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ESTER DERIVATIVES AND MEDICAL USE
THEREOF

TECHNICAL FIELD

[0001] The present invention relates to a novel ester
derivative or a novel carbonate compound, and also relates
to a pharmaceutical composition comprising a novel ester
derivative or its prodrug or a pharmaceutically acceptable
salt thereol. which selectively inhibits microsomal triglyc-
eride transfer protein (hereinafier also abbreviated as MTP)
in the small intestine. Further, the present invention relates
to an agent for the treatment or prophylaxis of hyperlipi-
demia. arteriosclerosis, coronary artery diseases, obesity,
diabetes or hypertension. comprising a novel ester or a
pharmaceutically acceptable salt thereof as an active ingre-
dient which selectively inhibits MTP in the small intestine.
In addition, the present invention relates to an agent for the
treatment or prophylaxis of hyperlipidemia, arteriosclerosis.
coronary artery diseases, obesity. diabetes or hypertension,
which has a novel function that has never been known
before.

BACKGROUND ART

[0002] Tt has been said that hyperlipidemia, diabetes,
hypertension or the like is one of the risk factors for
arteriosclerosis. Hyperlipidemia is a condition where the
concentration of lipid such as cholesterol is abnormally
elevated in the blood. Types of hyperlipidemia. depending
on the cause, include primary hyperlipidemia caused by
genetic abnormality in enzyme. protein, lipoprotein recep-
tors and the like which participate in the metabolism of
low-density lipoprotein (LDL). secondary hyperlipidemia
due to various disease or drug administration, and acquired
hyperlipidemia basically resulting from overnutrition.

[0003] Meanwhile, lipid taken in from food is absorbed in
the small intestine by the action of bile acid, and secreted as
chylomicron in the blood via lymphatic vessels. The trig-
lyceride (TG) moiety of the secreted chylomicrons is hydro-
lyzed to free fatty acids by the action of lipoprotein lipase
(LPL) existing in capillary vessels to become chylomicron
remnants having a high content of cholesteryl ester (CE),
which is then absorbed into the liver by the mediation of
chylomicron remnant receptor in the liver. Further, in the
liver, the incorporated chylomicron remnant and free fatty
acids are converted to CE and TG, respectively, which are
then associated with apolipoprotein B synthesized on rough
surfaced endoplasmic reticulum to form very low density
lipoprotein (VLDL). The VLDL is transferred to the Golgi
apparatus, modified and secreted outside cells, and it
becomes intermediate density lipoprotein (IDL) by the
action of LPL. The IDL is converted to LDL by the action
of hepatic triglyceride lipase (HTGL), and lipids are distrib-
uted to peripheral tissues.

[0004] It has long been indicated that, during the above-
mentioned formation of chylomicron in the small intestine
or VLDL in the liver, a protein having TG- or CE-transfer
activity is existing in microsomal fractions of the small
intestine or liver. Meanwhile. the protein, ie. MTP
(microsomal triglyceride transfer protein: hereinafter also
abbreviated as MTP) was purified and separated from
microsomal {ractions of bovine liver by Wetterau et al. in

1985 (Wetterau J. R. et al: Chem.Phys.Lipids 38, 205-222
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(1985)). MTP, however, began attracting a lot of attention in
the field of clinical medicine only afier it was reported in
1993 that the cause of abetalipoproteinemia lay in the deficit
of MTP. In other word. the disease is characterized in that.
while the genes related to apolipoprotein B are normal,
apolipoprotein B is hardly detected in the serum, the level of
serum cholesterol is 50 mg/dL or lower, the level of serum
triglyceride is extremely low. By this finding. it has been
shown that MTP is an integral protein involved in the
association between apolipoprotein B and TG or CE, i.e. the
formation of VLDL or chylomicron, and plays an essential
role in secretion thereof.

[0005] Since lipid is by nature insoluble in water, lipid in
the blood is combined with a hydrophilic protein known as
apolipoprotein and exists as so-called lipoprotein. All the
VLDL, IDL, LDL or chylomicron, etc. related to hyperlipi-
demia are a lipoprotein.

[0006] MTP exists in the microsome fractions of hepato-
cytes and intestinal epithelial cells, and catalyses the transfer
of TG or CE in cells. In the liver and small intestine, along
with the synthesis of apolipoprotein B (apolipoprotein B100
in the liver and apolipoprotein B48 in the small intestine),
TG and CE are combined with respective apolipoprotein B
by the transfer activity of MTP. and thus VLDL or chylo-
micron is formed. As a result. those lipoproteins are secreted
outside the cells as VDL in the liver or as chylomicron in
the small intestine. It should be said that MTP is indispens-
able for the construction of those lipoproteins. Namely. if the
activity of MTP is blocked. the transfer of lipid such as TG
and CE, etc. to apolipoprotein is inhibited. whereby forma-
tion of a lipoprotein can be inhibited.

[0007] On the other hand, it has been elucidated that LDL
in general is closely related to the progression of arterio-
sclerosis. That is, LDL permeating endothelium of blood
vessels is deposited in intercellular matrix of vessel wall,
where oxidative denaturation takes place and lipid peroxides
or denaturated proteins induce a series of inflammation
reactions. Consequently, macrophage emigration in blood
vessels leading to lipid deposit or composition of layers of
foamy cells, migration or proliferation of smooth muscle
cells and increase in intercellular matrix, etc. take place,
which leads 1o the development of arteriosclerosis plaque.
On the basis of the above, it is supposed to be possible to
prevent or treat arteriosclerosis, coronary artery diseases or
hypertension by reducing the level of LDL.

[0008] As already mentioned, it is possible to inhibit the
formation of lipoprotein such as chylomicron, VL.DL, LDL,
etc. by inhibiting the action of MTP. Accordingly. it has been
expected that it should become possible to control TG,
cholesterol and lipoproteins such as LDL., etc. in blood and
to control lipid in cells by adjusting the activity of M TP, and
therefore, a previously unknown new type agent for the
treatment or prophylaxis of hyperlipidemia, arteriosclerosis.
coronary artery diseases, diabetes, obesity, or hypertension,
and further, an agent for the treatment or prophylaxis of
pancreatitis, hypercholesterolemia. hyperglyceridemia, etc.
has been expected to be provided.

[0009] However, with the development of MTP inhibitors,
some cases of fatty liver were reported and concern over
hepatotoxicity has been raised. Thus, a novel MTP inhibitor
having no side effect such as fatty liver has been strongly
desired.
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[0010] In the conventional manners, combined therapies
of various combinations of different antihyperlipidemic
drugs have been tried. However, when, for example, a
statin-type drug and a resin-type drug are given together,
undesirable side effects such as elevated GOT and GPT,
constipation, blocking of absorption of vitamins A, D, E and
K and the like are observed. On the other hand, when a
statin-type drug and a fibrate drug are given together, side
effects such as rhabdomyolysis or elevated CPK (creative
phosphokinase) are observed. Thus, with regard to a com-
bined therapy for hyperlipidemia. a medicament for a com-
bined administration which can be administered in combi-
nation with a conventional antihyperlipidemic drug without
causing any above-mentioned side effect has been desired.
[0011] Meanwhile, examples of the known compound
having MTP inhibitory activity and similar structure are
described below.

[0012] The following compound is disclosed in WO97/
26240.

NG
G

[0013]
43257.

The following compound is disclosed in WO97/

cr‘;W

Jro—Ef

[0014]
23503.

CF;
‘ G
0 m/

N

‘ H

The following compound is disclosed in WO98/
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(In the formula, G is phenyl, heterocyclyl, —CH,CN, diphe-

nylmethyl, C,-C,, alkyl, C,-C,, perfluoroalkyl, C;-C,

cycloalkyl, C;-Cg cycloalkenyl. —(CH,),—COOH.,
(CH,),—COO-alkyl, etc.)

[0015] The following compound is disclosed in WO99/
63929.

[0016] The following compound is disclosed in WO2000/
5201.

CF;
‘ {
L
0 so;
N

[0017] The following compound is disclosed in J. Med.
Chem. (2001), 44(6) p. 851-856.

“t>r~
50
(T I

[0018] The following compound is disclosed in EP
1099701.

CFs
(J O
RI
0 R N~
= R2

N N
J

R
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[0019] The following compound is disclosed in WO2001/
77077.

W it

[0020] The following compound is disclosed in J. Med.
Chem. (2001), 44(6) p. 4677-4687.

CF3
I (9]
NHCO:Me
Me
g
H

[0021] The following compound is disclosed in WO2002/
4403.
Rl
™
‘ R7
Z g X | RS
|
N
7 K o
MK\' ]IM &}
R3
[0022] In the above literatures, however, there is no dis-

closure of a compound comprising ester as the essential
structure, much less the disclosure or suggestion of the data
indicating that the disclosed compound selectively inhibits
MTP in the small intestine while rarely aflects MTP in the
liver.

[0023] Further, WO2002/28835 discloses the following
compound represented by the formula:

N,
_rzd/

Z o]

Sep. 14, 2006

wherein

[0024] L is an unsaturated 3- to 10-membered heterocycle
which may be substituted by a suitable substituent,

Y is ~(AY) - (A (AMy—

(in the formula, A" is lower alkylene or lower alkenylene and
these two groups may be substituted by a suitable substitu-
ent:

[0025] A, is —N(R*)—, —CO—N(R*)—, —NH—-CO
NH—, —CO—0—, —0O—, —0O—(CH,),—N(R*)—.
—S8—,—SO—, or—S0,— (in the formula, R¥ is hydrogen
or a suitable substituent);

[0026] A* is lower alkylene, lower alkenylene or lower
alkynylene: and

[0027]

[0028] However, the compound disclosed in this patent
differs from the compound of the present invention in its
structure with respect to the moiety of —Y-L. Further, in this
patent, there is no disclosure or suggestion of the data
indicating that the disclosed compound selectively inhibits
MTP in the small intestine while rarely affects MTP in the
liver.

k, m and n are each independently O or 1).

DISCLOSURE OF THE INVENTION

[0029] Although the development of new antihyperlipi-
demic drugs due to its MTP inhibitory activity has been
advanced nowadays, those drugs are not satisfactory in
terms of their activity or side effect such as faity liver, etc.
Thus, the development of an antihyperlipidemic drug which
has little side effect in the liver as has been observed in the
previous MTP inhibitors and which has excellent MTP
inhibitory activity has been strongly desired. A technical
problem to be solved by the present invention is to provide
excellent antihyperlipidemic drugs having high MTP inhibi-
tory activity without side effect on the liver which is seen in
the conventional M TP inhibitors.

[0030] The inventors of the present invention have carried
out intensive studies to provide a novel MTP inhibitor
causing no above-mentioned side effect such as fatty liver.
As a result, they have found that an MTP inhibitor, which
selectively inhibits MTP in the small intestine but substan-
tially does not inhibit MTP in the liver, significantly lowers
the level of unnecessary TG or cholesterol without causing
side effects such as fatty liver, etc. More surprisingly. they
have also found that the compound having ester structure
represented by the hereinafier mentioned formula (1) is
rapidly metabolized in the small intestine, blood or liver,
whereby it does not substantially inhibit MTP in the liver.
but selectively inhibits MTP only in the small intestine.

[0031] To be more specific, according to the conventional
drug design concept for the preparation of a prodrug, the
carboxylic acid which is the active principle is esterified to
improve the absorption rate in the small intestine and is
immediately metabolized in blood to reproduce carboxylic
acid which is the active principle. On the other hand, a drug
design concept that is different from the above concept for
the preparation of a prodrug is used in the present invention.
Namely, by introducing at least one ester or at least one
carbonate in the molecule of a compound having MTP
inhibitory activity, the compound is, after it exerts MTP
inhibitory activity on mucous membranes of the small
intestine, immediately metabolized by an esterase or a
metabolic enzyme, etc. in the small intestine, portal vein
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(blood) and liver to be transformed to corresponding car-
boxylic acid and alcohol which do not have MTP inhibitory
activity. This is completely a new concept, whereby MTP in
the liver is not substantially affected and MTP in the small
intestine is selectively inhibited.

[0032] Further, since the compounds of the present inven-
tion show strong MTP inhibitory activity in vitro, they
potently inhibit MTP in the small intestine and significantly
lower the level of triglyceride and cholesterol in blood. 1n
addition, the compounds of the present invention signifi-
cantly lower non-HDL cholesterol and. surprisingly,
increase plasma HDL cholesterol.

[0033] Accordingly, the inventors of the present invention
have found that when a compound comprises the ester
structure represented by the hereinafter mentioned formula
(1), the compound is immediately metabolized in the small
intestine, blood or liver afier it strongly inhibits MTP in the
small intestine and hence MTP in the liver is not substan-
tially inhibited, whereby they have completed the present
invention.

[0034] Namely. the present invention relates to:

1) an ester compound of the formula (1):

(1)
6
RS R
RE R‘ 200
r 0
X (Alk)y—Y—(AlK2),,
RI E _RS
. o
% 8] E
l
R?
wherein
[0035] R'and R* are each independently hydrogen; C,-C,

alkyl; C5-C; cycloalkyl; C,-C, alkoxy; halo-C,-C; alkyl:
halo-C -C; alkyloxy; optionally substituted Cg-C,, aryl:
optionally substituted C,-C, ; aralkyl: optionally substituted
Cg-C 4 aryloxy: optionally substituted C,-C,, aralkyloxy:
optionally substituted C,-C 5 arylcarbonyl: optionally sub-
stituted heterocycle; C,-C- alkoxycarbonyl; halogen: (.‘2-(.‘g
alkenyl; C,-C, acyl: cyano; —N(R*) (R*') (wherein R*
and R*' are each independently hydrogen. C,-C, alkyl or
optionally substituted C,-C,, aryl), or —(CH?),—O-—CO
R'" (wherein R'™ is C,-C, alkyl, C,-C, alkoxy or C,-C,,
alkoxyalkyl. and r is 0 or an integer of 1 10 3):

[0036] ring A is C4-C,, aryl; heterocycle;

Sep. 14, 2006

[0037] Xis —COO—(CH,),—. —CON(R,,)—(CH,),—
or —N(R'"")—CO—(CH,),— (wherein R'® is hydrogen;
C-C, alkyl or C,-C; cycloalkyl, and n is 0 or an integer of
1 to3):

[0038] R?. R*and R** are each independently hydrogen:
hydroxyl: halogen: optionally substituted C,-Cg alkyl: C -Cy
alkoxy: halo-C -C, alkyl: C,-C,, aralkyloxy: C,-C, acyl:
C,-C,, alkoxycarbonylalkyl; optionally substituted hetero-
cycle:

CON(R'") (R

(wherein R'" and R'? are each independently hydrogen.
optionally substituted C,-C, alkyl, optionally substituted
C -C,, aryl, optionally substituted C,-C,, aralkyl, C-C,
ali(oxy, or R' and R'? taken together with the nitrogen atom
to which they are attached may form

—\/_I 0) —N/_l_\o
- p. \—/ or

—N N—R’

(wherein R” is hydrogen, hydroxyl, C,-Cg alkyl or C,-C,
acyl, and p is 0 or an integer of 1 or 2);

(CHy)¢—NR"™) (R')

(wherein R'* and R'* are each independently hydrogen:
C-C, alkyl: C,-C, alkoxycarbonyl; or C,-C acyl: or R'?
and R' taken together with the nitrogen atom to which they
are attached may form

—N (p), or —N 0
C ' /

(wherein p has the same meaning as defined above) and ¢'
is 0 or an integer of 1 to 3):

CO—(R%)

(wherein R'? is hydroxy, C,-C, alkyl, C,-C, alkoxy. option-
ally substituted C.-C,, aryloxy or C,-C,, aralkyloxy): or

—(CH,)y—O0—CO—R'%

(wherein R'"* is C,-C, alkyl. C,-C alkoxy, C,-C 5 alkoxy-
alkyl or —N(R*") (R*") (wherein R*” and R*' have each the
same meanings as defined above), and t' is 0 or an integer of
1 to 3);

0 o [0039] ring B is
() L) i I o B
/ / ‘ )
~ - K /-
PENN EX. 2163
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[0044] ring C is

-continued

(wherein q is 0 or an integer of 1 to 4);

[0045] R® R® and R7 are each independently hydrogen;
C -Cgalkyl: C,-C4 alkoxy: C,-C; alkoxycarbonyl: carboxyl:
halogen, cyano: nitro: halo-C,-C, alkyl; C,-C, acyl:
hydroxy: amino; optionally substituted C,-C , aryl:
(CH,),—CON(R"®) (R'7) (wherein R*® and R'7 are each
independently hydrogen: C,-C, alkyl: or halo-C-C alkyl:
and r is 0 or an integer of 1 to 3); or —(CH,),—O0—CO—
R'%" (wherein R'™" is C,-C, alkyl: C,-Cg alkoxy or C,-C,,
alkoxyalkyl, and " is 0 or an integer of 1 to 3);

[0046] R® and R® are each independently hydrogen.
optionally substituted C,-C, alkyl or optionally substituted
C-C,, aryl;

(wherein k is 0 or an integer of 1 to 2); or R*, R'” and ring [0047] Eis—O— or—N(R"®)— wherein R*" is hydrogen
B taken together with the nitrogen atom to which R'” is or C,-C, alkyl:

attached may form )
[0048] Y is —O—CO—O—, —O—CO—, —CO—0O—,
—CO—0—CR") @®R'YYMHY—0-—-CcOo—, —CO—0—

CR"") R'"'H—0-CO-—0O—, —0O—CO—O—CR"
R'"')—0-—CO—, —O-CO—CR") [R"H)—0O,
O0—CO—CR"") R"™M—CR") R'™M—-O0— or
. —O—CR")R")—CO—O—
‘ —N
8]

%0 [0049] (wherein R"” and R'"" are each independently
hydrogen or C,-C, alkyl, provided that when Y is —CO—
2 O—, then R?* is —(CH,),—O—CO—R,, wherein R'

and r' each has the same meaning as defined above:
or a pharmaceutically acceptable salt thereof;
or
—N
—N : ;
H/ [0050] 2) the ester compound or a pharmaceutically
N
~
0

i acceptable salt thereof according to the above 1), wherein
L ring B is

)

300 ;. 5 . - 5 r - - __/\_ —
(R is optionally substituted C,-C, alkyl); v K) o

[0040] Alk' is alkanediyl or alkenediyl:

L

2z

-
7/

[0041] AIK? is alkanediyl or alkenediyl:

¢

[0042] 1is O or an integer of 1 to 3;

[0043] m is O or an integer of 1 to 3;
PENN EX. 2163
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[0051] 3) the ester compound or a pharmaceutically
acceptable salt thereof according to the above 2), wherein
ring A is

oHe R

[0052] 4) the ester compound or a pharmaceutically
acceptable salt thereof according to the above 3), wherein X
is —CON(R'?)—(CH,),— in which R'” and n each has the
same meaning as defined above;

[0053] 5) the ester compound or a pharmaceutically
acceptable salt thereof according to the above 3), wherein X
is —COO-—(CH,),— in which n has the same meaning as
defined above;

[0054] 6) the ester compound or a pharmaceutically
acceplable salt thereof according to the above 4) or 5).
wherein n is 0:

[0055] 7) the ester compound or a pharmaceutically
acceptable salt thereof according to the above 6), wherein Y
is —0—C0O0—0—;

[0056] 8) the ester compound or a pharmaceutically
acceptable salt thereof according to the above 6), wherein Y
is —O—CO—;

[0057] 9) the ester compound or a pharmaceutically
acceptable salt thereof according to the above 6), wherein Y
is —CO—0—;

[0058] 10) the ester compound or a pharmaceutically
acceptable salt thereof according to the above 6), wherein Y
is —O—CO—C(R"") (R"")—O— in which R'"° and R"""
each has the same meaning as defined above:

[0059] 11) the ester compound or a pharmaceutically
acceptable salt thereof according to the above 6), wherein Y
iS —O—CO C(Rll()) (R]“J C(RII(J) (RI”)—O— il']
which R"? and R'" each has the same meaning as defined
above:

[0060] 12) the ester compound or a pharmaceutically
acceptable salt thereof according to the above 6), wherein Y
ism O CR"?) (R")—CO—O— in which R"'” and
R each has the same meaning as defined above:

[0061] 13) the ester compound or a pharmaceutically
acceplable salt thereof according to the above 7), 8), 9), 10).
11) or 12) wherein E is —O—, and R* and R? are each
independently C,-C alkyl:

[0062] 14) the ester compound or a pharmaceutically
acceptable salt thereof according to the above 7). 8), 9), 10),
11) or 12) wherein E is —NH-—. and R® and R” are each
independently C,-C, alkyl:

Sep. 14, 2006

[0063] 15) the ester compound according to the above 1),
which is represented by the formula (1'):

(1)
RS 4
R? R’
0
T'_.—!(TH;],'—-Y'—((.‘Hg}m
E—RS
o E
|
R!i

wherein R* and R*" are each independently hydrogen:
C -Cq alkyl; C;-C; cycloalkyl: C,-C alkoxy: halogen; halo-
C -C, alkyl: halo-C,-Cy alkyloxy: C,-C; acyl: C,-Cy alk-
enyl; or cyano; X, is —O— or —NR'® wherein R'” has the
same meaning as defined above; R', R*, R*, R®, R%, R7, R¥,
R¥ R% R*™. Y, ring C. E, | and m each has the same
meaning as defined above, provided that when Y is —CO—
O—. then R? is —(CH,),—O—CO—R"'™ in which R**”
and r' each has the same meaning as defined above: or a
pharmaceutically acceptable salt thereof;

[0064] 16) the ester compound or a pharmaceutically
acceptable salt thereol according to the above 15). wherein
X, is —NR'— in which R'” has the same meaning as
defined above;

[0065] 17) the ester compound or a pharmaceutically
acceptable salt thereof according to the above 15), wherein
X, is —0—;

[0066] 18) the ester compound or a pharmaceutically
acceptable salt thereof according to any one of the above 15)
to 17), wherein the substitution position of —(CH,),— on
the benzene ring in the formula (1') is h-position;

[0067] 19) the ester compound or a pharmaceutically
acceptable salt thereof according to anyone of the above 15)
to 17). wherein the substitution position of —(CH,),— on
the benzene ring in the formula (1') is i-position;

[0068] 20) the ester compound or a pharmaceutically
acceptable salt thereof according to any one of the above 15)
to 19), wherein E is —O—, and R® and R” are each
independently C,-C alkyl:

[0069] 21) the ester compound or a pharmaceutically
acceptable salt thereof according to any one of the above 15)
to 19), wherein E is —NH-—, and R® and R” are each
independently C,-C; alkyl:

[0070] 22) the ester compound or a pharmaceutically
acceplable salt thereof according to any one of the above 15)
to 21), wherein the ring C is

OI'I

//

[0071] 23) the ester compound or a pharmaceutically
acceptable salt thereof according to the above 22). wherein
the ring C is phenyl:
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[0072] 24) the ester compound or a pharmaceutically
acceptable salt thereof according to any one of the above 15)
to 21). wherein ring C is C;-C, cycloalkyl:

[0073] 25) the ester compound or a pharmaceutically
acceptable salt thereof according to any one of the above 15)
to 21). wherein the ring C is

SRVEES]

S

[0074] 26) the ester compound or a pharmaceutically
acceptable salt thereof according to any one of the above 23)
to 25), wherein Y is —O—CO—0

[0075] 27) the ester compound or a pharmaceutically
acceplable salt thereof according to any one of the above 23)
to 25), wherein Y is —O—CO—;

[0076] 28) the ester compound or a pharmaceutically
acceptable salt thereof according to any one of the above 23)
to 25), wherein Y is —CO—O

[0077] 29) the ester compound or a pharmaceutically
acceplable salt thereof according to any one of the above 23)
to 25). wherein Y is —O—CO—CR"") (R'"")—0O— in
which R"? and R'" each has the same meaning as defined
above;

[0078] 30) the ester compound or a pharmaceutically
acceptable salt thereof according to any one of the above 23)
to 25). wherein Y is —O—CO—C(R"") (R'")—C(R'?)
(R""Y—O— in which R"" and R'""" each has the same
meaning as defined above:

[0079] 31) the ester compound or a pharmaceutically
acceptable salt thereof according to any one of the above 23)
to 25), wherein Y is —O—C(R"?) (R"")—CO—O— in
which R"? and R'" each has the same meaning as defined
above:

[0080] 32) the ester compound or a pharmaceutically
acceptable salt thereof according to any one of the above 26)
to 31), wherein E is —O—, and R® and R® are each
independently C,-C; alkyl:

[0081] 33) the ester compound or a pharmaceutically
acceptable salt thereof according to any one of the above 26)
to 31). wherein E is —NH—, and R® and R’ are each
independently C,-C, alkyl;

[0082] 34) the ester compound or a pharmaceutically

acceptable salt thereof according to the above 1), which is
selected from the group consisting of:

[0083] 2-(2-{3-acetoxy-4-[(4'-trifluoromethylbiphenyl-2-
carbonylj)amino]phenyl }acetoxymethy!)-2-phenylma-
lonic acid diethyl ester,

[0084] 2-phenyl-2-(2-{3-propionyloxy-4-[(4"-trifluorom-
ethylbiphenyl-2-carbonyl)amino]
phenyl}acetoxymethyl)malonic acid diethyl ester,

[0085] 2-(2-{3-(2-methoxyacetoxy)-4-[ (4'-trifluorometh-

ylbiphenyl-2-carbonyl)amino Jphenyl }acetoxymethyl)-2-
phenylmalonic acid diethyl ester,

8 of 108
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[0086] 2-(2-{2-acetoxy-3-(4"-trifluoromethylbiphenyl-2-
carbonyljamino]phenyl}acetoxymethyl)-2-phenylma-
lonic acid diethyl ester.

[0087] 2-(2-{3-acetoxy-4-(5-methyl-4'-trifluoromethyl-
biphenyl-2-carbonyl)amino Jphenyl}acetoxymethyl)-2-
phenylmalonic acid diethy! ester.

[0088] 2-(2-{4-(5-methyl-4"-trifluoromethylbiphenyl-2-
carbonyl)amino]-3-propionyloxyphenyl }acetoxymethyl)-
2-phenylmalonic acid diethyl ester,

[0089] 2-(2-{3-butyryloxy-4-[(5-methyl-4'-trifluorometh-
ylbiphenyl-2-carbonyl)amino Jphenyl}acetoxymethyl)-2-
phenylmalonic acid diethyl ester,

[0090] 2-(2-{3-acetoxy-4-[methyl-(4'-trifluoromethylbi-
phenyl-2-carbonyl)amino Jphenyl }acetoxymethyl)-2-phe-
nylmalonic acid diethyl ester,

[0091] 2-{5-dimethylcarbamoyl-2-fluoro-4-[ (4'-trifluo-
romethylbiphenyl-2-carbonyl)amino Jphenoxycarbony-
loxymethyl}-2-phenylmalonic acid diethyl ester,

[0092] 2 4-isopropyl-3-oxo-1-(4'-trifluoromethylbiphe-
nyl-2-carbonyl)-1,2.3.4-tetrahydroquinoxalin-6-yloxy-
carbonyloxymethyl]-2-phenylmalonic acid diethyl ester,

[0093] 2-phenyl-2-[1-(4"-trifluorometylbiphenyl-2-carbo-
nyl)-2.3-dihydro-1H-indol-5-yloxycarbonyloxymethyl]
malonic acid diethyl ester,

[0094] 2-{3-dimethylcarbamoyl-4-[(4"-trifluoromethylbi-
phenyl-2-carbonyl)amino Jphenoxycarbonyloxymethyl} -
2-phenylmalonic acid diethyl ester,

[0095] 2-{3-dimethylcarbamoyl-4-[(4-trifluoromethylbi-
phenyl-2-carbonylJamino Jbenzyloxycarbonyloxym-
ethyl}-2-phenylmalonic acid diethyl ester,

[0096] 2-{2-chloro-5-dimethylcarbamoyl-4-[ (4'-trifluo-
romethylbiphenyl-2-carbonyl)amino Jphenoxycarbony-
loxymethyl }-2-phenylmalonic acid diethyl ester,

[0097] 2-{3-dimethylcarbamoyl-4-[(4-trifluoromethylbi-
phenyl-2-carbonyl)amino Jphenoxycarbonyloxymethyl}-
2-thiophen-2-yl-malonic acid diethyl ester,

[0098] 2-{3-dimethylcarbamoyl-4-[(5-methyl-4'-trifluo-
romethylbiphenyl-2-carbonyl)aminoJphenoxycarbony-
loxymethyl }-2-phenylmalonic acid diethyl ester,

[0099] 2-{3-dimethylcarbamoyl-4-[(5-methyl-4'-trifluo-
romethylbiphenyl-2-carbonyl)amino Jphenoxycarbony-
loxymethyl }-2-thiophen-2-yl-malonic acid diethyl ester,

[0100] carbonic acid 2.2-bisethylcarbamoyl-2-phenyl-
ethyl ester 3-dimetylcarbamoyl-4-[ (4'-trifluoromethylbi-
phenyl-2-carbonyl)amino Jphenyl ester,

[0101] carbonic acid 2.2-bisethylcarbamoyl-2-phenyl-
ethyl ester 5-dimethylcarbamoyl-2-fluoro-4-[ (4'-trifluo-
romethylbiphenyl-2-carbonyl)amino Jphenyl ester,

[0102] 2-{3-(ethylmethylcarbamoyl)-4-[(4'-trifluorometh-

ylbiphenyl-2-carbonyl)amino Jphenoxycarbonyloxym-
ethyl}-2-phenylmalonic acid diethyl ester,

[0103] 2-{3-(methylpropylcarbamoyl)-4-[(4'-trifluorom-
ethylbiphenyl-2-carbonyl)amino Jphenoxycarbonyloxym-
ethyl}-2-phenylmalonic acid diethyl ester,
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[0104] 2-phenyl-2-{3-(pyrrolidine-1-carbonyl)-4-[ (4'-trif-
luoromethylbiphenyl-2-carbonyl)amino |
phenoxycarbonyloxymethyl}phenylmalonic acid diethyl
ester,

[0105] 2-{5-dimethylcarbamoyl-2-methyl-4-[(4'-trifluo-
romethylbiphenyl-2-carbonyl)amino Jphenoxycarbony-
loxymethyl}-2-phenylmalonic acid diethyl ester

[0106] 2-{3-dimethylcarbamoyl-4-[ methyl-(4'-trifluorom-
ethylbiphenyl-2-carbonyl)Jamino Jphenoxycarbonyloxym-
ethyl}-2-phenylmalonic acid diethyl ester,

[0107] 2-{3-dimethylcarbamoyl-4-[ (4'-trifluoromethylbi-
phenyl-2-carbonyl)amino Jphenoxycarbonyloxymethyl}-
2-pyridin-2-yl-malonic acid diethyl ester,

[0108] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-[ (4'-trif-
luoromethylbiphenyl-2-carbonyl)aminoJphenoxycarbo-
nyloxymethyl}-2-phenylmalonic acid diethyl ester.

[0109] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-[ (4'-trif-
luoromethylbiphenyl-2-carbonyl)amino Jphenoxycarbo-
nyloxymethyl}-2-pyridin-2-yl-malonic acid diethyl ester,

[0110] 2-{2-chloro-3-dimethylcarbamoyl-4-[(4'-trifluo-
romethylbiphenyl-2-carbonyl)amino Jphenoxycarbony-
loxymethyl}-2-phenylmalonic acid diethyl ester,

[0111] 2-{3-dimethylcarbamoyl-2.6-difluoro-4- (4'-trif-
luoromethylbiphenyl-2-carbonyl)amino Jphenoxycarbo-
nyloxymethyl}-2-thiophen-2-yl-malonic ~ acid  diethyl
ester,

[0112] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-[(5-me-
thyl-4'-trifluoromethylbiphenyl-2-carbonyl)amino Jphe-
noxycarbonyloxymethyl}-2-thiophen-2-yl-malonic  acid
diethy] ester,

[0113] carbonic acid 2.2-bis(ethylmethylcarbamoyl)-2-
phenylethylester  3-dimethylcarbamoyl-2,6-difluoro-4-
[(4'-trifluoromethylbiphenyl-2-carbonyl)aminoJphenyl
ester,

[0114] 2-{4-[5.4"bistrifluoromethylbiphenyl-2-carbony-
Damino]-3-dimethylcarbamoyl-2,6-difluorophenoxycar-
bonyloxymethyl }-2-thiophen-2-yl-malonic acid diethyl
ester,

[0115] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-[(6-
fluoro-4'-trifluoromethylbiphenyl-2-carbonyl)amino]
phenoxycarbonyloxymethyl}-2-thiophen-2-yl-malonic
acid diethyl ester,

[0116] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-[(6-me-
thyl-4'-trifluoromethylbiphenyl-2-carbonyl)amino]phe-
noxycarbonyloxymethyl}-2-thiophen-2-yl-malonic  acid
diethyl ester,

[0117] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-[(4-me-
thyl-4'-trifluoromethylbiphenyl-2-carbonyl)amino]phe-
noxycarbonyloxymethyl}-2-thiophen-2-yl-malonic  acid
diethy! ester,

[0118] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-[(6-meth-
oxy-4'-trifluoromethylbiphenyl-2-carbonyljJamino Jphe-
noxycarbonyloxymethyl}-2-thiophen-2-yl-malonic  acid
diethy! ester,

[0119] 2-{3-dimethylcarbamoyl-2,6-difluoro-4-[(5-meth-
oxy-4'-trifluoromethylbiphenyl-2-carbonyl)amino Jphe-
noxycarbonyloxymethyl}-2-thiophen-2-yl-malonic  acid
diethy! ester,
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[0120] 2-{2.6-difluoro-3-(morpholine-4-carbonyl)-4-[ (4'-
trifluoromethylbiphenyl-2-carbonyl)amino Jphenoxycar-
bonyl-oxymethyl}-2-thiophen-2-yl-malonic acid diethyl

ester,

[0121] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-[(3-me-
thyl-4"-triflucromethylbiphenyl-2-carbonyl)amino Jphe-
noxycarbonyloxymethyl }-2-thiophen-2-yl-malonic  acid
diethyl ester,

[0122] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-[(3'-
fluoro-4'-trifluoromethylbiphenyl-2-carbonyl)amino]
phenoxycarbonyloxymethyl}-2-thiophen-2-yl-malonic
acid diethyl ester,

[0123] 2-{2.6-difluoro-3-[(2-methoxyethyl)methylcar-
bamoyl ]-4-[ (4'-trifluoromethylbiphenyl-2-carbony-
lamino Jphenoxycarbonyloxymethyl}-2-thiophen-2-yl-

malonic acid diethyl ester,

[0124] 2-{2.6-difluoro-3-(methoxycarbonylmethylmeth-
ylcarbamoyl)-4-[ (4'-trifluoromethylbiphenyl-2-carbony-
)amino Jphenoxycarbonyloxymethyl}-2-thiophen-2-yl-
malonic acid diethyl ester,

[0125] 22.6-difluoro-4-[(5-methyl-4'-trifluoromethylbi-
phenyl-2-carbonylamino]-3-(morpholine-4-carbon-
yl)phenoxycarbonyloxymethyl]-2-thiophen-2-yl-malonic
acid diethy! ester,

[0126] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-[(4'-trif-
luoromethylbiphenyl-2-carbonylJamino Jphenoxycarbo-
nyloxymethyl}-2-thiazol-2-yl-malonic acid diethyl ester,

[0127] 2-{2.6-difluoro-3-[(2-hydroxyethyl)methylcar-
bamoy! ]-4-[(4'-trifluoromethylbiphenyl-2-carbony-
l)aminoJphenoxycarbonyloxymethyl}-2-thiophen-2-yl-
malonic acid diethyl ester.

[0128] 2-{3-(4-acetylpiperazine-1-carbonyl)-2.6-difluoro-
4-[(4'-trifluoromethylbiphenyl-2-carbonyl)amino Jphe-
noxycarbonyloxymethyl]-2-thiophen-2-yl-malonic ~ acid
diethyl ester,

[0129] 2-{2.6-difluoro-3-[(4-hydroxypiperidine-1-carbo-
nyl)-4-{ (4'-trifluvoromethylbiphenyl-2-carbonyljamino
phenoxycarbonyloxymethyl}-2-thiophen-2-yl-malonic
acid diethyl ester,

[0130] 2-{2.6-difluoro-3-methoxy-4-[(4'-trifluoromethyl-
biphenyl-2-carbonyl )Jamino Jphenoxycarbonyloxym-
ethyl]-2-thiophen-2-yl-malonic acid diethy] ester,

[0131] 2-{2.6-difluoro-4-[(4'-trifluoromethylbiphenyl-2-
carbonyl)amino]phenoxycarbonyloxymethyl}-2-
thiophen-2-yl-malonic acid diethyl ester,

[0132] 2-{3-dimethylcarbamoyloxy-2,6-difluoro-4-[(4'-
trifluoromethylbiphenyl-2-carbonyl)aminoJphenoxycar-
bonyloxymethyl}-2-thiophen-2-yl-malonic acid diethyl
ester,

[0133] 2-{3-ethoxy-2,6-difluoro-4-[ (4'-trifluoromethylbi-
phenyl-2-carbonyl)amino Jphenoxycarbonyloxymethyl}-
2-thiophen-2-yl-malonic acid diethyl ester.

[0134] 2-{2.6-difluoro-3-isopropoxy-4-[(4'-trifluorometh-
ylbiphenyl-2-carbonyl)amino Jphenoxycarbonyloxym-
ethyl}-2-thiophen-2-yl-malonic acid diethyl ester,
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[0135] 2-ethoxycarbonyl-2-phenylpentanedionic acid
5-{3-dimethylcarbamoyl-4-[ (4'-trifluoromethylbiphenyl-
2-carbonyl)aminoJphenyl}ester 1-ethyl ester,

[0136] 2-(2-{3-dimethylcarbamoyl-4-[(4'-trifluorometh-
ylbiphenyl-2-carbonyl)amino Jphenoxy }acetoxymethyl)-
2-phenylmalonic acid diethyl ester.

[0137] 3-(2.2-bisethylcarbamoyl-2-phenylethoxy )propi-
onic acid 3-dimethylcarbamoyl-4-[ (4'-trifluoromethylbi-
phenyl-2-carbonyl)amino Jphenyl ester,

[0138] 2-ethoxycarbonyl-2-phenylsuccinic acid 4-{3-dim-
ethylcarbamoyl-4-[ (4'-trifluoromethylbiphenyl-2-carbo-
nyl)amino]phenyl}ester 1-ethyl ester,

[0139] 2-ethoxycarbonyl-2-phenylsuccinic acid 4-{3-dim-
ethylcarbamoyl-4-[(4'-trifluoromethylbiphenyl-2-carbo-
nyl)amino]benzyl}ester 1-ethyl ester,

[0140] 2-ethoxycarbonyl-2-phenylpentanedionic acid
5-{5-dimethylcarbamoyl-2-fluoro-4- (4'-trifluoromethyl-
biphenyl-2-carbonyl)aminoJphenyl}ester 1-ethyl ester,

[0141] 2-ethoxycarbonyl-2-phenylpentanedionic acid
5-{3-dimethylcarbamoyl-4-[ (4'-trifluoromethylbiphenyl-
2-carbonyl)amino Jbenzyl }ester 1-ethyl ester,

[0142] 2-ethoxycarbonyl-2-phenylpentanedionic acid
5-{3-dimethylcarbamoyl-4- (4'-trifluoromethylbiphenyl-
2-carbonyl)aminoJphenyl}ester 1-ethyl ester,

[0143] 2-ethoxycarbonyl-2-phenylpentanedionic acid
5-{3-dimethylcarbamoyl-2.6-difluoro-4-[(4'-trifluorom-
ethylbiphenyl-2-carbonyl)amino Jphenyl}ester 1-ethyl
ester,

[0144] 2-ethoxycarbonyl-2-phenylpentanedionic acid
5-{2,6-difluoro-3-methylcarbamoyl-4-[ (4'-trifluorometh-
ylbiphenyl-2-carbonyl)amino Jphenyl}ester 1-ethyl ester,

[0145] (2,2-bisethylcarbamoyl-2-phenylethoxy Jacetic
acid  3-dimethylcarbamoyl-4-[ (4'-trifluoromethylbiphe-
nyl-2-carbonyl)amino Jphenyl} ester,

[0146] (2.2-bisethylcarbamoyl-2-phenylethoxy)acetic
acid 3-dimethylcarbamoyl-2,6-difluoro-4-[ (4'-trifluorom-
ethylbiphenyl-2-carbonyl)amino Jphenyl}ester,

[0147] (3,3-bisethylcarbamoyl-3-phenylpropoxy Jacetic
acid 3-dimethylcarbamoyl-2,6-difluoro-4-[ (4'-trifluorom-
ethylbiphenyl-2-carbonylJamino Jphenyl}ester,

[0148] 6.6-bisethylcarbamoyl-6-thiophen-2-yl-hexanoic
acid 3-dimethylcarbamoyl-2,6-difluoro-4-[ (4'-trifluorom-
ethylbiphenyl-2-carbonylJamino Jphenyl}ester,

[0149] 3-(2,2-bisethylcarbamoyl-2-phenylethoxy )propi-
onic acid 3-dimethylcarbamoyl-2,6-difluoro-4-[ (4'-trif-
luoromethylbiphenyl-2-carbonyl)amino Jphenyl} ester,

[0150] 5.5-bisethylcarbamoyl-5-thiophen-2-yl)pentanoic
acid 3-dimethylcarbamoyl-2,6-difluoro-4-[ (4'-trifluorom-
ethylbiphenyl-2-carbonyl)amino Jphenyl}ester,

[0151] 4.4-bis(ethylmethylcarbamoyl)-4-phenylbutyric
acid 3-dimethylcarbamoyl-2,6-difluoro-4-[ (4'-trifluorom-
ethylbiphenyl-2-carbonyl)amino Jphenyl}ester,

[0152] 5.5-bis(ethylmethylcarbamoyl)-5-phenylvaleric
acid 3-dimethylcarbamoyl-2,6-difluoro-4-[ (4'-trifluorom-
ethylbiphenyl-2-carbonyl)amino Jphenyl ester,
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[0153] 2-ethoxycarbonyl-2-thiophen-2-ylpentandionic
acid  5-{3-dimethylcarbamoyl-4- (4'-trifluoromethylbi-
phenyl-2-carbonylJamino Jphenyl}ester 1-ethyl ester.

[0154] 2-ethoxycarbonyl-2-thiophen-2-ylpentandionic
acid  5-{3-dimethylcarbamoyl-4-[(5-methyl-4'-trifluo-
romethylbiphenyl-2-carbonyl)amino Jphenyl}ester
1-ethyl ester,

[0155] 2-ethoxycarbonyl-2-phenylpentanedionic acid
5-{3-dimethylcarbamoyl-2.6-difluoro-4-[ (5-methyl-4'-
trifluoromethylbiphenyl-2-carbonyl)amino]phenyl }ester
1-ethyl ester.

[0156] 2-ethoxycarbonyl-2-pyridin-2-ylsuccunic acid
4-{3-dimethylcarbamoyl-4-[ {4'-trifluoromethylbiphenyl-
2-carbonyl)aminobenzyl ester 1-ethyl ester, and

[0157] (2,2-bisethylcarbamoyl-2-phenylethoxy Jacetic
acid  3-dimethylcarbamoyl-4-[ (4'-trifluoromethylbiphe-
nyl-2-carbonylamino Jbenzyl ester:

[0158] 35) the ester compound according to the above 35),

which is represented by the formula:

RS .
R3 R’
R? RY
0
X e (Al — Y —(AIK?),,
E—R®
R! R? o E
R\i
wherein

[0159] R'and R* are each independently hydrogen; C,-C,
alkyl; C4-C, cycloalkyl; C-C, alkoxy; halo-C,-C, alkyl:
halo-C -C4 alkyloxy; optionally substituted C4-C,, aryl:
optionally substituted C,-C, 4 aralkyl: optionally substituted
C4-C,, aryloxy: optionally substituted C,-C, 4 aralkyloxy:
optionally substituted C,-C . arylcarbonyl; optionally sub-
stituted heterocycle; C,-C; alkoxycarbonyl: halogen: C,-C,
alkenyl; cyano; —N(R*) (R*') (wherein R** and R*" are
each independently hydrogen or optionally substituted
C,-C, aryl) or —(CH,),—O—CO—R"* (wherein R'* is
C -C, alkyl, C,-C; alkoxy or C,-C,, alkoxyalkyl. and ris 0
or an integer of 1 to 3.);

[0160] ring A is C,-C,, aryl; heterocycle;

T T
\ / \ /

[0161] X is —COO—(CH,),—. —CON(R,,)}—(CH,),—
or —N(R!'%)—CO—(CH,),— (wherein R'® is hydrogen,
C -C, alkyl or C5-C; cycloalkyl, and n is 0 or an integer of
1to 3):
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[0162] R* and R* are each independently hydrogen:
hydroxy: halogen: optionally substituted C,-Cg alkyl; C,-C,
alkoxy: halo-C,-C, alkyl: C,-C,4 aralkyloxy: C,-Cg acyl:
C-C,, alkoxycarbonylalkyl: optionally substituted hetero-
cycle:
—CON(R') (R"?)

