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(57) ABSTRACT 

The present invention is related to compounds represented 
by the following formula, or salts or hydrates thereof 

(I) 
O 

X 
1. M 
RS N 

X-N T1 Z& M 
s N 

T represents a 4- to 12-membered heterocyclic group 
containing one or two nitrogen atoms in the ring, 
which is a monocyclic or bicyclic structure that may 
have one or more Substituents, 

wherein, 

X represents a C alkyl group which may have one or 
more Substituents, or Such; 

Z" and Zf each independently represent a nitrogen atom 
or a group represented by the formula-CR-; 

R" and R independently represent a hydrogen atom, a 
C. alkyl group which may have one or more 
Substituents, or a C- alkoxy group which may have 
one or more Substituents, or Such. 

These are novel compounds that exhibit an excellent DPPIV 
inhibiting activity. 
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CONDENSED IMIDAZOLE DERVATIVES 

TECHNICAL FIELD 

0001. The present invention relates to novel condensed 
imidazole derivatives useful as dipeptidyl peptidase-IV 
(DPPIV) inhibitors and uses thereof. 

BACKGROUND ART 

0002 Dipeptidyl peptidase IV (DPPIV) is a serine pro 
tease which specifically hydrolyzes dipeptide -X-Pro 
(X=arbitrary amino acid) from the free N terminus of a 
polypeptide chain. 
0.003 Glucose-dependent, insulin secretion-stimulating 
hormones, known as incretins (GLP-1. Glucagon-Like Pep 
tide-1 and GIP: Glucose-dependent Insulinotropic Polypep 
tide) Secreted in the digestive tract following meals are 
rapidly hydrolyzed and inactivated by DPPIV. When the 
hydrolysis by DPPIV is suppressed, the action of incretin 
(GLP-1 and GIP) is enhanced, which in turn increases the 
glucose-stimulated Secretion of insulin from the B cells of 
the pancreas. This has been shown to improve hyperglyce 
mia in the oral glucose tolerance test (see Diabetologia 1999 
November, 42(11), 1324-31). In addition, GLP-1 is known 
to be involved in the Suppression of appetite and food intake. 
GLP-1 has also been reported to have the effect of protecting 
the B cells of the pancreas by enhancing cell differentiation 
and proliferation. Thus, a DPPIV inhibitor can be a useful 
therapeutic or preventive agent for diseases with which 
GLP-1 and/or GIP are associated, such as obesity and 
diabetes mellitus. 

0004 Furthermore, there are many reports suggesting a 
relationship between dipeptidyl peptidase IV and various 
diseases as described below. Thus, a DPPIV inhibitor can be 
a therapeutic agent for diseaseS Such as: 
0005 (1) preventive and therapeutic agents for AIDS (see 
Science 1993, 262, 2045-2050), 
0006 (2) preventive and therapeutic agents for 
osteoporosis (see Clinical chemistry 1988, 34, 2499-2501), 
0007 (3) preventive and therapeutic agents for intestinal 
disorders (see Endocrinology 2000, 141, 4013-4020), 
0008 (4) preventive and therapeutic agents for diabetes 
mellitus, obesity, and hyperlipidemia (see Diabetes 1998, 
47, 1663-1670; and Life Sci 2000, 66(2), 91-103), 
0009 (5) preventive and therapeutic agents for angiogen 
esis (see Agents and Actions 1991, 32, 125-127), 
0010 (6) preventive and therapeutic agents for infertility 
(see International Publication WO 00/56296), 
0011 (7) preventive and therapeutic agents for inflam 
matory diseases, autoimmune diseases, and chronic rheu 
matoid arthritis (see The Journal of Immunology 2001, 166, 
2041-2048), and 
0012 (8) preventive and therapeutic agents for cancer 
(see Br J Cancer 1999 March, 79(7-8), 1042-8; and J Androl 
2000 March-April, 21(2), 220-6). 
0013 Some DPPIV inhibitors are disclosed in the Pub 
lication of U.S. Pat. No. 2002/0161001; International Pub 
lication WO 03/004496; and Publication of U.S. Pat. No. 
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2002/0198205. However, there is no known DPPIV inhibitor 
having a hypoxanthine or imidazopyridaZinone structure 
backbone. 

0014) A compound having DPPIV-inhibiting activity that 
can be used as a pharmaceutical agent is being anxiously 
Sought as described above. However, a compound with 
excellent DPPIV-inhibiting activity, which is also highly 
useful as a clinically effective pharmaceutical is yet to be 
discovered. Specifically, an objective of the present inven 
tion is to provide compounds having DPPIV-inhibiting 
activity, which can be used as preventive, therapeutic, or 
alleviating agents for diabetes mellitus or Such diseases. 

DISCLOSURE OF THE INVENTION 

0015 The present inventors conducted extensive studies 
in View of the above background. As a result, they Succeeded 
in Synthesizing novel condensed imidazole derivatives, 
including hypoxanthine and imidazopyridaZinone deriva 
tives. To complete the present invention they also found that 
these compounds had excellent DPPIV-inhibiting activity. 
Specifically, the present invention comprises: 
0016. 1 a compound represented by the following for 
mula, or a Salt or hydrate thereof, 

X 
1. M 

R YN N 
X-N Tl Z2 M 

s N 

wherein, 

(I) 

0017) 
0018 T represents a monocyclic or bicyclic 4- to 
12-membered heterocyclic group containing one or two 
nitrogen atoms in the ring, that may have one or more 
Substituents, 
0019 X represents a C alkyl group which may have 
one or more Substituents, a C- alkenyl group which may 
have one or more Substituents, a C- alkynyl group which 
may have one or more Substituents, a Co aryl group which 
may have one or more substituents, a 5 to 10-membered 
heteroaryl group which may have one or more Substituents, 
a Co aryl C. alkyl group which may have one or more 
Substituents, or a 5 to 10-membered heteroaryl C alkyl 
group which may have one or more Substituents, 
0020 Z' and Z each independently represent a nitrogen 
atom or a group represented by the formula-CR=; 
0021) R' and R each independently represent a group 
according to the formula -A-A-A 
0022 (wherein 

0023) A represents a single bond or a C- alkylene 
group, which may have 1 to 3 Substituents Selected 
from group B consisting of the Substituents 
described below; 

0024) A represents a single bond, an oxygen atom, 
a Sulfur atom, a Sulfinyl group, a Sulfonyl group, a 
carbonyl group, a group represented by the formula 
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-O-CO-, a group represented by the formula 
-CO-O-, a group represented by the formula 
-NR-, a group represented by the formula 
-CO-NR-, a group represented by the formula 
-NR-CO-, a group represented by the formula 
-SO-NR^-, or a group represented by the for 
mula -NR-SO-; 

0025 A and R^ each independently represent a 
hydrogen atom, a halogen atom, a cyano group, a 
C, alkyl group, a Css cycloalkyl group, a C-6 
alkenyl group, a C- alkynyl group, Co aryl group, 
a 5 to 10-membered heteroaryl group, a 4 to 8-mem 
bered heterocyclic group, a 5 to 10-membered het 
eroaryl C-6 alkyl group, a Co-o aryl C-6 alkyl 
group, or a C2-7 alkylcarbonyl group; 

0026 however, A and R^ each independently may 
have 1 to 3 Substituents selected from the Substituent 

group B described below: 

0027) when Z is a group represented by the formula 
-CR=, R', and R may in combination form a 5 to 
7-membered ring, 

0028) except in cases where: 1) R' is a hydrogen atom; 
Z" is a nitrogen atom; and Z is -CH=; and 2 Z is a 
nitrogen atom; and Z is -C(OH)=; 

0029) <Substituent group B> 

0030) Substituent group B represents the group con 
Sisting of a hydroxyl group, a mercapto group, a 
cyano group, a nitro group, a halogen atom, a trif 
luoromethyl group, a C alkyl group which may 
have one or more Substituents, a Cas cycloalkyl 
group, a C2-alkenyl group, a C2-alkynyl group, a 
Co aryl group, a 5 to 10-membered heteroaryl 
group, a 4 to 8-membered heterocyclic group, a C 
alkoxy group, a C- alkylthio group, a group repre 
sented by the formula -SO-NR'-R', a group 
represented by the formula -NR'-CO-R', a 
group represented by the formula -NR'-R' 
(where R'' and R' each independently represent a 
hydrogen atom or a C- alkyl group), a group 
represented by the formula -CO-R' (where R' 
represents a 4 to 8-membered heterocyclic group), a 
group represented by the formula-CO-R-R' 
and a group represented by the formula -CH2 
CO-R-R' (where R'' represents a single 
bond, an oxygen atom, or a group represented by the 
formula-NR—; R and Reach independently 
represent a hydrogen atom, a C- alkyl group, a Cas 
cycloalkyl group, a C2-alkenyl group, a C2-alky 
nyl group, a Co aryl group, a 5 to 10-membered 
heteroaryl group, a 4 to 8-membered heterocyclic 
C, alkyl group, a Co-o aryl C-6 alkyl group, or a 5 
to 10-membered heteroaryl Ce alkyl group)), and 
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0031) 2) the compound according to 1), or a salt or 
hydrate thereof, wherein T is, 
0032 a group represented by the following formula: 

ry 
N 

0033 (wherein, n and m each independently represent 0 
or 1) which may have one or more Substituents; 
0034) an azetidin-1-yl group which may have one or 
more Substituents, 
0035 a pyrrolidin-1-yl group which may have one or 
more Substituents, 
0036) a piperidin-1-yl group which may have one or more 
Substituents, or 
0037 an azepan-1-yl group which may have one or more 
Substituents, 
0038 3 the compound according to 1), or a salt or 
hydrate thereof, wherein T is, 

0039 a group represented by the following formula: 

N 
0040 (where n and m each independently represent 0 or 
1); 
0041 an azetidin-1-yl group which may have an amino 
grOup, 

0042 a pyrrolidin-1-yl group which may have an amino 
grOup, 

0043 a piperidin-1-yl group which may have an amino 
group, or 

0044) an azepan-1-yl group which may have an amino 
grOup, 

0045 4 the compound according to 1), or a salt or 
hydrate thereof, wherein T is a piperazin-1-yl group or a 
3-aminopiperidin-1-yl group; 
0046 5) the compound according to 1), or a salt or 
hydrate thereof, wherein T is a piperazin-1-yl group; 
0047 6 the compound according to any one of 1 to 
5), or a salt or hydrate thereof, wherein X is a group 
represented by the formula-X-X (where X, represents 
a single bond or a methylene group which may have one or 
more Substituents; X represents a Coalkenyl group which 
may have one or more Substituents, a C- alkynyl group 
may have one or more Substituents, or a phenyl group which 
may have one or more Substituents); 
0048 7 the compound according to any one of 1 to 
5), or a salt or hydrate thereof, wherein X is a group 
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represented by the formula -X'-X' (where X' repre 
sents a single bond or a methylene group; X' represents a 
C2-alkenyl group, a C2-alkynyl group, or a phenyl group 
which may have one or more Substituents); 
0049) 8 the compound according to 6 or 7), or a salt 
or hydrate thereof, wherein the phenyl group that may have 
one or more Substituents is a phenyl group which may have 
at the 2-position a Substituent Selected from the group 
consisting of a hydroxyl group, a fluorine atom, a chlorine 
atom, a methyl group, an ethyl group, a fluoromethyl group, 
a Vinyl group, a methoxy group, an ethoxy group, an acetyl 
group, a cyano group, a formyl group, and a C2-7 alkoxy 
carbonyl group; 
0050 9 the compound according to any one of 1 to 
5), or a salt or hydrate thereof, wherein X is a 3-methyl 
2-buten-1-yl group, a 2-butyn-1-yl group, a benzyl group, or 
a 2-chlorophenyl group; 
0051) 10 the compound according to any one of 1 to 
5), or a salt or hydrate thereof, wherein X is a 2-butyn-1-yl 
grOup, 

0.052 11 the compound according to any one of 1 to 
10), or a salt or hydrate thereof, wherein either the Z or Zf 

is a nitrogen atom; 
0.053 12 the compound according to any one of 1 to 
10, or a salt or hydrate thereof, wherein, 
0054 Z' is a nitrogen atom; and 
0055 Z’ is a group represented by the formula –CR’= 

0056 (where R is as defined above in 1); 
0057 13 the compound according to any one of 1 to 
10, or a Salt or a hydrate thereof, wherein, 
0.058 Z is a nitrogen atom; and 
0059) Z' is a group represented by the formula –CR= 

0060 (where R is as defined above in 1); 
0061 14 the compound according to any one of 1 to 
13, or a salt or hydrate thereof, 
0062) wherein R represents a hydrogen atom, or a group 
represented by the formula -A'-A'-A' 
0063 (where 

0064.) A' represents a C alkylene group which 
may have 1 to 3 substituents selected from the 
substituent group C described below; 

0065 A' represents a single bond, an oxygen atom, 
a Sulfur atom or a carbonyl group; 

0066 A' represents a hydrogen atom, a Co aryl 
group which may have 1 to 3 Substituents Selected 
from the substituent group C described below, a 5 to 
10-membered heteroaryl group which may have 1 to 
3 substituents selected from the Substituent group C 
described below, a 5 to 10-membered heteroaryl C. 
alkyl group which may have 1 to 3 Substituents 
Selected from the Substituent group C described 
below, or a Co aryl C. alkyl group which may 
have 1 to 3 Substituents selected from the Substituent 
group C described below: 
0067 <Substituent group C> 
0068 Substituent group C represents the group 
consisting of a hydroxyl group, a nitro group, a 
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cyano group, a halogen atom, a C- alkyl group, 
a C- alkoxy group, a C- alkylthio group, a 
trifluoromethyl group, a group represented by the 
formula -NR-R° (where each of R and 
R independently represent a hydrogen atom or 
C, alkyl group), a group represented by the for 
mula -CO-R-R" and a group represented 
by, the formula —CH-CO-R-R" (where 
R represents a single bond, an oxygen atom, or a 
group represented by the formula-NR - R' 
and Reach independently represent a hydrogen 
atom or a C-6 alkyl group)); 

0069. 15 the compound according to any one of 1 to 
13, or a salt or hydrate thereof, 
0070 wherein R is a hydrogen atom, a C, alkyl group 
which may have 1 to 3 substituents selected from the 
substituent group C described below, a 5 to 10-membered 
heteroaryl C alkyl group which may have 1 to 3 Substitu 
ents Selected from the Substituent group C described below, 
or a Co aryl C. alkyl group which may have 1 to 3 
Substituents Selected from the Substituent group C described 
below: 

0071 <Substituent group C> 
0072 Substituent group C represents the group con 
Sisting of a hydroxyl group, a nitro group, a cyano 
group, a halogen atom, a C alkyl group, a C 
alkoxy group, a C- alkylthio group, a trifluorom 
ethyl group, a group represented by the formula 
-NR-R' (where each of R and R' indepen 
dently represents a hydrogen atom or a C- alkyl 
group), a group represented by the formula -CO 
R-R" and a group represented by the formula 
—CH2—CO-R-R' (where R represents a 
Single bond, an OXygen atom, or a group represented 
by the formula -NR-; R' and Reach inde 
pendently represent a hydrogen atom or a C- alkyl 
group); 

0073) 16 the compound according to 14 or 15, or a 
Salt or hydrate thereof, wherein the Substituent group C is a 
group consisting of a cyano group, a C alkoxy group, a 
C., alkoxycarbonyl group, and a halogen atom; 
0074 17 the compound according to any one of 1 to 
13), or a salt or hydrate thereof, wherein R is a methyl 
group, a cyanobenzyl group, a fluorocyanobenzyl group, a 
phenethyl group, a 2-methoxyethyl group, or a 4-methoxy 
carbonylpyridin-2-yl group; 

0075) 18 the compound according to any one of 1 to 
13), or a salt or hydrate thereof, wherein R is a methyl 
group or a 2-cyanobenzyl group; 

0076) 19 the compound according to any one of 1 to 
18), or a salt or hydrate thereof, 
0077 wherein R is a hydrogen atom, a cyano group, or 
a group represented by the formula -A-A’ 

0078 (where 
0079 A represents a single bond, an oxygen atom, 
a Sulfur atom, a Sulfinyl group, a Sulfonyl group, a 
carbonyl group, a group represented by the formula 
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-O-CO-, a group represented by the formula 
-CO-O-, a group represented by the formula 
-NR^* , a group represented by the formula 
-CO-NR^-, or a group represented by the 
formula-NR^*-CO-; 

0080 A’ and R^ each independently represent a 
hydrogen atom, a cyano group, a C- alkyl group, a 
Css cycloalkyl group, a C- alkenyl group, a C-6 
alkynyl group, a Co aryl group, a 5- to 10-mem 
bered heteroaryl group, a 4- to 8-membered hetero 
cyclic group, a 5- to 10-membered heteroaryl C. 
alkyl group, or a Co aryl Ce alkyl group; 

0081 however, A’ and R^* each may indepen 
dently have 1 to 3 substituents selected from the 
substituent group D described below: 
0082 <Substituent group D> 
0083) Substituent group D represents the group 
consisting of: a hydroxyl group, a cyano group, a 
nitro group, a halogen atom, a C- alkyl group, a 
C-6 alkoxy group, a C- alkylthio group, a trif 
luoromethyl group, a group represented by the 
formula-NRP-RP (where RP and RPP each 
independently represent a hydrogen atom or a C 
alkyl group), a group represented by the formula 
-CO-RP (where RP represents a 4 to 8-mem 
bered heterocyclic group), and a group repre 
Septed by the formula -CO-RP-RP (where 
R represents a single bond, an oxygen atom, or a 
group represented by the formula - NRP-; RP 
and RPeach independently represent a hydrogen 
atom, a Css cycloalkyl group, or a C- alkyl 
group)); 

0084 20 the compound according to any one of 1 to 
18), or a salt or hydrate thereof, 
0085 wherein R represents a hydrogen atom, a cyano 
group, a carboxy group, a C-7 alkoxycarbonyl group, a C 
alkyl grgup, a group represented by the formula 
–CONRRP (where RP7 and RP each independently 
represent a hydrogen atom or a C- alkyl group), or a group 
represented by the formula -A-A" 
0086) (where 

0087. A represents an oxygen atom, a sulfur atom 
or a group represented by the formula -NR^-; 

0088 A' and R^ each independently represent a 
hydrogen atom, a C- alkyl group which may have 
a Substituent Selected from the Substituent group D1 
described below, a Cs cycloalkyl group which may 
have a Substituent selected from the Substituent 
group D1 described below, a C- alkenyl group 
which may have a substituent selected from the 
Substituent group D1 described below, a C- alkynyl 
group which may have a Substituent Selected from 
the substituent group D1 described below, a phenyl 
group which may have a Substituent Selected from 
the substituent group D1 described below, or a 5 to 
10-membered heteroaryl group which may have a 
substituent selected from the substituent group D1 
described below: 

0089) <Substituent group D12 
0090 Substituent group D1 represents the group 
consisting of a carboxy group, a C2-7 alkoxycar 
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bonyl group, a C- alkyl gpg oup rep; 
sented by the formula-CONRP7RP (where RP7 
and RPeach independently represent a hydrogen 
atom or Ce alkyl group), a pyrrolidin-1-ylcarbo 
nyl group, a C- alkyl group, and a C- alkoxy 
group); 

0091 21 the compound according to any one of 1 to 
18), or a salt or hydrate thereof, 
0092 wherein R represents a hydrogen atom, a cyano 
group, a C- alkoxy group, or a group represented by the 
formula -A-A 

0093 (where 
0094) A represents an oxygen atom, a sulfur atom, 
or a group represented by the formula -NR^-; 

0.095 A and R^* each independently represent a 
hydrogen atom, a C- alkyl group having a Substitu 
ent selected from the substituent group D1 described 
below, a Cas cycloalkyl group having a Substituent 
selected from the substituent group D1 described 
below, or a phenyl group having a Substituent 
selected from the substituent group D1 described 
below: 

0096) <Substituent group D12 
0097 Substituent group D1 represents the group 
consisting of a carboxy group, a C2-7 alkoxycar 
bonyl group, a C- alkyl group, a group repre 
sented by the formula-CONRPRP (where RP7 
and RP each independently represent a hydrogen 
atom or a C- alkyl group), pyrrolidin-1-ylcarbo 
nyl group, a C- alkyl group, and a C- alkoxy 
group); 

0098 22 the compound according to any one of 1 to 
18), or a salt or hydrate thereof, 
0099 wherein R is a hydrogen atom, a cyano group, a 
methoxy group, a carbamoylphenyloxy group, or a group 
represented by the following formula: 

O A29 

A28 --> O No A27 A281 A27 O 

O 

O A281 XX 
O 

0100 (where A represents an oxygen atom, a sulfur 
atom, or -NH-; A and A’ each independently represent 
a hydrogen atom or a C- alkyl group); 
0101 23 the compound according to any one of 1 to 
18), or a salt or hydrate thereof, wherein R is a hydrogen 
atom, a cyano group, or a 2-carbamoylphenyloxy group; 
0102 24 the compound according to 1), or a salt or 
hydrate thereof, wherein the compound of formula (I) indi 
cated above is any one Selected from the group consisting of: 
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0103) 7-(2-butynyl)-2-cyano-1-methyl-8-(piperazin-1- 
yl)-1,7-dihydropurin-6-one, 

0104 3-(2-butynyl)-5-methyl-2-(piperazin-1-yl)-3,5- 
dihydroimidazo4,5-dpyridazin-4-one, 

0105 2-(3-aminopiperidin-1-yl)-3-(2-butynyl)-5-me 
thyl-3,5-dihydroimidazo[4,5-dpyridazin-4-one, 

0106] 2-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin 
1-yl)-6,7-dihydro-1H-purin-2-yloxybenzamide, 

0107 7-(2-butynyl)-1-(2-cyanobenzyl)-6-oxo-8-(pip 
erazin-1-yl)-6,7-dihydro-1H-purine-2-carbonitrile, and 

0108) 2-3-(2-butynyl)-4-oxo-2-(piperazin-1-yl)-3,4- 
dihydroimidazo[4,5-dpyridazin-5-ylmethylbenzoni 
trile; 

0109 25 a pharmaceutical agent comprising a com 
pound of any one of 1 to 24; 
0110 26 a dipeptidyl peptidase IV inhibitor comprising 
a compound of any one of 1 to 24, 
0111 27 a pharmaceutical composition comprising a 
compound of any one of 1 to 24 and an adjuvant useful 
for formulation; 

0112 28 a preventive or a therapeutic agent for diabetes 
mellitus, which comprises a compound of any one of 1 to 
24; 
0113 29 a preventive or therapeutic agent, which com 
prises a compound of any one of 1 to 24, for diabetes 
mellitus, obesity, hyperlipidemia, AIDS, osteoporosis, a 
gastrointestinal disorder, angiogenesis, infertility, an inflam 
matory disease, an allergic disease, or cancer, 

0114 30 an immunomodulator, a hormone modulator, 
or an anti-rheumatic drug, which comprises a compound of 
any one of 1 to 24, 
0115 31 a therapeutic or preventive method for a 
disease in which the inhibition of dipeptidyl peptidase IV is 
effective, wherein the method comprises administering to a 
patient a compound of any one of 1 to 24, or a Salt or 
hydrate thereof, in a pharmaceutically effective amount; 

0116 32 the use of a compound of any one of 1 to 
24), or a Salt or hydrate thereof, in producing a pharma 
ceutical agent; 

0117 33 the use of a compound of any one of 1 to 
24), or a Salt or hydrate thereof, in producing a therapeutic 
or preventive agent for a disease in which the inhibition of 
dipeptidyl peptidase IV is effective; 
0118 34 a compound represented by the following 
formula, or a Salt or hydrate thereof 

O 
X0 
M 

RN N 
M T0 

7s, N 
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0119) wherein, 
0120 T represents, 

0121 a group represented by T described above in 
1), a pyridyl group which may have one or more 
Substituents, a pyridinium group which may have 
one or more Substituents, a group represented by the 
following formula: 

r r 

S 
HN 

0122) a group, which may have one or more 
Substituents, represented by the following formula: 

NH 

0123) (where n and m each independently repre 
sent 0 or 1), or a group, which may have one or more 
Substituents, represented by the following formula: 

NH 

0124 (where n and m each independently repre 
sent 0 or 1); 

0125 X represents a Cas cycloalkyl group which may 
have one or more Substituents, a C- alkyl group which may 
have one or more Substituents, a C- alkenyl group which 
may have one or more Substituents, a C- alkynyl group 
which may have one or more Substituents, a Co aryl group 
which may have one or more Substituents, a 5 to 10-mem 
bered heteroaryl group which may have one or more Sub 
Stituents, a Caryl C alkyl group which may have one 
or more Substituents, or a 5 to 10-membered heteroaryl C. 
alkyl group which may have one or more Substituents, and 

0126) R', Z' and Z are, as defined above in 1); 
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0127 35 a compound represented by the following 
formula, or a Salt or hydrate thereof, 

O 
X 

A 
Z1 N 

J. X-N T1 
7s N 

R1 

0128 wherein R', R, T, Z' and Z are, as defined above 
in 1; 
0129 36 a compound represented by the following 
formula, or a Salt or hydrate thereof, 

O 

* 1. 

RS N 
N T1 X 

R21 N 

0130 wherein R', R, T, Z' and Ziare, as defined above 
in 1; 
0131 37 a compound represented by the following 
formula, or a Salt or hydrate thereof, 

O 

RS N 
X-r Nin N 
Yps 

0132) wherein, 
0133) R' is as defined above in 1) 
0134) RP represents a t-butoxycarbonyloxy group, a tri 
tyl group or a group represented by the formula -SO2NH2, 
and 

0135) T' represents a halogen atom or a hydrogen atom; 
0.136 38 a compound represented by the following 
formula, or a Salt or hydrate thereof, 

O 

RS 
X-r" NN N 
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0137 wherein, 

0138) R' is as defined above in 1; and 
013:9) T' represents a halogen atom or a group repre 
sented by the following formula: 

N N-T13 

0140) (where T represents a t-butoxycarbonyl group, a 
benzyloxycarbonyl group, or a formyl group)); 

0141 39 a compound represented by the following 
formula, or a Salt or hydrate thereof, 

O X 

M 
RS N 

M T12 

0142 wherein, 

0143 R' and X are as defined above in 1), respectively; 
and 

0144) T° represents a halogen atom; 
0145 40 a compound represented by the following 
formula, or a Salt or hydrate thereof, 

T21 
X 

A 
N21 N 11 

T22 N N 

0146 wherein, 

0147 X is as defined above in 1), except when X is a 
benzyl group; 

0.148 T21 and T22 each independently represent a halo 
gen atom; and 
0149) T' represents a halogen atom or a group repre 
sented by the following formula: 

N N-T13 

0150 (where T represents a t-butoxycarbonyl group, a 
benzyloxycarbonyl group, or a formyl group)); 
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0151. 41 a compound represented by the following 
formula, or a Salt or hydrate thereof 

O 
X 

R N 
YN / V 
1s X-N N-T13 

T22 s N \ / 

0152 wherein, 
0153 
0154) 
O155 T represents a t-butoxycarbonyl group, a benzy 
loxycarbonyl group, or a formyl group; 

X and R' are as defined above in 1), respectively; 
Tf represents a halogen atom; and 

0156 42 a compound represented by the following 
formula, or a Salt or hydrate thereof 

(I) 
O 

* R 

X- 1. N T 
2 M 
7s, N 

O157 wherein, 
0158 the ring of T represents a monocyclic or bicyclic 
6- to 12-membered heterocyclic group containing two nitro 
gen atoms in the ring, which may have one or more 
Substituents, 

0159 X represents a C- alkyl group which may 
have one or more Substituents, a C- alkenyl group 
which may have one or more Substituents, a C 
alkynyl group which may have one or more Substitu 
ents, a Co aryl group which may have one or more 
Substituents, a 5 to 10-membered heteroaryl group 
which may have one or more Substituents, a Co 
aryl C alkyl group which may have one or more 
Substituents, or a 5 to 10-membered heteroaryl C. 
alkyl group which may have one or more Substitu 
ents, 

0160 X may form a bond with an atom constituting the 
ring of T'; 
0161 Z' and Z each independently represent a nitrogen 
atom or a group represented by the formula-CR=; 
0162) R' and R independently represent a hydrogen 
atom, a 4- to 8-membered heterocyclic group which may 
have one or more Substituents, or a group represented by the 
formula -A-A-A 

0163 (where 
0164) A represents a single bond or a C alkylene 
group that may have 1 to 3 Substituents Selected from 
the substituent group B described below; 

0.165 A1 represents a single bond, an oxygen atom, 
a Sulfur atom, a Sulfinyl group, a Sulfonyl group, a 
carbonyl group, a group represented by the formula 
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-O-CO-, a group represented by the formula 
-CO-O-, a group represented by the formula 
-NR-, a group represented by the formula 
-CO-NR^-, a group represented by the formula 
-NR-CO-, a group represented by the formula 
-SO-NR^-, or a group represented by the for 
mula -NR-SO-; 

0166 A and R^ each independently represent a 
hydrogen atom, a C- alkyl group, a Cs cycloalkyl 
group, a C2-alkenyl group, a C2-alkynyl group, a 
Co aryl group, a 5 to 10-membered heteroaryl 
group, or a 4 to 8-membered heterocyclic group. 
However, A and R^ each may independently have 1 
to 3 Substituents Selected from the Substituent group 
B described below: 

0167 except in cases where: (i) both R" and R are 
hydrogen atoms, and (ii) R is a hydroxyl group. 

0168 <Substituent B group> 
0169. Substituent group B represents the group con 
Sisting of a hydroxyl group, a cyano group, a 
halogen atom, a C- alkyl group, a C-8 cycloalkyl 
group, a C2-alkenyl group, a C2-alkynyl group, a 
Co aryl group, a 5 to 10-membered heteroaryl 
group, a 4 to 8-membered heterocyclic group, a C 
alkoky group, a C- alkylthio group, and a group 
represented by the formula-CO-R-R' (where 
R" represents a single bond, an oxygen atom, or a 
group represented by the formula -NR' ; R' 
and R' each independently represent a hydrogen 
atom, a C- alkyl group, a Css cycloalkyl group, a 
C2-6 alkenyl group, a C2-6 alkynyl group, a C6-10 aryl 
group, a 5 to 10-membered heteroaryl group, a Co 
aryl C. alkyl group, a 5 to 10-membered heteroaryl 
C. alkyl group, a 1-pyrrolidinyl group, 1-morpholi 
nyl group, a 1-piperazinyl group, or a 1-piperidyl 
group)); 

DETAILED DESCRIPTION OF THE 
INVENTION 

0170 The present invention is illustrated in detail below. 
0171 Herein, a structural formula of a compound some 
times represents a certain isomer for convenience of descrip 
tion. However, compounds of the present invention may 
include all possible isomers, Such as Structurally possible 
geometric isomers, optical isomers generated due to the 
presence of asymmetric carbons, Stereoisomers, tautomers, 
and mixtures of isomers, and are not limited to formulae 
being used for the convenience of description, and may be 
either of two isomers or a mixture of both isomers. Thus, 
compounds of the present invention may be either optically 
active compounds having an asymmetric carbon atom in 
their molecules or their racemates, and are not restricted to 
either of them but include both. Furthermore, compounds of 
the present invention may exhibit crystalline polymorphism, 
but likewise are not restricted to any one of these but may 
be in any one of these crystal forms or exist as a mixture of 
two or more crystal forms. Compounds of the present 
invention also include both anhydrous and hydrated forms. 
Substances produced through in Vivo metabolism of com 
pounds of the invention are also within the Scope of claims. 

0172 The terms and symbols used herein are defined and 
the present invention is described in detail below. 
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0173 AS used herein, the phrase “C. alkyl group” refers 
to a linear or branched alkyl group containing 1 to 6 carbon 
atoms, which is a monovalent group obtained by removal of 
any one of the hydrogen atoms from an aliphatic hydrocar 
bon containing 1 to 6 carbons, and Specifically, includes, for 
example, a methyl group, an ethyl group, a 1-propyl group, 
a 2-propyl group, a 2-methyl-1-propyl group, a 2-methyl 
2-propyl group, a 1-butyl group, a 2-butyl group, a 1-pentyl 
group, a 2-pentyl group, a 3-pentyl group, a 2-methyl-1- 
butyl group, a 3-methyl-1-butyl group, a 2-methyl-2-butyl 
group, a 3-methyl-2-butyl group, a 2,2-dimethyl-1-propyl 
group, a 1-hexyl group, a 2-hexyl group, a 3-hexyl group, a 
2-methyl-1-pentyl group, a 3-methyl-1-pentyl group, a 
4-methyl-1-pentyl group, a 2-methyl-2-pentyl group, a 
3-methyl-2-pentyl group, a 4-methyl-2-pentyl group, a 
2-methyl-3-pentyl group, a 3-methyl-3-pentyl group, a 2,3- 
dimethyl-1-butyl group, a 3,3-dimethyl-1-butyl group, a 
2,2-dimethyl-1-butyl group, a 2-ethyl-1-butyl group, a 3.3- 
dimethyl-2-butyl group, and a 2,3-dimethyl-2-butyl group. 

0174 As used herein, the phrase “C. alkenyl group” 
refers to a linear or branched alkenyl group containing 2 to 
6 carbons, and Specifically includes, for example, a vinyl 
group, an allyl group, a 1-propenyl group, a 2-propenyl 
group, a 1-butenyl group, a 2-butenyl group, a 3-butenyl 
group, a pentenyl group, and a hexenyl group. 

0175 AS used herein, the phrase “C. alkynyl group” 
refers to a linear or branched alkynyl group containing 2 to 
6 carbons, and Specifically includes, for example, an ethynyl 
group, a 1-propynyl group, a 2-propynyl group, a butynyl 
group, a pentynyl group, and a heXynyl group. 

0176). As used herein, the phrase “Cs cycloalkyl group” 
refers to a cyclic aliphatic hydrocarbon group containing 3 
to 8 carbon atoms, and Specifically includes, for example, a 
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, 
a cyclohexyl group, a cycloheptyl group, and a cyclooctyl 
grOup. 

0177 As used herein, the phrase “C. alkylene group” 
refers to a divalent group obtained by removal of another 
arbitrary hydrogen atom from a “C. alkyl group' defined 
above, and Specifically includes, for example, a methylene 
group, a 1,2-ethylene group, a 1,1-ethylene group, a 1,3- 
propylene group, a tetramethylene group, a pentamethylene 
group, and a hexamethylene group. 

0.178 As used herein, the phrase “Cs cycloalkylene 
group” refers to a divalent group obtained by removal of 
another arbitrary hydrogen atom from a "Cs cycloalkyl 
group' defined above. 
0179 AS used herein, the phrase “C. alkoxy group” 
refers to an oxy group linked to a "Ce alkyl group' defined 
above, and Specifically includes, for example, a methoxy 
group, an ethoxy group, a 1-propyloxy group, a 2-propyloxy 
group, a 2-methyl-1-propyloxy group, a 2-methyl-2-propy 
loxy group, a 1-butyloxy group, a 2-butyloxy group, a 
1-pentyloxy group, a 2-pentyloxy group, a 3-pentyloxy 
group, a 2-methyl-1-butyloxy group, a 3-methyl-1-butyloxy 
group, a 2-methyl-2-butyloxy group, a 3-methyl-2-butyloxy 
group, a 2,2-dimethyl-1-propyloxy group , a 1-hexyloxy 
group, a 2-hexyloxy group, a 3-hexyloxy group, a 2-methyl 
1-pentyloxy group, a 3-methyl-1-pentyloxy group, a 4-me 
thyl-1-pentyloxy group, a 2-methyl-2-pentyloxy group, a 
3-methyl-2-pentyloxy group, a 4-methyl-2-pentyloxy group, 
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a 2-methyl-3-pentyloxy group, a 3-methyl-3-pentyloxy 
group, a 2,3-dimethyl-1-butyloxy group, a 3,3-dimethyl-1- 
butyloxy group, a 2,2-dimethyl-1-butyloxy group, a 2-ethyl 
1-butyloxy group, a 3,3-dimethyl-2-butyloxy group, and a 
2,3-dimethyl-2-butyloxy group. 

0180. As used herein, the phrase “C. alkylthio group” 
refers to a thio group linked to a "Ce alkyl group' defined 
above, and Specifically includes, for example, a methylthio 
group, an ethylthio group, a 1-propylthio group, a 2-propy 
lthio group, a butylthio group, and a pentylthio group. 
0181 AS used herein, the phrase “C., alkoxycarbonyl 
group” refers to a carbonyl group linked to a "Ce alkoxy 
group' defined above, and Specifically includes, for 
example, a methoxycarbonyl group, an ethoxycarbonyl 
group, a 1-propyloxycarbonyl group, and a 2-propyloxycar 
bonyl group. 

0182 As used herein, the phrase “C., alkylcarbonyl 
group” refers to a carbonyl group linked to a "Ce alkyl 
group' defined above, and Specifically includes, for 
example, a methylcarbonyl group, an ethylcarbonyl group, a 
1-propylcarbonyl group, and a 2-propylcarbonyl group. 

0183 AS used herein, the term “halogen atom” refers to 
a fluorine atom, a chlorine atom, a bromine atom, or an 
iodine atom. 

0.184 As used herein, the phrase “Co aryl group” refers 
to an aromatic cyclic hydrocarbon group containing 6 to 10 
carbon atoms, and Specifically includes, for example, a 
phenyl group, a 1-naphthyl group, and a 2-naphthyl group. 

0185. As used herein, the term “heteroatom” refers to a 
Sulfur atom, an oxygen atom, or a nitrogen atom. 
0186. As used herein, the phrase “5 to 10-membered 
heteroaryl ring refers to an aromatic 5 to 10-membered ring 
containing one or more heteroatoms, and Specifically 
includes, for example, a pyridine ring, a thiophene ring, a 
furan ring, a pyrrole ring, an oxazole ring, an isoxazole ring, 
a thiazole ring, a thiadiazole ring, an isothiazole ring, an 
imidazole ring, a triazole ring, a pyrazole ring, a furazan 
ring, a thiadiazole ring, an OXadiazole ring, a pyridazine 
ring, a pyrimidine ring, a pyrazine ring, a triazine ring, 
indole ring, an isolindole ring, an indazole ring, a chromene 
ring, a quinoline ring, an isoquinoline ring, a cinnoline ring, 
a quinazoline ring, a quinoxaline ring, a naphthyridine ring, 
a phthalazine ring, a purine ring, a pteridine ring, a thieno 
furan ring, an imidazothiazole ring, a benzofuran ring, a 
benzothiophene ring, a benzoxazole ring, a benzothiazole 
ring, a benzothiadiazole ring, a benzimidazole ring, an 
imidazopyridine ring, a pyrrolopyridine ring, a pyrrolopy 
rimidine ring, and a pyridopyrimidine ring. Preferable “5 to 
10-membered heteroaryl rings' include a pyridine ring, a 
thiophene ring, a furan ring, a pyrrole ring, an imidazole 
ring, a 1,2,4-triazole ring, a thiazole ring, a thiadiazole ring, 
a pyrazole ring, a furazan ring, a thiadiazole ring, a 
pyridazine ring, a pyrimidine ring, a pyrazine ring, an 
isoquinoline ring, a benzoxazole ring, a benzothiazole ring, 
and a benzimidazole ring. The most preferable example is a 
pyridine ring. 

0187. As used herein, the phrase “5 to 10-membered 
heteroaryl group' refers to a monovalent or divalent group 
obtained by removal of any one or two hydrogen atoms from 
a “5 to 10-membered heteroaryl ring” described above. 
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0188 As used herein, the phrase “4 to 8-membered 
heterocyclic ring” refers to a non-aromatic ring in which: 

0189 (i) the number of atoms constituting the ring is 4 to 
8; 

0190 (ii) the atoms constituting the ring include 1 to 2 
heteroatoms, 

0191 (iii) the ring may contain 1 to 2 double bonds; 
0192 (iv) the ring may contain 1 to 3 carbonyl groups; 
and 

0193 (v) the ring is monocyclic. 
0194 Specifically, the 4 to 8-membered heterocyclic ring 
includes, for example, an azetidine ring, a pyrrolidine ring, 
a piperidine ring, an azepan ring, an azocane ring, a tetrahy 
drofuran ring, a tetrahydropyran ring, a morpholine ring, a 
thiomorpholine ring, a piperazine ring, a thiazolidine ring, a 
dioxane ring, an imidazoline ring, a thiazoline ring, and a 
ring represented by one of the formulae: 

0195 (where s represents an integer from 1 to 3; T“ 
represents a methylene group, an oxygen atom or a group 
represented by the formula-NT*-, wherein T“ represents 
a hydrogen atom or C alkyl group. Preferably the “4- to 
8-membered heterocyclic rings' include a pyrrolidine ring, 
a piperidine ring, an azepan ring, a morpholine ring, a 
thiomorpholine ring, a piperazine ring, a dihydrofuran-2-one 
ring, and a thiazolidine ring. 

0196. As used herein, the phrase “4 to 8-membered 
heterocyclic group' refers to a monovalent or divalent group 
obtained by removal of any one or two hydrogen atoms from 
a “4 to 8-membered heterocycle” described above. Prefer 
ably, the “4 to 8-membered heterocyclic groups” include a 
piperidin-1-yl group, a pyrrolidin-1-yl group, and a mor 
pholin-4-yl group. 

0197) As used herein, the phrase “Co aryl C alkyl 
group” refers to a group obtained by Substitution of a “Co 
aryl group' defined above for an arbitrary hydrogen atom in 
a “C. alkyl group' defined above, and Specifically 
includes, for example, a benzyl group, a phenethyl group, 
and a 3-phenyl-1-propyl group. 

0198 As used herein, the phrase “5 to 10-membered 
heteroaryl C. alkyl group' refers to a group obtained by 
substitution of a “5 to 10-membered heteroaryl group” 
defined above for an arbitrary hydrogen atom in a "Ce alkyl 
group' defined above, and Specifically, includes for 
example, a 2-pyridylmethyl and a 2-thienylmethyl group. 

0199 AS used herein, the phrase “4 to 8-membered 
heterocyclic C alkyl group” refers to a group obtained by 
substitution of a “4 to 8-membered heterocyclic group” 
defined above for an arbitrary hydrogen atom in a “C. alkyl 
group' defined above. 
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0200 AS used herein, the phrase “monocyclic or bicyclic 
4 to 12-membered heterocyclic group containing one or two 
nitrogen atoms in the ring, that may have one or more 
Substituents' refers to a non-aromatic cyclic group which 
may have one or more Substituents. In the non-aromatic 
cyclic groups: 

0201 (i) the number of atoms constituting the ring of the 
cyclic group is 4 to 12, 
0202 (ii) the atoms constituting the ring of the cyclic 
group include one or two nitrogen atoms, and 
0203 (iii) the group is a monocyclic or bicyclic structure. 
0204 Specifically, the group is represented by the for 
mula: 

R32 R35 R36 

0205 (where n and m each independently represent 0 or 
1; R to R' independently represent a hydrogen atom or a 
Substituent selected from Substituents referred to in the 
phrase “which may have one or more substituents” (the 
substituent group S defined below); any two of R to R' 
may in combination form a C alkylene group). 
0206 AS used herein, the phrase “which may have one or 
more Substituents' means that a group may have one or more 
Substituents in any combination at replaceable positions. 
Specifically, Such Substituents include, for example, a Sub 
stituent selected from the substituent group S defined below. 
0207 
0208 
0209) 
0210) 
0211 
0212 
0213) 
0214) 
0215) 
0216) 
0217) 
0218) 

<Substituent group S> 
This group consists of: 
(1) a halogen atom, 
(2) a hydroxyl group, 
(3) a mercapto group, 
(4) a nitro group, 
(5) a cyano group, 
(6) a formyl group, 
(7) a carboxyl group, 
(8) a trifluoromethyl group, 
(9) a trifluoromethoxy group, 
(10) an amino group, 
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0219 (11) an oxo group, 
0220 (12) an imino group, and 
0221) (13) a group represented by the formula -T-T 
0222 (where 
0223) T is a single bond, a C- alkylene group, an 
oxygen atom, a group represented by the formula -CO-, 
a group represented by the formula -S-, a group repre 
Sented by the formula -S(O)-, a group represented by the 
formula -S(O)-, a group represented by the formula 
-O-CO-, a group represented by the formula -CO 
O-, a group represented by the formula-NR'-, a group 
represented by the formula -CO-NR', a group repre 
sented by the formula-NR'-CO-, a group represented 
by the formula -SO-NR' , a group represented by the 
formula -NR'-SO-, a group represented by the for 
mula -NH-CO-NR'- or a group represented by the 
formula -NH-CS-NR'- 
0224) T represents a hydrogen atom, a C- alkyl group, 
a Cas cycloalkyl group, a C- alkenyl group, a C- alkynyl 
group, a phenyl group, a 1-naphthyl group, a 2-naphthyl 
group, a 5 to 10-membered heteroaryl group or a 4 to 
8-membered heterocyclic group; 

0225) R' represents a hydrogen atom, a C- alkyl group, 
a Cas cycloalkyl group, a C- alkenyl group or a C 
alkynyl group; 

0226 provided that T^* and R' each may independently 
have 1 to 3 Substituents Selected from the Substituent group 
T defined below). 
0227 <Substituent group Ts 
0228. This group consists of hydroxyl, cyano, a halogen 
atom, C- alkyl, Css cycloalkyl, C2-alkenyl, C2-alkynyl, 
phenyl, 1-naphthyl, 2-naphthyl, 5 to 10-membered het 
eroaryl, 4 to 8-membered heterocyclic ring, C. alkoxy, 
C, alkylthio, Cazalkoxycarbonyl group, etc. 
0229. The <substituent group S>preferably consists of: 

0230 (1) a halogen atom, 
0231 (2) a hydroxyl group, 

0232 (3) a cyano group, 

0233 (4) a carboxyl group, 

0234 (5) a trifluoromethyl group, 

0235 (6) a trifluoromethoxy group, 

0236 (7) an amino group, 
0237 (8) a C alkyl group, 

0238 (9) a Cas cycloalkyl group, 

0239 (10) a C- alkenyl group, 

0240 (11) a C- alkynyl group, 

0241 (12) a phenyl group, and 

0242 (13) a C- alkoxy group. 
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0243 AS used herein, the term “group represented by the 
formula: 

N 
0244 (where n and m each independently represent 0 or 
1), which may have one or more Substituents' refers to a 
group represented by the formula: 

R32 R35 R36 

N-R3 

0245 (where R to R' independently represent a hydro 
gen atom or a group Selected from Substituents referred to in 
the phrase “which may have one or more substituents' 
defined above (the Substituent group S defined above); n and 
m each independently represent 0 or 1). The case where 
m=n=0 is preferred. More preferably, the term refers to a 
group represented by one of the formulae: 

)-( R33 O 

31 R 

N-R33 

35 

31 32 

35 R34 R NH2 

R31 R32 

N N-R33 

R34 

0246 (where R, R. R. R', and R independently 
represent a hydrogen atom or a group Selected from Sub 
Stituent groups referred to in the phrase “which may have 
one or more substituents” (the substituent group S defined 
above)); provided that, at least three of R, R., R. R.", 
and Rare hydrogen atoms Still more preferably, the term 
refers to a group represented by one of the formulae: 

/ \ / \ 

-O O C 
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0247 Most preferably, the term refers to a group repre 
sented by the formula: 

N NH. 

0248 AS used herein, the term “group represented by the 
formula: 

ry 
N 

0249 (where n and m each independently represent 0 or 
1) refers to a group represented by one of the formulae: 

r O-O-O. 
0250) As used herein, the term "piperidin-1-yl group 
which may have one or more substituents” refers to a 
"piperidin-1-yl group” which may have one or more Sub 
Stituents Selected from the groups referred to in the phrase 
“which may have one or more substituents” (the substituent 
group S defined above) at replaceable positions. Preferably, 
the "piperidin-1-yl group which may have one or more 
Substituents' refers to a group represented by the formula: 

0251 (where R', R, R, R and Reach indepen 
dently represent a hydrogen atom or a group Selected from 
the substituents referred to in the phrase “which may have 
one or more substituents” (the substituent group S defined 
above)); provided that, at least three of R, R, R, R, 
and Rare hydrogen atoms. Preferably, the term refers to a 
group represented by one of the formulae: 
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0252 More preferably, the term refers to a group repre 
sented by one of the formulae: 

0253) As used herein, the phrase “azetidin-1-yl group 
may have one or more Substituents' refers to an “aZetidin 
1-yl group” which may have one or more groups Selected 
from the substituents referred to in the phrase “which may 
have one or more Substituents' at replaceable positions. 

0254. As used herein, the phrase “pyrrolidin-1-yl group 
may have one or more substituents” refers to a “pyrrolidin 
1-yl group” which may have one or more groups Selected 
from the substituents referred to in the phrase “which may 
have one or more Substituents' at replaceable positions. 

0255 As used herein, the phrase “piperidin-1-yl group 
may have one or more Substituents' refers to a "piperidin 
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1-yl group” which may have one or more groups Selected 
from the substituents referred to in the phrase “which may 
have one or more Substituents' at replaceable positions. 
0256 AS used herein, the phrase “azepan-1-yl group may 
have one or more Substituents' refers to an “azepan-1-yl 
group” which may have one or more groups Selected from 
the substituents referred to in the phrase “which may have 
one or more Substituents' at replaceable positions. 
0257 AS used herein, the phrase “piperidin-1-yl group 
which may have an amino group' refers to a "piperidin-1-yl 
group” which may have an amino group at a replaceable 
position. Specifically, the "piperidin-1-yl group which may 
have an amino group', for example, refers to the group 
represented by one of the formulae: 

HO-HO HO 
0258 and preferably, to the group represented by one of 
the formulae: 

0259. As used herein, the phrase “azetidin-1-yl group 
which may have an amino group' refers to an “aZetidin-1-yl 
group” which may have an amino group at a replaceable 
position. 
0260 AS used herein, the phrase “pyrrolidin-1-yl group 
which may have an amino group' refers to a "pyrrolidin-1-yl 
group” which may have an amino group at a replaceable 
position. 
0261 AS used herein, the phrase “piperidin-1-yl group 
which may have an amino group' refers to a "piperidin-1-yl 
group” which may have an amino group at a replaceable 
position. 

0262 AS used herein, the phrase "azepan-1-yl group 
which may have an amino group' refers to an “azepan-1-yl 
group” which may have an amino group at a replaceable 
position. 

0263. As used herein, the phrase “C. alkyl group which 
may have one or more Substituents' in the Substituent group 
B defined above refers to a “C. alkyl group” which may 
have one or more groups Selected from the Substituents 
referred to in the phrase “which may have one or more 
substituents' at replaceable positions. Preferably, the “C. 
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alkyl group which may have one or more Substituents' refers 
to a C- alkyl group which may have one or two Substituents 
Selected from the group consisting of a cyano group, a 
carboxyl group, a C-7 alkoxycarbonyl group, a group rep 
resented by the formula-NRCOR', a group represented 
by the formula –CONR'R' (where R and R' each 
independently represent a hydrogen atom or a C- alkyl 
group), and a C-6 alkoxy group. 
0264. In a compound represented by formula (I) indicated 
above, R' and Reach independently represent a group of 
the formula-A-A-A (where A, A, and A are as defined 
above); when both A and A' are single bonds, "-A-A-” 
represents a single bond. 

0265). In formula (I) indicated above, the phrase “when Zf 
represents a group of the formula-CR=, R', and R may 
in combination form a 5 to 7-membered ring” means that 
compounds represented by formula (I) indicated above 
includes compounds (II) represented by the formula: 

(II) 
O 

X 
A 

AT2-N N 

X- N T1 T1 

A. S. N 

0266 (where Z, X, and T are as defined above; A' 
represents an oxygen atom, a Sulfur atom, a Sulfinyl group, 
a Sulfonyl group, a carbonyl group, a methylene group 
which may have one or more Substituents, or a nitrogen atom 
which may have one or more Substituents; A represents a 
C. alkylene group which may have one or more Substitu 
ents). In formula (II) shown above, A''' preferably repre 
sents an oxygen atom, and A' preferably represents a C 
alkylene group. 

0267 As used herein, the phrase “cyanobenzyl group” 
refers to a benzyl group having one cyano group, and 
Specifically, includes, for example, a 2-cyanobenzyl group, 
a 3-cyanobenzyl group, and a 4-cyanobenzyl group. 

0268 AS used herein, the phrase “fluorocyanobenzyl 
group” refers to a benzyl group having one fluorine atom and 
one cyano group, and Specifically, includes, for example, a 
2-cyano-4-fluorobenzyl group and a 2-cyano-6-fluorobenzyl 
grOup. 

0269. As used herein, the phrase “carbamoylphenoxy 
group” refers to a phenoxy group having a group represented 
by the formula -CONH, and specifically, includes, for 
example, a 2-carbamoylphenoxy group, a 3-carbamoylphe 
noxy group, and a 4-carbamoylphenoxy group. 

0270. Herein, there is no limitation on the type of “salts' 
as long as Salts are pharmaceutically acceptable and derived 
from any compound of the present invention. Such Salts 
include, for example, inorganic acid Salts, organic acid Salts, 
inorganic base Salts, organic base Salts, and acidic or basic 
amino acid Salts. 

0271 Examples of preferred inorganic salts include 
hydrochloride, hydrobromide, Sulfate, nitrate, and phos 
phate. Examples of preferred organic Salts include acetate, 
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Succinate, fumarate, maleate, tartrate, citrate, lactate, Stear 
ate, benzoate, methaneSulfonate, and p-toluene Sulfonate. 
0272 Examples of preferred inorganic base salts include: 
alkali metal Salts. Such as Sodium Salts and potassium Salts; 
alkaline earth metal Salts. Such as calcium Salts and magne 
sium Salts, aluminum Salts, and ammonium Salts. Examples 
of preferred organic base Salts include diethylamine Salts, 
diethanolamine Salts, meglumine Salts, and N,N'-dibenzyl 
ethylenediamine Salts. 
0273 Examples of preferred acidic amino acid salts 
include aspartate and glutamate. Examples of preferred 
basic amino acid Salts include arginine Salts, lysine Salts, and 
ornithine Salts. 

