199

b) [(39-3:-Aminobutyll(2-methylpiopyDamine dihydrochloride was piepared m a
similar manncr as described 1n example Z2-29.  'H NMR (400 AMHz, CDCL/CD;0D) §
0.99 (m, 6H), 1.34 (m, 3H), 2 13-2 27 G, 3H), 2.76 (n, 2H), 3.07 (m, 2H), 3.47 (m, 1H),

8.22 (m, 1 H), 8.83 (m, <1 H) -

c)
(4S.lZab)'N[(ZA-Difluorophenyl)meth.yll-?-ihydruxy-4~mclhyl-l-(2-methylprop_\'l)'ﬁ,é-
dioxo-1,2,3,4,6,8,12,) 2a’uctahydropyridou',2'14.5]pymzino[l.2'n]pyrlmidlnC'fJ'carbuxa
-mide. The title compound was iade in two steps usmé a similar process to that
described  in example Z-2. 16a (80 mg, 0.17 mmol) and hee based
- [(38)-3-ammabuatyl)(2-methylpropyDamine (107 g, 0.74 mmol) were reacted 1n
dichloromethanc (2 ml.) with acctic acid to give
(1.5,12a.9)- M[(2,1-difluorophenylmethyll-4-methyl- I-(2-methylpropyl)-6,8-dwxo-7-[(p
henylmethyDoxyl- 1,2.3.4,6,8,12,l;a-ncmhydrapyrido[ 1°,2-1,5lpyrazinol 1,2-alpyrimidi
ne-9-carboxamide (76 mg, 76%) as a film. Tlus material was hydrogenated n a
second step as described n exampl;z Z-2 to give
(45, lZaS)-1\"[(2.4'diﬂuorophcuy_l)melhyl]-7~hydroxy‘4 methyl 1-(2-methylpropyl)-6,8-
diox0-1,2,3,4,6,8,12,12a octahydropyridol 1',2":4,5]pyrazino[1,2- alpyrimidine-9-carboxa
mide (39 mg, 80%) as an off-white solid. 'H NMR (100 MHz, CDCL) § 0.76 (d, ./ = 6.4
Hz, 3H), 0.84 (d, /= 6.4 Hz, 3H), 1.32(d. /= 7.2 He, 3H), 1.45-1.50 (m, 1H), 1.60-1 69
(m, 1H), 2.03-2.12 {m, 2H), 2.21-2 27 (m, 110, 2.73-2 79 (n, 1H), 2.87-2.93 (m, LH),

4.16-4.25 (m, 2HY, 4.45 (s, LH), 1.57-1.68 (m, 2FD), 4 96-5.01 (m, 11D, 6 756-6.82 (m, 2H),



1

7.32-7.38 (m, 1H), 8.26 (s, 1H), 10.45 (s, 1H), 12.56 (s, |H); ES* MS&: 475 (M+1).

Lixample 7-32:_
(45,1205 -1 (Cvclopropylimethyl) A°{(2,4-dvlluorophenyl methyll: 7-hydroxy-4-methyl-g

j_;gl;i_qxoﬂ 3.:1,6.8,12,12aoctahydropyrido[1',2':4 5lpyrazmol},2-alpyrinidine 9-carba

xamide.

OH Q

F\{\ O \7)LN/L

\\r/l]\\/N x N\/,}.,\NJ_

F o %7
a) 1, 1-Dimethylethyl {(l.S)'3'l(cyplopropylmethyl)aminul'l-methylpropyl}carhmnutc.
The px'utcr;tcd diamine was prepared using a wodified procedure as descrvibed 1n
example 229 Li-dunethylethyl {19 3-amimoe 1 methylpropyllcarbamate {0.293 g,
1.56 wmol), cyciopropane carboxaldehyde (96 pl, 130 mmol). and sodium
trincetoxyborohydiide (0 439 g, 2.07 mmul) were stirred 1n « 1 1 mixtuye of anhydrous
dichloveethane and tetrahydrofuran (10 ml) at ambiwcnt Lemperature overnight.
The reaction was quenched by the addition of saturated NaHCOQ, and then extracted
with EtOAc  he combined extracis were washed with saturated NaHCOs, then a
solution of brine, dried over Na:SO;, filtered and concentiated The residue was
purified by flash cliomatography (80 1911 CILCL/MeOH/NH.OH (37%) gradient
clution) through a short plug of suica gel o afford L 1-dimethylethyl
{Q S'r3'l(cyrloprop\'lmr:thyl):unmo)'l-muthyIprop_\'”carb:\mam (76 mg. 26%) as a clear
orl. 'H NAIL (400 MHz, CDC11) 6 0 09-0 13 (m, 2H), 0.44°0 49 (n, 2H), 0 92-0.95 (m,

IH), 114 (d, J= 6.4 Hz, 3HD, 143°1 70 (m, 1211), 2.38 2.50 (m, 2H), 2.62-2.73 (my, 2H),

9
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3.74 n, 1H), 1 88 (m, 1H).

by {383 AminabutyllcyclopropylimethylJamine dihydrochloride was prepared in a

similar manner as described 1n example Z-29 'H NMR {400 MHz, CDCIVCD:0D} §

0.40 (n, 2H), 0 64 (m, 2H), 1.15 (m, 1H), 1.34 (i, IH), 2.12-2.25 (m, ZH), 2.82 (m, 2H),

3.08 (i, 2H), 3.47 {m, 1H), 8.25 {br, < 1H), 9 04 (by, < 1H)

|

ol » . ’ . /

(45,12a.9)- 1-(Cyclopropylmethyl)- M[{2,4-difluorop hcumecthyll-7-ﬁyd roxy-4- methyl-G./

,8-dioxo-1,2,3,4,6,8,12, 12a-octahydropyridol 1',2"4,5]pyrazinol 1,2- alpyrimidine-9-carbo

- xammde. The title compound was made in two steps using a sumiar process to that

descrshed” 1n example Z-2. 16a (50 mg, 0.106 mmol) and free base#

—_=

1(39)-3-aminobutyli(eyclopropylmethyamine (44 mg, 0.31 mmol) weic reacted u
dichloromethane @ mL)} with acelic acd to gw-]l
(45,1229 1 -(cyclopropylmethyl) M [2,4-difluovophenyDmethyll-4-methy!-6,8-dioxo 7-(
(p]mnylmcl.hyl'loxy]'1,2‘3.‘4,6,8,12.lZa‘octdhydlopyrldofl’.2'?4,5]pyrn7,uml1,2';t]|3y1'nni

dine-9-carboxamide (50 mg, 83%) as a film. This material was hydrogenated in a
second slep as described m example 7-2 Lo give
{45,12a.9)- 1-(cyclopropyimethy])- M((2,4-difluorophenyDmethyl}-7-hydroxy 4 methyl-6,
8-dioxo-1,2,3,4,6,8.12,12a octahydropyridaf1,2°4,5lpyrazinel),2-alpyrimidine-9-carbo

xamide (23 ing, 5G%]J as an offwhite solid  *H NMR (400 MHz, CDC1)Y 6 0 11 (m, 2H),
0.56-0.59 {m, 2H), 0.77 (m, 1H), 1.34 (d, &= 7.2 Hz, 3H), 1 16-1.50 (m, 114}, 2 01-2.13

(m, 1), 230-2 34 (i, 1H), 246:2.51 (n, 1H). 2.90-2.96 Gn, 1H). 3 16-3 19 {m, 1H),



%

4.21-4.30 (n, 2H), 4.51 (s, 1 H), 1.58-4.67 (m, 2H), 5.00-5.05 {m, 1H), 6.75-6.82 (m, 2H),

7.31-7.37 (m, 1H). 8.28 (s, 1H), 3146 (s, 1H), 12.55 (br, 11D). ES* MS. 473 (M+1)

Example 7-33.
(45.12a 8- N-[{2.4-DifluorophenyDmethyl}-1-

anmide
oH O
F - Ho \W)LNJj
oy Sy
[s) t (o}
|\ 2
/

a) l(36)‘3‘A11*;)):obutyll(2'furunylmethy])amiue thhydrochlonde was prepared in a
similar manner as described in example 2-32  'H NMR (100 MHz, CDCL/CD;,0D) &
1.27 d, 4 = 6.4 Hz, 3H), 196-2.05 {m, JH}, 2.34-2.19 {m, UH}, J.00-3 04 (n, 2H),

3.38-3.39 {m, 11D, 4.11-4.18 {w, 211), 6.34 Gn, UD, 6.59 tm, 1H), 7.10 (m, 1H), 8 18 by,

<1 H). 9.41 (br, < t H).

b)

(45‘,123.5')'N‘1(2,4-Dxﬂuornphenyl)methyll'1-(2-furan},'lmethyl)"i~hydm.\'y~tl~methyl~6,8
-dioxo-1,2,3,4,6,8,12,12a-octahyd ropyridol 1°,2" A4,8lpyrazinell,2 alpyrinudine 9-carbox
amide.  The title compound was made in two steps using 2 similar process to that
deseribed  tn example 72 ) i6a (36 wg, 0076 mmoll and fiee based
38 3-aminobutyil(2-furanybmethyDamme (70 mg, 0.42 mmol) were reacted 1

dichloromethane 84 mL} with acetic acid Lo givL
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(15,1229 W2, 4-difluoropbenylimethyil- 1-(2-furanylmethyl)-4-methyl-6,8-dioxo- 7+ {{p
henylmethyloxyl-1,2,3,4,6,8,12,12a octahyd ropyridol 1I',2" 4,5lpyrazinol1,2- alpyrimidi
ne 9-carboxamide (32 mg, 70%) as a film. This material was hydrogenated in a
second step as described in cxample 72 to gLve
(15,1228 A-[(2,4-difluorophenyDmethyil- 142 furanylinethyl)-7-hydroxy-4-mothyl-G,§-
diox0-1,2,3,4,6,8,12,12a octahydropyridel 1,24, 5pyrazinell,2- alpyrimidine-9-carboxa
mide (20 mg, 76%), as an off-white soll-d. 'H NMR (400 MHz, CDCls) § 1.24 (d, J =
6.8 Hz, 3H), 1.45-1.49 (m, 1H), 204-2 13 {m, 1), 2 77-2.82 (m, 1H), 2.94-3.01 (m, 1H),
3.65 {d, J = 15.6 Hx, 1H), 3.89 d, J = 16.0 U, 11}, 4.27-4.31 Gn, 1H), 4.39-4.41 (m,
1H), 4 49-4.53 (m, 11D, 4584.66 (m, tH), 4.98:5.03 (m, 1H), 6 24 (m, 1H), 6.36 (m,
UH). 6.75°6.82 (m, 2H), 7.31-7.39 (m, 1H}, 7.40 (w, LH), 8.26 (s, 1H), 10.47 (m, 1H),

12 50 (by, 1H).  BS* MS" 499 (M+1)

LExample 7-34:

(€Y 1209 NV{(2,1-Difluoxephenylmethyl]- 7-hydroxy 4 methyl-6 8-dioxo-1-(1.3-thiazol-

2vlmethyl}-1,2.3,4.6,8,12 12a-0ctabydvopyridol1.2:4,5lpyrazinel1,2- alpyrunidine-9-c

arboxainide,

H
e o TR
E,Ln SN,
F (o] H (\I"S
N7

a)  ({(38)-3-Amincbutyli(1,3 thiazol-2 vimethyDamine dibydrochloride was prepared
in a similar manner as deseribed in example 2-32. 'H NNR (100 MHz, CDCLICD,-

O 5 128{d, /=61 Hr., 31), 265 (m, 1H), 2 17 . 100, 3.20 (m, 2H). 3.39 (m, 1),
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461-4 58 (m, 2H), 752 (d, 1H), 7.82 (d. 1H)

b)

45, lZaSI-N-[(ZA'Diﬂuorophcuyl)methyﬂ"l'hydroxy’ll-;nethyl'G.B'deO‘ 1-(1,3-thiazol"
2-ylmethy})-1,2,3.4,6,8,12, 12a-octahydropyrido{1'.2* 4,5)pyrazinal1,2- alpyrimidine-9-¢
arboxanude. The title compound was made n (wo steps using a sumilar process to
that described in example Z-2. 16a (35 mg, 0.071 mwol) and free bascd
((38)-3-aminoburyti(1,3-thiazol-2-JImethyDumine were reacted n dichloromethane (2
ml) with acetic acid to give
(46’.12a.f:~7'N‘[(Z.'('diﬂuorophcnyl)methy”--1-methy]-G,B dinxn';'l(pheuylmeth_vl)nxy]'l~
{1,3-thiwzol-2-ylinethyl}-1,2,3.4,6.8,12, lZa~oc.tahydmpyrldo(l‘.2‘}4,Slpyra_zino[l,2-.1]pyr
imidine-9-carboxamide (36 mg, 80%) as a film. This material was debenzylatecl_ ina
second step to in a manner sunitar to %26 to give
(~I-S,l‘:'.anl-.\'-((2,4‘dxﬂuorophenyl)mcthyl]-?-hydroxy'd'mcthyl-(}.&dloxo-l'(l.3'lhiazo|'
2-yimethyl)-1,2,3,4,6,8,12,12a-octahydropyrido{ 1,2’ 4,5lpyrazimo{1,2 alpyiimidine-9-c
arboxamide (18 mg. 60%) ax an oftwhite solid. 'H NMR (400 MH., CDCLy) 6 1.30 (d,
J=7.2 He. 3H), 1 49-1.53 (m, m_). 2.12-2.18 {m, 1H), 2.93-2.9¢ {m, 1H), 3.07-3.13 (n,
1H), 3.99-4 03 (m, 1H), 413-1.17 Gu, 1H), 4.214.27 Gn, 1), 4 57-4.61 (m, 3H),

5.03-5.06 (n. LH), 6 75-6.82 (m, 2H), 7.26 (n, 1H), 7.31-7 37 (m, 2H), 7.76 {m, 1H),

7.94 {m, 1H), 10.40 (m, 1H), 12.48 (m. LH), ES' MS' 516 (M+1)

Exawmple 2-35°

racenne {43 160 1428 N{(2 4-DifluorophenyDmethyll- 12-hydroxy 11,13-dioxo-3.3.4




1a,.5.6a,7,11,13,14a-decahydro-2 A-pyrida

Aey' g;NQI"A

a)

carboxamide

racemie{daR6a R, 14a8) - N{(2,1-Difluorophenylmethyll-11,13-dioxo- 12-{(phe
nylmethyl)oxg]- 1,3,4,4a,5,6a,7.11,13, IMa-decahydro-2 Hpyridol 1,24, 5lpyrazimo{1,2- 2l
3, 1]benzoxazine- i0-carboxamide. racene-cis-2-Hydroxymethyl-1 eyclohexylamine
hydrochlovide (24 mg, 0.186 ‘mmol) was dissolved in a dichloromethane solution
contaumng a small a.mount of methanal {to di;solx'e) and cxcess MP Carl;o'n:\t.e
(Avgonaut ‘fechnologies) was add_ed, the mixture was s:tirrcd for 30 minutes, and the
MP-Carbonate was removed by fiftration. Fhe free amine solution was transferved to
a microwave vessel containing L6a (29 myg, 0.0617 mmol) One dvop of glacial acet;c
acid was added and the solution was heated for 10 minutes at 140 *C. The resultant
solution was absoibed on celite and the material was punficd by silico gel
chromatography (0-12% methanol/dichloromethane gradient elution) to yield the
desired product as a white solid (18 mg, 53%). 11 NMR (CDCI3) 8 10.40 (m, 1 H),
8.35 (s, L H), 7.60 (m, 2 H), 734-7 26 (in, 4 H), 6.80 (m, 2 H), 5.35-5.23 (n, 2 H), 5.13
{m, 1 H), 4.77 (i, 1 H), 4.70 (m, 2 H}, 4.92 (dd, /= 3.2, 3.2 Hz, | H), 4.07 (dd, J;
13.2,64, 1 H, 3.96¢m, 1 H), 3.76 (dd, /= 112,44, 1 1{), 2.22 (m, 1 H), 1.81 (m, 1 H),

174-1.40 Gn, 6 H), 1.17 (n, 1 H)ES MS" 550 (M +1) )



b)

mcemt'cﬂa!t’,(ia[?.14;15)‘1\:"[(2.4'Dxﬂuorophenyl)mcthyl)'12'hydroxy‘!l.ls-dmxo-l.&d,
43,5,6a,7,11,13, 14a-decahydro-2 A pyridolt',2° 4,5lpyrazinoll,2-a)l3,1lbenzoxazine- 10-
carboxamide. |
racemic{4al6a R.J4a6)'N'[(2.4’Dzﬂuorophenyl)methyl}-11,13'dmxo-IZ-[(phenylmeLhy.
Doxyl-1.3,14,4a,5,6a,7,11,13, lda-decahydro-2 Apyridol1’,2:4,5]pyrazmo(1,2-4}{3, 1]henz
oxazine-10-carboxamide (13 mg, 0.0236 mm_ul) was dis;olved m tetrahydrvofuran and
10 w I.:A% Pd/C (13 mg) was added_ Hydrogen waus passed throu_gh the solution sévcral
times and .(.he mixture was stirred at_l ah;\ hydrogen for 18 hothms until the reaction
was determined complete by TLC (5% mel.hanql/dxchlm'omethane). The mixture was
filtered through Celtite, cluting with methanel/ichloroform 5|\d the filtrate was
concentrated under reduced pressuve and purnfied by HPLC to yicld the title
campound (7.3 mg, 73%)  H NMR (CDCI) 5 12.45 (m, T H), 10.38 (s, 1 14), 8.30 (s, 1
H), 7.32 (m, t H), 6.83-6.76 (m, 2 H}. 5.23 (m, 1 H), 4 75 (m, 1 1), 4.63 (i, 2 H), 4.26
(m, { H), 4 12-4.01 (m, 2 H), 3.83 Gn, 1 H), 2.30 (m, L ), 1.91 Gu, } HY, 1 80 (m, 1 H),

1.67-1 40 {m, 5 H), 1 20 (m, 1 H); ES* MS: 460 (M +1).

Example 7-36
racemie{1a RB6a 1429 N-{(1-Fluovopheuylhmethyll-12-hydrosy-11.13-dioxe-1.3,4.4a
5,6a2,7,11,13,14a decahydro-2 H-pyrido{1'.2'.4,5lpyrazine(1,2- 213 3lbenzoxazine- 10-cax

boxamide



N (o /l/ '?0{

H
\/1 ..-N = N\/‘ s
[0}

a)

J'n(:omm-('ml{,GaR,14:15)'N-_|(-l-Fluorophcﬁyl)mel.hy]]'1l,13-d|ox0'12'[(pheuyl
methyDoxyl-1,3,4,42,5.6a,7, 1l.13,14a‘_decalwdroﬂf{‘.pyrido[l',2‘ 4,5lpyrazinol1,2-al{3,
1lbenzoxazine-10-carboxamide In a manncer similar to that deseribed 1 example
735, fram r.‘wmm'cms-z-l-lydroxymethyl'I'cyclohexylaming hydrochloride (50 mg.
0 303 mmol) and 16 W5  mg, 0 0995 mmol) was prepared
raceraic{1al 6alt. l«IaS)'N'((4-ﬂuorophenyl)mc.‘l.hyl)'l 1,13 dwoxa- 12-{{phenylmethyox
y]'l.3,4,4a.5,6a,’-‘,A1 1.13,314a decahydru'ﬂ['pyvic‘{d{1'.2'-4.5]p)'razinol1,2';\“53,llbcuzoxa
zine- lO—carL\;)xmmde ;-18 mg, 91%) as a white solid 'H NMR (CDCl) 8§ 10.42 (m, 1
), 8.37 (s, 1 H), 7.569 (m, 2 H), 7.38-7.24 {m, 6 H), 6.98 (m, 2 H), 5.26:5 18 (. 2 H),
507 G, 1 R, 4.74 Gu, 1 H), 4.62-4.51m, 2 H), 4.20 (dd, J = 13 6, 4 He, 1 H), 4.04 (m,
L H), 891 (m, 1 HJ, 8371 (dd, J = 11.3, 48 Hz, U H), 2,18 (m, 1 H), 1.82 (m, I H),
1.73°1.63 Gn, 2 H), 1 62-1.56 (m. 2 HJ, 148 (, 1 H), 1.38 {m, 1 11), 1.14 {m, 1 H) ES’

MS' 532 (M +1)

1)

racemic{4akX.6a R, 1425 -N-{(1-Fluciophenylmethyl]-12-hydroxy-11,13-dioxo-1,3,4,4a,
5,6a,7,11,13,11a decahydro-2t[-pyridol1',2'4,5]pyrazinol1.2-all3,1lbenzoxazine-10-car
boxamide. {n a manner simtlar to that descibed in cxamplg Z-37, [rom

racemne{4alk,6aR, 14a8)-N-{(1-luorophenyDmethyl)- 13, 13-dioxo- 12-[{phenyimethyDox



Jor
v} 1,3.4,1a,5.6a,7,11,13,14a-decahydro- 2 -pyridol1°.2"4. 5}pyrazino{1.2-a}[3,1}benzoxa
zine-10-carboxamide (87 mg, 0.0696 mmol) and 10 w.t. % Pd/C (3 mg) was prepaved
the title compound {18 mg, 58%) as 4 white solid after punfication by HPPLC. H
NMR (CDCL) & 1247 (s, 1 H). 1039 (m. 1 H), 8.32 (s, t H), 7.30 (m, 2 H). 6.98 (m, 2
), 522 (m, 1 H), 474 {m, 1 H), 1.58 (m, 2 H), 1.28 (dd, /= 13.2, 4 Uz, 1 H}, 4.12-3.98

(in, 2 H), 3.81(dd, &= 116,48 Hz, L H), 2.29 (m, { HJ), 1.91-1.19 (m, 8 H): ES* MS:

442 (M +1).

IZxawple Z-47: ]
racemc (35 4aR6aft 1425 N-[(2.4-DifluorophenyDmethyll-12-hydroxy- 11.13-dioxo-3-
phenyl-1,3,4.42,5.6a,7,11.13,14a-decahydro-2 & pyidol1' . Z:4.5Ipyrazinol 1. 2- al{3. 11ben

zoxazine-10-carboxamide

a)

racemic{38,4a K,Ga R, 142.9)- A-[(2,4-Difivocophenyllmethyll-11,13-dioxo-3-phe
nyl-12-[{phenylmethyDoxy] 1,3,4,4a,6,62,7,11,13,}4a-decahydro-2 & pyridol1’,2:4,51py
vazinol{1,2-a}{3, 1lbenzoxazme-10-cavboxamide In a manner sumilar Lo that described
in example Z-35, fiom racemic{{(1 £25,55-2-amino-5-phenyleyclohexyilmethanot
hydrochloride {32 wmg, 0 160 m\-nolf' and 16a (30 mg, 0.064 mmol) was prepared

racemic354a R,6ail, 14a - N-[(2.1-difluar ophenyl)moth-yll' 11,13-dioxo-3-pheny)-12-[{

phenylmethyDoxyl-1,3.4,42,5,64,7,11,13. Ma-decahydro-2 Fpyrido1'.2 4.5]pyvazmall,
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2-al[3. 1lbenzoxazine- 10-carboxamide (35 mg, 88%) as a white sohd. '"H NMR (CDCly)

& 10.41 Gun, 1 H), 8.38 (s, 1 H}, 7.66 (n, 2 H), 7.40-7.26 (m, 6 H), 6.81 (m. 3 i),
5.32°5.25 (m, 2 H), 5.17 (m, 1 H). 189 (m, 1 H), 1 66-4.62 (m, 2 H), 4.26 (dd, J = 13 G,
4 Hz, 1 H), 4.13:4.04 Gn, 2 H), 3.85 (dd. =112, 4 4 Hz, 1 H), 2.56 tm, 1 H), 2.37 (m, 1

H); 2.03-1.64 (in, 6 H): ES' MS: 626 (A +1).

b)

racenuc{3S,4aR,6a f,14a8) N-[(2,4-Dfluorophenythnethyll-12-hydroxy-11,13-dioxo 5
phcnyl. l.3.4,{l:1,5.6a.7.11.13.Ha'decahydr;rZH‘pyridolI',Z' 4,5lpyrazinol1,2-all3,1lben
zoxazmc-IO'cu.rboxamidc

1'.1ceuuc<(3.5,4al'?,6alf, 14a8)- A[(2,4-Diflurophenyl)methyl]-11,13-dioxo-3-phenyl-12-(¢
phenylmethylloxy)-1,3,4,42,5,6a,7,11,13, 14a-decahydro-2 H-pyrido(1',2° 4,5]pyrazino[1.'
2-ai{3, tbenzoxazine 10-carboxamide (27 myg. 0.0432 mm6l) was suspended in
methanol, 10 w.t. % Pd/C ( 3 mg) was added and hydrogen was bubbled through the
system scveral times until the reaction was determined complete by TILC (5%
methanol/dichloromethane). The suspension was filtered through Celite eluting with
methanol/chlovoform and the filtrate was concentrated under reduced pressure and
purified by HPLC to give the Llitle compound (13 g, 57%) as a white solid *H NMR
(CDCI) & 12.40 {brs, 1 H), 10.37 {m, 1 H), 8.32 (s, 1 H), 7.37:7.28 (m, 3 H), 7.24-7.15
{tn, 4 H), 679 (in, 2 H), 578 (br s, 1 H), 4.85 (n, 1 H), 4 62 (m, 2 II), 4.29 (m, 1 ),
4.16:4.09 (m, 2 H), 3.92 (ad, /= 11.6, 48 Hz, 1 1), 2.58 (m, 1| H), 2.46 G, 1 H),

2 07-1:64 {m, 7 H); ES* MS 536 (M +1).



2o

Example 2-38.

Sodium

racemfc{488,605,14a8}-16-({{(2 4_difluoiophen 1y Haminolcarbouyl)-6-(2 methy

propyl)-11,13-d1ox0-1,2.3,4,1a,5 7.11,13, 14a-dodecahydvopyrido{14,2:4,56lpyrazinel

1.2'alquinazolin-12-olate.

Fu o~ F \1/
e ot N.

_..—

a) _racenuc-l,1-Dimethylethyl  [{18,2R)-2-(hydroxymethyleyclohexyllearbamate
racenucl{1R,25,55)-2 Amino 5-phenyleyelohexyllmethanol  hydrochloride (800 . mg,
4.82 mmol) was d\ssoiv;d m MeOH (10 ml) and b\s(l‘l:dnucthylcthyl) ;licarbonm.e
(1.16 g, 530 mmol) and tiethylamine (4 mL, 26.92 mmol) werr; added and the
mixture was stin.cd i8 hours at ambient Le.mpcmt\n'e The solvents were -removed
under reduced pressure, ethyl acetate and aqueous saturated sodium bicarbonate
were added and the pioduct was cxtiacted with cthyl acetate. The combined
organies were dried over sodium sulfate and the solvents weie removed under reduced
pressure. Purification by silica gel chromatography (9:1 hexanes: ethyl acetate to
cthyl acetala gradient clution) gave 1,1-dimethylethyl
racenne{(18,210-2-Chydvoxy methylcyclohexyllearbamate (934 mg, 85%) as a wiate

solid. 'H NAMR (CDCL) & 487 (m, 1H), 4.03-3.95 (i, 2 H), 3.26 (m,  §), 3.15 (m, 1

H), 1.7 048 Gn, 5 H), 138 (s, 9 H). 1.27-1.16 (i, 3 H), 0.887 (m, 1 H).

b) raceane-l, -imethylethyl K18, 2R)-2Formyleyelohexyilearbamate To a
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sofution of dimethylsulfoxide (0.2 mL, 2.88 mmol} in dlcﬂlommethane {3 ml.) at -78 "°C
was added oxaly) chloride {0 72 mL, 1 44 mmol) dropwise The mixture was stirred
10 minutes. and racemuc-l, l-dimethylethyl
{(1S.2R)-2-(hydroxymethyDcyclohexyllcarbamate (220 mg, 0.961 mmol} in
dichlormethane was acidccl dropwise and stirred 10 minutes  Triethylanune (0 53 L,
3.84 mmol) was andded slowly and the reaction was s;nrred at 78 "C for one hour and
allowed to warm to ambient temperatuve. W_atcr was added and product was
extractec-l with dichloyomethane. The combined organics were wasl;ed with brine and
dried over sodiwm sulfate l{en_naval of solvents under reduced pressure afforded
racemic-1,1-dimethylethyl {(18.2R)-2-formylcyclohexylcarbamate (223 mg,

quantitative) as a yellow oil. 'H NMR (CDCL} 8 9361 (s, 1 H), 5 19 (m, 1 H), 3.88 (m,

tH),261(m, 1 H), 1.86(n, t H), 1.63 149 (m, 4 H), 1.37 1 16 (m, 12 H)

c) 1acemic-l,1-dimethylethyl ((18,28)-2-{[(2-McthylpropyDaminolmethyf}
cyclohexylcarbamate. raceuuc'"i,l‘Dunuthy!cthyl
{{(18,2R)-2-formylcyclohexyHearbamate (223 mg, 0982 mmol) was dissolved m
dichloroethane and 2-methylpropyllamine (0 15 mbL, 147 mmol} and sodium
triacetoxyborohydride (290 mg, 1.37 mmol) were added and the reaction was stirred
at ambient temperature for 18 hours. Aqueous sodium bicarbonate was added and
the product was extracted with dichloromcthane. The combined extracts weve diied
aver sodium sulfate and the solveuts were removed under reduced presswie

Purification by silica gel chromatography (dichloiomethane to 1% ammonium

hydroxide 19% methanol 80% dichloromethane gradient elution) wfforded
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racenc-l, -dimethylethyl
((15,281-2-{[(2-methylpropy Daminolmethylicyclohexycarbamate (112 mg, 10%) as a
clear colarless oil  "H NMR (CDCIV & 6.06 (br s, 1 HY, 376 (brs, 1 H), 2.63 (m, 1 H),

2.43-2.37 {m, 2 H), 2.25 (n, 1 H), 1.8L (m, | H), 1.71-1.59 (m, 3 H), 1.44-1.32 (m, 14 H),

1.27-1.19 (m, 2 H), 0.866 (m, 6 I

d) rax:e:iu'c(lSﬂS)")."{(2*];Jeth)"lpropyl)nnxino]mel:hyl}cyclobexannminc.
hydrochloride.

In a manner sumlar to that descmbe in Aexagnple 7-3, step e, from
racemic-1,1-dimethylethy! (flS,ZS)-Z'(1(2'mer.hglpropyl)amino)methy'l)
cyclohexylicarbamate - (312 mg, - 0.394. mmol) was preparcd
(15,28)-2-{{{2-methylpropyDamino)methylicyclohexanamine hydrochloride (130 mg. >
100%) as a white sbhd H NMR {mecthanol*dvCDCI) & 3.65'8.28 Gn, 1 H), 3.62 tbr
s, 1 1), 3.26 (n, 1 H), 283278 Gn, G H). 2.54{br s, 1 H), 2.12 (m, 1 H), 1.82 1 66 {m,

SH), 153139 Gn, 5 H), 0.96 (m, 6 H 0766 Lin, 1 H).

e)
racenuc(1aS,6a5,11a8)-N-{(2,4-Difluorepheny Imethyl]-6-(2-methylpropyl)- 11
,13-dioxo-12-[(phenylmethyljoxyl-1,2,3,4,42,5,6,6a,7,11,13,14a-dodccahydropyrido{1’,2'
‘4,5] pyrazinoll,2-alquinazoline-10-carboxamide. In a manner similar to that
deseribed n 730, from
racemic (18,28)-2-{[(2-methylpropyDaminolmethylicyclohexanamine hydrochloride

(130 g, 0508 mmol) and 16a (55 wmg U117 mmol} was propaved
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racemic{4a8S,6a8,14a8)- N-{(2,4-difluorophenylmethyl}-6-(2-methyipiopyl)-11,13-diox
0-12-[{(phenylmethylloxyl-1,2,3,4,4a,5,6,6a,7,11,13, 1 4a-dodccahydropy rido[1',24,5]

pyruzmo(l,2-alqumazolinc~l-()-cm-boxam:de (44 g, G29) with a 12 1 dr ‘H NMR
{CDCL) & 1046 {m, 1H), 8.33 (s, 1 H), 7.59 (m, 2 H), 7.37-7.24 tm, 4 ), 6 79 (m, 2 H),
5.30-5.23 (t, 2 H), 4.75-4.56 (m, 3 H), 4 23 4.09 (m, 3 H), 2.69-2 66 {(m, 2 H}, 2.2i'l.5]8

(n, 3 H), L8O Un, t H), 1.71-1.33 (i, 6 H), 1.26-1 19 (m, 2 H), 0.816 (m, 3 H), 0 720 (i,

3H): ES' MS. 605 (M +1).

racennc(1aS,6a8,14aS)-N-[(2,4 - Difluorephenymethyll- 12-hydroxy-6-(2 meth
ylpropylr-11,13-dwxo-1,2;3.4,1a,5,6.6a.7,11.13,14a-dodecahydiopyridol °,2' 4, 5]pyrazin
ol1.2-alquinazoline*10-carboxamide. [n a manner similar to that described n
example ) Z-317, from
racemic14a5,8a8,14a8)- N-{(2,4-difluorophenyl)methyll-6-(2-methyipropy-11,13-diux
o-12 HphenylmethylDoxy}-1,2,3,4,44,5,6,62,7,11,13,14a dodecahydropyrido(}’,2'.4,5]
pyrazio(l,2-alquinazoline: lG'curb;)xamidu {39 g, 0 664 mmol) und 10 w.t % Pd/C (7
mg) 3 was prepared
racenuc{1aS.6a8,14a8)-N-[(2,4-difluovophenyDmethyil- 12-hyd roxy 6-(2 methylpropyl)
-11,13-d10x0°1,2,3,4,4a,5,6,64,7,11,13, 11a-dodecahyd ropyridof 14,214, 5 lpyrazine{1,2-alq
uinazoline: 10-carboxamde (36 ing, > 100%) as a tan solid. 1H NMR(CDClJ & 12.60
(rs, 1 H), 1043 (brs, 1 H), 8.25(s, 1 {), 7.35 (m, 1 H), 6.78 {m, 2 H), 4 77 (in, 1 H),

4.63 (m, 2 H), 149 (brs, 1 H), 41 36-4 13 {m, 2 H), 3.63-3.40 (w, 2 H), 2.88-2.71 (m, 2

H), 2.32-2.21 {m, 2 H), 205 (m, 1 H), 1.68-1.11 (m, 7 F), 0830 (m, 3 H), 0 760 (i, 3
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H} AP+ MS 516 (M +1).

g Sodium
racermic{4a5,6aS,14a8)-10-({{[(2,4-Diflucropheny)methylaminolcarbonyi)-6-(2-methy!
propyl)'ll,13-d|oxo-1,2.3,4,4a,5,6,6a.7,ll,l3,Ma'dodecahydropy'rido[1'.2‘14,5]p)'1-:\zino[
1,2-alquinazolin-i2-olate. In a manner similar to that described 1n example Z-1,
from
racemic'('laS,GaS,Maé)'N'I(Z,ft‘diﬂuorophenyl‘imethyll'12'hydroxy'6'(2'methyli)ropyl)
'll,lS"dimm‘l,2,3,4.'1:1.5.6.63,.7,ll:13,Ma-dodecuh_vdropyndo[1‘,2‘34.5);)}'1':1unol1.‘2' alg .
uinazolil.\c-lO'carboxam‘ide {37 mg. 0.071 mnol} and 1 N sodium hydroxide 0.07 mL)
the titlc compound was prepared as a yellow solhd (26 mp, 68 %} ‘H NMR
(DMSO-dz) & 10.73 (m, } HY, 7.94 (s, 1 H), 782 (m, 1 HJ, 7.19 (n, 1 H), 7 00 {m, 1 H},
4.59-4.41 (m, 3 H), 1.26 {m, 2 H), 4.14 (br s, | H), 2 63-2.60 {m, 2 H), 1.93-1.61 (m, 5

H), 1 48-1.36 (m, 4 H), 0997 (m, 3 H), 0.760 (m, 3 Hi, 0660 (m, 2 H). AP* MS 515

(M +1 of free acid)

Example Z-39.

(6aR,7a8,11a8)-N-[{2.4-Difluorophenymethyl]- 1 -hydroxy-2,13-dioxo-2,6a,7.9a,8,9. 10,

azole J-carboxamide
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a)
(6aR,7a8,11a8)-N-[{2, 1-DifluorophenyDmethyll 2,13 dwxo 1 {phenylmethyo

- xy)-2,6a,7,72,8,9,10,11, 111,13 deccahydro-6H -pynido {1",274,5} pytazmof!,2-al

benzimidazole-3-carboxamide and

(€aS,74S, 11aS)-N-[(2,4-d1flucrophenylmethyl]l-2.19-diaxo- U-[(phenylmethyDoxyl-2,6a,
7.72,8,9.10,11, 1 ta, 13-decabydro-6H-pyndol 1*.2':4,5)pyra cinol1,2-a}benzinmidazole-3-ca

rboxamide {n a wmanner sunidar to that described in example 7Z-2, from

{(15.29)-2 anunoeyclohexyllamime 1122 ing, 1 07 mmol) and 16a {200 rhg. 0 126 mumol)

was - prepated

(6aR,7a8S, 11a8)-N-{{21-difluorephenyimethyl)-2, 13 dioxo 1-[{phenylmcthyDoxy]-2,6a,

7.72,8.9.10,11,113,13 decahvdio GH-pyiaclo f1',2°.4,5] pyrazinoll,2-al

henznnidazole 3 carboxanude (58 my) and

(625,745, 11a8) N-{(2,4-difluosopheny Dmethyl) 2,15 dioxa 1-l{phenylmethyDoxy]-2.6a.
7,70,8,9,10,11,11a,13-dccahydio-6H -pyridol 1,2 4,5lpyrazinol 1, Z-albenzmidazole-3-ca
rboxamude (10.6 mg) after separation of the diastercumers using sidica gel

chromatography {0-12% methanal/dichlovomethanc).

(GaRk,7aS,11aS)'N-{(2,4-d\fluorophenylmethyll-2,13 dioxo- 1-[{(phenylncthyDoxy]-2,6a,
7,72,8,9,10,11,11a, 13-decahydra 6H-pyrido {r.2°15] pyrazo[l.2-a]
benyimidazole-3-carboaamide Gnajor) TH NMR (CDCID d 1040 un, | H), 8 33 ¢, |

H), 757 tm, TH), 740-7.25 (m, 1 H), 6 81 G, 2 1), 632 {d. /= 10 H7, 1 H), 5,13 (d.
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= 10 Hz, 1 H), 4.64-4 58 (m, 3 H), 4.21 {dd, &/ = 12.4, 3.2 Hz, 1 H), 3.79 (n, 1 H), 3.04
Gn, 1 H), 2.73 (m, T H), 253 (m, 1 H), 2.01-1.79 (n, 4 H), 1.36- 121 (m, 4 HE ES* MS
535 M +1)
(GaS,'?aS.11:\5)'N'[(2,41'dxﬂuomphcnyl)methyl]‘Z.13'dmx0'l'l(ph;mylmethyl)oxy]'2.63.
7.72.8.9,10.11,11a, 13-decahydro-6 H-pyrido{1',2"14,5]pyrazinol{1,2-albenzimidazole-3-ca
rboxamide (ninor diastereomer): 'H NMR (CDCld & 10.33 (in, 1 H), 6.28 (s, 1 H),
7.61 (m, 2 H), 7.39-7.28 (m, 3 1{5, 679 Gn, 2H), 529(d, J=96 Hz, 1 H). 5.05(d, /=
9.6 Hz, 1 H), 4.84 (m, 1 H), 1.60 Gn, 2 H), 3.90-3.84 (m, 2 H), 3.07 (m, 1 ), 2.75 {m, |
H), 2.49 (m, 1 H), 2.07 (m. t H), 1.90-1 51 (m, 4 H). 133-1.19 {in. 4 H). MS data

matches that of its diasterecomer.

b) (I'or example Z-39)
(6aRk,7a8,11aS)-N-1(2.4-Difluorophenylfmethyl}- 1-hydroxy-2. 13- d10x0-2,62,7,72.8.9,10,
11,11a, 13 decahydro-6H-pyridol 1.2 1,5pyrazinel 1,2-albenzimidazele-3-catboxamide

1 a manner stnalar to thal descrnbed 1y example Z-37, from the mmoy diastercemen
prepaied mn step
(6a8,7aS,11a8)N-{(2,4-diflvorophenyl)inethyl]-2, lS‘d.wa' t-l{phenylmethyDoxyl-2,Ga,
7.7a.8.9,10, 11,11a,13-decahydvo-6H-pyridol 1',2* 4,5lpyrazimol1.2-albenzimidazole-3-ca
rboxanude (7 mg, 0 0131 mmol) and 10 w.t. % Pd/C (catalytic amaunt) was prepared
(6uR,7a8, 11aS}-N-{2.4-difluorophenyihmethyll- 1-hydvoxy-2,13-dioxa-2,65.7.7.8,9. 10,

11,11a, 13-decahydro-6H-pyridol1',2'4,5]pyrazino[1,2-a}benzumidazole-3-carbuxamde

{2.8 mg, 48%) after purification by HPLC. ‘H NMR (CDCly § 12 16 (br s, 1 H),

1042 (brs, 1 1), 8.31 (s, 1 [1), 7.36 (m, 1 H), 6.80 {m, 2 H), 501 (m, 1 H), 4.63 {m, 2
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), 116 (a1, 1 H), 3.96 (n, 1H), 3.06-2 93 (m, 2 H), 2.6 (in, lA H), 2.18 (m, 1 1), 1.93
(m, 1 H), 1.60-1.13 (m, 4 H), 0.893-0.810 (m, 2 H).; ES- MS: 445 (M +1).

c} (For example 240
(GaS.?aS.llaS)'N-'l(ZA'le]uorophcnyl)meth)'ll'1‘1\5'droxy'2.l3'd|ox0'2.6a.7,7a.8.9,10,
11,llg.13'decahydx:o'GH'pyndc[l'.2'-4,5lpyrazmo[1.2'a]benzimidazole'3 carboxamide.
In & manner similar to that described in example Z-37, from the major dinstereomer
(36 mg, 0.0561 mmol) prepared‘in siep a and 10 w.t. % P_d/C (catalytic amount),
(6aS.7aS.llaS)'N'|(2.4'DiﬂuomphenyI)‘methyll'l'hydroxy.'Q.I3'd|03w'2.Ga,7,7a,8.9,IO,
11,11a,13-decahydro-6H-pyrndol1',2" 4.5]pyrazinol1,2-albenzunidazole-3-carboxamide
was prepared as a white sohd (15 mg, 60%) after puwification by HPLC. 'H NMR
(methanol d/CNCI) & 1041 {m, L F), 8§ 26 (s, 1 H). 7.30 (m, 1 H), 6.77 G, 2 H), 4 77
Gn, 1 H ), 1.67 (im, 2 H), 445 (m, 1 H), 3.91 (m, 1 H), 3.12 {m, 1 H), 2.67 (m, L H), 2.12

, (m, 1H), 1.87-1.84 (m, 2 H), 1 47°1.33 (m, 4 ). ES* MS: 445 (M +1)

Example Z-41.

5aS5,14a8)-N-1(2,4-Difluovopheny)methyll- 11 hydroxy-10,12-dioxo-1,2.3 4,52,6,10,12,

14,14a-decahydropyridol1.2-alpyridol1'.2".3, 4umidazo{1,2-dlpyrazine-9-carboxamide.

e \ub

a)

(5a8,14a8)-N-[(2.4-DifluovophenyDmethyll- 10,12 dioxo- 1 1-l{phenylmethyloxyl-1,2,3.4
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.58,6,10,12,14, 14a-decahydropyridol},2-alpyndel1,27:3,4imidazol 1,2-dipyraiine-9-car
boxamide. In a manner similar to that described in example 2-18, from 16a {50 mg,
0.108 mmal) and [{28)-2-piperidinylmethyllamine hydvochloride (50 mg, 0 269 mmal,
made in a similar manne‘r as described in example 2-18) was4 prepared
(5a8,14a8)-N-{(2,4-d fluarophenyDmethyl]-10,12-dioxo- 11-[{(phenylmethyloxyl-1,2.3,4,
5a,6,10,12,14,14a decahydropyridol1,2-alpyridol 1',2:3,4]imidazal 1,2-dlpy razin?!)-car
.boxamide (40 mg, 78 %J). 'H NMR(CDCla) & 10.43 {m, 1 H), 8.38 (s, 1 H), 7.59 (m, 2
H), 7.59-7.25 (n, 4 H), 6.81 (m, 2 H), 5.38 (d, /= 10 He, 1 H), 5.19 (d, /= 10 He, 1 H),
4.66-4.62 (m, 2 H), 4 20 (dd, /= 12, 2.8 Hz, 1 H), 4.00 (dd, J = 12?4, 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 ﬁ).

1.94-1.87 (m, 2 H), 1.77-1.66 (m, 2 H), 1.39-1.24 Gn, 2 H); kS MS: 535 (M +1)

b)
(BHS,14uS)'N'((2,4'Difluorophenyl)methyl]'ll'hydroxy'10.12'd\ox0'1,2,3,4,5&1,6,1.0,12,
14,14a-decahydropyridol1,2-alpyridof1',2:3,4limidazo{ 1,2 -dIpyrazine-9-carboxamide.
In e wmanner  similar 1o that  desaibed in  example 2-37, fram
{5a8S, 14a8)-N-{(2,4-drfluorophenylmethyil- 10, 12-dioxo- 11-[(phenylmethyDoxyl-1,2,3,4,
5a,6,10,12,14,14a-dccahydvopyrido{1,2-alpyrido{1',2* 3,4}imidazol3,2-dlpyrazine-9-car
boxamide (18 mg, 00337 mmol) and 10 w.t.% Pd/C {catalytic amount) was prepared
the title compound as a white sohd (13 mg, 87%) after purification by HPLC. ‘H
NMR (CDCL) & 1171 (br s, L H), 10.36 {brs, 1 H), 8.31 (s, 1 H), 7.34 (m, | H), 6.78
(m, 2 ), 4.61-4.57 (m, 2 ), 1.28 (m, 1 H), 4.12 (m, 1 H), 3.92-3.69 (mn, 2 H), 3 22 (i, 1

H), 304 (m, 1 H), 2.49 (m, 1 H), 228 (m, 1 H), 1.97-1.89 (m, 2 H), 1.78 (m, 1 H),
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1.66°1.60 (in, 2H), 1 13-1.36 {m, 2 H), [5* MS: 445 (M +1).

