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(57) ABSTRACT 
An anti-HIV agent containing, as an active ingredient, a 
4-oxoquinoline compound represented by the following for 
mula II 

R31 O O 

N OR2 

X 2 Ny 

R1 

wherein each symbol is as defined in the specification, or a 
pharmaceutically acceptable salt thereof. The compound of 
the present invention has HIV integrase inhibitory action and 
is useful as an anti-HIV agent for the prophylaxis or therapy 
of AIDS. Moreover, by a combined use with other anti-HIV 
agents such as protease inhibitors, reverse transcriptase 
inhibitors and the like, the compound can become a more 
effective anti-HIV agent. Since the compound has high 
inhibitory activity specific for integrases, it can provide a safe 
pharmaceutical agent with a fewer side effects for human. 
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4-OXOQUINOLINE COMPOUND AND USE 
THEREOFAS PHARMACEUTICAL AGENT 

TECHNICAL FIELD 

0001. The present invention relates to a novel 4-oxoquino 
line compound useful as an anti-HIV agent and a pharmaceu 
tically acceptable salt thereof. The present invention also 
relates to a novel use of a certain 4-oxoquinoline compound 
and a pharmaceutically acceptable salt thereof as anti-HIV 
agents. More particularly, the present invention relates to an 
anti-HIV agent containing a 4-oxoquinoline compound that 
particularly shows an anti-HIV action based on an integrase 
inhibitory activity thereof, or a pharmaceutically acceptable 
salt thereof. 

BACKGROUND ART 

0002 HIV (Human Immunodeficiency Virus (type 1)) 
belonging to retrovirus is a causative virus of AIDS (Acquired 
Immunodeficiency Syndrome). 
0003 HIV targets CD4 positive cell groups such as helper 
T cell, macrophage and dendritic cell and destroys these 
immunocompetent cells to cause immunodeficiency. 
0004. Accordingly, a pharmaceutical agent that eradicates 
HIV in the body or suppresses its growth is effective for the 
treatment or prophylaxis of AIDS. 
0005 HIV possesses a bimolecular RNA gene in a core 
protein, and which is covered with an envelope protein. The 
RNA codes for several enzymes (protease, reverse tran 
Scriptase, integrase) characteristic of the virus and the like, 
and has translated reverse transcriptase and integrase in the 
core, as well as protease inside and outside the core. 
0006 HIV attaches to and invades a host cell, causes 
uncoating, and releases a complex of RNA and integrase, and 
the like into the cytoplasm. From the RNA, DNA is tran 
scribed by reverse transcriptase, and a full length double 
stranded DNA is produced. The DNA is imported into the 
nucleus of the host cell and integrated by integrase into the 
DNA of the host cell. The integrated DNA is converted to an 
mRNA by polymerase of the host cell, from which mRNA 
various proteins necessary for forming a virus are synthesized 
by HIV protease and the like, and a virus particle is finally 
formed, which then undergoes budding and its release. 
0007. These virus specific enzymes are considered to be 
essential for the growth of HIV. These enzymes are drawing 
attention as the target of the development of antiviral agents, 
and several anti-HIV agents have been already developed. 
0008 For example, zidovudine, didanosine, lamivudine 
and the like have been already on the market as reverse 
transcriptase inhibitors, and indinavir, nelfinavir and the like 
as protease inhibitors. 
0009. In addition, a multiple drug combination therapy 
concurrently using these pharmaceutical agents has been 
employed. For example, a combined use of two reverse tran 
Scriptase inhibitors (Zidovudine and didanosine), and a com 
bined use of three agents of reverse transcriptase inhibitors 
(zidovudine and lamivudine) and a protease inhibitor (nelfi 
navir) and the like have been clinically applied. Such multiple 
drug combination therapy is becoming a mainstream of AIDS 
therapy (see, e.g., Guidelines for the Use of Antiretroviral 
Agents in HIV-Infected Adults and Adlescent. Aug. 13, 
2001). 
0010. However, some of these pharmaceutical agents are 
known to cause side effects such as liver function failure, 
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central nervous disorders (e.g., vertigo), and the like. In addi 
tion, acquisition of resistance to a pharmaceutical agent 
causes a problem. Even worse, emergence of an HIV that 
shows multiple drug resistance in a multiple drug combina 
tion therapy has been known. 
0011 Under the circumstances, a further development of a 
novel pharmaceutical agent, particularly a development of an 
anti-HIV agent based on a new mechanism, has been desired, 
wherein a development of an anti-HIV agent having an inte 
grase inhibitory activity is expected, because an integrase 
characteristic of retrovirus is an essential enzyme for the 
growth of HIV. 
0012 Nevertheless, an effective integrase inhibitor has not 
been found as yet. 
0013 Known compounds comparatively similar to the 
anti-HIV agent of the present invention are described in the 
following. 

(0014 WO02/0704865 describes the following com 
pounds A, B and the like as anti-HIV agents having an 
integrase inhibitory activity (see WO02/0704865 p. 118, 
Example I-62, p. 203, Example I-152). 

Compound A 

21 OEt 

CO2H 

Compound B 

F 
O N-N 

U-C Sirr Me 

-( N 
M/ H 

(0015. In addition, WO02/36734 describes the following 
compound C and the like as anti-HIV agents having an 
integrase inhibitory activity (see WO02/36734, p. 106, Ex. 3). 

Compound C 

OH O 

N 

N 

Me 

(0016. Moreover, WO02/55079 describes the following 
compound D and the like as anti-HIV agents having an 
integrase inhibitory activity (see WO02/055079, p. 79, Ex. 1). 
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Compound D 

OH O 

21N N N 

N 2N 

0017. However, these publications do not include the 
4-oxoquinoline compound disclosed in the present specifica 
tion, or any description suggestive thereof. 
0018. The compounds comparatively similar to the com 
pound of the present invention are described in the following. 
0019 U.S. Pat. No. 3,472,859 describes the following 
compound E and the like as antibacterial agents or antimi 
crobial agents (see U.S. Pat. No. 3,472.859, column 11, line 
10). 

Compound El 

0020. In addition, JP-A-48-26772 describes the following 
compound F and the like as compounds having an antibac 
terial as activity (see, e.g., JP-A-48-26772, p. 6. Example 9: 
KYUSHU KYORITSU UNIVERSITY, Memoirs Depart 
ment of Engineering, No. 14, pp. 21-32, March 1990; Mem 
oirs Kyushu Inst. Tech. (Eng.) No. 14, pp. 13-16, 1984). 

Compound Fl 

0021. As dehydrogenase inhibitors, moreover, the follow 
ing compound G and the like have been pharmacologically 
evaluated (see Journal of Medicinal Chemistry, table 1, Vol. 
15, No. 3, pp. 235-237, 1972). 

Compound G 
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(0022. In addition, JP-A-2002-534416 (patent family: 
WO00/40561, U.S. Pat. No. 6,248,739, EP1140850) 
describes the following compound H and the like as Syn 
thetic intermediates for compounds having an antiviral activ 
ity (see JP-A-2002-534416, p. 141, compound 60). 

Compound H 

1N 

0023 JP-A-2002-534417 (patent family: WO00/40563, 
U.S. Pat. No. 6,248,736, EP1140851) also describes the fol 
lowing compound J and the like as synthetic intermediates 
for compounds having an antiviral activity (see JP-A-2002 
534417, p. 34, compound 18). 

Compound J 

(0024 Moreover, WO01/98275 (patent family: US2001/ 
103220) also describes the following compound K and the 
like as synthetic intermediates for compounds having an anti 
viral activity (see WO01/98275, p. 39, line 29). 

Compound K 

O O 

r O 1n 
su N 

(0025. Furthermore, JP-A-4-360872 (patent family: U.S. 
Pat. No. 5,985,894, EP498721B1) describes the following 
compound IL) and the like as compounds having an antago 
nistic action againstanti-angiotensin II receptor (see JP-A-4- 
360872, p. 64, Table 1)). 
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Compound L 

OH 

DISCLOSURE OF THE INVENTION 

0026. From the findings based on the pharmacological 
researches and clinical results obtained so far, an anti-HIV 
agent is effective for the prophylaxis of the onset of AIDS and 
the treatment thereof, and particularly a compound having an 
integrase inhibitory action can provide an effective anti-HIV 
agent. 
0027. It is therefore an object of the present invention to 
provide a pharmaceutical agent having an anti-HIV action, 
particularly a pharmaceutical agent having an integrase 
inhibitory action. 
0028. The present inventors have conducted intensive 
studies in an attempt to find a compound having an anti-HIV 
action, particularly a compound having an integrase inhibi 
tory action, and completed the present invention. 
0029. Accordingly, the present invention is shown in the 
following (1) to (41). 
(1) An anti-HIV agent containing a 4-oxoquinoline com 
pound represented by the following formula II or a pharma 
ceutically acceptable salt thereof as an active ingredient: 

R31 O O 

N OR2 

X - 2 Ny N 

k 
wherein 
0030 ring Cy is a Cocarbon ring group optionally sub 
stituted by 1 to 5 substituents selected from the following 
group A or a heterocyclic group optionally Substituted by 1 
to 5 substituents selected from the following group A 
0031 wherein the heterocyclic group is a saturated or 
unsaturated ring containing, besides carbon atom(s), at 
least one heteroatom selected from a nitrogen atom, an 
oxygen atom and a Sulfur atom, group A is a group 
consisting of cyano group, phenyl group, nitro group, 
halogen atom, C alkyl group, halo C. alkyl group, 
halo Calkyloxy group, OR', SR', NR'R'', 
CONR'R'', SONR'R'', COR, 

Jun. 25, 2015 

NRCOR', SOR, NRSO.R., 
COOR and NRCOOR2 

0032 wherein R'' and Rare the same or different 
and each is hydrogenatom, Calkyl group or benzyl 
group and R is C, alkyl group; 

I0033 R' is a substituent selected from the following group 
R or a Co alkyl group optionally Substituted by 1 to 3 
Substituents selected from halogenatom and the following 
group B 
0034 wherein group B is a group consisting of Co 
carbon ring group optionally Substituted by 1 to 5 Sub 
stituents selected from the above-mentioned group A, 
heterocyclic group (as defined above) optionally substi 
tuted by 1 to 5 substituents selected from the above 
mentioned group A, OR. - SR", NR'R'', 
CONR'R'', SONR'R'', COR, 
N*COR, SOR, NRSOR, COOR* 

and NRCOOR." 

0035 wherein R* and Rare the same or different 
and each is hydrogenatom, C as alkyl group, Cao 
carbon ring group optionally Substituted by 1 to 5 
substituents selected from the above-mentioned 
group A or heterocyclic group (as defined above) 
optionally substituted by 1 to 5 substituents selected 
from the above-mentioned group A, and R" is Ca 
alkyl group, Co carbon ring group optionally Sub 
stituted by 1 to 5 substituents selected from the above 
mentioned group A or heterocyclic group (as defined 
above) optionally substituted by 1 to 5 substituents 
selected from the above-mentioned group A: 

0.036 
I0037 R is a hydrogen atom, a cyano group, a hydroxy 

group, an amino group, a nitro group, a halogen atom, a 
Calkyl group, a Calkoxy group, a C alkylsulfanyl 
group, a halo Cia alkyl group or a halo Cia alkyloxy 
group; 

R is a hydrogen atom or a C- alkyl group; 

0038 X is a C R' or a nitrogen atom; and 9. 
0039 Y is a C R or a nitrogen atom 9. 

0040 wherein R and Rare the same or different and 
each is hydrogen atom, cyano group, nitro group, halo 
genatom, Co carbon ring group optionally Substituted 
by 1 to 5 substituents selected from the above-mentioned 
group A, heterocyclic group (as defined above) option 
ally substituted by 1 to 5 substituents selected from the 
above-mentioned group A or Co alkyl group option 
ally substituted by 1 to 3 substituents selected from 
halogen atom and the above-mentioned group B, 
OR7, SR 7, NR7R, NR7COR, 
COOR or N CH NR'R''' 

0041 wherein R7 and Rare the same or different 
and each is hydrogen atom, group B or Co alkyl 
group optionally substituted by 1 to 3 substituents 
selected from halogenatom and the above-mentioned 
group B, R is Calkyl group, andR'' andR'' are 
the same or different and each is hydrogen atom or 
C. alkyl group. 

(2) The anti-HIV agent of the above-mentioned (1), wherein 
X is C. R* and Y is C R. 

(3) The anti-HIV agent of the above-mentioned (1), wherein 
ring Cy is 
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R4 

R 
N 

S-(4 
wherein 
I0042 R and Rare the same or different and each is a 

substituent selected from the following group A 
0043 wherein group A is a group consisting of cyano 
group, phenyl group, nitro group, halogen atom, Ca 
alkyl group, halo C alkyl group, halo C alkyloxy 
group, OR', SR'', NR'R'', CONR'R'', 
SONR'R'', COR', NRCOR', SOR', 
NR'SO.R., COOR and NRCOOR 

0044) wherein R'' and Rare the same or different 
and each is hydrogenatom, Calkyl group or benzyl 
group and R is C, alkyl group; 

I0045 R is a substituent selected from hydrogenatom and 
group A, and RandR may formafused ring together with 
a benzene ring they substitute; and 

004.6 m is 0 or an integer of 1 to 3, and when m is 2 or 3, 
then R of each m may be the same or different. 

(4) The anti-HIV agent of the above-mentioned (1), wherein 
R is a hydrogen atom. 
(5) A 4-oxoquinoline compound represented by the following 
formula III or a pharmaceutically acceptable salt thereof: 

II) 

wherein 
0047 R and Rare the same or different and each is a 
substituent selected from the following group A 
0048 wherein group A is a group consisting of cyano 
group, phenyl group, nitro group, halogen atom, Ca 
alkyl group, halo C alkyl group, halo C alkyloxy 
group, OR', SR'', NR'R'', CONR'R'', 
SONR'R'', COR, NRCOR', SOR', 
NRSO.R., COOR and NR-COOR. 

0049 wherein R'' and R' are the same or different 
and each is hydrogenatom, Calkyl group or benzyl 
group and R is C. alkyl group; 

I0050 as R is a substituent selected from hydrogen atom 
and the above-mentioned group A, and RandR may form 
a fused ring together with a benzene ring they substitute; 

0051 m is 0 or an integer of 1 to 3, and when m is 2 or 3, 
then R of each m may be the same or different; 

I0052) R' is a substituent selected from the following group 
B or a Co alkyl group optionally substituted by 1 to 3 
Substituents selected from halogenatom and the following 
group B 
0053 wherein group B is a group consisting of Co 
carbon ring group optionally Substituted by 1 to 5 Sub 
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stituents selected from the above-mentioned group A, 
heterocyclic group (wherein the heterocyclic group is a 
Saturated or unsaturated ring containing, besides carbon 
atom(s), at least one heteroatom selected from a nitrogen 
atom, an oxygen atom and a sulfur atom as defined 
above) optionally substituted by 1 to 5 substituents 
selected from the above-mentioned group A, —OR', 
SR', NR'R's, CONR'R's, SONR'R's, 
COR, NRCOR, SOR, NR'SOR, 
COOR and NRCOOR 

0054 wherein R* and Rare the same or different 
and each is hydrogen atom, C. alkyl group, Cao 
carbon ring group optionally Substituted by 1 to 5 
substituents selected from the above-mentioned 
group A or heterocyclic group (as defined above) 
optionally substituted by 1 to 5 substituents selected 
from the above-mentioned group A, and R" is Ca 
alkyl group, Co carbon ring group optionally sub 
stituted by 1 to 5 substituents selected from the above 
mentioned group A or heterocyclic group (as defined 
above) optionally substituted by 1 to 5 substituents 
selected from the above-mentioned group A: 

I0055) R' is a hydrogen atom, a cyano group, a hydroxy 
group, an amino group, a nitro group, a halogen atom, a 
Calkyl group, a Calkoxy group, a C alkylsulfanyl 
group, a halo Cia alkyl group or a halo Cia alkyloxy 
group; and 

0056 R2 and R 
0057 are the same or different and each is a hydrogen 
atom, a cyano group, a nitro group, a halogen atom, a 
Clo carbon ring group optionally substituted by 1 to 5 
Substituents selected from the above-mentioned group 
A, a heterocyclic group (as defined above) optionally 
substituted by 1 to 5 substituents selected from the 
above-mentioned group A, Co alkyl group optionally 
substituted by 1 to 3 substituents selected from halogen 
atom and the above-mentioned group B, OR', SR', 
NR7R, NR7COR, COOR0 or 

- N -CH NR loRal 
0058 wherein R7 and Rare the same or different 
and each is hydrogen atom, group B or Co alkyl 
group optionally substituted by 1 to 3 substituents 
selected from halogenatom and the above-mentioned 
group B. R is Calkyl group, and R'' and R'' are 
the same or different and each is hydrogen atom or 
C. alkyl group. 

(6) The 4-oxoquinoline compound of the above-mentioned 
(5), wherein R is a hydrogenatom, a cyano group, a hydroxy 
group or a C alkoxy group, or a pharmaceutically accept 
able salt thereof. 
(7) The 4-oxoquinoline compound of the above-mentioned 
(6), wherein R is a hydrogen atom, or a pharmaceutically 
acceptable salt thereof. 
(8) The 4-oxoquinoline compound of the above-mentioned 
(5), wherein 

RandR 

0059 are the same or different and each is a hydrogen 
atom, a cyano group, a halogen atom, a heterocyclic 
group optionally substituted by 1 to 5 substituents 
Selected from the following group A 
0060 wherein the heterocyclic group is a saturated or 
unsaturated ring containing, besides carbon atom(s), 
at least one heteroatom selected from a nitrogenatom, 
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an oxygen atom and a sulfur atom and group A is a 
group consisting of cyano group, phenyl group, nitro 
group, halogenatom, Calkyl group, halo Calkyl 
group, halo C, alkyloxy group, —OR', SR', 
NR'R'', CONR'R', SONR'R'', 
COR, NRCOR, SOR, 
NR'SOR, COOR and Na’COOR 

0061 wherein R'' and R' are the same or different 
and each is hydrogenatom, Calkyl group or benzyl 
group and R is C. alkyl group, 

0062) a Co alkyl group optionally substituted by 1 to 
3 substituents selected from halogen atom and the fol 
lowing group B 
0063 wherein group B is a group consisting of Co 
carbon ring group optionally Substituted by 1 to 5 
substituents selected from the above-mentioned 
group A, heterocyclic group (as defined above) 
optionally substituted by 1 to 5 substituents selected 
from the above-mentioned group A, —OR', SR', 
NR'R's, CONR'R's, SONR'R'', 
COR, NR“COR, SOR, 
NRSOR, COOR and NRCOOR 

0064 wherein R* and Rare the same or different 
and each is hydrogen atom, C. alkyl group, Cao 
carbon ring group optionally Substituted by 1 to 5 
substituents selected from the above-mentioned 
group A or heterocyclic group (as defined above) 
optionally substituted by 1 to 5 substituents selected 
from the above-mentioned group A, and R" is Ca 
alkyl group, Co carbon ring group optionally Sub 
stituted by 1 to 5 substituents selected from the above 
mentioned group A or heterocyclic group (as defined 
above) optionally substituted by 1 to 5 substituents 
selected from the above-mentioned group A, 

0065 OR7, SR 7, NR7R, NR7COR, 
COOR or N-CH NROR 

0066 wherein R7 and Rare the same or different 
and each is hydrogen atom, group B or Co alkyl 
group optionally substituted by 1 to 3 substituents 
selected from halogenatom and the above-mentioned 
group B, R is Calkyl group, andR'' andR'' are 
the same or different and each is hydrogen atom or 
Calkyl group, 

or a pharmaceutically acceptable salt thereof. 
(9) The 4-oxoquinoline compound of the above-mentioned 
(5), wherein 
I0067 R is a hydrogen atom, a cyano group, a halogen 

atom, a Co alkyl group optionally substituted by 1 to 3 
Substituents selected from halogenatom and the following 
group B 
0068 wherein group B is a group consisting of Co 
carbon ring group optionally Substituted by 1 to 5 Sub 
stituents selected from the above-mentioned group A, 
heterocyclic group (wherein the heterocyclic group is a 
Saturated or unsaturated ring containing, besides carbon 
atom(s), at least one heteroatom selected from a nitrogen 
atom, an oxygen atom and a Sulfur atom) optionally 
substituted by 1 to 5 substituents selected from the 
above-mentioned group A, —OR', SR', 
NR-Ras, CONR'R's, SONR'R's, 
COR, NRCOR, SOR, NRSOR, 
COOR and NRCOOR 

0069 wherein R* and Rare the same or different 
and each is hydrogen atom, C. alkyl group, Cao 
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carbon ring group optionally Substituted by 1 to 5 
substituents selected from the above-mentioned 
group A or heterocyclic group (as defined above) 
optionally substituted by 1 to 5 substituents selected 
from the above-mentioned group A, and R" is Ca 
alkyl group, Co carbon ring group optionally to 
substituted by 1 to 5 substituents selected from the 
above-mentioned group A or heterocyclic group (as 
defined above) optionally substituted by 1 to 5 sub 
stituents selected from the above-mentioned group A, 

0070 OR7, SR 7, NR7R, NR7COR or 
COOR 

(0071 wherein R7 and Rare the same or different 
and each is hydrogen atom, group B or Co alkyl 
group optionally substituted by 1 to 3 substituents 
selected from halogenatom and the above-mentioned 
group B, R' is C, alkyl group, and R' is hydrogen 
atom or C. alkyl group, 

or a pharmaceutically acceptable salt thereof. 
(10) The 4-oxoquinoline compound of the above-mentioned 
(9), wherein R is a hydrogen atom, OR7 or - NR'R'' 
wherein R'' and R* are the same or different and each is 
hydrogenatom, group B or Co alkyl group optionally Sub 
stituted by 1 to 3 substituents selected from halogenatom and 
the above-mentioned group B, or a pharmaceutically accept 
able salt thereof. 
(11) The 4-oxoquinoline compound of the above-mentioned 
(8), wherein 
(0072 R is a hydrogenatom, a Coalkyl group option 

ally substituted by 1 to 3 substituents selected from halo 
gen atom and the following group B 
0073 wherein group B is a group consisting of Co 
carbon ring group optionally Substituted by 1 to 5 Sub 
stituents selected from the above-mentioned group A, 
heterocyclic group (wherein the heterocyclic group is a 
Saturated or unsaturated ring containing, besides carbon 
atom(s), at least one heteroatom selected from a nitrogen 
atom, an oxygen atom and a Sulfur atom) optionally 
substituted by 1 to 5 substituents selected from the 
above-mentioned group A, -OR', SR, NR'R'', 
CONR'R5, SONR'R'', COR, 
NRCOR, SOR, NRSOR, 
COOR and NRCOOR 

0074 wherein R* and Rare the same or different 
and each is hydrogen atom, C. alkyl group, Cao 
carbon ring group optionally Substituted by 1 to 5 
substituents selected from the above-mentioned 
group A or heterocyclic group (as defined above) 
optionally substituted by 1 to 5 substituents selected 
from the above-mentioned group A, and R' is Ca 
alkyl group, Co carbon ring group optionally Sub 
stituted by 1 to 5 substituents selected from the above 
mentioned group A or heterocyclic group (as defined 
above) optionally substituted by 1 to 5 substituents 
selected from the above-mentioned group A, 

0075 OR7 or NR7R 
0076 wherein R7 and Rare the same or different 
and each is hydrogen atom, group B or Co alkyl 
group, optionally substituted by 1 to 3 substituents 
selected from halogenatom and the above-mentioned 
group B, 

or a pharmaceutically acceptable salt thereof. 
(12) The 4-oxoquinoline compound of the above-mentioned 
(11), wherein 
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0.077 R is a hydrogenatom, OR7 or NR'R'' 
(0078 wherein R7 and Rare the same or different and 
each is hydrogen atom, group B or Co alkyl group 
optionally substituted by 1 to 3 substituents selected 
from halogen atom and the above-mentioned group B, 

or a pharmaceutically acceptable salt thereof. 
(13) The 4-oxoquinoline compound of any of the above 
mentioned (8) to (12), wherein 

R7 and R' 

0079 are the same or different and each is a Co alkyl 
group optionally substituted by 1 to 3 substituents 
Selected from halogen atom and the following group B 
wherein group B is a group consisting of Cso carbon 
ring group optionally Substituted by 1 to 5 substituents 
Selected from the above-mentioned group A, heterocy 
clic group (wherein the heterocyclic group is a saturated 
or unsaturated ring containing, besides carbon atom(s), 
at least one heteroatom selected from a nitrogenatom, an 
oxygen atom and a Sulfur atom) optionally substituted 
by 1 to 5 substituents selected from the above-mentioned 
group A, OR', SR, NR'R'', CONR'R'', 
SONR'R's, COR, NRCOR, SOR, 
NRSOR, COOR and NRCOOR 

0080 wherein R* and Rare the same or different 
and each is hydrogen atom, C. alkyl group, Cao 
carbon ring group optionally Substituted by 1 to 5 
substituents selected from the above-mentioned 
group A or heterocyclic group (as defined above) 
optionally substituted by 1 to 5 substituents selected 
from the above-mentioned group A, and R" is Ca 
alkyl group, Co carbon ring group optionally Sub 
stituted by 1 to 5 substituents selected from the above 
mentioned group A or heterocyclic group (as defined 
above) optionally substituted by 1 to 5 substituents 
selected from the above-mentioned group A, 

or a pharmaceutically acceptable salt thereof. 
(14) The 4-oxoquinoline compound of the above-mentioned 
(5), wherein 
I0081) R' and Rare the same or different and each is a 

Substituent selected from cyano group, phenyl group, nitro 
group, halogen atom, C alkyl group, halo C alkyl 
group, halo Cia alkyloxy group, —OR', SR', 
NRR2, CONR'R'', SONR'R'', 
NRCOR., SO.R., NR°COOR, and 
COOR 

I0082 wherein R'' and R' are the same or different and 
each is hydrogenatom, Calkyl group or benzyl group, 
and R is C, alkyl group, 

or a pharmaceutically acceptable salt thereof. 
(15) The 4-oxoquinoline compound of the above-mentioned 
(14), wherein 
I0083) R' is a phenyl group, a halogen atom, a C alkyl 

group, a halo C. alkyloxy group, —OR', NR'R'', 
CONR'R'', SONR'R'', NRCOR', SOR', 
NRSOR or COOR 

I0084 wherein R'' and R' are the same or different and 
each is hydrogenatom, Calkyl group or benzyl group, 
and R is C, alkyl group, 

or a pharmaceutically acceptable salt thereof. 
(16) The 4-oxoquinoline compound of the above-mentioned 
(15), wherein R is a halogen atom, 
or a pharmaceutically acceptable salt thereof. 
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(17) The 4-oxoquinoline compound of the above-mentioned 
(5), wherein 
I0085) R is a hydrogen atom, a cyano group, a phenyl 

group, a nitro group, a halogenatom, a C alkyl group, a 
halo C alkyl group, —OR', SR', NR'R'', 
CONR'R'', SONR'R' or NR COR. 

I0086 wherein R'' and R' are the same or different and 
each is hydrogenatom, Calkyl group or benzyl group, 
and R is C, alkyl group, 

or a pharmaceutically acceptable salt thereof. 
(18) The 4-oxoquinoline compound of the above-mentioned 
(5), wherein R is a halogen atom, 
or a pharmaceutically acceptable salt thereof. 
(19) The 4-oxoquinoline compound of the above-mentioned 
(5), wherein m is 0 or 1, 
or a pharmaceutically acceptable salt thereof. 
(20) The 4-oxoquinoline compound of the above-mentioned 
(5), wherein 
I0087) R' is a Co carbon ring group optionally substi 

tuted by 1 to 5 substituents selected from the following 
group as A 
0088 wherein group A is a group consisting of cyano 
group, phenyl group, nitro group, halogen atom, Ca 
alkyl group, halo C alkyl group, halo C alkyloxy 
group, OR', SR', NR'R'', CONR'R'', 
SONR'R'', COR., NRCOR., SO.R., 
NR'SO.R., COOR and NRCOOR 

I0089 wherein R'' and R' are the same or different 
and each is hydrogenatom, Calkyl group or benzyl 
group and R is C, alkyl group, 

0090 a substituent selected from NR'R'', 
NRCOR, NRSO.R and NRCOOR 

0091 wherein R* and Rare the same or different 
and each is hydrogen atom, C alkyl group, Co 
carbon ring group optionally Substituted by 1 to 5 
substituents selected from the above-mentioned 
group A or heterocyclic group (wherein the heterocy 
clic group is a Saturated or unsaturated ring contain 
ing, besides carbon atom(s), at least one heteroatom 
selected from a nitrogen atom, an oxygenatom and a 
sulfur atom) optionally substituted by 1 to 5 substitu 
ents selected from the above-mentioned group A, and 
R" is C. alkyl group, Cso carbon ring group 
optionally substituted by 1 to 5 substituents selected 
from the above-mentioned group A or heterocyclic 
group (as defined above) optionally an Substituted by 
1 to 5 substituents selected from the above-mentioned 
group A, or 

0092) a Co alkyl group optionally substituted by 1 to 
3 Substituents selected from halogen atom and group B 
0093 wherein group B is a group consisting of Co 
as carbon ring group optionally substituted by 1 to 5 
substituents selected from the above-mentioned 
group A, heterocyclic group (as defined above) 
optionally substituted by 1 to 5 substituents selected 
from the above-mentioned group A, —OR', SR', 
NR-Ras, CONR'R'', SONR'R'', 
COR, NR'COR, SOR, 
NRSOR, COOR and NRCOOR 

(wherein R. R. R. and group A are as defined 
above), 

or a pharmaceutically acceptable salt thereof. 
(21) The 4-oxoquinoline compound of the above-mentioned 
(20), wherein 
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I0094) R' is a Coalkyl group optionally substituted by 1 
to 3 Substituents selected from halogen atom and group B 
0.095 wherein group B is a group consisting of Co 
carbon ring group optionally Substituted by 1 to 5 Sub 
stituents selected from the above-mentioned group A, 
heterocyclic group (as defined above) optionally Substi 
tuted by 1 to 5 substituents selected from the above 
mentioned group A, -OR. - SR", NR'R''. 
CONR'R5, SONR'R's, COR, 
NRCOR, SOR, NRSOR, 
COOR and NRCOOR 

0096 wherein R* and Rare the same or different 
and each is hydrogen atom, C alkyl group, Co 
carbon ring group optionally Substituted by 1 to 5 
substituents selected from the above-mentioned 
group A or heterocyclic group (as defined above) 
optionally substituted by 1 to 5 substituents selected 
from the above-mentioned group A, and R' is Ca 
alkyl group, Co carbon ring group optionally Sub 
stituted by 1 to 5 substituents selected from the above 
mentioned group A or heterocyclic group (as defined 
above) optionally substituted by 1 to 5 substituents 
selected from the above-so mentioned group A, 

or a pharmaceutically acceptable salt thereof. 
(22) The 4-oxoquinoline compound of the above-mentioned 
5, which is selected from the group consisting of the follow 
ing compounds: 
0097 6-(2,3-Dichlorobenzyl)-1-(2-hydroxyethyl)-4-oxo 
1,4-dihydroquinoline-3-carboxylic acid (Example 1-1), 

0098 6-(2,3-Dichlorobenzyl)-8-fluoro-1-(2-hydroxy 
ethyl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid (Ex 
ample 1-2), 

0099 6-(2,3-Dichlorobenzyl)-1-(2-methanesulfonylami 
noethyl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid 
(Example 1-3), 

0100 6-(2,3-Dichlorobenzyl)-1-(2-imidazol-1-ylethyl)- 
4-oxo-1,4-dihydroquinoline-3-carboxylic acid (Example 
1-4), 

0101 6-(2,3-Dichlorobenzyl)-1-dimethylcarbamoylm 
ethyl-4-oxo-1,4-dihydroquinoline-3-carboxylic acid (Ex 
ample 1-5), 

0102 6-(2,3-Dichlorobenzyl)-1-methylcarbamoylm 
ethyl-4-oxo-1,4-dihydroquinoline-3-carboxylic acid (Ex 
ample 1-6), 

0103 1-Carbamoylmethyl-6-(2,3-Dichlorobenzyl)-4- 
OXO-1,4-dihydroquinoline-3-carboxylic acid (Example 
1-7), 

0104 6-(2,3-Dichlorobenzyl)-1-isopropyl-4-oxo-1,4-di 
hydroquinoline-3-carboxylic acid (Example 1-8), 

0105 6-(2,3-Dichlorobenzyl)-4-oxo-1-sulfamoylmethyl 
1,4-dihydroquinoline-3-carboxylic acid (Example 1-9), 

0106 1-(2-Carboxyethyl)-6-(2,3-dichlorobenzyl)-4-oxo 
1,4-dihydroquinoline-3-carboxylic acid (Example 1-10), 

0107 1-(2-Hydroxyethyl)-6-naphthalen-1-ylmethyl-4- 
OXO-1,4-dihydroquinoline-3-carboxylic acid (Example 
1-11), 

0108 6-(2,3-Dichlorobenzyl)-1-(2-hydroxyethyl)-4-oxo 
1,4-dihydroquinoline-3-carboxylic acid methyl ester (Ex 
ample 1-12), 

0109 1-(2-Carbamoylethyl)-6-(2,3-dichlorobenzyl)-4- 
OXO-1,4-dihydroquinoline-3-carboxylic acid (Example 
1-13), 

0110 6-(2,3-Dichlorobenzyl)-4-oxo-1-(2-oxopropyl)-1, 
4-dihydroquinoline-3-carboxylic acid (Example 1-14), 
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0111 1-Benzyl-6-(2,3-dichlorobenzyl)-4-oxo-1,4-dihyd 
roquinoline-3-carboxylic acid (Example 1-15). 

