
DESCRIPTION FUSED QUINOLINE DERIVATIVE AND USE THEREOF
Technical Field The present invention relates to a
novel fused quinoline compound having a superior
tachykinin receptor antagonistic action, a production
method thereof, a pharmaceutical composition
comprising the compound, the use of the compound for a
pharmaceutical agent and the like. Background Art
Tachykinin is a generic term of a group of
neuropeptides, and substance P (hereinafter SP) ,
neurokinin A (hereinafter abbreviated as NKA) and
neurokinin B (hereinafter abbreviated as NKB) in
mammals are known. These peptides are known to be
bound with receptors (neurokinin 1 , neurokinin 2 ,
neurokinin 3 , hereinafter abbreviated as NKl, NK2 ,
NK3 , respectively) thereof present in vivo to exert
various biological activities . Particularly, the NK2
receptor antagonist is considered to be useful for the
prophylaxis or treatment of "neurokinin A dependent
pathology, and they are considered to be useful for
the prophylaxis or treatment of diseases such as
pulmonary diseases (particularly, bronchospasm due to
asthma, cough, chronic obstructive pulmonary diseases
and pulmonary anaphylaxis) , gastrointestinal tract
diseases (particularly, enterospasm, irritable bowel
syndrome, inflammatory bowel diseases, non-ulcer
dyspepsia, esophageal reflux and GI tract disorders) ,
central nervous diseases (e.g., melancholia, anxiety)
, urinary diseases (e.g., dysuria) , analgesic
diseases (e.g., neurotic pain, pain associated with
inflammatory diseases such as rheumatism and the like)
(Expert Opin. Ther. Targets, (2003) vol. 7(3) , p .343
) . Heretofore, selective peptidic antagonists for NK2
receptor have been known (Br. J . Pharmacol., 1990,
100, 588-592 and WO 97/31941). However, these known
peptidic NK2 antagonists show weak activity and
metabolically unstable, and therefore, it is difficult
to put to use for practical prophylactic or
therapeutic agent. As the selective non-peptidic NK2
receptor antagonist, SR 48968 (Brit. J . Pharmacol.
(1992), vol. 105, p . 77), GR-159897 (Bioorg. Med.
Chem. Lett. (1994), vol. 4 , p . 1951), CP 96345
(Science, 1991, vol. 251, p . 435), RP 67580 (Proc.
Nat. Acad. Sci. 1991, vol. 88, p . 10208), ZD 7944
(Abstracts of Papers, Part 1 , 214th National Meeting
of the American Chemical Society, Las Vegas, NV, Sept
7-11, 1997,.MEDI 264), WO 02/38547, WO 02/38548, WO
02/083663, WO 02/083664 and the like are known. In
addition, as a quinoline derivative fused with
nitrogen-containing heterocycle, the compounds
described in J . Org. Chem., 2000, 65, 655-666; J .
Org. Chem., 2003, 68, 442-451; Org. Lett., 2001, 3 ,
2189-2191; Org. Lett., 2001, 3 , 4217-4220;
Tetrahedron 57, 2001, 5615-5624; Tetrahedron Letters
40, 1999, 1215-1218; Tetrahedron Letters 40, 1999,
3339-3342; Heterocycles , 2004, 63, 1685-1712; US
Patent No. 5,288,725, and the like are known .
Disclosure of Invention At present, a compound having
a potent NK2 receptor antagonistic action, which is
safe and superior in duration (e.g., absorbability,
metabolism, in vivo kinetics) , as a therapeutic agent
for the abovementioned various diseases considered to
be caused by hyperstimulation to NK2 receptor, has not
been found.Thus, the development of a compound having
a novel chemical structure different from that of
known NK2 receptor antagonists and fully satisfiable
as a drug for the prophylaxis. or treatment of such
pathology, as well as a pharmaceutical composition
containing the compound as an active ingredient has
been desired. The present .invention provides a
compound having a novel chemical structure different
from that of known NK2 receptor antagonists, which
shows a superior NK2 receptor antagonistic action and
is clinically fully satisfiable from the aspects of
safety and duration (e.g., absorbability, metabolism,
in vivo kinetics) and the like, and a pharmaceutical
composition containing the compound as an active
ingredient. Accordingly, the present invention relates
to the following [I]- [24] and the like. [1] A
compound represented by the formula (I) (hereinafter
sometimes to be abbreviated as compound (D ) wherein
R1 is (1) unsubstituted (i.e., absence), (2) a
hydrogen atom, (3) a hydrocarbon group optionally
having substituent (s) or (4) acyl; R2 is (1) a
hydrogen atom, (2) a hydrocarbon group optionally
having substituent (s) , (3) hydroxy optionally having
a substituent, (4) amino optionally havingsubstituent
(s) , (5) thiol optionally having a substituent, (6) a
heterocyclic group optionally having substituent (s)
or (7) acyl; R3 is (1) unsubstituted (i.e., absence),
(2) a hydrogen atom, (3) a hydrocarbon group
optionally having substituent (s) , (4) hydroxy
optionally having a substituent, (5) amino optionally
having substituent (s) , (6) thiol optionally having a
substituent or (7) acyl; R4 and R5 are the same or
different and each is (1) a hydrogen atom, (2) a
hydrocarbon group optionally having substituent (s) ,
(3) hydroxy optionally having a substituent, (4) amino
optionally having substituent (s) , (5) thiol
optionally having a substituent or (6) acyl; R6 is (1)
(cyclic group optionally having substituent (s)
)-carbonyl , (2) alkenylcarbonyl optionally having
substituent (s) , (3) alkylcarbonyl having substituent
(s) selected from (i) cycloalkyl optionally having
substituent (s) , (ii) amino optionally having
substituent (s) and (iii) a heterocyclic group
optionally having substituent (s) or (4) a
heterocyclic group optionally having substituent (s) ;
R7, R8, R9, and R10 are the same or different and each
is (1) a hydrogen atom, (2) halogen, (3) cyano, (4)
nitro, . (5) a hydrocarbon group optionally having
substituent (s) , (6) hydroxy optionally having a
substituent, (7) amino optionally having substituent
(s) , (8) thiol optionally having a substituent, (9) a
heterocyclic group optionally having substituent (s)
or (10) acyl; or R7 and R8, R8 and R9, and R9 and R10
may form a ring together with the adjacent carbon
atoms; n is an integer of 1 to 5 ; represents
unsubstituted (i.e., absence) or a single bond; and;
represents a single bond or a double bond, or a
saltthereof . [2] The compound of the above-mentioned
[1] , wherein R6 is (1) (cyclic group optionally
having substituent (s) )- carbonyl, (2)
alkenylcarbonyl optionally having substituent (s) ,
(3) alkylcarbonyl having substituent (s) selected from
(i) cycloalkyl optionally having substituent (s) and
(ii) amino optionally having substituent (s) or (4) a
heterocyclic group optionally having substituent (s) .
[3] The compound of the above-mentioned [1] , wherein
R1 is (1) unsubstituted, (2) a hydrogen atom; (3) C -6
alkyl, (4) C7-I2 aralkyl or (5) Ci-6 alkyl-carbonyl ;
R2 is (1) a hydrogen atom, (2) C i_ 6 alkyl optionally
having 1 to 3 substituents - selected from (1')
hydroxy, (2') C i_ 6 alkoxy, (3 r) C7-I2 aralkyloxy,
(4') mono- or di-Ci-6 alkylamino, (5') N-Ci-e
alkoxy-carbonyl-N-Ci _6 alkylamino, (6') amino, (7') C
i_6 alkyl-carbonylamino optionally having 1 to 3
halogens, (8') C7-I2 aralkyloxy-carbonylamino and (9
f) C i_6 alkoxycarbonylamino optionally having 1 to 3
halogens, (3) C3 _8 cycloalkyl, (4) C6-I0 aryl
optionally having 1 to 3 substituents selected from
(1') halogen, (2 r) C i_ 6 alkyl optionally having 1
to 3 halogens, (3') cyano, (4') C i_6 alkoxycarbonyl
and (5 r) Cc- e alkyl-thio, (5) C i_ 6 alkoxy-carbonyl
, or (6) a 5- or 6-membered heterocyclic group
optionally having substituent (s) selected from (1')
hydroxy, (2') C -6 alkyl optionally having Ci- 6
alkyl-carbonyloxy , (3')C 7-i9 aralkyl optionally
having C i_ 6 alkoxy, (4') C 7- I2 aralkyloxy, (5') C
7-i2 aralkyloxy-carbonyl , (6') mono-Ci-e
alkyl-carbamoyl and (7') C i_ 6 alkoxy-carbonyl ; R 3
i s (1) unsubstituted, (2) a hydrogen atom o r (3)
Ci-6 alkyl; R 4 i s a hydrogen atom; R 5 i s a
hydrogen atom; R 6 i s (1) a group represented b y the
formula wherein ring A is cyclopentane, cyclohexane or
bicyclo [2.2.2] octane ; R11 is (1') amino, (2') C7
_i2 aralkylamino , (3') C i_ 6 alkyl-carbonylamino
optionally having substituent (s) selected from (1")
halogen, (2") hydroxy, (3") C i_6 alkoxy-carbonyl,
(4") mono- or di-Ci- 6 alkylamino optionally
substituted by hydroxy, (5") morpholino, (6") C i_ 6
alkyl-carbonylamino, (7") carbamoylamino, (8") a 5- or
b-membered aromatic heterocyclic group, (9") C6-I0
arylamino, (10") (5- or 6- membered aromatic
heterocyclic group) -carbonylamino and (H") Ci-6
alkoxy, (4') C2-6 alkenyl-carbonylamino optionally
having substituent (s) selected from (1") C -io aryl
optionally having substituent (s) selected from
halogen, Ci-e alkyl, Ci-e alkoxy and halogeno-Ci _ 6
alkyl and (2") a 5- or 6-membered aromatic
heterocyclic group optionally having Ci-6 alkyl, (5')
C3- cycloalkyl-carbonylamino, (6') C -io
aryl-carbonylamino optionally having substituent (s)
selected from (1") halogen, (2") cyano, (3") C i_6
alkyl optionally having amino or C - 6
alkylcarbonylamino, (4") halogeno-Ci-6 alkyl, (5")
hydroxy-Ci-6 alkyl, (6") Ci- 6 alkoxy, (7") carboxy,
(8") C i_ 6 alkoxycarbonyl, (9") mono- or di-Ci _ 6
alkylamino optionally having hydroxy or Cc-6 alkoxy,
(10") carbamoyl, (H") halogeno-Ci- 6 alkoxy, (12") Ci-
6 alkyl-carbonylamino , (13") aminosulfonyl, (14") d
-6 alkyl-sulf onyl and (15") a 5- or 6-membered
heterocyclic group, or a fused ring group of benzene
ring and 5- or 6-membered heterocycle, which may have
substituent (s) selected from Cc-6 alkyl and oxo ,
(7') C7- 12 aralkyl-carbonylamino , (8') C i_6
alkoxy-carbonylamino , (9') (5- or 6-membered
heterocyclic group, or fused ring group of benzene
ring and 5- or 6-membered heterocycle) - carbonylamino
, which may have substituent (s) selected from (1")
amino, (2") C i_ 6 alkyl, (3") halogeno-Ci _ 6 alkyl,
(4") C6-Io aryl, (5") oxo and (6") a 5- or 6-membered
heterocyclic group optionally having Ci-e alkyl, (10')
Ce-io aryl-sulf onylamino , (11 f)
carbamoylcarbonylamino, (12') 3-C1-6 alkyl-ureido
optionally having substituent (s) selected from (1")
hydroxy, (2") carboxy, (3") Ci-e alkoxy, (4") C i_ e
alkoxy-carbonyl , (5") C i_ 6 alkoxy-carbonylamino,
(6") amino, (7") halogen, (8") carbamoyl, (9") C i_ 6
alkylsulf onyl , (10") a heterocyclic group optionally
substituted by oxo and (H") C i_ 6 alkylcarbonylamino
, (13') 3-C 3 _ 8 cycloalkyl-ureido,(14') 3-C 6-io
aryl-ureido optionally having substituent (s )
selected from (1") halogen, (2") cyano, (3")
halogeno-Ci- 6 alkyl, (4") C i_ 6 alkyl, (5") C i_ 6
alkoxy, (6") methylenedioxy , (7") Ci- 6
alkoxy-carbonyl -, (8") carbamoyl and (9") a 5- or
6-membered aromatic heterocyclic group, (15') 3-Ci-e
alkyl-3-C 6-io aryl-ureido, (16') 3-C7-12
aralkyl-ureido optionally having substituent (s)
selected from (1") halogen and (2") C i_ 6 alkoxy,
(17') 3-Ci _6 al.koxy-ureido, (18') 3-C6-10 arylsulf
onyl-ureido , (19') 3- (5- or 6-membered heterocyclic
group, or fused ring group of benzene ring and 5- or
6-membered heterocycle) -ureido , which may have 5- or
6-membered heterocyclic group, (20') piperidylureido
optionally having C i_6 alkylcarbonyl, or (21')
phthalimide, (2) a group represented by the formula
wherein R12 is (1') a hydrogen atom, (2') C6-io
arylcarbonyl optionally having halogeno-Ci-6 alkyl,
(3') C7-12 aralkyl-oxycarbonyl or (4') Ce-io
aryl-aminocarbonyl ; m is 0 or 1 ; and p is 0 or 1 ,
(3) a group represented by the formula wherein R13 is
Ce-io aryl-carbonyl , (4) a group represented by the
formulawherein ring B is a pyrrolidine ring or a
piperidine ring, each optionally substituted b y
amino; R14 is (1') a hydrogen atom, (2') C -I2
aralkyl, (3') Ci- 6 alkyl-carbonyl, (4') C6-Io
aryl-carbonyl , (5') C7-I2 aralkyl-carbonyl , (6') Ci-
6 alkoxy-carbonyl o r (7') C7-I2 aralkyl-carbamoyl ,
(5) C2-6 alkenyl-carbonyl optionally having
substituent (s) selected from (1') carboxy, (2') C i_
6 alkoxy-carbonyl and (3') C6-I0 aryl- aminocarbonyl ,
(6) Ci- 6 alkyl-carbonyl having substituent (s)
selected from (1') amino, (2') C6-I0
aryl-carbonylamino , (3') Ci-e alkoxy-carbonylamino
and (4 f) a 5- or 6-membered - heterocyclic group, o r
a fused ring group o f benzene ring and 5- o r
6-membered heterocycle, each optionally substituted b
y oxo, (7) 1,2,3 ,4-tetrahydronaphthylcarbonyl, (8)
pyrrolidinyl having C7 _ 12 aralkyl, o r (9) a group
represented by the formula wherein R15 i s C6-I 0
aryl-carbonyl ; r i s 0 or 1; and s i s 0 or 1; R7 is
a hydrogen atom; R8 is (1) a hydrogen atom, (2)
halogen, (3) cyano, (4) Ci-6 alkyl optionally having 1
to 3 halogens, (5) C -I0 aryl-carbonyl, (6) Ci- 6
alkoxy, (7) C6-io aryloxy or (8) sulf amoyl ;R9 is (1)
a hydrogen atom, (2) halogen, (3) cyano, (4) Ci- 6
alkyl or (5) C i_ 6 alkoxy; R10 is (1) a hydrogen
atom, (2) halogen, (3) C i_ 6 alkyl or (4) Ci-6
alkoxy; and n is 2 or 3 . [4] The compound of the
above-mentioned [1] or [2] , wherein R1 is (1)
unsubstituted, (2) a hydrogen atom, (3) Ci-6 alkyl or
(4) Ci- 6 alkyl-carbonyl ; R2 is (1) a hydrogen atom,
(2) Ci- 6 alkyl optionally having 1 to 3 substituents
selected from (1') hydroxy,. (2') C i_ 6 alkoxy, (3')
C7- I2 aralkyloxy, (4') mono-Ci-6 alkylamino and (5')
N-Ci 6 alkoxy-carbonyl-N-Ci _6 alkylamino , (3) C3- S
cycloalkyl, (4) C -io aryl optionally having 1 to 3
substituents selected from (1') halogen, (2') C i_ 6
alkyl optionally having 1 to 3 halogens, (3') cyano
and (4 r) Ci-6 alkoxycarbonyl, or (5) a 5- or
6-membered aromatic heterocyclic group optionally
having substituent (s) selected from (1') hydroxy, (2
f) Q i- 6 alkyl optionally having Ci- 6
alkylcarbonyloxy, (3 f) C7-12 aralkyl optionally
having C i_6 alkoxy and (4') C7-. 12 aralkyloxy; R3 is
(1) unsubstituted, (2) a hydrogen atom or (3) Ci- 6
alkyl; R4 is a hydrogen atom; R5 is a hydrogen atom;6
i s (1) a group represe'nted by the formula wherein
ring A is cyclopentane , cyclohexane or bicyclo [2 .2
.2 ]octane; R11 is (1') amino, (2 f) C7-12
aralkylamino, (3') C i_ 6 alkyl-carbonylamino
optionally having substituent (s) selected from (1")
halogen, (2") hydroxy, (3") C i_ 6 alkoxy-carbonyl ,
(4") di-Ci _ 6 alkylamino and (5") morpholino, (4')
C3-8 cycloalkylcarbonylamino , (5 r) C -io
aryl-carbonylamino optionally having substituent (s)
selected from (1") halogen, (2") cyano, (3") Ci- 6
alkyl, (4") .halogeno-Ci _ 6 alkyl, (5") hydroxy-Ci-6
alkyl, (6") C i_ 6 alkoxy, (7") carboxy and (8") Ci-6
alkoxy-carbonyl, (6') C7-12 aralkyl-carbonylamino ,
(7') C i_ 6 alkoxy-carbonylamino , (8') (5- or
6-membered aromatic heterocyclic group) -carbonylamino
, (9') piperidinocarbonylamino , (10') C -io aryl-sulf
onylamino , (H') 3-Ci _6 alkyl-ureido optionally
having substituent (s) selected from (1") hydroxy,
(2") carboxy, (3") C1- alkoxy and (4") Ci-6
alkoxy-carbonyl, (12') 3- C3-8 cycloalkyl-ureido ,
(13') 3-C -io aryl-ureido optionally having
substituent (s) selected from (1") halogen, (2")
cyano, (3") halogeno-Ci 6 alkyl, (4") C i_ 6 alkyl,
(5") Ci- 6 alkoxy and (6") methylenedioxy , (14') 3-
C7- 12 aralkyl-ureido optionally having substituent
(s) selected from (1") halogen and (2") C i_ 6 alkoxy,
(15') 3- (5- or 6-membered aromatic heterocyclic
group) - ureido, (16') piperidylureido , preferably
piperidinoureido , optionally having C - 6
alkyl-carbonyl or (17') phthalimide,(2) a group
represented by the formula wherein R12 is (1') a
hydrogen atom, (2') C6-I0 arylcarbonyl optionally
having halogeno-Ci- 6 alkyl or (3') C7 _ 12
aralkyl-oxycarbonyl ; m is 0 or 1 ; and p is 0 or 1 ,
(3) a group represented by the formula wherein R 13 is
Ce-io aryl-carbonyl , (4) a group represented by the
formula wherein ring B is a pyrrolidine ring or a
piperidine ring; R14 is (1') a hydrogen atom, (2')
C7-1 2 aralkyl, (3') Ci-6 alkyl-carbonyl , (4') C6-io
aryl-carbonyl, (5') C7-12 aralkyl-carbonyl or (6 f)
Ci- 6 alkoxy-carbonyl , (5) C2-6 alkenyl-carbonyl
optionally having substituent (s) selected from (l r)
carboxy, (2') C i_6 alkoxy-carbonyl and (3 r ) C -io
aryl-aminocarbonyl , (6) C i_ 6 alkyl-carbonyl having
substituent (s) selected from (1') amino, (2') Ce-io
aryl-carbonylamino and (3 f ) C i_ 6
alkoxy-carbonylamino, (7) 1 ,2 ,3
,4-tetrahydronaphthylcarbonyl or (8) pyrrolidinyl
having C7-i2 aralkyl; R7 is a hydrogen atom; R8 is (1)
a hydrogen atom, (2) halogen, (3) cyano, (4) Ci-6
alkyl optionally having 1 to 3 halogens, (5) C
-ioaryl-carbonyl , (6) Cc_6 alkoxy or (7) Ce-io
aryloxy; R9 is (1) a hydrogen atom, (2) halogen, (3)
cyano, (4) Ci-6 alkyl or (5) C i_6 alkoxy; R10 is (1)
a hydrogen atom, (2) halogen, (3) C i 6 alkyl or (4)
Ci-6 alkoxy; and n is 2 or 3 . [5] The compound of the
above-mentioned [1] or [2], wherein R1 is a hydrogen
atom. [6] The compound of the above-mentioned [1] or
[2], wherein R2 is (1) Ci- 6 alkyl optionally having
substituent (s) selected from (1') Ci- 6 alkoxy and
(2') mono-Ci-6 alkylamino, (2) C3-8 cycloalkyl, (3)
Ce-io aryl optionally having halogen or (4) a 5- or
6-membered aromatic heterocyclic group optionally
having C i_6 alkyl. [7] The compound of the
above-mentioned [1] or [2], wherein R3 is (1) a
hydrogen atom or (2) C i_ 6 alkyl. [8] The compound of
the above-mentioned [1] or [2], wherein R 6 is (1) a
group represented by the formula wherein ring A ' is
cyclohexane or bicyclo [2 .2 .2 ]octane , R11 ' is
(1') C i_6 alkyl-carbonyl optionally having
substituent (s) selected from (1") halogen, (2")
hydroxy, (3") Ci-6 alkoxy-carbonyl and (4")
morpholino, (2') C6-I0 aryl-carbonyl optionally having
substituent (s) selected from (1") halogen, (2")
cyano, (3") C i_ 6 alkyl, (4") halogeno-Ci-6 alkyl,
(5") hydroxy-Ci-6 alkyl, (6") Ci- 6 alkoxy and (7") C
i_6 alkoxy-carbonyl, (3 f) C7-12 aralkylcarbonyl, (4
f) (5- or 6-membered aromatic heterocyclic group)
-carbonyl , (5') C - 6 alkyl-aminocarbonyl
optionallyhaving substituent (s) selected from (1")
hydroxy, (2") C i_6 alkoxy and (3") Ci-6
alkoxy-carbonyl , (6') C3- cycloalkyl-aminocarbonyl ,
(7') Ce-io aryl-aminocarbonyl optionally having
substituent (s) selected from (1") halogen, (2")
cyano, (3") halogeno-Ci _ 6 alkyl, (4") C i_ 6 alkyl,
' (5") Cc-6 alkoxy and (6") methylenedioxy , (8')
C7-I2 aralkyl-aminocarbonyl optionally having
substituent (s) selected from (1") halogen and (2") C
i_ 6 alkoxy, (9') (5- or 6-membered aromatic
heterocyclic group) -aminocarbonyl or (10')
piperidylaminocarbonyl, preferably
piperidinoaminocarbonyl optionally having C i_
alkylcarbonyl, or (2) a group represented by the
formula wherein R12 ' is C6 _io aryl-carbonyl . [9]
The compound of the above-mentioned [1] or [2],
wherein R8 is a hydrogen atom or halogen. [10] The
compound of the above-mentioned [1] or [2], wherein R9
is a hydrogen atom or halogen. [11] The compound of
the above-mentioned [1] or [2], wherein R10 is a
hydrogen atom or halogen. [12] The compound of the
above-mentioned [1] or [2], wherein n is 2 . [13] N-
((IR, 2S) -2-{ [(3aR,4R,9bR) -4- (lH-imidazol-2-yl) 2
,3 ,3a, 4 ,5 ,9b-hexahydro-lH-pyrrolo [3 ,2-c]
quinolin-1- yl] carbonyl }cyclohexyl) benzamide ,
N-phenyl-N'- ((IR, 2S) -2-{ [(3aR,4R,9bR) -4-phenyl- 2
,3 ,3a, 4 ,5 ,9b-hexahydro-lH-pyrrolo [3 ,2-c]
quinolin-1- yl] carbonyl} cyclohexyl) urea,
2-methyl-N- ((IR, 2S) -2-{ [(3aR,4S,9bR) -4-propyl- 2
,3 ,3a ,4 ,5 ,9b-hexahydro-lH-pyrrolo [3 ,2-c]
quinolin-1-yl] carbonyl}cyclohexyl)
-lH-benzimidazole-5-carboxamide , N- ((IR, 2S) -2-{
t(3aR,4R,9bR) -4- (methoxymethyl) - 2 ,3 ,3a, 4
,5,9b-hexahydro-lH-pyrrolo [3 ,2-c] quinolin-1- yl]
carbonyljcyclohexyl) -IH-I ,2 ,3-benzotriazole-5-
carboxamide, 4- (lH-imidazol-2-yl) -N- ((IR, 2S) -2-{
[(3aR,4R,9bR) -4- (methoxymethyl) -2 ,3 ,3a, 4
,5,9b-hexahydro-lH-pyrrolo [3 ,2- c ]quinolin-1-yl]
carbonyljcyclohexyl) ben zamide, N- ((IR, 2S) -2-{
[(3aR,4R,9bR) -4- (methoxymethyl) - 2 ,3 ,3a, 4 ,5
,9b-hexahydro-lH-pyrrolo [3 ,2-c] quinolin-1- yl]
carbonyljcyclohexyl) -N'- [4- (lH-pyrazol-1- yl)
phenyl] urea or 4-cyano-N- ((IR, 2S) -2- {[(3aR, 4R,
9bR) -4- (lH-imidazol-2- yl) -2 ,3 ,3 a ,4 ,5
,9b-hexahydro-lH-pyrrolo [3 ,2-c] quinolin-1- yl]
carbonyl }cyclohexyl) benzamide . [14] A production
method of- a compound represented by the formula (Ic)
wherein R6 ' is (1) (cyclic group optionally having
substituent (s) )-carbonyl, (2) alkenylcarbonyl
optionally having substituent (s) or (3) alkylcarbonyl
having substituent (s) selected from (i) cycloalkyl
optionally having substituent (s) and (ii) amino
optionally having substituent (s) , and other symbols
are as defined in the above-mentioned [1], or a salt
thereof, which comprises (1) subjecting a compound
represented by the formula(I D wherein each symbol is
as defined in the above-mentioned [1] , or a salt
thereof, a compound represented by the formula (III)
R2-CHO (III) wherein R2 is as defined in the
above-mentioned [1] , or a salt thereof, and a
compound represented by the formula (IV) wherein P is
a protecting group, and other symbols are as defined
in the above-mentioned [1] , or a salt thereof to a
condensation reaction to give a compound represented
by the formula (Ia)wherein each symbol is as defined
above, or a salt thereof, and then eliminating the
protecting group P , or (2) subjecting a compound
represented by the formula (ID 



wherein each symbol is as defined above, or a salt
thereof, a compound represented by the formula (III)
R2-CHO (III) wherein R2 is as defined above, or a salt
thereof, and a compound represented by the formula (V)
wherein R s are the same or different and each is Ci-6
alkyl, P ' is a protecting group, and n is as defined
in the above-mentioned [1] , or a salt thereof to a
condensation reaction to give a compound represented
by the formula (Ib)wherein each symbol is as defined
above, or a salt thereof, and then eliminating the
protecting group P', and reacting a compound
represented by the formula (VI) wherein each symbol is
as defined above, or a salt thereof, which is obtained
in the above (1) or (2) , with a compound represented
by the formula (VII) R6 '-OH (VII) wherein R6 ' is as
defined above, or a salt thereof. [15] A NK2 receptor
antagonist comprising a compound having a partial
structure represented by the formula wherein n is an
integer of 1 to 5 ; and represents a single bond or a
double bond, or a salt thereof. [16] A prodrug of the
compound of the above-mentioned [1] or [2]. [17] A
pharmaceutical agent comprising the compound of the
above-mentioned [1] or [2] or a prodrug thereof. [18]
The pharmaceutical agent of the above-mentioned [17] ,
which is a NK2 receptor antagonist. [19] The
pharmaceutical agent of the above-mentioned[17], which
is an agent for the prophylaxis or treatment of
functional gastrointestinal diseases. [20] The
pharmaceutical agent of the above-mentioned [17],
which is an agent for the prophylaxis or treatment of
irritable bowel syndrome or nonulcer dyspepsia. [21] A
method of antagonizing a NK2 receptor, which comprises
administering an effective amount of the compound of
the above-mentioned [1] or [2] or a prodrug thereof to
a mammal. [22] A method of preventing or treating
functional gastrointestinal diseases, which comprises
administering an effective amount of the compound of
the abovementioned [1] or [2] or a prodrug thereof to
a mammal. [23] Use of the compound of the
above-mentioned [1] or [2] or a prodrug thereof for
the production of a NK2 receptor antagonist. [24] Use
of the compound of the above-mentioned [1] or [2] or a
prodrug thereof for the production of an agent for the
prophylaxis or treatment of functional
gastrointestinal diseases. De-tailed Description of
the Invention Since the compound (I) , a salt thereof
and a prodrug thereof according to the present
invention have a NK2 receptorantagonistic action and
show less toxicity, they are particularly useful as
agents for the prophylaxis or treatment of functional
gastrointestinal diseases (e.g., irritable bowel
syndrome, nonulcer dyspepsia and the like. Best Mode
for Carrying Out the Invention The present invention
is explained in detail in the following. As the
"halogen", for example, fluorine, chlorine, bromine,
iodine atom and the like can be mentioned. As the
"hydrocarbon group optionally havingsubstituent (S) "
for R1, R2, R3, R4, R5 R7, R8, R9 or R10 , for
example, (1) Ci- 6 alkyl (e.g., methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, hexyl etc.) optionally having -1 to 5
substituents selected from the substituent group A to
be mentioned later, (2) C2-6 alkenyl (e.g., ethenyl,
1-propenyl, 2-propenyl etc.) optionally having 1 to 5
substituents selected from the substituent group A to
be mentioned later, (3) C2-6 alkynyl (e.g., ethynyl,
1-propynyl, 2-propynyl etc.) optionally having 1 to 5
substituents selected from the substituent group A to
be mentioned later, (4) C3-8 cycloalkyl (e.g.,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl
(i.e., C3-6 cycloalkyl) , cycloheptyl, cyclooctyl ,
bicyclo [2 .2 .2]octyl etc.) optionally having 1 to 5
substituents selected from the substituent group A to
be mentioned later, (5) C6-Io aryl (e.g., phenyl,
1-naphthyl, 2-naphthyl etc.) optionally having 1 to 5
substituents selected from the substituent group A to
be mentioned later, (6) C7-12 aralkyl (e.g., benzyl,
phenethyl, 1- naphthylmethyl, 2-naphthylmethyl etc.)
optionally having 1 to 5 substituents selected from
the substituent group A to be mentioned later, and the
like can be mentioned. As the acyl" for by R1, R2, R3
, R4, Rs, R7, R8, R9 or R10 , for example, (1) Ci- 6
alkyl-carbonyl (e.g., acetyl, ethylcarbonyl ,
propylcarbonyl , isopropylcarbonyl , butylcarbonyl ,
isobutylcarbonyl , sec-butylcarbonyl ,
tert-butylcarbonyl , pentylcarbonyl , hexylcarbonyl
etc.) optionally having 1 to 5 substituents selected
from the substituent group A to be mentioned later,
(2) C2-6 alkenyl-carbonyl (e.g., ethenylcarbonyl , 1-
propenylcarbonyl, 2-propenylcarbonyl etc.)
optionallyhaving 1 to 5 substituents selected from the
substituent group A to be mentioned later, (3) C2-6
alkynyl-carbonyl (e.g., ethynylcarbonyl , 1-
propynylcarbonyl , 2-propynylcarbonyl etc.) optionally
having 1 to 5 substituents selected from the
substituent group A to be mentioned later, (4) C3-6
cycloalkyl-carbonyl (e.g., cyclopropylcarbonyl ,
cyclobutylcarbonyl , cyclopentylcarbonyl ,
cyclohexylcarbonyl etc.) optionally having 1 to 5
substituents selected from the substituent group A to
be mentioned later, (5) C6-Io aryl-carbonyl (e.g.,
benzoyl, 1-naphthoyl, 2- naphthoyl etc.) optionally
having 1 to 5 substituents selected from the
substituent group A to be mentioned later, (6) C7-I2
aralkyl-carbonyl (e.g., benzylcarbonyl ,
phenethylcarbonyl, 1-naphthylmethylcarbonyl , 2-
naphthylmethylcarbonyl etc.) optionally having 1 to 5
substituents selected from the substituent group A to
be mentioned later, (V) Ci- 6 alkoxy-carbonyl (e.g.,
methoxycarbonyl , ethoxycarbonyl , propoxycarbonyl ,
isopropoxycarbonyl , butoxycarbonyl ,
isobutoxycarbonyl , sec-butoxycarbonyl ,
tert-butoxycarbonyl, pentoxycarbonyl ,
hexyloxycarbonyl etc.) optionally having 1 to 5
substituents selected from the substituent group A to
be mentioned later, (8) C2-6 alkenyloxy-carbonyl
(e.g., ethenyloxycarbonyl , 1-propenyloxycarbonyl ,
2-propenyloxycarbonyl etc.) optionally having 1 to 5
substituents selected from the substituent group A to
be mentioned later, (9) C2-6 alkynyloxy-carbonyl
(e.g., ethynyloxycarbonyl , 1-propynyloxycarbonyl ,
2-propynyloxycarbonyl etc.) optionally having 1 to 5
substituents selected from the substituent group A to
be mentioned later,(10) C3- 6 cycloalkyloxy-carbonyl
(e.g., cyclopropyloxycarbonyl , cyclobutyloxycarbonyl
, cyclopentyloxycarbonyl , cyclohexyloxycarbonyl etc.)
optionally having 1 t o 5 substituents selected from
the substituent group A t o b e mentioned later, (11)
C -io aryloxy-carbonyl (e.g., phenoxycarbonyl , 1-
naphthyloxycarbonyl , 2-naphthyloxycarbonyl etc.)
optionally having 1 t o 5 substituents selected from
the substituent group A t o b e mentioned later, (12)
C7-.1 2 aralkyloxy-carbonyl (e.g., benzyloxycarbonyl ,
phenethyloxycarbonyl , 1-naphthylmethoxycarbonyl , 2-
naphthylmethoxycarbonyl etc.) optionally having 1 t o
5 substituents selected from the substituent group A t
o b e mentioned later, (13) carbamoyl optionally mono-
or di-substituted b y (1') Ci-6 alkyl (e.g., methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl , hexyl etc.) optionally having 1 t
o 5 substituents selected from the substituent group A
t o b e mentioned later, (2 f ) C2-6 alkenyl (e.g.,
ethenyl, 1-propenyl, 2-propenyl etc.) optionally
having 1 t o 5 substituents selected from the
substituent group A t o b e mentioned later, (3 f )
C2- 6 alkynyl (e.g., ethynyl , 1-propynyl, 2-propynyl
etc.) optionally having 1 t o 5 substituents selected
from the substituent group A t o b e mentioned later,
(4') C3-6 cycloalkyl (e.g., cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl etc.) optionally having 1 t o
5 substituents selected from the substituent group A t
o b e mentioned later, (5') C -io aryl (e.g., phenyl,
1-naphthyl, 2- naphthyl etc.) optionally having 1 t o
5 substituents selected from the substituent group A t
o b e mentioned later, (6') C7-I2 aralkyl (e.g.,
benzyl, phenethyl, 1- naphthylmethyl ,
2-naphthylmethyl etc.) optionally having 1 t o 5
substituents selected from the substituent groupA to b
e mentioned later, (7') C1- alkyl-carbonyl (e.g.,
acetyl, ethylcarbonyl , propylcarbonyl ,
isopropylcarbonyl , butylcarbonyl , isobutylcarbonyl ,
sec-butylcarbonyl , tert-butylcarbonyl, pentylcarbonyl
, hexylcarbonyl etc.) optionally having 1 to 5
substituents selected from the substituent group A to
be mentioned later, (8') C2- alkenyl-carbonyl (e.g.,
ethenylcarbonyl , 1- propenylcarbonyl ,
2-propenylcarbonyl etc.) optionally having 1 to 5
substituents selected from the substituent group A to
be mentioned later, (9 f) C2-6 alkynyl-carbonyl (e.g.,
ethynylcarbonyl , 1-propynylcarbonyl , 2-
propynylcarbonyl etc.) optionally having 1 to 5
substituents selected from the substituent group A to
b e mentioned later, (10') C3- cycloalkyl-carbonyl
(e.g., cyclopropylcarbonyl, cyclobutylcarbonyl ,
cyclopentylcarbonyl , cyclohexylcarbonyl etc.)
optionally having 1 to 5 substituents selected from
the substituent group A to be mentioned later, (H')
Ce-io aryl-carbonyl (e.g., benzoyl, 1-naphthoyl,
2-naphthoyl etc.) optionally having 1 to 5
substituents selected from the substituent group A to
be mentioned later, (12') 07-12 aralkyl-carbonyl
(e.g., benzylcarbonyl , phenethylcarbonyl ,
1-naphthylmethylcarbonyl , 2- naphthylmethylcarbonyl
etc.) optionally having 1 to 5 substituents selected
from the substituent group A to b e mentioned later,
(13') Ci- 6 alkoxy-carbonyl (e.g., methoxycarbonyl ,
ethoxycarbonyl , propoxycarbonyl , isopropoxycarbonyl
, butoxycarbonyl , isobutoxycarbonyl ,
sec-butoxycarbonyl , tert-butoxycarbonyl ,
pentoxycarbonyl , hexyloxycarbonyl etc.) optionally
having 1 to 5 substituents selected from the
substituent group A to be mentioned later, (14') C2- 6
alkenyloxy-carbonyl (e.g., ethenyloxycarbonyl ,
1-propenyloxycarbonyl , 2- propenyloxycarbonyl etc.)
optionally having 1 to 5substituents selected from the
substituent group A to b e mentioned later, (15') C2-6
alkynyloxy-carbonyl (e.g., ethynyloxycarbonyl ,
1-propynyloxycarbonyl , 2- propynyloxycarbonyl etc.)
optionally having 1 to 5 substituents selected from
the substituent group A to b e mentioned later, (16')
C3-6 cycloalkyloxy-carbonyl (e.g.,
cyclopropyloxycarbonyl , cyclobutyloxycarbonyl ,
cyclopentyloxycarbonyl , cyclohexyloxycarbonyl etc.)
optionally having 1 to 5 substituents selected from
the substituent group A to. b e mentioned later, (17')
C -io aryloxy-carbonyl (e.g., phenoxycarbonyl , 1-
naphthyloxycarbonyl , 2-naphthyloxycarbonyl etc.)
optionally having 1 to 5 substituents selected from
the substituent group A to b e mentioned later, and
(18') C7-1 2 aralkyloxy-carbonyl (e.g.,
benzyloxycarbonyl , phenethyloxycarbonyl ,
1-naphthylmethoxycarbonyl , 2- naphthylmethoxycarbonyl
etc.) optionally having 1 to 5 substituents selected
from the substituent group A to b e . mentioned later,
(14) sulfamoyl, and the like can be mentioned.
Substituent group A : (1) Ci-6 alkyl (e.g., methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, hexyl etc.) optionally having 1 to
3 substituents selected from (1') halogen (e.g.,
fluorine, chlorine, bromine, iodine), (2') hydroxy,
(3') amino, (4') C6-io arylcarbonylamino (e.g.,
phenylcarbonylamino , stylylcarbonylamino ,
naphthylcarbonylamino etc.) optionally having
halogeno-Ci-e alkyl (e.g., trif luoromethyl etc.),
(5') C7-12 aralkyl-oxycarbonylamino (e.g.,
benzyloxycarbonylamino etc.), (6') Ci-6
alkylcarbonyloxy (e.g., acetoxy, ethylcarbonyloxy ,
propylcarbonyloxy , isopropylcarbonyloxy
,butylcarbonyloxy , isobutylcarbonyloxy , secbutyl
carbonyloxy, tert-butylcarbonyloxy , pentylcarbonyloxy
, hexylcarbonyloxy etc.) , (2) C2-6 alkenyl (e.g.,
ethenyl, 1-propenyl, 2-propenyl etc. ), (3) C2-6
alkynyl (e.g., ethynyl, 1-propynyl, 2-propynyl etc.) ,
(4) C6-1 0 aryl (e.g., phenyl, 1-naphthyl, 2-naphthyl
etc.) , (5) C7-19 aralkyl (e.g., benzyl, phenethyl, 1-
naphthylmethyl , 2-naphthylmethyl , trityl etc.)
optionally having 1 to 3 Ci- 6 alkoxy (e.g., methoxy,
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy,
secbutoxy, tert-butoxy, pentoxy, hexyloxy etc.), (6)
hydroxy, (7) Ci- 6 alkoxy (e.g., methoxy, ethoxy,
propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy,
tert-butoxy, pentoxy, hexyloxy etc.) , (8) C6-Io
aryloxy (e.g., phenoxy, 1-naphthyloxy , 2- naphthyloxy
etc.) , (9) C7-12 aralkyloxy (e.g., benzyloxy,
phenethyloxy , 1- naphthylraethoxy , 2-naphthylmethoxy
etc.) , (10) C i_ 6 alkyl-carbonyloxy (e.g., acetoxy,
ethylcarbonyloxy , propylcarbonyloxy ,
isopropylcarbonyloxy , butylcarbonyloxy ,
isobutylcarbonyloxy, sec-butylcarbonyloxy ,
tertbutylcarbonyloxy, pentylcarbonyloxy,
hexylcarbonyloxy etc.) , (11) C2-6 alkenyl-carbonyloxy
(e.g., ethenylcarbonyloxy , 1-propenylcarbonyloxy ,
2-propenylcarbonyloxy etc.) , (12) C2-6
alkynyl-carbonyloxy (e.g., ethynylcarbonyloxy ,
1-propynylcarbonyloxy , 2-propynylcarbonyloxy etc.) ,
(13) C i-6 alkylthio (e.g., methylthio, ethylthio,
propylthio, isopropylthio , butylthio, isobutylthio ,
secbutylthio, tert-butylthio, pentylthio, hexylthio
etc.) ,(14) Ce-io arylthio (e.g., phenylthio,
1-naphthylthio , 2- naphthylthio etc.) , (15) C 7_i2
aralkylthio (e.g., benzylthio, phenethylthio ,
1-naphthylmethylthio , 2-naphthylmethylthio etc.),
(16) carboxy, (17) C i_ 6 alkyl-carbonyl (e.g.,
acetyl, ethylcarbonyl , propylcarbonyl ,
isopropylcarbonyl , butylcarbonyl , isobutylcarbonyl ,
sec-butylcarbonyl , tert-butylcarbonyl ,
pentylcarbonyl , hexylcarbonyl etc.) , (18) C2-6
alkenyl-carbonyl (e.g., ethenylcarbonyl , 1-
propenylcarbonyl , 2-propenylcarbonyl etc.) , (19)
C2-6 alkynyl-carbonyl (e.g., ethynylcarbonyl , 1-
propynylcarbonyl , 2-propynylcarbonyl etc.) , (20)
Ce-io aryl-carbonyl (e.g., benzoyl, 1-naphthoyl, 2-
naphthoyl etc.) , (21) C7-12 aralkyl-carbonyl (e.g. ,
benzylcarbonyl , phenethylcarbonyl,
1-naphthylrnethylcarbonyl , 2- naphthylmethylcarbonyl
etc.) , (22) Ci- 6 alkoxy-carbonyl (e.g.,
methoxycarbonyl , ethoxycarbonyl , propoxycarbonyl ,
isopropoxycarbonyl , butoxycarbonyl ,
isobutoxycarbonyl , sec-butoxycarbonyl ,
tert-butoxycarbonyl , pentoxycarbonyl ,
hexyloxycarbonyl etc. ) , (23) C2-6
alkenyloxy-carbonyl (e.g., ethenyloxycarbonyl ,
1-propenyloxycarbonyl , 2-propenyloxycarbonyl etc.) ,
(24) C2-6 alkynyloxy-carbonyl (e.g.,
ethynyloxycarbonyl , 1-propynyloxycarbonyl ,
2-propynyloxycarbonyl etc.) , (25) C -io
aryloxy-carbonyl (e.g., phenoxycarbonyl , 1-
naphthyloxycarbonyl, 2-naphthyloxycarbonyl etc.) ,
(26) C7 _i2 aralkyloxy-carbonyl (e.g.,
benzyloxycarbonyl , phenethyloxycarbonyl ,
1-naphthylmethoxycarbonyl , 2- naphthylmethoxycarbonyl
etc.), (27) carbamoyl, (28) mono-Ci- 6 alkyl-carbamoyl
(e.g., methylcarbamoyl,ethylcarbamoyl, propylcarbamoyl
, isopropylcarbamoyl , butylcarbamoyl ,
isobutylcarbamoyl , sec-butylcarbamoyl ,
tert-butylcarbamoyl , pentylcarbamoyl , hexylcarbamoyl
etc. ) , (29) di-Ci- 6 aikyl-carbamoyl (e.g.,
dimethylcarbamoyl , diethylcarbamoyl ,
dipropylcarbamoyl , N-ethyl-Nmethylcarbamoyl etc.) ,
(30) Ce-io aryl-carbamoyl (herein sometimes to b e
abbreviated as C -io aryl-aminocarbonyl) (e.g.,
phenylcarbamoyl , naphthylcarbamoyl etc.) , (31) C -I2
aralkyl-carbamoyl (e.g., benzylcarbamoyl ,
phenethylcarbamoyl , naphthylmethylcarbamoyl etc.) ,
(32) Ci-6 alkylsulf onyl (e.g., methylsulf onyl ,
ethylsulf onyl, propylsulf onyl , isopropylsulf onyl ,
butylsulf onyl , isobutylsulf onyl , sec-butylsulf
onyl , tert-butylsulf onyl etc.), (33) C2-6
alkenylsulf onyl (e.g., ethenylsulf onyl , 1-
propenylsulf onyl , 2-propenylsulf onyl etc.) , (34)
C2-6 alkynylsulfonyl (e.g., ethynylsulf onyl , 1-
propynylsulf onyl , 2-propynylsulf onyl etc.) , (35)
amino, (36) mono-Ci- 6 alkylamino (e.g., methylamino,
ethylamino, propylamino, isopropylamino , butylamino,
isobutylamino , sec-butylamino , tert-butylamino ,
pentylamino, hexylamino etc. ) , (37) di-Ci- 6
alkylamino (e.g., dimethylamino , diethylamino,
dipropylamino , diisopropylamino , N-ethyl-
N-methylamino etc.) , (38) mono-C 2- 6 alkenylamino
(e.g., ethenylamino , 1- propenylamino ,
2-propenylamino etc.) , (39) di-C2-e alkenylamino
(e.g., diethenylamino , di(lpropenyl) amino, di
(2-propenyl) amino etc.) , (40) mono-C 2- 6
alkynylamino (e.g., ethynylamino , 1- propynylamino,
2-propynylamino etc.),(41) di-C 2-6 alkynylamino
(e.g., diethynylamino , di(lpropynyl) amino , di
(2-propynyl) amino etc.) , (42) C -io arylamino (e.g.,
phenylamino etc.), (43) C7- 12 aralkylamino (e.g.,
benzylamino etc.) , (44) Ci- 6 alkyl-carbonylamino
(e.g., acetylamino, ethylcarbonylamino ,
propylcarbonylamino , isopropylcarbonylamino ,
butylcarbonylamino , isobutylcarbonylamino ,
sec-butylcarbonylamino , tertbutylcarbonylamino ,
pentylcarbonylamino , hexylcarbonylamino etc.)
optionally having 1 to 3 substituents selected from
(1') halogen (e.g. , fluorine, chlorine, bromine,
iodine), (2') Ci-6 alkoxy-carbonyl (e.g.,
methoxycarbonyl , ethoxycarbonyl , propoxycarbonyl ,
isopropoxycarbonyl , butoxycarbonyl ,
isobutoxycarbonyl , sec-butoxycarbonyl ,
tert-butoxycarbonyl , pentoxycarbonyl ,
hexyloxycarbonyl etc.) , (3') mono- or di-C -6
alkylamino (e.g., methylamino, ethylamino,
propylamine, isopropylamino , butylamino,
isobutylamino , secbutylamino, tert-butylamino ,
pentylamino, hexylamino, dimethylamino , diethylamino
, dipropylamino , diisopropylamino,
N-ethyl-N-methylamino) optionally substituted by
hydroxy, (4') hydroxy, (5') Ci-6 alkylcarbonylamino
(e.g., acetylamino, ethylcarbonylamino,
propylcarbonylamino , isopropylcarbonylamino ,
butylcarbonylamino, isobutylcarbonylamino,
secbutylcarbonylamino , tert-butylcarbonylamino ,
pentylcarbonylamino, hexylcarbonylamino etc.) , (6')
carbamoylamino , (7') a heterocyclic group (wherein
the heterocyclic group is the same as the
"heterocyclic group" of the "heterocyclic group
optionally having substituent (s) " defined below) ,
(8 f) C -io arylamino (e.g., phenylamino etc.) , (9')
(heterocyclic group) - carbonylamino (wherein the
heterocyclic group is the same as the "heterocyclic
group" of the "heterocyclicgroup optionally having
substituent (s) " defined below) , and (10') C -6
alkoxy (e.g., methoxy, ethoxy, propoxy, isopropoxy,
butoxy, isobutoxy, sec-butoxy, tert-butoxy, pentoxy,
hexyloxy etc.) , (45) C3- S cycloalkyl-carbonylamino
(e.g., cyclopropylcarbonylamino ,
cyclobutylcarbonylamino , cyclopentylcarbonylamino ,
cyclohexylcarbonylamino etc.) , (46) C2-6
alkenyl-carbonylamino (e.g., ethenylcarbonylamino ,
1-propenylcarbonylamino , 2- propenylcarbonylamino
etc.) optionally having 1 to 3 substituents selected
from (1') C6-io aryl (e.g., phenyl, 1-naphthyl,
2-naphthyl) optionally having 1 to 3 substituents
selected from halogen (e.g., fluorine, chlorine,
bromine, iodine) , C i_ 6 alkyl (e.g., methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl , hexyl etc.) , C i_ 6 alkoxy
(e.g., methoxy, ethoxy, propoxy, isopropoxy, butoxy,
isobutoxy, sec-butoxy, tert-butoxy, pentoxy, hexyloxy
etc.) and halogeno-Ci- 6 alkyl (e.g., trif luoromethyl
, 2,2,2- trif luoroethyl) , and (2') a heterocyclic
group (wherein the heterocyclic group is the same as
the "heterocyclic group" of the "heterocyclic group
optionally having substituent (s) " defined below)
optionally having Ci-e alkyl (e.g., methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, hexyl), (47) C2- 6
alkynyl-carbonylamino (e.g., ethynylcarbonylamino,
1-propynylcarbonylamino , 2- propynylcarbonylamino
etc.) , (48) Ce-io aryl-carbonylamino (e.g.,
phenylcarbonylamino , stylylcarbonylamino ,
naphthylcarbonylamino etc.) optionally having 1 to 3
substituents selected from (1') halogen (e.g.,
fluorine, chlorine, bromine, iodine) , (2') Ci- 6
alkyl (e.g., methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, tert-butyl, pentyl, hexyletc.)
optionally having 1 to 3 substituents selected from
halogen (e.g., fluorine, chlorine, bromine, iodine),
hydroxy, amino and Ci-e alkyl-carbonylamino (e.g.,
acetylamino, ethylcarbonylamino, propylcarbonylamino ,
isopropylcarbonylamino , butylcarbonylamino,
isobutylcarbonylamino, sec-butylcarbonylamino ,
tertbutylcarbonylamino , pentylcarbonylamino ,
hexylcarbonylamino) , (3') Ci-e alkoxy (e.g., methoxy,
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy,
secbutoxy, tert-butoxy, pentoxy, hexyloxy etc.)
optionally having 1 to 3 halogens (e.g., fluorine,
chlorine, bromine, iodine), (4') Cc-6 alkoxy-carbonyl
(e.g., methoxycarbonyl , ethoxycarbonyl ,
propoxycarbonyl , isopropoxycarbonyl , butoxycarbonyl
, isobutoxycarbonyl , sec-butoxycarbonyl ,
tert-butoxycarbonyl , pentoxycarbonyl ,
hexyloxycarbonyl etc.), (5 f ) cyano , (6') carboxy,
(7') mono- or di-Ci-6 alkylamino (e.g., methylamino,
ethylamino, propylamino, isopropylamino , butylamino,
isobutylamino , sec-butylamino , tert-butylamino ,
pentylamino, hexylamino, dimethylamino , diethylamino
, dipropylamino , diisopropylamino ,
N-ethyl-N-methylamino) optionally having 1 to 3
substituents selected from hydroxy and C i_6 alkoxy
(e.g., methoxy, ethoxy, propoxy, isopropoxy / butoxy,
isobutoxy, sec-butoxy, tert-butoxy, pentoxy, hexyloxy)
, (8') carbamoyl, (9') C i_6 alkylcarbonylamino (e.g.,
acetylamino, ethylcarbonylamino, propylcarbonylamino ,
isopropylcarbonylamino , butylcarbonylamino,
isobutylcarbonylamino, secbutylcarbonylamino ,
tert-butylcarbonylamino , pentylcarbonylamino,
hexylcarbonylamino), (10') aminosulf onyl , (H') C i_
6 alkyl-sulf onyl (e.g., methylsulf onyl , ethylsulf
onyl , propylsulf onyl , isopropylsulf onyl, butylsulf
onyl , isobutylsulf onyl , secbutylsulf onyl ,
tert-butylsulf onyl , pentylsulf onyl ,hexylsulf onyl)
and (12') a heterocyclic group (wherein the
heterocyclic group is the same as' the "heterocyclic
group" of the "heterocyclic group optionally having
substituent (s) " defined below) optionally having 1
to 3 substituents selected from Ci-e alkyl (e.g.,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, tert-butyl, pentyl, hexyl) and oxo (=0) ,
(49) C7- 12 aralkyl-carbonylamino (e.g.,
benzylcarbonylamino , phenethylcarbonylamino etc.),
(50) (heterocyclic group (wherein the heterocyclic
group is the same as the "heterocyclic group" of the
"heterocyclic group optionally having substituent (s)
" defined below) )-carbonylamino (e.g.,
thienylcarbonylamino , pyridylcarbonylamino ,
piperidylcarbonylamino (e.g., piperidinocarbonylamino
etc.), pyrazinylcarbonylamino ,
imidazolylcarbonylamino , benzimidazolylcarbonylamino
, IHbenzotriazolylcarbonylamino , indolylcarbonylamino
, pyranylcarbonylamino , furanylcarbonylamino ,
1,2,3,6- tetrahydropyrimidinylcarbonylamino ,
tetrazolylcarbonylamino , pyrazolylcarbonylamino ,
quinoxalinylcarbonylamino , quinolylcarbonylamino ,
imidazo [1 ,2-a_]pyridylcarbonylamino , benzothia
z0IyI carbonylamino , 3 ,4-dihydro-2H-l ,4-
benzoxazinylcarbonylamino , pyrimidinylcarbonylamino ,
1,2, 4-triazolylcarbonylamino , 2
,3-dihydro-lbenzofuranylcarbonylamino , 2,1-
benzoisoxazolylcarbonylamino etc.) , which may have 1
to 3 substituents selected from (1') amino, (2') Ci- 6
alkyl (e.g., methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, tert-butyl, pentyl, hexyl), (3')
halogeno-Ci- 6 alkyl (e.g., trif luoromethyl , 2 ,2
,2-trif luoroethyl) , (4 f) Ce-io aryl (e.g., phenyl,
1-naphthyl, 2-naphthyl) , (5') oxo (=0) and (6') a
heterocyclic group (wherein theheterocyclic group is
the same as the "heterocyclic group" of the
"heterocyclic group optionally having substituent (s)
" defined below) optionally having Ci- 6 alkyl (e.g.,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, tert-butyl, pentyl, hexyl) , (51) Ci- 6
alkyl-sulf onylamino (e.g., methylsulf onylamino ,
ethyl su Ifonylamino , propyl su Ifonylamino ,
isopropylsulf onylamino , butylsulf onylamino ,
isobutylsulf onylamino , sec-butylsulf onylamino ,
tertbutylsulf onylamino, pentylsulf onylamino ,
hexylsulf onylamino etc.) , (52) C2-6 alkenyl-sulf
onylamino (e.g., ethenylsulf onylamino ,
1-propenylsulf onylamino , 2- propenylsulf onylamino
etc.) , (53) C2-6 alkynyl-sulf onylamino (e.g.,
ethynylsulf onylamino , 1-propynylsulf onylamino , 2-
propynylsulfonylamino etc.), (54) C6-I0
aryl-sulfonylamino (e.g., phenylsulf onylamino ,
naphthylsulf onylamino etc.) , (55) C7-I2 aralkyl-sulf
onylamino (e.g., benzylsulf onylamino etc.) , (56) C
i_ 6 alkoxy-carbonylamino (e.g., methoxycarbonylamino
, ethoxycarbonylamino , propoxycarbonylamino ,
isopropoxycarbonylamino , butoxycarbonylamino ,
isobutoxycarbonylamino , secbutoxycarbonylamino ,
tert-butoxycarbonylamino , 



