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(57) ABSTRACT 
A 2-iminopyrrolidine derivative represented by the formula: 

(I) 

{wherein ring B represents a benzene ring, pyridine ring, 
etc.; R'-R" represent hydrogen, halogen, C, alkyl, etc.; 
R represents hydrogen, C.s alkyl, C. alkoxy-C, alkyl, 
etc.; R represents hydrogen, C. alkyl, C. alkyloxycar 
bonyl, etc.; Y' represents a single bond, -CH2-, etc.; Y 
represents a Single bond, -CO-, etc.; and Ar represents 
hydrogen, a group represented by the formula: 

(II) 

R13 

R14 

wherein R'-R' represent hydrogen, C alkyl, hydroxyl, 
Ce alkoxy, etc.; and R'' and R' or R'' and R' may bond 
together to form a 5- to 8-membered heterocyclic ring, 
etc.), 
or a Salt thereof. 
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2-MNOPYRROLIDINE DERVATIVES 

TECHNICAL FIELD 

0001. The present invention relates to novel 2-iminopy 
rrolidine derivatives, Salts thereof, and pharmaceutical com 
positions containing the same and the like. 

BACKGROUND ART 

0002. A recent approach for thrombosis have involved 
inhibiting thrombin enzyme activity, and compounds used 
for this purpose have included heparin, low molecular 
weight heparin, hirudin, argatroban, hirulog and the like. All 
Such compounds inhibit the enzyme activity of thrombin, 
and work by inhibiting fibrin blood clot formation without 
specifically inhibiting the effect of thrombin on cells. Bleed 
ing tendency is therefore a common Side effect encountered 
in the clinic. The role of thrombin in thrombosis is not 
limited to its blood clotting activity, as it is believed to also 
participate in platelet aggregation at Sites of vascular injury 
occurring as a result of the activation of platelet thrombin 
receptor. 

0003) Another approach for thrombosis has been the use 
of intravenous injection agents Such as Abciximab, Eptifi 
batide and Tirofiban, as GPIb/IIIa receptor antagonists. 
These compounds, while exhibiting powerful anti-throm 
botic effects by Suppressing platelet aggregation induced by 
various stimulation such as thrombin, ADP, collagen, PAF or 
the like, also produce a bleeding tendency as a side effect 
similarly to thrombin enzyme activity inhibitors. For this 
reason, no Such compounds have yet been marketed, 
although their development as oral agents continues to 
progreSS. 

0004 Restenosis is a vascular hypertrophic response to 
vascular wall injury induced by invasive treatment Such as 
coronary angioplasty, and this phenomenon may be pro 
voked by the direct or indirect effect of thrombin on cells. 
Platelets adhere to injured blood vessels, leading to release 
of growth factors and eliciting proliferation of Smooth 
muscle cells. Smooth muscle cells may also be affected 
indirectly by the action of thrombin on endothelial cells. 
Also, platelet adhesion occurs and procoagulant activity 
increases at Sites of vascular injury. Smooth muscle cells can 
undergo further direct Stimulation due to the high local 
thrombin concentration which is produced at Such sites. 
While recent studies using the powerful thrombin inhibitor 
hirudin have Suggested that thrombin induces cell prolifera 
tion during the process of restenosis, it has not yet been 
determined whether the thrombin effect is direct or indirect 
(Sarembock et al., Circulation 1992, 84:232-243). Despite 
the implication of the cellular effects of thrombin in a variety 
of pathological Symptoms, no therapeutically active Sub 
stance is known which specifically blockS Such effects. 
0005) The thrombin receptor (PAR1) has recently been 
cloned (Vu et al., Cell, 1991, 64:1057-1068), opening an 
important door to development of Substances which target 
cellular thrombin receptors. Detailed examination of the 
amino acid Sequence of this thrombin receptor has revealed 
a thrombin binding site and hydrolysis site located in the 100 
residue amino terminal domain of the receptor. Later 
research by amino acid mutation in the receptor has estab 
lished that limited hydrolysis of this portion of the thrombin 
receptor by thrombin is necessary for receptor activation (Vu 
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et al., Nature, 1991, 353:674-677). A synthetic peptide 
corresponding to the amino acid Sequence newly generated 
by hydrolysis of the thrombin receptor (the synthetic peptide 
is known as “thrombin receptor activating peptide', or 
TRAP) can activate receptors which have not been hydro 
lyzed by thrombin. This Suggests that upon the cleavage of 
the receptor, the new amino acid Sequence generated at the 
amino terminal (known as the “tethered ligand peptide') 
functions as the ligand and interacts with the distal binding 
site. Further studies of TRAP have confirmed homology of 
the thrombin receptors present in platelet, endothelial cell, 
fibroblast and smooth muscle cell (Hung et al., J. Cell. Biol. 
1992, 116:827-832, Ngaiza, Jaffe, Biochem. Biophys. Res. 
Commun. 1991, 179:1656-1661). 
0006 Research on the structure activity relationship of 
TRAP Suggests that the pentapeptide Phe-Leu-Leu-Arg-ASn 
is a weak antagonist for platelet thrombin receptorS activated 
by either thrombin or TRAP (Vassallo. et al., J. Biol. Chem., 
1992, 267:6081-6085(1992)). Different approaches to recep 
tor antagonism have also been examined by other groups. 
One of these approaches has been an attempt to prepare 
antibodies for the thrombin binding domain of the thrombin 
receptor. Such antibodies specifically and effectively Sup 
preSS activation of platelets by thrombin, and act as thrombin 
receptor antagonists (Hung et al., J. Clin. Invest. 1992, 
89:1350-1353). Another approach has been development of 
peptide derivatives from TRAP (Steven M. S., J. Med. 
Chem. 1996, 39:4879-4887; William J. H., Bioorg Med. 
Chem. Lett. 1998, 8:1649-1654; David F. M., Bioorg Med. 
Chem. Lett. 1999, 9:255-260). Yet another has been devel 
opment of low molecular weight compounds discovered by 
high throughput Screening using various assay Systems. Such 
as receptor binding (Andrew W. S. et al., Bioorg. Med 
Chem. Lett. 1999, 9:2073-2078; Scherig Plough WO99/ 
26943; Halord S. et al., ACS meeting in October 2001). 

DISCLOSURE OF THE INVENTION 

0007 Compounds having antagonistic action on throm 
bin receptors are expected to exhibit excellent effects for 
therapy or prevention of diseases associated with thrombin, 
and therefore offer promise for effective therapy or preven 
tion of, for example, thrombosis, Vascular restenosis, deep 
venous thrombosis, pulmonary embolism, cerebral infarc 
tion, heart disease, disseminated intravascular coagulation, 
hypertension, inflammatory diseases, rheumatism, asthma, 
glomerulonephritis, Osteoporosis, neurological disorders, 
malignant tumors, and the like. It has been ardently desired 
to provide thrombin receptor antagonists which are Satisfac 
tory in numerous aspects including pharmacological activ 
ity, thrombin receptor Specificity, Safety, dosage and oral 
efficacy. 

0008 However, the conventional thrombin receptor 
antagonists have been inadequate in terms of receptor Speci 
ficity and oral efficacy. 
0009. It is therefore an object of the present invention to 
Search for and discover compounds having excellent throm 
bin receptor inhibiting activity and being therefore useful as 
thrombin receptor antagonists. 
0010. As a result of much vigorous research conducted 
under the circumstances described above, the present inven 
tors have completed this invention upon Successfully Syn 
thesizing novel 2-liminopyrrolidine derivatives represented 
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by the following general formula (I), and also upon unex 
pectedly finding that these compounds or their Salts have 
excellent thrombin receptor inhibiting activity and are useful 
as thrombin receptor antagonists. 

tuted with at least one group Selected from Substituent 
Group F or (3) a 5- to 14-membered aromatic hetero 
cyclic group optionally Substituted with at least one 
group selected from Substituent Group G below. 

0.011 The present invention resides in the following: 0015 <Substituent Group A2. The group consisting of 
0012 <1> a compound represented by the formula: 

(I) 

0013) {wherein ring B represents an optionally Sub 
Stituted (1) aromatic hydrocarbon ring or (2) aromatic 
heterocycle optionally having 1 or 2 nitrogen; R101, 
R and R' are the same or different and each repre 
Sents (1) hydrogen or (2) a group Selected from Sub 
stituent Group C below; R represents (1) hydrogen, (2) 
cyano, (3) halogen or (4) a group Selected from Sub 
stituent Group Abelow; R represents (1) hydrogen, (2) 
Ce alkyl, (3) acyl, (4) carbamoyl, (5) hydroxyl, (6) 
C, alkoxy, (7) C. alkyloxycarbonyloxy, (8) Cas 
cycloalkyl, (9) C- alkyloxycarbonyl optionally Sub 
Stituted with acyloxy or (10) a C- aromatic hydro 
carbon ring group or 5- to 14-membered aromatic 
heterocyclic group (each of the foregoing members 
being optionally Substituted with at least one group 
selected from Substituent Group E); Y' represents a 
Single bond, (CH2) , CR , CRR , 
CHCO-, -NR -, -SO-, -SO-, -CO-, 

-CONR- or -SO2NR wherein m represents an 
integer of 1 to 3, and Rand Rare the same or different 
and each represents hydrogen, halogen, C- alkyl, 
carboxyl or C. alkoxycarbonyl); Y represents a 
single bond, O, N, -(CH), , -CR, CRR , 
CO-, -SO-, -SO2- or -C(=N-OR) 

wherein m, R and R are as defined above); Ar 
represents (1) hydrogen, (2) a group represented by the 
formula: 

(II) 

0014) wherein R, R'', R, R and R'' are the 
Same or different and each represents (1) hydrogen, (2) 
cyano, (3) halogen, (4) nitro or (5) a group Selected 
from Substituent Group B below, and R'' and R' or 
R" and R' may bond together to form a 5- to 8-mem 
bered heterocycle optionally having 1 to 4 hetero atoms 
selected from N, S and O and also optionally substi 

Ce alkyl, alkylidene, Calkenyl, Ce alkynyl, acyl, 
carboxyl, carbamoyl, Ce alkoxycarbonyl, Ce alky 
laminocarbonyl, hydroxyl, Calkoxy, Css cycloalky 
loxy, amino, Ce alkylamino, Cs cycloalkylamino, 
acylamino, Sulfonylamino, Sulfonyl, Sulfamoyl, Cs 
cycloalkyl, a 5- to 14-membered non-aromatic hetero 
cyclic group, a C-1 aromatic hydrocarbon ring group 
and a 5- to 14-membered aromatic heterocyclic group, 
each of the foregoing members being optionally Sub 
Stituted with at least one group Selected from Substitu 
ent Group A below; 

0016 <Substituent Group A's The group consisting of 
Ce alkyl, Ce alkenyl, C- alkynyl, cyano, acyl, 
carboxyl, carbamoyl, Ce alkoxycarbonyl, Ce alky 
laminocarbonyl, hydroxyl, Calkoxy, Css cycloalky 
loxy, amino, Co alkylamino, Css cycloalkylamino, 
acylamino, ureido, ureylene, Sulfonylamino, Sulfonyl, 
Sulfamoyl, halogen, Cs cycloalkyl, a heterocyclic 
alkyl group, a 5- to 14-membered non-aromatic het 
erocyclic group, a C- aromatic hydrocarbon ring 
group and a 5- to 14-membered aromatic heterocyclic 
group, wherein the C aromatic hydrocarbon ring 
group and the 5- to 14-membered aromatic heterocyclic 
group may be Substituted with at least one group 
Selected from the group consisting of Calkyl, cyano, 
acyl, carboxyl, carbamoyl, C. alkoxycarbonyl, C. 
alkylaminocarbonyl, hydroxyl, C. alkoxy, Cas 
cycloalkyloxy, nitro, amino, C-6 alkylamino, Cas 
cycloalkylamino, acylamino, ureido, ureylene, Sulfo 
nylamino, Sulfonyl, Sulfamoyl, halogen and Cs 
cycloalkyl, 

0017 <Substituent Group B> The group consisting of 
C-6 alkyl, C2-alkenyl, C2-alkynyl, acyl, carboxyl, 
carbamoyl, Ce alkoxycarbonyl, C. alkylaminocar 
bonyl, hydroxyl, C. alkoxy, C.s cycloalkyloxy, 
amino, C-6 aminoalkyl, C-6 alkylamino, Cas 
cycloalkylamino, acylamino, ureido, Sulfonylamino, 
Sulfonyl, Sulfamoyl, Css cycloalkyl, a 5- to 14-mem 
bered non-aromatic heterocyclic group, a C- aro 
matic hydrocarbon ring group and a 5- to 14-membered 
aromatic heterocyclic group, each of the foregoing 
members being optionally Substituted with at least one 
group selected from Substituent Group B' below; 

0018 <Substituent Group B'> The group consisting of 
C-6 alkyl, C2-alkenyl, C2-alkynyl, OXO, cyano, C 
cyanoacyl, C-7 acyl, Ce alkanoyl, benzoyl, aral 
kanoyl, C. alkoxyalkylcarbonyl, C. hydroxyalkyl 
carbonyl, carboxyl, C. carboxyalkyl, C. carboxy 
alkyloxy, carbamoyl, carbamoylalkyloxy, C. 
alkoxycarbonyl, Coalkoxycarbonyl-C6 alkyl, Co 
alkoxycarbonyl-C alkyloxy, C. monoalkylami 
nocarbonyl, Ce dialkylaminocarbonyl, hydroxyl, C. 
alkoxy, Co alkoxyalkyl, Co aralkyloxyalkyl, C. 
hydroxyalkyl, Css cycloalkyloxy, amino, C. alky 
lamino, C.s cycloalkylamino, acylamino, ureido, urey 
lene, Ce alkylsulfonylamino, phenylsulfonylamino, 
C, alkylsulfonyl, phenylsulfonyl, C. monoalkylami 
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noSulfonyl, Ce dialkylaminoSulfonyl, Sulfamoyl, 
halogeno, Cs cycloalkyl, a 5- to 14-membered non 
aromatic heterocyclic group, a C- aromatic hydro 
carbon ring group, a 5- to 14-membered aromatic 
heterocyclic group, a heterocyclic aminocarbonyl 
group, a heterocyclic aminoSulfonyl group and isox 
aZolinyl, wherein the 5- to 14-membered non-aromatic 
heterocyclic group, the C- aromatic hydrocarbon 
ring group, the 5- to 14-membered aromatic heterocy 
clic group and isoxazolinyl may be independently 
Substituted with at least one group Selected from the 
group consisting of C- alkyl, OXO, cyano, acyl, car 
boxyl, carbamoyl, Calkoxycarbonyl, C. alkylami 
nocarbonyl, hydroxyl, Calkoxy, C.s cycloalkyloxy, 
nitro, amino, C-6 aminoalkyl, C-6 alkylamino, C 
dialkylamino, Cs cycloalkylamino, acylamino, ure 
ido, ureylene, alkylsulfonylamino, alkylsulfonyl, Sul 
famoyl, halogeno and Cas cycloalkyl, 

0019 <Substituent Group C> The group consisting of 
(1) cyano, (2) halogen and (3)C alkyl, Cs alkenyl, 
C2s alkynyl, acyl, carboxyl, carbamoyl, C- alkoxy 
carbonyl, C. alkylaminocarbonyl, hydroxyl, C. 
alkoxy, Css cycloalkyloxy, amino, Co alkylamino, 
C. cycloalkylamino, acylamino, ureido, Sulfony 
lamino, Sulfonyl, Sulfamoyl, Cs cycloalkyl, a 5- to 
14-membered non-aromatic heterocyclic group, a C 
aromatic hydrocarbon ring group and 5- to 14-mem 
bered aromatic heterocyclic group (each of the forego 
ing members being optionally Substituted with at least 
one group selected from Substituent Group C below); 

0020 <Substituent Group C's The group consisting of 
C-6 alkyl, C2-s alkenyl, C2-s alkynyl, cyano, acyl, 
carboxyl, carbamoyl, Ce alkoxycarbonyl, Ce alky 
laminocarbonyl, hydroxyl, Calkoxy, C.s cycloalky 
loxy, amino, Co alkylamino, Css cycloalkylamino, 
acylamino, ureido, ureylene, Sulfonylamino, Sulfonyl, 
Sulfamoyl, halogeno, Cas cycloalkyl, a 5- to 14-mem 
bered non-aromatic heterocyclic group, a C- aro 
matic hydrocarbon ring group and a 5- to 14-membered 
aromatic heterocyclic group; 

0021 <Substituent Group Ez. The group consisting of 
Ce alkyl, cyano, acyl, carboxyl, carbamoyl, C. 
alkoxycarbonyl, C. alkylaminocarbonyl, hydroxyl, 
C, alkoxy, Css cycloalkyloxy, amino, C, alky 
lamino, C.s cycloalkylamino, acylamino, ureido, urey 
lene, Sulfonylamino, Sulfonyl, Sulfamoyl, halogen and 
C. cycloalkyl; 

0022 <Substituent Group F> The group consisting of 
(1) hydrogen, (2) cyano, (3) halogen, (4) oxo and (5) 
C, alkyl, alkenyl, alkynyl, acyl, C1-6 alkanoyl, car 
boxyl, carbamoyl, Ce alkoxycarbonyl, Ce alkylami 
nocarbonyl, hydroxyl, Calkoxy, C.s cycloalkyloxy, 
amino, imino, C-6 aminoalkyl, C- alkylamino, Cas 
cycloalkylamino, acylamino, ureido, Sulfonylamino, 
Sulfonyl, Sulfamoyl, Css cycloalkyl, a 5- to 14-mem 
bered non-aromatic heterocyclic group, a C- aro 
matic hydrocarbon ring group and a 5- to 14-membered 
aromatic heterocyclic group (each of the foregoing 
members being optionally Substituted with at least one 
group selected from Substituent Group F" below); 
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0023 <Substituent Group F"> The group consisting of 
Ce alkyl, OXO, cyano, acyl, carboxyl, carbamoyl, C. 
alkoxycarbonyl, benzyloxycarbonyl, C. alkylami 
nocarbonyl, hydroxyl, Calkoxy, C.s cycloalkyloxy, 
amino, Ce alkylamino, C.s cycloalkylamino, acy 
lamino, ureido, ureylene, Ce alkylsulfonylamino, C. 
alkylsulfonyl, Sulfamoyl, halogeno, Css cycloalkyl, a 
5- to 14-membered non-aromatic heterocyclic group, a 
C. aromatic hydrocarbon ring group and a 5- to 
14-membered aromatic heterocyclic group; 

0024 <Substituent Group Gd. The group consisting of 
C-6 alkyl, cyano, acyl, carboxyl, carbamoyl, C 
alkoxycarbonyl, Ce alkylaminocarbonyl, Sulfonyl, 
Sulfamoyl, halogeno and Cs cycloalkyl.) or a Salt 
thereof; 

0025 <2> a compound according to <12 or a salt 
thereof, wherein ring B represents a further optionally 
substituted benzene ring or pyridine ring; R', R' 
and R' are the same or different and each represents 
a group Selected from the group consisting of hydro 
gen, halogen, C- alkyl, C- alkylaminocarbonyl, C 
alkoxy, C-alkylamino and Css cycloalkyl; R repre 
Sents a group Selected from the group consisting of 
hydrogen, C. alkyl and C. alkoxy-C alkyl, R' 
represents a group Selected from the group consisting 
of hydrogen, Ce alkyl and C alkyloxycarbonyl 
optionally substituted with acyloxy; Y' represents a 
Single bond or -(CH), wherein m represents an 
integer of 1 to 3); Y' represents a single bond or 
-CO-, and Ar represents hydrogen or a group rep 
resented by the formula: 

(II) 
R11 

R10 R12 

R14 

0026 wherein R', R', R, R and R'' are the 
Same or different and each represents a group Selected 
from the group consisting of hydrogen, C alkyl, 
hydroxyl, Calkoxy, C-alkylamino, Css cycloalky 
lamino, acylamino, a 5- to 14-membered non-aromatic 
heterocyclic group and C alkyloxycarbonyloxy, and 
R'' and R' or R'' and R' may bond together to form 
a 5- to 8-membered heterocyclic ring (i) optionally 
having 1 to 4 hetero atoms selected from N, S and O 
and (ii) optionally Substituted with at least one group 
Selected from the group consisting of cyano, OXO, and 
C-6 alkyl, acyl, C- alkanoyl, carboxyl, carbamoyl, 
C, alkoxycarbonyl, C, alkylaminocarbonyl, 
hydroxyl, C-6 alkoxy, Css cycloalkyloxy, amino, C. 
alkylamino, Sulfonyl and a 5- to 14-membered non 
aromatic heterocyclic group (each of the foregoing 
member being optionally Substituted with at least one 
group selected from Substituent Group F" below) 
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0027) <Substituent Group F"> The group consisting of 
Ce alkyl, oxo, cyano, acyl, carboxyl and Coalkoxyl, 

0028) <3> a compound according to <1> or a salt 
thereof, wherein ring B is an optionally substituted 
benzene ring; 

0029) <45 a compound according to <1> or a salt 
thereof, wherein Y is -CH-; 

0030) <5> a compound according to <1> or a salt 
thereof, wherein Y is -CO-; 

0031) <6> a compound according to <1> or a salt 
thereof, wherein Y is -CH2- and Y is -CO-; 

0032) <7> a compound according to <1> or a salt 
thereof, wherein Y is a single bond, Y is a single bond 
and Ar is hydrogen; 

0033) <8> a compound according to <1> or a salt 
thereof, wherein Ar is a group represented by the 
formula: 

(II) 
R11 

RO R12 

R14 

0034) wherein R', R', R, R and R'' are as 
defined above); 

0035) <9> a compound according to <8> or a salt 
thereof, wherein R'' and R'' are hydrogen; 

0036) <10> a compound according to <1> or a salt 
thereof, wherein Ar is (1) a group represented by the 
formula: 

(II) 

RO R12 

R13 

R14 

0037 wherein R, R', R, R and R'' are as 
defined above) or (2) a 5- to 14-membered aromatic 
heterocyclic group optionally Substituted with at least 
one group selected from Substituent Group G above; 

0038) <11> a compound according to <10> or a salt 
thereof, wherein R'' and R'' are hydrogen; 

0039) <12> a compound according to <1> or a salt 
thereof, wherein Ar is a group represented by the 
formula: 
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R11 (IV) 

OR 15 

(0040 (wherein R'' and R' are as defined above, 
R represents (1) hydrogen or (2) a group Selected from 
Substituent Group H below, and R'' and R' may bond 
together to form a 5- to 8-membered heterocycle 
optionally substituted with at least one group Selected 
from Substituent Group F above and optionally having 
1 or 2 hetero atoms selected from N, S and O. 

0041) <Substituent Group H> The group consisting of 
C-6 alkyl, Coalkenyl, C2-alkynyl, acyl, C1-6 alkoxy 
carbonyl, aminocarbonyl, Ce alkylaminocarbonyl, 
C. cycloalkyl, C-6 aminoalkyl, Sulfonyl, Cas 
cycloalkylamino, a 5- to 14-membered non-aromatic 
heterocyclic group, a C- aromatic hydrocarbon ring 
group and a 5- to 14-membered aromatic heterocyclic 
group, each of the foregoing members being optionally 
substituted with at least one group selected from Sub 
stituent Group H" below; 

0042 <Substituent Group H"> The group consisting of 
C-6 alkyl, Coalkenyl, C2-alkynyl, OXO, cyano, C1-6 
cyanoalkyl, C-7 acyl, C-6 alkanoyl, benzoyl, aral 
kanoyl, Ce alkoxyalkylcarbonyl, Ce hydroxyalkyl 
carbonyl, carboxyl, C. carboxyalkyl, C. carboxy 
alkyloxy, carbamoyl, carbamoylalkyloxy, C 
alkoxycarbonyl, Coalkoxycarbonyl-C-6 alkyl, C1-10 
alkoxycarbonyl-C alkyloxy, C. monoalkylami 
nocarbonyl, Ce dialkylaminocarbonyl, hydroxyl, C 
alkoxy, Co alkoxyalkyl, Co aralkyloxyalkyl, C1-6 
hydroxyalkyl, Cs cycloalkyloxy, amino, C alky 
lamino, Cs cycloalkylamino, acylamino, ureido, urey 
lene, Ce alkylsulfonylamino, phenylsulfonylamino, 
C, alkylsulfonyl, phenylsulfonyl, C. monoalkylami 
nosulfonyl, Ce dialkylaminosulfonyl, Sulfamoyl, 
halogeno, Cas cycloalkyl, a 5- to 14-membered non 
aromatic heterocyclic group, a C- aromatic hydro 
carbon ring group, a 5- to 14-membered aromatic 
heterocyclic group, a heterocyclic aminocarbonyl 
group, a heterocyclic aminosulfonyl group and isox 
azolinyl, wherein the 5- to 14-membered non-aromatic 
heterocyclic group, the C- aromatic hydrocarbon 
ring group, the 5- to 14-membered aromatic heterocy 
clic group and isoxazolinyl may be independently 
substituted with at least one group Selected from the 
group consisting of Ce alkyl, OXO, cyano, acyl, car 
boxyl, carbamoyl, Calkoxycarbonyl, C. alkylami 
nocarbonyl, hydroxyl, Calkoxy, C.s cycloalkyloxy, 
nitro, amino, C-6 aminoalkyl, C-6 alkylamino, C1-6 
dialkylamino, Cs cycloalkylamino, acylamino, ure 
ido, ureylene, alkylsulfonylamino, alkylsulfonyl, Sul 
famoyl, halogeno and Cas cycloalkyll; 
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0043 <13> a compound according to <1> or a salt 
thereof, wherein Ar is a group represented by the 
formula: 

(V) 

OR 15 

OR 16 

0044) wherein R'' and R' are as defined above, 
and R' represents (1) hydrogen or (2) a group selected 
from Substituent Group H above, and R'' and R' or 
R and R' may bond together to form a 5- to 6-mem 
bered heterocycle optionally substituted with at least 
one group selected from Substituent Group Fabove and 
also optionally having 1 or 2 hetero atoms Selected 
from N, S and Ol; 

0045 <14> a compound according to <1> or a salt 
thereof, wherein Ar is a group represented by the 
formula: 

(VI) 

OR 15 

N-R17 

R18 

0046) wherein R'' and R' are as defined above, 
and R7 and R' are the same or different and each 
represents (1) hydrogen or (2) a group Selected from 
Substituent Group I below, and R'' and R', R'' and 
R7, R' and R' or R7 and R may bond together to 
form a 5- to 8-membered heterocycle optionally sub 
Stituted with at least one group Selected from Substitu 
ent Group F above and also optionally having 1 or 2 
hetero atoms selected from N, S and O. 

0047 <Substituent Group I> The group consisting of 
C, alkyl, C2-6 alkenyl, C2-6 alkynyl, acyl, carbamoyl, 
C. alkoxycarbonyl, C. alkylaminocarbonyl, C. 

1-6. aminoalkyl, Sulfonyl, Sulfamoyl, Cs cycloalkyl, a 5 
to 14-membered non-aromatic heterocyclic group, a 
C. aromatic hydrocarbon ring group and a 5- to 
14-membered aromatic heterocyclic group, each of the 
foregoing members being optionally Substituted with at 
least one group Selected from Substituent Group I' 
below; 

0048 <Substituent Group I'> The group consisting of 
Ce alkyl, Calkenyl, Ce alkynyl, OXO, cyano, C. 
cyanoalkyl, C2-7 acyl, C- alkanoyl, benzoyl, aral 
kanoyl, C. alkoxyalkylcarbonyl, C. hydroxyalkyl 
carbonyl, carboxyl, C. carboxyalkyl, C. carboxy 
alkyloxy, carbamoyl, carbamoylalkyloxy, C. 
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alkoxycarbonyl, Coalkoxycarbonyl-C6 alkyl, Co 
alkoxycarbonyl-C alkyloxy, C. monoalkylami 
nocarbonyl, Ce dialkylaminocarbonyl, hydroxyl, C. 
alkoxy, Co alkoxyalkyl, Co aralkyloxyalkyl, C 
hydroxyalkyl, Css cycloalkyloxy, amino, C. alky 
lamino, C.s cycloalkylamino, acylamino, ureido, urey 
lene, Ce alkylsulfonylamino, phenylsulfonylamino, 
C, alkylsulfonyl, phenylsulfonyl, C, monoalkylami 
noSulfonyl, Ce dialkylaminoSulfonyl, Sulfamoyl, 
halogeno, C.s cycloalkyl, a 5- to 14-membered non 
aromatic heterocyclic group, a C- aromatic hydro 
carbon ring group, a 5- to 14-membered aromatic 
heterocyclic group, a heterocyclic aminocarbonyl 
group, a heterocyclic aminoSulfonyl group and isox 
aZolinyl, wherein the 5- to 14-membered non-aromatic 
heterocyclic group, the C aromatic hydrocarbon 
ring group, the 5- to 14-membered aromatic heterocy 
clic group and isoxazolinyl may be independently 
Substituted with at least one group Selected from the 
group consisting of C alkyl, OXO, cyano, acyl, car 
boxyl, carbamoyl, Calkoxycarbonyl, Ce alkylami 
nocarbonyl, hydroxyl, Calkoxy, C.s cycloalkyloxy, 
nitro, amino, Ce aminoalkyl, Ce alkylamino, C. 
dialkylamino, Cas cycloalkylamino, acylamino, ure 
ido, ureylene, alkylsulfonylamino, alkylsulfonyl, Sul 
famoyl, halogeno and Cas cycloalkyl); 

0049) <15> a compound according to <12 or a salt 
thereof, wherein the compound is represented by the 
formula: 

R12 

0050 wherein the definitions of the symbols are the 
Same as given above; 

0051 <16> a compound according to <12 or a salt 
thereof, wherein the compound is represented by the 
formula: 

R104 R6 

R101 W 

R102 

R105 

0052 wherein R'' and R'' are the same or dif 
ferent and each represents hydrogen, Ce alkoxy, C. 
alkyl or halogen, and R', R', R, R, Y, Y- and Ar 
are as defined above; 
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0053 <17> a compound according to <1> or a salt 
thereof, wherein the compound is represented by the 
formula: 

R6 
N1 

ve'N'-( 
| B' A N-Y1-Y2-Air 
Wn 

Z. 

R5 

0054) wherein U represents N or CH, V represents 
N or CR', W represents N or CR', Z represents N 
or CR', one or two from U, V, W and Z are N, and 
R'', R', R, R, R, Y, Y- and Arare as defined 
above); 

0055 <18> a compound according to <16> or <17> or 
a salt thereof, wherein Y is -CH2-; 

0056 <19> a compound according to <16> or <17> or 
a salt thereof, wherein Y is -CO-; 

0057 <20> a compound according to <17> or a salt 
thereof, wherein U is N and V is CR' where R'' are 
as defined above; 

0.058 <21> a pharmaceutical composition comprising 
a compound according to <1> or a Salt thereof; 

0059) <22> a composition according to <21>, wherein 
the composition is a thrombin receptor antagonist; 

0060 <23> a composition according to <21>, wherein 
the composition is a thrombin receptor PAR1 antago 
nist; 

0061 <24> a composition according to <21>, wherein 
the composition is a platelet aggregation inhibitor; 

0062 <25> a composition according to <21>, wherein 
the composition is a proliferation inhibitor for Smooth 
muscle cells, 

0063 <26> a composition according to <21>, wherein 
the composition is a proliferation inhibitor for endot 
helial cells, fibroblasts, nephrocytes, Osteosarcoma 
cells, muscle cells, cancer cells and/or glia cells, 

0064 <27> a composition according to <21>, wherein 
the composition is a therapeutic or preventive agent for 
thrombosis, Vascular restenosis, deep venous thrombo 
sis, pulmonary embolism, cerebral infarction, heart 
disease, disseminated intravascular coagulation, hyper 
tension, inflammatory disease, rheumatism, asthma, 
glomerulonephritis, Osteoporosis, neurological disease 
and/or malignant tumor; 

0065 <28> use of a compound according to <12 or a 
salt thereof for the manufacture of a thrombin receptor 
antagonist; 

0066 <29> use according to <28>, wherein the throm 
bin receptor antagonist is a PAR1 receptor antagonist; 

0067 <30> use of a compound according to <12 or a 
Salt thereof for the manufacture of a platelet aggrega 
tion inhibitor; 
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0068 <31> a method of treating a thrombin receptor 
mediated disease in a patient Suffering from the disease, 
comprising administering to the patient, a therapeuti 
cally effective amount of a compound according to <1> 
or a Salt thereof, and 

0069 <32> a method for treating a proliferative dis 
ease of endothelial cells, fibroblasts, nephrocytes, 
Osteosarcoma cells, muscle cells, cancer cells and/or 
glia cells, in a patient Suffering from the disease, 
comprising administering to the patient, a therapeuti 
cally effective amount of a compound according to <1> 
or a Salt thereof. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0070 The present invention will now be explained in 
greater detail. 
0071. Several of the structural formulas given for the 
compounds of the invention throughout the present Specifi 
cation will represent only a specific isomer for convenience, 
but the invention is not limited to Such specific isomers and 
encompasses all isomers and isomer mixtures, including 
geometric isomers, asymmetric carbon-derived optical iso 
mers, Stereoisomers and tautomers which are implied by the 
Structures of the compounds, and any isomer or mixture 
thereof may be used. The compounds of the invention 
therefore include those having asymmetric carbons in their 
molecules and existing as optically active forms or racemic 
forms, and all Such compounds are encompassed by the 
invention without restrictions. There are also no restrictions 
on any crystalline polymorphism of the compounds, and any 
crystal forms may be used alone or in mixtures. The com 
pounds of the invention and their Salts may also be in the 
form of anhydrides or Solvates Such as hydrates, and all Such 
forms are included within the scope of the claims of the 
present specification. Metabolites of the compounds of the 
invention produced by degradation in the body, as well as 
prodrugs of the compounds of the invention and their Salts, 
are also encompassed within the Scope of the claims of the 
present specification. 
0072 The symbols and terms used throughout the present 
specification will now be defined, with a more detailed 
description of the invention. 
0073. The term “and/or” as used throughout the present 
specification carries the meaning of both “and” and “or”. 
0074 The term “halogen used throughout the present 
Specification refers to an atom Such as fluorine, chlorine, 
bromine or iodine, and preferably fluorine, chlorine or 
bromine. 

0075 The term “C. alkyl” used throughout the present 
Specification refers to an alkyl group of 1 to 6 carbons, and 
as examples of Such groups there may be mentioned pref 
erably linear or branched alkyl groupS. Such as methyl, ethyl, 
n-propyl, iso-propyl, n-butyl, iso-butyl, Sec-butyl, tert-butyl, 
n-pentyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl, 2,2-dim 
ethylpropyl, 1-ethylpropyl, 2-ethylpropyl, n-hexyl, 1-me 
thyl-2-ethylpropyl, 1-ethyl-2-methylpropyl, 1,1,2-trimethyl 
propyl, 1-propylpropyl, 1-methylbutyl, 2-methylbutyl, 1,1- 
dimethylbutyl, 1,2-dimethylbutyl, 2,2-dimethylbutyl, 1,3- 
dimethylbutyl, 2,3-dimethylbutyl, 2-ethylbutyl, 
2-methylpentyl and 3-methylpentyl, and more preferably 
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, Sec 
butyl, tert-butyl and n-pentyl. 
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0.076 The term “C. alkenyl' used throughout the 
present Specification refers to an alkenyl group of 2 to 6 
carbons, and as preferred examples of Such groups there may 
be mentioned vinyl, allyl, 1-propenyl, 2-propenyl, isopro 
penyl, 2-methyl-1-propenyl, 3-methyl-1-propenyl, 2-me 
thyl-2-propenyl, 3-methyl-2-propenyl, 1-butenyl, 2-butenyl, 
3-butenyl, 1-pentenyl, 1-hexenyl, 1,3-hexanedienyl and 1,6- 
hexanedienyl. 

0077. The term “C. alkynyl” used throughout the 
present Specification refers to an alkynyl group of 2 to 6 
carbons, and as preferred examples of Such groups there may 
be mentioned ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 
2-butynyl, 3-butynyl, 3-methyl-1-propynyl, 1-ethynyl-2- 
propynyl, 2-methyl-3-propynyl, 1-pentynyl, 1-hexynyl, 1,3- 
hexanediynyl and 1,6-hexanediynyl. 

0078. The term “Cs cycloalkyl used throughout the 
present Specification refers to a cycloalkyl group composed 
of 3 to 8 carbons, and as examples there may be mentioned 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohep 
tyl and cyclooctyl. 

0079 The term “Cs cycloalkenyl' used throughout the 
present Specification refers to a Cas cycloalkenyl group 
composed of 3 to 8 carbons, and as examples there may be 
mentioned cyclopropen-1-yl, cyclopropen-3-yl, cyclobuten 
1-yl, cyclobuten-3-yl, 1,3-cyclobutadien-1-yl, cyclopenten 
1-yl, cyclopenten-3-yl, cyclopenten-4-yl, 1,3-cyclopenta 
dien-1-yl, 1,3-cyclopentadien-2-yl, 1,3-cyclopentadien-5-yl, 
cyclohexen-1-yl, cyclohexen-3-yl, cyclohexen-4-yl, 1,3-cy 
clohexadien-1-yl, 1,3-cyclohexadien-2-yl, 1,3-cyclohexa 
dien-5-yl, 1,4-cyclohexadien-3-yl, 1,4-cyclohexadien-1-yl, 
cyclohepten-1-yl, cyclohepten-3-yl, cyclohepten-4-yl, 
cyclohepten-5-yl, 1,3-cyclohepten-2-yl, 1,3-cyclohepten-1- 
yl, 1,3-cycloheptadien-5-yl, 1,3-cycloheptadien-6-yl, 1,4- 
cycloheptadien-3-yl, 1,4-cycloheptadien-2-yl, 1,4-cyclohep 
tadien-1-yl, 1,4-cycloheptadien-6-yl, 1,3,5-cycloheptatrien 
3-yl, 1,3,5-cycloheptatrien-2-yl, 1,3,5-cycloheptatrien-1-yl, 
1,3,5-cycloheptatrien-7-yl, cycloocten-1-yl, cycloocten-3- 
yl, cycloocten-4-yl, cycloocten-5-yl, 1,3-cyclooctadien-2- 
yl, 1,3-cyclooctadien-1-yl, 1,3-cyclooctadien-5-yl, 1,3-cy 
clooctadien-6-yl, 1,4-cyclooctadien-3-yl, 1,4-cyclooctadien 
2-yl, 1,4-cyclooctadien-1-yl, 1,4-cyclooctadien-6-yl, 1,4- 
cyclooctadien-7-yl, 1,5-cyclooctadien-3-yl, 1,5- 
cyclooctadien-2-yl, 1,3,5-cyclooctatrien-3-yl, 1,3,5- 
cyclooctatrien-2-yl, 1,3,5-cyclooctatrien-1-yl, 1,3,5- 
cyclooctatrien-7-yl, 1,3,6-cyclooctatrien-2-yl, 1,3,6- 
cyclooctatrien-1-yl, 1,3,6-cyclooctatrien-5-yl and 1,3,6- 
cyclooctatrien-6-yl. 

0080. The term “C, alkoxy” used throughout the 
present specification refers to an alkoxy group of 1 to 6 
carbons, and as preferred examples there may be mentioned 
methoxy, ethoxy, n-propoxy, iso-propoxy, Sec-propoxy, 
n-butoxy, iSo-butoxy, Sec-butoxy, tert-butoxy, n-pentyloxy, 
iso-pentyloxy, Sec-pentyloxy, n-heXOXy, iso-heXOXy, 1,1- 
dimethylpropyloxy, 1,2-dimethylpropoxy, 2,2-dimethylpro 
pyloxy, 2-ethylpropoxy, 1-methyl-2-ethylpropoxy, 1-ethyl 
2-methylpropoxy, 1,1,2-trimethylpropoxy, 1,1,2- 
trimethylpropoxy, 1,1-dimethylbutoxy, 1,2-dimethylbutoxy, 
2,2-dimethylbutoxy, 2,3-dimethylbutyloxy, 1,3-dimethylbu 
tyloxy, 2-ethylbutoxy, 1,3-dimethylbutoxy, 2-methylpen 
toxy, 3-methylpentoxy and hexyloxy. 
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0081. The term “C. alkenyloxy' used throughout the 
present Specification refers to an alkenyloxy group of 2 to 6 
carbons, and as preferred examples there may be mentioned 
Vinyloxy, allyloxy, 1-propenyloxy, 2-propenyloxy, isoprope 
nyloxy, 2-methyl-1-propenyloxy, 3-methyl-1-propenyloxy, 
2-methyl-2-propenyloxy, 3-methyl-2-propenyloxy, 1-bute 
nyloxy, 2-butenyloxy, 3-butenyloxy, 1-pentenyloxy, 1-hex 
enyloxy, 1,3-hexanedienyloxy and 1,6-hexanedienyloxy. 

0082 The term “acyl used throughout the present speci 
fication refers to an atomic group derived by removing the 
OH group from a carboxyl group of a carboxylic acid, and 
it is preferably a C-7 acyl group (an atomic group derived 
by removing the OH group from a carboxyl group of a C-7 
carboxylic acid (more preferably fatty acid)), of which 
preferred examples include acetyl, propionyl, butyroyl and 
benzoyl. 

0083. The term “C. aromatic hydrocarbon ring group” 
used throughout the present Specification refers to an aro 
matic hydrocarbon ring group composed of 6 to 14 carbons, 
and includes monocyclic groups as well as fused ringS Such 
as bicyclic and tricyclic groups. AS Specific examples of 
Such groups there may be mentioned phenyl, indenyl, 
1-naphthyl, 2-naphthyl, azulenyl, heptalenyl, biphenyl, 
indacenyl, acenaphthyl, fluorenyl, phenalenyl, phenanthre 
nyl, anthracenyl, cyclopentacyclooctenyl and benzocy 
clooctenyl. 

0084. The term “5- to 14-membered aromatic heterocy 
clic group' used throughout the present Specification refers 
to a monocyclic, bicyclic or tricyclic 5- to 14-membered 
aromatic heterocyclic group comprising one or more hetero 
atoms Selected from the group consisting of nitrogen, Sulfur 
and oxygen. AS Specific examples of Such groups there may 
be mentioned (i) nitrogen-containing aromatic heterocyclic 
groupS Such as pyrrolyl, pyridyl, pyridaZinyl, pyrimidinyl, 
pyrazinyl, triazolyl, tetrazolyl, benzotriazolyl, pyrazolyl, 
imidazolyl, benzimidazolyl, indolyl, isolindolyl, indolidinyl, 
purinyl, indazolyl, quinolyl, isoquinolyl, quinolidyl, 
phthalazyl, naphthylidinyl, quinoxalyl, quinazolinyl, cinno 
linyl, pteridinyl, imidazotriazinyl, pyrazinopyridaZinyl, 
acridinyl, phenanthridinyl, carbazolyl, carbazolinyl, perim 
idinyl, phenanthrolinyl, phenacenyl, imidazopyridinyl, imi 
dazopyrimidinyl, pyrazolopyridinyl, pyrazolopyridinyl, etc.; 
(ii) Sulfur-containing aromatic heterocyclic groups such as 
thienyl, benzothienyl, etc.; (iii) oxygen-containing aromatic 
heterocyclic groupS. Such as furyl, pyranyl, cyclopentapyra 
nyl, benzofuryl, isobenzofuryl, etc.; and (iv) aromatic het 
erocyclic groups containing 2 or more different hetero 
atoms, Such as thiazolyl, isothiazolyl, benzothiazolyl, ben 
Zothiadiazolyl, phenothiazinyl, isoxazolyl, furazanyl, phe 
noxazinyl, oxazolyl, isoxazolyl, benzoxazolyl, oxadiazolyl, 
pyrazoloxazolyl, imidazothiazolyl, thienofuranyl, furopyr 
rolyl, pyridoxazinyl, etc. 

0085. The term “5- to 14-membered non-aromatic het 
erocyclic group' used throughout the present Specification 
refers to a monocyclic, bicyclic or tricyclic 5- to 14-mem 
bered non-aromatic heterocyclic group comprising one or 
more hetero atoms Selected from the group consisting of 
nitrogen, Sulfur and oxygen. AS Specific examples of Such 
groups there may be mentioned pyrrolidyl, pyrrolyl, pip 
eridyl, piperazyl, imidazolyl, pyrazolidyl, imidazolidyl, 
morpholyl, tetrahydrofuryl, tetrahydropyranyl, aziridinyl, 
oxiranyl and Oxathiolanyl. Non-aromatic heterocyclic 
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groups also include a pyridone ring-derived group, and a 
non-aromatic fused ring (for example, a phthalimide ring 
derived group and a Succinimide ring-derived group). 

0086) The term “5- to 8-membered heterocycle” used 
throughout the present Specification refers to a 5- to 8-mem 
bered aromatic or non-aromatic heterocycle. 

0087. The term “aryl' used throughout the present speci 
fication refers to an atomic group remaining after elimina 
tion of one hydrogen atom bonded to the ring of the aromatic 
hydrocarbon, and there may be mentioned phenyl, tolyl, 
Xylyl, biphenyl, naphthyl, anthoryl and phenanthoryl. 

0088. The term “alkylidene' used throughout the present 
Specification refers to a divalent group derived by the loss of 
two hydrogen atoms from the same carbon of an aliphatic 
hydrocarbon (preferably a C- alkane), and there may be 
mentioned ethylidene and the like. 

0089. The expression “optionally substituted” appearing 
throughout the present Specification has the same meaning 
as “having one or multiple Substituents in any desired 
combination at Substitutable positions'. 

0090 The term “hetero atom' used throughout the 
present Specification referS Specifically to oxygen, Sulfur, 
nitrogen, phosphorus, arsenic, antimony, Silicon, germa 
nium, tin, lead, boron, mercury and the like, and preferably 
oxygen, Sulfur and nitrogen. 

0.091 Throughout the present specification, the prefix 
“n-' signifies a normal type or primary Substituent, “Sec 
Signifies a Secondary Substituent, "t-" signifies a tertiary 
Substituent and “i-” Signifies an iso type Substituent. 

0092. The definitions of ring B, R'', R', R,R,R, 
Y', Y, and Ar in the compounds of the invention repre 
Sented by the general formula (I) above are as explained 
above, but ring B is preferably a benzene ring or a 6-mem 
bered aromatic heterocycle containing 1 or 2 nitrogen atoms, 
with benzene ring and pyridine ring being more preferred. 
Thus, as more preferred examples among compounds with 
a benzene ring as ring B there may be mentioned a com 
pound represented by the formula: 

6 
R 104 -R 

N 

R101 / 

A N-Yi-Y2-Ar 

R102 
5 

R105 R 

0093 wherein R'' and R'' are the same or different 
and each represents hydrogen, Co alkoxy, Co alkyl or 
halogen; and R', R', R. R. Y', Y and Ar have the 
same definitions given above). 
0094. As more preferred examples among compounds 
with a 6-membered aromatic heterocycle containing 1 or 2 
nitrogen atoms as ring B there may be mentioned a com 
pound represented by the formula: 
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R6 
N1 

ve"N-( 
B A N-Yi-Y2-Ar B 

Wan 
Z. 