0112 6-(2,3-Dichlorobenzyl)-4-oxo-1-phenethyl-1,4-di 
hydroquinoline-3-carboxylic acid (Example 1-16), 

0113 6-(2,3-Dichlorobenzyl)-1-(3-phenylpropyl)-4-oxo 
1,4-dihydroquinoline-3-carboxylic acid (Example 1-17), 

0114 6-(2,3-Dichlorobenzyl)-1-isobutyl-4-oxo-1,4-di 
hydroquinoline-3-carboxylic acid (Example 1-18), 

0115 6-(2,3-Dichlorobenzyl)-1-(4-phenylbutyl)-4-oxo 
1,4-dihydroquinoline-3-carboxylic acid (Example 1-19), 

011 6 1-Biphenyl-2-ylmethyl-6-(2,3-dichlorobenzyl)-4- 
OXO-1,4-dihydroquinoline-3-carboxylic acid (Example 
1-20), 

0117 6-(2,3-Dichlorobenzyl)-1-(4-hydroxybutyl)-4-oxo 
1,4-dihydroquinoline-3-carboxylic acid (Example 1-21), 

0118 1-Benzobthiophen-2-ylmethyl-6-(2,3-dichlo 
robenzyl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid 
(Example 1-22), 

0119) 6-(2,3-dichlorobenzyl)-1-(3,4-dichlorobenzyl)-4- 
OXO-1,4-dihydroquinoline-3-carboxylic acid (Example 
1-23), 

I0120 6-(2,3-Dichlorobenzyl)-1-(2-dimethylaminoet 
hyl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid (EX 
ample 1-24), 

I0121 6-(2,3-Dichlorobenzyl)-1-(3-hydroxypropyl)-4- 
OXO-1,4-dihydroquinoline-3-carboxylic acid (Example 
1-25), 

0.122 6-(2,3-Dichlorobenzyl)-1-(2-methoxyethyl)-4- 
OXO-1,4-dihydroquinoline-3-carboxylic acid (Example 
1-26), 

I0123 6-(2,3-Dichlorobenzyl)-1-(2.2.2-trifluoroethyl)-4- 
OXO-1,4-dihydroquinoline-3-carboxylic acid (Example 
1-27), 

0.124 1-Carboxymethyl-6-(2,3-dichlorobenzyl)-4-oxo-1, 
4-dihydroquinoline-3-carboxylic acid (Example 1-28), 

0.125 6-(2,3-Dichlorobenzyl)-1-2-(4-methylthiazol-5- 
yl)ethyl-4-OXO-1,4-dihydroquinoline-3-carboxylic acid 
(Example 1-29), 

0.126 6-(2,3-Dichlorobenzyl)-1-(2-hydroxypropyl)-4- 
OXO-1,4-dihydroquinoline-3-carboxylic acid (Example 
1-30), 

I0127 6-(2,3-Dichlorobenzyl)-1-(2-methylsulfanylethyl)- 
4-oxo-1,4-dihydroquinoline-3-carboxylic acid (Example 
1-32), 

I0128 6-(2-Chloro-6-fluorobenzyl)-1-(2-hydroxyethyl)- 
4-oxo-1,4-dihydroquinoline-3-carboxylic acid (Example 
1-33), 

I0129. 6-(2,3-Dichlorobenzyl)-1-(5-hydroxypentyl)-4- 
OXO-1,4-dihydroquinoline-3-carboxylic acid (Example 
1-34), 

0.130 6-(2,3-dichlorobenzyl)-1-(2-morpholin-4-ylethyl)- 
4-oxo-1,4-dihydroquinoline-3-carboxylic acid (Example 
1-35), 

I0131 6-(2,3-Dichlorobenzyl)-1-methyl-4-oxo-1,4-dihy 
droquinoline-3-6 carboxylic acid (Example 1-36), 

I0132 6-(2,3-Dichlorobenzyl)-1-ethyl-4-oxo-1,4-dihyd 
roquinoline-3-carboxylic acid (Example 1-37), 

0.133 6-(2,3-Dichlorobenzyl)-4-oxo-1-propyl-1,4-dihyd 
roquinine-3-carboxylic acid (Example 1-38), 

0.134 1-Butyl-6-(2,3-Dichlorobenzyl)-4-oxo-1,4-dihyd 
roquinoline-3-carboxylic acid (Example 1-39), 

0.135 1-Cyclopentylmethyl-6-(2,3-dichlorobenzyl)-4- 
OXO-1,4-dihydroquinoline-3-carboxylic acid (Example 
1-40), 
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(22), or a pharmaceutically acceptable salt thereof, and a 
pharmaceutically acceptable carrier. 
(24) An integrase inhibitor comprising a 4-oxoquinoline 
compound of any of the above-mentioned (1) to (22), or a 
pharmaceutically acceptable salt thereof, as an active ingre 
dient. 
(25) An antiviral agent comprising a 4-oxoquinoline com 
pound of any of the above-mentioned (5) to (22), or a phar 
maceutically acceptable salt thereof, as an active ingredient. 
(26) An anti-HIV agent comprising a 4-oxoquinoline com 
pound of any of the above-mentioned (5) to (22), or a phar 
maceutically acceptable salt thereof, as an active ingredient, 
(27) An anti-HIV composition comprising a 4-oxoquinoline 
compound of any of the above-mentioned (1) to (22), or a 
pharmaceutically acceptable salt thereof, and other one or 
more kinds of anti-HIV active Substance as an active ingre 
dient. 
(28) An anti-HIV agent comprising a 4-oxoquinoline com 
pound of any of the above-mentioned (1) to (22), or a phar 
maceutically acceptable salt thereof, as an active ingredient, 
for multiple drug therapy with other anti-HIV agent (s) 
(29) Use of a 4-oxoquinoline compound of any of the above 
mentioned (5) to (22) or a pharmaceutically acceptable salt 
thereof, for the production of an anti-HIV agent. 
(30) Use of a 4-oxoquinoline compound of any of the above 
mentioned (5) to (22) or a pharmaceutically acceptable salt 
thereof, for the production of an integrase inhibitor, 
(31) Use of a 4-oxoquinoline compound of any of the above 
mentioned (5) to (22) or a pharmaceutically acceptable salt 
thereof, for the production of an antiviral agent. 
(32) A method for the prophylaxis or treatment of an HIV 
infectious disease, which comprises administering an effec 
tive amount of a 4-oxoquinoline compound of any of the 
above-mentioned (5) to (22) or a pharmaceutically acceptable 
salt thereof to a mammal. 
(33) The method for the prophylaxis or treatment of an HIV 
infectious disease according to the above-mentioned (32), 
which further comprises administering an effective amount of 
at least one different anti-HIV active substance to said mam 
mal. 
(34) A method for inhibiting integrase, which comprises 
administering an effective amount of a 4-oxoquinoline com 
pound of any of the above-mentioned (5) to (22) or a phar 
maceutically acceptable salt thereof to a mammal. 
(35) A method for the prophylaxis or treatment of a virus 
infectious disease, which comprises administering an effec 
tive amount of a 4-oxoquinoline compound of any of the 
above-mentioned (5) to (22) or a pharmaceutically acceptable 
salt thereof to a mammal. 
(36) An anti-HIV composition comprising a 4-oxoquinoline 
compound of any of the above-mentioned (5) to (22) or a 
pharmaceutically acceptable salt thereof, and a pharmaceuti 
cally acceptable carrier. 
(37) A pharmaceutical composition for inhibiting integrase, 
which comprises a 4-oxoquinoline compound of any of the 
above-mentioned (5) to (22) or a pharmaceutically acceptable 
salt thereof, and a pharmaceutically acceptable carrier. 
(38) An antiviral composition comprising a 4-oxoquinoline 
compound of any of the above-mentioned (5) to (22) or a 
pharmaceutically acceptable salt thereof, and a pharmaceuti 
cally acceptable carrier. 
(39) A commercial package comprising the composition of 
the above-mentioned 36 and a written matter associated 

Jun. 25, 2015 

therewith, the written matter stating that the composition can 
or should be used for the prophylaxis or treatment of an HIV 
infectious disease. 
(40) A commercial package comprising the composition of 
the above-mentioned (37) and a written matter associated 
therewith, the written matter stating, that the composition can 
or should be used for inhibiting integrase. 
(41) A commercial package comprising the composition of 
the above-mentioned (38) and a written matter associated 
therewith, the written matter stating that the composition can 
or should be used for the prophylaxis or treatment of a viral 
infectious disease. 

0309 The definitions of each substituent and each moiety 
used in the present specification are as follows. 
0310. The “halogen atom' means fluorine atom, chlorine 
atom, bromine atom or iodine atom, preferably fluorine atom, 
chlorine atom or bromine atom. 

0311. As R. R. R. R. R. R. R", R" and group A, 
fluorine atomand chlorine atom are particularly preferable, as 
RandR, chlorine atom is more preferable, and as R. R. 
R. R. R." and the halogen atom of the “Clio alkyl group 
optionally substituted by 1 to 3 substituents selected from 
halogenatom and group B, fluorine atom is more preferable. 
0312 The “C. alkyl group” means a straight chain or 
branched chain alkyl group having 1 to 4 carbonatoms, which 
is specifically methyl group, ethyl group, propyl group, iso 
propyl group, butyl group, isobutyl group, sec-butyl group or 
tert-butyl group. 
0313 As R. R. and R', methyl group and ethyl group 
are preferable, as R. R. R. R. R', R" and group A, 
methyl group, ethyl group and isopropyl group are preferable, 
methyl group is more preferable, as R'' and R', methyl 
group, ethyl group, propyl group and isopropyl group are 
preferable, methyl group is more preferable, as R. R. 
R", R'' and group A, methyl group is preferable, and as 
R" and R', methyl group, ethyl group and tert-butyl group 
are preferable. 
0314. The “halo C alkyl group' is “C alkyl group' 
defined above, which is substituted by 1 to 9, preferably 1 to 
3, “halogen atom' defined above. 
0315 Specific examples thereof include 2-fluoroethyl 
group, 2-chloroethyl group, 2-bromomethyl group, 3-fluoro 
propyl group, 3-chloropropyl group, 4-fluorobutyl group, 
4-chlorobutyl group, trifluoromethyl group, 2.2.2-trifluoroet 
hyl group, 3,3,3-trifluoropropyl group, 4.4.4-trifluorobutyl 
group, pentafluoroethyl group, 2.2.2-trifluoro-1-trifluorom 
ethyl-ethyl group and the like. 
0316. As R. R. R. R. R. R. R." and group A, trif 
luoromethyl group is preferable. 
0317. “The “C. alkoxy group' is an alkyloxy group 
wherein its alkyl moiety is “C alkyl group' defined above, 
which is specifically exemplified by methoxy group, ethoxy 
group, propoxy group, isopropyloxy group, butoxy group. 
isobutyloxy group, tert-butyloxy group and the like. 
0318. It is preferably methoxy group for R. 
0319. The “C. alkylsulfanyl group' is an alkylsulfanyl 
group wherein its alkyl moiety is "C. alkyl group' defined 
above. Specific examples thereof include methylsulfanyl 
group, ethylsulfanyl group, propylsulfanyl group, isopropyl 
Sulfanyl group, butylsulfanyl group, isobutylsulfanyl group, 
tert-butylsulfanyl group and the like. 
0320. It is preferably methylsulfanyl group for R. 
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0321. The “halo Calkyloxy group' is a halo Calky 
loxy group wherein its haloalkyl moiety is "halo C alkyl 
group' defined above. 
0322 Specific examples thereof include 2-fluoroethyloxy 
group, 2-chloroethyloxy group, 2-bromomethyloxy group, 
3-fluoropropyloxy group, 3-chloropropyloxy group, 4-fluo 
robutyloxy group, 4-chlorobutyloxy group, trifluoromethy 
loxy group, 2.2.2-trifluoroethyloxy group, 3,3,3-trifluoropro 
pyloxy grOup, 4,4,4-trifluorobutyloxy grOup, 
pentafluoroethyloxy group, 2.2.2-trifluoro-1-trifluorom 
ethyl-ethyloxy group and the like. 
0323. It is preferably trifluoromethyloxy group for R', 
R. R. R. R. R", R" and group A. 
0324. The “Clo carbon ring group' is a saturated or 
unsaturated cyclic hydrocarbon group having 3 to 10 carbon 
atoms, which is specifically exemplified by aryl group, 
cycloalkyl group, cycloalkenyl group or a fused ring thereof. 
0325 Specific examples of the “aryl group' include phe 
nyl group, naphthyl group, pentalenyl group, aZulenyl group 
and the like, preferably phenyl group and naphthyl group, 
particularly preferably phenyl group. 
0326 Specific examples of the “cycloalkyl group' include 
cyclopropyl group, cyclobutyl group, cyclopentyl group, 
cyclohexyl group, cycloheptyl group, cyclooctyl group, ada 
mantyl group, norbornanyl group and the like, preferably 
cyclopropyl group, cyclobutyl group, cyclopentyl group and 
cyclohexyl group. 
0327. The “cycloalkenyl group' contains at least one, 
preferably 1 or 2 double bonds, and is specifically exempli 
fied by cyclopropenyl group, cyclobutenyl group, cyclopen 
tenyl group, cyclopentadienyl group, cyclohexenyl group, 
cyclohexadienyl group (2.4-cyclohexadien-1-yl group, 2.5- 
cyclohexadien-1-yl group and the like), cycloheptenyl group 
and cyclooctenyl group and the like. 
0328 Specific examples of the fused ring of these “aryl 
group”, “cycloalkyl group' and “cycloalkenyl group' include 
indenyl group, indanyl group, 1,4-dihydronaphthyl group, 
1,2,3,4-tetrahydronaphthyl group (1,2,3,4-tetrahydro-2- 
naphthyl group, 5,6,7,8-tetrahydro-2-naphthyl group and the 
like), perhydronaphthyl group and the like. Preferably, it is a 
fused ring of phenyl group and a different ring, which is 
exemplified by indenyl group, indanyl group, 1,4-dihy 
dronaphthyl group, 1,2,3,4-tetrahydronaphthyl group and the 
like, and indanyl group is particularly preferable. 
0329. The “Clo carbon ring group optionally substituted 
by 1 to 5 substituents selected from group A” is a “Co. 
carbon ring group' defined above, which is optionally Sub 
stituted by 1 to 5, preferably 1 to 3, substituents selected from 
the following group A, and includes non-substituted "Cso 
carbon ring group'. 
0330. The “group A is a group constituting of cyano 
group, phenyl group, nitro group, "halogen atom' defined 
above, “C. alkyl group' defined above, "halo C alkyl 
group' defined above, "halo C alkyloxy group' defined 
above, OR', SR', NR'R'', CONR'R'', 
SONR'R'', COR., NRCOR., SO.R., 