Example 7-42:

(4al. 14al)-N-{(2.4-Ihfluorophenyi}mathyll-9-hydroxy-8.10-d1ox02,3,4,42,6,6.8,10,14,

a) l’hcnyhn;zthyl (2R)52'(hydrox)'metllyl)'1'pnperldxilecarboxylate. Ina mam}er'
similar < to tl‘\at .clescnbed in example Z-3a, from
(2RJ'l-H(phenylmel.hyl)ox)'lca1'bonyI}'2-p'|pendmcca1boxyllc acid (4 93 g, 18.75 mmol)
was prepaved phenylmethyl (2R)-2-¢hydroxymethyl): I-piperidinecarboxylate (2 24 g,
18%) as an wm! that solidified upon standing to a wlate sobd  'H NMPR CDClLe &
736-726(m, 5 H), 518510(m, 2 H), 1397 (m, L H), 403 ¢m, 1 H), 3.81 (, m, 1 H),

3.630n, 1 H), 296 (bes, LH), 1.71-1 42 (m, 6 HJ.

b) Phenylmethyl (2R)-2-{cyanomethyl)-I-pipendinecarboxylate. In a manner
similar  to  that descrthed v example Z:3b, from phenylimethy!)
{2R)-2-(hydroxymecthyl)-I'pipenidinecarbaxylate (1.09g, 4.33 mmol) was prepated
phenylimethyl (2[%')-2-(([(4'methylphen)'l)sulfonyl]oxylmethyl)-!'pipendmec;uhoxylnm
(1.06g, 59% wnmpuic with uncharacterized byproduct) as a clear colorless o1l after

purification using silica gel chromatography (10-100% ethyl acetate-hexanes). It is
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necessary to use this matenal in the next step as soon as possible or yields

detertorate dramatically. In a manner similar to that described in example Z-3¢,

from phenyhinethyl

(21)-2-({[{4-methylphenyDsuifonylloxytmethyl)-1-piperidinecarboxylate (105 g, 261
mmol) and sodwm cyanide (383 mg, 7.82 mmol) was prepared phenylmethyl
(2R)-2-(cyanomethyl)- }-piperidinecarboxylate (171 mg, 25 %) as a vellow o, 'H

NMR (CDCL) 8 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,

1 H),2.60(m, 2 H), 1.82-1.67 (m, 4 H), 1.54-1.39 (i, 2 H).

d) Phenylmethyl (21{)'2'(2'ammoe.thyl)-1'pip'cridxr;ecarboxylate In a maancr
similar  to _that  described in . example  Z-3d, fiom  phenylmethyl
(2R)-2-(cyanomethyl)- I-piperidinecarboxylate (171 mg, 0.663 mmol} was prepared
phenyhnethyl (211)-2'(2'ammoet.hyl)~I'pnﬁeridilleca)'boxylate (119 mg, 68%) as a cloar -

colorless residue.  1H NMR (CDCl3) 8 7.32-7.25 (in, 5 H), 5,08 (i, 2 H), 4 39 (br s, 1

H), 401 (brs, 1 H), 278 (m, 1 H), 2.60-2.66 (m, 2 H}, 1 95-1.86 (n, 3 H), | €3-1.35 (m.

6 H).

c) {2:[(2R)-2 Piperrdinylethyllamine Phenylmethyl
{2R)-2-(2-aminoethyl)- I-pipenidinccarboxylate (119 mg. G 154 mmol) was dissolved 1n
methanol and 10 w.t.% 0d/C (120 mg) was added. Hydrogen was bubbled thiough
the solution for 15 minutes and the 1caction was stited under | atm hydrogen for 13
hours until determined complete by TI.C (1% ammonium hydrexide 19% methanol

80% dichloromethane). The suspension was filtered through Celite cluting with
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methanal and the filtrate was cavefully concentrated under reduce pressure to yicld a
clear colorless higuid (58 mg, quantitative) H NMR (CDCl) & 2.99 (m, 1 H),
2.71-2.66 G, 2 H), 2.57-2.48 (m, 2 H), 1.72 G, § H), 1.61-1.52 (m, 2 H), 1 48-1.42 (m,

2 H), 135-1.25 (im, 2 H), 1.05 (m, 1 H).

(4aR,14aR)-N-1(2,4-Difluoropheny)methyll-8,10-dioxo-9-[{phenyimethyDoxyl-
2,3,4,4a,5,6,8,10, 14, 14a-decahydro- 1H-pyridol1,2-clpyridof}’,2:4,5])pyrazinol1,2-alpyri
midine* ll-cnrbo;mmul(? In a manuer similar to th;\t described in example Z-35, fromn
16a (50 mg, 0.106 mmo-l) and (2'Ik2R)-2.'pxpelidmyllethyliamme (58 mg, 0.454 mmol)
_was prepaved
(4:\1(,l4.al()-N-[(2,4'd|ﬂuorophenyl)methyl]'b‘.l()~d10xo-‘.)-Kphenylmethyl)uxyl'2‘3.4.4u.
5,6,8,10,141,14a decahydro-1H -pyvido(l.2-clpyndo(l'.2'!'l.51pyrazmo( 1.2-alpynmidine-1
l-carboxamide (47 my, ‘81%.). ‘H NMR (CDCL) & 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 Gn, 1 HJ, 4.19 (m, 1 H), 3.78 (br s, 1 H), 2.86-2 80 (n, 2 H), 2.18 (br s, | H), 191

(m, | H), 168-1.36 (m, 6 H), 123 (brs, 2 Hi 155 MS: 549 (M +1).

&

’ (4ail.Mal()'N'((2,4-Diﬂuorophenyl)methyll-9-fxydroxy-8.10-dioxo~2.3.4,4a.5.6,
8,10,14,11a-decahydro-1H-pyrido}1,2-clpyrido{1',2:4,5lpyrazino{1,2-alpyrimidine-11-¢
arboxamide. {n a maanner similar to that described in example Z-37, from

(4aR, 14aR)-N-[(2,4-diftuovophenyihmethyli-8,10-dioxo-9-[(phenylmethyloxyi-2,3,4,4a,
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5.6.5,10,14,14a-decahvdro- LB -pyridoil, 2-clpynidol1’,2"°4,5)pyrazino(1,2-alpyrimidine- 1
1-carboxamide (47 mg, 0.0857 mmol) and a catalytic amount of 10 w.t % Pd/C was
preparved the title compound as a white solid (19 mg, 54%) after purification by HPLC.
'H NMR (CDCL) & 1049 (n, 1 H), 820 (s, 1 H), 7.34 (m. { H), 6.79 (m, 2 H),
1.67-4.56 (m, 3 H), 441 Gm, | H), 1.20 (m, ! H), 393 (s, 1 H), 2.91-2.87 (m, 2 H), 2.28
© (br s, 1 H). é.m {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 HY; ES*MS: 459 (M +1).

Example 7-43:

all)- : ; hyll-7-hydroxy-4-methyl-1-(3-methylbuty1}-6,8-d
ioxg-1,2.3.4.6.8.12 12 octahydropirido) .24, 6lpyrazinaf1.2-alpyrinhdine 9 carboxa’

a) 13403 Amobutyll(8-methylbutylanune dihgdrochloride was piepared m a
similar manner as described in example 2-32. 'H NMR (400 MHz, CDCL/CDsODT §

0.87 (4, J = 5.2 Hz, 6H), 1.32 (m, 3H), 1.61 (n, 3H), 2.10-2.20 (m, 2i1), 2.90-3.04 (m,

4H), 345(m, 1H), 823 (br, < 1 H), 896 (by, < 1 H).__

b}
(AR 123 ) N {(2,4- Dﬂ\mmphenyi)mcth_vl]"."hydroxy-é'mcthyI* 1-(3-methylbuty])-G.8-d1

oxo-1,2,3.4,6,8,12.12a octahydropyvido{1',24,5Ipyrazino{ 1,2-slpyrumidine-Y-carboxam
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ide. The title compound was made in two sleps using a similar pracess to that
described in  example 2-2. 16a (40 mg, 0.085 mmoll and free
(3 R)-3-aminobutyl}{3-methylbutydamine (46 mg. .35 mmeold we;e reacted 1n
dichloromethane (2 inL) with acetic acid to give
(1R, 12a10)-N1(2,1-difluorophenyDmethyli-4-methyl- 1-(3-methylbutyl)-6,8-dioxo 7-I(ph
enylinethyDoxy}-1,2,3,4,6,8,12,12a-octahydvopyrido{1',2"-4,5 pyrazinol 1,2 alpyrimidine
‘9-carboxamide (44 mg, 90%) as a film." This material u;as h).'drogennted in & second
step ‘ as descxflbed in example Z-2 to give
(R, lZa]?)'N[(2,4';iiﬂuorophenyl‘)methyl]-7-hydroxy-4'methyl' ) '(S'mcthylbut;-l)'ﬁ..‘vd
ioxo-1 \2,3,4,6,8,12,12a-octahydropyridol I',2"4,5)pyrazinol1,2- alpyrimidine-9-carboxa

1:111de (11 mg. 30%) as an off-white sohd ' NMR {400 MHz, CDCls) §0.81 (d, J=G.8
He, 3H), 0.86 (d, ¢/ = 6.8 Hz, 3H), 1.24-1.36 (m, 5H), 1.47-1.53 (m, 2H), 2 02-2.11 (in,
1H), 2.36-2 43 (in, IH), 2.54-2 61 {m, 1H), 2.77-2.92 (m, 2H), 4.16°4.26 (m, 2H), 4 41
{m. 1H), 4.62-4.64 (m, 2H), 4 95:6.02 (m, 1H), 6 75-6.81 (m, 2H), 7.31-7.37 (m, IH),

8.27 (s. LH), 10.43 (m, 1H), 12.54 (s, 1H); ES' MS: 489 (M+1).

Lixample Z-44:

45,1228 M2 4-Difluorophenyl)methyll-7-hydroxy-4-methyl-1-(1- tlethyl)-6,8-d1

razinof1,2-alpyrimidine-9-carboxam
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a)  [(34-3-Amiobutyl){l-methylethylamine dihydrochloride was prepaved in a

similar manner as described in example Z-29. 'H NMR (100 MHz, CDCL/CDJOD) &
1.20-1.25 (m, 9H), 1 93-2.02 (m, 2H), 2 92 (m, 2H), 3 26-3.29 (m. 2H), 8 04 (b:, < 1 H),

8.64 (br, < 1 H).

b)

(45, lZa.S)-N[(2,4'Diﬂubroph,enyl)methyli-7-hydroxy-4'methyl' l-(l-methylethyl)-G,S'd:.
ox0‘1,2,3.,4,G.8,12.12a'occahydropyridoll'.2'1_4.5]pymzinoll.2-n]pyrimidiue-Q'carboxa m
id-c The title compound was made 1n two steps using a.smular process to that
described n ‘example Z-2, 16a (60 ng, G113 nunol) and ) free bascd
[(3.9)-3-aminobutyl}(1-methylethyllamine (55 mg: 042 nmol) . were reacted
dichloromethane (2 mlL) with’ acetic acid to give
(48 12a.9- N [(2,4-difluorophenylmethyll-4-methyl-1-(i-methylethyl)-6,8-dioxo-7-[(phe
nylmethyoxyl-1,2,3,4,6,8,12,12a-0octahydropyridol 1,2’ 4,5]pyrazinol1.2- alpyrimidine-
9-carboxamide {10 mg, 57%) as a flm This material was hydrogenated in a second
step as described m exampls .Z"‘Z to pive
(415,12a8)- NV [(2,4-difluorophenyl)methyl]-7-hydroxy-4-methyl- 1-(1-methylethyl)-6,8-d1
ox0-1,2,3,4,6,8.12,12a-octahydropyrido] I°,2":4,5]pyrazinol1,2- alpyrimidine-9-carboxam
ide {17 mg, 50%) as an off-white sohd. 'H NMR (400 MHz, CDCI:) 6§ 1 02 (d, / = 6.4
Hz, 3H), 1.07(d, /=6 4 Hz, 3H), 1 33 {d, /= 7.2 Hz, 3H), 1.65-1.58 (m, 111), 1.94-2.03
(m, 1H), 2.70-2.77 (m. 1H), 2.81-2 86 (in, 1H), 3.11-3 18 (m,“IH), 4.174dd, =30, 13.8
- Hz, 1H), .32 dd. /=32, 140 Hz, 1H), 4.48 {m, 1H). 1.59:4.69 (m, 2H), 1.97-5.00 im,

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).
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ES- MS: 461 (M+1)

Example 2-45: _.

(151248 - A -methylbutyl)-6.4°d

10x0-1,2,3,1,6.8.12 123-octahydropynido[1'.2":4.5]p

L LR S 5

mide.
OH" O
F -~ o A Ay
N
X N x \A\N

a) [(39-3-Amingbutyl)(3-methylbutyDamine dihydrochloride was piepared in a

sinular manner as described 1n example Z-32. '.H NMER (400 MHz, CDCL/CD,OD) §
086 (d, /=56 Hs,, 6H), 127 (d, J =60 Hz, 310, 1.5§ (m, 3H), 203-2 14 (m, 21),

287299 (m, 4H), 335 {m, 1H», 8 15 (b, < 1 H), 887 (b1, < | H)~

b)

(45,1229 A*[(2,4-Difluoropheny)methyll-7 hydvoxy-1-methyl- 1+(3-methylbutyl)-6,8-d
10x0°1,2,3,4.6,8,12. 12a-octahydvopyrido[1',2"4,5] pyrazinol1,2- alpyrimidine-9-carboxa

mide. The titlc compound was made in two steps nsing a similar process to that
described 10 example %42 16a (0100 g, 921 mmell and free  bused
[{3.85)-3-ammobutyll{3-methyvibutyDunune W 101 @, 166 minel) were teacted 1
dichloromethane (2 mL) verth acetie aad ™ Kive
(15,12a9)- M{(2,4-d1fluorophenyDinethyl]-4-methyl- 1 (3 -methylbutyl)-6,8-dioxo-7-[(ph

enylmethyloxy}- 1,2,3,4.6,8,12,12a-octahydropynidol1',2":4,6)pyrazine{1,2- alpyrimidine
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-9-carboxamide (88 mg, 72%) as a film. This material was hydrogenated 1n a second
step as described n exampla 42 to give
(4S,l2a5‘)-:\'-((2,4-dlfl.uorophenyl)methyl]"l-hydroxy‘-l'methyl~l'(3-methylbulyl)'ﬁ,s-d1

oxo'1,2,3,4,6,8,12,12a-octahydropyrido[1',2"4,51pyr1azinol 1.2- alpyrunidine-9-carboxam

ide (65 ing, T1%). *H NBMR (400 MHz, CDC1:) 6§ 084 (d, J/ = 6 4 He. 3H), 085 {d. ./ =
6.4 Hz, 3H), 1.24-1.37 (m, 5H), 1.45-1.63 (m, 2H), 2.02-2.11 {m, 1H), 2‘3’.‘:2.4-1 un, 1H).
2.66-2.63 (m., 1H), 2.80-2.92 (m, 2H), 4 22-4.29 Gn, 2H), 4.45 (s, 1H), 1.62-1 63 (m, 2H),
4.97-5.00 '(m.‘ 1H), 6.75'6.82 (n, 2H), 7.31-7 37 (in, 1H), 8.37 (s, 1H), 10.48 (m, 1H),

12.63 (br, L1H), ES' MS 489 (M+1).

Example 7-46~ -
(451229 -M{[(2.4 Ihiluorophenylmathyll:7-hydroxy-4-methyl -6.8-dioxe- 1-€3-pyridinyl

methyl)-1.2, razino{1,2-alpyrumwdine-9-cavbo
amj
OH O
P .ﬁ’ffk”ij
Y N S N\ ! N/
F o]
Y
P

a)  1,1-Dimethylethyl {(1.5)-1-methyl-3-{(3-pyridinylmethyDaminalpropylicarbamate
The protected diamine was prepared using a modified procedure as described in
example Z-32 A solution of 1.1 -dimethylechy!
[(1.9-3-amino- U-methylpropyllcarbamate {0 296 e, 1.6 mmol! and
3pyndinccarboxaldehyde (120 pl., 13 mmol) 1« 11 mixtuie ef anhydious

dichloroethane and tetiahydrofuran {10 mL) was tcated with acctic actd 1374 pl., 6.6



%

mumol) and stured for 30 minutes.  Sodium triacetoxyborohydride (0 4441 g, 2.1 mmol}
was added and the solution was stirred for 2 hours. The resultant was subjected to a
workup and purification piocedurc as described v example Z:32 w0 give
t,1-dimethylethy! {(19)-1-methyl-3-[(3-pyridinylmethyl)ammolpropylicarbamate
(0 245 g, 66%) as a clear onl. 'H NMR (400 MHz, CDClY) 6 1.12 (d, /= 6.4 Ha, 4H!,
142 (s, 9H), 1.46-1.54 (m, 1H), 1.68 (m, 1H), 261-2 5 (m, 2H), 4 74 3.80 (m. SH),

4.86 (m, 1H), 7.22-7.24 {m, 1H), 7.68- (d, J=8.0 He, 1H), 8.48 (m, 1H), 8 53 (i, IH)

b) {(39-3-Aminobutyl}(3-pyridinylmethyDamine dihydrochloride was prepared in a

similar manner as described in example Z-29.

o)

(45,1228 A {2,4-Diftuoropheny Dmethyl]l-7-hydroxy 4-methyl 6,8 dioro 1 (3 pyndnyl
mncthyl)-1,2,3,4,6,8,12,12a-octahydropyridol1',2"4,5]pyrazimno( 1,2  elpyrimidine-9-carbo
xanmide. The title compound wz;s made'in two steps using a similar process Lo that
deseribed <m example 72 16a (60 mg, 013 mmol) and free Dbased
((39)-3-aminobutylli3-pyndinylmethyllamine (83 mg, 047 mmol' were reacted m
dichiloromcthane (2 ml.) with acetic acid to give
(45,12a.9- N [(2.4-difluoropheny)nethyl]-d-methyl-6.8-dioxa-7-[{(phenylmethyloxyl- 1-
(3-pyridinylinethyl)-1,2,3,4,6,8,12,1 2.;1'ocln hydropyrido(1',2"4.5‘)7y1'3zmol1,2-a]pyriml
dine-9-carboxamide (72 mg, 95%) as o film. This material was hydiogenated 1 a
sccond slep as described n example YAV to give

(15,12a 5',"4-'\"[(2.-1'dll‘luomphcnyl:lmct.hyl]"i~h)’d1'oxy~4'|netl1yl~6.8'(hoxo- (3 pyndioyl
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mcthyl)‘1.2.3.4.6,8.I‘l’.l2a'0cluhydropyrldoll',2‘2‘l.5]pyrazmoll,Z‘aprrnmidinC‘Q'carbo
xamide (34 mg, 56%) as an off-white sobd "4 NMR (100 MHz, CDCL) 8 137 (d, J =
68 He, 3H), 1.43-1.47 (m, IH), 212 {m, 1H), 2.60-2 92 (m, 2H), 353 W, /= 110 Hz,
1H). 3.82 (d, /= 14.4 Hz, 1H), 4.23-4.31 (m, 2H), 1.55-4.64 (m, 3H), 5.06-5.11 (m, LH),
6.76-6.82 (m, 2H), 7.20-7 23 (m, 1H), 7 I’;i'7.36 (m, 1H), 7.50 (m, 1H), 7 92 (s, 1H). 8.48

(s, 1H), 10.39 (m, 1H), 12.5 (br, LH); S+ MS: 510 (M+1)

Example Z:47:

.(45.12a5)-1-Cyclopr -A(2,4-difluorophenyDimethyll-2-hydroxy-4-methyl-€ .8 dioxo:

1,2.3.4.6,8,12.12a-octahydropyrido{1'.2':4.51pyrazino[ 1,2 alpyrimidine:9-carboxamude.

OH O
F ] O\)\)LN
N N
A
H
F 0 A
a) 1,1-Dimcthylethy ! {(15)- 1-methyl-3-oxopropyllcarbamale 1o a stirred solution of
1,1-dimethylethyl [(19-2-cyano-1-methylethyllcaibamate (0.656 g, J 56 mmol)
anhydrous ether cooled to -40 °C was added divpwise a 10 M solution of
dusobutylaluminum hydride in hexanes (14.2 ml,, 14.2 mmol) over 20 minutes
Stirving was continued at this temperature for an additional 20 minutes.  The yellow
solution was quenched with Rochelle’s salt and the resultant stirred at room
temperature for 1 hour The solids were filtered off through celite and rinsed with
EtOAc The organies weile washed witle bine, cuncentiated, aud  flash
chromatographed (10-100% EOAc/hexancs) to gLve I, 1-duncthylethyl

{(1.9-1-methyl-3-oxopropyllcarbamate (0.193 g, 30 %) as a clear o1l  'H NMR (100



MHz CDCI) 8§ 122 (d, o =6.8 Hz, 3H), 141 (s, YHI, 2 553-2.65 (. 24}, 1 08-4 [3 (m,

1H), 1.63 (m, 1HJ, 9.71-9.75 (m, 1H)

b) 1,1-Dimethylethyl {(19-3-(cyclopropylamino) I-methylpropyllearbamate.  The
protected diamine was prepared using a modified procedure as described in example
7:32 A solution of 1,1-dimethylethy] [(13)- t-msthyl-3-oxspropylearbamate ‘.G.l’.;H g.
0.95 mmol) and cycloplop):la{nll\c (197 ui., 2.85 mmal) in anhydious dichloreethane
(10 ml.) was treated with acetic acifi (272 1L, 4.8 mmol) and stirved for 30 minutes.
Sodium triacetoxs:box-ahyd1~ide (0.444 g, 2.1 minol) was added and the solution was
stirrved for 20' hours. ‘The tesultant was subjected to w workup and purification
procedure  as  desensbed examplc: %32 to  gwe 1, 1-dimethylethyl

[(1 -5-eyclopropylamine) ] methylpiepyllearhamate (0 136 g, 63™%) as a u.le(u' ml.

'H NMR (400 MHz, COCL} § 0 32-0 42 (m, 4I0), 1.12 (d, /= 6 § Hz, 3H), 1.39-1 51 tm,’

1GH), 1.58-1.92 Gn, 2H), 205-2.10 (m, U1}, 2.67-2.80 {(m, 2H), 3 71 {m, 1H}, 4.78 (n,

1H).

¢} {1383 - Ammobutylleyclopropylamine dihydrochloride was prepared 1 oa sl
manner as descobed wm example %29 ‘H NMR w100 MHz, CDCL/CDLODI &
070075 Gn, 2H). 093094 (., 2H), 1.18 (d, J = 6.8 Hz, 3H), 1 81-1.94 (m, 1H),

1.97-2.05 (m, 1H), 2.19-2 51 (m, 1H), 2.99-3.04 Gn, 2H), 3 23-3 28 (m, 1H).

d)

4512291 Cyclopropyl- V12, 14-difluoropbenyDmethyll-7-hydroxy-d-methyl-G.S-dioso

228
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1.2,3.1.6.8.12,12a-cctahydropyridol1',2* 4.5lpyravanol 1.2 alpyrimidine-9-cavhexanude
The title compound was made iu; two steps using a sumlar process to that de~citbed in
e:%ample YA 16a (80 mg, 017 .mnml) and frec based
[(38-3-aminobutylleycloprepylamine (75 ng, 0.59 mmol) were veacted
dichlor;)methnnc (2 ml) with acetic . acid  to give
(45’.12@\.9'1'cyclopropyl'N-((Z.4'd1ﬂuorophenyl)methy]]-4-mcthyl'ﬁ,a-dmxd-'i-((phenyl
methyloxy}-1,2,3,4,6,8,12,12a-octahydropyrido[1,2'.4,5|pyrazimo{1,2-alpyrimidine-9-¢
arboxeumd.e (74 mg, 80%) as a film  This material was hydrogenated 1n a sccond step
as described - n example YAV to Bive
(45,12a8) 1-cyclopropyl- 1'}:"[(2,-1'diﬂuonopheuyl)methyl} “7-hydroxy-4-methyl 6,8 d1oxo-
1,2,3,4,6,8,12, l2a'octahydropy.x'ldo[l',2'14,5]pyrazmo| l.2'njpyrumdine‘9'carboxamide.
(32 mg, 52%) as an oft-white solid. 1H NMR (400 MHz, CDCL) § 0 37-0 54 {m, 3H),
064-070 (m. 1H}, 130 d, /=72 Hz 3H), 145149 (m, 1H). 1.76-1 80 {im, lH),
2.03-2.12 (in, 1H), 2 86293 (in, 1H), 2.99:3 01 (m, LH), 1 30i{dd, /=10, 146 Hz, LH),
4.49:4.67 (m, 4H), 5 00-5 07 (m, 1H), 6 75-6.82 (in, 2H), 7 32-7.36 un, 1H), & 28 (s, 1H),

10.49 G, 1H), 12.63 (s, L1H), ES' MS- 459 (M+1).

Example 4-48
(15123 9-A{(2.4-fluorophenylmethyvll-7-hydigxy-4-methyl-1-{2-Gmethyvloxydethyll:
6.5 droxo1,2,3,1,6,8,12 12a-octahydropyridol 1,24, 5lpyrazinell,2- alpyrimidine -9-carl.

oxamide
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a)  [{39-3:-Amincbutyl]l2-Gnethyloxylethyllamine dihydrochloride. The protected

diamine, 1,1 -dimethylethyl

191 methyl‘3-{[2‘;methyloxy)cthyI]ammo}propyl)carbumatc was prepared woa
stimlar mannci as  descnibed i exanile 247 Subsequentriy.
{(3.9)-3-aminobutylll2-(methyloxyethyllanane dihydrochloride was prepared 1w
simar manner as described 1o cxample 2-29. 'H NMi (100 I\IH.'/.. Cl)CLu’C"UJDl;;) 5

1.21 {d. J= 586 Hz, 3H), 1.93 {m, 1H), 2.04 {m 1H), 2.958-3.05 (m. 1H), 3.22 (m, 2H),

126331 (n, 4H), 806 (br. < 1 [), 8.81 (by, < 1 H)._

b}

(15,32a89 M(2,4 Difluorephenylnnethyll 7-hydiexy-d-methyl-1-[2-(methylexylethyli-
6.8-dwxo 1,2,3,4,6,8,12, 12Zu-octabydropy mdel 1,2 4,5]pyrazinol1.2-aloyrunidme 9-cark
oxamide The title compound was made 1n Gwo steps using a stmitar process to that
dascribed  in cxample 7-2 16a (60 mg, 0.13 mmol and free baszd
l(.'i.‘ﬁ-B"ammobutvl]l2"(mgth_clax:,')clhylhmme (55 mg, 037 mmel! were reacted in
dichloromethane (2 ml) with acetic aad to - give
{45.122.9 A 1(2,4-difluocaphenyihinethyi}- f-mathyl 1- (2 (methyloxv)ethyl| 6.8 dwexe -
Kphcnylmcthyl)oxyl-;,2,3,-1,6,8,l2.l'.!a-octahydropytidoll‘.2“4.Slpyrazmol1.2'a|pynmi

dine-9-carboxamide (17 myg, 63%)»:15 a film  This imaterial was hydragennted 1n a
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second step as described T axamile Ll to give
(451249 N1(2,4 difluorophenyDmethyli-7 hydraxe 1 methyl 117 (nethyloxyicthyl] 6
W&ok 1,2.3,1 6.8, 12, 12a octahydrpynidol U 27 4.5lp-‘:i~aznml'l.2 alpyrumdine® carbo
xamude C]S meg. 97U as an off-white sehd  H NMR (100 MHz CUCIo &1 231, J=
72 He, 3H;, 149 Gu, 1HY 265-2 72 ém. 1H) 2.67-2 70 (m, 1THYL 281292 tn. 2R)
3.06°3.15 (. 1H). 2.30-3.37 Gn. 4H), 3,55"3,63 G, 1H;, ;K,EO (dd. & = 3.4, 14.2 He, 1HJ,
4 50-4.59 (m, 1H), 4.62-4.65 (i, 3H), 5 00-5.03 (m, IH), 6.75:6.81 {m, 2H), 7 317 37

(m, 1H) 5 27 (s, LH), 10.46 (s, 111}, 12.54 (s, 1H) 18* MS. 477 (M+1)

caceare{3an 5a8, 13a80 N (2,4 flaoropbeayimethyli- 1-hydraxy:5:42 unwthyleienyl

110,12-d10x0:2.3,32,4,5.52,6,10,12,13.:decahydre_1H cyclopentalelyyridol1.274.5lpyy

o4 0 Yy
Foo, ISP
b T
t::;,, A N A L '5\ .
! i M
F 0 ﬁ
#) racetnie 12 28524 MethylpropyDasunalmerhyBeyelopentauamias /
hydrochloride.
in a manner sumifar te example Z-1Bac. { om

raceinc AR 251 2-(101, UimethylethyDoxyleatbony lamicicy clop entaneearbayy hie

IR 111 wod! was piepated racenie VU dvnrthebythyd

p |
.

.

acid t
WIS 28 2 wminemethyloyelope atyiearbamate (163 mg, 61 % over 3 steps) as a whits

PR

green residue Reductive anmanzation with isohutyraldehyde followed by depiotectron



as described in 738 steps C ani d “erpuctin ey, gave
racenac18,28) 7 {2 methvlpropyllaminolmethylleyclopentanines  hydioshlonde
(105 mg, 39% over § steps from smino acid) i NAME {methanol- g/ CC ) 390

{bss <1 Hj, 864 (brs, <1 1), .28 (m, 1 H), 397 (brs, 1 H}, 3.37 {m, { H), 2 B3 269

(i, 3 HJ, 2.16°1.69 (m.-7 H). 0 996 (in, 6 H.

b)

racemic{3a8,5aS.13a8)-N-[{2,4-Dsfluorophenylhmethyll L1 hydroxy-5-(2-meth
)'lpi"_)py”“50,12‘dm.’(0’2,3.3.3 4,5.5&,6,16.[2,135 dr*cahydro-lH-‘cyclopenta[e]p};rido[l',2'
34‘539311‘;111110{l.2'alpynmldme'.‘)'c.arbcxazmdv h; a manner similar to that t;:esc1'ibed
m ) example ) 7:306, from
rncnnnc'(IS(ZS)‘Z:‘({(‘Z methylpropyl)smnolmethylleyclepentanamine hydrazbloride
1G5 my, 0431 mmol) ond ’163 ( 56 mg. U I1Y mmol} was  picpnicd
racerne Uia 528, 13a8) N-{(2,4 -difluorephenyihmethyl 5-(2-methytpropyld- 10,12 diox
¢ Il [{phenylmethyDoxyl-2 3,3a.4,5,54,6.10,12,13a decahydis iH-cyclopentalelpyridol

U2 48] pyvazinel L2 alpyronidine- @ carboxamide (02 mg, T1%!  Tins matenal was

deprotecead a & gecond step sinular 1o the proveduie described 1 exvwmpley €37

Thus, from

raccu: {3a8.528, l»?aS.f"N‘l(:? 1-diflucrophenylimethyll 52 methyipropy) 16,12 dwa

o 11 -l{phenuylmethylioxyl-2.3,%8 4.5 52.6,10,12,13a decahydio 1H cyclopentalelpyridof
V.24, 5pyrazinoll 2-alpyrimidine -9-carboxamide (48 mg, 0.081 mmaol) and 10% Pd/C
(caralytic amount), the title compeund wus prepaved as o white sahd aftes purification

)

by HELC (30 mg, 75%). 'H NMRA(CDCH) 1259 (s LH, 1042 (s U H) 828 (-, 1 Ho



e

T34 G L HL 679 0n, 2 Hi 483 (. LH: 4654068 Go, 3 HI 4.29(m, 1 H), 4 14 G,
H), 291 (m. 1 H), 246232 /m, 3H). 215206 Cn, ZH), 1 85161 im, 5H), 139 (.1

H), 088 (s, 6 HY: S MS 501 (M +1)

Example 2:50
{3X11a8) M[{2.4-Difiuorophenvljmethyil-3-cthyl-6-hydyoxy-5.7-d10x0:2,3,5.7, 11, Liash

exahydrof ] 3loxazolol3.2-alpyrido(1.2-dlpyrazine-8-carboxamide, ~

OH O -
F. N Ca /i\\‘;_ )Li\‘-/j\
T 1 = rory
AN AN g

i | 4

F 0
The titie com;mm;d was made an twe steps ustiig a sumitar process to that dest:.\ shad i
example Z2-2 16a (10 mg, 0.09 inmol) and (2/)-2-amine-T-butanel {(0.0% mi., 0.21
n‘;z'nv)!) were reacted in  dichloromathane (2 ml) with nf:etic acad  to give
(372 1128 Az Cdifthorophenylimethyl] 3-othyl 5.7 dwoxoé [{phenytmethylpansl 2.0,
5.7 1 Lachexaivedeo] L. 3loxascle{d, 2 Wlpynidel 12 dipyrasme 8 cavboxamde 40 g
0% This matevial was hydeogonated (2 sedond step as deseribed in example 740%
to give
(3K, 1las N{(2,4 Diﬂuorop!wuyl)me'.hyli'!}'ethy!"(}'hA)'dxox)"'5,7'd|oxn'2,3,5,7, f1,iiah
exahiydrol},3loxazolol3.2- alpyadol1,2-dlpyrazine-8-carboxamiude (30 mg, 91%!} as a
white solid EUNMR DO & 119 ke, 1 HE 10268 Gm, Y835 (s 1 HY, 7 40
o THYL 679 0Gn 2, 530 un. J I, 462 (m, 2 HYL 4 15132 (. 3 HY 3.953 8u (in 2

HYL 200G, D HY U654, 111, 0880, J= 76 {1z 3H), 158 MS 420 (A1 +1)



oM

racemc{1aS,6a8,14a8)-N-[(2 4-Tnitugrophenylmethyi] - 12-hydroxy-6-{2-(4-moynholin .

Example Z2-51 __

Dethyll-11,13-dioxe-1,2,3.4.45.6.6.6a.7. 11,13 14a dedecahydiopyndal 1 2" 1,6lpy1azin

o[l 2-alqwinazoline - 19-carboxanade

OH © ™

Fu i F O A
i ﬂ/ H T J"‘
o ,‘-’L\,/N\,‘/L\va/l" N
i
Q

.;1) racemic:l, -Thmethylethy! [(18,2R3- 2 formylevelohexylicarbamate An
alternative procedure I'mm.lhe ona given tn example Z-38b ff)liuwsl To & soi.».mun of
Dess-Muprvtin  Periodane {564 ng, 133 mmol) n dichloromethane was added
iecomic-t V-dumethylethyi [(1S,2R)-2 (hydmx_ym.ethyl)cyclohexyl]carbamate (3n15 ing,
* a3 mmel see example Z-384) dropwise as 2 selutien in dichioromethane  The
reaclion wase stirred | hour ut ambient tempeiature unui padged complete by T1.C (11
hexanes ethyl aceiate KMa(Qy stain: The rvencuien was gueached with agueuus -
sodnnn b:earbonate and sodium thiosuliate solutions, extracted with dichloromethane,
and the combined ovgunics wzre dricd over sodium  sulfate. Silica gel
chromatography {(0-50% ethyl scetate/ hoxancs gradient  elution) pave
racenuc-l, dimethyleshyl [0S 2R) 2-fgimyleyciohexyllearbamate (280, 930 See

example Z 38b for NMR data

5) racemic {l{15,25)-2 Ananacycloliexylhnethy {2 (4 -morphalinylethyl] aming



hydrachloride., In a manncr sumilar to thar descihed in example 7Z-38cd from

racemc-l, 1-dimethylethyl [(15,2R) 2 formyleyelohexyllcavbamate (78 mg, 0.344 mmol,

prepared using the procedure from example % 38b) and {2-(4-morpholinyDethytlaminc
(57 WE, 0515 mmol) was prepared

racemnicdl(15.25)-2-aminocyclobexyllmethy}i2-(4 morpholinyDethyilamine

hydrochloride (96 mg, 78% ove:r 2 steps! as a white schd. 1H NMR
(methanol d/CDCL)  8.18 (br s, 'L HJ, 3.84°3 493 (m. 11 H), 3.19°3.119 {m, 5 H), £ 42

{m. 1 H), 211 (brs, 2H). 1.87-1.17 (in, 10 H)

s}

racenuc*laS_.GaStldaS)N (€2 4-DiAuorophenyllmethyl] 12-hydroxy 6-12-(1 mao
rpholinyilethyt]-11,13-dioxo 1,2,53.4.44 .5.6,60,7, 11,13, 143 -dodecahydrepyvidal1',2° 4,51
pyrazinol 1,2 alquinazeline 10-carboxcmide [0 a mauner stmilar to that described
exampls AL from
racemic 018 2532 ammocyclohexyliinethy §12-(4-morvphohinylethyllamine
hydinchiotigz (95 mg 0272 mmoid and 16a (45 meg, 00907 wmoi) ‘was propared
racomre (428,6a8,14a5)0-N-{(2. 1 dulucropheuy Dmethy 1-C- {2 W4 -morphobinyDethyll i1,
13-dioxo 12-{(phenylmethyloxyi 1,2,3 4 42,5 §,62,7.11.13,1 In-dodecahydropyr:dol 172"
4 Sipyrazino{1.2-alquinazeline  1d-carbuxamide {27 mg, 43%) This material was
deprotected in a second step sinnlar to the procedure deseribed in example 4-37.
ram
recernctsal,6a8, 14aS-N-[(2, 4-diflusiophenylmethy) ] 6-12 (4-morphohingliethyvil 11,

13-d;0xo-12-{{phenylmethyDoxy| 1,2.3 4,42.5.6,62,7. 11,13, l4a-dadecahydropyridol 1°.2°

235



%

4.5ipyrazianil,2-alguinazoiine 10 carboxamide (27 mg, 0.0408 mracl) and 10% P&(C {1
imng) the title compaund was prepared as a white solid after purification by HPLC  +H
NMR (CDCHY 1220 fbrs <t Hi, 1041 {brs, VH) 82948, 1 H), T 34 4m, 2 H! 6.6 im

2 H), 476 Gn, 1 H), 162-4.54 (m, 3 HJ, 429 G, 2 1), 365 (i, 4 H), 3.01 (m. | H}, 2.76

tm, 2 H), 258242 (m, 7TH), 221 (m, 1 H), 1.8%-1.23 (m, 8 H): ES* MS: 572 (M +1).

Lxample 7:62:

}a,4.00.6. 10,12 13a-decahydrocyclopentafdlpyridol 1.2 4. 8lpyvrazinof2 1-bl[ 1 3loxa e

§

:9-carboxainide

7

, ?j’ ji /
[T ~ A
0O

L\(;J N 2y R N
™ \(EN JQt/,.N vl\
)y "

F o
saceanel Dimethylethyl (WS, 2R -2 thydroxymaethyDeyelopentyljcarbamate

racemse (TR, 28)-2-0H{1, 1 DunechylethyDoxylearbonyvllamino)evclopentanccarboxylic
acid {22 g 0.096 munol) was dissolved inseteabydroltran and placed in an ice water
batn Triethylamine was added, fallowed by the slow addition oi machyl
chlovefermate.  The reacticn was stured ten auautey in the teerbuth and sodian
borohydride was added  Methanol was then added slawly and stirning was eananaed
Io; twa hours while the ice-bath expuwed 1 M Potassium hydrogen sulfate was added,
the reactich was partally concentvated, and product was extracted with
dichloromethane  The eombined organics were washed with sodium hicavbonate,

brime and driod over sodium suifatc Removal of solvents undee reduced piessure
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afforded racemci,l-dimethylethyl {{i8,2i) ¢ (hydroxymethylicyclopentyllcarbamate
(25 mg. >100%) 'H NMR(CDCH) 450 (s | HY 106 (m 1 L 354 (m L HS 347

{a

Gn, LHG 209 G, LEDG, 196ty Uiy, B6d G 3HD 182 6n0 T H) 143 4s. 9 HE, 10

(m, 2 H}
b} rreemic [(1R, 28} 2-Aminocyelopentyfmethanol hydrochloride. Ta a manuer
similar  to  that described n example. from raécnucui.l dimethyicthyl

[(15.21) 2 (hydroxyl}xethyI)cycéopuntyllcarba:natc and 4 N HCl was grepared
z'ﬁcemr?."'[(lR,25)*‘2'ammocyclopcnlyllﬁmthanol hydrochloride (20 mg. quantitative)
iH NMR (methanol-dd-CDCL) 776 (brs, <1 11), 353 (m, + Hi 3.61'. 3.28 L, 3 M0
227 (brs FHL 200 m, 200 (. 1 H)Y, 174170 (s, 2H) 1 56- 1,42 Gm 2 1) 116 (b

s, 1 H), 1.05 (brs, 1 H)

racenue {2l 1 3a81N-[{Z . 4- iilasropbenyimethyil T1-bydioxy 16,19 dicxo 1,
2 93,3x 4556 1012, ¥3a -.";cca‘.1)’{!1'0c_';ul::,p(~*1tzif~1!]‘s’i'idoli‘;2‘€~1 Shryvazmel2, 1B L3 uxs
awne Yreavhoxamade o 2 maoner similar to that described i cxsmple 235 frem
recemicl1%,28)2-ammocyclopentyltinathansl hydrochloride (2C g, 0132 wnmall
“and 16a - (21 meg. 0081 nunols Wi pecpored
racennc{3alk, 13a8) N-H2 A-difluorophenylimethy 1) 10,12-dioxo- H-l[{phenyhmethy Doxy
}1.2.5.20,4,54,6,10,12, 132 decahydrozyclopentaldipyrsdol 1. 24, 8lpyraanof2, 1 L1 3]
oxazine-9-carboxamide (7 mg 26 %) as 2 white sohd. This material \vés deprotectedl

in a gsecond siep sumilar tu the piocedure descnibed e example Z 37 Thus, from



238

raceinic{3aR,13a8)-N-[{2 i-diflvorop henylimechyl) 10, 1¢9-dwxe 1i-Hphenylinethyboxy
111,2,3,35..4,55,6,1C,12,13a decahydroeyclopentaldlpyrido{l’ 2° 1.5]pyrazinol2,i-0H1.3)
oxazme-ﬁvcarb;xamxde (7 mg 0012 mmoell and 10% P&HC (I mg)
racen:ic{3aR, 13aS1-N-{(2, 4 diftaoropheavitmechyll- 11 -hydroxy- 10.12-dioxo- 1,2,3.3a,14,
ba.6,10,1% 13a-decahydrocyelopentaidlpyridol l"2'2A1,5prrn7.mo(2.l'Bll 1, 3lexxrmine 9-ca
rboxanmide {1 mg, 72%} whice sehd  H NBMR (CUCL)  12.20 {br s, 1 H), 1057 by s,
). H), 831 (s t H), 735 (m, 1 H), 6.80(m, 2 H)‘, 516 (m, 1 H), 4.77 (m. 1 H). 41 64U, 2
H). 4.26 (m, 1 £, 409 (o, 1 H), 397 Gu. 1 H), 345 (m, | H), 2.49-2 20-{m, 2 HJ,

1.89-1.58 (m, 4 B, 0 936-0.840 (m, 1 1), 1S MS: 446 (M +1).

r/n:w;rlr;g_;,g!;«S 6a5.14aSEN [2.4-DiucrophenyiVmethyll 12 -hvdioxy 6 methyl-11,13-dy

ox0°1 2.3,4.49.0.6.64 T 11,13, dadodecahyds opynidoel 1,2 4. 5lpysszinel 1.2 8loninazol

boxamde,

al sacenae (IS S50 2 Armviceyelohexy Dhinethylimethylamive hydrachlocnds  In:
a mannegr  suntal 1) ihat descrived i example  Z-38¢cd from
racennc -tV dunethylethyt [(L5.2i0) 2 -formyleyclohexyllcarbamate (G.410 mmol} and
methyi anune WS ml. of a 2 B tetrahydrofuran solution! was prepated
racemic Y{t5,25)¢ aminocyclehesytlimethyllmethylamine hydrochlonide w two staps

a5 a white sold (48 my, 634 2 steps!  H NMR Gacthancl- o/CDCH)  9.056 thr s«
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HyL 872 brs, <1 Hio%24 My o P HY 354w, v HY 32500 0 HY, 283 (h & iHI %60

(brs, 4 H), 2.38 (bys. I H), 2.67-1 683 Gn 2 H), 167 1.14 (my, & H)

bl
racemic(3a5 6a8,14a8)-N-{(2 4 Difluorophenyi}methyl] 12-hydrexy 6 methyl:

11.13-dioxe 1,2.3,4.44.5,6,6a.7 11.15,14a-dodecahydropyrdol 1,2 4,3]pyrazinol1.2-alq

L

uinazoline 10 carboxanude. h.l a mauner sunilar to that described in example 4-3
from saceinic (I(ESK?.S)‘Z'am;nocyclohe:ny_methvl)muth;v!amme hydrochloride (46 g,
0,215. wmmol) and 16a (35 mg, 0.0744 mmol) . was  preparad
ravemied{4s5,685, 14251 N-1(2,1-diflucropheny Dmethyll 6 methyl- ll,l.(.? dioxo 12-{{nhe
ny!methy])oxy]‘L.‘Z,S.-’l,«'laﬁ.ﬁ,ﬁa,'f,ll.l3.l4a*dodeoahydrupyndo!1',2‘34K5]py‘raz.mol1,2 .
alquinazoline-10-carboxamid2(1? mg, 41%) as a white solid. Thws materal was
‘dcprotccted i ¢ second step similay te the procedwme descuibed in exampre 7Z-37
Thus, fresn
jacemic{425,6a8,11a5) N-I{2 4 difluorophanylmethyli-6-methyl 1 1,13 dioxo 12-l{phe
nylmelshyl)axyl 1 2,3,4.40.5,0 6a 7, 15,13, 1a-dodecahydropyridoi t,2' 14, 5pyrazinel 1,2+
alqunazehne i0-cavboxanude 117 mg, 0.0302 1omel) and 10% Pd/C (1 mg) was
. prepaved Lhe Gtle zompound as a white soiid (9 mg, 61%;. H NMR (COCLY 10.44
(m, VH). B29(s 1 H) 734 Om, 1110, 6 79 G, 2 H), 4 78 (u, UMD, 4.62 (by 5. 2 Hi, 1.29
(brs 2 H), 8.4l (s 1 H), 2,92 Gn, | HY, 266 Gn, 1 H), 2.35-2 25 Gm_ 4 1), 1.90°1.71 (i,

2 H), L6712 Cm, 611, 198+ MS: 473IM +1).



racenuc<{4aS,6a5.14a8)-N-[(2 4-Influorophenylimethyll-12-hydroxy-6:[2-Gnethyloxyle

thyl]-11,13-diox0-1.2,3.4.42 5.6,6a,7,11.13 L ta-dodecahydropyridol ' 2 4.5 pyrazingl L,

2-alqwinazoline-10-carboxamide.

