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POLYCYCLIC CARBAMOYLPYRIDONE 
DERVATIVE HAVING HIV INTEGRASE 

INHIBITORY ACTIVITY 

TECHNICAL FIELD 

0001. The present invention relates to novel compounds 
possessing an antiviral activity, in detail polycyclic carbam 
oylpyridone derivatives possessing an inhibitory activity 
against HIV integrase and a pharmaceutical composition con 
taining the same, especially an anti-HIV agent. 

BACKGROUND ART 

0002 Among viruses, human immunodeficiency virus 
(HIV), a kind of retrovirus, is known to cause acquired immu 
nodeficiency syndrome (AIDS). The therapeutic agent for 
AIDS is mainly selected from a group of reverse transcriptase 
inhibitors (e.g., AZT, 3TC) and protease inhibitors (e.g., Indi 
navir), but they are proved to be accompanied by side effects 
Such as nephropathy and the emergence of resistant viruses. 
Thus, the development of anti-HIV agents having the other 
mechanism of action has been desired. 
0003. On the other hand, a combination therapy is reported 

to be efficient in treatment for AIDS because of the frequent 
emergence of the resistant mutant. Reverse transcriptase 
inhibitors and protease inhibitors are clinically used as an 
anti-HIV agent, howeveragents having the same mechanism 
of action often exhibit cross-resistance or only an additional 
activity. Therefore, anti-HIV agents having the other mecha 
nism of action are desired. 
0004 Under the circumstances above, an HIV integrase 
inhibitor has been focused on as an anti-HIV agent having a 
novel mechanism of action (Ref: Patent Documents 1 and 2). 
As an anti-HIV agent having Such a mechanism of action, 
known are carbamoyl-substituted hydroxypyrimidinone 
derivative (Ref: Patent Documents 3 and 4) and carbamoyl 
substituted hydroxypyrrolidione derivative (Ref: Patent 
Document 5). Further, a patent application concerning car 
bamoyl-substituted hydroxypyridone derivative has been 
filed (Ref: Patent Document 6. Example 8). 
0005. Other known carbamoylpyridone derivatives 
include 5-alkoxypyridine-3-carboxamide derivatives and 
y-pyrone-3-carboxamide derivatives, which are a plant 
growth inhibitor or herbicide (Ref: Patent Documents 7-9). 
0006. Other HIV integrase inhibitors include N-contain 
ing condensed cyclic compounds (Ref: Patent Document 10). 
Patent Document 1 WO003/0166275 
Patent Document 2 WO2004/024693 
Patent Document 3 WO08/085076 
Patent Document 4 WO03/085076 
Patent Document 5 WO2004/004657 
Patent Document 6 JP Patent Application 2008-32772 
Patent Document 7 JP Patent Publication 1990-108668 
Patent Document 8 JP Patent Publication 1990-108688 
Patent Document 9 JP Patent Publication 1990-96506 
Patent Document 10 WO2005/016927 

DISCLOSURE OF INVENTION 

Problem to be Solved by the Invention 
0007. The development of a novel integrase inhibitor has 
been desired. 
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Means to Solve the Problem 

0008. The present inventors have intensively studied to 
find that a novel polycyclic carbamoylpyridone derivative 
possesses a potent HIV integrase inhibitory activity. 
0009 Moreover, the present inventors have discovered 
that a compound of the present invention and a pharmaceuti 
cal composition containing the same are useful as an antiviral 
agent, an antiretroviral agent, an anti-HIV agent, an anti 
HTLV-1 (Human T cell leukemia virus type 1) agent, an 
anti-FIV (Feline immunodeficiency virus) agent or an anti 
SIV (Simian immunodeficiency virus) agent, especially an 
anti-HIV agent oranti-AIDS agent, to accomplish the present 
invention shown below. 
(1) A compound of the formula: 

(I) 

N1 

(wherein, 
O010 Z is NR; 
10011) R' is hydrogen, optionally substituted lower alkyl, 
optionally substituted cycloalkyl, optionally substituted 
cycloalkyl lower alkyl, optionally substituted lower alkenyl, 
optionally substituted lower alkoxy, optionally substituted 
aryl, optionally substituted aryl lower alkyl, optionally sub 
stituted aryloxy, optionally Substituted heterocyclic group, 
optionally substituted heterocycle lower alkyl, optionally 
substituted heterocycleoxy, hydroxy, optionally substituted 
amino, optionally substituted phosphoric acid residue, aryl 
substituted with optionally substituted phosphoric acid resi 
due, aralkyl substituted with optionally substituted phospho 
ric acid residue, hydroxy substituted with optionally substi 
tuted phosphoric acid residue, amino Substituted with 
optionally substituted phosphoric acid residue or lower alkyl 
substituted with optionally substituted phosphoric acid resi 
due (the lower alkyl may be intervened by a heteroatom group 
selected from CO, O, S, SO, SO, NR (R is hydrogen or 
lower alkyl). - N= and —N )), O or CH: 
I0012 Z is optionally substituted lower alkylene or 
optionally substituted lower alkenylene, each may be inter 
vened by a heteroatom group selected from O, S, SO, SO, 
NR (R is hydrogen, optionally substituted lower alkyl, 
optionally substituted cycloalkyl, optionally substituted 
cycloalkyl lower alkyl, optionally substituted lower alkenyl, 
optionally substituted lower alkoxy, optionally substituted 
aryl, optionally substituted aryl lower alkyl, optionally sub 
stituted aryloxy, optionally Substituted heterocyclic group, 
optionally substituted heterocycle lower alkyl, optionally 
substituted heterocycleoxy, hydroxy or optionally substituted 
amino, optionally substituted phosphoric acid residue, aryl 
substituted with optionally substituted phosphoric acid resi 
due, aralkyl substituted with optionally substituted phospho 
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ric acid residue, hydroxy substituted with optionally substi 
tuted phosphoric acid residue, amino Substituted with 
optionally substituted phosphoric acid residue or lower alkyl 
substituted with optionally substituted phosphoric acid resi 
due (the lower alkyl may be intervened by a heteroatom group 
selected from CO, O, S, SO, SO, NR (R is selected inde 
pendently from the same substituent group as R), -N=and 
—N )), - N- or —N 
I0013 R' is hydrogen or lower alkyl: 
0014 X is a single bond, a heteroatom group selected from 
O, S, SO, SO and NH, or lower alkylene or lower alkenylene 
each may be intervened by the heteroatom; 
0015 R is optionally substituted aryl: 
I0016 R is hydrogen, halogen, hydroxy, optionally sub 
stituted lower alkyl, optionally substituted cycloalkyl, option 
ally substituted lower alkenyl, optionally substituted lower 
alkoxy, optionally Substituted lower alkenyloxy, optionally 
Substituted aryl, optionally substituted aryloxy, optionally 
Substituted heterocyclic group, optionally Substituted hetero 
cycleoxy or optionally Substituted amino; 
0017 R and Z' part taken togetherforms a ring, where the 
compound (I) is represented by the following formula (I-1), 
or (I-11): 

(I-1) 

(wherein, 
0018. A ring is optionally substituted heterocycle; 
I0019 R'' and R are independently hydrogen, optionally 
substituted lower alkyl, optionally substituted cycloalkyl, 
optionally substituted cycloalkyl lower alkyl, optionally sub 
stituted lower alkenyl, optionally substituted lower alkoxy, 
optionally substituted lower alkenyloxy, optionally substi 
tuted aryl, optionally substituted aryl lower alkyl, optionally 
substituted aryloxy, optionally substituted heterocyclic 
group, optionally Substituted heterocycle lower alkyl, option 
ally substituted heterocycleoxy, optionally substituted phos 
phoric acid residue, aryl substituted with optionally substi 
tuted phosphoric acid residue, aralkyl substituted with 
optionally Substituted phosphoric acid residue, hydroxy Sub 
stituted with optionally substituted phosphoric acid residue, 
amino substituted with optionally substituted phosphoric 
acid residue or lower alkyl substituted with optionally substi 
tuted phosphoric acid residue (the lower alkyl may be inter 
vened by a heteroatom group selected from O, S, SO, SO, 
NR (R is selected independently from the same substituent 
group as R), -N= and =N-), hydroxy, optionally sub 
stituted amino, optionally substituted lower alkyl carbonyl, 
optionally substituted cycloalkylcarbonyl, optionally Substi 
tuted cycloalkyl lower alkyl carbonyl, optionally substituted 
lower alkoxy carbonyl, optionally substituted arylcarbonyl, 
optionally substituted aryl lower alkyl carbonyl, optionally 
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substituted aryloxycarbonyl, optionally substituted heterocy 
clecarbonyl, optionally substituted heterocycle lower alkyl 
carbonyl, optionally substituted heterocycleoxy carbonyl or 
optionally substituted aminocarbonyl: 
0020 abroken line represents the presence or absence of a 
bond, provided that when the broken line represents the pres 
ence of a bond, R is not present; 
(0021) R' is hydrogen or lower alkyl: 
0022 X is a single bond, a heteroatom group selected from 
O, S, SO, SO and NH, or lower alkylene or lower alkenylene 
each may be intervened by the heteroatom group; 
(0023 R is optionally substituted aryl; 
(0024 R is hydrogen, halogen, hydroxy, optionally sub 
stituted lower alkyl, optionally substituted cycloalkyl, option 
ally substituted lower alkenyl, optionally substituted lower 
alkoxy, optionally Substituted lower alkenyloxy, optionally 
Substituted aryl, optionally substituted aryloxy, optionally 
Substituted heterocyclic group, optionally Substituted hetero 
cycleoxy or optionally Substituted amino) 

(I-11) 
OH O 

O 
N N 

2 D 

RS -NR N N 

O R3 

(wherein, 
002.5 D ring is optionally substituted heterocycle: 
(0026) R' is hydrogen or lower alkyl: 
0027 X is a single bond, a heteroatom group selected from 
O, S, SO, SO, and NH, or lower alkylene or lower alkenylene 
each may be intervened by the heteroatom group; 
I0028 R is optionally substituted aryl; 
I0029 R is hydrogen, halogen, hydroxy, optionally sub 
stituted lower alkyl, optionally substituted cycloalkyl, option 
ally substituted lower alkenyl, optionally substituted lower 
alkoxy, optionally Substituted lower alkenyloxy, optionally 
Substituted aryl, optionally substituted aryloxy, optionally 
Substituted heterocyclic group, optionally Substituted hetero 
cycleoxy or optionally substituted amino)), its pharmaceuti 
cally acceptable salt, or solvate thereof. 
(2) A compound according to the above (1), pharmaceutically 
acceptable salt, or solvate thereof, wherein R' is hydrogen. 
(3) A compound according to the above (1), pharmaceutically 
acceptable salt, or solvate thereof, wherein X is lower alky 
lene; R is phenyl or phenyl substituted with at least halogen. 
(4) A compound according to the above (1), pharmaceutically 
acceptable salt, or solvate thereof, wherein R is hydrogen, 
halogen, hydroxy, lower alkyl, lower alkenyl, lower alkoxy, 
lower alkenyloxy or optionally Substituted amino. 
(5) A compound according to the above (1), pharmaceutically 
acceptable salt, or solvate thereof, wherein R is hydrogen. 
(6) A compound according to the above (1), pharmaceutically 
acceptable salt, or solvate thereof, wherein R' is hydrogen or 
lower alkyl; X is lower alkylene; R is phenyl or phenyl 
substituted with at least halogen; R is hydrogen, halogen, 
hydroxy, lower alkyl, lower alkenyl, lower alkoxy, lower alk 
enyloxy or optionally Substituted amino. 
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(7) A compound of the formula: 

(I-1) 

(wherein, 
0030. A ring is optionally substituted heterocycle; 
0031) R'' and R are independently hydrogen, optionally 
substituted lower alkyl, optionally substituted cycloalkyl, 
optionally substituted cycloalkyl lower alkyl, optionally sub 
stituted lower alkenyl, optionally substituted lower alkoxy, 
optionally substituted lower alkenyloxy, optionally substi 
tuted aryl, optionally substituted aryl lower alkyl, optionally 
substituted aryloxy, optionally substituted heterocyclic 
group, optionally Substituted heterocycle lower alkyl, option 
ally substituted heterocycleoxy, optionally substituted phos 
phoric acid residue, aryl substituted with optionally substi 
tuted phosphoric acid residue, aralkyl substituted with 
optionally Substituted phosphoric acid residue, hydroxy Sub 
stituted with optionally substituted phosphoric acid residue, 
amino substituted with optionally substituted phosphoric 
acid residue or lower alkyl substituted with optionally substi 
tuted phosphoric acid residue (the lower alkyl may be inter 
vened by a heteroatom group selected from O, S, SO, SO, 
NR (R is selected independently from the same substituent 
group as R), -N= and —N—), hydroxy, optionally Sub 
stituted amino, optionally substituted lower alkyl carbonyl, 
optionally substituted cycloalkylcarbonyl, optionally Substi 
tuted cycloalkyl lower alkyl carbonyl, optionally substituted 
lower alkoxy carbonyl, optionally substituted arylcarbonyl, 
optionally substituted aryl lower alkyl carbonyl, optionally 
substituted aryloxycarbonyl, optionally substituted heterocy 
clecarbonyl, optionally substituted heterocycle lower alkyl 
carbonyl, optionally substituted heterocycleoxy carbonyl or 
optionally substituted aminocarbonyl: 
0032 abroken line represents the presence or absence of a 
bond, provided that when the broken line represents the pres 
ence of a bond, R is not present; 
0033 R' is hydrogen or lower alkyl: 
0034 X is a single bond, a heteroatom group selected from 
O, S, SO, SO, and NH, or lower alkylene or lower alkenylene 
each may be intervened by the heteroatom group; 
0035 R is optionally substituted aryl; 
0036), R is hydrogen, halogen, hydroxy, optionally sub 
stituted lower alkyl, optionally substituted cycloalkyl, option 
ally substituted lower alkenyl, optionally substituted lower 
alkoxy, optionally Substituted lower alkenyloxy, optionally 
Substituted aryl, optionally substituted aryloxy, optionally 
Substituted heterocyclic group, optionally Substituted hetero 
cycleoxy or optionally Substituted amino), its pharmaceuti 
cally acceptable salt, or solvate thereof 
(8) A compound according to the above (7), pharmaceutically 
acceptable salt, or solvate thereof, wherein R' is hydrogen or 
lower alkyl: X is lower alkylene; R is phenyl or phenyl 
substituted with at least halogen; R is hydrogen, halogen, 
hydroxy, lower alkyl, lower alkenyl, lower alkoxy, lower alk 
enyloxy or optionally Substituted amino. 
(9) A compound according to the above (7), pharmaceutically 
acceptable salt, or solvate thereof, wherein a broken line 
represents the absence of a bond. 
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(10) A compound according to the above (7), pharmaceuti 
cally acceptable salt, or solvate thereof, wherein R is hydro 
gen; R'' is hydrogen or optionally substituted lower alkyl. 
(11) A compound according to the above (7), pharmaceuti 
cally acceptable salt, or Solvate thereof, wherein A ring is an 
optionally substituted and optionally condensed 5- to 7-mem 
bered heterocycle containing 1 to 2 hetero atom(s). 
(12) A compound of the formula: 

(I-1-1) 
OH O 

O 
21 N N 

(R)n- A 
N NR S N : 

O R3 R 14 R 

(wherein, 
0037. A ring is an optionally substituted and optionally 
condensed 5- to 7-membered heterocycle containing 1 to 2 
hetero atom(s): 
0038 the stereochemistry of an asymmetric carbon repre 
sented by * shows R- or S-configuration, or a mixture thereof; 
I0039) R'' and R are independently hydrogen, optionally 
substituted lower alkyl, optionally substituted cycloalkyl, 
optionally substituted cycloalkyl lower alkyl, optionally sub 
stituted lower alkenyl, optionally substituted lower alkoxy, 
optionally substituted lower alkenyloxy, optionally substi 
tuted aryl, optionally substituted aryl lower alkyl, optionally 
substituted aryloxy, optionally substituted heterocyclic 
group, optionally Substituted heterocycle lower alkyl, option 
ally substituted heterocycleoxy, optionally substituted phos 
phoric acid residue, aryl substituted with optionally substi 
tuted phosphoric acid residue, aralkyl substituted with 
optionally Substituted phosphoric acid residue, hydroxy Sub 
stituted with optionally substituted phosphoric acid residue, 
amino substituted with optionally substituted phosphoric 
acid residue or lower alkyl substituted with optionally substi 
tuted phosphoric acid residue (the lower alkyl may be inter 
vened by a heteroatom group selected from O, S, SO, SO, 
NR (R is selected independently from the same substituent 
group as R), -N= and —N ), hydroxy, optionally Sub 
stituted amino, optionally substituted lower alkyl carbonyl, 
optionally substituted cycloalkylcarbonyl, optionally Substi 
tuted cycloalkyl lower alkyl carbonyl, optionally substituted 
lower alkoxy carbonyl, optionally substituted arylcarbonyl, 
optionally substituted aryl lower alkyl carbonyl, optionally 
substituted aryloxycarbonyl, optionally substituted heterocy 
clecarbonyl, optionally substituted heterocycle lower alkyl 
carbonyl, optionally substituted heterocycleoxy carbonyl or 
optionally substituted aminocarbonyl: 
I0040 R is hydrogen, halogen, hydroxy, optionally sub 
stituted lower alkyl, optionally substituted cycloalkyl, option 
ally substituted lower alkenyl, optionally substituted lower 
alkoxy, optionally Substituted lower alkenyloxy, optionally 
Substituted aryl, optionally substituted aryloxy, optionally 
Substituted heterocyclic group, optionally Substituted hetero 
cycleoxy or optionally Substituted amino), its pharmaceuti 
cally acceptable salt, or 
I0041) R' is hydrogen or lower alkyl: 
0042 R is independently selected from halogen and Sub 
stituent group S1; 
0043. Substituent group S1 (: optionally substituted phos 
phoric acid residue, aryl substituted with optionally substi 
tuted phosphoric acid residue, aralkyl substituted with 
optionally Substituted phosphoric acid residue, hydroxy Sub 
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stituted with optionally substituted phosphoric acid residue, 
amino substituted with optionally substituted phosphoric 
acid residue, or lower alkyl substituted with optionally sub 
stituted phosphoric acid residue (wherein the lower alkyl may 
be intervened with a heteroatom group(s) selected from CO, 
O, O, S, SO, SO, NR (R is hydrogen or lower alkyl), N= 
and —N ), lower alkoxy lower alkyl, amino lower alkyl 
optionally substituted with mono- or di-lower alkyl, haloge 
nated lower alkyl, lower alkoxy, carbamoyl optionally Sub 
stituted with mono- or di-lower alkyl, optionally substituted 
lower alkyl Sulfonyl amino, halogenated lower alkoxy, 
hydroxy lower alkyl) 
0044 m is an integer of 0 to 3, its pharmaceutically accept 
able salt, or solvate thereof. 
(13) A compound according to the above (12), pharmaceuti 
cally acceptable salt, or solvate thereof, wherein R and R' 
are independently hydrogen or optionally Substituted lower. 
(14) A compound according to the above (12), pharmaceuti 
cally acceptable salt, or solvate thereof, wherein R and R' 
are hydrogens. 
(15) A compound according to the above (12), pharmaceuti 
cally acceptable salt, or solvate thereof, wherein R is hydro 
gen. 
(16) A compound according to the above (12), pharmaceuti 
cally acceptable salt, or solvate thereof, wherein m is 0, or 1 
to 3 and at least one of R is halogen. 
(17) A compound according to the above (7) or (12), pharma 
ceutically acceptable salt, or Solvate thereof, wherein Aring is 
any one of the following: 

(A-1) 

(A-2) 

(A-3) 

0045 (wherein, Rito Rare each independently a group 
Selected from Substituent group S2, or any two groups of 
R" to R', which bonds to the same carbon atom, taken 
together with the carbon atom, may form an optionally 
substituted carbocycle or optionally substituted hetero 
cycle, or each combination of (RandR), (RandR), 
(RandR), (R7 and R), (RandR'), (RandR), 
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(R7 and R), (R-7 and R), and (R and R'), taken 
together with the neighboring atom, may form an option 
ally substituted carbocycle or optionally substituted het 
erocycle. 

Substituent group S2: hydrogen, optionally substituted lower 
alkyl, optionally substituted cycloalkyl, optionally Substi 
tuted cycloalkyllower alkyl, optionally substituted lower alk 
enyl, optionally Substituted lower alkoxy, optionally Substi 
tuted lower alkenyloxy, optionally substituted aryl, 
optionally substituted aryllower alkyl, optionally substituted 
aryloxy, optionally Substituted heterocycle, optionally Substi 
tuted heterocycle lower alkyl, optionally substituted hetero 
cycleoxy, hydroxy, optionally Substituted amino, optionally 
substituted lower alkylcarbonyl, optionally substituted 
cycloalkylcarbonyl, optionally substituted cycloalkyl lower 
alkylcarbonyl, optionally substituted lower alkoxycarbonyl, 
optionally substituted arylcarbonyl, optionally substituted 
aryl lower alkylcarbonyl, optionally substituted aryl oxycar 
bonyl, optionally substituted heterocyclecarbonyl, optionally 
substituted heterocycle lower alkylcarbonyl, optionally sub 
stituted heterocycleoxycarbonyl, optionally substituted ami 
nocarbonyl, optionally Substituted phosphoric acid residue, 
aryl substituted with optionally substituted phosphoric acid 
residue, aralkyl substituted with optionally substituted phos 
phoric acid residue, hydroxy substituted with optionally sub 
stituted phosphoric acid residue, amino substituted with 
optionally substituted phosphoric acid residue, or lower alkyl 
substituted with optionally substituted phosphoric acid resi 
due (the lower alkyl may be intervened with a heteroatom 
group(s) selected from CO, O, S, SO, SO, NR (R is inde 
pendently selected from the same Substituent group as R), 
—N— and —N ) 
0046 the stereochemistry of an asymmetric carbon repre 
sented by * shows R- or S-configuration, or a mixture thereof) 
(18) A compound according to the above (17), pharmaceuti 
cally acceptable salt, or solvate thereof, wherein R to R' 
are each independently hydrogen or Substituted lower alkyl, 
or any two groups of R' to R', which bonds to the same 
carbon atom, taken together with the carbonatom, may form 
an optionally substituted 8- to 7-membered carbocycle or 
optionally substituted 3- to 7-membered heterocycle, or each 
combination of (Rand R), (R and R), (R and R), 
(R7 and R), (R and R'), (R and R), (R and R), 
(R7 and R), and (R and R'), taken together with the 
neighboring atom, may form an optionally Substituted 5- to 
7-membered carbocycle or optionally substituted 6- to 
7-membered heterocycle. 
(19) A compound according to the above (17), pharmaceuti 
cally acceptable salt, or Solvate thereof, wherein A ring is a 
ring represented by (A-1); one of R to R is optionally 
substituted lower alkyl and the others are hydrogens. 
(20) A compound according to the above (17), pharmaceuti 
cally acceptable salt, or Solvate thereof, wherein A ring is a 
ring represented by (A-1); one of (R'' and R’), (R and 
R’), and (RandR'), taken together with the neighboring 
atom, may form an optionally substituted 5- to 7-membered 
carbocycle or optionally substituted 5- to 7-membered het 
erocycle. 
(21) A compound according to the above (17), pharmaceuti 
cally acceptable salt, or Solvate thereof, wherein A ring is a 
ring represented by (A-1); Z—NR, and Rand R taken 
together with the neighboring atom may form an optionally 
substituted 5- to 7-membered heterocycle. 
(22) A compound according to the above (17), pharmaceuti 
cally acceptable salt, or Solvate thereof, wherein A ring is a 
ring represented by (A-2); one of R7 to R' is optionally 
substituted lower alkyl and the others are hydrogens. 
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(23) A compound according to the above (17), pharmaceuti 
cally acceptable salt, or Solvate thereof, wherein A ring is a 
ring represented by (A-2); one of (RandR) and (R'' and 
R"), taken together with the neighboring atom, may forman 
optionally substituted 5- to 7-membered carbocycle or 
optionally substituted 5- to 7-membered heterocycle. 
(24) A compound according to the above (17), pharmaceuti 
cally acceptable salt, or Solvate thereof, wherein A ring is a 
ring represented by (A-2); Z=NR', and Rand R' taken 
together with the neighboring atom may form an optionally 
substituted 5- to 7-membered heterocycle. 
(25) A compound according to the above (17), pharmaceuti 
cally acceptable salt, or Solvate thereof, wherein A ring is a 
ring represented by (A-8); one of R to R' is R' optionally 
substituted lower alkyl and the others are hydrogens. 
(26) A compound according to the above (17), pharmaceuti 
cally acceptable salt, or Solvate thereof, wherein A ring is a 
ring represented by (A-3); one of R° and R), (RandR), 
(R7 and R), and (R and R'), taken together with the 
neighboring atom, may form an optionally Substituted 5- to 
7-membered carbocycle or optionally substituted 5- to 
7-membered heterocycle. 
(27) A compound according to the above (17), pharmaceuti 
cally acceptable salt, or Solvate thereof, wherein A ring is a 
ring represented by (A-3); Z=NR', and Rand R' taken 
together with the neighboring atom may form an optionally 
substituted 5- to 7-membered heterocycle. 
(28) A compound according to the above (12), pharmaceuti 
cally acceptable salt, or solvate thereof, wherein RX is hydro 
gen; R'' is hydrogen or optionally substituted lower; R is 
hydrogen; m is 1 to 8 and at least one of Rs is halogen. A ring 
is a ring described in claim 17, 
(29) A compound according to the above (12), pharmaceuti 
cally acceptable salt, or solvate thereof, wherein R is hydro 
gen; R'' is hydrogen; R is hydrogen; m is 0, or 1 to 3 and at 
least one of RS is halogen; A ring is a ring described in claim 
17: R” to R' are eachindependently hydrogen or substituted 
lower alkyl, or any two groups of R to R', which bonds to 
the same carbon atom, taken together with the carbon atom, 
may form an optionally substituted 3- to 7-membered car 
bocycle or optionally substituted 3- to 7-membered hetero 
cycle, or each combination of (Rand R’), (Rand R), 
(R and R), (R7 and R), (R and R'), (R and R), 
(R and R), (R7 and R), and (R and R), taken 
together with the neighboring carbon atom, may form an 
optionally substituted 5- to 7-membered carbocycle or 
optionally substituted 5- to 7-membered heterocycle. 
(30) A compound of the formula: 

(I-11) 
OH O 

N N 
D 

R2 NRI N n1 N 

(wherein, 
0047 D ring is optionally substituted heterocycle; 
I0048) R' is hydrogen or lower alkyl: 
0049 X is a single bond, a heteroatom group selected from 
O, S, SO, SO, and NH, or lower alkylene or lower alkenylene 
each may be intervened by the heteroatom group; 
0050 R is optionally substituted aryl; 
0051 R is hydrogen, halogen, hydroxy, optionally sub 
stituted lower alkyl, optionally substituted cycloalkyl, option 
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ally substituted lower alkenyl, optionally substituted lower 
alkoxy, optionally Substituted lower alkenyloxy, optionally 
Substituted aryl, optionally substituted aryloxy, optionally 
Substituted heterocyclic group, optionally Substituted hetero 
cycleoxy or optionally Substituted amino), pharmaceutically 
acceptable salt, or solvate thereof. 
(31) A compound selected from the group consisting of 
0052 (3R,11aS) N-(2,4-Difluorophenyl)methyl-6- 
hydroxy-3-methyl-5,7-dioxo-2,3,5,7,11,11a-hexahydro 
1.3oxazolo3.2-alpyrido 1,2-dipyrazine-8-carboxam 

ide; 
0053 (4aR.13aS) N-(2,4-Difluorophenyl)methyl-10 
hydroxy-9,11-dioxo-2,3,4a,5.9,11,13,13a-octahydro-1H 
pyrido 1,2-alpyrrolo1'.2:3.4 imidazo 1,2-dipyrazine-8- 
carboxamide; 

0054 (3aS,13aS) N-(2,4-Difluorophenyl)methyl-8- 
hydroxy-7,9-dioxo-1,2,3.3a,4,5,7,9,13,13a-decahydropy 
rido1'2':4.5 pyrazino 1,2-alpyrrolo 1.2-cpyrimidine 
10-carboxamide; 

0055 (4aS,13aR)-N-(2,4-Difluorophenyl)methyl-10 
hydroxy-9,11-dioxo-2,3,4a,5.9,11,13,13a-octahydro-1H 
pyrido 1,2-alpyrrolo1'.2:3.4 imidazo 1,2-dipyrazine-8- 
carboxamide; 

0056 (4aS.13aR) N-(4-Fluorophenyl)methyl-10-hy 
droxy-9,11-dioxo-2.3.4a.5,9,11,13,13a-octahydro-1H 
pyrido 1,2-alpyrrolo1'.2:3.4 imidazo 1,2-dipyrazine-8- 
carboxamide; 

0057 (3S,11aR) N-(2,4-Difluorophenyl)methyl-6- 
hydroxy-5,7-dioxo-3-(phenylmethyl)-2,3,5, 7,11,11a 
hexahydro1.3oxazolo 3.2-alpyrido 1,2-dipyrazine-8- 
carboxamide; 

0058 (3aS,13aS) N-(4-Fluorophenyl)methyl-8-hy 
droxy-7,9-dioxo-1,2,3.3a,4,5,7,9,13,13a-decahydropy 
rido1'2':4.5 pyrazino 1,2-alpyrrolo 1.2-cpyrimidine 
10-carboxamide; 

0059 (3S,11aR) N-(2,4-Difluorophenyl)methyl-6- 
hydroxy-3-(1 S)-1-methylpropyl-5,7-dioxo-2,3,5,7,11, 
11a-hexahydro1.3oxazolo 3.2-alpyrido 1,2-dipyrazine 
8-carboxamide: 

0060 (3S,11aR) N-(2,4-Difluorophenyl)methyl-6- 
hydroxy-3-methyl-5,7-dioxo-2, 3,5,7,11,11a-hexahydro 
1.3oxazolo3.2-alpyrido 1,2-dipyrazine-8-carboxam 

ide; 
0061 (3S,11aR) N-(4-Fluorophenyl)methyl-6-hy 
droxy-3-methyl-5,7-dioxo-2,3,5,7,11,11a-hexahydro 1.3 
oxazolo3.2-alpyrido 1,2-dipyrazine-8-carboxamide; 

0062 (3S,11aR) N-(2,4-Difluorophenyl)methyl-3-(1, 
1-dimethylethyl)-6-hydroxy-5,7-dioxo-2,3,5,7,11,11a 
hexahydro1.3oxazolo 3.2-alpyrido 1,2-dpyrazine-8- 
carboxamide; 

