
SPECIFICATION Polycyclic Carbamoylpyridone Derivative
Having HIV Integrase Inhibitory Activity [Technical
Field] [0001] The present invention relates to novel
compounds possessing an antiviral activity, in detail
polycyclic carbamoylpyridone derivatives possessing an
inhibitory activity against HIV integrase and a
pharmaceutical composition containing the same,
especially a anti-HIV agent. [Background Art] [0002]
Among viruses, human immunodeficiency virus (HIV), a
kind of retrovirus, is known to cause acquired
immunodeficiency 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., Indinavir), 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, 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, however agents
having the same mechanism of action often exhibit
cross-resistance or only an additional activity.
Therefore, anti-HIV agents having the other mechanism
of action are desired. 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 carbamoyl-substituted hydroxypyridone
derivative has been filed (Ref: Patent Document 6,
Example 8) . Other known carbamoylpyridone derivatives
include 5-alkoxypyridine-3-carboxamide derivatives and
T -pyrone-3-carboxamide derivatives, which are a plant
growth inhibitor or herbicide (Ref: Patent Documents
7-9). Other HIV integrase inhibitors include
N-containing condensed cyclic compounds(Ref: Patent
Document 10). [Patent Document 1]WO03/0166275 [Patent
Document 2 WO2004/024693 [Patent Document
3]WO03/035076 [Patent Document 4]WO03/035076 [Patent
Document 5]WO2004/004657 [Patent Document 6]JP Patent
Application 2003-32772 [Patent Document 7]JP Patent
Publication 1990-108668 [Patent Document 8]JP Patent
Publication 1990-108683 [Patent Document 9]JP Patent
Publication 1990-96506 [Patent Document
10]WO2005/016927 [Disclosure of Invention] [Problem t
o be Solved by the Invention] [0003] The development
of a novel integrase inhibitor has been desired.
[Means to Solve the Problem] [0004] The present
inventors have intensively studied to find that a
novel polycyclic carbamoylpyridone derivative
possesses a potent HIV integrase inhibitory activity
Moreover, the present inventors have discovered that a
compound of the present invention and a pharmaceutical
composition containing the same are useful as an
antiviral agent, an antirotroviral 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 or
anti-AIDS agent, to accomplish the present invention
shown below. (1)A compound of the formula : (wherein,
Z i s NR4 ;R4 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
substituted 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 residue,
aralkyl substituted with optionally substituted
phosphoric acid residue, hydroxy substituted with
optionally substituted phosphoric acid residue, amino
substituted with optionally substituted phosphoric
acid residue or lower alkyl substituted with
optionally substituted phosphoric acid residue (the
lower alkyl may be intervened by a heteroatom group
selected from CO, O, S, SO, SO2, NRa (Ra is hydrogen
or lower alkyl), -N= and =N-)), O or CH2. Z2 is
optionally substituted lower alkylene or optionally
substituted lower alkenylene, each may be intervened
by a heteroatom group selected from O, S, SO, SO2, NR5
(R5is 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 substituted
aryloxy, optionally substituted heterocyclic groxip,
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 residue,
aralkyl substituted with optionally substituted
phosphoric acid residue, hydroxy substituted with
optionally substituted phosphoric acid residue, amino
substituted with optionally substituted phosphoric
acid residue or lower alkyl substituted with
optionally substituted phosphoric acid residue (the
lower alkyl may be intervened by a heteroatom gx-oup
selected from CO, O, S, SO, SO2,NR5 (R5 is selected
independently from the same substituent group as R4),
-N= and =N-)), -N= or =NR1 is hydrogen or lower alkyl;
X is a single bond, a heteroatom group selected from
O, S, SO, SO2 and NH, or lower alkylene or lower
alkenylene each may be intervened by the heteroatom;
R2 is optionally substituted aryl R3 is hydrogen,
halogen, hydroxy, optionally substituted lower alkyl,
optionally substituted cycloalkyl, optionally
substituted lower alkenyl, optionally substitutedlower
alkoxy, optionally substituted lower alkenyloxy,
optionally substituted aryl, optionally substituted
aryloxy, optionally substituted heterocyclic group,
optionally substituted heterocycleoxy or optionally
substituted amino; R4 and Z2 part taken together forms
a ring, where bhe compound (I) is represented by the
following formula (I-1), or (I-11): (wherein, A ring
is optionally substituted heterocycle) R1 4 and Rx are
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, 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
substituted with optionally substituted phosphoric
acid residue or lower alkyl substituted with
optionally substituted phosphoric acid residue (the
lower alkyl may be intervened by a heteroatom group
selected from O, S, SO, SO2,NR5 (R5 is selected
independently from the same substituent group as R4) ,
-N and =N-), hydroxy, optionally substituted amino,
optionally substituted lower alkyl carbonyl,
optionally substituted cycloalkylcarbonyl, optionally
substituted cycloalkyl lower alkyl carbonyl,
optionally substituted lower alkoxy carbonyl,
optionally substituted arylcarbonyl, optionally
substituted aryl lower alkyl carbonyl, optionally
substituted aryloxycarbonyl, optionally substituted
heterocyclecarbonyl, optionally substituted
heterocycle lower alkyl carbonyl, optionally
substituted heterocycleoxy carbonyl or optionally
substituted aminocarbonyl;a broken line represents the
presence or absence of a bond, provided that when the
broken line represents the presence of a bond, Rx is
not present; R1 is hydrogen or lower alkyl; Xis a
single bond, a heteroatom group selected from O, S,
SO, SO2 and NH, 01- lower alkylene or lowor alkenylonc
each may be intervened by the heteroatom group; R2 is
optionally substituted aryl; R3 is hydrogen, halogen,
hydroxy, optionally substituted lower alkyl,
optionally substituted cycioalkyl, optionally
substituted lower alkenyl, optionally substituted
lower alkoxy, optionally substituted lower alkenyloxy,
optionally substituted aryl, optionally substituted
aryloxy, optionally substituted heterocyclic group,
optionally substituted heterocycleoxy or optionally
substituted amino) (wherein, D ring is optionally
substituted heterocycle; R1 is hydrogen or lower
alkyl; X is a single bond, a heteroatom group selected
from O, S, SO, SO2 and NH, or lower alkylene or lower
alkenylene each may bo intervened by the hetoroatom
group; R is optionally substituted aryl; R3 is
hydrogen, halogen, hydroxy, optionally substituted
lower alkyl, optionally substituted cycioalkyl,
optionally substituted lower alkenyl, optionally
substituted lower alkoxy, optionally substituted lower
alkenyloxy, optionally substituted aryl, optionally
substituted aryloxy, optionally substituted
heterocyclic group, optionally substituted
heterocycleoxy or optionally substituted amino)), its
pharmaceutically acceptable salt, or solvate thereof.
(2) A compound according to the above (1),
pharmaceutically acceptable salt, or solvate thereof,
wherein R1 is hydrogen, (3) Acompound according to the
above (1), pharmaceutically acceptable salt, orsolvate
thereof, wherein X is lower alkylenei R2 is phenyl or
phenyl substituted with at least halogen. (4) A
compound according to the above (1), pharmaceutically
acceptable salt, or solvate thereof, wherein RJ is
hydrogen, halogen, hydroxy, lower alkyl, lower
alkenyl, lower alkoxy, lower alkenyloxy or optionally
substituted amino. (5) A compound according to the
above Q), 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 JR, 1 is
hydrogen or lower alkyli X is lower alkyleneJ R2 is
phenyl or phenyl substituted with at least halogen;
Ri! is hydrogen, halogen, hydroxy, lower alkyl, lower
alkenyl, lower alkoxy, lower alkenyloxy or optionally
substituted amino. (7) A compound of the formula-
(wherein, Aring is optionally substituted heterocycloJ
R and Rx are 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 hetcrocyclo
lower alkyl, optionally substituted heterocycleoxy,
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 substituted with optionally
substituted phosphoric acid residxie orlower alkyl
substituted with optionally substituted phosphoric
acid residue (the lower alkyl may be intervened by a
heteroatom group selected from O, S, SO, SO2,NR0 (R5
is selected independently from the same substituent
group as R4) , -N= and =N-), hydroxy, optionally
substituted amino, optionally substituted lower alkyl
cax'bonyl, optionally substituted cycloalkylcarbonyl,
optionally substituted cycloalkyl lower alkyl
carbonyl, optionally substituted lower alkoxy
carbonyl, optionally substituted arylcarbonyl,
optionally substituted aryl lower alkyl carbonyl,
optionally substituted aryloxycarbonyl, optionally
substituted heterocyclecarbonyl, optionally
substituted heterocycle lower alkyl carbonyl
optionally substituted heterocycleoxy carbonyl or
optionally substituted aminocarbonyL a broken line
represents the presence or absence of a bond, provided
that when the broken line represents the presence of a
bond, R Xis not present; R1 is hydrogen or lower
alkyl; X is a single bond, a heteroatom group selected
from O, S, SO, SO_ and N H, or lower alkylene or lower
alkenylene each may be intervened by the heteroatom
group; R2 is optionally substituted aryL R3 is
hydrogen, halogen, hydroxy, optionally substituted
lower alkyl, optionally substituted cycloalkyl,
optionally substituted lower alkenyl, optionally
substituted lower alkoxy, optionally substituted lower
alkenyloxy, optionally substituted aryl, optionally
substituted aryloxy, optionally substituted
heterocyclic group, optionally substituted
heterocycleoxy or optionally substituted amino), its
pharmaceutically acceptable salt, or solvate thereof
(8) A compound according to the above (7),
pharmacetitically acceptable salt, or solvate thereof,
wherein R1 is hydrogen or lower alkyl; Xis lower
alkyleneJ R2 is phenyl or phenyl substituted with at
least halogen; R3 is hydrogen, halogen, hydroxy, lower
alkyl, lower alkenyl, lower alkoxy, lower alkenyloxy
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. (10) A compound
according to the above (7), pharmaceutically
acceptable salt, or solvate thereof, wherein Rx is
hydrogen; R1'1is hydrogen or optionally substituted
lower alkyl.(11) A compound according to the above
(7), pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is an optionally substituted
and optionally condensed 5- to 7 membered heterocycle
containing- 1 to 2 hetero atom(s). (12) A compound of
the formula (wherein, A ring is an optionally
substituted and optionally condensed 5- to 7- membered
heterocycle containing 1 to 2 hetero atom(s); the
stereochemistry of an asymmetric carbon represented by
* shows R or Sconfiguration, or a mixture thereof; R14
and R.x are 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 grovip, optionally substituted
heterocycle lower alkyl, optionally substituted
heterocyclooxy, 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 substituted with
optionally substituted phosphoric acid residue or
lower alkyl substituted with optionally substituted
phosphoric acid residue (the lower alkyl may be
intervened by a heteroatom group selected from O, S,
SO, SO2,NR (Rb is selected independently from the same
substituent group as R'O, -N= and =N-), hydroxy,
optionally substituted amino, optionally substituted
lower alkyl carbonyl, optionally substituted
cycloalkylcarbonyl, optionally substituted cycloalkyl
lower alkyl carbonyl, optionally substituted lower
alkoxy carbonyl, optionally substituted arylcarbonyl,
optionally substituted aryl lower alkyl carbonyl,
optionally substitutedaryloxycarbonyl, optionally
substituted hetcrocyclecarbonyl, optionally
substituted heterocycle lower alkyl carbonyl,
optionally substituted heterocycleoxy carbonyl or
optionally substituted aininocarbonyl; R is hydrogen,
halogen, hydroxy, optionally substituted lower alkyl,
optionally substituted cycloalkyl, optionally
substituted lower alkenyl, optionally substituted
lower alkoxy, optionally substituted lower alkenyloxy,
optionally substituted aryl, optionally substituted
aryloxy, optionally substituted heterocyclic group,
optionally substituted hetorocyclcoxy or optionally
substituted amino), its pharmaceutically acceptable
salt, or R1 is hydrogen or lower alkyli R is
independently selected from halogen and Substitucnt
group SV, Substituent group SlO 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
substituted wilh optionally substituted phosphoric
acid residue, or lower alkyl substituted with
optionally substituted phosphoric acid residue
(wherein the lower alkyl may be intervened with a
heteroatom group(s) selected from CO, O, O, S, SO,
SO2, NRa (R-* is hydrogen or lower alkyl), -N= and
=N-), lower alkoxy lower alkyl, amino lower alkyl
optionally substituted with mono- or di- lower alkyl,
halogcnated lower alkyl, lower alkoxy, carbamoyl
optionally substituted with mono- or di- lower alkyl,
optionally substituted lower alkyl sulfonyl amino,
halogenated lower alkoxy, hydroxy lower alkyl) m is an
integer of 0 to 3, its pharmaceutically acceptable
salt, or solvate thereof. (13) A compound according to
the above (12), pharmaceutically acceptable salt, or
solvate thereof, wherein and R1' are independently
hydrogen or optionally substituted lower. (14)
Acompound according to the above (12),
pharmaceutically acceptable salt, or solvate thereof,
wherein Rx and R1'1are hydrogens. (15) A compound
according to the above (12), pharmaceutically
acceptable salt, or solvate thereof, wherein R is
hydrogen.(16) A compound according to the above (12),
pharmaceutically acceptable salt, or solvate thereof,
wherein m is 0, or 1 t o 3 and at least one of R is
halogen. (17) A compound according to the above (7) or
(12), pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is any one of the following:
(wherein, R 0 to R40 are each independently a group
selected from Substituent group S2, or any two groups
of R  Lo R40, which bonds to tho same carbon atom,
Laken together with the carbon atom, may form an
optionally substituted carbocyle or optionally
substituted heterocycle, or each combination of (R20
and R2 ) , (R23 and R2O, (R and R2 , (R and R2 , (R"
and R 0 , (R"2 and RJ'O, (R 5 and R ), (R and R ) and
(R' SandR 40) , Laken together with the neighboring
atom, may form an optionally substittited carbocyle or
optionally substituted heterocycle. Substituent group
S2: hydrogen, optionally substituted lower alkyl,
optionally substituted cycloalkyl, optionally
substituted cycloalkyl lower alkyl, optionally
substituted lower alkcnyl, optionally substituted
lower alkoxy, optionally substituted lower alkenyloxy,
optionally substituted aryl, optionally substituted
aryl lower alkyl, optionally substituted aryloxy,
optionally substituted heterocycle, optionally
substituted heterocycle lower alkyl, optionally
substituted heterocycleoxy, hydroxy, optionally
substituted amino, optionally substituted lower
alkylcarbonyl, optionally substituted
cycloalkylcarbonyl, optionally substittited cycloalkyl
lower alkylcarbonyl, optionally substituted lower
alkoxycarbonyl, optionally substituted arylcarbonyl,
optionally substituted aryl lower alkylcarbonyl,
optionally substituted aryl oxycarbonyl, optionally
substituted heterocyclecarbonyl, optionally
substituted heterocycle lower alkylcarbonyl,
optionally substituted
heterocyclooxycarbonyl,optionally substituted
aminocarbonyl, optionally substituted phosphoric acid
residue, aryl substituted with optionally substituted
phosphoric acid residxie, aralkyl substituted with
optionally substituted phosphoric acid residue,
hydroxy substituted with optionally substituted
phosphoric acid residue, amino substituted with
optionally substituted phosphoric acid residtie, or
lower alkyl substituted with optionally substituted
phosphoric acid residue (the lower alkyl may be
intervened with a heteroatom group(s) selected from
CO, O, S, SO, SO2, NRC(R6 is independently selected
from the same Substituent group as R'O, -N= and =N0
the stereochemistry of an asymmetric carbon
represented by A shows R- or Sconfiguration, or a
mixture thereof) (18) A compound according to the
above (17), pharmaceutically acceptable salt, or
solvate thereof, wherein R20 to R'J0 are each
independently hydrogen or substituted lower alkyl, or
any two groups of R20 to R40, which bonds to the same
carbon atom, taken together with the carbon atom, may
form an optionally substituted 3- to 7- membered
carbocyle or optionally substituted 3- to 7- membered
heterocyclc, or each combination of (R20 and R22), (R2
and R , (R 3 and R ), (R5 and R2 <->), (R and R3 1) ,
(R32 and R- ) , (R''5 and R36) , (R37 and RJs), and
(R^andR'i"), taken together with the neighboring atom,
may form an optionally substituted 5- to 7- membered
carbocyle or optionally substituted 5- to 7 membered
hetcrocycle. (19) A compound according to the above (
7), pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is a ring represented by (A-I)
one of R20 to R2r>is optionally substituted lower
alkyl and the others are hydrogens. (20) A compound
according to the above (17), pharmaceutically
acceptable salt, or solvate thereof, wherein A ring is
a ring represented by (A-I); one of (R20 and R22), (R2
! and R2O, and (R25 and R2G), taken together with the
neighboring atom, may form an optionally substituted
5- t o 7- membered carbocyle or optionally substituted
5- t o 7- membered hctorocycle. (21) A compoxmd
according to the above (17), pharmaceutically
acceptable salt, or solvate thereof, wherein A ring is
a ring represented by (A-1)l Z=NR26, and R2S and R2
taken together with the neighboring atom may form an
optionally substituted 5- to 7- Umembered heterocycle.
(22) A compound according to the above (17),
pharmaceutically acceptable salt, or solvate thereof,
wherein A ring is a ring represented by (A -2) >one of
R27 to Rao is optionally substituted lower alkyl and
the others are hydrogens. (23) A compound according to
the above (17), pharmaceutically acceptable salt, or
solvate thereof, wherein A ring is a ring represented
by (A-2); one of (R 7and R29) and (R30 and R ' 1),
taken together with the neighboring atom, may form an
optionally substituted 5- to 7- memberod carbocyle or
optionally substituted 5- to 7- membered heterocycle.
(24) A compound according to the above (17),
pharmaceutically acceptable salt, or solvate thereof,
whcroin A ring is a ring represented by (A-2); Z=NR3
1, and R' and R!il taken together with the neighboring
atom may form an optionally substituted 5 - to 7-
membered heterocycle. (25) A compound according to the
above (17), pharmaceutically acceptable salt, or
solvate thereof, wherein A ring is a ring represented
by (A- 3); one of R32 to R;iS is optionally
substituted lower alkyl and the others are hydrogens.
(26) A compound according to the above (17),
pharmaceutically acceptable salt, or solvate thereof,
wherein A ring is a ring represented by (A-3)> one of
(R 2andR^0,(R r'andR 3"),(R:!7andR
38),and(R39andR'i"), taken together with the
neighboring atom, may form an optionally substituted
5- to 7- membered carbocyle or optionally substituted
5- to 7- membered heterocycle. (27) A compotmd
according to the above (17), pharmaceutically
acceptable salt, or solvate thereof, wherein A ring is
a ring represented by (A-3); Z=NR40, and R; 9 and R40
taken together with the neighboring atom may form an
optionally substituted 5- to 7- membered heterocycle.
(28) A compound according to the above (12),
pharmaceutically acceptable salt, or solvate thereof,
wherein Rx is hydrogen; R1'1is hydx-ogen or optionally
substituted lower; R3 is hydrogen; m is 1 to 3 and at
least one of Rs is halogen; A ring is a ringdescribed
in Claim 17, (29) A compound according to the above
(12), pharmaceutically acceptable salt, or solvate
thereof, wherein R is hydrogen; R1'1 is hydrogen; R3
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;
R2t> to R |  are each independently hydrogen or
substituted lower alkyl, or any two groups of R20 to
R40, which bonds to the same carbon atom, taken
together with the carbon atom, may form an optionally
substituted 3- to 7- mcmbcred carbocyle or optionally 



substituted 3- to 7- membered heterocycle, or each
combination of (R20 and R22), (R23 and R , (R2C and
Rso), (R and Rss), (R30 and RJ '), (R3 and -), (R and
R ) , (R! and Rl!s), and (R!19andR 40), taken together
with the neighboring carbon atom, may form an
optionally substituted 5- to 7- membered carbocyle or
optionally substituted 5- to 7- mombered heterocycle.
(30) A compound of the formula^ ) (wherein, D ring is
optionally substituted hetorocycleJ R 1 is hydrogen or
lower alkyl; X is a single bond, a heteroatom group
selected from O, S, SO, SO2 and NH, or lower alkylene
or lower alkenylene each may be intervened by the
heteroatom group; R2 is optionally substituted aryli
R15 is hydrogen, halogen, hydroxy, optionally
substituted lower alkyl, optionally substituted
cycloalkyl, optionally substituted lower alkonyl,
optionally substituted lower alkoxy, optionally
substituted lower alkenyloxy, optionally substituted
aryl, optionally substituted aryloxy, optionally
substituted heterocyclic group, optionally substituted
heterocyclooxy or optionally substituted amino),
pharmaceutically acceptable salt, or solvate
thereof(31) A compound selected from the group
consisting of: (3R,J l aS
-N-[(2,4-Difliiorophenyl)methyl]-6-hydroxy-3-methyl-5,
7^10X0-2,3,5,7,11, 11a -hexahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyyrazine 8-carboxamide; (4aR,13a"S>-N
-[(2,4-Difluorophenyl)methyl]-10-hydroxy-9,11-dioxo-2,
3,4a,5,9,11,13,13a
-octahydro-1^-pyrido[1,2-ajpyrrolo[1',2':3,4]imidazo[1
,2- d]pyrazine-8-carboxamide; (3a 9,13a,
l-N-[(2,4-Difluorophenyl)methyl]-8-hydroxy-7,9-dioxo-1
,2,3,3a,4,5,7,9,13,3 3a
-decahydropyrido[1',2':4,5]pyrazino[1,2-
a]pyrrolo[1,2-dpyrimidine-10-carboxamide; (4a"5',13aR)
-N-[(2,4-Difluorophenyl)methyl]-10-hydroxy-9,11-dioxo-
2,3,4a,5,9,11,13,13a -octahydro-1 pyr do[1,2-
a]pypyrrolo[1',2':3,4]imidazo[1,2-
d]pyrazine-8-carboxamide; (4a S,13a R)
-N-[(4-Fluorophenyl)methyl]-10-hydroxy-9,11-dioxo-2,
3^,5,9,J 1,3 3,1Sa-OCt ahydro-1 H-pyrido[1,2-
a]pyrrolo[l l,2':3,4]imidazo[1,2- d]pyr azino-8
caxboxaraido; (3 5r,11a R)
-N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-5,7-dioxo-3-
(phenylmethyl)-2,3,5,
7,11,11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide; (3a S, 13a S
l-N-[(4-Fluorophenyl)methyl]-8-hydroxy-7,9-dioxo-1,2,3
,3a,4,5,7,9,13,13a-de
cahydropyrido[1',2':4,5]pyrazine[1,2-
a]pyrrolo[1,2-6|lpyrimidine-10-carboxamide;(3S,11aR)
-N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-[(
1S)-1-methylpropyl]-5,7-dioxo
-2,3,5,7,11,11a-hexahydro[1,3]oxazolo[3,2-a]pyrido[1,2
- d]pyrazine-8-carboxamide; (3S,11aR) -N
-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-methyl-5,7-d
ioxo-2,3,5,7,11,11a
-hexahydro[1,3]oxazolo[3,2-a]pyrido[1,2-
d]pyrazine-8-carboxamide; (3S,11aR)
-N-[(4-Fluorophenyl)methyl]-6-hydroxy-3-methyl-5,7-dio
xo-2,3,5,7,11,11a-he
xahydro[1,3]oxazolo[3,2-a]pyrido[1,2-
d]pyrazine-8-carboxamide; (3S,11aR)
-N-[(2,4-Difluorophenyl)methyl]-3-(1,1-dimethylethyl)-
6-hydroxy-5,7-dioxo-2
,3,5,7,11,11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide
(3S,11aR)-3-(1,1-Dimethylethyl)-
N-[(4-fluorophenyl)methyl]-6-hydroxy-5,7-dioxo-2,3,5,
7,11,11a-hexahydro[1,3]oxazolo[3,2-a]pyrido[1,2-
d]pyrazine-8-carboxamide; (3S,11aR)
-N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-5,7-dioxo-3-
phenyl-2,3,5,7,11,11a
-hexahydro[1,3]oxazolo[3,2-a]pyrido[1,2-
d]pyrazine-8-carboxamide;
(3S,11aR)-N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-(
hydroxymethyl)-5,7-dioxo-2,3,
5,7,11,11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide; (2 S,3R) -N
-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-methyl-5,7-d
ioxo-2-phenyl-2,3,5,7
,11,11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide;(3R,11aS)
-N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-5,7-dioxo-3-
(phenylmethyl)-2,3,5, 7,
11,11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide; (3R,11aS) -N
-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-(2-methylpro
pyl)-5,7-dioxo-2,3,
5,7,11,11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide (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-
a]pyrido[1',2':3,4]imidazo[1,2-
d]pyrazine-9-carboxamide; (2S ,3S -N
-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-[(methyloxy)
methyl]-5,7-dioxo-2-p
henyl-2,3,5,7,11,11a-hexahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carboxamide (3S,
11aR)-3-(Cyclohexylmethyl)- N
-[(2,4-difluorophenyl)methyl]-6-hydroxy-5,7-dioxo-2,
3,5,7, 11,11a-hexahydro[1,3]oxazolo[3,2- ]pyrido[1,2-
d]pyrazine-8-carboxamide; (3S
,11aR)-N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-(1-m
ethylethyl)-5,7-dioxo-2,3,5,
7,11,11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide; (5aR,14a S )
-N-[(2,4-Difluorophenyl)methyl]-12-hydroxy-11,13-dioxo
-5a,6a,7, 11,13,14ahexahydro- 5
H-indeno[1',2':4,5][1,3]oxazolo[3,2-a]pyrido[1,2-
d]pyrazine-10-carboxamid e;(2S,3R,11aS)
-N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-5,7-dioxo-2,
3-diphenyl-2,3,5,7,
11,11a-hexahydro[1,3]oxazolo[3,2-a]pyrido[1,2-
d]pyrazine-8-carboxamide; (2S,3R,11aR)
-N-[(2,4-difluorophenyl)methyl]-6-hydroxy-5,7-dioxo-2,
3-diphenyl-2,3,5,7, 11,11a-hexahydro[1,3]oxazolo[3,2-
]pyrido[1,2- d]pyrazine-8-carboxamide; (3R, 11aS)
-N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-(1-methyle
thyl)-5,7-dioxo-2,3,5,
7,11,11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide; (3S,11aR)
-N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-[2-(methyl
thio)ethyl]-5,7-dioxo-
2,3,5,7,11,11a-hexahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carboxamide; (3S;11a R)
-N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-[2-(methyl
sulfonyl)ethyl]-5,7-di oxo-2,3,5,7,
11,11a-hexahydro[1,3]oxazolo[3,2-a]pyrido[1,2- d]pyra
ine-8-carboxamide (3S,11aR) -N
-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-(1
H-indol-3-ylmethyl)-5,7-dioxo
-2,3,5,7,11,11a-hexahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carboxamide; (4R,12a R)-N
-[(4-fluorophenyl)methyl]-7-hydroxy-4-methyl-1-(2-meth
ylpropyl)-6,8-diox
o-1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazin
e[1,2- a]pyrimidine-9-carboxamid e;(4R,12a/i;)-N
-[(4-Fluorophenyl)methyl]-7-hydroxy-4-methyl-1-(i
-methylethyl)-6,8-cUox o-1,2,3,4,6,8,12,12a-oct;
ahydropyrido[1',2':4,5]pyrazino[1,2-
a]pyrimidine-9-c,'irboxamid e > (4S ,12a S
-N-[(2,4-Difluorophenyl)methyl]-7-hydroxy-4-methyM-(2-
methylpropyl)-6,8-
dioxo-1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]py
azino[1,2- a]pyrimicline-9-carboxa mide; (4.S,
12aS)-1-(Cyclopropylmethyl)-
N-f(2,4-difluorophenyl)methyl]-7-hydroxy-4-methyl-6
,8-dioxo-1,2,3,4,6,8,
12,12a-ociahydropyrido[1',2':4,5]pyrazino[1,2-
a]pyrimidine-9-carbo xamide; (4
12a,5)-iV-[(2,4-Difhiorophenyl)methyl]-1-(2-furanylmet
hyl)-7-hydroxy-4-methyl-6,8 -dioxo-1,2,3,4,6,8,12,
12a-octahydropyrido[1',2':4,5]pyrazino[1,2v;
Jpyrimidine-9-carbox amide; (4S,12a S) -N-[(2,4-I)ifl
iorophenyl)methyl]-7-hydroxy-4-methyl-6,8-dioxo-1-(1,3
-fchiazol- 2-ylmethyl)-
1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazino[
1,2- a]pyrimidine-9-c arboxamide;
(4aR,6aR,l4a"S)-N-[(2,4-Difluorophenyl)methyl]-12-hydr
oxy-31,13-dioxo- J ,3,4 ,5 , 7,11,13,14a-decahydro-2
H;pyrido[1',2':4,5]pyrazino[1,2- a][3,1]benz;
oxazino-10-carboxa midej(4aie,6aR,14a S)
-N-[(4-Fluorophenyl)methyl]-12-hydroxy-11,13-dioxo-1,3
,4,4a,5,6a,7,11 , 13,
14a-decahydro-2//-pyrido[1',2':4,5]pyrazino[1,2- a][3,
l]benzoxazine- 10-carboxamide (3S,4a R,6aR,14a S
iN-[(2,4-Difl\
orophenyl)methyl]-12-hydroxy-11,13-dioxo-3-phenyl-1
,3,4,4a,5,6a,7,11,13,14a-decahydro-2 -'
pyrido[1',2':4,5]pyrazino[1,2- a][3,1]benzoxazine
-10-carboxamide;
(4aS,6aS,14aS)-N-[(2,4-Difluorophenyl)methyl]-12-hydro
xy-6-(2-methylpropyl)-11,13-d
ioxo-1,2,3,4,4a,5,6,6a,7,11,i3,14a-dodecahydropyrido[1
',2':4,5]pyrazino[1,2-a]quinazoli ne- 10-carboxamide;
(6aR,7aS, 11aS)-N-
t(2,4-Difluorophenyl)methyl]-1-hydroxy-2,13-dioxo-2,6a
,7, 7a,8,9, 10, L1,11a,13-decahydro-
qH-pyrido[1',2':4,5]pyra ino[1,2-a]ben imidazole
-carboxamide
(6aS,7aS,11aS)-N-[(2,4-Difluorophenyl)methyl]-1-hydtOx
y-2,13-dioxo-2,6a,7,7a,8,9, L0, 11,11a, 13-decahydro-
H-pyrido[1',2':4,5]pyrazino[i,2-a]benzimidazolo-3-carb
oxamide;
(5aS,14aS)-N-[(2,4-Oifluorophenyl)methyl]-11-hydroxy-1
0,12-dioxo-1,2,3,4,5a,6,10,12,
14,14a-decahydropyrido[1,2-
a]pyrido[1',2':3,4]imidazo[1,2-
d]pyrazine-9-carboxamide; (4aK,
14aR)-N-[(2,4-Difluorophenyl)methyl]-9-hydroxy-8,10-di
oxo-2,3,4,4a,5,6,8,10,14,14a-decahydro-
1H-pyridoIl,2-clpyridoLl',2'i4,5lpyra'/ino[1,2-a]pyrim
idine-11-carboxam ide; ( R,12a R)
-LA[(2,-l-Difluorophenyl)methyl]-7-hydroxy-4-methyM-(3
-methylbutyl)-6,8-d
ioxo-1,2,3,4,G,8,12,12a-octahydropyrido[1',2':4,5]pyra
zino[1,2- a]pyrimidine-9-carboxa naide;
(4S,12aS)-iV-[(2,4-Difluorophenyl)methyl]-7-hydroxy-4-
methyl-1-(1-meihyleLhyl)-6,8-di oxo-1,2,3,4,6,8,12,
12a-octahydropyrido[1',2':4,5]pyrazinoCl, 2
a]pyrimidine-9-carboxam ide; US.1 2aS>
N-t(2,4-Difluorophenyl)methyl]-7-hydroxy-4-mGtiiyl-1-(
3-methylbutyl)-6,8-d ioxo-1,2,3,4,6,8,12,12a-octahyd
opyrido[1',2':4,5]pyrazino[1,2- alpyrimidinG-9-carboxa
mide; ( ,12aS
-L"-[(2,4-Difluorophenyl)methyl]-7-hydroxy-4-methyl-6,
8-dioxo-1-(3-pyridinyl
methyl)-1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]p
yrazino[1,2- a]pyrimidino-9-carbo xamide; (4S
12aS)-1-Cyclopropyl- N-f(2,4-difh
orophenyl)methyl]-7-hydroxy-4-methyl-6 8-dioxo-
1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazino[
1,2- a]pyrimidmo-9-carboxamtdo; (4S,12aS
)-iV-[(2,4-Difluorophenyl)methyl]-7-hydroxy-4-rnctb.yl
-1-[2-(methyloxy)ethyl]-6,8-dioxo-1,2,3,4,6,8,12,12a-o
ctahydropyrido[1',2':4,5]pyrazino[1,2-
a]pyrimidine-9-carb oxamide;
(3aS,5aS,13aS)-N-[(2,4-Difluorophenyl)methyl]-11-hydro
xy-5-(2-methylpropyl)-10,12-d
ioxo-2,3,3a,4,6,5a,6,10,12,13a-decahydro-1H-cyclopenta
le]pyrido[1',2':4,5]pyrazino[1,2
-a]pyrimidine-9-carboxamide; (3R.11aS) -N
-[(2,4-Difluorophenyl)methyl]-3-ethyl-6-hydroxy-5,7-di
oxo-2,3,5,7,11,11a-h exahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carboxamide;
(4aS,6aS,14aS)-N-[(2,4-Difluorophenyl)methyl]-12-hydro
xy-6-[2-(4-morpholinyl)ethyl]-
11,13-dioxo-1,2,3,4,4a,5,6,6a,7,11,13,
14a-dodecahydropyrido[1',2':4,5]pyrazino[1,2-a]q
uinazoline-10-carboxamide;
(3aR,5aR,13aS)-N-[(2,4-Difluorophenyl)methyl]-
11-hydroxy-10,12-dioxo-1,2,3,3a,4,5a,
6,10,12,13a-decahydrocyclopenta[d]pyrido[1',2':4,5]pyr
azino[2,1-b][1,3]oxazine-9-carbo xamide; (4aS,6aS,
14aS)-N-[(2,4-Difluorophenyl)methyl]-12-hydroxy-6-meth
yl-11,13-dioxo-1,2,3
,4,4a,5,6,6a,7,11,13,14a-dodecahydropyrido[1',2':4,5]p
yrazino[1 ,2-a]quinazoline-10-car boxamide;
(4aS,6aS,14aS)-N-[(2,4-Difluorophenyl)methyl]-12-hydro
xy-6-[2-(methyloxy)ethyl]-11,13-dioxo-1,2,3,4,4a,5,6,6
a,7,11,13,14a-dodecahych
opyrido[1',2':4,5]pyrazino[1,2-a)quh t
azoline-10-carboxamidel
(4aS,6aS,14aS)-6-l2-(Acetylaraino)ethyl]-N-[(2,4-diflu
orophenyl)methyl]-12-hydroxy-1 1,13-dioxo- 1,2,3,4,4a,
5,6 ,6a,7, 11,l 3,
14a-dodecahydropyrido[1',2':4,5]pyrazino[1,2-a]q\ ii
nazoline- 10-carboxamideI (3S,11ai2)-N -[(2,4-Difluo
-ophenyl)methyl
-3-ethyl-6-hydroxy-5,7-dioxo-2,3,5,7,11,11a -h
exahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxatnide; (SS, 11aR)-3-Butyl-
N-[(2,4-diiluorophenyl)methyl]-6-hydroxy-5,7-dioxo-2,3
,5,7, 11, 1la-h cxahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carboxamide; (3S,11aR) -N
-[(2,4-Difluorophenyl)mcfchyl]-6-b.ychOxy-3-[(4-hydroX
yphenyl)mcfhyl]-5,7- dioxo-2 ,5,7,11
11a-hexahydro[1,3]oxazolo[3,2-a]pyrido[1,2-
d]pyrazine-8-carboxamide
(4S,12aS)-1-Cyclobutyl-N-[(2,4-difluorophenyl)methyl]-
7-hydroxy-4-methyl-6,8-dioxo-1
,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazino[1
,2-a]pyrimidine-9-carboxamide; (4S,12a S
)-L1[(2,4-Difluorophenyl)methyl]-7-hydroxy-4-methyl-6,
8-dioxo-1-(tetrahydro-
2iy-thiopyran-4-yl)-1,2,3,4,6,8,12, 12a-octahydropy .i
do[1',2':4,5]pyr azino[1,2-a]pyri mid ine-9-carboxamid
q(4S,12a S
)-N-[(2,4-Diflxiorophenyl)methyl]-7-hydroxy-1,4-bis(2-
methylpropyl)-6,8-dioxo
-1,2,3,4,6,8,12,12a-octahycUOpyrido[1',2':4,5]pyrazino
[1,2- a]pyr imidine-9-ca .'boxamide;
(4aS,6aS,14aS)-N-[(2,4-I
)ifluorophenyl)methyl]-12-hydroxy-6-(2-hydroxyethyl)-1
1,13-d ioxo- 1,2, 3,4,4a, 6 ,6,6a, 7,
J.i,13,14a-dodecahydropyrido[1',2':4,5]pyrazino[1,2-a]
quinazoli ne- 10-cac-boxamide;
(4aS,6aS,14aS)-6-Cyclopropyl-N-[(2,4-diluorophenyl)met
hyl]-12-hydroxy-11, 13-dioxo-
1,2,3,4,4a,5,6,6a,7,11,13,14a-dodecahydropyrido[1',2':
4,5]pyrazino[l,2-a]quinazoline-1 0-carboxamide;
(4aS,6aS,14aS)-N-[(2,4-.Difluorophenyl)methyl]-12-hydr
oxy-11,13-dioxo-6-[2-(1-pynOli
dinyl)ethyl]-.L,2,3,4,4a,5,6,6a,7,l1,13,14a-dodecahydr
opyrido[1',2':4,5]pyrazino[1.,2-a]q
uinazoline-10-carboxamide;
(4aS,14aS)-N-[(2,4-Difluorophenyl)raethyn-9-hydroxy-8
, 10-dioxo-2,3, 4 , ,6,8,10, 14,1
4a-decahydro-1H-pyrido[1,2-clpyrido[1',2
r:4,5]pyrazino[1,2-a]pyi imidine-11-cax-boxami del
(4S,J.2aS)-N-[(4-Fluorophenyl)mebhyl]-7-hydroxy-4-meth
yl-1-[2-(methyloxy)ethyl]-6,8-
dioxo-1,2,3,4,6,8,12,12a-octahydt
opyrido[1',2':4,5]pyrazino[1,2-a]pyrimidine-9-carboxa
midej(4S,12aS)-1-Cyclobutyl-N-[(4-fluorophenyl)methyl]
-7-hydroxy-4-methyl-6,8-dioxo-1,2,3
,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazino[1,2-a
]pyrimidine-9-carboxamide;
(4S,12aS)-N-U4-Fluorophenyl)methyl]-7-hydroxy-4-methyl
- )-(2-methylpropyl)-6,8-diox
o-1,2,3,4,6,8,12,12a-octahydropy:'ido[1',2':4,5]pyrazi
no[1,2-a]pyrimidine-9-carboxamid (4S,
12aS)-N-[(4-Fluorophenyl)methyl]-7-hydroxy-1,4-dimethy
l-6,8-dioxo- 1,2,3,4,6,8, 12 ,12a- qctahydropyr
ido[1',2':4,5]pyrazino[1,2 a]pyriinidine-9-carboxamide
(4S, 12a
)-N-[(4-Fluorophenyl)methyl]-7-hydroxy-4-methyl-6,8-di
oxo-1-(tetrahydro-2i7 -thiopyran-4-yl)-
1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyr
azino[1,2- Jpyrimidine -9-carboxamide>' (4S ,12a S
)-N-[(2,4-Difluorophenyl)methyl]-7-hydroxy-1,4-dimethy
l-6,8-dioxo- 1,2,3,4,6,8 ,12,12a-octahyd
c-opyrido[1',2':4,5]pyrazino[1,2-
a]pyrimidine-9-carboxamide; (4SU2a
S)-iV'-[(4-Fluovophenyl)methyl1-7-hydroxy-4-methyl-1-(
1-methylethyl)-6,8-dioxo -1,2,3,4,6,8,
12,12a-octahydropyrido[1',2':4,5]pyra'/ino[1,2-
a]pyrimidine-9-carboxamide; (4S,12a S
)-N-[(4-Fluorophenyl)methyl]-7-hydroxy-1,4-bis(2-methy
lpropyl)-6,8-dioxo-1,2 ,3,4,6,8, 12,
12a-octahydropyrido[1',2':4,5]pyra^ino[1,2-
a]pyriinidine-9-carboxamide;enantiomers thereof;
diastereomors thereof; mixtures of enantiomers
thereof; mixtures of diastoreomers thereof; mixtures
of enantiomers and diastereomors thereof; and
pharmaceutically acceptable salts thereof. (32) A
compound selected from the group consisting of
(4aSr,13a R)
-N-[(2,4-Difluorophenyl)methyl]-10-hydroxy-9,
i1-dioxo-2,3,4a,5,9,11,13,13a -octahydro^ -pyrido[j
,2-,dpyrrolo[1',2':3,4]imidazo[1,2-
d]pyrazine-8-carboxamxdc; (4aS ,13aR) -N
-[(4-Fluorophenyl)methyl]-10-hydroxy-9,11-dioxo-2,3,4a
,5,9, 11,13,13a-oct ahych o-J -pyi ido[1,2-
a]pyrrolo[1',2':3,4]imidazo[1,2-
d]pyrazine-8-carboxamide; (3
5,11aif)--N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-[
(i S>1-methylpropyl]-5,7-dioxo %3,5,7,
1141a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyra2une-8-carboxamide; (3S,lJ aR) -N
-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-methyl-5,7-d
ioxo-2,3,5,7,11,l1a -hexahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyra'/ine-8-carboxamide; (3S, 11aR) -N
-[(4-Fluorophenyl)methyl]-6-hydroxy-3-methyl-5,7-dioxo
-2,3,5,7, l l , p a-he xahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carboxamide;' (4 $;12aS
)-7N-[(2,4-Difluorophenyl)methyn-7-hydroxy-4-methyl-1-
(2-methylpropyl)-6,8- dioxo-
1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazino[
1,2- a]pyrimidine-9-caz-boxamide (4S,12aS)
-(Cyclopropylmethyl)- N
-[(2,4-difluorophenyl)methyl]-7-hydroxy-4-methyl-6
,8-dioxo-i,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]
pyt'azino[1,2- a]pyrimidine-9-carbo xamide; (4aR,6a
R,14a S -N-[(2,4-Difluorophenyl)methyl]-12-hydroxy-
11, 13^10x0-1,3,4 ,6,6a,
7,11,13,14a-decahydro-2i7-pyrido[1',2':4,5]pyrazino[1,
2- a][3,1]bonzoxazine-10-cat'boxa mide; (4a R,6aR,14a
S
)-N-[(4-Fluorophenyl)methyl]-12-hydroxy-11,13-dioxo-1,
3,4,4a,5,6a,7,3 1 ,13,14a-decahydro-2
-pyrido[1',2':4,5]pyrazino[1,2-
a][3,1]benzoxazxne-10-carboxamide
4S,9aR)-5-Hydroxy-4-methyl-6,10-dioxo-3,4,6,9,9a,10-he
xahydro-2H-1-oxa-4a, a-diaza-anthraceno-T-carboxylic
acid 2,4,-difluoro-bonylamide;
4R,9aS)-5-Hydroxy-4-methyl-6,10-dioxo-3,4,6,9,9a,10-he
xahydro-2H-1-oxa-4a, 8a-diaza- anthracene
-7-carboxj'lic acid 2,4,-difk\oro-benylamidG;
2R,9aS)-5-Hydroxy-2-methyl-6,l 0-dioxo-B,4. .9.ga,
10-hexahydro-2H-1-oxa-4a,
8a-diaza-anthracene-7-carboxylic acid
4-fluoro-benylamide;enantiomers thereof; diastoreomers
thereof; mixtures of enantiomers thereof; mixtures of
diasteroomers thereof; mixtures of enantiomers and
diastereomers thereof; and pharmaceutically 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) Lo (33), or a pharmaceutically
acceptable salt, or solvate thereof. (35) A
pharmaceutical composition according to the above
(34), which is an anti-HlV agent, (36) A process for
the preparation of a compound of formula (I-20a)
wherein is one or two halogonj R/- is C1-8alkyl, Ce-i
arylC 1-8alkyl, Cc- aryl, or alkoxy; and P 1 is
C6-14arylC 1-8alkyl; comprising condensing a compound
of the formula wherein R is one or two halogen; Rb0 is
C1-8 alkylJ and P 1 is C6-14arylC 1-8 alkyl;with a
compound of the formula wherein R is C1-8 alkyl,
CrM.iarylC 1-8 alkyl, C -M&ryl, or alkoxyJ to form a
compound of formula (I-20a). (87) A process for the
preparation of a compound of formula (I-20b) whorein
RD is one or two halogen; R is C1-8alkyl,
Ca-i-arylC1-8 alkyl, Co-uaryl, or alkoxy; and P 1 is
Cfi-t-iarylGi-aalkyL' comprising condensing a compound
of the formula wherein RDis one or two halogen; H50 is
C1-8alkyl; and P 1 is CB-i-iarylC 1-8alkyL" with a
compound of the formula wherein .R is C1-8alkyl, Cp-i
ia r ylC1-8alkyl, Cc-i.iaryl, or alkoxy. t o form a
compound of formula (I-20b),(38) Aprocess for the
preparation of a compound of formula (I-21a) wherein
Ru is one or two halogen; and P 1 is Ca-i
arylC1-8alkyl; comprising condensing a compound of the
formula wherein R is one or two halogen; Rb0 is
C1-8alkylJ and P1 is Gc i-iarylC 1-8 alkyl. with a
compound of the formula to form a compound of formula
(1-2Ia). (39) A process for the preparation of a
compound of formula (1-2 Ib) wherein R0 is one or two
halogen; and P1 is C G narylC 1-8alkyl;comprising
condensing a compound of the formula wherein 0 is one
or two halogen; RSI) is C1-8alkylJ and P1 is Ce-uarylC
1-8 alkyl; with a compound of the formula to form a
compound of formula (I-21b). (40) A process for the
preparation of a compound of formula (I-22a) wherein
E-0 is one or two halogeni and P 1 is G -i-iarylC
1-8alkylJ comprising condensing a compound of the
formula wherein R0 is one or two halogen; Rs0 is
C1-8alkyl; and P1 is Cb-parylC 1-8 alkyl; with a
compound of the formulato form a compound of formula
(I-22a). (41) A process for the preparation of a
compoxind of formula (I-22b) wherein R0 is one or two
halogen; and P 1 is CtM-iarylC 1-8alkyl; comprising
condensing a compound of the formula wherein RDis one
or two halogen; Rr> is C1-8a lkyl. and P1 is
CiM-iarylCi^alkyl; with a compound of the formula to
form a compound of formula (I-22b). (42) A process for
the preparation of a compound of formula (I-23a)
wherein R0 is one or two h alogen. and P 1 is
Cc-uarylC 1-8alkyl; 3.1comprising condensing a
compound of the formula wherein R0 is one or two
halogen; R 0 is Ci-ualkyl; and P 1 is Cb-uarylC
1-8alkyl; with a compound of the formula to form a
compound of formula (I-23a). (43) A process for the
preparation of a compound of formula (l'-23b) wherein
R is one or two halogen; and P 1 is Cb-HarylCi-salkyl;
comprising condensing a compound of the formula
wherein R is one or two halogen; R 0 is C1-8a lkyL
with a compound of the formulato form a compound of
formula (I-23b), (44) Aprocess for the preparation of
a compound of formula (I-24a) wherein R is one or two
halogen; R is Ci-balkyl R 1 is hydrogen,
Ca-bcycloalkyl, , heterocycle, or C1-8alkyl optionally
substituted with hydroxy, Ca-ficycloalkyl, alkoxy,
heterocycle, heteroaryl, Co- i.iaryl, or amino,
wherein said amino may be optionally substituted with
-C(O)C 1-8alkyl or C1-8alkyl; and P1 is Co-uarylC
1-8alkyL comprising condensing a compound of the
formula wherein R is one or two halogen ' and R00 is
Ci-balkyl; and P1 is Cb-uarylGi-salkyK with a compoimd
of the formula wherein R is C1-8alkyll R 1 is
hydrogen, C;w>cycloalkyl, , heterocycle, or Ci- alkyl
optionally substituted with hydroxy, C3-6cycloalkyl,
alkoxy, heterocycle, heteroaryl, C6-14aryl, or amino,
wherein said amino may be optionally substituted with
-C(O)C 1-8 alkyl or d-ealkyl;to form a compound of the
formula (I-24a). (45) Aprocess for the preparation of
a compound of formx a (P24b) wherein R0 is one or two
halogen; is Oi-ealkyl; E"-1 is hydrogen, C
-ocycloalkyl , , hotorocycle, or Gi- alkyl optionally
substituted with hydroxy, Ca ccycloalkyl, alkoxy,
heterocycle, heteroaryl, C i-iaryl, or amino, wherein
said amino may be optionally substituted with -C(O)C
1-8alkyl or C1-8alkyl; and P1 is CbMarylC 1-8alkyl;
comprising condensing a compound of the formula
wherein Re is one or two halogen; R50 is C1-8alkylJ
and P1 is Cos-uaryld- alkyl; with a compound of the
formula wherein R/ is C1-8alkylJ and II 1 is hydrogen,
Cwcycloalkyl, , hetorocycle, or C1-8alkyl optionally
substituted with hydroxy, Ca-ecycloalkyl, alkoxy,
hetorocycle, heteroaryl, Ce-waryl, or amino, wherein
said amino may be optionally substituted with -C(O)C
1-8 alkyl or C1-8 alkyl; to form a compound of the
formula (P24b).(46) A process for the preparation of a
racemic compound of formula (1-25) wherein Ru is one
or two halogen; R l is hydrogen, C3-6cycloalkyl, ,
heterocycle, or Ci-salkyl optionally substituted with
hydroxy, Cu-Gcycloalkyl, alkoxy, heterocycle,
heteroaryl, C6-14aryl, or amino, wherein said amino
may be optionally substituted with -C(O)Cb"alkyl or
C1-8alkyli and P 1 is is Co-MarylC 1-8alkyl;
comprising condensing a compound of the formula
wherein .R 0 is one or two halogen; and RB0 is C1-8
alkyl; and P 1 is Co-MarylCi-salkyl; with a racemic
compound of the formula wherein R l is hydrogen,
Cu-ocycloalkyl, , hefcerocycle, or C1-8alkyl
optionally substituted with hydroxy, Cn-ecycloalkyl,
alkoxy, heterocycle, heteroaryl, C -Maryl, or amino,
wherein said amino may be optionally substituted with
-C(O)Ci-"alkyl or C1-8alkyl; to form a racemic
compound of the formula (1-25). (47) A process for the
preparation of a racemic compound of formula
(P26)wherein R0 is one or two halogen; R/L is
hydrogen, Ca-Gcycloalkyl, , heterocycle, or C1-8alkyl
optionally substituted with hydroxy, Ca-ocycloalkyl,
alkoxy, heterocycle, heteroaryl, Cc-waryl, or amino,
wherein said amino may be optionally substituted with
-C(O)C i-"alkyl or Gi- alkyli and P1 is
Cc-i.iarylCi^alkyll comprising condensing a compound
of the formula wherein R is one or two halogen; Rr' is
C1-8alkyll and P 1 is Cb-MarylC 1-8alkyl; with a
racemic compound of the formula wherein R l is
hydrogen, Cu-ccycloalkyl, , heterocycle, or C1-8alkyl
optionally substituted with hydroxy, Cs-rscycloalkyl,
alkoxy, heterocycle, heteroaryl, Ce-iaaryl, or amino,
wherein said amino may be optionally substituted with
-C(O)C l-salkyl or C1-8alkyl; to form a racemic
compound of formula (1-26). (48) A process for the
preparation of a racemic compound of formula (I-27)
86wherein R0 is halogen; and P 1 is CcH-iarylC
1-8alkyl; comprising condensing a compound of the
formula wherein R is one or two halogen; R00 is
C1-8alkyl; and P 1 is Co-uarylCi salkyl; with a
facemic compound of the formula to form a racemic
compound of formula (1-27). (49). A compound of
formula (I-20a) described in above (36). formula
(1-20h) described m above (37), formula (1 2Ia)
described in above (38), formula (1-23 b) described in
above (89), formula (I-22a) described in above (40),
formula (I-22b) described in above (41), formula
(I-23a) described m above (42), formula (I- 23b)
described in above (43), formula (l-24a) described in
above (44), formula (I- 24b) described in above (45),
formula (1-25) described in abovo (46), formula (1-26)
described in above (47), or formula (1-27) described
in above (48), or a pharmaceutically acceptable salt
thereof. (50) Acompound of formula (I-20a) described
in above (36), formula (I-20b) described in above
(37), formula (I-21a) described in above (38), formula
(1-2 Ib) described in above (39), formula (P22a)
described in above (40), formula (J-22b) described in
above (41), formula (I-23a) described in abovo (42),
formula (I-23b)described in above (43), formula
(I-24a) described in above (44), formula (I-24b)
described in above (45), formula (1-25) described in
above (46), formula (T-26) described in above (47), or
formula (1-27) described in above (48), or a
pharmaceutically acceptable salt thereof, wherein each
P 1 is hydrogen. The present invention further
provides a pharmacetitical composition containing any
of the compounds shown above, a pharmaceutically
acceptable salt or a solvate 



thereof, especially an antrHIV agent, [Effect of the
Invention] [0005] The present invention compounds
possess an integrasc inhibitory activity and/or a
coil-growth inhibitory activity 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 [nventionj
[0006] The terms used herein arc explained below. Each
term, alone or in combination with another tem, means
as follows "Lower alkylenc" moans a straight or
branched Cl to C6 alkylene such as methylene,
ethylene, trimethyleno, n-propyleno, tetramethylone,
ethylethylenc, pentamethylene, or hexamethylone,
preferably Cl to C4 straight alkylcne such as
methylene, ethylene, trimethylene, and tetramethylene,
more preferably methylene or ethylene, "Lower
alkenylene" moans 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, prefeiably a
straight C2 to C3 alkenylene such as vinylene or
propylene. "Lower alkyl" means a straight or branched
Cl to C10 alkyl such as methyl, ethyl, n-propyl,
i-propyl, t-butyl, lsobutyl, sec-butyl, n-pentyl, and
n-hexyl, and preferred is Cl to C3 alkyl, more
preferred is methyl, ethyl or n-propyl, n-pentyl,
isopentyl, ncopentyl, tert-pentyl, n-hexyl, isohexyl,
n-hoptyl, n-octyl, lrnonyl, and n-dosyl, preferably Cl
to C6 lower alkyl, more preferably Cl to C4 lower
alkyl such as methyl, ethyl, n-propyl, isopropyl,
lvbutyl, iaobutyl, sec-butyl, tert-butyl, n-pentyl,
isopentyl, ncopentyl, tert-pentyl, n-hexyl, and
isohexyl,When lower alkyl is intervened with "-N=" or
"=N-", the lower alkyl may have a double bond to form
- -CH=N-CHa etc. "Alkenyl" moans 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-butonyl, 2-butenyl,
3-butcnyl, 1,3-butadionyl, and 3-methyl-2-butenyl,
preferably C2 to C6 alkenyl, and more preferably C2 to
C4 alkenyl. "Lower alkenyloxy" means oxy attached to
the above lower alkenyl, such as vinyloxy,
1-propenyloxy, 2-propenyloxy, 1-butenyloxy,
2-butonyloxy, 3-butonyloxy, 1,3-butadionyloxy, and
3-methyl-2-butenyloxy. "Cycloalkyl" means C3 to C8
cyclic saturated hydrocarbon, such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cyclopentyl, and
cyclooctyl, preferably C3 to C6 cycloalkyl,
"Cycloalkyl lower alkyl" means lower alkyl substituted
with the above cycloalkyl, such as cyclopropylmethyl,
cyclopropylethyl, cyclobutylmethyl, cyclopentylmethyl,
cyclohexylmethyl, and cyclohexylethyl, and preferably
C3 to C6 cycloalkyl lower alkyl. "Aryl" means
monocyclic aromatic hydrocarbon (e.g., phenyl) and
polycyclic hydrocarbon (e.g., l-naphthy1,2- naphUiyl,
1-anthryl, 2-anthryl, 9-anlhryl, 1-phenanlhryl,
2-phenanthryl, 3-phenanthryl, 4-phenanthryl,
9-phenanthryl), preferably phenyl or naphthyl (e.g.,
1-napthyl, 2-naphlhyl). "Aralkyl" or "aryl lower
alkyl" moans the above lower alkyl substituted with 1
fco 3 of the above aryl, such as benzyl,
diphenylmethyl, triphenylmethyl, phenethyl,
Jnapthylmethyl, 2- napthylmethyl, preferably benzyl.
"Aryloxy" means oxy attached to the above aryl, such
as 1-naphthyloxy, 2-naphthyloxy, 1-anthryloxy,
2-anLhryloxy, 9-anthryloxy, 1-phenanthryloxy,
2-phenanthryloxy, 3-phenanthryloxy, 4-phenanthryloxy,
and 9-phenanthi -yloxy, preferably phenyloxy or
naphthyloxy (e.g., 1- napthyloxy, 2-naphthyloxy).
