
DESCRIPTION HETEROCYCLIC AMIDE COMPOUND AND USE
THEREOF A S AN MMP-13 INHIBITOR Technical Field The
present invention relates to a heterocyclic amide
derivative having a superior matrix metalloproteinase
inhibitory - activity and useful as a drug for the
prophylaxis or treatment of osteoarthritis, rheumatoid
arthritis and the like. Background Art Matrix
metalloproteinase (MMP) is an endopeptidase that
physiologically plays a key role in the tissue
remodeling, wherein its protease activity is strictly
controlled. In the diseased state, however, the
control is disrupted, and the disruption induces
excess degradation of extracellular matrix, which in
turn is deeply involved in the etiology of many
diseases including joint diseases such as
osteoarthritis, rheumatoid arthritis and the like,
bone diseases such as osteoporosis and the like,
periodontal disease, infiltration and metastasis of
tumor, corneal ulcer formation and the like (Expert
Opinion on Therapeutic Patents, vol. 12, pp. 665-705
(2002)). At present, MMP is known to include at least
26 different enzymes, which are divided into five
groups based on the variation in the primary structure
and substrate specificity: collagenase group (MMP-I, 8
, 13, 18), gelatinase group (MMP-2, 9), stromelysin
group (MMP-3, 10, 11) , membrane MMP group (MMP-14 ,
15, 16, 17), and other group (MMP-7, 12). Of these,
MMP-13 belonging to the collagenase group has been
reported to almost always express in cartilage and
bone tissue, and to show increased production amount
in joint disease and the like. Moreover, since MMP-13
shows a potent collagen degradation activity as
compared to other collagenases , it is considered to
be deeply involved in the bone and joint diseases .
There are many MMP inhibitors so far reported (e.g.,
Chemical Reviews , vol. 99, pp. 2735-2776 (1999),
Current Medicinal Chemistry , vol. 8 , pp. 425-474
(2001)), and a number ofreports have also been
documented on the compounds showing MMP-13 inhibitory
activity. They are largely divided into (i) hydroxamic
acid derivatives (e.g., Journal of Medicinal Chemistry
vol. 46, pp. 2361-2375 (2003), Journal of Medicinal
Chemistry , vol. 46, pp. 2376-2396 (2003), WO2004/811,
WO2003/91247, WO2003/55851) , (ii) carboxylic acid
derivatives (e.g., Bioorganic & Medicinal Chemistry ,
vol. 10, pp. 3529-3534 (2002), WO2003/35610) and (iii)
thiol derivatives (e.g., Bioorganic & Medicinal
Chemistry Letters , vol. 9 , pp. 1757-1760 (1999),
WO2003/91242) and (iv) others (e.g., Bioorganic &
Medicinal Chemistry Letters , vol. 11, pp. 969-972
(2001), WO2003/91252, WO2004/14909) , based on the
contents thereof. Meanwhile, as a compound having a
heterocyclic amide skeleton, Bulletin of The Chemical
Society of Japan, 1990, pp. 72-83 describes a compound
represented by the formula In addition, WO2003/91224
describes a . compound represented by wherein R1 is a
hydrogen atom or alkyl; ring Q is a cyclohexylene
group or a phenyl ene group; A1 and A 2 are the same
or different and each is a single bond or an alkyl ene
group; E is -NHCO- or - CON(R 2)- wherein R2 is a
hydrogen atom or alkyl; A 3 is A 31-A 32-A 33,A31 and
A33 are the same or different and each is a single
bond, or the same or different 1 or 2 saturated or
unsaturated aliphatic hydrocarbon groups at
substitutable position (s), which, when one carbon
atom has two branched chains, may form a divalent
cycloalkyl together with the carbon atom, A32 is a
single bond, an oxygen atom, a sulfur atom or -N(R32)-
wherein R32 is a hydrogen atom or alkyl; R3 is an
optionally substituted acyclic aliphatic hydrocarbon
group having 1 to 8 carbon atoms , an optionally
substituted mono- to tricyclic cyclic aliphatic
hydrocarbon group having 3 to 10 carbon atoms, an
optionally substituted mono- or bicyclic aromatic
hydrocarbon group having 6 to 12 carbon atoms, or an
optionally substituted mono- to tricyclic heterocyclic
group; when E is -CON(R2)-, this -N(R2)- and -A3-R3
may form a cyclic amino group; and R4 and R5 are the
same or different and each is a hydrogen atom, alkyl,
alkoxy, or halogen. Disclosure of the Invention There
is a demand for the development of a novel compound
superior in action effect, durability, safety, oral
absorbability, selectivity and the like as compared to
conventional MMP inhibitors and the like, and useful
as a drug for the prophylaxis or treatment of joint
diseases (osteoarthritis, rheumatoid arthritis and the
like), osteoporosis, periodontal diseases, corneal
ulcer and other MMP associated diseases . The present
inventors have conducted intensive studies and first
succeeded in the creation of a novel compound
represented by the formula wherein ring A is an
optionally substituted, nitrogen-containing
heterocycle, ring B s an optionally substituted
monocyclic homocycle or optionally substituted
monocyclic heterocycle, Z isN or NR1 (R 1 is a
hydrogen atom or an optionally substituted hydrocarbon
group) , - - - is a single bond or a double bond, R2
is a hydrogen atom or an optionally substituted
hydrocarbon group, X is an optionally substituted
spacer having 1 to 6 atoms, ring C is (1) an
optionally substituted homocycle or (2) an optionally
substituted heterocycle other than a ring represented
by the formula (X' is S , O , SO or CH2), and at least
one of ring B and ring C has substituent(s) , provided
that N- { (IS, 2R) -1- (3,5- difluorobenzyl) -3-
[(3-ethylbenzyl) amino] -2-hydroxypropyl }-5 ,6-
dimethyl-4-oxo-l ,4-dihydrothieno [2 ,3-d]
pyrimidine-2-carboxamide and 6-chloro-N-( (1S,2R,4S)
-4-[ (dimethylamino) carbonyl]-2-{ [(5- methyl-4 ,5,6,
7-tetrahydrothiazolo [5 ,4-c] pyridin-2- yl) carbonyl]
amino Jcyclohexyl) -4-oxo-l ,4-dihydroquinazoline-2-
carboxamide are excluded, or a salt thereof
[hereinafter to be abbreviated as compound [I]], and
found that this compound [I] unexpectedly has superior
properties as an MMP inhibitor and is highly
satisfactory as a pharmaceutical agent, which resulted
in the completion of the present invention.
Accordingly, the present invention relates to (1) a
compound represented by the formula wherein ring A is
an optionally substituted, nitrogen-containing
heterocycle, ring B is an optionally substituted
monocyclic homocycle or an optionally substituted
monocyclic heterocycle, Z is N or NR1 (R 1 is a
hydrogen atom or an optionally substitutedhydrocarbon
group) , - - - is a single bond or a double bond, R2
is a hydrogen atom or an optionally substituted
hydrocarbon group, X is an optionally substituted
spacer having 1 to 6 atoms, ring C is (1) an
optionally substituted homocycle or (2) an optionally
substituted heterocycle other than a ring represented
by the formula 



(X' is S , O , SO or CH2), and at least one of ring B
and ring C has substituent(s) , provided that N- {
(IS, 2R) -1- (3,5- difluorobenzyl) -3-
[(3-ethylbenzyl) amino ]-2-hydroxypropyl }-5,6-
dimethyl-4-oxo-l ,4-dihydrothieno [2 ,3-d]
pyrimidine-2-carboxamide and 6-chloro-N- ((1S,2R,4S)
-4- [(dimethylamino) carbonyl]-2-{ [(5- methyl-4 ,5,6,
7-tetrahydrothiazolo [5,4-c] pyridin-2- yl) carbonyl]
amino }cyclohexyl) -4-oxo-l ,4-dihydroquinazoline-2-
carboxamide are excluded, or a salt thereof, (2) the
compound of the above-mentioned (1) , wherein, when
the partial structure represented by the formula I S X
is an optionally substituted spacer having 1 , 3 or 4
carbon atoms or a salt thereof, (3) the compound of
the above-mentioned (1) , wherein ring A iswherein R1
is a hydrogen atom or an optionally substituted
hydrocarbon group or a salt thereof, (4) the compound
of the above-mentioned (1) , wherein ring A is or a
salt thereof, (5) the compound of the above-mentioned
(1) , wherein ring B is an optionally substituted 5-
or 6-membered monocyclic heterocycle containing,
besides carbon atom, 1 to 3 hetero atoms selected from
the group consisting of nitrogen atom, oxygen atom and
sulfur atom or a salt thereof, (6) the compound of the
above-mentioned (1) , wherein ring B is an optionally
substituted benzene ring or a salt thereof, (7) the
compound of the above-mentioned (1) , wherein the
partial structure represented by the formula IS
wherein R1 is a hydrogen atom or an optionally
substituted hydrocarbon group or a salt thereof, (8)
the compound of the above-mentioned (1) , wherein the
partial structure represented by the formulaI S or a
salt thereof, (9) the compound of the above-mentioned
(1) , wherein the partial structure represented by the
formula IS or a salt thereof, (10) the compound of the
above-mentioned (1) , wherein the substituent of ring
B is selected from (1) a C i_ 6 alkyl group, (2) a
Ci-6 alkyl group substituted by a C -I6 aralkyloxy
optionally substituted by a carboxyl group, (3) a C i_
6 alkyl group substituted by a C6-i4
aryl-aminocarbonyl optionally substituted by a
carboxyl group, (4) a C i_ alkyl group substituted by
a C6-I4 aryl-carbonylamino optionally substituted by a
carboxyl group, (5) a C i_ 6 alkyl group substituted
by a C -I aryloxy optionally substituted by a carboxyl
group, (6) a C6 _i4 aryloxy group optionally
substituted by a carboxyl group, (7) a C7-I aralkyloxy
group optionally substituted by a carboxyl group, (8)
a Ce-i4 aryl group optionally substituted by a
carboxyl group, (9) a carbamoyl group optionally
substituted by a C7-I6 aralkyl optionallysubstituted
by a carboxyl group, (10) an amino group optionally
substituted by C7-16 aralkyl-carbonyl and (11) halogen
atoms, or a salt thereof, (11) the compound of the
above-mentioned (1) , wherein the partial structure
represented by the formula I S wherein Ra and Rb are
each (1) a C i_ 6 alkyl group, (2) a C i_ 6 alkyl
group substituted by a C7-I6 aralkyloxy optionally
substituted by a carboxyl group, (3) a Ci-6 alkyl
group substituted by a C -I aryl-aminocarbonyl
optionally substituted by a carboxyl group, (4) a Ci-6
alkyl group substituted by a Cg-i4 aryl-carbonylamino
optionally substituted by a carboxyl group, (5) a Ci-6
alkyl group substituted by a C -i4 aryloxy optionally
substituted by a carboxyl group, (6) a C6-I4 aryloxy
group optionally substituted by a carboxyl group, (7)
a C7-I6 aralkyloxy group optionally substituted by a
carboxyl group, (8) a C6-I4 aryl group optionally
substituted by a carboxyl group, (9) a carbamoyl group
optionally substituted by a C7-I6 aralkyl optionally
substituted by a carboxyl group or (10) an amino group
optionally substituted by a C7-I6 aralkyl-carbonyl or
a salt thereof, (12) the compound of the
above-mentioned (1) , wherein X is an optionally
substituted group represented by the formula -(CHa) n-
X 1- (CH2)m- wherein X 1 is O , NR3 (R 3 is a hydrogen
atom or an optionally substituted lower alkyl group) ,
SO2 or CH2 , n and m are each an integer o f 0 to 3
and n+m<6 or a salt thereof,(13) the compound of the
above-mentioned (1) , wherein X i s an optionally
substituted methylene group or a salt thereof, (14)
the compound of the above-mentioned (1) , wherein ring
C i s an optionally substituted benzene ring or an
optionally substituted pyridine ring or a salt
thereof, (15) 4- [2- ({6-fluoro-2- [ ({[3- (methoxy)
phenyl ]methyl }amino ) car bony1] -4-oxo-3 , 4-
dihydroquinazolin-5-yl }oxy) ethyl ]benzoic acid , 4-
[ ({[2- ( {[ (3-chloro-4- fluorophenyl )methyl ] amino
}car bony 1) -4-oxo-3 , 4- dihydrothieno [2 , 3-d]
pyrimidin-5- yl ]methyl }oxy) methyl ]benzoic acid ,
4- [ ({[2- ( {[ (4-f luoro-3- methylphenyl) methyl]
amino }carbonyl) -4-oxo-3,4- dihydrothieno [2 ,3-d]
pyrimidin-5- yl] methyl }oxy) methyl] benzoic acid,
4-{ [({2-[ ( { [3- (methoxy )phenyl] methyl }amino)
carbonyl] -4- oxo- 3 ,4-dihydrothieno [2 ,3-d]
pyrimidin-5- yl }methyl )oxy ]methyl }benzoic acid or
a salt thereof, (16) a prodrug of the compound of the
above-mentioned (1) or a salt thereof, (17) a
pharmaceutical agent comprising the compound of the
abovementioned (1) or a salt thereof or a prodrug