0063 (3S,11aR)-3-(1,1-Dimethylethyl)-N-(4-fluo 
rophenyl)methyl-6-hydroxy-5,7-dioxo-2,3,5,7,11,11a 
hexahydro1.3oxazolo 3.2-alpyrido 1,2-dpyrazine-8- 
carboxamide; 

0064 (3S,11aR) N-(2) 4-Difluorophenyl)methyl-6- 
hydroxy-5,7-dioxo-3-phenyl-2,3,5,7,11,11a-hexahydro 
1.3oxazolo3.2-alpyrido 1,2-dipyrazine-8-carboxam 

ide; 
0065 (3S,11aR) N-(2,4-Difluorophenyl)methyl-6- 
hydroxy-3-(hydroxymethyl)-5,7-dioxo-2,3,5,7,11,11a 
hexahydro1.3oxazolo 3.2-alpyrido 1,2-dpyrazine-8- 
carboxamide; 

0.066 (2S,3R)- N-(2,4-Difluorophenyl)methyl-6-hy 
droxy-3-methyl-5,7-dioxo-2-phenyl-2,3,5,7,11,11a 
hexahydro1.3oxazolo 3.2-alpyrido 1,2-dpyrazine-8- 
carboxamide; 
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0132 (4aR.6a, 14aS) N-(2,4-Difluorophenyl)methyl 
12-hydroxy-11,13-dioxo-1,3,4,4a,5.6a,7,11,13,14a 
decahydro-2H-pyrido1'.2:4.5 pyrazino 1,2-a3,1]ben 
Zoxazine-10-carboxamide; 

0.133 (4aR.6aR,14aS) N-(4-Fluorophenyl)methyl 
12-hydroxy-11,13-dioxo-1,3,4,4a,5.6a,7,11,13,14a 
decahydro-2H-pyrido1'.2:4.5 pyrazino 1,2-a3,1]ben 
Zoxazine-10-carboxamide; 

0134, 4S,9aR)-5-Hydroxy-4-methyl-6,10-dioxo-3,4,6,9. 
9a, 10-hexahydro-2H-1-oxa-4a,8a-diaza-anthracene-7- 
carboxylic acid 2,4-difluoro-benylamide: 

0135 4R,9aS)-5-Hydroxy-4-methyl-6,10-dioxo-3,4,6,9. 
9a, 10-hexahydro-2H-1-oxa-4a,8a-diaza-anthracene-7- 
carboxylic acid 2,4-difluoro-benylamide: 

0.136 2R,9aS)-5-Hydroxy-2-methyl-6,10-dioxo-3,4,6,9. 
9a, 10-hexahydro-2H-1-oxa-4a,8a-diaza-anthracene-7- 
carboxylic acid 4-fluoro-benylamide: 

enantiomers thereof diastereomers thereof mixtures of 
enantiomers thereof mixtures of diastereomers thereof mix 
tures of enantiomers and diastereomers thereof, and pharma 
ceutically acceptable salts thereof. 
(33) A compound according to the above (31) or (32) wherein 
the pharmaceutically acceptable salt is a sodium salt. 
(34) A pharmaceutical composition comprising a compound 
according to any one of the above (1) to (33), or a pharma 
ceutically acceptable salt, or solvate thereof. 
(35) A pharmaceutical composition according to the above 
(34), which is an anti-HIV agent. 
(36) A process for the preparation of a compound of formula 
(I-20a) 

(I-20a) 

21 N N 

S/S N O) 
Re 

wherein R is one or two halogen; R is Cisalkyl, 
Co-arylC-salkyl, C-aryl, or alkoxy; and P' is 
Co-arylC-salkyl: 
comprising condensing a compound of the formula 

*No, 
21 's-1s 
Sa. N N \s 

O 

wherein R is one or two halogen; R is Cisalkyl; and P' is 
Co-arylC-salkyl: 
with a compound of the formula 

O 

OR50 

CHO 

R2 

HN ~ 
OH 

wherein R is Cisalkyl, C-arylCisalkyl, Caryl, or 
alkoxy; 
to form a compound of formula (I-20a). 
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(37) A process for the preparation of a compound of formula 
(I-20b) 

*No, O 
R2 

21 's-1s 
H 

S/S N N N-1- 
Ré H 

O 

wherein R is one or two halogen; R is Calkyl, 
CarylCisalkyl, C-aryl, alkoxy; and P' is CarylC. 
salkyl; 
comprising condensing a compound of the formula 

P 
No O 

O 
21 N OR50 

S/S S N 
Re 

O CHO 

(I-20b) 

wherein R is one or two halogen; R is Cisalkyl; and P' is 
Co-arylCisalkyl: 
with a compound of the formula 

R2 

HN 

OH 

wherein R is Cisalkyl, CarylCisalkyl, Caryl, or 
alkoxy; 
to form a compound of formula (I-20b). 
(3S) A process for the preparation of a compound of formula 
(I-21a) 

*No, O 

21 's-1s N H 
H 

Sás N N N-1- 
Re i 

O 

wherein R is one or two halogen; and P' is CarylC. 
salkyl; 
comprising condensing a compound of the formula 

P 
No O 

O 
21 N OR50 

S/S N N 
Re 

O CHO 

(I-21a) 

wherein R is one or two halogen; R is Cisalkyl; and P' is 
Co-arylCisalkyl: 
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with a compound of the formula 

N 
NH2 

to form a compound of formula (I-21a). 
(39) A process for the preparation of a compound of formula 
(I-21b) 

(I-21b) 

P 
No O 

O 
21 

| a Sa. N 
Sa. 

Ré 

O 

wherein R is one or two halogen; and P' is Caryl 
Cisalkyl, 
comprising condensing a compound of the formula 

P. 
No O 

O 
21 N OR50 

S/S N N 
Re 

O CHO 

wherein R is one or two halogen; R is Cisalkyl; and P' is 
Co-arylC-salkyl: 
with a compound of the formula 

l N '', 
H 

to form a compound of formula (I-21b). 
(40) A process for the preparation of a compound of formula 
(I-22a) 

(I-22a) 

*No, O 

21 's-1s N 

Re H N 

O 

wherein R is one or two halogen; and P' is CarylC. 
salkyl; 
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comprising condensing a compound of the formula 

P 
No O 

O 
21 N OR50 

S/S N N 
Re 

O CHO 

wherein R is one or two halogen; R is Cisalkyl; and P' is 
Co-arylCisalkyl: 
with a compound of the formula 

N 
NH2 

to form a compound of formula (I-22a). 
(41) A process for the preparation of a compound of formula 
(I-22 b) 

(I-22b) 

P 
No O 

O 
21 N N 

H al 
SAS N N N i N 
Re 

O 

wherein R is one or two halogen; and P' is CarylC. 
salkyl; 
comprising condensing a compound of the formula 

P 
No O 

O 
21 N OR50 

S/S N N 
Re 

O CHO 

wherein R is one or two halogen; R is Cisalkyl; and P' is 
Co-arylCisalkyl: 
with a compound of the formula 

l N “, 
H l 

NH2 

to form a compound of formula (I-22b). 
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(42) A process for the preparation of a compound of formula with a compound of the formula 
(I-23a) 

(I-23a) 

P 
No O 

N O 
21 NH2 

| g 
SS1 a-N Ré to form a compound of formula (I-2813). 

O (44) A process for the preparation of a compound of formula 
(I-24a) 

wherein R is one or two halogen; and P' is CarylC. 
salkyl; 
comprising condensing a compound of the formula 

P *N, O 2 
No O O 

O 21 N N 
21 N OR50 H 

H Sás N N N N 
S/S N N N Ré 
Re O R21 

O CHO 

(I-24a) 

s 

wherein R is one or two halogen; R is Cisalkyl; and P' is wherein R is one or two halogen; R is Cisalkyl; R is 
Co-arylC-salkyl: hydrogen, Cecycloalkyl heterocycle, or Csalkyl option 
with a compound of the formula ally substituted with hydroxy, Cecycloalkyl, alkoxy, hetero 

cycle, heteroaryl, Caryl, or amino, wherein said amino 
may be optionally substituted with C(O)Calkyl or 
C-salkyl, and P' is Co-arylC1-salkyl: 

N r comprising condensing a compound of the formula 
H 

NH2 

to form a compound of formula (I-23a). O 
(43) A process for the preparation of a compound of formula 

OR50 

P No 
O 

(I-23b) 21 N 

(I-23b) Sás N-N 
PN Re 

O O O CHO 

O 

Ou N N H wherein R is one or two halogen; and R' is Cisalkyl; and P' H is Co-arylCisalkyl: S. N N 6-14 I-8 s 

ySa N n-is with a compound of the formula 
H 

O 

R2 
wherein R is one or two halogen; and P' is CarylC. s 
salkyl; 
comprising condensing a compound of the formula o 

P. 
No O I. 

O R21 
21 N OR50 

S. N-N wherein R is Cisalkyl; R is hydrogen, C-cycloalkyl, het 
ySa erocycle, or Csalkyl optionally substituted with hydroxy, 

O CHO Cecycloalkyl, alkoxy, heterocycle, heteroaryl, Caryl, or 
amino, wherein said amino may be optionally Substituted 
with —C(O)Cisalkyl or Csalkyl; 

wherein R is one or two halogen; R is Cisalkyl: to form a compound of the formula (I-24a). 
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(45) A process for the preparation of a compound of formula 
(I-24 b) 

*No, O R2 

OJC H 3--------, R | 
O R21 

wherein R is one or two halogen; R is Cisalkyl; R is 
hydrogen, Cecycloalkyl heterocycle, or Csalkyl option 
ally Substituted with hydroxy, Cecycloalkyl, alkoxy, hetero 
cycle, heteroaryl, C-aryl, or amino, wherein said amino 
may be optionally substituted with C(O)C salkyl or 
Cisalkyl; and P' is CarylCisalkyl: 
comprising condensing a compound of the formula 

*No, 
21 's-1s 
S. N N ^ 

O 

wherein R is one or two halogen; R is Cisalkyl; and P' is 
Co-arylC1-galkyl: 
with a compound of the formula 

(I-24b) 

O 

OR50 

CHO 

R2 

HN 

R21 

wherein R is Cisalkyl; and R' is hydrogen, Cecycloalkyl 
heterocycle, or Csalkyl optionally substituted with hydroxy, 
C-cycloalkyl, alkoxy, heterocycle, heteroaryl, Caryl, or 
amino, wherein said amino may be optionally Substituted 
with —C(O)Cisalkyl or Csalkyl; 
to form a compound of the formula (I-24b). 
(46) A process for the preparation of a racemic compound of 
formula (I-25) 

*No, O 

21 's-1s-1N 

S. N N 
Ré H 

O R21 

wherein R is one or two halogen; R is hydrogen, C-cy 
cloalkyl heterocycle, or Csalkyl optionally substituted with 
hydroxy, Cecycloalkyl, alkoxy, heterocycle, heteroaryl, 

(I-25) 
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Caryl, or amino, wherein said amino may be optionally 
substituted with —C(O)Cisalkyl or Csalkyl; and P' is 
Co-arylCisalkyl: 
comprising condensing a compound of the formula 

P 
No O 

O 
21 N OR50 

N S/S N 
Re 

O CHO 

wherein R is one or two halogen; and R is Cisalkyl; and P' 
is C CarylCisalkyl, 
with a racemic compound of the formula 

R21 
HN1 s H 
w 

wherein R is hydrogen, Cecycloalkyl, heterocycle, or 
Cisalkyl optionally Substituted with hydroxy, Cecy 
cloalkyl, alkoxy, heterocycle, heteroaryl, C-aryl, oramino, 
wherein said amino may be optionally substituted with 
—C(O)Cisalkyl or Csalkyl; 
to form a racemic compound of the formula (I-25). 
(47) A process for the preparation of a racemic compound of 
formula (I-26) 

(I-26) 
P 
No O 

O 
21 N N 

| a 
S/S N S N N 
Re H 

O R21 

wherein R is one or two halogen; R is hydrogen, C-cy 
cloalkyl heterocycle, or Calkyl optionally substituted with 
hydroxy, Cecycloalkyl, alkoxy, heterocycle, heteroaryl, 
Caryl, or amino, wherein said amino may be optionally 
substituted with C(O)Cisalkyl or Cisalkyl; and P' is 
Co-arylCisalkyl: 
comprising condensing a compound of the formula 

*No, 
21 's-1s 
S. N N \s 

O 

wherein R is one or two halogen; R is Cisalkyl; and P' is 
Co-arylCisalkyl: 

O 

OR50 

CHO 
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with a racemic compound of the formula 

wherein R is hydrogen, C-cycloalkyl heterocycle, or 
Cisalkyl optionally Substituted with hydroxy, Cecy 
cloalkyl, alkoxy, heterocycle, heteroaryl, Caryl, oramino, 
wherein said amino may be optionally substituted with 
—C(O)C salkyl or Csalkyl: 
to form a racemic compound of formula (I-26). 
(48) A process for the preparation of a racemic compound of 
formula (I-27) 

*No, O 

Our H 

SÁ N N N 
Re H O 

O 

wherein R is halogen; and P' is CarylCisalkyl; 
comprising condensing a compound of the formula 

P 
No O 

O 
21 N OR50 

Sás N N 
Re 

O CHO 

(I-27) 

wherein R is one or two halogen; R is Cisalkyl; and P' is 
Co-arylC-salkyl: 
with a racemic compound of the formula 

to form a racemic compound of formula (I-27). 
(49). A compound of formula (I-20a) described in above (36), 
formula (I-20b) described in above (37), formula (I-21a) 
described in above (3S), formula (I-21b) described in above 
(39), formula (I-22a) described in above (40), formula (I-22b) 
described in above (41), formula (I-23a) described in above 
(42), formula (I-23h) described in above (43), formula (I-24a) 
described in above (44), formula (I-24b) described in above 
(45), formula (I-25) described in above (46), formula (I-26) 
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described in above (47), or formula (I-27) described in above 
(48), or a pharmaceutically acceptable salt thereof. 
(50) A compound of formula (I-20a) described in above (36), 
formula (I-20 b) described in above (37), formula (I-21a) 
described in above (3S), formula (I-21b) described in above 
(39), formula (I-22a) described in above (40), formula (I-22b) 
described in above (41), formula (I-23a) described in above 
(42), formula (I-23b) described in above (43), formula (I-24a) 
described in above (44), formula (I-24b) described in above 
(45), formula (I-25) described in above (46), formula (I-26) 
described in above (47), or formula (I-27) described in above 
(48), or a pharmaceutically acceptable salt thereof, wherein 
each P' is hydrogen. 
0.137 The present invention further provides a pharma 
ceutical composition containing any of the compounds 
shown above, a pharmaceutically acceptable salt or a solvate 
thereof, especially an anti-HIV agent. 

Effect of the Invention 

0.138. The present invention compounds possess an inte 
grase inhibitory activity and/or a cell-growth inhibitory activ 
ity against virus, especially HIV. Accordingly, they are useful 
for the prevention or treatment of various diseases mediated 
by integrase or virus infection diseases (e.g., AIDS). The 
present invention further provides a process for preparing a 
diastereomer, a mixture thereof, or racemate. 

PREFERRED EMBODIMENT OF THE 
INVENTION 

0.139. The terms used herein are explained below. Each 
term, alone or in combination with another term, means as 
follows. 

0140 “Lower alkylene' means a straight or branched C1 
to C6 alkylene such as methylene, ethylene, trimethylene, 
n-propylene, tetramethylene, ethylethylene, pentamethylene, 
or hexamethylene, preferably C1 to C4 straight alkylene such 
as methylene, ethylene, trimethylene, and tetramethylene, 
more preferably methylene or ethylene. 
0141 “Lower alkenylene' means a straight or branched 
C2 to C6 alkenylene, which consists of the above “Lower 
alkylene' having one or more double bonds, such as vinylene, 
propylene, or butenylene, preferably a straight C2 to C3 alk 
enylene Such as vinylene or propylene. 
0.142 "Lower alkyl means a straight or branched C1 to 
C10 alkyl such as methyl, ethyl, n-propyl, t-butyl, isobutyl, 
sec-butyl, n-pentyl, and n-hexyl, and preferred is C1 to C3 
alkyl, more preferred is methyl, ethyl or n-propyl. n-pentyl, 
isopentyl, neopentyl, tert-pentyl, n-hexyl, isohexyl, n-heptyl, 
n-octyl, n-nonyl, and n-desyl, preferably C1 to C6 lower 
alkyl, more preferably C1 to C4 lower alkyl such as methyl, 
ethyl, n-propyl, isopropyl. n-butyl, isobutyl, sec-butyl, tert 
butyl, n-pentyl, isopentyl, neopentyl, tert-pentyl, n-hexyl, 
and isohexyl. 
0143. When lower alkyl is intervened with “ N=” 
“—N , the lower alkyl may have a double bond to form 
—CH N=CH-CH=N CH etc. 
0144 Alkenyl' means a straight or branched C2 to C8 
alkenyl, which consists of the above “alkyl having one or 
more double bonds. Such as vinyl, 1-propenyl, 2-propenyl, 
1-butenyl, 2-butenyl, 3-butenyl, 1,3-butadienyl, and 3-me 
thyl-2-butenyl, preferably C2 to C6 alkenyl, and more pref 
erably C2 to C4alkenyl. 
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0145 “Lower alkenyloxy' means oxy attached to the 
above lower alkenyl. Such as vinyloxy, 1-propenyloxy, 2-pro 
penyloxy, 1-butenyloxy, 2-butenyloxy, 3-butenyloxy, 1.3- 
butadienyloxy, and 3-methyl-2-butenyloxy. 
0146 “Cycloalkyl means C3 to C8 cyclic saturated 
hydrocarbon, such as cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, cyclopentyl, and cyclooctyl, preferably C3 to C6 
cycloalkyl. 
0147 “Cycloalkyl lower alkyl means lower alkyl substi 
tuted with the above cycloalkyl. Such as cyclopropylmethyl, 
cyclopropylethyl, cyclobutylmethyl, cyclopentylmethyl, 
cyclohexylmethyl, and cyclohexylethyl, and preferably C3 to 
C6 cycloalkyl lower alkyl. 
0148 Aryl means monocyclic aromatic hydrocarbon 
(e.g., phenyl) and polycyclic hydrocarbon (e.g., 1-naphthyl, 
2-naphthyl, 1-anthryl, 2-anthryl, 9-anthryl, 1-phenanthryl, 
2-phenanthryl, 3-phenanthryl, 4-phenanthryl, 9-phenan 
thryl), preferably phenyl or naphthyl (e.g., 1-napthyl 2-naph 
thyl). 
0149 “Aralkyl or “aryl lower alkyl means the above 
lower alkyl substituted with 1 to 3 of the above aryl, such as 
benzyl, diphenylmethyl, triphenylmethyl, phenethyl, 
1-napthylmethyl 2-napthylmethyl, preferably benzyl. 
0150 'Aryloxy' means oxy attached to the above aryl, 
Such as 1-naphthyloxy, 2-naphthyloxy, 1-anthryloxy, 2-an 
thryloxy, 9-anthryloxy, 1-phenanthryloxy, 2-phenanthryloxy, 
3-phenanthryloxy, 4-phenanthryloxy, and 9-phenanthryloxy, 
preferably phenyloxy or naphthyloxy (e.g., 1-napthyloxy, 
2-naphthyloxy). 
0151. “Heterocyclic group” means "heteroring or “het 
eroaryl'. 
0152 “Heteroring means a non-aromatic ring which has 
at least one of N, O and/or S in the ring and may be bonded at 
any substitutable position, preferably 5- to 7-membered ring, 
Such as 1-pyrrolyl 2-pyrrolyl, 3-pyrrolyl, 1-pyrrolidinyl, 
2-pyrrolidinyl, 3-pyrrolidinyl, 1-imidazolyl, 2-imidazolyl, 
4-imidazolyl, 1-imidazolidinyl, 2-imidazolidinyl, 4-imidazo 
lidinyl, 1-pyrazolinyl, 3-pyrazolinyl, 4-pyrazolinyl, 1-pyra 
Zolidinyl, 3-pyrazolidinyl, 4-pyrazolidinyl, piperidino. 2-pi 
peridyl, 3-piperidyl, 4-piperidyl, 1-piperadinyl, 
2-piperadinyl, 2-morpholinyl, 3-morpholinyl, morpholino, 
and tetrahydropyranyl. The non-aromatic ring is a Saturated 
or unsaturated ring. 
0153. “Heteroaryl' means monocyclic aromatic hetero 
type ring or condensed aromatic hetero-type ring. 
0154 "Monocyclic aromatic hetero-type ring means a 5 

to 8-membered aromatic ring, which contains 1 to 4 of O, S, 
Pand/or N and may be bonded at any substitutable position. 
0155 “Condensed aromatic hetero-type ring means a 
group wherein an aromatic ring containing 1 to 4 of O, S, P 
and/or N is condensed with 1 to 4 of 5- to 8-membered 
aromatic ring(s) or the other 5- to 8-membered aromatic 
heteroring(s). 
0156 Examples of "heteroaryl' include furyl (e.g., 2-fu 

ryl, 3-furyl), thienyl (e.g., 2-thienyl, 3-thienyl), pyrrolyl (e.g., 
1-pyrrolyl 2-pyrrolyl, 3-pyrrolyl), imidazolyl (e.g., 1-imida 
Zolyl, 2-imidazolyl, 4-imidazolyl), pyrazolyl (e.g., 1-pyra 
Zolyl, 3-pyrazolyl, 4-pyrazolyl), triazolyl (e.g., 1,2,4-triaz 
ole-1-yl, 1,2,4-triazole-3-yl, 1,2,4-triazole-4-yl), tetrazolyl 
(e.g., 1-tetrazolyl 2-tetrazolyl, 5-tetrazolyl), oxazolyl (e.g., 
2-oxazolyl, 4-oxazolyl, 5-oxazolyl), isoxazolyl (e.g., 3-isox 
azolyl, 4-isoxazolyl, 5-isoxazolyl), thiazolyl (e.g., 2-thiaz 
olyl, 4-thiazolyl, 5-thiazolyl), thiadiazolyl, isothiazolyl (e.g., 
3-isothiazolyl, 4-isothiazolyl, 5-isothiazolyl), pyridil (e.g., 
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2-pyridil, 3-pyridil, pyridazinyl 3-pyridazinyl, 4-pyridazi 
nyl)) pyrimidinyl (e.g., 2-pyrimidinyl, 4-pyrimidinyl, 5-pyri 
midinyl), furazanyl (e.g., 3-furazanyl), pyrazinyl (e.g., 
2-pyrazinyl), oxadiazolyl (e.g., 1,3,4-oxadiazole-2-yl), ben 
Zofuryl (e.g., 2-benzobfuryl, 8-benzobfuryl, 4-benzob. 
furyl, 5-benzobfuryl, 6-benzobfuryl, 7-benzobfuryl), 
benzothienyl(e.g., 2-benzob thienyl, 3-benzobthienyl, 
4-benzobthienyl, 5-benzob thienyl, 6-benzobthienyl, 
7-benzobthienyl), benzoimidazolyl (e.g., 1-benzoimida 
Zolyl, 2-benzoimidazolyl, 4-benzoimidazolyl, 5-benzoimi 
dazolyl), dibenzofuryl, benzooxazolyl, quinoxalinyl (e.g., 
2-quinoxalinyl, 5-quinoxalinyl, 6-quinoxalinyl), cinnolinyl 
(e.g., 3-cinnolinyl, 4-cinnolinyl, 5-cinnolinyl, 6-cinnolinyl, 
7-cinnolinyl, quinazolinyl (e.g., 2-quinazolinyl, 4-quinazoli 
nyl, 5-quinazolinyl, 6-quinazolinyl, 7-quinazolinyl, 
8-quinazolinyl), quinolyl(e.g., 2-quinolyl, 3-quinolyl, 
4-quinolyl, 5-quinolyl, 6-quinolyl, 7-quinolyl, 8-quinolyl), 
phthalazinyl (e.g., 1-phthalazinyl, 5-phthalazinyl, 6-ph 
thalazinyl), isoquinolyl (e.g., 1-isoquinolyl 3-isoquinolyl, 
4-isoquinolyl, 5-isoquinolyl, 6-isoquinolyl, 7 isoquinolyl, 
8-isoquinolyl), purinyl, pteridinyl (e.g., 2-pteridinyl, 4-pte 
ridinyl, 6-pteridinyl, 7-pteridinyl), carbazolyl, phenanthridi 
nyl, acridinyl (e.g., 1-acridinyl, 2-acridinyl, 3-acridinyl, 
4-acridinyl, 9-acridinyl), indolyl (e.g., 1-indolyl, 2-indolyl, 
3-indolyl, 4-indolyl, 5-indolyl, 6-indolyl, 7-indolyl), isoin 
dolyl, phenandinyl (e.g., 1-phenandinyl, 2-phenandinyl) or 
phenothiadinyl (e.g., 1-phenothiadinyl, 2-phenothiadinyl, 
3-phenothiadinyl, 4-phenothiadinyl). 
(O157 “Heterocycle” means a cycle which can be lead to 
the above heterocyclic group. 
0158 “Heterocyclic group lower alkyl or “Heterocycle 
lower alkyl means lower alkyl substituted with the above 
heterocyclic group. 
0159) “Heterocyclic group oxy” or “Heterocycle oxy” 
means an oxy attached to the above heterocyclic group. 
0160 “Heterocyclic group carbonyl' or “Heterocyclecar 
bonyl means a carbonyl attached to the above heterocyclic 
group. 
0.161 “Lower alkoxy” or “alkoxy' means an oxy attached 
to the above lower alkyl, such as methoxy, ethoxy, n-propoxy, 
isopropoxy, n-butoxy, isobutoxy, tert-butoxy. "Lower alkyl 
carbonyl', 'cycloalkylcarbonyl', 'cycloalkyl lower alkylcar 
bonyl, “lower alkoxycarbonyl', 'arylcarbonyl', “aryl lower 
alkylcarbonyl', “aryloxycarbonyl, "heterocyclecarbonyl', 
"heterocycle lower alkylcarbonyl', and "heterocycle oxycar 
bonyl', each means a carbonyl attached to the above “lower 
alkyl”, “cycloalkyl”, “cycloalkyl lower alkyl, “lower 
alkoxy”, “aryl”, “aryllower alkyl”, “aryloxy”, “heterocycle', 
"heterocycle lower alkyl, and "heterocycleoxy’, respec 
tively. 
0162. When a substituent(s) is/are present on “optionally 
substituted lower alkyl, “optionally substituted cycloalkyl, 
“optionally substituted cycloalkyl lower alkyl, “optionally 
substituted lower alkenyl, “optionally substituted lower 
alkoxy”, “optionally substituted aryl, “optionally substi 
tuted aryl lower alkyl, “optionally substituted aryloxy’, 
“optionally substituted aryloxy lower alkyl, “optionally sub 
stituted heterocyle”, “optionally substituted heterocyclic 
group”, “optionally substituted heterocycle lower alkyl, 
“optionally substituted heterocycleoxy”, “optionally substi 
tuted lower alkenyloxy”, “optionally substituted lower alky 
lcarbonyl, “optionally substituted cycloalkylcarbonyl', 
“optionally substituted cycloalkyl lower alkylcarbonyl', 
“optionally substituted lower alkoxycarbonyl, “optionally 
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substituted arylcarbonyl, “optionally substituted aryl lower 
alkylcarbonyl', 'optionally substituted aryloxycarbonyl', 
“optionally substituted heterocyclecarbonyl, “optionally 
substituted heterocycle lower alkylcarbonyl, “optionally 
substituted heterocycleoxycarbonyl, “optionally substituted 
lower alkylene'. “optionally substituted lower alkenylene'. 
“optionally substituted phosphoric acid residue”, “optionally 
substituted carbocycle' or “optionally substituted hetero 
cycle', each may be substituted with the same or different, 1 
to 4 group(s) selected from Substituent group B at any posi 
tion. 