NR'SOR, COOR and NRCOOR, wherein R' 
and R' are the same or different and each is hydrogenatom, 
“C. alkyl group' defined above or benzyl group, and R is 
“C alkyl group' defined above. 
0331 Specific examples of “ OR' include hydroxy 
group, methoxy group, ethoxy group, propoxy group, isopro 
pyloxy group, tert-butoxy group and the like, 
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10332 specific examples of “ SR' include mercapto 
group, methylsulfanyl group, ethylsulfanyl group, propylsul 
fanyl group, isopropylsulfanyl group, tert-butylsulfanyl 
group and the like, 
0333 specific examples of “ NR'R' include amino 
group, methylamino group, ethylamino group, propylamino 
group, isopropylamino group, tert-butylamino group, dim 
ethylamino group, diethylamino group, N-ethyl-N-methy 
lamino group, N-methyl-N-propylamino group, N-isopro 
pyl-N-methylamino group, N-benzyl-N-methylamino group 
and the like, 
0334 specific examples of CONR'R' include car 
bamoyl group, methylaminocarbonyl group, ethylaminocar 
bonyl group, propylaminocarbonyl group, isopropylami 
nocarbonyl group, tert-butylaminocarbonyl group, 
dimethylaminocarbonyl group, diethylaminocarbonyl group, 
N-methyl-N-ethylaminocarbonyl group and the like, 
0335 specific examples of SONR'R' include sul 
famoyl group, methylaminosulfonyl group, ethylaminosulfo 
nyl group, propylaminosulfonyl group, isopropylaminosulfo 
nyl grOup, tert-butylaminosulfonyl grOup, 
dimethylaminosulfonyl group, diethylaminosulfonyl group, 
N-methyl-N-ethylaminosulfonyl group and the like, 
0336 specific examples of “ COR' include acetyl 
group, propionyl group, butyryl group, isobutyryl group, piv 
aloyl group and the like, 
0337 specific examples of “ NR'COR' include 
acetylamino group, propionylamino group, butyrylamino 
group, isobutyrylamino group, pivaloylamino group, 
N-acetyl-N-methylamino group and the like, 
0338 specific examples of “ SOR” include methyl 
Sulfonyl group, ethylsulfonyl group, propylsulfonyl group, 
isopropylsulfonyl group, tert-butylsulfonyl group and the 
like, 
0339 specific examples of “ NR'SOR' include 
methylsulfonylamino group, ethylsulfonylamino group, pro 
pylsulfonylamino group, isopropylsulfonylamino group, tert 
butylsulfonylamino group, N-methyl-N-(methylsulfonyl) 
amino group and the like, 
(0340 specific examples of COOR' include carboxyl 
group, methoxycarbonyl group, ethoxycarbonyl group, pro 
poxycarbonyl group, isopropyloxycarbonyl group, tert-bu 
toxycarbonyl group and the like, and 
(0341 specific examples of “ NR'COOR' include 
methoxycarbonylamino group, ethoxycarbonylamino group, 
propoxycarbonylamino group, isopropyloxycarbonylamino 
group, tert-butoxycarbonylamino group and the like, 
0342 AS group A, cyano group, phenyl group, nitro group, 
fluorine atom, chlorine atom, bromine atom, methyl group, 
ethyl group, isopropyl group, trifluoromethyl group, trifluo 
romethyloxy group, hydroxy group, methoxy group, ethoxy 
group, propoxy group, methylsulfanyl group, amino group. 
methylamino group, ethylamino group, isopropylamino 
group, dimethylamino group, diethylamino group, N-ethyl 
N-methylamino group, N-methyl-N-propylamino group, 
N-isopropyl-N-methylamino group, N-benzyl-N-methy 
lamino group, carbamoyl group, methylaminocarbonyl 
group, dimethylaminocarbonyl group, Sulfamoyl group, 
methylaminosulfonyl group, dimethylaminosulfonyl group, 
acetyl group, acetylamino group, N-acetyl-N-methylamino 
group, methylsulfonyl group, methylsulfonylamino group, 
N-methyl-N-(methylsulfonyl)amino group, carboxyl group, 
methoxycarbonyl group, carboxyamino group and methoxy 
carbonylamino group are preferable. 
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0343 AS group A, cyano group, phenyl group, nitro group, 
fluorine atom, chlorine atom, bromine atom, methyl group, 
trifluoromethyl group, trifluoromethyloxy group, hydroxy 
group, methoxy group, ethoxy group, methylsulfanyl group, 
amino group, methylamino group, dimethylamino group, 
diethylamino group, N-ethyl-N-methylamino group, N-me 
thyl-N-propylamino group, N-isopropyl-N-methylamino 
group, N-benzyl-N-methylamino group, dimethylaminocar 
bonyl group, methylaminosulfonyl group, dimethylamino 
Sulfonyl group, acetylamino group, N-acetyl-N-methy 
lamino group, methylsulfonyl group, N-methyl-N- 
(methylsulfonyl)amino group and carboxyl group are 
particularly preferable, and fluorine atom and chlorine atom 
are more preferable. 
0344) The number of substituents is preferably 1 to 3, and 
when "Clo carbon ring group' is phenyl group, ring Cy is 
preferably monosubstituted at the 2-position, monosubsti 
tuted at the 3-position, disubstituted at the 2.3-positions, dis 
ubstituted at the 2.4-positions, disubstituted at the 2.5-posi 
tions, disubstituted at the 2.6-positions, trisubstituted at the 
2,3,4-positions, trisubstituted at the 2.3.5-positions, trisubsti 
tuted at the 2.3,6-positions, particularly preferably disubsti 
tuted at the 2.3-positions. 
0345 Specific examples of the “Clo carbon ring group 
optionally substituted by 1 to 5 substituents selected from 
group A' include phenyl group, naphthyl group, 2-fluorophe 
nyl group, 2-chlorophenyl group, 2-bromophenyl group, 
3-fluorophenyl group, 3-chlorophenyl group, 3-bromophenyl 
group, 4-fluorophenyl group, 2-nitrophenyl group, 3-nitro 
phenyl group, 2-cyanophenyl group, 3-cyanophenyl group, 
2-methylphenyl group, 3-methylphenyl group, 4-methylphe 
nyl group, 2-ethylphenyl group, 3-ethylphenyl group, 2-iso 
propylphenyl group, 3-isopropylphenyl group, 2-trifluorom 
ethylphenyl group, 3-trifluoromethylphenyl group, 
2-hydroxyphenyl group, 3-hydroxyphenyl group, 4-hydrox 
yphenyl group, 2-methoxyphenyl group, 3-methoxyphenyl 
group, 2-ethoxyphenyl group, 3-ethoxyphenyl group, 2-pro 
poxyphenyl group, 3-propoxyphenyl group, 2-(trifluorom 
ethyl)phenyl group, 3-(trifluoromethyl)phenyl group, 2-(tri 
fluoromethyloxy)phenyl group, 3-(trifluoromethyloxy) 
phenyl grOup, 2-methylsulfamoylphenyl grOup, 
3-methylsulfamoylphenyl group, 2-aminophenyl group, 
3-aminophenyl group, 2-(methylamino) phenyl group, 
3-(methylamino)phenyl group, 2-(dimethylamino)phenyl 
group, 3-(dimethylamino)phenyl group, 2-(acetylamino) 
phenyl group, 3-(acetylamino)phenyl group, 2-biphenyl 
group, 3-biphenyl group, 2-(methylsulfonyl)phenyl group, 
3-(methylsulfonyl)phenyl group, 2-sulfamoylphenyl group, 
3-sulfamoylphenyl group, 2-(methylaminosulfonyl)phenyl 
group, 3-(methylaminosulfonyl)phenyl group, 2-(dimethy 
laminosulfonyl) phenyl group, 3-(dimethylaminosulfonyl) 
phenyl group, 2-(dimethylsulfonyl)phenyl group, 2-(methyl 
Sulfonylamino) phenyl group, 3-(methylsulfonylamino) 
phenyl group, 2-carbamoylphenyl group, 3-carbamoylphenyl 
group, 2-(methylcarbamoyl)phenyl group, 3-(methylcar 
bamoyl)phenyl group, 2-(dimethylcarbamoyl)phenyl group, 
3-dimethylcarbamoyl)phenyl group, 2,3-difluorophenyl 
group, 2,3-dichlorophenyl group, 2,3-dibromophenyl group, 
2,4-difluorophenyl group, 2,4-dichlorophenyl group, 2.5- 
dichlorophenyl group, 2,6-dichlorophenyl group, 2-chloro-3- 
fluorophenyl group, 2-chloro-4-fluorophenyl group, 
2-chloro-5-fluorophenyl group, 2-chloro-6-fluorophenyl 
group, 3-chloro-2-fluorophenyl group, 5-chloro-2-fluo 
rophenyl group, 5-bromo-2-chlorophenyl group, 2-chloro-5- 
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nitrophenyl group, 2-chloro-3-methylphenyl group, 
2-chloro-5-methylphenyl group, 2-chloro-3-(trifluorom 
ethyl)phenyl group, 2-chloro-5-(trifluromethyl)phenyl 
group, 2-chloro-3-hydroxyphenyl group, 2-chloro-5-hydrox 
yphenyl group, 2-chloro-3-methoxyphenyl group, 2-chloro 
5-methoxyphenyl group, 2-chloro-3-methylsulfamoylphenyl 
group, 2-chloro-5-methylsulfamoylphenyl group, 2-chloro 
3-aminophenyl group, 2-chloro-5-aminophenyl group, 
2-chloro-3-(methylamino)phenyl group, 2-chloro-5-(methy 
lamino)phenyl group, 2-chloro-3-(dimethylamino)phenyl 
group, 2-chloro-5-(dimethylamino)phenyl group, 2-chloro 
3-(acetylamino)phenyl group, 2-chloro-5-(acetylamino)phe 
nyl group, 2-chloro-3-(methylsulfonyl)phenyl group, 
2-chloro-5-(methylsulfonyl)phenyl group, 2-chloro-3-(me 
thylsulfonylamino) phenyl group, 2-chloro-5-(methylsulfo 
nylamino) phenyl group, 2,3,4-trifluorophenyl group, 
2-chloro-3,4-difluorophenyl group, 2-chloro-3,5-difluo 
rophenyl group, 2-chloro-3,6-difluorophenyl group, 
2-chloro-4,5-difluorophenyl group, 2-chloro-4,6-difluo 
rophenyl group, 3-chloro-2,4-difluorophenyl group, 
3-chloro-2,5-difluorophenyl group, 3-chloro-2,6-difluo 
rophenyl group, 2,3-dichloro-4-fluorophenyl group, 
3-chloro-2-fluoro-5-trifluoromethylphenyl group, 2-chloro 
3,5,6-trifluorophenyl group, 3-chloro-2,4,5-trifluorophenyl 
group, 3-chloro-2,4,6-trifluorophenyl group, 2,3-dichloro-4, 
5,6-trifluorophenyl group, 3,5-dichloro-3,4,6-trifluorophe 
nyl group, 2,6-dichloro-3,4,5-trifluorophenyl group, perfluo 
rophenyl group, cyclopropyl group, cyclobutyl group, 
cyclopentyl group, cyclohexyl group, 2-hydroxycyclopropyl 
group, 3-hydroxycyclobutyl group, 3-hydroxycyclopentyl 
group, 2-hydroxycyclohexyl group, 3-hydroxycyclohexyl 
group, 4-hydroxycyclohexyl group, 4-indanyl group and 
1H-inden-4-yl group. 
0346. The ring Cy is preferably phenyl group, naphthyl 
group, 2-chlorophenyl group, 3-chlorophenyl group, 2-bro 
mophenyl group, 3-bromophenyl group, 2-ethylphenyl 
group, 3-ethylphenyl group, 2-hydroxyphenyl group, 
2-ethoxyphenyl group, 3-(trifluoromethyloxy)phenyl group, 
3-(methylsulfonyl)phenyl group, 2,3-difluorophenyl group, 
2,3-dichlorophenyl group, 2-chloro-3-fluorophenyl group, 
2-chloro-4-fluorophenyl group, 2-chloro-5-fluorophenyl 
group, 2-chloro-6-fluorophenyl group, 3-chloro-2-fluo 
rophenyl group, 5-bromo-2-chlorophenyl group, 2-chloro-5- 
methylphenyl group, 2-chloro-5-hydroxyphenyl group, 
2-chloro-5-(methylsulfonyl)phenyl group, 2-chloro-3,6-dif 
luorophenyl group, 3-chloro-2,4-difluorophenyl group, 
3-chloro-2,6-difluorophenyl group, 2-chloro-3-methylphe 
nyl group, 3-chloro-2-methylphenyl group, 2-chloro-3-meth 
oxyphenyl group, 3-chloro-2-methoxyphenyl group, 3-nitro 
phenyl group, 3-cyanophenyl group, 4-methylphenyl group, 
3-trifluoromethylphenyl group, 2-(trifluoromethyloxy)phe 
nyl group, 3-hydroxyphenyl group, 3-ethoxyphenyl group, 
3-aminophenyl group, 2-(methylamino)phenyl group, 
2-(dimethylamino)phenyl group, 2-(diethylamino)phenyl 
group, 2-(N-ethyl-N-methylamino)phenyl group, 2-(N-iso 
propyl-N-methylamino)phenyl group, 2-(N-benzyl-N-me 
thylamino)phenyl group, 2-(N-acetyl-N-methylamino)phe 
nyl group, 2-(N-methyl-N-methylsulfonylamino)phenyl 
group, 3-(methylamino)phenyl group, 2-carboxyphenyl 
group, 3-(dimethylaminocarbonyl)phenyl group, 3-(acety 
lamino)phenyl group, 2-biphenyl group, 2-(methylsulfonyl) 
phenyl group, 2-chloro-5-methylsulfanylphenyl group, 
2-chloro-5-methylphenyl group, 2-(methylaminosulfonyl) 
phenyl group, 2-(dimethylaminosulfonyl) phenyl group or 
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3-(dimethylaminosulfonyl) phenyl group, particularly pref 
erably 2-chlorophenyl group, 2-bromophenyl group, 2-eth 
ylphenyl group, 2-hydroxyphenyl group, 2-ethoxyphenyl 
group, 2,3-difluorophenyl group, 2,3-dichlorophenyl group, 
2-chloro-3-fluorophenyl group, 3-chloro-2-fluorophenyl 
group, 2-chloro-4-fluorophenyl group, 2-chloro-5-fluo 
rophenyl group, 2-chloro-6-fluorophenyl group, 5-bromo-2- 
chlorophenyl group, 2-chloro-5-hydroxyphenyl group, 
2-chloro-5-(methylsulfonyl)phenyl group, 2-chloro-3,6-dif 
luorophenyl group, 3-chloro-2,6-difluorophenyl group, 
2-chloro-3-methylphenyl group, 2-chloro-3-methoxyphenyl 
group, 2-trifluoromethylphenyl group, 2-(methylsulfonyl) 
phenyl group, 2-chloro-5-methylsulfanylphenyl group, 
2-chloro-S-methylphenyl group or 2-(dimethylaminosulfo 
nyl)phenyl group, and more preferably 2,3-dichlorophenyl 
group, 2,3-difluorophenyl group, 2-chloro-3-fluorophenyl 
group or 3-chloro-2-fluorophenyl group. 
(0347 R' and group B are preferably phenyl group, 3,4- 
dichlorophenyl group, 2-biphenyl group, cyclopropyl group, 
2-hydroxycyclopropyl group, cyclobutyl group, 2-hydroxy 
cyclobutyl group, 3-hydroxycyclobutyl group, cyclopentyl 
group, 2-hydroxycyclopentyl group, 3-hydroxycyclopentyl 
group, cyclohexyl group, 2-hydroxycyclohexyl group, 3-hy 
droxycyclohexyl group and 4-hydroxycyclohexyl group, par 
ticularly preferably phenyl group, 3,4-dichlorophenyl group, 
2-biphenyl group, cyclopropyl group, cyclobutyl group, 
cyclopentyl group and cyclohexyl group. 
0348. As R. R. R. and group B, phenyl group and 
cyclohexyl group are preferable. 
0349 The "heterocyclic group” means a saturated or 
unsaturated (inclusive of partially unsaturated and com 
pletely unsaturated ones) monocyclic 5- or 6-membered het 
erocycle containing, besides carbon atom, at least one, pref 
erably 1 to 4, heteroatoms selected from nitrogen atom, 
oxygen atom and Sulfur atom, a fused ring of these hetero 
cycles, or a fused ring of Cso carbon ring and heterocycle, 
wherein the carbon ring is selected from benzene, cyclopen 
tane and cyclohexane. 
0350 Examples of the “saturated monocyclic heterocyclic 
group' include pyrrolidinyl group, tetrahydrofuryl group, tet 
rahydrothienyl group, imidazolidinyl group, pyrazolidinyl 
group, 1,2-dioxolanyl group, 1.3-oxathiolanyl group, oxazo 
lidinyl group, thiazolidinyl group, piperidinyl group, piper 
azinyl group, tetrahydropyranyl group, tetrahydrothiopyra 
nyl group, dioxanyl group, morpholinyl group, 
thiomorpholinyl group, 2-oxopyrrolidinyl group, 2-oxopip 
eridinyl group, 4-oxopiperidinyl group, 2,6-dioxopiperidinyl 
group and the like. Preferably, it is pyrrolidinyl group, pip 
eridinyl group or morpholinyl group. 
0351 Examples of the “unsaturated monocyclic heterocy 
clic group' include pyrrolyl group, furyl group, thienyl 
group, imidazolyl group, 1,2-dihydro-2-oxoimidazolyl 
group, pyrazolyl group, diazolyl group, oxazolyl group, isox 
azolyl group, thiazolyl group, isothiazolyl group, 1,2,4-tria 
Zolyl group, 1,2,3-triazolyl group, tetrazolyl group, 1,3,4- 
oxadiazolyl group, 1,2,4-oxadiazolyl group, 1,3,4- 
thiadiazolyl group, 1,2,4-thiadiazolyl group, furazanyl 
group, pyridyl group, pyrimidinyl group, 3,4-dihydro-4-OX 
opyrimidinyl group, pyridazinyl group, pyrazinyl group, 1.3, 
5-triazinyl group, imidazolinyl group, pyrazolinyl group, 
oxazolinyl group (2-oxazolinyl group, 3-oxazolinyl group, 
4-oxazolinyl group), isoxazolinyl group, thiazolinyl group, 
isothiazolinyl group, pyranyl group, 2-oxopyranyl group, 
2-oxo-2,5-dihydrofuranyl group and 1,1-dioxo-1H-isothiaz 
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olyl group. Preferable examples include pyrrolyl group, furyl 
group, thienyl group, imidazolyl group, pyrazolyl group, 
oxazolyl group, isooxazolyl group, thiazolyl group, isothia 
Zolyl group, pyridyl group, 2-oxo-2,5-dihydrofuranyl group 
and 1,1-dioxo-1H-isothiazolyl group. 
0352. As a "heterocyclic group, which is a fused ring, 
indolyl group (e.g., 4-indolyl group. 7-indolyl group and the 
like), isoindolyl group, 1,3-dihydro-1,3-dioxoisoindolyl 
group, benzofuranyl group (e.g., 4-benzofuranyl group, 
7-benzofuranyl group and the like), indazolyl group, isoben 
Zofuranyl group, benzothiophenyl group (e.g., 4-ben 
Zothiophenyl group, 7-benzothiophenyl group and the like), 
benzoxazolyl group (e.g., 4-benzoxazolyl group. 7-benzoox 
azolyl group and the like), benzimidazolyl group (e.g., 4-ben 
Zimidazolyl group, 7-benzimidazolyl group and the like), 
benzothiazolyl group (e.g., 4-benzothiazolyl group, 7-ben 
Zothiazolyl group and the like), indolizinyl group, quinolyl 
group, isoquinolyl group, 1,2-dihydra-2-oxoquinolyl group, 
quinazolinyl group, quinoxalinyl group, cinnolinyl group. 
phthalazinyl group, quinolizinyl group, puryl group, pteridi 
nyl group, indolinyl group, isoindolinyl group, 5.6.7.8-tet 
rahydroquinolyl group, 1,2,3,4-tetrahydroquinolyl group, 
2-oxo-1,2,3,4-tetrahydroquinolyl group, benzo 1.3dioxolyl 
group, 3.4-methylenedioxypyridyl group, 4.5-ethylene 
dioxypyrimidinyl group, chromenyl group, chromanyl group, 
isochromanyl group and the like can be mentioned. 
0353. It is preferably a fused ring of monocyclic 5- or 
6-membered heterocycle and benzene ring. Specific 
examples thereof include indolyl group, benzofuranyl group, 
benzothiophenyl group, benzimidazolyl group, benzoxazolyl 
group, benzothiazolyl group and benzo 1.3dioxolyl group 
and the like. 
0354. The "heterocyclic group optionally substituted by 1 
to 5 substituents selected from group A is a "heterocyclic 
group' defined above, which is optionally substituted by 1 to 
5, preferably 1 to 3, substituents selected from “group A” 
defined above and includes non-substituted "heterocyclic 
group'. 
0355 The "heterocyclic group' is preferably a monocy 
clic heterocycle containing 1 or 2 heteroatoms, or a hetero 
cycle which is a fused ring thereof with a benzene ring. 
0356. Specific examples of "heterocyclic group optionally 
substituted by 1 to 5 substituents selected from group A” 
include pyrrolidinyl group, piperidinyl group, morpholino 
group, pyrrolyl group, 2-pyrrolyl group, 3-pyrrolyl group, 
2-furyl group, 3-furyl group, 2-thienyl group, 3-thienyl 
group, 4,5-dichlorothiophen-3-yl group, 2-oxo-2,5-dihydro 
furan-3-yl group, 1,1-dioxo-1H-isothiazol-5-yl group, 4-me 
thylthiazol-5-yl group, imidazolyl group, 2-imidazolyl 
group, 3-imidazolyl group, 4-imidazolyl group, pyrazolyl 
group, 2-oxazolyl group, 3-isoxazolyl group, 2-thiazolyl 
group, 3-isothiazolyl group, 3-fluoropyridin-2-yl group, 
3-chloropyridin-2-yl group, 3-chloro-4-fluoropyridin-2-yl 
group, 3,5-dichloropyridin-2-yl group, 3-pyridyl group, 
2-fluoropyridin-3-yl group, 2-chloropyridin-3-yl group, 
2-chloro-4-fluoropyridin-3-yl group, 2-chloro-5-fluoropyri 
din-3-yl group, 2,5-dichloropyridin-3-yl group, 2-chloro-6- 
fluoropyridin-3-yl group, 2,6-dichloropyridin-3-yl group, 
4-pyridyl group, 2-fluoropyridin-4-yl group, 2-chloropyri 
din-4-yl group, 2-chloro-3-fluoropyridin-4-yl group, 2,3-di 
fluoropyridin-4-yl group, 2,3-dichloropyridin-4-yl group, 
2,5-dichloropyridin-4-yl group, 2-chloro-6-fluoropyridin-4- 
yl group, 2,6-dichloropyridin-4-yl group, 2-chloro-3,6-dif 
luoropyridin-4-yl group, 2-chloro-3,5-difluoropyridin-4-yl 
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group, 2.3.6-trifluoropyridin-4-yl group, 2,3,5,6-tetrafluoro 
pyridin-4-yl group, 2-indolyl group, 3-indolyl group, 4-in 
dolyl group. 7-indolyl group, 2-benzofuranyl group, 4-ben 
Zofuranyl group. 7-benzofuranyl group, 2-benzothiophenyl 
group, 4-benzothiophenyl group. 7-benzothiophenyl group, 
2-benzimidazolyl group, 4-benzimidazolyl group, 2-benzox 
azolyl group, 4-benzoxazolyl group. 7-benzoxazolyl group, 
2-benzothiazolyl group, 4-benzothiazolyl group. 7-ben 
Zothiazolyl group, 2-benzo 1.3dioxolyl group, 4-benzo 1.3 
dioxolyl group, 5-benzo 1.3dioxolyl group and the like. 
0357. As ring Cy, 2-pyridyl group and 4-pyridyl group are 
preferable, 
as R' and group B, imidazolyl group, 2-pyridyl group, 2-ben 
Zothiophenyl group, morpholino group and 4-methylthiazol 
5-yl group are preferable, and 
as R and R. pyrrolidinyl group is preferable. 
0358. The “Coalkyl group optionally substituted by 1 to 
3 Substituents selected from halogen atom and group B is a 
Co alkyl group optionally Substituted by the Substituent 
group selected from the “halogen atom' defined above and 
the “group B' defined below, and may be a non-substituted 
alkyl group. The alkyl moiety is straight chain or branched 
chain alkyl as group having 1 to 10 carbon atoms. Specific 
examples thereof include methyl group, ethyl group, propyl 
group, isopropyl group, butyl group, isobutyl group, sec 
butyl group, tert-butyl group, pentyl group, isopentyl group, 
1-methylbutyl group, 1-ethylpropyl group, 2-ethylpropyl 
group, 1,1-dimethylpropyl group, 1,2-dimethylpropyl group, 
tert-pentyl group, hexyl group, isohexyl group, 1-methylpen 
tyl group, 1,1-dimethylbutyl group, 1,2-dimethylbutyl group, 
1,3-dimethylbutyl group, 1-ethylbutyl group, 1-ethyl-1-me 
thylpropyl group, 1-ethyl-2-methylpropyl group, 1,1,2-trim 
ethylpropyl group, 1.2.2-trimethylpropyl group, 1-ethyl-1- 
methylpropyl group, heptyl group, isoheptyl group, 
1-methylhexyl group, 1,1-dimethylpentyl group, 1,2-dimeth 
ylpentyl group, 1,3-dimethylpentyl group, 1,4-dimethylpen 
tyl group, 1,1,2-trimethylbutyl group, 1,1,3-trimethylbutyl 
group, 1.2.2-trimethylbutyl group, 1,2,3-trimethylbutyl 
group, 1,3,3-trimethylbutyl group, 1-ethylpentyl group, 
1-ethyl-2-methylbutyl group, 1-ethyl-3-methylbutyl group, 
2-ethyl-1-methylbutyl group, 1-propylbutyl group, 1-ethyl-2, 
2-dimethylpropyl group, 1-isopropyl-2-methylpropyl group, 
1-isopropyl-1-methylpropyl group, 1,1-diethylpropyl group, 
1.1.2.2-tetramethylpropyl group, 1-isopropylbutyl group, 
1-ethyl-1-methylbutyl group, octyl group, nonyl group, deca 
nyl group and the like, with preference given to straight chain 
or branched chain alkyl group having 1 to 6 carbon atoms, 
particularly preferably branched chain alkyl group having 1 
to 6 carbon atoms, 
0359 The “group B is a group consisting of the “Co 
carbon ring group optionally Substituted by 1 to 5 substituents 
selected from group A' defined above, the "heterocyclic 
group optionally substituted by 1 to 5 substituents selected 
from group A' defined above, —OR', SR'', NR'R'', 
CONR*R5, SONR“R5, COR-6, NR“COR, 
SOR, NRSOR, COOR and 
NRCOOR. 

0360. As used herein, RandRare the same or different 
and each is a hydrogen atom, a "Ca alkyl group' defined 
above, a "Cocarbon ring group optionally substituted by 1 
to 5 substituents selected from group A' defined above or a 
"heterocyclic group optionally substituted by 1 to 5 substitu 
ents selected from group A' defined above, and R' is a “C. 
alkyl group' defined above, a "Clo carbon ring group 
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optionally substituted by 1 to 5 substituents selected from 
group A' defined above or a "heterocyclic group optionally 
substituted by 1 to 5 substituents selected from group A” 
defined above. 

0361 Specific examples of OR, SR, RR, 
CONR'R's, SONR'R's, COR, NR'COR5, 
SOR, NRSOR, COOR and 

- NRCOOR include substituents recited in the defini 
tions of “ OR”, “ SR, “ NR'R'', 
* CONRail R2, * SONR'R'2", “. COR3, 
* NRCOR3, SO.R.", NRSO.R.", 
“. COOR'' and “ NRCOOR for “group A”, respec 
tively, and the like. 
0362 Specific examples of “Coalkyl group optionally 
substituted by 1 to 3 substituents selected from halogenatom 
and group B include methyl group, ethyl group, propyl 
group, isopropyl group, butyl group, isobutyl group, sec 
butyl group, tert-butyl group, pentyl group, isopentyl group, 
1-methylbutyl group, 1-ethylpropyl group, 2-ethylpropyl 
group, 1,1-dimethylpropyl group, 1,2-dimethylpropyl group, 
tert-pentyl group, hexyl group, isohexyl group, 1-methylpen 
tyl group, 1,1-dimethylbutyl group, 1,2-dimethylbutyl group, 
1,3-dimethylbutyl group, 1-ethylbutyl group, 1-ethyl-1-me 
thylpropyl group, 1-ethyl-2-methylpropyl group, 1,1,2-trim 
ethylpropyl group, 1.2.2-trimethylpropyl group, 1-ethyl-1- 
methylpropyl group, heptyl group, isoheptyl group, 
1-methylhexyl group, 1,1-dimethylpentyl group, 1,2-dimeth 
ylpentyl group, 1,3-dimethylpentyl group, 1,4-dimethylpen 
tyl group, 1,1,2-trimethylbutyl group, 1,1,3-trimethylbutyl 
group, 1.2.2-trimethylbutyl group, 1,2,3-trimethylbutyl 
group, 1,3,3-trimethylbutyl group, 1-ethylpentyl group, 
1-ethyl-2-methylbutyl group, 1-ethyl-3-methylbutyl group, 
2-ethyl-1-methylbutyl group, 1-propylbutyl group, 1-ethyl-2, 
2-dimethylpropyl group, 1-isopropyl-2-methylpropyl group, 
1-isopropyl-1-methylpropyl group, 1,1-diethylpropyl group, 
1.1.2.2-tetramethylpropyl group, 1-isopropylbutyl group, 
1-ethyl-1-methylbutyl group, fluoromethyl group, trifluo 
romethyl group, chloroethyl group, 2-fluoroethyl group, 
2-chloroethyl group, 3-fluoropropyl group, 2-chloropropyl 
group, 2.2.2-trifluoroethyl group, 2-hydroxyethyl group, 
2-hydroxypropyl group, 2-hydroxy-1-methylethyl group, 
2-hydroxy-1,1-dimethylethyl group, 1-(hydroxymethyl)pro 
pyl group, 3-hydroxypropyl group, 2-hydroxybutyl group, 
4-hydroxybutyl group, 2-hydroxypentyl group, 5-hydroxy 
pentyl group, 2,3-dihydroxypropyl group, 2,3-dihydroxybu 
tyl group, 2-hydroxy-1-(hydroxymethyl) ethyl group, 2-hy 
droxy-2-methylpropyl group, 1-(hydroxy ethyl)butyl group, 
1-(hydroxymethyl)-2-methylpropyl group, 1-(hydroxym 
ethyl)-2,2-dimethylpropyl group, 1-(hydroxymethyl)-2-me 
thylbutyl group, 2-hydroxy-1-phenylethyl group, 2-hydroxy 
2-phenylethyl group, 1-(hydroxymethyl)-2-phenylethyl 
group, 3-methyl-1-(hydroxymethyl)butyl group, 2-ethyl-1- 
(hydroxymethyl)butyl group, 3-hydroxy-1-methylpropyl 
group, 1,1-dimethyl-3-hydroxypropyl group, 1,2-dimethyl 
3-hydroxypropyl group, 1-isopropyl-3-hydroxypropyl 
group, 2,2-dimethyl-1-(2-hydroxyethyl)propyl group, 
1-ethyl-3-hydroxypropyl group, 2-hydroxy-1-isopropylpro 
pyl group, 1-ethyl-1-(hydroxymethyl)propyl group, 1,1-dim 
ethyl-2-hydroxypropyl group, 1,2-dimethyl-2-hydroxypro 
pyl group, 1-ethyl-2-hydroxypropyl group, 4-hydroxy-1- 
methylbutyl grOup, 2-ethyl-1-(hydroxymethyl)-2- 
methylbutyl group, 3.3-dimethyl-1-(hydroxymethyl)butyl 
group, 1-(hydroxymethyl)pentyl group, 4-methyl-1-(hy 
droxymethyl)pentyl group, methoxymethyl group, 2-meth 
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oxyethyl group, methylsulfanylmethyl group, 2-(methylsul 
fanyl)ethyl group, 2-aminoethyl group, 2-(dimethylamino) 
ethyl group, carboxymethyl group, 2-carboxyethyl group, 
2-carboxypropyl group, 3-carboxypropyl group, carbamoyl 
methyl group, 2-carbamoylethyl group, methylaminocarbo 
nylmethyl group, dimethylaminocarbonylmethyl group, 
2-(phenylaminocarbonyl)ethyl group, 2-oxopropyl group, 
methylsulfonylmethyl group, 2-(methylsulfonyl)ethyl group, 
Sulfamoylmethyl group, methylaminosulfonylmethyl group, 
dimethylaminosulfonylmethyl group, tert-butylaminosulfo 
nylmethyl group, 2-(acetylamino)ethyl group, 2-(methylsul 
fonylamino)ethyl group, 2-(ethoxycarbonylamino)ethyl 
group, benzyl group, phenethyl group, 3-phenylpropyl group, 
4-phenylbutyl group, 2-biphenylmethyl group, 3,4-dichlo 
robenzyl group, 2-hydroxy-2-phenylethyl group, cyclopen 
tylmethyl group, cyclohexylmethyl group, 2-cyclohexylethyl 
group, 1-cyclohexyl-2-hydroxyethyl group, 1-cyclohexylm 
ethyl-2-hydroxyethyl group, phenylaminocarbonylmethyl 
group, 2-pyridin-2-ylethyl group, 2-imidazol-1-ylethyl 
group, 2-benzothiophen-2-ylethyl group, 2-morpholinoethyl 
group, 2-(4-methylthiazolin-5-yl)ethyl group, 1-carboxy 
ethyl group, 1-carbamoylethyl group, 1-carboxy-2-methyl 
propyl group, 1-carbamoyl-2-methylpropyl group, 2-hy 
droxy-1-(hydroxymethyl) propyl group, 1-(hydroxymethyl)- 
2-mercaptoethyl grOup, 1-(hydroxymethyl)-3- 
(methylsulfanyl)propyl grOup, 2-carboxy-1- 
(hydroxymethyl)ethyl)ethyl grOup, 2-carbamoyl-1- 
(hydroxymethyl)ethyl grOup, 2-(indol-3-yl)-1- 
(hydroxymethyl)ethyl group, 2-(imidazol-4-yl)-1- 
(hydroxymethyl) ethyl group, 2-(4-hydroxyphenyl)-1- 
(hydroxymethyl)ethyl grOup, 3-carbamoyl-1- 
(hydroxymethyl) propyl group, 5-amino-1-(hydroxymethyl) 
pentyl group and the like. 
0363) R' is preferably methyl group, ethyl group, propyl 
group, isopropyl group, butyl group, isobutyl group, tert 
butyl group, 2-fluoroethyl group, 2.2.2-trifluoroethyl group, 
2-hydroxyethyl group, 2-hydroxypropyl group, 3-hydrox 
ypropyl group, 4-hydroxybutyl group, 5-hydroxypentyl 
group, 2,3-dihydroxypropyl group, 2-hydroxy-1-methylethyl 
group, 2-hydroxy-1,1-dimethylethyl group, 2-hydroxy-1- 
(hydroxymethyl)ethyl group, 1-(hydroxymethyl) propyl 
group, 2-hydroxy-2-methylpropyl group, 1-(hydroxymethyl) 
butyl group, 1-(hydroxymethyl) 2-methylpropyl group, 
1-(hydroxymethyl)-2,2-dimethylpropyl group, 1-(hy 
droxymethyl)-2-methylbutyl group, 1-(hydroxymethyl)-3- 
methylbutyl group, 2-hydroxy-1-phenylethyl group, 2-hy 
droxy-2-phenylethyl grOup, 1-(hydroxymethyl)-2- 
phenylethyl grOup, 2-methoxyethyl grOup, 
methylsulfanylmethyl group, 2-(methylsulfanyl)ethyl group, 
2-aminoethyl group, 2-(dimethylamino) ethyl group, car 
boxymethyl group, 2-carboxyethyl group, 3-carboxypropyl 
group, carbamoylmethyl group, 2-carbamoylethyl group, 
methylaminocarbonylmethyl group, dimethylaminocarbon 
ylmethyl group, 2-(phenylaminocarbonyl) ethyl group, 
2-oxopropyl group, methylsulfonylmethyl group, 2-(methyl 
Sulfonyl)ethyl group, Sulfamoylmethyl group, methylamino 
Sulfonylmethyl group, dimethylaminosulfonylmethyl group, 
tert-butylaminosulfonylmethyl group, 2-(acetylamino)ethyl 
group, 2 (methylsulfonylamino)ethyl group, 2-(ethoxycarbo 
nylamino)ethyl group, benzyl group, phenethyl group, 3-phe 
nylpropyl group, 4-phenylbutyl group, 2-biphenylmethyl 
group, 3,4-dichlorobenzyl group, cyclopentylmethyl group, 
cyclohexylmethyl group, 1-so cyclohexyl-2-hydroxyethyl 
group, 1-cyclohexylmethyl-2-hydroxyethyl group, 2-pyri 
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din-2-ylethyl group, 2-imidazol-1-ylethyl group, 2-mor 
pholinoethyl group, 2-(4-methylthiazolin-5-yl)ethyl group or 
benzothiophen-2-ylmethyl group, particularly preferably 
alkyl group branched at the 1-position and/or alkyl group 
substituted by hydroxy group. Specific examples thereof 
include 2-hydroxy-1-methylethyl group, 1-(hydroxymethyl)- 
2-methylpropyl group, 1-(hydroxymethyl)-2,2-dimethylpro 
pyl group, 1-(hydroxymethyl)-2-methylbutyl group, 2-hy 
droxy-1-(hydroxymethyl) ethyl group and 2-phenyl-1- 
(hydroxymethyl)ethyl group. When these particularly 
preferable substituents are in optically active forms, S form is 
more preferable. 
0364) R' and R are preferably methyl group, ethyl 
group and trifluoromethyl group, and R'' and Rare prefer 
ably methyl group, ethyl group, propyl group, isopropyl 
group, 2-hydroxyethyl group, 3-hydroxypropyl group and 
cyclohexylmethyl group, more preferably methyl group, 
ethyl group and isopropyl group, and particularly preferably 
methyl group. 
0365. The ring Cy in the forumula II is preferably a “Co 
bon ring group optionally Substituted by 1 to 5 substituents 
selected from group A' defined above, more preferably 

wherein R. R. R. and m are as defined above. A more 
preferable embodiment here is the same as the 4-oxoquino 
line compound represented by the formula II, wherein m is 
preferably 0 or 1, more preferably 0. 
0366. The group A for ring Cy is preferably cyano group, 
phenyl group, nitro group, "halogen atom' defined above, 
“C alkyl group' defined above, "halo C alkyl group' 
defined above, “halo C alkyloxy group' defined above, 
* OR'' defined above, “ SR' defined above, 
“ NR'R'' defined above, “ CONR'R'' defined 
above, “ SONR'R'' defined above, “ NRCOR 
defined above, “ SOR' defined above or 
“ NR'SOR" defined above, more preferably cyano 
group, phenyl group, nitro group, "halogenatom', 'Calkyl 
group', 'halo C alkyl group', 'halo Calkyloxy group'. 
* ORail, * SRal, * NRai Ra2-, * SO.R.", 
* SONR'R' or “ NR'COR', and particularly pref 
erably “halogen atom' defined above. 
0367 The ring Cy is more preferably 