pentoxycarbonylamino , hexyloxycarbonylamino etc.)
optionally having 1 to 3 halogens (e.g., fluorine,
chlorine, bromine, iodine) , (57) N-Ci-6
alkoxy-carbonyl-N-Ci-6 alkylamino (e.g., Ntert-
butoxycarbonyl-N-methylamino ,
N-methoxycarbonyl-Nmethylamino etc.) , (58) C6- o
aryloxy-carbonylamino (e .g. , phenoxycarbonylamino
etc . ) ,(59) C -i2 aralkyloxy-carbonylamino (e.g.,
benzyloxycarbonylamino etc.) , (60)
carbamoylcarbonylamino , (61) 3-Ci-6 alkyl-ureido
(e.g., 3-methylureido , 3- ethylureido, 3-propylu
reido , 3-isopropylureido , 3- butylureido,
3-pentylureido , 3-isopentylureido , 3- hexylureido
etc.) optionally having 1 to 3 substituents selected
from (1') Ci-6 alkoxy (e .g . , methoxy , ethoxy,
propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy,
tert-butoxy, pentoxy, hexyloxy etc.) , (2') C i_6
alkoxycarbonyl (e.g., methoxycarbonyl , ethoxycarbonyl
, propoxycarbonyl , isopropoxycarbonyl ,
butoxycarbonyl , isobutoxycarbonyl ,
sec-butoxycarbonyl , tertbutoxycarbonyl,
pentoxycarbonyl , hexyloxycarbonyl etc.) , (3')
carboxy, (4') hydroxy, (5') Ci- 6 alkoxycarbonylamino
(e.g., methoxycarbonylamino , ethoxycarbonylamino ,
propoxycarbonylamino , isopropoxycarbonylamino ,
butoxycarbonylamino , isobutoxycarbonylamino ,
sec-butoxycarbonylamino , tertbutoxycarbonylamino,
pentoxycarbonylamino , hexyloxycarbonylamino) , (6 f)
amino, (7 ') halogen (e.g., fluorine, chlorine,
bromine, iodine) , (8') carbamoyl, (9') Ci- 6
alkylsulf onyl (e.g., methylsulf onyl , ethylsulf onyl
, propylsulf onyl , isopropylsulf onyl , butylsulf
onyl , isobutylsulf onyl , sec-butylsulf onyl ,
tert-butylsulf onyl etc.) , (10') a heterocyclic group
(wherein the heterocyclic group is the same as the
"heterocyclic group" of the "heterocyclic group
optionally having substituent (s) " defined below)
optionally substituted by oxo, and (H') Ci-e
alkylcarbonylamino (e.g., acetylamino,
ethylcarbonylamino , propylcarbonylamino,
isopropylcarbonylamirio , butylcarbonylamino,
isobutylcarbonylamino , secbutylcarbonylamino ,
tert-butylcarbonylamino ,pentylcarbonylamino,
hexylcarbonylamino etc.) , (62) 3-C 3-8
cycloalkyl-ureido (e.g., 3-cyclopentylureido ,
3-cyclobutylureido, 3-cyclopentylureido, 3-
cyclohexylureido , 3-cycloheptylureido , 3-
cyclooctylureido etc.) , (63) 3-C 6-Io aryl-ureido
(e.g., 3-phenylureido , 3- naphthylureido etc.)
optionally having 1 to 3 substituents selected from
(1') halogen (e.g. , fluorine, chlorine, bromine,
iodine) , (2') cyano, (3') C i_ 6 alkyl (e.g., methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, hexyl etc.) optionally having 1 to
3 halogens (e.g., fluorine, chlorine, bromine, iodine)
, (4') C -6 alkoxy (e.g., methoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy, sec-butoxy,
tert-butoxy, pentoxy, hexyloxy etc.) , (5') C1-4
alkylenedioxy (e.g., -OCH 2O , -OCH 2CH2O-, -OCH
2CH2CH2O-, -OCH 2CH2CH2CH2O- etc.) , (6') C i_ 6
alkoxy-carbonyl (e.g., methoxycarbonyl ,
ethoxycarbonyl , propoxycarbonyl , isopropoxycarbonyl
, butoxycarbonyl , isobutoxycarbonyl ,
sec-butoxycarbonyl, tert-butoxycarbonyl ,
pentoxycarbonyl , hexyloxycarbonyl) , (7') carbamoyl
and (8') a heterocyclic group (wherein the
heterocyclic group is the same as the "heterocyclic
group" of the "heterocyclic group optionally having
substituent (s) " defined below) , (64) 3-Ci_6
alkyl-3-C 6-io aryl-ureido (wherein, as the Ci- 6
alkyl moiety, for example, methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, hexyl and the like can b e mentioned, and as
the Ce-io aryl moiety, for example, phenyl,
1-naphthyl, 2- naphthyl and the like can be mentioned,
specifically, 3- methyl-3-phenylureido and the like
can be mentioned) , (65) 3-C -I2 aralkyl-ureido (e.g.,
3-benzylureido , 3- phenethylureido etc.) optionally
having 1 to 3substituents selected from (l r) halogen
(e.g., fluorine, chlorine, bromine, iodine) , (2')
cyano , (3 f) C - alkyl (e.g., methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, hexyl etc.) optionally having 1 to 3 halogens
(e.g., fluorine, chlorine, bromine, iodine), (4 f) C
i_ 6 alkoxy (e.g., methoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy, sec-butoxy,
tert-butoxy, pentoxy, hexyloxy etc.) , and (5 f) C -4
alkylenedioxy (e.g., -OCH 2O-, -OCH 2CH2O-, -OCH
2CH2CH2O-, -OCH 2CH2CH2CH2O- etc.) , (66) 3-Ci-e
alkoxy-ureido (e.g., 3-methoxyureido , 3- ethoxyureido
, 3-propoxyureido, 3-isopropoxyureido , 3-
butoxyureido, 3-isobutoxyureido , 3- (sec-butoxy)
ureido , 3- (tert-butoxy) ureido, 3-pentoxyureido , 3-
hexyloxyureido) , (67) 3-C 6-Io arylsulfonyl-ureido
(e.g., 3- (phenylsulfonyl) ureido , 3- (1-naphthylsulf
onyl) ureido , 3- (2-naphthylsulf onyl) ureido) , (68)
3- (heterocyclic group (wherein the heterocyclic group
is the same as the "heterocyclic group" of the
"heterocyclic group optionally having substituent (s)
" defined below) )-ureido (e.g., 2-pyridylureido , 3-
pyridylureido, 4-pyridylureido , 3-
(IH-benzotriazolyl) - ureido) optionally having 1 to 3
substituents selected from Ci- 6 alkyl (e.g., methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, hexyl etc.) and a heterocyclic
group (wherein the heterocyclic group is the same as
the "heterocyclic group" of the "heterocyclic group
optionally having substituent (s) " defined below) ,
(69) piperidylureido optionally having 1 to 3 Ci- 6
alkylcarbonyl (e.g., acetyl, ethylcarbonyl ,
propylcarbonyl , isopropylcarbonyl , butylcarbonyl ,
isobutylcarbonyl , secbutylcarbonyl,
tert-butylcarbonyl , pentylcarbonyl ,hexylcarbonyl) ,
(70) phthalimide: (71) a heterocyclic group (wherein
the heterocyclic group is the same as the
"heterocyclic group" of the "heterocyclic group
optionally having substituent (s) " defined below, and
for example, a 5- or 6-membered aromatic monocyclic
heterocyclic group such as furyl, thienyl, pyrrolyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl ,
imidazolyl, pyrazolyl, 1,2 ,3-oxadiazolyl , 1,2
,4-oxadiazolyl, 1,3 ,4-oxadiazolyl , furazanyl, 1,2,3-
thiadiazolyl, 1,2 ,4-thiadiazolyl , 1,3
,4-thiadiazolyl , 1,2 ,3-triazolyl , 1,2 ,4-triazolyl
, tetrazolyl, pyridyl, pyridazinyl, pyrimidinyl,
pyrazinyl, triazinyl and the like, and a 8- to
12-membered aromatic fused heterocyclic group such as
benzofuranyl , isobenzofuranyl , benzo [b_] thienyl ,
indolyl, 3H-indolyl, indolinyl, isoindolyl,
isoindolinyl , IH-indazolyl , benzimidazolyl ,
benzoxazolyl , 1 ,2-benzisoxazolyl , 2
,1-benzisoxazolyl , benzothiazolyl , benzopyranyl ,
1,2-benzisothiazolyl , IHbenzotriazolyl , quinolyl,
isoquinolyl, cinnolinyl, quinazolinyl , quinoxalinyl ,
phthalazinyl , naphthyridinyl , purinyl, buterizinyl,
carbazolyl, a-carbolinyl , b- carbolinyl, g-carbolinyl
, acrydinyl , phenoxazinyl , phenothiazinyl ,
phenazinyl, phenoxathiinyl , thianthrenyl ,
phenathridinyl , phenathrolinyl , indolizinyl, pyrrol
o [1 ,2-b] pyridazinyl, pyrazolo [1 ,5-a_] pyridyl ,
imidazo [1 ,2-a_] pyridyl , imidazo [1,5-a_] pyridyl ,
imidazo [1 ,2-b] pyridazinyl , imidazo [1 ,2-aJ
pyrimidinyl , 1,2 ,4-triazolo [4 ,3-a] pyridyl , 1,2
,4-triazolo [4 ,3-bjpyridazinyl , benzoxazinyl and the
like, and a 3- to 8- membered saturated or unsaturated
non-aromatic heterocyclic group such as oxiranyl,
azetidinyl, oxetanyl, thietanyl, pyranyl, pyrrolidinyl
, tetrahydrofuryl , thiolanyl, piperidyl,
tetrahydropyranyl , morpholinyl, thiomorpholinyl ,
piperazinyl, 3- hexahydrocyclopenta [c_] pyrrolyl ,
homopiperidyl , homopiperazinyl , 1 ,2 ,3
,6-tetrahydropyrimidinyl and the like, and the like,
or a non-aromatic heterocyclic group - wherein the
double bonds of the aforementioned aromatic monocyclic
heterocyclic group or aromatic fused heterocyclic
group are partly or entirely saturated, such as
dihydropyridyl , dihydropyrimidyl , 1,2,3,4-
tetrahydroquinolyl , 1 ,2 ,3 ,4-tetrahydroisoquinolyl
, 3,4- dihydro-2H-l ,4-benzoxazinyl, 2
,3-dihydro-l-benzofuranyl , 1 ,3-benzodioxaindanyl ,
chromenyl and the like, and the like can be mentioned)
(72) halogen (e.g., fluorine, chlorine, bromine,
iodine) , (73) azide, (74) nitro, (75) cyano , (76)
oxo (=0) , (77) Ci-6 alkylene (e.g., C i_ 4 alkylene
such as -CH 2- , -CH 2CH2- , -CH 2CH2CH2- , -CH
2CH2CH2CH2- , and the like) , (78) Ci- 4 alkylenedioxy
(e.g., -OCH 2O-, -OCH 2CH2O-, -OCH 2CH2CH2O-, -OCH
2CH2CH2CH2O- and the like) (79) a group represented by
the formula: R12-NH- (CH2)pwherein R12 is (1') a
hydrogen atom, (2') C6-io arylcarbonyl (e.g., benzoyl,
1-naphthoyl, 2-naphthoyl) optionally having 1 to 3
halogeno-Ci _ 6 alkyl (e.g., trif luoromethyl, 2 ,2
,2-trif luoroethyl) , (3 f) C7-I2 aralkyl-oxycarbonyl
(e.g., benzyloxycarbonyl , phenethyloxycarbonyl ,
1-naphthylmethoxycarbonyl , 2-
naphthylmethoxycarbonyl) or (4 r) C6-io
aryl-aminocarbonyl(e.g., phenylaminocarbonyl ,
1-naphthylaminocarbonyl , 2- naphthylaminocarbonyl) ,
and p is 0 or 1 , (80) a group represented by the
formula: R15-NH- (CH2)rwherein R15 is Ce-io
aryl-carbonyl (e.g. , benzoyl, 1- naphthoyl ,
2-naphthoyl) , and r is 0 or 1 , The above-mentioned
substituent group A further optionally has 1 to 3
substituents selected from the substituent group A as
defined above at substitutable position. A s the
substituent of the "hydroxy optionally having a
substituent" for R2 , R3 , R4 , R5 , R7 , R8 , R9 or
R10 , for example, the aforementioned "hydrocarbon
group optionally having substituent (s) " for R1 , R2
, R3 , R4 , R5 , R7 , R8, R9 or R10 can be mentioned.
A s the substituent of the "amino optionally having
substituent (s) " for R2 , R3 , R4 , R5 , R7, R8 , R9
or R10 , for example, the aforementioned "hydrocarbon
group optionally having substituent (s) " for R1 , R2
, R3 , R4 , R5 , R7 , R8, R9 or R10 can be mentioned,
and the number of substituents is 1 or 2 . A s the
"thiol optionally having a substituent" for R2 , R3 ,
R4 , R5 , R7 , R8 , R9 or R10 , for example, a group
represented by the formula -SR 2 0 (wherein R2 0 is a
hydrocarbon group optionally having substituent (s) )
, a group represented by the formula -S(O)R 2 1
(wherein R21 is a hydrocarbon group optionally having
substituent (s) ) and a group represented by the
formula -S(O) 2R22 (wherein R22 is a hydrocarbon group
optionally having substituent (s) ) can be mentioned.
A s the "hydrocarbon group optionally having
substituent (s) " for R20 , R21 or R22 , those similar
to the aforementioned "hydrocarbon group optionally
having substituent (s) " for R1 , R2 , R3 , R4 , R5 ,
R7, R8, R9 or R10 can be mentioned. A s the
"heterocyclic group" of the "heterocyclicgroup
optionally having substituent (s) " for R2, R6, R7,
R8, R9 or R10 , in the present specification, unless
otherwise specified, for example, 5- to 14-membered
(monocyclic, bicyclic or tricyclic) aromatic
heterocyclic group or non-aromatic heterocyclic group
containing, besides carbon atoms, 1 to 5 (preferably 1
to 3 ) of 1 to 3 kinds of hetero atoms selected from
nitrogen atom, sulfur atom and oxygen atom as a
ring-constituting atom can be mentioned . A s the
"aromatic heterocyclic group", for example, 5- or
6-membered aromatic monocyclic heterocyclic group such
as furyl, thienyl, pyrrolyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl , imidazolyl, pyrazolyl,
1,2,3- oxadiazolyl, 1,2 ,4-oxadiazolyl , 1,3
,4-oxadiazolyl , furazanyl, 1,2 ,3-thiadiazolyl , 1 ,2
,4-thiadiazolyl, 1,3 ,4-thiadiazolyl, 1,2 ,3-triazolyl
, 1,2 ,4-triazolyl , tetrazolyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, triazinyl and the like, and,
8- to 12-membered aromatic fused heterocyclic group
such as benzofuranyl , isobenzofuranyl , benzo [b]
thienyl , indolyl, 3H-indolyl, indolinyl, isoindolyl,
isoindolinyl , lH-indazolyl , benzimidazolyl ,
benzoxazolyl , 1,2-benzisoxazolyl , 2,1-
benzisoxazolyl , benzothiazolyl , benzopyranyl , 1,2-
benzisothiazolyl , IH-benzotriazolyl , quinolyl,
isoquinolyl, cinnolinyl, quinazolinyl , quinoxalinyl ,
phthalazinyl, naphthyridinyl , purinyl, buterizinyl,
carbazolyl, a-carbolinyl , b-carbolinyl , g-carbolinyl
, acrydinyl, phenoxazinyl , phenothiazinyl ,
phenazinyl, phenoxathiinyl , thianthrenyl ,
phenathridinyl , phenathrolinyl, indolizinyl, pyrrolo
[1 ,2-b] pyridazinyl , pyrazolo [1 ,5-a.] pyridyl ,
imidazo [1 ,2-a.] pyridyl , imidazo [1 ,5-aJ pyridyl,
imidazo [1 ,2-b] pyridazinyl , imidazo [1 ,2-<a]
pyrimidinyl , 1,2 ,4-triazolo [4 ,3-a.] pyridyl , 1,2
,4-triazolo [4 ,3-b] pyridazinyl , 1,4-benzoxazinyl
andthe like (preferably, a heterocycle wherein the
aforementioned 5- or 6-membered aromatic monocyclic
heterocyclic group is fused with a benzene ring, or a
heterocycle wherein the same or different two
heterocycles of the aforementioned 5- or 6-membered
aromatic monocyclic heterocyclic group are fused, more
preferably a heterocycle wherein the aforementioned 5-
or b-membered aromatic monocyclic heterocyclic group
is fused with a benzene ring, particularly preferably
benzofuranyl, benzopyranyl , benzo [b] thienyl etc.)
and the like can be mentioned. A s the "non-aromatic
heterocyclic group", for example, a 3- to 8-membered
saturated or unsaturated non-aromatic heterocyclic
group such as oxiranyl, azetidinyl, oxetanyl,
thietanyl, pyranyl, pyrrolidinyl , tetrahydrofuryl ,
thiolanyl, piperidyl (containing piperidino) ,
tetrahydropyranyl , morpholinyl, thiomorpholinyl ,
piperazinyl, 3- hexahydrocyclopenta [c_] pyrrolyl ,
homopiperidyl , homopiperazinyl , 1,2,3
,b-tetrahydropyrimidinyl and the like, and the like,
or a non-aromatic heterocyclic group wherein the
double bonds of the aforementioned aromatic monocyclic
heterocyclic group or aromatic fused heterocyclic
group are partly or entirely saturated, such as
dihydropyridyl , dihydropyrimidyl , 1,2,3,4-
tetrahydroquinolyl , 1,2 ,3 ,4-tetrahydroisoquinolyl ,
3,4- dihydro-2H-l ,4-benzoxazinyl , 2
,3-dihydro-l-benzofuranyl , 1,3-benzodioxaindanyl ,
chromenyl and the like, and the like can be mentioned.
Of the above-mentioned "heterocyclic groups", as the
"5- or 6-membered heterocyclic group", for example,
furyl, thienyl, pyrrolyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl , imidazolyl, pyrazolyl,
1,2,3- oxadiazolyl, 1,2 ,4-oxadiazolyl , 1,3
,4-oxadiazolyl ,furazanyl, 1,2 ,3-thiadiazolyl ,
1,2,4-thiadiazolyl , 1,3 ,4-thiadiazolyl,
1,2,3-triazolyl , 1,2,4-triazolyl , tetrazolyl,
pyridyl, pyridazinyl, pyrimidinyl , pyrazinyl,
triazinyl, pyranyl, pyrrolidinyl , tetrahydrof uryl ,
thiolanyl, piperidyl, tetrahydropyranyl , morpholinyl
, thiomorpholinyl, piperazinyl and the like can be
mentioned, and as the "5- or 6-membered aromatic
heterocyclic group", for example, furyl, thienyl,
pyrrolyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl , imidazolyl, pyrazolyl, 1,2
,3-oxadiazolyl , 1,2,4- oxadiazolyl, 1,3,4-oxadiazolyl
, furazanyl, 1,2,3- thiadiazolyl , 1,2,4-thiadiazolyl
, 1,3,4-thiadiazolyl , 1,2 ,3-triazolyl , 1,2
,4-triazolyl , tetrazolyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, triazinyl and the like can be
mentioned. Of the above-mentioned "heterocyclic
groups", as the "fused ring group of benzene ring and
5- or 6- membered heterocycle" , for example,
isoindolyl, benzimidazolyl , 1,3-benzodioxaindanyl ,
IH-benzotriazolyl , indolyl, quinoxalinyl ,
2,3-dihydro-l-benzofuranyl , 1,2- benzoisoxazolyl ,
benzothiazolyl , 1,4-benzoxazinyl , isobenzofuranyl ,
chromenyl, 3H-indolyl, lH-indazolyl , isoquinolyl,
quinolyl, phthalazinyl , quinazolinyl , cinnolinyl,
indolinyl, isoindolinyl , benzofuranyl and the like
can be mentioned. As the "substituent (s) " of the
"heterocyclic group optionally having substituent (s)
" for R2, R6, R7, R8, R9 or R10 , the substituents
selected from the aforementioned substituent group A ,
and the like can be mentioned. The number of
substituents is 1 to 5 . As the "cyclic group
optionally having substituent (s) " of the "(cyclic
group optionally having substituent (s) )-carbonyl"
for R6, (I)- a homocyclic ring group optionally having
substituent (s) and (2) aheterocyclic group optionally
having substituent (s) can b e mentioned. A s the
"homocyclic ring group" o f the "horaocyclic ring
group optionally having substituent (s) " , (1) C3-8
cycloalkyl (e.g., cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
bicyclo [2 .2 .2 ]octyl etc.), (2) C 6-Io aryl (e.g.,
phenyl, 1-naphthyl, 2- naphthyl etc.) and (3) a group
wherein C3--8 cycloalkyl o f (1) and C -io aryl o f
(2) are fused (e.g., 1,2,3,4- tetrahydronaphthyl) can
b e mentioned. A s the "substituent" o f the
"homocyclic ring group optionally having substituent
(s) " , those similar to the aforementioned
substituent group A can b e mentioned. The number o f
the substituents i s 1 to 5 . A s the "heterocyclic
group optionally having substituent (s ) " , those
similar t o the aforementioned "heterocyclic group
optionally having substituent (s) " for R 2 , R 6 , R
7 , R 8 , R 9 o r R 10 can b e mentioned. A s the
"alkenylcarbonyl optionally having substituent (s) "
for R 6 , C2-6 alkenyl-carbonyl (e.g., ethenylcarbonyl
, 1-propenylcarbonyl , 2-propenylcarbonyl etc.)
optionally having 1 t o 5 substituents selected from
the aforementioned substituent group A , and the like
can b e mentioned. A s the "alkylcarbonyl" o f the
"alkylcarbonyl having substituent (s) selected from
(i) cycloalkyl optionally having substituent (s) ,
(ii) amino optionally having substituent (s) and (iii)
a heterocyclic group optionally having substituent (s)
" for R 6 , for example, Ci-6 alkyl-carbonyl (e.g.,
acetyl, ethylcarbonyl , propylcarbonyl ,
isopropylcarbonyl , butylcarbonyl , isobutylcarbonyl ,
sec-butylcarbonyl , tert-butylcarbonyl ,
pentylcarbonyl , hexylcarbonyl etc.) and the like can
b e mentioned.As the "cycloalkyl optionally having
substituent (s) " of the "alkylcarbonyl having
substituent (s) selected from (i) cycloalkyl
optionally having substituent (s) , (ii) amino
optionally having substituent (s) and (iii) a
heterocyclic group optionally having substituent (s) "
for R6, for example, C3-6 cycloalkyl (e.g.,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl etc.)
optionally having 1 to 5 substituents selected from
the aforementioned substituent group A , and the like
can be mentioned. As the "amino optionally having
substituent (s) " of the "alkylcarbonyl having
substituent (s ) selected from (i) cycloalkyl
optionally having substituent (s) , (ii) amino
optionally having substituent (s) and (iii) a
heterocyclic group optionally having substituent (s) "
for R6, those similar to the aforementioned "amino
optionally having substituent (s) " for R2 , R3 , R4,
R5 , R7, R8, R9 or R10 can be mentioned. A s the
"heterocyclic group optionally having substituent (s)
" of the "alkylcarbonyl having substituent (s)
selected from (i) cycloalkyl optionally having
substituent (s) , (ii) amino optionally having
substituent (s) and (iii) a heterocyclic group
optionally having substituent (s) " for R6, those
similar to the aforementioned "heterocyclic group
optionally having substituent (s) " for R2 , R6, R7,
R8, R9 or R1 0 can be menetioned, and the
"substituent" is selected from the substituent group A
. The number of the substituents , which the
abovementioned alkylcarbonyl has, is 1 to 3 . A s the
ring which R7 and R8, R8 and R9 or R9 and R10 form
together with the adj acent carbon atoms, (1)
homocyclic ring optionally having 1 to 5 substituents
selected from the aforementioned substituent group A ,
or(2) heterocycle optionally having 1 to 5
substituents selected from the aforementioned
substituent group A , can b e mentioned. A s the
"homocyclic ring" of the "homocyclic ring optionally
having 1 to 5 substituents selected from the
aforementioned substituent group A", for example, C3-6
cycloalkyl ring (e.g., cyclopentane ring, cyclobutane
ring, cyclopentane ring, cyclohexane ring etc.) , C
-io aryl ring (e.g., benzene ring, naphthalene ring
etc.) and the like can be mentioned. A s the
"heterocycle" of the "heterocycle optionally having 1
to 5 substituents selected from the aforementioned
substituent group A", unless otherwise specified, for
example, a 5- to 14-membered (monocyclic, bicyclic or
tricyclic) aromatic heterocyclic group. or
non-aromatic heterocyclic group containing, besides
carbon atoms, 1 to 5 (preferably 1 to 3 ) of 1 to 3
kinds of hetero atoms selected from nitrogen atom,
sulfur atom and oxygen atom as a ring-constituting
atom, can be mentioned. A s the "aromatic
heterocycle", for example, 5- or 6-membered aromatic
monocyclic heterocycle such as furan ring, thiophene
ring, pyrrole ring, oxazole ring, isoxazole ring,
thiazole ring, isothiazole ring, imidazole ring,
pyrazole ring, 1 ,2 ,3-oxadiazole ring, 1 ,2
,4-oxadiazole ring, 1 ,3 ,4-oxadiazole ring, furazan
ring, 1 ,2 ,3-thiadiazole ring, 1 ,2 ,4-thiadiazole
ring, 1,3 ,4-thiadiazole ring, 1 ,2 ,3-triazole ring,
1,2,4- triazole ring, tetrazole ring, pyridine ring,
pyridazine ring, pyrimidine ring, pyrazine ring,
triazine ring and the like, and 8- to 12-membered
aromatic fused heterocycle such as benzofuran ring,
isobenzofuran ring, benzo [b] thiophene ring, indole
ring, isoindole ring, IHindazole ring, benzimidazole
ring, benzoxazole ring,1,2-benzisoxazole ring, 2
,1-benzisoxazole ring, benzothiazole ring, benzopyran
ring, 1 ,2-benzisothiazole ring, IH-benzotriazole
ring, quinoline ring, isoquinoline ring, cinnoline
ring, quinazoline ring, quinoxaline ring, phthalazine
ring, naphthyridine ring, purine ring, buterizine
ring, carbazole ring, a- carboline ring, b-carboline
ring, g-carboline ring, acridine ring, phenoxazine
ring, phenothiazine ring, phenazine ring, phenoxathiin
ring, thianthrene ring, phenanthridine ring,
phenanthrone ring, indolizine ring, pyrrolo [1 ,2-b]
pyridazine ring, pyrazolo [1 ,5-aJ pyridine ring,
imidazo [1,2-a_] pyridine ring, imidazo[l,5-
ajpyridine ring, imidazo [1 ,2-b_] pyridazine ring,
imidazo [1 ,2-aJ pyrimidine ring, 1 ,2 ,4-triazolo [4
,3- ajpyridine ring, 1 ,2,4-triazolo [4 ,3-b_]
pyridazine ring, 1,4-benzoxazine ring and the like
(preferably, a heterocycle wherein the aforementioned
5- or 6-membered aromatic monocyclic heterocycle is
fused with a benzene ring, or a heterocycle wherein
the same or different two heterocycles of the
aforementioned 5- or 6-membered aromatic monocyclic
heterocycle are fused, more preferably a heterocycle
wherein the aforementioned 5- or 6-membered aromatic
monocyclic heterocycle fused with a benzene ring,
particularly preferably benzofuran ring, benzopyran
ring, benzo [b] thiophene ring etc.) and the like can
be mentioned. As the "non-aromatic heterocycle", for
example, a 3- to 8-membered saturated or unsaturated
non-aromatic heterocycle such as oxirane ring,
azetidine ring, oxetane ring, thietane ring, pyran
ring, pyrrolidine ring, tetrahydrofuran ring, thioran
ring, piperidine ring, tetrahydropyran ring,
morpholine ring, thiomorpholine ring, piperazine ring,
3- hexahydrocyclopenta [c_] pyrrole ring,
homopiperidine ring,homopiperazine ring, 1 ,2 ,3
,6-tetrahydropyrimidine ring and the like, and the
like, or a non-aromatic heterocycle wherein the double
bonds of the aforementioned aromatic monocyclic
heterocycle or aromatic fused heterocycle are partly
or entirely saturated, such as dihydropyridine ring,
dihydropyrimidine ring, 1 ,2 ,3 ,4-tetrahydroquinoline
ring, 1 ,2 ,3 ,4-tetrahydroisoquinoline ring, 3
,4-dihydro-2H-l ,4- benzoxazine ring, 2
,3-dihydro-l-benzofuran ring, 1,3- benzodioxaindan
ring, chromene ring and the like, and the like can be
mentioned. When n is an integer of 2 to 5 , R4 and R5
may b e different, respectively, due to redundancy of
n . R1 is preferably (1) unsubstituted, (2) a hydrogen
atom, (3) Ci-6 alkyl optionally having 1 to 5
substituents selected from the aforementioned
substituent group A , (4) C -I aralkyl optionally
having 1 to 5 substituents selected from the
aforementioned substituent group A , or (5) Ci-e
alkyl-carbonyl optionally having 1 to 5 substituents
selected from the aforementioned substituent group A ,
and more preferably (1) unsubstituted, (2) a hydrogen
atom, (3) Ci-6 alkyl optionally having 1 to 5
substituents selected from the aforementioned
substituent group A , or (4) C i_ 6 alkylcarbonyl
optionally having 1 to 5 substituents selected from
the aforementioned substituent group A . Of these, R1
is preferably (1) unsubstituted, (2) a hydrogen atom,
(3) C i_ 6 alkyl, (4) C7-1 2 aralkyl or (5) Ci-6
alkyl-carbonyl, and particularly preferably (1)
unsubstituted, (2) a hydrogen atom, (3) Ci-6 alkyl or
(4) C i_6 alkyl-carbonyl. Particularly, a hydrogen
atom is preferable. A s R2 , (1) a hydrogen atom, (2)
Ci- 6 alkyl optionally having 1 to 5 substituents
selected from theaforementioned substituent group A ,
(3) C3-8 cycloalkyl optionally having 1 to 5
substituents selected from the aforementioned
substituent group A , (4) Ce-io aryl optionally having
1 to 5 substituents selected from the aforementioned
substituent group A , (5) C i_6 alkoxycarbonyl
optionally having 1 to 5 substituents selected from
the aforementioned substituent group A and (6) a 5- or
6-membered heterocyclic group optionally having 1 to 5
substituents selected from the aforementioned
substituent group A are preferable, and (1) a hydrogen
atom, (2) C1-6 alkyl optionally having 1 to 5
substituents selected from the aforementioned
substituent group A , (3) C3- S cycloalkyl optionally
having 1 to 5 substituents selected from the
aforementioned substituent group A , (4) Ce-io aryl
optionally h av ing 1 to 5 substituents selected from
the aforementioned substituent group A and (5) a 5- or
6- membered aromatic heterocyclic group optionally
having 1 to 5 substituents selected from the
aforementioned substituent group A are more
preferable. Of these, (1) a hydrogen atom, (2) Ci-6
alkyl optionally having 1 to 3 substituents selected
from (1') 



hydroxy, (2 f ) Ci- 6 alkoxy, (3') C7-I2 aralkyloxy,
(4 f) mono- or di-Ci _ 6 alkylamino, (5 r ) N-Ci-6
alkoxy-carbonyl-NCi- 6 alkylamino, (6') amino, (7')
Ci-6 alkyl-carbonylamino optionally having 1 to 3
halogens, (8') C7-I2 aralkyloxycarbonylamino and (9')
Ci-g alkoxy-carbonylamino optionally having 1 to 3
halogens, (3) C3-8 cycloalkyl, (4) Ce-io aryl
optionally having 1 to 3 substituents selected from
(1') halogen, (2') Ci- 6 alkyl optionally having 1 to
3 halogens, (3') cyano, (4 f) C i_ 6 alkoxycarbonyl
and (5') C - 6 alkyl-thio, (5) Ci-e alkoxy-carboriyl
and (6) a 5- or 6-membered heterocyclic group
optionally having substituent (s) selected from (1')
hydroxy, (2') Ci6 alkyl optionally having C -6
alkyl-carbonyloxy , (3') C7- 19 aralkyl optionally
having C i_6 alkoxy, (4 f) C7-i2 aralkyloxy, (5') C7
_i2 aralkyloxy-carbonyl , (b f ) mono-Ci-e
alkyl-carbamoyl and (7') Ci-6 alkoxy-carbonyl are
preferable, and (1) a hydrogen atom, (2) Ci-e alkyl
optionally having 1 to 3 substituents selected from
(i) hydroxy, (ii) Ci-6 alkoxy, (iii) C7 _i2
aralkyloxy, (iv) mono-Ci-6 alkylamino and (v) N-Ci-6
alkoxy-carbonyl-N-Ci- 6 alkylamino, (3) C3-8
cycloalkyl, (4) C6 _i0 aryl optionally having 1 to 3
substituents selected from (i) halogen, (ii) Ci-e
alkyl optionally having 1 to 3 halogens, (iii) cyano
and (iv) C i_ 6 alkoxy-carbonyl, and (5) a 5- or 6-
membered aromatic heterocyclic group optionally having
substituent (s) selected from (i) hydroxy, (ii) C _6
alkyl optionally having C i_ 6 alkyl-carbonyloxy,
(iii) C7- I2 aralkyl optionally having Ci-e alkoxy and
(iv) C7-i2 aralkyloxy are more preferable.
Particularly, (1) Ci-e alkyl optionally having
substituent (s) selected from (i) Ci-6 alkoxy and (ii)
mono-Ci-6 alkylamino, (2) C3-8 cycloalkyl, (3) C -io
aryl optionally having halogen, and (4) a 5- or
6-membered aromatic heterocyclic group optionally
having C -b alkyl are preferable. R3 is preferably (1)
unsubstituted, (2) a hydrogen atom or (3) Ci-6 alkyl
optionally having 1 to 5 substituents selected from
the aforementioned substituent group A . Of these, R3
is preferably (1) unsubstituted, (2) a hydrogen atom
or (3) C i_ 6 alkyl. Particularly, (1) a hydrogen atom
or (2) Ci-6 alkyl is preferable. A s R4 and R5 ,
hydrogen atoms are preferable. A s R6 , (1) a group
represented by the formulawherein ring A is
cyclopentane, cyclohexane or bicyclo [2.2.2] octane ;
R11 is (1 ') amino , (2') C7-12 aralkylamino, (3 r)
Ci-6 alkyl-carbonylamino optionally having substituent
(s) selected from (1") halogen, (2") hydroxy, (3")
Ci-6 alkoxy-carbonyl , (4") mono- or di-Ci _ 6
alkylamino optionally substituted by hydroxy, (5")
morpholino, (6") C i_ 6 alkyl-carbonylamino, (7")
carbamoylamino, (8") a 5- or 6-membered aromatic
heterocyclic group, (9") C -io arylamino, (10") (5- or
6- membered aromatic heterocyclic group)
-carbonylamino and (H") Ci-6 alkoxy, (4') C2-6
alkenyl-carbonylamino optionally having substituent
(s) selected from (1") C6-io aryl optionally having
substituent (s) selected from halogen, Ci- 6 alkyl,
Ci-6 alkoxy and halogeno-Ci _ 6 alkyl and (2") a 5- or
6- membered aromatic heterocyclic group optionally
having C1- alkyl, (5') C3 _8 cycloalkyl-carbonylamino,
(6') C -io aryl-carbonylamino optionally having
substituent (s) selected from (1") halogen, (2")
cyano, (3") Ci-6 alkyl optionally having amino or Ci-e
alkylcarbonylamino, (4") halogeno-Ci-6 alkyl, (5")
hydroxy-Ci-6 alkyl, (6") C i_ 6 alkoxy, (7") carboxy,
(8") C i_ 6 alkoxycarbonyl, (9") mono- or di-C - 6
alkylamino optionally having hydroxy or Ci-e alkoxy,
(10") carbamoyl, (H") halogeno-Ci-6 alkoxy, (12") C -
6 alkyl-carbonylamino,(13") aminosulfonyl, (14") C i_
6 alkyl-sulf onyl and (15") a 5- or 6-membered
heterocyclic group, or a fused ring group of benzene
ring and 5- or 6-membered heterocycle, which may have
substituent (s) selected from Ci-6 alkyl and oxo, (7
') C7-i2 aralkyl-carbonylamino , (8') Ci-6
alkoxy-carbonylamino , (9') (5- or 6-membered
heterocyclic group, or fused ring group of benzene
ring and 5- or 6-membered heterocycle) - carbonylamino
, which may have substituent (s) selected from (1")
amino, (2") Ci-6 alkyl, (3") halogeno-Ci _ 6 alkyl,
(4") C6-io aryl, (5") oxo and (6") a 5- or 6-membered
heterocyclic group optionally having C i_ 6 alkyl,
(10') C6-Io aryl-sulf onylamino, (H')
carbamoylcarbonylamino , (12') 3-Ci- 6 alkyl-ureido
optionally having substituent (s) selected from (1")
hydroxy, (2") carboxy, (3") Ci-6 alkoxy, (4") Ci- 6
alkoxy-carbonyl , (5") C i_ 6 alkoxy-carbonylamino,
(6") amino, (7") halogen, (8") carbamoyl, (9") Ci-e
alkylsulf onyl , (10") a heterocyclic group optionally
substituted by oxo and (H") C i_ 6 alkylcarbonylarnino
, (13') 3-C 3- cycloalkyl-ureido, (14') 3-C -io
aryl-ureido optionally having substituent (s) selected
from (1") halogen, (2") cyano , (3") halogeno- C1-6
alkyl, (4") C i_ 6 alkyl, (5") C i_ 6 alkoxy, (6")
methylenedioxy , (7") Ci-6 alkoxy-carbonyl, (8")
carbamoyl and (9") a 5- or 6-membered aromatic
heterocyclic group, (15') 3-C1-6 alkyl-3-Ce-io
aryl-ureido, (16') 3-C7-1 2 aralkyl-ureido optionally
having substituent (s) selected from (1") halogen and
(2") C i_ 6 alkoxy, (17') 3-Ci-6 alkoxy-ureido , (18')
3-Ce-io arylsulf onyl-ureido ,(19') 3- (5- or
6-membered heterocyclic group, or fused ring group of
benzene ring and 5- or 6-membered heterocycle)
-ureido, which may have 5- or 6-membered heterocyclic
group, (20') piperidylureido optionally having Ci-6
alkylcarbonyl, or (21') phthalimide, (2) a group
represented by the formula wherein R12 is (1') a
hydrogen atom, (2') C -io arylcarbonyl optionally
having halogeno-Ci-e alkyl, (3') C7-1 2
aralkyl-oxycarbonyl or (4') C -io aryl-aminocarbonyl ;
m is 0 or 1 ; and p is 0 or 1 , (3) a group
represented by the formula wherein R is C -io
aryl-carbonyl , (4) a group represented by the formula
wherein ring B is a pyrrolidine ring or a piperidine
ring, each optionally substituted by amino; R14 is
(1') a hydrogen atom, (2') C7-I aralkyl, (3') Ci-e
alkyl-carbonyl , (4') C6-Io aryl-carbonyl, (5') C7-I2
aralkyl-carbonyl , (6') Ci-6 alkoxy-carbonyl or (7')
C7-I2 aralkyl-carbamoyl , (5) C2-6 alkenyl-carbonyl
optionally having substituent (s) selected from (1')
carboxy, (2') Ci-6alkoxy-carbonyl and (3') C -io
aryl-aminocarbonyl , (6) C i_6 alkyl-carbonyl having
substituent (s) selected from (l r ) amino, (2 f )
Ce-io aryl-carbonylamino , (3') C i_6
alkoxy-carbonylamino and (4') a 5- o r 6-membered
heterocyclic group, o r a fused ring group o f benzene
ring and 5- o r 6-membered heterocycle, each
optionally substituted b y oxo, (7) 1,2,3
,4-tetrahydronaphthylcarbonyl, (8) pyrrolidinyl having
C7-12 aralkyl, o r (9) a group represented b y the
formula wherein R15 is Ce-io aryl-carbonyl ; r is 0 or
1 ; and s is 0 or 1 , is preferable, and (1) a group
represented by the formula wherein ring A is
cyclopentane , cyclohexane or bicyclo[2.2. 2 ]octane;
R11 is (l r) amino, (2 r) C7-I2 aralkylamino , (3') C
i_ 6 alkyl-carbonylamino optionally having substituent
(s) selected from (1") halogen, (2") hydroxy, (3") Ci-
6 alkoxy-carbonyl, (4") di-Ci-e alkylamino and (5")
morpholino, (4') C 3_s cycloalkylcarbonylamino , (5 r)
C -io aryl-carbonylamino optionally having substituent
(s) selected from (1") halogen, (2") cyano, (3") C i_
6 alkyl , (4") halogeno-Ci- 6 alkyl, (5") hydroxyd-e
alkyl, (6") C i_ 6 alkoxy, (7") carboxy and (8") C i_
6 alkoxy-carbonyl , (6') C -I2 aralkyl-carbonylamino ,
(7 f) Ci-6 alkoxy-carbonylamino , (8') (5- or
6-membered aromatic heterocyclic group)
-carbonylamino, (9') piperidinocarbonylamino , (10') C
-io aryl-sulf onylamino ,. (H') 3-Ci- 6 alkyl-ureido
optionally having substituent (s) selected from (1")
hydroxy, (2") carboxy, (3") Ci-6 alkoxy and (4") C i_
6 alkoxy-carbonyl, (12') 3-C3-8 cycloalkyl-ureido,
(13') 3-C 6-io aryl-ureido optionally having
substituent (s) selected from (1") halogen, (2")
cyano, (3") halogeno-Ci-e alkyl, (4") C i_ 6 alkyl,
(5") Ci- 6 alkoxy and (6") methylenedioxy , (14') 3-
C7 _i2 aralkyl-ureido optionally having substituent
(s) selected from (1") halogen and (2") C i_ 6 alkoxy,
(15') 3- (5- or 6-membered aromatic heterocyclic
group) - ureido, (16') piperidylureido , preferably
piperidinoureido , optionally having Ci-6
alkyl-carbonyl or (17') phthalimide, (2) a group
represented by the formula wherein R12 is (1') a
hydrogen atom, (2') C6-io arylcarbonyl optionally
having halogeno-Ci-6 alkyl or (3') C7-I2
aralkyl-oxycarbonyl ; m is 0 or 1 ; and p is 0 or 1 ,
(3) a group represented by the formula wherein R, 1 3
i s C - 10 aryl-carbonyl , (4) a group represented by
the formulawherein ring B is a pyrrolidine ring or a
piperidine ring; R14 is (!') a hydrogen atom, (2') C
-I2 aralkyl, (3') Ci-6 alkyl-carbonyl , (4') C6-io
aryl-carbonyl, (5 f) C7-I2 aralkyl-carbonyl or (6')
Ci-6 alkoxy-carbonyl , (5) C2-6 alkenyl-carbonyl
optionally having substituent (s) selected from (1')
carboxy, (2 f) Ci-6 alkoxy-carbonyl and (3') C -io
aryl-aminocarbonyl , (6) Ci- 6 alkyl-carbonyl having
substituent (s) selected from (1') amino, (2') C6-io
aryl-carbonylamino and (3') Ci- 6 alkoxy-carbonylamino
, (7) 1,2,3 ,4-tetrahydronaphthylcarbonyl, and (8)
pyrrolidinyl having C7-I aralkyl are more p referab le
Of these, (1) a group represented by the formula
wherein ring A ' is cyclohexane or bicyclo [2 .2 .2
]octane , R11 is (1') Ci- 6 alkyl-carbonyl optionally
having substituent (s) selected from (1") halogen,
(2") hydroxy, (3") C i_ 6 alkoxy-carbonyl and (4")
morpholino, (2 ') C6 _i0 aryl-carbonyl optionally
having substituent (s) selected from (1") halogen,
(2") cyano, (3") C i_ 6 alkyl, (4") halogeno-Ci-6
alkyl, (5") hydroxy-Ci _ 6 alkyl, (6") Ci-6 alkoxy and
(7") Ci- 6 alkoxy-carbonyl, (3') C7-I2
aralkylcarbonyi, (4') (5- or 6-membered aromatic
heterocyclic group) -carbonyl , (5') Ci- 6
alkyl-aminocarbonyl optionally having substituent (s)
selected from (1") hydroxy, (2")Ci- 6 alkoxy and (3")
C i_ 6 alkoxy- carbonyl , (6') C3 _ 8
cycloalkyl-aminocarbonyl , (7 f) C -io
aryl-aminocarbonyl optionally having substituent (s)
selected from (1") halogen, (2") cyano , (3")
halogeno-Ci _ 6 alkyl, (4") C i_ 6 alkyl, (5") Cc-6
alkoxy and (6") methylenedioxy , (8') C7-12
aralkyl-aminocarbonyl optionally having substituent
(s) selected from (1") halogen and (2") C i_ 6 alkoxy,
(9') (5- or 6-membered aromatic heterocyclic group)
-aminocarbonyl or (10') piperidylaminocarbonyl ,
preferably piperidinoaminocarbonyl , optionally having
C -6 alkylcarbonyl , and (2) a group represented by
the formula wherein R12 ' is C6-io aryl-carbonyl , are
particularly preferable. A s R7 , hydrogen atom is
preferable. A s R8 , (1) a hydrogen atom, (2) halogen,
(3) cyano, (4) C i_ 6 alkyl optionally having 1 to 3
halogens, (5) C6-Io aryl-carbonyl, (6) C i_ 6 alkoxy,
(7) Ce-io aryloxy and (8) sulfamoyl are preferable,
and (1) a hydrogen atom, (2) halogen, (3) cyano, (4)
Ci-e alkyl optionally having 1 to 3 halogens, (5) C
-io aryl-carbonyl, (6) C i_ 6 alkoxy and (7) C -io
aryloxy are more preferable. Particularly, hydrogen
atom, halogen, Ci-6 alkyl and C i_ 6 alkoxy are
preferable, and hydrogen atom and halogen are
particularly preferable. A s R9 , (1) a hydrogen atom,
(2) halogen, (3) cyano, (4) C i_ 6 alkyl and (5) Ci-6
alkoxy are preferable. Particularly, hydrogen atom,
halogen, cyano and C i_ 6 alkyl are preferable, and
hydrogen atom and halogen are particularly
preferable.As R10 , (1) a hydrogen atom, (2) halogen,
(3) C i_ 6 alkyl and (4) Ci- 6 alkoxy are preferable.
Particularly, hydrogen atom and halogen are
preferable. A s n , 2 and 3 are preferable.
Particularly, n=2 is preferable. Of the compound
represented by the formula (I) , a compound
represented by the formula wherein each symbol is as
defined above, is particularly preferable.
Specifically, as preferable examples of compound (D ,
N- ((lR,2S)-2-{ [(3aR,4R,9bR) -4-phenyl-2 ,3 ,3a ,4
,5,9bhexahydro- lH-pyrrolo [3 ,2-c] quinolin-1- yl]
carbonyl }cyclohexyl) benzamide , N- ((IR, 2S) -2-{
[(3aR,4R,9bR) -4- (3-thienyl) -2 ,3 ,3a ,4 ,5
,9bhexahydro- lH-pyrrolo [3 ,2-c] quinolin-1- yl]
carbonyl} cyclohexyl) benzamide , N- ((IR, 2S) -2-{
[(3aR,4R,9bR)-4-(lH-pyrrol-2-yl) - 2,3 ,3a,
4,5,9b-hexahydro-lH-pyrrolo [3 ,2-c] quinolin-1- yl]
carbonyl }cyclohexyl) benzamide , N- ((IR, 2S) -2-{
[(3aR,4R,9bR) -4-cyclopropyl-2 ,3 ,3a, 4
,5,9bhexahydro- lH-pyrrolo [3 ,2-c] quinolin-1-yl]
carbony 1 }cyclohexyl) ben zamide , N- ((IR, 2S) -2-{
[(3aR,4R,9bR) -4- (lH-imidazol-2-yl) - 2 ,3 ,3a, 4
,5,9b-hexahydro-lH-pyrrolo [3 ,2-c] quinolin-1- yl]
carbonyl} cyclohexyl) benzamide (Example 81),
N-phenyl-N'- ((IR, 2S) -2-{ [(3aR,4R,9bR) -4-phenyl- 2
,3 ,3a, 4 ,5,9b-hexahydro-lH-pyrrolo [3 ,2-c]
quinolin-1- yl] carbonyl }cyclohexyl) urea (Example
135), 2-methyl-N- ((IR, 2S) -2-{ [(3aR,4S,9bR)
-4-propyl- 2 ,3 ,3a, 4 ,5,9b-hexahydro-lH-pyrrolo [3
,2-c] quinolin-1- yl] carbonyl} cyclohexyl)
-lH-benzimidazole-5-carboxamide (Example 201) , N-
((IR, 2S) -2-{ [(3aR,4R,9bR) -4- (methoxymethyl) - 2
,3 ,3a, 4 ,5,9b-hexahydro-lH-pyrrolo [3,2^c]
quinolin-1- yl] carbonyl} cyclohexyl) -1H-1,2,3
-benzotriazole-5- carboxamide (Example 219) , 4-
(lH-imidazol-2-yl) -N- ((IR, 2S) -2-{ [(3aR,4R,9bR)
-4- (methoxymethyl) -2 ,3 ,3a ,4 ,5
,9b-hexahydro-lH-pyrrolo [3,2- c ]quinolin-1-yl]
carbonyl }cyclohexyl) benzamide (Example 281) , N-
((IR, 2S) -2- {[(3aR,4R,9bR) -4- (methoxymethyl) - 2
,3 ,3a, 4 ,5 ,9b-hexahydro-lH-pyrrolo [3 ,2-c]
quinolin-1- yl] carbonyl} cyclohexyl) -N'-. [4-
(lH-pyrazol-lyl) phenyl] urea (Example 284),
4-cyano-N- ((IR, 2S) -2-{ [(3aR,4R,9bR) -4-
(lH-imidazol-2- yl) -2 ,3 ,3a, 4
,5,9b-hexahydro-lH-pyrrolo [3 ,2-c] quinolin-1- yl]
carbonyl} cyclohexyl) benzamide (Example 304) and the
like can be mentioned. Of these, N- ((IR, 2S) -2-
{[(3aR, 4R, 9bR) -4- (IHimidazol- 2-yl) -2, 3 ,3a ,4
,5 ,9b-hexahydro-lH-pyrrolo [3,2- c ]quinolin-1-yl]
carbonyl} cyclohexyl) benzamide (Example 81) ,
N-phenyl-N'- ((IR, 2S) -2-{ [(3aR,4R,9bR) -4-phenyl- 2
,3 ,3a, 4 ,5,9b-hexahydro-lH-pyrrolo [3 ,2-c]
quinolin-lyl] carbonyl }cyclohexyl) urea (Example
135),2-methyl-N- ((IR, 2S) -2-{ t(3aR, 4S,9bR)
-4-propyl- 2 ,3 ,3a, 4 ,5 ,9b-hexahydro-lH-pyrrolo [3
,2-c] quinolin-1- yl] carbonyl }cyclohexyl)
-lH-benzimidazole-5-carboxamide (Example 201) , N -
((IR, 2S) -2-{ [(3aR,4R,9bR) -4- (methoxymethyl) - 2
,3 ,3a, 4 ,5,9b-hexahydro-lH-pyrrolo [3 ,2-c]
quinolin-1- yl] carbonyl }cyclohexyl) -IH-I
,2,3-benzotriazole-5- carboxamide (Example 219) , 4-
(lH-imidazol-2-yl) -N- ((IR, 2S) -2- { [(3aR, 4R, 9bR)
-4- (methoxymethyl) -2, 3 ,3a, 4 ,5
,9b-hexahydro-lH-pyrrolo [3,2- c ]quinolin-1-yl
]carbonyl }cyclohexyl) b en zamide (Example 281) , N -
((IR, 2S) -2-{ [(3aR,4R,9bR) -4- (methoxymethyl) - 2
,3 ,3a ,4 ,5 ,9b-hexahydro-lH-pyrrolo [3 ,2-c]
quinolin-1- yl] carbonyljcyclohexyl) -N'- [4-
(lH-pyrazol-1- yl) phenyl] urea (Example 284.) and
4-cyano-N- ((IR, 2S) -2-{ [(3aR,4R,9bR) -4-
(lH-imidazol-2- yl) -2 ,3 ,3a, 4 ,5
,9b-hexahydro-lH-pyrrolo [3 ,2-c] quinolin-1- yl]
carbonyljcyclohexyl) benzamide (Example 304) are
particularly preferable. A s the salts of compound (I)
, for example, metal salts, ammonium salts, salts with
organic bases, salts with inorganic acids, salts with
organic acids, salts with basic or acidic amino acids,
and the like can b e mentioned. A s preferable
examples of the metal salt, for example, alkali metal
salts such as sodium salt, potassium salt and the
like; alkaline earth metal salts such as calcium salt,
magnesium salt, barium salt and the like; aluminum
salt, and the like can b e mentioned. A s preferable
examples of the salt with the organic base, for
example, salts with trimethylamine , triethylamine,
pyridine, picoline, 2 ,b-lutidine , ethanolamine ,
diethanolamine , triethanolamine , cyclohexylamine , d
icyclohexyl amine , N ,N '-dibenzylethylenediamine
,trometh amine [i.e., tris (hydroxymethyl)
methylamine] , tert-butylamine and the like can be
mentioned. As preferable examples of the salt with the
inorganic acid, for example, salts with hydrochloric
acid, hydrobromic acid, nitric acid, sulfuric acid,
phosphoric acid and the like can be mentioned. As
preferable examples of the salt with the organic acid,
for example, salts with formic acid, acetic acid, trif
luoroacetic acid, phthalic acid, fumaric acid, oxalic
acid, tartaric acid, maleic acid, citric acid,
succinic acid, malic acid, methanesulf onic acid,
benzenesulf onic acid, ptoluenesulf onic acid and the
like can be mentioned. As preferable examples of the
salt with the basic amino acid, for example, salts
with arginine, lysin, ornithine and the like can be
mentioned, and as preferable examples of the salt with
the acidic amino acid, for example, salts with
aspartic acid, glutamic acid and the like can be
mentioned. Of these, pharmaceutically acceptable salts
are preferable. For example, when a compound has an
acidic functional group therein, for example,
inorganic salts such as alkali metal salts (e.g. ,
sodium salt, potassium salt etc.), alkaline earth
metal salts (e.g., calcium salt, magnesium salt,
barium salt etc.) and the like, ammonium salts and the
like can be mentioned, and when a compound has an
basic functional group therein, for example, salts
with inorganic acid such as hydrochloric acid,
hydrobromic acid, nitric acid, sulfuric acid,
phosphoric acid and the like, and salts with organic
acid such as acetic acid, phthalic acid, fumaric acid,
oxalic acid, tartaric acid, maleic acid, citric acid,
succinic acid, methanesulf onic acid, p-toluenesulf
onic acid and the like can be mentioned. The compound
(I) may be a hydrate or non-hydrate.A s the hydrate,
for example, 0.5 hydrate, 1 hydrate, 1.5 hydrate, 2
hydrate and the like can be mentioned. When compound
(I) can contain optical isomers, respective optical
isomers and mixture thereof are substantially
encompassed in the present invention. When desired,
these isomers can be optical resolved by a method
known per se , or can be produced individually. When
compound (I) is present as a conf igurational isomer,
diastereomer , conformer or the like, they can be
isolated as desired by known separation and
purification means, respectively. When compound (I)
has a stereoisomer, such isomer alone and a mixture
thereof are also encompassed in the present invention.
When compound (I) is obtained as a mixture of
optically active compounds (e.g. , racemate) , it can
be separated into the object (R) form and (S) form by
optical resolution means known per se . The compound
(I) may be labeled with isotope (e.g., 3H , 14C , 35S
) and the like. The prodrug of compound (I) means a
compound which is converted to compound (I) , under
physiological conditions in vivo, as a result of a
reaction with an enzyme, gastric acid etc. Thus, the
compound is converted into compound (I) by enzymatical
oxidation, reduction, hydrolysis or the like, or by
hydrolysis due to gastric acid or the like, etc. As a
prodrug of compound (I) , a compound obtained by
subjecting an amino of compound (I) to an acylation,
alkylation or phosphorylation (e.g., a compound
obtained by subjecting an amino of compound (I) to an
eicosanoylation , alanylation,
pentylaminocarbonylation, (5-methyl-2-oxo-l
,3-dioxolen-4-yl) methoxycarbonylation,
tetrahydrofuranylation , pyrrolidylmethylation
,pivaloyloxymethylation , tert-butylation, etc.) ; a
compound obtained by subjecting hydroxy in compound
(I) to an acylation, alkylation, phosphorylation and
boration (e.g., a compound obtained by subjecting
hydroxy of compound (I) to an acetylation,
palmitoylation, propanoylation, pivaloylation,
succinylation, fumarylation, alanylation,
dimethylaminomethylcarbonylation, etc.); a compound
obtained by subjecting carboxy of compound (I) to an
esterif ication or amidation (e.g., a compound
obtained by subjecting carboxy of compound (I) to an
ethylesterif ication , phenyl-esterif ication,
carboxymethylester ification, dime thy laminome thy
1-ester ification, pivaloyloxymethyl-ester ification ,
ethoxycarbonyloxyethyl-esterif ication,
phthalidylesterif ication, (5-methyl-2-oxo-l
,3-dioxolen-4- yl) methyl-ester ification,
cyclohexyloxycarbonylethylesterif ication ,
methylamidation , etc.) and the like can be mentioned.
These compounds can be produced from compound (I) by a
method known per se. In addition, the prodrug of
compound (I) may be a compound, which is converted to
compound (I) under the physiological conditions, as
described in Pharmaceutical Research and Development ,
Vol. 7 (Drug Design) , pp. 163- 198 (1990) , published
by Hirokawa Publishing Co. The production methods of
compound (I) are described in the following. The
compounds in the schemes include salts, and as such
salt, for example, those similar to the salts of
compound (I) and the like can be mentioned. As the
aromatic amine solvents, halogenated hydrocarbon
solvents, aliphatic hydrocarbon solvents, aromatic
hydrocarbon solvents, ether solvents, amide solvents
and nitrile solvents to be used in the
presentproduction methods, for example, the following
solvents can b e used. aromatic amine solvents:
halogenated hydrocarbon solvents: methylene chloride,
dichloroethane and the like aliphatic hydrocarbon
solvents: pentane, hexane, heptane and the like
aromatic hydrocarbon solvents: toluene, xylene and the
like ether solvents: diethyl ether, tetrahydrofuran
and the like amide solvents: N,N-dimethylf ormamide ,
N ,N - dimethylacetamide and the like nitrile
solvents: acetonitrile , propionitrile and the like
The room temperature generally means about 10C t o
about 3 5 0 C . Scheme 1 (ID (III) (IV) (Ia) wherein P
i s a protecting group, and other symbols are a s
defined above. Scheme 1 relates t o a synthetic method
o f compound (Ia) , wherein, in compound (I) , R 1= H
, R 6= P (wherein P i s a protecting group) and n=2 o
r 3 , which can b e synthesized according t o the
method b y R .A . Batey e t al. (Chem. Commun ., 1999,
651). Three components o f compound (II) , compound
(III) and compound (IV) are condensed in the presence
o f a catalyst t o give a mixture o f stereoisomers:
an endo-form and an exo-form. Advantageously, this
reaction i s carried out withoutsolvent o r i n the
presence o f a solvent inert t o the reaction. While
the solvent i s not particularly limited a s long a s
the reaction proceeds, for example, aromatic amine
solvents, halogenated hydrocarbon solvents, aliphatic
hydrocarbon solvents, aromatic hydrocarbon solvents,
ether solvents, amide solvents, nitrile 