(o]

OH
H..
e
> N Y N\/}-.N
o]

a) n'zceuu'c-ﬂ(lS,:Z_S)-2'.\mmocy.clolwxyllmcthyl”i-(methyloxy)ethyllamme
hydrochloride.

In 2 manner similar  to  that descnbeq m  example Z-38cd _ from
racenuc-l,l-dimethylethy! [(lS,ZR)-2-formylcyclohcxyﬂ;:arbamate (93 mg. 0.410
mmol) and [2-(methyloxylethyllamine (0.05 ml., 0.610 mmol) was prepared in two
steps racenmed{(1$,28)-2-aminocyclohexyllmethyl}{2-(methyloxyletbyllamine
hydvochloride (63 mg, 60% 2 stepsi as A white solid.  'H NMR (methanol-d/CICla
902 (brs, <t H), 878 (brs, <1, H), 829 (br 5, 1 HJ, 369 (br s, 2 H), 3.46 )s, 3 1D),
3.36-3.18 (m, 4 H), 2.97 (brs, 1 H), 2.46 (brs, 1 H), 1.86-1.40 (i, 8 H).

b)

racemic-4aS,6aS.1 'laS)'N'l(Z.-i'Dlﬂuoroplxenylimctlx)'!l' 12-hydroxy-6-12-(meth
yloxyethyl}l-11,13-dioxo 1,2,3,4.4a,5.6,62.7,11,13,14a-dodecahydiopyridol 1,2' 1.5lpyva
zinol1,2-alquinazoline- 10-carboxanide In a manner similar to that described in
example Z-35, . from
racemic{{(18,28)-2-aminocyclohexyllimethylH2-(methyloxylethyllumine hydrochlorde

(63mg. 0.244 mmcd and 16a (40 me 0.0851 mmol) was prepared

o2 o
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racomic{1a8,6a8,14a8) N-1(2,1-difluovophenyl)methyl}-6-(2-Gmethyloxy)ethyl}- 11,13-d
ioxo-12-{(phenyimethyDoxy]-1,2,3,4,4a.5,6,6a,7,11,13,14a dodecahydropyrido[1',2° 4,5
pyrazinc{l,2-alquinazohne-10 carboxamide (44 ing, 81%) as a white solid This
matenal was deprotected 1in a second step simliar to the procedure desenbed 1n
example 7-37. » Thus, from racem:e -
(1a5.6a5,14a5)"N-[(2.4-difluorophenyl)methyl]-6-{2-{methyloxy)ethyll- 11,1 3-dioxo-12-{
(phen}'lmclhyl)oxyll1,2,3.4.4&.5.6,6a.7,11,13,l4&'dodccahydropyridofl',2'14,5Ipyrazino .
{1,2-alquinazoline- 10-carboxaimnide (44 mg, 0.0726mmol) and 10% Pd/C {1 mg) the title
compound was prepared as a white sohd (37 mg. quantitative). 'H NMR (CDCI;‘;
12.6(-) (br s, l H), 10.47 (m, 1 H). 8.28 (5, 1 ), 7.34 Gn. L ), 6.79 (m, 2 H), 4.81 (m, 1
H), 464 (n 3 H), 451 Gn, LH), 4.26 (m. 1 H). 363 (n 1 H), 3.31 (5, 3 H). 3.19 (m. 1
H), 2.86 Gin, 1 H), 2.67 (2m, 2. H), 2.21 (m, 1 H), 1.91-1.78 {m, 2 H), 1.671.62 ﬂm. 4 H),

1.46-1 24 (m, 3 H): BES* MS: 517 (M +1).

Example Z-55

racemictdaS,6aS,14a8)-6-12-(Acetylamino)ethyll- N-A{2.4-difluorophenylfmethyl]-12 h

ydroxy-11,13-d1ox0°1,2,3,4,4a,5,6.6a,7,11,13,14a-dodecahvdropyridof1',2°:4.5]pyrazuol

1,2-ajqunazoline-10-carhoxamde.
OH O
H.,
F =z ’ F 9y [0) o N .
H
N N\ﬂ \,N\/LN -
o N

HN \rO

) sucemicN-[2-((1(18,285)-2- Aminacyclohiexyllmethyllamino)ethyllacetamide



hydrochloride In a manner sunilar to thal described in exampie 7-33cd from
J'aCt:'uu'C'l.1‘d1mcthyleth_vl 1€1S.2R) 2-formyleyclohexyllcarbamate (93 mg, 0.41 mmol)
and N-(2-amnoethylilacetande 63 mg, 0615 mmol),
1'accuu'c-N'[2"("(IS,2S');2'21muloc}-'(;lohcxyl]mc(hyl}ammo)cthyﬂaccmmlde

ﬁydrnchlonde was prepaied m two steps as a white sahid (82 mg), 71% 2 steps)  1H
NMR (methano) d/CDCL) 8 8C (br s, 1 H), 829 (bt s, 1 H), 362351 (m, 3.H).

3.40-5.28 (m, 4 H), 322-293 (m, 3 H), 247 (m, 1 H), 2.08-2:06 {m, 1 H), 1.83-1.75 (m,

2 H). 1.56°1 44 (m, 3 H), 1.23 (m, 1 H).

1Y)

racenuc-‘laS.Gué. l/lan"G'[2'(:\cet:,:lammo)eghy!]'N'f(2.4'diﬂuorophc-ny.l)mel.h'.'
1-12-hydroxy-11,13-dioxe-1,2,3.4,4a,5,6,6a,7,11,13, 11a-dodecahydropyridol1',.2* 4,5lpyr
azinoli,2-alquinazoline-10-caiboxamide In a manncr similar to that descﬁbed in
example %4-35, from
racemic N-[2-({l{15,25)-2-aminocyclohexyllmethylaminolethyllacetamide
hydrochloride (S2 myg, 0 349 inmoal) and 16a (50 mg, 0 106 mmol) was prepared the
title compound (24 mg, 36%' This material was deprotected 11 a4 sccond step
similar to the procedure described i example Z-37 Thus, fiom racennc:
(4a8,6a8,14a8)-6-[2-(acetylamno)ethyl]-N-[(2,4-difluorophenyl)methyl}- 11,13-dioxo-1
2-{{phenytmethyloxy]-1,2,3,4,1a,5,6,62,7,11,13,14a-dodecahydropyvido[1'.2' 1.5]pyrazi
noli,2-a]quinazoline 10-carboxanude.(24 mg, 0.0379 mmol) and 104 Pd/C (i mg) was

prepared-the title compound as a white sahd after purtfication by HPLC I NMR

(CDCls? 12.59 (s, 1| ), 1041 (s, 1 H), 8.35(s, 1 F), 7.32 (m, 1 H), 6 79 (m, 2 H), 5 ¥R

ol 42



(s, 110}, 4.78 Gn, L H), 4 €1-4 50 {m, 3 FD, 130 {im, 1 H}, 335 CGn, 1 HY, 318 &n, 1 H),

2.96 (m, 1 H), 276 (in, 2 H), 248 {m, 1 H), 2.19 Om, 1 H}, 1.89-1.23 {m, 12 ). LS*

MS' 514 (M +1)

S 11a/) -N-{(2.4-Difluarophenyt mcthyl|‘3-el.h1.:]'6"hydmxy-5 T-diox0-2,3,5.7. 11, 11ia"h

exahvdro[l.3loxazolol3

OHoL
F N
CeryS

N N o
H

‘The title compound was wade 1n two steps using a simular process to that described in .

example %22 16a (40 mg, 00Y mmol} and (25)-2-amine-l-hutanol (0 1 imL) were
veacted i dichloromethane (2 ml) with acetic  acid to give
B3S 1am-A{(2,4 ;dlﬂ\tox'ophenyl)methyl}'S‘ethyl '5.7-d10.\'0'6'[(ph.euyImcthyl)uxy] -2,8,
5,7,11,11a - hexahydrol1,3loxazolo{3,2-glpyride1,2-dlpyrazinc-8-carboxamide (39 g,
90%). This material was hydrogenated in a second step as described 1n example Z2-2
to give
(BS,Ild11’)-N'((IZ.'I'dlﬂum'opbenyl."melh_vll'3'eth)']-6'lnyd\O)I(y'5.7'cl1(nx0'2.3.5,7,ll,lln-h
exahydroll,3loxazolol3,2 alpyidoll,2 dlpyrazine-8 carhoxamide (37 me. 99%) as a
tinted whate solid. H NMR (CDCl) § 11.47 (br, 1 H), 10.26 (m, 1 M), 8.35 (s, 1 H),
7.32 (m, 1 H), 6 77 ([11, 2,629 (n, 1 HY, 4.60 (mn, 2 H), 41.47-14 32 (in, 3 H). 3.93-3.85

(m, 2H),2.08(m, 1 H), 168 Gn, 1 H),095(t, J=7.6Hz, 3H): ES'MS:420(M +1)

o2 U3



oy

(s, 1 ), 4.78 (m, L H), 161-4 50 Cm, 3D, 430 (i, 1 H), 3 35 Gn, 1 Hy, 3 16 (ma, 1 HJ,
2.96 (m, 1 H), 2.76 (m, 2 H), 248 (m, 1 H), 2.19 (in, 1 H}, 1.89-1.23 (m, 12 H)! ES*

MS 544 (M +1)

LExample Z-5G6. __

3S.11a00-M{(2 4-Difluorophenylimethyli-3-ethyl-6-hydroxy-5,7-drax0:2,3,5,7,11,11a-h

exahydro[1.3loxazolo{3 2 alpyridof1,2- razine-8-carboxamide

OH ©Q
F y o] X N{
N N\/*‘O
i H
F e}

The title cnmpn;md was mada in two steps us.ing a sunilar process to that described 1n
example %4-2 16a.(40 mg, 00Y mmol) and {25)-2-amino-1-butanal (0 1 mL} were
reacted m dichloromct.l\anc (2 ml) with acetic aad (6] give
(35 11a R)-A"'l(ﬂ.’.vl'd|f'luoropheuyl)mcthyl]'3’ethyl:ﬁ,7'dmxo-G'[(pheuylmcthyl)oxy] -2,3,
5,7,11,11a-hexahydvoll,3)exazolol3,2-alpyridol1,2-dlpyrazinc-8-carboxamide (39 mg,

90%). Thts material was hydrogenated in a second step as described in example 2-2

to give

(35, 11aM-A(2,1-diflucrophenyllmethyl]-3-ethyl-6-hydroxy-5,5 -diux0-2,3,5,7,11,1La-h
cxahydvoll,3loxazelol3,2 alpyridoll,2-dlpyrazine-8-caiboxamide (37 mg, 99%) as a
tinted white solid. 1H NMR (CDCI3) § 11.47 (br, 1 H), 10.26 (m, 1 H), 8.35 (s, 1 H),

7.32 (m, t H), 6 77 (in, 2), 529 G, 1 H), 4.60 (m, 2 H), 1.47-4.32 (m, 3 H), 3.93-3.85

(m, 2 H), 208 (n, 1 H), 1.68(m, 1 H), 095 (¢, J=7.6 He. 3H)i ES' MS: 420 (M +1)



Example 4-57:
11a/@-3-Butyl A2 1-difluorophenyDmethyll-6-hydroxy-§5.7-dioxu-2.3.5. 7.1 11a-h

OH O -

SRS &

\Q\/N X N\/i\o'

F 0 H

The title compound was made in Lwo steps using a similar process to that described in
exwuple %-2  16a (10 mg, 0.09 mmol) and (2.57'2'n_|n111t:!'1'.l\cxhno| (100 mp) were
reacted in  dichloiomethane (2 fnL) with acetic acid o give
(3.5'.11:\[»’)-3'b\1tyl-;\‘((2.4-di{'lnmnphenyl)mclhyl]'5.7‘dmxo'6'[(phenylmethyl)oxyl'2.3,
5.’:‘,11,1la-hcxuhydroll.:'i!oxazolo[3.2-u]pyrxdo{l.2-¢ﬂp;razxnc'8-carboxamulc (13 mg,
94%) ‘This material was hydrogenated in a second step as described in example 72-2
to give
(35,112 /9 -3-butyl- A*[{2,4-difluorophenyDmethyl]-6-hydroxy 5,7 diox02,8,6,7, 1. 11 a-h
exahydioll,3loxazolo(3,2 alpyride(1,2 - dlpyrazine-8-carboxanude (33 meg, 92%) as a
tinted white solid 'H NMR (CDC1s) 8 11.48 (br, 1 H), 10.27 (br, 1 H), 8 36 (b, 1 1),

7.31 (m, 3} H), 6.77 (m, 2 ), 5.28 (m, 1 H), 4.59-4.36 (m, 5 H), 3.83 (. 2 H), 2.08 (m. 1

H). 158 (m. 1 H), 139123 (m, 4 H),090 (1, J=6.8 Hz. 3 F), LS MS 448 (M+1)

Lxample 7.-68.
(35 11ad-A (2 4-DifluorgphenyDinethyll-6-hydroxy:3-{{4-hydvoxyphenyl)incthyll-5.7-

dioxo-2,3.5.7.11 lla-hexahvdro(l.3]uxazolo[3.2-alpy-rido[1.2'a?nvrazinc-8'carboxamide




o 2Ué
F o

The title compound was made in two steps using a suniur process o that deseribed 1n
'examplo 7Z:2. 16a (40 mg, 0.09 mmol) and 4-[(25)-2-amino-3-hydroxypropyliphenol
('1.3 mg, 0.21 mmal) were reacted in dichloromethane (2 inL) with acetic acifi to give
(3S,ilam-N-[(2,4-diﬂuorophcnyl)mcthy”'a-[(4-hydroxyphen.yl)mclhyll-5,7'diox0'6'l(p

hergylmethyl)nxy]-2.3‘5,7,1l,lla-hexahydro.[l,3]oxaznln[3,2~a]pyrido[l,Z'dlpyrazme~8~c
arbuxamide (10 mg..20%)_ This matenal was hydrogenated in a sccond step as
described - fn example 72 and purihed wia preparative HPLC (o give
(38, 11a/)-N[(2,4 diﬂuurnphenyl)mctl.x_','l]'G'hydroxy'3 [(4'lxydl-ux)'pheny.l)methy”“ﬁ,'«"

dxoxo-Z,B,ﬁ,?,ll,lla-hcxn,hydro[lﬁloxazolola.i-n]pyrldo[1,2'd]pyrazme'S-carbuxamido

(7 mg, 63%) as a white solid H NMR (CDsOD) & 10..43 (m, 1 H), 8.34 (s, 1‘ ),
7.93{(m, 1 H), 7.00(d, J=86 4 Hz, 2 H), 6.82 (mn, 2 1), 6 T1 {d, J=8.4 He, 2 1), 5.05 (in,
1M, 467457 (m 4 1), 121 (da, J = 88, 7.2 Hz, 1 H), 394 (dd, /=8 8 54 Hz, 1 HJ,

3.210dd, /=132, 32 Hz, 11D, 290(dd, /= 13.6, 88 Hz, 1 H): ES* 1S 498 (M+)). .

Lxample 7-59:

(45,1248)-1-CyclobutylN-[(2 4-diffuorephenyinethyl)-7-hydvoxy-4-methy(-6.8-digxe: |

,2.3.4.6,8,12,12a-0ctahydropyridal1'.2":4. 3lpyrazinol1.2:alpyrimidine-9-carboxamide




e

a) {35 3-Aminobutyllcyciobutylamine dihydrochlolide was prepared in a similar
.manner as described in example %:47. 'H NMR (100 MHz, CDCIl»/CD.OD) § 1.23 (d,
J = 6.4 Hz, 3H), 1.69-2.26 (in, 8H), 2.83 (m, 2H), 3.31-3.33 (r_n. 1H), 3.55 {m, 1), 8.08

(br, <1FD, 9.07 (by, <1H)

b)

(45,1229 1-Cyclobuty! V-[(2, 4-difluorophenyDmethyll-7-hydrexy-4-methyl-6,8-d1oxc- 1
.2.3,4.6.8,12.lZa-octa'hydwpyridoll‘,2‘14,5]pyrazino[l,2:a]pyrimidinc'9';arboxamidc.
The title compound was made in two steps using a similar process to that described in
-‘ example 7-2. 16a (80 mg.. Q.17 mmol} and free based
r(3..‘:)'J'aminobutyl]cyclobul_\'lamme (96 myg, 0.65 mmel) were scacted
dichloiomethane (2 mL) with acetic acid to _gwve
{15 12a8)- 1-cyclobutyl- A[(2,4-diflusrophenyDincthyl)-4-nethyl-6,8-dioxo-7-[{phenylim
ethyloxyl-1,2,3,4,6,8,12,12a-octahydropyrido{ 1,214, 5lpyrazino{1,2- alpyrimidine-9-car
boxamide (68 wng, 70%) as a 6ilm. This matenal was hydrogenated in a second step
" as - described mn example Z-2 to give
(15,1205 1 -cyclobutyl N1(2, 4. difluovaphenylimethyl]-T-hydroxy-4-methyl 6,8-dioxo-1
,2,3,1,6,5,12,12a-octahydropyridof1',2:4,6]pyrazinol1,2- alpyrinuidine-9-cas boxamide
(57 mg, 100%) as én off-white solid. V[ NMR (400 MHz, CDC13) § 1.31 (d, /= 6.8 Hz,

3H), 146-1.70 (n, 4H), 1.91-2 12 {m, 4H), 2.52 (i, }H), 290-2 93 (m, 1H), 306 (mn,



S

1H), 4.16:1.29 Gn, 3H), 4.57-4 G6 Gn, 2H), 4.99:5.05 {m, 1H), 6.75-6.82 (m, 2H,

7.22-7.98 (m, 1H), 8 20 (s, 1H), 10 44 (s, 1H), 1251 (s, 1H). BS* MS: 473 (M+D).

Example Z-60:
(4512a8) - M[(2.4-Difluorophenyl)methyl}-7-hydroxy-4-methyl-6,8:-dioxo-1:(tetrahvdro-
2 H-thiopyran-4-¥1)-1,2,3,1,6,8,12,12a-octahvdrepyridol1°,24, 5lpyrazinol 1. 2-alpyyimid

ine:Y-carboxamide

. OH Q
. \/N\I S N\/i\N
H
F 0 (‘j

§

a) ' [{3.9)-3'Amlnobutyl]tctrahyd1'0'éH-thiopyranﬂ'y.laminc dxhyd;ochluride was
prepared in a similar mauner as described in example %-47. 'H NMR (100 Mz,
CDCLCDOD) § 1 21 (d.‘J= 6.4 Hz , 31), 1.65-1.75 (m, 2H), 1.90-2 10 (m, ZH), 2.35
(m, 2H), 2.56-2.61 (in, 4H), 2.92-2.98 (m, 3{1}, 3.27-3.31 (m, 1H), 8.05 (br, <1H}, 8.90

(br, <1H).

b)

(45,122.9-M[(2, 1-difluorophenyDmethyl)- 7-hydroxy-4*methyl-6,8-dioxo- i -(tetrahydro-
2 H-thiopytan-d-y1)-1,2,3,4,6,8,12,12a-actahydropyridel 1',2":4,5)pyrazino{1,2 alpyvimid
incY-carboxamide. ‘The title compound was made 1 two steps using a similar
process to Lhat described in example 2-2. 16a (80 mg,.O 17 mmol} and free based
I(ﬁS)'3'ammobutylltctrahydl'o'ZH'thiopyran-rl-ylz\mme (108 mg, 058 mmol) were

rcacted n dichlotomcthane (2 ml) with acetic acid to gL

oy



Qv

(45,1228 M2, - difluctophenylymoethyl] ¢-methyl-6.8 dinxo-7-lphenylmethylioxyl |

(tetrahydro-2 H-thiopyran-<4-yli-1,2,4.1,6,8,12, 12a octahydropyridol1',27°4,5]pyrazinol 1,
2-alpyrimidine-9-carboxammde (56 mg, 54%) as a filin This material was
debenzylated in a second step to in a manner sunilar to Z-26 to give
(4512a.9- M-[(2,4-diftuorophenyDmethyl]-7-hydroxy-4-methyl-6,8-dioxo-1-(tctrahydro-
2 Hthiopyran-4-yD-1,2,3.4,6,8,12,12a-octahydropyrido{ 1,24, 5ipyrazinol 1,2 alpyrimid
ine 9-carboxamide (56 mg, ;-100"/6) as un offFwhite soird {1 NMR (400 i\'IHz, CDCi3)
5130 J=6.38 .['lz . OH), 1.54-1.68 (m, 1HI, 1.72:1.82 (m, 3H), 1.97-2.41 (m, 2H),
2.60-2.76 (5H), 2.86 (. 2H), 117-4.30 (in, 2H),4 4.62-4.66 (in, 3H), 4.92-4.96 (m, 1H),

6.75-6.82 (mm, 2H), 7.32-7.38 (m, 1H), 8 31 (s, IH), 1046 (5, 1H), 12.48 (s, IH), ES*

MS: 519 (M« 1),

Example'Z-61.

(45,1209 A (2.4 Difluoropheuylhinethyl-7-hydroxy: 1.4-bis(2-methylpropyD-6.5-dioxy

11,2,3.4,6.8.12.12a octahydvopyridol1.24:4.5}pyrazine{1.2: alpyrimidine-9-carboxamide

oH O J\

Fo oA Ay
s S
F \g HT\‘/

a) {(357‘3'4\nqino-5~mcthylhcxylI(Z-methylpropyl)amme dibydrochloride  was
prepared in a similar manner as described in example 7'32 'H NMR (400 MHe,
CDCI/CDOD) § 087 (d, /= 6.1 Hz ,611), 097 (d, J= 68 Hz , GH}, 1 31-1 41 (i, 1HY,

1.45-1.52 (m, LH), 1.55-1 66 {m, JH), 201-2.13 Gu, 2H}, 272-2.73 (i, 2H), 3033 66



(m, 2H), 3.29 (m, 2H), 8.07 (br, <1}, 8.71 (br, <11 02(&

b)

(4 .S 12a.57- N-[(2,4-DiflucrophenyDinethyll- 7-hydroxy- 1,4-bis(2 -methylpropyl)-6,8-dioxo
-1,2.3,4,6,8,12, 12a-cetahydropyndall',2':4,5)pyrazino(1,2 alpyrimidine 9'c.nb.o.\mmds.
The title compound was made in two steps using a similar process to that de_-;cnbcd mn
. example . Z-2. 16a (80 ing, 0.17 m-mol) and free  based
[(35)-3-amino-5-methylhexyll(2-methylpropyDamine (117 mg, 0.63 mmol)  were
reacted in dichlorometha-ne (2 ml)  with acetic acid to give
(15,1228 M[(2,4-diftuorophenylmethyl- 1, 4-bis(2-methylpropyl)-6,8-dioxo-7-Kpheny |
methyloxyl-1,2,3.1,6.8,12,12a-octahydrepyrido{ 1,2 4,5lpyrazinol 1,4 alpyrimidine-9-¢
arburamide (68.mg. 66%) as a2 film  This material was hydrogenated 1n a second step
as described m example 72 to gwe‘
(45,122 9)- A[(2.4-difluorophenylmethyll-7-hydroxy- 1,4-bis(2-methylpropyl)-6,8-dioxo-
1,2.3.1.6,8,12,12a-octahydropyridoll',2:4.5lpyrazino{(1,2-alpyrimidine-9-carboxamide
{56 mg, 97%) as an off-white sc;lxd 15 NMR (400 MHz, CDCI3) S0 71{d, /=6 1 He,
3H), 084 (d, /= 6 4 Hz, 3H), 097-1.00 {m, 6H), 1 37-1 83 (in, 51), 2.03-2 12 (m, 2,
2.21-2.28 Gn, 1H), 277 (n, tH), 2.90:2 93 (n, 1H}, 1.19-4.40 (. 3H), 4.69-4 70 {m.

2H), 4 96:4.97 (i, 1H), 6.77-6.83 (m, 2H), 7.33:7.39 (m, 1H), 8.28 (5, 1H), 10.47 (s, 1H),

12.59 (br, LH); ES* MS: 517 (M+1)

Example 7-62°

sacenmic{4a8,6aS,14a8)-N-1(2 4-Mifluorgphenylimethyl - 12 -hydroxy-6-(2-hydroxyethyl
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)-11.13-djoxo 1.2.3.4.1a.5,6.6a,7, 11,13, 14a-dodecahydropyride{1',2':4, 5]pyrazino[1,2-a]

guinazoline-10-carborxamide

.a) racemic-2-(ﬂ(lS.ZS)'2'Aminocyf:lohcxyllmethyl)ammo)ethanol hydrochloride
In a manner similar to that described in  example Z:-55a, fiom
racemie-l,1-dumethylethyl [(18,2R)-2- fcrmyleyclohexyllcarbamate (Il‘l wg, 04197
mmol)  and  Z2-amoethanol (0.04 mLm  0.746 mmol) was . prepaved
racenuc2-({{(15,28)-2-aminocyclohexyllmethyllamino)ethanel  bis-hydrochlovide ) in
two ;tcps (102 mg, éd% over 2 steps). 'H NMR (methanol-ds/CDCL)) 8 81-8 40 (in,
<2 H), 8.16 (brs, 1 Y, 1.02-3.93 (mn, 2 H), 1.80 (b) s, 2.H), 3.53 (m, .l H), 3.36-2.93 (m,

6 H), 241y s, 1 H), 2.06 (m, L H), 1 756-1.41 (m, 4 H)

h)

racemnie<4aS,6aS,14a8)-N-{(2,4-DifluorophenyDmethyl]l- 12-hydroxy-6-(2-hydr
oxycthyl)-11,13-dioxo-1,2,3,4,4a,5,6,6a,7,11,13,14a-dodecahyd ropyndol1',2:4,5]pyrazi
no{l,2-ajquinazoline-10-carboxamide ln a manner similar to that described n
example Z-35, froin 16a (15 mg, 0.0957 mmel) and
racemic2-11(18,28) 2-aminocyclohexyllmethylJaminolethianol hydiochloride (102 mg,
0418 m mlol) Was prepared
racemic{4aS,6a8, 14a8)-N-[(2,4-difluorophenyl)methyl}-6 (2-hydroxycthyD-11,13-d1oxo

-12-(phenylinethyloxyl-1.2,3.4,42,5,6.6a,7,11,13,14a-dodecahydrapyvide{ 1°.2' 4,5lpy1a
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zinol 1,2-alquinazoline- 10-carboxamide {7 mg, 12 %) as a white solid after sihea gel
chromatography (1-12% methanol/dichloromethane gradient elution) This matenal
was deprotected in a second step sinnlar to the procedure described i example 7-37.
Thus, from
raccmic<{1a8,6a8,14a8)-N-[(2 1-difluorop hex.lyl)methyll'G'(2‘hydroxyethyl)' 11, 13-dioxo
. l2'l(phenylmethyl)oxy]'1,2,3,4,4&\,5.6.63,7.\! 1,13, 14a dodecahydropyridol1’,2' 4,5lpyra
z'mo[l.2'aIqumazohne"IO'cavboxamidc {7 mg, 0.0118 mmol} the title compound was
prepared after purfeation by Hl’_LC (3 mg, 50 %). -l NMR (CDCl) 12.57 (br s, t
H), 1045 (m, 1 H), §.29 (s, L H), T34 {m, 1 H), 6.78 {m, 2 H), 4.80 Gin, 1 H), 4 71 (s, 1
H), 4.62 Gn, 2 H), 4.44 (m, 1 H), .33 (m, L HJ, 3.75 (m, 1 H), 3 62-3.2¢ (m, 3 My, 313

(m,-1 H), 2.74-2.71 (m, 2 HJ, 224 (m, )} H), 1.90-137 G, 12 H), 1.27-1 23 (m, 3 H)1.12

(n, 1 H); ES* MS8:503 (M +1)

Example Z-G¥

racemic{4aS,6a$,14a8)-6-Cyclopropyl-N-{(2.4-difluorophenylimethyll- 12-hydrexy-11,1

3-diox0-1,2.3.4,40.5,6.Ga,7 11,13,14a-dodecahydropyridol1’,2'1.51pyiazinoll, 2-alquina

2 APAMAY a5,

zoline-10-carboxamide,

oH O
H.,
F F Ho NN
l:I N N "
° A
a) racenmic(15,28)-2-[(Cyclopropylaminomethyllevclohexanamne hydiochioride
In e manner similar to that described in  example Z-55a. from

racemie-l, 1'dimethylethyl  [(1S,2R)-2-formyleyclohexyllearbamate (112 me, 0497
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mmol)  and  cyclopropylamine (0.05 L., 0.746 mmol) was prepared
racemic<15,28)-2-((cyclopropylamino)methylleyelohexanamine bis hydrochloride sailt
in two steps (102 mg, 86% over 2 steps). This material was used without furthe:
purification. {H NMR (ncthanol ad/CDCL) 8.31 (br s, | H) 3.75 (br s, 1 HY, 3.51
(m, 1 H), 2.96 (m, 1 H), 2.71 (m, 1 H), 2.27 (m, 1 H), 1.94 (m, 1 H), 1 76-1.15 (m, 8 1D),

088-0.78 {m, 3 H).

b)
r;!cemic'(&aS,GAS,lflaS)'G'(‘.ycloprqpyl'N'[(Z.fl'diﬂuorophenyl)methyll’l!‘hyd
roxy-11,13-dioxo-1,2,3,4,42,5,6,6a,7,11,13, Majdodecahyd;opyndo[l'.2'1'l,."xlpyrazmo[1_
2-alquinazoline-10-carboxamide In a manner siﬁlilm‘ to that described fexamplc
Z-35, from 16a (45 meg, 00957 mmol) and racenuc:
{15,28)-2-[{cyclopropylaminodmcthylleyclohexanamine hydvochloride (102 myg, €425
mmol) was prepurerd
racenric (1a8,6a8,11aS8) 6 cyclopropyl-N-((2,4-diflwarophenyDmethy 1] U1, 1 3-droxe-12-1(
phenylinethyboxyl: 1,2.3,4,12,5.6,62,7,11,13,14a -dodecahydropyrido(1,2':4,6ipyrazinol
1,2-alquinazcline- 10 carboxamide as a white solid afier silica gel chromatography
(1-12% methanol/dichloromethanc gradient elution). This material was deprotected
in a second step similur Lo the procedure descrihed in cxample Z-37. ‘Thus, from
l'acemic"(tlaS,GaS,ltlaS)'G'cyclopropyl'N'[(2.4'dlﬂuoxophcnyl)mellu-ll-ll 13-doxo-12-§(
phenylm-ethyl)oxyl'l,2,3,-1,~|a.5,6,5a,7.l1,13.1l.\'dodecuh_vdropymdo[]'.2"4,51p)'ramno[
1,2-alquinazoline’ 10-carboxamide (56 mg, 0.0949 munol) the title compound was

prepared as a white solid (41 mg, &1%). 1H NMR (CDCl)  12.10 (be s, < 1 H), 10.45



Y

(m, 1 H), 827(s, 1 H), 7.33 (m, 1 H), 6.88 (m, 2 [, 4.77 {m, 1 H), 4 81-1 49 {m, 1 H),
4.33 Gn, 1 H), 2.94{m, 1 HY, 2 79 (m, 1 H), 2.17 (m, 1 HJ, 1 86:0.86 {m, 10 H). 0.658 (i,

1 H), 0.499-0.32 (m, 2 H); ES* MS: 199 (M +1).

Example 7-64.

racemre{4aS,628.14aS)-N-[(2 4-Diftuoroph
l'pyrrohidinylethyl}-1.2,.3.4,42,5.6.6a.7,11, 13, 11a-dodecahydropyrido 1°.2':4 5lpyi azin

ol1.2-alquinazoline-10-earboxanude formic acid salt

OH O
'H.,.
N X N\/'l’{'iN
) k‘ :
HCO,H
N
-
a) racemic{18,28)-2-(2-(1-Pyrrohdinylethyllaminohmethyleyclobexanamine
hydvoehloride. In a manner sumilar te that described in example %-55a, from
racemic-1,1-dimethylethyl [(1S,2R)-2-formylcyclohexyllcarbamate (112 mg, 0.497
mmo}} and 2-(I-pyrrohidinyllethanamine (009 ml, 0.746 mmol) was prepared
racemic<18,28)-2-({[2-(1-pyrrolidinyliethyllaminc)methylcyclohexanamine (88 mg.
60% 2 steps) as the bis hydrochloride salt in two steps as a white sohd  'H NMR
Gnethanol-di/CDCly) 9.68 (brs, < ] H), 9.24 {brs, <1 H), 8.25(brs, 1 H), 3.75- 304

(m, 11 B), 2.37 (s, 1 H), 2.06-1.20 (m, 12 £)

h)

Lsavemic{4a8,6a8S,14a8)-N-[(2,4-Difluorophenyldmethyl)- 1 2-hydioxy- 11,13-d 1w



¢S
X
x0-6-{2-(1-pyrrolidinyDethyl)-1,2,3,4,42,5,6,6a,7, 11,13, 11a-dodecahydiopyrida! 1,2".4,5)

pyrazina{l,2-alquinazoline-10-carboxamide formic acid salt.

In a manner similar to that described 11 example 2-35, from 16a (30 mg, 0 0638

mumol) and
racemic<{15,28)-2-({{2-(1-pyrrohdinylethyllaming) methyDeyclohexanamine
hydrochloride 88 mg, 0.496 . mmol) was prepared

racemic{4aS,6aS, I4aS)~N'l(2,4'd|ﬂgomp henyl)methyl]- 11,13-dioxo-12-[(phenylmethyl
" Joxyl-6-[2-(1-pyrrolidinyDethyl] 1,2,3,4,44,5.6.61,7.11,13, 14a-dodecahydropyt idol 1',2"-

4,56]pyrazino{1,2-alquinazoline-10-carboxamide as a white soiid (31. mg, 76%) atter
silica gel chnfomatogmphy (1-12% mcthanol/dichloromethane gx'adient.el\man). .’I‘his
material was deﬁn'otected i a sccond step sinular to the procedum.: deseribed
example Z-37. . Thus, from
racemic{4a8,6aS,14a8)-N-[(2,4-difluorophenyllmethvll- 11,13-dioxo- |2'lr(plh':n:.’lmet hyt
Yoxyl-6-{2-(1-pyrrolidinyllethyl}-1,2,3,4.42.5,6,6a,7,11,13, 14a-dodecahydropyridol 1. 2°.

4.5lpyrazino[l,2-alquinazoline 10-carboxamide (31 mg, 0.048 mmol) the title
compound was prepared as a yellow sohid after puritheation by HPLC (16 ng, Gd%)
11 NMR (CDCIli) 1039 (hi1 s, 1 H), 656 (Lbr s, 1 HY, 539 (brs, 1 H). 731 (m, 1 H).

6.78 (m, 2 H), 4.76°1 40 Gn, 6 H), 326:2.89 Gn, 7 HY, 273 Gn, 1 H), 215 (m, 1 1),

2.02-1.18 (m, 14 H). KES* MS 556 (M +1)

Lxample 2-65:
(488, 14a8)-N1(2.4-DafluotophenyDmethyl)-9-hydioxy-8.10 dinxo-2.3.1.-1a.5.6.8, 10,14 1

4a-decahydro- 1H-pyridof1,2-clpyridol1’, 2 4. 5lpyrazinel1.2-alpyrnmding i 1-carboxsum
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a) {2-1(28)-2-Pipendinyllethylfamine.  This compound was prepared in u

gimilar manner as its enantiomer desenibed in example Z- 12a.

b}
(4aS,l1aS)'N‘[(2;4'DlﬂuumpI.cm’l)methyll-9'14‘:4dxox;."S.10 du\xn‘z,.}.-l,di,.ﬁ.ﬁ,
8.10, ld.lda'docahyc;ro- lli'|>);|'ldo[l,2-c]p_vr|doll‘.2'--L5|pyruz|no[ 1,2-alpyrimidine-11-¢
arboxamide In a manner simi)n'r to that described in example Z-35, from
{2-((25)-2-piperidinyllethyllamine (28 mg, 0.218 wmmol) and 16a (30 mg, 0 0G38 mmol)
was prepared
(4aS,14a8)-N-[(2,1-difluarophenyDimethyll 8,10-dwoxe 9-[(phenylmethyDoxy]-2,3,4,44,5
,6,8,10,14, 1 1a-decahydro- 1 H-pyaidol1,2-¢lpyridal 1,2 1,5]py1avnol 1,2-alpyvimidine 11
-carboxamide (29 mg, 82%) . This material was deprotected n a second step similar
to that described 1 example Z-37 to give the title compound as a white solid (26 mg,
quantitative). HINMR (CDCLi) 8 12.44 (brs, t H), 1048 (s, 1 ID), 8.26 (s, 1 H), 7.35
(m, 1 H), 680 (m, 2 H}). 168457 (m, 2 H), 438 fmn, 1 H), 420 (m, 1 Hy, 393 (5, 1H),
3.63-3.39 {m, 2 H), 291 (m, 2 H), 2.29 (brs, T H), 202 (m, 1 H), 1.69-1.45 um, 4 H),

130-1.24 Gu, 2 H), 112 {bes, T H S MS. 459 (M+1)
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(45, 12aS)N-{(4-Fluorophenymethyl]-7-hvdroxyd-methyl-1-[2-(methyloxyethyll 6.8

Example Z-66:

wmof1,2-alpyrinndine ¥ carboxa

raz

dioxo-1,2.3,4,6.8.12,12a-cctahy:

mide.

OH O
a X N

O X N\/I\N
NH P

a) [(BS)'3-Ammobutyl]|2'(xnct};)'loxy)ctllyﬂummc bis hydrochluride n a
manner similar (o that described- 1n example %-47, fr?m 1,1-dimethylethyl
[(lé)’1'metl;yl'3'oxopmpyllcarbamate (76 mg, 0.406 mmol) and
2'(methyloxy)eth_\'llu;nmc 005 ml,, 0 60Y mmol) wus prepaied
[(35)-3-anunobutyl}{2-(methyloxytethyHaumine as the his hydrochleride salt i twr
steps (19 mg, quanutative) 'H NMR (mcthanol-adwCDCL) § 9.02 (< 1 H}, 821 (<)
H), 368 (brs, 2H), 3.49 (brs, 1 H), 334 (brs, 4 H), 3.15 (br s, 4 H), 2.26-2.11 (m, 2 H),

1.35 (brs, 3 H)

b)
(15,12a8) N-[{1-FlusiophcnyDmethyll -7 hydroxy 1 methyl J-[2-{meihylox; fet
hyl]-6,8-dicxe-1,2,3,4,6,8,12,12a octahydropynidol 1",2 4,5lpyrazinol 1,2-alpyrunsdine-9

~carboxamide. In a manner sunilar to that described in example 2-35, from 16 (15
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mg. 0.034 mmol) and {(38)-3-Aminobutyl][2-Gnethyloxylethyllamine bis hydrechloride
(19 mg, G.087 mmol),
(4S,12aS)-N'[(d'ﬂuorophc-nyl)me(hyl]~4'methyl‘l'[2-(methyloxy)ethyl]-6,8'd|axc:"7-l(ph
eny‘lmethyl)o.xyl'1,2,3,4.,6,8, 12,12a-octahydropyrido{1°,2':4,5}pyrazinall,2-alpyrimidine
.*9-carboxamide was prepared as a white solid after silica gel chromatography (1-12%
methanol/dichloromethane). ‘I'his material was deprotected in a second step similar
to Lthat described in example Z-37 to give the title compound as a yc“nw solid (9 mg
60 %, 2 steps). H NMR (CDCID 8 12.56 (s, 1 H), 10.51 {m, 1 H), 8.29 (s, 1 H), 7 3
(m, 2 H), 6.92; (in, 2 H), 5.03 Gm, 1 H), 165-4.59 \m 2 I;I). 453 ¢m, 1 H), 4.21 (n, 1 H),
3.61-3.40 (m, 2 H), 3:34'3,13 (m.. 3 H')., 3058 (m, 1 H), 2.91-2 84 (m, 2 H), 2.68 (m, 1 H),
2.07 Gn, 1 H), 1.50 (l'l;, 1H), 135, J=72Hz 3 H), 114 (m, 1 H: ES*' MS" 459

(Mfl)

!45.12&82-1-nglgbut_yl'I‘J'I(‘l'ﬂuorepheny_])_ng_c_t_lu_l];?-hydmxy-d'nmthxl‘G §-dioxo-1,2.3

rrazinol1,2-alpynmidine-9-carboxamide,

a) {(38)-3-Aminobutylfcyelobutylamine bis-hydiochloride. In a manner

sumilar  to  that described in example Z-47, from 1,1-dimethylethyl
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{{18)-1-methyt-3-oxopropyilcarbamite {76 mg, 0 406 munel) and cyvclobutylanune (0.05
ml,, 0.609 mmol) was prepared [(3S) 3-Aminobutyllcyclobutylamine bis-hydrochloride
in two steps (23 mg, 27%). 'H NMR (mcthanol-o/CDCl) 8 8.86 (s, < l.H). 7.97 (s, -<
L 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, /=6 Hsg, 1 H).

)]

(45.1233)'l'Cyclobutyl~N'l(d'ﬂ_\torophcnyl)methyl}-'?-hyd1'ox);:4'lr_xeth)'l'6.8-d1
0x0°1,2,3,4,6,8,12, l2a-ocl:ahydro-pyrxdo[l‘,'z' 4,5lpyrazino(l,2-alpyrimidine-9-carboxam
‘ide. ‘ In a sim;lal- m'anner to that described 1in example Z-35a, from 16 (18 mg, 0.39
mmolj and ((38)'3'Ammobut_\ﬂlc_\'clobutytamme bis-hydrochlonde (23 g, 0.107
mmol},

(48,12a8)- L-cyelobutyl-N-[{4-fAuorophcnyDmethyl]-t-methyl 6,8 -dioxo - 7-|(phenylmeth

yDoxyl-1,2,3.4,6,8,12,12a -octahydropyndel 14,2’ 4.5)pyrazine(1,2-alpyrumdine-9-carbox
amide was prepaied as a white solid  “This mnateiial was deprotected in a sccond step
similar to that described in example 2-37 to give the title compound as a white solid
after purification by FIPLC (1.5 mg, 25 % 2 steps) MH NMR(CDCIDY & 1264 (s, 1 H),
1048 (s, 1 H), 820 (s, 1 H). 7.31 (m, 2 HJ, 6.98 um, 2 H), 5.02 {m. L H), 41 61-0.57 (m, 2
H), 4.26-4.14 Gm, 3 H), 305 (m, 1 I, 2.90 (m, 1 HY, 249 (m, | H), 2.12 (m, 1 H),

205-1.87 (m, 3 H), 1.84-1.61 (n, 3 H), 1.46 {m, 1 H), 132 Gn, 3 H); ES* MS: 455

(M+1).

