
DESCRIPTION AN OXIME DERIVATIVEAND PREPARATIONSTHEREOF
TECHNICAL FIELD The present invention relates to a
novel oxime derivative having an excellent glucokinase
activation effect, which is useful as a medicine.
BACKGROUND ART Glucokinase (GK) is one of four
hexokinases found in mammalian animals. The
hexokinases catalyze a conversion of glucose into
glucose- 6-phosphate which is the first step of
glucose metabolism. GK is localized mainly in hepatic
parenchymal cells and pancreatic b cells, and plays an
important role in whole body glucose homeostasis as a
rate-controlling enzyme for glucose metabolism in
these cells. The hepatic and pancreatic forms of the
enzyme are different in N-terminal 15 amino-acid
sequence depending on the difference of each splicing,
but are functionally indistinguishable. Three
hexokinases except GK are saturated in enzymatic
activity at a glucose concentration below 1 mM, but Km
of GK is 8 mM, which is within a physiological range
of blood-glucose levels. Therefore, GKmediated
intracellular glucose metabolism is activated as the
concentration of blood-glucose increases from normal
level (5 rnM) to postprandial level (10 to 15 mM). A
hypothesis that GK functions as a glucose sensor of
pancreatic b cells and hepatocyte has been proposed
(nonpatent document 1). Thereafter, it has been
clarified that GK actually plays a definitely
important role in whole body glucose homeostasis
according to the results of GK genetically- modified
animal studies. GK KO mice die soon after birth
(nonpatent document 2), while both normal and
diabeticmice overexpressing GK showed lower glucose
level than wild type animals (nonpatent document 3 ).
In maturity-onset diabetes of the young type II
(MODY-2), which is one of the genetically determined
diabetes, loss of function mutations in the GK has
been found and it is thought that the low GK activity
in MODY-2 results in hyperglycemia (nonpatent document
4). On the other hand, families having a GK mutation
with increased enzymatic activity have been found and
these people show hypoglycemia (nonpatent document 5).
Accordingly, GK is believed to be a glucose sensor and
to play an important role in maintenance of glucose
homeostasis in human as well. It is expected that a GK
activating compound has an insulinotropic action in b
cells, an enhancing effect of glucose uptake in liver
and inhibitory effect of hepatic output since such a
compound activates a GK sensor system, and hence, it
is believed that such a compound is useful for
treating, for example, Type 2 diabetes. Recently, it
has been shown that a pancreatic b cell type
glucokinase is distributed locally in feeding center
(Ventromedial hypothalamus, VMH) in rat brain. About
20% of nerve cells in VMH are referred to as glucose
responsive neurons and it has been thought from the
past that they play important roles in controlling of
body weights. An intracerebral administration of
glucose in rat decreases food intake, but on the
contrary, rat becomes overeating by an intracerebral
administration of a glucose analog glucosamine, which
cause the suppression of glucose metabolism. In
electrophysiological experiments, glucose responsive
neurons in VMH are stimulated when glucose increases
from 5 to 20 mM, and the activity is blocked by
glucosamine or the like (nonpatent document: Diabetes.
1999 Sep; 48(9): 1763-72). It is thought that a
glucose sensor mechanism of VHM is similar to that of
pancreatic b cells. Therefore, a GK
activatingsubstance has a possibility of ameliorating
obesity which is one of the major problems in Type 2
diabetes as well as correcting hyperglycemia.
Accordingly, a compound having a GK activation effect
is useful as a treating and/ or preventing agent of
diabetes, or chronic complication of diabetes such as
retinopathy, nephropathy, neuropathy, ischemic heart
disease or arteriosclerosis, or even obesity. A
compound having a GK activation effect includes, for
example, pyridinecarboxylic acid derivatives (patent
document 1), 2-pyridinecarboxamide 



derivatives (patent document 2),
heteroarylcarbamoylbenzene derivatives (patent
document 3), heteroaryl derivatives (patent document
4), substituted arylcyclopropylacetamide derivatives
(patent document 5), 5-substituted pyrazine or
pyridine derivatives (patent document 6), substituted
(thiazol-2-yl)amide or sulfonamide derivatives (patent
document 7), substituted phenylacetamide derivatives
(patent document 8) or amide derivatives (patent
document 9). A method for preparing a 5-substituted
2-aminothiazole, which is an intermediate for the
oxime derivative of the present invention, has been
described in patent documents 10 and 11, wherein
5-fluoro-2- aminothiazole hydrochloride is prepared by
treating 5-bromo-2- trifluoroaceryl aminothiazole
derived from 5-bromo-2 -amino thiazole hydrochloride
with n-buryllithium, followed by treating the
resultant with N-fluorobenzenesulfonylimide (patent
document 10, Preparation 61; patent document 11,
Preparation 21). It is also described in patent
document 12 that 5-formyl-2-aminothiazole hydrobromide
is .prepared by a reaction of bromomalonaldehyde with
thiourea. However, the methods disclosed in patent
document 10 and patent document 1 1 give the product
in low yield and are not advantageous as an industrial
method. Additionally, the method disclosed in patent
document 12 gives 2-aminothiazole as a by-product
which is difficult to remove, and hence it is
difficult to obtain the desired compound in a high
purity.Besides, said method can not be applied to
preparations of wide range of 5-substituted 2-fluoro
aminothiazoles other than 5-formyl-2- aminothiazole .
Compounds having an oxime structure therein have been
described in patent documents 13 to 16 and nonpatent
documents 6 to 8. [patent document 1] WO05/044801
[patent document 2] WO04/081001 [patent document 3]
WO04/076420 [patent document 4 ] WO04/063194 [patent
document 5] WO04/063179 [patent document 6 ]
WO04/052869 [patent document 7 ] WO04/050645 [patent
document 8 ] WO03/095438 [patent document 9]
WO03/055482 [patent document 10] WO04/ 072031 [patent
document 11] WO04/ 072066 [patent document 12]
US4,225,719 [patent document 13] WO05/023761 [patent
document 14] WO01/012189 [patent document 15 ]
WO00/026202 [patent document 16] WO96/023763
[nonpatent document 1] American Journal Physiology,
volume 247 (3Pt2) 1984, p527-536 [nonpatent document 2
] Cell, volume 83, 1995, p69-78 [nonpatent document 3
] Proceedings of the National Academy of Sciences of
the U.S.A., volume 93, 1996, p7225-7230 [nonpatent
document 4] Nature Genetics, volume 356, 1992, p72
1-722 [nonpatent document 5] New England Journal of
Medicine,volume 338, 1998, p226-230 [nonpatent
document 6] Bulletin des Societes Chimiques Beiges
(1994), 103(5-6), 213-18 [nonpatent document 7]
Bulletin of the Chemical Society of Japan (1993),
66(8), 2335-8 [nonpatent document 8] Pharmazie (1988),
43(8), 535-6 DISCLOSURE OF INVENTION The present
invention provides a novel glucokinase activator,
which is for the prophylaxis and/ or treatment of
diseases involving glucokinase, such as diabetes,
complication associated with diabetes, or obesity. The
present invention also provides a novel compound
having an excellent glucokinase activation effect
which is useful as an active 



ingredient of a medicine. According to extensive
studies for problems to be solved by the present
inventions, it has been found that an oxime derivative
of the following formula has an excellent glucokinase
activation effect, and the present invention has been
completed. The present invention includes the
following embodiments. (1) An oxime derivative of the
general formula [I]: wherein Ring A is aryl or
heteroaryl; Q is cycloalkyl, heterocycle, alkyl or
alkenyl;Ring T is heteroaryl or heterocycle; R1 is
hydrogen atom, halogen atom, cycloalkylsulfonyl,
alkylsulfonyl, alkylsulfinyl, alkylthio, or
substituted or unsubstituted tetrazolyl; R2 is
hydrogen atom, halogen atom, cycloalkylsulfonyl,
substituted or unsubstituted alkylsulfonyl,
substituted or unsubstituted alkylthio, nitro,
substituted or unsubstituted amino, substituted or
unsubstituted amino sulfonyl, substituted or
unsubstituted heterocyclyl-thio, substituted or
unsubstituted heterocyclyl-sulfinyl, substituted or
unsubstituted heterocyclyl-sulfonyl, substituted or
unsubstituted heteroarylsulfonyl, alkenyloxy,
substituted or unsubstituted alkoxy, substituted or
unsubstituted alkylsulfinyl, substituted or
unsubstituted heteroaryl, or substituted or
unsubstituted heteroarylthio; R3 and R4 are
independently hydrogen atom, alkoxy, substituted or
unsubstituted heterocycle, substituted or
unsubstituted heteroaryl, alkoxyalkoxy, substituted or
unsubstituted cycloalkyl, cyano, substituted or
unsubstituted aryl, substituted or unsubstituted
carbamoyl, hydroxy, alkanoyl, alkylthio,
alkoxycarbonyl, substituted or unsubstituted aryloxy,
halogen atom, oxo, or substituted or unsubstituted
arylcarbonyloxy; R5 is hydrogen atom, formyl, halogen
atom, oxo, substituted or unsubstituted alkoxy,
substituted or unsubstituted aminosulfonyl,
substituted or unsubstituted alkylthio, cyano,
substituted or unsubstituted heterocyclyl-sulfonyl,
nitro, substituted or unsubstituted cycloalkyl,
alkoxycarbonyl, alkenyl, alkylsulfonyl, substituted or
unsubstituted carbamoyl, substituted or unsubstituted
heteroarylthio, substituted or unsubstituted amino,
carboxyl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted alkynyl, substituted or
unsubstituted heterocyclyl-carbonyl, substituted
orunsubstituted heterocyclyl-oxy, substituted or
unsubstituted heterocycle, substituted or
unsubstituted heterocyclyl-thio, substituted or
unsubstituted cycloalkyloxy, alkanoyl, or substituted
or unsubstituted alkyl; R6 is hydrogen atom,
substituted or unsubstituted alkyl, halogen atom, or
carboxyl; or a pharmaceutically acceptable salt
thereof. (2) The oxime derivative of (1) wherein Ring
A is aryl or heteroaryl, provided that Ring A is not
thiazolyl or thiadiazolyl, or a pharmaceutically
acceptable salt thereof. (3) The oxime derivative of
(1) wherein Ring A is aryl, or a pharmaceutically
acceptable salt thereof. (4) The oxime derivative of
(1) wherein Ring A is phenyl or pyridyl, or a
pharmaceutically acceptable salt thereof. (5) The
oxime derivative of any one of (1) to (4) wherein Q is
cycloalkyl, heterocycle or alkyl, or a
pharmaceutically acceptable salt thereof. (6) The
oxime derivative of any one of (1) to (4) wherein Q is
cycloalkyl or heterocycle, or a pharmaceutically
acceptable salt thereof. (7) The oxime derivative of
any one of (1) to (4) wherein Q is heterocycle, or a
pharmaceutically acceptable salt thereof. (8) The
oxime derivative of any one of (1) to (4) wherein Q is
tetrahydrofuryl group, or a pharmaceutically
acceptable salt thereof. (9) The oxime derivative of
any one of (1) to (8) wherein Ring T is heteroaryl or
heterocycle of or a pharmaceutically acceptable salt
thereof. 



(10) The oxime derivative of any one of (1) to (8)
wherein Ring Tis heteroaiyl of or a pharmaceutically
acceptable salt thereof. (11) The oxime derivative of
any one of (1) to (8) wherein Ring T is thiazolyl,
thiazolopyridinyl, pyridyl, pyrazinyl, benzothiazolyl,
quinolyl, thiadiazolyl, pyrazolyl, thiazolopyrazinyl,
thiazolopyrimidinyl, cyclohexanothiazolyl or
dihydrothiazolopyridinyl, or a pharmaceutically
acceptable salt thereof. (12) The oxime derivative of
any one of (1) to (8) wherein Ring T is thiazolyl,
thiazolopyridinyl, pyridyl, pyrazinyl, benzothiazolyl,
thiadiazolyl, thiazolopyrazinyl, thiazolopyrimidinyl,
cyclohexanothiazolyl or dihydrothiazolopyridinyl, or a
pharmaceutically acceptable salt thereof. (13) The
oxime derivative of any one of (1) to (8) wherein Ring
T is thiazolyl, thiazolopyridinyl, pyrazinyl,
thiadiazolyl, thiazolopyrazinyl or
thiazolopyrimidinyl, or a pharmaceutically acceptable
salt thereof. (14) The oxime derivative of any one of
(1) to (8) wherein Ring T is thiazolyl or
thiazolopyridinyl, or a pharmaceutically acceptable
salt thereof. (15) The oxime derivative of any one of
(1) to (14) wherein R1 is hydrogen atom or halogen
atom, or a pharmaceutically acceptable salt thereof.
(16) The oxime derivative of any one of (1) to (14)
wherein R1 is hydrogen atom, or a pharmaceutically
acceptable salt thereof. (17) The oxime derivative of
any one of (1) to (16) wherein R2 is
cycloalkylsulfonyl, substituted or unsubstituted
alkylsulfonyl, substituted or unsubstituted alkylthio,
nitro, substituted or unsubstituted amino, substituted
or unsubstituted aminosulfonyl,substituted or
unsubstituted heterocyclyl-thio, substituted or
unsubstituted heterocyclyl-sulfonyl, substituted or
unsubstituted alkylsulfmyl, substituted or
unsubstituted heteroarylsulfonyl, substituted or
unsubstituted heteroarylthio, or substituted or
unsubstituted heteroaryl, or a pharmaceutically
acceptable salt thereof. (18) The oxime derivative of
any one of (1) to (16) wherein R2 is
cycloalkylsulfonyl, substituted or unsubstituted
alkylsulfonyl, substituted or unsubstituted
aminosulfonyl, or substituted or unsubstituted
heterocyclyl-sulfonyl, or a pharmaceutically
acceptable salt thereof. (19) The oxime derivative of
any one of (1) to (16) wherein R2 is
cycloalkylsulfonyl, substituted or unsubstituted
alkylsulfonyl, or substituted or unsubstituted
aminosulfonyl, or a pharmaceutically acceptable salt
thereof. (20) The oxime derivative of any one of (1)
to (16) wherein R2 is cycloalkylsulfonyl, substituted
or unsubstituted amino sulfonyl, substituted or
unsubstituted heterocyclyl-sulfonyl, or substituted or
unsubstituted heteroarylsulfonyl, or a
pharmaceutically acceptable salt thereof. (21) The
oxime derivative of any one of (1) to (16) wherein R2
is cycloalkylsulfonyl, or a pharmaceutically
acceptable salt thereof. (22) The oxime derivative of
any one of (1) to (20) wherein the substituent of the
"substituted aminosulfonyl" in R2 is substituted or
unsubstituted alkyl, cycloalkyl, substituted or
unsubstituted heterocycle, or alkoxy, or a
pharmaceutically acceptable salt thereof. (23) The
oxime derivative of any one of (1) to (19) wherein the
substituent of the "substituted alkylsulfonyl" in R2
is alkoxy, or a pharmaceutically acceptable salt
thereof. (24) The oxime derivative of any one of (1)
to (23) wherein R3 and R4 are independently hydrogen
atom, alkoxy, substituted orunsubstituted heterocycle,
substituted or unsubstituted heteroaryl, substituted
or unsubstituted cycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted
carbamoyl, hydroxy, alkanoyl, alkylthio, substituted
or unsubstituted aryloxy, halogen atom, oxo, or
substituted or unsubstituted arylcarbonyioxy, or a
pharmaceutically acceptable salt thereof. (25) The
oxime derivative of any one of (1) to (23) wherein R3
and R4 are independently hydrogen atom, alkoxy,
substituted or 



unsubstituted heteroaryl, substituted or unsubstituted
cycloalkyl, or hydroxy, or a pharmaceutically
acceptable salt thereof. (26) The oxime derivative of
any one of (1) to (4) and (9) to (23) wherein the
group of -Q(R3)(R4) is cycloalkyl substituted with one
or two groups selected from alkoxy and hydroxy,
heterocycle, or alkyl substituted with 1 to 2 groups
selected from hydroxy and substituted or unsubstituted
heteroaryl, or a pharmaceutically acceptable salt
thereof. (27) The oxime derivative of any one of (1)
to (26) wherein when Q is cycloalkyl, alkyl or
alkenyl, then R3 and R4 are not any combination of two
groups independently selected from hydrogen, alkoxy,
cyano, substituted or unsubstituted aryl, hydroxy,
alkylthio, alkoxycarbonyl, or halogen atom, or a
pharmaceutically acceptable salt thereof. (28) The
oxime derivative of any one of (1) to (4) and (9) to
(23) wherein Q is heterocycle and both of R3 and R4
are hydrogen atom, or a pharmaceutically acceptable
salt thereof. (29) The oxime derivative of any one of
(1) to (28) wherein R5 is hydrogen atom, formyl,
halogen atom, oxo, substituted or unsubstituted
alkoxy, substituted or unsubstituted aminosulfonyl,
substituted or unsubstituted alkylthio, cyano,
substituted or unsubstituted heterocyclyl-sulfonyl,
nitro, substituted or unsubstituted cycloalkyl,
alkoxycarbonyl, alkenyl, alkanoyl, substituted or
unsubstituted carbamoyl, substituted or unsubstituted
heteroarylthio,substituted or unsubstituted amino,
substituted or unsubstituted heteroaryl, substituted
or unsubstituted alkynyl, substituted or unsubstituted
heterocyclyl-oxy, or substituted or unsubstituted
alkyl, or a pharmaceutically acceptable salt thereof.
(30) The oxime derivative of any one of (1) to (28)
wherein R5 is hydrogen atom, halogen atom, substituted
or unsubstituted alkoxy, substituted or unsubstituted
alkylthio, cyano, substituted or unsubstituted
cycloalkyl, alkanoyl, substituted or unsubstituted
carbamoyl, substituted or unsubstituted amino,
substituted or unsubstituted heterocyclyl-oxy, or
substituted or unsubstituted alkyl, or a
pharmaceutically acceptable salt thereof. (31) The
oxime derivative of any one of (1) to (28) wherein R5
is halogen atom, substituted or unsubstituted alkoxy,
substituted or unsubstituted alkylthio, substituted or
unsubstituted amino, substituted or unsubstituted
heterocyclyl-oxy, or substituted or unsubstituted
alkyl, or a pharmaceutically acceptable salt thereof.
(32) The oxime derivative of any one of (1) to (28)
wherein R5 is substituted or unsubstituted alkoxy,
substituted or unsubstituted amino, substituted or
unsubstituted heterocyclyl-oxy, or substituted or
unsubstituted alkyl, or a pharmaceutically acceptable
salt thereof. (33) The oxime derivative of any one of
(1) to (32) wherein the substituent of the
"substituted alkyl" in R5 is substituted or
unsubstituted heterocycle, substituted or
unsubstituted . amino, substituted or unsubstituted
alkoxy, substituted or unsubstituted carbamoyl,
hydroxy, trialkylsilyloxy, alkylthio, alkylsulfonyl,
substituted or unsubstituted heterocyclyl-oxy,
heteroaryl, substituted or unsubstituted hydroxyimino,
halogen atom, carboxyl, alkoxycarbonyl, or
alkanoyloxy, or a pharmaceutically acceptable salt
thereof. (34) The oxime derivative of any one of (1)
to (33) wherein R6 is hydrogen atom, or substituted or
unsubstituted alkyl, or apharmaceutically acceptable
salt thereof. (35) The oxime derivative of any one of
(1) to (33) wherein R6 is hydrogen atom, or a
pharmaceutically acceptable salt thereof. (36) A
pharmaceutical composition comprising a compound of
any one of (1) to (35) or a pharmaceutically
acceptable salt thereof as an active ingredient. (37)
A method for preventing or treating diabetes, or
complication associated with diabetes including
retinopathy, nephropathy, neuropathy, ischemic heart
disease or arteriosclerosis, or obesity, which
comprises administering an effective dose of a
compound of any one of (1) to (35) or a
pharmaceutically acceptable salt thereof. (38) Use of
a compound of any one of (1) to (35) or a
pharmaceutically acceptable salt thereof in the
manufacture of a 



medicament for treating or preventing diabetes, or
complication associated with diabetes including
retinopathy, nephropathy, neuropathy, ischemic heart
disease or arteriosclerosis, or obesity. The
substituents on the group of each symbol in the
compound [I] mean as defined below. In R -R6 of the
compound [I], substituents in "substituted amino",
"substituted aminosulfonyl", "substituted aminoalkyl",
"substituted aminoalkanoyl" , "substituted carbamoyl",
"substituted carbamoylalkyl", "substituted alkyl",
"substituted alkylthio", "substituted alkylsulfmyl",
"substituted alkylsulfonyl" , "substituted alkoxy",
"substituted alkanoyl", "substituted alkynyl",
"substituted cycloalkyl", "substituted cycloalkyloxy",
"substituted cycloalkylcarbonyl", "substituted
cycloalkylsulfonyl", "substituted aryl", "substituted
aryloxy", "substituted arylcarbonyl", "substituted
arylcarbonyloxy", "substituted arylsulfonyl",
"substituted arylalkylcarbonyl", "substituted
heteroaryl", "substituted heteroarylthio",
"substituted heteroarylsulfonyl" , "substituted
heteroarylalkyl" , "substituted heterocycle",
"substitutedheterocyclyl-oxy", "substituted
heterocyclyl-carbonyl", "substituted
heterocyclyl-thio", "substituted
heterocyclyl-sulfinyl", "substituted
heterocyclyl-sulfonyl", "substituted hydroxyimino",
and "substituted phenyl", "substituted pyridyl",
"substituted thiazolopyridinyl", "substituted
pyrazinyl", "subsituted pyrazolyl", "substituted
imidazolyl", "substituted thiazolyl", "substituted
benzothiazolyl", "substituted quinolyl", "substituted
thiadiazolyl", "substituted pyrazolyl", "substituted
thiazolopyrazinyl", "substituted thiazolopyrimidinyl",
"substituted cyclohexanothiazolyl", "substituted
dihydrothiazolopyridinyl", "substituted triazolyl",
"substituted pyrimidinyl", "substituted pyrrolidinyl"
, "substituted tetrahydrofuryl" , "substituted
thiacyclohexyl", "substituted cyclopentyl",
"substituted piperazinyl", "substituted
piperazinylsulfonyl" , "substituted homopiperazinyl",
"substituted piperidinyl" , "substituted morpholinyl"
, "substituted thiomorpholinyl" "substituted
perhydrodiazepinyl" , and "substituted tetrazolyl"
include those specifically indicated in EXAMPLES. Such
substituents include (1) alkyl being optionally
substituted with hydroxy, alkoxy, amino, mono- or
di-alkylamino, carbamoyl, tetrahydrofuryl or pyridyl,
(2) cycloalkyl, (3) hydroxy, (4) alkoxy, (5) cyano,
(6) halogen atom, (7) mono- or di-alkylamino, (8)
amino being optionally substituted with alkanoyl,
alkoxyalkanoyl or alkoxycarbonyl, (9) pyridyl, (10)
carboxyl, (11) formyl, (12) alkanoyl being optionally
substituted with mono- or di-alkylamino, hydroxy,
alkoxy or alkanoyloxy, (13) cycloalkylcarbonyl, (14)
alkoxycarbonyl, (15) oxo, (16) alkylsulfonyl, or the
like. The R1-R6 groups may have the same or different
1 to 3 substituents selected from the above groups.
Additionally, each substituent is explained depending
on each symbol (A, Q, T, R -R6) of the compound [I].
The groups of those symbols may have the same or
different 1 to 3 substitutents selected from the
groups as defined below.A preferable substituent of
substituted tetrazolyl in R1 includes alkyl. A
preferable substituent of substituted alkylsulfonyl in
R2 includes alkoxycarbonyl, alkoxy, cycloalkyl
(preferably, cyclopropyl), hydroxy, substituted or
unsubstituted amino (substituent(s): 1 or 2 groups
selected from alkyl, alkanoyl), substituted or
unsubstituted heteroaryl (preferably, imidazolyl,
triazolyl) (substituent(s) : alkyl), alkylsulfonyl,
cyano, substituted or unsubstituted heterocycle
(preferably, tetrahydrofuryl, tetrahydropyranyl,
dihydro-3H-isoindolyl) (substituent(s): oxo, dioxo).
More preferable one among them is alkoxy, cycloalkyl
(preferably, cyclopropyl), hydroxy, particularly
preferable one is alkoxy. A preferable substituent of
substituted alkylthio in R2 includes alkoxy,
cycloalkyl, alkoxycarbonyl, hydroxy, cyano, alkylthio,
substituted or unsubstituted heterocycle (preferably,
tetrahydrofuryl, tetrahydropyranyl,
dihydro-3H-isoindolyl) (substituent(s): oxo, dioxo),
heteroaryl (preferably, pyridyl). More preferable one
among them is alkoxy, cycloalkyl, alkoxycarbonyl,
hydroxy, cyano, alkylthio, heteroaryl 



