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(57) ABSTRACT 

A compound of the formula: 

0 

wherein R1 is H or a substituent; m is 1-3; Ar is an aromatic 
group Which may be substituted; X is a bond or a divalent 
straight-chain group having 1-6 atoms Which may be sub 
stituted; Y is —S—, —O—, or —N(R2 — (R2 is H or a 
substituent group), Z is —N= or —C(R3)= (R3 is H or a 
hydrocarbon group), ring A is a benzene ring; ring B is a 5 
to 7-membered ring Which may be substituted, or a salt 
thereof is useful for eliciting a prostaglandin I2 receptor 
agonistic effect. 
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TRICYCLIC COMPOUNDS, THEIR PRODUCTION 
AND USE 

TECHNICAL FIELD 

[0001] The present invention relates to tricyclic com 
pounds having very satisfactory prostaglandin I2 receptor 
agonistic activity, their production, intermediates and use. 

BACKGROUND ART 

[0002] It is knoWn that prostaglandin I2 (PGI2) is a sub 
stance Which is biosynthesiZed from arachidonic acid 
through prostaglandin H2 (PGH2) and has potent platelet 
aggregation inhibitory activity, vasodilative activity, lipid 
deposition inhibitory activity, and leukocyte activation 
inhibitory activity. As such, PGI2 is considered to be effec 
tive in the treatment of peripheral vascular diseases (eg 
peripheral embolism, vibration syndrome, Raynaud’s dis 
ease, etc.), systemic lupus erythematosus, post-PTCA (per 
cutaneous transluminal coronary angioplasty) arterial 
reobliteration/restenosis, atherosclerosis, thrombosis, dia 
betic neuropathy, hypertension, ischemic diseases (eg cere 
bral infarction, myocardial infarction, etc.), transient 
ischemic attack, and glomerulonephritis. 

[0003] MeanWhile, WO 96/20925, for instance, reports a 
non-prostanoid PGI2 receptor agonist compound of the for 
mula: 

[0004] Wherein R1 represents —X—(CH2)nCOOR3 
Wherein X represents —O—, —S— or —CH2—; R3 typi 
cally represents hydrogen or C1_5 loWer alkyl; n represents 
1-3; R2 typically represents —CR4=CR5—O— or 
—CR5=CR4—O— Wherein R4 represents —(CH2)m—Y— 
R8 Wherein m represents 1-4; Y typically represents —O— 
or —CH2—; R8 typically represents phenyl; R5 typically 
represents hydrogen or C1_5 loWer alkyl. 

[0005] JP-A-62-252780 discloses an antiulcer tricyclic 
compound of the formula: 

[0006] Wherein X and Y independently represent hydro 
gen, halogen, loWer alkyl or loWer alkoXy; n represents 0-4; 
R1 represents hydrogen, loWer alkyl, unsubstituted or sub 
stituted phenyl; R2 typically represents loWer alkyl, unsub 
stituted or substituted phenyl, heterocyclic group or cyclic 
amino; R3 represents hydrogen, loWer alkyl, or acyl; R2 and 
R3 optionally taken together represent cyclic amino. 
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[0007] PGI2 is by no means chemically and biologically 
stable enough for use as a medicine. Moreover, it is not 
clear-cut in the desired action or actions versus other actions, 
thus unavoidably inducing adverse drug reactions. 

[0008] MeanWhile, no information is available on the 
relation of those knoWn tricyclic compounds to the af?nity 
for PGI2 receptors. Under the circumstances, there is a keen 
demand for creation of a compound structurally removed 
from PGI2 and yet having a high af?nity for PGI2 receptors 
and acting as a PGI2 receptor agonist With improved chemi 
cal stability and stability against metabolism and greater 
clinical ef?cacy than PGI2, thus being very satisfactory for 
use as a medicine. 

[0009] The inventors of the present invention eXplored for 
compounds having PGI2 receptor agonistic activity and 
succeeded in the creation of a compound of the formula: 

\ 

[0010] Wherein R1 represents hydrogen or a substituent 
group; 

[0011] m represents an integer of 1 to 3; 

[0012] Ar represents an aromatic group Which may be 
substituted; 
[0013] X represents a bond or a divalent straight-chain 
group Which have 1 to 6 atoms and may be substituted; 

[0014] Y represents —S—, —O— or —N(R2)— Wherein 
R2 represents hydrogen or a substituent group; 

[0015] Z represents —N= or —C(R3)— Wherein R3 
represents hydrogen or a hydrocarbon group; 

[0016] ring A represents a benZene ring Which may be 
substituted by a substituent in addition to a group of the 
formula: —O(CH2)mCOR1 Wherein the respective symbols 
have the same meanings as de?ned above; and 

[0017] ring B represents a 5- to 7-membered ring Which 
may be substituted, or a salt thereof, 

[0018] Which compound is structurally characteriZed in 
that the benZene ring (ring A) of the tricyclic skeletal system 
of the formula: 

Y 

[0019] Wherein the respective symbols have the meanings 
de?ned above, has a substituent group of the formula 
—O(CH2)mCOR1 Wherein the respective symbols have the 
meanings de?ned above. 
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[0020] The inventors further discovered that because of 
the above unique chemical structure, the above compound or 
a salt thereof [hereinafter sometimes referred to brie?y as 
compound (I)], is an excellent PGI2 receptor agonist having 
a high affinity for PGI2 receptors, high chemical stability, 
and high stability against metabolism and, thus, being fully 
satisfactory as a medicine. The present invention is predi 
cated on the above ?ndings. 

DISCLOSURE OF INVENTION 

[0021] The present invention to: 

[0022] (1) compound (I); 

[0023] (2) a compound of the above (1) Wherein R1 is hydrogen, 

[0024] (ii) a hydroXy Which may be substituted by a CL6 
alkyl, C2_6 alkenyl, C2_6 alkynyl, C3_6 cycloalkyl, C6_14 aryl 
or C7_16 aralkyl group, each of Which may be substituted by 
1 to 5 substituents selected from the group consisting of 
halogen, CL6 alkyl Which may be halogenated, C2_6 alkenyl 
Which may be halogenated, C2_6 alkynyl Which may be 
halogenated, C3_6 cycloalkyl Which may be halogenated, 
C6710 aryl, C7_11 aralkyl, C1_6 alkoXy Which may be haloge 
nated, C6_1O aryloXy, C1_6 alkyl-carbonyl, C6_1O aryl-carbo 
nyl, C7_11 aralkyl-carbonyl, CL6 alkyl-carbonyloXy, C6_1O 
aryl-carbonyloXy, carboXy, C1_6 alkoXy-carbonyl, carbam 
oyl, mono-CL6 alkyl-carbamoyl, di-C1_6 alkyl-carbamoyl, 
amidino, imino, amino, mono-C1_6 alkylamino, di-C1_6 alky 
lamino, 3- to 6-membered cyclic amino, CL3 alkylenedioXy, 
hydroXy, nitro, cyano, mercapto, sulfo, sul?no, phosphono, 
sulfamoyl, mono-C1_6 alkylsulfamoyl, di-C1_6 alkylsulfa 
moyl, C1_6 alkylthio Which may be halogenated, C6_1O 
arylthio, C1_6 alkylsul?nyl, C6_1O arylsul?nyl, C1_6 alkylsul 
fonyl and C6_1O arylsulfonyl, or 

[0025] (iii) an amino Which may be substituted by 1 or 2 
substituents selected form the group consisting of CL6 alkyl, 
C2_6 alkenyl, C2_6 alkynyl, C3_6 cycloalkyl, C6_14 aryl and 
C7716 aralkyl group, each of Which may be substituted by 1 to 
5 substituents selected from the group consisting of halogen, 
C1_6 alkyl Which may be halogenated, C2_6 alkenyl Which 
may be halogenated, C2_6 alkynyl Which may be haloge 
nated, C3_6 cycloalkyl Which may be halogenated, C6_1O aryl, 
C7_M aralkyl, CL6 alkoXy Which may be halogenated, C6_1O 
aryloXy, C1_6 alkyl-carbonyl, C6_1O aryl-carbonyl, C7_11 
aralkyl-carbonyl, CL6 alkyl-carbonyloXy, C6_1O aryl-carbo 
nyloXy, carboXy, C1_6 alkoXy-carbonyl, carbamoyl, mono 
C1_6 alkyl-carbamoyl, di-C1_6 alkyl-carbamoyl, amidino, 
imino, amino, mono-C1_6 alkylamino, di-C1_6 alkylamino, 3 
to 6-membered cyclic amino, CL3 alkylenedioXy, hydroXy, 
nitro, cyano, mercapto, sulfo, sul?no, phosphono, sulfa 
moyl, mono-C1_6 alkylsulfamoyl, di-C1_6 alkylsulfamoyl, 
C176 alkylthio Which may be halogenated, C6_1O arylthio, CL6 
alkylsul?nyl, C6_1O arylsul?nyl, C1_6 alkylsulfonyl and C6_1O 
arylsulfonyl; 

[0026] 
[0027] Ar is a C6_14 aryl or (ii) 5- to 10-membered 
aromatic heterocyclic group containing 1 to 4 hetero atoms 
selected from among nitrogen, sulfur and oXygen as a ring 
member other than carbon, each of Which may be substituted 
by 1 to 5 substituents selected from the group consisting of 
halogen, C1_3 alkylenedioXy, nitro, cyano, C1_6 alkyl Which 
may be halogenated, C3_6 cycloalkyl, C1_6 alkoXy Which may 

m is an integer of 1 to 3; 
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be halogenated, CL6 alkylthio Which may be halogenated, 
hydroXy, amino, mono-C1_6 alkylamino, di-C1_6 alkylamino, 
C1_6 alkyl-carbonyl, carboXy, C1_6 alkoXy-carbonyl, carbam 
oyl, mono-CL6 alkyl-carbamoyl, di-C1_6 alkyl-carbamoyl, 
C6710 aryl-carbamoyl, sulfo, C1_6 alkylsulfonyl, C6_1O aryl and 
C6-1O aryloXy; 

[0028] X is a bond or 

[0029] (ii) a divalent group of the formula: —Xa—Xb— 
Wherein Xa is a bond, S, SO, S02, or NR4, Wherein R4 is 
hydrogen, C1_6 alkyl, C3_6 cycloalkyl, C6_14 aryl, C7_11 
aralkyl, formyl, CL6 alkyl-carbonyl or C6_1O aryl-carbonyl; 
and 

[0030] Xb is (a) a bond or (b) C1_5 alkylene, C2_5 alk 
enylene, C2_5 alkynylene or a group of the formula: 

(CH2)p—Xc—(CH2)q— 

[0031] Wherein Xc is S, SO, S02, O or NR4", 

[0032] wherein R48 is hydrogen, CL6 alkyl, C3_6 
cycloalkyl, C6_14 aryl, C7_11 aralkyl, formyl, C1_6 alkyl 
carbonyl or C6_1O aryl-carbonyl; p and q are independently 
an integer of 0 to 4 and p+q is an integer of 0 to 4, each of 
Which group may be substituted by 1 to 5 substituents 
selected from the group consisting of (1) halogen, (2) nitro, 
(3) cyano, (4) CL6 alkyl Which may be halogenated, (5) C3_6 
cycloalkyl, (6) C7_11 aralkyl, (7) CL6 alkoXy Which may be 
halogenated, (8) CL6 alkylthio Which may be halogenated, 
(9) hydroXy, (10) amino, (11) mono-C1_6 alkylamino, (12) 
di-Clr6 alkylamino, (13) C(_1O aryloXy, (14) C1_6 alkyl-carbo 
nyl, (15) C6_1O aryl-carbonyl, (16) OX0 and (17) a (17-i) C6_14 
aryl or (17-ii) 5- to 10-membered aromatic heterocyclic 
group containing 1 to 4 hetero atoms selected from among 
nitrogen, sulfur and oXygen as a ring member other than 
carbon, each of Which may be substituted by 1 to 5 sub 
stituents selected from the group consisting of halogen, CL3 
alkylenedioXy, nitro, cyano, CL6 alkyl Which may be halo 
genated, C3_6 cycloalkyl, C1_6 alkoXy Which may be halo 
genated, CL6 alkylthio Which may be halogenated, hydroXy, 
amino, mono-C1_6 alkylamino, di-C1_6 alkylamino, CL6 
alkyl-carbonyl, carboXy, C1_6 alkoXy-carbonyl, carbamoyl, 
mono-C alkyl-carbamoyl, di-C1_6 alkyl-carbamoyl, C6_1O 

1'6 

aryl-carbamoyl, sulfo, CL6 alkylsulfonyl, C6_1O aryl and 
C 0aryloXy; 

[0033] R2 is hydrogen, (ii) CL6 alkyl, (iii) C2_6 alkenyl, 
(iv) C2_6 alkynyl, (v) C3_6 cycloalkyl, (vi) C6_14 aryl, (vii) 
C7716 aralkyl, (viii) formyl, C1_6 alkyl-carbonyl, C6_1O 
aryl-carbonyl, C7_11 aralkyl-carbonyl, (Xii) C1_6 alkyl 
sulfonyl, (Xiii) C6_1O arylsulfonyl Which may be substituted 
by 1 to 3 substituents selected from the group consisting of 
CL6 alkyl, CL6 alkoXy and nitro or (Xiv) C7_11 aralkylsul 
fonyl; 

[0034] R3 is hydrogen, CL6 alkyl, C2_6 alkenyl, C2_6 alky 
nyl, C3_6 cycloalkyl, C6_14 aryl or C7_16 aralkyl; 

[0035] ring A is a benZene ring Which may be substituted 
by 1 to 3 substituents selected from the group consisting of 
halogen, C1_3 alkylenedioXy, nitro, cyano, CL6 alkyl Which 
may be halogenated, C3_6 cycloalkyl, CL6 alkoXy Which may 
be halogenated, CL6 alkylthio Which may be halogenated, 
hydroXy, amino, mono-C1_6 alkylamino, di-C1_6 alkylamino, 
C1_6 alkyl-carbonyl, carboXy, C1_6 alkoXy-carbonyl, carbam 
oyl, mono-C1_6 alkyl-carbamoyl, di-C1_6 alkyl-carbamoyl, 
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C6_1O aryl-carbamoyl, sulfo, C1_6 alkylsulfonyl, C6_1O aryl 
and C6_1O aryloXy, in addition to a group of the formula: 
—O(CH2)mCOR1; and 