0163 Examples of Substituent group B include hydroxy, 
carboxy, halogen (F, Cl, Br, I), halo lower alkyl (e.g., CF 
CHCF, CHCCl), halo lower alkoxy (e.g., OCF, 
OCHCFOCHCCl), lower alkyl (e.g., methyl, ethyl, iso 
propyl, tert-butyl), lower alkenyl (e.g., vinyl), lower alkynyl 
(e.g., ethynyl), cycloalkyl (e.g., cyclopropyl), cycloalkenyl 
(e.g., cyclopropenyl), lower alkoxy (e.g., methoxy, ethoxy, 
propoxy, butoxy), lower alkenyloxy (e.g., vinyloxy, ally 
loxy), lower alkoxycarbonyl (e.g., methoxycarbonyl, ethoxy 
carbonyl, tert-butoxycarbonyl), nitro, nitroso, optionally Sub 
stituted amino (e.g., alkylamino (e.g., methylamino, 
ethylamino, dimethylamino), acylamino (e.g., acetylamino, 
benzoylamino), aralkylamino (e.g., benzylamino, trithy 
lamino), hydroxyamino), azido, aryl (e.g., phenyl), aralkyl 
(e.g., benzyl), cyano, isocyano, isocyanate, thiocyanate, 
isothiocyanate, mercapt, alkylthio (e.g., methylthio), alkyl 
Sulfonyl (e.g., methan sulfonyl, ethan sulfonyl), optionally 
substituted alkylsulfonylamino (e.g., methanesulfonylamino, 
ethansulfonylamino, N-methylsulfonyl-N'-methylamino), 
optionally Substituted carbamoyl (e.g., alkylcarbamoyl (e.g., 
methylcarbamoyl ethylcarbamoyl, dimethylcarbamoyl)), 
Sulfamoyl, acyl (e.g., formyl, acetyl), formyloxy, haloformyl. 
oxal, thioformyl, thiocarboxy, dithiocarboxy, thiocarbamoyl, 
Sulfino, Sulfo, Sulfoamino, hydrazino, azido, ureido, amizino, 
quanidino, phthalimide, Oxo, phosphoric acid residue, lower 
alkyl which is substituted with a phosphoric acid residue and 
may be intervened with a heteroatom group(s), aryl Substi 
tuted with a phosphoric acid residue, aralkyl substituted with 
a phosphoric acid residue, hydroxyl lower alkyl, preferably 
hydroxy, carboxy, halogen (F, Cl, Br, I), halo lower alkyl (e.g., 
CF, CHCF, CHCCl), halo lower alkoxy (e.g., OCF, 
OCHCFOCHCCl), lower alkyl (e.g., methyl, ethyl, iso 
propyl, tert-butyl), lower alkoxy (e.g., methoxy, ethoxy, pro 
poxy, butoxy), optionally Substituted amino (e.g., alkylamino 
(e.g., methylamino, ethylamino, dimethylamino), oxo, or 
phosphoric acid residue. 
0164. Examples of a substituent of “optionally substituted 
amino” or “optionally substituted carbamoyl include mono 
or di-lower alkyl, lower alkylcarbonyl, lower alkylsulfonyl, 
optionally Substituted lower alkyl (e.g., methyl, ethyl, isopro 
pyl, benzyl, carbanoylalkyl (e.g., carbamoylmethyl), mono 
or di-lower alkylcarbanoyl lower alkyl (e.g., dimethylcar 
bamoylethyl), hydroxyl lower alkyl, heterocycle lower alkyl 
(e.g., morpholinoethyl, tetrahydropyranylethyl), alkoxycar 
bonyl lower alkyl (e.g., ethoxycarbonylmethyl, ethoxycarbo 
nylethyl), mono- or di-lower alkylamino lower alkyl (e.g., 
dimethylaminoethyl)), lower alkoxy lower alkyl (e.g., meth 
oxyethyl, ethoxymethyl, ethoxyethyl, isopropoxyethyl), acyl 
(e.g., formyl, optionally Substituted lower alkylcarbonyl 
(e.g., acetyl, propionyl, butylyl, isobutylyl, Valeryl, isov 
aleryl, pivaroyl, hexanoyl, octanoyl, methoxyethylcarbonyl, 
2.2.2-trifluoroethylcarbonyl, ethoxycarbonylmethylcarbo 
nyl), lower alkoxy lower alkylcarbonyl (e.g., methoxyethyl 

Jul. 21, 2016 

carbonyl), lower alkylcarbamoyl lower alkylcarbonyl (e.g., 
methylcarbamoylehtylcarbonyl), alkoxycarbonylacetyl), 
optionally Substituted arylcarbonyl (e.g., benzoyl, toloyl), 
optionally substituted aralkyl (e.g., benzyl, 4-fluorobenzyl), 
hydroxy, optionally Substituted lower alkylsulfonyl (e.g., 
methanesulfonyl, ethanesulfonyl, isopropylsulfonyl, 2.2.2- 
trifluoroethanesulfonyl, benzylsulfonyl, methoxyethylsulfo 
nyl), lower alkyl, or arylsulfonyl optionally substituted with 
halogen (e.g., benzenesulfonyl, toluenesulfonyl, 4-fluo 
robenzenesulfonyl, fluorobenzenosulfonyl), cycloalkyl (e.g., 
cyclopropyl), aryl optionally substituted with lower alkyl 
(e.g., phenyl, trithyl), lower alkylaminosulfonyl (e.g., methy 
laminosulfonyl, dimethylaminosulfonyl), lower alkylami 
nocarbonyl (e.g., dimethylaminocarbonyl), lower alkoxycar 
bonyl (e.g., ethoxycarbonyl), cycloalkylcarbonyl (e.g., 
cyclopropylcarbonyl, cyclohexylcarbonyl), optionally Sub 
stituted Sulfamoyl (e.g., Sulfamoyl, methylsulfamoyl, dim 
ethylsulfamoyl), lower alkylcarbonylamino (e.g., methylcar 
bonylamino), heterocycle (e.g., morpholino, 
tetrahydropyranyl), optionally Substituted amino (e.g., mono 
or di-alkylamino (e.g., dimethylamino), formylamino). 
0.165. As to amino of “optionally substituted amino”. 
“optionally substituted carbamoyl', or “optionally substi 
tuted carbamoylcarbonyl', two substituents on the amino 
together with the neighboring Natom may form an N-con 
taining heterocycle which optionally contains S and/or O in 
the ring (preferably 5- to 7-membered ring or saturated ring) 
and is optionally substituted with oxo or hydroxy. The 
optional Satom in the ring may be substituted with oxo. The 
N-containing heterocycle is preferably a 5- or 6-membered 
ring such as piperadinyl, piperidino, morpholino, pyrrolidino, 
2-oxopiperidino, 2-oxopyrrolidino, 4-hydroxymorpholino. 
0166 “Phosphoric acid residue” means a group shown of 
the formula: —PO(OH). "Optionally substituted phosphoric 
acid residue” means a phosphoric acid residue wherein the 
OH part and/or a hydrogen of the OH is optionally substituted 
with a phosphoric acid residue, preferably shown by the for 
mula: 

(P-1) 

(0167 (wherein, R and Reach is independently OR or 
NRPR' (wherein R. RP and Rare each independently 
hydrogen, optionally substituted lower alkyl, optionally 
Substituted cycloalkyl, optionally Substituted aryl, option 
ally substituted heterocyclic group, or RP and R taken 
together with the neighboring Natom may forman option 
ally substituted heterocycle (preferably 5- to 6-membered 
ring)) or R' and R” taken together with the neighboring P 
atom may forman optionally Substituted heterocycle (pref 
erably 5- to 6-membered ring)). 

(0168 Preferably, R and Rare both OR, or one of them 
is OR and the other is NRPR. 
(0169. R. RP and Reach is preferably, independently, 
lower alkyl (e.g., methyl, ethyl). 
0170 The optionally substituted heterocycle formed by 
RandR taken together with the neighboring Patom may be 
the following structure: 
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(wherein, the broken line means a part of the ring) 
0171 Hydroxy substituted with optionally substituted 
phosphoric acid residue is preferably hydroxy substituted 
with a phosphoric acid residue substituted with di lower 
alkyls, and more preferably a group of the formula: 

0172 Amino substituted with optionally substituted phos 
phoric acid residue is preferably amino substituted with a 
phosphoric acid residue substituted with di lower alkyls, and 
more preferably a group of the formula: 

P 

A- So-n 
u/ 

MORE PREFERABLE EMBODIMENTS 

O 

(0173 R' is hydrogen or lower alkyl, preferably hydrogen. 
0.174 X is a single bond, a heteroatom group selected from 
O, S, SO, SO, and NH (hereafter also referred to as “M”), or 
lower alkylene or lower alkenylene each may be intervened 
by the heteroatom. The term of “intervened by means the 
following cases: 
1) The heteroatom group is present between carbon atoms 
which constitutes the alkylene or alkenylene. 
2) The heteroatom group is attached to the N atom of the 
carbamoyl group neighboring to X. 
3) The heteroatom group is attached to R neighboring to X. 
0.175. The heteroatom group (M) may be the same or dif 
ferent, and one or more atoms. Examples of that lower alky 
lene is intervened by a heteroatom group include -M-CH . 
—CH-M-CH2—, —CH-M-, and —CH2M-M-CH2—. 
0176 X is preferably a spacer consisting 1 to 3 joined 
atoms. X is more preferably lower alkylene or lower alk 
enylene each may be intervened by a heteroatom group, or O. 
X is most preferably C1 to C3 alkylene, C2 to C3 alkenylene, 
or O. Especially preferred is methylene or O. 
(0177 R’ is optionally substituted aryl, preferably phenyl. 
A substituent on the aryl is the same or different, 1 to 3. 
preferably 1 to 2 Substituent(s), including preferably halogen, 
hydroxy, amino, lower alkylamino, cyano, carboxy, formyl. 
oXo, lower alkyl, lower alkoxy, lower alkylthio, carbamoyl, 
and lower alkylcarbamoyl, and Substituent group S1 (: 
optionally Substituted phosphoric acid residue, aryl Substi 
tuted with optionally substituted phosphoric acid residue, 
aralkyl substituted with optionally substituted phosphoric 
acid residue, hydroxyl substituted with optionally substituted 
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phosphoric acid residue, amino Substituted with optionally 
substituted phosphoric acid residue, lower alkyl substituted 
with optionally substituted phosphoric acid residue (said 
lower alkyl may be intervened with a hetero atom group(s) 
selected from O, S, SO, SO, NR (R is independently 
selected from the same substituent group for R), N=and 
—N ), lower alkoxy lower alkyl, amino lower alkyl option 
ally substituted with mono- or di-lower alkyl, halogenated 
lower alkyl, lower alkoxy, carbamoyl optionally substituted 
with mono- or di-lower alkyl, optionally substituted lower 
alkylsulfonylamino, halogenated lower alkoxy, hydroxyl 
lower alkyl), more preferably halogen, hydroxy, amino, 
cyano, lower alkyl, lower alkoxy or Substituent group S1, and 
most preferred is halogen (e.g., F) and/or a group selected 
from Substituent group S1. A substituent on the aryl is pref 
erably at the 4-position. R is more preferably phenyl or 
phenyl Substituted with at least halogen, and most preferably 
4-halogenophenyl (e.g., 4-F-phenyl). In another embodi 
ment, R is preferably phenyl optionally substituted with 1 to 
3 R(s) mentioned below. 
0178. In all compounds of the present invention, the struc 
ture of X-R” is preferably shown by the formula below: 

21 

0179 Reach is independently a group selected from halo 
gen and Substituent group S1. 
0180 Substituent group S1: optionally substituted phos 
phoric acid residue, aryl substituted with optionally substi 
tuted phosphoric acid residue, aralkyl substituted with 
optionally substituted phosphoric acid residue, hydroxyl Sub 
stituted with optionally substituted phosphoric acid residue, 
amino substituted with optionally substituted phosphoric 
acid residue, lower alkyl substituted with optionally substi 
tuted phosphoric acid residue (said lower alkyl may be inter 
vened by a heteroatom group(s) selected from CO, O, S, SO, 
SO, NR" (R" is hydrogen or lower alkyl). —N— and 
—N ), lower alkoxy lower alkyl, optionally substituted 
amino lower alkyl (the substituent: mono- or di-lower alkyl, 
lower alkylcarbonyl, or lower alkylsulfonyl), halogenated 
lower alkyl, lower alkoxy, optionally substituted carbamoyl 
(the substituent: mono- or di-lower alkyl, lower alkylcarbo 
nyl, or lower alkylsulfonyl), optionally substituted lower 
alkylsulfonylamino, halogenated lower alkoxy, and hydroxyl 
lower alkyl. 
0181 m is an integer of 0 to 3, preferably 0 or 1 to 2 when 
m is 1, R is preferably halogen. When in is 2, R is more 
preferably the same or different group selected from halogen, 
lower alkyl, lower alkoxy, lower alkoxy lower alkyl, haloge 
nated lower alkyl, halogenated lower alkoxy, lower alkylsul 
fonylamino, carbamoyl, and lower alkylcarbamoyl. More 
preferably, R is two halogens, or halogen and another group. 
R preferably locates at the 4-position and optional another 
position of the benzene ring. 
(0182 R can be a various substituent which does not bring 
a negative effect to the pharmacological activity, including 
hydrogen, halogen, hydroxy, optionally Substituted lower 
alkyl, optionally substituted cycloalkyl, optionally Substi 
tuted lower alkenyl, optionally substituted lower alkoxy, 
optionally substituted lower alkenyloxy, optionally substi 
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tuted aryl, optionally Substituted aryloxy, optionally Substi 
tuted heterocyclic group, optionally Substituted heterocycle 
oxy, and optionally Substituted amino. Examples of 
substituent of “optionally substituted include halogen, 
hydroxy, amino, lower alkylamino, cyano, carboxy, formyl. 
oXo, lower alkyl, lower alkoxy, lower alkylthio, carbamoyl, 
lower alkylcarbamoyl, aryl, heterocyclic group, lower alkyl 
carbonyl, lower alkylcarbonyloxy, lower alkoxycarbonyl, 
halogenated lower alkyl, halogenated lower alkoxy, and pref 
erably halogen, hydroxy, amino, lower alkylamino, lower 
alkyl, and lower alkoxy. R is more preferably hydrogen, 
halogen, hydroxy, lower alkyl, lower alkenyl, lower alkoxy, 
lower alkenyloxy or optionally Substituted amino, and most 
preferably hydrogen or lower alkyl (e.g., methyl), esp. hydro 
gen. 

0183 Z shows C, CH, optionally substituted lower alky 
lene, lower alkenylene etc., and Z and R of Z' taken together 
form a ring, whereby compound (I) shows a tricyclic com 
pound (I-1) or (I-11) shown below, or its derivative, tetracy 
clic compound. 

(I-1) 

0184. A ring is optionally substituted heterocycle contain 
ing at least an Natom. The heterocycle is a 5- to 7-membered 
ring which contains preferably 1 to 3, more preferably 2 to 3 
atoms of O. Sand/or N. The heterocycle is preferably selected 
from the above heterocycle. The arc optionally contains 1 to 
2 heteroatom(s) at any possible position. One of preferable 
embodiments of A ring is an optionally Substituted ring 
shown below. 

(a) 

(b) 

(c) 

Jul. 21, 2016 

-continued 
(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

(Z is CH, O, S, SO, SO, or NR) 
0185. A ring is preferably a ring of (a), (b), or (c). 
0186 Z is preferably O or NR'. 
0187. When Z is NR'', examples of R' include 1) hydro 
gen, 2) optionally substituted lower alkyl (the substituent is 
e.g., amino optionally Substituted with mono- or di-lower 
alkyl, cycloalkyl; hydroxy; optionally Substituted heterocy 
clic group (preferably 5- to 7-membered ring, e.g., furyl, 
thienyl, thiazolyl pyridil, morpholino, imidazole; examples 
of the substituent include lower alkyl, halogen); optionally 
substituted heterocyclecarbonyl (the heterocycle is prefer 
ably 5- to 7-membered ring, e.g., morpholinocarbonyl); 
optionally Substituted phenyl (the Substituent is e.g., lower 
alkyl, amino, lower alkylamino, hydroxy, halogen, haloge 
nated lower alkyl, lower alkoxy, halogenated lower alkoxy, 
lower alkylthio, lower alkylsulfonyl), acetylamino, carbam 
oyl, carbamoyl substituted with mono- or di-lower alkyl, 
lower alkylsulfonylamino, lower alkoxy, carbonyl, halogen, 
thiol, lower alkylthio), 3) lower alkenyl, 4) acyl (e.g., lower 
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alkylcarbonyl), 5) lower alkylsulfonyl. Rio may be selected 
from Substituent group S2 shown below. 
0188 The other substituent on A ring may be selected 
from R' to R' or Substituent group S2, preferably lower 
alkyl. Substituents on A ring may form a condensed ring or a 
spiro ring as mentioned below, whereby compound (I) 
includes a tetracyclic compound. 
0189 A ring is more preferably any of the following rings: 

(A-1) 

(A-2) 

(A-3) 

(0190 (wherein, Rito Rare each independently a group 
Selected from Substituent group S2, or any two groups of 
R" to R', which bonds to the same carbon atom, taken 
together with the carbon atom, may form a spiro ring, i.e., 
an optionally Substituted carbocycle or optionally Substi 
tuted heterocycle, or each combination of (R'' and R). 
(RandR),(RandR), (R7 andR),(RandR'), 
(R and R), (RandR), (R7 and R), and (Rand 
R"), taken together with the neighboring atom, may form 
an optionally Substituted carbocycle or optionally Substi 
tuted heterocycle. 

Substitution group S2: hydrogen, optionally Substituted 
lower alkyl, optionally substituted cycloalkyl, optionally sub 
stituted cycloalkyl lower alkyl, optionally substituted lower 
alkenyl, optionally Substituted lower alkoxy, optionally Sub 
stituted lower alkenyloxy, optionally Substituted aryl, option 
ally substituted aryl lower alkyl, optionally substituted ary 
loxy, optionally Substituted heterocycle, optionally 
substituted heterocycle lower alkyl, optionally substituted 
heterocycleoxy, hydroxy, optionally Substituted amino, 
optionally substituted lower alkylcarbonyl, optionally substi 
tuted cycloalkylcarbonyl, optionally substituted cycloalkyl 
lower alkylcarbonyl, optionally substituted lower alkoxycar 
bonyl, optionally substituted arylcarbonyl, optionally substi 
tuted aryl, lower alkylcarbonyl, optionally substituted aryl 
oxycarbonyl, optionally Substituted heterocyclecarbonyl, 
optionally substituted heterocycle lower alkylcarbonyl, 
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optionally Substituted heterocycleoxycarbonyl, optionally 
Substituted aminocarbonyl, optionally substituted phosphoric 
acid residue, aryl substituted with optionally substituted 
phosphoric acid residue, aralkyl substituted with optionally 
substituted phosphoric acid residue, hydroxy substituted with 
optionally substituted phosphoric acid residue, amino Substi 
tuted with optionally substituted phosphoric acid residue, or 
lower alkyl substituted with optionally substituted phospho 
ric acid residue (the lower alkyl may be intervened with a 
heteroatom group(s) selected from CO, O, S, SO, SO, NR 
(R is independently selected from the same substitution 
group as R), N= and =N ) 
0191 The stereochemistry of an asymmetric carbon rep 
resented by * shows the R- or S-configuration, or a mixture 
thereof) 
(0192. In one embodiment, R to R' each is preferably 
hydrogen, optionally Substituted lower alkyl (examples of the 
substituent: OH, lower alkoxy, cycloalkyl, lower alkylthio. 
lower alkylsulfonyl, heterocyclic group, aryl, optionally Sub 
stituted amino (examples of the substituent: lower alkyl, 
acyl)), cycloalkyl, optionally Substituted aryl (examples of 
the substituent: OH, lower alkyl), and optionally substituted 
heterocyclic group. 
(0193 In one embodiment, R to R, R7 to R', and R' 
to R, each is preferably hydrogen, C1-C8 alkyl, C6-C1d 
aryl C1-C8 alkyl, C6-C14 aryl, or alkoxy. 
(0194 In one embodiment, R. R', and R', each is pref 
erably hydrogen, C3-6 cycloalkyl, heterocycle, or C1-8 alkyl 
optionally substituted with hydroxy, C3-6 cycloalkyl, alkoxy, 
heterocycle, heteroaryl, C6-14 aryl, or amino, wherein said 
amino may be optionally substituted with —C(O)C1-8 alkyl 
or C1-8 alkyl. 

More Preferred Embodiments are Shown Below for 
Example 

(0195 I) When A ring is A-1, preferred is that 1) Z is NR 
and R'' and R' taken together form heterocycle, and the 
others are hydrogens; 2) Z is O or NR. (RandR) or (R’ 
and R) taken together form cycloalkyl which is substituted 
with phenyl, the others are hydrogens or optionally Substi 
tuted lower alkyl. 
(0196) II) When A ring is A-2, preferred is that 1) Z is O, 
R’’ or R is lower alkyl, and the others are hydrogens; 2) Zis 
NR'' and RandR' taken togetherform heterocycle and the 
others are hydrogens, or R and R” taken together form 
cycloalkyl and the others are hydrogens; 3) Z is O. R7 and 
R” taken together form cycloalkyl which may be condensed 
with phenyl, and the others are hydrogens 
(0197) R'' and R are each independently hydrogen, 
optionally substituted lower alkyl, optionally substituted 
cycloalkyl, optionally substituted cycloalkyl lower alkyl, 
optionally substituted lower alkenyl, optionally substituted 
lower alkoxy, optionally substituted lower alkenyloxy, 
optionally substituted aryl, optionally substituted aryl lower 
alkyl, optionally Substituted aryloxy, optionally Substituted 
heterocyclic group, optionally Substituted heterocycle lower 
alkyl, optionally Substituted heterocycleoxy, hydroxy, 
optionally substituted amino, optionally substituted lower 
alkylcarbonyl, optionally Substituted cycloalkylcarbonyl, 
optionally substituted cycloalkyl lower alkylcarbonyl, 
optionally substituted lower alkoxycarbonyl, optionally sub 
stituted arylcarbonyl, optionally substituted aryl lower alky 
lcarbonyl, optionally Substituted aryloxycarbonyl, optionally 
substituted heterocyclecarbonyl, optionally substituted het 
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erocycle lower alkylcarbonyl, optionally substituted hetero 
cycleoxycarbonyl, optionally Substituted aminocarbonyl, 
optionally Substituted phosphoric acid residue, aryl Substi 
tuted with optionally substituted phosphoric acid residue, 
aralkyl substituted with optionally substituted phosphoric 
acid residue, hydroxy optionally substituted with optionally 
substituted phosphoric acid residue, amino substituted with 
optionally substituted phosphoric acid residue, or lower alkyl 
substituted with optionally substituted phosphoric acid resi 
due (the lower alkyl may be intervened with a heteroatom 
group(s) selected from O, S, SO, SONR (R is hydrogen or 
lower alkyl). —N— and —N ). 
(0198 R'' and R are each independently, preferably, 
hydrogen, hydroxyl, optionally substituted lower alkyl (the 
Substituent is preferably, e.g., amino, lower alkyl amino, 
hydroxy, lower alkoxy). R'' and Rare preferably hydrogens. 
0199. A broken line in the compound (I-1) represents the 
presence or absence of a bond, provided that when the broken 
line represents the presence of a bond, RX is not present. 
0200 
pounds, 

The compound (I) includes the following com 

(I-1) 

(I-1-1) 

(wherein each symbol is as defined above) 

(I-8) 
OH O 

O 
N N 

F 
R2 NRI N Nx1 N 

O R3 OH 

0201 Fring means the same heterocycle as A ring, pref 
erably 5- to 7-membered ring, and the substituents on Fring 
are the same as those for A ring. The other symbols are as 
defined above. 

(I-3) 
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(wherein each symbolis as defined above; Zis O or NR': R' 
to R' are each independently hydrogen or a group selected 
from the above Substituent group S2, or each combination of 
(R's and R'), (R7 and R'),(RandR'), and (RandR') 
taken together with the neighboring atom(s), may form an 
optionally substituted carbocycle (preferably 5- to 6-mem 
bered ring) or an optionally substituted heterocyle (preferably 
5- to 6-membered ring); or each combination of (RandR) 
and (R'7 and R') taken together may form oxo) 
0202 Compound (1-3) is preferably as follows. 
(1) R' is hydrogen; R is hydrogen; m is 1 or 2: R'' is hydro 
gen. 
(2) m is 1 or 2, R is each independently halogen, halogenated 
lower alkyl, lower alkoxy, halogenated lower alkoxy, lower 
alkoxy lower alkyl, hydroxy lower alkyl, optionally substi 
tuted amino lower alkyl (the substituent is mono- or di-lower 
alkyl, lower alkylcarbonyl, or lower alkylsulfonyl), option 
ally substituted carbamoyl (the substituent is mono- or di 
lower alkyl, lower alkylcarbonyl, or lower alkylsulfonyl), 
phosphoric acid residue, aryl substituted with optionally sub 
stituted phosphoric acid residue, aralkyl substituted with 
optionally Substituted phosphoric acid residue or Sulfony 
lamino optionally substituted with lower alkyl; R' is hydro 
gen; R is hydrogen; R'' is hydrogen, hydroxyl or lower alkyl 
optionally substituted with mono- or di-lower alkylamino; Z 
is O or NR' (R' is hydrogen or lower alkyl, lower alkoxy 
lower alkyl, optionally Substituted phosphoric acid residue, 
aryl substituted with optionally substituted phosphoric acid 
residue, aralkyl substituted with optionally substituted phos 
phoric acid residue, hydroxy substituted with optionally sub 
stituted phosphoric acid residue, amino substituted with 
optionally substituted phosphoric acid residue, or lower alkyl 
substituted with optionally substituted phosphoric acid resi 
due). (3) R is each independently, —F, —CF, —OMe, 
- OCF, —CHOMe, —CHOH, -CHN(Me), -CON 
HMe, -CON(Me), —CHPO(OEt), - PO(OEt), 
NHSOMe, or - NMeSOMe: R is hydrogen; R is 

hydrogen; in is 1 or 2: R'' is hydrogen, hydroxylor-CHN 
(Me); Z is O or NR (R' is hydrogen or -CH(Me), 
—(CH)OMe, —(CH2)2PO(OEt)). 
(4) R' and R'' are hydrogens; R'' and R' are hydrogens or 
taken together with the neighboring atom form a 3- to 7-mem 
bered carbocycle; and/or Z is O or NH. This case preferably 
also satisfies the above (2) or (3). 

(I-11) 
OH O 

O 
N N 

D 
R2 NRI N Nx1 N 

O R3 

0203 D ring means the same heterocycle as A ring, pref 
erably 5- to 7-membered ring, and the substituents on D ring 
are the same as those for A ring. The other symbols are as 
defined above. 

0204 The structure of compound (1) has at least the fol 
lowing characteristics. 
(1) The main structure, condensed heterocycle, is substituted 
with oxo (=O), hydroxyl (OH) and oxo. 
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(2) A substituted carbamoyl group (-CONRXR) is 
attached to the position neighboring to the oxo group on the 
condensed heterocycle. 
0205 The above structure contributes to a remarkably 
potent integrase inhibitory activity and/or cell-growth inhibi 
tory activity against virus including HIV. In contrast, the 
structures of the other parts such as Z', Z, and Reach may 
be of variety, being optionally substituted or optionally con 
densed, and its condensed ring is also optionally Substituted. 
0206. The present invention provides a pharmaceutically 
acceptable salt or a solvate of compound (I). All theoretically 
possible tautomer, geometrical isomer, optically active com 
pound, and racemate thereof are within the scope of the 
invention. 
0207 Pharmaceutically acceptable salts of a compound of 
the present invention include, as basic salts, for example, 
alkali metal salts such as Sodium or potassium salts; alkaline 
earth metal salts such as calcium or magnesium salts; ammo 
nium salts; aliphatic amine salts such as trimethylamine, tri 
ethylamine, dicyclohexylamine, ethanolamine, 
diethanolamine, triethanolamine or procaine salts; aralkyl 
amine salts such as N,N-dibenzylethylenediamine salts; het 

Ll Ll 
R2 NHR 

HO N Nx1 HO N 
(III) 

-e- 
2 

HOC 2 N Step 1 RS-N 2 N 
2 
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erocyclic aromatic amine salts such as pyridin salts, picoline 
salts, quinoline salts or isoquinoline salts; quaternary ammo 
nium salts such as tetramethylammonium salts, tetraethylam 
monium salts, benzyltrimethylammonium salts, benzyltri 
ethylammonium salts, benzyltributylammonium salts, 
methyltrioctylammonium salts or tetrabutylammonium salts; 
and basic amino acid salts such as arginine salts or lysine 
salts. Acid salts include, for example, mineral acid salts such 
as hydrochloride, Sulfates salts, nitrate salts, phosphates salts, 
carbonates salts, hydrogencarbonates or perchlorate; organic 
acid salts such as acetates, propionates, lactates, maleates, 
fumarates, tararic acid salts, malates, citrates salts, ascor 
bates, formic acid; Sulfonates such as methanesulfonates, 
isethionates, benzenesulfonates, or p-toluenesulfonates; and 
acidic amino acid salts such as aspartates or glutamates. 
0208 Solvates of a compound of the present invention 
include alcoholates and hydrates. 
0209. A general process for producing the present com 
pound will be exemplified below. 

(Method of Preparing Raw Material) 
0210 

Chemical formula 41 

Step 2 

(VIII) 
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-continued 
OH OP 1 

O COOP3 O COOH 
N N 

2 2 RS-N N -NH RS-N N -NH 
x x 

O R3 O R3 
(I-A) (XIV) 

s 14 
OH 

O COOH 
N 

2 RI 
RS-N N-NH 

x 
O R3 

(I-C) 
OH 

O CONRaRb 
N 

R N-NH 
x 

O R3 

(wherein L' is a leaving group (e.g.: halogen); P and P are a 
hydroxy protecting group; P is a carboxy protecting group 
(e.g.: lower alkyl); RandR are hydrogen or a substituent on 
an amino group) 
0211) Examples of a hydroxy protecting group (P', P) 
include acyl (e.g.: acetyl, pivaloyl, benzoyl), aralkyl (e.g.: 
benzyl), lower alkyl (e.g.: methyl), alkoxyalkyl (e.g.: meth 
oxymethyl, methoxyethyl), lower alkylsulfonyl (e.g.: meth 
ane Sulfonyl), arylsulfonyl (e.g.: benzenesulfonyl, toluene 
sulfonyl), alkoxycarbonyl methoxycarbonyl) and the like. 
0212. As a carboxy protecting group (P), lower alkyl 
(e.g.: methyl, ethyl), and aralkylbenzyl) are exemplified. 

(First Step) 
0213 The present step is a reaction for condensing a com 
pound (II) and a compound (III) to synthesize a compound 
(IV). The reaction may be performed according to the condi 
tion for a reaction of amidating carboxylic acid which is 
generally performed. A compound (II) may be reacted as it is, 
or may be reacted after converted into corresponding acid 
chloride or active ester. Preferably, the reaction is performed 
in a Suitable solvent in the presence of a condensing agent. 
0214. As a condensing agent, dicyclohexylcarbodiimide, 
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochlo 
ride and the like may be used. If necessary, a reagent such as 
1-hydroxybenzotriazole and N-hydroxysuccinimide, or a 
base Such as triethylamine, N-methylmorpholine, and pyri 
dine may be added. 
0215. A reaction temperature is 0 to 150° C., preferably 
room temperature to 70° C. 
0216. As a reaction solvent, a non-protonic solvent can be 
broadly used, and tetrahydrofuran (THF), 1,4-dioxane, dim 
ethylformamide (DMF), methylene chloride, chloroform and 
the like are preferable. 

(I-B) 

0217. A reaction time is a few minutes to a few tens hours, 
preferably 9 to 17 hours. 

(Second Step) 
0218. The present step is a reaction for introducing a pro 
tected hydroxy group (OP") into a compound (IV) to produce 
a compound (V). The reaction may be performed according to 
the condition for an alkoxylating reaction which is generally 
performed. 
(0219. For example, a compound (V) in which P' is methyl 
can be synthesized by reacting a compound (IV) with metal 
alkoxide (e.g.: sodium methoxide). 
0220. A reaction temperature is 0 to 200° C., preferably 80 
to 120° C. 
0221. As a reaction solvent, alcohol, dimethylformamide 
(DMF), and dimethylsulfoxide (DMSO) are exemplified. 
0222. A reaction time is a few minutes to a few tens hours, 
preferably 5 to 10 hours. 

(Third Step) 
0223) The present step is a reaction for protecting a 
hydroxy group of a compound (V) to produce a compound 
(VI). The reaction may be performed according to the condi 
tion for a reaction of protecting a hydroxy group which is 
generally performed. For example, by using diisopropyl 
aZodicarboxylate or diethylazodicarboxylate together with 
analcohol and various phosphines, a compound (VI) in which 
P’ is alkyl can be synthesized. 
0224. A reaction temperature is 0 to 100° C., preferably 0° 
C. to room temperature. 
0225. As a reaction solvent, THF, toluene, dichlo 
romethane and the like are exemplified. 
0226. A reaction time is a few minutes to a few tens hours, 
preferably 1 to 3 hours. 
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(Fourth Step) 
0227. The present step is a reaction of oxidizing a nitrogen 
atom of a compound (VI) to produce a compound (VII). The 
reaction may be performed according to the condition for an 
oxidation reaction using an oxidizing agent which is gener 
ally performed. 
0228. A reaction temperature is 0 to 100° C., preferably 
under ice cooling to room temperature. 
0229. As a reaction solvent, chloroform, methylene chlo 
ride, acetic acid and the like are exemplified. 
0230. Examples of an oxidizing agent include metachlo 
roperbenzoic acid, hydrogen peroxide and the like. 
0231. A reaction time is a few minutes to a few tens hours, 
preferably 1 to 5 hours. 