thereof, (18) a pharmaceutical agent of the
above-mentioned (17) , which is an agent for the
prophylaxis or treatment of osteoarthritis or
rheumatoid arthritis, (19) a production method of the
compound of the above-mentioned (1) or a salt thereof,
which comprises [1] reacting a compound represented by
the formulawherein L is a leaving group, and other
symbols are as defined in the above-mentioned (1) , or
a salt thereof, with a compound represented by the
formula wherein each symbol is as defined in the
above-mentioned (1) , or a salt thereof, or 



[2] reacting a compound represented by the formula
wherein L2 is a leaving group, and other symbols are
as defined in the above-mentioned (1) , or a salt
thereof, with a compound represented by the formula
R-H wherein R is a substituent of ring B , or a salt
thereof, (20) a matrix metalloproteinase inhibitor
comprising a compound represented by the formula
wherein Z is N or .NR1 (R 1 is a hydrogen atom or an
optionally substituted hydrocarbon group) , ring A '
is an optionally substituted, nitrogen-containing
heterocycle, ring B ' and ring C are each an
optionally substituted homocycle or an optionally
substituted heterocycle, - - - is a single bond or a
double bond, R2 is a hydrogen atom or an optionally
substituted hydrocarbon group, and Y is a bond or an
optionally substituted spacer having 1 to 6 atoms, or
a salt thereof or a prodrug thereof, (21) the
inhibitor of the above-mentioned (20) , wherein the
matrix metalloproteinase is matrix
metalloproteinase-13 (MMP-13) ,(22) a method of
inhibiting a matrix metalloproteinase, which comprises
administering, to a mammal, an effective amount of a
compound represented the formula wherein Z is N or NR1
(R 1 is a hydrogen atom or an optionallysubstituted
hydrocarbon group) , ring A ' is an optionally
substituted, nitrogen-containing heterocycle, ring B '
and ring C are an optionally substituted homocycle or
an optionally substituted heterocycle, - - - is a
single bond or a double bond, R2 is a hydrogen atom or
an optionally substituted hydrocarbon group, and Y is
a bond or an optionally substituted spacer having 1 to
6 atoms, or a salt thereof or a prodrug thereof, and
(23) use of a compound represented by the formula
wherein Z is N or NR1 (R 1 is a hydrogen atom or an
optionally substituted hydrocarbon group) , ring A '
is an optionally substituted, nitrogen-containing
heterocycle, ring B ' and ring C are an optionally
substituted homocycle or an optionally substituted
heterocycle, - - - is a single bond or a double bond,
R2 is a hydrogen atom or an optionally substituted
hydrocarbon group, and Y is a bond or an optionally
substituted spacer having 1 to 6 atoms, or a salt
thereof or a prodrug thereof, for the production of a
matrix metalloproteinase inhibitor, and the like.
Furthermore, while a compound represented by the
formula [I] and a salt thereof produce tautomers, any
tautomer is encompassed in the present invention, and
a compound represented by the formula [I] and a salt
thereof may be any of solvates, hydrates ,
non-solvates and non-hydrates .Best: Mode for Carrying
Out the Invention The present invention is described
in detail in the following. (1) "ring A (ring A')" The
ring A (ring A f) is an optionally substituted,
nitrogen-containing heterocycle, and Z is N or NR1 (R
1 is a hydrogen atom or an optionally substituted
hydrocarbon group to be described in (3) below) . As
the combination of Z and - - - , (1) Z is N and - - -
is a double bond, and (2) Z is NR1 and - - - is a
single bond can be mentioned, with preference given to
Z is NR1 and - - - is a single bond. As the
"nitrogen-containing heterocycle" represented by ring
A , for example, a 4- to 9-membered, preferably 5- to
9- membered, more preferably 5- or 6-membered,
nitrogen-containing heterocycle, containing, besides
carbon atom and one nitrogen atom, 1 to 3 hetero atoms
selected from nitrogen atom, oxygen atom, sulfur atom
and the like (e.g., pyridine, pyrazine, pyrimidine,
pyridazine, pyrrole, imidazole, pyrazole, triazole,
pyrrolidine, imidazoline, imidazolidine, piperidine,
piperazine, triazine, tetrahydropyr idine ,
dihydropyridine , tetrahydropyrazine, dihydropyr idine
, tetrahydropyrimidine , tetrahydropyr idazine ,
dihydropyrimidine , pyrroline, imidazoline,
pyrazoline, hexahydropyrimidine , hexahydropyridazine,
dihydrothiazine, tetrahydrothiazine, dihydrooxazine,
tetrahydrooxazine, and the like) can be mentioned,
with preference given to a 6-membered
nitrogen-containing non-aromatic heterocycle
containing, besides carbon atom, 1 or 2 nitrogen atoms
and the like. Of these, a dihydropyrimidine ring is
most preferable. As the "nitrogen-containing
heterocycle" represented by ring A r, for example, a
4- to 9-membered, preferably 5- to 9- membered, more
preferably 5- or 6-membered nitrogen-containing
heterocycle containing, besides carbon atom and one
nitrogen atom, 1 to 3 hetero atoms selected from
nitrogen atom, oxygen atom,sulfur atom and the like
(e.g., pyridine, pyrimidine, pyridazine, pyrrole,
pyrazole, pyrrolidine, imidazoline, imidazolidine ,
piperidine, piperazine, triazine, tetrahydropyridine ,
dihydropyr idine , tetrahydropyraz ine , dihydropyr
imidine , tetrahydropyrimidine , dihydropyr idaz ine,
tetrahydropyridazine, pyrroline, imidazoline,
pyrazoline, hexahydropyrimidine , hexahydropyr idaz
ine, thiazole, isothiazole, oxazole, isoxazole,
oxazoline, oxazolidine, thiazine, oxazine, morpholine,
thiazoline, isooxazoline, thiazolidine,
isothiazolidine, oxazoline, isooxazolidine and the
like) can be mentioned, with preference given to a
6-membered nitrogen-containing aromatic heterocycle
containing, besides carbon atom, 1 or 2 nitrogen atoms
(e.g., pyridine, pyrazine, pyrimidine and the like)
and a 6-membered nitrogen-containing non-aromatic
heterocycle containing, besides carbon atom, 1 or 2
nitrogen atoms (e.g. , dihydropyridine ,
dihydropyrazine, dihydropyr imidine and the like) and
the like can be mentioned. Of these, a
dihydropyrimidine ring is most preferable . As the
substituent that the "optionally substituted,
nitrogen-containing heterocycle" represented by ring A
(ring A') may have, for example, (i) a halogen atom,
(ii) a cyano group, (iii) a hydroxy group, (iv) a
nitro group, (v) a formyl group, (vi) an optionally
substituted amino group (e.g., an amino group, an
cyclic amino group and the like, which are optionally
substituted by an optionally substituted alkyl group
to be mentioned in (vii) below, an optionally
substituted aryl group to be mentioned in (viii)
below, an optionally substituted alkoxy group to be
mentioned in (ix) below, an optionally substituted
carbonyl group to be mentioned in (xii) below, an
optionally substituted sulfonyl group to be mentioned
in (xvi) below, anoptionally substituted 5- to
8-membered non-aromatic heterocyclic group containing,
besides carbon atom, 1 to 3 hetero atoms selected from
nitrogen atom, sulfur atom and oxygen atom t o b e
mentioned in (xvii) below, an optionally substituted
5- to 8- 



membered aromatic heterocyclic group containing,
besides carbon atom, 1 to 3 hetero atoms selected from
nitrogen atom, sulfur atom and oxygen atom, t o b e
mentioned in (xviii) below, a formyl group and the
like, specifically, a C7-16 aralkylamino group
optionally substituted by a Ci-6 alkoxy group , a
formylamino group , a Ci-6 alkyl-carbonylamino group
optionally substituted by a C6-I aryloxy group, a
C3.-6 alkylsulfonylamino group or an amino group mono-
or di- substituted b y' an optionally substituted
alkyl group (specifically, mono- or di-Ci _ 6
alkylamino group such a s methylamino, ethylamino,
propylamino, dimethylamino , diethylamino group and
the like (particularly, a mono- or di-Ci-4 alkylamino
group) , a pyrimidinylmethylamino group) , a cyclic
amino group (e.g., a 5- to 8-membered cyclic amino
group optionally containing, besides nitrogen atom, 1
to 3 hetero atoms from oxygen atom, sulfur atom and
the like (e.g., pyrrolidine, piperidino, piperazino,
morpholino group and the like) , an
alkoxy-carbonylarnino group (e.g., a Ci-6
alkoxycarbonylamino group such a s an
ethoxycarbonylamino group etc. , and the like) , an
aryl-carbonylamino group (e.g., a C6-i4
aryl-carbonylamino group such a s a benzoylamino group
etc. , and the like) , a C i_ 6 alkoxycarbonyl-
carbonylamino group, a C -6 alkoxy-carbonyl-Ci _ 6
alkylcarbonylamino group, a 5- to 8-membered
non-aromatic heterocycle having, besides carbon atom,
1 t o 3 hetero atoms selected from nitrogen atom and
oxygen atom-carbonylamino group) , (vii) an optionally
substituted alkyl group (e.g., an alkyl group, a
cycloalkyl group and the like, which is optionally
substituted by a halogen atom, an amino group, an
alkylamino group, a carboxyl group, an alkoxycarbonyl
group, a hydroxy group, an optionally substituted aryl
group, an alkoxy group, an optionally substituted
aralkyloxy group, an alkylcarbonylaminogroup, an
alkylsulfonylamino group, an alkoxycarbonylamino
group, an alkoxycarbonylcarbonylamino group, an
alkylcarbonyloxy group, a heterocyclic group, a
heterocycle-carbonylamino group, an optionally
substituted ureido group, a nitro group, a cyano
group, a Ci-6 alkyl-carbonyl group, an alkylthio
group, an optionally substituted arylaminocarbonyl
group, an optionally substituted arylcarbonylamino
group, an optionally substituted aryloxy group, an
arylcarbonyloxy group, an N-alkyl-N-aralkylamino
group, an aralkylthio group, an azide group and the
like) , More specifically (a) a linear or branched
alkyl group having 1 to 6 carbon atoms such as methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl and the like, cycloalkyl group (e.g., a
C3-8 cycloalkyl group such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl etc. , and the like) , (b) a
halogenated C i_6 alkyl group or halogenated C3-8
cycloalkyl group (e.g., chloromethyl , dif luoromethyl
, trichloromethyl , trif luoromethyl , 2-bromoethyl,
2,2,2-trifluoroethyl, 3,3,3- trifluoropropyl and the
like) , (c) a C1-6 alkyl group or a C3 _s cycloalkyl
group each substituted by an amino group (e.g. ,
aminomethyl , 2-aminoethyl group and the like) , (d) a
C i_ 6 alkyl group or a C3-8 cycloalkyl group each
substituted by mono- or di-Ci _ 6 alkylamino group
(e.g., methylaminomethyl , dimethylaminomethyl ,
2-methylaminoethyl , 2- dimethylaminoethyl group and
the like) , (e) a C i_ 6 alkyl group or a C3-8
cycloalkyl group each substituted by a carboxyl group
(e.g., carboxymethyl , carboxyethyl group and the
like) , (f) a C i_ 6 alkyl group or a C3-.8 cycloalkyl
group each substituted by a C i_ 6 alkoxy-carbonyl
group (e.g., methoxycarbonylethyl ,
ethoxycarbonylethyl , tertbutoxycarbonylmethyl group
and the like) , (g) a C i_ 6 alkyl group or C3-.8
cycloalkyl group each substitutedby a hydroxy group
(e.g., hydroxymethyl , hydroxyethyl group and the
like) , (h) a Ci-6 alkyl group or a C3-8 cycloalkyl
group each substituted by a C -i4 aryl group, which
may have a halogen atom, a cyano group, a hydroxy
group, a nitro group, a carboxyl group, a C i_ 6
alkoxy group, a fop rtyl group, a C i_ 6
alkyl-carbonyl group, a Ci-6 alkoxycarbonyl group, an
amino group, a mono or di-Ci- 6 alkylamino group and
the like (e.g., benzyl and the like), (i) a Ci-6 alkyl
group or a C3-8 cycloalkyl group each substituted by a
Ci-6 alkoxy group (e.g., methoxymethyl , methoxyethyl
and the like) , (j ) a Ci-6 alkyl group or a C3-8
cycloalkyl group each substituted by a C7-16
aralkyloxy group, which may have a halogen atom, a
cyano group, a hydroxy group, a nitro group, a
carboxyl group, a Ci-6 alkoxy group, a formyl group, a
C1-S alkyl-carbonyl group, a Ci- alkoxycarbonyl group,
an amino group, a mono or di- C1-6 alkylamino group
and the like (e.g., benzyloxymethyl and the like) ,
(k) a Ci-6 alkyl group or a C3-8 cycloalkyl group each
substituted by a Ci-e alkyl-carbonylamino group (e.g.