S(O)I—CH2—, or —S(O)I—(CH2)2— Wherein r is an inte 
ger of 0 to 2, 

[0038] Which ring may be substituted by 1 to 3 substitu 
ents selected from the group consisting of CL6 alkyl, C2_6 
alkenyl, C2_6 alkynyl, C3_6 cycloalkyl, C6_14 aryl and C7_16 
aralkyl; 
[0039] (3) a compound of the above (1) Wherein the group 
of the formula: —COR1 is carboXy Which may be esteri?ed 
or amidated; 

[0040] (4) a compound of the above (1) Wherein R1 is 
hydroXy Which may be substituted; 

[0041] (5) a compound of the above (1) Wherein R1 is 
hydroXy; 
[0042] (6) a compound of the above (1) Wherein m is 1; 

[0043] (7) a compound of the above (1) Wherein Ar is a 
C6714 aryl Which may be substituted by 1 to 3 substituents 
selected from the group consisting of halogen, CL3 alky 
lenedioXy, nitro, cyano, CL6 alkyl Which may be haloge 
nated, C3_6 cycloalkyl, C1_6 alkoXy Which may be haloge 
nated, CL6 alkylthio Which may be halogenated, hydroXy, 
amino, mono-CL6 alkylamino, di-C1_6 alkylamino, CL6 
alkyl-carbonyl, carboXy, C1_6 alkoXy-carbonyl, carbamoyl, 
mono-C16 alkyl-carbamoyl, di-C1_6 alkyl-carbamoyl, C6_1O 
aryl-carbamoyl, sulfo, CL6 alkylsulfonyl, C6_1O aryl and 
C 0aryloXy; 61 

[0044] (8) a compound of the above (1) Wherein Ar is 
phenyl Which may be halogenated; 

[0045] (9) a compound of the above (1) Wherein X is a 
divalent group of the formula: —Xa1—Xb1— Wherein Xa1 
is S, SO or S02; and Xb1 is C1_5 alkylene Which may be 
substituted by a C6_14 aryl Which may be substituted by 1 to 
3 substituents selected from the group consisting of halogen, 
CL3 alkylenedioXy, nitro, cyano, CL6 alkyl Which may be 
halogenated, C3_6 cycloalkyl, C1_6 alkoXy Which may be 
halogenated, C1_6 alkylthio Which may be halogenated, 
hydroXy, amino, mono-CL6 alkylamino, di-C1_6 alkylamino, 
C1_6 alkyl-carbonyl, carboXy, C1_6 alkoXy-carbonyl, carbam 
oyl, mono-CL6 alkyl-carbamoyl, di-C1_6 alkyl-carbamoyl, 
C6710 aryl-carbamoyl, sulfo, CL6 alkylsulfonyl, C6_1O aryl and 
C6-1O aryloXy; 
[0046] (10) a compound of the above (9) Wherein Xa1 is S; 

[0047] (11) a compound of the above (9) Wherein Xb1 is a 
CL3 alkylene Which may be substituted by a phenyl Which 
may be halogenated; 
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[0048] (12) a compound of the above (1) Wherein Y is 
_S - a 

[0049] (13) a compound of the above (1) Wherein Z is 
a 

[0050] (14) a compound of the above (1) Wherein ring B 
is a ring of the formula: 

[0051] Wherein Ba1 is 
—O—CH2— or —O—; 

[0052] (15) a compound of the above (1) Which is a 
compound of the formula: 

[0053] Wherein the respective symbols have the same 
meanings as de?ned above; 

[0054] (16) a compound of the above (15) Wherein R1 is 
hydroXy; 

[0055] 
[0056] Ar is phenyl Which may be halogenated; 

[0057] X is a divalent group of the formula: —Xa2— 
Xb2— Wherein Xa2 is S, SO or S02; and Xb2 is a CL3 
alkylene Which may be substituted by a phenyl Which may 
be halogenated; and 

mis 1; 

ring B is a ring of the formula: 

Ba2 

[0059] Wherein Ba2 is 
—O—CH2— or —O—; 

[0060] (17) a compound of the above, (1) Wherein 

[0061] R1 is hydroXy Which may be substituted by a CL6 
alkyl; 

[0062] m is an integer of 1 to 3; 
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[0063] Ar is C6_14 aryl Which may be substituted by 1 to 
3 substituents selected from the group consisting of halogen, 
nitro, cyano, C1_6 alkyl Which may be halogenated, CL6 
alkoXy and C6_1O aryl; 

[0064] X is a bond or 

[0065] (ii) a divalent group of the formula: —Xa3—Xb3— 
Wherein Xa3 is a bond, S, SO, SO2, O or NH; and 

[0066] Xb3 is a C1_5 alkylene or C2_5 alkenylene group 
Which may be substituted by a phenyl Which may be 
halogenated; 

[0067] Y is —S—; 

[0068] Z is —N=; 

[0069] ring A is a benZene ring Which may be substituted 
by 1 to 3 

[0070] C1_6 alkyl, in addition to a group of the formula: 
—O(CH2)mCOR1; and 

rm 1sar1n o te ormu a: 0071 ' g B ' ' g f h f 1 

Ba3 

[0072] Wherein Ba3 is —CH2—, —(CH2)2—, 
—O—CH2— or —O—; 

[0073] (18) a compound of the above (1) Which is 

[0074] [(2-diphenylmethylthio-4,5-dihydronaphtho[1, 
2-d]thiaZol-6-yl)oXy]acetic acid, 

[0075] [(2-(2,2-diphenylethyl)thio-4,5-dihydronaphtho 
[1,2-d]thiaZol-6-yl)oXy]acetic acid, 

[0076] [(2-diphenylmethyl)sulfonyl-4,5-dihydronaph 
tho[1,2-d]thiaZol-6-yl)oXy]acetic acid, 

[0077] [(2-bis(3—?uorophenyl)methylsulfonyl-4,5-di 
hydronaphto[1,2-d]thiaZol-6-yl)oXy]acetic acid, 

[0078] [(2-bis(2—?uorophenyl)methylsulfonyl-4,5-di 
hydronaphto[1,2-d]thiaZol-6-yl)oXy]acetic acid, or a 
salt thereof; 

[0079] (19) a compound of the above (1) Which is 

[0080] [(2-diphenylmethylthio-4,5-dihydronaphtho[1, 
2-d]thiaZol-6-yl)oXy]acetic acid, 

[0081] [(2-(2,2-diphenylethyl)thio-4,5-dihydronaphtho 
[1,2-d]thiaZol-6-yl)oXy]acetic acid, 

[0082] [(2-diphenylmethyl)sulfonyl-4,5-dihydronaph 
tho[1,2-d]thiaZol-6-yl)oXy]acetic acid, 

[0083] [(2-bis(3—?uorophenyl)methylsulfonyl-4,5-di 
hydronaphto[1,2-d]thiaZol-6-yl)oXy]acetic acid, 

[0084] [(2-bis(2—?uorophenyl)methylsulfonyl-4,5-di 
hydronaphto[1,2-d]thiaZol-6-yl)oXy]acetic acid, or a 
pharmaceutically acceptable metal salt; 

Jan. 17, 2002 

[0085] (20) a process for producing a compound of the 
above (1) Which comprises 

[0086] i) reacting a compound of the formula: 

0 

/ 
R1C—(CH2)m—O— A Hal 

1 \ 

[0087] Wherein Hal represents halogen; the other symbols 
have the same meanings as de?ned above, or a salt thereof 
With a compound of the formula: 

[0088] Wherein the respective symbols have the same 
meanings as de?ned above, or a salt thereof, optionally 
folloWed by hydrolysis or oxidation of the resultant com 
pound; or 

[0089] ii) subjecting a compound of the formula: 

X, 

Z§l/ / 
R1c—(cH2)m—o— A I \ Y 
O 

[0090] Wherein X‘ represents SH, OH or NH2; the other 
symbols have the same meanings as de?ned above, or a 
tautomer thereof, or a salt thereof, to alkylation, optionally 
folloWed by hydrolysis or oxidation of the resultant com 
pound; 
[0091] (21) a compound of the formula: 

O 

[0092] Wherein X‘ represents SH, OH, or NH2; the other 
symbols have the same meanings as de?ned above or a 
tautomer thereof, or a salt thereof; 

[0093] (22) a pharmaceutical composition Which com 
prises a compound of the above (1), if necessary together 
With a pharmaceutically acceptable carrier; 

[0094] (23) a composition of the above (22) Which is for 
eliciting a prostaglandin I2 receptor agonistic effect; 

[0095] (24) a composition of the above (22) Which is for 
inhibiting a platelet aggregation; 
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[0096] (25) a composition of the above (22) Which is for 
the prophylaxis or treatment of transient ischemic attack, 
diabetic neuropathy, peripheral vascular diseases or ulcer; 

[0097] (26) a method for eliciting a prostaglandin I2 
receptor agonistic effect in a mammal in need thereof Which 
comprises administering to such mammal an effective 
amount of a compound of the above (1) With a pharmaceu 
tically acceptable eXcipient, carrier or diluent; and 

[0098] (27) use of a compound of the above (1) for 
manufacturing a pharmaceutical composition for eliciting a 
prostaglandin I2 receptor agonistic effect. 

[0099] Referring to the above formula, the “substituent 
group” represented by R1 includes, for example, a hydroXy 
Which may be substituted and an amino Which may be 
substituted. 

[0100] The “substituent” for the “hydroXy Which may be 
substituted” and for the “amino Which may be substituted” 
includes, for eXample, hydrocarbon groups Which may be 
substituted. The “amino Which may be substituted” may 
have 1 or 2 substituent groups. 

[0101] The “hydrocarbon group” of the “hydrocarbon 
group Which may be substituted” means a monovalent group 
available upon elimination of one hydrogen atom from a 
hydrocarbon compound and includes both acyclic and cyclic 
hydrocarbon groups (eg alkyl, alkenyl, alkynyl, cycloalkyl, 
aryl, aralkyl, etc.). Preferred are acyclic and cyclic hydro 
carbon groups containing 1 to 16 carbon atoms, such as the 
folloWing. 
[0102] a) CL6 alkyl (e.g. methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, heXyl, etc.), 
[0103] b) C2_6 alkenyl (e.g. vinyl, allyl, isopropenyl, bute 
nyl, etc.), 
[0104] c) C2_6 alkynyl (e.g. ethynyl, propargyl, butynyl, 
1-heXynyl, etc.), 
[0105] d) C3_6 cycloalkyl (e.g. cyclopropyl, cyclobutyl, 
cyclopentyl, cycloheXyl, etc.), 
[0106] e) C6_14 aryl (e.g. phenyl, 1-naphthyl, 2-naphthyl, 
2-anthryl, etc.), 
[0107] f) C7_16 aralkyl (e.g. benZyl, phenethyl, diphenyl 
methyl, 1-naphthylmethyl, 2-naphthylmethyl, 2,2-diphenyl 
ethyl, 3-phenylpropyl, 4-phenylbutyl, S-phenylpentyl, etc.), 
preferably benZyl. 

[0108] Among the above hydrocarbon groups, CL6 alkyl, 
C6_14 aryl, and C7_16 aralkyl are preferred. 

[0109] The “substituent” for the “hydrocarbon group 
Which may be substituted” includes, for eXample, halogen 
(e.g. ?uorine, chlorine, bromine, iodine, etc.), CL6 alkyl 
Which may be halogenated, C2_6 alkenyl Which may be 
halogenated, C2_6 alkynyl Which may be halogenated, C3_6 
cycloalkyl Which may be halogenated, C6_1O aryl (e.g. phe 
nyl, naphthyl, etc.), C7_11 aralkyl (e.g. benZyl, ot-methylben 
Zyl, phenethyl, etc.), CL6 alkoXy Which may be halogenated, 
C6_1O aryloXy (e.g. phenoXy etc.), C1_6 alkyl-carbonyl (e.g. 
acetyl, propionyl, butyryl, isobutyryl, etc.), C6_1O aryl-car 
bonyl (e.g. benZoyl, naphthoyl, etc.), C7_11 aralkyl-carbonyl 
(e.g. benZylcarbonyl, phenethylcarbonyl, etc.), C1_6 alkyl 
carbonyloXy (e.g. acetyloXy, propionyloXy, butyryloXy, 
isobutyryloXy, etc.), C6_1O aryl-carbonyloXy (e.g. benZoy 
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loXy, naphthoyloXy, etc.), carboXy, C1_6 alkoXy-carbonyl 
(e.g. methoXycarbonyl, ethoXycarbonyl, propoXycarbonyl, 
isopropoXycarbonyl, butoXycarbonyl, isobutoXycarbonyl, 
tert-butoXycarbonyl, etc.), carbamoyl, mono-CL6 alkyl-car 
bamoyl (e. g. methylcarbamoyl, ethylcarbamoyl, etc.), di-Clr6 
alkyl-carbamoyl (e.g. dimethylcarbamoyl, diethylcarbam 
oyl, etc.), amidino, imino, amino, mono-C1_6 alkylamino 
(e.g. methylamino, ethylamino, propylamino, isopropy 
lamino, butylamino, etc.), di-C1_6 alkylamino (e.g. dimethy 
lamino, diethylamino, ethylmethylamino, dipropylamino, 
diisopropylamino, dibutylamino, etc.), 3- to 6-membered 
cyclic amino Which may contain 1 to 3 hetero atoms selected 
from among oXygen, sulfur and nitrogen as ring members in 
addition to carbon and one nitrogen atom (e.g. aZiridinyl, 
aZetidinyl, pyrrolidinyl, pyrrolinyl, pyrrolyl, imidaZolyl, 
pyraZolyl, imidaZolidinyl, piperidino, morpholino, thiomor 
pholino, dihydropyridyl, pyridyl, N-methylpiperaZinyl, 
N-ethylpiperaZinyl, etc.), CL3 alkylenedioXy (e.g. methyl 
enedioXy, ethylenedioXy, etc.), hydroXy, nitro, cyano, mer 
capto, sulfo, sul?no, phosphono, sulfamoyl, mono-C1_6 
alkylsulfamoyl (e.g. methylsulfamoyl, ethylsulfamoyl, pro 
pylsulfamoyl, isopropylsulfamoyl, butylsulfamoyl, etc.), 
di-Clr6 alkylsulfamoyl (e.g. diethylsulfamoyl, diethylsulfa 
moyl, dipropylsulfamoyl, dibutylsulfamoyl, etc.), CL6 alky 
lthio Which may be halogenated, C6_1O arylthio (e.g. phe 
nylthio, naphthylthio, etc.), C1_6 alkylsul?nyl (e.g. 
methylsul?nyl, ethylsul?nyl, propylsul?nyl, butylsul?nyl, 
etc.), C6_1O arylsul?nyl (e.g. phenylsul?nyl, naphthylsul? 
nyl, etc.), C1_6 alkylsulfonyl (e.g. methylsulfonyl, ethylsul 
fonyl, propylsulfonyl, butylsulfonyl, etc.), and C6_1O aryl 
sulfonyl (e.g. phenylsulfonyl, naphthylsulfonyl, etc.). 
[0110] The above-mentioned “C1_6 alkyl Which may be 
halogenated” includes, for eXample, CL6 alkyl (e.g. methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, 
pentyl, heXyl, etc.) optionally having 1 to 5, preferably 1 to 
3, halogen atoms (e.g. ?uorine, chlorine, bromine, iodine, 
etc.). Speci?cally, mention may be made of methyl, chlo 
romethyl, di?uoromethyl, trichloromethyl, tri?uoromethyl, 
ethyl, 2-bromoethyl, 2,2,2-tri?uoroethyl, penta?uoroethyl, 
propyl, 3,3,3-tri?uoropropyl, isopropyl, butyl, 4,4,4-tri?uo 
robutyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, 
neopentyl, 5,5,5-tri?uoropentyl, heXyl, 6,6,6-tri?uoroheXyl, 
etc. 