"Heterocyclic group" means "hetoro p ng" or
"hetoroaryl". "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-mcmbered ring, such as 1-pyrrolyl,
2-pyrrolyl, 3-pyrrolyl, 1-pyrrolidmyl, 2-pyrrolidinyl,
3-pyrrolidinyl, 1-imidazolyl, 2-imidazolyl,
4-imidazolyl, 1-imidazolidinyl, 2-imidazolidinyl,
4-imidazolidinyl, 1-pyrazolinyl, 3-pyrazolinyl,
4-pyrazolinyl, 1-pyrazolidinyl, 3-pyrazolidinyl,
4-pyrazolidinyl, pipendino, 2-piperidyl, 3-piperidyl,
4-piperidyl, 1-piperadinyl, 2-piporadinyl,
2-morpholinyl, 3-morpholinyl, morpholino, and
tetrahydropyranyl. The non-aromatic ring is asaturated
or unsaturated ring, "Heteroaryl" means monocyclic
aromatic helero-type ring- or condensed aromatic
hetero-type ring. "Monocyclic aromatic hetero-typo
ring" means a 5 - to 8- membered aromatic ring, which
contains 1 to 4 of O, S, P and/ or N and may bo bonded
at any substitutable position. "Condensed aromatic
hotero-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-membored aromatic
heteroring(s). Examples of "hetoroaryl" include furyl
(e.g., 2-furyl, 3-furyl), thienyl (e.g., 2-thienyl,
3-thienyl), pyrrolyl (e.g., 1-pyrrolyl, 2-pyrrolyl,
3-pyrrolyl), imida^olyl (e.g., J/imidazolyl,
2-imidazolyl, 4-imidazolyl), pyrazolyl (e.g.,
1-pyrazolyl, 3-pyrazolyl, 4-pyrazolyl), triazolyl
(e.g., 1,2,4-triazole-1-yl, l ,2,4-triazolo-3-yl,
l,2,4-triazole^l-yl), tetrazolyl (e,g,, 1-tetrazolyl,
2-totrazolyl, 5-tetrazolyl), oxazolyl (e.g.,
2-oxazolyl, 4-oxazolyl, 5-oxazolyl), isoxazolyl (e.g.,
3-isoxazoiyl, 4-isoxazolyl, 5-isoxazolyl), thiazolyl
(e.g., 2-thiazolyl, 4-thiazolyl, 5-thiazolyl),
thiacliazolyl, isothiazolyl (e.g., 3-isothiazolyl,
4-isothiazolyl, 5-isothiazolyl), pyridiKe.g.,
2-pyridil, 3-pyridil, 4-pyridil), pyridazinyl (e.g.,
3-pyridazinyl, 4-pyridazinyl), pyrimidinyl (e.g.,
2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl),
furazanyl (e.g., 3-furazanyl), pyrazinyl (e.g.,
2-pyrazinyl), oxadiazolyl (e.g.,
L,3,4-oxadiazole-2-yl), benzofuryl (e.g.,
2-benzo[blfuryl, 3-benzo[b]furyl, 4-benzo[b]furyl,
5-benzo[b]furyl, 6-benzotbJfuryl, 7-benzo[b]f\ iryl),
benzothienyKe.g., 2-benzotbJthicnyl,
3-benzolbjthienyl, 4-benzoLb]thionyl,
5-benzo[b|thienyl, 6-benzolbJthicnyl,
7-benzoLbJthienyl), benzoimidazolyl (e.g.,
1-benzoimidazolyl, 2-benzoimidazolyl,
4-benzoimidazolyl, 5-benzoimidazolyl), dibenzofuryl,
benzooxazolyl, quinoxalinyl (e.g., 2-quinoxalinyl,
5-qt noxalinyl, 6-quinoxalinyl), cinnolinyl (e.g.,
3-cinnolinyl, 4-cinnolinyl, 5-cinnolinyl,
6-cinnolinyl, 7-cinnolinyl, 8-cinnolinyl),
quinazolinyl (e.g., 2-quinazolinyl, 4-quinazolinyl,
5-quinazohnyl, 6-quinazolinyl, 7-quinazolinyl,
8-quinazolinyl), quinolyl(e.g., 2-quinolyl,
3-quinolyl, 4-quinolyl, 5-qv nolyl, 6-quinolyl,
7-quinolyl, 8-quinolyl), phthalazinyl (e.g.,
1-phthalazinyl, 5-phthalazinyl, 6-phthalazinyl),
isoquinolyl (e.g., l soquinolyl, 3-isoqt iinolyl,
4-isoquinolyl, 5-isoquinolyl, 6-isoquinolyl,
7-isoquinolyl, 8-isoquinolyl), purinyl, pteridinyl
(e.g., 2-pteridinyl, 4-pteridinyl, 6-pteridinyl,
7-pteridinyl), carbazolyl, phenanthridinyl, 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, ndolyl,
7-indolyl), isoindolyl, phenandinyl (e.g., 1-
phenandinyl,2- phenandinyl) or phenothiadinyl (e.g.,
1- phenothiadinyl, 2-phenothiadinyl, 3-phenothiadinyl,
4-phenothiadinyl). "Hetorocycle" means a cycle which
can be lead to the above heterocyclic group.
"Heterocyclic group lower alkyl" or "Hcterocycle lower
alkyl" means lower alkyl substituted with the above
heterocyclic group, "Heterocyclic group oxy" or
"Heterocycle oxy" means an oxy attached to the above
heterocyclic group. ".Heterocyclic group carbonyl" or
"Heterocyclccarbonyl" means a carbonyl attached to the
above heterocyclic group "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 alkylcarbonyl",
"cycloalkylcarbonyl", "cycloalkyl lower
alkylcarbonyl", "lower alkoxycarbonyl",
"arylcarbonyl", "aryl lower alkylcarbonyl",
"aryloxycarbonyl", "heterocyclecarbonyl", "heterocycle
lower alkylcarbonyl", and "heterocycle oxycarbonyl",
each means a carbonyl attached to the above "lower
alkyl", "cycloalkyl", "cycloalkyl lower alkyl", "lower
alkoxy", "aryl", "aryl lower alkyl", "aryloxy",
"heterocycle", "heterocycle lower alkyl", and
"heterocycleoxy", respectively. [0007] 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 substituted aryl lower
alkyl", "optionally substituted aryloxy", "optionally
substituted aryloxy lower alkyl", "optionally
substituted hetorocyle, "optionally substituted
heterocyclic group", "optionally substituted
heterocycle lower alkyl", "optionally substituted
heterocycleoxy", "optionally substituted lower
alkenyloxy", "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
aryloxycarbonyl", "optionally substituted
heterocyclecarbonyl", "optionally substituted
heterocycle lower alkylcarbonyl", "optionally
substituted heterocycleoxycarbonyl", "optionally
substituted lower alkylone", "optionally substituted
lower alkenylene", "optionally substituted phosphoric
acid residue", "optionally substituted carbocycle" or
"optionallysubstituted heterocycle", each may be
substituted with the same or different, 1 to 4
group(s) selected from Substituont group 13 at any
position. Examples of Substituent group B include
hydroxy, carboxy, halogen (F,C] Br,I), halo lower
alkyl (e.g., CFD,CH2CF 3, CH CCl8) , halo lower alkoxy
(e.g., OCKi, OCH3CF3, OCH2CCI3), lower alkyl (e.g.,
methyl, chtyl, isopropyl, 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,
allyloxy), lower alkoxycarbonyl (e.g.,
methoxycarbonyl, ethoxycarbonyl, tert-butoxycarbonyl),
nitro, nitroso, optionally substituted amino (e.g.,
alkylamino (e.g., methylamino, ethylamino,
dimethylamino), acylamino (e.g., acetylamino,
benzoylamino), aralkylamino (e.g., bonzylamino,
trithylamino), hydroxyamino), azido, aryl (e.g.,
phenyl), aralkyl (e.g., benzyl), cyano, isocyano,
isocyanate, thiocyanate, isothiocyanate, mercapt,
alkylthio (e.g., methylthio), alkylsulfonyl (e.g.,
methansulfonyl, cthansulfonyl), optionally substituted
alkylsulfonylamino (e.g., methanesulfonylamino,
ethansulfonylamino, N-methylsulfonyl-N'-methylamino),
optionally substiUited carbamoyl (e.g., alkylcarbamoyl
(e.g., methylcarbamoyl, ethylcarbamoyl,
dimethylcarbamoyl)), sulfamoyl, acyl (e.g., formyl,
acetyl), formyloxy, hal sformyl, oxal, thioformyl,
thiocarboxy, dithiocarboxy, thiocarbamoyl, sulfino,
sulfo, snlfoamino, 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 substituted with a phosphoric acid
residue, aralkyl substituted with a phosphoric acid
residtie, hydroxyl lower alkyl, preferably hydroxy,
carboxy, halogen(F,Cl,Br,I), halo lower alkyl (e.g.,
CFs,CH2CFa, CH CCl ), halo lower alkoxy (e.g., OCF3,
OCH2CF3, OCH2CCI3), lower alkyl (e.g., methyl, ethyl,
isopropyl, tert-butyl), lower alkoxy (e.g., methoxy,
ethoxy, propoxy, butoxy), optionallj' substituted
amino (e.g., alkylamino (e.g., methylamino,
ethylamino, dimethylamino), oxo, or phosphoric acid
residue. 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,
isopropyl, benzyl, carbamoylalkyl (e.g.,
carbamoylmethyl), mono- or di- lower alkylcarbamoyl
lower alkyl (e.g., dimethylcarbamoylethyl), hydroxyl
lower alkyl, heterocycle lower alkyl (e.g.,
morpholinoethyl, tetrahydropyranylethyl),
alkoxycarbonyl lower alkyl (e.g.,
ethoxycarbonylmethyl, ethoxycarbonylethyl), mono- or
di- lower alkylamino lower alkyl (e.g.,
dimethylaminoethyl)), lower alkoxy lower alkyl (e.g.,
methoxyethyl,ethoxymethyl, ethoxyethyl,
isopropoxyethyl), acyl (e.g., formyl, optionally
substituted lower alkylcarbonyl (e.g., acetyl,
propionyl, butylyl, isobptylyl, valeryl, isovaJeryl,
pivaroyl, hexanoyl, octanoyl, methoxyethylcarbonyl,
2,2,2-trifluoroethylcarbonyl,
ethoxycarbonylmethylcarbonyl), lower alkoxy lower
alkylcarbonyl (e.g., methoxyethylcarbonyl), 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-trifluoroothanesulfonyl,
benzylsulfonyl, methoxj'ethylsulfonyl), lower alkyl,
or arylsulfonyl optionally substituted with halogen
(e.g., benzenesulfonyl, toluenesulfonyl,
4-fluorobenzenesulfonyl, fluorobenzenesulfonyl),
cycloalkyl (e.g., cyclopropyl), aryl optionally
substituted with lower alkyl (e.g., phenyl, trithyl),
lower alkylaminosulfonyl (e.g., methylaminosulfonyl,
dimethylaminosulfonyl), lower alkylaminocarbonyl
(e.g., dimethylaminocarbonyl), lower alkoxycarbonyl
(e.g., ethoxycarbonyl), cycloalkylcarbonyl (e.g.,
cyclopropylcarbonyl, cyclohexylcarbonyl), optionally
substituted sulfamoyl (e.g., sulfamoyl,
methylsulfamoyl, dimethylsulfamoyl), lower
alkylcarbonylamino (e.g., methylcarbonylamino),
heterocycle (e.g., morpholino, tetrahydropyranyl),
optionally substituted amino (e.g., mono- or
dralkylamino (e.g., dimethylamino), formylamino). As
to amino of "optionally substituted amino",
"optionally substituted carbamoyl", or "optionally
substituted carbamoylcarbonyl", two substituents on
the amino together with the neighboring N atom may
form an N-containi pg heterocyclo 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 S atom
in the ring may be substituted with oxo. The
N-containing heterocycle is preferably a 5- or
6-membcred ring such as piperadinyl, piperidino,
morpholino, pyrrolidino, 2-oxopiperidino,
2-oxopyrrolidino, 4-hydroxymorpholino. "Phosphoric
acid residue" moans a group shown of the formula^
-PO(OH)2. "Optionally substituted phosphoric acid
residtie" 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 formula^(whorein, R and R each is
independently ORc or NR1 R1 (wherein Rc , R1 and R are
each independently hydrogen, optionally substituted
lower alkyl, optionally substituted cycloalkyl,
optionally sxibstituted aryl, optionally subst.txitcd
heterocyclic g oup, or JLl1 and R taken together with
the neighboring N atom may form an optionally
substituted heterocyclc (preferably 5- to 6 membcred
ring)) or RL and R13 taken together with the
neighboring P atom may form an optionally substituted
heterocyclc (preferably 5- (o 6- memberod ring)),
Preferably, RL and RB are bothOR , or one of them is
ORC and the other is NR R1' . Rc , Rn and R each is
preferably, independently, lower alkyl (e.g., methyl,
ethyl). The optionally substituted hetorocycle formed
by RL and RB taken together with the neighboring P
atom may be the following structure' (wherein, the
broken line means a part of the ring) 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-
Amino substituted with optionally substituted
phosphoric acid residue is preferably amino
substituted with a phosphoric acid residue substituted
with di loweralky Is, and more preferably a group of
the formula: [0008] (More preferable embodiments) R1
is hydrogen or lower alkyl, preferably hydrogen. X is
a single bond, a heteroatom group selected from O, S,
SO, SO2 and NH (hereafter also referred to as "M"), or
lower alkylene or lower alkcnylene 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 alkcnylene. 2) The heteroatom group is
attached to the N atom of the carbamoyl group
neighboring to X. 3) The heteroatom group is attached
to R2 neighboring to X, The heteroatom group (M) may
be the same or different, and one or more atoms.
Examples of that lower alkylene is intervened by a
heteroatom group include -M-CH2-, -CH -M-CH3-, -CH
-M-, and -CH -M-M-CH2- . X is preferably a spacer
consisting 1 to 3 joined atoms, Xis more preferably
lower alkylene or lower alkonylene each may be
intervened by a heteroatom group, or O, X is most
preferably Cl to C3 alkylene, C2 to C3 alkenylene, or
O. Especially preferred is methylene or O. R2 is
optionally substituted aryl, preferably phenyl. A
substituent on the aryl is the same or different, J to
3, preferably 1 to 2 substitucnt(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 SlO optionally
substituted phosphoric acid residue, aryl substituted
with optionally substituted phosphoric acid residue,
aralkyl substituted with optionally
substitutedphosphoric acid residue, hydroxyl
substituted with optionally substitutedphosphoric acid
residue, amino substituted with
optionallysubstitutedphosphoric acid residue, lower
alkyl substituted with optionally
substitutodphosphoric acid residue (said lower alkyl
may be intervened with a hetero atom group(s) selected
from O, S, SO, SO2, NRb (R0 is independently selected
from the same substituent group for R'O, -N= and =N-),
lower alkoxy lower alkyl, amino lower alkyl optionally
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 Sl, and most preferred is
halogen (e.g., F) and/or a group selected from
Substituent group Sl. Asubstituent on the aryl is
preferably at the 4-position, R2 is more preferably
phenyl or phenyl substituted with at least halogen,
and most preferably 4-halogenophenyl (e.g.,
4-F-phenyl), In another embodiment, R is preforably
phenyl optionally substituted with 1 to 3 R(s)
mentioned below. In all compounds of the present
invention, the structure of "-X-R2" is preferably
shown by the formula below : R each is independently a
group selected from halogen and Substituent group Sl.
Sxibstituent group Sl! optionally substituted
phosphoric acid residue, aryl substituted with
optionally substituted phosphoric acid residue,
aralkyl substituted with optionally substituted
phosphoric acid residue, hydroxyl substituted with
optionally substituted 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 by a heteroatom groiip(s) selected
from CO, O, S, SO, SO2, 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 alkylcarbonyl, or lower alkylsulfonyl),
optionally substituted lower alkylsulfonylamino,
halogenated lower alkoxy, and hydroxyl lower alkyl.m
is an integer of 0 to 3, preferably 0 or 1 to 2. when
m is 1, R is preferably halogen. When m is 2, R is
more preferably the same or different group selected
from halogen, lower alkyl, lower alkoxy, lower
alkoxylower alkyl, halogenated lower alkyl,
halogenated lower alkoxy, lower alkylsulfonylamino,
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-. 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 substituted lower alkenyl, optionally
substituted lower alkoxy, optionally substituted lower
alkenyloxy, optionally substituted aryl, optionally
substituted aryloxy, optionally substituted
heterocyclic group, optionally substituted
heterocycleoxy, 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
alkylcarbonyl, lower alkylcarbonyloxy, lower
alkoxycarbonyl, halogenated lower alkyl, halogenated
lower alkoxy, and preferably 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. hydrogen.
Z3 shows C, GH, optionally substituted lower alkylene,
lower alkenylene etc , and Z2 and R4 of Z1 taken
together form a ring, whereby compound (I) shows a
tricyclic compound (l-1) or (I- 11) shown below, or
its derivative, tetracyclic compound, A ring is
optionally substituted hotorocycle containing at least
an N atom, Thehotorocyclo is a 5- to 7-membered ring
which contains preferably \ to 3, more preferably 2 to
3 atoms of O, S and/or N. The heterocyclo is
preferably selected from the above heterocycle, The
arc optionally contains 1 to 2 heteroatom(s) at any
possible position. One of preferable embodiments ofA
ring is an optionally substituted ring shown below. (Z
is CH2, O, S, SO, SO or NR ' ) A ring is preferably a
ring of (a), (b), or (c). Z is preferably O or Nil 1 .
When Z is NR19, examples of R19 include l)hydrogen,
2)optionally substituted lower alkyl (the substituent
is e.g., amino optionally substituted with mono- or
dilower alkyli cycloalkyl, hydroxy; optionally
substituted heterocyclic group (preferably 5- to
7-membered ring, e.g., furyl, thionyl, thiazolyl,
pyridil, morpholino, imidazole; examples of the
substituont include lower alkyl, halogen); optionally
substituted heterocyclecarbonyl (the heterocyclo is
preferably 5 to 7-membcred ring, e.g., l
iorpholinocarbonyl); optionally substituted phenyl
(the substituent is e.g., lower alkyl, amino, lower
alkylamino, hydroxy, halogen, halogenated lower alkyl,
lower alkoxy, halogenated lower alkoxy, lower
alkylthio, lower alkylsulfonyl), acetylamino,
carbamoyl, carbamoyl substiUitcd with mono- or di-
lower alkyl, loweralkylsulfonylamino, lower alkoxy,
carbonyl, halogen, thiol, lower alkylthio), 3) lower
alkenyl, 4) acyl (e.g., lower alkylcarbonyl), 5) lower
alkylsulfonyl, R10 may be selected from Substituent
group S2 shown below. The other substituent; on A ring
may be selected from Rl r>to Rlfl or Substituent group
S2, preferably lower alkyl. Substitucnts on A ring may
form a condensed ring or a spiro ring as mentioned
below, whereby compoxuid (1) includes a tetracyclic
compound. A ring is more preferably any of the
following rings: (wherein, R20 to R40 are each
independently a group selected from Substituent group
S2, or any two groups of R20 to R'' ", which bonds to
the same carbon atom, taken together with the carbon
atom, may form a spiro ring, i.e., a n optionally
substituted carbocyle or optionally substituted
heterocycle, or each combination of (R20 and R22) , (R
and R , (R2 and R ), (R and R3b) , (Rsci and R ), (R
and R; ), (R-30 and R ), (R37 and R. 8), and (R fl
andR <10), taken together with the neighboring atom,
may form an optionally substituted carbocyle or
optionally substituted heterocycle, Substitution group
S2: 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 heterocycle, 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 substituted arylcarbonyl,
optionally substituted aryl lower alkylcarbonyl,
optionally substituted aryl oxycarbonyl, optionally
substituted heterocyclccarbonyl, optionally
substituted heterocycle lower alkylcarbonyl,
optionally substituted heterocydeoxycarbonyl,
optionally substitutcd aminocarbonyl, optionally
svibstitxited 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 substituted with optionally
substituted phosphoric acid residue, or lower alkyl
substituted with optionally substituted phosphoric
acid residue (the lower alkyl may be intervened with a
heteroatom gt oup(s) selected from CO, O, S, SO, SO2,
NR5 (R5 is independently 



selected from the same substitution group as R''), -N=
and =N-) The stereochemistry of an asymmetric carbon
represented by * shows the R- or Sconfiguration, or a
mixture thereof) In one embodiment, R-" Lo R40 each is
preferably hydrogen, optionally substituted lower
alkyl (examples of the substituent: Oil, lower alkoxy,
cycloalkyl, lower alkylthio, lower alkylsulfonyl,
heterocyclic group, aryl, optionally substituted amino
(examples of the substituent: lower alkyl, acyl)),
cycloalkyl, optionally substituted aryl (examples of
the substituont: OH, lower alkyl), and optionally
substituited heterocyclic roup In one embodiment, R o
to R2fi , R to Rs , and R to R , each is preferably
hydrogen, C1-C8 alkyl, C6-C1<1 aryl C1-C8 alkyl,
C6-C14 aryl, or alkoxy. In one embodiment, R' G, R3 3,
and R40, each is preferably 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 I) When A ring is A-I, preferred is that
1) Z is NR26' and R and R taken together form
hetorocycle, and the others are hydrogens; 2) Z is O
or NR36, (R20 and R22) or(Ri A and R2'1) taken
together form cycloalkyl which is substituted with
phenyl, the others are hydrogens or optionally
substituted lower alkyl. W When Aring is A-2,
preferred is that l ) Z is O, R2' 1 or R28 is lower
alkyl, and the others are hydrogens; 2) Z is N ' 1 and
R 0 and R3 1 taken together form heterocycle and the
others are hydrogens, or R 21 and R29 taken together
form cycloalkyl and the others are hydrogens I 3) Z is
O, R27 and R taken together form cycloalkyl which may
bo condensed with phenyl, and the others are hydrogens
R1'1 and Rc arc each independently hydrogen,
optionally substitutedlower alkyl, optionally
substituted cycloalkyl, optionally substituted
cycloalkyl lower alkyl, optionally substituted lower
alkenyl, optionally substituted lower alkoxy,
optionally substituted lower alkcnyloxy, optionally
substituted aryl, optionally substituted aryl lower
alkyl, optionally substituted aryloxy, optionally
substituted heterocyclic group, optionally substituted
heterocycle lower alkyl, optionally substituted
hetorocycleoxy, 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 aryloxycarbonyl,
optionally substituted heterocyclecarbonyl, optionally
substituted heterocycle lower alkylcarbonyl,
optionally substituted heterocyclooxycarbonyl,
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 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 residue (the lower alkyl may be intervened with a
heterotom group(s) selected from O, S, SO, SO2, NRa
(R'1is hydrogen or lower alkyl), -N= and =N-). R u and
R arc each independently, preferably, hydrogen,
hydroxyl, optionally substituted lower alkyl (the
substituent is preferably, e.g., amino, lower alkyl
amino, hydroxy, lower alkoxy) R1'1and Rx arc
preferably hydrogens. A broken line in the compound
(J-I) represents the presence or absence of a
bond,provided thai, when the broken line represents
the presence of a bond, is not present, [0009] The
compound (I) includes the following compounds,
(wherein each symbol is as defined above) ) V ring
means the same heterocycle as A ring-, preferably 5 -
to 7-memberod ring, and the substituents on F ring are
the same as those for Aring. The other symbols are as
defined above.04 ) (wherein each symbol is as defined
abovei Z is O or NR10 ; R15 to aro each independently
hydrogen or a group selected from the above
Substiluont group S2, or each combination of (U and
R"O, (R and R1S), ( ie a n d ib) and (R1 and R1 )
taken together with the neighboring atom(s), may form
an optionally substituted carbocycle (preferably 5- to
6t nembered ring) or an optionally substituted
hetorocyle (preferably 5 - to 6-membered ring ) ; or
each combination of (R1 and R](i) and (R17 and R18)
taken together may fom oxo) Compound (I -3) is
preferably as follows. (1) R1 is hydrogen; R3 is
hydrogen; m is .1 or Zl R1'1 is hydrogen. (2) m is 1
or 2, R is each independently halogen, halogenated
lower alkyl, lower alkoxy, halogcnated lower alkoxy,
lower alkoxy lower alkyl, hydroxy lower alkyl,
optionally substituted amino lower alkyl (the
substituont is mono- or di- lower alkyl, lower
alkylcarbonyl, or lower alkylsulfonyl), optionally
substituted carbamoyl (the substitucnt is mono- or di-
lower alkyl, lower alkylcarbonyl, or lower
alkylsulfonyl), phosphoric acid residue, aryl
substituted with optionally substituted phosphoric
acid residue, aralkyl substituted with optionally
substituted phosphoric acid residue or sulfonylamino
optionally substituted with lower alkyll R1 is
hydrogen; R ! is hydrogen; R1'1 is hydrogen, hydroxyl
or lower alkyl optionally substituted with mono- or
di- lower alkylamino; Z is O or NR1 (R10 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
phosphoric acid residue, hydroxy substituted with
optionally substituted phosphoric acid residue, amino
substituted with optionally substituted phosphoric
acid residue, or lower alkyl substituted with
optionally substituted phosphoric acid residue). (3)R
is each independently, -F, -CF3, -OMc, -OCF , -CH OMe,
-CH2OH, -CH2N(Me)2, -CONHMe, -CON(Me)2, -CHsPO(OEt)
-PO(Om) , -NHSO2Me, or -NMoSO2Me IR1 is hydrogen; R3
is hydrogen; m is 1 or 2; R is hydrogen, hydroxyl or
-CH N(Me) ; Z is O or NR's (Rio is hydrogen or -CH(Me)
, -(CHu)2OMe,-(CHu)2PO(OEt) 8). (4)R15 and i arc
hydrogens; R17 and R18 are hydrogens or taken together
with the neighboring- atom form a 3- to 7-cnembored
carfaocyle; and/or Z is O or NH, This case preferably
also satisfys the above (2) or (3). ) D ring means the
same hetox-ocycle as A ring, preferably 5- to
7-mcmbered ring, and the substituonts on D ring are
the same as those for A ring. The other symbols are as
defined above, The structure of compound (T) has at
least the following characteristics, (1) The main
structure, condensed heterocycle, is substituted with
oxo (=O), hydroxy1 (OH) and oxo. (2) A substituted
carbamoyl group (-CONR1XR2) is attached to the
position neighboring to the oxo group on the condensed
hereocyclc. The above structure contribxites to a
remarkably potent integrase inhibitory activity and/or
cell-growth inhibitory activity against virus
including HlV. In contrast, the structures of the
other parts such as Z1, Z-, and R oach may be of
variety, being optionally substituted or optionally
condensed, and its condensed ring is also optionally
substituted. The present invention provides a
pharmaceutically acceptable salt or a solvate of
compound (I), All theoretically possible tautomer,
geometrical isomer, optically active compound, and
racomate thereof are within the scope of the
invention, 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; ammonium salts; aliphatic
amine salts such as trimethylamine, triethylamine,
dicyclohexylamine, ethanolamine, diethanolamine,
triethanolamine or procaine salts; aralkyl amine
saltssuch as N, N-diben&ylethylonediamine salts;
heterocyclic aromatic amine salts such as pyridin
salts, picolino salts, quinoline salts or isoquinoline
salts; quaternary ammonium salts such as
tetramethylammonium salts, tetraethylammonium salts,
benzyltrimethylammonium salts, benzyltriethylammonium
salts, benzyltp butylammonium salts,
methyltrioctylammonium salts or (ctrabutylammonium
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,
malatcs, citrates salts, ascorbates, formic acid;
sulfonates such as methanesulfonatcs, isethionates,
benzenesulfonates, or P-toluenesulfonates and acidic
amino acid salts such as aspartates or glutamates,
Solvates of a compound of the present invention
include alcholates and hydrates. L00 12] A general
process for producing the present compound will be
exemplified below. (Method of preparing raw material)
[Chemical formula 41](wherein L1 is a leaving group
(eg,; halogen); P 1and P2 are a hydroxy protecting
group; Pa is a carboxy protecting group (e,g,: lower
alkyl); a and Rb are hydrogen or a substituent on an
amino group) Examples of a hydroxy protecting group
(P1, P2) include acyl (e.g.: acetyl, pivaloyl,
benzoyl), aralkyl (e.g.: benzyl), lower alkyl (e.g.:
methyl), alkoxyalkyl (e.g.: methoxymethyl, methoxy
ethyl), lower alkylsulfonyl (e.g.: methanesulfonyl),
arylsulfonyl (e.g.: benzenesulfonyl,
tolvicnesulfonyl), alkoxycarbonyl
(e.g.:methoxycarbonyl) and the like, As a carboxy
protecting group (PJ), lower alkyl (e.g.; methyl,
ethyl), and aralkyl (e.g.: benzyl) are exemplified,
[0013] (First step) The present step is a reaction for
condensing compound (II) and a compound (III) to
synthesize a compound (IV). The reaction may be
performed according to the condition 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, As a condensing agent,
dicyclohexylcarbodiimide,
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride 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 pyridine may be added.
Areaction temperature is 0 to 150C, preferably room
temperature to 70C. As a reaction solvent, a
noirprotonic solvent can be broadly used, and
tetrahydrofuran (THF), 1,4-dioxane, dimethylformamide
(DMF), methylene chloride, chloroform and the like are
preferable. A reaction time is a few minutes to a few
tens hours, preferably 9 to J7 hours. (Second step)
The present step is a reaction for introducing a
protected hydroxy group (OP 1) into a compound (IV) to
produce a compound (V), The reaction may bo performed
according to the condition for an alkoxylatmg reaction
which is generally performed. For example, a compound
(V) in which P 1 is methyl can be synthesized by
reacting a compound (IV) with metal alkoxide (e.g.:
sodium methoxidc). A reaction temperature is 0 to
200C, preferably 80 to 120C. As a reaction solvent,
alcohol, dimethylformamide (DMF), and dimethyl
sulfoxide (DMSO) are exemplified. A reaction time is a
few minutes to a few tens hours, preferably 5 to 10
hours, (Third step) The present stop is a reaction for
protecting a hydroxy groiip of a compound(V) to
produce a compound (Vl). The reaction may be performed
according o the condition for a reaction of protecting
a hydroxy group which is generally performed. Fox
example, by using diisopropyl azodicarboxylate or
diethyl azodicarboxylate together with an alcohol and
various phosphinos, a compound (VI) in which P2 is
alkyl can be synthesized. Areaction temperature is 0
to 100C, preferably 0C to room temperature. As a
reaction solvent, THF, toluene, dichloromethane and
the like are exemplified. Areaction time is a few
minutes to a few tens hours, preferably t to 3 hours.
(Fourth step) The present step is a reaction of
oxidizing a nitrogen atom of a compoung (Vl) to
produce a compound (VII), The reaction may be
performed according to the condition for an oxidation
reaction using an oxidizing agent which is generally
performed. A reaction temperature is 0 to 100C,
preferably under icccooling to room temperature, As a
reaction solvent, chloroform, methylene chloride,
acetic acid and the like are exemplified. Examples of
an oxidizing agent include metachloroporbenzoic acid,
hydrogen peroxide and the like. A reaction time is a
few minutes to a few tens hours, preferably 1 to 5
hoxirs. (Fifth step) The present step is a reaction
for hydroxylating a methyl group of a compound (VII).
Preferably, after acetoxylation by a reaction with
acetic anhydride (reaction temperature^ 0 to 150C,
preferably 120 to 140C), this may bo hydrolyzcd (e.g.:
treatment with a base (e.g.: alkali metal hydroxide)).
Areaction 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 stop) The present
step is a reaction for oxidizing a hydroxy group of a
compound (VIII) to synthesize a compound (IX). A
reaction temperature is 0 to 150C, preferably room
temperature t o 70C.As a reaction solvent, chloroform
and the like are exemplified. As an oxidizing agent,
dimethyl sulfoxide and the like are exemplified,
Areaction time is a few minutes to a few tens hours,
preferably 0.1 to 1 hour. (Seventh step) The present
step is a reaction for oxidizing a formyl group of a
compound (IX) to synthesize a compound (X). A reaction
temperature is 0 to _50C, preferably under ice-cooling
to room temperature. As a reaction solvent, an alcohol
and the like are exemplified. As an oxidizing agent,
potassium hydroxide and iodine are exemplified.
Areaction time is a few minutes to a few tens hours,
preferably 0,5 Lo 3 hours. (Eighth step) The present
step as a reaction for deprotecting an OP2 part of a
compound (X) to synthesize a compound (Xl), The
reaction may be performed according t o the condition
for a reaction of deprotecting a hydroxy protecting
group which is generally performed. Areaction
temperature is 0 to 150C, preferably under ice-coolmg
to room temperature. As a reaction solvent,
acetonitrile, methylene chloride, THF and the like arc
exemplified. A reaction time is a few minutes to a few
tens hours, preferably 1 to 3 hours, (Ninth step) The
present step is a reaction for deprotecting an OP 1
part of a compound (Xl) to synthesize a compound
(L-A), The reaction may be treated preferably with a
Lewis acid (e.g.: ahimimim chloride), A reaction
temperature is 0 to 150C, preferably 10 to 50C. As a
reaction solvent, methylene chloride, THF and the like
are exemplified. A reaction time, is a fow minutes to
a few tens hours, preferably 1 to 3 hours, (Tenth
step) The present step is a reaction for deprotecting
an ester part (COOP3) of acompoxmd (X) to synthesize
carboxylic acid (XII). Preferably, hydrolysis with an
alkali (e.g.: NaOH) may be performed. A reaction
temperature is 0 to IB0C, preferably 10 to 50C. As a
reaction solvent, methanol, water and the like are
exemplified, A reaction time is a few minutes to a few
tens hours, preferably a few minutes to 2 hours,
Carboxylic acid (XII) can be converted into various
derivatives (c,g\; amide). (Eleventh step) The present
step is a reaction for reacting a compoiind (XIl) with
various amines to synthesize a compound (XIlI). The
reaction may be performed according t o the condition
for a reaction of amidatmg carboxylic acid which is
generally performed and, for example, the reaction may
bo performed as in the first step. A reaction
temperature is 0 to 150C, preferably room temperature
to 70C. As a reaction solvent, a noivprotonic solvent
can be broadly used, and tetrahydrofuran (THF),
1,4-dioxane, dimethylformamide (DMF), methylene
chloride, chloroform and the like arc preferable. A
reaction time is a few minutes to a few Lens hours,
preferably a few minutes to 3 lioxirs. An amide part
of the resulting compound (XIIl) may be further
chemically modified (e.g.: N-alkylation). (Twelfth
step) The present step is a reaction for cleprotecting
OP 1and OP2 parts of a compound (XIII) to synthesize a
compound (I-B). The reaction may be performed
according t o the condition for a reaction of
deprotecting a hydroxy protecting group which is
generally performed. For example, when pyridine
hydrochloride is used, a reaction temperature s 0 to
200C, preferably 150 to 180 degree, Areaction time is
a few minutes to a few tons hours, preferably 3 t o 5
minutes. ' (Thirteenth step) The present step is a
reaction for doprotecting an ester part (COOP3) of a
compound (XI) to synthesize carboxylic acid (XIV).
Preferably, hydrolysis with analkali (e.g.: lithium
hydroxide) may be performed. A reaction temperature is
0 to 150C, preferably 10 to 50C. As a reaction
solvent, methanol, water and the like are exemplified.
A reaction time is a few minutes to a few tens hours,
preferably a few minutes to 3 hours. (Fc irteenth
step) The present step is a reaction for deprotecting
an OP 1 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). A reaction
temperature is 0 to 150C, preferably under ice-cooling
t o room temperature. As a reaction solvent, c
chloromethano and the like are exemplified. Areaction
time is a few minutes to a few tens hours, preferably
a few mimites to 5 hours, [0014] The monocyclic carbam
aylpyridone derivative obtained above is derived into
a bicyclic compound by the following method. (Process
1) [Chemical formula 42](wherein R', X R2, P1, P and
R4 arc as define above, and L2 is a leaving group such
as halogen etc.) (Fifteenth step) The present step is
a reaction for reacting the compound (XI) or a
compound (XD which is a tautomer thereof with an allyl
compound to synthesize a compound (XV), A compound
(XI') can bo synthesized, for example, according to
the method of Example A-I. The reaction is performed
preferably in the presence of a base (e.g.: cesium
carbonate). Areaction temperature is 0 to 00C,
preferably 10 to 40C. As a reaction solvent,
dimethylformamide and the like are exemplified, A
reaction time is a few minutes to a few tens hours,
preferably 1 to 10 hours. (Sixteenth step) The present
step is a reaction for oxidizing a compound (XV) to
synthesize a compound (XVl). As an oxidizing agent,
osmium tetraoxidc and alkali metal osmium tetraoxidc
(e. K OSCM) are exemplified,A reaction teinpcraturwo
is 0 to 100C, preferably 10 to 40C. As a reaction
solvent, 1/i-dioxane, tetrahydrofuran and the like are
exemplified, A reaction time is a few minutes to a few
tens hours, preferably 1 to 5 hours, (Seventeenth
step) The present step is a reaction for reacting a
compound (XVI) with amine (XVIl) to perform
dehydration condensation to synthesize a compound
(XVIII), A reaction temperature is 0 to 200C,
preferably M0 to 180C, As a reaction solvent,
methylene chloride, acetonitrile and the like are
exemplified. Areaction time is a few minutes to a few
tens hours, preferably 0.5 to 1.5 hours, (Eighteenth
stop) The present step is a reaction for deprotecting
a compound (XVIIl) preferably with an acid to
synthesize a compound (XIX), and may be performed
according to the condition for a conventional reaction
of deprotecting a protected hydroxy group. A reaction
temperature is 0 to 200C. As an acid, pyridine
hydrochloride, trifluoroacetic acid and the like are
exemplified. As a reaction solvent, the acid and
trimethylsilyl iodide are exemplified. Areaction time
is a few minutes to a few tens hours, preferably 15
minutes to 1 hour, (Nineteenth step) The present step
is a reaction for reducing a compound (XVlIl) to
synthesize a compoxind (XX). As a reducing agent,
Hs/Pd - C and the like are exemplified, A reaction
tempcratuer is 0 to 100C, preferably 10 to 30C. As a
reaction sovelnt, dimethylformamide, methanol,
tetrahydrofuran and the like arc exemplified, A
reaction time is a few minutes to a few tens hours,
preferably 5 to 20 hours. 10015] (Process 2)The
intermediate (XVIII) may be also synthesized by a
method shown below. [Chemical formula 43j (Twentieth
step) The present step is a reaction for reacting a
compound (XlV) with a compound (XXI) to synthesize a
compound (XXII). The present reaction may be performed
according to the condition for a conventional
amidation reaction, A reaction temperature is 0 to
100C, preferably 0 to 50C. As a reaction solvent,
dimethylformamide, methylene chloride,
tetrahyrlrofnran and the like are exemplified. A
reaction time is a few minutes to a few tens hours,
preferably 1 to 10 hours. (Twenty -first step) The
present step is a reaction for reacting a compound
(XXII) with an acid to perform deprotection and
intramolecular ring closure, to synthesize a compound
(XXlJI). The present reaction may be performed
according to the condition for a conventional reaction
of deprotecting acetal. Areaction temperature is 0 to
100C, preferably room temperature to 80C. As a
reaction solvent, dioxane, totrahydrofuran and the
like are exemplified. A reaction time is a few minutes
to a few tens hours, preferably 0,5 to 1 hour. 



As an acid, hydrochloric acid, and paratoluonesulfonic
acid are exemplified, (Twenty-second step) The present
step is a reaction for dehydrating a compound (XXIlI)
tosynthesize a compound (XXJV). The present reaction
may bo poformed according to the condition for a
conventional dehydration reaction. A reaction
temperature is 0 to 100C, preferably room temperature
to 80C. As a reaction solvent, acetonitrile, methylene
chloride and the like are exemplified , A reaction
time is a few minutes to a few tens hoxirs, preferably
1 to 5 hours, 10016J (Proce S 3) [Chemical formula 44j
(Twenty-third step) The present step is a reaction for
reacting a compound (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. A
reaction temperature is 0 to 200C, preferably 140 to
180C. As a reaction solvent, methylene chloride,
acetonitrile and the like are exemplified. A reaction
time is a few minutes to a few tens hours, preferably
0,5 to 1,5 hours. (Twenty-fourth step)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. A reaction tempratnre is 0 to 200C. As
an acid, pyridine hydrochloride, trifluoroacetic acid
and the like are exemplified, As a reaction solvent,
the aforementioned acid and trimethylsilyl iodide are
exemplified. A reaction time is a few minutes to a few
tens hours, preferably 15 minutes to 1 hour. [0017]
(Process 4) [Chemical formula 45](Twenty-fifth step)
The present step is a reaction for reacting a compound
(XIV) with a compound (XXIV) to synthesize a compound
(XXVII) according to the twentieth step, The present
reaction may be performed according to the condition
for a conventional amidation reaction. A reaction
temperature is 0 to 100C, preferably 0 to 50C. As a
reaction solvent, dimethylformamide, methylene
chloride, tetrahydrofuran and the like are
exemplified. A reaction time is a few minutes to a few
tens hours, preferably 1 to 10 hours. (Twenty-sixth
step) The present step is a reaction for reacting a
compound (XXVII) or a taxitomerthereof with an allyl
compound to synthesize a compound (XXVIII) according
to the fifteenth step. A reaction is performed
preferably in the presence of a base (e,g,: cesium
carbonate). A reaction temperature is 0 to 100C,
preferably 10 to 40C. As a reaction solvent,
dimethylformamide and the like arc exemplified. A
reaction time is a few minutes to a few tens hours,
preferably 1 to 10 hours, (Twenty-seventh step) The
present step is a reaction for oxidizing a compound
(XXVIIl) to synthesize a compoxmd (XXIX) according to
the sixteenth st p As an oxidizing agent, osnmim
tetraoxide and alkali metal osmium tetraoxide (e.g.:
K2q sq ) arc exemplified. A reaction temperature is 0
to 100C, preferably 0 to 40C, As a reaction solvent
1,4-dioxane, tetrahydrofuran and the like are
exemplified. A reaction time is a few minutes to a few
tens hours, preferablky J to 5 hours. (Twenty-eighth
step) The present step is a reaction for
dehydration-condensing a compoxind (XXIX) to
synthesize a compound (XXX) according to the
seventeenth step or a method of synthesizing a
compound 7-1. Preferably, as a reaction catalyst, an
acid (e.g.: acetic acid) i s added, and a microwave
reaction apparatus is used. A reaction temperature is
0 to 200C, preferably 140 to 180C. As a reaction
solvent, methylene chloride, acetonitrile and the like
are exemplified. A reaction time is a few minutes to a
few tens hours, preferably 0.5 t o 1,5 hours, (Twenty-
ninth step) The present step is a reaction for
deprotecting a compoiind (XXX) preferably with an acid
to synthesize a compovmd (XXXI) according to the
eighteenth step, and may be peformed according to the
condition for a conventional reaction of deprotecting
a protected hydroxy group. A reaction temperature is 0
to 200C.As an acid, pyridine hydrochloride,
trifhioroacetic acid and the like are exemplified, As
a reaction solvent, the aforementioned acid and
lrimethylsilyl iodide are exemplified. Areaction time
is a few minutes to a few tens hours, preferably 15
minutes to 1hour, [0018] (Process 5) A compound (1-3)
in which Z is NR1 can be synthesized according to the
following reaction scheme, according to Process 4 ,
[Chemical formula 46][0019] (Process 10) lCliemical
formula 5lJ(wherein respective symbols are as defined
above) (Forty-ninth step) A compound (XIV-16) is
obtained by reacting a compound (XlV) with an amine
reagent, according to the thirty-fifth step. (Fiftieth
step) A compound (XlV-17) is obtained by subjecting a
compound (XIV-16) to a general acetal deprotecting
reaction according to the forty-fourth step.
(Fifty-first stop) A compound (XJV-18) is obtained (D
ring formation) by deprotecting a P 1 part of a
compound (XTV-14) according to the thirty-eighth step.
[00201 Tho present invention further provides various
intermediates (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 intermediate. (Intermediates)) (P
1 is a hydroxyl-protecting group; the other symbols
are as defined above) Preferred compounds are shown
below. Each P1 is a hydroxyhprotccting group, such as
C6-14arylC 1-8alkyl (e.g., benzyl (=Bn)). Preferably,
wherein Re is one or two halogen; Rz is C1-8alkyl,
C6-14arylC 1-8alkyl, C6-14aryl, or alkoxy; and P1 is
C6-14arylC 1-8alkyl; Preferably, wherein Re is one or
two halogen; Rz is C1-8alkyl, C6-14arylC 1-8alkyl,
C6-14aryl, or alkoxy; and P1 is C6-14arylC 1-8alkyl
Preferably, wherein Re is one or two halogen; and P1
is C6-14arylC 1-8alkyl;Preferably, wherein Re is one
or two halogen; and P1 is C6-14arylC 1-8alkyl;
Preferably, wherein Re is one or two halogen; and P1
is C6-14arylC 1-8alkyl; Preferably, wherein Re is one
or two halogen; and P1 is C6-14arylC 1-8alkyl;
Preferably, wherein Re is one or two halogen; and P 1
is C6-14arylC 1-8alkyl; Preferably, wherein Re is one
or two halogen; and P1 is C6-14arylC 1-8alkyl;
Preferably, wherein Ii" is one or two halogen; R' is
Ci salkyl; R 1 is hydrogen, C 3 cycloalkyl, ,
hetorocycle, or C salkyl optionally substituted with
hydroxy, C ccycloa lkyl , alkoxy, heterocycle,
heteroaryl, C aryl, or amino, wherein said amino may
be optionally substituted with -C(O)C 1-8alkyl or
C1-8alkyl. Preferably, wherein R0 is one or two
halogen; R' is C salkyl, R 1 is hydrogen, C
Gcycloalkyl, , heterocycle, or Ci salkyl optionally
substituted with hydroxy, C3 t-cycloalkyl, alkoxy,
heterocycle, heteroaryl, C G aryl, or amino, wherein
said amino may be optionally substituted with -C(O)Ci
alkyl or Ci alkyl, and P1 is C i iaiylCi salkyL
Preferably, wherein Ra is one or two halogen, R' 1 is
hydrogen, C bcycloalkyl, , heterocycle, or Ci salkyl
optionally substituted with hydroxy, C,? bcycloalkyj,
alkoxy, heterocycle, heteroaryl, Cr, uaryl, or amino,
wherein said amino may be optionally substituted with
-C(O)C 1-8alkyl or C1-8alkylJand P1 is Gr, arylCi
salkyl;Preferably, wherein Rc is one or two halogen Rz
1 is hydrogen, C3-6cycloalkyl, , heterocycle, or
C1-8alkyl optionally substituted with hydroxy,
C3-6cycloalkyl, alksxy, heterocycle, heteroaryl,
C6-14aryl, or amino, wherein said amino may be
optionally substituted with -C(O)C 1-8alkyl or
C1-8alkyl; and P 1 is C6-14arylC 1-8alkyl; Preferably,
wherein Re is halogen; and P1 is C6-14arylC 1-8alkyl;
The above intermediates, compound (I-20a), (I-20b),
(I-21a), (I-21b), (I-22a), (I-22b), (I-23a), (I-23b),
(I-24a), (l-24b), (I-25), (I-26), or (I-27), can be
prepared by condensing a compound of the formula:
wherein Re is one or two halogen; and R50 is
C1-8alkyl; with each amine shown below, respectively:
wherein Rz is C1-8alkyl, C6-14arylC 1-8alkyl,
C6-14aryl, or alkoxy;wherein is C1-8alkyl, C MarylC
1-8alkyl, Co-i-iaryl, or alkoxy; wherein / is C
balkyl; 1 is hydrogen, C cycloalkyl, , heterocycle, or
C1-8 alkyl optionally substituted with hydroxy, Ca
Gcyoloalkyl, alkoxy, heterocyclo, heteroaryl, C f
l'laryl, or amino, wherein said amino may be
optionally substituted with -C(O)C 1 salkyl or
C1-8alkyl; wherein R is C -balkyl; JR/ 1 is hydrogen,
C ocycloalkyl, , heterocyclo, or C1-8 alkyl optionally
substituted with hydroxy, Ca-ocycloalkyl, alkoxy,
hetorocyolc, heteroaryl, Cb -iaryl, or amino, wherein
said amino may be optionally substituted with -C(O)Ci-
8alkyl or balkyl; wherein I is hydrogen, C -
cycloalkyl , , heterocycle, or C1-8 alkyl optionally
substituted with hydroxy, Ca ccycloalkyl, alkoxy,
hotorocyclo, hetoroaryl, C B naryl, or amino, wherein
said amino may be optionally substituted with -C(O)C
1-8alkyl or Ci alkyl;wherein vL is hydrogen,
C3-6cycloalkyl, , heterocycle, or C1-8 alkyl
optionally substituted with hydroxy, Cs ocycloalkyl,
alkoxy, heterocycle, heteroaryl, Ce- aryl, or amino,
wherein said amino may bo optionally substituted with
-O(O)C 1-8 alkyl or Ci salkyli The condition for the
above condensation is illustrated below for example,
Examples of the solvent include halocarbons such as
dichloromethanc, dichloroethanc, and acetic acid. The
reaction temperature is preferably, 0 to 200 C, more
preferably, 50 to 170C. The reaction time is usually
several minutes to several hours. The above
intermediates, compound (T-20a), (1-20b), (1-2. a),
(I-21b), (J-22a), (I-22b), (l-23a), (I-23b), <I-24a),
(l-24b), (1-25), (1-26), or (1-27), can be doprotected
to give each corresponding doprotected compound
wherein P 1 is hydrogen, or its pharmaceutically
acceptable salt, which arc encompassed within the
scope of compound (I) of the present invention. In
addition, the present compoxmd obtained above may be
further chemically modified to synthesize another
compound, I n addition, when there i s a reactive
functional group (e.g.: OH, COOH, NHa) on a side chain
part etc. in the above reaction, the group may be
protected before the reaction and may be deprotectcd
after the reaction, if desired. 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 virtis.
Therefore, the present compound can be expected to
have the preventive ortherapeutic 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 integraso inhibiting agent
for retrovirus (e.g. HlV-I, HIV-2, HTLV-I, SIV, FIV
etc.), and is useful as an anti-HIV drug etc, In
addition, the present compound ma bo used in joint use
therapy by combining an anti H IV drug having the
different action methanism such as a reverse t
rascriptase inhibiter and/or a protease inhibiting
agent, Particularly, currently, an integrase inhibiter
is not marketed, and it is useful to use in joint use
therapy by combining the present compound with a
reverse transcriptase inhibiter and/or a protease
inhibiter. Further, the above use inchidcs 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 such as cocktail therapy. 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
tissxie, iipon use of a retrovirus vector based on HIV
or MLVin 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. The present compound can be
adminitetered 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 lik an aqueous
agent; an oily suspension; or a liquid agent such as
syrup and elixir. In the case of parenteral
administration, the present compound can be used as an
aqtieous or oily suspension injectable, or a nasal
drop, Upon preparation of it, conventional excipients,
binders, lubricants, aqueous solvents, oily solvents,
emulsificrs, suspending agents, preservatives,
stabilizers and the like may be arbitrarily used. As
an anti-HIV-drug, particularly, an oral agent is
preferable. Apreparation 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. Adose
of the present invention is different depcniding on an
administration method, an age, a weight and conditionn
of a patient, and a kind of a disease and, usually, in
the case of oral administraton, about 0.05mg to
3000mg, preferably about 0.lmg to 1000mg may be
administered per adult a day, if necessary, by
dividing thedose, In addition, in the case of
parenteral administration, about 0.0lmg to 1000mg,
preferably about 0.05mg to 500mg is administered per
adult a day. Examples are shown below. [0025] Example
A-I) O-Hydroxy-2- -methoxy-ethy -1 -dioxo-1
S-dihydro-2 -pyridC1,2-a]pyrazine -7-carboxylic acid
4-fluoro-banzylamide Example B-1)
9-.Hydroxy-2-(2-methoxy-ethyl)-1,8-dioxo-1,3,4,8-tetra
hydro-2H-pyrid[1,2-a]py razine-7-carboxylic acid 4-fh
oro-benzylamide [Chemical formula 52]1) Mantol 1
(I89g, 1 5mol) was dissolved in dimethylformamide
(1890ml), and benzyl bromide (184ml, l 5mol) was
added, Aftor the solution was stirred at 80C for 15
minutes, potassium carbonate (228g, 1.65mol) was
added, and the mixture was stirred for J hour, Aftor
the reaction solution was cooled Io 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
(1000ml), this was filtered, and the filtrate was
distilled off inder reduced pressure to obtain the
crude product (329g, >100%) of
3-benzyloxy-2-methyl-pyran-4-one 2 as a brown oil. NMR
(CDClb)d : 2.09(3H, s), 5.15(2H, s), 6.36(1PI, d,
J=5.6Hz), 7.29-7.4l(5H, m), 7,60(1H, d, J=5.61Iz). 2)
The compound 2 (162, 2g, 750mmol) was dissolved in
ethanol (-187ml), and aqueous ammonia (28%, 974ml) and
a 6N aqueous sodium hydroxide solution (150ml,
O00mmol) were added. After the reaction solution was
stirred at 90 C for 1 hour, this was cooled to under
ice-cooling, and ammonium chloride (58g, 10S0mmol) 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 sulfate. 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 (69.1g, 43%)
as a pale yellow crystal. NMR (DMSO-dfi)d: 2.05(3H,
s), 5.04(2H, a), 6 14(1H, d, J=7 0Hz), 7,31-7.42(5H,
m), 7 46(1H, d, J=7.2Hz), 11.29(1H, brs).3) Tho above
compound 3 (I29g, 599mmol) was suspended in
acetonitrilo (1300ml), and N-bromosuccinic acid imide
(I17g, 659mmol) was added, followed by stirring at
room temperature for 90 minutes, Precipitated crystals
were filtered, and washed with acetonitrilc and
diethyl ether to obtain
3-benzyloxy-5-bromo-2-methyl-pyridine-4-ol 4(154g,
88%) as a colorless crystal. NMR. (DMSO-db)d 2.06(3H,
s), 5.04(2H, s), 7.32-7.42(5H, m), 8,03(1H, d,
J=5.5Hz), 11.82(1H, brs). 4) To a solution of the
compound 4 (88g, 300mmol), palladium acetate (13. 4g,
60mmol) and l,3-bis(diphenylphosphino)propane (30. 8g,
SlCmmol) in dimethylformamide (660ml) wore added
methanol (264ml) and triethylamine (210ml, l.5mol) 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 hoxirs. A vessel to which
ethyl acetate (1500ml), an aqueous saturated ammonium
chloride solution (1500ml) and water (1500ml) had been
added was stirred tinder ice-cooling, and tho reaction
solution was added thereto. Precipitates were
faltered, and washed with water (300ml), ethyl acetate
(300ml) and diethyl ether (300ml) to obtain
5-benzyloxy^-hydroxy- d-methyl-nicotimc acid methyl
ester 5 (44 9g, 55%) as a colorless crystal. NMR
GDMSO-d ,)d: 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.Ig-, 70mmol) m acetic anhydride
(134ml) was stirred at 130 C for 40 minutes, the
solvent was distilled off under reduced pressure to
obtain 4-acetoxy-5-benzyloxy-6 nethyl-nicotinic acid
methyl ester 6 (19, 9g, 90%) as a flesh colored
crystal. NMR (CDCl3)d: 2.29(3H, s), 2,52(3H, s),
3,89(3H, s), 4,98(2H, s), 7,36-7.4l(5H, m), 8.85(1H,
s) 6) To a solution of the compound 6 (46. 2g,
147mmol) in chloroform (370ml) was added
metachloroperbonzoic acid (65%) (42. 8g, I lmmol) in
portions under ice-cooling, and this was stirred a t
room temperature for 90 minutes. To the reaction
solution was added a 10% aqueous potassium carbonate
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 aqxieous saturated
sodium chloride solution, anddried 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 (42.6g, 87%) as a colorless crystal.
NMR (CDCl3)d: 2.30(3H, b) , 2.41(3H, s), 3.90(3H, s),
5,02(2H, b), 7.37-7. 39(5H, m), 8.70(1H, s). 7) To
acetic anhydride (500ml) which had been heated to stir
at 130 C was added the compound 7 (42, 6g, 129mmol)
over 2 mmtuos, and this was stirred for 20 minutes.
The sovent was distilled off under reduced pressure to
obtain 4-acotoxy-6-acetoxymethyl-5-benzyloxy-nicotinic
acid methyl ester 8 (49. 6g, >100%) as a black oil.
NMR (CDCl3)d: 2.10(3H, s), 2.28(3H, s), 3.91(31-1, s),
6.07(2H, b) , 5.20(2H, s), 7.35-7.4l(5H, m),
8.94(11-1, s). 8) To a solution of the compound 8
(46.8g, 125mmol) in methanol (140ml) was added a 2N
aqueous sodium hydroxide solution (376ml) 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 B-benzyloxy^-hydroxy- q-hydroxymethyJ-mcotinic
acid 9 (23. 3g, 68%) as a colorless crystal. NMR
(DMSO-d")d: 4.49(2H, a), 5.19(2H, s), 5.85(1H, brs),
7.14-7.20(2H, m), 7 33-7.43(7H, m), 8.S0(1H, s),
_0.73(1H, t, J=5.8H'/.), 11.96(1H, brs). 9) To a
solution of the compound 9 (13 Ig, 475mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (219g, lH0mmol) and 1-hydroxybenzot p
azole (128g, 950mmol) in dimethylformamide (1300ml)
was added 4-fluorobenzylamine (109ml, 950mmol), and
this was stirred at 80C 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 aqueous
saturated sodium chloride solution, and dried with
anhydrous sodium sulfate. The solvent was distilled
off under reduced pressure to obtain a mixture (I 75g)
of 10 and 1, the resulting mixture was dissolved in
aceticacid (1050ml) and water (1050ml), and zinc
(31.Ig-, 475mmol) was added, followed byheating to
reflux for 1 hour. After the reaction solution was
cooled to room tempreture, a 10% aqueous potassium
carbonate solution was added, followed bj' extraction
with ethyl acetate. The extract was washed with an
aqueous saturated ammonium chloride solution, and an
aqueous saturated sodrum 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-^-fluoro-benzyl)^-hydroxy-
-hydroxymethyl-nicotinic acid amide 10 (107g, 59%) as
a colorless crystal. NMR (DMSO-de)d: 4.45(2H, d,
J=4,3Hz), 4.52(2H, d, J=5.8Hz), 5.09(2H, s), 6.0 KlH,
brs), 7.36-7.43(5H, m), 8.3l(1H, s), 12.630.H, brs),
10) After manganese dioxide (49 g) was added to a
suspension of the compound 10 (9.8g, 25.6mmol) in
chloroform (490ml), 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-nic
otinic acid amide 12 (8.2g, 84%) as a pale yellow
crystal. NMR (DMSOd b)d: 4.53(2H, d, J=5.8Hz), 5.38
(2H, s), 7J5-7.2l(2H, m), 7.35-7 46(7H, m), 8.33(1H,
s), 9.Q0(1H, s), 10,35(111, t , J=5,8Hz), 12.49(1H,
brs). 13) To an aqueous solution (105ml) of sodium
chlorite (7,13g, 78.8mmol), and sulfamic acid (7.65g\
78.8mmol) was added a solution of the compound 12
(15,0g, 39.4mmol) in tetrahydrofuran (630ml) under
ice-coling, and the mixture was stirred at room
temperature for 1 hour. After water (2500m]) was added
to the reaction solution, precipitated crystals were
filtered, Washing with diethyl ether afforded
3-benzyloxy-5-(d-fluoro-benzylcarbamoyl)-4-hydroxy-pyr
idine-2-carboxylic acid 13 (14.0g, 90%) as a colorless
crystal, NMR (DMSO-db)d: 4.52(2H, d, 5.13 (211, a),
7.M-7.19C2H, m), 7.31-7.40(5H, m), 7,47-7.49(2H, m),
8.3l(1H, d, J=4.5Hz), 10.44(1H, t , J=5.9Hz),
12.47(1H, brs). 12) A solution of the compound 13
(198mg, 0.500mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (115mg, 0.d00mmol) and
1-hydroxybenzotriazole (81mg, 0 . 00mmol) in
dimethylformamide (3ml) wasshirred at room temperature
for 1.5 hours. Then, methanol (3m]) and triethylamine
(353ul, .10mmol) were added, and lhe mixture was
hoated to reflux for 1.5 hours. The reaction solution
was diluted with ethyl acetate, washed with an aqueous
saturated 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 washed with diethyl
ether to obtain 3-ben yloxy-5-(4-fluoro-bon
ylcarbamoyl) 4-hydroxy- yridine-2-ca boxylic acid
methyl estor 14 (I4 1mg, 69%) as a colorless crystal.
NMR (DMSO-dfi)d: 3.85(3H, s), 4.52(2H, d, J=6.0Hz),
5.15(2H, s), 7.13-7.2l(2H, m), 7.31-7.47(71-1, m),
8.33(1H, s), 10.41QH, t, J=6.0Hz), 12.59(1H, brb). 13)
After 3-bromopropene (2.15ml, 24.8mmol) was added to a
solution of the compound 14 (6.79g, 16.5mmol), and
cesium carbonate (8 0 g, 24.8mmol) in 



dimethylformamide (54ml), the mixture was stirred at
room temperature for 4.5 hours. To the reaction
solution was added an aqueous ammonium 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 residtic was washed with diethyl
ether to obtain
1-allyl-3-benzyloxy-5-(4-fluoro-benzylcarbamoyl)
-4-0X0-1,4-dihydro-pyridine-2-carboxy lie acid methyl
ester 15 (6,15g, 83%) as a colorless crystal. NMR
(CDCl3) d 3.76(3H, s), 4.54(2H, d, J=6.0Hz), 4,60(2H,
d, J=6.0Hz), 5.20-5.37(2H, m), 5.25(2H, s),
5.80-S.93(1H, m), 6.98-7.04(21-1, m), 7.31-7.35(7H,
m), 8.45C1H, s), 10.4K1H, m). 14) To a solution of the
compound 15 (7.6g, 16.9mmol) in 1,4-dioxano (228ml)
was added an aqueous solution (38ml) of potassium
osmate dihydrate (372mg, 1.03 mmol), and sodium
metaperiodate (14. 5g, 67.6mmol) was further added,
followed by stirring a t room temperature for 2 hours.