, acetylaminomethyl , acetylaminoethyl and the like) ,
(1) a Ci-6 alkyl group or a C3-8 cycloalkyl group each
substituted by a Ci-6 alkylsulfonylamino group (e.g.,
methylsulfonylaminomethyl and the like) , (m) a C i_ 6
alkyl group or a C3-8 cycloalkyl group each
substituted by a C i_ 6 alkoxy-carbonylamino group
(e.g., ethoxycarbonylaminoethyl ,
tert-butoxycarbonylaminoethyl group and the like) ,
(n) a C i_6 alkyl group or a C3-8 cycloalkyl group
each substituted by a Ci-6
alkoxy-carbonyl-carbonylamino group (e.g. ,
methoxycarbonylcarbonylaminomethyl group and the like)
, (o) a Ci-6 alkyl group or a C3-8 cycloalkyl group
each substituted by a Ci-V alkyl-carbonyloxy group
(e.g., acetyloxymethyl group and the like) ,(p) a Ci-6
alkyl group or a C3-8 cycloalkyl group each
substituted by a heterocyclic group (e.g., a 3- to
12-membered, 



preferably 5- or 6-membered, aromatic heterocyclic
group containing, besides carbon atom, 1 to 3 hetero
atoms selected from the group consisting of nitrogen
atom, oxygen atom and sulfur atom, such a s furyl,
thienyl, pyrrolyl and the like, a 5- to 8-membered
non-aromatic heterocyclic group containing, besides
carbon atom, 1 to 3 hetero atoms selected from the
group consisting -o f nitrogen atom, oxygen atom and
sulfur atom) (e.g., 2-furylmethyl group and the like)
(q) a Ci-6 alkyl group or a C3-8 cycloalkyl group each
substituted by a heterocyclic group (e.g., a 3- to
12-membered, preferably 5- or 6-membered, aromatic
heterocyclic group containing, besides carbon atom, 1
to 3 hetero atoms selected from the group consisting
of nitrogen atom, oxygen atom and sulfur atom, such a
s furyl, thienyl, pyrrolyl and the like, a 5- to
8-membered non-aromatic heterocyclic group containing,
besides carbon atom, 1 to 3 hetero atoms selected from
the group consisting of nitrogen atom, oxygen atom and
sulfur atom) - carbonylamino group, (r) a Ci-6 alkyl
group or a C3-8 cycloalkyl group each substituted by
(1) optionally halogenated C -6 alkyl, (2) optionally
halogenated C3-8 cycloalkyl, (3) a ureido group
optionally substituted by an optionally substituted
Cb- aryl group (e.g., optionally substituted Ce-i4
aryl group to be mentioned in (viii) below) , (s) a
Ci-6 alkyl group or a C3-8 cycloalkyl group
substituted by a nitro group (e.g. , nitromethyl,
2-nitroethyl .etc.) , (t) a C i_ 6 alkyl group or a C
- cycloalkyl group substituted by a cyano group (e.g.,
cyanomethyl, 2-cyanoethyl etc.), (u) a Ci-6 alkyl
group or a C3-8 cycloalkyl group substituted by a Ci-6
alkyl-carbonyl (e.g., acetylmethyl etc.), (v) a Ci-6
alkyl grbup or a C3-B cycloalkyl group substituted by
a Ci-6 alkyl thio (e.g., methylthio etc.),(w) a Ci-6
alkyl group or a C3-8 cycloalkyl group substituted by
a Ce-14 aryl-aminocarbonyl optionally substituted by a
carboxyl group (e.g., phenylaminocarbonylmethyl etc.),
(x) a Ci-6 alkyl group or a C3-8 cycloalkyl group
substituted by a C -14 aryl-carbonylamino group
optionally substituted by a carboxyl group or Ci-b
alkoxy-carbonyl (e.g. , benzoylaminomethyl etc.) , (y)
a Ci-6 alkyl group' or a C3-8 cycloalkyl group
substituted by a C6-14 aryloxy group optionally
substituted by a carboxyl group (e.g., phenoxymethyl
etc.), (z) a Ci-6 alkyl group or a C3-8 cycloalkyl
group substituted by a C6-i4 aryl-carbonyloxy group
optionally substituted by hydroxy- C1-6 alkyl (e.g.,
benzoyloxymethyl etc.), (aa) a Ci-6 alkyl group or a
C3--8 cycloalkyl group substituted by an N-Ci-6
alkyl-N-C 7 _i4 aralkylamino group (e.g.,
N-benzyl-Nmethylaminomethyl etc .) , (bb) a Ci-6 alkyl
group or a C3-8 cycloalkyl group substituted by a
C7-i6 aralkylthio group (e.g., benzyl thiomethyl
etc.), (ee) a C1 alkyl group or a C3-8 cycloalkyl
group substituted by an azide group (e.g., azidemethyl
etc.) , and the like, (viii) an optionally substituted
C6-14 aryl group (e.g., a Ce-i4 aryl group optionally
substituted by a substituent selected from a halogen
atom, a cyano group, a hydroxy group, a nitro group, a
carboxyl group, a Ci-6 alkoxy group, a 5- to
8-membered nonaromatic heterocyclic group containing,
besides carbon atom, 1 to 3 hetero atoms selected from
the group consisting of nitrogen atom, oxygen atom and
sulfur atom, optionally halogenated C i_ 6 alkyl group
such as methyl, ethyl, trifluoromethyl and the like, a
formyl group, a Ci-6 alkyl-carbonyl group, a C i_
alkoxy-carbonyl group, an amino group, a mono or
di-Ci-6 alkylamino group, a C i_ 6
alkoxy-carbonylamino group, a carbamoyl group, a Ci-e
alkylcarbamoyl group, a C - aryl group, a C1-3
alkylenedioxy group, a C i_ 6 alkyl-ureido group and
the like, and the like) , (ix) an optionally
substituted Ci-6 alkoxy group (e.g., a C i_ 6alkoxy
group optionally substituted b y a substituent
selected from a halogen atom; a hydroxy group; a cyano
group; a nitro group; a carboxyl group; a formyl
group; a C i_ 6 alkyl-carbonyl group; a C i_ 6
alkoxy-carbonyl group; amino; mono o r di-Ci-6
alkylamino group; a C i_ 6 alkoxy-carbonylamino group;
a carbamoyl group; a C i_ 6 alky 1 carbamoyl group; a
Cb- aryl group; a C3-7 cycloalkyl group; a C7-16
aralkyloxy group; a 5- t o 8-membered aromatic
heterocyclic group containing, besides carbon atom, 1
t o 3 hetero atoms selected from nitrogen atom, oxygen
atom and sulfur atom, which may b e substituted b y a
Ci-6 alkoxy group o r a Ci-6 alkyl group; a 5- to
8-membered non-aromatic heterocyclic group containing,
besides carbon atom, 1 t o 3 hetero atoms selected
from the group consisting o f nitrogen atom and oxygen
atom, which may have a carboxy group or a carbonyl
group; and a C -14 arylcarbonyl group and the like) ,
(x) a substituted oxy group (e.g., an optionally
substituted aralkyloxy group (e.g., a C7-16 aralkyloxy
group optionally substituted b y a substituent
selected from a halogen atom, a cyano group, a hydroxy
group, a nitro group, a carboxyl group, a Ci-6 alkyl
group optionally having a carboxyl group, a C _6
alkoxy group optionally having a carboxyl group, a
formyl group, a Ci-6 alkyl-carbonyl group, an amino
group, a mono o r di-Ci _6 alkylamino group, a C i_ 6
alkoxycarbonyl group, a carbamoyl group, a 5- t o 8-
membered aromatic heterocyclic group containing,
besides carbon atom, 1 to 3 hetero atoms selected from
the group consisting o f nitrogen atom, oxygen atom
and sulfur atom, an aminosulfonylamino group
optionally having a Ci-6 alkoxycarbonyl group and a 5-
t o 8-membered non-aromatic heterocyclic group
containing, besides carbon atom, 1 t o 3 hetero atoms
selected from the group consisting o f nitrogen atom,
oxygen atom and sulfur atom, C3.-3 alkylenedioxy and C
-i y l , and the like) , an optionally substituted
aryloxy group (e.g., a Ce-u aryloxy group optionally
substituted b y a substituent selected from a halogen
atom; a cyano group; a hydroxy group; a nitro group; a
carboxyl group; aCi-6 alkyl group optionally having a
carboxyl group; a C i_ 6 alkoxy group optionally
having a carboxyl group; a formyl group; a C i_6 



alkyl-carbonyl group; an amino group; a mono or
di-Ci-6 alkylamino group; a C i_ 6 alkoxycarbonyl
group; a carbamoyl group; a 5- to 8- membered aromatic
heterocyclic group containing, besides carbon atom, 1
to 3 hetero atoms selected from the group consisting
of nitrogen atom, oxygen atom and sulfur atom, which
may have hydroxy or Ci-6 alkoxy; an
amino-sulfonylamino group optionally having a Ci-6
alkoxycarbonyl group; and a 5- to 8-membered
nonaromatic heterocyclic group containing, besides
carbon atom, 1 to 3 hetero atoms selected from the
group consisting of nitrogen atom, oxygen atom and
sulfur atom, and the like, such as phenoxy,
naphthyloxy group and the like, and the like) , an
aminocarbonyloxy group, a mono- or
di-alkylamino-carbonyloxy group (e.g., a mono- or
di-Ci-6 alkylamino-carbonyloxy group such as
methylaminocarbonyloxy, ethylaminocarbonyloxy,
dimethylaminocarbonyloxy , a diethylamino-carbonyloxy
group etc. , and the like) , a formyloxy group, an
alkylcarbonyloxy group (e.g. , a C i_6
alkyl-carbonyloxy group such as acetyloxy,
propionyloxy, butyryloxy etc. , and the like) , a
mono- or di-Ci _ 6 alkylaminothiocarbonyloxy group, a
heterocyclic group-oxy group (heterocyclic group is,
for example, a 3- to 12-membered, preferably 5- or
6-membered, aromatic heterocyclic group containing,
besides carbon atom, 1 to 3 hetero atoms selected from
the group consisting of nitrogen atom, oxygen atom and
sulfur atom, such as furyl, thienyl, pyrrolyl and the
like, a 5- to 8-membered non-aromatic heterocyclic
group containing, besides carbon atom, 1 to 3 hetero
atoms selected from the group consisting of nitrogen
atom, oxygen atom and sulfur atom and the like) , (xi)
a carboxyl group, (xii) an optionally substituted
carbonyl group (e.g., alkoxy carbonyl group (e.g. , a
Ci-e alkoxy-carbonyl group such as methoxycarbonyl ,
ethoxycarbonyl , propoxycarbonyl , butoxycarbonyl
,isobutoxycarbonyl group etc. , and the like) , an
aralkyloxycarbonyl group (e.g. , a Ch-i
aralkyloxy-carbonyl group such a s benzyloxycarbonyl
group etc. , and the like) , an aryloxy-carbonyl group
(e.g., a Ce-i4 aryloxy-carbonyl group such as
phenoxycarbonyl group etc. , and the like) , an
alkylcarbonyl group optionally substituted by a Cs-u
aryloxy group (e.g., a Ci-e alkyl-carbonyl group such
as methylcarbonyl , ethylcarbonyl , butylcarbonyl and
the like, and the like) , a cycloalkylcarbonyl group
(e.g:, a C3-3 cycloalkyl-carbonyl group such as
cyclopentylcarbonyl , cyclohexylcarbonyl group and the
like, and the like), an aryl-carbonyl group (e.g., a
Ce-i4 aryl-carbonyl group such as benzoyl and the
like, and the like) , an aralkylcarbonyl group (e.g.,
a C7-16 aralkyl-carbonyl group such as benzyl carbonyl
and the like, and the like) , a Ci- alkoxycarbonyl-
carbonyl group, a C i_ 6 alkoxy-carbonyl-Ci- 6
alkyl-carbonyl group, a 5- or 6-membered aromatic
heterocyclic group containing, besides carbon atom, 1
to 3 hetero atoms selected from the group consisting
of nitrogen atom, oxygen atom and sulfur atom-carbonyl
group, a 5- to 8-membered non-aromatic heterocyclic
group containing, besides carbon atom, 1 to 3 hetero
atoms selected from the group consisting of nitrogen
atom, oxygen atom and sulfur atom-carbonyl group, a
Ci-6 alkoxy- 5- or 6-membered aromatic heterocycle
containing, besides carbon atom, 1 to 3 hetero atoms
selected from the group consisting of nitrogen atom,
oxygen atom and sulfur atom-carbonyl group, Ci-
alkoxy-5- to 8- membered non-aromatic heterocycle