0274 The present invention provides compounds repre 
sented by the following formula (I), or salts or hydrates 
thereof: 

(I) 
O 

X 
M 

R'S N N 

X-N T1 

0275 wherein, 
0276) T represents a monocyclic or bicyclic 4- to 
12-membered heterocyclic group containing one or two 
nitrogen atoms in the ring, and may have one or more 
Substituents, 

0277 X represents a C alkyl group which may have 
one or more Substituents, a C- alkenyl group which may 
have one or more Substituents, a C- alkynyl group which 
may have one or more Substituents, a Co aryl group which 
may have one or more Substituents, a 5- to 10-membered 
heteroaryl group which may have one or more Substituents, 
a Co aryl C. alkyl group which may have one or more 
Substituents, or a 5- to 10-membered heteroaryl C alkyl 
group which may have one or more Substituents, 
0278 Z' and Z each independently represent a nitrogen 
atom or a group represented by the formula-CR=; 
0279) R' and Reach independently represent a group of 
the formula -A-A-A 

0280 (where 
0281) A represents a single bond or a C alkylene 
group which may have 1 to 3 Substituents Selected 
from the Substituent group B described below; 

0282) A represents a single bond, an oxygen atom, 
a Sulfur atom, a Sulfinyl group, a Sulfonyl group, a 
carbonyl group, a group represented by the formula 
-O-CO-, a group represented by the formula 
-CO-O-, a group represented by the formula 
-NR-, a group represented by the formula 
-CO-NR-, a group represented by the formula 
-NR^-CO-, a group represented by the formula 
-SO-NR-, or a group represented by the for 
mula -NR^-SO-, 
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0283) A and R^ each independently represent a 
hydrogen atom, a halogen atom, a cyano group, a 
C, alkyl group, a Css cycloalkyl group, a C2 
alkenyl group, a C- alkynyl group, a Co aryl 
group, a 5 to 10-membered heteroaryl group, a 4 to 
8-membered heterocyclic group, a 5 to 10-membered 
heteroaryl C-6 alkyl group, a Colo aryl C-6 alkyl 
group, or a C-7 alkylcarbonyl group, provided that, 
A2 and R^ each may independently have 1 to 3 
Substituents Selected from the Substituent group B 
defined below); 

0284 when Z represents a group of the formula 
-CR=, R and R may in combination form a 5 to 
7-membered ring. 

0285) However the cases where: 1) R' is a hydrogen 
atom; Z' is a nitrogen atom; and Z is -CH=; and 2) Z' 
is a nitrogen atom; and Z is -C(OH)= are excluded. 
0286 <Substituent B group> 

0287. The substituent group B represents the group con 
Sisting of: a hydroxyl group, a mercapto group, a cyano 
group, a nitro group, a halogen atom, a trifluoromethyl 
group, a C- alkyl group which may have one or more 
Substituents, a Cas cycloalkyl group, a C- alkenyl group, 
a C2-alkynyl group, a Co-o aryl group, a 5 to 10-membered 
heteroaryl group, a 4 to 8-membered heterocyclic group, a 
Calkoxy group, a C-calkylthio group, a group represented 
by the formula-SO-NR'-R', a group represented by 
the formula-NR'-CO-R', a group represented by the 
formula –NR-R' (where R and Reach indepen 
dently represent a hydrogen atom or a C alkyl group), a 
group represented by the formula -CO-R' (where R' 
represents a 4 to 8-membered heterocyclic group), a group 
represented by the formula -CO-R-R', and a group 
represented by the formula -CH-CO-R'-R' 
(where R' represents a single bond, an oxygen atom or a 
group represented by the formula-NR'—; R and R' 
each independently represent a hydrogen atom, a C- alkyl 
group, a C-8 cycloalkyl group, a C2-6 alkenyl group, a C2-6 
alkynyl group, a Co aryl group, a 5 to 10-membered 
heteroaryl group, a 4 to 8-membered heterocyclic C alkyl 
group, a Co aryl C. alkyl group, or a 5 to 10-membered 
heteroaryl Ce alkyl group). 

0288 Preferable compounds represented by the formula 
(I) include, for example, the following compounds: 

0289 (1) compounds in which either but not both of Z' 
and Z is a nitrogen atom; 
0290 (2) compounds in which Z is a nitrogen atom; Zf 
is a group represented by the formula -CR = (where R 
has the same definition as R defined above); 
0291 (3) compounds in which Z is a nitrogen atom; Z' 
is a group represented by the formula -CR = (where R 
has the same definition as R defined above); 
0292 (4) compounds in which T is a group which may 
have one or more Substituents and is represented by the 
formula: 
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N 
0293 (where n and m each independently represent 0 or 
1), an azetidin-1-yl group which may have one or more 
Substituents, a pyrrolidin-1-yl group which may have one or 
more Substituents, a piperidin-1-yl group which may have 
one or more Substituents, or an azepan-1-yl group which 
may have one or more Substituents, 
O294 5) compounds in which T is a group represented p group rep 
by the formula: 

N 
0295 (where n and m each independently represent 0 or 
1), an azetidin-1-yl group which may have an amino group, 
a pyrrolidin-1-yl group which may have an amino group, a 
piperidin-1-yl group which may have an amino group, or an 
aZepan-1-yl group which may have an amino group; 
0296 (6) compounds in which T is a piperazin-1-yl 
group or a 3-amino piperidin-1-yl group; 
0297 (7) compounds in which T is a piperazin-1-yl 
grOup, 

0298 (8) compounds in which X is a group represented 
by the formula -X-X (where X" represents a single 
bond or a methylene group which may have one or more 
Substituents; X represents a C- alkenyl group which may 
have one or more Substituents, a C- alkynyl group may 
have one or more Substituents, or a phenyl group which may 
have one or more Substituents); 
0299 (9) compounds in which X is a group of the 
formula-X'-X' (where X' represents a single bond or 
a methylene group; X' represents a C- alkenyl group, a 
C. alkynyl group, or a phenyl group which may have one or 
more Substituents); 
0300 (10) compounds in which, the phenyl group, which 
may have one or more Substituents, of X represented by the 
group of the above formula -X-X', is a phenyl group 
which may have, at the 2 position, a Substituent Selected 
from the group consisting of a hydroxyl group, a fluorine 
atom, a chlorine atom, a methyl group, a ethyl group, a 
fluoromethyl group, a vinyl group, a methoxy group, an 
ethoxy group, an acetyl group, a cyano group, a formyl 
group, and a C-7 alkoxycarbonyl group; 
0301 (11) compounds in which X is a 3-methyl-2-buten 
1-yl group, a 2-butyn-1-yl group, a benzyl group, or a 
2-chlorophenyl group; 
0302 (12) compounds in which X is a 2-butyn-1-yl 
grOup, 
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0303 (13) compounds in which R" is a hydrogen atom or 
a group represented by the formula -A'-A'-A' 
0304 wherein 

0305 A' represents a C alkylene group which 
may have 1 to 3 substituents selected from the 
substituent group C described below; 

0306 A' represents a single bond, an oxygen atom, 
a Sulfur atom, or a carbonyl group; 

0307 A' represents a hydrogen atom, a Co aryl 
group which may have 1 to 3 Substituents Selected 
from the substituent group C described below, a 5 to 
10-membered heteroaryl group which may have 1 to 
3 Substituents selected from the Substituent group C 
described below, a 5 to 10-membered heteroaryl C. 
alkyl group which may have 1 to 3 Substituents 
Selected from the Substituent group C described 
below, or a Co aryl C. alkyl group which may 
have 1 to 3 Substituents selected from the Substituent 
group C described below; 

0308) <Substituent group C> 
0309 The substituent group C represents the group con 
Sisting of a hydroxyl group, a nitro group, a cyano group, 
a halogen atom, a C- alkyl group, a C- alkoxy group, a 
C, alkylthio group, a trifluoromethyl group, a group repre 
sented by the formula -NR-Ri, (where each of R' 
and R independently represent a hydrogen atom or a C 
alkyl group), a group represented by the formula -CO 
R-R'' and a group represented by the formula -CH 
CO-R-R" (where R represents a single bond, an 
oxygen atom or a group represented by the formula 
-NR-; R'' and Reach independently represent a 
hydrogen atom or a C-6 alkyl group); 
0310 (14) compounds in which R" is a hydrogen atom, a 
C. alkyl group which may have 1 to 3 Substituents Selected 
from the substituent group C described below, a 5 to 
10-membered heteroaryl C. alkyl group which may have 1 
to 3 substituents selected from the Substituent group C 
described below, or a Co aryl C. alkyl group which may 
have 1 to 3 Substituents Selected from the Substituent group 
C described below; 

0311 <Substituent group C> 
0312 The substituent group C represents the group con 
Sisting of a hydroxyl group, a nitro group, a cyano group, 
a halogen atom, a C- alkyl group, a C- alkoxy group, a 
C, alkylthio group, a trifluoromethyl group, a group repre 
sented by the formula –NR-R (where R and R' 
each independently represent a hydrogen atom, or a C 
alkyl group), a group represented by the formula -CO 
R-R" and a group represented by the formula -CH 
CO-R-R" (where R represents a single bond, an 
oxygen atom, or a group represented by the formula 
-NR-; R'' and Reach independently represent a 
hydrogen atom or a C-6 alkyl group); 
0313 (15) compounds in which, the substituent group C 
defined above for a group of the formula-A'-A'-A' that 
is represented by R', consists of a cyano group, a C 
alkoxy group, a C-7 alkoxycarbonyl group, and a halogen 
atom, 
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0314 (16) compounds in which R" is a methyl group, a 
cyanobenzyl group, a fluorocyanobenzyl group, a phenethyl 
group, a 2-methoxyethyl group or a 4-methoxycarbonyl 
pyridin-2-yl group; 
0315 (17) compounds in which R" is a methyl group or 
a 2-cyanobenzyl group; 
0316 (18) compounds in which R is a hydrogen atom, a 
cyano group, or a group represented by the formula -A- 
A22; 
0317 wherein 

0318) A represents a single bond, an oxygen atom, 
a Sulfur atom, a Sulfinyl group, a Sulfonyl group, a 
carbonyl group, a group represented by the formula 
-O-CO-, a group represented by the formula 
-CO-O-, a group represented by the formula 
-NR^* , a group represented by the formula 
-CO-NR^-, or a group represented by the 
formula-NR^*-CO-; 

0319 A’ and R^* each independently represent a 
hydrogen atom, a cyano group, a C- alkyl group, a 
Css cycloalkyl group, a C2-6 alkenyl group, a C2-6 
alkynyl group, a Co aryl group, a 5 to 10-mem 
bered heteroaryl group, a 4 to 8-membered hetero 
cyclic group, a 5 to 10-membered heteroaryl C. 
alkyl group, or a Co-o aryl C-6 alkyl group, pro 
vided that, A’ and R^ each independently may 
have 1 to 3 Substituents selected from the Substituent 
group D described below; 

0320 <Substituent group D> 
0321) The substituent group D represents the group con 
Sisting of a hydroxyl group, a cyano group, a nitro group, a 
halogen atom, a C- alkyl group, a C- alkoxy group, a C 
alkylthio group, a trifluoromethyl group, a group represented 
by the formula –NRP-RP (where RP and RP each 
independently represent a hydrogen atom or a C- alkyl 
group), a group represented by the formula -CO-RP 
(where RP represents a 4 to 8-membered heterocyclic 
group), and a group represented by the formula -CO 
R-RP (where R' represents a single bond, an oxygen 
atom, or a group represented by the formula-NRP-; RP 
and RP each independently represent a hydrogen atom, a 
C. cycloalkyl group or a C-6 alkyl group); 
0322 (19) a compound in which R is a hydrogen atom, 
a cyano group, a carboxy group, a C-7 alkoxycarbonyl 
group, a C- alkyl group, a group represented by the 
formula-CONRP7RP (where RP7 and RPeach indepen 
dently represent a hydrogen atom or C. alkyl group), a 
group represented by the formula -A-A" (where A 
represents an oxygen atom, a Sulfur atom, or a group 
represented by the formula –NR^-; A' and R^ each 
independently represent a hydrogen atom, a C- alkyl group 
which may have a substituent selected from the substituent 
group D1 described below, a Cas cycloalkyl group which 
may have a Substituent Selected from the Substituent group 
D1 described below, a C- alkenyl group which may have 
a Substituent Selected from the Substituent group D1 
described below, a C- alkynyl group which may have a 
substituent selected from the substituent group D1 described 
below, a phenyl group which may have a Substituent Selected 
from the substituent group D1 described below, or a 5 to 

Jun. 17, 2004 

10-membered heteroaryl group which may have a Substitu 
ent selected from the substituent group D1 described below; 
0323) <Substituent group D12 
0324. The substituent group D1 represents the group 
consisting of a carboxy group, a C2-7 alkoxycarbonyl group, 
a C- alkyl group, a group represented by the formula 
–CONRRP (where RP7 and RP each independently 
represent a hydrogen atom or Ce alkyl group), a pyrrolidin 
1-ylcarbonyl group, a C- alkyl group, and a C- alkoxy 
grOup, 

0325 (20) compounds in which R is a hydrogen atom, a 
cyano group, a C- alkoxy group, or a group of the formula 
-A-A (where A represents an oxygen atom, a sulfur 
atom, or a group represented by the formula-NR'-; A 
and R^' each independently represent a hydrogen atom, a 
C, alkyl group having a Substituent selected from the 
Substituent group D1 described below, a Cas cycloalkyl 
group having a Substituent Selected from the Substituent 
group D1 described below, or a phenyl group having a 
substituent selected from the substituent group D1 described 
below); 
0326 <Substituent group D12 
0327. The substituent group D1 represents the group 
consisting of a carboxyl group, a C-7 alkoxycarbonyl group, 
a C- alkyl group, a group represented by the formula 
–CONRRP (where RP7 and RP each independently 
represent a hydrogen atom or a C- alkyl group), a pyrro 
lidin-1-ylcarbonyl group, a C- alkyl group, and a C 
alkoxy group; 

0328 (21) compounds in which R is a hydrogen atom, a 
cyano group, a methoxy group, a carbamoylphenyloxy 
group, a group represented by one of the formulae: 

O A29 

A28 --> O No A27 A281 A27 O 

O 

O A281 XX 
O 

0330. A represents an oxygen atom, a sulfur atom, or a 
group represented by the formula -NH-; 

0329 (where 

0331) A an A' each independently represent a hydro 
gen atom or a C- alkyl group); 
0332 (22) compounds in which R is a hydrogen atom, a 
cyano group, or a carbamoylphenyloxy group. 

0333 Among the compounds shown above, with respect 
to Z and Z, the order of preference is (1) to (3) with (3) the 
most preferable; with respect to T, the order of preference 
is (4) to (7) with (7) the most preferable; with respect to X, 
the order of preference is (8) to (12) with (12) the most 
preferable; with respect to R', the order of preference is (13) 
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to (17) with (17) the most preferable; with respect to R, the 
order of preference is (18) to (22) with (22) the most 
preferable. 
0334) Furthermore, preferred compounds represented by 
above formula (I) include compounds defined by any 2 to 5 
embodiments Selected from the groups consisting of (1)–(3), 
(4)-(7), (8)-(12), (13)-(17), and (18)-(22). 
0335 Preferable compounds include, for example, com 
pounds defined by the following Specific combinations of 
embodiments: 

0336 (i) compounds represented by above formula (I), in 
which Z' and Z, T, X, R', and R represent those in (1), 
(4), (8), (13), and (18) described above, respectively; 
0337 (ii) compounds represented by above formula (I), 
in which Z and Z, T, X, R', and R represent those in (2), 
(6), (11), (16), and (19) described above, respectively; 
0338 (iii) compounds represented by above formula (I), 
in which Z' and Z, T, X, R', and R represent those in (2), 
(6), (11), (16), and (20) described above, respectively; 
0339 (iv) compounds represented by above formula (I), 
in which Z and Z, T, X, R', and R represent those in (2), 
(6), (11), (16), and (21) described above, respectively; 
0340 (v) compounds represented by above formula (I), 
in which Z' and Z, T, X, R', and R represent those in (2), 
(6), (11), (16), and (22) described above, respectively; 
0341 (vi) compounds represented by above formula (I), 
in which Z and Z, T, X, R', and R represent those in (2), 
(6), (12) (17), and (19) described above, respectively; 
0342 (vii) compounds represented by above formula (I), 
in which Z' and Z, T, X, R', and R represent those in (2), 
(6), (12), (17), and (20) described above, respectively; 
0343 (viii) compounds represented by above formula (I), 
in which Z and Z, T, X, R', and R represent those in (2), 
(6), (12), (17) and (21) described above, respectively; 
0344 (ix) compounds represented by above formula (I), 
in which Z' and Z, T, X, R', and R represent those in (2), 
(6), (12), (17), and (22) described above, respectively; 
0345 (x) compounds represented by above formula (I), 
in which Z and Z, T, X, R', and R represent those in (3), 
(6), (11), (16), and (19) described above, respectively; 

Z. 
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0346 (xi) compounds represented by above formula (I), 
in which Z' and Z, T, X, R', and R represent those in (3), 
(6), (11), (16), and (20) described above, respectively; 
0347 (xii) compounds represented by above formula (I), 
in which Z' and Z, T, X, R', and R represent those in (3), 
(6), (11), (16), and (21) described above, respectively; 
0348 (xiii) compounds represented by above formula (I), 
in which Z' and Z, T, X, R', and R represent those in (3), 
(6), (11), (16) and (22) described above, respectively; 
0349 (xiv) compounds represented by above formula (I), 
in which Z' and Z, T, X, R', and R represent those in (3), 
(6), (12), (17), and (19) described above, respectively; 
0350 (XV) compounds represented by above formula (I), 
in which Z' and Z, T, X, R', and R represent those in (3), 
(6), (12), (17), and (20) described above, respectively; 
0351 (xvi) compounds represented by above formula (I), 
in which Z' and Z, T, X, R', and R represent those in (3), 
(6), (12), (17), and (21) described above, respectively; 
0352 (xvii) compounds represented by above formula 
(I), in which Z and Z, T, X, R', and R represent those in 
(3), (6), (12), (17) and (22) described above, respectively. 
0353) Of these, for (ii) to (ix), preference increases in the 
order (ii) to (ix) while for (x) to (XVii), preference increases 
in the order (x) to (xvii). 
0354) Specific examples of compounds of the formula (I) 
are listed in the following table, but are not limited thereto. 

(I) 
O 

X 

R A 
N 1. 

X-N T 
7s N 

0355 The abbreviations used in the table have the fol 
lowing meanings: 
0356 P1, piperazin-1-yl; P2, 3-amino-piperidin-1-yl; 
2Btyn, 2-butyn-1-yl; 3Me2Bten, 3-methyl-2-buten-1-yl; 
Me, methyl; Et, ethyl; 2-CNBen, 2-cyanobenzyl; 
6F2CNBen, 6-fluoro-2-cyanobenzyl; Phenethyl, 2-phenyl 
ethyl; 2Ph2OxEt, 2-phenyl-2-oxoethyl, -CR2=, -CR= 

Z2 T1 X R1 R2 

-CR2= P1 2Btyn -CH -H 
-CR2= P1 2Btyn -CH -CN 
-CR2= P1 2Btyn -CH -OMe 
-CR2= P1 2Btyn -CH -O-1-CH-1-COEt 
-CR2= P1 2Btyn -CH -O-CH-COEt 
-CR2= P1 2Btyn -CH -O-1-cCH-1-COEt 
-CR2= P1 2Btyn -CH -S-CH-COMe 
-CR2= P1 2Btyn -CH carbamoylphenyloxy 
-CR2= P1 2Btyn 2-CNBen -H 
-CR2= P1 2Btyn 2-CNBen -CN 
-CR2= P1 2Btyn 2-CNBen -OMe 
-CR2= P1 2Btyn 2-CNBen -O-1-CH-1-COEt 
-CR2= P1 2Btyn 2-CNBen -O-CH-CO.Et 
-CR2= P1 2Btyn 2-CNBen -O-1-cCH-1-COEt 
-CR2= P1 2Btyn 2-CNBen -S-CH-COMe 
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0359 Each symbol in the production methods is defined 
below. R' to R', n, m, R', R, X, A, A, A, R^, and T' 
are the same as defined above. 

0360 U and U each independently represent a leaving 
group Such as a chlorine atom, a bromine atom, an iodine 
atom, a methaneSulfonyloxy group, or a p-toluenesulfony 
loxy group. 
0361 RP", RP', and RP each independently represent an 
-NH-protecting group Such as a pivalyloxymethyl group 
and a trimethylsilylethoxymethyl group. 
0362 RP' represents a hydroxyl group-protecting group 
Such as a t-butyldimethylsilyl group and a t-butyldiphenyl 
silyl group. 
0363 RP represents an NH-protecting group such as 
N,N-dimethylsulfamoyl, trityl, benzyl, and t-butoxycarbo 
nyl. 
0364 U and U" each independently represent a chlorine 
atom, a bromine atom, an iodine atom, a methaneSulfony 
loxy group, a p-toluenesulfonyloxy group, a group repre 
sented by the formula-B(OH), a 4.4.5.5-tetramethyl-1,3, 
2-dioxaboran-2-yl group, or a group represented by the 
formula-Sn(R)- (where R represents a C- alkyl group). 
0365. Rf is a group represented by the formula -O-A, 
a group represented by the formula -S-A, a group repre 
sented by the formula -N(R)A, or a 4- to 8-membered 
heterocyclic group which may have one or more Substituents 
(for example, 1-pyrrolidinyl, 1-morpholinyl, 1-piperazinyl, 
or 1-piperidyl), etc. 
0366 R represents a group of the formula -A-A-A, 
Such as a cyano group, a C- alkyl group which may have 
one or more Substituents, a Css cycloalkyl group which may 
have one or more Substituents, a C- alkenyl group which 
may have one or more Substituents, a C- alkynyl group 
which may have one or more Substituents, and a Co aryl 
group which may have one or more Substituents. 
0367 A' represents a C- alkyl group, a Cas 
cycloalkyl group, a Coalkenyl group, a C- alkynyl group, 
a Co aryl group, a 5- to 10-membered heteroaryl group, a 
4- to 8-membered heterocyclic group, a 5- to 10-membered 
heteroaryl C-6 alkyl group, or a Co-o aryl C-6 alkyl group, 
each of which contains an ester group. 
0368) represents a C- alkyl group, a Cas 
cycloalkyl group, a Coalkenyl group, a C- alkynyl group, 
Co aryl group, a 5- to 10-membered heteroaryl group, a 4 
to 8-membered heterocyclic group, a 5- to 10-membered 
heteroaryl C-6 alkyl group, or a Co-o aryl C-6 alkyl group, 
each of which contains a carboxylic acid. 
0369 AN' represents a C- alkyl group, a Cas 
cycloalkyl group, a C2-alkenyl group, a C2-alkynyl group, 
a Co aryl group, a 5- to 10-membered heteroaryl group, a 
4- to 8-membered heterocyclic group, a 5- to 10-membered 
heteroaryl C-6 alkyl group, or a Co-o aryl C-6 alkyl group, 
each of which contains a nitro group. 
0370 represents a C- alkyl group, a Cas 
cycloalkyl group, a C2-alkenyl group, a C2-alkynyl group, 
a Caryl group, a 5- to 10-membered heteroaryl group, a 
4- to 8-membered heterocyclic group, a 5- to 10-membered 
heteroaryl C alkyl group, or a Co aryl Ce alkyl group, 
each of which contains an amino group. 
0371) A represents a C alkyl group, a Cs 
cycloalkyl group, a C2-alkenyl group, a C2-alkynyl group, 
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a Co aryl group, a 5- to 10-membered heteroaryl group, a 
4- to 8-membered heterocyclic group, a 5- to 10-membered 
heteroaryl C-6 alkyl group, or a Co-o aryl C-6 alkyl group, 
each of which contains a nitrile group. 
0372) represents a C- alkyl group, a Cas 
cycloalkyl group, a C2-alkenyl group, a C2-alkynyl group, 
Co aryl group, a 5- to 10-membered heteroaryl group, a 4 
to 8-membered heterocyclic group, a 5- to 10-membered 
heteroaryl C-6 alkyl group, or a Co-o aryl C-6 alkyl group, 
each of which contains a carboxylic amide group. 
0373) M represents-MgCl, -MgBr, -Sn(R™) (where 
R is as defined above), etc. 

ACONH2 

0374. The term “room temperature” refers to a tempera 
ture of about 20 to about 30° C. 

0375 T is defined as the group represented by T', or 
represents a group of the formula: 

R35 

R31 R39 

R36 
N R32 Rio 3 

R34 R. R.42 N. R. 

R R41 i. 
3 

R37 

0376 a group represented by the formula: 

35 36 

R3. R40 

N 

37 38 R' 

0377 (where R to R' are as defined above, except that 
any one of R to R' represents -NH-RP) or a group 
represented by the formula: 

0378 (where R to R' are as defined above, except that 
any one of R to R' represents -NH-RP). 
0379. In examples of reactions represented by the fol 
lowing reaction Schemes, unless otherwise Specified, quan 
tities of reagents, catalysts, and others, to be used (equiva 
lent, weight %, and weight ratio) are represented as ratioS to 
a main compound in each reaction Scheme. A main com 
pound refers to a compound represented by a chemical 
formula in the reaction Scheme and having the backbone of 
compounds of the present invention. 
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-continued 
O 

X 1. R's 

O 
X 

RN N 
N Step A13 COX- X R2 s N \ / 

16a 

R2 

0381 Step A1 
0382. In this step, an -NH-protecting reagent is reacted 
with compound (1a) CAS No. 56160-64-6 to give com 
pound (2a). The reaction conditions are Selected depending 
on the type of -NH-protecting reagent to be used. The 
reaction may be performed under conditions that are gen 
erally used to introduce a protecting group using the reagent. 
0383 An-NH-protecting reagent can be a reagent that 
is generally used to introduce an -NH-protecting group. 
Specifically, Such -NH-protecting reagents include, for 
example, chloromethyl pivalate. It is preferable to use 1 to 
2 equivalents of a protecting reagent. Solvents for the 
reaction include acetonitrile, N,N-dimethylformamide, 
N-methylpyrrollidone, 1,4-dioxane, tetrahydrofuran, and 
dimethoxyethane. N,N-dimethylformamide is preferably 
used. 

0384 The reaction can be achieved in the presence of a 
base. Examples of bases to be used in the reaction include 
cesium carbonate, lithium carbonate, Sodium carbonate, 
potassium carbonate, and Sodium hydride. Sodium hydride 
is preferably used. In this case, a base is preferably used in 
an amount of 1 to 5 equivalents. The reaction can be 
conducted at a temperature ranging from O C. to 150° C. A 
preferred reaction temperature is room temperature. 

0385) Step A2 

0386 In this step, compound (2a) is reacted with com 
pound (2a-2) to give compound (3a). 

0387 Compound (2a-2) can be any compound that is an 
electrophilic reagent Such as an alkyl halide. Specific 
examples include alkyl halides Such as iodomethane, iodo 
ethane, iodopropane, and benzyl bromide; alkenyl halides 
such as allyl bromide and 1-bromo-3-methyl-2-butene; and 
alkynyl halides Such as propargyl bromide and 1-bromo-2- 
butyne. One to two equivalents of an electrophilic reagent 
are preferably used. 

0388 Solvents for the reaction include, for example, 
dimethylsulfoxide, N,N-dimethylformamide, N-methylpyr 
rolidone, dioxane, tetrahydrofuran, and toluene. 

0389. The reaction can be achieved in the presence or 
absence of a base. Examples of bases to be used in the 
reaction include lithium hydroxide, Sodium hydroxide, 
potassium hydroxide, lithium carbonate, Sodium carbonate, 
potassium carbonate, cesium carbonate, lithium hydride, 
Sodium hydride, potassium hydride, butyllithium, methyl 
lithium, lithium bis(trimethylsilyl)amide, sodium bis(trim 
ethylsilyl)amide, and potassium bis(trimethylsilyl)amide. In 
this case, one to two equivalents of a base are preferably 

- 
N N 

N NH 

s \ / 
17a 

used. The reaction can be conducted at a temperature 
ranging from 0° C. to 150° C. 
0390 Step A3 
0391) In this step, the benzyl group at the 7-position is 
removed from compound (3a) to give compound (4a). 
0392 Specifically, compound (4a) can be prepared from 
compound (3a) for example, by catalytic reduction under a 
hydrogen atmosphere in the presence of a metal catalyst, but 
the reaction conditions are not limited thereto. 

0393 Specific solvents for the reaction include, for 
example, methanol, ethanol, propanol, acetic acid, dimethyl 
sulfoxide, N,N-dimethylformamide, N-methylpyrrolidone, 
dioxane, tetrahydrofuran, and toluene. Examples of metal 
catalysts include palladium carbon, platinum oxide, and 
Raney nickel. A metal catalyst is preferably used at 0.5 to 50 
weight %. A preferred hydrogen pressure is 1 to 5 atm. The 
reaction can be conducted at a temperature ranging from 0 
C. to 150° C. 

0394 Step A4 
0395. In this step, compound (4a) is reacted with com 
pound (4a-2) to give compound (5a). 
0396 Specific examples of compound (4a-2) are: alkyl 
halides Such as iodomethane, iodoethane, iodopropane, and 
benzyl bromide; alkenyl halides such as allyl bromide and 
1-bromo-3-methyl-2-butene; or alkynyl halides Such as pro 
pargyl bromide and 1-bromo-2-butyne. These halides are 
preferably used in an amount of one to two equivalents. 

0397) Solvents for the reaction include dimethylsulfox 
ide, N,N-dimethylformamide, N-methylpyrrollidone, diox 
ane, tetrahydrofuran, and toluene. 

0398. The reaction can be carried out in the presence or 
absence of a base. Examples of bases to be used in the 
reaction include lithium hydroxide, Sodium hydroxide, 
potassium hydroxide, lithium carbonate, Sodium carbonate, 
potassium carbonate, cesium carbonate, lithium hydride, 
Sodium hydride, potassium hydride, butyllithium, methyl 
lithium, lithium bis(trimethylsilyl)amide, sodium bis(trim 
ethylsilyl)amide, and potassium bis(trimethylsilyl)amide. In 
this case, 1 to 4 equivalents of a base are preferably used. 
The reaction can be conducted at a temperature ranging from 
O C. to 150° C. 

0399 Compound (5a) can be obtained by reacting com 
pound (4a) with compound (4a-2) in the presence of a 
copper catalyst and a base. In this case, it is preferable to use 
0.1 to 2 equivalents of a copper catalyst and 1 to 10 
equivalents of a base. 
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0400. In this reaction, compound (4a-2) may be arylbo 
ronic acid, heteroarylboronic acid, or Such, in which X is a 
Co aryl group which may have one or more Substituents 
or a 5- to 10-membered heteroaryl group which may have 
one or more substituents, and Uf is-B(OH) or such. One 
to three equivalents of compound (4a-2) are preferably used. 
04.01. In this case, reaction solvents include dichlo 
romethane, chloroform, 1,4-dioxane, tetrahydrofuran, tolu 
ene, pyridine, N,N-dimethylformamide, and N-methylpyr 
rolidone. 

0402 Bases include triethylamine, diisopropyl ethyl 
amine, pyridine, and N,N-dimethylaminopyridine. Copper 
catalysts include copper (II) acetate, copper (II) trifluoroac 
etate, copper (II) chloride, and copper (II) iodide. The 
reaction can be conducted at a temperature ranging from 0 
C. to 150° C. 

0403 Step A5 
04.04 In this step, compound (5a) is reacted with a 
halogenating agent to give compound (6a). 
04.05 Specific examples of halogenating agents include, 
for example, N-chloroSuccinimide, N-bromoSuccinimide, 
and N-iodoSuccinimide. A halogenating agent is preferably 
used in an amount of 1 to 4 equivalents. 
0406 Solvents for the reaction include acetonitrile, N,N- 
dimethylformamide, N-methylpyrrolidone, 1,4-dioxane, tet 
rahydrofuran, and dimethoxyethane. The reaction can be 
conducted at a temperature ranging from O C. to 150 C. 
04.07 Step A6) 
0408. In this step, compound (6a) is reacted with com 
pound (7a) to give compound (8a). In this case, 1 to 4 
equivalents of compound (7a) are preferably used. 
04.09 The reaction can be carried out, for example, in a 
solvent such as tetrahydrofuran, acetonitrile, N,N-dimethyl 
formamide, N-methylpyrrolidone, methanol, ethanol, 1,4- 
dioxane, toluene, and Xylene, or in the absence of a Solvent. 
The reaction can be conducted at a temperature ranging from 
O C. to 200 C. in the presence or absence of a base. 
Examples of a base include triethylamine, potassium car 
bonate, and 1,8-diazabicyclo5.4.0]undecene. In this case, 1 
to 4 equivalents of a base are preferably used. 
0410 Step A7 
0411. In this step, the -NH-protecting group at the 
3-position of compound (8a) is removed to give compound 
(9a). The reaction conditions are selected depending on the 
type of -NH-protecting group to be removed. The depro 
tection reaction may be preformed under conditions that are 
generally used for the protecting group. 
0412 For example, when RP’ is a pivalyloxymethyl 
group, the reaction can be carried out in methanol, or a 
mixed Solution of methanol and tetrahydrofuran, using a 
base Such as Sodium methoxide, Sodium hydride, or 1.8- 
diazabicyclo5,4,0-7-undecene at a temperature of 0 to 
150° C. In this case, 0.1 to 2 equivalents of a base are 
preferably used. 
0413 Alternatively, when RP is a trimethylsi 
lylethoxymethyl group, the reaction can be carried out in a 
solvent such as acetonitrile, N,N-dimethylformamide, 
N-methylpyrrollidone, 1,4-dioxane, tetrahydrofuran, or 
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dimethoxyethane, using a fluoride reagent Such as tetrabutyl 
ammonium fluoride or cesium fluoride at a temperature of 0 
to 150° C. In this case, 1 to 5 equivalents of a fluoride 
reagent are preferably used. 

0414 Step A8 
0415. In this step, compound (9a) is chlorinated to give 
compound (10a). 
0416) There are no particular limitations on the reaction 
conditions, and the The reaction can be conducted under 
Standard conditions for chlorination. For example, the reac 
tion can be carried out at a temperature ranging from 0 to 
150 C. in a solvent such as phosphorus oxychloride. In this 
case, it is preferable to use a 10 to 200 times amount of 
halogenating agent by Weight. 

0417. When RP is a t-butoxycarbonyl group or such, 
which is removed under the above-described conditions 
using phosphorus oxychloride or Such, the protecting group 
should be reintroduced. 

0418. There are no particular limitations on the reaction 
conditions for the protection. In the case of the t-butoxy 
carbonyl group, the reaction can be carried out using an 
-NH-protection reagent Such as di-t-butyl dicarbonate, in 
a solvent such as acetonitrile, N,N-dimethylformamide, 
N-methylpyrrollidone, 1,4-dioxane, tetrahydrofuran, or 
dimethoxyethane in the presence of a base Such as lithium 
hydroxide, Sodium hydroxide, potassium hydroxide, lithium 
carbonate, Sodium carbonate, potassium carbonate, cesium 
carbonate, potassium bicarbonate, Sodium bicarbonate, or 
triethylamine at 0 to 150° C. 

0419 Step A9 

0420. In this step, compound (10a) is reacted with com 
pound (11a-2) to give compound (11a). 
0421 Compound (11a-2) includes alcohol compounds or 
phenol compounds represented by A-OH, amine com 
pounds represented by A(R)NH or such, and thiol com 
pounds represented by A-SH. In this case, compound 
(11a-2) is preferably used in an amount of 1 to 10 equiva 
lents or 5 to 100 times by weight. 

0422 Solvents for the reaction include acetonitrile, N,N- 
dimethylformamide, N-methylpyrrolidone, 1,4-dioxane, tet 
rahydrofuran, dimethoxyethane, methanol, and ethanol. 

0423. The reaction can be carried out in the presence or 
absence of a base. Bases to be used in the reaction include 
lithium hydroxide, Sodium hydroxide, potassium hydroxide, 
lithium carbonate, Sodium carbonate, potassium carbonate, 
cesium carbonate, lithium hydride, Sodium hydride, potas 
sium hydride, butyllithium, methyllithium, lithium bis(tri 
methylsilyl) amide, Sodium bis(trimethylsilyl)amide, potas 
sium bis(trimethylsilyl)amide, and triethylamine. In this 
case, 1 to 10 equivalents of a base is preferably used. The 
reaction can be conducted at a temperature ranging from 0 
C. to 150° C. 

0424) Step A10 

0425. In this step, compound (10a) is reacted with com 
pound (13a) in the presence of a metal catalyst to give 
compound (12a). In this case, 1 to 50 equivalents of com 
pound (13a) are preferably used. 
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0426 Solvents for the reaction include acetonitrile, N,N- 
dimethylformamide, N-methylpyrrolidone, 1,4-dioxane, tet 
rahydrofuran, dimethoxyethane, methanol, and ethanol. 

0427 Metal catalysts include palladium catalyst and cop 
per catalyst. Palladium catalysts include tetrakis triph 
enylphosphine palladium, palladium acetate, and diben 
Zylideneacetone palladium. Copper catalyst include copper 
iodide. It is preferable to use 0.01 to 2 equivalents of a metal 
catalyst. 

0428 The reaction can be conducted in the presence of an 
organophosphorous ligand. When the reaction is carried out 
in the presence of an organophosphorous ligand, examples 
of the ligands include O-tolyl phosphine and diphenylphos 
phinoferrocene. In this case, it is preferable to use 1 to 5 
equivalents of an organophosphorous ligand to the metal 
catalyst. 

0429 The reaction can be carried out in the presence or 
absence of a base. Bases to be used in the reaction include 
lithium hydroxide, Sodium hydroxide, potassium hydroxide, 
lithium carbonate, Sodium carbonate, potassium carbonate, 
cesium carbonate, lithium hydride, Sodium hydride, potas 
sium hydride, potassium phosphate, lithium bis trimethyl 
silyl amide, Sodium bis trimethylsilyl amide, potassium bis 
trimethylsilyl amide, and triethylamine. The reaction can be 
conducted at a temperature ranging from O C. to 150 C. 

0430 Step A11 

0431. In this step, compound (10a) is reacted with a 
cyanidation reagent to give compound (14a). 
0432 Specifically, cyanidation reagents include, for 
example, Sodium cyanide and potassium cyanide. It is 
preferably used in an amount of 1 to 20 equivalents. 

0433 Solvents for the reaction include, for example, 
acetonitrile, N,N-dimethylformamide, N-methylpyrroli 
done, 1,4-dioxane, tetrahydrofuran, dimethoxyethane, 
methanol, and ethanol. The reaction can be conducted at a 
temperature ranging from O C. to 150 C. 

0434) Step A12 

0435. In this step, the cyano group of compound (14a) is 
hydrolyzed to give compound (15a). There are no particular 
limitations on the reaction conditions, and the reaction can 
be carried out under conditions generally used for the 
conversion of a cyano group to a carbamoyl group by 
hydrolysis. 

0436 Solvents for the reaction include N,N-dimethylfor 
mamide, N-methylpyrrollidone, 1,4-dioxane, tetrahydrofu 
ran, dimethoxyethane, methanol, ethanol, and a mixed Sol 
vent of tetrahydrofuran and methanol. 

0437. The reaction can be carried out in the presence or 
absence of a base. When a base is used, the reaction can be 
carried out using an aqueous Solution of a base Such as 
potassium hydroxide, Sodium hydroxide, lithium hydroxide, 
or ammonia. The reaction can be achieved after adding an 
aqueous Solution of hydrogen peroxide (preferably an aque 
ous solution of 30% hydrogen peroxide). 

0438. The reaction can be conducted at a temperature 
ranging from 0° C. to 150° C. 
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0439 Step A13) 
0440. In this step, RP of compound (16a) is removed to 
give compound (17a). Compounds (11a), (12a), (14a), (15a), 
and others can be used as compound (16a). 
0441) The deprotection reaction for RP can be carried out 
under Standard reaction conditions for removing an -NH 
protecting group. 
0442) For example, when RP is a t-butoxycarbonyl 
group, the reaction can be carried out in the presence of an 
acid Such as an anhydrous methanol Solution of hydrogen 
chloride, an anhydrous ethanol Solution of hydrogen chlo 
ride, an anhydrous dioxane Solution of hydrogen chloride, 
trifluoroacetic acid, or formic acid. 
0443 An alternative method for producing compound 
(10a) is described below. 

O X 

H3C N 
N M V Step A14 
1. M N N-RP - He 
O N H 

18a 
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X 
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Cl N 
21a 
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X 

R \ YN 
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22a 

0444 Step A14) 
0445. In this step, compound (18a) is chlorinated to give 
compound (19a). There are no particular limitations on the 
reaction conditions, and the reaction can be conducted under 
Standard conditions for chlorination. For example, the reac 
tion can be carried out in a Solvent Such as phosphorus 
oxychloride at a temperature ranging from 0 to 150° C. 
Preferably 10 to 200 times by weight of chlorination reagent 
is used. 

0446. When RP is a t-butoxycarbonyl group or such, 
which is removed under the above-described condition using 
phosphorus oxychloride or Such, the protecting group should 
be reintroduced. 
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0447 There are no particular limitations on the reaction 
conditions for the protection, and when RP is a t-butoxy 
carbonyl group, the reaction can be carried out using an 
-NH-protection reagent Such as di-t-butyl dicarbonate, in 
a solvent such as acetonitrile, N,N-dimethylformamide, 
N-methylpyrrollidone, 1,4-dioxane, tetrahydrofuran, and 
dimethoxyethane, in the presence of a base Such as lithium 
hydroxide, Sodium hydroxide, potassium hydroxide, lithium 
carbonate, Sodium carbonate, potassium carbonate, cesium 
carbonate, potassium bicarbonate, Sodium bicarbonate, or 
triethylamine at a temperature ranging from 0 to 150 C. 

0448 Step A15 
0449 In this step, compound (19a) is partially hydro 
lyzed to give compound (20a). The reaction is carried out in 
the presence of a base Such as Sodium acetate, potassium 
carbonate, or Sodium hydroxide. One to ten equivalents of a 
base are preferably used. Solvents for the reaction include 
dimethyl sulfoxide, N-methylpyrrolidone, tetrahydrofuran, 
water, and mixtures thereof. The reaction can be conducted 
at a temperature ranging from O C. to 100° C. 

0450 Step A16) 

0451. In this step, compound (20a) is reacted with com 
pound (21a) to give compound (22a). The reaction can be 
conducted under the same conditions as used in Step A2 of 
production method A. 

0452. An alternative method for producing compound 
(19a) is described below. 

O 

H 
N X-U2 

HN 4a-2 
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O N 
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X 
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25a 

C 
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-continued 
C 
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0453 Step A17 
0454. In this step, a substitution reaction is carried out 
using compound (23a)CAS No. 1076-22-8) and compound 
(4a-2) to give compound (24a). 
0455 The reaction can be conducted under the same 
conditions as used in Step A4 of production method A. 
0456 Step A18 
0457. In this step, compound (24a) is reacted with a 
halogenating agent to give compound (25a). 
0458. The reaction can be conducted under the same 
conditions as used in Step A5 of production method A. 
0459 Step A19 
0460. In this step, compound (25a) is chlorinated to give 
compound (26a). 
0461 There are no particular limitations on the reaction 
conditions, and compound (25a) can be reacted with phos 
phorus Oxychloride, phosphorus pentachloride, or a mixture 
thereof in a Solvent or in the absence of a Solvent at a 
temperature of 0 to 150° C. Solvents include, for example, 
toluene, acetonitrile, and dichloroethane. 
0462 Step A20) 
0463. In this step, compound (26a) is reacted with com 
pound (7a) to give compound (19a). 
0464) The reaction can be conducted under the same 
conditions as used in Step A6 of production method A. 

Production Method B 

0465 

O 

/- Ph 
HN N 

Inosine Step B1 ls X Step B2) 
s N 

1b 2b 

O 
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0467. In this step, compound (1b) is benzylated and the 
Sugar chain is cleaved to give compound (2b). 

0466 Step B1 

0468. There are no particular limitations on the reaction 
conditions. Compound (2b) can be obtained by reacting 
compound (1b) with benzyl bromide in a solvent such as 
acetonitrile, N,N-dimethylformamide, N-methylpyrroli 
done, dimethyl Sulfoxide, 1,4-dioxane, tetrahydrofuran, 
dimethoxyethane, methanol, or ethanol, at a temperature of 
0 to 150° C., adding 3 to 10 equivalents of hydrochloric acid, 
and incubating the mixture at a temperature of 0 to 150 C. 
to cleave the Sugar moiety. It is preferable to use 1 to 3 
equivalents of benzyl bromide. 

0469 Step B2) 

0470. In this step, compound (2b) is reacted with a 
halogenating agent to give compound (3b). The halogena 
tion reaction can be conducted under the Same conditions as 
used in Step A5 of production method A. 

0471) Step B3) 

0472. In this step, compound (3b) is reacted with com 
pound (4b) to give compound (5b). The reaction can be 
conducted under the same conditions as used in Step A6 of 
production method A. 

* 
NC N 

X- Br 
NC N 

2c 
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0473) Step B4) 
0474. In this step, compound (5b) is reacted with com 
pound (5b-2) to give compound (6b). The reaction can be 
conducted under the same condition as used in Step A2 of 
production method A. 
0475) Step B5) 
0476. In this step, RP of compound (6b) is removed to 
give compound (7b). The reaction can be conducted under 
the same conditions as used in Step A13 of production 
method A. 

Production Method B-2 

0477 Compound (9b) represented by the formula: 

O 

X R'S 
1. X-N T -s, N 

0478 can be obtained by using compound (8b) repre 
sented by H-T, instead of compound (7a) in Step A6 of 
production method A described above under the Same reac 
tion conditions as used in Step A6, and then appropriately 
applying Step A7 to Step A13 described above. 
0479 Compound (10b) represented by the formula: 

YN N 

ls, X- O 
0480 can be obtained by using compound (8b) repre 
sented by H-T, instead of compound (3.b) in Step B3) of 
production method B described above under the same reac 
tion conditions as used in Step B3 and then appropriately 
applying Step B4 to Step B6 described above. Preferable 
examples of compound (8b) include piperidin-3-yl carbamic 
acid t-butyl ester. 

Production Method C 

0481) 
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0482 Step C1 

0483 In this step, compound (1c) is reacted with com 
pound (1c-2) to give compound (2c). The reaction can be 
conducted under the same conditions as used in Step A4 of 
production method A. 

0484) Step C2 

0485. In this step, compound (1c) is reacted with ethanol 
to give compound (3c). 

0486 Compound (3.c) can be obtained, for example, by 
heating an ethanol Solution of compound (2c) under reflux in 
the presence of an acid Such as Sulfuric acid or hydrochloric 
acid. However, the reaction conditions are not limited 
thereto. In this reaction, it is preferable to use one to two 
equivalents of an acid. 

UX-O- 
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0487 Step C3 

0488. In this step, compound (2c) is reacted with ethanol 
to give compounds (4c) and (5c). The reaction can be 
conducted under the same conditions as used in Step C2 of 
production method C. 

0489 Step C4 

0490. In this step, compound (3.c) is reacted with com 
pound (3c-2) to give compounds (4c) and (5c). The reaction 
can be conducted under the same conditions as used in Step 
A4) of production method A. 

0491 Step C5) 

0492. In this step, compound (4c) is reacted with com 
pound (6c) to give compound (7c). The reaction can be 
conducted under the same conditions as used in Step A6 of 
production method A. 
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0493 Step C6 
0494. In this step, compound (7c) is thioamidated to give 
compound (8c). Solvents for the reaction include methanol, 
ethanol, N,N-dimethylformamide, N-methylpyrrolidone, 
1,4-dioxane, tetrahydrofuran, and dimethoxyethane. Thioa 
midation reagents include ammonium Sulfide, Sodium Sul 
fide, and hydrogen sulfide. It is preferable to use 2 to 10 
equivalents of a thioamidation reagent. When hydrogen 
Sulfide is used as the thioamidation reagent, the reaction is 
carried out in the presence of a base Such as triethylamine or 
N,N-diisopropylethylamine. The reaction can be conducted 
at a temperature ranging from O C. to 150° C. 
0495) Step C7 
0496 In this step, compound (8c) is reacted with a 
methylating reagent to give compound (9c). Methylating 
reagents include trimethyl oxonium tetrafluoroborate, 
methyl sulfate, methyl iodide, and trimethyl phosphite. It is 
preferable to use 1.0 to 1.5 equivalent of the methylating 
reagent. 

0497 When trimethyl oxonium tetrafluoroborate is used 
as the methylating reagent, compound (9c) can be obtained 
by carrying out the reaction in a halogenated Solvent Such as 
dichloromethane at a temperature ranging from O C. to 50 
C. 

0498) When methylsulfate, methyl iodide, or trimethyl 
phosphite is used as the methylating reagent, compound (9c) 
can be obtained by carrying out the reaction in the presence 
of a base Such as potassium carbonate, triethylamine, or 
N,N-diisopropylethylamine. In this case, it is preferable to 
use 1.0 to 1.5 equivalent of a base. Solvents for the reaction 
include acetone, N,N-dimethylformamide, N-methylpyrroli 
done, 1,4-dioxane, tetrahydrofuran, and dimethoxyethane. 
The reaction can be performed at a temperature ranging 
from O C. to 100° C. 

0499 Step C8 
0500. In this step, compound (9c) is hydrolyzed to give 
compound (10c). 
0501) There are no particular limitations on the reaction 
conditions for the hydrolysis. The reaction can be carried out 
in a mixed Solvent of ethanol and water in the presence of 
an acid Such as Sulfuric acid, hydrochloric acid, or p-tolu 
enesulfonic acid, at a temperature ranging from 0 C. to 80 
C. In this case, it is preferable to use 5 to 50 equivalents of 
the acid. 

0502. When RP is a group, such as a t-butoxycarbonyl 
group, which is removed under the above-described condi 
tion, the protecting group should be reintroduced. There are 
no particular limitations on the reaction conditions for the 
introduction of this protecting group. When RP is a t-bu 
toxycarbonyl group, the reaction can be carried out using a 
reagent Such as t-butyl dicarbonate in a Solvent Such as 
dichloromethane, chloroform, N,N-dimethylformamide, or 
tetrahydrofuran, in the presence of a base Such as pyridine, 
4-aminopyridine, triethylamine, and N,N-diisopropylethy 
lamine, at a temperature ranging from 0 to 80 C. In this 
case, it is preferable to use 2 to 3 equivalents of a base. 
0503) Step C9 
0504. In this step, compound (10c) is reacted with a 
reducing agent to give compound (11c). 
0505) There are no particular limitations on the reaction 
conditions for the reduction. The reaction can be achieved 
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by reacting compound (10c) with hydrogen in the presence 
of Raney nickel in a Solvent Such as benzene, ethanol, 
2-propanol, or acetone, at a temperature ranging from 0 C. 
to 50° C., or alternatively reacting compound (10c) with a 
reducing agent Such as Sodium borohydride, in a Solvent 
Such as methanol, ethanol, or 2-methyl-2-propanol, or in a 
mixed Solvent of water and tetrahydrofuran at a temperature 
ranging from O C. to 50 C., or alternatively reacting 
compound (10c) with a reducing agent Such as Sodium 
borohydride, in the presence of 1 to 5 equivalents of a 
mercury Salt Such as mercuric acetate in a Solvent Such as 
methanol, ethanol, or 2-methyl-2-propanol at a temperature 
ranging from O C. to 50° C. It is preferable to use two to 
three equivalents of a reducing agent. 
0506 Step C10 
0507 In this step, compound (11c) is subjected to an 
oxidation reaction to give compound (12c). 
0508. When an oxidant such as manganese dioxide, pyri 
dinium chlorochromate, or pyridinium dichromate is used in 
the oxidation reaction, compound (12c) can be obtained by 
carrying out the reaction in a Solvent Such as dichlo 
romethane or chloroform, at a temperature ranging from 20 
C. to 80° C. Alternatively, compound (12c) can also be 
obtained by carrying out the reaction under Standard condi 
tions for the oxidation of a primary alcohol to aldehyde, Such 
as Swern oxidation. It is preferable to use 5 to 20 equivalents 
of an oxidant. 

0509 Step C11) 
0510) In this step, compound (12c) is reacted with com 
pound (13c) to give compound (17c). In this case, it is 
preferable to use 2 to 10 equivalents of compound (13c). 
0511 Compound (17c) can be obtained, for example, by 
combining compounds (12c) and (13c) in a Solvent Such as 
methanol, ethanol, 1-methyl-2-pyrrollidone, 1,4-dioxane, tet 
rahydrofuran, or dimethoxyethane, or in the absence of 
Solvent, and reacting the mixture at a temperature of 20 to 
150 C. However, the reaction conditions are not limited 
thereto. 

0512) Step C12) 
0513. In this step, compound (12c) is reacted with hydra 
Zine to give compound (15c). The reaction can be conducted 
under the same conditions as used in Step C11 of produc 
tion method C. It is preferable to use 2 to 10 equivalents of 
hydrazine. 
0514) Step C13) 
0515. In this step, a substitution reaction is carried out 
using compound (15c) and compound (16c) to give com 
pound (17c). The reaction can be conducted under the same 
conditions as used in Step A2 of production method A. It 
is preferable to use 1 to 3 equivalents of compound (16c). 
0516) Step C14) 
0517. In this step, RP of compound (17c) is removed to 
give compound (14c). The reaction can be conducted under 
the same conditions as used in Step A13 of production 
method A. 

0518) Step C15 
0519 In this step, compound (5c) is reacted with com 
pound (6c) to give compound (18c). The reaction can be 
conducted under the same conditions as used in Step A6 of 
production method A. 
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0520) Step C16 
0521. In this step, compound (18c) is hydrolyzed to give 
compound (19e). 
0522 There are no particular limitations on the reaction 
conditions for the hydrolysis. For example, compound (19e) 
can be obtained by incubating compound (18c) in the 
presence of a base at a temperature ranging from O C. to 
100° C. 

0523 Solvents for the reaction include methanol, etha 
nol, tetrahydrofuran, water, or mixtures thereof. Bases 
include lithium hydroxide, Sodium hydroxide, and potas 
sium hydroxide. It is preferable to use 1 to 2 equivalents of 
a base. 

0524) Step C17 
0525) In this step, compound (19c) is reacted with a 
reducing agent to give compound (20c). The reduction can 
be achieved under a standard condition for the reduction of 
carboxylic acid to methyl alcohol. 

0526 Reducing agents include borane derivatives such as 
borane-tetrahydrofuran complex and borane-methyl Sulfide 
complex, and sodium borohydride. It is preferable to use 5 
to 30 equivalents of a reducing agent. 

0527. When a borane derivative is used as a reducing 
agent, compound (20c) can be obtained by carrying out the 
reaction using a solvent such as 1,4-dioxane, tetrahydrofu 
ran, or dimethoxyethane at a temperature ranging from -78 
C. to 35° C. 

0528. Alternatively, when sodium borohydride is used as 
a reducing agent, first, compound (19e) is reacted with an 
activator Such as isobutyl chloroformate, at a temperature 
ranging from -78 C. to 20 C., then reacted with a reducing 
agent Such as Sodium borohydride at a temperature ranging 
from -78° C. to 35° C., to obtain compound (20c). Solvents 
for the reaction include 1,4-dioxane, tetrahydrofuran, and 
dimethoxyethane. 