solvents, a mixture o f two o r more kinds thereof,
and the like are used. O f these, acetonitrile ,
toluene and the like are preferable. The reaction
temperature i s generally -30 0 C t o 100 0C ,
preferably room temperature. The reaction time i s
generally 1 h r t o 2 4 hr, preferably 1 h r t o 2 h r
. A s the catalyst, protonic acid (e.g., sulfuric
acid, trif luoroacetic acid etc.) and Lewis acids
(e.g., B F 3 -E t 2O , TiCl 4 , AlCl 3 , InCl 3 ,
Dy(OTf) 3 , Yb(OTf) 3 , Sc(OTf) 3 , La(OTf) 3 ,
Eu(OTf) 3 , Cu(OTf) 2 , Zn(OTf) 2 , etc.) and the like
can b e used. A s the protecting group represented b y
P , groups generally used i n peptide chemistry and
the like can b e mentioned. For example, the groups
described i n Protective Groups in Organic Synthesis ,
3r d Ed. (1999) , authored b y Theodora W . Greene,
Peter G . M . Wuts, published b y Wiley- Interscience,
and the like can b e mentioned. Specifically,
tert-butylcarbamate group (BOC group) ,
benzylcarbamate group (Cbz group) and the like can b e
mentioned. Scheme 2 (H) (ill) (V) (Ib) wherein R s are
the same o r different and each i s Ci-e alkyl (e.g.,
methyl, ethyl etc.), P ' i s a protecting group, and
other symbols are a s defined above.Scheme 2 relates
to a synthetic method of compound (Ib) , wherein, in
compound (I) , R R R R H , R6=P ' (wherein P ' is a
protecting group) , and compound (V) instead of
compound (IV) in Scheme 1 is condensed with compound
(II) and compound (III) in the presence of a catalyst
to synthesize compound (Ib) . While the solvent for
this reaction is not particularly limited as long as
the reaction proceeds, for example, aromatic amine
solvents, halogenated hydrocarbon solvents, aliphatic
hydrocarbon solvents, aromatic hydrocarbon solvents,
ether solvents, amide solvents, nitrile solvents, a
mixture of two or more kinds thereof, and the like are
used. Of these, acetonitrile , toluene and the like
are preferable. The reaction temperature is generally
00C to 1000C , preferably 50C to 600C . The reaction
time is generally 1 hr to 24 hr, preferably 2 hr to 3
hr. In the aforementioned reaction, as the protecting
group represented by P f , those similar to the
aforementioned protecting group represented by P can
be mentioned . The stereoisomer mixture of endo-form
and exoform compounds obtained i n Scheme 1 or Scheme
2 (I a or Ib) can be isolated and purified by known
means , such as fractionation, crystallization,
chromatography and the like. Scheme 3 (Vl) (Ic)
wherein R6 ' is (1) (cyclic group optionally having
substituent (s) )-carbonyl , (2) alkenylcarbonyl
optionallyhaving substituent (s) or (3) alkylcarbonyl
having substituent (s) selected from (i) cycloalkyl
optionally having substituent (s) and (ii) amino
optionally having substituent (s) , and other symbols
are as defined above. Scheme 3 relates to removal of
the protecting group in a stereoisomer mixture of
endo-form and exoform compounds ((Ia) or (Ib) ), or in
isolated stereoisomers thereof. The protecting group
can be removed according to the methods known per se,
such as the method described in Protective Groups in
Organic Synthesis , 3rd Ed. (1999) , authored by
Theodora W . Greene, Peter G . M . Wuts, published by
Wiley-Interscience, and the like. The compound (Ic)
can b e obtained by a method comprising reacting
compound (VI) with compound (VII) in the presence of a
suitable condensing agent and, where necessary, a
base. The amount of compound (VII) to b e used is
about 1.0 mol to 1.5 mol, preferably about 1.1 mol to
1.2 mol, per 1.0 mol of compound (VI) . The amount of
the condensing agent to b e used is about 1.0 to 1.5
mol, preferably about 1.1 mol to 1.3 mol, per 1.0 mol
of compound (VI) . A s the condensing agent, for
example, carbodiimides (DCC (i.e., 1
,3-dicyclohexylcarbodiimide) , WSC (i.e., l-ethyl-3-
(3-dimethylaminopropyl) carbodiimide hydrochloride),
DIC (i.e., 2-dimethylaminoisopropylchloride
hydrochloride) etc.) , phosphotic acid derivatives
(e.g. , diethyl cyanophosphate , diphenylphosphoryl
azide, BOP-Cl (i.e., bis (2-oxo-3-oxazolidinyl)
phosphoryl chloride) etc.) and the like can b e
mentioned. The amount of the base to be used is about
2.0 mol to 5.0 mol, preferably about 3.0 mol to 4.0
mol, per 1.0 mol of compound (VI) . As the base, for
example, inorganic bases such as sodium hydride,
sodium hydroxide, potassium hydroxide and the like,
aromatic amines such as pyridine, lutidine and the
like, tertiary amines such as triethylamine ,
tripropylamine , tributylaminecyclohexyldimethylamine
, 4-dimethylaminopyridine , N ,Ndimethylaniline ,
N-methylpiperidine f N-methylpyrrolidine ,
N-methylmorpholine and the like, ammonia or a mixture
of two or more kinds thereof, and the like are used.
In addition, compound (Ic) can be also obtained by a
method comprising reacting compound (VI) with a
reactive derivative of compound (VII) (e.g., acid
halides , acid anhydrides, active esters, esters, acid
imidazolides , acidazides etc.), and the like.
Advantageously, this reaction is carried out without
solvent or in the presence of a solvent inert to the
reaction. While the solvent is not particularly
limited as long as the reaction proceeds, for example,
aromatic amine solvents , halogenated hydrocarbon
solvents, aliphatic hydrocarbon solvents, aromatic
hydrocarbon solvents, ether solvents , amide solvents,
nitrile solvents, a mixture of two or more kinds
thereof, and the like are used. Of these, acetonitrile
, N ,Ndimethylf ormamide and the like are preferable.
The reaction temperature is generally 0C to 400C ,
preferably room temperature (ca. 10C to ca,. 35C, more
preferably ca. 15C to ca . 25C) . The reaction time is
generally 0.5 hr to 24 hr, preferably 1 hr to 2 hr.
The compound (Ic) can be converted to the
corresponding oxidized form by treating with an
oxidizing agent, such as manganese dioxide, DDQ (i.e.,
2 ,3-dichloro-5 ,6-dicyano-l ,4-benzoquinone) and the
like. In any case, when further desired, compound (I)
can be synthesized by known deprotection , acylation,
alkylation, hydrogenation, oxidation, reduction,
carbon chain extension or substituent exchange
reaction alone, or in a combination of two or more of
them. As these reactions, for example, the method
described in Shinj ikkenkagakukoza 14, vol. 15, 1977
(Maruzen Press)and the like are employed. The compound
(I) thus obtained can be isolated and purified from
the reaction mixture by the means known per se , such
as extraction, concentration, neutralization,
filtration, distillation, recrystallization, column
chromatography, thin layer chromatography, preparative
high performance liquid chromatography (HPLC) ,
moderate-pressure preparative liquid chromatography
(moderate-pressure preparative LC) and the like. When
a desired product is obtained in a free form by the
above-mentioned reaction, it may be converted into a
salt according to conventional methods or, when a
desired product is obtained as a salt, it can be
converted into a free form or another salt according
to conventional methods. The compound (I) thus
obtained can be isolated and purified from the
reaction mixture by known means, such as phase
transfer, concentration, solvent extraction,
fractionation, crystallization, recrystallization,
chromatography and the like. The compound (I) , a salt
thereof and a prodrug thereof according to the present
invention (hereinafter sometimes to be abbreviated as
the compound of the present invention) have a superior
NK2 receptor antagonistic action. The compound of the
present invention shows low toxicity (e.g., acute
toxicity, chronic toxicity, genetic toxicity,
reproductive toxicity, cardiotoxicity , drug
interaction, carcinogenicity) and is safe. The present
inventors have found that a tricyclic compound having
a partial structure represented by the formulawherein
n is an integer of 1 to 5 ; and represents a single
bond or a double bond, and a salt thereof have a
potent NK2 receptor antagonistic action, and are safe
and superior in duration (e.g., absorbability,
metabolism, in vivo kinetics) . The compounds of the
present invention having a superior NK2 receptor
antagonistic action are useful as agents for the
prophylaxis and/or treatment of diseases such as
inflammation or allergic diseases (e.g., atopy,
dermatitis, herpes, psoriasis, asthma, bronchitis,
chronic obstructive pulmonary disease, sputum,
rhinitis, rheumatism arthritis, osteoarthritis,
osteoporosis, multiple sclerosis, conjunctivitis,
cystitis and the like) , pain, migraine, neuralgic
pain, pruritus, cough, and further the diseases in the
central nervous system [e.g., schizophrenia,
Parkinsonism, melancholia, anxiety neurosis,
compulsive neurosis, panic disorder, dementia (e.g.,
Alzheimer's disease and the like) and the like],
gastrointestinal diseases [for example, functional
gastrointestinal diseases (e.g., irritable bowel
syndrome, nonulcer dyspepsia and the like) ,
ulcerative colitis, Crohn's disease, abnormalities
caused by urease positive herical gram negative
bacteria (e.g., Helicobacter pylori and the like)
(e.g., gastritis, gastric ulcer and the like) and the
like] , vomiting, abnormal urination (e.g.,
pollakiuria, incontinence of urine, and the like),
circulartory diseases (e.g., angina pectoris,
hypertension, cardiac failure, thrombosis and the
like) , immune abnormality, cancer,HIV infection,
cardiovascular diseases, solar dermatitis, sexual
inadequacy, ataxia, dysgnosia or circadian rhythm
disorder and the like in mammals (e.g., mice, rats,
hamsters, rabbits , cats , dogs , bovines , sheep ,
monkeys , humans and the like) . Of these, they are
useful as agents for the prophylaxis and/or treatment
of functional gastrointestinal diseases (e.g.,
irritable bowel syndrome, nonulcer dyspepsia and the
like. When .the compound of the present invention is
administered as a pharmaceutical agent to mammals such
as human and the like, the administration generally
includes, for example, oral administration as tablet,
capsule (including soft capsule, microcapsule) ,
powder, granule and the like, and parenteral
administration as injection, suppository, pellet and
the like. The "parenteral" includes intravenous,
intramuscular, subcutaneous, intraorgan, intranasal,
intradermal, instillation, intracerebral, rectal,
vaginal, intraperitoneal, intratumor, tumor proximal
administration and the like and direct administration
into a lesion. While the dose of the compound of the
present invention varies depending on the
administration route, symptoms and the like, it is,
for example, 0.01-1000 mg/kg body weight/day,
preferably 0.01-100 mg/kg body weight/day, more
preferably 0.5-100 mg/kg body weight/day, particularly
preferably 0.1-10 mg/kg body weight/day, further
preferably 1-50 mg/kg body weight/day, particularly
preferably 1-25 mg/kg body weight/day, for, for
example, oral administration to patients with
irritable bowel syndrome (adult, body weight 40 to 80
kg: e.g., 60 kg) . This amount can be administered
once a day or in 2 or 3 portions a day.The compound of
the present invention can be admixed with
phamacologically acceptable carriers and administered
orally or parenterally as solid preparations such as
tablet, capsule, granule, powder and the like; or
liquid preparations such as syrup, injection and the
like. As phamacologically acceptable carrier, various
organic or inorganic carriers conventionally used as
starting materials of preparations are used, which are
added as excipient, lubricant, binder and disintegrant
for solid preparations; solvent, dissolution aid,
suspending agent, isotonicity agent, buffer and
soothing agent for liquid preparations; and the like.
Where necessary, additives for preparations such as
preservative, antioxidant, coloring agent, sweetener
and the like can be also used. While the
pharmaceutical composition varies depending on the
dosage form, the administration method, carrier and
the like, the composition can be produced by adding
the compound of the present invention in a proportion
of generally 0.01-100% (w/w) , preferably 0.1- 95%
(w/w) , of the total amount of the preparation
according to a conventional method. For example, the
compound of the present invention can be used in
combination with other active ingredients (hereinafter
to be abbreviated as concomitant drug) . While the
compound of the present invention shows a superior NK2
receptor antagonistic action when used as a single
agent, its effect can be still more enhanced by the
use together with one or more of the concomitant drugs
(combined use of multi-agents) . A s the concomitant
drug, for example, the following can be mentioned.(1)
Therapeutic agents for diabetes Insulin preparations
[e.g., animal insulin preparations extracted from the
bovine or swine pancreas; human insulin preparations
synthesized by a genetic engineering technique using
Escherichia coli or a yeast; insulin zinc; protamine
zinc insulin; fragment or derivative of insulin (e.g.,
INS-I etc.) and the like], insulin resistance
improving agents (e.g., pioglitazone hydrochloride,
troglitazone , rosiglitazone or its maleate, JTT-501,
MCC-555, YM-440, GI-262570, KRP-297, FK-614, CS-OIl
etc.), a -glucosidase inhibitors (e.g., voglibose,
acarbose, miglitol, emiglitate etc.), biguanides
(e.g., phenformin, metformin, buformin etc.) ,
sulfonylureas (e.g., tolbutamide, glibenclamide ,
gliclazide, chlorpropamide, tolazamide, acetohexamide
, glyclopyramide , glimepiride. etc.) , and other
insulin secretagogues (e.g., repaglinide, senaglinide,
mitiglinide or its calcium salt hydrate, GLP-I,
nateglinide etc.), dipeptidylpeptidase IV inhibitors
(e.g., NVP-DPP-278, PT-100, P32/98 etc.), b3 agonists
(e.g., CL-316243, SR-58611-A, UL-TG-307, AJ-9677,
AZ40140 etc.), amyrin agonists (e.g., pramlintide
etc.), phosphotyrosine phosphatase inhibitors (e.g.,
vanadic acid etc.) , gluconeogenesis inhibitors (e.g.,
glycogen phosphorylase inhibitors,
glucose-6-phosphatase inhibitors, glucagon antagonists
etc.) , SGLT (i.e., sodium-glucose cotransporter)
inhibitors (e.g., T-1095 etc.) and the like. (2)
Therapeutic agents for diabetic complications Aldose
reductase inhibitors (e.g., tolrestat, epalrestat,
zenarestat, zopolrestat, fidarestat (SNK- 860),
minalrestat (ARI-509), CT-112 etc.), neurotrophic
factors (e.g., NGF, NT-3 etc.), AGE inhibitors (e.g.,
ALT-945, pimagedine, pyratoxathine,
N-phenacylthiazoliumbromide (ALT-766), EXO-226 etc.) ,
active oxygen scavengers (e.g., thioctic acid etc.) ,
cerebral vasodilators (e.g., tiapuride etc.) and the
like. (3) Antihyperlipidemic agents Statin compounds
which are cholesterol synthesis inhibitors (e.g.,
pravastatin, simvastatin, lovastatin, atorvastatin ,
fluvastatin, cerivastatin or their salts (e.g., sodium
salt etc.) etc.) , squalene synthase inhibitors or
fibrate compounds having triglyceride lowering action
(e.g., bezafibrate, clofibrate, simfibrate,
clinofibrate etc.) and the like. (4) Hypotensive
agents Angiotensin converting enzyme inhibitors (e.g.,
captopril, enalapril, delapril etc.) , angiotensin II
antagonists (e.g., losartan, candesartan cilexetil
etc.) , calcium antagonists (e.g., manidipine,
nifedipine, amlodipine, efonidipine, nicardipine etc.)
, clonidine and the like. (5) Antiobesity agents
Antiobesity drugs acting on the central nervous system
(e.g. dexf enfluramine , fenfluramine, phentermine,
sibutramine, anfepramon, dexamphetamine , mazindol,
phenylpropanolamine, clobenzorex etc.) , pancreatic
lipase inhibitors (e.g. orlistat etc.) , b3 agonists
(e.g. CL-316243, SR-58611-A, UL-TG-307, AJ-9677,
AZ40140 etc.) , anorectic peptides (e.g. leptin, CNTF
(Ciliary Neurotrophic Factor) etc.) , cholecystokinin
agonists (e.g. lintitript, FPL-15849 etc.) and the
like. (6) Diuretic agents Xanthine derivatives (e.g.,
theobromine and sodium salicylate, theobromine and
calcium salicylate etc.) , thiazide preparations
(e.g., ethiazide, cyclopenthiazide ,
trichlormethiazide , hydrochlorothiazide ,
hydroflumethiazide ,benzylhydrochlorothiazide, penf
lutizide, polythiazide, methyclothiazide etc.) ,
antialdosterone preparations (e.g., spironolactone,
triamterene etc.) , carbonate dehydratase inhibitors
(e.g., acetazolamide etc.) , chlorobenzenesulf onamide
preparations (e.g., chlorthalidone, mefruside,
indapamide etc.) , azosemide, isosorbide, ethacrynic
acid, piretanide, bumetanide, furosemide and the like.
(7) Chemotherapeutic agents Alkylating agents (e.g.,
cyclophosphamide, ifosfamide etc.) , metabolic
antagonists (e.g., methotrexate, 5-fluorouracil etc.)
, carcinostatic antibiotics (e.g., mitomycin,
adriamycin etc.) , plantderived carcinostatics (e.g.,
vincristine, vindesine, Taxol etc.) , cisplatin,
carboplatin, etoposide and the like. Particularly, 5-f
luorouracil derivatives such as Furtulon, Neo-Furtulon
and the like. (8) Immunotherapeutic agents
Microorganism- or bacterium-derived components (e. g
., muramyi dipeptide derivatives, Picibanil etc.) ,
immunopotentiator polysaccharides (e.g., lentinan,
schizophyllan, krestin etc.) , genetically engineered
cytokines (e.g., interferons, interleukins (IL) etc.)
, colony stimulating agents (e.g., granulocyte colony
stimulating factor, erythropoietin etc.) and the like.
Particularly, IL-I, IL-2, IL-12 and the like. (9)
Pharmaceutical agents confirmed to show cachexia
improving effect in animal model or clinical use
Progesterone derivatives (e.g., megestrol acetate)
[Journal of Clinical Oncology , vol. 12, p . 213-225,
(1994)], metoclopramide pharmaceutical agent,
tetrahydrocannabinol pharmaceutical agents
(literatures are as mentioned above) , fat metabolism
improvers (e.g. , eicosapentaenoic acid etc.) British
Journal of Cancer ,vol. 68, p . 314-318 (1993)],
growth hormone, IGF-I, antibodies against TNF- a, LIF,
IL-6 and oncostatin M , which are the factors
introducing cachexia, and the like. (10)
Antiphlogistics Steroidal agents (e.g., dexamethasone
etc.), sodium hyaluronate, cyclooxygenase inhibitors
(e.g., indomethacin, ketoprofen, loxoprofen,
meloxicam, ampiroxicam, celecoxib, rofecoxib etc.) and
the like. (11) Others Glycation inhibitors (e .g. ,
ALT-711 etc . ) , nerve regeneration stimulators (e
.g. , Y-128, VX853 , prosaptide etc . ) , central
nervous system acting drugs (e .g . , antidepressants
such as desipramine , amitriptyline , imipramine ,
furoxetine , paroxetine , doxepin, carbamazepine etc .
) , anticonvulsants (e .g. , lamotrigine) ,
antiarrhythmics (e .g. , mexiletine) , acetylcholine
receptor ligands (e . g . , ABT-594) , endothelin
receptor-antagonists (e .g. , ABT-627) , monoamine
uptake inhibitors (e . g . , tramadol ) , indoleamine
uptake inhibitors (e . g . , furoxetine , paroxetine )
, narcotic analgesics (e .g . , morphine) , GABA
receptor agonists (e . g . , gabapentin) , GABA uptake
inhibitors (e . g . , tiagabine ) , a2 receptor
agonists (e .g. , clonidine) , focal analgesics (e .g.
, capsaicin) , protein kinase C inhibitors (e .g. ,
LY-333531) , anxiolytics (e .g . , benzodiazepins) ,
phosphodiesterase inhibitors (e .g. , sildenafil) ,
dopamine receptor agonists (e . g . , apomorphine) ,
anticholinergic agents , a receptor blockers (e . g .
, tamsulosin) , muscle relaxants (e . g . , baclofen
and the like ) , potassium channel openers (e . g . ,
nicorandil ) , calcium channel blockers (e . g . ,
nifedipine) , prophylactic and/or therapeutic drug for
Alzheimer ' s disease (e .g . , donepez i l ,
rivastigmine , galantamine) , therapeutic drug for
Parkinsonism (e . g . , L-dopa) , antithrombotics (e .
g . , aspirin , cilostazol ) , NK2receptor
antagonists, therapeutic drug for HIV infection (e.g.,
saquinavir, zidovudine, lamivudine, nevirapine) ,
therapeutic drug for chronic obstructive pulmonary -
diseases (e.g., salmeterol , thiotropium bromide,
cilomilast) and the like. For the combined use of the
compound of the present invention and the concomitant
drug, the timing of the administration of the compound
of the present invention and the concomitant drug is
not restricted. The compound of the present invention
and the concomitant drug can be administered to an
administration subject simultaneously, or may be
administered at different times. The dose of the
concomitant drug may be determined according to the
dose clinically used, and can be appropriately
selected depending on the administration subject,
administration route, disease, combination and the
like. The administration mode of the compound of the
present invention and the concomitant drug is not
particularly restricted, and it is sufficient if the
compound of the present invention and the concomitant
drug are combined on administration. Examples of such
administration mode include the following: (1) The
compound of the present invention and the concomitant
drug are simultaneously produced to give a single
preparation which is administered. (2) The compound of
the present invention and the concomitant drug are
separately produced to give two kinds of preparations
which are administered simultaneously by the same
administration route. (3) The compound of the present
invention and the concomitant drug are separately
produced to give two kinds of preparations which are
administered by the same administration route only at
the different times. (4) The compound of thepresent
invention and the concomitant drug are separately
produced to give two kinds of preparations which are
administered simultaneously by the different
administration routes. (5) The compound of the present
invention and the concomitant drug are separately
produced to give two kinds of preparations which are
administered by the different administration routes
only at different times (for example, the compound of
the present invention and the concomitant drug are
administered in this order, or in the reverse order)
and the like. In the following, these administration
modes are collectively abbreviated as the concomitant
agent of the present invention. The concomitant agent
of the present invention has low toxicity, and for
example, the compound of the present invention or
(and) the above-mentioned concomitant drug can be
mixed, according to a method known per se, with a
pharmacologically acceptable carrier to give
pharmaceutical compositions, for example, tablets
(including a sugar-coated tablet, filmcoated tablet),
powders, granules, capsules (including a soft
capsule), solutions, injections, suppositories,
sustained release agents and the like which can be
safely administered orally or parenterally (e.g.,
local, rectum, vein, and the like) . As a
pharmacologically acceptable carrier which may be used
for preparing the concomitant agent of the present
invention, those similar to the ones for the
aforementioned pharmaceutical compositions of the
present invention can be used. The compounding ratio
of the compound of the present invention to the
concomitant drug in the concomitant agent of the
present invention can be appropriatelyselected
depending on the administration subject,
administration route, diseases and the like. For
example, the content of the compound of the present
invention in the concomitant agent of the present
invention differs depending on the form of a
preparation, and usually in the range from about 0.01
to 100% by weight, preferably from about 0.1 to 50% by
weight, further preferably from about 0.5 to 20% by
weight, based on the whole preparation. The content of
the concomitant drug in the concomitant agent of the
present invention differs depending on the form of the
preparation, and is usually in the range from about
0.01 to 100% by weight, preferably from about 0.1 to
50% by weight, further preferably from about 0.5 to
20% by weight, based on the whole preparation. The
content of additives such as a carrier and the like in
the concomitant agent of the present invention differs
depending on the form of a preparation, and usually in
the range from about 1 to 99.99% by weight, preferably
from about 10 to 90% by weight, based on the whole
preparation. In the case when the compound of the
present invention and the concomitant drug are
separately prepared respectively, the same contents
may be adopted. The dose of the concomitant agent of
the present invention differs depending on the kind of
the compound of the present invention, age, body
weight, condition, drug form, administration method,
administration period and the like, and for example,
for one patient suffering from irritable bowel
syndrome (adult, body weight: about 60 kg) , the
combination agent is administered orally, generally at
a dose of about 0.01 to about 1000 mg/kg/day,
preferably about O .qi to about 100 mg/kg/day,more
preferably about 0.1 to about 100 mg/kg/day,
particularly about 0.1 to about 50 mg/kg/day,
especially about 1.5 to about 30 mg/kg/day, in terms
of the compound of the present invention or the
concomitant drug, respectively, once or divided
several times in a day. Of course, since the dose as
described above varies depending on various
conditions, amounts smaller than the above-mentioned
dose may sometimes be sufficient, further, amounts
over that range sometimes have to be administered. The
amount of the concomitant drug can be set at any value
unless its side effects are problematical. The daily
dose in terms of the concomitant drug differs
depending on the severity, age, sex, body weight,
sensitivity difference of the subject, administration
period, interval, and nature, pharmacology, kind of
the pharmaceutical preparation, kind of effective
ingredient, and the like, and not particularly
restricted, and the amount of the drug is, in the case
of oral administration, for example, usually in the
range from about 0.001 to 2000 mg, preferably from
about 



0.01 to 500 mg, further preferably from about 0.1 to
100 mg, per 1 kg body weight of a mammal and this is
usually administered once to 4 portions divided for
one day. For administration of the concomitant agent
of the present invention, the compound of the present
invention may be administered after administration of
the concomitant drug or the concomitant drug may be
administered after administration of the compound of
the present invention, though they may be administered
simultaneously. When administered at a time interval,
the interval differs depending on the effective
ingredient to be administered, drug form and
administration method, and for example, when
theconcomitant drug is administered first, a method in
which the compound of the present invention is
administered within time range of from 1 minute to 3
days, preferably from 10 minutes to 1 day, more
preferably from 15 minutes to 1 hour after
administration of the concomitant drug is exemplified.
When the compound of the present invention is
administered first, a method in which the concomitant
drug is administered within time range of from 1
minute to 1 day, preferably from 10 minutes to 6
hours, more preferably from 15 minutes to 1 hour after
administration of the compound of the present
invention is exemplified. Examples The present
invention is hereinafter described in more detail by
means of the following Reference Examples, Examples ,
Preparation Examples and Experimental Examples , which
are not to be construed as limitative. In the
following Reference Examples and Examples, "%" means
weight percent, unless otherwise specified. 1H-NMR
spectra were measured with tetramethylsilane as an
internal standard, using Varian Gemini-200 (200 MHz)
spectrometer, Mercury-300 (300 MHz) spectrometer or
Bruker AVANCE AV300 (300 MHz) spectrometer. All d
values are shown in ppm. Other abbreviations used in
the specification mean the following. s: singlet d :
doublet dd: double doublet t : triplet q : quartet m :
multiplet br: broadJ : coupling constant Hz : Hertz
DMF : N,N-dimethylf ormamide CDCl 3 : deuterated
chloroform 5 DMSO-d 6 dimethyl sulfoxide-d 6 Boc :
tert-butoxycarbonyl Cbz : benzyloxycarbonyl MgSO :
magnesium sulfate Na 2 SO4 sodium sulfate i o WSC :
l-ethyl-3- (dimethylaminopropyl) carbodiimide
hydrochloride HOBt: 1-hydroxy-lH-benzotriazole
monohydrate DEPC: diethyl cyanophosphate Dy (OTf )3
:dysprosium triflate 15 TFA: trif luoroacetic acid At
room temperature generally means the range of from
about 1O0C to 35C, but it is not particularly limited
in a strict sense. 0 Reference Example 1 tert-Butyl
(3aR*,9bR*)-2,3 ,3a, 4 ,5 ,5a ,9a
,9b-octahydro-lHpyrrolo [3 ,2-c]
quinoline-1-carboxylate Sodium (1.2 g , 50 mmol) was
dissolved in methanol 5 (15 ml) , aniline (0.9 g , 10
mmol) was added at room temperature, and the mixture
was stirred for 10 min. This mixture was added to a
suspension of paraformaldehyde (0.42 g , 14 mmol) in
methanol (10 ml) , and the mixture was stirred at room
temperature for 5 0 hrs . The reaction mixture was
poured into ice water, and the mixture was extracted
with diethyl ether. Theextract was dried (over
anhydrous MgSCU) and the solvent was evaporated under
reduced pressure. The residue was dissolved in
methanol (20 ml), tert-butyl 2,3-dihydrolH-
pyrrole-1-carboxylate (850 mg, 5 mmol) was added and
the mixture was heated under reflux for 18 hrs . The
residue was subjected to column chromatography using
silica gel (30 g ) and eluted with hexane-ethyl
acetate (9:1-4:1, v/v) to give the title compound (180
mg , 12%) as an amorphous form. 1H-NMR (CDCl3)d : 1.48
(9H, d , J=6 .1 Hz), 1.76-2.01 (2H, m ) , 2.23-2.45
(IH, m ) , 3.13-3.57 (5H, m ) , 5.09 (IH, dd, J=47.2,
4.0 Hz), 6.54-6.85 (2H, m ) , 7.10-7.23 (2H, m ) .
LC/MS (ESI) m/z: 275 (MH+) . Reference Example 2
tert-Butyl (3aR*,4R*,9bR *)-4-phenyl-2 ,3 ,3a ,4 ,5
,9bhexahydro- lH-pyrrolo [3 ,2-c]
quinoline-1-carboxylate and tert-butyl (3aR*,4S*,9bR
*)-4-phenyl-2 ,3, 3a, 4 ,5,9bhexahydro- lH-pyrrolo [3
,2-c] quinoline-1-carboxylate Benzaldehyde (2.92 g ,
28 mmol), aniline (2.56 g , 2 8 mmol), tert-butyl 2
,3-dihydro-lH-pyrrole-l-carboxylate (3.4 g , 25 mmol)
and Dy(OTf) 3 (0.61 g , 1.38 mmol) were stirred in
acetonitrile (50 ml) at room temperature for 2 hrs.
The reaction mixture was concentrated under reduced
pressure, water was added and the mixture was
extracted with ethyl acetate. The extract was
washedwith saturated brine, dried (anhydrous MgSO ) ,
and the solvent was evaporated under reduced pressure.
The residue was subjected to column chromatography
using silica gel (150 g ) , and eluted with
hexane-ethyl acetate (4:1, v/v) . The title compound
(3aR *,4R*,9bR *) (2.7 g , 31%) was obtained as an
amorphous form from the first eluted fraction. 1 H-NMR
(CDCl 3 )d : 1.42-1.62 (1OH, m ) , 2.08-2.28 (IH, m )
, 2.52-2.59 (IH, m ) , 3.32-3.49 (2H, m ) , 3.92 (IH,
m ) , 4.74 (IH, m ) , 5.36 (IH, dd, J=42.8, 7.0 Hz) ,
6.58 (IH, d , J=8.1 Hz) , 6.78 (IH, m ) , 6.98-7.13
(IH, m ) , 7.23-7.49 (5H, m ) , 7.55-7.72 (IH, m ) .
LC/MS (ESI) m/z: 351(MH + ). The title compound
(3aR*,4S% 9bR *) (4.0 g , 46%) was obtained as an
amorphous form from the second eluted fraction . 1
H-NMR (CDC13 )6: 1.49 (9H, s ) , 2.03-2.13 (2H, m ) ,
2.54- 2.64 (IH, m ) , 3.31-3.39 (IH, m ) , 3.50 (IH,
br s), 4.21- 4.24 (IH, m ) , 4.35-4.38 (IH, m ) , 4.83
(IH, br s), 6.57 (IH, d , J=7.6 Hz) , 6.65-6.79 (IH, m
) , 7.05-7.34 (6H, m ) , 7.49 (IH, s ) . LC/MS (ESI)
m/z: 351(MH + ). Reference Example 3 1-tert-Butyl
4-ethyl (3aR *,4R*,9bR *)-2 ,3 ,3a ,4 ,5 ,9bhexahydro-
lH-pyrrolo [3 ,2-c] quinoline-1 ,4-di carboxy late and
1-tert-butyl 4-ethyl (3aR*,4S*,9bR *)-2 ,3 ,3a ,4 ,5
,9bhexahydro- lH-pyrrolo [3 ,2-c] quinoline-1
,4-dicarboxylateTo a solution of ethyl glyoxylate (50%
toluene solution, 13.76 g , 67.4 mmol) and aniline
(5.6 ml, 61.3 mmol) in toluene (250 ml) was added
magnesium sulfate s (3.95 g , 32.85 mmol) , and the
mixture was stirred at 00C for 30 min. A solution of
tert-butyl 2 ,3-dihydro-lHpyrrole- 1-carboxylate
(10.37 g , 61.3 mmol) in toluene (50 ml) and scandium
triflate (1.47 g , 3.0 mmol) were added at 0C, and the
mixture was stirred at room o temperature for 16 hrs .
Saturated aqueous sodium hydrogen carbonate solution
was added, and the mixture was extracted with ethyl
acetate. The extract was washed with saturated brine,
dried (over anhydrous MgSO 4) , and the solvent was
evaporated under reduced pressure. The s residue was
subjected to silica gel column chromatography and
eluted with hexane-ethyl acetate (4:1-2:1, v/v) . The
title compound (3aR*,4R*,9bR *) (9.83 g , 46%) was
obtained as an oil from the first eluted fraction. 0
1H-NMR (CDCl3)d: 1.33 (3H, t , J=7 .0 Hz), 1.73-2.10
(2H, m ) , 2.82-2.99 (IH, m ) , 3.22-3.64 (2H, m ) ,
4.20-4.38 (4H, m ) , 5.29 (IH, dd, J=21.2 Hz, 8.0 Hz),
6.57 (IH, d , J=8 .0 Hz), 6.72 (IH, t , J=7.8 Hz),
7.04 (IH, t , J=7 .8 Hz), 7.55 (IH, dd, J=36.0 Hz, 6.8
Hz). LC/MS (ESI) m/z: 347 (MH+ ) . The title compound
(3aR*,4S*,9bR *) (6.99 g , 33%) was obtained as an oil
from the second eluted fraction. 1H-NMR (CDCl3)d: 1.23
(3H, t , J=7 .4 Hz), 1.52 (9H, s), 2.00-2.17 (2H, m )
, 2.84-2.99 (IH, m ) , 3.25-3.63 (2H, m ) , 3.89 (IH,
s), 4.10-4.25 (3H, m ) , 5.00 (IH, br s), 6.56 (IH, d
, J=8.0 Hz), 6.72 (IH, t , J=7 .0 Hz), 7.03 (IH, t
,J=7. 0 Hz) , 7 .54 (IH, br s ) . LC/MS (ESI) m/z: 347
(MH+ ) . Reference Example 4 Benzyl (3aR*,4R ,9bR
*)-4- (4-fluorophenyl) -2 ,3 ,3a ,4 ,5 ,9bhexahydro-
lH-pyrrolo [3 ,2-c] quinoline-1-carboxylate
4-Fluorobenzaldehyde (700 mg, 5.6 mmol) , aniline (525
mg, 5.6 mmol) , N-Cbz-4-aminobutylaldehyde
dimethylacetal (1.5 g , 5.6 mmol) and Dy(OTf) 3 (170
mg, 0.19 mmol) were stirred at 60C for 2 hrs . in
acetonitrile (10 ml) . The reaction mixture was
concentrated under reduced pressure, water was added
and the mixture was extracted with ethyl acetate. The
extract was washed with saturated brine, dried (over
anhydrous MgSO 4 ) , and the solvent was evaporated
under reduced pressure. The residue was subjected to
column chromatography using silica gel (30 g ) , and
eluted with hexane-ethyl acetate (4:1, v/v) to give
the title compound (540 mg, 24%) as an amorphous form.
1 H-NMR (CDCl3 )d : 1.99-2.34 (IH, m ) , 2.43-2.61
(IH, m ) , 3.28-3.54 (2H, m ) , 3.82-3.94 (IH, m ) ,
4.71 Hz), 5.09-5.54 (3H, m ) , 6.58 (IH, d , J=7 .8
Hz) , 6.63-6.82 (IH, m ) , 7.07 (3H,t, J=8 .5 Hz) ,
7.20-7.76 (9H, m ) . LC/MS (ESI) m/z: 403 (MH+ ) .
Using various aldehydes instead of benzaldehyde of
Reference Example 2 , ethyl glyoxylate of Reference
Example 3 and 4-f luorobenzaldehyde of Reference
Example 4 as well as various substituted anilines
instead of aniline, substituted 2 ,3 ,3a, 4 ,5
,9b-hexahydro-lHpyrrolo [3 ,2-c] quinoline derivatives
were synthesized. Synthesized compounds are shown in
Table 1Table 1 1 Boc H H H H 2 Boc phenyl H H H 3 Boc
phenyl F H H 4 Boc phenyl Cl H H 5 Boc phenyl M e H H
6 Boc phenyl OMe H . H 7 Boc phenyl CN H H 8 Cbz
phenyl Bu H H 9 Boc phenyl H F H 0 Boc phenyl H Cl H 1
Boc phenyl H M e H 2 Boc phenyl H OMe H 3 Boc phenyl H
CN H 4 Boc phenyl H H F 5 Boc phenyl H H Cl 6 Boc
phenyl H H M e 7 Cbz 4-fluorophenyl H H H 8 Boc
4-fluorophenyl F H H 9 Cbz 4-chlorophenyl H H H 0 Cbz
4-tolyl H H H 1 Boc 4-cyanophenyl H H H 2 Boc 4-
(methylthio) phenyl H H H 3 Cbz 3-chlorophenyl H H H 4
Cbz 2-chlorophenyl H H H 5 Cbz 1-naphthyl H H H 6 Boc
2-fury1 H H H 7 Boc 3-furyl H H H 8 Boc 2-methyl -
3-fury1 H H H 9 Boc 2-thienyl H H HBoc 3-thienyl H H H
Cbz pyridin-2-yl H H H Boc pyridin-3-yl H H H Cbz
pyridin-4-yl H H H Boc l-Cbz-pyrrol-2-yl H H H Cbz
l-Boc-pyrrol-3-yl H H H Cbz l-methylpyrrol-2-yl H H H
Cbz 1-pivaloyloxymethyl- imidazol-2-yl H H H Cbz
1-pivaloyloxymethyl- iraidazol-4-yl H H H Boc
l,3-thiazol-2-yl H H H Boc 1,3-thiazol-5-yl H H H Boc
1,3-oxazol-4-yl H H H Boc ethyl H H H Cbz propyl H H H
Cbz isopropyl H H H Boc cyclopropyl H H H Cbz isobutyl
H H H Cbz tert- butyl H H H Cbz butyl H H H Cbz hexyl
H H H Boc benzyloxymethyl H H H Cbz
(tert-butoxycarbonyl) (methyl) - H H H aminomethyl Boc
4- (N-Cbz-piperidinyl) H H H Boc N-Cbz-aminomethyl H H
H Boc 2- (N-Cbz-aminoethyl) H H H Boc
tetrahydro-2H-pyran-4-yl H H H Cbz 1-
(4-methoxybenzyl) imidazol-2-yl H H H Cbz 1-
(4-methoxybenzyl) pyrazol-5-yl H H H Cbz 1- (trityl)
pyrazol-5-yl H H H Cbz l-trityl-lH-1,2, 4-triazol-5-yl
H H H Boc ethoxymethyl H H H Boc ethoxycarbonyl H H
HReference Example 5 tert-Butyl (3aR*,4R*,9bR *)-4-
(hydroxymethyl) - 2 ,3 ,3a ,4 ,5
,9b-hexahydro-lH-pyrrolo [3 ,2-c] quinoline-1-
carboxylate To a solution of calcium chloride (12.5 g
, 113.1 mmol) in a mixture of tetrahydrofuran-ethanol
(200 ml- 200 ml) was added sodium borohydride (8.5 g ,
226. 2 .mmol) at O0C and the mixture was stirred for
30 min. A solution of 1-tert-butyl 4-ethyl
(3aR*,4R*,9bR *)- 2 ,3 ,3 a ,4 ,5
,9b-hexahydro-lH-pyrrolo [3 ,2-c] quinoline-1 ,4-
dicarboxylate (14.6 g , 46.6 mmol) in tetrahydrofuran
(50 ml) was added at O0C , and the mixture was stirred
at room temperature for 16 hrs . Saturated aqueous
sodium hydrogen carbonate solution and ethyl acetate
were added, and the organic layer was separated, and
the aqueous layer was extracted with ethyl acetate.
The organic layer was dried (over anhydrous MgSO ) and
the solvent was evaporated under reduced pressure. The
residue was subjected to silica gel column
chromatography and eluted with hexane-ethyl acetate
(1:9, v/v) to give the title compound (326 mg, 96%) as
an oil. 1H-NMR (CDCl3)d : 1.53 (9H, d , J=Il. 8 Hz),
1.67-2.48 (4H, m ) , 3.22-3.83 (5H, m ) , 4.17 (IH, br
s), 5.21 (IH, dd, J=22.0, 7.8 Hz), 6.53 (IH, d , J=8
.2 Hz), 6.71 (IH, t , J=7.2 Hz), 7.03 (IH, t , J=7 .2
Hz), 7.55 (IH, dd, J=31.2, 7 .0 Hz) . LC/MS (ESI) m/z:
305 (MH+) . Reference Example 6 tert-Butyl
(3aR*,4R*,9bR *)-4- (methoxymethyl) - 2 ,3 ,3a, 4 ,5
,9b-hexahydro-lH-pyrrolo [3 ,2-c]
quinoline-1-carboxylate To a solution of the compound
(8.34 g , 27.4 mmol) synthesized in Reference Example
5 in tetrahydrofuran (250 ml) was added sodium hydride
(60% in oil, 1.21 g , 32.8 mmol) under a nitrogen
atmosphere at 0C, and the mixture was stirred for 30
min. Methyl iodide (2.04 ml, 32.8 mmol) was added, and
the mixture was stirred at room temperature for 16 hrs
. Water was added and the mixture was extracted with
ethyl acetate, dried (over anhydrous MgSO 4), and the
solvent was evaporated under reduced pressure. The
residue was subjected to silica gel column
chromatography and eluted with hexane-ethyl acetate
(1:2, v/v) to give the title compound (8.11 g , 93%)
as a pale-yellow oil. 1H-NMR (CDCl3)d : 1.53 (9H, d ,
J=Il. 4 Hz), 1.66-2.09 (2H, m ) , 2.28-2.47 (IH, m ) ,
3.24-3.55 (4H, m ) , 3.41 (3H, s), 3.70-3.82 (IH, m )
, 4.10-4.22 (IH, m ) , 5.21 (IH, dd, J=22.2, 7.6 Hz),
6.51 (IH, d , J=8 .0 Hz), 6.71 (IH, t , J=7.4 Hz),
7.02 (IH, t , J=7 .4 Hz), 7.55 (IH, dd, J=34.0 and 7
.4 Hz) . LC/MS (ESI) m/z: 319 (MH+) . Reference
Example 7 (3aR*,9bR*)-2, 3 ,3a ,4 ,5
,9b-Hexahydro-lH-pyrrolo [3,2- c]quinoline The
compound (160 mg, 0.58 mmol) synthesized in Reference
Example 1 was dissolved in ethyl acetate (5 ml) , a 4N
hydrogen chloride in ethyl acetate solution (5 ml) was
added and the mixture was stirred for 3 hrs.Insoluble
materials were separated by decantation, suspended in
ethyl acetate and a saturated aqueous sodium hydrogen
carbonate solution was added. This was extracted with
ethyl acetate. The extract was dried (over anhydrous
MgSO4) , and the solvent was evaporated. The residue
was dried under reduced pressure to give the title
compound (70 mg, 69%) as an amorphous form. 1H-NMR
(CDCl3)d : 1.57-1.72 (IH, m ) , 2.08-2.24 (IH, m ) ,
2.36-2.59 (IH, m ) , 2.84 (IH, t , J=Il. 1 Hz),
2.91-3.01 (IH, m ) , 3.08-3.20 (2H, m ) , 3.55-3.77
(IH, m ) , 3.95-4.09 (2H, m ) , 6.56-6.80 (2H, m ) ,
7.02-7.42 (2H, m ) . LC/MS (ESI) m/z: 175 (MH+) .
Reference Example 8 (3aS*,4R*,9bR*)-4-Phenyl-2 ,3 ,3a
,4 ,5 ,9b-hexahydro-lHpyrrolo [3 ,2-c] quinoline
dihydrochloride tert-Butyl (3aR ,4R ,9bR )-4-phenyl-2
,3 ,3a, 4 ,5,9bhexahydro- lH-pyrrolo [3 ,2-c]
quinoline-1-carboxylate (2.65 g , 7.56 mmol) was
dissolved in ethyl acetate (10 ml) , and a 4N hydrogen
chloride in ethyl acetate solution (20 ml) was added,
and the mixture was stirred at room temperature for 12
hrs . The precipitated crystals were collected by
filtration, washed with ethyl acetate, and dried under
reduced pressure to give the title compound (2.60 g ,
77%). 1 H-NMR (DMSO-de) d : 1.33-1.45 (IH, m ) ,
1.88-2.04 (IH, m ) , 2.81-2.92 (IH, m ) , 2.96-3.11
(2H, m ) , 4.59 (IH, d , J=2 .4 Hz), 4.98-5.46 (3H, m
) , 6.76 (IH, t , J=7 .1 Hz), 6.86 (IH, d , J=8.1 Hz),
7.12 (IH, t , J=7 .1 Hz), 7.32 (2H, dd, J=17 . 9 , 7 .
4 Hz ) , 7 . 38-7 . 49 (4H, m) , 8 . 55 (I H, br s ) ,
10 . 33 (I H, br s ) . LC/MS (ES I ) m/ z : 251 (MH+ )
.Reference Example 9 (3aS *,4R*,9bR *)-4-
(4-Fluorophenyl) -2 ,3 ,3a ,4 ,5,9bhexahydro-
lH-pyrrolo [3 ,2-c] quinoline A mixture of benzyl
(3aR*,4R*,9bR *)-4- (Afluorophenyl) -2,3,3a r4,5,
9b-hexahydro-lH-pyrrolo [3,2- c
]quinoline-1-carboxylate (500 mg, 1.24 mmol) and 10%
palladium on carbon (50% aqueous, 0.3 g ) in ethanol
(20 ml) was stirred at room temperature under hydrogen
atmosphere for 2 hrs . The catalyst was filtered off,
and the mixture was washed with ethanol. The solvent
was evaporated under reduced pressure to give the
title compound (350 mg, ca. 100%) as an oil. 1 H-NMR
(CDCl3 )d : 1.34-1.44 (IH, m ) , 1.84-1.98 (IH, m ) ,
2.51-2.70 (IH, m ) , 2.72-2.82 (IH, m ) , 2.86-2.97
(IH, m ) , 3.76 (IH, s ) , 4.52 (IH, d , J=8 .1 Hz),
4.62 (IH, d , J=3 .2 Hz), 6.53-6.70 (IH, m ) ,
6.78-6.84 (IH, m ) , 6.97-7.12 (3H, m ) , 7.21-7.30
(2H, m ) , 7.37-7.46 (2H, m ) . LC/MS (ESI) m/z: 269
(MH+ ) . Reference Example 10 (3aS ,4R*,9bR *)-4- (2,
3 ,3a, 4 ,5 ,9b-Hexahydro-lH-pyrrolo [3 ,2- c
]quinoline-4-yl) benzonitrile ditrif luoroacetate
tert-Butyl (3aR*,4R*,9bR*)-4- (2 ,3 ,3a, 4 ,5
,9bhexahydro- lH-pyrrolo [3 ,2-c]
quinoline-1-carboxylate (670 mg, 1.78 mmol) was
dissolved in chloroform (1 ml) , trif luoroacetic acid
(1.0 ml) was added and the mixture was stirred at room
temperature for 1 hr. The reactionmixture was
concentrated under reduced pressure, the residue was
suspended in chloroform and the solvent was evaporated
again. The residue was washed with ether, and dried
under reduced pressure to give the title compound (710
mg, 79%) as colorless crystals. 1H-NMR (DMSO-d 6)d :
1.29-1.45 (IH, m ) , 1 .81-2 .02 '(IH, m ) , 2.81-3.20
(3H, m ) , 4.69 (IH, d , J=3 .2 Hz), 4.97-5.13 (IH, m
) , 6.29 (IH, b r s), 6.65 (IH, br s), 6.71-6.94 (2H,
m ) , 7.10-7.33 (IH, m ) , 7.59-8.10 (5H, m ) , 8.54
(IH, br s), 9.70 (IH, br s ) . LC/MS (ESI) m/z: 276
(MH+) . Reference Example 11 (3aS *,4R*,9bR*)-4-
(4-Chlorophenyl) -2 ,3 ,3a ,4 ,5 ,9bhexahydro-
lH-pyrrolo [3 ,2-c] quinoline dihydrochloride To a
mixture of benzyl (3aR*,4R*,9bR *)-4- (4-
chlorophenyl) -2 ,3 ,3a, 4 ,5 ,9b-hexahydro-lH-pyrrolo
[3 ,2- c ]quinoline-1-carboxylate (730 mg, 1.75 mmol)
and 10% palladium on carbon (50% aqueous, 0.3 g ) in
ethanol (10 ml) was added a hydrogen chloride in
methanol solution (1 ml) and the mixture was stirred
at room temperature under hydrogen atmosphere for 3
hrs . The reaction mixture was filtered, washed with
aqueous methanol, and the filtrate was concentrated.
The residue was dried under reduced pressure to give
the crude title compound as an oil. (350 mg, ca. 100%)
1H-NMR (CDCl3)d : 1.28-1.48 (IH, m ) , 1.86-2.03 (IH,
m ) , 2.79-2.93 (IH, m ) , 2.95-3.20 (2H, m ) , 4.18
(IH, br s), 4.61 (IH, s), 5.02 (IH, s), 6.22 (IH, br
s), 6.76 (IH, t , J=7.4 Hz), 6.85 (IH, d , J=8 .1 Hz),
7.12 (IH, t , J=7 .4 Hz), 7.32 (IH, d , J=7.6 Hz),
738-7.75 (4H, m ) , 8.59 (IH,b r s ) , 1 0 . 6 ( I H,
b r s ) . LC/MS (ES I ) m/ z : 2 85 (MH+) . In the
same manner as described in Reference Example 7 to
Reference Example 11, Cbz group and Boc group were
removed from the compounds of Reference Example 6 and
Table 1 , respectively. The synthesized compounds are
shown in Table 2 . Table 2DESCRIPTION
4-AMINO-5-CYANOPYRIMIDINE DERIVATIVES TECHNICAL FIELD
The present invention relates to a useful medicine as
an agonist of adenosine A2a receptor comprising a
4-amino-5- cyanopyrimidine derivative or a
pharmaceutically acceptable salt thereof, and a
pharmaceutical formulation including these compounds.
BACKGROUND ART Adenosine is a substance that may
exhibit various physiological actions when it binds to
a receptor on a cell surface. The adenosine receptor
on the cell surface belongs to G-protein-coupled
receptor family, and it is classified into Al, A2a,
A2b and A3. Among them, the adenosine Al and adenosine
A3 receptors are coupled with Gi-protein and the
activation thereof results in lowering of the
intracellular c-AMP level. In addition, adenosine A2a
and adenosine A2b receptors are coupled with
Gs-protein and the activation thereof results in
heightening of the intracellular c-AMP level. These 4
kinds of adenosine receptor subtypes each have been
cloned. A variety of studies about agonists and
antagonists which may work on each of the above
adenosine receptor subtypes have been already
reported. It has been disclosed that these agonists
and antagonists could be used as medicaments for
treating cardiovascular disorder, ischemic reperfusion
injury, inflammation, Parkinson's disease,
schizophrenia and so on. In particular, a lot of
adenosinederivatives have been reported as an active
compound of an adenosine A2a receptor agonist (see WO
01/027131 Al, WO 00/077018 Al, WO 00/078776 Al, WO
00/078777 Al, WO 00/078778 Al, WO 00/078779 Al, WO
00/072799 Al, WO 00/023457 Al, WO 99/67266 Al, WO
99/67265 Al, WO 99/67264 Al, WO 99/67263 Al, WO
99/41267 Al, WO 99/38877 Al, WO 98/28319 Al, US Patent
No. 5877180, WO 00/044763 Al, WO 93/22328 Al,
JP-B-1-33477, JP-B- 2774169, US Patent No. 4968697,
JP-A-63-201196, JP-A-2003- 055395 and
JP-A-2002-173427) . In addition, compounds which are
structurally different from the above adenosine
derivatives and have not any adenine structure have
been also reported as an active compound of an
adenosine A l or A 2 receptor agonist. The examples of
the compounds include dicyanopyridine derivatives (see
WO 00/125210 Al, WO 02/070484 Al, WO 02/070485 Al, WO
02/070520 Al, WO 02/079195 Al, WO 02/079196 Al, WO
03/008384 A l and WO 03/0534 41 Al) . However,
cyanopyrimidine derivatives having an action which can
activate an adenosine A2a receptor have been not
known. On the other hand, glaucoma is an intractable
ophthalmopathy which most species of mammals including
primates may suffer. The observed symptoms are blurred
vision and ophthalmic pain or loss of vision, and
field of vision may be affected through the disorder
of optic nerve, in some case, leading to blindness.
The glaucoma can be classified into two types: ocular
hypertensive glaucoma which is characterized in an
increase of intraocular pressure (a facilitation of
intraocular pressure) and normal tension glaucoma
without any facilitation of intraocular pressure. The
facilitation of intraocular pressure in glaucoma may
beinduced by the loss of the balance between a flow
rate of aqueous humor which is secreted from ciliary
epithelium into posterior chamber and an outflow rate
of aqueous humor which is excreted from anterior
chamber mainly via Schlemm's canal. This loss of the
balance is considered to be induced from the enhanced
flow resistance of aqueous humor due to mainly
blocking the outflow pathway of aqueous humor. The
glaucoma is an important disease whose patients have
been increasing year by year in each advanced country
with the advance of aging of society, and so the
social requirement regarding the development of the
treatment medicament is supposed to increase more and
more. At present, in treating glaucoma, the control of
the intraocular pressure which is related with the
most critical factor is the most important problem,
and the medicaments used in the treatment thereof
include b blockers such as carteolol and timolol,
prostaglandin derivatives such as latanoprost and
isopropyl unoprostone, carbonic anhydrase inhibitors
such as dorzolamide. These medicaments may modulate
the formation or outflow of aqueous humor to lower an
intraocular pressure. The adenosine A2a receptor
agonists have been reported not only to exhibit the
potent antihypertensive action and to be useful as
above-mentioned drugs such as an antihypertensive
drug, a medicament for treating/preventing cardiac or
cerebral ischemic disease and antiarteriosclerotic
drug, but also to exhibit an ocular hypotensive action
(see J . Pharmcol. Exp. Ther. 320-326, 273 (1995) and
Eur. J . Pharmacol. 307-316, 486 (2004)). In addition,
with respect to adenosine derivativeshaving the
intraocular pressure lowering action it has already
progressed partly the research and development thereof
(see JP-A-2003-055395 and JP-A-2002-173427) . However,
these adenosine derivatives might be feared to
accompany with some side effect for central nerve and
cardiovascular system when these compounds are used as
a medicament for treating glaucoma. A s mentioned
above, the adenosine derivatives having the adenine
structure are expected to exhibit the effect as an
adenosine A2a receptor agonist, especially as a
medicament for treating glaucoma and the like due to
the intraocular pressure lowering action thereof, but
the intraocular pressure lowering action is not
enough, furthermore these compounds have a critical
demerit to accompany with the side effect for central
nerve and cardiovascular system, for example, the
potent antihypertensive action generated from the
potential adenosine A2a receptor agonistic activity 