Example Z-68:
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(45, 12a8):N-f{1-FluorophenyDmethyl): 7-hydroxy-d-methyl-1-(2-methyipiopy))-6.8-diox

0:1,2,3,4,6,8.12,12a-octahydropyridol1,2".4,5]pyrazino{1.2-alpyrimidine-9-carboxamid

a) {(35)-3-Aminobutyll(2-methylpropyDamine bxs-l;ydrochloride. In a manner
" similar to that descitbed 1in example Z-47, thus compound was preparcd from
1,1-dimethylethyl [(18)-1-methyl-3-oxopropyllcarbamate (76 mg, 0406 mmol ') and
(2-methylpropylamine (0.06 ml., 0 609 mmol) 1a twa steps as the bis hydrochlore
salt 22 mg, 25 %). 'H NMR (methanol owCBCL) & 325 {brs, 1 [1), 291 {(br 5, 2

H), 264 (m, 2H), 202-1.93 (in, 3 H), 1.17 Gn, 3 H), 088 (in, 6 H).

b)

(45,12a8)-N-{(4- I'luorophenymethyl}- 7-hydroay-4-methyl-1-(2-methyipropyl)
6,8-dwxo-1,2,3,4,6,8,12,12a octahydrnpyrndo[l‘_;'_"?-'l,ﬁlpyrazino[l,Z‘a]pyrimldme'Q'mr
boxamide. In a similar manner to that described in example Z2-35, from 16 {16 mg,
0.035 mmol) and {(35)-3-Ammobutyll(2-methylpropyDainine bis-hydrochloride (20 mg,
0.0925 mmol},
(4sS, l2nS)'N_'[(4'ﬂuorophcnyl]mcthyl]'-l-methyl- 1-(2-methylpropy!)-6,8-dioxa-7-[(pheny

lmethyDoxyl-1,2,3,4,6,8,12,12a-octahydropyrido{1',2"1,5]pyrazinel1,2-a)pyrimidine-9-
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carboxamide was prepared as a white solid. This material was deprotected in a
second step similar to that descand in example Z-37 to give the title compound as a
tan sohid (13 mg, 689 2 steps) tH NMR (CDCly) ‘6 12.57 (s, 1 H), 10.46 (s, 1 H),
8.27 (s, I'H), 732 (m, 2 H), 699 (m, 2 H), 41958 (m, 1 m, 463 4.51 (m, 2 11, 4.45 (i, 1
H),426-4.16 (m, 2 H), 291 (m, 1 H), 2:277{m, 1 H), 2.24{m, | HJ, 2.14-2 03 (m. 2 H),
163 Cm, 1 H), 148 (u, 1 ), 1.33 (m, 3 H), 1.09 (m, 1 H), 0.850 (m, 3 H), 0.789 (m, 3

H)i ES' MS: 457 (M+1).

{45,12a8)-N-[(4- FluorophenyDmethyl]*7-hydroxy- 1 4-dunethyl-6.8-diaxa - 1,2,3.1,6,8,12

- ,12n-octahvdropyridol1'.2:4 5lpyrazinoli.2 alpyrimidine-9-carboxamide.

OH O
oA ”Jj
O N N\/i\N
NH H

=

Y

F

a) {(3S}-3-Aminobutyllmethylamine bis-hydrochlonide. In a manne: sumilar to
that described in exaimple Z'47; this compound was prepared from 1, I-dmnethylethyl
[(18)- 1-methyl-3-oxopropyllcarbamate (76 mg, G 469 mnol) and excess methylamine
(2 M in tetrhydrofuian) i two steps as the bis hydrochloride sale (17% 2 steps!) 1H
NMR (methanol-a¥CDCL) 2 316 (n, 1 HY. 3.08¢(s, 2 H), 2.83 (m, 2 H), 245 (s, 3

H), 1.88 (in, 1 M), 1.75 (m, 1 H), 1.09 <m. 3 H).
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(45,12a8)-N-[{4-Fluoroplieny ! methyll 7-hydroxy-1,4-dimethyl-6,8-dioxe- 1.2,3,

L)

1,6,8,12,12a-octahydropyrido(1',2":4,5lpyrazinoll,2-alpyrimidine-9-carboxamide  In «
similar manner to that descitbed 1n example 2-35. from 16 (18 mg, 0.0398 mmel) and
{(3S)-3-aminobutyllmethylamine  bis-hydrochlonide (L9 mg, 0.109 mmol, .
(45,12a8)-N-{(4-fluorophenyldmethyll- 1,4-dimethy!-6,8-dioxo-7-[{phenylmethyDoxy]- 1, .
2,3,'4,6.8,412.lZa'octal::ydropyrido[l‘,f' 4.5|pyvuzinol1‘2-nlpy1'1|n1dil;e'9 carboxamidao

was prepared as a white sohd  This matenal was deprotected 1n a sccioud step
similar to that deseribed in example ?.‘3;1 to give the title compound as a tan solid (7
mg, 44% 2 steps). 'HANMR (COCL) & 12563 (s, 1 H), 1047 (s, 1 H), 8.29 (s, 1 H),
7.32 (m, 2 H), 6.99 (m, 2 H), 5.04 (1 H), 1.60 {m, 2 H), 4.23 (s, 3 H), 2.83-2.80 {m, 2 H),

2.32 (s, 3H), 213 (in, 1 HJ, 148 (m, 1 H), 1 34 (m, 3H), ES' MS. 415 (M+1).

Example Z2-70°
(451209 M[(4-FluorophenyDmethyl]-7-hydroxy:

~thiopyran-4-y})-1,2,3,4.6 2.12a-octahydropyndol1.2'4,5lpyrazine{1.2-alpyrimidine

-4 inethyl-6,8-dioxo-1-(tetrahydro- 24

:9-carboxamide.
OH O

Fo~ S N/[
J nfi?,ﬂg

The title compound was made in two steps using a simular process to that
described 1n  example Z-2. 16 (25 mg, 0055 wmmol) and fiee based

{(39)-3-aminobutytltetrahydre 2 Athwopyran-t-ylapune {48 mg, G.26 mmsl) were
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reacted n dichlorumethane [$ ml.} wiLh acetic acid to give
(45,1228 M1(1-fluorophenylimethyll-4-methyl-6,8-dioxo  7-[{phenylmethyDoxyl- 1 -{tet
rahydro-2 H-thiopyran-4-yli-1,2,3,4,6,8,12,12a-octahydropyridol 1',2":4,5)pyrazinoll,2-a
lpyrimidine-9-carboxamide {16 ing, 49%) as a film. This material was debenzylated
in a second step in a manner  similar  to Z-26 to give
(45,122 9 M{{4-fluorophenymethyl]-7-hydroxy-4-methyl-6,8-dioxe- l"(tet.r:lhydrO'ZH'
thloﬁ'rﬂn%yl)'1.2,3.4.6.8.12,123-octahydx-cpyrxdo.[1'.2‘24,51pyrazino[l.2~a)pyrimidme-
9-carbexamide (8 mg, 59%) as an off-white solid  *H NMR (400 MHz, CDCIN-6 1 30
{d, /= 7.2 He, 3H), 1.53;) 58 (m, 1H), 1.72-2.10 (m, 5H), 2.56-2.76 {m, 5H), 2.84-2.87

{in, 2H), 4.18 (dd, /= 2.8, 14.0 Hz, 1H), 4.26 (dd. J= 3.4, 14.2 Ha, 1H), 4.92-4.97 (m,

*1H), 6.96-7.00 (m, 2H), 7.29-7:36 (m, 2H), 8.31 (s, 1H), 10.46 (m, 1H), 12.43 {br, 1H)

ES' M5: 501 (M+1)

Example 7-71°

oH ©

=
u/n k/N\/‘\NJ
H

F (o]
a)  {(38)-3-Ammobutyllmethylamune dibydrochloride was prepared in a similar

manner as described m example Z-47 'H NMR (400 MHz. CDCI3) 61 18(d. J=6 8
Hz, 3H), 1.82-1.91 (m, 1H), L94-203 (m, 1H), 253 (s, 3H), 2.89-2.93 (n, 21D,

322-330 G, 1H), 802 (br, <1H), 8 81 (by, <1H)
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(45,12a5)- N-((2,4-Difluorophenylimethyll-7-hydroxy-1,4-dimethyl-6,8-d10x0-1,2,3,4,6,8

b)

,12,12a-octahydropyride(1'.24,5)pyvazinol1,2-alpyrimidine-9-carboxamide  The title
compound was madc in two steps using a similar process to that described in ¢xample
Z-2. 16a (10 g, 0.056 mmol) and free based [{(3.9)-3-aminobutyllmethylamine (24
mg, 0.23 mmol) were reacted in dichloromethane (2 mL) with acetic acid to give
(15,1229 N-[(2.4-difluorophenyl) nethyl}-1.4 'dimethyl'éﬁ'dioxo-7'l(phenylmethyl)oxy
1-1,2,3,4,6,8,12,12a-0ctahydropyridol 1,2 :4,5]pyrazinol 1,2 alpyrimidine-9-carboxamide
(39 mg,.89%) as 3 film. This matenal was hydrogenated n a second step as
described m ex.nnpl'e 722 te give
- (48,1228 A*[(2,4-difluorophenyDmethyll-T-hydroxy- 1.4-dimethyl-6,8-dioxe-1,2,3.1,6.8
,12,12a-actahydrepyridoll',2' 1,56lpyrazinoll,2-alpyrunidine-9-carboxamide (32 me,
97%) as an off-white sohid 'H NMR (1400 MHz, CIDCI3) § 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 (n, 2H), 4.24 (m, 3H), 4.62 (m,
2H), 5 02 (m, 1H), 6.77-6.79 {m, 2H), 7 33 (m, LFD, 8 30 (s, 1H), 10.43 (s, 1H), 12 50 (br,

1H): ES* MS:433 (M+1).

Exum :12:

ﬂﬁﬂ_{xﬁ;&’i@_;ﬂw)mpgnyl!methyll-'l'-hxdrgxyﬁ'methx!' 1-(l-methylethy])-6.5-dioxo
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@Yﬁiw

N

The title campound was made 1n two steps usiug a simular .pl'ocess to that
described in  example Z7-2. 16 (27 mg, 0.060 mmol) and freec bascd
{(35)-3-aminobutyll(1-methylethyl)aimme (67 mg, 0.51 mmol) were reacted in
dichloromethane (2 nlL) o with acetic acid to give
(45,120.9-A-[{4-Aucrophenymethyll-4-inethyl-1-{i methylethyl-6,8-dioxo 7-[(phenyl
methyl)nxyl-1.2,3,-1,6.8.12.I.Za'octahvdropyndo[1',2"_4.6|pyrazmo').2‘n}pyrmudmc-9‘c
arboxamide (18 mg, 56"/&.) as a filim  This material was hydrogenated in a second step
as described in éxample Z:2 to give
(45,1229 M{(4-fluoropheny)methyl}) 7 hydroxy -4-methyl- -t I-methylethyl) 6,8 dioxo-
1,2,3,4,6,8,12,12a ectahydropyiidol1,2 1, 5lpyrazinol1,2-alpyrimidine 9-carhaxamide
(15 mg, >100%) as an off white solid. *H NMR {400 hMH7, CDCI3) 6 1 02 (d, J = 6.1
Hz, 31, 1.07 {d, J = 6 4 He, 3H), 1.32 (d, J/ = 6.8 Hz, 310, 1.54-1.58 (i, 1IY), 1.94-2 0
Gn, 1M}, 2.71-2.76 (m, 1H), 2.82-2 88 (m, 1H), 3.13:3.16 Gn, 1I), 4.16-4.19 {m, 1H),

4.30-1 33 (m, 1H), 4 48 (m, 1H), 4 55-4.65 (m. 2H), 1 97-5.00 (n, 1H), 6 97-7.01 (n,

2H), 7.30-7.34 (m, 2H), 8 28 (s, 1H), 10 51 (m, 1H), 12.55 (s, 1H:  ES MS 143 (M+1)

LExawmple 7:73:

(451239 Nf{4-FluorophenyDmethyll-7-hydroxy-1 A-L1s(2-methylprop (D-6,8-dyoxo- 1.2

3.,4.6.8,12,12a octahydropynde(1',2'4,5]pyrazine]1,2- alpyrimidine-9-carboxamide.




oH O 025;
DS
N A N\/!‘\N
! ‘\‘/
The title compound was made in two scéps using a sumilat process ta that described in
example Z-2. 16 (25 meg, 0.065 tnol) and free based -
[(SS)-3'amino-s-methyihexyl](?mezhylpropyl)aminc (21 mg, 0.11 mmol) were reacted
in dichloromethane’ 2 mL) with acetic acid to give
(45,1225} M[(1-fluorophenyllmethyll- 1,4-bis(2-methylpropyl)-6,8-dioxo-7-[(phenylmet
l1yl)ox3'];1.2.3,ll,6.8,12,12a-octahy‘dnop_vrxdoll'.Z' 4,51pyrazinol1,2-alpyrnimdine 9-cai bo
xamide (8 mg. 25%) as a film  This matenal was hydrogena.ted ma .s,ccmxd step as
described n example Z-2 to ) give
(45,123 8- MH{1-fluorophenyDmethyl}-7-hiydroxy-1,4-bis\2 methylpropyl)-6,8 dioko-1,2,
3,4,6,8.12,12a octahydropyrido[1",2":4,5)pyrazinel 1,2- alpyrimidine-9-carboxamide (5
mg. 78%) as an off-white sohid  1H NMR (400 MHz, CDXC13) 8§ 0.74 (4, /=6 4 Hz, 3H).
084 (d, J =64 Hz, SH), 097100 {m. 6H), 1.37-1 66 (i, 5HJ, 1 76-1.62 (m, UH),
2.05-2.09 (m, 2H), 2 21-2.26 (n, 1H), 2.72-2.79 (n, 1H), 287-2.95 (m, 1H}, 1 16-4.26 .
(m, 2H), 4.38 (n, 1H), 455-166 (m, 2H), 493-499 Un, tH), 6.97-7.02 un, 2H),

7.31-7.34 (m, 2H), 8.27 (s, 1H), 10.49 (m, 1H), 12.6] (s, LH); ES* MS- 499 (M+1)

Example Z%-1 to Z7-24

Examples 1n table below were 1solated as a mixture of diastereomers ranging fiom

-

1'1 to >10:1 ratwos of slerewsomers at the cenler indicated as undefined.
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Characterization data reported herein consists of observed mass spcctra‘l signals for
molecular 1ons (M+1) of the compuunds using electrospray tonization methads in the
positive mode using LC/MS techniques well knewn in the field. Reported 1etentian
times refer to observed UV peaks co;ll'lrmed by NMR methods for the examples below
using the following gradient on a phenomenex C18 reverse phase HPLC column (150
mmX4.6 mmm 5 micron). Solvent A = water w/ 0.1% formic acid, solvent B =
aceto;utrile w/ 0.1% formic acid. Gradient = 10%B for 1 min, gradient from 10% to
90% B fram -1 to 9 min, ramping to 100% B at 9 01 mun and holding at 100% B for 2

min.  In several cases the diastereomers were not separable by the standard HPLC

conditions reported above and thus veported as a single retention time.

[Table A .
Example Structure Observed LC/MS or HPLC
No. V ‘ data
7271 oH o T T 77 ES*MS: 419 (L] +1)
F\E//\|/F L0 \i)LNA
R ICUE,
o HH
172 oH O S MS- 406 (M +D)
F F O«
X
H N">___
N X Nv—l\o
o H
Z7-3 OH O S« MS. 509 (N +1)
F F O M
“ u SN \J/
™ _,.N\n/ SN N\'"}‘N
H
o] N
| S
774 OH O 155 MS: 429 (M +1)
F = ' H o \j/LLN
AN AN A
HN
0 !
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(775 (I)H 0 RBS<MS. 415 (M + 1
F\ I OQ t‘.‘:: e sN/‘\_
P
SN \\-,N\/(!\ .
N Y
0
276 oH O . S MS 491 (M + 1)
N 0. _,-L\_',Au\“,» e :
H
L w1 Ly
w I‘-I '|J
o

7271 OH O R ES' MS 509(M +1)

YAALR OH O ESMS 413 (M +1)

L.

729 (|)H J? ES' MS 161 (M + U

FEve” T TTUoH o T T 113" MS 501 (M + 1)

5
)

74-11 OH ﬁ ESMS 175 (M +D)

Fo o~ ¢ 0. .
> - < TN
[0 N0 T

0 Hi .
T
i
%712 OH O . EST NS aso L+ T
Fo o F - '""("u\“"
[;~__.-! ~ -N-. ,II’,N._ }* ,’.‘
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The present imvention further includes the followng compounds

OoH O
/"\\I \\rJL
R)m— /L \I -7
Rm- 0 ko /1\ (1-7)
O
[Table B]
No (R) m Ra
] 1-F B . ¢ | (R
2 4 -F —CH(CH.)» .
3 4 -1 —CH:CH20CH.,
1 2, 4-1 —CH:__
5 2. 1-F - GH(CH )2
6 2, 4-F — CH2CH20CI,
7 2—-F, 3-C —CH;
8 2~-T, 3-C| —CH(CH.):
9 2—-F, 3-C1 ~CH2CH:0CH,

PO
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The HIV mtegrase mhibitory activity was investigated based on the following

Iixperimental Example i

assay method.
(1) Preparation of DNA solution

By the same method as that described 1in Experimental Example 1 of WO
2004/024693, a substrate DNA solution (2 pmol/pl) and a target DNA solution (5
pmal/pl) were prepared  After cach target DNA solution was once boiled, a
temperaturc was slowly lowered Lo anneal complementary chams, which was used
Each-sequence of a substrate DNA and a targel DNA 1s as described in the same
Experimental Example. .

(2) Measurcment of inhibition rate {(1Cse \-al\w?

) Streptavidin {manutactured by -'e_ctor Laboratories) was dissolved mn a 0.1M
carbonate buffer solutien (compesition- 90 mM Na:CO4 10 mM NaHCO3) to a
concenuatlon' of 40 pg/ml.  Each 50 pl of this sulution was added to a well of an
immunoplate Gnanufactured by NUNC), this is allowed to stand at 4°C overnight to
adsorh.  Then, .ench well was was_hcd with a phosphaite buffer (composition” 13.7 mM
NaCl, 0.27 mM KCI, 0.43 saM NazHPOu4, 14 mM KH:PO 1) two tunes, and 300 pl of a,
- phosphate buffer containing 1 % skim milk to block it for 30 minutes  Further, each
well was washed with a phusphate buffer two times, 50 pl of a substrate DNA solution
(2 pmol/pl) was added to adsorb at roem temperature for 30 nunutes while shaking,
and this was washed with a phosphate buffnr twwo times and, then, distilled water
once.

Then, to each well prepaved as desceribed above were added 12 pl of o buffer
(composition: 160 mM MOUVPS (pH7 2), 75 miM MnCl:, 50 mM 2 mercaptoethanol, 25%
glycerol, 500 pgiml bovine serum albumn-fraction ¥), and 51 pl of a reaction solution
preparved from 39 pl of distitled water. Then, 9 p'l of an mtegrase solution 30 pmol}
was added, and the mixture was nixed well.  To a well as a negative contral (NC)
was added 9 pl of a diduting solution tcomposition 20 mM MOPS (pHT 2), 400 mM
potassium glutamete, 1 mM EDTA, 0.1% NP 40, 20% glycerol, 1 mM DTT, 4 M ureal,
and this was maxed well using a plate nuxer

After the plate was mcubated at 30°C for 60 munuies, the reaction solution
was discavded, followed by washing with 250 pl of a washing buffer (composition: 150
mM AMOPS (pH7.2), 50 mM 2-mc-rc:|pto'ctlmnol, 25% glycerol, 500 pg/m! bovine serum
albunmian-fraction V) thice tmes

Then, to each well were added 12 pl of a bufler {composition 150 mM MOPS
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(pHI7 2), 75 mM MgCls, 50 mM 2-mercaptoethanol, 25% glycerol, 500 pginl bovine
serum albumin-fraction V), and 53 pl of a reaction solution piepared from 41 pl of
distilled water. Fucther, 6 pl of a solution of a test compound in DMSO was added to
cach well, and 6 p! of DMSO was added to a well as a positive control (PC), followed

by mixing well using a plate mixer. After the plate was incubated at 30°C for 30
minutes, 1 pl of a target DNA (6 pmol/pl) was added, and this was mixed well using a
plate mixer.

After each plate was incubated at 30°C for 10 miautes, the reaction solution
was discarded, followed by washing with a phosphate buffer two times. Then, an
anti-digoxigenin antibody labeled with alkahne phasphatase (shécp Fab fragment’
manufactured by Boehringer) was diluted 2000-fold with an antibody diluting
solution, 100 ul of the d:hfont was added to bind at 30°C for 1 hour,-and this was
washed successively with a phosphate buffer containing 0.05 % I\veen20 two times,
and a phosphate buffer once.  Then, 150 pt of an alkaline phosphatase coloring buffer

. {composition: 10 mM paranitrophenyl phosphate (manufactured by Vector
Laboratories), 5 inM MgGCla. 100 mM NaCl, 100 mM Tris'HCI (pH 9.5)) was added to
react al 30°C for 2 hours, 50 pl of a 1N NaOH selution was added to stop the rcaction,
an absorbance {(OD405 nin) of cach well was measured, and an mhibition cate (ICs)

‘was obtamned accarding to the following caleulation equation.
Inhibition rate (%) = 100{1-{(C abs.- NC abs.) 7 (PC abs.- NC abs.)H

C abs.; absorbance of well of commpound

NC abs.” absorbance of NC

PC abs.. absorbance of °C

Results ave shown below

{Table 1]

Example No Intecgiase inhibitory activity
(IC50, ng/mi)
-2 3.3
2 3.8
H-2 3.2 o ]

The present compound showed the strong integrase inhibitory activity

against HIV

Experimental Example 2
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A derivative of 293T cells expressing an attachment factor to improve
adherence to plastic were used for the assay. A VSV-g pseudotyped HIV vector that
expresses luciferase (herein 1eferred to as PHIV) was produced .by transfection of cells
with the pGJ3-Luci vector plasmid (Jarmy, G. et al,, J Medical Virology, 61:223-231,
2001) and pVSV-g (Clontech). Cells were mixed with the PHIV vector and then
mixed with serially diluted compounds. After incubation at 37°C and 5% CO: for two
days, the plates were read by using Steady Glo Iﬁcnfex:ase assay reagent (Promega) as
recommended by ﬂthe manufacturer. To assess non HIV spectific inhibition, a similar
assay was: performed, except that cell/PHIV vector mixture was x;epla.ced by cells

“which had bean previousty transduced and constitutively expressed luciferase

{Table 2}
PHIV IC;o
Example *=<10 nM,
number **=10-100 nAl,

***> 100 nM
Z-1 M
Z-2 *
Z-3 *
Z-4 *
Z-5 *
2-6 M
Z-7 *
2_8 Ak
- Z-9 *
Z-10 *
Z-11 *
Z-12 ‘
Z-13 **
Z-14 -
2-15 -
Z-16 *
2-17 -
2-18 *
Z-19 *
Z2-20 s
Z-21 *
Z-22 M
Z-23 *
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Z-24 *
Z-25 *
Z-26 *
2_27 ki
Z-28 .
Z-29. *
Z-30 +
Z-31 .
Z-32 *
Z-33 -
Z-34 :
Z-35 ‘ *
Z-36 ¢
Z-37 N
~ Z-38 -
Z-39 *
Z-40 i
Z-41 -
Z-az2 .
Z-43 *
Z-44 *
Z:45 -
Z-46 :
Z-47 -
Z-48 >
Z-49 *
Z-50 T
Z-51 .
Z52 *
Z:53 :
Z54 *
Z-55 *
Z-59 ]
760 *

Tormulation Example

A term “active ingredient” means the present compound, a tautomer theveof,
a pharmaceutically acceptable theieof, or a solvate thereof

(Formulation Example 1)

A hard gelatin capsule 1s prepared using the following ingredients.

dosc

{mgicapsule)
Active ingredient 250
Stavch {dried) 200

Magnesium stearate 10
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Total 460mg
(Formulation Example 2)

A tablet is prepaved using the following ingredients.

dose
(mg/tablet)
Active ingredient 250
Cellulose (microcrystalline) 100
Silicon dioxide (fumed) 10
Stearic acid . 5
Total ‘ 665mg

Ingredients are mixed, and compressed to obtain tablets, each weighing 665 mng
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57 ABSTRACT

The present invention relates (o a nitrogen-containing fused
ring compound represented by the following formula {1}

R} 0]
\N)H/'\(
| a1 8|

X—vi, .
eyl

i

wherein ¢ach symbol is as defined in the specification, or a
pbarmaceutically acceptable salt thereof, and an anti-HiV
agent containing such compound. The compound of the
present invention has an HIV integrase inhibitory activity,
and is useful as an agent for the prophylaxis or treatment of
AIDS, or as an anti-HIV agent. In-eddition, by the combined
use with other anti-HIV agents such as a protease inhibitor,
a reverse transcriptase inhibitor and the like, it can be 2 more
effective anti-HIV agent. Becuae it shows integrase-specific
high inhibitory activity, the compound can be a pharmaceu-
tical agent safe on human body, which causes only a fewer
side effecis.
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NITROGEN-CONTAINING FUSED RING
COMPOUND AND USE THEREOF AS HIV
INTEGRASE INHIBEITOR

TECHNICAL FIELD

{0001] The present invention relates to a novel nitrogen-
containing fused ring compound or a pharmaccutically
acceplable salt thereof useful as an anti-HIV agent. More-
over, the present invention relates to novel use of a certain
kind of pitrogen-containing fused ring compound or a phar-
maceutically acceptabile sait thereof as an anti-HIV. agent.

More specifically, the present invention relates to an anti--

HIV agent containing 2 nilrogen-containing fused ring com-
pound or a pharmaceutically acceptable salt thereof showing
an anti-HIV action particularly based on an integrase inhibi-
tory activity. .

BACKGROUND ART

[0002] HIV (Human Immunodeficiency Vimus (type 1))
belonging to retrovirus is a causative virus of AIDS
(Acquired Immunodeficiency Syndrome).

[0003] HIV targeis CD4 positive cell groups such as
helper T cell, macrophage and dendritic cell and destroys
these immuoocompetent cells to cause immunodeficiency.

[0004] Accordingly, a pharmaceutical agent that eradi-
cates HIV in a living organism or suppresses its growth is
effective for the treatment or prophylaxis of AIDS.

[0005] HIV possesses a bimolecular RNA gene in a shell,
and which is covered with an envelope protein. The RNA
codes for several enzymes (protease, reverse transcriptase,
integrase etc.) characteristic of the virus and the like, and has
translated rcverse transcriptase and integrase in the core, as
well as protease inside and outside the core.

[0606] HIV contacis and invades a host cell, causes
uncoating, and releases a complex of RNA and integrase,
and the like into the cytoplasm. From the RNA, DNA is
trasscribed by reverse transcriptase, and a full length double
stranded DNA is produced. The DNA moves into the core of
the host cell and is incorporated by integrase into the DNA
of the bost cell. The incorporated DNA is converted (o an
mRNA by polymerase of the host cell, from which mRNA
various proteins necessary for forming a virus are synthe-
sized by HIV protease and the like, and a virus particle is
finally formed, which then undergoes budding and ifs
release.

[0007] These virus specific enzymes are considered to be
essential for the growth of HIV. Thesc enzymes are drawing
attentioa as the target-of the development of antiviral agents,
and several anti-HIV agents have been already developed.

{0008] For example, zidovudine, didanosine, lamivudine
and the like have been already on the market as reverse
transcriptase inhibitors, and indinavir, nelfinavir and the like
as protease inbibitors.

{0009] In addition, a multiple drug combination therapy
concurrently using these pharmaceutical agenis has been
employed. For example, a combined use of two reverse
transcriptase inhibitors (zidovudine and didanosine), and a
combined use of three agents of reverse transcriptase inhibi-
tors (zidovudine and lamivudine) and a protease inhibitor
(nelfinavir) have beea clinically applied. Such multiple drug
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combination therapy is becoming a mainstream of AIDS
therapy (Folia Pharmacologica Japonica, 118, 131-134,
2001).

[0010) However, some of these pharmaceutical agents are
known to HIV cause side effects such as liver function
failure, central nervous disorders (e.g., vertigo), and the like.
In addition, acquisition of resi
agent causes a problem. Even worse, emergence of an HIV
that shows multiple drug resistance in a multiple drug
combination therapy has been known.

[0011] Under the circumstances, a further development of
a novel pharmaceutical agent, particularly a development of
apn anti-HIV agent based on a new mechanism, has been
desired, wherein a development of an anti-HIV agent having
an integrase inhibitory aclivity is expecled, because an
integrase characteristic of retrovirus is an esscntial enzyme
for the growth of HIV.

1ce to a ph ical

[0012) | Nevertheless, an effective integrase il.lhibitor has
not been found as yet.

[0013] Known compounds comparatively similar to the
anti-HIV agent of the preseat invention are described in the
following.

[0014] WO01/96283 describes, as an anti-HIV agent hav-
ing an integrase inhibitory activity, the following compound
[A] (see WO01/96283, p. 176, compound 70).

Compound [A]
o oH mpound [A]
o]
N /
OH
F
cl

{Compound 70}

[0015] WOO03/016266 describes the following compound
[B] and the like having an intcgrasc inhibitory activity (sec
WO003/016266, p. 159, Example Nos. 3-17).

Compound {B]
° oH pound [B]
o] o]
N &
NH

) /(

“+
o T/
{Example No. 3-17)
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{0016] WO001/95905 describes the following compound
[C] and the like, as an anti-HIV agent baving an integrase
inhibitory activity (see W001/95905, p. 109, Example E-2).

Compound [C}

T

(Example E-2)

[0017} In addition, WO03/047564 describes the following
compound [D] and the like, as an anti-HIV agent having an
integrase inhibitory activity (sec WO003/047564, p. 73,

Example 11).
Compound {D]
G o
(0]
N
— =N
NH
\_/ I N #
F {Example 11)
[0018] Moreover, WO02/30930 and WO002/55079

describe, as an anti-HIV agent having an integrase mhibitory
activity, the following compounds [E}, {F] and the like,
respectively (see WO02/30930, p. 171, Example 1; WO02/
55079, p. 79, Example 1). W002/30426, W002/30931 and
‘W002/36734 also disclose similar compounds.

o] OH Compound (E)
e] N.
N.
o AN 7
(Ex. 1)
o Compound [F]
N,
Q\C/N | QAN
N &
B 1) *

{8019] In addition, WO03/031413 describes, as an anti-
HIV agent having an integrase inhibitory activity, the fol-
lowing compound {G}] and the like (see WO03/031413, p.
21, compound §).
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(?ompound ]
. o] ’ OH "]
HO. N\
Ioageen
HO' & .
E&.8) _ . /‘(

{0020] Moreover, WQO03/035076 and WO03/035077
describe. as an anti-HI'V agent having an integrase inhibitory
activity, the following compounds [H], [i] and the like
(W003/035076, p. 188, Example 1, W003/035077, p. 146,
Example 22).

Compound [H)

o on .
’ N/I\h/%/(’“
H
N N
N\,
®1 s s
o _OH Compound {j}
H
. NN
(Exp. 22)

{0021] However, these publications do not disclose nilro-
gen-containing fused ring compound encompassed in the
present invention, or a description suggestive thereof..

{0022] Furthermore, WO2004/24078 describe, as an anti-
HIV agent having an integrase inhibitory activity, the fol-

fowing compound [J] and the like.
Compound [J}
(o] OH
OH
(i
N N
F ~
(Ex.13)

{0023} This publication describes the following formula as
the formula (I) of claim 1 and a tautomer thereof. However,
the compound described in this publication is clearly dif-
ferent from the compound of the present invention in that 2
hydroxyl group or a carbonyl group is essential at a position
corresponding to the position of R** for Y? in the forroula {1]
of the nitrogen-containing fused ring compound of the
presenl invention. In addition, this publication does not
suggesi a compound free of a hydroxy! group or a carbonyl
group at said position.
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|

R* R'

[0024] A production method of the compound of the
formula (I) is disclosed in this publication from page 46 to
page 113, but the production method concretely disclosed
here cannot produce a nitrogen-containing fused ring com-
pound encompassed in the present invention, and a concrete

production method of this compound is not referred to at all.

DISCLOSURE OF THE INVENTION

[0025] From the findings based on the researches and
clinical results obtained so far, an aoti-HIV agent is effective
for the prophylaxis of the onset of AIDS and the treatment
thereof, and particularly a compound having an integrase
inhibitory action can provide an cffective anti-HIV agent.

{0026] It is therefore an object of the present invention to
provide a pharmaceutical agent having an anti-HIV action,
particularly a phammaccutical agent having an integrase
inhibitory action.

[0027] The present inventors have conducted intensive
studies in an attempt to find a compound having an anti-HIV
action, particularly a compound having an integrase inhibi-
tory action, and completed the p invention

[0028] More particularly, the present invention is as
shown in the following [1] 10 [38].

[0029] [1] A aitrogen-containing fused ring compound
represented by the following formula [I] or a pharma-
ceutically acceptable salt thereof:

299
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R* R' OH
R? RS
N7 Y
—_——
: N.
ol N 0
[+] OH
IA

[e]
RS
—_—
[o]
[e]
N ]
[s] OR?
Rl o
\NJ\(/l\(
| A B L
X—Y\}{‘Y

[0030] wherein
[0031] R'is
[0032] (1) a C1-6 alkyl group optionally substi-
tuted by 1 to 3 substituent(s) selected from the
following group A,

[0033] (2) a C2-6 alkenyl group optionally substi-
tuted by 1 to 3 substituent(s) selected from the
following group A or

[0034] (3) a group represented by the formula

__.z_®

[0035] wherein Z is
{0036] (i) a bond,
[0037] (2) a C1-6 alkylene,
{0038} (3) a C2-6 alkenylene or
(0039] (4) *ACH,)—Q—(CHz).—
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[0040] wherein Q is
o041} (") —O0—,
[0042] (2") —NR°—

[0043] wherein R® is 2 hydrogen atom or a C1-6
alkyl group,

{oo44] (3) —CO—,
[0045] (4") —SO—,
[0046] (5") —SO,—or
[0047] (6") **-CO—NR*—

[0048] wherein R® is a hydrogen atom oraCl-6
alkyl group and ** shows the side 1o be boaded
to (CH,),,.,

[0049] m is O or an integer of 1 10 4,
[0050] =& is O or an integer of 1 to 4 and

[0051] * shows the side to be bonded to a nitrogen
atom of ring A, and )

[(0052) ring D is

[0053] (1') a C3-10 carbon ring group optionally
substituted by 1 to 3 substitueni(s) selected from
the following group B or

[0054] (2" a heterocyclic group optionally substi-
tuted by 1 to 3 substitueni(s) selected from the
following group B

{0055] wherein the heterocyclic group contains
at least one hetero atom selected from nitrogen
atom, oxygen atom and sulfur atom;

[0056] X is
{0057) (1) —CR™YR™)H,
[0058] (2) —CR™)R=)—CR=XR™)-#,

[0059] (3) —CRUYR™)—CR=YR*)~
CR™YR™)-#,

[0060] (4) —C(R™)—C(R™)-#,

[0061] (5) —CR™HR™)—CR™)=C(R™)+#,
- [0062] (6) —CR¥")=C(R™)—CR™IR)#,
[0063] (7) —N==C(R*")}-# or

[0064] (8) —C(R™")=N-#

[0065] whercin # shows the side to be bonded to
Y? of ring B, R™ to R*!% are cach independently
selected from the following group C, R and
R*?, R*? and R*, and R and R™® each inde-
pendently optionally form a C3-8 cycloalkyl
iogether with the adjacent carbon atom;

Yloosny2zyd
{0066] of ring B is

[0067] (1) C=CR")—N(R"),
[0068] (2) N—C(R™)=N,
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[0069] (3) N—C(R")=C(R™),
[0070] (@ C=N—N(R’q) or
[0071) (5) N—N=C(R?)

[0072] wherein R o R*® are cach indepen-
dently sclected from the following group C,

[0073] when
Yisnyrsmy?d

[0074]  is N—C(R"")=C(R"?), ring B is optionally
condensed with a benzene ring to form a fused ring
represented by .

[0075] wherein R* is selected from the following
group C; and

[0076] R%is
[0077] (1) a hydrogen atom,
[0078] (2) a C1-6 alkyl group,
[0079] (3) a C6-14 aryl C1-6 alkyl group or
[0080] (4) —SO,R™

[0081] wherein R*! is 2 hydrogen atom, a C1-7
alkyl group optionally substituted by 1 to 3
substituent(s) selected from the following group
A or a C6-14 aryl group:

[0082] group A:
[0083] (1) a halogen atom,
{0084] (2) a cyano group,
[0085] (3) —OR",
{0086] (4) —SR*,
[0087] (5) —COR™,
[0088] (6) —CONR*R*,
{0089] (7) —COR**,
[0090] (8) —SO,NR**R*,
[0091] (9) —SOR*,
[0092] (10) a C6-14 aryloxy group,

[0093] (11) a C6-14 aryl C1-6 alkyloxycarbonyl
group,

[0094] (12) a C1-6 alkylcarbonyloxy group option-
ally substituted by halogen atom(s),
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[0095} (13) a C6-14 aryl group optionally substi-
tuted by 1 to 3 substituent(s) selected from the
group consisting of a halogen atom, a C1-6 alkyl
group, a C1-6 alkylsulfonyl group, a di{C1-6
alkyDamino group and a C1-6 alkylcarbony-
lamino group and

[0096] (14) a heterocyclic, group optionally substi-
tuted by a C1-6 akyloxy group,

{0097] wherein R*', R*2, R** and R** are cach
independently a hydrogen atom or a C1-6 alkyl

group;
[0098] group B:
[0099] (1) a halogen atom,
[0100] (2) a cyano group,
[0101] (3) a C1-6 alkyl group,
{0102] (4) a halo C1-6 alkyl group,
[0103] (5)—OR",
[0104] (6) —SR™?,
[0105) (7) —CO,R**,
[0106] (8) —CONR"?R"?,
[0107] (9) —COR™,
[0108] (10) —SO,NR®?R"3,
[0109] (11) —SO,R™,
[0118] (12) a C6-14 aryloxy group,
[o111] (13) a C6-14 aryl C1-6 alkyloxycarbonyl
group,
[0112] (14) a C6-14 aryl C1-6 alkyloxy group and
[0113] (15) —NR">CORYS,
[0114] wherein R®%, R"2, R®?, R*, R"® and R*®

are each independently a hydrogen atom or a
C1-6 alkyl group;

[0115] group C:
[0116] (1) a hydrogen atom,
[0117] (2) a C3-8 cycloalkyl C1-6 atkyl group,
[o118] (3) a cyano group,
[0119] (4) a halogen atom,
[0120] (5) a C1-7 alkyl group,
{0121] (6) a C2-6 alkenyl group,
[0122] (7) a C2-6 alkynyl group,
[0123] (8) a C6-14 aryl group,
[0124] (9) a heterocyclic group

[0125] wherein said heterocyclic group is a satu-
rated or unsaturated 5-membered or 6-mem-
bered heteromonocycle containing at least one
hetero atom selected from nitrogen atom, oxy-
gen atom and sulfur atom, or a fused ring of
such heterocycles, or a fused ring of a carbon
ring sclected from benzene, cyclopentane and
cyclohexane and the above-defined heterocycle,
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[0126] (10) a C1-6 alkyloxy group,

[0127]) (11) a C6-14 aryl C1-6 alkyl group,
(0128} (12) a C6-14 aryl C1-6 alkyloxy group,
(0129} (13) —CO,R*,

[0130] (14) —CONRZR®,

[0131) (15) —COR*,

[0132] (16) —SO,NR°*R,

[0133] (17) a C6-14 arylcarbonyl group,
[0134] (18) —NR*R,

[0135] (19) —NR**COR%,:

[0136] (20) —NR*3SO,R,

[0137] (21) —SR=*,

[0138] (22) —SOR<,

[0139] (23) —SO,R%2,

[0140] (24) —NR°S'*CONR°RS,
[0141] (25) —NR=°CO,R*", and,

[0142] (26) —NR'®*COCOR®®,

[0143] wherein R*:, R, R°%, R%, R*%, R, R,
Rc8’ Rr.‘), Rclo’ Rcll’ Rcll, R¢13, Rell’ Rcli’
RS, R*Y7, R°!® and R*** are each indepen-
dently

[0144] (1") a hydrogen atom,

[0145] (2) a C1-7 alkyl group optionally sub-
stituted by 1 to 3 substituent(s) selected from
the above-mentioned group A,

[0146] (3') a C6-14 aryl group optionally sub-
stituted by 1 to 3 substitueni(s) selected from
the above-mentioned group B,

[0147] (4') a heterocyclic group optionally sub-
stituted by 1 to 3 substituent(s) selected from
the above-mentioned group B or

[0148] (5" a C3-8 cycloalkyl group,

[0149] wherein R°? and R° optionally form,
together with the adjacent nitrogen atom, a
nitrogen-containing heterocycle optionally
substituted by 1 to 3 substituent(s) selected
from the above-mentioned group B;

[0150] the C1-7 alkyl group, C1-6 alkyl moiety, C2-6
alkeny! group and C2-6 alkynyl group of the above-
mentioned group C are optionally substituted by 1 to
3 substituent(s) selected from the above-mentioned
group A, or a heterocyclic group; and the C6-14 aryl
group, C6-14 aryl moiety and heterocyelic group of
the above-mentioned group C are optionally substi-
tuted by 1 to 3 substituent(s) sclected from the
above-mentioned group B.
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[0151} [2] The nitrogen-coptaining fused ring com-
pound of [1], wherein

Yizzeyo—y?

[0152] ~of ring B is C=C(R™)—N(R**), N—C(R*!}=N,
N—CO(R?)==C(R”?) or C=N—-N(R"?), wherein each sym-
bol is as defined in [1], or a pharmaceutically acceptable salt
thereof.

0153] [3] The nitrogen-containing fused ring com-
! 2
pound of {2] represented by the following formula
f1}-1, or a phanmaceutically acceptable salt thereof:

[UR!

{0154] wherein each symboi is as defined in [1].

[0155] [4] The nitrogen~containing fused ring com-
pound of [2] represenied by the following formula
[3}-2, or a pharmaceutically acceptable salt thereof:

-2

o] OR?
RY o
~.
N F
| a B
X N N
R

[0156} wherein cach symbol is as defined in [1].

{0157} [5] The nitrogen-containing fused ring com-
pound of [2] represented by the following formula
[1J-3, or a pharmaceutically acceptable salt thereof:

3

[o] OR?
Rl
o
\N /
| a B
X N
NN
R

{0158] wherein cach symbol is as defined in {1}.

0159] {6] The nitrogen-containing fused ring com-
8! 4
pound of {2] represented by the following formula
[13-4, or a pharmaceutically acceptable salt thereof:

282

Mar. 10, 2005
o ' orR? s
R.
\.N s 0
| A B
X N.
-~ \RY’

[0160] wherein each symbol is as defined in {1].

[0161] [7] The mitrogen-containing fused ring com-
pound of any of [1}{6]}, wherein X is —C(R**)}R™=)—
CRDHRH,  —OR=NR)—CR=YR—
CR=YR)-H, —ORTy=CR™)-#, —NemCRZ)#
or —C(R**%y=N-# wherein each symbol is as defined
in [1), or a pharmaceutically acoeptable salt thereof.

[0162] [8] The nitrogen-containing fused ring com- *
pound of [7], wherein X is —C(R*™)R=)—
CR™)R*)# or —CR*")=C(R¥)-# wherein cach
symbol is as defined in [1], or a pharmaceutically
acceptable salt thereof.

[0163] [9] The nitrogen-comtaining fused ring com-
pound of [8], wherein X is —CR*HR™)—
C(R**)(R**)-# wherein each symbol is as defined in (1],
or a pharmaceutically acceptable salt thercof.

{0164] [10} The nitrogen-containing fused ring com-
pound of [8), wherein X is —C(R*)=C(R*®)#
wherein each symbol is as defined in [1}, or a pharma-
ceutically acceptable salt thereof.

{0165] (11] The nitrogen-containing fused ring com-
pound of any of [1H{6], wherein R’ is a group repre-
sented by the formula

_Z_@

[0166] wherein Z is C1-6 akylene or *<(CH,),—Q—
(CH,),—, and other symbols are as defined in [1), or 2
pharmaceutically acceptable salt thercof.

f0167] [12] The nitrogen-conlaining fused ring com-
pound of [11}, wherein Z is a C1-6 alkylene, or a
pharmaceutically acceptable salt thereof.

[0168] [13] The nitrogen-containing fused ring com-
pound of [11], wherein ring D is a C3-10 carbon ring
group optionally substituted by 1 to 3 substituent(s)
selected from group B, or 2 pharmaceutically accept-
able salt thereof.

[0169] [14] The nitrogen-containing fused ring com-
pound of any of [1H{6}, wherein R™ to R™'° are each
independently sclected from the following groups and
R™ and RZ, R and R, and R and R*® each
independently optionally form, together with the adja-
cent carbon atom, a C3-8 cycloalkyl, or a pharmaceu-
tically acceptable salt thereof:
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[0170]
[0171]
[0172}
[0173)
[0174] a C6-14 aryl group,

(0175} a C6-14 aryl C1-6 alkyl group, —CO,R*,
[0176] —CONR“R*® and,

{0177] —COR®*

[0178] wherein the above-mentioned C1-7 alkyl group
and C1-6 alkyl moiety are optionally substituted by 116 3
substituent(s) selected from group A or a heterocyclic group,
and other symbols are as defined in {1}.

[0179] [15} The nitrogen-containing fused ring com-
pound of [ 14], wherein R* 10 R*1? are each a hydrogen
atom, or a pharmaceutically acceptable salt thereof.

[0180] [16] The nitrogen-containing fused ring com-
pound of any of [1}-[6], wherein R™ is selected from
the following groups, or a pharmaceutically acceptable
salt thereof:

[0181]
[0182]
{0183]

a hydrogen atom,
a C38 cycloalkyl C1-6 alkyl group,
a cyano group,

a C1-7 alkyl group,

a hydrogen atom,

a C1-7 alkyl group,
a C6-14 aryl groﬁp,
[0184] —CO,R*,

[0185] —CONRZR,
[0186] —COR* and,
[0187]

[0188] wherein the above-mentioned C1-7 alkyl group is
optionally substituted by 1 to 3 substituent(s) selected from
group A or a heterocyclic group, the above-mentioned C6-14
aryl group is optionally substituted by 1 to 3 substituent(s)
selected from group B, and other symbols are as defined in
11

[0189] [17] The nitrogen-containing fused ring com-
pound of [16], wherein R** is a hydrogen atom, or a
pharmaceutically acceptable salt thereof.