[0111] The “C1_6 alkenyl Which may be halogenated” 
includes, for eXample, C2_6 alkenyl (e.g. vinyl, propenyl, 
isopropenyl, 2-buten-1-yl, 4-penten-1-yl, 5-heXen-1-yl, etc.) 
optionally having 1 to 5, preferably 1 to 3, halogen atoms 
(e.g. ?uorine, chlorine, bromine, iodine, etc.). 
[0112] The “C2_6 alkynyl Which may be halogenated” 
includes, for eXample, C2_6 alkynyl (e.g. 2-butyn-1-yl, 
4-pentyn-1-yl, 5-heXyn-1-yl, etc.) optionally having 1 to 5, 
preferably 1 to 3, halogen atoms (e.g. ?uorine, chlorine, 
bromine, iodine, etc.). 
[0113] The “C3_6 cycloalkyl Which may be halogenated” 
includes, for eXample, C3_6 cycloalkyl (e.g. cyclopropyl, 
cyclobutyl, cyclopentyl, cycloheXyl, etc.) optionally having 
1 to 5, preferably 1 to 3, halogen atoms (e.g. ?uorine, 
chlorine, bromine, iodine, etc.). Speci?cally, mention may 
be made of cyclopropyl, cyclobutyl, cyclopentyl, cyclo 
heXyl, 4,4-dichlorocycloheXyl, 2,2,3,3-tetra?uorocyclopen 
tyl, 4-chlorocycloheXyl, etc. 
[0114] The “C1_6 alkoXy Which may be halogenated” 
includes, for eXample, CL6 alkoXy optionally having 1 to 5, 
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preferably 1 to 3, halogen atoms (e.g. ?uorine, chlorine, 
bromine, iodine, etc.). Speci?cally, mention may be made of 
methoxy, di?uoromethoxy, tri?uoromethoxy, ethoxy, 2,2,2 
tri?uoroethoxy, propoxy, isopropoxy, butoxy, 4,4,4-tri?uo 
robutoxy, isobutoxy, sec-butoxy, pentyloxy, hexyloxy, etc. 

[0115] The “C1_6 alkylthio Which may be halogenated” 
includes, for example, C1_6 alkylthio (e.g. methylthio, eth 
ylthio, propylthio, isopropylthio, butylthio, sec-butylthio, 
tert-butylthio, etc.) optionally having 1 to 5, preferably 1 to 
3, halogen atoms (e.g. ?uorine, chlorine, bromine, iodine, 
etc.). Speci?cally, mention may be made of methylthio, 
di?uoromethylthio, tri?uoromethylthio, ethylthio, propy 
lthio, isopropylthio, butylthio, 4,4,4-tri?uorobutylthio, pen 
tylthio, hexylthio, etc. 

[0116] The above-mentioned “hydrocarbon group” may 
have 1 to 5, preferably 1 to 3, substituents selected from the 
group consisting of the above-mentioned substituents in its 
substitutable position or positions and When 2 or more 
substitutions are involved, the substituents may be the same 
group or different groups. 

[0117] The formula: —COR1 preferably represents car 
boxy Which may be esteri?ed or amidated. 

[0118] R1 preferably represents hydroxy Which may be 
substituted. More preferred is hydroxy. 

[0119] Preferably, m is 1. 

[0120] The “aromatic group” of the “aromatic group 
Which may be substituted” as mentioned for Ar includes, for 
example, aromatic hydrocarbon groups and aromatic het 
erocyclic (heteroaromatic) groups. 

[0121] The “aromatic hydrocarbon group” mentioned 
above includes, for example, monocyclic or fused polycyclic 
aromatic hydrocarbon groups having 6 to 14 carbon atoms. 
Speci?cally, C6_14 aryl such as phenyl, 1-naphthyl, 2-naph 
thyl, anthryl, etc. can be mentioned. Preferred is phenyl, 
1-naphthyl or 2-naphthyl. Particularly preferred is phenyl. 

[0122] The “aromatic heterocyclic group” mentioned 
above includes, for example, 5- to 10-membered monocyclic 
or its fused heteroaromatic groups containing one or more, 
for example 1 to 4, hetero atoms selected from among 
nitrogen, sulfur and oxygen as a ring member other than 
carbon. Speci?cally, it includes monovalent groups avail 
able upon elimination of any one hydrogen atom each from 
5- or 6-membered monocyclic heteroaromatic rings or fused 
ring systems consisting of any such heteroaromatic ring and 
1 or 2 (preferably 1) aromatic rings (e.g. benZene ring, 
pyridine ring, etc.), such as thiophene, furan, pyrrole, imi 
daZole, pyraZole, pyridine, pyraZine, pyrimidine, pyridaZine, 
isothiaZole, isoxaZole, triaZine, 1,2,3-oxadiaZole, 1,2,3-tria 
Zole, 1,2,4-triaZole, 1,3,4-thiadiaZole, etc. Preferred 
examples of the “aromatic heterocyclic group” include 5- to 
10-membered heteroaromatic groups such as 2-pyridyl, 
3-pyridyl, 4-pyridyl, 2-quinolyl, 3-quinolyl, 4-quinolyl, 
S-quinolyl, 8-quinolyl, 1-isoquinolyl, 3-isoquinolyl, 4-iso 
quinolyl, S-isoquinolyl, 1-indolyl, 2-indolyl, 3-indolyl, 
2-benZothiaZolyl, 2-benZothienyl, benZofuranyl, 2-thienyl, 
3-thienyl, 2-benZoxaZolyl, 2-benZimidaZolyl, 2-pyridothia 
Zolyl, etc. More preferred are 2-pyridyl, 3-pyridyl, 4-py 
ridyl, 2-quinolyl, 3-quinolyl, 4-quinolyl, etc. Those het 
eroaromatic groups may be in the N-oxide form, Where 
applicable. 
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[0123] The “substituent” for the “aromatic group Which 
may be substituted” as mentioned for Ar includes, for 
example, halogen (e.g. ?uorine, chlorine, bromine, iodine, 
etc.), CL3 alkylenedioxy (e.g. methylenedioxy, ethylene 
dioxy, etc.), nitro, cyano, C1_6 alkyl Which may be haloge 
nated, C3_6 cycloalkyl (e.g. cyclopropyl, cyclobutyl, cyclo 
pentyl, cyclohexyl, etc.), C1_6 alkoxy Which may be 
halogenated, C1_6 alkylthio Which may be halogenated, 
hydroxy, amino, mono-CL6 alkylamino (e.g. methylamino, 
ethylamino, propylamino, isopropylamino, butylamino, 
etc.), di-C1_6 alkylamino (e.g. dimethylamino, diethylamino, 
ethylmethylamino, dipropylamino, dibutylamino, etc.), CL6 
alkyl-carbonyl (e.g. acetyl, propionyl, etc.), carboxy, CL6 
alkoxy-carbonyl (e.g. methoxycarbonyl, ethoxycarbonyl, 
propoxycarbonyl, butoxycarbonyl, etc.), carbamoyl, mono 
CL6 alkyl-carbamoyl (e.g. methylcarbamoyl, ethylcarbam 
oyl, etc.), di-C1_6 alkyl-carbamoyl (e.g. dimethylcarbamoyl, 
diethylcarbamoyl, etc.), C6_1O aryl-carbamoyl (e.g. phenyl 
carbamoyl, naphthylcarbamoyl, etc.), sulfa, CL6 alkylsulfo 
nyl (e.g. methylsulfonyl, ethylsulfonyl, etc.), C6_1O aryl (e.g. 
phenyl, naphthyl, etc.), and C6_1O aryloxy (e.g. phenyloxy, 
naphthyloxy, etc.). When the substituent is C1_3 alkylene 
dioxy, it preferably forms a ring in combination With the tWo 
adj acent carbon atoms. 

[0124] The above-mentioned “C1_6 alkyl Which may be 
halogenated”, “C1_6 alkoxy Which may be halogenated”, and 
“C1_6 alkylthio Which may be halogenated” may be the same 
groups as those respectively mentioned above in the de? 
nition of “the substituent” for the “hydrocarbon group Which 
may be substituted”. 

[0125] The “aromatic group” of the “aromatic group 
Which may be substituted” may have 1 to 5, preferably 1 to 
3, substituents as selected from among the above-mentioned 
substituents in its substitutable position or positions of the 
aromatic ring and Where tWo or more substitutions are 
involved, the substituents group may be the same group or 
different groups. 

[0126] Preferably, Ar is C6_14 aryl Which may be substi 
tuted, etc. More preferably, Ar is phenyl Which may be 
halogenated. 

[0127] The “divalent straight-chain group Which have 1 to 
6 atoms and may be substituted” as mentioned for X 
includes, for example, divalent groups of the formula: 
—Xa—Xb— Wherein Xa represents a bond, S, SO, SO2, O, 
or NR4; Xb represents a bond or a divalent aliphatic hydro 
carbon group having 1 to 5 atoms (preferably 1 to 4 atoms) 
Which may be substituted and may contain oxygen, nitrogen, 
or sulfur. In the above formula, R4 represents hydrogen, CL6 
alkyl (e.g. methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
pentyl, hexyl, etc.), C3_6 cycloalkyl (e.g. cyclopropyl, 
cyclobutyl, cyclopentyl, etc.), C6_14 aryl (e.g. phenyl, 
1-naphthyl, 2-naphthyl, etc.), C7_11 aralkyl (e.g. benZyl, 
phenethyl, etc.), formyl, CL6 alkyl-carbonyl (e.g. acetyl, 
propionyl, butyryl, isobutyryl, etc.), or C6_1O aryl-carbonyl 
(e.g. benZoyl, naphthoyl, etc.), for instance. 

[0128] Xa is preferably a bond, S, SO, SO2, O, or NH. 
More preferred is S, SO, SO2, O, or NH. Particularly 
preferred is S, SO or SO2. Most preferably, Xa is S. 

[0129] The “divalent aliphatic hydrocarbon group having 
1 to 5 atoms Which may contain sulfur, oxygen, or nitrogen” 
of the “divalent aliphatic hydrocarbon group having 1 to 5 
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atoms Which may be substituted and may contain sulfur, 
oxygen, or nitrogen” as mentioned for Xb means a divalent 
aliphatic hydrocarbon group having 1 to 5 atoms Which is 
available upon elimination of tWo hydrogen atoms from a 
saturated or an unsaturated aliphatic hydrocarbon and 
optionally containing 1 or 2 (preferably 1) sulfur, oxygen, or 
nitrogen atom betWeen carbon atoms or in its terminal 
position. Speci?cally, the examples include 

[0133] (iv) groups of the formula: —(CH2)p—Xc— 
(CH2)q— Wherein Xc represents S, SO, SO2, O, or NR 48; 
p and q independently represent an integer of 0 to 4 and p+q 
is an integer of 0 to 4. R43“ in this formula includes the same 
groups as those mentioned for R4. 

[0134] The above-mentioned “divalent aliphatic hydrocar 
bon group having 1 to 5 atoms Which may contain sulfur, 
oxygen, or nitrogen” is preferably C1_5 alkylene or C2_5 
alkenylene. Particularly preferred is methylene. 

[0135] The “substituent” for the “divalent straight-chain 
group Which have 1 to 6 atoms and may be substituted” or 
for the “divalent aliphatic hydrocarbon group having 1 to 5 
atoms Which may be substituted and may contain sulfur, 
oxygen, or nitrogen” includes, for example, halogen (e.g. 
?uorine, chlorine, bromine, iodine, etc.), nitro, cyano, C1_6 
alkyl Which may be halogenated, C3_6 cycloalkyl (e.g. cyclo 
propyl, cyclobutyl, cyclopentyl, cyclohexyl, etc.), C7_11 
aralkyl (e. g. benZyl, phenethyl, etc.), C1_6 alkoxy Which may 
be halogenated, CL6 alkylthio Which may be halogenated, 
hydroxy, amino, mono-C1_6 alkylamino (e.g. methylamino, 
ethylamino, propylamino, isopropylamino, butylamino, 
etc.), di-C1_6 alkylamino (e.g. dimethylamino, diethylamino, 
ethylmethylamino, dipropylamino, dibutylamino, etc.), C6710 
aryloxy (e.g. phenyloxy, naphthyloxy, etc.), C1_6 alkyl-car 
bonyl (e.g. acetyl, propionyl, butyryl, isobutyryl, etc.), C6_1O 
aryl-carbonyl (e.g. benZoyl, naphthoyl, etc.), oxo, and aro 
matic groups Which may be substituted. 

[0136] The above-mentioned “C1_6 alkyl Which may be 
halogenated”, “C1_6 alkoxy Which may be halogenated”, and 
“C1_6 alkylthio Which may be halogenated” include those 
speci?c groups as respectively mentioned as the substituent 
for the “hydrocarbon group Which may be substituted”. 

[0137] The above-mentioned “aromatic group Which may 
be substituted” includes the same groups as those mentioned 
for the “aromatic group Which may be substituted” for Ar. 

[0138] Among those substituents, halogen, hydroxy, and 
an aromatic group Which may be substituted are preferred. 
Particularly preferred is C6_14 aryl. 

[0139] Those substituents may occur in 1 to 5, preferably 
1 to 3, substitutable positions and Where tWo or more 
substitutions are involved, the substituents may be the same 
group or different groups. 

