.36 (2H, s), 6.92 (2H, t, J=8.3 Hz), 7.00-7.06 (4H,
m), 7.14-7.33 (4H, m), 7.46-7.51 (5H, m), 7.61 (1H, s), 8.42
(1H, d, J=5.7 Hz).

Elemental analysis C,-H,,F,N.0O.S.0.7H,O

Calcd.: C, 61.26; H,4.92; N, 11.59.

Found: C, 61.06; H, 4.86; N, 11.52.

Example 80

Production of N-[4-(1-(2,6-difluorobenzyl)-3-(6-
hydroxypyridazin-3-yl)-5-{[(2-methoxyethyl )(me-
thyl)amino Jmethyl }-2,4-dioxo-1,2,3,4-tetrahy-
drothieno|2,3-d]pyrimidin-6-yl)phenyl]-N'-
methoxyurea

OH
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To a solution of the compound (1.34 g, 2 mmol) obtained 1n
Example 57 in THF (30 ml) was added a solution of 4N HCI
in acetic acid (2 ml, 8 mmol), and the mixture was stirred at
room temperature for 20 hours, at 50° C. for 10 hours and
turther at 60° C. for 3 hours. The reaction liquid was distrib-
uted between aqueous solution of sodium bicarbonate and
cthyl acetate, and the organic layer was extracted. The aque-
ous layer was subjected to salting-out, and extracted with
cthyl acetate. The organic layers were collected and com-
bined and the organic layer was dried over anhydrous mag-
nesium sulfate and concentrated under reduced pressure. The
residue was purified by NH-silica gel (Produced by Fuj1 Sily-
s1a Chemical Ltd.) column chromatography (eluent; ethyl
acetate/methanol=8/1). To the eluate was added diisopropy-
lether to give powders. The powders were collected by filtra-
tion, washed with diisopropylether to obtain the title com-
pound (539 mg, 41%) as a pale yellow powder.

'H-NMR (CDCL,) &: 2.12 (3H, ), 2.63 (2H, t, J=5.8 Hz),
3.28 (3, 5), 3.43 (2H, 1, J=5.8 Hz), 3.79 (2H, 5), 3.83 (3H, 5),
535 (2H, s), 6.94 (2H, t, J=8.2 Hz), 7.0-7.1 (1H, m), 7.2-7.4
(3H, m), 7.5-7.65 (4H, m), 7.63 (1H, s), 10.5-10.6 (1M, brs).

Elemental analysis C,,H,,F,N,O.S.2.0H,O
Calcd.: C,52.24; H, 4.82; N, 14.22.
Found: C, 52.24; H, 4.57; N, 14.06.

Example 81

Production of N-{4-[1-(2,6-difluorobenzyl)-5-{[ (2-
hydroxyethyl)(methyl)amino methyl }-3-(6-meth-
oxypyridazin-3-yl)-2,4-dioxo-1,2,3,4-tetrahy-
drothieno[2,3-d]pyrimidin-6-yl]phenyl }-N'-

methoxyurea
OH
\ O
N O 7 ‘ ~CH,
. N
I N” N7
N
. A
fN—< S N” 0
H,C—O 0 r
I3

The similar reaction as described in Example 4 by using the
compound (305 mg, 0.5 mmol) obtained 1 Reference
Example 54 and 2-bromoethanol (0.62 g, 5 mmol) gave the
title compound (145.7 mg, 45%) as colorless crystals.

'"H-NMR (CDCl,) 8: 1.98 (3H, s), 2.45-2.5 (2H, m), 2.9-
3.2(1H, m),3.5-3.55(2H, m), 3.65-3.85 (2H, brm), 3.82 (3H,
s),4.18 (3H, s), 5.34 (2H, s), 6.93 (2H, t,J=8.0 Hz), 7.11 (1H,
d, J=9.0Hz), 7.18 (1H, s), 7.25-7.35 (1H, m), 7.35-7.45 (3H,
m), 7.57 (2H, d, J=8.7 Hz), 7.66 (1H, s).

Elemental analysis C,,H,,F,N,O.S.0.6H,O

Calcd.: C, 54.23; H, 4.58; N, 14.76.