R5 

0.095 wherein U represents N or CH (preferably N); V 
represents N or CR' (preferably CR''); W represents Nor 
CR 102, Z. represents N or CR'; one or two atoms selected 
from U, V, W and Z are N; and R', R', R', R, R, Y, 
Y and Ar have the same definitions given above). 
0096). Also, R', R'' and R'' are each preferably a 
group Selected from the group consisting of hydrogen, 
halogen, C- alkyl, C- alkylaminocarbonyl, C- alkoxy, 
C, alkylamino and Css cycloalkyl. 
0097 R is preferably a group selected from the group 
consisting of hydrogen, Co alkyl and C- alkoxy-C-6 
alkyl, and R is preferably a group selected from the group 
consisting of hydrogen, C alkyl and C alkyloxycarbo 
nyl optionally Substituted with acyloxy. 
0.098 Y' preferably represents a single bond or 
-(CH), wherein m represents an integer of 1 to 3 and 
Y’ preferably represents a single bond or -CO-, there 
being more preferred (i) a combination that Y is -CH2 
and Y is -CO-, and (ii) a combination that Y and Y are 
both single bonds. 
0099 Ar preferably represents hydrogen or a group rep 
resented by the formula: 

(II) 
R11 

01.00 wherein R', R', R, R and R' have the same 
definitions given above). 
0101 (i) When Y is —CH- and Y is -CO-, Ar is 
preferably a group represented by the general formula (II) 
above, and (ii) when Y and Y are both single bonds, Aris 
preferably hydrogen. 
0102) R', R', R, RandR'' are the same or different 
and are each preferably a group Selected from the group 
consisting of hydrogen, Co alkyl, hydroxyl, C- alkoxy, 
C. alkylamino, Css cycloalkylamino, acylamino, a 5- to 
14-membered non-aromatic heterocyclic group and C. 
alkyloxycarbonyloxy, and especially R'' and R'' are more 
preferably hydrogen. Also, RandR' or R'' and R' may 
bond together to form a 5- to 8-membered heterocyclic ring 
(i) optionally having 1 to 4 hetero atoms selected from N, S 
and O and (ii) optionally Substituted with at least one group 
Selected from the group consisting of cyano, OXO, and C. 
alkyl, acyl, Calkanoyl, carboxyl, carbamoyl, Calkoxy 
carbonyl, C. alkylaminocarbonyl, hydroxyl, C. alkoxy, 
C. cycloalkyloxy, amino, Calkylamino, sulfonyl and a 5 
to 14-membered non-aromatic heterocyclic group, each 
optionally Substituted with at least one group Selected from 
Substituent Group F" below: 

0103) <Substituent Group F"> The group consisting of 
Ce alkyl, OXO, cyano, acyl, carboxyl and C alkoxy. 
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0104. The preferred group for (ii) above is the group 
consisting of cyano, OXO, C- alkyl, cyano-Cio alkyl, C 
acyl, carboxyl, Calkoxycarbonyl, C. alkylaminocarbo 
nyl, hydroxyl and C alkoxy. 
0105 Thus, as more preferred examples for Ar when R' 
and R'' are hydrogen there may be mentioned a group 
represented by the formula: 

(IV) 
R11 

OR 15 

R13 

0106 wherein R'' and R' have the same definitions 
given above, R' represents (1) hydrogen or (2) a group 
selected from Substituent Group H above, and R'' and R' 
may bond together to form a 5- to 8-membered heterocycle 
optionally Substituted with at least one group Selected from 
Substituent Group F above and optionally having 1 or 2 
hetero atoms selected from N, S and Ol; 
0107 a group represented by the formula: 

R11 (V) 

OR 15 

OR 16 

0108 wherein R'' and R' have the same definitions 
given above, R' represents (1) hydrogen or (2) a group 
selected from Substituent Group H above, and R' and R' 
or R' and R may bond together to form a 5- to 6-mem 
bered heterocycle optionally Substituted with at least one 
group Selected from Substituent Group F above and option 
ally having 1 or 2 hetero atoms selected from N, S and Ol; 
0109) and a group represented by the formula: 

(VI) 
R11 

OR15 

N-R17 

R18 

0110 wherein R'' and R' have the same definitions 
given above, R7 and Rare the same or different and each 
represents (1) hydrogen or (2) a group Selected from Sub 
stituent Group I, and R'' and R', R' and R'7, R' and R' 
or R'' and R' may bond together to form a 5- to 8-mem 
bered heterocycle optionally Substituted with at least one 
group Selected from Substituent Group F above and option 
ally having 1 or 2 hetero atoms selected from N, S and O. 
0111. The term “salt” used throughout the present speci 
fication is not particularly restrictive So long as the Salt is 
formed with a compound of the invention and is pharma 
cologically acceptable, but preferably there may be men 
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tioned hydrogen halide acid salts (for example, hydrofluo 
ride, hydrochloride, hydrobromide and hydroiodide), 
inorganic acid Salts (for example, Sulfate, nitrate, perchlor 
ate, phosphate, carbonate and bicarbonate), organic car 
boxylate (for example, acetate, trifluoroacetate, oxalate, 
maleate, tartarate, fumarate and citrate), organosulfonate 
(for example, methaneSulfonate, trifluoromethaneSulfonate, 
ethaneSulfonate, benzeneSulfonate, toluenesulfonate and 
camphorSulfonate), amino acid salts (for example, aspartate 
and glutamate), quaternary amine Salts, alkali metal Salts 
(for example, Sodium Salts and potassium salts) or alkaline 
earth metal salts (for example, magnesium Salts and calcium 
Salts), and more preferred as “pharmacologically acceptable 
Salts' are hydrochloride, oxalate, trifluoroacetate and the 
like. 

0112 The following may be mentioned as specific pre 
ferred examples of the compounds of the invention repre 
Sented by the general formula (I) and their salts explained 
above. 

0113 2-2-(3,5-di-tert-butyl-4-hydroxy-phenyl)-2-oxo 
ethyl-6-ethoxy-3-imino-2,3-dihydro-1H-isoindole-5-car 
boxylic acid methylamide trifluoroacetate; 2-2-(3,5-di-tert 
butyl-4-hydroxy-phenyl)-2-oxo-ethyl-6-dimethylamino-3- 
imino-2,3-dihydro-1H-isoindole-5-carboxylic acid 
methylamide hydrobromide; 1-(3,5-di-tert-butyl-4-hydroxy 
phenyl)-2-(7-fluoro-1-imino-5,6-dimethoxy-1,3-dihydro 
isoindol-2-yl)-ethanone hydrobromide; 1-(8-tert-butyl-4- 
methyl-3,4-dihydro-2H-benzo1,4-oxazin-6-yl)-2-(5,6- 
diethoxy-7-fluoro-1-imino-1,3-dihydro-isoindol-2-yl)- 
ethanone hydrobromide, 2-2-(3-tert-butyl-4,5-dimethoxy 
phenyl)-2-oxo-ethyl-6-ethoxy-3-imino-2,3-dihydro-1H 
isolindole-5-carboxylic acid methylamide hydrobromide; 
1-(3,5-di-tert-butyl-4-hydroxy-phenyl)-2-(5-ethoxy-7- 
fluoro-1-imino-6-methoxy-1,3-dihydro-isoindol-2-yl)-etha 
none hydrobromide; 2-2-(3-tert-butyl-4-hydroxy-5-isopro 
poxy-phenyl)-2-oxo-ethyl-6-ethoxy-3-imino-2,3-dihydro 
1H-isoindole-5-carboxylic acid methylamide 
hydrobromide, 6-2-(8-tert-butyl-4-methyl-3,4-dihydro-2H 
benzo1,4loxazin-6-yl)-2-oxo-ethyl-3-ethoxy-7-imino-6,7- 
dihydro-5H-pyrrolo3,4-bipyridine-2-carboxylic acid 
methylamide hydrochloride; 2-2-(7-tert-butyl-3-methyl 
3H-benzimidazol-5-yl)-2-oxo-ethyl-6-ethoxy-3-imino-2,3- 
dihydro-1H-isoindole-5-carboxylic acid methylamide 
hydrobromide; 2-2-(3-tert-butyl-5-dimethylamino-4-hy 
droxy-phenyl)-2-oxo-ethyl-6-ethoxy-3-imino-2,3-dihydro 
1H-isoindole-5-carboxylic acid methylamide hydrobro 
mide; 5-(2-tert-butyl-4-2-(2-cyclopropyl-7-imino-5,7- 
dihydro-pyrrolo 3,4-bipyridin-6-yl)-acetyl-6-(pyrrolidin 
1-yl)-phenoxy)-pentanoic acid trifluoroacetate; 5-2-tert 
butyl-4-2-(7-fluoro-1-imino-5,6-dimethoxy-1,3-dihydro 
isoindol-2-yl)-acetyl-6-(pyrrolidin-1-yl)-phenoxy}- 
pentanoic acid trifluoroacetate, 2-2-(3-tert-butyl-5- 
dimethylamino-4-methoxy-phenyl)-2-oxo-ethyl-6-ethoxy 
3-imino-2,3-dihydro-1H-isoindole-5-carboxylic acid 
methylamide hydrobromide, 2-(1-3-tert-butyl-5-2-(7- 
fluoro-1-imino-5,6-dimethoxy-1,3-dihydro-isoindol-2-yl)- 
acetyl-2-methoxy-phenyl-pyrrolidin-3-yloxy)-butyric 
acid trifluoroacetate; 2-(1-3-tert-butyl-5-2-(7-fluoro-1- 
imino-5,6-dimethoxy-1,3-dihydro-isoindol-2-yl)-acetyl-2- 
methoxy-phenyl-pyrrolidin-3-yloxy)-butyric acid trifluo 
rOacetate, 1-(3-tert-butyl-5-dimethylamino-4-methoxy 
phenyl)-2-(7-fluoro-1-imino-5,6-dimethoxy-1,3-dihydro 
isoindol-2-yl)-ethanone hydrobromide; 2-2-(3-tert-butyl-5- 
dimethylamino-4-methoxy-phenyl)-2-oxo-ethyl-6- 
dimethylamino-3-imino-2,3-dihydro-1H-isoindole-5- 
carboxylic acid methylamide hydrobromide, 6-2-(3-tert 
butyl-5-dimethylamino-4-methoxy-phenyl)-2-oxo-ethyl-3- 
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butyl-5-2-(5,6-diethoxy-7-fluoro-1-imino-1,3-dihydro 
isoindol-2-yl)-acetyl-2-methoxy-phenyl-piperazin-1-yl)- 
acetate dihydrochloride; 1-3-tert-butyl-4-methoxy-5-4-(2- 
methoxy-acetyl)-piperazin-1-yl)-phenyl)-2-(5,6-diethoxy 
7-fluoro-1-imino-1,3-dihydro-isoindol-2-yl)-ethanone 
hydrobromide; 1-(4-3-tert-butyl-5-2-(5,6-diethoxy-7- 
fluoro-1-imino-1,3-dihydro-isoindol-2-yl)-acetyl-2-meth 
oxy-phenyl-piperazin-1-yl)-propan-1-one hydrobromide; 
1-3-tert-butyl-5-(3-ethoxy-4-hydroxy-pyrrolidin-1-yl)-4- 
methoxy-phenyl)-2-(5,6-diethoxy-7-fluoro-1-imino-1,3-di 
hydro-isoindol-2-yl)-ethanone trifluoroacetate; 1-(3,5-di 
tert-butyl-4-hydroxy-phenyl)-2-(7-imino-2-methyl-5,7- 
dihydro-pyrrolo3,4-bipyridin-6-yl)-ethanone 
hydrochloride; 1-(3,5-di-tert-butyl-4-hydroxy-phenyl)-2-(3- 
ethoxy-7-imino-2,4-dimethyl-5,7-dihydro-pyrrolo3,4-b 
pyridin-6-yl)-ethanone hydrobromide; 2-2-(3,5-di-tert-bu 
tyl-4-hydroxy-phenyl)-2-oxo-ethyl-6-ethoxy-3-imino-2,3- 
dihydro-1H-isoindole-5-carboxamide hydrobromide; 2-2- 
(8-tert-butyl-4-methyl-3,4-dihydro-2H-benzo14loxazin-6- 
yl)-2-oxo-ethyl-6-ethoxy-3-imino-2,3-dihydro-1H 
isolindole-5-carboxylic acid methylamide hydrobromide; 
6-2-(3,5-di-tert-butyl-4-hydroxy-phenyl)-2-oxo-ethyl-3- 
ethoxy-7-imino-6,7-dihydro-5H-pyrrolo3,4-bpyridine-2- 
carboxylic acid methylamide hydrochloride; 1-(3,5-di-tert 
butyl-4-hydroxy-phenyl)-2-(2-ethyl-7-imino-5,7-dihydro 
pyrrolo3,4-bipyridin-6-yl)-ethanone hydrobromide; 2-(2- 
cyclopropyl-7-imino-5,7-dihydro-pyrrolo3,4-bipyridin-6- 
yl)-ethanone)-1-(3,5-di-tert-butyl-4-hydroxy-phenyl)- 
ethanone hydrobromide; 2-2-(8-tert-butyl-3-oxo-3,4- 
dihydro-2H-benzo.14loxazin-6-yl)-2-oxo-ethyl-6-ethoxy 
3-imino-2,3-dihydro-1H-isoindole-5-carboxylic acid 
methylamide hydrobromide; and 1-(3-tert-butyl-5-isopropy 
lamino-4-methoxy-phenyl)-2-(5,6-diethoxy-7-fluoro-1- 
imino-1,3-dihydro-isoindol-2-yl)-ethanone hydrobromide. 
0114 Production processes for compounds of the inven 
tion and salts thereof will now be described. Various pro 
ceSSes are possible for production of the compounds of the 
invention represented by the general formula (I) above and 
their Salts, and the Synthesis may be carried out by ordinary 
organic Synthesis methods. The following representative 
production processes will now be presented. 
0115 Representative Production Processes 
0116 Compounds represented by the general formulas 
(A1-c) and (A1-c"), which are aromatic or heteroaromatic 
ring-fused cyclic amidines, may be Synthesized from (A1-a) 
and (A1-b) by the methods described later. 
0117 <Production Process A> 
0118. A process of synthesizing the aromatic or het 
eroaromatic ring-fused cyclic amidine compounds (A1-c) 
and (A1-c"), and compound (A3-b), imino-protected com 
pound (A1-c). 

(Scheme A-1) 

NH2 
X 

x1 's N Ar Step 1 
| N -- r --- 
*ssa O 

R5 (A1-b) 

(A1-a) X = Br or Cl 

X1 = N or CR1, X2 = N or CR2, 
X3 = N or CR3, X4 = N or CR4 
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-continued 
NHHXs 

X1 1 
X nS Step 2 

N He 

X sé X 
Rs. O 

(A1-c) 

X5 = Cl-, Br-, CF3CO2 
NHHXs' 

-X1 
x n 

N 
X3. 2 
y Ar' 

Rs' O 

(A1-c') 

0119) This scheme is a method of synthesizing (A1-c) 
from (A1-a) and (A1-b) by the methods described later. 
0120 In the formulas, Ar and Ar' have the same definition 
as Ar in the compounds represented by formula (I) in claim 
1. R1, R2, R3, R4 and R5, and R1', R2, R3', R4' and R5 are 
defined in Production Process B onward. 

0121 Step 1 is a coupling reaction between compounds 
(A1-a) and (A1-b). Compound (A1-c) may be obtained from 
these compounds by dissolving both compounds in dimeth 
ylformamide, acetonitrile, an alcohol or the like, and Select 
ing the temperature conditions from room temperature to 
reflux temperature. As an alternative method, (A1-a) may be 
reacted with Sodium hydride in a Solvent Such as tetrahy 
drofuran or dimethylformamide and then reacted with (A1 
b) at room temperature or while cooling on ice to obtain a 
salt free form of (A1-c), which may then be treated with any 
of various acids. Preferably, it is reacted with a 5N hydrogen 
chloride or 5N hydrogenbromide acetic acid solution in an 
organic Solvent to yield (A1-c) as an ammonium salt. 
0122) Step 2 is a step of partial structural modification 
after Step 1 to yield compound (A1-c"). In this step, in cases 
where (A1-c) contains a tert-butyl group as the protecting 
group of carboxyl or a tert-butyloxycarbonyl group as the 
protecting group of amino or amide hydrogen, deprotection 
is accomplished by reaction with 5 N hydrogen chloride in 
an organic Solvent Such as ethyl acetate or dioxane, using 
trifluoroacetic acid, if necessary diluting with dichlo 
romethane, to yield (A1-c'). When (A1-c) contains an alkyl 
ester, heating to reflux may be accomplished in concentrated 
hydrochloric acid for hydrolysis to yield (A1-c") as a car 
boxylic acid. When (A1-c) contains tetrahydropyranyl, 
methoxymethyl or trialkylsilyl as a hydroxyl-protecting 
group, it may be deprotected by using 5 Nhydrogen chloride 
in a water-containing organic Solvent Such as ethyl acetate 
and dioxane, trifluoroacetic acid or dilute hydrogen chloride 
in a Solvent Such as tetrahydrofuran and an alcohol, to yield 
(A1-c'). When (A1-c) contains benzyl as the protecting 
group for hydroxyl or carboxyl, or when it contains a double 
bond, the deprotecting reaction or conversion to a Saturated 
compound may be accomplished by hydrogenation in a 
Solvent Such as ethyl acetate or an alcohol, in the presence 
of a metal catalyst Such as palladium hydroxide, to yield 
(A1-c'). When (A1-c) has carboxyl, it may be converted to 
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an ester under acidic alcohol conditions or to an amide 
derivative under condensing conditions to yield (A1-c'). 
When (A1-c) has cyano, it may be converted to a carboxylic 
acid or carboxamide under hydrolyzing conditions to yield 
(A1-c'). 

(Scheme A-2) 
X1 CN 

x:1 n 
-X6 Air Step 1 

X3. 2 + H2N Her 
X 

O 
Br 

(A2-b) 
(A2-a) 

X6 = CH2 or N 

NHHXs 
X1 x1's 

y N 
sé Air 

R5 O 

(A1-c) 

0123 This Scheme is a method Synthesizing compound 
(A1-c) from compounds (A2-a) and (A2-b). The compound 
represented by (A2-a) is one of the intermediates shown in 
Production Processes B to H, or a compound which can be 
easily converted from one of the intermediates. 
0.124. In the formulas, Ar has the same definition as Ar in 
the compound represented by formula (I) in claim 1. X1,X2, 
X3 and X4 have the same definitions as X1, X2, X3 and X4 
in Scheme A-1. 

0.125 Step 1 is a reaction for alkylation of the amino 
group and Subsequent ring closure of the Secondary amine 
produced thereby, in an one-pot Synthesis. The both com 
pounds are reacted in a dimethylformamide Solvent from 
room temperature to 100° C. However, when the compound 
represented by (A2-b) is an amine Salt, the reaction is 
conducted in the presence of 1,8-diazabicyclo5.4.0]undec 
7-ene. 
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0.126 This scheme is a method of protecting the imino 
group of compound (A1-c). In the formulas, Ar has the same 
definition as Ar in the compound represented by formula (I) 
in claim 1. X1, X2, X3, X4 and R5 have the same definitions 
as X1, X2, X3, X4 and R5 in Scheme A-1. R represents 
optionally Substituted alkyl or alkenyl, and R6 represents 
alkyl. 

0127 Step 1 is a reaction for introduction of a substituent 
at the imino group. An alkyl chlorocarbonate or a carbonate 
having nitrophenol as a leaving group (A3-a), is reacted 
there with by reaction in a two-layer System using a base 
Such as a 1 N aqueous Sodium hydroxide Solution or 
Saturated bicarbonate water, in a Solvent Such as tetrahydro 
furan, to yield (A3-b). 

(Scheme A-4) 

N Air 1'.' 1. Step 1 O Air 
(A4-b) (A4-c) 

(A4-a) X 
(A1-b) 

X = Cor Br 

0128. This scheme is a method of synthesizing a 2-ha 
logeno-1-ethanone derivative represented by (A1-b) in 
Scheme A-1 from (A4-a), (A4-b) or (A4-c). In the formulas, 
Ar has the Same definition as Ar in the compound repre 
sented by formula (I) in claim 1. 
0129. Step 1 is carried out by the following 3 methods 
corresponding to the starting compounds (A4-a), (A4-b) and 
(A4-c), respectively. 

0130 (1) Compound (A4-a) may be treated with a halo 
genating reagent in the presence of an appropriate Solvent to 
yield (A1-b). Preferably, (A4-a) is continuously treated with 
tert-butyldimethylsilyl trifluoromethanesulfonate, N-bromo 
Succinimide or N-chloroSuccinimide in tetrahydrofuran in 
the presence of triethylamine, to yield (A1-b). More pref 
erably, (A4-a) is treated with tetrabutylammonium tribro 
mide in a Solvent mixture of dichloromethane and methanol 
or in acetic acid to yield (A1-b). 

(Scheme A-3) 

NHHXs -or 
x1 ‘'s Step 1 x:1 ‘'s 
y N CICO2R or y N 

sé X- (A3-a) sé X 
Rs. O O On-O R6 Rs. O 

(A1-c) (A3-b) 
O O 

ON 

(A3-a) 
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0131 (2) After introducing ethanolether as a methyl 
ketone equivalent at the bromide position of (A4-b) by Stille 
coupling in an appropriate Solvent, the resulting compound 
may be treated with a halogenating reagent to yield (A1-b). 
Preferably, (A4-b) is treated with tributyl(1-ethoxyvinyl)tin, 
tetrakis(triphenylphosphine)palladium and cesium fluoride 
in toluene or 1,4-dioxane while heating and ethyl vinyl ether 
is introduced, and then halogenation is carried out with 
N-bromosuccinimide or N-chlorosuccinimide to yield (A1 
b). Alternatively, introduction of ethyl vinyl ether at the 
bromide position of (A4-b) may be followed by treatment 
with preferably 5 N hydrochloric acid-acetone under appro 
priate acidic conditions to yield (A4-a). 
0132 (3) Compound (A4-c) may be treated with a Lewis 
acid catalyst and Friedel-Crafts acylating reagent in an 
appropriate solvent to directly yield (A1-b). Preferably, 
(A4-c) is treated with bromoacetyl chloride or chloroacetyl 
chloride in dichloromethane in the presence of aluminum 
chloride to yield (A1-b). 
0.133 An aromatic or heteroaromatic ring-fused amidine 
represented by (A1-a) may be synthesized by either Produc 
tion Process B or C below. Production Process B is a process 
utilizing a regioSelective reduction reaction on a phthaloni 
trile derivative. 

0134) <Production Process B> 
0135) A process for synthesis of an aromatic or heteroaro 
matic ring-fused amidine represented by (A1-a) as the 
starting material for Scheme A-1 of Production Process A, 
utilizing a regioSelective reduction reaction on a phthaloni 
trile derivative. 

(Scheme B) 

R1 R1 

R2 Br R2 CN 
N N 

Step 1 Step 2 
2 2 

R3 X Br R3 X CN 

(B-a) (B-b) 
R1 R4 

NH2 NH2 
R2 R N N N 

N N 
2 -- 

R3 X R3 

(B-c) R1 

(B-d) 
X4: N or CR4 

0.136 This scheme is a method of synthesizing benzami 
dine derivatives (B-c) and (B-d) from compound (B-a). The 
definition of X4 in the formulas is the same as X4 in Scheme 
A-1 of Production Process A. R1 and R4 represent hydro 
gen, halogeno, optionally Substituted alkyl or optionally 
Substituted alkoxy. R2 and R3 represent hydrogen, halo 
geno, optionally Substituted alkyl, optionally Substituted 
alkenyl, optionally Substituted alkoxy, optionally Substituted 
amino, optionally Substituted carboxyl, optionally Substi 
tuted aminocarbonyl, optionally Substituted aminoSulfonyl, 
optionally Substituted Sulfonylamino or optionally Substi 
tuted alkanoylamino. 
0.137 Step 1 is a reaction for introduction of a cyano 
group. Compound (B-b) may be obtained by heating com 
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pound (B-a) and copper (I) cyanide at 140-160° C. in a 
Solvent Such as dimethylformamide, dimethylsulfoxide, 
N-methylpiperidone or hexamethylphosphoramide or a mix 
ture thereof. 

0.138 Step 2 is a reaction of regioselective reduction of 
(B-b) and Subsequent ring closure of the resulting amine in 
the System. The reaction conditions may be Selected from 
the following 4 types: 1) hydrogenation reaction using a 
metal catalyst Such as platinum oxide, platinum-carbon or 
palladium-carbon in a Solvent Such as ethyl acetate or an 
alcohol or a mixture thereof, at room temperature and 
normal pressure, 2) hydride reduction by reaction with 
disobutyl aluminum hydride, lithium aluminum hydride or 
the like on ice or at room temperature in a Solvent Such as 
tetrahydrofuran or diethyl ether, 3) reaction with sodium 
borohydride in the presence of trifluoroacetic acid, 4) reac 
tion with sodium borohydride in the presence of cobalt 
chloride or the like. Compound (B-d) is also obtained as a 
result of the substitution on (B-b), but it may be separated 
and purified by Silica gel column chromatography, and both 
isomerS may be used for the reaction represented by Scheme 
A-1. When a benzylamine derivative is obtained which does 
not undergo ring closure under reducing reaction conditions, 
it may be adsorbed onto Silica gel and allowed to Stand at 
room temperature from 3 hours to 1 day to yield a cyclic 
amidine (A1-a). 
013:9 Compound (B-a) and (B-b) above may also be 
purchased, or optionally Synthesized by any of the methods 
from Scheme B-1 to Scheme B-15 described below. 

(Scheme B-1) 
F F 

HO Step 1 RSO Step 2 
-- -- 

RSX 
|X= Br, I 

HO RSO 

(B1-a) (B1-b) 
F 

Rs.O Br 

Rs.O Br 

(B1-c) 

0140. This scheme is a general synthesis method for a 
fluorocatechol derivative. In the formulas, R5 represents an 
optionally Substituted alkyl or cycloalkyl. 
0141 Step 1 is a method for alkylation of the two 
hydroxyl groups of (B1-a). Compound (B1-b) may be 
obtained by reaction with an alkyl halide in a solvent such 
as dimethylformamide, acetonitrile or acetone in the pres 
ence of an inorganic base Such as potassium carbonate or 
cesium carbonate, at a temperature from room temperature 
to reflux temperature. 
0.142 Step 2 is a step of regioselective dibromination. 
Compound (B1-c) may be obtained by a method of reaction 
with bromine or N-bromosuccinimide in a solvent Such as an 
alcohol or acetonitrile, either while cooling on ice or at room 
temperature, or by a method of reaction with bromine in an 
acetic acid Solvent in the presence of Sodium acetate, from 
room temperature to 80 C. 
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0143 Conversion of an alkyl group of compound (B1-c) 
may be accomplished by the following method. 

(Scheme B-2) 
F 

RSO Br Step 1 
He 

RSO Br 

(B1-c) 
F F 

HO Br Step 2 R6O Br 
-- 

R6X 
|X= Br, I 

Rs.O Br Rs.O Br 

(B2-a) (B2-b) 

0144. This scheme is a method for synthesis of a fluo 
rocatechol derivative (B2-b) with different substituents. In 
the formulas, R5 and R6 each represent an optionally 
substituted alkyl or cycloalkyl. 

0145 Step 1 is a step of selective removal of an alkyl 
group. Compound (B2-a) may be obtained by reaction with 
two equivalents of aluminum chloride in dichloromethane, 
from freezing to room temperature. 

0146 Step 2 is a step of alkylation, where compound 
(B2-b) may be obtained similarly to Step 1 of Scheme B-1. 
0147 Hydroxyl may then be reductively removed from 
compound (B2-a). 

(Scheme B-3) 
F 

RSO CN Step 1 
He 

RSO CN 

(B3-a) 
F 

HO CN Step 2 
He 

RSO CN 

(B3-b) 
F F 

TO CN Step 3 CN 
-- 

Rs.O CN Rs.O CN 

(B3-c) (B3-d) 

SOCF 

SOCF 

(B3-e) 
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0.148. This scheme is a method for synthesis of com 
pound (B3-d) from compound (B3-a). In the formulas, R5 
represents an optionally Substituted alkyl or cycloalkyl. 

0149 Step 1 is a step of removal of alkyl of the com 
pound represented by (B3-a), which may be synthesized by 
the method of Scheme B-1. Compound (B3-b) may then be 
obtained similarly to Step 1 of Scheme B-2. 

0150 Step 2 is a step of conversion of hydroxyl to a 
trifluoromethanesulfonate (triflate). Compound (B3-c) may 
be obtained by reaction with trifluoromethanesulfonic anhy 
dride in a Solvent Such as dichloromethane in the presence 
of a base Such as triethylamine or pyridine, or by reaction 
with compound (B3-e) in the presence of triethylamine or 
dimethylaminopyridine. 

0151 Step 3 is a reaction for reductive removal of the 
triflate. It may be carried out by heated reaction with a 
palladium catalyst in dimethylformamide in the presence of 
formic acid and tributylamine. The palladium catalyst used 
may be bis(triphenylphosphine)palladium dichloride, and 
the method is preferably ligand substitution with a bidentate 
ligand Such as diphenylphosphinopropane or the like. 

(Scheme B-4) 
MeO Br 

Step 1 
He 

MeO Br 

(B4-a) 
HO Br 

RO Br 

Step 2 
--- 

R7X HO Br 
|X= Br, I RO Br 

(B4-b) 
(B4-c) 

0152 This scheme is a method for synthesis of a catechol 
derivative from a commercially available compound (B4-a). 
In the formulas, R7 represents an optionally substituted 
alkyl or cycloalkyl group. 

0153 Step 1 is a dealkylation step. Compound (B4-a) 
may be reacted with boron tribromide in a solvent such as 
dichloromethane to yield (B4-b). 
0154 Step 2 is an alkylation step. Compound (B4-c) may 
be obtained similarly to Step 1 of Scheme B-1. 

(Scheme B-4) 

HO Br 

Step 1 
-es 

R HO Br 

(B4-b) -N- Br Br 
O Br 

1. DOC Step 2 -- 

R O Br 
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-continued 

u Br 
R1 Br 

(B4-e) 

O155 This scheme is a method for synthesis of cyclic 
catechol derivatives (B4-d) and (B4-e). In the formulas, R 
represents hydrogen, alkyl or alkyloxycarbonyl. R' repre 
sents alkyl optionally substituted with hydroxyl or alkoxy. 
0156 Step 1 is a step of alkylation followed by cycliza 
tion, and the reaction conditions may be according to the 
method of alkylation in Step 1 of Scheme B-1. 

O157 Step 2 is a substitution reaction wherein R of 
(B4-d) is alkyloxycarbonyl. Compound (B4-e) may be 
obtained by reduction of the ester group with lithium boro 
hydride or etherification with sodium hydride and an alky 
lating agent. 

(Scheme B-5) 
CN CN 

O R8OH He 

ON CN R8O CN 

(B5-a) (B5-b) 
NO OR8 

CN CN 

R8OH 
He 

CN CN 

(B5-c) (B5-d) 

0158. This scheme is a method for synthesis of a mono 
Substituted alkoxy derivative using a 3- or 4-nitrophthaloni 
trile Substitution reaction, as described in C. C. LeZnoff et 
al., Can. J. Chem., 72, 1990(1994). In the formulas, R8 
represents optionally Substituted alkyl or cycloalkyl. 

(Scheme B-6) 
CN 

Step 1 
He 

HO CN R10 R9 

(B6-a) -X. Br 
CN 

ROC O CN 

Step 2 
Ho 

(B6-b) 
CN 

R10 R9 
Step 2 

HO 
O CN R11X (X = Br, I 

(B6-c) 
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-continued 
CN 

R10 Ro 

Rios-X O CN 

(B6-d) 

0159. This scheme is a method for synthesis of mono 
substituted alkoxy derivatives (B6-b), (B6-c) and (B6-d). In 
the formulas, R represents alkyl, R9 and R10 represent 
hydrogen or optionally Substituted alkyl, and R11 represents 
optionally Substituted alkyl. 
0160 Step 1 is a reaction for alkylation of compound 
(B6-a). Compound (B6-b) may be obtained similarly to Step 
1 of Scheme B-1, using an a-bromoester as the alkylating 
agent. 

0.161 Step 2 is a reaction for reduction of an ester. 
Compound (B6-c) may be obtained by reaction with lithium 
borohydride in a tetrahydrofuran solution of (B6-b)R=Et or 
Me while cooling on ice. 
0162 Step 3 is a step of ether synthesis by alkylation. 
Compound (B6-d) may be obtained by reaction with sodium 
hydride in a solvent such as tetrahydrofuran or dimethyl 
formamide, followed by reaction with an alkyl halide. 

(Scheme B-7) 

OH OR 12 

CN CN 

Step 1 

Rioxx = Br, I CN 
OH OR 12 

(B7-a) (B7-b) 

0163 This scheme is a method for synthesis of a para 
substituted dialkoxy derivative (B7-b) by alkylation simi 
larly to Step 1 of Scheme B-1. In the formulas, R12 
represents optionally Substituted alkyl or cycloalkyl. 

(Scheme B-8) 

21 

N NS 
CN 

CC NN e Cl- -HCl 
HO CN (B8-b) 

Step 1 
(B6-a) 

CN 
N21 

N O CN 

(B8-a) 

0164. This scheme is a method for synthesis of a 4-py 
ridinol derivative (B8-a). 
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0.165 Step 1 accomplishes etherification at the 4 position 
of the pyridine. Compound (B8-a) may be obtained by 
reaction with compound (B8-b) while heating to reflux in an 
alcohol Solvent, in the presence of aqueous Sodium hydrox 
ide. 

(Scheme B-9) 

CIOS Br 

Step 1 
--- 

Rs Br R13R14NH 

(B9-a) 
O O 
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R14 
R3 Br 
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Step 2 
He 
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(B9-c) 

Step 3 
He 

R15O Br 

(B9-d) 
Br CIOS Br 

O Step 4 DOC Ho 

R15O Br R15O Br 

(B9-e) (B9-f) 

0166 This scheme is a method for synthesis of a substi 
tuted Sulfonamide derivative (B9-b). In the formulas, R3 
represents hydrogen or optionally Substituted alkoxy, and 
R13 and R14 represent hydrogen or optionally substituted 
alkyl. R13 and R14 may also form a ring with the N. R15 
represents optionally Substituted alkyl. 

0167 Step 1 is a step of amidation. Compound (B9-b) 
may be obtained by reaction with aqueous ammonia or an 
aqueous alkylamine Solution, or an organic Solvent Solution, 
in a Solvent Such as tetrahydrofuran or dimethylformamide. 

0168 Synthesis of compound (B9-f), corresponding to 
compound (B9-a) wherein R3 is alkoxy, may be carried out 
in the following manner. 

0169 Step 2 is a step of alkylation, which may be carried 
out similarly to Step 1 of Scheme B-1. 

0170 Step 3 is a step of regioselective bromination, 
which may be carried out similarly to Step 2 of Scheme B-1. 

0171 Step 4 is a reaction for introduction of a chloro 
sulfonyl group. Compound (B9-f) may be obtained by 
reaction with chloroSulfonic acid in a Solvent Such as 
dichloromethane. 
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(Scheme B-10) 

MeOC 

Step 1 
--- 

Br 

(B10-a) 
MeOC Br 

Step 2 
He 

Br 

(B10-b) 
MeOC CN 

Step 3 
-- 

CN 

(B10-c) 
HOC CN 

Step 4 
He 

CN R16R17NH 

(B10-d) 
O 

R16 CN 

R17 
CN 

(B10-e) 

0172 This scheme is a production method for a mono 
substituted carboxamide derivative (B10-e) or ester (B10-c). 
In the formulas, R16 and R17 represent hydrogen or option 
ally substituted alkyl. R16 and R17 may also form a ring 
with the N. 

0173 Step 1 is a regioselective bromination reaction. 
Compound (B10-b) may be obtained by reaction with 
N-bromoSuccinimide in concentrated Sulfuric acid at room 
temperature. 

0.174 Step 2 is a step of dinitrilation similarly to Step 1 
of Scheme B. 

0.175 Step 3 is a step of synthesizing a carboxylic acid 
from an ester with cyano. Compound (B10-d) may be 
obtained by reaction with lithium iodide in a dimethylfor 
mamide Solvent. 

0176 Step 4 is a step of amidation. Compound (B10-e) 
may be obtained by any of the following 3 methods. 1) A 
method of reaction with an alkyl chlorocarbonate in a 
Solvent Such as tetrahydrofuran, ethyl acetate or dichlo 
romethane, in the presence of a base Such as triethylamine, 
to produce a mixed acid anhydride in the reaction System, 
followed by reaction with an organic Solvent Solution or 
aqueous Solution of an amine. 2) A method of reaction with 
an amine together with a condensation agent Such as dicy 
clohexylcarbodiimide or a water-Soluble carbodiimide, in a 
Solvent Such as tetrahydrofuran, acetonitrile or dichlo 
romethane, in the presence of hydroxybenzotriazole. 3) A 
method of activation of the carboxyl group with triethy 
lamine and diethyl cyanophosphonate and reaction with an 
amine. 
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(Scheme B-11) 
HN CN 

Step 1 
He 

R3 CN ACI 

(B11-a) 
CN 

A1 
Step 2 
He 

R18X 
R3 CN |X= Br, I 

(B11-b) 

s 
N CN 

A1 

Rs CN 

(B11-c) 
ON CN HN CN 

Step 3 
Her 

R19O CN R19O CN 

(B11-d) (B11-e) 

0177. This scheme is a synthesis method for aniline 
derivatives (B11-b) and (B11-c). In the formulas, A repre 
Sents alkanoyl, alkylsulfonyl, optionally Substituted ami 
nocarbonyl or alkoxycarbonyl. R3 represents hydrogen or 
optionally substituted alkoxy, and R18 and R19 represent 
optionally Substituted alkyl or cycloalkyl. 

0.178 Step 1 is a step of introducing a substituent at the 
amino group. Compound (B11-b) may be obtained by reac 
tion with an acid chloride, alkyl chlorocarbonate or alkyl 
Sulfonyl chloride in a Solvent Such as tetrahydrofuran, ethyl 
acetate or dichloromethane or in the absence of a Solvent, 
and in the presence of a base Such as pyridine, or alterna 
tively for synthesis of a urea derivative, by reaction with 
triphosgene in the presence of a base Such as triethylamine 
or dimethylaminopyridine followed by reaction with an 
organic Solvent Solution or aqueous Solution of an amine. 

0179 Step 2 is a step of N-alkylation reaction. This may 
be accomplished by reaction with an alkyl halide in a 
dimethylsulfoxide Solvent, in the presence of Sodium 
hydroxide powder. Alternatively, compound (B11-c) may be 
obtained by reaction with sodium hydride in a solvent such 
as tetrahydrofuran or dimethylformamide, followed by reac 
tion with an alkyl halide. 

0180 Compound (B11-a) wherein R3 is an alkoxy group 
may be Synthesized in the following manner using com 
pound (B11-d) which can be synthesized by the method 
described in C. C. LeZnoff et al., Can. J. Chem., 73, 
435(1995). 
0181 Step 3 is a step of reduction of the nitro group to 
yield an aniline. Compound (B11-e) may be obtained by 
adding iron powder in an alcohol Solvent in the presence of 
ammonium chloride powder, and heating to reflux. 
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(Scheme B-12) 
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--- 

CN 
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B12 (B12-a) (B12-i) 
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Step 4 
--- 
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Step 5 
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(B12-e) 
R25 

CN 
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-continued 
Step 7 

B12-d) or (B12- --- ( ) or ( g) R27R28NH 

s R26 
N CN 

1. 
R38 

R23 
O 

CN 

(B12-h) 

R26 = Hor R25) 

0182. This scheme is a method for synthesis of pheny 
lacetic acid derivatives (B12-e, f, h). In the formulas, R20 
represents hydrogen, optionally Substituted alkyl or alkoxy. 
R21 and R24 represent alkyl, and R22 and R25 represent 
optionally substituted alkyl. R23 represents R20 or R22, and 
R26 represents hydrogen or R25. R27 and R28 represent 
hydrogen or optionally Substituted alkyl. 

0183 Step 1 is a step of substitution reaction at the nitro 
group of compound (B12-a) with a malonate derivative. 
When R20 in compound (B12-i) is hydrogen, compound 
(B12-b) may be obtained under the conditions described in 
M. P. Roze et al., Zh. Org. Khim, 28,827(1992), or when 
R20 is a group other than hydrogen, it may be obtained by 
a method of using Sodium hydride in dimethylformamide on 
the corresponding malonate to generate an anion, followed 
by reaction with compound (B12-a). When R20 is H, an 
alkyl group may also be introduced in other way. 

MeOC Br 

(B13-a) 

(B13-d) 

Br Br 
HO O 

Step 1 ro Step 2 
Br Br Br R29MgX 

(B13-b) 

R30 

Br CN CN 
HO HO O 

Step 4 Step 5 
Ho- Hess 

Br CN CN 
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0.184 Step 2 is a step of alkylation on the malonate 
C-carbon. Compound (B12-c) may be obtained by using 
Sodium hydride in dimethylformamide to generate an anion, 
followed by reaction with an alkyl halide. 
0185 Step 3 is a step of decarboxylation of compound 
(B12-b) or (B12-c). When R6 is ethyl or methyl, compound 
(B12-d) may be obtained by reaction with aqueous lithium 
hydroxide in a Solvent mixture of tetrahydrofuran and alco 
hol for hydrolysis, followed by heating to reflux for decar 
boxylation. When R6 is tert-butyl, the dicarboxylic acid 
obtained by treatment with trifluoroacetic acid may be 
heated to reflux in Xylene for decarboxylation. 
0186 Step 4 is a step of esterification. When R24 is 
methyl, this may be accomplished by reaction with trimeth 
ylsilyldiazomethane in an acetonitrile and alcohol Solvent. 
When R24 is tert-butyl, it may be accomplished by reaction 
with di-tert-butyl dicarbonate in tert-butyl alcohol in the 
presence of dimethylaminopyridine, or by reaction with 
dimethylformamide di-tert-butylacetal. 
0187 Compounds (B12-f) and (B12-h) having quater 
nary carbons may also be Synthesized. 
0188 Step 5 is a step of alkylation of compound (B12-e) 
R24=tBu), wherein compound (B12-f) may be obtained 
similarly to Step 2 above. 
0189 Step 6 is a step of conversion to a carboxyl group. 
Compound (B12-g) may be obtained by dissolution at room 
temperature in trifluoroacetic acid diluted with an organic 
Solvent Such as dichloromethane. 

0190. Step 7 is a step of obtaining compound (B12-h) 
according to the method of Scheme B-10, Step 4, under 
conditions for amidation of compound (B12-d) or (B12-g). 

(Scheme B-13) 

Step 3 
He 

|X= Br, I 
(B13-c) 

Step 4 

R30 

Step 6 
He 

(B13-e) (B13-f) 
ROC 

CN 
R30 

CN 
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-continued 
R30 

CN 
R1O 

(B13-b) Step 7 
(B13-e) CN 

|X= Br, I 
(B13-h) 

0191 This scheme is a method for synthesis of com 
pounds (B13-e), (B13-g) and (B13-h) from compound (B13 
a). In the formulas, R29 and R31 represent optionally 
substituted alkyl, R30 represents hydrogen or R29, and R 
represents lower alkyl. 

0.192 Step 1 is a step of reduction of ester. Compound 
(B13-b) may be obtained by reaction with lithium borohy 
dride in tetrahydrofuran while cooling on ice. 

0193 Step 2 is a step of obtaining compound (B13-c) by 
Swern oxidation. 

0194 Step 3 is a step of introducing an alkyl group. 
Compound (B13-d) may be obtained by using a Grignard 
reagent in a Solvent Such as tetrahydrofuran. The obtained 
compound (B13-b) or (B13-d) may be converted to a 
dinitrile (B13-e) by conducting Step 4 using the conditions 
for Scheme B, Step 1. Conversion to a styrene derivative is 
also possible. 

0195 Step 5 is a step of obtaining compound (B13-f) 
through oxidation of the hydroxyl group by Swern Oxida 
tion. 

0196) Step 6 is a step of conversion to a conjugated ester. 
Compound (B13-g) may be obtained by Horner-Emmons 
reaction or Wittig reaction. Conversion from (B13-e) to an 
alkoxy derivative is also possible. 

0.197 Step 7 is a step of alkylation of the hydroxyl group, 
wherein compound (B13-h) may be obtained similarly to 
Scheme B-6, Step 3. 

0198 A compound represented by (B-b) in Scheme B 
may also be Synthesized from readily available phthalic 
anhydride by the method described in D. Wohrle et al., 
Synthesis, 194(1993), R. D. George et al., J. Heterocyclic. 
Chem., 32, 495(1995) or by the method shown in the 
following Scheme B-14. 

(Scheme B-14) 
R 

1. O 

R2 
Step 1 

O --- 

R3 
O 

R4 

(B14-a) 
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R1 O 

R2 1s O 

Step 2 
-- 

Rs COH 

R4 

(B14-b) 
R1 O 

R2 1s O 

Step 3 
Her 

Rs CONH2 

R4 

(B14-c) 
R1 R1 

R2 CONH2 R2 CN 

Step 4 
Her 

Rs CONH2 Rs CN 

R4 R4 

(B14-d) (B-b) 

0199 This scheme is a method for synthesis of com 
pound (B-b) using phthalic anhydride as the starting mate 
rial. R1, R2, R3 and R4 have the same definitions as in 
Scheme B. 

0200 Step 1 is a step of synthesizing a phthalic acid 
monoester. Compound (B14-b) may be obtained by heating 
to reflux in isopropanol. 

0201 Step 2 is a step of conversion to a carboxamide, 
wherein compound (B14-c) may be obtained by the method 
described in Scheme B-10, Step 4. 

0202 Step 3 is a step of obtaining a carboxamide from 
the ester. Compound (B14-d) may be obtained by heating to 
reflux in an ammonia-Saturated alcohol Solvent. 

0203 Step 4 is a step of synthesizing a nitrile by dehy 
dration of the carboxamide. A compound represented by 
(B-b) may be obtained by reaction with trifluoroacetic 
anhydride in a Solvent Such as tetrahydrofuran in the pres 
ence of pyridine, while cooling on ice. 
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(Scheme B-15) 
FC CN FC CN 

Step 1 

F F 

(B15-a) (B15-b) 

0204. This scheme is a method for converting compound 
(B15-a) to a dinitrile in a single step to Synthesize a 
trifluoromethyl-substituted derivative (B15-b). 
0205 Step 1 is a step of introducing a cyano group. 
Compound (B15-b) may be obtained by heating a dimeth 
ylformamide solution of compound (B15-a) at 110°C. in the 
presence of Sodium cyanide. 