[0140] Xb is preferably a bond, (ii) C1_5 alkylene Which 
may be substituted by 1 to 3 substituents selected from the 
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group consisting of halogen, hydroxy and an aromatic group 
Which may be substituted, or (iii) C2_5 alkenylene Which may 
be substituted by 1 to 3 substituents selected from the group 
consisting of halogen, hydroxy and an aromatic group Which 
may be substituted. Preferred examples of the above “aro 
matic group Which may be substituted” are C6_14 aryl or 5 
to 10-membered aromatic heterocyclic group each contain 
ing 1 to 4 hetero atoms selected from among nitrogen, sulfur, 
and oxygen as ring members in addition to carbon, each of 
Which may be substituted by 1 to 3 substituents selected 
from the group consisting of halogen, CL6 alkyl, CL6 alkoxy 
and hydroxy. 

[0141] It is also preferable that this “aromatic group Which 
may be substituted” be present on the carbon atom in the 
terminal position Where Ar is attached. 

[0142] More preferably, Xb is a bond or (ii) a CL5 
alkylene Which may be substituted by an aromatic group 
(preferably C6_14 aryl) Which may be substituted. Particulary 
preferred is a C1_5 alkylene Which may be substituted by a 
C6_14 aryl Which may be substituted. Most preferred is a CL3 
alkylene Which may be substituted by a phenyl Which may 
be halogenated. 

[0143] X is preferably a divalent group of the formula: 

—Xa1—Xb1— 

[0144] Wherein Xa1 is S, SO or S02; and Xb1 is C1_5 
alkylene Which may be substituted by a C6_14 aryl Which 
may be substituted by 1 to 3 substituents selected from the 
group consisting of halogen, C1_3 alkylenedioxy, nitro, 
cyano, CL6 alkyl Which may be halogenated, C3_6 
cycloalkyl, C1_6 alkoxy Which may be halogenated, CL6 
alkylthio Which may be halogenated, hydroxy, amino, 
mono-C176 alkylamino, di-C1_6 alkylamino, CL6 alkyl-carbo 
nyl, carboxy, C1_6 alkoxy-carbonyl, carbamoyl, mono-C1_6 
alkyl-carbamoyl, di-C1_6 alkyl-carbamoyl, C6_1O aryl-car 
bamoyl, sulfo, C1_6 alkylsulfonyl, C6_1O aryl and C6_1O ary 
loxy. Xa1 is preferably S. Xb1 is preferably CL3 alkylene 
Which may be substituted by a phenyl Which may be 
halogenated. 

[0145] R2 in —N(R2)— for Y represents hydrogen or a 
substituent group and this “substituent group” may for 
example be a hydrocarbon group or an acyl. 

[0146] The above-mentioned “hydrocarbon group” 
includes the same hydrocarbon group as the “hydrocarbon 
group” of the “hydrocarbon group Which may be substi 
tuted”. 

[0147] The above-mentioned “acyl” may for example be 
an acyl derived from a carboxylic acid or a sulfonic acid. 
Preferred examples are formyl, C1_6 alkyl-carbonyl (e.g. 
acetyl, propionyl, butyryl, isobutyryl, etc.), C6_1O aryl-car 
bonyl (e.g. benZoyl, naphthoyl, etc.), C7_11 aralkyl-carbonyl 
(e.g. benZylcarbonyl, phenethylcarbonyl, naphthylmethyl 
carbonyl, etc.), CL6 alkylsulfonyl (e.g. mesyl, ethylsulfonyl, 
propylsulfonyl, etc.), C6_1O arylsulfonyl Which may be sub 
stituted, and C7_11 aralkylsulfonyl (e.g. benZylsulfonyl, 
phenethylsulfonyl, naphthylmethylsulfonyl, etc.). 
[0148] The “C6_1O arylsulfonyl” of the above-mentioned 
“C6710 arylsulfonyl Which may be substituted” includes, for 
example, phenylsulfonyl and naphthylsulfonyl. The “sub 
stituent” for this “C6_1O arylsulfonyl Which may be substi 
tuted” includes, for example, CL6 alkyl (e.g. methyl, ethyl, 
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propyl, isopropyl, butyl, isobutyl, pentyl, heXyl, etc.), CL6 
alkoXy (e.g. methoXy, ethoXy, propoXy, butoXy, etc.), and 
nitro. The “C6_1O arylsulfonyl” of the “C6_1O arylsulfonyl 
Which may be substituted” may have 1 to 3 substituents 
selected from among the substituents mentioned above and 
Where tWo or more substituents are present, they may be the 
same group or different groups. Speci?c examples are tosyl 
and m-nitrobenZenesulfonyl. 

[0149] R2 is preferably hydrogen. 

[0150] Y is preferably —S—, —O—, or —NH—. More 
preferred is —S—. 

[0151] R3 in —C(R3)= for Z represents hydrogen or a 
hydrocarbon group. The “hydrocarbon group” includes the 
same hydrocarbon group as the “hydrocarbon group” of the 
“hydrocarbon group Which may be substituted”. 

[0152] R3 is preferably hydrogen. 

[0153] Z is preferably —N=. 

[0154] The “substituent” for the “benZene ring Which may 
be substituted by a substituent, in addition to a group of the 
formula: —O(CH2)mCOR1 (Wherein the respective symbols 
have the same meanings as de?ned above)” as mentioned for 
ring A may number 1 to 3 and includes the same groups as 
the substituents mentioned for the “aromatic group Which 
may be substituted” for Ar. Where tWo or more substitutions 
are involved, the substituents may be the same group or 
different groups. 

[0155] The “5- to 7-membered ring” of the “5- to 7-mem 
bered ring Which may be substituted” as mentioned for ring 
B is a 5- to 7-membered carbocyclic ring or a 5- to 
7-membered heterocyclic ring Which may contain 1 to 3 
hetero atoms selected from among oxygen, sulfur, and 
nitrogen (preferably one hetero atom selected from the 
group consisting of oXygen and sulfur) as ring members in 
addition to carbon. Among preferred eXamples of the “5- to 
7-membered ring” are 5- to 7-membered rings of the for 
mula: 

Ba 

[0156] Wherein Ba represents —CH2—, —(CH2)2—, 

Wherein r represents an integer of 0 to 2. 

[0157] Preferably, Ba is —CH2—, 
—O—CH2— or —O—. 

[0158] The “substituent” for the above-mentioned “5 to 
7-membered ring” may for eXample be a hydrocarbon group. 
This “hydrocarbon group” includes the same hydrocarbon 
group as mentioned for the “hydrocarbon group” of the 
“hydrocarbon group Which may be substituted”. 

[0159] This “5- to 7-membered ring” may have 1 to 3 
substituents selected from among the above-mentioned sub 
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stituents in substitutable positions and Where tWo or more 
substitutions are involved, the substituents may be the same 
group or different groups. 

[0160] Among the compounds of formula (I), preferred is 
the compound of the folloWing formula or a salt thereof. 

[0161] Wherein the respective symbols have the same 
meanings as de?ned above. More preferred is the com 
pound, inclusive of its salt, Wherein R1 is hydroXy; m is 1; 

[0162] Ar is phenyl Which may be halogenated; 

[0163] X is a divalent group of the formula: —Xa2— 
Xb2— Wherein Xa2 is S, SO or S02; and Xb2 is CL3 alkylene 
Which may be substituted by a phenyl Which may be 
halogenated; and 

[0164] ring B is a ring of the formula: 

Ba2 

[0165] Wherein Ba2 is 
—O—CH2— or —O—. 

[0166] In compound (I), the preferred is a compound 
Wherein R1 is hydroXy Which may be substituted by a CL6 
alkyl; 

[0167] 
[0168] Ar is C6_14 aryl Which may be substituted by 1 to 
3 substituents selected from the group consisting of halogen, 
nitro, cyano, C1_6 alkyl Which may be halogenated, CL6 
alkoXy and C6_1O aryl; 

[0169] X is a bond or 

[0170] (ii) a divalent group of the formula: —Xa3—Xb3— 
Wherein Xa3 is a bond, S. SO, S02, O or NH; and 

[0171] Xb3 is a C1_5 alkylene or C2_5 alkenylene group 
Which may be substituted by a phenyl Which may be 
halogenated; 

[0172] Y is —S—; 

[0173] Z is —N=; 

[0174] ring A is a benZene ring Which may be substituted 
by 1 to 3 C1_6 alkyl, in addition to a group of the formula: 

—O(CH2)mCOR1; and 

m is an integer an 1 to 3; 



US 2002/0006944 A1 

[0175] ring B is a ring of the formula: 

Ba3 

[0176] wherein Ba3 is 
—O—CH2— or —O—. 

[0177] The preferred species of compound (I) of the 
invention include: 

[0178] [(2-diphenylmethylthio-4,5-dihydronaphtho[1, 
2-d]thiaZol-6-yl)oxy]acetic acid, 

[0179] [(2-(2,2-diphenylethyl)thio-4,5-dihydronaphtho 
[1,2-d]thiaZol-6-yl)oxy]acetic acid, 

[0180] [(2-diphenylmethyl)sulfonyl-4,5-dihydronaph 
tho[1,2-d]thiaZol-6-yl)oxy]acetic acid, 

[0181] [(2-bis(3—?uorophenyl)methylsulfonyl-4,5-di 
hydronaphto[1,2-d]thiaZol-6-yl)oxy]acetic acid, 

[0182] [(2-bis(2—?uorophenyl)methylsulfonyl-4,5-di 
hydronaphto[1,2-d]thiaZol-6-yl)oxy]acetic acid, and a 
salt thereof. As the salt, a pharmaceutically acceptable 
metal salt is preferred. 

[0183] Depending on the kinds of substituents it pos 
sesses, compound (I) gives rise to stereoisomers. Such 
stereoisomers and mixtures thereof also fall Within the scope 
of the invention. 

[0184] The salt of compound (I) according to the present 
invention typically includes various pharmacologically 
acceptable salts. Examples of the salt include salts With 
inorganic bases, ammonium salts, salts With organic bases, 
salts With inorganic acids, salts With organic acids, and salts 
With basic or acidic amino acids. The preferred salt With an 
inorganic base includes, for example, alkali metal salts such 
as sodium salt, potassium salt, etc., alkaline earth metal salts 
such as calcium salt, magnesium salt, etc., and aluminum 
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salt. The preferred salt With an organic base includes, for 
example, salts With trimethylamine, triethylamine, pyridine, 
picoline, 2,6-lutidine, ethanolamine, diethanolamine, tri 
ethanolamine, cyclohexylamine, dicyclohexylamine, N,N‘ 
dibenZylethylenediamine, etc. The preferred salt With an 
inorganic acid includes, for example, salts With hydrochloric 
acid, hydrobromic acid, nitric acid, sulfuric acid, phosphoric 
acid, etc. The preferred salt With an organic acid includes, 
for example, salts With formic acid, acetic acid, tri?uoro 
acetic acid, phthalic acid, fumaric acid, oxalic acid, tartaric 
acid, maleic acid, citric acid, succinic acid, malic acid, 
methanesulfonic acid, benZenesulfonic acid, p-toluene 
sulfonic acid, etc. The preferred salt With a basic amino acid 
includes, for example, salts With arginine, lysine, ornithine, 
etc. The preferred salt With an acidic amino acid includes, 
for example, salts With aspartic acid, glutamic acid, etc. 

[0185] Particularly preferred are pharmaceutically accept 
able salts. For example, When the compound (I) contains a 
basic functional group, the preferred salt includes, for 
example, salts With such inorganic acids as hydrochloric 
acid, hydrobromic acid, nitric acid, sulfuric acid, phosphoric 
acid, etc. and salts With such organic acids as acetic acid, 
phthalic acid, fumaric acid, oxalic acid, tartaric acid, maleic 
acid, citric acid, succinic acid, methanesulfonic acid, p-tolu 
enesulfonic acid, etc. When an acidic functional group is 
present, for example, alkali metal salts such as sodium salt 
and potassium salt, etc., alkaline earth metal salts such as 
calcium salt and magnesium salt, and ammonium salts are 
preferred. 

[0186] The process for producing the compound (I) of the 
invention is noW described. 

[0187] Compound (I) of the invention can be produced by 
the per se knoWn processes or by any processes analogous 
thereto, for example in accordance With the folloWing reac 
tion schemes (Reaction scheme 1 and Reaction scheme 2). 
The symbols used for the respective compounds in those 
schemes have the same meanings as de?ned above. Com 
pounds (II) to (XIV) in the reaction schemes include their 
salts. The salts may for example be of the same kind as the 
salt of compound 

Reaction scheme 1 
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[0188] Compound (II) wherein R2) represents a hydrocar 
bon group; the other symbols have the same meanings as 
de?ned above, can be produced by the per se knoWn method, 
for example the process described in Berichte deutschen 
chemischen Gesellschaft 58B, 1947 (1925), or by any pro 
cess analogous thereto. 

[0189] The “hydrocarbon group” mentioned for R8 
includes the same hydrocarbon group as those mentioned for 
the “hydrocarbon group”. 
[0190] Compound (VI) Wherein Rb represents a hydrocar 
bon group, can be produced by the per se knoWn method, for 
example the process described in Journal of the Chemical 
Society, 1434 (1951), or by any process analogous thereto. 
[0191] The “hydrocarbon group” mentioned for Rb 
includes the same hydrocarbon group as those mentioned 
above for the “hydrocarbon group”. 
[0192] Compound (VII) can be produced by the per se 
knoWn method, for example the process described in 
Organic Syntheses, 27, 73 (1947), or by any process analo 
gous thereto. 

[0193] Compound (IX) may be purchased from a com 
mercial source if it is available on the market or can be 

(I) 

produced by the per se knoWn method, for example the 
process described in Shin Jikken Kagaku KoZa (NeW Series 
in Experimental Chemistry) 14, III, 1628-1644 (1978). 

[0194] Compound (III) can be produced by hydrolyZing 
compound (II) using an acid catalyst. The acid catalyst 
includes, for example, mineral acids such as hydrochloric 
acid, hydrobromic acid, sulfuric acid, etc., silicon com 
pounds such as trimethylsilyl iodide (Me3SiI), trimethylsilyl 
chloride (Me3SiCl), etc., and LeWis acids such as aluminum 
chloride, boron tribromide, etc. If necessary, an additive as 
ethanedithiol or sodium iodide may be used in combination 
With a LeWis acid. The amount of the acid catalyst, taking a 
mineral acid as an example, is generally about 1 to 100 
moles, preferably about 10 to 50 moles, per mole of com 
pound (II), and When a silicon compound or a LeWis acid is 
used, is generally about 1 to 20 moles, preferably about 1 to 
5 moles, per mole of compound (II). The amount of the 
additive used in combination With a Lewis acid is generally 
about 0.1 to 20 moles, preferably about 1 to 10 moles, per 
mole of compound (II). 