0529) Step C18) 
0530 In this step, compound (20c) is thioamidated to 
give compound (21c). The reaction can be conducted under 
the same conditions as used in Step C6 of production 
method C. 
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0531 Step C19. 
0532. In this step, compound (21c) is reacted with a 
silylating agent in the presence of a base to give compound 
(22c). 
0533 Solvents for the reaction include dichloromethane, 
N,N-dimethylformamide, 1,4-dioxane, tetrahydrofuran, and 
dimethoxyethane. Bases include imidazole, pyridine, 4-dim 
ethylaminopyridine, triethylamine, and N,N-diisopropyl 
ethylamine. Sillylating agents include t-butyldimethylchlo 
rosilane, and t-butylchlorodiphenylsilane. It is preferable to 
use 1.0 to 1.5 equivalent of a base and 1.0 to 1.5 equivalent 
of a silylating agent. The reaction can be conducted at a 
temperature ranging from O C. to 80 C. 
0534) Step C20 
0535 In this step, compound (22c) is methylated to give 
compound (23c). 
0536 The reaction can be conducted under the same 
condition as used in Step C7 of production method C. 
0537) Step C21 
0538 In this step, compound (23c) is hydrolyzed to give 
compound (24c). 
0539. There are no particular limitations on the reaction 
conditions for the hydrolysis. Compound (24c) can be 
obtained by carrying out the reaction in a mixed Solvent of 
ethanol and water in the presence of an acid Such as Sulfuric 
acid, hydrochloric acid, or p-toluenesulfonic acid, at a 
temperature ranging from 50° C. to 100° C. 

0540. When such a reaction results in removal of -RP, 
-NH- is re-protected through a protection reaction. Spe 
cifically, for example, when RP is a t-butoxycarbonyl group, 
the reaction can be carried out using a reagent Such as t-butyl 
dicarbonate, in a Solvent Such as dichloromethane, chloro 
form, N,N-dimethylformamide, or tetrahydrofuran, in the 
presence of a base Such as pyridine, 4-aminopyridine, tri 
ethylamine, or N,N-diisopropyl ethylamine, at a temperature 
ranging from 0 to 80° C. However, the reaction is not limited 
thereto. 

Production Method D 

0541) 

O 
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StepD3) 



US 2004/0116328A1 Jun. 17, 2004 
31 

-continued 
O O O 

R NH R NH R H 

n 2 n 2 n r) StepD4 StepD5 M (StepD6) 
N N N 
N NO2 N NH2 N N 

4d 5d 6d 

O O r NH 
R R n n N n N N 

N N Y \ -- N RP3 9d 
StepD7 Cl StepD8) 

N N S. N 
V 

7d RP5 8d Yps 
O 

H 

R1 A 
YN N / \ X-U2 

X- N N-RP3 10d-2 
N S. N V M StepD9) 

10d 

O O 
X X 

R \ R \ 
n N N-RP3 n X- N NH StepD10 NS / V y StepD10 NS / v M 

11d 12d 

StepDiN 
NSepDis 

O O 
X X 
M R1 A 

HN N YN N 

X- N N-RP3 stepD12 -N N-RP3 
NS , \ / R1-U1 NS , \ / 

13d 13d-2 14d 

0542 Step D1 

0543. In this step, compound (1 d) is reacted with com 
pound (1d-2) to give compound (2d). 

0544 Specifically, compound (1d-2) includes, for 
example, alkyl halides Such as iodomethane, iodoethane, 
iodopropane, benzyl bromide, 2-bromoacetophenone, chlo 
romethyl benzyl ether, and bromoacetonitrile; alkenyl 
halides such as allyl bromide and 1-bromo-3-methyl-2- 
butene; and alkynyl halides Such as propargyl bromide and 
1-bromo-2-butyne. It is preferable to use 1 to 1.5 equivalent 
of compound (1d-2). 
0545) Solvents for the reaction include N,N-dimethylfor 
mamide, N-methylpyrrollidone, tetrahydrofuran, 1,2- 
dimethoxyethane, 1,4-dioxane, and dichloromethane. The 
reaction can be carried out in the presence or absence of a 
base. Bases to be used in the reaction include 1,8-diazabi 
cyclo5.4.0]undecene, triethylamine, N,N-diisopropylethy 
lamine, and Sodium hydride. In this case, it is preferable to 

use 1 to 1.5 equivalent of the base. The reaction can be 
conducted at a temperature ranging from O C. to 150° C. 

0546) Step D2 

0547. In this step, compound (2d) is reacted with a nitrite 
Salt to give compound (3d). 

0548 Solvents for the reaction include a mixed solvent of 
water and a solvent from N,N-dimethylformamide, N-me 
thylpyrrollidone, tetrahydrofuran, 1,2-dimethoxyethane, and 
1,4-dioxane. Nitrite Salts include Sodium nitrite and potas 
sium nitrite. It is preferable to use 3 to 5 equivalents of a 
nitrite. The reaction can be conducted at a temperature 
ranging from 20° C. to 120° C. 

0549] Step D3 

0550 In this step, compound (3d) is reacted with ammo 
nia to give compound (4d). It is preferable to use 10 to 20 
equivalents of ammonia. 
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0551. The reaction can be carried out in a solvent such as 
methanol, ethanol, or 1,4-dioxane at a temperature ranging 
from 20° C. to 200 C. 

0552) Step D4 
0553. In this step, compound (4d) is subjected to catalytic 
reduction under hydrogen atmosphere or in the presence of 
2 to 3 equivalents of hydrazine using a metal catalyst to give 
compound (5d). 
0554 Solvents for the reaction include methanol, etha 
nol, N,N-dimethylformamide, tetrahydrofuran, 1,2- 
dimethoxyethane, 1,4-dioxane, water, or a mixed Solvent 
thereof. Metal catalysts include palladium carbon, platinum 
oxide, and Raney nickel. It is preferable to use a metal 
catalyst in the amount of 0.5 to 10% by weight. The reaction 
can be conducted at a temperature ranging from 0 C. to 
150° C. 

0555) Step D5 
0556. In this step, compound (5d) is reacted with an 
orthoformate ester to give compound (6d). 
0557. The reaction is carried out in the presence of a 
carboxylic anhydride Such as acetic anhydride. Orthofor 
mate esters include methyl orthoformate, and ethyl ortho 
formate. It is preferable to use 1 to 20 times as much 
orthoformate ester by weight and 3 to 10 equivalents of 
carboxylic anhydride. The reaction can be conducted at a 
temperature ranging from 20° C. to 200 C. 
0558 Step D6) 
0559). In this step, the NH group at the 1-position of 
compound (6d) is protected to give compound (7d). 
0560 Protecting reagents include N,N-dimethylsulfa 
moyl chloride, trityl chloride, di-t-butyl dicarbonate, and 
benzyl bromide. It is preferable to use 1 to 1.5 equivalent of 
a protecting reagent. Solvents for the reaction include 
dichloromethane, chloroform, carbon tetrachloride, toluene, 
N,N-dimethylformamide, and tetrahydrofuran. Bases 
include pyridine, 4-dimethylaminopyridine, 1,8-diazabicy 
cloS.4.0]undecene, triethylamine, and N,N-diisopropyl 
ethylamine. In typical cases, it is preferable to use 1.2 
equivalents of a base. However, when the protecting reagent 
is di-t-butyl dicarbonate, 0.005 to 0.1 equivalent of 4-dim 
ethylaminopyridine is used preferably. The reaction can be 
conducted at a temperature ranging from 20° C. to 200 C. 
0561 Step D7 
0562. In this step, compound (7d) is chlorinated to give 
compound (8d). 
0563 There are no particular limitations on the reaction 
conditions. For example, the reaction is carried out as 
follows. Compound (7d) is reacted with a base at a tem 
perature ranging from -100° C. to 20 C., and then a 
chlorinating reagent is reacted thereto. This reaction pro 
duces compound (8d). Compound (8d) can also be obtained 
by reacting compound (7d) with a base in the presence of a 
chlorination reagent. Solvents for the reaction include, for 
example, diethyl ether, tetrahydrofuran, 1,2-dimethoxy 
ethane, and 1,4-dioxane. Bases include n-butyllithium, t-bu 
tyllithium, lithium diisopropylamide, lithium bis(trimethyl 
silyl)amide, and magnesium diisopropylamide. It is 
preferable to use 1 to 1.5 equivalent of a base. Chlorinating 
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reagents include hexachloroethane, and N-chloro Succinim 
ide. It is preferable to use 1 to 3 equivalents of a chlorination 
reagent. 

0564) Step D8 

0565. In this step, compound (8d) is reacted with com 
pound (9d) to give compound (10d). The reaction can be 
conducted under the same conditions as used in Step A6 of 
production method A. 

0566) Step D9 

0567. In this step, a substitution reaction is carried out 
using compound (10d) and compound (10d-2) to give com 
pound (11d). The reaction can be conducted under the same 
conditions as used in Step A4 of production method A. 

0568 Step D10 

0569. In this step, RP of compound (11d) is removed to 
give compound (12d). The reaction can be conducted under 
the same condition as used in Step A13 of production 
method A. 

0570 Step D11 

0571. In this step, the group at the 5-position of com 
pound (11d) is obtained by dealkylation to give compound 
(13d). There are no particular limitations on the reaction 
conditions for the dealkylation. For example, Such a reaction 
can be achieved as follows: 

0572) When R is a benzyloxymethyl group, compound 
(11d) is reacted with 3 to 10 equivalents of boron tribromide, 
boron trichloride, or Such in a Solution Such as dichlo 
romethane at a temperature ranging from -100° C. to 20 C. 
This reaction produces compound (13d). 

0573) When such a reaction results in removal of RP, 
-NH- is re-protected through a protection reaction. Spe 
cifically, for example, when RP is a t-butoxycarbonyl group, 
the reaction can be carried out using a reagent Such as 
di-t-butyl dicarbonate, in a Solvent Such as dichloromethane, 
chloroform, N,N-dimethylformamide, or tetrahydrofuran, in 
the presence of a base Such as pyridine, 4-aminopyridine, 
triethylamine, or N,N-diisopropylethylamine, at a tempera 
ture ranging from 0 to 80 C. However, the reaction is not 
limited thereto. 

0574) Step D12) 

0575 In this step, compound (13d) is reacted with com 
pound (13d-2) to give compound (14d). The reaction can be 
conducted under the same conditions as used in Step D1 of 
production method D. 

0576) Step D13) 

0577. In this step, RP of compound (14d) is removed to 
give compound (12d). The reaction can be conducted under 
the same conditions as used in Step A13 of production 
method A. 

0578. An alternative method for producing compound 
(11d) is described below. 
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0579 Step D14) 
0580. In this step, compound (8d) is deprotected to give 
compound (15d). 
0581. The deprotection can be achieved under standard 
reaction conditions depending on the type of protecting 
group. For example, in the case of a t-butoxycarbonyl group, 
the deprotection can be achieved by carrying out the reaction 
using a base Such as Sodium hydroxide, potassium carbon 
ate, and ammonia, in tetrahydrofuran, N,N-dimethylforma 
mide, methanol, ethanol, water, or a mixed Solvent thereof 
at a temperature ranging from O C. to 100° C. When a 
Solvent and a base are added after chlorination in the 
previous Step, the deprotection can be achieved without 
isolating compound (8d). 

0582 Step D15) 

0583. In this step, X is introduced into compound (15d) 
to give compound (16d). The reaction can be conducted 
using X-Uf under the same conditions as used in Step A4) 
of production method A. 
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0584) An alcohol (X-OH) can be introduced using 
Mitsunobu's reaction. Specifically, compound (16d) can be 
obtained by reacting an alcohol (X-OH) with an azodicar 
boxylic acid dialkyl ester and triphenylphosphine in a Sol 
vent Such as tetrahydrofuran, at a temperature ranging from 
-70° C. to 50° C. 

0585 Step D16) 

0586) 
pound (9d) to give compound (11d). 

In this step, compound (16d) is reacted with com 

0587. The reaction can be conducted under the same 
conditions as used in Step A6 of production method A. 

Production Method E 

0588 Compound (1e) represented by the formula: 

1e 
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0589 can be obtained by using compound (8b) repre 
sented by H-T, instead of compound (6c), in Step C5or 
Step C15 of production method C described above under 
the same reaction conditions as used in Step C5), and then 
appropriately applying Step C6 to Step C21 described 
above. 

0590 Compound (1e) represented by the formula: 

1e 
O 

R 
X 
M 

N 

0591 can be obtained by using compound (8b) repre 
sented by H-T, instead of compound (9d) in Step D8) of 
production method D described above under the same 
reaction conditions as used in Step D8, and then appro 
priately applying Step D9 to Step D13) described above. 

YN 
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0593) Step F1 

0594. In this step, the ester group of compound (1f) is 
hydrolyzed to give compound (2f). The reaction can be 
conducted under the same conditions as used in Step C16 
of production method C. 

0595) Step F2 

0596) In this step, RP of compound (2f) is removed to 
give compound (3f). The reaction can be conducted under 
the same conditions as used in Step A13 of production 
method A. 
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0598) Step G1 

0599. In this step, the nitro group of compound (1g) is 
reduced to give compound (2g). 

0600 Solvents for the reaction include methanol, etha 
nol, tetrahydrofuran, water, or mixtures thereof. Reducing 
agents includes, iron, tin, and zinc. Catalysts include hydro 
chloric acid and ammonium Salts Such as ammonium chlo 
ride. The reaction can be conducted at a temperature ranging 
from 20° C. to 120° C. 

0601 Step G2 

0602) In this step, RP of compound (2g) is removed to 
give compound (3g). The reaction can be conducted under 
the same conditions as used in Step A13 of production 
method A. 
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0604) Step H1) 
-continued 

0605. In this step, the nitrile group of compound (1h) is 
O X hydrolyzed to give compound (2h). 

A2CONH2 A 
YN N / M 0606. There are no particular limitations on the reaction 

2 N N-RP3 conditions. For example, the reaction is carried out as 
N N N \ / follows. Compound (2h) can be obtained by reacting com 

pound (1h) with hydrogen peroxide in the presence of a base 
H 2h at a temperature ranging from -20° C. to 50° C. Solvents 

include methanol, ethanol, tetrahydrofuran, water, or a Sol 
isite vent mixture thereof. BaseS include ammonia and alkyl 

amines Such as triethylamine. 

O X 0607 Step H2 
A2CONH2 A 
YN N / V 0608. In this step, RP of compound (2h) is removed to 

X-N NH give compound (3h). The reaction can be conducted under 
NS N \ / the same conditions as used in Step A13 of production 

method A. 
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0610 Step I1) 
0611 In this step, compound (1i) is reacted with an alkyl 
metal agent or an aryl metal agent to give compound (2i). 
0612 There are no particular limitations on the reaction 
conditions. For example, the reaction is carried out as 
follows. Compound (1i) may be reacted with an agent Such 
as alkyllithium, aryllithium, alkyl Grignard reagent, or aryl 
Grignard reagent, in a Solvent Such as diethyl ether or 
tetrahydrofuran, at a temperature ranging from -100° C. to 
100° C. Alternatively, the compound may be reacted with 
alkylzinc or arylzinc in a solvent such as N,N-dimethylfor 
mamide or 1-methyl-2-pyrrollidone, at a temperature ranging 
from O C. to 50° C. 

0613) Step I2 
0614. In this step, compound (2i) is oxidized to give 
compound (3i) A typical reagent that is generally used in the 
oxidation of an alcohol can be used as the oxidant. Specifi 
cally, for example, manganese dioxide can be used as the 
oxidant in a Solvent Such as dichloromethane or chloroform, 
at a temperature within the range of 20 to 100° C. Alterna 
tively, Sulfur trioxide pyridine can be used as the oxidant in 
a Solvent Such as dimethyl Sulfoxide, at a temperature within 
the range of 20 to 100° C. Alternatively, Dess-Martin 
periodinane may be used in a Solvent Such as dichlo 
romethane or chloroform, at a temperature within the range 
of -50 to 50° C. 

X 
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0615) Step I3) 
0616) In this step, compound (3i) is reacted with hydra 
Zine to give compound (4i). The reaction can be conducted 
under the same conditions as used in Step C12) of produc 
tion method C. 

0617 Step I4) 
0618. In this step, a substitution reaction is carried out 
using compound (4i) and compound (5i) to give compound 
(6i). The reaction can be conducted under the same condi 
tions as used in Step A2 of production method A. 
0619 Step I5] 
0620. In this step, RP of compound (6i) is removed to 
give compound (7i). The reaction can be conducted under 
the same conditions as used in Step A13 of production 
method A. 

0621) Step I6 
0622) In this step, RP of compound (4i) is removed to 
give compound (7i) when R' of compound (7i) is H. The 
reaction can be conducted under the same conditions as used 
in Step A13 of production method A. 

Production Method J 

0623) 

A M 
N W V N ? V 

EtO 3 Step J1 EtO 3 
M N N-RP -e- / N N-RP 
N \ / HO N 

M M 
EtO N ? V 3 Step J3 EtO N ? V 3 

A N N-RP -e- - A N N-RP 
O N M ? HO N M ? 

HN O 4. HN O 3. 



US 2004/0116328A1 Jun. 17, 2004 
37 

-continued 
O O 

X X 

R N R \ 
n N / V Step Jó N / V 

X- N N-RP --> X- N N-RP3 
NS \ \ / NN N \ / 

HN O 6 | 8. 
N 

JS J7 

O O 
X X 

R M R A 

X- N NH X- N NH NS \ \ / NN \ \ / 

HN O 7 9. 
N 

0624) Step J1 
0625. In this step, compound (1i) is reacted with a 
cyanidation agent in the presence of a catalyst to give 
compound (2). 
0626 Cyanidation agents include Sodium cyanide, and 
potassium cyanide. Catalysts include acetic acid. Solvents 
include, for example, acetonitrile. The reaction can be 
conducted at a temperature ranging from O C. to 100 C. 
0627 Step J2) 
0628. In this step, the nitrile group of compound (2) is 
hydrolyzed to give compound (3). The reaction can be 
conducted under the same conditions as used in Step H1 of 
production method H. 
0629 Step J3 
0630. In this step, the hydroxyl group of compound (3) 
is oxidized to give compound (4). The reaction can be 
conducted under the same conditions as used in Step I2 of 
production method I. 
0631 Step J4) 
0632. In this step, compound (4) is reacted with com 
pound (5) to give compound (6). The reaction can be 
conducted under the same conditions as used in Step C11 
of production method C. 

0633 Step J5 

0634) In this step, RP of compound (6) is removed to 
give compound (7). The reaction can be conducted under 
the same conditions as used in Step A13 of production 
method A. 

0635 Step J6) 

0636. In this step, the carbamoyl group of compound (6) 
is dehydrated in the presence of a base to give compound 
(8). 
0637 Dehydrating agents include, for example, phospho 
rus oxychloride. Bases include alkyl amines Such as triethy 
lamine. Solvents include dichloromethane, and chloroform. 
Alternatively, the reaction can be carried out in the absence 
of Solvent. The reaction can be conducted at a temperature 
ranging from 0° C. to 100° C. 

0638 Step J7 

0639. In this step, RP of compound (8) is removed to 
give compound (9). The reaction can be conducted under 
the same conditions as used in Step A13 of production 
method A. 
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Production Method K 

0640 

O O 

H R n N n N y StepK1 y 
R1- U1 

NS N 2k NN N 
Yps Yps 

C C 

1k 3k 

HNRAA2 StepK2 
4k 

O O 

R R n N n N 

y Cl StepK3 y 

V 5 V 5 
NRAA2 RP NRAA2 RP 

6k Sk 

NH 
StepK4 

N 
RP3 7k 

O O 

R N R N 
n N N M N StepK5 n N \ v N 

X-N N-RP --> X-N N-RP3 
NS N \ / Nin N \ / 

V H 
NRAA2 Rp5 NRAA2 

8k 9k 

rise 
O O 

X X 

R \ R \ 
n N M V StepK7 n N / V 

X- N NH a- X- N N-RP3 
N S N \ / N S. N \ / 

V 5 
NRAA2 RP NRAA2 

12k 11k 

0641) Step K1 0643 Step K2 
0642. In this step, a Substitution reaction using compound 
(1k) and compound (2k) is carried out to give compound 
(3k). The reaction can be conducted under the same condi- (3k) and compound (4k) is carried out to give compound 
tions as used in Step A2 of production method A. (5k). 

0644. In this step, a Substitution reaction using compound 
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0645 Compound (5k) can be obtained, for example, by 
reacting a mixture of compounds (3k) and (4k) in a Solvent 
Such as methanol, ethanol, 1-methyl-2-pyrrolidone, 1,4- 
dioxane, tetrahydrofuran, or dimethoxyethane, or in the 
absence of Solvent at a temperature ranging from 20° C. to 
200 C. However, the reaction conditions are not limited 
thereto. 

RP3 Y 
N 

O O 

RN NH2 
H 21 

N N 
NH2 

11 
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0656) Step K7 
0657) In this step, RP of compound (11k) is removed to 
give compound (12k). The reaction can be conducted under 
the same conditions as used in Step A13 of production 
method A. 

Production Method L 

0658) 

O 

R H 
N YN 

- RP3 StepL1 l M N-R 
N N 

31 

X-U2 
StepL2 4 

O X O X 

RN N \ R'S N \ 
A NH StepL3 M N-RP3 

N N N N N N 

6 

0646 Step K3 

0647. In this step, compound (5k) is chlorinated to give 
compound (6k). The reaction can be conducted under the 
same conditions as used in Step D7) of production method 
D. 

0648 Step K4) 

0649. In this step, compound (6k) is reacted with com 
pound (7k) to give compound (8k). The reaction can be 
conducted under the same conditions as used in Step A6 of 
production method A. 

0650 Step K5 

0651). In this step, RP of compound (8k) is removed to 
give compound (9k). 

0652) The deprotection reaction for RP can be carried out 
under Standard reaction conditions for removing an -NH 
protecting group. 

0653) For example, when RP is a benzyl group, the 
reaction can be achieved using a metal Such as lithium or 
Sodium in liquid ammonia at a temperature within the range 
of -78° C. to -30° C. 

0654) Step K6) 

0655. In this step, a substitution reaction using compound 
(9k) and compound (10k) is carried out to give compound 
(11k). The reaction can be conducted under the same con 
ditions as used in Step A4 of production method A. 

51 

0659 Step L1 
0660. In this step, compound (11) is reacted with com 
pound (21) in the presence of an oxidant to give compound 
(31). 
0661 Oxidants include salts such as iron (III) chloride. 
Solvents include methanol, ethanol, and water. The reaction 
can be conducted at a temperature ranging from 20° C. to 
100° C. 

0662) When such a reaction results in removal of -RP, 
-NH- is re-protected through a protection reaction. Spe 
cifically, for example, when Pro3 is a t-butoxycarbonyl 
group, the reaction can be carried out using a reagent Such 
as di-t-butyl dicarbonate, in a Solvent Such as dichlo 
romethane, chloroform, N,N-dimethylformamide, or tet 
rahydrofuran, in the presence of a base Such as pyridine, 
4-aminopyridine, triethylamine, or N,N-diisopropylethy 
lamine, at a temperature ranging from 0 to 80 C. However, 
the reaction is not limited thereto. 

0663 Step L2 
0664) In this step, compound (31) is reacted with com 
pound (41) to give compound (51). The reaction can be 
conducted under the same conditions as used in Step A4 of 
production method A. 
0665 Step L3 
0666. In this step, R of compound (51) is removed to give 
compound (61). The reaction can be conducte dunder the 
same conditions as used in Step A13 of production method 
A. 
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Production Method M 

0667) 

R 
YN \ 2m 

X-Cl StepM1 
NS N p 

V 5 

O 

R A 

0668 Step M1 
0669. In this step, compound (1m) is reacted with com 
pound (2m) to give compound (3m). The reaction can be 
conducted under the same conditions as used in Step A6 of 
production method A. 
0670) Step M2 
0671 In this step, compound (3m) is reacted with com 
pound (4m) to give compound (5m). The reaction can be 
conducted under the same conditions as used in Step A4 of 
production method A. 

40 

O 

RN N 

X- N 

3m. 

O X 
X 

RN \ n N N N 

2- N StepM3 2- N 
N N N N N N 

NH2 
6m 5m 
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NH-RP3 

- TT2 XUStepM2 
4m 

NH-RP3 

0672) Step M3 

0673) In this step, RP of compound (5m) is removed to 
give compound (6m). The reaction can be conducted under 
the same conditions as used in Step A13 of production 
method A. 

Production Method N 

0674) 

Cl 

NO2 NO2 NH2 

OC Step N1 OC Step N2 
N OEt N 14 S 14 

H H 

C 
X 

N 
N 21 Step N5 

x=O - 
N N 

H 

Step N.N. 

2n 3n 

|sis 
Cl C 

X 

N N21 step N4 N1 
O - O 

S XU ls N 5n N 

6n 4n 
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-continued 

NH 
Cl X C X 

A Rp.31 N 
N N 21 9n 

Cl A StepN7 
N N 

8. 1On 

/ StepN8 

O 
X 

\ 
HN / \ 

X- N NH 
N N \ / 

11n 

0675) Step N1 

0676 In this step, compound (1n) is reacted with ally 
lamine to give compound (2n). 

0677. The reaction can be conducted at a temperature 
ranging from 20° C. to 150° C. Solvents for the reaction 
include methanol, ethanol, water, and a mixed Solvent 
thereof. 

0678 Step N2 

0679. In this step, compound (2n) is reduced while being 
chlorinated to give compound (3n). 

0680 Reducing agents include tin salts such as tin chlo 
ride. Solvents include concentrated hydrochloric acid. The 
reaction can be conducted at a temperature ranging from 20 
C. to 150° C. 

0681 Step N3 

0682. In this step, compound (3n) is reacted with N,N'- 
disuccinimidyl carbonate to give compound (4n). 

0683. The reaction can be achieved using a solvent such 
as acetonitrile or tetrahydrofuran. The reaction can be con 
ducted at a temperature ranging from 20° C. to 100° C. 

0684) Step N4) 

0685. In this step, compound (4n) is reacted with com 
pound (5n) to give compound (6n). The reaction can be 
conducted under the same conditions as used in Step A4 of 
production method A. 
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A 
N21 N / N 

N X- N-R 

0686) Step N5 
0687 In this step, the allyl group is removed from 
compound (6n) to give compound (7n). 
0688 Compound (7n) can be obtained, for example, by 
reacting compound (6n) with osmic acid and Sodium perio 
date in a Solvent Such as tetrahydrofuran, 1,4-dioxane, 
1,2-dimethoxyethane, or water at a temperature ranging 
from 20° C. to 100° C. However, the reaction conditions are 
not limited to this example. 
0689 Step N6) 
0690. In this step, compound (7n) is chlorinated to give 
compound (8n). 

0.691. There are no particular limitations on the reaction 
conditions. The reaction can be conducted under Standard 
reaction conditions to be used for chlorination. Compound 
(8n) can be obtained, for example, by using a reagent Such 
as phosphorus pentachloride in a Solvent Such as phosphorus 
oxychloride, at a temperature of 0 to 150 C. 

0692 Step N7 
0693. In this step, compound (8n) is reacted with com 
pound (9n) to give compound (10n). The reaction can be 
conducted under the same conditions as used in Step A6 of 
production method A. 

0694 Step N8 

0695) In this step, RP of compound (10n) is removed to 
give compound (11n). The reaction can be conducted under 
the same conditions as used in Step A13 of production 
method A. 



US 2004/0116328A1 Jun. 17, 2004 
42 

Production Method O 

0696) 

N X N X 
Šs M Šs M 

N A v StepO1 N A v 

X-N N-RP - - X-N N-RP3 
N \ / O N \ / 

OH H 
1o 2O 

StepO2 

N X N X 
Šs A Šs A 

X- N-RP - P. X- N-RP3 
HO N N N / EtO N N V / 

O O 
4o 3o 

StepO4 

N X N X 
Šs M Šs A 

X- N-Rp Ser- ul I- N-RP3 
N N N \ / O N N \ / 

O 50 6o 

StepO6 

O O 
X X 
A M 

HN N A V StepO7 O Sr. M N N NH s-- N N-RP3 

N X- \ / 1.-l N N - \ / 
H 

0697) Step O1 

0698. In this step, the hydroxyl group of compound (1o) 
is oxidized to give compound (2O). The reaction can be 
conducted under the same conditions as used in Step I2 of 
production method I. 

0699 Step O2 

0700. In this step, compound (2O) is reacted with ethyl 
diethylphosphonoacetate in the presence of a base to give 
compound (3o). 

0701 Bases include sodium hydride and lithium diiso 
propylamide. Solvents include, for example, tetrahydrofuran 
and N,N-diformamide. The reaction can be conducted at a 
temperature ranging from O C. to 100 C. 

70 

0702) Step O3) 

0703. In this step, the ester of compound (3o) is hydro 
lyzed to give compound (4O). The reaction can be conducted 
under the same condition as used in Step C16 of produc 
tion method C. 

0704) Step O4) 

0705. In this step, compound (4o) is reacted with diphe 
nylphosphoryl azide in the presence of a base to give 
compound (5o). 

0706 Solvents for the reaction include toluene, t-butanol, 
tetrahydrofuran, and dichloromethane. BaseS include ter 
tiary amines Such as triethylamine and diisopropylethy 
lamine. The reaction can be conducted at a temperature 
ranging from -50° C. to 50° C. 
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0707 Step O5) 
0708. In this step, compound (5o) is rearranged to give 
compound (6O). 
0709. The reaction can be achieved in t-butanol at a 
temperature ranging from 50° C. to 100° C. 
07.10 Step O6 
0711 In this step, the nitrile group of compound (6o) is 
hydrolyzed to give compound (7o). The reaction can be 
conducted under the same conditions as used in Step H1 of 
production method H. 

0712) Step O7 
0713. In this step, compound (7o) is reacted with an acid 
to give compound (8o). 
0714 Acids include hydrochloric acid, sulfuric acid, and 
trifluoroacetic acid. Solvents include methanol, ethanol, 
1,4-dioxane, water, and mixtures thereof. The reaction can 
be conducted at a temperature ranging from O C. to 50° C. 

Production Method P 

0715) 

O X O 

N 
HN A V Step P1 

X-N NH --> 
N , \ / 

1p 

O X O 

RN \ RN 
N / V Step P3 N 

X-N NH -- 
N , \ / N 
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0716) Step P1 
0717. In this step, compound (1p) is protected to give 
compound (2p). 
0718. A typical NH group-protecting reagent that is gen 
erally used in protecting NH groups can be used as an NH 
group-protecting reagent. For example, when RP is a t-bu 
toxycarbonyl group, the reaction can be achieved at a 
temperature ranging from 0 to 80 C. using a reagent Such 
as di-t-butyl dicarbonate, in a Solvent Such as dichlo 
romethane, chloroform, N,N-dimethylformamide, and tet 
rahydrofuran, in the presence of a base Such as pyridine, 
4-aminopyridine, triethylamine, and N,N-diisopropylethy 
lamine. 

0719) Step P2) 
0720 In this step, compound (2p) is reacted with com 
pound (3p) to give compound (4p). The reaction can be 
conducted under the same conditions as used in Step A2 of 
production method A. 
0721) Step P3 
0722) In this step, RP of compound (4p) is removed to 
give compound (5p). The reaction can be conducted under 
the same conditions as used in Step A13 of production 
method A. 

A 
HN N / N 

N X- N-R 
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Production Method O 

0723) 

Ns Ns 
X * 

N N 
HN M V StepC1 O A M 3 

A N N-RP - - M N N-RP 
N \ / N \ / 

ORP4 19 OH 2g 
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0724) Step Q1) 
0725. In this step, compound (1q) is hydrolyzed to give 
compound (2d) Reaction Solvents include tetrahydrofuran, 
methanol, and ethanol. Acids include inorganic acids Such as 
hydrochloric acid and Sulfuric acid. The reaction can be 
conducted at a temperature ranging from O C. to 100 C. 
0726 Step Q2 
0727. In this step, the hydroxyl group of compound (2d) 
is oxidized to give compound (3d). The reaction can be 
conducted under the same conditions as used in Step I2 of 
production method I. 
0728) Step Q3. 
0729) In this step, compound (3q) is reacted with methyl 
benzyloxycarbonylamino(dimethoxyphosphoryl)acetate in 
the presence of a base to give compound (4q). 
0730 Bases include sodium hydride, potassium t-butox 
ide, and 8-diazabicyclo5.4.0-7-undecene. Solvents include 
dichloromethane, tetrahydrofuran, and N,N-dimethylforma 
mide. The reaction can be conducted at a temperature 
ranging from 0° C. to 100° C. 
0731 Step Q4 
0732. In this step, compound (4q) is reacted with sodium 
methoxide to give compound (5q). 
0733 Methanol can be used as solvent. The reaction can 
be conducted at a temperature ranging from O C. to 80 C. 
0734) Step Q5 
0735. In this step, compound (5q) is reacted with com 
pound (6d) to give compound (7.q). The reaction can be 
conducted under the same conditions as used in Step A2 of 
production method A. 
0736) Step Q6) 
0737. In this step, compound (7.q) is reacted with an acid 
to give compound (8q). The reaction can be conducted under 
the same conditions as used in Step O7 of production 
method O. 

0738 Step Q7) 
0739. In this step, RP of compound (8q) is removed to 
give compound (9q). The reaction can be conducted under 
the same conditions as used in Step A13 of production 
method A. 

0740 Step Q8 
0741. In this step, compound (7d) is reacted with ammo 
nia to give compound (10q). 
0742 Reaction solvents include methanol, ethanol, and 
water. The reaction can be conducted at a temperature 
ranging from 20° C. to 150° C. 
0743) Step Q9) 
0744) In this step, RP of compound (10q) is removed to 
give compound (11q). The reaction can be conducted under 
the same conditions as used in Step A13 of production 
method A. 

0745. The compounds indicated below, salts thereof, or 
hydrates thereof, are exceedingly useful as intermediates in 
the Synthesis of compound (I) of the present invention. 

Jun. 17, 2004 

0746 Compounds, or salts thereof, or hydrates thereof, 
represented by the formula: 

O 

RS N 
X-r 
Yps 

0747 where 

0748) R' is defined as in 1 above; 
0749 RP represents a t-butoxycarbonyloxy group, a tri 
tyl group, or a group represented by the formula -SONH2, 

0750 T' represents a halogen atom or a hydrogen atom; 
0751 Compounds, or salts thereof, or hydrates thereof, 
represented by the formula: 

O 

RS 
X-r" 

0752 where 

0753) R' is defined as in 1 above; 
0754) T' represents a halogen atom or a group repre 
sented by the formula: 

N N-T13; 

0755 T represents a t-butoxycarbonyl group, a benzy 
loxycarbonyl group, or a formyl group; 

0756 Compounds, or salts thereof, or hydrates thereof, 
represented by the formula: 

O 
X 
M 

RS N 
M T12 

N N N 

0757 where 

0758) R' and X are defined as in 1 above; 
0759 T' represents a halogen atom; 
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0760 Compounds, or salts thereof, or hydrates thereof, 
represented by the formula: 

T12 
X 
M 

Na N 11 

T22 N N 

0761 where 
0762 X is defined as in 1 above, but excluding the case 
where X is a benzyl group; 
0763) 
atom, 
0764) T' represents a halogen atom or a group repre 
sented by the formula: 

T' and T’ each independently represent a halogen 

N N-T13; 

0765) T. represents a t-butoxycarbonyl group, a benzy 
loxycarbonyl group, or a formyl group; 
0766 Compounds, or Salts thereof, or hydrates thereof, 
represented by the formula: 

O 
X 

R M 
nN.1N-N / \ 
1s X-N N-T13 

T22 s N \ / 

0767 where 
0768 X and R' are defined as in 1 above; 
0769) 
0770 T represents a t-butoxycarbonyl group, a benzy 
loxycarbonyl group, or a formyl group. 

Tf represents a halogen atom; 

0771. The methods indicated above are representative 
methods for producing compound (I) of the present inven 
tion. The Starting compounds and various reagents to be 
used in the methods for producing compounds of the present 
invention may be Salts or hydrates, or Solvates depending on 
the type of Starting materials, Solvents to be used, or Such, 
and are not limited as long as they do not inhibit the 
reactions. The type of Solvents to be used depends on the 
types of Starting compounds, reagents to be used, or Such, 
and is not limited as long as it does not inhibit the reactions 
and dissolves Starting materials to Some extent. When com 
pound (I) of the present invention is obtained in a free form, 
Such a compound can be converted to a Salt or a hydrate, 
which is a possible form of compound (I) described above, 
according to a conventional method. 
0772. When compound (I) of the present invention is 
obtained as a Salt or a hydrate, Such a product can be 
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converted to a free form of compound (I) described above 
according to a conventional method. 
0773) In addition, various isomers of compound (I) of the 
present invention (for example, geometric isomers, enanti 
omers on the basis of asymmetric carbon, rotamers, Stere 
oisomers, and tautomers) can be purified and isolated by 
typical isolation means, for example, including recrystalli 
Zation, diastereomer Salt method, enzyme-based Separation, 
and various chromatographic methods (for example, thin 
layer chromatography, column chromatography, and gas 
chromatography). 
0774 Compounds of the present invention, salts thereof, 
or hydrates thereof, can be formulated into tablets, powders, 
particles, granules, coated tablets, capsules, Syrups, troches, 
inhalants, Suppositories, injections, ointments, eye oint 
ments, eye drops, nasal drops, ear drops, epithem, lotions, 
etc. by conventional methods. Such formulation can be 
achieved by using typical diluting agents, binders, lubri 
cants, colorants, flavoring agents, and if required, Stabilizers, 
emulsifiers, absorbefacients, Surfactants, pH modulators, 
preservatives, antioxidants, etc., and materials commonly 
used as ingredients of pharmaceutical preparations accord 
ing to conventional methods. For example, an oral prepa 
ration can be produced by combining a compound of the 
present invention or a pharmaceutically acceptable Salt 
thereof with a diluting agent, and if required, a binder, a 
disintegrating agent, a lubricant, a colorant, a flavoring 
agent, or Such, and formulating the mixture into powders, 
particles, granules, tablets, coated tablets, capsules, or the 
like according to conventional methods. Examples of the 
materials include, for example, animal and vegetable oils 
Such as Soya bean oil, beef tallow, and Synthetic glyceride; 
hydrocarbons Such as liquid paraffin, Squalane, and Solid 
paraffin, ester oils Such as octyldodecyl myristate and iso 
propyl myristate; higher alcohols Such as cetoStearyl alcohol 
and behenyl alcohol; Silicon resins, Silicone oils, Surfactants 
Such as polyoxyethylene fatty acid ester, Sorbitan fatty acid 
ester, glycerol fatty acid ester, polyoxyethylene Sorbitan 
fatty acid ester, polyoxyethylene hydrogenated castor oil, 
and polyoxyethylene polyoxypropylene block co-polymer; 
water-Soluble polymerS Such as hydroxyethyl cellulose, 
poly-acrylic acid, carboxyvinyl polymer, polyethylene gly 
col, polyvinylpyrrollidone, and methyl cellulose; lower alco 
hols Such as ethanol and isopropanol; polyhydric alcohols 
Such as glycerol, propylene glycol, dipropylene glycol, and 
Sorbitol, SugarS Such as glucose and Sucrose, inorganic 
powder Such as anhydrous Silicic acid, magnesium alumi 
num Silicate, and aluminum Silicate; and pure water. Dilut 
ing agents include, for example, lactose, corn Starch, white 
Sugar, glucose, mannitol, Sorbitol, crystal cellulose, and 
Silicon dioxide. Binders include, for example, polyvinyl 
alcohol, polyvinyl ether, methyl cellulose, ethyl cellulose, 
gum arabic, tragacanth, gelatin, shellac, hydroxypropyl 
methyl cellulose, hydroxypropyl cellulose, polyvinylpyr 
rolidone, polypropylene glycol-polyoxyethylene block co 
polymer, and meglumine. Disintegrating agents include, for 
example, Starch, agar, gelatin powder, crystalline cellulose, 
calcium carbonate, Sodium bicarbonate, calcium citrate, 
dextrin, pectin, and calcium carboxymethyl cellulose. Lubri 
cants include, for example, magnesium Stearate, talc, poly 
ethylene glycol, Silica, and hydrogenated vegetable oil. 
Colorants include those pharmaceutically acceptable. Fla 
Voring agents include cocoa powder, peppermint camphor, 
aromatic powder peppermint oil, Borneo camphor, and 
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cinnamon powder. Tablets and granules may be coated with 
Sugar, or if required, other appropriate coatings can be made. 
Solution, Such as Syrups or injectable preparations, to be 
administered can be formulated by combining a compound 
of the present invention or a pharmaceutically acceptable 
Salt thereof with a pH modulator, a Solubilizing agent, an 
isotonizing agent, or Such, and if required, with an auxiliary 
Solubilizing agent, a Stabilizer, or the like, according to 
conventional methods. Methods for producing an external 
preparation are not limited and Such preparations can be 
produced by conventional methods. Specifically, various 
materials typically used for producing pharmaceuticals, 
quasi drugs, cosmetics, and Such can be used as base 
materials for the external formulation. Specifically, base 
materials to be used include, for example, animal and 
vegetable oils, mineral oils, ester oil, wax, higher alcohols, 
fatty acids, Silicone oil, Surfactants, phospholipids, alcohols, 
polyhydric alcohols, water-Soluble polymers, clay minerals, 
and pure water. Furthermore, external preparations of the 
present invention can contain, as required, pH modulators, 
antioxidants, chelating agents, antibacterial/antifungal 
agents, coloring matters, odoriferous Substances, etc. But 
this does not limit the type of base materials that are to be 
used in an external preparation of the present invention. If 
required, the preparation may contain differentiation induc 
ers, blood flow improving agents, antimicrobial agents, 
antiphlogistics, cell activators, Vitamins, amino acids, 
humectants, keratolytic agents, etc. The amount of base 
materials listed above is adjusted within a concentration 
range used for producing typical external preparations. 

0775. When a compound of the present invention, or a 
Salt thereof, or a hydrate thereof is administered, the forms 
of a compound are not limited and a compound can be given 
orally or parenterally by a conventional method. For 
example, a compound can be administered as a dosage form 
Such as tablets, powders, granules, capsules, Syrups, troches, 
inhalants, Suppositories, injections, ointments, eye oint 
ments, eye drops, nasal drops, ear drops, epithems, and 
lotions. The dose of a pharmaceutical of the present inven 
tion can be Selected appropriately based on Symptom Sever 
ity, age, Sex, weight, forms of compounds, type of Salts, 
Specific type of diseases, etc. 

0776 The dose varies depending on the patient’s disease, 
Symptom Severity, age and Sex, drug Susceptibility, etc. A 
pharmaceutical agent of this invention is administered once 
or several times at a dose of approx. 0.03 to approx. 1000 
mg/adult/day, preferably 0.1 to 500 mg/adult/day, more 
preferably 0.1 to 100 mg/adult/day. An injection can be 
given at a dose of approx. 1 to approx. 3000 ug/kg, prefer 
ably approx. 3 to approx. 1000 ug/kg. 

0777 Compounds of the present invention can be pro 
duced, for example, by the methods described in Examples 
below. However, the compounds of the present invention are 
under no circumstances to be construed as being limited to 
Specific examples described below. 

0778 All patents and publications mentioned herein are 
incorporated by reference. 
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PRODUCTION EXAMPLE 

Production Example 1 

t-Butyl 4-1-(2-butynyl)-6-methyl-7-oxo-6,7-dihy 
dro-1H-imidazo4,5-dipyridazin-2-yl)piperazin-1- 

carboxylate 

0779 (a) t-Butyl 5-methyl-4-oxo-4,5-dihydroimidazo[4, 
5-dpyridazine-1-carboxylate 
0780 A mixture consisting of 1.0 g of 5-methyl-3,5- 
dihydroimidazo4,5-dpyridazin-4-one, 16 mg of 4-dim 
ethylaminopyridine, 1.6 g of di-t-butyl dicarbonate, and 5 ml 
of tetrahydrofuran was Stirred at room temperature over 
night. Then, a 0.5-ml tetrahydrofuran Solution containing 
300 mg of di-t-butyl dicarbonate was added to the solution, 
and the resulting mixture was stirred at room temperature for 
three hours. 5 ml of t-butyl methyl ether was added to the 
reaction mixture, and the mixture was cooled with ice. The 
resulting crystals were collected by filtration to give 1.63 g 
of the title compound. 
0781) H-NMR(CDC1) & 1.72 (s, 9H)3.93 (s, 3H) 8.38 
(s, 1H) 8.54 (s, 1H) 
0782 (b) 2-Chloro-5-methyl-1,5-dihydroimidazo[4,5-d 
pyridaZin-4-one 
0783 8.4 ml of lithium hexamethyldisilazide (1.0 M 
tetrahydrofuran Solution) was added dropwise over one hour 
to a 300-ml tetrahydrofuran solution containing 1.68 g of 
t-butyl 5-methyl-4-oxo-4,5-dihydroimidazo 4,5-dpy 
ridazine-1-carboxylate and 4.15 g of hexachloroethane 
under a nitrogen atmosphere at 0°C. The resulting mixture 
was stirred for 30 minutes. 2N ammonia water was added to 
the Solution, and the mixture was stirred for three hours. 
Then, the reaction Solution was concentrated to 50 ml, and 
washed with 20 ml of t-butyl methyl ether. The solution was 
acidified with concentrated hydrochloric acid. The resulting 
precipitate was collected by filtration, and washed Succes 
sively with 10 ml of water and 10 ml of t-butyl methyl ether. 
Thus, 1.03 g of the title compound was obtained. 
0784) H-NMR(DMSO-d6) & 145 (s, 9H)3.72 (s, 3H) 
8.33 (s, 1H) 
0785) (c) 3-(2-Butynyl)-2-chloro-5-methyl-3,5-dihy 
droimidazo4,5-dipyridazin-4-one 
0786 7.72 g of 2-chloro-5 methyl-1,5-dihydroimidazo[4, 
5-dpyridazin-4-one was suspended in 400 ml of tetrahy 
drofuran under a nitrogen atmosphere, and 14.22 g of 
triphenylphosphine and 3.85g of 2-butyn-1-ol were added 
thereto. The resulting mixture was cooled to 0°C. A 100-ml 
tetrahydrofuran Solution containing 12.55 g of aZodicar 
boxylic acid di-t-butyl ester was added dropwise, and the 
reaction mixture was stirred for three hours. The reaction 
mixture was concentrated under reduced pressure. 50 ml of 
dichloromethane and 50 ml of trifluoroacetic acid were 
added to the residue, and the mixture was stirred for 15 
hours. The reaction mixture was concentrated under reduced 
pressure. The resulting residue was dissolved in 400 ml of 
ethyl acetate, and washed with a 200 ml of a 5N acqueous 
Sodium hydroxide Solution. The aqueous layer was extracted 
with 100 ml of ethyl acetate. The organic layers were 
combined together, dried over magnesium Sulfate, and con 
centrated under reduced pressure. The resulting residue was 
purified by Silica gel column chromatography. Thus, 8.78 g 
of the title compound was obtained from the fraction eluted 
with hexane-ethyl acetate (4:1). 
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0787) H-NMR(CDC1) & 1.82 (t, J-2.3 Hz, 3H)3.87 (s, 
3H) 5.32 (q, J=2.3 Hz, 2H) 8.19 (s, 1H) 
0788 (d) t-Butyl 4-1-(2-butynyl)-6-methyl-7-oxo-6,7- 
dihydro-1H-imidazo 4,5-dpyridazin-2-ylpiperazine-1-car 
boxylate 
0789) 5 ml of 1-methyl-2-pyrrolidone was added to a 
mixture consisting of 1.183 g of 3-(2-butynyl)-2-chloro-5- 
methyl-3,5-dihydroimidazo[4,5-dpyridazin-4-one, 0.829 g 
of potassium carbonate, and 1.395 g of t-butyl piperazine 
1-carboxylate under a nitrogen atmosphere. The resulting 
mixture was heated at 130 C. for 6 hours. The reaction 
mixture was cooled, and 50 ml of water was added thereto. 
Then, the mixture was extracted with 100 ml of ethyl 
acetate. The organic layer was washed twice with 50 ml of 
water and then with 50 ml of an aqueous Solution Saturated 
with Sodium chloride. The organic layer was dried over 
magnesium Sulfate, and concentrated under reduced pres 
Sure. The resulting residue was purified by Silica gel column 
chromatography. Thus, 1.916 g of the title compound was 
obtained from the fraction eluted with hexane-ethyl acetate 
(1:4). 
0790 H-NMR(CDC1,) & 1.52 (s, 9H) 1.83 (t, J=2.3 Hz, 
3H)3.38-3.42 (m, 4H)3.61.-3.64 (m, 4H)3.85 (s, 3H) 5.09 
(q, J=2.3 Hz, 2H) 8.13 (s, 1H) 

Production Example 2 

t-Butyl 4-7-(2-butynyl)-2,6-dichloro-7H-purin-8-yl) 
piperazine-1-carboxylate 

0791 (a) 7-(2-Butynyl)-3-methyl-3,7-dihydropurine-2,6- 
dione 

0792 55.3 ml of 1-bromo-2-butyne and 84.9 g of anhy 
drous potassium carbonate were added to a mixture of 100 
g of 3-methylxanthine CAS No. 1076-22-8) and 1000 ml 
of N,N-dimethylformamide. The resulting mixture was 
stirred at room temperature for 18 hours. 1000 ml of water 
was added to the reaction Solution, and the mixture was 
Stirred at room temperature for 1 hour. The resulting white 
precipitate was collected by filtration. The white solid was 
washed with water and then t-butyl methyl ether. Thus, 112 
g of the title compound was obtained. 
0793) 'H-NMR(DMSO-d6) & 1.82 (t, J-2.2 Hz, 3H)3.34 
(s, 3H) 5.06 (q, J=2.2 Hz, 2H)8.12 (s, 1H) 11.16 (bris, 1H) 
0794 (b) 7-(2-Butynyl)-8-chloro-3-methyl-3,7-dihydro 
purine-2,6-dione 
0795) 112 g of 7-(2-butynyl)-3-methyl-3,7-dihydropu 
rine-2,6-dione was dissolved in 2200 ml of N,N-dimethyl 
formamide, and 75.3 g of N-chlorosuccinimide was added 
thereto. The resulting mixture was stirred at room tempera 
ture for five hours. 2200 ml of water was added to the 
reaction Solution, and the mixture was stirred at room 
temperature for 1.5 hour. The white precipitate was collected 
by filtration, and the white solid was washed with water and, 
with t-butyl methyl ether. Thus, 117 g of the title compound 
was obtained. 

0796) H-NMR(DMSO-d6) & 1.78 (t, J-2.0 Hz, 3H)3.30 
(s, 3H) 5.06 (q, J=2.0 Hz, 2H) 11.34 (bris, 1H) 
0797 (c) 7-(2-Butynyl)-2,6,8-trichloro-7H-purine 
0798. A mixture of 2.52 g of 7-(2-butynyl)-8-chloro-3- 
methyl-3,7-dihydropurine-2,6-dione and 100 ml of phos 
phorus oxychloride was stirred at 120° C. for 14 hours. After 
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the reaction mixture had been cooled, 4.15 g of phosphorus 
pentachloride was added to the Solution. The resulting 
mixture was stirred at 120° C. for 24 hours. After the 
reaction Solution had been cooled to room temperature, the 
Solvent was evaporated under reduced pressure. The residue 
was dissolved in tetrahydrofuran. The solution was poured 
into a Saturated Sodium bicarbonate Solution, and the mix 
ture was extracted with ethyl acetate. The resulting organic 
layer was washed with water, then Saturated brine, and was 
then concentrated under reduced pressure. The residue was 
purified by Silica gel column chromatography (ethyl acetate 
:hexane=1:3) to give 2.40 g of the title compound. 
0799) 'H-NMR(CDC1,) & 1.82 (t, J-24 Hz, 3H) 5.21 (q, 
J=2.4 Hz, 2H) 
0800 (d) t-Butyl 4-7-(2-butynyl)-2,6-dichloro-7H-pu 
rin-8-yl)piperazine-1-carboxylate 
0801) A mixture of 2.4 g of 7-(2-butynyl)-2,6,8-trichloro 
7H-purine, 1.46 g of sodium bicarbonate, 2.43 g of t-butyl 
piperazine-1-carboxylate, and 45 ml of acetonitrile was 
Stirred at room temperature for 2 hours and 20 minutes. 
Then, 0.73 g of sodium bicarbonate and 1.21 g of t-butyl 
piperazine-1-carboxylate were added, and the resulting mix 
ture was stirred at room temperature for 1 hour. The reaction 
mixture was extracted with ethyl acetate-water, and the 
organic layer was washed with 1N hydrochloric acid, dried 
over anhydrous magnesium Sulfate, and then concentrated 
under reduced preSSure. The residue was triturated with 
diethyl ether. The crystals were collected by filtration, and 
washed with diethyl ether. Thus, 3.0 g of the title compound 
was obtained as a white Solid. 

0802) H-NMR(DMSO-d6) & 142 (s, 9H) 1.83 (t, J-2 
Hz, 3H)3.48-3.55 (m, 4H) 3.57-3.63 (m, 4H) 4.89 (q, J=2 
Hz, 2H) 

EXAMPLE 

Example 1 

Ethyl 7-(2-chlorophenyl)-1-methyl-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purin-2-yloxyacetate 

trifluoroacetate 

0803 (a)7-Benzyl-2,6-dioxo-1,2,6,7-tetrahydropurin-3- 
yl)methyl 2,2-dimethylpropionate 
0804 8.66 g of 7-benzylxanthine was dissolved in 300 ml 
of N,N-dimethylformamide, and 1.57 g of sodium hydride 
and 7.7 ml of chloromethyl pivalate were added thereto. The 
resulting mixture was Stirred at room temperature overnight. 
The reaction Solution was diluted with ethyl acetate, and 
washed with water and 1N hydrochloric acid. The organic 
layer was dried over anhydrous magnesium Sulfate, then 
filtered. The Solvent was evaporated under reduced pressure. 
The residue was purified by Silica gel column chromatog 
raphy. Thus, 2.66 g of the title compound was obtained from 
the fraction eluted with hexane-ethyl acetate (1:1). 
0805 H-NMR(CDC1,) & 1.18 (s, 9H) 5.45 (s, 2H) 6.06 
(s, 2H) 7.34-7.39 (m, 5H) 7.58 (s, 1H) 8.18 (s, 1H). 
0806 (b) 7-Benzyl-1-methyl-2,6-dioxo-1,2,6,7-tetrahy 
dropurin-3-yl)methyl 2,2-dimethylpropionate 
0807 2.66 g of 7-benzyl-2,6-dioxo-1,2,6,7-tetrahydro 
purin-3-yl)methyl 2,2-dimethylpropionate was dissolved in 
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30 ml of N,N-dimethylformamide, and 1.6 g of potassium 
carbonate and 1 ml of methyl iodide were added thereto. The 
mixture was stirred at room temperature overnight. The 
reaction mixture was diluted with ethyl acetate, and washed 
with water and 1N hydrochloric acid. The organic layer was 
dried over anhydrous magnesium Sulfate, then filtered. The 
Solvent was evaporated under reduced preSSure. The residue 
was triturated with toluene. Thus, 2.16 g of the title com 
pound was obtained. 

0808 H-NMR(CDC1) & 1.18 (s, 9H)3.41 (s, 3H) 5.49 
(s, 2H) 6.11 (s, 2H) 7.26-7.39 (m, 5H) 7.57 (s, 1H). 
0809 (c) 1.-Methyl-2,6-dioxo-1,2,6,7-tetrahydropurin 
3-yl)methyl 2,2-dimethylpropionate 
0810 2.349 g of 7-benzyl-1-methyl-2,6-dioxo-1,2,6,7- 
tetrahydropurin-3-yl)methyl 2,2-dimethylpropionate was 
dissolved in 100 ml of acetic acid, and 1 g of 10% palladium 
carbon was added thereto. The mixture was stirred under a 
hydrogen atmosphere at room temperature overnight. The 
reaction mixture was filtered and concentrated to give 1.871 
g of the title compound. 