(wherein R'' and R'? are each independently hydrogen,
C,-Cgalkyl, optionally substituted C,-C,, aryl. optionally
substituted C,-C , aralkyl, or C,-C, alkoxy, or R'" and R'?
taken together with the nitrogen atom to which they are
attached may form

(- =)
—N (e or —N (0]
__/

(wherein p is 0 or an integer of 1 to 2);
—(CH2),—N(R )(R")

(wherein R'* and R'* are each independently hydrogen;
C-C, alkyl; C,-C, alkoxycarbonyl; or C,-Cy acyl: or R'
and R'* taken together with the nitrogen atom to which they
are attached may form

(wherein p has the same meaning as defined above), and q
is 0 or an integer of 1 to 3);

—CO—R ")
(wherein R"? is hydroxy, C,-C, alkoxy. optionally substi-
tuted C,-C,, aryloxy, optionally substituted C.-C  aralky-
loxy or optionally substituted C,-C; alkyl); or
(CH;)pq0 —O—CO—R!1Y
(wherein R'® is C,-C, alkyl. C,-C, alkoxy, or C,-C,
alkoxyalkyl, and ' is 0 or an integer of 1 to 3);

[0163]

ring B is
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-continued
]\ =y I\
LA N, L A N
O S S (0]
2 2 2 <0
A\ 7 |\ |
O I_\‘ N
< Y
|/ 4 \_ 7 o
N 0
[
S IR 8

(wherein k is 0 or an integer of 1 to 2); or R*, R'"” and ring
B taken together with the nitrogen atom to which R'” is
attached may form

—N B

}-»0

9] O
[0164] Alk' is alkanediyl or alkenediyl;
[0165] AlK® is alkanediyl or alkenediyl;
[0166] 1is O or an integer of 1 to 3;
[0167] m is O or an integer of 1 to 3;
[0168] ring C is

or

[0169] (wherein q is O or an integer of 1 to 4);

[0170] R’ R® and R7 are each independently hydrogen;

C -Cs alkyl: C,-C, alkoxy: C,-C; alkoxycarbonyl: carboxyl;

halogen, cyano; nitro; halo-C,-Cgalkyl; C,-C, acyl;

hydroxyl: amino; optionally substituted C,-C , aryl;
—(CH,)—CON{R'®) (R'")

(wherein R'® and R'7 are each independently hydrogen;

C,-Cgalkyl; or halo-C,-C; alkyl. and r is 0 or an integer of

1 to 3); or

{CH,;),—O—CO—R'”
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(wherein R'™" is C,-C, alkyl, C,-C; alkoxy, or C,-C,,
alkoxyalkyl, and r" is O or an integer of 1 to 3);

[0171] R® and R’ are each independently hydrogen,
optionally substituted C,-C alkyl, or optionally substituted
Cys-C, 4 aryl:

[0172] Eis —O— or —NH—

[0173] Yis —O—-CO—O—, —0O0-CO—, —CO—-0O—,
—CO—O0—CR"" ER"MH—0-—CO—, —CO—-0O-—
C(R") R"H—-0-CO-0O0—, oo —0O-CO-O
C(R") (R"")—O—CO—, (wherein R''” and R'"! are each
independently hydrogen or C,-C, alkyl, provided that when
Y is —CO—O—, then R? is —(CH2),—O—CO—R'"
wherein R'* and r' each has the same meaning as defined
above:

or a pharmaceutically acceptable salt thereof:

[0174] 36) the ester compound according to the above 35),
which is represented by the formula:

R? R®
R* R’
NN O
/E’;:_[C] Ly—Y—(CHa)y
X E
! s oF B
R |
RQ

[0175] R* and R*" are each independently hydrogen;
C -C, alkyl; C5-C; cycloalkyl: C,-Cg alkoxy; halogen: halo-
C -C, alkyl; halo-C -C; alkyloxy: C,-C; acyl; C,-C, alk-
enyl: or cyano:

[0176] X, is—O—or—NR'" (R' has the same meaning
as defined above): and R1, R3, R4, RS, R6, R7, R8, R9. Y.
ring C. E. 1, and m each has the same meaning as defined
above;

or a pharmaceutically acceptable salt thereof;

[0177] 37) a pharmaceutical composition, which com-
prises the ester compound or a pharmaceutically acceptable
salt thereof according to any one of the above 1) to 36), and
a pharmaceutically acceptable carrier:

[0178] 38) an MTP (microsomal triglyceride transfer pro-
tein) inhibitor, which comprises the ester compound or a
pharmaceutically acceptable salt thereof according to any
one of the above 1) to 36) as an active ingredient;

[0179] 39) an agent for the treatment or prophylaxis of
hyperlipidemia, which comprises the ester compound or a
pharmaceutically acceptable salt thereof according to any
one of the above 1) to 36) as an active ingredient:

[0180] 40) an agent for the treatment or prophylaxis of
arteriosclerosis, which comprises the ester compound or a
pharmaceutically acceptable salt thereof according to any
one of the above 1) to 36) as an active ingredient;

[0181] 41) an agent for the treatment or prophylaxis of
coronary artery diseases, which comprises the ester com-
pound or a pharmaceutically acceptable salt thereof accord-
ing to any one of the above 1) to 36) as an active ingredient;
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[0182] 42) an agent for the treatment or prophylaxis of
obesity, which comprises the ester compound or a pharma-
ceutically acceptable salt thereof according to any one of the
above 1) to 36) as an active ingredient;

[0183] 43) an agent for the treatment or prophylaxis of
diabetes, which comprises the ester compound or a phar-
maceutically acceptable salt thereof according to any one of
the above 1) to 36) as an active ingredient;

[0184] 44) an agent for the treatment or prophylaxis of
hypertension. which comprises the ester compound or a
pharmaceutically acceptable salt thereof according to any
one of the above 1) to 36) as an active ingredient;

[0185] 45) an agent for the treatment or prophylaxis of
hyperlipidemia, arteriosclerosis, coronary artery diseases,
obesity, diabetes or hypertension, comprising an MTP
inhibitor which is a compound selectively inhibiting MTP
(microsomal triglyceride transfer protein) in the small intes-
tine, or a pharmaceutically acceptable salt and having at
least one or more carbonate group(s), and a pharmaceuti-
cally acceptable carrier;

[0186] 46) the agent for the treatment or prophylaxis
according to the above 45), wherein the MTP inhibitor does
not substantially inhibit MTP in the liver but substantially
inhibits only MTP in the small intestine;

[0187] 47) the agent for the treatment or prophylaxis
according to the above 45), wherein after the administered
MTP inhibitor inhibits MTP in the small intestine, it is
metabolized in the small intestine. blood and liver to the
amount at which the remaining MTP inhibitor in the liver
does not substantially inhibit the MTP in the liver:

[0188] 48) the agent for the treatment or prophylaxis
according to the above 45), wherein after the administered
MTP inhibitor inhibits MTP in the small intestine, it is
metabolized in the small intestine or blood to the amount at
which the remaining MTP inhibitor in the liver does not
substantially inhibit the MTP in the liver;

[0189] 49) the agent for the treatment or prophylaxis
according to the above 47) or 48), wherein the remaining
MTP inhibitor in the liver is metabolized to the state where
TG-releasing activity of the liver is kept at the level of about
80% or more of the normal level;

[0190] 50) the agent for the treatment or prophylaxis
according to any one of the above 45) to 49), wherein the
MTP inhibitor according to the above 1) to 36) is a com-
pound having at least one carbonate group;

[0191] 51) the agent for the treatment or prophylaxis
according to any one of the above 45) to 50), wherein after
the compound having at least one carbonate group exerts
MTP inhibitory activity, the ester moiety of the compound is
metabolized in blood to become an inactive substance:

[0192] 52) the agent for the treatment or prophylaxis
according to any one of the above 45) to 51), wherein the
MTP inhibitor is an ester compound having at least one
carbonate group. or a salt pharmaceutically acceptable salt
thereof according to the above 15):

[0193] 53) a method for the treatment or prophylaxis of
hyperlipidemia, arteriosclerosis, coronary artery diseases,
obesity. diabetes or hypertension, which comprises admin-
istering a compound having at least one or more carbonate
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group(s) and selectively inhibiting MTP (microsomal trig-
lyceride transfer protein) in the small intestine, or a phar-
maceutically acceptable salt thereof:

[0194] 54) the method according to the above 53), wherein
after the compound inhibits MTP in the small intestine, it is
metabolized in the small intestine, blood and liver to the
amount at which remaining said compound in the liver does
not substantially inhibit MTP in the liver;

[0195] 55) the method according to the above 53), wherein
after the compound inhibits MTP in the small intestine, it is
metabolized in the small intestine or blood to the amount at
which remaining said compound in the liver does not
substantially inhibit MTP in the liver;

[0196] 56) the method according to the above 54) or 55,
wherein the remaining compound in the liver is metabolized
to the state where TG-releasing activity of the liver is kept
at the level of about 80% or more of the normal level:

[0197] 57) the method according to any one of the above
54) to 56), wherein the ester compound according to any one
of the above 1) to 36) is a compound having at least one or
more carbonate group(s):

[0198] 58) the method according to any one of the above
54) to 57), wherein after the compound having at least one
or more carbonate group(s) exerts MTP inhibitory activity,
the ester moiety of the compound is metabolized in blood to
become an inactive substance;

[0199] 59) the method according to any one of the above
53) to 58), wherein the ester compound or a pharmaceuti-
cally acceptable salt thereof according to the above 15) is a
compound having at least one or more carbonate group(s):

[0200] 60) the agent for the treatment or prophylaxis
according to any one of the above 45) to 52), wherein the
agent is an agent for the treatment or prophylaxis of hyper-
lipidemia which is used in combination with other antihy-
perlipidemic drug(s):

[0201] 61) the agent for the treatment or prophylaxis
according to the above 60). wherein other antihyperlipi-
demic drug is a statin-type drug:

[0202] 62) the agent for the treatment or prophylaxis
according to the above 61), wherein the statin-type drug is
one or more drug(s) selected from the group consisting of
lovastatin, simvastatin, pravastatin, fluvastatin, atorvastatin
and cerivastating

[0203] 63) the agent for the treatment or prophylaxis
according to any one of the above 45) to 52), wherein the
agent is an agent for the treatment or prophylaxis of obesity
which is used in combination with other anti-obesity
drug(s):

[0204] 64) the agent for the treatment or prophylaxis
according to the above 63), wherein other anti-obesity drug
is mazindol or/and orlistat;

[0205] 65) the agent for the treatment or prophylaxis
according to any one of the above 45) to 52), wherein the
agent is an agent for the treatment or prophylaxis of diabetes
which is used in combination with other anti-diabetic
drug(s):
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[0206] 66) the agent for the treatment or prophylaxis
according to the above 65), wherein other anti-diabetic drug
is one or more drug(s) selected from the group consisting of
insulin preparations. sulfonylurea drugs, insulin secreta-
gogues, sulfonamide drugs, biguanide drugs, a-glucosidase
inhibitors and insulin resistance-improving drugs;

[0207] 67) the agent for the treatment or prophylaxis
according to the above 65), wherein other anti-diabetic drug
is one or more drug(s) selected from the group consisting of
insulin, glibenclamide, tolbutamide, glyclopyramide. aceto-
hexamide, glimepiride, tolazamide. gliclazide, nateglinide.
glybuzole. metformin hydrochloride, buformin hydrochlo-
ride, boglibose. acarbose and pioglitazone hydrochloride:

[0208] 68) the agent for the treatment or prophylaxis
according to any one of the above 45) to 52), wherein the
agent is an agent for the treatment or prophylaxis of hyper-
tension which is used in combination with other anti-

hypertension drug(s):

[0209] 69) the agent for the treatment or prophylaxis
according to the above 68). wherein other anti-hypertension
drug is one or more drug(s) selected from the group con-
sisting of loop diuretics, angiotensin converting enzyme
inhibitors, angiotensin 11 receptor antagonists, calcium
antagonists, f-blockers, a.3-blockers and a-blockers;

[0210] 70) the agent for the treatment or prophylaxis
according to the above 68), wherein other anti-hypertension
drug is one or more drug(s) selected from the group con-
sisting of furosemide delayed release, captopril. captopril
delayed release, enalapril maleate, alacepril, delapril hydro-
chloride. silazapril. lisinopril. benazepril hydrochloride, imi-
dapril hydrochloride, temocapril hydrochloride, quinapril
hydrochloride, trandolapril, perindopril erbumine, losartan
potassium, candesartan cilexetil, nicardipine hydrochloride,
nicardipine hydrochloride delayed release, nilvadipine, nife-
dipine, nifedipine delayed release. benidipine hydrochlo-
ride, diltiazem hydrochloride, diltiazem hydrochloride
delayed release, nisoldipine, nitrendipine, manidipine
hydrochloride, barnidipine hydrochloride, efonidipine
hydrochloride, amlodipine besylate, felodipine, cilnidipine,
aranidipine, propranolol hydrochloride, propranclol hydro-
chloride delayed release, pindolol, pindolol delayed release,
indenolol hydrochloride, carteolol hydrochloride, carteolol
hydrochloride delayed release, bunitrolol hydrochloride,
bunitrolol hydrochloride delayed release, atenolol, asebu-
tolol hydrochloride, metoprolol tartrate, metoprolol tartrate
delayed release, nipradilol, penbutolol sulfate, tilisolol
hydrochloride, carvedilol. bisoprolol fumarate, betaxolol
hydrochloride. celiprolol hydrochloride, bopindolol mal-
onate. bevantolol hydrochloride. labetalol hydrochloride.
arotinolol hydrochloride, amosulalol hydrochloride, pra-
zosin hydrochloride, terazosin hydrochloride, doxazosin
mesylate, bunazocin hydrochloride, bunazocin hydrochlo-
ride delayed release, urapidil and phentolamine mesylate;

[0211] 71) use of the agent for the treatment or prophy-
laxis according to any one of the above 39) to 52) and other
antihyperlipidemic drug(s) for the treatment or prophylaxis
of hyperlipidemia;

[0212] 72) the use according to the above 71). wherein
other antihyperlipidemic drug is a statin-type drug:
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[0213] 73) the use according to the above 72), wherein the
statin-type drug is one or more drug(s) selected from the
group consisting of lovastatin, simvastatin, pravastatin, flu-
vastatin, atorvastatin and cerivastatin;

[0214] 74) use of the agent for the treatment or prophy-
laxis according to any one of the above 39) to 52) and other
anti-obesity drug(s) for the treatment or prophylaxis of
obesity:

[0215] 75) the use according to the above 74), wherein
other anti-obesity drug is mazindol or/and orlistat:

[0216] 76) use of the agent for the treatment or prophy-
laxis according to any one of the above 39) to 52) and other
anti-diabetic drug(s) for the treatment or prophylaxis of
diabetes:

[0217] 77) the use according to the above 76), wherein
other anti-diabetic drugs are one or more drug(s) selected
from the group consisting of insulin preparations, sulfony-
lurea drugs. insulin secretagogues, sulfonamide drugs. bigu-
anide drugs, a-glucosidase inhibitors and insulin resistance
improving drugs:

[0218] 78) the use according to the above 76), wherein
other anti-diabetic drug is one or more drug(s) selected from
the group consisting of insulin, glibenclamide, tolbutamide,
glyclopyramide. acetohexamide, glimepiride, tolazamide.
gliclazide, nateglinide, glybuzole, metformin hydrochloride,
buformin hydrochloride, boglibose, acarbose and pioglita-
zone hydrochloride;

[0219] 79) use of the agent for the treatment or prophy-
laxis according to any one of the above 39) to 52) and other
anti-hypertension drug(s) for the treatment or prophylaxis of
hypertension:

[0220] 80) the use according to the above 79), wherein
other anti-hypertension drug is one or more drug(s) selected
from the group consisting of loop diuretics, angiotension
converting enzyme inhibitors, angiotension 11 receptor
antagonists, calcium antagonists, beta-blockers, alpha/beta
blockers and alpha blockers:

[0221] 81) the use according to the above 79), wherein
other anti-hypertension drug is one or more drug(s) selected
from the group consisting of furosemide delayed release.
captopril, captopril delayed release, enalapril maleate, ala-
cepril, delapril hydrochloride, silazapril. lisinopril.
benazepril hydrochloride, imidapril hydrochloride, temoca-
pril hydrochloride, quinapril hydrochloride, trandolapril.
perindopril erbumine, losartan potassium, candesartan cilex-
etil, nicardipine hydrochloride, nicardipine hydrochloride
delayed release, nilvadipine, nifedipine, nifedipine delayed
release, benidipine hydrochloride, diltiazem hydrochloride,
diltiazem hydrochloride delayed release, nisoldipine, nitren-
dipine. manidipine hydrochloride, barnidipine hydrochlo-
ride, efonidipine hydrochloride. amlodipine besylate. felo-
dipine. cilnidipine, aranidipine. propranolol hydrochloride.
propranolol hydrochloride delayed release, pindolol. pin-
dolol delayed release, indenolol hydrochloride, carteolol
hydrochloride, carteolol hydrochloride delayed release.
bunitrolol hydrochloride, bunitrolol hydrochloride delayed
release, atenolol. asebutolol hydrochloride, metoprolol tar-
trate, metoprolol tartrate delayed release, nipradilol, penb-
utolol sulfate. tilisolol hydrochloride, carvedilol. bisoprolol
fumarate, betaxolol hydrochloride, celiprolol hydrochloride,
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bopindolol malonate, bevantolol hydrochloride, labetalol
hydrochloride. arotinolol hydrochloride, amosulalol hydro-
chloride, prazosin hydrochloride, terazosin hydrochloride,
doxazosin mesylate, bunazocin hydrochloride, bunazocin
hydrochloride delayed release. urapidil and phentolamine
mesylate;

[0222] 82) a pharmaceutical composition comprising an
effective amount of the ester compound or a pharmaceuti-
cally acceptable salt according to any one of the above 1) to
36), a pharmaceutically acceptable, appropriate amount of
ethanol and propylene glycol fatty acid ester;

[0223] 83) the pharmaceutical composition according to
the above 82), which comprises 25 to 35% by weight of
ethanol and 65 to 75% by weight of propylene glycol fatty
acid ester;

[0224] 84) a capsule formulation comprising the pharma-
ceutical composition according to the above 82) or 83);

[0225] 85) the capsule formulation according to the above
84). wherein the capsule formulation is a hard capsule or soft
capsule;

[0226] 86) a biphenyl compound represented by the for-
mula (100):

(100)

R¥ R0V
=

|—(CH3!|..—Y—RS°

wherein

[0227] R"is hydrogen. C,-C, alkyl. halogen. halo C,-Cj
alkyl, C,-Cg alkoxy or —(CH,),—O—CO—R'*® wherein
R s C,-C, alkyl, C,-C, alkoxy or C,-C, , alkoxyalkyl, and
r is 0 or an integer of 1 to 3;

[0228] R*"is hydrogen. C,-Cj alkyl. halogen, halo-C,-Cj
alkyl or C,-C; alkenyl:

[0229] R*"is —CON(R'"'"") (R'**) wherein R'"* and R'**
are each independently hydrogen, C -C, alkyl. optionally
substituted C.-C,, aryl, optionally substituted C.-C,,
aralkyl. C,-Cgalkoxy, or R'"® and R'** may be taken
together with the nitrogen to which they are attached to form

—N f> }p

(in which p is 0 or an integer of 1 to 2): or —(CH’),—O
CO—R'"™% wherein R'°” is C,-C, alkyl, C,-C alkoxy or
C,-C,, alkoxyalkyl, and r" is 0 or an integer of 1 to 3;

[0230] R* and R*™ are each independently hydrogen.
halogen, C,-C, alkyl or halo-C,-C, alkyl:

PENN EX. 2163
CFAD V. UPENN
IPR2015-01835

14 of 108



US 2006/0205726 Al

[0231] R’7is hydrogen, C,-Calkyl, optionally substituted
C4-C,, aryl or optionally substituted C,-C, , aralkyl;

[0232] Yis —O-CO—O—, —O—CO—, —CO—O—,
—CO—O0—C(R" @®R'"'"MH~—0-CO—-. —CO-—0O—
C(R"%) (R'")—0—CO—0— —O0—CO—O—CR'"
R")-0—CO—, —O—CO—CR") R'"™) -0,
__O_C‘-O—(-(RIIO] (Rlll)_c-(Rllfl) (R“])—O— ar
—O—CR")(R")—CO—0O—wherein R"'” and R'"" are
each independently hydrogen or C,-Cy alkyl, provided that
when Y is —CO—O—, then R*" is —(CH,),—0—CO
R'™ wherein R'™ and r' each has the same meaning as
defined above;

[0233]

or a pharmaceutically acceptable salt thereof:

la is an integer of 1 to 3;

[0234] 87) the biphenyl compound or a pharmaceutically
acceptable salt thereof according to the above 86), wherein

[0235]
[0236] R?*"is halo-C,-C, alkyl,

[0237] R is —CON(R"®) (R'*®) wherein R"® and R'*"
are each independently hydrogen or C,-C, alkyl, or R''® and
R'* may be taken together with the nitrogen to which they
are attached to form

—N t> ]'p

(wherein p is 0 or an integer of 1 to 2): or —(CH,),—0O
CO—R'" wherein R and r' each has the same meaning
as defined above;

[0238] R* and R'®” are each hydrogen; or
[0239] R’Yis hydrogen or C,-C, alkyl: and

R" is hydrogen.

[0240] 88) a biphenyl compound represented by the for-
mula:

(CHy)jy—Y—R>
X '

wherein

[0241] R"is hydrogen. C,-C, alkyl. halogen, halo-C,-C,
alkyl, C,-C; alkoxy or —(CH,)—O—CO—R'"" wherein
R is C,-C, alkyl. C,-C; alkoxy or C,-C |, alkoxyalkyl. and
ris 0 or an integer of 1 to 3;

[0242] R*"is hydrogen. C,-C, alkyl, halogen, halo-C,-Cj
alkyl or C,-C, alkenyl:
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[0243] R* is —CON(R'"'™")(R'*") wherein R''* and R'**
are each independently hydrogen. C,-C, alkyl, optionally
substituted C4-C,, arvl, optionally substituted C,-C, ;4
aralkyl, or C,-C, alkoxy, or R'"'* and R'** may be taken
together with the nitrogen to which they are attached to form

—N i> }p

(wherein p is 0 or an integer of 1 to 2); or (CH,),—0O-
CO—R'" wherein R'" is C,-C, alkyl, C,-C, alkoxy or
C,-C,; alkoxyalkyl, and r" is 0 or an integer of 1 to 3;

[0244] R* is hydrogen, halogen, C,-C, alkyl or halo-C -
C, alkyl:

[0245] R“ishydrogen, C,-C, alkyl, optionally substituted
C4-C,, aryl or optionally substituted C,-C,, aralkyl;

[0246] Y is —O—CO—0O—, —O0—CO—, —CO—0O—,
—CO—O0—C@R"™) ®*")y—0—C0—, —CO—0—
CEMY) RUYHY—DO—CO—-0—; or O-—-CO—-0O
CR") (R'")—0—CO— wherein R"" and R"" are each
independently hydrogen or C,-C alkyl, provided that when
Y is —CO—O—, then R*" is —(CH,),—0O—CO—R"
wherein R'” and r' each has the same meaning as defined
above:

[0247]

or a pharmaceutically acceptable salt thereof.

la is an integer of 1 to 3;

EFFECT OF THE INVENTION

[0248] The present invention can provide a novel antihy-
perlipidemic agent having excellent MTP inhibitory activity
without causing side effect to the liver which has been
observed in the conventional MTP inhibitors.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0249] *C,-C, alkyl” refers to a linear or branched alkyl
group of 1 to 6 carbon atoms. including, for example,
methyl. ethyl. propyl, isopropyl. butyl. isobutyl. sec-butyl.
tert-butyl, pentyl, isopentyl, neopentyl, tert-pentyl, and
hexyl, and more preferably a linear or branched C,-C, alkyl,
and especially preferably methyl, ethyl, and isopropyl. In
R', R?, R* and R*', methyl, ethyl or isopropyl is preferred:
in R®, R® and R7, methyl is preferred; in R'’, methyl, ethyl
or isopropyl is preferred; in R'" and R'2, methyl, ethyl,
propyl or isopropyl is preferred: in R'* and R'*. methyl or
ethyl is preferred: in R'?, isopropyl is preferred: in R'® and
R, methyl or ethyl is preferred; and in R'°”, methyl, ethyl,
propyl or isopropyl is preferred.

[0250] “Optionally substituted C,-C, alkyl” refers to a
C -C, alkyl group which may be substituted by one or two
or more substituent(s). Examples of the substituent include,
for example, halogen. carboxyl, hydroxy, amino, nitro,
cyano, C,-C; alkoxy, C,-C,, aralkyloxy, C,-C, alkoxycar-
bonyl, C,-C,  alkoxycarbonyloxy, CgC,,; aryl,
C,-Cgzalkylthio (e.g. methylthio, ethylthio, propylthio,
butylthio, isobutylthio, etc.), C,-C, alkylsulfinyl (e.g. meth-
ylsulfinyl. ethylsulfinyl, propylsulfinyl, butylsulfinyl, isobu-
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tylsulfinyl, etc.). C,-Cy alkylsulfonyl (e.g. methylsulfonyl.
ethylsulfonyl, propylsulfonyl. butylsulfonyl, isobutylsulfo-
nyl, etc.), C,-C, alkylamino (e.g. methylamino, ethylamino.
propylamino, butylamino, etc.), C,-C, acyloxy. acylamino
and the like, among which hydroxy is preferable. The
number of the substituent(s) is 1 to 5, preferably 1 to 3. A
preferable example for R* and R* is methyl. ethyl, propyl.
isopropyl. butyl or isobutyl. and a preferable example for R
and R” is methyl or ethyl.

[0251] *“C;-C, cycloalkyl” refers to a cycloalkyl group
having 3 to 7 carbon atoms. specifically cyclopropyl.
cyclobutyl. cyclopentyl, cyclohexyl, 1-methyleyclohexyl or
cycloheptyl. Preferable examples thereof include a
cycloalkyl having 3 to 6 carbon atoms, specifically cyclo-
propyl, cyclobutyl, cyclopentyl or cyclohexyl. More prefer-
able examples thereof include cyclopropyl or cyclohexyl. A
preferable example for R' and R? includes cyclohexyl: a
preferable example for R'” includes cyclohexyl: and pref-
erable examples for ring C include cyclopentyl and cyclo-
hexyl.

[0252] *C,-C, alkoxy” refers to a linear or branched
alkoxy group having 1 to 6 carbon atom(s), and its example
includes methoxy. ethoxy, propoxy. isopropoxy, butoxy.
tert-butoxy. pentyloxy, tert-pentyloxy and hexyloxy, etc..
preferably an alkoxy having 1 to 4 carbon atom(s), such as
methoxy. ethoxy, isopropoxy, butoxy and tert-butoxy, and
more preferably methoxy and ethoxy. Preferable examples
for R', R*, R* and R* include methoxy, isopropoxy and
butoxy: preferable examples for R* and R* include methoxy.
ethoxy. propoxy and isopropoxy: preferable examples for
R®, R® and R7 include methoxy and ethoxy; a preferable
example for R'' and R'? includes methoxy: and preferable
examples for R'® include methoxy. ethoxy. propoxy and
1SOpropoxy.

[0253] “Halo-C,-C, alkyl” refers to said C,-C alkyl sub-
stituted with halogen described below, and its example
includes chloromethyl, bromomethyl, fluoromethyl, trifluo-
romethyl, trichloromethyl, tribromomethyl. trichloroethyl.
pentatluoropropyl and chlorobutyl, etc.. preferably chlorom-
ethyl, bromomethyl, fluoromethyl. trifluoromethyl. trifluo-
roethyl and trichloromethyl, and especially preferably trif-
luoromethyl. A preferable example for R', R*, R* and R*"
includes trifluoromethyl: a preferable example for R* and R*
includes trifluoromethyl; a preferable example for R®, R®
and R” includes trifluoromethyl; and preferable examples for
R'® and R'7 include trifluoromethyl and trifluoroethyl.

[0254] “Halo-C,-Cgzalkyloxy” refers to a monovalent
group wherein the hydrogen atom of the hydroxy group is
substituted by the above-mentioned halo-C -Calkyl, and
includes, for example, chloromethyloxy. bromomethyloxy,
fluoromethyloxy, trifluoromethyloxy, trichloromethyloxy,
tribromomethyloxy. trichloroethyloxy, pentafluoropropy-
loxy and chlorobutyloxy, etc., preferably chloromethyloxy.
bromomethyloxy, fluoromethyloxy, trifluoromethyloxy and
trichloromethyloxy, and especially preferably trifluorom-
ethyloxy. A preferable example for R', R, R* and R*
includes trifluoromethyloxy.

[0255] *“C,-C,, aryl” refers to phenyl, naphthyl or biphe-
nyl, etc., preferably phenyl.

[0256] “Optionally substituted C,-C,, aryl” refers to a

C4-C, 4 aryl which may be substituted by one or two or more
substituents (s).
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[0257] In the “optionally substituted C4-C,, aryl”, when
C-C,, aryl is substituted by two or more substituents, such
substituents are not particularly limited, and may be the
same or different each other and are arbitrarily positioned.
The number of substituents is not particularly limited so
long as they are chemically acceptable, while the number is
preferably around 1 to 3. Specifically, examples of the
substituent include C-C, alkyl (e.g. methyl. ethyl, propyl.
isopropyl. butyl, tert-butyl, etc.): hydroxyl: C,-C.alkoxy
(e.g. methoxy. ethoxy, propoxy, butoxy, etc.); halogen (e.g.
fluorine, chlorine, bromine, etc.): nitro: cyano: C,-C; acyl
(e.g. formyl, acetyl, propionyl, etc.); C,-C, acyloxy (e.g.
formyloxy, acetoxy, propionyloxy, etc.); mercapto; C -C,
alkylthio (e.g. methylthio, ethylthio, propylthio, butylthio,
isobutylthio, etc.); amino; C,-C, alkylamino (e.g. methy-
lamino, ethylamino, propylamino, butylamino. ete.): di(C o
C, alkyl)amino (e.g. dimethylamino, diethylamino, dipro-
pylamino,  dibutylamino, etc.);  carboxyl:  C,-C,
alkoxycarbonyl (e.g. methoxycarbonyl. ethoxycarbonyl.
propoxycarbonyl, etc.); amido: trifluoromethyl: C,-C, alkyl-
sulfonyl(e.g. methylsulfonyl, ethylsulfonyl, etc.); aminosul-
fonyl; C,-C; cycloalkyl (e.g. cyclopentyl, cyclohexyl, etc.);
phenyl; acylamido (e.g. acetamido, propionylamido, etc.)
and the like, among which hydroxy, C,-C, alkyl, C,-C,
alkoxy. mercapto, C,-C, alkylthio. halogen, trifluoromethyl,
C,-C, acyl, C,-C; alkoxycarbonyl or acylamido are prefer-
able.

[0258] A preferable example for R' and R* includes phe-
nyl which may be substituted with halo-C -C alkyl (e.g.
trifluvoromethyl. etc.), C,-C alkyl (e.g. methyl, ethyl, etc.).
halogen (e.g. fluorine, chlorine, bromine, etc.), C,-Calkoxy
(e.g. methoxy. etc.). C,-C; acyl (e.g. acetyl, etc.), C,-Cg
alkenyl (e.g. isopropenyl, etc.): or cyano; a preferable
example for R®, R® and R7 includes phenyl which may be
substituted with halo-C-C, alkyl (e.g. trifluoromethyl. etc.),
C,-C, alkyl (e.g. methyl, etc.), halogen (e.g. chlorine, etc.)
or C,-C, alkoxy (e.g. methoxy, etc.); a preferable example
for R* and R” includes phenyl: a preferable example for R"'
and R'? includes phenyl: and a preferable example for ring
C include phenyl or naphthyl.

[0259] “Optionally substituted C,-C, ; aralkyl” refers to a
C,-C,, aralkyl which may be substituted by one or two or
more substituent(s).

[0260] “C,-C,, aralkyl” refers to a C,-C,, monovalent
group wherein the hydrogen atom of the alkyl moiety is
substituted by an aryl group, for example, a C,-C,, aralkyl
wherein the aryl moiety is phenyl (which may be substituted
with 1 to 3 substituent(s) mentioned in the above description
of aryl) and the alkyl moiety is an alkyl having 1 to 6 carbon
atom(s) (e.g. the above-mentioned C-C alkyl). To be more
specific. examples thereof include benzyl, phenethyl, phe-
nylpropyl, phenylbutyl and phenylhexyl, etc., among which
benzyl or phenylethyl is preferable. A preferable example for
R' and R? includes benzyl, a preferable example for R'! and
R'? is benzyl; and a preferable example for ring C includes
benzyl.

[0261] The substituent in the optionally substituted C,-C |,
aralkyl may be any substituent so long as it does not spoil the
purpose of the present invention, and preferably includes
those mentioned above for the optionally substituted C,-C
aryl.

[0262] “C,-C,, aryloxy” refers to phenoxy. naphthyloxy.
elc., preferably phenoxy.
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[0263] *“C,-C,, aryloxy” refers to a C4-C,, aryloxy which
may be substituted with 1 or 2 or more substituent (s).
Examples of the substituent in the optionally substituted
C-C,, aryloxy are preferably those mentioned for the above
C4-C,, aryl. A preferable example for R' and R? is phenoxy,
and a preferable example for R'” is phenoxy.

[0264] “C,-C,, aralkyloxy” refers to an arylalkoxy of
which alkoxy moiety has 1 to 4 carbon atom(s), including,
for example. benzyloxy, phenethyloxy. phenylpropyloxy,
phenylbutyloxy. etc., and preferably benzyloxy.

[0265] “Optionally substituted C,-C, , aralkyloxy” refers
to a C,-C,, aralkyloxy which may be substituted by one or
two or more substituent(s). Examples of the substituent in
the optionally substituted C.-C |, aralkyloxy are preferably
those for the optionally substituted C4-C |, aryl mentioned
above. A preferable example for R' and R? is benzyloxy: a
preferable example for R? is benzyloxy: and a preferable
example for R'® is benzyloxy.

[0266] “Optionally substituted C,-C,5 arylcarbonyl”
refers to, for example. benzoyl. naphthoyl, etc. (wherein the
phenyl or naphthyl moiety may be substituted with 1 to 3
substituent(s) mentioned in the above description of aryl),
preferably benzoyl. A preferable example for R' and R?
includes benzoyl. Examples of the substituent for the option-
ally substituted C,-C,. arylcarbonyl are preferably the
above substituents in the optionally substituted C,-C , aryl.

[0267] “Heterocycle™ refers to a 5- to 6-membered het-
eroaromatic ring, a 5- to 6-membered saturated heterocycle.
or a 5- to 6-membered unsaturated heterocycle, any of which
contains 1 to 3 heteroatom(s) selected from nitrogen, oxygen
and sulfur as an atom constituting the ring other than carbon
atom, or a fused heterocyclic ring in which said heterocycle
and benzene ring are fused. Specifically, such heterocycles
include thiophen-2-yl, thiophen-3-yl, furan-2-yl. furan-3-yl.
pyrrol-1-yl, pyrrol-2-yl. pyrrol-3-yl, imidazol-1-yl, imida-
zol-2-yl, imidazol-4-yl, imidazol-5-yl, pyrazol-1-yl, pyra-
zol-3-yl, pyrazol-4-yl. thiazol-2-yl. thiazol-4-yl, thiazol-5-
yl, oxazol-2-yl, oxazol-4-yl. oxazol-5-yl, isoxazol-3-yl.
isoxazol-4-yl, isoxazol-5-yl, pyrimidin-2-yl, pyrimidin-4-yl,
pyrimidin-5-yl. pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, pyr-
rolidin-2-yl, pyrrolidin-3-yl.  benzothiophen-2-yl, ben-
zothiophen-3-yl. benzofuran-2-yl, benzofuran-3-yl, indol-2-
yl, indol-3-yl, benzimidazol-1-yl. benzimidazol-2-yl,
benzothiazol-2-yl, benzoxazol-2-yl. quinolin-2-yl. quinolin-
3-yl, quinolin-4-yl. isoquinolin-1-yl. isoquinolin-3-yl, iso-
quinolin-4-yl, 1,3.4-thiadiazol-2-yl, morpholin-4-yl, etc.

[0268] A preferable example for R' and R? includes
thiophen-3-yl: preferable examples for ring A include imi-
dazol-5-yl, thiazol-5-yl, pyridin-3-y] and pyrrolidin-2-yl; a
preferable example for R* includes thiazol-2-yl: and prefer-
able examples for ring C include pyridin-2-yl, pyridin-3-yI.
thiophen-2-yl, thiophen-3-yl and thiazol-2-yl.

[0269] “Optionally substituted heterocycle™ refers to a
heterocyclic group which may be substituted with one or
two or more substituent(s) and includes the same substitu-
ents as those mentioned in the above description of aryl. The
number of substituents is not particularly limited so long as
they are chemically acceptable, while the number is prefer-
ably around 1 to 3.
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[0270] *C,-C, alkoxycarbonyl” refers to an alkoxycarbo-
nyl of which alkyl moiety has 1 to 6 carbon atom(s), such as
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl. iso-
propoxycarbonyl, butoxycarbonyl. isobutoxycarbonyl, tert-
butoxycarbonyl, pentyloxycarbonyl, tert-pentyloxycarbonyl
and hexyloxycarbonyl, etc. Preferable examples thereof
include methoxycarbonyl, ethoxycarbonyl. propoxycarbo-
nyl and butoxycarbonyl. A preferable example for R?
includes butoxycarbonyl; a preferable example for R®, R®
and R” includes methoxycarbonyl; and a preferable example
for R'* and R' includes methoxycarbonyl.

[0271] “Halogen™ refers to chlorine, bromine, fluorine or
the like. Preferable examples for R' include fluorine and
chlorine; preferable examples for R* and R*" include fluo-
rine. chlorine and bromine: preferable examples for R* and
R* include chlorine and bromine; and preferable examples
for R®, R® and R” include fluorine and chlorine.

[0272] <C,-C, alkenyl™ refers to a linear or branched
alkenyl group having 2 to 6 carbon atoms, and its example
includes vinyl, n-propenyl, isopropenyl. n-butenyl, isobute-
nyl, sec-butenyl. tert-butenyl, n-pentenyl, isopentenyl, neo-
pentenyl, 1-methylpropenyl. n-hexenyl. isohexenyl, 1.1-
dimethylbutenyl. 2.2-dimethylbutenyl, 3,3-dimethylbutenyl,
3.3-dimethylpropenyl. 2-ethylbutenyl, etc., and a preferable
example for R, R*, R*" and R™ includes n-propenyl.

[0273] “C,-C, acyl” refers to formyl having one carbon
atom, or an alkanoyl having 2 to 6 carbon atoms such as
acetyl, propionyl, butyryl or pivaloyl, etc.. and its preferable
examples include formyl, acetyl and pivaloyl. A preferable
example for R* and R* includes acetyl: a preferable
example for R? includes formyl: a preferable example for
R, R®and R includes acetyl: and a preferable example for
R'"* and R'* includes acetyl. The C,-C acyl may include, for
example. sulfonylacyl having 1 to 10 carbon atoms such as
methanesulfonyl, ethanesulfonyl and benzenesulfonyl. and a
phosphonylacyl having 1 to 6 carbon atoms such as meth-
ylphosphonyl and ethylphosphonyl.

[0274] “C,-C,, alkoxycarbonylalkyl” refers to a monova-
lent group having 3 to 10 carbon atoms, wherein the
hydrogen atom of the alkyl moiety is substituted with an
alkoxycarbonyl, and said alkyl may be the C,-C, alkyl
mentioned above, and said alkoxycarbonyl may be the
C -C, alkoxycarbonyl mentioned above. Examples of the
c "—C 10 alkoxycarbonylalkyl includes, for example, meth-
oxycarbonylmethyl, methoxycarbonylethyl. methoxycarbo-
nylpropyl. methoxycarbonylbutyl, ethoxycarbonylmethyl,
ethoxycarbonylethyl, ethoxycarbonylpropyl, ethoxycarbon-

ylbutyl, propoxycarbonylmethyl. propoxycarbonylethyl,
propoxycarbonylpropyl,  propoxycarbonylbutyl, isopro-
poxycarbonylmethyl,  isopropoxycarbonylethyl. isopro-

poxycarbonylpropyl, isopropoxycarbonylbutyl, butoxycar-
bonylmethyl. butoxycarbonylethyl, butoxycarbonylpropyl,
butoxycarbonylbutyl, isobutoxycarbonylmethyl. isobutoxy-
carbonylethyl, isobutoxycarbonylpropyl, isobutoxycarbon-
ylbutyl, tert-butoxycarbonylmethyl. tert-butoxycarbonyl-
ethyl, tert-butoxycarbonylpropyl, tert-butoxycarbonylbutyl,
pentyloxycarbonylmethyl, pentyloxycarbonylethyl, penty-
loxycarbonylpropyl, tert-pentyloxycarbonylmethyl, tert-
pentyloxycarbonylethyl. tert-pentyloxycarbonylpropyl.
hexyloxycarbonylmethyl.  hexyloxycarbonylethyl, and
hexyloxycarbonylpropyl.
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[0275] *“C,-C,, alkoxyalkyl” refers to an alkoxyalkyl of
which alkoxy moiety has the same meaning as said alkoxy
and alkyl moiety has the same meaning as said alkyl, and its
example includes methoxymethyl, ethoxymethyl, pro-
poxymethyl, butoxymethyl, pentyloxymethyl. hexyloxym-
ethyl, ethoxyethyl and methoxyethyl, etc.

[0276] “C,-C, alkoxycarbonyloxy” refers to a monovalent
group wherein the hydrogen atom of the hydroxy is substi-
tuted with the above C,-C, alkoxycarbonyloxy. and
includes, for example, methoxycarbonyloxy. ethoxycarbo-
nyloxy, propoxycarbonyloxy, isopropoxycarbonyloxy.
butoxycarbonyloxy, isobutoxycarbonyloxy. tert-butoxycar-
bonyloxy., pentyloxycarbonyloxy, tert-pentyloxycarbony-
loxy. and hexyloxycarbonyloxy.

[0277] “C,-C, acyloxy” refers to a monovalent group
wherein the hydrogen atom of the hydroxy is substituted
with an acyl group (e.g. alkanoyl such as acetyl, propionyl.
butyryl and pivaloyl), and examples thereof are acetyloxy.
propionyloxy. butyryloxy or pivaloyloxy.

[0278] “Alkanediyl” has preferably 1 to 6 carbon atom(s),
and its example includes methylene. ethane-1,2-diyl, ethane-
1.1-diyl, propane-1.3-diyl, butane-1.4-diyl, pentane-1.5-
divl, hexane-1.6-diyl, 1,1-dimethylethane-1,2-diyl, 1,1-di-
ethylethane-1,2-diyl,  2.2-dimethylethane-1.2-diyl.  2.2-
diethylethane-1.2-diyl, 1.1-dimethylpropane-13-diyl. 1,1-
diethylpropane-1.3-diyl, 2.2-dimethylpropane-1.3-diyl. 2.2-
diethylpropane-1.3-diyl, 3.3-dimethylpropane-1.3-diyl and
3.3-diethylpropane-1.3-diyl, etc. Preferable examples for
Alk and Alk? include methylene. ethane-1.2-diyl, ethane-1,
1-diyl, propane-1.3-diyl, etc.

[0279] “Alkenediyl” has preferably 2 to 6 carbon atoms,
and its example includes ethylene-1,2-diyl. 1-propene-1.3-
diyl. 2-propene-1.3-diyl, 1-butene-1,4-diyl. 2-butene-1.4-
diyl, 3-butene-1.4-diyl and 1,3-butadiene-1.4-diyl, etc. Pref-
erable examples for Alk' and Alk? include ethylene-1,2-diyl,
1-propene-1.3-diyl. 2-propene-1,3-diyl, etc.

[0280] The group or substituents as defined above may be
further substituted with substituent (s) such as those men-
tioned above.

[0281] “Prodrug” of the compound refers to a derivative of
the compound of the present invention, which has a group
capable of being chemically or metabolically converted and
shows pharmaceutical activity after it is hydrolyzed or
solvolyzed or converted under physiological conditions.
Since it is fully established in the medical field that what is
a group to be degradable or how such a group is introduced
into a compound, the technology known per se like these
may be used in the present invention.

[0282] For example, there may be listed a derivative in
which a substituent such as —CO-—C,-C alkyl, —CO —
C,-C, alkyl, —CONH—C,-C, alkyl, —CO—C,-C, alk-
enyl, —CO,—C,-C; alkenyl, —CONH—C,-C, alkenyl,
—CO—C-C,, aryl, —CO,—CgC,, aryl, —CONH—C -
C,, aryl. —CO-heterocycle, —CO,-heterocycle, CONH-
heterocycle, etc. (wherein any of said C,-C, alkyl, C,-C,
alkenyl, C,-C,, aryl and heterocycle may be substituted with
halogen, C,-C, alkyl. hydroxy, C,-C, alkoxy, carboxyl.
amino. amino acid residue. —PO,H,. —SO,H. —CO-
polyethyleneglycol residue, —CO,-polyethyleneglycol resi-
due, —CO-polyethyleneglycol monoalkyl ether residue or

-CO,-polyethyleneglycol monoalkyl ether residue) is
attached to the hydroxy group of the compound.
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[0283] Also, there may be exemplified a derivative in
which a substituent such as —CO—C -C, alkyl, —CO —
C,-Cgalkyl, —CO—C,-C, alkenyl, —CO,—C,-C, alkenyl,
—CO,—C,-C,, aryl, —CO—C,-C,, aryl, —CO-hetero-
cycle, —CO,-heterocycle, etc. (wherein any of said C-Cg
alkyl, C,-C, alkenyl, C,-C, aryl and heterocycle may be
substituted with halogen. C,-C, alkyl, hydroxy, C,-C,
alkoxy. carboxyl, amino, amino acid residue, —PO;H,.

SO,H. —CO-polyethyleneglycol residue, —CO,-poly-
ethyleneglycol residue, CO-polyethyleneglycol
monoalkyl ether residue, CO,-polyethyleneglycol

monoalkyl ether residue or —PO,H,, etc.) is attached to the
amino group of the compound.

[0284] Furthermore, there may be exemplified a derivative
in which a substituent such as C,-C, alkoxy, C,-C , aryloxy,
ete. (wherein said C,-C, alkoxy or C,;-C,, aryloxy may be
substituted ~ with  halogen, C,-Cgalkyl,  hydroxy,
C,-Caalkoxy. carboxyl, amino, amino acid residue,
—PO,H,. —SO,H, polyethyleneglycol residue or polyeth-
yleneglycol monoalkyl ether residue. etc.) is attached to the
carboxyl group of the compound.

[0285] Detailed description is given below with respect to
various substituents.