(Fifth Step) 
0232. The present step is a reaction for hydroxylating a 
methyl group of a compound (VII). Preferably, after acetoxy 
lation by a reaction with acetic anhydride (reaction tempera 
ture: 0 to 150° C., preferably 120 to 140° C.), this may be 
hydrolyzed (e.g.: treatment with a base (e.g.: alkali metal 
hydroxide)). 
0233. A reaction time is a few minutes to a few tens hours, 
preferably 0.5 to 2 hours for acetoxylation, and 0.5 to 1 hour 
for hydrolysis. 

(Sixth Step) 
0234. The present step is a reaction for oxidizing a 
hydroxy group of a compound (VIII) to synthesize a com 
pound (IX). 
0235 A reaction temperature is 0 to 150° C., preferably 
room temperature to 70° C. 
0236. As a reaction solvent, chloroform and the like are 
exemplified. 
0237 As an oxidizing agent, dimethyl sulfoxide and the 
like are exemplified. 
0238 A reaction time is a few minutes to a few tens hours, 
preferably 0.1 to 1 hour. 

(Seventh Step) 
0239. The present step is a reaction for oxidizing a formyl 
group of a compound (IX) to synthesize a compound (X). 
0240 A reaction temperature is 0 to 150° C., preferably 
under ice-cooling to room temperature. 
0241. As a reaction solvent, an alcohol and the like are 
exemplified. 
0242. As an oxidizing agent, potassium hydroxide and 
iodine are exemplified. 
0243 Areaction time is a few minutes to a few tens hours, 
preferably 0.5 to 3 hours. 

(Eighth Step) 

0244. The present step is a reaction for deprotecting an 
OP' part of a compound (X) to synthesize a compound (XI). 
The reaction may be performed according to the condition for 
a reaction of deprotecting a hydroxy protecting group which 
is generally performed. 
0245. A reaction temperature is 0 to 150° C., preferably 
under ice-cooling to room temperature. 
0246. As a reaction solvent, acetonitrile, methylene chlo 
ride, THF and the like are exemplified. 
0247. A reaction time is a few minutes to a few tens hours, 
preferably 1 to 3 hours. 
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(Ninth Step) 
0248. The present step is a reaction for deprotecting an OP 
part of a compound (XI) to synthesize a compound (I-A). The 
reaction may be treated preferably with a Lewis acid (e.g.: 
aluminum chloride). 
0249. A reaction temperature is 0 to 150° C., preferably 10 
to 50° C. 
0250) As a reaction solvent, methylene chloride, THF and 
the like are exemplified. 
0251 A reaction time is a few minutes to a few tens hours, 
preferably 1 to 3 hours. 

(Tenth Step) 
0252. The present step is a reaction for deprotecting an 
esterpart (COOP) of a compound (X) to synthesize carboxy 
lic acid (XII). Preferably, hydrolysis with an alkali (e.g.: 
NaOH) may be performed. 
(0253 Areaction temperature is 0 to 150° C., preferably 10 
to 50° C. 

0254 As a reaction solvent, methanol, water and the like 
are exemplified. 
0255. A reaction time is a few minutes to a few tens hours, 
preferably a few minutes to 2 hours. 
0256 Carboxylic acid (XII) can be converted into various 
derivatives (e.g., amide). 

(Eleventh Step) 
0257 The present step is a reaction for reacting a com 
pound (XII) with various amines to synthesize a compound 
(XIII). The reaction may be performed according to the con 
dition for a reaction of amidating carboxylic acid which is 
generally performed and, for example, the reaction may be 
performed as in the first step. 
(0258. A reaction temperature is 0 to 150° C., preferably 
room temperature to 70° C. 
0259. As a reaction solvent, a non-protonic solvent can be 
broadly used, and tetrahydrofuran (THF), 1,4-dioxane, dim 
ethylformamide (DMF), methylene chloride, chloroform and 
the like are preferable. 
0260 A reaction time is a few minutes to a few tens hours, 
preferably a few minutes to 3 hours. 
0261) An amide part of the resulting compound (XIII) may 
be further chemically modified (e.g.: N-alkylation). 

(Twelfth Step) 
10262 The present step is a reaction for deprotecting OP' 
and OP' parts of a compound (XIII) to synthesize a com 
pound (I-B). The reaction may be performed according to the 
condition for a reaction of deprotecting a hydroxy protecting 
group which is generally performed. 
0263 For example, when pyridine hydrochloride is used, 
a reaction temperature is 0 to 200° C., preferably 150 to 180 
degree. 
0264. A reaction time is a few minutes to a few tens hours, 
preferably 1 to 5 minutes. 

(Thirteenth Step) 
0265. The present step is a reaction for deprotecting an 
ester part (COOP) of a compound (XI) to synthesize car 
boxylic acid (XIV). Preferably, hydrolysis with an alkali 
(e.g.: lithium hydroxide) may be performed. 
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0266. A reaction temperature is 0 to 150° C., preferably 10 
to 50° C. 
0267 As a reaction solvent, methanol, water and the like 
are exemplified. 
0268 A reaction time is a few minutes to a few tens hours, 
preferably a few minutes to 3 hours. 

(Fourteenth Step) 
0269. The present step is a reaction for deprotecting an OP' 
part of a compound (XIV) to synthesize a compound (I-C). 
The reaction may be treated preferably with a Lewis acid 
(e.g.: boron tribromide). 
(0270. A reaction temperature is 0 to 150° C., preferably 
under ice-cooling to room temperature. 
0271. As a reaction solvent, dichloromethane and the like 
are exemplified. 
0272 A reaction time is a few minutes to a few tens hours, 
preferably a few minutes to 5 hours. 
0273. The monocyclic carbamoylpyridone derivative 
obtained above is derived into a bicyclic compound by the 
following method. 

(Process 1) 
0274 
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(wherein R', X, R, P, P and Rare as define above, and L’ 
is a leaving group Such as halogen etc.) 

(Fifteenth Step) 
0275. The present step is a reaction for reacting the com 
pound (XI) or a compound (XI) which is a tautomer thereof 
with an allyl compound to synthesize a compound (XV). A 
compound (XI) can be synthesized, for example, according 
to the method of Example A-1. 
0276. The reaction is performed preferably in the presence 
of a base (e.g.: cesium carbonate). 
(0277 Areaction temperature is 0 to 100° C., preferably 10 
to 40° C. 
0278. As a reaction solvent, dimethylformamide and the 
like are exemplified. 
0279 A reaction time is a few minutes to a few tens hours, 
preferably 1 to 10 hours. 
(Sixteenth step) 
0280. The present step is a reaction for oxidizing a com 
pound (XV) to synthesize a compound (XVI). As an oxidiz 
ing agent, osmium tetraoxide and alkali metal osmium tet 
raoxide (e.g.: KOSO) are exemplified. 
(0281 Areaction temperature is 0 to 100° C., preferably 10 
to 40° C. 

Chemical formula 42 
OP1 OP 

O COP: HO COP: 
N O N L2 1Na 

Step 15 R2 NR NH R2 NR N 
Nx1 N Nx1 2 

O R3 O R3 
(XI) (XI) 

OP1 OP1 
- R 

O COP3 O cops H2N-R 
N N (XVII) 

R2 NR N Step 16 NR N cio Step 17 Nx1 S1 N-1s Nx1 S1 n-1 
O R3 O R3 

(XV) (XVI) 
OP1 O OH O 

O R4 O R4 
N N1 Step 18 N N1 

2 2 RS-NR S se RS-NR N N 
O R3 O R3 

(XVIII) (XIX) 

Ny. 
OH O 

O R4 
N N1 

2 R3-NR N su X 

O R3 
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0282. As a reaction solvent, 1,4-dioxane, tetrahydrofuran 
and the like are exemplified. 
0283. A reaction time is a few minutes to a few tens hours, 
preferably 1 to 5 hours. 

(Seventeenth Step) 
0284. The present step is a reaction for reacting a com 
pound (XVI) with amine (XVII) to perform dehydration con 
densation to synthesize a compound (XVIII). 
0285) A reaction temperature is 0 to 200° C., preferably 
140 to 180° C. 

0286 As a reaction solvent, methylene chloride, acetoni 
trile and the like are exemplified. 
0287. A reaction time is a few minutes to a few tens hours, 
preferably 0.5 to 1.5 hours. 

(Eighteenth Step) 

0288 The present step is a reaction for deprotecting a 
compound (XVIII) preferably with an acid to synthesize a 
compound (XIX), and may be performed according to the 
condition for a conventional reaction of deprotecting a pro 
tected hydroxy group. 
0289 
0290. As an acid, pyridine hydrochloride, trifluoroacetic 
acid and the like are exemplified. 
0291. As a reaction solvent, the acid and trimethylsilyl 
iodide are exemplified. 
0292 A reaction time is a few minutes to a few tens hours, 
preferably 15 minutes to 1 hour. 

A reaction temperature is 0 to 200° C. 

(Nineteenth Step) 

0293. The present step is a reaction for reducing a com 
pound (XVIII) to synthesize a compound (XX). 
0294 As a reducing agent, H/Pd.C and the like are exem 

plified. 
0295) A reaction temperature is 0 to 100° C., preferably 10 
to 30° C. 

0296. As a reaction solvent, dimethylformamide, metha 
nol, tetrahydrofuran and the like are exemplified. 
0297. A reaction time is a few minutes to a few tens hours, 
preferably 5 to 20 hours. 

(Process 2) 

0298. The intermediate (XVIII) may be also synthesized 
by a method shown below. 

Chemical formula 43 

OR 

OP HN 

O CO2H OR 
N (XXI) 

R -NR N-NH Step 20 
X 

O R3 
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-continued 
OP1 O 

O R4 
N N1 

-as 

RN -NR N-NH N Step 21 X 

O R3 OR 

(XXII) 
OP 1 O 

O R4 
N N1 

He 

RN -NR N-N Step 22 
X 

O R3 OH 

(XXIII) 
OP1 O 

O R4 
N N1 

2 RS -NR N N 
O R3 

(XVIII) 

(Twentieth Step) 
0299 The present step is a reaction for reacting a com 
pound (XIV) with a compound (XXI) to synthesize a com 
pound (XXII). The present reaction may be performed 
according to the condition for a conventional amidation reac 
tion. 
(0300. A reaction temperature is 0 to 100° C., preferably 0 
to 50° C. 
0301 As a reaction solvent, dimethylformamide, methyl 
ene chloride, tetrahydrofuran and the like are exemplified. 
0302 Areaction time is a few minutes to a few tens hours, 
preferably 1 to 10 hours. 

(Twenty-First Step) 
0303. The present step is a reaction for reacting a com 
pound (XXII) with an acid to perform deprotection and 
intramolecular ring closure, to synthesize a compound 
(XXIII). The present reaction may be performed according to 
the condition for a conventional reaction of deprotecting 
acetal. 
(0304. A reaction temperature is 0 to 100° C., preferably 
room temperature to 80° C. 
0305 As a reaction solvent, dioxane, tetrahydrofuran and 
the like are exemplified. 
0306 A reaction time is a few minutes to a few tens hours, 
preferably 0.5 to 1 hour. 
0307 As an acid, hydrochloric acid, and paratoluene 
Sulfonic acid are exemplified. 

(Twenty-Second Step) 

0308 The present step is a reaction for dehydrating a 
compound (XXIII) to synthesize a compound (XXIV). The 
present reaction may be performed according to the condition 
for a conventional dehydration reaction. 
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0309. A reaction temperature is 0 to 100° C., preferably 
room temperature to 80° C. 
0310. As a reaction solvent, acetonitrile, methylene chlo 
ride and the like are exemplified. 
0311. A reaction time is a few minutes to a few tens hours, 
preferably 1 to 5 hours. 

(Process 3) 
0312 

Chemical formula 44 

R 16 
OP1 R3 R's 18 

OH 

O COP: HN pi 
N (XXIV) 

R2 NRI N CHO Step 23 Nx1 S1'nu-1 
O R3 

(XVI) 
OP O R 15 R 16 

O 
N N R17 

-> R18 -- R2 NRI N pi Step 24 
N1 N O 

O R3 

(XXV) 
OH R 15 R 16 

O 
N N R17 

R18 
2 

RS-NR S N-1- pi 
O R3 

(XXVI) 

(Twenty-Third Step) 

0313 The present step is a reaction for reacting a com 
pound (XVI) with amine (XXIV) to perform dehydration 
condensation to synthesize a compound (XXV) according to 
the seventeenth step or a method of synthesizing a compound 
17-1. Preferably, as a reaction catalyst, an acid (e.g. acetic 
acid) is added, and a microwave reaction apparatus is used. 
0314. A reaction temperature is 0 to 200° C., preferably 
140 to 180° C. 
0315. As a reaction solvent, methylene chloride, acetoni 

trile and the like are exemplified. 
0316. A reaction time is a few minutes to a few tens hours, 
preferably 0.5 to 1.5 hours. 

(Twenty-Fourth Step) 

0317. The present step is a reaction for deprotecting a 
compound (XXV) preferably with an acid to synthesize a 
compound (XXVI) according to the eighteenth step, and may 
be performed according to the condition for a conventional 
reaction of deprotecting a protected hydroxy group. 
0318. A reaction temperature is 0 to 200° C. 
0319. As an acid, pyridine hydrochloride, trifluoroacetic 
acid and the like are exemplified. 
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0320. As a reaction solvent, the aforementioned acid and 
trimethylsilyl iodide are exemplified. 
0321. A reaction time is a few minutes to a few tens hours, 
preferably 15 minutes to 1 hour. 

(Process 4) 
0322 

Chemical formula 45 

R 16 
OP1 R3 R7R' 

OH 
O N CO2H HN pi 

(XXIV) 

RS -NR N-NH Step 25 
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(Twenty-Fifth Step) 
0323. The present step is a reaction for reacting a com 
pound (XIV) with a compound (XXIV) to synthesize a com 
pound (XXVII) according to the twentieth step. The present 
reaction may be performed according to the condition for a 
conventional amidation reaction. 
0324. A reaction temperature is 0 to 100° C., preferably 0 
to 50° C. 
0325 As a reaction solvent, dimethylformamide, methyl 
ene chloride, tetrahydrofuran and the like are exemplified. 
0326. A reaction time is a few minutes to a few tens hours, 
preferably 1 to 10 hours. 

(Twenty-Sixth Step) 
0327. The present step is a reaction for reacting a com 
pound (XXVII) or a tautomer thereof with an allyl compound 
to synthesize a compound (XXVIII) according to the fifteenth 
step. 
0328. A reaction is performed preferably in the presence 
of a base (e.g.: cesium carbonate). 
0329. A reaction temperature is 0 to 100° C., preferably 10 
to 40° C. 
0330. As a reaction solvent, dimethylformamide and the 
like are exemplified. 
0331. A reaction time is a few minutes to a few tens hours, 
preferably 1 to 10 hours. 

(Twenty-Seventh Step) 
0332 The present step is a reaction for oxidizing a com 
pound (XXVIII) to synthesize a compound (XXIX) accord 
ing to the sixteenth step. 
0333 As an oxidizing agent, osmium tetraoxide and alkali 
metal osmium tetraoxide (e.g.: KOSO) are exemplified. 
0334 Areaction temperature is 0 to 100° C., preferably 10 
to 40° C. 
0335. As a reaction solvent 1,4-dioxane, tetrahydrofuran 
and the like are exemplified. 
0336 A reaction time is a few minutes to a few tens hours, 
preferably 1 to 5 hours. 

(Twenty-Eighth Step) 
0337 The present step is a reaction for dehydration-con 
densing a compound (XXIX) to synthesize a compound 
(XXX) according to the seventeenth step or a method of 
synthesizing a compound 17-1. Preferably, as a reaction cata 
lyst, an acid (e.g.: acetic acid) is added, and a microwave 
reaction apparatus is used. 
0338 A reaction temperature is 0 to 200° C., preferably 
140 to 180° C. 
0339. As a reaction solvent, methylene chloride, acetoni 

trile and the like are exemplified. 
0340. A reaction time is a few minutes to a few tens hours, 
preferably 0.5 to 1.5 hours. 

(Twenty-Ninth Step) 

0341 The present step is a reaction for deprotecting a 
compound (XXX) preferably with an acid to synthesize a 
compound (XXXI) according to the eighteenth step, and may 
be performed according to the condition for a conventional 
reaction of deprotecting a protected hydroxy group. 
(0342. A reaction temperature is 0 to 200° C. 
0343 As an acid, pyridine hydrochloride, trifluoroacetic 
acid and the like are exemplified. 
0344 As a reaction solvent, the aforementioned acid and 
trimethylsilyl iodide are exemplified. 
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(0345 A reaction time is a few minutes to a few tens hours, 
preferably 15 minutes to 1 hour. 

(Process 5) 
(0346). A compound (I-3) in which Z is NR' can be syn 
thesized according to the following reaction scheme, accord 
ing to Process 4. 

Chemical formula 46 

R6 17 p4 
OP RS R R18 

N 
O CO2H IN NR 19 N 2 pi 
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RS-NR N-NH Step 30 e 
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(Process 10) 
0347 

Chemical formula 51 

OP1 R. R. OMe 

O COOH N X. cr's 
Step 49 

(XIV) 
OP 1 R. R. OMe P1 O 

O -e- 

N N X), OMe Step 50 
2 R1 
RS-N S-NH 

X 

O R3 

(XIV-16) 
OP1 O 

O R 
N N 

2 R1 R -> 
RS-N N N Step 51 

3 X'?. 
O R 

(XIV-17) 
OH O 

O R 
N N 

2 R1 R 

RS-N N N 
3 XI pi 

O R 

(XIV-18) 
X = C, O, S, SO, SO, N 

(wherein respective symbols are as defined above) 

(Forty-Ninth Step) 
0348. A compound (XIV-16) is obtained by reacting a 
compound (XIV) with an amine reagent, according to the 
thirty-fifth step. 

(Fiftieth Step) 
0349. A compound (XIV-17) is obtained by subjecting a 
compound (XIV-16) to a general acetal deprotecting reaction 
according to the forty-fourth step. 

(Fifty-First Step) 

0350 A compound (XIV-18) is obtained CD ring forma 
tion) by deprotecting a P' part of a compound (XIV-14) 
according to the thirty-eighth step. 
0351. The present invention further provides various inter 
mediates (I-P) shown below and a process for preparing the 
same, as well as a process for preparing the above mentioned 
compound (I) comprising the deprotection of the intermedi 
ate. 
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(Intermediates) 
O352 

(I-P) 

(P' is a hydroxyl-protecting group; the other symbols are as 
defined above) 
0353 Preferred compounds are shown below. Each P' is a 
hydroxyl-protecting group. Such as C-arylCisalkyl (e.g., 
benzyl (=Bn)). 

(I-20a) 

21 N O) 
SAS N N-1- 
Re 

Preferably, wherein R is one or two halogen; R is Cisalkyl, 
CarylC-salkyl, C-aryl, or alkoxy; and P' is 
Co-arylCisalkyl: 

*No, O 
R2 

21 's-1s 
H 

Sás N S N-1- 
Ré H 

O 

Preferably, wherein R is one or two halogen; R is Cisalkyl, 
CarylCisalkyl, C-aryl, or alkoxy; and P' is 
Co-arylCisalkyl: 

*No, O 

21 's-1s N H 
H 

Sás N N N-1- 
Re i 

O 

Preferably, wherein R is one or two halogen; and P' is 
Co-arylCisalkyl: 

(I-20b) 

(I-21a) 
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(I-21b) 

Sa. ys 

Preferably, wherein R is one or two halogen; and P' is 
Co-arylC-salkyl: 

(I-22a) 

*No, O 

21 O N N 

Re H N 

O 

Preferably, wherein R is one or two halogen; and P' is 
Co-arylCisalkyl: 

(I-22b) 

PN O O 

O 
21 N N 

H H 
SAS N S. N i N 
Re 

O 

Preferably, wherein R is one or two halogen; and P' is 
Co-arylC-salkyl: 

(I-23a) 

PN O O 

O 
21 

| a S. N 
S. 

Ré 

O 

Preferably, wherein R is one or two halogen; and P' is 
Co-arylCisalkyl: 

(I-23b) 

*No, O 

21 's-1s N H 
H 

Sás N N N-1- 
Ré H 

O 

Preferably, wherein R is one or two halogen; and P' is 
Co-arylC-salkyl: 
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(I-24a) 
PS O O R 

O 
21 N N 

| a 
S/S N S N i N 
Ré 

O R21 

Preferably, wherein R is one or two halogen; R is Calkyl: 
R" is hydrogen, Cacycloalkyl heterocycle, or Cisalkyl 
optionally Substituted with hydroxy, Cecycloalkyl, alkoxy, 
heterocycle, heteroaryl, C-aryl, or amino, wherein said 
amino may be optionally Substituted with —C(O)Cisalkyl or 
Cisalkyl, 

*No, O R2 

Ou O N H Y--s-s-s-s Ré 

O R21 

Preferably, wherein R is one or two halogen; R is Cisalkyl; 
R" is hydrogen, Cacycloalkyl heterocycle, or Cisalkyl 
optionally substituted with hydroxy, C-cycloalkyl, alkoxy, 
heterocycle, heteroaryl, Caryl, or amino, wherein said 
amino may be optionally substituted with —C(O)Cisalkyl or 
C-salkyl, and P' is Co-arylC1-salkyl: 

(I-24b) 

(I-25) 

*No, O 

Ou O N N H Y-N-N-N-- Re A 
O R21 

Preferably, wherein R is one or two halogen; R is hydrogen, 
Cecycloalkyl heterocycle, or Csalkyl optionally Substi 
tuted with hydroxy, Cecycloalkyl, alkoxy, heterocycle, het 
eroaryl, C-aryl, or amino, wherein said amino may be 
optionally substituted with —C(O)C salkyl or Csalkyl: 
and P' is CarylCisalkyl; 

*No, O 

21 's-1s N 
H Y--------, 

R H 
O R2 

(I-26) 
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Preferably, wherein R is one or two halogen; R is hydrogen, 
Cecycloalkyl heterocycle, or Csalkyl optionally Substi 
tuted with hydroxy, Cecycloalkyl, alkoxy, heterocycle, het 
eroaryl, C-aryl, or amino, wherein said amino may be 
optionally Substituted with —C(O)C salkyl or Csalkyl; 
and P' is CarylCisalkyl; 

*No, O 

21 O N N 

Sás N N-1- 
Re H 

O 

Preferably, wherein R is halogen; and P' is CarylC. 
salkyl; 
0354. The above intermediates, compound (I-20a), 
(I-20b). (I-21a), (I-21b). (I-22a). (I-22b), (I-23a), (I-23b). 
(I-24a). (I-24b). (I-25), (I-26), or (I-27), can be prepared by 
condensing a compound of the formula: 

*S, O 

Out CC H 
SAS N N N y 

O CHO 

(I-27) 

0355 wherein R is one or two halogen; and R is 
Cisalkyl, 

with each amine shown below, respectively: 

HN ~ 
OH 

wherein R is Cisalkyl, C-arylCisalkyl, Caryl, or 
alkoxy; 

HN 

OH 

wherein R is C1-salkyl, C-arylCisalkyl, C-aryl, or 
alkoxy; 

N '', N N 
NH2 
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-continued 

l N -, O ''' 
H l H 

y 

R2 

HN 

I 
R21 

N 

wherein R is Cisalkyl; R is hydrogen, Co-cycloalkylhet 
erocycle, or Csalkyl optionally substituted with hydroxy, 
Cecycloalkyl, alkoxy, heterocycle, heteroaryl, Caryl, or 
amino, wherein said amino may be optionally Substituted 
with —C(O)Cisalkyl or Csalkyl; 

HN 

HN 

R21 

wherein R is Cisalkyl; R is hydrogen, Csecycloalkylhet 
erocycle, or Csalkyl optionally Substituted with hydroxy, 
C-cycloalkyl, alkoxy, heterocycle, heteroaryl, Caryl, or 
amino, wherein said amino may be optionally Substituted 
with —C(O)Cisalkyl or Csalkyl; 

wherein R' is hydrogen, C-cycloalkyl, heterocycle, or 
Cisalkyl optionally Substituted with hydroxy, Cecy 
cloalkyl, alkoxy, heterocycle, heteroaryl, C-aryl, oramino, 
wherein said amino may be optionally substituted with 
—C(O)Cisalkyl or Csalkyl; 

wherein R' is hydrogen, Cecycloalkyl heterocycle, or 
Cisalkyl optionally Substituted with hydroxy, Cecy 
cloalkyl, alkoxy, heterocycle, heteroaryl, C-aryl, oramino, 
wherein said amino may be optionally substituted with 
—C(O)Cisalkyl or Csalkyl; 
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0356. The condition for the above condensation is illus 
trated below for example. 
0357 Examples of the solvent include halocarbons such 
as dichloromethane, dichloroethane, and acetic acid. 
0358. The reaction temperature is preferably, 0 to 200° C., 
more preferably, 50 to 170° C. 
0359 The reaction time is usually several minutes to sev 
eral hours. 
0360. The above intermediates, compound (I-20a), 
(I-20b). (I-21a), (I-21b). (I-22a). (I-22 b), (I-23a), (I-23b). 
(I-24a). (I-24b). (I-26), or (I-27), can be deprotected to give 
each corresponding deprotected compound wherein P' is 
hydrogen, or its pharmaceutically acceptable salt, which are 
encompassed within the scope of compound (I) of the present 
invention. 
0361. In addition, the present compound obtained above 
may be further chemically modified to synthesize another 
compound. In addition, when there is a reactive functional 
group (e.g.: OH, COOH, NH) on a side chain part etc. in the 
above reaction, the group may be protected before the reac 
tion and may be deprotected after the reaction, if desired. 
0362. The present compound is useful, for example, as a 
drug Such as an anti-virus drug. The present compound has 
the remarkable inhibitory action on integrase of a virus. 
Therefore, the present compound can be expected to have the 
preventive or therapeutic effect for various diseases derived 
from a virus which produces at least integrase, and is grown at 
infection in an animal cell, and is useful as an integrase 
inhibiting agent for retrovirus (e.g. HIV-1, HIV-2, HTLV-1, 
SIV. FIV etc.), and is useful as an anti-HIV drug etc. 
0363. In addition, the present compound may be used in 

joint use therapy by combining an anti-HIV drug having the 
different action methanism Such as a reverse traScriptase 
inhibitor and/or a protease inhibiting agent. Particularly, cur 
rently, an integrase inhibitor is not marketed, and it is useful 
to use in joint use therapy by combining the present com 
pound with a reverse transcriptase inhibitor and/or a protease 
inhibitor. 
0364. Further, the above use includes not only use as a 
medical mixture for anti-HIV, but also use as a joint use agent 
for increasing the anti-HIV activity of other anti-HIV drug 
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0365. In addition, the present compound can be used in 
order to prevent infection with a retrovirus vector from 
spreading into a tissue other than an objective tissue, upon use 
of a retrovirus vector based on HIV or MLV in the field of 
gene therapy. Particularly, when a cell is infected with a 
vector in vitro, and the cell is returned into a body, if the 
present compound is administered in advance, extra infection 
can be prevented in a body. 
0366. The present compound can be administered orally 
or parenterally. In the case of oral administration, the present 
compound can be also used as a conventional preparation, for 
example, as any dosage form of a Solid agent such as tablets, 
powders, granules, capsules and the like; an aqueous agent; 
an oily Suspension; or a liquid agent such as syrup and elixir. 
In the case of parenteral administration, the present com 
pound can be used as an aqueous or oily Suspension inject 
able, or a nasal drop. Upon preparation of it, conventional 
excipients, binders, lubricants, aqueous solvents, oily sol 
vents, emulsifiers, Suspending agents, preservatives, stabiliz 
ers and the like may be arbitrarily used. As an anti-HIV-drug, 
particularly, an oral agent is preferable. A preparation of the 
present invention is prepared by combining (e.g. mixing) a 
therapeutically effective amount of the present compound 
with a pharmaceutically acceptable carrier or diluent. 
0367. A dose of the present invention is different depend 
ing on an administration method, an age, a weight and con 
dition of a patient, and a kind of a disease and, usually, in the 
case of oral administration, about 0.05 mg to 3000 mg, pref 
erably about 0.1 mg to 1000 mg may be administered per 
adult a day, if necessary, by dividing the close. In addition, in 
the case of parenteral administration, about 0.01 mg to 1000 
mg, preferably about 0.06 mg to 600 mg is administered per 
adult a day. 
0368 Examples are shown below. 

EXAMPLE A-1 

9-Hydroxy-2-(2-methoxy-ethyl)-1,8-dioxo-1,8-dihy 
dro-2H-pyrid1,2-alpyrazine-7-carboxylic acid 

4-fluoro-benzylamide 

EXAMPLE B-1 

9-Hydroxy-2-(2-methoxy-ethyl)-1,8-dioxo-1,3,4,8- 
tetrahydro-2H-pyrid1,2-alpyrazine-7-carboxylic 

acid 4-fluoro-benzylamide 

Such as cocktail therapy. 0369 

Chemical formula 52 

OH OB OB OB 

BnBr O O O HO CO 
N1 N K2CO3 N NH3aq N NBS N MeOH 

-e- -e- -e- -e- 

S. O S. O S NH 2 N 
Br 

1 2 3 4 

OB OB OB 

HO AcO AcO 
N Ac2O N mCPBA N Ac2O 

-- -- -- 

N N N 
MeOC 2 MeOC 2 MeOC 4. No 

5 6 7 
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-continued 
F 

OB OB 

AcO AcO NH2 C C 

N OAc NaOH N OH WSCD 
Hip 

N N 
MeOC 2 HOC 2 

8 9 

N 
OB OB Na 

F HO F HO N 
1 N OH N O MnO2 

H -- H 

N 2N N 2N 

O O 

11 
10 

Zn 
AcOH 

OB OB 

F HO CHO F HO CO2H MeOH 
N NaClO N WSCD 

-e- -e- 
H H 
N 2N N 2N 

O O 

12 13 

OB OB 

F HO COMe 21 F O COMe 
N B n 

CsCO3 KOsO4 
H H -e- 

N 2N N N N-1s 

O O 

14 15 

OB 

NH 
F O N CO2Me Mo1N1 

H microwave 

N N N-CHO 

O 

16 

OB O OH O 

F O OMe F O OMe 
N N 1N1 N N 1N1 

H TFA H 
N N - Na2 -- N N - Na2 

O O 

17-1 A-1 

H 

Nye 
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-continued 
OH O 

F O OMe 
N N 1N1 

H 

N N Nu 
O 

1) Mantol 1 (189 g, 1.5 mol) was dissolved in dimethylfor 
mamide (1890 ml), and benzyl bromide (1.84 ml, 1.5 mol) 
was added. After the solution was stirred at 80° C. for 15 
minutes, potassium carbonate (228 g, 1.65 mol) was added, 
and the mixture was stirred for 1 hour. After the reaction 
Solution was cooled to room temperature, an inorganic salt 
was filtered, and the filtrate was distilled off under reduced 
pressure. To the again precipitated inorganic salt was added 
tetrahydrofuran (1000 ml), this was filtered, and the filtrate 
was distilled off under reduced pressure to obtain the crude 
product (329 g, >100%) of 3-benzyloxy-2-methyl-pyran-4- 
one 2 as a brown oil. 