0811 H-NMR(CDC1) & 1.19 (s, 9H)3.48 (s, 3H) 6.17 
(s, 2H) 7.83 (s, 1H). 
08.12 (d)7-(2-Chlorophenyl)-1-methyl-2,6-dioxo-1,2,6, 
7-tetrahydropurin-3-yl)methyl 2,2-dimethylopropionate 
0813 1.60 g of 1-methyl-2,6-dioxo-1,2,6,7-tetrahydro 
purin-3-yl)methyl 2,2-dimethylpropionate, 1.83 g of 2-chlo 
rophenylboronic acid, and 1.5g of copper (II) acetate were 
suspended in 30 ml of N,N-dimethylformamide, and 3 ml of 
pyridine was added thereto. The mixture was stirred at room 
temperature for 3 days. The reaction mixture was filtered 
through a short column filled with Silica gel, and the filtrate 
was diluted with ethyl acetate. The organic layer was washed 
with 1N hydrochloric acid, water, and Saturated Saline, and 
dried over anhydrous magnesium Sulfate, then filtered. The 
filtrate was concentrated. The residue was Suspended in 
ether, and the Suspension was filtered. The filtrate was 
purified by Silica gel column chromatography. Thus, 724 mg 
of the title compound was obtained from the fraction eluted 
with hexane-ethyl acetate (3:2). 
0814) (e) t-Butyl 4-7-(2-chlorophenyl)-3-(2,2-dimethyl 
propionyloxymethyl)-1-methyl-2,6-dioxo-2,3,6,7-tetrahy 
dro-1H-purin-8-yl)piperazine-1-carboxylate 

0815 724 mg of 7-(2-chlorophenyl)-1-methyl-2,6-di 
OXO-1,2,6,7-tetrahydropurin-3-yl)methyl 2,2-dimethylpropi 
onate was suspended in 15 ml of N,N-dimethylformamide, 
and 760 mg of N-chlorosuccinimide was added thereto. The 
reaction Solution was stirred overnight, and then diluted with 
ethyl acetate. The solution was washed with water and 1N 
hydrochloric acid, and dried over anhydrous magnesium 
Sulfate, then filtered. The filtrate was concentrated. Thus, 
764 mg of 8-chloro-7-(2-chlorophenyl)-1-methyl-2,6-di 
OXO-1,2,6,7-tetrahydropurin-3-yl)methyl 2,2-dimethylpropi 
onate was obtained. This compound was mixed with 4 g of 
t-butyl piperazine-1-carboxylate. The mixture was heated at 
150 C., and stirred for three hours. Ethyl acetate and water 
were added to the reaction mixture, and the mixture was 
Separated. The organic layer was washed with 1N hydro 
chloric acid, and dried over anhydrous magnesium Sulfate, 
then filtered. The filtrate was concentrated. The residue was 
purified by Silica gel column chromatography. Thus, 724 mg 

49 
Jun. 17, 2004 

of the title compound was obtained from the fraction eluted 
with hexane-ethyl acetate (3:2). 
0816 (f) t-Butyl 4-7-(2-chlorophenyl)-1-methyl-2,6-di 
OXO-2,3,6,7-tetrahydro-1H-purin-8-yl)piperazine-1-car 
boxylate 

0817 t-Butyl 4-7-(2-chlorophenyl)-3-(2,2-dimethylpro 
pionyloxy methyl)-1-methyl-2,6-dioxo-2,3,6,7-tetrahydro 
1H-purin-8-ylpiperazine-1-carboxylate was dissolved in a 
mixture of 10 ml of methanol and 20 ml of tetrahydrofuran, 
and 200 mg of sodium hydride was added thereto. The 
resulting mixture was Stirred at room temperature overnight. 
1N hydrochloric acid was added to the reaction solution, and 
the mixture was extracted with ethyl acetate. The organic 
layer was dried over anhydrous magnesium Sulfate, then 
filtered. The filtrate was concentrated. The residue was 
suspended in ether and the mixture was filtered. Thus, 450 
mg of the title compound was obtained. 

0818 H-NMR(DMSO-d) & 1.35 (s, 9H) 3.04 (s, 3H) 
3.06-3.12 (m, 4H)3.17-322 (m, 4H) 7.48 (dt, J=1.6, 7.6 Hz, 
1H) 7.53 (dt, J-2.0, 7.6 Hz, 1H) 7.63 (dd, J-2.0, 8.0 Hz, 1H) 
7.65 (dd, J=1.6, 8.0 Hz, 1H). 
0819 (g) t-Butyl 4-2-chloro-7-(2-chlorophenyl)-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate (g-1), and t-butyl 4-2,6-dichloro-7-(2-chlorophe 
nyl)-7H-purin-8-ylpiperazine-1-carboxylate (g-2) 

0820) 78 mg of t-butyl 4-7-(2-chlorophenyl)-1-methyl 
2,6-dioxo-2,3,6,7-tetrahydro-1H-purin-8-yl)piperazine-1- 
carboxylate was dissolved in 3 ml of phosphorus oxychlo 
ride, and the mixture was stirred at 120° C. overnight. The 
reaction Solution was concentrated, and the residue was 
dissolved in 1 ml of tetrahydrofuran. This solution was 
poured into a Suspension consisting of 50 mg of di-t-butyl 
dicarbonate, 1 ml of tetrahydrofuran, and 0.5 ml of water 
containing 100 mg of Sodium bicarbonate. The resulting 
mixture was stirred at room temperature for three hours. The 
reaction mixture was diluted with ethyl acetate and washed 
with water. The organic layer was dried over anhydrous 
magnesium Sulfate, then filtered. The filtrate was concen 
trated, and the residue was purified by Silica gel column 
chromatography. Thus, 16 mg of t-butyl 4-2,6-dichloro-7- 
(2-chlorophenyl)-7H-purin-8-ylpiperazine-1-carboxylate 
was obtained from the fraction eluted with hexane-ethyl 
acetate (3:2), and 10 mg of t-butyl 4-2-chloro-7-(2-chlo 
rophenyl)-1-methyl-6-oxo-6,7-dihydro-1H-purin-8-yl) pip 
erazine-1-carboxylate was obtained from the fraction eluted 
with hexane-ethyl acetate (1:9). 
0821 (h) Ethyl 7-(2-chlorophenyl)-1-methyl-6-oxo-8- 
(piperazin-1-yl)-6,7-dihydro-1H-purin-2-yloxyacetate trif 
luoroacetate 

0822 10 mg of t-butyl 4-2-chloro-7-(2-chlorophenyl)- 
1-methyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1- 
carboxylate and 10 mg of ethyl glycolate were dissolved in 
0.2 ml of N-methylpyrrolidone, and 10 mg of sodium 
hydride was added thereto. The mixture was stirred at room 
temperature for 2 hours. The reaction Solution was dissolved 
in ethyl acetate, and the mixture was washed with 1N 
hydrochloric acid. Thus, 24 mg of t-butyl 4-7-(2-chlorophe 
nyl)-2-ethoxycarbonylmethoxy-1-methyl-6-oxo-6,7-dihy 
dro-1H-purin-8-yl)piperazine-1-carboxylate was obtained. 8 
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mg of this compound was dissolved in trifluoroacetic acid, 
and the mixture was concentrated. The residue was purified 
by reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 2.11 mg of the title compound. 
0823 MS m/e (ESI) 447(MH–CFCOOH) 

Example 2 

7-(2-chlorophenyl)-1-methyl-6-oxo-8-(piperazin-1- 
yl)-6,7-dihydro-1H-purin-2-yloxyacetic acid trif 

luoroacetate 

0824) 16 mg of t-butyl 4-7-(2-chlorophenyl)-2-ethoxy 
carbonylmethoxy-1-methyl-6-oxo-6,7-dihydro-1H-purin-8- 
ylpiperazine-1-carboxylate was combined with 0.4 ml of 
methanol and 0.1 ml of a 5N acqueous sodium hydroxide 
Solution, and the mixture was allowed to Stand at room 
temperature for two hours. 1N hydrochloric acid was added 
to the reaction Solution. The acidified Solution was extracted 
with ethyl acetate. The organic layer was concentrated, and 
the residue was dissolved in trifluoroacetic acid. The mixture 
was concentrated, and the residue was purified by reverse 
phase high performance liquid chromatography (using an 
acetonitrile-water mobile phase (containing 0.1% trifluoro 
acetic acid)) to give 2.45 mg of the title compound. 
0825 MS m/e (ESI) 419(MH'-CFCOOH) 

Example 3 

7-(2-Chlorophenyl)-2-cyclobutyloxy-8-(piperazin-1- 
yl)-1,7-dihydropurin-6-one 

0826 (a) 7-Benzyl-3-(2,2-dimethylpropionyloxym 
ethyl)-2,6-dioxo-2,3,6,7-tetrahydropurin-1-yl)methyl 2,2- 
dimethylpropionate 
0827 9.54 g of 7-benzylxanthine was dissolved in 250 ml 
of N,N-dimethylformamide, and 17 g of potassium carbon 
ate and 14.2 ml of chloromethyl pivalate were added thereto. 
The mixture was stirred at 50 C. overnight. The reaction 
mixture was diluted with ethyl acetate, and washed with 
water and 1N hydrochloric acid. The organic layer was dried 
over anhydrous magnesium Sulfate, then filtered. The Sol 
vent was evaporated under reduced pressure, and the residue 
was purified by Silica gel column chromatography. Thus, 
12.8 g of the title compound was obtained from the fraction 
eluted with hexane-ethyl acetate (3:2). 
0828 (b) 3-(2,2-Dimethylpropionyloxymethyl)-2,6-di 
OXO-2,3,6,7-tetrahydropurin-1-yl)methyl 2,2-dimethylpropi 
Onate 

0829. The title compound was obtained by treating 
7-benzyl-3-(2,2-dimethyl propionyloxy methyl)-2,6-dioxo 
2,3,6,7-tetrahydropurin-1-yl)methyl 2,2-dimethylpropionate 
by the same method as used in Example (1c). 
0830) (c) 7-(2-Chlorophenyl)-3-(2,2-dimethylpropiony 
loxymethyl)-2,6-dioxo-2,3,6,7-tetrahydropurin-1-yl)methyl 
2,2-dimethylpropionate 
0831 The title compound was obtained by treating 3-(2- 
2-dimethylpropionyloxymethyl)-2-6-dioxo-2,3,6,7-tetrahy 
dropurin-1-yl methyl 2,2-dimethylpropionate by the same 
method as used in Example (1d). 
0832 'H-NMR(CDC1) & 1.16 (s, 9H) 1.22 (s, 9H) 5.99 
(s, 2H) 6.19 (s. 2H) 7.42-7.52 (m, 3H) 7.58-7.61 (m, 1H) 
7.73 (s, 1H) 
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0833 (d) t-Butyl 4-7-(2-chlorophenyl)-1,3-bis-(2,2- 
dimethylpropionyloxymethyl)-2,6-dioxo-2,3,6,7-tetrahy 
dro-1H-purin-8-yl)piperazine-1-carboxylate 
0834 The title compound was obtained by treating 7-(2- 
chlorophenyl)-3-(2,2-dimethylpropionyloxymethyl)-2,6-di 
OXO-2,3,6,7-tetrahydropurin-1-yl)methyl 2,2-dimethylpropi 
onate by the same method as used in Example (1e). 
0835 H-NMR(CDC1) & 1.16 (s, 9H) 1.23 (s, 9H) 1.44 
(s, 9H)320-3.35 (m, 4H)3.32-3.37 (m, 4H) 5.92 (s, 2H) 
6.09 (s. 2H) 741-749 (m, 2H) 7.52-7.57 (m, 2H) 
0836 (e) t-Butyl 4-7-(2-chlorophenyl)-1-(2,2-dimethyl 
propionyloxymethyl)-2,6-dioxo-2,3,6,7-tetrahydro-1H-pu 
rin-8-yl)piperazine-1-carboxylate 
0837 2.227g of t-butyl 4-7-(2-chlorophenyl)-1,3-bis-(2, 
2-dimethylpropionyloxymethyl)-2,6-dioxo-2,3,6,7-tetrahy 
dro-1H-purin-8-yl)piperazine-1-carboxylate was dissolved 
in a mixture of 10 ml of tetrahydrofuran and 20 ml of 
methanol, and 0.518 ml of 1,8-diazabicyclo5.4.0]undec-7- 
ene was added thereto. The mixture was stirred at room 
temperature overnight. 1N hydrochloric acid was added to 
the mixture, and the precipitated Solid was collected by 
filtration. The solid was dried to give 1.025 g of the title 
compound. 

0838 H-NMR(CDC1,) & 1.16 (s, 9H) 1.44 (s, 9H) 
3.22-3.24 (m, 4H)3.33-3.35 (m, 4H) 5.90 (s, 2H) 743-747 
(m, 2H) 7.51-7.57 (m, 2H)8.71 (br, 1H) 
0839 (f) 7-(2-Chlorophenyl)-2-cyclobutyloxy-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one 
0840 8 mg of t-butyl 4-7-(2-chlorophenyl)-1-(2,2-dim 
ethylpropionyloxymethyl)-2,6-dioxo-2,3,6,7-tetrahydro 
1H-purin-8-ylpiperazine-1-carboxylate was dissolved in 
0.3 ml of N,N-dimethylformamide, and 0.05 ml of bromocy 
clobutane and 20 mg of potassium carbonate were added 
thereto. The mixture was stirred at 50° C. overnight. Ethyl 
acetate was added to the reaction mixture, and the mixture 
was washed with water. The organic layer was concentrated. 
The residue was dissolved in methanol, and 5 mg of Sodium 
hydride was added to the solution. The mixture was stirred 
at room temperature for three hours. The reaction mixture 
was neutralized with 1N hydrochloric acid, and extracted 
with ethyl acetate. The Solvent was concentrated, and the 
residue was dissolved in trifluoroacetic acid. The mixture 
was concentrated, and the residue was purified by reverse 
phase high performance liquid chromatography (using an 
acetonitrile-water mobile phase (containing 0.1% trifluoro 
acetic acid)) to give 1.89 mg of the title compound. 
0841) MS m/e (ESI) 375(MH'-CFCOOH) 

Example 4 

Methyl 2-7-(2-butynyl)-1-methyl-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purin-2-yloxyphenylac 

etate trifluoroacetate 

0842) (a) 7-(2-Butynyl)-1-methyl-2,6-dioxo-1,2,6,7-tet 
rahydropurin-3-yl)methyl 2,2-dimethylpropionate 
0843) 1.871 g of 1-methyl-2,6-dioxo-1,2,6,7-tetrahydro 
purin-3-yl)methyl 2,2-dimethylpropionate was dissolved in 
30 ml of N,N-dimethylformamide, and 1.5 g of potassium 
carbonate and 0.7 ml of 2-butynyl bromide were added 
thereto. The mixture was stirred at room temperature over 
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night. The reaction mixture was diluted with ethyl acetate, 
and washed with water and 1N hydrochloric acid. The 
organic layer was dried over anhydrous magnesium Sulfate, 
then filtered. The solvent was evaporated under reduced 
preSSure, and the residue was purified by Silica gel column 
chromatography. Thus, 2.12 g of the title compound was 
obtained from the fraction eluted with hexane-ethyl acetate 
(3:2). 
0844 (b) 7-(2-Butynyl)-1-methyl-3,7-dihydropurine-2, 
6-dione 

0845 The title compound was obtained by treating 7-(2- 
butynyl)-1-methyl-2,6-dioxo-1,2,6,7-tetrahydropurin-3-yl) 
methyl 2,2-dimethylpropionate by the same method as used 
in Example (1f). 
0846) "H-NMR(CDC1) & 1.91 (t, J-2.4 Hz, 3H)3.39 (s. 
3H) 5.10 (s, 2H) 7.93 (s, 1H) 10.62 (s, 1H). 
0847 (c) t-Butyl 4-7-(2-butynyl)-1-methyl-2,6-dioxo-2, 
3,6,7-tetrahydro-1H-purin-8-ylpiperazine-1-carboxylate 
0848 The title compound was obtained by treating 7-(2- 
butynyl)-1-methyl-3,7-dihydropurine-2,6-dione by the same 
method as used in Example (1e). 
0849) H-NMR(CDC1,) & 1.48 (s, 9H) 1.83 (t, J-24 Hz, 
3H)3.37 (s, 3H)3.37-3.39 (m, 4H)3.58-3.60 (m, 4H)4.87 
(s, 2H) 9.68 (s, 1H). 
0850 (d) Methyl 2-7-(2-butynyl)-1-methyl-6-oxo-8- 
(piperazin-1-yl)-6,7-dihydro-1H-purin-2-yloxyphenylac 
etate trifluoroacetate 

0851) 8 mg of t-butyl 4-7-(2-butynyl)-1-methyl-2,6-di 
OXO-2,3,6,7-tetrahydro-1H-purin-8-yl)piperazine-1-car 
boxylate and 10 mg of methyl 2-bromophenylacetate were 
dissolved in 0.2 ml of N,N-dimethylformamide, and 10 mg 
of potassium carbonate was added thereto. The mixture was 
stirred at 50 C. overnight. Ethyl acetate was added to the 
reaction Solution, and the mixture was washed with water 
and 1N hydrochloric acid. The organic layer was concen 
trated. The residue was dissolved in trifluoroacetic acid, and 
the mixture was concentrated. The residue was purified by 
reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 1.07 mg of the title compound. 
0852. MS m/e (ESI) 451(MH–CFCOOH) 

Example 5 

7-(2-Butynyl)-2-cyclohexyloxy-1-methyl-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

0853. Using iodocyclohexane instead of methyl 2-bro 
mophenylacetate in Example (4d), the title compound was 
obtained by the same method as used in Example 4. 
0854) MS m/e (ESI) 385(MH–CFCOOH) 

Example 6 

7-(2-Butynyl)-2-(2-butoxy)-1-methyl-8-(piperazin-1- 
yl)-1,7-dihydropurin-6-one trifluoroacetate 

0855. Using 2-bromobutane instead of methyl 2-bro 
mophenylacetate in Example (4d), the title compound was 
obtained by the same method as used in Example 4. 
0856) MS m/e (ESI) 359(MH'-CFCOOH) 
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Example 7 

7-(2-Butynyl)-2-cyclopentyloxy-1-methyl-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

0857. Using bromocyclopentane instead of methyl 2-bro 
mophenylacetate in Example (4d), the title compound was 
obtained by the same method as used in Example 4. 

0858 MS m/e (ESI) 371(MH–CFCOOH) 

Example 8 

Ethyl 2-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin 
1-yl)-6,7-dihydro-1H-purin-2-yloxybutanoate trif 

luoroacetate 

0859. Using 2-bromobutanoic acid ethyl ester instead of 
methyl 2-bromophenylacetate in Example (4d), the title 
compound was obtained by the same method as used in 
Example 4. 

0860 MS m/e (ESI) 417(MH'-CFCOOH) 

Example 9 

Ethyl 2-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin 
1-yl)-6,7-dihydro-1H-purin-2-yloxypropionate 

0861) Using ethyl 2-bromopropionate instead of methyl 
2-bromophenylacetate in Example (4d), trifluoroacetate of 
the title compound was obtained by the same method as used 
in Example 4. The compound was purified by chromatog 
raphy using NH-Silica gel (silica gel whose Surface had been 
modified with amino groups: Fuji Silysia Chemical Ltd. 
NH-DM 2035). Thus, the title compound was obtained from 
the fraction eluted with ethyl acetate-methanol (20:1). 

0862 MS m/e (ESI) 404(MH) 

Example 10 

2-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxypropionic acid trif 

luoroacetate 

0863 8. mg of t-butyl 4-7-(2-butynyl)-1-methyl-2,6-di 
oxo-2,3,6,7-tetrahydro-1H-purin-8-yl) piperazine-1-car 
boxylate and 10 mg of ethyl 2-bromopropionate were dis 
solved in 0.2 ml of N,N-dimethylformamide, and 10 mg of 
potassium carbonate was added thereto. The mixture was 
stirred at 50 C. overnight. Ethyl acetate was added to the 
reaction Solution, and the mixture was washed with water 
and 1N hydrochloric acid. The organic layer was concen 
trated to give t-butyl 4-7-(2-butynyl)-2-(1-carboxyethoxy)- 
1-methyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1- 
carboxylate. This compound was dissolved in 0.4 ml of 
ethanol, and 0.1 ml of a 5N aqueous sodium hydroxide 
Solution was added thereto. The mixture was stirred at room 
temperature for 3 hours. 1N-hydrochloric acid was added to 
the Solution, and the mixture was extracted with ethyl 
acetate. The organic layer was concentrated, and the residue 
was dissolved in trifluoroacetic acid. The mixture was 
concentrated, and the residue was purified by reverse-phase 
high performance liquid chromatography (using an acetoni 
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trile-water mobile phase (containing 0.1% trifluoroacetic 
acid)) to give 3.37 mg of the title compound. 
O864) MS m/e (ESI) 375(MH'-CFCOOH) 

Example 11 

7-(2-Butynyl)-2-methoxy-1-methyl-8-(piperazin-1- 
yl)-1,7-dihydropurin-6-one trifluoroacetate 

0865 (a) t-Butyl 4-7-(2-butynyl)-2-chloro-1-methyl-6- 
oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-carboxylate 
(a-1), and t-butyl 4-7-(2-butynyl)-2,6-dichloro-7H-purin-8- 
ylpiperazine-1-carboxylate (a-2) 
0866 5.127 g of t-butyl 4-7-(2-butynyl)-1-methyl-2,6- 
dioxo-2,3,6,7-tetrahydro-1H-purin-8-yl)piperazine-1-car 
boxylate was dissolved in 75 ml of phosphorus oxychloride, 
and then the mixture was stirred at 120° C. overnight. The 
reaction Solution was concentrated, and the residue was 
dissolved in 50 ml of tetrahydrofuran. This solution was 
poured into a Suspension consisting of 7 g of di-t-butyl 
dicarbonate, 50 ml of tetrahydrofuran, 100 g of sodium 
bicarbonate, and 200 ml of water, and the mixture was 
Stirred at room temperature for one hour. The reaction 
mixture was diluted with ethyl acetate, and the mixture was 
washed with water. The organic layer was dried over anhy 
drous magnesium Sulfate, then filtered. The filtrate was 
concentrated, and the residue was purified by Silica gel 
column chromatography. Thus, 1.348 g of t-butyl 4-7-(2- 
butynyl)-2,6-dichloro-7H-purin-8-ylpiperazine-1-carboxy 
late H-NMR(CDC1) & 1.50 (s, 9H) 1.87 (t, J-24 Hz, 3H) 
3.64 (m, 8H)4.81 (q, J=2.4 Hz, 2H) was obtained from the 
fraction eluted with hexane-ethyl acetate (1:1), and 1.238 g 
of t-butyl 4-7-(2-butynyl)-2-chloro-1-methyl-6-oxo-6,7-di 
hydro-1H-purin-8-yl)piperazine-1-carboxylate H-NM 
R(CDC1) & 1.49 (s.9H) 1.83 (t, J=2.4 Hz, 3H)3.42-3.44(m, 
4H)3.59-3.62 (m, 4H)3.73 (s, 3H)4.93 (q, J=2.4 Hz, 2H) 
was obtained from the fraction eluted with hexane-ethyl 
acetate (1:9). 
0867 (b) 7-(2-Butynyl)-2-methoxy-1-methyl-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 
0868) 8 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate was dissolved in 0.2 ml of methanol, and 10 mg of 
Sodium hydride was added thereto. The mixture was stirred 
at room temperature for one hour. 1N hydrochloric acid was 
added to the reaction Solution, and the mixture was extracted 
with ethyl acetate. The organic layer was concentrated, and 
the residue was dissolved in trifluoroacetic acid. The mixture 
was concentrated, and the residue was purified by reverse 
phase high performance liquid chromatography (using an 
acetonitrile-water mobile phase (containing 0.1% trifluoro 
acetic acid)) to give 1.72 mg of the title compound. 
0869 MS m/e (ESI) 317(MH'-CFCOOH) 

Example 12 

7-(2-Butynyl)-2-ethoxy-1-methyl-8-(piperazin-1-yl)- 
1,7-dihydropurin-6-one 

0870. Using ethanol instead of methanol in Example 
(11b), the trifluoroacetate of the title compound was 
obtained by the same method as used in Example 11. This 
compound was purified by chromatography using NH-Silica 
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gel. Thus, the title compound was obtained from the fraction 
eluted with ethyl acetate-methanol (20:1). 
0871 'H-NMR(CDC1) & 1.42 (t, J–7.2 Hz, 3H) 1.82 (t, 
J=2.4 Hz, 3H)3.02-3.06 (m, 4H)3.40-3.42 (m, 4H)3.46 (s, 
3H) 4.51 (q, J=7.2 Hz, 2H) 4.90 (q, J=2.4 Hz, 2H). 
0872 MS m/e (ESI) 331(MH) 

Example 13 

Ethyl 7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin-1- 
yl)-6,7-dihydro-1H-purin-2-yloxyacetate 

Example 14 
0873) 7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxyacetic acid 
0874 Ethyl 7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin 
1-yl)-6,7-dihydro-1H-purin-2-yloxyacetate trifluoroacetate 
and 7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)-6,7- 
dihydro-1H-purin-2-yloxyacetic acid trifluoroacetate MS 
m/e (ESI) 361(MH"-CFCOOH) were obtained by treat 
ing t-butyl 4-7-(2-butynyl)-2-chloro-1-methyl-6-oxo-6,7- 
dihydro-1H-purin-8-ylpiperazine-1-carboxylate using ethyl 
2-hydroxyacetate, instead of ethanol, by the same method as 
used in Example 11. Ethyl 7-(2-butynyl)-1-methyl-6-oxo 
8-(piperazin-1-yl)-6,7-dihydro-1H-purin-2-yloxy) acetate 
trifluoroacetate was purified by chromatography using NH 
silica gel. Thus, ethyl 7-(2-butynyl)-1-methyl-6-oxo-8- 
(piperazin-1-yl)-6,7-dihydro-1H-purin-2-yloxyacetate "H- 
NMR(CDC1) & 1.29 (t, J=7.2 Hz,3H) 1.83 (t, J-2.4 Hz,3H) 
3.02-3.06 (m, 4H)3.38-3.41 (m, 4H)3.55 (s, 3H)4.22 (q, 
J=7.2 Hz, 2H)4.90 (q, J=2.4 Hz, 2H) 5.03 (s, 2H); MS m/e 
(ESI)389(MH") was obtained from the fraction eluted with 
ethyl acetate-methanol (20:1) 

Example 15 

7-(2-Butynyl)-2-(2-methoxyethoxy)-1-methyl-8- 
(piperazin-1-yl)-1,7-dihydropurin-6-one trifluoroac 

etate 

0875. Using 2-methoxy ethanol instead of ethyl 2-hy 
droxyacetate in Example 13, the title compound was 
obtained by the same method as used in Example 13. 
0876 MS m/e (ESI) 361(MH'-CFCOOH) 

Example 16 

Ethyl 1-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin 
1-yl)-6,7-dihydro-1H-purin-2-yloxycyclopropan 

ecarboxylate 

0877. Using ethyl 1-hydroxycyclopropanecarboxylate 
instead of ethyl 2-hydroxyacetate in Example 13, the trif 
luoroacetate of the title compound was obtained by the same 
method as used in Example 13. The compound was purified 
by chromatography using NH-Silica gel. Thus, the title 
compound was obtained from the fraction eluted with ethyl 
acetate-methanol (20:1). 
0878 H-NMR(CDC1) & 1.19 (t, J=72 Hz, 3H) 1.39 
1.42 (m, 2H) 1.67-1.71 (m, 2H) 1.83 (t, J=2.4 Hz, 3H) 
3.02-3.05 (m, 4H)3.37-3.40 (m, 4H)3.49 (s, 3H) 4.14 (q, 
J=7.2 Hz, 2H) 4.90 (q, J=2.4 Hz, 2H) 
0879 MS m/e (ESI) 415(MH) 
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Example 17 

1-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxycyclopropanecar 

boxylic acid trifluoroacetate 
0880 20 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate and 20 mg of ethyl 1-hydroxycyclopropanecar 
boxylate were dissolved in 0.2 ml of N-methylpyrrollidone, 
and 10 mg of sodium hydride was added thereto. The 
mixture was stirred at room temperature overnight. 1N 
hydrochloric acid was added to the reaction Solution, and the 
mixture was extracted with ethyl acetate. The organic layer 
was concentrated to give 63 mg of t-butyl 4-7-(2-butynyl)- 
2-(1-ethoxycarbonylcyclopropyloxy)-1-methyl-6-oxo-6,7- 
dihydro-1H-purin-8-ylpiperazine-1-carboxylate. This com 
pound was dissolved in a Solution consisting of 0.4 ml of 
ethanol and 0.1 ml of a 5N aqueous sodium hydroxide 
solution, and the mixture was stirred at 50 C. overnight. 1N 
hydrochloric acid Solution was added to the reaction Solu 
tion, and the mixture was extracted with ethyl acetate. The 
organic layer was concentrated to give 22 mg of t-butyl 
4-7-(2-butynyl)-2-(1-carboxycyclopropyloxy)-1-methyl-6- 
oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-carboxylate. 
11 mg of this compound was dissolved in trifluoroacetic 
acid, and the mixture was concentrated. The residue was 
purified by reverse-phase high performance liquid chroma 
tography (using an acetonitrile-water mobile phase (contain 
ing 0.1% trifluoroacetic acid)) to give 1.64 mg of the title 
compound. 

0881. MS m/e (ESI) 387(MH-CFCOOH) 

Example 18 

1-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxycyclopropanecar 

boxylic amide trifluoroacetate 
0882) 11 mg of t-butyl 4-7-(2-butynyl)-2-(1-carboxycy 
clopropyloxy)-1-methyl-6-oxo-6,7-dihydro-1H-purin-8-yl) 
piperazine-1-carboxylate was dissolved in 1 ml of tetrahy 
drofuran, and 0.05 ml of triethylamine and 0.05 ml of ethyl 
chlorocarbonate were added thereto. The mixture was stirred 
at room temperature for 15 minutes. 0.1 ml of 20% ammonia 
water was added to the Solution, and the mixture was Stirred 
at room temperature for 15 minutes. Water was added to the 
reaction Solution, and the mixture was extracted with ethyl 
acetate. The organic layer was concentrated, and the residue 
was dissolved in trifluoroacetic acid. The mixture was 
concentrated, and the residue was purified by reverse-phase 
high performance liquid chromatography (using an acetoni 
trile-water mobile phase (containing 0.1% trifluoroacetic 
acid)) to give 1.18 mg of the title compound. 
0883) MS m/e (ESI) 386(MH–CFCOOH) 

Example 19 

7-(2-Butynyl)-1-methyl-2-(2-oxotetrahydrofuran-3- 
yloxy)-8-(piperazin-1-yl)-1,7-dihydropurin-6-one 

trifluoroacetate 

0884. Using 3-hydroxydihydrofuran-2-one instead of 
ethyl 2-hydroxyacetate in Example 13, the title compound 
was obtained by the same method as used in Example 13. 
0885 MS m/e (ESI) 387(MH'-CFCOOH) 
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Example 20 

7-(2-Butynyl)-1-methyl-2-phenoxy-8-(piperazin-1- 
yl)-1,7-dihydropurin-6-one trifluoroacetate 

0886. Using phenol instead of ethyl 2-hydroxyacetate in 
Example 13, the title compound was obtained by the same 
method as used in Example 13. 
0887. MS m/e (ESI) 379(MH-CFCOOH) 

Example 21 

Ethyl 7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin-1- 
yl)-6,7-dihydro-1H-purin-2-yl)acetate trifluoroac 

etate 

0888 Using ethyl 2-(t-butoxycarbonyl)acetate instead of 
ethyl 2-hydroxyacetate in Example 13, the title compound 
was obtained by the same method as used in Example 13. 
0889) MS m/e (ESI) 373(MH*-CFCOOH) 

Example 22 

7-(2-Butynyl)-1,2-dimethyl-8-(piperazin-1-yl)-1,7- 
dihydropurin-6-one trifluoroacetate 

0890) 8 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate and 2 mg of tetrakis(triphenylphosphine)palladium 
were dissolved in 0.2 ml of dioxane, and 0.2 ml of meth 
ylzinc chloride (1.5 M tetrahydrofuran solution) was added 
thereto. The mixture was stirred at 50° C. for 0.5 hour. The 
reaction Solution was concentrated, and the residue was 
dissolved in trifluoroacetic acid. The mixture was concen 
trated, and the residue was purified by reverse-phase high 
performance liquid chromatography (using an acetonitrile 
water mobile phase (containing 0.1% trifluoroacetic acid)) 
to give 4.56 mg of the title compound. 
0891 MS m/e (ESI) 301(MH'-CFCOOH) 

Example 23 

7-(2-Butynyl)-1-methyl-2-butyl-8-(piperazin-1-yl)-1, 
7-dihydropurin-6-one trifluoroacetate 

0892) 8 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate and 2 mg of tetrakis(triphenylphosphine)palladium 
were dissolved in 0.2 ml of dioxane, and 0.3 ml of a mixed 
Solution consisting of 0.5 ml of butylmagnesium chloride 
(2.0 M diethyl ether solution) and 2 ml of zinc chloride (0.5 
Mtetrahydrofuran solution) was added thereto. The result 
ing mixture was stirred at 50° C. for five hours. The reaction 
Solution was concentrated, and the residue was dissolved in 
trifluoroacetic acid. The mixture was concentrated, and the 
residue was purified by reverse-phase high performance 
liquid chromatography (using an acetonitrile-water mobile 
phase (containing 0.1% trifluoroacetic acid)) to give 3.38 mg 
of the title compound. 
0893 MS m/e (ESI) 343(MH–CFCOOH) 

Example 24 

7-(2-Butynyl)-1-methyl-2-benzyl-8-(piperazin-1-yl)- 
1,7-dihydropurin-6-one trifluoroacetate 

0894. The title compound was obtained using a mixed 
Solution consisting of 0.5 ml of benzylmagnesium chloride 
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(2.0 M diethyl ether solution) and 2 ml of zinc chloride (0.5 
Mtetrahydrofuran solution) by the same method as used in 
Example 23. 

0895 MS m/e (ESI) 377(MH*-CFCOOH) 

Example 25 

7-(2-Butynyl)-1-methyl-2-(2-phenylethyl)-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

0896. The title compound was obtained using a mixed 
Solution consisting of 0.5 ml of phenethylmagnesium chlo 
ride (2.0 M diethyl ether solution) and 2 ml of zinc chloride 
(0.5 M tetrahydrofuran solution) by the same method as used 
in Example 23. 

0897 MS m/e (ESI) 391 (MH-CFCOOH) 

Example 26 

7-(2-Butynyl)-1-methyl-2-phenyl-8-(piperazin-1-yl)- 
1,7-dihydropurin-6-one trifluoroacetate 

0898 10 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate and 2 mg of tetrakis(triphenylphosphine)palladium 
and 20 mg of phenyltributyltin were dissolved in 0.2 ml of 
dioxane, and the mixture was stirred at 80° C. for 5 hours. 
The reaction Solution was concentrated, and the residue was 
dissolved in trifluoroacetic acid. The mixture was concen 
trated, and the residue was purified by reverse-phase high 
performance liquid chromatography (using an acetonitrile 
water mobile phase (containing 0.1% trifluoroacetic acid)) 
to give 4.62 mg of the title compound. 
0899) MS m/e (ESI) 363(MH'-CFCOOH) 

Example 27 

7-(2-Butynyl)-1-methyl-2-amino-8-(piperazin-1-yl)- 
1,7-dihydropurin-6-one trifluoroacetate 

0900 8 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate was dissolved in 0.2 ml of 20% aqueous ammonia 
Solution, and the mixture was stirred at 80° C. for 5 hours. 
The reaction Solution was concentrated, and the residue was 
dissolved in trifluoroacetic acid. The mixture was concen 
trated, and the residue was purified by reverse-phase high 
performance liquid chromatography (using an acetonitrile 
water mobile phase (containing 0.1% trifluoroacetic acid)) 
to give 3.82 mg of the title compound. 

0901) MS m/e (ESI) 302(MH'-CFCOOH) 

Example 28 

7-(2-Butynyl)-1-methyl-2-methylamino-(8-piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

0902) 8 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate was dissolved in 0.2 ml of an aqueous Solution of 
40% methylamine, and the mixture was stirred at 80 C. for 
5 hours. The reaction Solution was concentrated, and the 
residue was dissolved in trifluoroacetic acid. The mixture 
was concentrated, and the residue was purified by reverse 
phase high performance liquid chromatography (using an 
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acetonitrile-water mobile phase (containing 0.1% trifluoro 
acetic acid)) to give 6.95 mg of the title compound. 
0903 MS m/e (ESI) 316(MH'-CFCOOH) 

Example 29 

7-(2-Butynyl)-1-methyl-2-dimethylamino-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

0904) 8 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl) piperazine-1-car 
boxylate was dissolved in 0.2 ml of an aqueous Solution of 
40% dimethylamine, and the mixture was stirred at 80 C. 
for 5 hours. The reaction Solution was concentrated, and the 
residue was dissolved in trifluoroacetic acid. The mixture 
was concentrated, and the residue was purified by reverse 
phase high performance liquid chromatography (using an 
acetonitrile-water mobile phase (containing 0.1% trifluoro 
acetic acid)) to give 6.95 mg of the title compound. 
0905 H-NMR(CDC1,) & 1.82 (t, J-24 Hz, 3H) 2.83 (s, 
6H)3.02-3.05 (m, 4H)3.39-3.42 (m, 4H)3.56 (s, 3H)4.90 
(d, J=2.4 Hz, 2H) 
0906) MS m/e (ESI) 330(MH'-CFCOOH) 

Example 30 

Ethyl 7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin-1- 
yl)-6,7-dihydro-1H-purin-2-ylaminoacetate trifluo 

rOacetate 

0907 10 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate was dissolved in 0.15 ml of 1-methyl-2-pyrroli 
done, and 15 mg of glycine ethyl ester hydrochloride and 50 
All of triethylamine were added thereto. The mixture was 
stirred at 80 C. for 12 hours. Then, the reaction solution was 
concentrated by flushing with nitrogen gas. The residue was 
dissolved in 0.40 ml of trifluoroacetic acid, and the Solution 
was concentrated by flushing with nitrogen gas. The residue 
was purified by reverse-phase high performance liquid chro 
matography (using an acetonitrile-water mobile phase (con 
taining 0.1% trifluoroacetic acid)) to give 7.60 mg of the title 
compound. 

0908 MS m/e (ESI) 388(MH'-CFCOOH) 

Example 31 

7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)-6, 
7-dihydro-1H-purin-2-ylaminoacetic acid trifluoro 

acetate 

0909 6 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate was dissolved in 0.15 ml of 1-methyl-2pyrrollidone, 
and 15 mg of glycine t-butyl ester hydrochloride and 50 ul 
of triethylamine were added thereto. After the mixture had 
been stirred at 80 C. for 12 hours, the reaction solution was 
concentrated by flushing with nitrogen gas. The resulting 
residue was dissolved in 0.40 ml of trifluoroacetic acid, and 
the Solution was concentrated by flushing with nitrogen gas. 
The residue was purified by reverse-phase high performance 
liquid chromatography (using an acetonitrile-water mobile 
phase (containing 0.1% trifluoroacetic acid)) to give 2.36 mg 
of the title compound. 

0910 MS m/e (ESI) 360(MH'-CFCOOH) 
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Example 32 

Ethyl N-7-(2-butynyl)-1-methyl-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purin-2-yl)methylamino 

acetic acid trifluoroacetate 

0911) Using N-methyl glycine ethyl ester hydrochloride 
instead of glycine ethyl ester hydrochloride in Example 30, 
2.06 mg of the title compound was obtained by the same 
method as used in Example 30. 
0912 MS m/e (ESI) 402(MH'-CFCOOH) 

Example 33 

Methyl (S)-1-7-(2-butynyl)-1-methyl-6-oxo-8-(pip 
erazin-1-yl)-6,7-dihydro-1H-purin-2-ylpyrrolidine 

2-carboxylate trifluoroacetate 
0913. Using L-proline methyl ester hydrochloride instead 
of glycine ethyl ester hydrochloride in Example 30, 1.35 mg 
of the title compound was obtained by the same method as 
used in Example 30. 
0914) MS m/e (ESI) 414(MH'-CFCOOH) 

Example 34 

N-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin-1- 
yl)-6,7-dihydro-1H-purin-2-yl)methylaminoacetic 

acid trifluoroacetate 

0915 Using N-methylglycine t-butyl ester hydrochloride 
instead of glycine ethyl ester hydrochloride in Example 30, 
3.16 mg of the title compound was obtained by the same 
method as used in Example 30. 
0916 MS m/e (ESI) 374(MH'-CFCOOH) 

Example 35 

Methyl (R)-1-7-(2-butynyl)-1-methyl-6-oxo-8-(pip 
erazin-1-yl)-6,7-dihydro-1H-purin-2-ylpyrrolidine 

2-carboxylate trifluoroacetate 
0917 Using D-proline methyl ester hydrochloride 
instead of glycine ethyl ester hydrochloride in Example 30, 
0.74 mg of the title compound was obtained by the same 
method as used in Example 30. 
0918 MS m/e (ESI) 414(MH'-CFCOOH) 

Example 36 

Methyl 2-7-(2-butynyl)-1-methyl-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purin-2-ylaminopropi 

onate trifluoroacetate 

0919 Using DL-alanine methyl ester hydrochloride 
instead of glycine ethyl ester hydrochloride in Example 30, 
1.20 mg of the title compound was obtained by the same 
method as used in Example 30. 
0920 MS m/e (ESI) 388(MH–CFCOOH) 

Example 37 

Methyl 2-7-(2-butynyl)-1-methyl-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purin-2-ylamino-2-meth 

ylpropionate trifluoroacetate 
0921. Using methyl 2-aminoisobutylate hydrochloride 
instead of glycine ethyl ester hydrochloride in Example 30, 
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1.18 mg of the title compound was obtained by the same 
method as used in Example 30. 
0922 MS m/e (ESI) 402(MH'-CFCOOH) 

Example 38 

Ethyl (S)-2-7-(2-butynyl)-1-methyl-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purin-2-ylaminopropi 

onate trifluoroacetate 

0923. Using L-alanine ethyl ester hydrochloride instead 
of glycine ethyl ester hydrochloride in Example 30, 2.38 mg 
of the title compound was obtained by the Same method as 
used in Example 30. 
0924) MS m/e (ESI) 402(MH'-CFCOOH) 

Example 39 

(S)-2-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin-1- 
yl)-6,7-dihydro-1H-purin-2-ylaminopropionic acid 

trifluoroacetate 

0925. Using L-alanine t-butyl ester hydrochloride instead 
of glycine ethyl ester hydrochloride in Example 30, 0.76 mg 
of the title compound was obtained by the Same method as 
used in Example 30. 
0926 MS m/e (ESI) 374(MH–CFCOOH) 

Example 40 

Ethyl 3-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin 
1-yl)-6,7-dihydro-1H-purin-2-ylaminopropionate 

trifluoroacetate 

0927. Using P-alanine ethyl ester hydrochloride instead 
of glycine ethyl ester hydrochloride in Example 30, 0.85 mg 
of the title compound was obtained by the Same method as 
used in Example 30. 
0928 MS m/e (ESI) 402(MH'-CFCOOH) 

Example 41 

7-(2-Butynyl)-2-(2-ethoxyethylamino)-1-methyl-8- 
(piperazin-1-yl)-1,7-dihydro-purin-6-one trifluoroac 

etate 

0929) 10 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl) piperazine-1-car 
boxylate was dissolved in 0.15 ml of 1-methyl-2-pyrroli 
done, and 20 ul of 2-ethoxyethylamine was added thereto. 
After the mixture had been stirred at 80° C. for 12 hours, the 
reaction Solution was concentrated by flushing with nitro 
gen. The resulting residue was dissolved in 0.40 ml of 
trifluoroacetic acid, and the mixture was concentrated by 
flushing with nitrogen gas. The residue was purified by 
reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 6.95 mg of the title compound. 
0930 MS m/e (ESI) 374(MH–CFCOOH) 

Example 42 

7-(2-Butynyl)-1-methyl-2-(morpholin-4-yl)-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

0931. Using morpholine instead of 2-ethoxyethylamine 
in Example 41, 7.31 mg of the title compound was obtained 
by the same method as used in Example 41. 
0932 MS m/e (ESI) 372(MH'-CFCOOH) 
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Example 43 

2-Benzylamino-7-(2-butynyl)-1-methyl-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacate 

0933. Using benzylamine instead of 2-ethoxyethylamine 
in Example 41, 8.40 mg of the title compound was obtained 
by the same method as used in Example 41. 
0934) MS m/e (ESI) 392(MH–CFCOOH) 

Example 44 

Ethyl 1-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin 
1-yl)-6,7-dihydro-1H-purin-2-yl)piperidine-4-car 

boxylate trifluoroacetate 
0935 Using ethylisonipecotate instead of 2-ethoxyethy 
lamine in Example 41, 7.43 mg of the title compound was 
obtained by the same method as used in Example 41. 
0936) MS m/e (ESI) 442(MH'-CFCOOH) 

Example 45 

2-(N-benzylmethylamino)-7-(2-butynyl)-1-methyl-8- 
(piperazin-1-yl)-1,7-dihydropurin-6-one trifluoroac 

etate 

0937. Using N-methylbenzylamine instead of 2-ethoxy 
ethylamine in Example 41, 2.38 mg of the title compound 
was obtained by the same method as used in Example 41. 
0938 MS m/e (ESI) 406(MH–CFCOOH) 

Example 46 

7-(2-Butynyl)-2-(4-chlorobenzylamino)-1-methyl-8- 
(piperazin-1-yl)-1,7-dihydropurin-6-one trifluoroac 

etate 

0939. Using 4-chlorobenzylamine instead of 2-ethoxy 
ethylamine in Example 41, 2.84 mg of the title compound 
was obtained by the same method as used in Example 41. 
0940 MS m/e (ESI) 426(MH'-CFCOOH) 

Example 47 

7-(2-Butynyl)-2-(4-methoxybenzylamino)-1-methyl 
8-(piperazin-1-yl)-1,7-dihydropurin-6-one trifluoro 

acetate 

0941. Using 4-methoxybenzylamine, 3.77 mg of the title 
compound was obtained by the same method as used in 
Example 41. 

0942 MS m/e (ESI) 422(MH–CFCOOH) 

Example 48 

7-(2-Butynyl)-1-methyl-2-(2-phenylethylamino)-8- 
(piperazin-1-yl)-1,7-dihydropurin-6-one trifluoroac 

etate 

0943. Using phenethylamine instead of 2-ethoxyethy 
lamine in Example 41, 2.70 mg of the title compound was 
obtained by the same method as used in Example 41. 
0944) MS m/e (ESI) 406(MH'-CFCOOH) 
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Example 49 

7-(2-Butynyl)-1-methyl-2-N-(2-phenylethyl)methy 
lamino-8-(piperazin-1-yl)-1,7-dihydropurin-6-one 

trifluoroacetate 

0945 Using N-methylphenethylamine instead of 
2-ethoxyethylamine in Example 41, 2.17 mg of the title 
compound was obtained by the same method as used in 
Example 41. 

0946 MS m/e (ESI) 420(MH–CFCOOH) 

Example 50 

Ethyl 1-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin 
1-yl)-6,7-dihydro-1H-purin-2-yl)piperidine-3-car 

boxylate trifluoroacetate 
0947 Using ethyl nipecotate instead of 2-ethoxyethy 
lamine in Example 41, 2.93 mg of the title compound was 
obtained by the same method as used in Example 41. 
0948 MS m/e (ESI) 442(MH–CFCOOH) 

Example 51 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2-(pyri 
din-2-ylmethylamino)-1,7-dihydropurin-6-one trif 

luoroacetate 

0949. Using 2-aminomethylpyridine instead of 2-ethoxy 
ethylamine in Example 41, 1.62 mg of the title compound 
was obtained by the same method as used in Example 41. 
0950 MS m/e (ESI) 393(MH-CFCOOH) 

Example 52 

Ethyl 1-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin 
1-yl)-6,7-dihydro-1H-purin-2-yl)piperidine-2-car 

boxylate trifluoroacetate 
0951. Using ethyl pipecolate instead of 2-ethoxyethy 
lamine in Example 41, 0.97 mg of the title compound was 
obtained by the same method as used in Example 41. 
0952 MS m/e (ESI) 442(MH'-CFCOOH) 

Example 53 

(S)-1-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1- 
yl)-6,7-dihydro-1H-purin-2-ylpyrrolidine-2-car 

boxylic acid trifluoroacetate 
0953. Using L-proline t-butyl ester instead of 2-ethoxy 
ethylamine in Example 41, 4.07 mg of the title compound 
was obtained by the same method as used in Example 41. 
0954) MS m/e (ESI) 400(MH'-CFCOOH) 

Example 54 

7-(2-Butynyl)-2-diethylamino-1-methyl-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

0955. Using diethylamine instead of 2-ethoxyethylamine 
in Example 41, 2.24 mg of the title compound was obtained 
by the same method as used in Example 41. 
0956) MS m/e (ESI) 358(MH'-CFCOOH) 
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Example 55 

7-(2-Butynyl)-2-(N-ethylmethylamino)-1-methyl-8- 
(piperazin-1-yl)-1,7-dihydropurin-6-one trifluoroac 

etate 

0957. Using N-ethylmethylamine instead of 2-ethoxy 
ethylamine in Example 41, 3.27 mg of the title compound 
was obtained by the same method as used in Example 41. 
0958 MS m/e (ESI) 344(MH'-CFCOOH) 

Example 56 

Ethyl (R)-1-7-(2-butynyl)-1-methyl-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purin-2-yl)piperidine-3- 

carboxylate trifluoroacetate 
0959. Using ethyl (R)-nipecotate instead of 2-ethoxy 
ethylamine in Example 41, 0.87 mg of the title compound 
was obtained by the same method as used in Example 41. 
0960 MS m/e (ESI) 442(MH'-CFCOOH) 

Example 57 

Ethyl (S)-1-7-(2-butynyl)-1-methyl-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purin-2-yl)piperidine-3- 

carboxylate trifluoroacetate 

0961) Using ethyl (L)-nipecotate instead of 2-ethoxy 
ethylamine in Example 41, 2.94 mg of the title compound 
was obtained by the same method as used in Example 41. 
0962 MS m/e (ESI) 442(MH'-CFCOOH) 

Example 58 

N-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1- 
yl)-6,7-dihydro-1H-purin-2-yl)methylaminoacetoni 

trile trifluoroacetate 

0963. Using methylaminoacetonitrile instead of 
2-ethoxyethylamine in Example 41, 1.00 mg of the title 
compound was obtained by the same method as used in 
Example 41. 

0964) MS m/e (ESI) 355(MH–CFCOOH) 

Example 59 

7-(2-Butynyl)-2-isopropylamino-1-methyl-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

0965 6 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate was dissolved in 0.15 ml of 1-methyl-2-pyrroli 
done, and 50 ul of isopropylamine was added thereto. The 
mixture was stirred at 60° C. for five hours, and then 
concentrated by flushing with nitrogen gas. The residue was 
dissolved in 0.40 ml of trifluoroacetic acid, and the mixture 
was concentrated by flushing with nitrogen gas. The residue 
was purified by reverse-phase high performance liquid chro 
matography (using an acetonitrile-water mobile phase (con 
taining 0.1% trifluoroacetic acid)) to give 2.28 mg of the title 
compound. 

0966 MS m/e (ESI) 344(MH'-CFCOOH) 
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Example 60 
7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2-(pyri 
din-2-ylamino)-1,7-dihydropurin-6-one trifluoroac 

etate 

0967 6 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate was dissolved in 0.15 ml of 1-methyl-2-pyrroli 
done, and 50 ul of 2-aminopyridine was added thereto. The 
mixture was stirred at 110° C. for 12 hours, and then the 
reaction Solution was concentrated by flushing with nitrogen 
gas. The residue was dissolved in 0.40 ml of trifluoroacetic 
acid, and the mixture was concentrated by flushing with 
nitrogen gas. The residue was purified by reverse-phase high 
performance liquid chromatography (using an acetonitrile 
water mobile phase (containing 0.1% trifluoroacetic acid)) 
to give 0.10 mg of the title compound. 

0968 MS m/e (ESI) 379(MH'-CFCOOH) 
Example 61 

7-(2-Butynyl)-1-methyl-2-phenylamino-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

0969 6 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate was dissolved in 0.15 ml of 1-methyl-2-pyrroli 
done, and 100 ul of aniline was added thereto. The mixture 
was stirred at 110° C. for 12 hours, and then concentrated by 
flushing with nitrogen gas. The residue was dissolved in 0.40 
ml of trifluoroacetic acid, and the mixture was concentrated 
by flushing with nitrogen gas. The residue was purified by 
reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 3.23 mg of the title compound. 
0970) MS m/e (ESI) 378(MH-CFCOOH) 

Example 62 
1-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yl)piperidine-3-carboxylic 

acid trifluoroacetate 

0971) 6 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate was dissolved in 0.15 ml of 1-methyl-2-pyrroli 
done, and 20 ul of ethyl nipecotate was added thereto. The 
mixture was stirred at 80° C. for 12 hours, and then 
concentrated by flushing with nitrogen gas. The residue was 
dissolved in a solution consisting of 0.20 ml of ethanol and 
0.20 ml of a 5N acqueous sodium hydroxide solution. The 
mixture was Stirred at room temperature for five hours, and 
then concentrated by flushing with nitrogen gas. The residue 
was dissolved in 0.40 ml of trifluoroacetic acid, and the 
mixture was concentrated by flushing with nitrogen gas. The 
residue was purified by reverse-phase high performance 
liquid chromatography (using an acetonitrile-water mobile 
phase (containing 0.1% trifluoroacetic acid)) to give 1.92 mg 
of the title compound. 
0972 MS m/e (ESI) 414(MH–CFCOOH) 

Example 63 
(R)-1-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin 
1-yl)-6,7-dihydro-1H-purin-2-ylpyrrolidine-2-car 

boxylic acid trifluoroacetate 
0973 6 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
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boxylate was dissolved in 0.15 ml of 1-methyl-2-pyrroli 
done, and 15 mg of D-proline methyl ester hydrochloride 
and 50 ul of triethylamine were added thereto. After the 
resulting mixture had been stirred at 80° C. for 12 hours, the 
reaction Solution was concentrated by flushing with nitrogen 
gas. The residue was dissolved in a Solution consisting of 
0.20 ml of ethanol and 0.20 ml of a 5N acqueous sodium 
hydroxide solution. The mixture was stirred at room tem 
perature for five hours, and then concentrated by flushing 
with nitrogen gas. The residue was dissolved in 0.40 ml of 
trifluoroacetic acid, and the mixture was concentrated by 
flushing with nitrogen gas. The residue was purified by 
reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 3.42 mg of the title compound. 
0974) MS m/e (ESI) 400(MH'-CFCOOH) 

Example 64 

2-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-ylaminopropionic acid trif 

luoroacetate 

0975. Using DL-alanine methyl ester hydrochloride 
instead of D-proline methyl ester hydrochloride in Example 
63, 1.12 mg of the title compound was obtained by the same 
method as used in Example 63. 
0976) MS m/e (ESI) 374(MH'-CFCOOH) 

Example 65 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2-(pyri 
din-2-yl-methyloxy)-1,7-dihydropurin-6-one trifluo 

rOacetate 

0977 6 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate was dissolved in 0.15 ml of 1-methyl-2-pyrroli 
done, and 25 ul of pyridin-2-ylmethanol and 5 mg of Sodium 
hydride were added thereto. The mixture was stirred at room 
temperature for five hours, and then concentrated by flush 
ing with nitrogen gas. The residue was dissolved in 0.40 ml 
of trifluoroacetic acid, and the mixture was concentrated by 
flushing with nitrogen gas. The residue was purified by 
reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 0.58 mg of the title compound. 
0978 MS m/e (ESI) 394(MH-CFCOOH) 

Example 66 

7-(2-Butynyl)-2-isopropoxy-1-methyl-8-(piperazin 
1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

0979 6 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate was dissolved in 0.15 ml of 1-methyl-2-pyrroli 
done, and 0.10 ml of isopropanol and 5 mg of Sodium 
hydride were added thereto. After the mixture was stirred at 
room temperature for five hours, an aqueous Solution Satu 
rated with ammonium chloride was added to the reaction 
Solution. The resulting mixture was extracted with ethyl 
acetate. The organic layer was concentrated. The residue 
was dissolved in 0.40 ml of trifluoroacetic acid, and the 
mixture was concentrated by flushing with nitrogen gas. The 
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residue was purified by reverse-phase high performance 
liquid chromatography (using an acetonitrile-water mobile 
phase (containing 0.1% trifluoroacetic acid)) to give 2.68 mg 
of the title compound. 