[0195] This reaction can be advantageously carried out in 
the absence of a solvent or in the presence of a solvent 
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indifferent to the reaction (hereinafter referred to as an inert 
solvent). There is no particular limitation on the inert solvent 
that can be used unless the progress of the reaction is 
interferred With. When a mineral acid is used, for instance, 
the solvent is preferably Water or mixtures of Water With 
organic solvents, for example, alcohols such as methanol, 
ethanol, propanol, etc., saturated hydrocarbons such as 
cyclohexane, hexane, etc., aromatic hydrocarbons such as 
benZene, toluene, xylene, etc., ethers such as tetrahydrofu 
ran, dioxane, 1,2-dimethoxyethane, diethyl ether, diisopro 
pyl ether, etc., amides such as N,N-dimethylformamide, 
N,N-dimethylacetamide, hexamethylphosphoric triamide, 
etc., sulfoxides such as dimethyl sulfoxide etc., and halo 
genated hydrocarbons such as dichloromethane, chloroform, 
carbon tetrachloride, 1,2-dichloroethane, etc. 

[0196] When a silicon compound or a LeWis acid is used, 
the solvent is preferably saturated hydrocarbons such as 
cyclohexane, hexane, etc., aromatic hydrocarbons such as 
benZene, toluene, xylene, etc., ethers such as tetrahydrofu 
ran, dioxane, 1,2-dimethoxyethane, diethyl ether, diisopro 
pyl ether, etc., amides such as N,N-dimethylformamide, 
N,N-dimethylacetamide, hexamethylphosphoric triamide, 
etc., sulfoxides such as dimethyl sulfoxide etc., halogenated 
hydrocarbons such as dichloromethane, chloroform, carbon 
tetrachloride, 1,2-dichloroethane, etc., and mixtures of these 
solvents. 

[0197] The reaction time is generally 30 minutes to 24 
hours, preferably 30 minutes to 6 hours. The reaction 
temperature is generally —78° C. to 200° C., preferably —20° 
C. to 150° C. 

[0198] The reaction product can be used, either as the 
reaction mixture as such or in a partially puri?ed form, in the 
next reaction. HoWever, the product compound can be 
isolated from the reaction mixture in the routine manner and 
expediently puri?ed by the conventional puri?cation proce 
dure (e.g. recrystalliZation, distillation, chromatography, 
etc.). 
[0199] Compound (IV) can be produced by reacting com 
pound (III) With a compound of the formula: 
L—(CH2)mCOR1 Wherein L represents a leaving group; R1 
is as de?ned above, and a salt thereof. 

[0200] The “leaving group” for L includes, for example, 
halogen (e.g. ?uorine, chlorine, bromine, iodine, etc.), C1_6 
alkylsulfonyloxy (e.g. methanesulfonyloxy, ethanesulfony 
loxy, etc.), and C6_1O arylsulfonyloxy Which may be substi 
tuted. The “C6_1O arylsulfonyloxy Which may be substituted” 
includes, for example, C6_1O arylsulfonyloxy (e.g. phenyl 
sulfonyloxy, naphthylsulfonyloxy, etc.) Which may be sub 
stituted by 1 to 3 substituents selected from the group 
consisting of C1_6 alkyl, C1_6 alkoxy and nitro. Speci?cally, 
it includes m-nitrobenZenesulfonyloxy and p-toluenesulfo 
nyloxy, among others. 

[0201] The base includes, for example, inorganic bases, 
e.g. alkali metal hydroxides such as sodium hydroxide, 
potassium hydroxide, etc., alkali metal alkoxides such as 
sodium methoxide, sodium ethoxide, potassium tert-butox 
ide, etc., alkali metal hydrides such as sodium hydride, 
potassium hydride, etc., metal amides such as sodium amide, 
lithium diisopropylamide, lithium hexamethyldisilaZide, 
etc., and basic salts such as potassium hydrogen carbonate, 
sodium carbonate, potassium carbonate, sodium acetate, etc. 
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The amount of the base is generally about 0.5 to 5 moles, 
preferably about 1 to 3 moles, per mole of compound (III). 

[0202] The proportion of the compound of the formula: 
L—(CH2)mCOR‘ Wherein the respective symbols have same 
meanings as de?ned above, is about 0.8 to 2 moles, prefer 
ably about 1 to 1.5 moles, per mole of compound (III). 

[0203] This reaction can be carried out With advantage in 
an inert solvent. Among such solvents are alcohols such as 
methanol, ethanol, propanol, etc., saturated hydrocarbons 
such as cyclohexane, hexane, etc., aromatic hydrocarbons 
such as benZene, toluene, xylene, etc., ethers such as tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane, diethyl ether, 
diisopropyl ether, etc., amides such as N,N-dimethylforma 
mide, N,N-dimethylacetamide, hexamethylphosphoric tria 
mide, etc., sulfoxides such as dimethyl sulfoxide etc., halo 
genated hydrocarbons such as dichloromethane, chloroform, 
carbon tetrachloride, 1,2-dichloroethane, etc., ketones such 
as acetone, methyl ethyl ketone, etc., Water, and mixtures of 
these solvents. 

[0204] The reaction time is generally 10 minutes to 8 
hours, preferably 30 minutes to 3 hours. The reaction 
temperature is generally 0° C. to 120° C., preferably 25° C. 
to 100° C. 

[0205] The reaction product can be directly used, either as 
the reaction mixture as such or in a partially puri?ed form, 
in the next reaction. If desired, hoWever, the product com 
pound can be isolated from the reaction mixture in the 
routine manner and expediently puri?ed by the conventional 
puri?cation procedure (e.g. recrystallization, distillation, 
chromatography, etc.). 
[0206] Where R1 in compound (IV) is hydroxy, the com 
pound can be obtained by esteri?cation or ester-exchange 
reaction in the per se knoWn method using an acid as a 
catalyst, if desired. 

[0207] For example, the compound (IV) Wherein R1 is 
hydroxy may be reacted With the corresponding alcohol or 
ester using an acid as a catalyst. The corresponding alcohol 
mentioned above includes a compound of the formula: 
R1"‘—OH wherein R1'‘) represents the “substituent” of the 
“hydroxy group Which may be substituted” for above R1. 
The corresponding ester includes a compound of the for 
mula: R—COOR1b Wherein R represents a hydrocarbon 
group; and R1b has same meanings as mentioned for R18. 

[0208] The “hydrocarbon group” mentioned for R 
includes the same hydrocarbon group as those mentioned for 
the “hydrocarbon group”. 

[0209] The amount of the corresponding alcohol or ester 
to be used is about 10 to 1,000 moles per mole of compound 
(IV). 
[0210] While the above alcohol or ester is generally 
expected to serve as the solvent as Well, other solvents, for 
example saturated hydrocarbons such as cyclohexane, hex 
ane, etc., aromatic hydrocarbons such as benZene, toluene, 
xylene, etc., ethers such as tetrahydrofuran, dioxane, 1,2 
dimethoxyethane, diethyl ether, diisopropyl ether, etc., 
amides such as N,N-dimethylformamide, N,N-dimethylac 
etamide, hexamethylphosphoric triamide, etc., sulfoxides 
such as dimethyl sulfoxide etc., halogenated hydrocarbons 
such as dichloromethane, chloroform, carbon tetrachloride, 
1,2-dichloroethane, etc., and mixtures of these solvents can 
be optionally employed. 
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[0211] The acid catalyst mentioned above includes, for 
example, mineral acids such as hydrochloric acid, hydro 
bromic acid, sulfuric acid, etc., sulfonic acids such as 
p-toluenesulfonic acid, methanesulfonic acid, etc., and 
LeWis acids such as boron tri?uoride ether complexes. The 
amount of the acid catalyst to be used is about 0.01 to 2 
moles, preferably about 0.1 to 1 mole, per mole of com 
pound (IV). 

[0212] The reaction time is generally 15 minutes to 24 
hours, preferably 30 minutes to 6 hours. The reaction 
temperature is generally —10° C. to 150° C., preferably 50° 
C. to 120° C. 

[0213] The compound (IV) Wherein R1 is hydroxy may be 
reacted With a halogenating agent (e.g. thionyl chloride, 
phosphorus oxychloride, etc.) to give the acid halide (chlo 
ride) Which can then be reacted With the corresponding 
alcohol. The corresponding alcohol includes a compound of 
the formula: R1°—OH wherein R13 has same meanings as 
mentioned above. The proportion of the halogenating agent 
is generally about 1 to 50 moles, preferably about 1 to 10 
moles, per mole of compound (IV). The proportion of the 
corresponding alcohol is generally about 1 to 5 moles, 
preferably about 1 to 2 moles, per mole of compound (IV). 

[0214] This reaction can be carried out With advantage in 
the absence of a solvent or in the presence of an inert 
solvent. There is no particular limitation on the kind of inert 
solvent unless the progress of the reaction is interferred With. 
The inert solvent includes, for example, esters such as 
methyl acetate, ethyl acetate, amyl acetate, etc., saturated 
hydrocarbons such as cyclohexane, hexane, etc., aromatic 
hydrocarbons such as benZene, toluene, xylene, etc., ethers 
such as tetrahydrofuran, dioxane, 1,2-dimethoxyethane, 
diethyl ether, diisopropyl ether, etc., amides such as N,N 
dimethylformamide, N,N-dimethylacetamide, hexameth 
ylphosphoric triamide, etc., sulfoxides such as dimethyl 
sulfoxide etc., halogenated hydrocarbons such as dichlo 
romethane, chloroform, carbon tetrachloride, 1,2-dichloro 
ethane, etc., and mixtures of these solvents. 

[0215] The reaction time is generally 30 minutes to 6 
hours, preferably 30 minutes to 2 hours. The reaction 
temperature is generally —10° C. to 150° C., preferably 0° C. 
to 100° C. 

[0216] The reaction product can be directly used, either as 
the reaction mixture as such or in a partially puri?ed form, 
in the next reaction. If desired, hoWever, the product com 
pound can be isolated from the reaction mixture in the 
routine manner and expediently puri?ed by the conventional 
puri?cation procedure (e.g. recrystalliZation, distillation, 
chromatography, etc.). 

[0217] Compound (V) can be produced by reacting com 
pound (IV) With a copper (II) halide (e.g. copper (II) 
bromide). The proportion of the copper halide is generally 
about 1 to 3 moles, preferably about 1.5 to 2 moles, per mole 
of compound 

[0218] This reaction can be carried out With advantage in 
an inert solvent. There is no particular limitation on the kind 
of inert solvent unless the progress of the reaction is inter 
ferred With. The inert solvent includes, for example, esters 
such as methyl acetate, ethyl acetate, amyl acetate, etc., 
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saturated hydrocarbons such as cyclohexane, hexane, etc., 
aromatic hydrocarbons such as benZene, toluene, xylene, 
etc., ethers such as tetrahydrofuran, dioxane, 1,2-dimethoxy 
ethane, diethyl ether, diisopropyl ether, etc., amides such as 
N,N-dimethylformamide, N,N-dimethylacetamide, hexam 
ethylphosphoric triamide, etc., sulfoxides such as dimethyl 
sulfoxide etc., halogenated hydrocarbons such as dichlo 
romethane, chloroform, carbon tetrachloride, 1,2-dichloro 
ethane, etc., and mixtures of these solvents. 

[0219] The reaction time varies With the species of reagent 
and solvent used but is generally 1 to 24 hours, preferably 
1 to 14 hours. The reaction temperature is generally 0° C. to 
150° C., preferably 20° C. to 100° C. 

[0220] If desired, compound (V) can also be produced by 
reacting compound (IV) With a halogen (e.g. bromine, etc.) 
or a halogenating reagent (e.g. pyridinum hydrobromide 
perbromide, etc.) optionally in the presence of a base. The 
proportion of the halogen or the halogenating reagent per 
mole of compound (IV) is about 1 to 2 moles and preferably 
about 1 to 1.1 moles. The base that can be used for this 
purpose includes, for example, inorganic bases, e.g. alkali 
metal hydroxides such as sodium hydroxide, potassium 
hydroxide, etc. and ammonia, organic bases such as triethy 
lamine, pyridine, etc., and basic salts such as potassium 
hydrogen carbonate, sodium carbonate, potassium carbon 
ate, sodium acetate, etc. The proportion of the base per mole 
of compound (V) is generally about 0.1 to 5 moles and 
preferably about 1 to 2 moles. 

[0221] This reaction can be advantageously carried out in 
an inert solvent. The solvent is not so critical in kind unless 
the progress of the reaction is interferred With. The inert 
solvent includes, for example, alcohols such as methanol, 
ethanol, propanol, etc., saturated hydrocarbons such as 
cyclohexane, hexane, etc., organic acids such as formic acid, 
acetic acid, etc., ethers such as tetrahydrofuran, dioxane, 
1,2-dimethoxyethane, diethyl ether, diisopropyl ether, etc., 
halogenated hydrocarbons such as dichloromethane, chlo 
roform, carbon tetrachloride, 1,2-dichloroethane, etc., and 
mixtures of these solvents. 

[0222] The reaction time is generally 5 minutes to 5 hours, 
preferably 10 minutes to 1 hour. The reaction temperature is 
generally —10° C. to 100° C., preferably 0° C. to 60° C. 

[0223] The reaction product can be directly used, either as 
the reaction mixture as such or in a partially puri?ed form, 
in the next reaction. If desired, hoWever, the product com 
pound can be isolated from the reaction mixture in the 
routine manner and expediently puri?ed by the conventional 
puri?cation procedure (e.g. recrystalliZation, distillation, 
chromatography, etc.). 

[0224] Compound (VIII) can be produced by reacting 
compound (V) With compound (II) or compound (VII) 
optionally in the presence of a base or an acid. The amount 
of compound (VI) or compound (VII) per mole of com 
pound (V) is generally about 1 to 1.5 moles and preferably 
about 1 to 1.2 moles. The base that can be used includes 
inorganic bases such as alkali metal hydroxides, eg sodium 
hydroxide, potassium hydroxide, etc., ammonia, etc., 
organic bases such as triethylamine, pyridine, etc., and basic 
salts such as potassium hydrogen carbonate, sodium carbon 
ate, potassium carbonate, sodium acetate, etc. The acid that 
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can be used includes carboxylic acids such as acetic acid, 
tri?uoroacetic acid, propionic acid, etc. The amount of the 
base or the acid is generally about 0.1 to 5 moles, preferably 
about 1 to 2 moles, per mole of compound 

[0225] This reaction can be conducted With advantage in 
an inert solvent. The solvent is not so critical in kind unless 
the progress of the reaction is interferred With. The preferred 
inert solvent includes, for example, alcohols such as metha 
nol, ethanol, propanol, etc., ketones such as acetone, methyl 
ethyl ketone, etc., nitriles such as acetonitrile etc., amides 
such as N,N-dimethylformamide, N,N-dimethylacetamide, 
hexamethylphosphoric triamide, etc., carboxylic acid such 
as acetic acid, etc., Water, and mixtures of these solvents. 