(preferably, pyridyl). A preferable substituent of
substituted amino in R2 includes heteroarylcarbonyl
(preferably, pyridylcarbonyl), heteroarylalkanoyl
(thienylalkanoyl) , cycloalkylcarbonyl,
cycloalkylsulfonyl, alkoxycarbonylcarbonyl,
heteroarylsulfonyl, alkylsulfonyl. More preferable one
among them is alkoxycarbonylcarbonyl, alkylsulfonyl. A
preferable substituent of the substituted alkyl which
is the substituent of substituted aminosulfonyl in R2
includes amino being optionally substituted with mono-
or di-alkyl; carbamoyl being optionally substituted
with mono- or di-alkyl; hydroxy; alkoxy; heteroaryl
being optionally substituted with alkyl; cycloalkyl;
alkoxycarbonyl; hydroxyalkoxy; heterocycle being
optionally substitutedwith alkyl; halogen; alkylthio.
More preferabale one among them is amino being
optionally substituted with mono- or di-alkyl;
carbamoyl being optionally substituted with mono- or
di-alkyl; hydroxy; alkoxy; cycloalkyl; alkbxycarbonyl;
heterocycle being optionally substituted with alkyl;
halogen atom; particularly hydroxy, alkoxy. A
preferable substituent of the substituted heterocycle
which is a substituent of substituted amino sulfonyl
in R2 includes alkyl. A preferable substituent of
substituted heterocyclyl-thio in R2 includes hydroxy;
alkyl; oxo; alkanoyl; hydroxyalkyl; carbamoyl being
optionally substituted with mono- or di-alkyl;
heteroaryl; aminosulfonyl being optionally substituted
with mono- or di-alkyl; amino being optionally
substituted with mono- or di-alkyl; alkylsulfonyl;
alkoxy; alkoxyalkyl. More preferable one among them is
hydroxy; alkyl; carbamoyl being optionally substituted
with mono- or di-alkyl; oxo; alkoxy; alkoxyalkyl;
particularly alkyl. A preferable substituent of
substituted heterocyclyl-sulfinyl in R2 includes
hydroxy; alkyl; oxo; alkanoyl; hydroxyalkyl; carbamoyl
being optionally substituted with mono- or di-alkyl;
heteroaryl; aminosulfonyl being optionally substituted
with mono- or di-alkyl; amino being optionally
substituted with mono- or di-alkyl; alkylsulfonyl;
alkoxy; alkoxyalkyl. More preferable one among them is
hydroxy; alkyl; carbamoyl being optionally substituted
with mono- or di-alkyl; oxo; alkoxy; alkoxyalkyl;
particularly alkyl. A preferable substituent of
substituted heterocyclyl-sulfonyl in R2 includes
hydroxy; alkyl; oxo; alkanoyl; hydroxyalkyl; carbamoyl
being optionally substituted with mono- or di-alkyl;
heteroaryl; aminosulfonyl being optionally substituted
with mono- or di-alkyl; amino being optionally
substituted with mono- or di-alkyl; alkylsulfonyl;
alkoxy; alkoxyalkyl. More preferable one among them is
hydroxy; alkyl; carbamoyl being optionally substituted
with mono- or di-alkyl; oxo;alkoxy; alkoxyalkyl. A
preferable substituent of substituted
heteroarylsulfonyl in R2 includes alkyl. A preferable
substituent of substituted alkoxy in R2 includes
cycloalkyl. Apreferable substituent of substituted
alkylsulfinyl in R2 includes alkoxycarbonyl, alkoxy,
alkoxyalkyl, cycloalkyl (preferably, cyclopropyl),
hydroxy, substituted or unsubstituted amino
(substituent(s) : 1 or 2 groups selected from alkyl,
alkanoyl), substituted or unsubstituted heteroaryl
(preferably, imidazolyl, triazolyl) (substituent(s) :
alkyl), alkylsulfonyl, cyano, substituted or
unsubstituted heterocycle (preferably,
tetrahydrofuryl, tetrahydropyranyl,
dihydro-3H-isoindolyl) (substituent(s): oxo, dioxo).
More preferable one among them is alkoxy, cycloalkyl
(preferably, cyclopropyl), hydroxy, particularly
hydroxy. A preferable substituent of substituted
heteroaryl in R2 includes alkyl. A preferable
substituent of substituted heterocycle in R3 and R4
includes alkoxyearbonyl, oxo, alkyl, alkanoyl. A
preferable substituent of substituted heteroaryl in R3
and R4 includes alkyl; amino being optionally
substituted with mono- or dialkyl. More preferable one
among them is alkyl. A preferable substituent of
substituted cycloalkyl in R3 and R4 includes
benzoyloxy, oxo, hydroxy, alkanoyl. More preferable
one 



among them is oxo, hydroxy. A preferable substiutent
of substituted aryl in R3 and R4 includes alkyl,
cyano, halogen atom, alkoxy. A preferable substituent
of substituted carbamoyl in R3 and R4 includes alkyl.
A preferable substituent of substituted aryloxy in R3
and R4 includes alkyl, cyano, halogen atom, alkoxy.A
preferable substituent of substituted arylcarbonyloxy
in R3 and R4 includes alkyl, cyano, halogen atom,
alkoxy. A preferable substituent of substituted alkoxy
in R5 includes substituted or unsubstituted amino
(substituent(s): 1 or 2 groups selected from alkyl,
alkoxycarbonyl) ; alkoxycarbonyl; carbamoyl being
optionally substituted with mono- or di-alkyl;
carboxyl; hydroxy; substituted or unsubstituted
heterocycle (substituent(s) : oxo); trialkylsilyloxy;
alkoxy. More preferable one is amino being optionally
substituted with mono- or di-alkyl; carbamoyl being
optionally substituted with mono- or di-alkyl;
hydroxy; particularly amino being optionally
substituted with mono- or di-alkyl; hydroxy. A
preferable substituent of substituted aminosulfonyl in
R5 includes alkyl. Therefore, said substituent is
mono-alkyl or di-alkyl, preferably di-alkyl. A
preferable substituent of substituted alkylthio in R5
includes amino being optionally substituted with mono-
or di-alkyl; alkoxycarbonylamino; halogen atom;
hydroxy; carboxyl; carbamoyl being optionally
substituted with mono- or di-alkyl; alkoxycarbonyl.
More preferable one among them is amino being
optionally substituted with mono- or di-alkyl;
alkoxycarbonylamino; hydroxy; carbamoyl being
optionally substituted with mono- or di-alkyl;
particularly dialkylcarbamoyl. A preferable
substituent of substituted heterocyclyl-sulfonyl in R5
includes alkyl. A preferable substituent of
substituted cycloalkyl in R5 includes amino being
optionally substituted with mono- or di-alkyl. A
preferable substituent of substituted cycloalkyloxy in
R5 includes amino being optionally substituted with
mono- or di-alkyl. A preferable substituent of
substituted carbamoyl in R5 includes substituted or
unsubstituted alkyl (substituent(s): 1 or 2
groupsselected from hydroxy; cycloalkyl; heterocycle;
amino being optionally substituted with mono- or
di-alkyl; heteroaryl), cycloalkyl, heteroaryl. More
preferable one among them is substituted or
unsubstituted alkyl (substituent(s) : 1 or 2 groups
selected from hydroxy, heterocycle, dialkyiamino,
heteroaryi), cycloalkyl. A preferable substituent of
substituted heteroarylthio in R5 includes alkyl. A
preferable substituent of substituted amino in R5
includes alkyl, substituted or unsubstituted
aminoalkyl (substituent(s): 1 or 2 groups selected
from alkyl, alkanoyl), alkanoyl, hydroxyalkyl,
alkoxycarbonyl. More preferable one among them is
alkyl, and hence, mono-alkyl or dialkyl, particularly
di-alkyl. A preferable substituent of substituted
heteroaryl in R5 includes alkyl. A preferable
substituent of substituted alkynyl in R5 includes
hydroxy, amino being optionally substituted with mono-
or di-alkyl. More preferable one among them is
hydroxy, dialkyiamino. Apreferable substituent of
substituted heterocyclyl-carbonyl in R5 includes
hydroxy, alkyl, oxo, hydroxyalkyl, alkanoyl. More
preferable one among them is hydroxy, alkyl,
hydroxyalkyl. A preferable substituent of substituted
heterocyclyl-oxy in R5 includes hydroxy, alkyl, oxo,
hydroxyalkyl, alkanoyl. More preferable one among them
is alkyl, oxo. A preferable substituent of substituted
heterocycle in R5.includes hydroxy, alkyl, oxo,
hydroxyalkyl, alkanoyl. More preferable one among them
is oxo. A preferable substituent of substituted
heterocyclyl-thio in R5 includes hydroxy, alkyl, oxo,
hydroxyalkyl, alkanoyl. More preferable 



one is alkyl, alkanoyl. A preferable substituent of
substituted alkyl in R5 includessubstituted or
unsubstituted heterocycle, substituted or
unsubstituted amino, substituted or unsubstituted
alkoxy, substituted or unsubstituted carbamoyl,
hydroxy, trialkylsilyloxy, substituted or
unsubstituted alkylthio, substituted or unsubstituted
heterocyclyl-oxy, heteroaryl, substituted or
unsubstituted hydroxyimino, halogen atom, more
preferably substituted or unsubstituted heterocycle,
substituted or unsubstituted amino, substituted or
unsubstituted alkoxy, hydroxy, substituted or
unsubstituted alkylthio, substituted or unsubstituted
heterocyclyl-oxy, substituted or unsubstituted
hydroxyimino, halogen atom, further preferably
substituted or unsubstituted heterocycle, substituted
or unsubstituted alkoxy, substituted or unsubstituted
heterocyclyl-oxy, particularly substituted or
unsubstituted heterocycle, substituted or
unsubstituted alkoxy, further particularly substituted
or unsubstituted heterocycle. A preferable substituent
of substituted heterocycle which is the substituent of
substituted alkyl in R5 includes alkyl; oxo;
alkoxyalkanoyl; alkanoyl; alkoxy; alkanoylamino;
cycloalkylcarbonylamino; tri(halogeno)alkanoylamino;
formylamino; alkoxycarbonylamino; hydroxy;
cycloalkylcarbonyl; tri(halogeno) alkyl;
alkoxycarbonyl; formyl; amino being optionally
substituted with monoor di-alkyl; aminosulfonyl being
optionally substituted with mono- or dialkyl;
alkylsulfonyl; heteroaryl; alkoxycarbonylalkyl;
alkanoyloxyalkanoyl; alkoxycarbonylcarbonyl;
aminoalkanoyl being optionally substituted with mono-
or di-alkyl; substituted or unsubstituted carbamoyl
(substituent(s) : 1 or 2 groups selected from alkyl,
alkoxy); hydroxyalkanoyl; di(halogeno)alkanoyl;
substituted or unsubstituted heterocyclyl-carbonyl
(substituent(s): oxo); substituted or unsubstituted
hydroxyimino (substituent(s): alkoxycarbonyl);
carboxyl; hydroxyalkoxy; alkoxyalkoxy; halogen atom;
alkanoyloxy. More preferable one among them is alkyl;
oxo; alkoxyalkanoyl; alkanoyl;alkoxy; alkanoylami.no;
cycloalkylcarbonylamino; tri(halogeno)alkanoylamino;
formylamino; alkoxycarbonylamino; cycloalkylcarbonyl;
tri(halogeno)alkyl; alkoxycarbonyl; formyl; amino
being optionally substituted with mono- or di-alkyl;
aminosulfonyl being optionally substituted with mono-
or di-alkyl; alkylsulfonyl; heteroaryl;
alkoxycarbonylalkyl; alkanoyloxyalkanoyl;
alkoxycarbonylcarbonyl; aminoalkanoyl being optionally
substituted with mono- or di-alkyl; carbamoyl being
optionally substituted with mono- or di-alkyl;
hydroxyalkanoyl; di(halogeno)alkanoyl; substituted or
unsubstituted heterocyclyl-carbonyl (substituent(s):
oxo); substituted or unsubstituted hydroxyimino
(substituent(s): alkoxycarbonyl); more preferably
alkyl; oxo; alkoxyalkanoyl; alkanoyl; formyl; amino
being optionally substituted with mono- or di-alkyl;
alkylsulfonyl; alkanoyloxyalkanoyl; aminoalkanoyl
being optionally substituted with mono- or di-alkyl;
hydroxyalkanoyl; more preferably alkyl, alkanoyl,
formyl, hydroxyalkanoyl, particularly alkyl, alkanoyl.
A preferable substituent of the substituted amino
which is the substituent of substituted alkyl in R5
includes alkyl; carbamoylalkyl being optionally
substituted with mono- or di-alkyl; substituted or
unsubstituted aminoalkyl (substituent(s): 1 or 2
groups selected from alkyl, alkanoyl); alkoxyalkyl;
hydroxyalkyl; alkoxyalkanoyl; heteroaryl;
heteroarylalkyl. More preferable one among them is
alkyl; carbamoylalkyl being optionally substituted
with mono- or di-alkyl; aminoalkyl being optionally
substituted with mono- or . di-alkyl; alkoxyalkyl;
heteroaryl; particularly alkyl. A preferable
substituent of the substituted alkoxy which is the
substituent of substituted alkyl in R5 includes
hydroxy, alkoxy. A preferable substituent of the
substituted carbamoyl which is the substituent of
substituted alkyl in R5 includes alkyl, alkoxy. A
preferable substituent of the substituted
heterocyclyl-oxy whichis the substituent of
substituted alkyl in R5 includes alkanoyl, alkyl,
formyl, cycloalkylcarbonyl, alkoxyalkanoyl,
alkylsulfonyl. More preferable one among them is
alkanoyl, alkyl, particularly alkanoyl. A preferable
substituent of the substituted hydroxyimino which is 



the substituent of substituted alkyl in R5 inclu des
alkoxycarbonyl. Among the compounds [I] of the present
invention, an example of prefererable compounds are
those in which R5 is substituted or unsubstituted
alkyl. Among the compounds [I], other preferable
compounds are those of formula [I -A] as shown below,
and the present invention includes also the following
embodiments: (1) An oxime derivative of the general
formula [1-A]: wherein Ring Ais aryl or heteroaryl; Q
is cycloalkyl, heterocycle, alkyl or alkenyl; Ring T
is heteroaryl or heterocycle; R1 and R2 are
independently hydrogen atom, halogen atom,
cycloalkylsulfonyl, alkylsulfonyl, alkylsulfinyl,
alkylthio, or substituted or unsubstituted tetrazolyl;
R3 and R4 are independently hydrogen atom, hydroxy,
oxo, halogen atom, cyano, alkylthio, alkoxy, alkanoyl,
alkoxyalkoxy, alkoxycarbonyl, substituted or
unsubstituted carbamoyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted heterocycle, substituted
or unsubstitutedcycloalkyl, or substituted or
unsubstituted aryloxy; R5 is hydrogen atom, halogen
atom, cyano, nitro, tetrazolyl, oxo, cycloalkyl,
alkenyl, alkylthio, alkylsulfonyl, alkoxy, formyl,
alkanoyl, alkoxycarbonyl, substituted or unsubstituted
carbamoyl, substituted or unsubstituted aminosulfonyl,
substituted or unsubstituted heterocyclyl-carbonyl,
substituted or unsubstituted heterocyclylsulfonyl, or
substituted or unsubstituted alkyl; or a
pharmaceutically acceptable salt thereof. (2) The
oxime derivative of (1) wherein Ring A is phenyl or
pyridyl, or a pharmaceutically acceptable salt
thereof. (3) The oxime derivative of (1) wherein Ring
A is phenyl, or a pharmaceutically acceptable salt
thereof. (4) The oxime derivative of any one of (1) to
(3) wherein Q is cycloalkyl, tetrahydrofuryl, alkyl or
alkenyl, or a pharmaceutically acceptable salt
thereof. (5) The oxime derivative of any one of (1) to
(3) wherein Q is tetrahydrofuryl, or a
pharmaceutically acceptable salt thereof. (6) The
oxime derivative of any one of (1) to (3) wherein Q is
(3R)-3-tetrahydrofuryL or a pharmaceutically
acceptable salt thereof. (7) The oxime derivative of
any one of (1) to (6) wherein Ring T is thiazolyl,
pyrazinyl, thiadiazolyl, thiazolopyridinyl,
benzothiazolyl, cyclohexanothiazolyl or
dihydrothiazolopyridinyl, or a pharmaceutically
acceptable salt thereof. (8) The oxime derivative of
any one of (1) to (6) wherein Ring T is thiazolyl, or
a pharmaceutically acceptable salt thereof. (9) The
oxime derivative of any one of (1) to (6) wherein Ring
T is 2-thiazolyl, or a pharmaceutically acceptable
salt thereof. (10) The oxime derivative of any one of
(1) to (9) wherein one of R1 and R2 is hydrogen atom
and the other is cycloalkylsulfonyl, alkylsulfonyl,
alkylsulfinyl, alkylthio, or substituted or
unsubstitutedtetrazolyl, or a pharmaceutically
acceptable salt thereof. (11) The oxime derivative of
any one of (1) to (9) wherein one of R1 and R2 is
hydrogen atom and the other is cycloalkylsulfonyl, or
a pharmaceutically acceptable salt thereof. (12) The
oxime derivative of (11) wherein Ring A is phenyl and
the cycloalkylsulfonyl is substituted to the
4-position of the phenyl, or a pharmaceutically
acceptable salt thereof. (13) The oxime derivative of
any one of (1) to (12) wherein R3 and R4 are
independently hydrogen atom, hydroxy, alkoxy,
substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted
heterocycle, or substituted or unsubstituted
cycloalkyl, or a pharmaceutically acceptable salt
thereof. (14) The oxime derivative of any one of (1)
to (12) wherein R3 and R4 are independently hydrogen
atom, hydroxy, alkoxy, substituted or unsubstituted
phenyl, substituted or unsubstituted pyrazolyl,
substituted or unsubstituted imidazolyl, substituted
or unsubstituted 