0206. The compounds represented by (A1-a) in Produc 
tion Process A, Scheme A-1 may also be synthesized by the 
following Production Process C via reduction of an azide 
grOup. 

0207 <Production Process C> 

(Scheme C) 

NH 
X1 CN X1 

x:1 S x1 nS N 
Step 1 N 

X3. 2 R5 Her X3. 2 
X X 

R 
N 5 

A1-a (C-a) (A1-a) 

X1 = N or CR1, X2 = N or CR2, 
X3 = N or CR3, X4 = N or CR4 

0208. This is a process for synthesizing a compound 
represented by (A1-a) in Production Process A, Scheme A-1 
by reduction of the azide group. 
0209. In the formulas, R5 represents hydrogen or option 
ally substituted alkyl. 
0210 Step 1 is a step of reducing the azide group of 
compound (C-a) and Synthesizing a cyclic amidine by ring 
closure of the resulting amine, and compound (A1-a) may be 
obtained by either of the following two methods. 1) A 
reaction using an organophosphorus reagent Such as triph 
enylphosphine or triethylphosphine in a hydrous tetrahydro 
furan Solvent, or 2) a hydrogenation reaction using a metal 
catalyst Such as palladium-carbon in ethyl acetate, alcohol or 
a mixture thereof. 

0211) A benzylamine derivative may be obtained under 
reducing reaction conditions without promoting ring clo 
Sure, by adsorption on Silica gel and Standing at room 
temperature from 3 hours to 1 day, to yield a cyclic amidine 
(A1-a). 
0212. A compound represented by (C-a) may be synthe 
sized by selecting any of Production Processes D to H 
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below, which differ mainly in the method of introducing the 
cyano group and azide group. 

0213 <Production Process D> 

(Scheme D) 

R1 

x1N 
Step 1 
-e- 

R6O 2 

R4 

(D-a) 
X2N or CR2 

R1 

Br 

Step 2 
2 He 

R6O 

R4 

(D-b) 
R1 

CN 
X N 

Step 3 
Her 

RO 2 

R4 

(D-c) 
R1 R1 

CN CN 
X2 N X2 N 

Step 4 
-- 2 

R6O 2 RO 

R4 Br R4 N 

(D-d) (D-e) 

0214. This scheme is a method for synthesis of com 
pound (D-e) from compound (D-a). In the formulas, R1 
represents hydrogen, halogeno, optionally Substituted alkyl 
or alkoxy. R2 represents hydrogen, optionally Substituted 
alkyl, optionally Substituted alkoxy or optionally Substituted 
amino. R4 represents hydrogen, halogeno or optionally 
substituted alkoxy. R6 represents optionally substituted 
alkyl. 

0215 Step 1 is a step of regioselective bromination, 
wherein compound (D-b) may be obtained by the same 
method as in Scheme B-1, Step 2. 
0216) Step 2 is a step of cyanation and may be selected 
from either of the following two methods. 1) A method of 
heating together with Sodium cyanide, potassium cyanide, 
Zinc cyanide or the like in a Solvent Such as acetonitrile, 
propionitrile, Valeronitrile or dimethylformamide, in the 
presence of a palladium catalyst and copper (I) iodide. The 
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palladium catalyst used may be tetrakis(triphenylphosphine 
)palladium, bis(triphenylphosphine)palladium dichloride, or 
the like. 2) A method of using copper (I) cyanide as 
explained in Scheme B, Step 1. Compound (D-c) is prefer 
ably obtained by method 1). 
0217 Step 3 is a step of introducing a bromo group by 
radical reaction. Compound (D-d) may be obtained by 
heating to reflux together with N-bromoSuccinimide in a 
Solvent Such as carbon tetrachloride or chlorobenzene, in the 
presence of azoisobutyronitrile or benzoyl peroxide. 

0218 Step 4 is a step of introducing an azide group. 
Compound (D-e) may be obtained by reaction with sodium 
azide in a dimethylformamide Solvent at room temperature 
while cooling on ice. In Scheme D, the compounds repre 
sented by (D-a) to (D-c) may be synthesized by the methods 
of the following Schemes D-1 to D-4, for example. 

(Scheme D-1) 

R1 R1 

R2 R2 

Step 1 

HO X R I R6O 
(D1-a) (D1-b) 

0219. This scheme is a synthesis method employed when 
the phenol derivative represented by (D1-a) is available. In 
the formulas, R1, R2 and R6 have same definitions as in 
Scheme D. 

0220 Step 1 is a step of alkylating compound (D1-a), 
wherein compound (D1-b) may be obtained by the same 
method as in Scheme B-1, Step 1. 

(Scheme D-2) 
Br 

Step 1 
-e- 

HO R6X 
|X= Br, I 

F 

(D2-a) 
Br Br 

Step 2 
He 

RO RO 

F F 

(D2-b) (D2-c) 
ON Br 

Step 3 Step 4 
(D2 c) -- He 

RO 

F 

(D2-d) 
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-continued 
HN Br 

Step 5 
R6O ACI 

(D2-e) 

HN Br 

Step 6 

0221) This scheme is a synthesis method employed when 
R4 is fluorine in a compound represented by (D-a) or (D-b). 
In the formulas, A represents optionally Substituted alkanoyl, 
alkylsulfonyl, aminocarbonyl or alkoxycarbonyl. R7 repre 
Sents hydrogen, optionally Substituted alkyl or tert-butyloxy 
carbonyl. R6 has the same definition as in Scheme D. 

0222 Step 1 is a step of alkylating the phenol, wherein 
compound (D2-b) may be obtained by the same method as 
in Scheme B-1, Step 1. 

0223 Step 2 is a step of introducing a methyl group. 
Compound (D2-c) may be synthesized by reaction with a 
Strong base Such as lithium diisopropylamide in a Solvent 
such as tetrahydrofuran or diethyl ether for lithiation, fol 
lowed by reaction with methyl iodide. An aniline derivative 
may also be Synthesized from compound (D2-c). 

0224) Step 3 is a step of nitration, wherein compound 
(D2-d) may be obtained by the method described in C. C. 
Leznoff et al., Can. J. Chem., 73, 435(1995). 

0225. The synthesis method for compounds (D2-f) and 
(D2-g) shown in Steps 4 to 6 may be carried out by the same 
method as in Scheme B-11. When a tert-butoxycarbonyl 
group is to be introduced as a protecting group for R7 in 
compound (D2-f), this may be accomplished by reaction 
with di-tert-butyl dicarbonate in a Solvent Such as acetoni 
trile, in the presence of dimethylaminopyridine. 

0226. When R1 is alkoxy in a compound represented by 
(D-c), the Synthesis may be conducted, for example, by the 
following Scheme D-3 via lithiation at the ortho position 
relative to the nitrile group. 
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(Scheme D-3) 
R2 CN 

Step 1 
He 

R6O 

R4 

(D3-a) 
OH OR8 

R2 CN R2 CN 

Step 2 
-- 

R8X RO RO 
6 |X= Br, I 6 

R4 R4 

(D3-b) (D3-c) 

0227 Compound (D3-a) is a compound represented by 
(D-c). R1 = H) which may be synthesized by the method of 
Scheme D. In the formulas, R8 represents optionally sub 
stituted alkyl. 
0228 Step 1 is a step of introducing a phenolic hydroxyl 
group. Compound (D3-a) may be reacted with a strong base 
Such as lithium diisopropylamide in a Solvent Such as 
tetrahydrofuran or diethyl ether for lithiation, and then 
reacted with a trialkyl borate for introduction of borane. 
Compound (D3-b) may also be obtained by oxidation using 
alkaline hydrogen peroxide. 
0229 Step 2 is a step of alkylation of the phenol, wherein 
compound (D3-c) may be obtained by the same method as 
in Scheme B-1, Step 1. 

(Scheme D-4) 

R1 R1 

N N N N 
Step 1 

21 2 C NaOR9 RoO 

(D4-a) (D4-b) 

0230. This scheme is a synthesis method for a compound 
represented by (D-a) wherein X2 is nitrogen, using a 2-chlo 
ropyridine derivative as a pyridine derivative for the Starting 
material. In the formulas, R1 and R4 have the same defini 
tions as in Scheme D. R9 represents optionally substituted 
alkyl. 
0231 Step 1 is a step of introducing an alkoxy group at 
the 2-position of the pyridine. Compound (D4-b) may be 
obtained using a Sodium alkoxide prepared using Sodium 
hydride in the corresponding alcohol Solvent, employing 
conditions from reflux to 120° C. with a sealed tube. 

0232 Synthesis of a compound represented by (C-a) in 
Production Process C, Scheme C, wherein X1 is nitrogen, 
Such as a pyridine, pyrazine or pyrimidine derivative, may 
be carried out by the methods shown in Production Process 
E to E-2 below. 
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0233 <Production Process Ea 
(Scheme E) 

R2 SN Step 1 
X321 OPG - -e- 

X 

Rs 

(E-a) 
X3 = N or CR3 
X4 = N or CR4 

R2 N 

? n 
Step 2 

X3, 2 OH --e- 
X 

R5 

(E-b) 
R2 N 

n 
Step 3 

X32 N --> 
X4 

Rs 

(E-c) 

f 
R2 N R2 N CN 

r n n 
Step 4 

X3, 2 N --> X32 N 
X X4 

Rs Rs 

(E-d) (E-e) 

PG: Protecting Group 

0234. This scheme is a synthesis method for a pyridine 
derivative (E-e). In the formulas, R2 represents hydrogen, 
halogeno, optionally Substituted alkyl, cycloalkyl, option 
ally Substituted alkylaminocarbonyl, carboxyl, alkoxycarbo 
nyl, optionally Substituted carbamoyl, an optionally Substi 
tuted aromatic heterocyclic group or an optionally 
Substituted non-aromatic heterocyclic group. R3 represents 
hydrogen, carboxyl, alkoxycarbonyl, optionally Substituted 
alkyl, optionally Substituted alkoxy, optionally Substituted 
alkylaminocarbonyl or carbamoyl. R4 and R5 represent 
hydrogen or optionally Substituted alkyl. 
0235 Step 1 is a step of removing the silyl group serving 
as the hydroxyl-protecting group in a compound represented 
by (E-a). This may be accomplished by reaction with 
tetrabutylammonium fluoride or tris(dimethylamino)sulfo 
nium difluorotrimethylsilicate in a tetrahydrofuran solvent 
either at room temperature or while cooling on ice. The 
tetrabutylammonium fluoride may also be used in the 
copresence of acetic acid in order to trap the generated 
anions. 

0236 Step 2 is a step of azidation, wherein compound 
(E-c) may be obtained by selecting either the method 
described in A. S. Thompson et al., J. Org. Chem., 58, 
5886(1993), or by a two-step process involving reaction 
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0237 Step 3 is a step of oxidation of the pyridine nitrogen 
atom. Compound (E-d) may be obtained by oxidation using 
a peracid Such as m-chloroperbenzoic acid in a Solvent Such 
as dichloromethane. 

0238 Step 4 is a step of introducing a cyano group. 
Compound (E-e) may be obtained by applying the condi 
tions described in W. K. Fife, J. Org. Chem., 48, 1375(1983). 

(Scheme E-1) 
R2 N 

n 
Step 1 

X3. 2 He 
X4 

OH 

(E1-a) 
R2 N R2 N 

X H --> X OH 
Yx2 R6MgX 3 Yx2 

X = Br, Cl 4 
O R6 

(E1-b) (E1-c) 
R2 N 

r N 
Step 3 Step 4 

(E1-lb) -- X32 Her 
X 

(E1-d) 
R2 N 

X3, 2 OH Step 5 
X He 

OH 

(E1-e) 
R2 N 

X3. 2 OH Step 6 
X DX 

OPG 

(E1-f) 
R2 N CN 

X3, 2 N Step 7 
X He 

OPG 

(E1-g) 

R2 r N CN 
X3, 2 N Step 8 

X4 He 
R7X 

|X= Br, I 
OH 

(E1-h) 
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-continued 
R2 N CN 

n 

X3, 2 N 
nx, 3 

OR7 

(E1-i) 

0239). This scheme is a synthesis method for introduction 
of the substituent R5 in a compound represented by (E-b). In 
the formulas, R2 has the same definition as in Scheme E. R6 
represents lower alkyl and R7 represents hydrogen or 
optionally Substituted alkyl. 

0240 Step 1 is a step of oxidation of the hydroxyl group 
of compound (E1-a). Compound (E1-lb) may be obtained by 
heating to reflux together with manganese dioxide, using 
chloroform as the Solvent. 

0241 Step 2 is a step of introducing an alkyl group, 
wherein a compound represented by (E1-c) may be obtained 
by reaction with a Grignard reagent in a Solvent Such as 
tetrahydrofuran or diethyl ether under conditions from freez 
ing to room temperature. A hydroxymethyl group (E1-f) or 
alkoxymethyl group (E1-) may also be introduced. 

0242 Step 3 is a step of introducing methylene into 
compound (E1-lb), wherein compound (E1-d) may be 
obtained by Wittig reaction using an ylide prepared from 
methyltriphenylphosphonium bromide and butyllithium. 

0243 Step 4 is a step of dihydroxylation of compound 
(E1-d). Compound (E1-e) may be obtained by reaction with 
a catalytic amount of osmium tetraoxide in an acetone/water 
mixed solvent, in the presence of N-methylmorpholine 
N-oxide. 

0244 Step 5 is a step of protecting the hydroxyl group 
with a Silyl group. For a tert-butyldimethylsilyl group, 
reaction may be conducted with tert-butyldimethylsilyl 
chloride in a Solvent Such as dichloromethane, in the pres 
ence of triethylamine and dimethylaminopyridine, or for 
introduction of a tert-butyldiphenylsilyl group, reaction may 
be conducted with tert-butyldiphenylsilyl chloride in dim 
ethylformamide, in the presence of imidazole, to yield 
compound (E1-f). Compound (E1-f) may be converted to 
compound (E1-g) by the conversion method of Steps 2 to 4 
of Scheme E. 

0245 Step 7 is a step of removing the silyl group serving 
as the hydroxyl-protecting group, wherein compound (E1-h) 
may be obtained by similarly to Scheme E, Step 1. An alkyl 
group or alkoxycarbonylmethyl group may also be intro 
duced into compound (E1-h). 
0246 Step 8 is a step of alkylation. Compound (E1-i) 
may be obtained by reaction with sodium hydride in a 
solvent such as dimethylformamide or tetrahydrofuran, fol 
lowed by reaction with an alkyl halide. 



US 2005/0245592 A1 

0247 <Production Process E-2> 

(Scheme E-2) 
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0248. This scheme is a synthesis method for the pyridine 
derivatives (E2-d) and (E2-f). In the formulas, R2, R3 and 
R4 have the same definitions as in Scheme E. 

0249 Step 1 is a step of introducing a nitrile group, 
wherein compound (E2-b) may be obtained by the method 
shown in Scheme E, Step 4. 
0250 Step 2 is a step of removing the silyl protecting 
group, wherein compound (E2-c) may be obtained by the 
method shown in Scheme E, Step 1. Particularly preferred is 
a method of reacting tris(dimethylamino)Sulfonium difluo 
rotrimethylsilicate in the presence of acetic acid. 

0251 Step 3 is a step of azidation, wherein compound 
(E2-d) may be obtained by the method of Scheme E, Step 2. 
A compound (E2-a) wherein R4=H may be utilized to 
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Synthesize a pyridine derivative wherein X3 is nitrogen in a 
compound represented by (C-a) of Scheme C. 

0252 Step 4 is a step of nitrilation at the 4-position of the 
pyridine N-oxide, wherein compound (E2-e) may be Syn 
thesized by 0-methylation with dimethylsulfuric acid with 
out a Solvent, followed by reaction with potassium cyanide 
in an ethanol/water mixed Solvent. Compound (E2-e) may 
also be converted to compound (E2-f) by the method of 
Scheme E-2, Steps 2 and 3. 

0253 Each of the intermediates represented by the gen 
eral formulas in Schemes E to E-2 may also be synthesized 
by the methods shown in the following Schemes E-3 to 
E-21. Synthesis of an R2 or R3 disubstituted derivative may 
be accomplished by introduction of a functional group by 
ortho metalation of compound (E3-a). Here, any of com 
pounds (E3-c) to (E3-e) may be used as compounds repre 
sented by (E3-a), and they may be synthesized by the 
methods of Schemes E-4 to E-6 below. 

(Scheme E-3) 
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n n 
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-continued 
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0254 These schemes are synthesis methods for 2-substi 
tuted pyridine derivatives (E3-c), (E3-d), (E3-e) and (E4-d). 
In the formulas, R7, R8 and R9 represent hydrogen or 
optionally Substituted alkyl. 
0255 Step 1 is a step of converting the bromo group to 
a formyl group in compound (E4-a) Synthesized by the 
method described in J. W. Ellingboe et al., J. Med. Chem., 
37, 542(1994). Compound (E4-b) may be obtained by 
halogen-metal eXchange lithiation using butyllithium at 
-78 C. in a solvent such as tetrahydrofuran or diethyl ether, 
followed by reaction with N-formylmorpholine or dimeth 
ylformamide. 

0256 Step 2 is a step of converting compound (E4-b) to 
a carboxylic acid by oxidation. Compound (E4-c) may be 
obtained by reaction with Sodium hypochlorite as an oxi 
dizing agent at room temperature in a tert-butanol/water 
mixed Solvent in the presence of Sodium dihydrogenphos 
phate and 2-methyl-2-butene as a peroxide Scavenger. 

0257 Step 3 is a step of amidation, wherein compound. 
(E4-d) may be obtained similarly to Scheme B-10, Step 4. 
Compound (E3-c) is compound (E4-d) where R9=H, and 
compound (E4-d) itself is converted to the final target 
compound as a monoSubstituted derivative of compound 
(E-a) in Scheme E, by Production Process A. 

(Scheme E-5) 
C N 

n 
Step 1 
Her 

R10 2 COR 

(E5-a) 
R1O = H or C1 

26 
Nov. 3, 2005 

-continued 
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0258. This scheme is a synthesis method for a 2-chloro 
pyridine derivative (E5-c). In the formulas, R represents 
lower alkyl. 
0259 Step 1 is a step of synthesizing an alcohol by 
reduction of a commercially available ester (E5-a). The 
reduction may be accomplished using Sodium borohydride 
in an alcohol Solvent under conditions from room tempera 
ture to reflux. 
0260 Step 2 is a step of protecting the hydroxyl group 
with a silyl group, wherein compound (E5-c) may be 
obtained similarly to Scheme E-1, Step 5. Compound (E3-d) 
is compound (E5-c) where R10=H, and compound (E5-c) 
itself is converted to the final target compound as a mono 
substituted derivative of compound (E-a) in Scheme E, by 
Production Process A. 

(Scheme E-6) 
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0261) This scheme is a synthesis method for a 2-alkoxy 
pyridine derivative (E3-e). In the formulas, R and R8 
represent optionally Substituted alkyl. 
0262 Step 1 is a step of introducing an alkoxy group, 
wherein compound (E6-b) may be obtained similarly to 
Scheme D-4, Step 1. 
0263 Step 2 is a step of reduction of the ester. Compound 
(E6-c) may be obtained by reaction with lithium aluminum 
hydride in a Solvent Such as tetrahydrofuran while cooling 
on ice. 
0264. Step 3 is a step of protecting the hydroxyl group 
with a silyl group, wherein compound (E3-e) may be 
obtained similarly to Scheme E-1, Step 5. Compound (E3-e) 
itself may be utilized as a monosubstituted derivative of 
compound (E-a) in Scheme E. 
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0265. The following is a method of introducing substitu 
ent R3 in compound (E3-a). 

(Scheme E-7) 
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-continued 
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0266 This scheme is a synthesis method for substituent 
introduction to compound (E3-a) via ortho-lithiation. In the 
formulas, R11 and R13 represent optionally substituted 
alkyl, R12 represents hydrogen or lower alkyl, and R14 and 
R15 represent hydrogen or optionally Substituted alkyl. 
0267 Step 1 is a step of ortho-lithiation utilizing an 
ODG. Intermediate (E7-b) may be obtained in situ by using 
phenyllithium in a tetrahydrofuran Solvent, in the presence 
of 1) butyllithium as a base and 2) a catalytic amount of 
diisopropylamine. Compound (E7-b) may then be reacted 
with any of various electrophilic reagents for introduction of 
Substituents. 

0268 Step 2 is a step of introducing a hydroxyl group. 
Compound (E7-c) may be obtained by reaction of compound 
(E7-b) with trimethylborate, followed by oxidation using 
alkaline aqueous hydrogen peroxide. 
0269 Step 3 is a step of alkylation of the phenolic 
hydroxyl group, wherein compound (E7-d) may be obtained 
by the method of Scheme B-1, Step 1. 
0270 Step 4 is a step of introducing a formyl group. 
Compound (E7-e) may be obtained by reaction of compound 
(E7-b) with dimethylformamide or N-formylmorpholine at 
-70° C. 

0271 Step 5 is a step of alkylation and reduction to 
synthesize an alcohol (E7-f). A compound wherein R12 is 
alkyl may be Synthesized by reaction with a Grignard 
reagent in tetrahydrofuran, and reduction when R12 is 
hydrogen may be accomplished using Sodium borohydride 
in an alcohol Solvent. 

0272 Step 6 is a step of alkylation of the hydroxyl group, 
wherein compound (E7-g) may be obtained by the method 
of Scheme B-6, Step 3. When R13 is a tetrahydropyranyl 
(THP) group introduced as a protecting group, compound 
(E7-g) R13=THP may be obtained by reaction with dihy 
dropyran in a Solvent Such as dichloromethane using a 
catalytic amount of p-toluenesulfonic acid or camphorSul 
fonic acid as the acid. A carboxyl ester or carboxamide 
group may also be introduced. 
0273 Step 7 is a step of introducing a tert-butoxycarbo 
nyl group. Compound (E7-h) may be obtained by reaction of 
compound (E7-b) with di-tert-butyl dicarbonate at -70° C. 
0274 Step 8 is a step of removing the tert-butyl group. 
Compound (E7-i) may be obtained by dissolution in trifluo 
roacetic acid diluted with an organic Solvent Such as dichlo 
romethane, and reaction at room temperature. 
0275 Step 9 is a step of amidation, wherein compound 
(E7-j) may be obtained by the method described in Scheme 
B-10, Step 4. 
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0276 Compound (E8-a), a compound represented by 
(E3-b) wherein the ODG is chloride, may be converted in 
the manner shown in Scheme E-8 below. 

(Scheme E-8) 
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0277. This scheme is a synthesis method for compounds 
(E8-c),(E8-d), (E8-f) and (E8-g). In the formulas, R3 has the 
same definition as in Scheme (E3-b). R16, R17 and R18 
represent optionally Substituted alkyl or optionally Substi 
tuted cycloalkyl, and R16 and R17 may optionally form a 
ring together with the N. Ar2 represents an aromatic het 
erocyclic group. 
0278 Step 1 is a step of oxidation of the pyridine nitrogen 
atom, wherein compound (E8-b) may be obtained by the 
method of Scheme E, Step 3. 
0279 Step 2 is a step of introducing an amino group by 
substitution. Compound (E8-c) may be obtained by reaction 
in an alcohol Solvent in the presence of an amine, under 
conditions from room temperature to reflux. 
0280 Step 3 is a step of introducing a heteroaromatic ring 
by Stille reaction. Compound (E8-d) may be obtained by 
heating to reflux together with a tin reagent in a Solvent Such 
as toluene or Xylene, in the presence of a palladium catalyst. 
The palladium catalyst is preferably tetrakis(triphenylphos 
phine)palladium. 
0281 A pyridine 5-unsubstituted derivative may also be 
synthesized by the following method. 
0282 Step 4 is a step of nitrilation in the same manner as 
Scheme E, Step 4, to yield compound (E8-e). 
0283 Step 5 is a step of reductive removal of the chloro 
group. Compound (E8-f) may be obtained by heating to 
reflux in an acetonitrile Solvent in the presence of a palla 
dium catalyst and ammonium formate. The palladium cata 
lyst is preferably tetrakis(triphenylphosphine)palladium. An 
alkyl group may also be introduced at the pyridine 5-posi 
tion. 

0284 Step 6 is a step of alkylation. Compound (E8-g) 
may be obtained by reaction of (E8-a) or (E4-a: R3=H) with 
a Grignard reagent in a Solvent Such as tetrahydrofuran or 
diethyl ether, in the presence of a nickel catalyst under 
conditions from freezing to room temperature. The nickel 
catalyst is preferably 1,2-bis(diphenylphosphino)ferroce 
nylnickel(II) chloride, but another bidentate phosphine 
ligand Such as 1,3-bis(diphenylphosphino)propane may also 
be used. 

0285) The side chain of a compound represented by 
(E9-a) may also be converted. Here, compounds represented 
by (E9-a) include compounds represented by (E7-g) wherein 
R13 is a THP group, and compounds represented by (E7-g) 
R13=THP which have been subjected to a conversion 
shown in Scheme E-8. 

(Scheme E-9) 
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-continued 
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0286 This scheme is a synthesis method for compound 
(E9-e) having a Substituted amino group. In the formulas, A 
has the same definition as in Scheme B-11 and R12 has the 
same definition as in Scheme E-7. R18" represents R18, Ar2, 
hydrogen, optionally Substituted alkoxy or optionally Sub 
stituted amino (wherein R18 and Ar2 have the same defi 
nitions as in Scheme E-8). 
0287 Step 1 is a step of removing the THP group Serving 
as the hydroxyl-protecting group. Compound (E9-b) may be 
obtained by reaction in an alcohol Solvent in the presence of 
a catalytic amount of p-toluenesulfonic acid as an acid. 
0288 Step 2 is a step of azidation of the hydroxyl group, 
wherein compound (E9-c) may be obtained similarly to 
Scheme E, Step 2. 
0289 Step 3 is a step of reduction of the azide group, 
wherein compound (E9-d) may be obtained under the same 
conditions as in Scheme C, Step 1. 
0290 Step 4 is a step of introducing a substituent at the 
amino group, wherein compound (E9-e) may be obtained 
similarly to Scheme B-11, Step 1. 
0291. In the case of a compound represented by (E3-b), 
wherein the ODG is a carboxamide derivative, the reaction 
is preferably followed by protection of the amide hydrogen 
with a Boc group in the manner shown below. 

(Scheme E-10) 
O 

R7. N 
N n 

Step 1 
2 -- 

R3 

OPG 

(E10-a) O 

R7. N 
N n 

boc 
R3 21 

OPG 

(E10-b) 

PG: Protecting Group 

29 
Nov. 3, 2005 

0292. This scheme is a synthesis method for compound 
(E10-b). In the formulas, R3 and R7 have the same defini 
tions as in Scheme E-3. 

0293 Step 1 is a step of introducing a Boc group at the 
amide nitrogen atom as a protecting group. Compound 
(E10-b) may be obtained by reaction with di-tert-butyl 
dicarbonate in a Solvent Such as acetonitrile in the presence 
of dimethylaminopyridine. 

0294. A compound represented by (E-a) in Scheme E, 
wherein R2 is substituted methyl or alkyl, may be synthe 
sized by the following method. 

(Scheme E-11) 
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0295) This scheme is a synthesis method for (E11-b) and 
(E11-d). In the formulas, R19 represents optionally substi 
tuted alkyl or cycloalkyl. R20 represents optionally substi 
tuted alkyl. R3 and R4 have the same definitions as in 
Scheme E. 

0296 Step 1 is a step of alkylation of the hydroxyl group 
of compound (E11-a), corresponding to compound. (E12-d) 
or (E12-f) which may be synthesized by the method shown 
in Scheme E-12 below, to yield compound (E11-b) by the 
method of Scheme B-6, Step 3. 

0297 Step 2 is a step of converting the hydroxyl group to 
a chloro group. Compound (E11-c) may be obtained by 
reaction with thionyl chloride in a solvent such as dichlo 
romethane at room temperature, followed by treatment 
under basic conditions. 

0298 Step 3 is a step of removing the chloro group by 
reduction. Compound (E11-d) may be obtained by hydro 
genation in an alcohol Solvent at room temperature and 
normal pressure in the presence of a metal catalyst Such as 
palladium-carbon. 
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(Scheme E-12) 
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0299. This scheme is a synthesis method for compound 
(E11-a). In the formulas, R3 and R4 have the same defini 
tions as in Scheme E. R19 has the same definition as in 
Scheme E-11. 

0300 Step 1 is a step of oxidation of the pyridine nitrogen 
atom of compound (E12-a), wherein compound (E12-b) 
may be obtained similarly to Scheme E, Step 3. 
0301 Steps 2 and 3 accomplish introduction of a 
hydroxyl group at the methyl group by rearrangement. An 
acetate (E12-c) may be obtained by heating compound 
(E12-b) from 120° C. to 140° C. in acetic anhydride. This 
may then be reacted with Sodium methoxide or potassium 
carbonate in an alcohol Solvent to yield compound (E12-d). 
0302) An alkyl group may also be introduced into com 
pound (E12-d). 
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0303 Step 4 is a step of obtaining an aldehyde by 
oxidation of the hydroxyl group. Compound (E12-e) may be 
obtained by heating to reflux together with manganese 
dioxide in a chloroform solvent. 

0304 Step 5 is a step of alkylation. Compound (E12-f) 
may be obtained by reaction with a Grignard reagent in a 
solvent such as tetrahydrofuran or diethyl ether. 

(Scheme E-13) 
N 
n 

Step 1 
-e- 

2 COMe 

(E13-a) 
N N 
n n 

Step 2 
2 21 

OH OPG 

(E13-b) (E13-c) 
N HCI 
n 

Step 3 
HO 21 R21X 

X = Br, I 
R4 OH 

(E13-d) 
N N 
n n 

Step 4 
2 21 

R21O R21O 

R4 OH R4 OPG 

(E13-e) (E13-f) 

PG: Protecting Group 

0305 This scheme is a synthesis method for a compound 
represented by (E12-a). In the formulas, R4 has the same 
definition as in Scheme E. R21 represents optionally sub 
Stituted alkyl or cycloalkyl. 

0306 Step 1 is a step of reducing the commercially 
available compound (E13-a), wherein compound (E13-b) 
may be obtained similarly to Scheme E-5, Step 1. 
0307 Step 2 is a step of protecting the hydroxyl group 
with a silyl group, wherein compound (E13-c) may be 
obtained similarly to Scheme E-1, Step 5. Also, a compound 
represented by (E12-a) wherein R3 is alkoxy may be syn 
thesized in the following manner. 
0308 Step 3 is a step of selectively alkylating the phe 
nolic hydroxyl group of compound (E13-d) either obtained 
commercially or synthesized by the method described in Y. 
Morisawa et al., J. Med. Chem., 17, 1235(1974). Compound 
(E13-e) may be obtained by stirring in dimethylformamide 
together with 2 equivalents of Sodium hydride at room 
temperature for 3 hours to 1 day to produce a Sufficient 
amount of phenoxy anion, followed by reaction with an 
alkyl halide. 
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0309 Step 4 is a step of protecting the hydroxyl group 
with a Silyl group, and it may be carried out according to the 
method in Scheme E-1, Step 5. 

(Scheme E-14) 
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0310. This scheme is a synthesis method for compounds 
(E14-b), (E14-c) and (E14-e) utilizing a compound repre 
sented by (E-e) in Scheme E wherein R2 is methyl. In the 
formulas, R3 and R4 have the same definitions as in Scheme 
E. R22 has the same definition as R19 in Scheme E-13, or 
represents hydrogen. R23 and R24 represent hydrogen or 
optionally Substituted alkyl. 
0311 Step 1 is a step of introducing a hydroxyl group at 
the methyl group, wherein compound (E14-b) may be 
obtained utilizing the same conversion as the method shown 
in Scheme E-12. 

0312 Step 2 is a step of fluorination. Compound (E14-c) 
may be obtained by reaction with diethylaminosulfur trif 
luoride in dichloromethane or 1,2-dichloroethane, under 
conditions from -70° C. to room temperature. 
0313 Steps 3 and 4 accomplish introduction of an amino 
grOup. 

0314 Step 3 is a step of introduction of an alkyl group 
and conversion to a halogeno group, wherein compound 
(E14-d) may be obtained similarly to the series of steps 
shown in Scheme E-12 and E-11 for obtaining compound 
(E11-c). 
0315 Step 4 is a step of introducing an amino group. 
Compound (E14-e) may be obtained by reaction with an 
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alkylamine hydrochloride in a Solvent Such as acetonitrile in 
the presence of Sodium carbonate. 
0316. Of the compounds represented by (E-a) in Scheme 
E or (E2-b) in Scheme E-2, those wherein R2 is a substituent 
via a double bond may be synthesized by the methods of 
Scheme E-15 and E-16. 
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0317. This scheme is a synthesis method for compound 
(E15-e). In the formulas, R3 and R4 have the same defini 
tions as in Scheme E. R25 and R26 represent hydrogen or 
optionally Substituted alkyl. 

0318 Step 1 is a step of protecting the formyl group of 
compound (E12-a). Compound (E15-a) may be obtained by 
heating to reflux in a toluene/ethylene glycol mixed Solvent 
in the presence of a p-toluenesulfonic acid catalyst while 
removing the water using a Dean-Stark trap. 

0319 Steps 2 and 3 accomplish conversion in the same 
manner as Scheme E, Steps 3 and 4 to yield compound 
(E15-c). 
0320 Step 4 is a step of removing the formyl-protecting 
group. Compound (E15-d) may be obtained by heating at 
80 C. in 80% aqueous acetic acid. 

0321 Step 5 is a step of carbon-carbon bond formation, 
wherein compound (E15-e) may be obtained by Wittig 
reaction or Horner-Emmons reaction. 

(Scheme E-16) 
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R4 OPG 

(E16-b) 

PG: Protecting Group 

0322 This scheme is a method for synthesis of an unsat 
urated ester and unsaturated amide. In the formulas, R3 and 
R4 have the same definitions as in Scheme E. R27 represents 
hydrogen or lower alkyl, and R28 and R29 represent hydro 
gen or optionally Substituted alkyl. 

0323 Step 1 is a step of carbon-carbon bond formation, 
wherein compound (16E-a) may be obtained by Wittig 
reaction or Horner-Emmons reaction. 
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0324) Step 2 is a step of amidation of the ester. Com 
pound (E16-b) may be obtained by reaction with an amine 
hydrochloride in the presence of trimethylaluminum. 

(Scheme E-17) 
N 
n 

Step 1 
He 

Br 2 CO2H 

(E17-a) 

N 
n 

Step 2 
2 He 
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OH 

(E17-b) 

N R3OMgX N 
N X = Cl, Br) N 

Step 2 
Br 21 R30 21 

OPG OPG 

(E17-c) (E17-d) 

PG: Protecting Group 

0325 This scheme is a synthesis method for a substituted 
pyridine (E17-d) which is a compound represented by (E-a) 
wherein R3 is alkyl. In the formulas, R30 represents option 
ally substituted alkyl or cycloalkyl. 
0326 Step 1 is a step of reducing the carboxyl group. 
Compound (E17-b) may be obtained by using an alkylchlo 
rocarbonate in a Solvent Such as tetrahydrofuran in the 
presence of triethylamine to produce a mixed acid anhydride 
in the System, and then reducing it with Sodium borohydride 
to yield compound (E17-b). 
0327 Step 2 is a step of protecting the hydroxyl group 
with a silyl group, wherein compound (E17-c) may be 
obtained similarly to Scheme E-1, Step 5. 
0328 Step 3 is a step of alkylation using a nickel catalyst, 
wherein compound (E17-d) may be obtained by the same 
method for alkyl group introduction at the pyridine C-carbon 
as shown in Scheme E-8, Step 6. 

(Scheme E-18) 
Br N 

n 
Step 1 

21 -- 

OPG 

(E4-a) 
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EtOC 
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(E18-b) R31 OR34 
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EtOC n 

21 
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0329. This scheme is a method for synthesis of a pyri 
dinium methylcarboxylate derivative from compound (E4-a) 
mentioned above. In the formulas, R31 and R34 represent 
optionally Substituted alkyl. 

0330 Step 1 is a step of carbon-carbon bond formation of 
compound (E4-a) using a halogen-metal exchange method. 
Compound (E18-a) may be obtained by lithiation with 
butyllithium followed by treatment with diethyl oxalate. 

0331 Step 2 is a step of introducing an alkyl group using 
a Grignard reagent. 

0332 Step 3 is a step of alkylating the hydroxyl group, 
wherein compound (E18-c) may be obtained by the method 
of Scheme B-6, Step 3. 

(Scheme E-19) 
N N 

s s 
2 Step 1 2 

N He- N 

Cl N 

(E19-a) (E19-b) 

0333. This scheme is a synthesis method for a pyrazine 
derivative (E19-b). 
0334 Step 1 is a step of azidating compound (E19-a) 
synthesized by the method described in I. Iovel et al., Oppi 
Briefs, 23, 188(1991), wherein compound (E19-b) may be 
obtained by the method of Scheme D, Step 4. 
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(Scheme E-2O) 
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0335 This scheme is a synthesis method for a dialkoxy 
substituted pyrazine derivative (E20-c). In the formulas, R32 
represents optionally Substituted alkyl. 
0336 Step 1 is a step of regioselective oxidation of the 
nitrogen atom of compound (E20-a) Synthesized by the 
method described in J. Adachi et al., J. Org. Chem., 37, 
221 (1972). Compound (E20-b) may be obtained by oxida 
tion with potassium perOXOdisulfate in Sulfuric acid. 
0337 Step 2 is a step of substitution of the halogeno 
groups with alkoxy groups. Compound (E20-c) may be 
obtained by reaction with a Sodium alkoxide prepared with 
Sodium hydride in the corresponding alcohol Solvent. 

(Scheme E-21) 

R33 N R33 N 

Cl s, i? N 21 CHO His- N 21 

(E21-a) OH 

(E21-b) 

0338. This scheme is a synthesis method for a pyrimidine 
derivative (E21-b). In the formulas, R33 represents one of 
the Substituents (alkyl, alkoxy, alkylamino) mentioned in the 
following publications. 
0339 Step 1 is a step of synthesizing an alcohol by 
reduction of an aldehyde (E21-a) synthesized by the method 
described in J.T. Gupton, J. Heterocyclic Chem., 28, 
1281 (1991). Compound (E21-b) may be obtained by reac 
tion with sodium borohydride in an alcohol solvent. 
0340 <Production Process F> 

(Scheme F) 

R1 

R2 L N 
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0341 This scheme is a synthesis method for compound 
(F-d). In the formulas, R1 represents hydrogen, halogeno or 
optionally Substituted alkoxy. R2 represents hydrogen, 
optionally Substituted alkyl, alkoxycarbonyl, carbamoyl or 
optionally Substituted alkylaminocarbonyl. R3 represents 
hydrogen, halogeno, optionally Substituted alkoxy or alky 
lamino. R4 represents hydrogen, halogeno or optionally 
Substituted alkoxy. 

0342 Step 1 is a step of introduction of a nitrile group. 
Compound (F-b) may be obtained according to the method 
of Scheme D, Step 2. 

0343 Step 2 is a step of removing the silyl group Serving 
as a protecting group, wherein compound (F-c) may be 
obtained according to the method of Scheme E, Step 1. 

0344 Step 3 is a step of azidation, wherein compound 
(F-d) may be obtained according to the method of Scheme 
E, Step 2. 

0345 Compounds represented by (F-a) to (F-c) in 
Scheme F may also be Synthesized, for example, using the 
methods of Schemes F-1 to F-8 below. 

(Scheme F-1) 
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34 
Nov. 3, 2005 

-continued 
OH 

Step 3 
He 

C 

R4 OPG 

(F1-c) 
OTf 

Step 4 
Her 

Cl 

R4 OPG 

(F1-d) 
CN 

Step 5 
He 

Cl 

R4 OPG 

(F1-e) 
HOC CN 

Step 6 
He 

Cl 

R4 OPG 

(F1-f) 
O 

Rs CN 
YN 

R6 
C 

R4 OPG 

(F1-g) 
Br 

Step 7 
Her 

Cl 

F 

(F1-h) 
Br CN 

c) 
C CHO C 

F F OPG 

(F1-i) (F1-) 

PG: Protecting Group 

0346) This scheme is a synthesis method for (F1-e), 
(F1-g) and (F1) in which are compounds represented by 
(F-b) wherein R3=C1. In the formulas, R4 has the same 
definition as in Scheme F. R5 and R6 represent hydrogen or 
optionally Substituted alkyl. 
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0347 Step 1 is a step of synthesizing an alcohol by 
reduction of the aldehyde (F1-a). Compound (F1-b) may be 
obtained by reaction with sodium borohydride in an alcohol 
or dichloromethane Solvent. 

0348 Step 2 is a step of protecting the hydroxyl group 
with a silyl group, wherein compound (F1-c) may be 
obtained similarly to Scheme E-1, Step 5. 

0349 Step 3 is conversion of the phenolic hydroxyl 
group to a triflate. Compound (F1-d) may be obtained 
similarly to Scheme B-3, Step 2. Compound (F1-d) may also 
be converted to a carboxamide derivative. 

0350 Step 4 is a step of nitrilation based on the route 
shown in Scheme F. 

0351 Step 5 is a step of introducing a carboxyl group via 
ortho-lithiation. Compound (F1-f) may be obtained by 
lithiation using lithium diisopropylamide in a Solvent Such 
as tetrahydrofuran at -78. C., followed by reaction with 
carbon dioxide. 

0352 Step 6 is a step of amidation, wherein compound 
(F1-g) may be obtained similarly to Scheme B-10, Step 4. 
0353 A compound represented by compound (F1-e) 
wherein R4=F may be synthesized from a commercially 
available compound (F1-h) in the following manner. 
0354 Step 7 is a step of introducing a formyl group, 
wherein compound (F1-i) may be obtained by lithiation 
using lithium diisopropylamide in a Solvent Such as tetrahy 
drofuran at -78. C., followed by reaction with N-formyl 
morpholine. 

0355 Step 8 is a step of conversion in the same manner 
as Scheme F-1 (excluding Step 3) to obtain compound 
(F1-j). 

0356. A compound represented by (F-a) wherein R3=F 
may be synthesized by a method similar to the one described 
above. 

(Scheme F-2) 
Br Br 

Step 1 Step 2 
He- Hess 
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0357 This scheme is a synthesis method for compounds 
(F2-e) and (F2-g) as compounds represented by (F-a). In the 
formulas, R7 and R8 represent hydrogen or optionally 
substituted alkyl, or R7 and R8 may optionally form a ring 
together with N. 

0358 Step 1 is a step of introducing a bromo group by 
radical reaction, wherein compound (F2-b) may be obtained 
similarly to Scheme D, Step 3. 

0359 Steps 2 and 3 accomplish conversion of the bromo 
group to a hydroxyl group. The acetate (F2-c) may be 
Synthesized by reaction with potassium acetate in a Solvent 
such as dimethylformamide. Compound (F2-d) may then be 
obtained by methanolysis using potassium carbonate in 
methanol. 

0360 Step 4 is a step of protecting the hydroxyl group 
with a silyl group. Compound (F2-e) may be obtained 
similarly to Scheme E-1, Step 5. 

0361 Steps 5 and 6 accomplish introduction and amida 
tion of a carboxyl group, wherein compound (F2-g) may be 
obtained similarly to Scheme F-1, Steps 5 and 6 above. 

(Scheme F-3) 

N N COH *P - 

(F3-a) 
Br 

Step 2 NN tep N O 
OH OH 

(F3-b) (F3-c) 
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0362. This scheme is a synthesis method for compound 
(F3-c). 
0363 Step 1 is a step of reducing the carboxyl group, 
wherein compound (F3-b) may be obtained similarly to 
Scheme E-17, Step 1. 

0364 Step 2 is a step of regioselective bromination. 
Compound (F3-c) may be obtained by reaction with ben 
Zyltrimethylammonium tribromide in a dichloromethane/ 
alcohol mixed Solvent at room temperature in the presence 
of potassium carbonate. 

(Scheme F-4) 
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0365. This scheme is a synthesis method for compound 
(F4-h). In the formulas, R9, R10 and R11 represent hydro 
gen or optionally Substituted alkyl. 

0366 Step 1 is a step of benzylesterification of compound 
(F4-a). Compound (F4-b) may be obtained by reaction with 
benzyl bromide in dimethylformamide at room temperature, 
in the presence of potassium carbonate. 

0367 Step 2 is a step of dialkylation of the amino group. 
Compound (F4-c) may be obtained by a method of reaction 
with an alkyl halide in dimethylformamide in the presence 
of potassium carbonate, or when R9 is methyl, by a method 
of reaction with formalin while heating to reflux in a formic 
acid Solvent. 

0368 Step 3 is a step of debenzylation. Compound (F4-d) 
may be obtained by hydrogenation in tetrahydrofuran in the 
presence of palladium hydroxide-carbon. 

0369 Steps 4 and 5 can yield compound (F4-f) by the 
same method as in Scheme F-3. However, Step 4 is con 
ducted at a temperature of -40° C. to -20° C. 

0370 Step 6 is a step of hydrolysis of the ester. Com 
pound (F4-g) may be obtained by reaction with a 1 N 
aqueous Sodium hydroxide Solution while heating to reflux 
in a tetrahydrofuran/alcohol mixed Solvent. 

0371 Step 7 is a step of amidation wherein compound 
(F4-h) may be obtained similarly to Scheme B-10, Step 4, 
but a condensing agent Such as dicyclohexylcarbodiimide is 
preferably used. 

0372 Step 8 is a step of protecting the hydroxyl group 
with a silyl group, wherein compound (F4-i) may be 
obtained by the same method as in Scheme E-1, Step 5. 

0373) A pyridine derivative represented by (F-a) wherein 
X4 is nitrogen may be synthesized by the method shown in 
the following Scheme F-5. 
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(Scheme F-5) 
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0374. This scheme is a synthesis method for a pyridine 
derivative (F5-j). In the formulas, R12 represents optionally 
substituted alkyl, and R13 represents lower alkyl. 

0375 Step 1 is a step of amidation, wherein compound 
(F5-b) may be obtained similarly to Scheme B-10, Step 4. 

0376 Step 2 is a step of substitution of the halogeno 
group at the pyridine 2-position. Compound (F5-c) may be 
obtained by generating a Sodium alkoxide from Sodium 
hydride in the corresponding alcohol Solvent. 

0377 Step 3 is a step of bromination, wherein compound 
(F5-d) may be obtained similarly to Scheme B-1, Step 2. 
0378 Step 4 is a step of protecting the amide with a 
tert-butyloxycarbonyl group, wherein compound (F5-e) may 
be obtained similarly to Scheme E-10. 