0980 MS m/e (ESI) 345(MH'-CFCOOH) 

Example 67 

7-(2-Butynyl)-2-(2-butynyloxy)-1-methyl-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

0981) Using 2-butyn-1-ol instead of isopropanol in 
Example 66, 3.40 mg of the title compound was obtained by 
the same method as used in Example 66. 

0982) MS m/e (ESI) 355(MH–CFCOOH) 

Example 68 

Methyl 7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin 
1-yl)-6,7-dihydro-1H-purin-2-ylsulfanyl)acetate trif 

luoroacetate 

0983 6 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate was dissolved in 0.15 ml of 1-methyl-2-pyrroli 
done, and 20 ul of methyl mercaptoacetate and 6 mg of 
potassium carbonate were added thereto. The mixture was 
Stirred at room temperature for five hours. An aqueous 
Solution Saturated with ammonium chloride was added to the 
reaction Solution, and the mixture was extracted with ethyl 
acetate. The organic layer was concentrated, and the residue 
was dissolved in 0.40 ml of trifluoroacetic acid. The Solution 
was concentrated by flushing with nitrogen gas. The residue 
was purified by reverse-phase high performance liquid chro 
matography (using an acetonitrile-water mobile phase (con 
taining 0.1% trifluoroacetic acid)) to give 4.83 mg of the title 
compound. 

0984 MS m/e (ESI) 391 (MH–CFCOOH) 

Example 69 

Ethyl 2-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin 
1-yl)-6,7-dihydro-1H-purin-2-ylsulfanylpropionate 

trifluoroacetate 

0985 Using ethyl 2-mercaptopropionate instead of 
methyl mercaptoacetate in Example 68, 4.30 mg of the title 
compound was obtained by the same method as used in 
Example 68. 

0986 MS m/e (ESI) 419(MH'-CFCOOH) 

Example 70 

Ethyl 3-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin 
1-yl)-6,7-dihydro-1H-purin-2-ylsulfanylpropionate 

trifluoroacetate 

0987 Using ethyl 3-mercaptopropionate instead of 
methyl mercaptoacetate in Example 68, 3.75 mg of the title 
compound was obtained by the same method as used in 
Example 68. 

0988 MS m/e (ESI) 419(MH'-CFCOOH) 
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Example 71 

7-(2-Butynyl)-2-ethylsulfanyl-1-methyl-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

0989. Using ethanethiol instead of methyl mercaptoac 
etate in Example 68, 4.70 mg of the title compound was 
obtained by the same method as used in Example 68. 
0990 MS m/e (ESI) 347(MH-CFCOOH) 

Example 72 

7-(2-Butynyl)-2-(2-hydroxyethylsulfanyl)-1-methyl 
8-(piperazin-1-yl)-1,7-dihydropurin-6-one trifluoro 

acetate 

0991. Using 2-mercaptoethanol instead of methyl mer 
captoacetate in Example 68, 3.57 mg of the title compound 
was obtained by the same method as used in Example 68. 
0992 MS m/e (ESI) 363(MH'-CFCOOH) 

Example 73 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2-(pyri 
din-2-ylsulfanyl)-1,7-dihydropurin-6-one trifluoro 

acetate 

0993. Using 2-mercaptopyridine instead of methyl mer 
captoacetate in Example 68, 4.66 mg of the title compound 
was obtained by the same method as used in Example 68. 
0994) MS m/e (ESI) 396(MH–CFCOOH) 

Example 74 

7-(2-Butynyl)-1-methyl-2-methylsulfanyl-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

0995 Using methyl mercaptain (30%; methanol solution) 
instead of methyl mercaptoacetate in Example 68, 4.08 mg 
of the title compound was obtained by the same method as 
used in Example 68. 
0996) MS m/e (ESI) 333(MH'-CFCOOH) 

Example 75 

7-(2-Butynyl)-2-cyclohexylsulfanyl-1-methyl-8- 
(piperazin-1-yl)-1,7-dihydropurin-6-one trifluoroac 

etate 

0997 Using cyclohexanethiol instead of methyl mercap 
toacetate in Example 68, 4.13 mg of the title compound was 
obtained by the same method as used in Example 68. 
0998 MS m/e (ESI) 401(MH–CFCOOH) 

Example 76 

7-(2-Butynyl)-2-isopropylsulfanyl-1-methyl-8-(pip 
erazin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

0999 6 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate was dissolved in 0.15 ml of 1-methyl-2-pyrroli 
done, and 15 mg of the Sodium Salt of propane-2-thiol was 
added thereto. The mixture was stirred at room temperature 
for five hours. A Saturated ammonium chloride Solution was 
added to the reaction Solution, and the mixture was extracted 
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with ethyl acetate. The organic layer was concentrated, and 
the residue was dissolved in 0.40 ml of trifluoroacetic acid. 
The Solution was concentrated by flushing with nitrogen gas. 
The residue was purified by reverse-phase high performance 
liquid chromatography (using an acetonitrile-water mobile 
phase (containing 0.1% trifluoroacetic acid)) to give 4.56 mg 
of the title compound. 
1000 MS m/e (ESI) 361(MH–CFCOOH) 

Example 77 

2-t-Butylsulfanyl-7-(2-butynyl)-1-methyl-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

1001 Using the sodium salt of 2-methyl-2-propanethiol 
instead of the Sodium Salt of propane-2-thiol in Example 76, 
2.58 mg of the title compound was obtained by the same 
method as used in Example 76. 
1002 MS m/e (ESI) 375(MH–CFCOOH) 

Example 78 

7-(2-Butynyl)-2-mercapto-1-methyl-8-(piperazin-1- 
yl)-1,7-dihydropurin-6-one trifluoroacetate 

Example 79 
1003 7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-ylsulfanyl)acetic acid trifluoroac 
etate 

1004 6 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate was dissolved in 0.15 ml of N-methylpyrrollidone, 
and 20 ul of methyl mercaptoacetate and 6 mg of potassium 
carbonate were added thereto. After the mixture had been 
Stirred at room temperature for five hours, an aqueous 
Solution Saturated with ammonium chloride was added to the 
reaction solution. The mixture was extracted with ethyl 
acetate. The organic layer was concentrated. The resulting 
residue was dissolved in a solution consisting of 0.20 ml of 
ethanol and 0.20 ml of a 5N acqueous sodium hydroxide 
Solution. The mixture was stirred at room temperature 
overnight, and then concentrated by flushing with nitrogen 
gas. The residue was dissolved in 0.40 ml of trifluoroacetic 
acid, and the Solution was concentrated by flushing with 
nitrogen gas. The residue was purified by reverse-phase high 
performance liquid chromatography (using an acetonitrile 
water mobile phase (containing 0.1% trifluoroacetic acid)) 
to give 0.96 mg of 7-(2-butynyl)-2-mercapto-1-methyl-8- 
(piperazin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 
MS m/e (ESI) 319(MH"-CFCOOH) and 0.61 mg of 
7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)-6,7-dihy 
dro-1H-purin-2-ylsulfanyl)acetic acid trifluoroacetate MS 
m/e (ESI) 377(MH–CF,COOH). 

Example 80 

7-(2-Butynyl)-2-ethanesulfinyl-1-methyl-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

1005 6 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate was dissolved in 0.15 ml of 1-methyl-2-pyrroli 
done, and 20 ul of ethanethiol and 6 mg of potassium 
carbonate were added thereto. The mixture was stirred at 
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room temperature for 5 hours. A Saturated ammonium chlo 
ride Solution was added to the reaction Solution, and the 
mixture was extracted with ethyl acetate. The organic layer 
was concentrated. The residue was dissolved in 0.30 ml of 
dichloromethane, and the mixture was cooled to -78 C. 5 
mg of m-chloroperbenzoic acid was added to the Solution, 
and the mixture was stirred at -78 C. for 15 minutes. An 
aqueous Solution Saturated with Sodium Sulfite was added to 
the reaction Solution, and the mixture was extracted with 
dichloromethane. The organic layer was concentrated. The 
residue was dissolved in 0.40 ml of trifluoroacetic acid, and 
the Solution was concentrated by flushing with nitrogen gas. 
The residue was purified by reverse-phase high performance 
liquid chromatography (using an acetonitrile-water mobile 
phase (containing 0.1% trifluoroacetic acid)) to give 3.21 mg 
of the title compound. 

1006 MS m/e (ESI) 363(MH'-CFCOOH) 

Example 81 

7-(2-Butynyl)-2-ethanesulfonyl-1-methyl-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

1007 6 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate was dissolved in 0.15 ml of 1-methyl-2-pyrroli 
done, and 20 ul of ethanethiol and 6 mg of potassium 
carbonate were added thereto. The mixture was stirred at 
room temperature for 5 hours. A Saturated ammonium chlo 
ride Solution was added to the reaction Solution, and the 
mixture was extracted With ethyl acetate. The organic layer 
was concentrated. The residue was dissolved in 0.3 ml of 
dichloromethane, and the solution was cooled to -78 C. 10 
mg of m-chloroperbenzoic acid was added to the Solution. 
The mixture was stirred at -78 C. for 15 minutes and then 
at 0° C. for 15 minutes. An aqueous solution saturated with 
Sodium Sulfite was added to the reaction Solution, and the 
mixture was extracted with dichloromethane. The organic 
layer was concentrated. The residue was dissolved in trif 
luoroacetic acid, and the Solution was concentrated. The 
residue was purified by reverse-phase high performance 
liquid chromatography (using an acetonitrile-water mobile 
phase (containing 0.1% trifluoroacetic acid)) to give 1.19 mg 
of the title compound. 
1008 MS m/e (ESI) 379(MH'-CFCOOH) 

Example 82 

7-(2-Butynyl)-2-cyano-1-methyl-8-(piperazin-1-yl)- 
1,7-dihydropurin-6-one trifluoroacetate 

1009) 8 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate was dissolved in 0.2 ml of N-methylpyrrollidone, 
and 10 mg of sodium cyanide was added thereto. The 
mixture was stirred at 50 C. for 1 hour. Water was added to 
the reaction mixture, and the mixture was extracted with 
ethyl acetate. The organic layer was concentrated to give 14 
mg of t-butyl 4-7-(2-butynyl)-2-cyano-1-methyl-6-oxo-6, 
7-dihydro-1H-purin-8-ylpiperazine-1-carboxylate. 5 mg of 
this compound was dissolved in trifluoroacetic acid, and the 
Solution was concentrated. The residue was purified by 
reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 4.12 mg of the title compound. 
1010 MS m/e (ESI) 312(MH'-CFCOOH) 
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Example 83 

7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)-6, 
7-dihydro-1H-purine-2-carboxamide 

1011 (a) t-Butyl 4-7-(2-butynyl)-2-carbamoyl-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate 

1012 176 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate was dissolved in 2 ml of N-methylpyrrolidone, and 
100 mg of sodium cyanide was added thereto. The mixture 
was stirred at 50 C. for 0.5 hour. Water was added to the 
reaction mixture, and the mixture was extracted with ethyl 
acetate. The organic layer was concentrated to give 170 mg 
of t-butyl 4-7-(2-butynyl)-2-cyano-1-methyl-6-oxo-6,7-di 
hydro-1H-purin-8-ylpiperazine-1-carboxylate. 98 mg of 
this compound was dissolved in a mixture of 3 ml of 
tetrahydrofuran and 2 ml of methanol, and 0.5 ml of an 
aqueous Solution of 20% ammonia and 0.5 ml of an aqueous 
solution of 30% hydrogen peroxide were added thereto. The 
mixture was stirred at room temperature overnight. Ethyl 
acetate was added to the reaction Solution, and the mixture 
was washed with water. The organic layer was dried over 
anhydrous magnesium Sulfate, then filtered. The Solvent was 
evaporated under reduced pressure. The residue was purified 
by Silica gel column chromatography. Thus, 77 mg of the 
title compound was obtained from the fraction eluted with 
ethyl acetate-methanol. 

1013 H-NMR(CDC1) & 1.49 (s.9H) 1.83 (t, J=1.2 Hz, 
3H)3.42-3.49 (m, 4H)3.58-3.65 (m, 4H)3.95 (s, 3H) 5.01 
(d, J=2.4 Hz, 2H) 5.54 (br, 1H) 7.61 (br, 1H) 
1014 (b) 7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1- 
yl)-6,7-dihydro-1H-purine-2-carboxamide 
1015 77 mg of t-butyl 4-7-(2-butynyl)-2-carbamoyl-1- 
methyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate was dissolved in 1 ml of trifluoroacetic acid, and 
the Solution was concentrated. The residue was purified by 
chromatography using NH-Silica gel. Thus, 49 mg of the title 
compound was obtained from the fraction eluted with ethyl 
acetate-methanol (5:1). 
1016) 'H-NMR(CDC1) & 1.83 (t, J-24 Hz, 3H) 3.05 
3.07 (m, 4H) 3.45-3.48 (m, 4H) 3.94 (s, 3H) 498 (s, 2H) 
5.57 (br, 1H) 7.65 (br, 1H) 

Example 84 

7-(2-Butynyl)-2-carboxy-1-methyl-8-(piperazin-1- 
yl)-1,7-dihydropurin-6-one trifluoroacetate 

Example 85 

1017 7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-1,7-di 
hydropurin-6-one trifluoroacetate 
1018) 12.5 mg of t-butyl 4-7-(2-butynyl)-2-carbamoyl 
1-methyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1- 
carboxylate was dissolved in 0.3 ml of tetrahydrofuran and 
0.2 ml of methanol, and 0.05 ml of 2N Sodium hydroxide 
was added thereto. The mixture was stirred at 50 C. for 2 
hours. The reaction Solution was concentrated, and the 
residue was dissolved in trifluoroacetic acid. The mixture 
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was concentrated. The residue was purified by reverse-phase 
high performance liquid chromatography (using an acetoni 
trile-water mobile phase (containing 0.1% trifluoroacetic 
acid)) to give 0.44 mg of 7-(2-butynyl)-2-carboxy-1-methyl 
8-(piperazin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 
MS m/e (ESI) 331(MH"-CFCOOH) and 6.4 mg of 
7-(2-butynyl)-1-methyl-8-(piperazin-1-yl)-1,7-dihydropu 
rin-6-one trifluoroacetate "H-NMR(CDC1) & 1.81 (t, J=2.4 
Hz, 3H)3.54 (br, 4H)3.63 (s.3H)3.83 (br, 4H)5.02 (s, 2H) 
8.20 (s, 1H); MS m/e (ESI) 287(MH"-CFCOOH)). 

Example 86 
7-(2-Butynyl)-2-methoxy-1-(2-phenylethyl)-8-(pip 
erazin-1-yl)-1,7-dihydropurin-6-one hydrochloride 

1019 (a)7-Benzyl-2,6-dioxo-1-(2-phenylethyl)-1,2,6,7- 
tetrahydropurin-3-yl)methyl 2,2-dimethylpropionate 
1020. A mixture consisting of 500 mg of 7-benzyl-2,6- 
dioxo-1,2,6,7-tetrahydropurin-3-yl)methyl 2,2-dimethylpro 
pionate, 0.38 ml of 2-bromoethyl benzene, 390 mg of 
anhydrous potassium carbonate, and 5 ml of N,N-dimeth 
ylformamide was stirred in an oil bath at 50° C. for two 
hours. The reaction mixture was extracted with ethyl acetate 
and water, and the organic layer was washed with water and 
then with Saturated Saline. The organic liquid was dried over 
anhydrous magnesium Sulfate, and then concentrated under 
reduced pressure. The residue was crystallized with ethyl 
acetate-hexane to give 540 mg of the title compound. 
1021 H-NMR(CDC1,) & 1.19 (s.9H)2.92-298 (m, 2H) 
4.19-4.25 (m, 2H) 5.48 (s, 2H) 6.11 (s, 2H) 7.17-7.40 (m, 
10H) 7.54 (s, 1H) 
1022 (b)7-(2-Butynyl)-8-chloro-2,6-dioxo-1-(2-phe 
nylethyl)-1,2,6,7-tetrahydropurin-3-yl)methyl 2,2-dimethyl 
propionate 
1023) A mixture consisting of 540 mg of 7-benzyl-2,6- 
dioxo-1-(2-phenylethyl)-1,2,6,7-tetrahydropurin-3-yl)me 
thyl 2,2-dimethylpropionate, 50 mg of 10% palladium car 
bon, and 8 ml of acetic acid was Stirred under a hydrogen 
atmosphere at room temperature overnight. The reaction 
mixture was filtered and then concentrated under reduced 
preSSure to give 410 mg of residue. 
1024. The entire residue was combined with 0.15 ml of 
1-bromo-2-butyne, 300 mg of anhydrous potassium carbon 
ate, and 5 ml of N,N-dimethylformamide. The mixture was 
Stirred at room temperature for 2 hours. The reaction Solu 
tion was extracted with ethyl acetate and water. The organic 
layer was washed with water and then with Saturated brine. 
The organic liquid was dried over anhydrous magnesium 
Sulfate and concentrated under reduced pressure to give 470 
mg of residue. 
1025 The entire residue was combined with 180 mg of 
N-chlorosuccinimide and 5 ml of N,N-dimethylformamide. 
The mixture was Stirred at room temperature for 2 hours. 
After 0.5 ml of an aqueous solution of 1M sodium thiosul 
fate had been added to the reaction Solution, the mixture was 
extracted with ethyl acetate and water. The organic layer was 
washed with water and then with Saturated brine. The 
organic liquid was dried over anhydrous magnesium Sulfate, 
and then concentrated under reduced pressure. 380 mg of the 
title compound was obtained by crystallization using ethyl 
acetate-hexane. 

1026 'H-NMR(CDC1) & 1.21 (s, 9H) 1.83 (t, J-2 Hz, 
3H) 2.92-2.98 (m, 2H) 4.19-4.25 (m, 2H) 5.11 (q, J=2 Hz, 
2H) 6.05 (s, 2H) 7.18-7.32 (m, 5H) 
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1027 (c) t-Butyl 4-7-(2-butynyl)-2,6-dioxo-1-(2-phe 
nylethyl)-2,3,6,7-tetrahydro-1H-purin-8-ylpiperazine-1- 
carboxylate 
1028) A mixture consisting of 380 mg of 7-(2-butynyl)- 
8-chloro-2,6-dioxo-1-(2-phenylethyl)-1,2,6,7-tetrahydropu 
rin-3-yl)methyl 2,2-dimethyl propionate, 460 mg of t-butyl 
piperazine-1-carboxylate, and 0.5 ml of N-methylpyrroli 
done was stirred in an oil bath at 150° C. for 15 minutes. The 
reaction mixture was extracted with ethyl acetate and water, 
and the organic layer was washed with water and then with 
Saturated brine. The organic layer was dried over anhydrous 
magnesium Sulfate, and then concentrated under reduced 
preSSure. The residue was dissolved in ethyl acetate/hexane 
(1/1). The solution was filtered through a small amount of 
Silica gel, and then washed with ethyl acetate/hexane (1/1). 
The filtrate was combined with the washing solution. The 
mixed Solution was concentrated under reduced pressure to 
give 570 mg of residue. 
1029. The entire residue was combined with 5 ml of 
tetrahydrofuran and 2.5 ml of methanol. 33 mg of sodium 
hydride was added to the mixture, and the resulting mixture 
was stirred at room temperature for 30 minutes. 1 ml of 1 N 
hydrochloric acid was added to the reaction Solution, and 
then the mixture was extracted with ethyl acetate and water, 
then was washed with water and then with Saturated brine. 
The organic liquid was dried over anhydrous magnesium 
Sulfate, and concentrated under reduced pressure to give 350 
mg of the title compound. 

1030 "H-NMR(CDC1) & 1.50 (s, 9H) 1.85 (t, J-2 Hz, 
3H) 2.91-2.98 (m, 2H)3.37 (bris, 4H) 3.56-3.62 (m, 4H) 
4.15-4.22 (m, 2H) 4.87 (q, J=2 Hz, 2H) 7.18-7.35 (m, 5H) 
1031 (d) t-Butyl 4-7-(2-butynyl)-2-chloro-6-oxo-1-(2- 
phenylethyl)-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate 

1032 A mixture consisting of 290 mg of t-butyl 4-7-(2- 
butynyl)-2,6-dioxo-1-(2-phenylethyl)-2,3,6,7-tetrahydro 
1H-purin-8-ylpiperazine-1-carboxylate and 4 ml of phos 
phorus oxychloride was heated and Stirred in an oil bath at 
120° C. for 8 hours. The reaction solution was concentrated 
under reduced pressure, and the residue was dissolved in 5 
ml of tetrahydrofuran. This solution was added dropwise to 
a mixture consisting of 250 mg of di-t-butyl dicarbonate, 10 
ml of a Saturated Sodium bicarbonate Solution, and 10 ml of 
tetrahydrofuran while the mixture was being Stirred and 
cooled with ice. The mixture was incubated at room tem 
perature for 4 hours, and then extracted with ethyl acetate. 
The organic layer was washed with water then with Saturated 
brine, dried over anhydrous magnesium Sulfate, and then 
concentrated under reduce pressure. The residue was puri 
fied by silica gel column chromatography using 30 to 50% 
ethyl acetate/hexane. Then, the material was further purified 
by reverse-phase column chromatography using 50 to 100% 
methanol/water to give 60 mg of the title compound. 

1033) H-NMR(CDC1,) & 1.49 (s, 9H) 1.84 (t, J-2 Hz, 
3H)3.10-3.16 (m, 2H)3.40-3.46 (m, 2H)3.57-3.63 (m, 4H) 
4.42-449 (m, 4H) 4.94 (q, J=2 Hz, 2H) 7.21-7.34 (m, 5H) 
1034) (e) 7-(2-Butynyl)-2-methoxy-1-(2-phenylethyl)-8- 
(piperazin-1-yl)-1,7-dihydropurin-6-one hydrochloride 
1035 10 mg of sodium hydride (60%; oily) was added to 
a mixture consisting of 7 mg of t-butyl 4-7-(2-butynyl)-2- 
chloro-6-oxo-1-(2-phenylethyl)-6,7-dihydro-1H-purin-8-yl) 
piperazine-1-carboxylate and 0.5 ml of methanol. The mix 
ture was stirred at room temperature for 20 minutes. Water 
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Example 95 

7-(2-Butynyl)-2-chloro-8-(piperazin-1-yl)-1,7-dihy 
dropurin-6-one trifluoroacetate 

1053 (a) t-Butyl 4-7-(2-butynyl)-2-chloro-6-oxo-6,7-di 
hydro-1H-purin-8-ylpiperazine-1-carboxylate 
1054) A mixture consisting of 1.0 g of t-butyl 4-7-(2- 
butynyl)-2,6-dichloro-7H-purin-8-ylpiperazine-1-carboxy 
late, 580 mg of sodium acetate, and 10 ml of dimethyl 
Sulfoxide was stirred in an oil bath at 80 C. for 24 hours. 
The reaction Solution was extracted with ethyl acetate and 
water. The organic layer was washed with water and then 
with Saturated brine, then was dried over anhydrous mag 
nesium Sulfate, and concentrated under reduced pressure. 
The residue was purified by Silica gel column chromatog 
raphy using 50 to 70% ethyl acetate/hexane and crystallized 
with ethyl acetate-hexane to give 800 mg of the title com 
pound. 

1055 H-NMR(CDC1) & 1.49 (s, 9H) 1.83 (t, J-2 Hz, 
3H)3.44 (bris, 4H)3.56-3.63 (m, 4H)4.94 (q, J=2 Hz, 2H) 
1056 (b) 7-(2-Butynyl)-2-chloro-8-(piperazin-1-yl)-1,7- 
dihydropurin-6-one trifluoroacetate 
1057 8 mg of t-butyl 4-7-(2-butynyl)-2-chloro-6-oxo-6, 
7-dihydro-1H-purin-8-ylpiperazine-1-carboxylate was dis 
Solved in trifluoroacetic acid, and the Solution was concen 
trated. The residue was purified by reverse-phase high 
performance liquid chromatography (using an acetonitrile 
water mobile phase (containing 0.1% trifluoroacetic acid)) 
to give 3.45 mg of the title compound. 
1058 MS m/e (ESI) 307(MH–CFCOOH) 

Example 96 

2-7-(2-Butynyl)-2-dimethylamino-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydropurin-1-ylmethylbenzonitrile 

hydrochloride 

1059 (a) t-Butyl 4-7-(2-butynyl)-2-chloro-1-(2-cy 
anobenzyl)-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1- 
carboxylate 
1060 A mixture consisting of 100 mg of t-butyl 4-7-(2- 
butynyl)-2-chloro-6-oxo-6,7-dihydro-1H-purin-8-yl)pipera 
Zine-1-carboxylate, 60 mg of 2-cyanobenzyl bromide, 68 mg 
of anhydrous potassium carbonate, and 1 ml of N,N-dim 
ethylformamide was stirred at room temperature for 4 hours. 
Ethyl acetate/hexane (1/1) and water were added to the 
reaction solution. The insoluble material was removed by 
filtration. The filtrate was extracted with ethyl acetate. The 
organic layer was washed with water and then with Saturated 
brine, dried over anhydrous magnesium Sulfate, and then 
concentrated under reduced pressure. The residue was puri 
fied by silica gel column chromatography using 30 to 50% 
ethyl acetate/hexane to give 50 mg of the title compound. 
1061 H-NMR(CDC1) & 1.49 (s, 9H) 1.83 (t, J-2 Hz, 
3H) 3.43-3.49 (m, 4H) 3.58-3.64 (m, 4H)4.95 (q, J=2 Hz, 
2H) 5.72 (s, 2H) 7.06 (d, J=8 Hz, 1H) 7.39 (t, J=8 Hz, 1H) 
7.51 (t, J=8 Hz, 1H) 7.71 (d, J=8 Hz, 1H) 
1062 (b) t-Butyl 4-7-(2-butynyl)-1-(2-cyanobenzyl)-2- 
dimethylamino-6-oxo-6,7-dihydro-1H-purin-8-ylpipera 
Zine-1-carboxylate 
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1063 A mixture consisting of 8 mg of t-butyl 4-7-(2- 
butynyl)-2-chloro-1-(2-cyanobenzyl)-6-oxo-6,7-dihydro 
1H-purin-8-yl)piperazine-1-carboxylate, 20 ul of an aque 
ous solution of 50% dimethylamine, and 0.2 ml of N,N- 
dimethylformamide was Stirred at room temperature for 2 
hours. The reaction Solution was extracted with ethyl acetate 
and water. The organic layer was washed with water and 
with Saturated brine, and concentrated. The residue was 
Separated by Silica gel thin-layer chromatography using 70% 
ethyl acetate/hexane to give 6.5 mg of the title compound. 

1064) H-NMR(CDC1,) & 1.50 (s, 9H) 1.81 (t, J-2 Hz, 
3H)2.73 (s, 6H)3.38-3.45 (m, 4H)3.56-3.64 (m, 4H)4.91, 
(q, J=2 Hz, 2H)5.55 (s, 2H) 7.07 (d. J=8 Hz, 1H) 7.32 (t, J=8 
HZ, 1H) 7.46, (t, J=8 Hz, 1H) 7.65 (d, J=8 Hz, 1H) 
1065 (c) 2-7-(2-Butynyl)-2-dimethylamino-6-oxo-8- 
(piperazin-1-yl)-6,7-dihydropurin-1-ylmethylbenzonitrile 
hydrochloride 

1066 6.5 mg of t-butyl 4-7-(2-butynyl)-1-(2-cyanoben 
Zyl)-2-dimethylamino-6-oxo-6,7-dihydro-1H-purin-8-yl) 
piperazine-1-carboxylate was dissolved in 0.5 ml of trifluo 
roacetic acid, and the mixture was allowed to Stand at room 
temperature for 20 minutes. The reaction Solution was 
concentrated, and the residue was purified by reverse-phase 
column chromatography using 20 to 80% methanol/water 
(containing 0.1% concentrated hydrochloric acid) to give 6.4 
mg of the title compound. 

1067) H-NMR(DMSO-d6) & 1.76 (s, 3H) 2.69 (s, 6H) 
3.28 (brs, 4H)3.51 (bris, 4H)4.91 (s, 2H) 5.40 (s, 2H) 7.04 
(d, J=8 Hz, 1H) 7.43 (t, J=8 Hz, 1H) 7.60 (t, J=8 Hz, 1H) 
7.83 (d, J=8 Hz, 1H) 8.90 (bris, 2H) 

Example 97 

Methyl 7-(2-butynyl)-1-(2-cyanobenzyl)-6-oxo-8- 
(piperazin-1-yl)-6,7-dihydro-1H-purin-2-ylsulfanyl 

acetate hydrochloride 

1068. Using methyl thioglycolate instead of dimethy 
lamine and using anhydrous potassium carbonate as a base 
in Example 96(b), the title compound was synthesized by the 
Same method as used in Example 96. 

1069) H-NMR(DMSO-d6) & 1.79(s, 3H)3.29 (bris, 4H) 
3.56 (bris, 4H)3.65 (s, 3H) 4.12 (s, 2H)4.99 (s. 2H) 5.48 (s, 
2H) 7.10 (d, J=8 Hz, 1H) 7.50 (t, J=8 Hz, 1H) 7.65 (t, J=8 
Hz, 1H) 7.92 (d, J=8 Hz, 1H) 8.95 (bris, 2H) 

Example 98 

2-7-(2-Butynyl)-2-methoxy-6-oxo-8-(piperazin-1- 
yl)-6,7-dihydropurin-1-ylmethylbenzonitrile hydro 

chloride 

1070. Using methanol instead of dimethylamine and 
using anhydrous potassium carbonate as a base in Example 
96(b), the title compound was synthesized by the same 
method as used in Example 96. 

1071 'H-NMR(DMSO-d6) & 1.79 (s.3H)3.28 (bris, 4H) 
3.48-3.56 (m, 4H)3.91 (s.3H)4.97 (s, 2H)5.32 (s, 2H) 7.19 
(d, J=8 Hz, 1H) 7.48 (t, J=8 Hz, 1H) 7.63 (t, J=8 Hz, 1H) 
7.87 (d, J=8 Hz, 1H) 9.05 (bris, 2H) 
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Example 99 

Methyl 7-(2-butynyl)-1-cyanomethyl-6-oxo-8-(pip 
erazin-1-yl)-6,7-dihydro-1H-purin-2-ylsulfanyllac 

etate hydrochloride 

1072) (a) t-Butyl 4-7-(2-butynyl)-2-chloro-1-cyanom 
ethyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate 

1073). Using bromoacetonitrile instead of dimethylamine 
in Example 96(b), the title compound was synthesized by the 
same method as used in Example 96(a). 
1074) H-NMR(CDC1) & 1.49 (s, 9H) 1.84 (t, J-2 Hz, 
3H) 3.43-3.49 (m, 4H) 3.58-3.63 (m, 4H)4.91 (q, J=2 Hz, 
2H) 5.18 (s, 2H) 
1075 (b) Methyl 7-(2-butynyl)-1-cyanomethyl-6-oxo-8- 
(piperazin-1-yl)-6,7-dihydro-1H-purin-2-ylsulfanyl)acetate 
hydrochloride 

1076. Using the compound obtained in Example 99(a) 
described above instead of the compound obtained in 
Example 96(a) in Example 97, the title compound was 
synthesized by the same method as used in Example 97. 

1077 'H-NMR(DMSO-d6) & 1.80 (s.3H)3.29 (bris, 4H) 
3.55 (brs, 4H)3.68 (s, 3H)4.22 (s, 2H)4.98 (s, 2H) 5.21 (s, 
2H)8.93 (bris, 2H) 

Example 100 

Methyl 1.7-bis(2-butynyl)-6-oxo-8-(piperazin-1- 
yl)-6,7-dihydro-1H-purin-2-ylsulfanyl)acetate 

hydrochloride 

1078 (a) t-Butyl 4-1.7-bis(2-butynyl)-2-chloro-6-oxo-6, 
7-dihydro-1H-purin-8-ylpiperazine-1-carboxylate 
1079. Using 1-bromo-2-butyne instead of 2-cyanobenzyl 
bromide in Example 96(a), the title compound was synthe 
sized by the same method as used in Example 96(a). 
1080 H-NMR(CDC1) & 1.49 (s, 9H) 1.80 (t, J-2 Hz, 
3H) 1.83 (t, J-2 Hz, 3H)3.40-3.45 (m, 4H) 3.57-3.62 (m, 
4H)4.93 (q, J=2 Hz, 2H) 498 (q, J=2 Hz, 2H) 
1081 (b) Methyl1.7-bis(2-butynyl)-6-oxo-8-(piperazin 
1-yl)-6,7-dihydro-1H-purin-2-ylsulfanyl)acetate hydrochlo 
ride 

1082) Using the compound obtained in Example 100(a) 
described above instead of the compound obtained in 
Example 96(a) in Example 97, the title compound was 
synthesized by the same method as used in Example 97. 

1083) H-NMR(DMSO-d6) & 1.79 (s, 6H)3.28 (bris, 4H) 
3.53 (brs, 4H)3.67 (s, 3H) 4.15 (s, 2H)4.83 (s, 2H)4.98 (s, 
2H) 9.02 (bris, 2H) 

Example 101 

1,7-Bis(2-butynyl)-6-oxo-8-(piperazin-1-yl)-6,7- 
dihydro-1H-purine-2-carbonitrile hydrochloride 

1084. Using sodium cyanide instead of methyl thiogly 
colate in Example 100, the title compound was Synthesized 
by the same method as used in Example 100. 
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1085) H-NMR(DMSO-d6) & 1.81 (s, 3H) 1.82 (s, 3H) 
3.28 (bris, 4H)3.56-3.63 (m, 4H)4.95 (q, J=2 Hz, 2H) 5.07 
(q, J=2 Hz, 2H) 9.04 (brs, 2H) 

Example 102 

1,7-Bis(2-butynyl)-2-methoxy-8-(piperazin-1-yl)-1, 
7-dihydropurin-6-one hydrochloride 

1086. Using methanol instead of methyl thioglycolate 
and using Sodium hydride as the base in Example 100, the 
title compound was Synthesized by the same method as used 
in Example 100. 
1087 H-NMR(DMSO-d6) & 1.75 (s, 3H) 1.80 (s, 3H) 
3.28 (brs, 4H)3.47-3.55 (m, 4H)3.98 (s, 3H) 4.66 (s, 2H) 
4.96 (s, 2H) 9.01 (brs, 2H) 

Example 103 

Methyl 1-allyl-7-(2-butynyl)-6-oxo-8-(piperazin-1- 
yl)-6,7-dihydro-1H-purin-2-ylsulfanyl)acetate 

hydrochloride 
1088 (a) t-Butyl 4-1-allyl-7-(2-butynyl)-2-chloro-6- 
OXO-6,7-dihydro-1H-purin-8-ylpiperazine-1-carboxylate 
1089. Using allyl bromide instead of 2-cyanobenzyl bro 
mide in Example 96(a), the title compound was Synthesized 
by the same method as used in Example 96(a). 
1090 H-NMR(CDC1,) & 1.49 (s, 9H) 1.83 (t, J-2 Hz, 
3H)3.38-3.45 (m, 4H)3.55-3.63 (m, 4H)4.90 (d, J-5 Hz, 
2H)4.93 (q, J=2 Hz, 2H) 5.19-5.29 (m, 2H) 5.93 (ddt, J=10, 
17, 5 Hz, 1H) 
1091 (b) Methyl 1-allyl-7-(2-butynyl)-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purin-2-ylsulfanyl)acetate 
hydrochloride 
1092. Using the compound obtained in Example 103(a) 
described above instead of the compound obtained in 
Example 96(a) in Example 97, the title compound was 
synthesized by the same method as used in Example 97. 
1093) 'H-NMR(DMSO-d6) & 1.79 (s.3H)3.27 (bris, 4H) 
3.48-3.56 (m, 4H)3.66 (s.3H) 4.12 (s, 2H)4.70 (d, J=5 Hz, 
2H) 498 (bris, 2H) 5.07 (d. J=17 Hz, 1H) 5.21 (d, J=10 Hz, 
1H) 5.89 (ddt, J=10, 17, 5 Hz, 1H) 9.07 (brs, 2H) 

Example 104 

1-Allyl-7-(2-butynyl)-6-oxo-8-(piperazin-1-yl)-6,7- 
dihydro-1H-purine-2-carbonitrile hydrochloride 

1094. The title compound was synthesized by using 
Sodium cyanide, instead of allyl bromide by the same 
method as used in Example 103. 
1095 H-NMR(DMSO-d6) & 1.81 (t, J-2 Hz, 3H) 3.29 
(bris, 4H)3.57-3.64 (m, 4H)4.81 (d, J=5 Hz, 2H) 5.04-5.10 
(m,3H) 5.26 (d, J=10 Hz, 1H) 6.00 (ddt, J=10, 17, 5 Hz, 1H) 
9.12 (brs, 2H) 

Example 105 
1-Allyl-7-(2-butynyl)-2-methoxy-8-(piperazin-1-yl)- 

1,7-dihydropurin-6-one hydrochloride 
1096 Using methanol instead of methyl thioglycolate 
and using Sodium hydride as a base in Example 103, the title 
compound was Synthesized by the Same method as used in 
Example 103. 
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1097 H-NMR(DMSO-d6) & 1.79 (t, J-2 Hz, 3H) 3.27 
(bris, 4H)3.48-3.56 (m, 4H)3.93 (s, 3H) 4.55 (d, J=5 Hz, 
2H) 494-5.02 (m, 3H) 5.12 (d, J=10 Hz, 1H) 5.87 (ddt, 
J=10, 17, 5 Hz, 1H) 9.04 (bris, 2H) 

Example 106 

Methyl 7-(2-butynyl)-1-(2-methoxyethyl)-6-oxo-8- 
(piperazin-1-yl)-6,7-dihydro-1H-purine-2-ylsulfanyl 

acetate hydrochloride 
1098 (a) t-Butyl 4-7-(2-butynyl)-1-(2-methoxyethyl)-2- 
chloro-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate 
1099] Using 2-bromoethyl methyl ether instead of 2-cy 
anobenzyl bromide in Example 96(a), the title compound 
was Synthesized by the same method as used in Example 
96(a). 
1100) H-NMR(CDC1) & 1.49 (s, 9H) 1.83 (t, J-2 Hz, 
3H)3.36 (s, 3H)3.39-3.45 (m, 4H)3.56-3.61 (m, 4H)3.69 
(t, J=6 Hz, 2H)4.50 (t, J=6 Hz, 2H) 4.92 (q, J=2 Hz, 2H) 
1101 (b) Methyl 7-(2-butynyl)-1-(2-methoxyethyl)-6- 
oxo-8-(piperazin-1-yl)-6,7-dihydro-1H-purine-2-ylsulfanyl 
acetate hydrochloride 
1102. Using the compound obtained in Example 106(a) 
described above instead of the compound obtained in 
Example 96(a) in Example 97, the title compound was 
synthesized by the same method as used in Example 97. 
1103) H-NMR(DMSO-d6) & 1.80 (s.3H) 3.25-3.32 (m, 
7H)3.50-3.55 (m, 4H)3.61 (t, J=6 Hz, 2H)3.67 (s.3H) 4.14 
(s, 2H) 4.25 (t, J=6 Hz, 2H)4.98 (s, 2H) 9.00 (brs, 2H) 

Example 107 

7-(2-Butynyl)-1-(2-methoxyethyl)-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purine-2-carbonitrile 

hydrochloride 
1104) Using sodium cyanide instead of methyl thiogly 
colate in Example 106, the title compound was Synthesized 
by the same method as used in Example 106. 
1105 H-NMR(DMSO-d6) & 1.81 (s, 3H) 3.25 (s, 3H) 
3.29 (bris, 4H)3.55-3.64 (m, 6H) 434 (t, J-5 Hz, 2H) 5.08 
(s, 2H) 9.05 (brs, 2H) 

Example 108 

7-(2-Butynyl)-1-(2-methoxyethyl)-2-methoxy-8- 
(piperazin-1-yl)-1,7-dihydropurin-6-one hydrochlo 

ride 

1106. Using methanol instead of methyl thioglycolate 
and using anhydrous potassium carbonate as the base in 
Example 106, the title compound was synthesized by the 
Same method as used in Example 106. 
1107 H-NMR(DMSO-d6) & 1.79 (s, 3H) 3.23 (s, 3H) 
3.27 (brs, 4H)3.46-3.55 (m, 6H) 3.94 (s, 3H) 4.13 (t, J=6 
Hz, 2H), 4.96 (s, 2H), 9.03 (brs, 2H) 

Example 109 

7-Benzyl-1-methyl-8-(piperazin-1-yl)-1,7-dihydro 
purin-6-one trifluoroacetate 

1108 (a) 7-Benzyl-1,7-dihydropurin-6-one 
1109) 18.23 g of inosine was dissolved in 90 ml of 
dimethylsulfoxide, and 16 ml of benzyl bromide was added 
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thereto. The mixture was stirred at room temperature over 
night. The reaction solution was poured into 3 L of ethyl 
acetate. The resulting Supernatant was removed and the 
precipitated oil was dissolved in 10% hydrochloric acid (135 
ml). The solution was heated at 70° C. with stirring for 4 
hours. The Solution was cooled to room temperature, and 
then neutralized to pH 7 using a 5N acqueous Sodium 
hydroxide solution. The precipitated Solid was collected by 
filtration, and dried to give 12.748g of the title compound. 

1110 (b) t-Butyl 4-(7-benzyl-6-oxo-6,7-dihydro-1H-pu 
rin-8-yl)piperazine-1-carboxylate 

1111) 12.748 g of 7-benzyl-1,7-dihydropurin-6-one was 
dissolved in 150 ml of N,N-dimethylformamide, and 7.9 g, 
of N-chlorosuccinimide was added thereto. The reaction 
solution was stirred overnight, and then diluted with ethyl 
acetate. The solution was washed with water and 1N hydro 
chloric acid, and dried over anhydrous magnesium Sulfate. 
The Solution was filtered, and the filtrate was concentrated 
to give 6.103 g of 7-benzyl-8-chloro-1,7-dihydropurin-6- 
one. This compound was combined with 20 g of t-butyl 
piperazine-1-carboxylate, and the mixture was heated at 
150 C. After being stirred for one hour, the reaction mixture 
was combined with ethyl acetate and water, and partitioned. 
The organic layer was washed with 1N hydrochloric acid, 
and dried over anhydrous magnesium Sulfate. After filtra 
tion, the filtrate was concentrated. The residue was purified 
by Silica gel column chromatography. Thus, 1.539 g of the 
title compound was obtained from the fraction eluted with 
ethyl acetate-methanol (10:1). 

1112) 'H-NMR(CDC1) & 1.39 (s.9H)3.07-3.10 (m, 4H) 
3.35-3.39 (m, 4H) 5.44 (s, 2H) 7-16-7.18 (m, 2H) 722-7.32 
(m, 3H) 7.91 (s, 1H) 12.18 (s, 1H) 
1113) (c) 7-Benzyl-1-methyl-8-(piperazin-1-yl)-1,7-dihy 
dropurin-6-one trifluoroacetate 

1114 15 mg of t-butyl 4-(7-benzyl-6-oxo-6,7-dihydro 
1H-purin-8-yl)piperazine-1-carboxylate was dissolved in 1 
ml of N,N-dimethylformamide, and 10 mg of sodium 
hydride and 10 ul of methyl iodide were added thereto. The 
mixture was stirred at room temperature for 3 days, then 
ethyl acetate and water were added and the layerS Separated. 
The organic layer was concentrated, and the residue was 
dissolved in trifluoroacetic acid. The Solution was concen 
trated. The residue was purified by reverse-phase high 
performance liquid chromatography (using an acetonitrile 
water mobile phase (containing 0.1% trifluoroacetic acid)) 
to give 4.31 mg of the title compound. 

1115 MS m/e (ESI) 325(MH'-CFCOOH) 

Example 110 

7-Benzyl-1-ethyl-8-(piperazin-1-yl)-1,7-dihydropu 
rin-6-one trifluoroacetate 

1116. The title compound was obtained by using iodoet 
hane, instead of methyl iodide, by the same method as used 
in Example 109. 

1117 MS m/e (ESI) 339(MH'-CFCOOH) 
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Example 111 

Ethyl 7-benzyl-6-oxo-8-(piperazin-1-yl)-6,7-dihy 
dropurin-1-yl)acetate trifluoroacetate 

1118. The title compound was obtained by using ethyl 
bromoacetate, instead of methyl iodide, by the same method 
as used in Example 109. 
1119 MS m/e (ESI) 397(MH'-CFCOOH) 

Example 112 

7-Benzyl-1-(2-methoxyethyl)-8-(piperazin-1-yl)-1,7- 
dihydropurin-6-one trifluoroacetate 

1120) The title compound was obtained by using 2-meth 
oxyethyl bromide, instead of methyl iodide, by the same 
method as used in Example 109. 
1121) MS m/e (ESI) 369(MH–CFCOOH) 

Example 113 

7-Benzyl-1-(2-propynyl)-8-(piperazin-1-yl)-1,7- 
dihydropurin-6-one trifluoroacetate 

1122. The title compound was obtained by using propar 
gyl bromide, instead of methyl iodide, by the same method 
as used in Example 109. 
1123). MS m/e (ESI) 349(MH–CFCOOH) 

Example 114 

7-Benzyl-1-cyanomethyl-8-(piperazin-1-yl)-1,7- 
dihydropurin-6-one trifluoroacetate 

1124. The title compound was obtained by using bro 
moacetonitrile, instead of methyl iodide, by the same 
method as used in Example 109. 
1125) MS m/e (ESI) 350(MH–CFCOOH) 

Example 115 

3-(2-Butynyl)-5-methyl-2-(piperazin-1-yl)-3,5-dihy 
droimidazo 4,5-dpyridazin-4-one trifluoroacetate 

1126 (a) Ethyl 2-bromo-3-(2-butynyl)-5-cyano-3H-imi 
dazole-4-carboxylate 

1127 4.56 ml of sulfuric acid was added to 170 ml of 
ethanol containing 16.80 g of 2-bromo-1H-imidazole-4,5- 
dicarbonitrile CAS No. 50847-09-1), and the mixture was 
heated under reflux for 48 hours. The Solution was cooled, 
and then 500 ml of ethyl acetate and 200 ml of water were 
added thereto. The organic layer was dried over anhydrous 
magnesium Sulfate, filtered, and concentrated under reduced 
pressure. The residue was dissolved in N,N-dimethylforma 
mide, and 14.1 g of potassium carbonate and 8.6 ml of 
2-butynyl bromide were added thereto. The mixture was 
stirred at room temperature for 18 hours. 500 ml of ethyl 
acetate was added to the Solution, and the mixture was 
washed three times with 300 ml of water, and then with 300 
ml of a Saturated Sodium chloride Solution. Then, the Solu 
tion was dried over anhydrous magnesium Sulfate, and 
filtered. The filtrate was concentrated under reduced pres 
Sure. The residue was purified by Silica gel column chro 
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matography. Thus, 4.09 g of the title compound was 
obtained from the fraction eluted with hexane-ethyl acetate 
(9:1). 
1128) H-NMR(CDC1) & 1.43 (t, J=7.2 Hz, 3H) 1.81 (s, 
3H) 4.47 (q, J=7.2 Hz, 2H) 5.16 (s, 2H) 
1129 (b) t-Butyl 4-1-(2-butynyl)-4-cyano-5-ethoxycar 
boxyl-1H-imidazol-2-ylpiperazine-1-carboxylate 
1130 4.09 g of ethyl 2-bromo-3-(2-butynyl)-5-cyano 
3H-imidazole-4-carboxylate was combined with 7.70 g of 
t-butyl piperazine-1-carboxylate, and the mixture was 
heated to 150° C. with stirring for 50 minutes. The reaction 
mixture was dissolved in toluene. The mixture was purified 
by Silica gel column chromatography. Thus, 4.47 g of the 
title compound was obtained from the fraction eluted with 
hexane-ethyl acetate (2:1). 
1131) H-NMR(CDC1) & 1.43 (t, J=7.2 Hz, 3H) 1.47 (s, 
9H) 1.82 (t, J-2.3 Hz, 3H)3.08-3.13 (m, 4H)3.57-3.61 (m, 
4H) 4.44 (q, J=7.2 Hz, 2H) 4.89 (q, J=2.3 Hz, 2H) 
1132 (c) t-Butyl 4-1-(2-butynyl)-5-ethoxycarbonyl-4- 
thiocarbamoyl-1H-imidazol-2-yl)piperazine-1-carboxylate 

1133 5 ml of an aqueous solution of 50% ammonium 
Sulfide was added to a 20-ml ethanol Solution containing 
0.80 g of t-butyl 4-1-(2-butynyl)-4-cyano-5-ethoxycarbo 
nyl-1H-imidazol-2-yl) piperazine-1-carboxylate, and the 
mixture was heated at 60° C. for 14 hours. 100 ml of ethyl 
acetate and 50 ml of water were added to the mixture, and 
the organic layer was washed Successively with 50 ml of 
water and 50 ml of a Saturated Sodium chloride Solution. The 
reaction Solution was dried over anhydrous magnesium 
Sulfate, then filtered. The filtrate was concentrated under 
reduced pressure. The residue was purified by Silica gel 
column chromatography. Thus, 0.58 g of the title compound 
was obtained from the fraction eluted with hexane-ethyl 
acetate (3:2). 
1134) H-NMR(CDC1) & 1.43 (t, J=7.2 Hz, 3H) 1.48 (s, 
9H) 1.82 (t, J-2.3 Hz, 3H)3.12-3.16 (m, 4H)3.54-3.59 (m, 
4H)4.44 (q, J=7.2 Hz, 2H)4.89 (q, J=2.3 Hz, 2H) 7.41 (brs, 
1H)8.88 (bris, 1H) 
1135 (d) t-Butyl 4-1-(2-butynyl)-5-ethoxycarbonyl-4- 
methylsulfanylcarbonimidoyl-1H-imidazol-2-yl)piperazine 
1-carboxylate 

1136 0.235 of trimethyl oxonium tetrafluoroborate was 
added to a 20-ml dichloromethane solution of 0.58 g of 
t-butyl 4-1-(2-butynyl)-5-ethoxycarbonyl-4-thiocarbam 
oyl-1H-imidazol-2-yl)piperazine-1-carboxylate, and the 
mixture was stirred at room temperature for 18 hours. 50 ml 
of dichloromethane was added to the Solution, and the 
mixture was washed with 20 ml of a Saturated Sodium 
bicarbonate solution. The mixture was dried over anhydrous 
magnesium Sulfate, and concentrated under reduced pres 
Sure to give 0.55g of the title compound. 