arising from an adenine structure thereof. Therefore,
in the related field, it is required to develop a
compound that can exhibit the desired reduction of
intraocular pressure as an adenosine A2a receptor
agonist, especially a medicament for treating glaucoma
and the like, and used more safely instead of the
above compounds . DISCLOSURE OF INVENTION Problem to
be solved by the invention An object of the present
invention is to provide a compound having a safe and
potent adenosine A2a receptor agonistic activity, and
provide an adenosine A2a receptor agonist, an
intraocular pressure reducing agent, a medicine for
treating glaucoma, etc. including the compound as
anactive ingredient. Means to solve the problem The
present inventors have extensively studied to reach
for the above object, and have succeeded in preparing
some kinds of 4-amino-5-cyanopyrimidine derivatives
and also found that the compounds exhibited a potent
adenosine A2a receptor agonistic action. .The present
invention has been completed by the additional studies
based on these findings. The present invention
provides the compounds as set forth in the following
1-13 and the pharmaceutical compositions thereof. 1 .
A 4-amino-5-cyanopyrimidine derivative of the formula
(1) : or a pharmaceutically acceptable salt thereof,
wherein R1 is a hydrogen atom, a lower alkylcarbonyl
group, a lower alkenylcarbonyl group, a phenylcarbonyl
group or a lower alkoxycarbonyl group; R2 is a lower
alkylene group; R3 is any one of (1) a hydrogen atom,
(2) a lower alkyl group or any one of the following
groups (3)- (12):Group (3) - R4_ N Group (4) Group (6)
N N-Z 1 Group (8) Group (9) - R - O Group (12) - R4-
CI i R8 wherein R4 is a lower alkylene group, R5 is a
hydrogen atom or a lower alkyl group, R6 is a lower
alkenylene group, R7 is a lower alkynylene group, and
R8 i s a lower alkyl group; Z1, Z2, and Z3 are
selected from (al)-(a38), (bl)-(b8), and (cl)-(c22)
respectively as defined below: Z1 : (al) a lower alkyl
group, (a2) an aryl-lower alkyl group, (a3) an
aminoaryl-lower alkyl group, (a4) an aryllower alkenyl
group, (a5) a heteroaryl-lower alkyl group, (a6) a
heteroaryl-lower alkenyl group, (a7) a
heteroarylaryllower alkyl group, (a8) a hydroxy-lower
alkyl group, (a9) an aryloxy-lower alkyl group, (alO)
an amino-lower alkyl group, (all) an
aminocarbonyl-lower alkyl group, (al2) a lower
a-lkylcarbonyl group, (al3) a lower alkoxy-lower
alkylcarbonyl group, (al4) an amino-lower
alkylcarbonyl group, (al5) an arylcarbonyl group,
(al6) an aryl-lower alkylcarbonyl group, (al7) an
aryl-lower alkenyl carbonyl group, (al8) an
aryloxylower alkylcarbonyl group, (al9) an
heteroarylcarbonyl group, (a20) a heteroaryl-lower
alkylcarbonyl group, (a21) a heteroaryl-lower alkenyl
carbonyl group, (a22) a heteroaryloxy-lower
alkylcarbonyl group, (a23) aheteroarylsulfanyl-lower
alkylcarbonyl group, (a24) a heteroarylarylcarbonyl
group, (a25> an arylsulfanyl -lower alkylcarbonyl
group, (a26) an arylcarbonyl-lower alkylcarbonyl
group, (a27) an arylamino-lower alkylcarbonyl group,
(a28) a lower alkoxycarbonyl group, (a29) a lower
alkylsulfonyl group, (a30) an arylsulfonyl group,
(a31) a heteroarylsulfonyl group, (a32) a hydrogen
atom, (a33) a lower alkyl group having a saturated
heterocycle, (a34) a carbonyl-lower alkyl group having
a saturated heterocycle, (a35) an aryl-lower alkyl
group having a saturated heterocycle, (a36) a carbonyl
group having a saturated heterocycle, (a37) a lower
alkylcarbonyl group having a saturated heterocycle, or
(a38) an arylcarbonyl group having a saturated
heterocycle; the amino moiety included as a part of
the groups in the above (a3) , (alO), (all), and (al4)
may be optionally substituted with 1 or 2 substituents
selected from the group consisting of a lower alkyl
group, a carbonyl group, and a lower alkylcarbonyl
group; the aryl moiety included as a part of the
groups in the above (a2), (al5), (al b), (al7), (al8),
(a30) , and (a35) may be optionally substituted with 1
to 3 substituents selected from the group consisting
of a halogen, a hydroxy group, a lower alkyl group, a
lower alkoxy group, a halogeno-lower alkoxy group, an
aryl group, an aryloxy group, a methylenedioxy group,
a dihalogenomethylenedioxy group, a carboxyl group, a
lower alkoxycarbonyl group, a lower alkylcarbonyloxy
group, a nitro group, a lower alkylamino group, a
lower alkylcarbonylamino group, and an aminosulfonyl
group;the heteroaryl moiety included as a part of the
groups in the above (a5), (al9)-(a24), and (a31) may
be optionally substituted with 1 to 3 substituents
selected from the group consisting of a halogen, a
hydroxy group, a lower alkyl group, a hydroxy-lower
alkyl group, a halogeno-lower alkyl group, an aryl
group, a halogenoaryl group, a lower alkylsulfanyl
group, an amino carbonyl group, and a carboxyl group;
and the saturated heterocycle moiety included as a
part of the groups in the above (a33)-(a38) may be 5-
to 7-membered saturated nitrogen-containing
heterocyclic group or said heterocyclic group fused
with 1 to 2 benzene rings, optionally having a lower
alkyl group or a lower alkylcarbonyl group on the
nitrogen atom of the ring system, or optionally having
1 or 2 oxo groups on the carbon atoms of the ring
system; Z2: (bl) a hydrogen atom, (b2) a lower
alkoxycarbonyl group, (b3) an amino-lower
alkylcarbonyl group, (b4) a lower alkenylcarbonyl
group, (b5) a lower alkylcarbonyl group having a
saturated heterocycle, (b6) a piperidino-lower
alkylcarbonyl group having a saturated heterocycle,
(b7) a carbonyl group having a saturated heterocycle,
or (b8) a lower alkylsulfonyl group; the amino group
included as a part of the group in the above (b3) may
be optionally substituted with 1 or 2 lower alkyl
groups; and the saturated heterocycle moiety included
as a part of the groups in the above (b5)-(b7) may be
5- to 7-membered saturated nitrogen-containing
heterocyclic group, optionally having a lower alkyl
group on the nitrogen atom of the ring system;Z3 :
(cl) a hydroxy group, (c2) a lower alkoxy group, (c3)
an amino group, (c4) an amino-lower alkylamino group,
(c5) a piperazino group, (c6) an amino-lower
alkylpiperazino group, (c7) an aminocarbonyl-lower
alkylpiperazino group, (c8) a 1,4-diazepan-l-yl group,
(c9) an amino-lower alkyl - 1 ,4-diazepan-l-yl group,
(clOJ a piperidino group, (ell) an aminopiperidino .
group, (cl2) an amino-lower alkylaminopiperidino
group, (cl3) an amino-lower alkylpiperidino group,
(cl4) a pyrrolidine group, (cl5) an amino group having
a saturated heterocycle, (cl b) a lower alkylamino
group having a saturated heterocycle, (cl7) a
piperazino group having a saturated heterocycle, (cl8)
a lower alkylpiperazino group having a saturated
heterocycle, (cl9) a carbonyl-lower alkylpiperazino
group having a saturated heterocycle, (c20) a lower
alkyl-1, 4-diazepan-l-yl group having a saturated
heterocycle, (c21) a piperidino group having a
saturated heterocycle, or (c22) a lower
alkylmorpholino group having a saturated heterocycle;
the amino group of the above (c3) and the amino moiety
included as a part of the groups in the above (c4),
(c6) , (c7), (c9), (ell), (cl2), (cl3), (cl5) and
(cl6) may be optionally substituted with 1 or 2
substituents selected from the group consisting of a
lower alkyl group, a hydroxy-lower alkyl group, an
aryl group, a heteroaryl group, an aryl-lower alkyl
group, an alkoxyaryl-lower alkyl group, a
heteroaryllower alkyl group and a lower alkoxycarbonyl
group; the amino moiety included as a part of the
groups in the above (ell) may be optionally
substituted with an aryl-lower alkylcarbonyl group;
the piperazino group of the above (c5) and 1
,4-diazepan1-yl group of the above (c8) may be
substituted with any one of the substituents selected
from the group consisting of a lower alkyl group, a
hydroxy-lower alkyl group, a lower alkoxy-lower alkyl
group, an aryl group, a lower alkylaryl group, a
hydroxyaryl group, a cyanoaryl group, a halogenoaryl
group, an aryl-lower alkyl group, a lower
alkoxyaryl-lower alkyl group, a halogenoaryloxy-lower
alkyl group, a heteroaryl group, a lower
alkylheteroaryl group, a halogenolower alkylheteroaryl
group, a cyanoheteroaryl group, a heteroaryl-lower
alkyl group, a lower alkoxycarbonyl group and a lower
alkylcarbonyl group on 4-position of the ring system;
further the saturated heterocycle moiety included as a
part of the groups in the above (cl5)-(c22) may be 5-
to 7-membered saturated nitrogen-containing
heterocyclic group or said heterocyclic group fused
with 1 to 2 benzene rings, optionally having any one
of the substituents selected from the group consisting
of a lower alkyl group, an aryl group, a cyanoaryl
group, a lower alkylcarbonyl group, a halogenolower
alkylaryl group and an aryl-lower alkyl group on the
nitrogen atom of the ring system; and furthermore the
piperazino group of the above (c5) , the piperidino
group of the above (clO) and the saturated heterocycle
moiety included as a part of the groups in the above
(cl5)-(c22) may be substituted with any one of the
substituents selected from the group consisting of a
hydroxy group, an oxo group, a lower alkyl group, a
hydroxy-lower alkyl group, an aryl group, an
aryl-lower alkyl group, an aminocarbonyl group and a
lower alkylamino group on the carbon atom of the ring
system. 2 . The 4-amino-5-cyanopyrimidine derivative
accordingto the above 1 or a pharmaceutically
acceptable salt thereof wherein R2 is a methylene
group, R3 is a hydrogen atom or a lower alkyl group. 3
. The 4-amino-5-cyanopyrimidine derivative according
to the above 1 or a pharmaceutically acceptable salt
thereof wherein R1 is a lower alkylcarbonyl group, R2
is a methylene group, and R3 is the group (3) or the
group (6) . 4 . The 4-amino-5-cyanopyrimidine
derivative according to the above 3 or a
pharmaceutically acceptable salt thereof wherein R4 is
a lower alkylene group, and Z1 is any one of the
substituents selected from the group consisting of
(a2) , (al4), (al5), (a28), (a32) , and (a37). 5 . The
4-amino-5-cyanopyrimidine derivative according to the
above 1 or a pharmaceutically acceptable salt thereof
wherein R1 is a lower alkylcarbonyl group, R2 is a
methylene group, and R3 is the group (4), the group
(5) or the group (7) wherein Z1 is a lower
alkoxycarbonyl group or a hydrogen atom. 6 . The
4-amino-5-cyanopyrimidine derivative according to the
above 1 or a pharmaceutically acceptable salt thereof
wherein R1 is a lower alkylcarbonyl group, R2 is a
methylene group, and R3 is the group (8) . 7 . The
4-amino-5-cyanopyrimidine derivative according to the
above 1 or a pharmaceutically acceptable salt thereof
wherein R1 is a hydrogen atom or a lower alkylcarbonyl
group, R2 is a methylene group, and R3 is the group
(9), the group (10), or the group (11). 8 . The
4-amino-5-cyanopyrimidine derivative according to the
above 1 or a pharmaceutically acceptable salt thereof
wherein R1 is a hydrogen atom or a lower alkylcarbonyl
group,R2 is a methylene group, and R3 is the group
(9), the group (10), or the group (11), wherein Z3 is
(cl) , (c2) , (c4), (c5) , (c6), (c7), (c8), (ClO),
(c.ll), (cl5), (cl6) , (cl8) , (c21) , or (c22) . 9 .
The 4-amino-5-cyanopyrimidine derivative according to
the above 1 or a pharmaceutically acceptable salt
thereof wherein R1 i s an acetyl group, R2 is a
methylene group, and R3 is the group (9) wherein Z3 is
(c4), (c5). , (c6) , (clO) , (ell), (cl6), (cl8),
(c21), or (c22). 10. The 4-amino-5-cyanopyrimidine
derivative according to the. above 1-9 or a
pharmaceutically acceptable salt thereof, wherein the
compound is selected from the group consisting of the
following 1)-19): 1 ) N-{4-[6-amino-5-cyano-2-
(pyridin-2-ylmethylsulfanyl) - pyrimidin-4-yl] phenyl
}acetamide, 2 ) N - {4- [6-amino-5-cyano-2-
(6-methylpyridin-2-ylmethylsulf anyl )pyrimidin-4-yl]
phenyl }acetamide, 3 ) N-{4- [6-amino-5-cyano-2-
(6-{4- [2- (4-methylpiperazin- 1-yl) acetyl]
piperazin-l-ylmethyl}pyridin-2-ylmethylsulfanyl) -
pyrimidin-4-yl ]phenyl }acetamide , 4 ) N - [4-
(6-amino-5-cyano-2-{ 6- [3- (4-methylpiperazin-lyl)
-3-oxopropyl]pyridin-2-ylmethylsulfanyl}pyrimidin-4-
yl )phenyl] acetamide , 5 ) 3-{ 6- [4-
(4-acetylaminophenyl }-6-amino-5-cyanopyrimidin-
2-ylsulfanylmethyl]pyridin-2-yl}-N-
(2-dimethylaminoethyl) propionamide, 6 ) 3-{ 6- [4-
(4-acetylaminophenyl) -6-amino-5-cyanopyrimidin-
2-ylsulfanylmethyl]pyridin-2-yl}-N- (2 -dimethyl -
aminoethyl) -N-methylpropionamide, 7 ) 3-{ 6- [4-
(4-acetylaminophenyl) -b-amino-5-cyanopyrimidin-2 -yl
sulfanylmethyl ]pyr idin-2 -yl }-N- (2-dimethyl -
aminopropyl )-N-methylpropionamide, 8) 3-{ 6- [4-
(4-acetylaminophenyl) -6-amino-5-cyanopyrimidin-
2-ylsulfanylmethyl]pyridin-2-yl}-N- (2-methyl -
piperidin-1-ylethyl )propionamide , 9 ) 3-{ 6- [4-
(4-acetylaminophenyl) -6-amino-5-cyanopyrimidin-
2-ylsulfanylmethyl]pyridin-2-yl}-N- (2 -diethyl -
aminoethyl )propionamide , 10) 3-{ 6- [4-
(4-acetylaminophenyl) -6-amino-5-cyanopyrimidin-
2-ylsulf anylmethyl ]pyridin-2-yl}-N-methyl -N- (1-
methylpiperidin-4-yl) propionamide, 11) N- (4-
{6-amino-2- [6- (3- [1,4']bipiperidinyl-1 '-yl-3-
oxopropyl)pyridin-2-ylmethylsulfanyl]
-5-cyanopyrimidin-4-yl}- phenyl) acetamide, 12) N- [4-
(6-amino-5-cyano-2-{6-[3-oxo-3-(2-piperidin-lylmethylm
orpholin- 4 -yl )propyl] pyridin-2-ylmethylsulf anyl
}- pyrimidin-4-yl) phenyl] acetamide, 13 ) N-{4-
[6-amino-5-cyano-2- (6-{ 3- [2- (4-ethylpiperazinl-
ylmethyl)morpholin-4-yl]
-3-oxopropyl}pyridin-2-ylmethylsulfanyl)
pyrimidin-4-yl] phenyl} acetamide, 14)
N-{4-[6-amino-5-cyano-2-(6-{3-[4-(2-diethylaminoethyl)
piperazin-l-yl]
-3-oxopropyl}pyridin-2-ylmethylsulfanyl)
pyrimidin-4-yl] phenyl} acetamide, 15) N- {4-
[6-amino-5-cyano-2- (6- {3- [4-
(2-diisopropylaminoethyl) piperazin-1-yl]
-3-oxopropyl}pyridin-2-ylmethylsulfanyl)
pyrimidin-4-yl] phenyl} acetamide, 16)
N-{4-[6-amino-5-cyano-2-(6-{3-oxo-3-[4-(2-
pyrrolidin-1-ylethyl )piperazin-1-yl] propyl
}pyridin-2-ylmethyl sulfanyl )pyrimidin-4-yl] phenyl
}acetamide, 17)
N-{4-[6-amino-5-cyano-2-(6-{3-[4-(2-morpholin-4-ylethy
l)piperazin-l- g l
]-3-oxopropyl}pyridin-2-ylmethylsulfanyl)
pyrimidin-4-yl] phenyl Jacetamide, 18)
N-{4-[6-amino-5-cyano-2- (6-{3- [4-
(2-diethylaminoethyl) piperazin-l-yl]
-3-oxopropyl}pyridin-2-ylmethylsulfanyl)
pyrimidin-4-yl] phenyl }acetamide, and 19)
N-[4-(6-amino-5-cyano-2-{6-[3-(4-methyl-[l,4]-
diazepan-1-yl)
-3-oxopropyl]pyridin-2-ylmethylsulfanyl}-
pyrimidin-4-yl) phenyl] acetamide. 11. An adenosine
A2a receptor agonist comprising any one of the
4-amino-5-cyanopyrimidine derivatives as set forth in
the. above 1-10 or a pharmaceutically acceptable salt
thereof as an active ingredient. 12. An intraocular
pressure reducing agent comprising any one of the
4-amino-5-cyanopyrimidine derivatives as set forth in
the above 1-10 or a pharmaceutically acceptable salt
thereof as an active ingredient. 13. A medicine for
the treatment of ocular hypertension or glaucoma
comprising any one of the 4-amino-5- cyanopyrimidine
derivatives as set forth in the above 1-10 or a
pharmaceutically acceptable salt thereof as an active
ingredient. The 4-amino-5-cyanopyrimidine derivative
of the present invention has the following structural
property. That is, it has a pyrimidine structure, and
a phenyl ring having a specific substituent is
substituted on the 6-position of the pyrimidine ring,
and a pyridine ring is substituted on the 2- position
of the pyrimidine ring via a sulfanylalkylene chain,
or further the pyridine ring has a specific
substituent. Based on this structural property, the
compounds of the invention have an effect to activate
the adenosine A2areceptor, that is a remarkable
pharmacological property of the adenosine A2a receptor
agonistic action. Hitherto, the compounds having such
original structural property were unknown, and it was
unpredicted that the compounds may exert any
pharmacological effect from the prior art. Compounds
of the invention The term "lower alkyl group" as
employed herein means a straight or branched chain
alkyl group, containing 1 to 6 carbons, i.e., C i_ 6
straight or branched chain alkyl group. The terms
"lower alkoxy group" and "lower alkylene group" .also
mean a straight or branched chain alkoxy group and
alkylene group respectively, containing 1 to 6 carbons
. The terms "lower alkenyl group", "lower alkenylene
group", and "lower alkynylene group" mean a straight
or branched chain alkenyl group, alkenylene group, and
alkynylene group respectively, containing 2 to 6
carbons, i.e., C2-6 straight or branched chain
alkenyl, alkenylene, and alkynylene groups
respectively. The term "aryl group" means a monovalent
group comprising mono-cyclic or multi-cyclic aromatic
hydrocarbon, including for example, phenyl group and
naphthyl group. The term "heteroaryl group" means a
monovalent group comprising a 5 to 6-membered aromatic
heteromonocyclic group having one or more, especially
1 to 3 of same or different heteroatoms selected from
the group consisting of nitrogen, oxygen, and sulfur,
or an aromatic heterocyclic group composed of said
heteromonocyclic group fused with an aryl group, such
as furyl, thienyl, thiazolyl, imidazolyl, pyrazolyl,
benzofuryl, indolyl, benzothiazolyl, pyridyl,
pyrazinyl group and the like.The term "saturated
heterocycle" means a 5 to 7-membered saturated
heterocycle, having one or more, especially 1-3 of
same or different heteroatoms selected from the group
consisting of nitrogen, oxygen, and sulfur. The
saturated heterocycle is contained as a monovalent
saturated heterocycle group in any substituent, for
example, pyrrolidinyl, pyrrolidino, piperidyl,
piperidino, piperazinyl, piperazino, 1
,4-diazepan-l-yl, tetrahydrofuryl, 1,3- dioxolanyl,
tetrahydrothienyl, morpholinyl, morpholino,
tetrahydroimidazolyl group and the like are
exemplified. For example, in the case of a lower alkyl
group having a saturated heterocycle, the lower alkyl
group means a lower alkyl group substituted with the
saturated heterocycle group mentioned above. In the
lower alkyl group substituted with the saturated
heterocycle, the binding is not limited, that is, it
may be bound to a lower alkyl group on the nitrogen
atom which is a hetero atom included in the
heterocycle or on the carbon atom thereof. In
addition, the above-mentioned 5- to 7-membered
saturated heterocyclic group may be fused with
additional 1 or 2 benzene rings. Such fused ring
groups include for example, dihydroindolyl,
dihydroisoindolyl, tetrahydroquinolyl,
tetrahydroquinolino, benzomorpholinyl, benzomorpholino
group, and the like. Hereinafter, each group included
in the compounds of the invention shown as the
above-mentioned general formula (1) is individually
illustrated. The definitions of each group mentioned
below are adapted to not only the compounds shown as
the formula (1) , but also the other compounds herein.
The examples of the lower alkylcarbonyl group shown as
R1 include acetyl, propanoyl, butanoyl,
butylcarbonyl,pentylcarbonyl, hexylcarbonyl,
isopropylcarbonyl groups and the like, preferably
acetyl and propanoyl groups. The examples of the lower
alkenylcarbonyl group shown as R1 include acryloyl,
methacryloyl, crotonoyl, isocrotonoyl groups and the
like, preferably acryloyl group. The examples of the
lower alkoxycarbonyl group shown as R1 include
methoxycarbonyl, ethoxycarbonyl, t-butoxycarbonyl,
n-butoxycarbonyl groups and the like, preferably
methoxycarbonyl group . The examples of the lower
alkylene group shown as R2 include methylene,
ethylene, trimethylene, tetramethylene, pentamethylene
and hexamethylene as well as structural isomers
thereof such as 1-methylethylene. Among them,
methylene group is preferred. The examples of the
lower alkyl group shown as R3 include methyl, ethyl,
propyl, butyl, pentyl and hexyl groups as well as
structural isomers thereof such as isopropyl. Among
them, methyl group is preferred. The examples of the
lower alkylene group shown as R4 include methylene,
ethylene, trimethylene, tetramethylene, heptamethylene
and hexamethylene as well as structural isomers
thereof such as 1-methylethylene. The lower alkylene
group shown as R4 is preferably methylene group or
ethylene group when R3 is group (3) ; the lower
alkylene group shown as R4 is preferably methylene
group when R3 group is group (6) or group (8) ; the
lower alkylene group shown as R4 is preferably
ethylene group or tetramethylene group when R3 group
is group (9). The examples of the lower alkyl group
shown as R5 include methyl, ethyl, propyl, butyl,
pentyl and hexyl groupsas well as structural isomers
thereof such as isopropyl group. Among them, methyl
group is preferred. The examples of the lower
alkenylene group shown as R6 include a straight chain
lower alkenylene group such as ethenylene,
propenylene, butenylene, pentenylene, hexenylene, and
butane dienylene, and structural isomers thereof such
as 2-methylpropenylene. group. Among them, ethenylene
group is preferred. The examples of the lower
alkynylene group shown as R7 include a straight chain
lower alkynylene group such as ethynylene,
propynylene, butynylene, pentynylene, hexynylene and
butanediynylene, and structural isomers thereof such
as 3-methylbutynylene group. Among them, butynylene
group is preferred. The examples of the lower alkyl
group shown as R8 include methyl, ethyl, propyl,
butyl, pentyl and hexyl as well as structural isomers
thereof such as isopropyl. Among them, ethyl group is
preferred. The examples of the lower alkyl group (al)
shown as Z1 include a straight chain lower alkyl group
such as methyl, ethyl, propyl, butyl, pentyl and hexyl
as well as structural isomers thereof such as
isopropyl. Among them, C1-4 alkyl group is preferred.
The aryl-lower alkyl group (a2) shown as Z1 means a
lower alkyl group substituted with an aryl group. The
examples include benzyl, phenethyl, phenylpropyl ,
naphthylmethyl groups and the like. Among them, benzyl
group or phenethyl group is preferred. The
aminoaryl-lower alkyl group (a3) shown as Z1 means an
aryl-lower alkyl group having an amino group on its
arylmoiety. For example, aminobenzyl , aminophenethyl,
aminophenylpropyl, aminonaphthylmethyl groups and the
like are exemplified. Among them, aminobenzyl group or
aminophenethyl group is preferred. The aryl-lower
alkenyl group (a4) shown as Z1 means a lower alkenyl
group substituted with an aryl group. For example,
phenylethenyl, phenylpropenyl, phenylbutenyl groups
and the like are exemplified. Among them,
phenylpropenyl group is preferred. The
heteroaryl-lower alkyl group (a5) shown as Z1 means a
lower alkyl group substituted with a heteroaryl group.
For example, furylmethyl, pyrazolylethyl,
imidazolylpropyl, pyridylmethyl groups and the like
are exemplified. Among them, furylmethyl group or
pyridylmethyl group is preferred. The heteroaryl-lower
alkenyl group (a6) shown as Z1 means a lower alkenyl
group substituted with a heteroaryl group. For
example, pyridylethenyl, pyridylpropenyl,
furylpropenyl groups and the like are exemplified.
Among them, pyridylpropenyl group or furylpropenyl
group is preferred. The heteroarylaryl-lower alkyl
group (a7) shown as Z1 means an aryl-lower alkyl group
having a heteroaryl group on its aryl group. For
example, furylphenylmethyl , thienylphenylethyl,
pyridylphenylpropyl, triazolylphenylmethyl,
imidazolylphenylmethyl groups and the like are
exemplified. Among them, triazolylphenylmethyl group
or imidazolylphenylmethyl group is preferred. The
examples of the hydroxy-lower alkyl group (a8) shown
as Z1 include hydroxymethyl , 1-hydroxyethyl,
2-hydroxyethyl, 1-hydroxypropyl, 2-hydroxypropyl,
3-hydroxypropyl, 4-hydroxybutyl groups and the like,
preferably 3-hydroxypropyl group and 4-hydroxybutyl
group. The examples of the aryloxy-lower alkyl group
(a9) shown as Z1 include phenoxymethyl ,
1-phenoxyethyl, 2-phenoxyethyl, 1-phenoxypropyl,
2-phenoxypropyl, 3-phenoxypropyl groups and the like,
preferably 3-phenoxypropyl group. The examples of the
amino-lower alkyl group (alO) shown as Z1 include
aminomethyl, 1-aminoethyl, 2-aminoethyl, 1-
aminopropyl, 2-aminopropyl, 3-aminopropyl groups and
the like, preferably 2-aminoethyl and 3-aminopropyl
groups. The examples of the aminocarbonyl-lower alkyl
group (all) shown as Z1 include aminocarbonylmethyl,
1- aminocarbonylethyl, 2-aminocarbonylethyl, 1-amino
carbonylpropyl, 2-aminocarbonylpropyl,
3-aminocarbonylpropyl groups and the like, preferably
aminocarbonylmethyl group. The lower alkylcarbonyl
group (al2) shown as Z1 includes acetyl, propanoyl,
propylcarbonyl, butylcarbonyl, pentylcarbonyl,
hexylcarbonyl, isopropylcarbonyl groups and the like,
preferably acetyl and propanoyl group. The examples of
the lower alkoxy-lower alkylcarbonyl group (al3) shown
as Z1 include methoxymethylcarbonyl,
methoxyethylcarbonyl, ethoxyethylcarbonyl groups and
the like, preferably methoxymethylcarbonyl group. The
examples of the amino-lower alkylcarbonyl group ((al4)
and (b3) ) shown as Z1 and Z2 include
aminomethylcarbonyl, aminoethylcarbonyl,
aminopropylcarbonyl, aminobutylcarbonyl groups and the
like, preferably aminomethyl carbonyl group and
aminoethylcarbonyl group. The examples of the
arylcarbonyl group (al5) shown as Z1 include benzoyl,
naphthylcarbonyl groups and the like,preferably
benzoyl group. The examples of the aryl-lower
alkylcarbonyl group (al6) shown as Z1 include
benzylcarbonyl, naphthylmethylcarbonyl,
phenethylcarbonyl, phenylpropylcarbonyl,
phenylbutylcarbonyl groups and the like, preferably
benzyl carbonyl group and phenethylcarbonyl group. The
examples .of the aryl-lower alkenyl carbonyl group
(al7) shown as Z1 include phenylethenylcarbonyl,
phenyl - propenyl carbonyl, phenylbutenyl carbonyl
groups and the like, preferably phenylethenyl carbonyl
group. The examples of the aryloxy-lower alkylcarbonyl
group (al8) shown as Z1 include phenoxymethyl
carbonyl, phenoxyethylcarbonyl, phenoxypropyl
carbonyl, phenoxybutylcarbonyl groups and the like,
preferably phenoxymethyl carbonyl group and
phenoxyethyl carbonyl group. The examples of the
heteroarylcarbonyl group (al9) shown as Z1 include
furyl carbonyl, thienylcarbonyl, imidazolylcarbonyl,
thiazolylcarbonyl, pyridylcarbonyl, quinolylcarbonyl
groups and the like, preferably pyridylcarbonyl group,
furyl carbonyl group and thienylcarbonyl group. The
examples of the heteroaryl-lower alkylcarbonyl group
(a20) shown as Z1 include furylmethyl carbonyl,
furylethyl carbonyl, thienylmethyl carbonyl,
pyridylmethycarbonyl, pyridylethyl carbonyl,
pyridylpropylcarbonyl groups and the like, preferably
thienylmethyl carbonyl group and pyridylmethylcarbonyl
group. The examples of the heteroaryl-lower
alkenylcarbonyl group (a21) shown as Z1 include
pyridylacryloyl, imidazolylacryloyl groups and the
like, preferably pyridylacryloyl 



group.The examples of the heteroaryloxy-lower
alkylcarbonyl group (a22) shown as Z1 include
pyridyloxymethylcarbonyl, quinolyloxyethylcarbonyl,
tetrahydroquinolinonyloxymethylcarbonyl,
tetrahydroquinolinonyloxypropylcarbonyl groups and the
like, preferably
tetrahydroquinolinonyloxymethylcarbonyl group and
tetrahydroquinolinonyloxypropylcarbonyl group. The
examples of the heteroarylsulfanyl-lower alkylcarbonyl
group (a23) shown as Z1 include furyl sulf anyl
methylcarbonyl, pyridylsulfanylethylcarbonyl,
quinolylsulfanylpropylcarbonyl groups and the like,
preferably pyridylsulf anylmethylcarbonyl . The
examples of the heteroarylarylcarbonyl group (a24)
shown as Z1 include pyrrolylphenylcarbonyl,
pyrazolylphenylcarbonyl, imidazolylphenylcarbonyl,
triazolylphenylcarbonyl, thienylphenylcarbonyl,
furylphenylcarbonyl, pyridylphenylcarbonyl groups and
the like, preferably pyrrolylphenylcarbonyl,
pyrazolylphenylcarbonyl and imidazolylphenylcarbonyl,
triazolylphenylcarbonyl groups. The examples of the
arylsulfanyl-lower alkylcarbonyl group (a25) shown as
Z1 include phenyl sulf anylmethylcarbonyl,
phenylsulfanylethylcarbonyl,
phenylsulfanylpropylcarbonyl groups and the like,
preferably phenyl sulf anylmethylcarbonyl group . The
examples of arylcarbonyl-lower alkylcarbonyl group
(a26) shown as Z1 include benzoylmethylcarbonyl,
benzoylethylcarbonyl, benzoylpropylcarbonyl groups and
the like, preferably benzoylethylcarbonyl group. The
examples of the arylamino-lower alkylcarbonyl group
(a27) shown as Z1 include phenylaminomethylcarbonyl,
phenylaminoethylcarbonyl, phenylaminopropylcarbonyl
groupsand the like, preferably
phenylaminomethylcarbonyl group. The examples of the
lower alkoxycarbonyl group ((a28) and (b2) ) shown as
Z1 and Z2 include methoxycarbonyl , ethoxycarbonyl,
propoxycarbonyl, butoxycarbonyl, pentyloxycarbonyl,
hexyloxycarbonyl, isopropoxycarbonyl groups and the
like. Among them, methoxycarbonyl group and
t-butoxycarbonyl group are preferred. The examples of
the lower alkylsulfonyl group ((a29) and (b8)) shown
as Z1 and Z2 include methyl sulfonyl, ethylsulfonyl,
propylsulfonyl, butylsulfonyl groups and the like.
Among them, the preferred lower alkylsulfonyl group
(a29) shown as Z1 is methyl sulfonyl or ethylsulfonyl
group; and the preferred lower alkylsulfonyl group (b
d ) shown as Z2 is ethylsulfonyl or propylsulfonyl
group. The examples of the arylsulfonyl group (a30)
shown as Z1 include phenyl sulfonyl, toluenesulfonyl,
naphthalenesulfonyl group and the like, preferably
phenyl sulfonyl group. The examples of the
heteroarylsulfonyl group (a31) shown as Z1 include
furyl sulfonyl, thienylsulfonyl, pyridyl sulfonyl,
imidazolylsulfonyl groups and the like, preferably
imidazolylsulfonyl group. The lower alkyl group having
a saturated heterocycle (a33) shown as Z1 means a
lower alkyl group substituted with a saturated
heterocyclic group. For example, pyrrolidinoethyl,
piperidinoethyl, piperidylethyl, morpholinoethyl,
morpholinylmethyl groups and the like are exemplified,
preferably piperidinoethyl group and morpholinoethyl
group. The carbonyl-lower alkyl group having a
saturated heterocycle (a34) shown as Z1 means a
carbonyl-lower alkyl group substituted with a
saturated heterocyclic group. Forexample, pyrrol
idinocarbonylethyl, piperidinocarbonylethyl,
piperidylcarbonylethyl, morpholinocarbonylethyl,
morpholinylcarbonylmethyl groups and the like are
exemplified, preferably piperidinocarbonylmethyl
group. The aryl-lower alkyl group having a saturated
heterocycle (a35) shown as Z1 means an aryl-lower
alkyl group having a saturated .heterocyclic group on
the aryl ring. For example, pyrrolidinophenylethyl,
piper idinophenylmethyl, piperidylphenylethyl,
morpholinophenylethyl, morpholinylphenylmethyl ,
piperazinophenylmethyl groups and the like are
exemplified, preferably piperazinophenylmethyl group.
The examples of the carbonyl group having a saturated
heterocycle ((a36) and (b7) ) shown as Z1 and Z2
include pyrrolidinocarbonyl, piperidinocarbonyl,
piperidylcarbonyl, morpholinocarbonyl,
morpholinylcarbonyl, piperazinocarbonyl,
piperazinylcarbonyl, thiazolylcarbonyl,
pyrrolylcarbonyl groups and the like, preferably
piperazinocarbonyl, thiazolylcarbonyl and
pyrrolylcarbonyl groups . The examples of the lower
alkylcarbonyl group having a saturated heterocycle
((a37) and (b5) ) shown as Z1 and Z2 include
pyrrolidinoethylcarbonyl, piperidinomethylcarbonyl,
piperidinoethylcarbonyl, piperidylmethylcarbonyl,
morpholinoethylcarbonyl, morpholinylmethylcarbonyl,
piperazinomethylcarbonyl, piperazinylpropylcarbonyl,
thiazolylmethylcarbonyl groups and the like,
preferably piperazinomethylcarbonyl,
piperidinomethylcarbonyl and piperidinoethylcarbonyl
groups. The examples of the arylcarbonyl group having
a saturated heterocycle (a38) shown as Z1 include
pyrrolidinophenylcarbonyl, piperidinophenylcarbonyl,
piperidylphenylcarbonyl, morpholinophenyl
carbonyl,morpholinylphenylcarbonyl,
thiomorpholinophenylcarbonyl, piperazinophenylcarbonyl
groups and the like, preferably
pyrrolidinophenylcarbonyl, morpholinylphenylcarbonyl
and thiomorpholinophenylcarbonyl groups . The examples
of the optional substituent included in each group as
a part of the group shown as above Z1 are mentioned as
follows : The examples of the lower alkyl group
include methyl, ethyl, propyl, butyl, pentyl, hexyl,
isopropyl, isobutyl groups and the like. Among them,
methyl, ethyl and isopropyl groups. are preferred. The
examples of the lower alkylcarbonyl group include
acetyl, propanoyl, butanoyl, butyl carbonyl,
pentylcarbonyl groups and the like, preferably acetyl
group. The examples of the halogen include fluorine,
chlorine, bromine, and iodine atoms, preferably
fluorine and chlorine atoms . The examples of the
lower alkoxy group include methoxy, ethoxy, propoxy,
butoxy, pentyloxy, hexyloxy, isopropoxy and the like.
Among them, Ci-4 alkoxy group is preferred. The
examples of the halogeno-lower alkoxy group include
chloromethoxy, dichloromethoxy, trichloromethoxy,
trifluoromethoxy, 2 ,2 ,2-trifluoroethoxy groups and
the like, preferably trifluoromethoxy group. The
examples of the aryl group include phenyl, naphthyl
groups and the like, preferably phenyl group. The
examples of the aryloxy group include phenoxy,
naphthoxy groups and the like, preferably phenoxy
group. The examples of the dihalogenomethylenedioxy
group include difluoromethylenedioxy,
dichloromethylenedioxy groupsand the like, preferably
dif luoromethylenedioxy group. The examples of the
lower alkoxycarbonyl group include methoxycarbonyl ,
ethoxycarbonyl, t-butoxycarbonyl groups and the like,
preferably methoxycarbonyl group. The examples of the
lower alkylcarbonyloxy group include acetoxy,
propylcarbonyloxy groups and the like, preferably
acetoxy group. The examples of the lower alkylamino
group include monoor di (lower alkyl) amino group such
as methylaitiino, dimethyl amino, diethylamino,
diisopropylamino groups and the like, preferably
dimethylamino group. The examples of the lower
alkylcarbonylamino group include acetylamino,
propionylamino groups and the like, preferably
acetylamino group. The examples of the hydroxy-lower
alkyl group include lower alkyl group having one
hydroxyl group such as hydroxymethyl, 1-hydroxyethyl,
2-hydroxyethyl, 1-hydroxypropyl, 2-hydroxypropyl,
3-hydroxypropyl, 2-hydroxy-2- methylethyl groups and
the like, preferably hydroxymethyl or 2-hydroxyethyl
group. The examples of the halogeno-lower alkyl group
include lower alkyl group having 1 to 5 halogen atoms
such as chloroethyl, dichloromethyl, trifluoromethyl,
pentafluoroethyl groups and the like, preferably
trifluoromethyl group. The examples of the
halogenoaryl group include chlorophenyl,
dichlorophenyl, fluorophenyl, difluorophenyl,
pentafluorophenyl, bromophenyl , iodophenyl,
chloronaphthyl groups and the like, preferably
chlorophenyl group. The examples of the lower
alkylsulfanyl group include methylsulfanyl, ethyl
sulfanyl, propyl sulfanyl groups and thelike,
preferably methyl sulfanyl group. The examples of the
amino group substituted with 1 or 2 lower alkyl
groups, which is included as a part of the
aminoaryl-lower alkyl group (a3), the amino-lower
alkyl group (alO), the aminocarbonyl-lower alkyl group
(all) or the amino-lower alkylcarbonyl group (al4),
include dimethylaminophenyl ethyl, .
dimethylaminoethyl, diethylaminoethyl,
diisopropylaminoethyl, dime thyl amino carbonylmethyl
diethyl - aminomethylcarbonyl,
diethylaminoethylcarbonyl group and the like. In
addition, the examples of said amino group substituted
with one carbonyl group include
Nformylaminomethylcarbonyl group, and the examples of
said amino group substituted with one lower
alkylcarbonyl groups include acetylaminomethylcarbonyl
group. The examples of the aryl group substituted with
halogen atom(s) where the aryl group is included as a
part of the aryl-lower alkyl group (a2), the
arylcarbonyl group (al5), the aryl-lower alkylcarbonyl
group (al6) , the aryl-lower alkenylcarbonyl group
(al7) , the aryloxy-lower alkylcarbonyl group (ald ),
the arylsulfonyl group (a30) and the aryl-lower alkyl
group having a saturated heterocycle (a35) , include
chlorophenylcarbonyl, dichloro (aminosulfonyl) phenyl
carbonyl, chlorophenylmethylcarbonyl and fluoro
(4-methylpiperazino) - phenylmethyl groups. The
examples of the aryl group substituted with hydroxy
group (s) include hydroxyphenylmethyl group. The
examples of the aryl group substituted with lower
alkyl group (s) include methy lphenyl carbonyl,
methylphenylmethylcarbonyl, m ethy lphenoxymethyl
carbonyl and methyl - phenylsulfonyl groups. The
examples of the aryl group substituted with lower
alkoxy group (s) includemethoxyphenylmethyl ,
trimethoxyphenylmethyl, butoxyphenylmethyl,
ethoxyphenylmethyl, methoxyphenyl carbonyl, methoxy
phenylmethyl carbonyl, methoxyphenoxymethyl carbonyl
and methoxyphenylsulfonyl groups. The examples of the
aryl group substituted with halogeno-lower alkoxy
group (s) include trifluoromethoxyphenylmethylcarbonyl
group. The examples of the aryl group substituted
another aryl group (s) include biphenyl group. The
examples of the aryl group substituted with aryloxy
group (s) include phenoxyphenylmethyl and
phenoxyphenylcarbonyl group. The examples of the aryl
group substituted with methylenedioxy group (s)
include methylenedioxyphenylmethyl and methyl
enedioxyphenyl carbonyl groups. The examples of the
aryl group substituted with dihalogenomethylenedioxy
group (s) include difluoromethylenedioxyphenylmethyl
group. The examples of the aryl group substituted with
carboxyl group (s) include hydroxycarbonylphenylmethyl
group. The examples of the aryl group substituted with
lower alkoxycarbonyl group (s) include
methoxycarbonylphenylmethyl and
methoxycarbonylphenylcarbonyl groups. The examples of
the aryl group substituted with lower alkylcarbonyloxy
group (s) include methyl - carbonyloxyphenylmethyl and
methylcarbonyloxyphenylcarbonyl groups . The examples
of the aryl group substituted with nitro group (s)
include nitrophenyl carbonyl group. The examples of
the aryl group substituted with lower alkylamino group
(s) include dimethylaminophenylcarbonyl and
dimethylaminophenylethenylcarbonyl groups . The
examples of the aryl group substituted with lower
alkylcarbonylamino group (s) include
acetylaminophenylcarbonyl group. The examples of the
aryl group substituted with aminosulfonylgroup (s)
include dichloro (aminosulfonyl) phenyl carbonyl
group. The examples of the heteroaryl group
substituted with halogen atom(s) where the heteroaryl
group is included as a part of the heteroaryl-lower
alkyl group (a5), the heteroarylcarbonyl group (al9),
the heteroaryl-lower alkyl - carbonyl group (a20), the
heteroaryl-lower alkenyl carbonyl group (a21) the
.heteroaryloxy-lower alkenyl carbonyl group (a22), the
heteroarylsulfanyl-lower alkylcarbonyl group (a23) ,
the heteroarylarylcarbonyl group (a24) and the
heteroaryl sulfonyl group (a31), include
chlorothienylmethyl, dichloroimidazolylmethyl and
chloro (hydroxy) pyr idyl carbonyl groups . The
examples of the heteroaryl group substituted with
hydroxy group (S) include hydroxypyridylcarbonyl and
chloro (hydroxy) pyr idyl carbonyl groups. The
examples of the heteroaryl group substituted with
lower alkyl group (s) include methylthiazolylmethyl,
n-hexyltetrazolylmethyl, methylisoxazolylmethyl and
methylimidazolylmethyl groups. The examples of the
heteroaryl group substituted with hydroxy-lower alkyl
group (s) include hydroxymethylpyridylmethyl group.
The examples of the heteroaryl group substituted with
halogeno-lower alkyl group (s) include
trifluoromethylbenzofuranylmethyl group. The examples
of the heteroaryl group substituted with aryl group
(s) include phenyl thiazolylmethyl and
phenylimidazolylmethyl groups. The examples of the
heteroaryl group substituted with halogenoaryl group
(s) include chlorophenylpyrrolylmethyl group. The
examples of the heteroaryl group substituted with
lower alkylsulfanyl group (s) include
methylsulfanylpyridylcarbonyl group. The examples of
the heteroaryl group substituted with aminocarbonyl
group (s) include aminocarbonylpyrazolylcarbonyl
group. The examples of the heteroaryl group
substituted with carboxyl group (s) include
hydroxycarbonylfurylmethyl and hydroxy
carbonylthienylmethyl groups . The saturated
heterocycle moiety included as a part of the groups
described in (a33)-(a38) may have a specific
substituent on the .nitrogen atom or the carbon atom
thereof (lower alkyl group or lower alkoxycarbonyl
group as a substituent on the nitrogen atom and oxo
group as a substituent on the carbon atom) . The
examples of preferable groups among the above ones are
as follows . The examples of the lower alkyl group
having a saturated heterocycle (a33) which further has
a lower alkyl group on the nitrogen atom of the
heterocycle are and the like, wherein M e means
methyl, the same hereinafter. The examples of the
aryl-lower alkyl group having a saturated heterocycle
(a35) which further has one lower alkyl group on the
nitrogen atom of the heterocycle are and the like. The
examples of the carbonyl group having a saturated
heterocycle (a36) which further has a lower
alkylcarbonyl group on the nitrogen atom of the
heterocycle areand the like, wherein A c means acetyl,
the same hereinafter. The examples of the carbonyl
group having a saturated heterocycle (a36) which
further has one oxo group on the carbon atom of the
heterocycle are and the like. The examples of the
lower alkylcarbonyl group having a saturated
heterocycle (a37) which further has one lower alkyl
group on the nitrogen atom of the heterocycle are and
the like. The examples of the lower alkylcarbonyl
group having a saturated heterocycle (a37) which
further has two oxo groups on the carbon atoms of the
heterocycle are and the like. The examples of the aryl
carbonyl group having a saturated heterocycle (a38)
which further has one oxo group on the carbon atom of
the heterocycle areAmong each group of (bl)-(b7) shown
as Z2, (b2), (b3) , (b5) and (b7) are mentioned above.
The examples of the lower alkenylcarbonyl group (b4)
shown as Z2 include acryloyl, methacryloyl, crotonoyl,
isocrotonoyl groups and the like, preferably acryloyl
group. The examples of piperidino-lower alkylcarbonyl
group having a saturated heterocycle (b6) shown as Z2
include pyrrolidinopiperidinomethylcarbonyl,
pyrrolidinylpiperidinoethylcarbonyl,
piperidinopiperidinomethylcarbonyl,
piperidylpiperidinoethylcarbonyl ,
morpholinopiperidinoethylcarbonyl ,
piperazinopiperidinopropylcarbonyl groups and the
like, preferably and the like. The examples of the
lower alkyl group which is optionally substituted on
the amino moiety included as a part of the group of
(b3) shown as Z2 include methyl, ethyl, propyl, butyl,
pentyl or hexyl, and structural isomers thereof such
as isopropyl. Among them, methyl, ethyl and isopropyl
groups are preferred. In addition, the examples of the
lower alkyl group which is optionally substituted on
thenitrogen atom of the saturated heterocyclic group
included in each group of (b5)-(b7) are also the same
as above. The preferable examples of the amino group
having said lower alkyl group and the group having a
saturated heterocycle which has said lower alkyl group
on the nitrogen atom are dimethylaminomethylcarbonyl
and 4-methylpiperazinocarbonyl group, respectively.
The examples of the lower alkoxy group (c2) shown as
Z3 include methoxy, ethoxy, t-butoxy, n-butoxy groups
and the like, preferably ethoxy and t-butoxy groups.
The examples of the amino-lower alkylamino group (c4)
shown as Z3 include aminomethyl amino,
aminoethylamino, aminopropylamino, aminobutylamino
groups and the like, preferably aminoethylamino and
aminopropylamino groups . The examples of the
amino-lower alkylpiperazino group (c6) shown as Z3
include aminomethylpiperazino, aminoethylpiperazino,
aminopropylpiperazino, aminobutylpiperazino groups and
the like, preferably aminoethylpiperazino and
aminopropylpiperazino groups . The examples of the
aminocarbonyl-lower alkylpiperazino group (c7) shown
as Z3 include aminocarbonylmethylpiperazino,
aminocarbonylethylpiperazino ,
aminocarbonylpropylpiperazino ,
aminocarbonylbutylpiperazino groups and the like,
preferably aminocarbonylmethylpiperazino groups . The
examples of the amino-lower alkyl-1, 4-diazepan-l-yl
group (c9) shown as Z3 include aminomethyl-1,
4-diazepan-l-yl, aminoethyl-1, 4-diazepan-l-yl,
aminopropyl-1, 4-diazepan-l-yl, aminobutyl-1,
4-diazepan-l-yl groups and the like, preferably
aminopropyl-1, 4-diazepan-l-yl group. The examples of
the amino-lower alkylaminopiperidinogroup (cl2) shown
as Z3 include a iainomethylarainopiperidino,
aminoethylaminopiperidino, aminopropylaminopiperidino,
aminobutylaminopiperidino groups and the like,
preferably aminoethylaminopiperidino group. The
examples of the amino-lower alkylpiperidino group
(cl3) shown as Z3 include aminomethylpiperidino,
aminoethylpiperidino, aminopropylpiperidino,
aminobutylpiperidino groups and the like, preferably
aminoethylpiperidino group. The examples of the amino
group having a saturated heterocycle (cl5) shown as Z3
include piperidinoamino, piperidylamino,
piperazinoamino, piperazinylamino, pyrrolidinylamino,
morpholinylamino groups and the like, preferably
piperidinoamino and piperazinoamino groups. The
examples of the lower alkylamino group having a
saturated heterocycle (cl b) shown as Z3 include
piperidinoethylamino, piperidylmethylamino,
pyrrolidinoethylamino, morpholinopropylamino,
piperazinopropylamino groups and the like, preferably
piperidinoethylamino group. The examples of the
piperazino group having a saturated heterocycle (cl7)
shown as Z3 include piperidylpiperazino,
morpholinylpiperazino groups and the like, preferably
piperidylpiperazino group. The lower alkylpiperazino
group having a saturated heterocycle (cl8) shown as Z3
means a lower alkylpiperazino group substituted with a
saturated heterocyclic group on the lower alkyl group
thereof. The examples include
pyrrolidinoethylpiperazino, morpholinoethylpiperazino,
piperidinoethylpiperazino, piperidylethylpiperazino,
piperidylmethylpiperazino, 1
,3-dioxolanylmethylpiperazino,
tetrahydrofurylmethylpiperazino groups and the
like,preferably pyrrolidinoethylpiperazino,
morpholinoethylpiperazino, piperidinoethylpiperazino,
piperidylmethylpiperazino groups. The examples of the
carbonyl-lower alkylpiperazino group having a
saturated heterocycle (cl9) shown as Z3 include
pyrrolidinocarbonylmethylpiperazino,
piperidinocarbonylethylpiperazino groups .and the
like, preferably pyrrolidinocarbonylmethylpiperazino
group. The examples of the lower alkyl-1,
4-diazepan-l-yl group having a saturated heterocycle
(c20) shown as Z3 include morphol.inopropyl-1,
4-diazepan-l-yl, piperidinoethyl-1, 4- diazepan-1-yl
groups and the like, preferably morpholinopropyl-1,
4-diazepan-l-yl group. The examples of the piperidino
group having a saturated heterocycle (c21) shown as Z3
include piperidinopiperidino, piperazinopiperidino,
morpholinopiperidino, morpholinylpiperidino groups and
the like, preferably piperidinopiperidino and
piperazinopiperidino groups. The examples of the lower
alkylmorpholino group having a saturated heterocycle
(c22) shown as Z3 include piperidinomethylmorpholino,
piperazinomethylmorpholino, 1,4-
diazepan-1-ylmethylmorpholino groups and the like,
preferably piperidinomethylmorpholino and
piperazinomethylmorpholino groups . The preferable
examples of the amino group (c3) and the amino groups
included as a part of the amino-lower alkylamino group
(c4), the amino-lower alkylpiperazino group (c6) , the
aminocarbonyl-lower alkylpiperazino group (c7), the
aminolower alkyl-1, 4-diazepan-l-yl group (c9) , the
aminopiperidino group (ell), the amino-lower
alkylaminopiperidino group (cl2) ,the amino-lower
alkylpiperidino group (cl3) , the amino group having a
saturated heterocycle (cl5) and the lower alkylamino
group having a saturated heterocycle (cl b), which are
substituted with 1-2 substituents selected from the
group consisting of lower alkyl group, hydroxy-lower
alkyl group, aryl group, heteroaryl group, aryl-lower
alkyl group, alkoxyaryl-lower alkyl group,
heteroaryl-lower alkyl group, lower alkyl carbonyl
group and lower alkoxycarbonyl group, are shown below.
In the exemplified groups as shown above, Ph means
phenyl group, Boc means t-butoxycarbonyl group, i-Pr
means isopropyl group, n-Pr means n-propyl group, and
Et means ethyl group (the same hereinafter) . The
preferable examples of the amino group included as a
part of the aminopiperidino group (ell) which is
substituted with aryl-lower alkylcarbonyl group are
shown below.The preferable examples of the piperazino
group (c5) and the 1 ,4-diazepan-l-yl group (c8) ,
which have any one of the substituents selected from
the group consisting of lower alkyl group,
hydroxy-lower alkyl group, lower alkoxy-lower alkyl
group, aryl group, lower alkylaryl group, hydroxylaryl
group, cyanoaryl group, halogenoaryl group, aryl-lower
alkyl group, lower alkoxyaryl-lower alkyl group,
halogenoaryloxylower alkyl group, heteroaryl group,
lower alkylheteroaryl group, halogeno-lower
alkylheteroaryl group, cyanoheteroaryl group,
heteroaryl-lower alkyl group, lower alkoxycarbonyl
group and lower alkylcarbonyl group on 4-position of
the rings, are shown below.In the exemplified groups
as shown above, OMe means methoxy group, and O-t-Bu
means tert-butoxy group (the same hereinafter) . The
preferable examples of the saturated heterocycle
included as a part of the groups in (cl5)-(c22), which
has any one of substituents selected from the group
consisting of lower alkyl group., aryl group,
cyanoaryl group, lower alkylcarbonyl group,
halogeno-lower alkylaryl group and aryllower alkyl
group on the nitrogen atom in the ring, are shown
below. The preferable examples of piperazino group
(c5) , piperidino group (clO) and the saturated
heterocycle included as a part of the groups in
(cl5)-(c22), which have any one of substituents
selected from the group consisting of hydroxy group,
oxo group, lower alkyl group, hydroxy-lower alkyl
group, aryl group, aryl-lower alkyl group,
aminocarbonyl group and lower alkylamino group on the
carbon atom of the ring, are shown below.The
preferable examples of the group having substituent
(s) selected from the group consisting of lower alkyl
group, aryl group, cyanoaryl group, lower
alkylcarbonyl group, halogeno-lower alkylaryl group
and aryl-lower alkyl group on the nitrogen atom of the
saturated heterocycle included as a part of the groups
in (cl5)-(c22), and the preferable examples of the
groups having substituents selected from the group
consisting of hydroxy group, oxo group, lower alkyl
group, hydroxy-lower alkyl group, aryl group,
aryl-lower alkyl group, amino carbonyl group and lower
alkylamino group on the carbon atom of the saturated
heterocycle are shown below. The examples of the amino
group having a saturated heterocycle (cl5) which has a
substituent on the heterocycle include and the like .
The examples of the lower alkylamino group having a
saturated heterocycle (cl b) which has a substituent
on the heterocycle includeand the like. The examples
of the piperazino group having a saturated heterocycle
(cl7) which has a substituent on the heterocycle
include and the like. The examples of the lower
alkylpiperazino group having a saturated heterocycle
(cl8) which has a substituent on the heterocycle
include and the like. The examples of the piperidino
group having a saturated heterocycle (c21) which has
substituents on the heterocycle include and the like.
The examples of the lower alkylmorpholino group having
a saturated heterocycle (c22) includeand the like, and
the examples further having a substituent on the
nitrogen atom of the heterocycle include and the like.
The preferred compounds of the invention shown as the
above-mentioned general formula (1) may include the
compound wherein R2 is a methylene group, and R3 is a
hydrogen atom or a lower alkyl group. The second
preferred compounds may include the compound wherein
R1 is a lower alkylcarbonyl group, R2 is a methylene
group, and R3 is the group (3) or the group (6) .
Among such compounds, more preferred compounds may
include the compound wherein R4 is a lower alkylene
group and Z1 is any one group selected from (a2) ,
(al4), (al5) , (a28) , (a32) and (a37) . The third
preferred compounds may include the compound wherein
R1 is a lower alkylcarbonyl group, R2 is a methylene
group, and R3 is the group (4), the group (5) or the
group (7) provided that Z1 is a lower alkoxycarbonyl
group or a hydrogen atom. The forth preferred
compounds may include the compound wherein R1 is a
lower alkylcarbonyl group, R2 is a methylene group,
and R3 is the group (8) . The fifth preferred
compounds may include the compound wherein R1 is a
hydrogen atom or a lower alkylcarbonyl group, R2 is a
methylene group, and R3 is the group (9), the group
(10) or the group (11) . The sixth preferred compounds
may include the compound wherein R1 is a hydrogen atom
or a lower alkylcarbonyl group,R2 is a methylene
group, and R3 is the group (9), the group (10) or the
group (11) provided that Z3 is (cl) , (c2), (c4),
(c5), (c6), (c7), (c8), (ClO), (ell), (cl5) , (cl6) ,
(cl8), (c21) or (c22) . The seventh preferred
compounds may include the compound wherein R1 is an
acetyl group, R2 is a methylene group, and R3 is the
group (9) provided that Z3 is (c4), (c5), (c b), (clO)
, (ell), (cl6), (cl8), (c21) or (c22). The examples of
the preferable compounds of the invention include the
following compounds shown in 1)-19): 1 ) N- {4-
[b-amino-5-cyano-2- (pyridin-2-ylmethylsulfanyl) -
pyrimidin-4 -yl ]phenyl }acetamide , 2 ) N- {4-
[6-amino-5-cyano-2- (6-methylpyridin-2-ylmethylsulf
anyl )pyrimidin-4 -yl] phenyl }acetamide, 3 ) N-{4-
[6-amino-5-cyano-2- (6-{4-[2- (4-methylpiperazin-l-yl)
- acetyl ]piperazin-l-ylmethyl}
pyridin-2-ylmethylsulfanyl) - pyrimidin-4 -yl ]phenyl
}acetamide , 4 ) N- [4- (6-amino-5-cyano-2-{6-[3-
(4-methylpiperazin-l-yl) -3- 