0379 Steps 5 to 9 may be carried out by conversion in the 
same manner as for Synthesis of compounds (F2-a) to (F2-f) 
in Scheme F-2 above, but Step 7 is also included for removal 
of the tert-butyloxycarbonyl group Serving as the amide 
protecting group. The reaction is conducted at room tem 
perature together with trifluoroacetic acid diluted with 
dichloromethane. 

(Scheme F-6) 
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0380 This scheme is a synthesis method for an alkoxy 
alkyl (F6-) or alkylketone (F6-h) derivative. In the formu 
las, R14, R15 and R16 each represent optionally substituted 
alkyl. 

0381 Step 1 is a step of regioselective bromination, 
wherein compound (F6-b) may be synthesized by reaction 
with bromine in an alcohol or acetonitrile Solvent. 

0382 Step 2 is a single step of esterification and etheri 
fication. Compound (F6-c) may be obtained by reaction with 
an alkyl halide in a Solvent Such as dimethylformamide in 
the presence of potassium carbonate. 
0383 Step 3 is a step of synthesizing an alcohol by 
reduction of the ester, wherein compound (F6-d) may be 
obtained similarly to Scheme B-13, Step 1. 
0384 Step 4 is a step of synthesizing an aldehyde by 
oxidation, wherein compound (F6-e) may be obtained by 
Swern oxidation. 

0385) Step 5 is a step of introducing an alkyl group. 
Compound (F6-f) may be obtained by reaction with a 
Grignard reagent in a Solvent Such as tetrahydrofuran or 
diethyl ether. 
0386 Step 6 is a step of synthesizing a ketone by oxi 
dation, wherein compound (F6-g) may be obtained by 
Swern oxidation. 

0387 Step 7 is a step of obtaining compound (F6-h) by 
the same conversion method as Steps (F2-a) to (F2-e) in 
Scheme F-2 above. Compound (F6-h) may also be con 
verted to (F6-j) having an alkoxyalkyl group. 
0388 Step 8 is a step of reduction, wherein compound 
(F6-i) may be obtained similarly to Scheme B-13, Step 1. 
0389 Step 9 is a step of alkylating the hydroxyl group, 
wherein compound (F6-) may be obtained according to the 
method of Scheme B-6, Step 3. 
0390 Compounds (F7-f) and (F8-b) which are com 
pounds represented by (F-a) wherein R4 or R1 is an alkoxy 
group may be Synthesized by the methods shown in the 
following Schemes F-7 and F-8, respectively. 

(Scheme F-7) 
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0391 This scheme is a synthesis method for compound 
(F7-f). In the formulas, R17 represents optionally substituted 
alkyl. 

0392 Step 1 is a step of introducing a formyl group at the 
ortho position relative to the hydroxyl group. Compound 
(F7-b) may be obtained by reaction with tetramethylenetet 
ramine in trifluoroacetic acid, followed by acid hydrolysis 
using aqueous Sulfuric acid. 

0393 Step 2 is a step of alkylating the hydroxyl group, 
wherein compound (F7-c) may be obtained similarly to 
Scheme B-1, Step 1. 

0394 Step 3 is a step of bromination, wherein compound 
(F7-d) may be obtained by lithiation using butyllithium in 
the presence of N,N',N'-trimethylethylenediamine, followed 
by reaction with 1,2-dibromotetrafluoroethane. 
0395 Step 4 is a step of reducing the formyl group, and 

it may be accomplished using Sodium borohydride in the 
Same manner as above. 

0396 Step 5 is a step of protecting the hydroxyl group, 
wherein compound (E7-f) may be obtained by the same 
method as in Scheme E-1, Step 5. 

(Scheme F-8) 
OMe OMe 

I 

Step 1 
--- 

MeO MeO 

OH OH 

(F8-a) (F8-b) 

0397) This scheme is a synthesis method for compound 
(F8-b). Step 1 is a step of regioselective iodination. Com 
pound (F8-b) may be obtained by reaction with iodine in 
chloroform at room temperature in the presence of mercury 
trifluoroacetate. A compound represented by (F-d) may be 
Synthesized from compound (F8-b) by conducting the reac 
tions shown in Scheme F, Step 1 and Step 3 without 
protection of the hydroxyl group. 

0398 Synthesis of carboxamide derivatives may be car 
ried out by the methods shown in Production Process G and 
Production Process H below. 
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0399 <Production Process Gd 

(Scheme G) 
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0400. This scheme is synthesis method for a carboxamide 
(G-c). In the formulas, R1 represents hydrogen or optionally 
Substituted alkoxy, and R3 represents optionally Substituted 
alkoxy. R4 represents hydrogen or halogeno, and R5 and R6 
represent hydrogen or optionally Substituted alkyl. 
0401 Step 1 is a step of removing the tert-butyl group. 
Compound (G-b) may be obtained by dissolution in trifluo 
roacetic acid diluted with an organic Solvent Such as dichlo 
romethane and reaction at room temperature. 
0402 Step 2 is a step of amidation, wherein compound 
(G-c) may be obtained similarly to Scheme B-10, Step 4. 
0403. A compound represented by (G-a) may be synthe 
sized by the method shown in Schemes G-1 to G-3. The 
compound represented by (G-a) may itself be converted to 
a compound represented by (A1-c) by the method shown in 
Scheme C. 

(Scheme G-1) 
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04.04 This is a synthesis method for compound (G1-e). In 
the formulas, R6 represents optionally Substituted alkyl. 

04.05 Step 1 is a step of hydrolysis of the ester of 
compound (G1-a) which may be synthesized by the method 
shown in Scheme F-6. Compound (G1-b) may be obtained 
by reaction with lithium hydroxide and aqueous Sodium 
hydroxide in an alcohol Solvent. 

0406 Step 2 is a step of tert-butylesterification. Di-tert 
butyl dicarbonate is reacted therewith in tert-butyl alcohol, 
in the presence of dimethylaminopyridine. Alternatively, 
compound (G1-c) may be obtained by heating together with 
dimethylformamide tert-butylacetal in a Solvent Such as 
benzene or toluene. 

04.07 Step 3 is a step of nitrilation, wherein compound 
(G1-d) may be obtained similarly to Scheme D, Step 2. 

0408 Step 4 may be carried out by conversion in the 
same manner as Steps 3 and 4 in Scheme D to yield 
compound (G1-e). 

(Scheme G-2) 
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04.09. This scheme is a synthesis method for a dialkoxy 
derivative (G2-g). In the formulas, R7 represents optionally 
substituted alkyl. 

0410 Step 1 is a step of alkylating the hydroxyl group, 
wherein compound (G2-b) may be obtained similarly to 
Scheme B-1, Step 1. 

0411 Steps 2 and 3 may be carried out by the same 
conversion method as in Steps 2 and 3 of Scheme D to yield 
compound (G2-d). 

0412 Step 4 is a step of hydrolyzing the ester, wherein 
compound (G2-e) may be obtained by reaction with aqueous 
lithium hydroxide in an alcohol solvent. 
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0413 Step 5 is a step of tert-butylesterification, wherein 
compound (G2-f) may be obtained similarly to Scheme G1, 
Step 2. 
0414 Step 6 may be carried out by conversion in the 
same manner as Steps 3 and 4 in Scheme D to yield 
compound (G2-g). 

(Scheme G-3) 
Br 

Step 1 
He 

HO 

F 

(G3-a) 
I Br 

Step 2 
R8X HO 

X = Br, I 
F 

(G3-b) 
I Br 

Step 3 
--- 

R8O 

F 

(G3-c) 
O 

> Br 
O 

Step 4 
c> 

R8O 

F 

CN 

0415. This scheme is a synthesis method for a fluorine 
containing compound (G3-e). In the formulas, R8 represents 
optionally Substituted alkyl. 
0416) Step 1 is a step of regioselective iodination. Com 
pound (G3-b) may be obtained by reaction with N-iodosuc 
cinimide in dimethylformamide at room temperature. 
0417 Step 2 is a method of alkylating the hydroxyl 
group, wherein compound (G3-c) may be obtained similarly 
to Scheme B-1, Step 1. 
0418 Step 3 is a step of introducing a tert-butoxycarbo 
nyl group by iodine-metal exchange. Compound (G3-d) may 
be obtained by conversion to a magnesium reagent accord 
ing to the method described in Knochel et al., Angew. 
Chem., Int. Ed. Engl., 37, 1701 (1998), followed by reaction 
with di-tert-butyl dicarbonate. 
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0419. The conversion shown in Step 4 may be carried out 
by the series of steps for conversion shown in Scheme F-1 
to obtain (G3-e). 

0420 <Production Process. He 

(Scheme H) 
O 

Rs L 
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He 

R4 

(H-a) 

O 

R5 CN 
na 
N 

H c Step 2 -- 
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(H-b) 
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Step 3 
boc -- 

R4 

(H-c) 
O 

R5 CN 
^a 
N 

Step 4 
boc Hess 

R4 Br 

(H-d) 
O 

Rs CN 
a. 
N 

o Step 5 He 

R4 Br 

(H-e) 
O 

R5 CN 
YN 
H 

R4 N 

(H-f) 
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0421. This scheme is a synthesis method for a carboxa 
mide derivative (H-f). In the formulas, R4 represents halo 
geno or optionally Substituted alkoxy, and R5 represents 
optionally Substituted alkyl. 

0422. In this scheme, Steps 1, 3 and 5 may be carried out 
in the same manner as StepS 2, 3 and 4 shown in Scheme 
C-1, and compound (H-f) may be obtained by adding Steps 
of protecting (Step 2) and deprotecting (Step 4) the amide. 
The protection and deprotection of the amide may be carried 
out by the method shown in Scheme F-5. 

0423. The compounds shown in Scheme H may be syn 
thesized by the methods shown in the following Schemes 
H-1 and H-2. 

(Scheme H-1) 

HOC 

Step 1 
--- 

R5NH2 

F 

(H1-a) 
O 

R5 
YN 
H Step 2 

He 

F 

(H1-b) 
O 

Rs Br 
YN 
H 

F 

(H1-c) 

0424. This scheme is a synthesis method for a fluorine 
containing compound (H1-c). In the formulas, R5 represents 
optionally Substituted alkyl. 

0425 Step 1 is a step of amidation, wherein compound 
(H1-b) may be obtained by the same method as in Scheme 
B-10, Step 4. 

0426 Step 2 is a step of regioselective bromination, 
wherein compound (H1-c) may be obtained similarly to 
Scheme B-10, Step 1. 

(Scheme H-2) 
HOC OH 

Step 1 
He 

OH 

(H2-a) 
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-continued 
MeOC OH 

Step 2 
He 

R6X 
|X= Br, I 

OH 

(H2-b) 
MeOC OH 

Step 3 
He 

OR6 

(H2-c) 
MeOC OTf 

Step 4 
Hs 

OR6 

(H2-d) 
MeOC CN 

Step 5 
He 

OR 

(H2-e) 
HOC CN 

Step 6 
Hs 

R5NH2 

OR 

(H2-f) 
O 

Rs CN 
YN 
H 

OR 

(H2-g) 

0427. This scheme is a synthesis method for an alkoxy 
containing compound (H2-g). In the formulas, R6 represents 
optionally Substituted alkyl. 

0428 Step 1 is a step of esterification. Compound (H2-b) 
may be obtained by heating to reflux in methanol in the 
presence of a catalytic amount of concentrated Sulfuric acid. 
0429 Step 2 is a step of monoalkylation. Compound 
(H2-c) may be obtained by reaction with an alkyl halide in 
dimethylformamide in the presence of 5 N aqueous Sodium 
hydroxide. 

0430 Steps 3 and 4 accomplish nitrilation via a triflate, 
wherein compound (H2-e) may be obtained by the method 
shown in Scheme F-1. 
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0431 Step 5 is a step of hydrolyzing the ester, wherein 
compound (H2-f) may be obtained by reaction with aqueous 
Sodium hydroxide in an alcohol Solvent or a tetrahydrofuran/ 
alcohol mixed solvent. 

0432 Step 6 is a step of amidation, wherein compound 
(H2-g) may be obtained similarly to Scheme B-10, Step 4. 
0433) <Production Process H-3> 

(Scheme H-3) 
R2 OH 
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R2 OBn 

Step 3 
He 

Br 

OH 

(H3-c) 
R2 OBn 
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Step 5 
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Step 6 
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0434. This scheme is a synthesis method for a derivative 
of a compound represented by (C-a) wherein R3 is carboxa 
mide. In the formulas, R2 represents hydrogen, optionally 
substituted alkyl or alkoxy. 
0435 Step 1 is a step of conversion from a readily 
available salicylic acid derivative (H3-a) to compound (H3 
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b), and it may be conducted by the same method used for 
synthesis of compound (G1-b)R6=benzyl in Scheme G-1. 
0436 Step 2 is a step of synthesizing an alcohol by 
reduction of the carboxyl group, wherein compound (H3-c) 
may be obtained similarly to Scheme E-4, Step 2. 
0437 Step 3 is a step of protecting the hydroxyl group, 
wherein compound (E3-d) may be obtained similarly to 
Scheme E-1, Step 5. 
0438 Step 4 is a step of introducing a tert-butoxycarbo 
nyl group by halogen-metal exchange. Compound (H3-e) 
may be obtained by lithiation with butyllithium followed by 
reaction with di-tert-butyl dicarbonate. 
0439 Step 5 is a step of removing the benzyl-protecting 
group. Compound (H3-f) may be obtained by hydrogenation 
in the presence of palladium-carbon. 

0440 The conversion of Step 6 may be carried out by the 
same series of reactions as shown in Production Process F to 
yield compound (H3-g). 

0441 Conversion to an amide derivative of compound 
(H3-g) may be accomplished by the same method shown in 
Production Process G. Here, the compound represented by 
(H3-g) as an intermediate may itself be converted to a 
compound represented by (A1-a) shown in Scheme C. 

(Scheme H-4) 
HO OH 
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RSO ORs 
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0442. This scheme is a synthesis method for compound 
(H4-f) which is a compound represented by (H3-d) wherein 
R2 is alkoxy. In the formulas, R5 represents optionally 
substituted alkyl. 
0443 Step 1 is a step of alkylation of the two hydroxyl 
groups (R5 represents lower alkyl except benzyl), wherein 
compound (H4-b) may be obtained similarly to Scheme B-1, 
Step 1. 
0444 Step 2 is a step of regioselective dealkylation. 
Compound (H4-c) may be obtained by reaction with two 
equivalents of aluminum chloride in a Solvent Such as 
dichloromethane from freezing to room temperature. 
0445 Step 3 is a step of introducing benzyl as a protect 
ing group for the hydroxyl group. Compound (H4-e) may be 
obtained by reaction with benzyl bromide in dimethylfor 
mamide in the presence of potassium carbonate. 
0446 Step 4 is a step of regioselective bromination, 
wherein compound (H4-e) may be Synthesized by reaction 
with bromine in an alcohol or acetonitrile Solvent. 

0447 The conversion of Step 5 may be conducted in the 
same manner as Steps 1 and 2 of Scheme F-1 to obtain 
compound (H4-f). 
0448 General synthesis methods for the starting materi 
als used in Scheme A-4 of Production Process A will now be 
described. 

0449) <Production Process AP> 
0450. This is a process for synthesis of intermediates 
(AP1-c), (AP1-d), (AP1-e), (AP2-b), (AP2-c) and (AP2-d) 
as common Starting materials for Synthesis of aminophenol 
derivatives. 

(Scheme AP-1) 

R1 R1 

OH OH 

Step 1 Step 2 
He- O He 

(AP1-a) 

(AP1-b) 

R1 

O n 
R2 

Step 4 
O -e- 

NH2 

(AP1-e) 

0451. This scheme is a method for synthesis of com 
pound (AP1-e) from compound (AP1-a). In the formulas, R1 
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represents hydrogen, optionally Substituted alkyl, optionally 
substituted cycloalkyl or optionally substituted alkoxy. R2 
has the same definition as R6 and R7 in Production Process 
MO. 

0452 Step 1 is a step of Friedel-Crafts acylation. Com 
pound (AP1-b) may be obtained by reacting compound 
(AP1-a) with acetyl chloride in a solvent such as, dichlo 
romethane or toluene, in the presence of a Lewis acid Such 
as aluminum chloride, Zinc chloride or tin (II) chloride, at 
-70° C. to room temperature. 
0453 Step 2 is a step of nitration. Compound (AP1-c) 
may be obtained by reaction with fuming nitric acid or 
concentrated nitric acid in a Solvent Such as toluene, hexane, 
ether or acetic anhydride. Alternatively, the reaction may be 
conducted by generating nitric acid from Sodium nitrate and 
hydrochloric acid. 
0454 Step 3 is a step of introducing a substituent R2 
having any of various Structures at the hydroxyl group of 
compound (AP1-c). Compound (AP1-d) may be obtained by 
reaction with a halide, meSylate or tosylate in a Solvent Such 
as dimethylformamide, acetonitrile, tetrahydrofuran, dichlo 
romethane or acetone, in the presence of a base Such as 
potassium carbonate, cesium carbonate, Sodium hydrogen 
carbonate, trialkylamine, a pyridine derivative or Sodium 
hydride. In the formulas, R2 has the same definition as R6 
in Step 1 of Production Process MO. 
04.55 Step 4 is a step of reducing the nitro group. 
Compound (AP1-e) may be obtained by reaction in a solvent 
Such as tetrahydrofuran, ethyl acetate, methanol or ethanol 
under a hydrogen atmosphere, in the presence of a catalyst 
Such as palladium-carbon. Alternatively, compound (AP1-e) 
may be obtained by conducting the reaction in a Solvent Such 
as hydrous methanol or hydrous ethanol in the presence of 

R1 

OH 

NO 

(AP1-c) 

|s 3 

R1 

O 
n R2 

NO2 

(AP1-d) 

ammonium chloride, with addition of iron at the reflux 
temperature of the Solvent. 



US 2005/0245592 A1 
45 

(Scheme AP-2) 
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Step 1 Step 2 
-- -- 

Br Br 

(AP1-a) (AP2-a) 

R1 
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Step 4 
se 

Br NH2 Br 
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0456. This scheme is a method for synthesis of (AP2-d) 
from (AP1-a). In the formulas, R1 represents hydrogen, 
optionally Substituted alkyl, optionally Substituted 
cycloalkyl or optionally Substituted alkoxy. Step 1 is a step 
of brominating the para-position relative to the phenolic 
hydroxyl group. Reaction with bromine is conducted in a 
Solvent Such as methanol, ethanol or chloroform. Alterna 
tively, compound (AP2-a) may be obtained by reaction with 
N-bromoSuccinimide in a Solvent Such as acetonitrile or 
dimethylformamide. 

0457 Step 2 is a step of nitration. Compound (AP2-b) 
may be obtained by reaction with fuming nitric acid or 
concentrated nitric acid in a Solvent Such as toluene, hexane, 
ether or acetic anhydride. Alternatively, the reaction may be 
conducted by generating nitric acid from Sodium nitrate and 
hydrochloric acid. 

0458 Step 3 is a step of introducing a substituent R2 with 
any of various Structures at the hydroxyl group of compound 
(AP2-b). Compound (AP2-c) may be obtained by reaction 
with a halide, meSylate or tosylate in a Solvent Such as 
dimethylformamide, acetonitrile, tetrahydrofuran, dichlo 
romethane or acetone, in the presence of a base Such as 
potassium carbonate, cesium carbonate, Sodium hydrogen 
carbonate, trialkylamine, a pyridine derivative or Sodium 
hydride. In the formulas, R2 has the same definition as R6 
in Step 1 of Production Process MO. 

0459 Step 4 is a step of reducing the nitro group. 
Compound (AP2-d) may also be obtained by conducting the 
reaction in a Solvent Such as hydrous methanol or hydrous 
ethanol in the presence of ammonium chloride, with addi 
tion of iron at the reflux temperature of the solvent. 

0460) The following Production Processes PPto BOL are 
general production processes for aminophenol derivatives 
using compounds synthesized by Production Process AP as 
the Starting materials. 

Nov. 3, 2005 

OH 

NO 

(AP2-c) 

0461) <Production Process PP> 
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N n N- R 
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0462 Production Process PP is a general synthesis 
method for a piperazine derivative. 
0463 Step 1 is a step of treating the amino group of 
compound (PP-a) with bischloroethylamine hydrochloride 
to form a piperazine ring. Preferably, compound (PP-a) is 
reacted with bischloroethylamine hydrochloride in 1,2- 
dichlorobenzene while heating to reflux, and the reaction is 
conducted while removing the generated hydrogen chloride 
gas to yield compound (PP-b). 
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0464) In the formulas, R1 represents hydrogen, option 
ally Substituted alkyl, optionally Substituted cycloalkyl, 
optionally Substituted alkoxy or optionally Substituted alky 
lamino. R2 represents hydrogen or optionally Substituted 
alkyl. 

0465. The formulas in Production Process PP show only 
a piperazine group, but any 5- to 8-membered ring contain 
ing more than one nitrogen atom may be formed, without 
any restriction to piperazine. 

0466 Step 2 is a step of introducing substituent R3 at the 
Secondary amine position of the piperazine of compound 
(PP-b). Compound (PP-b) may be reacted with reagent 
R3-X1 (X1=halogen) in an appropriate Solvent Such as 
dichloromethane or tetrahydrofuran, in the presence of an 
inorganic base Such as potassium carbonate or Sodium 
hydrogencarbonate or in the presence of an organic base 
Such as trialkylamine or a pyridine derivative to yield 
compound (PP-c) having R3 introduced therein. R3 of 
reagent R3-X1 represents optionally Substituted alkyl, 
optionally Substituted alkyl having cyano on the end or a 
branch, alkyl having protected or Substituted carboxylic acid 
on the end or a branch, alkyl having protected or Substituted 
hydroxyl on the end or a branch, alkyl having protected or 
Substituted amino on the end or a branch, optionally Substi 
tuted Sulfonyl, optionally Substituted acyl, or optionally 
Substituted carbamoyl. The reagent used to introduce Sub 
stituent R3 into compound (PP-b) may be, instead of R3-X1 
mentioned above, di-t-butyl dicarbonate or optionally Sub 
stituted isocyanate. Compound (PP-b) may be subjected to 
reductive amination using an optionally Substituted alde 
hyde or ketone and Sodium triacetoxyborohydride or Sodium 
cyanoborohydride for introduction of Substituent R3. 

0467) Compound (PP-c) obtained by this Production Pro 
ceSS is converted to the final target compound by Production 
Process A. 

0468) <Production Process MO> 
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-continued 
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0469 Production Process MO is a general production 
process for a heterocyclic amino derivative. 

0470 Step 1 is a step of treating the amino group of 
compound (MO-a) with a reagent represented by Z1-Y1 
Y2-Y3-Z2 to form a nitrogen-containing ring. 

0471 Compound (MO-b) may be obtained by reacting 
compound (MO-a) with reagent Z1-Y1-Y2-Y3-Z2 in an 
appropriate Solvent Such as dimethylformamide, tetrahydro 
furan or dichloromethane, in the presence of an inorganic 
base Such as potassium carbonate, Sodium hydrogencarbon 
ate or cesium carbonate or in the presence of an organic base 
Such as trialkylamine or a pyridine derivative. 

0472 Z1 and Z2 in the reagent Z1-Y1-Y2-Y3-Z2 repre 
Sent leaving groupS Such as halogen or Sulfonate. Y1 and Y3 
represent methylene optionally Substituted with alkyl, 
alkoxy or the like, carbonyl, carboxyl, Sulfonyl or amide. 
Elements to form the main chain at the portion represented 
by-Y2-include carbon, oxygen, nitrogen and Sulfur. There 
are no particular restrictions on the length of the chain. 
Where possible, the element forming the Y2- main chain 
may also have as a Substituent an optionally Substituted 
alkyl, optionally Substituted alkoxy, optionally Substituted 
alkoxyalkyl, optionally Substituted hydroxyalkyl, hydroxy, 
carbonyl, optionally protected or Substituted carboxyl, 
optionally protected or Substituted carboxyalkyl, optionally 
protected or Substituted amine or optionally protected or 
Substituted aminoalkyl. An oxo group may also be present 
on the -Y2- main chain and form a carbonyl, Sulfonyl or 
Sulfinyl group together with carbon or Sulfur on the main 
chain. 

0473. In the formulas, R1 has the same definition as R1 
in Step 1 of Production Process PP R6 represents an 
optionally Substituted alkyl, a protecting group for hydroxyl, 
Such as methoxymethyl, tetrahydropyranyl or trialkylsilyl, 
or alternatively alkyl having cyano at the end or a branch, 
alkyl having protected or Substituted carboxylic acid on the 
end or a branch, arylalkyl having protected or Substituted 
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carboxylic acid on the end or a branch, alkyl having a 
protected or Substituted hydroxyl group on the end or a 
branch, arylalkyl having protected or Substituted hydroxyl 
on the end or a branch, alkyl having protected or Substituted 
amino on the end or a branch, arylalkyl having protected or 
Substituted amino on the end or a branch, optionally Substi 
tuted Sulfonyl, optionally Substituted acyl or optionally 
substituted carbamoyl. 
0474 Step 2 is a step of deprotection when R6 of 
compound (MO-b) is a protecting group for the phenolic 
hydroxyl group. For example, compound (MO-c) wherein 
R6 is methoxymethyl may be obtained by treating com 
pound (MO-b) with an acidic mixed solvent such as 5 N 
hydrochloric acid/acetone or 10% aqueous perchloric acid/ 
tetrahydrofuran. 
0475 Step 3 is a step of introducing a new substituent R7 
at the phenolic hydroxyl group of compound (MO-c). 
0476 R7 has the same definition as R6 in Step 1 of 
Production Process MO. 

0477 Compound (MO-d) wherein X2 of reagent R7-X2 
described below is a leaving group Such as halogen or 
Sulfonate may be Synthesized in the following manner. The 
compound (MO-d) may be obtained by reacting compound 
(MO-c) with reagent R7-X2 in an appropriate solvent such 
as dimethylformamide, acetonitrile, diethyl ether, tetrahy 
drofuran or dichloromethane, in the presence of an inorganic 
base Such as potassium carbonate, Sodium hydrogencarbon 
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ate or cesium carbonate or in the presence of an organic base 
Such as trialkylamine or a pyridine derivative, or in the 
presence of Sodium hydride. 
0478 Compound (MO-d) wherein R7 is methyl may be 
obtained at a high yield by reacting compound (MO-c) with 
diazomethane in diethyl ether or with trimethylsilyldiaz 
omethane in acetonitrile-diisopropylethylamine-methanol. 
0479 Compound (MO-d) wherein X2 in reagent R7-X2 
is hydroxyl may be obtained by reacting compound (MO-c) 
with reagent R7-X2 by the publicly known Mitsunobu 
reaction in an appropriate Solvent Such as tetrahydrofuran or 
toluene. 

0480. In Production Process MO, R6 and R7 may some 
times undergo conversion to a structure which is not defined 
herein by a method easily predictable by a person skilled in 
the art at an appropriate Stage after introduction. Likewise, 
the -N-Y1-Y2-Y3(-N) portion obtained by cyclization 
in Step 1 may also undergo conversion to a structure which 
is not defined herein. (Conversion of the -N-Y1-Y2 
Y3(-N) portion is described in some of the following 
Production Process examples). 
0481 Compounds (MO-b), (MO-c) and (MO-d) obtained 
in this Production Process are converted to the final target 
compounds by Production Process A. 
0482 <Production Process PRd 
0483 Production Process PR is a general synthesis 
method for pyrrolidine derivatives. 

(Scheme PR-1) 
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0484 Scheme PR-1 is one production process whereby 
the -N-Y1-Y2-Y3(-N) portion obtained by cyclization 
in Step 1 of Production Process MO may undergo additional 
Structural conversion. In the formulas, R1 has the same 
definition as R1 in Step 1 of Production Process PP. R10 and 
R11 have the same definitions as R6 and R7 in Production 
Process MO. Although only methoxymethyl is mentioned as 
a protecting group for the phenolic hydroxyl groups of 
compounds (PR1-a) and (PR1-b), there is no limitation to 
methoxymethyl. 

0485 Step 1 is a step of introducing a substituent R10 at 
the hydroxyl group of compound (PR1-a). The reaction is 
conducted using reagent R10-X3 in an appropriate alkaline 
hydrous organic Solvent, in the presence of a phase transfer 
catalyst. Preferably, compound (PR1-b) is obtained by reac 
tion of reagent R10-X3 with compound (PR1-a) in a mixture 
of 50% aqueous sodium hydroxide and toluene in the 
presence of tetrabutylammonium bromide. Here, X3 is a 
leaving group Such as a halogen or Sulfonate. 
0486 Step 2 is a step of treating compound (PR1-b) in the 
same manner as Step 2 of Production Process MO to yield 
compound (PR1-c). 
0487 Step 3 is a step of introducing a new substituent 
R11 at the phenolic hydroxyl group of compound (PR1-c). 
Compound (PR1-c) may be treated in the same manner as 
for introduction of R7 in Step 3 of Production Process MO 
to yield compound (PR1-d) having R11 introduced therein. 
0488 Step 4 is a step of treating compound (PR1-a) in the 
same manner as Step 2 of Production Process MO to yield 
compound (PR1-e). 
0489 Step 5 is a step of selectively introducing substitu 
ent R11 only at the phenolic hydroxyl group of compound 
(PR1-e). Utilizing the difference in reactivity between the 
two hydroxyl groups of compound (PR1-e), treatment may 
be carried out in the same manner as for introduction of R7 
in Step 3 of Production Process MO to yield compound 
(PR1-f) having R11 introduced therein. 
0490 Step 6 is a step of treating compound (PR1-f) in the 
same manner as Step 1 of this Scheme PR-1 to yield 
compound (PR1-d). 
0491 Compounds (PR1-b) and (PR1-d) obtained in this 
Scheme PR-1 are converted to the final target compounds by 
Production Process A. 

(Scheme PR-2) 
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-continued 
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-continued 
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0492 Scheme PR-2 is one production process whereby 
the -N-Y1-Y2-Y3(-N) portion obtained by cyclization 
in Step 1 of Production Process MO may undergo additional 
Structural conversion. In the formulas, R1 has the same 
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definition as R1 in Step 1 of Production Process PP. R15 and 
R20 have the same definitions as R6 and R7 in Production 
ProceSS MO. 

0493 Step 1 is a step of replacing the hydroxyl group of 
compound (PR1-a) with a substituent R14 (For CN). When 
R14 is fluoro, compound (PR1-a) may be treated with 
diethylaminosulfur trifluoride (DAST) in dichloromethane 
to yield compound (PR2-a: R14=F). When R14 is cyano, the 
hydroxyl group of compound (PR1-a) may first be converted 
to a leaving group with an acyl chloride reagent Such as 
methaneSulfonyl chloride in an appropriate Solvent Such as 
dichloromethane, in the presence of a base Such as triethy 
lamine. A hydrogen cyanide Salt may then be reacted with 
this intermediate to introduce a cyano group. Preferably, the 
intermediate is added to dimethylformamide and reacted 
with Sodium cyanide in the presence of tetrabutylammonium 
iodide to yield compound (PR2-a: R14=CN). 
0494 Step 2 is a step of treating compound (PR2 
a)(R14=F or CN) in the same manner as Step 2 of Produc 
tion Process MO to yield compound (PR2-b)(R14=For CN). 
0495 Step 3 is a step of introducing substituent R15 at 
the phenolic hydroxyl group of compound (PR2-b)(R14=F 
or CN). Compound (PR2-b) may be treated in the same 
manner as for introduction of R7 in Step 3 of Production 
Process MO to yield compound (PR2-c)(R14=F or CN) 
having R15 introduced therein. 
0496 Step 4 is a step of converting compound (PR2-c) 
wherein R14=CN to compound (PR2-d) wherein the cyano 
group is converted to a carboxyl group by alkali hydrolysis. 
Preferably, compound (PR2-c) wherein R14=CN may be 
reacted by heating to reflux in a mixed Solvent of aqueous 
sodium hydroxide and ethanol to yield compound (PR2-d). 
0497 Step 5 is a step of esterifying or amidating the 
carboxylic acid group of compound (PR2-d) for introduction 
of a substituent R18 by common methods. The carboxylic 
acid group of compound (PR2-d) may be converted to an 
active Species by a common method Such as an acid mixing 
method using a chloroformic acid ester or an acid chloride 
method using oxalyl chloride, and then reacted with an 
alcohol or amine for conversion to (PR2-e). Alternatively, 
(PR2-d) may be esterified by reaction with the correspond 
ing alkyl halide reagent in the presence of an appropriate 
base or by reaction with di-tert-butyl dicarbonate in tert 
butyl alcohol in the presence of dimethylaminopyridine. 
Compound (PR2-d) may also be subjected to dehydration 
reaction using an alcohol or amine and a peptide-forming 
condensing agent, for conversion to compound (PR2-e). The 
Synthesis may also be carried out by other Suitable known 
reactions. R18 represents amino or alkoxy. 
0498 Step 6 is a step of subjecting compound (PR2-a: 
R14=CN) to alkali hydrolysis in the same manner as Step 4 
followed by treatment in the same manner as the esterifica 
tion in Step 5, and then ketal protection of the carbonyl 
group of the acetophenone. After converting compound 
(PR2-a: R14=CN) to a carboxylic acid ester, it may be 
reacted with a ketalizing reagent Such as methyl orthofor 
mate under acidic conditions to yield compound (PR2-f). 
Preferably, the methyl orthoformate is reacted with the 
carbonyl group in methanol in the presence of an acid 
catalyst Such as camphorSulfonic acid or p-toluenesulfonic 
acid and Molecular Sieve 3A, to yield compound (PR2-f). 
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0499 Step 7 is a step of reducing the ester group of 
compound (PR2-f) for conversion to a hydroxymethyl 
group, and then Selectively deprotecting only the ketal 
protection of the acetophenone carbonyl group. First, com 
pound (PR2-f) is reacted with an ester-reducing reagent Such 
as lithium aluminum hydride in an appropriate Solvent Such 
as tetrahydrofuran or diethyl ether, for conversion to a 

(PR3-e) 

hydroxymethyl group. Next, under mildly acidic conditions, 
preferably under conditions with an acetic acid-tetrahydro 
furan-water (4:1:1) mixed acid Solvent, the ketal protecting 
group for the carbonyl group is Selectively deprotected while 
leaving the methoxymethyl group for the phenolic hydroxyl, 
to yield compound (PR2-g). 
0500 Step 8 is a step of converting the hydroxyl group of 
compound (PR2-g) to substituent R19 (cyano or various 
alkoxy). 

0501) When R19 is cyano, treatment is carried out in the 
Same manner as for conversion in Step 1 when R14 is cyano, 
to yield compound (PR2-h) wherein the hydroxymethyl 
group of compound (PR2-g) is converted to cyanomethyl, in 
which case R19 represents cyano. When R19 is an alkoxy 
group, compound (PR2-g) is treated in the same manner as 
Step 1 of Scheme PR-1 to yield compound (PR2-h) for 
conversion to the alkoxy group, in which case R19 has the 
same definition as OR10 in Scheme PR-1. 

0502 Step 9 is a step of deprotecting the methoxymethyl 
group Serving as the protecting group for the phenolic 
hydroxyl of compound (PR2-h), and then introducing a 
substituent R20. First, compound (PR2-h) is treated in the 
same manner as Step 2 of Production Process MO to remove 
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the methoxymethyl group. It is then treated in the same 
manner as for introduction of R7 in Step 3 of Production 
Process MO to yield compound (PR2-i) having R20 intro 
duced therein. 

0503) Compounds (PR2-c), (PR2-e) and (PR2-i) obtained 
in this Scheme PR-2 are converted to the final target 
compounds by Production Process A. 

/ / 
R24 R24 

(PR3-c) 

R1 R23 
Step 2 

O 

O R 
N s 

O 

/ 
R24 

(PR3-d) 

0504 Scheme PR-3 is one production process whereby 
the -N-Y1-Y2-Y3(-N) portion obtained by cyclization 
in Step 1 of Production Process MO may undergo additional 
Structural conversion. In the formulas, R1 has the same 
definition as R1 in Step 1 of Production Process PP, R23, 
R24 and R25 have the same definitions as R6 and R7 in 
Production Process MO. 

0505 Step 1 is a step of treating compound (PR3-a) in the 
same manner as Step 1 of Scheme PR-1 to yield compound 
(PR3-b) having one substituent R24 introduced therein and 
compound (PR3-c) having two substituents R24 introduced 
therein. Alternatively, when R24 is a methoxymethyl group 
or the like, an excess of methoxymethyl chloride may be 
reacted with compound (PR3-a) in the presence of diiso 
propylethylamine to yield compounds (PR3-b) and (PR3-c). 
Compounds (PR3-b) and (PR3-c) may be separated by silica 
gel column chromatography. 
0506 Step 2 is a step of treating compound (PR3-b) in the 
same manner as Step 1 to yield compound (PR3-d) having 
a newly introduced substituent R25. 
0507 Step 3 is a step of stereoinversion of the hydroxyl 
group of compound (PR3-b) to yield compound (PR3-e). 
Compound (PR3-b) is reacted with m-nitrobenzenesulfonyl 
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chloride in dichloromethane in the presence of triethylamine 
and dimethylaminopyridine. It is then treated with cesium 
acetate while heating in dimethylsulfoxide to yield a 
hydroxyl-inverted acetate. This is treated with potassium 
carbonate in methanol to yield the hydroxyl-inverted com 
pound (PR3-e). 

0508 Compounds (PR3-b), (PR3-c) and (PR3-d) 
obtained in Scheme PR-3 are converted to the final target 
compounds by Production Process A. Compound (PR3-e) 
may also be treated in the same manner as Step 2 of this 
Scheme and then converted to the final target compound by 
Production Process A. 

(Scheme PR-4) 
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-continued 
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0509 Scheme PR-4 is one production process whereby 
the -N-Y1-Y2-Y3(-N) portion obtained by cyclization 
in Step 1 of Production Process MO may undergo additional 
Structural conversion. In the formulas, R1 has the same 
definition as R1 in Step 1 of Production Process PP, R26 has 
the same definition as R6 and R7 in Production Process MO. 

0510 Step 1 is a step of treating compound (PR4-a) with 
Lawesson's reagent while heating in a 1,4-dioxane Solvent 
to yield a thioamide (PR4-b). 
0511 Step 2 is a step of treating compound (PR4-b) with 
ethyl O-trifluoromethanesulfonylhydroxyacetate, triph 
enylphosphine and triethylamine to yield compound (PR4 
c). 
0512 Step 3 is a step of reacting compound (PR4-c) with 
Sodium triacetoxyborohydride in 1,2-dichloroethane in the 
presence of acetic acid for reduction of the enamine to yield 
compound (PR4-d). 
0513 Step 4 is a step of converting compound (PR4-d) to 
a carboxylic acid derivative (PR4-e) under appropriate con 
ditions such that substituent R26 is not affected. Generally, 
it is treated with aqueous Sodium hydroxide or aqueous 
lithium hydroxide in an alcohol or an alcohol-tetrahydrofu 
ran mixed Solvent for alkali hydrolysis to yield compound 
(PR4-e). 
0514 Step 5 is a step of treating compound (PR4-e) with 
di-tert-butyl dicarbonate in tert-butanol in the presence of 
dimethylaminopyridine to yield the tert-butylesterified com 
pound (PR4-f). 
0515 Compounds (PR4-c),(PR4-d) and (PR4-f) obtained 
in this Scheme (PR-4) are converted to the final target 
compounds by Production Process A. 
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(Scheme PR-5) 
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-continued 
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0516 Scheme PR-5 is one production process whereby 
the -N-Y1-Y2-Y3(-N) portion obtained by cyclization 
in Step 1 of Production Process MO may undergo additional 
Structural conversion. In the formulas, R1 has the same 
definition as R1 in Step 1 of Production Process PP, R27 has 
the same definition as R6 and R7 in Production Process MO. 

0517 Step 1 is a step of treating compound (PR5-a) with 
a catalytic amount of rhodium (II) acetate dimer and the 
known reagent diethyl diazomalonate while heating in a 
toluene solvent, to yield compound (PR5-b). 
0518 Step 2 is a step of treating compound (PR5-b) with 
equivalents of Sodium ethoxide and ethyl acrylate while 
heating in ethanol to yield the cyclized compound (PR5-c). 
0519 Step 3 is a step of treating compound (PR5-c) with 
5 N hydrochloric acid while heating in ethanol to yield 
compound (PR5-d) having the methoxymethyl protecting 
group removed. 
0520 Step 4 is a step of converting compound (PR5-d) to 
compound (PR5-e) having a newly introduced substituent 
R27. Compound (PR5-e) may be obtained by treatment in 
the same manner as for introduction of R7 in Step 3 of 
Production Process MO. 

0521 Step 5 is a step of treating compound (PR5-e) with 
1,2-bis(trimethylsiloxy)ethane and triethylsilyltriflate in 
dichloromethane to yield compound (PR5-f) wherein the 
acetyl carbonyl of compound (PR5-e) is ketal-protected. 
0522 Step 6 is a step of reducing the lactam carbonyl of 
compound (PR5-f) for conversion to methylene. Compound 
(PR5-f) may be reacted with tris(triphenylphosphine)rhod 
ium(I) carbonyl hydride and diphenylsilane in an appropri 
ate Solvent Such as tetrahydrofuran to yield compound 
(PR5-g). 
0523 Step 7 is a step of reacting compound (PR5-g) in 
5% hydrochloric acid-tetrahydrofuran to yield the ketal 
deprotected compound (PR5-h). 
0524 Compounds (PR5-d),(PR5-e) and (PR5-h) 
obtained in Scheme PR-5 are converted to the final target 
compound by Production Process A. 
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0526. This Production Process PS is a general synthesis 
method for a piperidine derivative. In the formulas, R1 has 
the same definition as R1 in Step 1 of Production Process PP. 
R28 and R30 have the same definitions as R6 and R7 in 
Production Process MO. 

0527 Step 1 is a step of reacting compound (PS-a) with 
formaldehyde to produce an imine, and then Subjecting it to 
hetero Diels-Alder reaction with a diene having an enol 
ether Structure to form an OXOpiperidine ring. Preferably, 
Compound (PS-a) is reacted with 37% formalin in dichlo 
romethane in the presence of magnesium Sulfate to produce 
an imine, and the reaction mixture is filtered with celite. 
After adding 2-trimethylsilyloxy-1,3-butadiene and toluene 
to the filtrate and cooling to -70° C., a 1 M hexane solution 
of diethylaluminum chloride is added dropwise and the 
temperature is raised. After completion of the reaction, it is 
eXchanged with a tetrahydrofuran Solution and treatment is 
carried out with 1 N hydrochloric acid to yield compound 
(PS-b) having the silylenol ether converted to a ketone. 
0528 Step 2 is a step of treating compound (PS-b) with 
p-toluenesulfonylmethyl isocyanide (TosMIC) in 
dimethoxyethane-tert-butanol in the presence of tert-butoxy 
potassium, to yield compound (PS-c) having the oxo group 
converted to cyano. 
0529 Step 3 is a step of reacting the carbonyl group of 
compound (PS-b) with any of various organometallic 
reagents to yield a tertiary alcohol (PS-d) having an added 
substituent R29. For example, compound (PS-b) may be 
reacted with methylmagnesium bromide in diethyl ether to 
yield compound (PS-d) having an added methyl group. R29 
represents alkyl, alkenyl or alkynyl. 
0530 Step 4 is a step of treating compound (PS-b) with 
a reducing agent for conversion to an alcohol compound 
(PS-e). Any of various reducing agents may be used, but 
treatment with sodium borohydride in a methanol-dichlo 
romethane mixed Solvent is preferred to yield compound 
(PS-e). 
0531 Step 5 is a step of treating compound (PS-e) in the 
same manner as Step 1 of Scheme PR-1 of Production 
Process PR to yield compound (PS-f) having a newly 
introduced substituent R30 at the hydroxyl group. Substitu 
ent R30 has the same definition as R6 and R7 in Production 
ProceSS MO. 

(AN1-a) 
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0532 Step 6 is a step of Horner-Emmons reaction at the 
carbonyl group of compound (PS-b) to yield the carbon 
carbon bond formed unsaturated ester (PS-g). After treating 
a tert-butyl diethylphosphonoacetate with sodium hydride in 
1,2-dimethoxyethane, compound (PS-b) dissolved in 1,2- 
dimethoxyethane is added to yield Compound (PS-g). 
0533 Step 7 is a step of 1,4-reduction of the unsaturated 
ester. Compound (PS-g) may be treated with sodium boro 
hydride in a dichloromethane-methanol mixed solvent in the 
presence of a catalytic amount of nickel (II) chloride.6 
hydrate, or reacted with magnesium in methanol for Selec 
tive 1,4-reduction of the unsaturated ester to yield com 
pound (PS-h). 
0534. A piperidine derivative may also be synthesized by 
the following Steps 8 to 10. 
0535 Step 8 is a step of treating compound (PS-i) in the 
same manner as Step 1 to yield compound (PS-), with 
Simultaneous formation of a Oxopiperidine ring and depro 
tection of the methoxymethyl group Serving as the phenolic 
hydroxyl-protecting group. 
0536 Step 9 is a step of treating compound (PS-j) in the 
same manner as for introduction of R7 in Step 3 of Produc 
tion Process MO, to yield compound (PS-k) substituted with 
Substituent R28. 

0537 Step 10 is a step of selectively protecting the 
carbonyl group of the acetophenone of compound (PS-k). 
After adding compound (PS-k) to tetrahydrofuran, adding 
triethylamine and cooling to -70° C., the mixture is treated 
with tert-butyldimethylsilyl trifluoromethanesulfonate. The 
State of the reaction is periodically examined by thin-layer 
column chromatography, and the temperature is gradually 
raised if necessary. Water may be added at low temperature 
to stop the reaction to yield compound (PS-m). 
0538 Finally, Compound (PS-m) may be treated in the 
Same manner as in Steps 2, 3 and 4. Alternatively, it may be 
converted directly to an acyl bromide according to Produc 
tion ProceSS A for conversion to the final target compound. 
0539 Compounds (PS-b), (PS-c), (PS-d), (PS-e), (PS-f), 
(PS-g), (PS-h), (PS-j) and (PS-k) obtained in this Production 
ProceSS are converted to the final target compounds by 
Production Process A. 

0540 <Production Process AN> 

(Scheme AN-1) 
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0541. This scheme is a general synthesis for an aniline 
derivative. In the formulas, R1 has the same definition as in 
Step 1 of Production Process PP. R31, R32 and R33 have the 
same definitions as R6 and R7 in Production Process MO. 