[0190] [18] The nitrogen-containing fused ring com-
pound of any of {16}, wherein R¥? is sclected from
the following groups, or a pharmaceutically acceptable
salt thereof:

f0191] a hydrogen atom,

{0192] a halogen atom,

{0193) a C1-7 alkyl group .
[0194] a C6-14 aryl group,

[0195]
[0196]
[0197]
[0198]
[0199]
[0200]

a C6-14 arylcarbonyl group

a heterocyclic group,
—CO,R™,
—CONR%R,
—COR*,
_NRcARcS’
—NR°®COR,
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[0201]
[0202)
[0203)
[0204])
[020s)

—NR*S0,R*,
—SR,

—SOR2,
__NRclicoNRcl4Rc15’
—NR“CO,R", and,
[0206] —NR°*COCOR™**

[0207} wherein the above-mentioned C1-7 alkyl group is
optionally substituted by 1 to 3 substitueni(s) sclected from
group A or a heterocyclic group, the above-mentioned C6-14
aryl group and heterocyclic group are optionally substituted
by 1 to 3 substituent(s) selected from group B, and other
symbols are as defined in [1].

[0208] [19] The nitrogen-containing fused ring com-
pound of [18), wherein R is a heterocyclic group
optionally substituted by 1 to 3 substituent(s) selected
from group B, or a pharmacentically acceptable salt
thereof. .

[0209] [20] The nitrogen-containing fused ring com-
pound of [19], whercin R*? is a heterocyclic group
optionally substituted by 1 ta 3 substitueni(s) selected
from group B, which is bonded to Y* via a carbon atom,
wherein at least one a-position of the carbon atom is a
hetero atom selected from the group consisting of
nitrogen atom, oxygen atom and sulfur atom, or a
pharmaceutically acceptable salt thereof.

[0210) [21] The nitrogen-containing fused ring com-
pound of [ 18], wherein R¥* is selected from —CO,R*,
—CONR“R* and —COR®* wherein each symbol is as
defined in [1], or a pharmaceutically acceptable salt
thereof.

[0211] [22] The nitrogen-containing fused ring com-
pound of [18], wherciu R¥? is sclected from
—NR®R®,  —NR®COR,  —NR*SO,R®,
——NR:‘:SCONR‘:“R“S, —NRS16C0O,RY7 and
—NR COCOR*'® wherein each symbol is as defined
in [1], or a pharmacentically acceptable salt thereof.

[0212] [23] The nitrogen-countaining fused ring com-
pound of [22], wherein R*? is sclected from
—NR*°COR", —NR*S0,R,
—NR::’CONR“‘R"S, —NR=15CO,R*"? and
—NR™ COCOR® wherein each symbol is as defined
in [1], or a pharmaceutically acceptable sali thereof.

[0213] (24] The nitrogen-containing fused ring com-
pound of any of [1}H{6}, wherein R* is a hydrogen atom,
or a pharmaceutically acceptable salt thereof.

[0214] [25] The nitrogen-containing fused ring com-
pound of [1], which is sclected from the group con-
sisting of

[0215] 2-(3,4-dichlorobenzyl)-9-hydroxy-3,4-dihydro-
2H-pyrido{1,2-a]pyrazine-1,8-dione hydrochloride
(Example 1),

[0216] 2-(3,4-dichlorobenzyl)-10-hydroxy-2,3,4,5-tet-
rahydropyrido[1,2-a] 1,4 Jdiazepine-1,9-dione
(Example 2),

[0217] 2-(3,4-dichlorobenzyl)-9-hydroxy-3-methyl-3,
4-dihydro-2H-pyrido[ 1,2-aJpyrazine-1,8-dione
(Example 3),
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[0218] 2-(3,4-dichlorobenzyl)-9-hydroxy-4,4-dim-
ethyl-3,4-dihydro-2H-pyrido[ 1,2-a)pyrazine-1,8-dione
{Example 4),

[0219] 2-(3,4-dichlorobenzyt)-9-hydroxy-6-hydroxym-
cthyl-3,4-dihydro-2H-pyridof 1,2-a}pyrazine-1,8-dione
(Example 5),

[0220] 2-(3.4-dichlorobenzyl)-9-hydroxy-1,8-dioxo-1,
3,4,8-tetrahydro-2H-pyridof 1,2-a Jpyrazine-6-carboxy-
lic acid (Example 6),

[0221] 2-(3,4-dichlorobenzyl)-6-(2,2-dimethylpropio-
nyl)-9-hydroxy-3,4-dihydro-2H-pyrido[1,2-aJpyra-
zine-1,8-dione (Example 7),’

[0222] 2-(3,4-dichlorobenzyl)-9-hydroxy-2H-pyrido[1,
2-a]pyrazine-1,8-dione (Example 8),

[0223] 2-(3,4-dichlorobenzyl)-9-hydroxy-3-methyl-
2H-pyridof1,2-alpyrazinc-1,8-dione (Example 9),

[0224] 2-(3-chlorobenzyl)-9-hydroxy-4-isopropyl-2H-
pyridof1,2-aJpyrazine-1,8-dione hydrochloride
(Example 10),

{0225} 2-[3-(2,6-dichlorophenyl)propyl}-9-hydroxy-
2H-pyrido[1,2-a]pyrazine-1,8-dione (Example 11),

{0226] 2-(3,4-dichlorobenzyl)-9-hydroxy-2H-pyrazino
[1,2-cJpyrimidine-1,8-dione hydrochloride (Example
12),

[0227] 2-(3,4-dichlorobenzyl)-9-hydroxy-4-methyl-3,
4-dihydro-2H-pyrido[ 1,2-aJpyrazine-1,8-dione
.(Example 13),

[0228] 4-benzyl-2+(3,4-dichlorabenzyl)-9-hydroxy-3,4-
dihydro-2H-pyrido[ 1,2-aJpyrazine-1,8-dione (Example
14),

[0229} 2-(3,4-dichiorobenzyl)-9-hydroxy-4-phenyl-3,
4-dihydro-2H-pyridof 1,2-a]pyrazine-1,8-dione
(Example 15),

{0230} 4-butyl-2-(3 4-dichlorobenzyl)-9-hydroxy-3,4-
dihydro-2H-pyrido{1,2-aJpyrazine-1,8-dione (Example
16),

[0231] 2-(3,4-dichlorobenzyl)-9-hydroxy-4-isopropyl-
3,4-dihydro-2H-pyrido{1,2-a]pyrazine-1,8-dione
(Example 17),

[0232] 2-(3,4-dichlorobenzyl)-9-hydroxy-3,3-dim-
ethyl-3,4-dihydro-2H-pyrido{ 1,2-a]pyrazine-1,8-dione
(Example 18),

[0233] 2-(3,4-dichlorobenzyl)-9-hydroxy-3,4-dihydro-
2H-pyrido[1,2-a)pyrazine-4-spiro-1'-cyclopentane-1,8-
dione (Example 19),

[0234] 2-(3,4-dichlorobenzyt)-9-hydroxy-3,4-dihydro-
2H-pyridof 1,2-a)pyrazine-4-spiro-1'-cyclohexane-1,8-
dione (Example 20),

[0235] methyl 2-(3,4-dichlorobenzyl)-9-hydroxy-1,8-
dioxo-1,3,4,8-tetrahydro-2H-pyrido{ 1,2-aJpyrazine-4-
carboxylate (Example 21),

[0236] 2-(3,4-dichiorobenzyl)-9-hydroxy-1,8-dioxo-1,

3,4 8-tctrahydro-2H-pyridof 1,2-a Jpyrazine4-carboxy-
lic acid (Example 22),
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[0237] 2-(3 4-dichlorobenzyl)-9-hydroxy-6-meth-
oxymethyl-3,4-dihydro-2H-pyrido[ 1,2-a}pyrazipe-1,8-
dione (Example 23),

[0238] N,N-dimethyl-2-(3,4-dichlorobenzyl)-9-hy-
droxy-1,8-dioxo-1,3,4,8-tetrahydro-2H-pyridof1,2-a)
pyrazine-6-carboxamide (Example 24),

[0239] 3-benzyl-2-(3,4-dichlorobenzyl)-9-hydroxy-3,4-
dihydro-2H-pyrido[1,2-a ]pyrazine-1,8-dione (Example
25),

{0240] 3-butyl-2{3,4-dichlorobenzyl)-9-hydroxy-3,4-
dihydro-2H-pyrido[1,2-a Jpyrazinc-1,8-dione (Example

[0241] N,N-dimethyl-2-(3,4-dichlorobenzyl)-9-hy-
droxy-1,8-dioxo-1,3,4,8-tetrahydro-2H-pyrido{ 1,2-a]
pyrazine-4-carboxamide (Example 27),

[0242] 2-(3,4-dichlorobenzyl)-9-hydroxy-4-hydroxym-
ethyl-3,4-dihydro-2H-pyrido[ 1,2-aJpyrazine-1,8-dione
(Example 28),

[0243] 2-(3.4-dichlorobenzyl)-9-hydroxy-4-meth-
oxymethyl-3,4-dihydro-2H-pyrido[1,2-alpyrazine-1,8-
dione (Example 29),

[0244] 2-(3.4-dichlorobenzyl)-9-hydroxy-6-methylsul-
fanylmethyl-3,4-dihydro-2H-pyrido{ 1,2-aJpyrazine-1,
8-dione (Example 30),

[0245] 2-(3,4-dichlorobenzyl)-9-hydroxy-6-mcthane-
sulfonylmethyl-3,4-dihydro-2H-pyrido{1,2-aJpyra-
zine-1,8-dione {Example 31),

[0246] 2-(3.4-dichlorobenzyl)-9-hydroxy-4-(2-meth-
anesulfonylethyl)-3,4 -dihydro-2H-pyrido[ 1,2-a}pyra-
zine-1,8-dione (Example 32),

{0247} 2-(3 4-dichlorobenzyl)-9-bydroxy-4-(2-methyl-
sulfanylethyl)-3,4-dihydro-2H-pyrido[ 1,2-aJpyrazine-
1,8-dione (Example 33),

[0248] methyl 2-(3,4-dichlorobenzyl)-9-hydroxy-1,8-
dioxo-1,3,4,8-tetrahydro-2H-pyrido[1,2-aJpyrazine-6-
carboxylate (Exampie 34),

{0249} 6-acety)-2-(3,4-dichlorobenzyl)-9-hydroxy-3,4-
dihydro-2H-pyrido{ 1,2-aJpyrazine-1,8-dione (Example
35),

[0258] 2-(3,4-dichlorobenzyl)-9-hydroxy-6-isopropyl-
sulfanyimethy!-3,4-dihydro-2H-pyridof 1,2-a]pyrazine-
1,8-dione (Example 36),

[0251] 2-(3,-dichlorobenzyl)-9-hydroxy-6-isopropyl-
sulfonylmethyl-3,4-dihydro-2H-pyrido[1,2-aJpyra-
zine-1,8-dione (Example 37),

[0252] 2-(3,4-dichlorobenzyl)-9-hydroxy-6-isopro-
poxymethyl-3,4-dihydro-2H-pyrido{1,2-a}pyrazine-1,
8-dione (Example 38),

[0253] 24(3.4-dichlorobenzyl)-9-hydroxy-6-isobu-
toxymethyl-3,4-dihydro-2H-pyrido{1,2-2 Jpyrazine-1,
8-dione (Example 39),

[0254] 2-(3,4-dichlorobenzyl)-9-hydroxy-6-(1-hy-
droxyethy!)-3,4-dihydro-2H-pyrido{1,2-aJpyrazine-1,
8-dione (Example 40),
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[0255] 2-(3,4-dichlorobenzyl)-9-hydroxy-6-phenoxym-
ethyl-3,4-dihydro-2H-pyrido{ 1,2-aJpyrazine-1,8-dione
(Example 41), :

[0256] 2-(4-fluorobenzyl)-9-hydroxy-3,4-dihydro-2H-
pyrido[1,2-alpyrazine-1,8-dione (Example 42),

[0257] 2-(3-chlorobenzyl)-9-hydroxy-3,4-dihydro-2H-
pyrido[1,2-alpyrazine-1,8-dione (Example 43),

[0258)] 2-benzyl-9-hydroxy-3,4-dihydro-2H-pyrida[ 1,
2-ajpyrazine-1,8-dione (Example 44),

[0259] 2-(4-chlorobenzyl)-9-hydroxy-3,4-dihydro-2H-
pyrido[1,2-alpyrazine-1,8-dione (Example 45),

[0260] 2-(3,4-dichlorobenzyl)-9-hydroxy-6-isopropyl-
3,4-dihydro-2H-pyrido[1,2-alpyrazige- 1,8-dione
(Exampic 46),

[0261] 2-(3,4-dichlorobenzyt)-9-hydroxy-6-isobutyryl-
3,4-dihydro-2H-pyrido[ 1,2-aJpyrazine- 1,8-dione
(Example 47),

[0262] 2-(3,4-dichlorobenzyl)-9-hydroxy-1,8-dioxo-1,
3,4,8-tetrahydro-2H-pyrido[ 1,2-a Jpyrazine-6-carbalde-
hyde (Example 48),

[0263] 2-(3,4-dichlorobenzyl)-9-hydroxy-6-phenyl-3,
4-dihydro-2H-pyrido[1,2-a]pyrazine-1,8-dione
(Example 49),

[0264] 9-hydroxy-2-(3-phenylpropyl)-3,4-dibydro-2H-
pyrido[1,2-alpyrazine-1,8-dione (Example 50),

[0265] 2-(3-chloro-2-fluorobenzyl)-9-hydroxy-3,4-di-
hydro-2H-pyrido[1,2-aJpyrazine-1,8-dione  (Example
51),

[0266] 9-hydroxy-2-phenethyl-3,4-dihydro-2H-pyrido
[1,2-aJpyrazine-1,8-dione (Example 52),

[0267] 2-(3,A-dichiorobenzyl)-9-hydroxy-6-(1-hy-
draxy-2-methylpropyl)-3,4-dihydro-2H-pyridof 1,2-a]
pyrazine-1,8-dione (Example 53),

[0268] 2-(3,4-dichlorobenzyl)-9-hydroxy-6-isobutyl-3,
4-dihydro-2H-pyrido{1,2-ajpyrazine-1,8-dione
(Example 54),

[0269] 2-(3,4-dichlorobenzyl)-9-hydroxy-1,8-dioxo-1,
3,4,8-tetrahydro-2H-pyrido( 1,2-aJpyrazine-6-carboxa-
mide (Example 55),

[0270] N-methyl-2-(3,4-dichlorobenzyl)-3-hydroxy-1,
8-dioxo-1,3,4,8-tetrahydro-2H-pyrido{ 1,2-a}pyrazine-
6-carboxamide (Example 56),

[0271] 2-(4-chloro-3-fluorobenzyl)-9-hydroxy-3,4-di-
hydro-2H-pyrido[1,2-a]pyrazine-1,8-dionc  (Example
57,

[0272] 6-benzoyl-2-(34-dichlorobenzyl)-9-hydroxy-3,
4-dihydro-2H-pyrido{1,2-a]pyrazine-1,8-dione
(Example 58),

[0273] 2-(3,4-dichlorobenzyl)-9-hydroxy-6-propionyl-
3,4-dihydro-2H-pyrido{1,2-a)pyrazine-1,8-dione
(Example 59),

[0274] 2-(3,4-dichlorobenzyl)-9-hydroxy-6-methyl-3,
4-dihydro-2H-pyrido{1,2-z]pyrazine-1,8-dionc
(Example 60),
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[0275] N,N-diethyi-2-(3 4-dichlorobenzyl)-9-hydroxy-
1,8-dioxo-1,3,4,8-tetrahydro-2H-pyrido{ 1,2-aJpyra-
2zine-6-carboxamide (Example 61),

[0276] N-isopropy}-N-methyl-2-(3,4-dichlorobenzyl)-
9. hydmxy-l,S-dmxu—1,3,4,84ztmhydm-2ﬂ-pyndo[1
2-a}pyrazine-6-carboxamide (Example 62),

[0277} N-ethyl-N-methyl-23,4-dichlorobenzyl)-9-hy-
droxy-1,8-dioxo-1,3,4, &tckxhydro—ZH-pyndo[l,Z-a]
pyrazine-6-carboxamide (Example 63),

[0278] 2+3-chloro-4-fluorobenzyl)-9-hydroxy-3,4-di-
hydro-2H-pyridof 1,2-alpyrazine-1,8-dione  (Example

[0279] 2-(2-chlorobenzyl)-9-hydroxy-3,4-dihydro-2H-
pyrido[1,2-a]pyrazine-1,8-dione (Example 65),

[0280] 2+(3,5-dichlorobenzyl)-9-hydroxy-3,4-dihydro-
2H-pyridof1,2-a}pyrazine-1,8-dionc (Example 66),
[0281] 6-tert-butyl-2-(3,4-dichlorobenzyl)-9-hydroxy-
3,4-dihydro-2H-pyrido[1,2;aJpyrazine-1,8-dione

(Example 67),

[0282]  2-(3.4-dichlorobenzyl)-9-hydroxy-6-(1-hy-
droxy-2,2-dimethylpropyl)-3,4-dihydro-2H-pyrido[ 1,
2-a)pyrazine-1,8-dione (Example 68),

{0283] 3-benzyl-9-hydroxy-2-methyl-2H-pyrido[1,2-2]
pyrazine-1,8-dione (Example 69),

[0284] 2{3-{4-chlorophenylpropyl}-9-bydroxy-2H-
pyrido[1,2-aJpyrazine-1,8-dione (Example 70),

[0285] 2{3-(2-chlorophenyl)propyl}-9-hydroxy-2H-
pyrido[1,2-alpyrazine-1,8-dione {Example 71),

[0286] 2-(3,4-dichlorobenzyl)-9-hydroxy-4-methyl-
2H-pyrido{1,2-aJpyrazine-1,8-dione  hydrochloride
(Example 72),

[0287] 2-(3-chloro-4-methoxybenzyl)-9- hydroxy-3 4-
dihydro-2H-pyridof1 ,Z-a]:yranne -1,8-dione (Example
73),

[0288] 9-hydroxy-2-methyl-3-phenethyl-2H-pyridof1,
2-a)pyrazine-1,8-dione (Example 74),
[0289] [2<3,4-dichlorobenzyl)-9-hydroxy-1,8-dioxo-1,

3,4,8-tetrahydro-2H-pyrido{ 2-ahyrazm-6-yl]acelo-
nitrile (Example 75),

{o298] 2-[3-(34:hlomphenyl)pmpyl]-9-hydmxy—ZH-
pyrido[1,2-a]pyrazine-1,8-dione (Example 76),

[0291] 9-hydroxy-2-methyl-3-(3-phenylpropyl)-2H-py-
nido[1,2-a}pyrazine-1,8-dione (Example 77),

[0292] 2+3,4-dichlorobenzyl)-9-hydroxy-4-isopropyl-
2H-pyrida[1,2-aJpyrazine-1,8-dione (Example 78),

{0293] 2{3-(3,4-dichlorophenyl)propyl}-9-hydroxy-
2H-pyrido[1,2-alpyrazine-1,8-dione (Example 79),

[0294] 2{33,5-dichlorophenyl)propyl}-9-hydroxy-
2H-pyrido{1,2-aJpyrazine-1,8-dionc (Example 80),

[0295] benzyl [2-(3,4-dichbt6bcnzyl)—9—hydroxy—1,8-

dioxo-1,3,4,8-tctrahydro-2H-pyrido{ 1,2-a]pyrazin-6-
ylJacetate (Example 81),

s



US 2005/0054645 Al
10

{0296] benzyt 242-(3,4-dichlorobenzyl)-9-hydroxy-1,
8-dioxo-1,3,4,8-tetrahydro-2H-pyrido[ 1,2-a}pyrazin-6-

" yl}3-phenylpropionate (Example 82),

[0297] 2-(3,4-dichlorobenzyl)-9-hydroxy-6-(2-hy-
droxyethyl)-3,4-dihydro-2H-pyrido[ 1,2-aJpyrazine-1,
8-dione (Example 83),

'[0298] 2-(3,4-dichlorcbenzyl)-9-hydroxy-4-propyl-2H-
pyridof 1,2-aJpyrazine-1,8-dione (Example 84),

{0299] 2-(3,4-dichlorobenzyl)-4-cthyl-9-hydroxy-2H-
pyridof1,2-alpyrazine-1,8-dione (Example 85),

{0300] 2-(§,4-dichlorobenzyl)—9-hydroxy-4-hydmxym-
ethyl-2H-pyrido[1,2-alpyrazine-1,8-dionc  (Example
86),

[0301] 2-(3,4-dichlorobenzyl)-9-hydroxy-4-isobutyl-
2H-pyrido{1,2-a]pyrazine-1,8-dione (Example 87),

{0302} 2-(3-chlorobenayl)-9-hydroxy-2H-pyrido[1,2-a]
pyrazine-1,8-dione hydrochlaride (Example 88),

[0303] methyl 2-(34-dichlorobenzyl)-9-hydroxy-1,8-.
dioxo-1,8-dihydro-2H-pyridof 1,2-a Jpyrazine-4-car-
boxylate (Example 89),

[0304] 2-(3-chloro-4-flucrobenzyl)-9-hydroxy-2H-py-
rido[ 1,2-a]pyrazine-1,8-dione hydrochloride (Example
50),

[0305] 2-3-(2,3-dichiorophenyl)propyl}-9-hydroxy-
2H-pyrido{ 1,2-aJpyrazine-1,8-dione hydrochloride
(Example 91),

[0306] 2-(3-chiloro-4-fluorobenzyl)-9-hydroxy-4-iso-
propyl-2H-pyrido[ 1,2-a]pyrazine-1,8-dione hydrochlo-
ride (Example 92),

[0307] methyl 2-(3-chlorobenzy!)-9-bydroxy-1,8-di-
0x0-1,8-dihydro-2H-pyrido[ 1,2-alpyrazine-4-catboxy-
late (Example 93),

[0308] 7-bromo-2-(3-chlorobenzyl)-9-hydroxy-2H-py-
rido[1,2-alpyrazine-1,8-dione hydrochloride (Example
94),

{0309] 2{3-(2-chloro-6-fluorophenyl)propyt}-9-hy-
droxy-2H-pyrido[1,2-alpyrazine-1,8-dione hydrochlo-
ride (Example 95),

[0310] 2-(3-chlorobenzyl)-9-hydroxy-7-phenyl-2H-py-
rido[1,2-alpyrazine-1,8-dione hydrochloride (Example
96),

[0311] N,N-dimethyl-2{3-chlorobenzyl)-9-hydroxy-1,
8-dioxo-1,8-dihydro-2H-pyrido[ 1,2-alpyrazine-4-car-
boxamide (Example 97),

[0312] 2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,8-di-
hydro-2H-pynido{1,2-a]pyrazine-4-carboxylic  acid
(Example 98),

[0313] 3-(3-chlorobenzyl)-5-hydroxy-3H-pyrazino{1,
2-ajquinoline-4,6-dione hydrochloride {(Example 99),

[0314] 2-(3-chlorobenzyl)-9-hydroxy-2H-pyrazinof1,
2-clpyrimidine-1,8-dione  hydrochloride (Example
100),

[8315] 2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,8-di-

hydro-2H-pyrido[1,2-a]pyrazine-4-carbaldehyde
(Example 101),

o 56
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{0316]) 2-(3-chlorobenzyl)-9-hydroxy-4-hydroxym-
ethyl-2H-pyrido{ 1,2-a}pyrazine-1,8-dione  (Example
102),

[0317] 2-(3—cblombcnzyl)«‘)—hydmxy-‘i—(l-hydmxv-
ethyl)-2H-pyrido[ 1,2-a]pyrazine-1,8-dione  (Example
103),

[0318] 2-(3-chlorobenzyl)-9-hydroxy-7-isopropyl-2H-
pyrido[1,2-aJpyrazine-1,8-dione hydrochloride
(Example 104),

{0319} 4-acetyl-2-(3-chlorobenzyl)-9-hydroxy-2H-py-
rido{1,2-aJpyrazine-1,8-dione (Example 105),

" [0320] 2-(3-chlorobenzyl)-8-hydroxy-6-methyl-2,3,4,

6-tetrahydro-2,6-naphthyridine-1, 7-dlone {Example
106),

[0321} 2-(3-chlorobenzyl)-9- hydroxyAl,S-dloxo—l,B-dx-
. hydro-2H-pyridof 1 Z-a]pyramne-li-carbommle
(Example 107),

[0322] 2-(3-chlorobenzyl)-9-hydroxy-3,4-dihydro-2H-
pyrazinof1,2-c]Jpyrimidine-1,8-dione (Example 108),

{0323] 7-bromo-2«(3-chlorobenzyl)-1,8-dioxo-1,8-di-
hydro-2H-pyridof1,2-alpyrazin-9-yl methancsulfonate
(Example 109),

[0324] 7-bromo-2-(3-chlorobenzyl)-3,9-dihydroxy-3,4-
dihydro-2H-pyrido[1,2-a]pyrazine-1,8-dioeé  hydro-
chloride (Example 110),

0325 3-chlorobenzyl)-5-hydroxy-2,3-dihydro-1H-
y Y
pyrazino[1,2-aJquinoline-4,6-dione (Example 111),

[0326] 2-(3-chlorobenzyl)-7-(3-chiorophenyl)-9-hy-
droxy-2H-pyridof 1,2-a}pyrazine-1,8-dione hydrochlo-
ride (Example 112),

{0327] 2-(3-chlorobenzyl)-7-(4-chlorophenyl)-9-hy-
droxy-2H-pyrido[1,2-alpyrazine-1,8-dione hydrochlo-
rde (Example 113),

{0328] 2-(3-chlorobenzyl)-7-(2-chlorophenyl)-9-hy-
droxy-2H-pyrido[ 1,2-a}pyrazine-1,8-dione hydrochlo-
ride (Example 114),

[0329] 2-(3-<chlorobenzyl)-9-hydroxy-7(pyridin-3-yl)-
2H-pyrido[1,2-a}pyrazine-1,8-dione  hydrochloride
(Example 115),

[0330] 2-(3-chlorobenzyl)-9-hydroxy-7-(pyridin-4-yl)-
2H-pyridof1,2-apyrazine-1,8-dione hydrochloride
(Example 116),

[0331}] 2-(3-chlorobenzyl)-9-hydroxy-7<{pyridin-2-yl)-
2H-pyrido[1,2-alpyrazine-1,8-dione  hydrochloride
(Example 117),

[0332] 2-(3-chlorobenzy!)-9-hydroxy-7-(1-hydroxy-2,
2-dimethylpropyl)-2H-pyridof 1,2-alpyrazine-1,8-di-
one hydrochloride (Example 118),

[0333] 2-(3-chlorobenzyl)-4-cyclohexylmethyl-9-hy-
droxy-7-phenyl-2H-pyrido[ 1,2-a}pyrazine-1,8-dione
hydrochloride (Example 119),

[0334] 2-(3-chlorobenzyl)-7-(furan-2-yl)-9-hydroxy-
2H-pyridof1,2-a}pyrazine-1,8-dione hydrochloride
{Example 120),
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[0335] 2-(3,4-dichlorobenzy!)-8-hydroxy-6-methy}-2,
3,4,6-tetrahydro-2,6-naphthyridine-1,7-dione
(Example 121),

[0336]  2-{3(2-chloro-6-fluorophenyl)propyl }-8-hy-
droxy-6-methy1-23,4,6-letrahydro-2,6-naphlhyridine-
1,7-dione (Example 122),

[0337] 6-(3-chlolobenzyl)—4-hydroxy-z-mcmyl-2,6,7,
8-tetrahydropyrido[4,3-cJpyridazine-3,5-dione
(Example 123),

[0338] 7-(benzofuran-2-y1)-243-chlorobenzyl)-9-hy-
droxy-2H-pyrido{1,2-a]pyrazine-1,8-dione hydrochlo-
ride (Example 124),

. [0339]) 2-(3chlorobenzyl)-7-(2,2-dimethylpropionyl)-
9-hydroxy-2H-pyrido{1,2-alpyrazine-1,8-dione hydro-
chioride (Example 125),

[0340] 2-(3-chlorobenzyl)-7-(2,2-dimethylpropy])-o-
hydroxy-2H-pyridof1,2-aJpyrazine-1,8-dione  hydro-
chloride (Example 126),

(0341]  2-(3-chlorobenzyl)-9-hydroxy-7-(2-trifiuorom-
ethylphenyl)-2H-pyrido{ 1,2-a}pyrazine-1,8-dione
hydrochloride (Example 127),

[0342] 2-(3-chlorobenzyl)-9-hydroxy-7-(3-methox-
yphenyl)-2H-pyrido{1,2-a]pyrazine-1 8-dione hydro-
chloride (Example 128),

[0343] 7-bromo-2-(3-chlorobenzy1)-9-hydroxy-4-iso-
propyl-2H-pyrido[1,2-aJpyrazine-1,8-dione hydrochlo-
ride (Example 129),

[0344) 2—(3-chlombenzyl)—7-(2-ﬂuorophenyl)—9-hy-
droxy-2H-pyrido{1,2-a}pyrazine-1,8-dione hydrochlo-
ride (Example 130),

{0345] 2-(3-chlorobenzyl)-9-hydroxy-4-isopropyl-7-
phenyl-2H-pyrido{1,2-a}pyrazine-1,8-dione  hydro-
chloride (Example 131),

[0346] 2-(3-chlorobenzyl)-9-hydroxy-7-(2-methox-
yphenyl)-2H-pyrido[1,2-a]pyrazine-1,8-dione  hydro-
chloride (Example 132),

{0347) 2-(3<chlorobenzyl)-9-hydroxy-7-(4-methox-
ypheayl)-2H-pyrido[1,2-a}pyrazinc-1,8-dione hydro-
chloride (Example 133),

[0348] 2—(3-chlombeuzyl)-7-ethyl—9—hydmxy-2H-py-
rido{1,2-aJpyrazine-1,8-dione hydrochloride (Example

s

[0349]  2-(3-chlorobenzyl)-7-(2,6-dimethylphenyl)-9-
hydroxy-2H-pyridof1,2-aJpyrazine-1,8-dione hydro-
chloride (Example 135),

[0350] 2-(3-chlorobenzyl)-9-hydroxy-7-{3-hydrox-
yphenyl)-2H-pyrido[1,2-a}pyrazine-1,8-dione
(Example 136),

[03s1) 7-benzoyl-2-(3-chlorobenzyl)-9-hydroxy-2H-
pyrido[1,2-alpyrazine-1,8-dione hydrochloride
(Example 137),

{0352) 2-(3-chlorobenzyl)-7-(2-ethylphenyl)-9-hy-
droxy-2H-pyrido[1,2-a]pyrazine-1,8-dione hydrochlo-
ride (Example 138),

287
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[0353] 2~(3-chlorobenzyl)—7-(3-chlomphcnyl)-‘)-hy—
droxy-4-isopropyl-2H-~pyrido[ 1,2-2]pyrazine-1,8-di-
one (Example 139),

[0354] 7-bcnzyl-2-(3—d;lorobenzyl)-9-hydmxy~2H-py-
rido[ 1,2-alpyrazine-1,8-dione hydrochloride (Example
140),

[0355] 2~(3-chlombenzyl)-9-hydmxy-7~(2-hydrox~
yphenyl)-2H-pyrido[ 1,2-a}pyrazine-1,8-dione
(Example 141), A

[03s6] 2-(3chlorobenzyl)-9-hydroxy-7-(4-bydrox-
yphenyl)-2H-pyrido{1,2-a]pyrazine-1,8-dione
(Example 142), .

[0357] 8-hydroxy-6-methyl-2-(3-trifluoromethylben-
zyl)-2,3,4,6—|eu:hydro~2.6-mphlhyridine-1,7-dionc
(Example 143), ) -

[0358] 8-hydroxy-2-(3-methoxybenzyl)-6-methyl-2,3,
4,6-tetrahydro-2,6-naphthyridine-1,7-dione (Example

(0359] 6-(3~chiorobeazyl)-4-hydroxy-2-methyl-2,6-di-
bydropyrido[4,3-clpyridazine-3,5-dione (Example
145

'

[0360] 3{3—chlorobcnzyl)~5-hydmxy—3H-pyrido[2,1~t]
[1,2.4)iriazine-4,6-dione (Example 146),

[0361] methy] 2+3-chlorobenzyl)-9-hydroxy-1,8-di-
oxo—l,8—dihydm—2H-pyrido[l,2—a]pyrazipc-7-carboxy~
late hydrochloride (Example 147),

[0362] 2-(3-chiorobenzyl)-9-hydroxy-7-(1-methyl-1H-
imidazol-2-yl)-2H-pyrido[ 1,2-aJpyrazine-1 8-dione
hydrochloride (Example 148),

[0363] 2~(3-chlorobenzyl)-9-hydroxy-7-isobutyryl-2H-
pyridof1,2-aJpyrazine-1,8-dione hydrochloride
(Example 149),

[0364] isopropyl 2(3-chlorobenzyl)-9-hydroxy-1,8-di-
oxo-1,8-dihydro-2H-pyrido[ 1,2-a Jpyrazine -7-carboxy-
Tate (Example 150), ‘

(03651 2-(4-chhmbcnzyl)-9-hydmxy-2H-pyrido[1,2-a]
Pyrazine-1.8-dione hydrochloride (Example 151),

[0366]  2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,8-di-
hydro-2H-pyrido{1,2-a Jpyrazine-7-carboxylic acid
hydrochloride (Example 152),

[0367] N.N-dimethyl-2-(3-chlorobenzyl)-9-hydroxy-1,
8-dioxo-1,8-dihydro-2H-pyridof 1,2-a Jpyrazine-7-car-
boxamide (Example 153),

[0368]  2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1 8-di-
hydro-2H-pyrida[1,2-a Jpyrazine-7-carboxylic acid iso-
propylamide (Example 154),

[0369)  N-methyt-2-(3-chlorobenzyl)-9-bydroxy-1,8di-
0x0-1,8-dibydro-2H-pyrido[ 1,2-a Jpyrazine-7-carboxa-
mide (Example 155),

[0370] N,N-diethy] 1-2-(3-chlorobenzyl)-9-hydroxy-1,8-
dioxo-1,8-dibydro-2H-pyrido{ 1,2-a]pyrazine-7-car-
boxamide (Example 156),

[0371) ?J-(4-bmmobenzyl}9-hydroxy~2ﬂ-pyrido[l,2~a]
pyrazine-1,8-dione bydrochloride {Example 157),
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{0390] N-(2-methoxyethyl)-2-(3-chlorobenzyl)-9-hy-

{0372} 2-(3-bromobenzyl)-9-hydroxy-2H-pyrido{1,2-a]

pyrazine-1,8-dione hydrochloride (Example 158),
2+3-chlorobenzyl)-9-hy-

{0373} 2,2-dimethylpropyl.
droxy-1,8-dioxo-1,8-dihydro-2H-pyrido[ 1,2-aJpyra-
zine-7-carboxylate (Example 159), .

{0374] cyclohexyl 2-(3-chlorobenzyi)-9-hydroxy-1,8-
dioxo-1,8-dihydro-2H-pyrido[1,2-a Jpyrazine-7-car-
boxylate (Example 160), .

[0375] 7-amino-2-(3-chlorobenzyl)-9-hydroxy-2H-py-
rido[1,2-alpyrazine-1,8-dione hydrochloride (Example

161),
[0376] 2-(3-chlorobenzyl)-S-hydroxy-4-methyl-2H-py-
rido{1,2-d[ 1,2, 4]triazine-1,8-diope  hydrochloride,

(Example 162),
{0377] 2-(3-chlorobenzyl)-9-hydroxy-7-(thiazol-2-yl)-
2H-pyrido[1,2-a]pyrazine-1,8-dione  hydrochioride -

(Example 163),

{0378] 2-(3-chiorobenzyl)-9-hydroxy-7-(4H-1,2,4-tria-
zol-3-yl)-2H-pyrido[1,2-a}pyrazine-1,8-dione  hydro-
chloride (Example 164),

{0379] N-{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dibydro-2H-pyridof1,2-a}pyrazin-7-ylJacetamide
(Example 165),

[0380] 2-(4-chloro-2-methoxybenzyl)-9-hydroxy-2H-
pyrido{1,2-alpyrazine-1,8-dione hydrachloride
(Example 166),

[0381] 2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,8-di-
hydro-2H-pyridof1,2-alpyrazine-7-carboxamide
(Example 167),

{0382] 2-(3-chloro-2-methoxybenzyl)-9-hydroxy-2H-
pyrido[1,2-a)pyrazine-1,8-dione hydrochloride
(Example 168),

[0383] 2{2-(2-chlorophenoxy)ethyl}-9-hydroxy-2H-
pyrido{1,2-a)pyrazine-1,8-dione hydrochloride
(Example 169),

[0384] 2-(3-chlorobenzyl)-9-hydroxy-7<(pyrimidin-2-
y)-2H-pyrido[1,2-aJpyrazine-1,8-dione hydrochloride
(Example 170),

[0385] N-propyl-2+3-chlorobenzyl)-9-hydroxy-1,8-di-
0%0-1,8-dihydro-2H-pyrido[ 1,2-aJpyrazine-7-carboxa-
mide (Example 171),

[0386} N-butyl-2-(3-chlorabenzyl)-9-hydroxy-1,8-di-
0x0-1,8-dihydro-2H-pyrido{ 1,2-a Jpyrazine-7-carboxa-
mide (Example 172),

{0387] N-isobutyl-23-chlorobenzyl)-9-bydroxy-1,8-
dioxo-1,8-dihydro-2H-pyrido[1,2-aJpyrazine-7-car-

boxamide (Example 173),

[0388] methyl {{24{3-hlorobenzyl)-9-hydroxy-1,8-di-

0x0-1,8-dihiydro-2H-pyrido[ 1,2-a Jpyrazine-7-carbo-
nylJamino}acetate (Example 174),

droxy-1,8-dioxo-1,8-dihydro-2H-pyrido[ 1,2-alpyra-
zine-7-carboxamide (Example 176),
{0391] 2-{[2-{3-chlorobenzy])-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido{1,2-a}pyrazine-7-carbonyl]
amino}ethyl wifluoroacetate (Example 177),

[0392} N<(2-hydroxyethyl)-2(3-chlorabenzyl)-9-hy-
droxy-1,8-dioxo-1,8-dihydro-2H-pyridof 1,2-a]pyra-
zine-7-carboxamide (Example 178),

[0393] 2-(3-chlora-2-hydroxybenzyl)-9-hydroxy-2H-
pyvido[1,2-alpyrazine-1,8-dione hydrochloride
{Example 179),

[0394] N-benzyl-2-(3-chiorobenzyl)-9-hydroxy-1,8-di-
0x0-1,8-dibydro-2H-pyrido{ 1,2-aJpyrazine-7-carboxa-
mide (Example 180),

[8395] N-(2,2,2-trifluorcethyl)-2-(3~chlorobenzyl)-9-
hydroxy-1,8-dioxo-1,8-dihydro-2H-pyrido[ 1,2-alpyra-

zine-7-catboxamide (Example 181),
{0396] N-butyl-N-methy}-2-(3-chlorobenzyl)-0-hy-

droxy-1,8-dioxo-1,8-dihydro-2H-pyridof 1,2-aJpyra~
zine-7-carboxamide (Example 182),

[0397] N-(2-methoxyethyl)-N-methyl-2-(3-chloroben-
zyl)-9-hydroxy-1,8-dioxo-1,8-ditydro-2H-pyridof1,2-

- a]pyrazine-7-carboxamide (Example 183),
[0398] 2-(3-chlorobenzyi)-9-hydroxy-7-(pyrrolidine-1-
carbonyl)-2H-pyrido{1,2-alpyrazine-1,8-dione
(Example 184),
[0399] 2-(3-chlorobenzyl)-9-hydroxy-7-(morpboline-4-
carboayl)-2H-pyrido[1,2-a lpyrazine-1,8-dione

(Example 185),
[0400] 2-(4-chloro-3-methoxybenzyl)-9-hydroxy-2H-
hydrochloride

pyridof1,2-a]pyrazine-1,8-dione

(Example 186),
[2-(3-chiorobenzyl)-9-hydroxy-1,8-di-

[0401] methyl
0x0-1,8-diftydro-2H-pyridof 1,2-alpyrazia-7-ylJacetate

(Example 187),
[0402] 2-(3-chlorobenzyl)-9-hydroxy-7-(1H-tctrazol-5-
yl)-2H-pyrido[1,2-aJpyrazine-1,8-dione hydrochloride

(Example 188),

[0403] 2-{2-(3-chiorobenzyl)-9-hydroxy-1,8-dioxo-1,8-
dilydro-2H-pyridof 1,2-aJpyrazin-7-yl]-N-methylac-
etamide (Example 189),

[0404] 2{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,8-
dihydro-2H-pyrido{ 1 2-aJpyrazin-7-y1]-N,N-dimethy-
lacetamide (Example 190),

[0485] [23-chlorobenzyh)-9-hydroxy-1,8-dioxo-1,8-
dihydro-2H-pyridof1,2-alpyrazin-7-ylJacetic acid
(Example 191),

{0406] N-(2-hydroxypropyl)-2-(3-chlorobenzyl)-9-hy-
droxy-1,8-dioxo-1,8-dihydro-2H-pyrido[ 1,2-aJpyra-
zine-7-carboxamide hydrochioride (Example 192),

[0407] {[2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,8-
dihydro-2H-pyrido{ 1,2-a Jpyrazine-7-carbonyl]
amino}acetic acid (Example 193),

[0389] N-eihyl-2-(3-chlorobenzyl)-9-hydroxy-1,8-di-
0x0-1,8-dihydro-2H-pyrido{ 1 ,2-a Jpyrazine-7-carboxa-
mide (Example 175),
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{0408] N-dimethylcatbamoylmethyl-2-(3-chloroben-
zyl)-9-hydroxy-1,8-dioxo-1,8-dihydro-2H-pyrido{1,2-
aJpyrazine-7-carboxamide (Example 194),

[MQj N-methylcarbamoylmethyl-2-(3-chlorobenzyl)-
9-hydroxy-1,8-dioxo-1,8-dibydro-2H-pyrido{ 1,2-a]
pyrazine-7-carboxamiide (Example 195),

[0410] N-phenyl-2-(3-chlorobenzyl)-9-hydroxy-1,8-di-
oxo-1,8-dihydro-2H-pyride{ 1,2-a pyrazine-7-carboxa-
mide hydrochloride (Example 196),

[0411] 2-(3-chlorobenzyl)-9-hydroxy-7-(oxazol-2-yl)-
2H-pyridof1,2-a]pyrazine-1,8-dione  hydrochloride
(Example 197), .

{0412] 2-(3-chlorobenzyl)-9-hydroxy-7-(3-hydroxy-

pyrrolidine-1-carbonyl)-2H-pyrido[1,2-alpyrazige-1,8- .

dione hydrochloride (Example 198),

{0413} N-(2-oxopropyl)-2-(3-chlorobenzy!)-9-hy-
droxy-1,8-dioxo-1,8-dihydro-2H-pyridof 1,2-aJpyra-
zine-7-carboxamide (Example 199),

{0414] 2-(9-hydroxy-1,8-dioxo-1,8-dihydro-pyrido{ 1,
2-aJpyrazin-2-yl)-N-phenylacetamide  hydrochloride
(Example 200),

[0415] 2-(3-chiorobenzyl)-9-hydroxy-7-(3-oxopyrroli-
dine-1-carbonyl)-2H-pyrido{ 1, Z-a]pyrazme-l 8-dione
(Bxample 201),

{0416] 2-(S-chloro-2-methoxybenzyl)-9-hydroxy-2H-
pyridof1,2-aJpyrazine-1,8-dione hydrochloride
(Example 202),

{0417] N-{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyridof1,2-a]pyrazin-7-yl Jmethane-
sulfosamide (Example 203),

[0418] 7-acetyl-2-(3-chlorobenzyl)-9-hydroxy-2H-py-
rido{1,2-aJpyrazine-1,8-dione hydrochloride (Example

»

[0419] 2-(3-chlorobenzyl)-9-hydroxy-7-propionyl-2H-
pyrido[ 1,2-alpyrazine-1,8-dione hydrochloride
(Example 205),

[0420] 9-hydroxy-2+(3-phenylaliyl)-2H-pyrido[1,2-a]
pyrazine-1,8-dione (Example 206),

[0421] N-methyl-2-(3-chloro-4-Auorobenzyl)-9-hy-
droxy-1,8-dioxo-1,8-dihydro-2H-pyrido[ 1,2-a Jpyra-
zine-7-carboxamide (Example 207),

[0422] N,N-dimethyl-2-(3-chloro-4-flucrobenzyl)-9-
hydroxy-1,8-dioxo-1,8-dihydro-2H-pyrido[1,2-a)pyra-
zine-7-carboxamide (Example 208),

[0423] N-(2-methanesulfonylethyl)-2-(3-chloroben-
zyl)-9-hydroxy-1,8-dioxo-1,8-dihydro-2H-pyrido{1,2-
alpyrazine-7-carboxamide (Example 209),

{0424] N-{2-(2-oxopymolidin-1-yl)ethyl}-2(3-chlo-
robenzyl)-9-hydroxy-1,8-dioxo-1,8-dihydro-2H-py-
rido[1,2-aJpyrazinc-7-carboxamide (Example 210),

[0425] N{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido{1,2-a]pyrazin-7-yl]-N-methyl-
methanesulfonamide (Example 211),
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[0426] 2-(3-chloro-5-methoxybenzyl)-9-hydroxy-2H-
pyrido{ 1,2-aJpyrazine-1,8-dione hydrochloride
(Example 212),

[0427] N-{pyridin-4-ylmethyl)-2-(3-chlorobenzyl)-9-
hydroxy-1,8-dioxo-1,8-dihydre-2H-pyrido{1,2-a)pyra- -
zine-7-carboxamide (Example 213),

[0428] N-(4-fluorobenzyl)-2-(3-chlorobenzyl)-9-hy-
droxy-1,8-dioxo-1 8-dxhydm-2H-pyrndc[l,2—a]pvra—
zine-7-carboxamide (Example 214),

[0429] 2-(3-chlorobenzyl)-9-hydroxy-7-(thiazol-2-yl)-
3,4-dihydro-2H-pyrido{1,2-alpyrazine-1,8-dione
(Example 215),

[0430] 2-(3-chlorobenzyl)-9-hydroxy-7-hydroxym-
ethyl-2H-pyrido[1,2-aJpyrazine-1,8-dione hydrochlo-
ride (Example 216),

[0431] 2-(3-chloro-4-fuorobenzyl)-7-(2,2-dimethyl-
propionyl)-9-hydroxy-2H-pyrido[1,2-aJpyrazine-1,8-
dione hydrochloride (Example 217), .