oxopropyl]pyridin-2-ylmethylsulf anyl}pyrimidin-4-yl)
phenyl] - acetamide, 5 ) 3-{ 6- [4-
(4-acetylaminophenyl )- b-amino-5-cyanopyrimidin-2-
ylsulfanylmethyl]pyridin-2-yl}-N-
(2-dimethylaminoethyl) - propionamide , 6 ) 3-{ 6- [4-
(4-acetylaminophenyl) -6-amino-5-cyanopyrimidin-2-
ylsulfanylmethyl]pyridin-2-yl} -N-
(2-dimethylaminoethyl) -Nmethylpropionamide , 7 ) 3-{
6- [4- (4-acetylaminophenyl)
-6-amino-5-cyanopyrimidin-2-
ylsulfanylmethyl]pyridin-2-yl}-N-
(2-dimethylaminopropyl) -Nmethylpropionamide , 8 ) 3-{
6- [4- (4-acetylaminophenyl)
-6-amino-5-cyanopyrimidin-2-ylsulfanylmethyl]pyridin-2
-yl}-N- (2-methylpiperidin-lylethyl )propionamide , 9
) 3-{ 6- [4- (4-acetylaminophenyl)
-6-amino-5-cyanopyrimidin-2-
ylsulfanylmethyl]pyridin-2-yl}-N-(2-diethylaminoethyl)
- propionamide, 10) 3-{ 6- [4- (4-acetylaminophenyl)
-6-amino-5-cyanopyrimidin-2- ylsulf anylmethyl
]pyridin-2-yl }-N-methyl-N- (1-methylpiperidin- 4-yl
)propionamide, 11 ) N- (4- {6-amino-2- [6- (3- [1,4
']bipiperidinyl-1 '-yl-3- oxopropyl
)pyridin-2-ylmethylsulfanyl ]-5-cyanopyrimidin-4- yl
}phenyl )acetamide , 12) N- [4- (6-amino-5-cyano-2-{
6- [3-OXO-3- (2-piperidin-lylmethylmorpholin- 4-yl)
propyl] pyridin-2-ylmethylsulfanyl }- pyrimidin-4-yl)
phenyl] acetamide, 13) N-{4-[6-amino-5-cyano-2- (6-{3-
[2- (4-ethylpiperazin-lylmethyl) morpholin-4-yl]
-3-oxopropyl }pyridin-2-ylmethylsulf anyl
)pyrimidin-4-yl] phenyl }acetamide, 14)
N-{4-[6-amino-5-cyano-2- (6- {3- [4-
(2-diethylaminoethyl) - piperazin-1-yl]
-3-oxopropyl}pyridin-2-ylmethylsulfanyl) -
pyrimidin-4-yl] phenyl} acetamide, 15) N- {4-
[6-amino-5-cyano-2- (6- {3- [4-
(2-diisopropylam.inoethyl) piperazin-1-yl]
-3-oxopropylJpyridin-2-ylm.etb.ylsulf anyl
)pyrimidin-4-yl] phenyl }acetamide, 16) N- {4-
[6-amino-5-cyano-2- (6-{3-oxo-3- [4-
(2-pyrrolidin-lylethyl) piperazin-1-yl] propyl
}pyridin-2-ylmethylsulf anyl) - pyrimidin-4-yl]
phenyl} acetamide, 17 ) N-{4- [6-amino-5-cyano-2- (6-
{3- [4- (2-morpholin-4-ylethyl) - piperazin-1-yl]
-3-oxopropyl} pyridin-2-ylmethylsulfanyl) -
pyrimidin-4-yl ]phenyl }acetamide , 18)
N-{4-[6-amino-5-cyano-2- (6-{3- [4-
(2-diethylaminoethyl)-piperazin-1-yl]
-3-oxopropyl}pyridin-2-ylmethylsulfanyl) -
pyrimidin-4-yl] phenyl }acetamide, and 19) N- [4-
(6-amino-5-cyano-2-{6-[3- (4 -methyl- [1, 4
]diazepan-1-
yl)-3-oxopropyl]pyridin-2-ylmethylsulfanyl}pyrimidin-4
-yl) - phenyl ]acetamide. Some compounds of the
invention may have their geometrical isom ers or
tautomeric forms due to a substituent, a double bond,
an amide bond, etc. The present invention comprises
all of the separated isomers thereof and the mixture
thereof. In addition, some compounds of the invention
may have some asymmetric carbon atoms, hence may have
some optical isomers due to the asymmetric carbon
atoms. The present invention comprises all of the
mixture of the optical isomers and the isolated
isomers. Further, the present invention comprises a
radioisotopelabeled compound of the above-mentioned
compounds of the invention. In addition, the compounds
of the invention include pharmacologically acceptable
prodrugs thereof. The "pharmacologically acceptable
prodrug" refers to a compound having a group
(protective group) which may be transformed to the
group of the compounds of the invention by solvolysis
or physiological action and the like. The groups which
may be included in prodrugs are known (see, e.g.,
Prog. Med. , 5 , 2157-2161, 1985; and "Pharmaceutical
Research and Development" VoI 7 , pl63-196, 1990 by
Hirokawa Publishing Company) . Such groups can be
transformed to functional groups such as -NH2, -OH,
and -COOH by above solvolysis and so on. For example,
the compounds of the invention havingethyl ester form
such as the compound of Example 43 may be transformed
to the compound of the invention having carboxylic
acid form, that is, the compound of Example 45 with in
vivo esterase. Furthermore, the compound of the
invention may be formed to a salt with acid or base
according to the type of the substituent. The present
invention includes such salt, especially salt with a
pharmaceutically acceptable acid and base. The acid
addition salts include, for example, salts with
inorganic acid such as hydrochloric acid, hydrobromic
acid, .hydroiodic acid, sulfuric acid, nitric acid,
and phosphoric acid; salts with organic acid such as
formic acid, acetic acid, propionic acid, oxalic acid,
malonic acid, succinic acid, fumaric acid, maleic
acid, lactic acid, malic acid, citric acid, tartaric
acid, carbonic acid, picric acid, methanesulfonic
acid, ethanesulfonic acid, and glutamic acid. In
addition, the examples of the base to form a salt
include inorganic base such as sodium, potassium,
magnesium, calcium and aluminum; organic base such as
methylamine, ethylamine, meglumine and ethanolamine;
and basic amino acid such as lysine, arginine and
ornithine. The salts with a base also include ammonium
salt. Such salts can be prepared by conventional
procedures. Additionally, the present invention also
includes the hydrate, solvate and polymorph of the
compound of the invention and the pharmaceutically
acceptable salt thereof. Preparation of the compounds
of the invention Hereinafter, the preparation of the
compounds of the invention including the
pharmaceutically acceptable salts thereof
(hereinafter, referred to as "the compound(s) of
theinvention" unless otherwise indicated) is described
in detail. The compounds of the invention may be
prepared according to various known methods, using
appropriate starting compounds, corresponding to the
basic structure thereof or the type of substituents .
Then, depending on the type of functional group in the
desired compound, it may be effective at the
manufacturing technique that the functional group in
the starting compound (or the intermediate compound)
is substituted by an appropriate protective group
which is a group easily transformable to the
functional group. Such functional groups include -NH2,
-OH, -COOH and the like. The protective groups are
exemplified by the textbook by Greene and Wuts,
"Protective Groups in Organic Synthesis" 3rd edition,
1999 by John Wiley & Sons Inc. The substitution
reaction of the protective group may be determined,
depending on the type of protective group and
according to the reaction condition described in the
above textbook. In addition, by conventional
processes, e.g. the methods described in the above
textbook, the protective group introduced by the above
substitution reaction can be cleaved from the compound
after the desired compound is obtained by a suitable
reaction. The compounds of the invention can be
prepared according to the method described in the
following Scheme 1 .Schme 1 wherein R1 R2 and R3 are
as defined above, provided that R1 is not a hydrogen
atom. X is a halogen atom, an alkylsulfonyloxy group
or an arylsulfonyloxy group. The compounds (1) of the
invention can be prepared from the aldehyde compound
(the compound (2a) ) via the dicyanoethylene compound
(the compound (2b) ) and 2-iaercaptopyrimidine
compound (the compound (2c) ) or 2-
mercaptodihydropyrimidine compound (the compound (2d)
). The compound (2a) used herein as the starting
material is a known compound. In addition, the
compound (2d) includes an isomer which has a double
bond differently positioned in the ring. Each of the
reactions shown in Scheme 1 may be carried out
according to the methods described in each reference.
In detail, the following method may make it possible.
First of all, the compound (2a) and the malononitrile
compound (11) can be reacted according to the method
of the reference (see, for example, W . S . Emerson, T
. M . Patrick, J . Org. Chem. , 790, 14, 1949). That
is, the compound (2a) can be reacted with an
equimolecular to an excess molecular amount of
malononitrile (11) without solvent or in an inert
solvent such as water, dimethyl formamide (DMF) ,
dimethyl sulfoxide (DMSO), diethyl ether,
tetrahydrofuran (THF), dioxane, acetone, methyl ethyl
ketone (MEK) , methanol, ethanol, methylene chloride,
dichloroethane, and chloroform to give the compound
(2b) . Preferably, the above reaction is carried out
in an inert solvent, especially ethanol. Although the
above reaction may be carried out without any
catalyst, preferably a catalytic to an equimolar
amount of catalyst to one mole of the compound (2a) ,
may be used. The examples of the catalyst include an
organic base such as piperidine or salt thereof, an
amino acid such as glycine, and an ammonium salt such
as ammonium acetate. The especially preferable base
among them is piperidine. The temperature condition of
the above reaction may be room temperature to enhanced
temperature even if any solvent andcatalyst are used
or not. Especially, the room temperature is preferred.
Then the compound (2b) from the above reaction may be
transformed to the compound (2c) or the compound (2d)
or the mixture thereof by reaction with the thiourea
(12) . This reaction may be carried out according to
the method of the reference (see, for. example,
Daboun, H . A.; El-Reedy, A . M.; Z . Naturforsch.,
1983, 38 (12), 1686). To mention above in detail, the
reaction can be carried out with an equiiuolecular to
an excess molecular amount of the thiourea (12) to one
mole of the compound (2b) , without solvent or in an
inert solvent such as water, DMF, DMSO, diethyl ether,
THF, dioxane, acetone, MEK, methanol, ethanol,
acetonitrile, methylene chloride, dichloroethane, and
chloroform. In the reaction medium, some base such as
potassium carbonate, sodium hydroxide, sodium acetate,
sodium methoxide, sodium ethoxide, and triethylamine
may be optionally added. Preferably, the above
reaction may be carried out in ethanol in the presence
of sodium ethoxide. The reaction temperature condition
of the above reaction may be room temperature to
enhanced temperature, preferably reflux temperature of
the solvent. Then, according to the method of Scheme 1
, the compound (2c) or the compound (2d) or the
mixture thereof which is obtained from the above
reaction can be reacted with the compound (13) (i.e.
the substituted pyridyl-lower alkyl compound having a
leaving group such as halogen, arylsulfonyloxy group,
alkylsulfonyloxy group) to provide the compounds of
the invention (1) or the dihydro compound (2e) or the
mixture thereof. This reaction may be carried out
using an equimolecular to an excess molecular amount
ofcompound (13) to one mole of compound (2c) or the
compound (2d) or the mixture thereof. The reaction may
be carried out without solvent or in an inert solvent
such as DMF, DMSO, diethyl ether, THF, dioxane,
acetone, MEK, methanol, ethanol, acetonitrile,
methylene chloride, dichloroethane, and chloroform. In
the reaction medium, some base such as potassium
carbonate, sodium bicarbonate, sodium hydroxide,
sodium acetate, sodium methoxide, sodium ethoxide,
triethylamine may be further added when necessary.
Among above conditions, especially the reaction using
DMF as the reaction solvent and in the presence of
sodium bicarbonate as the base is preferred. The
reaction may be carried out at room temperature to
enhanced temperature, preferably at room temperature .
The compound (13) which is used in the above reaction
includes a novel compound through the type of R2 group
and R3 group thereof. Such novel compounds will be
mentioned below. Furthermore, the dihydro compound
(2e) of the invention obtained from the above reaction
can be led to the compound (1) of the invention by an
oxidation reaction. This reaction may be carried out
without solvent or in an inert solvent such as water,
DMF, DMSO, diethyl ether, THF, dioxane, acetone, MEK,
methanol, ethanol, acetonitrile, ethyl acetate ,
methylene chloride, dichloroethane, and chloroform,
using a catalytic amount to an excess molecular amount
of oxidizing agent to one mole of the dihydro compound
(2e) , such as DDQ (2, 3-dichloro-5,
6-dicyano-p-benzoquinone) and NBS (Nbromosuccinimide)
. In this way, the compounds of the invention (1) can
be prepared. Among the above conditions, especially
the reaction using ethanol as the reaction solventand
in the presence of NBS, or using dioxane as the
reaction solvent and in the presence of DDQ is
preferred. The temperature condition of the above
reaction may be room temperature to enhanced
temperature, preferably reflux temperature of the
solvent. The compounds of the invention may be also
prepared according to the method of the following
Scheme 2 . Scheme 2 (12) (3a) wherein R1, R2, R3 and X
are defined the same as above Scheme 1 , provided that
R1 is not hydrogen atom. According to the method of
Scheme 2 , the compound (1} of the invention can be
prepared by the reaction between the compound (3a)
which is prepared by the reaction between the thiourea
(12) and the compound (13), and the compound (2b), via
compound (2e) . Accordingly, the compound (1) of the
invention may be obtained as the mixture with the
compound (2e) via the compound (2e) (the
dihydropyrimidine compound)by the above reaction. The
compound (13) used herein as the starting compound
includes both of a known compound and a novel compound
as mentioned in above Scheme 1 . Such novel compounds
will be mentioned below. In addition, the compound
(2b) may be prepared by the reaction between the
compound (2a) and the compound (11) shown in above
scheme 1 . The compound (2e) includes the isomer which
has a double bond differently positioned in the ring.
In the method shown in Scheme 2 , first of all, an
equimolecular to an excess molecular amount of the
compound (13) to one mole of the thiourea (12) is
reacted without solvent or in an inert solvent such as
water, DMF, DMSO, diethyl ether, THF, dioxane,
acetone, MEK, methanol, ethanol, acetonitrile,
methylene chloride, dichloroethane, and chloroform.
This reaction can be carried out according to the
synthetic method of S-alkyl isothioureas described in
the reference such as Urquhart, G . G .; Gates, J . W
. Jr; Connor, R.; Org. Synth., 1941, 21, 36. In the
reaction medium, some base such as potassium
carbonate, sodium hydroxide, sodium acetate, sodium
methoxide, sodium ethoxide, and triethylamine or some
mineral acid such as hydrochloric acid and sulfuric
acid, or some organic acid such as acetic acid may be
optionally added. Preferably, the reaction solvent is
ethanol . The reaction may be carried out at room
temperature to enhanced temperature, preferably at
enhanced temperature (especially, about 60 0C ) . In
this way, the compound (3a) can be obtained as a free
form or a salt form. Then, to the obtained compound
(3a) (it may be as a freeform or a salt form) , an
equimolecular to an excess molecular amount of the
compound (2b) is added without solvent or in an inert
solvent such as DMF, DMSO, diethyl ether, THF,
dioxane, acetone, MEK, methanol, ethanol,
acetonitrile, methylene chloride, dichloroethane, and
chloroform, and optionally added an equimolecular to
an excess molecular amount of some base such as
potassium carbonate, sodium bicarbonate, sodium
hydroxide, sodium acetate, sodium methoxide, sodium
ethoxide, triethylamine, and diisopropylethylamine to
the reaction medium to proceed to the reaction. This
reaction may be carried out according to the method of
the reference (El- Sharabsy, S . A.; Abdel Gawad, S .
M.; Hussain, S . M.; J . Prakt. Chem., 1989, 331 (2),
207). In this reaction, ethanol can be exemplified as
a preferable solvent. In addition, it is also
preferable to added sodium bicarbonate in the reaction
medium. The reaction may be carried out at room
temperature to enhanced temperature, preferably reflux
temperature of the solvent. In this way, the compound
(1) of the invention or the dihydro compound (2e) or
the mixture thereof can be given. The dihydro compound
(2e) of the invention obtained above may be
transformed to the compounds (1) of the invention by
the oxidation reaction shown in above Scheme 1 . In
the preparation of Scheme 2 , the compound (3a) is
prepared from the thiourea (12), and said compound is
isolated and then this compound is reacted with the
compound (2b) . However, without isolating the
compound (3a) , the reaction wherein the compound (2b)
is added to the reaction medium under the same
condition can be also led to the compound (1) of the
invention or the dihydro compound (2e) thereof or the
mixture thereof.The compound of the invention may be
also prepared according to the method of the following
Scheme 3 . Scheme 3 (12) (3a) wherein R1, R2 f R3 and
X are defined the same as above Scheme 1 , provided
that R1 is not hydrogen atom. According to the method
of Scheme 3 , with or without isolating the compound
(3a) obtained by the reaction between the thiourea
(12) and the compound (13), the compound (1) of the
invention or the dihydro compound (2e) thereof or the
mixture thereof can be obtained by reacting the
compound (3a) simultaneously with the compound (2a)
and malononitrile (11) . The preparing reaction of the
compound (3a) is shown in above Scheme 2 . The
reaction of the compound (3a) with the compound (2a)
and malononitrile (11) may be carried out as follows:
the compound (3a) (it may be as a free form or a salt
form) is reacted with an equimolecular to an excess
molecular amount of compound (2a) and an equimolecular
to an excess molecular amount of malononitrile (11)
under the same reaction condition as above Scheme 2 to
give the compound (1)of the invention or the dihydro
compound (2e) thereof or the mixture thereof. The
dihydro compound (2e) of the invention obtained above
may be transformed to the compound (1) of the
invention by the oxidation reaction according to above
Scheme 1 . Additionally, the compounds of the
invention can be prepared according to known methods
from the compounds obtained by above the various
methods as the starting compound, as mentioned below.
Preparation of starting compound The compound (13)
which is used as the starting material in above Scheme
1 - Scheme 3 includes a novel compound through the
type of R2 group and R3 group thereof. For example,
these compounds can be prepared according to the
methods of the following Scheme 4 - Scheme 9 . Scheme
4 (4a) (4b) wherein X1 and X2 denote leaving groups
such as halogen, arylsulfonyloxy group,
alkylsulfonyloxy group. In addition, -NR9R10 denotes
(in each group, Z1, Z2 and R5 are defined the same as
above the general formula (1) ). According to the
method of Scheme 4 , the startingmaterial (compound
(4b) ) of the invention, wherein R2 is methylene
group, R3 is the group (3), the group (6) or the group
(8) , can be prepared by the reaction between the
known compound (4a) and the compound (15). In the
reaction, the compound (15) is generally used in an
equimolecular to an excess molecular amount to one
mole of the compound (4a) . . The reaction may be
carried out without solvent or in an inert solvent
such as DMF, DMSO, diethyl ether, THF, dioxane,
acetone, MEK, methanol, ethanol, acetonitrile,
methylene chloride, dichloroethane, and chloroform.
Optionally, the reaction medium may include an
equimolecular to an excess molecular amount of a base
to one mole of the compound (4a) , such as potassium
carbonate, sodium bicarbonate, sodium hydroxide,
sodium acetate, sodium methoxide, sodium ethoxide,
triethylamine and diisopropylethylamine. In this way,
the compound (4b) can be obtained. This reaction using
ethanol as the solvent and using an excess molecular
amount of the compound (15) to one mole of the
compound (4a) and in the absence of a base is
preferred. The reaction temperature may be room
temperature to enhanced temperature, preferably room
temperature.Scheme 5 (16) (5a) (5b) (5c) (5d) (5e)
wherein R11 denotes (in each group, R5 and Z1 are
defined the same as the general formula (I)), R12
denotes a lower alkyl group, an aryl group or a
halogeno-lower alkyl group, and X is define the same
as above Scheme 1 . According to Scheme 5 , the
starting material (the compound (5e) ) of the
invention, wherein R2 is a methylene group, R3 is the
group (4), the group (5) or the group (7), can be
prepared. Each the reaction shown in this method may
be carried out as follows. That is, the compound (5a)
which is obtained according to a conventional method
from 6-methyl- 2-picolinic acid (16) (or
6-methyl-3-picolinic acid, 6- methyl-4-picolinic acid,
6-methyl-5-picolinic acid) can be reacted with an
equimolecular to an excess molecular amount of
oxidizing agent such as m-chloroperbenzoic acid
(m-CPBA) and hydrogen peroxide in an inert solvent
such as diethylether, THF, dioxane, acetonitrile,
methylene chloride, dichloroethane and chloroform to
give the compound (5b) . The reaction temperature may
be ice temperature to reflux temperature of the
solvent. Especially, this reaction using an excess
amount of oxidizing agent such as m-CPBA in chloroform
at room temperature is preferred. Next, to the
obtained compound (5b) , an equimolecular to an excess
molecular amount of organic acid anhydride such as
acetic anhydride may be added without solvent or in an
inert solvent such as DMF, DMSO, diethyl ether, THF,
dioxane, acetone, MEK, methanol, ethanol,
acetonitrile, methylene chloride, dichloroethane and
chloroform and the mixture may be reacted at room
temperature or with heat to give the compound (5c) .
Furthermore, the obtained compound (5c) is hydrolyzed
in an inert solvent such as water, diethyl ether, THF,
dioxane, acetone, MEK, methanol, ethanol,
acetonitrile, methylene chloride, dichloroethane and
chloroform in the presence of an equimolecular to an
excess molecular amount of base such as sodium
hydroxide, potassium hydroxide, potassium carbonate,
sodium bicarbonate, sodium acetate, sodium methoxide
and sodium ethoxide at room temperature or. with heat
to give the compound (5d) . Especially, this reaction
in methanol with an excess amount of potassium
hydroxide with heating to reflux is preferred.
Besides, the compound (5d) obtained by this reaction
can be also obtained directly in one step from the
compound (5b) . In this reaction, the compound (5b)
can be reacted with an equimolecular to an excess
molecular amount of trif luoroacetic anhydride in an
inert solvent such as diethyl ether, THF, dioxane,
acetone, MEK, acetonitrile,methylene chloride,
dichloroethane and chloroform, or without solvent, and
then hydrolyzed with water, methanol, ethanol and the
like. Preferably, this reaction is carried out with an
excess amount of trifluoroacetic anhydride without
solvent, and then methanol is added thereto and the
mixture is stirred. In conclusion, the reaction from
the compound (5d) to the compound (5e) can be carried
out by the following three methods . Method 1 ) : The
compound (5d) is reacted with an equimolecular to an
excess molecular amount of halogenation agent such as
thionyl chloride, thionyl bromide and oxalyl chloride
without solvent or in an inert solvent such as diethyl
ether, THF, dioxane, acetone, MEK, acetonitrile,
methylene chloride, dichloroethane and chloroform.
Method 2 ) : The compound (5d) is reacted with an
equimolecular to an excess molecular amount of
alkylsulfonyl chloride such as methanesulfonyl
chloride without solvent or in inert solvent such as
diethyl ether, THF, dioxane, acetone, MEK,
acetonitrile, methylene chloride, dichloroethane and
chloroform in the presence of an equimolecular to an
excess molecular amount of base such as potassium
carbonate, sodium bicarbonate, sodium hydroxide,
sodium acetate, sodium methoxide, sodium ethoxide,
triethylamine and diisopropylethylamine. Method 3 ) :
The compound (5d) is reacted with an equimolecular to
an excess molecular amount of halogenoalkyl such as
carbon tetrachloride, chloroform and carbon
tetrabromide in the presence of an equimolecular to an
excess molecular amount of phosphine ligand such as
triphenylphosphine and tri (n-butyl) phosphine in an
inertsolvent such as diethyl ether, THF, dioxane,
acetone, MEK, acetonitrile, methylene chloride,
dichloroethane and chloroform. Scheme 6 (6a) (6b) (6c)
(6d) (b b ) wherein R13 denotes a hydrogen atom or a
protective group, R14 denotes a lower alkyl group. X
is defined the same as above Scheme 1 . R9 and R10 are
defined the same as above Scheme 4 . The protective
group mentioned above, which is shown as R13 ,
includes a conventional protective group for an
alcoholic hydroxy group such as acetyl group,
methoxymethyl group and tetrahydropyranyl group .
According to. Scheme 6 , the compound (6e) which is
the starting material of the invention wherein R4 is
an ethylene group, R3 is any one of the group (3) ,
the group (6) and the group (8), can be prepared. Each
the reaction shown in this method may be carried out
as follows. That is, firstly the compound (6a) with or
without a protective group on the hydroxy group is
coupled with an equimolecular to an excessmolecular
amount of trialkyl silylacetylene (17) in a base such
as triethylamine in the presence of a catalytic amount
of organic metal catalyst such as bis
(triphenylphosphine) - palladium (II) chloride, and an
activator such as copper (I) iodide. This reaction can
lead to the compound (6b). Then, the compound (6b) may
be desilylated in an inert solvent such as DMF, DMSO,
diethyl ether, THF, dioxane, acetone, MEK, methanol,
ethanol, acetonitrile, methylene chloride,
dichloroethane and chloroform in the presence of an
equimolecular to an excess molecular amount of base
such as potassium carbonate and sodium hydroxide to
give the compound (6c). In some case, the protective
group cannot be cleaved due to the difference of the
protective group R12 . In this case, the protective
group may be cleaved according to any conventional
method. Furthermore, to the obtained compound (6c), an
equimolecular to an excess molecular amount of the
compound (15) is added without solvent or in an inert
solvent such as DMF, DMSO, diethyl ether, THF,
dioxane, acetone, MEK, methanol, ethanol,
acetonitrile, methylene chloride, dichloroethane and
chloroform, and the mixture can be reacted at ice
temperature to reflux temperature of the solvent,
optionally in the presence of an equimolecular to an
excess molecular amount of base such as potassium
carbonate, sodium bicarbonate, sodium hydroxide,
sodium acetate, sodium methoxide, sodium ethoxide,
triethylamine and diisopropylethylamine to give the
compound (6d). It is preferable to heat to reflux with
an excess molecular amount of compound (15) in
ethanol. Finally, the compound (6d) can be reacted by
the samesynthetic method of the compound (5e) as above
Scheme 5 to give the desired compound (6e). Scheme 7
(7e) (7d) wherein R15 denotes a lower alkoxy group. X
is defined the same as above Scheme 1 . According to
the method of Scheme 7 , the starting material (the
compound (7d) ) of the invention wherein R2 is a
methylene group, R3 is the group (9), and Z3 is (c2)
lower alkoxy group; and the starting material (the
compound (7e) ) of the invention wherein R2 is a
methylene group, R3 is the group (10) , and Z3 is (c2)
lower alkoxy group can be synthesized. In this method,
to mention below in detail, firstly the compound (7a)
is reacted with an equimolecular to an excess
molecular amount of the lower alkyl acrylate (19) to
give thecompound (7b) . This reaction may be carried
out according to the following two methods. 



That is, the compound (7a) is reacted with the
compound (19) without solvent or in an inert solvent
such as DMF, DMSO, diethyl ether, THF, dioxane,
acetone, MEK, methanol, ethanol, acetonitrile,
methylene chloride, dichloroethane and chloroform,
optionally under an inert gas such as argon and
nitrogen, in the presence of an equimolecular to an
excess molecular amount of base such as triethylamine
and diisopropylethylamine, in the presence of a
catalytic amount to an equimolecular amount of organic
metal catalyst such as palladium (II) acetate and bis
(triphenylphosphine) palladium chloride, and in the
presence of an equimolecular to an excess molecular
amount of phosphine ligand such as triphenylphosphine
and tri (o-tolyl) phosphine, and at room temperature
or with heat (Heck reaction ) (Method 1 ) . The
compound (7a) is reacted with the compound (19)
without solvent or in an inert solvent such as DMF,
DMSO, diethyl ether, THF, dioxane, acetone, MEK,
methanol, ethanol, acetonitrile, methylene chloride,
dichloroethane and chloroform, optionally under an
inert gas such as argon and nitrogen, in the presence
of an equimolecular to an excess molecular amount of
base such as potassium carbonate, sodium bicarbonate,
sodium hydroxide, sodium acetate, sodium methoxide,
sodium ethoxide, triethylamine and
diisopropylethylamine, in the presence of an
equimolecular to an excess molecular amount of
phase-transfer catalyst such as tetra (n-butyl)
ammonium chloride and tetramethyl ammonium chloride,
in the presence of a catalytic amount to an
equimolecular amount of organic metal catalyst such
aspalladium (II) acetate and bis (triphenylphosphine)
palladium chloride, and optionally in the presence of
an additional dehydrator such as Molecular Sieves, and
at room temperature or with heat (Heck reaction ,
Jeffery condition) (Method 2 ) . Among them, Method 2
, especially the reaction under argon atmosphere in
DMF in the presence of an equimolecular amount of
tetra (n-butyl) ammonium chloride, an excess molecular
amount of sodium bicarbonate, an excess molecular
amount of Molecular Sieves (for example, "3A 1/16",
see Showa Kagaku Chemical Database) and a catalytic
amount of palladium (II) acetate at 800C is
preferable. Then, the obtained compound (7b) can be
reacted with atmospheric or pressured hydrogen gas in
an inert solvent such as DMF, DMSO, diethyl ether,
THF, dioxane, methanol, ethanol, acetonitrile and
methylene chloride at room temperature or with heat,
in the presence of a catalytic amount of catalyst for
hydrogenation such as platinum dioxide and
palladium-carbon to give the compound (7c) . Among
these reactions, especially the reaction with
vigorously stirring with atmospheric or pressured
hydrogen gas (1-3 kgf/cm 2) in methanol or ethanol at
room temperature in the presence of a catalytic amount
of platinum dioxide is preferable. The compound (7c)
obtained above can be transformed to the desired
compound (7d) by the same method that the compound
(5e) is obtained from the compound (5d) in above
Scheme 5 . In addition, the above compound (7b) can be
reacted by the same method that the compound (5e) is
obtained from the compound (5d) in above Scheme 5 to
give the compound (7e) . The starting material of the
compound of the inventionwherein R2 is a lower
alkylene group, and R3 is the group (9), the group
(10) or the group (12) can be synthesized when an
appropriate starting material is used in the method of
Scheme 7 . Scheme 8 (8a) (7b) wherein R15 is define d
the same as above Scheme 7 . Ph denotes phenyl group .
A s shown in above Scheme 8 , the compound (7b) shown
in above Scheme 7 can be also prepared using the known
compound (8a) as the starting material according to
Wittig reaction (A. Maercher, OR, 14 270 (1965) B .E .
Maryanoff et al., CRV, 89, 863 (1989) ) or
Wittig-Horner reaction (the reaction using a
phosphonic acid ester instead of a phosphonium salt in
Wittig reaction) . In the case of Wittig reaction, the
desired compound (7b) can be obtained when the
compound (8a) is reacted with an equimolecular to an
excess molecular amount of the compound (8b) without
solvent or in an inert solvent such as DMF, diethyl
ether, THF, dioxane, methanol, ethanol, acetonitrile,
methylene chloride, dichloroethane and chloroform,
optionally under an inert atmosphere such as argon and
nitrogen, at ice temperature, at room temperature or
with heat. Especially, the reaction of an excess
molecular amount of the compound (8b) in DMF is
preferable.Wittig-Horner reaction can be carried out
as the same way, using the corresponding phosphonate
ester of the compound (8b) instead of the compound
(8b), and an appropriate base such as sodium
methoxide. The starting material of the compounds of
the invention wherein R2 is a lower alkylene group,
and R3 is the group (9) the group (10) or the group
(12) can be synthesized when an appropriate starting
material is used in the method of Scheme Scheme 9 (7a)
(9a) (9b) (9c) Wherein R,16 is a hydrogen atom, or
wherein R17 denotes a lower alkyl group. The starting
material (the compound (9b)) of the compound of the
invention wherein R2 is a methylene group and R3 is
(2) a lower alkyl group; the starting material (the
compound (9a) ) of the compound of the invention
wherein R2 is a methylene group and R3 is the group
(9) provided that Z3 is a lower alkoxy (c2); and the
starting material (the compound(9c)) of the compound
of the invention wherein R2 is a methylene group and
R3 is the group (11) provided that Z3 is the group
(c5) having a lower alkyl group at the 4-position can
be prepared according to the method of Scheme 9 . In
this method, firstly the compound (7a) is coupling
with an equimolecular to an excess molecular amount of
the alkyne derivative -(20) to give the compound (9a).
This reaction can be carried out in an inert solvent
such as DMF, DMSO, diethyl ether, THF, dioxane,
acetone, MEK, methanol, ethanol, acetonitrile,
methylene chloride, dichloroethane and chloroform, in
the presence of an equimolecular to an excess
molecular amount of base such as triethylamine,
diisopropylethylamine and t-butylamine, in the
presence of a catalytic amount of organic metal
catalyst such as tetrakis (triphenylphosphine)
palladium (0) and palladium (II) chloride, and -in the
presence of an activator such as copper (I) iodide,
optionally under an inert gas such as argon and
nitrogen, in the presence of an antioxidant such as
BHT (butylhydroxytoluene) . Especially the reaction
under argon atmosphere in DMF in the presence of an
excess molecular amount of t-butylamine, a catalytic
amount of tetrakis (triphenylphosphine) palladium (0)
, copper (I) iodide and BHT at 8O0C is preferable.
Then, the obtained compound (9a) can be reacted by the
same method that the compound (7b) is transformed to
the compound (7c) as shown in above Scheme 7 to give
the compound (9b) . Furthermore, the compound (9b) is
reacted by the same method that the compound (5d) is
converted to the compound (5e) as shown in above
Scheme 5 to give the desired compound(9c) . Some
compounds of the invention may be also prepared
according to various known synthetic methods from the
other compounds of the invention obtained by
above-mentioned methods as a starting material, using
the properties based on the basic structure and the
type of the substituent. Hereinafter, the preparing
methods of the compounds of the invention that the
present compound of the invention can be transformed
to the other compound of the invention will be
illustrated with showing the schemes. Scheme 10 (1A)
(1B) wherein R2 and R3 are defined the same as above
the general formula (1) . R a denotes a lower
alkylcarbonyl group. RIb denotes a lower alkylcarbonyl
group, a lower alkenylcarbonyl group or a
phenylcarbonyl group. A s shown in Scheme 10, the
compound of the invention (the compound IB) wherein R1
is a hydrogen atom in the general formula (1) can be
obtained, when the compound (IA) of the invention
wherein R1 is a alkylcarbonyl group such as acetyl
group is reacted with an equimolecular to n excess
molecular amount of. base such as potassium carbonate,
sodium bicarbonate, sodium acetate, sodium hydroxide,
potassium hydroxide , sodium methoxide and sodium
ethoxide, or acid such as hydrochloric acid, sulfuric
acid, acetic acid and citric .acid in an inert solvent
such as water, DMF, DMSO, diethyl ether, THF, dioxane,
acetone, MEK, methanol, ethanol, acetonitrile,
methylene chloride, dichloroethane and chloroform, and
hydrolyzed. The hydrolytic reaction can be carried out
at room temperature to enhanced temperature. In
particular, preferably the hydrolytic reaction is
carried out by stirring in a mixture of ethanol and
water with aqueous hydrochloric acid at 800C . The
compound (1C) of the invention wherein R1 is a lower
alkylcarbonyl group, a lower alkenylcarbonyl group and
a phenylcarbonyl group can be synthesized, when the
compound (IB) of the invention wherein R1 is a
hydrogen atom is reacted with an equimolecular to an
excess molecular amount of an acylation agent such as
acid chloride and active ester, in an inert solvent
such as DMSO, diethyl ether, THF, dioxane, acetone,
MEK, acetonitrile, methylene chloride, dichloroethane
and chloroform, in the presence of an equimolecular to
an excess molecular amount of base such as potassium
carbonate, sodium bicarbonate, sodium acetate, sodium
hydroxide, potassium hydroxide, triethylamine
anddiisopropylethylamine, at ice temperature, at room
temperature or at enhanced temperature. In particular,
preferably this reaction is carried out by reacting
with an excess molecular amount of acid chloride in
the presence of an excess molecular amount of
triethylamine in acetonitrile at room temperature.
Scheme 11 (1D) (1E) (1F) wherein R1, R2 and R4 are
defined the same as the above general formula (1). Zla
denotes (al2) a lower alkylcarbonyl group or (a28) a
lower alkoxycarbonyl group. And Zlb is defined the
same as the Z1 group of the general formula (1) except
a hydrogen atom, that is, it denotes any one of the
groups selected from (al)-(a31) and (a33)-(a38) of the
general formula (1) . A s shown in Scheme 11, the
compound (IE) of the invention wherein R3 is the group
(6) and Z1 is (a32) a hydrogen atom in the general
formula (1) can be synthesized when the leaving group
is cleaved from the compound (ID) ofthe invention
wherein R3 is the group (6) and Z1 is the group of
(al2) or (a28), that is the compound has a group to be
cleaved. To mention above in detail, the compound (IE)
can be obtained, when the compound (ID) of the
invention is reacted with an equimolecular to an
excess molecular amount of base such as potassium
carbonate, sodium bicarbonate, sodium acetate, sodium
hydroxide, potassium hydroxide, sodium methoxide, and
sodium ethoxide, or mineral acid such as hydrochloric
acid and sulfuric acid, or organic acid such as acetic
acid, trifluoroacetic acid and citric acid in an inert
solvent such as water, DMF, DMSO, diethyl ether, THF,
dioxane, acetone, MEK, methanol, ethanol,
acetonitrile, methylene chloride, dichloroethane and
chloroform or without solvent, and hydrolyzed. The
hydrolytic reaction may be carried out at ice
temperature, at room temperature or at enhanced
temperature. In particular, it is preferable that the
compound of the invention wherein Zla is BOC group
(t-butoxycarbonyl group) is stirred with an excess
amount of trifluoroacetic acid at room temperature
without solvent. As shown in Scheme 11, the compound
(IF) of the invention wherein R3 is the group (6) and
Z1 is any one of the groups selected -from (al)-(a31)
and (a33)-(a38) in the general formula (1) can be
synthesized from the compound (IE) of the invention
wherein R3 is the group (6) and Z1 is (a32) a hydrogen
atom in the general formula according as the type of
the Z1 group thereof as follows. That is, the compound
(IE) can be reacted with an equimolecular to an excess
molecular amount of an acylation agent such as
alkylcarbonyl chloride, arylcarbonyl chlorideand
active ester in an inert solvent such as DMF, DMSO,
diethyl ether, THF, dioxane, acetone, MEK,
acetonitrile, methylene chloride, dichloroethane and
chloroform in the presence of an equimolecular to an
excess molecular amount of base such as potassium
carbonate, sodium bicarbonate, sodium acetate, sodium
hydroxide, potassium hydroxide, triethylamine and
diisopropylethylamine at ice temperature, at room
temperature or at enhanced temperature to provide the
compound of the invention wherein Z1 is the
substituted carbonyl group of (al2)-(a28) or
(a36)-(a38). It is preferable to react with an excess
molecular amount of the substituted carbonyl chloride
in acetonitrile in the presence of triethylamine. The
compound (IE) can be reacted with an equimolecular .to
an excess molecular amount of the carboxylic acid
compound having a variety of substituents in an inert
solvent such as DMSO, diethyl ether, THF, dioxane,
acetone, MEK, acetonitrile, methylene chloride,
dichloroethane and chloroform in the presence of an
equimolecular to an excess molecular amount of a
condensing agent such as DCC, WSC, BOP and DEPC,
optionally in the presence of an equimolecular to an
excess molecular amount of an activating agent such as
HOSu, HOBt and HOOBt to give the compound of the
invention wherein Z1 is the substituted carbonyl group
of (al2)-(a28) or (a36)-(a38). The reaction can be
carried out at any temperature condition of ice
temperature, room temperature and enhanced
temperature. In particular, it is preferable that the
reaction is carried out in the presence of WSC and
HOBt at room temperature. The compound (IE) can be
reacted with an equimolecular to an excess molecular
amount of a sulfonylating agent suchas alkylsulfonyl
chloride and arylsulfonyl chloride in the presence of
an equimolecular to an excess molecular amount of base
such as potassium carbonate, sodium bicarbonate,
sodium acetate, sodium hydroxide, potassium hydroxide,
triethylamine and diisopropylethylamine in an inert
solvent such as DMF, DMSO, diethyl ether, THF,
dioxane, acetone, MEK, acetonitrile, methylene
chloride , dichloroethane and chloroform to provide
the compound of the invention wherein Z1 is any one of
the groups selected from (a29)-(a31). The reaction can
be carried out at any temperature condition of ice
temperature, room temperature and enhanced
temperature. In particular, it is preferable that the
reaction is carried out in the presence of an excess
molecular amount of diisopropyl ethylamine in DMF at
room temperature . The compound (IE) can be reacted
with an equimolecular to an excess molecular amount of
alkylating agent including alkenylating agent such as
alkyl halide (e.g. alkyl chloride) and alkylmethane
sulfonate in the presence of an equimolecular to an
excess molecular amount of base such as potassium
carbonate, sodium bicarbonate, sodium acetate, sodium
hydroxide, potassium hydroxide, triethylamine and
diisopropylethylamine in an inert solvent such as DMF,
DMSO, diethyl ether, THF, dioxane, acetone, MEK,
acetonitrile, methylene chloride, dichloroethane and
chloroform to provide the compound of the invention
wherein Z1 is any one of the groups selected from
(al)-(all) and (a33)-(a35). The reaction can be
carried out at any temperature condition of ice
temperature, room temperature and enhanced
temperature. In particular, it is preferable that the
reaction is carried out with an excess molecular
amount of an alkylating agent,preferably alkyl halide
in the presence of an excess molecular amount of
potassium carbonate in DMF at room temperature . The
compound (IE) can be reacted with an equimolecular to
an excess molecular amount of the aldehyde compound
having the corresponding substituent in an inert
solvent such as DMF, DMSO, diethyl ether, THF,
dioxane, acetonitrile, methylene chloride,
dichloroethane, chloroform, methanol and ethanol,
optionally in the presence of a catalytic amount to an
excess molecular amount of catalyst such as acetic
acid to give the isolated or unisolated imine
compound. And the imine compound can be reacted with
an equimolecular to an excess molecular amount of a
reducing agent to one mole of the compound (IE) , such
as sodium borohydride, sodium cyanoborohydride and
diborane to provide the compound of the invention
wherein Z1 is any one of the groups selected from
(al)-(all) and (a33)-(a35) (reductive alkylation) .
The reaction can be carried out at any temperature
condition of ice temperature, room temperature and
enhanced temperature. It is preferable that the
compound (IE) is reacted with an excess molecular
amount of the aldehyde compound in the presence of 5
times of acetic acid and an excess molecular amount of
sodium cyanoborohydride in DMF at room temperature.
The compound of the invention wherein R3 is the group
(7) and Z1 is (a32) a hydrogen atom in the general
formula (1) and the compound of the invention wherein
R3 is the group (8) and Z2 is (bl) a hydrogen atom in
the general formula (1) can b e also synthesized from
the compound of the invention wherein R3 is the group
(7) and Z1 is any group of (al2) and (a28) in the
general formula (1) and thecompound of the invention
wherein R3 is the group (8) and Z2 is the group of
(b2) in the general formula (1) as the starting
material as similar reaction to obtain the compound
(IE) from the compound (ID) as shown in above Scheme
11. In addition, the compound of the invention wherein
R3 is the group (7) . and Z1 is any group of
(al)-(a31) or (a33)-(a38) in the general formula (1)
and the compound of the invention wherein R3 is the
group (8) and Z2 is any group of (b2)-(b8) in the
general formula (1) can be prepared from the compound
of the invention wherein R3 is the group (7) and Z1 is
(a32) a hydrogen atom in the general formula (1) and
the compound of the invention wherein R3 is the group
(8) and Z2 is (bl) a hydrogen atom in the general
formula (1) as the starting material as similar
reaction to obtain the compound (IF) from the compound
(IE) as shown in above Scheme 11. Scheme 12 (1G) (1H)
(11)wherein R1, R2 and R4 is defined the same as the
above general formula (1). Z3a denotes (c2) a lower
alkoxy group. Z3t> is the Z3 group of the general
formula (1) except a hydroxy group and a lower alkoxy
group, that is, any one of groups of (c3)-(c22) in the
general formula (1) . A s shown in Scheme 12, the
compound of the invention (IH) wherein R3 is the group
(9) and Z3 is (cl) a hydroxy group can be synthesized
from the compound (IG) of the invention wherein R3 is
the group (9) and Z3 is a lower alkoxy group. This
reaction can be carried out, for example, when the
compound (IG) of the invention is reacted with an
equimolecular to an excess molecular amount of base
such as potassium carbonate, sodium bicarbonate,
sodium acetate, sodium hydroxide, potassium hydroxide,
sodium methoxide and sodium ethoxide, mineral acid
such as hydrochloric acid and sulfuric acid or organic
acid such as acetic acid, trifluoroacetic acid and
citric acid in an inert solvent such as water, DMF,
DMSO, diethyl ether, THF, dioxane, acetone, MEK,
methanol, ethanol, acetonitrile, methylene chloride,
dichloroethane and chloroform or without solvent, and
hydrolyzed. The hydrolytic reaction may proceed at ice
temperature, at room temperature or at enhanced
temperature. In particular, it is preferable that the
compound of the invention wherein Z3a is tert-butoxy
group is stirred with an excess amount of
trifluoroacetic acid at room temperature without
solvent. In addition, as shown in Scheme 12, the
compound (II) of the invention wherein R3 is the group
(9) and Z3 is the group selected from (c3)-(c22) in
the general formula (1) can be synthesized from the
compound (IH) of the inventionwherein R3 is the group
(9) and Z3 is (cl) a hydroxy group. To mention above
in detail, this method can be carried out when the
compound (IH) of the invention is reacted with an
equimolecular to an excess molecular amount of the
amine or aliphatic nitrogen-containing heterocyclic
compound having the appropriate substituent
corresponding to the desired Z3 in an inert solvent
such as DMF, DMSO, diethyl ether, THF, dioxane,
acetone, MEK, acetonitrile, methylene chloride,
dichloroethane and chloroform in the presence of an
equimolecular to an excess molecular amount of a
condensing agent such as DCC, WSC, BOP and DEPC,
optionally in the presence of an equimolecular to an
excess molecular amount of an activating agent such as
HOSu, HOBt, HOOBt. In this way, the compound (II) of
the invention wherein Z3 is the group selected from
(c3)-(c20) can be provided. The reaction can be
carried out at any temperature condition of ice
temperature, room temperature and enhanced
temperature. In particular, it is preferable to react
in DMF or acetonitrile in the presence of BOP or WSC
and HOBt at room temperature. The compound of the
invention wherein R3 is the group (10) and Z3 is (cl)
a hydroxy group in the general formula (1) and the
compound of the invention wherein R3 is the group (11)
and Z3 is (cl) a hydroxy group in the general formula
(1) can be also synthesized from the compound of the
invention wherein R3 is the group (12) and Z3 is (c2)
a lower alkoxy group in the general formula (1) and
the compound of the invention wherein R3 is the group
(11) and Z3 is (c2) a lower alkoxy group in the
general formula (1) as a starting material as similar
reaction to obtain the compound (IH) from the compound
(IG) as shown in aboveScheme 12 . In addition, the
compound of the invention wherein R3 is the group (10)
and Z3 is any group of (c3)-(c22) in the general
formula (1) and the compound of the invention wherein
R3 is the group (11) and Z3 is any group of (c3)-
(c22) in the general formula (1) can be prepared from
the compound of the invention wherein R3 is the group
(10) and Z3 is (cl) a hydroxy group in the general
formula (1) and the compound of the invention wherein
R3 is the group (11) and Z3 is (cl) a hydroxy group in
the general formula (1) as a starting material as
similar reaction to obtain the compound (II) from the
compound (IH) as shown in above Scheme 12. The desired
compounds of each process shown in above each scheme
and the compounds of the invention can be isolated or
purified as a free form or a salt form thereof
according to a conventional method. The means of such
isolation and purification include some conventional
chemical operations such as extraction, concentration,
distillation, crystallization, filtration,
re-crystallization and various types of
chromatography. When the compound of the invention is
a mixture of isomers as mentioned above, each the
isomer may be isolated by a conventional method using
the different physical properties between the isomers.
In more detail, the separation of a stereochemically
pure isomer from racemic compounds can be carried out
by a conventional racemic separation in which the
racemic compounds are formed to diastereomeric salts
with a usual optically active acid such as tartaric
acid and then separated. The separation of eachisomer
from a diastereomeric mixture can be carried out, for
example, by fractional crystallization and
chromatography. In addition, the optically active
compounds of the invention can be also prepared when
using an optically active starting compound.
Pharmaceutical composition of the invention The
compounds of the invention and the salts thereof have
an adenosine A2a receptor agonistic activity and thus
they are useful as an adenosine A2a receptor agonist
for mammals including human beings. Accordingly, the
present inventions also provide pharmaceutical
compositions as a medicament such as the adenosine A2a
receptor agonist. The present pharmaceutical
composition can be prepared to a usual pharmaceutical
formulation comprising an effective amount of one or
more compounds selected from the group consisting of
the compounds of the invention and the salts thereof,
and some pharmaceutically acceptable carriers. The
pharmaceutically acceptable carriers used in the
pharmaceutical composition of the invention may be a
solid such as excipient or a liquid such as diluent.
The examples of these carriers include lactose,
magnesium stearate, starch, talc, gelatine, agar,
pectin, gum arabic, olive oil, sesame oil, cacao
butter, ethylene glycol and the like. In addition, the
pharmaceutical composition can be prepared in
formulation of dosage unit suitable for
administration. The examples include a solid and
liquid formulation suitable for oral administration
such as tablet, pill, capsule, granule, powder and
liquid as well as a formulation for parenteral
administration such as injection (intravenous
injection, intramuscular injection, etc. ), eyedrops,
ophthalmic ointment, suppository, percutaneous
absorption agent and the like. In particular, the
preferable pharmaceutical formulation is an eye drops
since it is considered that the pharmaceutical
composition of the invention can be used as an
intraocular pressure reducing agent, a medicine for
the treatment of glaucoma and the like based on the
adenosine A2a receptor agonistic activity thereof. The
eye drops can be prepared according to a conventional
method, for example, optionally adding an isotonic
agent such as sodium chloride, glycerin; a stabilizer
such as sodium edetate; an antiseptic such as
benzalkonium chloride and parabens; a pH adjuster such
as disodium hydrogen phosphate, sodium dihydrogen
phosphate, boric acid, sodium tetraborate (borax) ,
hydrochloric acid and sodium hydroxide to the compound
of the invention (including the salt thereof, the same
hereinafter) . The solid medicament of the present
invention for oral administration such as tablet,
powder and granule can be prepared by mixing the
compound of the invention with at least one inert
carrier such as lactose, mannitol, glucose,
hydroxypropyl cellulose, microcrystalline cellulose,
starch, polyvinyl pyrrolidone, meta-silicic acid and
magnesium aluminate, and forming the mixture according
to a conventional method. The preparation may further
incorporated by additional appropriate additives, for
example, a lubricant such as magnesium stearate; a
disintegrator such as carmellose calcium; a stabilizer
such as lactose; a solubilizing agent such as glutamic
acid and aspartic acid; and the like. It may further
incorporated by a sweetener, aflavor, a perfume, an
antiseptic agent and the like. The tablet and pill may
be coated with a sugar-coating film such as sucrose,
gelatin, hydroxypropyl cellulose and
hydroxypropylmethyl cellulose phthalate or a film of
intragastric- or enteric-coated material when
necessary. The liquid medicament for oral
administration such as emulsion, solution, suspension,
syrup and elixir can be prepared by solving or
dispersing the compound of the invention in an inert
diluent used in general such as purified water and
ethanol. The liquid medicament may also contain an
auxiliary agent such as wetting agent and suspending
agent, a sweetener, a flavor, perfume, an antiseptic
agent and the like. The injection for parenteral
administration includes aseptic aqueous or nonaqueous
solution, suspension, emulsion and the like, and the
aqueous solution and suspension can be prepared
according to a conventional method, for example, using
distilled water for injection and saline as a diluent.
The nonaqueous solution and suspension can be prepared
according to a conventional method, for example, using
propylene glycol, polyethylene glycol or vegetable oil
such as olive oil; alcohols such as ethanol; diluent
or carrier such as polysorbate 80. The solution or
suspension may further contain an auxiliary agent such
as an antiseptic 