[0226] The reaction time varies With the species of reac 
tants and solvent used but is generally 30 minutes to 24 
hours, preferably 30 minutes to 14 hours. The reaction 
temperature is generally 0° C. to 150° C. and preferably 30° 
C. to 100° C. 

[0227] The reaction product can be directly used, either as 
the reaction mixture as such or in a partially puri?ed form, 
in the next reaction. If desired, hoWever, the product com 
pound can be isolated from the reaction mixture in the 
routine manner and expediently puri?ed by the conventional 
puri?cation procedure (e.g. recrystalliZation, distillation, 
chromatography, etc.). 

[0228] Compound (I) can be produced by reacting com 
pound (V) With compound (IX) optionally in the presence of 
an acid or a base. The proportion of compound (IX) per mole 
of compound (V) is generally about 0.8 to 3 moles and 
preferably 1 to 1.3 moles. The acid that can be used includes, 
for example, mineral acids such as hydrochloric acid, hydro 
bromic acid, sulfuric acid, etc. The base that can be used 
includes, for example, inorganic bases such as alkali metal 
hydroxides, eg sodium hydroxide, potassium hydroxide, 
etc., ammonia, etc., organic bases such as triethylamine, 
pyridine, etc., and basic salts such as potassium hydrogen 
carbonate, sodium carbonate, potassium carbonate, sodium 
acetate, etc. The amount of the acid or base is about 1 to 1.5 
moles, preferably about 1 to 1.3 moles, per mole of com 
pound 

[0229] This reaction is conducted With advantage in an 
inert solvent. The inert solvent that can be used includes, for 
example, amides such as N,N-dimethylformamide, N,N 
dimethylacetamide, hexamethylphosphoric triamide, etc., 
nitriles such as acetonitrile etc., ketones such as acetone, 
methyl ethyl ketone, etc., alcohols such as methanol, etha 
nol, propanol, etc., ethers such as tetrahydrofuran, dioxane, 
1,2-dimethoxyethane, diethyl ether, diisopropyl ether, etc., 
halogenated hydrocarbons such as dichloromethane, chlo 
roform, carbon tetrachloride, 1,2-dichloroethane, etc., trif 
luoroacetic anhydride, Water, and mixtures of these solvents. 

[0230] The reaction time is generally 30 minutes to 48 
hours, preferably 1 to 24 hours. The reaction temperature is 
generally 00 C. to 150° C., preferably 25° C. to 100° C. 

[0231] Alternatively, compound (I) can be produced by 
subjecting the X‘ moiety of compound (VIII) to alkylation 
optionally in the presence of a base. Compound (VIII) may 
be its tautomer. The tautomer may be a compound of the 
formula: 
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O 

[0232] Wherein X“ represents S, O, or NH; the other 
symbols have the same meanings as de?ned above. 

[0233] The alkylation can be carried out in the per se 
knoWn method. The alkylating agent may for example be a 
compound of the formula: Ar—Xb—L Wherein the respec 
tive symbols have the same meanings as de?ned above. The 
proportion of the alkylating agent is generally about 0.8 to 
5 moles, preferably 1 to 2 moles, per mole of compound 
(VIII). 
[0234] The base that can be used includes, for example, 
inorganic bases such as alkali metal hydroxides, eg sodium 
hydroxide, potassium hydroxide, etc., organic bases such as 
triethylamine, pyridine, etc., alkali metal alkoxides such as 
sodium methoxide, sodium ethoxide, potassium tert-butox 
ide, etc., alkali metal hydrides such as sodium hydride, 
potassium hydride, etc., metal amides such as sodium amide, 
lithium diisopropylamide, lithium hexamethyldisilaZide, 
etc., and basic salts such as potassium hydrogen carbonate, 
sodium carbonate, potassium carbonate, sodium acetate, etc. 
The proportion of the base is about 1 to 5 moles, preferably 
about 1 to 1.3 moles, per mole of compound (VIII). 

[0235] This reaction can be carried out With advantage in 
an inert solvent. The solvent is not so critical in kind unless 
the progress of She reaction is interferred With. The pre 
ferred inert solvent includes, for example, amides such as 
N,N-dimethylformamide, N,N-dimethylacetamide, hexam 
ethylphosphoric triamide, etc., nitrites such as acetonitrile 
etc., ketones such as acetone, methyl ethyl ketone, etc., 
ethers such as tetrahydrofuran, dioxane, 1,2-dimethoxy 
ethane, diethyl ether, diisopropyl ether, etc., and mixtures of 
these solvents. 

[0236] The reaction time is generally 30 minutes to 12 
hours, preferably 1 to 12 hours. The reaction temperature is 
generally 0° C. to 150° C., preferably 0° C. to 80° C. 

[0237] The product compound (I) may be subjected to 
hydrolysis of its ester bond. This hydrolysis can be carried 
out in the per se knoWn method and the catalyst that can be 
used includes, for example, mineral acids such as hydro 
chloric acid, hydrobromic acid, sulfuric acid, etc., inorganic 
bases such as sodium hydroxide, potassium hydroxide, etc., 
and basic salts such as sodium carbonate, potassium car 
bonate, etc. 

[0238] This reaction can be carried out With advantage in 
an inert solvent. The solvent is not particularly critical in 
kind unless the progress of the reaction is interferred With. 
The preferred inert solvent includes, for example, alcohols 
such as methanol, ethanol, propanol, etc., ethers such as 
tetrahydrofuran, dioxane, 1,2-dimethoxyethane, diethyl 
ether, diisopropyl ether, etc., acetic acid, Water, and mixtures 
of these solvents. 

[0239] The reaction time is generally 10 minutes to 6 
hours, preferably 30 minutes to 2 hours. The reaction 
temperature is generally 0° C. to 100° C., preferably 10° C. 
to 100° C. 
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[0240] Compound wherein R0 represents a hydrocar 
bon group; the other symbols have the same meanings as 
de?ned above, can be produced by the per se knoWn 
production processes, for example the processes described 
in Journal of Medicinal Chemistry, 22, 204 (1979), Euro 
pean Journal of Medicinal Chemistry, 23, 31 (1988), and 
Journal of Heterocyclic Chemistry, 29, 1245 (1992), or by 
any process analogous thereto. 

[0241] The “hydrocarbon group” for Rc includes the same 
group as the “hydrocarbon group” de?ned above. 

[0242] Compound (XI) may be purchased from a com 
mercial source if it is available on the market or can be 

produced by the per se knoWn method, for example the 
process described in Shin Jikken Kagaku KoZa (New Series 
in Experimental Chemistry) 14, II, 1104-1120 (1977). 

[0243] Compound (XII) can be produced by reacting 
compound With compound (XI) optionally in the pres 

ence of a base. Compound (XI) is used in a proportion of 
generally about 1 to 5 moles, preferably about 1 to 1.2 
moles, per mole of compound The base that can be used 
includes, for example, inorganic bases such as alkali metal 
hydroxides, eg sodium hydroxide, potassium hydroxide, 
etc., ammonia, etc., organic bases such as triethylamine, 
pyridine, etc., and basic salts such as potassium hydrogen 
carbonate, sodium carbonate, potassium carbonate, sodium 
acetate, etc. The proportion of the base is generally about 0.1 
to 5 moles, preferably about 1 to 2 moles, per mole of 
compound 
[0244] This reaction can be carried out With advantage in 
the absence of a solvent or in the presence of an inert 
solvent. There is no particular limitation on the kind of inert 
solvent that can be used unless the progress of the reaction 
is interferred With. The inert solvent includes, for example, 
a variety of organic solvents, viZ. alcohols such as methanol, 
ethanol, propanol, etc., saturated hydrocarbons such as 
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cyclohexane, hexane, etc., aromatic hydrocarbons such as 
benzene, toluene, xylene, etc., ethers such as tetrahydrofu 
ran, dioxane, 1,2-dimethoxyethane, diethyl ether, diisopro 
pyl ether, etc., amides such as N,N-dimethylformamide, 
N,N-dimethylacetamide, hexamethylphosphoric triamide, 
etc., sulfoxides such as dimethyl sulfoxide etc., halogenated 
hydrocarbons such as dichloromethane, chloroform, carbon 
tetrachloride, 1,2-dichloroethane, etc., Water, and mixtures 
of these solvents. 

[0245] The reaction time varies With the species of 
reagents and solvent used but is generally 30 minutes to 24 
hours, preferably 2 to 14 hours. The reaction temperature is 
generally 0° C. to 150° C., preferably 30° C. to 100° C. 

[0246] The product can be directly used, either as the 
reaction mixture as such or in a partially puri?ed form, in the 
next reaction. If desired, hoWever, the product compound 
can be isolated from the reaction mixture in the routine 
manner and expediently puri?ed by the conventional puri 
?cation procedure (e.g. recrystalliZation, distillation, chro 
matography, etc.). 

[0247] Compound (XIII) can be produced from compound 
(XII) by the same procedure as described for the production 
of compound (III) from compound (II). 

[0248] Compound (XIV) can be produced from compound 
(XIII) by the same procedure as described for the production 
of compound (IV) from compound (III). 

[0249] Compound (I) can be produced by reacting com 
pound (XIV) With ammonium acetate. The proportion of 
ammonium acetate is generally about 5 to 100 moles, 
preferably about 10 to 30 moles, per mole of compound 
(XIV). 
[0250] This reaction can be conducted With advantage in 
the absence of a solvent or in the presence of an inert 
solvent. The solvent is not critical in kind unless the progress 
of the reaction is interferred With. The preferred inert solvent 
includes Water or mixtures of Water With organic solvents, 
e.g. organic acids such as acetic acid, propionic acid, etc., 
alcohols such as methanol, ethanol, propanol, etc., saturated 
hydrocarbons such as cyclohexane, hexane, etc., aromatic 
hydrocarbons such as benZene, toluene, xylene, etc., ethers 
such as tetrahydrofuran, dioxane, 1,2-dimethoxyethane, 
diethyl ether, diisopropyl ether, etc., amides such as N,N 
dimethylformamide, N,N-dimethylacetamide, hexameth 
ylphosphoric triamide, etc., sulfoxides such as dimethyl 
sulfoxide etc., and halogenated hydrocarbons such as dichlo 
romethane, chloroform, carbon tetrachloride, 1,2-dichloro 
ethane, etc. 

[0251] The reaction time varies With the species of reac 
tant and solvent used but is generally 30 minutes to 24 hours, 
preferably 2 to 14 hours. The reaction temperature is gen 
erally 25° C. to 180° C., preferably 80° C. to 150° C. 

[0252] When the starting compounds for the above reac 
tions have amino, carboxyl, and/or hydroxy groups, such 
functional groups may have been protected in advance With 
those protective groups Which are generally used in peptide 
chemistry and the objective compounds can be obtained by 
removing such protective groups after the respective reac 
tions. 
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[0253] The amino-protective group includes, for example, 
formyl as Well as C1_6 alkyl-carbonyl (e.g. acetyl, propionyl, 
etc.), phenylcarbonyl, C1_6 alkoxy-carbonyl (e.g. methoxy 
carbonyl, ethoxycarbonyl, etc.), phenyloxycarbonyl, C7_M 
aralkyloxy-carbonyl (e.g. benZyloxycarbonyl etc.), trityl, 
and phthaloyl, each of Which may be substituted. The 
substituent includes halogen (e.g. ?uorine, chlorine, bro 
mine, iodine, etc.), C1_6 alkyl-carbonyl (e.g. acetyl, propio 
nyl, valeryl, etc.), nitro, etc. and the number of substituents 
may range from 1 to 3. 

[0254] The carboxyl-protective group includes, for 
example, C1_6 alkyl (e.g. methyl, ethyl, propyl, isopropyl, 
butyl, tert-butyl, etc.), phenyl, trityl, and silyl, each of Which 
may be substituted. The substituent includes halogen (e.g. 
?uorine, chlorine, bromine, iodine, etc.), formyl, C1_6 alkyl 
carbonyl (e.g. acetyl, propionyl, butylcarbonyl, etc.), nitro, 
C176 alkyl (e.g. methyl, ethyl, tert-butyl, etc.), and C6_1O aryl 
(e.g. phenyl, naphthyl, etc.) and the number of substituents 
may range from 1 to 3. 

[0255] The hydroxy-protecting group includes, for 
example, C1_6 alkyl (e.g. methyl, ethyl, propyl, isopropyl, 
butyl, tert-butyl, etc.), phenyl, C7_11 aralkyl (e.g. benZyl 
etc.), formyl, C1_6 alkyl-carbonyl (e.g. acetyl, propionyl, 
etc.), phenyloxycarbonyl, C7_11 aralkyloxy-carbonyl (e.g. 
benZyloxycarbonyl etc.), tetrahydropyranyl, tetrahydrofura 
nyl, and silyl, each of Which may be substituted. The 
substituent includes halogen (e.g. ?uorine, chlorine, bro 
mine, iodine, etc.), C1_6 alkyl (e.g. methyl, ethyl, tert-butyl, 
etc.), C7_11 aralkyl (e.g. benZyl etc.), C6_1O aryl (e.g. phenyl, 
naphthyl, etc.), nitro, etc. and the number of substituents 
may range from 1 to 4. 

[0256] Such protective groups can be removed by the per 
se knoWn deprotection methods or any methods analogous 
thereto. For example, the treatment With an acid, a base, 
ultraviolet radiation, hydraZine, phenylhydraZine, sodium 
N-methyldithiocarbamate; tetrabutylammonium ?uoride, or 
palladium acetate and reduction can be mentioned by Way of 
example. 

[0257] In any of the foregoing processes, the desired 
compound (I) can be synthesiZed by carrying out any of the 
knoWn deprotection, acylation, amidation, alkylation, 
hydrogenation, oxidation, reduction, carbon chain elonga 
tion reaction, and substituent exchange reaction or tWo or 
more of such reactions in combination as necessary. Those 
reactions can be typically carried out by the procedures 
described inter alia in Shin Jikken Kagaku KoZa (NeW 
Experimental Chemistry Series 14, Vol. 15, 1977 (MaruZen 
Publishing Co.). 
[0258] When the objective compound obtainable by the 
above reaction or reactions is a free compound, it can be 
converted to a salt in the routine manner. When the product 
compound is a salt, it can be converted to the free compound 
or a different salt by the knoWn procedure. The compound (I) 
thus produced can be isolated and puri?ed from the reaction 
mixture by the knoWn procedures such as redistribution, 
concentration, solvent extraction, fractional distillation, 
crystalliZation, recrystalliZation, and chromatography. 