R4 

R 

R6 R6 

R6" 

wherein R. R." and R" are substituents selected from 
hydrogen atom and “group A' defined above, and RandR 
are as defined above. 
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0368 R is preferably phenyl group, "halogen atom” 
defined above, “C. alkyl group' defined above, “halo Ca 
alkyloxy group” defined above, " OR' defined above, 
“NR'R'' defined above, “ SONR'R'' defined above, 
“ NR'COR' defined above, “ SOR" defined above, 
“. COOR' defined above or NR'SOR" defined 
above, 
more preferably “halogen atom”, “C. alkyl group”, “halo 
C, alkyloxy group”, “ OR' or “ NR'R'', and par 
ticularly preferably “halogen atom' defined above, 
R is preferably hydrogen atom, cyano group, nitro group, 
“halogen atom' defined above, “C. alkyl group' defined 
above, "halo C, alkyl group” defined above, " OR'” 
defined above, “ SR''' defined above, “ NR'R'' 
defined above, “ CONR'R' defined above, 
* SONR'R'' defined above or “ NR'COR” defined 
above, 
more preferably hydrogen atom, "halogen atom' or “C. 
alkyl group', and particularly preferably "halogen atom', 
0369 R is preferably "halogenatom”, “C. alkyl group” 
defined above," SOR" defined above," OR'' defined 
above or " SR' defined above, more preferably “halogen 
atom. 
0370 R and R" are preferably the same or different and 
each is hydrogenatom or "halogenatom' defined above, R' 
is preferably hydrogen atom, "halogenatom' defined above, 
“C, alkyl group” defined above, " SO.R“” defined 
above, “ OR' defined above or “ SR' defined above, 
more preferably, hydrogenatom, "halogenatom', 'Calkyl 
group” defined above or “ SR' defined above, and more 
preferably hydrogen atom. 
0371) R' is preferably "Cocarbon ring group optionally 
substituted by 1 to 5 substituents selected from group A” 
defined above; "heterocyclic group optionally substituted by 
1 to 5 substituents selected from group A' defined above, 
* OR defined above (here, it is concretely preferably 
methoxy group), “ NR'R'' defined above (here, it is con 
cretely preferably amino group, methylamino group, ethy 
lamino group or dimethylamino group), “ NRCOR" 
defined above (here, it is concretely preferably acetylamino 
group), “ NR'SOR" defined above (here, it is con 
cretely preferably, methylsulfonylamino group or N-methyl 
N-(methylsulfonyl) amino group), “ NRCOOR' 
defined above (here, it is concretely preferably methoxycar 
bonylamino group) or “Clio alkyl group optionally substi 
tuted by 1 to 3 substituents selected from halogen atom and 
group B' defined above, more preferably, "Cocarbon ring 
group optionally substituted by 1 to 5 substituents selected 
from group A' defined above or "Coalkyl group optionally 
substituted by 1 to 3 substituents selected from halogenatom 
and group B. more preferably "Coalkyl group optionally 
substituted by 1 to 3 substituents selected from halogenatom 
and group B' defined above. 
0372 R is preferably hydrogen atom. 
0373) R' is preferably hydrogen atom, cyano group, 
"halogen atom' defined above, hydroxy group or “C. 
alkoxy group' defined above, more preferably hydrogen 
atom, cyano group, "halogen atom' defined above or “C. 
alkoxy group' defined above, more preferably hydrogen 
atom, cyano group or “C. alkoxy group' defined above, 
particularly preferably hydrogen atom. 
0374 R is preferably hydrogen atom, cyano group, 
"halogen atom' defined above, "heterocyclic group option 
ally substituted by 1 to 5 substituents selected from group A” 
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defined above, "Coalkyl group optionally Substituted by 1 
to 3 substituents selected from halogen atom and group B' 
defined above, “ OR' defined above, “ SR' defined 
above, “ NR7R defined above, “. COOR' defined 
above or “ N=CH-NR'R''' defined above, more 
preferably hydrogen atom, “ OR'7' defined above, 
* SR' defined above or “ NR'R' defined above, 
more preferably hydrogen atom or “ OR” defined above, 
particularly preferably “ OR7. 
0375 R is preferably hydrogenatom, “Coalkyl group 
optionally substituted by 1 to 3 substituents selected from 
halogenatom and group B" defined above,"—OR” defined 
above or “ NR'R'' defined above, more preferably 
hydrogen atom, “ OR7' defined above or “ NR'R'' 
defined above, more preferably hydrogenatom or “ OR” 
defined above, particularly preferably hydrogen atom. 
0376. It is preferable that one of R and R be hydrogen 
atom, and the other be “ OR' defined above. 
0377. It is preferable that R behydrogenatom and Ror 
R be other than hydrogenatom. 
0378. The “pharmaceutically acceptable salt thereof may 
be any as long as it forms a non-toxic salt with a compound of 
the above-mentioned formula III or II. For example, it can 
be obtained by reaction with an inorganic acid such as hydro 
chloric acid, Sulfuric acid, phosphoric acid, hydrobromic acid 
and the like; an organic acid such as oxalic acid, malonic acid, 
citric acid, fumaric acid, lactic acid, malic acid, Succinic acid, 
tartaric acid, acetic acid, trifluoroacetic acid, gluconic acid, 
ascorbic acid, methylsulfonic acid, benzylsulfonic acid and 
the like; an inorganic base Such as sodium hydroxide, potas 
sium hydroxide, calcium hydroxide, magnesium hydroxide, 
ammonium hydroxide and the like; an organic base Such as 
methylamine, diethylamine, triethylamine, triethanolamine, 
ethylenediamine, tris(hydroxymethyl)methylamine, guani 
dine, choline, cinchonine and the like; or an amino acid Such 
as lysin, arginine, alanine and the like. The present invention 
encompasses water-containing products, hydrates and Sol 
Vates of each compound. 
0379. In addition, the compounds represented by the 
above-mentioned formulas I and II have various isomers. 
For example, E form and Z form are present as geometric 
isomers, and when an asymmetric carbon atom exists, enan 
tiomer and diastereomer are present as Stereoisomers based 
thereon, and tautomer can be present. Accordingly, the 
present invention encompasses all these isomers and mixtures 
thereof. The compound of the present invention is preferably 
isolated and purified from various isomers, byproducts, 
metabolites or prodrugs, where one having a purity of 90% or 
above is preferable and one having a purity of 95% or above 
is more preferable. 
0380. The present invention also encompasses prodrugs 
and metabolites of each compound. 
0381. By the “prodrug is meant a derivative of the com 
pound of the present invention, which has a chemically or 
metabolically decomposable group and which, after admin 
istration to a body, restores to the original compound to show 
its inherent efficacy, including a complex and a salt free of 
covalent bond. 
0382. The prodrug is utilized for, for example, improving 
absorption by oral administration or targeting of a target site. 
0383. As the site to be modified, highly reactive functional 
groups in the compound of the present invention, Such as 
hydroxyl group, carboxyl group, amino group, thiol group 
and the like, are mentioned. 
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0384 Examples of the hydroxyl-modifying group include 
acetyl group, propionyl group, isobutyryl group, pivaloyl 
group, benzoyl group, 4-methylbenzoyl group, dimethylcar 
bamoyl group, Sulfo group and the like. Examples of the 
carboxyl-modifying group include ethyl group, pivaloy 
loxymethyl group, 1-(acetyloxy)ethyl group, 1-(ethoxycar 
bonyloxy) ethyl group, 1-(cyclohexyloxycarbonyloxy) ethyl 
group, carboxylmethyl group, (5-methyl-2-oxo-1,3-dioxol 
4-yl)methyl group, phenyl group, o-tolyl group and the like. 
Examples of the amino-modifying group include hexylcar 
bamoyl group, 3-methylthio-1-(acetylamino)propylcarbonyl 
group, 1-sulfo-1-(3-ethoxy-4-hydroxyphenyl)methyl group, 
(5-methyl-2-oxo-1,3-dioxol-4-yl)methyl group and the like, 
0385. The compound of the present invention can be 
administered to a mammal (human, mouse, rat, hamster, rab 
bit, cat, dog, bovine, sheep, Swine and the like) as an anti-HIV 
agent, an integrase inhibitor, an antiviral agent and the like. 
0386. When the compound of the present invention is used 
as a pharmaceutical preparation, it is, admixed with pharma 
ceutically acceptable carriers, excipients, diluents, extending 
agents, disintegrants, stabilizers, preservatives, buffers, 
emulsifiers, flavoring agents, coloring agents, Sweetening 
agents, thickeners, correctives, dissolution aids, and other 
additives, that are generally known per se, such as water, 
Vegetable oil, alcohol (e.g., ethanol or benzyl alcohol etc.), 
polyethylene glycol, glycerol triacetate, gelatin, carbohy 
drate (e.g., lactose, starch etc.), magnesium Stearate, talc. 
lanolin, petrolatum and the like, formed into tablet, pill, pow 
der, granule, suppository, injection, eye drop, liquid, capsule, 
troche, aerosol, elixir, Suspension, emulsion, syrup and the 
like by a conventional method, and administered systemically 
or topically, and orally or parenterally. 
0387 While the dose varies depending on age, body 
weight, symptom, treatment effect, administration method 
and the like, it is generally 0.01 mg to 1 g per administration 
for an adult, which is given once to several times a day orally 
or in a dosage form of an injection Such as intravenous injec 
tion and the like. 
0388. An anti-HIV agent is generally required to sustain 

its effect for a long time, so that can be effective not only for 
temporal suppression of viral growth but also for prohibition 
of viral re-growth. This means that along term administration 
is necessary and that a high single dose may be frequently 
inevitable to sustain effect for a longer period through the 
night. Such long term and high dose administration increases 
the risk of causing side effects. 
0389. In view of this, one of the preferable modes of the 
4-oxoquinoline compound of the present invention is such 
compound permitting high absorption by oral administration, 
and Such compound capable of maintaining blood concentra 
tion of the administered compound for an extended period of 
time. 
0390 By the “prophylaxis of AIDS” is meant, for 
example, administration of a pharmaceutical agent to an indi 
vidual who tested HIV positive but has not yet developed the 
disease state of AIDS, administration of a pharmaceutical 
agent to an individual who shows an improved disease state of 
AIDS after treatment but who carries HIV still to be eradi 
cated and whose relapse of AIDS is worried, and administra 
tion of a pharmaceutical agent before the infection of HIV out 
of a fear of possible infection. 
0391 Examples of the “other anti-HIV agents” and “other 
anti-HIV active substance' to be used for a multiple drug 
combination therapy include an anti-HIV antibody, an HIV 
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vaccine, immunostimulants such as interferon and the like, an 
HIV ribozyme, an HIV antimense drug, a reverse tran 
scriptase inhibitor, a protease inhibitor, an inhibitor of bond 
between a bond receptor (CD4, CXCR4, CCR5 and the like) 
of a host cell recognized by virus and the virus, and the like. 
0392 Specific examples of the HIV reverse transcriptase 
inhibitor include Retrovir(R) (zidovudine), Epivir(R) (lamiv 
dine), Zeerit(R), (sanilvudine), Zerit(R) (sanilvudine), Videx 
(R) (didanosine) Hivid(R) (Zalcitabine), ZiagenCR) (abacavir 
sulfate), Viramune(R) (nevirapine), Stocrin(R) (efavirenz), 
Rescriptor(R) (delavirdine mesylate), Combivir(R) (zidovu 
dine--lamivudine), Trizivir(R) (abacavir sulfate--lamivu 
dine--zidovudine), Coactinon(R) (emivirine), Phosphonovir 
(R) Coviracil(R), alovudine (3'-fluoro-3'-deoxythymidine), 
Thiovir (thiophosphonoformic acid), Capravirin (5-(3.5- 
dichlorophenyl)thiol-4-isopropyl-1-(4-pyridylmethyl) imi 
dazole-2-methanol carbamic acid), Tenofovir disoproxil 
fumarate ((R)-2-(6-amino-9H-purin-9-yl)-1-methyl 
ethoxymethylphosphonic acid bis(isopropoxycarbony 
loxymethyl)ester fumarate), DPC-083 ((4S)-6-chloro-4- 
(1E)-cyclopropylethenyl-3,4-dihydro-4-trifluoromethyl-2 
(1N)-quinazolinone), DPC-961 ((4S)-6-chloro-4- 
(cyclopropylethynyl)-3,4-dihydro-4-trifluoromethyl)-2 
(1H)-quinazolinone), DAPD ((-)-B-D-2,6-diaminopurine 
dioxolane), Immunocal, MSK-055, MSA-254, MSH-143, 
NV-01, TMC-120, DPC-817, GS-7340, TMC-125, SPD-754, 
D-A4FC, capravirine, UC-781, emtricitabine, alovudine, 
Phosphazid, UC-781, BCH-10618, DPC-083, Etravirine, 
BCH-13520, MIV-210, Abacavir Sulfate/lamivudine, 
GS-7340, GW-5634, GW-695634 and the like, wherein (R) 
means a registered trademark (hereinafter the same) and the 
names of other pharmaceutical agents are general names. 
0393 Specific examples of the HIV protease inhibitor 
include Crixivan(R) (indinavir sulfate ethanolate), 
saquinavir, Invirase(R) (saquinavir mesylate), Norvir(R) 
(ritonavir) Viracept(R) (nelfinavir mesylate), lopinavir, 
Prozei (R) (amprenavir), Kaletra(R) (ritonavir-i-lopinavir), 
mozenavir dimesylate (4R-(4C.5C.6B)-1-3-bis(3-ami 
nophenyl)methyl-hexahydro-5,6-dihydroxy-4,7-bis(phe 
nylmethyl)-2H-1,3-diazepin-2-one dimethanesulfonate), 
tipranavir (3'-(1R)-1-(6R)-5,6-dihydro-4-hydroxy-2-oxo 
6-phenylethyl-6-propyl-2H-pyran-3-yl)propyl-5-(trifluo 
romethyl)-2-pyridinesulfonamide), lasinavir (N-5(S)-(tert 
butoxycarbonylamino)-4-(S)-hydroxy-6-phenyl-2(R)-(2,3,4- 
trimethoxybenzyl)hexanoyl-1-valine 
2-methoxyethylenamide), KNI-272 ((R)-N-tert-butyl-3- 
((2S,3S)-2-hydroxy-3-N-(R)-2-N-(isoquinolin-5-yloxy 
acetyl)amino-3-methylthiopropanoyl)amino-4-phenylbu 
tanoyl-5,5-dimethyl-1,3-thiazolidine-4-carboxamide), 
GW-433908, TMC-126, DPC-681, buckminsterfullerene, 
MK-944A (MK944 (N-(2 (R)-hydroxy-1 (S) indanyl)-2(R)- 
phenylmethyl-4-(S)-hydroxy-5-4-(2-benzobfuranylm 
ethyl)-2(S) (tert-butylcarbamoyl)piperazin-1-ylpentana 
mide)+indinavir Sulfate), JE-2147 (I2OS)-oxo-4- 
phenylmethyl-3(S)-(2-methyl-3-oxy) 
phenylcarbonylamino-1-Oxabutyl-4-(2-methylphenyl) 
methylaminocarbonyl-4(R)-5,5-dimethyl-1,3-thiazole), 
BMS-232632 ((3S,8S.9S, 12S)-3,12-bis(1,1-dimethylethyl)- 
8-hydroxy-4,11-dioxo-9-(phenylmethyl)-6-4-(2-pyridinyl) 
phenyl)methyl)-2,5,6,10,13-pentaazatetradecanedicarboxy 
lic acid dimethyl ester), DMP-850 ((4R,5S,6S,7R)-1-(3- 
amino-1H-indazol-5-ylmethyl)-4,7-dibenzyl-3-butyl-5,6- 
dihydroxyperbydro-1,3-diazepin-2-one), DMP-851, 
RO-0334649, Nar-DG-35, R-944, VX-385, TMC-114, 
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Tipranavir, Fosamprenavir Sodium, Fosamprenavir calcium, 
Darunavir, GW-0385, R-944, RO-033-4649, AG-1859 and 
the like. 

0394. The HXV integrase inhibitor is exemplified by 
S-1360, L-870810 and the like, the DNA polymerase inhibi 
tor or DNA synthesis inhibitor is exemplified by Foscavir(R), 
ACH-126443 (L-2',3'-didehydro-dideoxy-5-fluorocytidine), 

((1S,3S,4)-9-4-hydroxy-3-(hydroxymethyl)-2- 
methylenecyclopentyllguanine), calanolide A (10R-(10C. 
113,12C)-11,12-dihydro-12-hydroxy-6,6,10,11-tetram 
ethyl-4-propyl-2H,6H,10H-benzo 1,2-b:3,4-b':5,6-b" 
tripyran-2-one), calanolide B, NSC-674447 (1,1'- 
aZobisformamide), Iscador (Viscum extract), 
Rubutecan and the like, the HIV antisense drug is exemplified 
by HGTV-43, GEM-92 and the like, the anti-HIV antibody or 
other antibody is exemplified by NM-01, PRO-367, KD-247, 
Cytolin(R), TNX-355 (CD4 antibody), AGT-1, PRO-140 
(CCR5 antibody), Anti-CTLA-4N4Ab and the like, the HIV 
vaccine or other vaccine is exemplified by ALVAC(R), AIDS 
VAX(R). Remune(R), HIV gp41 vaccine, HIV gp120 vac 
cine, HIV gp140 vaccine, HIV gp160 vaccine, HIV p17 vac 
cine, HIV p24 vaccine, HIV vaccine, HIV p55 vaccine, 
AlphaVax Vector System, canarypox gp160 vaccine, Anti Tat, 
MVA-F6 Nef vaccine, HIV rev vaccine, C4-V3 peptide, 
p2249f, VIR-201, HGP-30W, TBC-3B, PARTICLE-3B and 
the like, Antiferon (interferon-C. vaccine) and the like, the 
interferon or interferonagonist is exemplified by Sumiferon 
(R), MultiFeron(R), interferon-T, Reticulose, Human leuko 
cyte interferon alpha and the like, the CCR5 antagonist is 
exemplified by SCH-351125 and the like, the pharmaceutical 
agent acting on HIV p24 is exemplified by CPG-NH2 (glycyl 
prolyl-glycinamide) and the like, the HIV fusion inhibitor is 
exemplified by FP-21399 (1,4-bis3-(2,4-dichlorophenyl) 
carbonylamino-2-oxo-5,8-disodium sulfonylnaphthyl-2,5- 
dimethoxyphenyl-1,4-dihydrazone), T-1249, Synthetic Poly 
meric Construction No 3, pentafuside, FP-21399, PRO-542, 
Enfluvirtide and the like, the IL-2 agonist or antagonist is 
exemplified by interleukin-2, Imunace(R). Proleukin(R), 
Multikine(R), Ontak(R) and the like, the TNF-C. antagonist is 
exemplified by Thalomid(R) (thalidomide), Remicade(R) 
(infliximab), curdlan Sulfate and the like, the C-glucosidase 
inhibitor is exemplified by Bucast(R) and the like, the purine 
nucleoside phosphorylase inhibitor is exemplified by 
peldesine (2-amino-4-oxo-3H,5H-7-(3-pyridyl)methylpyr 
rolo3.2-dpyrimidine) and the like, the apoptosis agonist or 
inhibitor is exemplified by Arkin Z(R), Panavir(R), Coen 
Zyme Q10 (2-decac3-methyl-2-butenylene)-5,6-dimethoxy 
3-methyl-p-benzoquilnone) and the like, the cholinesterase 
inhibitor is exemplified by Cognex(R) and the like, and the 
immunomodulator is exemplified by ImunoX(R). Prokine(R). 
Met-enkephalin (6-de-1-arginine-7-de-1-arginine-8-de-1- 
valinamide-adrenorphin), WF-10 (10-fold dilute tetrachloro 
decaoxide solution), Perthon, PRO-542, SCH-D, 
UK-427857, AMD-070, AK-602 and the like. 

0395. In addition, Neurotropin(R), Lidakol(R), Ancer 
20CR), ApligencR), Anticort(R), Inactivin(R) and the like, 

entecavir 
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PRO-2000, Rev M10 gene, HIV specific cytotoxic T cell 
(CTL immunotherapy, ACTG protocol 080 therapy, CD4 
gene therapy), SCA binding protein, RBC-CD4 complex, 
Motexafin gadolinium, GEM-92, CNI-1493, (+)-FTC, 
Ushercell, D2S, BufferGel(R), VivaGel (R), Glyminox vagi 
nal gel, sodium lauryl sulfate, 2F5, 2F5/2G12, VRX-496, 
AdSgag2, BG-777, IGIV-C, BILR-255 and the like are exem 
plified. 
0396. As the “other anti-HIV agents” and “other anti-HIV 
active substance' to be used for a multiple drug combination 
therapy with the compound of the present invention, preferred 
are a reverse transcriptase inhibitor and a protease inhibitor. 
Two or three, or even a greater number of pharmaceutical 
agents can be used in combination, wherein a combination of 
pharmaceutical agents having different action mechanisms is 
one of the preferable embodiments. In addition, selection of 
pharmaceutical agents free of side effect duplication is pref 
erable. 
0397 Specific combination of pharmaceutical agents 
include a combination of a group consisting of Efavirenz, 
Tenofovir, Emtricitabine, Indinavir, Nelfinavir, Atanazavir, 
Ritonavir-i-Indinavir, Ritonavir-i-Lopinavir, 
Saquinavir, Didanosine+Lamivudine, Zidovudine--Didanoe 
ine, Stavudine--Didanosine, Zidovudine--Lamivudine, Sta 
Vudine--Lamivudine, and Emtriva and the 4-oxoquinoline 
compound III of the present invention (Guidelines for the Use 
of Antiretroviral Agents in HIV-Infected Adults and Adoles 
cents. Aug. 13, 2001). Particularly preferably, two drug 
therapy by the combination with Efavirenz, Indinavir, Nelfi 
navir, Tenofovir, Emtricitabine, Zidovudine and Lamivudine, 
and three drug therapy by the combination with Zidovudine-- 
Lamivudine, Tenofovir-i-Lamivudine, Tenofovir-i-Zidovu 
dine, Tenofovir--Efavirenz, Tenofovir-Nelfinavir, Teno 
foviri-Indinavir, Tenofovir--Emtricitabine, Emtricitabine-- 
Lamivudine, 
Efavirenz, 
Indinavir, Nelfinavir-Lamivudine, Nelfinavir-i-Zidovudine, 
Nelfinavir--Efavirenz, Nelfinavir-Indinavir, 
Lamivudine, Efavirenz-Zidovudine, and Efavirenz+Indi 

Ritonavir 

Emtricitabine--Zidovudine, Emtricitabine-- 
Emtricitabine--Nelfinavir, Emtricitabine-- 

Efavirenz+ 

navir can be mentioned. 
0398. Some examples of the production methods of the 
compounds used for embodiment of the present invention are 
shown in the following. However, the production method of 
the compounds of the present invention is not limited to these 
examples 
0399. Even in the absence of description in the production 
method, efficient production can be afforded, where neces 
sary, by introducing a protecting group into a functional 
group followed by deprotection in a Subsequent step, by using 
a compound with a functional group as a precursor in each 
step and converting the group to a desired functional group in 
a Suitable step, by exchanging the order of respective produc 
tion methods and steps, or by other method. 
0400. The workup in each step can be applied by a typical 
method, wherein isolation and purification is performed by 
selecting or combining conventional methods as necessary, 
Such as crystallization, recrystallization, distillation, parti 
tioning, silica gel chromatography, preparative HPLC and the 
like. 
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Production Method 1-1 

04.01 
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wherein Hal is a halogenatom such as chlorine atom, bromine 
atom and the like: Hal' is a halogen atom such as bromine 
atom, iodine atom and the like; R'' is “Clio alkyl group 
optionally substituted by 1 to 3 substituents selected from 
halogen atom and group B' defined above; R is "C. alkyl 
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group' defined above, which is preferably methyl group or 
ethyl group; in compound (6), each R* may be different but 
preferably the same; (R), is a substituent of any of R, R 
and R, which may be the same or different; n is an integer of 
1 to 3; where the substituent R does not simultaneously 
substitute at both of the * positions, and other symbols are as 
defined above. 

Step 1 
0402 Under an argon or nitrogen stream, Zinc powder and 
1.2-dibromoethane are reacted in a solvent with heating, and 
trimethylsilyl chloride is added to allow reaction. Then, to the 
reaction Solution is added a solution of compound 1 to allow 
reaction to give compound 2. 
0403. As preferable solvents, ether solvents such as 1,4- 
dioxane, diethyl ether, 1,2-dimethoxyethane, tetrahydrofuran 
(THF) and the like; hydrocarbon solvents such as benzene, 
toluene, hexane, Xylene and the like; and the like can be 
mentioned. 

Step 2 
04.04 The compound 2 is reacted with compound 3 in 
a solvent in the presence of a catalyst and, where necessary, a 
ligand Such as triphenylphosphine, tri(2-furyl)phosphine and 
the like, and under an argonor nitrogen stream with cooling or 
with heating to give compound 4. 
04.05 As the catalyst, palladium catalysts such as bis 
(dilbenzylideneacetone)palladium, tris(dibenzylideneac 
etone)dipalladium, dichlorobis(triphenylphosphine)palla 
dium, dichlorobis(benzonitrile)palladium, 
dichloroethylenediamine palladium, palladium acetate, tet 
rakis(triphenylphosphine)palladium and the like, nickel cata 
lyst and the like can be mentioned. 
0406 As preferable solvents, ether solvents such as 1,4- 
dioxane, diethyl ether, 1,2-dimethoxyethane, tetrahydrofuran 
(THF) and the like; hydrocarbon solvents such as benzene, 
toluene, hexane, Xylene and the like and the like can be 
mentioned. 

Step 3 
0407. The compound 4 is reduced by a conventional 
method Such as reduction with Zinc or iron under neutral or 
alkaline conditions; iron and acid; tin or tin(II) chloride and 
conc. hydrochloric acid; alkali sulfide; alkaline hydrosulfite 
and the like, catalytic reduction under a hydrogen atmo 
sphere, and the like to give compound 5. 
0408 For example, to compound 4 are added acetic acid 
and Zinc powder with cooling, and the mixture is reacted at 
room temperature to give compound 5. Alternatively, pal 
ladium-carbon is added to a solution of compound 4 in a 
mixed solvent of THF and methanol and the mixture is 
reacted under a hydrogen atmosphere at room temperature to 
give compound 5. 

Step 4 
04.09. The compound 5 is reacted with compound 6 in 
a solvent with heating. 
0410. As preferable solvents; alcohol solvents such as 
methanol, ethanol, n-propanol, isopropanol and the like; 
hydrocarbon solvents such as benzene, toluene, hexane, 
Xylene and the like; halogenated Solvents such as dichlo 
romethane, chloroform, carbon tetrachloride, 1,2-dichloroet 
hane and the like; ether solvents such as 1,4-dioxane, diethyl 
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ether, 1,2-dimethoxyethane, tetrahydrofuran and the like and 
a mixed solvents thereof can be mentioned. 

0411. Then, after removal of the solvent, the residue is 
reacted in a solvent such as diphenyl ether or a mixture of 
diphenyl ether and diphenyl, such as Dowtherm A (trade 
mark, Fluka) and the like, with heating to give compound 7. 

Step 5 

0412. The compound 7 is reacted with compound 8 in 
a solvent in the presence of a base to give compound I-1. 
0413. As the base, potassium carbonate, sodium carbon 
ate, lithium hydride, sodium hydride, potassium hydride and 
the like can be mentioned, with preference given to potassium 
carbonate. 

0414. As the solvents, hydrocarbon solvents such as ben 
Zene, toluene, hexane, Xylene and the like; ether solvents such 
as 1,4-dioxane, diethyl ether, 1,2-dimethoxyethane, tetrahy 
drofuran and the like; polar solvents such as dimethylforma 
mide, dimethyl sulfoxide, acetonitrile and the like and a 
mixed solvent thereof can be mentioned. 

Step 6 

0415. The compound I-1 is subjected to hydrolysis in a 
Solvent at room temperature or with heating under basic con 
ditions with sodium hydroxide, potassium hydroxide, lithium 
hydroxide and the like, or under acidic conditions with hydro 
chloric acid, sulfuric acid and the like to give compound I-2. 
0416. As the solvents, alcohol solvents such as methanol, 
ethanol, n-propanol, isopropanol and the like; hydrocarbon 
Solvents such as benzene, toluene, hexane, Xylene and the 
like; halogenated solvents such as dichloromethane, carbon 
tetrachloride, 1,2-dichloroethane and the like; ether solvents 
Such as 1,4-dioxane, diethyl ether, 1.2-dimethoxyethane, tet 
rahydrofuran and the like; polar solvents such as dimethyl 
formamide, dimethyl sulfoxide, acetonitrile and the like: 
water and a mixed solvent thereof can be mentioned. 

0417. By a reaction in the same manner as in Production 
Method 1-1 using compound 20 represented by 

R31 

Hall 
N 

X 2 
Ny NO 

instead of compound 3, compound I can be obtained. 
Production Method 1-2 Example of production method using 
compound 9 in which a hydroxyl-protecting group has been 
introduced 

O O 

N OR24 Step 6 
Hos 

Ha-(CH)r-OR 
3 A. 21 N (9) 

(R)n H 

22 
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-continued 
O O 

N OR24 Step 2 

2 7 
(CH)r-OR 

10 
O O 

N OH 

21 7 
(CH2)r-OH 

1-3) 

wherein ris an integer of 1 to 6, R is a hydroxyl-protecting 
group, and other symbols are as defined above. 
Step 1 
0418. The compound 7 obtained in the same manner as 
in Production Method 1-1 and compound (9) are reacted in 
the same manner as in Production Method 1-1, Step 5 to give 
compound 

Step 2 
0419. The compound 10 is deprotected by a conven 
tional method to give compound I-3. 
0420. As the hydroxyl-protecting group, acetyl group, 
methyloxycarbonyl group, methoxymethyl group, methoxy 
ethoxymethyl group, trimethylsilyl group, tert-butyldimeth 
ylsilyl group, tert-butyldiphenylsilyl group and the like can 
be mentioned. 
0421 For example, when R is acetyl group or methy 
loxycarbonyl group, a reaction with heating in the presence of 
a base Such as sodium hydroxide, potassium hydroxide and 
the like achieves deprotection. A treatment comprising addi 
tion of conc, hydrochloric acid and heating, heating in conc. 
ammonia and the like may be applied. 
0422. For example, when R'' is tert-butyldimethylsilyl 
group, deprotection can be achieved by a treatment with 
tetrabutylammonium fluoride in THF at room temperature, a 
treatment in the presence of sodium hydroxide in THF with 
heating, a treatment with acetic acid-water-THF at room tem 
perature or with heating, and the like. In this step, the depro 
tection of R and hydrolysis of R' can be performed in two 
Stages. 

Production Method 2-1 

0423 

O 

: N OH 

4. " 
11 
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-continued 
RCI 

N 
O craa1\coon, 

N OH Step 2 

HN-R, 
(R3) A 4fn. 14 

12 
O 

Ha 
N OR24 

Step 3 
-e- 

2 7 Ha H 
RIB 

15) 

O O 

H 
8. N OR24 Step 4 

ZnHal 2 Gr ^ N 
le 2 R 

16 

O O 

N OR2A Step 5 

2 7 
RIB 

I-4) 
O O 

N OH 

2 ^ 
RIB 

I-5 

wherein Halisahalogenatom and preferably afluorine atom 
or a chlorine atom, Rand Rare the same or different and 
each is a lower alkyl group Such as methyl group, ethyl group 
and the like, R' is a “Coalkyl group optionally substituted 
by 1 to 3 Substituents selected from halogen atom and group 
B' defined above, a "Cocarbon ring group optionally Sub 
stituted by 1 to 5 substituents selected from group A' defined 
above, a "heterocyclic group optionally substituted by 1 to 5 
substituents selected from group A' defined above or 
“—OR" defined above, and other symbols are as defined 
above, wherein the substituent R is not substituted at the * 
position. 
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Step 1 

0424. Here, Hal' is preferably bromine or iodine, and 
compound 12 can be obtained by conventional halogena 
tion. 

0425 For example, compound 11 is reacted with a halo 
genating agent Such as N-bromosuccinimide, N-iodosuccin 
imide and the like in a solvent such as trifluoromethane 

sulfonic acid, acetic acid, conc. sulfuric acid, DMF and the 
like at room temperature or with heating to give compound 
12. 

Step 2 

0426. An acid halide is obtained by a conventional method 
by, for example, reacting compound 12 with heating with a 
halogenating agent such as oxalyl chloride, thionyl chloride 
and the like, in a solvent such as hydrocarbon Solvents (e.g., 
toluene, Xylene etc.); halogenated solvent (e.g., dichlo 
romethane, carbon tetrachloride, 1,2-dichloroethane etc.); 
ethyl acetate and the like. 
0427 Here, for example, when thionyl chloride is used as 
a halogenating agent, a catalytic amount of DMF may be 
added. 

0428 Then, compound 13 is added to allow reaction in a 
Solvent in the presence of a base Such as triethylamine, diiso 
propylethylamine, potassium carbonate, pyridine and the like 
at room temperature or with heating, after which the resulting 
compound is reacted with compound 14 at room tempera 
ture or with heating to give compound 15. 
0429. As the solvent, hydrocarbon solvents such as ben 
Zene, toluene, hexane, Xylene and the like; halogenated Sol 
vents such as dichloromethane, carbon tetrachloride, 1.2- 
dichloroethane and the like; ether solvents such as 1,4- 
dioxane, diethyl ether, 1,2-dimethoxyethane, tetrahydrofuran 
and the like; polar solvents such as acetonitrile and the like, 
ethyl acetate and a mixed solvent thereof can be mentioned. 