The reaction solution was added to a vessel to which
ethyl acetate (300ml) and water (300ml) had been
added, while stirring. The organic layer was washed
with water, a 5% aqueous sodium hydrogen sulfite
sohition 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
obtain3-bonzyloxy-5-(4-flxioro-benzylcarbamoyl)-4-oxo-
1-(2-oxo-ethyl)-1,4-dihydro-pyridine-2 -carboxylic
acid methyl ester 16 (5.39g, 71%) as a colorless
crystal. NMK (CDCl3)S: 3.74(3H, s), 4.60(2H, d,
J=5.9Hz), 4.87(2H, s), 5.27(2H, s), 6.98-7.04(21-1,
m), 7.30-7.40(7H, m), 8.39(lH, s), 9.58(1H, s),
10.38(T H, s). 15) To a solution of the compound 16
(400mg, 0.884mmol) in methylene chloride (12ml) were
added 2-methoxyethylamine (77ul, 0.884mmol) and acetic
acid (18ul), and the mixture was stirred at room
temperature for 5 minutes. Thereafter, the reaction
was performed at 140 C for 30 minutes in a microwave
reaction apparatus. The 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-pyrid[l,2-a]pyrassine-7-carbox
ylic acid 4-fluoro-benzylamide 17-1 (226mg, 54%) as a
yellow solid. NMR (CDC1 )8: 3.35(3H, s), 3.65(2H, t ,
J=5. 1Hz), 3.97(2H, t, J=4.BHz), 4.63(2H, d, J=5.7Hz),
5.28(2H, s), 6.56(2H, m), 7,0l(2H, t , J=8.7Hz),
7.38-7.30(511, m), 7,65(2H, d, J=6.6Hz), 10.63(1H, s).
16) To the compound 17-1 (140mg, 0.293mmol) was added
trifluoroacetic acid (1.4ml) under ice-cooling, and
the mixture 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 saturated sodium
bicarbonate solution, a 10% aqueous citric acid
solution and water, and dried with anhydrous sodium
sulfate. The solvent was distilled off under reduced
pressure, and the residue was rccrystalhzed with
methylene chloride-ethanol to obtain Example A-I
(89mg, 79%) as a yellow crystal molting point: 223-224
C NMR (DMSO-d )d: 3.25(3H, s), 3.58(2H, t , J=5.4Hz),
3.92(2H, t , J=5. 1Hz), 4.53(2H, d, J=5.7Hss),
6.87(1H, d, 6.3Hz), 7.14(2H, t, J=9.0Hz),
7.33-7.38(2H, m), 7.470 H, d, J=6.0Hz), 8.77(1H, b),
10.56(1H, t , J=6. 0Hz), 12.00(1H, brs). .17) The
compound 17- 1 (157mg, 0.329mmol) was dissolved in
dimethylformami.de (18ml) and methanol (iml), 10%
palladium-carbon powder (31mg) was added, and the
mixture was stirred at room temperature for 20 hours
under the hydrogen atmosphere. The reaction solution
was filtered with Celite, and the filtrate
wasconcentrated under reduced pressure The residue was
dissolved in chloroform, this was filtered with
Celifce again, and the filtrate was concentrated under
reduced pressure, The residue was rocrystallized with
methylene chlorido-methanol t o obtain Example B-I
(66mg, 52%) as a browm crystal, molting point: 197-199
C NMR (DMSO-d )d:3.27(3H, s), 3,55(2H, t , J=5.1Hz),
3.68(2H, t , J=5,1Hz), 3.79(2H, s), 4.36(2H, s),
4.51(2H, d, J=5,7Hz), 7.15(2H, t , J=8.7Hz),
7.32-7.37(2H, m), 8.38(1 H, s), 10.46(1H, t J=5.4Hz),
12.4a(1H, s). Example C-I [Chemical formula 55l L) A
compound 33 was synthesized using
1-aminomethylcyclopentanol hydroxyethylamme according
to the method of synthesizing a compound _7-J . 1H-NMR
(CDCIi)d: 1.30-1,80(101-1, m), 3.47(1H, d, J 11.4Hz),
3.61(1H, d, J=Il. 4Hz), 3 80-3.95(111, m), 4.3q(iH,
dd, J=14.7, 3.0Hz), 4.60(2H, d, J=5.7Hz),
5.17-5.23(2H, m), 5 39(1H, d, J=9.9His), 6.95-7.10(2H,
m), 7.20-7.40(5H, m), 7.58(2H, d , J=7.2Hz), 8.41(1H,
s), 10.400 H, s). 2) A compound 33-2 was synthesized
using hydroxyethylamine according to the similar
method. Compound 33-2)
5-Ben7,yloxy-4,6-dioxo-2,3,4,6,9,9a-hexahydro-1-oxa-3a
,8a-diaza-cyclopenta[b]naphtha lene-7-carboxylic acid
4-fluorobenzylamide 1H-NMR (DMSO-dc)d: 3.48-3.58(1H,
m), 3.73-3.86(1H, m), 3.97-4, 10(2H, m), 4.20-4.30(1H,
m), 4.46-4. bq(2H, m), 4.85(1H, dd, J=12.3, 3.5Hz),
5.40(1H, d, J=I0. 2Hz),6.18(1H, d, J=10.2Hz), 5.28(1H,
del, J=l0.2, 3.2Hz), 7.10-7.20(2H, m), 7.23-7.40(5H,
m), 7.50-7.73(2H, m), 8.60(1H, s), 10.22(1H, m). 3)
Example C-I was synthesized using a compound 33,
according to the method o synthesizing Example A-I.
Melting point: >300C 1H-NMR (DMSO-d b)d: 1.10-1.60U0H,
m), 3.25(1H, d, J=Il. 4Hz), 3.37(111, d, J=11.4Hz),
3,76(1H, t , J=I0. 5Hz), 4.30(2H, d, J=5.8Hz),
4.66(1H, dd, J=12.2, 3.8Hz), 5,22(1H, dd, J=3.8,
10,4Hz), 6.90-6.96(2H, m), 7J0-7.15(2H, m), 8.25(1H,
s), 10,10(1H, brs), 11 32(1H, brs). The following
compounds wcro synthesized using the similar method.
Example C-2)
5-Hydroxy-4,6-dioxo-2,3,4,6,9,9a-hexahydro-1-oxa-3a,8a
-diaza-cyclopenta[b]naphthale ne-7-carboxyhc acid
4-fluorobenzylamide Molting point: 272-274 C 1H-NMR
(DMSO-d6)d 3.59-3.67(1H, m), 3 .72-3.81(1H, m),
3.98-4. 10(2H, m), 4 27-4 35(1H, m), 4 52(2H, d,
J=7.2Hz), 4,92(1H, dd, J=12 3, 12 3Hz), 5.27(1H, dd,
J=3.6, 9.9Hz), 7.11-7 2q(2H, m), 7.30-7. 40(2H, m), 8
49(1H, s), 10 32(1H, t , J=5.6Hz), 11.53(1H, s).
Example C-3)
5-Hydroxy-6,10-dioxo-3,4,6,9,9a,10-hexahydro-2H-1
-oxa-4a,8a-diaz;aantliracone-7-carb oxylic acid
4-fluorobenzylamide molting point 259 C 1H-NMR
(DMSO-de) d: 1.60-1.67(1H, m), 1 72-1.85(1H, m),
3.25(1H, td, J=12.8, 3.5Hz), 3,86-3.93(1H, m),
4.06(1H, dd, J=Il. 4, 4 2Hz), 4.44-4.57(5H, m),
5.28(1H, t , J=3.8Hz), 7 3-7, l d(2H, m),
7.33-7.37(2H, m), 8 51(1H, s), 10.36(1H, t , J=6.0Hz),
12.47(1H, s), Example C-4) 5-Hydroxy-1-isopi
opyl-4,6-dioxo-2,3,4,6,9,9a-hexahydro-1H-3,3a,8a-triaz
a-cyclopenta[ b]naphthalcne-7-carboxylic acid
4-fluoro-bGnzylamide melting point: 232-234C NMR
(DMSO-d )d: 1.03(3H, d, 6,6Hz), 1.14(3H, d, 6.6Hz),
2.79-3.66(5H, m), 3,82(1H, t , 10.8Hz), 4.51(3H, m),
4.90(1H, m), 7.15(2H, t , 9.0Hz), 7.34(2H, m),
8.45(111, a),10.39(1H, t , 5,4Hz), 11.60(1H, s).
Example O5)
5-Hydroxy-4,6-dioxo-2,3,4,6,9,9a-hexahydro-1H-1,3a,8a-
triaza-cyclopenta[b3naphthale ne-7-carboxylic acid
4-fluoro-benzylamide melting point: 256-258 C NMR
(DMSOcU) d: 3.00-3.55(5H, m), 3.96(1H, t , 11.4Hz),
4.52(2H, d, 11.7Hz), 4.76(2H, m), 7.16(2H, t, 8.7Hz),
7.35(2H, m), 8.48(1H, s), 10.42(1H, t , 5.4Hz.), 11.9
1(3 H, a). Example C-6) 5-Hydroxy-6, 10-dioxo-
1,2,3,4,6,9,9a, 10-ociahydro- 1,4a,
8a-triaza-anthracene-7-carboxy lie acid
4-fluoro-benzylamidc melting point: 255C NMR (DMSO-d
b)d: 1.60(1H, s), 2 75-3.16(4H, m), 4.52(2H, d,
6.0Hz), 4.13-4.68(4H, m), 7.16(2H, 9.0Hz, i), 7.34(2H,
m), 10.42(1H, s), 10.44(1H, 6 0Hz, 0 , 12.8l(1H, s).
Example C-7)
1-(2-Diethylamino-ethyl)-5-hydroxy-4,6-dioxo-2,3,
4,6,9, 9a-hexahydro- 1H- 1,3a, 8a- triaz
a-cyclopentaLbJnaphthalcnc-7-carboxylic acid
4-fluoro-benzylamide melting point: 186-187 C NMR
(DMSO-de)d: 0.97(6H, t , 7.2Hz), 2.42-2. 91(10H, m),
3,44-3.87(5H, m), 4.23(1H, m), 4,51(2H, d, 5.7Hz),
5.00(1H, m), 7.16(2Ii, t , 9.0Hz), 7.33-7.37(2H, m),
8.43(3H, s), 30,39(1H, t , 5.7Hz), 31 8l(1H, s)
Example C-8)
1-Hydroxy-2,11-dioxo-2,5,5a,7,8,9,10,11-octahydro-6-ox
a-4a,10a-diaza-cycloheptarb]na phihalene-3-carboxylic
acid 4-fluoro-benzylamide melting point 242-244 C NMR
(DMSO-ds)d: 1.40-2.00(4H, m), 3.20-3. 30(1H, m),
3.66-3.77(2H, m), 4 , 14-4.23(1H, m), 4.38-4.41(1 H,
m), 4.52(2H, d, 6.3Hz), 4.58-4.63(1H, m), 5.34(1H,
brs), 7.15(21-1, t , 9.0Hz), 7,33-7.37(2H, m),
8.50(1H, s), 10.39(311, brs), 12. 14(1H, s). Example
O9)
5-Hydroxy-1-(2-hydroxy-ethyl)-6,-10-dioxo-1,2,3,4,6,9,
9a,10-octahydro-3 ,4a,8a-triaza-a
nthracene-7-carboxylic acid 4-fluoro-benzylamideNMR
(DMSO-d )d: 1.58-1.80(1H, m), 2.70-3.6 q(7,B, m),
4.40-4. 54(6H, m), 4.77-4.82(1H, m), 7.35(21-1, t ,
9.0Hz), 7.33-7.38(SH, m), 8.52(1H, s), 10.4S(1H, brs),
12.57(1H, s). Example (M0) 1-Hydroxy-2,1
1-dioxo-2,5a,6,7,8,9,
10,11-octahydro-5H-4a,6,10a-triaza-cyclohepta[b]na
phthalene-3-carboxylic acid d-fhioro-benzylamide
melting point: 256C NMR (DMSOdc) d: 1,47-3 .77(4H, m),
2,69-2.81(2H, m), 3.34-3.4l(1H, m), 4.08-4. 12(1H, m),
4,26-4.40(2H, m), 4.52(2H, d, J=6,0Hz), 7.15(2H, t ,
8.8Hz), 7.33-7.36(2H, in), 8.43(1H, s), 10.46(H-I, t ,
J=6.0Hs b), 12.680 H, s). Kxample C-I1)
5-Hydroxy-1-(2-methoxy-ethyl)-6,10-dioxo-1,2,3,4,6,9,9
a,10-octahydro-1,4a,8a-triaza-a nthracene-7-carboxylic
acid 4-fluoro-benzylamide melting point: 147C NMR
(DMSO-df,)d: 1.56-1.74(2H, m), 2.53-2.58(1H, m),
2.66-3. 10(4H, m), 3.18(3H, s), 3.41-3.39(2H, m),
4.37-4.52(5Ii, m), 4.73-4.80(1H, m), 7.15(2H, I ,
8.8Hz), 7.33-7 37(2H, m), 8.56(1H, s), 10.40(1H, t ,
J=6.0Hz), 12 62(1H, s). Example C-12)
5-Hydroxy-1-(2-isopropoxy-ethyl)-6,10-dioxo-1,2,3,4,6,
9,9a,10-octahydro-1,4a,8a-triaza
-an(.hraccno-7-carboxylic acid 4-fluoro-benzylamide
melting point: 151 C NMR (DMSO-de)d: 1.02(6H, dd,
J=4.0, 6,0Hz), 1.56- 1,67(2H, m), 2.63-2.58(1H, m),
2,74-3,04(4H, m), 3.18(3H, s), 3,41-3.52(3H, m),
4.41-4. 59(5H, m), 4.79-4.83(1H, m), 7 ,15(2H, t ,
8.8Hz), 7 34-7.36(21-1, m), 8.58(1H, s), 10.40(1H, t ,
J=6.0H ) , 12.56UH, s), Example C- 13)
5-Hydroxy-3,3-dimethyl-6,10-dioxo-3,4,6,9,9a,
10-hexahydro-2H-1-oxa-4a,8a-diaza-ant
hracene-7-carboxylic acid 4-fluoro-bonzylamide
melting- point: 275-277 C NMR (DMSO-d )d: 2.97(3H, s),
3.01(3Ii, s), 3,00-3.18(311, m), 4.45-4.56(5PI, m),
5.16(1H, s), 7.15(2H, t , J=9Hz), 7.35(2H, dd,
J=5.4Hs5. 8.711z), 8.5l(1H, s), 10.36(1H, t ,
J=6.7Hz), 12.4(1H, s).Example C- 14)
1-Cyclohexyl-5-hydroxy-6,10-diox
-1,2,3,4,6,9,9a,10-octahydro-1,4a,8a-triaza-anthracG
ne-7-carboxylic acid-4-fluoro-benzylamide melting
point: 275-277 C NMR (DMSO-dr,)d: 1,22-1,7 q(2H, m),
2.50-3, 02(3H, m), 4.45(41-1, m), 4.52(2H, s),
4.78(1H, d, J=13.2Hz), 7.16(2H, t , J=8,7Hz), 7.35(2H,
dd, J=5.7Hz, 8.4Hz), 8.62(1H, s), 10,52(1H, s),
12.55(1H, s). Example G- 15) 5-Hydroxy-1-isopropyl-
10-dioxo-i ,2 ,4,
,O.Oa.10-oxtahydro-1,4a^a-triaza-anthrace
ne-7-carboxylic acid-4-fluoro-benzylamide molting
point: 220 C NMR (DMSO-do)d: 0.94(6H, d, J=9.6Hz),
1,53-1.67(2H, m), 2.92-3.30(3H, m), 4.32-4,40(4H, m),
4.52(2H, d, J=5.7Hz), 4.89(3 H, d, J=14.1Hz), 7.16(2H,
t , J=9.0Hz), 7.36(2H, dd, J=6,3Hz, 9.0Hz), 8.6l(1H,
s), 10.46(1H, s), 12.55(1H, s). Example C-16)
5-Hydroxy-3,3-dimethyl-6, 10-dioxo- 1,2,3,4,6,9,9a, .
0-octahydro- 1,4a,8a-triaza-anthrac ene-7-carboxylic
acid 4-fluoro-benzylamide melting point: 280 C NMR
(DMSO-d b)d: 0.87(3H, s), 0,93(31-1, s), 2.59-3.1
5(6H, m), 4.09-4.57(6H, m), 7.14(2H, d, J=9.0Hz),
7.34(2H, dd, J=5.4Hz, 8,4Hz), 8,42(HT, s), 10.46(1H,
s), 12.77(1H, s), Example C-17)
5-Hydroxy-1-(2-morpholin-4-yl-2-oxo-ethyl)-6,10-dioxo-
1,2,3,4,6,9,9a,10-octahydro-1,4 a,8a -tp aza-
anthracene -7 -carboxylic acid 4-flvioro-bonzylamide
melting point: 140 C NMR (OMSO-dc)d: l.60(2H, m),
2.91-3.62(13H, m), 4,4l(2H, m), 4.61(2H, d, J=4.8Hz),
4.80(21-1, m), 7.15(2H, L, J=8.7Hz), 7.34(2H, m),
8.44(1H, a), 10.43(1H, b), 12.64OH, s). Example C-18
1-(3-Acctylamino-propyl)-5-hydroxy-6,10-dioxo-1,2,3,4,
6,9,9a,10-octahydro-1,4a,8a-tri
aza-anthracene-7-carboxylic acid 4-fluoro-benzylamide
melting- point: 177-178 CNMR (DMSOd )S: 1.74(3H, b) ,
1.49-2.98(0H, m), 3.60UH, s), 4.25-4.65(7H, m),
7.34(2H, t , J=8.4Hz), 7.34(2H, m), 7.7l(1H, s),
8.26(1H, s), 10.60(1H, s). Example C- 19)
1-Dimetliycarbamoylmethyl-5-hydroxy-6, 10-dioxo-
1,2,3,4,6, 9,9a, 10-octahydr q-1,4a,8atriaza-
anthracen b-7-carboxylic acid 4-fluoro-bonzylamide
melting point: 190 C NMR (DMSOcU)S: 1.60(2H, m),
2.76(3H, s), 2.83(3H, s), 2.90-3. 59(5H, b), 4,4q(2H,
m), 4.51(21-1, d, 5.7Hz), 4.80QH, d, d=l4 4Hz),
4.98(1H, s), 7.16(2H, t , J=8.4Hz), 7.34(2H, rn),
8.54(1H, s), 10.42QH, s). Example C-20)
5-Hydroxy-1-(3-met,hanesulfonylamino-propyl)-6,10-diox
o-1,2,3,4,6,9,9a,10-octahydrol, 4a.
da-triaza-anthracene^ carboxylic acid
4-fluoro-benzylamide melting point: 176 C NMR (DMSOd
b)d: .54-1 .75(4H, m), 2.80(3H, s), 2.30-3 04(811, m),
4.45(2H, m), 4.52(2H, d, J=6.6Hz), 4.75OH, d,
J=13.2Hz), 6.91(1H, t , J=5.6Hz), 7.16(2H, t ,
J=8.8Hz), 7.36(2H, m), 8.6l(1H, s), 10.41 (1H, t ,
J=5.6Hz), 12.58(1H, s). Example O2l)
5-Hydroxy-2-methyl-6,10-dioxo-3,4,6,9,9a,10-hexahydro-
2H-1-oxa-4a,8a-dizazaanthra cene-7-carboxyhc acid
4-fluorobenzylamide NMR (CDCl3) d: 1.27(3H, d,
J=6.0Hz), 1.65-1.78(2H, m), 3L1(1H, td, J=12 9,
3.7Hz), 3 89-4.00(1H, m), 4.16(1H, dd, J=13.8, 3.9Hz),
4.34(1H, dd, J=13.8, 3.9Hz), 4.60(2H, d, J=G,0Hz),
4.71(1H, ddd, J=13.5, 4 8, 1.8Hz), 5.08(1H, t ,
J=3.9Hz), 6,96-7.04(2H, m), 7,26-7.35(2H, m), 8.32(1H,
s), 10.4l(1H, br s), 12.4l(1H, br s), Example F -1)
5-Hyd Oxy- 1-isobutyl-4,6-dioxo-2,3, 4,6,9,
9a-hexahydro- 1H- 1,3a, 8a- Iriazacy clop entafb]
naphthalene -7 -carboxy he acid-4-fluorobenzylamide
[Chemical formula 59]1) According t o the method of
synthesizing a compound 17-1, the crude purified
product (503mg) of a compound 48 was obtained at a
yie]d of 82% from a compound 16 (b00mg). 2) To a
solution of a compound 48 (.l00mg, 0,22mmo]),
isobutylaldohyde (39ml , 0.432mmol) and acetic acid
(25ml, 0,432mmol) in dichloromethane (4ml) was added
sodium triacetoxyborohydride (92mg, 0.432mmol) under
ice-cooling , and the mixture was stirred at room
temperature for 2 hours. Further, isobutylaldehydc
(20ml) and sodium triacetoxyborohydride (46mg) were
added, and the mixture was stirred for 30 minutes. To
the reaction solution was added water, (his was
extracted with chloroform, and the organic layer was
washed with an aqueous saturated sodium bicarbonate
solution. After dp ng, the solvent was distilled off
under reduced pressure, and this was purified by
silica gel column chromatography. A compound 49 (87mg)
was obtained as a colorless crystal at a yield of 78%.
JH-NMR (CDCl3)S: 0.96(3H, d, J=6.6Hz), 0.97(3H, d,
J=6.3Hz), 1.72-1.86(1H, m), 2.25-2.41(2H, m), 2.47-2,
58(1H, m), 3.39-3.46(1H, m), 3.69-3.76(2H, m),
3.85-3.93(1H, m), 4.06(1H, dd, J=9.9, 2,7Hz),
4.16-4.22(1H, m), 4.57(1H, dd, J=15.3, 5.1Hz),
4.64(1H, dd, J=14.7, 5.1Hz), 5.20(111, d, J=9.9Hz),
5.38(1H, d, J=9.9Hz), 6.96-7.05(2H, m), 7.28-7.36(5H,
m), 7.58-7.62(2H, m), 8.40(1H, s), 10.44(1H, br s), 3)
According to the method of a step 37) of Example B-I,
a compound F-I (43mg) was obtained at a yield of 64%
from a compound 49 (81mg). 1H-NMR (DMSO-dc)d: 0.90(3H,
d, J=6.4Hz), 0.9l(3H, d, J=6.0Hz), 1.75-1.84(1H, m),
2,24-2.39(1H, m), 2,39-2.54(2H, m), 3.36-3.43(1H, m),
3.52-3,60(1H, m), 3.67-3.73(1H, m), 3.81-3.88(1H, m),
4.19-4.23(1H, m), 4.52(2Ti, d, J=6.0Hz), 4,94-4.99(1H,
m),7.12-7.20(2H, m), 7.32-7.38(2H, m), 8.45(1H, s),
10.37(JH, t , J=2.0Ha), 11.74(1H, s), According to the
same manner as that of Example -I , the following
Example compounds F-2 to F-63 were synthesized.
Example F-2) 5-Hydroxy- t-isob utyl-6, 10-dioxo-
1,2,3,4, 6,9,9a, 10-octahydro 1,4
a,8a-triazaanthracene- 7-carboxylic acid
4-fluorobenzylamide melting point: 146-148 "C 1H-NMR
(DMSO-de)d: 0.63(3H, d, J=6.6Hz), 0.79(3H, d,
J=6,6Hz), 1.56-1.66(2H, m), 1.67-1,75(1H, m),
1.94-1.99(1H, m), 2,41-2.54(2H, m), 2.96-3.06(2H, m),
4.41-4.59(5H, m), 4.76-4.81(1H, m), 7.14-7,21(2H, m),
7.33-7.38(2H, m), 8.6l(1H, s), 10.40(1H, d, J=5 8Hz),
12.56(1H, s). Example F-3)
1-Cyclopropylmethyl-5-hydroxy -6,10^110X0-1,2, 3,4
6,9,9a, i0-octahydro-1, 4a,8a-triazaanth.
racene-7-carboxylic acid 4-fluoro-benzylamide melting-
point: 182-184 C NMR (DMSO-d6)d: 0.06(2H, m),
0.43(211, d, 8.4Hz), 0.80(1H, m), 1.66(2H, m), 2 28-3
30(4H, m), 4.40-4.50(4H, m), 4 52(2H, d, 6.0Hz),
4.78(2H, m), 7,15(2H, t , 8.7Hz), 7.34(2H, m),
8.55(1H, s), 10 47(1H, s), 12.55(1H, ) Example F-4)
1-Cyclopentylmethyl-S-hydroxy- d, ! -dioxo-
1,2,3,4,6,9,9a, J0-octahydro-1,4a,8a-triaza-a
nthraceno-7-carboxyhc acid 4-fluorcrbenzylamide
melting point: 184-185 C C NMR (DMSOd ) : 0,88-2J0(1H,
m), 2.60(2H, m), 2 95-3 28(2H, m), 4,38-4,53(6H, m),
4.82(1H, m), 7 15(2H, t , 9.0Hz), 7 34(2H, m), 8
57(1H, s), 10.42(1H, s), 12 45(1H, a). Example F-5)
5-Hydroxy-1-(4-methylsulfanylbenzyl)-6, 10-dioxo-
1,2,3,4,6,9,9a,10-octahydro-1,da,8a-t
riazaanthracenc-7-carboxyhc acid 4-fluorobenzylamide
(DMSO-d )d: 1.51-1. 56(1H, m), 1.69-1.74(1H, m),
2.42(3H, s), 2.55-2.62(1H, m), 2.80-2.84(1H, m), 3
00-3 08(111, m), 3.32-3.36(1H, m), 3 93(111, d,
J=l3.6Hz), 4.45-4.53(4H, m), 4.58(111, s), 4.8S(1H, d,
J=I 5.2Hz), 7 11-7.19(6H, m), 7 33-7 4q(2H, in),
8.34(1H, s), 10.38(111, t , J=6.0Hz), 12.58(1H,
s).Example 6) 1-(5-Chloro- 1,3-dimethyl-
1H-pyrazol-4-ylmethyl)-5-hydroxy-6, 10-dioxo-1,2,3,
,6,9,9a, 1
0-octahydro-1,4a,8a-|,riazaanthracene-7-carboxylic
acid - nsrobenzj'lamide (DMSO-dc)d l.5C-1.59(2H, m),
1.88(3H, s), 2.37-2.45(1H, m), 2.76-2, 80(1H, m),
3.00-3.06(2H, m), 3.64(3H, s), 3.87(1H, d, J=13.2H.z),
4.40-4. 55(5H, m), 4.97(1H, d, J=X4.4Hz),
7.13-7.19(2H, m), 7.33-7.38(2H, m), 8.66(1H, s), 10
39(1H, t , J=6. 0Hz), 12 46(1H, s). Example F-7) 5
Hydx'oxy-1-( -methoxybenzyl)-6 10-dioxo-1,2 ,4 b
a,J0-octahydro-1,4a,8a-triazaa nthraceno-7-carboxylic
acid 4-fhiqObonzylamide (DMSO-d )d: 1.52-1.67(JH, m),
X.70-1.80(1H, m), 2.60-2. 68(11i, m), 2.84-2.90(1H,
m), 3.01-3.09(1H, m), 3.36( 1H, d, J=14.0Hz), 3.61(3H,
s), 3.9l(1H, d, J=14.0Hz), 4 45-4.52(4H, m), 4.58(1H,
s), 4.76(1PI, d, J=14,8Hz), 6.68-6.73(2H, m), 6.77OH,
d, J=7.6Hz), 7.13-7, 19(3H, m), 7 33-7.38(2H, m),
8.17(1H, s), 10.38(1H, t , J=6.0Hz), 12.57(1H, s).
Example F-8) 5-Hydroxy-i
-(4-methanesulfonylbenzyl)-6,10-dioxo-1,2,3/l,6,9,9a,1
0-oclahydro-1 ,4a,8a -triazaanthracone^-carboxyhc acid
4-fluorobenzylamide (DMSO-dr,)d: 1.54-1.58(1H, m),
1.74-1,80(1H, m), 2.67-1.74(1H, m), 2.83-2,87(1H, m),
3,05-3.12(1H, m), 3.18(3H, s), 3.62(1H, d, J=14.8Hz),
4.09(1H, d, J=14.8Hz), 4.46-4.52(4H, m), 4.67(1H, s),
4.73(1H, d, J=H. 8Hz), 7.12-7.18(2H, m), 7.32-7.36(2H,
m), 7.46(2H, m), 7.80(2H, d, J=8.0Hz), 8.17(1H, s),
10.37(1H, t , J=5.8Hz), 12.59(1H, s), Example F-9)
5-Iiydroxy-1-(6-methoxypyridin-3-ylmethyl)-6,10-dioxo-
3,2,3,4,6,9,9a,10-octahydro-1,4
a,8a-tx'iazaanthracene-7-carboxylio acid
4-fluorobenzylamide (DMSO-d )d: 1.51-1. 56(1H, m),
1.71-1.77(1H, m), 2.58-2.66(1H, m), 2.80-2.86(1H, m),
3.01-3.09(1H, m), 3.38(XH, d, J=13,6Hz), 3.78(3H, s),
3,87(1H, d, J=X3.6Hz), d,45-4.52(4H, m), 4.60(XH, s),
4.82(1H, d, J=13.6Hz), 6.7l(1H, d, J=8.6Hz),
7.12-7.19(2H, m), 7.33-7.38(2H, m), 7.49(1H, d,
J=8.6Hz), 7.98(XH, s), 8.30(1H, s), 10.37(1H, t , J=6.
0Hz), 12.58(XH, s).Example F-I0)
5-Hydroxy-1-isobutyl-S.S-dimethyl-e.10-dioxo-
1,2,3,4,0,9,9a, 10-octahydro-1,4a,8a-tria
zaanthvacene-7-ca3boxylic acid 4-fluorobonzylamide
(DMSO-dc)d: 0.64(3H, d, J=6. Hz>, 0,82(3H, d,
J=6.8Hz), 0.90(3H, s), 0.9l(3H, s), 1,59-1.67(1H, m),
1.92-1.97(1H, m), 2.11-2.15(1Pl, m), 2.51-2.57(1H, m),
2.67(1H, d, J=12.0Hz), 2,77(1H, d, J=12,8T-Iz),
4.13(1H, s), 4.2l(1H, d, J=12.8Hz), 4,47-4. 59(3H, s),
4.80(1H, dd, J=M. 4, 2.8Hz), 7.14-7.19(2H, m),
7.34-7.38(2H, m), 8.66(1H, s), 10.41 (1H, t , J=6.
0Hz), 12,44(1H, s). Example F-Il)
5-Hydroxy-1,3,3-trimethyl-6,10-dioxo-1,2,3,4,6,9,9a,10
-octahydro-1,4a,8a-triazaanthra cene-7-carboxylic acid
4-fluorobenzylamide (DMSO-de)6; 0.89(6H, s),
2.14-2.18(1H, m), 2,24(311, s), 2.54-2.580H, m),
2.74-2.78(1H, s), 3.88(1H, s), 4.21(1H, d, J=13,2Hz),
4.45-4, 53(3H, m), 4.72-4. 76(1H, m), 7.13-7.19(2H,
m), 7,33-7.38(2H, m), 8.64(1H, b), 10,40(1H, t ,
J=6.0Hz), 12.46(1H, s). Example F 12) 4-[7-(4-Fh
oi"obenzylcarbamoyl)-5^hydroxy-6,10-dioxy-3,4,6,9,9a,1
0-hexahydro-2H-1,4a ,8a-t p
azaanthraceno-1-yl]butanoic acid ethyl ester (CDCla)d:
1 23(3H, t , J=7.1Hz), 1.70-1.79(1H, m), _.86-2.00(1H,
m), 2,17-2,34(2H, m), 2.46-2.57(1H, m), 2.61-2. 77(2H,
m), 2.85-2.92(1H, m), 3,13-3,1 8(1H, m), 4.13(2H, q,
J=7.1Hz), 4.27-4,34(2H, m), 4.57-4,63(3H, m),
4,66-4,73(1H, m), 6.95-7.03(2H, m), 7 29-7.36(2H, m),
8,36(1H, s), I0,48(1H, t , J=4.8Hz), 12.50(1H, s).
Kxaraplc F-13)
1-(3-Dimethylcarbamoylpropyl)-5-hydroxy-6,10-dioxo-1,2
,3,4,6,9,9a,10-octahydro-1,4a,
a-triazaanthracenG-Y-carboxylic acid
4-fltiorobenzylamide (CDCl.?) d:i.62-1.82(3H, an),
1.83-2.00(iH, m), 2.10-2.35(2H, m), 2.57-2.65(2H, m),
2.75-2.96(2H, m), 2.92(3H, s), 2.96(3H, s),
3.07-3.14(1H, m), 4.23-4.30(2H, m), 4.6 q(2H, d,
J=6.0Hz), 4.68(1H, dd, J=13.2, 4.5Hz), 5.12(1H, d,
J=12.6Hz), 6.95-7 02(2H, m), 7.28-7.35(2H, m),
8.42(1H, s), 1054(1H, t , J=5.4Hz), 12,51 (1H, s)
Example F-14)
5-Hydroxy-1-(4-morpholin-4-yl-4-oxobut,yl)-6,10-dioxo-
1,2,3,4,6,9,9a,10-octahydro-1,4a
,8a-triazaanthracone-7-carboxylic acid
4-fluorobenzylamide(CDCl3)d: 1.61-1.83(3H, m),
1.84-2.00QH, m), 2,12-2.23(1H, m), 2.25-2.36QH, m),
2.56-2.64(2H, m), 2.75-2.95(2H, in), 3.09-3. 15(1H,
m), 3.37(2H, t , J=4.8Hz), 3,61-3.66(6H, m),
4,26-4.32(211, m), 4.59(2H, d, J=5,7Hz), 4,68(1H, dd,
J = L3.2, 4.5Hz), 4.95-5.01(1H, m), 6.95-7.03(2H, m),
7.28-7.35(2H, m), 8.40(1H, s), 10.52(1 H, t ,
J=5.7Hz), 12.51 (1H, s). Example F-15)
5-Hj'droxy-1-methyl-6,10-dioxo-1,2,3,4,6,9,9a,
10-octahydro-1,4a,8a-triazaanfchracene- 7-carboxyhc
acid 4-fluoroben ylamide melting point: 252-253C
(DMSO-de)d: 1.56-1.75(2H, m), 2.22(3H, s), 2.50-2.
55(1H, m), 2.90-3 J 0(2H, m), 4,17(1H, brs),
4.39-4.42(2H, m), 4.52(2H, d, J=6. 0Hz), 4,74-4.78(1H,
m), 7.13-7.17(2H, m), 7.33-7.37(2H, m), 8,6l(1H, s),
10.40(1H, t , J=6.0Hz), 12.54(1H, s). Example F-16) 



S-Hydroxy- .10-dioxo-1-lhiophen-3-ylmethyl-1.B.S,4,6^.
a.10-octahydro-1,4a.Sa-triaz aanthracene^-carboxylic
acid 4-fluorobenzylamide melting poin t - 242-243C
(DMSO-ck)d 1.62- 1.73(2H, m), 2.5 9-2.62(1H, m),
2.87-3 03(2H, m), 3,52(1H, d, J=13 6Hz), 3.90(1H, d,
J=H 4Hz), 4.40-4.56(5H, m), 4.83-4. 90(1H, m),
6.92(1H, d, J=5.2Hz), 7.13-7.17(2H, m), 7.28-7. 37(3H,
m), 7.42-7.44(1H, m), 8.46(1H, s), 10.39(1H, t ,
J=6,0Hz), 12.58(1H, s), Example I' -17)
5-Hydroxy-6,10-dioxo-1-thiazol-2-ylmethyl- 1,2,
3,4,6,9,9a, 10-octahydr q-1, 4a, da-triazaa
nthracene-7-carboxylic acid 4-fluoc-obenzylamide
melting point 214-215C (DMSO-d6)6: 1.54-1.72(2H, m),
2.75-2.81(1H, m), 2 95-3.07(2H, m), 3.80(1H, d,
J=16.0Hz), 4.37(1H, d, J=16,4Hz), 4.44-4,5l(4H, ra),
4.69(1H, brs), 4.89-4.93(1H, m), 7.13-7.17(2H, m),
7.32-7.35(2H, m), 7 55(1PI, d, J=3.2Hz), 7.69(1H, d,
J=3.2Hz), 8.37(1H, s), 10.36(1H, t , J=6. 0Hz),
12.50(11-1, s). Example F-18) 5-Hydroxy-(3-methyls\
ilfanyl-propyl)-6, J0-dioxo- 1,2,3,4,6,9,9a,
10-octahydro-1, 4a,8a-tr iazaanthraccne-7-carboxylic
acid 4-fluorobenzyl amidemelting point: 162-164C
(DMSOcIe)S: 1.50-1. 82(4H, m), 2.27(3H, s),
2.32-2.44(3H, m), 2.60-2.82(2H, m), 3.00-3.14(2H, m),
4.37-4.59(51-1, m), 4.7 b-4.79(1H, m), 7.13-7.17(2H,
m), 7.33-7.35(2H, m), 8.6O(1H, s), 1O.4q(1H, t ,
J=6.0Hz), 12.57(1H, s). Example F -19)
5-Hydroxy-6,10-dioxo-1-pyridin-4-ylmethyl-1,2,3,4,6,9,
9a, I0-octahydro-1,4a,8a-i,nazaa
nfchracene-7-carboxylic acid 4-fluor qbenzylamide
melting point: 180-183C (DMSO-de)d: 1.52-1 .76(2H, m),
2.62-2. 80(2H, m), 3.01-3.07(1H, ra), 3.42(1H, d, J=1
5.2Hz), 4.05(1H, d, J=15.2H>,), 4.49-4.5 q(4H, m), 4
64(lH, brs), 4.78-4.81OH, m), 7.12-7.2K4H, m),
7.32-7.36(2H, m), 8.33(1H, s), 8.42(2H, d, J=4.4Hz),
10.39(1H, t , J=6.0Hz), 12,55(1H, s). Example F-20)
l-Cyclohexylmethyl-S-hj'droxy- b 10-dioxo-1,2 ,4,6 Oa,
10-octahydro-1,4a,8a-t p azaan lhracene-7-carboxylic
acid 4-fluorobenzylarrnde melting point: 201-202C
(DMSO-d<s)d. 0.56-0.59(1H, m), 0.87-0.84(1H, m),
1.02-1. 13(3H, m), .23-1.290 H, m), 1 49-1.70(6H, m),
1.92-1. 97(1H, in), 2.52-2.55(1H, m), 2.96-3.03(2H,
m), 4.40-4.43(3H, m), 4.52(2H, d, J=6 0Hz),
4.73-4.77(1H, m), 7.12-7.16(2H, m), 7.32-7 36(2Ii ,
m), 8.59(1H, s), 10.40(1H, t , J=5.2Hz), 12.58(1H, &).
Example F-2l)
5-Hydroxy-6,10-dioxo-1-pyx'idin-2-ylmethyM,2,3,4,6,9,9
a,10-octahydro-1,4a,8a-triazaa nthracene-7-carboxylic
acid 4-fluoi obenzylamide melting point: 216-219C
(DMSO-do)d: L.52-1.76(2H, m), 2.66-2.80(1H, m), 2
90-3.07(2H, m), 3.67(1H, d, J=15.2Hz), 4.01(1H, d,
J=13.2Hz), 4.37-4.97(4H, m), 4.62(1H, brs),
4.85-4.88(1H, m), 7.07-7.25(41-1, m), 7.33-7.36(2H,
iti), 7.64-7. 68(1H, m), 8.26(1H, s), 8.45(1H, s),
10.36(1H, t , J=6.0Hz), 12.57(JH, s) Example F-22)
1-(2-Ethyl-bulyl)-5-hydroxy-6,10-dioxo-
1,2,3,4,6,9,9a, 10-octahydro-1,4a^a-tnazaanthr
acene-7-carboxyhc acid 4-fluorobenzylamidemelting
point: 137-140C (DMSO-dOd: 0.62(3H, t , J=7.2Hz),
0.77(3H, t , J=7.2Hz), 0.99-1.30(5H, m), 1.57-1.71(2H,
m), 1.97-2.02(1H, in), 2.44-2.58(2H, m), 3.02-3.32(2H,
m), 4.34-4.57(5H, m), 4.78-4,82(1H, m), 7.13-7.17(2H,
m), 7.32-7.36(2H, m), 8.60(1H, s), 10.39(1H, t ,
J=5.2Hz), 12.64(1H, s). Example F-23)
5-Hydroxy-1-(2-morpliolin-4-ylethyl)-6,10-dioxo-1,2,3,
4,6,9,9a,10-octahydro-1,4a,8a-tvi
azaanthvacene-7-carboxylic acid 4-fluorobenzylamide
molting point: 254-256C (DMSO-d )d: 1,55-1.68(2H, m),
2.28-2.39(81-1, m), 2.59-2.65(1H, xn), 2.82-3.09(3H,
m), 3.33-3.58(5H, m). 4.34-4.50(3H, m), 4 52(2H, d,
J=6.2Hz), 4.79-4.84(1 H, m), 7.12-7.17(2H, m),
7.32-7.36(2H, m), 8.52(1H, s), 10.45UH, t , J=5.2Hz),
12.55(1H, s). Example F-24) 1-Hydroxy-6-methyl-2,
11-0110X0-2,53,6,7,8,9,
10,11-octahydro-5H-4a,6,10a-triaza-cycloh
epta[blnaphthalene-3-carboxylic acid
4-fhiorobenzylamide melting point: 255C (DMSO-db)d:
1.48-1.55(11-1, m), I.67-1.80(3H, ), 2.29(3H, s),
2.75-2. 80(2H, m), 3.23-3. 31(1H, m), 4.07-4.09(1H,
m), 4.36-4,40(1H, m), 4.45-4. 59(3H, m), 4.68-4.
69(1H, m), 7.13-7.17(2Ii, m), 7.30-7.37(2H, m),
8.50UH, s), 30,42(1H, fc, J=6.0Hz), 12.42(1H, e).
lOxamplc F-25)
1-Hydvoxy-6-isobutyl-2,11-dioxo-2,5a,6,7,8,9,10,11-oct
ahydro-5H-4a,6,10a-triaza-cyclo hep ta[b1 naphthalene-
3-carboxylic acid 4-fh orobenzylamide melting point:
221-223C DMSO-d )d: 0.81(31-1, d, J=6 8Hz), 0.84(3H,
d, J=6.4Hz), 1.46-1.78(6H, m), 2.36-2.54(2H, m), 2
27-2.93(2H, m), 3.17-3.23(1H, m), 4.03-4. 06(1H, m),
4.32-4.56(4H, m), 4.82-4.86(1H, m), 7 .13-7.1 7(2H,
m), 7.30-7.37(21-1, m), 8.48(1H, s), 10.42(1H, t ,
J=6.0Hz), 12.53(1H, s). Example F-26)
6-Cyclopropylmethyl-1-hydroxy-2,11-dioxo-2,5a,6,7,
8,9,10, 11-octahydro-5H-4a,6, 10a-tr
iaza-cycloheptalblnaphthalone-3-carboxylxc acid
4-fluorobenzylamidemolting point: 2 13C DMSO-db)d:
0.15-0. 2G(2H, in), 0.46-0.48(2H, m), 0.86-1.06(1H,
m), 1.46-1.76(4H, m), 2.45-2.65(1H, m), 2.68-2.83(1H,
m), 2.91-2.98(2H, m), 3.17-3.26(1H, m), 4.08-4.14(1H,
m), 4.43-4,45(2H, m), 4.54(2H, d, J=5.6Hz), 4.89-4.
9l(1H, m), 7.15-7.19(2H, m), 7.35-7.39(2H, m),
8.50(1H, s), 10.47(1H, t , J=6. 0Hz), 12.52(1H, s).
Example F-27) 1-Furan-2-ylmethyl-5-hydroxy-6,10-dioxo-
1,2,3,4,6,9,9a, 0-octahydro-1,4a. da-tnaza-a
nthraoene-7-carboxylic acid 4-fluorobenzylamide
melting point: 193-197C DMSO-df,)d: 1.67(2H, m),
2.61(1H, s), 2.93(2H m), 3.76(1H, d, J=14.8Hz),
3.84(1H, d, J=I 4.8Hz), 4.34-4. 47(3H, m), 4,52(2H, d,
J=6.0Hz), 4.96(1H, d, J=14.8Hz), 6.36(2H, s), 7.16(2H,
t , J=8 8Hz), 7.35(2H, m), 7.59(1H, s), 8.97(1H, s),
10.43(1H, s), 12.5l(1H, s), Example F-28)
1-(4-Dimethylamino-benzyl)-5-hydroxy-6,10-dioxo-1,2,3,
4,6,9,9a,. 0-octahydro-1,4a,8atriaza-
anUiracene-7-carboxylic acid 4-fluorobenzylamide
melting point: 221-223 C DMSO-d&)d. 1.55-1.99(2H, m),
2.87(6H, s), 2.87-3.06(4Ii, m), 3.80(1H, d, J=14.
0Hz), 4.50(5H, m), 4.83(1H, d, J=14. 0Hz), 6.58(2H, d,
J=9.6Hz), 6.98(2H, d, J=8.8Hz), 7 15(2H, t , J=8.8Hz),
7.35(2H, m), 8.3l(1H, s), i0.39(1H, s), 12.68(1H, s).
Example F-29)
5-Hydroxy-6,10-dioxo-1-(4-trifluoromethyl-benzyl)-1,2,
3,4,6,9,9a,10-octahydro-J ,4a,8atriaza-
anthracene-7-carboxylic acid 4-fluoc-obenzylamide
melting point: 273-277C DMSO-d&)d: 1.52-1.70(2PI, m),
2.63-8.04(3H, m), 3.50(JH, d, J=14.8Hz), 4,10(1H, d,
J=14 8Hz), 4.54(5H, m), 4,79(1H, d, J=14.8Hz),
7.14(2H, t , J=8.8Hz), 7.33(2H, m), 7.55(2H, d ,
J=6.8Hz), 7.61(2H, d, J=8.0Hz), 8.220 H, s), 10.40(1H,
s), 12.56(1H, s). Example F-30) 5-Hydroxy-6,
10-dioxo-1-pyridin-3-ylmethyl- 1,2, 3,4, 6,9,9a,
10-octahydro-1,4a,8a-triazaanthracene- 7-carboxylic
acid 4-fluorobenzylamide melting point: 210-212C
DMSO-d ,)d: 1 5I -1.76(2H, m), 2.63(1H, t , J=12.8Hz),
2.80(1H, d, J=12.0Hz), 3.07(JH, fc,J=12,8Hz), 3,44(1H,
d, J=13.2Hz), 4.00(JH, d, H .0Hz), 4.47(4H, m),
4.62(JH, s), 4.84(1H, d, J=H. 0Hz), 7.16(2H, t ,
J=8.8Hz), 7.33(2H, m), 7.58(1H, d, J=7. bHz), 8.30(1H,
s), 8 45(2H, s), 10.4l(1H, s), 12.67(1H, s). Example
F-31)
1-(2-Chloro-6-fluoro-benzyl)-5-hydroxy-6,10-dioxo-1,2,
3,4,6,9,9a,10-octahydro-1,4a,8atriaza-
anthracene-7-carboxylic acid 4-fluorobenzylamide
melting- point: 213-215C DMSO-db)d:l.58(2H, 2H),
2.55-3. 09(3H, m), 3.45(1H, d, J=12.4Hz), 4.16(1H, d,
J=12.4Hz), 4.40-4.58(41-1, m), 5.3 2(1H, d, J=M.4Hz),
7.15-7 38(7H, m), 8.66UH, s), 10,4 1(1H, t , J=6.4Hz),
2.46(1H, s). Example F-32)
5-Hydroxy-1-(4-methoxy-benzyl)-6,10-dioxo-1,2,3,4,6,9,
9a,10-octahydro-1,4a,8a-triazaanthracene- 7-carboxylic
acid 4-fluorobenzylamide melting point: 191-193C NMR
(DMSO-dfl)5:i.50-1.77(2Ii, ni), 2 58-3 06(3Ti, m), 3
68(3H, s), 3.88(1H, d, J=13 6Hz), 4.41-4.55(4H, m),
4.80(2H, d, J=14 4H?,), 6.80(2H, d, J=8.8Hz), 7.0D(2H,
d, J=8.4Hz), 7.15(2H, t , J=S, 8Hz), 7,35(2H, m),
8.28(1H, s), 10,48(1H, s), 12,58(1H, s). Example V-33)
1-(3,5-Bis-trifluoromethyl-benzyl)-5-hydroxy-6,10-diox
o- 1,2, 3,4,6,9,9a, 10-octahydro-1,
4a,8a-octahydro-1,4a,8a-t p
aza-anth.-acene-7-carboxylic acid 4-fluorobenzylamide
melting point: 275-277C NMR (DMSO-ds)d:i.58-1.88(2H,
m), 2,51-3.14(3H, m), 3.33-4.10(3H, m), 4,5l(2H, m),
4.73(1H, m), 7.15(211, m), 7.34(211, m),
7.82-7.93(41-1, m), 10.3l(1H, s), 12.57(1H, s).
Example F-34)
1-(4-DieLhylamino-benzyl)-5-hydroxy-6,10-dioxo-1,2,3,4
,6,9,9a,10-oclahydro-1,4a,8a-lr
iaza-anthraceno-7-carboxyhc acid 4-fluorobonzylam ide
melting point: 182C NMR (DMSO-db)d: 1.04(6H, t ,
J=6.8Hz), 1 50-1.69(2H, m), 2.55-3. 05(3H, in),
3.26(4H, q, J=7,2Hz), 3.S0(1H, d, J= 13.6Hz),
4.44-4.57(4H, m), 4.9l(1H, d, J=12 4Hz), 6,52(2H, d,
J=8.8Hz), 6.94(2H, d, J=8.4Hz), 7.15(2H, t , J=8.4Hz),
7.35(2H, m), 8.46(1H, s), 10.410H, s), 12.600H,
&).Example F-35)
5-Hydroxy-1-((E)-2-mcfchyl-bul-2-enyl)-6,10-dioxo-1,2,
3,4,6,9,9a,10-octahydro-1,4a,8a-t riaza -anthracene
-7-carboxylic acid 4-fluoro-benzylamide melting point:
175-177C NMR (DMSO-db)d: 1.35(3H, s), 1.5l(3H, d,
J=6,0Hz), 1.52-1.69(3H, m), 2.60-3. 15(3H, m),
4.31-4.52(5H, m), 4.67-4,76(1H, m), 5.30-5. 40(JH, m),
7.15(2H, t , J=8,4Hz), 7.28-43(2H, m), 8.46(1H, s),
10,39(1H, brs), 12,60(1H, s). Example F-36)
1-(3-Dimethylamino-2-methyl-propyl)-5-hydr
qxy-6,10-dioxo-1,2,3,4,6,9,9a,10-octahydr
o-1,4a,8a-(.riaza-antliracene-7-carboxylic acid
4-fhioro-bonzylamide NMR (DMSO-db) : 0.63-0,68(2H, m),
1,57-1 82(3H, m), 2.11-2,49(10H, m), 2.98-3. 11(2H,
m), 4.41-4.54(5H, m), 4.73-4.80(1H, m), 7.14-7 18(2H,
in), 7.31-7,38(2H, m), 8.58(1H, s), 10.d0OH, s),
2.57OH, s). Example F-37)
1-(3,3-Dimethyl-butyl)-5-hydroxy-6,10-dioxo-1,
2,3,4,6,9,9a, 10-ocLahydro- J,4a,8a-triaza
-anthracene-7-carboxylic acid 4-fhiorcrbenzylamide
melting point: 175-! 77C NMR (DMSO-d )d: 1.19-1.36(2H,
m), 1.57-1.70(2H, m), 2.23-2,30(JH, m), 2.51-2,69(2H,
ra) , 2.97-3,04(2H, m), 4.42-4.54(5H, m), 4.78(1H, d,
J=14. 0Hz), 7.13-7.17(2H, m), 7,33-7,36(2H, m),
8.630H, s), 10.390H, t , J=6. 0Hz), 12.56(1H, s).
Example F-38)
1-Ethyl-5-hydxoxy-6,10-dioxo-1,2,3,4,6,9,9a,10-oelahyd
ro-1 . l a da-triaza-anihracene-?- carboxylic acid
4-fl oro-benzylamide melting point: 221 C NMR
(DMSO-de)d: 0.94(3H, t , J=6.8Hz), 1.56-1 71(2H, m),
2.45-2.50(1H, m), 2.59-2.76(2H, m), 2.96-3.03(2H, nf),
4.40-4.44(3H, m), 4.52(2H, d, J=6.0Hz), 4 77-4.82(1H,
m), 7.14-7.18(2H, m), 7.34-7.38(2H, m), 8.62(Hi, s),
10.41OH, t , J=6.0Hz), 12.69(1H, s). Example F-39)
5-Hydroxy-6,10-dioxo-1-(2-oxo-propyl)-1,2,3,4,6,9,9a,1
0-octahydro-1,4a,8a-triaza-anLhraccne-7-carboxylic
acid 4-fluoro-bonzylamido moiling point: 244-246C NMR
(DMSO-de)d: 1.54-1.61(1H, m), 1.67-. .76(1H, m),
2.22(3H, s), 2.60-2.56(1H, m), 2.91-3.02(2H, m),
4.18(1H, s), 4.38-4.45(2H, m), 4.52(2H, d, J=6.0Hz),
4.76(1H, d, J=14.4Hz), 7,13-7.18(2H, m), 7.34-7.37(2H,
m), 8.61 (1H, s), 10.40(1H, t , J=G,0Hs;), 12,54(1H,
s). Example F-40) 5-Hydroxy-6,3
0-dioxo-1-(4,4,4-lrifluoro-b
utyl)-1,2,3,4,6,9,9a,10-ocfcahydro-1,4a,8a-tria
za-anthracene-7-carboxylic acid 4-fluoro-bennylamide
melting' point: 220C NMH (DMSO-dcJd: 1.63-1.62(2H, m),
1.67-1.75(1H, m), 2.07-2.18(2H, m), 2.40-2.47(1H, m),
2.64-2,78(2H, m), 2.96-3.04(2H, an), 4.42-4.49(2H, m),
4.53(2PI, d, J=5.2Hz), 4.74(1H, d, J=12.8Hz),
7.13-7,17(2H, m), 7 33-7.37(2H, m), 8,61(1H, s),
10.40(Hi, t , J=6.0Hz), 12.57(1H, s). Example F-41)
5-Hydroxy-1-(v3-methyl-butyl)-6,10-dioxo- 1,2,3,4,
6,0, 9a, 10-oclahydro-1, 4a, 8a-tnaza-an
thracene-7-carboxylic acid 4-fluor q-benzyla anide
molting point: ISl C NMR (DMSO-d d: 0.78(6H, dd,
J=7.6, 16 2Hz), .2J-1 28(2H, m), 1.41-1.48(1H, m),
1.56-1.7l(2H, m), 2.22-2.3l(1H, m), 2.51-2.59(1H, m),
2.66-2.73(1H, m), 2,96-3.05(2H, m), 4.41-4.55(5H, m),
4,80(1H, 1, 13,2H ) 7.13-7.18(2H, m), 7.33-7. 37(2H,
m), 8,64(1H, s), 10.40(111, t , J=6,0Hz), 12.57(1H,
s). Example F-42) 5H ydroxy-1-isobutyl-6, L0-dioxo-
1,2,3,4,6,9, 9a,
10-octahydro-1,4a,8a-triaza-anthraccne -7-carboxylic
acid 3-chloro-2-fluoro-benzylamide melting point:
180-182C NMR (DMSO-do)d: 0.62(3H, d, J=6.0Hz),
0.78(3H, d, J=6.4Hz), 1.55- 1.69(3H, m), 1.93-1.99(1H,
m), 2.97-3.08(2H, m), 4.39-4.46(3H, m), 4.59-4.64(2H,
m), 4.75-4.8 l(1H, m), 7.16-7 23(1H, m), 7.27-7.34(1H,
m), 7 47-7.53( LH, m), 8.59(1H, s), 10 44(1H, s),
12.57(1H, ) . Example
-43)1-Cyclopropylmethyl-5-hydroxy- q,10-dioxo-1,2.G,4.
b.O^a,10-octahydro-1/ia. a-triazaanthracene-
7-carboxyhc acid 3-chloro-2-fluoro-benzylamide molting
point: 189-192C NMR (DMSO-d b)d: 0.00-0. 10(2H, m),
0.35-0.4l(2H, m), 0.70-0, 77(1H, m), 1.57-1 .69(2H,
m), 2.52-2.65(1H, m), 2.67-2. 85(1H, in), 2
91-2.99(1H, m), 4.30-4.<H(2H, m), 4.48-4. 52(2H, m),
4.71-4.80(1H, m), 7.06-7. 10(1H, m), 7.18-7.22(1H, m),
7.36-7. 40(1H, m), 8.52(1H, s), 10.30(1H, s),
12.26(.H, s). Example F -44)
1-Furan-2-ylmethyl-5-hydroxy-6,10-dioxo-
1,2,3,4,6,9,9a, 10-octahydro-1,4a,8a-triaza-a
nthraccno-7-carboxylic acid
S-chloro-2-fluoro-benzylamide melting point: 190-192C
NMR (DMSOd ) : 1 56-1.68(2H, m), 2.54-2.63(1H, m), 2
89-2 99(2H, m), 3.8q(2H, eld, J=18.4, 33.2Hz),
4.37-4.5l(3H, m), 4.62(2H, d, J=6. 0Hz), 4.97(1H, d,
J=1 5,2Hz), 6.39(2H, s), 7 ,18-7, 22(11-1, m),
7.31-7.34(1Ii, m), 7.48-7,51(111, m), 7.58(1H, s),
8.64(1H, s), 10.45QH, t , J=6.0Hz), 12.550 H, s).