1137) H-NMR(CDC1) & 1.41 (t, J=7.2 Hz, 3H) 1.47 (s, 
9H) 1.81 (t, J=2.3 Hz, 3H) 2.39 (s, 3H)3.12-3.16 (m, 4H) 
3.56-3.59 (m, 4H)4.42 (q, J=7.2 Hz, 2H)4.80 (q, J=2.3 Hz, 
2H) 
1138 (e) t-Butyl 4-1-(2-butynyl)-5-ethoxycarbonyl-4- 
methylsulfanylcarbonyl-1H-imidazol-2-ylpiperazine-1- 
carboxylate 
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1139) 5 ml of a 2N acqueous solution of hydrochloric acid 
was added to a 30-ml ethanol solution of 0.55g of t-butyl 
4-1-(2-butynyl)-5-ethoxycarbonyl-4-methyl sulfanylcar 
bonimidoyl-1H-imidazol-2-yl) piperazine-1-carboxylate, 
and the mixture was heated at 60° C. for 5 hours. After the 
reaction Solution had been concentrated under reduced pres 
Sure, 25 ml of ethyl acetate and 1N sodium hydroxide 
Solution were added thereto. The aqueous layer was 
extracted with 25 ml of ethyl acetate, and the organic layers 
were combined together. The mixture was washed with 10 
ml of a Saturated Sodium chloride Solution containing 1 ml 
of 1N sodium hydroxide solution, and dried over anhydrous 
magnesium Sulfate. The Solution was filtered, and the filtrate 
was concentrated under reduced pressure. The residue was 
dissolved in 10 ml of dichloromethane, and 0.10 ml of 
triethylamine and 0.256 g of di-t-butyl dicarbonate were 
added thereto. The mixture was stirred at room temperature 
for 15 hours, and then 25 ml of ethyl acetate was added 
thereto. The mixture was washed successively with 10 ml of 
0.1N hydrochloric acid, 10 ml of a saturated Sodium bicar 
bonate Solution, and 10 ml of a Saturated Sodium chloride 
Solution, and then dried over anhydrous magnesium Sulfate. 
The Solution was concentrated under reduced pressure. The 
residue was purified by Silica gel column chromatography. 
Thus, 0.15g of the title compound was obtained from the 
fraction eluted with hexane-ethyl acetate (4:1). 
1140) H-NMR(CDC1) & 1.43 (t, J=7.1 Hz, 3H) 1.48 (s, 
9H) 1.81 (t, J=2.3 Hz, 3H) 2.40 (s, 3H)3.16-3.20 (m, 4H) 
3.55-3.59 (m, 4H)4.35 (q, J=7.1 Hz, 2H)4.80 (q, J=2.3 Hz, 
2H) 
1141 (f) t-Butyl 4-1-(2-butynyl)-5-ethoxycarbonyl-4- 
hydroxymethyl-1H-imidazol-2-yl)piperazine-1-carboxylate 

1142 0.187 g of mercury(II) acetate and 0.090 of sodium 
borohydride were added to 8 ml of an ethanol solution 
containing 0.265 g of t-butyl 4-1-(2-butynyl)-5-ethoxycar 
bonyl-4-methylsulfanyl carbonyl-1H-imidazol-2-ylpipera 
Zine-1-carboxylate at 0° C., and the mixture was stirred at 
room temperature for 4 hours. After 0.187 g of mercury (II) 
acetate and 0.090 of sodium borohydride had been added to 
the Solution, the mixture was Stirred at room temperature for 
15 hours. 100 ml of ethyl acetate and 50 ml of 0.5N 
hydrochloric acid were added to the Solution, and the 
organic layer was washed Successively with 50 ml of water 
and 50 ml of a Saturated Sodium chloride Solution. The 
mixture was dried over anhydrous magnesium Sulfate, and 
concentrated under reduced pressure. The residue was puri 
fiedby Silica gel column chromatography. 0.172 g of the 
Starting material was collected from the fraction eluted with 
hexane-ethyl acetate (4:1). Then, 0.061 g of the title com 
pound was obtained from the fraction eluted with hexane 
ethyl acetate (1:4). 
1143) H-NMR(CDC1) & 1.42 (t, J=7.1 Hz, 3H) 1.48 (s, 
9H) 1.81 (t, J=2.3 Hz, 3H)3.17-3.21 (m, 4H)3.41 (t, J=4.8 
HZ, 1H)3.56-3.60 (m, 4H) 4.36 (q, J=7.1 Hz, 2H)4.75 (d. 
J=4.8 Hz, 2H)4.81 (q, J=2.3 Hz, 2H) 
1144 (g) t-Butyl 4-1-(2-butynyl)-5-ethoxycarbonyl-4- 
formyl-1H-imidazol-2-yl)piperazine-1-carboxylate 

1145 0.120 g of manganese dioxide was added to a 2-ml 
dichloromethane solution of 0.061 g of t-butyl 4-1-(2- 
butynyl)-5-ethoxycarbonyl-4-hydroxymethyl-1H-imidazol 
2-yl)piperazine-1-carboxylate, and the mixture was stirred at 
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room temperature for 15 hours. The reaction Solution was 
filtered through celite, and the filtrate was concentrated 
under reduced pressure. The residue was purified by Silica 
gel column chromatography. Thus, 0.055 g of the title 
compound was obtained from the fraction eluted with hex 
ane-ethyl acetate (7:3). 
1146) H-NMR(CDC1) & 1.42 (t, J=7.1 Hz, 3H) 1.48 (s, 
9H) 1.82 (t, J-2.3 Hz, 3H)3.23-3.26 (m, 4H)3.55-3.59 (m, 
4H)4.45 (q, J=7.1 Hz, 2H) 4.89 (q, J=2.3 Hz, 2H) 10.36 (s, 
1H) 
1147 (h) t-Butyl 4-1-(2-butynyl)-6-methyl-7-oxo-6,7- 
dihydro-1H-imidazo 4,5-dipyridazin-2-yl)piperazine-1-car 
boxylate 
1148 0.05 ml of methylhydrazine was added to a 2.5-ml 
ethanol solution of 0.055 g of t-butyl 4-1-(2-butynyl)-5- 
ethoxycarbonyl-4-formyl-1H-imidazol-2-yl) piperazine-1- 
carboxylate. The mixture was stirred at 80 C. for 15 hours, 
and then heated at 130° C. for 14 hours. The reaction 
Solution was concentrated under reduced pressure. Then, the 
residue was purified by Silica gel column chromatography. 
Thus, 0.035 g of the title compound was obtained from the 
fraction eluted with hexane-ethyl acetate (1:1). 
1149) H-NMR(CDC1) & 1.52 (s, 9H) 1.83 (t, J=2.3 Hz, 
3H)3.38-3.42 (m, 4H)3.61.-3.64 (m, 4H)3.85 (s, 3H) 5.09 
(q, J=2.3 Hz, 2H) 8.13 (s, 1H) 
1150 MS m/e (ESI) 387.4(MH) 
1151 (i) 3-(2-Butynyl)-5-methyl-2-(piperazin-1-yl)-3,5- 
dihydroimidazo[4,5-dpyridazin-4-one trifluoroacetate 
1152 0.4 ml of trifluoroacetic acid was added to a 0.4-ml 
dichloromethane solution of 0.0351 g of t-butyl 4-1-(2- 
butynyl)-6-methyl-7-oxo-6,7-dihydro-1H-imidazo 4.5-d 
pyridazin-2-ylpiperazine-1-carboxylate, and the mixture 
was stirred at room temperature for one hour. The Solvent 
was concentrated. The residue was purified by reverse-phase 
high performance liquid chromatography (using an acetoni 
trile-water mobile phase (containing 0.1% trifluoroacetic 
acid)) to give 0.0295 g of the title compound. 
1153) H-NMR(CDOD) & 1.83 (t, J=2.3 Hz, 3H)3.45 
3.49 (m, 4H)3.65-3.69 (m, 4H)3.83 (s, 3H) 5.15 (q, J=2.3 
Hz, 2H)8.20 (s, 1H) 
1154) MS m/e (ESI) 287.09(MH–CF,COOH) 

Example 116 

5-Benzyloxymethyl-3-(2-butynyl)-2-(piperazin-1- 
yl)-3,5-dihydro-imidazo[4,5-dipyridazin-4-one trif 

luoroacetate 

1155) (a) 5-Benzyloxymethyl-4-oxo-4,5-dihydroimidazo 
4,5-dpyridazine-1-Sulfonic acid dimethylamide 
1156 2.08 g of triethylamine, 2.80 g of N,N-dimethyl 
Sulfamoyl chloride, and 0.22 g of 4-dimethylaminopyridine 
were added to 50 ml of a dichloromethane Solution of 3.04 
g of 5-benzyloxy methylimmidazo4,5-dipyridazin-4-one 
CAS NO. 82137-50-6) (R. Paul Gagnier, Michael J. Halat, 
and Brian A. Otter Journal of Heterocyclic Chemistry, 21, 
p481, 1984), and the mixture was heated under reflux for 4 
hours. 250 ml of ethyl acetate was added to the solution, and 
the mixture was washed successively with 50 ml of an 
acqueous solution of 1N hydrochloric acid, 50 ml of a 
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Saturated Sodium bicarbonate Solution, and 50 ml of a 
Saturated Sodium chloride Solution. The mixture was dried 
over anhydrous magnesium Sulfate, and concentrated under 
reduced pressure. The residue was purified by Silica gel 
column chromatography. Thus, 2.86 g of the title compound 
was obtained from the fraction eluted with hexane-ethyl 
acetate (2:3). 
1157 H-NMR(CDC1) & 2.98 (s, 6H)4.77 (s, 2H) 5.74 

(s, 2H) 7.30-7.39 (m, 5H) 8.21 (s, 1H) 8.46 (s, 1H) 
1158 (b) 5-Benzyloxymethyl-2-chloro-4-oxo-4,5-dihy 
droimidazo4,5-dipyridazine-1-sulfonic acid dimethylamide 

1159 5.3 ml of n-butyl lithium (2.0 M cyclohexane 
solution) was added to a 150-ml tetrahydrofuran solution of 
3.34 g of 5-benzyloxymethyl-4-oxo-4,5-dihydroimidazo[4, 
5-dpyridazine-1-Sulfonic acid dimethylamide under a nitro 
gen atmosphere at -78 C., and the mixture was stirred at 
-78 C. for one hour. Then, 20 ml of a tetrahydrofuran 
solution of 3.26 g of hexachloroethane was added to this 
Solution. The mixture was allowed to warm to room tem 
perature. 25 ml of a 5% aqueous Solution of ammonium 
chloride was added to the Solution, and the mixture was 
extracted with 50 ml of ethyl acetate. The organic layer was 
washed successively with 25 ml of water and 25 ml of a 
Saturated Sodium chloride Solution, and then dried over 
anhydrous magnesium Sulfate. The organic liquid was con 
centrated under reduced preSSure. The residue was purified 
by Silica gel column chromatography. Thus, 2.31 g of the 
title compound was obtained from the fraction eluted with 
hexane-ethyl acetate (2:3). 
1160) H-NMR(CDC1) & 3.12 (s, 6H)4.77 (s, 2H) 5,70 

(s, 2H) 7.30-7.39 (m, 5H)8.48 (s, 1H) 
1161 (c) t-Butyl 4-(6-benzyloxymethyl-7-oxo-6,7-dihy 
dro-1H-imidazo4,5-dipyridazin-2-yl)piperazine-1-car 
boxylate 

1162. A mixture consisting of 2.31 g of 5-benzyloxym 
ethyl-2-chloro-4-oxo-4,5-dihydroimidazo[4,5-dipyridazine 
1-Sulfonic acid dimethylamide and 4.49 g of t-butyl pipera 
Zine-1-carboxylate was heated at 150° C. under nitrogen 
atmosphere for 2.5 hours. The residue was purified by silica 
gel column chromatography. Thus, 1.94 g of the title com 
pound was obtained from the fraction eluted with ethyl 
acetate. 

1163) H-NMR(CDC1) & 3.54-3.58 (m, 4H) 3.71-3.75 
(m, 4H)4.68 (s, 2H) 5.65 (s, 2H) 7.25-7.35 (m, 5H) 8.21 (s, 
1H) 12.58 (bris, 1H) 
1164 (d) t-Butyl 4-6-benzyloxymethyl-1-(2-butynyl)-7- 
oxo-6,7-dihydro-1H-imidazo[4,5-d pyridazin-2-ylpipera 
Zine-1-carboxylate 

1165 0.74 g of potassium carbonate and 0.078 g of 
2-butynyl bromide were added to a 20-ml N,N-dimethylfor 
mamide solution of 0.216 g of t-butyl 4-(6-benzyloxym 
ethyl-7-oxo-6,7-dihydro-1H-imidazo 4,5-dipyridazin-2- 
yl)piperazine-1-carboxylate, and the mixture was stirred at 
room temperature for 16 hours. Then, 50 ml of ethyl acetate 
was added to the Solution. The organic layer was washed 
three times with 20 ml of water, and then with 10 ml of a 
Saturated Sodium chloride Solution. The Solution was dried 
over anhydrous magnesium Sulfate, and then concentrated 
under reduced pressure. The residue was purified by Silica 
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gel column chromatography. Thus, 0.139 g of the title 
compound was obtained from the fraction eluted with hex 
ane-ethyl acetate (3:2). 
1166) H-NMR(CDC1) & 1.50 (s, 9H) 1.86 (t, J=2.3 Hz, 
3H)3.38-3.44 (m, 4H)3.61-3.66 (m, 4H) 4.72 (s, 2H) 5.10 
(q, J=2.3 Hz, 2H) 5.65 (s, 2H) 7.25-7.38 (m, 5H)8.18 (s, 1H) 
1167 (e) 5-Benzyloxymethyl-3-(2-butynyl)-2-(piper 
azin-1-yl)-3,5-dihydroimidazo[4,5-dipyridazin-4-one trif 
luoroacetate 

1168 0.0043 g of the title compound was obtained by 
treating 0.0073 g of t-butyl 4-6-benzyloxymethyl-1-(2- 
butynyl)-7-oxo-6,7-dihydro-1H-imidazo4.5-dpyridazin-2- 
ylpiperazine-1-carboxylate and purifying the product by the 
same method as used in Example 115(i). 
1169) H-NMR(CDOD) & 1.83 (t, J=2.3 Hz, 2H)3.45 
3.49 (m, 4H)3.65-3.69 (m, 4H)4.69 (s. 2H) 5.15 (q, J=2.3 
Hz, 2H) 5.64 (s, 2H) 7.17-7.32 (m, 5H)8.20 (s, 1H) 
1170) MS m/e (ESI) 393.28(MH–CF,COOH) 

Example 117 

3-(2-Butynyl)-2-(piperazin-1-yl)-3,5-dihydroimidazo 
4,5-dipyridazin-4-one trifluoroacetate 

1171) 8 ml of a dichloromethane solution of 0.123 g of 
t-butyl 4-6-benzyloxymethyl-1-(2-butynyl)-7-oxo-6,7-di 
hydro-1H-imidazo[4,5-dipyridazin-2-yl)piperazine-1-car 
boxylate was cooled to -78 C. under a nitrogen atmo 
sphere, and 1.9 ml of boron trichloride (1.0 M 
dichloromethane solution) was added thereto. The mixture 
was stirred at -78 C. for five hours, and 10 ml of a 1:1 
mixed solvent of dichloromethane-methanol was added 
thereto. The mixture was stirred at -78 C. for two hours, 
and then allowed to warm to room temperature. The solvent 
was concentrated under reduced preSSure, and 10 ml of 
methanol was added thereto. Then, the Solution was again 
concentrated under reduced pressure. The residue was dis 
Solved in 3 ml of pyridine, and the mixture was heated under 
reflux for two hours. 0.3 ml of this solution was concentrated 
under reduced pressure. The residue was purified by reverse 
phase high performance liquid chromatography (using an 
acetonitrile-water mobile phase (containing 0.1% trifluoro 
acetic acid)) to give 0.005 g of the title compound. 
1172) H-NMR(CDOD) & 1.83 (t, J=2.3 Hz, 3H)3.45 
3.49 (m, 4H)3.65-3.69 (m, 4H) 5.16 (q, J=2.3 Hz, 2H) 8.21 
(s, 1H) 
1173) MS m/e (ESI) 273.16 (MH–CFCOOH) 

Example 118 

2-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxybenzamide hydro 

chloride 

1174 (a) t-Butyl 4-7-(2-butynyl)-2-(2-carbamoylphe 
noxy)-1-methyl-6-oxo-6,7-dihydro-1H-purin-8-ylpipera 
Zine-1-carboxylate 
1175 200 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate was dissolved in 2.0 ml of 1-methyl-2-pyrrollidone, 
and 85 mg of Salicylamide and 129 mg of potassium 
carbonate were added thereto. The mixture was stirred at 
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100° C. for2 hours. After the reaction mixture had been 
cooled to room temperature, 5.0 ml of water was added 
thereto. After the mixture had been Stirred at room tempera 
ture for 1 hour, the white precipitate was collected by 
filtration. The resulting white solid was washed with water 
and ether to give of 221 mg of the title compound (89%). 
1176) H-NMR(DMSO-d6) & 1.43 (s, 9H) 1.79 (t, J-2.5 
Hz, 3H)3.23-3.27 (m, 4H)3.36 (s, 3H)3.48-3.52 (m, 4H) 
4.95 (q, 2.5 Hz, 2H) 6.59 (td, J=8.0, 1.0 Hz, 1H) 6.63 (dd. 
J=8.0, 1.0 Hz, 1H) 7.14 (ddd, J-80, 7.5, 2.0 Hz, 1H) 7.80 
(dd, J=7.5, 2.0 Hz, 1H) 
1177. MS m/e (ESI) 522(MH) 
1178 (b) 2-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin 
1-yl)-6,7-dihydro-1H-purin-2-yloxybenzamide hydrochlo 
ride 

1179 210 mg of t-butyl 4-7-(2-butynyl)-2-(2-carbam 
oylphenoxy)-1-methyl-6-oxo-6,7-dihydro-1H-purin-8-yl) 
piperazine-1-carboxylate was combined with 3.5 ml of 
methanol and 2.1 ml of 4N hydrochloric acid-ethyl acetate 
Solution. After the mixture had been stirred at room tem 
perature for 4 hours, the reaction Solution was concentrated 
by flushing with nitrogen gas. The resulting residue was 
washed with ethanol and ethyl acetate to give 177 mg of the 
title compound (96%). 
1180) H-NMR(DMSO-d6) & 1.82 (t, J-2.3 Hz, 3H) 
3.28-3.32 (m, 4H)3.48 (s, 3H) 3.54-3.58 (m, 4H) 5.04 (q, 
2.3 Hz, 2H)6.96 (brit, J-7.0 Hz, 1H) 6.99 (bra, J-8.0 Hz, 
1H) 7.46 (ddd, J=8.0, 7.0, 1.5 Hz, 1H) 7.93 (brd, J=8.0 Hz, 
1H) 
1181) MS m/e (ESI) 422(MH-HCI) 

Example 119 

3-(2-Butynyl)-5-methyl-2-(piperazin-1-yl)-3,5-dihy 
droimidazo4,5-dipyridazin-4-one 

1182 (a) 5-Methyl-1-trityl-1,5-dihydroimidazo[4,5-d 
pyridaZin-4-one 
1183 78.8 g of 5-methyl-1,5-dihydroimidazo 4,5-d 
pyridazin-4-one CAS No. 76756-58-6 (Shih-Fong Chen 
and Raymond P. Panzica, Journal of Organic Chemistry 46, 
p2467, 1981) was suspended in 2.5 L of dichloromethane at 
room temperature, and 78.8 of triethylamine was added 
thereto. 176 g of trityl chloride was added to the mixture, 
which was then stirred for three hours. 7.5 L of ethyl acetate 
was added to the mixture. After being washed Successively 
with 3 L of water and 3 L of a Saturated Sodium chloride 
Solution, the mixture was dried over anhydrous magnesium 
Sulfate and concentrated under reduced pressure. The resi 
due was purified by Silica gel column chromatography. 
Thus, 136.5 g of the title compound was obtained from the 
fraction eluted with hexane-ethyl acetate (20:80 to 0:100). 
1184) H-NMR(CDC1) & 3.79 (s.3H) 6.92 (s, 1H) 7.07 
7.13 (m, 6H) 732-7.40 (m, 9H) 7.87 (s, 1H) 
1185 (b) 2-Chloro-5-methyl-1-trityl-1,5-dihydroimidazo 
4,5-dpyridazin-4one 
1186 220 ml of lithium hexamethyldisilazide (1.0 M 
tetrahydrofuran Solution) was added to a 4-L tetrahydrofuran 
solution of 68.3 g of 5-methyl-1-trityl-1,5-dihydroimidazo 
4,5-dpyridazin-4-one at -75 C. under a nitrogen atmo 
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sphere, and the mixture was stirred at -75 C. for 1 hour. 
Then, 200 ml of a tetrahydrofuran solution of 82.3 g of 
hexachloroethane was added to the Solution. The mixture 
was allowed to warm to -20° C. 5 L of 5% aqueous 
ammonium chloride was added, and the mixture was 
extracted with 4 L of ethyl acetate. The organic layer was 
washed successively with 5 L of water and 5 L of a saturated 
Sodium chloride Solution. The Solution was dried over 
anhydrous magnesium Sulfate, and concentrated under 
reduced pressure. The residue was suspended in 150 ml of 
t-butyl methyl ether, and then collected by filtration. The 
solid was washed twice with 100 ml of t-butyl methyl ether 
to give 69.7 g of the title compound. 

1187) H-NMR(CDC1) & 3.78 (s, 3H) 5.81 (s, 1H) 7.25 
7.27 (m, 6H) 728-7.38 (m, 9H) 
1188 (c) t-Butyl 4-(6-methyl-7-oxo-6,7-dihydro-1H-imi 
dazo 4,5-dipyridazin-2-yl)piperazine-1-carboxylate 
1189 69.7 g of 2-chloro-5-methyl-1-trityl-1,5-dihy 
droimidazo 4,5-d pyridazin-4-one was combined with 
153.4 g of t-butyl piperazine-1-carboxylate, and the mixture 
was stirred and heated to 100° C. under nitrogen atmo 
Sphere. When the reaction mixture became easily Stirrable, 
the temperature was raised to 150° C. The mixture was kept 
at this temperature for one hour. The reaction Solution 
allowed to cool and then suspended in 250 ml of t-butyl 
methyl ether. The Suspended material was collected by 
filtration. The Solid was washed twice with 200 ml of t-butyl 
methyl ether and three times with 200 ml of water. The solid 
was again washed twice with 200 ml of t-butyl methyl ether, 
and dried to give 50.3 g of the title compound. 
1190) H-NMR(CDC1) & 1.50 (s, 9H)3.56-3.62 (m, 4H) 
3.73-3.80 (m, 4H)3.87 (s, 3H) 8.16 (s, 1H) 12.65 (bris, 1H) 
1191 (d) t-Butyl 4-1-(2-butynyl)-6-methyl-7-oxo-6,7- 
dihydro-1H-imidazo 4,5-dipyridazin-2-yl)piperazine-1-car 
boxylate 

1192] 43.9 g of potassium carbonate and 27.8 ml of 
2-butynyl bromide were successively added to a 5.5-L 
N,N-dimethylformamide solution of 88.4 g of t-butyl 4-(6- 
methyl-7-oxo-6,7-dihydro-1H-imidazo[4,5-d pyridazin-2- 
yl)piperazine-1-carboxylate at 15 C. under a nitrogen atmo 
Sphere. The reaction Solution was stirred at room 
temperature for 22 hours, and then poured into 10 L of water. 
The mixture was extracted with 5 L of ethyl acetate. The 
organic layer was Successively washed twice with 5 L of 
water, and with 5 L of a Saturated Sodium chloride Solution. 
The aqueous layer was extracted twice with 3 L of ethyl 
acetate. The organic layers were combined together, and 
then dried over anhydrous magnesium Sulfate. The organic 
layer was concentrated under reduced pressure. The residue 
was purified by Silica gel column chromatography. Thus, 
54.3 g of the title compound was obtained from the fraction 
eluted with hexane-ethyl acetate (3:2 to 3:7). 
1193) H-NMR(CDC1) & 1.52 (s, 9H) 1.83 (t, J=2.3 Hz, 
3H)3.38-3.42 (m, 4H)3.61.-3.64 (m, 4H)3.85 (s, 3H) 5.09 
(q, J=2.3 Hz, 2H) 8.13 (s, 1H) 
1194 (e) 3-(2-Butynyl)-5-methyl-2-(piperazin-1-yl)-3,5- 
dihydroimidazo4,5-dpyridazin-4-one 

1195 200 ml of trifluoroacetic acid was added to 200 ml 
of a dichloromethane Solution containing 54.3 g of t-butyl 
4-1-(2-butynyl)-6-methyl-7-oxo-6,7-dihydro-1H-imidazo 
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4,5-dpyridazin-2-ylpiperazine-1-carboxylate, and the 
mixture was stirred at room temperature for 1 hour. The 
mixture was concentrated under reduced preSSure, the resi 
due was dissolved in 500 ml of ethyl acetate. 1 L of 10% 
aqueous Sodium bicarbonate Solution was gradually added. 
Then, 1 L of ethyl acetate and 500 ml of a 5N aqueous 
Sodium hydroxide solution were added to the solution. The 
organic layer was separated. Then, the aqueous layer was 
extracted five times with 1 L of dichloromethane. The 
organic layers were combined together, washed with 500 ml 
of an aqueous Solution of 2N Sodium hydroxide, dried over 
anhydrous magnesium Sulfate, and concentrated under 
reduced pressure. The residue was recrystallized from ethyl 
acetate to give 30.5 g of the crystalline title compound. 
1196) H-NMR(CDC1) & 1.84 (t, J-2.3 Hz, 3H) 3.05 
3.09 (m, 4H)3.38-3.44 (m, 4H)3.85 (s, 3H) 5.06 (q, J=2.3 
Hz, 2H)8.13 (s, 3H) 

Example 119-2 

3-(2-Butynyl)-5-methyl-2-(piperazin-1-yl)-3,5-dihy 
droimidazo4,5-dipyridazin-4-one toluene-4-Sul 

fonate 

1197 98.7 mg of 3-(2-butynyl)-5-methyl-2-(piperazin-1- 
yl)-3,5-dihydroimidazo4,5-dipyridazin-4-one was dis 
Solved in 1 ml of ethanol, and then 1 ml of an ethanol 
Solution of 101 mg of p-toluenesulfonic acid monohydrate 
was added thereto while the solution was being stirred. The 
mixture was cooled with ice for two hours while being 
stirred. The precipitate was collected by filtration, and then 
dried under reduced pressure at 50° C. for one hour to give 
153.2 mg of the title compound. 
1198 H-NMR(DMSO-d6) & 1.79 (t, J-2 Hz, 3H) 2.27 

(s, 3H) 3.25-3.35 (m, 4H) 3.50-3.54(m, 4H)3.70 (s, 3H) 
5.13 (d, J=2 Hz, 2H) 7.10 (d, J=8 Hz, 2H) 7.47 (d, J=8 Hz, 
2H)8.25 (s, 1H)8.79 (brs, 2H) 
1199 Furthermore, 107.95 mg of the title compound was 
recrystallized from acetone, yielding 84.9 mg of crystalline 
product. 

Example 120 

2-(3-Aminopiperidin-1-yl)-3-(2-butynyl)-5-methyl 
3,5-dihydroimidazo[4,5-dipyridazin-4-one trifluoro 

acetate 

1200 (a) 9H-fluoren-9-ylmethyl 3-t-butoxycarbonylami 
nopiperidine-1-carboxylate 
1201) 1.84 g of diisopropylethylamine and 4.71 g of 
diphenylphosphorylazide were added to 10 ml of a t-butanol 
solution of 5.01 g of 9H-fluoren-9-ylmethyl 3-carboxypip 
eridine-1-carboxylate, and the mixture was heated at 60° C. 
under a nitrogen atmosphere for 18 hours. The reaction 
solution was cooled, and 150 ml of ethyl acetate was added 
thereto. The organic layer was washed successively with 100 
ml of 5% aqueous sulfuric acid, 100 ml of 5% aqueous 
Sodium bicarbonate Solution, 100 ml of water, and 100 ml of 
a Saturated Sodium chloride Solution, and then dried over 
anhydrous magnesium Sulfate. The organic layer was con 
centrated under reduced preSSure. The residue was purified 
by Silica gel column chromatography. Thus, 1.88 g of the 
title compound was obtained from the fraction eluted with 
hexane-ethyl acetate (4:1). 
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1202 'H-NMR(CDC1) & 145 (s, 9H) 1.45-1.72 (m,3H) 
1.82-187 (bris, 1H) 3.09-3.30 (brs, 2H) 3.58 (bris, 2H) 
3.82-3.98 (brs, 1H) 4.24 (t, J=7.2 Hz, 1H) 4.27-4.48 (brs, 
2H)4.52-4.59 (bris, 1H) 7.32 (dd, J=10.3, 10.0 Hz, 2H) 7.39 
(t, J=10.0 Hz, 2H) 7.59 (d, J=10.0 Hz, 2H) 7.75 (d, J=103 
Hz, 2H) 
1203 (b) t-Butyl piperidin-3-ylcarbamate 
1204 25 ml of diethylamine was added to 250 ml of an 
ethanol solution of 1.88 g of 9H-fluoren-9-ylmethyl 3-t- 
butoxycarbonylaminopiperidine-1-carboxylate, and the 
mixture was Stirred at room temperature for 18 hours. After 
the Solution had been concentrated under reduced pressure, 
the residue was dissolved in a mixture consisting of 150 ml 
of toluene and 100 ml of 10% aqueous citric acid solution. 
The aqueous layer was made alkaline with a 5N aqueous 
Sodium hydroxide Solution, and then extracted twice with 
100 ml of dichloromethane. The organic layers were com 
bined together, dried over anhydrous magnesium Sulfate, 
and concentrated under reduced preSSure to give 0.79 g of 
the title compound. 

1205 H-NMR(CDC1,) & 145 (s, 9H) 1.41-1.53 (m, 2H) 
1.65-1.72 (m, 1H) 1.79-186 (m, 1H) 2.48-2.56 (m, 1H) 
2.64-2.70 (m, 1H) 2.78-2.86 (m, 1H) 3.06 (dd, J= 12.0, 4.0 
HZ, 1H)3.48-3.62 (brs, 1H) 4.71-4.88 (brs, 1H) 
1206 (c) 2-(3-Aminopiperidin-1-yl)-3-(2-butynyl)-5- 
methyl-3,5-dihydroimidazo[4,5-dipyridazin-4-one trifluo 
rOacetate 

1207 0.020 g of 2-chloro-5-methyl-1-trityl-1,5-dihy 
droimidazo 4,5-dpyridazine-4-one and 0.040 g of t-butyl 
piperidin-3-ylcarbamate were combined together, and the 
mixture was heated under a nitrogen atmosphere at 150 C. 
for 1 hour. The reaction mixture was purified by Silica gel 
column chromatography. Thus, 0.016 g of t-butyl (1-(6- 
methyl-7-oxo-6,7-dihydro-1H-imidazo[4,5-dpyridazin-2- 
yl)piperidin-3-yl)carbamate was obtained from the fraction 
eluted with ethyl acetate. 0.0080 g of this compound was 
dissolved in 0.6 ml of N,N-dimethylformamide, and then 
0.0038g of potassium carbonate and 0.003 ml of 2-butynyl 
bromide were added thereto. The mixture was stirred at 
room temperature for 18 hours. The reaction mixture was 
partitioned between 1 ml of ethyl acetate and 1 ml of water, 
and the organic layer was concentrated. The residue was 
dissolved in 0.5 ml of dichloromethane, and then 0.5 ml of 
trifluoroacetic acid was added thereto. After 1 hour, the 
reaction Solution was concentrated. The residue was purified 
by reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 0.004.6 g of the title compound. 
1208 H-NMR(CDC1) & 1.74-1.80 (bris, 1H) 1.82 (bris, 
3H) 1.96-2.19 (brm, 3H)3.43-3.79 (brm,5H)3.86 (s, 3H) 
5.05 (brid, J=16.0 Hz, 1H) 5.23 (brd, J=16.0 Hz, 1H) 8.15 
(s, 1H) 

Example 121 

2-(3-Aminopiperidin-1-yl)-5-methyl-3-(3-methyl-2- 
butenyl)-3,5-dihydroimidazo[4,5-dipyridazin-4-one 

trifluoroacetate 

1209 0.0034 g of the title compound was obtained using 
0.0080 g of t-butyl 1-(6-methyl-7-oxo-6,7-dihydro-1H-imi 
dazo 4,5-dipyridazin-2-yl)piperidin-3-yl-carbamate and 
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0.004 ml of 4-bromo-2-methyl-2-butene by the same 
method as used in Example 120. 
1210) "H-NMR(CDC1) & 1.66-1.74 (bris, 1H) 1.76 (s, 
3H) 1.80 (s, 3H) 1.96-2.20 (brm, 3H)3.20-3.79 (brm,5H) 
3.85 (s, 3H) 4.90-5.05 (m, 2H) 5.37-5.42 (m, 1H) 8.15 (s, 
1H) 

Example 122 

2-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxybenzamide 

1211 53.0 g of t-butyl 4-7-(2-butynyl)-2-(2-carbam 
oylphenoxy)-1-methyl-6-oxo-6,7-dihydro-1H-purin-8-yl) 
piperazine-1-carboxylate was dissolved in 160 ml of trif 
luoroacetic acid, and the mixture was stirred at room 
temperature for one hour. 1250 ml of a 2 Maqueous sodium 
hydroxide Solution was added drop wise to the reaction 
Solution, and the mixture was stirred at room temperature for 
one hour and 50 minutes. The resulting white precipitate was 
collected by filtration. The white solid was washed with 
water and then with ethanol, and dried at 60° C. overnight 
to give 42.8 g of the title compound. 

1212) 'H-NMR(DMSO-d6) & 1.78 (t, J-24 Hz, 3H) 
2.82-2.86 (m, 4H)3.18-3.22 (m, 4H)3.36 (s, 3H) 4.91 (q, 
2.4 Hz, 2H) 6.58 (td, J=8.4, 1.2 Hz, 1H) 6.63 (dd, J=8.0, 0.8 
HZ, 1H) 7.14 (ddd, J=8.0, 7.2, 2.0 Hz, 1H) 7.80 (dd, J=7.6, 
2.0 Hz, 1H) 
1213) MS m/e (ESI) 422(MH) 

Example 123 

7-(2-Butynyl)-2-(3-hydroxypropylsulfanyl)-1-me 
thyl-8-(piperazin-1-yl)-1,7-dihydropurin-6-one trif 

luoroacetate 

1214) 7 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate was dissolved in 0.15 ml of 1-methyl-2-pyrroli 
done, and then 20 ul of 3-mercapto-1-propanol and 6 mg of 
potassium carbonate were added thereto. The mixture was 
Stirred at room temperature for five hours. A Saturated 
ammonium chloride Solution was added to the reaction 
Solution, and the mixture was extracted with ethyl acetate. 
The organic layer was concentrated, and 0.5 ml of 5N 
aqueous hydrochloric acid was added to the residue. The 
mixture was concentrated by flushing with nitrogen gas. The 
residue was purified by reverse-phase high performance 
liquid chromatography (using an acetonitrile-water mobile 
phase (containing 0.1% trifluoroacetic acid)) to give 3.15 mg 
of the title compound. 
1215 MS m/e (ESI) 377(MH'-CFCOOH) 

Example 124 

7-(2-Butynyl)-2-(2-hydroxypropylsulfanyl)-1-me 
thyl-8-(piperazin-1-yl)-1,7-dihydropurin-6-one trif 

luoroacetate 

1216) 1.70 mg of the title compound was obtained by 
using 1-mercapto-2-propanol, instead of 3-mercapto-1-pro 
panol, by the same method as used in Example 123. 
1217 MS m/e (ESI) 377(MH'-CFCOOH) 
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Example 125 

7-(2-Butynyl)-2-(2,3-dihydroxypropylsulfanyl)-1- 
methyl-8-(piperazin-1-yl)-1,7-dihydropurin-6-one 

trifluoroacetate 

1218 2.63 mg of the title compound was obtained by 
using 3-mercapto-1,2-propanediol, instead of 3-mercapto-1- 
propanol, by the Same method as used in Example 123. 
1219 MS m/e (ESI) 393(MH'-CFCOOH) 

Example 126 

3-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-ylsulfanylpropionic acid 

trifluoroacetate 

1220 7 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate was dissolved in 0.15 ml of 1-methyl-2-pyrroli 
done, and then 20 ul of 3-mercaptopropionic acid and 6 mg 
of potassium carbonate were added thereto. The mixture was 
Stirred at room temperature for five hours. A Saturated 
ammonium chloride Solution was added to the reaction 
Solution, and the mixture was extracted with ethyl acetate. 
The organic layer was concentrated, and the residue was 
dissolved in 0.40 ml of trifluoroacetic acid. The Solution was 
concentrated by flushing with nitrogen gas. The residue was 
purified by reverse-phase high performance liquid chroma 
tography (using an acetonitrile-water mobile phase (contain 
ing 0.1% trifluoroacetic acid)) to give 4.60 mg of the title 
compound. 

1221 MS m/e (ESI) 391 (MH–CFCOOH) 

Example 127 

2-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-ylsulfanylpropionic acid 

trifluoroacetate 

1222 6.10 mg of the title compound was obtained by 
using 2-mercaptopropionic acid, instead of 3-mercaptopro 
pionic acid, by the same method as used in Example 126. 
1223 MS m/e (ESI) 391 (MH'-CFCOOH) 

Example 128 

2-S-Butylsulfanyl-7-(2-butynyl)-1-methyl-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

1224. 4.68 mg of the title compound was obtained by 
using butane-2-thiol, instead of 3-mercaptopropionic acid, 
by the same method as used in Example 126. 
1225 MS m/e (ESI) 375(MH'-CFCOOH) 

Example 129 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2-propyl 
Sulfanyl-1,7-dihydropurin-6-one trifluoroacetate 

1226 4.61 mg of the title compound was obtained by 
using propane-1-thiol, instead of 3-mercaptopropionic acid, 
by the same method as used in Example 126. 
1227 MS m/e (ESI) 361(MH'-CFCOOH) 
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Example 130 

7-(2-Butynyl)-1-methyl-2-cyclopentylsulfanyl-8- 
(piperazin-1-yl)-1,7-dihydropurin-6-one trifluoroac 

etate 

1228 5.15 mg of the title compound was obtained by 
using cyclopentanethiol, instead of 3-mercaptopropionic 
acid, by the same method as used in Example 126. 
1229 MS m/e (ESI) 387(MH'-CFCOOH) 

Example 131 

7-(2-Butynyl)-2-dodecylsulfanyl-1-methyl-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

1230 4.96 mg of the title compound was obtained by 
using dodecane-1-thiol, instead of 3-mercaptopropionic 
acid, by the same method as used in Example 126. 
1231) MS m/e (ESI) 487(MH'-CFCOOH) 

Example 132 

2-(2-Aminoethylsulfanyl)-7-(2-butynyl)-1-methyl-8- 
(piperazin-1-yl)-1,7-dihydropurin-6-one trifluoroac 

etate 

1232 3.98 mg of the title compound was obtained by 
using 2-aminoethanethiol, instead of 3-mercaptopropionic 
acid, by the same method as used in Example 126. 
1233) MS m/e (ESI) 362(MH–CFCOOH) 

Example 133 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2- 
(thiophen-2-ylsulfanyl)-1,7-dihydropurin-6-one trif 

luoroacetate 

1234) 5.11 mg of the title compound was obtained by 
using thiophene-2-thiol, instead of 3-mercaptopropionic 
acid, by the same method as used in Example 126. 
1235 MS m/e (ESI) 401(MH'-CFCOOH) 

Example 134 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2-(1H-1, 
2,4-triazol-3-ylsulfanyl)-1,7-dihydropurin-6-one 

trifluoroacetate 

1236 2.54 mg of the title compound was obtained by 
using 1H-1,2,4-triazole-3-thiol, instead of 3-mercaptopro 
pionic acid, by the same method as used in Example 126. 
1237 MS m/e (ESI) 386(MH–CFCOOH) 

Example 135 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2-(pyri 
din-4-ylsulfanyl)-1,7-dihydropurin-6-one trifluoro 

acetate 

1238 0.77 mg of the title compound was obtained by 
using pyridine-4-thiol, instead of 3-mercaptopropionic acid, 
by the same method as used in Example 126. 
1239 MS m/e (ESI) 396(MH'-CFCOOH) 
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Example 136 

7-(2-Butynyl)-1-methyl-2-phenylsulfanyl-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

1240) 1.44 mg of the title compound was obtained by 
using benzene thiol, instead of 3-mercaptopropionic acid, by 
the same method as used in Example 126. 
1241) MS m/e (ESI) 395(MH–CFCOOH) 

Example 137 

(R)-2-Amino-3-7-(2-butynyl)-1-methyl-6-oxo-8- 
(piperazin-1-yl)-6,7-dihydro-1H-purin-2-ylsulfanyl 

propionic acid trifluoroacetate 
1242 4.38 mg of the title compound was obtained by 
using L-cystine, instead of 3-mercaptopropionic acid, by the 
Same method as used in Example 126. 
1243) MS m/e (ESI) 406(MH'-CFCOOH) 

Example 138 

7-(2-Butynyl)-2-(2-methylpropylsulfanyl)-1-methyl 
8-(piperazin-1-yl)-1,7-dihydropurin-6-one trifluoro 

acetate 

1244. 4.52 mg of the title compound was obtained by 
using 2-methylpropane-1-thiol, instead of 3-mercaptopropi 
onic acid, by the same method as used in Example 126. 
1245 MS m/e (ESI) 375(MH–CFCOOH) 

Example 139 

7-(2-Butynyl)-2-(1,2-dimethyl propylsulfanyl)-1- 
methyl-8-(piperazin-1-yl)-1,7-dihydropurin-6-one 

trifluoroacetate 

1246 3.03 mg of the title compound was obtained by 
using 3-methylbutane-2-thiol, instead of 3-mercaptopropi 
onic acid, by the same method as used in Example 126. 
1247 MS m/e (ESI) 389(MH'-CFCOOH) 

Example 140 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2-(pyri 
midin-2-ylsulfanyl)-1,7-dihydropurin-6-one trifluo 

rOacetate 

1248 3.60 mg of the title compound was obtained by 
using pyrimidine-2-thiol, instead of 3-mercaptopropionic 
acid, by the same method as used in Example 126. 
1249) MS m/e (ESI) 397(MH–CFCOOH) 

Example 141 

7-(2-Butynyl)-2-(1H-imidazol-2-ylsulfanyl)-1-me 
thyl-8-(piperazin-1-yl)-1,7-dihydropurin-6-one trif 

luoroacetate 

1250 5.75 mg of the title compound was obtained by 
using 1H-imidazole-2-thiol, instead of 3-mercaptopropionic 
acid, by the same method as used in Example 126. 
1251) MS m/e (ESI) 385(MH'-CFCOOH) 
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Example 142 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2-(thia 
zol-2-ylsulfanyl)-1,7-dihydropurin-6-one trifluoro 

acetate 

1252. 3.86 mg of the title compound was obtained by 
using thiazole-2-thiol, instead of 3-mercaptopropionic acid, 
by the same method as used in Example 126. 
1253) MS m/e (ESI) 402(MH'-CFCOOH) 

Example 143 

7-(2-Butynyl)-2-(furan-2-ylmethylsulfanyl)-1-me 
thyl-8-(piperazin-1-yl)-1,7-dihydropurin-6-one trif 

luoroacetate 

1254 4.84 mg of the title compound was obtained by 
using (furan-2-yl)methanethiol, instead of 3-mercaptopropi 
onic acid, by the same method as used in Example 126. 
1255 MS m/e (ESI) 399(MH'-CFCOOH) 

Example 144 

2-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-ylsulfanyl)acetamide trif 

luoroacetate 

1256 1.86 mg of the title compound was obtained by 
using 2-mercaptoacetamide, instead of 3-mercaptopropionic 
acid, by the same method as used in Example 126. 
1257. MS m/e (ESI) 376(MH'-CFCOOH) 

Example 145 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2- 
(thiophen-2-ylmethyl sulfanyl)-1,7-dihydropurin-6- 

one trifluoroacetate 

1258 3.35 mg of the title compound was obtained by 
using (thiophen-2-yl)methanethiol, instead of 3-mercapto 
propionic acid, by the Same method as used in Example 126. 
1259 MS m/e (ESI) 415(MH'-CFCOOH) 

Example 146 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2-1- 
(thiophen-2-yl) ethylsulfanyl-1,7-dihydropurin-6- 

one trifluoroacetate 

1260 0.51 mg of the title compound was obtained by 
using 1-(thiophen-2-yl)ethanethiol, instead of 3-mercapto 
propionic acid, by the Same method as used in Example 126. 
1261) MS m/e (ESI) 429(MH'-CFCOOH) 

Example 147 

7-(2-Butynyl)-1-methyl-2-(1-methyl-1H-imidazol-2- 
ylsulfanyl)-8-(piperazin-1-yl)-1,7-dihydropurin-6- 

one trifluoroacetate 

1262 5 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate was dissolved in 0.15 ml of 1-methyl-2-pyrroli 
done, and then 10 mg of 1-methyl-1H-imidazole-2-thiol and 
8 mg of potassium carbonate were added thereto. The 
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mixture was stirred at room temperature for five hours. A 
Saturated ammonium chloride Solution was added to the 
reaction Solution, and the mixture was extracted with ethyl 
acetate. The organic layer was concentrated, and the residue 
was dissolved in 0.40 ml of trifluoroacetic acid. The Solution 
was concentrated by flushing with nitrogen gas. The residue 
was purified by reverse-phase high performance liquid chro 
matography (using an acetonitrile-water mobile phase (con 
taining 0.1% trifluoroacetic acid)) to give 3.75 mg of the title 
compound. 

1263 MS m/e (ESI) 399(MH–CFCOOH) 
Example 148 

7-(2-Butynyl)-1-methyl-2-(4-methylpyrimidin-2- 
ylsulfanyl)-8-(piperazin-1-yl)-1,7-dihydropurin-6- 

one trifluoroacetate 

1264 4.00 mg of the title compound was obtained by 
using 4-methylpyrimidine-2-thiol, instead of 1-methyl-1H 
imidazole-2-thiol, by the same method as used in Example 
147. 

1265 MS m/e (ESI) 411(MH–CFCOOH) 
Example 149 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2- 
(pyrazin-2-ylsulfanyl)-1,7-dihydropurin-6-one trif 

luoroacetate 

1266 4.00 mg of the title compound was obtained by 
using pyrazine-2-thiol, instead of 1-methyl-1H-imidazole 
2-thiol, by the same method as used in Example 147. 
1267 MS m/e (ESI) 411(MH–CF,COOH) 

Example 150 
2-(Benzothiazol-2-ylsulfanyl)-7-(2-butynyl)-1-me 
thyl-8-(piperazin-1-yl)-1,7-dihydropurin-6-one trif 

luoroacetate 

1268 0.07 mg of the title compound was obtained by 
using benzothiazole-2-thiol, instead of 1-methyl-1H-imida 
Zole-2-thiol, by the same method as used in Example 147. 
1269 MS m/e (ESI) 452(MH–CFCOOH) 

Example 151 
2-(1H-benzimidazol-2-ylsulfanyl)-7-(2-butynyl)-1- 
methyl-8-(piperazin-1-yl)-1,7-dihydropurin-6-one 

trifluoroacetate 

1270 3.18 mg of the title compound was obtained by 
using 1H-benzimidazole-2-thiol, instead of 1-methyl-1H 
imidazole-2-thiol, by the same method as used in Example 
147. 

1271) MS m/e (ESI) 435(MH'-CFCOOH) 
Example 152 

2-(5-Amino-1,3,4thiadiazol-2-ylsulfanyl)-7-(2- 
butynyl)-1-methyl-8-(piperazin-1-yl)-1,7-dihydropu 

rin-6-one trifluoroacetate 

1272 3.62 mg of the title compound was obtained by 
using 5-amino-1,3,4thiadiazole-2-thiol, instead of 1-me 
thyl-1H-imidazole-2-thiol, by the same method as used in 
Example 147. 

1273) MS m/e (ESI) 418(MH'-CFCOOH) 
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Example 153 

6-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-ylsulfanylnicotinic acid 

trifluoroacetate 

1274) 1.01 mg of the title compound was obtained by 
using 6-mercaptonicotinic acid, instead of 1-methyl-1H 
imidazole-2-thiol, by the same method as used in Example 
147. 

1275 MS m/e (ESI) 440(MH'-CFCOOH) 
Example 154 

7-(2-Butynyl)-2-(4-methoxyphenylsulfanyl)-1-me 
thyl-8-(piperazin-1-yl)-1,7-dihydropurin-6-one trif 

luoroacetate 

1276 4.14 mg of the title compound was obtained by 
using 4-methoxybenzenethiol, instead of 1-methyl-1H-imi 
dazole-2-thiol, by the same method as used in Example 147. 
1277) MS m/e (ESI) 425(MH'-CFCOOH) 

Example 155 

7-(2-Butynyl)-1-methyl-2-(4-nitrophenylsulfanyl)-8- 
(piperazin-1-yl)-1,7-dihydropurin-6-one trifluoroac 

etate 

1278 1.52 mg of the title compound was obtained by 
using 4-nitrobenzenethiol, instead of 1-methyl-1H-imida 
Zole-2-thiol, by the same method as used in Example 147. 
1279) MS m/e (ESI) 440(MH–CFCOOH) 

Example 156 
N-2-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin-1- 
yl)-6,7-dihydro-1H-purin-2-ylsulfanylethyl)aceta 

mide trifluoroacetate 

1280 2.39 mg of the title compound was obtained by 
using N-(2-mercaptoethyl)acetamide, instead of 1-methyl 
1H-imidazole-2-thiol, by the same method as used in 
Example 147. 

1281) MS m/e (ESI) 404(MH'-CFCOOH) 
Example 157 

7-(2-Butynyl)-1-methyl-2-(5-methyl-1,3,4thiadia 
Zol-2-ylsulfanyl)-8-(piperazin-1-yl)-1,7-dihydropu 

rin-6-one trifluoroacetate 

1282 1.24 mg of the title compound was obtained by 
using 5-methyl-1,3,4thiadiazole-2-thiol, instead of 1-me 
thyl-1H-imidazole-2-thiol, by the same method as used in 
Example 147. 

1283 MS m/e (ESI) 417(MH–CFCOOH) 
Example 158 

7-(2-Butynyl)-2-(4,6-dimethylpyrimidin-2-ylsulfa 
nyl)-1-methyl-8(piperazin-1-yl)-1,7-dihydropurin-6- 

one trifluoroacetate 

1284 3.11 mg of the title compound was obtained by 
using 4,6-dimethylpyrimidine-2-thiol, instead of 1-methyl 
1H-imidazole-2-thiol, by the same method as used in 
Example 147. 

1285 MS m/e (ESI) 425(MH'-CFCOOH) 
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Example 159 

7-(2-Butynyl)-1-methyl-2-(4-methylthiazol-2-ylsul 
fanyl)-8-(piperazin-1-yl)-1,7-dihydropurin-6-one 

trifluoroacetate 

1286 4.01 mg of the title compound was obtained by 
using 4-methylthiazol-2-thiol, instead of 1-methyl-1H-imi 
dazole-2-thiol, by the same method as used in Example 147. 
1287 MS m/e (ESI) 416(MH'-CFCOOH) 

Example 160 

2-(Benzoxazol-2-ylsulfanyl)-7-(2-butynyl)-1-me 
thyl-8-(piperazin-1-yl)-1,7-dihydropurin-6-one trif 

luoroacetate 

1288 0.84 mg of the title compound was obtained by 
using benzoxazole-2-thiol, instead of 1-methyl-1H-imida 
Zole-2-thiol, by the same method as used in Example 147. 
1289 MS m/e (ESI) 436(MH'-CFCOOH) 

Example 161 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2-(1,3,4) 
thiadiazol-2-ylsulfanyl)-1,7-dihydropurin-6-one trif 

luoroacetate 

1290) 1.95 mg of the title compound was obtained by 
using 1,3,4thiadiazole-2-thiol, instead of 1-methyl-1H 
imidazole-2-thiol, by the same method as used in Example 
147. 

1291 MS m/e (ESI) 403(MH–CFCOOH) 

Example 162 

2-Allylsulfanyl-7-(2-butynyl)-1-methyl-8-(piperazin 
1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

1292 2.85 mg of the title compound was obtained by 
using allyl mercaptan, instead of 1-methyl-1H-imidazole-2- 
thiol, by the same method as used in Example 147. 
1293 MS m/e (ESI) 359(MH'-CFCOOH) 

Example 163 

7-(2-Butynyl)-1-methyl-2-(3-methylsulfanylpheny 
lamino)-8-(piperazin-1-yl)-1,7-dihydropurin-6-one 

trifluoroacetate 

1294) 1.32 mg of the title compound was obtained by 
using 3-methylsulfanylphenylamine, instead of 1-methyl 
1H-imidazole-2-thiol, by the same method as used in 
Example 147. 

1295 MS m/e (ESI) 424(MH'-CFCOOH) 
Example 164 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2-(thio 
morpholin-4-yl)-1,7-dihydropurin-6-one trifluoroac 

etate 

1296 5.33 mg of the title compound was obtained by 
using thiomorpholine, instead of 1-methyl-1H-imidazole-2- 
thiol, by the same method as used in Example 147. 
1297 MS m/e (ESI) 388(MH'-CFCOOH) 
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Example 165 

2-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-ylsulfanyl-2-methylpropi 

onic acid trifluoroacetate 

1298 1.63 mg of the title compound was obtained by 
using 2-mercapto-2-methylpropionic acid, instead of 1-me 
thyl-1H-imidazole-2-thiol, by the same method as used in 
Example 147. 

1299 MS m/e (ESI) 405(MH'-CFCOOH) 

Example 166 

7-(2-Butynyl)-2-(N-isopropylmethylamino)-1-me 
thyl-8-(piperazin-1-yl)-1,7-dihydropurin-6-one trif 

luoroacetate 

1300 6 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate was dissolved in 0.15 ml of 1-methyl-2-pyrroli 
done, and then 30 ul of N-isopropylmethylamine was added 
thereto. After the mixture was stirred at 80° C. for 12 hours, 
the reaction Solution was concentrated by flushing with 
nitrogen gas. The resulting residue was dissolved in 0.60 ml 
of trifluoroacetic acid. The Solution was concentrated by 
flushing with nitrogen gas. The residue was purified by 
reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 1.66 mg of the title compound. 
1301 MS m/e (ESI) 358(MH'-CFCOOH) 

Example 167 

3-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxybenzonitrile trifluoro 

acetate 

1302 5 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate was dissolved in 0.2 ml of 1-methyl-2-pyrrollidone, 
and then 5 mg of 3-cyanophenol and 8 mg of Sodium hydride 
were added thereto. The mixture was stirred at 90° C. for 
three hours. 1N hydrochloric acid was added to the reaction 
Solution, and the mixture was extracted with ethyl acetate. 
The organic layer was concentrated, and the residue was 
dissolved in trifluoroacetic acid. The Solution was concen 
trated, and the residue was purified by reverse-phase high 
performance liquid chromatography (using an acetonitrile 
water mobile phase (containing 0.1% trifluoroacetic acid)) 
to give 1.02 mg of the title compound. 

1303 MS m/e (ESI) 404(MH'-CFCOOH) 

Example 168 

4-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxybenzonitrile trifluoro 

acetate 

1304 2.76 mg of the title compound was obtained by 
using 4-cyanophenol, instead of 3-cyanophenol, by the same 
method as used in Example 167. 