thiazolyl, substituted or unsubstituted triazolyl,
substituted or unsubstituted pyridyl, substituted or
unsubstituted pyrimidinyl, substituted or
unsubstituted pyrrolidinyl, substituted or
unsubstituted thiacyclohexyl, or substituted or
unsubstituted cyclopentyl, or a pharmaceutically
acceptable salt thereof. (15) The oxime derivative of
any one of (1) to (12) wherein both of R3 and R4 are
hydrogen atom, or a pharmaceutically acceptable salt
thereof. (16) The oxime derivative of any one of (1)
to (15) wherein R5 is hydrogen atom, halogen atom,
cyano, oxo, alkenyl, alkylthio, formyl, alkanoyl,
substituted or unsubstituted carbamoyl, substituted or
unsubstituted aminosulfonyl, substituted or
unsubstituted heterocyclyl-sulfonyl, or substituted or
unsubstituted alkyl, or a pharmaceutically acceptable
salt thereof.(17) The oxime derivative of any one of
(1) to (16) wherein a substituent of the substituted
alkyl in R5 is 1 to 3 substituents selected from
substituted or unsubstituted amino, substituted or
unsubstituted hydroxyimino, hydroxy, alkoxy, halogen
atom, carboxyl, alkoxycarbonyl, substituted or
unsubstituted carbamoyl, alkanoyloxy, and substituted
or unsubstituted heterocycle, or a pharmaceutically
acceptable salt thereof. (18) The oxime derivative of
any one of (1) to (15) wherein R5 is hydrogen atom,
halogen atom, cyano, oxo, alkenyl, alkylthio, formyl,
alkanoyl, substituted or unsubstituted carbamoyl,
substituted or unsubstituted aminosulfonyl,
substituted or unsubstituted piperazinylsulfonyl, or
alkyl, or alkyl substituted with 1 to 3 groups
selected from substituted or unsubstituted amino,
substituted or unsubstituted hydroxyimino, hydroxy,
alkoxy, halogen atom, alkoxycarbonyl, substituted or
unsubstituted piperazinyl, substituted or
unsubstituted homopiperazinyl, substituted or
unsubstituted piperidinyl, substituted or
unsubstituted morpholinyl and substituted or
unsubstituted thiomorpholinyl, or a pharmaceutically
acceptable salt thereof. (19) The oxime derivative of
any one of (1) to (15) wherein R5 is fluorine atom, or
alkyl substituted with 1 to 3 groups selected from
substituted or unsubstituted piperazinyl, substituted
or unsubstituted morpholinyl and substituted or
unsubstituted thiomorpholinyl, or a pharmaceutically
acceptable salt thereof. (20) The oxime derivative of
any one of (1) to (15) wherein R5 is fluorine atom, or
alkyl substituted with piperazinyl being optionally
substituted with 1 to 3 substituents selected from
alkyl, oxo, alkanoyl and alkoxyalkanoyl, or a
pharmaceutically acceptable salt thereof. (21) The
oxime derivative of any one of (1) to (15) wherein R5
is fluorine atom, or piperazinylmethyl being
optionally substituted withalkyl or oxo on the carbon
or being optionally substituted with alkyl, alkanoyl
or alkoxyalkanoyl on the nitrogen, or a
pharmaceutically acceptable salt thereof. (22) A
medicine comprising as an active ingredient the oxime
derivative of any one of (1) to (21) or a
pharmaceutically acceptable salt thereof. (23) A
glucokinase activating agent comprising as an active
ingredient the oxime derivative of any one of (1) to
(21) or a pharmaceutically acceptable salt thereof as
an active ingredient. The substituents on the group of
each symbol of the compound [IA] means as defined
below. A substituent on the substituted alkyl in R5
includes substituted or unsubstituted amino,
substituted or unsubstituted hydroxyimino, hydroxy,
alkoxy, halogen atom, carboxyl, alkoxycarbonyl,
substituted or unsubstituted carbamoyl, alkanoyloxy,
substituted or unsubstituted heterocycle, preferably
substituted or unsubstituted amino, substituted or
unsubstituted hydroxyimino, hydroxy, alkoxy, halogen
atom, alkoxycarbonyl, substituted or unsubstituted
piperazinyl, substituted or unsubstituted
homopiperazinyl, substituted or unsubstituted
piperidinyl, substituted or unsubstituted morpholinyl,
substituted or unsubstituted thiomorpholinyl, or the
like. The alkyl is substituted 



with the same or different 1 to 3 substituents
selected from the above groups. In the compound [I-A],
substituents in "substituted aryl", "substituted
aryloxy", "substituted heteroaryl", "substituted
heterocycle", "substituted heterocyclyl-carbonyl",
"substituted heterocyclyl-sulfonyl", "substituted
cycloalkyl", "substituted phenyl", "substituted
pyrazolyl", "substituted imidazolyl", "substituted
thiazolyl", "substituted triazolyl", "substituted
pyridyl", "substituted pyrimidinyl" , "substituted
pyrrolidinyl", "substituted thiacyclohexyl",
"substituted cyclopentyl","substituted piperazinyl",
"substituted piperazinylsulfonyl" , "substituted
homopiperazinyl", "substituted piperidinyl",
"substituted morpholinyl", "substituted
thiomorpholinyl", "substituted tetrazolyl",
"substituted carbamoyl", "substituted aminosulfonyl",
"substituted amino" or "substituted hydroxyimino" are
the same or different 1 to 3 substituents selected
from those groups which include (1) alkyl being
optionally substituted with hydroxy, alkoxy, amino,
mono- or di-alkylamino, carbamoyl, tetrahydrofuryl or
pyridyl, (2) cycloalkyl, (3) hydroxy, (4) alkoxy, (5)
cyano, (6) halogen, (7) mono- or di-alkylamino, (8)
amino being optionally substituted with alkanoyl,
alkoxyalkanoyl or alkoxycarbonyl, (9) pyridyl, (10)
carboxyl, (11) formyl, (12) alkanoyl being optionally
substituted with mono- or di-alkylamino, hydroxy,
alkoxy or alkanoyloxy, (13) cycloalkylcarbonyl, (14)
alkoxycarbonyl, (15) oxo, (16) alkylsulfonyl, or the
like. In the compound [I-A], a preferable substituent
in substituted tetrazolyl on R1 and R2 includes alkyl
or the like. A preferable substituent in substituted
carbamoyl in R3 and R4 includes alkyl or the like, and
it may be the same or different 1 to 2 groups. A
preferable substituent in substituted aryl,
substituted aryloxy and substituted phenyl on R3 and
R4 includes cyano, halogen atom, alkoxy, alkyl, mono-
or di-alkylamino or the like, particularly cyano or
halogen atom. The substituent may be the same or
different 1 to 3 groups selected from these groups. A
preferable substituent in substituted heteroaryl,
substituted pyrazolyl, substituted imidazolyl,
substituted thiazolyl, substituted triazolyl,
substituted pyridyl and substituted pyrimidinyl on R3
and R4 includes alkyl, mono- or di-alkylamino or the
like, particularly alkyl. The substituent may be the
same or different 1 to 2 groups selected from these
groups.A preferable substituent in substituted
heterocycle, substituted pyrrolidinyl and substituted
thiacyclohexyl on R3 and R4 includes oxo,
alkoxycarbonyl, alkyl, alkanoyl or the like,
particularly oxo or alkyl. The substituent may be the
same or different 1 to 2 groups selected from these
groups. A preferable substituent in substituted
cycloalkyl and substituted cyclopentyl in R3 and R4
includes oxo, hydroxy or the like, particularly
hydroxy. A preferable substituent in substituted
carbamoyl in R5 includes alkoxy, alkyl, cycloalkyl,
hydroxyalkyl, dialkylaminoalkyl, cycloalkyl,
tetrahydrofurylalkyl, pyridylalkyl, alkoxy, pyridyl or
the like, particularly hydroxyalkyl,
dialkylaminoalkyl, pyridylalkyl, pyridyl or the like.
The substituent may be the same or different 1 to 2
groups selected from these groups. A preferable
substituent in substituted aminosulfonyl in R5
includes alkyl or the like, and the substituent may be
the same or different 1 to 2 groups selected from
these groups. A preferable substituent in substituted
heterocycle, substituted heterocyclyl-carbonyl,
substituted heterocyclyl-sulfonyl, substituted
piperazinyl, substituted piperazinylsulfonyl,
substituted homopiperazinyl, substituted piperidinyl,
substituted morpholinyl and substituted
thiomorpholinyl in R5 includes alkoxycarbonylamino,
hydroxy, hydroxyalkyl, alkanoylamino,
alkoxyalkanoylamino, oxo, alkyl, formyl, alkanoyl,
hydroxyalkanoyl, cycloalkylcarbonyl, carboxyl,
alkoxycarbonyl, alkoxyalkanoyl, alkanoyloxyalkanoyl,
mono- or dialkylaminoalkanoyl, alkylsulfonyl or the
like, particularly oxo, alkyl, 



formyl, alkanoyl, hydroxyalkanoyl, cycloalkylcarbonyl,
alkoxycarbonyl, alkoxyalkanoyl, alkanoyloxyalkanoyl or
alkylsulfonyl. The substituent may be the same or
different 1 to 3 groups selected from these groups. A
preferable substituent in substituted amino in R5
includes alkyl,alkoxyalkyl, pyridyl, pyridylalkyl,
dialkylaminoalkyl, carbamoylalkyl or the like. The
substituent may be the same or different 1 to 2 groups
selected from these groups. A preferable substituent
in substituted hydroxyimino in R5 includes
alkoxycarbonyi or the like. In the compound [I -A],
the aryl in Ring A includes preferably phenyl. The
heteroaryl in Ring A includes preferably thienyl or
pyridyl, particularly pyridyl. The heterocycle in Q
includes, for example, 5 to 6-membered monocyclic
heterocycle, specifically tetrahydrofuryl,
pyrrolidinyl, tetrahydropyranyl, thiacyclohexyl,
piperidinyl or the like, particularly tetrahydrofuryl
. The heteroaryl in Ring T includes, for example, 5 to
9-membered monocyclic or bicyclic aromatic ring,
specifically thiazolyl, thiadiazolyl, pyridyl,
pyrazinyl, benzothiazolyl, thiazolopyridinyl or the
like. The heterocycle in Ring T includes, for example,
9-membered bicyclic aromatic ring, specifically
cyclohexanothiazolyl, dihydrothiazolopyridinyl or the
like. The aryl in R3 and R4 includes preferably
phenyl. The heteroaryl in R3 and R4 includes, for
example, 5 to 6- membered monocyclic aromatic ring,
specifically pyrazolyl, imidazolyl, isoxazolyl,
thiazolyl, triazolyl, pyridyl, pyrimidinyl or the
like. The heterocycle in R3 and R4 includes, for
example, 5 to 6- membered monocyclic heterocycle,
specifically pyrrolidinyl, tetrahydrofuryl,
dioxolanyl, piperidinyl, thiacyclohexyl or the like.
The cycloalkyl in R3 and R4 includes preferably 3 to
6-membered cycloalkyl, specifically cyclopropyl or
cyclopentyl. The heterocycle in R5 includes, for
example, 4 to 6-membered monocyclic heterocycle,
specifically azetidinyl, pyrrolidinyl,
piperidinyl,piperazinyl, morpholinyl, thiomorpholinyl
or the like. Among the compound [I-A], a preferable
compound includes a compound wherein Ring A is phenyl,
Q is 3-tetrahydrofuryl, Ring T is 2- thiazolyl, one of
R1 and R2 is hydrogen atom, the other is
cyclopropylsulfonyl, both of R3 and R4 are hydrogen
atom, R5 is piperazinyl substituted alkyl being
optionally substituted with 1 to 3 substituents
selected from alkyl, oxo, alkanoyl and alkoxyalkanoyl.
Other preferable compound among the compounds [I] of
the present invention includes a compound described in
any of all EXAMPLES. The following terms used herein
mean as defined below. A "halogen atom" includes
fluorine atom, chlorine atom, bromine atom or iodine
atom, preferably fluorine atom or chlorine atom. An
"alkyl", which includes "alkyl" moiety in a group
bound with other groups such a s "alkylthio" or
"hydroxyalkyl" (the same for other groups defined
hereinafter), includes, for example, straight- or
branched-chain alkyl of Ci-6, preferably C1-4,
specifically methyl, ethyl, propyl, isopropyl,
isobutyl, tert- butyl, pentyl, hexyl or the like. An
"alkenyl" includes, for example, straight- or
branched-chain alkenyl of C2-6, preferably C2-4,
specifically vinyl, propenyl, isopropenyl, butenyl,
pentenyl, hexenyl or the like. An "alkynyl" includes,
for example, straight- or branched-chain alkynyl of
C2-6, preferably C2-4, specifically acetylenyl,
propynyl, butynyl, pentynyl, hexynyl or the like. An
"alkoxy" includes, for example, stragiht- or
branched-chain alkoxy of Ci-6, preferably C1-4,
specifically methoxy, ethoxy, propoxy, isopropoxy,
butoxy, tert-butoxy, pentyloxy, hexyloxy or the like.
An "alkanoyl" includes, for example, straight- or
branched-chain alkanoyl of C2-7, preferably C2-5,
specifically acetyl, propionyl, butyryl, pentanoyl or
the like.A "cycloalkyl" includes, for example,
cycloalkyl of C3-8, preferably C3-6, specifically
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or 



cycloheptyl. . . An "aryl" includes 6 to 14-membered,
preferably 6 to 10- membered monocyclic, bicyclic or
tricyclic aromatic hydrocarbon, specifically phenyl,
naphthyl, phenanthryl, anthryl or the like, preferably
phenyl in particular. A "heteroaryl" includes 4 to
10-membered, preferably 5 to 9- membered, monocyclic
or bicyclic aromatic hydrocarbon wherein 1 to 3 carbon
atoms are substituted with heteroatoms independently
selected from oxygen atom, sulfur atom and nitrogen
atom, specifically thienyl, thiazolyl, pyrazolyl,
imidazolyl, isoxazolyl, triazolyl, thiadiazolyl,
pyridyl, pyrimidinyl, pyrazinyl, quinolyl,
benzothiazolyl, thiazolopyridinyl, thiaz lopyrazinyl,
thiazolopyrimidinyl or the like. A "heterocycle"
includes 4 to 10-membered, preferably 4 to 9-
membered, monocyclic or bicyclic non-aromatic
hydrocarbon wherein 1 to 3 carbon atoms are
substituted with heteroatoms independently selected
from oxygen atom, sulfur atom and nitrogen atom,
specifically oxetanyl, azetidinyl, pyrrolidinyl,
-tetrahydrofuryl, dioxolanyl, piperidinyl,
piperazinyl, homopiperazinyl, tetrahydropyranyl,
thiacyclohexyl, morpholinyl, thiomorpholinyl,
cyclohexanothiazolyl, dihydro thiazolopyridinyl,
tetrahydro thiazolopyridinyl or the like.
Alternatively, illustrative embodiments of "halogen
atom" ; "alkyl", "alkenyl", "alkynyl", "alkoxy",
"alkanoyl", "cycloalkyl", "aryl", "heteroaryl",
"heterocycle" include those specifically indicated in
EXAMPLES. Additionally, each term is explained
depending on each symbol (A, Q, T, R1-R6) of the
compound [I]. A preferable "aryl" in Ring A includes
phenyl. A preferable "heteroaryl" in Ring A includes
thienyl, pyridyl, particularly pyridyl.A preferable
"cycloalkyl" in Q includes, for example, 5 to 6-
membered monocyclic cycloalkyl, specifically
cyclopentyl, cyclohexyl or the like, particularly
cyclopentyl. A preferable "heterocycle" in Q includes,
for example, 4 to 6- membered monocyclic heterocycle
optionally having 1 to 3 heteroatoms independently
selected from oxygen atom, sulfur atom and nitrogen
atom, specifically oxetanyl, tetrahydrofuryl,
pyrrolidinyl, piperidinyl, tetrahydropyranyl,
tetrahydrothiopyranyl or the like, particularly
tetrahydrofuryl. A "heteroaryl" in Ring T includes,
for example, 5 to 9-membered monocyclic, bicyclic
heteroaryl optionally having 1 to 3 heteroatoms
independently selected from oxygen atom, sulfur atom
and nitrogen atom, specifically thiazolyl, pyrazolyl,
thiadiazolyl, pyridyl, pyrazinyl, benzothiazolyl,
thiazolopyridinyl, thiazolopyrazinyl,
thiazolopyrimidinyl, quinolyl or the like. A
preferable one among them is thiazolyl, thiadiazolyl,
pyridyl, pyrazinyl, benzothiazolyl, thiazolopyridinyl,
thiazolopyrazinyl, thiazolopyrimidinyl, more
preferably thiazolyl, thiadiazolyl, pyrazinyl,
thiazolopyridinyl, thiazolopyrazinyl, particularly
thiazolyl, thiazolopyridinyl, further particularly
thiazolyl. A "heterocycle" in Ring T includes, for
example, 5 to 9-membered monocyclic, bicyclic
heterocycle optionally having 1 to 3 heteroatoms
independently selected from oxygen atom, sulfur atom
and nitrogen atom, preferably 9-membered bicyclic
heterocycle, specifically cyclohexanothiazolyl,
dihydro thiazolopyridinyl or the like. A "cycloalkyl"
of cycloalkylsulfonyl in R2 includes, for example, 3
to 4-membered cycloalkyl, specifically cyclopropyl,
cyclobutyl or the like, preferably cyclopropyl in
particular. A "heterocycle" which is the substituent
of the substituted or unsubstituted alkyl which is the
substituent of substituted or unsubstituted
aminosulfonyl in R2 includes, for example, 5 to
9-membered monocyclic, bicyclic heterocycle optionally
having 1 to 3 heteroatoms independently selected from
oxygen atom, sulfur atom and nitrogen atom, preferably
5-membered monocyclic heterocycle. Particularly,
tetrahydrofuryl is preferable. A "heterocycle" of
substituted or unsubstituted heterocyclylsulfonyl in
R2 includes, for example, 5 to 9-membered monocyclic,
bicyclic heterocycle optionally having 1 to 3
heteroatoms independently 



selected from oxygen atom, sulfur atom and nitrogen
atom, preferably 5 to 7-membered monocyclic
heterocycle, specifically azetidinyl, pyrrolidinyl,
tetrahydrofuryl, piperidinyl, piperazinyl,
morpholinyl, thiomorpholinyl, oxazepidinyl,
perhydrodiazepinyl. A "heteroaryl" of substituted or
unsubstituted heteroaryl in R3 and R4 includes, for
example, 5 to 9-membered monocyclic, bicyclic
heteroaryl optionally having 1 to 3 heteroatoms
indepencdently selected from oxygen atom, sulfur atom
and nitrogen atom, preferably 5 to 6- membered
monocyclic heteroaryl optionally having 1 to 3
nitrogen atoms, specifically pyrazolyl, imidazolyl,
thiazolyl, triazolyl, pyridyl, pyrimidinyl or the
like, particularly pyrimidinyl. A "cycloalkyl" of
substituted or unsubstituted cycloalkyl in R3 and R4
includes preferably 3 to 6-membered monocyclic
cycloalkyl, specifically cyclopropyl, cyclopenryl. A
"heterocycle" of substituted or unsubstituted
heterocycle which is the substituent of substituted or
unsubstituted alkyl in R5 includes, for example, 5 to
9-membered monocyclic, bicyclic heterocycle optionally
having 1 to 3 heteroatoms independently selected from
oxygen atom, sulfur atom and nitrogen atom, preferably
4 to 6- membered monocyclic heterocycle optionally
having 1 to 3 nitrogen atoms, specifically azetidinyl,
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, perhydrodiazepinyl,
octahydropyrrolo[l,2-a]piperazinyl or the like. More
preferable oneamong them is piperazinyl, morpholinyl,
particularly piperazinyl. A "heterocycle" of the
substituted or unsubstituted heterocyclyloxy which is
the substituent of substituted alkyl in R5 includes,
for example, 5 to 9-membered monocyclic, bicyclic
heterocycle optionally having 1 to 3 heteroatoms
independently selected from oxygen atom, sulfur atom
and nitrogen atom, preferably 4 to 6-membered
monocyclic heterocycle optionally having 1 to 3
nitrogen atoms, specifically azetidinyl, pyrrolidinyl,
piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, perhydrodiazepinyl, octahydropyrrolo[
1,2-a]piperazinyl or the like. More preferable one
among them is piperidinyl. The compound [I] of the
present invention includes a mixture of stereoisomers,
or each stereoisomer with pure or substantively pure
forms. For example, the compound [I] can exist in
enantiomer or diastereomer or a mixture thereof when
the compound of the present invention has one or more
aymmetric centers in any of carbon atoms. The compound
of the present invention includes its isomers or a
mixture thereof. Also, in case that the compound [I]
of the present invention contains double bonds,
geometric isomers (cis isomer, trans isomer) may exist
and in case that the compound [I] of the present
invention contains unsaturated bonds such as carbonyl,
tautomers may exist, but the compound of the present
invention includes all these isomers or a mixture
thereof. A pharmaceutically acceptable salt of the
compound [I] includes, for example, an inorganic acid
salt such as hydrochloride, sulfate, phosphate or
hydrobromide, or an organic acid salt such as acetate,
fumarate, oxalate, citrate, methane sulfonate,
benzenesulfonate, tosylate or maleate. Also, in case
of having a substituent such as carboxyl, said salt
includes a salt with a base such as, for example,
alkali metal salt such as sodium salt or potassium
salt, or alkali earth metal salt such as calcium
salt.The pharmaceutically acceptable salt of the
compound [I] of the present invention includes also an
intramolecular salt, and the compounds [I] and their
salts may be in the form of a solvate thereof such as
a hydrate. The compound [I] of the present invention
or a pharmaceutically acceptable salt thereof can be
formulated to a pharmaceutical composition comprising
a therapeutically effective amount of the compound and
a pharmaceutically acceptable carrier. The
pharmaceutically acceptable carrier can include
diluents, binding agents (syrup, gum acacia, gelatin,
sorbit, tragacanth or polyvinylpyrrolidone),
excipients (lactose, sucrose, cornstarch, potassium
phosphate, sorbit or glycine), lubricants (magnesium 