containing, besides carbon atom, 1 to 3 hetero atoms
selected from the group consisting of nitrogen atom,
oxygen atom and sulfur atom" carbonyl group) , (xiii)
an optionally substituted carbamoyl group (e.g., a
carbamoyl group, a thiocarbamoyl group, a mono- or
di-alkylcarbamoyl group (e.g., a mono- or di-Ci-6
alkyl-carbamoyl group such as methyl carbamoyl,
ethylcarbamoyl , propyl carbamoyl, butyl carbamoyl ,
diettiylcarbamoyl , dibutyl carbamoyl group and the
like) , a mono- or di-aralkyl-carbamoyl group
optionallysubstituted by a carboxyl group or Ci-6
alkoxy-carbonyl (e.g., a mono- or CU-C -I
aralkyl-carbamoyl group such as benzylcarbamoyl and
the like) and the like) , (xiv) a thiol group, (xv) a
thiol group having a substituent (e.g., an optionally
halogenated C i_ 6 alkylthio group, a C7-16
aralkylthio group, a 5- to 8-membered aromatic
heterocycle-thio group containing, besides carbon
atom, 1 to 3 hetero atoms selected from the group
consisting of nitrogen atom, oxygen atom and sulfur
atom, a monoor di-Ci-6 alkylcarbamoyl-thio group) ,
(xvi) an optionally substituted sulfonyl group (e.g. ,
a C i_ 6 alkylsulfonyl group (e.g., a C i_ 6
alkylsulfonyl group such as methylsulf onyl ,
ethylsulf onyl , propylsulfonyl and the like, and the
like), a cycloalkylsulfonyl group (e.g., a C3-8
cycloalkylsulfonyl group such as cyclopentylsulf onyl
, cyclohexylsulfonyl and the like, and the like) , an
arylsulfonyl group (e.g., a Ce-i4 arylsulfonyl group
such as phenylsulfonyl, naphthylsulfonyl and the like,
and the like) , an aralkylsulfonyl group (e.g., a
C7-.15 aralkylsulfonyl group such as benzylsulfonyl
and the like, and the like)) , (xvii) an optionally
substituted (e.g., optionally substituted by a
substituent selected from a halogen atom, a cyano
group, a hydroxy group, a nitro group, a carboxyl
group, a Ci-e alkoxy group, a 5- to 8-membered
non-aromatic heterocyclic group containing, besides
carbon atom, 1 to 3 hetero atoms selected from the
group consisting of nitrogen atom, oxygen atom and
sulfur atom, optionally halogenated C -6 alkyl group
such a s methyl, ethyl, trifluoromethyl and the like,
a formyl group, a Ci- 6 alkyl-carbonyl group, a Cc_ 6
alkoxy-carbonyl group, an amino group, a mono or
di-Ci-6 alkylamino group, a C i_ 6 alkoxycarbonylamino
group, a carbamoyl group, a C -6 alkylcarbamoyl group,
a C - aryl group, a C i_ 3 alkylenedioxy group, a
C6-i4 aryloxy group optionally substituted by a
halogen atom and the like, and the like) 5- to
8-membered non-aromatic heterocyclicgroup containing,
besides carbon atom, 1 to 3 hetero atoms selected from
nitrogen atom, sulfur atom and oxygen atom (including
a 5- to 8-membered cyclic amino group optionally
containing, besides nitrogen atom, 1 to 3 hetero atoms
such as sulfur atom, oxygen atom and the like, for
example, pyrrolidinyl , 



tetrahydrofuryl , tetrahydrothienyl , piperidyl,
tetrahydropyranyl , morpholinyl, thiomorpholinyl,
piperazinyl and the like) , (xviii) an optionally
substituted (e.g., optionally substituted by a
substituent selected from a halogen atom, -a cyano
group, a hydroxy group, a nitro group, a carboxyl
group, a Ci-6 alkoxy group, a 5- to 8-membered
non-aromatic heterocyclic group containing, besides
carbon atom, 1 to 3 hetero atoms selected from the
group consisting of nitrogen atom, oxygen atom and
sulfur atom, optionally halogenated Ci-6 alkyl group
such as methyl, ethyl, trifluoromethyl and the like, a
formyl group, a Ci- 6 alkyl-carbonyl group, a Ci-e
alkoxy-carbonyl group, an amino group, a mono or
di-Ci-e alkylamino group, a C -6 alkoxycarbonylamino
group, a carbamoyl group, a C i_ 6 alkylcarbamoyl
group, a Ce-n aryl group, a C1-3 alkylenedioxy group,
a C6 _i4 aryloxy group optionally substituted by a
halogen atom and the like, and the like) 5- to
8-membered aromatic heterocyclic group containing,
besides carbon atom, 1 to 3 hetero atoms selected from
nitrogen atom, sulfur atom and oxygen atom (e.g.,
furyl, thienyl, pyrrolyl, oxazolyl, isooxazolyl,
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) , (xix) an optionally substituted (e.g.,
optionally substituted by a substituent selected from
(1) optionally halogenated Ci-6 alkyl, (2) optionally
halogenated C3 _ cycloalkyl and (3) optionally
substituted C6-14 aryl group (e.g., optionally
substituted by the optionally substituted C6-14 aryl
group of theaforementioned (viii) ) ureido group, (xx)
an oxo group and the like are used. A s preferable
substituent that the "optionally substituted,
nitrogen-containing heterocycle" represented by ring A
(ring A') may have, for example, (i) a halogen atom,
(ii) a cyano group, (iii) a hydroxy group, (iv) a
nitro group, (v) an optionally substituted amino group
(a mono- or di-Ci-6 alkylamino group, a C -I6
aralkylamino group optionally substituted by a C i_6
alkoxy group, a Ci-6 alkyl-carbonylamino group
optionally substituted by a C -14 aryloxy group and C
i_6 alkylsulfonylamino group etc. ) , (vi) an
optionally substituted alkyl group (e.g., a Ci-6 alkyl
group optionally substituted by a substituent selected
from a halogen atom, a Ci-6 alkoxy group and a 5- to
8-membered nonaromatic heterocyclic group containing,
besides carbon atom, 1 to 3 hetero atoms selected from
the group consisting of nitrogen atom, oxygen atom and
sulfur atom, and the like) , (vii) an optionally
substituted Ce-i4 aryl group (e.g., a C - aryl group
optionally substituted by a substituent selected from
a halogen atom, a Ci-6 alkoxy group and a 5- to
8-membered nonaromatic heterocyclic group containing,
besides carbon atom, 1 to 3 hetero atoms selected from
the group consisting of nitrogen atom, oxygen atom and
sulfur atom and the like) , (viii) an optionally
substituted Ci-e alkoxy group (e.g., a C i_ 6 alkoxy
group optionally substituted b y a substituent
selected from a halogen atom, a hydroxy group, a C3 _
7 cycloalkyl group, a C7-16 aralkyloxy group, a 5- to
8-membered aromatic heterocyclic group containing,
besides carbon atom, 1 to 3 hetero atoms selected from
the group consisting of nitrogen atom, oxygen atom and
sulfur atom, a 5- to 8-membered non-aromatic
heterocyclic group containing, besides carbon atom, 1
to 3 hetero atomsselected from nitrogen atom and
oxygen atom, which may have a carboxy group, and C -i4
arylcarbonyl group and the like) , (ix) an optionally
substituted aralkyloxy group (e.g., a C -I6 aralkyloxy
group optionally substituted by a substituent selected
from a halogen atom, a cyano group, a carboxyl group,
a C i_ alkyl group optionally having a carboxyl group,
a C i_ 6 alkoxy group optionally having a carboxyl
group, an amino group, a Cc_6 alkoxycarbonyl group, a
carbamoyl group, a 5- to 8-membered aromatic
heterocyclic group containing, besides carbon atom, 1
to 3 hetero atoms selected from the group consisting
of nitrogen atom, oxygen atom and sulfur atom,
amino-sulfonylamino group optionally having a C i_ 6
alkoxycarbonyl group and a 5- to 8- membered
non-aromatic heterocyclic group containing, besides
carbon atom, 1 to 3 hetero atoms selected from the
group consisting of nitrogen atom, oxygen atom and
sulfur atom and the like) , (x) a thiol group, (xi) an
optionally halogenated Ci-6 alkylthio group, (xii) a
C7 _i6 aralkylthio group, (xiii) a 5- to 8-membered
aromatic heterocycle containing, besides carbon atom,
1 to 3 hetero atoms selected from the group consisting
of nitrogen atom, oxygen atom and sulfur atom-thio
group , (xiv) a mono- or di-Ci-6 alkylcarbamoyl-thio
group (xv) a Ci-6 alkylsulfonyl group, (xvi) a
carbamoyl group, (xvii) a mono- or di-Ci-6
alkylamino-thiocarbonyloxy group, (xviii) a 5- to
8-membered non-aromatic heterocyclic group containing,
besides carbon atom, 1 to 3 hetero atoms selected from
nitrogen atom, sulfur atom and oxygen atom, (xix) a 5-
to 8-membered aromatic heterocyclic group containing,
besides carbon atom, 1 to 3 hetero atoms selected from
nitrogen atom, sulfur atom and oxygen atom, and the
like can be mentioned.More preferable substituents
that ring A (ring A') optionally have include, for
example, a halogen atom, an optionally substituted C
i_ 6 alkyl group (e.g., a Ci-6 alkyl group optionally
substituted by substituent (s) selected from a halogen
atom, a Ci-e alkoxy group and a 5- to 8-membered
non-aromatic heterocyclic group containing, besides
carbon atom, 1 to 3 hetero atoms selected from the
group consisting of nitrogen atom, oxygen 



atom and sulfur atom) , an optionally halogenated Ci-6
alkoxy group, a mono- or di-Ci-6 alkylamino group, an
optionally halogenated Ci-e alkyl thio group, a nitro
group, a cyano group and the like. Of these, 1 to 3
substituents selected from a halogen atom, an
optionally halogenated Ci-6 alkyl group and an
optionally halogenated Ci-e alkoxy group and the like
are particularly preferable . The substituent of ring
A (ring A') may b e present at any substitutable
position on the ring, and when two or more
substituents are present, the substituents may b e the
same or different and, the number thereof may b e
about 0-4. The number of the substituents is
preferably about 0-3 . When ring A has a nitrogen
atom, it may form a quaternary ammonium salt and, for
example, a salt may b e formed with an anion such as a
halogen ion (e.g., Cl , B r , I" and the like) , a
sulfuric acid ion, a hydroxy ion and the like. (2)
"ring B (ring B f)" Ring B is an optionally
substituted monocyclic homocycle or an optionally
substituted monocyclic heterocycle, and ring B ' is an
optionally substituted homocycle or an optionally
substituted heterocycle . A s the "monocyclic
homocycle (monocyclic hydrocarbon comprising carbon
atoms)" represented by ring B , for example, a 3- to
10-membered, preferably 5- to 9-membered, monocyclic
hydrocarbon, more preferably a 5- or 6-membered
monocyclic hydrocarbon and the like can be mentioned
and, specifically, for example, benzene, C3-I0
cycloalkane (e.g., cyclopropane,cyclobutane,
cycloperitane , cyclohexane, cycloheptane, cyclooctane
and the like) , C4-10 cycloalkene (e.g. , cyclobutene,
cyclopentene, cyclohexene, cycloheptene ,
cycloheptadiene , cyclooctene and the like) and the
like are used. Of these, as ring B , for example, a
6-membered monocyclic homocycle, such as benzene,
cyclohexane and the like, are preferable, and a
benzene ring is particularly preferable . A s the
"homocycle (cyclic hydrocarbon comprising carbon
atoms)", represented by ring B', for example, a 3- to