0370. NMR (CDC1) 8: 2.09 (3H, s), 5.15 (2H, s), 6.36 
(1H, d, J=5.6 Hz), 7.29-7.41 (5H, m), 7.60 (1H, d, J=5.6 Hz). 
2) The compound 2 (162.2g, 750 mmol) was dissolved in 
ethanol (487 ml), and aqueous ammonia (28%,974 ml) and a 
6Naqueous sodium hydroxide solution (150 ml, 900 mmol) 
were added. After the reaction solution was stirred at 90° C. 
for 1 hour, this was cooled to under ice cooling, and ammo 
nium chloride (58 g. 1080 mmol) was added. To the reaction 
solution was added chloroform, this Was extracted, and the 
organic layer was washed with an aqueous saturated sodium 
bicarbonate solution, and dried with anhydrous sodium Sul 
fate. The solvent was distilled off under reduced pressure, 
isopropyl alcohol and diethyl ether were added to the residue, 
and precipitated crystals were filtered to obtain 3-benzyloxy 
2-methyl-1H-pyridine-4-one 3 (69.1 g, 43%) as a pale yellow 
crystal. 
0371 NMR (DMSO-d) 8: 2.05 (3H, s), 5.04 (2H, s), 6.14 
(1H, d, J=7.0 Hz), 7.31-742 (5H, m), 7.46 (1H, d, J–7.2 Hz), 
11.29 (1H, brs). 
3) The above compound 3 (129 g, 599 mmol) was suspended 
in acetonitrile (1300 ml), and N-bromosuccinic acid imide 
(117 g. 659 mmol) was added, followed by stirring at room 
temperature for 90 minutes. Precipitated crystals were fil 
tered, and washed with acetonitrile and diethyl ether to obtain 
3-benzyloxy-5-bromo-2-methyl-pyridine-4-ol 4 (154 g. 
88%) as a colorless crystal. 
0372) NMR (DMSO-d) 8: 2.06 (3H, s), 5.04 (2H, s), 
7.32-7.42 (5H, m), 8.03 (1H, d, J=5.5 Hz), 11.82 (1H, brs). 
4) To a solution of the compound 4 (88 g. 300 mmol), palla 
dium acetate (13.4g, 50 mmol) and 1,3-bis(diphenylphos 
phino)propane (30.8 g. 516 mmol) in dimethylformamide 
(660 ml) were added methanol (264 ml) and triethylamine 
(210 ml, 1.5 mol) at room temperature. The interior of a 
reaction vessel was replaced with carbon monoxide, and the 
material was stirred at room temperature for 30 minutes, and 
stirred at 80 degree for 18 hours. A vessel to which ethyl 
acetate (1500 ml), an aqueous Saturated ammonium chloride 
solution (1500 ml) and water (1500 ml) had been added was 
stirred under ice-cooling, and the reaction Solution was added 
thereto. Precipitates were filtered, and washed with water 

B-1 

(300 ml), ethyl acetate (300 ml) and diethyl ether (300 ml) to 
obtain 5-benzyloxy-4-hydroxy-6-methyl-nicotinic acid 
methyl ester 5 (44.9 g, 55%) as a colorless crystal. 
0373 NMR (DMSO-d) 8: 2.06 (3H, s), 3.72 (3H, s), 5.02 
(2H, s), 7.33-7.42 (5H, m), 8.07 (1H, s). 
5) After a solution of the compound 5 (19.1 g, 70 mmol) in 
acetic anhydride (134 ml) was stirred at 130° C. for 40 min 
utes, the solvent was distilled off under reduced pressure to 
obtain 4-acetoxy-5-benzyloxy-6-methyl-nicotinic acid 
methyl ester 6 (19.9 g, 90%) as a flesh colored crystal. 
0374 NMR (CDC1) 8: 2.29 (3H, s), 2.52 (3H, s), 3.89 
(3H, s), 4.98 (2H, s), 7.36-7.41 (5H, m), 8.85 (1H, s). 
6) To a solution of the compound 6 (46.2g, 147 mmol) in 
chloroform (370 ml) was added metachloroperbenzoic acid 
(65%) (42.8 g. 161 mmol) in portions under ice-cooling, and 
this was stirred at room temperature for 90 minutes. To the 
reaction solution was added a 10% aqueous potassium car 
bonate solution, and this was stirred for 10 minutes, followed 
by extraction with chloroform. The organic layer was washed 
with Successively with a 10% aqueous potassium carbonate 
Solution, an aqueous saturated ammonium chloride solution, 
and an aqueous saturated Sodium chloride Solution, and dried 
with anhydrous sodium sulfate. The solvent was distilled off 
under reduced pressure, and the residue was washed with 
diisopropyl ether to obtain 4-acetoxy-5-benzyloxy-6-methyl 
1-oxy-nicotinic acid methyl ester 7 (42.6 g., 87%) as a color 
less crystal. 
0375 NMR (CDC1) 8: 2.30 (3H, s), 2.41 (3H, s), 3.90 
(3H, s), 5.02 (2H, s), 7.37-7.39 (5H, m), 8.70 (1H, s). 
7) To acetic anhydride (500 ml) which had been heated to stir 
at 130°C. was added the compound 7 (42.6 g. 129 mmol) over 
2 minutes, and this was stirred for 20 minutes. The solvent 
was distilled off under reduced pressure to obtain 4-acetoxy 
6-acetoxymethyl-5-benzyloxy-nicotinic acid methyl ester 8 
(49.6 g. D100%) as a black oil. 
0376 NMR (CDC1) 8: 2.10 (3H, s), 2.28 (3H, s), 3.91 
(3H, s), 5.07 (2H, s), 5.20 (2H, s), 7.35-7.41 (5H, m), 8.94 
(1H, s). 
8) To a solution of the compound 8 (46.8 g. 1.25 mmol) in 
methanol (140 ml) was added a 2N aqueous sodium hydrox 
ide solution (376 ml) under ice-cooling, and this was stirred at 
50° C. for 40 minutes. To the reaction solution were added 
diethyl ether and 2N hydrochloric acid under ice-cooling, and 
precipitated crystals were filtered. Resulting crystals were 
washed with water and diethyl ether to obtain 5-benzyloxy 
4-hydroxy-6-hydroxymethyl-nicotinic acid 9 (23.3 g. 68%) 
as a colorless crystal. 
0377 NMR (DMSO-d) 8:449 (2H, s), 5.19 (2H, s), 5.85 
(1H, brs), 7.14-7.20 (2H, m), 7.33-743 (7H, m), 8.30 (1H, s), 
10.73 (1H, t, J=5.8 Hz), 11.96 (1H, brs). 
9) To a solution of the compound 9 (131 g, 475 mmol), 
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochlo 
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ride (219 g, 1140 mmol) and 1-hydroxybenzotriazole (128 g. 
950 mmol) in dimethylformamide (1300 ml) was added 
4-fluorobenzylamine (109 ml, 950 mmol), and this was 
stirred at 80°C. for 1.5 hours. After the reaction solution was 
cooled to room temperature, hydrochloric acid was added, 
followed by extraction with ethyl acetate. The extract was 
washed with a 5% aqueous potassium carbonate solution, an 
aqueous Saturated ammonium chloride Solution, and an aque 
ous saturated sodium chloride solution, and dried with, anhy 
drous sodium sulfate. The solvent was distilled off under 
reduced pressure to obtain a mixture (175 g) of 10 and 11, the 
resulting mixture was dissolved in acetic acid (1050 ml) and 
water (1050 ml), and Zinc (31.1 g, 475 mmol) was added, 
followed by heating to reflux for 1 hour. After the reaction 
Solution was cooled to room temperature, a 10% aqueous 
potassium carbonate Solution was added, followed by extrac 
tion with ethyl acetate. The extract was washed with an aque 
ous saturated ammonium chloride Solution, and an aqueous 
saturated Sodium chloride solution, and dried with anhydrous 
sodium sulfate. After the solvent was distilled off under 
reduced pressure, this was washed with diethyl ether to obtain 
5-benzyloxy-N-(4-fluoro-benzyl)-4-hydroxy-6-hydroxym 
ethyl-nicotinic acid amide 10 (107 g. 59%) as a colorless 
crystal. 
0378 NMR (DMSO-d) 8: 4.45 (2H, d, J=4.3 Hz), 4.52 
(2H, d,3=5.8 Hz), 5.09 (2H, s), 6.01 (1H, brs), 7.36-7.43 (5H, 
m), 8.31 (1H, s), 12.63 (1H, brs). 
10) After manganese dioxide (49 g) was added to a suspen 
sion of the compound 10 (9.8 g. 25.6 mmol) in chloroform 
(490 ml), the mixture was stirred at room temperature for 1 
hour. After the reaction solution was stirred at 60° C. for 20 
minutes, Celite filtration was performed, and this was washed 
with chloroform heated at 50° C. The filtrate was distilled off 
under reduced pressure to obtain 5-benzyloxy-N-(4-fluoro 
benzyl)-6-formyl-4-hydroxy-nicotinic acid amide 12 (8.2g, 
84%) as a pale yellow crystal. 
0379 NMR (DMSO-d) 8: 4.53 (2H, d, J=5.8 Hz), 5.38 
(2H, s), 7.15-7.21 (2H, m), 7.35-7.46 (7H, m), 8.33 (1H, s), 
0.90 (1H, s), 10.35 (1H, t, 12.49 (1H, brs). 
11) To an aqueous solution (105 ml) of sodium chlorite (7.13 
g, 78.8 mmol), and sulfamic acid (7.65 g, 78.8 mmol) was 
added a solution of the compound 12 (15.0 g, 39.4 mmol) in 
tetrahydrofuran (630 ml) under ice-cooling, and the mixture 
was stirred at room temperature for 1 hour. After water (2500 
ml) was added to the reaction Solution, precipitated crystals 
were filtered. Washing with diethyl ether afforded 3-benzy 
loxy-5-(4-fluoro-benzylcarbamoyl)-4-hydroxy-pyridine-2- 
carboxylic acid 13 (14.0 g, 90%) as a colorless crystal. 
0380 NMR (DMSO-d) 8: 4.52 (2H, d, J=5.8 Hz), 5.13 
(2H, s), 7.14-7.19 (2H, m), 7.31-7.40 (5H, m), 7.47-7.49 (2H, 
m), 8.31 (1H, d, J=4.5 Hz), 10.44 (1H, t, J=5.9 Hz), 12.47 
(1H, brs). 
12) A solution of the compound 13 (198 mg 0.500 mmol), 
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochlo 
ride (115 mg 0.600 mmol) and 1-hydroxybenzotriazole (81 
mg, 0.600 mmol) in dimethylformamide (3 ml) was stirred at 
room temperature for 1.5 hours. Then, methanol (3 ml) and 
triethylamine (153 ul. 1.10 mmol) were added, and the mix 
ture was heated to reflux for 1.5 hours. The reaction solution 
was diluted with ethyl acetate, washed with an aqueous Satu 
rated Sodium bicarbonate Solution, a 10% aqueous citric acid 
Solution, and an aqueous saturated Sodium chloride solution, 
and dried with anhydrous sodium sulfate. The solvent was 
distilled off under reduced pressure, and the residue was 
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washed with diethyl ether to obtain 3-benzyloxy-5-(4-fluoro 
benzylcarbamoyl)-4-hydroxy-pyridine-2-carboxylic acid 
methyl ester 14 (141 mg, 69%) as a colorless crystal. 
(0381 NMR (DMSO-d)8:3.85 (3H, s), 4.52(2H, d, J=6.0 
Hz), 5.15 (2H, s), 7.13-7.21 (2H, m), 7.81-7.47 (7H, m), 8.33 
(1H, s), 10.41 (1H, t, J=6.0 Hz), 12.59 (1H, brs). 
13) After 3-bromopropene (2.15 ml, 24.8 mmol) was added to 
a solution of the compound 14 (6.79 g, 16.5 mmol), and 
cesium carbonate (8.09 g, 24.8 mmol) in dimethylformamide 
(54 ml), the mixture was stirred at room temperature for 4.5 
hours. To the reaction Solution was added an aqueous ammo 
nium chloride solution, and this was extracted with ethyl 
acetate, washed with water and an aqueous Saturated Sodium 
chloride solution, and dried with anhydrous sodium sulfate. 
The solvent was distilled off under reduced pressure, and the 
residue was washed with diethyl ether to obtain 1-allyl-3- 
benzyloxy-5-(4-fluoro-benzylcarbamoyl)-4-oxo-1,4-dihy 
dro-pyridine-2-carboxylic acid methyl ester 15 (6.15g, 83%) 
as a colorless crystal. 
0382) NMR (CDC1) 8: 3.76 (3H, s), 4.54 (2H, d, J=6.0 
Hz), 4.60 (2H, d, J=6.0 Hz), 5.20-5.37 (2H, m), 5.25 (2H, s), 
5.80-5.93 (1H, m), 6.98-7.04 (2H, m), 7.31-7.35 (7H, m), 
8.45 (1H, s), 10.41 (1H, m). 
14) To a solution of the compound 15 (7.6 g. 16.9 mmol) in 
1,4-dioxane (228 ml) was added an aqueous Solution (38 ml) 
of potassium osmate dihydrate (372 mg, 1.01 mmol), and 
sodium metaperiodate (14.5g, 67.6 mmol) was further added, 
followed by stirring at room temperature for 2 hours. The 
reaction solution was added to a vessel to which ethyl acetate 
(300 ml) and water (300 ml) had been added, while stirring. 
The organic layer was washed with water, a 5% aqueous 
Sodium hydrogen Sulfite solution and an aqueous saturated 
Sodium chloride solution, and dried with anhydrous sodium 
sulfate. The solvent was distilled offunder reduced pressure, 
and the residue was washed with diethyl ether to obtain 
3-benzyloxy-5-(4-fluoro-benzylcarbamoyl)-4-oxo-1-(2-oxo 
ethyl)-1,4-dihydro-pyridine-2-carboxylic acid methyl ester 
16 (5.39 g, 71%) as a colorless crystal. 
0383 NMR (CDC1) 8: 3.74 (3H, s), 4.60 (2H, d, J=5.9 
Hz), 4.87 (2H, s), 5.27 (2H, s), 6.98-7.04 (2H, m), 7.30-7.40 
(7H, m), 8.39 (1H, s), 9.58 (1H, s), 10.38 (1H, s). 
15) To a solution of the compound 16 (400 mg, 0.884 mmol) 
in methylene chloride (12 ml) were added 2-methoxyethy 
lamine (77 ul, 0.884 mmol) and acetic acid (18 ul), and the 
mixture was stirred at room temperature for 5 minutes. There 
after, the reaction was performed at 140°C. for 30 minutes in 
a microwave reaction apparatus Solvent was distilled off 
under reduced pressure, the residue was subjected to silica gel 
column chromatography, and fractions eluting with toluene 
acetone were concentrated under reduced pressure to obtain 
9-benzyloxy-2-(2-methy-ethyl)-1,8-dioxo-1,8-dihydro-2H 
pyrid1.2-alpyrazine-7-carboxylic acid 4-fluoro-benzyla 
mide 17-1 (226 mg, 54%) as a yellow solid. 
0384 NMR (CDC1) 8: 3.35 (3H, s), 3.65 (2H, t, J=5.1 
Hz), 3.97 (2H, t, J=4.5 Hz), 4.63 (2H, d, J=5.7 Hz), 5.28 (2H, 
s), 6.56 (2H, m), 7.01 (2H, t, J=8.7 Hz), 7.38-7.30 (5H, m), 
7.65 (2H, d, J=6.6 Hz), 10.63 (1H, s). 
16) To the compound 17-1 (14.0 mg, 0.293 mmol) was added 
trifluoroacetic acid (1.4 ml) under ice-cooling, and the mix 
ture was stirred at 0° C. for 5 minutes and, then, at room 
temperature for 1.5 hours. The solvent was distilled off under 
reduced pressure, and this was diluted with chloroform, and 
added to ice water. This was washed with an aqueous, Satu 
rated Sodium bicarbonate Solution, a 10% aqueous citric acid 
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pyl ether was added to crystallize the material, which was 
filtered to obtain 53 (112 mg) as a pale orange crystalatayield 
of 86%. 
2) An Example compound H-1 (71 mg) was obtained at a 
yield of 82% from a compound 53 (106 mg), according to the 
method of Example B-117). 
0551 melting point 290° C. 
0552) NMR (DMSO-d) 8: 2.08 (3H, s), 3.44-4.21 (5H, 
m), 4.51 (2H, d, 5.7 Hz), 4.93 (1H, m), 5.46-5.62 (1H, m), 
7.15 (2H, t, 9.0 Hz), 7.34 (2H, m), 8.49 (1H, s), 10.40 (1H, t, 
5.7 Hz), 11.48 (1H, s). 
0553 An Example compound H-2 was synthesized 
according to the same manner as that of Example H-1. 

EXAMPLE H-2 

1-Acetyl-5-hydroxy-6,10-dioxo-1,2,3,4,6,9.9a, 10 
octahydro-1.4a.8a-triaza-anthracene-7-carboxylic 

acid 4-fluoro-benzylamide 
0554 melting point: 290° C. 
0555 NMR (DMSO-d) 8: 1.95 (2H, m), 2.14 (3H, s), 
2.85 (2H, m), 4.45 (4H, m), 4.51 (2H, d, 5.7 Hz), 5.99 (1H, s), 
7.15 (2H, t, 9.0 Hz), 7.34 (2H, m), 8.37 (1H, s), 10.46 (1H, s), 
12.28 (1H, s). 

EXAMPLE I-1 

5-Hydroxy-1-methanesulfonyl-4,6-dioxo-2,3,4,6,9. 
9a-hexahydro-1H-13a,8a-triaza-cyclopentabnaph 

thalene-7-carboxylic acid 4-fluoro-benzylamide 

0556) 

Chemical formula 62 

OB O 

F O 

N ) MSC H -3- 

N S N-1- 
H 

O 

48 
OB O 

F O 
N N 

H H 
-e- 

N N N-N Pd-C 
o-s 

O Me 
O 

54 

OB 

CO2H 
(COCI)2, DMF 
H 
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-continued 
OH O 

Ou c H 

N N N-1- 
V 

OS 
O YMe 

I-1 

1) To a solution of a compound 48 (140 mg 0.30 mmol) in 
pyridine (1.4 ml) were added methanesulfonyl chloride (28 
ul, 0.36 mmol), and 4-dimethylaminopyridine (cat.) at room 
temperature, and the mixture was stirred for 3 hours. After 2N 
hydrochloric acid was added, this was extracted with ethyl 
acetate, and the organic layer was washed with water, dried 
with sodium sulfate, and concentrated under reduced pres 
sure. Diisopropylether was added to crystallize the material, 
which was filtered to obtain 54 (127 mg) as a pale orange 
crystal at a yield of 78%. 
2) According to the method of Example B-117), an Example 
compound 1-1 (21 mg) was obtained at a yield of 21% from 
a compound 54 (123 mg). 
0557 melting point: 260° C. 
0558 NMR (DMSO-d) 8: 3.16 (3H, s), 3.30-4.15 (5H, 
m), 4.45 (2H, d, 5.7 Hz), 4.27 (2H, 5.36 (1H, m), 7.14 (2H, t, 
8.7 Hz), 7.33 (2H, m), 8.22 (1H, s), 10.53 (1H, s). 
0559. According to the same manner as that of Example 
I-1, an Example compound 1-2 was synthesized. 

EXAMPLE I-2 

5-Hydroxy-1-methanesulfonyl-6,10-dioxo-1,2,3,4,6, 
9.9a, 10-octahydro-1,4a,8a-triaza-anthracene-7-car 

boxylic acid 4-fluoro-benzylamide 

0560 melting point: 257.25.9°C. 
0561 NMR (DMSO-d) 8: 1.80-196 (2H, m), 3.02-3.58 
(2H, m), 3.16 (3H, s), 4.76 (2H, m), 5.56 (1H, s), 7.16 (2H, t, 
9.0 Hz), 7.35 (2H, m), 8.36 (1H, s), 10.39 (1H, s). 

EXAMPLE L-1 

5.9-Dihydroxy-6,10-dioxo-3,4,6,9.9a, 10-hexahydro 
1H-2-oxa-4a,8a-diaza-anthracene-7-carboxylic acid 

4-fluoro-benzylamide 

0562 

Chemical formula 65 
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-continued 
OA 

OB O 

F O 
N N 
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N N-NH Nu. 
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aqLiOH 
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OH 

OB O 

F O 
N N DMSO, SO3-Py, Et3N 

Her 

H 

N N -NH Nul 
O 

63 
OB O OB O 

F O F O 

N r TFA N r 
H H 
N N N O N N N O 

O OH O OH 

64 

1) According to the method of synthesizing a compound 66, a 
compound 62 (278 mg, 57%) was obtained from a compound 
13 (357 mg). 
2) According to the method of synthesizing a compound 57, a 
compound 63 (202 mg, 79%) was obtained from a compound 
62 (278 mg). 
3) To a solution of a compound 63 (200 mg. 0.403 mmol) in 
chloroform (2 ml) were added dimethyl sulfoxide (286 ul, 
4.03 mmol), and triethylamine (337 ul, 2.42 mmol), the mix 
ture was stirred for 10 minutes under ice-cooling, a Sulfur 
trioxide-pyridine complex (321 mg, 2.02 mmol) was added, 
and the mixture was stirred at room temperature for 2 hours. 
To the reaction solution was added water (3 ml), and chloro 
form was distilled off under reduced pressure, followed by 
extraction with ethyl acetate. The organic layer was washed 
with water, dried with anhydrous sodium sulfate; and the 
solvent was distilled off under reduced pressure. The crystal 

OB 

H 
N N-NH 

O 

13 
OB O 

F O OH 
N 1N1 S-1N-1 

H 
H 
N N NH 

O 

65 

L-1 

line residue was washed with ethyl acetate to obtain a com 
pound 64 (60 mg) at a yield of 30%. 
4) Using a compound 64, and according to the method of 
synthesizing Example A-1, an Example compound L-1 was 
synthesized. 
0563 NMR (DMSO-d) 8: 2.98-3.10 (1H, m), 3.38-3.60 
(2H, m), 3.80-4.20 (5H, m), 4.40-4.55 (2H, m), 5.48 (1H, 
brs), 5.85 (1H, s), 7.15 (2H, t, J=8.4 Hz), 7.33-7.37 (2H, m), 
8.45 (1H, s), 8.60 (1H, s), 10.27-10.42 (1H, m), 12.61 (1H, 
brs). 

EXAMPLE M-1 

1-Hydroxy-2,10-dioxo-2,4b,5,6,7,8,9,10-octahydro 
4a,9a-diaza-benzoaaZulene-3-carboxylic acid 

4-fluoro-benzylamide 
0564 

Chemical formula 66 

11a1n 19 HN 
WSCD 
Hs 

SO-Py 

DMSO 
His 
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-continued 
OB O 

F O O 
N 1)N-1 n-1\4 

H H 
N N NH 

O 

66 

OH 
O 

F O 
N 

H N 

's--O O 

M-1 

1) According to the method of synthesizing a compound 21, a -continued 
compound 65 (207 mg) was obtained at a yield of 24% from NHBOc 
a compound 13 (250mg). w 
2) According to the method of synthesizing a compound 64, a OB 
compound 66 (313 mg, 67%) was obtained from a compound O CO2H N 
65 (470 mg). N WSC HOBt 
3) After trifluoroacetic acid (10 ml) was added to a compound THF 
66 (100 mg 0.020 mmol), the mixture was stirred at 75°C. for 
4 hours. The solvent was distilled offunder reduced pressure, 
and this was diluted with chloroform, and added to ice water. 
This was washed with an aqueous saturated Sodium bicarbon 
ate solution, a 10% aqueous citric acid solution, and water, 
and dried with anhydrous sodium sulfate, and the solvent was 
distilled off under reduced pressure. The residue was sub 
jected to silica gel column chromatography, and fractions 
eluted with chloroform-methanol were concentrated under 
reduced pressure, and recrystallized with ethyl acetate-diiso 

1)4N HC-AcOEt 
He 

NHBoc 

propyl ether to obtain an Example compound M-1 (23 mg, 102 
16%). OB O 
0565 melting point 281-283°C. O 
0566) NMR (DMSO-d) 8: 1.43-1.52 (2H, m), 1.62-1.83 N N As 
(3H, m), 2.04-2.18 (1H, m), 2.23-2.35 (1H, m), 408-4.16 -- 
(1H, m), 4.48-4.53 (2H, m), 5.58-5.61 (1H, m), 7.11-7.20 S-Ns' AcOH 
(2H, m), 7.30-7.38 (2H, m), 8.29 (1H, s), 10.30-10.36 (1H, w 
m), 12.78 (1H, brs). 103 

NH 
EXAMPLE X-1 2 

OB O 
(R)-6-Hydroxy-5,7-dioxo-2,3,5,7,11,11a-hexahydro- F 
1H-pyrido 1,2-alpyrrolo 1,2-dipyrazine-8-carboxy- O N iPrNE CO 

lic acid 4-fluoro-benzylamide O) Pol(PPh3)4 
-e- 

N * DMSO 
0567 Br N Nw' 

104 

Chemical formula 67 OB O 

OB OB F O N N H2 

NaCO PRS 
O N SeO O N CHO NH soil N THF 

2- '''- S1n' 
BrPl acetOne 

O O N N H2O O 
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C C) 

1) Selenium dioxide (666 mg, 6.0 mmol) was added to the 
Solution of compound 2 (216 mg, 1.0 mmol) in bromoben 
Zene (2 ml). Then the mixture was heated up to 1.60° C., and 
stirred for 16 h. After celite filtration the solvent was evapo 
rate. The precipitate was purified by silica gel column chro 
matography, and fractions eluting With n-hexan/EtOAc were 
concentrated under reduced pressure to obtain compound 100 
(164 mg, 71%) as a yellow oil. 
0568 1H-NMR (CDC1) 8: 5.52 (1H, s), 6.50 (1,14, d, 
J=6.0 Hz), 7.36 (5H, m), 7.74 (1H, d, J=6.3 Hz), 9.88 (1H, s). 
2) Sulfamic acid (1.50 g. 15.4 mmol) and NaClO (1.05 g, 
11.6 mmol) was added to the solution of compound 100 (2.54 
g, 11.0 mmol) in acetone (20 ml) and water (30 ml). Then the 
mixture was stirred for 3h. The solvent was evaporated under 
reduced pressure to obtain compound 101 (2.18 mg, 80%) as 
a white solid. 

0569 1H-NMR (DMSO-d) 8: 5.11 (2H, s), 6.55 (1H, d, 
J=5.4 Hz), 7.32-7.46 (5H, m), 8.21 (1H, d, J=5.7 Hz). 
3) (R)-2-N BOC-aminomethyl pyrrolidine (391 mg, 1.95 
mmol) was added to the solution of compound 101 (400 mg. 
1.62 mmol). 
0570 1-(3-dimethylaminopropyl)-3-ethylcarbodimide 
hydrochloride (373 mg, 1.95 mmol), and 1-hydroxybenzot 
riazole (219 mg, 1.62 mmol) in THF (6 ml). After stirring for 
16h NaHCO aqueous solution was added to the mixture. The 
mixture was extracted with EtOAc, which was washed with 
NHao aqueous solution and brine. The organic phase was 
dried over MgSO4. After a filtration the solvent was removed 
under reduced pressure to obtain compound 102 (694 mg. 
100%) as a white solid. 1H-NMR (CDC1) 8: 1.46 (9H, s), 
1.56-2.14 (4H, m), 3.29 (4H, m), 4.18 (1H, m), 5.24 (1H, s), 
5.27 (1H, s), 6.46 (1H, d, J=5.7 Hz), 7.35 (5H, m), 7.69 (1H, 
d, J=5.7 Hz). 
4) The solution of compound 102 (694 mg, 1.95 mmol) in 
HC1/EtOAc (4 mol/l, 8 ml) was stirred for 30 min. The solvent 
was removed under reduced pressure, diluted with EtOH (16 
ml) then. A saturated NaHCO, aqueous solution was added to 
the solution to control pH at 9. The mixture was stirred at 50° 
C. for 2h, then diluted with water. The mixture was extracted 
with CHC1 washed with brine, and dried over MgSO. The 
Solvent was removed under reduced pressure to obtain com 
pound 103 (413 mg, 68%) as a yellow solid. 
0571 1H-NMR (CDC1) 8: 1.54-2.22 (4H, m), 3.60 (2H, 
m), 3.80 (1H, t, J=12.0 Hz), 4.18 (1H, d, J=12.0 Hz), 5.15 
(1H, d, J=9.9 Hz), 5.35 (1H, d, J=9.9 Hz), 6.71 (1H, d, J=5.4 
Hz), 7.33 (3H, m), 7.50 (1H, d, J=5.1 Hz), 7.63 (2H, d, J=7.2 
Hz). 
5) NaOAc (118 mg, 1.44 mmol) and bromine (0.234 ml, 2.62 
mmol) were added to the solution of compound 103 (408 mg, 
1.31 mmol) in acetic acid (8 ml), stirred for 30 min then. An 
aqueous solution of NaOH (2M) was added to the mixture, 
and extracted with CHCl, washed with brine, and dried over 
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NaSO. The solvent was removed under reduced pressure to 
give compound 104 (390 mg, 77%) as a white solid. 
0572 1H-NMR (CDC1) 8: 1.55-2.19 (4H, m), 3.55-4.02 
(5H, m), 5.12 (1H, d, J=9.6 Hz), 5.35 (1H, d, J=9.9 Hz), 
7.29-7.38 (3H, m), 7.61 (1H, s), 7.67 (2H, d, J=6.6 Hz). 
6) Tetrakis triphenylphosphine paradium (O) (77 mg, 0.067 
mmol) and N,N-diisopropylethylamine (0.29 ml, 1.67 mmol) 
were added to the solution of compound 104 (1.30 mg, 0.334 
mmol) in DMSO (2.6 ml) the mixture was stirred under CO 
atmosphere for 2h at 80°C. The reaction mixture was diluted 
with a saturated NHCl aqueous solution, extracted with 
EtOAc then. And the organic phase was washed with brine, 
and dried over NaSO. The precipitate was purified by silica 
gel column chromatography, and fractions eluting with 
MeOH/EtOAc were concentrated under reduced pressure to 
obtain compound 105 (115 mg, 75%) as a white oil. 1H-NMR 
(CDC1) 8: 1.56-2.33 (4H, m), 3.66 (2H, m), 3.90 (2H, m), 
4.19 (1H, s), 4.66 (2H, m), 5.20 (1H, d, J=9.9 Hz), 5.37 (1H, 
d, J=9.9 Hz), 7.00 (2H, t, J=8.7 Hz), 7.33 (5H, m), 7.61 (2H, 
m), 8.39 (1H, m), 10.50 (1H, s). 
7) A mixture of compound 105 (11.1 mg 0.241 mmol) and 
paradium-carbon (10%, 22 mg) in THF (8 ml) and MeOH (2 
ml) was stirred under hydrogen atmosphere for 3h. After 
celite filtration the solvent was removed under reduced pres 
sure to give the example X-1 (57 mg, 64%) as a white solid. 
0573 Melting point: 274° C. 
0574) 1H-NMR (DMSO-d) 8: 1.56-2.25 (4H, m), 3.48 
3.65 (2H, m), 4.01 (2H, m), 4.51 (2H, d, J=5.7 Hz), 4.71 (1H, 
d, J=9.9 Hz, 7.14 (2H, t, J=9.0 Hz), 7.33 (2H, dd, J=5.7, 8,7 
Hz), 8.41 (1H, s), 10.44 (1H, t, J=6.0 Hz), 12.18 (1H, s). 
0575. The following compounds were synthesized using 
the similar method. 