[0286] R' is preferably hydrogen: C,-C, alkyl such as
methyl, ethyl, etc.; C,-C4 alkoxy such as methoxy. isopro-
poxy. etc.; halogen such as fluorine, chlorine, etc.; halo-C -
C, alkyl such as trifluoromethyl, etc.; or C,-C, alkenyl such
as isopropenyl, etc.

[0287] R? is preferably phenyl (which may be substituted
with halo-C,-C; alkyl such as trifluoromethymethyl, etc.;
C-C4 alkyl such as methyl, ethyl, etc.; halogen such as
fluoro, chlorine, bromine, etc.; C,-C; alkyl such as ethyl and
isopropyl, etc.; C,-C, alkoxy such as methoxy, etc.: C,-C,
acyl such as acetyl, etc.; C,-C, alkenyl such as isopropenyl.
etc.; or cyano); C,-C, alkyl such as ethyl, isopropyl, etc.:
C-C, cycloalkyl such as cyclohexyl, ete.; C,-C alkoxy such
as butoxy, etc.; halo-C,-C, alkyl such as trifluoromethyl,
etc.; halo-C-C; alkyloxy such as trifluoromethoxy, etc.;
C -C 4 aralkyl such as benzyl, etc.: C4-C, aryloxy such as
phenoxy (of which aryl moiety may be substituted with
halo-C -C; alkyl such as trifluoromethyl, ete.), ete.: C,-C 5
arylcarbonyl such as benzoyl (of which aryl moiety may be
substituted with halogen such as chlorine, etc.), etc.: het-
erocycle such as thiophen-3-yl. ete.; C,-C, alkoxycarbonyl
such as butoxycarbonyl, etc.: —N(R*") (R*') (wherein R*°
and R*" are each independently hydrogen or optionally
substituted phenyl); (CH,),—0O—CO—R'" (wherein R'"
is C,-C, alkyl, C,-C; alkoxy or C,-C,, alkoxyalkyl, and r is
0 or an integer of 1 to 3).

[0288] R* is preferably hydrogen or halogen such as
chlorine, etc.

[0289] R*"is preferably hydrogen. halo-C,-C, alkyl such
as trifluoromethyl, etc.: C,-C, alkyl such as methyl, ethyl,
etc.: halogen such as fluorine, chlorine, bromine. etc.; C,-C,
alkoxy such as methoxy. eic.: C -C; acyl such as methyl-
carbonyl, etc.: C,-C, alkenyl such as isopropenyl. etc.; or
cyano.
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[0290] Ring A is preferably isobutyl substituted with hydroxy, etc.; C,-C, alkoxy such as
methoxy, ethoxy, propoxy, isopropoxy, etc.: halo-C,-Cy
alkyl such as trifluvoromethyl, etc.; C,-C, ; aralkyloxy such as

| \\l N 7 { i benzyloxy, etc.; C,-C, acyl such as formyl, etc.: optionally
. > . \\ g 3 substituted heterocycle such as 4-methyl-thiazol-2-yl, etc.:

—CON(R'") (R'?) (wherein R'" and R'? are each indepen-
dently hydrogen; C,-C alkyl such as methyl, ethyl, propyl,
isopropyl, etc.; C4-C,, aryl such as phenyl, etc.; C,-C, 4
(¢} aralkyl such as benzyl, etc.: or C -C, alkoxy such as meth-
G ; oxy. ete.: or R'" and R'? may be taken together with the
V3

nitrogen to which they are attached to form
/

\_/

/‘ r'x

among which phenyl is especially preferred.

[0291] X is preferably —COO—, —N(R')CO— or o

—CON(R'?)— (wherein R'® is hydrogen: C,-C, alkyl such N g0

as methyl. isopropyl, etc.: or C;-C, cycloalkyl such as N\ /

cyclohexyl, etc.), among which —COO— or —CONH— is

especially preferred.

[0292] Ring B is preferably (wherein R” and p each has the same meaning as defined

above)): N(R"*)R'™) or —CH,—N(R"*)(R"*) (wherein
R" and R'* are each independently hydrogen: C,-C, alkyl

= N such as methyl, ethyl, etc.; C,-C, a]l\uxyt.arbnnyl such as
I i methoxycarbonyl, etc.; or C,-C, acyl such as acetyl, etc.; or
‘ > [ = R'* and R'* may be taken together with the nitrogen to

N— N— which they are attached to form

/\

(wherein p has the same meaning as defined above)): or
—CO(R") (wherein R'? is C,-C, alkyl such as isopropyl,
etc.; C,-C, alkoxy such as methoxy. ethoxy, propoxy, iso-
. R propoxy, etc.; C5-C,, aralkyloxy such as benzyloxy, etc.; or
and L‘Sp(?(:lal]y prt:lcrab]y hydroxy) or —(CH ) — O—CO—R!°® (wherein RO g
C -C alkyl, C,-C alkoxy or C,-C,, a]koxy'i]kyl and r'is 0
or an integer of 1 to 3.)). Alternatively, R?, R'® and ring B
may be taken together with the nitrogen to which R'? is

attached to form

Z<>;
Q'

-
&

O
"
c?

ar
N.
£
| ;
\/ N
—N or _N
0
and most preferably )"
O 0

[0294] R?is preferably hydrogen or halogen such as fluo-
rine. chlorine, bromine, etc.

e

[0295] R*% is preferably hydrogen or halogen such as
fluorine. chlorine, bromine. etc.
[0293] R? is preferably hydrogen: hydroxy; halogen such
as chlorine, bromine, ete.; C,-C alkyl such as methyl, ethyl,
isopropyl, isobutyl, etc.: substituted C,-C, alkyl such as [0297] 1 is preferably 0, 1 or 2.

[0296] Alkl' is preferably methylene or ethane-1,1-diyl.
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[0298] AlkI* is preferably methylene.
[0299] m is preferably O or an integer of 1 to 3.

[0300] Ring C is preferably phenyl. naphthyl. etc.: C,-C,
cycloalkyl such as cyclopentyl, cyclohexyl, etc.; benzyl.
etc.; or pyridine-3-yl, thiophen-3-yl, thiophen-2-yl. thiazol-
2-yl, ete.

[0301] R® is preferably hydrogen; C,-C, alkyl such as
methyl, etc.; C,-C, alkoxy such as methoxy. etc.; halogen
such as chlorine, efc.: nitro: amino; C4-C,4 aryl such as
phenyl, etc.. —CON(R'®) (R'7) or —CH,—CON(R'®)
(R'7) (wherein R'® and R'” are each independently hydro-
gen; C,-Cg alkyl such as ethyl, etc., or halo-C,-C alkyl such
as 2,2.2-trifluoroethyl, ete.); or —(CH,),.—O—CO—R'"""
(wherein R'™" is C,-Cg alkyl, C,-Cg4 alkoxy or C,-C,,
alkoxyalkyl, and r" is O or an integer of 1 to 3.).

[0302] R®is preferably hydrogen or halogen such as chlo-

rine, etc.
[0303] R7 is preferably hydrogen.

[0304] R® and RY are each independently preferably
hydrogen; C,-C, alkyl such as ethyl, etc.; or C4-C, aryl
such as phenyl, etc.

[0305] Furthermore preferred embodiments of various
substituents and the substitution site will be illustrated
below.

[0306] R'is preferably hydrogen, halo-C -C, alkyl, C,-C,
alkyl, or —(CH,),—0—CO—R'* (wherein R'*" is C,-Cj
alkyl, C,-C, alkoxy or C,-C,, alkoxyalkyl, and r is 0 or an
integer of 1 to 3.), among which hydrogen is especially
preferred.

[0307] R? is preferably phenyl (which may be substituted
with halo-C-C alkyl such as triffuoromethyl, etc.: C,-C,
alkyl such as methyl. etc.: halogen such as chlorine, etc.: or
C,-C, alkoxy such as methoxy, etc.).

[0308] R* is preferably hydrogen.

[0309] R*"is preferably hydrogen, halo-C,-C, alkyl, halo-
gen, C,-C, alkyl or C,-C, alkoxy, and trifluoromethyl is
especially preferred.

[0310] X is preferably —COO— or —CON(R'"")— (R'®
has the same meaning as defined above), among which
—CONH-— is especially preferred.

[0311] Ring B is preferably phenylene.

[0312] R? is preferably C,-C, alkyl, C,-C, alkoxy,
—CON(R'") (R'?) (wherein R'" and R'? are each indepen-
dently preferably hydrogen or C,-C, alkyl), —CO(R'")
(wherein R'? is preferably C,-C, alkoxy) or —(CH,),—O—
CO—R' (wherein R'* is C,-C4 alkyl, C,-C, alkoxy or
C -C,, alkoxyalkyl. and r' is 0 or an integer of 1 to 3.).

[0313] R*is preferably hydrogen, fluorine or methyl, and
especially preferably hydrogen or fluorine.

[0314] R?™ is preferably hydrogen, fluorine or methyl,
and especially preferably hydrogen or fluorine.

[0315] Alk' is preferably methylene.
[0316] AIlK® is preferably methylene.
[0317] 1is preferably 0 or 1, especially preferably 1.

Sep. 14, 2006
19

[0318] m is preferably 1 or 2.

[0319] Ring C is preferably phenyl. pyridin-3-yl,
thiophen-3-yl, thiophen-2-yl and thiazol-2-yl, among which
phenyl is especially preferred.

[0320] R®. R® and R each is preferably hydrogen. halo-
gen. C,-C, alkyl, or —(CH,),.—O—CO—R"'"" (wherein
R'%" is C,-C, alkyl. C,-C, alkoxy or C,-C,, alkoxyalkyl,
and r" is 0 or an integer of 1 to 3.), among which hydrogen
is especially preferred.

[0321] R® and R” each is preferably hydrogen. C,-C,
alkyl, or C,-C ., aryl, among which C,-C, alkyl is especially
preferred.

[0322] The substitution site of —(CH,),—— on the benzene
ring in the formula (1') is preferably h-position.

[0323] Y is preferably —O—CO—0O—, —O—CO—, or
—CO—0O—. In the case where Y is —CO—O—C(R'"")
RO €0, —CO—_0—CR"™ ®M"M)Yo0—
CO—0—, —0—CO—O—CR"®) (R'"')—0—CO

—0-CO—CR") ®R')—0—, —O—CO—CR")
(Rlll)_(‘[Rllﬂ) (Rlll)_o___ or —0—(‘(1{“"‘) (Rl“}—
CO—0O—, R"? and R'"" are each preferably hydrogen.

[0324] Among the compounds (1) of the present inven-
tion, a preferable compound can be represented by the
formula (1'):

(1
RS R" 7

R
R4 R200
e o
_l__[CHgll_Y_{CHglm

X7 \ i E— pﬁ

O E

R I

R\a

(wherein all the symbols have the same meanings as defined
above).

[0325] A more preferable compound of the present inven-
tion is an ester compound selected from the group consisting
of:

[0326] 2-(2-{3-acetoxy-4-(4'"-trifluoromethylbiphenyl-2-

carbonyl)amino Jphenyl}acetoxymethyl)-2-phenylma-
lonic acid diethyl ester,

[0327] 2-phenyl-2-(2-{3-propionyloxy-4-[(4'-trifluorom-
ethylbiphenyl-2-carbonyl )amino]
phenyl}acetoxymethyl)malonic acid diethyl ester,

3 ~(2-{3-(2-methoxyacetoxy)- -trifluorometh-

0328] 2-(2-{3-(2-metl )-4-[(4'-trifl h
ylbiphenyl-2-carbonyl)amino Jphenyl} acetoxymethyl)-2-
phenylmalonic acid diethy! ester.

[0329] 2-(2-{2-acetoxy-3-[(4"-trifluoromethylbiphenyl-2-

carbonyl)amino]phenyl}acetoxymethyl)-2-phenylma-
lonic acid diethyl ester,

[0330] 2-(2-{3-acetoxy-4-(5-methyl-4"-trifluoromethyl-
biphenyl-2-carbonyl)amino Jphenyl}acetoxymethyl)-2-
phenylmalonic acid diethy! ester,
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[0331] 2-(2-{4-{(5-methyl-4'-trifluoromethylbiphenyl-2-
carbonyl)amino]-3-propionyloxyphenyl}acetoxymethyl)-
2-phenylmalonic acid diethyl ester.

[0332] 2-(2-{3-butyryloxy-4-[(5-methyl-4'-trifluorometh-
ylbiphenyl-2-carbonyl)amino Jphenyl }acetoxymethyl)-2-
phenylmalonic acid diethyl ester,

[0333] 2-(2-{3-acetoxy-4-{ methyl-(4'-trifluoromethylbi-
phenyl-2-carbonyl)amino Jphenyl}acetoxymethyl)-2-phe-
nylmalonic acid diethyl ester,

[0334] 2-{5-dimethylcarbamoyl-2-fluoro-4-[ (4'-trifluo-
romethylbiphenyl-2-carbonyl)amino Jphenoxycarbony-
loxymethyl}-2-phenylmalonic acid diethyl ester.

[0335] 2{4-isopropyl-3-oxo0-1-(4'-trifluoromethylbiphe-
nyl-2-carbonyl)-1.2,3.4-tetrahydroquinoxalin-6-yloxy-
carbonyloxymethyl]-2-phenylmalonic acid diethyl ester,

[0336] 2-phenyl-2-[1-(4'-trifluorometylbiphenyl-2-carbo-
nyl)-2,3-dihydro-1H-indol-5-yloxycarbonyloxymethyl]
malonic acid diethyl ester,

[0337] 2-{3-dimethylcarbamoyl-4-[(4'-trifluoromethylbi-
phenyl-2-carbonyl)amino Jphenoxycarbonyloxymethyl}-
2-phenylmalonic acid diethyl ester,

[0338] 2-{3-dimethylcarbamoyl-4-[(4'-trifluoromethylbi-
phenyl-2-carbonyljamino Jbenzyloxycarbonyloxym-
ethyl}-2-phenylmalonic acid diethyl ester,

[0339] 2-{2-chloro-5-dimethylcarbamoyl-4-[(4'-trifluo-
romethylbiphenyl-2-carbonyl)amino Jphenoxycarbony-
loxymethyl}-2-phenylmalonic acid diethyl ester.

[0340] 2-{3-dimethylcarbamoyl-4-[(4'-trifluoromethylbi-
phenyl-2-carbonyl)amino Jphenoxycarbonyloxymethyl} -
2-thiophen-2-yl-malonic acid diethyl ester,

[0341] 2-{3-dimethylcarbamoyl-4-](5-methyl-4'"-trifluo-
romethylbiphenyl-2-carbonyl)amino Jphenoxycarbony-
loxymethyl}-2-phenylmalonic acid diethy! ester,

[0342] 2-{3-dimethylcarbamoyl-4-[(5-methyl-4'-trifluo-
romethylbiphenyl-2-carbonyl)amino Jphenoxycarbony-
loxymethyl}-2-thiophen-2-yl-malonic acid diethyl ester,

[0343] carbonic acid 2,2-bisethylcarbamoyl-2-phenyl-
ethyl ester 3-dimetylcarbamoyl-4-[(4'-trifluoromethylbi-
phenyl-2-carbonyl)amino Jphenyl ester,

[0344] carbonic acid 2.2-bisethylcarbamoyl-2-phenyl-
ethyl ester S-dimethylcarbamoyl-2-fluoro-4-[(4'-trifluo-
romethylbiphenyl-2-carbonyl)amino Jphenyl ester,

[0345] 2-{3-(ethylmethylcarbamoyl)-4-[(4'-trifluorometh-
ylbiphenyl-2-carbonyl)amino Jphenoxycarbonyloxym-
ethyl}-2-phenylmalonic acid diethyl ester,

[0346] 2-{3-(methylpropylcarbamoyl)-4-[(4'-trifluorom-
ethylbiphenyl-2-carbonyl )Jamino Jphenoxycarbonyloxym-
ethyl}-2-phenylmalonic acid diethyl ester,

[0347] 2-phenyl-2-{3-(pyrrolidine-1-carbonyl)-4-[ (4'-trif-
luoromethylbiphenyl-2-carbonyl)amino |
phenoxycarbonyloxymethyl}phenylmalonic acid diethyl

esler,

[0348] 2-{5-dimethylcarbamoyl-2-methyl-4-[(4'-trifluo-
romethylbiphenyl-2-carbonyl)amino Jphenoxycarbony-
loxymethyl}-2-phenylmalonic acid diethyl ester
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[0349] 2-{3-dimethylcarbamoyl-4-[methyl-(4'-trifluorom-
ethylbiphenyl-2-carbonyl)Jamino Jphenoxycarbonyloxym-
ethyl}-2-phenylmalonic acid diethyl ester,

[0350] 2-{3-dimethylcarbamoyl-4-[(4"-trifluoromethylbi-
phenyl-2-carbonyl)amino Jphenoxycarbonyloxymethyl}-
2-pyridin-2-yl-malonic acid diethyl ester,

[0351] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-[ (4'-trif-
luoromethylbiphenyl-2-carbonyljamino Jphenoxycarbo-
nyloxymethyl}-2-phenylmalonic acid diethyl ester,

[0352] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-[ (4'-trif-
luoromethylbiphenyl-2-carbonylJamino Jphenoxycarbo-
nyloxymethyl}-2-pyridin-2-yl-malonic acid diethyl ester.

[0353] 2-{2-chloro-3-dimethylcarbamoyl-4-[ (4'-trifluo-
romethylbiphenyl-2-carbonyljamino Jphenoxycarbony-
loxymethyl }-2-phenylmalonic acid diethyl ester,

[0354] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-[ (4'-trif-
luoromethylbiphenyl-2-carbonyl)amino Jphenoxycarbo-
nyloxymethyl}-2-thiophen-2-yl-malonic ~ acid ~ diethyl
ester,

[0355] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-[ (5-me-
thyl-4"-trifluoromethylbiphenyl-2-carbonyl)amino Jphe-
noxycarbonyloxymethyl}-2-thiophen-2-yl-malonic  acid
diethyl ester,

[0356] carbonic acid 2.2-bis(ethylmethylcarbamoyl)-2-
phenylethylester  3-dimethylcarbamoyl-2.6-difluoro-4-
[(4'-trifluoromethylbiphenyl-2-carbonyl)amino Jphenyl
ester,

[0357] 2-{45.4"-bistrifluoromethylbiphenyl-2-carbony-
Damino]-3-dimethylcarbamoyl-2.6-difluorophenoxycar-
bonyloxymethyl }-2-thiophen-2-yl-malonic acid diethyl
ester,

[0358] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-[ (6-
fluoro-4'-trifluoromethylbiphenyl-2-carbonyl)amino]
phenoxycarbonyloxymethyl}-2-thiophen-2-yl-malonic
acid diethyl ester,

[0359] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-[ (6-me-
thyl-4'-trifluoromethylbiphenyl-2-carbonyl)amino Jphe-
noxycarbonyloxymethyl}-2-thiophen-2-yl-malonic  acid
diethyl ester,

[0360] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-[(4-me-
thyl-4'-triflucromethylbiphenyl-2-carbonyl)amino Jphe-
noxycarbonyloxymethyl}-2-thiophen-2-yl-malonic  acid
diethy! ester,

[0361] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-[(6-meth-
oxy-4'-trifluoromethylbiphenyl-2-carbonyl)amino Jphe-
noxycarbonyloxymethyl}-2-thiophen-2-yl-malonic  acid
diethyl ester,

[0362] 2-{3-dimethylcarbamoyl-2,6-difluoro-4-[(5-meth-
oxy-4'-trifluoromethylbiphenyl-2-carbonyl)amino Jphe-
noxycarbonyloxymethyl}-2-thiophen-2-yl-malonic  acid
diethyl ester,

[0363] 2-{2.6-difluoro-3-(morpholine-4-carbonyl)-4-[ (4'-
trifluoromethylbiphenyl-2-carbonyl)amino Jphenoxycar-
bonyl-oxymethyl}-2-thiophen-2-yl-malonic acid diethyl
ester,
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[0364] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-{(3-me-
thyl-4'-trifluoromethylbiphenyl-2-carbonyl)amino Jphe-
noxycarbonyloxymethyl}-2-thiophen-2-yl-malonic  acid
diethyl ester,

[0365] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-(3'-
fluoro-4'-trifluoromethylbiphenyl-2-carbonyl)amino|
phenoxycarbonyloxymethyl} -2-thiophen-2-yl-malonic
acid diethy! ester,

[0366] 2-{2.6-difluoro-3-[(2-methoxyethyl)methylcar-
bamoyl]-4-[(4"-trifluoromethylbiphenyl-2-carbony-
)amino Jphenoxycarbonyloxymethyl}-2-thiophen-2-yl-
malonic acid diethyl ester,

[0367] 2-{2.6-difluoro-3-(methoxycarbonylmethylmeth-
ylecarbamoyl)-4-[(4'-trifluoromethylbiphenyl-2-carbony-
Damino Jphenoxycarbonyloxymethyl}-2-thiophen-2-yl-
malonic acid diethy] ester,

[0368] 2-2.6-difluoro-4-[(5-methyl-4'-trifluoromethylbi-
phen yl-2-carbonylamino]-3'-(morpholine-4-carbon-
yl)phenoxycarbonyloxymethyl]-2-thiophen-2-yl-malonic
acid diethy! ester,

[0369] 2-{3-dimethylcarbamoyl-2.6-difluoro-4-[ (4'-trif-
luoromethylbiphenyl-2-carbonyl)amino Jphenoxycarbo-
nyloxymethyl}-2-thiazol-2-yl-malonic acid diethyl ester,

[0370] 2-{2.6-difluoro-3-[(2-hydroxyethyl)methylcar-
bamoyl]-4-[(4'-trifluoromethylbiphenyl-2-carbony-
)amino Jphenoxycarbonyloxymethyl}-2-thiophen-2-yl-
malonic acid diethyl ester,

[0371] 2-{3-(4-acetylpiperazine-1-carbonyl)-2.6-difluoro-
4-[(4'-trifluoromethylbiphenyl-2-carbonyl Jamino Jphe-
noxycarbonyloxymethyl]-2-thiophen-2-yl-malonic  acid
diethyl ester,

[0372] 2-{2.6-difluoro-3-[(4-hydroxypiperidine-1-carbo-
nyl)-4-[ (4'-trifluoromethylbiphenyl-2-carbonyl)amino
phenoxycarbonyloxymethyl} -2-thiophen-2-yl-malonic
acid diethy! ester,

[0373] 2-{2.6-difluoro-3-methoxy-4-[ (4'-trifluoromethyl-
biphenyl-2-carbonyl)amino Jphenoxycarbonyloxy
methyl]-2-thiophen-2-yl-malonic acid diethyl ester,

[0374] 2-{2.6-difluoro-4-[(4'-trifluoromethylbiphenyl-2-
carbonyl)aminoJphenoxycarbonyloxymethyl } -2-
thiophen-2-yl-malonic acid diethyl ester,

[0375] 2-{3-dimethylcarbamoyloxy-2.6-difluoro-4-[(4'-
trifluoromethylbiphenyl-2-carbonyl)amino Jphenoxycar-
bonyloxymethyl)-2-thiophen-2-yl-malonic acid diethyl
ester,

[0376] 2-{3-ethoxy-2.6-difluoro-4-[ (4'-trifluoromethylbi-

phenyl-2-carbonyl)amino Jphenoxycarbonyloxymethyl} -
2-thiophen-2-yl-malonic acid diethyl ester.

[0377] 2-{2.6-difluoro-3-isopropoxy-4-[ (4'-trifluorometh-
ylbiphenyl-2-carbonyl)amino Jphenoxycarbonyloxym-
ethyl}-2-thiophen-2-yl-malonic acid diethyl ester,

[0378] 2-ethoxycarbonyl-2-phenylpentanedionic acid
5-{3-dimethylcarbamoyl-4-[ (4'-trifluoromethylbiphenyl-
2-carbonyl)aminoJphenyl}ester 1-ethyl ester,

[0379] 2-(2-{3-dimethylcarbamoyl-4-[(4-trifluorometh-
ylbiphenyl-2-carbonyl)amino Jphenoxy }acetoxymethyl)-
2-phenylmalonic acid diethyl ester,
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[0380] 3-(2.2-bisethylcarbamoyl-2-phenylethoxy )propi-
onic acid 3-dimethylcarbamoyl-4-[ (4'-trifluoromethylbi-
phenyl-2-carbonyl Jamino Jphenyl ester,

[0381] 2-ethoxycarbonyl-2-phenylsuccinic acid 4-{3-dim-
ethylcarbamoyl-4-[ (4'-trifluoromethylbiphenyl-2-carbo-
nyl)aminoJphenyl}ester 1-ethyl ester,

[0382] 2-ethoxycarbonyl-2-phenylsuccinic acid 4-{3-dim-
ethylcarbamoyl-4-[ (4'-trifluoromethylbiphenyl-2-carbo-
nyl)amino]benzyl}ester 1-ethyl ester,

[0383] 2-ethoxycarbonyl-2-phenylpentanedionic acid
5-{5-dimethylcarbamoyl-2-fluoro-4-[ (4'-trifluoromethyl-
biphenyl-2-carbonylJamino Jphenyl}ester 1-ethy! ester,

[0384] 2-ethoxycarbonyl-2-phenylpentanedionic acid
5-{3-dimethylcarbamoyl-4-[ (4'"-trifluvoromethylbiphenyl-
2-carbonyl)amino]benzyl }ester 1-ethyl ester,

[0385] 2-ethoxycarbonyl-2-phenylpentanedionic acid
5-{3-dimethylcarbamoyl-4-[ (4'-trifluoromethylbiphenyl-
2-carbonyl)amino]phenyl }ester 1-ethyl ester,

[0386] 2-ethoxycarbonyl-2-phenylpentanedionic acid
5-{3-dimethylcarbamoyl-2,6-difluoro-4-[ (4'-trifluorom-
ethylbiphenyl-2-carbonyl)amino Jphenyl}ester 1-ethyl
ester,

[0387] 2-ethoxycarbonyl-2-phenylpentanedionic acid
5-{2.6-difluoro-3-methylcarbamoyl-4-[ (4'-trifluorometh-
ylbiphenyl-2-carbonyl)amino Jphenyl}ester 1-ethyl ester,

[0388] (2.2-bisethylcarbamoyl-2-phenylethoxy Jacetic
acid  3-dimethylcarbamoyl-4-[ (4'-trifluoromethylbiphe-
nyl-2-carbonyl)aminoJphenyl}ester,

[0389] (2,2-bisethylcarbamoyl-2-phenylethoxy Jacetic
acid 3-dimethylcarbamoyl-2.6-difluoro-4-[ (4'-trifluorom-
ethylbiphenyl-2-carbonyl)amino Jphenyl}ester,

[0390] (3.3-bisethylcarbamoyl-3-phenylpropoxy)acetic
acid 3-dimethylcarbamoyl-2,6-difluoro-4-[ (4'-trifluorom-
ethylbiphenyl-2-carbonyl)amino Jphenyl}ester,

[0391] 6,6-bisethylcarbamoyl-6-thiophen-2-yl-hexanoic
acid 3-dimethylcarbamoyl-2.6-difluoro-4-[ (4'-trifluorom-
ethylbiphenyl-2-carbonyl)amino Jphenyl}ester,

[0392] 3-(2.2-bisethylcarbamoyl-2-phenylethoxy )propi-
onic acid 3-dimethylcarbamoyl-2,6-difluoro-4-[ (4'-trif-
luoromethylbiphenyl-2-carbonyl)amino Jphenyl}ester.

[0393] 5,5-bisethylcarbamoyl-53-thiophen-2-yl)pentanoic
acid 3-dimethylcarbamoyl-2,6-difluoro-4-[ (4'-trifluorom-
ethylbiphenyl-2-carbonyl)amino Jphenyl}ester,

[0394] 4.4-bis(ethylmethylcarbamoyl)-4-phenylbutyric
acid 3-dimethylcarbamoyl-2,6-difluoro-4-[ (4'-trifluorom-
ethylbiphenyl-2-carbonyl Jamino Jphenyl}ester,

[0395] 5.5-bis(ethylmethylcarbamoyl)-5-phenylvaleric
acid 3-dimethylcarbamoyl-2.6-difluoro-4-[ (4'-trifluorom-
ethylbiphenyl-2-carbonyl)amino Jphenyl ester,

[0396] 2-ethoxycarbonyl-2-thiophen-2-ylpentandionic
acid  5-{3-dimethylcarbamoyl-4-[ (4'-trifluoromethylbi-
phenyl-2-carbonyl)Jamino Jphenyl}ester 1-ethyl ester,

[0397] 2-ethoxycarbonyl-2-thiophen-2-ylpentandionic
acid 5-{3-dimethylcarbamoyl-4-[(5-methyl-4'-trifluo-
romethylbiphenyl-2-carbonyl)amino Jphenyl}ester
1-ethyl ester.
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[0398] 2-ethoxycarbonyl-2-phenylpentanedionic acid
5-{3-dimethylcarbamoyl-2,6-difluoro-4-[ (5-methyl-4'-
trifluoromethylbiphenyl-2-carbonyl)amino Jphenyl} ester
1-ethyl ester,

[0399] 2-ethoxycarbonyl-2-pyridin-2-ylsuccunic acid
4-{3-dimethylcarbamoyl-4-[ {4"-trifluoromethylbiphenyl-
2-carbonyl)amino Jbenzyl ester 1-ethyl ester, and

[0400] (2,2-bisethylcarbamoyl-2-phenylethoxy Jacetic
acid  3-dimethylcarbamoyl-4-[(4'-trifluoromethylbiphe-
nyl-2-carbonyl)amino Jbenzyl ester.

[0401] Further, examples of furthermore preferable com-
pounds include 2-{3-dimethylcarbamoyl-4-{[6-trifluorom-
ethyl-2-(4-trifluoromethylphenyl)pyridine-3-carbonyl]
amino } phenoxycarbonyloxymethyl}-2-phenylmalonic acid
diethy! ester,

[0402] 2-{3-dimethylcarbamoyl-4-{[ 6-methyl-2-(4-trif-
luoromethylphenyl)pyridine-3-carbonyl]
amino } phenoxycarbonyloxymethyl)-2-phenylmalonic
acid diethyl ester,

[0403] 2-{3-dimethylcarbamoyl-4-{[ 6-methyl-2-(4-trif-
luoromethylphenyl)pyridine-3-carbonyl]
amino } phenoxycarbonyloxymethyl)-2-pyridin-2-yl-mal-
onic acid diether ester.

[0404] 2-{4-dimethylcarbamoyl-5-[(4'-trifluoromethylbi-
phenyl-2-carbonyl)amino Jpyridin-2-yloxycarbonyloxym-
ethyl}-2-phenyl-malonic acid diethyl ester.

[0405] 2-(3-dimethylcarbamoyl-4-{[2-(4-trifluorometh-
ylphenyl)pyridine-3-carbonyl]
amino } phenoxycarbonyloxy-methyl)-2-phenylmalonic
acid diethyl ester,

[0406] 2-(3-dimethylcarbamoyl-4-{[2-methylamino-4-(4-
trifluoromethylphenyl)pyrimidine-5-carbonyl]
amino }phenoxycarbonyloxymethyl)-2-phenylmalonic
acid diethyl ester,

[0407] 2-(4-{[2-dimethylamino-4-(4-trifluoromethylphe-
nyl)pyrimidine-5-carbonyl]amino }-3-dimethylcarbam-
oylphenoxycarbonyloxymethyl)-2-phenylmalonic  acid
diethy! ester.

[0408] 2-(3-dimethylcarbamoyl-2,6-difluoro-4-{[6-me-
thyl-2-(trifluoromethylphenyl)pyridine-3-carbonyl]
amino }phenoxycarbonyloxymethyl)-2-thiophen-2-yl-
malonic acid diethyl ester. and

[0409] 2-ethoxycarbonyl-2-phenylpentanedionic acid
5-{4-dimethylcarbamoyl-5{ (4'-trifluoromethylbiphenyl-
2-carbonyl)aminoJpyridin-2-yl}ester 1-ethyl ester.

[0410] The compounds of the present invention may
include hydrates or solvates, depending on the case, and may
further include their metabolites. Furthermore, the com-
pounds of the present invention include racemates and
optically active compounds. The optically active compounds
are preferably those wherein one of enantiomers is in
enantiomer excess of about 90% or higher, more preferably
in enantiomer excess of about 99% or higher.

[0411] The term “pharmaceutically acceptable salt”
includes various inorganic acid addition salts such as hydro-
chloride, hydrobromide, sulphate, phosphate and nitrate.
efc.: various organic acid addition salts such as acetate.
propionate, succinate, glycolate, lactate, malate. oxalate,
lartrate, citrate, maleate, fumarate, methanesulfonate, ben-
zensulfonate, p-toluenesulfonate and ascorbate, etc.; various
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salts with an amino acid such as aspartate and glutamate,
efc., and alkali salts thereof such as sodium salt and potas-
sium salt, although it is not limited thereto.

[0412] The expression “MTP in the small intestine” refers
to the MTP existing in small intestinal epithelial cells.

[0413] The expression “MTP in the liver” refers to the
MTP existing in hepatic cells.

[0414] The expression “selectively inhibit MTP in the
small intestine” means the level of inhibition is at least about
5 times higher, preferably about 10 times higher, than MTP
inhibition in other parts of body such as liver and heart,
especially liver. To be more specific. on the basis of S9
metabolic stability test, it means that in the test using human
or hamster S9 the remaining rate of unaltered form 10
minutes after the treatment with small intestine 89 is about
10 times or more higher than that in the case of the treatment
with liver 89.

[0415] The expression “it is metabolized to the amount at
which the remaining MTP inhibitor in the liver does not
substantially inhibit the MTP in the liver” means that almost
all of the orally administered MTP inhibitors are metabo-
lized to an inactive metabolite before arriving at the liver or
at the moment of arriving at the liver and show substantially
no MTP inhibitory activity in the liver, i.e. the MTP inhibi-
tors are converted to those that do not substantially inhibit
TG release from the liver. More specifically, it means the
condition where TG-releasing activity of the liver is kept at
the level of about 80% or more, preferably about 90% or
more, more preferably 100% of the normal level. In terms of
metabolism, it means that the ratio of inactive metabolite to
unaltered form in portal vein blood is approximately 8 or
more to 1 one hour after the oral administration to hamsters,
i.e. about 80% or more of the agent (compound) is metabo-
lized before arriving at the liver, or on the basis of liver S9
metabolic stability test, it means that 10 minutes after the
test using human or hamster S9 the remaining rate of
unaltered form is about 20% or less, preferably about 10%
or less, more preferably about 8% or less.

[0416] The expression “MTP inhibitor does not substan-
tially inhibit MTP in the liver” has essentially the same
meaning with the above “it is metabolized to the amount at
which the remaining MTP inhibitor in the liver does not
substantially inhibit the MTP in the liver”, and means the
condition where TG-releasing activity of the liver is kept at
the level of about 80% or more, preferably about 90% or
more, more preferably 100% of the normal level.

[0417] As “pharmaceutically acceptable carrier”, various
organic or inorganic carrier materials which are convention-
ally used as formulation material are used, and it is formu-
lated as excipient, lubricant, binder, disintegrating agent.
solvent, solubilizer, suspending agent. isotonizing agent,
buffer, soothing agent, etc. 1f desired. pharmaceutical addi-
tives such as preservative, antioxidant, coloring agent,
sweetening agent, etc. may be also used. Preferable
examples of said excipient include lactose. sucrose, D-man-
nitol, starch, crystalline cellulose, light anhydrous silicic
acid, ete. Preferable examples of said lubricant include
magnesium stearate, calcium stearate, talc, colloidal silica,
etc. Preferable examples of said binder include crystalline
cellulose, sucrose, D-mannitol, dextrin, hydroxypropyl cel-
lulose, hydroxypropyl methylcellulose, polyvinylpyrroli-
done, etc. Preferable examples of said disintegrating agent
include starch, carboxymethylcellulose, carboxymethyleel-
lulose calcium, crosscarmellose sodium, sodium carboxym-
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ethylstarch, etc. Preferable examples of said solvent include
water for injection, alcohol, propylene glycol. macrogol.
sesame-seed oil, corn oil, propylene glycol fatty acid ester,
etc. Preferable examples of said solubilizer include polyeth-
yleneglycol, propyleneglycol, D-mannitol, benzyl benzoate.
ethanol, trisaminomethane, cholesterol, triethanolamine,
sodium carbonate, sodium citrate, etc. Preferable examples
of said suspending agent include surfactants (e.g. stearyl
triethanolamine. sodium lauryl sulfate, lauryl aminopropi-
onic acid, lecithin, benzalkonium chloride. benzethonium
chloride, glycerin monostearate, etc), polyvinyl alcohol,
polyvinylpyrrolidone,  carboxymethylcellulose  sodium.
methylcellulose. hydroxymethyl cellulose, etc. Preferable
examples of said isotonizing agent include sodium chloride.
glycerin, D-mannitol, etc. Preferable examples of said bufler
include phosphate, acetate, carbonate, citrate, etc. Preferable
examples of said soothing agent include benzyl alcohol, etc.
Preferable examples of said preservative include paraoxy-
benzoic acid esters, chlorobutanol, benzyl alcohol, phen-
ethyl alcohol, dehydroacetic acid, sorbic acid, etc. Preferable
examples of said antioxidant include sulfites, ascorbic acid.
etc. Preferable examples of said sweetening agent include
aspartame, saccharin  sodium. stevia, etc. Preferable
examples of said coloring agent include food colors such as
food yellow No. 5, food red No. 2 and food blue No. 2, lake
colors for food, iron oxide, etc.

[0418] When the compounds of the present invention is
used as an agent for the treatment or prevention of hyper-
lipidemia or arteriosclerosis, they can be administered sys-
temically or locally, and orally or parenterally. Though the
dose may vary depending on the age, body weight, symp-
toms, therapeutic effect, etc., the dose per adult is in the
range of 0.1 mg to 1 g per one dose and can be administered
one to several times per day. Also, the compounds of the
present invention can be administered to human beings as
well as animals other than human beings, especially mam-
mals, for the treatment or prevention of said diseases. In a
similar manner as above, the compounds of the present
invention is also used as an agent for the treatment or
prevention of coronary artery disease, obesity, diabetes, or
hypertension.

[0419] In the formulation of the compounds of the present
invention into solid compositions and liquid compositions
for oral administration or injections, etc., for parenteral
administration, there may be added appropriate additives
such as diluents. dispersants, adsorbents, solubilizers, etc. In
addition, the composition of the present invention may take
the known form such as tablets, pills, powders, granules,
suppositories, injections, eye drops. solutions, capsules,
troches, aerosols, elixirs, suspensions, emulsions, syrups.
etc.

[0420] In the case where the pharmaceutical composition
of the present invention are solid preparations such as
tablets, pills, powders, granules, etc., an additive includes,
for example, lactose, mannitol, glucose, hydroxypropyl cel-
lulose, microcrystalline cellulose. starch, polyvinylpyrroli-
done, magnesium aluminometasilicate and powdery silicic
anhydride. In the case where the compounds of the present
invention are formulated into tablets or pills. they may be
coated with a gastroenteric or enteric coating film containing
a substance such as white sugar, gelatin, hydroxypropyl
cellulose and hydroxymethyl cellulose phthalate. Further-
more. the tablets or pills may be multi-layered tablets
comprising two or more layers.
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[0421] As the pharmaceutical compositions of the present
invention, there are also exemplified capsules in which are
filled liquid, semi-solid or solid contents prepared by dis-
solving the compounds of the present invention or its
pharmaceutically acceptable salt in a solvent and adding an
additive thereto. Examples of said solvents are purified
water, ethanol, vegetable oil, etc., among which ethanol or
a mixture of purified water and ethanol is preferably used.
Any additives commonly used in the preparation of capsules
can be used without any particular limitation. Such additives
include. for example, propylene glycol fatty acid esters: low
molecular weight polyethylene glycols such as polyethylene
glycol 200 to 600, etc., glycerine fatty acid esters thereof,
and medium chain fatty acid triglycerides thereof’ alcohols/
polyols such as stearyl alcohol, cetanol, polyethylene glycol,
elc., or esters thereof’ lipids such as sesame oil, soy bean oil,
peanut oil, corn oil, hydrogenated oil, paraflin oil, bleached
wax; fatty acids such as triethyl citrate, triacetin, stearic acid,
palmitic acid. myristic acid, etc., and derivatives thereof.
These additives are suitable for preparing liquid or semi-
solid contents. In the capsules of the present invention,
propylene glycol fatty acid esters are preferable as such an
additive. Examples of the propylene glycol fatty acid esters
are propylene glycol monocaprylate (Capmul PG-8 (Brand
name), Sefol 218 (Brand name), Capryo 190 (Brand name),
propylene glycol monolaurate (Lauroglycol FCC (Brand
name), propylene glycol monooleate (Myverol P-O6 (Brand
name)), propylene glycol myristate, propylene glycol
monostearate, propylene glycol lisinolate (Propymuls
(Brand name)). propylene glycol dicaprylate/dicaprate
(Captex (Trademark) 200 (Brand name)) propylene glycol
dilaurate, propylene glycol distearate and propylene glycol
dioctanoate (Captex (Trademark) 800 (Brand name)).
Although there is no particular limitation to the materials
constituting the capsules of the present invention. they
include, for example, polysaccharides derived from natural
products such as agar, alginic acid salt. starch, xanthan,
dextran, etc; proteins such as gelatin, casein, etc.; chemically
processed products such as hydroxystarch, pullulan, hydrox-
ypropyl cellulose. hydroxypropyl methyleellulose, polyvi-
nyl alcohol or derivatives thereof. polyacryl derivatives,
polyvinylpyrrolidone or derivatives thereof. polyethylene
glycol, etc.

[0422] Inthe case where the pharmaceutical compositions
of the present invention are liquid formulations for oral
administration such as pharmaceutically acceptable emul-
sions, solubilizers, suspensions, syrups, and elixirs, efc.,
diluents to be used include. for example, purified water,
ethanol, vegetable oils, emulsifiers. etc. In addition to such
diluents, auxiliary agents such as wetting agents, suspending
agents, sweeteners, condiments, flavors and antiseptics may
be added to said liquid formulations.

[0423] Inthe case where the pharmaceutical compositions
of the present invention are parenteral formulations such as
injections, there are employed sterilized aqueous or non-
aqueous solutions, solubilizers, suspending agents, emulsi-
fiers, etc. Examples of the aqueous solutions, solubilizers
and suspending agents include distilled water for injections,
physiological saline, cyclodextrin, and derivatives thereof;
organic amines such as triethanolamine, diethanolamine,
monoethanolamine, triethylamine, etc.; and inorganic alka-
line solutions. When aqueous solutions are employed, for
example, propylene glycol. polyethylene glycol or vegetable
oils such as olive oil, or alcohols such as ethanol may be
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further added. Further, surfactants (for mixed micelle for-
mation) such as polyoxyethylene hydrogenated castor oils
and sucrose fatty acid esters, or lecithin or hydrogenated
lecithin (for liposome formation). etc. can be used as a
solubilizer. Furthermore, with regard to the parenteral for-
mulations of the present invention, they may be formulated
into emulsions comprising non-aqueous solubilizers such as
vegetable oils, together with lecithin, polyoxyethylene
hydrogenated castor oil or polyoxyethylene-polyoxypropy-
lene glycol, ete.

[0424] Further, the present invention provides a pharma-
ceutical composition having a new function which has not
been known for the treatment or prophylaxis of hyperlipi-
demia, arteriosclerosis. coronary artery diseases, obesity,
diabetes or hypertension. That is. the agent for the treatment
or prevention of said diseases in accordance with the present
invention is characterized by selectively inhibiting MTP
(microsomal triglyceride transfer protein) in the small intes-
tine. Above all, a pharmaceutical composition or an agent
which does not substantially inhibit M'TP in the liver, but
inhibits only MTP in the small intestine is desirable. Spe-
cifically, it is preferable that MTP inhibition of the agent in
the liver is approximately '3 or less, preferably Yioo or less
when compared to that in the small intestine as estimated in
terms of EDg, or ED,,.

[0425] As one preferred embodiment of the therapeutic or
prophylactic agents of the present invention for said dis-
eases, they inhibit MTP in the small intestine, and they are
then metabolized in the small intestine, blood, and liver to
the amount at which the residual agent arriving at the liver
does not substantially inhibit MTP in the liver. It is particu-
larly preferable that, when 300 mg/kg of the compound of
the present invention is administered orally, the rate of liver
TG release inhibition exerted by the residual compound
reaching the liver is about 20% or less, preferably less than
about 10%. more preferably about 0%. Specifically, it is
desirable that the agent has about 40% or less. preferably
about 20% or less inhibition rate of liver TG release when
assayed by the method of Test Example 4 which will be
hereinafter mentioned.

[0426] The pharmaceutical compositions or agents of the
present invention can be used in combination with other
pharmaceutical compositions or agents. As other agents,
there may be exemplified drugs for the treatment or pro-
phylaxis of hyperlipidemia, arteriosclerosis, coronary artery
disease, obesity, diabetes, or hypertension, and they can be
used alone or in combination with two or more kinds of said

drugs.

[0427] Examples of the agents for the treatment of hyper-
lipidemia include a statin-type drug. more specifically, lov-
astatin, simvastatin, pravastatin, fluvastatin, atorvastatin and
cerivastatin.

[0428] [Examples of the agents for the treatment and/or
prophylaxis of obesity include mazindol and olristat.