Step 3 

0430. The compound 15 is reacted in the presence of a 
base Such as Sodium carbonate, potassium carbonate, Sodium 
hydroxide, potassium hydroxide, lithium hydroxide, potas 
sium tert-butoxide, Sodium hydride, potassium hydride and 
the like, in a solvent to give compound 16. 
0431. As one of the preferable production methods, com 
pound 15 may be reacted in the presence of 1,8-diazacyclo 
5.4.0-7-undecene in a solvent at room temperature or with 
heating to give compound 16. 
0432. As the solvent, hydrocarbon solvents such as ben 
Zene, toluene, hexane, Xylene and the like; halogenated Sol 
vents such as dichloromethane, carbon tetrachloride, 1.2- 
dichloroethane and the like; ether solvents such as 1,4- 
dioxane, diethyl ether, 1,2-dimethoxyethane, tetrahydrofuran 
and the like; polar solvents such as dimethylformamide, dim 
ethyl sulfoxide, acetonitrile and the like and a mixed solvent 
thereof can be mentioned, 
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Step 4 -continued 

0433. The compound 16 is reacted with compound 2 in 
the same manner as in Production Method 1-1, Step 2 to give N OH 
compound I-4. 

2 
0434. The compound I-4 is subjected to hydrolysis in the ^ 
same manner as in Production Method 1-1, Step 6 to give (CH2)r-OH 
compound I-5. I-7) 

Production Method 2-2 

0435 Example of production method comprising intro- wherein each symbol is as defined above. 
duction and removal of hydroxyl-protecting group 

Step 1 

0436 The compound 12 obtained in the same manner as 
RCI in Production Method 2-1, Step 1 is reacted with compound 

13 and compound 17 in the same manner as in Production 
scraycoon, Method 2-1, Step 2 to give compound 18. 

N OH 13 
Step 1 Step 2 

y 2 HN-(CH2)r-OH 
(R)n Ha 17 0437. A protecting group is introduced into hydroxyl 

12 group of compound (18) by a conventional method and then 
the compound is cyclized in the same manner as in Production 
Method 2-1, Step 3 to give compound (19). 

Ha 

O O 0438 Alternatively, compound 18 is cyclized in the 
Ha same manner as in Production Method 2-1, Step 3 and then a 

N OR24 
Step 2 
Pf- ventional method to give compound (19). 

protecting group is introduced into hydroxyl group by a con 

R3 Ha NH A (R)n 0439 For example, when R'' is a tert-butyldimethylsilyl 
(CH2)r-OH group, compound 18 may be reacted with imidazole and 

18 tert-butyldimethylsilyl chloride in a solvent such as DMF and 
toluene at room temperature. 
0440 When R'' is a methoxycarbonyl group, compound 
18 may be reacted with pyridine and methyl chlorocarbon 

Ha ate in a solvent such as chloroform with cooling or at room N OR24 Step 3 temperature. 

3 A 21 N Gr ZnHall 0441. A similar production method can be used for NH 
(R)n R'wherein R'is a Coalkyl group optionally substituted 

(CH)r-OR 2 by at least one hydroxyl group instead of compound 17. 

Hs 

19 

Step 3 

O O 0442. The compound 19 is reacted with compound 2 in 
the same manner as in Production Method 1-1, Step 2 to give 

N OR24 Sep - compound I-6. 

2 ^ N Step 4 
Pl 

(CH)r-OR 0443) The compound I-6 is subjected to hydrolysis by a 
I-6 conventional method in the same manner as in Production 

Method 1-2, Step 2 to give compound I-7. In this step, the 
deprotection of R and hydrolysis of R' can be performed 
in two stages. 
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Production Method 3 

0444 

O 

N OR2 Production 
Method 2-1 

A4 
F 

RI 

21 

Production 
ethod 2-1 

wherein R' is a Coalkyl group optionally substituted by 1 
to 3 Substituents selected from halogenatom and group 9, and 
other symbols are as defined above. 
0445. The fluorine atom on 4-oxoquinoline can be con 
verted to —OR', SR' or - NR'R'' by a reaction with 
nucleophilic agent by a conventional method. They can be 
further converted to NR7COR' or - N=CH 
NR'R'' by a conventional method. 
0446. This production method is suitable for introducing a 
Substituent into the 7-position on 4-oxoquinoline 

Production Method 3-1 

0447. An alkoxy group is introduced into compound 21 
by a conventional method to give compound I-8. 
0448. For example, compound I-8 can be obtained by 
reaction with metal alkoxide with heating in an alcohol Sol 
vent such as as methanol, ethanol, propanol, butanol and the 
like, and then hydrolysis. 
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O 

N OH 

2 ^ 
R1 

I-8 

O 

N OR2 

A4n 
HN 

RI 

I-O 

0449 A solvent and a metal alkoxide need to be deter 
mined corresponding to a desired alkoxy group. In the case of 
a methoxy group, sodium methoxide or potassium methoxide 
is reacted in methanol, and in the case of an ethoxy group, 
Sodium ethoxide or potassium ethoxide is reacted in ethanol 
Production Method 3-2 

0450. The compound 21 is subjected to amination by a 
conventional method to give compound I-9. 
0451. For example, compound 1-9 can be obtained by a 
reaction with an amine in an inactive organic solvent such as 
THF, dioxane, chloroform, dichloromethane, methanol, etha 
nol, pyridine and the like with heating. 
0452. In addition, compound I-9 can be also obtained by 
a reaction with an amine with microwave irradiation in DMF. 

Production Method 4 

0453 Examples of the production methods of intermedi 
ate compound 12 are shown below. 

O O O 

OH Step 1 OR Step 2 OR Step 3 
-e- -e- -as 

NO NO NH2 

RPIO RPIO 

22 23 

RPIO 

24 
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-continued 
O O O 

Hall Hall Hall 
OR24 OR24 OH 

Step 4 Step 5 Step 6 
-e- -e- --- 

Hall-R- 
NH2 Hal? Hal? 8 

RPIO RPIO HO 

25) 26 27 

N 
O O 

Hal Step 7 Hal 
OR 14 -- OH 

Hal? Hal? 

R14O R14O 

28 12 

wherein each symbol is as defined above. 10460 For example, when R'' is a methyl group, com 

Step 1 

0454. A protecting group is introduced into carboxylic 
acid of compound 22 by a conventional method to give 
compound 23. 
0455. In the case of esterification, for example, compound 
23 can be obtained by a reaction with an alkylating agent 
such as methyl iodide and the like in a solvent such as DMF, 
THF, carbonate, potassium carbonate, Sodium hydride, potas 
sium hybride and the like. 

Step 2 

0456. The compound 23 is reduced by a conventional 
method in the same manner as in Production Method 1-1, 
Step 3 to give compound 24. 

Step 3 

0457. The compound 24 is subjected to halogenation by 
a conventional method in the same manner as in Production 
Method 2-1. Step 1 to give compound 25. 

Step 4 

0458. The compound 25 is subjected to diazotization 
with sodium nitrite and hydrochloric acid or sulfuric acid in 
water or an inactive organic solvent such as THF, dioxane, 
ethyl acetate, chloroform, dichloromethane, methanol, etha 
nol, pyridine and the like with cooling or at room temperature, 
and then subjected to halogenation with cuprous halide Such 
as copper chloride and the like and conc. hydrochloric acid 
with cooling or with heating to give compound 26. Here, 
Hal is preferably a chlorine atom, 

Step 5 

0459. The hydroxyl group of compound 26 is depro 
tected by a conventional method to give compound 27. 

pound 27 can be obtained by reaction with borontribromide 
in dichloromethane with cooling, 

Step 6 

0461 The compound 27 is reacted with compound 8 in 
the presence of a base in a solvent to give compound 28. 
0462 AS compound 8, for example, an alkylating agent 
such as ethyl iodide and the like can be mentioned. 
0463. As the base, potassium carbonate, sodium carbon 
ate, lithium hydride, sodium hydride, potassium hydride and 
the like can be mentioned, with preference given to potassium 
carbonate. 

0464 As the solvent, alcohol solvents such as methanol, 
ethanol, n-propanol, isopropanol and the like; hydrocarbon 
Solvents such as benzene, toluene, hexane, Xylene and the 
like; halogenated solvents such as dichloromethane, chloro 
form, carbon tetrachloride, 1,2-dichloroethane and the like; 
ether solvents such as 1,4-dioxane, diethyl ether, 1.2- 
dimethoxyethane, tetrahydrofuran and the like; polar solvents 
such as dimethylformamide, dimethyl sulfoxide, acetonitrile 
and the like; water and a mixed solvent thereof can be men 
tioned. 

Step 7 

0465. The compound 28 is subjected to hydrolysis by a 
conventional method in the same manner as in Production 
Method 1-1, Step 6 to give compound 12. 

Step 8 

10466. When R' incompound 26) is a desired substituent, 
compound 12" can be obtained in the same manner as in Step 
7. 
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Production Method 5 -continued 
O O 

OH 
Step 7 
He 

O 
F 

CH OH OH Step 1 (CH2-- 

0467 

I-11 

29 

Hall 13 
OH Step 2 I-12 

HN-(-CH2-), OH 
F F 17 wherein each symbol is as defined above. 

30 30 Step 1 

0468. The compound 29 is subjected to halogenation by 
a conventional method in the same manner as in Production 

Step 3 Method 2-1, Step 1 to give compound 30 
Hall 

F F N Step 2 

(CH-OH 0469. The compound 30 is reacted with compound 13 
and compound 17 in the same manner as in Production 

31 Method 2-1, Step 2 to give compound 31. 

Step 3 
Hall 

Step 4 OR24 0470 The compound 31 is reacted in the same manner as 
He in Production Method 2-1, Step 3 to give compound 32. 

Step 4 
(CH2-), OH 0471. The compound 32 is reacted in the same manner as 

in Production Method 2-2, Step 2 to give compound 33. 

O O Step 5 

Hall 0472. The compound 33 is reacted with compound 2 in 
Step 5 the similar as in Production Method 1-1, Step 2 to give com 

F Gr ZnHal pound I-10. 
(CH2--ORP 2 Step 6 

0473. The compound I-10 is subjected to hydrolysis in 
(33) the same manner as in Production Method 1-2, Step 2 to give 

O O compound I-11. 

ing an alkoxy group into compound I-11 by a conventional 
method in a similar manner as in Production Method 3-1. 

(CH,--ORP 0475. The 4-oxoquinoline compound represented by the 
formula I of the present invention, a pharmaceutically 
acceptable salt thereofanda production method are explained 
in detail by referring to Examples, which are not to be con 
strued as limitative. 

Step 7 
OR" step 6 

SP- 0474 The compound I-12 can be obtained by introduc 
F N 

I-10 
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REFERENCE EXAMPLE 1. 

Preparation of a solution of 2,3-dichlorobenzylzinc 
chloride in THF 

0476 

C C 

C C 
C -> ZnCl 

0477 Under an argon stream, to a Suspension of Zinc pow 
der (55.1 g, 843 mmol) in tetrahydrofuran (THF: 56 ml) was 
added 1,2-dibromoethane (2.9 ml, 33.8 mmol) and the mix 
ture was heated under reflux for 5 min. Then, trimethylsilyl 
chloride (8.6 ml, 67.5 mmol) was added at 0° C. and the 
mixture was stirred at 0°C. for 5 min, after which a solution 
of 2,3-dichlorobenzyl chloride (82.4g, 421.7 mmol) in THF 
(330 ml) was added dropwise with ice-cooling. After comple 
tion of the dropwise addition, the mixture was warmed to 
room temperature and stirred for 1 hr to give a solution of 
2,3-dichlorobenzylzinc chloride in THF. 

EXAMPLE 1-1 

Synthesis of 6-(2,3-dichlorobenzyl)-1,4-dihydro-1- 
(2-hydroxyethyl)-4-oxo-3-quinolinecarboxylic acid 

Step 1 Synthesis of 
1,2-dichloro-3-(4-nitrobenzyl)benzene 

0478 

C 
I 

C 
ZnCI it He 

NO 

C 

C 

NO 

0479. Under an argon stream, his (dibenzylideneacetone) 
palladium (O) (3.2 g, 5.6 mmol) and tri(2-furyl)phosphine 
(2.6 g., 11.2 mmol) were dissolved in THF (310 ml). To this 
solution was added dropwise a solution of 2,3-dichloroben 
Zylzinc chloride (421.7 mmol) in THF obtained in Reference 
Example 1 with ice-cooling through a cannula, and then a 
solution of 4-iodonitrobenzene (70.0g, 281 mmol) in THF 
(700 ml) was added dropwise. After stirring at room tempera 
ture for 2 hrs, saturated aqueous ammonium chloride Solution 
was added to the reaction solution and the mixture was fil 
tered through Celite. The filtrate was concentrated under 
reduced pressure. Water was added to the residue and the 
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mixture was extracted with ethyl acetate. The organic layer 
was washed with water and saturated brine, and dried over 
sodium sulfate. After filtration, the filtrate was concentrated 
under reduced pressure and the Solid precipitated during the 
concentration was collected by filtration. The filtrate was 
again concentrated under reduced pressure and the solid pre 
cipitated during the concentration was collected by filtration. 
The solids obtained by filtration were combined, washed with 
n-hexane and vacuum-dried to give an object product (60.2g, 
yield 76%) as a pale-brown solid. 

0480 "H NMR (CDC1 400 MHz) (ö) ppm: 4.24 (2H, s), 
7.09 (1H, d, J=7.7 Hz), 7.18 (H, dd, J–78 Hz, 7.9 Hz), 7.32 
(2H, d, J=8.9 Hz) 7.40 (1H, d, J=8.0 Hz), 8.15 (2H, d, J=8.7 
Hz) 
0481 MS (ESI): M-280 

Step 2 Synthesis of 
4-(2,3-dichlorobenzyl)phenylamine 

0482 

C 

C 
His 

NO 
C 

C O O 
NH2 

0483 1,2-Dichloro-3-(4-nitrobenzyl)benzene (25.0 g, 
88.6 mmol) obtained in Step 1 was dissolved in acetic acid 
(400 ml) and zinc powder (70 g, 1.1 mol) was added by 
portions at 0°C. The mixture was stirred at room temperature 
for 1 hr. The reaction mixture was filtered through Celite and 
washed with ethanol. The filtrate was concentrated under 
reduced pressure and the Solid precipitated during concentra 
tion was collected by as filtration. The solid obtained by the 
filtration was washed with diethyl ether, and dissolved in 
ethyl acetate (500 ml) and water (500 ml). A 4N aqueous 
Sodium hydroxide solution was added to neutralize the aque 
ous layer. The organic layer was separated, and the aqueous 
layer was further extracted with ethyl acetate. The organic 
layers were combined, washed with water and saturated 
brine, and dried over sodium sulfate. After the filtration, the 
filtrate was concentrated under reduced pressure and the solid 
precipitated during the concentration was collected by filtra 
tion. The solid obtained by filtration was washed with n-hex 
ane and vacuum-dried to give an object product (18.1 g, yield 
81%) as a pale-brown solid. 
0484 HNMR (CDC1400MHz)(3) ppm. 3.52 (2H, brs), 
4.01 (2H, s), 6.63 (2H, d. J=8.2 Hz), 6.97 (2H, d, J=8.1 Hz), 
7.02 (1H, d, J=7.6 Hz), 7.09 (1H, dd, J=7.8 Hz, 7.8 Hz), 7.31 
(1H, d, J=7.8 Hz) 
0485 MS (ESI): M+ 252 
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Step 3 Synthesis of ethyl 6-(2,3-dichlorobenzyl)-1,4- 
dihydro-4-oxo-3-quinolinecarboxylate 

0486 

C 

C 
-e- 

NH2 
C O 

C COEt 

N 
H 

0487 4-(2,3-Dichlorobenzyl)phenylamine (10.0 g, 39.7 
mmol) obtained in Step 2 was dissolved in toluene (100 ml) 
and diethyl ethoxymethylenemalonate (8.8 ml, 43.7 mmol) 
was added. The mixture was heated under reflux for 3 hrs. The 
reaction solution was concentrated under reduced pressure, 
and diphenyl ether (100 ml) was added to dissolve the residue. 
The mixture was stirred with heating at 250° C. for 3 hrs. 
After allowing the mixture to cool, n-hexane was added to the 
reaction solution and the precipitate was collected by filtra 
tion, washed with chloroform and vacuum-dried to give an 
object product (10.1 g, yield 68%) as a pale-yellow solid. 
0488 H NMR (DMSO-d 400 MHz) (8) ppm: 1.27 (3H, 

t, J=7.1 Hz), 4.20 (2H, q, J=7.1 Hz), 4.27 (2H, s), 7.34-7.41 
(2H, m), 7.55-7.57 (3H, m), 7.90 (1H, s), 8.49 (1H, d, J=6.6 
Hz), 12.26 (1H, brs) 
0489 MS (ESI): M+376 

Step 4 Synthesis of ethyl 1-(2-acetoxyethyl)-6-(2,3- 
dichlorobenzyl)-1,4-dihydro-4-oxo-4-quinolinecar 

boxylate 

0490 

C O 

C COEt 

N 
H 

C O 

C COEt 

N 

OAc 

0491 Ethyl 6-(2,3-dichlorobenzyl)-1,4-dihydro-4-oxo-3- 
quinolinecarboxylate obtained in Step 3 (400 mg, 1.1 mmol) 
was suspended in dimethylformamide (DMF; 8 ml) and 
2-bromoethyl acetate (152 ul, 1.4 mmol) and potassium car 
bonate (440 mg, 3.2 mmol) were added. The mixture was 
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stirred with heating at 80° C. During the stirring, 2-bromo 
ethyl acetate (152 ul, 1.4 mmol) was added twice and the 
mixture was stirred with heating at 80°C. for the total of 1.5 
hrs. After allowing the mixture to cool, Saturated aqueous 
ammonium chloride was added to the reaction solution, and 
the precipitate was collected by filtration, washed with water 
and vacuum-dried to give an object product (468 mg, yield 
95%) as a white solid. 
0492 'H NMR (DMSO-d 400 MHz) (8) ppm: 1.25 (3H, 

t, J=9.3 Hz), 1.88 (3H, s), 4.20(2H, q, J=9.3 Hz), 4.27 (2H, s), 
4.33-4.41 (2H, m), 4.59-4.62 (2H, m), 7.32-7.41 (3H, m), 
7.54 (1H, dd, J=2.9 Hz, 10.2 Hz) 7.64 (1H, dd, J=2.4H, 1.2 
Hz), 7.81 (1H, d, J=11.7 Hz)), 7.88 (1H, d, J=2.4 Hz), 8.57 
(1H, s) 

Step 5 Synthesis of 6-(2,3-dichlorobenzyl)-1,4-dihy 
dro-1-(2-hydroxyethyl)-4-oxo-3-quinolinecarboxylic 

acid 

0493 

C O 

C COEt 

He 
N 

OAc 
C O 

C CO2H 

N 

OH 

0494 Ethyl 1-(2-acetoxyethyl)-6-(2,3-dichlorobenzyl)-1, 
4-dihydro-4-oxo-3-quinolinecarboxylate obtained in Step 4 
(6.0g, 13.0 mmol) was suspended in ethanol (480 ml) and 4N 
aqueous sodium hydroxide Solution (84 ml, 21 mmol) was 
added. The mixture was heated under reflux for 30 min. After 
allowing the mixture to cool, the reaction Solution was partly 
concentrated under reduced pressure. Hydrochloric acid was 
added and the precipitate was collected by filtration, washed 
with water and ethanol and vacuum-dried to give an object 
product (4.5g, yield 85%) as a white solid. 

0495 HNMR (DMSO-d400MHz)(3) ppm: 3.75 (21H, 
t, J=4.7 Hz), 4.36 (2H, s), 4.60 (2H, t, J=4.8 Hz), 4.98 (1H, 
brs), 7.37-7.39 (1H, m), 7.45 (1H, dd, J=1.4, 7.6 Hz), 7.57 (1, 
dd, J=1.5, 8.0 Hz), 7.81 (1H dd, J=2.1, 8.9 Hz), 8.02 (18H, d, 
J=8.8 Hz), 8.15 (1H, d, J=1.8 Hz), 8.86 (1H, s), 15.18 (1, brs) 
0496 MS (ESI): M+ 392 
0497 m.p.: 247-249° C. 
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EXAMPLE 1-2 

Synthesis of 6-(2,3-dichlorobenzyl)-1,4-dihydro-8- 
fluoro-1-(2-hydroxyethyl)-4-oxo-3-quinolinecar 

boxylic acid 

Step 1 Synthesis of 2,3-difluoro-5-iodobenzoic acid 

0498 

CO2H I CO2H 

0499 2,3-Difluorobenzoic acid (5.0 g, 31.6 mmol) was 
dissolved in trifluoromethanesulfonic acid (25 ml), and N-io 
dosuccinimide (8.55g, 38.0 mmol) was added by portions at 
0°C. under an argon stream. The mixture was stirred at room 
temperature for 3 hrs., and the reaction solution was poured 
into sodium sulfite in ice water. The mixture was stirred and 
the precipitate was collected by filtration, washed with water 
and vacuum-dried to give an object product (7.5g, yield 84%) 
as a pale-pink solid. 
(0500 "H NMR (CDC1300 MHz) (8) ppm: 7.74 (1H, m), 
8.11 (1H, m) 
(0501) MS(ESI): M-283 

Step 2 Synthesis of ethyl 2-(2,3-difluoro-5-iodoben 
Zoyl)-3-(2-hydroxyethylamino) acrylate 

0502 

O 

I CO2H I COEt 

He 
F F NH 

F F 

OH 

0503 2.3-Difluoro-5-iodobenzoic acid (3.0 g, 10.6 mmol) 
obtained in Step 1 was dissolved in toluene, and thionyl 
chloride (3.0 ml, 41.1 mmol) and DMF (catalytic amount) 
were added. The mixture was heated under reflux for 3 hrs. 
The reaction solution was concentrated under reduced pres 
sure and THF (15 ml) was added to dissolve the residue. The 
resulting solution was added dropwise to a solution of ethyl 
3-dimethylaminoacrylate (1.66 g, 11.6 mmol) and triethy 
lamine (1.77ml, 12.7 mmol) in THF (10 ml) and the mixture 
was stirred with heating at 50° C. for 2.5 hrs. After allowing 
the mixture to cool, the reaction mixture was filtered and 
washed with THF (10 ml). Aminoethanol (0.77 ml, 12.7 
mmol) was added to the filtrate and the mixture was stirred 
with heating at 40°C. for 1 hr. After allowing the mixture to 
cool, water was added to the reaction Solution and the mixture 
was extracted with ethyl acetate. The organic layer was 
washed with water and saturated brine, and dried over sodium 
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sulfate. After filtration, the filtrate was concentrated under 
reduced pressure, and the obtained residue was purified by 
silica gel chromatography (ethyl acetate:hexane-2: 1) to give 
an object product (3.8 g., yield 85%) of a mixture of E form 
and Z form as a yellow solid. 
0504 HNMR (CDC1400 Mhz) (8) ppm: 0.91-1.09 (3H, 
m), 1.80-1.89 (1H, m) 3.52-3.63 (2H, m), 3.83-3.91 (2H, m), 
398-4.09 (2H, m), 7.36-7.52 (2H, m), 8.15 (1H, d. J=14.4 
Hz), 9.6 (0.22H, brs), 11.0 (0.78H, brs) 
0505 MS(ESI): M+ 426 

Step 3 Synthesis of ethyl 2-(2,3-difluoro-5-iodoben 
Zoyl)-3-2-(tert-butyldimethylsilyloxy) 

ethylaminoacrylate 

0506 

O 

I COEt 

He 
F NH 

F 

OH 

O 

I COEt 

F NH 

F 

OTBDMS 

(0507 Ethyl 2-(2,3-difluoro-5-iodobenzoyl)-3-(2 
hydroxyethylamino)acrylate (2.0 g, 4.7 mmol) obtained in 
Step 2 was dissolved in DMF (10 ml), imidazole (705 mg. 
10.4 mmol) and tert-butyldimethylsilyl chloride (1.49 g, 9.9 
mmol) were added, and stirred at room temperature for 4 hrs. 
Water was added to the reaction solution and the mixture was 
extracted with ethyl acetate. The organic layer was washed 
with water and saturated brine, and dried over sodium sulfate. 
After filtration, the filtrate was concentrated under reduced 
pressure, and the obtained residue was purified by Silica gel 
chromatography (ethyl acetate:hexane-1:4) to give an object 
product (2.3 g, yield 91%) as a white solid. 
(0508 H NMR (CDC1300 MHz) (8) ppm: 0.07 (6H, s), 
0.90 (9H, s, 1.07 (3H, t, J=7.1 Hz) 3.45-3.55 (2H, m), 3.70 
3.80 (2H, m), 4.04 (2H, q, J=7.1 Hz), 7.30-7.50 (2H, m), 8.14 
(1H, d, J=14.1 Hz), 10.80-11.10 (1H, m) 
(0509 MS(ESI): M+ 540 
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Step 4 Synthesis of ethyl 1,4-dihydro-8-fluoro-6- 
iodo-1-2-(tert-butyldimethylsilyloxy)ethyl-4-oxo 

3-quinolinecarboxylate 

0510) 

O 

I COEt 

F NH 

F 

OTBDMS 
O 

I COEt 

N 

F 

OTBDMS 

0511 Ethyl 2-(2,3-difluoro-5-iodobenzoyl)-3-2-(tert 
butyldimethylsilyloxy)ethylaminoacrylate (2.3.g. 4.3 mmol) 
obtained in Step 3 was dissolved in THF (25 ml) and sodium 
hydride (256 mg, 6.4 mmol) was added with ice-cooling. The 
mixture was stirred at 0°C. for 1 hr. 1N Hydrochloric acid 
(6.4 ml, 6.4 mmol) was added to neutralize the reaction solu 
tion. Water was further added and the mixture was extracted 
with ethyl acetate. The organic layer was washed with water 
and saturated brine, and dried over sodium sulfate. After 
filtration, the filtrate was concentrated under reduced pres 
Sure, and the obtained residue was purified by silica gel chro 
matography (ethyl acetate:hexane-1:2 to ethyl acetate:hex 
ane=2:1) to give an object product (2.0 g, yield 92%) as a 
white solid. 
0512 H NMR (CDC1300 MHz) (8) ppm:-0.12 (6H, s), 
0.79 (9H, s), 1.38 (3H, t, J=7.1 Hz), 3.90-4.00 (2H, m), 4.37 
(2H, q, J=7.1 Hz), 4.40-4.50 (2H, m), 7.69 (H. dd, J-2.0 Hz, 
13.7 Hz), 8.40 (1H, s), 8.69 (1Hd, J-2.0 Hz) 
0513. MS (ESI): M+520 

Step 5 Synthesis of ethyl 6-(2,3-dichlorobenzyl)-1,4- 
dihydro-8-fluoro-1-(2-(tert-butyldimethylsilyloxy) 

ethyl-4-oxo-3-quinolinecarboxylate 

0514 

I COEt 

OTBDMS 
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-continued 
C O 

C COEt 

N 

F 

OTBDMS 

0515 
mmol) of 2,3-dichlorobenzylzinc chloride in THE obtained in 

Under an argon stream, 1M solution (2.9 ml, 2.9 

the same manner as in Reference Example 1 was added to 
THF (20 ml), and then bis(dibenzylideneacetone)palladium 
(0) (22 mg, 0.039 mmol), tri(2-furyl)phosphine (18 mg, 0.077 
mmol) and ethyl 1,4-dihydro-8-fluoro-6-iodo-1-(2-(tert-bu 
tyldimethylsilyloxy)ethyl-4-oxo-3-quinolinecarboxylate 
(1.0 g, 1.9 mmol) obtained in Step 4 were added. The mixture 
was stirred at room temperature for 17 hrs, and then a solution 
(1.0 ml, 1.0 mmol) of 2,3-dichlorobenzylzinc chloride in 
THF was added. The mixture was heated under reflux for 1 hr. 

After allowing the mixture to cool, Saturated aqueous ammo 
nium chloride solution was added to the reaction Solution and 
insoluble materials were filtered off with Celite. The filtrate 

was extracted with ethyl acetate, and the organic layer was 
washed with water and saturated brine, and dried over sodium 
sulfate. After filtration, the filtrate was concentrated under 
reduced pressure, and the obtained residue was purified by 
silica gel chromatography (ethyl acetate:hexane-1:1), and 
then by PTLC (ethyl acetate:chloroform=1:2) to give an 
object product (562 mg, yield 53%) as a pale-yellow oil. 

0516) "H NMR (CDC1300 MHz) (8) ppm:-0.13 (6H, s), 
0.79 (9H, s), 1.38 (3H, t, J=7.1 Hz), 3.90-4.00 (2H, m), 4.23 
(2H, s), 4.37 (2, q, J=7.1 Hz), 4.40-4.50 (2H, m), 7.10-7.50 
(4H, m), 8.20-8.30 (1H, m), 8.39 (1H, 8) 
0517. MS (ESI): M+552 

Step 6 Synthesis of ethyl 6-(2,3-dichlorobenzyl)-1,4- 
dihydro-8-fluoro-1-(2-hydroxyethyl)-4-oxo-3-quino 

linecarboxylate 

0518 

C O 

C COEt 

O O -e- N 

F 

OTBDMS 
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-continued 
C O 

C COEt 

N 

F 

OH 

0519 Ethyl 6-(2,3-dichlorobenzyl)-1,4-dihydro-8- 
fluoro-2-(tert-butyldimethylsilyloxy)ethyl-4-oxo-3-quino 
linecarboxylate (350 mg, 0.63 mmol) obtained in Step 5 was 
dissolved in THF (25 ml) and tetrabutylammonium fluoride 
(1MTHF solution; 1.9 ml, 1.9 mmol) was added. The mixture 
was stirred at room temperature for 1 hr. Water was added to 
the reaction solution and the precipitate was collected by 
filtration, washed with water and vacuum-dried to give an 
object product (279 mg, yield quant) as a pale-yellow solid. 
0520 "H NMR (DMSO-d 300 MHz) (8) ppm 1.27 (3H, t, 
J=7.1 Hz), 3.65-3.80 (2H, m), 4.21 (2H, q, J=7.1 Hz), 4.40 
4.50 (2H, m), 4.99 (1H, m), 7.30-7.90 (5H, m), 8.47 (1H, s) 
0521. MS (ESI): M+ 438 

Step 7 Synthesis of 6-(2,3-dichlorobenzyl)-1,4-dihy 
dro-8-fluoro-1-(2-hydroxyethyl)-4-oxo-3-quinolin 

ecarboxylic acid 

0522 

C O 

C COEt 

OO . N 

F 

OH 
C O 

C CO2H 

N 

F 

OH 

0523 Ethyl 6-(2,3-dichlorobenzyl)-1,4-dihydro-8- 
fluoro-1-(2-hydroxyethyl)-4-oxo-3-quinolinecarboxylate 
(80 mg 0.18 mmol) obtained in Step 6 was dissolved in a 
mixture of ethanol (2 ml) and THF (1 ml), and 1N aqueous 
sodium hydroxide solution (1 ml, 1.0 mmol) was added. The 
mixture was stirred with heating at 60° C. for 1 hr. After 
allowing the mixture to cool, 10% aqueous citric acid solution 
was added to the reaction solution. The precipitate was col 
lected by filtration, washed with 30% aqueous ethanol and 
vacuum-dried to give an object product (70 mg, yield 93%) as 
a white solid. 
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0524) 1H NMR (DMSO-d 300 MHz) (8) ppm: 3.78 (2H, 
m), 4.35 (2H, s), 4.64 (2H, m), 5.00 (11, m), 7.39 (2H, m), 
7.47 (1H, m), 7.58 (1H, m), 8.00 (1H, m), 8.81 (1H, s), 14.80 
(1H, s) 
0525 MS (ESI): M+ 409 

EXAMPLE 3 

Step 1 

0526 

CO2H I COMe 

-e- 

C C 

NO NO 

0527 2-Chloro-3-nitrobenzoic acid (6.00g, 29.77 mmol) 
was dissolved in trifluoromethanesulfonic acid (40 ml) and 
N-iodosuccinimide (7.37 g. 32.76 mmol) was added by por 
tions at 0°C. The mixture was stirred at 40°C. for 4 hrs and 
the reaction solution was added to ice water. After stirring, the 
precipitate was collected by filtration, washed with water and 
vacuum-dried. The obtained solid was dissolved in methanol 
(50 ml), conc. Sulfuric acid (catalytic amount) was added, and 
the mixture was heated under reflux for 5.5 hrs. The reaction 
Solution was concentrated under reduced pressure and the 
obtained residue was purified by silica gel chromatography 
(ethyl acetate:hexane=1:4) to give an object product. (5.35 g, 
yield 53%) as a pale-yellow solid. 