agent, a wetting agent, an emulsifying agent, a
dispersing agent, a stabilizer (e.g., lactose) and a
solubilizing agent (e.g., glutamic acid and aspartic
acid). The injection is sterilized according to a
conventional method, for example, by filtration with
the filter for removal of bacteria, addition of
antimicrobial or radiation such as gamma-ray.
Inaddition, the injection can be also prepared as the
extemporaneously preparing formulation, which the
prepared aseptic solid medicament is dissolved with
aseptic water or aseptic solvent for injection before
use. The dosage regimen for the pharmaceutical
composition of the present invention in each the
formulation will be determined in each case depending
on the condition of the patients to which the
pharmaceutical composition is administered (subject
for administration) , age, sex and so on. In general,
the dosage of the eye drops which comprises the
pharmaceutical composition of the present invention
can be determined to be the amount so that the eye
drops containing the active compound in a
concentration of 0.0001-10% (w/v) is dropped or
swabbed once to several times a day. The amount of the
eye drops for one usage is generally about 0.001-1 mL
for an adult . In the case of the oral medicament or
the injection of the pharmaceutical composition of the
invention, the dosage can be determined so that the
compound of the invention is administered in an amount
of 0.001-1000 mg per day in adult. The daily dose may
be administered once a day, but preferably be divided
in several times. The above dosage is only guideline
and hence it may be also increased or decreased. A s
mentioned above, it is hopeful to determine the dosage
every time to be used depending on various conditions.
Accordingly, depending on the conditions, the reduced
dosage may still exhibit sufficient effects.
INDUSTRIAL APPLICABILITY The compounds of the
invention exhibit the action activating an adenosine
A2a receptor (i.e. adenosine A2areceptor agonist
activity) and are useful for the prevention and/or
treatment of glaucoma and ocular hypertension by the
intraocular pressure reducing action thereof. BEST
MODE FOR CARRYING OUT THE INVENTION Hereinafter, the
present invention is illustrated by Reference Examples
for the preparing the starting compounds and by
Example for the preparing the compounds of the
invention, and also experiments of the pharmacological
tests, but should not be construed to be limited
thereto. The nuclear magnetic resonance (NMR) spectra
in the example.s mentioned below were measured under
the following conditions. The abbreviate symbols are
defined as follows. Apparatus :JNM-AL300 (JEOL)
Internal standard substance : TMS s : singlet, d :
doublet, t : triplet, q : quartet, quint: quintet,
sext: sextet The following abbreviations are employed
in the examples. IPE: isopropyl ether WSC : l-ethyl-3-
(3-dimethylaminopropyl )carbodiimide hydrochloride
LiAlH 4: lithium aluminum hydride THF: tetrahydrofuran
TBAF: tetrabutyl ammonium fluoride TBAF/THF solution:
a mixture of tetrabutyl ammonium fluoride and
tetrahydrofuran DMF: N,N-dimethylformamide HOBt:
1-hydroxybenzotriazole m-CPBA: m-chloroperbenzoic acid
EtOH: ethanol NBS: N-bromosuccinimideDDQ:
2,3-dichloro-5 ,6-dicyano-p-benzoquinone DMSO:
dimethyl sulfoxide BOP and BOP reagent:
benzotriazol-1-yloxytris (dimethyl - amino)
phosphonium hexaf luorophosphate TFA: trifluoroacetic
acid Reference Example 1 Methyl (4-formylphenyl)
carbamate (560 mg) and malononitrile (206 mg) were
dissolved in 10 mL of ethanol, and one drop of
piperidine was added to the resulting solution, and
then the mixture was stirred at room temperature for 3
hours. IPE (1OmL) was added to the reaction mixture,
and a precipitated crystal was filtrated to give 441
mg of methyl [4- (2, 2-dicyanovinyl) phenyl] carbamate
as a yellow powder. 1H-NMR (CDCl3) d : 7.90 (2H, d , J
= 8.7 Hz), 7.65 (IH, s ) , 7.56 (2H, d , J = 8.7 Hz),
6.92 (IH, br s ) , 3.83 (3H, s). Reference Example 2
To 20 m L of absolute ethanol, 250 mg of metallic
sodium was added in small portions. After dissolved
completely, 760 m g of thiourea was added to the above
solution, and the mixture was stirred at room
temperature for 1 hour. To the reaction, 2.11 g of N-
[4- (2, 2-dicyanovinyl) phenyl] acet amide was added,
and the mixture was heated to reflux for 3 hours.
Then, the solvent was removed under reduced pressure
from the reaction mixture, the residue was dissolved
in 30 mL of water. In addition, the mixture was
acidified by adding acetic acid in small portions,
thereto 3OmL of ethyl acetate was added and then the
solution was stirred overnight. Filtration of the
precipitated material gave 1.2 g of N- [4- (6-amino-5-
cyano-2-mercapto-2,3-dihydropyrimidin-4-yl) phenyl]
acetamideas a white powder. 1H-NMR (DMSO-d6) d : 9.98
(IH, s), 9.65 (IH, br s ) , 7.56 (2H, d , J = 8.7 Hz),
7.14 (2H, d , J = 8.7 Hz), 6.16 (2H, s), 4.92 (IH, s )
, 2.08 (3H, s ) . Reference Example 3 2 ,6-Bis
(bromomethyl) pyridine (265 mg) was suspended in 2 m l
of ethanol, thereto 87 mg of morpholine was added at
ice temperature, and the mixture was stirred at room
temperature overnight. The reaction mixture was
concentrated under reduced pressure, and the residue
was purified by chromatography on silica gel
(methylene chloride - ethanol - triethylamine =
400:20:1 (v/v, the same hereinafter)) to give 90 mg of
4- (6-bromomethylpyridin-2-ylmethyl) morpholine as a
white powder. 1H-NMR (CDCl3) d : 10.0 (IH, s),
7.54-7.48 (2H, m ), 7.42 (IH, s), 7.24 (IH, s), 4.08
(2H, t , J = 6.0 Hz), 3.56 (2H, t , J = 4.5 Hz), 2.49
(2H, t , J = 7.2 Hz), 2.42-2.34 (4H, m ), 1.89 (2H,
quint., J = 6.6 Hz) . Reference Example 4 (1) To a
round-bottom flask was added 2.3 g of 6-
bromopyridin-2-ylmethyl acetate, 1.18 g of trimethyl
silylacetylene, 210 mg of bis (triphenylphosphine) -
palladium (II) chloride, 114 mg of copper (I) iodide
and 12 mL of triethylamine, and then the mixture was
heated to reflux under argon atmosphere for 5 hours.
After allowing to cool, the mixture was concentrated
to dryness under reduced pressure, thereto water was
added, and the mixture was extracted with ethyl
acetate. The organic layer was concentrated under
reduced pressure, 7 mL of methanol and 30 mL of IN
aqueous potassium hydroxide were added to theresidue,
and the mixture was stirred for 1 hour. The reaction
mixture was acidified with IN hydrochloric acid and
concentrated under reduced pressure. The concentrated
solution was basified with potassium carbonate, and
extracted with ethyl acetate. The organic layer was
washed with brine, dried over anhydrous magnesium
sulfate, and then the solvent was removed off under
reduced pressure. The product was purified by
chromatography on silica gel (hexane - ethyl acetate =
4:1) to give 212 mg of (6-ethynylpyridin-2- yl)
methanol as a white powder. 1H-NMR (CDCl3) d : 7.67
(IH, t , J = 7.8 Hz), 7.40 (IH, d , J = 7.8 Hz), 7.28
(IH, d , J = 7.8 Hz), 4.76 (2H, d , J = 5.1 Hz), 3.38
(IH, t , J = 5.1 Hz), 3.18 (IH, s). (2)
(6-Ethynylpyridin-2-yl) methanol (320 mg) and
morpholine (1 g ) were dissolved in 3 mL of ethanol,
and the solution was heated to reflux under argon
atmosphere for 24 hours. After allowing the reaction
to cool, the ethanol was removed under reduced
pressure, and the residue was basified with aqueous
sodium hydroxide, and extracted with chloroform. The
organic layer was washed with brine, dried over
anhydrous magnesium sulfate, and the solvent was
removed. The residue was purified by chromatography on
silica gel (chloroform - methanol - aqueous ammonia =
200:10:1) to give 122 mg of [6-
(2-morpholin-4-ylethyl)pyridin-2-yl]methanol as a
yellow oil. 1H-NMR (CDCl3) d : 7.60 (IH, t , J = 7.8
Hz), 7.08 (IH, d , J = 7.8 Hz), 7.03 (IH, d , J = 7.8
Hz), 4.72 (2H, s), 3.73 (4H, t , J = 4.5 Hz), 3.00
(2H, dd, J = 10, 8.7 Hz), 2.77 (2H, dd, J = 10, 8.7
Hz), 2.53 (4H, t , J = 4.5 Hz). (3) [6-
(2-Morpholin-4-ylethyl)pyridin-2-yl] methanol (122 mg)
and diisopropylethylamine (104 mg) were dissolved in
2.5mL of dichloromethane, and 47 mL of methanesulfonyl
chloride was added dropwise to the solution at ice
temperature, and then the mixture was stirred at room
temperature overnight. After removing the solvent from
the reaction mixture under reduced pressure, the
residue was purified by chromatography on silica gel
(chloroform - methanol - aqueous ammonia = 300:10:1)
to give 80 m g of 4- [2- (6-chloromethylpyridin-2- yl)
ethyl]morpholine as a yellow oil. 1H-NMR (CDCl3) d :
7.62 (IH, t , J = 7.8 Hz), 7.30 (IH, d , J = 7.8 Hz),
7.12 (IH, d , J = 7.8 Hz), 4.64 (2H, s ) , 3.72 (4H, t
, J = 4.8 Hz), 2.98 (2H, dd, J = 10, 8.7 Hz), 2.74
(2H, dd, J = 10, 8.7 Hz), 2.53 (4H, t , J = 4.8 Hz).
Reference Example 5 (1) 6-
(t-Butyldimethylsilanyloxymethyl)pyridine-2-
carboxaldehide (4.29 g ) was dissolved in 50 m L of
DMF, and 7.14 g of (carbethoxymethylene)
triphenylphosphorane was added to the solution, and
then the mixture was stirred at room temperature for 1
hour. The reaction mixture was poured into ice-water,
and extracted with ethyl acetate. The organic layer
was washed with water, dried over anhydrous magnesium
sulfate, and concentrated to dryness under reduced
pressure. To the residue, 100 mL of a mixture of
hexane - ethyl acetate (5:1) was added, the insoluble
material was filtrated off, and the filtrate was
concentrated under reduced pressure. The residue was
purified by chromatography on silica gel (hexane -
ethyl acetate = 10:1) to give 5.45 g of ethyl 3-[6-
(t-butyldiraethylsilanyloxymethyl)pyridin-2-yl]
acrylate as a light yellow oil. 1H-NMR (CDCl3) d :
7.72 (IH, t , J = 7.5 Hz), 7.66 (IH, d , J = 15.6 Hz),
7.49 (IH, d , J = 7.5 Hz), 7.29 (IH, d , J = 7.5 Hz),6
. 8 8 (IH, d , J = 15 . 6 Hz) 4 . 83 (2H, s ) , 4 . 2
7 (2H, q , J = 7 . 2 Hz) , 1 . 33 (3H, t , J = 7 . 2
Hz ) , 0 . 97 ( 9H, s ) , 0 . 13 ( 6H, s ) . (2) Ethyl
3 - [6- (t-butyldimethylsilanyloxymethyl)pyridin-
2-yl]acrylate (5.45 g ) was dissolved in 100 itiL o f
ethanol, and 200 m g o f platinum dioxide was added t
o the solution, and then the mixture was stirred under
atmospheric hydrogen pressure a t room temperature for
5 hours. After the purge with nitrogen, the catalyst
was filtrated off, and the solvent was removed t o
provide 5.07 g o f ethyl
3-[6-(tbutyldimethylsilanyloxymethyl) pyridin-2-yl]
propionate a s a pale yellow oil. 1H-NMR (CDCl 3 ) d :
7.60 (IH, t , J = 7.5 Hz), 7.33 (IH, d , J = 7.5 Hz),
7.03 (IH, d , J = 7.5 Hz), 4.79 (2H, s), 4.12 (2H, q ,
J = 7.2 Hz), 3.07 (2H, t , J = 7.5 Hz), 2.75 (2H, t ,
J = 7.5 Hz), 1.23 (3H, t , J = 7.2 Hz), 0.96 (9H, s),
0.11 (6H, s ) . (3) Ethyl 3 - [6-
(t-butyldimethylsilanyloxymethyl)pyridin- 2-yl]
propionate (5.07 g ) was dissolved in 100 m L o f
ethanol, and 23.5 m L o f IN aqueous sodium hydroxide
was added t o the solution, and then the mixture was
stirred a t room temperature for 2 hours. The reaction
mixture was concentrated t o approximate half volume
thereof under reduced pressure, after adding
ice-water, the solution was acidified with
hydrochloric acid, and extracted with ethyl acetate.
The organic layer was washed with brine, dried over
anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was purified b y
chromatography o n silica gel (chloroform - methanol =
10:1) t o give 2.77 g o f
3-[6-(tbutyldimethylsilanyloxymethyl) pyridin-2-yl]
propionic acid a s a colorless powder. 1H-NMR (CDCl 3
) d : 7.77 (IH, t , J = 7.5 Hz), 7.47 (IH, d , J =7 .
5 Hz) , 7 . 13 (IH, d , J = 7 . 5 Hz) , 4 . 8 4 (2H, s
) , 3 . 15 (2H, t , J = 6 . 0 Hz ) , 2 . 82 (2H, t , J
= 6 . 0 Hz) , 0 . 9 6 ( 9H, s ) , 0 . 1 4 ( 6H, s ) .
(4) 3 - [6-
(t-Butyldimethylsilanyloxymethyl)pyridin-2-yl] -
propionic acid (1.65 g ) was dissolved in 2 0 rciL o f
methylene chloride, and 584 mL o f morpholine, 1.6 g o
f WSC and 1.56 iaL o f triethylamine were added t o
the solution, and then the mixture was stirred at room
temperature overnight. The reaction mixture was
diluted with chloroform, transferred into a separating
funnel, and washed with water. The organic layer .was
dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was
purified b y chromatography on silica gel (chloroform
methanol = 30:1) t o give 1.91 g o f
3-[6-(tbutyldimethylsilanyloxymethyl) pyridin-2-yl]
-l-morpholin-4-ylpropan- 1-one a s a yellow oil.
1H-NMR (CDCl 3 ) d : 7.60 (IH, t , J = 7.5 Hz), 7.33
(IH, d , J = 7.5 Hz), 7.08 (IH, d , J = 7.5 Hz), 4.79
(2H, s ) , 3.62-3.43 (8H, m ), 3.11 (2H, t , J = 7.5
Hz), 2.77 (2H, t , J = 7.5 Hz), 0.96(9H, s), 0.12(6H,
s ) . (5) T o a suspension o f 420 m g o f LiAlH 4 in
2 0 m L o f THF, the solution o f 1.9 g o f 3- f6-
(t-butyldimethylsilanyloxymethyl) pyridin-2-yl]
-l-morpholin-4-ylpropan-l-one in 3 0 m L o f THF was
added dropwise at ice temperature. After the reaction
mixture was stirred a t room temperature for 3 hours,
the excess LiAlH was quenched with water, and the
solution was filtrated through Hyflo Super-Cel
(Nacalai Tesque) and partitioned. The organic layer
was washed with brine, and dried over anhydrous
magnesium sulfate. After removing the solvent under
reduced pressure, the residue was purified b
ychromatography on silica gel (methylene chloride -
ethanol = 40:1) to give 760 m g of
4-{3-[6-(tbutyldimethylsilanyloxyiuethyl}
pyridin-2-yl] propyl }morpholine. Then, to a solution
of 760 m g of 4-{3-[6-(tbutyldimethylsilanyloxymethyl
)pyridin-2-yl ]propyl }morpholine in 4 mL of THF at
ice temperature, 4.34 mL of a solution of TBAF/THF (1
mol/L) .was added dropwise. After stirring the
solution at room temperature for 2 hours, the solvent
was removed, and the residue was purified by
chromatography on silica gel (methylene chloride -
ethanol = 40:1) to give 495 m g of [6-
(3-morpholin-4-ylpropyl)pyridin-2-yl]methanol.
Additionally, to the solution of 495 m g of the
resulting [6- (3-morpholin-4-ylpropyl) pyridin-2-yl]
methanol and 104 mg of diisopropylethylamine in 20 mL
of methylene chloride at ice temperature, 0.18 m L of
methane sulfonyl chloride was added dropwise and the
mixture was stirred at room temperature overnight.
After the solvent was removed, the residue was
purified by chromatography on silica gel (methylene
chloride - ethanol = 40:1) to give 290 mg of 4- [3-
(6-chloromethylpyridin-2-yl) propyl] morpholine as a
yellow powder . 1H-NMR (CDCl3) d : 7.57 (IH, t , J =
7.8 Hz), 7.05(1H, d , J = 7.8 Hz), 7.02 (IH, d , J=
7.8 Hz), 4.65 (2H, s ) , 3.72 (4H, t , J = 4.8 Hz),
2.83 (2H, t , J = 7.8 Hz), 2.47-2.23 (6H, m ), 1.96
(2H, quint., J = 7.8 Hz). Reference Example 6 2 ,6-Bis
(chloromethyl) pyridine (352 mg) was suspended in 4 m
L of ethanol, and 372 m g of N-
(t-butoxycarbonyl)piperazine was added into the
suspension at ice temperature, and then the suspension
was stirred at room temperature overnight.The reaction
mixture was concentrated under reduced pressure, the
residue was added to water and extracted with
chloroform. The organic layer was washed with brine,
dried over anhydrous magnesium sulfate, and the
solvent was removed. The residue was purified by
chromatography on silica gel (methylene chloride -
ethanol = 30:1) to give 250 m g of t-butyl 4-(6-
chloromethylpyridin-2-ylmethyl)piperazine-l-carboxylat
e as a colorless oil. 1H-NMR (CDCl3) d : 7.69 (IH, t ,
J = 7.8 Hz), 7.37 (IH, dd, J = 7.8, 2.1 Hz), 4.66 (2H,
s ) , 3.67 (2H, s ) , 3.45 (4H, t , J = 5.1 Hz), 2.45
(4H, t , J = 5.1 Hz), 1.48 (9H, s ) . Reference
Example 7 (1) 6-Methylpicolinic acid (1.37 g ) and
morpholine (870 mg) was dissolved in 30 mL of DMF, and
thereto 1.6 g of HOBt was added under stirring at ice
temperature. After the mixture was stirred at same
temperature for 15 minutes, additionally 2.3 g of WSC
was added, and the solution was stirred at room
temperature overnight. The reaction mixture was
concentrated under reduced pressure, and water was
added to the residue, and then the resulting mixture
was extracted with ethyl acetate. The organic layer
was washed with brine, dried over anhydrous magnesium
sulfate, and then the solvent was removed. The
resulting residue was purified by chromatography on
silica gel (methylene chloride - methanol -
triethylamine = 900:30:1) to give 1.71 g of
(6-methylpyridin- 2-yl)morpholin-4-ylmethanone as a
colorless oil. 1H-NMR (CDCl3) d : 7.67 (IH, t , J =
7.8 Hz), 7.41 (IH, d , J = 7.8 Hz}, 7.20 (IH, d , J =
7.8 Hz), 3.80 (4H, br s ) , 3.67-3.58 (4H, m), 2.57
(3H, s ) . (2)
(6-Methylpyridin-2-yl)morpholin-4-ylmethanone (1.38g )
was dissolved in 10 mL of chloroform, and 1.77 g of
m-CPBA in 23 mL of chloroform was added dropwise into
the solution, and the mixture was stirred at room
temperature for one day. To the reaction mixture, 15
mL of 10% aqueous sodium sulfite was added, and the
mixture was partitioned. The organic layer was washed
with saturated aqueous sodium bicarbonate and brine,
dried over anhydrous magnesium sulfate, and the
solvent was removed. The resulting residue was
purified by chromatography on silica gel (methylene
chloride - methanol - triethylamine = 1000:25:1} to
give 1.26 g of (6-methyl-loxypyridin-
2-yl)morpholin-4-ylmethanone as a white powder. 1H-NMR
(CDCl3) d : 7.31-7.18 (3H, m ), 3.94-3.64 (6H, m ),
3.30- 3.20 (IH, m ), 3.18-3.12 (IH, m ), 2.52 (3H, s )
. (3) To 1.26 g of
(6-methyl-l-oxypyridin-2-yl)morpholin- 4-ylmethanone,
0.53 mL of acetic anhydride was added, and the mixture
was stirred at 100 0C for 1 hour. To the reaction
mixture, saturated aqueous sodium bicarbonate was
added, and the resulting mixture was extracted with
ethyl acetate. The organic layer was washed with
brine, dried over anhydrous magnesium sulfate, and the
solvent was removed. The residue was purified by
chromatography on silica gel (methylene chloride -
methanol - triethylamine = 1000:25:1) to give 1.13 g
of 6- (morpholin-4-carbonyl) pyridin-2-ylmethyl
acetate as a yellow oil. 1H-NMR (CDCl3) d : 7.82 (IH,
t , J = 7.8 Hz), 7.61 (IH, d , J = 7.8 Hz), 7.42 (IH,
d , J = 7.8 Hz), 5.22 (2H, s ) , 3.82 (4H, br s),
3.67-3.65 (4H, m ), 2.17 (3H, s ) . (4) To 1.13 g of
6- (morpholin-4-carbonyl) pyridin-2- ylmethyl acetate,
233 mg of potassium hydroxide and 1.5 mL of ethanol
were added, and the mixture was heated to reflux for4
hours . The reaction mixture was concentrated under
reduced pressure, water was added to the residue, and
extracted with chloroform. The organic layer was
washed with brine, dried over anhydrous magnesium
sulfate, and then the solvent was removed off in
vacuo. The residue was purified by chromatography on
silica gel (chloroform-methanoltriethylamine =
500:25:1) to give 530 mg of (6-hydroxymethylpyridin-
2-yl)morpholin-4-ylmethanone as a white powder. 1H-NMR
(CDCl3) d : 7.81 (IH, t , J = 7.8 Hz), 7.57 (IH, d , J
= 7.8 Hz), 7.33 (IH, d , J = 7.8 Hz), 4.79 (2H, s),
3.82 (4H, br s), 3.68 (2H, t , J = 4.8 Hz), 3.58 (2H,
t , J = 4.8 Hz). (5) To a solution of 530 mg of
(6-hydroxymethylpyridin- 2-yl)morpholin-4-ylmethanone
and 614 mg of diisopropylethylamine in 10 mL of
methylene chloride at ice temperature, 0.28 mL of
methanesulfonyl chloride was added dropwise, and the
mixture was stirred at room temperature overnight. The
reaction mixture was concentrated under reduced
pressure, and the residue was purified by
chromatography on silica gel (methylene chloride -
ethanol = 50:1) to give 570 mg of (6-
chloromethylpyridin-2-yl)morpholin-4-ylmethanone as a
yellow oil . 1H-NMR (CDCl3) d : 7.84 (IH, t , J = 7.8
Hz), 7.70 (IH, d J = 7.8 Hz), 7.52 (IH, d , J = 7.8
Hz), 4.65 (2H, s), 3.82 (4H, br s ) , 3.69-3.65 (4H, m
) . Reference Example 8 (1) t-Butyl
6-methylpyridine-2-carboxylate (3.03 g ) was dissolved
in 30 mL of chloroform, and the solution of 3.96 g of
m-CPBA in 45 mL of chloroform was added dropwise into
the above mixture, and the resulting mixture was
stirred at room temperature overnight. The reaction
mixture was transferredto a separating funnel, thereto
35 mL of 10% aqueous Na2SO3 was added and the
resulting mixture was partitioned. The organic layer
was washed with saturated aqueous sodium bicarbonate
and brine, dried over anhydrous magnesium sulfate, and
then the solvent was removed. The residue was purified
by chromatography on silica gel (methylene chloride -
ethanol = 30:1) to give 3.28 g of t-butyl
6-methyl-l-oxypyridine-2- carboxylate as a colorless
oil. 1H-NMR (CDCl3) d : 7.29-7.13 (3H, m ), 2.66 (3H,
s ) , 1.63 (9H, s ) . (2.) To 3.28 g of t-butyl
6-methyl-l-oxypyridine-2- carboxylate, 1.5 mL of
acetic anhydride was added, and the mixture was
stirred at 100 0C for 1 hour. The reaction mixture was
neutralized with saturated aqueous sodium bicarbonate,
and extracted with chloroform. The organic layer was
washed with brine, dried over anhydrous magnesium
sulfate, and the solvent was removed. The residue was
purified by chromatography on silica gel (methylene
chloride - ethanol = 30:1) to give t-butyl
6-acetoxymethylpyridine-2- carboxylate as a yellow
oil. 1H-NMR (CDCl3) d : 7.94 (IH, d , J = 7.5 Hz),
7.80 (IH, t , J = 7.5 Hz), 7.50 (IH, d , J= 7.5 Hz),
5.32 (2H, s ), 2.17 (3H, s ) , 1.58 (9H, s ) . (3) To
3.0 g of t-butyl 6-acetoxymethylpyridine-2-
carboxylate were added 330 mg of potassium carbonate,
20 mL of methanol and 20 mL of water, and the mixture
was stirred at room temperature for 3 hours . The
methanol was removed under reduced pressure, then the
residue was extracted with chloroform. The organic
layer was washed with brine, dried over anhydrous
magnesium sulfate, and the solvent was removed.The
residue was purified by chromatography on silica gel
(chloroform - ethanol = 50:1) to give t-butyl 6-
hydroxymethylpyridine-2-carboxylate as a yellow
powder. 1H-NMR (CDCl3) d : 7.95 (IH, d , J = 7.5 Hz),
7.80 (IH, t , J = 7.5 Hz), 7.43 (IH, d , J= 7.5 Hz),
4.83 (2H, d , J = 5.1 Hz), 3.68 (IH, t , J= 5.1 Hz),
1.59 (9H, s). (4) t-Butyl
6-hydroxymethylpyridine-2-carboxylate (1.34 g ) and
diisopropylethylamine (1.24 g ) were dissolved in 30
ruL of methylene chloride, 0.54 mL of methane sulfonyl
chloride was added dropwise thereto at ice
temperature, and the mixture was stirred at room
temperature overnight. The solvent was removed from
the reaction mixture, and then the residue was
purified by chromatography on silica gel (hexane ethyl
acetate = 5:1) to give t-butyl 6-
chloromethylpyridine-2-carboxylate as a yellow powder.
1H-NMR (CDCl3) d : 7.96 (IH, d , J = 7.5 Hz), 7.83
(IH, t , J = 7.5 Hz), 7.67 (IH, d , J= 7.5 Hz), 4.80
(2H, s ) , 1.59 (9H, s ) . Reference Example 9 (1)
6-Methylpicolinic acid (2.15 g ) and t-butyl
piperazine-1-carboxylate (3.21 g ) was dissolved in 45
m L of DMF, and 4.24 g of HOBt was added to the
solution at ice temperature. After stirring for 15
minutes, additionally 3.0 g of WSC was added thereto
and the mixture was stirred at room temperature
overnight. After the solvent was removed under reduced
pressure from the reaction mixture, then water was
added to the residue and the mixture was extracted
with ethyl acetate. The organic layer was washed with
brine, dried over anhydrous magnesium sulfate, then
the solvent was removed under reduced pressure. The
residue was purified by chromatography on silica gel
(methylene chloride - ethanol =30:1) to give 4.57 g of
t-butyl 4- (6-methylpyridine-2-
carbonyl)piperazine-l-carboxylate as a colorless oil.
1H-NMR (CDCl3) d : 7.67 (IH, t , J = 7.8 Hz), 7.35
(IH, d , J = 7.8 Hz)-, 7.21 (IH, d , J = 7.8 Hz), 3.77
(2H, t , J = 4.8 Hz), 3.55 (4H, t , J = 4.8 Hz), 3.46
(2H, t , J = 4.8 Hz), 2.57 (3H, s ) , 1.47 (9H, s ) .
(2) t-Butyl 4-
(6-methylpyridine-2-carbonyl)piperazine-lcarboxylate
(4.57 g ) was dissolved in 30 mL of chloroform, a
solution of 3.9 g of m-CPBA in 40 mL of chloroform was
slowly added dropwise into the resulting solution.
After that, the mixture was stirred at room
temperature for one day, then 10% aqueous sodium
sulfite (35 mL) was added to the reaction mixture and
the mixture was partitioned. The organic layer was
washed with saturated aqueous sodium bicarbonate and
brine, dried over anhydrous magnesium sulfate, and
then the solvent was removed. The residue was purified
by chromatography on silica gel (methylene chloride -
ethanol = 40:1) to give 4.2 g of t-butyl 4-
(6-methyl-l-oxypyridine-2-
carbonyl)piperazine-l-carboxylate as a white powder.
1H-NMR (CDCl3) d : 7.31-7.17 (3H, m ), 3.91 (IH, br
s), 3.62- 3.56 (4H, m ), 3.45 (IH, br s ) , 3.26 (IH,
br s), 3.13 (IH, br s ) , 2.51 (3H, s ) , 1.47 (9H, s
) . (3) To t-butyl 4-
(6-methyl-l-oxypyridine-2-carbonyl) -
piperazine-1-carboxylate (4.2 g ) was added 1.2 mL of
acetic anhydride, and the mixture was stirred at 100
0C for 1 hour. After being cooled, the reaction
solution was neutralized with saturated aqueous
sodium- bicarbonate, and extracted with chloroform.
The organic layer was washed with brine, dried over
anhydrous magnesium sulfate, and the solvent was
removed under reduced pressure. The residue was
purified bychromatography on silica gel (methylene
chloride - ethanol = 40:1) to give 3.7g of t-butyl 4-
(6-acetoxymethylpyridine-2-
carbonyl)piperazine-l-carboxylate as a colorless oil.
1H-NMR (CDCl3) d : 7.82 (IH, t , J = 7.8 Hz), 7.60
(IH, d , J= 7.8 Hz), 7.40 (IH, d , J = 7.8 Hz), 5.22
(2H, s ) , 3.77 (2H, t , J = 4.8 Hz), 3.59-3.56 (4H,
br) , 3.69 (2H, t , J = 4.8 Hz), 2.17 (3H, s ) , 1.47
.(9H, s ) . (4) To a solution of 3.7 g of t-butyl 4-
(6-acetoxymethylpyridine-
2-carbonyl)piperazine-l-carboxylate in 10 mL of
methanol was added 840 mg of potassium hydroxide and
the mixture was heated to reflux for 4 hours. After
the solvent was removed, water was added to the
solution and the mixture was extracted with
chloroform. The organic layer was washed with brine,
dried over anhydrous magnesium sulfate, then the
solvent was removed under reduced pressure. The
residue was purified by chromatography on silica gel
(methylene chloride ethanol = 50:1) to give 1.26 g of
t-butyl 4- (6- hydroxymethylpyridine-2-carbonyl
)piperazine-1-carboxylate as a colorless oil. 1H-NMR
(CDCl3) d : 7.81 (IH, t , J = 7.8 Hz), 7.55 (IH, d , J
= 7.8 Hz), 7.34 (IH, d , J = 7.8 Hz), 4.79 (2H, s ) ,
3.79 (2H, t , J = 4.8 Hz), 3.58-3.45 (6H, br) , 1.47
(9H, s ) . (5) t-Butyl 4-
(6-hydroxymethylpyridine-2-carbonyl) -
piperazine-1-carboxylate (1.26 g ) and
diisopropylethylamine (1.0 g ) were dissolved in 20 mL
of methylene chloride, 0.1 mL of methanesulfonyl
chloride was added dropwise into the above solution at
ice temperature, and the mixture was stirred at room
temperature overnight. After the solvent was removed
under reduced pressure from the reaction mixture, the
residue was purified by chromatography on silica gel
(methylenechloride - ethanol = 40:1) to give 1.07 g of
t-butyl 4-(6- chlorortiethylpyridine-2-carbon g
l)piperazine-l-carboxylate as a colorless oil. 1H-NMR
(CDCl3) d : 7.84 (IH, t , J = 7.8 Hz), 7.60 (IH, d , J
= 7.8 Hz), 7.54 (IH, d , J = 7.8 Hz), 4.66 (2H, s ) ,
3.76 (2H, br), 3.57-3.48 (6H, br) , 1.47 (9H, s ) .
Reference Example. 10 (1)
6-Hydroxymethylpyridine-2-carbaldehyde (15.3 g ) was
dissolved in 250 iaL of dry DMF, and 50 g of
(tbutoxycarbonylmethylene) triphenylphosphorane was
added to the above solution, and then the mixture was
stirred at room temperature for 30 minutes. The
reaction mixture was thrown into ice-water, and the
mixture was extracted with ethyl acetate. The organic
layer was washed with brine, dried over anhydrous m
agnesium sulfate, and concentrated under reduced
pressure. To the residue was added 300 mL of a mixture
of hexane - ethyl acetate (2:1), the insoluble portion
was filtrated off. The filtrate was concentrated under
reduced pressure, the residue was purified by
chromatography on silica gel (hexane - ethyl acetate
=2:1) to give 16.86 g of t-butyl 3-
(6-hydroxymethylpyridin-2-yl) -trans-acrylate and 5.69
g of t-butyl 3- (6-hydroxymethylpyridin-2-yl)
-cisacrylate. Trans form: a colorless oil 1H-NMR
(CDCl3) d : 7.70 (IH, t , J = 7.5 Hz), 7.58 (IH, d , J
= 



15.6 Hz), 7.31 (IH, d , J = 7.5 Hz), 7.18 (IH, d , J =
7.5 Hz), 6.88 (IH, d , J = 15.6 Hz), 4.77 (2H, d , J =
4.8 Hz), 3.88 (IH, t , J = 4.8 Hz) , 1.54 (9H, s ) .
Cis form: a colorless oil 1H-NMR (CDCl3) d : 7.67 (IH,
t , J = 7.8 Hz), 7.51 (IH, d , J =7 . 8 Hz) , 7 . 1 4
(IH, d , J = 7 . 8 Hz) , 6 . 8 6 (IH, d , J = 1 2 . 6
Hz) , 6 . 07 (IH, d , J = 12 . 6 Hz) , 4 . 7 4 (2H, d
, J = 4 . 8 Hz) , 3 . 7 7 (IH, t , J = 4 . 8 Hz) , 1 .
4 6 ( 9H, s ) . (2) t-Butyl 3-
(6-hydroxymethylpyridin-2-yl) -transacrylate (trans
form) (16.86 g ) was dissolved in 200 mL of ethanol,
and 0.5 g of platinum dioxide was added to the
solution, and then .the mixture was stirred under
atmospheric hydrogen pressure at room temperature for
5 hours . After that, the catalyst was filtrated off,
another platinum dioxide (0.5 g ) was added, and then
the mixture was stirred under atmospheric hydrogen
pressure at room temperature for 6 hours. The catalyst
was filtrated off from the reaction mixture, and the
solvent was removed under reduced pressure to give
16.13 g of t-butyl 3- (6-hydroxymethylpyridin-2- yl)
propionate as a light yellow oil. 1H-NMR (CDCl3) d :
7.58 (IH, t , J = 7.5 Hz), 7.08 (IH, d , J = 7.5 Hz),
7.03 (IH, d , J = 7.5 Hz), 4.70 (2H, s ) , 3.10 (2H, t
, J = 7.5 Hz), 2.72 (2H, t , J = 7.5 Hz), 1.42 (9H, s
) . (3) t-Butyl 3- (6-hydroxymethylpyridin-2-yl)
propionate (16.13 g ) was dissolved in 200 mL of dry
methylene chloride, and 33.8 g of carbon tetrabromide
was added to the above solution, additionally 21.5 g
of triphenylphosphine was added thereto in small
portions under stirring at ice temperature, and then
the mixture was stirred at the same temperature for 30
minutes. The reaction mixture was transferred to a
separating funnel, washed with saturated aqueous
sodium bicarbonate, then brine, dried over anhydrous
magnesium sulfate, and concentrated under reduced
pressure. To the residue, 200 mL of a mixture of
hexane - ethyl acetate (2:1) was added, the insoluble
portion precipitated was filtratedoff, and the
filtrate was concentrated under reduced pressure. The
residue was purified by chromatography on silica gel
(hexane - ethyl acetate = 5:1) to give 14.12 g of
t-butyl 3- (6-bromomethylpyridin-2-yl) propionate as a
light yellow oil. 1H-NMR (CDCl3) d : 7.58 (IH, t , J =
7.5 Hz), 7.26 (IH, d , J = 7.5 Hz), 7.09 (IH, d , J =
7.5 Hz), 4.51 (2H, s), 3.06 (2H, t , J = 7.5 Hz), 2.70
(2H, t , J = 7.5 Hz), 1.42 (9H, s ) . Reference
Example 11 (1) 2-Bromopyridine-6-methanol (2 g ) was
dissolved in 10 raL of dry DMF, and 1.73 m L of ethyl
acrylate, 2.95 g of tetra (n-butyl) ammonium chloride,
1.7 8 g of sodium bicarbonate and 2 g of Molecular
Sieves (Molecular Sieves 3A (1/16) ) to the above
solution, additionally under argon atmosphere 119 m g
of palladium (II) acetate was added thereto, and then
the mixture was stirred at 800C for 5 hours. After
being cooled, the insoluble portion was filtrated off,
and water was added thereto and then the mixture was
extracted with ethyl acetate. The organic layer was
washed with brine, dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The
residue was purified by chromatography on silica gel
(hexane - ethyl acetate = 2:1) to give 1.39 g of ethyl
3- (6- hydroxymethylpyridin-2-yl) -trans-acrylate as a
light yellow oil. 1H-NMR (CDCl3) d : 7.71 (IH, t , J =
7.5 Hz), 7.66 (IH, d , J = 15.6 Hz), 7.32 (IH, d , J =
7.5 Hz), 7.20 (IH, d , J = 7.5 Hz), 6.96 (IH, d , J =
15.6 Hz), 4.78 (2H, d , J = 4.8 Hz), 4.29 (2H, q , J =
7.2 Hz), 3.85 (IH, t , J = 4.8 Hz), 1.35 (3H, t , J =
7.2 Hz) . (2) According to the same procedure
described in Reference Example 10- (2), ethyl 3-
(6-hydroxymethylpyridin-2-yl) -trans-acrylate was
reduced to give ethyl 3- (6-
hydroxymethylpyridin-2-yl) propionate as a light
yellow oil. 1H-NMR (CDCl3) d : 7.58 (IH, t , J = 7.5
Hz), 7.08 (IH, d , J = 7.5 Hz), 7.02 (IH, d , J .= 7.5
Hz), 4.71 (2H, d , J = 4.5 Hz), 4.14 (2H, q , J = 7.2
Hz), 4.01 (IH, t , J = 4.5 Hz), 3.15 (2H, t , J = 7.5
Hz), 2.80 (2H, t , J = 7.5 Hz), 1.24 (3H, t , J = 7 .2
Hz). Reference Example 12 (1) According to the same
procedure described in Reference Example 1 , using
methyl acrylate, methyl 3-(6-
hydroxymethylpyridin-2-yl) -trans-acrylate was
provided as a pale yellow powder. 1H-NMR (CDCl3) d :
7.72 (IH, t , J = 7.5 Hz), 7.68 (IH, d , J = 15.6 Hz),
7.32 (IH, d , J = 7.5 Hz), 7.21 (IH, d , J = 7.5 Hz),
6.97 (IH, d , J = 15.6 Hz), 4.78 (2H, d , J = 4.2 Hz),
3.85 (IH, t , J = 4.2 Hz) , 3.83 (3H, s ) . (2)
According to the same procedure described in Reference
Example 10- (2), methyl 3- (6-hydroxymethylpyridin-2-
yl) -trans-acrylate was reduced to give methyl 3- (6-
hydroxymethylpyridin-2-yl) propionate as a light brown
oil. 1H-NMR (CDCl3) d : 7.58 (IH, t , J = 7.5 Hz),
7.09 (IH, d , J = 7.5 Hz), 7.03 (IH, d , J = 7.5 Hz),
4.71 (2H, s), 4.01 (IH, br s), 3.69 (3H, s), 3.15 (2H,
t , J = 7.2 Hz), 2.81 (2H, t , J = 7.2 Hz) . The above
compound was also prepared as follows: To a solution
of 50.02 g of methyl 3- (6-hydroxymethylpyridin-2- yl)
-trans-acrylate in IPA 502 mL, was added 2.51 g of 5%
palladium-carbon (containing 50% water) under argon
atmosphere, the reaction mixture was stirred under 1-4
atom hydrogen atmosphere at 50 0C for 2.5 hours. After
cooling,the catalyst was filtrated off and the solvent
was removed off under reduced pressure from the
reaction mixture, which gave 50 g of methyl 3-
(6-hydroxymethylpyridin-2-yl) propionate as a brown
oil. Reference Example 13 (1)
6-hydroxymethylpyridine-2-carbaldehyde (2.95 g ) and
triethyl 2-phosphonopropionate (5.12 g ) were '
dissolved in 20 mL of dry DMF, and to the solution was
added a solution of 1.30 g of sodium methoxide in 10
mL of methanol dropwise, and the mixture was stirred
at room temperature for 20 minutes. The reaction
mixture was thrown into ice-water, and extracted with
ethyl acetate. The organic layer was washed with
brine, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was
purified by chromatography on silica gel (hexane -
ethyl acetate = 1:1) to give 2.42 g of ethyl (E) -3-
(6-hydroxymethylpyridin-2-yl) - 2-methylacrylate as a
colorless oil. 1H-NMR (CDCl3) d : 7.71 (IH, t , J =
7.8 Hz), 7.63 (IH, q , J = 1.5 Hz), 7.29 (IH, d , J =
7.8 Hz), 7.14(1H, d , J = 7.8 Hz), 4.79 (2H, d , J =
4.8 Hz) , 4.29 (2H, q , J = 7.2 Hz), 3.84 (IH, t , J
4.8 Hz), 2.35 (3H, d , J = 1.5 Hz), 1.36 (3H, t , J =
7.2 Hz) . (2) According to the same procedure
described in Reference Example 10- (2), ethyl (E) -3-
(6-hydroxymethylpyridin- 2-yl) -2-methylacrylate was
reduced to give ethyl 3- (6-hydroxymethylpyridin-2-yl)
-2-methylpropionate as a colorless oil. 1H-NMR (CDCl3)
d : 7.57 (IH, t , J = 7 .5 Hz) , 7 .04 (IH, d , J =
7.5 Hz), 7.02 (IH, d , J = 7.5 Hz), 4.70 (2H, br s),
4.11 (2H, q , J = 7.2 Hz), 3.22 (IH, dd, J = 14.1, 7.8
Hz), 3.05 (IH,sextet, J = 6.3 Hz) , 2.88 (IH, dd, J =
14 .1, 6.3 Hz) , 1.27- 1.16 (6H, ra). Reference
Example 1 4 T o a solution prepared with t-butyl 3 -
(6-hydroxymethylpyridin- 2-yl)-trans-acrylate (trans
form, 2 g ) described in Reference Example 10- (1) and
carbon tetrabromide (4.23 g ) in methylene chloride
(20 iriL) a t ice temperature, triphenylphosphine
(2.68 g ) was added in small portions, and the mixture
was stirred a t the same temperature for 15 minutes.
The reaction solution was transferred t o a separating
funnel, diluted with chloroform, washed with saturated
aqueous sodium bicarbonate and brine, dried over
anhydrous magnesium sulfate, and then concentrated
under reduced pressure. The residue was purified b y
chromatography on silica gel (hexane - ethyl acetate =
10:1) t o give 2.23 g o f t-butyl 3 -
(6-bromomethylpyridin-2-yl) -trans-acrylate a s a
light yellow powder. 1H-NMR (CDCl 3) d : 7.70 (IH, t ,
J = 7.8 Hz), 7.56 (IH, d , J = 15.6 Hz), 7.41 (IH, d ,
J = 7.8 Hz), 7.32 (IH, d , J = 7.8 Hz), 6.87 (IH, d ,
J = 15.6 Hz), 4.54 (2H, s), 1.53 (9H, s ) . Reference
Example 15 (1) 4-Pentynoic acid (1.03 g ) and
N-methylpiperazine (1.0 g ) was dissolved in 3 0 ml, o
f DMF, 1.6 g o f HOBt was added t o the solution a t
ice temperature under stirring. After the mixture was
stirred a t same temperature for 15 minutes,
additionally 2.3 g o f WSC was added, and the solution
was stirred a t room temperature overnight. The DMF
was removed under reduced pressure from the reaction
mixture, then water was added t o the residue and the
mixture was extracted with ethyl acetate. The organic
layer was washedwith brine, dried over anhydrous
magnesium sulfate, and then the solvent was removed.
The residue was purified by chromatography on silica
gel (methylene chloride - methanol - triethylamine =
600:20:1) to give 510 mg of l-(4-
methylpiperazin-l-yl)pent-4-yn-l-one as a colorless
oil. 1H-NMR (CDCl3) d : 3.64 (2H, t , J = 5.1 Hz),
3.48 (2H, t , J = 5.1 Hz), 2.59-2.52 .(4H, m ),
2.41-2.35 (4H, m ), 2.30 (3H, s ) , 1.97 (IH, s ) .
(2) To a 50 mL round-bottom flask, 484 mg of 2-
bromopyridine-6-methanol, 510 mg of 1-
(4-methylpiperazin-lyl) pent-4-yn-l-one, 20 mg of BHT,
162 mg of copper (I) iodide, 118 mg of tetrakis
(triphenylphosphine) palladium (0), 375 mg of
t-butylamine and 7.5 mL of DMF were added, and the
mixture was stirred under argon atmosphere at 800C for
6 hours. The DMF was removed under reduced pressure,
then saturated aqueous sodium bicarbonate was added
thereto, and the mixture was extracted with
chloroform. The organic layer was washed with brine,
dried over anhydrous magnesium sulfate, and then the
solvent was removed. The residue was purified by
chromatography on silica gel (methylene chloride -
methanol - triethylamine = 600:20:1) to give 540 mg of
5- (6- hydroxymethylpyridin-2-yl) -1-
(4-methylpiperazin-l-yl)pent-4- yn-l-one as a yellow
oil. 1H-NMR (CDCl3) d : 7.62 (IH, t , J = 7.8 Hz),
7.27 (IH, d , J = 7.8 Hz), 7.18 (IH, d , J = 7.8 Hz),
4.73 (2H, s ) , 3.67 (2H, t , J = 6.6 Hz), 3.53(2H, t
, J = 6.6 Hz), 2.84-2.78 (2H, m ), 2.72-2.67 (2H, m ),
2.43-2.38 (4H, m ), 2.30 (3H, s ) . Reference Example
16 (1) To a 200 mL round-bottom flask, 3.4 9 g of 2-
bromopyridine-6-methanol, 3.0 g of t-butyl
4-pentynoate, 190m g o f BHT, 1.17 g o f copper (I)
iodide, 877 m g o f tetrakis (triphenylphosphine)
palladium (0) , 2.72 g o f t - butylamine and 5 6 rciL
o f DMF were added, and the mixture was stirred under
argon atmosphere a t 8 O 0 C for 6 hours. After the
DMF was removed under reduced pressure from the
reaction mixture, saturated aqueous sodium bicarbonate
was added thereto, and the mixture was extracted with
ethyl acetate. The organic layer was washed with
brine, dried over anhydrous magnesium sulfate, and
then the solvent was removed. The residue was purified
b y chromatography on silica gel (nhexane - ethyl
acetate = 2:1) t o give 2.76 g o f t-butyl 5 - (6-
hydroxymethylpyridin-2-yl)pent-4-ynoate a s a yellow
oil. 1H-NMR (CDCl 3 ) d : 7.61 (IH, t , J = 7.8 Hz),
7.28 (IH, d , J = 7.8 Hz), 7.17 (IH, d , J = 7.8 Hz),
4.72 (2H, d , J = 5.1 Hz), 3.32 (IH, t , J = 5.1 Hz),
2.75 (2H, t , J = 7.2 Hz), 2.57 (2H, t , J = 7.2 Hz) ,
1.45 (12H, s ) . (2) T o a 200 m L round-bottom flask,
2.7 6 g o f t-butyl 5 -
(6-hydroxymethylpyridin-2-yl)pent-4-ynoate, 5 0 m g o
f platinum dioxide and 2 5 m L o f EtOH were added,
the mixture was stirred under hydrogen atmosphere a t
room temperature for 8 hours. The insoluble material
was removed off, and then the filtrate was
concentrated t o give 2.78 g o f t-butyl 5- (6-
hydroxymethylpyridin-2-yl)pentanoate a s a yellow oil.
1H-NMR (CDCl 3 ) d : 7.57 (IH, t , J = 7.8 Hz), 7.02
(2H, t , J = 7.8 Hz), 4.71 (2H, s), 2.80 (2H, t , J =
7.2 Hz), 2.56 (2H, t , . J = 7.2 Hz), 1.82-1.60 (4H, m
), 1.42 (12H, s ) . (3) T o a 200 m L round-bottom
flask, 5 0 m L o f dichloromethane, 2.78 g o f t-butyl
5 - (6-hydroxymethylpyridin- 2-yl)pentanoate and 2.0 g
o f diisopropylethylamine were added, and the mixture
was stirred at ice temperature for 1 0 minutes.To the
reaction mixture, 0.89 mL of methanesulfonyl chloride
was added dropwise, and the mixture was stirred at
room temperature for 3 hours. Water was added to the
reaction mixture, and the mixture was partitioned. The
organic layer was washed with saturated aqueous sodium
bicarbonate and brine, dried over anhydrous magnesium
sulfate, and then the solvent was removed. The residue
was purified by chromatography on silica gel (n-hexane
- ethyl acetate = 3:1) to give 2.28 g of t-butyl 5-
(6-methanesulfonyloxymethylpyridin~ 2-yl)pentanoate as
a yellow oil. 1H-NMR .(CDCl3) d : 7.65 (IH, t , J 7.8
Hz), 7.30 (IH, d , J = 7.8 Hz), 7.13 (IH, d , J = 7.8
Hz), 5.29 (2H, s), 3.08 (3H, s ) , 2.80 (2H, t , J =
7.2 Hz), 2.25 (2H, t , J = 7.2 Hz), 1.75-1.50 (4H, m
), 1.44 (12H, s ) . Reference Example 17 (1) According
to the same procedure described in Reference Example
11, using ethyl vinylketone instead of ethyl acrylate,
(E) -1- (6-hydroxymethylpyridin-2-yl) pent-l-en-3-one
was given as a colorless oil. 1H-NMR (CDCl3) d : 7.72
(IH, t , J = 7.5 Hz), 7.55 (IH, d , J = 15.6 Hz), 7.36
(IH, d , J = 7.5 Hz), 7.23 (IH, d , J = 15.6 Hz), 7.22
(IH, d , J = 7.5 Hz), 4.79 (2H, d , J 4.5 Hz), 3.84
(IH, br t , J = 4.5 Hz), 2.74 (2H, q , J = 7.2 Hz),
1.18 (3H, t , J = 7.2 Hz) . (2) According to the same
procedure described in Reference Example 10- (2), (E)
-1- (6-hydroxymethylpyridin-2- yl) pent-l-en-3-one was
reduced to give 1- (e-hydroxymethylpyridin^-
y^pentan-S-one as a light brown oil. 1H-NMR (CDCl3) d
: 7.57 (IH, t , J = 7.8 Hz), 7.09 (IH, d , J = 7.8
Hz), 7.02 (IH, d , J = 7.8 Hz), 4.70 (2H, s), 3.94
(IH, brs ) , 3 . 0 9 (2H, t , J = 6 . 9 Hz) , 2 . 9 2
(2H, t , J = 6 . 9 Hz) 2 . 4 7 (2H, q , J = 7 . 2 Hz)
1 . 0 6 (3H, t , J = 7 . 2 Hz) . The structures of
each compound obtained according to above Reference
Examples 1-17- (2) are shown in the following
summarized Table 1 . The abbreviations in the tables
are listed below. The abbreviations used in the other
tables also means the same. MeO and OMe: methoxy, M e
: methyl , Et: ethyl, AcO and OAc: acetyloxy, TBDMS :
tert-butyldimethylsilyl , OEt and EtO: ethoxy, OtBu
and tBuO: tert-butyloxy, Ac: acetyl, tBu and t-Bu:
tert-butyl, n-Pr: n-propyl, iPr and i-Pr: isopropyl,
Ph : phenyl , n-Bu: n-butyl, i-Bu: 2-methylpropyl.
Table 1DESCRIPTION Waste Solution Solidifying Agent,
Process for Preparing the Same and Use of the Same
TECHNICAL FIELD The present invention relates to a
particulate waste solution solidifying agent
containing a water-absorbent resin, as a main
component, a process for preparing the same and use of
the same. More particularly, the present invention
relates to a particular waste solution solidifying
agent which uniformly solidifies a waste solution, in
particular, a medical waste solution containing blood,
body fluid or the like, and remarkably shortens a
solidifying time, a process for preparing the same and
use of the same. BACKGROUND ART In recent years, a
waste solution exhausted from various industrial
fields is being increased. As a waste solution, there
are a factory waste solution, a beverage waste
solution, and a body liquid waste solution. In
particular, a liquid medical waste solution containing
amniotic fluid or blood exhausted upon operation or
delivery in hospitals is recovered in a waste solution
canister, and is treated in a cleaning tank after
burning-treatment or chemical treatment in order to
prevent infectious diseases to medical workers or
wasters. However, in any case, since when a waste
solution is treated in a liquid state, there is a
possibility of secondary infection due to breakage of
a waste solution canister or flying of a waste
solution caused by occasional accidents, it is desired
that a waste solution, in particular, a medical waste
solution is treated after solidification (also
referred to as gelling). That is, there is expected a
method of treating a waste solution by placing a
treating agent into a waste solution to solidify the
waste solution into a gel.Examples of a medical waste
solution referred herein include blood and body fluid,
a 0.90 mass% aqueous sodium chloride solution
(physiological saline) mixed solution thereof, a
Ringer's solution waste solution after washing of an
affected part, a disinfecting ethanol waste solution,
other disinfectant waste solution, an artificial
dialysis waste solution, an organ containing body
fluid such as blood isolated from a patient, and a
pathological test waste solution. In a waste solution
treating agent for solidifying these medical waste
solutions, several procedures for preventing reduction
in water-absorbing performance of a water-absorbent
resin due to an electrolyte contained in blood, body
liquid or the like (e.g. patent documents 1 and 2
below) have been proposed. Patent document 1 describes
a blend of an ionic water-absorbent resin and a
nonionic water-absorbent resin. Patent document 2
describes a blend in which a substance which reduces
an ionic strength of an electrolyte contained in a
waste solution, for example, a chelating agent, an
ion-exchange resin or ion-sensitive substance is
incorporated in a water-absorbent resin. However, in
the procedure of patent document 1, although a
nonionic water-absorbent resin hardly undergoes
influence of an electrolyte, since an original water
absorption rate is slow, in order to solidify a
waste-liquid, a large amount of a solidifying time is
necessary, or it is necessary to use a large amount of
a water-absorbent resin. Further, a step of blending
two kinds of water-absorbent resins becomes necessary,
leading to a problem of non-uniform blending, or
increase in a manufacturing cost. Further, even when
reduction in water-absorbing performance of a
water-absorbent resin due to an electrolyte in such as
patent documents 1 and 2 is prevented, there is a
greater problem depending on the following waste
liquid solidifying method (a shape of a canister and a
method of placing a solidifying agent). That is, as a
method of solidifying a waste solution, various
canister shapes(vertically oriented, laterally
oriented etc.) and methods of placing a solidifying
agent (simultaneous placement/divided placement into a
waste liquid, pre-placement/post-placement into a
solution) are proposed, but a waste solution is
accommodated in a vertically oriented canister due to
a problem of treating spaces in some cases. However,
when a water-absorbent resin is placed at once
(post-placement in a waste solution) in order to
solidify a waste solution, in particular, a medical
waste solution stored in a vertically oriented waste
solution canister, almost all water-absorbent resins
are sunk to a canister bottom due to a density without
floating, and solidification progresses towards an
upper part of a waste solution. For this reason, a
distribution of a water-absorbent resin after
completion of solidification is such that the resin is
distributed on a canister bottom at a high
concentration, a part of the resin falls into a state
like fisheyes in some cases, not all water-absorbent
resin is used in some cases and, at an upper part of a
canister, a water-absorbent resin concentration
necessary for absorbing a waste solution becomes low,
so the solidification is difficult to attain at an
upper part of a waste solution canister. As a result,
as a method of solidifying a waste solution, when a
waste solution is placed into a vertically oriented
waste solution canister at once (post-placement into a
waste solution), in order to solidify a whole waste
solution, a large amount of a solidification time is
necessary, or a large amount of a waste solution
solidifying agent is necessary, in addition to a
problem of non-uniform solidification between an upper
part and a lower part in a vertically oriented
canister. Then, in order to shorten a time of
solidifying a waste solution, a method of improving a
water absorption rate by enhancing a surface area of a
water-absorbent resin such as foaming and finely
division of a water-absorbent resin, and a procedure
of hydrophilizing a water-absorbent resin are
proposed. However, under the present situation, even
when a water absorption rate of a water-absorbent
resin is improved, or the resin is hydrophilized, a
sufficient waste solution solidifying rate is
notobtained. [Patent Document 1] JP-A- 119853/2002
(Kokai) [Patent Document 2] JP-A- 16945 1/1999 (Kokai)
DISCLOSURE OF THE INVENTION OBJECTS OF THE INVENTION
The present invention was done in view of the
aforementioned problems. The present invention is to
improve the previous waste solution solidifying agent
which cannot afford sufficient effect even when
reduction in water-absorbing performance of a
water-absorbent resin due to an electrolyte is
prevented, a water absorption rate of a
water-absorbent resin is improved, or a
water-absorbent resin is hydrophilized, and an object
of the present invention is to provide a waste
solution solidifying agent which can solidify a waste
solution, in particular, a medical waste solution
containing blood, body fluid or the like at a low
cost, uniformly and in a short time. In particular, an
object of the present invention is to provide a waste
solution solidifying agent which can solidify a waste
solution, in particular, a medical waste solution
containing blood, body fluid or the like uniformly and
in a short time, in a vertically oriented waste
solution canister. SUMMARY OF THE INVENTION The
present inventors solved the aforementioned problems
by finding a waste solution solidifying agent of an
entirely new procedure and idea, in a waste solution
solidifying agent which could not previously afford
sufficient effect even when reduction in
water-absorbing performance of a water-absorbent resin
due to an electrolyte is prevented, a water absorption
rate of a water-absorbent resin is improved, or a
water-absorbent resin is hydrophilized. That is, the
present inventors found out that, in order to solidify
a waste solution uniformly and in a short time, it is
important that a part of a waste solutionsolidifying
agent containing a water-absorbent resin is floated,
and a remainder thereof is settled, and further also
found out that, by using a substance having a certain
particular hydrophobicity, a solidification time when
a medical waste solution containing blood, body fluid
or the like is solidified in a vertically oriented
waste solution canister is remarkably shortened. More
particularly, the waste solution solidifying agent of
the present invention is characterized in that a
particular amount of the agent is floated, and a
particular amount of the agent is settled. A true
density of a water-absorbent resin depends on its
monomer, and is around 1.6 g/cm3 in the case of a
polymer from sodium acrylate, and the polymer is not
floated in a physiological saline or water (density:
about 1.0 g/cm3) from its true density. The present
inventors found out that, by using a particular
hydrophobic substance, a water-absorbent resin having
a true density of about 1.6 g/cm3 is floated in a
physiological saline (density: about 1.0 g/cm3), and a
part thereof is settled. The present invention was
completed based on these findings. That is, the waste
solution solidifying agent of the present invention is
a particulate treating agent used in a method of
treating a waste solution by placing the treating
agent into a waste solution to solidify the waste
solution into a gel, and is characterized by
comprising, as an essential component, a
water-absorbent resin having a crosslinked structure
obtained by polymerizing a water-soluble ethylenic
unsaturated monomer, wherein when placed in a 0.90
mass% aqueous sodium chloride solution at once, 20 to
95 mass % of the agent is floated, and 80 to 5 mass %
of the agent is settled, provided that floating and
settling are defined by the state at one minute after
placement of 40 g of a particulate waste solution
solidifying agent at once in a measuring cylinder
having an effective volume of 1000 ml (inner diameter
66 mm) which stands with a vertical axial direction
and contains 1000 ml of a 0.90 mass% aqueous sodium
chloride solution at 250C. A process for preparing a
waste solution solidifying agent of the
presentinvention is a process for preparing a
particulate waste solution solidifying agent
containing, as an essential component, a
water-absorbent resin having a crosslinked structure
obtained by polymerizing a water-soluble ethylenic
unsaturated monomer, and is characterized by
comprising a step of mixing a non-volatile hydrophobic
substance having the following methanol index of 20 or
more after polymerization. Methanol index: when 1 g of
a hydrophobic substance is added to 50 ml of pure
water at 25C, in the case where this hydrophobic
substance is a solid, a methanol volume (ml) at 25C
necessary for wetting this, or in the case where this
hydrophobic substance is a liquid, a methanol volume
(ml) at 25C necessary for dispersing and/or
emulsifying this. The waste solution solidifying
method of the present invention is a method of
treating a waste solution by placing a treating agent
into a waste solution to solidify the waste solution
into a gel, and is characterized in that the waste
solution solidifying agent of the present invention
is.used as the treating agent. The package for
solidifying a waste solution of the present invention
comprises a filled waste solution solidifying agent of
the present invention. EFFECTS OF THE INVENTION
According to the present invention, upon
solidification of a waste solution, a concentration of
a water-absorbent resin after solidification of a
waste solution becomes approximately constant
regardless of a position of an upper part and a lower
part of a canister, and a solidification time can be
remarkably shortened. As a result, it becomes possible
to reduce an amount of a waste solution solidifying
agent to be used, and considerable cost down becomes
possible. The waste solution solidifying agent of the
present invention is obtained from a water-absorbent
resin particle and a substance having a certain
particular hydrophobicity. BRIEF DESCRIPTION OF THE
DRAWINGS Fig. 1 is a cross-sectional view showing an
outline of a construction of an apparatus for
measuring a floating rate of a solidifying agent used
in Examples of thepresent invention. Fig. 2 is a
photograph of a waste solution solidifying agent
(water-absorbent resin (K)) used in Examples of the
present invention. [Explanation of the Symbols] 1:
Funnel 2 : Acrylic cylindrical molding 3 : Jig A 4 :
Bucket 5: Waste solution solidifying agent DETAILED
DESCRIPTION OF THE INVENTION Hereinafter, some modes
for carrying out the present invention will be
explained as follows, but the present invention is not
limited to these. (I) Water-absorbent resin First, a
water-absorbent resin of the present invention will be
explained. In the present invention, a water-absorbent
resin is a water-swellable, water-insoluble and
crosslinked polymer which can form a hydrogel, for
example, water-swelling property refers to a resin
which essentially absorbs water at a large amount of
5-folds or more, preferably 50-folds to 1000-folds of
its own weight in ion-exchanged water, and
water-insoluble property refers to a water-absorbent
resin in which a water-extractable component content
(specified in US Reissue Patent No. Re32649) in the
resin is preferably 0 to 50 mass %, more preferably 0
to 25 mass %, further preferably 0 to 20 mass %,
particularly preferably 0 to 15 mass %, most
preferably 0 to 10 mass %. Methods of measuring them
are defined in Examples. In the present invention, as
a water-absorbent resin, from a viewpoint of water
absorbing property, one kind or a mixture of
water-absorbent resins having a crosslinked structure
obtained by polymerizing a water-soluble ethylenic
unsaturated monomer is essentially used and, from a
viewpoint of a water absorption rate, the resin is
preferably a water-absorbent resin obtained from a
water-soluble ethylenicunsaturated monomer containing
an acid group, particularly a carboxyl group and, more
preferably, a polyacrylic acid partially neutralized
polymer obtained by polymerizing and crosslinking a
monomer containing acrylic acid and/or a salt thereof
(neutralized product) as a main component is better.
In addition, when a water-absorbent resin obtained
from a water-soluble ethylenic unsaturated monomer
containing an acid group is used, in order to improve
salt resistance, a nonionic water-absorbent resin such
as crosslinked polyethylene oxide, and a cationic
water-absorbent resin such as crosslinked
polyethylenimine may be used jointly. (1)
Water-soluble ethylenic unsaturated monomer As a
water-soluble ethylenic unsaturated monomer
(hereinafter, simply abbreviated as monomer), acrylic
acid and/or a salt thereof is preferably used as a
main component, and other monomer may be used jointly,
or other monomer may be used as a main component to
obtain a water-absorbent resin. Examples of the
aforementioned monomer other than acrylic acid include
acid-group-containing unsaturated monomers (e.g.
methacrylic acid, (anhydrous) maleic acid, fumaric
acid, crotonic acid, itaconic acid, vinylsulfonic
acid, 2-(meth)acrylamido-2-methylpropanesulfonic acid.
(meth)acryloxyalkanesulfonic acids, and their alkaline
metal salts and ammonium salts),
N-vinyl-2-pyrrolidone, N-vinylacetamide,
(meth)acrylamide, N-isopropyl(meth)acrylamide,
2-hydroxyethyl (meth)acrylate, methoxypolyethylene
glycol (meth)acrylate, polyethylene glycol
(meth)acrylate, N,N-dimethyl(meth)acrylamide,
isobutylene, and lauryl (meth)acrylate. Among them,
monomers which are not water-soluble (hydrophobic
unsaturated monomers) may be also used as co-monomers.
When acrylic acid (salt) is used in the present
invention, it is preferable that a ratio of the
monomer other than acrylic acid (salt) is preferably 0
to 30 mol%, more preferably 0 to 10 mol% relative to a
total amount of acrylic acid and a salt thereof as
main components. When a ratio is in this range, in
addition to a solidification time, other function such
as antibacterial property and deodorization is
imparted and, at thesame time, a waste solution
solidifying agent can be obtained at a further low
cost. When an acid group-containing unsaturated
monomer is used as a monomer, from a viewpoint of a
solidification time, at least a part thereof is
preferably neutralized, as a salt thereof, there are
an alkaline metal salt, an alkaline earth metal salt,
and an ammonium salt. From a viewpoint of performance,
easiness of industrial obtaining, and safety of the
resulting water-absorbent resin, a sodium salt and a
potassium salt are particularly preferable. A
neutralization rate of an acid group (mol% of a
neutralized acid group among a whole acid group) is
preferably 10 to 100 mol%, more preferably 30 to 90
mol%, further preferably 40 to 80 mol%. In order to
form the salt, an acid may be neutralized in the state
of a monomer, or an unneutralized monomer and a
neutralized monomer may be mixed, or an acid may be
neutralized as a polymer during polymerization of a
monomer or after polymerization, or they may be used
jointly. (2) Crosslinking monomer (inner crosslinking
agent) A water-absorbent resin essentially has a
crosslinked structure. As the water-absorbent resin,
there may be a self-crosslinking type using no
crosslinking monomer, but a resin obtained by
copolymerizing or reacting a crosslinking monomer
(also refers to as inner crosslinking agent of
water-absorbent resin) having two or more
polymerizable unsaturated groups, or two or more
reactive groups in one molecule is further preferable.
Inner crosslinking agents may be used alone, or two or
more kinds may be appropriately used by mixing them.
In addition, they may be added to a reaction 