Example F-45)
5-Hydiroxy-6,10-dioxo-1-thiazol-2-ylmethyM,2,3,4,6,9,9
a, 10-octa hydro- 1,4a, 8a- triazaanthraccne-
7-carboxylic acid 3-chloro-2-fluoro-boni;ylamide
melting point: 217-219C NMR (DMSO-d ,)d: 1.59-1.74(2H,
m), 2.76-2.83(1H, m), 2.97-3.08(211, m), 3 90(1H, d,
J=16. 0Hz), 4.360 H, d , J=16.0Hz), 4.45-4.69(5Ii, m),
4,89(1H, d, J=14.8Hz), 7.18-7.22(1H, m), 7.28-7.31 OH,
m), 7.47-7.530H, m), 7.54(1H, d , J=3.2Hz), 7.68(1H,
d, J=3.2Hz), 8.34(1H, s), 10.40(1H, d, J=6.0Hz),
12.520 H, s). Example F-46)
5-PIydroxy-6,10-dioxo-1-pyridin-2-ylmethyl -1,2, 3,4,
6,9,9a, 10-octahydro-1, 4a,8a -triaza -
anthracene-7-carboxylic acid
3-chloro-2-fluoro-benzylamide melting- point: 190-193C
NMR (DMSO-d b)d 1.54-1.61(JH, m), 1.69- 1.75(1H, m),
2.66-2. 74(1H, m), 2.91-3.08(211, m), 3.68(1H, d,
J=14.4H/), 4.02OH, d, J=14.8Hz), 4.d0-4.67(5H, m),
4.85(1H, d, J=12.4Hz), 7.16-7.35(3H, m), 7.46-7.52(1H,
m), 7.61-7.69(1H, m), 8.2q(1H, s), 8.43-8.470H, m),
10.410H, d, J=6.0Hz), 12.58OH, s)Example F-47)
5-H3'droxy-1-iaobul-yl-6,10-dioxo-1,2,3,4,6,9,9a,10-oc
tahydi.O-1,4a,8a-triai5a-anthracone -7-carboxylic acid
2,4-difluoro-bonzylamide melting point: 194C NMR
(DMSO-de)d: 0.62(3H, d, J=6.4Hz), 0.78(3H, d,
J=6,4Hz), 1.56-1.69(8JH, m), 1.93-1.99(111, m),
2,97-3.08(2H, m), 4.39-4.46(3H, m), 4.50-4.69(2H, m),
4.77(1H, d, J=14.4Hz), 7.03-7.09(1H, m), 7.20-7.280H,
m), 7.36-7.43(1H, m), 8.59(lH, s), 10.39(11-1, s),
12.56ClH, b) . Example F-48) 1-Cycloprop lmet
hyl-5-hydroxy-6 10-dioxo-1 ,4 ^a^0-octahydro-1,4a.
da-triazaanthvacencr7- carboxylic acid 2,4-d
luoro-benzylamide melting point: 169-171C NMR
(DMSO-dc)d: 0.00-0.30(2H, m), 0.42-0.44(2H, m),
0.77-0.81(1H, m), 1.69-1.74(2H, m), 2,27-2.32(1H, m),
2.62-2.72(1H, m), 3.05-3.12(11-1, m), 4.30-4.58(5H,
in), 4.69(1H, d , J=14.8Hz), 7.03-7.11(1H, m),
7.22-7.260H, m), 7.37-7.40(3H, m), 8.62UH, s), 10
40(1H, i , J=6. 0Hz), 12,57(1H, s) Example F-49)
1-Fuvan-2-ylmethyl-5-hydroxy-6,10-dioxo-1,2,3,4,6,9,9a
,10-octahydro-1,4a,8a-triaza-a nthraccno-7-carboxylic
acid 2,4-difluorcrbenzylar aidc melting point:
186-188C NMR (DMSO-d b)d 1.55-1.68(2H, m),
2.55-2,64(Hi, m), 2.88-2. 99(2H, m), 3.80(2H, dd,
J=15.6, 34.8Hz), 4 36-4.56(5H, m), 4.97(1H, d,
J=16.0Hz), 6.39(2H, s), 7.05-7. 08(1H, m),
7.21-7.26(1H, m), 7.37-7.44(1H, m), 7.58(1H, s), 8
64(1H, s), 10.38(1H, t , J=5 6Hz), 12.53(1H, s).
Example F-50) 5-Hydroxy-6,10-dioxo- ]
-thiazol-2-ylmethyl- ,2,3,4, 6,9,9a,
10-octahydro-1,4a,8a-triazaanthracene- 7-carboxylic
acid 2,4-difluoro-benzylamide melting point: 168-170C
NMR (DMSO-d 6)d: 1.59-1.74(2H, m), 2 76-2.83(1H, m), 2
97-3,08(2H, m), 3.89(1H, d, J=3 6,4Hz), 4,36(1H, d,
J=I 6.0Hz), 4,44-4.55(4H, m), 4,G9(1H, s), 4,89(1H, d,
J=14.8H7 ,), 7.03-7.09(1H, m), 7.20-7. 27(1H, m),
7.34-7.41(1H, m), 7.54(1H, d, J=3.2liz), 7.68(1H, d,
J=3.2Hz), 8.34(1H, s), 10.35(1H, d, J=6. 0Hz),
12.50(3H, s).Example -51)
5-Hydroxy-6,10-dioxo-1-pyridin-2-ylmethyl- 1,2,3, 4,6,
9,9a, 10-octahydro-1, 4a, 8a-iriazaanthracene-
7-carboxylic acid 2,4-difluoro-benzylamide molting
point: 200-203C NMR (DMSO-du)d: 1.54-1.61UH, m),
1.69-1.78(Hi, m), 2.71-2. 79(1H, m), 2.91-3.09 (2H,
m), 3.72(1H, d, J=14.4H-z), 4.07(1H, d, J=14.4Hz),
4.44-4.54(41-1, m), 4.70(1H, s), 4.82(1H, d, J UAHz),
7.04-7.10(_H, m), 7.2J -7.42(4H, m), 7,74-7.80(lH, m),
8.17(1H, s), 8.47-8,49(1H, m), 10.35(1H, d, J=6.0Hz),
12.57(1H, s). Example -52)
1-Hydroxy-6-methyl-2,11-dioxo-2,5a,6,7,8,9,10,l1-octah
ydro-5H-4a,6,10a-tria2a-cycloh
opta[bJnaphihalene-3-carboxylic acid
3-chloro-2-fluoro-benzylamidc melting point: 230-231C
NMR (DMSO-de) d: 1.47-1. 53(1H, m), 1 62-1.78(3H, m),
2.29(3H, s), 2.77-2.81 (2H, m), 4,05-4. 10(1H, m),
4.35-4.4 q(1H, m), 4.54-4,64(3H, m), 4 70(1H, s),
7J8-7. 22(11-1, m), 7.30-7.34(1H, m), 7.47-7. 52(1H,
m), 8,49(1Ii, s), 10.47(Ui, d, J=6.0Hz), 12.44(1H, s).
Example F-53)
1-Hydroxy-6-isobutyl-2,11-dioxo-2,5a,6,7,8,9,10,11-ocf
cahydro-5H-4a,6,10a-triaza-cyclo
heptatbjnaphthaleno-3-carboxyhc acid
3-chloro-2-fluoro-benzylamide melting point: 215-216C
NMR (DMSO-d b)d: 0.83(6H, dd, J=6 8, 13.6Hz), 1
45-1.80(5H, m), 2.36-2.4K1H, m), 2,77-2.93(2H, m),
3.17-3.24(1H, m), 4.02-4.09(1H, m), 4.32-4.40(2H, m),
4 6l(2H, d , J=5.6Hz), 4.82-4,84(1H, m), 7,18-7,22(1H,
m), 7.30-7.33(1H, m), 7.48-7 5l(1H, m), 8.47(1H, s),
10.48(1H, t , J=6 0Hz), 12.56(1H, s). Example F-54)
6-CyclopropylmethyM-hydroxy-2,11-dioxo-2,5a,6,7,8,9,10
,11-octahydro-5H-4a,6,10a-tr
iaza-cycloheptarblnaphthalenc-3-carboxylic acid 3-chlo
i-o-2-fluoro-benzylamide melting point: 212 PC NMR
(DMvSO-db)d: 0.00-0. 10(2H, m), 0.40-45(2H, m),
0.80-0.87(1H, m), 1,45-1,77(3H, m), 2,64-2.69(1H, m),
2.85-2.95(2H, m), 3.13-3.20(1H, m), 4.03-4. 09(1H,
ra), 4.36-4.40(2H, m), 4.59(2H, d, J=5.6Hz),
4,84-4.86(1H, m), 7.16-7.20(111, m), 7 28-7.32(1H, m),
7.46-7.50(1H, m), 8.45(1H, s), 10.46(1H, t , J=B,0Hz),
12.50(1H, s)Example -55)
6-Furan-2-ylmethyl-1-hydroxy-2, 11-^0X0-2,68,6,7,8,9,
l0,.11-ootahydro-5H-4a,6,10a-tri
aza-cycloheptarblnaphthalene-3-carboxylic acid
3-chloro-2-fluoro bonzylamide Molting point: 189-190C
NMR (DMSO-db)d: 1.48-1. 63(3H, in), l,7(M.77(1H, m),
2.79-2.83(2H, ra), 3.90(2H, dd, J=H, 8, 39,6Hz),
4.05-4.11(1H, m), 4.40-4.5. (2H, m), 4.61(2H, d,
J=5.6Hz), 4.89-4.9K1H, m), 6.30-6.33(1H, m),
6.38-6.40(1H, ra), 7.18-7.22(1H, m), 7,30-7.34(111,
m), 7.48-7.53(1H, m), 7.57(1H, s), 8.45(1H, s),
10.45(1H, t , J=6.0Hz), 12.440H, s). Example F-56)
1-Hydroxy-6-methyl-2,11-dioxo-2,5a,6,7,8,9,10,11-octah
ydro-5H-4a,6,10a-triaza-cycloh
eptatbJnaphthalene-3-carboxylic acid
2,4-dinuoro-benzylamide melting- point: 241C NMR
(DMSOd )S: 1.47-1. 53(1H, m), 1,62-1.78(3H, m),
2,29(311, s), 2.77-2.81 (2H, m), 4,05-4.10(1PI, m),
4.35-4.40(1H, m), 4.53-4.61 (3H, m), 4.69(1H, s),
7.03-7.08(1H, m), 7.20-7.27(1H, m), 7.37-7.43UH, m),
8.49(1H, s), 10.42(1H, d, J=6.0Hz), 12.43(1H, s).
Example F-57)
l-Hydroxy-6-isobutyl-2,11-dioxo-2,5a,6,7,8,9,10,11-oct
ah.ydro-5 p -4a,6,10a-triaza-cyclo hop ta[b]
naphthalene -3-carboxylic acid
2,4-difluoro-benzylamide melting point: 203C NMR
(DMSO-de)d: 0.82(6H, dd, J=6,4, 13.2Hz), 1.45-1.80(5H,
m), 2.36-2.42(1H, m), 2.77-2.93(2PI, m), 3.15-3.
23(1PI, m), 4.02-4.08(1H, m), 4.32-4.41(2H, m),
4.54(2H, d, J=5.6Hz), 4.82-4.84(1H, m), 7.02-7.09(1H,
m), 7.20-7.27(1H, m), 7.36-7.48(JH, m), 8.47(1PI, s),
I0.410H, t , J=6.0Hz), 12.54(1H, s). Example F-58)
6-Cyclopropylmethyl-1-hydroxy-2,l ]
-dioxo-2,5a,6,7,8,9, 10,11-octahydro-5H-4a,6,10a-tr
iaza-cyclohopta[b]naphthalene- 3-carboxylic acid
2,4-diflt ioro-bonzylamide melting point: 182-183C NMR
(DMSO-de)d: 0.00-0.10(211, m), 0.40-45(2H, m),
0.80-0.87(1H, m), 1,43-1.77(311, m), 2.60-2.69(111,
m), 2.85-2.95(2H, m), 3. 11-3.19(1H, m), 4.00-4.
06(1H, m), 4.36-4.40(2PI, m), 4.51 (2H, d, J=5.6PIz),
4.83-4.87(1H, m), 7.00-7.07(1PI, m), 7.16-7.23(1H, m),
7.34-7.38(111, m), 8.440H, s), 10.39(111, t ,
J=6.0Hz), 12.47(1H, s).Example F-59)
-Fiu-an-2-ylmethyl-1-hydroxy-2, 11^10X0-2^,6,7,8,9,
10, 11-octahydro-5H-4a,6,10a-t p
aza-cyclohepta[b]naphthalene-3-carboxylic acid
2,4-difl iioro-benz;ylamide melting- point'. 171-173C
NME (DMSO-ds) d: 1,47-1.64(3H, m), 1.70-1.77OH, m),
2,79-2.83(2H, m), 3.90(2H, dd, J=15.6, 39.6Hz),
4.05-4.110.H, m), 4.41 -4.57(4H, m), 4.90-4.92(1H, m),
6.30-6.33(1H, m), 6.38-6.40(1H, m), 7.03-7.09(1H, m),
7.20-7.27(1H, m), 7.37-7.45(1 H, m), 7.57(1H, s),
8.44( 11-1, s), 10.4K1H, t , J=6.0H'z), 12,43(1H, s).
Example K-60) 5-Hydroxy-6,10-dioxo-3,4,6,9,9a,
10-hexahydro-2H-1 -oxa-4a,8a-diaza-anfchracene-7-car
boxylic acid 3-chloro-2-fluoro-bonzylamide melting
point,: 276C NMR (DMSO-d b)d: 1.60-1.68C1H, m), .
.77-1.84C1H, m), 3.85-3.93 (1H, m), 4.03-4.07(1H, m),
4.43-4.62(5H, m), 5.28(1H, s), 7.17-7.22(1H, m),
7.29-7. 34(1H, m), 7,47-7. 520H, m), 8.490H, s), 10.41
OH, d , J=6 .0HSU), 12.48(1H, s). Example F-61) 5
Hydroxy -6,10 -dioxo- 3 ,4 ,6,9,9a, 10-hexahydro-2H-
1-oxa- 4a, 8 a -diaza- anthracene- 7-car boxylic acid
2,4-difluo c-o-benzylamide melting point: 258C NMR
(DMSO-d b)d: 1.60-1.69OH, m), 1.77-1. 86(1H, m),
3.86-3.92 (1H, m), 4.04-4.08(1H, m), 4.43-4.55(BH, m),
5,28(1H, s), 7.03-7.09(1H, m), 7.21-7.27(1H, m),
7,36-7,43(1H, m), 8.50(1H, s), 10.35(1H, d , J=6.0Hz),
12.47(LH, s ) Example F-62) 



5-Hydroxy-1-(2-methoxy-ethyl)-6,10-dioxo-1,2,3,4,6,9,9
a,10-octahydro-1,4a,8a-triaza-a nthracone-7-carboxylic
acid 3-chloro-2-fl uoro-bonzylamide melting point:
193C NMR (DMSO-dft) d: 1.63-. .73(2H, m),
2,51-2.58(1H, m), 2.71-2.78(1H, m), 2.81-2.87 (1H, m),
2,95-3.08(2H, m), 3.17(3H, s), 4.40-4.52(3H, m),
4.62(1H, d , J=5.6Hz), 4.78(1H, d , J=14.4Hz),
7.18-7.22(1H, m), 7.30-7,34(LH, m), 7.47-7.52(1H, an),
8.55(1H, s), I0,45(1H, d , J=6.0Hz), 12.59(1H,
s).Example -63)
5-Hydroxy-1-(2-methoxy-ethyl)-6,10-dioxo- 1,2, 3,4,
6,9,9a, 10-octahydro-1,4a,8a-lriaza-a
nthracene-7-carboxylic acid 2,4-difJuoro-benzylamide
melting point: 166-168C NMR (DMSO-dc)d: 1.55-1.72(2H,
m), 2,51-2.58(1H, m), 2.70-2.77(1H, m), 2.80-2,87 (1H,
m), 2,97-3.07(21-1, m), 3.18(3H, s), 4.39-4.52(3H, m),
4.Sd(1H, d, J =b.2Hs) , 4.78(11-1, d, J=I 3.6Hz),
7.03-7. 09(1H, m), 7.20-7.27(1H, m), 7,37-7.43(11-1,
m), 8.55(1H, s), 10.dOdli, d, J=6.0H&), I2.58(1H, s).
Example -64) 5-Hydroxy-1-(1H-imidazol-4-ylmethyl)-6,
10-dioxo- 1,2, 3,4,6,9,9a, 10-octahydro-1, 4a, 8a-t
riazaanthracone-7-carboxylic acid 4-fluorobonzylamide
(DMSO-d )d: 1.55-1.59(1H, m), 1.64-1. 7O(1H, m),
2.58-2. 66(1H, m), 2,87-2,95(2H, m), 3.67(1H, d, J=1
5.2Hz), 3.73(1H, d, J=1 5.2Hz), 4.34(1H, s),
4,38-4,43(111, m), 4.47-4,54(3H, m), 5.05(1H, d,
J=14.0Hz), 7 Oq(1H, s), 7J 3-7.19(2H, m),
7.33-7.38(1H, m), 7.59(1H, s), 8.55(3 H, s),
10.41(111, t , J=6.6Hz), 11.95(1H, br s), 12.59(1H,
s). Example IM)
1-Acetyl-5-hydroxy-4,6-dioxo-2,3,4,6,9,9a-hexahydro-1H
-1,3a,8a-triai5a-cyclopenta[b]n
aphthalone-7-carboxylic acid 4-fluoro-benzylamxde
[Chemical formula 61] l ) To a solution of a compound
48 (120mg, 0.26 mmol) in methylene chloride (1,2 ml)
were added triethylaraine (43 ml, 0,31 mmol), acetic
anhydride (29 ml , 0.31 mmol), and
4-dimethylaminopyridine (cat.) atrroom temperature,
and the mixture was stirred for 30 minutes. Further,
triethylamine (18 ml, 0.13 mmol) and acetic anhydride
(_2 pi, 0,13 mmol) were added, and the mixture was
stirred for  hours, 2N hydrochloric . 08acid was
added, this was extracted with chloroform, and the
organic layer was washed with water, dried with sodium
sulfate, and concentrated under reduced pressure.
Diisopropyl ether was added to crystallize the
material, which was filtered to obtain 53 (112 mg) as
a pale orange crystal at a yield of 86 %. 2) An
Example compound H-J (71 mg) was obtained at a yield
of 82 %from a compound 53 (1,06 mg), according to h0
method of Example B-I 17). melting point 290C NMR
(DMSO-d )d: 2.08(3H, s), 3.44-4.2l(5H, m), 4.51(2H, d
, 5.7Hz), 4.93(1H, m), 5.46-5.62(1H, m), 7.15(2H, t ,
9.0Hz), 7,34(2H, m), 8.49(1H, s), 10,40(1H, t ,
5.7Hz), 11.48(1H, s). An Example compound H-2 was
synthesized according t o the same manner as that of
Example Ii-1 . Example H-2) 1-Acetyl-5-hydroxy-6,
10-dioxo-1,2.S,4.B.O^a.10-octahydro-1,4a^a-t p
aza-anthracene-? -carboxylic acid 4-fluoprbenzylamido
melting point: 290C NMR (DMSOd b)d: 1.95(2H, m),
2,14(3H, e), 2.85(2H, m), 4.45(4H, m), 4.5l(2H, d,
5.7Hz), 5.99(1H, s), 7.15(2H, t , 9.0Hz), 7,34(2H, m),
8.370 H, s), 10.46(1H, s), J2.28OH, s). Example I-1)
5-Hydroxy-1-methanesiilfonj'l-4,6-dioxo-2,3,4,6,9,9a-h
exahydro-1H-1,3a,8a-triaza-cyc] op enta [bj naphtha
lone- 7-carboxy lie acid 4-fluoro-benzylamido
LChcmical formula 62]1) To a solution of a compound 4
8 (140 mg, 0,30 mmol) in pyridine (1.4 ml) wore added
methanesulfonyl chloride (28 ml , 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 pressure. Diisopropylether was added Lo
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-1 17), an
Example compound 1-1 (21 mg) was obtained a t a yield
of 2 1 %from a compound 54 (123 mg). melting point:
260C NMR (DMSO-cU)d: 3,16(3J-I, s), 3.30-4.1 5(5H, m),
4,45(2H, d, 5.7Hz), 4.27(2H, m), 5,36(11-1, m),
7.14(2H, t , 8.7Hz), 7.33(2H, m), 8,22(1H, s),
10.53(1H, s). According to the same manner as that of
Example J-I, an Example compound 1-2 was synthesized.
Example 1-2) 5-Hydroxy-1 -methanesulfonyl-6,10-dioxo-
1,2,3,4,6,9,9a, 10-oclahydro- 1,4a, 8a-triaza-an
thracencr7-carboxyhc acid 4-fluoro-benzylamide molting
point: 257-259C NMR (DMSO-d&)d: 1.80-_ ,96(2H, m),
3.02-3.58(2H, m), 3.16(3H, s), 4 76(2H, m), 5,56(11-1,
s), 7.16(2H, t , 9.0Hz), 7.35(2H, m), 8.36(1H, s),
10.39(1H, s). Example L-I)
5,9-Dihydroxy-6,10-dioxo-3,4,6,9,9a,10-hexahydro-1H-2-
oxa-4a,8a-diaza-anthracenc-7- carboxylic acid
4-fluoro-bonzylamide lChemical formula 65]1) According
to the method of synthesizing a compound 66, a
compound 62 (278 n g, 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
ml , 4,03 mmol), and triethylamine (337 ml , 2.42
mmol), the mixture was stirred for 10 minutes under
ice-cooling, a sulfur trioxido-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 chloroform was
distilled off under reduced pressxire, 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. Tho crystalline residue was washed
with ethyl acetate to obtain a compound 64 (60 mg) at
a yield of 30 %. 4) Using a compound 64, and according
to the method of synthesizing Kxample A-1, an Example
compound L-I was synthesized. NMR (DMSO-dfc)d'
2.98-3.10(1H, m), 3.38-3.60(211, m), 3.80-4.20(5H, m),
4.40-4.65(2H, m), 5,48(1H, brs), 5.85(1H, s), 7.15(2H,
t , J=8.4Hz), 7.33-7 37(2H, m), 8.45(1H, s), 8.600H,
s), 10 27-10. 42(1H, m), 12.6l(1H, brs) Example M-1) ]
-Hydroxy-2,10-dioxo-2,4b,5,6,7,8,9,
10-octahydro-4a,9a-diaza-benzo[a]az ulone-3-carbo
xylic acid 4-fluoro-benzylamide [Chemical formula
66]3.) According t o the method of synthesizing a
compound 21, a compound 65 (207 mg) was obtained at a
yield of 2 % from a compound 13 (250 mg), 2) According
to the method of synthesizing a compound 64, a
compound 66 (313 mg, 67 %) was obtained from a
compound 65 (470 mg). 3) After trifluoroacetic acid
(10 ml) was added to a compound 66 (100 mg, 0,020
mmol), the mixture was stirred at 75C for 4 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 aqiieous saturated
sodium bicarbonate sohition, 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 subjected to
silica gel column chromatography, and fractions elutod
with chlorofornvanethanol were concentrated under
reduced pressure, and recrystallized with ethyl
acetate-diisopropyl ether to obtain an Example
compound M-1 (23 mg, 16 %). melting point 281-283C NMR
(DMSO-db)S: 1.43-1. 52(2H, m), 1.62-1. 83(3H, m),
2.04-2. 18(1H, m), 2.2S-2.35(1H, m), 4.08-4.16(1H, m),
4.48-4,53(2H, m), 5,58-5,6l(1H, m), 7.11-7,2 q(2H, m),
7.30-7.38(2H, m), 8.29Q.H, s), 10.30-10. 36(1H, m),
12.78(1H, brs). Example X-1)
(R)-6-Hydroxy-5,7-dioxo-2,3,5,7,11,11a-hexahydro-.iH-p
yrido[1,2-a]pyrrolo[1,2- d]pyraz ine-8-carboxylic acid
4  luoro-ben' ylamide [Chemical formula 67] 1.121)
Selenium dioxide (666mg, B.0mmol) was added to the
solution of compound 2 (216mg, l.0mmol) in
bromobenzene (2ml). Then the mixture was heated up t o
60C, and stirred for 16h. After celite filtration the
solvent was evaporate, The precipitate was purified by
silicagel column chromatography, and fractions oluting
with n-hexan/EtOAc were concentrated under reduced
pressure to obtain compound 100 (I64mg, 71%) as a
yellow oil. l l  -NMR (CDCl3) 5.52(1H, s), 6.50(1H, d,
J=6.0Hz), 7.36(5H, m), 7.74(1H, d, J =6 3Hz), 9
.88(1H, s). 2) Sulfamic acid (1.50g, l5.dmmol) and
NaClO (1.05g, 11.Gmmol) was added to the solution of
compound 100 (2.54g, 11.0mmol) in acetone (20ml) and
water (30ml). Then the mixture was stirred for 3h. The
solvent was evaporated tinder reduced pressure t o
obtain compound 101 (2,18mg, 80%) as a white solid.
1H-NMR (DMSO-ds)d : 5Jl(2H, s), 6.55(1H, d, J=5.4Hz),
7.32-7.46(5H, m), 8.21(3H, d, J=5.7Hz). 3)
(R)-2-N-BOC-aminomethj'l pyrrolidine (391mg, l,95mmol)
was added to the solution of compound 101 (400mg,
J.62nvmol),1-(3-dimethylaminopropyl)-3-ethylcarbodiimi
de hydrochloridc (373mg, l,95mmol), and
1-hydroxybenzotriazole (219mg, 1.62mmol) in THF (6ml).
After sttiring for 16h NaHCOa aqueous solution was
added to the mixture, The mixture was extracted with
EtOAc, which was washed with NH Cl aqueous solution
and brine, The organic phase was dried over MgSO-i,
After a filtration the solvent was removed under
reduced prosRurG to obtain compound 102 (694mg, 100%)
as a white solid. 1H-NMR (CDCl3)d 1.4b(9H, s), 1.56-2.
14(4H, m), 3.29(4H, m), 4.18(1H, m), 5.24( LH, s),
6.27(1H, s), 6.46(1H, d, J=5.7Hz), 7,35(5H, m),
7.69(1H, d, J=5 .7HSU) . 4) The solution of compound
102 (694mg, 1.95mmol) in HCl/EtOAc (4mol/l, 8ml) was
stirred for 30 min, The soluvant was removed under
reduced prossur, diluted with EtOIi (16ml) then. A
saturated NaHCOa aqueous solution was added to the
solution to control pH at 9. The mixture was sfcrrod
at 50 C for 2h, then diluted with water The mixture
was extracted with CHCb, washed with brine, and dried
over MgSO-i. The solvent was removed under reduced
pressure to obtain compound 103 (413mg, 68%) as a
yellow solid, 1H-NMR (CDClb)d: 1.54-2.22(4H, m),
3.60(2H, m), 3 80(1H, t , J=12 0Hz), 4.18(1H, d,
J=12.0Hz), 5.15(1H, d, J=9.9Hz), 5.35(1H, d, J=9.0Hz),
6.71(1H, d, J=5.4Hz), 7.33(3H, m), 7 50(1H, d,
J=5.1Hz), 7.63(2H, d, J=7.2Hz). 5) NaOAc (11 dmg,
1.44mmol) and bromine (0.234ml, 2.62mmol) were added
to the solution of compound 103 (408mg, 1.31mmol) in
acetic acid (8ml), stirred for 30 mm then An aqueous
solution of NaOH (2M) was added t o the mixture, and
extracted with CH2CI2, washed with brine, and dried
over NasSO-i, The solvent was removed under reduced
pressure to give compound 104 (390mg, 77%) as a white
solid. 1H-NMR (CDClo)d: 1.55-2.19(4H, m),
3.55-4.02(5H, m), 5.12(11-1, d, J=9.6Hz), 5,35(1H, d,
J=9,9Hz), 7.29-7.38(3H, m), 7.6l(1H, s), 7.67(2H, d,
J=6.6Hz). 6) Tetralds triphenylphosphine paradium (0)
(77mg, 0.067mmol) and N.N-diisopropylethylamine
(0.29ml, 1.67mmol) were added to the solution of
compound 104 Q30mg, 0,334mmol) in DMSO (2.6ml). the
mixture was stirred under CO atmosphere for 2h a t 80C
. The reaction mixture was diluted with a saturated
NI-LiCl aqueous solution, extracted with EtOAc then,
And the organic phase was washed with brine, and dried
over Na.SOd. The precipitate was purified by silicagcl
column chromatography, and fractions cluting with
MeOH/EtOAc were concentratedunder reduced pressure to
obtain compound 105 (115mg, 75%) as a white oil.
1H-NMR (CDCl3)d: 1,56-2,33(4H, m), 3.66(2H, m),
3.90(2Ii, ra), 4,19(H-I, s), 4.66(2H, m), 5.20(1H, d,
J=9.9Hz), 5.37(1H, d, J=9.9Hz), 7.00(2H, t , J=8.7Hz),
7.33(5H, m), 7.61(2Ii, m), 8.39(111, m), 10,50(1H, s).
7) A mixture of compound 105 (1. lmg, 0.241mmol) and
paradium-carbon (10%, 22mg) in THF (8ml) and MeOH
(2ml) was stirred under hydrogen atmosphere for 3h.
After celite Alteration the solvent was removed under
rcdxtced pressure to give the example X-I (57mg, 64%)
as a white solid. Melting point: 274C 1H-NMR
(DMSO-dG)d 1,56-2,25(41-1, m), 3,48-3,65(2H, m),
4.01(2H, m), 4.51(2H, d, J=5.7Hz), 4.71(1H, d,
J=9.9Hz), 7.14(2H, t , J=9.0Hz), 7,33(2H, dd, J=5.7,
8,7Hz), 8,41(1H, s), 0.44(1H, t , J=6.0Hz), 12,18(1H,
s). The following compotmds 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-a]pyrroloL1,2-d]pyraz
ine-8-carboxylic acid 2,4-difluoro-benzylamide Melting
point: 300C 1H-NMR '(DMSO-d6)8: 1.03-2.20(dH, m),
3.39-3.66(2H, m), 4.02(2H, m), 4,54(2H, d, J=6,0Hz),
4,71(1H, d , J=9.9Hz), 7.06(1H, m), 7.23(1H, m),
7.38(1H, m), 8.41(1H, s), 10 43(1H, t , J=6.0Hz), 12
19(1H, s). Example X-3)
(R)-6-?Iydroxy-5,7-dioxo-2,3,5,7,11,11a-hexahydro-1H-p
yrido[1,2-a]pyrrolo[1,2-d]pyraz ine-8-carboxylic acid
3-chloro-2-ffuoro-benzylamide Melting point: 304C
1H-NMR (DMSO-df,)d: 3.44-3. 66(2H, m), 4.0l(2H, m),
4.61(2H, d, J=5.4Hz), 4.70(1Ii, d, J=9.0Hz), 7.20(1H,
m), 7.Sl(1H, m), 7.49(1H, m), 8.4l(1H, s), 10.49(1H,
I, J=5,7Hz), 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-benzylamideMelting point: 259C 1H-NMR
(DMSO-db)8:i.33-1.79(6H, m), 2.51 (1H, m), 3.88(1H,
m), 4.12(1H, dd, J=0.3, 14.1Hz), 4.38(1H, d,
J=12.9Hz), 4.53(3H, m), 7J6(2H, t , J=9.0Hz), 7.34(2H,
dd, J=5.7, 8.7Hz), 8.39(1H, b), I0.44(1H, t ,
J=6.3Hss), 12,84(1H, s). According to the same manner
as that of Example C-21, the following Example
compounds Y-I to Y-18 were synthesized. Example Y-I)
(3S,9aS)-5-Hydroxy-3-methyl-6,10-dioxo-3,4,6,9,9a,10-h
exahydro-2H-1-oxa-4a,8a-diaz a-anthrac
ano-7-carboxylic acid 2,4-difluoro-benzylamide Example
Y-9)
(3R,9aR)-5-Hydroxy-3-methyl-6,10-dioxo-3,4,6,9,9a,10-h
exahydro-2H-1-oxa-4a,8a-diaz a-anthraccne-7-carboxylic
acid 2,4-difluoro-benzylamide JH-NMR (CDCl8)S:
0.90(3H, d, J=6.9Hz), 2.00-2. 10(1H, m), 2.70(1H, dd,
J=Il .6, 13.4Hz), 3.41(111, dd, J=Il. 2, .2.9Hz),
4.05-4.45(2H, m), 4.30-4.38(1H, dd, J=4.0, 14.1Hz),
4.63(2H, d, J=5.9Hz), 4.65-4.75(1H, m), 4.98(1H, t ,
J=3.7Hz), 6.80-6.84(2H, m), 7.32-7.40(1H, m), 8.3l(1H,
s), 10.38(1H, brs), 12.37(3H, s). Example Y-2)
(4S,9aR)-5-Hydroxy-4-methyl-6, 10-dioxo-3,4,6, 9,9a,
10-hexahydro-2H-1-oxa-4a,8a-diaz
a-anthracene-7-carboxylic acid
2,4-difluoro-benzylamide Example Y-3)
(4R,9aS)-5-Hydroxy-4-methyl-6,10-dioxo-3,4,6,9,9a,10-h
exahydro-2H-1-oxa-4a,8a-diaz a-anthracene-7-carboxyhc
acid 2,4-difluoro-bonzylamide 1H-NMR (CDCl3 d:
1.42(3H, d, J=7,0Hz), 1.56(1H, dd, J=2.0, 14.01Iz), 2
,19-2.30(3 H, m), 4 02(3H, d, J=2.2Hz), 4.05(1H, t ,
J=2.3Hz), 4.12(1H, dd, J=6.0, 13.6Hz), 4.27(1H, dd,
J=4.2, 13.4Hz), 4.64(2H, d, J=5.9Hz), 4.95-5.05(1H,
m), 5.26(2H, d, J=4.1, 5 8Hz), 6.75-6.85(2Ii, m),
7.30-7.40(1H, m), 8.30(1H, s), 10.38(1H, brs),
12.45QH, s). Example Y-4)
(2R,9aR)-5-Hydroxy-2-methoxymethyl-6,10-dioxo-3,4,6,9,
9a,10-hexahydro-2H- l -oxa-4
a,8a-diaza-anthracone-7-cax'boxylic acid
2,4-diiTuoro-benzylamide Example Y-8)
(2S,9aS)-5-Hydroxy-2-methoxymethyl-6,10-dioxo-3,4,6,9,
9a,10-hexahydro-2H-1-oxa-4a,8a-diaza-anlh.raccne-7-car
boxylic acid 2,4-difluoro-benzylamide 1H-NMR (CDCl
3)S: 1.60-1.80(2H, m), 3.09-3.21(1H, m), 3.37(3H, s),
3.35-3.B0(2H, m), 4.00-4.11(1H, m), 4.24(1H, d,
J=13.1Hz), 4.36(1H, d, J=I0. 1Hz), 4.64(1H, d,
J=5.9Hz), 4.70-4.80(JH, m), 5.12(1H, s), 6.75-6.85(2H,
m), 7.30-7.40(1H, m), 8.30(1H, s), 10.38(1 H, brs),
12.33(1H, brs), Example Y-5)
(5aR,6aS,10aR)-1-Hydroxy-2,12-dioxo-2,5,5a,7,8,9,10,10
a,11,12-decahydro-6aH-6-oxa-
4a,l1a-diaza-naphthaccne-3-carboxylic acid
2,4-difliioro-benzylamide [racemalel 1H-NME (DMSO-d
b)d: 1.00-1.85(9H, m), 2,90(1H, t , J=4.2Hz), 4.36(1H,
dd, J=4 2, 12,9Hz), 4.44-4.57(4H, m), 5.32(1H, t ,
J=3.9Hz), 7.03-7.09(1H, m), 7.20-7.27(1 H, m),
7.35-7.43(1H, m), 8.49(1H, s), 10.34(1H, brs). Example
Y-6)
(2S,9aR)-2-Ethyl-5-hydroxy-6,10-dioxo-3,4,6,9,9a,10-he
xahydro-2H-1-oxa-4a,8a-diazaanthracene- 7-carboxylic
acid 2,4-difluoro-benzylamido Example Y-7)
(2R,9aS)-2-Ethyl-5-hydroxy-6,10-dioxo-3, 4,6,9, 9a,
10-hexahydro-2H-1-oxa-4a, 8a-diazaanthracene-
7-carboxylic ac d 2,4-difluoro-benzylamido 1H-NMR
(DMSO-dC) d: 0.87(3H, d , J=5,4Hz), 1.40-1.51(311, m),
1.75(1H, d, J=I 0.8Hz), 3.22(1H, t , J=I0. 2Hz),
3.73-3.780 H, m), 4.41-4.57(4H, m), 5.29(1H, s),
7.03-7.07(1H, m), 7.21-7.260H, m), 7.37-7,42(1H, m),
8.50(11-1, s), 10.34(1H, brs), 12.480H, s). Example
Y-I0)
(2S,9aS)-5-Hydroxy-6,10-dioxo-2-phenyl-3,4,6,9,9a,10-h
exahydro-2H-1-oxa-4a,8a-diaz a-anthracenc-7-carboxylic
acid 2,4-difluoro-benzylamide 1H-NMR (CDCl 3)d:
1.70-1.82(1H, m), 1.98(1H, d, J=9.6Hz), 3.49(1H, t ,
J=9.6Hz), 4.54-4.68(5H, m), 4 98(1H, d, J=8.7Hz),
5.51(1H, s), 7.04-7 08(1H, m), 7.21-7.42(7H, m),
8.50(111, s), 10.38(1H, s), 12.450H, s). Example Y-Il)
(2S,9aS)-5-Iiydroxy-2-isopropyl-6, 10-dioxo-3,
4,6,9,9a, 10-hexahydro-2H-1-oxa-4a,8a-di
aza-anthracene-7-carboxylic acid
2,4-difluoro-benzylamide Example Y-12)
(2R,9aR)-5-Hydroxy-2-isopropyl-6,10-dioxo-3, 4,6,9,
9a,
10-hexahydro-2H-1-oxa-4a,8a-diaza-anthracone-7-carboxy
lic acid 2,4-difluoro-benzylamide 1H-NMR (DMSO-d6)d:
0.86(6H, dd, J=4,8, 13.5Hz), 1.41-1.49(1H. ra),
1.57-1.69UH, m), 1.72- 1,78(1H, m), 3.20(1H, I1
J=8.4Hss), 3.52-8.59(1H, m), 4.41-4.46(5PI, ra),
5.29(1H, s), 7.01-7,08(1H, m), 7.21-7. 26(1H, m),
7.37-7.43(1H, m), 8.50(1H, s), 10,35(1H, brb),
12.48(1H, s). Example Y-13)
(3S,9aS)-5-Hydroxy-3-methyl-6,10-dioxo-3,4,6,9,9a,J0-h
exahydro-2H-1-oxa-4a,8a-diaz a-anthraconc-7-oarboxylic
acid 4-fluoro-benzylar aido Example Y-14)
(3R,9aIl)-5-Hydroxy-3-methyl-6,10-dioxo-3,4,6,9,9a,10-
hexahydro-2H-1-oxa-4a,8a-diaz
a-anthracenc-7-carboxylic acid 4-fluorcrbenzylamide
1H-NMR (DMSO-d )d: 0.8l(3H,d, J=6.6Hz), 1.84-1.93(1H,
m), 2.86(1H, t , J=12.5Hz), 3.480H, i , J=I 1.1Hz), 3
97-4.03(XH, m), 4.41-4,60(3H, m), 4.52(2H, d,
J=5.9Hz), 5.20(1H, t , J=3.8Hz), 7.12-7.20(2H, m),
7.32-7.38(2H, m), 8.52(1H, s), I0.36(1H, t , J=5.9HB),
12.45(1H, s), Example Y-15)
(2R,9aS)-5-Hydroxy-2-methyl-6,10-dioxo-3, 4,6,9,9a,
10-hexahydro-2H-1-oxa-4a,8a-diaz a -anthracene-
7-carboxyhc acid 2,4-diflxioro-benzylamide Example Y-
16) (2S,9aR)-5-Hydr oxy-2-methyl
6,10-dioxo-3,4,6,9,9a,10-hexahyd O-2H-1-oxa-4a,8a-diaz
a-anthraccne-7-carboxylic acid
2,4-difIuoro-bonzylamidc XH-NMR (DMSO-d )d: 1.14(3H,
d, J=6.0Hz), 1.38(1H, m), 1.75(1H, d, J=13.8Hz),
3,18-3.29(1H, m), 3.95-4. 06(1H, m), 4.42-4.58(311,
m), 4.54(2H, d, J=5.7Hz), 6.30UH, t , J=S. 9Hz),
7.03-7.10(1H, m), 7 20-7.29(1H, m), 7.36-7.44(1H, m),
8.50(1H, s), 10.35(1H, i , J=5.7Hz), 12.48(1H, s).
Example Y 37)
(2S,9aR)-5-Hydroxy-2-methyl-6,10-dioxo-3,4,6,9,9a,10-h
exahydro-211-1-oxa-4a,8a-diaz;
a-anthracene-7-carboxylic acid 4-fluoro-benzylamide
Example Y-18)
(2R,9aS)-5-Hydroxy-2-methyl-6,10-dioxo-3,4,6,9,9a,10-h
exahydro-2H-1-oxa-4a,8a-diaz a-anthracen
a-7-carboxylic acid 4-fluoro-benzylamide 1H-NMR
(DMSO-d6)d: 1.15(8H, d, J=6,0Hz), J.35-1.50(1H, m),
1.75(1H, d, J=12.9Hz),3.23(1H, td, J=13.0, 2,8Hz),
3.95-4.03(1M, m), 4.41-4. 59(3H, m), 4.52(21-1, d,
J=6.0Hz), 5.30(1H, I , J=3.9Hss), 7.12-7,19(211, m),
7.32-7.38(2H, m), 8.52(1H, s), 10.36(1H, I, J=6.0Hz),
12.48(1H, s). Corresponding amino-alcohol derivatives
used in syntheses of Y-1 to Y-18 were prepared as
optically puro version using methods similar i,o those
described in the following reports.
3-Amino-2-methyl-propan-1-ol, and 4-Amino-butan-2-ol
were prepared according to the method of Russell A,
Barrow (J, Am. Chem, Soc, 1995, 317, 2479-2490),
3-Amhio-butair1-ol were prepared according to the
method of P. Bcsse (Tetrahedron Asymmetry 10(1999) 221
3-2224). 1-Am no-pent an-3-ol ,
1-Amino-4-methyl-pentan-3-ol,
4-Amino-1-methoxy-butan-2-ol, and
3-Amino-1-phenyl-propan-1-ol wore prepared according
to the method described in the following literatures,
U.S. Pat. Appl. Publ., 2004133029, 08 JuI 2004, PCT
Int. AppL, 2002012173, 14 Feb 2002, All examples below
consist of >95% ee and >6-l diastereomcric purity
unless indicated otherwise. The compounds shown m
table ZZ consist of mixtures of diastereomers at the
depicted stereoccntcr in ratios of 1 1 to >10-l
Stereoccnters that were formed durin g the process'
below have been assigned using NMR techniques well
know in the art (ID and 2D method) and/or using
vibrational circular dichroism techniques,
Stereochemical assignment dcterminatons 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. I t 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 genera] fommla. Additional methods
known to those skilled i the art or commonly present
in the literature may also be appliedto perform
similar transformations and arriving at the same
compounds of the general formula or amino alcohol and
diamine precursors. [Chemical formula 68] [Chemical
formula 69][Chemical formula 70] [Chemical formula 71]
[Chemical formula 72][Chemical formula 73] [Chemical
formula 74] . 22[Chemical formula 74] [Chemical
formula 75][Chemical formula 76] [Chemical formula
77][Chemical formula 78] [Chemical formula
79][Chemical foprmla 80] [Chemical formula 81]emical
formula 82] ] 2 7[Chemical formula 83] Example Z-1
(3R,11 aS) -N-[(2,4-Difl
uorophenyl)methyl]-6-hydroxy-3-methyl-5,7-dioxo-2,3,5,
7, 11,11a -hexahydro[1 ,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide sodium salt. (3R,11aS)
-N-[(2,4-Difl
uorophenyl)methyl]-3-methyl-5,7-dioxo-6-[(phenylmethyl
)oxy]-2,
3,5,7,11,11a-hexahydro[1,3]oxazolo[3,2-a]pyrido[1,2-
d]pyrazine-8-carboxamide. To a solution of 16a (409
mg, 0.87 mmol) in dichloroethane (20 mL) was
added(2R)-2-amino-1-propanol (0,14 mL, 1.74 mmol) and
10 drops of glacial acetic acid. The resultant
solution was heated at reflux for 2 h . Upon cooling,
Celite was added to the mixture and the solvents
removed in vacuo and the material was purified via
silica gel chromatography (2% CH3OH/CH2CI2 gradient
elution) to give (3R,11aS)
-N-[(2,4-difluorophenyl)methyl]-3-methyl-5,7-dioxo-6-[
(phenylmethyl)oxy]-2, 3,5,7,1 l
,11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazinc-8-carboxamide (396 mg, 92%) as a glass, H
NMR (CDCIo) d 10.38 (m, 1 H), 8.42 (s, 1 H), 7,54-7,53
(m, 2 H), 7 37-7.24 (m, 4 H), 6.83-6,76 (m, 2 H), 5.40
(d, J = 10.0 Hz, 1 H), 5.22 (d, J = 10 0 Hz, 1 H),
5.16 (dd, J - 9,6, 6.0 Hz, 1 H), 4,62 (m, 2 H), 4.41
(m, 1 H), 4.33-4.30 (m, 2 H), 3.84 (dd, J = 12.0, 10.0
Hz, 1 H), 3.63 (dd, J = 8,4, 7.2 Hz, 1 H), 1.37 (d, J
= 6.0 Hz, 3 H); ES+ MS: 496 (M+1). b) (3R,11aS)
-N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-methyl-5,7
-dioxo-2,3,5,7, 11,1la 



-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2- d]pyrazine-8
carboxamide sodium salt. To a solution of (37?,11aS)
-N-[(2,4-di uo
-ophenyl)methyl]-3-methyl-5,7-dioxo-6-[(phenylmethyl)o
xy]-2, 3,5,7,11,11a-hexahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carboxamide (396 mg, 0.80
mmol) in methanol (30 mL) was added 10% Pd/C (25 mg).
Hydrogen was bubbled through the reaction mixture via
a balloon for 2 h. The resultant mixture was filtered
through Celite with methanol and dichloromethanc. The
filtrate was concentrated in vacuo to give (3R,l aS
-N-f(2,4-difli
iorophenyl)methyl]-6-hydroxy-3-methyl-5,7-dioxo-2,3,5,
7, u , 11ahexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide as a pink tinted white solid
(278 mg, 86%), 1H NMR (ODCU) d 11.47 (m, 1 H), 10.29
(m, 1 H), 8,32 (s, 1 H), 7.36 (m, 1 H), 6.82 (m, 2 H),
5.31 (dd, J - 9.6, 3.6 Hz, 1 H), 4.65 (m, 2 H),
4,47-4,38 (m, 3 H), 3.93 (dd, J = 12.0, 10.0 Hz, 1 H),
3,75 (m, 1 H), 1.49 (d, J = 5.6 Hz, 3 H); S MS: 406
(M+1). The above material (278 mg, 0,66 mmol) was
taken up m cthanol (10 mL) and treated with 1 N sodium
hydroxide (aq) (0.66 mL, 0.66 mmol). The resulting
suspension was stirred a t room temperature for 30
min, Ether was added and the liquids were collected t
o provide the sodium salt of the title compound a s a
white powder (291 mg, 99%).' 1H NMR (OMSO- do) d 30.68
(m, 1 H), 7,90 (s, 1 H) 7.35 (m, 1 H), 7.20 (m, 1 H),
7,01 (m, 1 H), 5,20 (m, 1 H), 4,58 (m, I H), 4.49 (m,
2 H), 4.22 (m, 2 H), 3 74 (dd, J = 11.2, 10.4 Hz, 1
H), 3.58 (m, 1 H), 1.25 (d, J=- 4.4 Hz, 3 H) Example
Z-2: (4a.ff.1 3ajg> - V-[(2,4-Difluoro t h
enyl)methyl] -]Q-hydroxy-9,1 ] -dioxo-2.3.4a,5,9,
11,13.13a -octahydiO-] -rg rido[] ,2-a]pyr
rolo[1',2':3,4]imidazo[1,2- d]pyrazi ne-8-carboxamide.
a ) (4a R,1SaS )-TV-[(2,4-Difluoropheny
])methyl]-9,11-dioxo-10-[(phenylmethyl)oxy] -2,3,^a,S
,9,11, ] 3, 13a-octahydro-1 H
pyridori,2-a]pyrrolo[1',2':3,4]imidazo[1,2-
d]pyrazine-8-carb oxamide. A solution of 16a (24 mg,
0.05 mmol), [(2 S -2-pyr r olidmylmeth yl]amine (0.1
mL) and 2 drops of glacial acetic acid were heated
under microwave conditions a t 140 ] 30C for 10 min.
Upon cooling, Celitc was added to the mixture and the
solvents removed in vacuo and the material was
purified via silica gel chromatography (2%
CH3OH/CH2CI2 gradient elution) to give (4aR,13a S
-N-[(2,4-difluorophenyl)moi;
hyl]-9,11-dioxo-10-[(phenylmethyl)oxyl-2,3,4a,5,
9,11,13,13a-octahydro-1 N-pyrido[1,2-
a]pyrrolo[1',2':3,4]imida!4o[1,2-"']pyrazine-8-carbo
xamide (19 mg, 71%) as a white solid. 1Ii NMR (CDCl3)
d 10.41 (m, 1 H), 8.38 (s, I H), 7 56 (m, 2 H), 7.38-7
24 (m, 4 H), 6.80 (m, 2 H), 5 38 (d, J = 9.6 Hz, 1 H),
5.10 (d, J = 10 0 Hz, 1 H), 4.62 (m, 2 H), 4.40 (m, 1
H), 4.25 (dd, J = 12,0, 6.8 Bz, 1 H), 4J0 (d, J = 12.8
Ha, 1 H), 3.83 (m, 1 H), 3 71 (m, 1 H), 3 14-3.04 (m,
2 H), 2,78 (m, 1 H), 2,11-1.58 (m, 4 H); ES MS' 521
(M+l). b) (4aR, 3a
)-N-[(2,4-Difluorophenyl)methyl]-10-hydroxy-9,11-dioxo
-2,3,4a,5,9,11,13,13a -octahydro-1 /-/-pyrido[1,2-
a]pyrrolo[1',2':3,4]imidazo[1,2-
d]pyra!'.ine-8-oarboxamide To a solution of
(4aR,l3a"5)-N-[(2,4-difluorophenyl)methyl]-9,
n-dioxo-10-[(phenylmethyl)oxy]-2,3,4a,5,
9,11,13,13a-octahydro-1i/-pyrido[1,2-
a]pyrrolo[1',2':3,4]imidazo[1,2- d]pyrazine-8-carbo
xamide (19 mg, 0.04 mmol) m 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 Cclite with methanol and
dichloromethanc. The filtrate was concentrated in
vacuo to give the title compound (6 mg, 38%) as a
white solid. 1H NMR (CDCl3) d 11.73 (m, 1 H), 10. 3G
(m, J H), 8 3 1 (s, I H), 7,33 (m, 1 H), 6.78 (m, 2
H), 4,62 (m, 2 H), 4.50 (m, 1 H), 4,27-4,19 (m, 2 H),
3.87-3.77 (m, 2 H),3,16-3,08 (m, 2 H), 2.83 (m, 1 H),
2.IM .65 (m, 4 H). S - MS: 431 (M+J). Example Z-3'
(3a.9:i3a6)-iV-[(2,4-Difluoi.O phen
yl)methyl]-8-hydroxy7/J-dioxo-1,2,3, 3a,4,5,7 .9,
13,13a -decahvd -opyrido[l ',2' <t.5ipyr a !ino|
1,2-a1pyr rolo[ .2-g|p vrimid  no 10 carboxamide. a) N
-BOC-(2 l-2-(Hydroxymethyl)-1-pyrrolidine. To a
solution of _V\BOC-L-proline (4,17 g, 19.4 mmol) in
THF (40 mL) at 0 C was added BHa-THF (21,4 mL, 1M m
THF, 2 1A mmol) dropwise. The bath was removed and the
resultant solution stirred a t room temperature for 2
h. Methanol was added to quench the mixture and the
solvents were removed Jn vacuo. The residue was taken
up in ethyl acetate and washed with sodium bicarbonate
and brine. The aqueous layers were extracted twice
with ethyl acetate. The combined organics wore dried
over N a 2SO i, filtered and concentrated to give
N-BOC-(2S)-2-(hydroxymethyl)-1-pyrro]idine (3,82 ,
98%) as a clear oil, This material was used without
further purification. 1H NMR (CDCl, ) d 3.94 (m, 1
PI), 3.G2 (dd, J = 11.2, 3,2 Hz, 1 H), 3.56 (dd, J =
10.8, 7.2 Hz, 1 H), 3.44 (m, 1 H), 3.29 (m, 1 H), 2.62
(br, 1 H) 1.98 (m, 1 H), 1.85-1.72 (m, 2 H), 1.58 (m,
1 H). b) N
-BOC-(2S)-2-({[(4-Methylphenyl)sulfonynoxy}methyl)-1-p
yrrolidine. To a cold (0 0O solution of N-BOC-(2
S)-2-(hydroxymethyl)-1-pyrrolidine (350 mg, 1.74 mmol)
in dichloromethano (20 mL) was added triethylamine
(0.29 piL, 2.08 mmol), andtoluoncsulfonyl chloride
(398 mg, 2.08 mmol), L f-depiotliylaminopyridine (70
mg) was added and the resultant solution was allowed
to warm t o r t as the bath warmed and stirred for 4
h, Water was added and the layers separated. The
aqueous layer was washed with sodium bicarbonate and
then with brine, T h e combined organics wore dried
over NasSO 'i, faltered and concentrated followed by
flash chromatography purification t o give -
N-BOG-(2S)-2-({[(4-methylphenyl)sulfonyl]oxy}methyl)-1
-pyJ-'rolidine (460 mg, 75%) as a clear oil, H NMR
exists as rotomors (CDCl3) d 7.77 (d, 2 H), 7.33 (m, 2
H), 4.08 (m, 1 H), 3.97-3 88 (m, 1 H), 3 35-3.25 (m, 2
H), 2.43 (s, 3 H), 1.95-1.79 (m, 4 H), 1.40 and 1.35
(s, 9 H rotomeric BOC -bu yl) . c)
_VBOC-(2>S)-2-Cyano-1-pyrrolidine. A mixture of -
N-13OC-(2
)-2-({[(4-methylphenyl)snlfonyl]oxy}methyl)-1-pyrrohdi
ne (460 mg, 1 29 mmol) and KCN (256 mg, 3.88 mmol)
wore boated at 90 "C in DMSO (10 niL) for 6.5 h. The
mixture was cooled to room temperature and IUtOAc and
water were added. The organics were washed with water
twice and then with brine. The aqueous layers were
extracted with EtOAc and the combined organics dried
over Na SO , filtered and concentrated followed by
flash chromatography purification to give ./V-BOC-
(2S)-2-cyano-1-pyrrolidine (179 mg, 66%) a an oil. 1H
NMR exists as rotomers (CDCl 3) d 3.99 (m, 1 H),
3.43-3.37 (m, 2 H), 2.83-2 51 (m, 2 H), 2.17-1.83 (m,
4 H), 1.46 and 1,44 (s, 9 H rotomeric BOC -butyl). d)
-V-BOC-(2S)-2-(2-Aminoethyl)-1-pyrrolidinc. A solution
of NBOC(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. Suspension) and
50 psi of Hs overnight, The mixture was filtered
through Cclitc and the filtrate was concentrated an
vacuo. The residue was purified by flash
chromatography (10% CH3OH/CH2CI2 with 1% NH-iOH
gradient elution) through a short plug of silica gel
to give - 7V-BOC-(2S )-2-(2-aminoethyl)-1-pyrrohdmo
(90 mg, 50%) as a clear oil. 1H NMR exists as rotomers
(CDCl3) d 3.88-3,77 (m, 1 H), 3.33-3.24 (m, 2 H), 2.66
(m, 2 H), 1.89- 1.54 (m, 6 H), 1.40 (s, 9 H), e)
{2-[(2<S)-2-Pyrrolidinyl]ethyl}amine, A solution of -
N-BOC-(2S )-2-(2-aminoethyl)-1-pyrrolidine (90 mg,
0.42 mmol) m THF (6 mL) was treated with 4 N HCl (aq)
(2 mL) and stirred at room temperature for 3 h , The
mixture was concentrated n vacuo to give the title
compound as its HCl salt. A portion of this material
(40 mg) was dissolved m methanol and treated with
solid supported carbonate resin (MP-Carbonate,
Argonaut Technologies) to freebase the aminos. After
30 minutes, the solution was filtered through a
fritted tube and the solvents removed carefully in
vacuo to give {2-f(2<S)-2-pyrrolidinyl]ethyl}amine (30
mg) a s its free base. 1H NMR (CDCl3) d 3,06 (m, 1 H),
2.94 (m, 1 H), 2.83 (m, 1 H), 2.79-2.69 (m, 2 H),
1.90-1.56 (m, 6 H). f) (3aS, J3a S
)-W-[(2,4-Difluorophenyl)methyl]-7,9-dioxo-8-[(phenylm
ethyl)oxyl-1,2,3,3a,4, 5,7,9, 13,
1Sa-decahydropyrido[1',2':4,5]pyrazino[1,2-
a]pyrroloU,2-cJpyrimidine-1 Ocarboxamide. A solution
of 16a (30 mg, 0,06 mmol), {2-[(2S)-2-pyrr
qlidinyl]ethyl}amine (30 mg, 0.26mmol) 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 C gradient elution) to
give (3a
S,13a<5)-N-[(2,4-Difluorophenyl)methyl]-7,9-dioxo-8-[(
phenylmethyl)oxy]- 1,2, 3,3a, 5,7,9,13,
l3a-decahydropyrido[1',2':4,5]pyrazino[1,2-
a]pyrroloL1,2-dpyrimidine-10-carb oxamide. (25 mg,
74%) as a film. iH NMR (CDCl3) d 10 44 (m, 1 H), 8.32
(s, 1 H), 7.59 (m, 2 H), 7 38-7.24 (m, 4 H), 6.80 (m,
2 H), 5.28-5.22 (m, 2 H), 4.67 (dd, J = 13.6, 2.8 Hz,
1 H), 4,62 (m, 2 H), 4.26 (m, 1 H), 4.11-4.03 (m, 2
H), 2 0 1 (m, 1 H), 2.81 (m, 1 H), 2.37 (m, 1 H), 2 24
(m, 1 H), i 92 (m, 1 H), 1,82-1,76 (m, 3 H), 1.52-1.38
(m, 2 H), ES 1 MS: 535 (M+1). e) (3aS ,13a S)
-N-[(2,4-Difluorophenyl)methyll-8-hydroxy-7,9-dioxo-
l,2,3,3a,4,5,7,9,13,13a
-decahydropyrido[1',2':4,5]pyrazino[1,2-
a]pyrroloC1,2-cJpyrimidine- 10-carhoxamide, To a
solution of (3aS
,13aS)-AA[(2,4-difluorophenyl)methyl]-7,9-dioxo-8-[(ph
enylmethyl)oxy1-1,2,3,3a,4, 5,7,9,
13,13a-decahydrapyrido[1\2^4,5lpyrazino[1,2-c7lpyrrolo
[1,2-clpyrimidine-10-carb oxamide (25 mg, 0.05 mmol) m
methanol (8 mL) was added 10% Pd/C (10 mg). Hydrogen
was bubbled through the reaction mixture via a balloon
for 8 h . The resultant mixture was filtered through
Celite with methanol and dichloromethane. The filtrate
was concentrated in vacuo to give the title compound
(14 mg, 67%) as awhite solid. H NMR (CT)CIa) d 12.53
(br, 1 H), 10.44 (s, 1 H), 8.29 (s, 1 H), 7.34 (m, 1
H), 6,78 (m, 2 H), 4.71 -4.58 (m, 3 H), 4.29-4.14 (m,
3 H), 2.99 (m, 1 H), 2.88 (m, H), 2.44 (m, 1 H), 2,30
(m, H), 1,97-1, 38 (m, 6 H); ES+ MS: 445 (M+l).
Example Z-A'- (4a S,13 aig)-./V; [(2,4-Difluor
ophenyl)methyl 1-10-hydroxy9, 11-dioxo-2,3.4a,5,9,
11.13,13a Octahydro-l H-pyrido[1,2-a]
yr3Olo[r,2':3.4]imi dazo[1,2- d]pyra
zine-8-carboxamide sodium salt. a) [(2 ?)-2-Pyxt
olidinyhnethyl]amine. To a solution of
-V-BOC-(2R)-2-(aminomethyl)-1-pyrrohdine (1.37 , 6.85
mmol) in THF (20 mL) was added 4 .VHCl (aq) (8 mL).