0528, 1H NMR (CDC1300 MHz) (8) ppm: 3.98 (3H, s), 
8.11 (1H, d. J=2.1 Hz), 8.24 (1H, d, J-2.1 Hz) 

Step 2 

0529) 

I COMe I CO2H 

Her 

C C 

NO NO 

0530. The compound (5.35 g, 15.67 mmol) obtained in 
Step 1 was dissolved in methanol (25 ml) and 4N aqueous 
potassium hydroxide solution (10.00 ml. 4.00 mmol) was 
added. The mixture was heated under reflux for 30 min. After 

allowing the mixture to cool, 1N hydrochloric acid was added 
to the reaction solution and the precipitated Solid was col 
lected by filtration and vacuum-dried to give an object prod 
uct (4.99 g, yield 97%) as a white solid, 

0531 1H NMR (CDC1300 MHz) (8) ppm: 8.14 (1H, d, 
J=2.0 Hz), 8.39 (1H, d, J-2.1 Hz) 
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Step 3 

0532 

O 

I CO2H I COEt 

He 
C C NH 

NO NO 

OH 

0533. The compound (4.99 g, 15.24 mmol) obtained in 
Step 2 was dissolved in toluene (50 ml), and thionyl chloride 
(5.00 ml, 68.54 mmol) and dimethylformamide (catalytic 
amount) were added. The mixture was heated under reflux for 
1 hr. The reaction solution was concentrated under reduced 
pressure and tetrahydrofuran (80 ml) was added to dissolve 
the residue. The resulting solution was added dropwise to a 
solution of ethyl 3,3-dimethylaminoacrylate (2.29 g, 16.00 
mmol) and triethylamine (2.55 ml, 18.36 mmol) in tetrahy 
drofuran (50 ml) and the mixture was stirred with heating at 
50° C. for 10 hrs. After allowing the mixture to cool, amino 
ethanol (1.10 ml, 18.23 mmol) was added to the reaction 
mixture and the mixture was stirred with heating at 40°C. for 
1.5 hrs. After allowing the mixture to cool, water was added to 
the reaction mixture and the mixture was extracted with ethyl 
acetate. The organic layer was washed successively with 
water and saturated brine, and dried over sodium sulfate. 
After filtration, the filtrate was concentrated under reduced 
pressure, and the obtained residue was purified by Silica gel 
chromatography (ethyl acetate:hexane 2:1) to give an object 
product (5.35 g, yield 75%) of a mixture of E form and Z form 
as a yellow solid. 
0534 H NMR (CDC1, 300 MHz) (8) ppm: 0.82-1.01 
(3H, m), 3.63 (2H, br)3.85-4.06 (4H, m), 7.65-7.68 (1H, m), 
8.02-8.06 (1H, m), 8.21-8.36 (1H, m), 9.78 (0.1H, br), 11.15 
(0.84H, br) 

Step 4 

0535 

O 

I COEt 

He 

C NH 

NO 

OH 
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-continued 
O 

I COEt 

C NH 

NO 

OTBDMS 

0536 The compound (5.35 g, 11.42 mol) obtained in Step 
3 was dissolved in dimethylformamide (50 ml), and imida 
Zole (1.71 g, 25.12 mmol) and tert-butyldimethylsilyl chlo 
ride (3.62 g, 24.02 mmol) were added. The mixture was 
stirred at room temperature for 30 min. Water was added to 
the reaction mixture and the mixture was extracted with ethyl 
acetate. The organic layer was washed successively with 
water and saturated brine, and dried over sodium sulfate. 
After filtration, concentration under reduced pressure gave a 
crude product (7.10 g) as a pale-yellow solid. 

Step 5 

0537 

O 

I COEt 

C NH -e- 

NO 

OTBDMS 
O 

I COEt 

N 

NO 

OTBDMS 

0538. The crude product (7.10 g) obtained in Step 4 was 
dissolved intetrahydrofuran (70 ml) and sodium hydride (731 
mg, 18.27 mmol) was added with ice-cooling. The mixture 
was stirred at 0°C. for 45 min. 1N Hydrochloric acid (18.3 
ml) and water were added to the reaction solution and stirred, 
after which the mixture was extracted with ethyl acetate. The 
organic layer was washed successively with water and Satu 
rated brine, and dried over sodium sulfate. After filtration, the 
filtrate was concentrated under reduced pressure and purified 
by silica gel chromatography (ethyl acetate:hexane-1:4 to 
1:2) to give an object product (5.58 g, yield 84%) as a yellow 
solid. 
0539 H NMR (CDC1300 MHz) (8) ppm:-0.14 (6H, s), 
0.73 (9H, s), 1.39 (3H, t, J=7.1 Hz), 3.74 (2H, t, J=4.6 Hz), 
4.02 (2H, t, J–4.6 Hz), 4.39 (2H, q, J=7.1 Hz), 8.13 (1H, d, 
J=2.2 Hz), 8.50 (1H, 9), 9.02 (1H, d, J=2.2 Hz) 



US 2015/O 1741 17 A1 

Step 6 

0540 

O 

I COEt 

N 

NO 

OTBDMS 
F O 

C COEt 

N 

NO 

OTBDMS 

0541. The compound (5.00 g, 9.15 mmol) obtained in Step 
5 was dissolved in tetrahydrofuran (100 ml) and bis(diben 
Zylideneacetone)palladium(0) (105 mg, 0.18 mmol) and tri 
(2-furyl)phosphine (85 mg, 0.37 mmol) were added under an 
argon stream. A solution of 3-chloro-2-fluorobenzylzinc bro 
mide (11.90 mmol) in tetrahydrofuran prepared as mentioned 
in Example 4-32, Step 4 was added dropwise at 60° C. After 
completion of the addition, the mixture was heated under 
reflux for 4 hrs. After allowing the mixture to cool, saturated 
aqueous ammonium chloride solution was added to the reac 
tion solution and insoluble material was filtered off with 
Celite. The filtrate was extracted with ethyl acetate, and the 
organic layer was washed successively with water and Satu 
rated brine and dried over sodium sulfate. After filtration, the 
filtrate was concentrated under reduced pressure, and the 
obtained residue was purified by silica gel chromatography 
(ethyl acetate:hexane=1:2 to 1:1) to give an object product 
(2.67 g, yield 52%) as a brown oil. 
0542 H NMR (CDC1300 MHz) (8) ppm: -0.19 (61 H, 
s), 0.70 (9H, s), 1.39 (3H, t, J=7.1 Hz), 3.73 (2H, t, J=4.6 Hz), 
4.03 (2H, t, J–4.6 Hz), 4.14 (2H, s), 4.38 (2H, q, J=7.1 Hz), 
7.02-7.14 (2H, m), 7.29-7.35 (1H, nm), 7.73 (14, d, J–2.2 
Hz), 8.50 (1H, s), 8.59 (1H, s) 

Step 7 

0543 

F O 

C COEt 

N 
-e- 

NO 

OTBDMS 
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-continued 
F O 

C COEt 

N 

NH2 

OTBDMS 

0544 The compound (1.00 g, 1.79 mmol) obtained in Step 
6 was dissolved in acetic acid (20 ml) and zinc powder (1.16 
g, 17.76 mmol) was added. The mixture was stirred at room 
temperature for 4 hrs. The reaction mixture was filtered 
through Celite and Saturated aqueous Sodium hydrogen car 
bonate was added to the filtrate. The mixture was extracted 
with ethylacetate. The organic layer was washed Successively 
with Saturated aqueous Sodium hydrogen carbonate, water 
and saturated brine, and dried over sodium sulfate. After 
filtration, the filtrate was concentrated under reduced pres 
Sure, and the obtained residue was purified by silica gel chro 
matography (ethyl acetate). To the residue obtained was 
added ethyl ether and the mixture was sonicated. After filtra 
tion, it was vacuum-dried to give an object product (730 mg. 
yield 77%) as a pale-orange solid. 
(0545 H NMR(CDC1300 MHz) (8) ppm: -0.06 (6H, s), 
0.77 (9H, s), 1.41 (3H, t, J=7.1 Hz), 4.01 (2H, s), 4.08 (2H, t, 
J=4.7 Hz), 4.39 (2H, q, J=7.1 Hz), 4.50 (2H, brs), 4.75 (2H, t, 
J=4.7 Hz), 6.81 (1H, s), 6.94-7.08 (2H, m), 7.20-7.26 (1H, m), 
7.91 (1H, a), 8.34 (1H, s) 

Step 8 

(0546 

F O 

C COEt 

N 
Her 

NH2 

OTBDMS 
F O 

C COEt 

N 

N 
1N 

OTBDMS 

0547. The compound (100 mg, 0.19 mmol) obtained in 
Step 7 was dissolved in dimethylformamide (2 ml), and 
methyl iodide (0.029 ml, 0.47 mmol) and sodium hydride (23 
mg, 0.56 mmol) were added. The mixture was stirred at room 
temperature for 2 hrs. A 10% aqueous citric acid solution was 
added to the reaction mixture, and the mixture was stirred and 
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extracted with ethyl acetate. The organic layer was washed 
successively with water and saturated brine, and dried over 
sodium sulfate. After filtration, the filtrate was concentrated 
under reduced pressure and Subjected to silica gel chroma 
tography (ethylacetate:hexane 2:1) to give a crudely purified 
product (45 mg) as a pale-red solid. 

(0548 H NMR (CDC1, 300 MHz) (8) ppm: -0.33-0.29 
(6H, m), 0.64–0.69 (9H, m), 1.23-1.41 (3H, m), 2.66-2.70 
(6H, m), 3.55-3.59 (2H, m), 4.36-4.4.2 (4H, m), 4.82-4.96 
(2H, m), 6.96-7.11 (2H, m), 7.23-7.30 (2H m), 8.16-8.15 (1H, 
m), 8.40-8.66 (1H, m) 

Step 9 

0549 

F O 

C COEt 

N 
-e- 

N 
1N 

OTBDMS 
F O 

C CO2H 

N 

N 
1N 

OH 

0550 The crudely purified product (45 mg) obtained in 
Step 8 was dissolved in tetrahydrofuran (1 ml), and 1M solu 
tion of tetrabutylammonium fluoride (1.00 ml, 1.00 mmol) in 
THF was added. The mixture was stirred at room temperature 
for 5 min. To the reaction solution were added ethanol (1 ml) 
and 1N aqueous sodium hydroxide solution (1 ml, 1.00 
mmol), and the mixture was heated under reflux for 2 hrs. 
After allowing the mixture to cool, 10% aqueous citric acid 
solution was added to the reaction solution. The mixture was 
stirred and extracted twice with chloroform. The organic 
layer was washed with saturated brine, and dried over sodium 
sulfate. After filtration, the filtrate was concentrated under 
reduced pressure and Subjected to silica gel chromatography 
(chloroform:methanol:acetic acid=10:1:0.1) to give a crudely 
purified product. To the crudely purified product was added 
aqueous ethanol and the mixture was Sonicated. After filtra 
tion, the filtrate was vacuum-dried to give an object product 
(22 mg, yield 27%) as a beige solid. 
0551 "H NMR (DMSO-d 300MHz) (8) ppm: 2.67 (6H, 
s), 3.39 (2H, m), 4.21 (2H, s), 4.72 (1H, t), 4.97 (2H, t), 
7.20-7.22 (1H, m), 7.40-7.50 (2H, m), 7.65 (1H, s), 7.84 (1H, 
s), 15.30 (1H, s) 
0552. MS (ESI): M+ 419 
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EXAMPLE 3-62 

Step 1 

0553 

O 

I CO2H I COEt 

-e- 

F F F F t 
OH 

0554 2,4-Difluoro-5-iodobenzoic acid (3.00 g, 10.60 
mmol) obtained in Example 4-33, Step 1 was dissolved in 
toluene (10 ml), and thionyl chloride (3.00 ml, 41.10 mmol) 
and dimethylformamide (catalytic amount) were added. The 
mixture was heated under reflux for 1.5 hrs. The reaction 
Solution was concentrated under reduced pressure and tet 
rahydrofuran (15 ml) was added to dissolve the residue. The 
resulting Solution was added dropwise to a solution of ethyl 
3.3-dimethylaminoacrylate (1.66 g, 11.60 mmol) and triethy 
lamine (1.77ml, 12.70 mmol) in tetrahydrofuran (10 ml), and 
the mixture was stirred with heating at 50° C. for 2.5 hrs. After 
as allowing the mixture to cool, the reaction mixture was 
filtered and washed with tetrahydrofuran (10 ml). To the 
filtrate was added aminoethanol (0.77 ml, 12.76 mmol) and 
the mixture was stirred with heating at 40°C. for 1 hr. After 
allowing the mixture to cool, water was added to the reaction 
solution and the mixture Was extracted with ethyl acetate. The 
organic layer was washed successively with water and Satu 
rated brine, and dried over sodium sulfate. After filtration, the 
filtrate was concentrated under reduced pressure, and the 
obtained residue was purified by silica gel chromatography 
(ethyl acetate:hexane-2: 1) to give a crudely purified product 
(3.00 g, yield 67%) of a mixture of E form and Z form as a 
yellow solid. 

Step 2 

0555 

O 

I COEt 

—- 
F F t 

OH 
O 

I COEt 

F F NH 

OTBDMS 
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0556. The compound (3.00 g, 7.06 mmol) obtained in Step Step 4 
1 was dissolved in dimethylformamide (15 ml) and imidazole 
(1.06 g. 15.52 mmol) and tert-butyldimethylsilyl chloride 
(2.23g, 14.82 mmol) were added. The mixture was stirred at 
room temperature for 14 hrs. Water was added to the reaction O 
mixture and the mixture was extracted with ethyl acetate. The 
organic layer was washed successively with water and Satu 
rated brine, and dried over sodium sulfate. After filtration, the 
filtrate was concentrated under reduced pressure, and the F N Hip 
obtained residue was purified by silica gel chromatography 
(ethyl acetate:hexane-1:4) to give an object product (3.22 g, 
yield 85%) as a white solid. 

0561 

I COEt 

OTBDMS 
0557 1H NMR (CDC1300 MHz) (8) ppm: 0.06 (6H, s), F O 
0.90 (9H, s), 1.08 (3H, t, J=7.1 Hz), 3.51 (21, br), 3.79 (2H, t, C COEt 
J–4, 9 Hz), 4.05 (2H, q, J=7.1 Hz), 6.78 (1H, dd, J=7.9, 9.4 
Hz), 7.71 (1H, dd, J=7.3, 7.3 Hz), 8.11 (1H, d, J=14.0 Hz), 
10.91 (1H, br) F N 

Step 3 

0558 OTBDMS 

0562. The compound (1.00 g, 1.93 mmol) obtained in Step 
3 was dissolved in tetrahydrofuran (20 ml). Under an argon 

O stream, bis(dibenzylideneacetone)palladium(0) (22 mg, 
I COEt 0.039 mmol) and tri(2-furyl)phosphine (18 mg, 0.077 mmol) 

were added. To this mixture was added a solution of 3-chloro 
He- 2-fluorobenzylzinc bromide (2.89 mmol) in tetrahydrofuran 

F F NH prepared as mentioned above dropwise at 60° C. After 
completion of the addition, the mixture was heated under 

OTBDMS reflux for 1 hr. After allowing the mixture to cool, saturated 
aqueous ammonium chloride solution was added to the reac 
tion solution. Insoluble material was filtered off with Celite. 

O The filtrate was extracted with ethyl acetate, and the organic 
layer was washed Successively with water and Saturated I COEt 

2 brine, and dried over sodium sulfate. After filtration, the fil 
trate was concentrated under reduced pressure, and the 

F N obtained residue was purified by silica gel chromatography 
(ethyl acetate:hexane=2:1) to give an object product (573 mg, 
yield 55%) as a pale-yellow solid. 
0563 "H NMR (CDC1300 MHz) (8) ppm:-0.12 (6H, s), 

OTBDMS 0.78 (9H, s), 1.38 (3H, t, J=7.1 Hz), 3.99 (2H, t), 4.13 (2H, s), 
4.23 (2H, t), 4.37 (2H, q, J=7.1 Hz), 6.96-7.13 (3H, m), 
7.25-7.31 (1H, m), 8.39 (1H, d), 8.46 (1H, s) 

0559 The compound (3.22g, 5.97 mmol) obtained in Step Step 5 
2 was dissolved in tetrahydrofuran (35 ml) and sodium 0564 
hydride (358 mg, 8.95 mmol) was added with ice-cooling. 
The mixture was stirred at 0°C. for 2.5 hrs. 1N Hydrochloric 
acid (8.90 ml, 8.90 mmol) and water (35 ml) were added to the F O 
reaction mixture and the mixture was stirred. The precipitate C COEt 
was collected by filtration, and purified by silica gel chroma 
tography (ethyl acetate:hexane-1:2 to 2:1) to give an object O O 
product (2.52 g, yield 81%) as a pale-yellow solid. F N -- 

0560 "H NMR (CDC1,300 MHz)(3) ppm:-0.11 (6H, s), 
0.79 (9H, s), 1.39 (3H, t, J=7.1 Hz), 3.96 (2H, t, J=4.8 Hz), 
4.23 (2H, t, J–4.8 Hz), 4.38 (2H, q, J=7.1 Hz), 7.14 (1H, d, OTBDMS 
J=9.3 Hz), 8.47 (1H, s), 8.93 (1H, d, J=7.2 Hz) 
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-continued 
F O 

C CO2H 

O O 0571 
F N 

OH 

0565. The compound (170 mg, 0.32 mmol) obtained in 
Step 4 was dissolved in tetrahydrofuran (1 ml) and 2N aque 
ous sodium hydroxide solution (4.00 ml, 2.00 mmol) was 
added. The mixture was heated under reflux for 3.5 hrs. After 
allowing the mixture to cool, 10% aqueous citric acid solution 
was added to the reaction Solution, and the precipitate was 
collected by filtration, washed with 50% aqueous ethanol and 
vacuum-dried to give an object product (117 mg, yield 94%) 
as a white solid. 

0566 H NMR (DMSO-d 300 MHz) (8) ppm. 3.73 (2H, 
br), 4.25 (2H, s), 4.58 (2H, br), 4.96 (1H, br), 7.19-7.22 (1H, 
m), 7.30-7.36 (1H, m), 7.49-7.54 (1H, m), 8.03 (1H, d), 8.30 
(1, d), 8.88 (1H, s), 15.42 (1H, brs) 

Step 6 

0567 

F O 

C CO2H 

O -e- F N 

OH 
F O 

C CO2H 

c s \ c N 

OH 

0568. The compound (65 mg, 0.17 mmol) obtained in Step 
5 was dissolved in dimethylsulfoxide (2.5 ml) and microwave 
was irradiated thereon at 50 W and 120° C. or below for 20 
min. After allowing the mixture to cool, 10% aqueous citric 
acid solution was added to the reaction mixture, and the 
precipitate was collected by filtration, washed with water and 
vacuum-dried to give an object product (66 mg, yield 96%) as 
a white solid. 

0569 HNMR (DMSO-d300MHz)(3) ppm: 2.88 (H, s), 
3.70-3.80 (21 m), 4.22 (2H, s), 4.60-4.70 (2H, m), 5.05 (1H, 
t), 720-7.31 (3H, m), 7.50-7.60 (1H, m), 7.80 (1H, s), 8.78 
(1H, s), 15.30-15.40 (1H, brs) 
0570) MS(ESI): M+ 419 
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EXAMPLE 3-73 

Step 1 

O 

I CO2H I COEt 

Hos 

F F F F 

(0572 2,4-Difluoro-5-iodobenzoic acid (5.00 g, 17.60 
mol) was dissolved in toluene (25 ml), and oxalyl chloride 
(2.00 ml, 22.93 mmol) and dimethylformamide (catalytic 
amount) were added. The mixture was stirred at room tem 
perature for 12 hrs. After filtering the reaction solution, the 
filtrate was concentrated under reduced pressure and toluene 
(20 ml) was added. Insoluble material was filtered with 
Celite. The filtrate was concentrated under reduced pressure 
and tetrahydrofuran (20 ml) was added to dissolve the 
obtained residue. The resulting solution was added dropwise 
to a solution of ethyl 3,3-dimethylaminoacrylate (3.28 g. 
22.91 mmol) and triethylamine (3.70 ml, 26.55 mmol) in 
tetrahydrofuran (20 ml). The mixture was heated under reflux 
for 1 hr. After allowing the mixture to cool, water and ethyl 
acetate (50 ml) were added to the reaction mixture. The mix 
ture was stirred and partitioned. The organic layer was 
washed successively with 1N hydrochloric acid (20 ml) and 
water (200 ml), and dried over sodium sulfate. After filtra 
tion., the filtrate was concentrated under reduced pressure to 
give a crude product (7.24 g) as a brown oil. 

Step 2 

0573 

O 

I COEt 

-- 

F F 

O 

I COEt 

F N 

OH 

0574. The crude product (7.24 g) obtained in Step 1 was 
dissolved in tetrahydrofuran (20 ml) and (S)-2-amino-1-bu 
tanol (1.89 g, 21.24 mmol) was added. The mixture was 
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stirred with heating at 60° C. for 1.5 hrs. After allowing the 
mixture to cool, the reaction Solution was concentrated under 
reduced pressure and the obtained residue was dissolved in 
dimethylformamide (20 ml). Potassium carbonate (7.33 g, 
53.02 mmol) was added and the mixture was stirred with 
heating at 70° C. for 1 hr. After allowing the mixture to cool, 
the reaction mixture was concentrated under reduced pres 
sure. Water (150 ml) was added to the residue and the mixture 
was stirred at room temperature for 30 min. The precipitate 
was collected by filtration. The obtained solid was washed 
with water (50 ml), and then with a mixture (50 ml) of hexane: 
diethyl ether-7:3, and vacuum-dried to give an object product 
(4.69 g, yield 61%) as a white solid. 
(0575 H NMR (CDC1, 300 MHz) (8) ppm: 0.97 (3H, t, 
J–7.4 Hz), 1.40 (3H, t, J–7.1 Hz), 1.95-2.05 (1H, m), 2.11-2. 
21 (1H, m), 4.05 (1H, br), 4.34-4.39 (5H, m), 5.59 (1H, br), 
7.30 (1H, d, J=1.0 Hz), 8.04 (1H, d, J=7.1 Hz), 8.58 (1H, s) 

Step 3 

0576 

O 

I COEt 

F N 

OH 
O 

I COEt 

F N 

OTBDMS 

0577. The compound (4.69 g, 10.82 mmol) obtained in 
Step 2 was dissolved in dimethylformamide (20 ml), and 
imidazole (950 mg, 13.95 mmol) and tert-butyldimethylsilyl 
chloride (1.95 g, 12.96 mmol) were added. The mixture was 
stirred at room temperature for 14.5 hrs. Water was added to 
the reaction mixture and the mixture was extracted with ethyl 
acetate (50 ml). The organic layer was washed 3 times with 
water and then with saturated brine, and dried over sodium 
sulfate. After filtration, the filtrate was concentrated under 
reduced pressure, and the obtained residue was purified by 
silica gel chromatography (ethyl acetate:hexane 3: 7) to give 
an object product (5.06 g, yield 86%) as a yellow oil. 

0578 H NMR (CDC1300 Hz) (8) ppm: -0.08 (3H, s), 
-0.05 (3H, s), 0.77 (9H, s), 0.98 (31H, t, J–7.5 Hz), 1.40 (3H, 
t, J=7.2 Hz), 1.94-2.10 (2H, m), 3.90 (2H, br), 4.35-4.43 (3H, 
m), 7.26 (1H, d, J=9.9 Hz), 8.59 (1H, s), 8.95 (1H, d, J=7.2 
Hz) 

Jun. 25, 2015 

Step 4 

0579 

O 

I COEt 

F N 

OTBDMS 
F O 

C COEt 

F N 

OTBDMS 

0580. The compound (5.06g, 9.24 mmol) obtained in Step 
3 was dissolved in tetrahydrofuran (20 ml), and bis(diben 
Zylideneacetone)palladium(0) (266 mg, 0.46 mmol) and tri 
(2-furyl)phosphine (215 mg, 0.0.92 mmol) were added under 
an argon Stream. A solution of 3-chloro-2-fluorobenzylzinc 
bromide (18.50 mmol) in tetrahydrofuran prepared as men 
tioned above was added dropwise. After completion of the 
addition, the mixture was stirred with heating at 60° C. for 1 
hr. After allowing the mixture to cool, water and ethyl acetate 
were added to the reaction solution and the mixture was 
stirred and partitioned. The organic layer was washed succes 
sively with 1N hydrochloric acid, water, saturated aqueous 
Sodium hydrogen carbonate and saturated brine, and dried 
over sodium sulfate. After filtration, the filtrate was concen 
trated under reduced pressure and the residue was purified by 
silica gel chromatography (ethyl acetate:hexane-1:1 to 2:1) 
to give an object product (3.86 g, yield 74%) as a brown oil. 
0581 'H NMR (CDC1,300 MHz)(3) ppm:-0.10 (3H, s), 
-0.06(3H, s), 0.752 (9H, s), 0.98 (3H, t, J–74 Hz), 1.403H, 
t, J=7.1 Hz), 1.90-2.12 (2H, m), 3.89 (2H, br), 4.12 (2H, s), 
4.35-449 (3H, m), 6.97-7.08 (2H, m), 7.22-7.29 (2H, m), 
8.40 (1H, d, J=8.7 Hz), 8.58 (1H, s) 

Step 5 

0582 

F O 

C COEt 

F N -as 

OTBDMS 
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-continued 
F O 

C CO2H 

O S 
OH 

0583. To the compound (3.86 g. 6.85 mmol) obtained in 
Step 4 were added 28% sodium methoxide in methanol (40. 
00 ml, 0.20 mol) and water (2.00 ml, 0.11 mol), and the 
mixture was heated under reflux for 5.5 hrs. After allowing 
the mixture to cool, the reaction solution was concentrated 
under-reduced pressure and 6N hydrochloric acid was added 
to the obtained residue. The mixture was stirred, and 
extracted twice with ethyl acetate. The organic layer was 
washed successively with water and saturated brine, dried 
over magnesium sulfate, filtered and concentrated under 
reduced pressure. The obtained residue was recrystallized 
from ethanol (200 ml) to give an object product (2.03 g, yield 
68%) as a white solid. 
0584) "H NMR (DMSO-d 300 MHz) (8) ppm: 0.87 (3H, 

t, J=7.3 Hz), 1.80-2.10 (2H, m), 3.70-3.90 (2H, m), 4.02 (3H, 
s), 4.11 (2H, s), 5.00-5.19 (2H, m), 7.16-7.24 (2, m), 7.44-7. 
48 (2H, m), 8.04 (1H, s), 8.78 (1H, s), 15.44 (1H, s) 
0585 MS (ESI): M+434 

EXAMPLE 3-75 

0586 

O 

I CO2H I COEt 

F F 

0587 2-Fluoro-5-iodobenzoic acid (6.60g, 24.81 mmol) 
was dissolved in chloroform (70 ml) and oxalyl chloride (4.30 
ml. 49.29 mmol) and dimethylformamide (catalytic amount) 
were added. The mixture was stirred at room temperature for 
3 hrs. The reaction solution was concentrated under reduced 
pressure and chloroform (35 ml), was added to dissolve the 
residue. The obtained solution was added dropwise to a solu 
tion of ethyl 3,3-dimethylaminoacrylate (4.26g, 29.75 mmol) 
and triethylamine (5.19 ml, 37.24 mmol) in chloroform (35 
ml), and the mixture was stirred at room temperature for 15 
hrs. Water was added to partition the reaction solution, and the 
organic layer was washed with Saturated brine and dried over 
sodium sulfate. After filtration, the filtrate was concentrated 
under reduced pressure and the obtained residue was purified 
by silica gel chromatography (ethyl acetate:hexane-1:2 to 
1:1) to give an object product (6.40g, yield 66%) of a mixture 
of E form and Z form as an orange solid. 
0588 H NMR (CDC1, 400 MHz) (8) ppm: 0.94 (3H, t, 
J–7.2 Hz), 2.88 (38, brs), 3.31 (3H, brs), 3.97 (2H, q), 6.78 (1, 
dd, J–8.4, 10.0 Hz), 7.65-7.67 (1H, m), 7.78 (1H, s), 7.85 (1H, 
brs) 
0589 MS (ESI): M+392 
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Step 2 

0590 

O 

I COEt 

Her 

F 

O 

I COEt 

N 

OH 

0591. The compound (300 mg, 0.77 mmol) obtained in 
Step 1 was dissolved in tetrahydrofuran (1.5 ml) and (S)-(+)- 
tert-leucinol (0.12 ml, 0.92 mmol) was added. The mixture 
was stirred with heating at 60° C. for 1 hr. The reaction 
solution was concentrated under reduced pressure and the 
obtained residue was dissolved in dimethylformamide (1.2 
ml). Potassium carbonate (318 mg, 2.30 mmol) was added 
and the mixture was stirred with heating at 70° C. for 5.5 hrs. 
After cooling, 1N hydrochloric acid (5 ml) was added to the 
reaction mixture and the mixture was stirred with ice-cooling 
for 30 min. The precipitate was collected by filtration and the 
obtained solid was washed with 30% aqueous ethanol (6 ml), 
and then with a mixture (5 ml) of hexane:diethyl ether 2:1 
and vacuum-dried to give an object product (276 mg, yield 
81%) as a pale-yellow solid. 
0592) H NMR (CDC1300 MHz) (8) ppm: 0.98 (9H, s), 
1.41 (3H, t, J–7.0 Hz), 4.25-4.41 (4H, m), 4.64-4.70 (1H, m), 
5.14 (1H, br), 7.46 (1H, d, J=9.0 Hz), 7.89 (1H, dd, J=2.2,9.1 
Hz), 8.06 (1H, d, J-2.1 Hz), 8.69 (1H, s) 

Step 3 

0593 

I COEt 
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-continued 
O 

I COEt 

N 

OTBDMS 

0594. The compound (276 mg, 0.62 mmol) obtained in 
Step 2 was dissolved in dimethylformamide (1 ml) and imi 
dazole (51 mg, 0.75 mmol) and tert-butyldimethylsilyl chlo 
ride (122 mg, 0.81 mmol) were added. The mixture was 
stirred at room temperature for 30 min. water was added to the 
reaction mixture and the mixture was extracted twice with 
ethyl acetate, and the organic layer was washed twice with 
water and then with saturated brine, and dried over sodium 
sulfate. After filtration, the filtrate was concentrated under 
reduced pressure, and the obtained residue was purified by 
silica gel chromatography (ethyl acetate:hexane 3:5) to give 
an object product (314 mg, yield 91%) as a white amorphous 
form. 