EXAMPLE X-2 

(R)-6-Hydroxy-5,7-dioxo-2,3,5,7,11,11a-hexahydro 
1H-pyrido 1,2-alpyrrolo 1,2-dipyrazine-8-carboxy 

lic acid 2,4-difluoro-benzylamide 
0576 Melting point: 300° C. 
0577 1H-NMR(DMSO-d) 8: 1.03-2.20 (4H, m), 3.39-3. 
66 (2H, m), 4.02 (2H, m), 4.54 (2H, d, J=6.0Hz), 4.71 (1H, d, 
J=9.9 Hz), 7.06 (1H, m), 7.23 (1H, m), 7.38 (1H, m), 8.41 
(1H, s), 10.43 (1H, t, J-6.0 Hz), 12.19 (1H, s). 

EXAMPLEX-3 

(R)-6-Hydroxy-5,7-dioxo-2,3,5,7,11,11a-hexahydro 
1H-pyrido 1,2-alpyrrolo 1,2-dipyrazine-8-carboxy 

lic acid 3-chloro-2-fluoro-benzylamide 
(0578 Melting point: 304°C. 
0579 1H-NMR (DMSO-d) 8: 3.44-3.66 (2H, m), 4.01 
(2H, m), 4.61 (2H, d. J=5.4 Hz), 1.70 (1H, d, J=9.0 Hz), 7.20 
(1H, m), 7.31 (1H, m), 7.49 (1H, m), 8.41 (1H, s), 10.49 (1H, 
t, J=5.7 Hz), 12.20 (1H, s). 

EXAMPLE X-4 

1-Hydroxy-2,9-dioxo-2,5,6,7,8,9,10,10a-octahydro 
4a.8a-diaza-anthracene-3-carboxylic acid 4-fluoro 

benzylamide 

0580 Melting point: 259° C. 
0581 1H-NMR (DMSO-d) 8: 1.33-1.79 (6H, m), 2.51 
(1H, m), 3.88 (1H, m), 4.12 (1H, dd, J=9.3, 14.1 Hz), 4.38 
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EXAMPLEY-15 

(2R,9aS)-5-Hydroxy-2-methyl-6,10-dioxo-3,4,6,9. 
9a, 10-hexahydro-2H-1-Oxa-4a,8a-diaza-anthracene 

7-carboxylic acid 2,4-difluoro-benzylamide 

EXAMPLEY-16 

(2S,9aR)-5-Hydroxy-2-methyl-6,10-dioxo-3,4,6,9. 
9a, 10-hexahydro-2H-1-Oxa-4a,8a-diaza-anthracene 

7-carboxylic acid 2,4-difluoro-benzylamide 

0591 1H-NMR (DMSO-d6) 8: 1.14 (3H, d, J=6.0 Hz), 
1.38 (1H, m), 175 (1H, d, J=13.8 Hz), 3.18-3.29 (1H, m), 
3.95-4.06 (1H, m), 4.42-4.58 (3H, m), 4.54 (2H, d. J–5.7 Hz), 
5.30 (1H, t, J=3.9 Hz), 7.03-7.10 (1H, m), 7.20-7.29 (1H, m), 
7.35-7.44 (1H, m), 8.50 (1H, s), 10.35 (1H, t, J=5.7 Hz), 12.48 
(1H, s). 

EXAMPLEY-17 

(2S,9aR)-5-Hydroxy-2-methyl-6,10-dioxo-3,4,6,9. 
9a, 10-hexahydro-2H-1-Oxa-4a,8a-diaza-anthracene 

7-carboxylic acid 4-fluoro-benzylamide 

EXAMPLEY-18 

(2R,9aS)-5-Hydroxy-2-methyl-6,10-dioxo-3,4,6,9. 
9a, 10-hexahydro-2H-1-Oxa-4a,8a-diaza-anthracene 

7-carboxylic acid 4-fluoro-benzylamide 

0592 1H-NMR (DMSO-d6) 8: 1.15 (3H, d, J=6.0 Hz), 
1.35-1.50 (1H, m), 1.75 (1H, d, J=12.9 Hz), 3.23 (1H, td, 
J=13.0, 2.8 Hz), 3.95-4.03 (1H, m), 4.41-4.59 (8H, 4.52 (2H, 
d, J=6.0 Hz), 5.30 (1H, t, J=3.9 Hz), 7.12-7.19 (2H, m), 
7.32-7.38 (2H, m), 8.52(1H, s), 10.36 (1H, t, J=6.0 Hz), 12.48 
(1H, s). 
0593 Corresponding amino-alcohol derivatives used in 
syntheses of Y-1 to Y-18 were prepared as optically pure 
version using methods similar to those described in the fol 
lowing reports. 
0594 3-Amino-2-methyl-propan-1-ol, and 4-Amino-bu 
tan-2-ol were prepared according to the method of Russell A. 
Barrow (J. Am. Chem. Soc. 1995, 117, 2479-2490). 
0595 3-Amino-butan-1-ol were prepared according to the 
method of P. Besse (Tetrahedron Asymmetry 10(1999) 2213 
2224). 
0596) 1-Amino-pentan-3-ol, 1-Amino-4-methyl-pentan 
3-ol, 4-Amino-1-methoxy-butan-2-ol, and 3-Amino-1-phe 
nyl-propan-1-ol were prepared according to the method 
described in the following literatures, U.S. Pat. Appl. Publ., 
2004 133029, 8 Jul. 2004, PCT Int. Appl., 2002012 173, 14 
Feb. 2002. 
0597 All examples below consist of >95% ee and >6:1 
diastereomeric purity unless indicated otherwise. The com 
pounds shown in table ZZ consist of mixtures of diastere 
omers at the depicted stereocenter in ratios of 1:1 to >10:1. 
Stereocenters that were formed during the process below 
have been assigned using NMR techniques well know in the 
art (1D and 2D) method) and/or using vibrational circular 
dichroism techniques, Stereochemical assignment determi 
nations were performed on representative examples and 
closely related compounds were assigned by analogy in some 
cases. The schemes below are meant to be general guidance to 
how examples were synthesized. It will be possible that one 
skilled in the art may rearrange the order of steps or change 
substituents to apply the method described below and in the 
examples to construct compounds of the general formula. 
Additional methods known to those skilled in the art or com 
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monly present in the literature may also be applied to perform 
similar transformations and arriving at the same compounds 
of the general formula or amino alcohol and diamino precur 
SOS. 

Chemical formula 68 

OH O HN 
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Chemical formula 73 
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a) (4aR.13aS) N-(2,4-Difluorophenyl)methyl-9, 
11-dioxo-10-(phenylmethyl)oxy-2,3,4a,5.9,11,13. 
13a-octahydro-1H-pyrido 1,2-alpyrrolo1'.2:34 

imidazol-2-dpyrazine-8-carboxamide 

0602. A solution of 16a (24 mg. 0.05 mmol), (2S)-2- 
pyrrolidinylmethylamine (0.1 mL) and 2 drops of glacial 
acetic acid were heated under microwave conditions at 140° 
C. for 10 min. Upon cooling, Celite was added to the mixture 
and the Solvents removed in vacuo and the material was 
purified via silica gel chromatography (2% CH-OH/CH.Cl 
gradient elution) to give (4aR.13aS) N-(2,4-difluorophe 
nyl)methyl-9,11-dioxo-10-(phenylmethyl)oxy-2,3,4a,5.9, 
11,13,13a-octahydro-1H-pyrido 1,2-alpyrrolo1'.2:3.4imi 
dazo[1,2-dpyrazine-8-carboxamide (19 mg, 71%) as a white 
solid. "H NMR (CDC1) & 10.41 (m, 1H), 8.38 (s, 1H), 7.56 
(m. 2H), 7.38-7.24 (m, 4H), 6.80 (m, 2H), 5.38 (d. J=9.6 Hz, 
1H), 5.10 (d. J=10.0 Hz, 1H), 4.62 (m,2H), 4.40 (m, 1H), 4.25 
(dd, J=12.0, 6.8 Hz, 1H), 4.10 (d. J=12.8 Hz, 1H), 3.83 (m, 
1H), 3.71 (m, 1H), 3.14-3.04 (m,2H), 2.78 (m, 1H), 2.11-1.58 
(m, 4H); ESMS: 521 (M+1). 

b) (4aR.13aS) N-(2,4-Difluorophenyl)methyl-10 
hydroxy-9,11-dioxo-2,3,4a,5.9,11,13,13a-octahydro 

1H-pyrido 1,2-alpyrrolo1'.2:3.4imidazo[1,2-d 
pyrazine-8-carboxamide 

0603 To a solution of (4aR.13aS) N-(2,4-difluorophe 
nyl)methyl-9,11-dioxo-10-(phenylmethyl)oxy-2,3,4a,5.9, 
11,13,13a-octahydro-1H-pyrido1,2-alpyrrolo1'2':3.4Jimi 
dazo[1.2dpyrazine-8-carboxamide (19 mg 0.04 mmol) in 
methanol (8 mL) was added 10% Pd/C (10 mg). Hydrogen 
was bubbled through the reaction mixture via a balloon for 2 
h. The resultant mixture was filtered through Celite with 
methanol and dichloromethane. The filtrate was concentrated 
in-vacuo to give the title compound (6 mg, 38%) as a white 
solid. "H NMR (CDC1) & 11.78 (m. 1H), 10.36 (m. 1H), 8.31 
(s, 1H), 7.33 (m. 1H), 6.78 (m, 2H), 4.62 (m, 2H), 4.50 (m, 
1H), 4.27-4.19 (m, 2H), 3.87-3.77 (m, 2H), 3.16-3.08 (m, 
2H), 2.33 (m. 1H), 2.11-1.65 (m, 4H): ES" MS: 481 (M+1). 

EXAMPLE Z-3 

(3aS, 13 aS) N-(2,4-Difluorophenyl)methyl-8- 
hydroxy-7,9-dioxo-1,2,3,3a,9,13,13a-decahydropy 
rido1'.2:4.5 pyrazino 1,2-alpyrrolo 1.2-cpyrimi 

dine-10-carboxamide 

0604 
OH O 

F O N N 

S N 
H 

F O 

a) N BOC-(2S)-2-(Hydroxymethyl)-1-pyrrolidine 

0605) To a solution of N BOC-L-proline (4.17 g. 19.4 
mmol) in THF (40 mL) at 0°C. was added BH-THF (21.4 
mL, 1 Min THF, 21.4 mmol) dropwise. The bath was removed 
and the resultant Solution stirred at; room temperature for 2 h. 
Methanol was added to quench the mixture and the solvents 
were removed in vacuo. The residue was taken up in ethyl 
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acetate and washed with sodium bicarbonate and brine. The 
aqueous layers were extracted twice with ethyl acetate. The 
combined organics were dried over NaSO filtered and con 
centrated to give N BOC-(2S)-2-(hydroxymethyl)-1-pyrro 
lidine (3.82 g., 98%) as a clear oil. This material was used 
without further purification. "H NMR (CDC1) & 3.94 (m, 
1H), 3.62 (dd, J=11.2, 3.2 Hz, 1H), 3.56 (dd, J=10.8, 7.2 Hz, 
1H), 3.44 (m. 1H), 3.29 (m, 1H), 2.62 (br. 1H), 1.98 (m. 1H), 
1.85-1.72 (m, 2H), 1.58 (m. 1H). 

b) N BOC-(2S)-2-((4-Methylphenyl)sulfonyl 
oxymethyl)-1-pyrrolidine 

0606. To a cold (0° C.) solution of N BOC-(2S)-2-(hy 
droxymethyl)-1-pyrrolidine (350 mg, 1.74 mmol) in dichlo 
romethane (20 mL) was added triethylamine (0.29 mL, 2.08 
mmol), and toluenesulfonyl chloride (398 mg, 2.08 mmol). 
N,N-dimethylaminopyridine (70 mg) was added and the 
resultant solution was allowed to warm to rt as the bath 
warmed and stirred for 4 h. Water was added and the layers 
separated. The aqueous layer was washed with sodium bicar 
bonate and then with brine. The combined organics were 
dried over NaSO filtered and concentrated followed by 
flash chromatography purification to give N BOC-(2S)-2- 
({(4-methylphenyl)sulfonyloxymethyl)-1-pyrrolidine 
(460 mg, 75%) as a clear oil. "H NMR exists as rotomers 
(CDC1) & 7.77 (d. 2H), 7.33 (m, 2H), 4.08 (m. 1H), 3.97-3.88 
(m. 1H), 3.35-3.25 (m, 2H), 2.43 (s.3H), 1.95-1.79 (m, 4H), 
1.40 and 1.35 (s, 9H rotomeric BOC t-butyl). 

c) N BOC-(2S)-2-Cyano-1-pyrrolidine 
0607. A mixture ofN BOC-(2S)-2-({(4-methylphenyl) 
sulfonyloxymethyl)-1-pyrrolidine (460 mg, 1.29 mmol) 
and KCN (256 mg, 3.88 mmol) were heated at 90° C. in 
DMSO (10 mL) for 6.5 h. The mixture was cooled to room 
temperature and EtOAc and water were added. The organics 
were washed with water twice and then with brine. The aque 
ous layers were extracted with EtOAc and the combined 
organics dried over NaSO filtered and concentrated fol 
lowed by flash chromatography purification to give 
N BOC-(2S)-2-cyano-1-pyrrolidine (179 mg. 66%) as an 
oil. "H NMR exists as rotomers (CDC1) & 3.99 (m. 1H), 
3.43-3.37 (m, 2H), 2.83-2.51 (m, 2H), 2.17-1.83 (m, 4H), 
1.46 and 1.44 (s, 9H rotomeric BOC t-butyl). 

d) N BOC-(2S)-2-(2-Aminoethyl)-1-pyrrolidine 
0608. A solution of N BOC-(2S)-2-cyano-1-pyrrolidine 
(179 mg, 0.85 mmol) in ethanol saturated with anhydrous 
ammonia was treated with Raney-Ni (1 mL of 50% aq. Sus 
pension) and 50 psi of H overnight. The mixture was filtered 
through Celite and the filtrate was concentrated in vacuo. The 
residue was purified by flash chromatography (10% CH-OH/ 
CHCl with 1% NH-OH gradient elution) through a short 
plug of silica gel to give N BOC-(2S)-2-(2-aminoethyl)-1- 
pyrrolidine (90 mg, 50%) as a clear oil. H NMR exists as 
rotomers (CDC1) & 3.88-3.77 (m. 1H), 3.33-3.24 (m, 2H), 
2.66 (m, 2H), 1.89-1.54 (m, 6H), 1.40 (s.9H). 

e) {2-(2S)-2-Pyrrolidinylethylamine 
0609. A solution of N BOC-(2S)-2-(2-aminoethyl)-1- 
pyrrolidine (90 mg, 0.42 mmol) in THF mL) was treated with 
4 NHCl (aq) mL) and stirred at room temperature for 3 h. The 
mixture was concentrated in vacuo to give the title compound 
as its HCl salt. A portion of this material (40 mg) was dis 
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dioxo-2-phenyl-2,3,5,7,11,11a-hexahydro1.3oxazolo 3.2- 
apyrido 1.2-cpyrazine-8-carboxamide (25 mg, 91%) as a 
white solid. This material is a single diastereomer (>6:1 dias 
tereomeric ratio but unconfirmed relative stereochemistry at 
the aminal center). H NMR (CDC1/CDOD) & 10.28 (m, 
1H), 8.38 (s, 1H), 7.10-7.30 (m, 6H), 6.78 (m, 2H), 5.70 (d. 
J=7.6 Hz, 1H), 5.36 (d. J=5.2 Hz, 1H), 4.82 (m, 1H), 4.61 (m, 
2H), 4.47 (d. J=10.4 Hz, 1H), 4.00 (apparent t, J–10.4 Hz, 
1H), 0.94 (d. J=6.4 Hz, 3H); ES" MS: 482 (M+1). 

EXAMPLE Z-16 

(3R,11aS) N-(2,4-Difluorophenyl)methyl-6-hy 
droxy-5,7-dioxo-3-(phenylmethyl)-2,3,5,7,11,11a 
hexahydro1.3oxazolo3.2-alpyrido 1,2-dipyrazine 

8-carboxamide 

0640 

F O 

0641. The title compound was made in two steps using a 
similar process to that described in example Z-2. 16a (34 mg. 
0.07 mmol) and (2R)-2-amino-3-phenyl-1-propanol (D-phe 
nylalaninol) (50 mg, 0.33 mmol) were reacted in dichlo 
romethane (2 mL) with acetic acid to give (3R,11aS) N-(2, 
4-difluorophenyl)methyl-5,7-dioxo-3-(phenylmethyl)-6- 
(phenylmethyl)oxy-2,3,5,7,11,11a-hexahydro1.3oxazolo 
3.2-alpyrido 1,2-alpyrazine-8-carboxamide (29 mg, 70%). 
This material was hydrogenated in a second step as described 
in example Z-2 to give (3R,11aS) N-(2,4-Difluorophenyl) 
methyl-6-hydroxy-5,7-dioxo-3-(phenylmethyl)-2,3,5,7,11, 
11a-hexahydro1.3oxazolo 3.2-alpyrido 1,2-dpyrazine-8- 
carboxamide (24 mg. 98%) as a white solid. "H NMR 
(CDC1) & 11.46 (br. 1H), 10.27 (m. 1H), 8.33 (m. 1H), 
7.32-7.16 (m, 6H), 6.78 (m, 2H), 5.02 (m. 1H), 4.61 (m,3H), 
4.39 (m. 1H), 4.22 (m, 1H), 3.95 (m, 1H), 3.87(m. 1H), 3.36 
(m. 1H), 2.97 (dd, J=13.28.8 Hz, 1H); ESMS: 482 (M+1). 

EXAMPLE Z-17 

(3R,11aS) N-(2,4-Difluorophenyl)methyl-6-hy 
droxy-3-(2-methylpropyl)-5,7-dioxo-2,3,5,7,11,11a 
hexahydro1.3oxazolo3.2-alpyrido 1,2-dipyrazine 

8-carboxamide 

0642 

OH O - 
F O s 

N N 

N S No 

F O 

0643. The title compound was made in two steps using a 
similar process to that described in example Z-2. 16a (32 mg, 
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0.07 mmol) and (2R)-2-amino-4-methyl-1-pentanol (0.1 mL) 
were reacted in dichloromethane (2 mL) with acetic acid to 
give (3R,11aS) N-(2,4-difluorophenyl)methyl-3-(2-me 
thylpropyl)-5,7-dioxo-6-phenylmethyl)oxy-2,3,5,7,11, 
11a-hexahydro1.3oxazolo 3.2-alpyrido 1,2-dpyrazine-8- 
carboxamide (43 mg, 99%). This material was hydrogenated 
in a second step as described in example Z-2 to give (3R, 
11aS) N-(2,4-Difluorophenyl)methyl-6-hydroxy-3-(2- 
methylpropyl)-5,7-dioxo-2,3,5,7,11,11a-hexahydro1.3ox 
aZolo3.2-alpyrido 1,2-dipyrazine-8-carboxamide (32 mg, 
90%) as a white solid. "H NMR (CDC1) & 11.47 (br. 1H), 
10.29 (m, 1H), 8.35 (s, 1H), 7.39 (m. 1H), 6.80 (m, 2H), 5.31 
(m. 1H), 4.62 (m. 2H), 4.44 (m. 2H), 4.37 (m. 1H), 3.88 (m, 
1H), 3.84 (dd, J=8.0, 5.6 Hz, 1H), 2.04 (m. 1H), 1.62 (m. 1H), 
1.41 (m. 1H), 1.00 (d. 5.6 Hz, 3H), 0.99 (d. J=6.0 Hz, 3H): 
ES" MS: 448 (M+1). 

EXAMPLE Z-18 

(5aR, 14aR) N-(2,4-Difluorophenyl)methyl-11 
hydroxy-10,12-dioxo-1,2,3,4,5a,6,10,12,14, 14a 

decahydropyrido 1,2-alpyrido1'.2:3.4imidazo 1,2- 
dpyrazine-9-carboxamide 

0644 
OH O 

F O N 

H 

N N Nulls 

a) 1,1-Dimethylethyl 
(2R)-2-(aminocarbonyl)-1-piperidinecarboxylate 

(0645. To a cold (0°C.) solution of (2R)-1-(1,1-dimeth 
ylethyl)oxylcarbonyl)-2-piperidinecarboxylic acid (1.0 g, 
4.36 mmol) in THF (20 mL) was added triethylamine (0.60 
mL, 4.36 mmol) followed by slow addition of methyl chlo 
roformate (0.34 mL, 4.36 mmol). After a few minutes a sus 
pension had formed. To this mixture was added concentrated 
NHOH (1.5 mL) and the solution was allowed to warm to rt 
as the bath warmed and stirred for a total of 4 h. The mixture 
was concentrated in vacuo and the residue was taken up in 
EtOAc. The organic layer was washed with citric acid, bicard 
and then brine, dried over NaSO Filtration and concentra 
tion gave 1,1-dimethylethyl (2R)-2-(aminocarbonyl)-1-pip 
eridinecarboxylate (1.0g.99%). "HNMR (CDC1) & 6.03 (br. 
1H), 5.45 (br. 1H), 4.77 (br. 1H), 4.06 (br. 1H), 2.82 (m. 1H), 
2.29 (m. 1H), 1.67-1.43 (m, 13H). 

b) 1,1-Dimethylethyl 
(2R)-2-cyano-1-piperidinecarboxylate 

0646 To a cold (0°C.) solution of 1,1-dimethylethyl (2R)- 
2-(aminocarbonyl)-1-piperidinecarboxylate (269 mg, 1.17 
mmol) in THF (10 mL) was added triethylamine (0.33 mL, 
2.34 mmol) and then trifluoroacetic anhydride (0.17 mL, 1.17 
mmol). The mixture was stirred at 0°C. for 1 h and concen 
trated in vacuo. The residue was taken up in EtOAc and 
washed successively with sodium bicarbonate, 0.5 NHCl and 
brine. The organics were dried over NaSO, filtered and 
concentrated to give 1,1-dimethylethyl (2R)-2-cyano-1-pip 
eridinecarboxylate (255 mg. 99%) as a crystalline solid upon 
standing. "H NMR (CDC1) & 5.23 (br. 1H), 4.05 (br. 1H), 
2.93 (br. 1H), 1.93-1.39 (m, 6H), 1.46 (s, 9H). 
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EXAMPLE Z-28 

(3S,11aR) N-(2,4-Difluorophenyl)methyl-6-hy 
droxy-3-(1H-indol-3-ylmethyl)-5,7-dioxo-2,3,5,7,11, 
11a-hexahydro1.3oxazolo 3.2-alpyrido 1,2-dipyra 

Zine-8-carboxamide 

0666 

H 

W N 
OH O 

F O 
n N 

H 

N N N-so 
H 

F O 

0667 The title compound was made in two steps using a 
similar process to that described in example Z-1. 16a (4.3 mg, 
0.09 mmol) and (2S)-2-amino-3-(1H-indol-3-yl)-1-propanol 
(100 mg. 0.52 mmol) were reacted in 1,2-dichloroethane (5 
mL) with acetic acid to give (3S,11aR) N-(2,4-difluo 
rophenyl)methyl-3-(1H-indol-3-ylmethyl)-5,7-dioxo-6- 
(phenylmethyl)oxy-2,3,5,7,11,11a-hexahydro1.3oxazolo 
3.2-alpyrido 1,2-dipyrazine-8-carboxamide (36 mg, 64%). 
This material was hydrogenated in a second step as described 
in example Z-1 to give (8S, 11aR) N-(2,4-Difluorophenyl) 
methyl-6-hydroxy-3-(1H-indol-3-ylmethyl)-5,7-dioxo-2.3, 
5,7,11,11a-hexahydro1.3oxazolo 3.2-alpyrido 1,2-dpyra 
zine-8-carboxamide (29 mg.95%) as a white solid. "H NMR 
(CDC1/CDOD)) & 10.34 (m, 1H), 8.98 (br. 1H), 8.24 (s, 
1H), 7.58 (d. J=8.0 Hz, 1H), 7.32 (m, 2H), 7.15-7.01 (m,3H), 
6.78 (m, 2H), 4.94 (d. J=6.8 Hz, 1H), 4.71 (d. J=5.6 Hz, 1H), 
4.59 (m, 2H), 4.35 (d. J=10.4 Hz, 1H), 4.22 (m, 1H), 3.99 (m, 
1H), 3.81 (m, 1H), 3.40 (dd, J=13.6, 11.6 Hz, 1H), 3.18 (dd. 
J=14.0, 8.4. Hz, 1H); ES" MS: 521 (M+1). 

EXAMPLE Z-29 

(4R,12aR) N-(4-fluorophenyl)methyl-7-hydroxy 
4-methyl-1-(2-methylpropyl)-6,8-dioxo-1,2,3,4,6,8. 
12.12a-octahydropyrido1'.2:45pyrazino 1,2-a 

pyrimidine-9-carboxamide 
0668 

OH O E 

F O N N 

N YN 
H 

O 

a) (2R)-2-({(1,1-Dimethylethyl)oxy 
carbonyl)amino)propyl methanesulfonate 

0669 To a stirred solution of 1,1-dimethylethyl (1R)-2- 
hydroxy-1-methylethylcarbamate (5.00 g, 28.5 mmol) and 

65 
Jul. 21, 2016 

triethylamine (5.92 mL, 42.9 mmol) in CHCl (30 mL) 
cooled to 0°C. and under a nitrogen atmosphere was added 
dropwise a solution of methanesulfonyl chloride (2.43 mL, 
31.5 mmol) in CHCl (25 mL), Stirring was continued for 20 
minutes at 0°C., after which time the reaction was judged 
complete by TLCanalysis (1:1 hexanes/EtOAc). The solution 
was poured into water and the layers were separated. The 
organic phase was washed with 0.1 NHCl and then with 5% 
NaHCO, dried over NaSO, filtered and concentrated to 
give (2R)-2-({(1,1-dimethylethyl)oxycarbonyl)amino) 
propyl methanesulfonate (7.08 g., 98%) as a white solid. "H 
NMR (400 MHz, CDC1) & 1.23 (d. J=6.8 Hz, 3H), 1.44 (s, 
9H), 3.03 (s.3H), 3.97 (m, 1H), 4.15 (dd, J–4.2, 9.8 Hz, 1H), 
4.21 (m. 1H), 4.61 (brs, 1H). 

b) 1,1-Dimethylethyl 
(1R)-2-cyano-1-methylethylcarbamate 

0670. To a stirred solution of (2R)-2-({(1,1-dimethyl 
ethyl)oxylcarbonyl)amino)propyl methanesulfonate (7.08 g. 
27.9 mmol) in DMSO (50 mL) was added NaCN (3.78g, 84.0 
mmol). The solution was stirred at 70° C. for 2 hours, over 
which time the formation of a precipitate was observed. After 
cooling at room temperature, water was added and the mix 
ture was extracted with EtO. The ethereal layers were 
washed with a brine solution, dried over NaSO filtered and 
concentrated to give 1,1-dimethylethyl (1R)-2-cyano-1-me 
thylethylcarbamate (3.81 g, 73%) as a pale yellow solid. "H 
NMR (400 MHz, CDC1,) & 1.30 (d. J=6.8 Hz, 3H), 1.42 (s, 
9H), 2.51 (dd, J=3.8, 16.6 Hz, 1H), 2.73 (m. 1H), 3.93 (m, 
1H), 4.63 (brs, 1H). 

c) 1,1-Dimethylethyl 
(1R)-3-amino-1-methylpropylcarbamate 

0671. A solution of 1,1-dimethylethyl (1R)-2-cyano-1- 
methylethylcarbamate (1.30 g, 7.1 mmol) in ethanol satu 
rated with anhydrous ammonia was treated with Raney-Ni 
(1.5 mL of 50% aq. Suspension) and 55 psi of H overnight. 
The mixture was filtered through Celite and the filtrate was 
concentrated in vacuo. The residue was purified by flash 
chromatography (80:19:1 CHCl/MeoH/NHOH (37%) 
gradient elution) through a short plug of silica gel to give 
1,1-dimethylethyl (1R)-3-amino-1-methylpropylcarbam 
ate (1.37 g, 100%) as a clear oil that solidified. "H NMR (400 
MHz, CDC1) & 1.4 (d. J=6.8 Hz, 3H), 1.43-1.62 (m. 13H), 
2.76 (m, 2H), 3.77 (m, 1H), 4.57 (m. 1H). 

d) 1,1-Dimethylethyl (1R)-1-methyl-3-(2-methyl 
propyl)aminolpropylcarbamate 

0672 1,1-dimethylethyl (1R)-3-amino-1-methylpropyl 
carbamate (0.320 g, 1.70 mmol), isobutyraldehyde (150 uL. 
1.62 mmol), and sodium triacetoxyborohydride (0.512 g, 
2.42 mmol) were stirred in anhydrous dichloroethane (10 
mL) at ambient temperature overnight. The reaction was 
quenched by the addition of saturated NaHCO and then 
extracted with dichloromethane. The combined extracts were 
washed with water, dried over NaSO filtered and concen 
trated. The residue was purified by flash chromatography 
(80:19:1 CHC1/MeOH/NHOH (37%) gradient elution) 
through a short plug of silica gel to afford 1,1-dimethylethyl 
{(1R)-1-methyl-3-(2-methylpropyl)amino 
propylcarbamate (0.158g, 40%) as a clear oil. "HNMR (400 
MHz, CDC1) & 0.90 (d. J=6.4 Hz, 6H), 1.13 (d. J=6.4 Hz, 
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EtO. The ethereal layers were washed with a brine solution, 
dried over NaSO, filtered and concentrated to give 1,1- 
dimethylethyl (1S)-2-cyano-1-methylethylcarbamate (5.37 
g, 88%) as a pale yellow solid. "H NMR (400 MHz, CDC1) 
& 1.32 (d. J=6.8 Hz, 3H), 1.44 (s, 9H), 2.52 (dd, J=4.0, 16.4 
HZ, 1H), 2.74 (m, 1H), 3.95 (m. 1H), 4.65 (brs, 1H). 

b) (3S)-3-Aminobutyl (2-methylpropyl)amine 
dihydrochloride 

0680 was prepared in a similar manner as described in 
example Z-29. "H NMR (400 MHz, CDC1/CDOD) 8 0.99 
(m, 6H), 1.34 (m, 3H), 2.13-2.27 (m,3H), 2.76 (m, 2H), 3.07 
(m. 2H), 3.47 (m. 1H), 8.22 (m, 1H), 8.83 (m, <1H). 

c) (4S, 12aS) N-(2,4-Difluorophenyl)methyl-7- 
hydroxy-4-methyl-1-(2-methylpropyl)-6,8-dioxo-1,2, 
3,4,6,8,12,12a-octahydropyrido1'2":45pyrazino1, 

2-alpyrimidine-9-carboxamide 

0681. The title compound was made in two steps using a 
similar process to that described in example Z-2. 16a (80 mg. 
0.17 mmol) and free based (3S)-3-aminobutyl (2-methyl 
propyl)amine (107 mg, 0.74 mmol) were reacted in dichlo 
romethane (2 with acetic acid to give (4S.12aS) N-(2,4- 
difluorophenyl)methyl-4-methyl-1-(2-methylpropyl)-6.8- 
dioxo-7-(phenylmethyl)oxyl-1,2,3,4,6,8,12,12a 
octahydropyrido1'.2:4.5 pyrazino 1,2-alpyrimidine-9- 
carboxamide (76 mg, 76%) as a film. This material was 
hydrogenated in a second step as described in example Z-2 to 
give (4S.12aS) N-(2,4-difluorophenyl)methyl-7-hy 
droxy-4-methyl-1-(2-methylpropyl)-6,8-dioxo-1,2,3,4,6,8. 
12.12a-octahydropyrido1'2":4.5 pyrazino 1,2-alpyrimi 
dine-9-carboxamide (39 mg, 80%) as an off-white solid. "H 
NMR (400 MHz, CDC1) & 0.76 (d. J=6.4 Hz, 3H), 0.84 (d. 
J=6.4 Hz, 3H), 1.32 (d. J–7.2 Hz, 3H), 1.45-1.50 (m, 1H), 
1.60-1.69 (m, 1H), 2.03-2:12 (m, 2H), 2.21-2.27 (m. 1H), 
2.73-2.79 (m. 1H), 2.87-2.93 (m, 1H), 4.16-4.25 (m, 2H), 
4.45 (s, 1H), 4.57-4.68 (m, 2H), 4.96-5.01 (m, 1H), 6.75-6.82 
(m. 2H), 7.32-7.38 (m, 1H), 8.26 (s, 1H), 10.45 (s, 1H), 12.56 
(s, 1H); ESMS: 475 (M+1). 