[0429] Examples of the agents for the treatment and/or
prophylaxis of diabetes include insulin preparations. sulfo-
nylurea drugs. insulin secretion-promotor drugs, sulfona-
mide drugs, biguanide drugs, a-glucosidase inhibitors. insu-
lin resistance-improving drugs, etc., more specifically
insulin, glibenclamid, tolbutamide. glyclopyramide, aceto-
hexamide, glimepiride, tolazamide, gliclazide, nateglinide.
glibuzol, metformin hydrochloride, buformin hydrochloride.
voglibose, acarbose, pioglitazone hydrochloride, etc.
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[0430] Examples of the agents for the treatment and/or
prophylaxis of hypertension include loop diuretics, angio-
tensin converting enzyme inhibitors, angiotensin 11 receptor
antagonists, calcium antagonists, fi-blockers, o, fi-blockers
and a-blockers, and more specifically, furosemide delayed
release, captopril. captopril delayed release, enalapril male-
ate, alacepril, delapril hydrochloride, silazapril, lisinopril,
benazepril hydrochloride, imidapril hydrochloride, temoca-
pril hydrochloride, quinapril hydrochloride, trandolapril.
perindopril erbumine, losartan potassium, candesartan cilex-
etil. nicardipine hydrochloride, nicardipine hydrochloride
delayed release. nilvadipine, nifedipine. nifedipine delayed
release. benidipine hydrochloride, diltiazem hydrochloride,
diltiazem hydrochloride delayed release. nisoldipine, nitren-
dipine, manidipine hydrochloride. barnidipine hydrochlo-
ride, efonidipine hydrochloride, amlodipine besylate. felo-
dipine, cilnidipine, aranidipine. propranolol hydrochloride,
propranolol hydrochloride delayed release, pindolol. pin-
dolol delayed release, indenolol hydrochloride. carteolol
hydrochloride, carteolol hydrochloride delayed release.
bunitrolol hydrochloride, bunitrolol hydrochloride delayed
release, atenolol, asebutolol hydrochloride, metoprolol tar-
trate. metoprolol tartrate delayed release, nipradilol, penb-
utolol sulfate, tilisolol hydrochloride, carvedilol. bisoprolol
fumarate, betaxolol hydrochloride, celiprolol hydrochloride,
bopindolol malonate, bevantolol hydrochloride, labetalol
hydrochloride, arotinolol hydrochloride, amosulalol hydro-
chloride, prazosin hydrochloride. terazosin hydrochloride,
doxazosin mesylate, bunazocin hydrochloride. bunazocin
hydrochloride delayed release, urapidil, and phentolamine
mesylate, etc.

[0431] There is no particular limitation on the timing for
the administration of pharmaceutical compositions, agents,
or combination drugs according to the present invention. and
they may be administered simultaneously or intermittently
to the subjects. The amount of such drugs for combination
use can be determined based on their clinical doses, and can
be chosen appropriately depending on the subjects, age,
body weight, symptom, medication time, dosage form,
administration route. combination, etc. There is no particular
limitation on the dosage form of the drugs for combination
use, and it may be sufficient that the pharmaceutical com-
positions or agents and other drugs for combination use
according to the present invention are combined at the time
of administration.

[0432] The compounds of the present invention can be
prepared by the method known per se.

[0433] Next, a production method for preparing a com-
pound represented by the formula (1) will be illustrated
below as an example, but it is to be understood that the
production method of the present invention is not limited
thereto.

[0434] Inaddition, when the subsequent reaction is carried
out, the functional groups other than those to be reacted may
be optionally protected in a previous stage and may be
deprotected in an appropriate stage.

[0435] Further, the reaction in each step may be carried out
in the usual manner, and separation and purification may be
conducted by the appropriate selection or combination of
conventional methods such as crystallization, recrystalliza-
tion, column chromatography, preparative HPLC, etc.
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Production Method 1

[0436] Among the compounds of the formula (1), a
method for producing compounds in which X is —CONH
(CH,),— and Y i1s —CO—O— will be illustrated below.

Production methad 1

200
j R
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ojh—tCHﬂ,l—@—mtk ; 0—R> (4)
OH (2)

step 1-1 step 1-2

1

0
5

(o]
) R )J\
I-I;N—fCH;r.lA@f(Alk‘h O—R>¥ (5)
R? O

Cl (3) 4-1 step 1-3
RJ
R._OI}
/@ALN—:CH,}.‘—@—WL. s 0—R¥ (6)
1 step 1-4
| | 3 RMR* )OI\
/Eb)ki\i—ccw..—@—{.ukm OH (7)
Rl
step 1-5 HO—(Alk )y,
Rﬁ
Rj R‘.‘
3 Rlﬂ[r
0
rx-—(c Ha)y (Alkhy o—mk-}.., ()
E
O }I:. \RS
Rﬁl
[0437] In the above reaction scheme, R', R%, R, R*, R>,  Step 1-1

RS R7. R R%, R*™, I, m. n. Alk', AlK?, E. ring A, ring B,
and ring C each has the same meaning as defined above, and
R?* is C,-C, alkyl.
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[0438] A carboxylic acid of the formula (2) is reacted with
oxalyl chloride or thiony! chloride in a solvent to give an

acid chloride of the formula (3).
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[0439] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1.2-dimethoxyethane. diglyme, etc.; hydrocarbons such
as benzene, toluene, hexane, xvlene, etc.; halogenated
hydrocarbons such as methylene chloride, chloroform, car-
bon tetrachloride. 1.2-dichloroethane, etc.: and esters such
as ethyl acetate, methy] acetate, butyl acetate, etc., and they
may be used solely or in combination thereof. Preferred
solvents in the present reaction include methylene chloride,
chloroform or toluene, all of which contain a catalytic
amount of N.N-dimethylformamide.

[0440] The reaction temperature is about -20° C. to 120°
C., preferably about 0° C. to room temperature.

[0441] The reaction time is about 10 minutes to 8 hours,
preferably about 30 minutes to 4 hours.

[0442] The compound of the formula (2) can be easily
prepared by the conventional method.

Step 1-2

[0443] This step is a general reduction method for the nitro
group attached directly to the aromatic ring. A nitro com-
pound of the formula (4) is hydrogenated in a solvent in the
presence of a catalyst to give a compound of the formula (5).

[0444] The solvent used in the reaction includes, for
example. ethers such as tetrahydrofuran, dioxane, 1.2-
dimethoxyethane, etc.; alcohols such as methanol. ethanol.
isopropyl alcohol, t-butanol, etc.; and esters such as ethyl
acetate, methyl acetate, butyl acetate, etc.; and they are used
solely or in combination thereof. Preferred solvents in the
present reaction include alcohols such as methanol, ethanol.
isopropyl alcohol. t-butanol, etc., and a mixture of said
alcohol solvent and tetrahydrofuran and/or water.

[0445] The catalyst used in the reaction includes, for
example, palladium-carbon, palladium hydroxide. Raney-
Ni. platinum oxide, etc., and among which palladium-carbon
or reduced iron is preferred.

[0446] The reaction temperature is about 0° C. to 120° C.,
preferably about room temperature to 100° C.

[0447] The reaction time is about 30 minutes to 8 days,
preferably about one hour to 96 hours.

[0448] The compound of the formula (4) can be easily
prepared by the conventional method.

Step 1-3

[0449] This step is a general condensation reaction
between acid chlorides and amines. An acid chloride of the
formula (3) is preferably condensed with an amine of the
formula (5) in a solvent in the presence of a base to give a
compound of the formula (6).

[0450] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1.2-dimethoxyethane, diglyme, ete.; hydrocarbons such
as benzene, toluene, hexane, xylene, etc.; halogenated
hydrocarbons such as methylene chloride, chloroform. car-
bon tetrachloride. 1.2-dichloroethane, etc.: and esters such
as ethyl acetate, methyl acetate, butyl acetate, etc., and they
can be used solely or in combination thereof. Preferred
solvents in the present reaction include methylene chloride,
chloroform, toluene, ethyl acetate and tetrahydrofuran.
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[0451] Examples of the bases used in the present invention
include organic bases such as triethylamine, pyridine, N-me-
thylmorpholine, etc.; alkali metal hydroxides such as lithium
hydroxide, sodium hydroxide, potassium hydroxide, etc.:
and alkali metal carbonates such as sodium carbonate,
potassium carbonate, sodium bicarbonate, potassium bicar-
bonate, etc., among which triethylamine, sodium hydroxide
or sodium bicarbonate is preferable.

[0452] The reaction temperature is about 0° C. to 80° C.,
preferably about 0° C. to room temperature.

[0453] The reaction time is about 10 minutes to 48 hours,
preferably about 30 minutes to 24 hours.

[0454] In the case of a compound of the formula (5)
wherein R* is hydrogen, a compound of the formula (7) can
be prepared by one step of condensation between an ami-
nocarboxylic acid and an acid chloride (Schotten-Baumann
reaction).

[0455] Alternatively, a compound of the formula (6) can
be prepared by using a condensing agent (e.g. WSC-HOBT,
DCC-HOBT) for a compound of the formula (2) and a
compound of the formula (5). Further, a compound of the
formula (6) may be synthesized by converting a compound
of the formula (2) into its mixed anhydride, followed by the
reaction with a compound of the formula (5) in the presence
of a base.

Step 1-4

[0456] This step is a general ester hydrolysis reaction
using an alkali. An ester compound of the formula (6) is
hydrolyzed in a solvent in the presence of an acid or a base
to give a compound of the formula (7).

[0457] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1,2-dimethoxyethane, diglyme, etc.; alcohols such as
methanol, ethanol. isopropyl alcohol, etc.; and water; and
they can be used solely or in combination thereof. Preferred
solvents in the present reaction include a mixture of tetrahy-
drofuran and ethanol or methanol.

[0458] Examples of the bases are aqueous solutions of
alkali metal carbonates such as sodium carbonate, potassium
carbonate, ete., or aqueous solutions of alkali metal hydrox-
ides such as lithium hydroxide, sodium hydroxide, potas-
sium hydroxide, etc., among which sodium hydroxide or
lithium hydroxide is preferable. Examples of the acids are
hydrochloric acid, sulfuric acid, and nitric acid.

[0459] The reaction temperature is about 0° C. to 120° C.,
preferably about room temperature to 80° C.

[0460] The reaction time is about 1 hour to 24 hours,
preferably about 2.5 hours to 12 hours.

Step 1-5

[0461] This step is a general condensation reaction of a
carboxylic acid with an alcohol.

[0462] A carboxylic acid of the formula (7) is condensed
with an alcohol of the formula (8) in a solvent in the
presence of a base and a condensing agent to give a
compound of the formula (1-1) which is one of the objective
compounds. Alternatively, a carboxylic acid may be con-
verted into its activated derivative such as acid chloride and
acid anhydride, followed by the reaction with an alcohol
optionally in the presence of a base.
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[0463] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1.2-dimethoxyethane. diglyme, etc.; hydrocarbons such
as benzene, toluene, hexane, xvlene, etc.; halogenated
hydrocarbons such as methylene chloride, chloroform, car-
bon tetrachloride, 1,2-dichloroethane, etc.: esters such as
ethyl acetate, methyl acetate, butyl acetate, etc.; polar sol-
vents such as acetone, N.N-dimethylformamide, dimethyl
sulfoxide, etc.; and they can be used solely or in combination
thereof. Preferred solvents in the present reaction include
tetrahydrofuran, acetone, methylene chloride and N.N-dim-
ethylformamide.

[0464] Examples of the bases used in the reaction include
organic bases such as triethylamine, pyridine, dimethylami-
nopyridine, N-methylmorpholine, etc., among which dim-
ethylaminopyridine is preferred.

[0465] Examples of the condensing agents used in the
reaction include 1-ethyl-3-(3'-dimethylaminopropyl)carbo-
diimide hydrochloride (WSC.HCI). dicyclohexylcarbodiim-
ide (DCC), etc. among which 1-ethyl-3-(3'-dimethylamino-
propyljcarbodiimide hydrochloride is preferred.

Sep. 14, 2006

[0466] The reaction temperature is about 0° C. to 80° C.,
preferably about 0° C. to room temperature.

[0467] The reaction time is about 1 hour to 48 hours,
preferably about 3 hours to 24 hours.

[0468] The compound of the formula (8) can be easily
prepared by the conventional method or the method known
per se.

[0469] In addition. a compound of the formula (1-1)
wherein R? is hydroxyl may be prepared by subjecting a
compound of the formula (1-1) wherein R? is C,-C, alkoxy
or C,-C,, aralkyloxy, to dealkylation or dearalkylation
(debenzylation) respectively.

[0470] Further, the acylation of the hydroxyl group gives
a compound wherein R*® is —(CH,),—O—CO—R'®
(wherein r' is 0 and R'° has the same meaning as defined
above).

Production Method la

Production method la

R200

R R4 )UI\
OJN—:CHEJ..A@—:AM[ 0—R>® @)

l step 1 a-1

R? R0 R

(0]
)I\ (105)

0,N—(CH,), (AlKh] OH
step 1 a-2
HO— (All?),,
Rﬁ
R? R’
R-‘ REOUR-i (8]
)J\ )
O;N—(CHy)y (ALK O—(Alk?)y,
(106)
0 E  ps
l step 1 a-3 |
RD
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step 1 a-4
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[0471] In the above reaction scheme, R', R% R? R* R®,
RS R7,.R% R? R?3 R*™, |, m, n, Alk', Alk?, E. ring A, ring
B, and ring C each has the same meaning as defined above.

Step la-1

[0472] A compound of the formula (105) can be prepared
from a compound of the formula (4) in a similar manner to

Step 1-4 of Production Method 1.
Step la-2

[0473] A compound of the formula (106) can be prepared
by condensing a carboxylic acid of the formula (105) with
an alcohol of the formula (8) in a similar manner to Step 1-5
of Production Method 1.

R¥—0—(CHa),

29 of 108
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R R’
0]
O—(AlkY), (1-1)
[8] \Rﬁ

Step 1a-3
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[0474] A compound of the formula (107) can be prepared
from a compound of the formula (106) in a similar manner

to Step 1-2 of Production Method 1.
Step la-4

[0475] A compound of the formula (1-1) which is one of
the objective compounds can be prepared by condensing an
amine of the formula (107) with an acid chloride of the
formula (3) in a similar manner to Step 1-3 of Production

Method 1.
Production Method 2

[0476] Among the compounds represented by the formula
(1), a method for producing compounds in which X is

COO-—(CH,),—and Y is —CO—O
below.
Production method 2
R" RE!JI]R-i )(i\
(AlkD); oH (9 RS
- HO—(Alld)y
step 2-1

will be illustrated
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[0477] In the above reaction scheme, R', R% R, R*, R®, [0481] Examples of the condensing agents used in the

RS R7. R% R?, R*™, I, m, n. Alk', AlK?, E, ring A, ring B,
and ring C each has the same meaning as defined above, and
R** is a hydroxyl-protecting group (e.g. benzyl, p-methoxy-
benzyl, tert-butyl, trialkylsilyl, etc.).

Step 2-1

[0478] This step is a condensation reaction of a carboxylic
acid with an alcohol similar to Step 1-5 of Production
Method 1. A compound of the formula (10) can be prepared
by condensing a carboxylic acid of the formula (9) with an
alcohol of the formula (8) in a solvent preferably in the
presence of a base and a condensing agent.

[0479] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1.2-dimethoxyethane, diglyme. etc.; hydrocarbons such
as benzene, toluene, hexane, xylene, etc.: halogenated
hydrocarbons such as methylene chloride, chloroform. car-
bon tetrachloride, 1.2-dichloroethane, etc.: esters such as
ethyl acetate, methyl acetate, butyl acetate, etc.; polar sol-
vents such as acetone, N N-dimethylformamide, dimethyl
sulfoxide, water, etc.; and they can be used solely or in
combination thereof. Preferred solvents in the present reac-
tion include tetrahydrofuran. methylene chloride and N.N-
dimethylformamide.

[0480] Examples of the bases used in the reaction include
organic bases such as triethylamine, pyridine, dimethylami-
nopyridine, N-methylmorpholine, etc., among which dim-
ethylaminopyridine is preferred.

reaction include I-ethyl-3-(3'-dimethylaminopropyl)carbo-
diimide hydrochloride (WSC.HCI), dicyclohexylcarbodiim-
ide (DCC), etc., among which 1-ethyl-3-(3'-dimethylamino-
propyl)carbodiimide hydrochloride is preferred.

[0482] The reaction temperature is about 0° C. to 80° C.,
preferably about 0° C. to room temperature.

[0483] The reaction time is about 2 hours to 48 hours,
preferably about 6 hours to 24 hours.

[0484] The compound of the formula (9) can be easily
prepared according to the conventional method or the
method known per se.

Step 2-2

[0485] This step is a general deprotection method for
hydroxy groups. For example, when R** is benzyl in a
compound of the formula (10), the compound of the formula
(10) is hydrogenated in a solvent in the presence of a catalyst
to give a compound of the formula (11).

[0486] The solvent used in the reaction includes, for
example, ethers such as tetrahydrofuran, dioxane, 1.2-
dimethoxyethane, diglyme, etc.: alcohols such as methanol,
ethanol, isopropyl alcohol, t-butanol, etc.; and esters such as
ethyl acetate, methyl acetate, butyl acetate, etc.; and they can
be used solely or in combination thereof. Preferred solvents
in the present reaction are alcohols such as methanol,
ethanol, isopropyl alcohol, t-butanol. etc.
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[0487] Examples of the catalyst used in the reaction
include palladium carbon, palladium hydroxide. Raney-Ni,
platinum oxide, etc., among which palladium carbon is
preferred.

[0488] The reaction temperature is about 0° C. to 80° C.,
preferably about 0° C. to room temperature.

[0489] The reaction time is about 1 hour to 16 hours,
preferably about 2 hours to 8 hours.

Step 2-3

[0490] This step is a condensation reaction between a
carboxylic acid and an alcohol similar to Step 1-5 of
Production Method 1. A compound of the formula (11) is
condensed with an alcohol of the formula (2) in a solvent
preferably in the presence of a base and a condensing agent
to give a compound of the formula (1-2) which is one of the
objective compounds.

[0491] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1.2-dimethoxyethane. diglyme, etc.; hydrocarbons such
as benzene, toluene, hexane, xylene. etc.: halogenated
hydrocarbons such as methylene chloride, chloroform, car-
bon tetrachloride. 1.2-dichloroethane, etc.: esters such as
ethyl acetate, methyl acetate, butyl acetate, etc.: and polar
solvents such as acetone, N N-dimethylformamide, dim-
ethyl sulfoxide. etc., and they can be used solely or in
combination thereof. Preferred solvents in the present reac-
tion are tetrahydrofuran, methylene chloride, dimethylfor-
mamide, etc.

[0492] Examples of the bases used in the reaction include
organic bases such as triethylamine, pyridine, dimethylami-
nopyridine., N-methylmorpholine, etc.. among which dim-
ethylaminopyridine is preferred.

[0493] Examples of the condensing agents used in the
reaction include 1-ethyl-3-(3'-dimethylaminopropyljcarbo-
diimide hydrochloride (WSC.HCI). dicyclohexylcarbodiim-
ide (DCC), ete.. among which 1-ethyl-3-(3'-dimethylamino-
propyljcarbodiimide hydrochloride is preferred.

[0494] The reaction temperature is about 0° C. to 80° C..
preferably about 0° C. to room temperature.

[0495] The reaction time is about 2 hours to 48 hours,
preferably about 6 hours to 24 hours.

[0496] As an alternative of Production Method 2. a car-
boxylic acid ester compound derived from a compound of
the formula (9) (wherein R** is p-methoxybenzyl and the
carboxyl group is protected by benzyl ester) is subjected to
removal of the p-methoxybenzyl group with 2.3-dichloro-
5.6-dicyanobenzoquinone (DDQ). etc., followed by conden-
sation with a compound of the formula (2). After removal of
the benzyl group from the resulting compound. the depro-
tected compound is condensed with a compound of the
formula (8) to give a compound of the formula (1-2) which
is one of the objective compounds.

Production Method A

[0497] The following is an example of the method for
producing a compound of the formula (1) wherein ring B
and its substituent, Alk', and 1 are taken together to form
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\ N (CHa)p—
/ REUU
R
200

wherein R* and R*™ each has the same meaning as defined
above, R*! is C,-C, alkyl, and 1'is 1.

Production method A
COOEt
R} <
X3
[ e COOEt
(13)
O,N F R200  step A-l
R¥
12)
COOFt
R4
- X COOH
step A-2 I
0N R200
R.‘H
(15)
COOEL R
R.{ R2S R."\
[ COOE | oon
0N R #PA4 o R0
RY R
(17 (18)
[0498] In the above reaction scheme, R*', R* and R**

each has the same meaning as defined above: R** is C, 4
alkyl: X, and X, each is halogen: and Et is ethyl.

Step A-1

[0499] A compound of the formula (14) can be prepared
by reacting a compound of the formula (12) with a malonic
acid ester of the formula (13) in a solvent in the presence of
a base.

[0500] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1,2-dimethoxyethane, diglyme, etc.; hydrocarbons such
as benzene, toluene, hexane, xylene, etc.; alcohols such as
methanol, ethanol. isopropyl alcohol, t-butanol. etc.: and
polar solvents such as N.N-dimethylformamide, dimethyl
sulfoxide, etc.. and they can be used solely or in combination
thereof. A preferred solvent in the present reaction is N.N-
dimethylformamide.
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[0501] Examples of the bases used in the reaction include
alkali metal hydrides such as sodium hydride, potassium
hydride, etc.; alkali metal alkoxides such as sodium ethox-
ide, sodium methoxide, potassium t-butoxide. etc.; alkali
metal amides such as sodium amide, lithium bistrimethyl-
silylamide, etc.: and alkali metal carbonates such as sodium
carbonate, potassium carbonate, etc.. among which sodium
hydride is preferable.

[0502] The reaction temperature is about 0° C. to 120° C.,
preferably about room temperature to 100° C.

[0503] The reaction time is about 30 minutes to 24 hours,
preferably about 1 hour to 12 hours.

Step A-2

[0504] This step is a hydrolysis reaction of esters. fol-
lowed by decarboxylation. A compound of the formula (15)
can be prepared by stirring a compound of the formula (14)
under heating in a solvent in the presence of a base.

[0505] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1.2-dimethoxyethane, diglyme. etc.; alcohols such as
methanol, ethanol, isopropyl alcohol, t-butanol, etc.: and
water: and they can be used solely or in combination thereof.
Preferred solvents in the present reaction are a mixture of an
alcohol and water.

[0506] Examples of the bases used in the reaction include
alkali metal carbonates such as sodium carbonate, potassium
carbonate, etc., and alkali metal hydroxides such as lithium
hydroxide, sodium hydroxide, potassium hydroxide, etc..
among which sodium hydroxide or potassium hydroxide is
preferred.

[0507] The reaction temperature is about 0° C. to 150° C.,
preferably about 60° C. to 120° C.

[0508] The reaction time is about 10 minutes to 12 hours,
preferably about 30 minutes to 6 hours.

[0509] Inaccordance with the Steps 1a-2, 1a-3 and 1a-4 of
the Production Method 1a, compounds of the present inven-
tion can be prepared from a compound of the formula (15)
obtained in the above Step A-2.

[0510] An example in the case where Alk' is a branched
alkanediyl or alkenediyl will be illustrated below.

Step A-3

[0511] A compound of the formula (17) can be prepared
by reacting a compound of the formula (14) with a com-
pound of the formula (16) in a solvent in the presence of a
base.

[0512] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1,2-dimethoxyethane, diglyme, ete.; hydrocarbons such
as benzene, toluene, hexane, xylene, etc.; alcohols such as
methanol, ethanol, isopropyl alcohol, t-butanol, etc.: and
polar solvents such as N.N-dimethylformamide, dimethyl
sulfoxide, etc., and they can be used solely or in combination
thereof. Preferred solvents in the present reaction are N,N-
dimethylformamide, etc.

[0513] Examples of the bases used in the reaction include
alkali metal hydrides such as sodium hydride, potassium
hydride, etc.: alkali metal alkoxides such as sodium ethox-
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ide, sodium methoxide, potassium t-butoxide. etc.; alkali
metal carbonates such as sodium carbonate, potassium car-
bonate, sodium bicarbonate, potassium bicarbonate, etc.;
alkali metal hydroxides such as lithinm hydroxide, sodium
hydroxide, potassium hydroxide, etc.; alkali metal carboxy-
lates such as sodium acetate, potassium acetate, etc.; and
alkali metal phosphates such as sodium phosphate. potas-
sium phosphate. etc., among which sodium hydride is pre-
ferred.

[0514] The reaction temperature is about 0° C. to 120° C.,
preferably about room temperature to 100° C.

[0515] The reaction time is about 10 minutes to 24 hours,
preferably about 30 minutes to 12 hours.

Step A-4

[0516] 1na similar manner to Step A-2, a compound of the
formula (18) can be prepared from a compound of the
formula (17).

[0517] Inaccordance with the Steps 1a-2, 1a-3 and la-4 of
the Production Method la, the compounds of the present
invention can be prepared from a compound of the formula
(18) obtained in the above Step A-4.

Production Method B

[0518] The following is an example of the method for
producing a compound of the formula (1) wherein ring B
and its substituent, Alk'. and | are taken together to form

R—t

NN\ (CH,)p—
/ REO[I
R3

wherein R*, R* and R each has the same meaning as
defined above, and 1" is 2 or 3.

Production method B

=2
R-i
Me
I\ AN
O,N Z R0 step B-1
R.‘
(19)
- <O()()Me
|\ N Br COOBn
(12)
0N 7 R200 step B-2
R}
(20)
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-continued
Rvi
COOMe
|\ AN
COOBn .
0N 7 R200 step B-3
Rj
22)
Rv{
COOMe
I\ IS
H,N 7 R0
RJ
(23)
I"=3
COOMe
R
A X Br COOBn
| (21)
step B-2'
01N / R.?(lfl
Ri
(20
COOMe
R4
‘\ = COOBn
0N e step B3|
R.‘
(22
R4
‘\ N COOMe
H,N Z R200
R]
(23"
[0519] In the above reaction scheme, R*, R* and R*°” each

has the same meaning as defined above; Me is methyl: and
Bn is benzyl.

Step B-1

[0520] A compound of the formula (20) can be prepared
by reacting a compound of the formula (19) with a bromi-
nating agent in a solvent in the presence of a radical initiator
(for example, 2.2'-azobisisobutyronitrile or benzoyl perox-
ide).

[0521] The solvent used in the reaction includes, for
example, hydrocarbons such as benzene, etc., and haloge-
nated hydrocarbons such as methylene chloride, chloroform.
carbon tetrachloride, 1,2-dichloroethane, efc., and they can
be used solely or in combination thereof. Preferred solvents
in the present reaction are methylene chloride or carbon
tetrachloride.

[0522] The brominating agent used in the reaction
includes, for example, bromine. N-bromosuccinimide, etc..
among which N-bromosuccinimide is preferred.

Sep. 14, 2006

[0523] The reaction temperature is about room tempera-
ture to 120° C., preferably about 60° C. to 100° C.

[0524] The reaction time is about 10 minutes to 8 hours,
preferably about 30 minutes to 4 hours.

Step B-2

[0525] 1n a similar manner to Step A-1 of Production
Method A, a compound of the formula (22) can be prepared
by reacting a compound of the formula (20) with a com-
pound of the formula (21).

Step B-2'

[0526] In a similar manner to Step A-1 of Production
Method A, a compound of the formula (22') can be prepared
by reacting a compound of the formula (20) (prepared from
a compound of the formula (15) or a compound of the
formula (22) via several steps) with a compound of the
formula (21").

Step B-3

[0527] A compound of the formula (23) can be prepared
by hydrogenating a compound of the formula (22) for
debenzylation in a solvent, followed by decarboxylation.

[0528] The solvent used in the reaction includes, for
example. ethers such as diethyl ether. tetrahydrofuran. diox-
ane, 1,2-dimethoxyethane, diglyme, etc.; alcohols such as
methanol, ethanol. isopropyl alcohol, t-butanol, etc.: and
water: and they can be used solely or in combination thereof.
Preferred solvents in the present reaction are alcohols.

[0529] Examples of the catalyst used for the debenzylation
include palladium carbon, palladium hydroxide. Raney-Ni,
platinum oxide, etc., among which palladium carbon is
preferred.

[0530] The reaction temperature in the debenzylation is
preferably about room temperature to 80° C.. and the
reaction temperature in the decarboxylation is preferably
10° C. to 150° C.

[0531] The reaction time in the debenzylation is about 1
hour to 16 hours, preferably about 2 hours to 8 hours, and the
reaction time in the decarboxylation is about 5 minutes to 4
hours, preferably about 10 minutes to 2 hours.

Step B-3'

[0532] In a similar manner to Step B-3 of Production
Method B. a compound of the formula (23') can be prepared
from a compound of the formula (22').

[0533] Inaccordance with the Steps 1-3,1-4 and 1-5 of the
Production Method 1, the compounds of the present inven-
tion can be prepared from a compound of the formula (23)
or (23') obtained in Step B-3 or B-3"

Production Method C

[0534] The following is an example of the method for
producing a compound of the formula (1) wherein ring B
and its substituent, Alk', and 1 are taken together to form
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wherein R* has the same meaning as defined above: R** is
—CON(R") (R"?) in which R"" and R'? each has the same
meaning as defined above. and 1" is 1.

4
4 Cl

O:N

COOH
(24)

COOt—Bu
Cl
COOMe
I (27)

0,N step C-2

———
step C-3

COOMe

— -
step C-4
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-continued

(30)

[0535] 1n the above reaction scheme, R*, R'" and R'? each
has the same meaning as defined above; Me is methyl; and
t-Bu is tert-butyl.

Step C-1

[0536] An acid chloride can be prepared from a compound
of the formula (24) in a similar manner to Step 1-1 of
Production Method 1. The resulting acid chloride is reacted
with a compound of the formula (25) in a similar manner to
Step 1-3 of Production Method 1 to give a compound of the
formula (25).

[0537] Also, a compound of the formula (26) can be
prepared by condensing a compound of the formula (24)
with a compound of the formula (25) using a condensing
agent (for example, WSC, HOBT). Alternatively, a com-
pound of the formula (24) is converted into its mixed
anhydride. followed by reaction with a compound of the
formula (25) in the presence of a base. thereby to give a
compound of the formula (26).

Step C-2

[0538] In a similar manner to Step A-1 of Production
Method A, a compound of the formula (28) can be prepared
by reacting a compound of the formula (26) with a com-
pound of the formula (27).

Step C-3

[0539] A compound of the formula (29) can be prepared
by treating a compound of the formula (28) with an acid
(trifluoroacetic acid, toluenesulfonic acid. methanesulfonic
acid, efc.) in the presence or absence of a solvent under
heating or at room temperature to convert the tert-butyl ester
moiety into the carboxylic acid moiety. followed by decar-
boxylation.

[0540] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1,2-dimethoxyethane. diglyme, etc.: hydrocarbons such
as benzene, toluene, hexane, xylene, etc.: alcohols such as
methanol, ethanol. isopropyl alcohol, t-butanol, etc.; halo-
genated hydrocarbons such as methylene chloride, chloro-
form. carbon tetrachloride, 1,2-dichloroethane, etc.: and
water: and they can be used solely or in combination thereof.
Preferred solvents in the present reaction are methylene
chloride, chloroform or toluene.

[0541] The reaction temperature is about 0° C. to 120° C.,
preferably about room temperature to 100° C.

[0542] The reaction time is about 1 hour to 24 hours,
preferably about 2 hours to 12 hours.
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Step C-4

[0543] In a similar manner to Step 1-2 of Production
Method 1., a compound of the formula (30) can be prepared
from a compound of the formula (29).

[0544] In accordance with the Steps 1-3,1-4 and 1-5 of
Production Method 1, the compounds of the present inven-
tion can be prepared from a compound of the formula (30)
obtained in the above Step C-4.

Production Method '

[0545] The following is an example of the method for
producing a compound of the formula (1) wherein ring B
and its substituent, Alk', and 1 are taken together to form

R¥
Yo s
/ REU[F
Ri:

wherein R* is halogen; R** is —CON(R'") (R'?) in which
R'" and R'? each has the same meaning as defined above; 1"
is 0; and R** has the same meaning as defined above.

Production method C'
Y rH
F
XX N i
| b
L , (25)
J 00
O:N R stepe’ - 1
COOH
(247
rY . HO
= stepe’ - 2
0N R
R“
o N~
|
RIZ
(26"
R
|\ N
— -
0N F R200 stepe’ - 3
R“
o ri:/
RJI
(297)

35 of 108

Sep. 14, 2006

-continued

[0546] In the above reaction scheme, R* is halogen, and
R™, R'? and R*™ each has the same meaning as defined
above.

Step C'-1

[0547] 1n a similar manner to Step C-1 of Production
Method C, a compound of the formula (26') can be prepared
from a compound of the formula (24").

Step (-2

[0548] In a similar manner to Step C-2 of Production
Method C. a compound of the formula (29') can be prepared
by reacting a compound of the formula (26') with benzyl
alcohol.

Step C'-3

[0549] In a similar manner to Step C-4 of Production
Method C. a compound of the formula (30') can be prepared
from a compound of the formula (29).

[0550] The compounds of the present invention can be
prepared by debenzylating the compound (30') obtained in
the Step C'-3 and condensing the debenzylated compound
with a compound of the formula (3) in accordance with the
Step 1-3 of Production Method 1, followed by condensation
with a compound of the formula (89) according to the Step
3-5.

Production Method C"

[0551] The following is an example of the method for
producing a compound of the formula (1) wherein ring B
and its substituent, Alk', and 1 are taken together to form

(CHa)yp»—

REOD

R

wherein R*? is —CON(R"') (R'?) in which R"" and R'? each
has the same meaning as defined above; and R** and 1"
each has the same meaning as defined above.
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i tod O
RII
al 7
HN,
\RI.'!
(25)
200
N R step C"' - 1
COOH
(24"
_ HO
cl
step C'" -2
O,N R200
R”
0 N~
[
RI:
(26")
5}
—-
ON R0 step C"" -3
R“
o N~
]I{l?_
(29™)
o
LN R200
RIJ
o N~
[
RJE
(30"
[0552] In the above reaction scheme, R'', R'? and R**”

each has the same meaning as defined above).
Step C"-1

[0553] 1In a similar manner to Step C-1 of Production
Method C. a compound of the formula (26") can be prepared
from a compound of the formula (24").

Step C"-2

[0554] In a similar manner to Step C-2 of Production
Method C, a compound of the formula (29") can be prepared
by reacting a compound of the formula (26") with benzyl
alcohol.
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Step C"-3

[0555] In a similar manner to Step C-4 of Production
Method C, a compound of the formula (30") can be prepared
from a compound of the formula (29").

p tion Methad O
F
OBn
C'-1
OsN F
(120)
i :OBH
HaN
(121)
OBn
Lr.’r 3
(122)
OBn
boc m4
(123)
OBn
bou\ . k-
1-
(8] OH
(124)
RJI
H'N/
L
R
(25)
6

OBn
H,N
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-continued

OBn

H,N

(126)

[0556] In the above reaction scheme, Bn is benzyl, boc is
tert-butoxycarbonyl, and R'' and R'* each has the same
meaning as defined above.

Step C"-1

[0557] This step is a general method for converting the
nitro group attached directly to the aromatic ring, into an
amino group. A compound of the formula (121) can be
prepared by reducing a compound of the formula (120) in a
solvent in the presence of a reducing agent and an acid.

[0558] The solvent used in the reaction includes, for
example, ethers such as diethy] ether, tetrahydrofuran, diox-
ane. 1.2-dimethoxyethane, diglyme. etc.: alcohols such as
methanol, ethanol. isopropyl alcohol, etc.; and water: and
they can be used solely or in combination thereof. A pref-
erable example of such solvents in the present reaction is a
mixed solvent of ethanol-tetrahydrofuran-acetic acid.

[0559] The acid used in the reaction includes, for example.
hydrochloric acid, acetic acid. ammonium chloride. etc.

[0560] The reducing agent used in the reaction includes,
for example, iron, zinc, tin, etc.

[0561] The reaction temperature is about 0° C. to 150° C.,

preferably about room temperature to 120° C.
Step C™-2

[0562] This step is a selective monobromination at o-po-
sition of the aniline derivatives. A compound of the formula
(122) can be prepared by reacting a compound of the
formula (121) with a brominating agent.

[0563] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1.2-dimethoxyethane, diglyme, etc.; and alcohols such
as methanol, ethanol. isopropyl alcohol, etc.; and they can be
used solely or in combination thereof. A preferable example
of such solvents in the present reaction is tetrahydrofuran.

[0564] Preferred brominating agents are N-bromosuccin-
imide or bromine.

[0565] The reaction temperature is about 0° C. to 150° C.,
preferably about room temperature to 120° C.

Step C"-3

[0566] This step is an introduction of tert-butoxycarbonyl
group as an aniline-protecting group.

[0567] A compound of the formula (123) can be prepared
by reacting a compound of the formula (122) with di-tert-
butoxycarbonate in a solvent in the presence of a base.

36
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[0568] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1.2-dimethoxyethane, diglyme, etc.: and they can be
used solely or in combination thereof. A preferable example
of such solvents in the present reaction is tetrahydrofuran.

[0569] The base used in the reaction includes, for
example, alkali metal hydroxides such as sodium hydroxide,
potassium hydride, etc.; alkali metal alkoxides such as
sodium ethoxide, sodium methoxide, potassium tert-butox-
ide, etc.: and organic bases such as triethylamine, pyridine,
4-dimethylaminopyridine, =~ N-methylmorpholine,  etc.,
among which 4-dimethylaminopyridine is preferred.

[0570] The reaction temperature is about 0° C. to 100° C.,
preferably about room temperature to 10° C.

[0571] In the case where two tert-butoxycarbonyl groups
are introduced into a compound, such compound may be
converted into a mono-tert-butoxycarbonyl compound by
treatment with a base such as potassium carbonate and
sodium carbonate in methanol.

Step C'"-4

[0572] This step is a method for converting the bromine
atom on the benzene ring into the lithio group with an alkyl
lithium, followed by conversion into the carboxyl group
using carbon dioxide. A compound of the formula (124) can
be prepared by reacting a compound of the formula (123) in
a solvent in the presence of n-butyl lithium using dry-ice as
a carbon dioxide source.

[0573] The solvent used in the reaction includes, for
example. ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1.2-dimethoxyethane, diglyme, etc.; and they can be
used solely or in combination thereof. A preferable example
of such solvents in the present reaction is tetrahydrofuran.

[0574] The reaction temperature is about —=150° C. to =50°
C.. and the reaction is performed preferably about -70° C.,
and then the reaction temperature is raised slowly to room
temperature.

Step C™-5

[0575] This step is a deprotection method of removing the
tert-butoxycarbonyl group for the protected aniline into the
free aniline. A compound of the formula (125) can be
prepared by reacting a compound of the formula (124) in a
solvent in the presence of an acid.

[0576] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1,2-dimethoxyethane, diglyme, etc.; esters such as ethyl
acetate, etc.; and hydrocarbons such as benzene, efc.: and
they can be used solely or in combination thereof. Preferred
solvents in the present reaction are tetrahydrofuran or ethyl
acetate.

[0577] The acid used in the reaction includes, for example,
hydrochloric acid, trifluoroacetic acid. tosic acid, etc.

[0578] The reaction temperature is about 0° C. to 100° C.,
preferably about room temperature to 60° C.

Step C"-6

[0579] This step is a general conversion reaction of car-
boxylic acids and amides into dimethylamides using a
condensing agent. A compound of the formula (126) can be
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prepared by reacting a compound of the formula (125) with
a compound of the formula (25) in a solvent in the presence -continued
of a condensing agent. 0

[0580] The solvent used in the reaction includes, for R:\

example, ethers such as diethyl ether, tetrahydrofuran, diox- R cl

ane, l.2-dimethoxyethane, diglyme, etc.: dimethylforma- |

mide: and methylene chloride. etc; and they can be used O-N R200 stepD -4
solely or in combination thereof. .

O—R*
(34)

[0581] The condensing agent used in the reaction include
a combination of DCC or WSC.HC1 (1-ethyl-3-(3'-dimethy-
laminopropyl)carbodiimide  hydrochloride) and HOBT
(1-ethylhydroxybenzotriazole  dicyclohexylcarbodiimide
(DCC).

[0582] In the case where dimethylamine hydrochloride is
used, the reaction is performed in the presence of a tertiary
amine such as triethylamine. 1t is preferred to carry out the
reaction at room temperature in DMF in the presence of
triethylamine using a combination of dimethylamine hydro-
chloride and WSC.HC] and HOBT.

Production Method D |

——
stepD-5

A COOE
F

B e
[0583] The following is an example of the method for O-N R200 step D - 6
preparing a compound of the formula (1) wherein ring B and

its substituent, Alk', and 1 are taken together to form O—R*
(36)
R-i
RJ\ (CHy)y— AN COOE!
N 2 |
‘ H.N T
/ RJU[F
O—R?*
e (37)

wherein R* and R2%° each has the same meaning as defined ~ [0584] Inthe above reaction scheme, R, R**, X, Me and

above, R* is C, ¢ alkoxy or C,_,, aralkyloxy, and 1" is 1. Et each has the same meaning as defined above. and R*® is
C,.¢ alkyl or C,_,, aralkyl.
Step D-1
Erdiction methed D [0585] A compound of the formula (32) can be prepared
R by reacting a compound of the formula (31) with a com-
COOMe ; : . . :
\ S X,— R pound of the formula (16) in a solvent in the presence of a
I (16) base.
O:N A R200 step D- 1 [0586] The solvent used in the reaction includes, for
: example, ethers such as diethyl ether, tetrahydrofuran, diox-
oH ane, 1,2-dimethoxyethane, diglyme, etc.; hydrocarbons such
(31) as benzene, toluene, hexane, xylene. etc.: esters such as ethyl
R4 i acetate, methyl acetate, butyl acetate, etc.: and polar solvents
X ‘\ ROONE such as acetone. N,N-dimethylformamide, dimethyl sulfox-

| ide, etc.: and they can be used solely or in combination

Z . o thereof. A preferred solvents in the present reaction is
O:N M - N.N-dimethylformamide.
O—R26 [0587] [xamples of the bases used in the reaction include
(32) alkali metal hydrides such as sodium hydride. potassium
R hydride, etc., and alkali metal carbonates such as sodium
\ N COOH carbonate, potassium carbonate, sodium bicarbonate, potas-
| sium bicarbonate, etc., among which sodium hydride is
— referred.
0N / R200 stepD-3 P 3 . R
< [0588] The reaction temperature is about 0° C. to 100° C.,
O—R2 preferably about room temperature to 80° C.
(33) [0589] The reaction time is about 2 hour to 48 hours,

preferably about 6 hours to 24 hours.
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Step D-2

[0590] A compound of the formula (33) can be prepared
by hydrolyzing a compound of the formula (32) in a solvent
in the presence of a base.

[0591] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1,2-dimethoxyethane, diglyme, etc.; alcohols such as
methanol, ethanol, isopropyl alcohol, etc.: and water, and
they can be used solely or in combination thereof. Preferred
solvents in the present reaction are tetrahydrofuran or a
mixture of tetrahydrofuran and ethanol or methanol.

[0592] Examples of the bases used in the reaction include
alkali metal carbonates such as sodium carbonate, potassium
carbonate, etc.: aqueous solutions of alkali metal hydroxides
such as lithium hydroxide, sodium hydroxide, potassium
hydroxide, etc., among which sodium hydroxide is pre-
ferred.

[0593] The reaction temperature is about 0° C. to 120° C.,
preferably about room temperature to 80° C.

[0594] The reaction time is about 1 hour to 24 hours,
preferably about 2.5 hours to 12 hours.

Step D-3

[0595] In a similar manner to Step 1-1 of Production
Method 1. a compound of the formula (34) can be prepared
from a compound of the formula (33).

Step D-4

[0596] This step is a conversion reaction from acid chlo-
rides to diazoketones. A compound of the formula (35) can
be prepared by reacting a compound of the formula (34) with
diazomethane in a solvent in the presence of a base.

[0597] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1,2-dimethoxyethane, diglyme, etc., and they can be
used solely or in combination thereof. Preferred solvents in
the present reaction are diethyl ether or tetrahydrofuran.

[0598] Examples of the bases used in the reaction include
organic bases such as triethylamine, pyridine, dimethylami-
nopyridine, N-methylmorpholine, ete.. among which tri-
ethylamine is preferred.

[0599] The reaction temperature is about -20° C. to 50°
C., preferably about 0° C. to room temperature.

[0600] The reaction time is about 2 hours to 48 hours,
preferably about 6 hours to 24 hours.

Step D-5

[0601] This process is one carbon homologation (Arndt-
Eistert synthesis) by a-diazoketone rearrangement (Wolfl
rearrangement). A compound of the formula (35) is reacted
by use of a silver catalyst (for example, silver benzoate,
silver oxide) in an alcohol in the presence of a base to give
a compound of the formula (36).

[0602] The solvent (also served as the reaction reagents)
used in the reaction includes, for example. alcohols such as
methanol, ethanol, isopropyl alcohol. t-butanol, etc., and
they can be used solely or in combination thereof. Preferred
solvents (also served as the reaction reagents) in the present
reaction are methanol or ethanol.
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[0603] Examples of the bases used in the reaction include
organic bases such as triethylamine, pyridine, dimethylami-
nopyridine. N-methylmorpholine, etc.. among which tri-
ethylamine is preferred.

[0604] The reaction temperature is about room tempera-
ture to 120° C., preferably about 60° C. to 120° C.

[0605] The reaction time is about 2 hours to 36 hours,
preferably about 4 hours to 18 hours.

Step D-6

[0606] In a similar manner to Step 1-2 of Production
Method 1. a compound of the formula (37) can be prepared
from a compound of the formula (36).

[0607] Inaccordance with the Steps 1-3,1-4 and 1-5 of the
above Production Method 1. the compounds of the present
invention can be prepared from a compound of the formula
(37) obtained in the above Step D-6. The resulting com-
pound of the present invention is further subjected to the
reactions of Step 2-2 of Production Method 2, whereby the
substituent —OR*® can be converted into —OH.

[0608] Further. a compound of the formula (1) wherein R?,
R* or R* is —0O—CO—X,—R"'"™"") can be prepared by
reacting the resulting alcohol or phenol compound with a
compound of the formula:

Cl—CO—X,—R""

(wherein X, is —O— or —CH,—, and R'*"is C,-C alkyl
or C,-C, alkoxy) in a solvent (e.g. toluene, ethyl acetate,
etc.) preferably in the presence of a base (e.g. triethylamine,
etc.)