14-membered cyclic hydrocarbon and the like can b e
mentioned, and specifically, for example, a Ce-n aryl
ring, C3_io cycloalkane (e.g. , cyclopropane,
cyclobutane, cyclopentane , cyclohexane, cycloheptane,
cyclooctane and the like), C4-10 cycloalkene (e.g.,
cyclobutene, cyclopentene, cyclohexene, cycloheptene,
cycloheptadiene, cyclooctene and the like) and the
like are used. Specifically, besides the
aforementioned monocyclic homocycles, indene,
naphthalene, anthracene, fluorene, phenanthrene and
derivatives thereof (e.g., (partial) hydrides thereof
and the like) and the like are used. A s the
"monocyclic heterocycle" represented by ring B , for
example, a 3 to 9 -membered monocyclic heterocycle
containing, besides carbon atom, 1 to 3 hetero atoms
selected from nitrogen atom, sulfur atom, oxygen atom
and the like, preferably a 5- to 9-membered monocyclic
heterocycle, more preferably a 5- or 6- membered
monocyclic heterocycle, particularly preferably a 5-
or 6-membered monocyclic aromatic heterocycle, can b e
mentioned. Specifically, for example, pyridine,
pyrazine, pyrimidine, pyridazine, pyrrole, imidazole,
pyrazole, triazole, pyrrolidine, imidazoline,
imidazolidine, piperidine, piperazine, triazine,
tetrahydropyridine , dihydropyridine ,
tetrahydropyrazine, tetrahydropyrimidine ,
tetrahydropyridazine, pyrroline (dihydropyrrole) ,
pyrazoline (dihydropyrazole) , hexahydropyrimidine ,
'hexahydropyridazine, thiazole, isothiazole, oxazole,
isoxazole, oxazoline, oxazolidine,
morpholine,thiazoline (dihydrothiazole) ,
isothiazolidine (dihydroisothiazole) , isooxazoline
(dihydroisoxazole) , thiazolidine (tetrahydrothiazole)
, isothiazolidine (tetrahydroisothiazole) ,
isooxazolidine (tetrahydroisoxazole) , furan,
thiophene, pyran, dioxane, dihydropyran ,
dihydrothiophene , dihydrofuran, tetrahydrothiophene ,
tetrahydrofuran, tetrahydropyran and the like can be
mentioned. As preferable monocyclic heterocycle, for
example, (i) a 6- membered monocyclic
nitrogen-containing heterocycle containing, besides
carbon atom, 1 or 2 nitrogen atoms (e.g., pyridine,
pyrazine ring and the like) or (ii) a 5-membered
monocyclic sulfur-containing heterocycle containing,
besides carbon atom, one sulfur atom (e.g., thiophene
ring and the like) and the like can be mentioned, with
particular preference given to thiophene ring. As the
"heterocycle" represented by ring B , for example, a
3- to 12-membered heterocycle containing, besides
carbon atom, 1 to 3 hetero atoms selected from
nitrogen atom, sulfur atom, oxygen atom and the like
are used, and specifically, aromatic fused heterocycle
and the like are used besides the aforementioned
monocyclic heterocycle. As the aromatic fused
heterocyclic group, for example, a 8- to 12-membered
aromatic fused heterocycle such as benzofuran,
benzothiophene, indole, benz imidazole, benzoxazole,
coumarin, quinoline, isoquinoline, quinoxaline,
quinazoline, phthalazine, naphthyridine , acridine,
thianthrene, phenoxazine, phenothiazine, purine,
xanthine, xanthene, pteridine and the like
(preferably, a heterocycle wherein the aforementioned
5- or 6-membered monocyclic aromatic heterocycle is
condensed with a benzene ring or a heterocycle wherein
the same or different two heterocycles of the
aforementioned 5- or 6-membered monocyclic aromatic
heterocycle are condensed) and the like can be
mentioned. As the substituents that "monocyclic
homocycle" and "monocyclic heterocycle" represented by
ring B , and the"homocycle" and "heterocycle"
represented by ring B ' optionally have, those similar
to the substituents that the aforementioned ring A
(ring A') optionally have can b e mentioned. A s
preferable substituents that "homocycle or
heterocycle" represented by ring B (ring B') may have,
for example, (i) a halogen atom, (ii) a cyano group,
(iii) a hydroxy group, (iv) a nitro group, (v) an
optionally substituted amino group (e.g. , (a) a
monoor di-Ci-6 alkylamino group, (b) a C7-16
aralkylamino group optionally substituted by a C i_ 6
alkoxy group, (c) a Ci-6 alkylcarbonylamino group
optionally substituted by a C6-i4 aryloxy group, (d) a
Ci-6 alkylsulfonylamino group and (e) a C -I6
aralkylcarbony lamino group etc .) , (vi) an
optionally substituted alkyl group (e.g., a C i_ 6
alkyl group optionally substituted by (a) a halogen
atom, (b) a Ci-6 



alkoxy group, (c) a substituent selected from a 5- to
8-membered non-aromatic heterocyclic group containing,
besides carbon atom, 1 to 3 hetero atoms selected from
the group consisting of nitrogen atom, oxygen atom and
sulfur atom, (d) C7-16 aralkyloxy optionally
substituted by a carboxyl group, C i_ 6
alkoxy-carbonyl , C i_6 alkyl-aminocarbonyl , a cyano
group, halogen or carboxyl-Ci _ 6 alkyl, (e) C6 _i4
aryl-aminocarbonyl optionally substituted by a
carboxyl group or C i_ 6 alkoxy-carbonyl, (f) C6-i4
arylcarbonylamino optionally substituted by a carboxyl
group or C i_ 6 alkoxy-carbonyl, (g) Cg-i4 aryloxy
optionally substituted by a carboxyl group, (h) C6-14
aryl-carbonyloxy optionally substituted by
hydroxy-Ci-6 alkyl, (i) N-C -6 alkyl-N-C 7-i6
aralkylamino, (j) N - Ci-6 alkyl-carbonyl-N-C7-i6
aralkyl-amino , (k) C7-16 aralkylthio, (1) an azide
group, (m) a cyano group, (n) C i_ 6 alkoxy-carbonyl,
(o) a hydroxy group and the like) , (vii) an
optionally substituted C -I aryl group (e.g., a C6-14
aryl group optionally substituted by a halogen atom, a
C i_ 6 alkoxygroup, substituent(s) selected from 5- to
8-membered non-aromatic heterocyclic group containing,
besides carbon atom, 1 to 3 hetero atoms selected from
the group consisting of nitrogen atom, oxygen atom and
sulfur atom, a carboxyl group and the like) , (viii)
an optionally substituted C i_6 alkoxy group (e.g., a
C i 6 alkoxy group optionally substituted by
substituent (s) selected from (a) a halogen atom, (b)
a hydroxy group, (c) a C3-7 cycloalkyl group, (d) a
C7-1 6 aralkyloxy group, (e) a 5- to 8- membered
aromatic heterocyclic group containing, besides carbon
atom, 1 to 3 hetero atoms selected from the group
consisting of nitrogen atom, oxygen atom and sulfur
atom, (f) a 5- to 8- membered non-aromatic
heterocyclic group containing, besides carbon atom, 1
to 3 hetero atoms selected from nitrogen atom and
oxygen atom, which may have a carboxy group or a
carbonyl group, and (g) a C6-i4 arylcarbonyl group and
the like) , (ix) an optionally substituted aralkyloxy
group (e.g., a C7-16 aralkyloxy group optionally
substituted by a substituent selected from a halogen
atom, a cyano group, a carboxyl group, a Ci-6 alkyl
group optionally having a carboxyl group, a Ci-e
alkoxy group optionally having a carboxyl group, an
amino group, a Ci-6 alkoxycarbonyl group, a carbamoyl
group, a 5- to 8-membered aromatic heterocyclic group
containing, besides carbon atom, 1 to 3 hetero atoms
selected from the group consisting of nitrogen atom,
oxygen atom and sulfur atom, amino-sulfonylamino group
optionally having a C i_ alkoxycarbonyl group and a 5-
to 8- membered non-aromatic heterocyclic group
containing, besides carbon atom, 1 to 3 hetero atoms
selected from the group consisting of nitrogen atom,
oxygen atom and sulfur atom and the like) (x) an
optionally substituted aryloxy group (e.g., a Ce-14
aryloxy group optionally substituted by substituent
(s) selected from (a) a halogen atom, (b) a cyano
group, (c) a carboxyl group, (d) a Ci-6 alkyl group
optionally having a carboxyl group, (e) a C i_ 6
alkoxy group optionally having a carboxyl group, (f)
an aminogroup, (g) a Ci-6 alkoxycarbonyl group, (h) a
carbamoyl group, (i) a 5- to 8-meinbered aromatic
heterocyclic group containing, besides carbon atom, 1
to 3 hetero atoms selected from the group consisting
of nitrogen atom, oxygen atom and sulfur atom, which
may have hydroxy or C i_ 6 alkoxy, (j) an
amino-sulfonylamino group optionally having Ci-6
alkoxycarbonyl group and (k) a 5- to 8- membered
non-aromatic heterocyclic group containing, besides
carbon atom, 1 to 3 hetero atoms selected from the
group consisting of nitrogen atom, oxygen atom and
sulfur atom and the like) , (xi) a thiol group, (xii)
an optionally halogenated Ci-6 alkylthio group, (xiii)
a C7-I6 aralkylthio group, (xiv) a 5- to 8-membered
aromatic heterocycle containing, besides carbon atom,
1 to 3 hetero atoms selected from the group consisting
of nitrogen atom, oxygen atom and sulfur atom-thio
group , (xv) a mono- or di-Ci-6 alkylcarbamoyl-thio
group (xvi) a Ci-6 alkylsulfonyl group, (xvii) a
carbamoyl group, (xviii) a mono- or di-Ci-6
alkylamino-thiocarbonyloxy group, (xix) a 5- to
8-membered non-aromatic heterocyclic group containing,
besides carbon atom, 1 to 3 hetero atoms selected from
nitrogen atom, sulfur atom and oxygen atom, (xx) a 5-
to 8-membered aromatic heterocyclic group containing,
besides carbon atom, 1 to 3 hetero atoms selected from
nitrogen atom, sulfur atom and oxygen atom, and the
like, (xxi) a C7-I6 aralkyl-carbamoyl group optionally
substituted by a carboxyl group or a C i_ 6
alkoxycarbonyl group, (xxii) an oxo group and the like
can be mentioned. More preferable substituents that
ring B optionally have include, for example, a halogen
atom, an optionally substituted C i_ 6 alkyl group
(e.g., a C i_ 6 alkyl group optionally substituted by
a halogen atom, a Ci-6 alkoxy group, substituent (s)
selectedfrom a 5- to 8-membered non-aromatic
heterocyclic group containing, besides carbon atom, 1
to 3 hetero atoms selected from the group consisting
of nitrogen atom, oxygen atom and sulfur atom, a C7-16
aralkyloxy optionally substituted by a carboxyl group,
a C6-i4 aryl-aminocarbonyl optionally substituted by a
carboxyl group, C6-14 aryl-carbonylamino optionally
substituted by a carboxyl group, a C - aryloxy
optionally substituted by a carboxyl group and the
like) , an optionally halogenated Ci-6 alkoxy group, a
mono- or di-Ci _ 6 alkylamino group, an optionally
halogenated C i_ 6 alkylthio group, a nitro group, a
cyano group, an optionally substituted aralkyloxy
group (e.g., a C7-I6 aralkyloxy group optionally
substituted by substituent (s) selected from a halogen
atom, a cyano group, a carboxyl group, a Ci-6 alkyl
group optionally having a carboxyl group, a Ci-6
alkoxy group optionally having a carboxyl group, an
amino group, a Ci-6 



alkoxycarbonyl group, a carbamoyl group, a 5- to
8-membered aromatic heterocyclic group containing,
besides carbon atom, 1 to 3 hetero atoms selected from
the group consisting of nitrogen atom, oxygen atom and