Found: C, 53.98; H, 4.61; N, 14.72.
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Example 82

Production of N-{4-[1-(2,6-difluorobenzyl)-5-{[ (2-

hydroxyethyl)(methyl)amino |methyl } -3-(4-methox-

yphenyl)-2,4-d1oxo-1,2,3,4-tetrahydrothieno[2,3-d]
pyrimidin-6-yl]phenyl }-N'-methoxyurea

/
H;C—O O

The similar reaction as described in Example 4 by using the
compound (123 mg, 0.191 mmol) obtamned 1n Reference
Example 25 and 2-bromoethanol (239 mg, 1.91 mmol) gave
the title compound (47.1 mg, 39%) as colorless crystals.

'"H-NMR (CDCL,) 3: 1.99 (3H, s), 2.45-2.55 (2H, m),
3.5-3.6 (2H, m), 3.79 (2H, s), 3.82 (3H, s), 3.83 (3H, s), 5.36
(2H, s), 6.92 (2H, t, ]I=8.0 Hz), 6.99 (2H, d, J=8.8 Hz), 7.1-7.3
(4H, m), 7.39 (2H, d, J=8.8 Hz), 7.56 (2H, d, J=8.8 Hz), 7.64
(1H, s).

Example 83

Production of N-(4-(1-(2,6-difluorobenzyl)-5-({dim-

cthylamino )methyl)-3-(6-methoxy-3-pyridazinyl)-2,

4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d|pyrimidin-6-
yl)phenyl)-N'-methoxyurea

O
N N

N

O

The similar reaction as described in Example 4 by using the

compound (100 mg, 0.164 mmol) obtained 1n Reference
Example 54 and methyl 1odide (0.010 ml, 0.164 mmol) gave
the title compound (17.3 mg, 17%) as colorless crystals.
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'H-NMR (CDCl,) &: 2.15 (6H, s), 3.6-3.8 (2H, m), 3.82
(3H, ), 4.18 (3H, 5), 5.35 (2H, 5), 6.92 (2H, 1, J=8.2 Hz), 7.12
(1H, d, J=8.8 Hz), 7.2-7.65 (7H, m), 7.69 (1H, s).

Example 84

Production of N-{4-[1-(2,6-difluorobenzyl)-5-[ (dim-

cthylamino)methyl]-3-(6-methoxypyridin-3-yl)-2,4-

dioxo-1,2,3,4-tetrahydrothieno[2,3-d|pyrimidin-6-yl]
phenyl }-N'-methoxyurea

=

The similar reaction as described in Reference Example 26
by using the compound (41.1 mg, 0.067 mmol) obtained in
Retference Example 49 and a solution of dimethylamine 1n
THF (0.67 ml, 1.34 mmol) gave the title compound (18.4 mg,
44%) as white powders.

'H-NMR (CDCl,) 8: 2.13 (6H, s), 3.68 (2H, s), 3.83 (31,
5), 3.96 (3H, s), 5.36 (2H, s), 6.8-7.0 (3H, m), 7.13 (1H, s).
7.2-7.4 (1H, m), 7.45-7.65 (6H, m), 8.10 (1H, d, 1=2.6 Hz).

Preparation 1

By a conventional manner, tablet 1s prepared by using the
compound obtained 1n Example 40 (100 mg), lactose (165
mg), corn starch (25 mg), polyvinyl alcohol (4 mg) and mag-
nesium stearate (1 mg).

Preparation 2

The compound obtained in Example 40 (5 g) was dissolved
in distilled water for 1njection to make the total volume to 100
ml. The solution was subjected to sterile filtration by using
membrane filter having a diameter of 0.22 um (Produced by
Sumitomo Electric Industries, Ltd. or Sartorius K.K.), 2 ml
cach of the solution 1s poured nto a sterilized vial, and 1s
freeze dried 1in a conventional manner to give freeze-dried
injectable preparation.

Preparation 3

By a conventional manner a tablet i1s prepared by using
compound obtained 1n Example 41 (100 mg), lactose (165
mg), corn starch (25 mg), polyvinyl alcohol (4 mg) and mag-
nesium stearate (1 mg).