Production Method E

[0609] The following is an example of the method for
preparing a compound of the formula (1) wherein ring B and
its substituent, Alk', and 1 are taken together to form

R} ;
\ N (CHa)y—
/ REUn
R

wherein R* and R*™ each has the same meaning as defined
above, R** is —N(R'*) (R'*) in which R'* and R'* each has
the same meaning as defined above, and 1' is 1.

.EIQIJJI!'] IIDEI met h[.]d E
COOt—Bu
R—t
X\ F COOMe
\ (27)
stepE-1
ON < R0
Br
(38)
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-continued
COOt—Bu
R4
I\ N COOMe
step E- 2
0,N "
Br
(39)
RIS
IIN/
4
R\ \R 14
S COOMe
I (41)
step E-3
05N 7 R200

R
step E-4

[0610] In the above reaction scheme, R*, R'?, R', R,
Me and t-Bu each has the same meaning as defined above.
Step E-1

[0611] In a similar manner to Step A-1 of Production

Method A, a compound of the formula (39) can be prepared
by reacting a compound of the formula (38) with a com-
pound of the formula (27).

Step E-2

[0612] In a similar manner to Step C-3 of Production
Method C, a compound of the formula (40) can be prepared
from a compound of the formula (39).

Step E-3

[0613] A compound of the formula (42) can be prepared
by reacting a compound of the formula (40) with a com-
pound of the formula (41) with or without a solvent and in
the presence of a base.

[0614] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1,2-dimethoxyethane. diglyme. etc.; hydrocarbons such
as benzene, toluene, hexane., xylene, etc.: halogenated
hydrocarbons such as methylene chloride. chloroform, car-
bon tetrachloride, 1.2-dichloroethane, etc.: alcohols such as
methanol, ethanol, isopropyl alcohol. t-butanol, etc.; esters
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such as ethyl acetate. methyl acetate, butyl acetate, etc.; and
polar solvents such as N.N-dimethylformamide, dimethyl
sulfoxide, etc.: and they can be used solely or in combination
thereof. A preferred solvent in the present reaction is tet-
rahydrofuran.

[0615] Examples of the bases used in the reaction include
organic bases such as triethylamine. pyridine, dimethylami-
nopyridine, N-methylmorpholine, etc.. among which tri-
ethylamine or a mixture of triethylamine and dimethylami-

nopyridine is preferred.
[0616] The reaction temperature is about 0° C. to 120° C.,

preferably about room temperature to 100° C.

[0617] The reaction time is about 2 hours to 48 hours,
preferably about 6 hours to 24 hours.

Step E-4

[0618] In a similar manner to Step 1-2 of Production
Method 1. a compound of the formula (43) can be prepared
from a compound of the formula (42).

[0619] 1naccordance with the Steps 1-3, 1-4 and 1-5 of the
above Production Method 1. the compounds of the present
invention can be prepared from a compound of the formula
(43) obtained in the above Step E-4.

Production Method F

[0620] The following is an example of the process for
preparing a compound of the formula (1) wherein ring B and
its substituent, Alk', and 1 are taken together to form

R“
Yo . o
/ R2vo
RjS

wherein R* and R?% each has the same meaning as defined
above, and R** is —COO(R**) in which R** is C,-C, alkyl,
and I'is 1.

Production method F

Cl
I\ A
O-N / R0 step F-1
COOH
44)
R—I
Cl
\ \ R¥—0OH
| o
0N / R20 step F-2
O Cl

PENN EX. 2163
CFAD V. UPENN
IPR2015-01835



US 2006/0205726 Al Sep. 14, 2006
40

[0627] The reaction time is about 2 hours to 48 hours,

-continued preferably about 6 hours to 24 hours.
R‘
\ N Ll COOBn Sll:p F-3
| k . [0628] In a similar manner to Step A-1 of Production
ON F R200 COORL Method A, a compound of the formula (49) can be prepared
N (48) by reacting a compound of the formula (47) with a com-
gl pound of the formula (48).
o 0—R*
47 Slep F-4

[0629] A compound of the formula (49) was reacted in a
similar manner to Step 1-2 of Production Method 1. fol-
lowed by debenzylation and decarboxylation to give a
compound of the formula (50).

[0630] In accordance with the alternative process
described in Step 1-3 and Step 1-5 of Production Method 1.
the compounds of the present invention can be prepared
from a compound of the formula (50) obtained in the above
Step F-4.

——
step F -4

Production Method G

[0631] The following is an example of the process for

R} preparing a compound of the formula (1) wherein ring B and
|\ = COOH its substituent, Alk', and 1 are taken together to form
; P a0
H>N R R} 200
™

o 0—R* \

P a
0 (CHy)p—

R3

[0621] In the above reaction scheme, R*, R**, R*" and Bn

each has the same meaning as defined above. -
3 3 4 200 s
wherein R*, R* and R™™ each has the same meaning as
Step F-1 defined above and I' is 1.

[0622] In a similar manner to Step 1-1 of Production
Mcl.hud 1. a compound of the formula (45) can be prepared i A s
from a compound of the formula (44).

4
R 200

Step F-2 ‘e
[0623] A compound of the formula (47) can be prepared ’ it —
by reacting a compound of the formula (45) with a com- Z aeprt
pound of the formula (46) in a solvent in the presence of a )

R3 0

base.

[0624] The solvent used in the reaction includes, for £ 34
example, ethers such as diethyl ether, tetrahydrofuran, diox- X R
ane. 1,2-dimethoxyethane. diglyme. etc.; hydrocarbons such
as benzene, toluene, hexane, xylene. etc.; halogenated /%H MepG-2
hydrocarbons such as methylene chloride. chloroform. car- OsN B
bon tetrachloride, 1.2-dichloroethane, etc.: and esters such 1

: 0

as ethyl acetate, methyl acetate, butyl acetate, etc.: and they
can be used solely or in combination thereof. A preferred
solvent in the present reaction is tetrahydrofuran. R?

(52)

RE
[0625] Examples of the bases used in the reaction include |\ B
organic bases such as triethylamine, pyridine, dimethylami- = CHN;  sepG-3
nopyridine. N-methylmorpholine, etc.. among which tri- O,N
ethylamine is preferred. &
R 0
[0626] The reaction temperature is about -30° C. to 80° (53)

C.. preferably about -20° C. to room temperature.
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-continued
R{ R200 R? R200
| COOFt | COOFEt
ON step G-4 HN
R! Rj
(54) (55)
lstep G-5
R4 REUD
|\ B
_F COOH
0N
RS
(54)

[0632] In the above reaction scheme, R*, R*, R** and Et
each has the same meaning as defined above.
Step G-1

[0633] In a similar manner to Step 1-1 of Production
Method 1. a compound of the formula (52) can be prepared
from a compound of the formula (51).

Step G-2

[0634] 1n a similar manner to Step D-4 of Process D, a
compound of the formula (53) can be prepared from a
compound of the formula (52).

Step G-3

[0635] In a similar manner to Step D-5 of Production
Method D. a compound of the formula (54) can be prepared
from a compound of the formula (53).

Sep. 14, 2006
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Step G-4

[0636] In a similar manner to Step D-6 of Production
Method D, a compound of the formula (55) can be prepared
from a compound of the formula (54).

[0637] In accordance with Steps 1-3, 1-4 and 1-5 of the
above Production Method 1, the compounds of the present
invention can be prepared from a compound of the formula
(55) obtained above in Step G-4.

Step G-5

[0638] In a similar manner to Step 1-4 of the above
Production Method 1, a compound of the formula (55') can
be prepared from a compound of the formula (54).

[0639] Inaccordance with Steps 1a-2, 1a-3 and 1a-4 of the
above Production Method 1a, the compounds of the present
invention can be prepared from a compound of the formula
(55') obtained in the above Step G-5.

Production Method H

[0640] The following is an example of the process for
preparing a compound of the formula (1) wherein ring B and
its substituent, Alk', and 1 are taken together to form

RA\ N (CHy)ym—
/ REOO
R.{

wherein R*, R* and R*™ each has the same meaning as
defined above and 1" is 0.

Production method H

3 R R4 O

R
O,N— rCl-I;)HWO— R

(56)
l step H- 1
R3 RJUORJO
HaN—(CHa)y 0—RS
R- (o]
(57)
cl ) ————— 1 step H-2
Ri
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-continued
R2 0 R RznuRfo
@*N_{C“:]“W\O_Rﬁ
H
I
& (58)
l step H-3
R3 O R—‘ REU“Rao
N—(CH. 0
N (CHa )y H
RI
(59)
step H-4
Rﬁ
RZ, R’
R? 0 3 R0, 0

R
o g—mhr..Wo—mnﬁm

R!

(1-3)

[0641] In the above reaction scheme, R', R% R?, R*, R®,
R® R, R, R?, R*, R*®, AlK%, E, ring A, ring B, ring C. m
has the same meaning as defined above.

Step H-1

[0642] In a similar manner to Step 1-2 of Production
Method 1, a compound of the formula (57) can be prepared
from a compound of the formula (56).

Step H-2

[0643] In a similar manner to Step 1-3 of Production
Method 1, a compound of the formula (58) can be prepared
by reacting a compound of the formula (57) obtained in Step
of H-1 (or commercially available product) with a com-
pound of the formula (3).

Step H-3

[0644] In a similar manner to Step 1-4 of Production
Method 1. a compound of the formula (59) can be prepared
from a compound of the formula (58).
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Step H-4

[0645] In a similar manner to Step 1-5 of Production
Method 1, a compound of the formula (1-3) which is one of’
the objective compounds can be prepared by reacting a
compound of the formula (59) with a compound of the
formula (8).

Production Method 1

[0646] The following is an example of the process for
preparing a compound of the formula (1) wherein ring B and
its substituent. Alk", and 1 are taken together to form

R“
NN =
N

R200

Ri

wherein R?. R* and R** each has the same meaning as
defined above and 1" is 1 to 3).
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Production method 1
R? o
R} : R
Bn Cl Bn
\/\ N ~ o R o \/\ n -
(3)
HaN—(CH;)y R200 step I-1 H'—ch)}“ R200 m""
R? R! R3
(60) (61)
R4
R2 0 \A‘NH Xa—(Alk") = COOMe
(63)
N——(CH,)y R200 step [-3
R! R3
(62)
R :
(Alk!) o —COOMe
R0 X Sn”
—f
N——(CHy); R200 seplst
28 =
R! R:
(64)
R (Alk") COOH
V. prer!
R0 XNy
N- s thm
H (e step I-5
R ! RJ
(65)

Rﬁ
RS R’
0
R4
0
R? O \A\N—'{:\!kjn'"- 0—(AlK),,
100 E \
N (CHa)y R? (8} E
Rl * I

R"
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[0647] In the above reaction scheme, R', R% R, R*, R®,
R® R7, R®: R?, R®™, I"" m, n, E, ring A, ring C, Bn, Me,
Alk', Alk* and X, each has the same meaning as defined
above.

Step 1-1

[0648] In a similar manner to Step 1-3 of Production
Method 1, a compound of the formula (61) can be prepared
by reacting a compound of the formula (60) with a com-
pound of the formula (3).

Step 1-2

[0649] Under conditions similar to Step 1-2 of Production
Method 1, with the proviso that palladium hydroxide is used
as a catalyst, a compound of the formula (62) can be
prepared from a compound of the formula (61).

Step 1-3

[0650] A compound of the formula (64) can be prepared
by reacting a compound of the formula (62) with a com-
pound of the formula (63) in a solvent in the presence of a
base. Alternatively, X,-(Alk");...—COOEt (in the formula.
X,. Alk', 1" and Et each has the same meaning as defined
above) may be used in place of a compound of the formula
(63).

[0651] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1.2-dimethoxyethane. diglyme, ete.; hydrocarbons such
as benzene, toluene, hexane, xylene, etc.: alcohols such as
methanol, ethanol, isopropyl alcohol, t-butanol, etc.; esters
such as ethyl acetate, methyl acetate, butyl acetate, eic.:
polar solvents such as acetone, N.N-dimethylformamide,
dimethyl sulfoxide, etc.: and they can be used solely or in
combination thereof. A preferred solvent in the present
reaction is N.N-dimethylformamide.

[0652] Examples of the bases used in the reaction include
alkali metal hydrides such as sodium hydride, potassium
hydride. etc.: alkali metal alkoxides such as sodium ethox-
ide, sodium methoxide, potassium t-butoxide. etc.; alkali
metal carbonates such as sodium carbonate, potassium car-
bonate, etc.: alkali metal hydroxides such as lithium hydrox-
ide. sodium hydroxide, potassium hydroxide, etc.: alkali
metal carboxylates such as sodium acetate, potassium
acetate, etc.: and alkali metal phosphates such as sodium
phosphate, potassium phosphate. etc.. among which potas-
sium carbonate or sodium hydride is preferred.

[0653] The reaction temperature is about 0° C. to 150° C.,
preferably about room temperature to 100° C.

[0654] The reaction time is about 1 hour to 48 hours,
preferably about 2 hours to 24 hours.

Step 1-4

[0655] In a similar manner to Step 1-4 of Production
Method 1. a compound of the formula (65) can be prepared
from a compound of the formula (64).

Step 1-5

[0656] In a similar manner to Step 1-5 of Production
Method 1. a compound of the formula (1-4) which is one of
the objective compounds can be prepared by reacting a
compound of the formula (65) with a compound of the
formula (8).

Sep. 14, 2006

Production Method J

[0657] The following is an example of the method for
preparing a compound of the formula (1) wherein ring B and
its substituent, Alk', and 1 are taken together to form

R R
T
X/
N (Alk!) e —
N/
R3

wherein R*, R*, R*™, 1" and AIk' each has the same
meaning as defined above.

Production method I
R-t RI!OO
2
X /l Xy (Alk! ) —COOMe
63)
AN (
O:N NH step J-1
——
R]
(66)
R R200
.
2 |
x Sepl-2
E pl-
O:N N—(Alk!);»—COOMe
e

N—{(Alk")p»—COOH

R}
(68)

[0658] In the above reaction scheme, R®, R*, R*", Me,
AlK', 1" and X, each has the same meaning as defined
above.

Step J-1

[0659] In a similar manner to Step 1-3 of Production
Method 1, a compound of the formula (67) can be prepared
by reacting a compound of the formula (66) with a com-
pound of the formula (63). Alternatively, X,-(Alk")""—
COOEt (in the formula X,, Alk', I"" and Et each has the
same meaning as defined above) may be used in place of a
compound of the formula (63).

Step -2
[0660] In accordance with the Step 1-4 of Production

Method 1, a compound of the formula (68) can be prepared
from a compound of the formula (67).

[0661] Inasimilar manner to Steps la-2, 1a-3 and la-4 of
Production Method 1a, the compounds of the present inven-
tion can be prepared from a compound of the formula (68)
obtained in the above Step J-2.
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Production Method K

[0662] The following is an example of the method for
preparing a compound of the formula (1) wherein ring B and
its substituent, Alk', and | are taken together to form

erm
_AALK =

R-t
2 |
N
N
\1#
R?

wherein R, R*, Me, R*%, I"", and Alk' each has the same
meaning as defined above.

Production method K

Sep. 14, 2006

45

[0663] In the above reaction scheme. R®, R*, R*%%, Me. I"",
Alk' and X, each has the same meaning as defined above.

Step K-1

[0664] In a similar manner to Step 1-3 of Production
Method 1, a compound of the formula (70) can be prepared
by reacting a compound of the formula (69) with a com-
pound of the formula (63). Alternatively, X,-(Alk").—
COOEt (in the formula X,, Alk', I"" and Et each has the
same meaning as defined above) may be used in place of a
compound of the formula (63).

Step K-2

[0665] In a similar manner to Step 1-4 of Production
Method 1, a compound of the formula (71) can be prepared
from a compound of the formula (70).

[0666] Inaccordance with the Steps 1a-2, 1a-3 and 1a-4 of
the above Production Method la, the compounds of the

200 . . o ~
R -~y /R ' present invention can be prepared from a compound of the
= | Xs—(Alk');—COOMe formula (71) obtained in the above Step K-2.
;N N siew_;'\'] 1
pd) T 2 .
B NH > Production Method L
N —
"< " [0667] The following is an example of the process for
X preparing a compound of the formula (1) wherein X, ring B,
€9 . - the substituent on the ring B. Alk" and | are taken together
i %/R to form
]
R step K- 2
O;N N—(Alk')m—COOMe ¥
N-‘-hv
RJ
4
(70) R\/ (ALK )pm—
R.“ R2LHJ 0 cd
2~
P9% |
AN 35
N R
O N—(Alk!)p»—COOH )—‘0
N= 8]
R}
71 . .
ah wherein R*, R*, 1" and Alk' each has the same meaning
as defined above.
Production method 1.
R6
RS R?
0
R2 0 /\ (ALK O— (AlK?),, —_—
I step L-1
E
N x R200 o E  Nps
H /
RI OH RU
(1-5)
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-continued

(0]

2

| (Alk!)

R200
(1-6)

[0668] In the above reaction scheme, R', R®, R* R>, R,
R7,R¥, R?, R*, 1"", m, E, ring A, ring C, Alk" and Alk* each

has the same meaning as defined above.
Step L-1

[0669] A compound obtained in accordance with Steps
1-3, 1-4, and 1-5 of the Production Method 1 from a
compound (wherein R?® is benzyl) obtained in the Produc-
tion Method D is debenzylated, and the resultant compound
of the formula (1-5) is reacted with a phosgene equivalent
reagent (for example, triphosgene or diphosgene, etc.) in a
solvent in the presence of a base to give a compound of the
formula (1-6).

[0670] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1,2-dimethoxyethane, diglyme, etc.; hydrocarbons such
as benzene, toluene, hexane, xylene, etc.: halogenated
hydrocarbons such as methylene chloride, chloroform, car-
bon tetrachloride, 1,2-dichloroethane, etc.; and they can be
used solely or in combination thereof. A preferred solvent in
the present reaction is chloroform.

[0671] Examples of the bases used in the reaction include
The solvent used in the reaction includes. for example.
ethers such as diethyl ether, tetrahydrofuran, dioxane, 1.2-
dimethoxyethane, diglyme, etc.; hydrocarbons such as ben-
zene, toluene. hexane. xylene, etc.: halogenated hydrocar-
bons such as methylene chloride, chloroform, carbon
tetrachloride, 1,2-dichloroethane, ete.; and they can be used
solely or in combination thereof. A preferred solvent in the
present reaction is chloroform.

[0672] Examples of the bases used in the reaction include
organic bases such as triethylamine, pyridine, dimethylami-
nopyridine, N-methylmorpholine, etc., among which tri-
ethylamine is preferred.

[0673] The reaction temperature is about -20° C. to 100°
C., preferably about 0° C. to room temperature.
[0674] The reaction temperature is about =20° C. to 100°
C., preferably about 0° C. to room temperature.

[0675] The reaction time is about 10 minutes to 4 hours,
preferably about 30 minutes to 2 hours.

Production Method L'

[0676] The following is an example of the process for
preparing a compound of the formula (1) wherein X, ring B.
and the substituent on the ring B are taken together to form
the group of the formula:
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0—(Alk)y,

—
step L'-2
R! NO,
(131)

OBn
R 0
N
@)L )
I

R!

step L'-3

R

—_—
step L'-4
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-continued
OBn

i
step L'-5

o
e}
v
oy

R! HN

4<

(134)
R0
H
R! \(
11%:
OBn
R: /Q/
R'Q)J\ H‘/ SepL-T
(136)
OH
R Q
N
R! NY
0
(137)
[0677] In the above reaction scheme, R', R? and Bn each
has the same meaning as defined above.
Step L'-1
[0678] This step is a general amide conversion method by

the reaction between acid chlorides and amines. A com-
pound of the formula (131) can be prepared by reacting a
compound of the formula (3) with a compound of the
formula (130) in a solvent in the presence of a base.

[0679] The solvent used in the reaction includes, for
example. ethers such as diethyl ether. tetrahydrofuran, diox-
ane, 1.2-dimethoxyethane, diglyme, etc.; toluene: dimethyl-
fomamide; ethyl acetate: and water, etc.; and they can be
used solely or in combination thereof.

[0680] Examples of the bases used in the reaction include
inorganic bases such as sodium carbonate, potassium car-
bonate, sodium bicarbonate. etc.; and organic bases such as
triethylamine, pyridine, 4-dimethylaminopyridine, etc..
among which sodium bicarbonate is preferred.

[0681] The reaction temperature is about 0° C. to 100° C.,
preferably about 0° C. to room temperature.

Sep. 14, 2006

Step L'-2

[0682] This step is a protection method wherein phenol is
converted into benzyl ether. A compound of the formula
(132) can be prepared by reacting a compound of the
formula (131) with a benzyl halide (e.g. benzyl bromide) in
a solvent in the presence of a base.

[0683] The solvent used in the reaction includes, for
example. ethers such as diethyl ether, tetrahydrofuran. diox-
ane, 1.2-dimethoxyethane, diglyme, etc.; toluene; dimethyl-
fomamide: and ethyl acetate, etc.: and they can be used
solely or in combination thereof.

[0684] Examples of the bases used in the reaction include
inorganic bases such as alkali metal hydrides (e.g. sodium
hydride, potassium hydride, etc.), alkali metal alkoxides
such as sodium ethoxide, sodium methoxide, etc.; and
organic bases such as triethylamine, pyridine, 4-dimethy-
laminopyridine, etc., among which potassium carbonate is
preferred.

[0685] The reaction temperature is about 0° C. to 100° C.,
preferably about 0° C. to room temperature.

Step L'-3

[0686] This step is a reduction method for the nitro group
attached directly to the aromatic ring into an amino group.
A compound of the formula (133) can be prepared by
subjecting a compound of the formula (132) to reduction
reaction in a solvent.

[0687] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1,2-dimethoxyethane, diglyme, etc.; alcohols such as
methanol, ethanol, isopropyl alcohol. etc.; toluene: dimeth-
ylfomamide: ethyl acetate: water, etc.; and they can be used
solely or in combination thereof. 1f necessary. acetic acid,
hydrochlorie acid or aqueous ammonium chloride may be
used in combination with said solvents.

[0688] The reducing agent used in the reaction includes,
for example. iron, zinc. tin, etc.

[0689] The reaction temperature is about 0° C. to 150° C.,
preferably room temperature to 120° C.

Step 1'-4

[0690] This step is a reductive amination using aniline and
ketone or aldehyde. A compound of the formula (134) can be
prepared by subjecting a compound of the formula (133) to
reductive amination in a solvednt.

[0691] The solvent used in the reaction includes, for
example, dichloromethane, dichloroethane, chloroform,
etc., and they can be used solely or in combination thereof.

[0692] The reducing agent used in the reaction includes,
for example, hydrides such as sodium triacetoxy borohy-
dride, sodium borohydride, sodium cyanoborohydride, etc.

[0693] The reaction temperature is about 0° C. to 50° C.,
preferably 0° C. to room temperature.

Step L-5

[0694] This step is an N-halo-acetylation method for
aniline. A compound of the formula (135) can be prepared
by reacting a compound of the formula (134) with chloro-
acetyl chloride in a solvent in the presence of a base.
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[0695] The solvent used in the reaction includes, for
example, dichloromethane, DMF. ethyl acetate, tetrahydro-
furan, toluene, etc., and they can be used solely or in
combination thereof.

[0696] Examples of the bases used in the reaction include
alkali metal hydrides such as sodium hydride, potassium
hydride. etc.. alkali metal alkoxides such as sodium ethox-
ide, sodium methoxide, potassium t-butoxide, etc.; and
organic bases such as triethylamine, pyridine, 4-dimethy-
laminopyridine, etc., among which tirethylamine is pre-
ferred.

[0697] The reaction temperature is about 0° C. to 50° C..
preferably 0° C. to room temperature.

Step L-6

[0698] This step is a cyclization reaction between halo-
acetylamide and the intramolecular nitrogen atom existing in
the amide. A compound of the formula (136) can be prepared
by subjecting a compound of the formula (135) to a cycliza-
tion reaction in a solvent in the presence of an additive and
a base.

[0699] The solvent used in the reaction includes. for
example, DMEF, tetrahydrofuran, etc.

[0700] The additive includes sodium iodide, potassium
iodide, tetrabutyl ammonium iodide, etc.

[0701] The reaction temperature is about 0° C. to 50° C.,
preferably room temperature to 60° C.

Step L-7

[0702] This step is a deprotection reaction by hydrogena-
tion of the benzyl ether of a phenol compound. Compound
(137) can be prepared by hydrogenating a compound of the
formula (136) in a solvent in the presence of a reducing
agent.

[0703] The solvent used in the reaction includes, for
example, ethanol, methanol, THF, ethyl acetate, etc.

[0704] The reducing agent includes, for example. palla-
dium carbon, Raney-Ni. etc.

[0705] The reaction temperature is 0° C. to 100° C.,
preferably room temperature to 60° C.

Production Method M

[0706] The following is an example of the method for
preparing a compound of the formula (1) wherein X is
—CON(R"")—(CH,)n- (R'" is other than hydrogen).
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RO R s i
T~{CH:}J.4@—MH<‘ )i 0—R*
Rl Rln'
(73)
[0707] In the above reaction scheme. R', R%, R*, R*, R*,

R* 1 n, X,, ring A, ring B, and Alk' each has the same
meaning as defined above, and R'”" is C,-Cy alkyl or C5-C,

cycloalkyl.
Step M-1

[0708] A compound of the formula (73) can be prepared
by reacting a compound of the formula (6) obtained in the
Step 1-3 of Production Method 1 with a compound of the
formula (72) in a solvent in the presence of a base.

[0709] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1,2-dimethoxyethane, diglyme, etc.; hydrocarbons such
as benzene, toluene, hexane, xylene, etc.; esters such as ethyl
acetate, methyl acetate, butyl acetate. etc.: and polar solvents
such as acetone, N.N-dimethylformamide, dimethyl sulfox-
ide, efc.; and they can be used solely or in combination
thereof. A preferred solvent in the present reaction is N,N-
dimethylformamide.

[0710] Examples of the bases used in the reaction include
alkali metal hydrides such as sodium hydride. potassium
hydride, etc.; alkali metal alkoxides such as sodium ethox-
ide, sodium methoxide, potassium t-butoxide, etc.; alkali
metal carbonates such as sodium carbonate, potassium car-
bonate, etc.; alkali metal carboxylates such as sodium
acetate, potassium acetate, etc.: and alkali metal phosphates
such as sodium phosphate, potassium phosphate, etc.,
among which sodium hydride is preferred.

[0711] The reaction temperature is about 0° C. to 100° C.,
preferably about room temperature to 80° C.

[0712] The reaction time is about 1 hour to 24 hours,
preferably about 2 hours to 8 hours.

[0713] Inaccordance with the above Steps 1-4 and 1-5. the
compounds of the present invention can be prepared from a
compound of the formula (73) obtained in the above Step
M-1.

Production Method N

[0714] The following is an example of the method for
preparing a compound of the formula (1) wherein -E-R®*—
and -E-R”— are each —NH—(R*®) (wherein R*® is C,-Cj
alkyl).

Production method M
> : i
: 0 R200 5 X,—RIY Production method N
R B R JI\ = RS COOH
(72)
ﬁb/k i‘{—fﬂ'ﬂz}n—@—mlk':. 0—R® “sepM-1. R
“ RY COOH Sep NI
(6) 74)
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can be used solely or in combination thereof. Preferred
solvents in the present reaction are methylene chloride or
tetrahydrofuran.

[0722] Examples of the bases used in the reaction include
organic bases such as triethylamine. pyridine, dimethylami-
nopyridine, N-methylmorpholine, etc., among which tri-
ethylamine is preferred.

[0723] The reaction temperature is about —40° C. to 60°
C., preferably about -30° C. to room temperature.

[0724] The reaction time is about 2 hours to 48 hours,
preferably about 6 hours to 24 hours.

-continued
0 3
) o R¥B—NH,
R3 > 76)
_—
RS step N-2
R’ cl
(0]
(75)
0 R]S
/
RS NH
Rﬁ —_—
step N-3
R’ NH
J = Step N-3
an

(78)

[0715] In the above reaction scheme, R, R, R7, R*® and
ring C each has the same meaning as defined above.

Step N-1

[0716] A compound of the formula (75) can be prepared
by reacting a compound of the formula (74) with thionyl
chloride or oxalyl chloride in a solvent.

[0717] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1.2-dimethoxyethane, diglyme, etc.; hydrocarbons such
as benzene, toluene, hexane, xylene, etc.: halogenated
hydrocarbons such as methylene chloride. chloroform. car-
bon tetrachloride, 1,2-dichloroethane, etc.; and esters such
as ethyl acetate, methyl acetate, butyl acetate, etc.; and they
can be used solely or in combination thereof. A preferred
solvent used in the present reaction is toluene containing a
catalytic amount of N.N-dimethylformamide.

[0718] The reaction temperature is about room tempera-
ture to 120° C., preferably about 50° C. to 100° C.

[0719] The reaction time is about 10 minutes to 6 hours,
preferably about 30 minutes to 3 hours.

Step N-2

[0720] A compound of the formula (77) can be prepared
by reacting a compound of the formula (75) with a com-
pound of the formula (76) in a solvent in the presence of a
base.

[0721] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1,2-dimethoxyethane, diglyme, etc.; hydrocarbons such
as benzene. toluene, hexane, xylene, etc.: halogenated
hydrocarbons such as methylene chloride, chloroform, car-
bon tetrachloride, 1.2-dichloroethane, etc.; and esters such
as ethyl acetate, methyl acetate, butyl acetate, etc.; and they

[0725] A compound of the formula (78) can be prepared
by reacting a compound of the formula (77) with paraform-
aldehyde or formalin without or in a solvent in the presence
of a catalytic amount of a base.

[0726] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane. 1.2-dimethoxyethane, diglyme. etc.: hydrocarbons such
as benzene. toluene, hexane, xylene. etc.; halogenated
hydrocarbons such as methylene chloride, chloroform, car-
bon tetrachloride, 1.2-dichloroethane. etc.; alcohols such as
methanol, ethanol, isopropyl alcohol. t-butanol, etc.; esters
such as ethyl acetate, methyl acetate, butyl acetate, etc.: and
polar solvents such as N,N-dimethylformamide, dimethyl
sulfoxide, etc.: and they can be used solely or in combination
thereof. A preferred solvent in the present reaction is tet-
rahydrofuran.

[0727] Examples of the bases used in the reaction include
alkali metal hydrides such as sodium hydride, potassium
hydride, etc.: alkali metal alkoxides such as sodium ethox-
ide. sodium methoxide, potassium t-butoxide, etc.; alkali
metal hydroxides such as sodium hydroxide. potassium
hydroxide, lithium hydroxide, etc.; alkali metal carbonates
such as sodium carbonate, potassium carbonate, etc.: and
organic bases such as triethylamine, diethylamine, pyridine,
elc., among which potassium t-butoxide, sodium ethoxide or
potassium hydroxide is preferred.

[0728] The reaction temperature is about 0° C. to 100° C.,
preferably about room temperature to 80° C.

[0729] The reaction time is about 10 minutes to 24 hours,
preferably about 30 minutes to 12 hours.

[0730] In accordance with the above Production Method
1, Production Method la or Production Method 2. the
compounds of the present invention can be prepared using a
compound of the formula (78) obtained in the above Step
N-3 in place of a compound of the formula (8).

Production Method O

[0731] The following is an example of the method for
preparing a compound of the formula (1) wherein -E-R® and
-E-R?— are each —O(R**)(wherein R® and R® are each is
C -Cq alkyl).
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Production method O

O RE.':
/
RS 0
RS step O-1
R’ 9]
X
0 R
(79)
[0732] In the above reaction scheme, R®, R®, R7, R** and
ring C each has the same meaning as defined above.
Step O-1
[0733] In a similar manner to Step N-3 of Production

Method N. a compound of the formula (80) can be prepared
from a compound of the formula (79).

[0734] In accordance with the above Production Method
1, Production Method la and Production Method 2. the
compounds of the present invention can be prepared using a
compound of the formula (80) obtained in the above Step
O-1 in place of a compound of the formula (8).

Production Method P

[0735] The following is an example of the method for
preparing a compound of the formula (1) wherein Alk? is
methylene, and m is 2 or 3. In this method, tert-butyldim-
ethylsilyl (TBS) may be used in place of benzyl (Bn).

Production method P

0 R®
. E/ X;—(CHy)m—0Bn
R.
" (82)
R step P-1
R’ E\
0 R?
(81)
———
step P-2
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-continued

0 R¥
RS E
R® (CHa)m—OH
R’ E

\
0 RY
(84)
[0736] In the above reaction scheme. R”, R®, R”. R¥, R?,

E, X,, m, Bn and ring C each has the same meaning as
defined above.

Step P-1
[0737] A compound of the formula (83) can be prepared

by reacting a compound of the formula (81) with a com-
pound of the formula (82) in a solvent in the presence of a
base.

[0738] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1,2-dimethoxyethane, diglyme, etc.: hydrocarbons such
as benzene, toluene, hexane. xylene, etc.; halogenated
hydrocarbons such as methylene chloride. chloroform. car-
bon tetrachloride, 1.2-dichloroethane, etc.: alcohols such as
methanol, ethanol, isopropyl alcohol. t-butanol, etc.; esters
such as ethyl acetate, methyl acetate, butyl acetate, etc.: and
polar solvents such as N.N-dimethylformamide, dimethyl
sulfoxide, etc.: and they can be used solely or in combination
thereof. Preferred solvents in the present reaction are N,N-
dimethylformamide or tetrahydrofuran.

[0739] Examples of the bases used in the reaction include
alkali metal hydrides such as sodium hydride, potassium
hydride, etc.: alkali metal alkoxides such as sodium ethox-
ide. sodium methoxide, potassium t-butoxide, etc.: alkali
metal carbonates such as sodium carbonate, potassium car-
bonate, etc.: and organoalkali metals such as lithium diiso-
propylamide, etc.. among which sodium hydride or lithium
diisopropylamide is preferred.

[0740] The reaction temperature is about 0° C. to 100° C.,
preferably about room temperature to 80° C.

[0741] The reaction time is about 30 minutes to 48 hours,
preferably about 2 hours to 24 hours.

Step P-2

[0742] In a similar manner to Step 2-2 of Production
Method 2. a compound of the formula (84) can be prepared
from a compound of the formula (83).

[0743] 1n accordance with the above Production Method
1. Production Method la and Production Method 2. the
compounds of the present invention can be prepared using a
compound of the formula (84) obtained in the above Step
P-2 in place of a compound of the formula (8).

Production Method 3

[0744] The following is an example of the method for
preparing a compound of the formula (1) wherein X is

—CONH—(CH,),— and Y is —O—CO—C— or
—0—CO—.
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Production method 3
R? (o]
(Alk'y—0—R'
OH (2)
R! (85)
step 3-1 l step 3-2
RS Rm]{‘*
HoN—(CHa)y {Alk!'y—0O—R!0!
R? 0
(86)
Cl (3) ——1 step 3-3
R]
R2 (8] R3 leR"
/(b)kﬁ—mmn (Alkhy—O—R10!
RI
(87)
1 step 3-4
2 T 200
R O R." R RA
ﬁ_(CHgJ" a (Alk")—OH
RI
(88)
Rt‘\
R? R’
step 3-5' step 3-5
HO 74 O
T A,
o] E
o E g8
/ R
RI}
(89")
RS
2 . R200
R O R_{ R R—t
E_{CHJ}" (Alk')y—0 Z\ &
R! (ALK )y
8]
(1-7)
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[0745] In the above reaction scheme, R', R% R?, R*, R®,
R® R7, R% R?, R*, I, m, n, Alk', AlK?, E, ring A, ring B,
and ring C each has the same meaning as defined above:
R" is C,-C, alkyl or benzyl; Z is —CH,— or —O— and
Z'is —CR,—.

Step 3-1

[0746] 1n a similar manner to Step 1-1, an acid chloride
compound of the formula (3) can be prepared from a
carboxylic acid compound of the formula (2).

Step 3-2

[0747] A compound of the formula (86) can be prepared
by reducing a compound of the formula (85) with a reducing
agent in a solvent.

[0748] The solvent used in the reaction includes, for
example, alcohols such as methanol, ethanol, isopropyl
alcohol, etc., and acetic acid; and they can be used solely or
in combination thereof. 1f necessary, acetic acid or hydro-
chloric acid may be used in combination with said solvents.
A preferred solvent in the present reaction is ethanol.

[0749] The reducing agent used in the reaction includes,
for example. iron dust and tin chloride, among which zinc
dust is preferred.

[0750] The reaction temperature is about 0° C. to 200° C.,
preferably room temperature to 120° C.

Step 3-3

[0751] 1n a similar manner to Step 1-3, a compound of the
formula (87) can be prepared by reacting a compound of the
formula (86) with a compound of the formula (3).

Step 3-4

[0752] 1n a similar manner to Step 1-4 or by catalytic
reduction, a compound of the formula) can be prepared from
a compound of the formula (85). The catalytic reduction can
be carried out according to the conventional method, for
example. by hydrogenating a compound of the formula (87)
in the presence of a catalyst such as palladium black,
palladium hydroxide, Raney Ni, platinum oxide, etc, pref-
erably palladium carbon.

[0753] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane. 1,2-dimethoxyethane, diglyme, etc.; alcohols such as
methanol, ethanol, isopropyl alcohol, t-butanol. etc.; and
esters such as ethyl acetate, methyl acetate, butyl acetate.
etc.: and they can be used solely or in combination thereof.
Preferred solvents in the present reaction are alcohols such
as methanol, ethanol, isopropyl alcohol, t-butanol, etc., and
a mixed solvent of said alcohol solvent and tetrahydrofuran
and/or water.

[0754] The reaction temperature is about 0° C. to 120° C.,
preferably room temperature to 100° C.

[0755] The reaction time is about 30 minutes to 8 days.
preferably about 1 hour to 96 hours.

Sep. 14, 2006

Step 3-5

[0756] This step is a general condensation method
between alcohols and acid chlorides. A compound of the
formula (1-7) which is one of the objective compounds can
be prepared by condensing an alcohol compound of the
formula (88) with an acid chloride compound of the formula
(89) in a solvent in the presence of a base.

[0757] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane. 1.2-dimethoxyethane, diglyme, etc.; hydrocarbons such
as benzene, toluene, hexane, xylene, etc.: halogenated
hydrocarbons such as methylene chloride, chloroform, car-
bon tetrachloride. 1,2-dichloroethane, etc.: and esters such
as ethyl acetate, methyl acetate. butyl acetate, etc.; and they
can be used solely or in combination thereof. Preferred
solvents in the present reaction are tetrahydrofuran and
methylene chloride.

[0758] The base used in the reaction includes, for
example, organic bases such as triethylamine, pyridine,
dimethylaminopyridine, N-methylmorpholine, etc.

[0759] The reaction temperature is about 0° C. to 80° C.,
preferably 0° C. to room temperature 100° C.

[0760] In addition, the compound of the formula (85) can
be easily prepared by the conventional method or the
method known per se. The compound of the formula (89)
can be prepared by Production Methods Q, R, and S here-
inafter described.

Step 3-5'

[0761] This step is a general condensation reaction
between alcohols and carboxylic acids. A compound of the
formula (1-7) wherein 7 is —CH,—, which is one of the
objective compounds, can be prepared by condensing a
compound of the formula (88) with a compound of the
formula (89") in a solvent in the presence of a condensing
agent.

[0762] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1,2-dimethoxyethane, diglyme, etc.; hydrocarbons such
as benzene, toluene, hexane, xylene. etc.; halogenated
hydrocarbons such as methylene chloride, chloroform, car-
bon tetrachloride. 1,2-dichloroethane, etc.; and esters such
as ethyl acetate, methyl acetate, butyl acetate, etc.; and they
can be used solely or in combination thereof. A preferred
solvent in the present reaction is acetone.

[0763] The condensing agent used in the reaction includes
WSC, DCC, ete, among which WSC is preferred.

[0764] The reaction temperature is about 0° C. to 80° C.,
preferably about 0° C. to room temperature.

Production Method 4

[0765] The following is an example of the method for
preparing a compound of the formula (1) wherein X is
CONH-—(CH,),— and Y is —O—C(R") (R'")

CO-—O-(wherein R''” and R"'" are each hydrogen).
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Production method 4
R3 O R3 RonR“
/@JL?&—{CH;;"—@—WM—OH
RJ
(88) 9

step 4-1

XE\)J\
(8]

(110)

3
R3 R 4

R
Q/LL —fum,‘%—{ \u\lal—o\)\

RI
step 4-2
(111)
RZ Q 3 R0 4
R R 0
i\I-—((,Ilzj.. L-\lk'}.—()\)k
; OH
R Ro
(112) RS R7
step 4-3
0
HO—(Al*)m
E—R$
O E
|
R\i
(8)
Rn’s
R R’
R? g3 R200
N—(CH, )..—&357(41L';|—()\)L 0
RI O_f \”\ Jm
E—R®
o E
5

(1-8)

[0766] In the above reaction scheme, R', R?, R?, R*, R5,
RS, R7, R®, R?, R?, X,,, Alk', AlIK*, m, n, E, ring A, ring B,
and ring C each has lhc same meaning as defined above.

Step 4-1

[0767] A compound of the formula (111) can be prepared
by reacting a compound of the formula (88) obtained in the
Step 3-4 with a compound of the formula (110) in a solvent
in the presence of a base.

[0768] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1.2-dimethoxyethane, diglyme, etc.: and water; etc.:
and they can be used solely or in combination thereof. A
preferred solvent in the present reaction is tetrahydrofuran.

54 of

[0769] Examples of the bases used in the reaction include
alkali metal carbonates such as sodium carbonate, potassium
carbonate, etc.: and alkali metal hydroxides such as lithium
hydroxide, sodium hydroxide, potassium hydroxide, etc.,
and sodium hydride is preferred.

[0770] The reaction temperature is about 0° C. to 120° C.,
preferably 0° C. to 100° C.

[0771] The reaction time is about 1 to 24 hours, preferably
about 2 to 12 hours.

[0772] 1n addition, the reaction smoothly proceeds using a
reaction aid such as tetrabutyl ammonium iodide, etc.
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Step 4-2

[0773] In asimilar manner to Step 3-4, a compound of the
formula (112) can be prepared from a compound of the
formula (111).

Step 4-3

[0774] 1na similar manner to Step 3-5', a compound of the
formula (1-8) which is one of the objective compounds can
be prepared by reacting a compound of the formula (112)
with a compound of the formula (8).

Production method Q
0 R® 9] 4]
R 0/ Cl_g(‘/ \"/ \CCL‘
R
0

6 AlkH)m—0
R { m H step Q-1
R 0

RI)

(80"

[0775] In the above reaction scheme, R®, R®, R, R, R®,
Alk?, m and ring C each has the same meaning as defined
above,

Step Q-1

[0776] A compound of the formula (90) can be prepared
by reacting a compound of the formula (80") with triphos-
gene in a solvent such as toluene, methylene chloride, etc.

t(‘I—lg)m—\ step R-1 :

0, OH

0]
1o~
I

RS
7/
RY 0
R® {C.Hg]m\ (93)
R’ 0 's) step R-2

A
0 RY
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-continued
[8) RS
R d o
RS l@l{:}m\\)l\ step R-3
R’ 0\ 0
O R?
(94)
0 RS
R 0/ o]
RS (CH:JJ’JI\J\
R’ O i step R-4
N,
0 RY
(95)
[0777] In the above reaction scheme, R®, R®, R7. R®, R,

m and ring C each has the same meaning as defined above.
Step R-1

[0778] A compound of the formula (92) can be prepared
by treating a compound of the formula (91) with an oxidiz-
ing reagent in a solvent.

[0779] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1,2-dimethoxyethane, diglyme, etc.: hydrocarbons such
as benzene, toluene, hexane. xylene. etc.; halogenated
hydrocarbons such as methylene chloride, chloroform, car-
bon tetrachloride. 1,2-dichloroethane, etc.; esters such as
ethyl acetate, methyl acetate, butyl acetate, etc.; and polar
solvents such as acetonitrile, N.N-dimethylformamide, dim-
ethyl sulfoxide. etc., and they can be used solely or in
combination thereof. A preferred solvent in the present
reaction is acetonitrile.

[0780] The oxidizing reagent used in the reaction includes,
for example, Dess-Martin reagent, etc.

Step R-2

[0781] A compound of the formula (94) can be prepared
by reacting a compound of the formula (92) with a Horner-
Emmons reagent (e.g. a compound of the formula (93)) ina
solvent in the presence of a base.

[0782] The solvent used in the reaction includes, for
example, ethers such as diethyl ether. tetrahydrofuran, diox-
ane, 1.2-dimethoxyethane, diglyme, etc.; alcohols such as
methanol, ethanol, isopropyl alcohol, t-butanol, etc.; hydro-
carbons such as benzene, toluene, hexane, xylene, etc.; and
polar solvents such as acetonitrile, N.N-dimethylformamide,
dimethyl sulfoxide, etc., and they can be used solely or in
combination thereof. A preferred solvent in the present
reaction is N,N-dimethylformamide.
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[0783] Examples of the bases used in the reaction include
alkali metal hydrides such as sodium hydride, potassium
hydride. etc.; and alkali metal alkoxides such as sodium
ethoxide, sodium methoxide. potassium t-butoxide. etc..
among which sodium hydride is preferred.

Step R-3

[0784] This step is a general hydrogenation reaction per-
mitting simultaneous debenzylation. For example, a com-
pound of the formula (95) can be prepared by hydrogenation
of a compound of the formula (94) in a solvent in the
presence of a catalyst.

[0785] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1.2-dimethoxyethane, diglyme, etc.; alcohols such as
methanol, ethanol. isopropyl alcohol. t-butanol, etc.: and
esters such as ethyl acetate, methyl acetate, butyl acetate,
etc., and they can be used solely or in combination thereof.
A preferred solvent in the present reaction is tetrahydofuran.

[0786] The catalyst used in the reaction includes, for
example, palladium carbon, palladium hydroxide, Raney Ni,
platinum oxide, etc., among which palladium carbon is

preferred.
Step R-4

[0787] This step is a general conversion method of car-
boxylic acids into acid chlorides. A compound of the for-
mula (96) can be prepared by reacting a compound of the
formula (95) with a chlorinating agent in a solvent.