[0432] 2-(3-chlorobenzyl)-9-hydroxy-7-(thiazol-5-yl)-
2H-pyridof1,2-alpyrazine-1,8-dione  bydrochloride
(Example 218),

[0433] 2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,3.4,
8-tetrahydro-2H-pyridof 1,2-aJpyrazine-7-carboxylic
acid methylamide (Example 219),

{0434] N,N-dimethyl-243-chlorobenzyl)-9-hydroxy-1,
8-dioxo-1,3,4,8-tetrahydro-2H-pyrido{ 1,2-alpyrazine-
7-carboxamide (Example 220),

[0435] 2-(3-chloro-4-Auorcbenzyl)-7-(2,2-dimethyl-
propionyl)-9-hydroxy-3,4-dihydro-2H-pyrido{ 1,2-a)
pyrazine-1,8-dione hydrochloride (Example 221),

[0436] 2-(3-chloro-4-fluorobenzyl)-9-hydroxy-4-hy-
droxymethyl-1,8-dioxo-1,8-dihydro-2H-pyrido[ 1,2-a]
pyrazine-7-carboxylic acid methylamide hydrochlondc
(Example 222),

[0437] 2-(3-chlorobenzyl)-7-(2,2-dimethylpropionyl)-
9-hydroxy-3,4-dihydro-2H-pyrido{ 1,2-ajpyrazine-1,8-
dione hydrochloride (Example 223),

{0438] 2-(4-chloro-2-hydroxybenzyl)-9-hydroxy-2H-
pyrido[ 1,2-alpyrazine-1,8-dione hydrochloride
(Example 224),

{0439] 2-(3chloro-4-fluorobenzyl)-9-hydroxy-7-(thia-
20l-2-yl)-3,4-dihydro-2H-pyrido{ 1,2-a}pyrazine-1,8-
dione (Example 225),

[0440] 2-(9-hydroxy-1,8-dioxo-1,8-dihydro-pyrido[ 1,
2-aJpyrazin-2-yl)-N-methyl-N-phenylacetamide
hydrochloride (Example 226),

- [04411 N-methyl-2-(3-chloro-4-fluorobenzyl)-9-hy-

droxy-1,8-dioxo-1,3,4,8-tetrahydro-2H-pyrido[ 1,2-2]
pyrazine-7-carboxamide (Example 227),

[0442] N,N-dimethyl-2-(3-chloro-4-fluorobenzyl)-9-
hydroxy-1,8-dioxo-1,3,4,8-tetralydro-2H-pyrido[ 1,2~
a]pyrazine-7-carboxamide (Example 228),

[0443] 3{2(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,8-
dibydro-2H-pyrido[ 1,2-aJpyrazin-7-y1}-2,2-dimethyl-
3-oxopropyl acetate hydrochloride (Example 229),
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{0444] 2-(3-chlorobenzyl)-9-hydroxy-7-(3-hydroxy-2,
2-dimethylpropionyl)-2H-pyrido{ 1,2-alpyrazine-1,8-
dione hydrochloride (Example 230),

{0445]  2-(3-chlorobenzy!)-9-hydroxy-7-(pyrazin-2-yl}-
2H-pyrido 1,2-a]pyrazine-1,8-dione  hydrochloride

(Example 231),
[0446] 2-(3-chlorobenzyl)-9-hydroxy-7-(2-methyl-2H-

1,2 4-triazol-3-yl)-2H-pyrido[ 1,2-aJpyrazine-1,8-dione

hydrochloride (Example 232),

[0447] N<(2-fluoroethyl)-2{(3-chlorobenzyl)-9-hy-
droxy-1,8-dioxo-1. Mydro-ZH-pyndo[l.Z-a]pyra-
zine-7-carboxamide (Example 233),

[0448] N-benzyl-N-methyl-2<(3-chlorobenzyl)-9-hy-
droxy-1,8-dioxo-1,8-dibydro-2H-pyrido[ 1,2-aJpyra-
zine-7-carboxamide (Example 234),

{0449] 2-(3-chlorobenzyl)-9-hydroxy-7-phenylsulfa-

nyl-2H-pyrido[ 1,2-a}pyrazine-1,8-dione (Example

235),
{0450 7-benzenesulfinyl-2(3-chlorobenzyl)-9-hy-

droxy-2H-pyrido{1,2-alpyrazine-1,8-dione  (Example

236),
[0451] 7-benzenesulfonyl-2-(3-chlorobenzyl)-9-hy-

dmxy—ZH-pvrldo[l,Z-a]pymmne-l 8-dione (Example

237),

{0452] 2-(3,4-dichlorobenzyl)-7-(2,2-dimethylpropio-
nyl)-9-hydroxy-3,4-dihydro-2H-pyridof1,2-a]pyra-
zine-1,8-dione (Example 238),

[0453] N-{2-(3chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
. 8-dihydro-2H-pyrido{1,2-alpyrazin-7-ylJisobutyra-
mide (Example 239),

[6454] N-{2-(3-clloro-4-fluorobenzyl)-9-hydroxy-1,8-
dioxo-1,8-dihydro-2H-pyrido[ 1,2-a}pyrazin-7-yl]ac-
etamide (Example 240),

[0455] 2-(3-chlcro-4-fluorobenzyl)-7-(2,2-dimethyl-
propionyl)-9-hydroxy-4-hydroxymethyl-2H-pyridof 1,
2-ajpyrazine-1,8-dione hydrochloride (Example 241),

[0456] N-{2+(3-chiorobenzyl)-9-hydroxy-1,8-dioxo-1,

8-dihydro-2H-pyrido[ },2-alpyrazin-7-ylJpropionamide

(Example 242),

[0457] N{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido[ 1,2-a]pyrazin-7-yl}-2-phenylac-
ctamide (Example 243),

[0458] 7-acetyl-2-(3-chloro-4-flucrobenzyl)-9-hy-

droxy-2H-pyrido{1,2-aJpyrazine-1,8-diose hydrochlo—

ride (Example 244),
[0459] 2-(3-chlorobenzyl)-9-hydroxy-7-methylsulfa-

nyl-2H-pyrido[ 1,2-s}pyrazine-1,8-dione (Example
4

[0460] 2-(3-chlorobenzyl)-9-hydroxy-7-methanesulfo-

nyl-2H-pyrido[1,2-aJpyrazine-1,8-dione (Example

246),
[0461] 2-(3-chlorobenzyl)-9-hydroxy-7-methanesulfi-

nyl-2H-pyrido[ 1,2-aJpyrazine-1,8-dione (Example

247),
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[0462] 2-(3-chlorobenzyl)-9-hydroxy-7-(5-methylthi-
azol-2-yl)-3,4-dihydro-2H-pyrido{ 1,2-aJpyrazine-1,8-
dionc (Examplk 248),

{0463} 2-(3.4-dichlorobenzyl)-9-hydroxy-7-(thiazol-2-
y1)-3,4-dihydro-2H-pyrido[1,2-aJpyrazine-1,8-dione
(Example 249),

[0464] 2—(4-ﬂuo:pbenzyl)-9-hydroxy-ZH'pyrido[:l,Z-a]
pyrazine-1,8-dione hydrochloride (Example 250),

[0465] 7+(2,2-dimethylpropionyl)-2-(4-fluorobenzyl)-
9-hydroxy-2H-pyrido[ 1,2-a]pyrazine- 1,8-dmne hydro-
chloride (Example 251),

[0466] 2-(4-Bluorobenzyl)-9-hydroxy-7-(thiazol-2-y1)-
2H-pyridof1,2-aJpyrazine-1,8-dione hydrochloride
(Example 252),

[0467] N-methyl-2-(4-flucrobenzyl)-9-hydroxy-1,8-di-
oxo—l,8<hhydm-2l!-pyndo[1,2-a]pyrazmc-7-carboxz-
mide (Example 253),

[0468] 2—[3-(2{1110:0—6-ﬂuomphenyl)propyl]—7-(2,2~
dimethylpropionyl)-9-hydroxy-2H-pyrido[ 1,2-aJpyra-
zine-1,8-dione hydrochloride (Example 254),

[0469] 2-(3-chlorobenzyl)-9-hydroxy-7-(4-methylthi-
azol-2-yl)-3,4:dihydro-2H-pyrido{ 1,2-a]pyrazine-1,8-
diope (Example 255),

{0470] N{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido{1,2-aJpyrazin-7-ylJbutyramide
(Example 256),

{0471] N{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyridof1,2-aJpyrazin-7-yl]benzamide
(Example 257),

[0472] N{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido[ 1,2-aJpyrazin-7-y1}-3-phenylpro-
pionamide (Example 258),

[0473] N{2-(3-cblorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyridof1,2-aJpyrazin-7-yl1}-N-methylac-
ctamide (Example 259),

[0474] N{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido[1,2-aJpyrazin-7-yl}-2-methoxy-
acetamide (Example 260),

{0475] methyl 2-(3-chlorobenzyl)-9-hydroxy-1,8-di-
0x0-1,3,4,8-tetrahydro-2H-pyrido[ 1,2-a]pyrazine-7-
carboxylate (Example 261),

[0476] 3-{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,8-
dihydro-2H-pyrido[1,2-aJpyrazin-7-yI]-1,1-dimethy-
lurea (Example 262),

[0477] methyl [2-(3-chlorobenzyl)-9-hydroxy-1,8-di-
ox0-1,8-dihydro-2H-pyrido[ 1 ,2-aJpyrazin-7-yl]car-
bamate (Example 263),

[0478] 2{3-(2-chioro-6-fluorophenyl)propyl}-9-hy-
droxy-7-(thiazol-2-y1)-3,4-dihydro-2H-pyridof 1,2-a]
pyrazine-1,8-dioge (Example 264),

[0479] N{2-(3-chlorobenzy})-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido[ 1,2-aJpyrazin-7-y1]}-2-oxopropi-
onamide (Example 265),
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{0480] N-benzyl-2-(3-chlorobenzyl)-9-hydroxy-1,8-di-
* oxo-1,3,4,8-tctrahydro-2H-pyrido[1,2-aJpyrazine-7-
carboxamide (Example 266),

[0481] 2-(3-chlorobenzyl)-9-hydroxy-7-(1H-pyrazol-3-
yl)-3,4-dihydro-2H-pyrido[1,2-a]pyrazine-1,8-dione
(Example 267),

{0482] 2-(3-chiorobenzyl)-9-bydroxy-7-{pyrimidin-4-
yl)-3,4-dihydro-2H-pyrido[1,2-a)pyrazine-1,8-dione
(Example 268),

[0483] N-(naphthalen-1-ylmethyl)-2-(3-chlorobenzyl)-
9-hydroxy-1,8-dioxo-1,3,4,8-tetrahydro-2H-pyrido{1,
2-alpyrazine-7-carboxamide (Example 269),

[0484] N-benzhydryl-2-(3-chlorobenzyl)-9-hydroxy-1,
8-dioxo-1,3,4,8-tetrahydro-2H-pyrido[ 1,2-a}pyrazine-
7-carboxamide (Example 270),

[0485] 2-(3-chlorobenzyl)-9-hydroxy-7-(pyrimidin-2-
y1)-3,4-dihydro-2H-pyrido[ 1,2-aJpyrazine-1,8-dione
hydrochloride (Example 271),

{0486} 2-(3-chlorobenzy!)-9-hydroxy-7-(2-methyl-2-
phenylpropionyl)-3,4-dihydro-2H-pyrido[1,2-a]pyra-
zine-1,8-dione (Example 272),

[0487] N-(4-tert-butylbenzyl)-2-(3-chlorobenzyl)-9-hy-
droxy-1,8-dioxo-1,3,4,8-tetrahydro-2H-pyrido[ 1,2-a]
pyrazine-7-carboxamide (Example 273),

{0488] N{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido[1,2-a)pyrazin-7-ylkyclopentan-
ecarboxamide (Example 274),

[0489] N{2-(3chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyridof 1,2-alpyrazin-7-y1}-2-(4-fluo-
rophenylaceiamide (Example 275),

[0490] N-{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dibydro-2H-pyrido{1,2-a)pyrazin-7-y1}-2,2-dimeth-
yipropionamide (Example 276),

[0491] N{2-(3chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido[1,2-a]pyrazin-7-yl}-2-phenyl-
isobutyramide (Example 277),

[0492] N-{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyridof 1,2-a]pyrazin-7-yl}-4-fluoroben-
zamide (Example 278),

[0493] N-{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido[1,2-alpyrazin-7-yl}pyridine-2-
carboxamide trifluoroacetate (Example 279),

[0494] 2-(3-chlorobenzyl)-9-hydroxy-7-isopropy-
lamino-2H-pyrido[ 1,2-a]pyrazine-1,8-dionc  hydro-
chloride (Example 280),

[0495] 2-(3<cblorobenzyl)-7-diethylamino-9-hydroxy-
2H-pyridof1,2-a]pyrazine-1,8-dione  hydrochloride
(Example 281),

[0496] 2-(3-chlorobenzyl)-9-hydroxy-7-(pyridin-2-yl)-
3,4-dihydro-2H-pyridof1,2-a)pyrazine-1,8-dione
hydrochloride (Example 282),

[0497] 2-(3-chlorobenzyl)-9-hydroxy-7-isobutylamino-
2H-pyrido[1,2-a}pyrazine-1,8-dione  hydrochloride
(Example 283),

[0498] N{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido[1,2-aJpyrazin-7-yl}-2-isopropyl-
3-methylbutyramide (Example 284),

[0499] 2-(3-chlorobenzyl)-7-ethylamino-9-hydroxy-

2H-pyrido[1,2-a}pyrazine-1,8-dione  hydrochloride
(Example 285),

[0500) NJ{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,

8-dihydro-2H-pyrido[1,2-aJpyrazin-7-yllnicotinamide
trifluoroacetate (Example 286),

[0501] N{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrida[1,2-alpyrazin-7- yl]lsomcouna~
mide trifluoroacetate (Example 287),

[0502] N-{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1, -
8-dihydro-2H-pyrido[1,2-a}pyrazin-7-yl}furan-2-car-
boxamide (Example 288),

{0503} N{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido[1,2-aJpyrazin-7-yl}thiophene-2-
carboxamide (Example 289),

[0504] 2-(3-chlorobenzyl)-9-hydroxy-7-(pyridazin-3-
yl)-3,4-dihydro-2H-pyrido[1,2-a}pyrazine-1,8-dione
hydrochloride (Example 290),

[0505] 2-(3,4-diftuorobenzyl)-9-hydroxy-7-(thiazol-2-
y1)-3,4-dihydro-2H-pyrido[1,2-aJpyrazine-1,8-dione
(Example 291),

[0306] 2-(3-chloro-2-flucrobenzyl)-9-hydroxy-7-(thia-
zol-2-yl)-3,4-dihydro-2H-pyrido[1,2-aJpyrazine-1,8-
dione (Example 292),

[0507] 2-(4-chlorobenzyl)-9-hydroxy-7-(thiazol-2-yl)-
3,4-dihydro-2H-pyrido[1,2-a}pyrazine-1,8-dione
(Example 293),

[0508] 2-(4-chloro-3-fluorobenzyl)-9-hydroxy-7-(thia-
zol-2-yl)-3,4-dihydro-2H-pyrido[ 1,2-a}pyrazine-1,8-
dione (Example 294),

[0509] 2-(4-chloro-2-methoxybenzyl)-9-hydroxy-7-
{thiazol-2-yl)-3,4-dihydro-2H-pyrido{1,2-apyrazine-
1,8-dione (Example 295),

[0510] N{2-(3-chlorobenzyl)-9-bydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido[ 1,2-aJpyrazin-7-yl}-1-methyl-
1H-pyrrole-2-carboxamide (Example 296),

[0511] 2-[3-{4-chlorophenyl)propyl}9-hydroxy-7-
(thiazol-2-yl)-3,4-dihydro-2H-pyrido[1,2-aJpyrazine-
1,8-dione hydrochloride (Example 297),

[0512] 2-{3-(2-chlorophenyl)propyl}-9-hydroxy-7-
(thiazo}-2-yl)-3,4-dihydro-2H-pyrido{1,2-a Jpyrazine-
1,8-dione hydrochloride (Example 298),

[0513] 2{3(3-chlorophenyl)propyl}9-bydroxy-7-
{thiazol-2-yl)-3,4-dihydro-2H-pyrido[1,2-a Jpyrazine-
1,8-dione hydrochloride (Example 299),

[0514] 2-(3-chlorobenzyl)-9-hydroxy-7-(3-methyl-1,2,
4-thiadiazol-5-y1)-3,4-dibydro-2H-pyrido 1,2-a]pyra-
zine-1,8-dione hydrochloride (Example 300),

[0515] S5-fluoro-2{9-hydroxy-1,8-dioxo-7-(thiazol-2-

y1)-1,3,4,8-tetrahydro-pyrido[ 1,2-2}pyrazin-2-ylm-
ethyl]-N-methylbenzamide (Example 301),
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{0516} N-{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyridof 1,2-a}pyrazin-7-yl}-N-isobuty-
lacetamide (Example 302),

[0517) N{2-(4-fluorobenzyl)}-9-hydroxy-1.8-dioxo-1,
8-dihydro-2H-pyrido{1,2-a]pyrazin-7-ylJacetamide
(Example 303),

[0518] N-{2-(4-fuorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido[1,2-alpyrazin-7-ylpenzamide
(Example 304),

[0519] N{2-(4-fluorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido[1,2-a}pyrazin-7-ylJmethane-
sulfonamide (Example 305),

[0520] 2-(4-fluorobenzyl)-9-hydroxy-7-{(pyridin-2-yl)-

2H-pyrido{1,2-a]pyrazine-1,8-dione  trifluoroacetate

{Example 306),

[0521] 2-(2-fluorobenzyl)-9-hydroxy-7-(thiazol-2-yl)-
3,4-dihydro-2H-pyrido[1,2-a}pyrazine-1,8-dione
(Example 307), -

[0522] 2-(3-fluorobenzyl)-9-hydroxy-7-(thiazol-2-yl)-
3,4-dihydro-2H-pyridof1,2-a]pyrazive-1,8-dione
(Example 308),

[0523] 2-(4-fluorobenzyl)-9-hydroxy-7-{thiazol-2-yl)-
3,4-dihydro-2H-pyrido[ 1,2-a}pyrazine-1,8-dione
(Example 309),

[0524] 2-(2-chlorobenzyl)-9-hydroxy-7-(thiazol-2-yl)-
3,4-dihydro-2H-pyrido{ 1,2-aJpyrazine-1,8-dione
(Example 310),

[0525] 9-hydroxy-2-(naphthalen-2-ylmethyl)-7-(thia-
zol-2-yl)-3,4-dibydro-2H-pyrido{ 1,2-a]pyrazine-1,8-
dione (Example 311), )

[0526] 2-[3-(3-chloro-2-fluorophenyl)propyi}-9-hy-
droxy-7-(thiazol-2-y1)-3,4-dihydro-2H-pyrido{1,2-a]
pyrazine-1,8-dione (Example 312),

[0527} 2-[3-(4-chloro-3-Auorophenyl)propyl}-9-hy-
droxy-7-(thiazol-2-yl)-3,4-dihydro-2H-pyrido{1,2-a]
pyrazine-1,8-dione (Example 313),

[0528] 2-[3-(4-fluorophenyl)propy!}-9-hydroxy-7-
(thiazol-2-y1)-3,4-dihydro-2H-pyridof 1,2-a]pyrazine-
1,8-dione (Example 314),

{0529] 2-[3-(3-fluorophenyl)propyl}9-hydroxy-7-
(thiazol-2-yl)-3,4-dihydro-2H-pyrido{ 1,2-aJpyrazine-
1,8-dione (Example 315),

{0530] 9-hydroxy-2-(3-phenylpropyl)-7-(thiazol-2-yl)-
3,4-dihydro-2H-pyrido[ 1,2-a)pyrazine-1,8-dione
hydrochloride (Example 316),

{0531] 2-(3-chloro-2-fluorabenzyl)-9-hydroxy-7{pyri-
din-2-y)-3,4-dihydro-2H-pyrido{ 1,2-aJpyrazine-1,8-
dioge hydrochloride (Example 317),

{0532} N-{2-(4-fluorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido[ 1,2-a]pyrazin-7-yl}-2-methoxy-
acetamide (Example 318),

[0533] N{2-(4-fluorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido[ 1,2-alpyrazin-7-y1}-2-propanc-
sulfonamide (Example 319),
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[0534] N-{2-(4-fluorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido{ 1,2-aJpyrazin-7-yl]nicotinamide
trifluoroacetate (Example 320),

[0535] N{2-(4-fluorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido[1,2-aJpyrazin-7-yl}isobutyra- -
mide (Example 321), '

[0536) N-(2-methoxyethyl)-2-(4-Buorobenzyl)-9-hy-
droxy-1,8-dioxo-1,8-dihydro-2H-pyrido[ 1,2-aJpyra-
zine-7-carboxamide (Example 322),

[0537]) N-ethyl-2-(4-fluorobenzyl)-9-hydroxy-1,8-di-
0x0-1,8-dihydro-2H-pyrido 1,2-a Jpyrazine-7-carboxa-
mide (Example 323),

[0538]) N-{24{3-(2-chloro-6-fluoropbenyl)propyl}9-
hydroxy-1,8-dioxo-1,8-dihydro-2H-pyrido{1,2-a]
pyrazin-7-yl}acetamide (Example 324),

[0539] N{2-(3-chloro-2-fluorobenzyl)-9-hydroxy-1,8-
dioxo-1,8-dihydro-2H-pyrido[1,2-aJpyrazin-7-yl]ac-
ctamide hydrochloride (Example 325),

[0540] methyl 5-fluoro-2-{9-hydroxy-1,8-dioxo-7-
*(thiazol-2-y1)-1,3,4,8-tetrahydro-pyridof 1,2-aJpyrazin-
2-ylmethylbenzoate (Example 326),

f0541] 2-(3-chloro-4-fluorobenzyl)-9-hydroxy-7(pyri-
din-2-yl)-3,4-dihydro-2H-pyrido[ 1,2-aJpyrazine-1 8-
dione hydrochloride (Example 327),

[0542] 2-(3-chloro-2-fluorobenzyl)-9-hydroxy-7-(pyri-
din-3-yl)-3,4-dihydro-2H-pyrido[1,2-alpyrazine-1,8-
dione hydrochloride (Example 328),

{0543} 2-[3-(2-chloro-6-flucraphenyl)propyl}-9-hy-
droxy-7-<{pyridin-2-yl)-3,4-dihydro-2H-pyrido{1,2-a]
pyrazine-1,8-dione hydrochloride (Example 329),

[0544] 2-(benzofuran-2-ylmethyl)-9-hydroxy-7-(thia-
z0l-2-y1)-3,4-dihydro-2H-pyrido[ 1,2-alpyrazine-1,8-
dione (Example 330),

[0545] N-(1,2-diphenylethyl)-2-(3-chlorobenzyl)-9-hy-
droxy-1,8-dioxo-1,3,4,8-tetrahydro-2H-pyridof1,2-a]
pyrazine-7-carboxamide (Example 331),

[0546] N-{2-(3-chloro-2-Auorobenzyl)-9-hydroxy-1,8-
dioxo-1,3,4,8-tetrahydro-2H-pyrido{ 1,2-aJpyrazin-7-
yljacetamide (Example 332),

[0547] 2{3-(2-Buorophenyl)propyl}-9-hydroxy-7-
(thiazol-2-yl)-3,4-dihydro-2H-pyrido{1,2-apyrazine-
1,8-dione (Example 333),

[0548] N<(1,3-dipbenylpropyl)-2«3-chlorobenzyl)-9-
hydroxy-1,8-dioxo-1,3,4,8-tetrahydro-2H-pyrido[ 1,2-
ajpyrazine-7-catboxamide (Example 334),

{0549 5-fuoro-2-{3{9-hydroxy-1,8-dioxa-7-(thiazol-
2-yl)-1,3,4,8-1ctrahydro-pyrido[ 1,2-aJpyrazin-2-yl]
propyl}-N-methylbenzamide (Example 335),

{0550} 2-[3-(2-chloro-6-fluorophenyl)propyl}7-(2,2-
dimethylpropionyl)-9-hydroxy-3,4-dihydro-2H-pyrido
[1,2-a]pyrazine-1,8-dione (Example 336),

{0551] 2-(3-chlorobenzyl)-9-hydroxy-7-isobutyryl-3,4-
dihydro-2H-pyrido[ 1,2-aJpyrazine- 1,8-dione (Example
337,
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{0552] 9-hydroxy-2-{4-phenylbutyl)-7-(thiazol-2-y1)-3,
4-dihydro-2H-pyrido{1,2-a)pyrazine-1,8-dione hydro-
chloride (Example 338),

{0553] 9-hydroxy-2-pentyl-7thiazol-2-y1)-3,4-dihy-
dro-2H-pyrido{ 1,2-a}pyrazine-1,8-dione hydrochloride
(Example 339),

[0554] 2-(3-chloro-2-fluorobenzyl)-9-hydroxy-7-(pyri-
din-4-yl)-3,4-dihydro-2H-pyrido{ 1,2-a}pyrazine-1,8-
dione hydrochloride (Example 340),

[0555] 2-(4-fluorobenzyl)-9-hydroxy-7-(pyridin-4-yl)-
2H-pyrido{1,2-alpyrazine-1,8-dionc . hydrochloride
(Example 341),

[0556] 2-(3-chloro-2-fluorobenzyl)-9-hydroxy-7-(pyri-
midin-4-yl)-2H-pyrido[1,2-aJpyrazine-1,8-dione  trif-
luoroacetate (Example 342),

[0557] 2-(3-chloro-4-fluorobenzyl)-9-hydroxy-7-(2-
methyl-2H-1,2,4-triazol-3-yl)-3,4-dihydro-’ 2H-pyndo
[1,2-a]lpyrazine-1,8-dione (Example 343),

{0558] 7-acetyl-2-(4-fluorobenzyl)-9-hydroxy-2H-py-
rido[ 1,2-a]pyrazine-1,8-dione (Example 344),

[0559] 2-(4-fluorobenzyl)-9-hydroxy-7-isobutyrvl-2H-
pyridof  ,2-a]pyrazine-1,8-dione hydrochloride
(Example 345),

[0560] N-{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
3,4 8-tetrahydro-2H-pyrido[ 1,2-a]pyrazin-7-yl}isoni-
cotinamide hydrochloride (Example 346),

[0561] 2-(4-Auorobenzyl)-9-hydroxy-7-(pyrimidin-4-
yD)-2H-pyrido[1,2-a]pyrazine-1,8-dione (Example
347),

[0562] 2-(3-chloro-4-fluorobenzyl)-9-hydroxy-7-
(pyrazin-2-yl)-3,4-dihydro-2H-pyrido[ 1,2-aJpyrazine-
1,8-dione (Example 348),

{0563] N{2-(3-chloro-4-fluorobenzyl)-9-hydroxy-1,8-
dioxo-1,3,4,8-tetrahydro-2H-pyrido[ 1,2-alpyrazin-7-
yl)isobutyramide (Example 349),

[0564] 2-(4-chloro-2-hydroxybenzyl)-9-hydroxy-7-
(thiazol-2-yl)-3,4-dihydro-2H-pyridof 1,2-a]pyrazine-
1,8-dione hydrochloride (Example 350),

[0565] 9-hydroxy-2-(3-phenylbutyl)-7-(thiazol-2-y1)-3,
4-dihydro-2H-pyridof1,2-alpyrazige-1,8-dione hydro-
chloride (Example 351),

[0566] N-2-(3-chloro-2-flucrobenzyl)-9-hydroxy-1,8-
dioxo-1,3,4,8-tetrahydro-2H-pyrido{ 1,2-a}pyrazia-7-
ylnicotinamide hydrochloride (Example 352),

[0567] N-2-(3-chloro-4-fluorobenzyl)-9-hydroxy-1,8-
dioxo-1,3,4,8-tetrahydro-2H-pyrido{ 1,2-a}pyrazin-7-
yljmethanesulfonamide (Example 353),

{0568] 2-(3-chloro-4-propoxybenzyl)-9-hydroxy-7-
(thiazol-2-y1)-3,4-dihydro-2H-pyridof 1,2-a)pyrazine-
1,8-dione hydrochloride (Example 354),

[0569] 2-(3-chloro-4-isopropoxybenzyl)-9-hydroxy-7-
(thiazol-2-y1)-3,4-dihydro-2H-pyridof 1,2-a]pyrazine-
1,8-dione hydrochloride (Example 353),
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[0570] 2-(4-benzyloxy-3-chlorobenzyl)-9-hydroxy-7-
(thiazol-2-y1)-3,4-dihydro-2H-pyrido{ 1,2-a Jpyrazine-
1,8~dione hydrochloride (Example 356),

{0571] 2-(4-chloro-2-propoxybenzyl)-9-hydroxy-7-
(thiazol-2-yl)-3,4-dihydco-2H-pyrido[1,2-a Jpyrazine-
1,8-dione hydrochloride (Example 357),

[0572_] 2—(4{hbm—2-isoympoxybeyzyl)-9-hydroxy-7-
(thiazol-2-y1)-3,4-dihydro-2H-pyrido[ 1,2-aJpyraziae-
1,8-dione hydrochloride (Example 358),

[0573] 2-(2-benzyloxy-4-chlorobenzyl)-9-hydroxy-7-
(thiazol-2-yl)-3; 4-d111ydro—2H-pyndo[1,2-a]pyrazme-
1,8-dione hydrochloride (Example 359),

[0574] 2-(4-fluorobenzyl)-9-hydroxy-7-(2-methyl-2H-
1,2,4-triazol-3-yl)-2H-pyridd[ 1,2-a}pyrazine-1,8-dione
hydrochloride (Example 360),

{0575} N—mell:yl-2<(3—chk)m-2-ﬂuombenzyl)—9-hy—
droxy-1,8-dioxo-1,3,4,8-tetrahydro-2H-pyridof1,2-a]
pyrazine-7-carboxamide (Example 361),

[0576] ‘2-(3-chlombenzyl)-7-(2,2-dimethylbutyryl)-9-
hydroxy-3,4-dihydro-2H-pyrido{ 1,2-a]pyrazine-1,8-
dione {Example 362),

[0577] 2-(4-fluorobenzyl)-9-bydroxy-7<pyridin-2-y1)-
3,4-dihydro-2H-pyrido[1,2-a)pyrazine-1,8-dione
hydrochloride (Example 363),

[0578] 2-(3-chloro-2-fluorobenzyl)-9-hydroxy-7{pyri-
din-2-y1)-2H-pyrido{ 1,2-a]pyrazine-1,8-dione. hydro-
chloride (Example 364),

[0579] 2-(3-fluorobenzyl)-9-hydroxy-7-(pyridin-2-y1)-
2H-pyrido[1,2-a}pyrazinc-1,8-dione  hydrochloride
. (Example 365),

{0580] N-{5-fiuoro-2{9-hydroxy-1,8-dioxo-7-(thiazol-
2-yD)-1,3,4 8-ictrabydro-pyrido[ 1,2-a Jpyrazin-2-ylm-
ethyllphenyl}acetamide hydrochloride (Example 366),

[0581] 2-(3-chioro-2-flucrobenzyl)-7-(2,2-dimethyl-
propionyl)-9-hydroxy-3,4-dibydro-2H-pyrido{1,2-a]
pyrazine-1,8-dionc hydrochloride (Example 367),

[0582] 5-fluoro-249-hydroxy-1,8-dioxo-7-(thiazol-2-
y1)-1,3,4,8-tetrahydro-pyridof 1,2-a}pyrazin-2-ylm-
ethylbenzoic acid hydrochloride (Example 368),

[0583] 2-(3,4-difluorobenzyl)-9-hydroxy-7-(pyridin-2-
y1)-2H-pyrido[1,2-a}pyrazine-1,8-dione hydrochloride
(Example 369),

[0584] N-benzyl-N-methyl-2-{3-chlorobenzyl)-9-hy-
droxy-1,8-dioxo-1,3,4,8-tetrahydro-2H-pyridof 1,2-a}
pyrazine-7-carboxamide hydrochloride (Example 370),

[0585] N-(pyridin-3-ylmethyl)-2-(3-chlorobenzyl)-9-
hydroxy-1,8-dioxe-1,3,4 8-tetrahydro-2H-pyrido{ 1,2-
ajpyrazine-7-carboxamide hydmchlonde (Example
371),

{0586] N-{(pyridin-2-ylmethy!)-2(3-chlorobenzyl)-9-
hydroxy-1,8-dioxo-1,3,4,8-tetrahydro-2H-pyrido{ 1,2-
aJpyrazine-7<carboxamide hydrochloride (Example
372),

[0587] 2(3,4-dichlorobenzyl)-9-hydroxy-7-{pyridin-2-

y1)-3,4-dihydro-2H-pyridof1,2-a]pyrazine-1,8-dione
trifluoroacetate (Example 373),
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[0588] N-(2-oxopropyl)-2-(3-chlorobenzyl)-9-hy-
droxy-1,8-dioxo-1,3,4,8-tetrabydro-2H-pyrido{ 1,2-a]
pyrazine-7-carboxamide hydrochloride (Example 374),

{0589] 2-(3-fluorobenzyl)-9-hydroxy-7-(pyridin-4-yl)-
2H-pyrido{1,2-alpyrazine-1,8-dione  hydrochloride
(Example 375),

[0590] 7-(2,2-dimethylpropionyl)-2-(3-fluorobenzyl)-
9-hydroxy-2H-pyrido[1,2-a]pyrazine-1.8-dione hydro-
chloride (Example 376),

[0591] N-(2-fluorobenzyl)-2-(4-fluorobenzyl)-9-hy-
droxy-1,8-dioxo-1,3,4,8-tetrahydro-2H-pyrido[ 1,2-a]
pyrazine-7-catboxamide (Example 377),

[0592] N-(4-fluorobenzyl)-2-(4-fuorobenzyl)-9-hy-
droxy-1,8-dioxo-1,3,4,8-tetrahydro-2H-pyrido[ 1,2-a}
pyrazine-7-carboxamide (Example 378),

[0593] N-methy}-2-(4-fluorcbenzyl)-9-bydroxy-1,8-di- -

0x0-1,3,4,8-tetrahydro-2H-pyrido[ 1,2-aJpyrazine-7-
carboxamide (Example 379), N

[0594] N-benzyl-2-(4-fluorobenzyl)-9-hydroxy-1,8-di-
0x0-1,3,4,8-tetrabydro-2H-pyridof 1,2-alpyrazine-7-
carboxamide (Example 380),

[0595] N-methyl-2-{4-chlorobenzyl)-9-hydroxy-1,8-di-
oxo-1,3,4,8-tetrahydro-2H-pyrido[1,2-aJpyrazine-7-
carboxamide (Example 381),

[0596]  7-(2,2-dimethylbutyryl)-2-(4-fuorobenzy1)-9-
hydroxy-2H-pyrido[1,2-alpyrazine-1,8-dione  hydro-
chloride (Example 382),

[0597] 2-(3,4-dichlorobenzyl)-9-hydroxy-7-(pyrazin-2-
y1)-3,4-dihydro-2H-pyrido[1,2-a]pyrazine-1,8-dione
hydrochlorvide (Example 383),

{0598] 2-(3,4-dichlorobenzyl)-9-hydroxy-7-isobutyryl-
3,4-dihydro-2H-pyrido{ ,2-aJpyrazine-1,8-dione
(Example 384),

[0599] 2-(4-fluorobenzyl)-9-hydroxy-7-isobutyryl-3,4-
dihydro-2H-pyrido{1,2-ajpyrazine-1,8-dione (Example
385),

{0600] 7-(2,2-dimethylpropionyl)-2-(4-Buorcbenzyl)-
9-hydroxy-3,4-dihydro-2H-pyrido[ 1,2-alpyrazine-1,8-
dione (Example 386),

[0601] 2-(4-Auorabenzyl)-9-bydroxy-7-(3-methylbu-
tyryl)-2H-pyrido[ 1,2-a]Jpyrazine-1,8-dione hydrochio-
ride (Example 387),

[0602] N-mcthyl-2-(3,4-diflnorobenzyl)-9-hydroxy-1,
8-dioxo-1,3,4,8-tetrahydro-2H-pyrido[1,2-a Jpyrazine-
7-carboxamide (Example 388),

[0603} 2-(4-Buorcbenzyl)-9-bydroxy-7-(3-methoxy-2,
2-dimethylpropionyl)-3,4-dibydro-2H-pyrido{1,2-a)
pyrazine-1,8-dione (Example 389),

[0604] 9-benzyloxy-7-bromo-2-(3-chlorobenzyl)-3,4-
dihydro-2H-pyridof1,2-aJpyrazine-1,8-dione (Example
390),

[0605] 2-(3-chlorabenzyl)-9-hydroxy-7(pyrimidin-4-
yl)-2H-pyridof1,2-a)pyrazine-1,8-dione hydrochloride
{Example 391),

[0606] 2-(4-fluorobenzyl)-9-hydroxy-7-(pyrimidin-4-
yl)-3,4-dihydro-2H-pyrido{1,2-alpyrazine-1 8-dione
hydrochloride (Example 392),

[0607] 2-(4-chlorobenzyl)-9-hydroxy-7(pyrimidin-4-
yl)-3,4-dihydro-2H-pyrido[1,2-a]pyrazine-1,8-dione
hydrochloride (Example 393), ~

[0608) 2-(3-chloro—4-ﬂuorobenzyl)-9—l;yd|‘oxy-7-(pyri-
midin-4-yl)-3,4-dihydro-2H-pyrido{1,2-aJpyrazine-1,
8-diope hydrochloride (Example 394), :

[0609) 2-(3-chloro-4-Ruorobenzyl)-9-hydroxy-7-(pyri-
midin-4-yl)-2H-pyrido[1,2-alpyrazine-1,8-dione
hydrochioride (Example 395),

[0610] 2-(3-chloro-5-propoxybenzyl)-9-hydroxy-7-
{thiazo!-2-y1)-3,4-dihydro-2H-pyrido{ 1,2-aJpyrazine-
1,8-dione hydrochloride (Example 396),

[0611] 2-(3-chloro-5-isopropoxybenzyl)-9-hydroxy-7-
(hiazol-2-y1)-3,4-dihydro-2H-pyrido[1,2-a }pyrazine-
1,8-dione hydrochloride (Example 397),

[0612] 2-(3-benzyloxy-5-chlorobenzyl)-9-hydroxy-7-
(thiazol-2-yl)-3,4-dihydro-2H-pyrido[1,2-a}pyrazine-
1,8-dione hydrochloride (Example 398),

[0613] 2-(4chlorobenzyl)-9-hydroxy-7-(pyrimidin-4-
y1)-2H-pyrido[1,2-aJpyrazine-1,8-dionc hydrochloride
(Example 399),

[0614] N-[2-(3<hlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyridof1,2-aJpyrazin-7-yl1}-2-(pyridin-3-
ylacetamide hydrochloride (Example 400),

[0615] N{2-(3<hlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido[1,2-alpyrazin-7-yl}-2-(pyridin-4-
ylacetamide hydrochloride (Example 401),

[0616] N{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyrido{1,2-a}pyrazin-7-yl}-2-(pyridin-2-
yl)acetamide hydrochloride (Example 402),

[0617] 2-(3-fluorobenzyl)-9-hydroxy-7-(pyrimidin-4-
y1)-2H-pyrido{1,2-aJpyrazine-1,8-dione hydrochloride
(Example 403),

[0618] 2-(3-fluorobenzyl)-9-hydroxy-7-(pyrazin-2-yl)-
2H-pyrido[1,2-alpyrazine-1,8-dione  hydrochloride
{Examplc 404),

{0619} 2-(3-chloro-4-fluorobenzyl}-9-hydroxy-7-(2-
methyl-2H-1,2,4-triazol-3-y1)-2H-pyrido{1,2-aJpyra-
zine-1,8-dione hydrochloride (Example 405),

{0620] N-{2-(3-chloro-4-flucrobenzyl)-9-hydroxy-1,8-
dioxo-1,3,4,8-tetrahydro-2H-pyridof 1,2-alpyrazin-7-
y1}-3,3-dimethylbutyramide (Example 406),

{0621} 2-(3-fluorabenzyl)-9-hydroxy-4-methyl-7-(pyri-
din-2-y1)-2H-pyrido{1,2-a]pyrazine-1,8-dione  hydro-
chloride (Example 407),

{0622] 7-(22-dimethylpropionyl)-2-(4-fluorobenzyl)-
9-bydroxy-4-methyl-2H-pyrido[ 1,2-aJpyrazine-1,8-di-
one hydrochloride (Example 408),

[0623] 7-(22-dimethylpropionyl)-2(4-fluorobenzyl)-
9-hydroxy-6-methoxymethyl-3,4-dihydro-2H-pyrido
[1,2-a)pyrazine-1,8-dione  hydrochloride (Example
409),
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[86241 N<(pyridin-2-ylmethyl)-2-(4-Auorobenzyl)-9-
hydroxy-1,8-dioxo-1,3,4,8-tetrabydro-2H-pyridof 1,2~
alpyrazine-7-casboxamide hydrochloride (Example
410),

[0625] N-{furan-2-ylmethyl)-2{4-fuorobenzyl)-9-hy-
droxy-1,8-dioxo-1,3,4,8-tetrahydro-2H-pyrido{ 1,2-a]
pyrazine-7-carboxamide bydrochloride (Example 411),

[06261 7-(2,2~dimethylpmpionyl)-z-(4-ﬂuorobeuzyl)--
9-hydroxy-4,4-dimethyl-3,4-dihydro-2H-pyridof 1,2-a}
pyrazine-1,8-dione biydrochloride (Example 412),

[0627] 7-bromo-2-(4-fluorobenzyl)-9-hydroxy-4,4-
dimethyl-3,4-dihydro-2H-pyrido{ 1,2-a]pyrazine-1,8-
dione hydrochloride (Example 413),

[0628] 2-(4-fluorobenzyl)-9-hydroxy-4,4-dimethyl-7-
(pyridin-2-yl)-3,4-dihydro-2H-pyridof 1, 2-a]pyrazmc-
1,8-dione hydrochloride (Example 414),

[0629] N-(4-dimethylaminobenzyl)-2-(4-fluoroben-
zyly-9-hydroxy-1,8-dioxo+1,3,4,8-tetrabydro-2H-py-
rido{1,2-aJpyrazine-7-carboxamide hydrochloride
{Example 415),

[0630] 2-(3-chlorobenzyl)-9-hydroxy-7-(pyrazin-2-yl)-
3,4-dihydro-2H-pyrido{ 1,2-a]pyrazine-1,8-dione
hydroctiloride (Example 416),

[0631] 2-(4-fluorobenzyl)-9-hydroxy-7-(pyrazin-2-yl)-
3,4-dihydro-2H-pyrido{1,2-a]pyrazine-1,8-dione
hydrochloride (Example 417),

[0632] N-{2-(3-chloro-4-flucrobenzyl)-9-hydroxy-1,8-
dioxo-1,3,4,8-tetrahydro-2H-pyrido{ 1,2-a]pyrazin-7-
yik ulfonamide (E lc 418),

[6633] N{2-(3-chiom-4-ﬂuorobcnzyl)—9—hydmxy-1,8-
dioxo-1,3,4,8-ctrahydro-2H-pyrido{ 1,2-a}pyrazin-7-
yibenzylsulfonamide (Example 419),

[0634] N{2-(3<hloro-4-fluorobenzyl)-9-hydroxy-1,8-
dioxo-1,3,4,8-tetrahydro-2H-pyrida[ 1,2-aJpyrazin-7-
yl}-2-thiophenesulfc ide (Example 420),

[0635] N-(4-methanesulfonylibenzyl)-2-(4-fluoroben-
zyl)-9-hydroxy-1,8-dioxo-1,3,4,8-tetrahydro-2H-py-
rido[ 1,2-a Jpyrazine-7-carboxamide hydrochloride
(Example 421),

[0636] 2-(4-Bucrobenzyl}-9-hydroxy-6-(2-hydroxy-3,
3<dimethylbutyl)-3,4-dihydro-2H-pyrido[1,2-a}pyra-
zine-1,8-dionc hydrochloride (Exampic 422),

[0637] N{2-(3-chlorobenzyl)-9-hydroxy-4-methyl-1,8-
dioxo-1,8-dihydro-2H-pyrido[ 1,2-aJpyrazin-7-yljac-
etamide (Example 423),

{0638) 2-(4-Rucrobenzyl)-9-hydroxy-6-methoxyn-
ethyl-7-(pyridin-2-yl)-3,4-dihydro-2H-pyridof1,2-a)
pyrazive-18-dione hydrochloride (Example 424),

[0639] 2-(4-flucrobenzyl)-9-hydroxy-7-(3-methoxy-2,
2-dimethylpropionyl)-2H-pyrido{ 1,2-alpyrazine-1,8-
dione bydrochloride (Example 425),

[0640] N{(4-methoxypyrimidin-2-yimethyl)-2-(4-fluo-
robenzyl)-9-hydroxy-1,8-dioxo-1,3,4,8-tetrahydro-2H-
pyrido[1,2-a}pyrazine-7-catboxamide  hydrochloride
(Example 426),

295

Mar. 10, 2005

[0641] 6-(3,3-dimethyl-2-oxobutyl)-74(2,2-dimethyl-
propionyl)-244-fluorobenzyl)-9-hydroxy-3,4-dibydro-
2H-pyrido[ 1,2-aJpyrazine-1,8-dione hydrochloride
(Example 427),

[0642] N-{4-acetylaminobenzyl)-2-(4-fAuorobenzyl)-9-
hydroxy-1,8-dioxo-1,3,4 8-tetrahydro-2H-pyrido[1,2-
aJpyrazine-7-catboxamide (Example 428),

[0643] 2-(3.4-dichlorobenzyl)-9-hydroxy-4-(2-hy-
droxyethyl)-2H-pyrido{1,2-alpyrazine-1,8-dione
hydrochloride (Example 429), ]

[0644] 2-(3,4-dichlorobenzyl)-9-hydroxy-4-(1-hydrex-
ypropyD-2H-pyrido{1,2-alpyrazine-1,8-dione
(Example 430),

[0645] 2+34-dichlorobenzyl)-9-hydroxy-4-(3-hydrox-
ypropyh)-2H-pyrido[ 1,2-a]pyrazine-1,8-dione
(Example 431),

[0646] 2-(3,4-dichlorobenzyl)-9-hydroxy-4-(1-hy-
droxy-2-methylpropyl}-2H-pyrido[ 1,2-a]pyrazine-1,8-
diooe (Exampie 432),

[0647] 2-(3,4-dichlorobenzyl)-9-hydroxy-4-phenethyl-
2H -pyrido[1,2-1Jpyrazine-1,8-dione (Example 433),
[0648] 2-(4-fluorobenzyl)-9-hydroxy-2H-pyrazino[1,2-
clpyrimidine-1,8-dione hydrochloride (Example 434),

[0649] 2-(3,4-dichiorobenzyl)-9-hydroxy-4-isopropyl-
2H-pyrido[1,2-aJpyrazine-1,8-dione hydrochloride
(Example 435),

[0650] 2-(3-chlorobenzyl)-9-hydroxy-4-methyl-2H-py-
rido[1,2-d]{1,2,4}triazine-1,8-dione (Example 436),

[0651] 2-(3-chlorobenzyl)-7-(2,2-dimethylpropionyl)-
9-hydroxy-3,4-dihydro-2H-pyrido[1,2-a]pyrazine-1,8-
dione (Example 437),

[0652] 7«2, 2-dimethylpropionyl)-2-{4-flucrobenzyl)-
9-hydroxy-2H-pyrido{ 1,2-a]pyrazinc-1,8-dione
(Example 438),

[0653] 7-(22-dimethylpropionyl)-2-(4-fluorobenzyl)-
9-hydroxy-2H-pyrido{1,2-a]pyrazine-1,8-dione
sodium salt (Example 439),

[0654] N{2-(3<chlorobenzyl)-9-hydroxy-1,8-dioxo-1,
8-dihydro-2H-pyridof1,2-aJpyrazin-7-yi]Jacelamide
sodium salt (Example 440), and

[0655] 2-(3-chlorobenzyl)-7-(2,2-dimethylpropionyl)-
9-hydroxy-3,4-dihydro-2H-pyrido 1,2-a)pyrazine-1,8-
diope sodium salt (Example 441),

[0656] or a pharmaceutically acceptable salt thereof.