EXAMPLE Z-32 

(4S, 12aS)-1-(Cyclopropylmethyl)-N-(2,4-difluo 
rophenyl)methyl-7-hydroxy-4-methyl-6,8-dioxo-1, 
2,3,4,6,8,12,12a-octahydropyrido1'.2:4.5 pyrazino 

1.2-alpyrimidine-9-carboxamide 

0682 

OH O 

F O N N 

N 
N N - 

H 
F O 
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a) 1,1-Dimethylethyl (1S)-3-(cyclopropylmethyl) 
aminol-1-methylpropylcarbamate 

0683 
fied procedure as described in example Z-29. 1,1-dimethyl 
ethyl (1S)-3-amino-1-methylpropylcarbamate (0.293 g, 
1.56 mmol), cyclopropane carboxaldehyde (96 uL, 1.30 
mmol), and sodium triacetoxyborohydride (0.439 g, 2.07 
mmol) were stirred in a 1:1 mixture of anhydrous dichloro 
ethane and tetrahydrofuran (10 mL) at ambient temperature 
overnight. The reaction was quenched by the addition of 
saturated NaHCO and then extracted with EtOAc. The com 
bined extracts were washed with saturated NaHCO, then a 
solution of brine, dried over NaSO filtered and concen 
trated. The residue was purified by flash chromatography 
(80:19:1 CHC1/MeOH/NHOH (37%) gradient elution) 
through a short plug of silica gel to afford 1,1-dimethylethyl 
{(1S)-3-(cyclopropylmethyl)amino)-1- 
methylpropylcarbamate (76 mg, 26%) as a clear oil. "H 
NMR (400 MHz, CDC1,) & 0.09-0.13 (m, 2H), 0.44-0.49 (m, 
2H), 0.92-0.95 (m. 1H), 1.14 (d. J=6.4 Hz, 3H), 1.43-1.70 (m, 
12H), 2.38-2.50 (m, 2H), 2.62-2.73 (m, 2H), 3.74 (m, 1H), 
4.88 (m. 1H). 

The protected diamine was prepared using a modi 

b) (3S)-3-Aminobutyl (cyclopropylmethyl)amine 
dihydrochloride 

0684 was prepared in a similar manner as described in 
example Z-29. "H NMR (400 MHz, CDC1/CDOD) 8 0.40 
(m. 2H), 0.64 (m, 2H), 1.15 (m, 1H), 1.34 (m, 3H), 2.12-2.25 
(m. 2H), 2.82 (m, 2H), 3.08 (m, 2H), 3.47 (m, 1H), 8.25 (br. 
<1H), 9.04 (br, <1H). 

c) (4S, 12aS)-1-(Cyclopropylmethyl)-N-(2,4-difluo 
rophenyl)methyl-7-hydroxy-4-methyl-6,8-dioxo-1, 
2,3,4,6,8,12,12a-octahydropyrido1'2':4.5 pyrazino 

1,2-alpyrimidine-9-carboxamide 

0685. The title compound was made in two steps using a 
similar process to that described in example Z-2. 16a (50 mg. 
0.106 mmol) and free based (3S)-3-aminobutyl (cyclopro 
pylmethyl)amine (44 mg. 0.31 mmol) were reacted in dichlo 
romethane (2 mL) with acetic acid to give (4S, 12aS)-1-(cy 
clopropylmethyl)-N-(2,4-difluorophenyl)methyl-4- 
methyl-6,8-dioxo-7-(phenylmethyl)oxyl-1,2,3,4,6,8,12. 
12a-octahydropyrido1'.2:4.5 pyrazino 1,2-alpyrimidine-9- 
carboxamide (50 mg, 83%) as a film. This material was 
hydrogenated in a second step as described in example Z-2 to 
give (4S, 12aS)-1-(cyclopropylmethyl)-N-(2,4-difluorophe 
nyl)methyl-7-hydroxy-4-methyl-6,8-dioxo-1,2,3,4,6,8,12. 
12a-octahydropyrido1'.2:4.5 pyrazino 1,2-dipyrimidine-9- 
carboxamide (23 mg, 56%) as an off-white solid. "H NMR 
(400 MHz, CDC1,) & 0.11 (m, 2H), 0.56-0.59 (m, 2H), 0.77 
(m. 1H), 1.34 (d. J–7.2 Hz, 3H), 1.46-1.50 (m, 1H), 2.04-2.13 
(m. 1H), 2.30-2.34 (m, 1H), 2.46-2.51 (m, 1H), 2.90-2.96 (m, 
1H), 3.16-3.19 (m, 1H), 4.21-4.30 (m, 2H), 4.51 (s, 1H), 
4.58-4.67 (m, 2H), 5.00-5.05 (m, 1H), 6.76-6.82 (m, 2H), 
7.31-7.37 (m, 1H), 8.28 (s, 1H), 10.46 (s, 1H), 12.55 (br. 1H): 
ES" MS: 473 (M+1). 
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EXAMPLE Z-37 

racemic-(3S,4aR.6aR, 14aS) N-(2,4-Difluorophe 
nyl)methyl-12-hydroxy-11,13-dioxo-3-phenyl-1,3, 
4.4a.5,6a,7,11,13,14a-decahydro-2H-pyrido1'.2:4, 
5pyrazino 1,2-a3, 1 benzoxazine-10-carboxamide 

0698 

a) racemic-(3S,4aR.6aR, 14aS) N-(2,4-Difluo 
rophenyl)methyl-11,13-dioxo-3-phenyl-12-(phe 
nylmethyl)oxy-1.3.4.4a.5.6a, 7,11,13,14a-decahy 

dro-2H-pyrido1'.2:45pyrazino 1,2-a 3.1 
benzoxazine-10-carboxamide 

0699. In a manner similar to that described in example 
Z-35, from racemic-(1R,2S,5S)-2-amino-5-phenylcyclo 
hexylmethanol hydrochloride (32 mg, 0.160 mmol) and 16a 
(30 mg 0.064 mmol) was prepared racemic-(3S,4aR,6aR, 
14aS) N-(2,4-difluorophenyl)methyl-11,13-dioxo-3- 
phenyl-12-(phenylmethyl)oxy)-1,3,4,4a,5.6a, 7,11,13,14a 
decahydro-2H-pyrido1'.2:4.5 pyrazino 1,2-a 3.1 
benzoxazine-10-carboxamide (35 mg, 88%) as a white solid. 
'HNMR (CDC1) & 10.41 (m, 1H), 8.38 (s, 1H), 7.66 (m, 2H), 
7.40-7.26 (m, 6H), 6.81 (m,3H), 5.32-5.25 (m, 2H), 5.17 (m, 
1H), 4.89 (m. 1H), 4.66-4.62 (m, 2H), 4.26 (dd, J=13.6, 4 Hz, 
1H), 4.13-4.04 (m, 2H), 3.85 (dd, J=11.2, 4.4 Hz, 1H), 2.56 
(m. 1H), 2.37 (m. 1H), 2.03-1.64 (m, 6H): ES" MS: 626 
(M+1). 

b) racemic-(3S,4aR.6aR, 14aS) N-(2,4-Difluo 
rophenyl)methyl-12-hydroxy-11,13-dioxo-3-phe 
nyl-1,3,4,4a,5.6a,7,11,13,14a-decahydro-2H-pyrido 

1'.2:4.5 pyrazino 1,2-a3.1 benzoxazine-10 
carboxamide 

(0700 racemic-(3S,4aR,6aR, 14aS) N-(2,4-Difluo 
rophenyl)methyl-11,13-dioxo-3-phenyl-12-(phenylm 
ethyl)oxyl-1,3,4,4a,5.6a,7,11,13,14a-decahydro-2H-pyrido 
1'.2:4.5 pyrazino 1,2-a3.1 benzoxazine-10-carboxamide 
(27 mg, 0.0432 mmol) was suspended in methanol, 10 w.t, % 
Pd/C (3 mg) was added and hydrogen was bubbled through 
the system several times until the reaction was determined 
complete by TLC (5% methanol/dichloromethane). The sus 
pension was filtered through Celite eluting with methanol/ 
chloroform and the filtrate was concentrated under reduced 
pressure and purified by HPLC to give the title compound (13 
mg, 57%) as a white solid. "H NMR (CDC1) & 12.40 (brs, 
1H), 10.37 (m. 1H), 8.32 (s, 1H), 737-728 (m, 3H), 7.24-7. 
15 (m, 4H), 6.79 (m, 2H), 5.78 (brs, 1H), 4.85 (m, 1H), 4.62 
(m. 2H), 4.29 (m. 1H), 4.16-4.09 (m, 2H), 3.92 (dd, J=11.6, 
4.8 Hz, 1H), 2.58 (m, 1H), 2.46 (m. 1H), 2.07-1.64 (m, 7H): 
ES" MS: 536 (M+1). 
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EXAMPLE Z-38 

Sodium racemic-(4aS,6aS, 14aS)-10-((2,4-difluo 
rophenyl)methylaminocarbonyl)-6-(2-methyl pro 

pyl)-11,13-dioxo-1,2,3,4,4a,5,6,6a,7,11,13,14a 
dodecahydropyrido1'.2:45pyrazino 1,2-a 

quinazolin-12-olate 
0701 

O O 

F F O 
N 

N N "/N 
H 

O 

a) racemic-1,1-Dimethylethyl 
(1S,2R)-2-(hydroxymethyl)cyclohexylcarbamate 

0702 racemic-(1R,2S,5S)-2-Amino-5-phenylcyclo 
hexylmethanol hydrochloride (800 mg, 4.82 mmol) was dis 
solved in MeOH (40 mL) and bis(1,1-dimethylethyl) dicar 
bonate (1.16 g, 5.30 mmol) and triethylamine (4 mL, 28.92 
mmol) were added and the mixture was stirred 18 hours at 
ambient temperature. The solvents were removed under 
reduced pressure, ethylacetate and aqueous saturated sodium 
bicarbonate were added and the product was extracted with 
ethyl acetate. The combined organics were dried over sodium 
sulfate and the solvents were removed under reduced pres 
Sure. Purification by silica gel chromatography (9:1 hexanes: 
ethyl acetate to ethyl acetate gradient elution) gave 1,1-dim 
ethylethyl racemic-(1S,2R)-2-(hydroxymethyl)cyclohexyl 
carbamate (93.4 mg. 85%) as a white solid. "H NMR (CDC1) 
& 4.87 (n, 1H), 4.03-3.95 (m, 2H), 3.26 (m. 1H), 3.15 (m, 
1H), 1.73-1.48 (m, 5H), 1.38 (s, 9H), 1.27-1.15 (m, 3H), 
0.887 (n, 1H). 

b) racemic-1,1-Dimethylethyl 
(1S,2R)-2-Formylcyclohexylcarbamate 

(0703. To a solution of dimethylsulfoxide (0.2 mL, 2.88 
mmol) in dichloromethane (3 mL) at -78 was added oxalyl 
chloride (0.72 mL, 1.44 mmol) dropwise. The mixture was 
stirred 10 minutes and racemic-1,1-dimethylethyl (1S,2R)- 
2-(hydroxymethyl)cyclohexylcarbamate (220 mg. 0.961 
mmol) in dichlormethane was added dropwise and stirred 10 
minutes. Triethylamine (0.53 mL, 3.84 mmol) was added 
slowly and the reaction was stirred at -78°C. for one hour and 
allowed to warm to ambient temperature. Water was added 
and product was extracted with dichloromethane. The com 
bined organics were washed with brine and dried over sodium 
sulfate. Removal of solvents under reduced pressure afforded 
racemic-1,1-dimethylethyl (1S,2R)-2-formylcyclohexyl 
carbamate (223 mg, quantitative) as a yellow oil. "H NMR 
(CDC1) 89.61 (s, 1H), 5.19 (m. 1H), 3.88 (m. 1H), 2.61 (m, 
1H), 1.85 (m, 1H), 1.63-1.49 (m, 4. H), 1.37-1.16 (m, 12H). 

c) racemic-1,1-dimethylethyl ((1S,2S)-2-(2-Meth 
ylpropyl)aminomethylcyclohexyl)carbamate 

0704 racemic-1,1-Dimethylethyl (1S,2R)-2-formylcy 
clohexylcarbamate (223 mg, 0.982 mmol) was dissolved in 
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1 I-1), 2.49 (m, 3. H), 2.28 (m. 1H), 1.97-1.89 (m, 2H), 1.78 
(m. 1H), 1.66-1.60 (m, 2H), 1.43' 1.36 (m, 2H); ESMS: 445 
(M+1). 

EXAMPLE Z-42 

(4aR, 14aR) N-(2,4-Difluorophenyl)methyl-9- 
hydroxy-8,10-dioxo-2.3.4.4a.5.6.8,10,14, 14a 

decahydro-1H-pyrido 1,2-cpyrido1'2":45pyrazino 
1,2-alpyrimidine-1 1-carboxamide 

0716 

OH O 

F F O 
N 

H 

N N N-N 
O 

a) Phenylmethyl 
(2R)-2-(hydroxymethyl)-1-piperidinecarboxylate 

0717. In a manner similar to that described in example 
Z-3a, from (2R)-1-(phenylmethyl)oxycarbonyl)-2-pip 
eridinecarboxylic acid (4.93 g, 18.75 mmol) was prepared 
phenylmethyl (2R)-2-(hydroxymethyl)-1-piperidinecar 
boxylate (2.24g, 48%) as an oil that solidified upon standing 
to a white solid. "H NMR (CDC1) & 7.36-7.26 (m, 5H), 
5.18-5.1.0 (m, 2H), 4.37 (m, 1H), 4.03 (m, 1H), 3.84 (m, 1H), 
3.63 (m. 1H), 2.96 (brs, 1H), 1.71-1.42 (m, 6H). 

b) Phenylmethyl (2R)-2 
(cyanomethyl)-1-piperidinecarboxylate 

0718. In a manner similar to that described in example 
Z-3b, from phenylmethyl (2R)-2-(hydroxymethyl)-1-pip 
eridinecarboxylate (1.09 g, 4.38 mmol) was prepared phenyl 
methyl (2R)-2-({(4-methylphenyl)sulfonyloxymethyl)-1- 
piperidinecarboxylate (1.05 g, 59% impure with 
uncharacterized byproduct) as a clear colorless oil after puri 
fication using silica gel chromatography (10-100% ethyl 
acetate-hexanes). It is necessary to use this material in the 
next step as soon as possible or yields deteriorate dramati 
cally, in a manner similar to that described in example Z-3c, 
from phenylmethyl (2R)-2-((4-methylphenyl)sulfonyl 
oxymethyl)-1-piperidinecarboxylate (1.05 g, 2.61 mmol) 
and sodium cyanide (383 mg, 7.82 mmol) was prepared phe 
nylmethyl (2R)-2-(cyanomethyl)-1-piperidinecarboxylate 
(171 mg, 25%) as a yellow oil. "H NMR (CDC1) & 7.35-7.29 
(m, 5H), 5.13 (s. 2H), 4.65 (m. 1H), 4.10 (m. 1H), 2.96 (m, 
1H), 2.60 (m, 2H), 1.82-1.67 (m, 4H), 1.54-1.39 (m, 2H). 

d) Phenylmethyl 
(2R)-2-(2-aminoethyl)-1-piperidinecarboxylate 

0719. In a manner similar to that described in example 
Z-3d, from phenylmethyl (2R)-2-(cyanomethyl)-1-piperidi 
necarboxylate (171 mg, 0.663 mmol) was prepared phenyl 
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methyl (2R)-2-(2-aminoethyl)-1-piperidinecarboxylate (119 
mg, 68%) as a clear colorless residue. "H NMR (CDC1) & 
7.32-7.25 (m, 5H), 5.08 (m, 2H), 4.89 (brs, 1H), 4.01 (brs, 
1H), 2.78 (m. 1H), 2.60-2.56 (m, 2H), 1.95-1.86 (m, 3H), 
1.63-1.35 (m, 6H). 

e) {2-(2R)-2-Piperidinylethylamine 

0720 Phenylmethyl (2R)-2-(2-aminoethyl)-1-piperidin 
ecarboxylate (119 mg, 0.454 mmol) was dissolved in metha 
nol and 10 w.t.% Pd/C (120 mg) was added. Hydrogen was 
bubbled through the solution for 15 minutes and the reaction 
was stirred under 1 atm hydrogen for 18 hours until deter 
mined complete by TLC (1% ammonium hydroxide 19% 
methanol 80% dichloromethane). The suspension was fil 
tered through Celite eluting with methanol and the filtrate was 
carefully concentrated under reduce pressure to yield a clear 
colorless liquid (58 mg, quantitative). "H NMR (CDC1) & 
2.99 (m. 1H), 2.71-2.66 (m, 2H), 2.57-2.48 (m, 2H), 1.72 (m, 
1H), 1.61-1.52 (m, 2H), 0.1.48-1.42 (m, 2H), 1.35-1.25 (m, 
2H), 1.05 (m. 1H). 

f) (4aR,14aR) N-(2,4-Difluorophenyl)methyl-8, 
10-dioxo-9-(phenylmethyl)oxy-2,3,4,4a,5,6,8,10. 
14, 14a-decahydro-1H-pyrido 1,2-cpyrido1'.2:4.5 

pyrazino 1,2-alpyrimidine-1 1-carboxamide 

0721. In a manner similar to that described in example 
Z-35, from 16a (50 mg, 0.106 mmol) and 2-(2R)-2-pip 
eridinylethylamine (58 mg, 0.454 mmol) was prepared 
(4aR, 14aR) N-(2,4-difluorophenyl)methyl-8, 10-dioxo 
9-(phenylmethyl)oxy2.3.4.4a.5.6.8,10,14, 14a-decahydro 
1H-pyrido 1,2-dipyrido1'.2:4.5 pyrazino 1,2-alpyrimi 
dine-1 1-carboxamide (47 mg, 81%). H NMR (CDC1) & 
10.50 (brs, 1H), 8.33 (s, 1H), 7.60 (s. 2H), 7.38-7.24 (m, 4H), 
6.80 (m, 2H), 5.29-5.22 (m, 2H), 4.66-4.56 (m,3H), 4.30 (m, 
1H), 4.19 (m, 1H), 3.78 (brs, 1H), 2.86-2.80 (m, 2H), 2.18 (br 
s, 1H), 1.94 (m. 1H), 1.68-1.36 (m, 6H), 1.23 (brs, 2H); ES" 
MS: 54.9 (M+1). 

g) (4aR,14aR) N-(2,4-Difluorophenyl)methyl-9- 
hydroxy-8,10-dioxo-2.3.4.4a.5.6.8,10,14, 14a 

decahydro-1H-pyrido 1,2-dipyrido1'.2:4.5 pyrazino 
1.2-alpyrimidine-1 1-carboxamide 

0722. In a manner similar to that described in example 
Z-37, from (4 aR, 14aR) N-(2,4-difluorophenyl)methyl-8, 
10-dioxo-9-(phenylmethyl)oxy-2,3,4,4a,5,6,8,10,14, 14 
decahydro-1H-pyrido 1,2-cpyrido1'.2:4.5 pyrazino 1,2-a 
pyrimidine-1 1-carboxamide (47 mg, 0.0857 mmol) and a 
catalytic amount of 10 w.t. '% Pd/C was prepared the title 
compound as a white solid (19 mg, 54%) after purification by 
HPLC. "H NMR (CDC1) & 10.49 (m. 1H), 8.29 (s.1H), 7.34 
(m. 1H), 6.79 (m, 2H), 4.67-4.56 (m,3H), 4.41 (m. 1H), 4.20 
(m. 1H), 3.93 (s, 1H), 2.94-2.87(m, 2H), 2.28 (brs, 1H), 2.01 
(m. 1H), 1.68-1.54 (m, 4H), 1.44 (m. 1H), 1.29-1.23 (m, 3H), 
0.850 (m, 1H); ES" MS: 459 (M+1). 
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NMR (400 MHz, CDC1) & 1.37 (d. J=6.8 Hz, 3H), 1.43-1.47 
(m. 1H), 2.12 (m, 1H), 2.60-2.92 (m, 2H), 3.53 (d. J=14.0 Hz, 
1H), 3.82 (d. J=14.4 Hz, 1H), 4.23-4.31 (m, 2H), 4.55-4.64 
(m,3H), 5.06-5.11 (m, 1H), 6.75-6.82 (m, 2H), 7.20-7.28 (m, 
1H), 7.31-7.36 (m. 1H), 7.50 (m, 1H), 7.92 (s, 1H), 8.48 (s, 
1H), 10.39 (m. 1H), 12.5 (br. 1H); ES" MS; 510 (M+1). 

EXAMPLE Z-47 

(4S.12aS)-1-Cyclopropyl-N-(2,4-difluorophenyl) 
methyl-7-hydroxy-4-methyl-6,8-dioxo-1,2,3,4,6,8. 
12.12a-octahydropyrido1'.2:45pyrazino 1,2-a 

pyrimidine-9-carboxamide 

0735 

OH O 

F O N N 

N 
N N 

A F O 

a) 1,1-Dimethylethyl 
(1S)-1-methyl-3-oxopropylcarbamate 

0736. To a stirred solution of 1,1-dimethylethyl (1S)-2- 
cyano-1-methylethylcarbamate (0.656 g, 3.56 mmol) in 
anhydrous ether cooled to -40°C. was added dropwise a 1.0 
M solution of diisobutylaluminum hydride in hexanes (14.2 
mL, 14.2 mmol) over 20 minutes. Stirring was continued at 
this temperature for an additional 20 minutes. The yellow 
solution was quenched with Rochelle's salt and the resultant 
stirred at room temperature for 1 hour. The solids were filtered 
off through celite and rinsed with EtOAc. The organics were 
washed with brine, concentrated, and flash chromatographed 
(10-100% EtOAc/hexanes) to give 1,1-dimethylethyl (1S)- 
1-methyl-3-oxopropylcarbamate (0.193 g, 30%) as a clear 
oil. "H NMR (400 MHz, CDC1) & 1.22 (d. J=6.8 Hz, 3H), 
1.41 (s, 9H), 2.58-2.65 (m, 2H), 4.08-4.13 (m, 1H), 4.63 (m, 
1H), 9.74-9.75 (m, 1H). 

b) 1,1-Dimethylethyl (1S)-3-(cyclopropylamino)-1- 
methylpropylcarbamate 

0737. The protected diamine was prepared using a modi 
fied procedure as described in example Z-32. A solution of 
1,1-dimethylethyl (1S)-1-methyl-3-oxopropylcarbamate 
(0.178 g. 0.95 mmol) and cyclopropylamine (197 uL, 2.85 
mmol) in anhydrous dichloroethane (10 mL) was treated with 
acetic acid (272 uL, 4.8 mmol) and stirred for 30 minutes. 
Sodium triacetoxyborohydride (0.444 g, 2.1 mmol) was 
added and the solution was stirred for 20 hours. The resultant 
was subjected to a workup and purification procedure as 
described in example Z-32 to give 1,1-dimethylethyl (1S)- 
3-(cyclopropylamino)-1-methylpropylcarbamate (0.186 g. 
63%) as a clear oil. "H NMR (4.00 MHz, CDC1) & 0.32-0.42 
(m, 4H), 1.12 (d. J=6.8 Hz, OH), 1.39-1.51 (m. 10H), 1.58 
1.92 (m, 2H), 2.05-2.10 (m. 1H), 2.67-2.80 (m, 2H), 3.71, (m, 
1H), 4.78 (m, 1H). 
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c) (3S)-3-Aminobutylcyclopropylamine 
dihydrochloride 

0738 was prepared in a similar manner as described in 
example Z-20. H NMR (400 MHz, CDC1/CDOD) 8 0.70 
0.75 (m, 2H), 0.90-0.94 (m, 2H), 1.18 (d. J=6.8 Hz, 3H), 
1.84-1.94 (m, 1H), 1.97-2.05 (m. 1H), 2.49-2.54 (m. 1H), 
2.99-3.04 (m, 2H), 3.23-3.28 (m, 1H). 

d) (4S.12aS)-1-Cyclopropyl-N-(2,4-difluorophenyl) 
methyl-7-hydroxy-4-methyl-6,8-dioxo-1,2,3,4,6,8. 
12.12a-octahydropyrido1'2":4.5 pyrazino 1,2-a 

pyrimidine-9-carboxamide 

0739 The title compound was made in two steps using a 
similar process to that described in example Z-2. 16a (80 mg. 
0.17 mmol) and free based (3S)-3-aminobutylcyclopropy 
lamine (75 mg, 0.59 mmol) were reacted in dichloromethane 
(2 mL) with acetic acid to give (4S, 12aS)-1-cyclopropyl-N- 
(2,4-difluorophenyl)methyl-4-methyl-6,8-dioxo-7-(phe 
nylmethyl)oxyl-1,2,3,4,6,8,12,12a-octahydropyrido1'.2:4, 
5pyrazino 1,2-alpyrimidine-9-carboxamide (74 mg. 80%) 
as a film. This material was hydrogenated in a second step as 
described in example Z-2 to give (4S.12aS)-1-cyclopropyl 
N-(2,4-difluorophenyl)methyl-7-hydroxy-4-methyl-6,8- 
dioxo-1,2,3,4,6,8,12,12a-octahydropyrido1'.2:4.5 
pyrazino 1,2-alpyrimidine-9-carboxamide (32 mg, 52%) as 
an off-white solid. "H NMR (400 MHz, CDC1) & 0.37-0.54 
(m,3H), 0.64–0.70 (m, 1H), 1.35 (d. J=7.2 Hz, 3H), 1.45-1.49 
(m. 1H), 1.76-1.80 (m. 1H), 2.03-2.12 (m. 1H), 2.80-2.93 (m, 
1H), 2.99-3.04 (m, 1H), 4.30 (dd, J=4.0, 13.6 Hz, 1H); 4.49 
4.67 (m, 4H), 5.00-5.07 (m, 1H), 6.75-6.82 (m, 2H), 7.32-7. 
36 (m, 1H), 8.28 (s, 1H), 10.49 (m. 1H), 12.53 (s, 1H); ES" 
MS; 459 (M+1). 

EXAMPLE Z-48 

(4S.12aS) N-(2,4-Difluoropbenyl)methyl-7-hy 
droxy-4-methyl-1-2-(methyloxy)ethyl-6,8-dioxo-1, 
2,3,4,6,8,12,12a-octahydropyrido1'2':4.5 pyrazino 

1,2-alpyrimidine-9-carboxamide 

0740 

OH O 

F O N N 

N 
N N 

H 
F O 

a) (3S)-3-Aminobutyl 2-(methyloxy)ethylamine 
dihydrochloride 

0741. The protected diamine, 1,1-dimethylethyl (1S)-1- 
methyl-3-2-(methyloxy)ethylaminopropyl)carbamate 
was prepared in a similar manner as described in example 
Z-47. Subsequently, (3S)-3-aminobutyl 2-(methyloxy) 
ethylamine dihydrochloride was prepared in a similar man 
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1H), 8.35 (s, 1H), 7.34 (m. 1H), 6.79 (m. 2), 5.30 (m, 1H), 
4.62 (m, 2H), 4.45-4.32 (m,3H), 3.93-3.86 (m, 2H), 2.11 (m, 
1H), 1.65 (m, 7H), 0.98 (t, J=7.6 Hz, 3H); ES" MS; 420 
(M+1). 