[0788] The solvent used in the reaction includes, for
example, ethers such as diethyl ether, tetrahydrofuran, diox-
ane, 1,2-dimethoxyethane. diglyme, etc.; hydrocarbons such
as benzene, toluene. etc.; halogenated hydrocarbons such as
methylene chloride. chloroform, carbon tetrachloride, 1,2-
dichloroethane, etc.: and esters such as ethyl acetate, methy-
lacetate, butyl acetate, etc., and they can be used solely or in
combination thereof. A preferred solvent in the present
reaction is toluene.

[0789] The chlorinating agent used in the reaction
includes, for example, thionyl chloride, oxalyl chloride,
phosphorus pentachloride, etc., among which thionyl chlo-
ride is preferred.

Production method S
R”/O\I‘rl.x\lkz}m—)Q
0 R
RS 0/ (8]
RS (97)
step S-1
R (0]
\ 9
8] R
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-continued
R¥
0/ Q
(.o\lk'}mJ'I\O/R W
.
R9

[0790] In the above reaction scheme, R" is C,-C, alkyl,
and R®, R R7. R¥, R?, Alk?, m. X, and ring C each has the
same meaning as defined above.

Step S-1

[0791] In a similar manner to Step P-1 of Production
Method P, a compound of the formula (98) can be prepared
by reacting a compound of the formula (79) with a com-
pound of the formula (97).

Step S-2

[0792] In a similar manner to Step 1-4 of Production
Method 1, a compound of the formula (99) can be prepared
from a compound of the formula (98).

[0793] According to the above Production method, the
compounds of the formula (1) can be prepared. Further, the
compounds of the present invention when Y is —CO—O
CRYNY—R"™}—0CO CO—O—C(R!"?)
R'")—0—CO—0 or —0—CO—0O—CR"% R'"™).
O-—CO— can be prepared according to the above Produc-
tion Methods 1 to 3. and the known production methods.

Production Method T

[0794] The following is an example of the method for
preparing a compound of the formula (1) wherein Y is
_O_C(Rl IEJ)(RII I]_C(R! iLJ}(RI 1 l)_‘

Production method T

0 %
/

RS E (8]
R® (Alkhym—OH &7)
) step T-1
R’ E
Is) R?
(84"
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-continued

o] /R“

R, E
RS (Al3)m—0 O0—R' ———=
step T-2

R’ 13\

5 R 9

(113)

[0795] In the above reaction scheme, R", R®, R®, R7, R®,
R?, Alk?, X,, m, E and ring C each has the same meaning as
defined above.

Step T-1

[0796] A compound of the formula (113) can be prepared
by reacting a compound of the formula (84') with a com-
pound of the formula (97') in a solvent in the presence of a
base. The solvent used in the reaction includes, for example,
ethers such as diethyl ether, tetrahydrofuran, dioxane, 1,2-
dimethoxyethane, diglyme, efc., and they can be used solely
or in combination thereof. A preferred solvent in the present
reaction is tetrahydrofuran.

[0797] Examples of the bases used in the reaction include
alkali metal carbonates such as sodium carbonate, potassium
carbonates, etc., or alkali metal hydroxides such as lithium
hydroxide, sodium hydroxides. potassium hydroxide, etc..
and sodium hydride is preferred.

[0798] The reaction temperature is about 0° C. to 120° C.,
preferably 0° C. to 60° C.

[0799] The reaction time is about 1 to 24 hours, preferably
about 2 to 12 hours.

[0800]
aid such as tetrabutyl ammonium iodide, etc.

The reaction smoothly proceeds using a reaction

Step T-2

[0801] In a similar manner to Step 1-4, a compound of the
formula (114) can be prepared from a compound of the
formula (113).

[0802] The biphenyl compounds of the formula (100) or
salts thereof are new.
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(100}

RA' RIO‘]’

A
:—{CI—I; e ¥—R

[0803] In the above formula, R" is hydrogen: C,-C, alkyl:
halogen; halo-C,-Cy alkyl; C,-C, alkoxy; or —(CH?),—O-
CO—R'™ (wherein R'*? is C,-C; alkyl, C,-C, alkoxy, or
C -C,, alkoxyalkyl, and r is 0 or an integer of 1 to 3):

[0804] R*"is hydrogen; C,-C, alkyl: halogen: halo-C,-Cj
alkyl: or C,-C, alkenyl; R*" is —CON(R''*) (R'**) wherein
R"*and R'** are each independently hydrogen; C,-C, alkyl.
optionally substituted C4-C,, aryl: optionally substituted
C -C,; aralkyl: or C,-C, alkoxy, or R"'* and R'** may be
taken together with the adjacent nitrogen atom to which they
are attached to form

—N 0 )5

wherein p is 0 or an integer of 1 to 2; or —(CH,),—0—
CO,R" wherein R is C,-C, alkyl. C,-C alkoxy. or
C,-C,, alkoxyalkyl, and r" is 0 or an integer of 1 to 3;

[0805] R* and R*™ are each independently hydrogen,
halogen, C,-C, alkyl, or halo-C,-C, alkyl;

[0806] R*“ishydrogen, C,-C,alkyl, optionally substituted
C,-C,, aryl, or optionally substituted C,-C, , aralkyl:

[0807] Yis —O—-CO—O—, —0O-CO——CO-O—,

CO—0O—C(R" R"H—0-CO CO—0O
CER*) R'*MHY—0—Co—0 O0—CO—0—CR"?)
(R'""H—0—CO—, —O—CO—CR"Y [R'"MH—0—,

—O—CO—C(R“U) (Rlil)_c{Rl l(l) (R“]]—O—. or
—O—CR")(R")—CO—O— whereinR'"'"? and R'" are
each independently hydrogen or C,-C, alkyl, provided that
when Y is —CO—O—. then R*" is —(CH,),—0O—CO—
R'%? wherein R'®” and ' are each has the same meaning as
defined above: and

[0808] 1la is an integer of 1 to 3.

EXAMPLES

[0809] The present invention is illustrated in detail by the
following Examples and Reference Examples, but it is to be
understood that the present invention is not limited thereto.
In the Examples and Reference Examples, Me is methyl, Et
is ethyl, tBu is tbutyl, and TBS is tert-butyldimethylsilyl.
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Reference Example |

a) Phenylmalonic Acid Dichloride

[0810]
COOH cocCl
COOH cocl
[0811] Thionyl chloride (13.7 mL) was added dropwise to

a mixture of phenylmalonic acid dichloride (11.31 g) and
N N-dimethylformamide (230 pl.) under ice-cooling, The
mixture was stirred at 80° C. for 70 minutes, and concen-
trated in vacuo. The residue was evaporated azeotropically
together with toluene, and dried in vacuo to give the title
compound (11.61 g).

b) Phenylmalonic Acid Diethylamide
[0812]

H
0, N
cocl ~
_ 0
coc
ur\'W

[0813] The phenylmalonic acid dichloride (8.99 g)
obtained in Reference Example 1a) was added dropwise to
a mixture of ethylamine/tetrahydrofuran (2M, 45.5 mL).
triethylamine (13.9 mL) and methylene chloride (80 ml.) at
-20° C. The reaction temperature was elevated to room
temperature., and the mixture was stirred overnight. After
addition of 3N hydrochloric acid, the reaction solution was
diluted with ethyl acetate, and the organic phase was washed
successively with saturated brine, saturated aqueous sodium
bicarbonate solution, and saturated brine, dried over sodium
sulfate, and then concentrated to give a solid. The solid was
washed with ethy] acetate-hexane to give the title compound
(4.85 g) as a white powder.

¢) 2-Hydroxymethyl-2-phenylmalonic acid

Sep. 14, 2006

[0815] Phenylmalonic acid diethylamide (2.34 g) obtained
in Reference Example 1 b) and paraformamide (390 mg)
were suspended in tetrahydrofuran (20 mL), and to this
suspension was added potassium hydroxide (catalytic
amount). Afier stirring for 5 hours, the reaction solution was
concentrated to remove the solvent, and the residue was
chromatographed on silica gel (ethyl acetate:hexane=1:1) to
give the title compound (2.31 g).

d) 4'-Trifluoromethylbiphenyl-2-carboxylic acid

chloride
[0816]
CF; CF;
0} O
. OH ‘ cl
[0817] Oxalyl chloride (2.43 mL) was added dropwise to

a mixture of 4'-trifluoromethylbiphenyl-2-carboxylic acid
(5.06 g). dimethylformamide (catakytic amount) and meth-
ylene chloride (30 ml) under ice-cooling. The reaction
mixture was stirred at room temperature for 100 minutes,
and concentrated to remove the solvent. The residue was
evaporated azeotropically together with toluene. and dried in
vacuo to give the title compound (5.40 g).

Reference Example 1-2
a) Diethyl 2-hydroxymethyl-2-phenylmalonate
[0818]

5} 0
COOEL S
OH
COOEt
0
o\

[0819] Paraformaldehyde (720 mg) was suspended in
diethyl phenylmalonate (4.73 g), and potassium hydroxide
(catalytic amount) was added thereto at 60° C. Afier stirring
for 1.5 hours, the reaction solution was purified by chro-
matograophy on silica gel (ethyl acetate:hexane=1:5 to 1:2)

diethylamide to give the title compound (4.96 g).
[0814] Reference Example 1-3
a) Diethyl 2-(3-methyl-4-nitrophenyl)malonate
o i [0820]
S COOFi
OH _——
5 ¢ COOE OO
N
o \ __COOEt _
0N :
Me
Me
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Sodium hydride (60% in mineral oil: 0.599 g) was sus-
pended in dimethylformamide (10 mL), and to this was
added dropwise a solution of diethyl malonate (2.00 g) in
dimethylformamide (10 mL) under ice-cooling. Afier the
foam generation was finished, a solution of 4-fluoro-2-
methylnitrobenzene (1.94 g) in dimethylformamide (5 mL)
was added thereto. The reaction temperature was raised to
100° C., the mixture was stirred for 6 hours. The resulting
reaction mixture was concentrated, acidified with 1N hydro-
chloric acid, and extracted with ethyl acetate. The extract
was washed successively with water and saturated brine.
dried over sodium sulfate, concentrated, and purified by
column chromatography on silica gel (ethyl acetate:hexane=
1:5) to give the title compound (1.65 g) as a yellow oil.

Reference Example 2

a) Methyl 3-ethoxy-4-nitrobenzoate

[0821]
0
CH.
o
O:N
OH
o}
CH
o
O,N
OEt
[0822] To asuspension of sodium hydride (60% in mineral

oil; 1.20 g) in dimethylformamide (50 ml) was added
methyl 3-hydroxy-4-nitrobenzoate (4.93 g) under ice-cool-
ing, and the mixture was stirred for 30 minutes at room
temperature. After addition of ethyl iodide (4.4 mL), the
mixture was stirred at 60° C. overnight. The reaction solu-
tion was cooled down to room temperature. poured into
saturated aqueous ammonium chloride solution, and
extracted with ethyl acetate-tetrahydrofuran. The extract
was washed with saturated aqueous ammonium chloride
solution and saturated brine, dried over sodium sulfate, and
concentrated to yield a solid. The solid was washed with
ethyl acetate-hexane to give methyl 3-ethoxy-4-nitroben-
zoate (3.30 g) as a pale yellow solid.

b) 3-Ethoxy-4-nitrobenzoyl chloride

Sep. 14, 2006

-continued
0

OH

OFt

Cl

0N

OFt

[0824] 3-Ethoxy-4-nitrobenzoyl chloride was obtained
from the methy! 3-ethoxy-4-nitrobenzoate obtained in Ref-
erence Example 2a) by the conventional method.

¢) 2'-Diazo-3-ethoxy-4-nitroacetophenone

[0825]

Cl CHN;

O:N O:N

OFEt OFt

[0826] To a mixed solution of a solution of diazomethane
in diethyl ether (0.35 M, 64 ml) and triethylamine (3.12 mL)
was added dropwise a diethyl ether solution (30 mL) of
3-ethoxy-4-nitrobenzoy! chloride (2.06 g) obtained in Ref-
erence Example 2 b). under ice-cooling. The mixture was
stirred for 2 hours under ice-cooling, and after the reaction
temperature was raised to room temperature. the mixture
was stirred overnight. After addition of acetic acid (1 mL).
the reaction solution was stirred at room temperature for one
hour, concentrated in vacuo to remove the solvent, and
purified by column chromatography on silica gel (hexane-
:ethyl acetate=5:2) to give the title compound (1.80 g) as a
yellow solid.

d) Ethyl 3-ethoxy-4-nitrophenylacetate

[0827]
[0823]
o 0
o et CHN,
O>N 0N
OFt OFEt
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-continued

O\/

O:N

OEt

[0828] To a solution of 2-diazo-3-ethoxy-4-nitroac-
etophenone (1.80 g) in ethanol (25 ml.) obtained in Refer-
ence Example 2 ¢) was added dropwsie (10 times portion-
wise) a solution of silver benzoate (270 mg) in triethylamine
(2.7 mL) under heating at reflux.

[0829] The mixture was refluxed for 9 hours, and the
reaction solution was filtered through a Celite pad and the
filtrate was concentrated. The concentrate was diluted with
diethyl ether, washed successively with 10% aqueous
sodium carbonate solution, water, and saturated brine,
drived over sodium sulfate. and purified by column chro-
matography on silica gel (hexane:ethyl acetate=4:1) to give
the title compound (1.27 g) as a yellow solid.

e) Ethyl 4-amino-3-ethoxyphenylacetate

[0830]
0\/

ON

OFt O

HN

[0831] Methyl 3-ethoxy-4-nitroacetate (1.27 g) obtained
in Reference Example 2 d) was subjected to the same
reaction as in Example 2 ¢) to give the title compound (1.12
g) as a brown oil.

) 2-(2-{3-Ethoxy-4-[(4'-trifluoromethylbiphenyl-2-
carbonyl)amino]phenyl}acetoxymethyl)-2-phenyl-
malonic acid diethyl ester

[0832]
CF3
(0]
Cl
O\/ ‘
0 ——i
N
OFEt

60 of 108
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-continued
CF3
‘ 9]
o ~~
0
N
H
OFt
0
HO
0/\
OH o4
o k
0
OFEt
(‘1':3
0]
0
0 O/‘\
"
H
OFt

[0833] Ethyl 4-amino-3-ethoxyphenylacetate obtained in
Reference Example 2e) was subjected to the above reaction
to give the title compound (0.159 g).

Reference Example 2-2

{3-Benzyloxy-4-[(4'-trifluoromethylbiphenyl-2-car-
bonyl)amino Jphenyl}acetic acid 2,2-bisethylcarbam-
oyl-2-phenylethyl ester

[0834] The title copmpound (see Table 1) was obtained
similarly as in Reference Example 2, provided that the nitro
group was reduced with iron powder.
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Reference Example 2-3
-continued
{3-Hydroxy-4-{ (4'-trifluoromethylbiphenyl-2-carbo- CF;
nyl)amino Jphenyl}acetic acid 2.2-bisethylcarbam-

0
oyl-2-phenylethyl ester .
NHE
[0835] 0 HE

(8]

0
H
i
CF; ‘ OH
0 5
O 0 NHE!

°? — [0836] {3-Benzyloxy-4-[(4'-trifluoromethylbiphenyl-2-
carbonyl)amino Jphenyl}acetic acid 2,2-bisethylcarbamoyl-
2-phenyl ethyl ester (300 mg) obtained in Reference
OBn Example 2-2 (provided that the nitro group was reduced
using zinc dust) was treated in a similar manner to Example

NHEt

0 g NHE

prsan)

2 1 a) to give the title compound (244 mg)(see Table 1).
Reference Examples 2-4 to 2-7
[0837] Compounds of Reference Examples 2-4 to 2-7
were obtained in a similar manner to Reference Examples 2
to 2-3. The compounds obtained were shown in Tables 1 to
2
TABLE 1
Reference
Example Structure NMR (8, 300MHz, CDCl3)
2
CF;
O
m 0
‘ OF1 K

[ ¥}
LX)
-
=

1.04 (6H, t, J=7.2Hz}, 3.23 (4H. dq,
J=7.2, 7.2Hz), 3.52 (2H, s),
4.82-4.86 (4H, m), 6.70-7.79
(16H, m), 7.71 (1H, brs),

7.78 (1H, dd, I=7.1, 1.9Hz),

8.40 (1H, d, J=8.3Hz)

-
o

H ﬁ/\u I3
\\CI-[_;
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TABLE 1-continued
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Reference
Example Structure

NMER (b, 300MHz, CDCl;)

24

(%)
Lh

CH;

CH;

CH;s

1.05 (6H, t, 1=7.2Hz), 3.23 (4H, dq,
1=7.2, 7.2Hz), 3.48 (2H, s),

4.83 (2H, s), 6.48 (1H, d, J=7.9Hz),
6.55 (1H, dd, J=7.9, 1.9Hz),

6.77 (1H, d, J=1.5Hz),

7.17-7.86 (15H, m), 8.58 (1H, s)

1.19 (6H, 1, I=7.1Hz), 3.49 (2H. s),
4.17 (4H, q. J=7.1Hz), 4.78 (2H, s),
4.83 (2H, s), 6.70 (1H, d. J=1.9Hz),
6.78 (1H, dd, J=8.3, 1.5Hz),
7.21-7.57 (12H, m}, 7.70

(1H, brs), 7.77 (1H, dd, J=7.2,
1.9Hz), 8.38 (1H, d, J=8.3Hz)

1.20 (6H, t, J=7.2Hz), 3.47 (2H, 5),
4.19 (4H, q, J=7.2Hz), 4.82 (2H, s),
6.29 (1H, d, J=7.9Hz), 6.57 (1H, dd,
1=1.9, 1.9Hz), 6.79 (1H, d,
J=1.9Hz), 7.18 (1H, brs),

7.28-7.74 (11H, m),

7.86 (1H, dd, J=7.9, 1.5Hz),

8.39 (1H, s)

[0838]

TABLE 2

Reference
Example Structure

NMR (&, 300MHz, CDCl3)

mp 123.5-1

[
th
i

62 of 108

1.21 (6H, t, J=7.2Hz),

3.61 (2H, s}, 4.21 (4H, g, J=7.2Hz),
4.85 (2H, s), 6.73 (1H, d, J=7.5Hz),
6.85 (1H, d, J=7.5Hz),

6.91 (1H, d, J=7.5Hz),

7.29 (5H, s), 7.42-7.64 (6H, m),
7.69 (2H, d, J=7.9Hz),

7.81-7.87 (1H, m), 8.54 (1H, brs).
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TABLE 2-continued

Reference
Example Structure

NMR (&, 300MHz, CDCl3)

2-7 E

N

/

\

\

0
i

pe

N

/

I Ol k

1.20 (6H, t, J=7.2Hz),

2.47 (3H, 5), 3.46 (2H, s),

4.19 (4H, g, J=7.2Hz}.

4.81 (2H, s), 6.22 (1H, d, ]=7.9Hz),
6.56 (1H, dd, J=1.5Hz, J=7.9Hz),
6.78 (1H, d, J=1.5Hz),

7.11 (1H, brs), 7.22-7.40 (7H,
m), 7.58 (2H, d, }=7.9Hz),

7.73 (2H, d, J=7.9Hz),

7.78 (1H, d, J=7.9Hz),

8.54 (1H, brs).

Reference Example 3

a) 2-(3-Bromo-4-nitrophenyl)malonic acid tert-butyl
ester methyl ester

[0839]

COOtBu

F
COOMe
—_—
0N
Br

[0840] Sodium hydride (60% in mineral oil; 0.985 g) is
suspended in N,N-dimehylforamamide (20 mL), and to this
suspension was added dropwise a solution of tert-butyl
methyl malonic acid ester (4.29 g) in N,N-dimethylforma-
mide (5 mL) under ice-cooling. After completion of the
foam generation, a solution of 2-bromo-4-fluoro-1-nitroben-
zene (2.71 g) in N.N-dimethylformamide (5 mL) was drop-
wise added thereto at the same temperature, and the mixture
was stirred at 60° C. for 3 hours. The reaction mixture was
concentrated. neutralized with 1IN hydrochloric acid, and
extracted with ethyl acetate. The extract was washed with
saturated brine. dried over sodium sulfate, and concentrated.
The residue was purified by column chromatography on
silica gel (ethyl acetate:hexane=1:4 to 5) to give the title
compound (7.54 g) as an oil.

O.N

Br

b) 3-(Bromo-4-nitrophenyljacetic acid methyl ester
[0841]

COOMe
COOtBu

02N

63 of 108

-continued
COOMe

O:N

Br

[0842] 2-(3-Bromo-4-nitrophenyl)malonic acid tert-butyl
ester methyl ester (1.18 g) obtained in Reeference Example
3a) was dissolved in chloroform (10 ml), and to this
solution was added trifluoroacetic acid (10 g) under ice-
cooling. The mixture was stirred at room temperature for 5
hours. The reaction mixture was poured portinwise into ice
and saturated aqueous sodium bicarbonate, and extracted
with ethyl acetate. The extract was washed with water and
saturated brine, dried over sodium sulfate. and concentrated
to give the title compound (0.820 g) as a pale vellow oil.

Reference Example 4

a) 4-Benzyloxy-3,5-difluorophenylamine
[0843]

F F
OBn OBn
—_—
ON F HoN F

[0844] 2-Benzyloxy-1.3-difluoro-S-nitrobenzene (4.5 g)
was treated in a similar manner to Example 2-¢) to give
4-benzyloxy-3,5-difluorophenylamine (3.0 g).

b) 4-Benzyloxy-2-bromo-3.5-difluorophenylamine
[0845]

OBn OBn

HaN F F
Br
PENN EX. 2163
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[0846] To a solution of 4-benzyloxy-3,5-difluoropheny-
lamine (3.0 g) in THF (30 mL) was added N-bromosuccin-
imide (2.32 g) under ice-cooling, and the mixture was stirred
for 30 minutes. Conc. Hydrochloric acid (2 ml.) was added
1o the reaction mixture to precipitate a solid. The solid was
collected by filtration and dried. The dried solid was dis-
solved in water, and the solution was added with saturated
aqueous sodium bicarbonate, and then extracted with ethyl
acetate. The extract was dried over sodium sulfate and
concentrated to give 4-benzyloxy-2-bromo-3,5-difluorophe-
nylamine (3.33 g).

c)
(4-Benzyloxy-2-bromo-3.5-difluorophenyl)carbamic
acid tert-butyl ester

[0847]

OBn OBn

Br Br

(In the above formulae, boc is t-butoxycarbonyl)

[0848] To a solution of 4-benzyloxy-2-bromo-3,5-difluo-
rophenylamine (3.33 g) in THF (35 ml) were added di-tert-
butylcarbonate (6.95 g) and 4-dimethylaminopyridine (130
mg). and the mixture was heated under reflux for 2 hours.
The reaction mixture was allowed to stand for cooling to
room temperature, and concentrated. The residue was
diluted with ethyl acetate and washed with 0.5N hydrochlo-
ric acid and saturated aqueous brine, dried over sodium
sulfate and concentrated. The residue was purified by col-
umn chromatography on silica gel (hexane:ethyl acetate=
20:1) to give (4-benzyloxy-2-bromo-3,5-difluorophenyl-
Jearbamic acid tert-butyl ester (3.9 g).

d) 3-Benzyloxy-6-tert-butoxycarbonylamino-2,4-
difluorobenzenecarboxylic acid

[0849]

OBn OBn

Br

[0850] A solution of (4-benzyloxy-2-bromo-3.5-difluo-
rophenyl)carbamic acid tert-butyl ester (3.8 g) in THF (40
ml) was cooled in a dry ice-acetone bath, and thereto was
added dropwise 1.6 M n-butyl lithium/hexane solution (12.7
mL). After stirring for 30 minutes. dry ice was added
portionwise to the reaction mixture. and the resulting mix-
ture was stirred for 1 hour. The dry-ice acetone bath was

Sep. 14, 2006

removed and 2N hydrochloric acid was added portionwise to
the reaction mixture. The reaction solution was diluted with
ethyl acetate, and the extract was washed with water and
saturated brine, dried over sodium sulfate. and concentrated
to give 3-benzyloxy-6-tert-butoxycarbonylamino-2.14-dif-
luorobenzenecarboxylic acid (3.53 g) as a crude product.

e)
6-Amino-3-benzyloxy-2.4-difluorobenzenecarboxylic
acid hydrochloride
[0851]
OBn OBn
—_— Ccls +
boe
N ; H:N F
H
(8] OH (0] OH

[0852] 4N Hydrochloric acid-ethyl acetate (35 mL) was
added to 3-benzyloxy-6-tert-butoxycarbonylamino-2.4-dif-
luorobenzenecarboxylic acid (3.53 g), and the mixture was
stirred at 60° C. for 1 hour. The reaction mixture was cooled
down to room temperature, and the resultant precipitated
solid was collected by filtration and dried to give 6-amino-
3-benzyloxy-2.,4-difluorobenzenecarboxylic  acid  hydro-
chloride (2.08 g).

) 6-Amino-3-benzyloxy-2,4-difluoro-N,N-dimethyl-

benzamide
[0853]
OBn OBn
cr o+ —_—
HzN F HaN I
§; OH 6 \ll/
[0854] To a solution of 6-amino-3-benzyloxy-2.4-difluo-

robenzenecarboxylic acid hydrochloride (2.07 g) in DMF
(30 mL) were added dimethylamine hydrochloride (1.07 g),
1-hydroxybenzotriazole (1.51 g), 1-ethyl-3-(3-dimethylami-
nopropyl)carbodiimide hydrochloride (1.89 g) and triethy-
lamine (2.0 g). and the mixture was stirred at room tem-
perature for 4 hours. The reaction mixture was diluted with
ethyl acetate, washed successively with water, saturated
aqueous sodium bicarbonate, water and brine, dried over
sodium sulfate and purified by column chromatography
(hexane:ethyl acetate=1:2) on silica gel to give 6-amino-3-
benzyloxy-2.4-difluoro-N,N-dimethylbenzamide (1.19 g).
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64
Example 1 b) 2-(2-{3-acetoxy-4-[(4"-trifluoromethyl-biphenyl-
2-carbonyl)amino Jphenyl} acetoxymethyl)-2-phenyl-
malonic acid diethy! ester
2-(2-{3-acetoxy-4-[ (4"-trifluoromethyl-biphenyl-2-
(2-{ y-4-[( omethyl-bipheny [0857]

carbonyl)amino]phenyl}acetoxymethyl)-2-phenyl-
malonic acid diethyl] ester

a) 2-(2-{3-hydroxy-4-[ (4'-trifluoromethyl-biphenyl-
2-carbonyl)amino Jphenyl }acetoxymethyl)-2-phenyl-
malonic acid diethy! ester

[0855]

[0856] 2-(2-{3-Benzyloxy-4-[(4'-trifluoromethyl-biphe-

nyl-2-carbonyl)amino]phenyl Jacetoxymethyl)-2-phenylma-
lonic acid diethyl ester (Reference Example 2-4) (0.310 g)
was dissolved in methanol, and palladium carbon (0.04 g)
was added thereto. The mixture was hydrogenated at normal
pressure for 2 hours. The reaction solution was filtered
through a Celite. and the filtrate was concentrated to give the
title compound as a colorless non-crystalline substance

(0.245 g).

[0858] 2-(2-{3-Hydroxy-4-[(4'-trifluoromethyl-biphenyl-
2-carbonyl)aminoJphenyl}acetoxymethyl)-2-phenylma-
lonic acid diethyl ester (0.200 g) obtained in Example 1-a)
was dissolved in toluene (4 mL). and to this solution was
added triethylamine (0.040 g). After dropwise addition of a
solution of acetyl chloride (0.026 g) in toluene (1 mL). the
resultant mixture was stirred at room temperature for 1 hour.
The reaction solution was diluted with toluene (5 mL) and
washed with saturated aqueous sodium bicarbonate (5 mL),
IN hydrochloric acid (5 mL) and water (5 mL.). The toluene
layer was concentrated and the residue was purified by
column chromatography on silica gel (ethyl acetate:hexane=
2:3) to give the title compound (0.165 g) as a colorless
crystal. The physicochemical properties of the product are
shown in Table 3 below.

Examples 1-2 to 1-8

[0859] Compounds of Examples 1-2 to 1-8 as shown in
Tables 3 a nd 4 were prepared according to the procedure of
Example 1 or by the conventional method.
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TABLE 3
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Example Structure

NMR (&, 300MHz, CDCl3)

1-2
6]
0—\
Q
mp 98-103
1-3
6]
9]
5 6]
o 0 \
0 k
\l‘r\(}/
0
mp 104-108
F
1-4 1'\/1'
[
= 0 o]
6]
= N 0
| H
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1.21 (6H, t, J=7.2Hz), 2.13 (3H, s),
3.51 (2H, s}, 4.21 (4H, q, J=7.2Hz),
4.83 (2H, s), 6.93 (1H, brs),

7.03 (1H, d, J=7.9Hz),

7.14 (1H, brs),

7.30 (5H, s), 7.41-7.78 (8H, m),
8.13 (1H, d, J=7.9Hz).

1.18 (3H, t, J=7.5Hz),

1.21 (3H, t, J=7.2Hz),

241 (2H, q, J=7.5Hz), 3.51 (2H, s),
4.20 (4H., q, J=7.2Hz),

4.83 (2H, s). 6.94 (1H, brs),

7.03 (1H, d, J=7.9Hz),

7.10 (1H, brs),

7.30 (5H, s), 7.39-7.77 (8H, m),
8.10 (1H, d, J=9.1Hz).

1.21 (6H, t, J=7.2Hz), 3.39 (3H, s),
3.49 (2H, s), 3.99 (2H, s),

4.21 (4H, g, J=7.2Hz),

4.84 (2H, s), 6.81 (1H, d, J=1.9Hz),
7.04 (1H, dd, J=1.9Hz, J=8.7Hz),
7.30 (5H, s), 7.40-7.73 (TH, m),
8.17 (1H, d, J=8.3Hz),

8.40 (1H, brs).

1.19 (6H, t, J=7.2Hz), 2.10 (3H, s),
3.42 (2H. s), 4.17 (4H, q, J=7.2Hz).
4,78 (2H, s), 6.99 (1H, d, J=7.5Hz),
7.12 (1H, brs), 7.16 (1H,

d, J=7.5Hz),

7.28 (5H, s), 7.41-7.72 (8H, m),
7.97 (1H, d, J=9.1Hz).
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TABLE 3-continued

Example Structure NMR (&, 300MHz, CDCl3)

1.20 (6H, t, J=7.2Hz). 2.13 (3H, s).

2.46 (3H, s), 3.50 (2H, s),

4.20 (4H, q, J=7.2Hz),

4.82 (2H, s), 6.92 (1H, brs),

7.02 (1H, d, J=8.3Hz),

fe) 7.12 (1H, brs),

7.20-7.37 (TH, m), 7.50-7.70 (5H, m),

0 8.15 (1H. d, J=7.9Hz).

[0860]

TABLE 4

Example Structure NMR (b, 300MHz, CDCl;)

1.18 (3H, t, J=7.5Hz),
1.20 (6H, t, J=7.2Hz),
2.42 (2H, q, J=7.5Hz),
2.46 (3H, s), 3.50 (2H, s),
4.21 (4H, g, J=7.2Hz), 4.83 (2H, s).
0 6.93 (1H, brs), 7.01 (1H. d.
J=8.7THz), 7.15 (1H, s),
7.20-7.37 (TH, m), 7.50-7.70 (3H, m),
8.12 (1H, d, J=8.7Hz).

J

mp 112-115

0.98 (3H, t, J=7.5Hz).
1.20 (6H, t, JI=7.2Hz),
1.60-1.81 (2H, m),
2.37 (2H, t, J=7.5Hz),
2.46 (3H, s), 3.50 (2H, 5),
0 4.20 (4H, q, J=7.2Hz), 4.82 (2H, s),
6.92 (1H, brs), 7.02 (1H, d,
0 J=8.3Hz), 7.15 (1H, brs),
7.21-7.35 (8H, m}), 7.52-7.67 (5H, m).

(8]
mp 101-103
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TABLE 4-continued

Example Structure

NMR (8, 300MHz, CDCl5)

1.22 (6H, t, J=7.2Hz). 2.19-2.22 (3H,
m), 2.71-3.10 (3H, m), 3.40-3.54 (2H,
m), 4,18-4.23 (4H, m}, 4.83 (2H, s),
6.59-6.66 (2H, m), 7.02-7.09 (2H, m),
7.30-7.72 (12H, m).

Example 2

2-{5-Dimethylcarbamoyl-2-fluoro-4-[(4'-trifluorom-

ethyl-biphenyl-2-carbonyl)aminoJphenoxycarbony-
loxymethyl}-2-phenylmalonic acid diethyl ester
a) 4.5-Difluoro-N,N-dimethyl-2-nitrobenzamide

[0861]

F F
0N ON
0 OH O \l-/
[0862] To a solution of 4.5-difluoro-2-nitrobenzenecar-

boxylic acid (5.37 g) in toluene (15 mL) was added oxalyl
chloride (4.7 g) under ice-cooling, and DMF (one drop) was
added thereto. The mixture was stirred at room temperature
for 1 hour, and concentrated in vacuo. The residue was
diluted with toluene, and added dropwise to a mixture of
50% aqueous dimethylamine (3.58 g), toluene (30 mlL),
sodium bicarbonate (3.34 g) and water (30 mlL) under
ice-cooling, and the resulting mixture was stirred overnight
at room temperature. After addition of water, the reaction
solution was extracted with ethyl acetate, and the extract was
washed successively with 1N hydrochloric acid and satu-
rated brine, dried over sodium slfate and concentrated. The
residue was purified by column chromatography on silica
gel (hexane:ethyl acetate=4:3) to give 4.5-difluoro-N,N-
dimethyl-2-nitrobenzamide (5.4 g).

68 of

b) 5-Benzyloxy-4-fluoro-N,N-dimethyl-2-nitroben-
zamide

[0863]

OBn

O,N

[0864] Sodium hydride (209 mg) was suspended in DMF
(10 mL), and to this suspension were added benzyl alcohol
(564 mg) and a solution of 4.5-difluoro-N.N-dimethyl-2-
nitrobenzamide (1.0 g) in DMF (3 mL). The mixture was
stirred at 50° C. for 2 hours, and then cooled with ice. After
addition of 10% aqueous citric acid, the reaction mixture
was extracted with ethyl acetate and the extract was washed
with water and aqueous brine. dried over sodium sulfate. and
concentrated. The residue was purified by column chroma-
tography on silica gel (hexane:ethyl acetate=4:3) to give
5-benzyloxy-4-fluoro-N.N-dimethyl-2-nitrobenzamide
(1.06 g).

¢) 2-Amino-5-benzyloxy-4-fluoro-N,N-dimethyl-
benzamide

[0865]
OBn OBn
O.N H,N
(8] N/ o N/
|
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[0866] To a solution of 5-benzyloxy-4-fluoro-N,N-dim-
ethyl-2-nitrobenzamide (1.06 g) in THF (3 mL) were added
ethanol (12 mL) and water (1.5 mL). and to the solution
were added ammonium chloride (893 mg) and reduced iron
(933 mg). The resultant mixture was heated under reflux for
2 hours, allowed to stand for cooling to room temperature,
and filtered through a Celite. The filtrate was concentrated
and the residue was diluted with ethyl acetate. The extract
was washed with successively with saturated aqueous
sodium bicarbonate, water, and saturated brine, dried over
sodium sulfate, and concentrated to give 2-amino-5-benzy-
loxy-4-fluoro-N.N-dimethylbenzamide (984 mg) as a crude
product.

d) 4'-Trifluoromethylbiphenyl-2-carboxylic acid
(4-benzyloxy-2-dimethylcarbamoyl-5-fluoropheny-

l)amide
[0867]
CF;
l 0
‘ OH
CF;
]
OBn
0
oA
o

O N

[0868] To a solution of 4'-trifluorobiphenyl-2-carboxylic
acid (1.07 g) in toluene (3 mlL) were added oxaly! chloride
(1.02 g) and DMF (one drop) under ice-cooling, and the
mixture was stirred at room temperature for 1 hour. The
reaction solution was concentrated in vacuo and the residue
was diluted with chloroform. The diluted solution was added
dropwise to a solution of 2-amino-5-benzyloxy-4-fluoro-N.
N-dimethylbenzamide (970 mg) and triethylamine (676 mg)
in chloroform (10 mL) under ice-cooling, and the mixture
was stirred overnight at room temperature. The reaction
solution was diluted with chloroform, and the extract was
washed successively with 1N hydrochloric acid and satu-
rated brine, dried over sodium sulfate and concentrated. The
residue was purified by column chromatography on silica
gel (hexane:ethyl acetate=1:1) to give 4'-trifluoromethylbi-
phenyl-2-carboxylic acid (4-benzyloxy-2-dimethylcarbam-
oyl-5-fluorophenyl)amide (1.49 g).
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e) 4'-trifluoromethylbiphenyl-2-carboxylic acid
(2-dimethylcarbamoyl-5-fluoro-4-hydroxyphenyl)a-
mide

[0869]

CF;

F
OBn
0

N
‘ X
o le/
CF;
1:
OH

‘ N
H
o N~

[0870] To a solution of 4'-trifluoromethylbiphenyl-2-car-
boxylic acid (4-benzyloxy-2-dimethylcarbamoyl-5-fluo-
rophenyl)amide (1.48 g) in a mixed solvent of THF (10 mL.)
and methanol (10 mL) was added 7.5% palladium carbon
(200 mg). The mixture was stirred at room temperature for
3 hours under hydrogen atmosphere. The reaction solution
was filtered through a celite to remove the catalyst, and the
filtrate was concentrated to give 4'-trifluoromethylbiphenyl-
2-carboxylic acid (2-dimethylcarbamoyl-5-fluoro-4-hydrox-
yphenyljamide (1.09 g).

f) 2-{5-Dimethylcarbamoyl-2-fluoro-4-[ (4'-trifluo-

romethylbiphenyl-2-carbonyl)aminoJphenoxycarbo-
nyloxymethyl }-2-phenylmalonic acid diethyl ester

[0871]

CF3

F HO
o/\
‘ OH o
O N/

mz
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-continued

[0872]
nylmalonate (179 mg) and N.N-dimethylaniline (122 mg) in

To a solution of diethyl 2-hydroxymethyl-2-phe-

chloroform was added triphosgene (80 mg) under ice-
cooling, and the mixture was stirred at room temperature,
and after 3 hours, added dropwise to a solution of 4'-trif-
luoromethylbiphenyl-2-carboxylic acid (2-dimethylcarbam-
oyl-5-fluoro-4-hydroxyphenyljamide (200 mg) and triethy-
lamine (68 mg) in THF under ice-cooling. The mixture was
stirred at room temperature for 2 hours, and then diluted
with ethyl acetate. The extract was washed successively with
saturated aqueous sodium bicarbonate and saturated brine,
dried over sodium sulfate, and concentrated. The residue
was purified by column chromatography on silica gel (hex-
ane:ethyl acetate=1:1) to give 2-{5-dimethylcarbamoyl-2-
fluoro-4-[ (4'-trifluoromethylbiphenyl-2-carbonyl)amino]
phenoxycarbonyloxymethyl}-2-phenylmalonic acid diethyl
ester (88 mg).

Example 2-2

2-[4-1sopropyl-3-ox0-1-(4'-trifluoromethylbiphenyl-

2-carbonyl)-1,2.3.4-tetrahydroquinoxalin-6-yloxy-

carbonyloxymethyl]-2-phenylmalonic acid diethyl
ester

a) 4'-Trifluoromethylbiphenyl-2-carboxylic acid
(4-hydroxy-2-nitrohenyl)amide

[0873]

CF;

‘ H>N

(0]

‘ Ol

OH

NO,

Sep. 14, 2006

-continued
CF;

‘ OH
0
B
NO;,

[0874] To a solution of 4'-trifluoromethylbiphenyl-2-car-
boxylic acid (1.9 g) in toluene (3 mL) was added oxalyl
chloride (1.25 mL) and DMF (one drop) under ice-cooling,
and the mixture was stirred at room temperature for 1 hour.
The reaction solution was concentrated in vacuo, and the
residue was diluted with ethyl acetate and then added
dropwise to a solution of 4-amino-3-nitrophenol (1.0 g),
ethyl acetate (10 mL) and sodium bicarbonate (654 mg) in
water (10 mL) under ice-cooling. The mixture was stirred at
room temperature for 1 hour and diluted with ethy] acetate.
The extract was washed successively with 1N hydrochloric
acid and saturated brine, dried over sodium sulfate, and
concentrated. The residue was purified by column chroma-
tography on silica gel (hexane:ethyl acetate=3:1) to give
4'-trifluoromethylbiphenyl-2-carboxylic acid (4-hydroxy-2-
nitrohenyl)amide (474 mg).

b) 4'-Trifluoromethylbiphenyl-2-carboxylic acid
(4-benzyloxy-2-nitrophenyl)amide

[0875]

CF3

‘ OH
N
H
NO,
CF;

‘ OBn
(8]
N
H
‘ NO;

[0876] To a solution of 4'-trifluoromethylbiphenyl-2-car-
boxylic acid (4-hydroxy-2-nitrohenyl)amide (469 mg) in
DMF (10 mL) were added potassium carbonate (177 mg)
and benzyl bromide (219 mg). and the mixture was stirred
at room temperature overnight. The reaction solution was

PENN EX. 2163
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diluted with ethyl acetate, and the extract was washed with
water and saturated brine. dried over sodium sulfate and
concentrated to give 4'-trifluoromethylbiphenyl-2-carboxy-
lic acid (4-benzyloxy-2-nitrophenyl)amide (582 mg).

¢) 4'-Trifluoromethylbiphenyl-2-carboxylic acid
(2-amino-4-benzyloxyphenyl)amide

[0877]
CF;
‘ OBn
0

N

H
i S

CF;
‘ OBn
0]

N
H
NH,

[0878] 4'-Trifluoromethylbiphenyl-2-carboxylic acid
(2-amino-4-benzyloxyphenyl)amide (398 mg) was obtained
by treating 4-trifluoromethylbiphenyl-2-carboxylic acid
(4-benzyloxy-2-nitrophenyl)amide (578 mg) in a similar
manner to Example 2c¢).

d) 4'-Trifluoromethylbiphenyl-2-carboxylic acid
(2-amino-4-benzyloxy-2-isopropylaminophenyl)a-

mide
[0879]
CF;
‘ OBn

0]

N
H
NH,
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-continued
CF;

‘ OBn
N
H

O IIN\r

[0880] To a solution of 4'-trifluoromethylbiphenyl-2-car-
boxylic acid (2-amino-4-benzyloxyphenyl)amide (410 mg)
in dichloromethane were successively added acetone (57
mg). acetic acid (80 mg) and sodium triacetoxyborohydride
(282 mg). and the mixtrure was stirred overnight at room
temperature. After addition of saturated aqueous sodium
bicarbonate, the reaction solution was extracted with chlo-
roform. The extract was dried over sodium sulfatge and
concentrated. The residue was purified by column chroma-
tography on silica gel (hexane:ethyl acetate=3:1) to give
4'-trifluoromethylbiphenyl-2-carboxylic acid (2-amino-4-
benzyloxy-2-isopropylaminophenyl)amide (289 mg).

e) 4'-Trifluoromethylbiphenyl-2-carboxylic acid
{4-benzyloxy-2-[(2-chloroacetyl)isopropylamino]
phenyl}amide

OBn o
)I\/E.‘]
Cl
N
H

SA%

[0881]

CF3

I (0]
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[0882] To a solution of 4'-trifluoromethylbiphenyl-2-car-
boxylic acid (2-amino-4-benzyloxy-2-isopropylaminophe-
nyl)amide (140 mg) and triethylamine (42 mg) in chloro-
form was added chloroacetyl chloride (48 mg) under ice-
cooling, and the mixture was stirred at room temperature for
2 hours. After addition of water to the reaction solution, it is
extracted with chloroform. The extract was dried over
sodium sulfate and then concentrated. The residue was
purified by column chromatography on silica gel (hexane-
:ethyl acetate=3:1) to give 4'-trifluoromethylbiphenyl-2-car-
boxylic acid {4-benzyloxy-2-[(2-chloroacetyl)isopropy-
lamino Jphenyl}amide (140 mg).

) 7-Benzyloxy-1-isopropyl-4-(4'-trifluoromethylbi-
phenyl-2-carbonyl)-3.4-dihydro-1H-quinoxalin-2-
one

[0883]
CF;
‘ OBn
0
N
H
i /‘\"/ \I/
(0]
CF3
‘ OBn
(8]
N

9,

N\]/

0

[0884] To a solution of 4'-trifluoromethylbiphenyl-2-car-
boxylic acid {4-benzyloxy-2-[(2-chloroacetyl)isopropy-
lamino Jphenyl}amide (134 mg) in DMF (2 mL) were added
potassium carbonate (48 mg) and sodium iodide (one
spatula), and he mixture was stirred at 80° C. for 2 hours.
The reaction solution was allowed to stand for cooling to
room temperature, and diluted with ethyl acetate. The
extract was washed with water and saturated brine, dried
over sodium sulfate and concentrated. The residue was
purified by column chromatography on silica gel (hexane-
:ethyl acetate=3:1) to give 7-benzyloxy-1-isopropyl-4-(4'-
trifluoromethylbiphenyl-2-carbonyl)-3.4-dihydro-1H-qui-
noxalin-2-one (118 mg).
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g) 7-Hydroxy-1-isopropyl-4-(4'-trifluoromethylbi-
phenyl-2-carbonyl)-3.4-dihydro- 1 H-quinoxalin-2-

one
[0885]
CF3
‘ OBn

‘ OH
o]

[0886] 7-Hydroxy-1-isopropyl-4-(4'-trifluoromethylbi-
phenyl-2-carbonyl)-3,4-dihydro-1H-quinoxalin-2-one (91
mg) was obtained by treating 7-benzyloxy-1-isopropyl-4-
(4'-trifluoromethylbiphenyl-2-carbonyl)-3.4-dihydro-1H-
quinoxalin-2-one (111 mg) in a similar manner to Example
2e).

h) 2-[4-isopropyl-3-oxo-1-(4"-trifluoromethylbiphe-
nyl-2-carbonyl)-1,2.3.4-tetrahydroquinoxalin-6-
yloxycarbonyloxymethyl]-2-phenylmalonic acid
diethyl ester

[0887]

CFs
HO

o
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CF;
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[0888] 2-[4-Isopropyl-3-0x0-1-(4"-trifluoromethylbiphe-
nyl-2-carbonyl)-1,2.3 4-tetrahydroquinoxalin-6-yloxycar-
bonyloxymethyl]-2-phenylmalonic acid diethyl ester (69
mg) was obtained by treating 7-hydroxy-1-isopropyl-4-(4'-
trifluoromethylbiphenyl-2-carbonyl)-3,4-dihydro-1H-qui-
noxalin-2-one (82 mg) in a similar manner to Example 2 I).