0542 Step 1 is a step of introducing one or two substitu 
ents R31 at the amino group of compound (AN1-a). Com 
pound (AN1-a) may be treated in approximately the same 
manner as for introduction of R7 at the hydroxyl group in 
Step 3 of Production Process MO to yield compounds 
(AN1-b) and (AN1-c). When R31 is bonded to the aniline 
amino group as simple alkyl and not via acyl or Sulfonyl (for 
example, when R31-I or R31-Br is used as the reagent), a 
prolonged reaction with heating may be necessary to intro 
duce the substituent R31. Incidentally, compounds (AN1-b) 
and (AN1-c) may be easily separated and purified by Silica 
gel column chromatography. 
0543 Step 2 is a step of treating compound (AN1-b) in 
the same manner as Step 1 to yield compound (AN1-d) 
having a newly introduced substituent R32. 
0544 Step 3 is a step of treating compounds (AN1-c). 
and (AN1-d) in the same manner as Step 2 of Production 
Process MO to yield the respective compounds (AN1-e) and 
(AN1-f). 
0545 Step 4 is a step of treating compounds (AN1-e) and 
(AN1-f) in the same manner as for introduction of R7 in Step 
3 of Production Process MO to yield the respective com 
pounds (AN1-g) and (AN1-h). 
0546) Step 5 is a step of using compound (AN1-i) as the 
Starting material for treatment in the same manner as Step 1 

to yield compound (AN1-j) having substituents R31 and 
R33. Compound (AN1-g.) can also be obtained by this 
method. 

0547 Step 6 is a step of treating compound (AN1-) in the 
same manner as Step 2 to yield compound (AN1-h). 
0548 Step 7 is a step of treating compound (AN1-i) in the 
Same manner as the ketalizing Step of Step 6 in Scheme 
PR-2, to yield compound (AN1-k). 
0549 Step 8 is a step of using an aldehyde or ketone 
(represented by R34-(C=O)-R35) and a reducing agent for 
reductive amination to yield compound (AN1-m). 
0550 Compound (AN1-k) may be reacted with sodium 
cyanoborohydride in a methanol-acetic acid mixed Solvent 
or reacted with Sodium triacetoxyborohydride in a 1,2- 
dichloroethane-acetic acid mixed Solvent, to directly yield 
compound (AN1-m) having the ketal protecting group also 
deprotected. Either or both R34 and R35 may be hydrogen, 
or R34 and R35 may together form a ring. 
0551 Step 9 is a step of using an aldehyde or ketone 
(represented by R34-(C=O)-R35) and a reducing agent for 
reductive amination to yield compound (AN1-m), without 
ketal protection of compound (AN1-i). In most cases, reac 
tion is conducted with Sodium triacetoxyborohydride in a 
1,2-dichloroethane-acetic acid mixed Solvent. 
0552) Compounds (AN1-b), (AN1-c), (AN1-d), (AN1-e), 
(AN1-f), (AN1-g), (AN1-h), (AN1-j) and (AN1-m) obtained 
in this Scheme AN-1 are converted to the final target 
compounds by Production Process A. 
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(Scheme AN-2) 
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0553 Scheme AN-2 is a general synthesis method for 
further structural conversion of the Substituents on the 
aniline nitrogen of the intermediate Synthesized in Scheme 
AN-1. In the formulas, R1 has the same definition as R1 in 
Step 1 of Production Process 1. R36 has the same definition 
as R6 and R7 in Production Process MO. Either or both R37 
and R38 may form an amide bond with the aniline nitrogen, 
or the Substituents may have ester Structures. One of the 
Substituents on the aniline nitrogen of the Starting material 
(AN2-a) may be hydrogen. 
0554 Step 1 is a step of treating compound (AN2-a) in 
the same manner as the ketalizing reaction Step of Step 6 in 
Scheme PR-2 of Production Process PR, to yield compound 
(AN2-b) having the carbonyl group protected. 
0555 Step 2 is a step of treating compound (AN2-b) with 
a reducing agent for conversion of an amide group to 
methyleneamino (from -N-CO- to -N-CH2-), or of 
an ester to an alcohol (from -CO-O- to -CH2-OH, 
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from -O-CO-to-OH). Preferably, compound (AN2 
b) may be treated with lithium aluminum hydride in diethyl 
ether to yield compound (AN2-c). Substituents R39 and R40 
are defined as the structures after this conversion of R37 and 
R38. 

0556 Step 3 is a step of treating compound (AN2-c) in 
the same manner as the ketal deprotection Step of Step 7 in 
Scheme PR-2, to yield compound (AN2-d). 
0557. Step 4 is a step carried out only when compound 
(AN2-d) has a hydroxyl group on substituent R39 or R40, 
and here a new Substituent is introduced at the hydroxyl 
group to yield compound (AN2-e) by conversion to Sub 
stituents R41 and R42. 

0558. The reaction of this step is conducted in the same 
manner as Step 1 in Scheme PR-1 of Production Process PR. 
Compounds (AN2-d) and (AN2-e) obtained in this Scheme 
(AN-2) are converted to the final target compounds by 
Production Process A. 

0559) <Production Process BO> 
0560. The following Schemes BO-1, 2, 3 and 4 of Pro 
duction Process BO are general synthesis methods for 
benzoxazine derivatives. 

(Scheme BO-1) 
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-continued 

(BO1-e) 

0561. In the formulas, R1 has the same definition as R1 
in Step 1 of Production Process PP, R2 represents hydrogen, 
optionally substituted alkyl or the like. R3 represents hydro 
gen, halogeno, OXO, optionally Substituted alkyl, optionally 
Substituted alkoxy, optionally Substituted acyl, optionally 
substituted carboxyl or optionally substituted carbamoyl. 

0562 Step 1 is a step of acylating the amino group. 
Compound (BO1-b) may be obtained either by reaction with 
an acyl chloride at room temperature in a Solvent Such as 
tetrahydrofuran, methylene chloride or acetonitrile in the 
presence of a base Such as pyridine or triethylamine, or by 
reaction with an acid anhydride in a pyridine Solution. 

0563 Step 2 is a step of deprotecting the methoxymethyl 
group protecting the alcohol. Compound (BO1-c) may be 
obtained by reaction with dilute aqueous hydrochloric acid 
and 10% aqueous perchloric acid in a Solvent Such as 
tetrahydrofuran or acetone at room temperature. 

0564) Step 3 is a step of alkylating the hydroxyl and 
amino groups. Compound (BO1-d) may be obtained by 
reaction with a dihalide, dimeSylate or ditosylate in a dim 
ethylformamide Solution in the presence of a base Such as 
potassium carbonate, cesium carbonate or Sodium hydride, 
while heating from room temperature to 150 C. 

0565 Step 4 is a step of deacylation. Compound (BO1-e) 
may be obtained either by reaction with an aqueous Sodium 
hydroxide Solution in a Solvent Such as methanol, ethanol or 
tetrahydrofuran, at room temperature to the reflux tempera 
ture of the Solvent, or by reaction in an aqueous hydrochloric 
acid Solution at room temperature to the reflux temperature 
of the Solvent. 

0566 Compounds (BO1-d) and (BO1-e) obtained in this 
Scheme BO-1 are converted to the final target compounds by 
Production Process A. 

(Scheme BO-2) 
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R1 

R2 

N-1- 
O Step 2 

NO 

(BO2-b) 
R1 

N 
O - 

H 

(BO2-c) 

0567. In the formulas, R1 has the same definition as R1 
in Step 1 of Production Process PP, R2 has the same 
definition as R3 in Scheme BO-1. 

0568 Step 1 is a step of alkylating the hydroxyl group. 
Compound (BO2-b) may be obtained by reaction with a 
dihalide, dimeSylate or ditosylate in a dimethylformamide 
solution while heating from room temperature to 150 C. 
0569 Step 2 is a step of forming an oxazine ring. 
Reaction is conducted with a dihalide, dimeSylate or dito 
Sylate in a dimethylformamide Solution in the presence of a 
base Such as potassium carbonate, cesium carbonate or 
Sodium hydride, while heating from room temperature to 
150 C. Reaction is then conducted at room temperature in 
an ethanol or methanol Solution in the presence of a catalytic 
amount of palladium-carbon in a hydrogen atmosphere to 
yield compound (BO2-c). 
0570 Compound (BO2-c) obtained in this Scheme BO-2 
is converted to the final target compound by Production 
Process A. 

(Scheme BO-3) 

R1 
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D Step 1 O Her 
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0571. In the formulas, R1 represents hydrogen, option 
ally Substituted alkyl, optionally Substituted cycloalkyl or 
optionally Substituted alkoxy. R2 represents hydrogen, 
optionally Substituted alkyl, alkyl having cyano at the end or 
a branch, optionally Substituted alkoxy, optionally Substi 
tuted arylalkyl, optionally Substituted acyl, optionally Sub 
Stituted Sulfonyl, optionally Substituted carbamoyl or option 
ally substituted carboxyl. 

0572 Step 1 is a step of alkylating, acylating, substituted 
carbamoylating or urethanating the amino group, by any of 
the following methods 1 to 4. 

0573 1. Compound (BO3-b) may be obtained by reaction 
with a halide, meSylate or tosylate in a dimethylformamide 
Solution in the presence of a base Such as potassium car 
bonate, cesium carbonate or Sodium hydride, while heating 
from room temperature to 150 C. 

0574) 2. Compound (BO3-b) may be obtained either by 
reaction with an acyl chloride, Sulfonyl chloride or isocy 
anate at room temperature in a Solvent Such as tetrahydro 
furan, methylene chloride or acetonitrile, in the presence of 
a base Such as pyridine or triethylamine, or by reaction with 
an acid anhydride in a pyridine Solution. 

0575 3. Compound (BO3-b) may be obtained by reaction 
with ethyl N-(1-cyano)iminoformate in a methanol or etha 
nol Solvent in the presence of a catalytic amount of 4-dim 
ethylaminopyridine, at room temperature to the reflux tem 
perature of the Solvent. 

0576 4. Compound (BO3-b) may be obtained by reaction 
with trimethyl orthoformate or triethyl orthoformate in a 
methanol or ethanol Solvent in the presence of a catalytic 
amount of p-toluenesulfonic acid or camphorSulfonic acid, 
ketal protection of the acetyl group and introduction of 
different substituents by methods 1 to 3 above, followed by 
deprotection under acidic conditions. 

0577) Compound (BO3-b) obtained in this Scheme BO-3 
is converted to the final target compound by Production 
Process A. 

(Scheme BO-4) 

R1 

OH 

Step 1 
O Her 

NH2 

(BO4-a) 
R1 
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R2 Step 2 

O - -- 
N 
H 

(BO4-b) 
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-continued 
R1 
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0578. In the formulas, R1 has the same definition as R1 
in Step 1 of Production Process PP, R2 has the same 
definition as R3 in Scheme BO-1. R3 has the same definition 
as R2 in Scheme BO-3. 

0579 Step 1 is a step of alkylation. Compound (BO4-b) 
may be obtained by the method described in Tawada, H., 
Sugiyama, Y, Ikeda, H., Yamamoto, Y., Meguro, K, Chem. 
Pharm. Bull., 38(5), 1238-1245(1990), or by reaction with 
allyl bromide, maleic anhydride or the like in a Solvent Such 
as methanol, ethanol or toluene in the presence of a base 
Such as potassium carbonate, cesium carbonate or Sodium 
hydrogencarbonate at room temperature to the reflux tem 
perature of the Solvent, followed by reaction in a methanol 
or ethanol Solvent in the presence of a base Such as potas 
sium carbonate or triethylamine, at room temperature to the 
reflux temperature of the Solvent. 
0580 Step 2 is a step of alkylating, acylating, substituted 
carbamoylating or urethanating the amino group. Compound 
(BO4-c) may be obtained by treatment in the same manner 
as Step 1 of Scheme BO-3. 
0581 Compounds (BO4-b) and (BO4-c) obtained in 
Scheme BO-4 are converted to the final target compound by 
Production Process A. 

0582 <Production Process BOL> 

R1 

O O 
N1 N 

Step 1 
O He 

NH2 
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R O 2 2 
N 
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0583 Production Process BOL is a general synthesis 
method for a benzoxazole derivative. In the formulas, R1 
has the same definition as R1 in Step 1 of Production Process 
PP, R2 represents hydrogen, optionally substituted alkyl or 
optionally Substituted alkoxy. 
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0584) Step 1 is a step of forming an oxazole ring. 
Compound (BOL-b) may be obtained by reaction with an 
acid chloride in a Solvent Such as tetrahydrofuran, methylene 
chloride or acetonitrile in the presence of a base Such as 
triethylamine, followed by reaction with dilute aqueous 
hydrochloric acid or p-toluenesulfonic acid in a Solvent Such 
as ethanol, methanol, tetrahydrofuran or methyl ethyl 
ketone. 

0585. The benzoxazoleethanone derivative (BOL-b) 
obtained in Production Process BOL is converted to the final 
compound by Production Process A. 

0586) <Production Process CA> 

0587 Schemes CA-1, 2 and 3 below in Production Pro 
ceSS CA are general Synthesis methods for catechol deriva 
tives. 

(Scheme CA-1) 
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-continued 
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0588. In the formulas, R1 has the same definition as R1 
in Step 1 of Production Process PP, R2, R3 and R4 have the 
same definitions as R6 and R7 in Production Process MO. 

0589 Step 1 is a step of methoxymethylating the 
hydroxyl group of compound (CA1-a). Compound (CA1-b) 
is obtained by reaction of compound (CA1-a) and Sodium 
hydride in dimethylformamide at room temperature, fol 
lowed by reaction with methoxymethyl chloride(MOM-C1). 
0590 Step 2 is a step of introducing a formyl group by 
ortholithiation utilizing the substituent effect of the meth 
oxymethyl group of compound (CA1-b). The orthoformy 
lated compound (CA1-c) is obtained by treatment of com 
pound (CA1-b) with n-butyllithium in a diethyl ether solvent 
while cooling on ice in the presence of tetramethylethylene 
diamine, followed by treatment with a formylating agent 
such as dimethylformamide or N-formylmorpholine. 

0591 Step 3 is a step of brominating the para-position 
relative to the methoxymethyl group of compound (CA1-c). 
Compound (CA1-d) is obtained by reaction of compound 
(CA1-c) with bromine in methanol at room temperature, and 
removal of the methoxymethyl group by the hydrogen 
bromide generated in the System. 

0592 Step 4 is a step of introducing any of various 
Substituents at the hydroxyl group of compound (CA1-d). 
Compound (CA1-e) is obtained by the same method as for 
introduction of R7 in Step 3 of Production Process MO. 

0593 Step 5 is a step of oxidative conversion of the 
formyl group to a hydroxyl group. Compound (CA1-f) is 
obtained by reacting compound (CA1-e) with m-chloroper 
benzoic acid in dichloromethane at room temperature or 
with heating, and then hydrolyzing the purified ester using 
potassium carbonate in methanol. 

0594 Step 6 is a step of obtaining compound (CA1-g) 
having substituent R3 introduced therein by the same 
method as in Step 4 of Scheme CA-1. 

0595 Step 7 is a step of conversion to substituent R4 
when R2 is a hydroxyl-protecting group. Compound (CA1 
h) is obtained in the same manner as the continuous treat 
ment in Steps 2 and 3 of Production Process MO. 

0596 Compounds (CA1-g) and (CA1-h) obtained in this 
Scheme CA-1 are converted to the final target compound by 
Production Process A. 
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(Scheme CA-2) 
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0597 Scheme CA-2 is a general synthesis method for a 
cyclic catechol derivative. In the formulas, R1 has the same 
definition as R1 in Step 1 of Production Process PP, R2 and 
R4 have the same definitions as R6 and R7 in Production 
ProceSS MO. 

0598 Step 8 is a step of conversion to a catechol when R2 
is a removable hydroxyl-protecting group. When R2 is 
methoxymethyl, a diol (catechol) (CA2-a) is obtained by 
treating compound (CA1-f) with 6 N hydrochloric acid. 
0599 Step 9 is a step of cyclizing the catechol by 
alkylation. Compound (CA2-a) is reacted with a 1,2-dibro 
moethyl derivative in a Solvent Such as dimethylformamide, 
acetonitrile or acetone in the presence of a base Such as 
potassium carbonate, cesium carbonate or Sodium hydride, 
to yield a fused dioxane ring (CA2-b). Compound (CA2-a) 
may also be treated with acetone in the presence of phos 
phorus pentaoxide to yield a 5-membered cyclic product 
(CA2-b) as an acetonide. 
0600 Compound (CA2-b) obtained in this Scheme CA-2 
is converted to the final target compound by Production 
Process A. 

(Scheme CA-3) 
OH O n 

R5 
Step 10 Step 11 
Her Her 

OH OH 

(CA3-a) (CA3-b) 
Br O Br O n n 

R5 R5 
Step 12 
--- 

OH f 
(CA3-c) R6 

(CA3-d) 

0601 Scheme CA-3 is a general synthesis method for a 
disubstituted catechol derivative. In the formulas, R5 and R6 
have the same definitions as R6 and R7 in Production 
ProceSS MO. 
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0602 Step 10 is a step of obtaining compound (CA3-b) 
by the same method as in Step 4 of Scheme CA-1 using the 
catechol (CA3-a) as the starting material. 
0603 Step 11 is a step of treating compound (CA3-b) by 
the same method as in Step 3 of Scheme CA-1 to yield 
compound (CA3-c) which is selectively brominated at the 
para-position relative to the non-Substituted hydroxyl group. 
0604) Step 12 is a step of obtaining compound (CA3-d) 
having R6 introduced by the same method as in Step 4 of 
Scheme CA-1. 

0605 Compound (CA3-d) obtained by Scheme CA-3 is 
converted to the final target compound by Production Pro 
ceSS A. 

0606) <Production Process CO2 
0607 Schemes CO-1, CO-2, CO-3, CO-4, CO-5, CO-6, 
CO-7, CO-8 and CO-9 in Production Process CO are general 
Synthesis methods for phenol and phenoxy derivatives. 

(Scheme CO-1) 
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O 
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0608. In the formulas of Scheme CO-1, R1 and R2 have 
the same definition as R1 in Step 1 of Production Process PP. 
R3 has the same definition as R6 and R7 in Production 
ProceSS MO. 

0609 Step 1 is a step of Friedel-Crafts acylation. Com 
pound (CO1-b) is obtained by reaction with acetyl chloride 
in a methylene chloride or toluene Solvent in the presence of 
a Lewis acid Such as aluminum chloride, Zinc chloride or tin 
(II) chloride, at -70° C. to room temperature. 
0610 Step 2 is a step of alkylation, carbonation, Sulfona 
tion or the like. 

0611 1. Compound (CO1-c) may be obtained by reaction 
with a halide, meSylate or tosylate in a dimethylformamide 
Solution in the presence of a base Such as potassium car 
bonate, cesium carbonate or Sodium hydride, while heating 
from room temperature to 150° C. 
0612 2. Compound (CO1-c) may be obtained either by 
reaction with an acyl chloride, Sulfonyl chloride or isocy 
anate in a Solvent Such as tetrahydrofuran, methylene chlo 
ride or acetonitrile in the presence of a base Such as pyridine 
or triethylamine, at -15° C. to room temperature, or by 
reaction with an acid anhydride in a pyridine Solution. 
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0613 3. Compound (CO1-c) may also be obtained by 
reaction with phenyl chloroformate in a Solvent Such as 
tetrahydrofuran, methylene chloride or acetonitrile in the 
presence of a base Such as pyridine or triethylamine, fol 
lowed by reaction with an amine. 

0614 Compounds (CO1-b) and (CO1-c) obtained in this 
Scheme CO-1 are converted to the final target compounds by 
Production Process A. Compound (CO1-a) may also be used 
in the conversion of compound (A4-c) in Scheme A-4 of 
Production Process A. 

(Scheme CO-2) 
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0615 Scheme CO-2 is a general synthesis method for an 
aromatic-Substituted benzene derivative. In the formulas, R1 
has the same definition as R1 in Step 1 of Production Process 
PP, R2 has the same definition as R6 and R7 in Production 
Process MO. R3 represents an aromatic ring. 

0616) Step 1 is a step of introducing an aromatic Sub 
Stituent using the Stille coupling method. Compound (CO2 
b) is obtained by reaction with aromatic-substituted tribu 
tyltin in a Solvent Such as toluene or Xylene under a nitrogen 
atmosphere in the presence of a catalytic amount of tetraki 
S(triphenylphosphine)palladium, at the reflux temperature of 
the solvent. 

0617 Compound (CO2-b) obtained in this Scheme CO-2 
is converted to the final target compound by Production 
Process A. 

(Scheme CO-3) 
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-continued 
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0.618) Scheme CO-3 is a general synthesis method for a 
benzylamine derivative. In the formulas, R1 and R3 have the 
same definition as R1 in Step 1 of Production Process PP, R2 
and R2 have the same definitions as R6 and R7 in Produc 
tion Process MO. R4 and R5 have the same definition as R2 
in Scheme BO-3. R4 and R5 may also form a ring together. 
X represents hydroxyl or a Sulfonate. 

0619 Step 1 is a step of introducing an alkyl halide. 
Compound (CO3-b) is obtained by reaction with sodium 
borohydride in a methanol or. ethanol solvent, followed by 
reaction with methanesulfonyl chloride in dimethylforma 
mide, in the presence of a base Such as pyridine or triethy 
lamine. 

0620 Step 2 is a step of amination. 

0621 1. Compound (CO3-c) may be obtained by reaction 
with an amine in a methanol, ethanol, acetonitrile or tet 
rahydrofuran solvent. 

0622 2. Compound (CO3-c) may be obtained by reaction 
with an amine in a dimethylformamide solvent in the 
presence of a base Such as potassium carbonate or Sodium 
hydride. 

0623) 3. When X is hydroxyl, compound (CO3-c) may be 
obtained by reaction with diphenylphosphoryl azide in a 
toluene Solvent in the presence of a base Such as 1.8- 
diazabicyclo5.4.0]undec-7-ene to yield an azide, followed 
by reaction with a trialkylphosphine or triphenylphosphine 
in a tetrahydrofuran-water Solvent. 

0624) Step 3 is a step of converting R2 to substituent R2 
when R2 is a hydroxyl-protecting group. Compound (CO3 
d) is obtained in the same manner as the continuous treat 
ment in Steps 2 and 3 of Production Process MO. 

0625 Compounds (CO3-c) and (CO3-d) obtained in this 
Scheme CO-3 are converted to the final target compounds by 
Production Process A. 
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(Scheme CO-4) 
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0626 Scheme CO-4 is a general synthesis method for 
phenol and phenoxy derivatives by Wittig reaction. In the 
formulas, R1 has the same definition as R1 in Production 
Process PP, R2 and R2 have the same definitions as R6 and 
R7 in Production Process MO. R3 represents hydrogen or 
lower alkyl. R4 represents optionally Substituted alkyl, 
optionally Substituted carboxyl, cyano or the like. 
0627 Step 1 is a step of alkylation utilizing a Wittig 
reaction. Reaction is conducted with a phosphorane deriva 
tive in a methylene chloride or tetrahydrofuran solvent. 
Alternatively, compound (CO4-b) may be obtained by reac 
tion with a phosphonium Salt or phosphonate in a tetrahy 
drofuran or dimethylformamide Solvent in the presence of a 
base Such as potassium tert-butoxide or Sodium hydride. 
0628 Step 2 is a step of reducing the olefin. Compound 
(CO4-c) may be obtained by reaction in ethyl acetate, 
tetrahydrofuran or methanol under a hydrogen atmosphere 
in the presence of palladium-carbon, or by reaction with 
magnesium in methanol. 
0629 Step 3 is a step of conversion to substituent R2 
when R2 is a hydroxyl-protecting group. Compound (CO4 
d) is obtained in the same manner as the continuous treat 
ment in Steps 2 and 3 of Production Process MO. 
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0630 Compounds (CO4-b), (CO4-c) and (CO4-d) 
obtained in this Scheme CO-4 are converted to the final 
target compounds by Production Process A. 

(Scheme CO-5) 
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0631 Scheme CO-5 is a general synthesis method for 
phenol and phenoxy derivatives utilizing a Friedel-Crafts 
reaction. In the formulas, R1 has the same definition as R1 
in Step 1 of Production Process PP, R2 represents hydrogen, 
optionally substituted alkyl or optionally substituted 
cycloalkyl. R3 has the same definition as R6 and R7 in 
Production Process MO. 

0632 Step 1 is a step of bromination at the phenyl 
para-position. Reaction may be conducted with bromine in 
a methanol or ethanol solvent or with N-bromosuccinimide 
in an acetonitrile solvent to yield Compound (CO5-a). 
0633 Step 2 is a step of alkylation by Friedel-Crafts 
reaction. Compound (CO5-b) is obtained by reaction with an 
alkyl meSylate in a benzene or dichloroethane Solvent in the 
presence of scandium triflate, by the method described in H. 
Katsuki et al., Synthesis 603(1999). 
0634) Step 3 is a step of introducing a substituent R3 at 
the hydroxyl group. Compound (CO5-c) is obtained by 
treatment in the same manner as for introduction of R7 in 
Step 3 of Production Process MO. 
0635 Compounds (CO5-b) and (CO5-c) obtained in 
Scheme CO-5 are converted to the final target compounds by 
Production Process A. 
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-continued 
R1 

OH 

Step 3 

Br COOR2 

(CO6-b) 
R1 R1 

O O 
YR, YR, 

Step 3 

Br COOR Br 

(CO6-c) O 
YR 

(CO6-d) 

0636 Scheme CO-6 is a general synthesis method for 
carboxylic acid derivatives and benzyl alcohol derivatives. 
In the formulas, R1 has the same definition as R1 in Step 1 
of Production Process PP, R2 represents optionally substi 
tuted alkyl and R3 and R4 have the same definitions as R6 
and R7 in Production Process MO. 
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0637 Step 1 is a step of introducing a carboxyl group by 
ortholithiation utilizing the substituent effect of the meth 
oxymethyl group of compound (CA1-b). Compound (CO6 
a) is obtained by treating compound (CA1-b) with n-butyl 
lithium in a diethyl ether solvent in the presence of 
tetramethylethylenediamine while cooling on ice, and then 
reacting it with an alkyl dicarbonate. 

0638 Step 2 is a step of deprotection of the methoxym 
ethyl group Serving as the alcohol-protecting group. Com 
pound (CO6-b) is obtained by reaction with dilute aqueous 
hydrochloric acid and 10% aqueous perchloric acid in a 
tetrahydrofuran or acetone Solvent at room temperature. 

0639 Step 3 is a step of introducing a substituent R3 at 
the hydroxyl group. Compound (CO6-c) is obtained by 
treatment in the same manner as for introduction of R7 in 
Step 3 of Production Process MO. 

0640 Step 4 is a step of reduction and alkylation of the 
carboxyl group. Compound (CO6-d) is obtained by reaction 
with lithium aluminum hydride in a diethyl ether or tetrahy 
drofuran Solvent while cooling on ice, followed by the same 
method as in Step 3. 

0641 Compounds (CO6-b), (CO6-c) and (CO6-d) 
obtained in this Scheme CO-6 are converted to the final 
target compounds by Production Process A. 
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0642 Scheme CO-7 is a general synthesis method for 
phenetyl alcohol derivatives, phenylacetic acid derivatives 
and benzofuran derivatives. In the formulas, R1 has the 
same definition as R1 in Step 1 of Production Process PP, R2 
and R3 have the same definitions as R6 and R7 in Production 
Process MO. R4 and R5 represent optionally substituted 
alkyl. 
0643 Step 1 is a step of introducing a hydroxyl group by 
Wittig reaction followed by hydroboration reaction. The 
reaction is conducted with methyltriphenylphosphonium 
bromide in a tetrahydrofuran Solvent in the presence of 
potassium tert-butoxide. Reaction is then conducted with 
borane-tetrahydrofuran in a tetrahydrofuran Solvent and 
with 30% aqueous hydrogen peroxide to yield compound 
(CO7-a). 
0644 Step 2 is a step of introducing a substituent R3 at 
the hydroxyl group. Compound (CO7-b) is obtained by 
treatment in the same manner as for introduction of R7 in 
Step 3 of Production Process MO. 
0645 Step 3 is a step of carbon-carbon bond formation. 
Compound (CO7-c) is obtained by reaction with methylm 
ethylthiomethylsulfoxide in a tetrahydrofuran solvent in the 
presence of Triton B, at the reflux temperature of the solvent, 
followed by reaction with dilute aqueous hydrochloric acid 
in a methanol or ethanol Solvent. 

0646 Step 4 is a step of oxidation. Compound (CO7-c) is 
obtained by the method described in Mangzho Zhao et al., 
Tetrahedron Lett. 39,5323(1998) or the method described in 
Ryoji Noyori et al., J. Am. Chem. Soc., 119, 12386(1997). 
0647 Step 5 is a step of forming a furan ring when R2 is 
hydrogen. Compound (CO7-d) is obtained by reaction with 
a bromoacetic acid ester in a dimethylformamide Solvent in 
the presence of potassium carbonate, at the reflux tempera 
ture of the Solvent. 

0648 Compounds (CO7-a), (CO7-b), (CO7-c) and 
(CO7-d) obtained in this Scheme CO-7 are converted to the 
final target compounds by Production Process A. 
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0649 Scheme CO-8 is a general synthesis method for a 
2,3-dihydrobenzofuran derivative or 2,3-dihydroben 
Zothiophene derivative. In the formulas, R1 has the same 
definition as R1 in Step 1 of Production Process PP, R2 and 
R3 represent hydrogen, optionally Substituted alkyl or 
optionally Substituted alkoxy. 
0650 Step 1 is a step of alkylation of the hydroxyl group. 
Compound (CO8-b) is obtained by reaction with an allyl 
halide, allyl meSylate or allyl tosylate in a Solvent Such as 
dimethylformamide, acetonitrile or acetone, in the presence 
of Sodium iodide and in the presence of a base Such as 
potassium carbonate, cesium carbonate or Sodium hydride, 
according to the method described in J. M. JanuSZ et al., J. 
Med. Chem. 41, 1112(1998). 
0651 Step 2 is a step of forming a furan or thiophene 
ring. Compound (CO8-c) is obtained by the method 
described in J. M. Janusz et al., J. Med. Chem. 41, 
1112(1998), or by reaction at 210°C. in magnesium chlo 
ride. 

0652 Step 3 is a step of Friedel-Crafts acylation. Com 
pound (CO8-d) is obtained by reaction with acetyl chloride 
in a methylene chloride or toluene Solvent in the presence of 
a Lewis acid Such as aluminum chloride, Zinc chloride or tin 
(II) chloride, at -70° C. to room temperature. 
0653 Step 4 is a step of bromination by reaction with 
bromine in a methanol or ethanol Solvent. Alternatively, 
compounds (CO8-e) and (CO8-g) are obtained by reaction 
with N-bromosuccinimide in an acetonitrile or dimethylfor 
mamide Solvent. 

0654 Step 5 is a step of forming a furan or thiophene 
ring. Compound (CO8-g) is obtained by reaction with 
Sodium borohydride at 75 C. in a dimethylacetamide sol 
vent in the presence of cyclopentadienyldichlorotitanium, by 
the method described in J. Schwaltz et al., J. Org. Chem. 59, 
940(1994). 
0655 Compounds (CO8-d) and (CO8-g) obtained in this 
Scheme CO-8 are converted to the final target compounds by 
Production Process A. 

(Scheme CO-8) 
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(Scheme CO-9) 

COOR1 
Step 1 
-- 

Br 

(CO9-a) 
R2 R3. 

COOR 
Step 2 
-> 

Br 

(CO9-b) 
R2 R3. 

CHO 

Step 3 
-r 

Br 

(CO9-c) 
R2 R3. 

2 COOR4 

Br 

(CO9-d) 

0656 Scheme CO-9 is a general synthesis method for a 
carboxylic acid derivative. In the formulas, R1, R2, R3 and 
R4 represent hydrogen or optionally Substituted alkyl. 
0657 Step 1 is a step of alkylation. Compound (CO9-b) 
is obtained by reaction with an alkyl halide, meSylate or 
tosylate in a tetrahydrofuran or dimethylformamide Solvent, 
in the presence of potassium tert-butoxide or Sodium 
hydride. 

0658) Step 2 is a step of reduction. Compound (CO9-c) is 
obtained by reaction with diisobutylaluminum hydride in a 
tetrahydrofuran solvent. 

0659 Step 3 is a step of carbon-carbon bond formation 
utilizing a Wittig reaction. The reaction is conducted with a 
phosphorane derivative in a methylene chloride or tetrahy 
drofuran solvent. Alternatively, compound (CO9-d) is 
obtained by reaction with either a phosphonium Salt or 
phosphonate in a tetrahydrofuran or dimethylformamide 
Solvent in the presence of a base Such as potassium tert 
butoxide or sodium hydride. 
0660 Compounds (CO9-b) and (CO9-d) obtained in this 
Scheme CO-9 are converted to the final target compounds by 
Production Process A. 

0661 Representative production processes for com 
pounds according to the invention and Salts thereof have 
been described above, but the Starting compounds and 
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reagents used for production of the compounds of the 
invention may also form Salts or hydrates, and these are not 
particularly restricted So long as the reaction is not inhibited. 
When compound (I) of the invention is obtained as a free 
compound, a common method may be used to convert it to 
a salt which compound (I) may form. The different isomers 
(for example, geometric isomers, optical isomers based on 
asymmetric carbon, Stereoisomers, tautomers or the like) 
obtained for compound (I) according to the invention may 
be purified and isolated using common Separation means 
Such as recrystallization, diastereomer Salt methods, enzy 
matic resolution methods and chromatography methods (for 
example, thin-layer chromatography, column chromatogra 
phy, gas chromatography, etc.). 
0662. The compounds of the invention represented by 
formula (I) and salts thereof exhibit excellent thrombin 
receptor antagonism and especially Selective antagonism 
against PAR1 thrombin receptors. The compounds of the 
invention and their salts also exhibit excellent inhibition 
against platelet aggregation and Smooth muscle cell prolif 
eration, with high oral efficacy. The compounds of the 
invention and salts thereof can therefore inhibit the cellular 
response to thrombin which includes platelet aggregation, 
without inhibiting the catalytic activity of thrombin which 
converts fibrinogen to fibrin, and can also inhibit vascular 
Smooth muscle proliferation occurring as a result of damage 
to vascular walls by coronary angioplasty and the like, 
through selective inhibition of PAR1. 
0663 Thus, the compounds of the invention and salts 
thereof may be used to obtain pharmaceutical compositions 
(formulations) as (i) thrombin receptor antagonists (espe 
cially PAR1 thrombin receptor antagonists), (ii) platelet 
aggregation inhibitors, (iii) Smooth muscle cell proliferation 
inhibitors, (iv) endothelial cell, fibroblast, nephrocyte, 
Osteosarcoma cell, muscle cell, cancer cell and/or glia cell 
proliferation inhibitors and (v) therapeutic or preventive 
agents for thrombosis, vascular restenosis, deep venous 
thrombosis, pulmonary embolism, cerebral infarction, heart 
disease, disseminated intravascular coagulation, hyperten 
Sion, inflammatory diseases, rheumatism, asthma, glomeru 
lonephritis, osteoporosis, neurological disease and/or malig 
nant tumor. 

0664) The compounds of the invention and their salts 
may be administered for treatment of patients Suffering from 
diseases associated with thrombin receptors, and for treat 
ment of patients Suffering from proliferative diseases of, for 
example, endothelial cell, fibroblast, nephrocyte, osteosar 
coma cell, muscle cell, cancer cell and/or glia cell. 
0665 A compound of the invention represented by for 
mula (I) above, a Salt thereof or a hydrate of the foregoing 
may be formulated by a common method. AS preferred 
dosage forms there may be mentioned tablets, powders, fine 
particles, granules, coated tablets, capsules, Syrups, loz 
enges, inhalants, Suppositories, injections, ointments, eye 
Salves, eye drops, nasal drops, ear drops, paps, lotions and 
the like. For the formulation there may be employed any 
commonly used excipients, binders, disintegrators, lubri 
cants, coloring agents, corrective coatings, and if necessary, 
Stabilizers, emulsifiers, absorbefacients, Surfactants, pH 
adjustors, preservatives, antioxidants, or the like, in combi 
nation with various components that are ordinarily used as 
materials for pharmaceutical formulations. 
0666 As such components there may be mentioned (1) 
animal and vegetable oils. Such as Soybean oil, beef tallow 
and Synthetic glycerides; (2) hydrocarbons such as liquid 
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paraffin, Squalane and Solid paraffin; (3) ester oils Such as 
octyldodecyl myristate and isopropyl myristate; (4) higher 
alcohols Such as cetostearyl alcohol and behenyl alcohol; (5) 
Silicone resins; (6) Silicone oils; (7) Surfactants Such as 
polyoxyethylene fatty acid esters, Sorbitan fatty acid esters, 
glycerin fatty acid esters, polyoxyethylene Sorbitan fatty 
acid esters, polyoxyethylene hydrogenated castor oil and 
polyoxyethylene/polyoxypropylene block copolymer; (8) 
water-Soluble polymerS Such as hydroxyethylcellulose, 
polyacrylic acid, carboxyvinyl polymer, polyethylene gly 
col, polyvinylpyrrolidone and methylcellulose; (9) lower 
alcohols Such as ethanol and isopropanol; (10) polyhydric 
alcohols Such as glycerin, propylene glycol, dipropylene 
glycol and Sorbitol; (11) SugarS Such as glucose and Sucrose; 
(12) inorganic powderS Such as Silicic anhydride, magne 
sium aluminum Silicate and aluminum Silicate; (13) purified 
water, and the like. 

0667 Examples of (1) excipients which may be used 
include lactose, corn Starch, white Soft Sugar, glucose, man 
nitol, Sorbit, crystalline cellulose and Silicon dioxide; 
examples of (2) binders which may be used include poly 
Vinyl alcohol, polyvinyl ether, methylcellulose, ethylcellu 
lose, gum arabic, tragacanth, gelatin, shellac, hydroxypro 
pylcellulose, hydroxypropylmethylcellulose, 
polyvinylpyrrolidone, polypropylene glycol/polyoxyethyl 
ene block polymer, meglumine, calcium citrate, dextrin and 
pectin; examples of (3) disintegrators which may be used 
include Starch, agar, gelatin powder, crystalline cellulose, 
calcium carbonate, Sodium hydrogencarbonate, calcium cit 
rate, dextrin, pectin and calcium carboxymethylcellulose; 
examples of (4) lubricants which may be used include 
magnesium Stearate, talc, polyethylene glycol, Silica and 
hydrogenated vegetable oils; examples of (5) coloring 
agents which may be used include any of those approved for 
addition to drugs; examples of (6) corrective coatings which 
may be used include cocoa powder, menthol, aromatic 
powders, mentha oil, borneol and powdered cinnamon; and 
examples of (7) antioxidants which may be used include 
those approved for addition to drugs, Such as ascorbic acid, 
C-tocopherol and the like. 

0668 (i) An oral formulation may be prepared by com 
bining a compound of the invention or its Salt with an 
excipient, if necessary adding a binder, disintegrator, lubri 
cant, coloring agent, corrective coating or the like, and 
forming a powder, fine particles, granules, tablets, coated 
tablets, capsules, etc. by a common method. (ii) Tablets or 
granules may, of course, also be coated with a Sugar coating, 
gelatin coating or other type of Suitable coating if necessary. 
(iii) In the case of a liquid formulation Such as Syrup, 
injection, eye drops or the like, a common method may be 
used for formulation with a pH adjustor, Solubilizer, isoton 
izing agent or the like, as well as a Solubilizing aid, Stabi 
lizer, buffering agent, Suspending agent, antioxidant, etc. if 
necessary. In the case of a liquid formulation, it may also be 
lyophilized, and an injection may be administered intrave 
nously, Subcutaneously or intramuscularly. AS preferred 
examples of Suspending agents there may be mentioned 
methylcellulose, polysorbate 80, hydroxyethylcellulose, 
gum arabic, tragacanth powder, Sodium carboxymethylcel 
lulose, polyoxyethylene Sorbitan monolaurate and the like; 
as preferred examples of Solubilizing aids there may be 
mentioned polyoxyethylene hydrogenated castor oil, 
polySorbate 80, nicotinamide, polyoxyethylene Sorbitan 
monolaurate and the like, as preferred examples of Stabiliz 
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ing agents there may be mentioned Sodium Sulfite, Sodium 
metasulfite, ether and the like; and as preferred examples of 
preservatives there may be mentioned methyl p-oxyben 
Zoate, ethyl p-oxybenzoate, Sorbic acid, phenol, creSol, 
chlorocreSol, and the like. (iv) There are no particular 
restrictions on the method of preparing an external applica 
tion, and any common method may be employed. The base 
materials used may be any raw materials commonly 
employed in drugs, quasi drugs, cosmetics and the like, and 
as examples there may be mentioned raw materials Such as 
animal and vegetable oils, mineral oils, ester oils, waxes, 
higher alcohols, fatty acids, Silicone oils, Surfactants, phos 
pholipids, alcohols, polyhydric alcohols, water-Soluble poly 
mers, clay minerals, purified water and the like, with addi 
tion of pH adjustors, antioxidants, chelating agents, 
antiseptics and fungicides, coloring agents, aromas and the 
like if necessary. Also, there may be included differentia 
tion-inducing components, or other components Such as 
circulation promoters, microbicides, antiphlogistic agents, 
cell activators, Vitamins, amino acids, humectants, kera 
tolytic agents and the like, as necessary. 
0669 Although the dosage of a drug according to the 
invention will differ depending on the patient's severity of 
Symptoms, age, gender and body weight, the dosage form 
and type of Salt, drug Sensitivity, the Specific type of disease, 
etc., it will generally be from about 30 ug to 1000 mg, 
preferably from 100 lug to 500 mg and more preferably from 
100 ug to 100 mg per day for adults in the case of oral 
administration or about 1-3000 tug/kg and preferably 3-1000 
tug/kg per day for adults in the case of injection, adminis 
tered once or divided over Several times a day. 

EXAMPLES 

0670 Preferred embodiments of the compounds of the 
invention represented by formula (I) above and salts thereof 
will now be explained, with the understanding that the 
following examples and test examples are only representa 
tive and are not intended to be restrictive on the compounds 
of the invention or salts thereof in any way. It will be 
apparent to those skilled in the art that the present invention 
can be carried out with various modifications added beyond 
these examples, and Such modifications are also encom 
passed within the claims of the present specification. 

Example 1 

2-2-(3,5-Di-tert-butyl-4-hydroxyphenyl)-2-oxo 
ethyl-6-ethoxy-3-imino-2,3-dihydro-1H-isoindole 

5-carboxylic acid methylamide hydrobromide 

0671) 

NHoHBir 

1n OH 
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(Step 1) 5-Bromo-2-hydroxy-4-methylbenzoic acid 

0672) 

HO 

HO 

0673. After dissolving 2-hydroxy-4-methylbenzoic acid 
(24.54 g, 161.29 mmol) in methanol (300 ml), the solution 
was cooled to -20°C. A solution of bromine (26.03 g) in 
methanol (50 ml) was added dropwise over 1 hour. The 
reaction mixture was stirred at room temperature for 1 hour 
and then concentrated. The residue was heated to dissolution 

in methanol (100 ml) and water (40 ml) was added. The 
precipitated crystals were filtered off and washed with 50% 
methanol-water. The precipitated crystals in the filtrate were 
also filtered off and washed with 50% methanol-water. The 
crystals were combined and dried to yield the title com 
pound (24.8 g) as white crystals. 

0674) H-NMR(CDC13)6(ppm) 2.37(3H,s), 6.85(1Hs), 
7.98(1Hs). 

(Step 2) 5-Bromo-2-ethoxy-4-methylbenzoic acid 

0675) 

HO 

- 
0676 After dissolving 5-bromo-2-hydroxy-4-methylben 
Zoic acid (9.35 g) in dimethylformamide, potassium carbon 
ate (14 g) and ethyl iodide (8 ml) were added in that order 
and the mixture was stirred at 50 C. for 3 hours. It was then 
diluted with ethyl acetate, washed with water and brine, 
dried over anhydrous magnesium Sulfate, filtered and con 
centrated to yield ethyl 5-bromo-2-ethoxy-4-methylben 
zoate. The product was dissolved in ethanol (100 ml), 5 N 
sodium hydroxide (20 ml) was added and the mixture was 
heated to reflux for 30 minutes. After adding 5 N hydro 
chloric acid (25 ml) for neutralization, extraction was per 
formed with ethyl acetate. The extract was dried over 
anhydrous magnesium Sulfate, filtered and concentrated to 
yield the title compound (10.4 g) as a white Solid. 
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(Step 3) 
N1,4-Dimethyl-5-bromo-2-ethoxybenzamide 

0678) 

0679. After dissolving 5-bromo-2-ethoxy-4-methylben 
zoic acid in tetrahydrofuran (80 ml), triethylamine (3.5 ml) 
and ethyl chloroformate (2.4 ml) were added while cooling 
on ice, the mixture was stirred for 1 hour, and then a 40% 
methylamine aqueous Solution (3.5 ml) was added. The 
reaction mixture was stirred for 1 hour, ethyl acetate was 
added and the mixture was washed with brine, after which 
the organic layer was dried over anhydrous magnesium 
Sulfate and the solvent was distilled off under reduced 
pressure. The crystals of the residue were washed with 
hexane and filtered to yield the title compound (5.08 g) as 
white crystals. 

(Step 4) 
N1,4-Dimethyl-5-cyano-2-ethoxybenzamide 

0680) 

O 

CN NN 

u 
0681. After dissolving N1,4-dimethyl-5-bromo-2- 
ethoxybenzamide (200 g) in propionitrile (1.5 l), sodium 
cyanide (72 g), copper iodide (14 g) and tetrakis(triph 
enylphosphine)palladium (42 g) were added under a nitro 
gen atmosphere and the mixture was heated to reflux for 5 
hours. Ethyl acetate and water were added and the reaction 
mixture was filtered through celite. The precipitated crystals 
in the filtrate were filtered off (15.4 g). This filtrate was then 
Separated and washed with brine. The organic layer was 
dried over anhydrous magnesium Sulfate and was concen 
trated after filtering off the insoluble portion. The obtained 
crystals were filtered off and washed with ethyl acetate 
(77.64 g). The crystals were combined to yield the title 
compound (93.04 g) as a white solid. 
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(Step 5) tert-Butyl N-(5-cyano-2-ethoxy-4-methyl 
benzoyl)-N-methylcarbamate 

> or 
0684. After suspending N1,4-dimethyl-5-cyano-2- 
ethoxybenzamide (92 g) in acetonitrile (1 l), tert-butyl 
dicarbonate (110 g) and dimethylaminopyridine (2.6 g) were 
added and the mixture was stirred at room temperature 
overnight. The reaction mixture was heated to 90° C. and 
stirred for 3 hours. tert-Butyl dicarbonate (110 g) was further 
added and the mixture was stirred at 50° C. overnight. After 
cooling to room temperature, the precipitated crystals were 
filtered off (24.3 g). The filtrate was concentrated and the 
residue was purified by Silica gel column chromatography 
(Solvent: n-hexane-ethyl acetate) to yield the title compound 
(81.1 g) as a white Solid. 