stearate, talc, polyethylene glycol or silica),
disintegrants (Irish potato starch) and wetting agents
(sodium lauryl sulfate), or the like. The compound [I]
of the present invention or a pharmaceutically
acceptable salt thereof can be administered orally or
parenterally and used in an appropriate pharmaceutical
formulation. The appropriate pharmaceutical
formulation for oral administration includes, for
example, solid formulations such as tablet, granule,
capsule or powder, or in the form of a solution, a
suspension or an emulsion. The appropriate
pharmaceutical formulation for parenteral
administration includes a suppository, an injectable
solution or an intravenous fluid preparation using
distilled water for injection, saline or glucose
aqueous solution, or an inhaler, or the like. The
compound [I] of the present invention or a
pharmaceutically acceptable salt thereof, or a
pharmaceutical formulation thereof can be combined
with other one or more medicines selected from
antidiabetic and antihyperglycemic agents. In this
case, the concept of the term "combine" includes
administering with these other medicines
simultaneously or separately with optional interval as
well asadministering as one pharmaceutical formulation
formulated together with these other medicines. These
other medicines include sulfonylurea (for example,
glyburide, glimepiride, glipiride, glipizide,
chlorpropamide, gliclazide, glisoxepide,
acetohexamide, glibonuride, tolbutamide, tolazamide,
carbutamide, gliquidone, glihexamid, phenbutamide,
tolcyclamide or the like), biguanide (for example,
metformin, phenformin, buformin or the like), glucagon
antagonist (for example, peptidic or nonpeptidic
glucagon antagonist), glucosidase inhibitor (for
example, acarbose, miglitol or the like), insulin
sensitizer (for example, troglitazone, rosiglitazone,
pioglitazone or the like), antiobesity agent (for
example, sibutramine, orlistat or the like) or the
like. The dose of the compound [I] of the present
invention or a pharmaceutically acceptable salt
thereof depends on methods of administration, ages,
body weights or conditions of patients, but usually
about 0.01 to about 100 mg/kg per day, preferably
about 0.1 to about 10 mg/kg. The compound [I] of the
present invention can be prepared according to the
following methods.(In the above scheme, Z1 is halogen
atom, hydroxy or alkoxy, Z2 is hydrogen atom or alkyl,
Z3 is hydroxy, halogen atom or arylsulfonyloxy,
alkylsulfonyloxy, Z4 is halogen atom, dialkoxyboryl,
dihydroxyboryl or trialkylstannyl, lithio, Z5 is
hydrogen atom, h alogen atom, dialkoxyboryl,
dihydroxyboryl or trialkylstannyl, lithio, and the
other symbols have the same meanings a s mentioned
above.) (1) The reaction of preparing the compound
[VI] (Z2 is alkyl) from the compound [VII] (Z5 is
hydrogen atom) and the compound [VIII] (Z1 is halogen
atom, Z2 is alkyl) can be carried out under so-called
Friedel- Crafts reaction condition. For example, the
reaction can be carried out in an appropriate solvent
(chloroform, methylene chloride, nitromethaneor the
like) in the presence of an appropriate acid (aluminum
chloride or the like). The compound [VT] (Z2 is alkyl)
can be also prepared by reacting the compound [VII]
(Z5 is dialkoxyboryl, dihydroxyboryl or
trialkyistannyl) with the compound [VIII] (Z 1 is
halogen atom, Z2 is alkyl) in an appropriate solvent
(THF, methylene chloride, dioxane, water, DMF,
toluene, 1,2-dimethoxyethane or the like, or a mixture
thereof) using a metal catalyst (for example,
dichlorobis(triphenylphosphine)palladium, tetrakis-
(triphenylphosphine)palladium,
tris(dibenzylideneacetone)dipalladium,
dichloro[l,l'-bis(diphenylphosphino)ferrocene]palladiu
m or the like), and the process preferably proceeds at
-78C to 200C. Additionally, the compound [VI] (Z2 is
alkyl) can be also prepared by reacting the compound
[VII] (Z5 is lithio) with the compound [VIII] (Z1 is
alkoxy, Z2 is alkyl) in an appropriate solvent (THF,
dioxane, DMF, toluene, 1,2-dimethoxyethane or the
like, or a mixture thereof), and the process can be
preferably carried out at -78C to 200C. Also, in case
of using the compound [VII] (Z5 is halogen atom) , the
compound [VI] (Z2 is alkyl) can be prepared by
converting the compound [VII] (Z5 is 



halogen atom) into the compound [VII] (Z5 is lithio)
with an appropriate alkyllithium (n-butyllithium,
sec-butyllithium, t-butyllithium or the like) in an
appropriate solvent (THF, diethyl ether, toluene, 1,2-
dimethoxyethane or the like, or a mixture thereof) to
convert, followed by reacting with the compound [VIII]
(Z 1 is alkoxy, Z2 is alkyl) in the similar manner a s
the above-mentioned. (2) The reaction of the compound
[VI] (Z2 is alkyl) with hydroxylamine or a salt
thereof with an appropriate acid (hydrochloride,
sulfate or the like) can be carried out in any
conventional manner converting ketone into
hydroxyimino. For example, the reaction can be carried
out in an appropriate solvent (alcoholic solvent such
a s methanol, ethanol, orTHF, dioxane, water or the
like, or a mixed solvent thereof) in the presence or
absence of a base. The base used in the reaction
includes pyridine, picoline, lutidine,
N,N-dimethylaniline, triethylamine or the like. An
oxime generated in a cis-isomer or a mixture of cis-
and transisomers can be converted into the desired
trans-isomer by treating with acid (trifluoroacetic
acid, acetic acid, hydrochloric acid, sulfuric acid,
phosphoric acid or the like) . Also an oxime generated
in the reactions described below can also be converted
into the desired trans-isomer by treating in the
similar manner as the above. (3) The reaction of the
compound [IV] (Z2 is alkyl) with the compound [V]
wherein Z3 is hydroxy can be carried out by using, in
the presence of triphenylphosphine, an activating
agent (diethyl azodicarboxylate, diisopropyl
azodicarboxylate or the like) , or, in absence of
triphenylphosphine, cyanomethyl tri-n-butyl
phosphorane or the like in an appropriate solvent
(THF, methylene chloride or the like) (so-called
Mitsunobu reaction). Also, the reaction with the
compound [V] wherein Z3 is halogen atom,
arylsulfonyloxy or alkylsulfonyloxy can be carried out
in an appropriate solvent (acetone, ethanol, THF,
dimethyl sulfoxide, t)MF, dioxane,
N,N-dimethylacetamide, N-methylpyrrolidone or the
like, or a mixed solvent thereof) in the presence of a
base such as potassium carbonate, potassium
tert-butoxide, sodium hydride, cesium carbonate or the
like. A product resulted in this way can be converted
into the compound [II] (Z2 is hydrogen atom) in any
conventional manner hydrolyzing alkoxycarbonyl to
carboxyl, for example, by treating with lithium
hydroxide, sodium hydroxide, potassium carbonate or
the like in an appropriate solvent (alcoholic solvent
such a s methanol, ethanol, or THF, dioxane, water or
the like, or a mixed solvent thereof) to hydrolyze Z2
group. (4) The reaction of the compound [II] (Z2 is
hydrogen atom) with the compound [III] can be carried
out in an appropriate solvent in thepresence or
absence of a condensing agent by using any
conventional method for amide formation usually used
in peptide synthesis or the like. As the condensing
agent, any of N-ethyl-N'-(3-diethylaminopropyl)-
carbodiimide, N,N'-dicyclohexylcarbodiimide,
l-methyl-2- bromopyridinium iodide,
N,N'-carbonyldiimidazole, diphenyl phosphoryl azide,
benzotriazol-l-yloxytris(dimethylamino)phosphonium
hexafluorophosphate, 4-(4,6-dimethoxy-
1,3,5-triazin-2-yl)-4-methylmorpholinium chloride,
fluoro-N,N,N',N'-tetramethylformamidinium
hexafluorophosphate or the like can be preferably
used. As the solvent, any of a single solvent or a
mixed solvent of water, methanol, isopropanol,
ethanol, methylene chloride, THF, dioxane, DMF,
dimethylacetamide, chloroform or the like can be
preferably used. The reaction preferably proceeds at
-78C to 100C, more preferably at -25C to 25C. The
proceed of the reaction can be accelerated by adding
an inorganic base such as potassium carbonate, sodium
carbonate, sodium bicarbonate or an organic base such
a s triethylamine, diisopropylethylamine,
Nmethylmorpholine, pyridine,
N,N-dimethylaminopyridine, picoline, lutidine or the
like a s a base, and N-hydroxysuccinimide, 3-hydroxy-
3,4-dihydro-4-oxo-l,2,3-benzotriazole,
N,N-dimethylaminopyridine or Nhydroxybenzotriazole or
the like a s an additive. The reaction from the
compound [II] (Z2 is hydrogen atom) to the compound
[I] can be carried out by converting the compound [II]
(Z2 is hydrogen atom) into a reactive intermediate
such a s acid chloride or a mixed acid anhydride,
followed by reacting with the compound [III]. The 



conversion into acid chloride can be preferably
carried out by using thionyl chloride, oxalyl
chloride, phosphorus oxychloride, phosphorus
pentachloride, or triphenylphosphine in the presence
of carbon tetrachloride, or the like, and the
conversion into a mixed acid anhydride can be carried
out by using diphenyl phosphoryl chloride, diethyl
phosphorocyanidate, methane sulfonyl chloride,
ethylchloroformate, isobutyl chloroformate or the like
in the presence of a base such a s triethylamine. As
the solvent, any of a single solvent or a mixed
solvent of methylene chloride, chloroform, THF, DMF or
the like can be preferably used. The reaction
preferably proceeds at -78C to 100C, more preferably
-25C to 25C. The reaction of an acid chloride or a
mixed acid anhydride resulted in this way with the
compound [III] proceeds in the presence of a base such
a s pyridine, triethylamine, N,Ndimethylaminopyridine,
diisopropylethylamine or the like preferably at - 78C
to 100C, more preferably -25C to 25C and a s the
solvent, any of a single solvent or a mixed solvent of
methylene chloride, chloroform, THF, DMF or the like
can be preferably used. (5) The reaction of the
compound [VI] (Z2 is hydrogen atom or alkyl) with the
compound [III] can be carried out in case that Z2 is
hydrogen atom in the similar manner a s the reaction
of the above (4), or in case that Z2 is alkyl via the
compound [VI'] and the compound [X'] below. The
conversion from the compound [VI] (Z2 = alkyl) to the
compound [VI'] (Z2 is hydrogen atom) can be carried
out in any conventional manner reducing ketone to
alcohol, for example, by treating with a reducing
agent such a s zinc borohydride, sodium
triacetoxyborohydride, sodium borohydride or the like
in an appropriate solvent (water, methanol, ethanol,
chloroform, methylene chloride or the like, or a mixed
solvent thereof), followed by hydrolysis in any
conventional manner hydrolyzing alkoxycarbonyl to
carboxyl, for example, by treating with lithium
hydroxide, sodium hydroxide- or the like in an
appropriate solvent (methanol, ethanol, THF, dioxane,
water or the like, or a mixed solvent thereof) to
hydrolyze Z2 group. The reaction of the compound [VI']
(Z2 is hydrogen atom) with the compound [III] can be
carried out in the similar manner a s the reaction of
the above (4) . The conversion from the compound [X']
to the compound [X] canbe carried out in any
conventional manner oxidizing alcohol t o ketone, for
example, by dimethylsulfoxide oxidation using an
activating agent such as oxalyl chloride (Swern
oxidation), or by using an oxidizing agent (activated
manganese dioxide, sulfur trioxide-pyridine complex,
1- hydroxy-l,2-benziodoxol-3(lH)-one 1-oxide,
l,l,l-triacetoxy-l,ldihydro-
l,2-benziodoxol-3(lH)-one, pyridinium chlorochromate,
pyridinium dichromate or the like) in the presence or
absence of a base (triethylamine or the like) in an
appropriate solvent (dimethylsulfoxide, chloroform,
methylene chloride or the like) . (6) The reaction
from the compound [X] to the compound [IX] can be
carried out in the similar manner as the reaction of
the above (2). (7) The reaction from the compound [IX]
and the compound [V] to the compound [I] can be
carried out in the similar manner as the reaction of
the above (3). (8) The reaction of the compound [VI]
with the compound [XI] can be carried out in the
similar manner as the reaction of the above (2) by
using O-substituted hydroxylamine or a salt thereof
(alkyloxyamine, cycloalkyloxyamine,
heterocyclyl-oxyamine, benzyloxyamine or the like) as
an alternative to hydroxylamine in the reaction of (2)
.(9) The reaction of the compound [X] with the
compound [XI] can be carried out in the similar manner
a s the reaction of the above (8). (10) The reaction
of the compound [XI] with the compound [VIII] (Z 1 is
halogen atom or hydroxy, Z2 is alkyl) can be carried
out in any conventional manner of amide formation
usually used in peptide synthesis or the like, for
example in the similar manner a s the reaction of the
above (4). (11) The reaction from the compound [XIII]
(Z2 is alkyl) to the compound [XII] (Z4 is hydrogen
atom) can be carried out by using any conventional
method for converting amide into haloimino, preferably
the manner of reference: WO9520569, for example, by
using the compound 



[XIII] (Z2 is alkyl) with a halogenating agent
(phosphorus oxychloride, phosphorus pentachloride or
the like) in an appropriate solvent (acetonitrile,
chloroform, methylene chloride, THF or the like, or a
mixed solvent thereof). The reaction can be also
carried out by using carbon tetrachloride, carbon
tetrabromide, N-bromosuccinimide, Nchlorosuccinimide,
iodine or the like in the presence of
triphenylphosphine. (12) The reaction from the
compound [XII] (Z2 is alkyl) and the compound [VII],
for example in case that Z5 is dihydroxyboryl, to the
compound [II] (Z2 is alkyl) can be carried out by
using a metal catalyst (for example,
dichlorobis(triphenylphosphine)palladium,
tetrakis(triphenylphosphine)palladium,
tris(dibenzylideneacetone)- dipalladium, dichloro[
1,1'~bis(diphenylphosphmo)ferrocene]palladium or the
like) in an appropriate solvent (for example, dioxane,
toluene, THF, 1,2-dimethoxyethane, methanol, ethanol,
DMF, N-methylpyrrolidone or the like, or a mixed
solvent thereof) in the presence of a base (sodium
carbonate, potassium carbonate, trie thy lamine,
diisopropylethylamine or the like). The reaction
preferably proceeds under inert gas such as argon at
room temperature to 200C or in the exposure of
microwave.The compound [I] can be converted further in
the following methods. (A) The compound containing
sulfinyl (SO) or sulfonyl (SO2) on R1-! 6 among the
objective compound [I] of the present invention can be
prepared by oxidation using any conventional method
for converting the corresponding sulfide compound into
a sulfinyl or sulfonyl compound. For example, the
oxidation can be carried out by treating with an
oxidizing agent in an appropriate solvent (methylene
chloride, chloroform, THF, methanol, water, or the
like or a mixed solvent thereof). As the oxidizing
agent, peracids such as hydrogen peroxide,
m-chloroperbenzoic acid, peracetic acid or the like as
well as oxone(tm) ("a mixture of potassium
peroxybisulfate, dipotassium sulfate and potassium
bisulfate" manufactured by DuPont) can be preferably
used, and the reaction can be preferably carried out
at -78C to 100C. (B) The compound having a group of
the formula: -CH2N(R11 (R12), wherein R11 and R12 are
substituents of the substituted amino group described
herein or R11 and R12 form together with N atom of
said amino group a heterocycle having 1 to 3
heteroatoms independently selected from oxygen atom,
sulfur atom and nitrogen atom wherein the heterocycle
may be substituted, on R -R6 among the objective
compound [I] can be also prepared by socalled
"reductive animation", by reacting the compound
wherein the correponding site is formyl with a
substituted or unsubstituted amine of the formula:
HN(R )(R12), wherein the symbols have the same
meanings as mentioned above (hereinafter, this
compound is referred to as "a substituted or
unsubstituted amine", and the group after removing of
hydrogen atom from the substituted or unsubstituted
amine is referred to as "asubstituted or unsubstituted
amino"), under reductive condition. The reaction can
be carried out in any conventional manner of reductive
amination. For example, the reaction can be preferably
carried out by using a reducing agent (sodium
borohydride, sodium triacetoxyborohydride, sodium
cyanoborohydride or the like) in an appropriate
solvent (methanol, methylene chloride, chloroform or
the like) at -78C to 100C. (C) Among the objective
compound [I], the compound wherein nitrogen atom on
R1-R6 is substituted with a substituted or
unsubstituted alkanoyl such as alkanoyl,
cycloalkylcarbonyl, alkoxyalkanoyl,
alkanoyloxyalkanoyl or the like, which is simply
referred to as substituted or unsubstituted alkanoyl
hereinafter, can be also prepared by alkanoylation of
the compound wherein the corresponding N atom is
unsubstituted (for example, the compound wherein R5 is
piperazinylmethyl, piperazinylcarbonyl or
piperazinylsulfonyl or the like). The alkanoylation
can be carried out by using any 



conventional method of amide formation usually used in
peptide synthesis or the like. For example, the
alkanoylation can be preferably carried out by using
acid chloride, acid anhydride or ester in an
appropriate solvent (methylene chloride, THF, DMF,
N,Ndimethylacetamide, chloroform or a mixed solvent
thereof) in the presence or absence of a base
(triethylamine, pyridine or the like) at - 78C to
100C. The reaction can be also carried out, for
example, in an appropriate solvent in the presence or
absence of a condensing agent. As the condensing
agent, any of N-ethyl-N'-(3-diethylaminopropyl)-
carbodiimide, N,N'-dicyclohexylcarbodiimide,
l-methyl-2-bromopyridinium iodide,
N,N'-carbonyldiimidazole, diphenylphosphoryl azide,
benzotriazol- 1-yloxytris(dimethy lamino)phosphonium
hexafluorophosphate,
4-(4,6-dimethoxy[1.3.5]triazin-2-yl)-4-methylmorpholin
ium chloride,
fluoro-N,N,N',N'-tetramethylformamidinium
hexafluorophosphate or the like can be preferably
used. As the solvent, any of a single solvent or a
mixed solvent of water, methanol, isopropanol,
ethanol, methylene chloride, THF, DMF,
N,N-dimethylacetamide, chloroform or the like can be
preferably used. The reaction preferably proceeds at
-78C to 100C, more preferably -25C to 25C. The proceed
of the reaction can be promoted by adding potassium
carbonate, sodium carbonate, sodium bicarbonate or
triethylamine, diisopropylethylamine,
N-methylmorpholine, pyridine,
N,Ndimethylaminopyridine, picoline, lutidine or the
like as a base, and Nhydroxysuccinimide or
3-hydroxy-3,4-dihydro-4-oxo-l,2,3- benzotriazole,
N,N-dimethylaminopyridine, N-hydroxybenzotriazole or
the like as an additive. (D) The compound having
substituted or unsubstituted arninocarbonyl, i.e.
substituted or unsubstituted carbamoyl, on R1-R6 among
the objective compound [I] can be prepared by reacting
the compound wherein the corresponding site is carboxy
with a substituted or unsubstituted amine. The
reaction can be carried out in the similar manner as
the reaction of the above (C). (E) The compound
wherein R5 or R6 has substituted or unsubstituted
alkoxymethyl, or substituted or unsubstituted
heteroarylmethyl among the objective compound [I] can
be also prepared by converting the compound wherein
the corresponding site is hydroxymethyl into
alkanoylmethyl, preferably acetyloxymethyl, in any
conventional esterification manner, followed by
condensing substituted or unsubstituted alkanol,
cycloalkanol, alkylthio or a heterocycle compound
having hydroxyl group, or substituted or unsubstituted
heteroaryl compound having hydrogen atom on nitrogen
atom, for example pyrazole or the like. The condensing
reaction can be preferably carried out as neat or in
an appropriate solvent (THF, dioxane, methylene
chloride, chloroform, toluene, benzene or the like) in
thepresence or absence of an acid (p-toluenesulfonic
acid, hydrochloric acid, sulfuric acid,
trifluoroacetic acid or the like) at -78C to 200C,
more preferably 25C to 100C. (F) The compound having
hydroxymethyl on R -R6 among the objective compound
[I] can be prepared by reducing the compound wherein
the corresponding site is formyl in any conventional
manner by reducing formyl to alcohol. For example, the
reaction can be preferably carried out by using a
reducing agent (sodium borohydride, sodium
triacetoxyborohydride, diborane, diisobutylaluminum
hydride, lithium aluminum hydride or the like) in an
appropriate solvent (methanol, ethanol, methylene
chloride, chloroform, dioxane, THF or the like) at -
78C to 100C. (G) The compound having carboxyl on R -R6
among the objective compound [I] can be prepared by
oxidizing the compound wherein the corresponding site
is formyl in any conventional manner by oxidizing
formyl to carboxyl. The oxidation can be preferably
carried out by, for example, using an oxidizing agent
(sodium chlorite, potassium permanganate, pyridinium
dichromate or the like) in an appropriate solvent
(DMF, dimethylsulfoxide, acetone, tert-butanol, water,
methylene chloride, chloroform or the like) at -78C to
100C. (H) The compound having alkoxycarbonyl on R1-R6
among the 



objective compound [I] can be also prepared by
esterifying the compound wherein the corresponding
site is carboxyl in any conventional manner by
esterifying carboxyl to alkoxycarbonyl.- The
esterification can be preferably carried out by, for
example, using an acid (sulfuric acid, hydrochloric
acid, p-toluenesulfonic acid) in an appropriate
solvent (methanol, ethanol, isopropanol, tert-butanol
or the like) at -78C to 200C, more preferably 0C to
100C. Additionally, the esterification can be also
carried out by converting a carboxyl compound to a
reactive intermediate such as anacid halide with a
halogenating agent (oxalyl chloride, thionyl chloride
or the like) in an appropriate solvent (methylene
chloride, chloroform, THF, dioxane or the like),
followed by using alkanol (methanol, ethanol,
isopropanol or the like) at -78C to 200C. (I) The
compound having carboxyl on R -R6 among the objective
compound [I] can be also prepared by hydrolyzing the
compound wherein the corresponding site is
alkoxycarbonyl in any conventional manner of ester
hydrolysis. The hydrolysis can be preferably carried
out by using a base (sodium hydroxide, potassium
hydroxide, potassium carbonate, lithium hydroxide or
the like) in an appropriate solvent (alcoholic solvent
such as methanol, ethanol, or dioxane, THF, water or
the like, or a mixed solvent thereof) at -78C to 200C,
more preferably 0C to 100C. Additionally, the
hydrolysis can be also preferably carried out by using
an acid (sulfuric acid, hydrochloric acid or the like)
in an appropriate solvent (THF, dioxane, acetic acid,
water or the like, or a mixed solvent thereof) at -78C
to 200C. (J) The compound having formyl on R1-R6 among
the objective compound [I] can be also prepared from
the compound wherein the corresponding site is
carboxyl in any conventional manner by reducing
carboxyl to aldehyde. The reaction can be preferably
carried out by using a halogenating agent (oxalyl
chloride, thionyl chloride or the like) in an
appropriate solvent (methylene chloride, chloroform,
THF or the like, or a mixed solvent thereof) to
synthesize acid halide, followed by reducing the acid
halide with a metal catalyst (palladium carbon,
platinum dioxide or the like) under hydrogen at -78C
to 20OC. (K) The compound having hydroxymethyl on
R1-R6 among the objective compound [I] can be prepared
by using any conventional method of reduction of ester
or carboxylic acid to alcohol. For example, the
reaction can be preferably carried out by treating the
correspondingcarboxyl or alkoxycarbonyl with a
reducing agent (sodium borohydride, diborane, lithium
aluminum hydride, diisobutylaluminum hydride or the
like) in an appropriate solvent (methylene chloride,
chloroform, THF or the like) at -78C to 200C. (L) The
compound having carboxyl on R1-! 6 among the objective
compound [I] can be prepared by using the conventional
method of oxidation of primary alcohol to carboxylic
acid. For example, the reaction can be preferably
carried out by using the compound wherein the
corresponding site is hydroxymethyl with an oxidizing
agent (chromium trioxide, pyridinium dichromate or the
like) in an appropriate solvent (methylene chloride,
acetone, chloroform, DMF or the like) at, for example,
0C to 100C. (M) The compound having amino on Rl -R6
among the objective compound [I] can be carried out by
using any conventional method of reduction of nitro to
amine. For example, the reaction can be carried out by
treating the compound wherein the corresponding site
is nitro with a metal catalyst (palladium carbon,
platinum dioxide or the like) in an appropriate
solvent (methanol, ethanol, DMF, THF, dioxane or the
like) under hydrogen at -78C to 200C. Additionally,
the process can be also preferably carried out by
using a reducing agent (stannous chloride, iron, zinc
or the like) in an appropriate solvent (alcoholic
solvent such as methanol, ethanol, or methylene
chloride, chloroform, THF, dioxane, acetic acid, water
or the like, or a mixed solvent thereof) at -78C to
200C, more preferably 0C to 100C. (N) The compound
having halogenosulfonyl on R -R6 among the 