(0] -
N o \\ Examples 2-3 to 2-52
N
Y [0889] Compounds of Examples 2-4 to 2-52 shown in
(¢] Tables 5 to 15 were prepared in a similar manner to Example
2 or Example 2-2 or by the known method.
TABLE 5
Example Structure NMR (8, 300MHz, CDCly)
2 F F 1.27 (6H, t, J=7.1Hz), 2.87 (6H, bss),
4.25-4.33 (4H, m), 4.96 (2H, s),
F 6.97 (1H, d, J=8.1Hz),
7.33-7.62 (12H, m), 7.69 (1H, dd,
F O J=7.6, 1.4Hz), 8.45 (1H, d,
J=12.THz), 9.43 (1H, s).
O 0]
0 07N
) g ?
N \_
‘ X
o
8] N
mp 129-131° C,
2.2 F. F 1.28 (6H, t, J=7.2Hz), 1.30-1.40 (3H,
m), 3.48-3.83 (3H, m), 4.26-4.39 (4H,
F m), 6.12-6.53 (3H, m), 6.87-7.06 (3H,
m), 7.33-7.77 (10H, m).
‘ O
0] 0]
0 \ﬂ/ 0/‘\
o o q
N
'\\l/
6}
23 E. F 1.28 (6H, t, J=7.2Hz),
2.27-4.14 (4H, m), 4.29 (2H, q,
F J=7.2Hz), 4.30 (2H, q, J=7.2Hz),
4.95 (2H, s), 5.54 (0.5H, d.
O 1=9.3Hz), 6.46-7.67 (15H, m),
8.21 (0.5H. d. J=9.3Hz).
0. 0O
o / | \ﬂ/ 0/\
0
N o d
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TABLE 5-continued
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Example Structure

NMR (8, 300MHz, CDCl5)

1.27 (6H, t, ]=7.2Hz), 2.85 (3H, brs),
2.93 (3H, brs), 4.29 (2H, q,
J=7.2Hz), 4.30 (2H, q, J=7.2Hz),
4.95 (2H, s), 6.95 (1H, d, J=3.0Hz),
7.14 (1H, dd, J=3.0, 9.0Hz),
7.32-7.72 (13H, m), 8.41 (1H, d,
J=9.0Hz), 9.15 (1H. brs).

1.22 (6H, t, ]1=7.2Hz), 2.82 (3H, brs),
2.94 (3H, brs), 4.20-4.27 (4H, m),
4.24 (2H, s), 5.02 (2H, s), 7.15 (1H,
d, J=2.1Hz}), 7.29-7.39 (7TH, m),
7.14-7.62 (6H, m), 7.68 (1H, dd,
I=17.5, 1.4Hz}), 8.41 (1H. d,
J=8.6Hz), 9.18 (1H, s).

2-4
U\"/(J
/E ? o o
O N 2
E v mp 59-61° C.
2-5 v
o]
(8] OJkO
i
(8] N a
[0890]

TABLE 6

Example Structure

NMR (d, 300MHz, CDCl;)

G,

26 F F
F
cl
) 0
o T
0
N
i
o N

74 of 108

1.28 (6H, t, J=7.3Hz), 2.89 (6H, brs),
4.25-4.35 (4H, m), 4.98 (2H, s),
6.96 (1H, s), 7.34-7.72 (13H, m),
8.68 (1H, s), 9.32 (1H, s).

1.28 (6H, t, ]=7.2Hz), 2.85 (3H,
brs), 2.93 (3H, brs), 4.30 (4H, q,
J=1.2Hz)), 4.96 (2H., s). 6.96 (1H, d.
J=3.2Hz), 7.01 (1H, t, J=3.2Hz),
7.08-7.71 (11H, m), 8.43 (1H, d,
J=9.0Hz), 9.15 (1H, brs).
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TABLE 6-continued
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Example Structure

NMR (8, 300MHz, CDCl5)

2%, R uF
F
0 0
o Y
0
N
H
o N
. F
29
F
o o
i h
0
N
i
0 N~

mp 92-97° C.

F F
210
F
o o
o \r
o}
‘\7
H
o N

1.27 (6H, t, J=7.4Hz), 2.44 (3H, s).
2.85 (3H, brs), 2.93 (3H, brs),

4.29 (4H, q, J=7.4Hz), 4.95 (2H, s),
6.90 (1H, d, J=2.7Hz), 7.12 (1H, dd,
J=2.THz, J=9.1Hz), 7.19 (1H, brs),
7.23-7.39 (BH, m}, 7.54-7.69 (5H, m),
8.42 (1H, d, J=9.1Hz), 9.12 (1H, s).

1.28 (6H, t, I=7.4Hz), 2.44 (3H, s),
2.86 (3H, brs), 2.93 (3H, brs),

4.30 (4H, q, J=7.4Hz), 4.96 (2H, s5),
6.95 (1H, d, J=2.6Hz), 7.01 (1H, dd,
J=2.6Hz, J=8.4Hz), 7.09-7.37 (TH,
m), 7.54-7.64 (5H, m), 8.42 (1H, d,
J=8.4Hz), 9.12 (1H, s).

1.15 (6H, t, J=7.2Hz), 2.86 (3H, brs),
2.94 (3H, brs), 3.35 (4H, dt, J=13.2,
7.2Hz), 4.95 (2H, s), 6.96 (1H, d,
J=2.8Hz}, 7.10-7.17 (3H. m),
7.27-7.62 (12H, m), 7.67 (1H, dd,
1=1.7, 1.4Hz), 8.41 (1H, d,
J=9.0Hz), 9.14 (1H, s).

[0891]

TABLE 7

Example Structure

NMR (6, 300MHz, CDCly)

75 of 108

1.15 (6H, t, J=7.3Hz), 2.89 (6H, brs),
3.35 (4H, dt, I=12.7, 7.3Hz),

4.97 (2H, s), 7.00 (1H, d, J=8.1Hz),
7.11-7.18 (2H, m), 7.26-7.70 (14H,
m), 8.46 (1H, d, J=12.5Hz),

9.44 (1H, s).
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TABLE 7-continued

Sep. 14, 2006

Example Structure

NMR (8, 300MHz, CDCl3)

2-12 F F
F
0. 0
o \"/
0
N
H
o T/\
mp 117-120° C.
213 F F
F
O, O
& \"/
O
"_\Y
H
é T/\/
mp 101-105° C.
2-14 F F
F
0. O
o \"/
O
\I’
H
0 N
mp 132-134° C.
2-15

=

1.20-1.38 (3H, m), 1.27 (6H, t,
J=7.2Hz), 2.85 (3H, brs),

3.16-3.42 (2H, m), 4.25-4.33 (4H, m),
4,95 (2H, s), 6.95 (1H, brs),

7.12 (1H. dd, J=9.8, 2.8Hz),

7.34-7.65 (13H, m), 8.33 (1H. d,
1=9.1Hz), 8.93-9.11 (1H, m).

0.74-0.93 (3H, m), 1.27 (6H, t,
J=7.2Hz}, 1.50-1.59 (2H, m),
2.84-3.35 (5H, m), 4.23-4.35 (4H, m),
4.95 (2H, s), 6.95 (1H, brs),

7.12 (1H, dd, J=9.1, 2.8Hz),

7.34-7.64 (13H, m), 8.33 (1H, brs),
8.93-9.11 (1H, m).

1.27 (6H, t, ]=7.2Hz), 1.82-1.87 (2H,
m), 1.90-1.95 (2H, m), 3.38 (2H, 1,
J=6.3Hz), 3.50 (2H, t, J=6.3Hz),
4.23-4.35 (4H, m), 4.95 (2H, s),
7.10-7.13 (2H, m), 7.31-7.61 (12H,
m), 7.67 (1H, dd, J=7.5, 1.4Hz),

8.39 (1H, d, J=9.7THz), 9.86 (1H. s).

1.27 (6H, t, J=7.1Hz), 2.17 (3H, s),
2.87 (6H, brs), 4.23-4.34 (4H, m),
4.94 (2H, s), 6.85 (1H, s),
7.32-7.62 (12H, m), 7.68 (1H, dd,
J=1.3, 1.6Hz), 8.32 (1H, s),

9.29 (1H, s).
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[0892]

TABLE 8

Example  Structure NMR (b, 300MHz, CDCl,)

2-16 1.28 (6H, 1, J=7.5Hz), 2.86 (6H, s),
430 (4H, q, J=7.5Hz)), 4.96 (2H, s),
6.99 (1H, d, J=2.7Hz), 7.19 (1H, dd,
J=2.7Hz, J=8.5Hz), 7.37 (SH, brs),

O 7.69 (2H, d, J=7.9Hz). 7.79 (1H, d,
J=7.4Hz), 7.92 (2H, d, =7.9Hz),
8.20 (1H, d, J=7.4Hz), 8.46 (1H, d,

0/\ J=8.5Hz), 9.57 (1H, brs).

(0]

R

1.12-1.29 (6H, m). 2.92-3.26 (9H. m),
4.24-4.35 (4H, m), 4.93-4.96 (2H, m),
6.63-6.78 (2H, m), 7.05-7.12 (2H, m),
7.30-7.52 (8H, m), 7.61-7.71 (4H, m).

1.27 (6H, t, I=7.1Hz), 2.87 (3H,
e brs), 2.94 (3H, brs), 4.30 (4H. q,
] J=7.1Hz), 5.11 (2H, 5), 699 (1H, d,
N J=2.9Hz), 7.15 (1H, dd, J=2.9Hz,
Z o 1=9.2Hz), 7.22-7.75 (11H, m),
8.42 (1H, d, J=9.2Hz), 8.55 (1H, m),
o 9.17 (1H, s).

0 o \\

0]

mp 62-66° C.

2-19 1.28 (6H, t, J=7.2Hz), 2.67 (3H, s),
2.85 (6H, brs), 4.30 (4H, q,
J=7.2Hz), 4.31 (2H, q, J=7.2Hz),
4.96 (2H, s), 6.95 (1H, d, J=2.5Hz),

O 7.16 (1H, dd, J=2.5Hz, J=9.2Hz),
7.27 (1H. d, J=7.9Hz), 7.37 (5H,

o o brs, 7.65 (2H, d, J=7.9Hz),
\n/ 0/\ 7.85 (2H, d, J=7.9Hz), 7.91 (1H, d,
J=7.9Hz), 8.48 (1H, d, J=0.2Hz),
o d Q 9.29 (1H, brs).
_
H
(8] N/

mp 147-149° C.
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TABLE 8-continued

Example  Structure NMR (&, 300MHz, CDCl3)

220 F F 1.28 (6H, 1, J=7.2Hz), 2.73 (3H, d,
J=2.8Hz), 2.95 (3H, 5),
4.24-4.35 (4H, m), 497 (1H, d,
J=10.6Hz), 5.01 (1H, d, J=10.6Hz),
F O 7.31-7.40 (6H, m), 7.47-7.57 (4H, m),
7.63-7.67 (3H, m), 8.27 (1H, dd,
() J=12.3, 1.6Hz), 8.93 (1H, s).

mp 132-135° C.

[0893]

TABLE 9

Example Structure NMR (b, 300MHz, CDCl;)

1.27 (6H, t, J=7.2Hz), 2.74 (3H, d,
J=3.3Hz), 2.94 (3H, s),

4.26-4.32 (4H, m), 5.12 (1H, d,
J=10.2Hz), 5.18 (1H, d, J=10.2Hz),
7.22-7.72 (11H, m), 8.24-8.27 (1H,
m), 8.52-8.53 (1H, m), 8.92 (1H, s).

221 F F

T

O

2.22 1.28 (6H, 1, I=7.3Hz), 2.62 (3H, s),
) 2.96 (3H, ), 4.25-4.35 (4H, m),

498 (1H, d, J=14.6Hz), 5.01 (1H, d,
§) 0 J=14.6Hz), 7.15-7.68 (14H, m),

o \"/ 0/"\ 7.88 (1H, 5), 8.16 (1H, d, J=9.2Hz).

0 N

1.27 (6H, t, I=7.1Hz), 2.67 (3H, s),
2.86 (6H, brs}), 4.30 (4H, q.
J=7.1Hz), 5.12 (2H, s), 6.99 (1H, d,
J=2.8Hz), 7.17 (1H, dd, J=2.8Hz,
J=9.1Hz), 7.27 (2H, d, J=7.9Hz),
7.55-7.77 (4H, m), 7.85 (2H. d,
J=7.9Hz), 7.91 (1H, d, J=7.9Hz),
8.48 (1H, d, J=9.1Hz), 8.55 (1H, m),
9.29 (1H, brs).

0 N

mp 140-142° C.
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TABLE 9-continued

Sep.

14, 2006

Example Structure

NMR (8, 300MHz, CDCl5)

224 F F
F
o]
N O O
O
0]
A
H
O T/

mp 142-143° C,

8]

O\I‘ro ) 0/\
X TT
(8] .\1/

mp 116-120° C.

1.27 (6H, t, ]J=7.2Hz), 2.83 (3H, s).
2.94 (3H, s), 4.23-4.34 (4H, m),
4.95 (2H, s), 6.85 (1H, s),
7.31-7.71 (13H, m), 8.71 (1H, s),
9.37 (1H, s).

1.28 (6H, 1, I=7.4Hz), 2.86 (6H,
brs), 4.30 (2H, q, J=7.4Hz)),

431 (2H, q, J=7.4Hz), 4.96 (2H, s),
6.97 (1H, d, J=2,8Hz), 7.18 (1H, dd,
J=2.8Hz, J=9.0Hz), 7.37 (5H, brs),
7.42 (1H, dd, J=4.6Hz, J=7.8Hz),
7.66 (2H, d, J=7.9Hz), 7.87 (2H, d,
J=7.9Hz), 8.03 (1H, dd, J=1.8Hz,
J=7.8Hz), 8.48 (1H. d, J=9.0Hz),
8.81 (1H, dd, J=1.8Hz, J=4.6Hz),
9.37 (1H, brs).

[0894]

TABLE 10

Example  Structure

NMR (b, 300MHz, CDCI;)

226 F
F
F
o
0

0

N F

H
o N

mp 114-117° C.

79 of 108

1.29 (6H, t, J=7.1Hz), 2.75 (3H,

J=3.4Hz), 2.96 (3H, s),
4.25-4.36 (4H, m), 4.98 (1H, d,

d.

J=14.3Hz), 5.02 (1H, d, J=14.3Hz),

7.01 (1H, dd, J=4.9, 3.8Hz),
7.11 (1H, dd, J=3.8, 2.1Hz),

7.34-7.42 (2H, m), 7.47-7.68 (TH, m),

8.29 (1H, dd, J=12.1, 1.9Hz),
8.94 (1H, s).
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TABLE 10-continued

Example  Structure NMR (b, 300MHz, CDCly)

1.20-1.34 (6H, m), 2.88 (6H, brs),
3.10 (3H, d, J=4.8Hz), 4.22-4.36 (4H,
m), 4.96 (2H, s), 5.49 (1H, d,
J=4.8Hz), 6.96 (1H, d, J=2.7Hz),
Q 7.15 (1H, dd, J=2.7Hz, J=9.0Hz),
7.33-7.40 (SH, brs), 7.66 (2H, d,
o o J=7.9Hz), 7.84 (2H, brs), 8.47 (1H,

0 d, 1=9.0Hz), 8.67 (1H, brs),
\ﬂ/ N\ 9.33 (1H, brs).

2-27

O N/

mp 107-112

1.28 (6H, t, J=7.3Hz), 2.87 (3H, s),
3.29 (3H, s), 4.30 (4H, g, J=7.3Hz),
496 (2H, 5), 6.96 (1H, brs),
7.11-7.20 (1H, m), 7.37 (SH, brs),
O 7.65 (2H, d, J=7.9Hz), 7.86 (2H, d,
1=7.9Hz), 8.49 (1H, d, J=9.0Hz),
o o £.69 (1H, s), 9.28 (1H, brs).

1
b
oo

~

mp 148-162° C.

22 F F
F
F
5} o}
" [ T
0
N F
§) N

mp 141-143° C,

1.29 (6H, t, I=7.1Hz), 2.45 (3H, s),
2.75 (3H, d, J=3.4Hz), 2.96 (3H, s),
4.25-4.35 (4H, m), 4.99 (1H, d,
J=14.7Hz), 5.02 (1H, d, J=14.7Hz),
7.01 (1H, dd, J=4.9, 3,4Hz),

7.11 (1H, dd, J=3.7, 1.1Hz),

7.29-7.36 (2H, m), 7.54-7.65 (5H. m),
8.28 (1H, dd, J=12.4, 1.8Hz),

8.91 (1H, s).

1.29 (6H, t, I=7.2Hz), 2.67 (3H, s),
2.72 (3H, d, J=3.4Hz), 2.87 (3H, s),
4.26-4.36 (4H, m), 499 (1H, d,
J=14.6Hz), 5.03 (1H, d, J=14.6Hz),
7.01 (1H, dd, J=5.3, 3.8Hz),

2-30

E
7.11 (1H, dd, J=3.8, 1.1Hz),
O, 7.29 (1H, s), 7.35 (1H, dd, J=5.3,
1.5Hz), 7.66-7.91 (5H, m), 8.33 (1H,
T dd, J=12.1, 1.9Hz), 9.02 (1H, s).
(8]
E
(8] N/

mp 149-151° C,
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[0895]

TABLE 11

Example Structure NMR (&, 300MHz, CDCl;)

2-31 F. F 0.98-1.24 (6H, m), 2.74 (3H, d,
J=3.0Hz), 2.85-3.00 (6H, m),
F 3.35-3.55 (4H, m), 4.80-4.95 (2H, m),
o 7.28-7.68 (13H, m), 8.27 (1H, d,
F J=12.0Hz), 8.95 (1H, s).
) 0 A
0 TN
J
o N
N A
H

2-23 F F 1.29 (6H, t, J=7.0Hz), 2.75 (3H, d,

J=3.6Hz), 2.96 (3H, brs), 4.31 (4H,
F
3
9]
o \[r
8]
N F
H

I:

o N~
F

q, J=7.0Hz), 4,99 (1H, d, J=9,5Hz),
mp 117-122°C,

5.02 (1H, d, 1=9.5Hz), 6.97-7.04 (1H,
F F
F
F
o o
o T
F. (8]
N F
H
o N

m), 7.07-7.14 (1H, m), 7.35 (1H. d,
mp 161-165° C.

J=5.3Hz), 7.59 (2H, d, J=7.9Hz),
7.65-7.73 (3H, m), 7.74-7.83 (2H, m),
8.25 (1H, d, J=11.2Hz), 9.11 (1H,
brs).

1.29 (6H, t, J=7.1Hz), 2.77 (3H, d.
J=2.9Hz), 3.03 (3H, brs), 4.30 (2H,

q, J=7.1Hz), 4.31 (2H, d, J=7.1Hz),
4.98 (1H, d, J=10.0Hz), 5.02 (1H, d,
J=10.0Hz), 6.97-7.03 (1H, m),
7.07-7.13 (1H, m), 7.24-7.36 (2H, m),
7.43-7.51 (2H, m), 7.55 (2H, d,
J=7.9Hz), 7.67 (1H, d, J=7.9Hz),

8.18 (1H, d, J=12.5Hz), 9.03 (1H,
brs).

1.29 (6H, t, J=7.4Hz), 2.11 (3H, s),
2.83 (3H, d, J=2.9Hz), 3.10 (3H,
brs), 4.30 (4H, q, I=7.4Hz),

4.97 (1H, d, J=9.5Hz), 5.01 (1H, d,

F 1=9.5Hz), 6.97-7.02 (1H, m),
7.08-7.12 (1H, m), 7.34 (1H, d,
0 J=4.3Hz), 7.36-7.48 (5H, m),
7.58-7.69 (2H, m), 8.05 (1H, d,
\"/ J=11.5Hz), 8.93 (1H, brs).
(0]
17
o} N/

mp 129-137° C.
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TABLE 11-continued

Example Structure NMR (8, 300MHz, CDCls)

1.29 (6H, t, J=7.2Hz), 2.45 (3H, s),
2.71 (3H, d, J=2.9Hz), 2.93 (3H,
brs), 4.30 (2H, q, J=7.2Hz),

4.31 (2H, q, J=7.2Hz), 4.98 (1H, d,

F J=10.0Hz), 5.01 {1H, d, J=10.0Hz),
6.98-7.03 (1H, m), 7.08-7.13 (1H, m),

O, 7.23-7.40 (3H, m), 7.47 (1H, brs),

7.55 (2H, d, I=7.9Hz), 7.63 (2H, d,

\"/ J=7.9Hz), 8.28 (1H, d, J=11.4Hz),

(9] 8.85 (1H, brs).

17
o N/

mp 147-157° C.

[0896]
TABLE 12
Example Structure NMR (&, 300MHz, CDCl3)
2-36 1.28 (6H, t, J=7.2Hz), 2.77 (3H, d,
== J=3.4Hz), 3.04 (3H, s), 3.78 (3H. s),
4.25-4.35 (4H, m), 4.97 (1H, d,
5 J=14.THz), 5.02 (1H, d, J=14.THz),
¥ 7 o 6.99-7.11 (3H, m), 7.21-7.35 (2H, m),
7.42-7.62 (5H, m), 8.15 (1H, dd,
0 0 J=12.1, 1.5Hz), 8.82 (1H, s).
\[r 0
o g (0] '
N F \\
0 N
mp 148-153° C.
2-37 1.29 (64, t, J=7.2Hz), 2.77 (3H, d,

J=2.6Hz), 2.98 (3H, s), 3.88 (3H, s),
4.27-4.33 (4H, m), 5.00 (1H, d.
J=3.8Hz), 6.87-7.11 (4H, m),

F 7.35 (1H, d, J=4.9Hz), 7.54-7.66 (3H,
m), 8.27 (1H, d. J=12.1Hz), 8.94
O (1H, s).
(8]
F
o ol

mp 123-132°C.
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TABLE 12-continued

Example Structure NMR (8, 300MHz, CDCls)
2-38  F F 1.29 (6H, t, J=7.2Hz), 3.00-3.80
(8H, m), 4.30 (4H, q, J=7.2Hz),
F 4,98 (1H, d, JI=10.6Hz), 5.03 (1H, d,
J=10.6Hz), 6.98-7.03 (1H, m),
F 7.08-7.12 (1H, m), 7.32-7.70 (9H, m),
5.15 (1H, d, J=11.7Hz), 8.94 (1H,
(8) 9] brs).
o Y
(0]
N F
H
& N/\I
(o

1.29 (6H, t, J=7.2Hz). 2.45 (3H, s),
2.64 (3H, d, J=2.6Hz), 2.93 (3H, s),
4.25-4.36 (4H, m), 4.99 (1H, d,
J=14.THz), 5.02 (1H, d, J=14.7Hz),
7.01 (1H, dd, J=8.6, 3.7Hz),

7.11 (1H, dd, J=3.7, 1.1Hz),

7.19-7.43 (4H, m), 7.56-7.64 (4H, m),
8.12 (1H, dd, J=12.1, 1.5Hz),

8.64 (1H, s).

F F
mp 99-114
F
2-39
E
0. 0O
0 T
O
N F
H
0 N~
E F
mp 148-152° C.
1:
240 F
F
o} o}
& T
0
N F
H
o N

1.29 (6H, t, J=7.1Hz), 2.82 (3H, d,
J=3.4Hz), 3.01 (3H, s),

4.26-4.36 (4H, m), 4.99 (1H, d,
J=14.3Hz), 5.03 (1H, d, I=14.3Hz),
7.01 (1H, dd, J=4.9, 3.4Hz),

7.11 (1H, dd, J=3.4, 1.2Hz),

7.29-7.39 (4H, m), 7.50-7.69 (4H, m),
8.25 (1H, dd, J=12.1, 1.9Hz),

9.11 (1H, s).
mp 115-119° C.
[0897]
TABLE 13
Example Structure NMR (d, 300MHz, CDCl,)
2-41 F F 1.26 (6H, t, J=7.2Hz), 2.79-3.12 (6H,
m), 3.38-3.76 (4H, m). 4.24-4.32 (4H,
F m), 4.94-5.01 (2H, m), 6.99-7.31 (2H,
m}, 7.31-7.64 (9H, m), 7.98-8.18 (1H,
F m), 8.77-8.79 (1H, m).
(0]
N
H
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TABLE 13-continued

Sep

. 14,2006

Example Structure

NMR (8, 300MHz, CDCl5)

2-42

(%]
EX
P

2-45

F F
F
F
O
N
H
(8] T

F F
F
F
O
0]
ﬁ F
O N/

(0]

[\

8

\l‘ro
0 d

mp 95-102° C.

F F
F
F
0] O
i [ T
(0]
1\i" F
5 T /\/()H

mp 93-1

00° C.

N
Z 0

g N
\\

1.25-1.29 (6H, m), 2.84-3.06 (3H, m),
3.62-3.66 (3H, m), 3.79-4.46 (5H, m),
4.94-5.00 (2H, m), 6.97-7.09 (2H, m),
7.23-7.66 (9H, m), 8.02-8.19 (1H, m),
8.78-8.89 (1H, m).

1.29 (6H, t, I=7.2Hz), 2.45 (3H. s),
3.00-3.79 (8H, m), 4.30 (4H, q,
J=1.2Hz), 498 (1H, d, J=9.5Hz),

5.02 (1H, d, J=%.5Hz),

6.97-7.03 (1H, m), 7.08-7.12 (1H, m),
7.17-7.36 (3H, m), 7.48-7.68 (5H, m),
8.08-8.18 (1H, m), 8.92 (1H, brs).

1.28 (6H, t, J=7.2Hz), 2.74 (3H, d,
J=3.0Hz), 2.95 (3H, s),

4.26-4.37 (4H, m), 5.21 (2H. s).
7.39-7.68 (9H, m), 7.83 (1H, d,
J=3.0Hz), 8.27 (1H, dd, J=12.0,
1.5Hz), 8.93 (1H, s).

1.29 (6H, t, J=7.1Hz), 2.00-2.15 (1H,
m), 2.85-3.80 (7H. m), 4.22-4.36 (4H,
m), 4.93-5.08 (2H, m), 6.99-7.11 (2H,
m), 7.33-7.67 (9H, m), 7.93-8.08 (1H,
m), 8.77 (1H, s).
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[0898]
TABLE 14
Example Structure NMR (d, 300MHz, CDCl;)
246 F 1.29 (6H, t, J=7.1Hz), 2.11-2.14 (3H,
m), 2.94-3.86 (8H, m), 4.27-4.34 (4H,
F m}, 4.95-5.06 (2H, m), 7.01 (1H, dd,
J=9.0, 3.7Hz), 7.10-7.11 (1H, m),
F 7.33-7.66 (9H, m), 8.08-8.19 (1H, m),
8.82-8.91 (1H, m).
(6]
H
8]
247 E F 1.29 (6H, t, J=7.1Hz), 1.45-1.96 (4H,
m), 2.75-4.18 (5H, m), 4.31 (4H, q,
F J=7.1Hz), 4.99 (1H, d, J=10.5Hz),
5.03 (1H, d, J=10.5Hz), 6.97-7.03
F (1H, m), 7.08-7.13 (1H, m),
7.32-7.70 (5H, m). 8.10-8.24 (1H, m),
(0] 0 8.87 (1H, d, J=8.3Hz).
o \[r
(6]
N F
H
9] N

OH
mp 158-166

248 F F
F
E
0 o}
o Y
0
N F
H
0
/

mp 147-155° C.

2449 R F
F
F
O 0]
o \ﬂ/
(0]
N F
H

mp 160-161

1.29 (6H, t, J=T.1Hz), 3.52 (3H, 5),
4.21-4.36 (4H, m), 5.00 (2H, s),
6.99-7.10 (2H, m), 7.30-7.71 (9H. m),
7.80 (1H, d, J=7.6Hz), 8.24 (1H, dd,
J=12.1, 1.5Hz).

1.29 (6H, t, J=7.1Hz), 4.29 (2H, q,
J=7.1Hz), 4.31 (2H, q, J=7.1Hz),

5.00 (2H, s), 6.86-7.04 (4H, m),
7.09-7.13 (1H, m), 7.29-7.81 (9H, m).
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TABLE 14-continued

Example Structure NMR (&, 300MHz, CDCl3)

250 g F 1.29 (6H, t, J=7.2Hz). 2.96 (3H, s).
2.99 (3H, s), 4.26-4.36 (4H, m),

5.00 (2H, s), 7.01 (1H, dd, J=5.3,
3.8Hz), 7.11 (1H, dd, J=3.8, 1.1Hz),
7.35 (1H, dd, J=5.3, 1.1Hz),

7.41-7.81 (9H, m), 8.03-8.07 (1H, m).

Q

\
/

[0899]

TABLE 15

Example Structure NMR (8, 300MHz, CDCl3)

251 F F 1.12 (3H, 1, I=7.2Hz), 1.29 (6H, t,
I=7.2Hz), 3.72 (2H, q, J=7.2Hz),
4,23-4.36 (4H, m), 5.00 (2H, s),

7.01 (1H. dd, J=5.3, 3.8Hz),

7.11 (1H, dd, J=3.8, 1.1Hz),

7.35 (1H, dd, J=5.3, 1.1Hz),

7.44-7.77 (9H, m), 8.24-8.28 (1H, m).

mp 113-116° C.

252 F F 1.05 (6H, d, J=6.1Hz), 1.29 (6H, t,
J=7.1Hz), 4.24-4.35 (5H, m),

5.00 (2H, s), 7.01 (1H, dd. J=4.9,
3.8Hz), 7.10-7.33 (1H, m),

7.33-7.73 (10H, m), 8.24-8.27 (1H, m).

mp 103-111° C.

. 14,2006
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Example 3

2-Ethoxycarbonyl-2-phenylpentanedioic acid 5-{3-
dimethylcarbamoyl-4-[ (4'-trifluoromethylbiphenyl-
2-carbonyl)amino Jphenyl}ester 1-ethyl ester

a) 2-Ethoxycarbonyl-2-phenylpentanedioic acid
diethyl ester

[0900]
0 0
— = RO
OFt OFt
OFt OFt
d o o

[0901] Sodium hydride (520 mg) was dissolved in THF (7
ml). and the solution was cooled to 0° C. and thereto were
added diethyl 2-phenylmalonate (2.36 g) and tetrabutyl
ammonium iodide (6 mg). The resulting mixture was stirred
at room temperature for 0.5 hour and ethyl 3-bromopropi-
onate (1.3 g) was added. The mixture was stirred at room
temperature for 4 hours. The reaction solution was filtered
through a Celite, and the filtrate was concentrated and
purified by column chromatography on silica gel (ethyl
acetate:hexane=1:7) to give 2-ethoxycarbonyl-2-phenylpen-
tanedioic acid diethyl ester (2.65 g).

b) 2-Ethoxycarbonyl-2-phenylpentanedioic acid
1-ethyl ester

Sep. 14, 2006
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¢) 5-Benzyloxy-N.N-dimethyl-2-nitrobenzamide
[0903]

Cl

O,N

(8]

[0904] Sodium hydride (210 mg) was suspended in DMF
(10 mL), and the suspension was cooled to 0° C. and thereto
were added benzyl alcohol (568 mg) and a solution of
5-chloro-N,N-dimethyl-2-nitrobenzamide (1.00 g) in DMF
(2 mL). The mixture was stirred at 50° C. for 0.5 hour and
then concentrated. The residue was acidified with 2N hydro-
chloric acid and extracted with ethyl acetate. The extract was
washed with water and concentrated. The residue was puri-
fied by column chromatography on silica gel (ethyl acetate-
hexane=1:2—2:3) to give 5-benzyloxy-N,N-dimethyl-2-ni-

[0902] trobenzamide (1.18 g)
d) 2-Amino-5-benzyloxy-N,N-dimethylbenzamide
[0905]
0
EtO =
OFt 5
0 d OFE1
0N
0
(8] N/
HO
OFt
o o OFt
0
2-Ethoxycarbonyl-2-phenylpentanedioic acid diethyl ester
(670 mg) was dissolved in THF (2 mL) and EtOH (2 mL), HoN
and thereto was added IN sodium hydroxide (2 mL). The
solution was stirred at room temperature for 1 hour and o N/
concentrated. The residue was acidified with 2N hydrochlo- I
ric acid and extracted with ethyl acetate. The extract was
washed with water and concentrated to give 2-ethoxycarbo-
nyl-2-phenylpentanedioic acid 1-ethyl ester (517 mg).
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[0906] 5-Benzyloxy-N,N-dimethyl-2-nitrobenzamide
(1.18 g) was dissolved in a mixed solvent of THF (10 mL),
EtOH (10 mL) and acetic acid (2 mL). and reduced iron
(3.72 g) was added thereto, followed by stirring at 100° C.
for 4.5 hours. The reaction solution was cooled and filtered
through a Celite. The filtrate was concentrated and diluted
with ethyl acetate. The extract was washed successively with
saturated aqueous sodium bicarbonate, water and saturated
brine, dried over sodium sulfate, and concentrated to give
2-amino-5-benyzloxy-N N-dimethylbenzamide (950 mg).

e) 4'-Trifluoromethylbiphenyl-2-carboxylic acid
(4-benzyloxy-2-dimethylcarbamoylphenylamide

[0907]
CF;
(8]
o |]|lii l
H>N
(8] ,\T/

CF3
‘ (9]
0
N
‘ H
6] T/

[0908] 2-Amino-5-benzyloxy-N,N-dimethylbenzamide
(950 mg) was dissolved in ethyl acetate (10 mL), and thereto
was added triethylamine (533 mg). The solution was cooled
to 0° C. and 4'-trifluoromethylbiphenyl-2-carbonyl chloride
(synthesized from 0.934 g of corresponding carboxylic acid)
was added. The mixture was stirred overnight at room
temperature. After removal of the insoluble materials by
filtration. the filtrate was concentrated and purified by col-
umn chromatography on silica gel to give 4'-trifluorometh-
ylbiphenyl-2-carboxylic acid (4-benzyloxy-2-dimethylcar-
bamoylphenyl)amide (1.23 g).

88 of 108
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) 4'-Trifluoromethylbiphenyl-2-carboxylic acid
(2-dimethylcarbamoyl-4-hydroxyphenyljamide

[0909]
CF;
® 0
(0] —
H
e

O N

|
CF;
Ol
0
[ £
H
o \|./

[0910] 4'-Trifluoromethylbiphenyl-2-carboxylic acid
(4-benzyloxy-2-dimethylcarbamoylphenyl)amide (1.2 g)
was dissolved in MeOH (25 mL)-THF (25 mL), and thereto
was added 7.5% palladium carbon (250 mg). The mixture
was stirred for 5 hours under hydrogen atmosphere. The
reaction solution was filtered through a Celite and the filtrate
was concentrated to give 4'-trifluoromethylbiphenyl-2-car-
boxylic acid (2-dimethylcarbamoyl-4-hydroxyphenyl)amide
(1.05 g).

g) 2-Ethoxycarbonyl-2-phenylpentanedioic acid
5-{3-dimethylcarbamoyl-4-[ (4-trifluoromethylbi-
phenyl-2-carbonyl)amino Jphenyl}ester 1-ethyl ester

[0911]

HO.
OE1

OH 0 -
& d

PENN EX. 2163
CFAD V. UPENN
IPR2015-01835



US 2006/0205726 Al

-continued
CF3
0
0
8] OFEt
OFt
0
H
o T/

[0912] 4-Dimethylaminopyridine (106 mg), 2-ethoxycar-
bonyl-2-phenylpenanedioic acid 1-ethyl ester (185 mg) and
4'-trifluoromethylbiphenyl-2-carboxylic acid (2-dimethyl-
carbamoyl-4-hydroxyphenyl)amide (214 mg) were dis-
solved in acetone (5 mL), and thereto was added WSC (173
mg). The mixture was stirred at room temperature for 1 day.
concentrated and diluted with ethyl acetate. The extract was
washed successively with saturated aqueous sodium bicar-
bonate, water and saturated brine, dried over sodium sulfate,
concentrated and purified by column chromatography on
silica gel (ethyl acetate:hexane=1:1) 2-ethoxycarbonyl-2-
phenylpentanedioic acid 5-{3-dimethylcarbamoyl-4-[(4'-tri-
fluoromethylbiphenyl-2-carbonyljamino Jphenyl} ester
1-ethyl ester (0.240 g).

Example 3-2

2-(2-{3-Dimethylcarbamoyl-4-[ (4'-trifluoromethyl-
biphenyl-2-carbonyl)amino]
phenoxy }acetoxymethyl)-2-phenylmalonic acid
diethyl ester

a) {3-Dimethylcarbamoyl-4-[(4'-trifluoromethy1bi-
phenyl-2-carbonyl)amino]phenoxy }acetic acid ben-

7yl ester
[0913]
CFz
‘ QH
0
H
o N~

Sep. 14, 2006
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-continued

CF;
0
gt
0 0
N
‘ H
5 ~

[0914] Sodium hydride (34 mg) was dissolved in THF (9
ml), and the solution was cooled to 0° C. and thereto were
added 4'-trifluoromethylbiphenyl-2-carboxylic acid (2-dim-
ethylcarbamoyl-4-hydroxyphenyl)amide (300 mg) and tet-
rabutyl ammonium iodide (10 mg). After addition of benzyl
bromoacetate (160 mg), the resulting mixture was stirred at
40° C. for 1 hour. The mixture was stirred at room tempera-
ture for 4 hours. The reaction solution was filtered through
a Celite, and the filtrate was concentrated and purified by
column chromatography on silica gel (ethyl acetate:hexane=
1:1) to give {3-dimethylcarbamoyl-4{ (4'-trifluoromethylbi-
phenyl-2-carbonyl)aminoJphenoxy }acetic acid benzyl ester
(226 mg).

b) {3-Dimethylcarbamoyl-4-[(4'-trifluoromethylbi-
phenyl-2-carbonyl)amino Jphenoxy } acetic acid

[0915]

CF;

() o
OV OAO—"
Sy

CF;
0
o
o OH
N
‘ H
o T/

[0916] {3-Dimethylcarbamoyl-4-(4'-trifluoromethylbi-
phenyl-2-carbonyl)amino Jphenoxy } acetic acid benzyl ester
(260 mg) was dissolved in ethyl acetate (5 ml.), and thereto
was added 7.5% palladium carbon (250 mg). The mixture
was stirred for 1 hour under hydrogen atomosphere. The
reaction solution was filtered through a Celite and the filtrate
was concentrated to give {3-dimethylcarbamoyl-4-[(4'-trif-
luoromethylbiphenyl-2-carbonyl)amino]phenoxy }acetic
acid (118 mg).
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¢) 2-(2-{3-Dimethylcarbamoyl-4-[(4-trifluorometh-
ylbiphenyl-2-carbonyljamino]
phenoxy }acetoxymethyl)-2-phenylmalonic acid
diethyl ester

[0917]

CF;
0 o)
0\*
0
0 oH H kit
OEt
N
i MR YR
o 7
[
CF;
0 0
U\)J\
0 O
OFt
. OFt
N
‘ N o
o T/

[0918] 4-Dimethylaminopyridine (53 mg). 2-hydroxym-
ethyl-2-phenylmalonic acid diethyl ester (116 mg) and
{3-dimethylcarbamoyl-4-[ (4'-trifluoromethylbiphenyl-2-
carbonyl)amino phenoxy }acetic acid (176 mg) were dis-
solved in acetone (5 mL), and to the solution was added
WSC (104 mg). The mixture was stirred at room tempera-
ture for 3 hours and then concentrated. The residue was
purified by column chromatography on silica gel (ethyl
acetate:hexane=1:1) to give 2-(2-{3-dimethylcarbamoyl-4-
[(4'-trifluoromethylbiphenyl-2-carbonyl)amino |

phenoxy Jacetoxymethyl)-2-phenylmalonic  acid  diethyl
ester (133 mg) as a colorless solid (m.p. 132-138° C.).

Example 3-3

3-(2.2'-Bisethylcarbamoyl-2-phenylethoxy )propionic
acid 3-dimethylcarbamoyl-4-[(4'-trifluoromethylbi-
phenyl-2-carbonyl Jamino Jphenyl ester

a) 3-(2.2-Bisethylcarbamoyl-2-phenylethoxy )propi-
onic acid methyl ester

[0919]

HO NHEt —*

NHEt

Sep. 14, 2006

-continued
6]
MeO. s) NHEt
\(\/ NHE!
0

[0920] Sodium hydride (89 mg) was dissolved in THF (5
ml), and the solution was cooled to 0° C. and thereto were
added a THF solution (1 ml) of N,N'-diethyl-2-hydroxym-
ethyl-2-phenylmalonamide (400 mg) and tetrabutyl ammo-
nium iodide (10 mg). After addition of a THF solution (2
mL) of methyl 3-bromopropionate (314 mg), the resulting
mixture was stirred overnight at room temperature, and
further at 60° C. for 0.5 hour. The reaction solution was
filtered through a Celite, and the filtrate was concentrated
and purified by column chromatography on silica gel (ethyl
acetate:hexane=1:1) to give 3-(2.2'-bisethylcarbamoyl-2-
phenylethoxy )propionic acid methyl ester (175 mg).

b) 3-(2.2'-Bisethylcarbamoyl-2-phenylethoxy )propi-

onic acid

[0921]
0
MeO. 0] NHEt —*
\r\/ NHEt
0 g
6]
HO. (0] NHEt
\r\/ NHEt
2 0

[0922] 3-(2,2'-Bisethylcarbamoyl-2-phenylethoxy Jpropi-
onic acid methyl ester (125 mg) was dissolved in THF (0.5
mlL) and MeOH (0.5 mL), and IN sodium hydroxide (0.5
ml.) was added thereto. The solution was stirred at room
temperature for 1 hour and then concentrated. The residue
was acidified with IN hydrochloric acid and extracted with
ethyl acetate. The extract was washed with water and
concentrated to give 3-(2.2'-bisethylcarbamoyl-2-phe-
nylethoxy )propionic acid (115 mg).
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¢) 3-(2.2"-Bisethylcarbamoyl-2-phenylethoxy )propi- [0924] 4-Dimethylaminopyridine (55 mg), 3-(2,2'-biseth-
onic acid 3-dimethylcarbamoyl-4-[(4'-trifluorometh- ylearbamoyl-2-phenylethoxy)propionic acid (115 mg) and

ylbiphenyl-2-carbonyljaminophenyl ester 4'-trifluoromethylbiphenyl-2-carboxylic acid (2-dimethyl-
[0923] carbamoyl-4-hydroxyphenyl)amide (161 mg) were dis-
solved in acetone (5 mL), and thereto was added WSC (86
mg). The mixture was stirred at room temperature for 3

T hours and then concentrated. The residue was purified by
0 column chromatography on silica gel (ethyl acetate:hexane=
0 O HOWO i 4:1—=1:0) to give 3-(2.2"-bisethylcarbamoyl-2-phenylethox-
. ! " NHE y)propionic acid 3-dimethylcarbamoyl-4-[ (4'-trifluorometh-
H _ ylbiphenyl-2-carbonyl)amino Jphenyl ester (150 mg).