0595 HMNR (CDC1300 MHz) (8) ppm:-0.09 (3H, s), 
-0.01 (3H, s), 0.66 (9H, s), 1.04 (9H, s), 1.41 (3H, t, J–7.2 
Hz), 4.10-4.14 (2H, m), 4.40 (2H, q, J–7.0 Hz), 4.58-4.63 
(1H, m), 7.39 (1H d, J=9.3 Hz), 7.89 (1H, dd, 5–2.2, 8.8 Hz), 
8.67 (1H, s), 8.87 (1H, d, J=2.1 Hz) 

Step 4 

0596 

O 

I COEt 

N 
-e- 

OTBDMS 
F O 

C COEt 

N 

OTBDMS 

0597. The compound (314 mg. 0.56 mmol) obtained in 
Step 3 was dissolved in tetrahydrofuran (1.2 ml), and bis 
(dibenzylideneacetone)palladium(0) (16 mg, 0.028 mmol) 
and tri(2-furyl)phosphine (13 mg, 0.056 mmol) were added 
under an argon stream. A solution of 3-chloro-2-fluoroben 
Zylzinc bromide (1.13 mmol) in tetrahydrofuran prepared as 
mentioned above was added dropwise. After completion of 
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the addition, the mixture was stirred with heating at 50° C. for 
1.5 hrs. After allowing the mixture to cool, water and ethyl 
acetate were added to the reaction solution and the mixture 
was stirred. Insoluble material was filtered with Celite. The 

filtrate was partitioned and the organic layer was washed 
successively with water and saturated brine, and dried over 
sodium sulfate. After filtration, the filtrate was concentrated 
under reduced pressure and the obtained residue was purified 
by silica gel chromatography (ethyl acetate:hexanes 1:1) to 
give an object product (283 mg, yield 87%) as a brown amor 
phous form. 

0598 H NMR (CDC1,400 MHz) (8) ppm:-0.11 (3H, s), 
-0.01 (3H, s), 0.63 (9H, s), 1.06 (9H, s), 1.41 (3H, t, J–7.0 
Hz), 4.08-4.16 (4H, m), 4.38 (2H, q, J–7.0 Hz), 4.61-4.67 
(1H, m), 6.95-7.08 (2H, m), 7.23-7.27 (1H, m), 7.47-7.49 
(1H, m), 7.53-7.55 (1H, m), 8.41 (1H, d, J=2.0 Hz), 8.68 (1H, 
s) Step 5 

F O 

C COEt 

N 
-- 

OTBDMS 

F O 

C CO2H 

N 

OH 

0599 
Step 4 was dissolved in ethanol (2 ml) and 1N aqueous 

The compound (283 mg, 0.49 mmol) obtained in 

sodium hydroxide solution (1.00 ml, 1.00 mmol) was added. 
The mixture was heated under reflux for 1 hr. After allowing 
the mixture to cool, acetic acid (0.35 ml) was added to the 
reaction solution and the mixture was stirred. The precipitate 
was collected by filtration and the solid was suspended in 
diethyl ether (10 ml). After filtration, the mixture was 
vacuum-dried to give an object product (157 mg, yield 74%) 
as a white Solid, 

0600 "H NMR (DMSO-d 400 MHz) (8) ppm: 1.00 (9H, 
s), 4.07-4.12 (2H, m) 4.30 (2H, s), 5.12-5.14 (2H, m), 7.20 
7.25(1H, m), 7.40-7.45 (1H, m), 7.51-7.53 (1H, m), 7.87 (1H, 
d), 8.25 (1H, s), 8.41 (1H, d, J=9.2 Hz), 8.85 (1H, s), 15.20 
15.21 (1H, br) 

0601 MS (ESI): M+ 432 
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EXAMPLE 4-2O 

Step 1 

0602 

CO2H I CO2H 

-- -- 

HO C HO C 
I CO2H 

HO C 

I 

0603 2-Chloro-4-hydroxybenzoic acid (5.18 g., 30.02 
mmol) was dissolved in trifluoromethanesulfonic acid (25 g) 
and N-iodosuccinimide (6.75 g, 30.00 mmol) was added by 
portions at 0°C. The mixture was stirred at room temperature 
for 15 hrs and trifluoromethanesulfonic acid (25 g) was fur 
ther added. N-Iodosuccinimide (2.02 g, 8.98 mmol) was 
added by portions at 0°C. The mixture was stirred at room 
temperature for 13.5 hrs and the reaction mixture was added 
to ice water (300 ml). The mixture was stirred for 2 hrs. The 
precipitate was collected by filtration, washed with water and 
vacuum-dried to give an object product as a mixture of 
2-chloro-4-hydroxy-5-iodobenzoic acid and 2-chloro-3,5-di 
iodo-4-hydroxybenzoic acid (8:2) (5.76 g) 

Step 2 

0604 

I CO2H 
I CO2H 

-- Her 

HO C 
HO C 

I 
O 

I 1s O 

1. C -- 
O 

I 1s O 

O C 

-N I 

0605. The mixture (3.89 g) obtained in Step 1 was dis 
solved in dimethylformamide (20 ml) and potassium carbon 
ate (8.97g, 64.90 mmol) and isopropyl iodide (6.50 ml, 65.15 
mmol) were added. The mixture was stirred with heating at 
80° C. for 2.5 hrs. The reaction mixture was added to 1N 
hydrochloric acid (100 ml), and toluene (100 ml) was further 
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added. The mixture was stirred and insoluble material was 
filtered through Celite. The filtrate was partitioned and the 
organic layer was washed with water three times, and dried 
over sodium sulfate. After filtration, the filtrate was concen 
trated under reduced pressure and the obtained residue was 
purified by silica gel chromatography (ethyl acetate:hex 
ane=1:9) to give an object product as a mixture (4.08 g). 

Step 3 

0606 

O 

O 

1. C -- 
O 

O 

O C 

- 
I CO2H I CO2H 

-- 
O C O C 

- 
0607. The mixture (4.08 g) obtained in Step 2 was dis 
solved in ethanol (20 ml) and 1N aqueous sodium hydroxide 
solution (2000 ml, 20.00 mmol) was added. The mixture was 
heated under reflux for 24 hrs. After allowing the mixture to 
cool, 1N hydrochloric acid (30 ml) was added to the reaction 
solution and the mixture was stirred. The mixture was 
extracted with ethyl acetate three times. The organic layer 
was washed Successively with water and Saturated brine, and 
dried over sodium sulfate. After filtration, concentration 
under reduced pressure gave an object product as a mixture 
(3.40 g) 

Step 4 

0608 

I CO2H 

-N 
C 
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-continued 
I CO2H 

-- 
O C 

1s I 
O 

I Cir . 
O C N1 

-N 

0609. The mixture (3.40 g) obtained in Step 3 was dis 
solved in toluene (35 ml) and thionyl chloride (3.40 ml, 46.61 
mmol) and dimethylformamide (catalytic amount) were 
added. The mixture was heated under reflux for 1.5 hrs. The 
reaction solution was concentrated under reduced pressure 
and tetrahydrofuran (25 ml) was added to dissolve the resi 
due. The obtained solution was added dropwise to a solution 
of ethyl 3,3-dimethylaminoacrylate (4.29 g, 30.00 mmol) and 
triethylamine (4.17 ml, 30.00 mmol) in tetrahydrofuran (10 
ml) and the mixture was heated under reflux for 14 hrs. After 
allowing the mixture to cool, water and ethyl acetate were 
added to the reaction mixture, and the mixture was stirred and 
partitioned. The organic layer was washed successively with 
water and saturated brine, and dried over sodium sulfate. 
After filtration, the filtrate was concentrated under reduced 
pressure, and the obtained residue was purified by Silica gel 
chromatography (ethyl acetate:hexane=1:1.5 to 1.5:1) to give 
an object product as a mixture (2.71 g). 

Step 5 

0610 

O 

I COEt 

-- 

O C N1 

-N 
O 

I COEt 

He 

O C N1 

ls I 
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-continued 
O 

I COEt 

us C NH -- Dr. 
O 

I COEt 

O C NH 

- 
OTBDMS 

0611. The mixture (300 mg) obtained in Step 4 was dis 
solved in tetrahydrofuran (2 ml), and (S)-(+)-tert leucinol 
(0.10 ml, 0.77 mmol) was added. The mixture was heated 
under reflux for 20 min. After allowing the mixture to cool, 
the reaction solution was concentrated under reduced pres 
sure and the obtained residue was dissolved in dimethylfor 
mamide (4 ml). Imidazole (110 mg, 1.61 mmol) and tert 
butyldimethysilyl chloride (214 mg, 1.42 mmol) were added 
and the mixture was stirred at room temperature for 20 min. 
Water was added to the reaction solution and the mixture was 
extracted with ethyl acetate. The organic layer was washed 
successively with water and saturated brine, and dried over 
sodium sulfate. After filtration, the filtrate was concentrated 
under reduced pressure, and the obtained residue was purified 
by silica gel chromatography (ethyl acetatehexane-1:4) to 
give an object product as a mixture (391 mg). 

Step 6 

0612 

I COEt 

-- 

-N C NH Dr. 
O 

I COEt 

O C NH 

1s I 
OTBDMS 
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-continued 

I COEt 

- N Dr. 
0613. The mixture (391 mg) obtained in Step 5 was dis 
solved in toluene (5 ml) and sodium hydride (29 mg, 0.73 
mmol) was added under ice-cooling. The mixture was stirred 
at room temperature for 30 min and dimethylformamide (3 
ml), potassium carbonate (100 mg, 0.72 mmol) and ethyl 
iodide (0.058 ml, 0.73 mmol) were added to the reaction 
mixture. The mixture was stirred with heating at 60°C. for 30 
min. After allowing the mixture to cool, the reaction mixture 
was added to ice water. 1N Hydrochloric acid was added for 
neutralization and the mixture was extracted with ethyl 
acetate. The organic layer was washed successively with 
water and saturated brine, and dried over sodium sulfate. 
After filtration, the filtrate was concentrated under reduced 
pressure and the obtained residue was purified by Silica gel 
chromatography (ethyl acetate:hexane 4:5 to 2:1) to give an 
object product (258 mg, yield 19%) as a pale-white yellow 
solid. 

0614 HNMR (CDC1300 z) (8) ppm:-0.09 (3H, s), 0.00 
(31H, s), 0.67 (9H, s), 1.05 (9H, s), 1.40 (31, t, J–7.1 Hz), 1.46 
(6H, d. J=6.0Hz), 4.09-4.20(2H, nm), 4.39 (2H, q, J=7.1 Hz), 
4.43-449 (1H, m), 4.61-4.69 (1H, m), 6.87 (1H, s), 8.60 (1H, 
s), 8.94 (1H, s) 

Step 7 

0615 

O 

I cr" -e- 
1. N Dr. 

F 

C COEt 

- N 

O 

OTBDMS 

0616) Ethyl 1,4-dihydro-1-(2,2-dimethyl-1-(tert-bu 
tyldimethylsilyloxy)methylpropyl-6-iodo-7-isopropy 
loxy-4-oxo-3-quinolinecarboxylate (258 mg, 0.42 mmol) 
obtained in Step 6 was dissolved in tetrahydrofuran (5 ml). 
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Under an argon Stream, bis(dibenzylideneacetone)palladium 
(0) (9.7 mg, 0.017 mmol) and tri(2-furyl)phosphine (7.8 mg, 
0.034 mmol) were added and a solution of 3-chloro-2-fluo 
robenzylzinc bromide (0.63 mmol) in tetrahydrofuran pre 
pared as mentioned above was added dropwise at 60°C. After 
completion of the addition, the mixture was heated under 
reflux for 1 hr. After allowing the mixture to cool, saturated 
aqueous ammonium chloride solution was added to the reac 
tion solution and the mixture was stirred and filtered through 
Celite, Water was added to the filtrate and the mixture was 
extracted with ethyl acetate. The organic layer was washed 
successively with water and saturated brine, and dried over 
sodium sulfate. After filtration, the filtrate was concentrated 
under reduced pressure and the obtained residue was crudely 
purified by silica gel chromatography (ethyl acetate:hex 
ane=1:1 to 2:1) to give a crudely purified product (216 mg) as 
a pale-yellow oil. 

Step 8 

0617 

F O 

C COEt 

1. N 
OTBDMS 

O 

C 

OH 

0618. The crudely purified product (216 mg) obtained in 
Step 7 was dissolved in a mixture of ethanol (2 ml) and 
tetrahydrofuran (1 ml), and 1N aqueous sodium hydroxide 
solution (2.00 ml, 2.00 mmol) was added. The mixture was 
heated under reflux for 1 hr. After allowing the mixture to, 
cool, 10% aqueous citric acid solution was added to the 
reaction solution and the mixture was stirred. The mixture 
was extracted with ethyl acetate. The organic layer was 
washed successively with water and saturated brine, and dried 
over sodium sulfate. After filtration, the filtrate was concen 
trated under reduced pressure. The residue was treated with a 
mixture of diethyl ether and hexane. After filtration, the solid 
was vacuum-dried to give an object product (140 mg, yield 
68%) as a white solid. 
0619 H NMR (DMSO-d 300 MHz) (8) ppm: 0.97 (9H, 
s), 1.18 (3H, d, J=5.9 Hz), 1.26 (3H, d, J-6.0 Hz), 4.04-4.09 
(4H, m), 5.09-5.13 (3H, m), 7.12-7.21 (2H, m), 7.43-7.51 
(2H, m), 8.19 (1H, s), 8.78 (1H, s), 15.46 (1H, s) 
0620 MS(ESI) M+ 490 
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EXAMPLE 4 

Step 1 

0621 

O 

I COEt 

I CO2H 

Hess 
F F NH 

F F 

OH 

0622 2,4-Difluoro-5-iodobenzoic acid (650.57 g, 2.29 
mol) was dissolved in toluene (1300 ml), and thionyl chloride 
(184 ml, 2.52 mol) and dimethylformamide (catalytic 
amount) were added. The mixture was stirred at 90° C. for 2 
hrs. After allowing the mixture to cool, the reaction solution 
was concentrated under reduced pressure. The residue was 
dissolved in toluene (330 ml) followed by concentration 
under reduced pressure, and repeated again. The residue was 
dissolved in toluene (690 ml) and the obtained solution was 
added dropwise to a solution of ethyl 3,3-dimethylami 
noacrylate (361.52g, 2.525 mol) and diisopropylethylamine 
(480 ml, 2.75 mol) in toluene (690 ml) and the mixture was 
stirred with heating at 90° C. for 3 hrs. After allowing the 
mixture to cool, (S)-(+)-valinol (260.00 g, 2.52 mol) was 
added to the reaction mixture and the mixture was stirred at 

room temperature for 1 hr. Water (2600 ml) was added to the 
reaction mixture and the mixture was partitioned. The aque 
ous layer was extracted with toluene (680 ml). The organic 
layers were combined, washed twice with water (2000 ml), 
and dried over sodium sulfate. After filtration, concentration 
under reduced pressure gave a crude product (1180 g) as a 
brown oil, 

Step 2 

0623 

O 

I COEt 

-e- 
F F NH 

OH 
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-continued 
O 

I COEt 

F N 

OH 

0624 The crude product (1180 g) obtained in Step 1 was 
dissolved in dimethylformamide (2500 ml) and finely ground 
potassium carbonate (292.00 g, 1.06 mol) was added. The 
mixture was stirred at room temperature for 22 hrs. The 
reaction mixture was added to ice water (ca. 10 L) and the 
mixture was stirred for 30 min. The precipitate was collected 
by filtration and washed with water (2000 ml). The obtained 
solid was vacuum-dried, and suspended in ethyl acetate (5000 
ml). Filtration and vacuum-drying gave an object product 
(774.63 g, yield 82%) as a white yellow solid. 
0625 H NMR (DMSO-d 300 MHz) (8) ppm: 0.72 (3H, 
d, J=6.6 Hz), 1.10 (3H, d, J=6.6 Hz), 1.28 (3H, t, J–7.0 Hz), 
2.27 (1H, br), 3.77 (1H, br), 3.86 (1H, br), 4.23 (2H, q, J=7.0 
Hz), 4.56 (1H, br), 5.12 (1H, t, J=4.9Hz), 8.09 (1H, d. J=11.1 
Hz), 8.62 (1H, d, J–7.5 Hz), 8.68 (1H, s) 
0626. MS (ESI): M+ 448 

Step 3 

0627 

O 

I COEt 

F N 

OH 
O 

I COEt 

F N 

OCOMe 

0628. The compound (626.15 g, 1.40 mol) obtained in 
Step 2 was dissolved in chloroform (1250 ml), and pyridine 
(433 ml, 5.60 mol) and 4-(dimethylamino)pyridine (1.7.10 g, 
0.14 mol) were added. A solution of methyl chloroformate 
(529.30 g, 5.60 mol) in chloroform (1250 ml) was added 
dropwise at 10°C. or below. After completion of the addition, 
the mixture was stirred at the same temperature for 30 min. 
The reaction mixture was washed successively with water 
(1250 ml), 2N hydrochloric acid (1250 ml), water (630 ml) 
and Saturated aqueous sodium hydrogen carbonate (630 ml), 



US 2015/O 1741 17 A1 

and dried over sodium sulfate. After filtration, the residue was 
concentrated under reduced pressure to give a crude object 
substance (834.02 g) as a brown oil. 

Step 4 

0629 

O 

I COEt 

F N 

OCOMe 
F O 

C COEt 

F N 

OCOMe 

(Preparation of 3-chloro-2-fluorobenzylzinc bromide tet 
rahydrofuran solution) 
0630 Under an argon stream, zinc powder (113.02g, 1.73 
mol) was suspended in tetrahydrofuran (350 ml), and 1.2- 
dibromoethane (1.207 ml, 14.00 mmol) and trimethylsilyl 
chloride (8.88 ml, 70.00 mmol) were added at 60° C. The 
mixture was stirred with heating at 30 min. A solution of 
3-chloro-2-fluorobenzyl bromide (406.73 g, 1.82 mol) in tet 
rahydrofuran (700 ml) was added dropwise at 60° C. The 
mixture was stirred with heating for 1 hr to give a solution of 
3-chloro-2-fluorobenzylzinc bromide. 

(Main Step) 

06.31 The crude product (834.02 g) obtained in Step 3 was 
dissolved in tetrahydrofuran (1060 ml), and dichlorobis 
(triphenylphosphine)palladium(II) (19.65 g, 28.00 mmol) 
was added under an argon stream and a solution of 3-chloro 
2-fluorobenzylzinc bromide (1.82 mol) was added dropwise 
at 60° C. After completion of the addition, the mixture was 
heated under reflux for 1.5 hrs. After allowing the mixture to 
cool, toluene (2120 ml) and 20% aqueous ammonium chlo 
ride solution (1410 ml) were added to the reaction solution, 
and the mixture was stirred and partitioned. The organic layer 
was washed twice with 20% aqueous ammonium chloride 
solution (710 ml) and twice with saturated aqueous sodium 
hydrogen carbonate (710 ml) and dried over magnesium Sul 
fate. After filtration, the filtrate was concentrated under 
reduced pressure to give a crude product (849.34 g) as a 
brown oil. 

Jun. 25, 2015 

Step 5 

0632 

F O 

C COEt 

F N 

OCOMe 
F O 

C CO2H 

F N 

OH 

0633. The crude product (849.34 g) obtained in Step 4 was 
dissolved in isopropanol (1100 ml) and 4N aqueous sodium 
hydroxide solution (1050 ml, 4.20 mmol) was added. The 
mixture was stirred with heating at 50° C. for 1.5 hrs. Acti 
vated carbon (37 g) was added to the reaction solution and the 
mixture was stirred at room temperature for 30 min. The 
mixture was filtered through Celite and 6.Nhydrochloric acid 
(740 ml) and ethyl acetate (3650 ml) were added to the filtrate. 
The mixture was stirred and partitioned. The organic layer 
was concentrated under reduced pressure and the residue was 
suspended in isopropanol (1070 ml). The mixture was stirred 
at 60° C. for 1 hr. After allowing the mixture to cool, the solid 
was collected by filtration. The obtained solid was washed 
with isopropanol (740 ml) and vacuum-dried to give an object 
product (446.51 g, yield 73%) as a pale-yellow solid. 
0634) "H NMR (DMSO-d 400 MHz) (8) ppm: 0.71 (3H, 
d, J=6.5 Hz), 1.13 (3H, d, J=6.5 Hz), 2.36 (1H, br), 3.77 (1H, 
br), 3.94 (1H, br), 4.25 (2H, s), 4.77 (1H, br), 5.16 (1H, t, 
J=2.4 Hz), 7.19-7.23 (1H, m), 7.32-7.35 (1H, m), 7.48-7.52 
(1H, m), 8.24-8.28 (2H, m), 9.00 (1H, s), 15.00 (1H, 8) 
0635 MS(ESI): M+436 

Step 6 

0636 

F O 

C CO2H 

O)CO F N 

OH 
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-continued 
F O 

C CO2H 

O N 

OH 

0637. The compound (443.59 g, 1.02 mol) obtained in 
Step 5 was dissolved in methanol (2400 ml), and a 28% 
sodium methoxide in methanol (2077 ml, 10.17 mol) and 
water (44.30 ml, 2.46 mol) were added. The mixture was 
heated under reflux for 17.5 hrs. Activated carbon (22 g) was 
added to the reaction solution and the mixture was stirred at 

room temperature for 1 hr. The mixture was filtered through 
Celite and the filtrate was concentrated under reduced pres 
sure, Water (1770 ml) was added to the residue and the mix 
ture was stirred with ice-cooling for 1 hr. Then, 6N hydro 
chloric acid (1790 ml) was further added and the mixture was 
stirred at room temperature for 2 hrs. Ethyl acetate (1770 ml) 
was added and to the mixture was stirred and partitioned. The 
organic layer was washed twice with 10% brine (890 ml), and 
dried over sodium sulfate. After filtration, the filtrate was 
concentrated under reduced 

EXAMPLE 4-33 

Step 1 

0638 

CO2H I CO2H 

-e- 

F F F F 

0639 2,4-Difluorobenzoic acid (600.00 g, 3.80 mol) was 
dissolved in conc. sulfuric acid (2400 ml) and N-iodosuccin 
imide (854.40 g, 3.60 mol) was added by portions at 5° C. or 
below. After completion of the addition, the mixture was 
stirred at the same temperature for 3 hrs. The reaction mixture 
was poured into ice water (ca. 10 L) and 10% aqueous sodium 
sulfite solution (40 ml) was added. The mixture was stirred for 
30 min. The precipitate was collected by filtration. To be 
suspended in water (ca. 3 L) and filtration were repeated until 
the filtrate became not less than pH 3. The obtained wet solid 
(1677 g) were recrystallized from 50% aqueous ethanol 
(3000 ml) to give an object product (824.70 g, yield 76%) as 
a white solid. 

0640 "H NMR (CDC1300 MHz) (8) ppm: 6.94 (1H, dd, 
J=10.3, 10.3 Hz), 8.46 (1H, d, J–7.5 Hz) 
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Step 2 

0641 

O 

I CO2H I COEt 

-e- 

F F F F N1 

0642. The compound (150.00 g, 0.53 mol) obtained in 
Step 1 was dissolved in ethyl acetate (750 ml), and oxalyl 
chloride (51.0 ml, 0.581 mol) and dimethylformamide (cata 
lytic amount) were added. The mixture was stirred at room 
temperature for 3.5 hrs. After filtering the reaction solution, 
the filtrate was concentrated under reduced pressure. After the 
residue was dissolved in toluene (150 ml), the mixture was 
concentrated under reduced pressure, and repeated again. 
Tetrahydrofuran (300 ml) was added to dissolve the residue, 
and the obtained solution was added dropwise to a solution of 
ethyl 3,3-dimethylaminoacrylate (83.2g, 0.581 mol) and tri 
ethylamine (96 ml, 0.686 mol) in tetrahydrofuran (450 ml). 
The mixture was heated under reflux for 15 hrs. After allow 
ing the mixture to cool, the reaction mixture was filtered, and 
the filtrate was concentrated under reduced pressure. Ethyl 
acetate (750 ml) was added to dissolve the residue. The mix 
ture was washed successively with aqueous ammonium chlo 
ride (400 ml), Saturated aqueous sodium hydrogen carbonate 
(200 ml) and saturated brine, and dried over sodium sulfate. 
After filtration, the filtrate was concentrated under reduced 
pressure to give a crude object Substance (206.50 g) as a 
brown oil. 

Step 3 

0643 

O 

I COEt 

-e- 

F F 

O 

I COEt 

F N 

OH 

0644. The crude product (206.50 g) obtained in Step 2 was 
dissolved in tetrahydrofuran (800 ml), and (S)-(+)-tert-leuci 
nol hydrochloride (81.10 g, 0.53 mol) and triethylamine (74 
ml, 0.53 mol) were added. The mixture was stirred at room 
temperature for 50 min. After filtration of the reaction mix 
ture, the filtrate was concentrated under reduced pressure and 
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the obtained residue was dissolved in dimethylformamide 
(1000 ml). Potassium carbonate (146.0 g, 1.06 mol) was 
added and the mixture was stirred with heating at 90° C. for 3 
hrs. With ice-cooling, water (700 ml) was added to the reac 
tion mixture and the precipitate was collected by filtration and 
washed with water. The solid collected by filtration was sus 
pended in 30% aqueous ethanol (1000 ml) and collected by 
filtration. This operation was repeated with a mixture of hex 
ane:diethyl ether—1:1. After filtration, the filtrate was 
vacuum-dried to give an object product (184.74g, yield 76%) 
as a white solid. 

0645 1H NMR (DMSO-d400MHz) (8) ppm: 0.968 (9H, 
9), 1.27 (3H, t), 3.96-398 (2H, m), 4.18-4.27 (2H, m), 4.80 
(1H, t, J=7.0 Hz), 5.05 (1H, br), 8.22(1H, d, J=11.2 Hz), 8.60 
(1H, s), 8.61 (1H, d, J–7.2 Hz) 

Step 4 

0646 

O 

I COEt 

Her 
F N 

OH 
O 

I COEt 

F N 

OTBDMS 

(0647. The compound (150.00 g, 0.33 mol) obtained in 
Step 3 was dissolved in dimethylformamide (600 ml), and 
imidazole (28.80 g, 0.42 mol) and tert-butyldimethylsilyl 
chloride (28.80 g, 0.42 mol) were added. The mixture was 
stirred at room temperature for 6 hrs. Water (1200 ml) was 
added to the reaction mixture and the mixture was extracted 

with ethyl acetate (800 ml). The organic layer was washed 3 
times with water, and then with saturated brine and dried over 
sodium sulfate. After filtration, the filtrate was concentrated 
under reduced pressure and the obtained residue was purified 
by silica gel chromatography (ethyl acetate:hexane-1:3 to 
1:2) to give an object product (164.30g, yield 88%) as a white 
amorphous form. 