{0657] [26] A pharmaceutical composition comprising a
nitrogen-coutaining fused ring compound of any of [1]
to [25], or a ph. ically acceptable salt thereof,
and 2 pbarmaceutically acceptable carrier.

{0658] {27] An anti-HIV agent comprising a nitrogen-
confaining fused ring compound of any of (1] to [25] or
a pharmaceutically acceptable salt thereof as an active
ingredient.

{0659} [28] An integrase inhibitor comprising a nitro-
gen-containing fused ring compound of any of [1] 10
[25] or a pharmaceutically acceptable salt thereof as an
active ingredient.
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[0660] [29] An antivirus agent comprising a nitrogen-
containing fused ring compound of any of {1]t0 {25} or
a pharmaceutically acceptable salt thereof as an active
ingredient.

[0661} [30] An anti-HIV composition comprising a
nitrogen-containing fused ring compound of any of f1]

to [25] or a pharmaceutically acceptable salt thereof -

and one or more other kinds of anti-HIV active sub-
stances as active ingredients.

[0662] [31] An anti-HIV agent comprising a nitrogen-
cootaining fused ring compouad of any of {1]to [25] or
a pharmaceutically acceptable salt thereof as an active
ingredient, which is used for a muhiple drug therapy
with other anti-HIV agents.

{0663] (32) Use of a nitrogen-containing fused ring
compound of any of [1] to [25} or a pharmacentically
acceptable salt thereof for the production of an anti-
HIV agent.

[0664] {33] Use of a nitrogen-containing fused ring
compound of any of [1] to {25] or a pharmaceutically
acceplable salt thereof for the production of an inte-
grase inhibitor.

[0665] [34] Use of a nitrogen-comtaining fused ring
compound of any of [1] to [25] or a pharmaceutically
acceptable salt thereof for the production of an antivi-
ras agent.

[0666] ([35] A method for the prophylaxis or treatment
of an HIV infectious discase, which compriscs admin-
istering an cflective amount of a nitrogen-containing
fused ring compound of any of [1] to {25] or a phar-
maceutically acceptable salt thereof to a mammal.

[0667] [36] The method of {35}, further comprising
administering an effective amount of at least one kind
of other anti-HIV active substance to the mammal.

[0668] [37] A method of inhibiting integrase, which
comprises administering an effective amount of a nitro-
gen-containing fused ring compound of any of [1] to
[25] or a pharmaceutically acceptable salt thereof to a
mammal.

[0669} [38] A method for the prophylaxis or reatment
of a viral infectious disease, which comprises admin-
istering an effective amount of a nitrogen-containing
fused ring compound of any of [1] to [25] or a phar-
maceutically acceptable salt thereof to a mammal.

[0670] The compound of the present invention can be a
pharmaceutical agent effective for the prophylaxis or treat-
ment of AIDS, as an anti-HIV agent having an HIV integrase
inhibitory activity. In addition, by a combined use with other
anti-HIV agents such as protease inhibitors, reverse tran-
scriptase inhibitors and the like, the compound can be a
more cffective anti-HIV agent. Moreover, since the com-
pound has an integrase-specific high inhibitory activity, it
can be a pharmaceutical agent safe on the human body,
which is associated with a fewer side effects.

BEST MODE FOR EMBODYING THE
INVENTION

{6671] The “bond” means a direcl connection and in the
casc of N—Z—Ph, for cxample, when Z is a “bond”, it
means N—Ph.
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{0672] The “halogen atom” is a fluorine atom, a chlorine
atom, a bromiae atom or an iodine atom, and is preferably

" a fluorine atom, a chlorine atom or a bromine atom.

[0673] For group A, it is more preferably a fuorine alom,
for group B, it is more preferably a fluorine atom or a
chlorine atom, and for group C, it is more preferably a
bromiue atom.

{0674] The “C1-6 alkyl group” is a linear or branched
chain alkyl group having 1 1o 6 carbon atoms, and preferably
a linear or branched chain alkyl group having 1 to 4 carbon
atoms. Specifically, methyl group, ethyl group, propyl
group, isopropyl group, butyl group, isobutyl group, sec-
butyl group, tert-butyl group, pentyl group, isopentyl group,
tert-pentyl group, hexyl group and the like can be men-
tioned.

[0675) It is preferably a methyl group for R, R®2, R,
R™, R™ or R™, preferably a methyl group, a propyl group
or an isopropyl group for R™, and preferably a methyl
group, an ethyl group or a tert-butyl group for group B.

{0676] The “C1-7 alkyl group” is a linear or branched
chain alkyl group bhaving 1 to 7 cartbon atoms, and is
preferably a linear or branched chain alkyl group having 1
1o 4 carbon atoms. Specifically, methyl group, ethyl group,
propyl group, isopropyl group, butyl group, isobutyl group,
sec-butyl group, tert-butyl group, pentyl group, isopentyl
group, tert-pentyl group, hexyl group, 1-isopropyi-2-meth-
ylpropyl group and the like can be mentioned.

[0677] The “C2-6 alkenyl group” is a linear or branched
chain alkenyl group having 2 to 6 carbon atoms. Specifi-
cally, vinyl group, allyl group, 1-propenyl group, isoprope-
ayl group, 2-methyl-1-propenyl group, 1-butenyl group,
2-butenyl group, 1,3-butadicayl group, 3-methyl-2-butcnyl
group, 4-methyl-2-pentenyl group, 4-methyl-3-pentenyl
group, 1-methyl-2-butenyl group and the like can be men-
tioned.

[0678] The “C2-6 alkynyl group” is a linear or branched
chain alkyayl group baving 2 te 6 carbon atoms. Specifi-
cally, ethynyl group, 1-propynyl group, 2-propynyl group,
3-butynyl group and the like can be mentioned.

[0679] The “C1-6 alkylene” is a linear or branched chain
alkylene having 1 to 6 carbon atoms and methylene, ethyl-
ene, irimethylene, tetr: hylene, p hylene, hexam-
ethylene,  propylene, —CH(CH;}—, C(CH;),—,
—CH(CH;)~(CH,),— and the like can be mentioned.

[0680] Preferably, it is methylene, ethylene, trimethylene
or tetramethylene, and more preferably methylene.

[0681] The “C2-6 alkenylenc” is a linear or branched
chain atkenylene having 2 to 6 carbon atoms and vinylene,
propenylene, 1-butenylene, 1,3-butadienylene,
—CH(CH;)—CH=CH— and the like can be mentioned.
Preferably, it is propenylenc.

[0682] The “haloC1-6 alkyl group™ is the above-defined
“C1-6 alkyl group™ substituted by the above-defined “halo-
gen atom”, and preferably it is a haloalkyl group wherein its
alkyl moiety is a linear or branched chain alkyl group having
1 to 4 carbon atoms. Specifically, fluoromethyl group, dif-
luoromethyl group, trifivoromethyl group, bromomethyl
group, chloromethyl group, 1,2-dichloroethyl group, 2.2-
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dichloroethyl group, 2,2 2-trifluoroethyl group and the like
can be mentioned. Preferably, it is trifluoromethyl group.

[0683] The “C1-6 alkyloxy group” is an alkyl-oxy group
wherein its alkyl moiety is the above-defined “C1-6 alkyl
group”, and preferably an alkyl-oxy group wherein its alkyl
moiety is a linear or branched chain alkyl group having 1 to
4 carbon atoms. Specifically, methoxy group, ethoxy group,
propoxy group, isopropyloxy group, butoxy group, iscbu-
tyloxy group, tert-butyloxy group, pentyloxy group, hexy-
loxy group and the like can be mentioned.

[0684] The “C6-14 aryl group” is an aromatic hydrocar-
bon group having 6 to 14 carbon atoms. Specifically, phenyl
group, naphthyl group, anthryl group, indenyl group, azu-
lenyl group, fluorenyl group, phenanthry! group and the like
can be mentioned, with preference given to phenyl group.

[0685] The “C6-14 aryloxy group” is an aryl-oxy group
wherein its aryl moiety is the above-defined “C6-14 aryl
group”. Specifically, phenoxy group, naphthyloxy group,
anthryloxy group, indenyloxy group, azuleayloxy group,
fluorenyloxy group, phenanthryloxy group and the like can
be mentioned, with preference given to phenoxy group.

[0686] The “C6-14 aryl C1-6 alkyl group” is an aryl-alkyl
group wherein its alkyl moiety is the above-defined “C1-6
alkyl group” and its aryl moicty is the above-defined “C6-14
aryl group”. Preferably, it is an aryl-alkyl group wherein its
alkyl moiety is a linear or branched chain alkyl group having
1 to 4 carbon atoms and its aryl moiety is phenyl group.
Specifically, benzyl group, phenethyl group, 3-phenylpropyl
group, 2-phenylpropyl group, 4-phenylbutyl group and the
like can be meationed.

[0687] It is particularly preferably benzyl group for R,
[0688] The “C6-14 aryl C1-6 alkyloxy group” is an aryl-
alkyl-oxy group wherein its C6-14 aryl C1-6 alkyl moiety is
the above-defined “C6-14 aryl C1-6 alkyl group™. Prefer-
ably, it is an aryl-alkyl-oxy group wherein its alkyl moiety
is a linear or branched chain alkyl group having 1 to 4 carbon
atoms and its aryl moiely is phenyl group. Specifically,
benzyloxy group, phencthyloxy group, 3-phenylpropyloxy
group, 2-phenylpropyloxy group, 4-phenylbutyloxy group
and the like can be mentioned.

[0689] The “C6-14 aryl C1-6 alkyloxycarbonyl group” is
an aryl-alkyl-oxy-carbonyl group wherein its C6-14 aryl
C1-6 alkyl moiety is the above-defined “C6-14 aryl C1-6
atkyl group”. Preferably, it is an aryl-alkyl-oxy-carbonyl
group wherein its alkyl moiety is a linear or branched chain
alkyl group having 1 to 4 carbon atoms and its aryl moiety
is phenyl group. Specifically, benzyloxycarbonyl group,
phenethyloxycarbonyl group, 3-phenylpropyloxycarbonyl
group, 2-phenylpropyloxycarbonyl group, 4-phenylbuty-
loxycarbonyl group and the like can be mentioned.

[0690] 1t is preferably benzyloxycarbonyl group.

[0691] The “C6-14 arylcarbonyl group™ is an aryl-carbo-
ayl group wherein its aryl moiety is the above-defined
“C6-14 aryl group”. Specifically, benzoyl group, 1-naph-
thoyl group, 2-naphthoyl group, anthryicarbonyl group,
indenylcarbonyl group, azulenylcarbonyl group, fiuorenyl-
carbony! group, phenanthryicarbonyl group and the like can
be mentioned, with preference given to benzoyl group.

[0692] The “C3-10 carbon ring group” is a saturated or
unsaturated cyclic hydrocarbon group having 3 to 10 carbon
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atoms and means aryl group, cycloalky! group, cycloalkenyl
group, or a fused ring thereof.

[0693] As the “aryl group”, phenyl group, naphthyl group,
pentalenyl group, azulenyl group and the like can be spe-
cifically mentioned. It is preferably phenyl group or naph-
thyl group, and more preferably pbenyl group.

[0694] As the “cycloalkyl group”, cyclopropyl group,
cyclobutyl group, cyclopentyl group, cyclohexyl group,
cycloheptyl group, cyclooctyl group, adamantyl group, nor-
bornanyl group and the like can be specifically mentioned.
1t preferably includes cyclopentyl group, cyclobexyl group
and cycloheptyl group, and particularly preferably includes
cyclopeatyl group and cyclohexyl group.

- [0695] The “cycloalkenyl group™ contains at least one,

preferably 1 or 2, double bounds. Specifically, cyclopropenyl
group, cyclobutenyl group, cyclopentenyl group, cyclopen-
tadicayl group, cyclohexenyl group (2,4-cyclohexadien-1-yl
group, 2,5-cyclohexadicn-1-yl group etc), cycloheptenyl
group and cyclooctenyl group and the like can be mentioned.

[0696] As a fused ring of these “aryl group”, “cycloalkyl
group” and “cycloalkenyl group”, indenyl group, indanyt
group, 1,4-dihydronaphthyl group, 1,2,3,4-tetrahydronaph-
thyl group (1,23,4-tetrahydro-2-naphthyl group, 5,6,7.8-
tetrahydro-2-paphthyl group etc.), pethydronaphthyl group
and the like can be specifically mentioned. Preferably, it is
a fused ring of phenyl group and other ring, such as indenyl
group, indanyl group, 1,4-dihydronaphthyl group, 1,2,3,4-
tetrahydronaphthyl group and the like.

[0697] The “heteroaryl group” is a § or 6-membered
heteroaryl group confaining, as a ring-constituting atom,
besides the carbon atom, at least one hetero atom selected
from nitrogen atom, oxygen atom and sulfur atom.

[0698]  Specifically, pyridyl group, pyrazinyl group, pyri-
midinyl group, pyridazinyl group, 1,3,5-triazinyl group,
pyrrolyl group, pyrazolyl group, imidazolyl group, triazolyl
group (1,2,3-triazolyl group, 1,2,4-triazolyl group), tetra-
zolyl group, thicnyl group, furyl group, oxazolyl group,
isoxazolyl group, thiazolyl group, isothiazolyl group, oxa-
diazolyl group (1,2,4-oxadiazolyl group, 1,3,4-oxadiazolyl
group, 1,2,5-oxadiazolyl group), thiadiazolyl group (1,2,4-
thiadiazolyl group, 1,3,4-thiadiazolyl group, 1,2,5-thiadiaz-
olyl group) and the like can be mentioned.

[0699] The “beterocyclic group” is a saturated or unsat-
urated (includiog partially ated aod ]
unsaturated) monocyclic 5-membered or 6-membered het-
erocycle containing, besides carbon atom, at least 1, pref-
erably 1 to 4, hetero atoins selected from nitrogen atom,
oxygen atom and sulfur atom, or a fused ring of such
heterocycles, or a fused ring of a carbon ring selected from
benzene, cyclopentane and cyclohexane and the above-
defined heterocycle.

{0700] As the “saturated monocyclic heterocyclic group”,
pyrrolidinyl group, tetrahydrofuryl group, tetrahydrothienyl
group, imidazolidiny! group, pyrazolidinyl group, 1,3-diox-
olanyl group, 1,3-oxathiolanyl group, oxazolidinyl group,
thiazolidinyl group, piperidiny! group, piperazinyl group,
tetrahydropyranyl group, tetrahydrothiopyranyl group,
dioxanyl group, morpholinyl group, thiomorpholinyl group,
3-hydroxypymolidinyl group, 2-oxopyrrolidinyl group,
3-oxopyrrolidinyl group, 2-oxopiperidinyl group, 4-oxopi-

R
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peridinyl group, 2,6-dioxopiperidinyl group and the like can
be mentioned. Preferably, it is pyrrolidinyl group, piperidi-
nyl group or morpholinyl group.

{0701] As the “unsaturated monocyclic heterocyclic
group”, pyrrolyl group, furyl group, thicnyl group, imida-
zolyl group, 1,2-dihydro-2-oxoimidazoly! group, pyrazolyl
group, oxazolyl group, isoxazolyl group, thiazolyl group,
isothiazolyl group, 1,2,4-triazolyl group, 1,2,3-triazolyl

group, tetrazolyl group, 1,3,4-oxadiazolyl group, 1,2,4-oxa-

diazolyl group, 1,3,4-thiadiazolyl group, 1,2,4-thiadiazolyl
group, furazanyl group, pyridyl group, pyrimidinyl group,
3,4-dihydro-4-oxopyrimidinyt group, pyridazinyl group,
pyraziny} group, 1,3,5-triaziny} group, imidazolinyl group,
pyrazolinyl group, oxazolinyl group (2-oxazolinyl group,
3-oxazolinyl group, 4-oxazolinyl group), isoxazolinyl
. group, thiazolinyl group, isothiazolinyl group, pyranyl
group, 2-oxopyranyl group and the like can be mentioned. It
is preferably imidazolyl group, pyrazolyl group, isoxazolyl
group, thiazolyl group, 1,2,4-triazolyl ‘group, tetrazolyl
group, 1,3,4-oxadiazolyl group, pyridyl group, pyrimidinyl
group, pyridaziny! group, pyrazinyl group or oxazolinyl
group.
[0702] As the “fused heterocyclic group”, indolyl group,
isoindolyl group, 1,3-dihydro-1,3-dioxoisoindolyl group,
benzimidazolyl group, indazolyl group, ‘benzothiazolyl
group, benzofuranyl group, isobenzofuranyl group, indoliz-
inyl group, quinolyl group, isoquinolyl group, 1,2-dihydro-
2-oxoquinolyl group, quinazolinyl group, quinoxalinyl
group, cinnolinyl group, phthalazinyl group, quinolizinyl
group, pyrnyl group, pleridinyl group, indolinyl" group,
isoindolinyl group, 5,6,7,8-letrahydroquinoly! group, 1,2,3,
4-tetrahydroquinolyl  group, 2-0x0-1,2,3 4-tetrahydro-
quinolyl group, 1,3-benzodioxolyl group, 3,4-méthylenc-
dioxypyridyl  group, 4,5-ethylenedioxypyrimidinyl group,
chromenyl group, chromanyl group, isochromanyl group,
1,2,4-benzotriazinyl group and the like can be mentioned.
Preferably, it is indolyl group, benzofurany! group, quinolyl
group, benzothiazolyl group, 1,2,3,4-tetrahydroquinolyl
group, 1,3-benzodidxolyl group or 1,2,4-benzotriazinyl
group.

[0703] The “beterocyclic group” that substitutes C1-7
alkyl group, C1-6 alkyl moiety, C2-6 alkenyl group and
C2-6 alkynyl group of group C is preferably a 2-oxopyrro-
fidin-1-yl group.

[0704] The “C3-8 cycloalkyl group™ is a cycloalkyl group
having 3 to 8 carbon atoms, and is specifically cyclopropyl
group, cyclobutyl group, cyclopentyl group, cyclohexyl
group, cycloheptyl group or cyclooctyl group.

[0705] AsR*ingroup C, preferredis a cyclopeetyl group.

[0766] The “C38 cycloalkyl C1-6 alkyl group” is a
cycloalkyl-alkyl group wherein the above-defined “C1-6
alkyl group” is substituled by the above-defined “C3-8
cycloalkyl group™ The C1-6 alkyl moiety is preferably a
linear alkyl group having 1 to 4 carbon atoms, and as C3-8
cycloalkyl, preferred are cyclopropyl group, cyclobutyl
group, cyclopentyl group and cyclohexyl group.

[0707]  As the “C3-8 cycloalkyl C1-6 alkyl group”, cyclo-
propylmethyl group, cyclobutylmethyl group, cyclopentyl-
methyl group, cyclobhexylmethyl group, 2-cyclohexylethyl
group, 3-cyclohexylpropyl group and the like can be spe-
cifically mentioned.
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(0708} 1t is preferably a cyclohexylmethyl group for group .
C.

[0709] The “C1-6 alkylsulfonyl group” is an alkyl-sulfo-
nyl group wherein its C1-6 alkyl moiety is the above-defined
“C1-6 alkyl group”, preferably a linear or branched chain

. alkyl group having 1 to 4 carbon atoms.

[0710] Specifically, mcthylsulfonyl group, cthylsulfonyl
group, propyksulfonyl ' group, isopropylsulfonyl . group,
butylsulfonyl group, isobutylsulfonyl group, sec-butylsulfo-
nyl group, tert-butylsulfonyl group, pentylsulfonyl group,
isopentylsulfonyl group, tert-pentylsulfonyl group, hexyl-
sulfonyl group and the like can be mentioned. ]

{0711} Itis preferably a methylsulfonyl group for group A.
[0712] The “di(C1-6 alkyl)amino group” is a di(alkyl)-
amino group wherein its C1-6 alkyl moiety is the above-
defined “C1-6 alkyl group”, preferably a linear or branched
chain alkyl group having 1 to 4 carbon atoms. :
[0713] Specifically, dimethylamiPo group, dicthylamino
group, dipropylamino group, diisopropylamino group,
N-cthy}-N-methylamino ~ group, ~N-isopropyl-N-methy-
lamino group and the like can be mentioned.

[0714] 1tis preferably a dimethylimino group for group A
[0715] The “C1-6 alkylcarbonylamine group” is an alkyl-

_carbonyl-amino group wherein its C1-6 alkyl moicty is the

above-defined “C1-6 alkyl group”, and preferably a linear or
branched chain alkyl group having 110 4 carbon atoms.

[0716] Specifically, acetylamino group, propionylamino
group, butyrylamino group, isobutyrylamino group, piv-
aloylamino group and the like can be mentioned.

[0717] 1t is preferably an acetylamino group for group A.

[0718] The “C1-6 alkylcarbonyloxy group optionally sub-
stituted by halogen atom(s)” is an alkyl-carbonyl-oxy group
wherein its C1-6 alkyl moiety is the above-defined “C1-6
alkyl group”, which is optionally substituted by the above-
defined “halogen atom”. It includes unsubstituted C1-6
alkylcarbonyloxy group, and is preferably one whercin its
alkyl moiety is a linear or branched chain alkyl group having
1 to 4 carbon atoms. Here, the halogen atom is preferably a
fluorine atom.

[0719]  Specifically, acetyloxy group, propionyloxy group,
butyryloxy group, isobutyryloxy group, pivaloyloxy group,
fuoromethylcarbonyloxy group, trifflvoromethylcarbony-
loxy group, 2,22-triflucraethylcarbonyloxy group can be
mentioned.

[0720] it is preferably an acetyloxy group or a triftuorom-
ethylcarbonyloxy group for group A.

[0721] The “C6-14 aryl group optionally substituted byl
to 3 substiment(s) sclected from the group comsisting of
halogen atom, C1-6 atkyl group, C1-6 alkylsulfonyi group,
di(C1-5 alkylamino group and C1-6 alkylearbonylamino
group” is the above-defined “C6-14 aryl group”, preferably
a phenyl group, which is optionally substituted by 1 to 3
substituent(s) selected from the group consisting of the
abave-defined “halogen atom”, the above-defined “C1-6
alkyl group”, the above-defined “C1-6 alkylsulfony! group”,
the above-defined “di(C1-6 alkyl)amino group” and the
above-defined “Cl1-6 alkyicarbonylamino group”, and
includes unsubstituted aryl group.
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{0722] As the “C6-14 aryl group optionally substituted by
1 to 3 substituent(s) selected from the group consisting of
halogen atom, C1-6 alkyl group, C1-6 alkylsulfonyl group,
di(C1-6 alkyl)amino group and C1-6 alkylcarbonylamino
group”, phenyl group, 2-fluorophenyl group, 3-flucrophenyl
group, 4-fluorophenyl group, 4-chlorophenyl group, 4-bro-
mophenyl group, 2,4-difluorophenyl group, 3,5-dichlo-
rophenyl group, 4-methylphenyl group, 4-isopropylphenyl
group, 4-tert-butylphenyl -group, 4-dimethylaminophenyl
group, 4-methylsulfonylpheny! group, 4-acetylaminopheny!
_ group and the like can be specifically mentioned.

{0723] It is preferably phenyl group, 2-fluorophenyl
group, 4-fluorophenyl group, 4-tert-butylphcayl group,
4-dimethylaminophenyl - group, 4-methylsulfoaylpbenyl
group or 4-acetylaminopheny! group for group A.

[0724] The “heterocyclic group optionally substituted by
C1-6 alkyloxy group” is the above-defined “heterocyclic
group”, which is optionally substituted by the above-defined
“C1-6 alkyloxy group”, and includes unsubstituted hetero-
cyclic group.

[6725) It is preferably a 5-membered or 6-membered
monocyclic heterocyclic group.

[0726] As the “heterocyclic group optionally substituted
by C1-6 alkyloxy group”, pyrrolidinyl group, piperidinyl
group, piperazinyl group, morpholinyl group, pyrrolyl
group, furyl group, imidazolyl group, pyrazolyl group, 1,2,
4-triazolyl group, tetrazolyl group, pyridyl group, pyrimidi-
nyl group, pyrazinyl group, pyridazinyl group, 3-methoxy-
pyndin-2-yl  group,  6-methoxypyridin-2-yl  group,
5-isopropyloxypyridin-3-yl group and 4-methoxypyrimidin-
2-yl group and the like can be specifically mentioned.

[0727] It is-preferably 2-pyridyl group, 3-pyridyl group,
2-furyl group, 6-methoxypyridin-2-yl group or 4-methoxy-
pyrimidin-2-yl group for group A.

[0728] The “group A” is the following substituent group,
in which R*, R*?, R** and R** are cach independently a
hydrogen atom or the above-defined “C1-6 alkyl group™: the
above-defined “halogen atom™, cyano group,

[0729] —OR* {e.g., hydroxyl group, methoxy group,
cthoxy group, propoxy group, isopropyloxy group,
butoxy group, isobutyloxy group, tert-butyloxy group
ete.),

[0730] —SR™ (c.g., mercapto group, methylsulfanyl
group, cthylsulfanyl group, xsopropylsulfanyl group
eic.),

[0731] —C02R“-(e.g., ‘carboxyl group, methoxycarbo-

nyl group, ethoxycarbonyl group, isopropyloxycarbo-
nyl group, tert-butoxycarbonyl group etc.),

[0732] —CONR**R*? (e.g., carbamoyl group, methyi-
carbamoyl group, ethylcarbamoyl group, isopropylcar-
bamoy! group, dimethylcarbamoyl group, diethylcar-
bamoyl group, diisopropylcarbamoyl group, di-teri-
butylcarbamoy! group, N-ethyl-N-methylcarbamoy!
group, N-isopropyl-N-methylcarbamoyl group etc.),

[0733] —COR** (e.g., formyl group, acetyl group, pro-

pionyl group, butyryl group, isobutyryl group, pivaloyl
group etc.),
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[0734] —SO,NR*’R* (e.g., sulfamoyl group, methyl-
sulfamoyl group, ethylsulfamoyl group, isopropylsul-
famoyl group, dimethylsulfamoyl group, diethylsulfa-
moyl group, diisopropylsulfamoyl group, di-tert-
butylsulfamoyl group, N-cthyl-N-methylsulfamoyl
group, N-isopropyl-N-methylsulfamoyl group etc.),

[0735] —SO,R** (e.g., methylsulfonyl group, ethylsul-
fonyl group, isopropylsulfonyl group, tert-butylsulfo-
nyl group etc), the above-defined “C6-14 aryloxy
group”, the above-defined “C6-14 aryl C1-6 alkyloxy-
carbonyl group”, the above-defined “C1-6 alkylcarbo-
nyloxy group optionally substituted by halogen atom”,
the above-defined “C6-14 aryl group optionally substi-
tuted by 1 1o 3 substituent(s) selected from the group
consisting of halogen atom, C1-6 alky! group, C1-6
alkylsulfonyl group, di(C1-6 alkyDamiso group and
C1-6 alkylcarbonylamino group” and the above-de-
fined “beterocyclic group opnonally substituted by
C1-6 alkyloxy group™.

[0736] The “C1-6 alkyl group optionally substituted by 1
10 3 substituent(s) selected from group A” is the above-
defined “C1-6 alkyl group™, which is optionally substituted
by 1 to 3 substitueni(s) selected from the above-defined
“group A”, and includes unsubstituted akkyl group.

[0737] Specifically, methyl group, ethyl group, propyl
group, isopropyl group, butyl group, isobutyl group, sec-
butyl group, tert-butyl group, pentyl group, isopentyl group,
tert-pentyl group, neopentyl group, 1-ethylpropyl group,
bexyl group, trifiucromethyl group, cyanomethyl group,
2-cyanoethyl group, hydroxymethyl group, 1-hydroxyethyl
group, 2-hydroxyethyl group, 3-hydroxypropyl group, 4-hy-
droxybutyl group, 1-hydroxy-1-methylethyl group, 1-hy-
droxypropane-2-yl  group,  1,3-dihydroxypropane-2-yi
group, 1-hydroxy-2-methylpropane-2-y] group, 1-hydroxy-
2-methylpropyl  group, 1-bydroxy-2,2-dimethylpropyl
group, methoxymethyl group, 2-methoxyethyl group, iso-
propyloxymethyl group, isobutyloxymethyl group, mercap-
tomethyl group, methylsulfanylmethyl group, isopropylsul-
fanylmethyl  group, 2-methylsulfanylethyl  group,
carboxymethyl group, ethoxycarbonylmethyl group, 2-car-
boxyethyl group, 2-cthoxycarbonylethyl group, carbamoyl-
methyl group, methylcarbamoylmethyl group, formylm-
cthyl group, acctylmethyl group, isobutyrylmethyl group,
pivaloylmethyl group, sulfamoylmethyl group, 2-sulfamoyl-
cthyl group, methyisulfamoylmethyl group, methylsulfoayl-
methyl group, isopropylsulfonylmethyl group, 2-methylsul-
fonylethyl group, phenoxymethyl group,
benzyloxycarbonylmethyl group and the like can be men-
tioned.

{0738] It is preferably methyl group, cthyl group, propyl
group or pentyl group, particularly preferably methyl group
or pentyl group, for R*.

[0739] The “C1-7 alkyl group optionally substituted by 1
to 3 substituent(s) sclected from group A” is the above-
defined “C1-7 alkyl group”, which is optionally substituted
by 1 to 3 substituent(s) selected from “group A”, and
includes unsubstituted alkyl group.

[0740] Specifically, the substituents for the “C1-6 alkyl
group optionally substituted by 1 1o 3 substituent(s) selected
from group A” can be mentioned.

[0741] Itis preferably a methyl group for R2. As group C,
preferred are methyl group, ethyl group, propyl group,
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isobutyl group, isopropyl group, butyl group, isobutyl
group, tert-butyl group, cyanomethyl group, hydroxymethyl

group, 2-hydroxyethyl group, 1-bydroxyethyl group, 3-hy- .

droxypropyl group, 1-hydroxypropyv! group,*1-hydroxy-2-
methylpropyl group, methoxymethyl group, isopropy-
loxymethyl group, isobutyloxymethyl group, 2.2-
dimethylpropyl  group,  2,2-dimethyl-1-hydroxypropyl
group, 3,3-dimethyl-2-hydroxybutyl group, carboxymethyl
group, methoxycarbonylmethyl group, methylcarbamoylm-
ethyl group, dimethylcarbamoylmethyl group, methylsulfa-
nylmethyt group, 2-(methyisulfanyl)ethyt group, methylsul-
fonylmethyl group, isopropylsulfonylmethyl group,
2{methylsulfonyl)ethyl group, isopropylsulfanylmethyl
group, pivaloylmethyl group, benzyl group, phenethyl
group, 3-phenylpropyl group, phenoxymethyl group and
benzyloxycarbonylmethyl group.

(0742} The “C2-6 alkenyl group optionally substituted by
1 to 3 substituent(s) selected from-group A” is the above-
defined “C2-6 alkenyl group”, which is optionally substi-
tuted by 1 to 3 substituent(s) selected from “group A”, and
includes unsubstituted alkenyl group.

[6743]} Specifically, vinyl group, allyl group, 1-propenyl
group, isopropenyl group, 2-methyl-1-propenyl group,
1-butenyl group, 2-butenyl group, 1,3-butadienyl group,
3-methyl-2-butenyl group, 4-methyl-2-pentenyl group,
A-methyl-3-pentenyl group, 1-methyl-2-butenyl group, car-
boxyvinyl group, carbamoylvinyl group and the like can be
mentioned.

[0744] The “C2-6 alkynyl group optionally substituted by
1 to 3 substituent(s) sclected from group A” is the above-
defined “C2-6 alkynyl group”, which is optionally substi-
tuted by 1 to 3 substituent(s) selected from “group A”, and
includes uaosubstituted aikynyl group.

[0745) Specifically, ethynyl group, l-propynyl group,
2-propynyl group, 3-butynyl group, carboxyethynyl group,
carbamoylethyny! group and the like can be mentioned.
{0746] The “group B” is a group selected from the fol-
lowing substituent group, in which R", R®?, R®3, R™, R*S
and R"® are each independently a hydrogen atom or the
above-defined “C1-6 alkyl group™: the above-defined “halo-
gen atom”, cyano group, the above-defined “C1-6 alkyl
group”, the above-defined “haloC1-6 alkyl group”,

[0747] —OR™ (c.g., hydroxyl group, methoxy group,
ethoxy group, propoxy group, isopropyloxy group,
butoxy group, isobutyloxy group, tert-butyloxy group
elc),

[0748]) —SR®! (e.g., mercapto group, methylsulfanyl
group, cthylsulfanyl group, isopropylsulfanyl group
elc.),

[0749] —CO,R™ (e.g., catboxyl group, methoxycarbo-
nyl group, ¢thoxycarbonyl group, isopropyloxycarbo-
nyl group, teri-butoxycarbonyl group etc.),

[0750] —CONR"?R"® (e.g., carbamoyl group, methyl-
carbamoyl group, ethylcarbamoyl group, isopropylcar-
bamoy! group, dimethylcarbamoyl group, diethylcar-
bamoyl group, diisopropylcarbamoyl group, di-tert-
butylcarbamoyl group, N-ethyl-N-methylcarbamoyl
group, N-isopropyl-N-methylcarbamoyl group etc.),

[0751] —COR™ (e.g., formyl group, acetyl group, pro-
pionyl group, butyryl group, isobutyryl group, pivaloyl
group eic.),
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[0752} —SO,NR"?R"® (e.g., sulfamoyl group, methyl-
sulfamoyl group, ethylsulfamoyl group, isopropylsul-
famoyl group, dimethylsulfamoyl group, dicthylsulfa-
moyl group, diisopropylsulfamoy! group, di-tert-
butylsuifamoyl group, N-cthyl-N-methylsulfamoyl
group, N-isopropyl-N-methylsulfamoyl group etc.),

{0753] —SO,R™* (e.g., methylsulfonyl group, ethylsul-
fony! group, isopropylsulfonyl group, tert-butylsulfo-

- oyl group etc.), the above-defined “C6-14 aryloxy
group” and the above-defined “C6-14 aryl C1-6 alky-
loxycarbonyl group™

.[0754] —NRCORbDS (e.g., acetylamino group, propio- )
nylamino group, butyrylamino group, isobutyrylamino
group, pivaloylamino group and the like.

[0785] The “C3-10 carbon ring group optionally substi-
tuted by 1 to 3 substituent(s) sclected from group B” is the
above-defined “C3-10 carbon ring group”, preferably a
phenyl gronp, which is optionally substituted by 1 to 3
substituent(s) selected from the above-defined *group C”,
and includes unsubstituted C3-10 carbon ring group.

[0756] Specifically, phenyl group, 2-flucrophenyl group,
3-fluorophenyl group, 4-fluorophenyl group, 2.4-difluo-
rophenyl group, 3,4-diflucrophenyl group, 2-chlorophenyl
group, 3-chlorophenyl group, 4-chlorophenyl group, 2-bro-
mophenyl group, 3-bromophenyl group, 4-bromophenyl
group, 2,3-dichlorophenyl group, 2,4-dichlorophenyl group,
2,6-dichlorophenyl group, 3,4-dichlorophenyl group, 3,5-
dichlorophery! group, 3,4-dibromophenyl group, 3-chloro-
2-fluorophenyl group, 2-chloro-3-fluorophenyl group,
4-chloro-3-fluorophenyl  group, 3-chloro-4-fluoropheny!
group, 2-chloro-6-flucrophenyl group, 2-methylphenyl
group, 3-methylphenyl group, 4-methylphenyl group, 4-cth-
ylphenyl group, 4-propylphenyl group, 3-isopropylphenyl
group, 4-isopropylphenyl group, 3-butylphenyl group,
3-isobutylphenyl group, 4-isobutylphenyl group, 3(2-me-
thyl-1-propenyl)phenyl  group, 2-trifluoromethylphenyl
group, 3-trifluoromethyiphenyl group, 4-trifluorometh-
ylphenyl group, 3,5-bistriffuoromethylphenyl  group,
2-methoxyphenyl group, 3-methoxyphenyl group, 4-meth-
oxyphenyl group, 2-ethoxyphenyl group, 3-ethoxyphenyl
group, 4-cthoxyphenyl group, 2-isopropyloxyphenyl group,
3-isopropyloxyphenyl group, 4-isoprapyloxyphenyl group,
3-phenoxyphenyl group, 4-phenoxyphenyl group, 3-meth-
ylthiophenyl group, 4-methylthiophenyl group, 3-carbox-
yphenyl group, 4-carboxyphenyl group, 3-cyanophenyl
group, 4-cyanophenyl group, 3-acetylphenyl group,
4-acetylphenyl group, 3-isobutyrylphenyl group, 4-isobu-
tyrylpbenyl group, 3-carbamoylphenyl group, 4-carbam-
oylpheny! group, 3(methylcarbamoyl)pheny! group, 4-(me-
thylcarbamoyljphenyl group,
3-(isopropylcarbamoyl)phenyl group, 4-(isopropylcarbam-
oyl)phenyl group, 3-(butylcarbamoyl)phenyl group, 3-(N-
ethyl-N-methylcarbamoyl)phenyl group, 3-(dimethylcar-
bamoyl)phenyl group, 4-(dimethylcarbamoyl)phenyl group,
3{(dicthylcarbamoyl)phenyl  group, 4-(diethylcarbam-
oyl)phenyl group, 3-(N-methyl-N-(3-methylbutyl)carbam-
oyl)phenyl group, 4-{N-methyl-N-(3-
methylbutyl)carbamoyl}phenyl group, 3-sulfamoylphenyl
group, 4-sulfamoylphenyl group, 3-(methylsulfamoyl)phe-
ayl group, 4-(methylsulfamoyl)phenyl group, 3(cthylsulfa-
moyl)phenyl group, 4-(cthylsuifamoyl)pheny! group, 3-(iso-
propylsulfamoyl)pheny! group, 3-(butylsulfamoyl)phenyl



US 2005/0054645 Al

group, 3{(dimethylsulfamoyl)phenyl group, 4-{(dimethylsul-
famoyl)phenyl group, 3-(diethylsulfamoyl)phenyl group,
4-(diethylsulfamoyl)phenyl group, 3-(N-ethyl-N-methylsul-
famoyl)phenyl group, * 3{methylsulfonyi)phenyl group,

4-(methylsuifonyl)phenyl group, 3-(cthylsulfonyl)phenyl -

group, 4-(cthylsulfonyl)phenyl group, 3-(isopropyisulfo-
nyl)phenyl group, 4-(isopropylsulfonyl)phenyl group,
4-chloro-3-carboxyphenyl group, 4-chloro-3-dimethylcar-
bamoylphenyl group, 3-chloro-4-methylphenyl group,
3-chloro-2-hydroxyphenyl group, 3-chloro-4-hydroxyphe-
nyl group, 3-chloro-2-methoxyphenyl group, 3-chloro-4-
methoxyphenyl group, 3-chloro-4-propyloxyphenyl group,
3-chloro-4-isopropyloxyphenyl group, 3-chloro-4-benzy-
loxyphenyl group, 3-chloro-5-methoxyphenyl group,
3-chloro-6-methoxypheny! group, 3-chloro-4-ethbxyphenyl
group, 3-chloro-4-isopropyloxyphenyl group, 4-chloro-2-
methoxyphenyl group, 4-chloro-3-methoxyphenyl group,
4-chloro-2-hydroxypheny! group, 4-chloro-2-isopropylox-
yphenyl group, 4-chloro-2-propyloxyphenyl  group,
4-chloro-2-benzyloxyphenyl group, 3-carboxy-5-trifluo-
romethylphenyl group, 3-dimethylcarbamoyl-5-trifluorom-
cthylphenyl group, 4-dimethylcarbamoyl-2-fluorophenyl
group, 4-carboxy-3-chlorophenyl group, 3-chloro-4-methyl-
carbamoylphenyl - group,  3-chloro-4-dimethylcarbam-
oylphenyl  group,  3-chloro-4-diethylcarbamoylphenyl
group, 4-caibamoyl-3-chlorophenyl group, 3-chloro-4-
acetylphenyl group, 3-chloro-4-pivaloylphenyl
3-chloro-5-dimethylcatbamoylphenyl group, 3-hydroxy-4-
dimethylcarbamoylphenyl group, 3-hydroxy-5-dimethylcar-
bamoylphenyl group, 3-cyano-5-dimethylcarbamoylphenyl
group, 3-carboxy-5-methoxyphenyl group, 3-carboxy-5-
cthoxyphenyl group, 3-carboxy-5-isopropyloxyphenyl
group, 3-carboxy-5-cyanophenyl group, 3,5-dicarboxyphe-
nyl group, 3,4-dicarboxyphenyl group, 3-carboxy-S-dimeth-
ylcarbamoylphenyl group, 3-carboxy-4-methoxyphenyl
group, 3-carboxy-4-cthoxyphenyl group, 3-carboxy-4-iso-
propyloxyphenyl group, 3-carboxy-4-cyanophenyl group,
3-carbamoyl-5-dimethylcarbamoylphenyl group, 3-dimeth-
ylcarbamoyl-5-methylcarbamoylphenyl group, 4-carboxy-
3-methoxyphenyl- group, 4-carboxy-2-methoxyphenyl
group, 4-carboxy-3-ethoxyphenyl group, 4-carboxy-3-iso-
propyloxyphenlyl group, 4-carboxy-3-cyanophenyl group,
4-carbamoyl-2-methoxypbenyl group, 4-methylcarbamoyl-
3-methoxyphenyl group, 4-dimethylcarbamoyl-3-methox-
yphenyl group, 3,5-bis(dimethylcarbamoyl)phenyl group,
3-carbamoyl-5-cyanophenyl group, 3-carboxy-4-meth-
ylphenyl  group, 3-dimethylcarbamoyl-4-methylphenyl
group, 4-methyl-3-methylcarbamoylphenyl group, 3-dim-
. ethylsulfamoyl-4-methylphenyl group, 4-fluoro-3-chlo-
rophenyl group, 4-fluoro-2-carboxyphenyl group, 4-fluoro-
2-methoxycarbonylphenyl group, 4-fluoro-2-
methylcarbamoylphenyl group, 4-fluoro-2-
acetylaminophenyl group, 3,5-dichloro-4-hydroxyphenyl
group, 3,5-dichloro-4-methoxyphenyl group, 1-naphthyl
group, 2-naphthyl group, 1-bromonaphthalen-2-yl group,
6-bromonaphthalen-2-yl group, 7-cyanonaphthalen-2-yl
group, 7-methoxynaphthalen-2-yl group, S-bromo-6-meth-
oxynaphthalen-2-yl group, cyclopentyl group; 1-methylcy-
clopentyl group, 1-ethyicyclopentyl group, 1-isopropylcy-
clopenty]l group, 2,5-dimethylcyclopentyl group, 2,2-
dimethylcyclopentyl group, cyclohexyl group,
1-methylcyclohexyl group, 1-<thylcyclohexyl group, 1-iso-
propylcyclohexyl group, 2,6-dimethylcyclohexyl group,

group,*
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cycloheptyl group, 1-methylcyclobeptyl group, 1-ethylcy-
cloheptyl group, 1-isopropylcycioheptyl group and the like
can be mentioged.