objective compound [I] can be prepared by reacting the
compound wherein the corresponding site is amino under
so-called Sandmayer reaction condition to
halogenosulfonylate via a diazonium salt. The
formation of a diazonium salt can be preferably
carried out by, forexample, using an oxidizing agent
(sodium nitrite, isoamyl nitrite, tertbutyl nitrite or
the like) in an appropriate solvent (water, methylene
chloride, chloroform, THF or the like, or a mixed
solvent thereof) in the presence or -absence of an
appropriate acid (hydrochloric acid, sulfuric acid or
the like) and/ or an additive (cupric chloride or the
like) at -78C to 200C. The following
halogenosulfonylation can be carried out by adding a
sulfonylating agent (sulfur dioxide, sodium bisulfite
or the like) to the resulting reaction solution at
-78C to 200C. (O) The compound having substituted or
unsubstituted aminosulfonyl on R1-R6 among the
objective compound [I] can be also prepared by
reacting the compound wherein the corresponding site
is halogenosulfonyl with a substituted or
unsubstituted amine. The reaction can be preferably
carried out in an appropriate solvent (methylene
chloride, chloroform, THF, dioxane, water or the like)
in the presence or absence of a base (pyridine,
triethylamine, sodium hydroxide, sodium carbonate or
the like) at -78C to 200C. (P) The compound having
alkylthio, cycloalkylthio, heterocyclyl-thio on R1-R6
among the objective compound [I] can be also prepared
by, for example, converting the compound wherein the
corresponding site is methylsulfinyl into thiol in the
same manner a s described in a literature (Young R.
N., et al., Tetrahedron Lett., 1984, 25(17), 1753.),
followed by reacting with an alkylating agent
(haloalkyl, halocycloalkyl, haloheterocycle compound,
alkyl mesylate, cycloalkyl mesylate, heterocyclyl
mesylate, alkyl tosylate, cycloalkyl tosylate,
heterocyclyl tosylate or the like) in the presence or
absence of a base (sodium hydride, cesium carbonate,
potassium carbonate, potassium tertbutoxide,
triethylamine, diazabicycloundecene or the like). (Q)
The compound having substituted or unsubstituted
alkanoylamino on R1-R6 among the objective compound
[I] can be also prepared by alkanoylating the compound
wherein the corresponding site isamino. The
alkanoylation can be carried out in a similar manner
as in the reaction of the above (C). Also, the
alkanoylation can be carried out in the compound
wherein the corresponding site is secondary amine as
well as primary amine. (R) The compound having
substituted sulfonylamino such as alkylsulfonylamino,
heteroarylsulfonylamino, heterocyclylsulfonylamino or
the like on R1-R6 among the objective compound [I] can
be also prepared by sulfonylating the compound wherein
the corresponding site is amino. The sulfonylation can
be carried out in an appropriate solvent (water, THF,
methylene chloride, chloroform or the like) in the
presence or absence of a base (triethy lamine,
diisopropylethylamine, pyridine or the like) at -78C
to 200C. Also, the sulfonylation can be carried out in
the compound wherein the corresponding site is
secondary amine as well as primary amine. (S) The
compound having secondary alcohol on R1-R6 among the
objective compound [I] can be prepared by using any
conventional method for converting ketone into
secondary alcohol. For example, the reaction can be
carried out by using the compound having the
corresponding oxo in the similar manner as the
reaction of the above (K). (T) The compound having oxo
on R - R6 among the objective compound [I] can be
prepared by using any conventional method for
converting secondary alcohol into ketone. For example,
the reaction can be carried out by dimethylsulfoxide
oxidation with an activating agent such as oxalyl
chloride in an appropriate solvent (dimethylsulfoxide,
chloroform, methylene chloride or the like) (Swern
oxidation), or by using an oxidizing agent (activated
manganese dioxide, sulfur trioxide-pyridine complex,
1-hydroxy- l,2-benziodoxol-3(l H)-one- 1-oxide,
1,1,1-triacetoxy- 1, 1-dihydro-
l,2-benziodoxol-3(lH)-one, pyridinium chlorochromate,
pyridinium dichromate or the like) in thepresence or
absence of a base (triethylamine or the like) . (U)
The compound having secondary alcohol on R -R6 among
the 



objective compound [I] can be prepared by using any
conventional method for converting the compound having
formyl into secondary alcohol. For example, the
reaction can be preferably carried out by using the
corresponding formyl and a metal reagent
(alkylmagnesium halide, alkyllithium, dialkylzinc or
the like) in an appropriate solvent (THF, toluene,
diethyl ether or the like) at-7 dC to 100C. (V) The
compound having hydroxyimino on R1-R6 among the
objective compound [I] can be prepared by using any
conventional method for converting cyano group into
hydroxyamidino group. For example, the reaction can be
preferably carried out by reacting the compound having
the corresponding cyano with hydroxylamine (or a salt
with an appropriate acid thereof) in the presence or
absence of a base (sodium carbonate, potassium
carbonate, sodium hydroxide, potassium hydroxide,
potassium tert-butoxide, triethylamine, pyridine or
the like) in an appropriate solvent (water, methanol,
ethanol or the like, or a mixed solvent thereof) at 0C
to 100C. (W) The compound having unsubstituted
carbamoyl on R1-R6 among the objective compound [I]
can be prepared by using any conventional method for
converting cyano group into unsubstituted carbamoyl
group. For example, the reaction can be preferably
carried out by treating the compound having the
corresponding cyano with a base (sodium hydroxide,
potassium hydroxide, potassium tert-butoxide or the
like) in an appropriate solvent (water, methanol,
ethanol, isopropanol or the like, or a mixed solvent
thereof) at -20C to 100C. (X) The compound having
tertiary alcohol on R1-R6 among the objective compound
[I] can be prepared by, for example, reacting the
compound having the corresponding oxo under a
condition of the above (U).(Y) The preparation of the
compound having optically-active secondary alcohol on
R1-R6 among the objective compound [I] can be carried
out by using any conventional method for resolution of
secondary alcohol compound in enzymatic
transesterification. For example, the preparation can
be preferably carried out by treating the
corresponding racemic secondary alcohol with acyl
donor (vinyl acetate or the like) in the presence of
enzyme (lipase PS or the like) in an appropriate
solvent (tert-butylmethyl ether, hexane, diisopropyl
ether, THF, diethyl ether, water or the like) at-78C
to 100C. (Z) The preparation of the compound having
alkyl on R1-R6 among the objective compound [I] can be
carried out by using so-called catalytic
hydrogenation. For example, the compound can be
preferably prepared by treating the compound having
the corresponding alkenyl with a metal catalyst
(palladium carbon, platinum dioxide or the like) under
hydrogen in an appropriate solvent (methanol, ethanol,
DMF, THF, acetic acid or the like, or a mixed solvent
thereof) at 0C to 200C. (AA) The preparation of the
compound having 1,2-diol on R1-R6 among , the
objective compound [I] can be preferably carried out
by, for example, treating the compound having the
corresponding alkenyl with an oxidizing agent (osmium
tetroxide, ruthenium tetroxide, sodium periodate or
the like) in an appropriate solvent (water, acetone,
THF, acetonitrile, ethyl acetate or the like, or a
mixed solvent thereof) at OC to 100C. (BB) The
preparation of the compound having halogen atom on
R1-R6 among the objective compound [I] can be carried
out by using any conventional method for halogenation
of alcohol. For example, the preparation can be
preferably carried out by treating the corresponding
alcohol with carbon tetrabromide in the presence of
triphenylphosphine in an appropriate solvent
(methylene chloride, chloroform or the like) at 0C to
100C.(CC) The preparation of the compound having
unsubstituted and substituted alkylthio,
heteroarylthio or arylthio on R1, R2, R5 or R6 among
the objective compound [I] can be carried out by using
any conventional method for coupling thiol with
halogenated aryl, halogenated heteroaryi, aryi
triflate or heteroaryl triflate. For example, the
preparation can be preferably carried out by treating
the compound having the corresponding haloaryl with
thiol (hydroxyalkylthiol, 



dialkylaminoalkylthiol, or the like) in the presence
of a metal catalyst (tetrakis(triphenylphosphine)
palladium or the like) in an appropriate solvent
(dioxane, toluene, THF, 1,2-dimethoxyethane or the
like, or a mixed solvent thereof) in the presence or
absence of a base (triethylamine, diisopropylamine or
the like) at 0C to 200C. (DD) The preparation of the
compound having mono- substituted or disubstituted
alkylamino on R1-R6 among the objective compound [I]
can be preferably carried out by, for example,
treating the compound having the corresponding
haloalkyl with mono-substituted or di- substituted
alkylamine (dimethylamine, diethylamine, methylamine
or the like) in an appropriate solvent (methanol,
ethanol, dioxane, toluene, THF, 1,2- dimethoxyethane
or the like) in the presence or absence of a base
(triethylamine, diisopropylamine or the like) at 0C to
200C. Also, the compound having dimethylamino can be
preferably prepared by treating the compound having
the corresponding haloalkyl with N-(trimethylsilyl)
dimethylamine in an appropriate solvent (methanol,
ethanol, dioxane, toluene, THF, 1,2-dimethoxyethane or
the like) at 0C to 200C. (EE) The preparation of the
compound having alkynyl on R1, R2, R5 or R6 among the
objective compound [I] can be carried out by using any
conventional method of so-called Sonogashira coupling
reaction of halogenated aryl, halogenated heteroaryl,
aryl triflate or heteroaryl triflate with the compound
having alkyne. For example, the preparationcan be
preferably carried out by treating the compound having
the corresponding halogen with alkyne (propargyl
alcohol, N,Ndimethylpropargylamine or the like) in the
presence of a metal catalyst
(tetrakis(triphenylphosphine)palladium or the like) in
an appropriate solvent (dioxane, toluene, THF,
1,2-dimethoxyethane or the like) in the presence or
absence of a base (triethylamine, diisopropylamine or
the like) and/ or copper salt (for example, cuprous
iodide) at 0C to 200C. (FF) The preparation of the
compound having tetrazolyl on R1-R6 among the
objective compound [I] can be carried out by using any
conventional method for converting cyano group into
tetrazolyl group. For example, the preparation can be
preferably carried out by treating the compound having
the corresponding cyano with metal azide (sodium
azide, tributyltin azide, trimethylsilyl azide) in an
appropriate solvent (methanol, ethanol, DMF, dioxane,
toluene, THF, 1,2- dimethoxyethane or the like) in the
presence or absence of a base (triethylamine,
diisopropylamine or the like) or a salt (triethylamine
hydrochloride or the like) at 0C to 200C. (GG) The
preparation of the compound having
Oalkoxycarbonylhydroxyimine on R1-R6 among the
objective compound [I] can be preferably carried out
by treating the compound having the corresponding
hydroxyimine with alkyl chlorocarbonate (ethyl
chlorocarbonate or the like) in an appropriate solvent
(DMF, dioxane, toluene, THF, 1,2-dimethoxyethane or
the like) or as neat in the . presence or absence of a
base (pyridine, triethylamine or the like) at 0C to
200C. (HH) The preparation of the compound having aryl
or heteroaryl on R1, R2, R5 or R6 among the objective
compound [I] can be carried out by using any
conventional method of so-called Stille coupling or
Suzuki coupling reaction. For example, the preparation
can be preferably carried out by treating the compound
having the corresponding haloarylwith aryltrialkyltin,
heteroaryltrialkyltin, aryldihydroxyborane,
heteroaryldihydroxyborane, aiylcatecholborane,
heteroarylcatecholborane or the like in the presence
of a metal catalyst (for example,
dichlorobis(triphenylphosphine)palladium, tetrakis-
(triphenylphosphine)palladium,
tris(diben2yiideneacetone) dipalladium, dichloro [1,1
'-bis(diphenylphosphino)ferrocene]palladium, palladium
acetate or the like) in an appropriate solvent
(dioxane, toluene, THF, 1,2-dimethoxyethane or the
like, or a mixed solvent thereof) in the presence or
absence of a base (triethylamine, diisopropylamine,
sodium tert-butoxide, sodium carbonate, cesium
carbonate, potassium phosphate or the like) at 0C to
200C. (II) In the above each reaction, a protecting
group can be optionally 



introduced or removed to give the desired compound [I]
finally. The method for introduction and removal of
the protecting group can be carried out according to
the description of Protective Groups in Organic
Synthesis Third Edition (Theodora W. Green and Peter
G. Wuts). (JJ) Alternatively, the compound [I] can be
also synthesized by optionally carrying out any of the
above reaction of (A) to (II) in the compound [II] to
the compound [XIII] in an appropriate stage in each
process of (1) to (13). Example of Experiment A
Glucokinase Activation Effect (Method) A glucokinase
activity was examined by measuring the amount of NADPH
obtained in generating 6-phosphogluconic acid from
glucose-6- phosphoric acid by a coupling enzyme
glucose-6-phosphate dehydrogenase not by measuring
directly the produced glucose-6- phosphoric acid. The
glucokinase enzyme used in the examination is
human-liver type GST-GK expressed in E.CoIi. The
measurement of GK activity was carried out by the
following procedures.Twenty five mM HEPES buffer
(pH7.4) containing 25 mM MgCl2, 25 mM KCl, 1 mM DTT, 5
mM NADP (Roche), 16.64 mg/mL G6PDH (Roche 737-232
grade II from yeast) and 2.8 mg/mL GST-GK was prepared
as a reaction solution. An evaluating compound
dissolved in DMSO was added to the reaction solution
to give final concentration of 0.001 to 100 mM (5%
DMSO). Thereto was added glucose (final concentration
of 5 mM) as a substrate and was added ATP (final
concentration of 5 mM), and the reaction was started.
The reaction temperature is 30C and a generation of
NADPH was monitored by changes of absorbance of 340
nm. An increasing in absorbance for 15 minutes from
starting reaction was measured and the blank-corrected
value was used as GK activity (mOD/min). EC50 level
was calculated by a GK activity level in at each
concentration of an evaluating compound.
(Results)Another objective of the present invention is
to provide an industrially advantageous method for
preparing 5-substituted 2- aminothiazole and a salt
thereof, and it has surprisingly been found that the
desired 5-substituted 2-aminothiazole compound can be
prepared in high yield by using 2-aminothiazole
wherein the 5-position is not substituted a s a
starting material. The method of the present invention
is an industrially very advantageous since the
starting material, 2-aminothiazole, is commercially
available at a low cost compared to
5-bromo-2-aminothiazole, which gives lowering of the
production cost, and further various substituents can
be introduced at 5-position of 2-aminothiazole. Thus,
the present invention includes the following
embodiments of the method for preparing the desired
compounds: [1] A method for preparing 5-substituted
2-aminothiazole of the general formula: wherein the
symbols have the same meanings as mentioned above, or
a salt thereof by treating 2-aminothiazole wherein the
amino group may be protected, or a salt thereof with a
base, followed by treating the resultant with an
electrophile of the general formula: G-X [XXII]wherein
X is a leaving group, G is halogen atom, formyl,
alkoxycarbonyl, alkythio, alkylsulfinyl,
alkylsulfonyl, aminosulfonyl, dialkylsulforyl,
alkylboryl or trialkylsilyl; and removing the
protecting group where the amino group is protected.
[2] Amethod for preparing of [1] wherein
2-amino-l,3-thiazole wherein the amino group may be
protected is 2-amino-l,3-thiazole wherein the amino
group is protected. [3] Amethod for preparing of [1]
or [2] wherein G is halogen atom or formyl. [4]
Amethod for preparing of [1], [2] or [3] wherein the
base is alkyl lithium. [5] Amethod for preparing of
[1], [2], [3] or [4] wherein the base is used in two
or more equivalents to one equivalent of 2-amino-l,3-
thiazole or a salt thereof. 



5-Substituted 2-aminothiazole or a salt thereof to be
prepared by the method of the present invention is
preferably a compound wherein the substituent G is
halogen atom or formyl. A compound wherein G is
fluorine atom or formyl, particularly fluorine atom,
is more preferable. A conventional protecting group
can be used as a protecting group of the amino group
of the starting material, 2-aminothiazole. Said
protecting group includes, for example,
oxycarbonyl-type protecting group such as substituted
or unsubstituted alkoxycarbonyl (for example,
methoxycarbonyl, ethoxycarbonyl,
2,2,2-trichloroethoxycarbonyl, tert-butoxycarbonyl),
substituted or unsubstituted aralkyloxycarbonyl (for
example, benzyloxycarbonyl), or substituted or
unsubstituted aryloxycarbonyl (for example,
phenoxycarbonyl); formyl; carbonyl-type protecting
group such as substituted or unsubstituted alkanoyl
(for example, trifluoroacetyl, tert-butanoyl) , or
substituted or unsubstituted arylcarbonyl (for
example, benzoyl); or alkyl-rype protecting group such
as substituted or unsubstituted alkyl (forexample,
tert-butyl), or substituted or unsubstituted aralkyl
(for example, benzyl, benzhydryl, trityl). A
preferable protecting group among them is
oxycarbonyl-type protecting group, carbonyl-type
protecting group, alkyl-type protecting group, more
preferably oxycarbonyl-type protecting group,
carbonyitype protecting group, particularly
oxycarbonyl-type protecting group. A preferable
oxycarbonyl-type protecting group is substituted or
unsubstituted alkoxycarbonyl, substituted or
unsubstituted aralkyloxycarbonyl, particularly
substituted or unsubstituted alkoxycarbonyl. A
preferable carbonyl-type protecting group is
substituted or unsubstituted alkanoyl. A preferable
alkyl-type protecting group is substituted or
unsubstituted aralkyl. A preferable substituted or
unsubstituted alkoxycarbonyl is tertbutoxycarbonyl. A
preferable substituted or unsubstituted
aralkyloxycarbonyl is benzyloxycarbonyl. A preferable
substituted or unsubstituted alkanoyl is
trifluoroacetyl. A preferable substituted or
unsubstituted aralkyl is benzhydryl. A salt of
2-aminothiazole wherein the amino group may be
protected includes a salt with an inorganic acid such
as hydrochloride, hydrobromide, hydroiodide, sulfate,
nitrate or phosphate; or a salt with an organic acid
such as formate, acetate, propionate, oxalate,
malonate, succinate, fumarate, maleate, lactate,
malate, tartarate, citrate, methanesulfonate, ethane
sulfonate, benzene sulfonate or toluene sulfonate . A
strong base can be preferably used as a base of base-
treatment. Such a strong base includes lithium
compound such as alkyllithium, cycloalkyllithium,
aryllithium, lithium amide or lithium cyclyl-amide.
Among them, using alkyllithium or cycloalkyllithium is
preferable, most preferably alkyllithium in
particular. Alkyllithium includes n-butyllithium,
tert-butyllithium, secbutyllithium or the like.
Cycloalkyllithium includes cyclohexyllithium or the
like. AiylHthium includes phenyllithium or the like.
Lithium amide includes lithium dialkylamide (lithium
diisopropylamide) , lithium bis(trialkylsilyl)amide
(lithium bis(trimethylsilyl)amide) or the like.
Lithium cyclyi-amide includes lithium
2,2,6,6-tetraalkylpiperidide (lithium
2,2,6,6-tetramethylpiperidide) or the like. The
base-treatment can be carried out in an appropriate
solvent under cooling. Any of aliphatic
hydrocarbon-type solvent, aromatic hydrocarbon-type
solvent, ether-type solvent, phosphoric amide-type
solvent, urea- type solvent, amine-type solvent or a
mixed solvent thereof can be preferably used as said
solvent. A preferable solvent among them is ether-type
solvent. The aliphatic hydrocarbon-type solvent
includes pentane, hexane, cyclohexane, preferably
hexane or cyclohexane. The aromatic hydrocarbon-type
solvent includes toluene, xylene, preferably toluene.
The ether-type solvent includes anisole, dimethyl
ether, diethyl ether, diisopropyl ether,
tert-butylmethyl ether, cyclopentyl methyl ether, THF,
1,2-dimethoxyethane, preferably diethyl ether, THF,
1,2- dimethoxyethane, particularly THF. The phosphoric
amide-type solvent 