[0259] When compound (I) exists as con?guration iso 
mers, diastreomers, or conformers, the respective isomers 
can be optionally isolated by the above-mentioned fraction 
ation and puri?cation procedures. When compound (I) is a 
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racemic compound, it can be resolved into the (S)- and 
(R)-forms by the conventional optical resolution techniques. 

[0260] Compound (I) may be a hydrate or an anhydrate. 

[0261] The compound of the formula: 

[0262] Wherein X‘ represents SH, OH or NH2; the other 
symbols have the same meanings as de?ned above, or a 
tautomer thereof, or a salt thereof as obtained in the above 
reaction processes is novel compound and can be used as a 
starting material for the production of the compound of the 
present invention. 

[0263] Among others, the preferred compound include: 

[0264] Ethyl [(2-mercapto-4,5-dihydronaphtho[1,2-d] 
thiaZol-6-yl)oxy]acetate, 

[0265] Ethyl [(2-mercapto-8H-indeno[1,2-d]thiaZol-7 
yl)oxy]acetate, 

[0266] Ethyl [(2-mercapto-4H-[1]benZopyrano[4,3-d] 
thiaZol-6-yl)-oxy]acetate, tautomers thereof and salts 
thereof. 

[0267] Compound (I) of the invention has a high affinity 
for the PGI2 receptors With a loW toxic potential and a 
minimal risk of adverse drug reaction and, as such, is of 
value as a medicine. 

[0268] Compound (I) of the invention acts as a PGI2 
agonist in mammals (e.g. mouse, rat, hamster, rabbit, cat, 
dog, bovine, sheep, monkey, and human) and has platelet 
aggregation inhibitory, vasodilative, bronchodilative, lipid 
deposition inhibitory, leukocyte activation inhibitory, and 
other activities. Thus, compound (I) is useful for the phar 
maceutical composition for the prophylaxis and/or treatment 
of transient ischemic attack (TIA), diabetic neuropathy, 
peripheral vascular diseases (eg peripheral embolism, 
vibration syndrome, Raynaud’s disease, etc.), systemic 
lupus erythematosus, post-PTCA reobliteration/restenosis, 
atherosclerosis, thrombosis (e.g. acute phase of cerebral 
thrombosis, etc.), diabetic gangrene, hypertension, pulmo 
nary hypertension, ischemic diseases (eg cerebral infarc 
tion, myocardial infarction, etc.), angina pectoris (e.g. stable 
angina, unstable angia, etc.), glomerulonephritis, diabetic 
nephropathy, allergy, bronchial asthma, ulcer, decubitus, 
coronary restenosis after coronary intervention such as 
atherectomy and stent implantation, thrombocytopenia dur 
ing dialysis, etc. 

[0269] Compound (I) of the invention is a compound of 
loW toxicity and can be safely administered either as it is or 
in the form of a pharmaceutical composition comprising 
compound (I) and a pharmacologically acceptable carrier or 
vehicle, for example in such dosage forms as tablets (includ 
ing dragees and ?lm-coated tablets), poWders, granules, 
capsules (including soft capsules), solutions, injections, sup 
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positories, sustained release tablets or capsules, transdermal 
drug delivery systems, etc., Whether orally or non-orally 
(e.g. topically, rectally, or intravenously). The content of 
compound (I) in the pharmaceutical composition of the 
invention is about 0.01 to 100 Weight % based on the total 
Weight of the composition. The dosage is dependent on the 
background factors, administration route, diagnosis, etc. but 
When the composition is to be administered orally to an adult 
human as a pharmaceutical composition for the prophylaxis 
and/or treatment of transient ischemic attack, about 0.1 to 50 
mg/kg body Weight, preferably about 0.2 to 30 mg/kg b. Wt., 
more preferably about 0.5 to 10 mg/kg b. Wt. as compound 
(I) can be administered once or in a feW divided doses daily. 

[0270] Compound (I) can be used With other active ingre 
dients such as hypolipidemic (e.g. Pravastatin, etc.), angio 
tensin II antagonist (e.g. Candesartan Cilexetil, Losartan, 
etc.), carcium blocker (e.g. Amlodipine, Manidipine, etc.), 
insulin sensibility activator (e.g. TriglitaZone, PioglitaZone, 
etc.), etc. Compound (I) and said other active ingredient can 
be formulated into one pharmaceutical composition such as 
tablets (including dragees and ?lm-coated tablets), poWders, 
granules, capsules (including soft capsules), solutions, inj ec 
tions, suppositories, sustained release tablets or capsules, 
according to per se knoWn methods. They may be separately 
formulated into different preparations, Which may be admin 
istered to one and the same subject either simultaneously or 
at different times. 

[0271] The pharmacologically acceptable carrier or 
vehicle Which can be used in the manufacture of various 
dosage forms according to the invention includes those 
organic and inorganic substances Which are conventionally 
used in pharmaceutical manufacture, such as the excipient, 
lubricant, binder, and disintegrator for solid dosage forms 
and the solvent, solubiliZer, suspending agent, isotoniZing 
agent, buffer, and local anesthetic for liquid dosage forms. 
Where necessary, the routine additives such as the antiseptic, 
antioxidant, coloring agent, sWeetener, adsorbent, Wetting 
agent, etc. can be included in the formulation. 

[0272] The excipient mentioned above includes, for 
example, lactose, sucrose, D-mannitol, starch, corn starch, 
crystalline cellulose, and light silicic anhydride. 

[0273] The lubricant includes, for example, magnesium 
stearate, calcium stearate, talc, and colloidal silica. 

[0274] The binder includes, for example, crystalline cel 
lulose, sucrose, D-mannitol, dextrin, hydroxypropylcellu 
lose, hydroxypropylmethylcellulose, polyvinylpyrrolidone, 
starch, gelatin, methylcellulose, and carboxymethylcellulose 
sodium. 

[0275] The disintegrator includes, for example, starch, 
carboxymethylcellulose, carboxymethylcellulose calcium, 
croscarmellose sodium, carboxymethylstarch sodium, and 
L-hydroxypropylcellulose. 

[0276] The solvent includes, for example, Water for injec 
tion, alcohol, propylene glycol, macrogols, sesame oil, corn 
oil, and olive oil. 

[0277] The solubiliZer includes, for example, polyethylene 
glycol, propylene glycol, D-mannitol, benZyl benZoate, 
ethanol, trisaminomethane, cholesterol, triethanolamine, 
sodium carbonate, and sodium citrate. 
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[0278] The suspending agent includes, for example, sur 
factants such as stearyltriethanolamine, sodium lauryl sul 
fate, laurylaminopropionic acid, lecithin, benZalkonium 
chloride, benZethonium chloride, glyceryl monostearate, etc. 
and hydrophilic macromolecular substances such as poly 
vinyl alcohol, polyvinylpyrrolidone, carboxymethylcellu 
lose sodium, methylcellulose, hydroxymethylcellulose, 
hydroxyethylcellulose, and hydroxypropylcellulose. 

[0279] The isotoniZing agent includes, for example, glu 
cose, D-sorbitol, sodium chloride, glycerol, and D-mannitol. 

[0280] The buffer includes, for example, buffer solutions 
such as, phosphate, acetate, carbonate and citrate. 

[0281] The local anesthetic includes, for example, benZyl 
alcohol. 

[0282] The antiseptic includes, for example, p-hydroxy 
benZoic esters, chlorobutanol, benZyl alcohol, phenethyl 
alcohol, dehydroacetic acid, and sorbic acid. 

[0283] The antioxidant includes, for example, salts of 
sulfurous acid, ascorbic acid, and ot-tocopherol. 

BEST MODE FOR CARRYING OUT OF THE 
INVENTION 

[0284] The folloWing reference examples, examples, for 
mulation example, and experimental examples are intended 
to describe the present invention in further detail, it being to 
be understood, hoWever, that these examples are merely 
illustrative and not de?ning the scope of the invention and 
that many changes and modi?cations may be made by one 
skilled in the art Without departing from the spirit of the 
invention. 

[0285] The term “room temperature” as used in the fol 
loWing reference examples and examples generally means a 
temperature Within the range of about 10° C. to about 35° C. 
The symbol % stands for Weight percent unless otherWise 
indicated. 

[0286] The various abbreviations used in the text have the 
folloWing meanings. 

[0287] 
[0288] 
[0289] 
[0290] 
[0291] 
[0292] 
[0293] 
[0294] 
[0295] 
[0296] 
[0297] 
[0298] 
[0299] 
[0300] 

s: singlet 

d: doublet 

t: triplet 

q: quartet 

dd: double doublet 

dt: double triplet 

m: multiplet 

br: broad 

J: coupling constant 

HZ: HertZ 

Ph: phenyl 

Me: methyl 

Et: ethyl 

CDCl3: deuterated chloroform 

[0301] DMSO-d6: deuterated dimethyl sulfoxide 
[0302] 1H-NMR: proton nuclear magnetic resonance 

spectrum 
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EXAMPLES 

Reference Example 1 

Ethyl 
[(5 ,6,7,8 -tetrahydro -5 -oxo-1 -naphthalenyl)oxy]acetate 

[0303] To a solution of 3,4-dihydro-5-hydroxy-1(2H) 
naphthalenone (8.20 g, 50.6 mmol) in N,N-dimethylforma 
mide (80 mL) Was added sodium hydride (60% dispersion in 
liquid paraffin, 2.22 g, 55.6 mmol) at 0° C. and the mixture 
Was stirred at that temperature for 10 minutes. Then, ethyl 
bromoacetate (9.29 g, 55.6 mmol) Was added and the 
mixture Was further stirred at room temperature for 30 
minutes. This reaction mixture Was poured in Water (80 mL) 
and extracted With 2 portions of ethyl acetate. The organic 
layers Were pooled, Washed With Water, dried over anhy 
drous magnesium sulfate (MgSO4), and ?ltered, and the 
?ltrate Was concentrated under reduced pressure. The resi 
due Was crystalliZed from hexane-diisopropyl ether to pro 
vide 8.40 g of the title compound. Yield 67%. mp. 58-60° 
C. 

[0304] lH-NMR (CDC13) 6: 1.30 (3H, t, J=7.2 HZ), 2.04 
2.23 (2H, m), 2.60-2.71 (2H, m), 3.00 (2H, t, J=6.2 HZ), 4.28 
(2H, q, J=7.2 HZ), 4.67 (2H, s), 6.91 (1H, dd, J=8.4, 1.2 HZ), 
7.20-7.32 (1H, m), 7.70 (1H, dd, J=8.2, 1.2 HZ). 

Reference Example 2 

Ethyl [(2,3 -dihydro-1 -oxo- 1H-inden-4-yl)oxy] ac 
etate 

[0305] Using 2,3-dihydro-4-hydroxy-1H-inden-1-one, the 
procedure of Reference Example 1 Was otherWise repeated 
to synthesiZe the title compound. Yield 70%. mp. 91-93° C. 
(hexane-diisopropyl ether) 
[0306] lH-NMR (CDC13) 6: 1.31 (3H, t, J=7.2 HZ), 2.66 
2.74 (2H, m), 3.10-3.18 (2H, m), 4.28 (2H, q, J=7.2 HZ), 
4.73 (2H, s), 6.92 (1H, dd, J=7.6, 1.0 HZ), 7.26-7.44 (2H, m). 

Reference Example 3 

Ethyl 
[(5 ,6,7,8 -tetrahydro -5 -oxo -2-naphthalenyl)oxy]acetate 

[0307] Using 3,4-dihydro-6-hydroxy-1(2H)-naphthalene, 
the procedure of Reference Example 1 Was otherWise 
repeated to synthesiZe the title compound. Yield 89%. mp. 
39-41° C. (hexane-diisopropyl ether) 

[0308] lH-NMR (CDC13) 6: 1.31 (3H, t, J=7.4 HZ), 2.03 
2.21 (2H, m), 2.57-2.66 (2H, m), 2.87-2.96 (2H, m), 4.29 
(2H, q, J=7.4 HZ), 4.68 (2H, s), 6.73 (1H, d, J=2.4 HZ), 6.82 
(1H, dd, J=8.8, 2.6 HZ), 8.02 (1H, dd, J=8.8, 2.6 HZ). 

Reference Example 4 

Ethyl [(2,3 -dihydro-1 -oxo- 1H-inden-5-yl)oxy] ac 
etate 

[0309] Using 2,3-dihydro-5-hydroxy-1H-inden-1-one, the 
procedure of Reference Example 1 Was otherWise repeated 
to synthesiZe the title compound. Yield 65%. mp. 59-61° C. 
(hexane-ethyl acetate) 
[0310] lH-NMR (CDC13) 6: 1.31 (3H, t, J=7.0 HZ), 2.62 
2.73 (2H, m), 3.05-3.15 (2H, m), 4.29 (2H, q, J=7.0 HZ), 
4.71 (2H, s), 6.86-6.97 (2H, m), 7.71 (1H, d, J=8.4 HZ). 
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Reference Example 5 

Ethyl 4-[(2,3-dihydro-1-oxo-1H-inden-4-yl)oxy] 
butyrate 

[0311] Using 2,3-dihydro-4-hydroxy-lH-inden-1-one and 
ethyl 4-bromo butyrate, the procedure of Reference 
Example 1 Was otherwise repeated to synthesize the title 
compound. Yield 66%. Oil. 

[0312] lH-NMR (CDC13) 6: 1.27 (3H, t, J=7.0 HZ), 2.07 
2.16 (2H, m), 2.55 (2H, t, J=7.2 HZ), 2.64-2.75 (2H, m), 
2.99-3.10 (2H, m), 4.05-4.22 (4H, m), 7.06 (1H, dd, J=6.4, 
2.4 HZ), 7.27-7.41 (2H, m). 

Reference Example 6 

Ethyl [(2,3-dihydro-5,7-dimethyl-1-oxo-1H-inden-4 
yl)oxy]acetate 

[0313] Using 2,3-dihydro-4-hydroxy-5,7-dimethyl-lH-in 
den-1-one, the procedure of Reference Example 1 Was 
otherWise repeated to synthesiZe the title compound. Yield 
77%. mp. 75-77° C. (hexane-diisopropyl ether) 

[0314] 1H-NMR(CDC13) 6: 1.33 (3H, t, J=7.2 HZ), 2.36 
(3H, s), 2.55 (3H, s), 2.60-2.71 (2H, m), 3.04-3.13 (2H, m), 
4.30 (2H, q, J=7.2 HZ), 4.54 (2H, s), 6.94 (1H, s). 