The resultant solution was stirred at room temperature
overnight. The solvents were removed hi vacuo and the
residue was treated with M -carbonate resin in
methanol and dichloromethane. After 1 h, the resin was
removed via filtration through a fritted tube and the
volatiles were removed carefully n vacuo to produce
the free based amine (760 mg crude >100%) as a oil.
This material was used without further purification,
1H NMR (CDCL) d 3.13 (m, 1 H), 2.92 (m, 1 H),
2.82-2.62 (m, 5 H), .88-. .30 (m, 4 H). b) (4aS,13a R)
-N-[(2,4-Difluorophenyl)methyl]-9,11-dioxo-10-[(phenyl
methyl)oxy]-2,3,4a,5 13G,9,
11,13,10a-octahydro-1i/-pyridof1,2-a]pyrrolo[1',2':3,4
]imidazo[1,2- d]pyra ine-8-carb oxamide. In a similar
manner as described in example %-2 from 16a (435 mg,
0.93 mmol) and [(2R)-2-pyrrolidinylmethyl]amine (200
mg, 2.0 mmol) in 1,2-dichloroethanc (20 mL) and 15
drops of glacial acetic acid was obtained (da,5',13a )
-N-[(2,4-difluorophenyl)methy)]-0,11-dioxo-10-[(phenyl
methyl)oxy]-2,3,4a,5, 9,11,13, 13a-octahydro-3
AT-pyrido[1,2 -ajpyrrolo[1',2':3,4]imidazo[1,2-
d]pyrazine-8-carbo xamide (321 mg, 67%) as a white
solid. NMR (CDCl3) d .0.41 (m, 1 H), 8.35 (s, 1 H),
7.56 (m, 2 H), 7.55-7.24 (m, 4 H), 6.80 (m, 2 H), 5.35
(d, J = 10.0 Hz, 1 H), 5 13 (d, J = 10.0 Hz, 1 H),
4.60 (m, 2 H), 4.38 (dd, J = 10.4, 3.2 Hz, H), 4.21
(dd, J = 2.0, 6.8 Hz, 1 H), 4.04 (dd, J = 12.4, 2,8
Hz, 1 H), 3.77 (apparent t , J = 11.6 Hz, J H), 3.68
(m, 1 H), 3.11-3.00 (m, 2 H), 2.75 (m, 1 H), 2.08-1.84
(m, 3 H), 1.65 (m, 1 H); ES+ MS: 521 (M+ 1). c) (4aS
,13aR)
-N-[(2,4-Difluorophenyl)methyl]-10-hydroxy-9,11-dioxo-
2,3,4a,5,9,11,13,13a -octahydro-1//-pyrido[1,2-
a]pyrrolo[1',2':3,4]imidazo[1,2-
d]pyrazine-8-carboxamide. Tn a similar manner as
described in example Z-2 from (4aS ,13aR) -N
-[(2,4-difluorophenyl)methyl]-9,11-dioxo-10-[(phenylme
thyl)oxy]-2,3,4a,5, D,11,1S.13a-ocLahydro-1
'-pyridori,2-^pyrrolo[1',2':3,4]imidazo[1,2-
d]pyrazine-8-carbo xamide (518 mg, 0.99 mmol) and'10%
Pd/C (35 mg) in methanol (40 mL) was obtained
(4a,Sr,13a7f)-A'1[(2,4-Difluorophenyl)methyl]-10-hydro
xy-9,n -dioxo-2,3,4a,5,9,nj 3,13a
-octahydro-1if-pyridoti
,2-dpyrrolo[1',2':3,4]imidazo[1,2-
d]pyrazine-8-carboxamide (430 mg, 99%) as a whito
solid. H NMR (CDCl3) d 11.73 (m, 1 H), 10.36 (m, 1
H),8.32 (s, 1 H), 7.35 (m, 1 H), 6.79 (m, 2 H), 4.64
(m, 2 H), 4.54 (dd, J = 10,8, 4,0 Hz, 1 H), 4,28-4.19
(m, 2 H), 3.90-3.79 (m, 2 H), 3.18-3.10 (m, 2 H), 2.84
(m, 1 H), 2. 14-1.92 (m, 3 H), 1 72 (m, 1 H). d) (4a S
,13a R) -N
-[(2,4-Difluorophenyl)methyl]-10-hydroxy-9,11-d
aoxo-2,3,4a,5,9,11,13,13a -octahydro-1
N-pyrido[1,2-a1pyrroloLl t,2'-3,4]iraidazo[1,2-
d]pyrazine-8-cai.-boxaixLide sodium salt In a similar
manner as described in example Z-I from
(4a<S",13a7e)-N
-[(2,4-Difluorophenyl")methyl]-10-hydroxy-9,11-dioxo-2
,3,4a,5,9,ll,13,13a
-octahydro-1//-py3-idori,2-a]pyrrolo[1',2':3,4]imidazo
[1,2- d]pyrazine-8-carboxamide (430 mg, 1.0 mmol) and
sodium hydroxide (1.0 mL, 1.0 M aq, 1.0 mmol) in 20 mL
of ethanol was formed the corresponding sodixim salt
(425 mg, 94%) a s a white solid. H NMR (DaO) d 7.85
(s, i H), 7 23 (m, 1 H), 6.82 (m, 2 H), 4.53 -4.46 (m,
3 H), 4,28 (m, 1 H),3.95 (m, 1 H), 3.84 (m, 1 H), 3.62
(m, 1 H), 3.16 (m, 1 H), 2.89 (m, 1 H), 2,84 Gm, 1H),
1.90 (m, 2 H), 1.73 (m, I H), 1,60 (m, 1 H). ES 1 MS:
431 (M+i). Exam ple Z-5: (4a6:i3ai?)-7V-r(4-
IuorophenvI)meth yl] -10-hvdroxy9,
11-dioxo-2.3.4a.5.9, 1 1.13,13a-ocl
ahydro-]iy-pyrido[1,2-a1 ryr
rolo[1',2':3,4]imidazo[1,2- d]pyra 2ine-8-carboxamide
The title com/pound was made in two steps using a
similar process t o that describedin example Z-2. 16
(60 mg, 0.13 mmol) and [(2R)-2-pyrrolidinylmethyl]
amine (100 mg, 1.0 mmol) were reacted in
dichloromethane (2 mb) with acetic acid to give (4&S,
13a7i')-N-[(4-fluorophenyl)methylV9,l1-dioxo-
10-[(phenylmethyl)oxy]-2, 3 1,5,9,1
1,13,13a-octahydro-1 N -pyrido[1,2-
a]pyrrolo[1',2':3,4]imidazo[1,2- d]pyrazine-8-carboxa
mido (60 mg, 91%). This material was hydrogcnated in a
second step as described in example Z-2 to give (4aS ,
13a7f)- -V;
[(4-fluorophenyl)methyl]-10-hydroxy-9,11-dioxo-2,3,4a,
5,9,11,13,13a-oct ahydro-1 /7-pyridoli
,2-,dpyrrolo[1',2':3,4]imidazo[1,2- d]pyra?;
ine-8-carboxamide (21 mg, 42%) as a white solid. 1H
NMR (CDCI ) d 11,72 (m, 1 H), 1.37 (m, H), 8.33 (s, 1
H), 7.29 (m, 2 H), 6,97 (m, 2 H), 4.57 (m, 2 H), 4,52
(m, 1 H), 4.24-4,19 (m, 2 H), 3 .87-3. 76 (m, 2 H), 3.
34-3.07 (m, 2 H), 2.82 (m, 1 H), 2.11-1.89 (m, 3 H),
1,68 (m, 1 H); ES+ MS: 413 (M+ 1). Example Z-6: (3S
,11a/^)-7v-F(2,4-DifluoropliGnyl)met hyl]-6-hydroxy
-5,7-dioxo-3-(phen ylmethyl)-2 ,3,5. 7 1.1 ] a-hexa
hydro[1,3]oxazolo[3,2- a]pyrido[1,2- d]pyrazine
~8-carboxamide The title compound was made in two
steps using a similar process to that described in
example Z-2. 16a (37 mg, 0.08 mmol) and
(2S)-2-amino-3-phenyl-1-propanol (35 mg, 0.24 mmol)
were reacted in dichloromethane (2 mL) with acetic
acid to give (3S ,] ] ai >)
-N-[(2,4-difluorophenyl)methyl]-5,7-dioxo-3-(phenylmet
hyl)-6-[(phenylmethyDoxy]
-2.B.5.V,11,11a-liexahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyras-ine-8-carboxamide (41 mg, 91%).
This material was hydrogenated in a second step as
described in example Z-2 to give (3-S',11aR) -N
[(2,4-Difluorophenyl)methyl]-6-hydroxy-5,7-dioxo-3-(ph
cnylmethyl)-2,3,5, 7,Il,11a-hexahydro[1,3]oxazolo
[3,2- PyIJdO[1, 2-c/Jpyrazine-8-carboxamide. (25 mg,
75%) as a white solid. 1H NMR (CDCl ) d 11,47 (br, 1
H), 0,28 (m, 1 H), 8.35 (m, 1 H), 7,37-7.26 (m, 4 H),
7.18 (m, 2 H), 6.79 (m, 2 H), 5,03 (m, 1 H), 4,64-4,61
(m, 3 H), 4.40 (m, 1 H), 4.23 (apparent t , J = 7.2
Hz, 1 H), 3,96 (dd, J = 8.8, 6,4 Hz, 1 H), 3.88
(apparent L, J = 11.2 Hz, 1 H), 3.37 (dd, J = 13,6,
3,2 Hz, 1 H), 2.99 (dd, J = 13.2 8 8 Hz,1 H ) ; ES MS:
82 (M+ 1). Example Z-7 (3a S ,13a )-
V-i(4-FIuorophenvI)met hyl]-8-hydr oxy
7,9-dioxo-1,2,3.3a .4,5.7,9, 13 13a-de cahydropyn
do[1',2':4,5]pyraz ino[l, 2-a1pyrro]o [1,2 -c1p
yrimidine-10-carboxamide, The title compound was made
in two steps using a similar process to that described
in example Z-2. 16 (84 mg, 0J 3 mmol) and
{2-[(2S)-2-Pyrrolidmyl]ethyl}amine (150 mg, 1.3 mmol)
were reacted in dichloromethane (2 uiL) with acetic
acid to give (3aS ,13a S
)-yV-[(4-fJuorophenyl)methyl]-7,9-dioxo-8-[(phenylmeth
yl)oxy]-1,2,3,3a,4,5,7,
O,1S,1Sa-decahydropyrido[1',2':4,5]pyrazino[1,2-^pyrro
loCl,2-dpyrimidinc-10-carboxa mide (86 mg, 90%). This
material was hydrogenated in a second step as
described inexample Z-2 to give (3a ?,13aS) -N
-[(4-Fluorophenyl)methyl]-8-hydroxy-7,9-dioxo-1,2,3,3a
,4,5,7,9,13,13a-de
cahydropyrido[1',2':4,5]pyrazino[i,2-^pyrrolof1,2-dpyr
imidine-10-carboxamide. (63 mg, 88%) as a white solid.
iH NMR (CDOl i/CDaOJD) d 10,45 (m, 1 H), 8.23 (s, 1
H), 7.35 (m, 2 H), 6.04 (t, J = 8.8 Hz, 2 H), 4.63 (m,
1 H), 4.58-4.48 (m, 2 H), 4.33 (dd, J = 13.6, 3.6 Hz,
1 H), 4,21 (m, _ H), 4.11 (m, 1 H), 2.98 (m, 3 H),
2.85 (td, J = 13.2, 3.2 Hz, 1 H), 2.41 (ni, 1 H), 2.29
(m, 1 H), 1,92 (m, 1 H), 1,83-1.75 (m, 3 H), 1.54-1.35
(m, 2 H); BS+ MS: 427 (M+ 1) Example Z-8: (3S ,1]
a/f)- N -[(2.4-Difluor
ophci-iyl)methyl]-6-hydroxy3-[(] l-l -me hylr voDyl]-5
7idipxo -2,3.5.7,31, 11a-hexahydro[1 ,3]oxa olol3,2-
1i3yr ido[1,2- d]pyra zinG-8-carboxamide sodium salt.
The title compound was made in two steps using a
similar process t o that described in example Z-I. 16a
(43 7 mg, 0.89 mmol) and L-isoleucmol (259 mg-, 2 21
mmol) were reacted in 1,2-dichIoroothano (40 niL) with
acetic acid to give (3 9,l1a R) -N
[(2,4-difluorophenyl)methyl]-3-[(1
S)-1-methylpropyl]-5,7-dioxo-6-[(phenyl
methyl)oxy]-2,3,5,7,11,11a-hexahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carbox amide (426 mg, 90%).
This material was hydrogcnated in a second step as
described i n example Z-I to give 4 1( S, 11a/d- N
-UE/i-Difluorophenyl)methyl]- q-hydroxy-3-tCK
-1-methylpropyl]-5.Y-cUoxo -2,3,5,7,l
1,11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyra'zine-8-carboxamide (376 mg, 99%) as a coarse
white solid, H NMR (CDCl ) d 11.43 (br, 1 H), 10,27
(br, 1 H), 8,32 (s, 1 H), 7.33 (m, 1 H), 6.79 (m, 2
H), 5.26 (dd, J = 9,6, 4.0 Hz, 1 H), 4.62 (m, 2 H),
4.42-4.35 (m, 2 H), 4.19 (dd, J 8,8, 7,2 Hz, _ H),
4,01 (dd, J = 8.8, 5.6 Hz, 1 H), 3.86 (dd, J = 12,0,
10.0 Hz, 1 H), 2.27 (m, 1 H), 1.40 (m, 1 H), 1.15 (m,
1 H), 0,97 (t, J = 7,2 hz, 3 H), 0.91 (d, J = 6.8 Hz,
3 H); ES* MS: 448 (M+1), This material (360 mg, 0.81
mmol) was treated with sodium hydroxide (0.81 mL, 1.0
M, 0.81 mmol) in othanol 0 5 mL) as described in
example Z- I to provide its corresponding sodium salt
(384 mg, 99%) as a white solid. 1H NMR (DMSO- ) d
10.82 (m, 1 H), 7.80 (m, 1 H), 7.33 (m, 1 H), 7.18 (m,
1 H), 7.00 (m, 3 H), 5.14 (m, 1 H), 4.47 (d, J = 5.6
Hz, 2 H), 4.31 (m, 1 H), 4,18 (m, 1 H), 3.96 (m, 1 H),
3.84 (m, 1 H), 3.71 (m, 1 H), 3,40 (m, 1 H), 1.88 (m,
1 H), .36 (m, 1 H), 1.04 (m, 1 H), 0,85 (t, J - 7.2
Hz, 3 H), 0.80 (d, J = 6.8 Hz, 3 H); ES+ MS: 448
(M-l-1). Example Z-9- (3 11a N-[(2.4-D-flu
oroDhonyl)methyl] -6-hv
droxy-3-methyl-5.7-dioxo-2,3,5.7,n ,11 a -hexahydro[1
,3]oxa zolo[3,2- a]pyri do[1,2- d]pyra
zino-8-carboxamide sodium salt. The title compound was
made in two steps using a similar process to that
described in example Z-I. 16a (510 mg, 1.08 mmol) and
(2"5)-2-amino-1-propanol (0.17 mL,2,17 mmol) were
reacted in 1,2-dichloroethane (20 mL) with acetic acid
to give (3S,11aR)-i\A[(2,4-difl
orophenyl)methyl]-3-methyl-5,7-d.ioxo-6-[(phenylmethyl
)oxy]-2, 3,5,7,11,1la-hexahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carboxamide (500 mg, 93%).
This material was hydrogenated in a second step as
described in example Z-I to give 3S,11a
R)-7N-[(2,4-Diiauorophenyl)methyl]-6-hydroxy-3-methyl-
5,7-dioxo-2,3,5,7,11,11ahexahydro[ 1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyraziine-8-carboxamide (386 mg, 94%)
as a tinted white solid. NMR (CDCL ) d 11.46 (m, 1 H),
10.28 (m, 1 H), 8.32 (s, 1 H), 7.35 (m, 1 H), 6.80 (m,
2 H), 5.30 (dd, J = 10.0, 4.0 Hz, 1 H), 4.63 (m, 2 H),
4.48-4.37 (m, 3 H), 3.91 (dd, J = 12.0, 10.0 Hz, 1 H),
3.73 (m, 1 H), 1.48 (d, J - 6.0 Hz, 3 H); ES1 MS: 406
(M+ 1). This material (385 mg, 0.95 mmol) was treated
with sodium hydroxide (0,95 mL, 1.0 M, 0.95 mmol) m
ethanol (15 mL) as described in example Z-1 t o
provide its corresponding sodrum sail (381 mg, 94%) as
a white solid. 1H NMR (DMSO- ) d 10.66 (m, 1 PI), 7.93
(s, 1 H), 7.33 (m, 1 H), 7.20 (m, 1 H), 7.01 (m, 1 H),
5.19 (m, 1 H), 4.59 (m, 1 H), 4 48 (m, 2 H), 4.22 (m,
2 H), 3,75 (m, 1 H), 3.57 (m, 1 H), 1.24 (d, J = 5 6
Hz, 3 H). Example Z-IQ: (3 ai(!)-N
-[(4-Fluorophenyl)methyl]-6-hydr
oxy-3-methyl-5.7-dioxo-2.3, 5,7, 11,11 a-Iio xahydro[1
,3]oxazolo[3,2-a]pyri do[1.
-riiDyrazinc-S-carboxamide.The title compound was made
in two stops using a similar process to that described
in example Z-2. 16 (100 mg, 0.22 mmol) and
(2S)-2-amino-1-propanol (0.10 mL, 1.28 mmol) were
reacted in dichloromethane (2 mL) with acetic acid to
give (3S, 11aR) -N-[(4-
fluorophenyl)methyl]-3-methyl-5,7-dioxo-6-[(phenylmeth
yl)oxy]-2,3,5, 7,11,11a-hexahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carboxamide (100 mg, 95%),
This material was hydrogenated in a second step as
described in example Z-2 t o give
(3S,11aR)-,N-[(4-Fluorophenyl)methyl]-6-hydroxy-3-meth
yl-5,7-dioxo-2,3,5,7,11,11a-he
xahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide (80 mg, 99%) as a white
solid, 1H NMR (CDCl3) d 11.43 (br, 1 H), 10.28 (br, 1
H), 8.35 (s, 1 H), 7.28 (m, 2 H), 6.97 (m, 2 H), 5.29
(m, 1 H), 4.55-4.38 (m, 5 H), 3.89 (apparent t , J
=10.8 Hz, 1 H), 3.70 (m, 1 H), 1,45 (d, J =5.6 Hz, 3
H); ES- MS: 386 (M- 1), Example Z-1 1: (3S,11aR)
-N-[(2,4-Difluorophenyl)methyl]-3-(1,
1-dimethylethyl)-6-hydroxy-5,7-dioxo-2 ,3 5,7
11,11a-hexahydro[1 ,3]oxazolo [3,2-
a]pyrido[1,2-d]pyrazine-8-carboxamide The title
compound was made in two steps using a similar process
to that described in example Z-2. 16a (41 mg, 0,09
mmol) and freebased L-tert-leucinol (59 mg, 0,50 mmol)
were reacted in dichloromethane (2 mL) with acetic
acid to give (3S,11aR)
-N-[(2,4-difluorophenyl)methyl]-3-
(1,1-dimethylethyl)-5,7-dioxo-6-[(phenylmetliyl)oxy]-2
,3,5,7,11,11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyras5.no-8-carboxa mide (40 mg, 86%). This material
was hydrogenated in a second step as described in
example Z-2 to give (3S,l laR)
-N-[(2,4-Difluorophenyl)methyl]-3-(1,1-dimethylethyl)-
6-hydroxy-5,7-dioxo-2
,3,5,7,11,11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide (33 mg, 99%) as a tinted
white solid. 1H NMR (CDCl3) d 10,29 (s, 1 H ), 8,37
(s, 1 H), 7.34 (m, 1 H), 6.70 (m, 2 H), 5.43 (m, 1 H),
4,62 (m, 2 H), 4.36 (m, 2 H), 4.21 (m, 1 H), 3.99 (, 1
H), 3,81 (m, 1 H), 1,03 (s, 9 H); ES" MS: 448 (M+ 1).
Example Z- 2 : (3S.11aJ?)-3-(l. l-Dimethylethyl)-iV-r(
4-fluoroDhenyl)methyl]-6-hydrox v-5. 7-dioxo-2.3.5, 7
,11.11a-hexahydro[1 ,3]oxazolo[3,2-a]pyrido[1,2-
d]pyra zuic-8-carboxam.ide. The title compound was
made m two steps using a similar process to that
described in example Z-2. 16 (41 mg, 0.09 mmol) and
freebased L -te 't- o inol (59 mg, 0.50 mmol) wore
reacted in dichloromethane (2 rnL) with acetic acid to
give (3S,11aR)-3-(1, 1-dimethylethyl)- -V:
[(4-fluorophcnyl)methyl]-5,7-dioxo-6-[(phenylmethy
l)oxyl-2,3,5,7,11,l1a-hexahydro[1,3]oxaz,olo[3,2-
a]pyrido[1,2- d]pyrazine-8-carboxamide (40 mg, 85%).
This material was hydrogonated m a second stop as
described in example Z-2 to give (3_S', ] l aR)-3-(l
,1-Dimethyletliyl)-//
:K4-fliiorophenyl)methyl]-6-hydroxy-5,7-dioxo-2,3,5,7,
11, 11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide (32 mg, 97%) as a tinted
white solid. 1H NMR (CDCIo) 11. 15 (br, 1 H), 10.32
(a, 1 H), 8.38 (B, 1 H), 7.29 (m, 2 H), 6.98 (m, 2
11), 5.43 (m, 1 H), 4.58 (m, 2 H), 4.36 (m, 2 H), 4.21
(m, 1 H), 3.99 ( , 1 H), 3.79 (m, 1 H), 1.02 (s, 9 H);
ES+ MS: 30 (M+1). Example Z-1 3 (3>S'. l la7 t')-7V:
r(2.4-DifluoroDhGnyl)methyl]-6-hydroxy-5,7-dioxo-
3-nhonyl-2.3.5.7, 11, 11a -hexahydro[1
,3]oxazolo[3,2-a]pyrido[1,2- d]pyrazine -8-carboxamide
. The title compound was made in two slops ufaing a
similar process to that described in example Z-2. 16a
(33 mg, 0.07 mmol) and L-phenylglycinol (19 mg, 0.14
raraol) were reacted in dichloromethane (2 ml) with
acetic acid to give (3 S;11aR) -N-[(4-fl
orophenyl)methyl]-5,7-d
oxo-3-phenyl-6-[(phenylmethyl)oxy]-2,3,5,
7,l1,11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide (37 mg, 95%). This material
was hydrogenated in a second step as described in
example Z-2 to give (3S , 11aR) -N:
[(2,4-Difluorophenyl)methyl]-6-hydroxy-5,7-dioxo-3-phe
nyl-2,3,5,7,11,11a -hexahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carboxamide (33 mg, 99%) as
a tinted white solid. 1H NMR (CDCI ) d 11.23 (br, 1
H), 10.27 (s, 1 H), 8,39 (s,3 H), 7.43-7.32 (m, 6 H),
6,80 (m, 2 H), 5,58 (d, ,/= 6.8 Hz, 1 H), 5.37
(apparent t , J = 6.8 Hz, 1 H), 4.67-4.62 (m, 3 H),
4.54 (d, J - 10,4 Hz, 1 H), 4.11 (m, 1 H), 4.01 (m, 1
H); ES+MS: 468 (M+ 1). Example Z-14: (3ff.n a .fl)
-AAl(2.<L-Difluorophenyl)melh yl] -6-hydroxy3-(
-ivdroxymethyl)-5 ,7-dioxo-2.3. 5.7, 11.
3la-hexahydro[1 ,3]oxazolo[3,2-a]pyrido[1,2-
d]pyrazine -8-carboxaniide. The title compound was
made in two slept using a similar process t o ihat
described m example Z-2. 16a (50 mg, 0.10 mmol) and
(2R)-2-amino-3-[(phenylmethyl)oxy]-1-propanol (0.3
niL) were reacted m dichloromethanc (2 ml) with acetic
acid to give (3S, Ilai t')-N
-[(2,4-difluorophenyl)methyl.]-5,7-dioxo-6-[(phenylmet
hyl)oxy]-3-{Kphenyl
m.ethyl)oxylmethyl}-2,3,5,7,11,11a-hexahydro[1,3]oxazo
lo[3,2- a]pyrido[1,2- d]pyrazincr 8-carboxamide (61
mg, 99%). This material was hydrogenated in a second
step as described in example Z-2 to give 



(3ff, 11a R)-N-
[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-(hydroxymethy
l)-5,7-dioxo-2,3, 5,7, 11,1
la-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide (37 mg, 87%) as a tinted
white solid. NMR (CDCl 3/CD*OD) d 8.23 (s, 1 H), 7.32
(m, 1 H), 6.79 (m, 2 H), 5.31 (d, J = 7 6 Hz, 1 H),
4.56 (s, 2 H), 4.42-4.36 (m, 3 H), 4.17-4. 11 (m, 2
H), 3,85 (m, 1 H), 3.62 (d, J = U .2 Hz, 1 H), Example
Z-3 5 : 47(2 .3 Lr-[(2.4-Difl\iorophen yl)methyl]-6-
hvdroxy-3-met hyl-S.7-clioxo-2-i3honyl-2,3.5,7 ,1l,
11a-hexahydro[1 ,3]oxa7,o]o[3,2- alpyi4do[1,2- d]pyra
zine-8-carboxamide. Tho title compound was made i two
steps using a similar process t o that, described i
example Z-2. 16a (25 mg, 0,05 mmol) and (1 S',2
R)-(+)-norephcdrine (0J mL) were reacted in
dichloromethane (2 mL) with acetic acid t o give
(2S,370- N
[(2,4-difluorophenyl)methyl]-3-methyl-5,7-dioxo-2-phen
yl-6-[(phenylmethyl) oxy]-2,3,5,7,J 1,1
la-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide (30 mg, 99%). This material
was hydrogenated in a second step a s described in
example Z~2 t o give
(2S,3R)-yV-[(2,4-difluorophenyl)methyl]-6-hydroxy-3-me
thyl-5,7-dioxo-2-phenyl-2,3,5,7, 11,
1la-hexahydro[1,3]oxazolo[3,2-a]pyrido[1,2-
d]pyrazine-8-carboxamide (25 mg, 91%) a s a white
solid, This material is a single diastoreomer (>6:l
diastereomeric ratio but unconfirmed relative
stereochemistry at the aminal center). -1H NMR
(COCla/CDaOD) d 10.28 (m, 1 H), 8,38 (s, 1 H),
7,10-7,30 (m, 6 H), 6.78 (m, 2 H), 5,70 (d, J = 7,6
Hz, 1 H), 5.36 (d, J = 5.2 H ,, 1 H), 4,82 (m, 1 H),
4.61 (m, 2 H), 4.47 (d, J=- 10.4 Hz, 1 H), 4,00
(apparent t , J = 10.4 Hz, I H), 0.94 (d, J = 6.4 Hz,
3 H); ES MS: 482 (M+ 1). E xample Z-16: (3/g,1Ta S )-N
-r(2,4-Difluorophenyl)methyl]-6-hydroxv5,7-dioxo-3-(ph
enylmethyl)-2,3,5,7. 11, 11a-hoxahydro[1
,3]oxazolo[3,2-a]pyrido[1,2- d]pyrazine -8-carboxamid
c The title compound was made in two steps using a
similar process to that described in example Z-2, 16a
(34 mg, 0.07 rnraol) and
(2R)-2-amino-3-phenyM-propanol (D-phenylalaninol) (50
mg-, 0.33 mmol) wore reacted in dichloromethane (2 mL)
with acetic acid to give (3R 11a )-N
-I(2,4-difluorophenyl)methyl]-5,7-dioxo-3-(phenylmethy
l)-6-[(phenylmethy Doxy] -2,3,5,7, 11, J
1a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2- d]pyrazine
8-ca 'boxamide (29 mg, 70%). This material was
hydrogenated in a second step as described in oxample
Z-2 to give (3R,11a 5)-N
-[(2,4-Difiuorophenyl)methyl)-6-hydroxy-5,7-dioxo-3-(p
henylmethyl)-2,3,5,
7,l1,11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide (24 mg, 98%) as a white
solid. - NMR (Cl)Cb) d 11.46 (br, 1 H), 10.27 (m, 1
H), 8.33 (m, 1 H), 7.32-7.16 (m, 6 Ii), 6.78 (m, 2 H),
5.02 (m, 1 H), 4.61 (m, 3 H), 4.39 (m, 1 H), 4.22 (m,
1 H), 3.95 (m, 1 H), 3.87 (m, 1 H), 3,36 (m, 1 H),
2.97 (dd, J = 13.2 8.8 Hz, 1 H); ES1 MS: 482 (M+ 1)
Example Z-J T- (3/^1Ia S)-N-[(2,4
-Difluoroi3honyl)meth yl]
-6-hydroxv-3-(2-methylmODyl)-5.7-dioxo-2.3. 5.7,
11,l]a-hexahydro[1 ,3]oxazolo[3,2-a]pyri do[1,2-
d]pyra yane-8-carboxamide.The UtJe compound was made
in two steps using a similar process to that described
in example Z-2. 16a (32 mg, 0.07 mmol) and
(2/t?)-2-amino-4-mct.hyM-pentanol (0.1 lnL) were
reacted in dichloromethano (2 mL) with acetic acid to
give (3R,11aS)
-N-[(2,4-difluorophenyl)methyl]-3-(2-methylpropyl)-5,7
-dioxo-6-[(phenylmeth yl)oxy]-2,3,5,7,
11,11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyra'^ine-8-carboxamid e (43 mg, 99%). This material
was hydrogenated in a second step as described in
example Z-2 to give (3R41a S
N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-(2-iiiethyl
propyl)-5,7-dioxo-2,3, 5,7,1l
,1la-hexahydro[1,3]oxazoloLS,2-dps'rido[1,2-
d]pyrazine-8-carboxamide (32 mg, 90%) as a white
solid. 1H NMR (COCb) d .47 (br, 1 H), 10 29 (m, J H),
8,35 (s, 1 H), 7.39 (m, 1 H), 6.80 (m, 2 H), 5.31 (m,
1 H), 4,62 (m, 2 H), 4,44 (m, 2 H), 4.37 (m, 1 H),
3.88 (m, 1 H), 3.84 (dd, J = 8.0, 5,6 Hz, 1 H), 2.04
(m, 1 H), 1.62 (m, 1 H), 1.41 (m, 1 H), 1 00 (d, J =
5,6 Hu, 3 H), 0.99 (d, J 6.0 Hz, 3 H); ES MS: 448
(M+1). Example Z -18 : (5a 14aR) -N-[(2,4-Difluoropho
pyl)methyl]-11 -hydroxy-10,12-dioxo-1,2.3,4,5a,6,10,1
2, 14, 14a-decahydroBv p do[l ,2 pyrido[ 2'
3,4]imidazo[1,2- d]pyraz mc-9-carboxamide,a)
1,1-Dimethylethyl
(2/tO-2-(aminocarbonyI)-1-piporidinecarboxylalc. To a
cold (0 C) solution of
fe/iS-1-iUl,1-dimethylethy^oxy]carbonyl]-2-piperidinec
arboxylic acid (1.0 g, 4.36 mmol) in THF (20 ml) was
added triethylamine (0.60 mL, 4,36 rnmol) followed by
slow addition of methyl chloroform ate (0.34 mL, 4,36
rnmol). After a few minutes a suspension had formed,
To this mixture was added concentrated NI-LiOH (1.5
mL) and the solution was allowed to warm to r t 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
NasSO-i. Filtration and concentration gave
1,1-dimethylethyl
(2R)-2-(aminocarbonyl)-1-piperidinecarboxylate ( 3 .0
g, 99%). 1H NMR (CDCl3) d 6,03 (br, 1 H), 5.45 (br, 1
H), 4.77 (br, 1 H), 4.06 (br, 1 H), 2.82 (m, 1 H),
2.29 (m, 1 H), 1.67- 1.43 (m, 13 H), b)
1,1-Dimethylethyl
(2R)-2-cyano-1-piporidinecarboxylate. To a cold (0 C)
solution of 1,1-dimethylethyl
(2J?)-2-(aminocarbonyl)-1-piperidinecarboxylate (269
mg, 1.17 mmol) in THF (10 mL) was added triethylamme
(0,33 mL, 2.34 mmol) and then trifluoroacetic
anhydride (0.17 mL, 1J 7 mmol). The mixture was
stirred at 0 C for 1 h and concentrated in vacuo. The
residue was taken up in EtOAc and washed successively
with sodium bicarbonate, 0 5 N HCl and brine. The
organics were dried over Na SO , filtered and
concentrated t o give 1,1-dimethylethyl
(2/i?)-2-cyano-1-piperidinecarboxylate (255 mg, 99%)
as a crystalline solid upon standing, 1H NMR (CDCl ) d
5.23 (br, 1 H), 4.05 (br, 1 H), 2.93 (br, 1 H),
1,93-1.39 (m, 6 H), 1.46 (s, 9 H).c) 1,1-Dimethylethyl
(2ii?)-2-(aminomethyl)-1-piperidinecarboxylafce. An
ammonia saturated ethanol solution of
1,1-dimethylethyl (2/9-2-cyano-1-piporidinecarboxylate
(255 mg, 1,19 mmol) was reduced with Raney-Ni in a
similar manner to that described in example Z-3 to
give after filtration through a short plug of silica,
1,1-dimethylethyl
(2R)-2-(aminomethyl)-1-piperidinecarboxylatc (236 mg,
91%), as an oil, Ui NMR (CDCl3/CD3OD) d 4.15 (br, 1
H), 3.97 Om, 1 h), 2.96 (m, 1 H), 2.75-2.69 (m, 2 H),
2.23-2.08 (m, 3 H), 1.59-1.55 (m, 3 H), 1.43 (s, 9 H).
d) [(2R)-2-Piperidinylmethyl]amine bis HCl salt. A
solution of 1,1-dimethylethyl
(2ir')-2-(aminomethyl)-1-pipcridinecarboxylate (236
mg, 1.08 mmol) in THF (10 niL) was treated with 4 N
HCl (3 niL) as described in example Z-3 to give the
bis HCl salt of[(2/f)-2-Pipcridinylmei.hyl]amine. 1H
NMR (DMSO- L,) d 9.67 (br, 1 H), 9.48 (br, 1 PI), 8.48
(br, 2 H), 3.70 (br, 2 H), 3.20 (m, 1 H), 3.04 (m, 1
H), 2.86 (m, 1 H), 1.89-1.41 (m, 6 H), e) (5a , 14aR)
-N-[(2,4-Difluorophenyl)methyll-11-hydroxy-10,12-dioxo
-1,2,3,4,5a,6,10,12, 14, 14a-decahydropyrido[1,2-
a]pyrido[r,2':3,4]imidazo[1,2-
d]pyrazine-9-carboxamide. The title compound was made
in two stops using a similar process to that described
in example Z-2. 16a (50 mg, 0,11 mmol) and [(2
>)-2-Piperidinylmethyl]amino (150 mg, 1.31 mmol) (free
based using carbonate resin as described in example
Z-3) were reacted in dichlofomethane (2 mL) with
acetic acid to give 152(5aR,14aR)
-N-[(2,4-difluorophenyl]methyl]-10,12-dioxo-11-[(pheny
lmethyl)oxyl- 1,2,3,4 ,5a, 6, 10, 12, 14,
34a-decahydropyrido[1,2vi]pyridoLl\2^3,4]imidazo[1,2-
d]pyrazine-9-car boxamide (50 mg, 88%). This material
was hydrogenated in a second step as described in
example Z-2 to give (5aR,14a
R)-//-[(2,4-difluorophenyl)methyl]-11-hydroxy- 10,
12-dioxo- 1,2,3,4,Sa,6, 10,12, 14,3
4a-decahydropyrido[1,2-a]pyridoll
l,2l:3,4]imidazo[1,2- d]pyrazine-9-carboxamide (11 mg,
44%) as a white solid, 1H NMR (CDaOD/CDCl3) d 10,46
(m, 1 H), 8.32 (s, 1 H), 7.31 (m, 1 H), C.80 (m, 2 H),
4,64-4.52 (m, 3 H), 4.14 (dd, J = 10,4, 2.8 Hz, H),
3.91-3,82 (m, 2 H), 3,19 (apparenft, J = 10 8 Hz, 1
H), 3.08 (d, J = 10.4 Hz, 1 H), 2.50 (m, 1 H), 2.27
(m, 1 H), 1.99-1.30 m, 6 H); ES" MS: 445 (M+l),
Example Z- 19: (2S .3-S)- ^[(2.4-Difl
oronhonyl)methyl]-6-hydro xv-3-fGiolhyloxy)meth.yl]-
d,7-dioxo-2 -p henyl-2,3,5,7, 11, 11a-hcxahydro[1
,3]oxazo]o[3,2-a1rvnd o[1,2- d]pyra i
ine-8-carboxamido The title compound was made 111 two
steps using a similar process to that described in
example Z-2, 16a (36 mg, 0,07 mmol) and
(2R)-2-amino-4-methyl-3-pentanol (0.1 niL) were
reacted in dichloromethanc (2 mL) with acetic acid to
give (2S,3S)
-N-[(2,4-difluorophenyl)methyl]-3-[(methyloxy)methyl]-
5,7-dioxo-2-phenyl-6-[(p
henybnethyl)oxy]-2,3,5,7,1l,11a-hexahydro[1,3]oxazolo[
3,2- a]pyrido[1,2- d]pyrazine-8-c 353arboxamide. This
material was hydrogonatcd in a second stop as
described in example Z-2 t o give (2S,3S)
-N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-r(methylox
y)methyl]-5,7-dioxo-2-p henyl^S.S,7.l1,
11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide (25 mg, 64% for 2 stops) as a
white solid. This material is a single diastereomer
(>6 J diastereomeric ratio but unconfirmed relative
stereochemistry at the ammal center). iH NMR (CDCl ) d
11 48 (br, 1 H), 10.30 (m, 1 H), 8.39 (s, 1 H),
7.39-7.24 (m, 6 H), 6.78 (m, 2 H), 5.46 (dd, J = 10.0,
3.6 Hz, 1 H), 5.33 (d, J 7.2 Hz, 1 H), 4.63 (m, 2 H),
4 54 (dd, J = 12.4, 4.0 Hz, 1 H), 4.19 (m, 1 H), 4.12
(dd, J = 10.4, 3.2 Hz, 1 H), 4 06 (m, 1 H), 3.55 (dd,
J = 10.4, 1.6 Hz, 1 H), 3.40 (s, 3 H); ES1 MS' 512
(M+l). Exam ple Z-20 (3 >.11a/e)-3-
(CvclohexyImethyl)- N-[(2,4-dilluorophenv]) methyl]
-6-hydioxy 5,7-dioxo-2, 3.5.7, 11,1la-hexahy dro
[l.3iox azolo[3,2-a]pyrido[1,2- d]pyrazine
-8-carboxamido The title compound was made in two
steps using a similar process to that described i
example Z-2. 16a (36 mg, 0.08 mmol) and (2S
)-2-armno-3-cyclohexyl-1-propa pol (30 mg, 0.19 mmol)
were reacted in dichloromeihane (2 mL) with acetic
acid to give (3 v,11a7t>)-3-(cyclohexylmethyl)-L
K2,4-difluorophenyl)methyl]-5,7-dioxo-6-[(phenylme
thyl)oxy]-2,3,5,7,11,11a-hexahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carboxa mide (27 mg, 61%),
This material was hydrogenated in a second step as
described inexample Z-2 to give (3.S;i.a
R)-3-(cyclohexyh tiethyl)- N4(2,4-difl
uorophenyl)methyl]-6-hydroxy-5,7-dioxo-2,
3,5,7,11,11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide (25 mg, 99%) as a white
solid. NMR (CDCl3) d 11.48 (br, 1 H), 30.28 (s, 1 H),
8.33 (s, 1 H), 7.33 (m, 1 H), 6,78 (m, 2 H), 5,29 (m,
1 H), 4,61 (m, 2 H), 4.47-4.33 (m, 3 H), 3.87-3.81 (m,
2 H), 2,05 (m, 1 H), 1.75-1.64 (m, 6 H), 1.39 (m, 1
H), 1.25-1, 14 (m, 3 H), 1.02-0.97 (m, 2 H); ES 1 MS:
488 (M+1). Example Z-2i: (36
,11ai?)-N-[(2,4-Difluoroi3henyl)methyI]-6-hydroxy3-(l-
methylethy l)-5,7-dioxo-2.3,5. 7,11 ,11a-hexahydro[1
,3]oxazolo[3,2-a]pyrido[1,2- d]pyrazine -8-carboxamide
. The title compound was made in two steps using a
similar process Lo that described in example Z-1 . 16a
(42 mg, 0.09 mmol) and
(2-S)-2-amino-3-methyl-1-butanol (0J mL) were reacted
in 1,2-dichlorocthane (8 mL) with acetic acid to give
(3S ,11aR)
-N-[(2,4-difluorophenyl)methyl]-3-(1-methylethyl)-5,7-
dioxo-6-t(phenylme(.hy l)oxy]-2,3,5,7,11,l
Ia-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
W']pyrazine-8-carboxamide (40 mg, 86%). This material
was hydrogcnated in a second step as described in
example Z-I to give (3.9,1 l
a/i!)-N-[(2,4-difluorophenyl)methyl]-6-hydroxy-3-(1-me
thylethyl)-5,7-dioxo-2,3,5,
V,1l.11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide (34 mg,99%) as a while solid.
1H NMR (CDOb) d 10.29 (br, I H), 8.36 (s, 1 H), 7.33
(m, 1 H), 6.79 (m, 2 H), 5.29 (d, J = 6.4 Hz, 1 H),
4.61 Cm, 2 H), 4.44 (d, J = 9.6 HK, 1 H), 4.34 (m, 1
H), 4.17 (m, 1 PI), 4.02 (dd, J = 8.4, 5.2 Hz, 1 H),
3,86 (m, 1 H), 2,37 (m, 1 H), 0,97 (m, 6 H); ES+ MS:
434 (M+t). Examp l Z-22:
(5aJ?,14a^)-N-[(2.4-DifluorophenvI)methyl]-12-hydroxy]
1. 3-dioxo-5a.6a.7, 11. 13.14ahGxahydro-
5//-iiidenol.l',2':4.5j [i,3]oxazo]o[3,2-fl]
pyrido[1,2- d]pyrazine -10-carboxamid e. The title
compound was made in two steps using a similar process
to that described i example Z-I. 16a (42 mg, 0 09
mmo]) and Q S,2/i0-1-amino-2,3-dihydro-1.#-inden-2-ol
(100 mg, 0.67 mmol) were reacted m ] ,2-dichloroethane
(5 mL) with acetic acid to give (5aR,14a S )-N
-[(2,4-difluorophenyl)methyl]-11,
13-dioxo-12-[(phenyhnethyl)oxy]-5a,6a,7
,11,13,14a-hexahydro-5if-indenoll l,2
:4,5l[l,3loxazolo[3,2- a]pyrido[1,2- d]pyrazine-10-c
arboxamide (55 mg, 99%), This material was
hydrogenated in a second step as described in example
Z-I to give
(5a/f,14a"5)--V-[(2,4-difliiorophenyl)methyl]-12-hydro
xy-11,13-dioxo-5a,6a,7,11,13,14ahexahydro-
r-indono[l',2'M.5lCl.SJoxazolo[3,2-a]pyrido[1,2-
d]pyrazine-10-carboxamid e (45 mg, 97%) as a white
solid. 1H NMR (CDCU) d 10,28 (m, 1 H), 8.33 (s, 1
H),7.69 (d, J =7 2 Hz, 1 H), 7,34-7.19 (m, 4 H), 6,78
(m, 2 H), 5.96 (d, J =6,0 Hz, 1 H), 5,32 (m, 1 H),
5.22 (m, 1 H), 4,60 (m, 2 H), 4.45 (d, J =9,2 Hz, 1
H), 3,96 (apparent t , J = 10,8 Hz, 1 H), 3.40 (dd, J
= 18,0, 6.8 H , 1 H), 3,24 (d, J = 17,6 Hz, 1 H); ) ;
ES+ MS: 480 (M+ 1). Exam ple Z-23 & Z-24: (2S/SR
11a6)-./V: [(2,4-Diluorophenyl)methyl]-6- hydrox
v5,7-dioxo-2,3-diphenyl-2 .3,5,7, 11. 11a-hexahydro[1
,3]oxa zolo[3,2- a]pyrido[1,2- d]pyrazine
-8-carboxamido & (2 3 , 1l aR)-N-[(2,4-difluoro phen
v])me thyl]-6-h ydroxy-5.7-dioxo-2.3-diphenyl-2
,3,5.7, 11.] 1a hexahydro[1 ,3]oxa zolo[3,2- a]pyri
dof3,2- lpyfa7 ne-8- car boxaimde. The title compounds
were made in two steps using a similar process to that
described ;m example Z-I. 16a (40 mg, 0.09 mmol) and (
S',2 /O-2-amino-1,2-diphenylethanol (50 mg, 0.23 mmol)
were reacted in 1,2-clichloroethane (5 mL) with acetic
acid t o give (2S,372, n aS) -N
[(2,4-difluorophenyl)methyl]-5,7-dioxo-2,3-diphenyl-6-
[(phenylmethyl)oxy]-2,3,5,7,11,11a-hexahydro[1,3]oxazo
lo[3,2-a]pyrido[1,2- d]pyraz;inG-8-carboxamide (34 mg,
63%) and (2S ,3/i>,11aii >) -N
[(2,4-difluorophenyl)methyl]-5,7-dioxo-2,3-diphenyl-6-
[(phenylmethyl)
oxy]-2,3,5,7,1l,11a-hexahydro[1,3]oxazolor3,2-a]pyrido
[1,2- d]pyrazine-8-carboxai ide (13 mg, 24%). These
materials were hydrogonated in a second step a s
described in example Z-I to give (2S ,3R,11a,S)-N
-[(2,4-Difluorophenyl)methyll-6-hydroxy-5,7-dioxo-2,3-
diplionyl-2,3,5,7, 11,1la-hexahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-B-carboxamide (example Z-23,
20 mg, 99%) a s a white solid and (2S ,3R,11aiO-
N-[(2,4-difluorophenyl)methyl]-6-hydroxy-5,7-dioxo-2,3
-diphenyl-2, 3,5,7, H,11a-hexahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carboxamide (example Z-24,
10 mg, 89%) a s a white solid respectively. For
example Z-23: 1H NMR (DMSOnV) d J0.29 (t, J = 5.6 Hz,
3 H), 8.55 (s, 1 H), 7 38 (m, 1 H), 7 22 (m, 1 H), 7
11-6.95 (m, 11 H), 6.16 (dd, J = 10.4, 3.6 H , 1 H),
5.71 (m, 2 H), 4.90 (m, 1 H), 4,54 (m, 2 H), 4.38 (l,
J = 11 2 Hz, 1 H); ES+ MS: 544 (M+l). For example
Z-24: 1H NMR (CDCl 3) d 11,64 (br, 1 H), 10.30 (s, 1
H), 8.45 (s, 1 H), 7.34 (m, 1 H), 7,01-6.90 (m, 10 H),
6 80 (m, 2 H), 5.56 (m, 2 IT), 5.42 (d, J 6.4 Hz, 1
H), 4.73 (m, H), 4.63 (m, 2 H), 4.49 (m, 1 H); ES+ MS:
544 (M+l) Example Z-25-" (3/g,
11a6)-/V-[(2,4-DifluoroDhonv l)me thyl] -6-hydroxy-3
-(l -methylethyI)-5 7-dioxo-2.3.5, 7,11
11a-hcxahydro[1 ,3]oxaz olo[3 ,2-fl3ryrid o[1,2-
d]pyra zmo-8-carboxamido .The title compound was made
in two steps using a similar process to that described
in example Z-I . 16a (40 mg, 0,09 mmol) and (2i
)-2-amino-3-methyM-butanol (0J mL) wore reacted in
1,2-dichloroethane (8 mL) with acetic acid to give
(3R,11a > A;
[(2,4-difluorophenyl)methyI]-3-(1-methylethyl)-5,7-dio
xo-6-[(phenylmethy ])oxy]-2,3,5,7,l
1,Jla-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2- d]pyrai
ine-8-carboxamide (41 mg, 92%). This material was
hydrogenated in a second step as described in example
Z-I to give (3/^11a S) -N
-[(E,4-Difluorophenyl)methyl]-
-hydroxy-B-(1-methylethy^-5,7-dioxo-2,3,5, 7, l -
,11a-hexahydro[1,3]oxazolo[3,2-,dpyr  do[1,2-
d]pyrazine-8-carboxamide (32 mg, 94%) as a white
solid. 1H NMR (CDCl3) d 11.42 (br, 1 H), 10.27 (br, 1
H), 8.34 (s, 1 H), 7.31 (m, 1 H), 6.78 (m, 2 H), 5 28
(d, J = 6.0 Hz, 1 H), 4.60 (m, 2 H), 4.42 (m,1 H ),
4.33 (m, H), 4.16 (m, H), 4.01 (dd, J = 8.8, 5.2 Hz, 1
H), 3.85 (m, H), 2.37 (m, 1 H), 0.97 (d, J = 6.8 Hz, 3
Ii), 0.95 (d, J = 6.4 Hz, 3 H); S 1 MS: 434 (M+ 1).
Example Z-26
(3-.SUlaR)--V-[C2.4-Difliiorophenyl)methyl]-6-hydroxy-
3-l2-(methylthio)eth yl1-5.7-dioxo- 2,3,5,7,
11,11a-hoxahydro[1 ,3]oxa zolo[3,2-a]pyrido[1,2-
d]pyra ne-8 carboxamide.The tiile compound was made in
two steps using a similar process to that described in
example 7,-1. 16a (43 mg, 0.09 mmol) and
(2,S)-2-amino-4-(methylthio)-1 -butanol (0.1 mL) were
reacted n 1,2-dichlorocthane (5 mL) with acetic acid
to give (3S,l l a
-N-[(E,4-difluorophenyl)methyl]-3-[2-Cmethylth^ethyl]-
S,7-dioxo-6-LCphenyl metliyl)oxy]-2,3 5 ,11 l
a-hexahydro[1,3]oxazo ofS,2-a]i yr
ido[1,2-d]pyrazine-8-carbox amide (41 mg, 81%). This
material (20 mg, 0.04 mmol) was treated with
trifluoroacctic acid (1 mL) in dichloromethane (3 mL)
a t 0 C to r t over 6 h . The mixture was concentrated
m vacuo and subjected to reverse phase preparative
HPLC purification to provide (3S, a/
-N-1(2/1-Difluorophenyl)methyl]-6-hydroxy-3-[2-(methyl
thio)ethyl]-5,7-dioxo- 2,3,5,7, 11,
l1a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-d]pyra
ine-8-carboxam de (12 mg, 72%) as a white solid. . 1H
NMR (Cl)Cb) d 11.35 (br, 1 H), 10 25 (s, 1 H), 8.34
(s, 1 H), 7 33 (m, 1 H), 6.79 (m, 2 H), 5 32 (m, 1 H),
4.62-4 53 (m, 3 H), 4.43-4.39 (m, 2 H), 3 91-3.87 (m,
2 H), 2,63-2.53 (m, 2 H), 2,39 (m, 1 H), 2,12 (s, 3
Pl), 1.89 (m, 1 H), ES+ MS 466 (M+ 0 Exam ple Z-27 L S
UaR) --V-[(2,4-Wifluoroi3henyl)me(hyl]-6-hydro
cy-3-[2-(methylsulfonyl)ethyl]-5,7-di oxo-2 3,5,7,11,
l]a-hexahydro[l,3]ox
azolo[3,2-a]pyrido[1,2-d]pyrazme-8-carboxamidc. 360H
To a solution of (3S,11aR)
-N-[(2,4-difIuorophenyl)methyl]-3-[2-(methylthio)ethyl
]-5,7-dioxo-6-[(phenyl
methyl)oxy]-2,3,5,7,11,11a-hexahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carbox amide (20 mg, 0.04
mmol) in dichloromethane (5 mL) at 0 C was added
m-CPBA (20 mg, 70%, 0.082 mmol). The resultant
solution was allowed to warm as the bath warmed and
stirred a total of 3 h . The reaction was quenched by
the addition of Na2S2O3 (aq) and sodium bicarbonate.
The layers were separated and the organic layer washed
with brine. The aqueous layer was extracted with
dichloromethane and the combined organics dried over
Na 2SO4. Filtration and concentration provided
(3S,11aR)
-N-[(2,4-difluorophenyl)methyl]-3-[2-(methylsulfonyl)e
thyl]-5,7-dioxo-6- [(phe
nylmethyl)oxy]-2,3,5,7,11,11a-hexahydro[1,3]oxazolo[3,
2- a]pyrido[1,2- d]pyrazine-8-car boxamide (26 mg,
99%) as a white solid. This material was hydrogenated
in a second step as described in example Z-1 to give
(3S,11aR)
-N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-[2-(methyl
sulfonyl)ethyl]-5,7-di oxo-2,3,5,7,11,
11a-hexahydro[1,3]oxazoIo[3,2-a]pyrido[1,2-
d]pyrazine-8-carboxamide (22 mg, 99%) as a white
solid. 1H NMR (CDCl3) d 11 .00 (br, 1 H), 10.16 (s, 1
H), 8,33 (s, 1 H), 7.36 (m, 1 H), 6.81 (m, 2 H), 5.42
(m, 1 H), 4.62 (m, 3 H), 4.41 (m,2 H), 3.93 (m, 2 H),
3.31 (m, 2 H), 2.98 (s, 3 H), 2,40 (m, 1 H), 2.28 (m,
1 H); ES+ MS: 498 (M+l). Example Z-28:(3S,11aR)
-N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-(1
H-indol-3-ylmethyl)-5.7-dioxo
-2,3,5,7,11,11a-hexahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carboxamide. The title
compound was made in two slops using a similar process
to that described in example Z-1. 16a (43 mg, 0,09
mmol) and (2S)-2-amino-3-(1 H-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-1(2,
4-difluorophenyl)methyI]-3-(1
H-indol-3-ylmethyl)-5,7-dioxo-6- [(phenyl
methyl)oxy]-2,3,5,7,11, 11a-hexahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carbox amide (36 mg, 64%).
This material was hydrogenated in a second step as
described in example Z-1 to give (3S ,11aR)
-N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-(1
H-indol-3-ylmethyl)-5,7-dioxo -2,3,5,7,
11,11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide (29 mg, 95%) as a white
solid. 1H NMR (CDCI3/CD3OD) d 10.34 (m, 1 H), 8.98
(br, 1 H), 8,24 (s, 1 10 , 7.58 (d, J = 8.0 Hz, 1 H),
7.32 (m, 2 H), 7. 15-7.01 (m, 3 H), 6,78 (m, 2 H), 4
94 (d, J = 6 8 Hz, 1 H), 4.71 (d, J = 5.6 Hz, 1 H),
4.59 (m, 2 H), 4.35 (d, J = 10.4 Hz, 1 H), 4.22 (m, 1
H), 3,99 (m, 1 H), 3,81 (m, 1 H), 3,40 (dd, J = 13.6,
11.6 Hz, 1 H), 3.18 (dd, J = 14.0, 8.4 Hz, 1 H); ES+
MS: 521 (M+ 1). Example Z-29: (4R,12aR)
-N-[(4-fluorophenyl)methyl]-7-hydroxy-4-methyl-]
-(2-methylpropyl)-6 8-diox- J ,2.3.4. 6 .8.12,12a -oct
ahydi Vr idolr ,2': ,5ii3vr'a inol3,2- 1r yri midi
c-9-carboxamid a)
(2/tD-2-({[(1,1-Dimethylethyl)oxy]carbonyl}amino)propy
l methanesulfonate. To a stirred solution of I,1
-dimethylethyl [(19-2-hydroxy-1-methylethyl]carbamaLc
(5.00 g, 28.5 mmol) and triethylamine (5.92 mL, 42,9
inmol) in CH2CI2 (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) m CH2CI2
(25 mL), Stirring was continued for 20 minutes at 0 C,
after which time the reaction was judged complete by
TIJC analysis (i:i hexanes/EtOAc). The solution was
poured into water and the layers wore separated. The
organic phase was washed with 0.1 N HC1 and then with
5% NaPICOs, dried over Na2SO i, filtered and
concentrated t o give (2/ij)-2-({i.(1,l -d
methylethyl)oxyjcarbonyl}amino)propyl methanesulfonate
(7.08 g, 98%) as a white solid. 1H NMR (400 MHz,
CDCL?) d 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 (br s , 1H). b) 1, 1-Dimefhylethyl
[(1/t!)-2-cyano-1-methylethyl]carbamate. To a stirred
solution of (2
2?)-2-({[(1,1-dimethylethyl)oxy]carbonyl}amino)propyl
methanesulfonate (7.08 g, 27.9 mmol) in DMSO (50 mL)
was added NaCN (3.78 g, 84,0 mmol). The solution was
stirred a t 70 C for 2 hours, over which time the
formation of a precipitate was 163observed, After
cooling at room temperature, water was added and the
mixture was extracted with EtaO, The ethereal layers
wero washed with a brine solution, dried over NaaSO i,
filtered and concentrated to give 1,1-dim ethyl ethyl
[(1R)-2-cyano-1-methylethyl]carbamate (3.81 g, 73%) as
a pale yellow solid. 1H NMR (400 MHz, CDCl3) 6 1.30
(d, J = 6.8 H , 3H), 1.42 (s, 9H), 2.5 (dd, J = 3.8,
16.6 Hz, 1H), 2.73 (m, -H), 3,93 (m, 1H), 4.G3 (br s ,
1H), c) 1,1-Dimethylethyl [(I
-3-amino-1-methylpropyl]carbamate, A solution of 1,
.-dimethylethyl K1/i?)-2-cyano;
.1-methylethyl]carbamate (1.30 g, 7.1 mmol) in ethano]
saturated with anhydrous ammonia was treated with
Raney-Ni (1,5 mL of 50% aq. Suspension) and 55 psi of
H 2 overnight, The mixture was filtered through Celite
and the filtrate was concentrated in vacuo. The
residue was purified by flash chromatography (80:i9:l
CI-lsCb/MeOH/NH-iOH (37%) gradient olution) through a
short plug of silica gel to give 1,1 -dimethylethyl rq
/i9-3-amino-1 -methylpropyl]carbamate (1 37 g , 100%)
as a clear oil that solidified. 1H NMR (400 MHz,
CDCl,) d 1.14 (d, J 6.8 Hz, 3H), 1.43-3.62 (m, 13H),
2.76 (m, 2H), 3.77 (m, 1H), 4.57 (m, Hi). d) 1,1-
Dimethylethyl {(3 R)
-3-methyl-3-[(2-methylpropyl)amino]propyl}carbamate.