Preparation 4

The compound obtained 1n Example 41 (5 g) was dissolved
in distilled water for 1njection to make the total volume to 100
ml. The solution was subjected to sterile filtration by using
membrane filter having a diameter of 0.22 um (Produced by
Sumitomo Electric Industries, Ltd. or Sartorius K.K.), 2 ml
cach of the solution 1s poured nto a sterilized vial, and 1s
freeze dried in a conventional manner to give freeze-dried
injectable preparation.
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Preparation 5
(1) Compound obtained in Example 40 or Example 41 5 ¢
(2) lactose [Jcrystalline cellulose (grain) 330 ¢
(3)  D-mannitol 29 g
(4)  low substituted hydroxypropylcellulose 20 g
(5) talc 25 ¢
(6) hydroxypropylcellulose 50 g
(7) aspartame 3 g
(8)  dipotassium glycyrrhizinate 3 g
(9)  hydroxypropylmethylcellulose 2910 30 g
(10) titanium oxide 35 ¢g
(11) ferric oxide yellow 05 ¢g
(12)  light silicic acid anhydride 1l g

The above (1),(3),(4),(5),(6), (7)and (8) are suspended or
dissolved 1n purified water, nuclear particles of (2) are coated
with the solution to prepare crude fine grains. The crude fine
grains are coated with (9) to (11) to prepare coated fine grains.

They are mixed with (12) to prepare 1% KMO035283 fine grains

(500 g). 500 mg each of the fine grains are wrapped, sepa-
rately.

Experimental Example 1

(1) Preparation of **°I-Leuprorelin

To a tube containing 10 ul of a 3x10~*M aqueous solution
of leuprorelin and 10 ul of 0.01 mg/ml lactoperoxidase was
added 10 ul (37 MBq) of a solution of Na'*>1. After stirring,
10 ul o1 0.001% H,O, was added, and a reaction was carried
out at room temperature for 20 minutes. By adding 700 ul of
a 0.05% TFA solution, the reaction was stopped, followed by
purification by reversed-phase HPLC. The HPLC conditions
used are shown below. *I-leuprorelin was eluted at a reten-
tion time of 26 to 27 minutes.
Column: TSKgel ODS-80™ (TM indicates a registered

trademark; the same applies below) CTR (4.6 mmx10 cm)
Eluents: Solvent A (0.05% TFA)

Solvent B (40% CH;CN-0.05% TFA)

0 minute (100% Solvent A)-3 minutes (100% Solvent
A)-7 minutes (50% Solvent A+50% Solvent B)-40
minutes (100% Solvent B)

Eluting temperature: Room temperature

Elution rate: 1 ml/min

(2) Preparation of CHO (Chinese Hamster Ovarian) Cell

Membrane Fraction Containing Monkey GnRH Receptor
Monkey GnRH receptor-expressing CHO cells (107 cells)

were suspended in phosphate-buffered saline supplemented
with 5 mM EDTA (PBS-EDTA) and centrifuged at 100xg for

5> minutes. To the cell pellet, 10 ml of a cell homogenate butfer
(10 mM NaHCO,, 5mM EDTA, pH 7.5) was added, followed
by homogenization using the Polytron homogenizer. After
centrifugation at 400xg for 15 minutes, the supernatant was
transferred to an ultracentrifugation tube and centrifuged at
100,000xg for 1 hour to yield a membrane fraction precipi-
tate. This precipitate was suspended 1n 2 ml of an assay builer
and centrifuged at 100,000xg for 1 hour. The membrane
fraction recovered as a precipitate was again suspended 1n 20
ml of the assay butler, dispensed, and stored at —80° C. before
use upon thawing.

(3) Preparation of CHO (Chinese Hamster Ovarian) Cell

Membrane Fraction Containing Human GnRH Receptor
Human GnRH receptor-expressing CHO cells (107 cells)
were suspended in phosphate-buffered saline supplemented
with 5 mM EDTA (PBS-EDTA) and centrifuged at 100xg for
5> minutes. To the cell pellet, 10 ml of a cell homogenate butfer

(10mM NaHCO,, 5mM EDTA, pH 7.5) was added, followed
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by homogenization using the Polytron homogenizer. After
centrifugation at 400xg for 15 minutes, the supernatant was
transierred to an ultracentrifugation tube and centrifuged at
100,000xg for 1 hour to yield a membrane fraction precipi-
tate. This precipitate was suspended 1n 2 ml of an assay buiier
and centrifuged at 100,000xg for 1 hour. The membrane
fraction recovered as a precipitate was again suspended 1n 20
ml of the assay butler, dispensed, and stored at —80° C. before
use upon thawing.