sulfur atom, an amino-sulfonylamino group optionally
having a Ci-6 alkoxycarbonyl group and a 5- to 8-
membered non-aromatic heterocyclic group containing,
besides carbon atom, 1 to 3 hetero atoms selected from
the group consisting of nitrogen atom, oxygen atom and
sulfur atom and the like) , an optionally substituted
aryloxy group (e.g. , a C6-i4 aryloxy group optionally
substituted by substituent (s) selected from a halogen
atom, a cyano group, a carboxyl group, a C i_ 6 alkyl
group optionally having a carboxyl group, a C i_ 6
alkoxy group optionally having a carboxyl group, an
amino group, a Ci-e alkoxycarbonyl group, a carbamoyl
group, a 5- to 8-membered aromatic heterocyclic group
containing, besides carbon atom, 1 to 3 hetero atoms
selected from the group consisting of nitrogen atom,
oxygen atom and sulfur atom, an amino-sulfonylamino
group optionally having a &-6 alkoxycarbonyl group and
a 5- to 8- membered non-aromatic heterocyclic group
containing, besidescarbon atom, 1 to 3 hetero atoms
selected from the group , consisting of nitrogen atom,
oxygen atom and sulfur atom and the like ) , a C6-i4
aryl group optionally substituted by a carboxyl group,
a carbamoyl group optionally substituted by a C7-16
aralkyl optionally substituted by a carboxyl group and
an amino group optionally substituted by C -I6
aralkyl-carbonyl and the like. Of these, 1 to 3
substituents selected from a halogen atom, an
optionally halogenated Ci-6 alkyl group, a Ci-e alkyl
group substituted by a C7-16 aralkyloxy optionally
substituted by a carboxyl group, a C i_ alkyl group
substituted by a Cs-u arylaminocarbonyl optionally
substituted by a carboxyl group, a Ci-6 alkyl group
substituted by a C -n aryl-carbonylamino optionally
substituted by a carboxyl group, a Cc-b alkyl group
substituted by a C6-i4 aryloxy optionally substituted
by a carboxyl group, an optionally halogenated Cc-6
alkoxy group, an optionally substituted aralkyloxy
group (e.g., a C7 _i6 aralkyloxy group optionally
substituted by substituent (s) selected from a halogen
atom, a cyano group, a carboxyl group, a C _ 6 alkyl
group optionally having a carboxyl group, a C i_
alkoxy group optionally having a carboxyl group, an
amino group, a Cc- alkoxy carbonyl group, a carbamoyl
group, a 5- to 8-membered aromatic heterocyclic group
containing, besides carbon atom, 1 to 3 hetero atoms
selected from the group consisting of nitrogen atom,
oxygen atom and sulfur atom, an amino-sulfonylamino
group optionally having a Ci-g alkoxycarbonyl group
and a 5- to 8-membered nonaromatic heterocyclic group
containing, besides carbon atom, 1 to 3 hetero atoms
selected from the group consisting of nitrogen atom,
oxygen atom and sulfur atom and the like) , an
optionally substituted aryloxy group (e.g., a C -
aryloxy group optionally substituted b y substituent
(s) selected from a halogen atom, a cyano group, a
carboxyl group, a C i_ 6 alkyl group optionally having
a carboxyl group, a C i_ 6 alkoxy group optionally
having a carboxyl group, an amino group, a Ci-6
alkoxycarbonyl group, a carbamoyl group, a 5- to
8-membered aromatic heterocyclic groupcontaining,
besides carbon atom, 1 to 3 hetero atoms selected from
the group consisting of nitrogen atom, oxygen atom and
sulfur atom, an amino-sulfonylamino group optionally
having a Ci-6 alkoxycarbonyl group and a 5- to
8-membered non-aromatic heterocyclic group containing,
besides carbon atom, 1 to 3 hetero atoms selected from
the group consisting of nitrogen atom, oxygen atom and
sulfur atom and the like) , a C6-i4 aryl group
optionally substituted by a carboxyl group, a
carbamoyl group optionally substituted by a C7 _i6
aralkyl optionally substituted by a carboxyl group and
an amino group optionally substituted by a C7- I6
aralkyl-carbonyl and the like are preferable.
Particularly, 1 to 3 substituents selected from (1) a
C i_ 6 alkyl group, (2) a Ci-6 alkyl group substituted
by a C7-I6 aralkyloxy optionally substituted by a
carboxyl group, (3) a Ci-6 alkyl group substituted by
a Ce-n aryl-aminocarbonyl optionally substituted by a
carboxyl group, (4) a Ci-s alkyl group substituted by
a C6-i4 aryl-carbonylamino optionally substituted by a
carboxyl group, (5) a Ci-6 alkyl group substituted by
a Ce-n aryloxy optionally substituted by a carboxyl
group, (6) a C6-i4 aryloxy group optionally
substituted by a carboxyl group, (7) a C7-I6
aralkyloxy group optionally substituted by a carboxyl
group, (8) a Ce-14 aryl group optionally substituted
by a carboxyl group, (9) a carbamoyl group optionally
substituted by a C7-I aralkyl optionally substituted
by a carboxyl group, (10) an amino group optionally
substituted by C7-I6 aralkyl-carbonyl and (11) a
halogen atom and the like are preferable. The
substituent of ring B may b e present at any
substitutable position on the ring, and when two or
more substituents are present, the substituents may b
e the same or different and, the number thereof may b
e about 0-4. The number of the substituents is
preferably about 0-3 . When ring B has a nitrogen
atom, it may form a quaternary ammonium salt and, for
example, a salt may b e formed with an anion such as a
halogen ion (e.g., Cl , B r , I and the like),
asulfuric acid ion, a hydroxy ion and the like. (3)
R1, R2 R1 and R2 are each a hydrogen atom or an
optionally substituted hydrocarbon group. As the
"hydrocarbon group" of the "optionally substituted
hydrocarbon group" represented by R1 or R2 , for
example, an alkyl group, an alkenyl group, an alkynyl
group, a cycloalkyl group, an aryl group and the like
can be mentioned. It is preferably an alkyl group, a
cycloalkyl group or an aryl group, and particularly
preferably an alkyl group. As the "alkyl group", a
linear or branched one having 1 to 6 carbon atoms is
used, and preferably, for example, a linear or
branched alkyl group having 1 to 4 carbon atoms such
as methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, tert-butyl and the like is used. As the
"alkenyl group", for example, an alkenyl group having
2 to 6 carbon atoms, such as ethenyl, propenyl,
isopropenyl, butenyl, isobutenyl, sec-butenyl and the
like, is used, and preferably, for example, an alkenyl
group having 2 to 4 



carbon atoms, such as ethenyl, propenyl, isopropenyl
and the like, is used. As the "alkynyl group", for
example, an alkynyl group having 2 to 6 carbon atoms,
such as ethynyl, propynyl, butynyl, isobutynyl and the
like, is used, and preferably, for example, an alkynyl
group having 2 to 4 carbon atoms, such as ethynyl,
propynyl and the like is used. As the "cycloalkyl
group", for example, a C3-8 cycloalkyl group, such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl and the like, is used, and
preferably, for example, a C3--6 cycloalkyl group such
as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl
and the like, is used. As the "aryl group", for
example, an aryl group having 6 to 14 carbon atoms,
such as phenyl, naphthyl, anthryl, phenanthryl and the
like, is used, and preferably, for example, an aryl
grouphaving 6 to 10 carbon atoms, such as phenyl,
naphthyl and the like, is used. A s the substituents
that the "hydrocarbon group" represented by R1 or R2
optionally have, specifically, (i) a halogen atom,
(ii) a cyano group, (iii) a hydroxy group, (iv) the
above-mentioned optionally substituted amino group
(same as the "optionally substituted amino group" that
the "optionally substituted, nitrogen-containing
heterocycle" represented by the aforementioned ring A
optionally has) , (v) the above-mentioned optionally
substituted alkyl group (same as the "optionally
substituted alkyl group" that the "optionally
substituted, nitrogen-containing heterocycle"
optionally has) , (vi) the above-mentioned optionally
substituted aralkyloxy group (same as the "optionally
substituted aralkyloxy group" that the "optionally
substituted, nitrogen-containing heterocycle"
optionally has) (vii) the above-mentioned optionally
substituted C6-I4 aryl group (same as the "optionally
substituted C6-I aryl group" that the "optionally
substituted, nitrogen-containing heterocycle"
represented by the aforementioned ring A optionally
has) , (viii) the above-mentioned optionally
substituted C i_ 6 alkoxy group (same as the
"optionally substituted C i_6 alkoxy group" that the
"optionally substituted, nitrogen-containing
heterocycle" represented by the aforementioned ring A
optionally has) , (ix) a thiol group, (x) a Ci-6
alkylthio group, (xi) a C7-I6 aralkylthio group, (xii)
a 5- to 8-membered aromatic heterocycle containing,
besides carbon atom, 1 to 3 hetero atoms selected from
the group consisting of nitrogen atom, oxygen atom and
sulfur atom-thiogroup, (xiii) a C i_ 6 alkylsulfonyl
group, (xiv) a carbamoyl group, (xv) a mono- or
di-Ci-e alkylamino-thiocarbonyloxy group, (xvi) the
above-mentioned mono- or di-Ci _ 6 alkylcarbamoylthio
group, (xvii) a nitro group, (xviii) a carboxyl group,
(xix) a C i_ 6 alkoxy-carbonyl group and (xx) a Ci-6
alkyl-carbonyl group and the like can be mentioned. A
s R1 and R2 , each is preferably a hydrogen atom or an
optionally substituted lower alkyl group. As the
"optionally substituted lower alkyl group" , for
example, a Ci-g alkyl group optionally substituted by
the aforementioned substituent of the "optionally
substituted alkyl group" (e.g., methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl) and
the like are used. A s R1 and R2 , a hydrogen atom is
particularly preferable. A s the partial structure
represented by the formula to which the aforementioned
ring A and ring B are related, or as the partial
structure represented by the formula to which the
aforementioned ring A ' and ring B ' are related, one
wherein the aforementioned preferable embodiments of
the aforementioned ring A , ring B and Z are combined,
or one wherein the aforementioned preferable
embodiments of the aforementioned ring A', ring B '
and Z are combined, is used. Particularly,DESCRIPTION
MAGNETIC RECORDING AND REPRODUCING DEVICE Cross
Reference to Related Applications: This application is
an application filed under 35 U.S.C. § 11l(a) claiming
the benefit pursuant to 35 U.S.C. § 119(e)(l) of the
filing dates of Provisional Application No. 60/580,907
filed June 21, 2004 and Japanese Patent Application
No. 2004-168266 filed June 7, 2004 pursuant to 35
U.S.C. § 11l(b). Technical Field: This invention
relates to a magnetic recording and reproducing device
for recording and reproducing a magnetic signal.