1,1-dimethylethyl
[(l/t!)-3-amino-1-methylpropyl]carbamato (0.320 g,
1.70 mmol), isobutyraldehydc (150 mL, 1,62 mmol), and
sodium triacetoxyborohydride (0,512 g , 2.42 mmol)
wore stirred in anhydrous dichloroethane (10 mL) at
ambient temperature overnight. The reaction was
quenched by the addition of saturated NaHCO,I andthen
extracted with dichloromeihane, The combined extracts
were washed with water, dried over NasSO-i, filtered
and concentrated. The residue was purified by flash
chromatography (80:19:1 ClhCb/McOH/NBUOH (37%)
gradient elution) through a short plug of silica gel
to afford 1,1-dimethylethyl
{(1R)-1-methyl-3-[(2-methylpropyl)aminoJpropyl}carbarn
ato (0.158 g, 40%) as a clear O1I. iH NMR (400 MHz,
CDCl3) 5 0,90 (d, J = 6.4 Hz, 6H), J.13 (d, J = 6.4
Hz, 3H), 1.42-1.51 (m, HH), 1.67-1.75 (m, 2H),
2,33-2.42 (m, 2H), 2.58-2.72 (m, 2H), 3.72 (m, 1H),
5,20 (m, 1H). c)
[(3/$-3-Aminobutyl](2-methylpropyl)amino. An ice cold
solution of 1,1-dimethylethyl
{(1/i)-1-methyl-3-[(2-methylpropyl)amino]propyl}carbam
ate (0.158 g, 0.65 mmol) in TtIF (8 ml) was treated
with 4 N HCl (aq) (2 mL) and then stirred at room
temperature for 2 h. The mixture was concentrated in
vacuo to give [(3R)-3-aminobutyl](2-methylpropyl)amine
dihydrochloride. The HCl salt was then dissolved in
dichloromethane and a minimal amount of methanol and
treated with solid supported carbonate resin
(MP-Carbonate, Argonaut Technologies). After 30
minutes, the solution was filtered through a fritted
tube and the solvents removed carefully i vacuo to
give [(3 R)-3-aminobutyl](2-methylpropyl)amino (65
mg). 1H NMR (400 MHz, CDCL3) d 0,88 (d, J = 6.0 Hz,
6H), 1.06 (d, J = 5.6 Hz, 3H), 1.23-1 53 (m, 5H),
1.71-1.74 (m, 1H), 2.39 (m, 2H), 2.65 (m, 2H), 2,97
(m, 1H). f) (4R,12a
R)--VK4-Fluorophenyl)methyl]-7-hydroxyl-methyl-1-(2-me
thylpropyl)-6,8-dioxo-1,2,3, ,6,8,12, 2a-oct
ahydropyrido[1',2':4,5]pyrazino[1,2- ]pyri
midine-9-carboxami de, The title compound was made in
two steps using a similar process to that described in
example Z-2. 16 (40 mg, 0.09 mmol) and
[(32f)-3-aminobutyl](2-methylpropyl)amine (65 mg, 0.45
mmol) were reacted in dichloromethanc (2 mL) with
acetic acid to give (47^12a R) -N
-[(4-fluorophenyl)methyl]-4-methyl-1-(2-methylpropyl)-
6,8-dioxo-7-[(phen ylmethyl)oxyl- 1,2,3,4,6,8,1 2,
12a-octahydropyrido[1',2':4,5]pyrazino[1,2-a]pyrimidin
e-9 -carb axamide (29 mg, 60%), This material was
hydrogenated m a second step as described in example
Z-2 t o give 



(4 R,12ai
)-7V-[(4-rluorophenyl)methj'l]-7-hydroxy-4-methyl-1-(2
-methylpropyl)-6,8-diox
o-1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazin
o[1,2-a]pyrimidine-9-carboxamid e (18 mg, 75%) as a
tan solid. 1H NMR (400 MHz, GDCIa) d 0.77 (d, J = 6.4
Hz, 3H), 0.84 (d, J - 6,4 Hz, 3H), 1.32 (d, J = 7.2
Hz), 1.45-1.49 (m, JH), 1.57-1.67 (m, 1H), 2.03-2.12
(m, 2H), 2.21-2.27 (m, "1H), 2.73-2.79 (m, 1H),
2.87-2.92 (m, 1H), 4,16-4.24 (m, 2H), 4,45 (s, 1H),
4.54-4.64 (m, 2H), 4.96-4.99 (m, 1H), 6.96-7.00 (m,
2H), 7.29-7,32 (m, 2H), 8.27 (s, 1H), 10.46 (s, 1H),
.12,55 (s, 1H); S+ MS: 456 (M+ 1). Example Z-3Q: (4/
,12a/ -N-[(4-Fluorophoiiv
l)methy1]-7-hydroxy-4-methyl-l-(] -methy leth
yl)-6,8-diox o- 1,2,3.4, 6.8.12.12aOctahydropyri
do[1',2':4,5]py razi
no[1,2-^1pyrimidine-9-carboxamida)
[(3i$-3-Aminobxityl](_ -methylethyl)amine. The free
diamine was prepared in a similar manner as described
in example Z-29. 1H NMR (400 MHz, GDCIs) d 1.04 (d, J
= 6.4 Hz, 6H), 1.06 (d, J 6.4 Hz, OH), 1.4 1-1. 58 (m,
5H), 2,62-2,66 (m, 2H), 2.74-2.80 (m, 1H), 2.92-3.00
(m, 1H). b) (4R,12aR)
-N-[(4-Fluorophenyl)methyl]-7-hydroxy-<|-mel.hyl-1-(1-
mcfchylethyl)-6,8-diox o-1,2,3,4,6,8,12,
12a-octahydropyrido[1',2':4,5]pyrazino[1,2-a]pyrimidin
e-9-carboxamid e . The UUe compound was made in two
steps using a similar process to that described in
example Z~2. 16 (40 mg, 0.088 mmol) and
[(3R)-3-aminobutyl](1-methylethyl)an.ine (78 mg, 0.60
mmol) were reacted in dichloromolhane (2 mL) with
acetic acid to give (4/^12a R)
-N-[(4-fluorophenyl)methyl]-4-methyl-1-(1-methylethyl)
-6,8-dioxo-7- [(phenyl methyl)oxy]-
1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazino[
1,2-c3jpyrimidine-9-c arboxamide (26 mg, 56%). This
material was hydrogenated in a second step as
described in example Z-2 to give (4R,12aR)
-N-[(4-iluorophenyl)methyl]-7-hydroxy-4-methyl-1-(l
-methylethyl)-6,8-dioxo
-1,2,3,4,6,8,12,12a-octahydropyrid.o[1',2'
4,5lpyrazino[1,2-a]pyrimidine-9-carboxamide (21 mg,
90%) as an off-white solid. H NMR (400 MHz, COCl ) d
1.01 (d, J 5.6 Hz, 3H), 1.06 (d, J = 6.0 Hz, 3H), 1.31
(d, J = 6.8 H , 3H), ,57 (m, 1H), 1,98 (m,
1H),2.70-2.82 (m, 2H), 3.15 (m, 1H), 4.15-4,19 (m,
1H), 4,30 (m, 1H), 4.48 (s, 1H), 4.54-4.59 (m, 2H),
4.97 (m, 1H), 6,98 (m, 2H), 7,29-7.32 (m, 2H), 8.27
(s, 1H), 10.49 (s, 1H), 12.52 (s, 1H), Examples Z-31:
(46 .]2a lg>-A^-|(2,4-Difluorophenv l)m efchyl]
-7-hydroxy-4-methyl -1-(2 -methylDropyl)-6,8- dioxo-]
,2.3 ,4,6, 8 ,12.12a-ociahydropyri do[1',2':4,5]py
vazin oU,2-a]pyrimidine-9-carboxa a) 1,1-Dimcihyleihyl
[(1>S)-2-cyano-1-methylethyl]carbamat,e. The niirilo
was prepared in two slops using a modified procedure a
s described in example Z-29. To a stirred solution of
(2<S>-2-({[(1,3
-dimethylethyl)oxy]carbonyl}amino)propyl
methanesulfonate (8.40 g, 33.2 mmol) in DMSO (50 m )
and KCN (6.51 g, 100.0 mmol) coolod t o 0 C was added
18-crown-6 (9.05 g, 34.3 mmol). The solution was
allowed to warm t o room temperature and then heated
to 70 C for 1 hour. After cooling at room temperature,
water was added and the mixture was extracted with
EtaO, The ethereal layers wore washed with a brine
solution, dried over Na'iSO-i, filtered and
concentrated to give 1, 1-dimethylethyl f(l
S)-2-cyano-1-methylethyl]carbamate (5.37 g, 88%) a s a
pale yellow solid. 1H NMR (400 MHz, CDCL ) d 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 (br s ,
Hi).b) [(85)-3-Aminobutyl](2-methylpropyl)amine
dihydrochloridc was prepared in a similar manner as
described in example Z-29. 1H NMR (400 MHz,
CDCI3/CD3OD) 8 0,99 (m, 6H), 1.34 (m, 3H), 2.3 3-2.27
(m, 3H), 2.76 (m, 2H), 3.07 (m, 2H), 3.47 (m, 1H),
8.22 (m, 1 H), 8.83 (m, <1 H), c) ( *Y,12a S
-N'-[(2,4-Difluorophenyl)methyl]-7-hydroxy-4-methyM-(2
-methylpropyl)-6,8- dioxo- 1,2,3,4,6,8,12,
12a-octahydropyrido[1',2':4,5]pyrazino[1,2-
a]pj'rimidine-9-carboxa made. The title compound was
made in two sieps using a similar process t o that
described in example Z-2. 16a (80 mg, 0.17 mmol) and
free based [(3 S -3-ampiobutyl](2-mof,hylpropyl)amine
(107 mg, 0,74 mmol) were reacted m dichlorometha ai e
(2 mL) with acetic acid o give (4,9, 12aS) -N
-[(2,4-difluorophenyl)methyl]-4-methyl-1-(2-methylprop
yl)-6,8-dioxo-7-[(p
henylmethyl)oxy]-1,2,3,4,6,8,12,12a-octahydropyrido[1'
,2':4,5]pyrazino| 1,2- a]pyrimidi ne-9-carboxamide (76
mg, 76%) as a film, This material was hydrogenatcd in
a second stop as described in example Z-2 to give (4
5r,12a
-N-[(2,4-difluorophenyl)methyl]-7-hydroxy-4-methyl-1-(
2-methylpropyl)-6,8- dioxo-1,2,3,4,6,8,
12,12a-octahydropyrido[1',2':4,5]pyra2ino[1,2-
a]pyrimidine-9-carboxa mide (39 mg, 80%) as an
off-white solid. 1H NMR (400 MHz, CDCI.3) d 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), 1697.32-7.38 (m, 1H), 8.26 (s, 1H), 10.45 (s,
1H), 12.56 (s, 1H); ES+ MS: 75 (M+ 1). Example Z-32 :
(4>g.l2a-5)-l-(Cvclopropylmethyl)-.V-[(2,4-difluorophe
nyl)methyi|-7-hydro cy-4-methyl-6 ,8-
dioxo-1,2.3.4.6.8.1 2.12a-oci ahvdropyri
do[1',2':4,5]py razhio[J ,2-ff]pyrimidine-9-carbo
xamide . a) 1,1-Dimethylethyl {(1
S)-3-|(cyclopropylmethyl)aminoJ-1-methylpropyl}cavbama
te, The protected diamine was prepared using a
modified procedure as described in example Z-29.
1,1-dimethyletl ayl
[(15)-3-amino-1-methylpropyl]carbamate (0.293 g, 1.56
mmol), cyclopropane carboxaldehydo (96 mL, 1,30 mmol),
and sodium triacotoxyborohydride (0,439 g, 2,07 mmol)
were stirred in a I l mixture of anhydrous
dichloroethano and tetrahydrofuran (10 ml) at ambient
temperature overnight. The reaction was quenched by
the addition of saturated NaIiCOa and then extracted
with EtOAc, The combined extracts were washed with
saturated NaHGOa, then a solution of brine, dried over
NasSO-i, filtered and concentrated. The residue was
purified by flash chromatography (80:19:.
ClbCk/MeOH/NtLiOH (37%) gradient elution) through a
short plug of silica gel to afford 1,1-dimethylethyl
{(KS^-3-[(cyclopropylmethyl)aminoJ-1-methylpropy^carba
mate (76 mg, 26%) as a clear oil. 1H NMR (400 MHz, CT)
Ch) 6 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, 3Ii), 1.43-1,70 (m,
12Ii), 2,38-2.50 (m, 2H), 2,62-2.73 (m, 2H),3.74 (m,
3H), 4.88 (m, _H). b) [(3
S)-3-Aminobutyl](cyclopropylmethyl)amine
dihydrochloride was prepared in a similar manner as
described in example Z-29. H NMR (400 MHz,
CDCl3/CD.sOD) d 0,40 (m, 2H), 0.64 (m, 2H), .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,12a
S)-1-(CyclopropylnietJiyl)-N-[(2,4-difluorophenyl)meth
yl]-7-hydroxy-4-methyl-6 ,8-dioxo- 1,2,3,4,6,8,12,
12a-octahydropyrido[1',2':4,5]pyraxino[1,2-a]pyrimidin
e-9-carbo Tcamide, 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](cyclopropylmethyl)amine (44 mg,
0.31 mmol) were reacted in dichloromethane (2 mL) with
acetic acid Lo give (4;12a S)-1-(cyclopropylmethyl)-
N-[(2,4-difluorophenyl)methyl]-4-methyl-6,8-dioxo-7-[
(phenylm
athyl)oxyl-1,2,3,4,G,8,12,12a-octahydropyrido[1',2':4,
5]pyrazino[1,2-a)pyrimi dine-9-carboxamide (50 mg,
83%) as a film, This material was hydrogenated in a
second step as described m example -2 to give {AS,
12a^5)-1-(cyclopropylmethyl)-A /:
[(2,4-difluorophenyl)methyl]-7-hydroxy-4-methyl-6,
8-dioxo- 1,2,3,4,6,8, 12,
l2a-ocfcahydropyrido[1',2':4,5]pyrazino[1,2v3lpyrimidi
ne-9-carbo xamide (23 mg, 56%) as an off-white solid
1H NMR (400 MHz, CDCIs) 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, LH), 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), 4.61 (s, 1H), 4.58-4.67 (m,
2H), 5,00-5.05 (m, 1H), 6.75-6.82 (m, 2H), 7.31-7.37
(m, 1H), 8.28 (s, 1H), 10,46 (s, 1H), 12.55 (br, 1H);
ES MS: 470 (M+1). Example Z-3 3 : (4 ,
12aS>-N-[(2,4-Difluo
roDhcnyl)niGthyl]-l-(2-iuranylmofchyl)-7-hydroxy-4-mol
hyl-6,8 dioxo-],2,3,4,6,8.12,12a-ociahydropyri
do[1',2':4,5]py razinol1,2-a1pyrimidine-9-carbox
amide. a) [(3 _3-3-Aminobtityl](2-iuranylmethyl)amin b
dihydrochloride was prepared in a similar manner as
described in example Z-32. 1H NMIl (400 MHz,
CDCI3/CD3OD) S 1,27 (d, J = 6.4 Hz, 3H), 1.96-2.05 (m,
IB), 2L4-2.19 (m, 1H), 3.00-3.04 (m, 2H), 3.38-3.39
(m, 1H), 4.11-4.18 Cm. 211), 6.34 (m, 1H), 6.59 (m,
1H), 7.40 (m, 1H), 8.18 (br, <1 H), 9.41 (br, < 1 H).
b) US, 12&3-N- [(2,4-Difluorophenyl)methyl]
-1-(2-furanylmethyl)-7-hydroxy-4-methyl-6,8
-dioxo-1,2,3,4,6,8,12,12a-oclahydropyridoLr,2':4,5]p3'
ra?;ino[1,2- a]pyrimidine-9-carbox amide. The title
compound was made in two steps using a similar process
to that described in example Z-2. 16a (36 mg, 0.076
mmol) and free based
[(3<S)-3-aminobutyl](2-furanylmethyl)amine (70 mg,
0.42 mmol) were reacted in dichloromethane (2 mL) with
acetic acid to give( S;12a o
N-[(2,4-difluorophenyl)methyl]-1-(2-fiu
anylmethyl)-d-methyl-6,8-dioxo-7-[(p
henyln.cfchyl)oxyj-1,2,3,4,6,8,12,12a-ociahydropyrido[
1',2':4,5]pyrazino[l ,2-a]pyrimidi ne-9-carboxamide
(32 mg, 70%) a s a film. This material was
hydrogenated in a second step as described in example
Z-2 t o give (4 S;12aS) -N -[(2,4-diflt
iorophenyl)inethyl]-1-(2-fura
pylmethyl)-7-hydroxy-4-methyl-6,8-
dioxo-1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyr
azino[1,2- a]pyrimidine-9-carboxa mide (20 mg, 76%),
as an off-white solid. H NMR (400 MHz, CDCIs) d 1.24
(d, J = 6,8 Hz, 3H), 1,45-1.49 (m, 1H), 2.04-2.13 (m,
1H), 2,77-2.82 (m, 1H), 2.94-8.01 (m, 1H), 3.65 (d, J
= 15.6 Hz, _H), 3.89 (d, J = 16.0 Hz, 1H), 4.27-4.31
(m, 1H), 4.39-4.41 (m, 1H), 4.49-4.53 (m, 1H), 4
58-4.66 (m, 1H), 4.98-5.03 (m, 1H), 6 24 (m, 1H), 6.36
(m, 1H), 6.75-6.82 (m, 2H), 7.31-7.39 (m, IH), 7.40
(m, 1H), 8.26 (s, 1H), 10,47 (m, Hi), 12.50 Cbr, 1H);
RS 1 MS: /J99 (M+ 1). Example 34 (4>g;
i2a>5)-./V-[(2.4-DifInorophenvI)methyl]-7-hydro xv-4-
methyl-6,8-dioxo-1 -(l.3-thia'zol- 2-ylmethyl)- 1.2,3,
4,6.8,12,12a-octahydr spyri do[1',2':4,5]py x'azino[
1,2 -a1pvrimidinc-9-c arboxamide. a) [(3S
)-3-Aminobutyl](1,3-thiazol-2-ylmethyl)amine
dihydrochloride was prepared in a similar manner as
described in example Z-32. 1H NMR (400 MHz, CDCWCDJOD)
d 1.28 (d, J 6.4 Hz, 3H), 2.05 (m, 1H), 2,17 (m, 1H),
3.20 (m, 2H), 3.39 (m, 1H),4.51-4.58 (m, 2H), 7.52 (d,
IHl), 7.82 (d, 1H). b) (4<5',12aS -N-[(2,4-Difl
orophenyl)methyl]-7-hydroxy-4-i
ethyl-6,8-dioxo-1-(1,3-thiazol-
2-ylmethyl)-1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4
,5]pyrazino[1,2-a]pyrimidine-9-c arboxamide. The title
compound was made in two steps tismg a similar process
t o that described in example Z-2. 16a (35 mg, 0,074
mmol) and free based [(3 >-3-aminobutyl](1,3-t
liia'5ol -2-yhiiethyl)amine wore reacted in
dichloromethanc (2 ITiL) with acetic acid to give (4
S',12aS)-iV:
[(2,4-difluorophenyl)methyl]-4-methyl-6,8-dioxo-7-[(ph
nylmethyl)oxy|-1-
(1,3-thiazol-2-ylmethyl)-1,2,3,4,6,8,
12,12a-octahydropyrido[1',2':4,5]pyrazino[1,2-a]pyr
imidine-9-carboxamide (36 mg, 80%) as a film. This
material was debenzylated in a second step to in a
manner similar to Z-26 to give
(4S,12a"5)-N-[(2,4-difluorophenyl)methyl]-7-hydroxy-4-
methyl-6,8-dioxo-1-(1,3-thiazol- 2-ylmethyl)-J
,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazino[1
,2- a]pyrimidine-9-c arboxamide (18 mg, 60%) a s an
off-white solid. H NMR (400 MHx, GDCL ) d 1.30 (d, J =
7.2 Hz. 3H), 1.49-1. 53 (m, 1H), 2.12-2,18 (m, 1H),
2.93-2.96 (m, 1H), 3,07-3.13 (m, 1H), 3,99-4.03 (m,
1H), 4 13-4.17 (m, 1H), 4.24-4.27 (m, 1H), 4.57-4.61
(m, 3H), 5.03-5.06 (m, 1H), 6.75-6.82 (m, 2H), 7.26
(m, 1H), 7.31-7.37 (m, 2H), 7.76 (m, 1H), 7.94 (m,
1H), 10,40 (m, 1H), 12.48 (m, 1H), ES+ MS 516 (M+l),
Example Z-35: racomiC'{4 i R ] 4a -S)-N-[(2 4-Difl
uoro phenyl)methyl]-12-hydr oxv 1 , 3-dioxo- 1.3.
4.da,5.6a,7,U, 13 ,14a-docahydro-27j "-t
yrido[1',2':4,5]py razino[1,2-fllf3,1ibGnzoxaz ine-10-
carboxamide a) v? i 7-( a / ,6a R, 1 a )-L
[(2,4-Difluorophenyl)methyl]-11,13-dioxo-12-[(phe
nylme(.hyl)oxy]-1,3,4,4a,5,Ga,7,11,13,14a-decahydro-2i
7 :pyrido[1',2':4,5]pyrazino[1,2- a]
[3,l]benzoxazine-10-carboxamide. i i cei
i'c-ci's-2-H.ydroxymethyl-1-cyclohexylammc
hydrochloride (24 mg, 0.186 mmol) was dissolved i a
dichloromethane solution containing a small amount of
methanol (to dissolve) and excess MP-Carbonate
(Argonaut Technologies) was added, the mixture was
stirred for 30 minutes, and the MP-Carbonato was
removed by filtration. The free amine solution was
transferred t o a microwave vessel containing 16a (29
mg, 0.0617 mmol). One drop of glacial acetic acid was
added and the solution was heated for 10 minutes at M0
C, The resultant solution was absorbed on colitc and
the material was purified by silica gel chromatography
(0- 12% methanol/dichloromethane gradient elution) to
yield the desired product as a white solid (18 mg,
53%), 1H NMR (CDCl 3) d 10 40 (m, 1 H), 8 35 (s, 1 H),
7.60 (m, 2 H), 7 34-7,26 (m, 4 H), 6.80 (m, 2 H),
5.35-5.23 (m, 2 H), 5.13 (m, 1 H ) , 4.77 (m, 1 PI),
4.70 (m, 2 H), 4.22 (dd, J = 13.2, 3.2 Hz, 1 H), 4.07
(del, J - 13.2, 6.4, I H), 3.96 (m, 1 H), 3.76 (dd, J
= 11 2, 4.4, 1 H), 2.22 (m, 1 H), 1.84 (m, 1 H),
1.74-1.40 (m, 6 H), 1,17 (m, 1 H)TES+ MS: 550 (M +J)b)
racemic <4aR,6aR 4aS)--V[(2 /
l-JDifluorophenyl)methyl]-12-hydroxy-11
,13^10X0-1,3,4, 4a,5,6a,7,1l ,13,14a-decahydro-2 H
pyrido[1',2':4,5]pyrazino[1,2-a3[3,1]bGnzoxazine-10-
carboxamide. racemic -(4aJi,6a R,
14a)-LM(2,4-Difluorophenyl)methyl]-11,13-dioxo-12-[(ph
enylmethy I)oxy]-1,3,4,4a,5,6a,7,11,13,14a-decahydro-2
H-pynclo[l i,2':4,5]pyrazino[1,2- <a][3,1]benz
oxazine-10-carboxamide (13 mg, 0,0236 mmol) was
dissolved an totrahydrofuran and 10 w.i.% Pd/C (13 mg)
was added. Hydrogen was passed through the solution
several times and the mixture was stirred at 1 atm
hydrogen for 18 hours until the reaction was
determined complete by TLC (5%
methanol/dichloromethane), The mixture was filtered
through Celtito, eluting with methanol/chloroform and
the filtrate was concentrated under reduced pressure
and purified by HP I C to yield the title compound
(7.3 mg, 73%) 1H NMR (CDClO d 12.45 (m, 1 H), 10.38
(s, 1 H), 8.30 (s, 1 H), 7.32 (m, 1 H), 6,83-6.76 (m,
2 H), 5.23 (m, 1 H), 4.75 (m, 1 H), 4.63 (m, 2 H),
4.26 (m, 1 H), 4,12-4,01 (m, 2 H), 3.83 (m, 1 H), 2.30
(m, 1 H), 1.91 (m, 1 H), 1.80 (m, 1 H), 1.67-1 40 (m,
5 H), 1 20 (m, 1 H); ES+ MS: 460 (M +1). Example Z-36:
racemic
-(4a/^.6a/g.l4a>^-L^-[(4-FluoroDhcnyl)methyl]-1
2-hydroxv-11 ,13-dioxo-l,3.4,4a, 5,6a.7.
1].13,14a-docah ydro-2-y-;pyri do[1',2':4,5]py ragin
oll ,2-fl1f3.l1ben!goxazine-1 0-car boxamidc .a)
racemicid&R,6aR, 14aS)-N- [(4-Fluorophenyl)meihyl]-
11, 13-dioxo- 12- [(phenyl
methyl)oxy]-1,3,4,4a,5,6a,7,l1,13,1'la-decahydro-2H-py
rido[1',2':4,5]pyrazino[1,2-a][3, l]benzoxazine-1
0-carboxamide, In a manner similar Lo thai described
in example Z-35, from racom 'o-c s 2-H.y dtoxymeihyl-l
-cyclohexylamino hydrochloride (50 mg, 0.303 mmol) and
16 (45 mg, 0.0995 mmol) was prepared racemicH4aR,6aK,
14aS)-N- [(4 -flu orophenyl)methyl]-1 1, 13-dioxo-
12-[(phenylmethyl)ox y]-1,3,4,4a,5,6a,7,11,
13,14a-decahydro-2H-pyrido[1',2':4,5]pyra^ino[1,2-a][3
,ilben2 qxa zine-10-carboxamide (48 mg, 91%) as a
white solid. 1H NMR (CDCIi) d 10.42 (m, 1 H), 8.37 (s,
1 H), 7.59 (m, 2 H), 7.38-7.24 (m, 5 H), 6.98 (m, 2
H), 5.26-5.18 (m, 2 H), 5.07 (m, 1 H), 4.74 (m, 1 H),
4.62-4.5l(m, 2 H), 4.20 (dd, J = 13.6, 4 Hz, I H),
4.04 (m, 1 H), 3.91 (m, 1 H), 3.71 (dd, J = 11.3, 4.8
Hz, 1 H), 2.18 (m, 1 H), 1.82 (m, 1 H), 1,73-1.63 Cm,
2 H), 1.62-1.56 (m, 2 H), 1.48 (, 1 H), 1.38 (m, 1 H),
1.14 (m, 1 H); ES+ MS: 532 (M +3). b) racemic
-(4aR,6aZt?,14a
6)-N-[(4-Fluorophenyl)methyl]-12-hydroxy-11,13-dioxo-1
,3,4,4a,
5,6a,7,11,13,14a-decahydro-2H-pyrido[1',2':4,5]pyrazin
o[1,2-a][3,1lbenzoxazine-10-car boxamide. En a manner
similar to that described in example Z-37, from
racemic -(4aR,6aR,14aS)-N-[(4-flx
iorophenyl)methyl]-1l,13-dioxo-12-[(phenylmethyl)oxy]-
1,3,4,4a,5,Ga,7,
11,13,14a-decahydro-2H-pyrido[1',2':4,5]pyrazino[1,2-a
][3,1lbGnzoxa zine-10-carboxamide (37 mg, 0.06O6 mmol)
and 10 w.t. % Pd/C (3 mg) was prepared the title
compound (18 mg, 58%) as a white solid after
purification by HPLC. 1H NMR (CDCl ) d 12.47 (s, 1 H),
10.39 (m, 3 H), 8.32 (s, 1 H), 7.30 (m, 2 H), 6.98 (m,
2 H), 5.22 (m, 1 H), 4.74 (m, 1 H), 4.58 (m, 2 H),
4,28 (dd, J = 13.2, 4 Hz, 1 H), 4J 2-3.98 (m, 2 H),
3,81 (dd, J = 11.6, 4.8 Hz, 1 H), 2.29 (m, 1 H),
1.91-3 .19 (m, 8 H); ES MS: 442 (M H-I). Example Z-37:
racemic -(3<S!4ai?.6aif,14a6VN -[(2,4- Difluoro
rhenyl)methyl]-1 2-hydro xv-11.13-dioxo-3- phen
yl-1.3,4,4a,5,6a,7, 11,13,14a-decahydro-2 H:
pyi:ido[1',2':4,5]py razino[1,2-a1f3.3]bon
zoxazine-10-carboxam.de a) racemic -(3S/ i a 6aR,
14aS) -N -[(2,4-Difl uorophenyl)methyl]-
11,13-dioxo-3-phG
nyl-12-[(phenylmethyl)oxy]-1,3,4,4a,5,6a,7,11,3
3,14a-decahydro-2^z r-pyrido[1',2':4,5]py razino[l,2-
a] tSjlbonzoxazine-10-carboxamide. In a manner similar
to that described in example Z-35, from racemic -[(1
,2 S',5S)-2-amino-5 hcnylcyclohexyl]methanol
hydrochloride (32 mg, 0 160 mmol) and 16a (30 mg,
0.064 mmol) was prepared racemic -(3 S,4a R,6a R,14a
*S)-L
[(2,4-difluorophenyl)methyl]-11,13-dioxo-3-phenyM2-[(
phenylmethy
])oxyi-1,3,4,4a,5,6a,7,11,13,14a-decahydro-2i3r-pyrido
[1',2':4,5]pyrazino[3 ,2-a][3,
llbenzoxazine-10-carboxamide (35 mg, 88%) as a white
solid, H NMR (CDCl 3) d 10.4 1 (m, H), 8,38 (s, 1 H),
7 66 (m, 2 H), 7,40-7.26 (m, 6 H), 6,81 (m. 3 H),
5.32-5.25 (m, 2 H), 5.17 (m, 1 H), 4.89 (m, 1 H),
4.66-4.62 (m, 2 H), 4.26 (dd, J = 13,6, A Hz, 3 H),
4.3 3-4.04 (m, 2 H), 3.85 (dd, "/=13 .2, 4.4 Hz, 1 H),
2.56 (m, H), 2.37 (m, 1 H), 2.03-1,64 (m, 6 H); ES 1
MS: 626 (M +l). b) i a c -(3S ,4ai
,6aR,14a,5)-iN-[(2,4-DifIuoroplionyl)methyl]-12-hydrox
y-11,13-dioxo-3- phenyl-1,3,4,4a,5,6a,7,13
,13,14a-decahydro-2i :7-pyrido[1',2':4,5]pyrazino[1,2-
al[3,l]ben zoxazine- 30-carboxamide r ac i -ic-(3
',4aR,6a R,14a,5)-N
-[(2,4-Difluorophenyl)methyl]-11,13-dioxo-3-phenyl-12-
[( phenylmethyl)oxy]-1,3,4,4a,5,6a,7,l l,13,
14a-decahydro-2/7-pyrido[1',2':4,5]pyrazino[1,
2-a][3,l]benzoxazine-10-carboxamide (27 mg, 0.0432
mmol) was suspended m 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
suspension was filtered through Celite elutmg with
methanol/chlorofbrm and the filtrate was concentrated
under reduced pressure and purified by HPLC to give
the title compound (13 mg, 57%) as a white solid 1H
NMK (CDCl 3) d 12.40 Cbr s, 1 H), 10.37 (m, 1 H), 8.32
(s, 1 H), 7.37-7.28 (m, 3 H), 7.24-7.15 (m, 4 H), 6 79
(m, 2 H), 5.78 (br s , 3 H), 4.85 (m, 1 H), 4.62 (m, 2
H), 4.29 (m, 1 H), 4.16-4.09 fan, 2 H), 3.92 (dd, J =
11.6, 4.8 Hz, 1 H), 2.58 fan, 1 H), 2,46 fan, 1 H), 2
07-1,64 (m, 7 H); ES+ MS: 536 (M +l).Example Z-38:
Sodium racemic -(4aS,6aSj4aS)-10-({[(2,4^difluorophenv
])methyl.lamino}carbonyl)-6-(2-methyl prop yl)-
ll.,13-dioxo-1,2.3.d.4a.5.6.6a.7,1l.l3.14a-dodocahydro
pyri do[1',2':4,5]pyrazino[ 1,2-a]ouina^olin-12-olate.
a) racemic -3, 1-Diiriethylethyl
[(1S,2R)-2-(hydroxymethyl)cyclohexyl]carbamate.
racemic [(.l I .,2S,5 ) 2-Axnino-5-i henylcyclohexy
l]moth&iiol hydrochloride (800 mg, 4.82 mmol) was
dissolved in MeOH (40 mL) and bis(1,1-dimethylethyl)
dicarbonate (1,16 g, 5.30 mmol) and t.riethylamine (4
mL, 28 92 mmol) were added and the mixture was stirred
18 hours at ambient temperature. The solvents were
removed under reduced pressure, ethyl acetate 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 pressure.
Purification by silica gel chromatography (9 hexanos
ethyl acetate to ethyl acetate gradient elution) gave
1,1-dimethylethyl
racemicH(1S,2Il)-2-(hydroxymethyl)eyclohexyl]carbamate
(934 mg, 85%) as a white solid. 1H NMR (CDCl3) d 4.87
[m, 3H), 4.03-3.95 (m, 2 H), 3.26 (m, 1 H), 3, 15 Cm,
1 H), 1,73-1,48 (m, 5 H), 1 38 (s, 9 H). 1.27-1,15 (m,
3 H), 0.887 (m, 1 H) b) racemic -l .1-Dimethylethyl
t(1S,2R)-2-Formylcyclohexyl]carbamate. To asolution of
dimethylsulfoxide (0.2 mJL, 2,88 mmol) in
dichloromethane (3 mL) at -78 C was added oxalyl
chloride (0.72 mL, 1.44 mmol) dropwise. The mixture
was stirred 10 minutes and racaw.K.'-1.1-dimethylethyl
[(1S,2R)-2-(hydroxymethyl)cyclohexyl]carbamaie (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 amb aent
temperature. Water was added and product was extracted
with dichloromethano, The combined organics were
washed with brine and dried over sodium sulfate.
Removal of solvents under reduced pressure afforded
raccmic ,1-dimethylethyl
[(1S,2R)-2-formylcyclohexyl]carbamate (223 mg,
quantitative) as a yellow oil. 1H NMR (CDCl 3) d 9.61
(s, 1 H), 5.19 (m, 1 H), 3,88 (m, 1 H), 2.61 (m, 1 H),
1.85 (m, 1 H), 1.63-1,49 (m, 4 H), 1.37-1 16 (m, 12
H), c) 2-acei"/c-1,1-dimet,hylethyl
((1S,2S)-2-{[(2-Methylpropyl)amino] methyl}
cyclohexyl)carbamate, race.mitrl.1-Dimethylethyl
[(1S,2R)-2-formylcyclohexyl]carbamate (223 mg, 0 982
mmol) was dissolved in dichloroethane and
2-methylpropyl)amine (0.15 mL, 1.47 mmol) and sodium
triacetoxyborohydride (290 mg, 1.37 mmol) were added
and the reaction was stirred a t ambient temperature
for 18 hours. Aqueous sodium bicarbonate was added and
the product was extracted with dichloromethane. The
combined extracts were dried over sodium sulfate and
the solvents were removed under reduced pressure.
Purification by silica gel chromatography
(dichloromethane to 1% ammonium hydroxide 19% methanol
80% dichloromethane gradient elution) affordedvacanic]
,1-dimethylethyl
((1S,2S)-2-{[(2-methylpropyl)amino]methyl}cycIohGxyl)c
arbamate (112 mg-, AOVa) as a clear colorless oil. ]H
NMR (CDCL3) d 6.06 (br s, 1 H), 3.76 (br s , 1 H),
2.63 (m, 1 H), 2,43-2.37 (m, 2 H), 2.25 (m, 1 H), 1.81
(m, 1 H), 1.71-1.59 (m, 3 H), .44-1.32 (m, H H),
1.27-1.19 (m, 2 H), 0.866 (m, 6 H). d)
racc?222ib-(1S,2S)-2-{[(2-Methylpropyl)amino]methyl}cy
clohexanamine hydrochloride. In a manner similar to
that describe in example Z-3, step o, from raa bmic
-1,1 -dimethylethyl
((1S,2S)-2-{[(2-methylpropyl)amino]methyl}
cyclohexyl)carbamate (112 mg, 0.394 mmol) was prepared
(1S,2S)-2-{r(2-methylpropyl)aminolmethyl}cyclohexanami
ne hydrochloride Q30 mg, > 100%) as a white solid. 1H
NMR (methanol- i/CDCl ) d 8,68-8.28 (m, 1 H), 3.62 (br
s , 1 H), 3.26 (m, 1 H), 2.83-2.78 Cm, 3 H) 2.54 (br
s, 3 H), 2.Vl (m, 1 H), 1 82-1 66 (m, 3 H), 1,53-1,39
(m, 5 H), 0.96 (m, 6 H). 0.766 (m, 1 H). e)
race77ws-(4aS,6aS,14aS)-N-[(2,4-DifKiorophenyl)methyl]
-6-(2-methylpropyl)-11
,13-dioxo-12-[(phenylmethyl)oxyl-1,2,3,4,4a,5,6,6a,7,1
1,13,14a-dodecahydropyrido[1',2' 4,5]
pyrazino[1,2-a]qninazoline-10-carboxamide. In a manner
similar t o that described an Z-35, from i
-acei33yc-(1S,2S)-2-{[(2-methylpropy])amino]methyl}cyc
lohexanamine hydrochloride (130 mg, 0.508 mmol) and
16a (55 mg, 0. L 7 mmol) was preparedr a
7Jrc-(4aS,6aS,14aS)-N-[(2,4-difluorophenyl)methyl]-6-(
2-methylpropyl)-11,13-diox
o-12-r(phenylmethyl)oxy]-1,2,3,4,4a,5,6,6a,7,11,13,14a
-dodecahydropyridoll l,2l:4,5]
pyrazino[1,2-a]quinazoline-10-carboxamide (44 mg, 62%)
with a 12: 1 d.r. 1H NMR (CDCl3) d 10.46 (m, 1H), 8.33
(s, 1 H), 7,59 (m, 2 H), 7.37-7,24 (m, 4 H), 6.79 (m,
2 H), 5.30-5,23 (m, 2 H), 4.75-4,56 (m, 3 H),
4.23-4.09 (m, 3 H), 2.69-2,66 (m, 2 H), 2.21-1.98 (m,
3 H), 1,80 (m, 1 H), 1.71-1.33 (m, 6 H), 1.26-1 19 (m,
2 H), 0.810 (m, 3 H), 0.720 (m, 3 H); ES+ MS. 605 (M
+1). f)
race7nyc-(4aS,6aS,14aS)-N-[(2,4-Difluorophenyl)methyl]
-12-hydroxy-6-(2-meth ylpropyl)- ,13-dioxo-
1,2,3A4a,5, 6,6a, 7, 11,13,
14a-dodecahydropyridoll\2V4, 5jpyrazin
o[1,2-a]quinazoline--0-carboxamide. In a manner
similar t o thai, described in example Z-37, from
race7"ic-(4aS,6aS,14aS)-N-[(2,4-difluorophenyl)methyl]
-6-(2-methylpropyl)-11,l3-diox
o-12-[(phenylmethyl)oxy]-1,2,3,4,4a,5,6,6a,7,11,13,14a
-dodecahydropyridoLr,2':4,5]
pyrazino[1,2-a]quinazoline-10-ca c-boxamide (39 mg,
0.064 mmol) and 10 w.i. % Pd/C (7 mg) was prepared i "
7ic -(4aS,6aS,14aS)-N-r(2,4-difluoroph enyl)methyl]-12
hydr oxy-6-(2-mei hylp -opyl)
-Il,13-dioxo-1,2,3,4,4a,5,6,6a,7,11, 3,14a
-dodecahydropyr ido[1',2':4,5]pyr az no[1,2-ajq
uinazoline-10-carboxamide (36 mg, > 100%) as a tan
solid. 1H NMR (CDC], ) d 12.60 (br s , 1 H), 10.43 (br
s , 1 H), 8.25 (s, 1 H), 7.35 (m, 1 H), 6.78 (m, 2 H),
4.77 (m, 1 H), 4.63 (m, 2 H), 4.49 (br s, 1 H),
4.30-4.13 (m, 2 H), 3,63-3.40 (m, 2 Ii), 2.88-2.71 (m,
2 H), 2.32-2.21 (m, 2 H), 2.05 (m, 1 H), 1.88-1.13 (m,
7 H), 0.830 (m, 3 H), 0.760 (m, 3H); AP 1-MS: 515 (M
+l). g) Sodium racemic -(4aS,6aS,14aS)-10-({[(2,4-Difl
iiorophenyl)methyl]amino}carbonyl)-6-(2-methyl
propyl)-11,
13-dioxo-1,2,3,4,4a,5,6,6a,7,11,13,14a-dodecahydropyri
do[1',2':4,5]pyrazinor 1,2-a]quinazo)in-12-olale. In a
manner similar to thai described in example Z-1, from
racemic -(4aS,6aS,14aS)-N-r(2,4-di
puorophenyl)methyI]-12-hydroxy-6-(2-methylpropyl)
-Il,13-dioxo-1,2,3,4,4a,5,e,6a,7,11il3,14a-dodecahydro
pyriclo[r,2 l:4,5]pyrazinoh ,2-a]q
uinazoline-10-carboxamide (37 mg, 0.071 mmol) and 1 N
sodium hydroxide (0,07 mL) 



the title compound was prepared as a yellow solid (26
mg, 68 %). 1H NMR (J)MSO- db) d 10.73 (m, 1 H), 7.94
(b, 1 H), 7.32 (m, 1 H), 7,19 (m, 1 H), 7 00 (m, 1
PI), 4.59-4.41 (m, 3 H), 4.28 (m, 2 H), 4.14 (br s , 1
H), 2.63-2.60 (m, 2 H), 1.98-1. 61 (m, 5 H), 1 48-1,36
(m, 4 H), 0.997 (m, 3 H), 0.760 (m, 3 H), 0.6G0 (m, 2
H); AP MS: 515 (M +1 of free acid). Example Z-39:
(6aR.7aS,1laS)-N-| (2,4-
ifluoronhenyl)methyl]-l-hydroxy-2,13-dioxo-2.6a.7
,7a,8.9,10. 11. 11a .lS-decahydro-
bH-PVrido[1',2':4,5]py raaino[1. -a.lbonzinii dazolo
-S-carboxamidc & Example Z-4Q: (6aS, 7aS. HaS)-N-
[(2.4-Difluorophenyl)methyl]-l-hydroxy-2 .13-di
oxo-2.6a,7, 7a, 8.9, 10. 11.1 la l -d cahydr o-GH-pyr
ido[1',2':4,5]py razino[1. -albGnzimid azolo
-S-carboxamide.a) (6aR,7aS, 11aS)-N- [(2,
4-Difluorophenyl)methyn-2, 13-dioxo-
1-[(phenylmethyl)o -xy]-2,6a,7,7a,8,9, 10,11,
11a,13-decahydro-6H-pyrido [ } ',2':4, ] pyrazino[l
,2-a] benzamidaz ale-3-carboxai iide and (6aS,7aS,
11aS)-N-[(2,4-difluorophenyl)methyl]-2,
13-dioxo-1-[(phGnyImethyl)oxy]-2,6a, 7,7a,8,9, 10,11,
11a,13-decahydro-6H-pyrido[1',2':4,5]pyrazino[1,2-a]be
nzimidazole-3-ca rboxamide. I n a manner similar to
that described in example Z-2, from
[(1S,2S)-2-aminocyclohexyl]amine (122 mg, 1 07 mrnol)
and 16a (200 mg-, 0 426 mmol) was prepared (6all,7aS,
11aS)-N-[(2,4-diWuoi.-ophenyl)methyl]-2,
13-dioxo-1-[(phenylmethyl)oxyl-2,6a, 7,7a, 8,9, 10,
J1, 11a, 3-decahydro- bH-pyrido fl',2':4,5j
pyrazino[1,2-aj benzimidazolo-3-carboxamide (58 mg)
and (6aS,7aS,3
1aS)-N-[(2,4-difluorophenyl)methyl]-2,13-dioxo-1-[(phe
nylmethyl)oxy]-2,6a, 7 ,7a, 8,9, 10,11, 1Ia, 13-deca
hydro-
6H-pyrido[1',2':4,5]pyrazino[1,2-a]benzimidazolo-3-ca
rboxamide (.10.6 mg) after separation of the
diastorcomers using silica gel chromatography (0-12%
methanol/dichloromethane),
(6aR,7aS,11aS)-N-[(2,4-difluorophenyl)methyl]-2,13-dio
xo-1-f(phenylmethyl)oxy]-2,6a, 7,7a,8,9, 10,11,
11a,13-decahydro-6H-pyrido [1',2 ,5] pyrazino[1,2-a]
benzimidazole-3-carboxamide (major): 1H NMR (CDCk) d
10.40 (m, 1 H), 8.33 (s, 1 H), 7.57 (m, 2 H),
7.40-7.25 (m, L H), 6 8 1 (m, 2 H), 5.32 (d, J = 10
Hz, 1 H), 5.13 (d, J10 Hz, 1 H), 4.64-4.58 (m, 3 H),
4,21 (dd, J = 12,4, 3,2 11", 1 H), 3,79 (m, 1 H), 3,04
(m, 1 H), 2.73 (m, 1 H), 2,53 (m, 1 H), 2.01- 1.79 (m,
4 H), 1.36- 1.24 (m, 4 H); ES+ MS: 535 (M +1).
(6aS,7aS, naS)-N-[(2,4-difluorophenyl)methyl]-2,
13-dioxo-1-[(phenylmethyl)oxy]-2,6a, 7,7a,8,9,10,11,
11a,
13-decahydro-6H-pyrido[1',2':4,5]pyrazino[1,2-a]benzim
idazole-3-ca rboxamide (minor diastcroomer): 1H NMR
(CDCl3) d 10,33 (m, 1 H), 8,28 (s, 1 H), 7,61 (m, 2
H), 7,39-7,28 (m, 3 H), 6.79 (m, 2 H), 5,29 (d, J =
9,6 Hz, 1 H), 5.05 (d, J = 9,6 Hz, 1 H), 4,84 (m, 1
H), 4,C0 (m, 2 H), 3.90-3,84 (m, 2 H), 3,07 (m, 1 H),
2,75 (m, 1 H), 2 49 (m, 1 H), 2,07 (m, 1 H), 1,90-1 5
1 (m, 4 H), 1 33-1, 19 (m, 4 H); MS data matehes that
of its diastereomer, b) (For example Z-39),
(6aR,7aS,11aS)-N-[(2,4-Difluorophenyl)methyl]-1-hydrox
y-2, K3-dioxo-2,6a,7,7a,8,9, 10, 11, 11a,
13-decahydro-6Ii-pyrido[1',2':4,5]pyrazinoli,2-a]benzi
midazole-3-carboxamide. In a manner similar Lo that
described in example Z-37, from the minor diastcroomer
prepared in stop a (6aS,7aS, 11aS)-N- [(2,
4-difluorophenyl)methyl]-2,13-dioxo-1-[(phenylmethyl)o
xy]-2,6a, 7,7a,8,9,10, 11,
11a,13-decahydro-6H-pyrido[1',2':4,5]pyrazino[1,2-a]be
nzimidazolo-3-ca rboxamide (7 mg, 0,0131 mmol) and 10
w,t, % Pd/C (catalytic amount) was prepared
(6aR,7aS,11aS)-N-[(2,4-difJuorophenyl)methyl]-1-hydrox
y-2,13-dioxo-2,6a,7,7a,8,9,10, l
1,11a,13-decahydro-6H-pyrido[1',2':4,5]pyrazino(1,2-a]
benzimidaz;ole-3-carboxamide (2.8 mg, 48%) after
purification by HPLC. 1H NMIi (CDCl,?) d 12.15 (br s,
1 H), 10,42 (br s , 1 H), 8,31 (s, 1 H), 7.36 (m, 1
H), 6.80 (m, 2 H), 5,01 (m, 1 H), 4,63 (m, 2H), 4.16
(m, 1 H), 3.96 (m, 1H), 3.06-2.93 (m, 2 H), 2,61 (m, 1
H), 2,18 (m, 1 H), 1.90 (m, 1 H), 1.60- 1,13 (m, 4 H),
0,893-0.840 (m, 2 H); ES+ MS: 445 (M+l ) . c) (For
example Z-40). (6aS,7aS,
11aS)-N-[(2,4-Difluorophenyl)mci,hyl]-t-hydroxy-2,13-d
ioxo-2,6a,7, 7a,8,9, 10, 11,11a,
13-decahydro-6H-pyrido[1',2':4,5]pyrazino[1,2-a]ben
imidazolo-3-carboxa nide. In a manner similar to that
described in example Z 37, from the major diastoreomer
(30 mg, 0,0561 mmol) prepared in step a and 10 w.t. %
Pd/C (catalytic amount), (6aS,7aS,l l
aS)-N-[(2,4-Difluo
Ophenyl)methyl]-1-hydroxy-2,13-dioxo-2,6a,7,7a,8,9,
10, l.l,11a,- 3-decaliydrc> -6H-pyrido[1',2':4,5]pyraz
piol1,2-a]b anzim dazole-3-carboxamide was prepared as
a white solid (15 mg, 60%) after purification by HPLC,
1H NMR (methanol- d 4/CDCl3) d 10.41 (m, 1 H), 8,25
(s, 1 H), 7,30 (m, 1 H), 6.77 (m, 2 H), 4.77 (m, 1 H )
, 4,57 (m, 2 H), 4.45 (m, 1 H), 3.91 (m, 1 H), 3.12
(m, _ H), 2,67 (m, 1 H), 2,12 (m, 1 H), 1,87-1,84 (m,
2 H), 1,47-1.33 (m, 4 H); ES+ MS: 445 (M +1). Example
Z-41: (5aS. HaS)-N-l(2.4-Difluoronhenyl)methy
n-11-hydroxv 10 12-dioxo- 1.2.3.4,5a. 6 10, 12.
14.14a-decahydropyrido[] ,2-a]pyrido[l',2'!8.4]imida'/
o[1,2- d]pyra inG-9-carb xamide,
(5aS,14aS)-N-[(2,4-Difluorophenyl)methyl]-10,12-dioxo-
11-[(phGnyhnethyl)oxy]- 1,2,3,4a 10 l
ld.14a-decahydropyridon
,2-alpyridoll',2'JS.iJimidazo[1,2- d]pyrazine-O-car
boxamide, In a manner similar to that described in
example Z-18, from 16a (50 mg, 0.108 mmol) and
[(2S)-2-piperidinylmethyl]amine hydrochloride (50 mg,
0.2B9 mmol, made in a similar manner as described in
example Z- 18) was prepared (5aS,
14aS)-N-[(2,4-difluorophenyl)methyl]-10,12-dioxo- 11-
[(phenylmethyl)oxyj- 1,2,3,-1, 5a,6,10,12,
14,14a-decahydropyrido[1,2-a]pyridoU\2':3,4]imidazo[1,
2- d]pyrazine-9-car boxamide (40 mg, 78 %), 1H NMR
(CDCL ) d 10.43 (m, 1 H), 8,38 (s, 3 H), 7,59 (m, 2
H), 7,59-7.25 (m, 4 H), 6,81 (m, 2 H), 5,38 (d, J = 10
Hz, 1 H), 5 , 19 (d, J 10 Hz, 1 H), 4.65-4,62 (m, 2
H), 4 20 (dd, J = 12, 2,8 Hz, 1 H), 4,00 (dd, J = ZA,
2,8 Hz, 1 H), 3,85 (m, 1 H), 3.74 (m, 1 H), 3.27 (m, 1
H), 2,99 (m, 1 H), 2.43 (m, 1 H), 2,24 (m, 1 H),
1.94-1.87 (m, 2 H), 1,77-1,58 (m, 2 H), 1,39-1,24 (m,
2 H); ES 1 MS: 535 (M +l ) b)
(5aS,14aS)-N-[(2,4-Difluorophenyl)methyl]-11 -hydroxy-
10, 12-dioxo- 1,2,3, 4,5a, 6, 10, 12,
14,14a-decahydropyrido[1,2-a]pyridoll',2':3,4]imidazo[
1,2- d]pyrazine-9-carboxamide. Tn a manner similar to
that desw ibed in example Z-37, from (5aS,
14aS)-N-[(2,4-difl
uorophenyl)methyl]-10,12-dioxo-11-[(phenylmethyl)oxy]-
1,2,3,4, 5a, 6, 10, 12, 14,
14a-decahydropyrido[1,2-a]pyrido[r,2'.3,4]imidazo[1,2-
d]pyrazine-9-car boxamide (18 mg, 0.0337 mmol) and J0
w.t.% Pd/C (catalytic amount) was prepared the title
compound as a white solid (13 mg, 87%) after
purification by HPLC, 1H NMR (CDCl,?) d J 1,71 (br s ,
1 H), 10.36 (br s, 1 H), 8.31 (s, 1 H), 7.34 (m, 1 H),
6.78 (m, 2 H), 4.64-4.57 (m, 2 H), 4,28 (m, 1 H), 4,12
(m, 1 H), 3.92-3,89 (m, 2 H), 3,22 (m, 1 H), 3.04 (m,
1 H), 2.49 (m, 1 H), 2.28 (m, 1 H), 1.97-1.89 (m, 2
H), 1.78 (m, 1 H),1.66- 1.60 (m, 2 H), 1.43- 1.36 (m,
2 H) i ES+ MS: 445 (M +1). Example Z-42: (4aIl.
l4aR)-N- [(2 ,4-Difluoro phenyl)mcihyll-9-h
vdroxy8,10-dioxo-2.3 ,4,4a.5.6.8,10.14, 14a decahydro-
lH-Pyrido[1,2-c]pyridoi I',2':4. d1pyra2inol
,1,2-a1pyrimidine- 11-carboxam ide. a) Phenylmethyl
(2R)-2"(hydroxymethyl)-1"piperidinecarboxylate. i n a
manner similar - to that described in example Z 3a ,
from
(2R)-1-{|(phenylmethyl)oxylcarbonyl}-2-pjpendinecai"bo
xylic acid (4.93 g, 18.75 mmol) was prepared phe
aylmethyl
(2R)-2-(hydroxymethyl)-1-piperidinecarboxylate (2.24
g, 48%) as an oil that solidified upon standing to a
whito solid. 1H NMR (CDCl3) d 7.3G-7 26 (m, 5 H) 5 .