1305 MS m/e (ESI) 404(MH'-CFCOOH) 
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Example 169 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2-(3-toly 
loxy)-1,7-dihydropurin-6-one trifluoroacetate 

1306 3.14 mg of the title compound was obtained by 
using 3-methylphenol, instead of 3-cyanophenol, by the 
Same method as used in Example 167. 
1307) MS m/e (ESI) 393(MH'-CFCOOH) 

Example 170 

7-(2-Butynyl)-1-methyl-2-(2-methylsulfanylphe 
noxy)-8-(piperazin-1-yl)-1,7-dihydropurin-6-one 

trifluoroacetate 

1308 3.50 mg of the title compound was obtained by 
using 2-methylsulfanylphenol, instead of 3-cyanophenol, by 
the same method as used in Example 167. 
1309 MS m/e (ESI) 425(MH'-CFCOOH) 

Example 171 

3-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxybenzoic acid trifluo 

rOacetate 

1310) 5 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate and 10 mg of ethyl 3-hydroxybenzoate were dis 
solved in 0.2 ml of N-methylpyrrolidone, and then 8 mg of 
Sodium hydride was added thereto. The mixture was stirred 
at 90° C. for 3 hours. 1N hydrochloric acid was added to the 
reaction Solution, and the mixture was extracted with ethyl 
acetate. The organic layer was concentrated, and the residue 
was dissolved in a mixture consisting of 0.4 ml of ethanol 
and 0.1 ml of a 5N aqueous sodium hydroxide solution. The 
mixture was stirred at 50 C. overnight. 1N hydrochloric 
acid was added to the reaction Solution, and the mixture was 
extracted with ethyl acetate. The organic layer was concen 
trated, and the residue was dissolved in trifluoroacetic acid. 
The Solution was concentrated, and the residue was purified 
by reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 1.09 mg of the title compound. 
1311) MS m/e (ESI) 423(MH–CFCOOH) 

Example 172 

4-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxybenzoic acid trifluo 

rOacetate 

1312 1.55 mg of the title compound was obtained by 
using ethyl 4-hydroxybenzoate, instead of 3-hydroxyben 
Zoic acid, by the same method as used in Example 171. 
1313) MS m/e (ESI) 423(MH'-CFCOOH) 

Example 173 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2-(2-toly 
loxy)-1,7-dihydropurin-6-one trifluoroacetate 

1314 7 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate was dissolved in 0.2 ml of 1-methyl-2-pyrrollidone, 
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and then 5 mg of 2-methylphenol and 8 mg of potassium 
carbonate were added thereto. The mixture was stirred at 90 
C. for five hours. 1N hydrochloric acid was added to the 
reaction Solution, and the mixture was extracted with ethyl 
acetate. The organic layer was concentrated, and the residue 
was dissolved in trifluoroacetic acid. The Solution was 
concentrated, and the residue was purified by reverse-phase 
high performance liquid chromatography (using an acetoni 
trile-water mobile phase (containing 0.1% trifluoroacetic 
acid)) to give 4.40 mg of the title compound. 
1315 MS m/e (ESI) 393(MH'-CFCOOH) 

Example 174 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2-(4-toly 
loxy)-1,7-dihydropurin-6-one trifluoroacetate 

1316 3.95 mg of the title compound was obtained by 
using 4-methylphenol, instead of 2-methylphenol, by the 
Same method as used in Example 173. 
1317 MS m/e (ESI) 393(MH–CFCOOH) 

Example 175 

7-(2-Butynyl)-2-(2-methoxyphenoxy)-1-methyl-8- 
(piperazin-1-yl)-1,7-dihydropurin-6-one trifluoroac 

etate 

1318, 5.24 mg of the title compound was obtained by 
using 2-methoxyphenol, instead of 2-methylphenol, by the 
Same method as used in Example 173. 
1319 MS m/e (ESI) 4.09(MH–CFCOOH) 

Example 176 

7-(2-Butynyl)-2-(3-methoxyphenoxy)-1-methyl-8- 
(piperazin-1-yl)-1,7-dihydropurin-6-one trifluoroac 

etate 

1320 2.84 mg of the title compound was obtained by 
using 3-methoxyphenol, instead of 2-methylphenol, by the 
Same method as used in Example 173. 
1321) MS m/e (ESI) 4.09(MH'-CFCOOH) 

Example 177 

7-(2-Butynyl)-2-(4-methoxyphenoxy)-1-methyl-8- 
(piperazin-1-yl)-1,7-dihydropurin-6-one trifluoroac 

etate 

1322 5.61 mg of the title compound was obtained by 
using 4-methoxyphenol, instead of 2-methylphenol, by the 
Same method as used in Example 173. 
1323 MS m/e (ESI) 4.09(MH–CFCOOH) 

Example 178 

4-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxybenzenesulfonamide 

trifluoroacetate 

1324 4.21 mg of the title compound was obtained by 
using 4-hydroxybenzeneSulfonamide, instead of 2-meth 
ylphenol, by the same method as used in Example 173. 
1325 MS m/e (ESI) 458(MH'-CFCOOH) 
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Example 179 

4-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxy-3-methoxybenzoni 

trile trifluoroacetate 

1326 4.24 mg of the title compound was obtained by 
using 4-hydroxy-3-methoxybenzonitrile, instead of 2-meth 
ylphenol, by the same method as used in Example 173. 
1327 MS m/e (ESI) 434(MH'-CFCOOH) 

Example 180 

2-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxybenzonitrile trifluoro 

acetate 

1328 5.26 mg of the title compound was obtained by 
using 2-cyanophenol, instead of 2-methylphenol, by the 
Same method as used in Example 173. 
1329 MS m/e (ESI) 404(MH'-CFCOOH) 

Example 181 

4-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxybenzamide trifluoro 

acetate 

1330 4.80 mg of the title compound was obtained by 
using 4-hydroxybenzamide, instead of 2-methylphenol, by 
the same method as used in Example 173. 
1331 MS m/e (ESI) 422(MH'-CFCOOH) 

Example 182 

Ethyl 2-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin 
1-yl)-6,7-dihydro-1H-purin-2-yloxybenzoate trif 

luoroacetate 

1332 4.38 mg of the title compound was obtained by 
using ethyl 2-hydroxybenzoate, instead of 2-methylphenol, 
by the same method as used in Example 173. 
1333) MS m/e (ESI) 451(MH–CFCOOH) 

Example 183 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2-(pyri 
midin-2-yloxy)-1,7-dihydropurin-6-one trifluoroac 

etate 

1334) 1.12 mg of the title compound was obtained by 
using pyrimidin-2-ol, instead of 2-methylphenol, by the 
Same method as used in Example 173. 
1335 MS m/e (ESI) 381 (MH'-CFCOOH) 

Example 184 

7-(2-Butynyl)-2-(4,6-dimethylpyrimidin-2-yloxy)-1- 
methyl-8-(piperazin-1-yl)-1,7-dihydropurin-6-one 

trifluoroacetate 

1336 0.66 mg of the title compound was obtained by 
using 4,6-dimethylpyrimidin-2-ol, instead of 2-methylphe 
nol, by the same method as used in Example 173. 
1337) MS m/e (ESI) 409(MH'-CFCOOH) 
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Example 185 
3-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxybenzamide trifluoro 

acetate 

1338 6 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate and 10 mg of ethyl 3-hydroxybenzoate were dis 
solved in 0.2 ml of N-methylpyrrolidone, and then 10 mg of 
potassium carbonate was added thereto. The mixture was 
stirred at 90° C. for 3 hours. 1N hydrochloric acid was added 
to the reaction Solution, and the mixture was extracted with 
ethyl acetate. The organic layer was concentrated, and the 
residue was dissolved in 1.0 ml of ammonia (7N methanol 
solution). The mixture was stirred at 50° C. overnight. The 
reaction Solution was concentrated, and the residue was 
dissolved in trifluoroacetic acid. The Solution was concen 
trated, and the residue was purified by reverse-phase high 
performance liquid chromatography (using an acetonitrile 
water mobile phase (containing 0.1% trifluoroacetic acid)) 
to give 1.91 mg of the title compound. 
1339. MS m/e (ESI) 422(MH–CFCOOH) 

Example 186 
4-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxy-3,5-dimethylbenzoic 

acid trifluoroacetate 

1340 7 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate was dissolved in 0.2 ml of 1-methyl-2-pyrrollidone, 
and then 8 mg of 4-hydroxy-3,5-dimethylbenzoic acid and 8 
mg of potassium carbonate were added thereto. The mixture 
was stirred at 100° C. for 2 hours. 1N hydrochloric acid was 
added to the reaction Solution, and the mixture was extracted 
with ethyl acetate. The organic layer was concentrated, and 
the residue was dissolved in trifluoroacetic acid. The Solu 
tion was concentrated, and the residue was purified by 
reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 2.71 mg of the title compound. 
1341) MS m/e (ESI) 451(MH'-CFCOOH) 

Example 187 
4-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxy-3-fluorobenzoic acid 

trifluoroacetate 

1342 3.49 mg of the title compound was obtained by 
using 3-fluoro-4-hydroxybenzoic acid, instead of 4-hy 
droxy-3,5-dimethylbenzoic acid, by the same method as 
used in Example 186. 
1343 MS m/e (ESI) 441(MH–CFCOOH) 

Example 188 
4-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1- 

yl)-6,7-dihydro-1H-purin-2-yloxyphenyl)acetic acid 
trifluoroacetate 

1344 3.45 mg of the title compound was obtained by 
using (4-hydroxyphenyl)acetic acid, instead of 4-hydroxy 
3,5-dimethylbenzoic acid, by the Same method as used in 
Example 186. 

1345 MS m/e (ESI) 437(MH'-CFCOOH) 
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Example 189 

2-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1- 
yl)-6,7-dihydro-1H-purin-2-yloxyphenyl)acetic acid 

trifluoroacetate 

1346 1.34 mg of the title compound was obtained by 
using (2-hydroxyphenyl)acetic acid, instead of 4-hydroxy 
3,5-dimethylbenzoic acid, by the Same method as used in 
Example 186. 

1347) MS m/e (ESI) 437(MH'-CFCOOH) 

Example 190 

2-(2-Acetylphenoxy)-7-(2-butynyl)-1-methyl-8-(pip 
erazin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

1348 1.99 mg of the title compound was obtained by 
using 1-(2-hydroxyphenyl)ethanone, instead of 4-hydroxy 
3,5-dimethylbenzoic acid, by the Same method as used in 
Example 186. 

1349) MS m/e (ESI) 421(MH'-CFCOOH) 

Example 191 

7-(2-Butynyl)-2-(2,6-difluorophenoxy)-1-methyl-8- 
(piperazin-1-yl)-1,7-dihydropurin-6-one trifluoroac 

etate 

1350 5.26 mg of the title compound was obtained by 
using 2,6-difluorophenol, instead of 4-hydroxy-3,5-dimeth 
ylbenzoic acid, by the Same method as used in Example 186. 

1351 MS m/e (ESI) 415(MH'-CFCOOH) 

Example 192 

7-(2-Butynyl)-1-methyl-2-pentafluorophenoxy-8- 
(piperazin-1-yl)-1,7-dihydropurin-6-one trifluoroac 

etate 

1352 5.61 mg of the title compound was obtained by 
using 2,3,4,5,6-pentafluorophenol, instead of 4-hydroxy-3, 
5-dimethylbenzoic acid, by the Same method as used in 
Example 186. 

1353) MS m/e (ESI) 469(MH'-CFCOOH) 

Example 193 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2-4-(pyr 
rolidine-1-carbonyl)phenoxyl-1,7-dihydropurin-6- 

one trifluoroacetate 

1354 30 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate was dissolved in 1 ml of 1-methyl-2-pyrrollidone, 
and then 15 mg of 1-(4-hydroxybenzoyl) pyrrolidine and 11 
mg of potassium carbonate were added thereto. The mixture 
was stirred at 100° C. for 2.5 hours. Water was added to the 
reaction Solution, and the mixture was extracted with ethyl 
acetate. The organic layer was concentrated, and the residue 
was dissolved in trifluoroacetic acid. The Solution was 
concentrated, and the residue was purified by reverse-phase 
high performance liquid chromatography (using an acetoni 
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trile-water mobile phase (containing 0.1% trifluoroacetic 
acid)) to give 23.7 mg of the title compound. 
1355 MS m/e (ESI) 476(MH'-CFCOOH) 

Example 194 

2-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxy-N-(2-(piperidin-1- 

yl)ethylbenzamide trifluoroacetate 

1356 3.05 mg of the title compound was obtained by 
using 2-hydroxy-N-(2-(piperidin-1-yl)ethylbenzamide by 
the same method as used in Example 193. 
1357 MS m/e (ESI) 533(MH*-CFCOOH) 

Example 195 

5-Acetyl-2-7-(2-butynyl)-1-methyl-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purin-2-yloxybenzamide 

trifluoroacetate 

1358 0.82 mg of the title compound was obtained by 
using 5-acetyl Salicylamide, instead of 1-(4-hydroxyben 
Zoyl)pyrrolidine, by the same method as used in Example 
193. 

1359 MS m/e (ESI) 464(MH'-CFCOOH) 

Example 196 

2-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-ylsulfanylbenzoic acid trif 

luoroacetate 

1360 0.70 mg of the title compound was obtained by 
using thiosalicylic acid, instead of 1-(4-hydroxyben 
Zoyl)pyrrolidine, by the same method as used in Example 
193. 

1361) MS m/e (ESI) 439(MH'-CFCOOH) 

Example 197 

6-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-ylaminonicotinamide trif 

luoroacetate 

1362) 1.43 mg of the title compound was obtained by 
using 6-amino-nicotinamide, instead of 1-(4-hydroxyben 
Zoyl)pyrrolidine, by the same method as used in Example 
193. 

1363 MS m/e (ESI) 422(MH–CFCOOH) 

Example 198 

3-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxypyridine-2-carboxylic 

amide trifluoroacetate 

1364 1.44 mg of the title compound was obtained by 
using 3-hydroxy picolinamide, instead of 1-(4-hydroxyben 
Zoyl)pyrrolidine, by the same method as used in Example 
193. 

1365 MS m/e (ESI) 423(MH'-CFCOOH) 
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Example 199 
N-t-butyl-2-7-(2-butynyl)-1-methyl-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purin-2-ylaminobenza 

mide trifluoroacetate 

1366 0.87 mg of the title compound was obtained by 
using 2-amino-N-t-butylbenzamide, instead of 1-(4-hy 
droxybenzoyl)pyrrolidine, by the same method as used in 
Example 193. 

1367) MS m/e (ESI) 477(MH–CFCOOH) 
Examples 200 and 201 

2-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-ylaminobenzamide trifluo 

rOacetate 

1368 1.36 mg of the polar compound of the title com 
pound and 0.39 mg of the non-polar compound of the title 
compound were obtained by using 2-aminobenzamide, 
instead of 1-(4-hydroxybenzoyl)pyrrolidine, by the same 
method as used in Example 193. 
1369 MS m/e (ESI) 477(MH'-CFCOOH) 

Example 202 
N-3-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin-1- 
yl)-6,7-dihydro-1H-purin-2-yloxyphenyl)acetamide 

trifluoroacetate 

1370 10.79 mg of the title compound was obtained by 
using 3-acetamidophenol, instead of 1-(4-hydroxyben 
Zoyl)pyrrolidine, by the same method as used in Example 
193. 

1371) MS m/e (ESI) 436(MH–CFCOOH) 
Example 203 

N-4-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin-1- 
yl)-6,7-dihydro-1H-purin-2-yloxyphenyl)acetamide 

trifluoroacetate 

1372) 11.38 mg of the title compound was obtained by 
using 4-acetamidophenol, instead of 1-(4-hydroxyben 
Zoyl)pyrrolidine, by the same method as used in Example 
193. 

1373) MS m/e (ESI) 436(MH–CFCOOH) 
Example 204 

2-N-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin-1- 
yl)-6,7-dihydro-1H-purin-2-yl)methylaminobenzoic 

acid trifluoroacetate 

1374 3.48 mg of the title compound was obtained by 
using N-methylanthranilic acid, instead of 1-(4-hydroxyben 
Zoyl)pyrrolidine, by the same method as used in Example 
193. 

1375 MS m/e (ESI) 436(MH–CFCOOH) 
Example 205 

2-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxybenzoic acid trifluo 

rOacetate 

1376) 25.75 mg of the title compound was obtained by 
using Salicylic acid, instead of 1-(4-hydroxybenzoyl) pyrro 
lidine, by the same method as used in Example 193. 
1377 MS m/e (ESI) 423(MH'-CFCOOH) 
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Example 206 

2-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-ylaminobenzenesulfona 

mide trifluoroacetate 

1378 0.91 mg of the title compound was obtained by 
using 2-aminobenzenesulfonamide, instead of 1-(4-hy 
droxybenzoyl)pyrrolidine, by the same method as used in 
Example 193. 

1379) MS m/e (ESI) 457(MH*-CFCOOH) 

Example 207 

2-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yl sulfanylbenzoic acid 

ethyl ester trifluoroacetate 

1380 0.66 mg of the title compound was obtained by 
using ethyl thiosalicylate, instead of 1-(4-hydroxyben 
Zoyl)pyrrolidine, by the same method as used in Example 
193. 

1381) MS m/e (ESI) 467(MH'-CFCOOH) 

Example 208 

3-7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxypyridine-2-carboxylic 

acid trifluoroacetate 

1382 4.36 mg of the title compound was obtained by 
using 3-hydroxypicolinic acid, instead of 1-(4-hydroxyben 
Zoyl)pyrrolidine, by the same method as used in Example 
193. 

1383 MS m/e (ESI) 424(MH'-CFCOOH) 

Example 209 

N-2-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin-1- 
yl)-6,7-dihydro-1H-purin-2-yloxyphenyl)acetamide 

trifluoroacetate 

1384 0.126 mg of the title compound was obtained by 
using 2-acetamidophenol, instead of 1-(4-hydroxyben 
Zoyl)pyrrolidine, by the same method as used in Example 
193. 

1385 MS m/e (ESI) 436(MH–CFCOOH) 

Example 210 

2-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yloxy-N,N-dimethylbenza 

mide trifluoroacetate 

1386 100 mg of salicylic acid and 0.76 ml of a 2 M 
tetrahydrofuran solution of dimethylamine were dissolved in 
1 ml of N,N-dimethylformamide, and then 109 ul of diethyl 
cyanophosphonate and 250 ul of triethylamine were added 
thereto. The mixture was stirred at room temperature for 5.5 
hours. Water was added to the reaction Solution, and the 
mixture was extracted with ethyl acetate. The organic layer 
was concentrated, and 20 mg of 4-7-(2-butynyl)-2-chloro 
1-methyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1- 
carboxylic acid t-butyl ester, potassium carbonate and 1 ml 
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of 1-methyl-2-pyrrollidone were added to a one-third aliquot 
of the residue. The mixture was stirred at 150 C. for 1.5 
hours. Water was added to the reaction Solution, and the 
mixture was extracted with ethyl acetate. The organic layer 
was concentrated, and the residue was dissolved in trifluo 
roacetic acid. The Solution was concentrated, and the residue 
was purified by reverse-phase high performance liquid chro 
matography (using an acetonitrile-water mobile phase (con 
taining 0.1% trifluoroacetic acid)) to give 1.06 mg of the title 
compound. 

1387. MS m/e (ESI) 450(MH–CFCOOH) 

Example 211 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2-2- 
(thiazolidine-3-carbonyl)phenoxyl-1,7-dihydropurin 

6-one trifluoroacetate 

1388 2.10 mg of the title compound was obtained by 
using thiazolidine, instead of dimethylamine, by the same 
method as used in Example 210. 
1389 MS m/e (ESI) 494(MH–CFCOOH) 

Example 212 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2-2-(pyr 
rolidine-1-carbonyl)phenoxyl-1,7-dihydropurin-6- 

one trifluoroacetate 

1390) 6.86 mg of the title compound was obtained by 
using pyrrolidine, instead of dimethylamine, by the same 
method as used in Example 210. 
1391 MS m/e (ESI) 476(MH–CFCOOH) 

Example 213 

7-(2-Butynyl)-1-methyl-2-2-(morpholine-4-carbon 
yl)phenoxy-8-(piperazin-1-yl)-1,7-dihydropurin-6- 

one trifluoroacetate 

1392) 3.63 mg of the title compound was obtained by 
using morpholine, instead of dimethylamine, by the same 
method as used in Example 210. 
1393) MS m/e (ESI) 492(MH–CFCOOH) 

Example 214 

7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)-6, 
7-dihydro-1H-purin-2-yl)acetonitrile trifluoroacetate 

Example 215 
1394 7-(2-butynyl)-2-cyanomethyl-1-methyl-6-oxo-8- 
(piperazin-1-yl)-2,3,6,7-tetrahydro-1H-purin-2-yl)acetoni 
trile trifluoroacetate 

1395 8 mg of 4-7-(2-butynyl)-2-chloro-1-methyl-6- 
oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-carboxylic 
acid t-butyl ester was dissolved in 0.8 ml of acetonitrile, and 
then 8 mg of sodium hydride was added thereto. The mixture 
was stirred at 60° C. for three hours. 1N hydrochloric acid 
was added to the reaction Solution, and the mixture was 
extracted with ethyl acetate. The organic layer was concen 
trated, and the residue was dissolved in trifluoroacetic acid. 
The Solution was concentrated, and the residue was purified 
by reverse-phase high performance liquid chromatography 
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(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 1.85 mg and 2.20 mg of the title 
compounds (Examples 214 and 215), respectively. 
1396 (Example 214) MS m/e (ESI) 326(MH"- 
CFCOOH) 
1397) (Example 215) MS m/e (ESI) 367(MH'- 
CFCOOH) 

Example 216 

7-(2-butynyl)-1-methyl-2-(2-oxopropyl)-8-(piper 
azin-1-yl)-1,7-dihydropurin-6-one trifluoroacetate 

1398) 8 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate was dissolved in 0.8 ml of acetone, and then 8 mg 
of sodium hydride was added thereto. The mixture was 
stirred at 60° C. for three hours. 1N hydrochloric acid was 
added to the reaction Solution, and the mixture was extracted 
with ethyl acetate. The organic layer was concentrated, and 
the residue was dissolved in trifluoroacetic acid. The Solu 
tion was concentrated, and the residue was purified by 
reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 1.17 mg of the title compound. 
1399 MS m/e (ESI) 343(MH–CFCOOH) 

Example 217 

7-(2-Butynyl)-2-ethynyl-1-methyl-8-(piperazin-1- 
yl)-1,7-dihydropurin-6-one trifluoroacetate 

1400 50 ul of trimethylsilylacetylene was dissolved in 
1.0 ml of tetrahydrofuran, and then 0.27 ml of n-butyl 
lithium (1.56 M hexane solution) was added thereto at -78 
C. The mixture was stirred at 0°C. for 15 minutes, and then 
1.0 ml of a tetrahydrofuran solution of 10 mg of t-butyl 
4-7-(2-butynyl)-2-chloro-1-methyl-6-oxo-6,7-dihydro-1H 
purin-8-ylpiperazine-1-carboxylate was added to the reac 
tion solution. After the mixture had been stirred at room 
temperature for 30 minutes, a Saturated ammonium chloride 
Solution was added to the reaction Solution. The mixture was 
extracted with ethyl acetate. The organic layer was concen 
trated, and the residue was dissolved in 1.0 ml of methanol. 
10 mg of potassium carbonate was added to the Solution. 
After the mixture had been stirred at room temperature for 
1 hour, a Saturated ammonium chloride Solution was added 
to the reaction Solution. The mixture was extracted with 
ethyl acetate. The organic layer was concentrated, and the 
residue was dissolved in trifluoroacetic acid. The Solution 
was concentrated, and the residue was purified by reverse 
phase high performance liquid chromatography (using an 
acetonitrile-water mobile phase (containing 0.1% trifluoro 
acetic acid)) to give 1.06 mg of the title compound. 
1401] MS m/e (ESI) 311(MH–CF,COOH) 

Example 218 

7-(2-Butynyl)-1-methyl-8-(piperazin-1-yl)-2-(pro 
pane-2-sulfinyl)-1,7-dihydropurin-6-one trifluoroac 

etate 

1402 6 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
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boxylate was dissolved in 0.15 ml of 1-methyl-2-pyrroli 
done, and then 20 ul of 2-propanethiol and 6 mg of 
potassium carbonate were added thereto. The mixture was 
Stirred at room temperature for five hours. A Saturated 
ammonium chloride Solution was added to the reaction 
Solution, and the mixture was extracted with ethyl acetate. 
The organic layer was concentrated, and the residue was 
dissolved in 0.30 ml of dichloromethane. The mixture was 
cooled to -78 C. 5 mg of m-chloroperbenzoic acid was 
added to the mixture, and the resulting mixture was stirred 
at -78 C. for 15 minutes. Asaturated Sodium sulfite solution 
was added to the reaction Solution, and the mixture was 
extracted with dichloromethane. The organic layer was 
concentrated, and the residue was dissolved in 0.40 ml of 
trifluoroacetic acid. The Solution was concentrated by flush 
ing with nitrogen gas. The residue was purified by reverse 
phase high performance liquid chromatography (using an 
acetonitrile-water mobile phase (containing 0.1% trifluoro 
acetic acid)) to give 0.89 mg of the title compound. 
1403 MS m/e (ESI) 377(MH–CFCOOH) 

Example 219 

N-acetyl-N-7-(2-butynyl)-1-methyl-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purin-2-yl)acetamide trif 

luoroacetate 

1404) 8 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate was dissolved in 0.2 ml of a 20% aqueous ammo 
nia, and the mixture was stirred at 80° C. for 5 hours. The 
reaction Solution was concentrated, and the residue was 
dissolved in 0.4 ml of pyridine. 0.05 ml of acetic anhydride 
was added to the mixture. The resulting mixture was Stirred 
at room temperature for 48 hours. The reaction Solution was 
concentrated, and the residue was dissolved in trifluoroace 
tic acid. The Solution was concentrated, and the residue was 
purified by reverse-phase high performance liquid chroma 
tography (using an acetonitrile-water mobile phase (contain 
ing 0.1% trifluoroacetic acid)) to give 1.49 mg of the title 
compound. 

1405 MS m/e (ESI) 386(MH–CFCOOH) 

Example 220 

N-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yl)acetamide trifluoroac 

etate 

1406 8 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1-car 
boxylate was dissolved in 0.2 ml of 20% aqueous ammonia, 
and the mixture was stirred at 80° C. for 5 hours. The 
reaction Solution was concentrated, and the residue was 
dissolved in 0.4 ml of pyridine. 0.05 ml of acetic anhydride 
was added to the Solution. The mixture was stirred at room 
temperature for 48 hours. The reaction Solution was con 
centrated, and the residue was dissolved in methanol. 10 mg 
of potassium carbonate was added to the Solution. The 
mixture was stirred at room temperature for 6 hours. The 
reaction Solution was concentrated, and the residue was 
dissolved in trifluoroacetic acid. The Solution was concen 
trated, and the residue was purified by reverse-phase high 
performance liquid chromatography (using an acetonitrile 
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water mobile phase (containing 0.1% trifluoroacetic acid)) 
to give 1.36 mg of the title compound. 

1407) MS m/e (ESI) 344(MH'-CFCOOH) 
Example 221 

7-(2-Butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)-6, 
7-dihydro-1H-purin-2-yloxyacetonitrile trifluoroac 

etate 

1408) 8 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate was dissolved in 0.15 ml of 1-methyl-2-pyrroli 
done, and then 50 ul of hydroxy acetonitrile and 5 mg of 
Sodium hydride were added thereto. The mixture was stirred 
at room temperature for one hour. 1N hydrochloric acid was 
added to the reaction Solution, and the mixture was extracted 
with ethyl acetate. The organic layer was concentrated, and 
the residue was dissolved in trifluoroacetic acid. The Solu 
tion was concentrated, and the residue was purified by 
reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 2.12 mg of the title compound. 
1409 MS m/e (ESI) 342(MH–CFCOOH) 

Example 222 
N-7-(2-butynyl)-1-methyl-6-oxo-8-(piperazin-1-yl)- 
6,7-dihydro-1H-purin-2-yl)guanidine trifluoroacetate 

1410) 7 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-car 
boxylate was dissolved in 0.15 ml of 1-methyl-2-pyrroli 
done, and then 10 mg of guanidine was added thereto. The 
mixture was stirred at 90° C. for 12 hours. The reaction 
Solution was concentrated, and the residue was dissolved in 
1.0 ml of trifluoroacetic acid. The Solution was concentrated 
by flushing with nitrogen gas. The residue was purified by 
reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 3.20 mg of the title compound. 
1411) MS m/e (ESI) 344(MH–CFCOOH) 

Example 223 
7-(2-Butynyl)-2-methylsulfanyl-8-(piperazin-1-yl)-1, 

7-dihydropurin-6-one trifluoroacetate 
1412 (a) t-Butyl 4-7-(2-butynyl)-2-chloro-6-oxo-1-(2- 
trimethylsilanylethoxymethyl)-6,7-dihydro-1H-purin-8-yl) 
piperazine-1-carboxylate 
1413 50 mg of t-butyl 4-7-(2-butynyl)-2-chloro-6-oxo 
6,7-dihydro-1H-purin-8-yl)piperazine-1-carboxylate was 
dissolved in 1.2 ml of N,N-dimethylformamide, and then 44 
ul of (2-chloromethoxyethyl)trimethylsilane and 34 mg of 
potassium carbonate were added thereto. The mixture was 
Stirred at room temperature for 2 hours. A Saturated aqueous 
ammonium chloride Solution was added to the reaction 
mixture, and the mixture was extracted with ethyl acetate. 
The organic layer was concentrated, and the residue was 
purified by Silica gel chromatography to give 55 mg of the 
title compound. 

1414) H-NMR(CDC13) & 0.07 (s, 9H) 0.97 (t, J=8.4 Hz, 
2H) 1.49 (s, 9H) 1.82 (t, J=2.4 Hz, 3H) 3.40-3.44 (m, 4H) 
3.58-3.62 (m, 4H)3.71 (t, J=8.4 Hz, 2H) 4.92 (q, J=2.4 Hz, 
2H) 5.67 (s, 2H) 
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1415 (b) 7-(2-Butynyl)-2-methylsulfanyl-8-(piperazin 
1-yl)-1,7-dihydropurin-6-one trifluoroacetate 
1416 6 mg of t-butyl 4-7-(2-butynyl)-2-chloro-6-oxo-1- 
(2-trimethylsilanylethoxymethyl)-6,7-dihydro-1H-purin-8- 
ylpiperazine-1-carboxylate was dissolved in 0.15 ml of 
1-methyl-2-pyrrollidone, and then 50 ul of methyl mercaptain 
(30%; methanol solution) and 10 mg of potassium carbonate 
were added thereto. The mixture was stirred at room tem 
perature for five hours. A Saturated acqueous ammonium 
chloride Solution was added to the reaction Solution, and the 
mixture was extracted with ethyl acetate. The organic layer 
was concentrated, and the residue was dissolved in 0.60 ml 
of trifluoroacetic acid. The resulting mixture was Stirred at 
room temperature for 5 hours. Then, the Solution was 
concentrated by flushing with nitrogen gas. The residue was 
purified by reverse-phase high performance liquid chroma 
tography (using an acetonitrile-water mobile phase (contain 
ing 0.1% trifluoroacetic acid)) to give 3.99 mg of the title 
compound. 

1417 MS m/e (ESI) 319(MH'-CFCOOH) 

Example 224 

7-(2-Butynyl)-2-isopropylsulfanyl-8-(piperazin-1- 
yl)-1,7-dihydropurin-6-one trifluoroacetate 

1418 2.97 mg of the title compound was obtained by 
using propane-2-thiol Sodium Salt, instead of methyl mer 
captan, according to the method described in Example 223. 

1419 MS m/e (ESI) 347(MH"-CFCOOH) 
Example 225 

2-t-Butylsulfanyl-7-(2-butynyl)-8-(piperazin-1-yl)-1, 
7-dihydropurin-6-one trifluoroacetate 

1420 2.99 mg of the title compound was obtained by 
using 2-methyl-2-propanethiol Sodium Salt, instead of 
methyl mercaptan, according to the method described in 
Example 223. 

1421) MS m/e (ESI) 361(MH'-CFCOOH) 

Example 226 

7-(2-Butynyl)-6-oxo-8-(piperazin-1-yl)-6,7-dihydro 
1H-purine-2-carbonitrile trifluoroacetate 

1422 6 mg of t-butyl 4-7-(2-butynyl)-2-chloro-6-oxo-1- 
(2-trimethylsilanylethoxymethyl)-6,7-dihydro-1H-purin-8- 
ylpiperazine-1-carboxylate was dissolved in 0.15 ml of 
1-methyl-2-pyrrollidone, and then 8 mg of Sodium cyanide 
and 10 mg of potassium carbonate were added thereto. The 
mixture was stirred at 50 C. for five hours. A saturated 
aqueous ammonium chloride Solution was added to the 
reaction Solution, and the mixture was extracted with ethyl 
acetate. The organic layer was concentrated, and the residue 
was dissolved in 0.60 ml of trifluoroacetic acid. The result 
ing mixture was stirred at room temperature for 5 hours. 
Then, the Solution was concentrated by flushing with nitro 
gen gas. The residue was purified by reverse-phase high 
performance liquid chromatography (using an acetonitrile 
water mobile phase (containing 0.1% trifluoroacetic acid)) 
to give 1.46 mg of the title compound. 

1423 MS m/e (ESI) 298(MH'-CFCOOH) 
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Example 227 

2-7-(2-Butynyl)-6-oxo-8-(piperazin-1-yl)-6,7-dihy 
dro-1H-purin-2-yloxybenzamide trifluoroacetate 

1424 6 mg of t-butyl 4-7-(2-butynyl)-2-chloro-6-oxo-1- 
(2-trimethylsilanylethoxymethyl)-6,7-dihydro-1H-purin-8- 
ylpiperazine-1-carboxylate was dissolved in 0.15 ml of 
1-methyl-2-pyrrollidone, and then 8 mg of Salicylamide and 
8 mg of potassium carbonate were added thereto. The 
mixture was stirred at 100° C. for three hours. A saturated 
ammonium chloride Solution was added to the reaction 
Solution, and the mixture was extracted with ethyl acetate. 
The organic layer was concentrated, and the residue was 
dissolved in 0.80 ml of trifluoroacetic acid. The mixture was 
stirred at room temperature for 5 hours. The solution was 
concentrated by flushing with nitrogen gas. The residue was 
purified by reverse-phase high performance liquid chroma 
tography (using an acetonitrile-water mobile phase (contain 
ing 0.1% trifluoroacetic acid)) to give 2.45 mg of the title 
compound. 

1425 MS m/e (ESI) 408(MH'-CFCOOH) 

Example 228 

4-7-(2-Butynyl)-6-oxo-8-(piperazin-1-yl)-6,7-dihy 
dro-1H-purin-2-yloxybenzoic acid trifluoroacetate 

1426 1.55 mg of the title compound was obtained by 
using 4-hydroxybenzoic acid, instead of Salicylamide, 
according to the method described in Example 227. 
1427 MS m/e (ESI) 4.09(MH–CFCOOH) 

Example 229 

7-(2-Butynyl)-1-(2-cyanobenzyl)-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purine-2-carbonitrile 

hydrochloride 

1428 (a) t-Butyl 4-7-(2-butynyl)-2-cyano-1-(2-cy 
anobenzyl)-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1- 
carboxylate 
1429. A mixture consisting of 8 mg of t-butyl 4-7-(2- 
butynyl)-2-chloro-1-(2-cyanobenzyl)-6-oxo-6,7-dihydro 
1H-purin-8-ylpiperazine-1-carboxylate obtained in 
Example 96(a), 10 mg of sodium cyanide and 0.3 ml of 
N,N-dimethylformamide was stirred at room temperature 
for 4 hours. The reaction mixture was extracted with ethyl 
acetate-water, and the organic layer was washed with water 
and then with Saturated brine. The organic layer was con 
centrated. The residue was purified by thin layer chroma 
tography (50% ethyl acetate/hexane) to give 6.1 mg of the 
title compound. 

1430) "H-NMR(CDC1) & 1.50 (s, 9H) 1.83 (s, 3H)3.50 
(s, 4H)3.58-3.64 (m, 4H)4.99 (s. 2H) 5.74 (s, 2H) 7.02 (d. 
J=8 Hz, 1H) 7.44 (t, J=8 Hz, 1H) 7.55 (t, J=8 Hz, 1H) 7.74 
(d, J=8 Hz, 1H) 
1431 (b) 7-(2-Butynyl)-1-(2-cyanobenzyl)-6-oxo-8- 
(piperazin-1-yl)-6,7-dihydro-1H-purine-2-carbonitrile 
hydrochloride 

1432 A mixture consisting of 6.1 mg of t-butyl 4-7-(2- 
butynyl)-2-cyano-1-(2-cyanobenzyl)-6-oxo-6,7-dihydro 
1H-purin-8-ylpiperazine-1-carboxylate and 0.2 ml of trif 
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luoroacetic acid was stirred at room temperature for 20 
minutes. The reaction Solution was concentrated, and the 
residue was purified by reverse-phase column chromatog 
raphy using a 20% to 60% methanol/water (0.1% concen 
trated hydrochloric acid) solvent to give 5.0 mg of the title 
compound. 

1433) H-NMR(DMSO-d6) & 1.80 (s, 3H)3.30 (s, 4H) 
3.60-3.70 (m, 4H) 5.09 (s, 2H)5.60 (s, 2H) 7.27 (d, J=8 Hz, 
1H) 7.54 (t, J=8 Hz, 1H) 7.68 (t, J=8 Hz, 1H) 7.94 (d, J=8 
HZ, 1H) 9.36 (bris, 2H) 

Example 230 
3-7-(2-Butynyl)-1-(2-cyanobenzyl)-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purin-2-yloxypyridine-2- 

carboxylic amide trifluoroacetate 
1434 7 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-(2-cy 
anobenzyl)-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1- 
carboxylate was dissolved in 0.2 ml of 1-methyl-2-pyrroli 
done, and then 8 mg of 3-hydroxypyridine-2-carboxylic 
amide and 8 mg of potassium carbonate were added thereto. 
The mixture was stirred at 100° C. for 2 hours. 1N hydro 
chloric acid was added to the reaction mixture, and the 
mixture was extracted with ethyl acetate. The organic layer 
was concentrated, and the residue was dissolved in trifluo 
roacetic acid. The Solution was concentrated, and the residue 
was purified by reverse-phase high performance liquid chro 
matography (using an acetonitrile-water mobile phase (con 
taining 0.1% trifluoroacetic acid)) to give 2.93 mg of the title 
compound. 

1435 MS m/e (ESI) 524(MH'-CFCOOH) 
Example 231 

4-7-(2-Butynyl)-1-(2-cyanobenzyl)-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purin-2-yloxybenzene 

Sulfonamide trifluoroacetate 

1436 1.90 mg of the title compound was obtained by 
using 4-hydroxybenzeneSulfonamide, instead of 3-hydroxy 
pyridine-2-carboxylic amide, according to the method 
described in Example 230. 
1437. MS m/e (ESI) 559(MH–CFCOOH) 

Example 232 
2-7-(2-Butynyl)-1-(2-cyanobenzyl)-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purin-2-yloxybenzoni 

trile trifluoroacetate 

1438 2.15 mg of the title compound was obtained by 
using 2-cyanophenol, instead of 3-hydroxypyridine-2-car 
boxylic amide, according to the method described in 
Example 230. 

1439. MS m/e (ESI) 505(MH'-CFCOOH) 
Example 233 

4-7-(2-Butynyl)-1-(2-cyanobenzyl)-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purin-2-yloxybenzoic 

acid trifluoroacetate 

1440 3.74 mg of the title compound was obtained by 
using 4-hydroxybenzoic acid, instead of 3-hydroxypyridine 
2-carboxylic amide, according to the method described in 
Example 230. 

1441) MS m/e (ESI) 524(MH'-CFCOOH) 
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Example 234 

2-7-(2-Butynyl)-1-(2-cyanobenzyl)-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purin-2-yloxybenzamide 

trifluoroacetate 

1442 3.74 mg of the title compound was obtained by 
using Salicylamide, instead of 3-hydroxypyridine-2-car 
boxylic amide, according to the method described in 
Example 230. 

1443 MS m/e (ESI) 523(MH'-CFCOOH) 

Example 235 

2-7-(2-Butynyl)-1-(4-cyanobenzyl)-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purin-2-yloxybenzamide 

trifluoroacetate 

1444 (a) t-Butyl 4-7-(2-Butynyl)-2-chloro-1-(4-cy 
anobenzyl)-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1- 
carboxylate 
1445 100 mg of t-butyl 4-7-(2-butynyl)-2-chloro-6- 
oxo-6,7-dihydro-1H-purin-8-ylpiperazine-1-carboxylate 
was dissolved in 1.2 ml of N,N-dimethylformamide, and 
then 97 mg of 4-cyanobenzyl bromide and 68 mg of potas 
sium carbonate were added thereto. The mixture was stirred 
at room temperature for 4 hours. A Saturated aqueous 
ammonium chloride Solution was added to the reaction 
mixture, and the mixture was extracted with ethyl acetate. 
The organic layer was concentrated, and the residue was 
purified by Silica gel chromatography to give 71 mg of the 
title compound. 

1446) "H-NMR(CDC1) & 1.49 (s, 9H) 1.84 (t, J-2.5 Hz, 
3H)3.43-3.47 (m, 4H)3.59-3.63 (m, 4H)4.94 (q, 2.5 Hz, 
2H) 5.53 (s, 2H) 7.42 (d. J=8.0 Hz, 2H) 7.62 (d, J=8.0 Hz, 
2H) 
1447 (b) 2-7-(2-Butynyl)-1-(4-cyanobenzyl)-6-oxo-8- 
(piperazin-1-yl)-6,7-dihydro-1H-purin-2-yloxybenzamide 
trifluoroacetate 

1448) 12 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-(4- 
cyanobenzyl)-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine 
1-carboxylate was dissolved in 0.3 ml of 1-methyl-2-pyr 
rolidone, and then 10 mg of Salicylamide and 10 mg of 
potassium carbonate were added thereto. The mixture was 
stirred at 100° C. for 12 hours. 1N hydrochloric acid was 
added to the reaction Solution, and the mixture was extracted 
with ethyl acetate. The organic layer was concentrated, and 
the residue was dissolved in trifluoroacetic acid. The Solu 
tion was concentrated, and the residue was purified by 
reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 6.69 mg of the title compound. 
1449 MS m/e (ESI) 523(MH'-CFCOOH) 

Example 236 

7-(2-Butynyl)-1-(4-cyanobenzyl)-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purine-2-carbonitrile trif 

luoroacetate 

1450 12 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-(4- 
cyanobenzyl)-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine 
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1-carboxylate was dissolved in 0.3 ml of 1-methyl-2-pyr 
rolidone, and then 10 mg of Sodium cyanide was added 
thereto. The mixture was stirred at 50° C. for 2 hours. 1N 
hydrochloric acid was added to the reaction Solution, and the 
mixture was extracted with ethyl acetate. The organic layer 
was concentrated, and the residue was dissolved in trifluo 
roacetic acid. The Solution was concentrated, and the residue 
was purified by reverse-phase high performance liquid chro 
matography (using an acetonitrile-water mobile phase (con 
taining 0.1% trifluoroacetic acid)) to give 3.87 mg of the title 
compound. 

1451) MS m/e (ESI) 413(MH'-CFCOOH) 

Example 237 

4-7-(2-Butynyl)-2-methylsulfanyl-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydropurin-1-ylmethylbenzonitrile 

trifluoroacetate 

1452 12 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-(4- 
cyanobenzyl)-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine 
1-carboxylate was dissolved in 0.3 ml of 1-methyl-2-pyr 
rolidone, and then 20 ul of methyl mercaptan (30%; 
methanol Solution) and 10 mg of potassium carbonate were 
added thereto. The mixture was stirred at 50 C. for 2 hours. 
1N hydrochloric acid was added to the reaction solution, and 
the mixture was extracted with ethyl acetate. The organic 
layer was concentrated, and the residue was dissolved in 
trifluoroacetic acid. The Solution was concentrated, and the 
residue was purified by reverse-phase high performance 
liquid chromatography (using an acetonitrile-water mobile 
phase (containing 0.1% trifluoroacetic acid)) to give 6.69 mg 
of the title compound. 

1453) MS m/e (ESI) 434(MH–CFCOOH) 

Example 238 

2-7-(2-Butynyl)-1-(3-cyanobenzyl)-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purin-2-yloxybenzamide 

trifluoroacetate 

1454 (a) t-Butyl 4-7-(2-butynyl)-2-chloro-1-(3-cy 
anobenzyl)-6-oxo-6,7-dihydro-1H-purin-8-yl)piperazine-1- 
carboxylate 
1455 100 mg of t-butyl 4-7-(2-butynyl)-2-chloro-6- 
OXO-6,7-dihydro-1H-purin-8-ylpiperazine-1-carboxylate 
was dissolved in 1.2 ml of N,N-dimethylformamide, and 
then 97 mg of 3-cyanobenzyl bromide and 68 mg of potas 
sium carbonate were added thereto. The mixture was stirred 
at room temperature for 12 hours. Then, a Saturated ammo 
nium chloride Solution was added to the reaction Solution, 
and the mixture was extracted with ethyl acetate. The 
organic layer was concentrated, and the residue was purified 
by Silica gel chromatography to give 71 mg of the title 
compound. 

1456) H-NMR(CDC13) & 1.49 (s.9H) 1.84 (t, J-2.5 Hz, 
3H)3.43-3.47 (m, 4H)3.59-3.63 (m, 4H)4.94 (q, 2.5 Hz, 
2H) 5.53 (s, 2H) 7.42 (d, J=8.0 Hz, 2H) 7.62 (d. J=8.0 Hz, 
2H) 
1457 (b) 2-7-(2-Butynyl)-1-(3-cyanobenzyl)-6-oxo-8- 
(piperazin-1-yl)-6,7-dihydro-1H-purin-2-yloxybenzamide 
trifluoroacetate 
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1458) 12 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-(3- 
cyanobenzyl)-6-oxo6,7-dihydro-1H-purin-8-yl)piperazine 
1-carboxylate was dissolved in 0.3 ml of 1-methyl-2-pyr 
rolidone, and then 10 mg of Salicylamide and 10 mg of 
potassium carbonate were added thereto. The mixture was 
stirred at 100° C. for five hours. 1N hydrochloric acid was 
added to the reaction Solution, and the mixture was extracted 
with ethyl acetate. The organic layer was concentrated, and 
the residue was dissolved in trifluoroacetic acid. The Solu 
tion was concentrated, and the residue was purified by 
reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 8.76 mg of the title compound. 
1459 MS m/e (ESI) 523(MH'-CFCOOH) 

Example 239 

7-(2-Butynyl)-1-(3-cyanobenzyl)-6-oxo-8-(piper 
azin-1-yl)-6,7-dihydro-1H-purine-2-carbonitrile trif 

luoroacetate 

1460 12 mg of t-butyl 4-7-(2-butynyl)-2-chloro-1-(3- 
cyanobenzyl)-6-oxo-6,7-dihydro-1H-purin-8-ylpiperazine 
1-carboxylate was dissolved in 0.3 ml of 1-methyl-2-pyr 
rolidone, and then 10 mg of Sodium cyanide was added 
thereto. The mixture was stirred at 50° C. for 1 hour. 1N 
hydrochloric acid was added to the reaction Solution, and the 
mixture was extracted with ethyl acetate. The organic layer 
was concentrated, and the residue was dissolved in trifluo 
roacetic acid. The Solution was concentrated, and the residue 
was purified by reverse-phase high performance liquid chro 
matography (using an acetonitrile-water mobile phase (con 
taining 0.1% trifluoroacetic acid)) to give 4.96 mg of the title 
compound. 

1461) MS m/e (ESI) 413(MH'-CFCOOH) 

Example 240 

1-(2-Butynyl)-2-(piperazin-1-yl)-7,8-dihydro-1H, 
6H-5-oxa-1,3,4,8a-tetraazacyclopentablnaphthalen 

9-one hydrochloride 
1462 (a) t-Butyl 4-7-(2-butynyl)-2-chloro-6-oxo-1-3- 
(tetrahydropyran-2-yloxy)propyl-6,7-dihydro-1H-purin-8- 
ylpiperazine-1-carboxylate 
1463) A mixture consisting of 20 mg of t-butyl 4-7-(2- 
butynyl)-2chloro-6-oxo-6,7-dihydro-1H-purin-8-ylpipera 
zine-1-carboxylate obtained in Example 95(a), 20 ul of 
2-(3-bromopropoxy) tetrahydropyran, 20 mg of anhydrous 
potassium carbonate and 0.2 ml of N,N-dimethylformamide 
was stirred at room temperature overnight. The reaction 
Solution was extracted with ethyl acetate-water, and the 
organic layer was washed with water and then with Saturated 
brine. The organic layer was then concentrated, and the 
residue was purified by thin layer chromatography (70% 
ethyl acetate/hexane) to give 8 mg of the title compound. 
1464) H-NMR(CDC1) & 1.49 (s.9H) 1.50-1.81 (m, 6H) 
1.83(t, J=2 Hz, 3H) 2.06 (quint, J=7 Hz, 2H)3.38-3.62 (m, 
10H)3.80-390 (m, 2H) 434-4.47 (m, 2H)4.59 (t, J-3 Hz, 
1H) 4.92 (q, J=2 Hz, 2H) 
1465 (b) t-Butyl 4-1-(2-butynyl)-9-oxo-1,7,8,9-tet 
raazacyclopentablnaphthalen-2-ylpiperazine-1-carboxy 
late 
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1466 A mixture consisting of 8 mg of t-butyl 4-7-(2- 
butynyl)-2-chloro-6-oxo-1-3-(tetrahydropyran-2-ylox 
y)propyl-6,7-dihydro-1H-purin-8-ylpiperazine-1-carboxy 
late, 0.2 ml of ethanol and a catalytic amount of para 
toluenesulfonic acid monohydrate was stirred at room 
temperature for 4 hours, and then 40 mg of anhydrous 
potassium carbonate was added thereto. The mixture was 
further Stirred overnight. The reaction Solution was extracted 
with ethyl acetate-water, and the organic layer was washed 
with water and then with Saturated brine. The organic layer 
was then concentrated, and the residue was purified by thin 
layer chromatography (20% methanol/ethyl acetate) to give 
3 mg of the title compound. 

1467) H-NMR(CDC1) & 1.48 (s, 9H) 1.82 (t, J-2 Hz 
3H) 2.18-2.26 (m, 2H)3.37-3.43 (m, 4H)3.56-3.62 (m, 4H) 
4.07 (t, J=6 Hz, 2H) 4.43 (t, J=5 Hz, 2H)4.88 (q, J=2 Hz, 
2H) 
1468 (c) 1-(2-Butynyl)-2-(piperazin-1-yl)-7,8-dihydro 
1H,6H-5-oxa-1 3,4,8a-tetraazacyclopentablnaphthalen-9- 
one hydrochloride 

1469 A mixture consisting of 3 mg of t-butyl 4-1-(2- 
butynyl)-9-oxo-1,7,8,9-tetraazacyclopentablnaphthalen-2- 
ylpiperazine-1-carboxylate and 0.5 ml of trifluoroacetic 
acid was Stirred at room temperature for 20 minutes. Then, 
the Solution was concentrated, and the residue was purified 
by reverse-phase column chromatography using 20% to 
50% methanol/water (0.1% concentrated hydrochloric acid) 
Solvent to give 2.1 mg of the title compound. 

1470) H-NMR(DMSO-d6) & 1.79 (s.3H) 2.08-2.16 (m, 
2H)3.27 (bris, 4H)3.44-3.54 (m, 4H)3.90 (t, J=6 Hz, 2H) 
4.38 (t, J=5 Hz, 2H) 4.94 (s, 2H) 9.02 (brs, 2H) 

Example 241 

1-(2-Butynyl)-2-(piperazin-1-yl)-6,7-dihydro-1H-5- 
Oxa-1,3,4,7a-tetraaza-S-indacen-8-one hydrochloride 

1471. In Example 240, the title compound was obtained 
by using 2-(2-bromoethoxy)tetrahydropyran, instead of 
2-(3-bromopropoxy)tetrahydropyran, according to the 
method described in Example 240. 

1472 H-NMR(DMSO-d6) & 1.80 (s.3H)3.27 (bris, 4H) 
4.19 (t, J=8 Hz, 2H)4.70 (t, J=8 Hz, 2H)4.94 (s, 2H) 9.06 
(bris, 2H) 

Example 242 

8-(3-amino piperidin-1-yl)-7-(2-butynyl)-1-(2-cy 
anobenzyl)-6-oxo-6,7-dihydro-1H-purine-2-carboni 

trile hydrochloride 

1473 (a) Benzyl 3-t-butoxycarbonylaminopiperidine-1- 
carboxylate 

1474) 88 g of benzyl chloroformate (30% toluene solu 
tion) was added dropwise to a mixture consisting of 24.3g 
of ethyl piperidine-3-carboxylate, 26 ml of triethylamine 
and 300 ml of ethyl acetate over 30 minutes while the 
mixture was being cooled with ice. The reaction mixture was 
filtered to remove insoluble material. The filtrate was again 
filtered through a Small amount of Silica gel. The filtrate was 
concentrated. 
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1475 200 ml of ethanol and 40 ml of a 5 M aqueous 
Sodium hydroxide solution were added to the residue. The 
mixture was stirred at room temperature overnight. The 
reaction Solution was concentrated, and 200 ml of water was 
added to the residue. The mixture was extracted with t-butyl 
methyl ether. 5 M aqueous hydrochloric acid was added to 
the aqueous layer, and the mixture was extracted with ethyl 
acetate. The organic layer was washed with water and then 
with Saturated brine. The organic layer was dried over 
anhydrous magnesium Sulfate, and then concentrated to give 
an oily residue (30.9 g). 
1476 A mixture consisting of 30 g of this residue, 24.5 
ml of diphenyl phosphoryl azide, 15.9 ml of triethylamine 
and 250 ml of t-butanol was stirred at room temperature for 
1.5 hours. The mixture was further stirred in an oil bath at 
100° C. for 20 hours. The reaction solution was concen 
trated, and the residue was extracted with ethyl acetate 
water. The organic layer was washed with dilute aqueous 
Sodium bicarbonate Solution and. then with Saturated brine. 
The organic layer was dried over anhydrous magnesium 
Sulfate, and then concentrated. The residue was purified by 
Silica gel column chromatography using 10% to 20% ethyl 
acetate/hexane, followed by recrystallization from ethyl 
acetate-hexane to give 21.4 g of the title compound. 

1477) H-NMR(CDC1) & 1.43 (s, 9H) 1.48-192 (m, 4H) 
3.20-3.80 (m, 5H)4.58 (bris, 1H) 5.13 (s, 2H) 7.26-7.40(m, 
5H) 
1478 (b) t-Butyl piperidin-3-ylcarbamate 
1479 A mixture consisting of 10 g of benzyl 3-t-butoxy 
carbonylaminopiperidine-1-carboxylate, 500 mg of 10% 
palladium carbon and 100 ml of ethanol was stirred at room 
temperature under a hydrogen atmosphere overnight. The 
catalyst was removed by filtration. The filtrate was concen 
trated and dried to give 6.0 g of the title compound. 

1480 H-NMR(CDC1,) 81.44 (s, 9H) 1.47-1.80 (m, 4H) 
2.45-2.60 (m, 1H)2.60-2.75 (m, 1H)2.75-290 (m, 1H)3.05 
(dd, J=3 Hz, 1.2 Hz, 1H) 3.57 (brs, 1H) 4.83 (bris, 1H) 
1481 (c) t-Butyl 1-7-(2-butynyl)-2,6-dichloro-7H-pu 
rin-8-yl)piperidin-3-ylcarbamate 
1482. A mixture consisting of 1.25 g of 7-(2-butynyl)-2, 
6.8-trichloro-7H-purine, 1.0 g of t-butyl piperidin-3-ylcar 
bamate and 10 ml of acetonitrile was stirred at room 
temperature for 10 minutes. 0.63 ml of triethylamine was 
added dropwise over 10 minutes, and then the mixture was 
continuously Stirred at room temperature for 30 minutes. 
The reaction Solution was partitioned between ethyl acetate 
and water, and the organic layer was washed with Saturated 
brine. The organic layer was dried over anhydrous magne 
sium Sulfate, and then concentrated. The residue was crys 
tallized with t-butyl methyl ether-hexane to give 1.79 g of 
the title compound. 