Background Art: The hard disk drive (HDD) which is one
kind of the magnetic recording and reproducing device
has been conspicuously exalting the recording density
in recent years. To date, even in the mass-produced
version of this device, the recording density has
reached 80 Gbpsi (giga bits/square inch). As a result,
even in the HDD of the small size, the exaltation of
capacity has become feasible. At the recording density
of 80 Gbpsi, for example, the 1-inch HDD is capable of
realizing the capacity of 6 GB. When the HDD of such a
small size as about 1 inch in diameter is so improved
as to realize a great exaltation of recording
capacity, it can be expected to find extensive utility
in portable applications, such as portable telephones,
portable music players and the PDA as well. The
portable music players have already come to include
commodities having a 1-inch HDD mounted therein. These
commodities have been developing an appreciable
market. As the magnetic recording medium to be used in
the hard disk drive, the configuration which results
from stacking a metal film by the sputtering technique
on the substrate for a magnetic recording medium has
been prevailing. As the substrate to be used in the
magnetic recording medium, the aluminum substrate and
the glass substrate are widely adopted. The aluminum
substrate is produced by forming an Ni-Palloy film in
a thickness of about 10 mm by the electroless plating
technique on a specularly polished substrate of an
Al-Mg-based alloy and further polishing the surface of
this film to a specular finish. The glass substrate is
known in two kinds, i.e. an amorphous glass and a
crystallized glass, which are both produced in a
specular finish. In the magnetic recording medium
which is at present generally used for the hard disk
drive, a non-magnetic under layer (Ni-Al-based alloy,
Cr or Cr-based alloy, for example), a non-magnetic
intermediate layer (Co-Cr-, Co-Cr-Ta-based alloy, for 



example), a magnetic layer (Co-Cr-Pt-Ta-,
Co-Cr-Pt-B-based alloy, for example), and a protecting
layer (carbon, for example) are sequentially stacked
in the order mentioned on a glass substrate or an
aluminum substrate. A lubricating film is further
formed thereon with a liquid lubricating agent.
Incidentally, the HDD of the small size has the
possibility of being applied to numerous portable
electronic devices and mobile communication devices as
described above. For the HDD to be used as built in
such devices, it is required to afford impact
resistance and resistance to the environment more than
ever. The HDD which is widely used at present,
however, does not deserve to be rated as possessing
fully satisfactory resistance to impact or to
environment and has failed to acquire properties
stable enough to find extensive adoption for such
devices as mentioned above. This invention has been
initiated in the light of the state of affairs
mentioned above and is aimed at providing a magnetic
recording and reproducing device which is capable of
being extensively applied to portable electronic
devices and mobile communication devices and is
excellent in resistance to impact and to environment.
Disclosure of the Invention: With a view to
accomplishing the above object, a first aspect of this
invention is directed toward a magnetic recording and
reproducing device comprising a rectangular box
housing having an upper opening and storing therein a
magnetic recording medium that has a substrate of
silicon and measures 50 mm or less in diameter, a
spindle motor that serves as drive means for
supporting and rotating the magnetic recording medium,
a head suspension assembly that includes a magnetic
head adapted to record and reproduce a magnetic signal
in the magnetic recording medium and supports the
magnetic head movably relative to the magnetic
recording medium, a voice coil motorthat rotates and
positions the head suspension assembly and a printed
circuit substrate that controls motion of the spindle
motor and voice coil motor; and a top cover for
blocking the upper opening of the housing. A second
aspect of this invention is directed to the magnetic
recording and reproducing device according to the
first aspect of the invention, wherein the substrate
of the magnetic recording medium has a thickness in a
range of 0.6 mm to 0.25 mm. A third aspect of this
invention is directed to the magnetic recording and
reproducing device according to the first or second
aspect of the invention, wherein the magnetic
recording medium has impact resistance of 2000 G or
more while no magnetic signal is being recorded or
reproduced in the magnetic recording medium. A fourth
aspect of this invention is directed to the magnetic
recording and reproducing device according to any one
of the first to third aspects of the invention,
wherein the magnetic recording medium has impact
resistance of 300 G or more while the magnetic signal
is being recorded or reproduced in the magnetic
recording medium. A fifth aspect of this invention is
directed to the magnetic recording and reproducing
device according to any one of the first to fourth
aspects of the invention, wherein the magnetic
recording medium has rotational frequency of 3600 rpm
or more. A sixth aspect of this invention is directed
to the magnetic recording and reproducing device
according to any one of the first to fifth aspects of
the invention, wherein the magnetic recording medium
has surface roughness (Ra) in a range of 1.5 A to 8 A.
Since the magnetic recording and reproducing device of
this invention uses a substrate of silicon for the
magnetic recording medium thereof, the magnetic
recording medium acquired by the device enjoys
scarcity of surface flaw and abundance of resistance
to impact and resistance to environment and allows the
magnetic recording and reproducing device to be so
miniaturized as to fit portable electronic devices and
mobile communication devices. Specifically, owing to
the use of silicon abounding in stiffness for the
substrate, the magnetic recording medium is allowed to
have a diameter of 50 mm or less. This. decrease of
the diameter allows the device to be miniaturized.
Thus, the magnetic recording and reproducing device
consequently obtained is suitable for portable
electronic devices and mobile communication
devices.Further, owing to the use of silicon abounding
in stiffness for the substrate, it is made possible to
decrease the thickness of the substrate and
miniaturize the device to a further extent. The device
acquires such properties as to exhibit impact
resistance of 2000 G or more during the absence of
writing or reading (the absence of recording and
reproducing) and impact resistance of 300 G or more
during the presence of writing and reading (the
presence of recording and reproducing). As a result,
the device is rendered applicable to portable
electronic devices and mobile communication devices.
Owing to the use of silicon abounding in stiffness for
the subgstrate, the magnetic recording medium is
enabled to withstand rotational frequency of 3600 rpm
or more and the magnetic recording and reproducing
device is enabled to operate at a higher speed.
Further, since the magnetic recording medium is given
surface roughness (Ra) in the range of 1.5 A to 8 A
and preferably in the range of 2 A to 6 A, the
flying-height budget of a head medium can be improved
and the margin for designing a drive can be enlarged.
The above and other objects, characteristic features
and advantages of the present invention will become
apparent to those skilled in the art from the
description given herein below with reference to the
accompanying drawings. Brief Description of the
Drawings: Figure 1 is a plan view illustrating the HDD
contemplated by this invention. Figure 2 is a side
view illustrating the magnetic head part as magnified.
Best Mode for carrying out the Invention: This
invention contemplates using, in the magnetic
recording and reproducing device, a magnetic recording
medium using silicon for the substrate thereof and
giving to the magnetic recording medium a diameter of
50 mm or less. As the silicon substrate, while a
single crystal substrate of such high purity as is
used in a semiconductor wafer can be used, a substrate
doped with an impurity and a polycrystal substrate may
be used. The silicon substrate is capable of improving
the smoothness of surface as compared with the glass
substrate or the Al substrate which isgenerally used
as the substrate for the magnetic recording medium
and, therefore, is capable of realizing very fine
surface properties which are devoid of surface defects
and projections. Further, since the crystal grains of
a seed layer, an under layer and a magnetic layer
formed on the silicon substrate are epitaxially grown,
the quality of each layer is improved and the magnetic
properties of the magnetic recording medium are
enhanced. In the case of producing a magnetic
recording medium using a silicon substrate, a magnetic
film may be formed directly on the silicon substrate
to give rise to the magnetic recording medium or a
textured anisotropic medium. As concrete examples of
the texturing method, a method which directly imparts
a mechanical texture to a silicon substrate, a method
which forms a metal film such as of NiP by sputtering
or plating and thereafter effects the impartation of a
mechanical texture, and a method which performs a
surface treatment as with an oxide film and thereafter
effects the impartation of a mechanical texture may be
cited. It is also permissible to impart anisotropy as
by the rhombic sputtering technique. By giving the
surface a texturing work or an etching treatment, it
is made possible to control the surface roughness of
the magnetic recording medium or control the
flying-height property (HDI) of the head. This
invention contemplates giving the magnetic recording
medium a diameter of 50 mm or less and preferably 25
mm or less. By giving the magnetic recording medium
such a small diameter as mentioned above, the magnetic
recording and reproducing device of this invention is
enabled to exalt the properties thereof more
conspicuously. To be specific, this magnetic recording
medium is enabled to exalt the smoothness of surface
and the controllability of surface and acquire easily
the properties suitable for the HDD of a small
diameter as compared with the conventional magnetic
recording medium using a glass substrate or an
aluminum substrate. The lower limit of the diameter of
the magnetic recording medium is about 10 mm. This
invention contemplates giving the substrate of the
magnetic recording medium a thickness preferably in
the range of 0.6 mm to 0.25 mm and more preferably 



in the range of 0.35 mm to 0.25 mm. Since the
substrate used for the magnetic recording and
reproducing device of this invention abounds in
stiffness, the substrate is enabled to decrease the
thickness thereof and as a result the magnetic
recording and reproducing device is enabled to be
further miniaturized.The magnetic recording and
reproducing device of this invention acquires such
properties as exhibit impact resistance of 2000 G or
more during the absence of writing and reading and
impact resistance of 300 G or more during the presence
of writing and reading. As a result, the device is
rendered applicable to portable electronic devices and
mobile communication devices, for example. The
magnetic recording medium to be used in the magnetic
recording and reproducing device of this invention
withstands rotation frequency of even more than 3600
rpm and, therefore, permits provision of a magnetic
recording and reproducing device which is capable of
high-speed operation. The surface roughness (Ra) of
the magnetic recording medium to be used in the
magnetic recording and reproducing device of this
invention falls preferably in the range of 1.5 A to 8
A and more preferably in the range of 2 A to 6 A. The
use of the magnetic recording medium of this surface
roughness results in improving the flyingheight budget
of a head medium and as a result permits the margin
for designing a drive to be enlarged. The
characteristic features of the magnetic recording and
reproducing device of this invention may be summarized
as follows. (1) Since the silicon substrate has a high
Vickers hardness, it is allowed to acquire a margin of
about 100 G in the impact property during the absence
of operation (the impact property during the absence
of writing and reading) over the glass substrate which
is generally used as the substrate for a magnetic
recording medium of the HDD of a small size. (2) Since
the silicon substrate has a high Vickers hardness, it
is allowed to acquire a margin of about 100 G as well
in the impact property during the presence of
operation (the impact property during the presence of
writing and reading) over the glass substrate. (3)
Since the silicon substrate has a high Vickers
hardness, it enables the magnetic recording medium to
decrease the thickness thereof. When it has the
thickness thereof decreased by about 10%, it still
acquires the same impact resistance as the glass
substrate. (4) Since the silicon substrate enables the
surface smoothness of the magnetic recording medium to
be improved as compared with the glass substrate, it
is allowed toexalt the budget for the flying-height of
a head medium and consequently enlarge the margin for
designing a drive. (5) Since the silicon substrate
enables the surface smoothness of the magnetic
recording medium to be improved as compared with the
glass substrate, it is allowed to exalt the touchdown
property of a head and improve the HDD in the
resistance to the environment and particularly in the
vacuum property. To be specific, the altitude
flyability performance is exalted by about 0.1
-atmosphere as compared with the glass substrate. (6)
Since the silicon substrate possesses electrical
conductivity, it is enabled to prevent the medium
surface from electrification by grounding the HDD and
consequently improve the resistance to the environment
(ESD property). (7) Since the substrate acquires an
addition to stiffness, the magnetic recording medium
is prevented from inducing deformation easily, the
terminal part of the magnetic recording medium is
prevented from contacting other part, and the
contamination of the interior of the HDD is
suppressed. (8) Since the substrate acquires an
addition to stiffness, the magnetic recording medium
is enabled to cope with high-speed rotation. Now, the
invention will be described in detail below with
reference to the drawings. Figure 1 is a plan view
illustrating the HDD contemplated by this invention
and Figure 2 is a side view illustrating the magnetic
head as magnified. The HDD, as illustrated in Figure
1, is provided with a rectangular box case 12 having
an upper opening and a top cover (not shown) blocking
the upper opening of the case screwed to the case with
screws. Inside the case 12, magnetic disks 16 as a
magnetic recording medium, a spindle motor 18 as a
driving part for supporting and rotating the magnetic
disks 16, a plurality of magnetic heads 40 for writing
and reading information in the magnetic disks 16, a
carriage assembly 22 for supporting the magnetic heads
40 movably relative to the magnetic disks 16, a voice
coil motor (hereinafter referred to as "VCM") 24 for
rotating and positioning the carriage assembly 22, a
ramp load mechanism 25 for retaining the magnetic
heads 40 at a position of relief separated from the
magnetic disks 16 after the magnetic heads 40 have
moved to the outermost periphery of the magnetic disks
16,and a substrate unit 2 1 furnished with a
read-write amplifier as a circuit for processing
recording and reproducing signals are contained. To
the outer face of the bottom wall of the case 12, the
spindle motor 18 and a printed circuit substrate (not
shown) for controlling the operation of the VCM 24 are
screwed through the substrate unit 21. Each of the
magnetic disks 16 is provided on the upper side and
the lower side thereof with magnetic recording
regions. Two magnetic disks 16 are inserted in the
outer peripheries of a hub (not shown) of the spindle
motor 18 and, at the same time, fixed and supported on
the hub with clamp springsl7. As a result, the two
magnetic disks 16 are coaxially superposed on each
other as opposed across a prescribed gap. By driving
the spindle motor 18, the two magnetic disks 16 are
enabled to rotate together at a prescribed speed in
the direction of the arrow mark B. The carriage
assembly 22 is provided with a bearing part 26 fixed
on the bottom wall of the case 12 and a plurality of
arms 32 extending from the bearing part. These arms 32
are positioned in parallel with the surfaces of the
magnetic disks 16 as regularly spaced adjacently and
extend in the same direction from the bearing part 26.