0683) 

(Step 6) tert-Butyl N-4-(bromomethyl)-5-cyano-2- 
ethoxybenzoyl-N-methylcarbamate 

C. 
0687. After dissolving tert-butyl N-(5-cyano-2-ethoxy-4- 
methylbenzoyl)-N-methylcarbamate (79.6 g) in carbon tet 
rachloride, azobisisobutyronitrile (4.1 g) was added and the 
mixture was heated to reflux. N-bromosuccinimide (50.3 g) 
was gradually added to the reaction mixture in Small por 
tions at a time. After heating to reflux for 2 hours, the 
mixture was filtered. The filtrate was concentrated and the 
residue was purified by Silica gel column chromatography 
(Solvent: n-hexane-ethyl acetate) to yield the title compound 
(29.81 g) as a white solid. 

0686) 
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(Step 7) 
N1-Methyl-4-(bromomethyl)-5-cyano-2-ethoxyben 

Zamide 

0689) 

O 

CN 
N N 

H 

Br 
O 

- 
0690. After dissolving tert-butyl N-4-(bromomethyl)-5- 
cyano-2-ethoxybenzoyl-N-methylcarbamate (39.9 g) in 
dichloromethane (300 ml), trifluoroacetic acid (50 ml) was 
added and the mixture was stirred at room temperature for 
30 minutes. The reaction mixture was concentrated and the 
residue was purified by Silica gel column chromatography 
(Solvent: n-hexane-ethyl acetate) to yield the title compound 
(19.77 g) as a white solid. 

(Step 8) tert-Butyl 
5-cyano-2-ethoxy-4-methylbenzoate 

> O CN 

o 
0.693. After dissolving 5-bromo-2-ethoxy-4-methylben 
zoic acid (10.4 g) in toluene (100 ml) and ethyl acetate (20 
ml), dimethylformamide di-tert-butylacetal (75 ml) was 
added and the mixture was heated to reflux for 8 hours. Ethyl 
acetate was then added, the mixture was washed with 1 N 
hydrochloric acid and brine in that order, dried over anhy 
drous magnesium Sulfate, filtered and concentrated, and the 
residue was purified by Silica gel column chromatography 
(Solvent: n-hexane-ethyl acetate) to yield a tert-butyl ester 
(12.27 g) as a colorless oil. This was dissolved in propioni 
trile, and then Sodium cyanide (3.82 g), copper iodide (740 
mg) and tetrakis(triphenylphosphine)palladium (2.25 g) 
were added under a nitrogen atmosphere and the mixture 
was heated to reflux for 8 hours. Ethyl acetate and water 
were added, the reaction mixture was filtered through celite 
and the filtrate was washed with brine. The organic layer was 
dried over anhydrous magnesium Sulfate and was concen 
trated after filtering off the insoluble portion, and the residue 
was purified by Silica gel column chromatography (Solvent: 
n-hexane-ethyl acetate) to yield the title compound (9.57g) 
as a white Solid. 

0692) 
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(Step 9) tert-Butyl 
4-(bromomethyl)-5-cyano-2-ethoxybenzoate 

> --- 

0696. After dissolving tert-butyl 5-cyano-2-ethoxy-4- 
methylbenzoate (8.91 g) in carbon tetrachloride, N-bromo 
Succinimide (6.6 g) and benzoyl peroxide (400 mg) were 
added and the mixture was heated to reflux for 3 hours. The 
reaction mixture was filtered and concentrated. The residue 
was purified by Silica gel column chromatography (Solvent: 
n-hexane-ethyl acetate) to yield a mixture of the title com 
pound and tert-butyl 5-cyano-2-ethoxy-4-methylbenzoate 
(starting material) (8.80 g) as a white Solid. 

0695) 

(Step 10) tert-Butyl 
4-(azidomethyl)-5-cyano-2-ethoxybenzoate 

0698) 

O 

> CN 
O 

O 

- 
0699. After dissolving tert-butyl 4-(bromomethyl)-5-cy 
ano-2-ethoxybenzoate (2.20 g, 70% purity) in dimethylfor 
mamide (25 ml), Sodium azide (2.1 g) was added and the 
mixture was stirred at 50 C. for 30 minutes. It was then 
diluted with ethyl acetate, washed with water, dried over 
anhydrous magnesium Sulfate, filtered and concentrated to 
yield the title compound (1.913 g). 
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(Step 11) 
4-(AZidomethyl)-5-cyano-2-ethoxybenzoic acid 

0701 

CN 
HO 

- 

0702. After dissolving tert-butyl 4-(azidomethyl)-5-cy 
ano-2-ethoxybenzoate (1.923 g) in dichloromethane (12 ml), 
trifluoroacetic acid (3 ml) was added while cooling on ice. 
The mixture was stirred at room temperature for 20 minutes 
and concentrated. The title compound was obtained as light 
red crystals. 

(Step 12) 
N1-Methyl-4-(azidomethyl)-5-cyano-2-ethoxybenzamide 

0704) 

O 

CN NN 
H 

N 

u 
0705. After dissolving 4-(azidomethyl)-5-cyano-2- 
ethoxybenzoic acid in dimethylformamide (20 ml), a 2M 
tetrahydrofuran solution of methylamine (4.2 ml), diethyl 
phosphonocyanidate (1.28 ml) and triethylamine (1.27 ml) 
were added while cooling on ice. The mixture was stirred at 
room temperature overnight, diluted with ethyl acetate and 
washed with water and brine. The organic layer was dried 
over anhydrous magnesium Sulfate, filtered and concen 
trated to yield the title compound (931 mg). 
0706. After next dissolving N1-methyl-4-(bromom 
ethyl)-5-cyano-2-ethoxybenzamide in dimethylformamide 
(100 ml), Sodium azide (6 g) was added and the mixture was 
Stirred at room temperature overnight. The reaction mixture 
was diluted with ethyl acetate and washed with water and 
brine, and then the organic layer was dried over anhydrous 
magnesium Sulfate, filtered and concentrated to yield the 
title compound (15.5 g). 
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(Step 13) 
N5-Methyl-3-amino-6-ethoxy-1H-5-isoindolecarbo 

Xamide 

0708) 

1n 

0709 After dissolving N1-methyl-4-(azidomethyl)-5-cy 
ano-2-ethoxybenzamide (931 mg) in tetrahydrofuran (10 
ml), 28% aqueous ammonia (2 ml) and triethylphosphine 
(0.4 ml) were added in that order. The mixture was stirred at 
50° C. for 15 minutes. The precipitated crystals were filtered 
off, washed with tetrahydrofuran, water and ethyl acetate in 
that order and dried to yield the title compound (365 mg). 

Example 1 

Final Step 
0711) Method A 
0712. After dissolving tert-butyl 4,5-dicyano-2-ethoxy 
benzoate (440 mg) in dichloromethane (3 ml) and trifluo 
roacetic acid (3 ml), the Solution was stirred at room 
temperature for 6 hours. The reaction mixture was concen 
trated to yield a carboxylic acid (350 mg) as a white solid. 
This was dissolved in dimethylformamide (3 ml), and then 
triethylamine (0.1 ml), diethyl phosphonocyanidate (0.11 
ml) and a 2 N tetrahydrofuran solution of methylamine were 
added in that order and the mixture was stirred at room 
temperature overnight. Ethyl acetate was added and the 
reaction mixture was washed with water. The organic layer 
was dried over anhydrous magnesium Sulfate. After filtering 
off the insoluble portion, the filtrate was concentrated and 
the residue was purified by Silica gel column chromatogra 
phy (Solvent: n-hexane-ethyl acetate) to yield an amide (64 
mg, 38% yield). This was dissolved in ethanol (3 ml), 
platinum oxide (20 mg) was added and the mixture was 
Stirred at room temperature overnight. After filtering off the 
insoluble portion, the filtrate was concentrated and the 
residue was purified by Silica gel column chromatography 
(Solvent: ethyl acetate-methanol-aqueous ammonia) to yield 
a mixture of amidine regioisomers (17 mg). This was 
dissolved in ethanol (3 ml), and then 3,5-di-tert-butyl 4-hy 
droxyphenacylbromide (30 mg) was added and the mixture 
was heated to reflux for 30 minutes. The reaction mixture 
was concentrated and the residue was purified by Silica gel 
column chromatography (Solvent: dichloromethane-metha 
nol) to yield the target compound (12 mg, 7% yield). 
0713 Method B 
0714. After dissolving N5-methyl-3-amino-6-ethoxy 
1H-5-isoindolecarboxamide (389 mg) and 3,5-di-tert-butyl 
4-hydroxyphenacylbromide in ethanol, the mixture was 
heated to reflux for 30 minutes. The reaction mixture was 
concentrated and the residue was purified by Silica gel 
column chromatography (Solvent: ethyl acetate-methanol) to 
yield the target compound (614 mg, 65.7% yield). 
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Example 2 

2-2-(3,5-Di-tert-butyl-4-hydroxy-phenyl)-2-oxo 
ethyl-6-dimethylamino-3-imino-2,3-dihydro-1H 

isolindole-5-carboxylic acid methylamide hydrobro 
mide 

0716) 

O 
NHoHBir 

N 
N 
H N 

N N OH 

O 

(Step 1) 4-Benzyl 1-methyl 2-aminoterephthalate 

O 

O 
HN 

O 

0718. After dissolving 1-methyl 2-aminoterephthalate 
(8.00 g, 41.1 mmol) in dimethylformamide (80 ml), anhy 
drous potassium carbonate (6.25 g, 45.1 mmol) and benzyl 
bromide (4.12 ml, 43.1 mmol) were added and the mixture 
was stirred at room temperature for 15.5 hours. An excess of 
triethylamine was added, and after Stirring for an additional 
10 minutes at room temperature, ice water was added and 
extraction was performed with ethyl acetate. The ethyl 
acetate layer was washed with water and brine and then 
dried over anhydrous magnesium Sulfate. Filtration was 
performed with Silica gel-alumina and the Solvent was 
distilled off under reduced pressure. IPE was added to the 
obtained oil for crystallization, and the crystals were filtered 
off. The filtrate was concentrated and then the same proce 
dure was repeated twice to yield the title compound (8.21 g) 
as a light yellow powder. (70% yield) 

0719) H-NMR(CDC13)8(ppm) 3.89(3Hs), 5.34(2H,s), 
5.81(2H,s), 7.28(1H.dd.J=1.6.8.4 Hz), 7.32-7.46(6H.m), 
7.90(1H.d.J=8.4 Hz). 

0717 
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(Step 2) 4-Benzyl 1-methyl 
2-(dimethylamino)terephthalate 

0720) 

0721. After dissolving 4-benzyl 1-methyl 2-aminotereph 
thalate (500 mg, 1.75 mmol) in formic acid (2 ml), 37% 
formalin (0.44 ml, 5.26 mmol) was added and the mixture 
was heated to reflux for 15 minutes. Ice water was added and 
extraction was performed with ethyl acetate. The ethyl 
acetate layer was washed with water, Saturated aqueous 
Sodium hydrogencarbonate and brine, and then dried over 
anhydrous magnesium sulfate. The solvent was distilled off 
under reduced pressure and the residue was purified by Silica 
gel column chromatography (Solvent: n-hexane-ethyl 
acetate) to yield the title compound (137 mg) as a yellow oil. 
(25% yield) 
0722) H-NMR(CDC13)8(ppm) 95(6Hs), 3.94(3Hs), 
5.38(2H,s), 7.32-7.48(5H,m), 7.57(1H.d.J=8.0 Hz), 
7.70(1H.d.J=8.0 Hz), 7.75(1Hs). 

(Step 3) Methyl 
2-(dimethylamino)-4-(hydroxymethyl)benzoate 

0723) 

OH 

0724. After dissolving 4-benzyl 1-methyl 2-(dimethy 
lamino)terephthalate (1.66 g, 5.3 mmol) in tetrahydrofuran 
(30 ml), 20% palladium hydroxide-carbon (0.20 g) was 
added prior to catalytic reduction for 15 minutes at room 
temperature and normal pressure. The catalyst was separated 
off, and the solvent was distilled off under reduced pressure 
to yield a light yellow amorphous Substance. This was 
dissolved in tetrahydrofuran (15 ml), triethylamine (0.81 ml, 
5.8 mmol) was added and ethyl chloroformate (0.55 ml, 5.8 
mmol) was added dropwise while stirring on ice. After 
stirring for 30 minutes, the precipitate was filtered off and 
the filtrate was cooled to -40 C. and stirred. A solution of 
sodium borohydride (0.44 g, 11.6 mmol) in 5 ml of water 
was added dropwise, and the temperature of the mixture was 
gradually increased to -20° C. over a period of 30 minutes. 
Acetone was added to the reaction mixture, the insoluble 
portion was filtered off and the solvent was distilled off 
under reduced preSSure. Water was added to the residue and 
extraction was performed with ethyl acetate. The ethyl 
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acetate layer was washed with water and brine and then 
dried over anhydrous magnesium Sulfate. The Solvent was 
distilled off under reduced pressure and the residue was 
purified by Silica gel column chromatography (Solvent: 
n-hexane-ethyl acetate). The title compound (1.02 g) was 
obtained as a light yellow oil. (92% yield) 

(Step 4) Methyl 
5-bromo-2-(dimethylamino)-4-(hydroxymethyl)benzoate 

0726) 

Br 

OH 

0727. After dissolving methyl 2-(dimethylamino)-4-(hy 
droxymethyl)benzoate (1.023 g, 4.9 mmol) in a methylene 
chloride (15 ml) and methanol (6 ml) mixed solvent, calcium 
carbonate (2 g) was added, the mixture was stirred, and then 
benzyltrimethylammonium tribromide (2.100 g, 5.4 mmol) 
was gradually added and the mixture was Stirred at room 
temperature for 50 minutes. The reaction mixture was fil 
tered and the solvent was distilled off under reduced pres 
Sure. Water was added to the residue, extraction was per 
formed with ethyl acetate and the ethyl acetate layer was 
washed with water and brine. The aqueous layer was then 
extracted with a methylene chloride and methanol mixed 
Solvent, combined with the ethyl acetate layer, and dried 
over anhydrous magnesium Sulfate. The Solvent was dis 
tilled off under reduced pressure and the residue was purified 
by Silica gel column chromatography (Solvent: n-hexane 
ethylacetate) to yield the title compound (1.179 g) as a white 
solid. (84% yield) 
0728 H-NMR(CDC13)8(ppm) 92(6Hs), 3.91(3H,s), 
4.71(2H,s), 7.22(1H,m), 7.86(1Hs). 

(Step 5) N1-Methyl-5-bromo-2-(dimethylamino)-4- 
(hydroxymethyl)benzamide 

0729) 

Br 

OH 

0730. After dissolving the methyl 5-bromo-2-(dimethy 
lamino)-4-(hydroxymethyl)benzoate (1.179 g, 4.1 mmol) in 
a tetrahydrofuran (10 ml)-methanol (10 ml) mixed solvent, 
a 1N sodium hydroxide aqueous solution (9.8 ml, 9.8 mmol) 
was added and the mixture was heated to reflux for 4 hours. 
Next, 5 N hydrochloric acid (9.8 ml, 9.8 mmol) was added 
and the reaction mixture was concentrated under reduced 
preSSure. Acetonitrile was added to the residue and the 
mixture was concentrated under reduced pressure, and then 
the same procedure was repeated twice. Acetonitrile (20 ml), 
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a 2.0 M dimethylamine-tetrahydrofuran solution (4.1 ml, 8.2 
mmol), 1-hydroxybenztriazole (1.11 g, 8.2 mmol) and dicy 
clohexylcarbodiimide (1.69 g, 8.2 mmol) were added to the 
residue in that order and the mixture was stirred at room 
temperature for 20 hours. The insoluble portion was filtered 
off, the reaction mixture was concentrated under reduced 
preSSure, ethyl acetate was added and the mixture was 
filtered through alumina. The filtrate was concentrated under 
reduced pressure and the residue was purified by Silica gel 
column chromatography (Solvent: n-hexane-ethyl acetate) to 
yield the title compound (1.222 g) as a white solid. (100% 
yield) 
0731) H-NMR(CDC13)8(ppm) 2.76(6Hs), 3.02(3H.d.J= 
4.4 Hz), 4.71(2H,s), 7.41 (1Hs), 8.29(1Hs). 

(Step 6) N1-Methyl-5-bromo-4-(1-(tert-butyl)-1,1- 
diphenylsilyloxymethyl)-2-(dimethylamino)benza 

mide 

0732) 

N Br 

N O-TEBDPS 

0733. After dissolving N1-methyl-5-bromo-2-(dimethy 
lamino)-4-(hydroxymethyl)benzamide (1.64g, 5.71 mmol) 
in dimethylformamide (20 ml), imidazole (0.47g, 6.9 mmol) 
and tert-butylchlorodiphenylsilane (1.78 ml, 6.9 mmol) were 
added while cooling on ice and the mixture was stirred at 
room temperature for 19 hours. The reaction mixture was 
poured into ice water and extraction was performed with 
ethyl acetate. The ethyl acetate layer was washed with water 
and brine and then dried over anhydrous magnesium Sulfate. 
The solvent was distilled off under reduced pressure and 
then the residue was purified by Silica gel column chroma 
tography (Solvent: n-hexane-ethyl acetate) to yield the title 
compound (2.60 g) as a colorless oil. (87% yield) 
0734) H-NMR(CDC13)8(ppm) 1.14(9Hs), 2.82(6Hs), 
3.02(3Hs), 4.79(2Hs), 7.35-7.48(7H,m), 7.64-7.75(5H.m), 
8.37(1Hs). 

(Step 7) N1-Methyl-4-(1-(tert-butyl)-1,1-diphenyl 
silyloxymethyl)-5-cyano-2-(dimethylamino)benza 

mide 

0735) 

N CN 

N O-TEBDPS 

0736. After dissolving N1-methyl-5-bromo-4-(1-(tert 
butyl)-1,1-diphenylsilyloxymethyl)-2-(dimethylami 
no)benzamide (2.60 g, 5.0 mmol) in dimethylformamide (10 
ml), copper (I) cyanide (0.58 g., 6.5 mmol) was added and 
the mixture was stirred at 180 C. for 5 hours. A 5% sodium 
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cyanide aqueous Solution (20 ml) was added to the reaction 
mixture and extraction was performed with ethyl acetate. 
The ethyl acetate layer was washed with water and brine and 
then dried over anhydrous magnesium Sulfate. The Solvent 
was distilled off under reduced pressure and then the residue 
was purified by Silica gel column chromatography (Solvent: 
n-hexane-ethyl acetate) to yield the title compound (1.91 g) 
as a faint yellow oil. (81% yield) 
0737 H-NMR(CDC13)8(ppm) 1.14(9Hs), 2.87(6Hs), 
3.02(3Hs), 4:95(2Hs), 7.34-7.51(7H,m), 7.60-7.74(4H.m), 
7.88(1H.m), 8.11(1Hs). 

(Step 8) 
N1-Methyl-5-cyano-2-(dimethylamino)-4-(hydroxy 

methyl)benzamide 
0738) 

O 

CN 
N N 

H 

OH 
N N 

0739. After dissolving N1-methyl-4-(1-(tert-butyl)-1, 
1-diphenylsilyloxymethyl)-5-cyano-2-(dimethylami 
no)benzamide (1.91 g, 4.1 mmol) in tetrahydrofuran (10 ml), 
acetic acid (0.64 ml, 11.2 mmol) and 1.0 M tetra-n-buty 
lammonium fluoride (5.4 ml, 5.4 mmol) were added and the 
mixture was stirred at room temperature for 2 hours. The 
reaction mixture was concentrated under reduced pressure, 
Saturated acqueous Sodium hydrogencarbonate was added 
and extraction was performed with ethyl acetate. The ethyl 
acetate layer was washed with water and brine and then 
dried over anhydrous magnesium Sulfate. The Solvent was 
distilled off under reduced preSSure and then n-hexane was 
added and the mixture was filtered. The title compound (0.84 
g) was obtained as a faint yellow solid. (89% yield) 
0740) "H-NMR(CDC13)8(ppm) 2.87(6Hs), 3.02(3H.d.J= 
5.2 Hz), 4.89(2H,s), 7.28(1Hs), 7.66(1H,m), 8.09(1Hs) 

(Step 9) N1-Methyl-4-(azidomethyl)-5-cyano-2- 
(dimethylamino)benzamide 

0741) 

N CN 

0742. After dissolving N1-methyl-5-cyano-2-(dimethy 
lamino)-4-(hydroxymethyl)benzamide (849mg, 3.6 mmol) 
in tetrahydrofuran (20 ml), 1,8-diazabicyclo5.4.0]undec-7- 
ene (0.77 ml, 5.1 mmol) and diphenylphosphoryl azide (1.1 
ml, 5.1 mmol) were added and the mixture was stirred at 
room temperature for 15 hours. The reaction mixture was 
concentrated under reduced pressure and the residue was 
purified by Silica gel column chromatography (Solvent: 
n-hexane-ethyl acetate) to yield the title compound (755 mg) 
as a faint yellow powder. (80% yield) 
0743 H-NMR(CDC13)8(ppm) 2.94(6Hs), 3.03(3H,s), 
4.61(2H,s), 7.18(1H,s), 7.53(1H,m), 8.12(1Hs). 
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(Step 10) 
N5-Methyl-6-(dimethylamino)-3-imino-5-isoindoline 

carboxamide 

0744) 
O 

NH 

N 
H NH 

NN 

0745) After dissolving N1-methyl-4-(azidomethyl)-5-cy 
ano-2-(dimethylamino)benzamide (755 mg, 2.9 mmol) in 
methanol (50 ml), 10% palladium-carbon (50% wet) (0.2 g) 
was added prior to catalytic reduction for 30 minutes at room 
temperature and normal pressure. The catalyst was separated 
off, the solvent was distilled off under reduced pressure and 
ethyl acetate was added to the residue for crystallization. 
This was filtered off to yield the title compound (283 mg) as 
a faint yellow powder. (42% yield) 
0746) "H-NMR(DMSO-d)8(ppm) 2.77(6Hs), 2.80(3H, 
d.J=4.8 Hz), 4.42(2H,s), 7.20(1H,s), 7.94(1H,s), 8.58(1H, 

Example 2 

Final Step 

0747. After dissolving N5-methyl-6-(dimethylamino)-3- 
imino-5-isoindolinecarboxamide (150 mg) and 3,5-di-tert 
butyl 4-hydroxyphenacylbromide (212 mg) in dimethylfor 
mamide (6 ml), the mixture was stirred at room temperature 
for 14 hours. The solvent was distilled off under reduced 
preSSure and the residue was purified by Silica gel column 
chromatography (Solvent: n-hexane-ethyl acetate) to yield 
the target compound (114 mg) as light yellow crystals. (31% 
yield) 
0748 H-NMR(DMSO-d)8(ppm) 1.44(18H.S), 
2.80(3H.d.J=4.4 Hz), 2.94(6Hs), 4.75(2H,s), 5.46(2H.S), 
7.17(1Hs), 7.79(2H,s), 8.05(1Hs), 8.10(1H,s), 8.37(1H.m), 
8.94(1Hs), 9.54(1Hs). 

Example 3 

1-(3,5-Di-tert-butyl-4-hydroxy-phenyl)-2-(7-fluoro 
1-imino-5,6-dimethoxy-1,3-dihydro-isoindol-2-yl)- 

ethanone hydrobromide 

0749) 
F 

NHoHBir 

-O 
N 

No OH 
O 
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(Step 1) 1-Fluoro-2,3-dimethoxybenzene 
0750) 

F 

-O 

No 

0751. After dissolving the starting material (30 g, 0.234 
mol) in dimethylformamide (400 ml), methyl iodide (32 ml, 
0.515 mol) and potassium carbonate (80.7 g., 0.515 mol) 
were added while Stirring on ice, and the Stirring was 
continued at room temperature for 18 hours. Water (500 ml) 
was added and extraction was performed with diethyl ether 
(400 mlx2), and then after washing the combined organic 
layers with brine (400 ml) and drying over anhydrous 
magnesium Sulfate, the Solvent was distilled off under 
reduced pressure to yield the title compound as a light 
yellow liquid (34g, 93%). 
0752 'H-NMR(CDC13)8(ppm) 3.86(3Hs), 3.92(3H,s), 
6.65-6.98(3H.m). 

(Step 2) 
1,2-Dibromo-3-fluoro-4,5-dimethoxybenzene 

0753) 

O Br 

0754. After dissolving 4-fluoro-5,6-dimethoxy-1H-3- 
isoindoleamine (34g, 0.218 mol) in acetic acid (100 ml), 
sodium acetate (35.8 g., 0.437 mol) was added and a solution 
of bromine (22.6 ml, 0.458 mol) in acetic acid (100 ml) 
Solution was added dropwise over 45 minutes while Stirring 
on ice. After the dropwise addition, the mixture was Stirred 
at 75 C. for 10 hours. It was then cooled to room tempera 
ture, the Solvent was distilled off under reduced pressure, the 
obtained crude product was dissolved in diethyl ether (400 
ml), washed with a Saturated aqueous Sodium hydrosulfite 
(200 ml), Saturated aqueous Sodium hydrogencarbonate (200 
ml) and brine (200 ml) in that order and dried over anhy 
drous magnesium Sulfate, and the Solvent was distilled off 
under reduced preSSure to yield a crude product as light 
yellow crystals (65.4g, 95.6%). These were used without 
further purification for the following reaction. 
0755. H-NMR(CDC13)8(ppm) 3.85(3Hs), 3.90(3H,s), 
6.99(1Hs). 

(Step 3) 3-Fluoro-4,5-dimethoxyphthalonitrile 
0756) 

O CN 
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0757. After dissolving the 1,2-dibromo-3-fluoro-4,5- 
dimethoxybenzene (40 g, 0.127 mol) in dimethylformamide 
(300 ml), CuCN (34.1 g, 0.381 mol) was added at room 
temperature while Stirring and the mixture was stirred at 
150° C. for 4 hours. After cooling on ice, a solution of 
sodium cyanide (44 g) in water (600 ml) was added and the 
mixture was stirred at room temperature for 10 minutes, 
after which extraction was performed with ethyl acetate (500 
mlx3) and then after washing the combined organic layers 
with brine (500 ml) and drying over anhydrous magnesium 
Sulfate, the Solvent was distilled off under reduced pressure. 
The residue was purified by Silica gel column chromatog 
raphy (Solvent: n-hexane-ethyl acetate) to yield the title 
compound (white crystals 12.0 g, 46%). 

0758 H-NMR(CDC13)8(ppm) 3.99(3Hs), 4.06(3Hs), 
7.05(1Hs). 

(Step 4) 
4-Fluoro-5,6-dimethoxy-1H-3-isoindoleamine 

0759) 

0760. After dissolving 3-fluoro-4,5-dimethoxyphthaloni 
trile (450 mg, 2.18 mmol) in ethanol (50 ml), platinum oxide 
(0.1 g) was added. Catalytic hydrogenating reduction was 
carried out for 3 days at normal temperature and pressure. 
The catalyst was removed by celite filtration, Washing was 
performed with methanol, and the filtrate was concentrated 
under reduced preSSure. The obtained crude product was 
purified by Silica gel column chromatography (Solvent: ethyl 
acetate:methanol:27% aqueous ammonia=3:1:0.1) to yield 
the title compound as a brown solid (200 mg, 43%). 

0761) H-NMR(DMSO-d)8(ppm) 3.76(3H,s), 3.83(3H, 
s), 4.38(2H,s), 7.08(1Hs). 

Example 3 

Final Step 

0762. After dissolving 4-fluoro-5,6-dimethoxy-1H-3- 
isoindoleamine (50 mg) and 3,5-di-tert-butyl 4-hydrox 
yphenacylbromide (93 mg) in dimethylformamide (7 ml), 
the mixture was stirred at room temperature for 15 hours. 
The solvent was distilled off under reduced pressure and the 
residue was purified by NAM Silica gel column chromatog 
raphy (solvent: methylene chloride-methanol) to yield the 
target compound (76 mg) as light yellow crystals. 

0763) H-NMR(DMSO-d)8(ppm) 1.41(18H.S), 
3.86(3H,s), 3.95(3H,s), 4.79(2H,s), 5.47(2H,s), 7.36(1Hs), 
7.75(2Hs). 

75 
Nov. 3, 2005 

Example 4 

1-(3,5-Di-tert-butyl-4-hydroxy-phenyl)-2-(5-ethoxy 
7-fluoro-1-imino-6-methoxy-1,3-dihydro-isoindol-2- 

yl)-ethanone hydrobromide 
0764) 

F 
NHoHBr 

-O 
N 

O O 

- O 

(Step 1) 3,4-Dibromo-6-ethoxy-2-fluorophenol 
0765) 

F 

D 1S Br 

0766. After dissolving 1,2-dibromo-3-fluoro-4,5-di 
ethoxybenzene (5 g, 14.5 ml) in dichloromethane (70 ml), 
aluminum chloride (3.9 g, 29.3 mmol) was added while 
Stirring on ice. The mixture was stirred at room temperature 
for 2 hours 30 minutes, 1 N hydrochloric acid (70 ml) was 
added and extraction was performed with ethyl acetate (70 
mlx2) and then after washing the combined organic layers 
with brine (50 ml) and drying over anhydrous magnesium 
Sulfate, the Solvent was distilled off under reduced pressure. 
The residue was purified by Silica gel column chromatog 
raphy (Solvent: n-hexane-ethyl acetate) to obtain the title 
compound (4.31 g, 94%). 
0767 H-NMR (CDCl3)8(ppm) 1.45(3H,t.J-7.0 Hz), 
4.10(2H.qJ=7.0 Hz), 5.49(1Hs), 6.95(1Hs). 

(Step 2) 
1,2-Dibromo-5-ethoxy-3-fluoro-4-methoxybenzene 

0768) 

1No Br 

0769. After dissolving 3,4-dibromo-6-ethoxy-2-fluo 
rophenol (3.8 g., 12 mmol) in dimethylformamide (30 ml), 
methyl iodide (1.5 ml, 24 mmol) and potassium carbonate 
(3.3g, 24 mmol) were added and the mixture was stirred at 
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room temperature for 18 hours. Water (80 ml) was added, 
extraction was performed with diethyl ether (60 mlx2), and 
then after Washing the combined organic layers with brine 
(80 ml) and drying over anhydrous magnesium Sulfate, the 
solvent was distilled off under reduced pressure. The residue 
was purified by Silica gel column chromatography (Solvent: 
n-hexane-ethyl acetate) to yield the title compound (1.83 g, 
46.7%). 
0770 "H-NMR(CDC13)8(ppm) 1.45(3H,t,J-7.0 Hz), 
3.90(3H,s), 4.05(2H.qJ=7.0 Hz), 6.99(1Hs). 

(Step 3) 5-Ethoxy-3-fluoro-4-methoxyphthalonitrile 

0771) 

1No CN 

0772 Synthesis was performed in the same manner as 
Step 3 of Example 3 to yield the title compound. 

(Step 4) 
6-Ethoxy-4-fluoro-5-methoxy-1H-3-isoindoleamine 

0774) 

0775 Synthesis was performed in the same manner as 
Step 4 of Example 3 to yield the title compound. 

Example 4 

Final Step 

0777 Synthesis was performed in the same manner as the 
final Step of Example 3 to yield the target compound as a 
yellow solid. 

0778 H-NMR(DMSO-d6)8(ppm) 1.34-146(21H,m), 
3.87(3H,s), 4.22(2H.qJ=7.0 Hz), 4.77(2H,s), 5.47(2H.S), 
7.34(1Hs), 7.75(2Hs), 9.03(1H,brs). 
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Example 5 

{8-tert-Butyl-6-2-(5,6-diethoxy-7-fluoro-1-imino-1, 
3-dihydro-isoindol-2-yl)acetyl-2,3-dihydrobenzo1, 

4loxazin-4-yl)acetonitrile hydrobromide 

0779) 

N-1 

1No 

(Step 1) 1-8-(tert-Butyl)-3,4-dihydro-2H-1,4-ben 
Zoxazin-6-yl)-1-ethanone 

5. 
0781 Potassium carbonate (4.65 g, 33.7 mmol) and 1,2- 
dibromoethane (31.7 g, 166.6 mmol) were added to a 
solution of 1-3-(tert-butyl)-4-hydroxy-5-nitrophenyl)-1- 
ethanone (8.0 g, 33.7 mmol) in dimethylformamide (200 ml) 
and the mixture was Stirred at room temperature for 12 
hours. Ethyl acetate was added, the reaction mixture was 
washed with water and brine in that order and the organic 
layer was dried over anhydrous magnesium Sulfate. The 
solvent was distilled off under reduced pressure and the 
residue was purified by Silica gel column chromatography 
(Solvent: n-hexane-ethyl acetate) to yield 1-4-(2-bromoet 
hoxy)-3-(tert-butyl)-5-nitrophenyl)-1-ethanone (8.1 g). 

0780) 

0782. After adding 10% palladium-carbon (200 mg) to a 
Solution of this compound (8.1 g, 23.5 mmol) in toluene 
(300 ml), the mixture was stirred at room temperature for 24 
hours under a hydrogen Stream. The reaction mixture was 
filtered through celite, and the filtrate was concentrated 
under reduced pressure to yield the title compound (5.1 g) as 
a yellow oil. 
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(Step 2) 6-Acetyl-8-(tert-butyl)-3,4-dihydro-2H-1, 
4-benzoxazin-4-yl)methyl cyanide 

0784) 

suGO 
N 

ls 
CN 

0785 Potassium carbonate (3.6 g., 26 mmol) and bro 
moacetonitrile (15.4g, 128.6 mmol) were added to a Solu 
tion of 1-8-(tert-butyl)-3,4-dihydro-2H-1,4-benzoxazin-6- 
yl)-1-ethanone (6.0 g, 25.5 mmol) in dimethylformamide 
(100 ml) and the mixture was stirred at 90° C. for 6 hours. 
Ethyl acetate was added, the reaction mixture was washed 
with water and brine in that order and the organic layer was 
dried over anhydrous magnesium Sulfate. The Solvent was 
distilled off under reduced pressure and then the residue was 
purified by Silica gel column chromatography (Solvent: 
n-hexane-ethyl acetate) to yield the title compound (6.9 g) as 
a light yellow oil. 

(Step 3)6-(2-Bromoacetyl)-8-(tert-butyl)-3,4-dihy 
dro-2H-1,4-benzoxazin-4-yl)methylcyanide 

0787) 

O 

O D 
N 

Br s 

0788 Triethylamine (0.76 ml, 5.5 mmol) and tert-butyl 
dimethylsilyltrifluoromethanesulfonate (0.73 g, 5.5 mmol) 
were added to a solution of (6-acetyl-8-(tert-butyl)-3,4- 
dihydro-2H-1,4-benzoxazin-4-yl)methylcyanide (0.5g, 1.8 
mmol) in tetrahydrofuran (50 ml) while cooling on ice and 
the mixture was stirred at the same temperature for 30 
minutes, after which N-bromosuccinimide (0.49 g, 2.7 
mmol) was added and stirring was continued for 30 minutes. 
Ethyl acetate was added, the reaction mixture was washed 
with brine and the organic layer was dried over anhydrous 
magnesium sulfate. The solvent was distilled off under 
reduced pressure and then the residue was purified by Silica 
gel column chromatography (Solvent: n-hexane-ethyl 
acetate) to yield the title compound (310 mg) as a light 
yellow solid. 
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Example 5 

Final Step 
0790 Synthesis was performed in the same manner as the 
final Step of Example 3 to yield the target compound as a 
yellow solid. 

Example 6 
1-(3-tert-Butyl-5-dimethylamino-4-methoxy-phe 
nyl)-2-(5,6-diethoxy-7-fluoro-1-imino-1,3-dihydro 

isoindol-2-yl)-ethanone hydrobromide 
0792) 

F NHoHBr 

N-1 
N 

1N O 
O \ 

N 

/ 

(Step 1) 1-3-(tert-Butyl)-5-(dimethylamino)-4- 
methoxyphenyl-1-ethanone 

ON 
O 

0794. Potassium carbonate (8.5 g. 62 mmol) and methyl 
iodide (8.8 g. 62 mmol) were added to a solution of 
1-3-amino-5-(tert-butyl)-4-methoxyphenyl-1-ethanone (6 
g, 21 mmol) in dimethylformamide (50 ml) and the mixture 
was stirred at room temperature for 13 hours. Ethyl acetate 
was added, the reaction mixture was washed with water and 
brine in that order and the organic layer was dried over 
anhydrous magnesium sulfate. The solvent was distilled off 
under reduced pressure and then the residue was purified by 
Silica gel column chromatography (Solvent: n-hexane-ethyl 
acetate) to yield the title compound (1.9 g) as a light yellow 
oil. 

0795) 1H-NMR(CDC13)6(ppm) 1.40(9Hs), 2.58(3H,s), 
2.83(6Hs), 3.88(3H,s), 7.47(1H,s), 7.59(1Hs). 

0793) 



US 2005/0245592 A1 

(Step 2) 2-Bromo-1-3-(tert-butyl)-5-(dimethy 
lamino)-4-methoxyphenyl-1-ethanone 

0796) 

Br 

0797 Triethylamine (3.2 ml, 22.9 mmol) and tert-butyl 
dimethylsilyltrifluoromethanesulfonate (3.02 g, 11.4 mmol) 
were added to a solution of 1-3-(tert-butyl)-5-(dimethy 
lamino)-4-methoxyphenyl)-1-ethanone (1.9 g, 7.63 mmol) 
in tetrahydrofuran (50 ml) while cooling on ice and the 
mixture was stirred at the same temperature for 30 minutes, 
after which N-bromosuccinimide (2.7 g, 15.2 mmol) was 
added and stirring was continued for 30 minutes. Ethyl 
acetate was added, the reaction mixture was washed with 
brine and the organic layer was dried over anhydrous 
magnesium sulfate. The solvent was distilled off under 
reduced pressure and then the residue was purified by Silica 
gel column chromatography (Solvent: n-hexane-ethyl 
acetate) to yield the title compound (2.2 g) as a white Solid. 
0798) 1H-NMR(CDC13)8(ppm) 1.40(9H,s), 2.80(6Hs), 
3.89(3H,s), 4.42(2H,s), 7.49(1H,s), 7.60(1Hs). 

Example 6 

Final Step 
0799 Synthesis was performed in the same manner as the 
final Step of Example 3 to yield the target compound as a 
yellow solid. 

Example 7 

1-(3-tert-Butyl-4-methoxy-5-morpholino-phenyl)-2- 
(5,6-diethoxy-7-fluoro-1-imino-1,3-dihydro-isoin 

dol-2-yl)-ethanone hydrobromide 

0801) 

N-1 F NHoHBr 

D.C . O 
\ 

( ) O 
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(Step 1) 1,2-Diethoxy-3-fluorobenzene 

F 

c) 1No 

0803. After dissolving 3-fluorocatechol (1200 g) in dim 
ethylformamide (2500 ml) while cooling on ice, potassium 
carbonate (540 g) was added, after which ethyl iodide was 
gradually added. The reaction mixture was Stirred at room 
temperature overnight, an ether-hexane Solution was added, 
the mixture was washed with water and brine and the 
organic layer was dried over anhydrous magnesium Sulfate. 
The solvent of the organic layer was distilled off under 
reduced preSSure and then the residue was purified by Silica 
gel column chromatography (Solvent: n-hexane-ethyl 
acetate) to yield the title compound (269 g) as a yellow oil. 

0802) 

(Step 2) 1,2-Dibromo-4,5-diethoxy-3-fluorobenzene 

0805) 
F 

1\, Br 

0806. After dissolving the 1,2-diethoxy-3-fluorobenzene 
(269 g) in acetic acid (2000 ml), sodium acetate (294.5 g) 
was added. A solution of bromine (178 ml) in 150 ml of 
acetic acid was gradually added thereto dropwise while 
cooling on ice. After Stirring overnight at room temperature, 
the mixture was stirred at 70° C. for 14 hours. The reaction 
mixture was poured into ice water, potassium carbonate was 
added to adjust the pH to 7, and extraction was performed 
with ether. The organic layer was dried over anhydrous 
magnesium Sulfate to yield the title compound (480 g) as a 
brown oil. 

(Step 3) 4,5-Diethoxy-3-fluorophthalonitrile 

0808) 
F 

r 1No CN 

0809. After dissolving the 1,2-dibromo-4,5-diethoxy-3- 
fluorobenzene (480 g) in dimethylformamide (1400 ml), 
copper cyanide (345 g) was added and the mixture was 
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stirred at 150° C. for 3 hours. Saturated acqueous ammonia 
was added to the reaction mixture, and then the mixture was 
Stirred overnight and extraction was performed with toluene. 
The organic layer was dried over anhydrous magnesium 
Sulfate, the Solvent was distilled off under reduced pressure 
and the residue was purified by Silica gel column chroma 
tography (Solvent: n-hexane-ethyl acetate) to yield the title 
compound (513 g) as white crystals. 

(Step 4) 5,6-Diethoxy-4-fluoro-1H-3-isoindoleamine 
0811) 

F NH2 

ors 1N 
0812. After dissolving 4,5-diethoxy-3-fluorophthaloni 

trile (103 g) in ethyl acetate-ethanol-methanol (600 ml-600 
mil-300 ml), platinum oxide (8 g) was added and the mixture 
was stirred at room temperature for 4 days under a hydrogen 
Stream. The reaction mixture was filtered through celite, the 
organic layer was distilled off under reduced pressure and 
the residue was purified by Silica gel column chromatogra 
phy (Solvent: n-hexane-ethyl acetate) to yield the title com 
pound (21 g) as yellow crystals. 

(Step 5) 1-3-(tert-Butyl)-4-hydroxyphenyl)-1-etha 
OC 

0814) 

OH 

NO 

0815 Acetyl chloride (287 g) was added to a mixture of 
aluminum chloride (488 g) and methylene chloride (1.8 l) at 
-60° C. while stirring. 2-tert-Butylphenol (500g) was added 
at -70° C. to -50 C. over a period of 1.5 hours, and the 
temperature was then raised to 0°C. The reaction mixture 
was poured into ice and extraction was performed with ethyl 
acetate. The organic layer was washed with brine, the 
Solvent was distilled off under reduced pressure, methanol(1 
l) and potassium carbonate (300 g) were added to the residue 
and the mixture was stirred at room temperature for 2 hours. 
After adding water to the reaction mixture and neutralizing 
it with concentrated hydrochloric acid, extraction was per 
formed with ethyl acetate and the organic layer was washed 
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with brine. The organic layer was dried over anhydrous 
magnesium Sulfate and concentrated under reduced pres 
Sure. Hexane was added to the residue and the resulting 
crystals were filtered off to yield the title compound (352 g) 
as white crystals. 

(Step 6) 1-3-(tert-Butyl)-4-hydroxy-5-nitrophenyl)- 
1-ethanone 

0817) 

NO 

0818 1-3-(tert-Butyl)-4-hydroxyphenyl-1-ethanone 
(739 g) was added to a mixture of 69% nitric acid 8354g), 
water (1 l) and methylene chloride (21) at 10° C. to 15 C. 
while stirring. After then adding diethyl ether (31) and acetic 
anhydride (28 ml), 5 N hydrochloric acid was further added 
at 10 C. to 15° C. The temperature of the reaction mixture 
was raised to room temperature over a period of 1.5 hours, 
and the mixture was then poured into ice water. The mixture 
was extracted with diethyl ether, and the organic layer was 
washed with brine and then dried over anhydrous magne 
sium Sulfate. The solvent was distilled off under reduced 
pressure to yield the title compound (894 g) as a yellow oil. 

(Step 7) 1-3-Amino-5-(tert-butyl)-4-methoxyphe 
nyl-1-ethanone 

0820) 

On 
O 

NH2 

0821 Iron powder (365 g) was added to a mixture of 
1-3-(tert-butyl)-4-methoxy-5-nitrophenyl-1-1-ethanone 
(850g), ammonium chloride (723 g), ethanol (41) and water 
(11) at 70° C. to 80° C. over a period of 1 hour. The reaction 
mixture was cooled to room temperature and then poured 
into a mixture of ice water and ethyl acetate and filtered 
through celite. The organic layer of the mother liquor was 
washed with brine and dried over anhydrous magnesium 
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Sulfate. The Solvent was removed under-reduced pressure 
and the resulting crystals were filtered off to yield the title 
compound (362 g) as white crystals. 

(Step 8) 1-3-(tert-Butyl)-4-methoxy-5-morpholi 
nophenyl)-1-ethanone 

0823) 

0824. After dissolving 1-3-amino-5-(tert-butyl)-4-meth 
oxyphenyl)-1-ethanone (180 g) in dimethylformamide (800 
ml), dibromoether (125 ml), potassium carbonate (225 g) 
and Sodium iodide (12.2 g) were added and the mixture was 
stirred at 80° C. for 48 hours. The reaction mixture was 
cooled to room temperature, 31 of ether was added and the 
mixture was washed 3 times with water. The organic layer 
was dried over anhydrous magnesium Sulfate, and then the 
solvent was distilled off under reduced pressure and the 
residue was purified by Silica gel column chromatography 
(Solvent: n-hexane-ethyl acetate) to yield the title compound 
(76 g) as yellow crystals. 

(Step 9) 2-Bromo-1-3-(tert-butyl)-4-methoxy-5- 
morpholinophenyl-1-ethanone 

0826) 

Br 

0827. After dissolving the 1-3-(tert-butyl)-4-methoxy-5- 
morpholinophenyl-1-ethanone (76 g) in tetrahydrofuran 
(600 ml), triethylamine (110 ml) and tert-butyl dimethylsi 
lyltrifluoromethanesulfonate (75 ml) was added dropwise 
while cooling on ice. The reaction mixture was stirred for 30 
minutes while cooling on ice and then N-bromoSuccinimide 
(70 g) was gradually added. After stirring the reaction 
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mixture for 30 minutes, 2 1 of ether was added and the 
mixture was washed twice with water. The organic layer was 
dried over anhydrous magnesium Sulfate, the Solvent was 
distilled off under reduced pressure and the residue was 
purified by Silica gel column chromatography (Solvent: 
n-hexane-ethyl acetate) to yield the title compound (33.7g) 
as light yellow crystals. 
0828 H-NMR(CDC13)8(ppm) 1.39(9Hs), 3.08(4H.t.J= 
4.8 Hz), 3.89(4H.t.J=4.8 Hz), 3.99(3H,s), 4.40(2H,s), 
7.51(1Hs), 7.68(1H,s). 