Reference Example 7 

Ethyl [(2,3-dihydro-6,7-dimethyl-1-oxo-1H-inden-4 
yl)oxy]acetate 

[0315] Using 2,3-dihydro-4-hydroxy-6,7-dimethyl-lH-in 
den-1-one, the procedure of Reference Example 1 Was 
otherWise repeated to synthesiZe the title compound. Yield 
77%. mp. 100-101° C. (hexane-diisopropyl ether) 

[0316] 1H-NMR(CDC13) 6: 1.31 (3H, t, J=7.0 HZ), 2.28 
(3H, s), 2.51 (3H, s), 2.61-2.69 (2H, m), 2.98-3.05 (2H, m), 
4.28 (2H, q, J=7.0 HZ), 4.68 (2H, s), 6.73 (1H, s). 

Reference Example 8 

Ethyl [(2,3-dihydro-4-oxo-4H-1-benZopyran-8 
yl)oxy]acetate 

[0317] Using 2,3-dihydro-8-hydroxy-4H-1-benZopyran-4 
one, the procedure of Reference Example 1 Was otherWise 
repeated to synthesiZe the title compound. Yield 84%. mp. 
56-66° C. (ethyl acetate-hexane) 

[031s] 1H-NMR(CDC13) 6: 1.30 (3H, t, J=7.2 HZ), 2.84 
(2H, t, J=6.4 HZ), 4.28 (2H, q, J=7.2 HZ), 4.65 (2H, t, J=6.4 
HZ), 4.71 (2H, s), 6.93 (1H, t, J=7.6 HZ), 7.01 (1H, dd, J=7.6, 
1.8 HZ), 7.57 (1H, dd, J=7.6, 1.8 HZ). 

Reference Example 9 

Ethyl 3-[(2,3-dihydro-1-oxo-1H-inden-4-yl)oxy] 
propionate 

[0319] To a solution of 2,3-dihydro-4-hydroxy-lH-inden 
1-one (18.0 g, 121 mmol) in 30% aqueous potassium 
hydroxide solution (60 mL) Was added 3-chloropropionic 
acid (18 g, 166 mmol) at room temperature and the mixture 
Was re?uxed for 1 hour. After cooling, lN-hydrochloric acid 
Was added and the precipitate (10.0 g) comprised of unre 
acted 2,3-dihydro-4-hydroxy-lH-inden-l-one Was separated 
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by ?ltration. The ?ltrate Was extracted With 2 portions of 
ethyl acetate and the pooled extract Was Washed With Water, 
dried over MgSO4, and ?ltered. The ?ltrate Was concen 
trated under reduced pressure to provide crude crystals (6.20 
g) of 3-[(2,3-dihydro-1-oxo-1H-inden-4-yl)oxy]propionic 
acid. This crystal crop Was dissolved in ethanol (40 mL) 
folloWed by addition of concentrated sulfuric acid (1.0 mL) 
at room temperature and the mixture Was re?uxed for 1 hour. 
After cooling, the reaction mixture Was extracted With 2 
portions of ethyl acetate and the pooled organic solution Was 
Washed With saturated aqueous sodium hydrogen carbonate 
solution, dried over MgSO4, and ?ltered. The ?ltrate Was 
concentrated under reduced pressure and the residue Was 
crystalliZed from hexane-diisopropyl ether to provide 6.50 g 
of the title compound. Yield 22%. mp. 90-92° C. 

[0320] lH-NMR (CDC13) 6: 1.29 (3H, t, J=7.0 HZ), 2.63 
2.76 (2H, m), 2.85 (2H, t, J=6.2 HZ), 2.96-3.08 (2H, m), 4.20 
(2H, q, J=7.0 HZ), 4.35 (2H, t, J=6.2 HZ), 7.06 (1H, dd, 
J=6.6, 2.6 HZ), 7.22-7.40 (2H, m). 

Reference Example 10 

Ethyl 3-[(5,6,7,8 
tetrahydro-S -oxo-1 -naphthalenyl)oxy]propionate 

[0321] Using 3,4-dihydro-5-hydroxy-1(2H)-naphthalene, 
the procedure of Reference Example 9 Was otherWise 
repeated to synthesiZe the title compound. Yield 11%. mp. 
57-59° C. (hexane) 

[0322] lH-NMR (CDC13) 6: 1.29 (3H, t, J=7.0 HZ), 2.02 
2.19 (2H, m), 2.57-2.66 (2H, m), 2.77-2.90 (4H, m), 4.18 
4.33 (4H, m), 7.04 (1H, d, J=8.0 HZ), 7.26 (1H, t, J=8.0 HZ), 
7.66 (1H, d, J=8.0 HZ). 

Reference Example 11 

Ethyl [(6-bromo-5,6,7,8-tetrahydro-5-oxo-1-naph 
thalenyl)oxy]acetate 

[0323] To a boiled suspension of copper (II) bromide (10 
g, 45.1 mmol) in ethyl acetate (50 mL) Was added a solution 
of ethyl [(5,6,7,8-tetrahydro-5-oxo-1-naphthalenyl)oxy]ac 
etate (7.0 g, 28.2 mmol) in ethyl acetate (30 mL) and the 
mixture Was re?uxed for 6 hours. The copper (I) bromide 
Was ?ltered off and the ?ltrate Was Washed With saturated 
aqueous sodium hydrogen carbonate solution, dried over 
MgSO4, and ?ltered. The ?ltrate Was concentrated under 
reduced pressure and the residue Was crystalliZed from 
hexane-ethyl acetate to provide 7.5 g of the title compound. 
Yield 81%. mp. 74-75° C. 

[0324] lH-NMR (CDC13) 6: 1.31 (3H, t, J=7.0 HZ), 2.44 
2.54 (2H, m), 3.08-3.17 (2H, m), 4.23 (2H, q, J=7.0 HZ), 
4.62-4.75 (3H, m), 6.94 (1H, d, J=8.0 HZ), 7.29 (1H, t, J=8.0 
HZ), 7.75 (1H, d, J=8.0 HZ). 

Reference Example 12 

Ethyl [(2-bromo-2,3-dihydro-1-oxo-1H-inden-4 
yl)oxy]acetate 

[0325] Using ethyl [(2,3-dihydro-1-oxo-1H-inden-4 
yl)oxy]acetate, the procedure of Reference Example 11 Was 
otherWise repeated to synthesiZe the title compound. Yield 
77%. mp. 60-63° C. (hexane-diisopropyl ether) 

[0326] 1H-NMR(CDC13) 6: 1.31 (3H, t, J=7.2 HZ), 3.41 
(1H, dd, J=18.6, 3.0 HZ), 3.84 (1H, dd, J=18.6, 7.4 HZ), 4.28 
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(2H, q, J=7.2 HZ), 4.65 (1H, dd, J=7.4, 3.0 HZ), 4.73 (2H, s), 
6.99 (1H, d, J=7.6 HZ), 7.33-7.51 (2H, m). 

Reference Example 13 

Ethyl [(6-bromo-5,6,7,8-tetrahydro-5-oxo-2-naph 
thalenyl)oxy]acetate 

[0327] Using ethyl [(5,6,7,8-tetrahydro-5-oxo-2-naphtha 
lenyl)oxy]acetate, the procedure of Reference Example 11 
Was otherwise repeated to synthesize the title compound. 
Yield 73%. Oil. 

[032s] lH-NMR (CDC13) 0: 1.31 (3H, t, J=7.2 HZ), 2.35 
2.62 (2H, m), 2.72-2.95 (1H, m), 3.20-3.41 (1H, m), 4.29 
(2H, q, J=7.2 HZ), 4.62-4.75 (3H, m), 6.74 (1H, d, J=2.4 HZ), 
6.87 (1H, dd, J=8.8, 2.6 HZ), 7.75 (1H, d, J=8.8 HZ). 

Reference Example 14 

Ethyl [(2-bromo-2,3-dihydro- 1-oxo- 1H-inden-5 - 
yl)oxy]acetate 

[0329] Using ethyl [(2,3-dihydro-1-oxo-1H-inden-5 
yl)oxy]acetate, the procedure of Reference Example 11 Was 
otherWise repeated to synthesiZe the title compound. Yield 
93%. Oil. 

[0330] lH-NMR (CDC13) 0: 1.32 (3H, t, J=7.0 HZ), 3.38 
(1H, dd, J=18.4, 3.2 HZ), 3.79 (1H, dd, J=18.4, 7.6 HZ), 4.30 
(2H, q, J=7.0 HZ), 4.65 (1H, dd, J=7.6, 3.2 HZ), 4.73 (2H, s), 
6.85 (1H, d, J=2.0 HZ), 6.98 (1H, dd, J=8.6, 2.0 HZ), 7.80 
(1H, d, J=8.6 HZ). 

Reference Example 15 

Ethyl 4-[(2-bromo-2,3-dihydro-1-oxo-1H-inden-4 
yl)oxy]butyrate 

[0331] Using ethyl 4-[(2,3-dihydro-1-oxo-1H-inden-4 
yl)oxy]butyrate, the procedure of Reference Example 11 
Was otherWise repeated to synthesiZe the title compound. 
Yield 90%. Oil. 

[0332] lH-NMR (CDC13) 0: 1.27 (3H, t, J=7.0 HZ), 2.11 
2.24 (2H, m), 2.49-2.61 (2H, m), 3.31 (1H, dd, J=18.4, 3.0 
HZ), 3.75 (1H, dd, J=18.4, 7.2 HZ), 4.05-4.23 (4H, m), 4.64 
(1H, dd, J=7.2, 3.0 HZ), 7.09 (1H, dd, J=7.2, 2.0 HZ), 
7.31-7.45 (2H, m). 

Reference Example 16 

Ethyl 3-[(2-bromo-2,3-dihydro-1-oxo-1H-inden-4 
yl)oxy]propionate 

[0333] Using ethyl 3-[(2,3-dihydro-1-oxo-1H-inden-4 
yl)oxy]propionate, the procedure of Reference Example 11 
Was otherWise repeated to synthesiZe the title compound. 
Yield 78%. Oil. 

[0334] lH-NMR (CDC13) 0: 1.30 (3H, t, J=7.0 HZ), 2.85 
(2H, t, J=6.2 HZ), 3.35 (1H, dd, J=18.6, 3.0 HZ), 3.78 (1H, 
dd, J=18.6, 7.4 HZ), 4.20 (2H, q, J=7.0 HZ), 4.35 (2H, t, 
J=6.2 HZ), 4.66 (1H, dd, J=7.4, 3.0 HZ), 7.11 (1H, dd, J=6.6, 
2.6 HZ), 7.25-7.43 (2H, m). 
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Reference Example 17 

Ethyl 3-[(6 -bromo-5,6,7,8 -tetrahydro -5 -oxo-1 -naph 
thalenyl)oxy]propionate 

[0335] Using ethyl 3-[(5,6,7,8-tetrahydro-5-oxo-1-naph 
thalenyl)oxy]propionate, the procedure of Reference 
Example 11 Was otherWise repeated to synthesiZe the title 
compound. Yield 80%. Oil. 

[0336] lH-NMR (CDC13) 0: 1.29 (3H, t, J=7.0 HZ), 2.41 
2.51 (2H, m), 2.84 (2H, t, J=6.2 HZ), 2.99 (2H, t, J=6.2 HZ), 
4.21 (2H, q, J=7.0 HZ), 4.31 (2H, t, J=6.2 HZ), 4.70 (1H, t, 
J=4.4 HZ), 7.09 (1H, d, J=8.0 HZ), 7.31 (1H, t, J=8.0 HZ), 
7.72 (1H, d, J=8.0 HZ). 

Reference Example 18 

Ethyl [(2-bromo-2,3-dihydro-5,7-dimethyl-1-oxo 
1H-inden-4-yl)oxy]acetate 

[0337] Using ethyl [(2,3-dihydro-5,7-dimethyl-1-oxo-1H 
inden-4-yl)oxy]acetate, the procedure of Reference 
Example 11 Was otherWise repeated to synthesiZe the title 
compound. Yield 87%. mp. 71-73° C. (hexane-ethyl 
acetate) 
[033s] lH-NMR (CDC13) 0: 1.33 (3H, t, J=7.0 HZ), 2.38 
(3H, s), 2.56 (3H, s), 3.38 (1H, dd, J=18.6, 3.2 HZ), 3.83 (1H, 
dd, J=18.6, 7.4 HZ), 4.29 (2H, q, J=7.2 HZ), 4.51 (2H, s), 
4.61 (1H, dd, J=7.4, 3.2 HZ), 7.02 (1H, s). 

Reference Example 19 

Ethyl [(2-bromo-2,3-dihydro-6,7-dimethyl-1-oxo 
1H-inden-4-yl)oxy]acetate 

[0339] Using ethyl [(2,3-dihydro-6,7-dimethyl-1-oxo-1H 
inden-4-yl)oxy]acetate, the procedure of Reference 
Example 11 Was otherWise repeated to synthesiZe the title 
compound. Yield 90%. mp. 71-73° C. (hexane-ethyl 
acetate) 
[0340] lH-NMR (CDC13) 0: 1.31 (3H, t, J=7.0 HZ), 2.30 
(3H, s), 2.52 (3H, s), 3.30 (1H, dd, J=18.6, 3.0 HZ), 3.73 (1H, 
dd, J=18.6, 7.6 HZ), 4.28 (2H, q, J=7.2 HZ), 4.61 (1H, dd, 
J=7.6, 3.0 HZ), 4.68 (2H, s), 6.79 (1H, s). 

Reference Example 20 

Ethyl [(3-bromo-2,3-dihydro-4-oxo-4H-1-benZopy 
ran-8-yl)oxy]acetate 

[0341] Using ethyl [(2,3-dihydro-4-oxo-4H-1-benZopy 
ran-8-yl)oxy]acetate, the procedure of Reference Example 
11 Was otherWise repeated to synthesiZe the title compound. 
Yield 77%. mp. 92.0-93.0° C. (ethyl acetate-hexane) 

[0342] lH-NMR (CDC13) 0: 1.31 (3H, t, J=7.2 HZ), 4.29 
(2H, q, J=7.2 HZ), 4.64-4.82 (5H, m), 6.97-7.09 (2H, m), 
7.62 (1H, dd, J=7.4, 2.0 HZ). 

Reference Example 21 

Ethyl [(2-mercapto-4,5-dihydronaphtho[1,2-d]thia 
Zol-6-yl)oxy]acetate 

[0343] A mixture of ethyl [(2-bromo-5,6,7,8-tetrahydro-5 
oxo-1-naphthalenyl)oxy]acetate (2.63 g, 8.04 mmol), 
ammonium dithiocarbamate (1.06 g, 9.60 mmol), and etha 




































