.18-5. 10 (m, 2 H), 4.37 (m, 1 H), 4.03 (m, 1 H), 3.84
( , m, 1 H), 3.63 (m, 1 H), 2,96 (br s , 1 H),
_,71-1.42 (m, 6 H), b) Phenylmethyl
(2R)-2-(cyanomethyl)-1-piperidinecarboxylatc, Tn a
manner similar t o that described in example Z-3b,
from phenylmethyl
(2R)-2-(hydroxymethyl)-1-piperidinecarboxylatc .0Og,
4,38 mmol) was prepared phenyl methyl (2R) -2- ({1(4
-methylphenyl)sulfonyl]oxy} methyl)
-1-piperidinecarboxy late (1.05g, 59% impure with
uncharacterizod byproduct) as a clear colorless oil
after purification using silica gel chromatography
(10-100% ethyl acetate-hexanes). I t isnecessary to
use lhis material in the next step as soon as possible
or yields deteriorate dramatically, n a manner similar
to that described in example Z-3c, from phenylmethyl
(2R)-2
({[(4-methylphenyl)sulfonyl]oxy}methyl)-1-piperidineca
rboxylatc (1,05 g, 2,61 mmol) and sodium cyanide (383
mg, 7,82 mmol) was prepared phenylmethyl
(2Tt)-2-(cyanomethyl)-1-pipe p dinecarboxylate (171
mg, 25 %) as a yellow oil, 1H NMR (CDCl ) d 7.35-7,29
(m, 5 H), 5,13 (s, 2 H), 4,65 (m, 1 H), 4,10 (m, 1 H),
2.96 (m, I H), 2,60 (m, 2 H), 1,82- 1.67 (m, 4 H),
1.54- 1.39 (m, 2 H). d) Phenylmethyl
(2R)-2-(2-aminoethyl)-1-piporidmecarboxylatc. In a
mann ar similar to that described in example Z-Sd,
from phenylmethyl
(2R.)-2-(cyanomethyl)-1-piperidinecarboxylate (171 mg,
0.663 mmol) was prepared phenylmethyl
(2R)-2-(2-aminoethyl)-1-piperidinecarboxylate (119 mg,
68%) as a cloar colorless residue, 1H NMR (CDCl3) d
7,32-7,25 (m, 5 H), 5.08 (m, 2 H), 4.39 (br s, 1 H),
4.01 (br s , 1 H), 2,78 (m, H), 2,60-2,56 (m, 2 H),
1,05-1,86 (m, 3 H), 1,63- 1,35 (m, 6 H). e)
{2-[(2R)-2-Piperidinyl]ethyl}amino, Phonylmethyl
(2R)-2-(2-aminoethyl)-1-piperidinecarboxylate (119 mg,
0 454 mmol) was dissolved in methanol 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
determined complete by TLC (1% ammonium hydroxide 19%
methanol 80% dichloromethane). The suspension was
filtered through Celite eluting withmethanol and the
filtrate was carefully concentrated unci or reduce
pressure to yiold a clear colorless liquid (58 mg,
quantitative). i NMR (CDCL3) d 2.99 (m, 1 H),
2,71-2,66 (m, 2 H), 2.57-2.48 (m, 2 H), 1.72 (m, 1 H),
1.61- 1.52 (m, 2 H), 1,48-1.42 (m, 2 H), 1.35-1 25 (m,
2 H), 1.05 (m, 1 H). 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-cJpyridoll
1,2':4,5]pyrazino[1,2-a]pyri midine-11-carboxamide. In
a manner similar to that described in example Z-35,
from 16a (50 mg, 0,106 mmol) and
{2-[(2R)-2-piperidinyl]ethyl}amme (58 mg, 0,454 mmol)
was prepared (4aR,
14aR)-N-[(2,4-difluorophenyl)methyl]-8,10-dioxo-9-[(ph
enylmethyl)oxy]-2,3,4,4a, 5,6,8, 10, 14, 14a -deca
hydro-
1H-pyrido[1,2-c]pyrido[r,2':4,5]pyrazino[1,2-a]pyrimid
me-1 1-carboxamide (47 mg, 81%). >H NMR (CDCI3) d
10.50 (br s, 1 H), 8.33 (s, 1 H), 7.60 (s, 2 H),
7,38-7,24 (m, 4 H), 6,80 (m, 2 H), 5.29-5.22 (m, 2 H),
4.66-4.56 (m, 3 H), 4.30 (m, 1 H), 4 , 19 (m, 1 H),
3,78 (br s , 1 H), 2,86-2,80 (m, 2 H), 2 , 18 (br s, 1
H), 1,94 (m, 1 H), 1,68-1. 36 (m, 6 H), 1,23 (br s , 2
H); ES+ MS: 549 (M +l). ) (4aR, 14aR)-N-[(2,4-Difl
uorophenyl)methyl]-9-hydroxy-8,10-dioxo-2,3,4,4a,5,6,
8,10,14,14a-decahydro-JH-pyridoii
,2-c)pyrido[1',2':4,5]pyrazino[1,2-a]pynmidine-1J -c
arboxamide. In a manner similar to that described in
example Z-37, from
(4aR,14aR)-N-[(2,4-difluorophenyl)methyl]-8,10-dioxo-9
-[(phenylmcihyl)oxy]-2,3,4,4a,5 10. H.l4a-decahydro-
1H-pyridoL1,2-cJpyridoll',2^4.5jpyrazino[1,2-a]pyrimid
in b-1 1-cai?boxamide (47 mg, 0,0857 mmol) and a
catalytic amount of 10 w,t,% Pd/C was prepared tho
title compound as a white solid (19 mg, 54%) after
purification by HPLC. R NMR (CDCl 3) d 10.49 (m, 1 H),
8.29 (s, 1 H), 7,34 (m, 1 H), 6,79 (m, 2 H), 4.67-4.56
(m, 3 H), 4.41 (m, 1 H), 4.20 (m, 1 H), 3,93 (s, 1 H),
2,94-2,87 (m, 2 H), 2,28 (br s , 1 H), 2,01 (m, 1 H),
1.68-1,54 (m, 4 H), 1.44 (m, 1 H), 1.29- 1.23 (m, 3
H), 0,850 (m, 1 H); ES-" MS: 459 (M +1). Example Z-43:
(4R,12ai?)-// -[(2,4-Difluoro
phenyl)methyl]-7-hydroxy-4-meth yl-1-(3-meth
ylbutyl)-6.8-d ioxo-1,2.3 ,4,6,8,12,12a-octahydrop yri
do[1',2':4,5]py ra2ino[1,2-fl1pyrimid ine-9-carboxa
mide. a) [(3R)-3-Amobutyl](3-methylbulyl)amino
dihydrochloride was prepared in a similar manner as
described in example Z-32. 1H NMR (400 MHz,
CDCI3/CD3OD) d 0.87 (d, J = 5.2 Hz, 6H), 1.32 (m, 3H),
1,61 (m, 3H), 2,10-2,20 (m, 211), 2.90-3.04 (m, 411),
3,45 (m, JH), 8.23 (br, < 1 H), 8.96 (br, < 1 H)._ b)
(4R,12a R)
-N-[(2,4-Dfluorophenyl)methyl]-7-hydroxy-4-methyl-1-(3
-methylbutyl)-6,8-di oxo- 1,2,3,4,6,8, ] 2, ]
2a-octahydropyrido[1',2':4,5]pyrazinol3
,2-/i]pyrimidine-9-carboxamide. The UUo compound was
made in two slops using a similar process to that
described in example Z-2. 16a (40 mg, 0,085 raraol)
and free [(37?)-3-aminobutyl](3-methylbutyl)amine (46
mg, 0,35 mmol) were reacted in dichloromethane (2 mL)
with acetic acid to give (4R,
12a/^)-N-[(2,4-difluorophenyl)methyl]-4-methyl-1-(3-me
thylbutyl)-6,8-dioxo-7-|(ph
GnyLmethyl)oxy]-1,2,3,4,6,8,12,12a-octahydropyrido[1',
2':4,5]pyrazino[1,2- a]pyrimidine -9-carboxamide (44
mg, 90%) as a film, This material was hydrogenated in
a second step as described in example Z-2 to give
(4R,12a
R)-.N-[(2,4-difluorophenyl)methyl]-7-hydroxy-4-methyl-
1-(3-methylbntyl)-6,8-d ioxo- 1,2,3,4,6, 8, 12,
12a-octahydropyrido[1',2':4,5]pyrazino[ 1,2-
a]pyrimidine-9-carboxa mide (11 mg, 30%) as an
off-white faohd 1H NMR (400 MHz, CDCId) d 0.84 (d, J =
6,8 HU, 3H), 0.86 (d, J = 6.8 Hz, 3H), 1.24- 1.80 (m,
5H), 1,47-1.53 (m, 2H), 2 02-2.11 (m, 1H), 2,36-2.43
(m, 1H), 2,54-2,61 (m, 1H), 2.77-2,92 (m, 2H), 4.1
6-4.26 (m, 2H), 4.44 (m, 1H), 4,02-4,64 (m, 2H), 4
95-5,02 (m, 1H), 6 75-6,83 (m, 2H), 7,31-7 37 (m, 1H),
8,27 (s, 1H), 10 43 (m, 1H), 12,54 (s, 1H); S MS" 489
(M+l), Example Z-44: (4^,12a S )-N-[(2,4-Wiflt
iorophenyl)methy ]l-7-h
ydroxy4-methyl-l-(l-methylethyl)-6,8-di oxQ-1
,2.3,4Jo, 8.12.12a-octahydropyri do[1',2':4,5]py razi
po[3 ,2-a]py rimidine-9-carboxam ide,a) [(3
S)-3-Aminobutyl](1-methylethyl)amine dihydrochlonde
was prepared in a similar manner as described in
example Z-29. 1H NMR (400 MHz, CDCl3/CDaOD) d
1.20-1.25 (m, 9H), 1.93-2.02 (m, 2H), 2,92 (m, 2H),
3.20-3.29 (m, 2H), 8 04 (br, < 1 H), 8.64 (br, < 1 H).
b)
(4S,12aS)--N-[(2,4-Difluorophenyl)iriethyl]-7-hydroxy-
4-methyl-1-(1-methylothyl)-6,8-di oxo-
1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazino[
l,2- a]pyrimidine-9-carboxam ido The title compound
was made in two stops using a similar process, to that
described in example Z-2, 16a (60 mg, 0.13 mmol) and
free based [(3.S)-3-aminobutyl](1-methylethyl)amine
(55 mg, 0,42 mmol) were reacted in dichloromethane (2
inL) with acetic acid to give (4 S,12a S -N
[(2,4-difluorophenyl)methyl]-4-methyM-(1-methylethyl)-
6,8-dioxo-7-[(pho
nylmethyl)oxy]-1,2,3,4,6,8,12,12a-octahydropyrido[1',2
':4,5]pyrazino[1,2- a]pyrimidine- 9-carboxamide (40
mg, 57%) as a film. This material was hydrogenated n a
second step as described in example %-2 to givo (4S
,12aS l
-LA[(2,4-difluorophenyl)methyl]-7-hydioxy-4-methyM-(1-
methylethyl)-6,8-di oxo-
1,2,3,4,6,8,12,12a-Octahydropyrido[1',2':4,5]pyrazino[
1,2- a]pyrimidine-9-carboxam idc (17 mg, 50%) as an
off-white solid. 1H NMR (400 MHz, COCb) 8 1 02 (d, J =
6.4 Hz, 3H), 1,07 (d, J = 6.4 Hz, 3H), 1.33 (d, J =
7.2 Hz, 3H), 1.55-1,58 (m, 1H), 1.94-2.03 (m, 1H),
2.70-2.77 (m, 1H), 2.81-2,86 (m, 1H), 3,11-3 18 (m,
1H), 4.17 (dd, J = 3 0 , 13.8 Hz, 1H), 4.32 (dd, J = 3
2, 14.0 Hz, 1H), A 48 (m, 1H), 4.59-4.69 (m, 2H),
4.97-5,00 (m, 1H), 6.77-6 83 (m, 2H), 7.33-7.39 (m,
1H), 8,28 (s, 1H), 10.50 (m, 1H), 12.55 (s, 1H); 94ES+
MS: 461 (M+l), Example Z-45 : (4S, 12aS )-N-[(2.4-Difl
uorophenyl)methyl]-7-hydroxy-4-methyl-
1-(3-methylbutyl)-6 8-d ioxo-1,2.3.4.6.8.12.
12a-octahydropyrido[1',2':4,5]pyrazino[1,2-
a]pyrimidine-9-carboxa mide. a) [(3S
)-3-Aminobutyl](3-methylbutyl)amine dihydrochloride
was prepared in a similar manner as described in
example Z-32. 1H NMR (400 MHz, CDCl3/CD3OD) d 0.86 (d,
J = 5.6 Hz, 6H), 1.27 (d, J = 6.0 Hz, 3H), 1.58 (m,
3H), 2.03-2.14 (m, 2H), 2.87-2.99 (m, 4H), 3.38 (m,
1H), 8. 15 (br, < 1 H), 8.87 (br, < 1 H). b) (4S ,12aS
)-N-f(2,4-Difluorophenyl)methyl]-7-hydroxy-4-methyl-1-
(3-methylbutyl)-6,8-d
ioxo-1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyra
zino[1,2- a]pyrimadine-9-carboxa mide, The title
compound was made in two steps using a similar process
to that described in example Z-2. 16a (0.100 g, 0,21
mmol) and free based [(3 S
)-3-aminobutyl](3-methylbutyl)amine (0. 104 g, 0 66
mmol) were reacted in dichloromethane (2 ml) with
acetic acid to give (4S ,12a S )-
N-[(2,4-difluorophenyl)methyl]-4-methyl-1-(3-methylbut
yl)-6,8-dioxo-7-[(ph enylmethyl)oxy]-1,2,3,4,6,8, 12,
12a-octahydropyrido[1',2':4,5]pyrazino[1
,2-a]pyrimidine-9-carboxamide (88 mg, 72%) a s a film,
This material was hydrogenatcd n a second step as
described in example Z-2 to give ( S ,12a S )- V;
[(2,4-difluorophenyl)methyl]-7-hydroxy-4-methyl-1-(3-m
ethylbutyl)-6,8-di
oxo-1,2,3,4,6,8,12,12a-oclahydropyrido[1',2':4,5]pyras
;ino[1,2-s]pyriinidine-9-carboxam idc (55 mg, 74%). 1H
NMR (400 MHz, CDCl 3) d 0,84 (d, J - 6.4 Hz, 3H), 0.85
(d, J = 6,4 Hz, 3H), 1,24-1,37 (m, 5H), 1.45-1,63 (m,
2H), 2,02-2,11 (m, 1H), 2,37-2,44 (m, 1H), 2.56-2.63
(m, 1H), 2.80-2.92 (m, 2H), 4,22-4.29 (m, 2H), 4.45
(s, 1H), 4.62-4.63 (m, 2H), 4,97-5,00 (m, 1H),
6,75-6,82 (m, 2H), 7.31-7.37 (m, 1H), 8,37 (s, 1H),
10.48 (m, 3H), 12.53 (br, 1H); ES+ MS: 489 (M+ 1).
Example Z-46: (4 2a -L^[(2.4-Ui Wuorophenyl)m ethyl]-
7-hydroxy- 4-m thyi-6.8-dioxo^-(3-i3 yridin yl met hyl
) -1,2,3,4,6.8,12, 12a-octahydropyri do[1',2':4,5]py
x'a2ino[LJL- a) py.rimidino-9-carbo xamide. a)
1,1-Dimethylethyl {(l
S)-1-methyl-3-[(3-pyridinylmethyl)amino]propyl}carbama
Le. The protected diamine was prepared using a
modified procedure as described in example Z-32 A
solution of I,1-d pnethylethyl
[(l)-3-amino-1-methylpropyl]carbamate (0.296 , 1.6
mmol) and 3-pyridinocarboxaldohyde (120 mL, 1 mmol) in
a 1 .1 mixluro of anhydiouw dichloroethane and
totrahydrofuran (10 mL) was treated with acetic acid
(374 m , 6.6mmol) and stirred for Li0 minutes. Sodium
triacetoxyborohydride (0,444 g, 2 , 1 inmol) was added
and tho solution was stirred for 2 hours, The
resultant was subjected to a workup and purification
procedure as described in example Z-32 to give
1,1-dime thylethyl {(1
1-methyl-3-[(3-pyridinylmethy0amino]propyl}carbamate
(0.245 g, 66%) as a clear oil. 1H NMR (400 MHz, CDCl3)
6 1.  2 (d, c/ = 6.4 Hz, 3H), 1,42 (s, 9H), 1.46-1,54
(m, 1H), 1,68 (m, 1H), 2,61-2.75 (m, 2H), 3.73- 3,80
(m, 3H), 4,86 (m, 1H), 7.22-7.24 (m, 1H), 7.68 (d, J ~
8.0 H , 1H), 8.48 (m, 1H), 8,53 (m, 1H). b)
[(3S)-3-Aminobutyl](3-pyridinylmethyl)amine
dihydrochloride was prepared in a similar manner as
described in example Z-29. c) (4S, 12a S)
--N-[(2,4-Difluorophenyl)methyl]-7-hydroxy-4-methyl-6,
8-dioxo-1-(3-pyridinyl
methyl)-1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]p
yrazino[1,2- ajpyrimidine-9-carbo xamide. The title
compound was made in two steps using a similar process
to that described in example Z-2 16a (60 mg, 0. 13
mmol) and free based [(3
S)-3-aminobutyl](3-pyridinylmethyl)amine (83 mg, 0.47
mmol) were reacted in dichloromethane (2 mL) with
acetic acid to g vo US,
12a"5)-^/-[(2,4-difluorophenyl)methyl]-4-methyl-6,8-di
oxo-7-[(phenylmethyl)oxy|-1-
(3-pyridinylmethyl)-1,2.S,4.e^.
12.12a-octahydropyrido[1',2':4,5]pyrazino[1,2-
aipyiimi dine-9-carboxamide (72 mg, 95%) as a film.
This material was hydrogenated in a second step as
described in example Z-2 to give (4S,12a"
)-N-[(2,4-diflxiorophenyl)methyl]-7-hydroxy-4-methyl-6
,8-dioxo-1-(3-pyridinyl
J97methyl)-1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,
5]pyrazino[1,2- a]pyrimidine-9-carbo xamid b (3d mg,
56%) as an off-white solid. >H NMR (400 MHz, CDCl3) d
1.37 (d, J - 6.8 H , 3H), 1.43-1,47 (m, 1H), 2,12 (m,
1H), 2,60-2 92 (m, 2H), 3 53 (d, J - 1-1.0 Hz, 1H).
3.82 (d, J = 34,4 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), 7,20-7,20 (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); E S MS: 510 (M+ 1). Exam ple Z-47: (dS,
12a6)-l-Cvclopropyl- L;'-[(2,4-difluo Ophenyl)m
hyi1-7-hydroxy4-mo thyl- 6 8-d oxo- 1,2,3,4,6.8, 12.
12a-octahydropyrido[r, 2':4.5invrazino[ 1,2-
a]pyrimidine 9 -carboxamid o. a) l.l-Dimethylethyl [(1
S)-1-methyl-G-oxopropyl]carbamalc To a stirred
solution of 1,1 -dimethylethyl Kl
5)-2-cyano-1-methylethyl]carbamato (0,656 g, 3,56
mmol) in anhydrous other cooled to -40 C was added
chopwise a 1.0 M solution of dpsobutylalummum hydnde
in hexanes (14 2 ml, 14.2 mmol) over 20 minutes.
Stirring was continued a t 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
wore filtered off through celitc and rinsed with EtOAc
The organics wore washed with buna, concentrated, and
flash chromatographod (10-100% KtOAc/hexancs) to give
1, 1-dimethylethyl [(1
S)-1-methyl-3-oxopropyl]carbamate (0.193 g, 30 %) as a
clear oil. 1H NMR (400MHz, CDCl ) d 1.22 (d, J = 6.8
PIz, 3H), 1.4 1 (s, OH), 2,53-2,65 (m, 2H), 4.08-4. 13
(m, 1H), 4.63 (m, LH), 9,74-9,75 (m, 1H), b)
1,1-Dimethylethyl [(1
S)-3-(cyclopropylamino)-1-methylpropyl]carbamate, The
protected diamine was prepared using a modified
procedure as described in example Z-32. A solution of
1, 1-dimethylethyl
f(1o!>-1-methyl-3-oxopropyl]carbamate (0. 178 g , 0.95
mmol) and cyclopropylaraine (197 mL, 2.85 mrnol) in
anhydrous dichloroethane (10 mL) was treated with
acetic acid (272 mL, 4,8 mmol) and stirred for 30
minutes, Sodium triacetoxyborohydrid (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 procedxire as described in example Z-32
to give 1,1-dpnethylethyl [(l S
-3-(cyclopropylamino)-1-methylpr opyl]carbamato (0.136
g, 63/o) as a clear oil, 1H NMR (400 MHz, CDCh) d
0,32-0,42 (m, 4H), .12 (d, J =6.8 Hz, 3H), 1,39-1,51
(m, 10H), 1,58-1.92 (m, 2H), 2,05-2.10 (m, Ui),
2,67-2.80 (m, 2H), 3.71 (m, 1H), 4,78 (m, 1H). c)
[(3S)-3-Aminobutyl]cyclopropylamino dihydrochloride
was prepared in a similar manner as described in
example Z-29. 1H NMR (400 MHz, CDCl 3/CD O ) 0 ,70-0
75 (m, 2H), 0,90-0,94 (m, 2H), 1,18 (d, / = 6.8 Hz,
3H), ,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,12a<.^-1-Cyclopropyl-
N-[(2,4-difluorophenyl)methyl1-7-hydroxy-4
methyl-6,8-dioxo1,2,3 / l,6,8,
12,12a-octahydi:opyrido[1',2':4,5]pyrazino[1,2-
a]pyrira idine -9- :avboxatnide. 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 f(3 5) -3-amnobuty pcyclop.-opylamine (75
mg, 0.59 mmol) were reacted in dichloromethanc (2 mL)
with acetic acid to give
(4<S',12aS)-1-cyclopropyl-A''-[(2,4-difluorophenyl)met
hyl]-4-methyl-6,8-dioxo-7-[(phenyl
methyl)oxy]-1,2,3,4,6,8,12, 12a-octahydropyrklo[1.
l,2':4,5]pyrazino[1,2-fl]pyrimidine-9-c arboxamide (74
mg, 80%) as a film. This material was hydrogenated in
a .second step as described in example Z-2 to give (45
,12aS)-1-cyclopropyl-
N-[(2,4-difluorophenyl)methyl]-7-hydroxy-4-methyl-6,8-
dioxo- 1,2,3,4,6,8, J.2, 12a
-octahydropyrido[1',2':4,5]pyrazino 11,2-
a]pyrimidine-9-carboxamide (32 mg, 52%) as an
off-white solid, 1H NMR (400 MHz, CDCIj) d 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, JH), 1,76-1,80 (m, 1H), 2.03-2J 2 (m,
1H), 2,86-2,93 (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 1 MS: 59 (M+l).
Example Z-48: US,
l2aS)-N-l(2,4-Difluorophenyl)methyl]-7-hy droxy-4-m
ethyM-[2-(methylox y )bthyl1- 6,8- dioxo-1,2,3,4,6,8,
12,12a -octahydropyri do[1',2':4,5]py raz
ino[1,2-a1pyrimidinc-9-carb oxamido,a)
[(3<S)-3-Aminobutyl]l2-(mct,hyloxy)ethyl]amine
dihydrochloride, The protected diamine,
1,1-dimethylethyl ((1 S) -J
-methyl-3-{[2-(methyloxy)ethyl]amino}propyl)carbarnato
was prepared in a similar manner as described in
example Z-47, Subsequently,
[(3,S)-3-aminobutylU2-(methyloxy)ethyl]amine
dihydrochloride was prepared in n similar manner a s
described in example Z-29, 1H NMR (400 MHz, CDCl
3/CDsOO) d 1,21 (d, J - 5.6 Hz, 3Ii), 1,93 (m, 1H),
2,04 On, 1H), 2,98-3.05 (m, 4H), 3,22 (m, 2H), 3
26-3.31 (m, 4H), 8,06 (br, < 1 H), 8,81 (br, < 1 H).
b) (4S,12a S N
-[(2,4-Difluorophenyl)methyl]-7-h,ydroxy-4-methyM-[2-(
methyloxy)ethyl3- 6,8-dioxo-
1,2,3,4,6,8,12,12a-ocLahydropyrido[1',2':4,5]pyrazino[
1,2- !lpyr imidine-9-carb oxamide, The title compound
was made in two steps using a similar px-ocess to that
described in example Z-2. 16a (60 mg, 0,13 raraol) and
free based [(3 S
)-3-aminobutyl][2-(methyloxy)ethyl]amine (53 mg, 0 37
mmol) were reacted in clichloromethane (2 mL) with
acetic acid to give (4 S, 12 a 5
-N-[(2,4-difluorophenyl)methyl]-4-me thyl
-1-[2-(methyloxy)ethyl )-6,8-dioxo-7-
[(phenylmethyl)oxy]-
1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazino[
1,2- a]pyrimi dine-9-carboxamide (47 mg, 63%) as a
film. This material was hydrogenated in asecond step a
s described in example Z 2 to give US,
i2aS)-yV-f(2,4-difluorophenyl)methyl]-7-hydroxy-4-meth
yM-[2-(methyloxy)o(-,hyl]-6 ,8th oxo-1,2,3,
,6,8,12,12a-octahydropyrido[1',2':4,5]py 'a
ino[1,2-a)pyrim dine-9 carbo xamide (38 mg, 97%) as an
off-white solid, >H NMR (400 MHz, CDCIs) d 1.34 (d, J
= 7,2 Hz, 3H), 1.49 (m, 1H), 2.03-2. 12 (m, 1H),
2,67-2.70 (m, 1H), 2.8 1-2,92 (m, 2H), 3,06-3.15 (m,
1H), 3.30-3,37 (m, 4H), 3,58-3.63 (m, 1H), 4,20 (dd, J
= 3,4, M,2 Hz, 1H), 4,50-4.59 (m, 1H), 4,62-4.65 (m,
3H), 5,00-5,03 (m, 1H), 6,75-6,81 (m, 2H), 7.8J-7.37
(m, 1H), 8.27 (s, 1H), 10.46 (s, 1H), 12,54 (s, 1H);
ES" MS: 477 (M+l). Example Z-49: racemic -(8aS,5aS,1
3aS)-N-[(2 ,4-Difluoropheny))methyl]- 11-hydroxy -5
-(2-meth glpropyl 



llilL.L2;dioxo- 2,3.3a,4,5,5a,6.10,
12,13a-decahydro-lH-cvcl o bntare1 yrido[l',2':4,5]p
vr a'/,ino[1,2-a1pyrimidine-9-carboxamide, a) racemic
-(iS,2S)-2-{[(2-Methylpropyl)amino]methyl}cyclopentana
mine hydrochloride, In a manner similar to example
Z-18a-c, from racemic -(IR, 2S)-2- ({[(1,1-dime
thylethyl)oxy]carbonyl}amino)cy clop entanecarboxyhc
acid (255 mg, 1,3 1 mmol) was prepared
racemicL,1-dimo,thylcl,hyl L( 1S,2S )
-2-(aminomethyl)cyclopentyl]carbamate ( 353 mg, 64
%over 3 stops) as a white green residue, Reductive
amination with isobutyraldehyde followed by
deprotectionas described in Z-38 steps c and d
respectively, gave
racemic-(1S,2S)-2-{[(2-methylpropyl)amino]methyl}cyclo
pentanamine hydrochloride ( 05 mg, 39% over 5 steps
from amino acid). 1H NMR (methanol- d4/CDCl3) 8,90 (br
s <1 H), 8.64 (br s , <1 H), 8.28 (m, 1 H), 3.97 (br s
, 1 H), 3,37 (m, 1 H), 2,83-2,69 (m, 3 H), 2,18-1,69
(m, 7 H), 0.996 (m, 6 H). b)
racemic-(3aS,5aS,13aS)-N-[(2,4-
Difluorophenyl)methyl]-11-hydroxy-5-(2-meth
ylpropyl)-10,
12-dioxo-2,3,3a,4,5,5a,6,10,12,13a-decahydro-1H-cyclop
enta[c]pyrido[1',2' 4,5 pyr
azino[1,2-a]pyrimidine-9-carboxamide. In a manner
similar to that described in example Z-35, from
racemic-(1S,2S)-2-{[(2-methylpropyl)amino]methyl}cyclo
pentanamine hydrochloride 105 mg, 0.434 mmol) and 16a
( 56 mg, 0 . 119 mmol) was prepared
racemic-(3aS,5aS,13aS)-N-[(2,4-difluorophenyI)methyl]-
5-(2-methylpropyl)-10,12-diox
o-11-[(phenylmethyl)oxyl-2,3,3a,4,5,5a,6,10,12,13a-dec
ahydro-1H-cyclopenta[e]pyrido[ 1',2' 4,5]pyra ino[1,2
a]pyrimidine-9-carboxamide (52 mg, 74%) This material
was deprotected in a second step similar to the
procedure described in example Z-37, Thus, from
racemic-(3aS,5aS,
13aS)-N-[(2,4-difluorophenyl)methyl]-5-(2-methylpropyl
)- 10,12-diox
o-11-[(phenylmethyl)oxy]-2,3,3a,4,5,5a,6,10,12,13a-dec
ahydro-1H-cyclopenta[e]pyrido[
1',2':4,5]pyrazino[1,2-a]pyrimidine-9-carboxamide (48
mg, 0,081 mmol) and 10% Pd/C (catalytic amount), the
title compound was prepared as a white solid after
purification by HPLC (30 mg, 75%). 1H NMR (CDCl3)
12,59 (s, 1 H), 10.42 (s, 1 H), 828 (s, 1 H),7.34 (m,
1 H), 6,79 (m, 2 H), 4.83 (s, 1 H), 4.63-4.58 (m, 3
H), 4.29 (m, 1 H), 4 . 14 (m, 1 H), 2.91 fan, 1 H),
2.46-2.32 (m, 3 H), 2 , 15-2.09 (m, 2 H), .85-1, 6.1
(m, 5 H), 1.39 (m, 1 H), 0,88 (m, 6 H); S MS: 501 (M+l
) , Example Z-5Q: (3 ,11aS
)-N-[(2.4-DifluorophGnyl)methy n-3- ethyl-6-hydr oxy 5
7-dio o-2.3.5.7,11.11a-h cxa hydro[1 ,3]oxati;
o3o[3,2-a1pyrido[1,2- d]pyrazine -8-carboxamide. The
title compound was made in two stops vising a similar
process to that described in example Z-2. 16a (40 mg,
0,09 mmol) and (2#)-2-am no\l -butanol (0.02 mL, 0,21
mmol) were reacted in dichloromethano (2 mL) with
acetic acid to give (3R,l1a S ) -L:
[(2,4-difluorophenyl)methyl]-3-ethyl-5,7-dioxo-6-[(phe
nylmethyl)oxy]-2,3, 5,7,
11,11a-hexahydro[1,3]oxazolo[3,2-c?]pyrido[1,2-
d]pyrazine-8-carboxamide (40 mg, 93%). This material
was hydrogenated in a second step as described in
example Z-2 to gxve (37^11a S
>-N-[(2,4-Difluorophenyl)methyl)-3-ethyl-6-hydroxy-5,7
-dioxo-2,3,5,7,11,11a-h exahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carboxamide (30 mg, 91%) as
a white solid. 'Il NMR (CDCl3) d 1.49 (br, 1 H), 10.28
(m, 1 H), 8,35 (s, 1 H), 7.34 (m, 1 H), 6,79 (m, 2 ) ,
5,30 (m, 3 If), 4.62 (m, 2 H), 4,45-4.32 (m, 3 H),
3,93-3.86 (m, 2 H), 2,11 (m, 1 H), 1.65 (m, 1 H), 0.98
(t, J =7.6 Hz, 3 H); ES MS- 420 (M +l).Example Z-51:
racemic-(4aS.6aS,14aS)-N-[(2,4-Difluorophenyl)methyl]-
12-hydroxy-6-1,2-(4-morpholin yl)ethyl]-11,13-dioxo
-1, 2 3,4,4a .5,6,6a .7, 11, 13,
34a-dodecahydropyrido[1',2':4,5]pyrazin
o[1,2-a]quinazoline-10-carboxamide a)
racemic-1,1-Dimethylethyl
[(1S,2R)-2-formylcyclohexyl]carbamate. An alternative
procedure from the one given in example Z-38b follows:
To a solution of Dess-Martin Periodane (564 mg, 1.33
mmol) in d chloromethane was added
racemic-1,1-dimethylethyl
[(1S,2R)-2-(hydroxymethyl)cyclohexyl]carbamate (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 KMnO4 stain), The
reaction was quenched with aqueous sodium bicarbonate
and sodium thios ulfate solutions, extracted with
dichloromethane, and the combined organics were dried
over sodium sulfate. Silica gel chromatography (0-50%
ethyl acetate/ hexanes gradient elution) gave
racemic-1, 1-dimethylethyl
[(1S,2R)-2-formylcyclohexyl]carbamate (280, 93%), See
example Z-38b for NMR data, b)
racemic-{[(1S,2S)-2-Aminocyclohexyl]methyl}[2-(4-morph
olinyl)ethyl]aminohydrochloride. In a manner similar
to that described in example Z-38c-d from racemic -_
,1-dimethylethyl [(1S,2R)-2-formylcyclohexyl]carbamate
(78 mg, 0.34-1 minol, prepared using the procedure
from example Z-38b) and [2-(4-morpholinyl)ethyl]amino
(67 mg, 0.515 mmol) was prepared racemic
-{K1S,2S)-2-aminocyclohexyl]methyl}[2
(4-niorpholinyl)ethyl]amine hydrochloride (95 mg, 78%
over 2 steps) as a white solid, 1H NMR
(methanol-A/CDCl 3) 8.18 (br s , 1 H), 3,84-3,493 (m.
11 H), 3.19-3,119 (m, 5 H), 2.42 (m, 1 H), 2.11 (br s
, 2 H), 1.87- 1.J7 (m, 10 H). c) racemic -4aS,6aS,
14aS)-N-[(2,4-Difluorophenyl)methyl]-12-hydroxy-6-l2-(
4-mo rpholinyl)ethyl]-11,13-dioxo-
1,2,3,4,4a,5,6,6a,7,l1,13,14a-dodecahydropyrido[1',2':
4,5] pyrazino[l ,2-a]quinazoline-10-carboxamide, In a
manner similar to that described in example Z-35, from
racemic-{[{ IS, 2S)-2-aminocyclohexyl]methyl}
[2-(4-morpholinyl)ethyl]amino hydrochloride (95 mg, 0
272 mmol) and 16a (45 mg, 0.0957 mmol) was prepared
racemic
-(4aS,6aS,14aS)-N-[(2,4-difluorophenyl)methyl]-C-l2-(4
-movpholinyl)othyn-11,
13-dioxo-12-[(phenylmethyl)oxyl-1,2,3,4,4a,5,6,6a,7,11
,13,14a-dodecahydropyridoll',2 l:
4,5jpyrazino[1,2-a]quinazoline-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, UaS)-N- [(2,
4-difluorophenyl)methyl]-6-[2-(4-morpholinyl)ethyl]-1l
, IS-dioxo-12-[(phenyJmethyl)oxyl-1,2.S,4,4a.5.b
ba,7,1l.l S.Ua-dodecahydropyridot1 ,2
:4,5|pyrazino[1,2-a]quina qline-10-carboxamido (27 mg,
0.0408 mmol) and 10% Pd/C (1 mg) the title compound
was prepared as a white solid after purification by
HPLC, 1H NMR (CDC] 3) 12.30 (br s , <1 H), 10,41 (br
s, 1 H), 8,29 (s, 1 H), 7,34 (m, 2 H), 6.78 (m, 2 H),
4,76 (m, 1 H), 4,62-4,54 (m, 3 H), 4,29 (m, 2 H), 3,65
(m, 4 H), 3,01 (m, 1 H), 2.76 (m, 2 H), 2.58-2.42 (m,
7 H), 2.21 (m, 1 H), 1,89-1.23 (m, 8 H); ES1 MS: 572
(M +1). Example Z-52: r co
7/c-(3aR.5aR,13aS)-N-l(2.4-Difiuoror
henvI)methvn-11-hydroxv-10, 12-dioxo- 1,2.3, a-,4 5a.
.6, 10,12.13a-docahydroc yclopentafd]pyri
do[1',2':4,5]py razmor2.1-b1fl ,.3ioxazino
9-carboxamide . a) i"ace;H/c-1,1-Dimethylethyl
[(1S,2R)-2-(hydroxymethyl)cyclopentyl]carbamate,
raceJiHc-(I R,2S) -2- ({1(1, 1-Dime thylethyl)oxy]carb
anyl}amino)cyclopentanecarb axylic 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 borohydrido 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 partially concentrated,
and product was extracted with dichloromethane, The
combined organics wore washed with sodium bicarbonate,
brine, and driod over sodium sulfate. Removal of
solvents under reduced pressureafforded racemic -1,
1-dimethylethyl
[(1S,2R)-2-(hydroxymethyI)cyclopentyl]carbamate (25
mg, >100%), 1H NMR (CDCl3) 4.50 (br s, 1 H), 4.06 (m,
1 H), 3.54 (m, 1 H), 3.37 (m, 1 H), 2.09 (m, 1 H),
1.96 (m, 1 H), 1.64 (m, 3 H), 1.52 (m, 1 H), 3.43 (s,
9 H), 1. 1 1 (m, 2 H). b) racemic
-[(1R,2S)-2-Aminocyclopentyl]methanol hydrochloride.
In a manner similar to that described in example, from
racemic -1,1-dimethylethyl
[(1S,2R)-2-(hydroxymethyl)cyclopentyl]carbamate and 4
N HCl was prepared racemic
-[(1R,2S)-2-aminocyclopentyl]methanol hydrochloride
(20 mg, quantitative) 1H NMR (methanol-d4- CDCl3) 7.76
(br s , <1 H), 3.73 (m, 1 H), 3.61- 3.28 (m, 3 H), 2
.27 (br s , 1 H), 2.01 (m, 2 0 1 (m, 1 H), 1.74- 1.70
(m, 2 H), 1.56-1.42 (m, 2 H), 1.16 (br s, 1 H), 1.05
(br s , 1 H). c) racemic -(3aR,
13aS)-N-[(2,4-Difluorophenyl)methyl]-1 1-hydroxy-10,
12-dioxo-1,
2,3,3a,4,5a,6,10,12,13a-decahydrocyclopenta[d]pyrido[1
',2':4,5]pyrazino[2,1-b][1,3]oxa zine-9-carboxamide.
In a manner similar to that described in example Z-35,
from racemic -[(1R,2S)-2-aminocyclopentyl]methanol
hydrochloride (20 mg, 0.1 32 mmol) and 16a (24 mg,
0.051 mmol) was prepared racemic -(3aR,
13aS)-N-[(2,4-difluorophenyl)methyl]-10, 12-dioxo-1
1-[(phenylmethyl)oxy
]-1,2,3,3a,4,5a,6,10,12,13a-decahydrocyclopenta[d]pyri
do[1',2':4,5]pyrazino[2, 1-b][1,3]
oxazine-9-carboxamide (7 mg, 26 %) as a white solid.
This material was deprotected in a second step similar
to the procedure described in example Z-37. Thus,
fromracemic
-(3aR,13aS)-N-[(2,4-difluorophenyl)methy)]- 10, 12-d
oxo-11-f(phenylmethyl)oxy ]-1,2,3,3a,4,5a,6,l0,12,
10a-decahydrocyclopenta[d]pyrido[1',2':4,5]pyrazinol2,
1-b][1,3] oxazine-9-carboxamide (7 mg, 0,012 mmol) and
10% Pd/C (1 mg), racemic -OaR,! SaS)-N-
[(2,4-difluorophenyl)methyl]-11 -hydroxy- 10,
12-dioxo- 1,2,3,38,4,
5a,6,10,12,13a-decahydrocyclopenta[djpyrido[1',2':4,5]
pyrazinor2, 1-blfl ,3loxnzpie-0-ca rboxamide (4 mg,
72%) white solid. 1H NMR (CDCL ) 12,20 (br s , 1 H),
10 37 (br ft, 1 H), 8,31 (s, 1 H), 7.35 (m, 1 H), 6.80
(m, 2 H), 5,16 (m, 1 H), 4.77 (m, 1 H), 4.64 (m, 2 H),
4.28 (m, 1 H), 4.09 (m, 3 H), 3,97 (m, 1 H), 3 45 (m,
1 H), 2.49-2.20 (m, 2 H), 1,89-1, 58 (m, 4 H),
0,936-0,840 (m, 1 H); S MS: 446 (M +1). Example Z-S3:
racemic -(4aS.6aS .14aS)-N-[(
2.4-DifluorophenvI)methyl]- ]2-hydrox g -6-methyl-
11,13-di oxo-] ,2,3, 4,4a, 5,6,6a,7.n ,13,14a-dodeca
hydropvrido[1',2':4,5]py r azino[1,2-a quina oh ne-
10-carboxamido, a) racemic
-{[(iS,2S)-2-Aminocyclohexyl]methyl}methylamino
hydrochloride, In a manner similar to that described n
example Z-38c-d from racemic -1j -dimethylethyl
[(1S,2R)-2-formylcyclohexyl]carbamate (0,410 mmol) and
methyl amine (0,5 mL of a 2 M tetrahydrofuran
solution) was prepared racemic
-{[(1S,2S)-2-aminocyclohexyl]methyl}methylaminc
hydrochloride two steps as a white solid (46 mg, 53% 2
steps). >H NMR (methanol- A/CD C 9.05 (br ,s,<JH),
8,72 (br s , < 1 H), 8.24 (br s , 1 H), 3,34 (m, 1 H),
3,29 (m, 1 H), 2 85 (br s, 1H), 2,66 (br 8, 4 H), 2,38
(br s , 1 H), 2.07-1.83 (m, 2 H), 1.67- 1. 14 (m, 6
H), b) racemic-(4aS,6aS, 14aS)-N-[(2,4
-Difluorophenyl)methyl]-12-hydroxy-6-methyl-
11,13-dioxo-
1,2,3,4,4a,5,6,6a,7,11,13,14a-dodecahydropyrido[1',2':
4,5]pyrazino[1,2-a]q uinazoline- 10-carboxamide. In a
manner similar to that described in example Z-35, from
racemic-{[(1S,2S)-2-aminocyclohexyl]methyl}methylamine
hydrochloride (46 mg, 0.215 rnmol) and 16a (35 mg,
0.0744 mmol) was prepared
racemic-(4aS,6aS,14aS)-N-[(2,4-difluorophenyl)methyl]-
6-methyl-11,13-dioxo-12-[(phe
nylmethyl)oxy]-1,2,3,4,4a,5,6,6a,7,
11,13,14a-dodecahydropyrido[1',2':4,5]pyrazino[1,2-
a]quinazoline-10-carboxamide(17 mg, 41%) as a white
solid. This material was deprotected in s second step
similar to the procedure described in example Z-37.
Thus, from
racemic-(4aS,6aS,14aS)-N-[(2,4-difluorophenyl)methyl]-
6-methyI- 11, 13-dioxo- 12-[(phe
nylmethyl)oxy]-1,2,3,4,4a.5.6,6a,7,11,13,14a-dodecahyd
ropyrido[1',2':4,5]pyrazino[1,2-
a]quinazoline-10-carboxamide (17 mg, 0,0302 mmol) and
10% Pd/C ( 1 mg) was prepared the title compound as a
white solid (9 mg, 64%), 1H NMR (CDCI3) 10.44 (m, 1
H), 8.29 (s, 1 H), 7,34 (m, 1 H), 6,79 (m, 2 H), 4,78
(m, 1 H), 4,62 (br s , 2 H), 4.29 (br s , 2 H), 3.41
(b, 1 H), 2.92 (m, 1 H), 2.66 (m, 1 H), 2,35-2.25 (m,
4 H), 1,90-1.74 (m, 2 H), 1.07-1.24 (m, 6 H); ES+ MS:
473(M +l). Example Z-54:racemic -(4aS.baS,14aS
)-N-f(2,4-Difluorophonyl)methyl]
-12-hydroxy6-f2-(methyloxy )e
thylHl,13-dioxo-1,2,3.4.4a v5,6,6a, Z L 3 ,
Ha-clodocaIwdropyrido[Y, 2' :4,5i pyra74no LL
2-alqxnnazoline-lO-carboxamido, a) racemic
-{[(1S,2S)-2-Aminocyclohexy)lmethyl}[2-(methyloxy)ethy
llamine hydrochloride. In a manner similar to that
described in example Z-38cd from racemic -1,l-di pi
thylethyl [(1S,2R)-2-formylcyclohoxyl]carbamate (93
mg, 0.410 mmol) and [2-(methyloxy)ethyl]amine (0,05
mL, 0.615 mtnol) was prepared in two stops racemic
-(K1S, 2S) -2-aminocyclohexyl] methyl} [2-
(methyloxy)ethyl] amine hydrochloride (63 mg, 60% 2
steps) as a while solid. 1H NMR (methanol- d4/CDCl 3)
0.02 (br s , <1 H), 8.78 (br s , <1, H), 8.29 (br s, 1
H), 3.69 (br s , 2 H), 3.46 )s, 3 H), 3.36-3.3 8 (m, 4
H), 2.97 (br s , 3 H), 2,46 (br s , 1 H), .86-1. 40
(m, 8 H). b) racemic -4aS,6aS, 14aS)-N-
1(2,4-Difluorophenyl)methyl] -12-hydroxy -6- l2-(meth
yloxy)ethyl]-11,13-dioxo-1,2,3,4,4a,5,6,6a,7,11,13,
14a-dodecahydropyrido[1',2':4,5]pyra 2ino|
1,2-a]quinazoline-10-carboxamide. In a manner similar
to that described in example Z-35, from racemic {[(lS,
2S) -2-aminocyclohexyli methyl} [2-(methyloxy)ethyl]
amine hydrochloride (63mg. 0,244 mmol) and 16a (40 mg,
0,0851 mmol) was prepared 2112VJCc^7c-(4aS,6aS,
14aS)-N-
[(2,4-difluorophenyl)methyl]-6-[2-(methyloxy)eLhyl]-
11, 13-d
ioxo-12-f(phenylmethyl)oxy]-1,2,3/I,4a,5,6,6a,7,11,13,
14a-dodecahydropyrido[1',2 1:4,i5j
pyrazino[1,2-a]quinazoline-10-carboxamide (44 mg, 81%)
as a white solid, This material was deprotected in a
second step similar Lo the procedure described in
example Z-37, Tims, from rncemic (4aS,6aS, 14aS)-N-
[(2,4-difluorophenyl)methyl] -6- l2-(methyloxy)ethyl]-
1l,13-dioxo- 12- [
(phenylmethyl)oxyl-1,2,3,4,4a,5,6,6a,7,11.
l-3,14a-dodecahydropyrido[1',2':4,5]pyrazino [1,2-a]q
i nazoline-10-carboxamide (44 mg, 0.0726mmol) and 10%
Pd/C (1 mg) the title compound was prepared as a white
solid (37 mg, quantitative) 1H NMIi (CDCl 3) 12.60 (br
s, 1 H), 10,47 (m, 1 H), 8,28 (a, I H), 7,34 (m, 1 H),
6,79 (m, 2 H), 4,81 (m, 1 H), 4,64 (m 3 H), 4.51 (m, 1
H), 4,26 (m, 1 H), 3.63 (m, 1 H), 3.31 (s, 3 H), 3.1 9
(m, 1 H), 2.86 (m, 1 H), 2.67 (2m, 2 H), 2.21 (m, 1
H), 1.91-1.78 (m, 2 H), 1.671.52 (m, AH), 1.46-1.24
(m, 3 H); ES+ MS: 517 (M +l). Example Z 55 rflCG;
;77c-(4aS,6aS, p aS)-6-l2- (A otylamino)othv] ]-N-|
(2, 4-difluorophenyl)methyl]-12-h vdroxy 11,13-dioxo-1
,2,3, 4,4a, 5,6 ,6a, 7, 11. 13,14a-dodeca
hydropvndo[j',2' : J3]p yrazinoj, .
-alauinazolino-lQ-carboxamide . a) i
ae6'772y6-N-l2-({[(1S,2S)-2-Aminocyclohexyl]methyl}ami
no)ethyl]acelamidehydrochloride. In a manner similar
to thai described in example Z-38cd from racemic l
,1-dimethylethyl [(1S,2R)-2-formylcyclohexyl]carbamate
(93 mg, 0,41 mmol) and N-(2-aminoethyl)acetamide (63
mg, 0.615 mmol), racemic -N-
[2-({[(1S,2S)-2-aminocyclohexyl]mc thy l}amino)efchyIj
ace tamide hydrochloride was prepared in two steps as
a white solid (82 mg), 71% 2 steps). 1H NMK (methanol-
A/CDCl 3) 8.86 (br s, 1 H), 8,29 (br s , 1 H),
3,62-3.51 (m, 3 H), 3.40-3,28 (m, 4 H), 3,22-2.93 (m,
3 H), 2.47 (m, 1 H), 2,08-2.06 (m, 4 H), 1.83- 3.75
(m, 2 H), 1,56-1.44 (m, 3 H), 1.23 (m, 1 H). b)
racemic -4 aS,6aS,14aS) -6- [2- (Acetylamino)ethyl]-
N-[(2,4-difluoropbenyl)methy - 12-hydroxy-1l
,1S-dioxo-1,2,3,4,4a.5.e.
a,7.11.13.14a-dodecahydropyrido[1',2':4,5]pyr
azino[l,2-a]quinazolino-I 0-carboxamide. In a manner
similar to that described in example Z-35, from
racemic-N-[2-({((1S,2S)-2-aminocyclohexyl]methyl}amino
)ethyl]acetamide hydrochloride (82 m g , 0,349 mmol)
and 16a (50 mg, 0,106 mmol) was prepared the title
compound (24 mg, 36%). This material was deprolected
in a second .stop similar to the procedure described
in example Z-37, Thus, from i acemi
(4aS,6aS,14aS)-6-[2-(acotylamino)ethyl]-N-[(2,4-difluo
rophenyl)methyl]-11,13-dioxo-1
2-[(phenylmethyl)oxy]-1,2,3,4,4a,5,6,6a,7,
11,13,14a-dodecahydropyrido[1',2':4,5]pyrazi no[
,2-a]qvunazohne-10-carboxamide (24 mg, 0,0379 mmol)
and 10% Pd/C (1 mg) was prepared the title compound as
a white solid after purification by HPLC, 1H NMR
(CDCI3) 12,59 (s, 1 H), 0.44 (s, 1 H), 8.35 (s, 1 H),
7,32 (m, 1 H), 6,79 (m, 2 H), 5.86(s, 1 H), 4.78 (m, 1
H), 4.61-4,50 (m, 3 H), 4.30 (m, 1 H), 3.35 (m, 1 H),
3. 8 (m, 1 H), 2.96 (m, 1 H), 2.76 (m, 2 H), 2,48 (m,
1 H), 2,19 (m, 1 H), 1,89-1,23 (m, 12 H); ES+ MS: 544
(M+l ) . Example Z-56: (3S,11aR) -N-[(2.4-Difl
uorophenyl)melhyl]-3-ethyl-6-hydroxy-5,7-dioxo-2,3 5 7
11 11a-h exahydro[1 ,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide. The title compound was made
in two steps using a similar process to that described
in example Z-2. 16a (40 mg, 0 09 mmol) and
(2S)-2-amino-1-butanol (0 1 mL) were reacted in
dichloromethane (2 mL) with acetic acid to give
(3S,11a R) -N [(2,4-d fl
uorophenyl)methyl]-3-ethyl-5,7-dioxo-6-[(phenylmethyl)
oxy]-2,3, 5,7,11,11a-hexahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carboxamide (39 mg, 90%).
This material was hydrogenated in a second step as
described in example Z-2 to give (3S ,11aR) -N
-[(2,4-difluorophenyl)methyl]-3-ethyl-6-hydroxy-5,7-di
oxo-2,3,5,7,11,11a-h exahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carboxamide (37 mg, 99%) as
a tinted white solid. 1H NMR (CDCl3) d 11.47 (br, 1
H), 10.26 (m, 1 H), 8,35 (s, 1 H), 7.32 (m, 1 H), 6,77
(m, 2 ), 5.29 (m, 1 H), 4.60 (m, 2 H), 4.47-4.32 (m, 3
H), 3.93-3,85 (m, 2 H), 2.08 (m, 1 H), 1.68 (m, 1 H),
0.95 (t, J = 7.6 Hz, 3 H); ES+ MS: 420 (M + L)Example
Z-57: (3S,11a R)-3-Butyl- N-[(2,4-difl uorophenyl)met
hyl]-6-hydr oxy-5 7-dioxo-2 3 5 7,11,1 1a-h exahydro[1
,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide, The title compound was made
in two stops using a similar process to that described
in example Z-2, 16a (40 mg, 0 09 mmol) and (2
S)-2-amino-1-hexanol (100 mg) were reacted in
dichloromethane (2 mL) with acetic acid to give
(3S,11a R)-3-butyl-
N-[(2,4-difluorophenyl)methyl]-5,7-dioxo-6-[(phenylmet
hyl)oxyl-2,3, 5,7,11,11a-hexahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carboxamide (43 mg, 94%).
This material was hydrogenated in a second step as
described in example Z-2 t o give (3S,11a R)-3-butyl-
N-[(2,4-difluorophenyl)methyl]-6-hydroxy-5,7-dioxo-2,3
,5,7, 11,11a-h exahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamide (33 mg, 92%) a s a tinted
white solid. 1H NMR (CDCl ) d 11.48 (br, 1 H), 10.27
(br, 1 H), 8,36 (br, 1 H), 7.31 (m, 1 H ) , 6.77 (m, 2
), 5.28 (m, 1 H), 4.59-4.36 (m, 5 H), 3,83 (m, 2 H),
2.08 (m, 1 H), 1.58 (m, 1 H), 1.39-1.23 (m, 4 H), 0 90
(t, J = 6.8 Hz, 3 H); ES+ MS 448 (M+l). Example Z -58:
(3S,11a R)
-N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-[(4-hydrox
yphenyl)methyl]-5,7- dioxo-2,3,5 7, 11,
11a-hexahydro[1 ,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-carboxamideThe title compound was made in
two steps using a similar process to that described m
examples Z-2, 16a (40 mg, 0.09 mmol) and
4-[(2,$)-2-amino-3-hydroxypropyl]phonol (43 mg, 0.21
mmol) wore reacted in dichloromethane (2 mL) with
acetic acid to give (3S l a
-N-f(2,4-difluorophenyl)methyl]-3-[(4-hydroxyphenyl)me
thyl]-5,7-dioxo-6-[(p henylmethyl)oxy] 2,S, b,7,11
i11a-hexahydro[1,3]oxazolo[3,2- a]pyrido[1,2-
d]pyrazine-8-c arboxamide (10 mg, 20%) This material
was hydrogcnatcd in a second step as described in
example Z-2 and purified via preparative HPLC to give
(3S,1la ;')-N
-[(2,4-diflnorophenyl)methyl]-6-hydroxy-3-[(4-hydroxyp
henyl)methyl]-5,7-
dioxo-2.S.O,7.11,11a-hexahydro[1,3]oxazolo[3,2-
a]pyrido[1,2- d]pyrazine-8-carboxamide (7 mg, 63%) as
a white solid. 1If NMR (CDaOD) d 10.43 (m, 1 H), 8.34
(s, 1 H), 7.33 (m, 1 H), 7.00 (d, J = 8.4 Hz, 2 H),
6.82 (m, 2 H), 6.7 L(d, "/= 8.4 Hz, 2 H), 5.05 (m, 1
H), 4.67-4.57 (m, 4 H), 4.21 (dd, J = 8.8, 7,2 Hz, 1
H), 3.94 (dd, J - 8.8, 6,4 Hz, 1 H), 3.21 (dd, J = 13
2, 3 2 Hz, 1 H), 2.90 (dd, J = 13.6, 8,8 Hz, 1 H)i E S
1 MS: 498 (M+1). Example Z-59:
(4S,12aS)-l-Cvclobutyl-N-[(2,4-difluorophenyl)methyl]-
7-hydroxy4-methy l-6, 8-dioxo-] ,2,3,4.6,8, 12,
12a-octahydropyrido[1',2':4,5]pyrazino[1,2;a]py
rimidine-9-carboxamide,a) | (3 5 3
Aminobutyl]cyclobutylamino dihydrochloride was
prepared in a similar manner as described in example
Z-47, 1H NMR (400 MHz, CDCl /CDaOD) d 1.23 (d, J = 6,4
Hz, 3H), 1.69-2,26 (m, 8H), 2,83 (m, 2H), 3.31-3.33
(m, 1H), 3.55 (m, 1H), 8,08 (br, <1H), 9.07 (br, <1H).
b) ( S,12a S )-1-Cyclobutyl- N
-[(2,4-dif]uorophenyl)methyl]-7-b.ydroxy-4-methyl-6,8-
dioxo-1
,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazino[l
,2-a]pyrimidine-9-carboxamide, 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
froo based f(3S)-3-aminobutyl]cyclobutylamine (96 mg,
0,68 mmol) were reacted in dichloromethane (2 ml) with
acetic acid to give
(4S,12a..'S'-1-cyclobutyl-N-[(2,4-difluorophenyl)methy
l]-4-methyl-6,8-dioxo-7-[(phenylm
etlvyl)oxyl-1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4
,5]pyrazino[1,2-tflpyrimidine-9-car boxamide (68 mg,
70%) as a film. This material was hydrogenated in a
second step as described in example Z-2 to give ( S
,12a S
-1-cyclobutyl-/V-[(2,4-difluorophenyl)methyl]-7-hydrox
y-4-methyl-6,8-ch oxo-1
,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazino[1
,2- a1pyrimidine 9-carboxamide (57 mg, 100%) as an
off-white solid, 1H NMR (400 MHz, CDCl3) d 1.31 (d, J
= 6.8 Hz, 3H), 1.46-1.70 (m, 4H), 1.91-2,12 (m, 4H),
2.52 (m, 1H), 2.90-2.93 (m, Hi), 3.06 (m,1H),
4.16-4.29 (m, 3H), 4.57-4.06 (m, 2H), 4.99-5.05 (m,
1H), 6.75-6.82 (m, 2H), 7.32-7.38 (m, 1H), 8,20 (s,
1H), 10.44 (s, 1H), 12,51 (s, 1H), ES+ MS: 473 (M+l).
Example Z-60: (4S . 12a S
)-N-[(2,4-Difluorophenyl)methyl]-7-hydroxy-4-methyl-6,
8-dioxo-1-(tetrahydro- 2H-thiopyran-4-yl)-1
,2,3,4,6,8,12, 12a-octahydropyrido[1',2':4,5]pyrazino[
1,2-a]pyrimid ine-9-carboxamide a)
[(3S)-3-Aminobutyl]tetrahydro-2 H-thiopyran-4-ylamine
dihydrochloride was prepared in a similar manner as
described in example Z-47 1H NMR (400 MHz, CDCl 3/CD
3OD) d 1,21 (d, J - 6,4 Hz , 3H), 1,65-1,75 (m, 2H),
1.90-2.10 (m, 2H), 2.35 (m, 2H), 2,56-2,61 (m, 4H),
2,92-2.98 (m, 311), 3,27-3,31 (m, 1H), 8,05 (br, <1H),
8.90 (br, <1H). b) (4S,12a S )-N-
(2,4-difluorophenyl)methyl]-7-hydroxy-4-methyl-6,8-dio
xo-1-(tetrahydro- 2H-thiopyran-4-yl)-1,2,3,4,6,8, 12,
12a-octahydropyrido[1',2':4,5]pyrazino[1,2- a]pyrimid
ine-9-carboxamide, The title compound was made in two
stops using a similar process to that described in
example Z-2. 16a (80 mg, 0.17 mmol) and free based
[(3S)-3-aminobutyl]tetrahydro-2H-thiopyran-4-ylamino
(108 mg, 0 58 mmol) were reacted in dichloromethane (2
mL) with acetic acid to give( "',12aS
-yV-[(2,4-difluorophenyl)meth.yl]-4-methyl-6,8-dioxo-7
-[(phenylmethyl)oxy]-1-
(fcetrahydro-2H-thiopyran-4-yl)- 1,2,3,4,6,8, 12,
12a-octahydropyrido[1',2':4,5]pyrazino[1,
2-#]pyrimidine-9-carboxamide (56 mg, 54%) as a film.
This material was debenzylafcod in a second step to in
a manner similar to Z-26 to give (4S ,12a S
)-N-[(2,4-difluoroph
bnyl)methyl]-7-hydroxy-4-methyl-6,8-dioxo-.
-(tetrahydro- 2N-thiopyran-4-yl)-1,2,3,4,6,8,12,
12a-octahydropyrido[1',2':4,5]pyrazino[1,2- a]pyrimid
ine-9-carboxamide (56 mg, >100%) as an off-white
solid, 'H NMR (400 MHz, CDCl3) 1,30 (d, J = 6.8 Hz ,
3H), ,54-1,58 (m, 1H), .1,72-1.82 (m, 3H), 1,97-2,11
(m, 2H), 2.60-2,76 (5H), 2.86 (m, 2H), 4,17-4.30 (m,
2H), 4.62-4,66 (m, 3H), 4.92-4.96 (m, 1H), 6.75-6.82
(m, 2H), 7,32-7,38 (m, 1H), 8 31 (a, 1H), 30,46 (s,
1H), 12,48 (s, 1H); ES+ MS: 519 (M+ 1). Example Z-6H
(46r,12a6)- N-[(2,4-Difluorophen g l)meth y
l]-7-hydroxyl,4-bis(2-methylpropyl)-6,8-dioxo -1,2,3
4,6,8.12,12a-octahydr opyrido[1',2':4,5]py ra2ino[1,2
- ]pyrimidine-9-carboxamide. a)
[(3<S)-3-Amino-5-methylhoxyl](2-methylpropyl)amine
dihydrochloride was prepared in a similar manner as
described in example Z-32. 1H NMR (400 MHz,
CDCl3/CD3OD) d 0.87 (d, J = 6.4 H ,6H), 0,97 (d, J = 6
8 Hz , 6H), 1.34-1.41 (m, H), 1.45-1,52 (m, 1H),
1,58-1. 66 (m, 1H), 2,01-2,13 (m, 2H), 2,72-2,73 (m,
2H), 3,03-3,06(m, 2H), 3.29 (ni, 2H), 8,07 (br, <1H),
8,71 (br, <1H). b) (4
v,12a.S)-N-[(2,4-Difluorophenyl)methyl3-7-hydroxy-1,4-
bis(2-methylpropyl)-6,8-dioxo 1,2,3,4,6,8,12,
12a-octahydropyrido[1',2':4,5]pyrazino[1, 2
-dpyrimidine-9-carboxn mid , 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-amino-5-methylhexyl](2-methylpropyl)amine (117
mg, 0,63 mmol) were reacted in dichloromethane (2 mL)
with acetic acid to give
S,12a5)-//-[(2,4-difhiorophenyl)methy
p-1,4-bis(2-methylpropyl) 6,8-dioxo 7-[(phenyl
methyl)oxy]-1,2,3,4,6,8,12, 12a - ct
ahydropyrido[1',2':4,5]pyr avin.of1,2- ]pyr imid
ne-9-c arboxamide (68 mg, 66%) as a film, This
material was hydrogonated in a second step as
described in example Z-2 to give (4,S,12a S
-N-[(2,4-difluorophenyl)methyl]-7-hydroxy-1,4-bis(2-me
thylpropyl)-6,8-dioxo-
1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazino[
1,2- a]pyrimidine-9-carboxamide (56 mg, 97%) as an
off-white solid, 1H NMR (400 MHz, CDCl3) d 0.74 (d, J
= 6 4 Hz, 3H), 0,84 (d, e/ = 6 4 Hz, 3H), 0,97-1.00
(m, GH), 1.37-1,83 (m, 5Ii), 2,03-2,12 (m, 2H),
2.21-2.28 (m, 1H), 2.77 (m, 1H), 2,00-2,93 (m, 1H),
4,1 9-4.40 (m, 3H), 4.59-4.70 (m, 2H), 4.96-4,97 (m,
1H), 6,77-6,83 (m, 2H), 7,33-7,39 (m, 1H), 8.28 (s,
IfI), 10,47 (s, 1H), 12,59 (br, 1H), ES 1 MS: 5J7
(M+l). Example Z-62: racemic -(4aS,6aS, 14a5)-N4(2,4-
ifIuorophenyl)mcihy l]-12-hydroxy6-(2-hydrox vethyl)
-11.l3-dioxo-1,2,3,4.4a,5,6.6a,7,l] .13,3 4a
-dodocahydr pvr ido[1',2':4,5]py razinof] ,2- a]
ciuinazolino-1 O-carboxamide , a) racemic
-2-({[(1S,2S)-2-Aminocyclohexyl]methyl}amino)cthanol
hydrochloride, 



In a manner similar to that described in example
Z-55a, from racemic -1.1-dimet-hylethyl
[(1S,2^-2-formylcyclohexyl]carbamato ( I 12 mg, 0.497
mmol) and 2-aminoethanol (0,04 niLm 0,746 mmol) was
prepared racemic'2-({{{ IS, 2S) -2- aminocyclohexyl]
methyl} amino) ethanol bis-hydrochlorido in two steps
(102 nig, 84% over 2 steps). >H NMR (methanol- d4/CDCl
3) 8.81-8,40 (m, < 2 H), 8 , 16 (br s , 1 H),
4.02-3.93 (m, 2 H), 3,80 (br s , 2 H), 3,53 (m, 1 H),
3,36-2.93 (m, 6 H), 2 4 1 (br s, 1 H), 2,05 (m, 1 H),
1.76- 1.4 1 (m, 4 H) b) racemic
-(4aS,6aS,14aS)-N-[(2,4-Difluorophen,yl)methyl]-12-hyd
roxy-6-(2-hydr oxyethyl)-11,
l3-dioxo-1,2,3,4,4a,5,6,6a,7,
11,13,14a-dodecahydropyrido[1',2':4,5]pyrazi
no[1,2-a]quinazoline-10-carboxamide In a manner
similar to that described in example Z-35, from 16a
(45 mg, 0.0957 mmol) and racemic
-2-({[(1S,2S)-2-aminocyclohexyl]methyl}amino)ethanol
hydrochloride (102 mg, 0,418 mmol) was prepared
racemic
-(4aS,6aS,14aS)-N-[(2,4-difluorophenyl)methyl]-6-(2-hy
droxyethyl)-11,13-dioxo
-12-[(phenylmethyl)oxy]-1,2,3,4,4a,5,6,6a,7,l1,13,14a-
dodecahydropyrido[1',2':4,5]pyrazino[1,2-a]q\unazoline
-10-carboxamide (7 mg, 12 %) as a white solid after
silica gel chromatography (1-12%
methanol/dichloromethane gradient ehition). This
material was deprotectcd in a second step similar to
the procedure described in example Z-37. Thus, from
raccm c L&S,6&S, 14aS)-N- [(2,4-difluorophenyl)methyl
|-6-(2-hydroxyethyl)- 11, 13-dioxo
12-[(phenylmethyl)oxy]- 1,2,3,4,4a,5,6,6a,7,
11,13,14a-dodecahydropyrido[1',2':4,5]pyra
zino[1,2-a]quina ;oline-10-carboxamide (7 mg, 0,0118
mmol) the title compound was prepared after
purification by HPLG (3 mg, 50 %), 1H NMR (CDCI )
12.57 (br s, 1 H), 10,45 (m, 1 H), 8.29 (s, 1 H), 7 34
(m, 1 H), 6,78 (m, 2 H), 4,80 (m, 1 H), 4 7 1 Cs, 1
H), 4.62 (m, 2 H), 4,44 (m, 1 H), 4.33 (m, 1 H), 3.75
(m, 1 H), 3,62-3,20 (m, 3 H), 3 13 (m, 1 H), 2.74-2.71
(m, 2 H), 2.24 (m, 3 H), 1.90-137 (m, 12 H), 1,27-1,23
(m, 3 H)I.12 (m, 1 H); ES+ MS: 503 (M +l), Example
Z-63: ce ic-(4aS,6aS,14aS)-6-Cg cloprQpyl-N-[(2,4-d
fluorophenyl)m ethyl]- 12-hydroxy- 11,1.