1483) H-NMR(CDC1) & 1.43 (s, 9H) 1.60-2.02 (m, 4H) 
1.83 (t, J=2 Hz, 3H) 3.32-3.41 (m, 1H) 3.42-3.52 (m, 1H) 
3.67-3.76 (m, 1H)3.80-3.91 (m, 1H) 4.76-4.90 (m, 3H) 
1484 (d) t-Butyl 1-7-(2-butynyl)-2-chloro-6-oxo-6,7- 
dihydro-1H-purin-8-ylpiperidin-3-yl)carbamate 

1485) A mixture consisting of 1.79g of t-butyl 1-7-(2- 
butynyl)-2,6-dichloro-7H-purin-8-ylpiperidin-3-ylcar 
bamate, 1.0 g of sodium acetate and 18 ml of dimethyl 
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Sulfoxide was stirred in an oil bath at 120° C. for three hours. 
The mixture was removed from the oil bath, and 18 ml of 
water was added to the reaction Solution. The mixture was 
cooled to room temperature. The crystals were collected by 
filtration, and washed with water and then with t-butyl 
methyl ether. The crystals were then dried to give 1.59 g of 
the title compound. 

1486) H-NMR(DMSO-d6) & 1.39 (s, 9H) 1.34-1.88 (m, 
4H) 1.78 (s, 3H)2.81 (t, J=11 Hz, 1H)2.95 (t, J=11 Hz, 1H) 
3.48-3.60 (m, 2H)3.64 (d, J=6 Hz, 1H)4.90 (s, 2H) 6.94 (d. 
J=8 Hz, 1H) 
1487 (e) t-Butyl 1-7-(2-butynyl)-2-chloro-1-(2-cy 
anobenzyl)-6-oxo-6,7-dihydro-1H-purin-8-yl)piperidin-3- 
yl)carbamate 
1488 A mixture consisting of 100 mg of t-butyl 1-7- 
(2-butynyl)-2-chloro-6-oxo-6,7-dihydro-1H-purin-8-ylpip 
eridin-3-ylcarbamate, 66 mg of anhydrous potassium car 
bonate, 70 mg of 2-cyanobenzyl bromide and 1 ml of 
N,N-dimethylformamide was stirred at room temperature 
for five hours. The reaction solution was partitioned between 
ethyl acetate and water, and the organic layer was washed 
with water and then with Saturated brine. The organic layer 
was dried over anhydrous magnesium Sulfate, and then 
concentrated. The residue was purified by Silica gel column 
chromatography using 50% ethyl acetate/hexane to give 
44.7 mg of the title compound. 

1489) H-NMR(CDC1) & 144 (s, 9H) 1.59-181 (m, 2H) 
1.83 (t, J=2 Hz, 3H) 1.86-1.94 (m, 2H)3.20-3.50 (m, 3H) 
3.66 (d, J-7 Hz, 1H)3.86 (bris, 1H) 488-5.06 (m,3H) 5.72 
(s, 2H) 7.06 (d, J=8 Hz, 1H) 7.38 (t, J=8 Hz, 1H) 7.51 (t, J=8 
Hz, 1H) 7.70 (d, J=8 Hz, 1H) 
1490 (f) t-Butyl 1-7-(2-butynyl)-2-cyano-1-(2-cy 
anobenzyl)-6-oxo-6,7-dihydro-1 purin-8-ylpiperidin-3-yl) 
carbamate 

1491) A mixture consisting of 15 mg of t-butyl 1-7-(2- 
butynyl)-2-chloro-1-(2-cyanobenzyl)-6-oxo-6,7-dihydro 
1H-purin-8-ylpiperidin-3-yl)carbamate, 20 mg of sodium 
cyanide and 0.2 ml of N,N-dimethylformamide was stirred 
at room temperature for three hours. The reaction Solution 
was partitioned between ethyl acetate and water, and the 
organic layer was washed with water and then with Saturated 
brine. Then, the organic layer was concentrated, and the 
residue was purified by thin layer chromatography using 
50% ethyl acetate/hexane solvent (developed three times) to 
give 10.3 mg of the title compound. 
1492 'H-NMR(CDC1) & 144 (s, 9H) 1.52-1.98 (m, 4H) 
1.81 (t, J-2 HZ3H)3.24 (dd, J-7 Hz, 12 Hz, 1H)3.30-3.40 
(m, 1H)3.46-3.56 (m, 1H), 3.72 (d, J=12 Hz, 1H)3.86 (brs, 
1H)4.86-5.10 (m,3H)5.73 (s, 2H) 7.00 (d, J=8 Hz, 1H) 7.42 
(t, J=8 Hz, 1H) 7.54 (dt, J=2 Hz, 8 Hz, 1H) 7.73 (dd, J=2 Hz, 
8 Hz, 1H) 
1493) (g) 8-(3-Aminopiperidin-1-yl)-7-(2-butynyl)-1-(2- 
cyanobenzyl)-6-oxo6,7-dihydro-1H-purine-2-carbonitrile 
hydrochloride 

1494. A mixture consisting of 10.3 mg of t-butyl 1-7- 
(2-butynyl)-2-cyano-1-(2-cyanobenzyl)-6-oxo-6,7-dihydro 
1H-purin-8-yl)piperidin-3-yl)carbamate and 0.2 ml of trif 
luoroacetic acid was stirred for 20 minutes. The reaction 
Solution was concentrated, and the residue was purified by 
reverse-phase column chromatography using 20% to 80% 
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was dissolved in 7.0 ml of dimethylsulfoxide, and then 114 
All of methyl iodide and 299 mg of potassium carbonate were 
added thereto. The mixture was stirred at room temperature 
for 30 minutes, and 40 ml of water was added to the reaction 
solution. The mixture was stirred at room temperature for 30 
minutes, and the white precipitate was collected by filtration. 
The resulting white solid was washed with water and then 
with hexane to give 540 mg of the title compound. 
1516) 'H-NMR(CDC13) & 144 (s, 9H) 1.72-194 (m, 4H) 
1.81 (t, J-24 Hz, 3H)3.16-3.92 (m, 5H)3.72 (s, 3H) 4.91 
(dd, J=17.6, 2.4 Hz, 1H) 5.01 (d, J=17.6 Hz, 1H) 
1517) (b) 2-8-(3-Aminopiperidin-1-yl)-7-(2-butynyl)-1- 
methyl-6-oxo-6,7-dihydro-1H-purin-2-yloxybenzamide tri 
fluoroacetate 

1518) 10 mg of t-butyl 1-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperidin-3-ylcar 
bamate was dissolved in 0.3 ml of 1-methyl-2-pyrrollidone, 
and then 10 mg of Salicylamide and 10 mg of potassium 
carbonate were added thereto. The mixture was stirred at 
100° C. for 2 hours. 1N hydrochloric acid was added to the 
reaction Solution, and the mixture was extracted with ethyl 
acetate. The organic layer was concentrated, and the residue 
was dissolved in trifluoroacetic acid. The Solution was 
concentrated, and the residue was purified by reverse-phase 
high performance liquid chromatography (using an acetoni 
trile-water mobile phase (containing 0.1% trifluoroacetic 
acid)) to give 5.54 mg of the title compound. 
1519 MS m/e (ESI) 436(MH–CFCOOH) 

Example 249 

8-(3-Aminopiperidin-1-yl)-7-(2-butynyl)-1-methyl 
6-oxo-6,7-dihydro-1H-purine-2-carbonitrile trifluo 

rOacetate 

1520 10 mg of t-butyl 1-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperidin-3-ylcar 
bamate dissolved in 0.3 ml of 1-methyl-2-pyrrolidone, and 
then 10 mg of sodium cyanide was added thereto. The 
mixture was stirred at 60° C. for 2 hours. 1N hydrochloric 
acid was added to the reaction Solution, and the mixture was 
extracted with ethyl acetate. The organic layer was concen 
trated, and the residue was dissolved in trifluoroacetic acid. 
The Solution was concentrated, and the residue was purified 
by reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 3.67 mg of the title compound. 
1521) MS m/e (ESI) 326(MH'-CFCOOH) 

Example 250 

8-(3-Aminopiperidin-1-yl)-2-t-butylsulfanyl-7-(2- 
butynyl)-1-methyl-1,7-dihydropurin-6-one trifluoro 

acetate 

1522) 10 mg of t-butyl 1-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-ylpiperidin-3-ylcar 
bamate was dissolved in 0.3 ml of 1-methyl-2-pyrrollidone, 
and then 10 mg of the sodium salt of 2-methyl-2-pro 
panethiol was added thereto. The mixture was stirred at 
room temperature for 2 hours. 1N hydrochloric acid was 
added to the reaction Solution, and the mixture was extracted 
with ethyl acetate. The organic layer was concentrated, and 
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the residue was dissolved in trifluoroacetic acid. The Solu 
tion was concentrated, and the residue was purified by 
reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 5.00 mg of the title compound. 
1523 MS m/e (ESI) 389(MH–CFCOOH) 

Example 251 
8-(3-Aminopiperidin-1-yl)-7-(2-butynyl)-2-meth 
oxy-1-methyl-1,7-dihydropurin-6-one trifluoroac 

etate 

1524) 10 mg of t-butyl 1-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperidin-3-ylcar 
bamate was dissolved in 0.6 ml of methanol, and then 8 mg 
of sodium hydride was added thereto. The mixture was 
stirred at room temperature for one hour. 1N hydrochloric 
acid was added to the reaction Solution, and the mixture was 
extracted with ethyl acetate. The organic layer was concen 
trated, and the residue was dissolved in trifluoroacetic acid. 
The Solution was concentrated, and the residue was purified 
by reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 2.14 mg of the title compound. 
1525 MS m/e (ESI) 331(MH–CFCOOH) 

Example 252 
8-(3-Aminopiperidin-1-yl)-7-(2-butynyl)-2-diethy 
lamino-1-methyl-1,7-dihydropurin-6-one trifluoro 

acetate 

1526 10 mg of t-butyl 1-7-(2-butynyl)-2-chloro-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-8-yl)piperidin-3-ylcar 
bamate was dissolved in 0.3 ml of 1-methyl-2-pyrrollidone, 
and then 50 ul of diethylamine was added thereto. The 
mixture was stirred at 60° C. for 4 hours. 1N hydrochloric 
acid was added to the reaction Solution, and the mixture was 
extracted with ethyl acetate. The organic layer was concen 
trated, and the resulting residue was dissolved in trifluoro 
acetic acid. The Solution was concentrated, and the residue 
was purified by reverse-phase high performance liquid chro 
matography (using an acetonitrile-water mobile phase (con 
taining 0.1% trifluoroacetic acid)) to give 2.17 mg of the title 
compound. 

1527. MS m/e (ESI) 372(MH-CFCOOH) 
Example 253 

8-(3-Aminopiperidin-1-yl)-7-(2-butynyl)-1-methyl 
2-(pyrrolidin-1-yl)-1,7-dihydropurin-6-one trifluoro 

aceate 

1528 1.94 mg of the title compound was obtained by 
using pyrrolidine, instead of diethylamine, according to the 
method described in Example 252. 
1529 MS m/e (ESI) 370(MH'-CFCOOH) 

Example 254 
8-(3-Methylaminopiperidin-1-yl)-7-(2-butynyl)-1- 
methyl-6-oxo-6,7-dihydro-1H-purine-2-carbonitrile 

hydrochloride 
1530 (a) t-Butyl N-methyl-N-(piperidin-3-yl)carbamate 
1531 0.4 g of sodium hydride (60%; in oil) was added to 
a mixture consisting of 3.3 g of benzyl 3-t-butoxycarbony 
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laminopiperidine-1-carboxylate, 0.75 ml of methyl iodide 
and 20 ml of N,N-dimethylformamide in a water bath at 
room temperature. The mixture was stirred at room tem 
perature for 4 hours. The reaction Solution was partitioned 
between ethyl acetate and water, and the organic layer was 
washed with water and then with Saturated brine. The 
organic layer was dried over anhydrous magnesium Sulfate, 
and then concentrated. The residue was purified by Silica gel 
column chromatography using 10% to 20% ethyl acetate/ 
hexane to give an oily material (3.04 g). This whole 
ammount was combined with 20 ml of ethanol and 10% 
palladium carbon. This mixture was stirred at room tem 
perature under a hydrogen atmosphere for five hours. After 
the catalyst was removed by filtration, the filtrate was 
concentrated to give 1.82 g of the title compound. 

1532 'H-NMR(CDC1,) & 1.46 (s, 9H) 1.48-1.64 (m, 2H) 
1.72-1.84 (m, 2H)2.43 (dt, J=3 Hz, 12 Hz, 1H)2.60 (t, J=12 
Hz, 1H) 2.75 (s, 3H) 2.74-3.02 (m, 2H)3.86 (bris, 1H) 
1533) (b) t-Butyl N-1-7-(2-butynyl)-2,6-dichloro-7H 
purin-8-ylpiperidin-3-yl)-N-methylcarbamate 

1534) The title compound was synthesized by using 7-(2- 
butynyl)-2,6,8-trichloro-7H-purine and t-butyl piperidin-3- 
ylcarbamate according to the method described in Example 
242 (c). 
1535 H-NMR(CDC1) & 1.48 (s, 9H) 1.70-2.02 (m, 7H) 
2.83 (s, 3H) 3.00 (t, J=12 Hz, 1H) 3.14 (t, J=12 Hz, 1H) 
3.96-4.25 (m, 3H) 4.80 (s, 2H) 
1536) (c) t-Butyl N-1-7-(2-butynyl)-2-chloro-1-methyl 
6-oxo-6,7-dihydro-1H-purin-8-ylpiperidin-3-yl)-N-meth 
ylcarbamate 

1537. A mixture consisting of 580 mg of t-butyl N-1- 
7-(2-butynyl)-2,6-dichloro-7H-purin-8-ylpiperidin-3-yl)- 
N-methylcarbamate, 315 mg of sodium acetate and 6 ml of 
dimethylsulfoxide was stirred in an oil bath at 120° C. for 7 
hours. The reaction Solution was partitioned between ethyl 
acetate and water, and the organic layer was washed with 
water and then with Saturated brine. The organic layer was 
dried over anhydrous magnesium Sulfate, was filtered 
through a Small amount of Silica gel. The filtrate was 
concentrated, and the residue was crystallized with ethyl 
acetate-hexane to give 420 mg of t-butyl N-1-7-(2-buty 
nyl)-2-chloro-6-oxo-6,7-dihydro-1H-purin-8-ylpiperidin 
3-yl)-N-methylcarbamate. A mixture consisting of an 100 
mg aliquot of the compound obtained above, 0.17 ml of 
methyl iodide, 48 mg of anhydrous potassium carbonate and 
0.5 ml of N,N-dimethylformamide was stirred at room 
temperature for 4 hours. The reaction Solution was parti 
tioned between ethyl acetate and water, and the organic layer 
was washed with water and then with Saturated brine. Then, 
the organic layer was concentrated, and the residue was 
purified by Silica gel column chromatography using 50% 
ethyl acetate/hexane to give 104 mg of the title compound. 

1538 H-NMR(CDC1,) & 1.47 (s, 9H) 1.62-1.74 (m, 1H) 
1.81 (t, J=2 Hz, 3H) 1.82-1.96 (m, 3H) 2.82 (s, 3H) 2.86 (t, 
J=12 Hz, 1H)3.02 (t, J=12 Hz, 1H)3.68-3.82 (m, 2H)3.72 
(s, 3H)4.20 (br. S, 1H)4.90 (s, 2H) 
1539 (d) 7-(2-Butynyl)-1-methyl-8-(3-methylaminopip 
eridin-1-yl)-6-oxo-6,7-dihydro-1H-purine-2-carbonitrile 
hydrochloride 
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1540. The title compound was synthesized by using t-bu 
tyl N-1-7-(2-butynyl)-2-chloro-1-methyl-6-oxo-6,7-dihy 
dro-1H-purin-8-yl)piperidin-3-yl)-N-methylcarbamate 
according to the method described in Example 242 (f) and 
(g). 
1541 H-NMR(DMSO-d6) & 1.60- 1.77 (m, 2H) 1.81 (s, 
3H) 1.84-2.00 (m, 1H) 2.02-2.12 (m, 1H) 2.60 (t, J=5 Hz, 
3H)3.17-3.40 (m,3H)3.46-3.56 (m, 1H)3.79 (d, J=12 Hz, 
1H) 5.00-5.15 (m, 2H) 9.01 (bris, 2H) 

Example 255 

2-7-(2-Butynyl)-1-methyl-8-(3-methylaminopiperi 
din-1-yl)-6-oxo6,7-dihydro-1H-purin-2-yloxyben 

Zamide hydrochloride 
1542. A mixture consisting of 20 mg of t-butyl N-1-7- 
(2-butynyl)-2-chloro-1-methyl-6-oxo-6,7-dihydro-1H-pu 
rin-8-yl)piperidin-3-yl)-N-methylcarbamate, 20 mg of 2-hy 
droxybenzamide, 20 mg of anhydrous potassium carbonate, 
and 0.3 ml of N-methyl-2-pyrrolidone was stirred in an oil 
bath at 80° C. for 4 hours. Subsequent synthesis steps were 
carried out according to the Same procedure as used in 
Examples 242(f) and (g) to give the title compound. 
1543) H-NMR(DMSO-d6) & 1.69 (bris, 2H) 1.82 (s.3H) 
1.92 (bris, 1H)2.07 (bris, 1H)2.62 (s.3H)3.10-3.40 (m, 4H) 
3.48 (s, 3H) 3.76 (bris, 1H) 5.02 (brs, 2H) 6.96 (bris, 2H) 
7.44 (brs, 1H) 7.91 (brs, 1H) 8.81 (bris, 2H) 

Example 256 

8-(3-Aminopyrrolidin-1-yl)-7-(2-butynyl)-1-methyl 
6-oxo-6,7-dihydro-1H-purine-2-carbonitrile hydro 

chloride 

1544. In Example 254, the title compound was synthe 
sized by using t-butyl pyrrolidin-3-ylcarbamate, instead of 
t-butyl N-methyl-N-(piperidin-3-yl)carbamate, according to 
the method described in Examples 254(b), (c), and (d). 
1545) H-NMR(DMSO-d6) & 1.81 (s.3H)2.13 (bris, 1H) 
2.32 (bris, 1H)3.64 (s, 3H)3.74-3.86 (m, 2H)3.93 (bris, 3H) 
5.19 (d, J=18 Hz, 1H) 5.28 (d, J=18 Hz, 1H) 8.32 (brs, 3H) 

Example 257 

2-8-(3-Aminopyrrolidin-1-yl)-7-(2-butynyl)-1-me 
thyl-6-oxo-6,7-dihydro-1H-purin-2-yloxybenza 

mide hydrochloride 
1546. The title compound was synthesized by using 2-hy 
droxybenzamide according to the method described in 
Examples 255 and 256. 
1547 'H-NMR(DMSO-d6) & 1.82 (s, 3H)2.11 (bris, 1H) 
2.32 (bris, 1H)3.46 (s, 3H)3.72-4.00 (m, 5H) 5.15 (d, J=19 
Hz, 1H).5.23 (d, J=19 Hz, 1H) 6.90-7.02 (m, 2H) 7.42-7.50 
(m, 1H) 7.90-799 (m, 1H) 8.22 (bris, 3H) 

Example 258 

3-(2-Butynyl)-2-(piperazin-1-yl)-5-(2-propynyl)-3,5- 
dihydroimidazo[4,5-dipyridaZin-4-one trifluoroac 

etate 

1548 (a) t-Butyl 4-1-(2-butynyl)-7-oxo-6,7-dihydro 
1H-imidazo 4,5-dpyridazin-2-ylpiperazine-1-carboxylate 
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1549 0.299 g of triethylamine, 0.023 g of 4-dimethy 
laminopyridine and 0.645 g of di-t-butyl dicarbonate were 
added to 20 ml of an N,N-dimethylformamide solution of 
0.448g of 3-(2-butynyl)-2-(piperazin-1-yl)-3,5-dihydroimi 
dazo 4,5-dpyridazin-4-one trifluoroacetate at room tem 
perature, and the mixture was stirred for five hours. Then, 2 
ml of a 5N aqueous sodium hydroxide solution was added to 
this solution, and the mixture was stirred for one hour. The 
reaction solution was poured into a mixture of 200 ml of 
ethyl acetate and 100 ml of a Saturated aqueous ammonium 
chloride Solution. The organic layer was washed twice with 
100 ml of water and then with 100 ml of a Saturated Sodium 
chloride Solution. The organic liquid was dried over mag 
nesium Sulfate, and concentrated under reduced pressure. 
The residue was purified by Silica gel column chromatog 
raphy. Thus, 0.298 g of the title compound was obtained 
from the fraction eluted with ethyl acetate. 
1550) 'H-NMR(CDC1) & 1.50 (s, 9H) 1.84 (t, J=2.3 Hz, 
3H)3.41 (m, 4H)3.63 (m, 4H) 5.06 (q, J=2.3 Hz, 2H) 8.17 
(s, 1H) 9.92 (bris, 1H) 
1551 (b) 3-(2-Butynyl)-2-(piperazin-1-yl)-5-(2-propy 
nyl)-3,5-dihydroimidazo[4,5-dipyridazin-4-one trifluoroac 
etate 

1552 0.005 g of potassium carbonate and 0.003 ml of 
3-bromo-1-propyne were added to 0.5 ml of an N,N-dim 
ethylformamide solution of 0.010 g of t-butyl 4-1-(2- 
butynyl)-7-oxo-6,7-dihydro-1H-imidazo4.5-dpyridazin-2- 
ylpiperazine-1-carboxylate, and the mixture was stirred at 
room temperature for 10 hours. 1 ml of ethyl acetate and 1 
ml of water were added to the reaction Solution, and the 
layers were separated. The organic layer was concentrated, 
and the resulting residue was dissolved in a mixture con 
sisting of 0.5 ml of dichloromethane and 0.5 ml of trifluo 
roacetic acid. The mixture was stirred for 1 hour, and then 
concentrated. The residue was purified by reverse-phase 
high performance liquid chromatography (using an acetoni 
trile-water mobile phase (containing 0.1% trifluoroacetic 
acid)) to give 0.011 g of the title compound. 
1553) MS m/e (ESI) 311.29(MH"-CFCOOH) 

Example 259 

3-(2-Butynyl)-4-oxo-2-(piperazin-1-yl)-3,4-dihy 
droimidazo[4,5-dipyridazin-5-yl)acetonitrile trifluo 

rOacetate 

1554. The title compound was obtained by using t-butyl 
4-1-(2-butynyl)-7-oxo-6,7-dihydro-1H-imidazo 4.5-dpy 
ridazin-2-ylpiperazine-1-carboxylate and bromoacetonitrile 
according to the method described in Example 258(b). 
1555 MS m/e (ESI) 312.28(MH–CFCOOH) 

Example 260 

3-(2-Butynyl)-5-(2-hydroxyethyl)-2-(piperazin-1- 
yl)-3,5-dihydroimidazo[4,5-dipyridazin-4-one trif 

luoroacetate 

1556. The title compound was obtained by using t-butyl 
4-1-(2-butynyl)-7-oxo-6,7-dihydro-1H-imidazo 4.5-dpy 
ridazin-2-ylpiperazine-1-carboxylate and 2-bromoethanol 
according to the method described in Example 258(b). 
1557 MS m/e (ESI) 317.30(MH-CFCOOH) 
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Example 261 

3-(2-Butynyl)-5-(2-methoxyethyl)-2-(piperazin-1- 
yl)-3,5-dihydroimidazo[4,5-dipyridazin-4-one trif 

luoroacetate 

1558. The title compound was obtained by using t-butyl 
4-1-(2-butynyl)-7-oxo-6,7-dihydro-1H-imidazo 4,5-dpy 
ridazin-2-ylpiperazine-1-carboxylate and bromoethyl 
methyl ether according to the method described in Example 
258(b). 
1559) MS m/e (ESI) 331.32(MH-CF,COOH) 

Example 262 

Ethyl 3-(2-butynyl)-4-oxo-2-(piperazin-1-yl)-3,4- 
dihydroimidazo[4,5-dpyridazin-5-yl)acetate trifluo 

rOacetate 

1560. The title compound was obtained by using t-butyl 
4-1-(2-butynyl)-7-oxo-6,7-dihydro-1H-imidazo 4,5-dpy 
ridazin-2-ylpiperazine-1-carboxylate and ethyl bromoac 
etate according to the method described in Example 258(b). 
1561) MS m/e (ESI) 359.13(MH'-CFCOOH) 

Example 263 

3-(2-Butynyl)-5-(2-phenylethyl)-2-(piperazin-1-yl)- 
3,5-dihydroimidazo 4,5-dipyridazin-4-one trifluoro 

acetate 

1562. The title compound was obtained by using t-butyl 
4-1-(2-butynyl)-7-oxo-6,7-dihydro-1H-imidazo 4,5-dpy 
ridazin-2-ylpiperazine-1-carboxylate and (2-bromoethyl 
)benzene according to the method described in Example 
258(b). 
1563) MS m/e (ESI) 377.34(MH'-CFCOOH) 

Example 264 

3-(2-Butynyl)-5-(2-phenoxyethyl)-2-(piperazin-1- 
yl)-3,5-dihydroimidazo[4,5-dipyridazin-4-one trif 

luoroacetate 

1564. The title compound was obtained by using t-butyl 
4-1-(2-butynyl)-7-oxo-6,7-dihydro-1H-imidazo 4,5-dpy 
ridazin-2-ylpiperazine-1-carboxylate and 2-bromoethyl 
phenyl ether according to the method described in Example 
258(b). 
1565) MS m/e (ESI) 393.32(MH'-CFCOOH) 

Example 265 

3-(2-Butynyl)-5-(2-oxo-2-phenylethyl)-2-(piperazin 
1-yl)-3,5-dihydroimidazo[4,5-dipyridazin-4-one trif 

luoroacetate 

1566. The title compound was obtained by using t-butyl 
4-1-(2-butynyl)-7-oxo-6,7-dihydro-1H-imidazo 4,5-dpy 
ridazin-2-ylpiperazine-1-carboxylate and 2-bromoac 
etophenone according to the method described in Example 
258(b). 
1567 MS m/e (ESI) 391.32(MH'-CFCOOH) 
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ridazin-2-ylpiperazine-1-carboxylate and 2-bromomethyl 
5-fluorobenzonitrile according to the method described in 
Example 258(b). 

1628 MS m/e (ESI) 406.16(MH–CFCOOH) 

Example 296 

4-3-(2-Butynyl)-4-oxo-2-(piperazin-1-yl)-3,4-dihy 
droimidazo[4,5-dipyridazin-5-ylmethyl-3-fluo 

robenzonitrile trifluoroacetate 

1629. The title compound was obtained by using t-butyl 
4-1-(2-butynyl)-7-oxo-6,7-dihydro-1H-imidazo 4.5-dpy 
ridazin-2-ylpiperazine-1-carboxylate and 4-bromomethyl 
3-fluorobenzonitrile according to the method described in 
Example 258(b). 

1630 MS m/e (ESI) 406.23(MH'-CFCOOH) 

Example 297 

2-3-(2-Butynyl)-4-oxo-2-(piperazin-1-yl)-3,4-dihy 
droimidazo[4,5-dipyridazin-5-ylmethyl-3-fluo 

robenzonitrile trifluoroacetate 

1631. The title compound was obtained by using t-butyl 
4-1-(2-butynyl)-7-oxo-6,7-dihydro-1H-imidazo 4.5-dpy 
ridazin-2-ylpiperazine-1-carboxylate and 2-bromomethyl 
3-fluorobenzonitrile according to the method described in 
Example 258(b). 

1632 MS m/e (ESI) 406.25(MH'-CFCOOH) 

Example 298 

3-(2-Butynyl)-5-(isoquinolin-1-ylmethyl)-2-(piper 
azin-1-yl)-3,5-dihydroimidazo4,5-dipyridazin-4-one 

trifluoroacetate 

1633. The title compound was obtained by using t-butyl 
4-1-(2-butynyl)-7-oxo-6,7-dihydro-1H-imidazo 4.5-dpy 
ridazin-2-ylpiperazine-1-carboxylate and 1-bromomethyl 
isoquinoline according to the method described in Example 
258(b). 
1634) H-NMR(CDC1,) & 1.80 (t, J-24 Hz, 3H)3.46 (m, 
4H)3.68 (m, 4H) 5.17 (q, J=2.4 Hz, 2H) 6.22 (s, 2H) 7.94 
(dd, J=8.2, 8.0 Hz, 1H)8.08 (t, J=8.2 Hz, 1H) 8.21 (d, J=8.0 
HZ, 1H)8.24 (d, J=6.4 Hz, 1) 8.27 (s, 1H)8.46 (d, J=6.4 Hz, 
1H) 8.68 (d, J=8.2 Hz, 1H) 
1635 MS m/e (ESI) 414.32(MH–CFCOOH) 

Example 299 

3-(2-Butynyl)-5-(2-fluoropyridin-3-ylmethyl)-2- 
(piperazin-1-yl)-3,5-dihydroimidazo4,5-dpy 

ridaZin-4-one trifluoroacetate 

1636. The title compound was obtained by using t-butyl 
4-1-(2-butynyl)-7-oxo-6,7-dihydro-1H-imidazo 4.5-dpy 
ridazin-2-ylpiperazine-1-carboxylate and 3-(bromom 
ethyl)-2-fluoropyridine hydrochloride according to the 
method described in Example 258(b). 

1637 MS m/e (ESI) 384.22(MH'-CFCOOH) 
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Example 300 

3-(2-Butynyl)-5-(2-fluoropyridin-4-ylmethyl)-2- 
(piperazin-1-yl)-3,5-dihydroimidazo4,5-dpy 

ridaZin-4-one trifluoroacetate 

1638. The title compound was obtained by using t-butyl 
4-1-(2-butynyl)-7-oxo-6,7-dihydro-1H-imidazo 4,5-dpy 
ridazin-2-ylpiperazine-1-carboxylate and 4-(bromom 
ethyl)-2-fluoropyridine hydrochloride according to the 
method described in Example 258(b). 

1639. MS m/e (ESI) 384.20(MH'-CFCOOH) 

Example 301 

3-(2-Butynyl)-5-(6-fluoropyridin-2-ylmethyl)-2- 
(piperazin-1-yl)-3,5-dihydroimidazo4,5-dpy 

ridaZin-4-one trifluoroacetate 

1640. The title compound was obtained by using t-butyl 
4-1-(2-butynyl)-7-oxo-6,7-dihydro-1H-imidazo 4,5-dpy 
ridazin-2-ylpiperazine-1-carboxylate and 2-(bromom 
ethyl)-6-fluoropyridine hydrochloride according to the 
method described in Example 258(b). 

1641) MS m/e (ESI) 384.22(MH–CFCOOH) 

Example 302 

2-3-(2-Butynyl)-4-oxo-2-(piperazin-1-yl)-3,4-dihy 
droimidazo[4,5-dipyridazin-5-ylmethylbenzamide 

trifluoroacetate 

1642 0.005 g of potassium carbonate and 0.007 g of 
2-bromomethylbenzonitrile were added to a 0.5 ml N,N- 
dimethylformamide solution containing 0.010 g of t-butyl 
4-1-(2-butynyl)-7-oxo-6,7-dihydro-1H-imidazo 4,5-dpy 
ridazin-2-ylpiperazine-1-carboxylate, and the mixture was 
stirred at room temperature for 20 hours. 1 ml of ethyl 
acetate and 1 ml of water were added to the reaction 
Solution, and the layers were separated. The organic layer 
was concentrated, and the residue was dissolved in 1.0 ml of 
methanol. 0.2 ml of aqueous ammonia Solution and 0.2 ml 
of 31% acqueous hydrogen peroxide were added to the 
Solution, and the mixture was stirred at 5 C. for 20 hours. 
1 ml of ethyl acetate and 1 ml of water were added to the 
reaction Solution, and the layers were Separated. The organic 
layer was concentrated, and the resulting residue was dis 
solved in a mixture consisting of 0.5 ml of dichloromethane 
and 0.5 ml of trifluoroacetic acid. The mixture was stirred 
for 1 hour, and then concentrated. The residue was purified 
by reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 0.009 g the title compound. 

1643) MS m/e (ESI) 406.28(MH'-CFCOOH) 

Example 303 

3-3-(2-Butynyl)-4-oxo-2-(piperazin-1-yl)-3,4-dihy 
droimidazo[4,5-dipyridazin-5-ylmethylbenzamide 

trifluoroacetate 

1644. The title compound was obtained by using t-butyl 
4-1-(2-butynyl)-7-oxo-6,7-dihydro-1H-imidazo 4,5-dpy 



US 2004/0116328A1 

ridazin-2-ylpiperazine-1-carboxylate and 3-bromomethyl 
benzonitrile according to the method described in Example 
3O2. 

1645 MS m/e (ESI) 406.30(MH–CFCOOH) 
Example 304 

4-3-(2-Butynyl)-4-oxo-2-(piperazin-1-yl)-3,4-dihy 
droimidazo[4,5-dpyridazin-5-ylmethylbenzamide 

trifluoroacetate 

1646 The title compound was obtained by using t-butyl 
4-1-(2-butynyl)-7-oxo-6,7-dihydro-1H-imidazo 4.5-dpy 
ridazin-2-ylpiperazine-1-carboxylate and 4-bromomethyl 
benzonitrile according to the method described in Example 
3O2. 

1647. MS m/e (ESI) 406.31(MH'-CFCOOH) 
Example 305 

3-3-(2-Butynyl)-4-oxo-2-(piperazin-1-yl)-3,4-dihy 
droimidazo[4,5-dipyridazin-5-ylmethylbenzoic acid 

trifluoroacetate 

1648 0.005 g of potassium carbonate and 0.008 g of 
methyl 3-(bromomethyl)benzoate were added to a 0.5 ml 
N,N-dimethylformamide solution of 0.010 g of t-butyl 4-1- 
(2-butynyl)-7-oxo-6,7-dihydro-1H-imidazo[4,5-dipy 
ridazin-2-ylpiperazine-1-carboxylate, and the mixture was 
stirred at room temperature for 20 hours. 1 ml of ethyl 
acetate and 1 ml of water were added to the reaction mixture, 
and the layers were separated. The organic layer was con 
centrated, and the residue was dissolved in 1.0 ml of 
methanol. 0.1 ml of a 5N aqueous sodium hydroxide solu 
tion was added to this Solution, and the mixture was Stirred 
at room temperature for 20 hours. 1 ml of ethyl acetate and 
1 ml of water were added to the reaction Solution. The 
Solution was acidified using concentrated hydrochloric acid, 
and the layers were separated. The organic layer was con 
centrated, and the residue was dissolved in a mixture con 
sisting of 0.5 ml of dichloromethane and 0.5 ml of trifluo 
roacetic acid. The mixture was stirred for one hour and then 
concentrated. The residue was purified by reverse-phase 
high performance liquid chromatography (using an acetoni 
trile-water mobile phase (containing 0.1% trifluoroacetic 
acid)) to give 0.008 g of the title compound. 
1649) MS m/e (ESI) 407.29(MH–CFCOOH) 

Example 306 
4-3-(2-Butynyl)-4-oxo-2-(piperazin-1-yl)-3,4-dihy 
droimidazo[4,5-dipyridazin-5-ylmethylbenzoic acid 

trifluoroacetate 

1650. The title compound was obtained by using t-butyl 
4-1-(2-butynyl)-7-oxo-6,7-dihydro-1H-imidazo 4.5-dpy 
ridazin-2-ylpiperazine-1-carboxylate and methyl 4-(bro 
momethyl)benzoate according to the method described in 
Example 305. 

1651 MS m/e (ESI) 407.30(MH–CFCOOH) 
Example 307 

5-3-(2-Butynyl)-4-oxo-2-(piperazin-1-yl)-3,4-dihy 
droimidazo[4,5-dipyridazin-5-ylmethylfuran-2- 

carboxylic acid trifluoroacetate 
1652 The title compound was obtained by using t-butyl 
4-1-(2-butynyl)-7-oxo-6,7-dihydro-1H-imidazo 4.5-dpy 
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ridazin-2-ylpiperazine-1-carboxylate and ethyl 5-(bromom 
ethyl)furan-2-carboxylate according to the method 
described in Example 305. 
1653) MS m/e (ESI) 397.28(MH–CFCOOH) 

Example 308 
3-Benzyl-2-(piperazin-1-yl)-3,5-dihydroimidazo[4,5- 

dpyridazin-4-one trifluoroacetate 
1654 (a) t-Butyl 4-(1-benzyl-6-benzyloxymethyl-7-oxo 
6,7-dihydro-1H-imidazo[4,5-dipyridazin-2-yl)piperazine-1- 
carboxylate 
1655. The title compound was obtained by using t-butyl 
4-(6-benzyloxymethyl-7-oxo-6,7-dihydro-1H-imidazo[4,5- 
dpyridazin-2-yl)piperazine-1-carboxylate and benzyl bro 
mide according to the method described in Example 116(d). 
1656) H-NMR(CDC1,) & 1.48 (s, 9H)3.13-3.18 (m, 4H) 
3.50-3.54 (m, 4H) 4.72 (s, 2H) 5.61 (s, 2H) 5.65 (s, 2H) 
7.20-7.35(m, 10H) 8.22 (s, 1H) 
1657 (b) 3-Benzyl-2-(piperazin-1-yl)-3,5-dihydroimi 
dazo 4,5-dipyridazin-4-one trifluoroacetate 
1658. The title compound was obtained by treating t-bu 
tyl 4-(1-benzyl-6-benzyloxymethyl-7-oxo-6,7-dihydro-1H 
imidazo 4,5-dipyridazin-2-yl)piperazine-1-carboxylate 
according to the method described in Example 117. 
1659 'H-NMR(CDOD) & 3.31-3.37 (m, 4H)3.40-3.46 
(m, 4H) 5.68 (s, 2H) 722-7.36(m, 5H)8.25 (s, 1H) 
1660 MS m/e (ESI) 311.24(MH"-CF,COOH) 

Example 309 
3-Benzyl-5-methyl-2-(piperazin-1-yl)-3,5-dihy 

droimidazo4,5-dpyridazin-4-one trifluoroacetate 
1661 (a) t-Butyl 4-(1-benzyl-7-oxo-6,7-dihydro-1H-imi 
dazo 4,5-dipyridazin-2-yl)piperazine-1-carboxylate 
1662. The title compound was obtained by using 3-ben 
Zyl-2-(piperazin-1-yl)-3,5-dihydroimidazo 4,5-d 
pyridaZin-4-one trifluoroacetate according to the method 
described in Example 258(a). 
1663) H-NMR(CDC1,) & 1.47 (s, 9H)3.12-3.16 (m, 4H) 
3.47-3.52 (m, 4H) 5.58 (s, 2H) 720-7.34(m, 5H) 8.20 (s, 
1H) 10.04 (bris, 1H) 
1664 (b) 3-Benzyl-5-methyl-2-(piperazin-1-yl)-3,5-di 
hydroimidazo 4,5-dpyridazin-4-one trifluoroacetate 
1665. The title compound was obtained by using t-butyl 
4-(1-benzyl-7-oxo-6,7-dihydro-1H-imidazo[4,5-dipy 
ridazin-2-yl)piperazine-1-carboxylate and methyl iodide 
according to the method described in Example 258(b). 
1666 'H-NMR(CDOD) & 3.29-3.35 (m, 4H)3.36-3.41 
(m, 4H)3.83 (s, 3H) 5.68 (s, 2H) 7.21-7.34(m, 5H) 8.20 (s, 
1H) 
1667 MS m/e (ESI) 325.01(MH–CFCOOH) 

Example 310 
3-Benzyl-5-(2-oxo-2-phenylethyl)-2-(piperazin-1- 
yl)-3,5-dihydroimidazo[4,5-dipyridazin-4-one trif 

luoroacetate 

1668. The title compound was obtained by using t-butyl 
4-1-benzyl-7-oxo-6,7-dihydro-1H-imidazo[4,5-dipy 
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Example 330 

2-3-(2-Butynyl)-4-oxo-7-phenyl-2-(piperazin-1-yl)- 
3,4-dihydroimidazo[4,5-dpyridazin-5-ylmethyl 

benzonitrile trifluoroacetate 

1738. The title compound was obtained by using t-butyl 
4-1-(2-butynyl)-7-oxo-4-phenyl-6,7-dihydro-1H-imidazo 
4,5-dpyridazin-2-ylpiperazine-1-carboxylate and 2-bro 
momethylbenzonitrile according to the method described in 
Example 258(b). 
1739 MS m/e (ESI) 464.33(MH'-CFCOOH) 

Example 331 

3-(2-Butynyl)-5-methyl-2-(piperazin-1-yl)-7-trifluo 
romethyl-3,5-dihydroimidazo[4,5-dipyridazin-4-one 

trifluoroacetate 

1740 (a) t-Butyl 4-1-(2-butynyl)-5-ethoxycarbonyl-4- 
(2,2,2-trifluoro-1-hydroxyethyl)-1H-imidazol-2-yl)pipera 
Zine-1-carboxylate 
1741 0.065 g of zinc and a 2 ml N,N-dimethylformamide 
solution of 0.200 g of trifluoromethyl iodide were added to 
a 3 ml N,N-dimethylformamide solution of 0.155 g of 
t-butyl 4-1-(2-butynyl)-5-ethoxycarbonyl-4-formyl-1H 
imidazol-2-ylpiperazine-1-carboxylate under a nitrogen 
atmosphere, and the mixture was stirred under Sonication for 
30 minutes. 30 ml of ethyl acetate and 30 ml of a 5% 
ammmonium chloride Solution were added to the mixture. 
The organic layer was washed twice with 20 ml of water and 
then with 20 ml of a Saturated Sodium chloride Solution, and 
dried over magnesium Sulfate. The organic liquid was con 
centrated under reduced preSSure. The residue was purified 
by Silica gel column chromatography. Thus, 0.013 g of the 
title compound was obtained from the fraction eluted with 
ethyl acetate-hexane (1:9). 
1742) 'H-NMR(CDC1) & 1.39 (t, J=6.9 Hz, 3H) 1.48 (s, 
9H) 1.83 (t, J-2.4 Hz, 3H)3.15-3.26 (m, 4H)3.55-3.60 (m, 
4H)4.34 (qq, J=10.2, 6.9 Hz, 2H) 453-4.64 (bris, 1H)4.83 
(qq, J=17.6, 2.4 Hz, 2H) 5.39-5.47 (bris, 1H) 
1743 (b) 3-(2-Butynyl)-5-methyl-2-(piperazin-1-yl)-7- 
trifluoromethyl-3,5-dihydroimidazo 4,5-dipyridazin-4-one 
trifluoroacetate 

1744 0.060 g of Dess-Martin reagent was added to a 4 ml 
dichloromethane solution of 0.013 g of t-butyl 4-1-(2- 
butynyl)-5-ethoxycarbonyl-4-(2,2,2-trifluoro-1-hydroxy 
ethyl)-1H-imidazol-2-ylpiperazine-1-carboxylate, and the 
mixture was stirred at room temperature for 15 hours. 5 ml 
of dichloromethane, 10 ml of a Saturated aqueous Sodium 
bicarbonate solution and 0.100 g of sodium hydrogen sulfite 
were added to the Solution. The organic layer was dried over 
magnesium Sulfate, and concentrated under reduced pres 
Sure. The residue was dissolved in 4 ml of ethanol, and 0.2 
ml of methylhydrazine was added to the solution. The 
mixture was heated at 110° C. for 20 hours. The solvent was 
concentrated under reduced pressure. The residue was dis 
Solved in 0.5 ml of dichloromethane, and 0.5 ml of trifluo 
roacetic acid was added thereto. The Solvent was concen 
trated under reduced pressure. The residue was purified by 
reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase (containing 0.1% 
trifluoroacetic acid)) to give 0.008 g of the title compound. 
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1745) H-NMR(CDOD) & 1.83 (t, J=2.3 Hz, 3H)3.45 
3.49 (m, 4H)3.71-3.75 (m, 4H)3.87 (s, 3H) 5.18 (q, J=2.3 
Hz, 2H) 
1746) MS m/e (ESI) 355.16(MH–CFCOOH) 

Example 332 

1-(2-Butynyl)-6-methyl-7-oxo-2-(piperazin-1-yl)-6, 
7-dihydroimidazo 4,5-d pyridazine-4-carboxamide 

trifluoroacetate 

1747 (a) t-Butyl 4-1-(2-butynyl)-4-(cyano-hydroxym 
ethyl)-5-methoxycarbonyl-1H-imidazol-2-yl)piperazine-1- 
carboxylate 

1748 0.200 g of sodium cyanide and 0.010 ml of acetic 
acid were added to a 15 ml acetonitrile solution of t-butyl 
4-1-(2-butynyl)-5-methoxycarbonyl-4-formyl-1H-imida 
Zol-2-yl)piperazine-1-carboxylate, and the mixture was 
stirred at room temperature for 16 hours. 100 ml of ethyl 
acetate was added to the Solution, and the mixture was 
washed twice with 50 ml of water and then with 50 ml of a 
Saturated Sodium chloride Solution. The organic layer was 
dried over magnesium Sulfate, and the Solvent was concen 
trated under reduced pressure. The residue was purified by 
Silica gel column chromatography. Thus, 0.274 g of the title 
compound was obtained from the fraction eluted with ethyl 
acetate-hexane (2:3). 
1749 H-NMR(CDC1) & 1.49 (s.9H) 1.83 (t, J-2.5 Hz, 
3H)3.19-3.23 (m, 4H)3.56-3.60 (m, 4H)3.95 (s, 3H) 4.68 
(d, J–9.0 Hz, 1H)4.82 (q, J-2.5 Hz, 2H) 5.72 (d, J–9.0 Hz, 
1H) 
1750 (b) t-Butyl 4-1-(2-butynyl)-4-(carbamoyl-hy 
droxymethyl)-5-methoxycarbonyl-1H-imidazol-2-ylpip 
erazine-1-carboxylate 
1751 3.2 ml of 30% aqueous hydrogen peroxide and 3.2 
ml of 28% aqueous ammonia Solution were added to an 8 ml 
methanol solution of 0.274 g of t-butyl 4-1-(2-butynyl)-4- 
(cyano-hydroxymethyl)-5-methoxycarbonyl-1H-imidazol 
2-yl)piperazine-1-carboxylate at 5 C., and the mixture was 
stirred for 15 hours. 100 ml of a saturated sodium hydrogen 
Sulfite Solution was added to the Solution, and the mixture 
was extracted twice with 100 ml of ethyl acetate. The 
organic layers were combined together. The conbined 
organic layers were dried over magnesium Sulfate, and 
concentrated under reduced pressure. The residue was puri 
fied by silica gel column chromatography. Thus, 0.039 g of 
the title compound was obtained from the fraction eluted 
with methanol-ethyl acetate (1:9). 
1752) H-NMR(CDC1,) & 1.48 (s, 9H) 1.83 (t, J-2.5 Hz, 
3H) 3.13-3.25 (m, 4H) 3.54-3.57 (m, 4H) 3.91 (s, 3H) 
4.33-4.37 (bris, 1H)4.77 (q, J-2.5 Hz, 2H)5.54 (s, 1H) 5.63 
(s, 1H) 6.82 (s, 1H) 
1753 (c) t-Butyl 4-4-aminooxalyl-1-(2-butynyl)-5- 
methoxycarbonyl-1H-imidazol-2-yl)piperazine-1-carboxy 
late 

1754 0.051 ml of triethylamine and a 1 ml dimethyl 
sulfoxide solution of 0.058 g of sulfur trioxide pyridine were 
added to a 2 ml dichloromethane solution of 0.038 g of 
t-butyl 4-1-(2-butynyl)-4-(carbamoyl-hydroxymethyl)-5- 
methoxycarbonyl-1H-imidazol-2-yl)piperazine-1-carboxy 
late at 0°C., and the mixture was stirred at room temperature 
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for 15 hours. Then, 0.102 ml of triethylamine and a 1 ml 
dimethyl sulfoxide solution of 0.116 g of sulfur trioxide 
pyridine were added, and the mixture was Stirred at room 
temperature for 8 hours. 50 ml of ethyl acetate was added to 
the Solution, and the organic layer was washed Successively 
with 20 ml of an aqueous solution of 1% sulfuric acid, 20 ml 
of a Saturated Sodium bicarbonate Solution, and 20 ml of a 
Saturated Sodium chloride Solution. The organic layer was 
dried over magnesium Sulfate, and concentrated under 
reduced pressure. The residue was purified by Silica gel 
column chromatography. Thus, 0.021 g of the title com 
pound was obtained from the fraction eluted with ethyl 
acetate-hexane (2:1). 
1755 H-NMR(CDC1) & 1.48 (s, 9H) 1.82 (t, J-2.5 Hz, 
3H)3.19-3.23 (m, 4H)3.56-3.59 (m, 4H)3.84 (s, 3H) 4.84 
(q, J=2.5 Hz, 2H) 5.62 (bris, 1H) 7.02 (bris, 1H) 
1756 (d) t-Butyl 4-1-(2-butynyl)-4-carbamoyl-6-me 
thyl-7-oxo-6,7-dihydro-1H-dihydroimidazo[4,5-dpy 
ridazin-2-ylpiperazine-1-carboxylate 

1757. The title compound was obtained by using t-butyl 
4-4-aminooxalyl-1-(2-butynyl)-5-methoxycarbonyl-1H 
imidazol-2-ylpiperazine-1-carboxylate according to the 
method described in Example 115(h). 

1758 H-NMR(CDC1) & 1.50 (s, 9H) 1.84 (t, J=2.3 Hz, 
3H)3.46-3.50 (m, 4H)3.63-3.66 (m, 4H)3.99 (s.3H) 5.12 
(q, J=2.3 Hz, 2H) 6.16 (s, 1H) 8.85 (s, 1H) 
1759 (e) 1-(2-Butynyl)-6-methyl-7-oxo-2-(piperazin-1- 
yl)-6,7-dihydroimidazo4,5-dipyridazine-4-carboxamide 
trifluoroaceate 

1760. The title compound was obtained by using t-butyl 
4-1-(2-butynyl)-4-carbamoyl-6-methyl-7-oxo-6,7-dihydro 
1H-dihydroimidazo[4,5-dipyridazin-2-yl)piperazine-1-car 
boxylate according to the method described in Example 
115(i). 
1761) MS m/e (ESI) 330.18(MH–CFCOOH) 

Example 333 

1-(2-Butynyl)-6-methyl-7-oxo-2-(piperazin-1-yl)-6, 
7-dihydroimidazo[4,5-dpyridazine-4-carbonitrile 

trifluoroacetate 

1762 0.030 ml of triethylamine and 0.015 ml of phos 
phorus oxychloride were added to a 1 ml dichloromethane 
solution of 0.015g of t-butyl 4-1-(2-butynyl)-4-carbamoyl 
6-methyl-7-oxo-6,7-dihydro-1H-dihydroimidazo[4,5-dpy 
ridazin-2-ylpiperazine-1-carboxylate, and the mixture was 
stirred at room temperature for 15 hours. 1 ml of dichlo 
romethane and 1 ml of trifluoroacetic acid were added to the 
Solution. After one hour, the Solvent was concentrated under 
reduced pressure. The residue was purified by reverse-phase 
high performance liquid chromatography (using an acetoni 
trile-water mobile phase (containing 0.1% trifluoroacetic 
acid)) to give 0.001 g of the title compound. 

1763) H-NMR(CDOD) & 1.83 (t, J-2.3 Hz, 3H)3.45 
3.49 (m, 4H)3.74-3.78 (m, 4H)3.88 (s, 3H) 5.18 (q, J=2.3 
Hz, 2H) 
1764) MS m/e (ESI) 312.25(MH'-CFCOOH) 
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Example 334 

3-(2-Butynyl)-7-dimethylamino-5-methyl-2-(piper 
azin-1-yl)-3,5-dihydroimidazo4,5-dipyridazin-4-one 

trifluoroacetate 

1765 (a) 1-Benzyl-7-chloro-5-methyl-1,5-dihydroimi 
dazo 4,5-dipyridazin-4one 

1766 0.604 g of potassium carbonate and 0.297 ml of 
methyl iodide were added to a 30 ml N,N-dimethylforma 
mide solution of 1.035 g of 1-benzyl-7-chloro-1,5-dihy 
droimidazo4,5-dipyridazin-4-one (J. A. Carbon Journal of 
the American Chemical Society, 80, pp. 6083, 1958), and the 
mixture was stirred at room temperature for 15 hours. 300 
ml of ethyl acetate and 100 ml of water were added to the 
Solution, and the organic layer was washed twice with 100 
ml of water and then with 100 ml of a Saturated Sodium 
chloride Solution. The organic layer was dried over magne 
sium Sulfate, and concentrated under reduced pressure. The 
residue was purified by Silica gel column chromatography. 
Thus, 0.280 g of the title compound was obtained from the 
fraction eluted with ethyl acetate. 

1767 H-NMR(CDC1) & 3.86 (s, 3H) 5.64 (s, 2H) 
7.11-7.16 (m, 2H) 7.35-743 (m, 3H) 7.90 (s, 1H) 
1768 (b) 1-Benzyl-7-dimethylamino-5-methyl-1,5-dihy 
droimidazo4,5-dipyridazin-4-one 

1769. A 2 ml aqueous solution of 50% dimethylamine 
was added to a 2 ml ethanol solution of 0.138 g of 1-benzyl 
7-chloro-5-methyl-1,5-dihydroimidazo[4,5-dpyridazin 
4one, and the mixture was heated at 130 C. for 72 hours. 
The reaction Solution was cooled to room temperature, and 
concentrated under reduced pressure. The residue was puri 
fied by Silica gel column chromatography. Thus, 0.139 g of 
the title compound was obtained from the fraction eluted 
with methanol-ethyl acetate (1:19). 

1770) H-NMR(CDC1) & 2.73 (s, 6H)3.79 (s.3H) 5.59 
(s, 2H) 7.12-7.16 (m, 2H) 7.30-7.39 (m, 3H) 7.79 (s, 1H) 
1771 (c) 1-Benzyl-2-chloro-7-dimethylamino-5-methyl 
1,5-dihydroimidazo4,5-dipyridaZin-4-one 

1772) 1.15 ml of a 1 M tetrahydrofuran solution of 
dibutylmagnesium was added to a 2 ml tetrahydrofuran 
solution of 0.320 ml of diisopropylamine at room tempera 
ture under a nitrogen atmosphere, and the mixture was 
stirred for 8 hours. This solution was added to a 4 ml 
tetrahydrofuran solution of 0.162 g of 1-benzyl-7-dimethy 
lamino-5-methyl-1,5-dihydroimidazo[4,5-dipyridazin-4- 
one at room temperature under a nitrogen atmosphere, and 
the mixture was stirred at room temperature for 15 hours. 
Then, a 5 ml tetrahydrofuran solution of 0.540 g of 
hexachloroethane was added dropwise to the Solution. After 
the mixture had been stirred for 4 hours, 30 ml of a 5% 
aqueous ammonium chloride Solution was added thereto. 
The mixture was extracted with 100 ml of ethyl acetate. The 
organic layer was washed Successively with 30 ml of water 
and 30 ml of a Saturated Sodium chloride Solution, and dried 
over magnesium Sulfate. The organic layer was concentrated 
under reduced pressure. The residue was purified by Silica 
gel column chromatography. Thus, 0.094 g of the title 
compound was obtained from the fraction eluted with ethyl 
acetate-hexane (2:1). 






















































































































