includes hexaalkylphosphoric triamide, preferably
hexamethylphosphoric triamide in particular. The
urea-type solvent includes N,N'-
dimethylpropyleneurea, N,N'-dimethylethyleneurea,
preferably N,N'- dimethylpropyleneurea in particular.
The amine-type solvent includes
N,N,N',N'-tetramethylethylenediamine or the like. The
proceeding of the reaction can be promoted by adding a
small portion of the phosphoric amide-type solvent,
the urea-type solvent or the amine-type solvent as a
co-solvent to the other solvent. For example, the
co-solvent including hexamethylphosphoric triamide,
N,Ndimethylpropyleneurea, N,N'-dimethylethyleneurea or
N,N,N',N'- tetramethylethylene diamine, or a mixed
solvent comprising one ormore kinds of these solvents
can be added to the solvent including pentane, hexane,
cyclohexane, toluene, xylene, anisole, dimethyl ether,
diethyl ether, diisopropyl ether, tert-butylmethyl
ether, cyclopentyl methyl ether, THF or
1,2-dimethoxyethane, or a mixed solvent comprising one
or more kinds of these solvents. An amount of the
cosolvent added in using in this way includes a range
of 0.1% to 70%, preferably a range of 3% to 30% to an
original solvent. In this case, the preferable
original solvent among the above-mentioned is hexane,
cyclohexane, toluene, diethyl ether, tert-butylmethyl
ether, THF or 1,2- dimethoxye thane, or a mixed
solvent comprising one or more kinds of these
solvents, particularly hexane, toluene, diethyl ether,
THF or 1,2- dimethoxyethane, or a mixed solvent
comprising one or more kinds of these solvents. The
most preferable one is THF. The cooling condition in
base-treatment includes a range of - 100C to 25C,
preferably a range of -78C to 25C. Particularly, a
range of -78C to 0C is preferred. The proceeding of
the reaction can be promoted by using greater or equal
to two equivalents of a base to one equivalent of 2-
aminothiazole or a salt thereof in base-treatment. An
electrophile using in electrophile-treatment can
include an electrophile of the general formula: G-X
[XXII] wherein the symbols have the same meanings a s
mentioned above. Any conventional leaving group can be
preferably used a s X of the electrophile G-X.
Therefore, G-X can be, for example, halide-type
electrophile using halogen atom a s X, ester-type
electrophile using alkoxy or the like a s X, or
amine-type electrophile using substituted or
unsubstituted amino group as X. Also, in case that G
is halogen atom or alkylthio, G-X can be dimer-type
electrophile of G (in case X = G). Among them,
amine-type electrophile is preferred.The halide-type
electrophile includes alkyl halocarbonate (ethyl
chlorocarbonate, methyl chlorocarbonate or the like),
alkylphosphoryl halide (ethylphosphoryl chloride or
the like), trialkylsilyl halide (trialkylsilyl
chloride, trialkylsilyl bromide or the like),
alkylthio halide (methyithio chloride or the like),
alkyisuifinyl halide (methylsulfinyl chloride or the
like), or alkylsulfonyl chloride (methanesulfonyl
chloride, ethanesulfonyl chloride or the like). Among
them, alkylphosphoryl halide or trialkylsilyl halide
is preferred, paricularly ethylphosphoryl chloride or
trimethylsilyl chloride is most preferred. The
ester-type electrophile includes dialkyl carbonate
(diethyl carbonate, dimethyl carbonate or the like) or
trialkyl borate (trimethyl borate, triisopropyl borate
or the like). Among them, trialkyl borate is
preferred, particularly trimethyl borate is most
preferred. The amine-type electrophile includes
N-chlorosuccinimide, N-bromosuccinimide,
Niodosuccinimide, N-fluoropyridinium,
l-fTuoropyridin-2-one, N-fluoroquinuclidium,
l-chloromethyl-4-fluoro-l,4-diazoniabicyclo[2.2.2]octa
ne bistetrafluoroborate, N-fluoroperfluoropiperidine,
N-fluorobenzenesulfonylimide,
N-fluorotrifluoromethanesulfonylimide,
N-fluoro-Nmethyl- p-toluenesulfonylamide or
2,3-dihydro-3,3-dimethyl-2-fluorol,
2-benzothiazole-l,l-dione. Among them,
N-fluorobenzenesulfonylimide or
N-fluoro-N-methyl-p-toluenesulfonylamide is preferred,
particularly N-fluorobenzenesulfonylimide is most
preferred. The dimer-type electrophile includes
dialkyl disulfide (dimethyl disulfide, bis
(trifluoromethyl)disulfide or the like) or halogen
molecule (fluorine, 



chlorine, bromine or iodine). Among them, dialkyl
disulfide is preferred, particularly dimethyl
disulfide is most preferred. The
electrophile-treatment can be carried out in an
appropriate solvent under cooling. The solvent can
preferably include the solvent of the above-mentioned
in the base-treatment. The base-treatment and the
electrophile-treatment can be carriedout in the same
solvent by selecting an appropriate solvent. In this
case, the electrophile-treatment can be carried out
sequentially in the solvent used in the
base-treatment. Such a solvent includes a mixed
solvent of THF and hexane, a mixed solvent of diethyl
ether and hexane, or the like. The cooling condition
of the electrophile-treatment includes a range of
-100C to 25C, preferably a range of-78C to 25C. The
protecting group which protects the amino group of 5-
substituted 2-aminothiazole compound or a salt thereof
can be removed by the conventional method. A removing
method of such a protecting group includes, for
example, acidolysis, acid hydrolysis, alkali
hydrolysis, catalytic reduction or the like. The
acidolysis can be carried out by using an acid such as
trifluoroacetic acid, hydrochloric acid, sulfuric
acid, titanium tetrachloride or stannic chloride in an
appropriate solvent (for example, methylene chloride,
chloroform, toluene, methanol, ethanol, THF, water or
the like). The acid hydrolysis can be carried out by
using an acid such as hydrochloric acid or sulfuric
acid in an appropriate solvent (for example, water, or
a mixed solvent of methanol, ethanol, THF or the like
with water). Also, the alkali hydrolysis can be
carried out by using sodium hydroxide, potassium
hydroxide, potassium carbonate, sodium carbonate,
sodium bicarbonate or the like in a solvent such as
water, methanol, ethanol or THF. The resulting
5-substituted 2-aminothiazole compound or a salt
thereof can be the desired salt by the conventional
method. The salt of 5-substituted 2-aminothiazole
compound includes a salt with an inorganic acid such
as hydrochloride, hydrobromide, hydroiodide, sulfate,
nitrate, phosphate; or a salt with an organic acid
such as formate, acetate, propionate, oxalate,
malonate, succinate, fumarate, maleate, lactate,
malate, tartarate, citrate,
methanesulfonate,ethanesulfonate, benzenesulfonate,
toluene sulfonate. Moreover, in case that substitutent
at 5-position has an acidic group, the salt includes a
salt with an inorganic base such as alkali metal
including lithium, sodium or potassium, alkali earth
metal including calcium or magnesium, or other metal
including zinc or aluminum; or a salt with an organic
base such as ammonium, choline, diethanolamine,
lysine, ethylenediamine, tert-butylamine,
tert-octylamine, tris(hydroxymethyl)aminomethane,
N-methylglucosamine, triethanolamine or
dehydroabiethylamine. In the above method for
preparing of the present invention, aryl and aryl in
aralkyl include monocyclic, bicyclic or tricyclic aryl
having 6 to 14 carbons, preferably 6 to 10 carbons,
specifically phenyl, naphthyl, phenanthryl, anthranyl
or the like. Alkyl, alkoxy, alkanoyl, aryl or aralkyl
may be substituted with one or more groups selected
from halogen atom, alkyl, alkoxy or aryl. The other
groups are the same as the above-mentioned in the
oxime derivative [I]. Meanwhile, thiazole includes
1,2-thiazole (isothiazole) and 1,3- thiazole, but in
the above method for preparing of the present
invention, it is described simply as "thiazole" in the
meaning of 1,3-thiazole. In the present specification,
DMF repersents N,Ndimethylformamide and THF represents
tetrahydrofuran. Effect of the Invention The compound
[I] of the present invention or a pharmaceutically
acceptable salt thereof is useful for preventing or
treating diseases involving glucokinase, for example,
diabetes, particularly type 2 diabetes, or chronic
complications associated with diabetes such as
retinopathy, nephropathy, neuropathy, ischemic heart
disease or arteriosclerosis, additionally obesity,
because of its excellent 



glucokinase activation effect.On the other hand,
5-substituted 2-aminothiazole comopoimd or a salt
thereof can be prepared in a good yield by the method
for the preparing of the present invention. Also, the
method for the preparing of the present invention is
an industrially advantageous method which can
introduce various substituents at 5-position of
2-aminothiazole depending on the kinds of the
electrophile used. Additionally, it is an industrially
very advantageous method because 2-aminothiazole, the
starting material of the method of the present
invention, is low in price compared to
5-bromo-2-aminothiazole, which gives lowering of
production cost. BEST MODE FOR CARRYING OUT THE
INVENTION The present invention is explained in more
detail in the following EXAMPLES and REFERENCE
EXAMPLES, but the invention is not limited to these
explanations. In EXAMPLES, APCI is atmospheric
pressure chemical ionization mass spectrum and ESI is
electrospray ionization mass spectrum. EXAMPLES
EXAMPLE 1(1) To a solution of aluminum chloride (67.0
g, 503 mmol) in methylene chloride (380 ml) was added
methyl chloroglyoxylate (48.9 g, 399 mmol) under
ice-cooling, and the mixture was stirred for 30
minutes at the same temperature. To the mixture was
added a solution of cyclopropyl phenyl sulfide
(compound 1-A) (50 g, 333 mmol) in methylene chloride
(60 ml), and then the ice-cooling bath was removed and
the mixture was stirred at room temperature for 1.5
hours. The reaction mixture was poured onto ice, and
then the methylene chloride layer was separated and
concentrated in vacuo. The residue was dissolved in
ethyl acetate and then washed sequentially with water,
a saturated aqueous sodium bicarbonate solution and
brine, followed by drying over sodium sulfate and
concentrated in vacuo. The residue was recrystallized
from hexane to give the compound (1-B) (69.5 g, yield
88%) as pale yellow crystals.(2) To a solution of the
above compound (57.0 g, 241 mmol) in methanol-THF (1:
1) (1480 ml) was added dropwise an aqueous solution
(513 ml) of oxone(tm) (177.9 g, 289 mmol) under
ice-cooling over 1 hour, and then the mixture was
stirred at room temperature for 12 hours after
removing the ice bath. The insoluble materials were
filtered off, and then the filtrate was concentrated
in vacuo. The residue was dissolved in ethyl acetate,
washed sequentially with water and brine, dried over
sodium sulfate and concentrated in vacuo. The
resulting residue was recrystallized from diethyl
ether to give the compound (1-C) (44.3 g, yield 69%)
as pale yellow crystals. (3) To a solution of the
above compound (65.0 g, 242 mmol) in methanol (450 ml)
was added hydroxylamine hydrochloride (23.6 g, 339
mmol) at room temperature, and the mixture was heated
to reflux for 3 hours. The reaction mixture was
concentrated in vacuo and then the residue was
dissolved in ethyl acetate and washed sequentially
with water and brine, followed by drying over sodium
sulfate and concentrated in vacuo. The residue was
dissolved in trifluoroacetic acid (200 ml) and the
mixture was stirred at room temperature for 12 hours.
After concentration in vacuo, the residue was
recrystallized from hexane-ethyl acetate to give the
compound (1-D) (53. 1 g, yield 78%) as colorless
crystals. (4) (4-1) To a solution of the above
compound (37.2 g, 130 mmol), triphenylphosphine (47.7
g, 182 mmol) and . (S)-3- hydroxytetrahydrof aran
(26.0 g, 294 mmol) in THF (400 ml) was added dropwise
diisopropyl azodicarboxylate (36.8 g, 182 mmol) under
icecooling, and the mixture was stirred at the same
temperature for 3 hours and at room temperature for
another 16 hours. The reaction mixture was ice-cooled
again, and thereto were added water (55 ml) and a 5.4N
sodium hydroxide solution (36 ml). The mixture was
stirred atthe same temperature for 1 hour and
concentrated. Thereto wa s added water, and the
mixture was washed with ethyl acetate twice and then
the aqueous layer was acidified with 10% hydrochloric
acid to pH 2 to 3 and extracted with chloroform. The
organic layer was separated, 



followed by washing sequentially with water and brine
and drying over sodium sulfate, and concentrated in
vacuo. The residue was recrystallized from ethyl
acetate to give the compound (1-E) (31.6 g, yield 72%)
a s colorless crystals. (4-2) The above compound (1-E)
was also synthesized by using the following
alternative method. (4-2-1) To a solution of the
compound (1-D) (68.1 g, 241 mmol) and potassium
carbonate (66.5 g, 482 mmol) in DMF (1200 ml) was
added (S)-3-tetrahydrofuranol p-toluenesulfonate
(synthesized from (S)-3- hydroxytetrahydrofuran and
p-toluenesulfonyl chloride) (69.9 g 289 mmol) under
ice-cooling, and the ice bath was removed. The mixture
was stirred at room temperature overnight, and then
diluted with ethyl acetate, washed sequentially with
water and brine, dried over sodium sulfate and
concentrated in vacuo to give the compound (1-D-l)
(94.7 g, quantitatively) . (4-2-2) To a solution of
the above compound (94.7 g) in watermethanol (1:3.3)
(365 ml) was added an aqueous solution (55 ml) of
sodium hydroxide (12.5 g, 312 mmol) under ice-cooling,
and the mixture was stirred at the same temperature
for 30 minutes. . To the reaction mixture was added
ethyl acetate, and the aqueous layer was separated and
then acidified with 10% hydrochloric acid and
extracted with chloroform. The organic layer was
separated and then washed sequentially with water and
brine, dried over sodium sulfate and concentrated in
vacuo to give the compound (1-E) (58.5 g, yield 71%).
(5) To a solution of the compound (1-E) (41.9 g, 123
mmol), 2-amino- 5-formylthiazole hydrochloride (30.4
g, 184 mmol) and N,Ndimethylaminopyridine (22.5 g, 184
mmol) in methylene chloride (1270 ml) was added
dropwise N-ethyl-N'-(3-dimethylaminopropyl)-
carbodiimide (28.6 g, 184 mmol) at room temperature.
The mixture was stirred at the same temperature for 12
hours and concentrated in vacuo. The residue was
purified by silica gel column chromatography (3%
methanol-chloroform) to give the compound (1-F) (33.6
g, yield 61%) as pale yellow crystals. MS (m/z) APCI:
450 [M+H]+ EXAMPLE 2 To a solution of the compound
(1-F) (200 mg, 0.44 mmol) and (R)- 2-methylpiperazine
(223 mg, 2.65 mmol) in methylene chloride (4 ml) was
added sodium triacetoxyboro hydride (112 mg, 0.55
mmol) under ice-cooling, and the mixture was stirred
at room temperature for 24 hours. To the reaction
solution was added water, and the organic layer was
separated, dried over magnesium sulfate and
concentrated in vacuo. The residue was puridied by
silica gel column chromatography (NHsilica gel; 1 to
6% methanol-chloroform) to give the compound (2-A) (1
16.7 mg, yield 49%) as colorless crystals. MS (m/z)
APCI: 534 [M+H]+ EXAMPLEs 3 to 10 Corresponding
starting compounds were treated in the similar manner
as EXAMPLE 2 to give the following
compounds.DESCRIPTION IMAGE FORMING APPARATUS
TECHNICAL FIELD The present invention relates to an
image forming apparatus, and more particularly to an
image forming apparatus with a conveying belt for
conveying a record medium. BACKGROUND ART Ink-jet
printing apparatuses are widely known as image forming
apparatuses such as printers, facsimiles, copying
machines, and the like. Recording (character printing,
image printing, printing, image forming, and the like
are used as having the same definition) is performed
on a record medium such as recording paper (hereafter
referred to as "paper" without being limited to paper
material but including what is called a recording
medium, transfer material, recording paper, and the
like) by ejecting droplets of recording liquid such as
ink drops thereon from a recording head, for example. 



In such an image forming apparatus, it is necessary to
increase the accuracy of impact positions of ink drops
on paper so as to improve image quality. There are
known methods in which an entire portion of a
conveying belt for conveying paper is positively
electrified, the paper is attracted to the
conveyingbelt by attraction from electrostatic force,
a constant distance is maintained between a recording
head and the paper, displacement of paper is prevented
by correctly controlling paper feeding, and flotation
of paper is prevented, thereby preventing jams or dirt
resulting from a collision between the paper and the
recording head. Patent Document 1 : Japanese Laid-Open
Patent Application No. 4-201469 Patent Document 2 :
Japanese Laid-Open Patent Application No. 9-254460
When the entire portion of the conveying belt for
conveying paper is positively electrified so as to
attract the paper to the conveying belt by attraction
from electrostatic force and the paper is conveyed,
droplets ejected from the recording head are displaced
in image forming positions since the droplets are
affected by a generated electric field and flight
directions thereof are bent, for example. In addition,
mist from the ejected droplets flows back and is
attached to the vicinity of an ejection unit of the
recording head, so that the quality of a formed image
is decreased. In view of this, as disclosed in Patent
Document 3 , there is a known method in which electric
potential on a surface of a record medium is reduced
and the ejected droplets are not affected from the
electric field by applying electric charge having a
polarity opposite to that of electric charge of
theuniformly electrified conveying belt to the surface
of the record medium conveyed to an image forming area
of the recording head. Also, the paper is more tightly
attracted to the conveying belt through attraction by
reducing electric potential having the same polarity
as that of the conveying belt from the surface of the
paper. Patent Document 3 : Japanese Patent No. 3224528
In addition, as disclosed in Patent Document 4 , there
is a known electrifying method for the conveying belt,
in which attraction is generated between the record
medium and the conveying belt by applying an
alternating electric charge having positive and
negative polarities to the conveying belt. Patent
Document 4: Japanese Laid-Open Patent Application No.
2003-103857 A s mentioned above, in the image forming
apparatus where the record medium is attracted to the
conveying belt by electrostatic force, an electric
field is generated between the surface of the record
medium and the recording head, so that ink drops
ejected from the recording head are affected by the
electric field and polarized. In accordance with this,
the image forming apparatus is problematic in that
flight of the drops is disturbed and recording cannot
be performed in a good condition or ink mist generated
from the flight of the drops flows back and is
attracted to the vicinity of the ejection unit of the
recording head as a result of polarization.There has
been an effective method for handling this problem as
in an image forming apparatus disclosed in Patent
Document 4 , in which attraction is generated between
the record medium and the conveying belt by applying
an alternating electric charge having positive and
negative polarities to the conveying belt. By carrying
the induced electric charge with positive and negative
polarities on the surface of the record medium at the
same time, the electric charge with positive and
negative polarities is offset and the surface electric
potential on the record medium is reduced, so that the
electric field that may cause displacement of impact
positions of ink drops or a backflow of 



ink mist is reduced. However, in such an image forming
apparatus, it is necessary to control the amount of
electric charge applied to the record medium in
accordance with surface potential in order to
correctly counteract the surface potential of the
record medium under the recording head varying on the
basis of the types of record media or the surface
potential of the record medium varying on the basis of
environment. When such a control is performed, if
balance between positive electric charge and negative
electric charge applied to the conveying belt is not
provided, difference is generated between the amount
of positive electric charge and the amount of negative
electric charge applied to the conveying belt. Thus,
the electric charge induced on the record medium tends
to be eitherpositive or negative with the passage of
time after being neutralized in the adjacent electric
charge with positive and negative polarities. In other
words, regardless of the passage of time, the level of
the electric charge on the record medium does not
become a predetermined value or less, and it is not
possible to control the displacement of impact
positions resulting from the electric field under the
recording head or dirt on the head resulting from the
backflow of ink to a head surface. DISCLOSURE OF
INVENTION It is a general object of the present
invention to provide an improved and useful an image
forming apparatus in which the above-mentioned
problems are eliminated. A more specific object of the
present invention is to provide an image forming
apparatus that can have the same amount of electric
charge for positive and negative polarities on a
record medium using a simple construction, prevent the
displacement of impact positions and the backflow of
mist, and stably form a high-quality image. In order
to achieve the above-mentioned objects, an image
forming apparatus according to the present invention
includes a unit applying voltage waveforms having
different positive and negative waveforms to the
conveying belt. In this case, preferably, a voltage
waveform isapplied such that application amount of
positive and negative electric charge is substantially
the same so as to have an absolute value of electric
charge on a surface of the record medium not more than
a predetermined value after a predetermined time has
elapsed since the record medium is brought into
contact with the conveying belt. In this case,
preferably, the absolute value of electric charge on
the surface of the record medium is not more than 0.3
kV after the predetermined time has elapsed. Further,
a difference of balance between positive electric
charge and negative electric charge applied to the
conveying belt is not more than 5%. The image forming
apparatus according to the present invention includes
a unit adjusting amount of positive and negative
electric charge applied to the conveying belt so as to
have an absolute value of electric charge on the
surface of the record medium not more than a
predetermined value after a predetermined time has
elapsed since the record medium is brought into
contact with the conveying belt. In this case,
preferably, the adjustment of amount of positive and
negative electric charge applied to the conveying belt
is performed by adjusting an alternating voltage for
positive and negative electric charge applied to the
conveying belt. Preferably, the adjustment of amount
of positive and negative electric charge applied to
the conveying belt is performed by adjusting a length
of a rise time or a length of a fall time ofan
alternating voltage for positive and negative electric
charge applied to the conveying belt. Or, preferably,
the adjustment of amount of positive and negative
electric charge applied to the 



conveying belt is performed by adjusting time of
rising or falling of an alternating voltage for
positive and negative electric charge applied to the
conveying belt. In the image forming apparatus,
preferably, when positive and negative electric charge
is applied to the conveying belt, electric charge
having a polarity opposite to that of electric charge
of frictional electrification is applied, application
amount of the electric charge having the opposite
polarity being greater than that of the electric
charge of the frictional electrification generated by
a rotation of the conveying belt. Preferably,
application amount of the electric charge is adjusted
in accordance with widths of positive and negative
electric charge applied to the conveying belt.
Further, preferably, application amount of the
electric charge is adjusted in accordance with
environmental humidity. The image forming apparatus
according to the present invention includes the unit
applying voltage waveforms having different positive
and negative waveforms to the conveying belt. Thus, it
is possible to have an absolute value of electric
charge on the surface of the record medium not more
than a predetermined value after a predetermined time
has elapsed since the record medium is brought into
contact with the conveying belt. Also,it is possible
to have a balance between positive charge and negative
charge, to have the same amount of positive and
negative electric charge on the record medium, and to
prevent displacement of impact positions and backflow
of mist by a simple structure, thereby stably forming
a high-quality image . The image forming apparatus
according to the present invention includes a unit
adjusting amount of positive and negative electric
charge applied to the conveying belt so as to have an
absolute value of electric charge on a surface of the
record medium not more than a predetermined value
after a predetermined time has elapsed since the
record medium is brought into contact with the
conveying belt. Thus, it is possible to have the same
amount of positive and negative electric charge on the
record medium and to prevent displacement of impact
positions and backflow of mist by a simple structure,
thereby stably forming a high-quality image. Other
objects, features and advantage of the present
invention will become more apparent from the following
detailed description when read in conjunction with the
accompanying drawings . BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a side elevational view showing an entire
structure of a mechanical unit of an image forming
apparatus according to an embodiment of the present
invention; FIG. 2 is a plan view showing main elements
of thesame apparatus; FIG. 3 is an illustration
showing an example of a conveying belt of the same
apparatus; FIG. 4 is an illustration showing another
example of a conveying belt of the same apparatus;
FIG. 5 is a block diagram showing an outline of a
control unit of the same apparatus; FIG. 6 is an
illustration showing units for controlling
electrification in the same apparatus; FIG. 7 is an
illustration showing when a conveying belt is
electrified; FIG. 8 is an illustration showing when
paper is brought into contact with the conveying belt;
FIG. 9 is an illustration showing an example of a
measurement result regarding a relationship between
surface potential and surface resistivity; FIG. 10 is
an illustration showing an example of a measurement
result regarding a relationship between 