3-dioxo-3,2,3,4,4a,5.6.6a,7,l l,13, 14a-dodecahydrop
vrido[1',2':4,5]py razino[1,2-alqu ina
zoline-lQ-carboxami de. a)
ra<?crayc-(1S,2S)-2-[(Cyclopropylamino)methyl]cyclohex
anaminc hydrochloride Tn a manner similar to that
described in example Z-55a, from i c
c-1,1-dimethylethyl
[(1S,2ll)-2-formylcyclohexyl]carbamate (112 mg,
0.497mmol) and cyclopropylamine (0.05 mL, 0.746 mmol)
was prepared racemic (1S,2S)-2- [(cyclop
ropylamino)methyl]cyclohexanamine bis hydrochloride
salt in wo steps (102 mg, 86% over 2 steps). This
material was used without further purification, 1H NMR
(mathanol-rfi/CDClu) 8,31 (br s , 1 H), 3,75 (br s , 1
H), 3.54 (m, 1 H), 2,96 (m, 1 H), 2,73 (m, 1 H), 2,27
(m, 1 H), 1,94 (m, 1 H), 1.76-1. 5 (m, 8 H), 0.88-0.78
(m, S H). b) racemic
(4aS,6aS,14aS)-6-Cyclopropyl-N-[(2,4-difluorophenyl)me
thyl]- 12-hyd roxy- 11, 13-dioxo- 1,2, 3,4,4a,
5,6,Ba,7,I ,13,
14a-dodecahydropyrido[1',2':4,5]pyrazino[l ,
2-a]quinazoline-10-carboxamide. In a manner similar to
that described in example Z-35, from 16a (45 mg,
0.0957 mmol) and racenuc-
(1S,2S)-2-[(cyclopropylamino)methyl]cyclohexanamine
hydrochloride (102 mg, 0,425 mmol) was prepared
racemic
<4aS,6aS,l4aS)-6-cyclopropyl-N-[(2,4-difluorophenyl)me
thyl]-11,13-dioxo-12-U phenylmethyl)oxy]-
1,2,3,4,4a,5,6,6a,7,11,13,14a-dodecahydropyrido[1',2':
4,5]pyrazinol 1,2-ajquinazolino- 10-carboxamide as a
white solid after silica gel chromatography (1-12%
methanol/dichloromethanc gradient clutxon). This
material was deprotectod in a second step similar to
tho procedure described in example Z-37. Thus, from
racemic
-(4aS,6aS,14aS)-6-cyclopropyl-N-[(2,4-difluorophenyl)m
ethyl]-11,13-dioxo- 12-[(
phenylmethyl)oxy]-3,2,3,4,4a,5,6,6a,7,l l
,13,14a-dodecahydropyrido[1',2':4,5]pyrazino[
T,2-a]quinazoline-10-carboxamide (56 mg, 0,0949 mmol)
the title compound was prepared as a white solid (41
mg, 81%). NMR (CDCl3) 12.10 (br s, < 1 H), 10.45(m, 1
H), 8,27 (s, 1 H), 7,33 (m, 1 H), 6,88 (m, 2 H), 4,77
(m, 1 H), 4,61-4,49 (m, 4 H), 4,33 (m, 1 H), 2,04 (m,
1 H), 2,79 (m, 1 H), 2. 17 (m, 1 H), 1,86-0.86 Gm, 10
H), 0,658 (m, 1 H), 0.499-0,32 (m, 2 H); ES-* MS: 499
(M +1), Example 2-64: racemic
-(4aS,6aS,14aS)-N-[(2,4-pifluorophenvI)methyl]-
12-hydroxy 11, 18-dioxo-6-l2-(
1-pyrrolidinyl)ethyl1-1,2,3,4,4a,5,6,6a, 7,1
1,13,14a-dodecahydropyrido[1',2':4,5]py razin
o[1,2-a.lquinazoli ne-10-carboxam kle formic acid salt
a) racemic
-(1S,2S)-2-({[2-(i-Pyrrohdinyl)oLhyl]amino}methyl)cycl
ohexanamine hydrochloride. In a manner similar to that
described in example Z-55a, from racemic
1,1-dimethylethyl
[(1S,2R)-2-formylcyclohexyl]carbamate Q 2 mg, 0.497
mmo]) and 2-(1-pyrrolidinyl)ethanamine (0.09 mL, 0.746
minol) was prepared racomio i S,2S)- 2
({[2-(1-pyrrolidinyl)ethyl]
amino}metbyl)cyclohexanamine (88 mg, 60% 2 steps) as
the bis hydrochloride salt in two steps as a white
solid, 1H NMR. (methanol- flVCDCl3) 9.68 (br s , < 1
H), 9,24 (br s , < 1 H), 8.25 (br s, 1 H), 3.75- 3,04
(m, 11 H), 2,37 (br s , 1 H), 2.06-1.20 (m, 12 H). b)
racemic<7-(4aS,6aS,14aS)-N-[(2,4-Diflxiorophenyl)methy
l]-12-hydroxy-11,
L3-dioxo-6-[2-(1-pyrrolidinyl)ethyl]-1.,2,3,4,4a,5,6,6
a,7,11,13,14a-dodecah.ydro pyrido[r,2':4,5]
pyrazino[1,2-a]quinazo]ine-1Q-carboxamide formic acid
salt, In a manner similar to that described in example
Z-35, from 16a (30 mg, 0,0638 mmol) and i e;n
?-(1S,2S)-2-({[2-(1 pyr
rolidinyl)o<,hyl]amino}methyl)cyclohexanamin
hydrochloride (88 mg, 0,296 mmol) was prepared i< ce ;
'c-(4aS,6aS,14aS)-N-[(2,4-cUfluorophenyl)methyl]-11,13
-dioxo-12-[(phenylmct-hyl
)oxy]-6-[2-(1-pyrrolidinyl)ethyl]-
1,2,3,4,4a,5,6,6a,7,,11,13,14a-dodecahydropyrido[l',2
l : 4,5]pyrazino(1,2-a]qt  nazoline-10-carboxamide as
a white solid (31 mg, 76%) after silica gel
chromatography (1-12% metha pol/dichloromethane
gradient elution), This material was deprotected in a
second step similar to the procedure described in
example Z-37, Thus, from r ac?? i -(4aS,6aS,14aS) -N-
f(2,4 -difluorophenyl)nio thy I]- 11, 13 -dioxo- 12-
[(phenyl methyl
)oxy]-6-[2-(1-pyrrolidinyl)ethyl]-1,2,3,4,4a,5,6,6a,7,
11,13,14a-dodecahydropyridol1',2': 4,5jpyrazinoU
,2-a1quinazoline-10-carboxamide (31 mg, 0.048 mmol)
the title compound was prepared as a yellow solid
after purification by HFLC (18 mg, 66%), 11 NMR (CDCl
3) 10.39 (br s , 1 H), 8,56 (br s , 1 H), 8,39 (br s ,
J H), 7,34 (m, 1 H), 6,78 (m, 2 H), 4,76-4,40 (m, 6
H), 3.26-2.89 (m, 7 H), 2,73 (m, 1 H), 2 , 15 (m, 1
H), 2.02-1.18 (m, 14 H); KS" MS: 556 (M +l), .Example
Z-65: (4aS,14a S)-N-[(2.4-Difluoro phen vl)inothyl1
-9-hydroxy8,10-di oxo-2, 3.4,4a.5,6,8, 10 , 14, l 4a-d
ecahydro-lH-pyrido[1,2-ciDyrido l r ,2':4,5]pyra;
zino[3 ,2-aip vrimidi nc-l l -ca rboxa_mido a)
{2-[(2S)-2-Pipcridinyl]ethyl}aminc. This compound was
prepared in a similar manner as its enantiomor
described in example Z-42a, b) (4aS,14aS)-N-[(2,4-Difl
uorophenyl)melhyll-9-hyrlroxy-8,10-d oxo-2,3,4/
Ja,5,6, 8,30,1
4,14a-decahydro-1H-pyrido[1,2-c]pyridol.1
',2"4,5lpyrazinoU,2-a]pyrimicline- 11-c arboxainido.
In a manner similar to that described in example Z-35,
from {2-[(2S)-2-piporidinyl]ethyl}amino (28 mg, 0.218
mmol) and 16a (30 mg, 0.0G38 mmol) was prepared
(4aS,14aS)-N-[(2,d-di{J iiorophenyl)meihyl]-8,
10-dioxo-9-[(phenylmethyl)oxyl-2,3,4,4a,5 ,6,8,10,l l
, 14a-decahydr0-1H-pyrido[1,2-clpyridolr,2'
4,5]pyra'/ano[1,2-a]pyrimidine-1 1 -carboxamide (29
mg, 82%) , This material was deprotected in a second
step similar to that described in example Z-37 to give
the title compound as a white solid (26 mg,
quantitative). UI NMR (CDCl3) d 12.44 (br s , 1 H),
0.48 (s, 1 H), 8.26 (s, 1 H), 7.35 (m, 1 PI), 6.80 (m,
2 H), 4.68-4.57 (m, 2 JH), 4.38 (m, 1 H), 4 20 (m, 1
H), 3.93 (s, 1H), 3,63-3,39 (m, 2 H), 2,9 1 (m, 2 H),
2.29 (br s , 1 H), 2.02 (m, 1 H), 1.69-1,45 (m, 4 H),
1.30-1.24 (m, 2 H), J.12 (br a , 1 H); ES' MS: 9
(M-H).Example Z-66: .(48, 12aS)-N-[(4-Fluoro
phenyl)methyl]-7-hydroxyd -methyl- ] -[2-(msthy]oxy)
ofchyll-6,8- diox - 1,2,3.4,6.8,1 2,12a-octahydropyri
do[1',2':4,5]py razino[1,2- a.1pyrimidi nc-9-carboxa
mide . a) [(3S)-3-Aminobutyl]l2-(methyloxy)ethyl]amine
bis hydrochloride, In a manner similar to that
described in example Z-47, from 1,1-dimethylethyl
[(1S)-1-methyl-3-oxopropyl]carbamate (76 mg, 0.406
mmol) and 2-(methyloxy)ethyl]amine (0.05 ml, 0.609
mmol) was prepared [(3S)-3-aminob
tyl][2-(methyloxy)ethyl]amine as the bis hydrochloride
salt in two steps (19 mg, ciuantatativc), ' H NMR
(methanol-di/CDOh) d 9.02 (< 1 H), 8 24 (< 1 H), 3.68
(br s , 2 H), 3.49 (br s , 1 H), 3.34 (br s , 4 H),
3,15 (br s , 4 H), 2.26-2.11 (m, 2 H), 1.35 (br s, 3
H). b)
(4S,12aS)-N-[(4-Fluorophenyl)methyl]-7-hydroxy-4-methy
l-1-[2-(methyloxy)et hyl]-6,8-dioxo- ] ,2,3,4,6,8,
12,12a-octahydropyrido[1',2':4,5]pyrazino[1,2-a]pyrimi
dine-9 -carboxamide, In a manner similar to that
described in example Z-35, from 16 (15m , 0.034 mmol)
and K3S)-3-Aminobulyl][2-(methyloxy)ethyl]amme bis
hydrochloride (19 mg, 0,087 mmol), (4S,
12aS)-N-[(''l-fluorophenyl)methyl]-4-methyM-[2-(methyl
oxy)ethyl]-6,8-dioxo-7-[(ph
enylmethyl)oxyM,2,3,4,6,8,12,12a-octahydropyrido[1',2'
:4,5]pyrazino.1,2-a]pyrimidine -9-carboxamide was
prepared as a white solid after silica gel
chromatography (1-12% methanol/dichloromethanc), This
material was deprotected in a second step similar to
that described in example Z-37 to give the title
compoimd as a yellow solid (9 mg, 60 %, 2 steps). 1H
NMIi (CDCl3) d 12,56 (s, 1 H), 10.51 (m, 1 H), 8,29
(s, 1 H), 7.32 (m, 2 H), 6,98 (m, 2 H), 5.03 (m, 1 H),
4.65-4.59 (m, 2 H), 4 53 (m, 1 H), 4.21 (m, 1 H),
3.61-3,40 (m, 2 H), 3.34-3.13 (m, 3 H), 3,08 (m, 1 H),
2.94-2.84 (m, 2 H), 2.68 (m, 1 H), 2.07 (m, 1 H), 1.50
(m, 1 H), 1,35 (d, "7 = 7.2 Hz, 3 H), 1.14 (m, 1 H);
ES 1 MS: 459 (M+l). Example Z-67:
(4S.12aS)-l-Cvclobutyl-N-[(4-fluorophen yl)methyl1-
7-hydroxy-4-met hyl-6,8-dioxo-1 ,2,3
,4.6.8.12,12a-octahydrop vrido[1',2':4,5]py razino[ l
,2-a1pyrimidine-9-carboxamide , a)
[(3S)-3-Aminobutyl]cyclobutylamino bis-hydrochlaride,
In a manner similar to that described in example Z-47,
from 1,1-dimethylethyl[(1S) l-methyl-3
oxopropyl]carbamato (76 mg, 0, 06 mmol) and
cyclobutylamine (0,05 mL, 0,609 inmol) was prepared
[(3S)-3A minobutyl]cyclobulylamine bis-hydrochlorido
in two steps (23 mg, 27%). 1H NMR (methanol- d
4/CDCl3) d 8.86 (s, < 1 H), 7.97 (s, < 1 H), 3.46 (m,
1 H), 3.21 (m, 1 H), 2.74 (m, 2 H), 2,14-2.08 (m, 4
H), 1.94-1,62 (m, 5 H), 1.13 (d, =7= 6 Hz, 1 H), b)
(4S,12aS)-1-Cyclobutyl-N-[(4-fluorophenyl)methyl]-7-hy
droxy-4-methyl-6,8-di oxo-1,2,3,4,6,8,12,
2a-octahydropyrido[1',2':4,5]pyrazino[1,2-a]pyrimidine
-9-carboxam ide. In a similar manner t o that
described in example Z-35a, from 16 (18 mg, 0.39 mmol)
and [(3S)-3-Aminobutyl!cyclobutylamine
bis-hydrochloride (23 mg, 0.107 mmol),
(4S,12aS)-1-cyclobutyl-N-[(4-fluorophc
pyl)methyl]-4-meth.yl-6,8-dioxo-7-[(phenylmeth
yl)oxy]-1,2,3,4,6,8, 12,
12a-octahydropyrido[1',2':4,5]pyrazino[1,2-a]pyrimidin
e-9-carbox amide 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 white solid after purification by HPLC
(4,5 mg, 25 % 2 steps), 1H NMR (CDCl3) d 12.54 (s, 1
H), 10 48 (b, 1 H), 8,20 (s, 1 H), 7,31 (m, 2 H), 6,98
(m, 2 H), 5,02 (m, 1 H), 4,61 -4,57 (m, 2 H), 4.26-4,
14 (m, 3 H), 3,05 (m, 1 H), 2.90 (m, 1 H), 2,49 (m, 1
H), 2.12 (m, 1 H), 2.05- 1.87 (m, 3 H), 1,84-1, 6 1
(m, 3 H), 1.46 (m, 1 H), 1.32 (m, 3 H); ES MS: 455 (M+
1). Exam ple Z-68:(4S,
12aS)-N-[(4-Fluorophenyl)methyl]-7-hydroxy-4-methyl-
1-(2-methy]propyl)-6,8-diox
o-1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazin
o[1,2-a]pyrimidino-9-carboxamid e a)
[(3S)-3-Aminobutyl](2-methylpropyl)amine
bis-hydrochloride. In a manner similar to that
described in example Z-47, this compound was prepared
from 1,1-dimethylethyl
[(1S)-1-methyl-3-oxopropyl]carbamate (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
%) 1H NMR (methanol- d 4/CDCl3) d 3,25 (br s , 1 H),
2.91 (br s , 2 H), 2.64 (m, 2 H), 2,02-1.93 (m, 3 H),
1.17 (m, 3 H), 0,88 (m, 6 H). b)
(4S,12aS)-N-[(4-Fluorophenyl)methyl]-7-hydroxy-4-methy
l-1-(2-methylpropyl) -6,8-dioxo- 1,2,3,4,6,8, 12,
12a-octahydropyrido[1',2':4,5]pyrazino[1,2-a]pyrimidin
e-9-car boxamide. 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-methylp
ropyl)-6,8-dioxo-7-[(pheny
lmethyl)oxy]-1,2,3,4,6,8,12,12a-octahydropyrido[1',2':
4,5]pyrazino[1,2-a]pyrimidine-9-carb oxamide was
prepared a a white solid, This material was
dcprotected 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). 1H NMR (CDCl 3) d 12,57
(s, 1 H), 10,46 (s, 1 H), 8,27 (s, 1 H), 7,32 (m, 2
H), 6,99 (m, 2 H), 4 98 (m, 1 H), 4.63-4, 5 (m, 2 H),
. 5 (m, 1 H),4.26-4.16 (m, 2 H), 2,91 (m, 1
H)r2-.77-(m, 1 H), 2.24 (m, 1 H), 2,14-2,03 (m, 2 H),
1.63 (m, 1 H), 1.48 (m, 1 H), 1,33 (m, 3 H), 1,09 (m,
1 H), 0.850 (m, 3 H), 0.789 (m, 3 H); ES+ MS: 457
(M+1). Exa mple Z-69: (4S,12aS)-N -[(4-
FluoiOphenyl)methyl] -7-hydroxy-1,4-dimethvI-6,8-
dioXQJ-L 2, 3_, 4 6,8 1 ,12a-octah
VcIrOpViJdOU'.2':4.5]pyrazxno 1. 3,2 alp vrimidin
q-9-carboxamide. a) [(3S)-3-Aminobutyl]methylamine
bis-hydrochlo p de, I n a manner similar t o that
described in example Z-47, this compound was prepared
from 1,1-dimethylethyl
[0S)-1-methyl-3-oxopropyl}carbamalc (76 mg, 0,409
mmol) and excess methylamine (2 M in tetrhydrofuran)
in two steps as the bis hydrochloride salt (17% 2
steps). 1H NMR (methanol-rfi/CDCl 3) 6 3 16 (m, 1 H),
3.08 (s, 2 H), 2,83 (m, 2 H), 2.45 (s, 3 H), 1,88 (m,
. H), 1.75 (m, 1 H), 1.09 (m, 3 H).b) (4S, 12aS)-N-(
(4-Fluorophenyl)methyl]-7-hydroxy-1,4-dimethyl-6,8-dio
xo-1,2,3, 4,6,8, 12,
12a-octahydropyrido[1',2':4,5]pyrazino[1,2-a]pyrimidin
e-9-carboxamide. In a similar manner to that described
in example Z-35, from 16 (18 mg, 0.0398 mmol) and
[(3S)-3-aminobutyl]methylamine bis-hydrochlox-ide (19
mg, 0 , 109 mmol,
(4wS,12aS)-N-[(d-fluorophenyl)methyl]-1,4-dimethyl-6,8
-dioxo-7-[(phenylmethyl)oxy]-1,
2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazino[1,
2-a]pyrimidine 9-carboxamide was prepared as a white
solid, This material was deprotected m a second step
similar to that described in example Z-37 to give (he
title compound as a tan solid (7 mg, 44% 2 steps), 1H
NMR (CDCI3) d 12.53 (a, 1 H), 10.47 (a, 1 H), 8.29 (a,
1 H), 7.32 (m, 2 H), 6,99 (m, 2 H), 5.04 (1 H), 4.60
(m, 2 H), 4.23 (s, 3 H), 2.83-2.80 (m, 2 H), 2.32 (s,
3 H), 2.13 (m, 1 H), 1,48 (m, 1 H), 1.34 (m, 3 H), ES+
MS: 415 (M+l), Example Z-7Q: (4 12aS -N-[(4-Fluoroph
enyl)methyl1-7-h ydrox v4-methyl-6,8-d ioxo-3
-(totrahydro-2 H -thiopyran-4-yl)- 1,2,3,4,6,8, 12, l
2a- rctahydr oDyrido[1',2':4,5]py razino[3
,2-fl]pyrimidine -9 car boxamide. 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
[(3-S)-3-aminobutyl]totrahydro-2/ir-tlHopyran-4-ylamin
e (48 mg, 0.26 mmol) werereacted in dichloromethane (2
mL) with acetic acid to give (4S,12a S) -N
-[(4-fluorophenyl)methyl]-4-methyl-6,8-dioxo-7-[(pheny
lmethyl)oxy]-1-(tet rahydro-2
H-thiopyran-4-yl)-1,2,3,4,6,8,12,12a-octahydropyrido[1
',2':4,5]pyrazino[1,2- a ]pyrimidine-9-carboxamide (16
mg, 49%) a s a film, This material was debenzylated in
a second step in a manner similar to Z-26 to give
(4S,12aS) -N
-[(4-fluorophenyl)methyl]-7-hydroxy-4-methyl-6,8-dioxo
-1-(tetrahydro-2 Hthiopyran-
4-yl)-1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyr
azino[1,2- a]pyrimidine- 9-carboxamiclo (8 mg, 59%) as
an off-white solid, 1H NMR (400 MHz, CDCl3) d 1,30 (d,
J = 7,2 Hz, 3H), 3.63-3 .58 (m, 1H), 1,72-2.10 (m,
5H), 2.56-2.76 (m, 5H), 2.84-2,87 (m, 2H), 4.18 (dd, J
= 2,8, 14,0 Hz, 1H), 4,26 (dd, J = 3.4, 14.2 Hz, 1H),
4,92-4,97 (m, 1H), 6.96-7,00 (m, 2H), 7,29-7 36 (m,
2H), 8.31 (s, 1H), 10.48 (m, 1H), 12.48 (br, 1H); ES+
MS: 501 (M+l). Example Z-71 : (4S ,12a S )-N
-[(2,4-Difl uor ophenyl)methyl]-7-hydr oxy-1 4-dimet
hyl-6.8-dioxo-1,2.3.4,6.8
,12,12a-octahydropyrido[1',2':4,5]pyrazino[1 ,2-
a]pyrimidine-9-carboxamide a)
[(3S)-3-Aminobutyl]methylamino dihydrochloride was
prepared in a similar manner as described in example
21-47. 1H NMR (400 MHz, CDCl3) d 1.18 (d, J = 6.8 Hz,
3H), 1,82-1,93 (m, 1H), 1.94-2. 03 (m, 1H), 2,53 (s,
3H), 2,89-2.93 (m, 2H), 3.22-3 30 (m, 1H), 8.02 (br,
<1H), 8,81 (br, <1H),b) (4S,12aS) -N
-[(2,4-Difluorophenyl)methyl]-7-hydroxy-1,4-dimethyl-6
,8-dioxo-1,2,3,4,6,8
,12,12a-Octahydropyrido[1',2':4,5]pyrazino[1,2-
a]pyrimidine-9-carboxamide. The title compound was
made in two steps using a similar process to that
described in example Z-2. 16a (40 mg, 0.085 mmol) and
free based [(3S )-3-aminobutyl]methylamine (24 mg,
0,23 mmol) were reacted in dichloromethane (2 mL) with
acetic acid to give (4 S,12aS) -N
-[(2,4-difluorophenyl)methyl]-1,4-dimethyl-6,8-dioxo-7
-[(phenylmethyl)oxy ] -
1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazino[
1,2- a]pyrimidine-9-carboxamide (39 mg, 89%) 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-hydroxy-1,4-dimethyl-6
,8-dioxo-1,2,3,4,6,8
,12,12a-octahydropyrido[1',2':4,5]pyrazino[1,2-
a]pyrimid ine-9-carboxamide (32 mg, 97%) as an
off-white solid, 1H NMR (400 MHz, CDCl3) d 1.33 (d, J
= 6,4 Hz, 3H), 1.46-1. 50 (m, 1H), 2.12-2.14 (m, 1H),
2,32 (s, 3H), 2,83 (m, 2H), 4.24 (m, 3H), 4,62 (m,
2H), 5.02 (m, 1H), 6.77-6.79 (m, 2H), 7.33 (m, 1H),
8.30 (s, 1H), 10,43 (s, 1H), 32,50 (br, 1H); ES+ MS;
433 (M+ 1), Example Z-72: (4S,12aS)
-N-[(4-Fluorophenyl)methyl]-7-hydroxy-4-methyl-1-(1-me
thylethyl)-6,8-dioxo
-1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazino
[1,2-a]pyrimidino-9-carboxamideThe title compound was
made in two steps using a similar process to that
described in example Z-2. 16 (27 mg, 0,060 mmol) and
free based [(3S)-3-aminobutyl](1-methyIethyl)amino (67
mg, 0.51 mmol) were reacted in dichloromethane (2 mL)
with acetic acid to give (4S,12aS)
-N-[(4-fluorophenyl)methyl]-4
-methyl-1-(1-methylethyl)-6,8-dioxo-7- [(phenyl
methyl)oxy]- 1,2,3,4,6,8, 12, 12a
-octahydropyrido[1',2':4,5]pyrazino[
1,2-a]pyrimidine-9-c arboxamide (18 mg, 56%) 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-4-methyl-1-(1-meth
ylethyl)-6,8-dioxo- 1,2,3,4,6,8,
12,.12a-octahydropyrido[1',2':4,5]pyrazino[1,2-a]pyrim
idine-9-carboxamide (15 mg, >100%) as an off-white
solid. 1H NMR (400 MHz, CDC18) d 1.02 (d, J = 6.4 Hz,
3H), 1.07 (d, J = 6.4 Hz, 3H), 1.32 (d, J = 6.8 Hz,
3H), 1.54-1.58 (m, 1H), 1.94-2.03 (m, 1H), 2.71-2.76
(m, 1H), 2.82-2,88 (m, 1H), 3.13-3.16 (m, 1H),
4.16-4.19 (m, 1H), 4.30-4.33 (m, 1H), 4.48 (m, 1H),
4.55-4,65 (m, 2H), 4.97-5.00 (m, 1H), 6.97-7.01 (m,
2H), 7.30-7.34 (m, 2H), 8,28 (s, 1H), 10.51 (m, 1H),
12.55 (s, 1H); ES+ MS: 443 (M+l). Example Z-73:
(4S,12a S) -N-[(4-FIuorophenyl)methyl]-7-hydroxy-3
,4-bis(2-methylpropyl)-6,8-dioxo-1,2 .3,4,6,8,1
2,12a-octahydropyrido[1',2':4,5]pyrazino[1,2-a]pyrimid
ino-9-carboxamide.Tho 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,12a S
)-N-[(4-fluorophenyl)methyl]-1,4-bis(2-methylpropyl)-6
,8-dioxo-7-[(phenylmet hyl)oxy]-1,2,3,4,6,8,12,
12a-octahydropyrido[1',2':4,5]pyrazino[1,2-
a]pyrimidine-9-carbo xamide (8 mg, 25%) as a film.
This material was hydrogenated in a second step as
described in example Z-2 to give (4S ,12a S )-N
-[(4-fluorophenyl)methyl]-7-hydroxy-1,4-bis(2-methylpr
opyl)-6,8-dioxo-1,2,
3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazino[1,2-
a]pyrimidine-9-carboxamide (5 mg, 78%) as an off-white
solid. 1H NMR (400 MHz, CDCl3) d 0.74 (d, J = 6.4 Hz,
3H), 0.84 (d, J = 6.4 Hz, 3H), 0.97-1.00 (m, 6H),
1.37-1.66 (m, 5H), 1.76-1.82 (m, 1H), 2.05-2.09 (m,
2H), 2.21-2,26 (m, 1H), 2,72-2,79 (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),
7,33-7,34 (m, 2H), 8.27 (s, 1H), 10.49 (m, 1H), 12,61
(s, 1H); ES+ MS: 499 (M+l), Example ZZ-1 to ZZ-24
Examples in table below were isolated as a mixture of
diastereomers ranging from 1 1 to >10:1 ratios of
stereoisomers a t the center indicated as
undefined.Characterisation data reported herein
consists of observed mass spectral signals for
molecular ions (M+ l ) of the compounds using
electrospray ionization methods in the positive mode
using LC/MS techniques well known in the field.
Reported retention times refer to observed UV peaks
confirmed by NMR methods for the examples below using
the following gradient on a phenomonex C 18 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. Gradient = 10%B for 1 min,
gradient from 10% to 90% B from 1 to 9 min, ramping to
100% B at 9.0 1 mm and holding at 100% B for 2 mm. In
several cases the diastereomers were not separable by
the standard HPLC conditions reported above and thus
reported as a single retention time. [Table A]DIMMER
FOR USE WITH A THREE-WAY SWITCH FIELD OF THE INVENTION
[0001] The present invention relates to a wall
mountable dimmer switch that can be wired for use with
a three-way switch without the need to buy a special
dimmer or switch. In particular, the present invention
relates to a dimmer switch that can be substituted for
either a line-side three-way switch or a load-side
three-way switch in lighting circuit having two points
of control, without the need to change or replace the
other three-way switch. BACKGROUND OF THE INVENTION
[0002] Three-way switch systems for use in controlling
loads in buildings, such as lighting loads, have long
been known in the art. The switches used in these
systems are wired to the building's
alternating-current (AC) wiring system, are subjected
to AC source voltage, and carry full load current, as
opposed to low-voltage switch systems that operate at
low voltage and low current and communicate digital
commands (usually low-voltage logic levels) to a
remote controller that controls the level of AC power
delivered to the load in response to the commands.
Thus, as used herein, the terms "three-way switch" and
"three-way system" mean such switches and systems that
are subjected to the AC source voltage and carry the
full load current. [0003] In a three-way switch
system, there are two three-way switches for
controlling a single load, and each switch is fully
operable to independently control the load
irrespective of the status of the other switch hi such
a system, one three-way switch must be wired at the AC
source side of the system (sometimes called "line
side"), and the other three-way switch must be wired
at the load side of the system. [0004] Fig. IA shows a
standard three-way switch system 100, which includes
two three-way switches 102, 104. The switches 102, 104
are connected between an AC power source 106 and a
lighting load 108. When switches 102, 104 are both in
position A (or both inposition B), the circuit is
complete and the lighting load 108 is energized. When
switch 102 is in position A and switch 104 is in
position B (or vise versa), the circuit is not
complete and the lighting load 108 does not light up.
[0005] Three-way dimmer switches that replace
three-way switches are well known in the art. An
example of a three-way dimmer switch system 150
including one prior art three-way dimmer switch 152
and one three-way switch 104 is shown in Fig. IB. The
three-way dimmer switch 152 simply includes a dimmer
circuit 152A and a three-way switch 152B. A typical,
AC, phase-control dimmer 152 regulates the amount of
energy supplied to the lighting load 108 by conducting
for some portion of each half-cycle of the AC
waveform, and not conducting for the remainder of the
half-cycle. Because the dimmer switch 152 is in series
with the lighting load 108, the longer the dimmer 152
conducts, the more energy will be delivered to the
lighting load 108. Where the lighting load 108 is a
lamp, the more energy delivered to the lighting load
108, the greater the light intensity level of the
lamp. In a typical dimming scenario, a user may adjust
a control to set the light intensity level of the lamp
to a desired light intensity level. The portion of
each half-cycle for which the dimmer conducts is based
on the selected light intensity level. Since two
dimmer circuits cannot be wired in series, the
three-way dimmer switch system 150 can only include
one three-way dimmer switch 152, which can be located
on either the line side or the load side of the
system. [0006] Three-way dimming systems that employ a
"smart" dimmer switch and a specially designed
auxiliary (remote) switch that permits the dimming
level to be adjusted from multiple locations have been
developed. A smart dimmer is one that includes a
microcontroller or other processing means for allowing
an advanced set of control features and feedback
options to the end user. To power the microcontroller,
smart dimmers include power supplies, which draw a
small amount of leakage current through the lighting
load each half-cycle when the FETs are non-conducting.
The power supply uses this small amount of current to
charge a capacitor and develop a direct-current (DC)
voltage to power the microcontroller. An example of a
multiple location lighting control system, including a
wall mountable smart dimmer switch and wall mountable
remote switches for wiring at all locations of a
multiple location switch system is disclosed in
commonly assigned U.S. Pat. No. 5,248,919, issued on
September 28, 1993, entitled "Lighting Control
Device", which is herein incorporated by reference in
its entirety.[0007] Referring to the system 150 of
Fig. IB, since no load current flows through the 



dimmer circuit 152A of the three-way dimmer switch 152
when the circuit between the supply 106 and the
lighting load 108 is broken by either three-way switch
152B or 104, the dimmer switch 152 is not able to
include a power supply and a microcontroller. Thus,
the dimmer switch 152 is not able to provide the
advanced set of features of a smart dimmer to the end
user. [0008] Fig. 2 shows an example multiple location
lighting control system 200 including one wall
mountable smart dimmer switch 202 and one wall
mountable remote, or accessory, switch 204. The dimmer
switch 202 has a Hot (H) terminal, for receipt of an
AC source voltage provided by an AC power supply 206,
and a Dimmed Hot (DH) terminal, for providing a
dimmed-hot voltage to a lighting load 208. The remote
switch 204 is connected in series with the DH terminal
of the dimmer switch 202 and the lighting load 208 and
simply passes the dimmed-hot voltage through to the
lighting load. [0009] The dimmer switch 202 and the
remote switch 204 both have actuators to allow for
raising, lowering, and toggling on/off the lighting
load 208. The dimmer switch 202 is responsive to
actuation of any of these actuators to alter the
dimming level (or power the lighting load 208 on/off)
accordingly. In particular, actuation of an actuator
at the remote switch 204 causes an AC control signal,
or partially rectified AC control signal, to be
communicated from that remote switch 204 to the dimmer
switch 202 over the wiring between the Accessory
Dimmer (AD) terminal of the remote switch 204 and the
AD terminal of the dimmer switch 202. The dimmer
switch 202 is responsive to receipt of the control
signal to alter the dimming level or toggle the load
on/off. Thus, the load can be fully controlled from
the remote switch 204. [0010] The user interface of
the dimmer switch 202 of the multiple location
lighting control system 200 is shown in Fig. 3. As
shown, the dimmer switch 202 may include a faceplate
310, a bezel 312, an intensity selection actuator 314
for selecting a desired level of light intensity of a
lighting load 208 controlled by the dimmer switch 202,
and a control switch actuator 316. Faceplate 310 need
not be limited to any specific form, and is preferably
of a type adapted to be mounted to a conventional wall
box commonly used in the installation of lighting
control devices. > Likewise, bezel 312 and actuators
314 and 316 are not limited to any specific form, and
maybe of any suitable design that permits manual
actuation by a user.[0011] Actuation of the upper
portion 314A of actuator 314 increases or raises the
light intensity of lighting load 208, while actuation
of lower portion 314B of actuator 314 decreases or
lowers the light intensity. Actuator 314 may control a
rocker switch, two separate push switches, or the
like. Actuator 316 may control a push switch, though
actuator 316 may be a touch-sensitive membrane or any
other suitable type of actuator. Actuators 314 and 316
may be linked to the corresponding switches in any
convenient manner. The switches controlled by
actuators 314 and 316 may be directly wired into the
control circuitry to be described below, or may be
linked by an extended wired link, infrared link, radio
frequency link, power line carrier link, or otherwise
to the control circuitry. [0012] Dimmer switch 202 may
also include an intensity level indicator in the form
of a plurality of light sources 318, such as
light-emitting diodes (LEDs). Light sources 318 maybe
arranged in an array (such as a linear array as shown)
representative of a range of light intensity levels of
the lighting load being controlled. The intensity
levels of the lighting load may range from a minimum
intensity level, which is preferably the lowest
visible intensity, but which may be zero, or "full
off," to a maximum intensity level, which is typically
"full on." Light intensity level is typically
expressed as a percent of full intensity. Thus, when
the lighting load is on, light intensity level may
range from 1% to 100%. [0013] A simplified block
diagram of the dimmer switch 202 and the remote switch
204 of the multiple location lighting control system
200 is shown in Fig. 4A. The dimmer switch 202 employs
a controllably conductive device, such as two
field-effect transistors (FETs) 420, 422 provided in
anti-serial connection between the Hot terminal H and
the Dimmed Hot terminal DH, to control the current
through, and thus the intensity of, the lighting load
208. The first FET 420 conducts during the positive
half-cycle of AC waveform and the second FET 422
conducts during the negative half-cycle of the AC
waveform. The gates of FETs 420, 422 are connected to
a gate drive circuit 424, which provides control
inputs to the FETs in response to command signals from
a microcontroller 426. Alternatively, the controllably
conductive device could be implemented as another type
of semiconductor switch, such as a triac or a
silicon-controlled rectifier (SCR). [0014]
Microcontroller 426 may be any suitable processing
device, such as a programmable logic device (PLD), a
microprocessor, or an application specific integrated
circuit (ASIC). Microcontroller 426 generates command
signals to a plurality of LEDs 418 for feedback to the
userof the dimmer switch 202. The microcontroller 426
receives inputs from a zero-crossing detector 430 and
a signal detector 432. [0015] A power supply 628-428
generates two DC output voltages Vcci and Vcc2- The
first output voltage Vcci has a magnitude appropriate
to power the microcontroller 656-426 and other
low-voltage circuitry (such as 3.3 VDC or 5 VDC) - The
second output voltage Vcc2 has a magnitude greater
than Vcci (approximately 8 VDC) and is provided to the
gate drive circuit 634-424 for driving the FETs
63M420, 6306422. [0016] The zero-crossing detector 430
determines the zero-crossing points of the input 120V,
60Hz AC waveform from the AC power supply 206. The
zero-crossing information is provided as an input to
microcontroller 426. Microcontroller 426 provides the
gate control signals to operate FETs 420, 422 to
provide voltage from the AC power supply 206 to the
lighting load 208 at predetermined times relative to
the zero-crossing points of the AC waveform. [0017]
Generally, two techniques are used for controlling the
power supplied to the lighting load 208: forward phase
control dimming and reverse phase control dimming hi
forward phase control dimming, the FETs 420, 422 are
turned on at some point within each AC line voltage
half-cycle and remains on until the next voltage
zero-crossing. Forward phase control dimming is often
used to control energy to a resistive or inductive
load, which may include, for example, a magnetic
low-voltage transformer or an incandescent lamp. In
reverse phase control dimming, the FETs 420, 422 are
turned on at the zero-crossing of the AC line voltage
and turned off at some point within each half-cycle of
the AC line voltage. Reverse phase control is often
used to control energy to a capacitive load, which may
include, for example, an electronic low-voltage
transformer. [0018] Signal detector 432 has an input
440 for receiving switch closure signals from
momentary switches designated T, R, and L. Switch T
corresponds to a toggle switch controlled by switch
actuator 316, and switches R and L correspond to the
raise and lower switches controlled by the upper
portion 314A and lower portion 314B, respectively, of
intensity selection actuator 314. [0019] Closure of
switch T will connect the input of the signal detector
432 to the DH terminal of the dimmer switch 202 when
the FETs 420, 422 are non-conducting, and will allow
both positive and negative half-cycles of the AC
current to flow through the signal detector. Closure
of switches R and L will also connect the input of the
signal detector 432 to the DH terminal when theFETs
420, 422 are non-conducting. However, when switch R is
closed, current can only flow through the signal
detector 432 during the negative half-cycle of the AC
power supply 406 because of a diode 434. In similar
manner, when switch L is closed, current can only flow
through the signal detector 432 during the positive
half-cycles because of a diode 436. The duration of
switch closures of switches T, R, and L are typically
100-200 milliseconds in length. The signal detector
432 detects when the switches T, R, and L are closed,
and provides two separate output signals
representative of the state of the switches as inputs
to the microcontroller 426. A signal on the first
output of the signal detector 432 indicates a closure
of switch R and a signal on the second output
indicates a closure of switch L. Simultaneous signals
on both outputs represent a closure of switch T. The
microcontroller 426 determines the duration of closure
in response to inputs from the signal detector 432.
[0020] The remote switch 204 provides a means for
controlling the dimmer switch 202 from a remote
location in a separate wall box. The remote switch 204
includes a further set of momentary switches T', R',
and L' and diodes 434' and 436'. A wire connection is
made between the AD terminal of the remote switch 204
and the AD terminal of the dimmer switch 202 to allow
for the communication of actuator presses at the
remote switch. The AD terminal is connected to the
input 440 of the signal detector 432. The action of
switches T', R', and L' in the remote switch 204
corresponds to the action of switches T, R, and L in
the dimmer switch 202. [0021] A schematic
representation of the signal detector 432 is shown in
Fig. 4B. The input 440 if the signal detector 432 is
received from the switches T, R, and L and the AD
terminal. Two outputs 442 (AD_LOWER) and 444
(AD_RAISE) are provided to the microprocessor 426.
When the lower switch L is pressed, current will flow
out of the input 440 through a diode Dl and two
resistors Rl, R2 of the signal detector 432 during the
positive half-cycles of the AC power supply 406. When
the current flows, a bias voltage will develop across
the resistor R2, which will cause a transistor Ql to
begin conducting, thus pulling the output ADJLOWER up
to the level of the voltage Vcc2. A resistor R3 pulls
the voltage at the output ADJLOWER down to circuit
common during the negative half-cycles. Thus, an
active-high control signal that consists of a pulse
during each positive half-cycle will be generated at
the output ADJLOWER when the switch L is pressed.
[0022] When the raise switch R is pressed and the
breakdown voltage of a zener diode Zl is exceeded,
current will flow into the input 440 through a diode
D2, the zener diode Zl, and tworesistors R4, R5 during
the negative half-cycles. The zener diode Zl limits
the voltage across the resistors R4, R5 and thus the
current through the resistors. A bias voltage produced
across resistor R5 when current flows will cause a
transistor Q2 to begin conducting and the output
AD_RAISE will then be pulled down to circuit common. A
resistor R6 is provided to pull the voltage at the
output AD_RAISE up to the voltage Vcci during the
positive half-cycles. In this case, an active-low
control signal that consists of a pulse during each
negative half-cycle will be generated at the output
AD_RAISE when the switch R is pressed. [0023] When the
toggle switch T is pressed, current will flow through
the signal detector 632 during both half-cycles and
both of the control signals as described above will be
generated at the outputs AD_LOWER and AD_RAISE. [0024]
When the switches T1, R', and L' are pressed on the
remote switch 4204 , the signal detector 432 functions
the same as when the switches T, R, and L are pressed.
Also, the signal detector 432 will function similarly
if the remote switch 4-204 is located on the line side
of the dimmer switch 503202. However, when switch L'
is pressed in this case, the diode Dl will conduct
during the negative half-cycles and the signal at the
ADJLOWER output will have pulses during the negative
half-cycles. Further, when the switch R' is pressed,
the diode D2 will conduct during the positive
half-cycles and the signal at the AD_RAISE output will
have pulses during the positive half-cycles. [0025]
Even though the multiple location lighting control
system 200 allows for the use of a smart dimmer switch
in a three-way system, it is necessary for the
customer to purchase the remote switch 204 along with
the smart dimmer switch 202. Often, the typical
customer is unaware that a remote switch is required
when buying a smart dimmer switch for a three-way
system until after the time of purchase when the smart
dimmer switch is installed and it is discovered that
the smart dimmer will not work properly with the
existing three-way switch. Therefore, there exists a
need for a smart three-way dimmer switch that may be
installed in a three-way system without the need to
purchase and install a special remote switch.SUMMARY
OF THE INVENTION [0026] In accordance with the present
invention, a novel lighting control system for
controlling the intensity of a lighting load from a
source of AC power includes a load control device and
a maintained switch. The dimmer switch includes two
load terminals, a controllably conductive device
coupled between the load terminals for carrying
current to the load, and an accessory terminal. The
load control device is operable to toggle the lighting
load between an ON state when the lighting load is
illuminated and an OFF state when the lighting load is
not illuminated. The maintained switch is coupled
between the accessory terminal and either one of the
load terminals of the load control device. The
maintained switch has a closed state in which the
accessory terminal is coupled to either one of the
load terminals and an open state in which the
accessory terminal is not coupled to either one of the
load terminals. The load control device is operable to
toggle the lighting load when the maintained switch
changes between the open state and the closed state,
[0027] hi another aspect, the present invention
provides a method for controlling the intensity of a
lighting load from a source of AC power in a lighting
control system comprising a load control device and a
maintained switch. The load control device includes
two load terminals and an accessory terminal. The
maintained switch has a closed state for coupling the
accessory terminal to one of the two load terminals
and an open state for decoupling the accessory
terminal from the load terminal. The steps of the
method comprise storing a previous state of the
maintained switch, detecting the present state of the
maintained switch, and comparing the present state
with the previous state, and changing the intensity of
the lighting load based on the step of comparing.
BRIEF DESCRIPTION OF THE DRAWINGS [0028] Fig. IA is a
simplified block diagram of a standard three-way
switch system; [0029] Fig. IB is a simplified block
diagram of a prior art three-way dimmer switch system;
[0030] Fig. 2 is a simplified block diagram of a
typical prior art multiple location lighting control
system; [0031] Fig. 3 is a user interface of the
dimmer switch of the multiple location lighting
control system of Fig. 2;[0032] Fig. 4A is a
simplified block diagram of the dimmer switch and the
remote switch of the multiple lighting control system
of Fig. 2; [0033] Fig. 4B is a schematic
representation of the signal detector of the dimmer
switch of Fig. 4A; [0034] Fig. 5 is a simplified block
diagram of the three-way dimmer switch system of the
present invention; and [0035] Fig. 6 is a flowchart of
the process for monitoring the AD terminal of the
dimmer switch of the three-way dimmer switch system of
Fig. 5. DETAILED DESCRIPTION OF THE INVENTION [0036]
The foregoing summary, as well as the following
detailed description of the preferred embodiments, is
better understood when read in conjunction with the
appended drawings. For the purposes of illustrating
the invention, there is shown in the drawings an
embodiment that is presently preferred, in which like
numerals represent similar parts throughout the
several views of the drawings, it being understood,
however, that the invention is not limited to the
specific methods and instrumentalities disclosed.
[0037] Referring to Fig. 5", there is shown a
three-way dimmer switch system 500 in accordance with
the present invention. The system 500 includes a novel
smart three-way dimmer switch 502 and a standard
maintained three-way switch 504. There is no need for
the installer to purchase a unique remote switch to
replace the three-way switch 504. The smart three-way
dimmer switch 502 is wired in place of the line-side
three-way switch 102 in Fig. IA and is connected to an
AC power source 506. A simple rewiring 510 is required
in the wallbox of the three-way switch 504 in order to
disconnect the DH terminal of the smart three-way
dimmer switch 502 from the first switch position of
the three-way switch 504 (position A in Fig. 5) and to
connect the DH terminal to the lighting load 508. The
other switch position of the three-way switch
(position B in Fig. 5) is connected to the AD terminal
of the smart three-way dimmer switch 502. [0038] The
result is that the smart three-way dimmer switch 502
is always connected between the AC power source 506
and the lighting load 508 independent of the position
ofthree-way switch 504. The three-way switch 504 now
operates by either connecting the Dimmed. Hot voltage
to or disconnecting the Dimmed Hot voltage from the AD
terminal on the smart three-way dimmer switch. The
smart three-way dimmer switch 502 could also be wired
to the load side of system 500 and operation of the
three-way switch 504 would connect and disconnect the
AC power source voltage to and from the AD terminal on
the smart three-way dimmer switch. Also, a two-way
switch could be used in place of three-way switch 504
since the first position A is not being used. [0039]
The electrical schematic of the smart three-way dimmer
switch 502 is exactly the same as the electrical
schematic for the prior art smart three-way dimmer
switch 202 shown in Fig. 4A. Because of the operation
of the three-way switch 504, the signal detector 432
of the smart dimmer 502 of the present invention will
either provide signals at both outputs AD_RAISE and
AD_LOWER simultaneously or no signals at both outputs.
[0040] The smart three-way dimmer switch 502 of the
present invention has novel operating software running
on microprocessor 426 in order to correctly function
in system 500. Rather than receiving a signal at the
AD terminal that is a short pulse (100-200
milliseconds) representing a closure of one of the
momentary switches T', R', L' in remote switch 204,
the smart three-way dimmer switch 502 determines when
the voltage at the AD terminal changes states (i.e.,
from an AC line voltage signal to zero volts, -and
vise versa). Based on this determination, the smart
three-way dimmer switch 502 toggles the state of the
lighting load 508. The smart three-way dimmer switch
502 may also toggle the state of the lighting load 508
in response to an actuation of actuator 316 (or a
similar actuator) on the user interface. [0041] A
flowchart summarizing the novel method for monitoring
the AD terminal of the smart three-way dimmer 502 is
shown in Fig. 6 and begins at step 610. First, two
variables N and PREV_AD_SAMPLE are initialized to zero
and a third variable POWERJUP is initialized to TRUE
at step 611. [0042] Next, at step 612, the
microprocessor 426 samples the outputs of the signal
detector 432 (that are representative of the voltage
at the AD terminal) when the FETs 420, 422 are
non-conducting. Preferably, the sampling should occur
at or near the peak of the AC power source voltage in
order to minimize the effect of noise on the sampling
process. Often, AC power sourcesare influenced by
sources of noise, which comprise a greater percentage
of the AC power source voltage near the zero-crossings
of the waveform, i.e., when the instantaneous voltage
is small. Thus, the smart three-way dimmer attempts to
sample the outputs of the signal detector near the
peak of the AC power source voltage to avoid incorrect
values being sampled. [0043] At step 612, a
determination is made as to whether the smart
three-way dimmer is operating with forward-phase
control dimming or reverse-phase control dimming. If
the dimmer is operating with forward-phase control
dimming (i.e., the FETS are non-conducting at the
beginning of each half-cycle), the process moves to
step 614. If the firing angle of the dimmer is less
than 50% (i.e., the FETs begin conducting before the
peak of the line voltage), then the FETs are only
non-conducting for a short period of time at the
beginning of each half-cycle and the sampling occurs
immediately before the firing angle at step 616. If
the firing angle of the of the dimmer is greater than
or equal to 50% (at step 614), then the sampling
occurs at the peak of the AC power source voltage at
step 618. If the determination is made at step 612
that the dimmer is operating with reverse-phase
control dimming (i.e., the FETs are conducting at the
beginning of each half-cycle), the process moves to
step 620. If the firing angle of the dimmer is greater
than 50% (i.e., the FETs cease conduction after the
peak of the line voltage), then the FETs are only
non-conducting for a short period of time at the end
of each half cycle and the outputs of the signal
detector must be sampled immediately after the firing
angle at step 620. Otherwise, the sampling occurs at
the peak of the line at step 618. The result of the
sampling process is stored in a variable AD_SAMPLE,
which represents either one of the two states of the
three-way switch 504. [0044] Next, the microprocessor
determines whether the variable AD_SAMPLE is different
than the previous state of the AD terminal
(PREV_AD_STATE). If MAXjS AMPLES consecutive samples
are the same, and are different from the previous
state of the AD terminal, then a valid change in the
state of the connected three-way switch is detected. A
counter N is used to repeatedly sample the AD terminal
for a number of times equal to MAX_SAMPLES in order to
minimize the effects of switch bouncing at the
three-way switch 504 and noise in the AC power source
voltage. At step 624, if the value of the counter N is
zero, the process moves to step 626. If the present
sampled value, AD_SAMPLE, is equal to the previous
state of the AD terminal, PREV_AD_STATE, then the
process loops back to the beginning. If at step 626, a
change is detected at the AD terminal, the counter N
is set to MAX_SAMPLES and a variable representing
theprevious sample of the AD terminal (PREV_AD_SAMPLE)
is set to the value of the current AD sample at step
628. The process loops back to the beginning to sample
another value of the AD terminal. [0045] If at step
624, the value of the counter N is not zero (meaning
that a change had been detected at the AD terminal), a
"debouncing" process begins. At step 630, if the
present sampled value is not equal to the previously
sampled value, then MAX_SAMPLES consecutive AD samples
did not have the same value and the counter N is set
to zero at step 632 and the process loops back to the
beginning. However, if the present sampled value is
equal to the previous sampled value, then the counter
N is decremented at step 634. [0046] If at step 636,
the counter N is not equal to zero, meaning that the
appropriate number of the same consecutive samples of
the AD terminal have not been read, the process loops
back to the beginning to sample another value of the
AD terminal. On the other hand, if the counter is
equal to zero at step 636, then the appropriate number
of the same consecutive samples hasbave been read and
a change in state of the AD terminal has been
determined. The new state of the AD terminal is stored
in the variable PREV_AD_STATE at step 638. If the
variable POWERJJP is FALSE at step 639, the state of
the dimmer and the lighting load (i.e., ON or OFF)
must be toggled. If the dimmer is currently ON at step
641, then the dimmer is turned OFF at step 642.
Otherwise, the dimmer is turned ON at step 644. After
either turning the dimmer OFF or ON, the process loops
back to begin sampling again. If the variable POWERJUP
is TRUE at step 639, the dimmer has just powered up
and the process loop of Fig. 6 is executing for the
first time. Thus, the variable POWER_UP is set to
FALSE at step 640, and the process loops back to the
beginning without toggling the state of the dimmer.
[0047] The dimmer switch 502 can operate in either the
three-way dimmer switch system 500 of the current
invention or the prior art multiple location lighting
control system 200 of Fig. 2. The microprocessor is
programmed in a novel manner to determine the nature
of the signal at the AD terminal (momentary or
maintained) and switch the operation between the two
different modes. For example, if the dimmer switch 502
is operating in the manner of the present invention
(i.e., a maintained mode of operation) and the
microprocessor 426 receives a signal on only one of
the two outputs of the signal detector 432 (indicating
an actuation of the switch R' or the switch L' of a
connected remote switch 204), the dimmer switch will
change to a momentary mode operation. Inthe momentary
mode, the dimmer switch will operate in a manner
similar to the prior art system 200, in which pulses
at the AD terminal represent button presses on the
remote switch 204. However, if the dimmer switch 502
is operating in the momentary mode and the
microprocessor 426 continues to receive signals at
both outputs of the signal detector 432 for longer
than a predetermined period of time, the dimmer switch
502 will switch to the maintained mode of operation in
which changes in the state of the signal at the AD
terminal cause the dimmer to toggle the state of the
lighting load. Preferably, the predetermined period of
time is approximately 10 seconds, which is
appropriately longer than any special button presses
that may occur at the user interface of the remote
dimmer, such as a long hold for fade-to-off of the
lighting load. [0048] Although the present invention
has been described in relation to particular
embodiments thereof, many other variations and
modifications and other uses will become apparent to
those skilled in the art. It is preferred, therefore,
that the present invention be limited not by the
specific disclosure herein, but only by the appended
claims.What is claimed is: CLAIMS 1. A lighting
control system for controlling the intensity of a
lighting load from a source of AC power, comprising: a
load control device comprising a first load terminal,
a second load terminal, a controllably conductive
device coupled between said first load terminal and
said second load terminal for controlling the current
through said lighting load, and an accessory terminal;
said first load terminal, said controllably conductive
device, and said second load terminal coupled in
series electrical connection for carrying
substantially all of said current through and said
lighting load; said load control device operable to
toggle the lighting load between an ON state in which
a current flows through the lighting load as
determined by the controllably conductive switch and
an OFF state in which substantially no current flows
through the lighting load; and a maintained switch
coupled between said accessory terminal and one of
said first load terminal and said second load
terminal; said maintained switch having a closed state
in which said accessory terminal is coupled to said
one of said first load terminal and said second load
terminal, and an open state in which said accessory
terminal is not coupled to said one of said first load
terminal and said second load terminal; wherein said
load control device is operable to toggle said
lighting load when said maintained switch changes
between said open state and said closed state. 2. The
lighting control system of claim 1, wherein said load
control device further comprises an actuator; and
wherein actuation of said actuator causes said load
control device to toggle said lighting load. 3. The
lighting control system of claim 1, wherein said
maintained switch is a three-way switch. 4. The
lighting control system of claim 1, wherein the load
control device comprises a microcontroller.5. The
lighting control system of claim 4, wherein the
microprocessor is operable to determine the state of
the maintained switch. 6. A method for controlling the
intensity of a lighting load from a source of AC power
in a lighting control system comprising a load control
device having a first load terminal, a second load
terminal, and an accessory terminal and a maintained
switch having a closed state for coupling said
accessory terminal to one of said first load terminal
and said second load terminal and an open state for
decoupling said accessory terminal from said one of
said first load terminal and said second load
terminal; said method comprising the steps of: storing
a previous state of said maintained switch; detecting
the present state of said maintained switch; comparing
the result of the step of detecting with said previous
state of said maintained switch; and changing said
intensity of said lighting load based on the result of
the step of comparing. 