system before polymerization, during polymerization or
after polymerization at once or in a division manner.
When at least one kind or two or more kind of inner
crosslinking agents are used, taking absorbing
property of a finally obtained water-absorbent resin
or waste solution solidifying agent into
consideration, it is preferable to essentially use a
compound having two or more polymerizable unsaturated
groups at polymerization.Examples of the internal
crosslinking agent include
N,N'-memylenebis(meth)acrylamide, (poly)ethylene
glycol di(meth)acrylate, (poly)propylene glycol
di(meth)acrylate, glycerin tri(meth)acrylate, glycerin
acrylate methacrylate, (ethylene oxide-modified)
trimethylolpropane tri(meth)acrylate, pentaerythritol
hexa(meth)acrylate, triallyl (iso)cyanurate, triallyl
phosphate, triallylamine, poly(meth)acryloxyalkane,
(poly)ethylene glycol diglycidyl ether, glycerol
diglycidyl .ether, ethylene glycol, polyethylene
glycol, propylene glycol, glycerin, pentaerythritol,
ethylenediamine, ethylene carbonate propylene
carbonate, polyethylenimine, and glycidyl
(meth)acrylate. From a viewpoint of physical
properties, an amount of these inner crosslinking
agents to be used is in a range of preferably 0.001 to
2 mol%, more preferably 0,005 to 0.5 mol%, further
preferably 0.01 to 0.2 mol%, particularly preferably
0.03 to 0.15 mol% relative to the monomer (except for
inner crosslinking agent). (3) Polymerization
initiator As an initiator which is used upon
polymerization of the aforementioned monomer in order
to obtain a water-absorbent resin used in the present
invention, radical polymerization initiators such as
potassium persulfate, ammonium persulfate, sodium
persulfate, potassium peracetate, sodium peracetate,
potassium percarbonate, sodium percarbonate, t-butyl
hydroperoxide, hydrogen peroxide, and
2,2'-azobis(2-amidinopropane) dihydrochloride, and
photopolymerization initiators such as
2-hydroxy-2-methyl-l-phenyl-propane-l-one can be used.
From a physical aspect (water absorption capacity,
extractable component content, remaining monomer
etc.), an amount of these polymerization initiators to
be used is usually 0.001 to 2 mol%, preferably 0.01 to
0.1 mol% (relative to a whole monomer). (4)
Polymerization method . When the aforementioned
monomer is polymerized in order to obtain the
water-absorbent resin used in the present invention,
bulk polymerization or precipitation polymerization is
possible, but from a performance aspect, and from
aviewpoint of easiness of control of polymerization,
and absorption property of a swelling gel, it is
preferable to perform aqueous solution polymerization
or reverse phase suspension polymerization by using
the monomer as an aqueous solution. When a monomer is
used as an aqueous solution, a concentration of a
monomer in the aqueous solution (hereinafter, referred
to as monomer aqueous solution) is determined by a
temperature of an aqueous solution and a monomer, and
is not particularly limited, and is preferably 10 to
70 mass %, more preferably 20 to 60 mass %. When the
aqueous solution polymerization is performed, a
solvent other than water may be used jointly if
necessary, and a kind of a solvent which is used
jointly is not particularly limited. When the
polymerization is initiated, it is initiated using the
aforementioned (3) polymerization initiator.
Alternatively, in addition to the aforementioned
polymerization initiators, active energy rays such as
ultraviolet rays, electron beams and g-rays may be
used alone or together with the polymerization
initiator. A temperature at polymerization initiation
is depends on a kind of a polymerization initiator to
be used, and is preferably in a range of 15 to 130C,
more preferably in a range of 20 to 12O0C. When a
temperature at polymerization initiation is outside
the aforementioned range, there is a possibility that
a monomer remaining in the resulting water-absorbent
resin is increased, or an excessive self-crosslinking
reaction progresses, and water-absorbing performance
of a water-absorbent resin is reduced, which is not
preferable. The reverse phase suspension
polymerization is a polymerization method of
suspending a monomer aqueous solution in a hydrophobic
organic solvent, and is described, for example, in USP
No. 4093776, USP No. 4367323, USP No. 4446261, USP No.
4683274 and USP No. 5244735. Aqueous solution
polymerization is a method of polymerizing a monomer
aqueous solution without using a dispersing solvent,
and is described, for example in USP No. 4625001, USP
No. 4873299, USP No. 4286082, USP No. 4973632, USP No.
4985518, USP No. 5124416, USP No.5250640, USP No.
5264495, USP No. 5145906, and USP No. 5380808, and EP
0811636, EP 0955086, and EP 0922717. Monomers and
initiators exemplified in these polymerization methods
can be applied to the present invention. (5) Drying A
water-absorbent resin obtained after the
aforementioned polymerization, a substance is usually
a hydrous gel-like crosslinked polymer and, if
necessary, dried, and is usually pulverized before
and/or after drying. As a drying method, various
methods of obtaining an objective water content such
as heating drying, hot air drying, drying under
reduced pressure, infrared drying, microwave drying,
dehydration by azeotropy with a hydrophobic organic
solvent, and high humidity drying using high
temperature water steam can be adopted, and a drying
method is not particularly limited to them. When
drying is performed, drying is performed in a
temperature range of usually 60 to 25O0C, preferably
100 to 220C, more preferably 120 to 2000C. A drying
time depends on a surface area and a water content of
a polymer, and a kind of a drier, and is selected so
that an objective water-content is obtained. A water
content of a water-absorbent resin (composition) which
can be used in the present invention (defined as a
water amount contained in a water-absorbent resin or a
waste solution solidifying agent/measured by a drying
reduction in amount at 1800C for 3 hours) is not
particularly limited, from a physical property aspect
of the resulting waste solution solidifying agent, a
resin is a powder exhibiting flowability even at a
room temperature, and the resin is in the powder state
of more preferably 0.2 to 30 mass %, further
preferably 0.3 to 15 mass %, particularly preferably
0.5 to 10 mass %. A preferable particle diameter of a
water-absorbent resin (composition) will be described
later. (6) Surface crosslinking treatment (also simply
referred to as surface crosslinking) A water-absorbent
resin used in a waste solution solidifying agent in
thepresent invention may be ones obtained by the
aforementioned crosslinking polymerization and drying
(or partial drying) and, if necessary, pulverizing,
and further surface crosslinking (secondary
crosslinking) treatment. As a crosslinking agent for
performing crosslinking on the surface, there are
various kinds of crosslinking agents and, from a
viewpoint of physical property, generally, a
polyhydric alcohol compound, an epoxy compound, a
polyvalent amine compound or a condensate with its
haloepoxy compound, an oxazoline compound, a mono-,
di- or polyoxazolidinone compound, a polyvalent metal
salt, and an alkylene carbonate compound are used. A
surface crosslinking agent used in the present
invention is specifically exemplified in USP No.
6228930, USP No. 6071976 and USP No. 6254990. Examples
thereof are not particularly limited and include
polyvalent alcohol compounds such as mono-, di- or
poly-, ethylene glycol, propylene glycol,
1,3-propanediol, dipropylene glycol,
2,3,4-trimethyl-l,3-pentanediol, glycerin,
2-butene-l,4-diol, 1,4-butanediol, 1,3-butanediol,
1,5-pentanediol, 1,6-hexanediol and
1,2-cyclohexanedimethanol, epoxy compounds such as
mono-, di- or poly-, ethylene glycol diglycidyl ether
and glycidol, oxazolidinone compounds such as
2-oxazolidinone, and alkylene carbonate compounds such
as ethylene carbonate, being not limiting. In order to
maximize the effect of the present invention, among
these crosslinking agents, at least polyhydric alcohol
is preferably used, and a polyhydric alcohol of a
carbon number of 2 to 10, more preferably a polyhydric
alcohol of carbon number of 3 to 8 is used. An amount
of a surface crosslinking agent to be used is usually
0.001 to 10 mass parts, preferably 0.01 to 5 mass
parts relative to 100 mass parts of a water-absorbent
resin. In the present invention, it is preferable to
use water in surface crosslinking. Thereupon, an
amount of water to be used is in a range of 0.5 to 20
mass parts, preferably 0.5 to 10 mass parts relative
to 100 mass parts of a water-absorbent resin.
Alternatively, in the present invention, besides
water, a hydrophilic organic solvent may be used. An
amount of hydrophilic organicsolvent is in a range of
0 to 10 mass parts, preferably 0 to 5 mass parts, more
preferably 0 to 3 mass parts relative to a
water-absorbent resin. Further, in the present
invention, among various mixing methods, a method of
pre-mixing water and/or a hydrophilic organic solvent
if necessary, then, spraying or adding dropwise the
aqueous solution to a water-absorbent resin, followed
by mixing is preferable, and a spraying method is more
preferable. An average particle diameter of a liquid
droplet to be sprayed is preferably 1 to 300 mm, more
preferably average 2 to 200 mm. In addition, when a
water-absorbent resin is obtained by reverse phase
suspension polymerization, by dispersing the
aforementioned surface crosslinking agent in a
hydrophobic organic solvent at a water content of a
water-absorbent resin of 5 to 50 mass %, preferably 5
to 40 mass %, more preferably 5 to 30 mass % during
azeotropic dehydration and/or at completion of
azeotropic dehydration after completion of
polymerization, a water-absorbent resin having a
crosslinking-treating surface can be obtained. A
water-absorbent resin after mixing of a surface
crosslinking agent is preferably heat-treated. The
condition upon the heat-treatment is such that a
temperature of a water-absorbent resin or a thermal
medium temperature is usually 60 to 280C, preferably
100 to 250C, more preferably 150 to 240C, and a
heating time is preferably 1 minute to 2 hours. (7)
Granulating step A water-absorbent resin used in the
waste solution solidifying agent of the present
invention (a water-absorbent resin obtained by
subjecting a surface to crosslinking treatment as
described above, if necessary) is preferably adjusted
to a particular particle size described later
(described in a particle size of a waste solution
solidifying agent described later) in order to attain
an effect that, in addition to rapid and uniform waste
solution solidification, reduction in water-absorbing
performance, and flowability at moisture absorption
due to flowability and mechanical impactforce at
moisture absorption of the present invention is
little. - Further, a particle diameter of a
water-absorbent resin or a waste solution solidifying
agent may be adjusted by adding and mixing an
insoluble fine particle and a hydrophilic solvent,
preferably water, and further granulating the mixture
depending on the purpose and the necessity. By
granulation, a solidification time is shortened, and
floating described later is further adjusted. When
granulation is performed together with the
aforementioned surface crosslinking, granulation may
be performed at the same time with surface
crosslinking, or may be performed separately. As a
binder upon granulation, water and polyhydric alcohol
are preferably used. Examples of a process for
preparing an irregular-shape granulated material
include (1) a process described in JP-A-106514/1999
(Kokai), that is, a process of obtaining an
irregular-shape granulated material by mixing a
pre-heated aqueous solution into a water-absorbent
resin fine powder (150 mm) or smaller at a high speed
in a short time, and drying and pulverizing this, and
(2) a process of crosslinking a part near a surface of
the irregular-shape granulated material obtained in
the (1). Further examples include (3) a process of
mixing a water-absorbent resin which has been
subjected to crosslinking of a part near a surface,
and an aqueous solution at room temperature and, if
necessary, drying and pulverizing the mixture to
adjust a particle size. Further, when reverse phase
suspension polymerization is performed, a hydrous
polymerized gel dispersed at polymerization at after
polymerization may be aggregated and granulated. For
granulation by reverse phase aggregation, addition of
an inorganic fine particle (e.g. hydrophilic silica
fine particle) (USP No. 4732968) and two-stage
polymerization (EP 807646) are used. . The presence or
the absence of granulation can be easily confirmed by
increase in a particle size before and after thereof,
reduction in an amount of a fine particle, and a
micrograph of the product (water-absorbent resin and
waste solutionsolidifying agent). (II) Hydrophobic
substance Then, a hydrophobic substance in the present
invention will be explained. A hydrophobic substance
used in a waste solution solidifying agent which is
used in the present invention is a water-insoluble or
water-hardly soluble substance, and is stably
non-water-absorbing (non-water-swelling), and is a
non-volatile hydrophobic substance having a methanol
index described later of 20 or more, preferably 30 or
more, more preferably 40 or more. When the methanol
index is less than 20, in order that a particular
amount of a waste solution solidifying agent is
floated, and a particular amount of the agent is
settled, since a large amount of a hydrophobic
substance is necessary, liquid-absorbing performance
of a waste solution solidifying agent is reduced in
some cases, and a raw material cost is further
increased. In addition, solubility of a hydrophobic
substance in water at 26.7C is preferably
water-insoluble or water-hardly soluble of 10 1 g/L or
less, preferably 10 3 g/L or less, more preferably
10"4 g/L or less, further preferably 10 5 g/L or less.
In addition, non-water-absorbing property
(non-water-swelling property) means that a water
absorption capacity (CRC) described later is 1 g/g or
less, preferably 0.5 g/g or less. Methanol Index: when
1 g of a hydrophobic substance is added to 50 ml of
pure water at 250C, in the case where this hydrophilic
substance is a solid, a volume (ml) of methanol at
250C necessary for wetting this, or in the case where
this hydrophobic substance is a liquid, a volume (ml)
of methanol at 250C necessary for dispersing and/or
emulsifying this. A hydrophobic substance is a
substance containing a hydrophobic group in a molecule
and, as a hydrophobic group, a chain hydrocarbon and
an aromatic hydrocarbon are mainly used and, as a
hydrocarbon chain grows longer, hydrophobicity is
increased. Besides this, a halogenated alkyl group
(RX-), an organosilicon group (e.g.: RSi (CH3)2-), and
a fluorinated carbon chain (e.g.: CnF2n+1)belong to
this. When a hydrophobic substance is a powder, a
particle diameter of a hydrophobic substance is not
particularly limited, but is usually smaller than a
weight (mass) average particle diameter of a
water-absorbent resin, 90 to 100 mass % of a powder is
200 mm or smaller, and preferably 100 mm or smaller,
more preferably 50 mm or smaller, particularly
preferably 10 mm or smaller is used. A method of
adding the hydrophobic substance and an amount of the
substance to be added will be later described in the
section hereof headed "(III) Process for preparing a
waste solution solidifying agent". A lower limit of a
particle diameter is usually around It is necessary
that these hydrophobic substances remain in or
immobilized on a water-absorbent resin and, therefore,
a substance which is solid or non-volatile at room
temperature (25C) and a normal pressure is used.
Herein, non-volatile is a substance having a boiling
point at a normal pressure of essentially 15O0C or
higher, preferably 2000C or higher, more preferably
2500C or higher, particularly preferably 3000C or
higher. Preferably, a solid is used, and a melting
point thereof is 250C or higher, preferably 5O0C or
higher, more preferably 75C or higher, particularly
preferably 1000C or higher. When a volatile substance
is used, it becomes difficult to immobilize on a
water-absorbent resin, and a problem of a smell is
caused in some cases. Examples of the hydrophobic
substance include hydrocarbon, fatty acid, fatty acid
ester, fatty acid amide, metal soap, silicone-based
compound, surfactant, and thermoplastic resin.
(Hydrocarbon) A hydrocarbon is not particularly
limited as far as a methanol index is 20 or more, but
for example, low-molecular weight polyethylene (e.g.
molecular weight around 1,500 to 2,000) can be used. A
methanol index of fine powder polyethylene (FLO-THENE
F-1. 5) manufactured by Sumitomo Seika Chemicals Co.,
Ltd. is 200or more. (Fatty acid, fatty acid amide,
fatty acid ester) Fatty acid, fatty acid amide and
fatty acid ester are not particularly limited as far
as a methanol index is 20 or more, but fatty acid
having a carbon number of 12 (C12) or more, and fatty
acid amide and fatty acid ester comprising fatty acid
having a carbon number of 12 (C12) or more are
preferable. Examples of fatty acid include lauric
acid, myristic acid, palmitic acid, oleic acid,
stearic acid, arachidic acid and behenic acid. A
methanol index of stearic acid (manufactured by Wako
Pure Chemical Industries, Co., Ltd.) is 100. In this
respect, upon measurement of the methanol index, a
substance as stearic acid was ground with a mortar,
and passed through a JIS 200 mm sieve to obtain a
powder, which was used. Examples of fatty acid amide
specifically include stearylamide, paltimylamide,
oleylamide, methylenebisstearoamide,
ethylenebisstearoamide, and erucic acid amide. A
methanol index of erucic acid amide (manufactured by
Tokyo Kasei Kogyo Co., Ltd.) is 150. In this respect,
upon measurement of the methanol index, a substance as
erucic acid amide was ground with a mortar, and passed
through a JIS 200 mm sieve to obtain a powder, which
was used. Examples of fatty acid ester include stearyl
stearate, methyl stearate, hardened castor oil, and
ethylene glycol monostearate. A methanol index of
stearyl stearate (trade name; Unister M-9676
manufactured by Nippon Oil & Fats Co., Ltd.) is 150.
In this respect, upon measurement of the methanol
index, a substance as stearyl stearate was ground with
a mortar, and passed through a JIS 200 mm sieve to
obtain a powder, which was used. (Metal soap) . A
metal soap comprises a metal salt other than an
alkaline metal salt of fatty acid, petroleum acid,
polymer acid and the like which are organic acid. A
metal soap is not particularly limited as far as a
metal index is 20 or more. This metalsoap also has an
action as a stabilizer. Examples of organic acid
constituting a metal soap include long chain or
branched fatty acid such as caproic acid, octylic
acid, decanoic acid, lauric acid, myristic acid,
palmitic acid, oleic acid, and stearic acid, petroleum
acid such as benzoic acid, myristicic acid, naphthenic
acid, naphthoic acid, naphthoxyacetic acid, and
polymer acid such as poly(meth)acrylic acid and
polysulfonic acid, and organic acid having a carboxyl
group in a molecule is preferable, and more preferable
examples include fatty acid such as caproic acid,
octylic acid, decanoic acid, lauric acid, myristic
acid, palmitic acid, oleic acid, stearic acid, tallow
acid, and castor hardened fatty acid. Further
preferable examples include fatty acid having no
unsaturated bond in a molecule such as caproic acid,
octylic acid, decanoic acid, lauric acid, myristic
acid, palmitic acid, and stearic acid. Most preferable
examples include long chain fatty acid of a carbon
number of 12 or more having no unsaturated bond in a
molecule, such as lauric acid, myristic acid, palmitic
acid and stearic acid. Even when fatty acid having an
unsaturated bond in a molecule is used, the object of
the present invention can be attained, but there is a
possibility that a waste solution solidifying agent
using them produces coloring, a smell or the like when
undergoes heat or oxidation during storage. As the
organic acid, organic acid having a carbon number of 7
or more in a molecule is preferably used. When organic
acid having a carbon number of less than 7 in a
molecule is used, solubility of the hydrophobic
substance in water is increased, and there is a
possibility that the substance is dissolved in a
medical waste solution containing blood, body fluid or
the like, which is not preferable. In addition, when
organic acid having a carbon number of less than 7 in
a molecule such as oxalic acid and citric acid is
used, since a hardness of these metal salts is high,
there is a possibility that liquid absorbing property
is reduced, for example, when a mechanical impact
force is given. A metal salt constituting the
aforementioned metal soap is not particularly limited
as far as it is a . metal salt other than an alkaline
metal salt such as an alkaline earth metal salt and
atransition metal salt, and examples thereof include a
magnesium salt, a calcium salt, a strontium salt, a
barium salt, a zinc salt, a cadmium salt, an aluminum
salt, a tin salt, and a lead salt. Inter alia, from a
viewpoint of easy availability, a barium salt, a
calcium salt, a magnesium salt, an aluminum salt, and
a zinc salt are preferable. In addition, a combination
of the organic acid and the metal salt constituting a
metal soap is not particularly limited, but they may
be used alone and/or two or more kinds may be used
jointly. When polymer acid such as polyacrylic acid is
used as organic acid, it is preferable that 95 mol% or
more, more preferably 98 mol% or more, further
preferably 99 mol% or more of a carboxyl group
possessed by the polymer acid forms a salt with the
polyvalent metal. A molecular weight of polymer acid
to be used is, in terms of a weight average molecular
weight, usually- 10,000 or larger, preferably 50,000
or larger. In addition, a methanol index of aluminum
tristearate (deer first grade, manufactured by Kanto
Kagaku, Co., Ltd.) is 150, and a methanol index of
zinc stearate (deer first grade, manufactured by Kanto
Kagaku, Co., Ltd.) is 200 or more. (Silicone-based
compound) Examples of a silicone-based compound
include hydrophobic silicon dioxide compounds in which
a silicone compound (hexamethylenesilazane,
monomethyltrichlorosilazane, dimethyldichlorosilane,
silicone oil etc.) is added to a silanol group (Si-OH)
of hydrophilic silicon dioxide, but is not
particularly limited as far as a methanol index is 20
or more. In addition, a methanol index of hydrophobic
silicon dioxide (trade name; Aerosil R972;
manufactured by Nippon Aerosil Co., Ltd.) is 47.
(Surfactant) A surfactant is a substance having a
hydrophilic atomic group and an oleophilic atomic
group at the same time. As a hydrophilic atomic group,
there are ionic moieties such as -COO , -OSO3 and the
like, nonionic moieties such as a polyoxyethylene
chain and the like. As an oleophilic atomic group,
there arestraight or cyclic compounds such as an alkyl
group, an alkylallyl group and the like. In addition,
as an atomic group having both hydrophobicity and
oleophobicity, there are fluorine-containing compounds
such as a perfluoroalkyl group and the like. When a
surfactant is seen from a viewpoint of a structure,
there are ionic surfactants which are dissociated into
ions, and nonionic surfactants which are not
dissociated into ions. An ionic surfactant can be
classified into an anionic surfactant, a cationic
surfactant, and an amphoteric surfactant depending on
a kind of a charge when dissociated in the aqueous
solution state. A surfactant which can be used in the
present invention is not particularly limited as far
as a methanol index is 20 or more. Incidentally,
examples of the fluorine-containing surfactants
include trade name: DS-403, perfluoroalkylethylene
oxide addition product, manufactured by Daikin
Industries, Co., Ltd., as a nonionic one; and trade
name: Ftergent 300; manufactured by Neos Co., Ltd., as
a cationic one. Incidentally, the methanol index of
the Ftergent 300 (cationic surfactant containing
quaternary ammonium salts) is 80. (Thermoplastic
resin) A thermoplastic resin which can be used in the
present invention has hydrophilicity and
hydrophobicity, and has a weight average molecular
weight of 10,000 to 1,000,000, preferably 20,000 to
500,000, more preferably 40,000 to 200,000. Herein,
hydrophilicity means that a structure having a
hydrophilic group such as a carboxylic acid group, a
hydroxy group,. an amino group, an amide group, a
sulfonic acid group, a phosphoric acid group, an
alkylene glycol group, and a N-methoxyamino group is
possessed, and hydrophobicity means that a structure
having a hydrophobic group such as an alkyl group such
as a methyl group, an ethyl group, a propyl group, and
a butyl group, a phenyl group, and an acetyl group is
possessed. . As the thermoplastic resin, a
thermoplastic resin having solubility in alcohol and
insolubility in water is preferable. This is
preferable for maintaining liquid permeability and
promoting gelling of a whole since, by using a small
amount of athermoplastic resin having an appropriate
degree of hydrophobicity and an appropriate degree of
hydrophilicity, a water absorption rate is not
suppressed by excessive water repellency due to a
hydrophobic group and, also when contacted with an
aqueous solution, a resin is not dissolved in the
aqueous solution, and a viscosity of a contact
solution (waste solution) is not increased. Examples
of the thermoplastic resin include a copolymer of a
hydrophilic monomer and a hydrophobic acryl ester
monomer, polyvinyl alcohol having a low gelling
degree, an alkaline water-soluble resin, hydrophobic
polyvinyl alcohol, alkali-soluble nylon, and
alcohol-soluble nylon. Only one kind of them may be
used, or two or more kinds of them may be used
jointly. Preferable is at least one kind selected from
alkaline water-soluble resin, hydrophobic polyvinyl
alcohol, and alkali-soluble nylon. Particularly
preferable is an alkaline water-soluble resin which is
alcohol-soluble and water-insoluble. An alkaline
water-soluble resin is a resin which is insoluble in
water at a normal temperature and a normal pressure,
but is soluble in alkaline water which was made
alkaline by dissolving sodium hydroxide in
ion-exchanged water at a ratio of 0.4 mass %. As the
alkaline water-soluble resin, an alkaline
water-soluble resin described in Japanese Patent No.
3224533 can be used. An alkaline water-soluble resin
means a resin which is not soluble in water exhibiting
acidic property or neutral property, and is soluble in
water exhibiting alkaline property. Herein, water
exhibiting neutral property is water having a pH value
in a range of 6 to 8, water exhibiting acidic property
is water having a pH of less than the aforementioned
neutral property range, and water exhibiting alkaline
property is water having a pH value greater than the
aforementioned neutral property range. .An alkaline
water-soluble resin is such that a reduction rate
obtained by the following assessment test as a degree
of solubility in alkaline water is preferably 50. to
100%, more preferably 60 to 100%, further preferably
70 to 100%.(Assessment test of solubility in alkaline
water) A resin is molded into a cylindrical pellet
shape having a diameter of 5 mm and a length of 5 mm
using a biaxial extruder, and the solubility is
measured using the resultant molding. 1O g of this
molding is placed into 500 g of an aqueous sodium
hydroxide solution having a concentration of 0.4 mass
% in 1 L of a beaker, and this is stirred at 25C and
300 rpm for 24 hours using four wings having a
diameter of 40 mm (this is referred to as solubility
test). Thereafter, a mass of the molding dissolved in
alkaline water is assessed by a reduction rate from an
original molding. That is, a resin matter which
remains unsolved after a solubility test (after 24
hours stirring) is filtered, and washed with water, a
mass after drying is obtained, and assessment is
performed by obtaining a reduction rate from a mass of
an original resin before a solubility test. Reduction
rate (%) = (mass (g) before solubility test - mass (g)
after solubility test) / mass (g) before solubility
test. Examples of an alkaline water-soluble resin
include one or two or more kinds of a resin having a
substituent such as a carboxylic acid group, a
sulfonic acid group, and a phosphonic acid group, a
novolac resin containing a phenolic hydroxyl group,
and a polyvinylphenol resin. Inter alia, a resin
obtained by copolymerizing an a,b-unsaturated
carboxylic acid-based monomer and a vinyl-based
monomer other than an a,b-unsaturated carboxylic
acid-based monomer is preferable in that it is
excellent in solubility in alkaline water, economical
property, and various physical properties of a resin
composition. Alternatively, a cellulose-based
derivative which is a resin having a carboxylic acid
group such as hydroxypropylmethyl cellulose phthalate,
hydroxypropylmethyl cellulose acetate succinate,
cellulose acetate hexahydrophthalate,
hydroxypropylmethyl cellulose acetate phthalate, and
hydroxypropylmethyl cellulose hexahydrophthalate can
be also used. Examples of an a,b-unsaturated
carboxylic acid-based monomer include a,b-unsaturated
carboxylic acid such as acrylic acid, and methacrylic
acid,a,b-unsaturated dicarboxylic acid such as
itaconic acid, maleic acid, and fumaric acid,
a,b-unsaturated dicarboxylic anhydride such as maleic
anhydride, and itaconic anhydride, and a,b-unsaturated
dicarboxylic acid monoester such as maleic acid
monoester, fumaric acid monoester, and itaconic acid
monoester, being not limiting. Inter alia, acrylic
acid and methacrylic acid are particularly preferable
in order to sufficiently exert the effect of the
present invention. These a,b-unsaturated carboxylic
acid-based monomers may be used alone, or two or more
kinds may be used jointly. Examples of a vinyl-based
monomer include esters of monohydric alcohol of a
carbon number of 1 to 18 and (meth)acrylic acid such
as methyl acrylate, ethyl acrylate, propyl acrylate,
butyl acrylate, stearyl acrylate, methyl methacrylate,
ethyl methacrylate, propyl methacrylate, butyl
methacrylate, and stearyl methacrylate, nitrile
group-containing vinyl-based monomers such as
acrylonitrile, and methacrylonitrile, hydroxy
group-containing vinyl-based monomers such as
hydroxyethyl acrylate, and hydroxypropyl methacrylate,
aromatic vinyl-based monomers such as styrene, and
a-methylstyrene, aliphatic vinyl-based monomers such
as vinyl acetate, allyl ethers, maleic acid
derivatives such as maleic acid monoalkyl ester, and
maleic acid dialkyl ester, fumaric acid derivatives
such as fumaric acid monoalkyl ester, and fumaric acid
dialkyl ester, maleimide derivatives such as
maleimide, N-methylmaleimide, N-stearylmaleimide,
N-phenylmaleimide, and N-cyclohexylmaleimide, itaconic
acid derivatives such as itaconic acid monoalkyl
ester, itaconic acid dialkyl ester, itaconamides,
itaconimides, and itaconamide esters, alkenes such as
ethylene, and propylene, dienes such as butadiene, and
isoprene, being not limiting. Inter alia,
(meth)acrylic acid ester is particularly preferable in
order to sufficiently exert the effect of the present
invention. These vinyl-based monomers may be used
alone, or two or more kinds may be used jointly. A
ratio of an a,b-unsaturated carboxylic acid-based
monomer accounting for atotal amount of an
a,b-unsaturated carboxylic acid-based monomer and a
vinyl-based monomer is preferably 9 mass % or more,
more preferably in a range of 9 to 40 mass %. By a
ratio of an a,b-unsaturated carboxylic acid-based
monomer of 9 mass % or more, the effect of the present
invention can be sufficiently manifested. A
copolymerization method of obtaining an alkaline
water-soluble resin by copolymerizing an
a,b-unsaturated carboxylic acid-based monomer and a
vinyl-based monomer, that is, a process for preparing
an alkaline water-soluble resin is not particularly
limited, but the known method may be applied. hi order
to sufficiently manifest the effect of the present
invention, an acid value of an alkaline water-soluble
resin is preferably 15 mgKOH/g or more, more
preferably 30 mgKOH/g or more, further preferably 50
mgKOH/g or more, particularly preferably 70 mgKOH/g or
more, most preferably 70 to 500 mgKOH/g or more. A
thermoplastic resin which can be used in the present
invention is not particularly limited as far as a
methanol index is 20 or more. A methanol index of an
alkaline water-soluble resin (M) obtained in Examples
described later is 200 or more. Upon measurement of
the methanol index, as an alkaline-soluble resin (M),
a powder obtained by removing a solvent by a rotary
evaporator at 8O0C, drying this with a dryer at 100C,
pulverizing this using a vibration mill, and passing
through a JIS 200 mm sieve was used. There is no
problem if the hydrophobic substance is used in the
state where dispersed in water or other liquid, by
using an appropriate agent. In addition, also when the
hydrophobic substance is blended in a water-absorbent
resin together with a substance other than a
hydrophobic substance, for example, a hydrophilic
substance, if a sum of a methanol index of a
hydrophobic substance and that of a hydrophilic
substance is 20 or more, the substance can be used
without any problem. (ffi) Process for preparing a
waste solution solidifying agent A process for
preparing a waste solution solidifying agent of the
presentinvention is a process of preparing a
particulate waste solution solidifying agent
containing, as an essential component, a
water-absorbent resin particle having a crosslinked
structure obtained by polymerizing a water-soluble
ethylenic unsaturated monomer, and comprises a step of
mixing a non-volatile hydrophobic substance having the
following methanol index of 20 or more after
polymerization. Methanol Index: when 1 g of a
hydrophobic substance is added to 50 ml of pure water
at 25C, in the case where this hydrophilic substance
is a solid, a volume (ml) of methanol at 250C
necessary for wetting this, or in the case where this
hydrophobic substance is a liquid, a volume (ml) of
methanol at 250C necessary for dispersing and/or
emulsifying this. The waste solution solidifying agent
of the present invention is a particulate treating
agent used in a method of treating a waste solution by
placing the treating agent into a waste solution to
solidify the waste solution into a gel, and is
characterized by comprising, as an essential
component, a water-absorbent resin having a
crosslinked structure obtained by polymerizing a
water-soluble ethylenic unsaturated monomer, wherein
when placed in a 0.90 mass% aqueous sodium chloride
solution at once, 20 to 95 mass % of the agent is
floated, and 80 to 5 mass % of the agent is settled. A
process such as adjustment of a density of a
water-absorbent resin by foaming or granulation is not
particularly limited as far as such the characteristic
is possessed, but preferably, it is better to use a
waste solution solidifying agent by a process using
the hydrophobic substance, that is, a process for
preparing a waste solution solidifying agent of the
present invention. A process for preparing a waste
solution solidifying agent of the present invention is
based on the following finding. That is, a true
density of a water-absorbent resin depends on its
monomer, and is about 1.6 g/cm3 in the case of a
polymer from sodium acrylate, and the resin is not
floated in a physiological saline (density; about 1.0
g/cm3) based on its true density. However, when a
particular hydrophobic substance is used in the
present invention, it was found that a water-absorbent
resin having a true density of1.6 g/cm3 is floated in
a physiological saline (density; about 1.0 g/cm3), and
apart is settled. In a step of mixing a hydrophobic
substance in a process for preparing a waste solution
solidifying agent of the present invention, a process
is not particularly limited as far as a hydrophobic
substance having a methanol index of 20 or more and a
water-absorbent resin can be substantially solidified,
but examples include any of the following 1 to 7
methods. 1. A method of dispersing a hydrophobic
substance in a monomer solution containing an inner
crosslinking agent at polymerization of a
water-absorbent resin, polymerizing it and, if
necessary, drying and pulverizing this to prepare a
particulate waste solution solidifying agent. 2. A
method of surface crosslinking-treating a vicinity of
a surface of the water-absorbent resin obtained in the
above 1 to prepare a particulate waste solution
solidifying agent. 3. A method of polymerizing a
monomer solution containing an inner crosslinking
agent at polymerization of a water-absorbent resin
and, if necessary, drying and pulverizing this to
obtain a water-absorbent resin (1), and adding a
hydrophobic substance, followed by mixing, to prepare
a particulate waste solution solidifying agent (1). 4.
A method of preparing a particulate waste solution
solidifying agent by dispersing a hydrophobic
substance in a surface crosslinking agent when a part
near a surface of the water-absorbent resin (1)
obtained in 3 is surface crosslinking-treated. 5. A
method of surface crosslinking-treating a vicinity of
a surface of the particulate waste solution
solidifying agent (1) obtained in the above 3 to
prepare a particulate waste solution solidifying
agent. 6. A method of surface crosslinking-treating a
vicinity of a surface of the water-absorbent resin (1)
obtained in the above 3 to obtain a water-absorbent
resin (2), and adding a hydrophobic substance,
followed by mixing, to prepare aparticulate waste
solution solidifying agent. 7. A method of preparing a
particulate waste solution solidifying agent by adding
and mixing a hydrophobic substance in a cooling step
after a part near a 



surface of the water-absorbent resin is surface
crosslinking-treated to obtain a water-absorbent resin
(2) after a monomer solution containing an inner
crosslinking agent at polymerization of a
water-absorbent resin is polymerized and, if
necessary, dried and pulverized. In the aforementioned
methods 1 to 7, a hydrophobic substance may be added
to a monomer at polymerization of the water-absorbent
resin in the above 1 to 2, but in order to realize the
state where the hydrophobic substance is uniformly
attached to a surface of the water-absorbent resin,
preferable are the methods 3 to 7. More preferable are
the methods 4 to 7 in which surface crosslinking
treatment is performed. A hydrophobic substance used
in the present invention is as described above, and
comprises a hydrophobic substance having a methanol
index of 20 or more, and is such that, by substantial
fixation, preferably, by attachment to a surface of a
water-absorbent resin, when a water-absorbent resin is
placed into a waste solution, at least a part of a
water-absorbent resin can be floated on an upper
surface of a waste solution, and a remainder can be
settled. (Mixing method) When the hydrophobic
substance used in the present invention is a powder, a
method of directly mixing a hydrophobic substance as a
powder into a water-absorbent resin such as a dry
blending method, a procedure of dispersing into a
surface crosslinking agent solution in which the
surface crosslinking agent, water and, if necessary, a
hydrophilic organic solvent are mixed, in a slurry
manner, and mixing this into a water-absorbent resin,
or a procedure of dispersing the hydrophobic substance
into water or a hydrophilic organic solvent in a
slurry manner, and mixing this into a water-absorbent
resin is used.When the hydrophobic substance is
dispersed in a slurry manner, and mixing this into a
water-absorbent resin, an amount of water, or an
aqueous solution comprising water and a hydrophilic
organic solvent which are used as necessary, to be
added, has a different optimal amount depending on a
kind and a particle size of a water-absorbent resin
and, in the case of water, is usually 10 mass parts or
smaller, preferably in a range of 1 to 5 mass parts
relative to 100 mass parts of a solid matter of a
water-absorbent resin. In addition, an amount of a
hydrophilic organic solvent to be used is, similarly,
usually 10 mass parts or smaller, preferably in a
range of 0.1 to 5 mass parts relative to 100 mass
parts of a solid matter of a water-absorbent resin. In
addition, a concentration of the hydrophobic substance
in the slurry is appropriately selected depending on a
kind of the hydrophobic substance and a dispersing
medium to be used, and a viscosity of a slurry, and is
not particularly limited. The concentration is usually
in a range of 0.001 to 30 mass %, preferably in a
range of 0.01 to 10 mass %. The hydrophobic substance
and a powder of a water-absorbent resin are mixed
usually at a temperature of room temperature or
higher, and in order to obtain stable liquid absorbing
property of a particulate waste solution solidifying
agent, and flowability at moisture absorption, they
are mixed at preferably 40 to 180C, more preferably 50
to 100C. In the process for preparing a waste solution
solidifying agent of the present invention, an amount
of the hydrophobic substance to be added is different
depending on such as a blood concentration in a waste
solution, and it is desirable that a content of a
hydrophobic substance is in a range of 0.001 to 10
mass %, preferably in a range of 0.01 to 1 mass %,
more preferably in a range of 0.03 to 0.7 mass %, most
preferably in a range of 0.03 to 0.5 mass % relative
to a total water-absorbent resin particle. When an
amount of a hydrophobic substance to be added is less
than 0.001 mass %, floating upon placement of a waste
solution solidifying agent into a waste solution is
insufficient and, as a result, since settlement , of a
waste solution solidifying agent is accelerated, a
time until solidification of awhole waste solution
becomes longer. On the other hand, when an amount of a
hydrophobic substance to be added exceeds 10 mass %,
settlement upon placement of a waste solution
solidifying agent into a waste solution becomes
insufficient, and a time until solidification of a
whole waste solution becomes longer. As an apparatus
used when a liquid containing a water-absorbent resin
and a hydrophobic substance, a powder and/or a slurry
solution are mixed in the present invention include
normal apparatuses such as a cylindrical mixer, a
screw-type mixer, a screw-type extruder, a turbilizer,
a Nauta-type mixer, a V-type mixer, a ribbon-type
mixer, a twin arm-type kneader, a flowing-type mixer,
and air stream-type mixer, a rotating disk-type mixer,
a roll mixer, and a rolling mixer. A rate of mixing
may be high or low. These mixers may be used for
mixing a surface crosslinking agent in the
aforementioned surface crosslinking of a
water-absorbent resin. (Hydrophilic substance) Various
hydrophilic substances may be further added to the
water-absorbent resin and/or waste solution
solidifying agent, provided that a sum of a methanol
index of a hydrophobic substance and a hydrophilic
substance as a mixture is 20 or more. Examples of a
hydrophilic substance having a methanol index of less
than 20 specifically include metal oxide such as
silicon dioxide and titanium oxide, silicic acid
(salt) such as natural zeolite and synthetic zeolite,
inorganic compounds such as kaolin, talc, clay and
bentonite, and other organic compounds. Among them,
silicon dioxide and silicic acid (salt) are more
preferable, and silicon dioxide and silicic acid
(salt) having an average particle diameter measured by
a coulter counter method of 200 mm or smaller (e.g.
Aerosil 200 manufactured by Nippon Aerosil Co., Ltd.)
are further preferable. An amount thereof to be used
depends on a combination of a water-absorbent resin
and/or a waste solution solidifying agent and a
hydrophilic substance,, preferably an inorganic
powder, and is 0.001 to 5 mass parts, more preferably
0.01 to3 mass parts relative to 100 mass parts of a
water-absorbent resin and/or a waste solution
solidifying agent. Depending on desired liquid
absorbing property and a particle size of a waste
solution solidifying agent, when the amount exceeds
the aforementioned range is used, there is a
possibility that it becomes difficult to prevent
reduction in liquid absorption property when an impact
force is given. A method of mixing a water-absorbent
resin and/or a waste solution solidifying agent and a
hydrophilic substance, preferably an inorganic powder
is not particularly limited, but for example, a dry
blending method of mixing powders, and a wet mixing
method can be adopted, and a dry blending method is
more preferable. (Other substances) A hydrophobic or
hydrophilic substance used in the present invention is
not limited to the aforementioned substances, but
substances having a methanol index of less than 20 or
not less than 20 may be appropriately used. The
aforementioned process for preparing the waste
solution solidifying agent of the present invention
may comprise a step of imparting various functions,
such as addition of a deodorizing agent, an
antibacterial agent, a perfume, a foaming agent, a
pigment, a dye, a plasticizer, an adhesive, a
surfactant, a fertilizer, an oxidant, protein
cross-linking agent, a reducing agent, water, salts, a
chelating agent, a bactericide, a hydrophilic polymer
such as polyethylene glycol and polyethylenimine, or a
thermosetting resin such as a polyester resin and a
urea resin, if necessary. An amount of these
hydrophobic or hydrophilic substances to be used is
usually 0 to 30 mass parts, preferably in a range of 0
to 10 mass parts, more preferably in a range of 0 to 1
mass part relative to 100 mass parts of a
water-absorbent resin. By adopting the aforementioned
respective essential features, a time for solidifying
a medical waste solution containing blood, body fluid
or the like can be remarkably shortened. In
particular, a time for solidifying a medical waste
solution containing blood, body fluid or the like in a
vertically oriented waste solution canister can be
remarkably shortened.(IV) Waste solution solidifying
agent The waste solution solidifying agent of the
present invention obtained, for example, by the
aforementioned process is a waste solution solidifying
agent which is the aforementioned particulate treating
agent used in a method of treating a waste solution by
placing a treating agent into a waste solution to
solidify the waste solution into a gel, and is
characterized by comprising, as an essential
component, a water-absorbent resin having a
crosslinked structure obtained by polymerizing a
water-soluble ethylenic unsaturated monomer, wherein,
when placed into a 0.90 mass% aqueous sodium chloride
solution at once, 20 to 95 mass % of the agent is
floated, and 80 to 5 mass % of the agent is settled.
In this respect, floating and settlement were defined
by the state at one minute after placement of 40 g of
a particulate waste solution solidifying agent at once
into a measuring cylinder of an effective volume of
1000 ml (inner diameter 60 mm) which stands with a
vertical axial direction and contains 1000 ml of a
0.90 mass% aqueous sodium chloride solution at 25C. In
addition, a preferable aspect of the waste solution
solidifying agent of the present invention is a
particulate waste solution solidifying agent
containing, as an essential component, a
water-absorbent resin having a crosslinked structure
obtained by polymerizing a water-soluble ethylenic
unsaturated monomer, which further contains a
hydrophobic substance having the following methanol
index of 20 or more in addition to a water-absorbent
resin. Methanol index: when 1 g of a hydrophobic
substance is added to 50 ml of pure water at 250C, in
the case where this hydrophobic substance is a solid,
a volume (ml) of methanol at 250C necessary for
wetting this, or in the case where this hydrophobic
substance is a liquid, a volume (ml) of methanol at
250C necessary for dispersing and/or emulsifying this.
In these waste solution solidifying agents,
preferably, the hydrophobic substance is contained on
a surface of a water-absorbent resin at 0.001 to 10
mass %(relative to water-absorbent resin). The
aforementioned waste solution solidifying agent, a
part of which is settled, usually refers to a waste
solution part, that is, as aforementioned, 5 to 80
mass %s of a settling substance, but a part of
floating substance is included. (1) Content of
water-absorbent resin A content of a water-absorbent
resin is usually 50 to 100 mass %, preferably 70 to 99
mass %, further preferably 80 to 98 mass % in a waste
solidifying agent. As a minor component other than a
water-absorbent resin, the aforementioned hydrophobic
substance and water are preferably used. (2)
Solidifying agent floating rate The floating state of
a waste solution solidifying agent of the present
invention is 20 to 95 mass %, preferably 25 to 80 mass
%, more preferably 25 to 70 mass % of a total mass of
a placed particulate waste solution solidifying agent.
The floating state refers to a water-absorbent resin
remaining at a part upper than a 500 ml position of a
measuring cylinder of an effective volume of 1000 ml
(inner diameter 66 mm) at one minute after placement
of a waste solution solidifying agent. When the
floating state is less than 20 mass %, settlement of a
particulate waste solution solidifying agent is
accelerated, and since progression of solidification
from an upper part of a waste solution becomes
insufficient, a time for solidifying a whole waste
solution is delayed. On the other hand, when the
floating state exceeds 95 mass %, since a settling
rate of a particulate waste solution solidifying agent
is delayed, and progression of solidification from a
lower part of a waste solution becomes insufficient, a
time for solidifying a whole waste solution is
delayed. A method of measuring a solidifying agent
floating amount will be later explained in Examples.
(3) Solidifying time a) 0.90 mass% aqueous sodium
chloride solution The waste solution solidifying agent
of the present invention contains the hydrophobic
substance used in the present invention and the
water-absorbent resinused in the present invention
and, when 40 g of a waste solution solidifying agent
is placed at once into a measuring cylinder of an
effective volume of 1000 ml (inner diameter 66 mm)
which stands with a vertical axial direction and
contains 1000 ml of a 0.90 mass% aqueous sodium
chloride solution (physiological saline) at 25C, a
solidification time from placement to solidification
of the physiological saline is preferably 60 to 700
seconds. When a solidification time exceeds 700
seconds, a solidification time is too long, and this
is inconvenient in actual use in some cases, and
further no solidification is attained in some cases.
When a solidification time is less than 60 seconds, a
substance becomes non-uniform in some cases. A
solidification time is preferably 600 seconds or
shorter, more preferably 540 seconds or shorter,
further preferably 480 seconds or shorter,
particularly preferably 420 seconds or shorter. This
is derived from that the floating state defined by the
state at one minute after placement of 40 g of a
particulate waste solution solidifying agent at once
into a measuring cylinder of an effective volume of
1000 ml (inner diameter 66 mm) which stands with a
vertical axial direction and contains 1000 ml of a 0.9
mass% aqueous sodium chloride solution (physiological
saline) at 25C, as described in the "(2) solidifying
agent floating rate", is 20 to 95 mass % of a total
mass of a placed particulate waste solution
solidifying agent. A method of measuring a
solidification time will be later described in
Examples. b) 0.90 mass% aqueous sodium chloride
solution containing 20 mass % of defibered cattle
blood The waste solution solidifying agent of the
present invention contains the hydrophobic substance
used in the present invention and the water-absorbent
resin used in the present invention and, when 99 g of
a waste solution solidifying agent is placed at once
in a measuring cylinder of an effective volume 3000 ml
(inner diameter 103 mm) which stands with a vertical
axial direction and contains 3000 ml of an aqueous
solution at 25C containing 20 mass % of defibered
cattle bloodrelative to a 0.90 mass% aqueous sodium
chloride solution (which may hereinafter be referred
to as defibered-cattle-blood-containing physiological
saline), a solidification time of from the placement
to solidification of the
defibered-cattle-blood-containing physiological saline
is preferably 5 to 50 minutes. When a solidification
time exceeds 50 minutes, a solidification time is too
long, and this is inconvenient in actual use in some
cases, and further no solidification is attained in
some cases. When a solidification time is less than 5
minutes, a substance becomes non-uniform in some
cases. A solidification time is preferably 45 minutes
or shorter, more preferably 40 minutes or shorter,
further preferably 35 minutes or shorter, particularly
preferably 30 minutes or shorter. A method of
measuring a solidification time will be later
described in Examples. (4) Water-absorbent resin
distribution after completion of solidification A
distribution of a water-absorbent resin after
completion of solidification of the waste solution
solidifying agent of the present invention is
preferably 0 to 6, more preferably 5 or less, further
preferably 4 or less as expressed by a standard
deviation. Herein, a distribution of a water-absorbent
resin after completion of solidification means any of
(1) a distribution of a water-absorbent resin after
completion of solidification of a 0.90 mass% aqueous
sodium chloride solution when 40 g of a waste solution
solidifying agent is placed at once in a measuring
cylinder of an effective volume 1000 ml (inner
diameter 66 mm) which stands with a vertical axial
direction and contains 1000 ml of the aqueous solution
at 25C, and (2) a distribution of a water-absorbent
resin after completion of solidification of an aqueous
solution when 99 g of a waste solution solidifying
agent is placed at once into a measuring cylinder of
an effective volume 3000 ml (inner diameter 103 mm)
which stands with a vertical axial direction and
contains 3000 ml of an aqueous solution at 250C to
which 20 mass % of defibered cattle blood is added to
a 0.90. mass% aqueous sodium chloride solution and, in
any case of (1) and (2), thedistribution is preferably
in the aforementioned range of a standard deviation.
When a standard deviation exceeds 6, a water-absorbent
resin is non-uniformly distributed, and a waste
solution does not lead to solidification at a part
having a low water-absorbent resin concentration in
some cases. In addition, in order that a waste
solution leads to complete solidification in such the
state, a large amount of a waste solution solidifying
agent becomes necessary. A method of measuring a
standard deviation of a distribution of a
water-absorbent resin will be described later in
Examples. (5) Water absorption capacity (CRC) A water
absorption capacity (CRC) of the waste solution
solidifying agent of the present invention is usually
10 g/g or more, preferably 25 g/g or more, more
preferably 30 g/g or more, further more preferably 35
g/g or more relative to a physiological saline. An
upper limit is not particularly limited, but is
usually about 100 g/g is sufficient. When a water
absorption capacity is low, a large amount of a
solidifying agent is necessary, and a solidification
time becomes long. A water absorption capacity may be
appropriately adjusted by inner crosslinking and
surface crosslinking of the water-absorbent resin. A
method of measuring water absorption capacity (CRC)
will be described later in Examples. (6) Particle
diameter The particulate waste solution solidifying
agent of the present invention has a particle shape,
and a waste solution solidifying agent is such that
particles of smaller than 850 mm and not smaller than
106 mm are preferably 90 to 100 mass %, more
preferably 95 to 100 mass %, further preferably 98 to
100 mass % of a whole. In addition, a mass average
particle diameter of a waste solution solidifying
agent is preferably 150 to 700 mm, more preferably 200
to 600 mm, further preferably 300 to 500 mm.
Controlling of a particle diameter may be
appropriately adjusted by granulation, pulverization,
classification, and control of polymerization in
reverse phase. In addition, the aforementioned
particle diameter may be adjusted at a stageof a
water-absorbent resin, therefore, is also a particle
diameter of a preferable water-absorbent resin. In
addition, by granulation of a water-absorbent resin
and a waste solution solidifying agent, a
solidification time is further shortened, and floating
is adjusted. When particles of smaller than 106 mm
exceeds 10 mass %, diffusibility of blood or urine is
inhibited at liquid absorption and, since a contact
area with the air is increased upon use, a waste
solution solidifying agent is easily solubilized and,
when a waste solution solidifying agent is placed into
a waste solution, so-called fisheyes are formed on a
liquid surface of a waste solution in some cases,
which is not preferable. When particles exceeding 850
mm exceeds 10 mass %, a liquid absorption rate of a
waste solution solidifying agent is delayed, which is
not preferable. (7) Shape Examples of a shape thereof
include a spherical shape and/or an ellipsoidal shape
or a Wiener sausage primary particle shape obtained by
reverse phase suspension polymerization described in
Figs 1 and 2 of USP No. 5244735, a shape of a primary
particle particulate material in which spherical
particles and/or ellipsoidal particles are
agglomerated, such as agglomerated beads described in
Fig. 1 on page 75 of NON WOVENS WORLD October-November
2000 (published by Marketing Technology Service,
Inc.), an irregular shape which is a shape derived
from a pulverized substance of a hydrous gel-like
polymer obtained by polymerizing an aqueous monomer
solution, and a shape of its granulated substance,
such as Crystals in Figs 2, 3 and 4 of USP No.
5981070, and Fig. 1 on page 75 of the aforementioned
NON WOVENS WORLD October - November 2000. A shape of
the waste solution solidifying agent of the present
invention may be any of a spherical primary particle,
an ellipsoidal primary particle, a granulated
substance of a spherical particle or an ellipsoidal
particle, an irregular shape derived from a pulverized
substance of a hydrous gel-like polymer obtained by
polymerizinga monomer particle, or a shape of its
granulated substance. For shortening a solidification
time or adjusting floating, granulation is performed
separately or at the same time with surface
crosslinking. (8) Absorption capacity under load (AAP)
It is also preferable that the waste solution
solidifying agent of the present invention has an
absorption capacity under load of a certain value or
larger from a viewpoint of a solidification
efficiency. An absorption capacity under load when a
load is under pressure of 2.06 kPa and/or 4.83 kPa
(under load) is 3 g/g or more, preferably 5 g/g or
more, more preferably 10 g/g or more, further
preferably 20 g/g or more, most preferably 25 g/g or
more. An upper limit is not particularly limited but
usually, about 10 g/g is sufficient. An absorption
capacity under load may be appropriately adjusted, for
example, by adjusting the surface crosslinking. In
addition, the waste solution solidifying agent of the
present invention is also preferably such that an
absorption capacity under load is hardly reduced even
when an impact force is given. Whereby, the present
invention is characterized in that reduction in
performance is small also upon actual use. A retaining
index of absorption capacity under load is preferably
0.90 to 1.20, more preferably 0.95 to 1.10. The
retaining index of absorption capacity under load and
a method of measuring it will be described in
Examples. The retaining index of absorption capacity
under load may be appropriately adjusted, for example,
by adjusting the aforementioned surface crosslinking.
(9) Flowability at moisture absorption Flowability at
moisture absorption (hereinafter, simply abbreviated
as moisture absorption flowability) is assessment of
blocking or caking, and flowability as a powder under
allowing to stand at 250C or relative humidity of 90%
RH. The waste solution solidifying agent of the
present invention exhibits neither blocking nor
caking, and exhibits excellent characteristic of
moisture absorption flowability, in a . range of a
water content of a waste solution solidifying agent of
usually about 10 to30 mass %. A flowability index of
the waste solution solidifying agent of the present
invention at moisture absorption is 90 to 100 mass %,
preferably 95 to 100 mass %, more preferably 98 to 100
mass %. In addition, the waste solution solidifying
agent of the present invention has the characteristic
that it has flowability at moisture absorption which
is not reduced even after impartation of an impact
force, and has better and stable flowability of a
powder. A moisture absorption flowability retaining
index of the waste solution solidifying agent of the
present invention is 0.90 or more, preferably 0.95 to
1.10, more preferably 0.97 to 1.05. Even when an
impact force is given to the waste solution
solidifying agent, excellent property having little
reduction is exhibited. A method of measuring a
flowability index at moisture absorption and a
moisture absorption flowability retaining index will
be described in detail in Examples. (10) Powder
property Since the waste solution solidifying agent of
the present invention has little attaching property,
and small inner friction coefficient or inner friction
angle, a repose angle becomes small not only at
moisture absorption but at water content of less than
10%, and characteristic of excellent flowability of a
powder is exhibited. The inner friction coefficient or
inner friction angle in the powder property can be
obtained from a shearing test of a powder layer. As an
apparatus for performing a shearing test of a powder,
there are a shearing box type, a ring shearing type,
and a parallel flat type, for example, Jenike Shear
Cell. Since the waste solution solidifying agent of
the present invention has the aforementioned powder
property, this is useful for simplifying a hopper and
a powder storing tank used in a process for preparing
the waste solution solidifying agent. ( 11) Bulk
density and true density A bulk density (defined in
USP No. 6562879) of the waste solution solidifying
agent of the present invention is usually in a range
of 0.30 to 0.90 g/cm3, preferably, 0.50 to 0.80 g/cm ,
further preferably 0.60 to 0.80 g/cm , and a true
density (definedin EP 736060) is usually in a range of
1.1 to 2.0 g/cm3, further 1.2 to 1.8 g/cm3. The waste
solution solidifying agent of the present invention
has the characteristic that it is floated in water
(density 1.0) even when a true density exceeds 1.1
g/cm3. A bulk density and a true density are
appropriately controlled by adjusting a monomer
composition (bulk density and true density,
particularly true density) or a particle diameter
(bulk density). When a bulk density and a true density
are outside the aforementioned range, controlling of
solidification and floating becomes difficult, and a
problem of transport arises in some cases. (12)
Covering index In the waste solution solidifying agent
of the present invention, it is desirable that, a
covering index of a hydrophobic substance on a
water-absorbent resin surface is preferably in a range
of not less than 0.10 to less than 0.80, more
preferably in a range of not less than 0.15 to less
than 0.75, further preferably in a range of not less
than 0.20 to less than 0.70. When a covering index is
0.80 or more near complete covering, settlement upon
placement of a waste solution solidifying agent into a
waste solution becomes insufficient, and there is a
possibility that a time until solidification of a
whole waste solution becomes longer, and a waste
solution is not solidified without settling. On the
other hand, when a covering index is less than 0.10,
floating becomes insufficient upon placement of a
waste solution solidifying agent into a waste solution
becomes insufficient, and there is a possibility that
a time until solidification of a whole waste solution
becomes longer. The method for measuring the
aforementioned covering index will be later described
in detail in Examples. (V) Waste solution solidifying
method The waste solution solidifying method of the
present invention is a method of treating a waste
solution by placing a treating agent into a waste
solution to solidify the waste solution into a gel,
and the aforementioned waste solution solidifying
agent of the present invention is used as the treating
agent. The waste solution solidifyingagent of the
present invention can be used for solidifying various
waste solutions such as a beverage waste solution, a
factory waste solution, a radiation waste solution,
and a feces or urine waste solution, an organic
substance or a solid dispersion may be contained in a
waste solution, and can be preferably used for
solidifying a medical waste solution having many
previous problems, due to rapid and uniform
solidification. A waste solution refers to an aqueous
solution or a leaked aqueous solution for waste. As a
solidification method of the present invention,
various canister shapes (vertically oriented,
laterally oriented etc.) and methods of placing a
solidifying agent (simultaneous placement/divided
placement into waste solution,
pre-placement/post-placement into waste solution) can
be widely applied. Due to rapid uniform
solidification, the waste solution solidifying agent
of the present invention is preferably used for
solidifying a waste solution, preferably, in a
vertically oriented canister, for example, in a
vertically oriented canister (a canister having a 1000
ml measuring cylinder shape described later). Upon
placement, the agent may be placed as a powder, or may
be placed in the state where a waste solution
solidifying agent is placed in a water-soluble,
water-disintegrating or water permeable canister or
bag. A part of a particulate waste solution
solidifying agent placed in a waste solution is sunk,
but since solidification progresses from an upper part
and a lower part of a waste solution by floating of
the rest of the agent, in particular, when a
vertically oriented canister is used, it becomes
possible to remarkably shorten a time until
solidification of a whole waste solution. In addition,
since a floating particulate waste solution
solidifying agent is gradually settled, in other
words, the agent is settled while absorbing a liquid,
the effect of further shortening a time until
solidification of a whole waste solution is also
exerted. (VI) Package for solidifying waste solution A
package for solidifying a waste solution of the
present invention ischaracterized in that the waste
solution solidifying agent of the present invention is
packaged. A shape and a material of a package of the
present invention are not particularly limited. As a
size of a package, such a size is preferable that 10
to 1,000 g of a waste solution solidifying agent can
be sealed, and a waste solution solidifying agent can
be taken out therefrom by opening a part thereof, and
examples include a poly-widemouthed bottle, and a
water-soluble or water-permeable package. Examples of
a poly-widemouthed bottle include a poly-widemouthed
bottle equipped with soft packaging (e.g. a
commercially available bottle described in catalogue
800 manufactured by Teraoka Research Device; material
polyethylene). DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS The present invention will be explained in
further detail below by way of Examples and
Comparative Examples, but the present invention is not
limited to these Examples and the like as far as not
going beyond the gist of the present invention.
Incidentally, physical properties described in these
Examples and Comparative Examples were measured by the
following methods (1) to (12). In addition, unless
otherwise noted, the unit "part(s)" means mass part(s)
(weight rart(s)). (1) Mass average particle diameter A
water-absorbent resin powder or a waste solution
solidifying agent was classified with a JIS standard
sieve such as 850 mm, 600 mm, 500 mm, 425 mm, 300 mm,
212 mm, 150 mm, 106 mm, and 75 mm and a remaining
percentage was plotted on a logarithmic probability
paper. Whereby, a mass average particle diameter (D50)
was read. In classification, 1O g was placed in a JIS
standard sieve having the aforementioned mesh opening
size (The IIDA TESTING SHEAVE: inner diameter 80 mm)
under the condition of room temperature (20 to 250C)
and a relative humidity of 50% RH, and classified with
a Rotap-type sieve shaker (ES-66-type sieve shaker
manufactured by IIDA SEISAICUSYO Co. Ltd.) for 10
minutes. Amass average particle diameter (D50) is a
particle diameter of a standard sieve corresponding to
50% by weight of a whole particle with a standard
sieve having a constant mesh opening size as in USP
No. 5051259. (2) Water absorption capacity
(CRC/Centrifuge Retention Capacity) About 0.20 g (WpI)
of a water-absorbent resin or a waste solution
solidifying agent was uniformly placed in a bag (60 mm
x 60 mm) made of a non-woven fabric, and this was
immersed in a 0.9 mass% aqueous sodium chloride
solution (physiological saline). After 30 minutes, the
bag was pulled out, water was removed at 250 G for 3
minutes using a centrifuge, and a mass Wa (g) was
measured. In addition, the same procedure was
performed without using a water-absorbent resin or a
waste solution solidifying agent and, thereupon, a
mass Wb(g) was measured. From these masses Wa and Wb,
a water absorption capacity (g/g) of a water-absorbent
resin or a waste solution solidifying agent was
measured according to the following mathematical
equation 1. Water absorption capacity (g/g) = (mass Wa
(g) - mass Wb(g) - mass WpI (g) of water-absorbent
resin) / (mass WpI (g) of water-absorbent resin)
(mathematical equation 1) (3) Absorption capacity
under load (AAP/Absorbency Against Pressure)
Absorption capacity under load (AAP) was measured
using an apparatus described in Fig. 1 of Japanese
Patent Application No. 2004-029590 or Fig. 6 of
WO2005/JP1689. A load 208 adjusted so that a pressure
of 2.06 IcPa (0.3 psi) and/or 4.83 IcPa (0.7 psi) was
realized, was prepared. 0.90 g (Wp2) of a
water-absorbent resin or a waste solution solidifying
agent was scattered on a wire net of a plastic
cylinder 204 having a diameter of 60 mm in which a
wire mesh 202 of 400 mesh (mesh opening size: 38 mm)
was attached to a bottom. A liquid absorbing equipment
on which the load 208 (0.3 psi and/or 0.7 psi hour)
was placed, was placed on a filter paper (filter paper
of 90 mm of FILTER PAPER 2 , manufactured by ADVANTEC)
212 of a glass filter 210. A value (Wg) of
aphysiological saline absorbed after 60 minutes was
measured. An absorption capacity under load was
obtained using the following mathematical equation 2.
Absorption capacity under load (g/g) = mass Wc (g) /
mass Wp2 (g) (mathematical equation 2) (4) How to give
impact force In the present invention, regarding how
to give an impact force to a water-absorbent resin or
a waste solution solidifying agent, using the method
described in [0049] to [0053] on page 7 of
JP-A-235378/1997 (Kokai), or in column 7, line 60 to
column 8, line 26 in USP No. 6071976, an impact force
B described in the patent was given to a
water-absorbent resin or a waste solution solidifying
agent. First, 30.0 g of a water-absorbent resin or a
waste solution solidifying agent together with 10.0 g
of glass beads having a ball diameter of 6 mm was
placed into a canister having an inner volume of 225
ml (mayonnaise bottle manufactured by Nihon Yamamura
Glass Co. Ltd., trade name A-29: see USP No. 6071976,
canister 4 1 in Fig. 12), the canister was closed, and
mounted on a dispersing machine (No488 testing
dispersing machine manufactured by Toyo Seiki
Seisakusho, Co., Ltd.: USP No. 6071976, Fig. 14), and
vibration of a vibration rate rotation number of 760
r.p.m. was given for 30 minutes at 100 V/60 Hz using
the dispersing machine. (5) Retaining index of
absorption capacity under load The retaining index of
absorption capacity under load in the present
invention expresses a ratio between absorption
capacities under load before and after impact when an
impact force of the above (4) is given to a
water-absorbent resin or a waste solution solidifying
agent, a moisture absorption flowability index of a
water-absorbent resin or a waste solution solidifying
agent to which an impact force of the above (4) had
been given was measured by a method of the above (3),
and the index was calculated by the following
mathematical equation 3. Retaining index of absorption
capacity under load = Y/X (mathematical equation
3)Absorption capacity under load before impact force
is given: X Absorption capacity under load after
impact force is given: Y (6) Solidification time a)
0.90 mass% aqueous sodium chloride solution A funnel
used for measuring an apparent density described in
JIS K3362 is positioned at an upper part of a
measuring cylinder of an effective volume of 1000 ml
(inner diameter 66 mm, height 292 mm, manufactured by
Miyahara, described in Daishin Seisakusho catalogue
A-1000, code No 1689-11) which stands with a vertical
axial direction and contains 1000 ml of a 0.90 mass%
aqueous sodium chloride solution at 250C, so that a
lower port of a funnel is situated at a height from a
liquid surface of 40 mm, 66 g of a waste solution
solidifying agent is calmly placed into a funnel in
the state where a lower part of a funnel is opened,
and a time until a waste solution does not move even
when the measuring cylinder is fallen is adopted as a
solidification time. b) 0.90 mass% aqueous sodium
chloride solution containing 20 mass% defbered cattle
blood Defibered cattle blood is obtained by sterilely
collecting blood and, immediately thereafter,
assuredly defibering with sterile glass beads, and a
cattle blood containing no chemical such as a
preservative (manufactured by Nippon Biotest
Laboratory, Co., Ltd.) was used. A funnel used for
measuring an apparent density described in JIS K3362
is positioned at an upper part of a measuring cylinder
of an effective volume of 3000 ml (inner diameter 103
mm, height 462 mm, manufactured by Samplatech, Co.,
Ltd., described in Daishin Seisakusho catalogue
A-1000, code No 3737-01) which stands with a vertical
axial direction and contains 3000 ml of an aqueous
solution at 25C to which 20 mass % of defibered cattle
blood has been added to a 0.90 mass% aqueous sodium
chloride solution, so that a lower port of a funnel is
situated at a height from a liquid surface of 40 mm,
99 g of a waste solution solidifying agent is calmly
placedinto a funnel in the state where a lower port of
is opened, and a time until a waste solution does not
move even when the measuring cylinder is fallen is
adopted as a solidification time. (7) Solidifying
agent floating rate As shown in Fig. 1, an acrylic
cylindrical molding (having neither bottom nor lid) of
a height of 200 mm having the same inner diameter as
that of a measuring cylinder (inner diameter 66 mm) of
an effective volume of 1000 ml was immersed in a
polyethylene bucket of an effective volume of 18 L
containing 18 L of a 0.9 mass% aqueous sodium chloride
solution at 25C, in a vertical direction. In addition,
as shown in Fig. 1, a jig A (stainless bar of a
diameter 2 mm) was attached to the acrylic 