O N
|

CF; Examples 3-4 to 3-24
0
. ; [0925] Compounds of Exampes 3-4 to 3-24 shown in
0 (\rr\/) NHFEt Tables 16 to 20 were prepared in a similar manner to
3 NHEL Example 3. 3-2 or 3-3, or by the conventional method.
O - O
H
8} N~

TABLE 16
Example Structure NMR (9, 300MHz, CDCl3)
3 1.28 (6H, t, J=7.5Hz), 2.48-2.78 (4H,
my}, 2.92 (6H, brs), 4.27 (4H, q,
J=7.5Hz), 6.90-6.96 (1H, m),
o 7.04-7.13 (1H, m), 7.23-7.73 (13H,
m), 842 (1H, d, J=9.0Hz), 9.15 (1H,
brs).
0
0
: o o k
N
H
/
O N
3-2 1.24 (6H, t, J=7.0Hz), 2.82 (3H,

F F
brs), 2.93 (3H, brs), 4.24 (4H, g,
F J=7.0Hz), 4.51 (2H, 5), 493 (2H, s),
6.69 (1H, d, 1=2.4Hz), 6,84 (1H, dd,
o 1=2.4Hz, J=9.0Hz), 7.28-7.70 (13H,
O m), 8.23 (1H, d, J=9.0Hz), 8.82 (1H,
0 brs).
0 (0)
o/\
¢ 0
N
i ¢ \\
/
o N

mp 132-138
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TABLE 16-continued

Example Structure NMR (6, 300MHz, CDCl3)

1.09 (6H, t, J=7.3Hz), 2.80 (2H, t,
J=5.8Hz), 2.88 (3H, brs), 2.94 (3H,
brs), 3.28 (2H, q, J=7.3Hz),

3.30 (2H, q, J=7.3Hz), 3.84 (2H, t,
J=5.8Hz), 4.07-4.17 (4H, m),

6.92 (1H, d, J=2.9Hz), 7.07 (1H, dd,
J=2.9Hz, J=9.0Hz), 7.22-7.82 (15H

/9/ \r\/ m), 8.43 (1H, d, J=9.0Hz), 9.12 (1H,
brs).
i i‘m{
3-4 1.24 (6H, t, I=7.4Hz), 2.86 (3H,
brs), 2.92 (3H, brs), 3.51 (2H, s),
4.20-4.34 (4H, m), 6.93 (1H, d.
J=2.6Hz), 7.08 (1H, dd, J=2.6Hz,
J=9.0Hz), 7.29-7.71 (13H, m),
/\ 841 (1H, d, J=9.0Hz), 9.14 (1H,
brs).

mp 139-142

F F
3-5 ) 1.20 (GH, t, J=7.0Hz), 2.80 (3H,
E brs), 2.94 (3H, brs), 3.34 (21, s),
O 4.20 (2H, q. J=7.0Hz), 4.21 (2H, q.
o J=7.0Hz), 5.04 (2H, ), 7.14 (1H, d.
J=1.7Hz), 7.27-7.57 (9H, m),
7.61 (4H, s), 7.70 (1H, dd, I=1.7Hz,
] ) 0/\ J=8.3Hz), 8.41 (1H, d, J=8.3Hz),
O 9.19 (1H, brs).
o \\
N
H
0 N

mp 116-119

33 F F

[0926]

TABLE 17

Example Structure NMR (b, 300MHz, CDCl;)

1.25 (6H, t, I=7.1Hz), 2.57-2.61 (2H,

F F
m), 2.69-2.73 (2H, m), 2.89 (6H,
F brs), 4.20-4.28 (4H, m), 6.93 (1H, d,
J=1.9Hz), 7.26-7.62 (12H, m),
E 2 7.69 (1H, dd, J=7.6, 1.4Hz),
8.43 (1H, d. J=12.5Hz), 9.39 (1H, ).
0
5 - 0
B
o N~
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TABLE 17-continued

Example Structure NMR (6. 300MHz, CDCl;)

3-7 1.23 (6H, t, J=7.1Hz), 2.29-2.33 (2H,

& F F
m), 2.58-2.62 (2H, m), 2.83 (3H,
F brs), 2.94 (3H, brs), 4.17-4.25 (4H,

m), 4.98 (2H, s), 7.13 (1H, d,

o J=2.1Hz), 7.26-7.39 (7H, m),

o 7.47-7.69 (TH, m), 8.38 (1H, d.
J=8.3Hz), 9.15 (1H, 5).
0 (8)
0/\
i 0
o N

1.24-1.28 (6H, m), 2.50-2.58 (2H, m),
2.65~2.73 (2H, m), 2.92-3.26 (9H, m),
4.21-4.31 (4H, m), 6.60-6.73 (2H, m),
7.00-7.13 (2H, m), 7.30-7.52 (8H, m),
7.62-7.72 (4H, m).

=74
o,

F 1.26 (6H, t, I=7.1Hz), 2.61-2.73 (4H,

39 F. F £
m), 2.76 (3H, d, I=3.4Hz}), 2.95 (3H,
] s), 4.23-4.29 (4H, m),
o 7.31-7.68 (13H, m), 8.26 (1H, d,
F J=10.9Hz), 8.91 (1H, s).
O
& 0/\
N F \\
H
o N~

mp 105-108

F
'l_
3-10 1.24-1.29 (6H, m), 2.34-2.39 (1H, m),

0 F, F
2,60-2.73 (3H, m), 2.87-2.89 (3H, m),
F 4.20-4.32 (4H, m), 6.47 (1H, brs),
0 7.31-7.73 (13H, m), 8.37-8.54 (1H,
F m), 11.36-11.69 (1H, m).
0
0
i . o
N F
H
O TH
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[0927]
TABLE 18
Example Structure NMR (b, 300MHz, CDCly)
311 F F 1.26 (6H, t, J=7.2Hz), 2.59-2.74 (4H,

m), 2.88 (3H, ), 2.95 (3H, s),
F 4.22-4.29 (4H, m), 6.86 (1H, s),
” 7.28-7.73 (13H, m), 8.71 (1H, s),
9.38 (1H, s).
0
o \\
N

1.15 (6H, 1, I=7.3Hz), 2.89 (3H,
brs), 2.94 (3H, brs), 3.36 (2H, g,
J=7.3Hz), 3.38 (2H, q, J=7.3Hz),
4.19 (2H. s), 4.39 (2H, s), 6.95 (1H,
d, J=2.8Hz), 7.14 (1H, dd, J=2.8Hz,
J=8.8Hz), 7.23-7.72 (13H, m),

8.20 (2H, 1, J=4.8Hz), 8.46 (1H, d,
J=8.8Hz), 9.13 (1H, brs).

Las
v
(=3
=1
i =
o

3-13 1.15 (6H, t, J=7.1Hz), 2.77 (3H, d,
J=3.4Hz), 2.97 (3H, s),

3.32-3.41 (4H, m), 4.19 (1H, d,
J=12.8Hz), 4.23 (1H, d, J=12.8Hz),
4.50 (2H, s), 7.28-7.69 (13H, m),
8.08-8.09 (2H, m), 8.31 (1H, dd,
J=12.0, 1.8Hz), 8.93 (1H, s).

1.11 (6H, t, J=7.1Hz), 2.63 (2H, t,
J=6.4Hz), 2.77 (3H, d, J=3.0Hz),
2.96 (3H, s), 3.25-3.34 (4H, m),
3.69 (2H, t, J=6.4Hz), 4.35 (2H, s),
7.28-7.69 (15H, m), 8.27-8.32 (1H,
m). 8.94 (1H, s).
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TABLE 18-continued

Example Structure NMR (&, 300MHz, CDCl3)

3-15  E F 1.09 (6H, t, I=7.1Hz), 1.36-1.43 (2H,
mj), 1.77 (2H, u, J=7.5, 7.5Hz),
2.36-2.42 (2H, m), 2.59 (2H, 1,
J=7.5Hz), 2.77 (3H, d. J=3.4Hz),
2.95 (3H, s), 3.27 (4H, dt, J=7.1,
T.1Hz), 6.85-7.04 (4H, m),

7.30-7.69 (9H, m), 8.27 (1H, dd,
J=12.1, 1.5Hz), 8.92 (1H, s).

O

[0928]

TABLE 19

Example Structure NMR (0, 300MHz, CDCl3)

316 E E

1.10 (6H, t, J=7.1Hz), 2.76 (3H, d,
J=3.3Hz), 2.88 (2H, d, J=3.3Hz),
2.96 (3H, brs), 3.21-3.38 (4H, m),
3.86 (2H, t, J=5.6Hz), 4.10 (2H, t,
J=5.8Hz), 7.20-7.71 (15H, m),

7.78 (2H, t, J=4.8Hz), 8.29 (1H, dd,

0. 0O J=1.8Hz, J=12.0Hz), 8.90 (1H, brs).
N
\”/\/ Q H/\
N F & \\
H

1.10 (6H, t, J=7.2Hz), 1.66-1.76 (2H,
m}, 2.42-2.47 (2H, m), 2.68 (2H, t,
J=6.4Hz), 2.77 (3H, d, J=3.3Hz),
2.96 (3H, s), 3.28 (4H, dt, J=7.2,
7.2Hz), 6.97-7.29 (5H, m),
7.39-7.68 (8H, m), 8.28 (1H, d.
J=12.0Hz), 8.92 (1H, s).
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TABLE 19-continued

Example Structure NMR (&, 300MHz, CDCly)
3-18 F F 1.18-1.27 (6H. m), 2.40-2.58 (4H, m),
2.73 (3H, d, J=3.4Hz), 2.87-2.97 (9H,
F m}), 3.22-3.53 (4H, m),

7.27-7.67 (13H, m), 8.20-8.24 (1H,
mj), 8.90 (1H, s).

0.80-1.15 (6H, m), 1.45-1.20 (2H, m),
2.18-2.70 (2H, m), 2.51 (2H, t,
J=6.7Hz), 2.75 (3H, d, J=3.4Hz),
2.84-2.95 (9H, m), 3.20-3.55 (4H, m),
7.21-7.68 (13H, m), 8.24 (1H, dd,
J=12.1, 1.5Hz), 8.91 (1H, s).

3-20 1.27 (6H, t, I=7.2Hz),
2.23-2.40 (11H, m), 6.97-7.09 (2H,
m), 7.32-7.68 (9H, m), 8.24-8.28 (1H,

m), 8.92 (1H, s).

mp 100-107° C.

[0929]

TABLE 20

Example  Structure NMR (&, 300MHz, CDCly)

3-21 F. F 1.27 (6H, t, J=7.2Hz),

2.25-4.20 (10H, m), 4.23-4.30 (4H,
m), 6.97-7.09 (2H, m), 7.20-7.33 (3H,
m}, 7.54-7.65 (5H, m), 8.24-8.28 (1H,
m}), 8.89 (1H, s).

mp 109-116° C.
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TABLE 20-continued

Example  Structure NMR (&, 300MHz, CDCl3)
3-22 F. F 1.26 (6H, t, J=7.2Hz), 2.44 (3H, s),
2.62-2.73 (4H, m), 2.76 (3H, d,
F J=3.4Hz), 2.95 (3H, s),
4.21-4.31 (4H, m), 7.20-7.37 (7H, m),
F 7.54-7.65 (5H, m), 8.26 (1H, dd,
J=11.6, 1.5Hz), 8.89 (1H, s).
o O
0
o] Q O
N F Q
H
o
o N

mp 127-130° C.

CF3
3-23 N 1.21 (6H, t, I=7.2Hz), 2.78 (3H,
brs), 2.94 (3H, brs), 3.50 (2H, s).
8] 4.21 (4H, q, J=7.2Hz), 5.04 (2H, s),
7.11-7.19 (2H, m), 7.30-7.73 (11H,
8] (8) 5 m), 8.32-8.42 (2H, m), 9.19 (1H,
€ ™ brs).
0 o}
N
H k
o N/
F. F |

3-24 118 (6H, t, ]=7.3Hz), 2.84 (3H,
o brs), 2.94 (3H, brs), 3.37 (2H, q,

0 J=7.3Hz), 3.39 (2H, q, J=7.3Hz),
(0] 4.10 (2H, s), 4.15 (2H, s), 5.11 (2H,
(8] s), 7.15 (1H, d, J=1.9Hz), 7.21-7.73

NH (14H, m), 8.30 (2H, t, J=4.THz),

o : 8.43 (1H, d, J=9.0Hz), 9.13 (1H,
brs).

Example 4

[0930] Compounds shown in the following Tables 21 to 23 TABLE 21-continued

can be prepared similarly according to the procedures of

Examples 1 to 3. No. e
TABLE 21

(5]

No. Structure

0
o K
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TABLE 21-continued TABLE 21-continued

No. Structure 1 e
No. Structure

o 0
0
00—,
/?f\ & [8]
N
(8] |\'/
4
H k
(8] A\/
>
O
0.
(0]
/Q/ o TN \
: N
[0931]
TABLE 22
No. Structure
11
-
8]
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[0932]
TABLE 22-continued
TABLE 23
No. Structure
No. Structure
12
17
(8]
9]
(o]
A R \
18
13
8]
(8]
o Mg _>=0
(0]
0 \_
(0]
M
14
19
QO
O
(o] 8]
0 N
- 0 6] 0
J?/W S
N" 0 |
15 o,
20
(8]
(8] 0]
o ‘\o_<
%
16 o
21
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Formulation 1

TABLE 23-continued ; .
[0934] A film with a controlled thickness was prepared by

Ne. Structure use of a gelatin shell composition (a) in accordance with the

conventional method. Two sheets of the film were inserted

22
into a rotating left-right symmetric metallic die rolls and
molded into outer shells of soft capsules, while a filling
solution (b) was injected into the outer shells of the soft
capsules, and simultaneously the outer shells of the soft
capsules were melted and sealed by the rotation of the die
rolls, then the capsules were cut from the film. The capsules
were dried in a rotary dryer, and allowed to dry for 4 days
to give soft capsules. Hereinafter, specific examples of
formulations were given.
23 Formulation 1-1
[0935] (a) film composition
gelatin 100 parts
sugar alcohol solution derived from 30 parts
corn starch
purified water 100 parts
24 [0936] (b) filling solution (per capsule)
compound of Example 1-3 5 mg
propylene glycol fatty acid ester 295 mg
ethanol 105 mg
Formulation 1-2
[0937] (a) film composition
25
gelatin 100 parts
sugar alcohol solution derived from 30 parts
corn starch
purified water 100 parts
[0938] (b) filling solution (per capsule)
26 compound of Example 2-5 5 mg
propylene glycol fatty acid ester 291 mg
ethanol 104 mg
Formulation 1-3
[0939] (a) film composition
gelatin 100 parts
sugar alcohol solution derived from 30 parts
Formulation com starch
purified water 100 parts

[0933] Hereinafier, the present invention will be illus-
trated specifically by references of formulations.
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[0940] (b) filling solution (per capsule)

compound of Example 2-3 5 mg
propylene glycol fatty acid ester 277 mg
ethanol 148 mg

Formulation 2

[0941] The compound of Example 2-22. an excipient and
a binder were mixed in a usual method to prepare granulated
powder. The powder obtained was blended with a disinte-
grator and a lubricant to prepare a powder for tablets in a
usual method. The powder was compressed to give tablets in
a usual method. Specific examples of formulations were
hereinafter given.

[0942] Formulation 2-1

compound of Example 2-22 5 mg

lactose 133.06 mg

crystalline cellulose 18 mg

hydroxypropyl methylcellulose 2910 54 mg

crospovidone 18 mg

magnesium stearate 0.54 mg
[0943] Formulation 2-2

compound of Example 2-22 5 mg
lactose 9244 mg
corn starch 15 mg
hydroxypropyl methylcellulose 2910 3.6 mg
earboxymethyl starch 3.6 mg
magnesium stearate 0.36 mg

[0944] Formulation 2-3

Sep. 14, 2006
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residue, and the mixture was adjusted to pH 8.6 with sodium
hydroxide. After addition of 2.7 M ammonium sulfate
solution, the mixture was stirred for 30 minutes, then
centrifuged at 10,000xg (4° C.. 40 minutes). The resulting
supernatant was served as a crude extraction fraction of
MTP and stored at —80° C. under freezing. In its practical
use, the crude extraction fraction of MTP was purified by
column chromatography on diethylaminoethyl (DEAE)
Sepharose using FPLC (Fast Performance Liquid Chroma-
tography) system, and the purified MTP was used for the
test.

[0946] Small unilamellar-vesicle (SUV) liposome (donor,
0.25 mol % triolein, 5 mol % cardiolipin) labeled with
“C-triolein and non-labeled SUV liposome (acceptor, 0.25
mol % triolein) were prepared. A fixed amount of donor and
acceptor, and MTP were mixed with a sample dissolved in
DMSO or with DMSO. The mixture was incubated in a 15
mM Tris hydrochloride buffer (pH 7.4) containing 40 mM
sodium chloride, 1 mM EDTA (ethylenediaminetetraacetic
acid), 0.02% NaN, and 0.5% bovine serum albumin at 37°
C. for one hour. After completion of the incubation, a
suspension of DEAE cellulose (50% v/v) in 15 mM Tris
hydrochloride bufler (pH 7.4) was added to the above
solution, and the mixture was centrifuged to separate the
donor and the acceptor. The radioactivity in the acceptor was
measured by liquid scintillation counter. The value obtained
by subtracting the radioactivity in the blank from the amount
of radioactivity in the acceptor of a DMSO group was
determined as MTP-mediated TG transfer activity, and it
was compared with the value obtained by subtracting the
radioactivity in the blank from the radioactivity in a sample
group. The blank was prepared by adding 15 mM Tris-HCl
buffer (pH 7.4) in place of MTP. Inhibition rate (%) was
calculated from the values obtained according to the fol-
lowing equation.

[0947] Inhibition rate (%)=100x(1 minus ((radioactivity
of sample group minus radioactivity of blank group)/(radio-
activity of DMSO group minus radioactivity of blank
group))). 50% Inhibition rate (1C5,) was determined on the
basis of the above equation. The resulis were shown in Table
30. In the Table 30, “+++” shows 1Cs, value is less than 10
nM, “+47 shows 1C,, value is 10 nM to less than 100 nM,

compound of Example 2-22 5m i ,
D_mg,m-l,a ¥ 158.4 m: and “+7 shows 1C5, value is 100 nM to 1000 nM.
hydroxypropyl methylcellulose 2910 6 mg
calcium silicate 20 mg TABLE 30
crospovidone 10 mg
magnesium stearate 0.6 mg Ex-
ample Example Example Example
No. ICs No. ICsy No. ICso No. ICso
Pharmacological Test i L. s N . 1A I
1-5 +++ -6 +++  1-7 +++ 1-8 +++
Test Example 1 2 +++ 22 +++ 23 ++ 24 e
o ) . ; . ) 2-5 +++ 2-6 +++  2-7 +++ 2-8 i
Inhibition of Interliposomal Triglyceride (TG) Transfer 2-9 4 2-10 i+ 2-11 B 2-12 e
Activity by MTP 2-13 +++ 214 +++ 2-15 +++  2-16 +44
2-17 + 2-18 ++ 2-19 ++  2-20 ++
[0945] Microsomal triglyceride transfer protein (MTP) 2-22 44+ 2-23 +++ 225 +++ 2-26 ++
from bovine liver was partially purified in such a way gi"” + fiﬁ +H+ ?,i‘i -+ ig‘-' -+
described below. A buffer (50 mM Tris, 250 mM sucrose, 1~ 531 ™ % L i ol b2
mM EDTA, 0.02% NaN, (pH 7.4)) 1'0!‘ making a ho:_noge- 239 44+ 240 ir Bl 242 1
nate preparation was added to bovine liver, and the mixture 243 4+ 244 ++ 245 +  2-46 +
was homogenated under ice-cooling, then centrifuged at 247+ 2-48 +H+ 249 +++ 250 +
o . . 2-51 ++4+ 2-52 +++ 3 +++  3-1 444+
10.000xg (4° C., 30 minutes) The supernatant was adjusted S T Ja o i
to pH 5.1 _with hydrochloric ac_id, and stirred for 30 minutes. 3.6 i 99 e+ 38 . 30 Fee
The solution was further centrifuged at 10,000xg (4° C.. 30 3-10 44+ 312 +++ 3-15 + 3-16 s
minutes), and 1 mM Tris bufler was added to the precipitated
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TABLE 30-continued

Ex-

ample Example Example Example

No. IC5, No. IC5o No. IC5, No. ICsq
3-17 g 3-18 ++ 3-19 + 3-20 e
3-2 +++  3-22 +++ 3-23 +++  3-24 e+

Test Example 2
Inhibition of Apolipoprotein B Secretion from HepG2 Cells

[0948] HepG2 cells were suspended in Dulbecco’s Modi-
fied Eagle’s Medium (DMEM) (containing 10% fetal bovine
serum, 100 units/mL penicillin and 100 pg/ml. streptomy-
cin). and placed on a 96-well plate (4x10* cells/well). then
incubated for 24 hours. After removal of the medium,
DMEM was replaced by a medium containing a sample
dissolved in DMSO or a medium containing DMSO (con-
centration of DMSO: 0.5%) and incubation was further
performed for about 20 hours, after which the supernatant
was recovered, and concentration of apo B in the supernatant
was assayed by Enzyme-Linked Immunosorbent Assay
(EL1SA)

[0949] ELISA was carried out as follows. Anti-human apo
B monoclonal antibody (0.5 pg/well) diluted with a 50 mM
sodium carbonate/sodium bicarbonate buffer was placed in
a 96-well plate for ELISA, and allowed to stand at room
temperature for 15 hours. After washing the plate, a blocking
solution (250 pl/well) was placed in the well. and allowed
to stand at room temperature for 1.5 hours. After washing the
plate, a standard and a sample (100 pl/well) were placed in
the well and allowed to stand at room temperature for 1.5
hours. The standard was prepared by adjusting the concen-
tration of the purified human apo B with the DMEM to 0 to
250 ng/ml. After washing the plate, an anti-human apo B
polyclonal antibody labeled with a horse radish peroxidase
which was diluted in 1:1000 with DEME (100 pl/well) was
added, and allowed to stand at room temperature for 1.5
hours. After washing the plate, 2.2-azinobis(3-ethylben-
zothiazoline-6-sulfonic acid) solution (100 pL/well) was
placed in the well, and allowed to stand at room temperature
for 0.5 hour. The reaction was stopped by addition of 2%
oxalic acid (100 pl/well), and absorbency at 405 nm was
measured. Concentration of apo B in the sample was cal-
culated on the basis of a standard curve of the standard.
Inhibition rate (%) was calculated from the assayed values
in accordance with the following equation.

Inhibition rate (%)=100x(1 minus (concentration of

apo B in sample group/concentration of apo B in

DMSO group).
[0950] Based on the above equation, 50% inhibition con-
centration (1C5,) was determined.

[0951] The results were shown in Table 31.

TABLE 31

Inhibition of apolipoprotein B

Compound of Example secretion
(Test Compound) IC4(pM)
Example 1 <l
Example 1-2 <1
Example 1-3 <1
Example 1-4 <10

Sep. 14, 2006

Test Example 3
Olive Oil-Loading Test

[0952] Syrian hamsters (9-11 weeks of age) under non-
fasted conditions were used in the test. Blood was collected
previously from orbital venous plexus, and a sample was
suspended in 0.5% methyl cellulose (vehicle) and the sus-
pension was forced to be administered orally to the hamsters
at adose 0f 0.3, 1, 3 or 10 mg/2 mL/kg. Only vehicle in the
same volume was administered to the control group. Olive
oil (2 ml/kg) was forced to be administered orally 30
minutes after the administration of the sample, and blood
was collected from orbital venous plexus 4 hours later.
Plasma was recovered from the blood, and the amount of
triglyceride (TG) in the plasma was determined by auto-
matic analyzer (Hitachi Co.). The data was expressed in
terms of ATG(mg/dL)=the value at 4™ hr minus the value
before administration. Inhibition rate (%) was calculated
from the data obtained on the basis of the following equa-
tion.

Inhibition rate (%)=100x(1 minus ATG of sample
group/ATG of control group).

Test Example 4
Liver TG Release Inhibition Test

[0953] Syrian hamsters (9 to 11 weeks of age) which were
fasted for one day were used in the test. Blood was collected
previously from orbital venous plexus, and a sample was
forced to be administered orally to the hamsters at a dose of
30, 100 or 300 mg/2 ml/kg, and the same amount of vehicle
was administered to the control group. Triton WR 1339 (2
ml /kg) was intravenously administered to the hamsters 30
minutes after the above administration. Two hours later,
blood was collected from orbital venous plexus, and plasma
was separated from the blood. The amount of TG in the
plasma was determined by automatic analyzer (Hitachi Co.).
The data was expressed in terms of TG release velocity
(mg/dL/min)=(value at 2" hour minus value before admin-
istration)/120. Inhibition rate (%) was calculated from the
data obtained on the basis of the following equation.

Inhibition rate (%)=100x(1 minus TG release velocity
of sample/TG release velocity of control group).

Test Example 5
Combination use Test

[0954] Japanese white rabbits (male. 19 weeks of age, JW,
purchased from Kitayama Labes Co., Lid.) were fed previ-
ously in such a way that they were fed a high cholesterol diet
(0.3% cholesterol+3% peanut oil-added RC-4, Product of
Oriental Yeast Co., Ltd.) of 70 g/day under limited feeding
for one day. The rabbits thus fed were used as a cholesterol-
loaded rabbit model, and the grouping of such model was
carried out in such a way that there might be no variation in
the amount of plasma cholesterol among each group (five
rabbits/group). After collection of blood from auricular
artery. compound of Example, simvastatin, and compound
of Example plus simvastatin were added to a high choles-
terol diet and the rabbits were fed using such diet. The
rabbits were fed 70 g of each diet every morning. Blood was
collected from auricular artery 6 hours after the feeding on
the 4" day of the administration. and cholesterol level in
plasma was assayed.
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Test Example 6
Determination of the Concentration in Plasma

[0955] Syrian hamsters (9-15 weeks of age) under non-
fasted conditions were used in the test. A sample was
suspended in 0.5% methyl cellulose (vehicle), and the
suspension was forced to be administered orally to the
hamsters at a dose of 30 or 100 mg/2 ml./kg. After a fixed
period of time. blood was partly collected from orbital
venous plexus. and the hamsters were subjected to laparo-
tomy under ether anesthesia, and then blood was collected
from portal vein. The blood was immediately cooled with
ice to separate plasma. A portion of the plasma was extracted
with an organic solvent and the supernatant was recovered.
Concentration of the sample (unchanged form) and that of
the metabolite in the supernatant were determined quanti-
tatively by high performance liquid chromatography/mass
spectrometry (LC/MS) comparing with chromatogram of
synthetic standard.

Test Example 7
Metabolic Stability Test in Liver 89 and Small Intestine S9

[0956] Human and hamster liver S9 (final concentration: 2
mg protein/mL), and human and hamster small intestine S9
(final concentration: 2 mg protein/ml) were each suspended
in 100 mM potassium phosphate buffer (pH 7.4, containing
[-nicotinamide adenine dinucleotide phosphate: 1.3 mM.,
D-glucose-6-phosphate: 3.3 mM., magnesium chloride: 3.3
mM, and glucose-6-phosphate dehydrogenase: 0.4 U/mL).
The suspensions were mixed with a solution of a sample
(Example 1) in DMSO. The solutions were incubated at 37°
C. for 0, 10 and 60 minutes, and an organic solvent was
added thereto. The solutions were centrifuged. and the
concentration of the sample (unchanged form) in the super-
natant was determined by high performance liquid chroma-
tography/mass spectrometry (LC/MS). Based on the data
obtained, remaining rate (%) was calculated according to the
following equation.
Remaining rate(%)=amount of sample 10 or 60 min-

utes after incubation/amount of sample at zero time
after incubationx100

Sep. 14, 2006
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7 that a small amount of active compound which has reached
the liver is metabolized rapidly to a metabolite. In addition,
since the ester moiety of these metabolites is cleaved by
hydrolysis, they have little or no MTP inhibitory activity.
Further, Test Example 6 reveals that active compounds after
absorption in the small intestine are present in portal vein in
a very small amount, and since most of such active com-
pounds are converted into metabolites. they almost do not
reach the liver. Furthermore, it is revealed from Test
Example 5 that combination use of the compounds of the
present invention with other agents for treating hyperlipi-
demia (statin type agents) can remarkably inhibit the
increase of cholesterol and exhibit extremely excellent syn-
ergistic effect. These facts elucidate that the compounds of
the present invention can be used in combination with other
agents, particularly other agents for treating hyperlipidemia,
arteriosclerosis, coronary artery diseases, obesity, diabetes
or hypertension.

[0959] From the fact as mentioned above, it is understood
that novel compounds of the present invention and their
pharmaceutically acceptable salts can strongly inhibit lipid
absorption in the small intestine and further do not inhibit
TG release in the liver. This means that the compounds of
this invention do not inhibit MTP in the liver. but selectively
inhibit MTP in the small intestine.

[0960] Therefore, selective inhibition of MTP activity in
the small intestine by the compounds of the present inven-
tion results in reduction of lipid absorption, which makes it
possible to control lipoproteins such as triglyceride, choles-
terol and LDL, etc. in blood or to control lipid in cells.
Further. since the compounds of the present invention do not
affect liver MTP, accumulation of triglyceride does not occur
in the liver. Consequently, prevention of fatty liver genera-
tion as an adverse effect might be expected. Therefore. the
compounds of the present invention can be said novel MTP
inhibitors having no side effects such as fatty liver, etc. or,
in other words, they are novel agents for the treatment or
prophylaxis of hyperlipidemia, arteriosclerosis, coronary
artery diseases, obesity, diabetes or hypertension. and fur-
ther for the treatment or prophylaxis of pancreatitis, hyper-
cholesterolemia. hypertriglyceridemia, ete., which rarely act
on MTP in the liver and do substantially inhibit only MTP

[0957] The results were shown in Table 32. - S—
TABLE 32 INDUSTRIAL APPLICABILITY
[0961] The present invention is useful for the treatment or
Hiima Hamer prophylaxis of hyperlipidemia. arteriosclerosis, coronary
Rempiiig: Remaining: Remaividg: Remelving artery diseases, obesity, diabetes, or hypertens}og: and fur-
rate (%) rate (%) rate (%) rate (%) ther for the treatment or prophylaxis of pancreatitis, hyper-
after 10 after 60 after 10 after 60 cholesterolemia. hypertriglyceridemia, and the like.
inute inut inut inut
el iz st il 1. An ester compound of the formula (1):
Small hd 1.1 4.1 0.0
intestine 89
Liver $9 6.2 1.8 1.6 0.0
(1
6
. o RSN R
[0958] It is apparent from the above Test Example 1 that
novel compounds and their pharmaceutically acceptable R .
h . : R R
salts of the present invention possess excellent MTP inhibi- R 0
tory activity and also strongly inhibit absorption of triglye-
eride. Also, as is apparent from Test Example 2, compounds X (Al —Y —(AlkY),,
and their pharmaceutically acceptable salts of the present R! Gnd
invention have excellent inhibitory activity against apo '8 o . ’
lipoprotein B secretion. In addition, it is shown from Test [
Example 4 that even when the compounds of the present RY
invention are administered at high dose, they inhibit little of
liver TG release. Further, it is deduced from Test Example
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wherein

R' and R? are each independently hydrogen; C,-C, alkyl;
C;-C; cycloalkyl: C,-C, alkoxy: halo-C,-Cy alky: halo-
C -C; alkyloxy: optionally substituted C4-C,, aryl:
optionally substituted C,-C,, aralkyl: optionally sub-
stituted C,-C |, aryloxy: optionally substituted C,-C,
aralkyloxy: optionally substituted C,-C, 5 arylcarbonyl;
optionally substituted heterocycle; C,-C, alkoxycarbo-
nyl; halogen: C,-C; alkenyl; C,-C, acyl: cyano:
—N(R*)(R*")(wherein R** and R*' are each indepen-
dently hydrogen, C -C; alkyl or optionally substituied
Cg-Cy4 aryl): or —(CH,),—0—CO- R'"™ (wherein

R isC,-C,alkyl, C,-C, alkoxy or C,-C, , alkoxyalkyl.

and r is O or an integer of 1 to 3.);

N 0
_/

—_N O or

(wherein p has the same meaning as defined above) and
q' is 0 or an integer of 1 to 3));

CO—(R')

(wherein R'® is hydroxy, C,-C, alkyl, C,-C, alkoxy,
optionally substituted C-C , aryloxy or C,-C, . aralky-
loxy): or

—(CH,)—0—CO—R'%

(wherein R'™ is C,-C, alkyl, C,-C, alkoxy, C,-C,,
alkoxyalkyl or —N(R*)(R*")(wherein R** and R*'
have each the same meanings as defined above), and '
is 0 or an integer of 1 to 3)):

ring A is C,-C,, aryl; heterocycle;

or : ring B is

X is —COO—(CH,),— —CON(R,,)—(CH,),— or
N(R'?)—CO-—(CH,),— (wherein R'® is hydrogen,
C,-C, alkyl or C5-C; cycloalkyl, and nis 0 or an integer

of 1to 3);

R*, R* and R?* are each independently hydrogen:
hydroxy: halogen: optionally substituted C -C, alkyl:
C-C;4 alkoxy; halo-C,-C4 alkyl; C,-C,4 aralkyloxy:
C-C4 acyl; C5-C,, alkoxycarbonylalkyl: optionally
substituted heterocycle; —CON(R' )(R'?)

(wherein R'" and R'? are each independently hydrogen,
optionally substituted C,-C, alkyl, optionally substi-
tuted C4-C |, aryl, optionally substituted C,-C, ; aralkyl,
C,-C, alkoxy, or R" and R'? taken together with the
nitrogen atom to which they are attached may form

RY R’
ﬂj Ve
—N (2 p. L | O or
__/
H

—N N—R’ 6} N N

Ll L E o, g e
(wherein R” is hydrogen, hydroxy, C,-C, alkyl or C,-C,
acyl, and p is 0 or an integer of 1 or 2.);
—(CH,)—NR"*)R')
(wherein R'? and R'? are each independently hydrogen:
C -C; alkyl: C,-C, alkoxycarbonyl; or C,-Cy acyl: or

R~ and R'* taken together with the nitrogen atom to
which they are attached may form

(wherein k is 0 or an integer of 1 to 2); or R*, R' and ring
B taken together with the nitrogen atom to which R'?
is attached may form
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(8]

¥
& &

(wherein R*% is optionally substituted C1-C6 alkyl);
Alk' is alkanediyl or alkenediyl:

AlK? is alkanediyl or alkenediyl;

1is 0 or an integer of 1 to 3;

m is 0 or an integer of 1 to 3;

ring C is

(wherein q is 0 or an integer of 1 to 4);

R’, R® and R” are each independently hydrogen: C,-C,
alkyl; C,-C, alkoxy; C,-C, alkoxycarbonyl: carboxyl:
halogen, cyano: nitro; halo-C-C4 alkyl; C,-C4 acyl:
hydroxyl: amino: optionally substituted C,-C, aryl:

—(CH,),—CON(R'®)(R'7)

(wherein R'® and R'” are each independently hydrogen:
C -C, alkyl: or halo-C -C, alkyl, and r is 0 or an integer
of 1to 3): or

(CH,)—O—CO—R'0"

(wherein R'*" is C,-C, alkyl: C,-C, alkoxy or C,-C,,
alkoxyalkyl, and r" is 0 or an integer of 1 to 3);

R® and R? are each independently hydrogen, optionally
substituted C-C alkyl or optionally substituted C,-C,
aryl:

E is —O— or

C -Cg alkyl:

N(R"™)— wherein R” is hydrogen or

Sep. 14, 2006
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Y i —0 000 —O C0—, —CO—0—,
—CO—O0—CR!"*)R!")—0—CO—, —CO—O—
CR'"®)R")—0—CO—O—, —5-66 06—
C(R'O)R!!!)—0O—CO 0-—CO

CR"O)R"H—0O 0—CO—CR")R'"Y)
C(RH{I}(RIII)_O_ or —O—C(R”[J](R“])—CO—
o

(wherein R ' and R'"" are each independently hydrogen
or C,-C s all\yl provided that when Y is —CO—O-
then R* is —(CH,),—O—CO—R'"" wherein R“’”
and r' each has the same meaning as defined above;

or a pharmaceutically acceptable salt thereof.

2-14. (canceled)

15. The ester compound according to claim 1, which is
represented by the formula (1'):

(1)
3 oo RS
R R RS R7
R4 R.‘nﬂ
< O
XA ’
"_K Hah—Y —(CHz)m
X E—RS
y (8] E
R} |

wherein R* and R*" are each independently hydrogen:
C -C, alkyl: C4-C;, cycloalkyl: C,-C, alkoxy: halogen: halo-
C C‘6 alkyl: halo- C 1-Ca alkyloxy C 1-Cg acyl; C,-Cy alk-
cnyl orcyano; X, is —O— or NR'O provided that when
Y is —CO—O—, then R? is —(CH,),—0—CO—R': or
a pharmaceutically acceptable salt thereof.

16-34. (canceled)

35. An ester compound represented by the formula:

R(s
R? R’
2 R—!
0
X (Al — Y —(Alk%),,
1 3 B Rs
R R o E
R\i

wherein

R' and R are each independently hydrogen; C,-C, alkyl:
C;-C, cycloalkyl; C,-C, alkoxy: halo-C,-C, alkyl:
halo-C -C; alkyloxy: optionally substituted Cg-C,,
aryl: optionally substituted C,-C,, aralkyl: optionally
substituted C4-C,, aryloxy: optionally substituted
C -C,4 aralkyloxy: optionally substituted C,-C, 5 aryl-
carbonyl: optionally substituted heterocycle: C,-C,
alkoxycarbonyl: halogen; C,-C, alkenyl: cyano:
—N(R*)(R*")(wherein R*” and R*!' are each indepen-
dently hydrogen or optionally substituted C,-C , aryl):
or —(CH,),—0—CO—R' (wherein R'* is C,-C;
alkyl, C-C, alkoxy or C,-C, alkoxyalkyl, and ris O or
an integer of 1 to 3.):
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ring A is C4-C, aryl; heterocycle: ring B is
o]
or
/) 9
X is —COO—(CH,),—, —CON(R,;)—(CH,),— or

—N(R'"")—CO—(CH,),— (wherein R'? is hydrogen.
C,-C, alkyl or C5-C; cycloalkyl, and n is 0 or an integer
of 1to 3);

R* and R* are each independently hydrogen; hydroxy:
halogen: optionally substituted C -C, alkyl: C-C,
alkoxy: halo-C,-C4 alkyl: C,-C, 4 aralkyloxy: C,-C,
acyl: C4-C,, alkoxycarbonylalkyl: optionally substi-
tuted heterocycle; —CON(R'")(R'?)

(wherein R'! and R'? are each independently hydrogen:
C -C; alkyl: optionally substituted C4-C, aryl: option-
ally substituted C,-C, aralkyl; or C,-C alkoxy; or R"'
and R'? taken together with the nitrogen atom to which

they are attached may form
(wherein k is 0 or an integer of 1 to 2): or R*, R'” and ring

N () or —N O
B taken together with the nitrogen atom to which R'"

(wherein p is 0 or an integer of 1 to 2)); is attached may form

(CHy)—NRH)(RM)

(wherein R'® and R'? are each independently hydrogen:
(‘h-(.“.6 alkyl; C,-C, alkoxycarbonyl; or C,-C acyl: or
R™ and R'* taken together with the nitrogen atom to —? Si

which they are attached may form % —N
0

N (e or —N O
: : N Alk' is alkanediyl or alkenediyl;

AlK? is alkanediyl or alkenediyl;
(wherein p has the same meaning as defined above), and l'is 0 or an integer of 1 to 3
q is 0 or an integer of 1 to 3)): m is 0 or an integer of 1 to 3;
—CO—R") ring C is

(wherein R'? is hydroxy, C,-C, alkoxy, optionally substi-

tuted C4;-C,, aryloxy, optionally substituted C,-C,, N
aralkyloxy or optionally substituted C,-C, alkyl): or [ N
—(CH,),—0—CO—R¥ / F

(wherein R'*"" is C,-C, alkyl, C,-Cy alkoxy, or C,-C,,
alkoxyalkyl, and r' is 0 or an integer of 1 to 3):
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-continued

N X
m' Vo
):"Iq

(wherein q is 0 or an integer of 1 to 4);

R®, R® and R” are each independently hydrogen: C,-C,
alkyl: C,-C, alkoxy: C,-C; alkoxycarbonyl: carboxyl:
halogen: cyano: nitro; halo-C,-C, alkyl; C,-C, acyl:
hydroxy: amino; optionally substituted C,-C,, aryl:

(CH,),—CON(R™)(R'7)(wherein R'® and R'7 are
each independently hydrogen; C,-C; alkyl: or halo-C -
C, alkyl; and r is 0 or an integer of 1 to 3); or
—(CH2),,—0—CO—R""" (wherein R'""" is C,-C,
alkyl; C,-C; alkoxy: or C,-C,, alkoxyalkyl: and r" is 0
or an integer of 1 to 3);

R® and R” are each independently hydrogen: optionally
substituted C,-C; alkyl: or optionally substituted
C-C,aryl:

E is —O0— or —NH—;

Y is —0-CO—0O0—, —0-CO—, —CO—O0—,
—CO—O0——CR"HYR""Y—0—CO—, —CO—0—
CR")R"H)—0—CO—O—, or —O—CO—-O—
CR")(R'")—0O—CO—, (wherein R"'® and R"'" are
each independently hydrogen or C,-C, alkyl. provided
that when Y is —CO—O—, then R® is —(CH,),
O—CO—R'" wherein R'” and ¢’ each has the same
meaning as defined above;

or a pharmaceutically acceptable salt thereof.
36. The ester compound according to claim 35, which is
represented by the formula:

RZ’ Rl‘ R’ RS

|_[CH; =Y —(CHz)m

O ]|:F\

Rr?

wherein R* and R*" are each independently hydrogen;
C -C, alkyl: C5-C; cycloalkyl: C,-Cy alkoxy: halogen:
halo-C,-C, alkyl: halo-C,-C, alkyloxy: C,-C, acyl:
C -C, alkenyl: or cyano:

X, is —O— or —NR'?;

or a pharmaceutically acceptable salt thereof.

37. A pharmacentical composition, which comprises the
ester compound or a pharmaceutically acceptable salt
thereof according to claim 1, and a pharmaceutically accept-
able carrier.

38. An MTP (microsomal triglyceride transfer protein)
inhibitor, which comprises the ester compound or a phar-
maceutically acceptable salt thereof according to claim 1 as
an active ingredient.
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39. A method for the treatment or prophylaxis of hyper-
lipidemia, which comprises administering to a host in need
thereof an effective amount of the ester compound or a
pharmaceutically acceptable salt thereol according to claim
1.

40. A method for the treatment or prophylaxis of arterio-
sclerosis, which comprises administering to a host in need
thereof an effective amount of the ester compound or a
pharmaceutically acceptable salt thereof according to claim
1

41. A method for the treatment or prophylaxis of coronary
artery diseases, which comprises administering to a host in
need thereof an effective amount of the ester compound or
a pharmaceutically acceptable salt thereof according to
claim 1.

42. A method for the treatment or prophylaxis of obesity.
which comprises administering to a host in need thereof an
effective amount of the ester compound or a pharmaceuti-
cally acceptable salt thereof according to claims 1 as an
active ingredient.

43. A method for the treatment or prophylaxis of diabetes,
which comprises administering to a host in need thereof an
effective amount of the ester compound or a pharmaceuti-
cally acceptable salt thereof according to claim 1.

44. A method for the treatment or prophylaxis of hyper-
tension, which comprises administering to a host in need
thereof an effective amount of the ester compound or a
pharmaceutically acceptable salt thereof according to claim
1.

45. A method for the treatment or prophylaxis of hyper-
lipidemia, arteriosclerosis, coronary artery diseases, obesity,
diabetes or hypertension, comprising administering to a host
in need hereof an effective amount of an MTP inhibitor
which is a compound selectively inhibiting MTP (microso-
mal triglyceride transfer protein) in the small intestine and
having at least one or more carbonate group(s). or a phar-
maceutically acceptable salt thereof.

46-85. (canceled)

86. A biphenyl compound of the formula (100):

(100)

R-t' RI!OU'

7 (CHy)y—Y—R%

wherein

R" is hydrogen, C,-C, alkyl, halogen. halo-C,-C, alkyl.
C-C4 alkoxy or —(CH,)—0—CO- R wherein
R isC,-C,alkyl. C,-Cg alkoxy or C,-C, , alkoxyalkyl,
and r is 0 or an integer of 1 to 3:

R*" is hydrogen, C,-C, alkyl. halogen. halo-C,-C, alkyl
or C,-C, alkenyl:

R*" is —CON(R''*)(R'**) wherein R'"* and R'* are each
independently hydrogen, C,-C; alkyl, optionally sub-
stituted C,-C,, aryl, optionally substituted C,-C, 4
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aralkyl, or C,-C, alkoxy, or R''* and R'** may be taken
together with the nitrogen to which they are attached to
form

—N 0w

(in which p is 0 or an integer of 1 to 2); or —(CH,),.
O—CO—R" wherein R'® is C,-C, alkyl, C,-C,
alkoxy or C,-C |, alkoxyalkyl, and r' is 0 or an integer
of 1 to 3;

R* and R*™ are each independently hydrogen, halogen.,
C,-C, alkyl or halo-C-C; alkyl;

R*° is hydrogen, C,-C, alkyl, optionally substituted
C-C,, aryl or optionally substituted C,-C, 5 aralkyl:

Y i —0Leo-o -, —0-—00—, — 000,
—CO—O—CR")R")—-0—CO—, —CO—O—
CR'")R"")—0—CO—O—, —0-CO—0—
CRMO)R'")—0—CO 0-CO—

CR")R"H—0O O—CO—CR")(R"
CR"YR"HY—O0— or —O—CR")HR"H)—CO
O— wherein R"'? and R'"" are each independently
hydrogen or C,-C, alkyl. provided that when Y is
—CO—0—, then R*" is —(CH,),—O0—CO—R'™
wherein R'*” and r' each has the same meaning as
defined above;

la is an integer of 1 to 3:

or a pharmaceutically acceptable salt thereof.
87. (canceled)
88. A biphenyl compound of the formula:

(CHy)py— Y —R¥®
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wherein

R" is hydrogen, C,-C, alkyl, halogen, halo-C,-C, alkyl.
C -C4 alkoxy or —(CH,),—0O—CO—R"" wherein
RisC -Cgalkyl, C,-C, alkoxy or C,-C, , alkoxyalkyl,
and r is 0 or an integer of 1 to 3;

R*" is hydrogen, C,-C, alkyl, halogen, halo-C,-C, alkyl
or C,-C alkenyl;

R*"is —CON(R"*)(R'**) wherein R'"* and R'** are each
independently hydrogen, C,-C; alkyl, optionally sub-
stituted C.-C,, aryl. optionally substituted C.-C, .
aralkyl. or C,-C, alkoxy, or R'** and R'** may be taken
together with the nitrogen to which they are attached to
form

—N i>]p

(wherein p is 0 or an integer of 1 to 2} or —(CH,),-
O—CO—R"™" wherein R'"™" is C,-C, alkyl. C,-C,
alkoxy or C,-C,, alkoxyalkyl, and r' is 0 or an integer
of 1 to 3:

R* is hydrogen, halogen, C,-C, alkyl or halo-C,-C alkyl;

R*® is hydrogen. C,-C, alkyl, optionally substituted
C -C,, aryl or optionally substituted C,-C, , aralkyl:
L

Y is —0-€0-0—- 000, —C0-—0
—CO—O—CRM™)R")—O—CO—, —CO—O—
CR'™)R"Y)—O—CO—O—, or —C—CO—O—
CR")R")—0O—CO— wherein R'"'” and R"'" are
each independently hydrogen or C,-C, alkyl. provided
that when Y is —CO—O—. then R*" is —(CH,),—
O—CO—R" wherein R'"* and r' each has the same

meaning as defined above;
la is an integer of 1 to 3;

or a pharmaceutically acceptable salt thereof.
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