electrification cycle length and surface potential in
record media having different surface resistivity;
FIG. 11 is an illustration showing an example of a
measurement result regarding a relationship between
electrification cycle length and attraction in record
media having different surface resistivity; FIG. 12 is
an illustration showing a voltage waveformregarding a
relationship between voltage application using
different positive and negative voltage values and
surface potential on paper; FIG. 13 is an illustration
showing surface potential on paper; FIG. 14 is an
illustration showing a voltage waveform regarding a
relationship between voltage application using the
same positive and negative voltage values and surface
potential on paper; FIG. 15 is an illustration showing
surface potential on paper; FIG. 16 is an illustration
showing an example of an evaluation result of surface
potential on paper, an image, and nozzle dirt; FIG. 17
is an illustration showing an example of an evaluation
result of a balance between application amount of
positive and negative charge, an image, and nozzle
dirt; FIG. 18 is a block diagram showing main elements
for applying electric charge according to other
embodiment of the present invention; FIG. 19 is an
illustration showing rise time and fall time of
positive and negative voltage application; FIG. 20 is
an illustration showing rise time and fall time of
positive and negative voltage application, where
lengths of the rise time and fall time are the same
and application amountof positive and negative charge
is different; FIG. 21 is an illustration showing an
example of different lengths of rise time and fall
time of positive and negative voltage application for
having the same application amount of positive and
negative charge; FIG. 22 is an illustration showing
time for outputting positive and negative voltage
application; FIG. 23 is an illustration showing the
same input time for positive and negative voltage
application and different application amount of
positive and negative charge; FIG. 24 is an
illustration showing an example of different input
time for positive and negative voltage application for
having the same application amount of positive and
negative charge ; FIG. 25 is an illustration showing
materials and readiness of frictional electrification;
and FIG. 26 is an illustration showing surface
potential on paper and backflow of mist. BEST MODE FOR
CARRYING OUT THE INVENTION In the following,
embodiments of the present invention will be described
with reference to the accompanying drawings. First, a
first embodiment of an image forming apparatus
according to the present invention is described with
reference to FIGS. 1 and 2 . FIG. 1 is a side
elevational view showing anentire structure of a
device unit of the image forming apparatus and FIG. 2
is a plan view showing main elements of the same
apparatus . The image forming apparatus holds a
carriage 3 slidably in a main scanning direction with
a guide rod 1 and a guide rail 2 as guide members
laterally placed on right and left side plates not
shown in the drawings. A main scanning motor 4 moves
the carriage 3 via a timing belt 5 installed between a
driving pulley 6a and a driven pulley 6b so as to scan
in a direction indicated by an arrow (main scanning
direction) in FIG. 2 . In 



addition, guide bushes (bearings) 3a and 3a are
disposed between the carriage 3 and the guide rod 1 .
In the carriage 3 , four recording heads 7 made of
droplet ejection heads each ejecting yellow (Y) , cyan
(C) , magenta (M), and black (B) ink drops are
arranged such that a direction of plural ink ejection
outlets crosses the main scanning direction, and the
four recording heads are mounted such that an ejection
direction of ink drops is directed downward. Examples
of the droplet ejection heads constituting the
recording heads 7 include a piezoelectric actuator
such as a piezoelectric element, a thermal actuator
using film boiling of liquid with an electrothermal
conversion element such as a heat element, a shape
memory alloy actuator using metallic shape change by
temperature change, an electrostatic actuator using
electrostatic force as an energy generating unit
ejecting an ink(recording liquid) . In addition, the
recording heads may be constructed using a single or
plural droplet ejection heads provided with plural
nozzles for ejecting different colors. In the carriage
3 , sub-tanks 8 of each color for supplying ink of
each color to the recording heads 7 are mounted. Ink
is supplied to the sub-tanks 8 from a main tank (ink
cartridge) not shown in the drawings via an ink
supplying tube 9 . Other than the recording heads 7
for ejecting ink drops, it is possible to mount a
recording head for ejecting a process liquid for
fixing (fixing ink) for enhancing the fixing of ink by
reacting to the recording liquid (ink) . On the other
hand, a paper feed unit feeding the paper 12 stored in
the paper storage unit 11 (thick plate) such as a
paper feed cassette 10 includes a half-round runner
(paper feed roller) .13 for separating and feeding a
sheet of paper 12 from the paper storage unit 11 and a
separation pad 14 facing the paper feed roller 13A,
the separation pad 14 being made of a material having
a large coefficient of friction and biased to the half
round roller 13. A conveying unit conveying the record
medium (paper) 12, fed from the paper feed unit, below
the recording heads 7 includes a conveying belt 21 for
attracting the paper 12 using electrostatic force and
conveying the paper 12 and a counter roller 22 for
holding the paper 12, fed from the paper feed unit via
a guide 15, with the conveying belt 21 and conveying
the paper 12.Further, the conveying unit includes a
conveying guide 23 for causing the paper 12 fed in a
substantially vertical direction to change a direction
thereof about 90 and follow the conveying belt 21, and
a tip pressing roller 25 biased to the conveying belt
21 by a pressing member 24. In addition, an
electrifying roller 26 is disposed so as to construct
an electrifying unit electrifying a surface of the
conveying belt 21. In this case, the conveying belt 21
includes an endless belt (a belt formed to have an
endless shape in molding or a belt made to have an
endless shape by connecting both ends thereof) and the
conveying belt 21 is entrained between a conveying
roller 27 and a tension roller 28. The conveying belt
21 is configured to go round in a belt conveying
direction (sub-scanning direction) of FIG. 2 when the
conveying roller 27 is rotated by a sub-scanning motor
31 via a timing belt 32 and a timing roller 33. 'In
addition, a guide member 29 is disposed on the reverse
of the conveying belt 21 for an image forming area by
the recording heads 7 . The conveying belt 21 may be a
belt of a single-layered structure as shown in FIG. 3
or a belt of a multiple-layered (two or more)
structure as shown in FIG. 4 . If the conveying belt
21 has a single-layered structure, the conveying belt
21 is brought into contact with the paper 12 and the
tension roller 28, so that an entire layer is formed
with an insulating material. Also, if the conveying
belt 21 has a multiple-layered structure, a
sidebrought into contact with the paper 12 and the
electrifying roller 



26 is preferably formed with an insulating layer 21A
and a side which is not brought into contact with the
paper 12 or the electrifying roller 26 is preferably
formed with a conductive layer 21B. Preferably,
examples of insulating materials for forming the
conveying belt 21 of a single-layered structure and
the insulating layer 2IA of the conveying belt 21 of a
multiple-layered structure include resin such as PET,
PEI, PVDF, PC, ETFE, PTFE, and the like or elastomer
which does not include conductivity controlling
materials. The conveying belt 21 and the insulating
layer 21A are formed such that volume resistivity
thereof is not less than 1012 Wcm, preferably, 1015
Wcm. Preferably, examples of materials for forming the
conductive layer 21B of the conveying belt 21 of a
multiple-layered structure include the above-mentioned
resin or elastomer in which carbon is contained and
the conductive layer 21B is formed such that volume
resistivity thereof ranges from 105 Wcm to 107 Wcm.
The electrifying roller 26 is disposed such that the
electrifying roller 26 is brought into contact with
the insulating layer 2IA constituting a surface layer
of the conveying belt 21 (in the case of a
multiple-layered structure) and is rotated in
accordance with a rotation of the conveying belt 21.
The electrifying roller 26 applies pressure to both
ends of an axis thereof. The electrifying roller 26 is
formed using a conductivemember with volume
resistivity ranging from 106 to 109 Wcm. A s will be
described in the following, an AC bias of 2kV, for
example, in positive and negative polarity is applied
to the electrifying roller 26 from an AC bias
supplying unit 114 . Although a waveform of the AC
bias may be a sine wave or a triangular wave, a square
wave is preferable. A s shown in FIG. 2 , a slit disk
34 is attached to an axis of the conveying roller 27
and a sensor 35 is disposed so as to detect a slit of
the slit disk 34. The slit disk 34 and the sensor 35
constitute an encoder 36. A s shown in FIG. 1 , an
encoder scale 42 with a formed slit is disposed in
front of the carriage 3 and an encoder sensor 43 is
disposed in front of the carriage 3 , the encoder
sensor 43 being made of a transmission-type
photosensor detecting a slit of the encoder scale 42.
These elements constitute an encoder 44 for detecting
a position of the carriage 3 in the main scanning
direction. A paper ejecting unit ejecting the paper 12
recorded by the recording heads 7 includes a
separation claw 51 for separating the paper 12 from
the conveying belt 21, a paper ejecting roller 52, a
paper ejecting runner 53, and a paper ejecting tray 54
for storing the paper 12 to be ejected. A double-side
paper feeding unit 61 is detachably mounted on a back
of the image forming apparatus . The double-side paper
feeding unit 61 takes in the paper 12 returned from a
rotationof the conveying belt 21 in the reverse
direction and turns over and feeds the paper 12 again
between the counter roller 22 and the conveying belt
21. In addition, the image forming apparatus may have
an extension tray 70 mounted on a bottom thereof. The
extension tray 70 includes a thick plate (paper
placement plate) 71 for placing the paper 12 in the
same manner as in the paper feed tray 10, a paper feed
runner 73, and a separation pad 74. When paper is fed,
a sheet of paper is separated and fed at one time
using the paper feed runner 73 and the separation pad
74 and the paper is sent between the counter roller 22
and the conveying belt 21 from the lower portion of an
apparatus body. In addition, a surface resistance
meter 80 for measuring surface resistivity of the fed
paper 12 is disposed on a side portion (relative to
the main scanning direction) of the paper feed runner
13 in a paper feed path for the paper 12. 



In the image forming apparatus constructed in this
manner, a sheet of the paper 12 is separated and fed
at one time from the paper feed unit, the paper 12 fed
in a substantially vertical direction is guided by the
guide 15, held between the conveying belt 21 and the
counter roller 22, and then conveyed. A tip end of the
paper 12 is further guided by the conveying guide 23,
pressed on the conveying belt 21 by the tip pressing
roller 25, so that a conveying direction thereof is
changed about 90. In this case, alternating voltage is
applied to theelectrifying roller 26 such that
positive (plus) output and negative (minus) output are
alternately repeated. Positive and negative charge is
alternately applied to strips with a predetermined
width on the conveying belt 21 in the sub-scanning
direction, which is a rotation direction. When the
paper 12 is fed on the conveying belt 21 positively
and negatively electrified in an alternating manner,
the paper 12 is attracted to the conveying belt 21 by
attraction, the paper 12 is conveyed in the
sub-scanning direction in accordance with a rotation
movement of the conveying belt 21. In view of this,
ink drops are ejected on the paper 12 in a stationary
status and one line is recorded by moving the carriage
3 and driving the recording heads 7 in accordance with
an image signal. Recording of the next line is
performed after the paper 12 is conveyed for a
predetermined distance. When a recording end signal is
received or a signal indicating that a rear end has
reached a recording area is received, the recording
operation is ended and the paper 12 ejected to the
paper ejecting tray 54. In a case of double-side
printing, by reversing the rotation of the conveying
belt 21 when recording on a front surface (a surface
to be printed first) is ended, the recorded paper 12
is sent to the inside of the double-side paper feeding
unit 61. The paper 12 is turned over (so that a rear
surface becomes a printing surface) and fed between
the counter roller 22 and theconveying belt 21 again.
Then timing control is performed, the paper 12 is
conveyed on the conveying belt 21 in the same manner
as mentioned above, recording is performed on the rear
surface, and then the paper 12 is ejected to the paper
ejecting tray 54. Next, an outline of a control unit
of the image forming apparatus will be described with
reference to a block diagram of FIG. 5 . A control
unit 100 includes a CPU 101 for controlling the whole
apparatus, a ROM 102 for storing a program executed by
the CPU 101 and other fixed data, a RAM 103 for
temporarily storing image data and the like, a
non-volatile memory 104 capable of rewriting for
holding data even when power supply to the apparatus
is cut off, and an ASIC 105 for performing various
types of signal processing on image data, image
processing for rearranging images, and input/output
signal processing for controlling the whole apparatus
. Further, the control unit 100 includes an I/F 106
for transmitting and receiving data and signals with a
host 90, which is a data processing apparatus such as
a personal computer, a head driving control unit 107
performing drive control on the recording heads 7 and
a head driver 108, a main scanning motor driving unit
111 driving the main scanning motor 4 , a sub-scanning
motor driving unit 113 driving the sub-scanning motor
31, an encoder 34, an environmental sensor 118 for
detecting environmental temperature and environmental
humidity, the surface resistance meter 80 fordetecting
surface resistivity values of a record medium, the
above-mentioned encoder 44 which is not shown in the
drawing, and an I/O 116 for inputting detection
signals from various types of other sensors and the
like. Moreover, an operation panel 117 for inputting
and displaying information necessary for the apparatus
is connected to the control unit 100. The control unit
100 controls 



switch-on/off operations of output of the AC bias
supplying unit (high voltage power source) 114
applying an AC bias to the electrifying roller 26, for
example. In this case, the control unit 100 receives
printing data and the like including image data using
the I/F 106 via a cable or a network from the host 90
including a data processing apparatus such as a
personal computer, an image reading apparatus such as
an image scanner, an imaging apparatus such as a
digital camera and the like. The generation and output
of printing data to the control unit 100 is performed
by a printer driver 91 on the host 90. The CPU 101
reads out and analyzes the printing data in a receive
buffer included in the I/F 106, performs data
rearranging processing, for example, in the ASIC 105,
and transmits image data to the head driving control
unit 107. Conversion of the printing data to bitmap
data so as to output an image is performed by
converting the image data to bitmap data in the
printer driver 91 on the host 90 and transmitting the
bitmapdata to the apparatus as mentioned above.
However, the conversion maybe performed using font
data stored in the ROM 102, for example. When the head
driving control unit 107 receives image data (dot
pattern data) corresponding to one line of the
recording heads 7 , the head driving control unit 107
transmits the dot pattern data for one line to the
head driver 108 in serial data in synchronization with
clock signals and also transmits a latch signal to the
head driver 108 at a predetermined time. The head
driving control unit 107 includes a ROM (which may be
constituted using the ROM 102) in which pattern data
on driving waveforms (driving signals) is stored, a
waveform generating circuit including a D/A converter
for digital-to-analog converting the data on the
driving waveform read out from the ROM, and a driving
waveform generating circuit made of an amplifier and
the like. The head driver 108, includes a shift
register for inputting clock signals and serial data
as image data from the head driving control unit 107,
a latch circuit for latching registration values of
the shift register using latch signals from the head
driving control unit 107, a level conversion circuit
(level shifter) for changing levels of output values
of the latch circuit, an analog switch array
(switching unit) whose switch-on/off is controlled by
the level shifter, and the like. By controlling the
switch-on/off of the analog switch array, a required
driving waveform included in driving waveforms
isselectively applied to the actuator unit of the
recording heads 7 so as to drive the heads. The main
scanning motor driving unit 111 calculates a control
value based on a target value provided by the CPU 101
and a speed detection value obtained by sampling a
detection pulse from the encoder 44. The main scanning
motor driving unit 111 drives the main scanning motor
4 via an internal motor driver. In the same manner,
the sub-scanning motor driving unit 113 calculates a
control value based on a target value provided by the
CPU 101 and a speed detection value obtained by
sampling a detection pulse from the encoder 36. The
sub-scanning motor driving unit 113 drives the
sub-scanning motor 31 via an internal motor driver.
Electrification control on the conveying belt 21 of
the image forming apparatus will be described with
reference to FIG. 6 or later. First, a portion
relating to the electrification control on the
conveying belt 21 is described with reference to FIG.
6 . As mentioned above, rotation amount is detected
using the encoder 36 disposed on an end portion of the
conveying roller 27 for driving the conveying belt 21.
The sub-scanning motor 31 is driven and controlled by
the sub-scanning motor driving unit 



113 of the control unit 100 in accordance with the
detected rotation amount. At the same time, output of
the AC bias supplying unit (high voltage power source)
114 applying high voltage (ACbias) to the electrifying
roller 26 is controlled. The AC bias supplying unit
114 controls a cycle of positive and negative voltage
(application time) applied to the electrifying roller
26. At the same time, the control unit 100 controls
driving of the conveying belt 21. Thus, it is possible
to apply positive and negative electric charge on the
conveying belt 21 in a predetermined electrification
cycle length. In this case, the "electrification cycle
length" is a width (distance) in the conveying
direction in one cycle of positive and negative
voltage application as shown in FIG. 6 . As mentioned
above, when printing is started, the conveying belt 21
is rotated in the clockwise direction in FIG. 1 by
driving and rotating the conveying roller 27 using the
sub-scanning motor 31. At the same time, positive and
negative square wave is applied to the electrifying
roller 26 from the AC bias supplying unit 114 .
Accordingly, the electrifying roller 26 is in contact
with the insulating layer 21A of the conveying belt
21, so that positive charge and negative charge are
alternately applied to the insulating layer 21A of the
conveying belt 21 as shown in FIG. 6 in the conveying
direction of the conveying belt 21 (strips of positive
electrification areas 201 and negative electrification
areas 202 are alternately formed) . As a result, a
non-uniform electric field is generated on the
conveying belt 21 as shown in FIG 7 . The insulating
layer 21A of the conveying belt 21 towhich the
positive and negative charge is applied is formed such
that volume resistivity thereof is not less than 1012
Wcm, preferably, 1015 Wcm. Thus, it is possible to
prevent the positive and negative charge electrified
in the insulating layer 21A to move across a boundary
thereof and to hold the positive and negative charge
applied to the insulating layer 2IA. On the other
hand, surface resistivity of the paper 12 before or
during paper feeding is measured by applying electric
charge of IKV, for example, between two terminals of
the surface resistance meter 80 capable of being in
contact with the paper 12 disposed on the side of the
paper feed runner 13 and measuring electric current
flowing between the terminals . The paper 12 whose
surface resistivity is measured is separated by the
paper feed runner 13 and the separation pad 14, and
then sent to the conveying belt 21 where the
non-uniform electric field is generated by forming the
positive and negative charge on the insulating layer
21A. The paper 12 sent to the non-uniform electric
field on the conveying belt 21 is instantaneously
polarized along a direction of the electric field. A s
shown in FIG. 8 , electric charge having attraction to
the conveying belt on a conveying belt surface of the
paper becomes dense due to the non-uniform electric
field and electric charge having repulsion against the
conveying belt 21 appearing on the opposite surface of
the paper becomes sparse. The paper 12 is
instantaneously attracted to the conveying belt 21 due
to thedifference of electric charge. At the same time,
the paper 12 has limited resistance, so that true
charge is induced on the attraction surface of the
paper 12 and the opposite side thereof. Positive and
negative true charge induced on the attraction surface
of the paper 12 has stable attraction by attracting
with the electric charge applied on the conveying belt
21. However, positive and negative true charge induced
on the opposite side is unstable. The true charge
induced on the attraction surface of the paper 12 and
the surface of the opposite side are capable of moving
since the paper 12 has a limited value of resistance,
namely, a surface resistivity of 107 W/sq to 1013
W/sq. Adjoining positive charge and negative charge
are attracted to each other and moved, 



so that the positive charge and negative charge are
reduced by neutralization. A s a result, the electric
charge on the conveying belt 21 is balanced with the
true charge induced on the attraction surface of the
paper 12 and the electric field thereof is closed. The
true charge induced on the opposite side of the
attraction surface of the paper 12 is neutralized as
mentioned above and the electric field thereof is
closed. In other words, the electric field towards the
recording heads 7 is reduced. Also, the electric
charge applied on the conveying belt 21 and the
electric charge having repulsion against the electric
charge on the conveying belt 21 are reduced from the
surface of the paper 12,so that attraction of the
paper 12 to the conveying belt 21 is increased with
the passage of time. In this case, time for surface
potential on the surface to be reduced and time for
the electric charge to be eliminated are different
depending on the value of resistance of the paper 12
and the electrification cycle length. In proportion as
the resistance of the paper 12 increases, the amount
of movement of the electric charge induced on the
surface of the paper (opposite surface of the
conveying belt) is reduced per unit time, so that the
neutralization of the surface electric charge requires
time. Further, in proportion as the electrification
cycle length is increased, distance between the
induced positive and negative charge is increased, so
that substantial resistance when the electric charge
is moved is increased. Further, electric potential
affecting between the positive and negative charge is
reduced in reverse proportion to the distance thereof,
so that the neutralization of the surface electric
charge requires time in the same manner. Thus, if the
value of resistance of the paper 12 is the same and
the amount of electric charge applied to the conveying
belt 21 per unit area is the same, disappearance time
of electric charge on the surface of the paper
(opposite surface of the conveying belt) is
proportional to the square of the electrification
cycle length. The paper 12 attracted to the conveying
belt 21 isconveyed below the recording heads 7 as
mentioned above, the carriage 3 is reciprocated in the
main scanning direction, and ink drops are ejected
from the recording heads 7 at the same time, thereby
forming an image on the paper 12 for a single
reciprocation of the recording heads 7 . When the
image for a single reciprocation is formed, the paper
12 is sent to the next printing position by the
conveying belt 21, and an image forming for a single
reciprocation is performed again. When the image
forming is ended, the paper is conveyed by the
conveying belt 21, separated from the conveying belt
21 by the separation claw 51, and ejected on the paper
ejecting tray 54. FIG. 9 shows an example of a
correlation between surface potential and surface
resistivity of the paper obtained from an experiment.
In this experiment, the surface potential is measured
on the assumption that the electrification cycle
length is 8 mm, applied voltage is  2.0 kV, elapsed
time is 1.6 seconds after the conveying belt 21 is
brought into contact w ith the paper 12. From the
result of this experiment, as mentioned above, it is
confirmed that the surface potential of the paper is
increased in proportion as the surface resistivity of
the paper is increased. FIG. 10 shows an example of a
relationship between the electrification cycle length
and the surface potential of three types of paper
(paper A : 1.8 x 1013 W/sq, paper B : 1.2 x 1012 W/sq,
and paper C : 5 1011 W/sq) from an experiment, the
threetypes of paper having different surface
resistivity. In this experiment, the surface potential
is measured on the assumption that applied voltage is
2 .0 kV, elapsed time is 1 .6 seconds after the
conveying belt 21 is brought into contact with the
paper 12. 