Example 7 
Final Step 

0829. After dissolving 5,6-diethoxy-4-fluoro-1H-3-isoin 
doleamine (20g) and 2-bromo-1-3-(tert-butyl)-4-methoxy 
5-morpholinophenyl)-1-ethanone (34.2 g) in dimethylfor 
mamide (300 ml), the mixture was stirred at room 
temperature for 48 hours. The solvent was distilled off under 
reduced pressure, and ethyl acetate (500 ml) was added to 
the residue for crystallization. The obtained crystals were 
filtered and washed with ethyl acetate to yield the target 
compound (40 g) as white crystals. 

Example 7 
Alternative Method 

(Step 1) 2-Chloro-1-3-(tert-butyl)-4-methoxy-5- 
morpholinophenyl-1-ethanone 

0831) 

Cl 

0832. After dissolving 1-3-(tert-butyl)-4-methoxy-5- 
morpholinophenyl)-1-ethanone (9.5 g) in tetrahydrofuran 
(60 ml), triethylamine (13 ml) and tert-butyl dimethylsilyl 
trifluoromethanesulfonate (9.8 ml) were added dropwise 
while cooling on ice. The reaction mixture was stirred for 30 
minutes while cooling on ice and then N-chloroSuccinimide 
(5.3 g) was gradually added. After continuing to Stir the 
reaction mixture for 30 minutes, ether (2 l) was added 
thereto and the resulting mixture was washed twice with 
water. The organic layer was dried over anhydrous magne 
sium Sulfate and then the residue was purified by Silica gel 
column chromatography (Solvent: n-hexane-ethyl acetate) to 
yield the title compound (4.87 g) as light yellow crystals. 
0833 H-NMR(CDC13)8(ppm) 1.39(9H,s), 
3.06-3.14(4H.m), 3.86-3.94(4H.m), 3.99(3H,s), 4.66(2H, 
s), 7.26(1H,s), 7.49(1H,s), 7.64(1Hs). 
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Example 7 
Alternative Method: Final Step 

1-(3-tert-Butyl-4-methoxy-5-morpholino-phenyl)-2- 
(5,6-diethoxy-7-fluoro-1-imino-1,3-dihydro-isoin 

dol-2-yl)-ethanone hydrochloride 
0834) 

F 
NHoHCI 

N-1 
N 

1No O 
O \ 

y 8. 
0835. After dissolving 5,6-diethoxy-4-fluoro-1H-3-isoin 
doleamine (3.2 g) and 2-bromo-1-3-(tert-butyl)-4-methoxy 
5-morpholinophenyl-1-ethanone (4.8 g) in dimethylforma 
mide (15 ml), the mixture was stirred at room temperature 
for 48 hours. The solvent was distilled off under reduced 
preSSure, and 50 ml of ethyl acetate was added to the residue 
for crystallization. The obtained crystals were filtered and 
then washed with ethyl acetate to yield the target compound 
(2.56 g) as white crystals. 

Example 8 
1-3-tert-Butyl-5-(4-hydroxy-piperidin-1-yl)-4-meth 
oxyphenyl-2-(5,6-diethoxy-7-fluoro-1-imino-1,3- 
dihydro-isoindol-2-yl)-ethanone hydrobromide 

O837) 
F 

NHoHBir H3C CH3 

H3CN-O CH 
N 

He1 No V 
O CH 

N 

OH 

(Step 1) 4-Bromo-2-(tert-butyl)phenol 
O838) 

OH 

Br 
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0839 N-bromosuccinimide (580 g) was gradually added 
to a solution of 2-(tert-butyl)phenol (489 g) in acetonitrile 
(4000 ml) while cooling on ice. After stirring for 4 hours at 
below 20° C., ether (3000 ml) was added and the reaction 
mixture was washed twice with water. The organic layer was 
dried over anhydrous magnesium Sulfate and the Solvent was 
distilled off under reduced preSSure to yield a crude product 
of the title compound (746 g) as a light yellow oil. 

0840 H-NMR(CDC13)8(ppm) 1.20(9Hs), 6.55(1H.d.J= 
8.4 Hz), 7.15(1H.dd.J=8.4 Hz.2.0 Hz), 7.34(1H.d.J=2.0 Hz) 

(Step 2) 4-Bromo-2-(tert-butyl)-6-nitrophenol 

0841 

OH 

Br NO 

0842) Concentrated nitric acid (112 ml) was gradually 
added dropwise to a solution of 4-bromo-2-(tert-butyl)phe 
nol (485g) in hexane (3000 ml) while cooling on ice. After 
stirring for 2 hours at below 20° C., ether (2000 ml) was 
added and the reaction mixture was washed with water. The 
organic layer was dried over anhydrous magnesium Sulfate 
and the Solvent was distilled off under reduced pressure. 
Hexane was added to the residue and the precipitated 
crystals were filtered to yield the title compound (418 g) as 
yellow crystals. 

0843 H-NMR(CDC13)8(ppm) 1.40(9Hs), 7.64(1H.d.J= 
2.4 Hz), 8.14(1H.d.J=2.4 Hz), 11.47(1Hs). 

(Step 3) 4-Bromo-2-(tert-butyl)-6-nitrophenyl 
methyl ether 

0844) 

ON 

Br NO2 

0845 Potassium carbonate (453 g) and methyl iodide 
(164 ml) were added to a solution of 4-bromo-2-(tert-butyl)- 
6-nitrophenol (600g) in dimethylformamide (6000 ml) and 
the mixture was stirred at 50° C. for 4 hours. Ether (6000 ml) 
was added and the reaction mixture was washed 3 times with 
water. The organic layer was dried over anhydrous magne 
sium Sulfate and the solvent was distilled off under reduced 
pressure to yield a crude product of the title compound (569 
g) as a yellow oil. 
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(Step 4) 5-Bromo-3-(tert-butyl)-2-methoxyaniline 

O847) 

ON 

Br NH2 

0848 Ammonium chloride (38 g) was added to a solution 
of 4-bromo-2-(tert-butyl)-6-nitrophenyl methyl ether (20.6 
g) in methanol-water (140 ml-140 ml) and iron (20g) was 
gradually added while heating to reflux. The mixture was 
heated to reflux for 2 hours and then the reaction mixture 
was filtered through celite. The filtrate was concentrated 
under reduced preSSure, ethyl acetate was added to the 
residue and the mixture was washed 3 times with brine. The 
organic layer was dried over anhydrous magnesium Sulfate 
and the solvent was distilled off under reduced pressure to 
yield a crude product of the title compound (16.65 g) as a 
brown oil. 

0849) H-NMR(CDC13)8(ppm) 1.35(9Hs), 3.68(2H,bs), 
3.76(3H,s), 6.78(1H.d.J=2.0 Hz), 6.81 (1H.d.J=2.0 Hz). 

(Step 5) 1-5-Bromo-3-(tert-butyl)-2-methoxyphe 
nyl-4-piperidinone 

0850 

Br N 

O 

0851. After adding a 37% formaldehyde aqueous solu 
tion (7.6 ml, 94 mmol) and anhydrous magnesium Sulfate 
(43 g) in that order to a solution of 5-bromo-3-(tert-butyl)- 
2-methoxyaniline (22 g, 85 mmol) in methylene chloride 
(170 ml) at room temperature, the mixture was stirred at the 
Same temperature for 4 hours. The reaction mixture was 
filtered through celite, and then Washing was performed with 
methylene chloride (100 ml). The obtained filtrate was 
cooled to -70° C. and 2-(trimethylsilyloxy)-1,3-butadiene 
(16.2 ml, 92.3 mmol) was added. A 1.0 M Et2A1C1-Hex. 
solution (94 ml, 94 mmol) was also slowly added dropwise, 
and the mixture was stirred for 12 hours while gradually 
raising the temperature to room temperature. After comple 
tion of the reaction, dilution was carried out with EtO while 
cooling on ice, water (16 ml) was slowly added dropwise, 
and the mixture was stirred for an additional 2 hours at room 
temperature. After distilling off the Solvent under reduced 
pressure, tetrahydrofuran (170 ml) was added, the pH was 
adjusted to 1 with a 1N hydrochloric acid aqueous Solution 
while cooling on ice, and the mixture was stirred for 1 hour. 
It was then diluted with water, and NaHCO powder was 
added to render the Solution basic, extraction was performed 
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with ethyl acetate and the extract was washed with brine. 
After drying over anhydrous Na2CO, the Solvent was 
distilled off under reduced pressure and the residue was 
purified by Silica gel column chromatography (Solvent: 
n-hexane-ethyl acetate) to yield the title compound (9.0 g) as 
a brown oil. 

0852) H-NMR(CDC13)8(ppm) 1.35(9Hs), 2.54 
2.70(4H.m), 3.25-3.42(4H.m), 3.97(3H,s), 6.99(1H.d.J=2.4 
Hz), 7.14(1H.d.J=2.4 Hz). 

(Step 6) 1-5-Bromo-3-(tert-butyl)-2-methoxyphe 
nyl-4-piperidinol 

0853) 

Br N 

O 

0854 NaBH (0.23 g., 6.1 mmol) was added to a mixed 
solution of 1-5-bromo-3-(tert-butyl)-2-methoxyphenyl)-4- 
piperidinone (2.0 g, 5.9 mmol) in methanol (12 ml)-meth 
ylene chloride (12 ml) while cooling on ice. After comple 
tion of the reaction, the mixture was diluted with water and 
extraction was performed with ethyl acetate. The extract was 
washed with brine and dried over anhydrous magnesium 
Sulfate, and the Solvent was distilled off under reduced 
preSSure. The residue was purified by Silica gel column 
chromatography (Solvent: n-hexane-ethyl acetate) to yield 
the title compound (1.3 g). 
0855 H-NMR(CDC13)8(ppm) 1.34(9H,s), 1.66 
1.82(2H.m), 1.96-2.13(2H.m).2.62-2.79(2H.m).3.25 
3.43(2H.m).3.74-3.87(1H,m).3.89(3H,s), 6.97(1Hs), 
7.07(1Hs). 

(Step 7) 2-Bromo-1-3-(tert-butyl)-5-(4-hydroxypip 
eridino)-4-methoxyphenyl-1-ethanone 

0856) 

Br N 

O 

0857. A solution of the 1-5-bromo-3-(tert-butyl)-2- 
methoxyphenyl-4-piperidinol (1.3 g, 3.8 mmol), tributyl(1- 
ethoxyvinyl)tin (1.5 g, 4.2 mmol), tetrakis(triphenylphos 
phine)palladium (440 mg, 0.38 mmol) and CSF (1.27 g, 8.4 
mmol) in 1,4-dioxane (8 ml) was stirred at 100° C. for 2.5 
hours under a nitrogen Stream. After completion of the 
reaction, the mixture was cooled to room temperature and 
diluted with EtO, and the insoluble portion was filtered 
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through celite. The solvent was distilled off under reduced 
preSSure, the obtained crude product was dissolved in tet 
rahydrofuran (8 ml)-water (0.8 ml), N-bromosuccinimide 
(0.75 g, 4.2 mmol) was added while cooling on ice and the 
mixture was stirred at the same temperature for 15 minutes. 
This was diluted with a saturated NaHCO aqueous solution 
and ethyl acetate, and then the organic layer was separated 
and washed with brine. After drying with anhydrous mag 
nesium Sulfate, the Solvent was distilled off under reduced 
preSSure and the residue was purified by Silica gel column 
chromatography (Solvent: n-hexane-ethyl acetate) to yield 
the title compound (748 mg, 51%) as a light yellow oil. 

0858 H-NMR(CDC13)8(ppm) 1.39(9Hs), 1.68 
1.85(2H.m), 1.98-2.12(2H.m), 2.68-2.84(2H.m), 3.29 
3.47(2H.m), 3.77-3.90(1H,m), 3.99(3H,s), 4.40(2H.S), 
7.54(1H.d.J=2.0 Hz), 7.66(1H.d.J=2.0 Hz). 

Example 8 

Final Step 

0859. A solution of 5,6-diethoxy-4-fluoro-1H-3-isoin 
doleamine (38 mg, 0.16 mmol) and 2-bromo-1-3-(tert 
butyl)-5-(4-hydroxypiperidino)-4-methoxyphenyl)-1-etha 
none (68 mg, 0.18 mmol) in dimethylformamide (2 ml) was 
Stirred at room temperature for 62 hours. After completion 
of the reaction, the Solvent was distilled off and the residue 
was purified by NAM silica gel column chromatography 
(Solvent: methylene chloride-methanol) to yield the target 
compound (57 mg) as a brown amorphous Solid. 

0860 H-NMR(DMSO-d6)8(ppm) 1.29(3H,t.J=6.8 Hz), 
1.36(9H,s), 1.40(3H,t.J=6.8 Hz), 1.54-1.68(2H.m), 1.84 
1.96(2H.m), 2.65-2.78(2H.m), 3.17-3.42(2H.m), 3.58 
3.67(1H.m), 3.94(3H,s), 4.11(2H,qJ=6.8 Hz), 4.21(2H,qJ= 
6.8 Hz), 4.73(1H.d.J=3.2 Hz), 4.78(2H,s), 5.47(2H,s), 
7.34(1Hs), 7.51 (1Hs), 7.56(1H,s), 8.95-9.11(1H.m), 9.18 
9.36(1H,brs). 

Example 9 

2-(5,6-Diethoxy-7-fluoro-1-imino-1,3-dihydro-isoin 
dol-2-yl)-1-3-dimethylamino-5-(1-fluoro-1-methyl 
ethyl)-4-methoxy-phenyl-ethanone hydrobromide 

0861) 

N-1 

1S 
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(Step 1) 4-Bromophenyl acetate 

1. 
0862) 

Br 

0863 Anhydrous aluminum chloride (21 g) was sus 
pended in methylene chloride (300 mL), and then acetyl 
chloride (12.3 g) was added while Stirring and cooling on 
ice. The mixture was stirred for 10 minutes while cooling on 
ice and 4-bromophenol (24.5 g) was added. The reaction 
mixture was stirred at room temperature for 1 hour, and then 
ice water was added and extraction was performed with 
ethyl acetate. The organic layer was washed with brine and 
then dried over anhydrous magnesium Sulfate. After distill 
ing off the Solvent under reduced pressure, the residue was 
purified by Silica gel column chromatography (Solvent: 
n-hexane-ethyl acetate) to yield the title compound (23.9 g) 
as an oil. 

0864 'H-NMR (CDC1) 8: 2.28(3H, s), 6.98(2H, d, J=10 
Hz), 7.49(2H, d, J=10 Hz). 

(Step 2) 1-(5-Bromo-2-hydroxyphenyl)-1-ethanone 

0865) 

OH O 

Br 

0866. A mixture of 4-bromophenyl acetate (23.9 g) and 
anhydrous aluminum chloride (30 g) was stirred at 120-140 
C. for 20 minutes. The reaction mixture was cooled to 
60-80 C., ice water was added and extraction was per 
formed with ethyl acetate. The organic layer was washed 
with brine and dried over anhydrous magnesium Sulfate. 
After distilling off the Solvent under reduced pressure, the 
residue was purified by Silica gel column chromatography 
(Solvent: n-hexane-ethyl acetate) to yield the title compound 
(21 g) as an oil. 

0867 'H-NMR (CDC1) 8: 2.61(3H, s), 6.89(1H, d, J=8 
Hz), 7.55(1H, dd, J=8, 2 Hz), 7.83(1H, d, J=2 Hz), 
12.32(1H, s). 
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(Step 3) 
1-(5-Bromo-2-hydroxy-3-nitrophenyl)-1-ethanone 

0868) 

OH O 

ON 

Br 

0869. A mixture of 12 mL of concentrated nitric acid and 
12 mL of concentrated Sulfuric acid was added to a Solution 
of the 1-(5-bromo-2-hydroxy-3-nitrophenyl)-1-ethanone in 
80 mL of concentrated Sulfuric acid while stirring at -5 to 0 
C. over a period of 1 hour. Ice water was added to the 
mixture and extraction was performed with ethyl acetate. 
The organic layer was washed with brine and then dried over 
anhydrous magnesium Sulfate. After distilling off the Solvent 
under reduced pressure, the residue was purified by Silica gel 
column chromatography (Solvent: n-hexane-ethyl acetate) to 
yield the title compound (17.4 g) as yellow crystals. 

0870 H-NMR (CDC1,) 67: 2.75(3H,s), 8.13(1H, d, J-2 
Hz), 8.32(1H, d, J=2 Hz), 12.90(1H, s). 

(Step 4) 
1-(5-Bromo-2-methoxy-3-nitrophenyl)-1-ethanone 

O871) 

ON 

Br 

0872 A mixture of the 1-(5-bromo-2-hydroxy-3-nitro 
phenyl)-1-ethanone (17.4 g), dimethylsulfuric acid (12.7g), 
potassium carbonate (13.8 g) and acetone (200 mL) was 
heated to reflux for 15 hours, and then water was added to 
the mixture and extraction was performed with ethyl acetate. 
The organic layer was washed with brine and then dried over 
anhydrous magnesium Sulfate. After distilling off the Solvent 
under reduced pressure, the residue was purified by Silica gel 
column chromatography (Solvent: n-hexane-ethyl acetate) to 
yield the title compound (16.2 g) as a yellow oil. 

0873) H-NMR (CDC1) 8: 2.65(3H, s), 3.95(3H, s), 
7.91 (1H, d, J=2 Hz), 8.05(1H, d, J=2 Hz). 
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(Step 5) 
1-(3-Amino-5-bromo-2-methoxyphenyl)-1-ethanone 

0874) 

No O 

HN 

Br 

0875 Iron (15 g) was added to a mixture of the 1-(5- 
bromo-2-methoxy-3-nitrophenyl)-1-ethanone (16.2 g), con 
centrated hydrochloric acid (20 mL) and methanol (60 mL) 
at room temperature. After stirring the mixture at 60° C. for 
1 hour, it was neutralized with Saturated aqueous Sodium 
hydrogencarbonate and extraction was performed with ethyl 
acetate. The organic layer was washed with brine and then 
dried over anhydrous magnesium Sulfate. After distilling off 
the Solvent under reduced preSSure and the residue was 
purified by Silica gel column chromatography (Solvent: 
n-hexane-ethyl acetate) to yield the title compound (12.8 g) 
as a yellow oil. 

0876 H-NMR (CDC1) 67 : 2.60(3H, s), 3.78(3H, s), 
4.00(2H, bris), 6.99(1H, d, J=2 Hz), 7.07(1H, d, J=2 Hz). 

(Step 6) 1-5-Bromo-3-(dimethylamino)-2-methox 
yphenyl-1-ethanone 

0877) 

Br 

0878. A mixture of 1-(3-amino-5-bromo-2-methoxyphe 
nyl)-1-ethanone (12.8 g), iodomethane (60 mL), potassium 
carbonate (14.4 g) and N,N-dimethylformamide (200 mL) 
was stirred at 60 to 70° C. for 2 hours. Water was added to 
the mixture, extraction was performed with ethyl acetate, 
and the organic layer was washed with brine and then dried 
over anhydrous magnesium Sulfate. After distilling off the 
Solvent under reduced pressure, the residue was purified by 
Silica gel column chromatography (Solvent: n-hexane-ethyl 
acetate) to yield the title compound (9.6 g) as a yellow oil. 

0879 H-NMR (CDC1) 8: 2.60(3H, s), 2.82(6H, s), 
3.80(3H, s), 7.08(1H, d, J=2 Hz), 7.25(1H, d, J=2 Hz). 
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(Step 7) 2-5-Bromo-3-(dimethylamino)-2-methox 
yphenyl-2-propanol 

0880) 

OH 

Br 

0881. A solution of methylmagnesium bromide in ether 
was added to a solution of 1-5-bromo-3-(dimethylamino)- 
2-methoxyphenyl)-1-ethanone (4 g) in diethyl ether while 
Stirring at -70° C. After stirring at the same temperature for 
30 minutes, Saturated acqueous ammonium chloride was 
added, extraction was performed with ethyl acetate, and the 
organic layer was washed with brine and then dried over 
anhydrous magnesium sulfate. The solvent was distilled off 
under reduced pressure to yield the title compound (3.4 g) as 
an oil. 

0882) H-NMR (CDC1) 67 : 1.56(3H, s), 1.58(3H, s), 
2.76(6H, s), 3.91 (3H, s), 6.95(1H, d, J=2 Hz), 7.04(1H, d, 
J=2 Hz). 

(Step 8) N-5-Bromo-3-(1-fluoro-1-methylethyl)-2- 
methoxyphenyl-N,N-dimethylamine 

O883) 

Br 

0884 Diethylaminosulfur trifluoride (620 mg) was added 
to a solution of 2-5-bromo-3-(dimethylamino)-2-methox 
yphenyl-2-propanol (1g) in methylene chloride while stir 
ring on ice. After Stirring for an additional 30 minutes while 
cooling on ice, water was added, extraction was performed 
with ethyl acetate, and the organic layer was washed with 
brine and then dried over anhydrous magnesium Sulfate. The 
solvent was distilled off under reduced pressure and the 
residue was purified by Silica gel column chromatography 
(Solvent: n-hexane-ethyl acetate) to yield the title compound 
(680 mg) as an oil. 

0885 H-NMR (CDC1) 67 : 1.68(3H, s), 1.74(3H, s), 
2.76(6H, s), 3.78(3H, s), 6.96(1H, d, J=2 Hz), 7.24(1H, d, 
J=2 Hz). 
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(Step 9) 2-Bromo-1-3-(dimethylamino)-5-(1- 
fluoro-1-methylethyl)-4-methoxyphenyl-1-ethanone 

0886) 

Br 

0887 Synthesis was performed in the same manner as 
Step 7 of Example 8 to yield the title compound as a light 
yellow solid. 

0888 H-NMR (CDC1) 8: 1.70(3H, s), 1.79(3H, s), 
2.81(6H, s), 3.79(3H, s), 4.48(2H, s), 7.56(1H, d, J=2 Hz), 
7.74(1H, d, J=2 Hz). 

Example 9 

Final Step 

0889. Synthesis was performed in the same manner as the 
final Step of Example 3 to yield the target compound as a 
yellow solid. 

Example 10 

{3-tert-Butyl-5-2-(5,6-diethoxy-7-fluoro-1-imino-1, 
3-dihydro-isoindol-2-yl)-acetyl-2-methoxy-pheny 

lamino-acetonitrile hydrobromide 

0891) 

F NHoHBr 

N 

1No / 
O 

N \ 
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(Step 1).5-Acetyl-3-(tert-butyl)-2-methoxyanilino Example 10 
methyl cyanide 

O892) Final Step 
0898. After dissolving 5-(2-bromoacetyl)-3-(tert-butyl)- 
2-methoxyanilinomethyl cyanide (500 mg, 1.4 mmol) and 
5,6-diethoxy-4-fluoro-1H-3-isoindoleamine (340 mg, 1.4 
mmol) in dimethylformamide (20 ml) and stirring the solu 
tion at room temperature for 14 hours, the organic layer was 
concentrated under reduced pressure and the residue was 
purified by NAM silica gel column chromatography (sol 

O 1N vent: ethyl acetate-methanol). The obtained crude product 
CN was recrystallized from ethyl acetate to yield the target 

compound (320 mg) as light yellow crystals. 
0899) 'H-NMR(DMSO-d6)8(ppm) 1.29(3H,t.J-7 Hz), 

0893 Bromoacetonitrile (6 ml) and potassium carbonate 1.35-1.42(12H.m), 3.72(3H,s), 4.11(2H,qJ=7 Hz), 4.21(2H, 
(1.4 g) were added to a solution of 1-3-amino-5-(tert-butyl)- qJ=7 Hz), 4.36(2H.m), 4.81(2H,s), 5.49(2H,s), 6.15(1H.m), 
4-methoxyphenyl)-1-ethanone (2.0 g, 9.0 mmol) in dimeth- 7.32(1H,bris), 7.34(1H,bris), 7.39(1H,brs). MS: 
ylformamide (50 ml) and the mixture was stirred at 70° C. m/e(ESI)497.2(MH+) 
for 3 hours. The reaction mixture was cooled to room 
temperature, ethyl acetate was added, washed was per 
formed with water and brine in that order, the organic layer 
was dried over anhydrous magnesium Sulfate and the Solvent 
was distilled off under reduced pressure. The residue was 
purified by Silica gel column chromatography (Solvent: 
n-hexane-ethyl acetate) to yield the title compound (3.2 g) as 0900 
a yellow oil. 
O894) H-NMR(CDC13)8(ppm) 1.39(9Hs), 2.59(3Hs), F NHoHBir 
3.77(3Hs), 4.20(2H.d.J=4.0 Hz), 4.37-4.48(1H.m), O 
7.25(1H.d.J=2.0 Hz), 7.52(1H.d.J=2.0 Hz). N1 

(Step 2) 5-(2-Bromoacetyl)-3-(tert-butyl)-2-meth- N 
oxyanilinomethyl cyanide 1N 

O 0895) V 

() N 

N 

Example 11 

(4-3-tert-Butyl-5-2-(5,6-diethoxy-7-fluoro-1- 
imino-1,3-dihydro-isoindol-2-yl)-acetyl-2-methoxy 
phenylpiperazin-1-yl)-acetonitrile hydrobromide 

N 

(Step 1) 1-5-bromo-3-(tert-butyl)-2-methoxyphe 
CN nylpiperazine 

0901) 
Br 

0896 Triethylamine (3.7 g., 36.9 mmol) and tert-butyl 
dimethylsilyltrifluoromethanesulfonate (6.5g, 24.6 mmol) / 
were added to a solution of 5-acetyl-3-(tert-butyl)-2-meth- Br O 
oxyanilinomethyl cyanide (3.2 g, 12.3 mmol) in tetrahy 
drofuran and the mixture was stirred for 30 minutes while 
cooling on ice, after which N-bromosuccinimide (2.6 g., 14.8 N 
mmol) was added and the mixture was stirred for 2 hours ) 
while cooling on ice. Ethyl acetate was added, the reaction 
mixture was washed with water and brine in that order, the 
organic layer was dried over anhydrous magnesium Sulfate 
and the solvent was distilled off under reduced pressure. The 0902 5-Bromo-3-(tert-butyl)-2-methoxyaniline (311 g) 
residue was purified by Silica gel column chromatography and bis(2-chloroethyl)amine hydrogenchloride (251 g) were 
(Solvent: n-hexane-ethyl acetate) to yield the title compound Suspended in 4 L of 1,2-dichlorobenzene, and the mixture 
(2.9 g) as a yellow oil. was vigorously stirred for 22 hours at an external tempera 
0897) 'H-NMR(CDC13)8(ppm) 1.41(9Hs), 3.79(3Hs), ture of 200 C. The mixture was cooled to room temperature, 
4.19(2H.d.J=4.0 Hz), 4.43(2H,s), 4.37-4.48(1H.m), and then potassium carbonate (620 g) and water were added 
7.27(1H.d.J-2.0 Hz), 7.58(1H.d.J-2.0 Hz). and extraction was performed with methylene chloride (6 L). 
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After drying over magnesium Sulfate, the Solvent was dis 
tilled off under reduced pressure to yield a black oil (460 g). 
Purification was performed by NH-silica gel column chro 
matography (Solvent: n-hexane-ethyl acetate) to yield the 
title compound (161 g) as blackish purple solid (41%). 

0903 H-NMR(CDC13)8(ppm) 1.34(9H.S), 
1.74(1H,brs), 2.99-3.09(8H.m), 3.90(3H,s), 6.95(1H.d.J=2.4 
Hz), 7.08(1H.d.J=2.4 Hz). 

(Step 2) 2-4-5-Bromo-3-(tert-butyl)-2-methox 
yphenylpiperazinoacetonitrile 

0904) 

Br O 

0905 1-5-bromo-3-(tert-butyl)-2-methoxyphenylpip 
erazine (550 mg), potassium carbonate (302 mg), dimeth 
ylformamide (7 ml) and bromoacetonitrile (0.12 ml) were 
combined and the mixture was stirred at room temperature 
for 4 hours. The reaction mixture was diluted with ethyl 
acetate, the insoluble portion was filtered off, and the con 
centrated residue was purified by Silica gel column chroma 
tography (Solvent: n-hexane-ethyl acetate) to yield the title 
compound (480 mg) as colorless crystals (78%). 

0906) H-NMR(CDC13)8(ppm) 1.35(9H.S), 
2.89(4H.brs), 3.18(4H.brs), 3.69(2H,s), 3.88(3H.S), 
6.95(1H.d.J=2.4 Hz), 7.12(1H.d.J=2.4 Hz). 

Example 11 

Final Step 

0907. After dissolving 2-4-5-(2-bromoacetyl)-3-(tert 
butyl)-2-methoxyphenylpiperazinoacetonitrile (361 mg) 
and 5,6-diethoxy-4-fluoro-1H-3-isoindoleamine (201 mg) in 
dimethylformamide (13 ml), the solution was stirred at room 
temperature overnight. The dimethylformamide was dis 
tilled off under reduced pressure and the residue was purified 
by NAM silica gel column chromatography (solvent: ethyl 
acetate-methanol) to yield a light brown oil, which was then 
crystallized from acetonitrile-ether to yield colorleSS crystals 
(372 mg)(68%). 
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Example 12 
1-3-tert-Butyl-5-((3R,4R)-3-hydroxy-4-methoxy 

pyrrolidin-1-yl)-4-methoxy-phenyl)-2-(5,6-diethoxy 
7-fluoro-1-imino-1,3-dihydro-isoindol-2-yl)-etha 

none trifluoroacetate 

0909) 

F NHoTFA 

N 

1No. ? 
O 

N 

S-S- 
H 

(Step 1) (2R,3R)-2,3-Dihydroxy-4-(4-methylphe 
nyl)sulfonyloxy)butyl 4-methyl-1-benzenesulfonate 

0910) 
O O 

) OTs 
0911) A solution of (4R,5S)-2,2-dimethyl-5-(4-meth 
ylphenyl)sulfonyloxy-1,3-dioxolan-4-yl 4-methyl-1-benze 
nesulfonate (5.07 g., 10.8 mmol) in a tetrahydrofuran (50 
ml)-10% perchloric acid water (50 ml) mixed solvent was 
stirred at 50° C. for 7 hours. The tetrahydrofuran was 
distilled off under reduced preSSure, extraction was per 
formed with ethyl acetate and the extract was washed with 
brine. After drying with anhydrous magnesium Sulfate, the 
solvent was distilled off to yield a crude product which was 
then purified by Silica gel column chromatography (Solvent: 
n-hexane-ethyl acetate) to yield the title compound (5.14 g). 
This was used without further purification for the following 
reaction. 

0912) 'H-NMR(CDC13)8(ppm) 2.45(6Hs), 3.87 
3.93(2H.m), 4.06(4H.d.J=6.0 Hz), 7.36(4H.d.J=8.0 Hz), 
7.78(4H.d.J=8.0 Hz). 

(Step 2) 1-3-(tert-Butyl)-5-(3R,4R)-3,4-dihydrox 
ytetrahydro-1H-1-pyrrolyl)-4-methoxyphenyl)-1- 

ethanone 

0913) 

N 
OH 

O 

OH 

0914) A suspension of 1-3-amino-5-(tert-butyl)-4-meth 
oxyphenyl)-1-ethanone (2.0 g, 9.0 mmol), (2R,3R)-2,3-di 
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hydroxy-4-(4-methylphenyl)sulfonyloxybutyl 4-me 
thyl-1-benzenesulfonate (5.14 g), NaI (0.27 g, 1.8 mmol) 
and NaHCO (1.9 g) in EtOH (40 ml) was heated to reflux 
for 48 hours under a nitrogen stream. After distilling off the 
EtOH under reduced pressure and diluting with water, 
extraction was performed with ethyl acetate. The extract was 
washed with brine and dried over anhydrous magnesium 
Sulfate, and the Solvent was distilled off under reduced 
preSSure. The residue was purified by Silica gel column 
chromatography to yield the title compound (1.32 g, 48%) as 
a yellow viscous oil from the 1:2-1:3 hexane:ethyl acetate 
elution fractions containing 0.5% methanol. 
0915 H-NMR(CDC13)8(ppm) 1.41(9Hs), 2.56(3Hs), 
3.04-322(2H.m), 3.59-3.78(5H.m), 4.23-4.37(2H.m), 
7.35(1H.d.J=2.0 Hz), 7.51(1H.d.J=2.0 Hz). 

(Step 3) 1-3-(tert-Butyl)-5-[(3R,4R)-3-hydroxy-4- 
(methoxymethoxy)tetrahydro-1H-1-pyrrolyl-4- 

methoxyphenyl)-1-ethanone 
0916) 

On 

N 
OMOM 

O 

OH 

0917. Diisopropylethylamine (2.3 ml, 13 mmol) was 
added to a solution of the 1-3-(tert-butyl)-5-[(3R,4R)-3,4- 
dihydroxytetrahydro-1H-1-pyrrolyl)-4-methoxyphenyl)-1- 
ethanone (1.32 g, 4.29 mmol) in methylene chloride (10 ml) 
while cooling on ice, and then MOMC1 (0.49 ml, 6.5 mmol) 
was added dropwise and the mixture was stirred at the same 
temperature for 10 minutes and then at room temperature for 
2.5 hours. After completion of the reaction, it was diluted 
with water and extraction was performed with ethyl acetate. 
After washing with brine and drying over anhydrous mag 
nesium Sulfate, the Solvent was distilled off under reduced 
preSSure and the residue was purified by Silica gel column 
chromatography (Solvent: n-hexane-ethyl. acetate) to yield 
the title compound (496 mg, 33%) as a light yellow oil. 
0918 H-NMR(CDC13)8(ppm) 1.39(9Hs), 2.56(3Hs), 
3.24-3.36(2H.m), 3.46(3H,s), 3.49-3.62(2H.m), 3.70(3H.S), 
3.99-4.08(1H.m), 4.26-4.36(1H.m), 4.68-4.80(2H.m), 
7.34(1H.d.J=2.0 Hz), 7.52(1H.d.J=2.0 Hz). 

(Step 4) 1-3-(tert-Butyl)-4-methoxy-5-(3R,4R)-3- 
methoxy-4-(methoxymethoxy)tetrahydro-1H-1-pyr 

rolylphenyl)-1-ethanone 
0919) 
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0920 Tetra-n-butylammonium bromide (227 mg, 0.704 
mmol) and methyl iodide (0.18 ml, 2.9 mmol) were added 
to a mixed solvent of 1-3-(tert-butyl)-5-[(3R,4R)-3-hy 
droxy-4-(methoxymethoxy)tetrahydro-1H-1-pyrrolyl-4- 
methoxyphenyl)-1-ethanone (496 mg, 1.41 mmol) in a 
toluene (3 ml)-50% aqueous NaOH (3 ml) mixed solvent in 
that order at room temperature and the mixture was Stirred 
for 64 hours. It was then diluted with water, extraction was 
performed with ethyl acetate and the extract was washed 
with brine. After drying with anhydrous magnesium Sulfate, 
the solvent was distilled off under reduced pressure and the 
residue was purified by Silica gel column chromatography 
(Solvent: n-hexane-ethyl acetate) to yield the title compound 
(397 mg, 77%) as a light yellow oil. 

0921) H-NMR(CDC13)8(ppm) 1.40(9Hs), 2.56(3H,s), 
3.17-3.26(2H.m), 3.40(3H,s), 3.42(3H,s), 3.48-3.60(2H.m), 
3.71(3H,s), 3.90-3.98(1H,m), 4.22-4.28(1H,m), 4.67 
4.77(2H.m), 7.34(1H.d.J=2.0 Hz), 7.52(1H.d.J=2.0 Hz). 

(Step 5) 2-Bromo-1-3-(tert-butyl)-4-methoxy-5- 
(3R,4R)-3-methoxy-4-(methoxymethoxy)tetrahy 

dro-1H-1-pyrrolylphenyl)-1-ethanone 

0922) 

On 

Br N 
OMOM 

O 

2. 
O 

0923 Triethylamine (0.46 ml, 3.3 mmol) and tert-butyl 
dimethylsilyltrifluoromethanesulfonate (0.37 ml, 1.6 mmol) 
were added dropwise in that order to a solution of 1-3- 
(tert-butyl)-4-methoxy-5-(3R,4R)-3-methoxy-4-(meth 
oxymethoxy)tetrahydro-1H-1-pyrrolylphenyl)-1-ethanone 
(397 mg, 1.09 mmol) in tetrahydrofuran (4 ml) while 
cooling on ice, and the mixture was Stirred at the same 
temperature for 20 minutes. N-Bromosuccinimide (290 mg, 
1.63 mmol) was then added and stirring was continued at the 
Same temperature for 15 minutes. After completion of the 
reaction, the mixture was diluted with Saturated aqueous 
Sodium hydrogencarbonate and ethyl acetate and the organic 
layer was separated. The organic layer was washed with 
brine and then dried over anhydrous magnesium Sulfate. The 
solvent was distilled off under reduced pressure and the 
residue was purified by Silica gel column chromatography 
(Solvent: n-hexane-ethyl acetate) to yield the title compound 
(434 mg, 90%) as a light yellow oil. 

0924 'H-NMR(CDC13)8(ppm) 1.41(9Hs), 3.16 
3.27(2H.m), 3.41(3H,s), 3.43(3H,s), 3.48-3.60(2H.m), 
3.72(3H,s), 3.90-3.97(1H.m), 4.22-4.30(1H.m), 4.42(2H,s), 
4.69-478(2H.m), 7.37(1H.d.J=2.0 Hz), 7.54(1H.d.J=2.0 
Hz). 
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Example 12 
Final Step 

0925. A solution of 5,6-diethoxy-4-fluoro-1H-3-isoin 
doleamine (211 mg, 0.887 mmol) and 2-bromo-1-3-(tert 
butyl)-4-methoxy-5-(3R,4R)-3-methoxy-4-(meth 
oxymethoxy)tetrahydro-1H-1-pyrrolylphenyl)-1-ethanone 
(434 mg., 0.977 mmol) in dimethylformamide (4 ml) was 
Stirred at room temperature for 17 hours. After completion 
of the reaction, the solvent was distilled off under reduced 
pressure and the residue was purified by NAM silica gel 
column chromatography (Solvent: ethyl acetate-methanol) to 
yield the MOM-protected title compound (543 mg). This 
was then dissolved in trifluoroacetic acid (3 ml)-HO (3 
drops) and the mixture was stirred at room temperature for 
4.5 hours. The Solvent was distilled off under reduced 
preSSure and the resultant product was filtered through a 
small amount of NAM silica gel. After distilling off the 
methylene chloride-methanol (20:1-10:1) elution fractions 
under reduced pressure, the residue was triturated in diethyl 
ether. The obtained crystals were dried to yield the target 
compound (340 mg, 57%) as a brown amorphous solid. 
0926 'H-NMR(DMSO-d6)8(ppm) 1.29(3H,t.J=7.2 Hz), 
1.37(9Hs), 1.39(3H,t.J=7.2 Hz), 2.91-2.99(1H.m), 3.03 
3.12(1H.m), 3.30(3H,s), 3.40-3.58(2H.m), 3.63(3H,s), 3.71 
3.79(1H.m), 4.10(2H,qJ=7.2 Hz), 4.10-4.30(3H.m), 
4.78(2H,s), 5.25(1H,brs), 5.38–5.60(2H.m), 7.30(1Hs), 
7.33(1Hs), 7.41 (1H,s), 8.99-9.12(1H,m), 9.20-9.40(1H.m). 
MS: m/e(ESI)558.3(MH+) 

Example 13 
1-3-(4-Acetyl-piperazin-1-yl)-5-tert-butyl-4-meth 
oxy-phenyl)-2-(5,6-diethoxy-7-fluoro-1-imino-1,3- 

dihydro-isoindol-2-yl)ethanone hydrobromide 
0927) 

F NHoHBir 

N 

1No / 
O 

y K. 
X 
O 

(Step 1) 1-4-5-Bromo-3-(tert-butyl)-2-methox 
yphenylpiperazino)-1-ethanone 

0928) 

Br O 
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0929 Acetyl chloride (0.10 ml) was mixed with a solu 
tion of 1-5-bromo-3-(tert-butyl)-2-methoxyphenylpipera 
zine (370 mg) and triethylamine (0.32 m) in methylene 
chloride (8 ml), and the mixture was stirred at room tem 
perature for 3 hours. The reaction mixture was diluted with 
ethyl acetate and, after filtering off the insoluble portion, was 
concentrated. The residue was purified by Silica gel column 
chromatography (Solvent: n-hexane-ethyl acetate) to yield 
the title compound (338 mg) as colorless crystals (81%). 

(Step 2) 1-3-(4-Acetylpiperazino)-5-(tert-butyl)-4- 
methoxyphenyl-2-bromo-1-ethanone 

0931) 

Br / 

0932. After adding the 1-4-5-bromo-3-(tert-butyl)-2- 
methoxyphenylpiperazino-1-ethanone (338 mg), tetraki 
s(triphenylphosphine)palladium (159 mg), tributyl(1-ethox 
yvinyl)Stannane (324 mg) and cesium fluoride (306 mg) to 
degassed dioxane (9 ml), the mixture was stirred at 95 C. 
for 3 hours under a nitrogen Stream. The mixture was then 
cooled to room temperature, diluted with ethyl acetate and 
filtered through celite, and the filtrate was concentrated 
under reduced pressure. The residue was dissolved in tet 
rahydrofuran (7 ml) and H2O (0.7 ml) and cooled to 0°C., 
and then N-bromosuccinimide (179 mg) was added. After 5 
minutes, Na2SO(aq) was added, extraction was performed 
with ethyl acetate, and the extract washed with brine and 
then concentrated under reduced pressure. The residue was 
purified by Silica gel column chromatography (Solvent: 
n-hexane-ethyl acetate) to yield the title compound (313 mg) 
as a light-brown oil. (NMR revealed the presence of by 
products that could not be easily separated). This was used 
directly for the following reaction. 

Example 13 

Final Step 
0933. After dissolving 1-3-(4-acetylpiperazino)-5-[(tert 
butyl)-4-methoxyphenyl-2-bromo-1-ethanone containing 
impurities (209 mg (a portion of the 313 mg from the 
previous reaction)) and 5,6-diethoxy-4-fluoro-1H-3-isoin 
doleamine (73 mg) in dimethylformamide (5 ml), the mix 
ture was stirred at room temperature overnight. The dim 
ethylformamide was distilled off under reduced pressure and 
the residue was purified by NAM silica gel column chro 
matography (Solvent: ethyl acetate-methanol) to yield a light 
brown solid which was recrystallized from acetonitrile-ether 
to yield colorless crystals (83 mg) (21% from 1-4-5- 
bromo-3-(tert-butyl)-2-methoxyphenylpiperazino-1-etha 
none). 
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Example 14 

1-3-tert-Butyl-5-4-(2-hydroxy-acetyl)piperazin-1- 
yl)-4-methoxy-phenyl)-2-(5,6-diethoxy-7-fluoro-1- 
imino-1,3-dihydro-isoindol-2-yl)-ethanone hydro 

bromide 

0935) 

F NHoHBir 

N-19 

1n 
O 

( ) 
. V 
O O 

(Step 1) 1-4-5-Bromo-3-(tert-butyl)-2-methox 
yphenylpiperazino-2-hydroxy-1-ethanone 

0936) 

Br O 

0937 Acetoxyacetyl chloride (0.14 ml) was added to a 
solution of 1-5-bromo-3-(tert-butyl)-2-methoxyphenylpip 
erazine (360 mg) and triethylamine (0.31 ml) in CHCl (5 
ml) while cooling on ice and the mixture was brought to 
room temperature and Stirred for 1 hour. After quenching the 
reaction with brine, extraction was performed with ethyl 
acetate to yield a crude product of 2-4-5-bromo-3-(tert 
butyl)-2-methoxyphenylpiperazino)-2-oxoethyl acetate as 
a red oil. This crude product was dissolved in methanol (2.5 
ml) and potassium carbonate (167 mg) was added. After 15 
minutes, brine was added, extraction was performed with 
ethyl acetate, the extract was concentrated under reduced 
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preSSure and the residue was purified by Silica gel column 
chromatography (Solvent: n-hexane-ethyl acetate) to yield 
the title compound (285 mg) as light orange crystals (67%). 

(Step 2) 2-Bromo-1-3-(tert-butyl)-5-(4-gly 
coloylpiperazino)-4-methoxyphenyl-1-ethanone 

0939) 

Br / 

0940. After adding the 1-4-5-bromo-3-(tert-butyl)-2- 
methoxyphenylpiperazino-2-hydroxy-1-ethanone (285 
mg), tetrakis(triphenylphosphine)palladium (128 mg), tribu 
tyl(1-ethoxyvinyl)Stannane (267 mg) and cesium fluoride 
(247 mg) to degassed dioxane (8 ml), the mixture was stirred 
at 90° C. for 3.5 hours under a N atmosphere. The mixture 
was then cooled to room temperature, diluted with ethyl 
acetate and filtered through celite, and the filtrate was 
concentrated under reduced pressure. The residue was dis 
solved in THF (6 ml) and HO (0.6 ml) and cooled to 0°C., 
and then N-bromosuccinimide (151 mg) was added. After 5 
minutes, Na2SO (aq) was added, extraction was performed 
with ethyl acetate, and the extract was washed with brine 
and concentrated under reduced pressure. The residue was 
purified by Silica gel column chromatography (Solvent: 
n-hexane-ethyl acetate) to yield the title compound (186 mg) 
as colorless crystals (59%). 

Example 14 

Final Step 

0942 Synthesis was performed in the same manner as the 
final Step of Example 3 to yield the target compound as a 
yellow solid. 
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Example 15 

Ethyl (4-3-tert-butyl-5-2-(5,6-diethoxy-7-fluoro-1- 
imino-1,3-dihydro-isoindol-2-yl)-acetyl-2-methoxy 

phenylpiperazin-1-yl)-acetate dihydrochloride 
0944) 

F NHoHCI 

N 

1n ? 
O 

y K 
\- COOEt 

(Step 1) Ethyl 2-4-5-bromo-3-(tert-butyl)-2-meth 
oxyphenylpiperazinoacetate 

0945) 

Br O 

y 
K N COEt 

N1 

0946 1-5-Bromo-3-(tert-butyl)-2-methoxyphenylpip 
erazine (750 mg), potassium carbonate (411 mg) and ethyl 
bromoacetate (0.27 ml) were stirred in dimethylformamide 
(4 ml) at room temperature for one day. The reaction mixture 
was diluted with ethyl acetate, the insoluble portion was 
filtered off and then the concentrated residue was purified by 
Silica gel column chromatography (Solvent: n-hexane-ethyl 
acetate) to yield the title compound (715 mg) as a light red 
oil (75%). 