(0648 H NMR (CDC1,300 MHz)(3) ppm:-0.08 (3H, s), 
0.00 (3H, s), 0.67 (9H, s), 1.06 (9H, s) 1.41 (3H, t, J=7.1 Hz), 
4.05-4.18 (2H, m), 4.36-4.43 (3, m), 7.32 (1H, d, J=10.3 Hz), 
8.65 (1H, s), 8.95 (1H, d, J–74 Hz) 
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Step 5 

0649) 

O 

I COEt 

Her 
F N 

OTBDMS 
F O 

C COEt 

F N 

OTBDMS 

0650. The compound (75.0g, 0.13 mol) obtained in Step 4 
was dissolved in tetrahydrofuran (580 ml). Under an argon 
stream, bis(dibenzylideneacetone)palladium(0) (2.99 g, 5.20 
immol) and tri(2-furyl)phosphine (2.41 g, 10.38 mmol) were 
added, and a solution of 3-chloro-2-fluorobenzylzinc bro 
mide (0.17 mol) in tetrahydrofuran was added dropwise at 
60° C. After completion of the addition, the mixture was 
heated under reflux for 2 hrs. After allowing the mixture to 
cool, ethyl acetate (75 ml) and Saturated aqueous ammonium 
chloride solution (38 ml) were added to the reaction solution. 
The mixture was stirred at room temperature for 30 min. and 
partitioned. The organic layer was washed twice with water 
(75 ml) and then with saturated brine (200 ml), and dried over 
sodium sulfate. After filtration, the filtrate was concentrated 
under reduced pressure and the obtained residue was purified 
by silica gel chromatography (ethyl acetate:hexane-1:2 to 
1:1) to give an object product (66.80 g, yield 73%) as a brown 
amorphous form. 
0651 'H NMR (CDC1300 MPHz) (8) ppm: -0.10 (3H, 
s), -0.01 (3H, s), 0.64 (9H, s), 1.06 (9H, s), 1.40 (3H, t, J=7.1 
Hz), 4.04-4.15 (4H, m), 4.35-446(3H, m), 6.95-7.03 (2H, m) 
7.24-731 (2H, m) 8.38 (1H, d, J=8.8 Hz), 8.66 (1H, s) 

Step 6 

0652 

F O 

C COEt 

O)CO - F N 

OTBDMS 
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-continued 
F 

C CO2H 

O N 

O 

OH 

0653. The compound (2.41 g, 4.07 mmol) obtained in Step 
5 was dissolved in methanol (20 ml), and 28% sodium meth 
oxide in methanol (8.4 ml, 40.70 mmol) and water (0.15 ml, 
8.14 mmol) were added. The mixture was heated under reflux 
for 18 hrs. Water (1.4 ml) was added to the reaction solution 
and the mixture was stirred at room temperature for 1.5 hrs 
and filtered with Celite. The filtrate was concentrated under 
reduced pressure, and water (25 ml) and 2N hydrochloric acid 
(20 ml) were added to the residue. The mixture was stirred for 
5 min and extracted with ethyl acetate. The organic layer was 
washed with water and saturated brine, and dried over sodium 
sulfate. After the filtration, the filtrate was concentrated under 
reduced pressure. The residue was sonicated with hexane (20 
ml) and, after standing still, hexane was removed by decan 
tation. This was repeated three times. Diethyl ether (30 ml) 
was added to the residue and the mixture was Sonicated. The 
solid was collected by filtration and the obtained solid was 
dissolved by heating in ethyl acetate (15 ml), Hexane (15 ml) 
was added and recrystallization gave an object product (1.21 
g, yield 64%) as a white solid. 
0654) "H NMR (DMSO-d 300 MHz) (8) ppm: 0.99 (9H, 
s), 3.99-4.11 (7H, m), 5.11-5.20 (2H, m), 7.19-7.25 (2W, m), 
7.49-7.52 (2H, m), 8.03 (1H, s), 8.78 (1H, s), 15.39 (1H, s) 
0655 MS (ESI): M+ 462 

EXAMPLE 4 

Step 1 

0656 

CO2H COMe 

Her 

NO NO 

OMe OMe 

0657. 3-Methoxy-2-nitrobenzoic acid (20.00 g, 0.10 mol) 
was dissolved in dimethylformamide (100 ml), and potas 
sium carbonate (28.10 g, 0.20 mol) and methyl iodide (7.60 
ml, 0.12 mol) were added. The mixture was stirred at room 
temperature for 1 hr. The reaction mixture was added to water 
(300 ml) and the mixture was stirred. The precipitate was 
collected by filtration, washed with water (200 ml) and 
vacuum-dried to give a crude object Substance (23.90 g) as a 
white solid. 
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Step 2 

0658 

COMe COMe 

-- 

NO NH2 

OMe OMe 

0659. The crude product (23.90 g) obtained in Step 1 was 
suspended in a mixture of tetrahydrofuran (150 ml) and 
methanol (50 ml), and 5% palladium-carbon (wet)(2.30 g) 
was added. The mixture was stirred under a hydrogen atmo 
sphere at room temperature for 19.5 hrs. Ethyl acetate (200 
ml) was added to the reaction mixture and the mixture was 
filtered with Celite. The filtrate was concentrated under 
reduced pressure and the water was removed azeotropically 
with toluene to give a crude product (18.80 g) as a brown oil. 

Step 3 

0660 

COMe Br COMe 

-e- 

NH2 NH2 

OMe OMe 

0661 The crude product (18.80 g) obtained in Step 2 was 
dissolved in dimethylformamide (200 ml), and N-bromosuc 
cinimide (17.98 g., 0.10 mol) was added by portions at 5° C. 
After completion of the addition, the mixture was stirred at 
the same temperature for 30 min. The reaction mixture was 
poured into water (500 ml) and extracted twice with ethyl 
acetate (300 ml). The organic layer was washed successively 
with water (300 ml), Saturated aqueous sodium hydrogen 
carbonate and saturated brine, and dried over Sodium sulfate. 
After filtration, the filtrate was concentrated under reduced 
pressure and the obtained residue was purified by Silica gel 
chromatography (chloroform) to give an object-product (25. 
11 g, yield 95%) as a yellow oil, 
0662 H NMR (CDC1300 MHz) (8) ppm. 3.86 (6H, s), 
6.02 (2H, brs), 6.90 (1H, s), 7.60 (1H, s) 

Step 4 

0663 

Br COMe Br COMe 

-e- 

NH2 C 

OMe OMe 

0664. The compound (25.11 g, 96.54 mmol) obtained in 
Step 3 was suspended in water (50 ml) and conc. hydrochloric 
acid (25 ml) was added. An aqueous solution (100 ml) of 
sodium nitrite (7.33 g, 106.22 mmol) was added dropwise at 
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5°C. After completion of the addition, the mixture was stirred 
at the same temperature for 5 min. This reaction solution was 
added dropwise to a solution of copper (I) chloride (9.55g, 
96.47 mmol) in conc. hydrochloric acid (75 ml) at room 
temperature. After completion of the addition, the mixture 
was stirred at room temperature for 13 hrs, Water (200 ml) 
was added to the reaction solution and the mixture was 
extracted with ethyl acetate (400 ml). The organic layer was 
washed successively with water (400 ml) and saturated brine, 
and dried over sodium sulfate. After filtration, the filtrate was 
concentrated under reduced pressure to give an object product 
(15.18 g, yield 56%) as an orange solid. 
0665 1H NMR (CDC1, 300 MHz) (8) ppm. 3.92 (3H, s) 
3.93 (3H, s), 7.16 (1H, d, J=2.1 Hz) 7.49 (1H, d, J=2.2 Hz) 

Step 5 

0666 

Br COMe Br CO2H 

-- 

C C 

OMe OH 

0667 The compound (74.80g, 0.27 mol) obtained in Step 
4 was dissolved in dichloromethane (300 ml) and 1N boran 
tribromidefdichloromethane solution (700 ml, 0.70 mol) was 
added dropwise at 10° C. or below. After completion of the 
addition, the mixture was stirred at room temperature for 1.5 
hrs. The reaction mixture was added to ice water (1500 ml) 
and the precipitated solid was collected by filtration. The 
filtrate was partitioned, and the aqueous layer was extracted 
with ethyl acetate (200 ml). The organic layers were com 
bined and concentrated under reduced pressure. The solid 
collected by filtration and the residue were dissolved in 
diethyl ether (1000 ml) and 1N aqueous sodium hydroxide 
solution (1000 ml) was added for extraction. 2N Hydrochlo 
ric acid (500 ml) was added to the aqueous layer. The mixture 
was stirred and extracted with ethyl acetate (800 ml). The 
mixture was partitioned and the organic layer was washed 
successively with water and saturated brine, dried over 
Sodium sulfate, filtered, and concentrated under reduced pres 
sure to give an object product (63.83 g, yield 95%) as a beige 
solid. 
0668 H NMR (DMSO-d 300 MHz) (8) ppm: 7.23 (1H, 
d, J24 Hz), 7.28 (1H, d, J=2.4 Hz), 10.99 (1H, s), 13.55 (1H, 
brs) 

Step 6 

0669 

Br CO2H Br COEt 

-e- 

C C 

OH N 

0670. The compound (63.83 g, 0.25 mol) obtained in Step 
5 was dissolved in dimethylformamide (400 ml), and potas 
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sium carbonate (87.70 g. 0.64 mol) and ethyl iodide (81.20 
ml, 1.02 mol) were added. The mixture was stirred with 
heating at 50° C. for 3 hrs, and Saturated aqueous ammonium 
chloride (600 ml) and ethyl acetate (400 ml) were added to the 
reaction mixture. The mixture was partitioned and the aque 
ous layer was extracted with ethyl acetate (400 ml). The 
organic layers were combined and washed Successively with 
brine (3 times) and saturated brine, dried over sodium sulfate, 
filtered, and concentrated under reduced pressure to give an 
object product (76.38 g, yield 98%) as a brown solid. 
0671 'H NMR (CDC1, 400 MHz) (8) ppm: 1.39 (3H, t, 
J–7.2 Hz), 1.48 (3H, t), 4.11 (2H, q), 4.38 (2H, q, J–7.2 Hz), 
7.12 (1H, d, J–2, 0 Hz), 7.42 (1H, d. J=2.0 Hz) 

Step 7 

0672 

Br COEt Br CO2H 

He 

C C 

O N 

0673. The compound (76.38g, 0.25 mol) obtained in Step 
6 was dissolved in ethanol (250 ml), and 8Naqueous sodium 
hydroxide solution (62.00 ml, 0.50 mol) was added. The 
mixture was stirred with heating at 50° C. for 30 min. 2N 
Hydrochloric acid (250 ml) was added to the reaction solution 
with ice-cooling and the mixture was stirred, and extracted 
twice with ethyl acetate (350 ml). The organic layer was 
washed successively with water and saturated brine, and dried 
over sodium sulfate. After filtration, the filtrate was concen 
trated under reduced pressure to give an object product (68.79 
g, yield 99%) as a pale-brown solid. 
0674 H NMR (CDC1, 400 MHz) (8) ppm: 1.50 (3H, t, 
J=6.8 Hz), 4.12 (2H, q, J=6.8 Hz), 7.19 (1H, d, J=2.4 Hz), 
7.65 (1H, d, J=2.4 Hz) 

Step 8 

0675 

Br CO2H 

Her 

C 

N-19 
O 

Br COEt 

C N 1. 
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0676. The compound (85.17 g., 0.31 mol) obtained in Step 
7 was dissolved in toluene (450 ml), and thionyl chloride(44. 
40 ml, 0.61 mol) and dimethylformamide (catalytic amount) 
were added. The mixture was stirred at 90° C. for 1 hr. After 
allowing the mixture to cool, the reaction solution was con 
centrated under reduced pressure. After the residue was dis 
Solved in toluene, the mixture was concentrated under 
reduced pressure. This was repeated two more times. The 
residue was dissolved in tetrahydrofuran (250 ml) and the 
obtained solution was added dropwise to a solution of ethyl 
3.3-dimethylaminoacrylate (43.60 g, 0.31 mol) and triethy 
lamine (50.90 ml, 0.37 mol) in tetrahydrofuran (200 ml). The 
mixture was heated under reflux for 15 his. After allowing the 
mixture to cool, water (300 ml) and ethyl acetate (500 ml) 
were added to the reaction mixture. The mixture was stirred 
and partitioned. The organic layer was washed Successively 
with water (300 ml) and saturated brine, and dried over 
sodium sulfate. After filtration, the filtrate was concentrated 
under reduced pressure to give a crude object Substance (124. 
80 g) as a brown oil. 

Step 9 

0677 

O 

Br COEt 

-e- 

C N1 

N 

O 

Br COEt 

C NH 

N-9 
OH 

0678. The crude product (124.80 g) obtained in Step 8 was 
dissolved in tetrahydrofuran (500 ml), and (S)-(+)-tert-leuci 
nol hydrochloride (46.80 g, 0.31 mol) and triethylamine (42. 
50 ml, 0.31 mol) were added. The mixture was stirred at room 
temperature for 40 min. After filtration of the reaction mix 
ture, the filtrate was concentrated under reduced pressure. 
The obtained residue was dissolved in ethyl acetate (800 ml), 
washed twice with water, and then with saturated brine, and 
dried over sodium sulfate. After the filtration, the filtrate was 
concentrated under reduced pressure to give a crude object 
substance (131.30 g) as a brown oil. 
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Step 10 

0679 

O 

Br COEt 

-e- 

C NH 

N 
OH 

O 

Br COEt 

C NH 

O N-1 

OTBDMS 

0680 The crude product (131.30 g) obtained in Step 9 was 
dissolved in dimethylformamide (400 ml), and imidazole 
(27.00 g, 0.40 mol) and tert-butyldimethylsilyl chloride (41. 
30 g., 0.27 mol) were added. The mixture was stirred at room 
temperature for 14 hrs. Water was added to the reaction solu 
tion and the mixture was extracted twice with ethyl acetate 
(500 ml). The organic layer was washed three times with 
water and then with saturated brine, and dried over sodium 
sulfate. After filtration, the filtrate was concentrated under 
reduced pressure to give a crude object substance (159.80g) 
as a brown oil. 

Step 11 

0681 

O 

Br COEt 

He 

C NH 

N-1 
OTBDMS 

O 

Br COEt 

N 

O N-1 

OTBDMS 

0682. The crude product (159.80 g) obtained in Step 10 
was dissolved in toluene (1100 ml), and sodium hydride 
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(15.80 g, 0.40 mol) was added. The mixture was stirred with 
heating at 100° C. for 14 hrs. 1N Hydrochloric acid (400 ml) 
was added to the reaction solution under ice-cooling and the 
mixture was stirred and partitioned. The organic layer was 
washed successively with water and saturated brine, and dried 
over sodium sulfate. After filtration, the filtrate was concen 
trated under reduced pressure and the obtained residue was 
dissolved in dimethylformamide (500 ml). Potassium car 
bonate (42.10 g, 0.31 mol) and ethyl iodide (24.40 ml, 0.31 
mol) was added and the mixture was stirred with heating at 
50° C. for 1.5 hrs. A saturated aqueous ammonium chloride 
solution (400 ml) was added to the reaction solution under 
ice-cooling, and the mixture was stirred and extracted twice 
with ethyl acetate. The organic layer was washed Successively 
with water, twice with brine and saturated brine, and dried 
over sodium sulfate. After filtration, the filtrate was concen 
trated under reduced pressure and the obtained residue was 
purified by silica gel chromatography (ethyl acetate:hex 
ane=1:3 to 2:3) to give an object product (76.50 g, yield 45%) 
as a brown oil, 
0683 H NMR (CDC1,400 MHz)(3) ppm:-0.05 (3H, s), 
0.01 (3H, sa), 0.73 (9H, s), 0.98 (9H, s), 1.40 (3H, t), 1.53-1. 
59 (3H, m), 4.10-4.24 (4H, m), 4.34-4.44 (2H, m), 6.10-6.14 
(1H, m), 7.22 (1H, s), 8.32 (1H, t, J–2.4 Hz), 8.70 (1H, s) 

Step 12 

0684 

O 

Br COEt 

-e- 

N 

N 
OTBDMS 

F O 

C COEt 

N 

N 
OTBDMS 

0685. The compound (76.50g, 0.14 mol) obtained in Step 
11 was dissolved in tetrahydrofuran (500 ml), and under an 
argon stream, bis dibenzylideneacetone)palladium(0) (3.17 
g, 5.51 mmol) and tri(2-furyl)phosphine (2.56g, 11.03 mmol) 
were added. A solution of 3-chloro-2-fluorobenzylzinc bro 
mide (0.28 mol) in tetrahydrofuran was added dropwise at 
60° C. After completion of the addition, the mixture was 
heated under reflux for 2.5 hrs. After allowing the mixture to 
cool, Saturated aqueous ammonium chloride solution (600 
ml) was added to the reaction solution. The mixture was 
stirred at room temperature for 1 hr and filtered with Celite. 
After the mixture was partitioned, the aqueous layer was 
extracted with ethyl acetate twice. The organic layer, on the 
other hand, was concentrated under reduced pressure, and the 
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residue was dissolved in ethyl acetate. All ethyl acetate layers 
were combined and washed successively with 1N hydrochlo 
ric acid and Saturated brine, and dried over sodium sulfate. 
After so filtration, the filtrate was concentrated under reduced 
pressure. The obtained residue was dissolved in dimethylfor 
mamide (400 ml) and potassium carbonate (19.00 g, 0.14 
mol) and ethyl iodide (11.00 ml, 0.14 mol) were added. The 
mixture was stirred with heating at 50° C. for 1.5 hrs. A 
saturated aqueous ammonium chloride solution (400 ml) was 
added to the reaction mixture with ice-cooling, and the mix 
ture was stirred and extracted with ethyl acetate (500 ml) The 
organic layer was washed with water, brine (twice) and Satu 
rated brine, and dried over sodium sulfate. After filtration, the 
filtrate was concentrated under reduced pressure and the 
obtained residue was purified by silica gel chromatography 
(ethyl acetate:hexane=1:2 to 1:1) to give an object product 
(72.10 g, yield 85%) as a brown oil. 
0686 H NMR (CDC1,400 MHz) (ö) ppm: -0.07 (3H, s), 
0.00(3H, s), 0.70 (9H, s), 1.24 (9H, s), 1.39 (3H, t, J=7.2 Hz), 
1.51-1.54 (3H, m), 4.05 (2H,8), 4.07-4.19 (4H, m), 4.33-4.45 
(2H, m), 6.12-6.15 (1H, m), 6.99-7.02 (2H, m), 7.04-7.09 
(1H, m), 7.19-7.25 (1H, m), 8.06 (1H, d, J=2.4 Hz), 8.69 (1H, 
s) 

Step 13 
0687 

F O 

C COEt 

He 

N 

N-1 
OTBDMS 

F O 

C CO2H 

N 

N 
OH 

0688. The compound (65.80g, 0.11 mol) obtained in Step 
12 was dissolved in ethanol (200 ml) and 1 Naqueous sodium 
hydroxide solution (640 ml, 0.64 mol) was added. The mix 
ture was heated under reflux for 2 brs. 2N Hydrochloric acid 
(350 ml) was added to the reaction solution with ice-cooling 
and the mixture was stirred and extracted twice with ethyl 
acetate. The organic layer was washed successively with 
water and saturated brine, and dried over sodium sulfate. 
After filtration, the filtrate was concentrated under reduced 
pressure, and diethyl ether (500 ml) was added the residue. 
The mixture was sonicated and the obtained solid was col 
lected by filtration. The collected solid was added to ethyl 
acetate (250 ml) and dissolved with heating. Hexane (50 ml) 
was added and the precipitated solid was collected by filtra 
tion, vacuum-dried to give an object product (41.10 g, yield 
81%) as a white solid. 
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0689 H NMR (DMSO-d 400 MHz) (8) ppm: 0.93 (9H, 
s), 1.49 (3H, t, J=6.9 Hz), 4.00 (2H, t, J–6.4 Hz), 4.20(2H, s), 
4.22-4.33 (2H, m), 5.12 (1H, t), 6.36 (1H, t, J–6.8 Hz), 7.21 
(1H, m), 7.39-7.48 (2H, m), 7.54 (1H, s), 7.79 (1H, s), 8.79 
(1H, s), 15.04 (1H, s) 
0690 MS (ESI): M+ 476 

EXAMPLES 1-3-1-102, 2-1-2-8, 3-1-3-86, 4-1-4-54 

0691. In the same manner as in Examples 1-1 and 1-2 and 
the above-mentioned Examples, the compounds of Examples 
1-3-1-102, 2-1-2-8, 3-1-3-86 and 4-1-4-54 were obtained. 
The chemical structures thereofare shown in Tables 1, 2, 3 
and 4. 

EXPERIMENTAL, EXAMPLES 

0692. The following explains evaluation methods of the 
HIV integrase inhibitory activity of the compound of the 
present invention. 

(i) Construction of Recombinant Integrase Gene Expression 
System 

(0693. The 185th phenylalanine of HIV integrase full 
length gene (J. Virol. 67,425-437 (1993)) was substituted by 
histidine and inserted into the restriction enzyme Ndel and 
XhoI sites of plasmid plT21a(+) (Novagen), whereby an 
integrase expression vector pET21a-IN-F185H was con 
structed. 

(ii) Production and Purification of Integrase Protein 

(0694 Escherichia coli recombinant BL21 (DE3) trans 
formed with plasmid plT21a-IN-F185H obtained in (i) was 
shake cultured at 30°C. in a liquid medium containing ampi 
cillin. When the culture reached the logarithmic growth 
phase, isopropyl-B-D-thiogalactopyranoside was added to 
promote expression of integrase gene. The culture was con 
tinued for 3 hrs to promote accumulation of the integrase 
protein. The recombinant E. coli was collected in pellets by 
centrifugal separation and preserved at -80° C. 
(0695) The E. coli was suspended in Lysis buffer (20 mM 
HEPES (pH 7.5), 5 mM DTT, 10 mM CHAPS, 10% glycerol) 
containing 1M sodium chloride and Subjected to repeat pres 
Surization and depressurization for rupture, and centrifugal 
separation at 4° C., 40,000xg, 60 min to recover a water 
soluble fraction (supernatant). This was diluted 10-fold with 
Lysis buffer free of sodium chloride, mixed with 
SP-Sepharose (Pharmacia Corporation) and stirred at 4°C. 
for 60 min to allow adsorption of integrase protein to the 
resin. The resin was washed with Lysis buffer containing 100 
mM Sodium chloride and the integrase protein was eluted 
with Lysis buffer containing 1M sodium chloride. 
0696. The eluted integrase protein solution was applied to 
a Superdex 75 (Pharmacia Corporation) column for gel fil 
tration. The protein was eluted with Lysis buffer containing 
1M sodium chloride. 
0697 The obtained fractions of the integrase protein were 
collected and preserved at -80° C. 
(iii) Preparation of DNA Solution 
(0698. The following DNA synthesized by Greiner was 
dissolved in TE buffer (10 mM Tris-hydrochloric acid (pH 
8.0), 1 mM EDTA) and mixed with donor DNA, target DNA, 
each complementary strand (+ and - Strands) to 1 LM. The 
mixture was heated at 95°C. for 5 for 10 min, 70° C. for 10 

52 
Jun. 25, 2015 

min, 60° C. for 10 min, 50° C. for 10 min and 40° C. for 10 
min and preserved at 25°C. to give a double stranded DNA, 
which was used for the test. 
Donor DNA (- strand having biotin attached to the 5' termi 
nal) 
Donor--strand: 5'-Biotin-ACC CTT TTA GTC AGT GTG 
GAA AAT CTCTAG CA-3' (SEQID NO:1) 
Donor-Strand: 5'-ACT GCT AGA GATTTTCC CCA CAC 
TGA CTA AAA G-3 (SEQID NO:2) 
Target DNA (+,- Strands both having digoxigenin added at 3' 
terminal) 
Target--strand: 5'-TGACCA AGG GCT T TCA CT-Dig-3' 
(SEQ ID NO:3) 
Target-strand: 5'-AGT GAATTAGCC CTT DOT CA-Dig 
3' (SEQID NO:4) 

(iv) Determination of Enzyme (HIV Integrase) Inhibitory 
Activity 

0699 The donor DNA was diluted with TE buffer to 10 
nM. of which 50 ul was added to each well of streptavidin 
coated microtiter plate (Roche) and allowed to adsorb at 37° 
C. for 60 min. The DNA was washed with phosphate buffer 
(Dulbecco PBS, Sanko Junyaku Co., Ltd.) containing 0.1% 
Tween 20 and phosphate buffer. Then, a reaction mixture (70 
ul) having the following composition, a test Substance (10 ul) 
diluted with the reaction mixture and 100 ug/ml integrase 
protein (10 ul) were added to each well and reacted at 37° C. 
for 60 min. 

(0700. Then, 50 nM target DNA (10 ul) was added, reacted 
at 37°C. for 10 min and washed with phosphate buffer con 
taining 0.1% Tween 20 to stop the reaction. 
0701. Then, 100 ml J/ml peroxidase labeled anti-digoxige 
nin antibody solution (Roche, 100 ul) was added, and the 
mixture was reacted at 37°C. for 60 min, followed by wash 
ing with phosphate buffer containing 0.1% Tween 20. 
0702. A peroxidase color solution (Bio Rad, 100 ul) was 
added and allowed to reactat room temperature for 4 min. The 
color reaction was stopped by adding 1N sulfuric acid (100 
ul). The absorbance at 450 nm was measured. 
(0703. The HIV integrase inhibitory activity (ICs) of the 
compound of the present invention was calculated from the 
inhibition rate according to the following formula. The results 
are shown in Tables 5, 6 and 7. 

inhibition rate (%)=1-(Object-Blank), (Control 
Blank)x100 

Object; absorbance of well in the presence of test compound 
Control; absorbance of well in the absence of test compound 
Blank; absorbance of well in the absence oftest compound, in 
the absence of integrase protein 

Evaluation of Antiviral Activity 

0704. The effect of combined use of the compound of the 
present invention with known anti-HIV agents can be deter 
mined as shown below. 

0705 For example, the effect of two-drug use of an exist 
ing nucleoside reverse transcriptase inhibitor (Zidovudine, 
Lamivudine, Tenofovir), a non-nucleoside reverse tran 
scriptase inhibitor (Efavirenz) or a protease inhibitor (Indi 
navir, Nelfinavir) and a test substance A, and the like are 
evaluated in an acute infection system using HIV-1 IIIB 
infected CEM-SS cells by the XTT method. 
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0706. In addition, the effect of three-drug use of test sub 
stance A, Zidovudine and Lamivudine, or test Substance A, 
Tenofovir and Lamivudine and the like is evaluated. 

0707 Prior to the combined use test, ICs and CCs of 
each pharmaceutical agent alone are determined. The effect 
of two-drug use is evaluated based on the combination of five 
concentrations of pharmaceutical agent A and nine concen 
trations of pharmaceutical agent B, which have been deter 
mined based on the above results. For three-drug use, high 
concentrations of pharmaceutical agent B and pharmaceuti 
cal agent C are mixed and the obtained concentrations are 
combined with the concentrations of pharmaceutical agent A 
for evaluation. 

0708. The experimental data of the test substance and 
pharmaceutical agent to be combined in the case of single use 
and combined use are analyzed by the programs of Prichard 
and Shipman MacSynergy II version 2.01 and Delta graph 
version 1.5d. A three dimensional plot is created at a 95% (or 
68%, 99%) confidence level, from the percent inhibition at 
the concentration of each combined pharmaceutical agent, 
which is obtained from triplicate experiments, and the effect 
of combined use is evaluated based on the numerical values 
of M% calculated therefrom. The evaluation criteria are 
shown in the following. 

definition of interaction M2% 

highly Synergistic >1OO 
slightly synergistic +51 to +100 
additive --50 to -50 
slightly antagonistic -51 to -100 
highly antagonistic <-100 
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INDUSTRIAL FIELD OF UTILIZATION 

1209. As is clear from the above results, the compounds of 
the present invention has high HIV integrase inhibitory activ 
ity. 
1210. Therefore, the compounds can be useful pharma 
ceutical agents for the prophylaxis or therapy of AIDS, as 
anti-HIV agents having HIV integrase inhibitory activity. 
Moreover, by a combined use with other anti-HIV agents 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 4 

<21 Os SEQ ID NO 1 
&211s LENGTH: 32 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

92 
Jun. 25, 2015 

Such as protease inhibitors, reverse transcriptase inhibitors 
and the like, the compounds can become more effective anti 
HIV agents. Since the compounds have high inhibitory activ 
ity specific for integrases, they can provide safe pharmaceu 
tical agents for human with a fewer side effects. 
1211. This application is based on patent application Nos. 
2002-336843, 2003-65807 and 2003-139616 filed in Japan, 
the contents of which are all hereby incorporated by refer 
CCC. 

<223> OTHER INFORMATION: Donor plus strand for activity determination of 
HIV integrase. 

<4 OOs SEQUENCE: 1 

accctitt tag to agtgtgga aaatctotag ca 

<21 Os SEQ ID NO 2 
&211s LENGTH: 31 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

32 

<223> OTHER INFORMATION: Donor minus strand for activity determination 
of HIV integrase. 

<4 OOs SEQUENCE: 2 

actgctagag attitt coaca citgactaaaa g 

<21 Os SEQ ID NO 3 
&211s LENGTH: 2O 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

31 

<223> OTHER INFORMATION: Target plus strand for activity determination 
of HIV integrase. 

<4 OOs SEQUENCE: 3 

tgaccaaggg ctaatt cact 

<21 Os SEQ ID NO 4 
&211s LENGTH: 2O 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Target minus strand for activity determination 
of HIV integrase. 

<4 OOs SEQUENCE: 4 

agtgaattag cc cttggtca 
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1-41. (canceled) R" is a substituent selected from the following group B or 
a C- alkyl group optionally Substituted by 1 to 3 Sub 42. A method for the prophylaxis of a Human Immunode stituents selected from halogen atom and the following ficiency Virus (HIV) infection which comprises administer 

ing a compound of formula (III) or a Solvate or a stereoisomer group B 
thereof or a tantomer thereof or a pharmaceutically accept- wherein group B is a group consisting of Cs-lo carbon 
able salt thereof to a mammal ring group optionally Substituted by 1 to 5 substitu 

ents selected from the above-mentioned group A, het 
erocyclic group (as defined above) optionally Substi 
tuted by 1 to 5 substituents selected from the above 

(III) mentioned group A, OR', SR, NR'R'', 
CONR'R'65, SONR'R'', COR, 
NR*COR, SOR, NR*SOR, 

N OR2 COOR and NRCOOR 
wherein R* and R are the same or different and 

A. 21 N each is selected from a hydrogen atom, C alkyl 
(R)n group, Cao carbon ring group optionally Substi 

R1 tuted by 1 to 5 substituents selected from the above 
mentioned group A or heterocyclic group (as 
defined above) optionally substituted by 1 to 5 sub 
stituents selected from the above-mentioned group 

ring Cy is a Co carbon ring group optionally substituted A, and Reis selected from Calkyl group, Co 
wherein 

by 1 to 5 substituents selected from the following group 
A or a heterocyclic group optionally substituted by 1 to 
5 substituents selected from the following group A 

wherein the heterocyclic group is a saturated or unsatur 
ated ring containing, besides carbonatom(s), at least one 

carbon ring group optionally substituted by 1 to 5 
Substituents selected from the above-mentioned 
group A or heterocyclic group (as defined above) 
optionally substituted by 1 to 5 substituents 
Selected from the above-mentioned group A: 

heteroatom selected from a nitrogen atom, an oxygen R is selected from a hydrogen atom or a C-4 alkyl group; 
atom and a Sulfur atom, group A is a group consisting of R is selected from a cyano group, a hydroxy group, an 
cyano group, phenyl group, nitro group, halogen atom, amino group, a nitro group, a halogen atom, a C- alkyl 
Cia alkyl group, halo Cia alkyl group, halo Cia alky- group, a Calkoxy group, a Calkylsulfanyl group, a 
loxy group, OR', SR', NR'R'', halo C alkyl group or a halo C alkyloxy group; 
CONR'R'', SONR'R'', COR, n is selected from 0 or an integer of 1 to 3 and when n is 2 
NRCOR3, SOR, NRSO.R., or 3, Reach may be the same or different. 
COOR and NR'COOR." 43. The method according to claim 42, wherein the com 

pound is administered at a dosage for inhibiting activity spe wherein R'' and R' are the same or different and each is 
cific for integrases. selected from a hydrogenatom or Calkyl group and 

R" is C, alkyl group; k . . . . 