EXAMPLE Z-51 

racemic-(4aS,6aS, 14aS) N-(2,4-Difluorophenyl) 
methyl-12-hydroxy-6-2-(4-morpholinyl)ethyl-11, 
13-dioxo-1,2,3,4,4a,5,6,6a,7,11,13,14a-dodecahy 
dropyrido1'.2:45pyrazino 1.2-aquinazoline-10 

carboxamide 

0748 

OH O 

F F O 
N 

N N "N 
H 

O 

O O 

a) racemic-1,1-Dimethylethyl 
(1S,2R)-2-formylcyclohexylcarbamate 

0749. An alternative procedure from the one given in 
example Z-38b follows: To a solution of Dess-Martin Peri 
odane (564 mg, 1.33 mmol) in dichloromethane was added 
racemic-1,1-dimethylethyl (1S,2R)-2-(hydroxymethyl)cy 
clohexylcarbamate (305 mg, 1.33 mmol, see example Z-38a) 
dropwise as a solution in dichloromethane. The reaction was 
stirred 1 hour at ambient temperature until judged complete 
by TLC (1:1 hexanes:ethyl acetate KMnO, stain). The reac 
tion was quenched with aqueous Sodium bicarbonate and 
sodium thiosulfate solutions, extracted with dichlo 
romethane, and the combined organics were dried over 
sodium sulfate. Silica gel chromatography (0-50% ethyl 
acetate/hexanes gradient elution) gave racemic-1,1-dimeth 
ylethyl (1S,2R)-2-formylcyclohexylcarbamate (280, 93%). 
See example Z-38b for NMR data. 

b) racemic-(1S,2S)-2-Aminocyclohexylmethyl 
2-(4-morpholinyl)ethylamine hydrochloride 

0750. In a manner similar to that described in example 
Z-38c-d from racemic-1,1-dimethylethyl (1S,2R)-2-formyl 
cyclohexylcarbamate (78 mg, 0.344 mmol, prepared using 
the procedure from example Z-38b) and 2-(4-morpholinyl) 
ethylamine (67 mg. 0.515 mmol) was prepared racemic 
(1S,2S)-2-aminocyclohexylmethyl 2-(4-morpholinyl) 
ethylamine hydrochloride (95 mg, 78% over 2 steps) as a 
white solid. "H NMR (methanol-d/CDC1) 8.18 (brs, 1H), 
3.84-3.493 (m. 11H), 3.19-3.119 (m, 5H), 2.42 (m, 1H), 2.11 
(brs, 2H), 1.87-1.17 (m, 10H). 

Jul. 21, 2016 

c) racemic-4aS,6aS, 14aS) N-(2,4-Difluorophenyl) 
methyl-12-hydroxy-6-2-(4-morpholinyl)ethyl-11, 
13-dioxo-1,2,3,4,4a,5,6,6a, 7,11,13,14a-dodecahy 
dropyrido1'.2:45pyrazino 1,2-aquinazoline-10 

carboxamide 

0751. In a manner similar to that described in example 
Z-35, from racemic-(1S,2S)-2-aminocyclohexylmethyl 
2-(4-morpholinyl)ethylamine hydrochloride (95 mg, 0.272 
mmol) and 16a (45 mg, 0.0957 mmol) was prepared racemic 
(4aS,6aS, 14aS) N-(2,4-difluorophenyl)methyl-6-2-(4- 
morpholinyl)ethyl-11,13-dioxo-12-(phenylmethyl)oxy-1, 
2.3.4.4a,5,6,6a, 7,11,13,14a-dodecahydropyrido1'.2:4.5 
pyrazino 1,2-aquinazoline-10-carboxamide (27 mg, 43%). 
This material was deprotected in a second step similar to the 
procedure described in example Z-37. From racemic-(4aS, 
6aS, 14aS) N-(2,4-difluorophenyl)methyl-6-2-(4-mor 
pholinyl)ethyl-11,13-dioxo-12-(phenylmethyl)oxy-1.2.3, 
4.4a,5,6,6a,7,11,13,14a-dodecahydropyrido1'.2:4.5 
pyrazino 1,2-aquinazoline-10-carboxamide (27 mg, 0.04.08 
mmol) and 10% Pd/C (1 mg) the title compound was prepared 
as a white solid after purification by HPLC. "HNMR (CDC1) 
12.30 (brs, <1H), 10.41 (brs, 1H), 8.29 (s, 1H), 7.34 (m, 2H), 
6.78 (m, 2H), 4.76 (m, 1H), 4.62-4.54 (m,3H), 4.29 (m, 2H), 
3.65 (m, 4H), 3.01 (m, 1H), 2.76 (m. 2 In, 2.58-2.42 (m, 7H), 
2.21 (m, 1H), 1.89-1.23 (m, 8H); ES" MS: 572 (M+1). 

EXAMPLE Z-52 

racemic-(3aR.5aR.13aS) N-(2,4-Difluorophenyl) 
methyl-11-hydroxy-10,12-dioxo-1,2,3.3a,4,5a,6,10. 

12,13a-decahydrocyclopentadpyrido1'.2:4.5 
pyrazino.2.1-b1,3oxazine-9-carboxamide 

0752 

OH O 

F O N N 

N N O 
H 

F O 

a) racemic-1,1-Dimethylethyl 
(1S,2R)-2-(hydroxymethyl)cyclopentylcarbamate 

(0753 racemic-(1R,2S)-2-({(1,1-Dimethylethyl)oxyl 
carbonyl)amino)cyclopentanecarboxylic acid (22 mg, 0.096 
mmol) was dissolved in tetrahydrofuran and placed in an 
ice-water bath. Triethylamine was added, followed by the 
slow addition of methyl chloroformate. The reaction was 
stirred ten minutes in the ice-bath and sodium borohydride 
was added. Methanol was then added slowly and stirring was 
continued for two hours while the ice-bath expired. 1 M 
Potassium hydrogen Sulfate was added, the reaction was par 
tially concentrated, and product was extracted with dichlo 
romethane. The combined organics were washed with 
sodium bicarbonate, brine, and dried over sodium sulfate. 
Removal of solvents under reduced pressure afforded race 
mic-1,1-dimethylethyl (1S,2R)-2-(hydroxymethyl)cyclo 
pentyl)carbamate (25 mg, >100%). H NMR (CDC1) 4.50 
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EXAMPLE Z-68 

(4S, 12aS) N-(4-Fluorophenyl)methyl-7-hydroxy 
4-methyl-1-(2-methylpropyl)-6,8-dioxo-1,2,3,4,6,8. 
12.12a-octahydropyrido1'.2:45pyrazino 1,2-a 

pyrimidine-9-carboxamide 

0798 

OH O 

O 
N N 

O N S. ~1. 
H 

NH 

F 

a) (3S)-3-Aminobutyl (2-methylpropyl)amine 
bis-hydrochloride 

0799. In a manner similar to that described in example 
Z-47, this compound was prepared from 1,1-dimethylethyl 
(1S)-1-methyl-3-oxopropylcarbamate (76 mg, 0.406 
mmol) and (2-methylpropyl)amine (0.06 mL, 0.609 mmol) in 
two steps as the bis-hydrochloride salt (22 mg, 25%). "H 
NMR (methanol-d/CDC1) & 3.25 (brs, 1H), 2.91 (brs, 2H), 
2.64 (m, 2H), 2.02-1.93 (m,3H), 1.17 (m, 3H), 0.88 (m, 6H). 

b) (4S.12aS) N-(4-Fluorophenyl)methyl-7-hy 
droxy methyl-1-(2-methylpropyl)-6,8-dioxo-1,2,3,4, 
6,8,12,12a-octahydropyrido1'.2:45pyrazino 1,2-a 

pyrimidine-9-carboxamide 

0800. In a similar manner to that described in example 
Z-35, from 16 (16 mg, 0.035 mmol) and (3S)-3-Aminobutyl 
(2-methylpropyl)amine bis-hydrochloride (20 mg, 0.0925 
mmol), (4S.12aS) N-(4-fluorophenyl)methyl-4-methyl 
1-(2-methylpropyl)-6,8-dioxo-7(phenylmethyl)oxy-1.2.3, 
4.6.8, 12.12a-octahydropyrido1'.2:4.5 pyrazino 1,2-alpyri 
midine-9-carboxamide was prepared as a white solid. This 
material was deprotected in a second step similar to that 
described in example Z-37 to give the title compound as a tan 
solid (13 mg, 68%2 steps). H NMR (CDC1) & 12.57 (s, 1H), 
10.46 (s, 1H), 8.27 (s, 1H), 7.32 (m, 2H), 6.99 (m, 2H), 4.98 
(m. 1H), 4.63-4.54 (m, 2H), 4.45 (m. 1H)4.26-4.16 (m. 2H), 
2.91 (m. 1H), 2.77 (m, 1H), 2.24 (m. 1H), 2.14-2.03 (m, 2H), 
1.63 (m, 1H), 1.48 (m. 1H), 1.33 (m,3H), 1.09 (m. 1H), 0.850 
(m, 3H), 0.789 (m, 3H); ES" MS: 457 (M+1). 
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EXAMPLE Z-69 

(4S.12aS) N-(4-Fluorophenyl)methyl-7-hydroxy 
1,4-dimethyl-6,8-dioxo-1,2,3,4,6,8,12,12a-octahy 
dropyrido1'.2:45 pyrazino 1.2apyrimidine-9-car 

boxamide 

0801) 

OH O 

O 
N N 

O N N n-is N 
fi NH 

a) (3S)-3-Aminobutylmethylamine 
bis-hydrochloride 

0802. In a manner similar to that described in example 
Z-47, this compound was prepared from 1,1-dimethylethyl 
(1S)-1-methyl-3-oxopropylcarbamate (76 mg, 0.409 
mmol) and excess methylamine (2 M in tetrahydrofuran) in 
two steps as the his hydrochloride salt (17%. 2 seeps). "H 
NMR (methanol-d/CDC1) 83.16 (m. 1H), 3.08 (s.2H), 2.83 
(m. 2H), 2.45 (s, 3H), 1.88 (m. 1H), 1.75 (m. 1H), 1.09 (m, 
3H). 

b), (4S.12aS) N-(4-Fluorophenyl)methyl-7-hy 
droxy-1,4-dimethyl-6,8-dioxo-1,2,3,4,6,8,12,12a 

octahydropyrido1'.2:4.5 pyrazino 1.2-alpyrimidine 
9-carboxamide 

0803. In a similar manner to that described in example 
Z-35, from 16 (18 mg 0.0398 mmol) and (3S)-3-aminobu 
tylmethylamine bis-hydrochloride (19 mg, 0.109 mmol, (4S, 
12aS) N-(4-fluorophenyl)methyl-1,4-dimethyl-6,8-di 
oxo-7-(phenylmethyl)oxy)-1,2,3,4,6,8,12,12a 
octahydropyrido1'.2:4.5 pyrazino 1,2-alpyrimidine-9- 
carboxamide was prepared as a white Solid. This material was 
deprotected in a second step similar to that described in 
example Z-37 to give the title compound as a tan Solid (7 mg, 
44%. 2 steps). H NMR (CDC1) & 12.53 (s, 1H), 10.47 (s, 
1H), 8.29 (a, 1H), 7.32 (m, 2H), 6.99 (m, 2H), 5.04 (1H), 4.60 
(m. 2H), 4.23 (s, 3H), 2.83-2.80 (m, 2H), 2.82 (s, 3H), 2.13 
(m. 1H), 1.48 (m, 1H), 1.34 (m, 3H); ES" MS: 4.15 (M+1). 
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65 (m, 2H), 497-5.00 (m. 1H), 6.97-7.01 (m, 2H), 7.30-7.34 
(m, 8.28 (s, 1H), 10.51 (m, 1H), 12.55 (s, 1H); ES" MS: 443 
(M+1). 

EXAMPLE Z-73 

(4S, 12aS) N-(4-Fluorophenyl)methyl-7-hydroxy 
1,4-bis(2-methylpropyl)-6,8-dioxo-1,2,3,4,6,8,12. 
12a-octahydropyrido1'.2:4.5 pyrazino 1.2-alpyri 

midine-9-carboxamide 

0811 

OH O 

F O N N 

N 
N N 

H 
O 

0812. The title compound was made in two steps using a 
similar process to that described in example Z-2. 16 (25 mg. 
0.055 mmol) and free based (3S)-3-amino-5-methylhexyl 
(2-methylpropyl)amine (21 mg, 0.11 mmol) were reacted in 
dichloromethane (2 mL) with acetic acid to give (4S, 12aS)— 
N-(4-fluorophenyl)methyl-1,4-bis(2-methylpropyl)-6,8- 

Example 
No. 

ZZ-1 

F 

ZZ-2 

F 

ZZ-3 

F 
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dioxo-7-(phenylmethyl)oxyl-1,2,3,4,6,8,12,12a-octahydro 
pyrido1'.2:4.5 pyrazino 1,2-alpyrimidine-9-carboxamide 
(8 mg, 25%) as a film. This material was hydrogenated in a 
second step as described in example Z-2 to give (4S.12aS)— 
N-(4-fluorophenyl)methyl-7-hydroxy-1,4-bis(2-methyl 
propyl)-6,8-dioxo-1,2,3,4,6,8,12,12a-octahydropyrido1'2': 
4.5 pyrazino 1,2-alpyrimidine-9-carboxamide (5 mg, 78%) 
as an off-white solid. "H NMR (400 MHz, CDC1) & 0.74 (d. 
J=6.4 Hz, OH), 0.84 (d. J=6.4 Hz, 3H), 0.97-1.00 (m, 6H), 
1.37-1.66 (m, 5H), 1.75-1.82 (m. 1H), 2.05-2.09 (m, 2H), 
2.21-2.26 (m. 1H), 2.72-2.70 (m, 1H), 2.87-2.93 (m, 1H), 
4.16-4.26 (m. 2H), 4.38 (m. 1H), 4.55-4.66 (m. 2H), 4.93-4. 
99 (m, 1H), 6.97-7.02 (m, 2H), 7.31-7.34 (m, 2H), 8.27 (s, 
1H), 10.49 (m. 1H), 12.61 (s, 1H); ES" MS; 499 (M+1). 

EXAMPLE ZZ-1 TO ZZ-24 

0813 Examples in table below were isolated as a mixture 
of diastereomers ranging from 1:1 to >10:1 ratios of stereoi 
Somers at the center indicated as undefined, Characterization 
data reported herein consists of observed mass spectral sig 
nals for molecular ions (M-1) of the compounds using elec 
trospray ionization methods in the positive mode using 
LC/MS techniques well known in the field. Reported reten 
tion times refer to observed UV peaks confirmed by NMR 
methods for the examples below using the following gradient 
on a phenomenex C18 reverse phase HPLC column (150 
mmx4.6 mm 5 micron). Solvent A water w/0.1% formic 
acid, solvent B-acetonitrile w/0.1% formic acid. Gradi 
ent=10% B for 1 min, gradient from 10% to 90% B from 1 to 
9 min, ramping to 100% B at 9.01 min and holding at 100% B 
for 2 min. In several cases the diastereomers were not sepa 
rable by the standard HPLC conditions reported above and 
thus reported as a single retention time. 

TABLE A 

Observed LCMS 
Structure or HPLC data 

OH O ES" MS: 419 (M+1) 

O 
N N 

N 
N N 

f H 
O 

OH O ES" MS: 406 (M+1) 

O 
N N 

N N O 
H 

O 

OH O ES" MS: 509 (M+1) 

O 
N N 

N 
N N 

H 
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TABLE A-continued 

Example Observed LCMS 
No. Structure or HPLC data 

ZZ-4 OH O ES" MS: 429 (M+1) 

F O 
N N 

H 
N N N 

H N 2. 
O / 

ZZ-S OH O ES" MS: 415 (M+1) 

F O 
N N 

N 
N N ' 

it O 

ZZ-6 OH O ES" MS: 491 (M+1) 

CC O 
ZZ-7 OH O ES" MS: 509 (M+1) 

CC O 
it O 

ZZ-8 OH O ES" MS:443 (M+1) 

F O 
N N 

N N N1", 
it O 

ZZ-9 ES" MS: 461 (M+1) 
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Example 

ZZ-10 

ZZ-11 

ZZ-12 

ZZ-13 

ZZ-14 

ZZ-15 

TABLE A-continued 

Structure 

OH O 

F F O w 
N N 

N 
N N 

H 
O 

OH O 

F F O w 
N N s 

N N N 
H 

O 

OH O s 

F F O s 
N N 

H 

N N - N 
H 

O 

OH O 
H 

F F O 
N N 

N N O 
H H 

O 

OH O 
H 

F O 
N N 

N 

O 

OH O 

OC r)- H N-N-N- N 
H 

O 

Observed LCMS 
or HPLC data 

ES" MS: 501 (M+1) 

ES" MS: 475 (M+1) 

ES" MS: 489 (M+1) 

ES" MS: 460 (M+1) 

ES" MS: 442 (M + 1) 

ES" MS: 489 (M+1) 
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Example 

ZZ-16 

ZZ-17 

ZZ-18 

ZZ-19 

ZZ-21 

ZZ-22 

91 

TABLE A-continued 

Structure 

OH O S. 

O s 

ry 
N N-- 

H 
O 

OH O 

O Sry I I III N--- 
H 

O 

OH O 

O 
N N 

: I I I III 

N N-- 
H 

O 

OH O 

N D ... silk 

N-N-- 
O 

OH O 

O 
N N 

N--> 
O 

OH O & 

O S 

ry N-N-1- 
H 

O 

OH O X 

O s 

ry 
N-N NN 

O 

Observed LCMS 
or HPLC data 

8.174 & 8.295 min. 

ES" MS: 461 (M+1) 

ES" MS: 447 (M+1) 

ES" MS: 446 (M + 1) 

ES" MS:432 (M + 1) 

7.368 min 

7.150 min 
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TABLE A-continued 

Example 
No. Structure 

ZZ-23 OH O 

F F O 
N 

H 
N N N 

H 
O 

ZZ-24 OH O 

F F O 
N 

H 
N N N 

i 
O 

0814. The present invention further includes the following 
compounds. 

(I-7) 

OH O 

O 
21 N N 

(R)m-- H 
N N N N 

O 

O Ra 

TABLE B 

No (R) m Re 

1 4-F —CH 
2 4-F —CH(CH3)2 
3 4-F —CH2CH2OCH 
4 2, 4-F —CH 
5 2, 4-F —CH(CH3)2 
6 2, 4-F —CH2CH2OCH 
7 2-F, 3-Cl —CH 
8 2-F, 3-Cl —CH(CH3)2 
9 2-F, 3-Cl —CH2CH2OCH 

EXPERIMENTAL, EXAMPLE1 

0815. The HIV integrase inhibitory activity was investi 
gated based on the following assay method. 

(1) Preparation of DNA Solution 
0816. By the same method as that described in Experimen 

tal Example 1 of WO 2004/024693, a substrate DNA solution 
(2 pmol/ul) and a target DNA solution (5 pmol/ul) were 
prepared. After each target DNA solution was once boiled, a 
temperature was slowly lowered to anneal complementary 
chains, which was used. Each sequence of a substrate DNA 
and a target DNA is as described in the same Experimental 
Example. 
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Observed LCMS 
or HPLC data 

ES" MS: 447 (M+1) 

ES" MS: 447 (M+1) 

(2) Measurement of Inhibition Rate (ICso Value) 
0817 Streptavidin (manufactured by Vector Laboratories) 
was dissolved in a 0.1M carbonate buffer solution (composi 
tion: 90 mMNaCO, 10 mMNaHCO) to a concentration of 
40 ug/ml. Each 50 ul of this solution was added to a well of an 
immunoplate (manufactured by NUNC), this is allowed to 
stand at 4° C. overnight to adsorb. Then, each well was 
washed with a phosphate buffer (composition: 13.7 mM 
NaCl, 0.27 mMKC1, 0.43 mMNaHPO, 0.14 mM. KHPO) 
two times, and 300 ul of a phosphate buffer containing 1% 
skim milk to block it for 30 minutes. Further, each well was 
washed with a phosphate buffer two times, 50ll of a substrate 
DNA solution (2 pmol/ul) was added to adsorb at room tem 
perature for 30 minutes while shaking, and this was washed 
with a phosphate buffer two times and, then, distilled water 
OCC. 

0818. Then, to each well prepared as described above were 
added 12 ul of a buffer (composition: 150 mMMOPS (pH7. 
2), 75 mMMnCl, 50 mM 2-mercaptoethanol, 25% glycerol, 
500 g/ml bovine serum albumin-fraction V), and 51 ul of a 
reaction solution prepared from 39 ul of distilled water. Then, 
9 ul of an integrase solution (30 pmol) was added, and the 
mixture was mixed well. To a well as a negative control (NC) 
was added 9 ul of a diluting solution (composition: 20 mM 
MOPS (pH7.2), 400 mM potassium glutamate, 1 mM EDTA, 
0.1% NP-40, 20% glycerol, 1 mM DTT, 4 Murea), and this 
was mixed well using a plate mixer. 
0819. After the plate was incubated at 30° C. for 60 min 
utes, the reaction solution was discarded, followed by wash 
ing with 250 ul of a washing buffer (composition: 150 mM 
MOPS (pH7.2), 50 mM 2-mercaptoethanol, 25% glycerol, 
500 lug/ml bovine serum albumin-fraction V) three times. 
0820. Then, to each well were added 12 ul of a buffer 
(composition: 150 mM MOPS (pH7.2), 75 mM MgCl, 50 
mM 2-mercaptoethanol, 25% glycerol, 500 g/ml bovine 
serum albumin-fraction V), and 53 ul of a reaction solution 
prepared from 41 ul of distilled water. Further, 6 ul of a 
solution of a test compound in DMSO was added to each well, 
and 6 ul of DMSO was added to a well as a positive control 
(PC), followed by mixing well using a plate mixer. After the 
plate was incubated at 30° C. for 30 minutes, 1 ul of a target 
DNA (5 pmol/ul) was added, and this was mixed well using a 
plate mixer. 
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0821. After each plate was incubated at 30° C. for 10 TABLE 2-continued 
minutes, the reaction solution was discarded, followed by 
washing with a phosphate buffer two times. Then, an anti- Example 
digoxigenin antibody labeled with alkaline phosphatase number PHIV ICso 
(sheep Fab fragment: manufactured by Boehringer) was Z-12 : 
diluted 2000-fold with an antibody diluting solution, 100 ul of Z-13 :::::: 
the diluent was added to bind at 30°C. for 1 hour, and this was Z-14 :::::: 
washed Successively with a phosphate buffer containing Z-15 : 
0.05% Tween20 two times, and a phosphate buffer once. Z-16 : 
Then, 150 ul of an alkaline phosphatase coloring buffer (com- Z-17 * 
position: 10 mM paranitrophenyl phosphate (manufactured Z-18 : 
by Vector Laboratories), 5 mM MgCl, 100 mM. NaCl, 100 2. :::::: 
mM Tris-HCl (pH 9.5)) was added to react at 30° C. for 2 Z-21 : 
hours, 50 ul of a 1N NaOH solution was added to stop the Z-22 : 
reaction, an absorbance (OD405 nm) of each well was mea- Z-23 : 
sured, and an inhibition rate (ICs) was obtained according to Z-24 : 
the following calculation equation. 2. : 

Inhibition rate (%)=100-{(Cabs.-NC abs.)/(PC Z-27 ::::::::: 
abs.-NC abs.) Z-28 : 

0822 Cabs.; absorbance of well of compound 2. : 
0823 NC abs.: absorbance of NC Z-31 : 
0824 PC abs.; absorbance of PC Z-32 : 
0825 Results are shown below. 23. : 

Z-3S : 

TABLE 1. Z-36 : 
Z-37 : 

Integrase inhibitory activity Z-38 :::::: 
Example No. (IC50, ng/ml) Z-39 : 

Z-40 : 

C-2 3.3 Z-41 : 
F-2 3.8 Z-42 : 
H-2 3.2 Z-43 : 

Z-44 : 

Z-45 : 

0826. The present compound showed the strong integrase Z-46 : 
inhibitory activity against HIV. 2. : 

EXPERIMENTAL, EXAMPLE 2 2. : 

0827. A derivative of 293T cells expressing an attachment 2. : : 
factor to improve adherence to plastic were used for the assay. Z-53 : 
A VSV-g pseudotyped HIV vector that expresses luciferase Z-54 : 
(herein referred to as PHIV) was produced by transfection of Z-55 :::::: 
cells with the pGJ3-Luci vector plasmid (Jáarmy, G. et al., J. Z-59 : 
Medical Virology, 64:223-231, 2001) and pVSV-g (Clon- Z-60 : 
tech). Cells were mixed with the PHIV vector and then mixed * = <10 nM 
with serially diluted compounds. After incubation at 37° C. - 0-100 nM, 
and 5% CO for two days, the plates were read by using *** >100 nM 
Steady Glo luciferase assay reagent (Promega) as recom 
mended by the manufacturer. To assess non-HIV specific 
inhibition, a similar assay was performed, except that cell/ FORMULATION EXAMPLE 
PHIV vector mixture was replaced by cells which had been previously transduced and constitutively expressed 0828. A term “active ingredient’ means the present com 

pound, a tautomer thereof, a pharmaceutically acceptable 
luciferase. thereof, or a solvate thereof. 

TABLE 2 FORMULATION EXAMPLE1 

Example 0829. A hard gelatin capsule is prepared using the follow 
number PHIV ICso ing ingredients: 
Z-1 : 

Z-2 : 

Z-3 : dose 
Z-4 : (mg capsule) 
Z-S : 

Z-6 : Active ingredient 250 
Z-7 : Starch (dried) 2OO 
Z-8 :::::: Magnesium stearate 10 
Z-9 : 

Z-10 : Total 460 mg 
Z-11 : 
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FORMULATION EXAMPLE 2 

0830. A tablet is prepared using the following ingredients: 

dose 
(mg tablet) 

Active ingredient 250 
Cellulose (microcrystalline) 400 
Silicon dioxide (fumed) 10 
Stearic acid 5 

Total 665 mg 

0831. Ingredients are mixed, and compressed to obtain 
tablets, each weighing 665 mg. 

1-56. (canceled) 
57. A compound of the formula: 

(I-1-1) 

OH O 

21 's-1s-1N 
(R)n A 
S NR N N : 

O R 3 R 14 R 

wherein, 
ring A is 

33 (A3) 
R32 R R34 

A. R35 N 
R36 
R37 

* NZ 
R39 R38 

Z -NH 
R. R. R. R. R. R7, R, and R are indepen 

dently hydrogen C-Calkyl, C-CarylC-Calkyl, 
Co-Caryl, or alkoxy, and wherein any two groups of 
R together may form a cycloalkyl; 

the stereochemistry of an asymmetric carbon represented 
by * shows R- or S-configuration, or a mixture thereof; 

R is halogen; 
m is an integer from 0 to 3: 
R is hydrogen; 
R" is hydrogen or lower alkyl: 
R is hydrogen, halogen, hydroxy, optionally substituted 

lower alkyl, optionally substituted cycloalkyl, option 
ally substituted lower alkenyl, optionally substituted 
lower alkoxy, optionally substituted lower alkenyloxy, 
optionally Substituted aryl, optionally Substituted ary 
loxy, optionally Substituted heterocyclic group, option 
ally substituted heterocycleoxy or optionally substituted 
amino; 

R'' is hydrogen; and, 
or a pharmaceutically acceptable salt thereof. 
58. A pharmaceutical composition comprising the com 

pound of claim 57 or a pharmaceutically acceptable salt 
thereof, together with a pharmaceutically acceptable carrier 
or diluent. 
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59. A compound of the formula: 

(I-1-1) 

OH O 

21 's-1s-1N 
(R)n A 
N NR N-N : 

O R 3 R 14 R 

wherein, 
ring A is 

R. R. R. R. R. and Ra are independently hydro 
gen or C-Calkyl; 

the stereochemistry of an asymmetric carbon represented 
by * shows R- or S-configuration, or a mixture thereof; 

R is halogen; 
m is an integer from 0 to 3: 
R is hydrogen; 
R is hydrogen or lower alkyl: 
R is hydrogen, halogen, hydroxy, optionally substituted 

lower alkyl, optionally substituted cycloalkyl, option 
ally substituted lower alkenyl, optionally substituted 
lower alkoxy, optionally substituted lower alkenyloxy, 
optionally Substituted aryl, optionally Substituted ary 
loxy, optionally Substituted heterocyclic group, option 
ally substituted heterocycleoxy or optionally substituted 
amino; 

R" is hydrogen; and, 
or a pharmaceutically acceptable salt thereof. 
60. A pharmaceutical composition comprising the com 

pound of claim 59 or a pharmaceutically acceptable salt 
thereof, together with a pharmaceutically acceptable carrier 
or diluent. 

61. A compound of the formula: 

(I-1-1) 

OH O 

21 's-1s-1Ns. 
(R)n NR N A 
N S : 

O R3 R 14 R 

wherein, 
ring A is 

33 (A3) 
R32 R R34 

A. R35 N 
R36 
R37 

* NZ 
R39 R38 
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Z–O; 
R. R. R. R. R, R-7, R, and R are indepen 

dently hydrogen, C-Calkyl, Co-CarylC-Csalkyl, 
C-Caryl, or alkoxy, and wherein any two groups of 
R together may form a cycloalkyl; 

the stereochemistry of an asymmetric carbon represented 
by * shows R- or S-configuration, or a mixture thereof; 

R is halogen; 
m is an integer from 0 to 3: 
R is hydrogen; 
R" is hydrogen or lower alkyl: 
R is hydrogen, halogen, hydroxy, optionally substituted 

lower alkyl, optionally substituted cycloalkyl, option 
ally substituted lower alkenyl, optionally substituted 
lower alkoxy, optionally substituted lower alkenyloxy, 
optionally Substituted aryl, optionally Substituted ary 
loxy, optionally Substituted heterocyclic group, option 
ally substituted heterocycleoxy or optionally substituted 
amino; 

R'' is hydrogen; and, 
or a pharmaceutically acceptable salt thereof. 
62. A pharmaceutical composition comprising the com 

pound of claim 61 or a pharmaceutically acceptable salt 
thereof, together with a pharmaceutically acceptable carrier 
or diluent. 