The carriage assembly 22 is further provided with
elastically deformable slender plate suspensions 38.
The suspensions 38 are formed of a leaf spring and
have basal terminals thereof fixed by spot welding or
adhesion to the leading terminals of the arms 32 and
extend from the arms 32. The suspensions 38 may be
each formed integrally with the corresponding arms 32.
The arms 32 and the suspensions 38 jointly form head
suspensions. These head suspensions and the magnetic
heads 40 jointly form a head suspension assembly. Each
of the magnetic heads 40, as illustrated in Figure 2,
is provided with a slider 42 of a substantially
rectangular shape and a recording and reproducing head
part 44 formed on the end face of this slider 42 and
is fixed to a gimbal spring 4 1 disposed at the
leading terminal part of the suspension 38. On each of
the magnetic heads 40, the head load L directed toward
the surface of the magnetic disk 16 is exerted by the
resilience of the suspension 38. During the course of
operation, the amount of flyingheight of the magnetic
heads 40 from the magnetic disks 16 is set at a
magnitude of 10.0 nm or less.The carriage assembly 22,
as illustrated in Figure 1, is provided with a
supporting frame 45 extending from the bearing part 26
in the direction opposite to the arm 32. This
supporting frame supports a voice coil 47 that forms
part of the VCM 24. The supporting frame 45 is formed
of synthetic resin integrally on the outer periphery
of the voice coil 47 is interposed between a pair of
yokes 49 fixed on the case 12. These yokes and a
magnet (not shown) fixed on one of the yokes jointly
form the VCM 24. Then, by conducting electric power to
the voice coil 47, the carriage assembly 22 is rotated
around the bearing part 26 and the magnetic heads 40
are moved to and positioned on the required track of
the magnetic disk 16. The ramp load mechanism 25 is
disposed on the bottom wall of the case 12 and is
provided with ramps 5 1 disposed outside the magnetic
disk 16 and tabs 53 extending from the leading
terminal of the individual suspensions 38. While the
carriage assembly 22 is in the process of rotating
toward the position of relief outside the magnetic
disk 16, the tabs 53 are made to engage the ramp
surfaces formed on the ramps 51 and then ascend by
virtue of the inclinations of the ramp surfaces, with
the result that the magnetic heads 40 will be
unloaded. 



In the embodiment illustrated above, the substrate is
furnished at the central part thereof with a hole and
is inserted into the spindle motor. It has a small
hole formed in the central part thereof and
consequently can be fixed directly on the upper
surface of the spindle motor by means of a machine
screw passed through this small hole. In the case of
using a substrate which is devoid of any hole, the
decrease of the diameter is advantageous in enabling
the recording area to be enlarged, and the exaltation
of stiffness as compared with the substrate furnished
with a hole is effective in respect of the impact
resistance. By joining the entire rear surface of the
substrate to the spindle motor, it is made possible to
prevent the substrate from being deformed and further
exalt the impact resistance. Example 1: Magnetic
recording media were manufactured by preparing a
silicon substrate and a glass substrate, both machined
to 21.6 mm in outside diameter, 6 mm in inside
diameter, and 0.381 mm in thickness, forming thereon a
seed layer, a Cr alloy under layer, a magnetic layer,
and further a C protective film by the sputtering
technique, andfinally coating the uppermost surface of
the resultant stacked body with a lubricating film.
The substrates both used entirely the same film
forming method and material. In the case of the
magnetic recording medium using the silicon substrate,
the magnetic property was about 500 [Oe] higher in Hc
than the medium using the glass substrate.
Incidentally, 1 Oe equals 79 AJm. When the Cr in the
under layer and the Co in the magnetic film were
tested for orientation by the X-ray analysis, the
silicon substrate was found to exhibit exalted
orientation. When the glide property and the roughness
were measured respectively by the glide tester and the
AFM, the silicon substrate was found to have the glide
height lowered by about 1 nm and the Ra lowered by
about 2 A. With the object of testing the magnetic
recording media for the flying-height property, the
magnetic recording media were tested for touchdown
(TD) property/takeoff (TO) property by the use of a
head which was used in an actual driving. In the
silicon substrate, the TD property was found to be
lower by 1 nm or more and the TO property was found to
be inferior by about 2 nm. The inferiority of the TO
property may be explained by supposing that the
surface was so smooth as to induce adhesion of the
head. Example 2 : Magnetic recording media were
manufactured by preparing a substrate having a
mechanical texture directly imparted to a silicon
substrate and a substrate having a mechanical texture
superposed on a NiP plate formed in a thickness of 100
nm on a silicon substrate, both machined to 21.6 mm in
outside diameter, 6 mm in inside diameter and 0.381 mm
in thickness, forming thereon a seed layer, a Cr alloy
under layer, a magnetic layer and further a C
protective film by the sputtering technique, and
finally coating the uppermost surface of the resultant
stacked body with a lubricating film in the same
manner as in Example 1. Similarly to the ordinary
glass substrate and the Al substrate, the impartation
of the texture was confirmed to enable the magnetic
film to acquire anisotropy and enjoy exaltation of
magnetic property and electric parametric performance.
When the magnetic recording media were tested for
glide property and roughness, these properties were
both found to be high as compared with- l i ¬ the
medium devoid of a texture. Thus, the media acquired
the same flying-height property as the glass
substrate. Example 3: The media of Example 1 and
Example 2 were each set in an actual drive and tested
by 3 burst for error rate. The drive used for the test
had a medium on one side and used one head. The head
was loaded/unloaded by the ramp loading method. The
rotational frequency of the disk was 3600 rpm. The
measurement was made at only one point in the
periphery. Though the magnitudes of BER increased
proportionately to the electric properties of a single
sample, the number of defects was smallest in the
silicon substrate and largest in the glass substrate.
Example 4 : A magnetic recording medium was
manufactured by preparing a silicon substrate
chamfer-polished and machined to 21.6 mm in outside
diameter, 6 mm in inside diameter and 0.381 mm in
thickness and forming stacked layers thereon in the
same manner as in Example 1. The magnetic recording
media using the substrate which had undergone the
chamfer-polishing and a substrate which had not
undergone the chamfer-polishing were each set in a
drive. The drive was tested for impact test using an
impact tester. In the non-active impact test, the
media both sustained no fracture in their disks on
exposure to an impact of 2000 G. In the active impact
test, the media both exhibited impact resistance of
300 G or more and the substrate which had undergone
the chamfer-polishing exhibited a result higher by
about 50 G. Industrial Applicability: Owing to the use
of silicon abounding in stiffness for the substrate,
the magnetic recording medium is allowed to have a
diameter of 50 mm or less. This decrease of the
diameter allows the device to be miniaturized. Thus,
the magnetic recording and reproducing device
consequently obtained is suitable for portable
electronic devices and mobile communication devices.
Furthermore, it is made possible to decrease the
thickness of the subtrate and miniaturize the device
to a further extent. The device acquires such
properties as to exhibit impact resistance of 2000 G
or more during theabsence of recording and reproducing
and impact resistance of 300 G or more during the
presence of recording and reproducing. As a result,
the device is rendered applicable to portable
electronic devices and mobile communication devices.
Owing to the use of silicon abounding in stiffness for
the substrate, the magnetic recording medium is
enabled to withstand rotational frequency of 3600 rpm
or more and the magnetic recording and reproducing
device is enabled to operate at a higher speed.
Furthermore, since the magnetic recording medium is
given surface roughness (Ra) in the range of 1.5 A to
8 A and preferably in the range of 2 A to 6 A, the
flyingheight budget of a head medium can be improved
and the margin for designing a drive can be
enlarged.CLAIMS 1. A magnetic recording and
reproducing device comprising: a rectangular box
housing having an upper opening and storing therein a
magnetic recording medium that has a substrate of
silicon and measures 50 mm or less in diameter, a
spindle motor that serves as drive means for
supporting and rotating the magnetic recording medium,
a head suspension assembly that includes a magnetic
head adapted to record and reproduce a magnetic signal
in the magnetic recording medium and supports the
magnetic head movably relative to the magnetic
recording medium, a voice coil motor that rotates and
positions the head suspension assembly and a printed
circuit substrate that controls motion of the spindle
motor and voice coil motor; and a top cover for
blocking the upper opening of the housing. 2. A
magnetic recording and reproducing device according to
claim 1, wherein the substrate of the magnetic
recording medium has a thickness in a range of 0.6 mm
to 0.25 mm. 3. A magnetic recording and reproducing
device according to claim 1 or claim 2, wherein the
magnetic recording medium has impact resistance of
2000 G or more while no magnetic signal is being
recorded or reproduced in the magnetic recording
medium. 4. A magnetic recording and reproducing device
according to any one of claims 1 to 3, wherein the
magnetic recording medium has impact resistance of 300
G or more while the magnetic signal is being recorded
or reproduced in the magnetic recording medium.5 . A
magnetic recording and reproducing device according to
any one of claims 1 to 4, wherein the magnetic
recording medium has rotational frequency of 3600 rpm
or more. 6. A magnetic recording and reproducing
device according to any one of claims 1 to 5, wherein
the magnetic recording medium has surface roughness
(Ra) in a range of 1.5 Ato 8 A. 