From the result of this experiment, it is confirmed
that electrification cycle length where surface
potential is eliminated (disappeared) is different in
paper A , B , and C after the predetermined time (1. 6
seconds) , the paper A , B , and C having different
resistance and that surface potential of the paper can
be lowered by reducing (shortening) the
electrification cycle length even when the surface
resistivity of the paper is high. In other words, it
is possible to adjust the amount of electric charge on
the surface of the record medium conveyed to the
recording position (image forming position) of the
recording head by controlling the electrification
cycle length. FIG. 11 shows a relationship between the
attraction of the aforementioned three types of paper
(A, B , and C ) having different surface resistivity
and the electrification cycle length. This experiment
is conducted on the assumption that applied voltage is
+ 2.0 kV, elapsed time is 1.6 seconds after the
conveying belt is brought into contact with the paper.
From the result of this experiment, it is confirmed
that electrification cycle length where attraction is
maximized is different in paper A , B , and C after a
predetermined time (1.6 seconds) , the paper A , B ,
and C having different surfaceresistivity of paper and
that the attraction can be maximized by reducing
(shortening) the electrification cycle length when the
surface resistivity of the paper is high. In other
words, when the surface potential of the paper is
lowered, attraction after a predetermined time is
increased, so that it is possible to prevent the
displacement of impact positions of droplets generated
through an influence of an electric field and to
prevent dirt on the head resulting from the backf low
of mist to the recording heads 7 . Accordingly, it is
possible to have both accuracy upon conveying paper
(and conveyance) and image quality. However, as shown
in FIG. 11, when the electrification cycle length is
too short, rising loss of the AC bias supplying unit
114 and contribution rate of loss of electricity
removal generated upon applying electric charge to the
conveying belt 21 are increased. In accordance with
this, sufficient electric charge is not applied to the
conveying belt 21 and attraction is reduced. In other
words, the electrification cycle length may result in
poor quality if it is too long or too short, so that
it is preferable to control the electrification cycle
length to have an optimum value in accordance with the
resistance of paper. Next, balance between positive
charge and negative charge applied to the conveying
belt 21 and effect thereof is described with reference
to FIGS. 12 to 15. First, as shown in FIG. 12, when
applying positiveand negative charge to the conveying
belt 21, if there is no balance between the positive
charge and negative charge (in this example, positive
charge is +1.5 kV and negative charge is -2.5 kV) , it
is not possible to have surface potential of the paper
not more than a predetermined value (out of a range of
a required control target value) as shown in FIG. 13
after a predetermined time has elapsed since the paper
12 is brought into contact with the conveying belt 21.
In other words, although the positive charge and
negative charge induced on the paper 12 are
neutralized with the passage of time, there is no
balance between the positive charge and negative
charge applied to the conveying belt 21. Thus,
electric charge induced on the paper is out of balance
and electric charge left on the paper after the
neutralization is biased. A s a result, an absolute
value of the surface potential on the paper becomes
larger since DC components resulting from the bias of
electric charge are added in addition to AC components
determined in accordance with resistance of the paper,
electrification cycle length, environment and the
like. 



This may have a negative influence on phenomena such
as the displacement of impact positions of ink drops
generated through an influence of an electric field
and the dirt on the head resulting from the backf low
of mist to the recording heads . Next, the following
describes the behavior of droplets when electric
charge is on the paper 12 while therecording heads 7
ejects ink droplets on the paper 12 attracted on the
conveying belt 21 with reference to FIG 26. A s shown
in FIG. 26- (a), ink droplets 301A ejected from a
nozzle 7a of the recording heads 7 are affected by an
electric field generated from surface potential on the
paper 12 attracted to the conveying belt 21. As shown
in FIG. 26- (b) , true charge is induced in the ink
droplets 301A and the ink droplets 301A are divided
into main-drops 302A and mist (sub-drops) 303A. In
this case, as shown in FIG. 26- (c), the mist 303A is
likely to be electrified to have the same polarity as
in the paper 12 in many cases, so that the mist 303A
is repulsed by electric charge having the same
polarity on the paper 12. A s shown in FIG. 26- (d) ,
the mist 303A flows back to the recording heads 7 and
is attracted to the vicinity of an ink ejection
surface of the recording heads 7 . Therefore, it is
possible to prevent the backflow of the mist by
reducing the electric charge (within the control
target value) generating surface potential as
mentioned above on the paper 12. However, if there is
no balance between the positive charge and negative
charge, DC components are placed. Accordingly, surface
potential exceeding the control target value is
generated on the paper 12 and the backflow of mist,
and the like is generated. In view of this, by having
substantially the same amount (areas of positive and
negative fields) of electric chargefor the positive
and negative charge to be applied to the conveying
belt 21, it is possible to control the surface
potential on the paper to be not more than a
predetermined value as shown in FIG. 15, namely,
within the control target value after a predetermined
time has elapsed since the paper 12 is brought into
contact with the conveying belt 21. In accordance with
this, it is possible to stably form a high-quality
image without displacement of impact positions of ink
drops or backflow of mist to the recording heads.
However, even if a value of positive output voltage
and a value of negative output voltage are logically
the same in a power pack (power source) constituting
the AC bias supplying unit 114, the amount of positive
charge and the amount of negative charge on the paper
are not the same due to various reasons when electric
charge is applied on the conveying belt 21 and the
paper is conveyed. In accordance with this, as will be
described in the following, the amount of positive
charge and negative charge when electric charge is
applied on the conveying belt 21 is made to be
substantially the same by applying different positive
and negative waveforms to the conveying belt 21 from
the AC bias supplying unit 114 via the electrifying
roller 26, such that rise time and fall time are
different, positive input time and negative time are
different, or positive voltage value and negative
voltage value are different . In other words, voltage
waveforms are applied suchthat the amount of positive
charge and the amount of negative charge are
substantially the same so as to have an absolute value
of electric charge on the surface of the paper not
more than a predetermined value after a predetermined
time has elapsed since the paper is brought into
contact with the conveying belt . In this manner, by
having a balance between the positive charge and
negative charge on the .surface of the paper, it is
possible to form a high-quality image while having no
displacement of impact positions of ink drops or
backflow of mist to the recording heads. 



Regarding the predetermined value, a relationship
between the absolute value on the surface of the paper
and image quality is evaluated after the predetermined
time has elapsed based on the dirt of mist on a nozzle
surface of the recording heads when the surface
potential on the paper is varied from 0 kV to 1 .0 kV
and the displacement of impact positions on the paper.
FIG. 16 shows the result. The symbol "O" in an
evaluation column of FIG. 16 indicates no displacement
of impact positions or mist dirt that has an influence
on image quality, and the symbol "X" indicates
degradation of image quality resulting from nozzle
failure (non-ejection, for example) due to the
displacement of impact positions or the mist dirt.
From this result, it is confirmed that by controlling
the surface potential on the paper to be not more than
0 .3 kV after the predetermined time has elapsed, it
is possible to effectivelyform a high-quality image in
a stable manner without the displacement of impact
positions of ink drops or the backflow of mist to the
recording heads 7 . Further, the mist dirt on the
nozzle surface of the recording heads and the
displacement of impact positions are evaluated while
varying a difference of balance between application
amount of positive charge and negative charge to the
conveying belt 21 from 0% to 10%. FIG. 17 shows the
result. The symbol "@" in an evaluation column of FIG.
17 indicates no displacement of impact positions or
mist dirt, the symbol O " indicates no displacement of
impact positions or mist dirt that has an influence on
image quality, and the symbol "X" indicates
degradation of image quality resulting from nozzle
failure (non-ejection, for example) due to the
displacement of impact positions or the mist dirt.
From this result, it is confirmed that by controlling
the difference of balance between application amount
of positive charge and negative charge to the
conveying belt to be within 5%, preferably, within 2%,
it is possible to more efficiently control an absolute
value of the surface potential on the paper to be not
more than the predetermined value after the
predetermined time has elapsed, and that it is
possible to more effectively form a high-quality image
in a stable manner without the displacement of impact
positions of ink drops or the backflow of mist to the
recording heads 7 .Next, other embodiment of the
present invention is described with reference to FIG.
18. FIG. 18 is a block diagram showing main elements
for applying electric charge in the embodiment . In
this embodiment, in the same manner as in the
aforementioned embodiment, the CPU 101 is configured
to control switch on/off of the AC bias supplying unit
(high voltage power source) 114 applying an AC bias to
the electrifying roller 26. In addition to this, the
CPU 101 is configured to have a function of feedback
control on each application value of positive and
negative voltage. Specifically, the CPU 101 includes a
bias adjusting unit 140 adjusting positive and
negative voltage values applied to the electrifying
roller 26 by varying each resistance in circuits for
positive and negative application in the AC bias
supplying unit 114. The bias adjusting unit 140
includes an integrating circuit, and the CPU 101
adjusts the AC bias applied to the electrifying roller
26 such that by giving feedback of integration values
of the positive and negative voltage values to the CPU
101, the integration values of the positive and
negative voltage values are made to be substantially
the same through the bias adjusting unit 140. In
accordance with this configuration, it is possible to
have substantially the same amount of positive charge
and negative charge applied to the conveying belt 21,
to have thesurface potential on the surface of the
paper not more than the 



predetermined value (within the control target value)
after the predetermined time has elapsed, and to
stably form a high-quality image without the
displacement of impact positions of ink drops or the
backflow of mist to the recording heads. Next, voltage
waveforms applied to the conveying belt are described
with reference to FIG. 19 or later. By having
substantially the same amount of positive and negative
charge applied to the conveying belt 21, it is
possible to use at least either one of rise time tr
and fall time tf of the positive and negative charge
applied to the conveying belt 21. First, as shown in
FIG. 19, in theory, when a positive voltage value is
equal to a negative voltage value, it is possible to
have substantially the same amount of positive and
negative charge by making the rise time tr to be the
same as the fall time tf . However, in some cases, it
is difficult to have the same voltage value and the
same application amount due to specifications of the
circuit in the AC bias supplying unit 114, disparity
of members, and the like. Accordingly, in practice, as
shown in FIG. 20, when the positive voltage value is
less than the negative voltage value, or the positive
voltage value may be more than the negative value as
shown in FIG. 21. In this case, it is possible to have
substantially the same amount of positive and negative
charge applied to theconveying belt 21 by using
transformers with different power for positive and
negative charge constituting the AC bias supplying
unit 114, or by performing a bias adjustment. For
example, when the positive voltage value is less than
the negative voltage value as shown in FIG. 20, it is
possible to have substantially the same amount of
positive and negative charge (integration values of a
positive area and a negative area in the drawing) by
shortening the rise time tr for the positive charge
relative to the fall time tf for the negative charge.
By contrast, when the positive voltage value is more
than the negative voltage value as shown in FIG. 21,
it is possible to have substantially the same amount
of positive and negative charge (integration values of
a positive area and a negative area in the drawing) by
increasing the rise time tf for the positive charge
relative to the fall time tf for the negative charge.
A s mentioned above, the application amount of
electric charge is obtained as an integration value of
applied electric charge. Accordingly, when the rise
time is shortened by using a powerful transmitter for
the positive charge, the application amount of the
positive charge is increased. Also, when the fall time
is shortened by using a powerful transmitter for the
negative charge, the application amount of the
negative charge is increased. In this manner, even
when it is difficult to have the same application
amount of positive and negative charge, it ispossible
to have substantially the same amount of positive and
negative charge applied to the conveying belt 21 by
disposing transmitters dedicated to positive and
negative charge. Further, in order to have
substantially the same amount of positive and negative
charge applied to the conveying belt 21, it is
possible to use positive input time and negative input
time (rise and fall timing) for applying to the
conveying belt 21. First, as shown in FIG. 22, in
theory, when the positive voltage value is equal to
the negative voltage value and the rise time tr is
equal to the fall time tf, it is possible to have
substantially the same application amount of positive
and negative charge by making the same pulse width for
a pulse width PwI for applying positive output and a
pulse width Pw2 for applying negative output when
switching voltage waveforms output from the AC bias
supplying unit 114 through a driving signal PP TRG
from 



the CPU 101 as shown in FIG. 22- (a) and thus having
the same input time for positive input time tl and
negative input time t2 of output voltage as shown in
FIG. 22- (b). However, as mentioned above, even when a
driving signal PP TRG of the pulse width PwI = Pw2 (tl
= t2) is applied to the AC bias supplying unit 114 as
shown in FIG. 23- (a), difference may be generated in
application amount of positive and negative charge
(application amount of negative charge is increased in
this example) as shown in FIG. 23- (b) due
tospecifications of the circuit in the AC bias
supplying unit 114, disparity of members, and the
like. Thus, in the case as shown in FIG. 23, by
increasing the pulse width PwI for causing the AC bias
supplying unit 114 to output positive voltage relative
to the pulse width Pw2 for causing output of negative
voltage as shown FIG. 24- (a) among driving signals
applied to the AC bias supplying unit 114, the
positive input time tl is increased relative to the
negative input time t2 as shown in FIG. 23- (b) ,
thereby having substantially the same application
amount of positive and negative charge. When
application amount of positive charge is increased in
contrast to the case shown in FIG. 23, the pulse width
PwI for causing output of positive charge may be
reduced relative to the Pw2 for causing output of
negative charge. In this case, the AC bias output from
the AC bias supplying unit 114 may be set in advance
as mentioned above such that -application amount of
positive and negative charge is substantially the same
or the AC bias may be adjusted by feedback
controlling. As mentioned above, this image forming
apparatus employs the methods for having substantially
the same amount of positive and negative charge
applied to the conveying belt 21 as methods for
controlling an absolute value of electric charge on
the surface of the paper to be not more than a
predetermined value after a predetermined time has
elapsed.However, when the conveying belt 21 is rotated
so as to convey the paper, the conveying belt 21 is
charged through friction with the conveying roller 27,
the tension roller 28, paper powder removing Mylar not
shown in the drawings, the Mylar removing paper powder
on the conveying belt 21, the record medium (paper) ,
and the like. The polarity of a substance upon
frictional electrification is determined based on a
relationship with other substance for the friction
(refer to triboelectric series in FIG. 25, where
substances on a positive charge side are likely to be
positively charged and substances on a negative charge
side are likely to be negatively charged) . In the
image forming apparatus, the conveying belt 21 is
negatively charged by friction when it is rotated. In
accordance with this, when the amount of positive and
negative charge applied to the conveying belt 21 is
completely the same, electric charge on the surface of
the paper becomes slightly negative due to the
frictional electrification resulting from the rotation
of the conveying belt 21 after a predetermined time
has elapsed. In view of this, an experiment is
conducted. As a result, it is confirmed that the
effect of the frictional electrification can be offset
by increasing application amount of positive charge by
2% relative to negative charge. In other words, when
applying positive and negative charge to the conveying
belt 21, it is possible to readily controlthe surface
potential of the paper to be not more than a
predetermined value after a predetermined time has
elapsed byapplying electric charge having a polarity
opposite to that of electric charge of frictional
electrification, application amount of the electric
charge having the opposite polarity being greater than
that of the electric charge of the frictional
electrification generated by a rotation of the
conveying belt. 



Thus, it is possible to stably form a high-quality
image without the displacement of impact positions of
ink drops or the backf low of ink mist to the
recording heads. Further, the value of resistance of
the paper is changed in accordance with humidity, so
that when an AC bias is adjusted in other embodiment,
even if the adjustment is made such that application
amount of positive and negative charge is
substantially the same using 50% RH as a standard, for
example, the value of resistance of the paper is
increased when environmental humidity is reduced below
the standard, and the value of resistance of the paper
is decreased when the environmental humidity is
increased to the contrary. As a result, balance may
not be secured between positive charge and negative
charge in accordance with the change of the value of
resistance. In this case, it is possible to more
accurately control the surface potential of the paper
within the control target value by adjusting
application amount of positive and negative charge
based on detection of humidity detected by the
above-mentionedenvironmental sensor 118. Further, as
mentioned above, the reduction amount of the surface
potential on the paper and time for the elimination of
electric charge is also changed in accordance the
width of positive and negative electric charge
(electrification cycle length) . Thus, it is possible
to more accurately control the surface potential of
the paper within the control target value by adjusting
application amount of positive and negative charge
based on the electrification cycle length. Next, a
relationship between the electrifying roller 26 and
the environmental humidity is described. In the
electrifying roller 26, a resistance value thereof is
changed when the environmental humidity is high or
low. Accordingly, when electric charge of 2 kVp-p is
applied to the conveying belt 21, for example, even if
an AC bias of a constant voltage value is applied from
the AC bias supplying unit 114, the amount of electric
charge applied to the conveying belt 21 is different
depending on the environmental humidity. In view of
this, it is possible to apply required electric charge
to the conveying belt 21 and to prevent degradation of
the conveyance due to lack of attraction of the paper
by varying a voltage value of output voltage applied
to the electrifying roller 26 from the AC bias
supplying unit 114 based on the environmental humidity
detected by the environmental sensor 118. For example,
when electric charge of  2k is appliedto the conveying
belt 21, if detected humidity is high (not less than a
first predetermined value) , output voltage (AC bias)
is controlled to be low (1'. 9 kVp-p, for example) and
if the detected humidity is low (not more than a
second predetermined value) , the output voltage (AC
bias) is controlled to be high (2.1 kVp-p, for
example) . In addition, the first predetermined value
and the second predetermined value may be the same
(voltage switching may have only two stages) . Also, a
method for controlling may be used in which
application amount of electric charge applied in
practice is estimated from the humidity without
varying the output. The present invention is not
limited to the specifically disclosed embodiment, and
variations and modifications may be made without
departing from the scope of the present invention. The
present application is based on Japanese priority
application No. 2005-207913 filed July 19, 2005, the
entire contents of which are hereby incorporated
herein by reference.CLAIMS 1 . An image forming
apparatus comprising: a conveying belt conveying a
record medium attracted to the conveying belt using
electrostatic force; a recording head for ejecting
droplets on the record medium and forming an image;
and 



a voltage waveform applying unit applying voltage
waveforms, in which the shape of a positive waveform
and the shape of a negative waveform are different, to
the conveying belt so as to apply positive and
negative electric charge thereto and generate the
electrostatic force. 2 . The image forming apparatus
according to claim 1 , wherein the voltage waveform
applying unit applies one of the waveforms such that
the amount of the positive electric charge and the
amount of the negative electric charge applied to the
conveying belt are substantially the same so as to
have an absolute value of electric charge on a surface
of the record medium not more than a predetermined
value after a predetermined time has elapsed since the
record medium is brought into contact with the
conveying belt. 3 . The image forming apparatus
according to claim2, wherein the absolute value of
electric charge on the surface of the record medium is
not more than 0.3 kV after the predetermined time has
elapsed. 4. The image forming apparatus according to
claim 2 , wherein a difference of the amount of an
absolute value between the positive electric charge
and the negative electric charge applied to the
conveying belt is not more than 5%. 5 . An image
forming apparatus comprising: a conveying belt
conveying a record medium attracted to the conveying
belt using electrostatic force generated by applying
positive and negative electric charge thereto; a
recording head for ejecting droplets on the record
medium and forming an image; and an adjusting unit
adjusting the amount of the positive electric charge
and the amount of the negative electric charge applied
to the conveying belt so as to have an absolute value
of electric charge on a surface of the record medium
not more than a predetermined value after a
predetermined time has elapsed since the record medium
is brought into contact with the conveying belt. 6.
The image forming apparatus according to claim5
wherein the adjusting unit adjusts the amount of the
positive electric charge and the amount of the
negative electric charge applied to the conveying belt
by adjusting an alternating voltage for positive and
negative electric charge applied to the conveying
belt. 7 . The image forming apparatus according to
claim 6 , wherein the adjusting unit adjusts the
amount of the positive electric charge and the amount
of the negative electric charge applied to the
conveying belt by adjusting a length of a rise time or
a length of a fall time of an alternating voltage for
positive and negative electric charge applied to the
conveying belt. 8. The image forming apparatus
according to claim 6 , wherein the adjusting unit
adjusts the amount of the positive electric charge and
the amount of the negative electric charge applied to
the conveying belt by adjusting time of rising or
falling of an alternating voltage for positive and
negative electric charge applied to the conveying
belt. 9 . The image forming apparatus according to
claim 1 , whereinwhen the positive and negative
electric charge is applied to the conveying belt,
electric charge having a polarity opposite to that of
electric charge of frictional electrification is
applied, the amount of the electric charge having the
opposite polarity applied to the conveying belt being
greater than that of the electric charge of the
frictional electrification generated 



by a rotation of the conveying belt . 10. The image
forming apparatus according to claim 1 , wherein when
the positive and negative electric charge is applied
to the conveying belt, electric charge having a
polarity opposite to that of electric charge of
frictional electrification is applied, the amount of
the electric charge having the opposite polarity
applied to the conveying belt being greater than that
of electric charge having the same polarity as in the
frictional electrification generated by a rotation of
the conveying belt. 11. The image forming apparatus
according to claim 5 , wherein the adjusting unit
adjusts the amount of the electric charge in
accordance with widths of areas of positive and
negative electric charge in a conveying direction of
the conveying belt, the positive and negative electric
charge being applied to the conveying belt.12 . The
image forming apparatus according to claim 5 , wherein
the adjusting unit adjusts the amount of the electric
charge applied to the conveying belt in accordance
with environmental humidity. 