(4) Determination of '*’I-Leuprorelin Binding Inhibition
Rate

The monkey and human membrane fractions prepared in
the above (2) and (3) were diluted with the assay builer to
yield a 200 mg/ml dilution, each of which was then dispensed
at 188 ul per tube. To a tube containing the cell membrane
fraction of the CHO with monkey GnRH receptors expressed
were added 2 ul of a solution of 20 mM compound 1n 60%
DMSO and 10 ul of 38 nM "**I-leuprorelin. To a tube con-
taining the cell membrane fraction of the CHO with human
GnRH receptors expressed were added 2 ul of a solution of 2
mM compound 1 60% DMSO and 10 ml of 38 nM 125I-
leuprorelin. To determine maximum binding quantity, a reac-
tion mixture containing 2 ul of 60% DMSCand 10 ul o 38 nM
**>T-leuprorelin was prepared. To determine non-specific
binding amount, a reaction mixture containing 2 ul of a solu-
tion of 100 uM leuprorelin in 60% DMSO and 10 ul of 38 nM
2>T-leuprorelin was prepared.

Where the membrane fraction of the CHO with monkey
and human GnRH receptors expressed was used, the reaction
was carried out at 25° C. for 60 minutes. After each reaction,
the reaction mixture was aspirated and filtered through a
polyethyleneimine-treated Whatman glass filter (GF-F).
After this filtration, the radioactivity of '*°I-leuprorelin
remaining on the filter paper was measured with a y-counter.

The expression (TB-SB)/(TB-NSB)x100 (where
SB=radioactivity with the compound added, TB=maximum
bound radioactivity, NSB=nonspecifically bound radioactiv-
1ity) was calculated to find the binding inhibition rate of each
test compound. Furthermore, the inhibition rate was deter-
mined by varying the concentration of the test substance and
the 50% inhibitory concentration (IC., value) of the com-
pound was calculated from Hill plot. The results are shown 1n
below.

TABLE 1
IC<n value (UM)
Test Compound Monkey Human
Ex. Compd. No. 40 0.009 0.0002
Ex. Compd. No. 41 0.003 0.0001

The compound of the present invention possesses excellent
gonadotropin-releasing hormone antagonizing activity. It 1s
also good 1n oral absorbability and excellent 1n stability and
pharmacokinetics. With low toxicity, 1t 1s also excellent 1n
satety. Therefore, for example, the compound of the present
invention can be used as a preventing or treating agent for
hormone-dependent diseases. Concretely, for example, 1t 1s
cifective as a preventing or treating agent for sex hormone-
dependent cancers (e.g., prostatic cancer, uterine cancer,
breast cancer, pituitary tumor, and the like), prostatic hyper-
trophy, hysteromyoma, endometriosis, metrofibroma, preco-
cious puberty, amenorrhea syndrome, premenstrual syn-
drome, multilocular ovary syndrome, polycystic ovary
syndrome, acne, alopecia, Alzheimer’s disease, and the like;
as a pregnancy regulator (e.g., contraceptive, etc.), infertility
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remedy or menstruation regulator, as a preventing or treating,
agent for 1rritable bowel syndrome; or as a preventing agent
for postoperative recurrence of sex hormone-dependent can-
cer, as medicament. It 1s also eflfective as an animal estrous
regulator, food meat quality improving agent or animal 3
growth regulator in the field of animal husbandry, and as afish
spawning promoter in the field of fishery.

The mvention claimed 1s:

1. A method for treating a sex-hormone-dependent prostate
cancer comprising a step ol administering to a mammalian 10
subject 1n need thereof an effective amount of N-(4-(1-(2,6-
difluorobenzyl)-5-((dimethylamino )methyl)-3-(6-methoxy-
3-pyridazinyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[ 2,3-d]py-
rimidin-6-yl)phenyl)-N'-methoxyurea or a salt thereof.

2. The method of claim 1, wherein an effective amount of 15
N-(4-(1-(2,6-difluorobenzyl) -3-((dimethylamino)methyl)-
3-(6-methoxy-3-pyridazinyl)-2,4-dioxo-1,2,3,4-tetrahy-
drothieno[2,3-d]pyrimidin-6-yl)phenyl)-N'-methoxyurea or
a salt thereof 1s 0.1 to 10 mg/kg weight/day.

3. The method of claim 1, wherein the mammalian subject 20
1s a human.
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