cylindrical molding so that only a lower part 146 mm
(corresponding to 500 ml of a volume of measuring
cylinder) of the acrylic cylindrical molding was
immersed (the ig A was not fixed to the bucket of an
effective volume 18 L). 40 g of a waste solution
solidifying agent was placed into the acrylic
cylindrical molding at once by the same method as that
described in the above (3), the whole acrylic
cylindrical molding was scooped up with a mesh opening
size JIS 45 mm sieve (inner diameter 76 mm) after one
minute and, thereafter, a waste solution solidifying
agent in the acrylic cylindrical molding was taken out
in the JIS mesh opening size 45 mm sieve (inner
diameter 76 mm). Thereupon, a waste solution
solidifying agent attached in the acrylic cylindrical
molding was scraped down into the JIS mesh opening
size 45 mm sieve (inner diameter 76 mm) with a
spatula, thereafter, the JIS mesh opening size 45 mm
sieve (inner diameter 76 mm) was dried with the hot
air at 18O0C for 16 hours, and cooled to room
temperature, a mass Wl (g) was measured, and a
solidifying agent floating rate (mass%) was calculated
by the following mathematical equation 4. Solidifying
agent floating rate (mass%) = Wl (g) / 40(g) x 100
(mathematical equation 4) Wl: mass (g) after drying of
floating solidifying agent(8) Solidifying agent
concentration distribution and standard deviation
after absorption a) 0.90 mass% aqueous sodium chloride
solution According to the same manner as that
described in a) of the (6), a 0.90 mass% aqueous
sodium chloride solution was solidified using a waste
solution solidifying agent, and all of a gel situated
at a position of 800 to 1000 ml of the measuring
cylinder having an effective volume of 1000 ml was
sampled. This was transferred to a stainless vat,
dried with the hot air at 180C for 16 hours, and
cooled to room temperature, and a mass WA (g) after
drying was measured. Supposing that a mass WB (g)
corresponding to reduction in a mass due to drying was
all derived from water and, from this, a mass WC (g)
of sodium chloride contained in a gel was calculated
by the following mathematical equation 5. From this, a
content WD (g) of a solidifying agent at a position of
800 to 1000 ml was defined as WA (g) - WC (g)- The
same procedure was performed on a gel at a position of
0 to 800 ml and, according to the same manner as that
of calculation of a content of a solidifying agent
except for a mass of sodium chloride at a position of
800 to 1000 ml, a content WE (g) a solidifying agent
at 600 to 800 ml, a content WF (g) of a solidifying
agent at 400 to 600 ml, a content WG (g) of a
solidifying agent at 200 to 400 ml, and a content WH
(g) of a solidifying agent at 0 to 200 ml were
calculated. Next, a concentration distribution (mass%)
of a solidifying agent was obtained by the following
mathematical equation 6-1. Sodium chloride mass WC (g)
= WB (g)/0.991-WB (g) (mathematical equation 5) WB:
mass (g) corresponding to reduction in mass due to
drying Solidifying agent concentration distribution
(mass%) = (WD (g) or WE (g) or WF (g) or WG (g) or WH
(g)) / (WD (g) + WE (g) + WF (g) + WG (g) + WH (g)) x
100 (mathematical equation 6-1)In addition, a standard
deviation was obtained by the following mathematical
equation 6-2. Standard deviation = -\/[{(X-M)2}/n]
(mathematical equation 6-2) X: solidifying agent
concentration distribution value at each position M:
average of concentration distribution (= 20) n :
number of solidifying agent concentration distribution
value (= 5) b) 0.90 mass% aqueous sodium chloride
solution containing 20 mass% defibered cattle blood As
defibered cattle blood, the same defibered cattle
blood as that of b) of the (6) was used. According to
the same manner as that described in b) of the (6), a
waste solution solidifying agent was used to solidify
an aqueous solution in which 20 mass % of defibered
cattle blood had been added to a 0.90 mass% aqueous
sodium chloride solution, and all gel at a position of
3000 to 2400 ml of the measuring cylinder of an
effective volume of 3000 ml was sampled. This was
transferred to a stainless vat, this was dried with
hot air at 180C for 16 hours, and cooled to room
temperature, and a mass WI (g) after drying was
measured. Gels at positions of 2400 to 1800 ml, 1800
to 1200 ml, 1200 to 600 ml, and 600 to 0 ml were
subjected to the similar procedure, and masses WJ (g),
WK (g), WL (g) and WM (g) after drying were measured,
respectively. From masses after drying, a
concentration distribution (mass%) of a solidifying
agent was obtained by following mathematical equation
6-3. Solidifying agent concentration distribution
(mass%) = (WI (g) or WJ (g) or WK (g) or WL (g) or WM
(g)) / (WI (g) + WJ (g) + WK (g) + WL (g) + WM (g)) x
100 (mathematical equation 6-3) In addition, a
standard deviation was obtained by the following
mathematical equation 6-2 as in a). (9) Methanol
index50 ml of pure water at 25C and a stirrer chip
(length 25 mm x diameter 8 mm, left and light tapered,
material: Teflon (registered trademark)) were placed
into a glass beaker (inner diameter 78 mm x height 103
mm) having a volume of 300 ml, 1 g of a hydrophobic
substance was added thereon, and this was stirred with
a stirrer at 750 rpm. When methanol at 25C is added
dropwise therein with a burette at 10 ml/min, in the
case where this hydrophobic substance is a solid, a
volume (ml) of methanol at 25C necessary for wetting
it, and removing (settling) a floating substance on a
liquid surface is referred to as methanol index, or in
the case where this hydrophobic substance is a liquid,
a volume (ml) of methanol at 25C necessary for
dispersing and/or emulsifying this is referred to as
methanol index. Even when a volume of methanol at 250C
exceeds 200 ml, in the case where a hydrophobic
substance is wetted, and a floating substance on a
liquid surface is not nullified, or in the case where
dispersion or emulsification was impossible, a
methanol index was regarded as 200 or more. In
addition, the state where a hydrophobic substance
which is a solid is swollen upon measurement of a
methanol index in the present invention means the
state where there is no floating substance
(hydrophobic substance) on a liquid surface, in other
words, the state where all hydrophobic substances are
floated in a liquid, or a settled on a bottle of a
beaker. The state where a hydrophobic substance which
is a liquid is dispersed and/or emulsified means the
state where a liquid is not separated into a methanol
layer and a hydrophobic substance layer. In addition,
when a hydrophobic substance together with a
hydrophilic substance was used in a waste solution
solidifying agent, 1 g of a sample was prepared at a
mass ratio of a hydrophobic substance and a
hydrophilic substance to be used, and this was used to
measure a methanol index. (10) Flowability index at
moisture absorption About 2g of a water-absorbent
resin or a waste solution solidifying agent which had
passed through a JIS 850 mm standard sieve was
uniformly scattered in analuminum cup having a
diameter of 52 mm, this was allowed to stand in a
constant temperature and constant humidity equipment
for 1 hour under the temperature of 250C and a
relative humidity of 90%RH. After one hour, a
water-absorbent resin or a waste solution solidifying
agent contained in an aluminum cup was transferred on
a JIS 2000 mm standard sieve (The IIDA TESTING SIEVE:
inner diameter 80 mm), and classified for 5 seconds
under room temperature (20 to 250C) and a relative
humidity 50%RH using a Rotap-typed sieve shaker (ES-65
type sieve shaker manufactured by IIDA Seisakusho,
Co., Ltd.; rotation number 230r.p.m, impact number
130r.p.m), and a mass (A g) of a water-absorbent resin
or a waste solution solidifying agent which remained
on a 2000 mm mesh, and a mass (B g) of a
water-absorbent resin or a waste solution solidifying
agent which had passed through the mesh was measured.
In the present invention, a flowability index at
moisture absorption is defined by the following
mathematical equation 7, and the index was calculated
according to it. Flowability index at moisture
absorption (mass%) = A (g)/(A (g) + B (g)) x 100
(mathematical equation 7) (11) Moisture absorption
flowability retaining index A moisture absorption
flowability retaining index in the present invention
expresses a ratio between moisture absorption
flowabilities before and after impact when an impact
force of the above (4) is given to.a water-absorbent
resin or a waste solution solidifying agent, a
moisture absorption flowability index of a
water-absorbent resin or a waste solution solidifying
agent to which an impact force of the above (4) had
been given was measured by a method of the above (10),
and the index was calculated by the following
mathematical equation 8. Moisture absorption
flowability retaining index = Y/X (mathematical
equation 8) Moisture absorption flowability index
before impact force is given: X Moisture absorption
flowability index after impact force is given: Y(12)
Bulk density A bulk density was measured according to
JIS K3362. Specifically, a bulk density was measured
using a measuring equipment shown in Fig. 3 of
Japanese Patent Application No. 2004-029590 or Fig. 7
of WO2005/JP1689 by the following method. a) A
measuring equipment is placed on a stable base, this
is kept horizontal by regulating a three-leg screw, a
dried funnel 401 is placed on a stand vertically, and
a damper 402 is slightly abutted against a lower port
to close the port. b) A cup 403 which has been washed
and dried, and a mass of which has been weighed up to
0.1 g is placed beneath funnel 401, then, 100.0 g of a
shrunk sample is calmly placed into a funnel 401. c) A
damper 402 is rapidly opened fully, a sample in a
funnel 401 is naturally fallen into a cup 403. In the
case where a sample is massy and is attached to a
funnel 401, a mass is broken with a glass bar in
advance. A part projecting from a cup 403 is ground
down with a glass bar (diameter about 8 mm, length
about 160 mm), and a mass of a cup 403 containing a
sample is weighed up to 0.1 g. And, a bulk density was
obtained using the following mathematical equation 9.
S = (W2-W1)/V (mathematical equation 9) Wherein, S:
bulk density (g/ml) W2: mass (g) of cup containing
sample Wl: mass (g) of empty cup V: volume (ml) of cup
(13) Covering index A polyvalent metal salt on a
water-absorbent resin surface before and after
addition of a hydrophobic substance was quantified by
ESCA, and a covering index was calculated. Thereupon,
measurement was performed by conducting Ar ion
discharge polishing (hereinafter, abbreviated as
spattering) for 3 seconds toextremely slightly cut a
water-absorbent resin. As an apparatus, JPS-9000MX
manufactured by JEOL was used. An electrically
conducting tape was cut into about 1 cm square, this
was applied to an about 6 cm x 1 cm rectangular sample
base, about 0.2 g of a water-absorbent resin was
scattered thereon, a water-absorbent resin which had
not been adhered to a tape was blown off with a
nitrogen gas, and a water-absorbent resin was fixed on
a tape to such an extent that a gap was slightly
observed with naked eyes. This sample base was placed
into a pre-evacuating chamber, and pre-evacuated for
16 hours. Then, using a thermal cathode electron
impact type (Kaufman) ion gun (ion beam current 50 mA,
ion beam diameter 1.5 mm), spattering was performed
for 3 seconds under the conditions of Ar ion
acceleration voltage of 500 V, an acceleration current
of 8.5 mA, and an Ar gas pressure of 3x10 2 Pa. After
evacuation of an Ar gas, a sample base was transferred
to a sample chamber for measurement, scanning was
repeated ten times every atom under conditions (e.g.
Ka rays of Mg was used as an excitation X-ray source,
an acceleration voltage was set at 10 IcV, emission
current was set at 10 mA, pass energy of a detector
was set at 10 eV, an energy scanning interval was set
at 0.1 eV. An inner shell level was set in a range of
1010 to 1034 eV containing a peak assignable to 2p3/2
in Zn, and was set in a range of 1062 to 1082 eV
containing a peak assignable to I s in Na.) adjusted
depending on an element to be detected, and a
photoelectron spectrum was obtained. An area value
(eV*cps) obtained from a spectrum which had been
subjected to background correction (performed by
Shirley method) was subjected to quantification
correction calculation using a relative sensitivity
factor provided on an analysis software annexed to an
apparatus, and a value of each element was calculated.
From the thus obtained Na atom number on a
water-absorbent resin surface after covering, and Na
atom number of a water-absorbent resin before covering
with a hydrophobic substance, a covering index of a
hydrophobic substance was obtained by the following
mathematical equation 10.Covering index = 1 - {(Na
atom number on water-absorbent resin surface after
covering with hydrophobic substance)/(Na atom number
of water-absorbent resin before covering with
hydrophobic substance)} (mathematical equation 10)
[Reference Example 1] 5.9 g of polyethylene glycol
diacrylate (average addition mole number of ethylene
oxide 8) was dissolved in 5500 g of an aqueous sodium
acrylate solution (monomer concentration 38 mass %)
having a neutralization rate of 65 mol%, and the
solution was used as a reaction solution. Then, this
reaction solution was degassed for 30 minutes under
the nitrogen gas atmosphere. Then, the reaction
solution was supplied to a reactor formed by attaching
a lid to a stainless twin-arm type kneader with a
jacket of an internal volume of 10 L which had two
sigma-type wings, and the system was replaced with a
nitrogen gas while maintaining the reaction solution
at 3O0C. Subsequently, 2.46 g of sodium persulfate and
0.10 g of L-ascorbic acid were added while stirring
the reaction solution, and polymerization was started
about one minute later. And, polymerization was
performed at an upper limit and a lower limit of 30C
to 900C3 and at 60 minutes after polymerization
initiation, a hydrous gel-polymer was taken out. In
the resulting hydrous gel-like polymer, a diameter
thereof was reduced to about 5 mm. This finely divided
hydrous gel-like polymer was spread on a 50 mesh (mesh
opening size: 300 mm) wire net, and dried with the hot
air at 1500C for 90 minutes. Then, a dried substance
was pulverized using a vibration mill and further
classified and compounded according to JIS 850 mm to
obtain an irregularly pulverized shape water-absorbent
resin (A). Into 100 parts of the resulting
water-absorbent resin (A) was mixed a surface
crosslinking agent comprising 0.5 parts of propylene
glycol, 0.3 parts of 1,4-butanediol, and 3 parts of
water. The mixture was heat-treated at 2000C for 45
minutes to obtain a water-absorbent resin (B).
[Reference Example 2]5.9 g of polyethylene glycol
diacrylate (average addition mol number of ethylene
oxide 8) was dissolved in 5500 g of an aqueous sodium
acrylate solution (monomer concentration 38 mass %)
having a neutralization rate of 65 mol%, and the
solution was used as a reaction solution. Then, this
reaction solution was degassed for 30 minutes under
the nitrogen gas atmosphere. Then, the reaction
solution was supplied to a reactor formed by attaching
a lid to a stainless twin-arm type kneader with a
jacket having an inner volume of 10 L which had two
sigma-type wings, and the system was replaced with a
nitrogen gas while maintaining the reaction solution
at 30C. Subsequently, 2.46 g of sodium persulfate and
0.10 g of L-ascorbic acid were added while stirring
the reaction solution, and polymerization was
initiated about 1 minute later. And, polymerization
was performed at an upper limit and a lower limit of
30C to 90C and, at 60 minutes after polymerization
initiation, a hydrous gel-like polymer was taken out.
In the resulting hydrous gel-like polymer, a diameter
thereof was reduced to about 5 mm. This finely divided
hydrous gel-like polymer was spread on a 50 mesh (mesh
opening size: 300 mm) wire net, and this was dried
with the hot air at 150C for 90 minutes. Then, a dried
substance was pulverized using a vibration mill, and
classified and compounded according to JIS 500 mm to
obtain an irregularly pulverized shape water-absorbent
resin (C). Into 100 parts of the resulting
water-absorbent resin (C) was mixed a surface
crosslinking agent comprising 0.7 parts of glycerin, 2
parts of water, and 0.5 parts of isopropyl alcohol.
The mixture was heat-treated at 200C for 45 minutes to
obtain a water-absorbent resin (D). [Reference Example
3] 1.0 L of cyclohexane was placed into a 2 L
four-neck separable flask equipped with a stirrer, a
refluxing condenser, a thermometer, a nitrogen gas
introducing tube and an addition funnel, 4.0 g of
sucrose fatty acid ester (manufactured by Dai-ichi
Kogyo Seiyaku Co., Ltd., DK-ester F-50, HLB = 6) as a
dispersant was added to. dissolve the material, and a
nitrogen gas was blown therein to expel
dissolvedoxygen. Separately, 84.6 g of sodium
acrylate, 21.6 g of acrylic acid and 0.016 g of
N,N'-methylenebisacrylamide were dissolved in 197 g of
ion-exchanged water, 0.53 g of hydroxyethyl cellulose
(manufactured by Daicel Chemical Industries, Co.,
Ltd., HEC-Daicel EP-850) was further dissolved, to
prepare an aqueous monomer solution having a monomer
concentration of 35 mass %, and a viscosity of 40 cps.
0.15 g of potassium persulfate was added to this
aqueous monomer solution to dissolve the material, and
nitrogen gas was blown therein to expel oxygen
dissolved in an aqueous solution. Then, an aqueous
monomer solution in this flask was added to the
separable flask, and this was stirred at 230 rpm to
disperse the material. Thereafter, a bath temperature
was raised to 60C to initiate a polymerization
reaction, and a temperature was maintained at this
temperature for 2 hours to complete the
polymerization. After completion of polymerization,
water in a hydrous gel was distilled off by azeotropic
dehydration with cyclohexane, this was filtered, and
dried at 800C under reduced pressure to obtain a
spherical polymer powder (E). A water content of the
resulting polymer powder (E) was 5.6%. Into 100 parts
of the polymer powder (E) mixed a treating solution
comprising 0.3 parts of diethylene glycol, 4 parts of
water, and 0.5 parts of isopropanol with a paddle-type
mixer. At mixing, a great mass was not generated at
all, and the mixture was passed through a JIS 850 mm
standard sieve, and all of the mixture passed. The
resulting mixture was heat-treated with a paddle drier
at 1800C for 1 hour, to obtain a water-absorbent resin
(F). [Reference Example 4] 1.0 L of cyclohexane was
taken in a 2 L four-neck separable flask equipped with
a stirrer, a refluxing condenser, a thermometer, a
nitrogen gas introducing tube and an addition funnel,
4.0 g of sucrose fatty acid ester (manufactured by
Dai-ichi Kogyo Seiyaku Co., Ltd., DK ester F-50, HLB =
6) as a dispersant was added to dissolve it, and a
nitrogen gas was blown therein to expel dissolved
oxygen. . Separately, 84.6 g of sodium acrylate, 21.6
g of acrylic acid and 0.016 g
ofN,N'-methylenebisacrylamide were dissolved in 197 g
of ion-exchanged water in a flask, and 0.53 g of
hydroxyethyl cellulose (manufactured by Daicel
Chemical Industries, Co., Ltd., HEC-Daicel EP-850) was
further dissolved to prepare an aqueous monomer
solution having a monomer concentration of 35 mass %
and a viscosity of 40 cps. 0.15 g of potassium
persulfate was added to this aqueous monomer solution
to dissolve it, and a nitrogen gas was blown into the
aqueous solution to expel dissolved oxygen therein.
Then, an aqueous monomer solution in this flask was
added to the separable flask, and this was stirred at
230 rpm to disperse it. Thereafter, a bath temperature
was raised to 6O0C, a polymerization reaction was
initiated, and a temperature was retained at this
temperature for 2 hours to complete the
polymerization. To this polymerization solution was
added 1.75 g of wet milling silicon dioxide (Tokusil
NP: manufactured by Tokuyama, Co., Ltd.), water and
hexane were removed by distillation, and this was
dried at 800C under reduced pressure to obtain a
grape-bunch-shaped polymer powder (G). A water content
of the resulting polymer powder (G) was 5.6%. Into 100
parts of a polymer powder (G) was mixed a treating
solution comprising 0.3 parts of diethylene glycol, 4
parts of water and 0.5 parts of isopropanol with a
paddle-type mixer. At mixing, a great mass was not
generated at all, the mixture was passed through a JIS
850 mm standard sieve, and all of the mixture passed.
The resulting mixture was heat-treated with a paddle
drier at 180C for 1 hour to obtain a water-absorbent
resin (H). [Reference Example 5] 75 g of pure water
was added to 500 g of an irregularly pulverized shape
water-absorbent resin (B) described in Reference
Example 1, the materials were mixed at 330 rpm for 10
minutes using a Lodige mixer (type M5R manufactured by
Gebrder Lodige Maschinenbau GmbH), and dried at 800C
for 60 minutes in a dryer. A dried substance was
pulverized using a vibration mill, classified with a
JIS 850 mm sieve, and compounded to obtain a
granulated irregular-shape water-absorbent resin
(I)-[Reference Example 6] A water-absorbent resin (A)
described in Reference Example 1 was classified with a
JIS 150 mm sieve, to 300 g of a water-absorbent resin
(J) which had passed through the sieve was added 420 g
of hot water, the materials were mixed at 330 rpm for
2 minutes using a Lodige mixer (type M5R manufactured
by Gebrder Lodige Maschinenbau GmbH), and then dried
at 180C for 60 minutes in a dryer. A dried substance
was pulverized using a vibration mill, classified with
a JIS 850 mm sieve, and compounded to obtain a
granulated irregular-shape water-absorbent resin (K).
A photograph of the water-absorbent resin (K) is shown
in Fig. 2. Into 100 g of a water-absorbent resin (K)
was mixed a surface crosslinking agent comprising 0.5
part of propylene glycol, 0.3 part of 1,4-butanediol
and 3 parts of water, and the mixture was heat-treated
at 200C for 45 minutes to obtain a water-absorbent
resin (L). [Reference Example 7] An alkaline
water-soluble resin was prepared by the following
method. That is, a tank-type reactor of a volume of
100 L equipped with a thermometer, a stirring wing, a
refluxing condenser and an addition device was charged
with 1.8 kg of acrylic acid, 10.2 kg of ethyl
acrylate, 24 g of
2,2'-azobis-(2,4-dimethylvaleronitrile) as a
polymerization initiator, and 28 kg of methanol as a
solvent. On the other hand, an addition device was
charged with a mixed solution comprising 2.7 kg of
acrylic acid, 5.4 kg of methyl acrylate, 9.9 kg of
methyl methacrylate, 66 g of
2,2'-azobis-(2,4-dimethylvaleronitrile) and 2 kg of
methanol. Then, a methanol solution in the reactor was
heated to 65C in the nitrogen gas atmosphere while
stirring, followed by a reaction for 20 minutes.
Thereby, a polymerization conversion of a content was
regulated to be 72%. Subsequently, the aforementioned
mixed solution was evenly added dropwise from an
addition device over 2 hours while maintaining an
inner temperature at 65C. After completion of
addition, 60 kg of methyl ethyl ketone was mixed into
a content, thereby, a 25mass% solution of an alkaline
water-soluble resin (M) (hereinafter, the alkaline
water-soluble resin (M) is referred to ASP in some
cases) was obtained. An acid value of the resulting
alkaline water-soluble resin (M) was 117 mgKOH/g, a
weight average molecular weight Mw of the alkaline
water-soluble resin (M) was 156,000, and a number
average molecular weight Mn was 69,000. Further, when
analyzed with a differential scanning calorimeter, a
glass transition temperature (Tg) was observed at 1O0C
and 670C. In addition, solubility of the alkaline
water-soluble resin (M) in ion-exchanged water at 25C
was less than 0.5 mass%, and alkaline water solubility
(solubility in alkaline water) was 100 mass%. [Example
1] 0.1 mass % of zinc stearate (manufactured by Kanto
Kagaku, Co., Ltd., deer first grade) relative to 100
parts of a water-absorbent resin (A) was placed into a
Lodige mixer (manufactured by Gebrder Lodige
Maschinenbau GmbH, type: M5R) under 25C and a relative
humidity of 50%RH, and this was stirred at 330 rpm for
90 seconds to obtain a waste solution solidifying
agent (1). Using 40 g of a waste solution solidifying
agent (1), a solidification time and a solidifying
agent floating rate when 1000 ml of a 0.90 mass%
aqueous sodium chloride solution at 25C placed into a
measuring cylinder having an effective volume of 1000
ml (inner diameter 66 mm) was solidified, were
measured. Further, a concentration distribution of a
waste solution solidifying agent in a measuring
cylinder, and a standard deviation thereof were
obtained. Results are shown in Table 1. In addition, a
0.90 mass% aqueous sodium chloride solution containing
20 mass % of defibered cattle blood was solidified
similarly, a solidification time was measured, and a
concentration distribution of a waste solution
solidifying agent in a measuring cylinder, and a
standard deviation thereof were obtained. Results are
shown in Table 2. A waste solution solidifying agent
(1) was filled into a poly-widemouthedbottle equipped
with a soft package (material polyethylene, described
in catalogue 800 of Teraoka Research Device, inner
amount 200 cc). When a solidification test was
performed, a predetermined amount of a waste solution
solidifying agent was filled, from which all amount of
a waste solution solidifying agent was placed into a
funnel. The same procedure was performed also
regarding Example 2 to 19 and Comparative Examples 1
to 4. [Example 2] According to the same manner as that
of Example 1 except that a water-absorbent resin (A)
was changed to a water-absorbent resin (B), a waste
solution solidifying agent (2) was obtained. Using 40
g of a waste solution solidifying agent (2), a
solidifying time and a solidifying agent floating rate
when 1000 ml of a 0.90 mass% aqueous sodium chloride
solution at 25C placed in a measuring cylinder having
an effective volume of 1000 ml (inner diameter 66 mm)
was solidified, were measured. Further, a
concentration distribution of a waste solution
solidifying agent in a measuring cylinder, and a
standard deviation thereof were obtained. Results are
shown in Table 1. In addition, a 0.90 mass% aqueous
sodium chloride solution containing 20 mass % of
defibered cattle blood was solidified similarly, a
solidification time was measured, and a concentration
distribution of a waste solution solidifying agent in
a measuring cylinder, and a standard deviation thereof
were obtained. Results are shown in Table 2. [Example
3] The same procedure as that of Example 2 was
performed except that 0.10 mass % of zinc stearate was
changed to 0.2 mass % of hydrophobic silicon dioxide
(trade name Aerosil R972; manufactured by Nippon
Aerosil Co., Ltd.). Thereby a waste solution
solidifying agent (3) was obtained. Thereupon, a
solidification time when 1000 ml of a 0.90 mass%
aqueous sodium chloride solution at 250C placed in
ameasuring cylinder having an effective volume of 1000
ml (inner diameter 66 mm) was solidified, was
measured. Results are shown in Table 1. [Example 4]
The same procedure as that of Example 2 was performed
except that 0.10 mass % of zinc stearate was changed
to 0.20 mass % of zinc stearate and 0.2 mass % of
hydrophilic silicon dioxide (trade name Aerosil 200;
manufactured by Nippon Aerosil Co., Ltd.). Thereby a
waste solution solidifying agent (4) was obtained.
Thereupon, a solidification time when 1000 ml of a
0.90 mass% aqueous sodium chloride solution at 25C
placed in a measuring cylinder having an effective
volume of 1000 ml (inner diameter 66 mm) was
solidified, was measured. Results are shown in Table
1. [Example 5] The same procedure as that of Example 2
was performed except that 0.1 mass % of zinc stearate
was changed to 4.00 mass % of fine powder polyethylene
(trade name FLO-THENE F-1.5 manufactured by Sumitomo
Seika Chemicals Co., Ltd.). Thereby a waste solution
solidifying agent (5) was obtained. Thereupon, a
solidification time when 1000 ml of a 0.90 mass %
aqueous sodium chloride solution at 25C placed in a
measuring cylinder having an effective volume of 1000
ml (inner diameter 66 mm) was solidified, was
measured. Results are shown in Table 1. [Example 6]
The same procedure as that of Example 2 was performed
except that 0.10 mass % of zinc stearate was changed
to 0.15 mass % of zinc myristate (trade name Powder
Base M manufactured by Nippon Oil & Fats Co., Ltd.).
Thereby a waste solution solidifying agent (6) was
obtained. Thereupon, a solidification time when 1000
ml of a 0.90 mass% aqueous sodium chloride solution at
250C placed in a measuring cylinder having an
effective volume of 1000 ml (inner diameter 66 mm) was
solidified, was measured. Results are shown in Table
1. [Example 7]The same procedure as that of Example 2
was performed except that 0.10 mass % of zinc stearate
was changed to 0.15 mass % of calcium stearate (trade
name Japanese Pharmacopoeia calcium stearate,
manufactured by Nippon Oil & Fats Co., Ltd.). Thereby
a waste solution solidifying agent (7) was obtained.
Thereupon, a solidification time when 1000 ml of a
0.90 mass % aqueous sodium chloride solution at 250C
placed in a measuring cylinder having an effective
volume of 1000 ml (inner diameter 66 mm) was
solidified, was measured. Results are shown in Table
1. [Example 8] The same procedure as that of Example 2
was performed except that 0.1 mass % of zinc stearate
was changed to 0.60 mass % of erucic acid amide
manufactured by Tokyo Kasei Kogyo Co., Ltd.). Thereby
a waste solution solidifying agent (8) was obtained.
Erucic acid amide was ground with a mortar, and passed
through a JIS 200 mm sieve to obtain a powder, which
was used. Thereupon, a solidification time when 1000
ml of a 0.90 mass% aqueous sodium chloride solution
placed at 250C in a measuring cylinder having an
effective volume , of 1000 ml (inner diameter 66 mm)
was solidified, was measured. Results are shown in
Table 1. [Example 9] The same procedure as that of
Example 2 was performed except that 0.10 mass % of
zinc stearate was changed to 0.40 mass % of stearyl
stearate (trade name; Unister M-9676, manufactured by
Nippon Oil & Fats Co., Ltd.). Thereby a waste solution
solidifying agent (9) was obtained. Stearyl stearate
was ground with a mortar, and passed through a JIS 200
mm sieve to obtain a powder, which was used.
Thereupon, a solidification time when 1000 ml of a
0.90 mass% aqueous sodium chloride solution at 250C
placed in a measuring cylinder having an effective
volume of 1000 ml (inner diameter 66 mm) was
solidified, was measured. Results are shown in Table
1. [Example 10]The same procedure as that of Example 2
was performed except that a water-absorbent resin (B)
was changed to a water-absorbent resin (D). Thereby a
waste solution solidifying agent (10) was obtained.
Thereupon, a solidification time when 1000 ml of 0.90
mass% aqueous sodium chloride solution at 250C placed
in a measuring cylinder having an effective volume of
1000 ml (inner diameter 66 mm) was solidified, was
measured. Results are shown in Table 1. [Example 11]
The same procedure as that of Example 2 was performed
except that a water-absorbent resin (B) was changed to
a water-absorbent resin (E). Thereby a waste solution
solidifying agent (11) was obtained. Thereupon, a
solidification time when 1000 ml a 0.90 mass% aqueous
sodium chloride solution at 250C placed in a measuring
cylinder having an effective volume of 1000 ml (inner
diameter 66 mm) was solidified, was measured. Results
are shown in Table 1. [Example 12] The same procedure
as that of Example 2 was performed except that a
water-absorbent resin (B) was changed to a
water-absorbent resin (F). Thereby a waste solution
solidifying agent (12) was obtained. Thereupon, a
solidification time when 1000 ml a 0.90 mass% aqueous
sodium chloride solution at 25C placed in a measuring
cylinder having an effective volume of 1000 ml (inner
diameter 66 mm) was solidified, was measured. Results
are shown in Table 1. [Example 13] The same procedure
as that of Example 2 was performed except that a
water-absorbent resin (B) was changed to a
water-absorbent resin (G). Thereby a waste solution
solidifying agent (13) was obtained. Thereupon, a
solidification time when 1000 ml a 0.90 mass% aqueous
sodium chloride solution at 250C placed in a measuring
cylinder having an effective volume of 1000 ml (inner
diameter 66 mm) was solidified, was measured. Results
are shown in Table 1. [Example 14]The same procedure
as that of Example 2 was performed except that a
water-absorbent resin (B) was changed to a
water-absorbent resin (H). Thereby a waste solution
solidifying agent (14) was obtained. Thereupon, a
solidification time when 1000 ml of a 0.90 mass%
aqueous sodium chloride solution at 25C placed in a
measuring cylinder having an effective volume of 1000
ml (inner diameter 66 mm) was solidified, was
measured. Results are shown in Table 1. In addition, a
0.90 mass% aqueous sodium chloride solution containing
20 mass % of defibered cattle blood was solidified
similarly, a solidification time was measured, and a
concentration distribution of a waste solution
solidifying agent in a measuring cylinder, and a
standard deviation thereof were obtained. Results are
shown in Table 2. [Example 15] The same procedure as
that of Example 2 was performed except that a
water-absorbent resin (B) was changed to a
water-absorbent resin (I). Thereby a waste solution
solidifying agent (15) was obtained. Thereupon, a
solidification time when 1000 ml of a 0.90 mass%
aqueous sodium chloride solution at 25C placed in a
measuring cylinder having an effective volume of 1000
ml (inner diameter 66 mm) was solidified, was
measured. Further, a concentration distribution of a
waste solution solidifying agent in a measuring
cylinder, and a standard deviation thereof were
obtained. Results are shown in Table 1. In addition, a
0.90 mass% aqueous sodium chloride solution containing
20 mass % of defibered cattle blood was solidified
similarly, a solidification time was measured, and a
concentration distribution of a waste solution
solidifying agent in a measuring cylinder, and a
standard deviation thereof were obtained. Results are
shown in Table 2. [Example 16] The same procedure as
that of Example 2 was performed except that a
water-absorbent resin (B) was changed to a
water-absorbent resin (K). Thereby awaste solution
solidifying agent (16) was obtained. Thereupon, a
solidification time when 1000 ml of a 0.90 mass%
aqueous sodium chloride solution at 250C placed in a
measuring cylinder having an effective volume of 1000
ml (inner diameter 66 mm) was solidified, was
measured. Results are shown in Table 1. In addition, a
0.90 mass% aqueous sodium chloride solution containing
20 mass % of defibered cattle blood was solidified
similarly, a solidification time was measured, and a
concentration distribution of a waste solution
solidifying agent in a measuring cylinder, and a
standard deviation thereof were obtained. Results are
shown in Table 2. [Example 17] The same procedure as
that of Example 2 was performed except that a
water-absorbent resin (B) was changed to a
water-absorbent resin (L). Thereby a waste solution
solidifying agent (17) was obtained. Thereupon, a
solidification time when 1000 ml of a 0.90 mass%
aqueous sodium chloride solution at 250C placed in a
measuring cylinder having an effective volume of 1000
ml (inner diameter 66 mm) was solidified, was
measured. Results are shown in Table 1. [Example 18] 



According to the same manner as that of Example 2
except that the water-absorbent resin (B) was changed
to a mixture comprising 50 mass % of a water-absorbent
resin (B) and 50 mass % of a water-absorbent resin
(L), the same procedure was performed. Thereby a waste
solution solidifying agent (18) was obtained.
Thereupon, a solidification time when 1000 ml of a
0.90 mass% aqueous sodium chloride solution at 25C
placed in a measuring cylinder of an effective volume
of 1000 ml (inner diameter 66 mm) was measured.
Results are shown in Table 1. [Example 19] An amount
of 200 g of water-absorbent resin (D) was placed into
a cooking cutter, and 4.0 g of a 92.5 mass% methanol/5
mass% methyl ethyl ketone solution inwhich 2.5 mass %
of an alkaline water-soluble resin (M) had been
dissolved was added dropwise while stirring and
mixing, and this was mixed. After allowing to stand at
room temperature to volatilize a solvent, this was
passed through a 850 m,m sieve to obtain a
water-absorbent resin (N) = a waste solution
solidifying agent (19). A solidification time when
1000 ml of a 0.90 mass% aqueous sodium chloride
solution at 25C placed in a measuring cylinder of an
effective volume of 1000 ml (inner diameter 66 mm) was
measured. Results are shown in Table 1. [Comparative
Example 1] Using 40 g of a water-absorbent resin (A),
a solidification time when 1000 ml of a 0.90 mass%
aqueous sodium chloride solution at 25C placed in a
measuring cylinder having an effective volume of 1000
ml (inner diameter 66 mm) was solidified, was
measured. Results are shown in Table 1. [Comparative
Example 2] The same procedure as that of Comparative
Example 1 was performed except that a water-absorbent
resin (A) was changed to a water-absorbent resin (B).
A solidification time, and a solidifying agent
floating rate when 1000 ml of a 0.90 mass% aqueous
sodium chloride solution at 25C placed in a measuring
cylinder having an effective volume of 1000 ml (inner
diameter 66 mm) was solidified, were measured.
Further, a concentration distribution of a waste
solution solidifying agent in a measuring cylinder,
and a standard deviation thereof were obtained.
Results are shown in Table 1. In addition, a 0.90
mass% aqueous sodium chloride solution containing 20
mass % of defibered cattle blood was solidified
similarly, a solidification time was measured, and a
concentration distribution of a waste solution
solidifying agent in a measuring cylinder, and a
standard deviation thereof were obtained. Results are
shown in Table 2. [Comparative Example 3] According to
the same manner as that of Example 2 except that an
amount ofzinc stearate was changed to 12.0 mass%, the
same procedure was performed. A solidification time
and a solidifying agent floating rate when 1000 ml of
a 0.90 mass% aqueous sodium chloride solution at 250C
placed in a measuring cylinder having an effective
volume of 1000 ml (inner diameter 66 mm) was
solidified were measured. Results are shown in Table
1. In addition, a 0.90 mass% aqueous sodium chloride
solution containing 20 mass % of defibered cattle
blood was solidified similarly, a solidification time
was measured, and a concentration distribution of a
waste solution solidifying agent in a measuring
cylinder, and a standard deviation thereof were
obtained. Results are shown in Table 2. [Comparative
Example 4] According to the same manner as that of
Example 2 except that an amount of zinc stearate was
changed to 0.0001 mass%, the same procedure was
performed. A solidification time and a solidifying
agent floating rate when 1000 ml of a 0.90 mass%
aqueous sodium chloride solution at 250C placed in a
measuring cylinder having an effective volume of 1000
ml (inner diameter 66 mm)was solidified were measured.
Results are shown in Table 1.Table 1: Results in 0.9
mass% aqueous sodium chloride solution Waste Water-
Average Hydrophobic Hydrophilic Methanol Amount
Solidifying Floating Concentration distribution of
water- Standard Covering solution absorbent particle
substance substance index of of time amount of
absorbent resin (mass%) deviation index solidifying
resin diameter hydrophobic solidifying (seconds)
solidifying 1000L- 800L- 600L- 400L- 200Lagent (mm)
substance agent agent 800L 600L 400L 200L OL obtained
M. (mass%) Example 1 440 Zinc stearate 200 or more 40
420 50.4 2 1 20 19 18 22 1.4 0.35 0.10 mass % Example
2 430 ditto ditto ditto 420 54.1 20 19 18 2 1 22 1.4
0.38 Example 3 ditto 432 Aerosil R972 47 ditto 430
45.5 22 21 18 18 21 1.7 0.20 mass % Example 4 ditto
429 Zinc stearate Aerosil ,200 200 or more ditto 510
52.4 2 1 20 20 20 19 0.6 0.20 mass % 0.20 mass %
Example 5 ditto 435 FLO-THENE ditto ditto 370 48.6 26
20 14 18 22 4.0 F-1.5 4.00 mass % Example 6 ditto .
425 Powder Base ditto ditto 410 42.9 22 19 19 20 20
1.1 M 0.15 mass % Example 7 ditto 422 Japanese 170
ditto 485 48.9 22 19 18 19 22 1.7 Pharmacopoeia
calcium stearate 0.15 mass % Example 8 ditto 435
Erucic acid 150 ditto 480 48.9 20 18 19 20 23 1.7
amide 0.60 mass % Example 9 ditto 440 Unister 150
ditto 380 46.7 2 1 20 19 18 22 1.4 M-9676 4 0.40 mass
% Example 10 10 230 Zinc stearate 200 or more ditto
430 49.9 25 20 16 16 23 3.6 0.10 mass % Example I l 11
202 ditto 200 or more ditto 420 54.0 25 19 15 18 23
3.6 Example 12 12 220 ditto ditto ditto 420 54.0 25 19
15 18 23 3.6 Example 13 13 400 ditto ditto ditto 400
39.0 25 20 16 16 23 3.6 Example 14 14 403 ditto ditto
ditto 420 51.3 18 17 18 2 1 26 3.3 Example 15 15 440
ditto ditto ditto 380 40.0 18 17 18 2 1 26 3.3 Example
16 16 K 440 ditto ditto ditto 250 62.4 29 18 16 18 19
4.6 Example 17 17 445 ditto ditto ditto 350 65.0 29 21
18 17 15 4.9 Example 18 18 B 50 440 ditto ditto ditto
420 54.0 18 17 18 2 1 26 3.3 mass % + L 50 mass %
Example 19 19 N 420 ASP (0.25 ditto ditto 420 60.0 22
20 18 18 22 1.8 mass %) 4.00 mass % Comparative 440
ditto Not 0.5 10 15 25 42 12.5 0.00 Example 1
solidifying Comparative 430 ditto 660 1.0 14 16 16 22
32 6.6 0.00 Example 2 Comparative 430 Zinc stearate
200 or more ditto Not 98.0 45 25 13 10 13.9 0.95
Example 3 12.0 mass % solidifying Comparative 431 Zinc
stearate ditto ditto Not 0.0 13 15 25 40 11.6 0.05
Example 4 0.0001 mass % solidifying Note) As to
particle size of water-absorbent resin, a portion
larger than 850 mm was 0 mass %, and a portion smaller
than 100 mm was less than 1.5 mass %.Table 2: Results
in 0.9 mass% aqueous sodium chloride solution
containing 20 mass% of defbered cattle blood OO
ORegarding waste solution solidifying agents obtained
in Examples 1 to 17 and Comparative Examples 1 to 4, a
moisture absorption flowability index before
impartation of an impact force, a moisture absorption
flowability index after impartation of an impact
force, a moisture absorption flowability retention
index, absorption capacity under load (AAP) before
impartation of impact force, absorption capacity under
load (AAP) after impartation of an impact force,
absorption capacity under load (AAP) retention index,
water absorption capacity (CRC) and a bulk density are
shown in Table 3.Conveyor System Field o f Invention:
The invention pertains t o a drive chain mechanism for
overlapping slat conveyor- s / carousels of closed
loop or recirculating type having both horizontal and
inclined portions. The drive chain loop is located and
guided using guide wheels at a central track between
two supporting load wheels ^running on the parallel
rails. The drive chain loop is the main joining and
driving component of the conveyor itself and is
constructed using either 2-dimensional (2D) chain link
assemblies or 3 - dimensional (3D) curve ch.ain link
assemblies based on the type of conveyor i.e, conveyor
having only horizontal curves (2D chains) or conveyor
having both horizontal and vertical curves (3D chains)
. Background of the Invention From US Patent No
5,407,0 61 and 5,667,054, an overlapping slat conveyor
with chain pitch adjustment using eccentric mechanism
is known. These chain blocks are designed to cater for
level slat conveyors having horizontal curves only.
For multi -level slat conveyors which have to
negotiate the level differences with vertical curves
as well as horizontal curves to form a loop, a
separate type of chain design is used a.s cited in
Patent No. 5,667,054. Also, this chain design JLs not
truly multi -directional as the center of pivot axis
of horizontal curve and vertical curve are not at the
same point .In a plant having both level as well as
multi-level slat conveyors, usage of different type of
chain blocks increases the inventory parts . Also, the
usage of slat conveyor having both horizontal as well
as inclined portions is not possible with available
chain design. Summary of the Invention The present
invention provides a conveyor system comprising a
first pin (18) ; a first link block (11) carrying the
first pin (18) ; a first offset bushing (17) on the
first pin (18),-and a second link block (11) carrying
the first offset bushing (17) , the second link block
(11) movable with respect to the first link block (11)
upon rotation of the first offset bushing (17) with
respect to the second link block (11) . Brief
Description of the Drawings For a more complete
understanding of the present invention and the
advantages thereof, reference will now be made to a
conveyor diagrammatically illustrated in the
accompanying figures, in which: Fig. 1 is an isometric
view of a part of a flat plane type overlapping slat
conveyor / carousel;Fig. 2 is an isometric view of a
part of an inclined plane type overlapping slat
conveyor / carousel; Fig. 3 is a view of an oval
shaped inclined carousel loop; Fig. 4 is a view of a
continuous loop running at different levels with
convex and concave curve sections of a flat carousel;
Fig. 5 is a sectional view of a flat plane carousel;
Fig. 6 is a sectional view of a inclined plane
carousel; Fig. 7 is a sectional view of the
2-dimensional (2D) curve chain assembly; Fig. 8 is an
isometric view illustrating the assembly of the 2D
curve chain; Fig. 9 is sectional view of the middle
offset bush for 2D curve chain; Fig. 10 is an
illustration of how to vary the chain pitch;Fig. 11 is
an illustration of how to pre- tension the chain is
achieved; Fig. 12 is a sectional view of the
3-dimensional (3D) curve chain assembly; Fig. 13 is an
isometric view illustrating the assembly of the 3D
curve chain; Fig. 14 is sectional view of the middle
offset bush for 3D curve chain; and Fig. 15 is
illustration of extend of 3D curve chain movements in
multi directions. Detailed description of the
invention Referring to Figs. 1 and 2 , there is shown
a part of a conveyor system used as an overlapping
slat conveyor / luggage carousel 1 as employed in
commercial airports. Carousel 1 can be a flat plane
conveyor as shown in Fig. 1 or an inclined plane
conveyor as shown in Fig. 2 running in a continuous
loop following a curved travel path designed for the
layout of the particular installation. For example, a
common layout of luggage carousels is oval shaped, a
typical arrangement is shown in Fig. 3 .The present
invented design is equally suited to carousels
including both convex and concave sections of travel
as well as running at multi-levels in a continuous
loop as shown in Fig. 4 . For example, when the
carousel has to be layout out at areas having
different floor levels (e.g., apron area, bag claim
area) or when the carousel has to be routed near roof
levels by hanging and negotiating building beam
depths, a multi-level design of the carousel becomes a
necessity. The present invented chain assembly will
meet these multi-level carousels requirements . Also,
removal of bags by passengers from the flat carousel
is easier than that from an inclined carousel.
However, the increase in bag size nowadays restricts
the use of flat carousels at baggage claim area
considering the passenger reach to the bags and
safety. So, combining the flat and incline in a
carousel will help in moving all bags to one side for
easy removal of bags by passenger. In order to achieve
this possibility, a true multidirectional chain
assembly is required to be used and the invented chain
assembly design meets this requirement also. Referring
to Figs. 1 and 2 , Carousel 1 consists of a series of
individual planar rubber slats 4 forming an inclined
or flat luggage -bearing deck, and each rubber slat 4
is removable attached to and supported by a respective
steel slat support member 3 arranged for travel around
a track defined by a supporting frame 5 . Slat support
members 3 are respectively attached to linkblocks in
chain 2 making up a continuous link block chain
assembly, which is constrained to travel around a
raceway 6 defined in frames 5 . Chain 2 is driven by a
friction type drive unit disposed within the frame 5
in a straight drive unit section o f carousel 1 .
Referring to Figs. 5 and 6 , Frame 5 is built up from
a modular system of mild steel profiles, cross plates
and side frame plates, all parts bolted together to
form a complete framework of straight, curved and
drive unit sections. Support elements for frame 5 are
provided with adjustable footings 7 in order to level
the frame during erection and to maintain the carousel
at the appropriate height. Once carousel 1 is
installed the framework on the passenger side is
fitted with steel cover panels, rubber bumpers and
kick plates, whilst the area enclosed by the carousel
can be covered with an infill deck, if desired. Each
slat support 3 is supported by two outer load wheels 8
running on lateral rails provided by frame 5 . Each
slat support is mounted by way of slat support bracket
9 to a respective one of trie link blocks 11 of the
chain 2 , each link block 11 mounted to float in
central raceway 6 by means of a guide wheel 10 .
Raceway 6 is provided by a pair of steel rail profiles
running around the entire length of carousel 1 and
welded to frame 5 . Fig. 5 and Fig. 6 illustrates more
clearly the floating nature of the chain 2 along with
guide wheel 10 in the raceway.Figs. 7 and 8 shows the
components of 2D chain link assembly while Figs. 12
and 13 shows the components of 3D chain link assembly
in more detail. Chain 2 is made up of a series of
identical lightweight die-cast aluminum alloy link
blocks 11, interlinked by pin assemblies. Each slat
support bracket 9 is securely mounted to a respective
link block 11 by way of bolts passing through two bolt
holes 12 in the block. . Each link block 11 features a
first end portion 13 and a second end portion 14,
provided with vertical through bores 16 at end portion
14 while end portion 13 is provided with a cavity 15
to accommodate specially designed polyurethane offset
middle bushing 17. The first end portion of one link
block 11 has a complementary fit with the second end
portion of the next link block 11, whilst allowing
rotational movement about the -vertical axis passing
through bores 16 and 17 when aligned. The through
bores thus provide the pivot points for the
articulation of the links of chain 2 as it follows its
curved path around the carousel . In assembly, each
pair of successive link blocks 11 is joined by means
of a specially designed vertical pin 18 of mild steel
running through aligned through bores 15; 17. Bottom
and top polyurethane bushing 19 and 20 provide a low
friction bearing for rotation about pin 18. Bottom
bushing 19 is retained by guide wheel 10, which is
mounted to the narrowed lower extremity of pin 18 via
bearing 21 and retained in place by means of locknut
22. Top bushing 20 is retained by way of locknut 23.
Facilityto hold the pin 18 in place using spanner
while tightening the locknut 23 is provided in the pin
18 design for easy assembly of link blocks 11. Pig. 9
shows in detail the design of offset middle bushing
17, whose design enables increase or decrease of chain
2 pitches by the offset amount and also simple
tensioning of the chain 2 during assembly due to
conical bore 17A. Fig. 10 shows how the variation in
chain pitch length is achieved by simply placing the
middle offset bushing 17 in different orientation
inside the cavity 15 of the link block 11. Fig. 11
explains the tensioning effect achieved while
assembling the link blocks 11 due the engagement of
conical surface provided in pin 18 inside the conical
bore 17A provided in middle offset bushing 17. As the
pin 18 enters the middle offset bushing 17 from below
during assembly, the link block 11 with offset bushing
17 whose bore centerline is pulled in to align with
the center line of the bore 16 of the other adjacent
link block 11. Thus the chain 2 is tensioned after
changing the chain pitch to take care of chain
elongation problems i.e., the take-up requirement. The
steps to be carried out to adjust the chain pitch are
as follows:1 . Loosen and Remove the locknut 23. 2 .
Pull down the pin 18 along with assembled bottom
bushing 19 and guide wheel 10 and release the pin
connection. 3 . Rotate the released link block 11
sideways to bring the end portion 13 out of chain 2
centreline. 4 . Reorient the middle offset bushing
inside the cavity 15 of the released link block 11 in
order to change the pitch. 5 . Rotate back the release
link block 11 to bring it in line of chain 2
centreline. 6 . Assemble the pin connection by
inserting the pin 18 from bottom and locking it with
locknut 23 . A s already explained above, the conical
portion of the pin 18 and bushing 17 will provide
required tensioning effect on the chain 2 . By way of
example, if the set chain pitch (the separation of the
centerlines through bores 15 and 16 of the chain
block) is 248mm, and the offset of middle bushing 17
is 2 mm, the actual pitch of a chain block (distance
between adjacent pin centerlines) can be adjusted to
250mm or 246 mm, thus adjusting the overall length of
the chain in order to tension it. Multiplied over the
length of the chain this provides a sufficient range
of adjustment to take into account installation
tolerance, initial tensioning, and all adjustments
needed to allow for elongation during the design life
of the chain. Chain tensioning is rarely required due
to the low wear of the assembly, and can be done
easily as explained above.From the Figs .7 to 11, the
chain assembly described is for a 2 dimensional (2D)
curve chains since rotational movement is restricted
about the vertical axis along the pin 18 centerline
passing the link block bores 15 16 thus allowing
articulation of the links of chain 2 as it follows the
curved paths around the carousel 1 for horizontal
curves only. However, for multi level overlapping slat
conveyor / carousel 1 , this chain has to negotiate
the vertical curves also in addition to horizontal
curves. So, this chain has to be converted to 3
dimensional (3D) curve chain by replacing the middle
offset bushing 17 with a specially designed middle
offset bushing 24 incorporated with spherical ball 25
arrangement to get multi directional movements as
shown in Figs. 12 and 13 . The middle offset bushing
24 containing parts A B will joined incorporating the
spherical ball 25 at center and then inserted inside
the cavity 15 of the link block 11. Using this link
block 11 along with middle bushing 24, the chain 2
will be assembled similar to that already explained
above. Figs. 12 shows the details of the assembled pin
for 3D curve chains and Fig. 13 shows the exploded
view of the 3D curve chain. Sufficient gap all around
the chain end 13 and 14 while engaged with pin
assembly is created for articulation in all
directions. This is achieved by holding the link
blocks 11 in position by the support slat 3 and load
wheels 8 and also by following tight fit between
cavity 15 and middle offset bushing 24 .Fig. 14 shows
in detail the design of 3D offset middle bushing 24,
whose design enables (i) increase or decrease of chain
2 pitches by the offset amount, (ii) simple tensioning
of the chain 2 during assembly due to conical bore
inside the spherical ball 25 and (iii) multi
directional relative movement between bushing 24 and
spherical ball 25. The centerline of 3D offset block
24 and the centerline of spherical ball bore are
assembled with offset in order to increase or decrease
chain pitch similar to that envisaged in 2D chain as
shown in Fig. 10. The conical bore of spherical ball
25 will engage with that provided in pin 18 during the
assembly in order to get tensioning effect on the link
chains as explained above for 2D chain shown in Fig.
11. Thus the chain 2 is tensioned after changing the
chain pitch to take care of chain elongation problems
i.e., the take-up requirement. Fig. 15A-C shows the
limitation in the articulation of the link blocks 11
in the 3D curve chain assembly which are restricted by
the block design. In order to operate the chain within
this restricted articulation, the layout of the
carousel loop shall be developed considering the
minimum radius of curvatures to be adopted for various
curves. ' By way of example, if the set chain pitch is
248mm +/- 2mm, the restricted included angle for
horizontal curves articulation is 24 and the vertical
curves articulationis 12 and lateral twist
articulation is 8 as shown in Fig. 15A-C which works
out to minimum radius of curvatures for horizontal @
1,200mm and for vertical @ 2 ,400mm. The materials
used in the block chain arrangement provide a robust
assembly with low weight, requiring minimal
maintenance, producing minimal operation noise, and
allowing simple pitch adjustment as described above.
The large aluminum link blocks 11 of chain 2 are very
robust, and the design of the chain eliminates the
need for lubrication as the movement of parts is
between polyurethane and aluminum materials. Although
the present invention has been described in detail
with respect to the illustrated embodiments, it should
be understood that various changes, substitutions and
alterations can be made thereto without departing from
the spirit and scope of the invention as defined by
the appended claims.Claims 1 . A conveyor system
comprising: a first pin (18) ; a first link block (11)
carrying the first pin (18) ; a first offset bushing
(17) on the first pin (18) ;and a second link block
(11) carrying the first offset bushing (17) , the
second link block (11) movable with respect to the
first link block (11) upon rotation of the first
offset bushing (17) with respect to the second link
block (11) . 2 . The system as claimed in claim 1
further comprising: a plurality of pins (18) ; a
plurality of offset bushings (17) on the plurality of
pins (18) ; a plurality of link blocks (11) , each
carrying an offset bushing (17) at one end and
carrying a pin (18) at the other end; the first link
block (11) connected to one of the plurality of link
blocks (11) by carrying one of the plurality of pins
(18); t lae second link block (11) connected to one of
the plurality of link blocks (11) by carrying the one
of the plurality of the plurality of offset bushings
(17) to form at least one of a two dimensional curve
chain assembly, a three dimensional curve chain
assembly, and a combination thereof: , said one of the
plurality of the plurality of offset bushings allowing
tensioning control of the conveyor system.3 . The
system as claimed in claim 1 wherein: the first offset
bushing (17) has a conical surface provided therein;
and the first pin (18) has a conical surface provided
thereon for engaging with the conical surface to move
the first link block (11) relative to the second link
block (11) . 4 . The system as claimed in claim 1
further comprising : a spherical ball bushing (25) on
the first pin (18) ; and the first offset bushing (17)
having a spherical opening associated therewith for
carrying the spherical ball bushing (25) for
multi-directional movement of the first link block
(11) relative to the second link block (11) . 5 . The
system as claimed in claim 1 further comprising :
bushings (19,20) in the second link block (11) for
supporting the first pin (18) ; a spherical ball
bushing (25) on the first pin (18) ; and the first
offset bushing (24) having a spherical opening
provided therein for carrying the spherical ball
bushing (25) for multi-directional movement of the
first link block (11) ^relative to the second link
block (11) . 6 . The system as claimed in claim 1
further comprising : a spherical ball bushing (25) on
the first pin (18) ; andthe first offset bushing (24)
having a spherical opening provided therein, the first
offset bushing (24) requiring no lubrication for-
movement of the spherical ball bushing (25) or for
movement in the second link block (11) . 7 . The
system as claimed in claim 1 further comprising : a
guide wheel (10) on trie first pin (18) ; and a
raceway (6) for guiding the guide wheel (10) in
movement of at least two dimensional, three
dimensional, and a combination of two and three
dimensional directions. 8 . The system as claimed in
claim 1 further comprising : a slat (4) ; and
connectors for connecting the slat (4) to the first
link block (11) in a fixed position relative thereto.
9 . The system as claimed in claim 1 further
comprising: a slat (4) ; a slat support member (3)
having a wheel (8) provided thereon; connectors for
connecting the slat (4) to the slat support member (3)
and to th.e first link block (11) ; and a raceway (6)
for guiding the wheel (8) in movement of at least two
dimensionaH , three dimensional, and a combination of
two and three dimensional directions.10. The system as
claimed in claim 1 further comprising: a slat (4) ; a
guide wheel (10) on the ffirst pin (18) , the fiirst
pin (18) at an angle to the slat (4) ; and connectors
for connecting trie slat (4) to the firrst link block
(11) in a fixed position relative thereto. 