(Step 2) Ethyl 2-4-5-(2-bromoacetyl)-3-(tert-bu 
tyl)-2-methoxyphenylpiperazinoacetate 

0947) 

Br / 

Qu COEt 
0948. After adding the ethyl 2-4-5-bromo-3-(tert-bu 
tyl)-2-methoxyphenylpiperazinoacetate (715 mg), tetraki 
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s(triphenylphosphine)palladium (300 mg), tributyl(1-ethox 
yvinyl)stannane (625 mg) and cesium fluoride (578 mg) to 
degassed dioxane (12 ml) under a nitrogen Stream, the 
mixture was stirred at 90° C. for 3.5 hours. The mixture was 
then cooled to room temperature, diluted with ethyl acetate 
and filtered through celite, and the filtrate was concentrated 
under reduced pressure. The residue was dissolved in tet 
rahydrofuran (8 ml) and H2O (0.8 ml) and cooled to 0°C., 
and then N-bromosuccinimide (339 mg) was added. After 5 
minutes, NaSO(aq) was added, extraction was performed 
with ethyl acetate, and the extract was washed with brine 
and concentrated under reduced pressure. The residue was 
purified by Silica gel column chromatography (Solvent: 
n-hexane-ethyl acetate) to yield the title compound (512 mg) 
as a light brown oil (65%). 

Example 15 

Final Step 

0950 (Method 1) 
0951. After dissolving ethyl 2-4-5-(2-bromoacetyl)-3- 
(tert-butyl)-2-methoxyphenylpiperazinoacetate (480 mg) 
and 5,6-diethoxy-4-fluoro-1H-3-isoindoleamine (251 mg) in 
dimethylformamide (10 ml), the mixture was stirred at room 
temperature overnight. Dimethylformamide was distilled off 
under reduced pressure and the residue was purified by 
NAM silica gel column chromatography (Solvent: ethyl 
acetate-methanol) to yield a light brown solid (530 mg), 
which was triturated with ethyl acetate-ether-in-hexane to 
obtain a colorless Solid (513 mg). After dissolving this in a 
small amount of ethanol, 4N hydrochloric acid-ethyl acetate 
(6 ml) was added and the solvent was distilled off after 5 
minutes. The residue was crystallized from ethanol-ether to 
yield the target compound (511 mg) as almost colorless 
crystals (71%). 

0952 (Method 2) 

0953 Ethanol (2.5 ml) and 4 N hydrochloric acid-diox 
ane (2.5 ml) were added to tert-butyl 2-(4-3-(tert-butyl)-5- 
2-(5,6-diethoxy-7-fluoro-1-imino-2,3-dihydro-1H-2-isoin 
dolyl)acetyl-2-methoxyphenylpiperazino)acetate 
hydrobromide (49 mg) and the mixture was stirred at room 
temperature for 3 days. After concentrating the reaction 
mixture under reduced preSSure, ethanol was added and the 
mixture was reconcentrated. The residue was triturated with 
ether and filtered, and then dried to yield the target com 
pound as a colorless solid (40 mg, 86%). 
0954) H-NMR(DMSO-d6)8(ppm) 1.25(3H,t.J-7.0 Hz), 
1.29(3H,t.J-7.0 Hz), 1.37(9Hs), 1.40(3H,t.J-7.0 Hz), 3.02 
3.70(10H.m), 3.93(3H,s), 4.11(2H.qJ=7.0 Hz), 4.18 
4.25(4H.m), 4.28(1H,brs), 4.80(2H,s), 5.54(2H,s), 7.34(1H, 
s), 7.50(1H,s), 7.64(1H,s), 9.08(1H,brs), 9.37(1H,brs). MS: 
m/e(ESI)613.4(MH+) 
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Example 16 

1-3-tert-Butyl-4-methoxy-5-4-(2-methoxy 
acetyl)piperazin-1-yl)phenyl)-2-(5,6-diethoxy-7- 

fluoro-1-imino-1,3-dihydro-isoindol-2-yl)-ethanone 
hydrobromide 

0955 

F NHoHBir 

N-O Dr. 1n 
O 

( ) 
M 

O O 

(Step 1) 1-4-5-Bromo-3-(tert-butyl)-2-methox 
yphenylpiperazino-2-methoxy-1-ethanone 

0956) 

Br 

0957 Methoxyacetyl chloride (0.28 ml) was added to a 
solution of 1-5-bromo-3-(tert-butyl)-2-methoxyphenylpip 
erazine (850 mg) and triethylamine (0.73 ml) in methylene 
chloride (12 ml) while cooling on ice, the mixture was 
brought to room temperature and stirred for 1 hour. The 
reaction mixture was diluted with ethyl acetate, the insoluble 
portion was filtered off, and the concentrated residue was 
purified by Silica gel column chromatography (Solvent: 
n-hexane-ethyl acetate) to yield the title compound (730 mg) 
as light red crystals (70%). 
0958) H-NMR(CDC13)8(ppm) 1.35(9H.S), 
3.03(4H.brs), 3.45(3H,s), 3.67(2H.brs), 3.79(2H.brs), 
3.91 (3H,s), 4.15(2H,s), 6.93(1H.d.J=2.4 Hz), 7.13(1H.d.J= 
2.4 Hz). 
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(Step 2) 2-Bromo-1-3-(tert-butyl)-4-methoxy-5-4- 
(2-methoxyacetyl)piperazinophenyl)-1-ethanone 

0959) 

Br 

0960. After adding the 1-4-5-bromo-3-(tert-butyl)-2- 
methoxyphenylpiperazino-2-methoxy-1-ethanone (730 
mg), tetrakis(triphenylphosphine)palladium (317 mg), tribu 
tyl(1-ethoxyvinyl)Stannane (660 mg) and cesium fluoride 
(611 mg) to degassed dioxane (16 ml), the mixture was 
stirred at 90° C. for 4 hours under a nitrogen stream. The 
mixture was then cooled to room temperature, diluted with 
ethyl acetate and filtered through celite, and the filtrate was 
concentrated under reduced pressure. The residue was dis 
solved in tetrahydrofuran (12 ml) and H2O (1 ml) and cooled 
to 0°C., and then N-bromosuccinimide (390 mg) was added. 
After 5 minutes, NaSO(aq) was added, extraction was 
performed with ethyl acetate, the extract was washed with 
brine and the solvent was distilled off under reduced pres 
Sure. The residue was purified by Silica gel column chro 
matography (Solvent: n-hexane-ethyl acetate) to yield the 
title compound (597 mg) as a light green oil. (NMR revealed 
the presence of by-products that could not be easily Sepa 
rated). This was used directly for the following reaction. 
0961) H-NMR(CDC13)8(ppm) 1.40(9H,s), 
3.08(4H.brs), 3.45(3H,s), 3.70(2H.brs), 3.82(2H.brs), 
4.00(3H,s), 4.16(2H,s), 4.40(2H,s), 7.50(1H.d.J=2.0 Hz), 
7.71(1H.d.J-2.0 Hz). 

Example 16 
Final Step 

0962. After dissolving 2-bromo-1-3-(tert-butyl)-4- 
methoxy-5-4-(2-methoxyacetyl)piperazinophenyl)-1- 
ethanone (597 mg (containing impurities)) and 5,6-di 
ethoxy-4-fluoro-1H-3-isoindoleamine (224 mg) in 
dimethylformamide (12 ml), the mixture was stirred at room 
temperature overnight. The reaction mixture was concen 
trated under reduced pressure and the residue was purified 
by NAM silica gel column chromatography (solvent: ethyl 
acetate-methanol) to yield the title compound as a light 
brown solid. This was recrystallized from acetonitrile-ethyl 
acetate-ether to yield the target compound as light brown 
crystals (430 mg) (35% from 1-4-5-bromo-3-(tert-butyl)- 
2-methoxyphenylpiperazino-2-methoxy-1-ethanone). 
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Example 17 

1-3-tert-Butyl-5-((3S,4S)-3-ethoxy-4-hydroxy-pyr 
rolidin-1-yl)-4-methoxy-phenyl-2-(5,6-diethoxy-7- 
fluoro-1-imino-1,3-dihydro-isoindol-2-yl)ethanone 

trifluoroacetate 

0964) 

F 
NHoTFA HC CH 

H3CN-O CH 
N y H. 

He1 No O 
O 

N 

"oH 
O 

r 
CH 

(Step 1) 1-(3-(tert-Butyl)-5-[(3S,4S)-3-ethoxy-4- 
(methoxymethoxy)tetrahydro-1H-1-pyrrolyl-4- 

methoxyphenyl)-1-ethanone 
0965) 

III IOMOM 

ov 
0966 Tetra-n-butylammonium bromide (380 mg, 1.18 
mmol) and ethyl iodide (0.4 ml, 5.0 mmol) were added to a 
solution of 1-3-(tert-butyl)-5-[(3S,4S)-3-hydroxy-4-(meth 
oxymethoxy)tetrahydro-1H-1-pyrrolyl-4-methoxyphenyl 
1-ethanone (830 mg, 2.36 mmol) in a toluene (5 ml)-50% 
aqueous NaOH (5 ml) mixed solvent at room temperature in 
that order and the mixture was stirred for 19 hours. After 
further adding ethyl iodide (0.2 ml) and stirring for 9 hours, 
more ethyl iodide (0.2 ml) was added and stirring was 
continued for 60 hours. The mixture was diluted with water, 
extraction was performed with ethyl acetate and the extract 
was washed with brine. After drying with anhydrous mag 
nesium Sulfate, the Solvent was distilled off under reduced 
preSSure and the residue was purified by Silica gel column 
chromatography (Solvent: n-hexane-ethyl acetate) to yield 
the title compound (650 mg, 73%) as a light yellow oil. 
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3.65(4H.m), 3.72(3H,s), 3.99-4.08(1H.m), 4.21-4.31 (1H, 
m), 4.68-4.80(2H.m), 7.34(1H.d.J=2.0 Hz), 7.52(1H.d.J=2.0 
Hz). 

(Step 2) 2-Bromo-1-3-(tert-butyl)-5-[(3S,4S)-3- 
ethoxy-4-(methoxymethoxy)tetrahydro-1H-1-pyrro 

lyl-4-methoxyphenyl)-1-ethanone 

0968) 

Br 
II IOMOM 

ov 
0969 Triethylamine (0.52 ml, 3.7 mmol) and tert-butyl 
dimethylsilyltrifluoromethanesulfonate (0.51 ml, 2.2 mmol) 
were added dropwise in that order to a solution of 1-3- 
(tert-butyl)-5-[(3S,4S)-3-ethoxy-4-(methoxymethoxy)tet 
rahydro-1H-1-pyrrolyl-4-methoxyphenyl)-1-ethanone 
(650 mg, 1.71 mmol) in tetrahydrofuran (7 ml) while 
cooling on ice, and the mixture was Stirred at the same 
temperature for 25 minutes. N-bromosuccinimide (427 mg, 
2.40 mmol) was then added and stirring was continued at the 
Same temperature for 25 minutes. After completion of the 
reaction, the reaction mixture was diluted with Saturated 
aqueous Sodium hydrogencarbonate and ethyl acetate and 
the organic layer was separated. The organic layer was 
washed with brine and then dried over anhydrous magne 
sium Sulfate. The residue was purified by Silica gel column 
chromatography (Solvent: n-hexane-ethyl acetate) to yield 
the title compound (795 mg, 100%) as a light yellow oil. 
0970) H-NMR(CDC13)8(ppm) 1.22(3H,t.J=7.2 Hz), 
1.41(9H,s), 3.12-3.30(2H.m), 3.40(3H,s), 3.48-3.65(4H.m), 
3.73(3H,s), 3.99-408(1H.m), 4.18-4.32(1H.m), 4.42(2H,s), 
4.63-4.81(2H.m), 7.37(1H.d.J=2.0 Hz), 7.54(1H.d.J=2.0 
Hz). 

Example 17 

Final Step 

0971) A solution of 5,6-diethoxy-4-fluoro-1H-3-isoin 
doleamine (95 mg, 0.40 mmol) and 2-bromo-1-3-(tert 
butyl)-5-(3S,4S)-3-ethoxy-4-(methoxymethoxy)tetrahy 
dro-1H-1-pyrrolyl)-4-methoxyphenyl)-1-ethanone (200 
mg, 0.436 mmol) in dimethylformamide (3 ml) was stirred 
at room temperature for 68 hours. After completion of the 
reaction, the solvent was distilled off and the residue was 
purified by NAM silica gel column chromatography (sol 
vent: ethyl acetate-methanol) to yield the MOM-protected 
title compound (235 mg). The product was then dissolved in 
trifluoroacetic acid (1 ml)-HO (1 drop), and the mixture 
was stirred at room temperature for 1.5 hours. The solvent 
was distilled off under reduced preSSure, the obtained prod 
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uct was dissolved in ethyl acetate (2 ml) and the resultant 
solution was slowly added dropwise to stirred EtO (20 ml). 
The obtained crystals were filtered off and dried to yield the 
target compound (80 mg, 29%) as a brown amorphous Solid. 

0972) H-NMR(DMSO-d6)8(ppm) 1.10(3H,t.J=6.8 Hz), 
1.29(3H,t.J=6.8 Hz), 1.37(9H,s), 1.39(3H,t.J=6.8 Hz), 2.90 
3.12(2H.m), 3.28-3.58(4H.m), 3.63(3H,s), 3.80-3.89(1H, 
m), 4.11(2H,qJ=6.8 Hz), 4.12-4.31(3H,m), 4.79(2H.S), 
5.38–5.57(2H.m), 7.30(1H,s), 7.34(1H,s), 7.41 (1Hs), 8.98 
9.10(1H,m), 9.20-9.35(1H,m). MS: m/e(ESI)572.4(MH+) 

Example 18 

1-(3,5-Di-tert-butyl-4-hydroxy-phenyl)-2-(7-imino 
2-methyl-5,7-dihydro-pyrrolo 3,4-bipyridin-6-yl)- 

ethanone hydrochloride 

0973) 

NHoHCI 

N 
21 

N 

S O 

O 

(Step 1) (6-Methyl-3-pyridyl)methanol 

0974) 

N 
N 

2 

0975) A solution of methyl 6-methylnicotinate (50g, 0.33 
mol) in anhydrous tetrahydrofuran (100 ml) was slowly 
added dropwise to a suspension of LAH (12.6 g., 0.33 mol) 
in anhydrous tetrahydrofuran (500 ml) over a period of 30 
minutes while cooling on ice, and the mixture was stirred at 
the same temperature for 1 hour and 20 minutes. After 
confirming completion of the reaction by thin layer chro 
matography, H2O (25 ml) was slowly added dropwise over 
a period of 30 minutes while cooling on ice, and the Stirring 
was continued at room temperature for 30 minutes. Magne 
sium Sulfate was added for drying, and the precipitate was 
filtered through celite and washed three times with ethyl 
acetate. The Solvent was distilled off under reduced pressure 
to yield the title compound (33.6 g., 82%) as a yellow oil. 
0976) "H-NMR(CDC13)8(ppm) 2.55(3Hs), 
4.69(2H.brs), 7.16(1H.d.J=8.4 Hz), 7.61 (1H.dd.J=8.4 and 
2.4 Hz), 8.46(1H.d.J=2.4 Hz). 
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(Step 2) 5-(Chloromethyl)-2-methylpyridine 

0977) 

N 
n 

2 

C 

0978 Triethylamine (96 ml, 0.69 mol) was added to a 
solution of (6-methyl-3-pyridyl)methanol (28.4g, 0.23 mol) 
in methylene chloride (230 ml) while cooling on ice. Mesyl 
chloride (26.8 ml, 0.35 mol) was then slowly added drop 
wise over a period of 20 minutes at the same temperature 
and the mixture was stirred for 10 hours while gradually 
raising the temperature to room temperature. After confirm 
ing completion of the reaction by thin layer chromatography, 
the mixture was diluted with ethyl acetate and poured into 
Saturated aqueous NaHCOs. After Separating the aqueous 
layer, extraction was performed with ethyl acetate, and the 
collected organic layer was washed with Saturated aqueous 
NaCl and dried over anhydrous magnesium sulfate. The 
solvent was distilled off under reduced pressure to yield the 
title compound (12.2 g). This was used without further 
purification for the following reaction. 

0979 H-NMR(CDC13)8(ppm) 2.56(3Hs), 4.56(2H.s), 
7.16(1H.d.J=8.0 Hz), 7.62(1H.dd.J=8.0 and 2.4 Hz), 
8.49(1H.d.J=2.4 Hz). 

(Step 3) (6-Methyl-3-pyridyl)methyl azide 

0980) 

N 
n 

2 

0981 NaNs (11.2g, 172 mmol) was added to a solution 
of the 5-(chloromethyl)-2-methylpyridine (12.2 g, 86.2 
mmol) in dimethylformamide (120 ml) while cooling on ice 
and the mixture was stirred at the same temperature for 1 
hour and then at room temperature for 2 hours. The reaction 
mixture was poured into Semi-Saturated acqueous Sodium 
hydrogencarbonate, extraction was performed with ethyl 
acetate and the extract was washed with water and Saturated 
aqueous NaCl. After drying with anhydrous magnesium 
Sulfate, the Solvent was distilled off under reduced preSSure 
and the residue was purified by Silica gel column chroma 
tography (Solvent: n-hexane-ethyl acetate) to yield the title 
compound (8.9 g, 26%, two steps) as a colorless oil. 

0982) H-NMR(CDC13)8(ppm) 2.57(3Hs), 4.34(2H.s), 
7.19(1H.d.J=8.0 Hz), 7.55(1H.dd.J=8.0 and 2.4 Hz), 
8.45(1H.d.J=2.4 Hz). 
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(Step 4) 
3-(AZidomethyl)-6-methyl-2-pyridinecarbonitrile 

0983 

0984. After adding 30% aqueous hydrogen peroxide (7.5 
ml, 6.6 mmol) dropwise to a solution of (6-methyl-3- 
pyridyl)methyl azide (8.9 g, 6.0 mmol) and maleic anhy 
dride (6.5 g. 6.6 mmol) in methylene chloride (90 ml) over 
a period of 5 minutes while cooling on ice, the mixture was 
stirred at room temperature for 16 hours. Maleic anhydride 
(3.25 g) and 30% aqueous hydrogen peroxide (3.75 ml) were 
added in a Similar manner while cooling on ice, and the 
mixture was stirred at room temperature for 4 hours. Satu 
rated aqueous Sodium hydrogencarbonate (100 ml) was 
added to the reaction mixture, NaHCO was further added to 
be basic, and extraction was performed with methylene 
chloride. The extract was washed with a brine and dried over 
anhydrous magnesium Sulfate, and the Solvent was distilled 
off to yield crude 5-(azidomethyl)-2-methyl-1-pyridiniumo 
late (7.45 g). This was used without further purification for 
the following reaction. 
0985 Trimethylsilyl cyanide (6.4 ml, 48 mmol) and 
dimethylcarbamylchloride (4.2 ml, 46 mmol) were added in 
that order to a solution of the 5-(azidomethyl)-2-methyl-1- 
pyridiniumolate (7.08 g., 43.2 mmol) in methylene chloride 
(80 ml) at room temperature and the mixture was stirred at 
the same temperature for 23 hours. After confirming 
completion of the reaction by thin layer chromatography, 
Saturated aqueous Sodium hydrogencarbonate (80 ml) was 
added and the mixture was stirred for 10 minutes. The 
reaction mixture was diluted with ethyl acetate, the aqueous 
layer was separated and extraction was performed with ethyl 
acetate. The collected organic layer was washed with water 
and brine and dried over anhydrous magnesium Sulfate. The 
solvent was distilled off under reduced pressure and the 
residue was purified by Silica gel column chromatography 
(Solvent: n-hexane-ethyl acetate) to yield the title compound 
(5.79 g, 56%, two steps) as a colorless oil. 
0986) H-NMR(CDC13)8(ppm) 2.62(3Hs), 4.63(2Hs), 
7.41(1H.d.J=8.0 Hz), 7.76(1H.d.J=8.0 Hz). 

(Step 5) 
2-Methyl-5H-pyrrolo3,4-bpyridine-7-amine 

0987) 
N 

N 

N-\ 
N 

2 

0988 Triphenylphosphine (11 g, 42 mmol) was added to 
a mixed solution of 3-(azidomethyl)-6-methyl-2-pyridin 
ecarbonitrile (5.79 g, 33.4 mmol) in a tetrahydrofuran (120 
ml)-HO (6 ml) mixed solvent while cooling on ice and the 
mixture was stirred at room temperature for 22 hours. The 
solvent was distilled off under reduced pressure and the 
residue was purified by Silica gel column chromatography. 
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The solvent was distilled off from the ethyl acetate-metha 
nol-29% aqueous ammonia (40:10:1) elution fraction, and 
Washing was performed with ether-in-hexane to yield the title 
compound (1.65 g, 34%) as a brown solid. The solvent was 
also distilled off from the washed mother liquor to yield the 
title compound (0.49 g). The NMR data for both compounds 
matched exactly. 
0989) H-NMR(DMSO-d6)8(ppm) 2.55(3Hs), 
4.39(2H.s), 6.27(brs), 7.23(1H.d.J=8.0 Hz), 7.84(1H.d.J=8.0 
Hz). 

Example 18 
Final Step 

0990. After slowly adding 60% sodium hydride (0.45 g, 
11 mmol) to a solution of 2-methyl-5H-pyrrolo 3,4-bipyri 
dine-7-amine (1.5 g, 10 mmol) in tetrahydrofuran (30 ml) 
while cooling on ice, the mixture was stirred for 30 minutes. 
2-Bromo-1-3,5-di(tert-butyl)-4-hydroxyphenyl-1-etha 
none (4.0 g, 12 mmol) was then added and stirring was 
continued at room temperature for 2 hours. The Solvent was 
distilled off and then the residue was dissolved in methanol 
(20 ml) and 4N hydrochloric acid-ethyl acetate (20 ml) was 
added dropwise while cooling on ice. After Stirring at the 
same temperature for 30 minutes, the solvent was distilled 
off under reduced pressure and the residue was purified by 
Silica gel column chromatography. The Solvent was distilled 
off from the methylene chloride-methanol (5:1)-3% acetic 
acid elution fraction under reduced pressure to yield a crude 
product. The product was dissolved in EtOH and then 
treated with 4 N hydrochloric acid-ethyl acetate (20 ml). 
After distilling off the Solvent under reduced pressure, the 
residue was recrystallized from ethanol-ethyl acetate, and 
the obtained crystals were washed with ethyl acetate and 
ether in that order and dried to yield the target compound 
(2.45 g, 56%) as a colorless amorphous Solid. 
0991) H-NMR(DMSO-d6)8(ppm) 1.41(18H.s), 
2.67(3H.s), 4.84(2H.s), 5.63(2H.s), 7.70(1H.d.J=8.0 Hz), 
7.78(2H.s), 8.08(1H.brs), 8.16(1H.d.J=8.0 Hz), 
9.63(1H.brs), 9.94(1H.brs). MS: m/e(ESI)394.1(MH+) 

Example 19 
1-(3,5-Di-tert-butyl-4-hydroxy-phenyl)-2-(3-ethoxy 
7-imino-2,4-dimethyl-5,7-dihydro-pyrrolo3,4-b 

pyridin-6-yl)-ethanone hydrochloride 
0992) 

NHoHCI 

N 
n 

N 

1No 21 O 
O 

(Step 1) (5-Ethoxy-4,6-dimethyl-3-pyridyl)methanol 
0993) 

N 
n 

-OC O 
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0994) A suspension of 4-deoxypyridoxine hydrochloride 
(0.99 g, 5.2 mmol) in dimethylformamide (10 ml) was added 
dropwise to a suspension of 60% NaH (0.42 g, 10.5 mmol) 
in dimethylformamide (10 ml) while cooling on ice, and the 
mixture was stirred at room temperature for 1 day. Ethyl 
iodide (0.44 ml, 5.5 mmol) was then added dropwise at room 
temperature and Stirring was continued for 17 hours. After 
confirming completion of the reaction by thin layer chro 
matography, the mixture was poured into Semi-Saturated 
aqueous Sodium hydrogencarbonate and extraction was per 
formed with ethyl acetate-tetrahydrofuran (1:1). The extract 
was washed with brine and dried over anhydrous magne 
sium Sulfate, the Solvent was distilled off under reduced 
preSSure and the residue was purified by Silica gel column 
chromatography (Solvent: methylene chloride-methanol) to 
yield the title compound (0.415 g., 44%). 

(Step 2) (5-Ethoxy-4,6-dimethyl-3-pyridyl)methyl 
aZide 

0996) 

0997 Diphenylphosphoryl azide (0.59 ml, 2.7 mmol) and 
1,8-diazabicyclo5.4.0]undec-7-ene (0.41 ml, 2.7 mmol) 
were added dropwise in that order to a solution of (5-ethoxy 
4,6-dimethyl-3-pyridyl)methanol (0.415 g, 2.29 mmol) in 
toluene (5 ml) at room temperature, and the mixture was 
stirred for 16 hours. After confirming completion of the 
reaction by thin layer chromatography, the mixture was 
poured into water and extraction was performed with ethyl 
acetate. The extract was washed with Saturated aqueous 
NaCl and dried over anhydrous magnesium Sulfate, the 
solvent was distilled off under reduced pressure and the 
residue was purified by Silica gel column chromatography 
(Solvent: n-hexane-ethyl acetate) to yield the title compound 
(447 mg, 95%) as a colorless oil. 
0998 H-NMR(CDC13)8(ppm) 45(3H.t.J=7.2 Hz), 
2.31(3H.s), 2.54(3Hs), 3.87(3H.qJ=7.2 Hz), 8.14(1Hs). 

(Step 3) 
3-(AZidomethyl)-5-ethoxy-4,6-dimethyl-2-pyridine 

carbonitrile 

0999) 

2 N 
n 

1n 21 

N 

1000. After adding 75% m-chloroperbenzoic acid (600 
mg, 2.60 mmol) to a solution of (5-ethoxy-4,6-dimethyl-3- 
pyridyl)methyl (447 mg, 2.17 mmol) in methylene chloride 
(5 ml) while cooling on ice, the mixture was stirred for 5 
hours while gradually raising the temperature to room 
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temperature. After confirming completion of the reaction by 
thin layer chromatography, the mixture was poured into 
Saturated acqueous Sodium hydrogencarbonate and Saturated 
with sodium chloride, after which extraction was performed 
with ethyl acetate-tetrahydrofuran (1:1). The extract was 
washed with brine and dried over anhydrous magnesium 
Sulfate, and the Solvent was distilled off under reduced 
pressure to yield crude N-oxide (637 mg). This compound 
was used without further purification for the following 
reaction. 

1001 Trimethylsilyl cyanide (0.30 ml, 2.2 mmol) and 
dimethylcarbamyl chloride (0.21 ml, 2.3 mmol) were added 
in that order to a solution of the N-oxide (333 mg, 1.5 mmol) 
in acetonitrile (6 ml) at room temperature and the mixture 
was stirred at the same temperature for 115 hours. After 
confirming completion of the reaction by thin layer chro 
matography, Saturated aqueous Sodium hydrogencarbonate 
was added and the mixture was stirred for 10 minutes. The 
reaction mixture was diluted with ethyl acetate, the aqueous 
layer was separated and extraction was performed with ethyl 
acetate. The collected organic layer was washed with water 
and brine and then dried over anhydrous magnesium Sulfate. 
The solvent was distilled off under reduced pressure and the 
residue was purified by Silica gel column chromatography 
(Solvent. n-hexane-ethyl acetate) to yield the title com 
pound (64 mg, 18%). 

(Step 4) 3-Ethoxy-2,4-dimethyl-5H-pyrrolo 3,4-b 
pyridine-7-amine 

1003) 
N 

N 

N-V 
N 

1NO 2 

1004 Triphenylphosphine (170 mg, 0.648 mmol) was 
added to a solution of the 3-(azidomethyl)-5-ethoxy-4,6- 
dimethyl-2-pyridinecarbonitrile (113 mg, 0.489 mmol) in a 
tetrahydrofuran (3 ml)-HO (0.15 ml) mixed solvent while 
cooling on ice, and the mixture was stirred at room tem 
perature for 2.5 hours. The solvent was distilled off under 
reduced pressure and the residue was purified by Silica gel 
column chromatography (Solvent: ethyl acetate-methanol 
29% NH(aq)) to yield the title compound (69 mg, 69%) as 
a yellow solid. 
1005 H-NMR(DMSO-d6)8(ppm) 35(3H.t.J=7.2 Hz), 
2.26(3H.s), 2.46(3H.s), 3.85(2H.qJ=7.2 Hz), 4.33(2H.s). 

Example 19 

Final Step 

1006. After adding 60% sodium hydride (15 mg, 0.38 
mmol) to a solution of the 3-ethoxy-2,4-dimethyl-5H-pyr 
rolo3,4-bipyridine-7-amine (69 mg, 0.34 mmol) in tetrahy 
drofuran (3 ml) while cooling on ice, the mixture was stirred 
at the same temperature for 10 minutes. 2-Bromo-1-3,5- 
di(tert-butyl)-4-hydroxyphenyl)-1-ethanone (135 mg, 0.41 
mmol) was then added while Stirring on ice and stirred at 
room temperature for 2 hours. The solvent was distilled off 
under reduced pressure and the residue was purified by Silica 
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gel column chromatography (Solvent=methylene chlori 
de:methanol (30:1)-3% acetic acid). The product was dis 
solved in EtOH and treated with 4N hydrochloric acid-ethyl 
acetate (1 ml), and the solvent was distilled off under 
reduced pressure. The residue was crystallized from ethanol 
to yield the target compound (52 mg, 32%). 

1007 H-NMR(DMSO-d6)8(ppm) 1.40(3H.t.J=7.2 Hz), 
1.42(18H.s), 2.32(3H.s), 2.58(3Hs), 3.99(2H.t.J=7.2 Hz), 
4.81(2H.s), 5.52(2H.s), 7.76(2H.s), 8.07(1H.s), 
9.37(1H.brs), 9.84(1H.brs). MS: m/e(ESI)452.2(MH+) 

Example 20 

2-2-(3,5-Di-tert-butyl-4-hydroxy-phenyl)-2-oxo 
ethyl-6-ethoxy-3-imino-2,3-dihydro-1H-isoindole 

5-carboxamide hydrobromide 

1008) 

O 
NHoHBr 

HN 
N 

1S O 
O 

(Step 1) 
4-(AZidomethyl)-2-ethoxy-5-(1-ethynyl)benzamide 

1009) 

CN 
HN 

1n 

1010. After dissolving 4-(azidomethyl)-5-cyano-2- 
ethoxybenzoic acid (0.7g, 2.85 mmol) in tetrahydrofuran 
(15 ml), triethylamine (0.48 ml, 3.42 mmol) and ethyl 
chloroformate (0.3 ml, 3.14 mmol) were added while cool 
ing on ice. The mixture was stirred for 10 minutes while 
cooling on ice, and then 27% aqueous ammonia (10 ml) was 
added and the mixture was stirred at room temperature for 
10 minutes. Water (30 ml) was added to the reaction mixture, 
extraction was performed with ethyl acetate (20 mlx3), and 
then after Washing the combined organic layers with brine 
(30 ml) and drying over anhydrous magnesium Sulfate, the 
solvent was distilled off under reduced pressure. The 
obtained crude product (0.68 g) was used directly for the 
following reaction. 

Nov. 3, 2005 

(Step 2) 
3-Amino-6-ethoxy-1H-5-isoindolecarboxamide 

1012) 

HN 

1No 
1013. After dissolving crude 4-(azidomethyl)-2-ethoxy 
5-(1-ethynyl)benzamide (0.68 g, 2.8 mmol) in tetrahydro 
furan (20 ml)-water (1 ml), triphenylphosphine (1.12 g, 4.3 
mmol) was added while stirring at room temperature. The 
mixture was stirred at room temperature for 23 hours, the 
solvent was distilled off under reduced pressure and the 
residue was purified by NAM Silica gel column chromatog 
raphy (Solvent: ethyl acetate:methanol:27% aqueous ammo 
nia) to yield the title compound (faint brown crystals, 460 
mg, 74.9%). 

Example 20 
Final Step 

1014 Synthesis was performed in the same manner as the 
final Step of Example 3 to yield the target compound as a 
yellow solid. 

Example 21 
2-2-(8-tert-Butyl-4-methyl-3,4-dihydro-2H-benzo 
1,4oxazin-6-yl)-2-oxo-ethyl-6-ethoxy-3-imino-2, 

3-dihydro-1H-isoindole-5-carboxylic acid methyla 
mide hydrobromide 

1016 

(Step 1) 1-3-(tert-Butyl)-4-(methoxymethoxy)-5- 
nitrophenyl-1-ethanone 

1017 

N1 N. 

NO2 
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1018) Diisopropylethylamine (65 ml, 373 mmol) was 
added to a solution of 1-3-(tert-butyl)-4-hydroxy-5-nitro 
phenyl)-1-ethanone (58.6 g., 247 mmol) in tetrahydrofuran 
(350 ml) under a nitrogen atmosphere while cooling on ice, 
and then chloromethyl methyl ether (24.5 ml, 322 mmol) 
was added dropwise. After Stirring at the same temperature 
for 30 minutes, ice water (250 ml) was added and extraction 
was performed twice with ethyl acetate. The organic layer 
was washed with 1 N hydrochloric acid water, water, Satu 
rated acqueous Sodium hydrogencarbonate and brine in that 
order. The organic layer was dried over anhydrous magne 
sium Sulfate and then the solvent was distilled off under 
reduced pressure to yield the title compound (69.4g, 99.9% 
yield) as a light brown oil. This was used without purifica 
tion for the following reaction. 
1019 1H-NMR(CDC13)8(ppm) 1.42(9H,s), 2.59(3Hs), 
8.08(1H.d.J=2.0 Hz), 8.45(1H.d.J=2.0 Hz), 11.25(1Hs). 

(Step 2) 1-3-Amino-5-(tert-butyl)-4-(meth 
oxymethoxy)phenyl)-1-ethanone 

1020 

O 

1021 After adding 10% palladium-carbon (50% wet) (14 
g) to a solution of the 1-3-(tert-butyl)-4-(meth 
oxymethoxy)-5-nitrophenyl)-1-ethanone (69.4 g, 247 
mmol) in toluene (280 ml) at room temperature, the mixture 
was hydrogenated for 7 hours under normal pressure. The 
10% palladium-carbon was removed by celite filtration and 
the solvent was distilled off under reduced pressure. The 
residue was recrystallized from hexane to yield the title 
compound (54.0 g, 87.1% yield) as light green granular 
crystals. 
1022) 1H-NMR(CDCl3)6(ppm) 1.35(9H,s), 2.46(3H.S), 
3.57(3H,s), 5.01(2H,s), 5.13(2H,s), 7.14(Ih.d.J=2.0 Hz), 
7.27(1H.d.J-2.0 Hz). 

(Step 3) N1-(5-Acetyl-3-(tert-butyl)-2-(meth 
oxymethoxy)phenyl)acetamide 

1023) 

N1 N. 

NH 

O 1s O 

1024 Triethylamine (60 ml, 430 mmol) was added to a 
solution of the 1-3-amino-5-(tert-butyl)-4-(meth 
oxymethoxy)phenyl)-1-ethanone (53.9 g, 215 mmol) in tet 
rahydrofuran (270 ml) while cooling on ice under a nitrogen 
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atmosphere and then acetyl chloride (23 ml, 323 mmol) was 
added dropwise. After Stirring at the same temperature for 10 
minutes, the mixture was stirred at room temperature for 30 
minutes. The solvent was distilled off under reduced pres 
Sure, water was added to the residue and then extraction was 
performed with ethyl acetate. The organic layer was washed 
with 1 N hydrochloric acid water, water, Saturated aqueous 
Sodium hydrogencarbonate and brine in that order. After 
drying with anhydrous magnesium Sulfate, the Solvent was 
distilled off under reduced pressure. The residue was recrys 
tallized from ethyl acetate-hexane to yield the title com 
pound (56.2 g, 89.3% yield) as light brown needle-like 
crystals. 

(Step 4) N1-(5-Acetyl-3-(tert-butyl)-2-hydroxyphe 
nyl)acetamide 

1025) 

OH 

NH 

O 1s O 

1026 Chlorotrimethylsilane (36.5 ml, 288 mmol) was 
added dropwise to a solution of the N1-(5-acetyl-3-(tert 
butyl)-2-(methoxymethoxy)phenyl)acetamide (56.2 g, 192 
mmol) and sodium iodide (43.1 g, 288 mmol) in tetrahy 
drofuran (300 ml) under a nitrogen atmosphere while cool 
ing on ice, and then the mixture was stirred at the same 
temperature for 10 minutes and at room temperature for 1 
hour. The reaction mixture was poured into a Saturated 
aqueous sodium hydrogencarbonate (400 ml)-ice (300 ml) 
mixed Solvent while Stirring. Following extraction twice 
with ethyl acetate, the organic layer was washed with 
Saturated aqueous Sodium hydrogencarbonate and brine in 
that order. After drying over anhydrous magnesium Sulfate, 
the solvent was distilled off under reduced pressure. The 
residue was recrystallized from ethyl acetate-n-hexane to 
yield the title compound (first crystallization=30.5g, Second 
crystallization=3.55 g, 71.3% yield) as white needle-like 
crystals. 
1027 1H-NMR(CDC13)6(ppm) 1.39(9Hs), 2.13(3H,s), 
2.49(3H,s), 7.66(1H.d.J=2.0 Hz), 7.68(1H.d.J=2.0 Hz), 
10.04(1H,s), 10.24(1Hs). 

(Step 5) 1-4-Acetyl-8-(tert-butyl)-3,4-dihydro-2H 
1,4-benzoxazin-6-yl)-1-ethanone 

1028) 
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1029 Potassium carbonate (113g, 818 mmol) and 1,2- 
dibromoethane (64.1 g,341 mmol) were added to a solution 
of the N1-(5-acetyl-3-(tert-butyl)-2-hydroxyphenyl)aceta 
mide (34.0 g, 137 mmol) in dimethylformamide (280 ml) 
under a nitrogen atmosphere, and then the mixture was 
stirred at 70° C. for 17 hours. The Solvent was distilled off 
under reduced preSSure, ethyl acetate was added to the 
residue and the mixture was washed with water (3 times) and 
brine in that order. After drying over anhydrous magnesium 
Sulfate, the Solvent was distilled off under reduced pressure 
to yield the title compound (36.9 g, 98.1% yield) as light red 
crystals. These were used without purification for the fol 
lowing reaction. 

(Step 6) 1-8-(tert-Butyl)-3,4-dihydro-2H-1,4-ben 
Zoxazin-6-yl)-1-ethanone 

co 
1032. After adding 6 N aqueous sodium hydroxide (180 
ml,900 mmol) to a solution of the 1-4-acetyl-8-(tert-butyl)- 
3,4-dihydro-2H-1,4-benzoxazin-6-yl)-1-ethanone (36.8 g. 
134 mmol) in methanol (360 ml) under a nitrogen atmo 
sphere, the mixture was stirred at 70° C. for 40 minutes. The 
methanol was distilled off under reduced pressure, and the 
precipitated crystals were filtered out and dried under 
reduced pressure to yield the title compound (30.6 g., 98.1% 
yield) as bright golden yellow crystals. 

1031) 

(Step 7) 1-8-(tert-Butyl)-4-methyl-3,4-dihydro-2H 
1,4-benzoxazin-6-yl)-1-ethanone 

1034) 

D 
O 

1035 Potassium carbonate (2.43 g, 17.6 mmol) and 
methyl iodide (1.3 ml, 20.9 mmol) were added to a solution 
of the 1-8-(tert-butyl)-3,4-dihydro-2H-1,4-benzoxazin-6- 
yl)-1-ethanone (3.73 g, 16.0 mmol) in dimethylformamide 
(35 ml) under a nitrogen atmosphere, and the mixture was 
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Stirred at room temperature for 1 day. The Solvent was 
distilled off under reduced pressure, ethyl acetate was added 
to the residue and the mixture was washed with water 
(twice) and brine in that order. After drying over anhydrous 
magnesium Sulfate, the Solvent was distilled off under 
reduced preSSure. The residue was Subjected to Silica gel 
chromatography (Wakogel-C200, 60 g) and then fraction 
ated with 2% ethyl acetate-toluene to yield the title com 
pound (2.61 g, 66.0% yield) as bright golden yellow crys 
tals. 

(Step 8) 2-Bromo-1-8-(tert-butyl)-4-methyl-3,4- 
dihydro-2H-1,4-benzoxazin-6-yl)-1-ethanone 

1037) 

D 
O 

Br 

1038 A solution of the 1-8-(tert-butyl)-4-methyl-3,4- 
dihydro-2H-1,4-benzoxazin-6-yl)-1-ethanone (2.61 g, 10.6 
mmol) and tetra-n-butylammonium tribromide (6.62g, 13.7 
mmol) in acetic acid was stirred at room temperature for 3.5 
hours under a nitrogen atmosphere, and then n-butylammo 
nium tribromide (1.02 g, 2.12 mmol) was added and stirring 
was continued for 45 minutes. After distilling off the solvent 
under reduced preSSure, ethyl acetate was added to the 
residue and the mixture was washed with Saturated aqueous 
Sodium hydrogencarbonate (twice) and brine in that order. It 
was then dried over anhydrous magnesium Sulfate, and the 
solvent was distilled off under reduced pressure. The residue 
was Subjected to Silica gel chromatography (Wakogel-C200, 
80 g) and fractionated with hexane-toluene (1:3) to yield the 
title compound (977 mg, 28.4% yield) as bright golden 
yellow crystals. 

Example 21 
Final Step 

1040. A solution of 3-amino-6-ethoxy-1H-5-isoindole 
carboxamide (13 mg, 0.056 mmol) and the 2-bromo-1-8- 
(tert-butyl)-4-methyl-3,4-dihydro-2H-1,4-benzoxazin-6-yl)- 
1-ethanone (22 mg, 0.067mmmol) in dimethylformamide (1 
ml) was stirred at 50° C. for 19 hours under a nitrogen 
atmosphere. The solvent was distilled off under reduced 
preSSure, and the residue was crystallized from acetonitrile 
to yield the target compound (19 mg, 61% yield) as bright 
golden yellow crystals. 
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Example 22 

6-2-(3,5-Di-tert-butyl-4-hydroxy-phenyl)-2-oxo 
ethyl-3-ethoxy-7-imino-6,7-dihydro-5H-pyrrolo3, 
4-bpyridine-2-carboxylic acid methylamide hydro 

chloride 

1042 
O 

NHoHCI 

N 
N N n 

H N 

O 2 OH 

O 

(Step 1) 6-Bromonicotinic acid 
1043) 

Br N 
N 

21 
CO2H 

1044. After dissolving 2-bromo-5-picoline (100 g, 0.291 
mol) in 1000 ml of water, Aliquat336 (2 ml) was added, and 
then potassium permanganate (251 g, 0.797 mol) was gradu 
ally added over a period of 1 hour and 30 minutes while 
stirring at 110° C. This mixture was further stirred for an 
hour, the reaction mixture was filtered through celite without 
cooling and washed with water, and the filtrate was concen 
trated to approximately half Volume under reduced pressure. 
After adding 48% hydrobromic acid (-300 ml), the precipi 
tated crystals were filtered, washed with water and dried to 
yield the title compound (white crystals 52 g., 44%). 
1045 H-NMR(CDC13)8(ppm) 7.64(1H.d.J=8.0 Hz), 
8.08(1H.d.J=8.0 Hz), 9.03(1Hs). 

(Step 2) (6-Bromo-3-pyridyl)methanol 

1046) 
Br 

D 
OH 

1047. After dissolving 6-bromonicotinic acid (65.7 g, 
0.325 mol) in tetrahydrofuran (1600 ml), triethylamine (54 
ml, 0.39 mol) and ethyl chloroformate (32.6 ml, 0.341 mol) 
were added while stirring on ice. The mixture was stirred for 
20 minutes while cooling on ice, and the white crystals 
which precipitated upon filtration were removed and washed 
with tetrahydrofuran. The filtrate was stirred while cooling 
on ice, and an aqueous Solution (211 ml) of Sodium boro 
hydride (18.4g, 0.488 mol) was gradually added dropwise 
over a period of 30 minutes. After continued stirring for 1 
hour and 20 minutes while cooling on ice, 800 ml of water 
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was added and extraction was performed with ethyl acetate 
(600 mlx2), and then after washing the combined organic 
layers with brine (300 ml) and drying over anhydrous 
magnesium Sulfate, the Solvent was distilled off under 
reduced pressure to yield the title compound (45.5 g, 
74.5%). This was used without further purification for the 
following reaction. 
1048) 1H-NMR(CDC13)6(ppm) 4.70(2H,s), 7.46(1H,d, 
J=8.0 Hz), 7.59(1H.d.J=8.0 Hz), 8.34(1H,brs). 

(Step 3) (6-Bromo-3-pyridyl)methyl (1-(tert-butyl)- 
1,1-diphenylsilyl ether 

1049) 
Br N 

n 

21 

OTBDPS 

1050. After dissolving the (6-bromo-3-pyridyl)methanol 
(45.5 g., 0.242 mol) in dimethylformamide (500 ml), tert 
butyl diphenylsilyl chloride (69 ml, 0.266 mol) and imida 
zole (18 g., 0.264 mol) were added while stirring at room 
temperature. The mixture was stirred at room temperature 
for an additional 17 hours, 500 ml of water was added and 
extraction was performed with diethyl ether (500 mlx2), and 
then after Washing the combined organic layers with brine 
(500 ml) and drying over anhydrous magnesium Sulfate, the 
solvent was distilled off under reduced pressure. The residue 
was purified by Silica gel column chromatography (Solvent: 
n-hexane-ethyl acetate) to yield the title compound (light 
yellow syrup, 76.9 g, 74.3%). 
1051 H-NMR(CDC13)8(ppm) 1.08(9Hs), 4.71(2H,s), 
7.34-7.47(6H.m), 7.52(1H.d.J=8.0 Hz), 7.65(4H.d.J-8.0 
Hz), 7.71 (1H.d.J=8.0 Hz), 8.29(1Hs). 

(Step 4) 5-(1-(tert-Butyl)-1,1-diphenylsilyl 
oxymethyl)-2-pyridinecarbaldehyde 

1052 
CHO N 

n 

21 

OTBDPS 

1053 After dissolving (6-bromo-3-pyridyl)methyl 
1-(tert-butyl)-1,1-diphenylsilyl ether (119 g, 0.279 mol) in 
tetrahydrofuran (1400 ml), n-butyllithium (1.5 M n-hexane 
solution, 195 ml, 0.293 mol) was added dropwise at -70° C. 
while stirring for a period of 30 minutes. The mixture was 
stirred for an additional 40 minutes at -70° C., N-formyl 
morpholine (56.1 ml, 0.558 mol) was added all at once, 
Stirring was continued for 90 minutes, and then Saturated 
aqueous ammonium chloride (700 ml) was added and the 
temperature was raised to room temperature. Extraction was 
performed with ethyl acetate (600 mlx2), and then after 
washing the combined organic layers with brine (500 ml) 
and drying over anhydrous magnesium Sulfate, the Solvent 
was distilled off under reduced pressure. The residue was 












































































































































































































































































































































































































