{0757] The ring D for R is preferably phenyl group,
2-fluorophenyl group, 3-fluorophenyl group, 4-fluorophenyl
group, 3,4-difluorophenyl group, 2-chlorophenyl group,
3-chlorophenyl group, 4-chlorophenyl group, 3-bromophe-
nyl group, 4-bromophenyl group, 2,3-dichloropheny! group,
2,6-dichlorophenyl group, 3,4-dichlorophenyl group, 3,5-
dichlorophenyl group, 3-chloro-2-flucrophenyl group,
4-chloro-3-fluorophenyl group, . 2-chloro-6-fluorophenyl
group, 3-trifluoromethylphenyl group, 3-methoxyphenyl
group, 3-chloro-2-hydroxypheay! group, 3-chioro-2-meth-
oxyphenyl group, 3-chloro-4-methoxyphenyl group,
3-chloro-4-propyloxyphenyl group, 3-chloro-4-isopropy-
loxypbenyl group, 3-chloro-4-benzyloxyphenyl group,
3-chloro-5-imethoxyphenyl group, 3-chloro-6-methoxyphe-
nyl group, 4-chloro-2-methoxyphenyl group, 4-chloro-3-
methoxyphenyl group, 4-chloro-2-hydroxyphenyl group,
4-chloro-2-isopropyloxyphenyl group,  4-chloro-2-propy-
loxyphenyl group, 4-chloro-2-benzyloxyphenyl group,
4-fluoro-3-chloropheny! group, 4-fluoro-2-carboxyphenyl
group, 4-fluoro-2-methoxycarbonylphenyl group, 4-fluoro-
2-methylcarbamoylphenyl group, 4-fluoro-2-acetylami-
nophenyl group or 2-naphthyl group.

[0758] The “beterocyclic group optionally substituted By 1
to 3 substituent(s) selected from group B” is the above-
defined “heterocyclic group”, which is optionally substituted
by 1 to 3 substituent(s) selected from the above-defined
“group C”, and includes unsubstituted heterocyclic group.

[0759] Specifically, 2-imidazolyl group, S-methylpyrazol-
3-yl group, S-methylisoxazol-3-yl group, 2-furyl group,
2-thiazolyl group, 4-methylthiazol-2-yl group, 5-methylthi-
azol-2-yl group, 5-thiazolyl group, 2-oxazolyl group, 1-me-
thylimidazol-2-yl group, 3-pyrazolyl group, 1,2,4-triazol-3-
yl group, 2-methyl-1,2,4-triazol-3-yl group, 5-methyl-1,2,4-
triazol-3-yl group, 5-ethyl-1,2,4-triazol-3-yl group, 1-ethyl-
1,2,4-triazol-3-yl group, 1,5-dimethyl-1,2,4-triazol-3-yl
group, 4-methyl-1,2,4-triazol-3-yl group, 4-ethyl-1,2,4-tria-
zol-3-yl group, S-tetrazolyl group, 5-cthyl-1,2,4-oxadiazol-
3-yl1 group, 5-cthyl-1,3,4-oxadiazol-2-yl group, 3-methyl-1,
2,4-thiadiazol-5-yl group, 2-pyridyl group, 3-pyridyl group,
4-pyridyl group, 4-methoxypyridin-2-yl group, 6-methylpy-
ridin-2-yl group, 2-pyrimidinyl group, 4-pyrimidinyl group,
4-methylpyrimidin-2-yl group, 4-ethylpyrimidin-2-yl group,
4-isopropylpyrimidin-2-yl group, 4-butylpyrimidin-2-yl
group, 4-sec-butylpyrimidin-2-yl group, 4-carboxypyrimi-
din-2-yl group, 4-methoxypyrimidin-2-yl group, 4-cthoxy-
pyrimidin-2-yl group, 4-isopropyloxypyrimidin-2-yl group,
4-tert-butyloxypyrimidin-2-yl group, 5-methylpyrimidin-2-
yl group, 5-cthylpyrimidin-2-yl group, 5-isopropylpyrimi-
din-2-y1 group, 5-butylpyrimidin-2-yl group, 5-sec-butylpy-
rimidin-2-y!  group, S5-catboxypyrimidin-2-yl  group,
5-methoxypyrimidin-2-yl group, S-ethoxypyrimidin-2-y}
group, S-isopropyloxypyrimidin-2-yl group, 5-tert-buty-
loxypyrimidin-2-yl group, 3-pyridazinyl group, 2-pyrazinyl
group, 2-quinazolinyl group, 2-oxazolin-2-yl group, 5-ethyl-
2-0xazolin-2-yl group, 4,4-dimethyloxazolin-2-yl group,
2-quinolyl group, 6-quinoly! group, 2-benzothiazolyl group,
1,2,4-triazin-3-yl group, 1,3,5-triazin-2-yl group, 1,2,3.4-
tetrahydroquinolin-1-yl group, 5-indolyl group, 1-methylin-
dol-2-yl group, 2-benzimidazolyl group, 2-benzofuranyl
group, 1,3-benzodioxol-5-yl group, 1,2,4-benzotriazin-3-yl
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group, 4-piperidyl group, 4-methylpiperidin-4-yl group,
4-cthylpiperidin-4-yl  group,  4-isopropylpiperidin-4-yl
group, 4-tetrahydropyranyl group, 4-methyltetrahydropy-
ran-4-yl group, 4-cthyhetrahydropyran-4-yl group, 4-iso-
propyhtetrahydropyran-4-yl group, 3,5-dimethyltetrabydro-
pyran-4-y!  group, 4-tetrahydrothiopyranyl  group,
4-methyltetrahydrothiopyran-4-y! - group, 4-cthyltetrahy-
drothiopyran-4-yl group, —1sopmpyllctuhydm(hmpyran-4—
yl group and the like can be mentioned.

[0760F Itis prcferably 2-benzofuranyl group as riag D for
R . :

{0761} I is preferably 2-furyl group, 2-thiazolyl group,
4-methylthiazol-2-yl" group, 5-methylthiazol-2-yl group,
5-thiazolyl group, 2-oxazolyl group, 1-methylimidazol-2-yl
group, 3-pyrazolyl group, 1,2,4-triazol-3-yl group, 2-me-
thyl-1,2 4-triazol-3-y1 group, 5-tetrazolyl group, 3-methyl-
1,2,4-thiadiazo}-5-yl group, 2-pyridyl group, 3-pyridyl
group, 4-pyridyl group, 2-pyrimidinyl group, 4-pyrimidiny}
group, 2-pyrazinyl group, 3-pyridazinyl group or 2—benm—
furanyl group for group C.

[0762] The “C6-14 aryl group optionally substituted by 1
to 3 substituent(s) selected from group B” is the above-
defined “C6-14 aryl group”, which is optionally substituted
by 1 'to 3 substituent(s) sclected from the above-defined
“group B”, and includes unsubstituted C6-14 aryl group.

[0763] Specifically, phenyl group,” 2-flucrophenyl group,‘

3-fluorophenyl group, 4-fluorophenyl group, 2.4-difluo-
rophenyl group, 3,4-difluorophenyl -group, 2-chiorophenyl

group, 3-chlorophenyl group, 4-chlorophenyl group, 2,4- -

dichlorophenyl group, 34-dichlorophenyl group, 3,5-
dichlorophenyl group, 3,4-dibromophenyl group, 3-chloro-

2-fluorophenyl group, 2-chloro-3-fluorophenyt . group,
4-chloro-3-fluorophenyl  group, 3-chloro4-flucrophenyl
group, 2-methylphenyl group, 3-methylphenyl group, 4-me-
thylpheny! group, 2,6-dimethylphenyl group, 2-ethylphenyl

group, 3-ethylphenyl group, 4-ethylphenyl group, 4-propy- -

Iphenyl group, 3-isopropylphenyl group, 4-isopropylphenyl
group, 3-butylphenyl group, '3-isobutylphenyl group,
4-isobutylphenyl  group, 3«(2-methyl-1-propenyl)phenyl
group, 2-triflucromethylphenyl group, 3-trifluorometh-
ylphenyl group, 4-triffuoromethiylphenyl group, 3,5-bistrif-
luoromethylphenyl group, 2-hydroxyphenyl group, 3-hy-
droxyphenyl group, 4-hydroxyphenyl group,
2-methoxyphenyl group, 3-methoxypheny! group, 4-meth-
oxyphenyl group, 2-ethoxyphenyl group, 3-cthioxyphenyl
group, 4-ethoxyphenyl group, 2-isopropyloxyphenyl group,
3-isopropyloxyphenyl group, 4-isopropyloxyphenyl group,
3-phenoxyphenyl group, 4-phenoxyphenyl group, 3-meth-
yithiophenyl group, 4-methylthiophenyl group, 3-carbox-

yphenyl group, 4-carboxyphenyl group, 3-cyanophenyl

group, 4-cyanophenyl group, 3-acetylphenyl group,
4-acetylphenyl group, 3-isobutyrylphenyl group, 4-isobu-
tvrylphenyl group, 3-carbamoylphenyl group, 4-carbam-
oylphenyl group, 3-(methylcarbamoyl)phenyl group, 4-(me-
thylcarbamoyl)phenyl group,
3-(isopropylcarbamoyl)phenyl group, 4-(isopropylcarbam-
oyDphenyl group, 3«(butylcarbamoyl)phenyl group, 3{N-
ethyl-N-methylcarbamoyl)phenyl group, 3-{dimethylcar-
bamoyl)phenyl group, 4-(dimethylcarbamoyl)phenyl group,
3-(diethylcarbamoyl)phenyl  group; 4-{dicthylcarbam-
ayl)phenyl group, 3-{N-methyl-N-(3-
methylbutyl)carbamoyl}pheny! group, 4-{N-methyl-N-(3-

" bamoylpheny}

2
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methylbutyl)catbamoyl}phenyl group, 3-sulfamoylphenyl
group, 4-sulfamoylphenyl group, 3{methylsulfamoyl)phe-
nyl group, 4-(methylsulfamoyl)pheayl group, 3-(ethylsulfa-
moyl)phenyl group, 4-(ethylsulfamoyl)phenyl group, 3-(iso-
propylsulfamoyfphenyl group, 3-(butylsulfamoyl)phenyl
group, 3-(dimethylsulfamoyljphenyl group, 4-(dimethylsul-
famoyl)pheny! group, 3-(dicthylsulfamoyl)phenyl group,
4-(dicthylsulfamoyl)pheny! group, 3{(N-cthyl-N-methylsul- .
famoytjphenyl group, 3-(methylsulfonyl)phenyl group,
4-(methylsulfonyl)phenyl group, 3-(cthylsuifonyl)phenyl
group, 4-(ethylsulfonyl)pbenyl group, 3-{isopropylsulfo-
nyl)phenyl * group, 4-(isopropylsulfonyl)phenyl ~group,
4-chloro-3-carboxypheny!l group, 4-chioro-3-dimethylcar-
group, 3-chloro-4-methylphenyl group,
3-chloro-4-hydroxyphenyl group, 3-chloro-4-methoxyphe-
nyt group, 3-chloro-4-cthoxyphenyl group, 3-chloro-4-iso-
propyloxyphenyl group, 3-carboxy-5-trifivoromethylphenyl
group, 3-dimethylcarbamoyl-5-trifluoromethylphenyl
group, 4-dimethylcarbamoyl-2-fluorophenyl group, 4-car-
boxy-3chlorophenyl group, 3-chioro-4-methylcarbam-
oylphenyl group, 3-chloro-4-dimethylcarbamoylphenyl
group, 3-chloro-4-diethylcarbamoylphesyl group, 4-car-
bamoyl-3-chlorophenyl  group, 3-chloro-4-acetylphenyt
group, 3-chloro-4-pivaloylphenyl group, 3-chloro-5-dimeth-
ylcarbamoylphenyl group, 3-hydroxy-4-dimethylcarbam-
oylphenyl group, 3-hydroxy-5-dimethylcarbamoylphenyl
group, 3-cyano-5-dimethylcarbamoylpheny! group, 3-car-
boxy-5-methoxyphenyl group, 3-carboxy-5-cthoxyphenyl
group, 3-carboxy-5-isopropyloxyphenyl group, 3-carboxy-

-5-cyanophenyl group, 3,5-dicarboxyphenyl group, 3,4-di-

carboxypheny! group, 3-carboxy-5-dimethylcarbamoyliphe-
nyl group, 3-carboxy-4-methoxyphenyl group, 3-carboxy-
4-ethoxypheny! group, 3-carboxy-4-isopropyloxyphenyl
grottp, 3-carboxy-4-cyanophenyl group, 3-carbamoyl-5-
dimethylcarbamoylpheny! group, 3-dimethylcarbamoyl-5-
methylcarbamoylphenyl group, 4-carboxy-3-methoxyphe-
nyl group, 4-carboxy-2-methoxyphenyl group, 4-carboxy-
3-ethoxyphenyl group, 4-carboxy-3-isopropyloxyphenyl
group, 4-carboxy-3-cyanophenyl group, 4-carbamoyl-2-
methoxyphenyl group, 4-methylcarbamoyl-3-methoxyphe-
nyl group, 4-dimethylcarbamoyl-3-methoxyphenyl group,
3,5-bis(dimethylcarbamoyl)phenyl group, 3-carbamoyl-5-
cyanophenyl group, 3-carboxy-4-methylphenyl group,
3-dimethylcarbamoyl-4-methylphenyl group, 4-methyl-3-
methylcarbamoylphenyl group, 3-dimethylsulfamoyl-4-me-
thylphenyl group, 3,5-dichloro-4-hydroxyphenyl group, 3,5-
dichloro-4-methoxypheny!  group, 1-naphthyl group,
2-naphthyl group, 1-bromonaphthalen-2-yl group, 6-bro-
monaphthalen-2-yl group, 7-cyanonaphthalen-2-yl group,
7-methoxynaphthalen-2-yl  group, 5-bromo-6-methox-
ynaphthalen-2-yl group and the like can be mentioned.

{0764] 1t is preferably pbenyl group, 2-fluorophenyl

‘group, 2-ethylpbenyl group, 2,6-dimethylphenyl group,

2-chlorophenyl group, 3-chlorophenyl group, 4-chlorophe-
oyl group, 2-methoxyphenyl group, 3-methoxyphenyl
group, 4-methoxyphenyl group, 2-hydroxypheny! group,
3-hydroxyphenyl group, 4-hydroxyphenyl group or 2-trif-
luoromethylphenyl group for group C.

[0765] The “heteroaryl group optionally substituted by 1
10 3 substituent(s) sclected from group B” is the above-
defined “heteroaryl group”, which is cjtionally substituted
by 1 to 3 substituent(s) selected from the above-defined
“group B”, and includes unsubstimuted heteroaryl group.
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[0766] Specifically, 2-imidazolyl group, 5-methylpyrazol-
3-yl group, S-methylisoxazol-3-y} group, 2-thiazolyl group,
1,2,4-triazol-3-yl group, S-methyl-1,2,4-triazol-3-yl group,
S-ethyl-1,2,4-triazol-3-y1 group, 1-cthyl-1,2,4-triazol-3-yl
group, I,S-dimethyl‘1,2.4-uiazol-3~yl group, 4-methyl-12,
4-triazol-3-y1 group, 4-cthyl-1,2 4-triazol-3-yl group, 5-fet-
razolyl group, S-ethyl-1,2,4-0xadiazol-3-y1 group, S-cthyl-
1,3,4-oxadiazol-2-yl group, 2-pyridyl group,
4-methoxypyridin-2-yl group, 6-methylpyridin-2-yl group,

" 2-pyrimidiny! group, 4-pyrimidiny! group, 4-methylpyrimi-
din-2-yl group, 4-cthylpyrimidin-2-yl group, 4-isopropylpy-
fimidin-2-yl group, 4-butylpyrimidin-2-y] group, 4:sec-bu-
tylpyrimidin-2-y] group, 4-carboxypyrimidin-2-y! group,
4-methoxypyrimidin-2-y} group, 4-cthoxypyrimidin-2-yl
group,  4-isopropyloxypyrimidin-2-yl - group, 4-tert-buty-
loxypyrimidin-2-yl group, 5-methylpyrimidin-2-yl group,
S-ethylpyrimidin-2-yl " group, S-isopropylpyrimidin-2-yl
group, S-butylpyrimidin-2-yl group, 5-sec-butylpyrimidin-
2-yl group, S-carboxypyrimidin-2-yl group, S-methoxypy-
rimidin-2-yl group, 5-cthoxypyrimidin-2-y] group, 5-isopro-
pyloxypyrimidin-2-y! group, S-tert-butyloxypyrimidin-2-yl
group, 3-pyridazinyl group, 2-pyrazinyl group and the like
can be meationed.

[0767] The “group C” is a group selected from the fol-
lowing substituent group:
[0768] (1) a hydrogen atom,
(6769] (2) the above-defined “C3.8 cycloalkyl C1-6
alkyl group”,
[0770] (3) a cyano group,
[0771] (4) the above-defined “halogen atom™,
{06772] (5) the above-defined “C1-6 alkyl group”,
[0773] (6) the above-defined “C2-6 alkenyl group”,
[0774] (7) the above-defined “C2-6 alkynyl group”,
[0775] (8) the above-defined “C6-14 ary! group”,

[0776] (9) a beterocyclic group which is a saturated or
unsaturated 5-membezed or 6-membered heteromono-
<ycle containing at least onc hetero atom selected from
fitrogen atom, oxygen atom and sulfur atom, or a fused
ting of such heterocycles, or a fused ring of a carbon
ring selected from benzene, cyclopentane and cyclo-
hexane and the above-defined heterocycle,

(0777} (10} the above-defined “C1-6 alkyloxy group”,

[0778]  (11) the above-defined “C6-14 aryl C1-6 alkyl

_-group”,

{07791 (12) the above-defined “C6-14 aryl C1-6 alky-
loxy group”,

[0780] (13) —CO.R** (e.g., carboxyl group, methoxy-
carbonyl group, ethoxycarbony! group, isopropyloxy-
carbonyl group, tert-butoxycarbonyl group, 2.2-dim-
clhylpropyloxycaxbonyl group, cyclohexyloxycarbonyl
elc),

[0781) (214) —CONR=?R=* (eg., carbamoyl group,
methylcarbamoyl group, ethyicarbamoyl group, propy-
Icarbamoyl group, isopropylcarbamoyl group, butyl-
carbamoyl group, isobutylcarbamoyl group, dimethyl-
carbamoyl  group, dicthylcarbamoy] group,
diisopropylcarbamoyl group, di-tert-butylcarbamoyl
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group, N-ethyl-N-methylcarbamoyl group, N-isopro-
pyl-N-methylcarbamoyl group, N-butyl-N-methylcar-
bamoyl group, 2-fluoroethylcarbamoy! group, 2-hy-
droxyethylcarbamoyl group,
2-methoxyethylcarbamoyl group, N-methyl-N-(2-
methoxyethyljcarbamoyl group, 2-oxopropyicarbam-
oyl group, Z-hydroxypmpylcarbamoyl group, car-
boxymethylcatbamoyi . : group,
mctlmecarbonyhnethylcarbamuyl group, 2,22-rif- .
Iuoroethylcarbamoyl group, 2-(triflucroacetyloxy)eth-
yicarbamoyl group, methylcart ylmethylcarbamoyl
group, dimcthylcarbamoylmelhylcarbamoyl group,
2—(methylsulfonyi)ethylcarbamoyl- group, phenylcar-
bamoyl group, benzylcarbamoyl group, N-benzyl-N-
methylcarbamoyl  group, 2-fluorobenzylcatbaroyl
group, 4-fluorobenzylcarbamoyl group, 4-tert-butyl-
benzylcarbamoy! group, 4-(dimethylamino)benzylcar-
bamoyl group, d—(methylsulfonyl)bcnzylcarbamoyl
group, 4-(acetylamino)benzylcaxbamoyl group,
1-naphthylmethylcarbamoyl group, diphenyimethyl-
carbamoyl group, I,Z-dipheuylclhylcatbamoyl group,
1,3-diphenylpropylcarbamoyl group, 2-pyridylmethyl-
carbamoyl group, 3—pyridylmcthylcarbamoyl group,
‘prridylmethylcarbamoyl group, 2-furylmethylcar-
bamoyl group, A4-methoxypyrimidin-2-ylmethylcar-
bamoyl group, 2-(2—oxopyrrolidin-l-yI)elhylcarbamoyl
group, 1-pyrrolidinylcarbonyl group, 3-hydroxypyrro-
lidin-1-ylcarbonyl group, 3-oxopyrrolidin-1-ylearbo-
ayl group, morpholinocarbonyl group efc.),

(0782] (15) —COR* (c.g, formyl group, acetyl group,
propionyl group, butyryl group, isobutyryl group, piv-
aloyl group, benzoyl group, 3-methylbutyryl group,
2,2-dimethylbutyryl group, 2.2-dimethyl-1-hydrox-
Ypropionyl group, 2,2~dimethyl-1-mednxypropionyl
group, 1~aoetyloxy-2,2-dimethylpropionyl group,
Z-mc!hyl-Z-phenylpropionyl group etc.),

[0783) (16) —SO,NR?R** (c.g., sulfamoyl group,
methylsulfamoyl group, ethylsulfamoyl group, isopro-
pylsulfamoyl group, dimethylsulfamoyl group, dieth-
yisulfamoy} group, diisopropylsulfamoyl group, di-
tert-butylsulfamoyl group, N~ethyl-N—mc!hylsu1famoy]
group, N-isapmpyl-N—methylsnlfamoyl group efc.),

[0784] (17) the above:defined “C6-14 alylcarbonj;']
group™,

[0785] (18) —NR*'R** (c.g., amino group, methy-
Iamino group, ethylamino group, propylamino group,
isoprapylamine group, butylamino group, isobuty-
lamino group, dimethylamino group, dicthylamino
group, diisopropylamino group, di-tert-butylamino
group, N-cthyl-N-methylamino group, N-jsopropy}l-N-
methylamino group etc.),

[0786] (19) —NR°SCOR®’ (e.g., acetylamino group,
propionylamino group, butyryfamino group, isobulyry-
Iamino group, pivaloylamino group, benzoylamino
group, 4-fluorobenzoylamino group, 3-methylbutyry-
lamino group, 3,3-dimethylbutyrylamino group, {meth-
oxyacetyllamino group, 2-isopropyl-3-melhylbutyry- .
lamino graup, 2,2-dimethyl-1-hydroxypropionylamina
group, 2,2-dimethyl-1 -methoxypropionylamino group,
1-acetyloxy-2,2-dimethylpropionylamino group, 2-me-~
thyl-2-phenylpropionylamino group, N-acetyl-N-me-
thylamino group, N-acetyl-N-iscbutylamino group,
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benzylcarbonylamino group, 4-Buorobenzylcarbony-
lamino group, 3-phenylpropionylamino group, cyclo-
pentyicarbonylamino group, 2-pyridylcarbonylamino
group, 3-pyridylcarbonylamino group, 4-pyridylcarbo-
nylamino group, 2-furylcarbonylamino group, 2-thie-
nylcarbonylamino group, 1-methylpyrrol-2-ylcarbony-
lamino group etc.y

[0787] (20) —~NR**SO,R*? (e.g., methylsulfonylamino
group, ethylsulfonylamino group, isopropylsulfony-
- lamino group, phenylsulfonylamino group, benzylsul-
fonylamino  group, . N-methyl-N<(methylsulfony-
Damino group, N-methyl-N-(ethylsulfony!)amino
group, N-methyl-N-(isopropylsulfonyl)amino group,
4-pyridylsulfonylamino group, 2-furyisulfonylamino
group, 2-thienylsulfonylamino group, 1-methyipyrrol-
2-ylsulfonylamino group etc.),

[0788} (21) —SR'° (e.g., methylsulfanyl group, ethyl-
sulfanyl group, isopropylsulfanyl group, phenylsulfa-
oyl group etc.),

[0789] (22) —SOR® (c.g., methylsulfinyl group, eth-
ylsulfinyl group, isopropylsulfinyl group, phenylsulfi-
nyl group etc.), .

{0790] (23)—S0,R*'?(e.g., methylsuifonyl group, eth-
ylsuifonyl group, isopropylsulfonyl group, phenylsul-
fonyl group etc.),

[0791] (24) —NR“CONR*™R<'* (e.g., methylcar-
bamoylamino group, dimethylcarbamoylamino group,
diethylcarbamoylamino group, diisopropylcarbamoy-
lamino  group, N-ethyl-N-methylcarbamoylamino
group etc.), .

[0792] (25) —NR!°CO,R*!7 (¢.g., methoxycarbony-
lamino group, ethoxycarbonylamino group, isopropy-
loxycarbonylamino group, phenoxycarbonylamino
group etc.) and

{0793} (26) —NR“**COCOR®** (e.g., 2-oxopropiony-
lamino group, 2-oxobutyrylamino group, 3-methyl-2-
oxobutyrylamino group, 2-oxo-24{pyridin-2-yl)acety-
lamino group eic.).

[0794] Here, R, R, R, R™*, R, RS, R, RS, R,
Relo' Rcll’ Rch’ R‘:l:' Rcl4’ Rcls, Rcls’ Rcl'l’ RclB and Rle
are cach independently

[0795] (1) a hydrogen atom,

[0796]} (2') a C1:7 alkyl group optionally substituted by
1 10 3 substituent(s) selected from the above-mentioned
group A,

{8797]. (3') 2 C6-14 aryl group optionally substituted by
1 10 3 substitueni(s) selected from the above-mentioned
group B,

{0798] (4') a heterocyclic group optionally substituted
by 1 to 3 substituent(s) selected from the above-
mentioncd group B, or

[0799] (5') a C3-8 cycloalkyl group,

{0800] whercin R*> and R** may form, together with the
adjacent nitrogen atom, a nitrogen-containing heterocycle,
and the nitrogen-containing heterocycle may contain an

SoY
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cther moiety or a carbonyl moiety, and are optionally
substituted by 1 o 3 substitucai(s) selected from the above-
mentioned group B.

{0801] The C1-7 alkyl group, C1-6 alkyl moiety, C2-6
alkenyl group and C2-6 alkynyl group of the above-men-
tioned group C are optionally substituted by 1 to 3 substitu-
ent(s) selected from the above-mentioned group A, or a
nitrogen-containing heterocyclic group optionally contain-
ing a carbonyl moiety, and specifically includes the above-
defined “C1-7 alky! group optionally substituted by 1 to 3
substituent(s) sclected from group A”, the above-defined
“C2-6 alkenyl group optionally substituted by 1 to 3 sub-
stituent(s) selected from group A”, the above-defined “C2-6
alkynyl group optionally substituted by 1 to 3 substituent(s)
selected from group A” and an oxy group substituted by the
abave-defined “C1-6 alkyl group optionally substituted by 1
o 3 substituent(s) selected from group A”.

[0802) The C6-14 aryl group, C6-14 aryl moiety and
heterocyclic group of the above-mentioned group C are
oplionally substituted by 1.to 3 substituent(s) selected from
the above-mentioned group B and specifically include the
above-defined “C6-14 aryl group optionally substituted by 1
to 3 substituent(s) sclected from group B”, the above-
defined “heterocyclic group optionally substituted by 1to 3
substituent(s) selected from group B”, the above-defined
“C1-6 alkyl group” substituted by the above-defined “C6-14
aryl group optionally substituted by 1 1o 3 substituent(s)
selected from group B”, the above-defined “C1-6 alkyloxy
group” substituted by the above-defined “C6-14 aryl group
optionally substituted by 1 to 3 substitueni(s) selected from
group B, and a carbonyl group substituted by the “C6-14
aryl group optionally substituted by 1 to 3 substituent(s)
sclected from group B™.

[0803] 1o addition, the “C6-14 aryl C1-6 alkyl group” of
the above-mentioned group C includes a *“C1-6 alkyl group™
substituted by the above-defined “C6-14 aryl group option-
ally substituted by 1 to 3 substituent(s) selected from group
B”, wherein the alky] group moiety is substituted by 1 to 3
substituent(s) sclected from the above-defined “group A”,
and specifically, cachamoylphenylmethyl group, 1-carboxy-
2-phenylethyl  group,  1-hydroxymethyl-2-phenylethyl
group, 1-carboxymethyl-2-phenylethyl group, 1-benzyloxy-
carbonyl-2-phenylethyl group and the Iike can be men-
tioned.

[0804]) In addition, the “C6-14 aryl C1-6 alkyloxy group™
of the above-mentioned group C includes a “C1-6 alkyloxy
group” subslituted by the above-defined “C6-14 aryl group
optionally substituted by 1 to 3 substituent(s) sclected from
group B”, wherein the alkyl group moiety is substituted by
1 to 3 substituent(s) selected from the above-defined “group
A", and specifically, carbamoylphenylmethyloxy group,
1-carboxy-2-phenylethyloxy group, 1-hydroxymethyl-2-
phenylethyloxy group, 1-carboxymethyl-2-phenylethyloxy
group, 1-benzyloxycarbonyl-2-phenylethyloxy group and
the like can be mentioned.

[0805] R**and R*® may form, “together with the adjacent
nitrogen atom, a nitrogen-containing heterocycle”, and the
“nitrogen-conlaining heterocycle” contains at least one
nitrogen atom among the above-mentioned “heterocyclic
groups”, and a bond extends from the nitrogen atom. The
“nitrogen-containing  heterocycle” may further contain,
besides nitrogen atom, a hetero atom selected from oxygen
atom and sulfur atom.
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[0806] Preferably, 1-pymolidinyl group, 3-hydroxypyrro-
lidin-1-yl group, 3-oxopyrrolidin-1-yl group and mor-
pholino group can be mentioned.

[0807] When X is —CR¥)R)#, —OR™YR™)—
CREYR™)-#, —CR™)R2)—CREYR™)—
C(RxSXRxd)_#’ _C(Rzl)(Rﬂ)_C(Rx?)=quB)_#, or

—O(Ry=C(R*®)—C(R*' YR}, and when R** and RZ,
R*? and R, or R* and R form a C3:8 cycloalkyl together
with the adjacent carbon atom, X is, for example,

Rd R:

.[0808] and as a cycloalkyl moiety, cyclopropyl group,
cyclobutyl group, cyclopentyl group, cyclohexyl group,
cycloheptyl group and cyclooctyl group can be mentioned.

[0809]
group or a cyclohexyl group.

[0810] R! is preferably

——().

[0811] and Z is preferably the above-defined “C1-6 alky-
lene” or *-(CH,),—Q—(CH,),—, more preferably, the
above-defined “C1-6 dlkylene”.

[0812] Ring D is preferably the above-defined “C3-10
carbon ring group optionally substituted by 1 to 3 substitu-
ent(s) selected from group B”, more preferably, a phenyl
group optionally substituted by 1 to 3 substituent(s) sclected
from the above-defined “group B”, and more preferably, a
phenyl group optionally substituted by 1 to 3 substituent(s)
selected from a halogen atom and —OR™! wherein R is a
hydrogen atom or a C1-6 alkyl group.

{0813] R is preferably the. above-defined “C1-6 alkyl
group optionally substituted by 1 to 3 substitueat(s) sclected
from group A”, more preferably the above-defined “C1-6
alkyl group”.

[0814] R? is preferably a hydrogen atom,-a C6-14 aryl
C1-6 alkyl group or —SO,R**, more pneferably a hydrogen
atom.

[0815] X is preferably —QR™YR*)—C(R™XR**)-#,
qul)(sz) C(RxBXR:w) C(RXSXR‘G)‘#, .
—CO(R™y=C(R™)#, —N==C(R™)#, or —CR™'y=N-+,
more  preferably —CR™YRZ)—CRZYR*)-#, or
—C(R™)y=C(R™®)+#. :
[0816] One of the more preferable embodiments is
—ORMYRZD)—CRENR*)H#, and  the other is
—C(R™)=C(R™®)-#. -

The cycloalkyl moiety is preferably a cyclopentyl

3o§
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[0817] of ring B is preferably C=C(R*")—N(R*?),

. N—C(R")=N, N—C(R")=C(R") or c—-N—N(Rﬂ)

more preferably N—C(R*)==C (R¥?).

[0818] Preferable embodiments of the formula [1] include
the following formulas {1]-1, [1}-2, {1]-3 and [1}-4:

-1
o OR?
R! o
\N Z
| a B
- X N
e -
rY!
m-2
o OR?
RY o)
\N d
| a B
X——N___zN
Ry
m-3
[o} OR?
R} o]
Nk s
| a B
- X— N.
\ \Ry2
R"
f}-4
0 OR?
Rl o)
\N s
| a B
X: N N
-~ \Rﬂ

{0819] wherein each symbol is as defined above.

{0820) R™ to R**® are preferably selected from

(0821]
[0822]
[0823]
[0824]
[0825]
[0826]
[0827]
[0828]
(0829]

{0830]
above.

a hydrogen atom,

a C3-8 cycloalkyl C1-6 alkyl group,
a cyano group,

a C1-7 alkyl group,

a C6-14 aryl group,

2 C6-14 aryl C1-6 alkyl group,
—CO,R%,

—CONR®R* or

—COR**

wherein each.symbol and substituent is as defined
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[0831] It is also preferable that R and R** form a C3-8
cycloalky! together with the adjacent carbon atom.

[0832] As R*' o R*™9, hydrogen atom, cyano group,
methyl group, ethyl group, propyl group, isopropyl group,
butyl group, isobutyl group, hydroxymethyl group, 1-hy-
droxyethyl group, 2-hydroxyethyl group, 1-hydroxypropyl
group, 3-hydroxypropyl group, 1-hydroxy-2-methylpropyl
group, methoxymethyl group, 2-methylsulfanylethyl group,
2-methylsulfonylethyl group, phenyl group, benzyl group,
phenethyl group, 3-phenylpropyl group, carboxyl group,
methoxycarbonyl group, formyl group, acetyl group, dim-
ethylcarbamoyl group and the like can be mentioned, or R=

and R* may form a cyclopentyl group or a cyclohexyl

group, together with the adjacent carbon atom.

[0833] R*? to R*'° are more preferably hydrogen atoms.

{0834] RY' is preferably selected from
[0835}
(0836}
(0837}
[0838]
[0839}
[0840]
{0841}

[0842] wherein each symbol and substituent is as defined
above.

{0843] RY! is specifically hydrogen atom, methyl group,
isopropyl group, isobutyl group, teri-butyl group, cyanom-

a hydrogen atom,

a C1-7 alky] group,

a C6-14 aryl group,
—CO,R,

—CONR®R"®,
—COR*"and

a C6-14 arylcarbonyl group

ethyl group, hydroxymethyl group, 1-hydroxyethyl group, .

2-hydroxyethyl group, I-hydroxy-2-methylpropyl group,
1-hydroxy-2,2-dimethylpropyl  group, - methoxymethyl
group, isapropyloxymethyl group, isobutyloxymethyl
group, 2-hydroxy-3,3-dimethylbutyl group, methylsulfanyl-
methyl group, isopropylsulfanylmethyl group, methylsulfo-
nylmethyl group, isopropylsulfonylmethyl group, pivaloyl-
methyl group, phenoxymethyl group,
benzyloxycarbonylmethyl group, phenyl group, carboxyl
group, methoxycarbonyl group, carbamoy] group, methyl-
carbamoyl group, dimethylcarbamoyl group, diethylcar-
bamoyl group, N-ethyl-N-methylcarbamoyl group, N-iso-
propyl-N-methylcarbamoyl group, formyl group, acetyl
group, propionyl group, isobutyryl group, pivaloyl group,
benzoyl group, 1-(benzyloxycarbonyl)-2-phenylethyl group
and the like.

[0844] These substituents are particularly preferable when

X is —C(R™YR™Z)—CRZKR™)-#.

[0845] R¥!is particulaly preferably a hydtt‘xgcn atom.

[0846] RZ is preferably selected from
[0847]
[0848]
[0349]
foss0]
[0851]
[0852]

a hydrogen atom,

a halogen atom,

a C1-7 alkyl group,
a C6-14 aryl group,
a heterocyclic group,
—CO,R*,

thylsutfonyl)ethylcarbamoyl

304
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—CONR™R®,
—COR®,

{0855] —NR™ R,

[0856] —NR“°COR*’,
[0857) —NR*SO,R**,
[0858] SR,

[0859] —SO,R*™2,

[0860} -—-NR"BCONR"“R“’,
{0861} —NR°'SCO,R*"?, and
[0862}] —NR“**COCOR**

[0863] whercin cach symbol and substituent is as defincd
above.

[0864] Occ of the preferable embodiments of R¥? is bet-
erocyclic group.

[0865]) More preferably, R* is a heterocyclic group
bonded to Y* via a carbon atom, wherein at least one of the
a-position of the carbon atom is a hetero atom selected from
the group consisting of nitrogen atom, oxygen atom and
sulfur atom. The heterocyclic group is optionally substituted
by 1 to 3 substituent(s) selected from group B, and specifi-
cally, 2-thiazolyl group, 4-methyl-thiazol-2-y1 group, 5-me-
thyl-thiazol-2-yl group, S-thiazolyl group, 2-oxazolyl group,
1-methyl-imidazol-2-y1 group, 3-pyrazolyl group, 1,2,4-tria-
20l-3-yl group, 2-methyl-1,24-triazol-3-yl group, 5-tetra-
zolyl group, 3-methyl-1,2.4-thiadiazol-5-yl group, 2-py-
ridyl-group, 2-pyrimidinyl group, 4-pyrimidiny! group,
2-pyrazinyl group, 3-pyridazinyl group, 2-benzofuranyl
group and the like can be mentioned.

[0866] Other preferable embodiments of RY* include
—COR* (carboxy! group, methoxycarbonyl group, isopro-
pyloxycarboayl group, 2,2-dimethylpropyloxycarbonyl
group and cyclohexyloxycarbonyl group can be specifically
mentioned), —CONR*R*? (carbamoy! group, methylcar-
bamoyl group, cthylcarbamoyl group, propylcarbamoyl
group, isopropylcarbamoy! group, butylcarbamoy! group,
isobutylcarbamoyl] group, dimethylcarbamoyl group, dieth-
ylcarbamoyl group, N-butyl-N-methylcarbamoyl group,
2-fluoroethylcartbamoyl group, 2-hydroxyethylcarbamoyl
group, 2-methoxyethylcarbamoyl group, N-methyl-N-(2-
methoxyethyl)carbamoyl  group, 2-oxopropylcarbamoyl
group, 2-hydroxypropylcarbamoyl group, carboxymethyl-
carbamoyl group, methoxycarbonylmethylcarbamoyl group,
2,2,2-trifluoroethylcarbamoyl group, 2-(trifluoroacetyloxy-
Jethylcarbamoyl group, methylcatbamoylmethylcarbamoyl
group, dimethylcarbamoylmethylcarbamoyl group, 2-(me-
group,  phenylcarbamoyl
group, benzyicarbamoy! group, N-benzyl-N-methylcarbam-
oyl group, 2-flucrobenzylcarbamoyl group, 4-flucrobenzyl-
carbamoyl group, 4-teri-butylbenzylcarbamoy! group,
4-(dimethylamino)benzylcarbamoyl group, 4-(methylsulfo-
nyDbenzylcarbamoyl group, 4-{(acetylamino)benzylcarbam-
oyl group, 1-naphthylmethylcatbamoyl group, diphenylm-
ethylcarbamoyl group, 1,2-dipheaylethylcarbamoyl group,

{0853]
{08s4]

. 1,3-diphenylpropylcarbamoyl group, 2-pyridyimethylcar-

bamoyl group, 3-pyridylmethylcarbamoyl group, 4-pyridyl-
methylcarbamoyl group, 2-furylmethylcarbamoyl group,
4-methoxypyrimidin-2-ylmethykcarbamoyl group, 2-2-0x-
opyrrolidin-1-yl)ethylcarbamoyl group, 1-pyrrolidinylcar-
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bonyl group, 3-hydroxypyrrolidin-1-ylcarbonyl group,
3-oxopyrrolidin-1-ylcartbonyl group and morpholinocarbo-
nyl group can be specifically mentioned) and

[0867] —COR** (acetyl group, propionyl group, 2,2-
dimethyl-3-bydroxypropionyl group, 2-methyl-2-phe-
nylpropionyl group, 2,2-dimethyi-3-methoxypropionyl
group, 3-acetyloxy-2,2-dimethylpropionyl  group,
isobutyryl group, 2,2-dimethylbutyryl group, pivaloyl
group, 3-methylbutyryl group, 2,2-dimethylbutyryl
group and benzoyl group can be specifically men-
tioned).

[6868] More preferred is —COR™ wherein R** is more
preferably an unsubstituted C1-6 alkyl group.

[0869] Still more preferable embodiment of RY? include

[0870] —NR*R*® (c.g.. amino group, ethylamino
group, isopropylamino group, isobutylamino group and
diethylamino group), )

[0871] —NR“°COR<’ (e.g., acetylamino group, propio-
nylamino group, butyrylamino group, isobutyrylamino
group, pivaloylamino group, benzoylamino group,
4-fluorobenzoylamino  group,
lamino group, (methoxyacetyl)amino group, 2-isopro-
pyl-3-methylbutyrylamino group, 2-methyl-2-phenyl-
propionylamino  group, N-acetyl-N-methylamino
group, N-acetyl-N-isobutylamino group, benzylcarbo-
nylamino group, 4-fluorobenzylcarbonylamino group,
3-phenylpropionylamino group, cyclopentylcarbony-
lamino group, 2-pyridylcarbonylamino group, 3-py-
ridylcarbonylamino group, 4-pyridylcarbonylamino
group can be mentioned.),

[0872] —NR*®SO,R*® (eg., methylsulfonylamino
group, phenylsulfonylamino group, benzylsulfony-
lamino group, 2-thiepylsulfonylarnino group and
N-methyl-N-(methyisuifonyl)amino group),

[0873] —NR'>CONR™“R*"* (e.g., dimethylcarbam-
oylamino group),

[0874] —NR°'*CO,R*" (e.g., methoxycarbonylamino
group) and

[0875] —NR“'*COCOR*** (e.g., 2-oxopropionylamino
group).

[0876] R*? is still more preferably —NR*COR®,
__NRQSSOZRCQ’ __NRCI3CONRCI‘R¢}” _NRCIGCOZRCI7
or _—NR®®COCOR®*®, particularly  preferably
~NR COR*? (R is more preferably a hydrogen atom and
R°7 is more preferably an unsubstituted C1-6 alkyl group).

[0877]) The “pharmaceutically acceptable salt thereof”
may be any salt as long as it forms a non-toxic salt with the
compounds of the above-mentioned formulas [1}, [I}1,[1}-2,
[1}3 and [I}-4, and can be obtained by a reaction with an
inorganic acid such as hydrochloric acid, sulfuric acid,
phosphoric acid, hydrobromic acid and the like; an organic
acid such as oxalic acid, malonic acid, citric acid, fumaric
acid, lactic acid, malic acid, succinic acid, tartaric acid,
acetic acid, trifluoroacetic acid, gluconic acid, ascorbic acid,
methylsulfonic acid, benzylsulfonic acid and the like; an
inorganic base such as sodium hydroxide, potassium
hydroxide, calcium hydroxide, magnesium hydroxide,
ammonium hydroxide and the like; an organic base such as

diethyl lami jethanolami
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cthylencdiamine, tris(hydroxymethy)methylamine, guani-
dine, choline, cinchonine and the like; or an amino acid such
as lysin, arginine, alanine and the like. The present invention
also encompasses hydrate and solvate of each compound.

- - [0878] The present invention also encompasses prodrugs

and metabolites of each compound.

[0879] By the “prodrug” is meant a derivative of the
compound of the present invention, which has a chemicalty
or metabolically - decomposable group and which, after
administration to a body, restores to the original compound
to show its inherent efficacy, including a complex and a salt
free of covalent bond

{0880] The prodrug is utilized for, for example, improving
absorption by oral administration or targeting of a target site.

[0881] As the site to be modified, highly reactive func-
tional groups in the compound of the present invention, such
as hydroxyl group, carboxyl group, amino group, thiol group-
and the like, are mentioned.

[0882] Examples of the hydroxyl-modifying group
include methyl group, benzyl group, trimethylsilyloxym-
cthyl group, acetyl group, propionyl group, isobutyryl
group, pivaloyl group, benzoyl group, 4-methylbenzoyl
group, dimethylcarbamoyl group, sulfo group and the like.
Examples of the carboxyl-modifying group include ethyl
group, pivaloyloxymethyl group, 1-{acetyloxy)ethy! group,
1-{ethoxycarbonyloxy)ethyl group, 1-{cyclohexyloxycarbo-
nyloxy)ethyl group, carboxylmethyl group, (5-methyl-2-
ox0-1,3-dioxol-4-yl)methy] group, phesyl group, o-tolyl
group and the like. Examples of the amino-modifying group
include hexylcarbamoyl group, 3-methylthio-1-{acetylami-
no)propylcarbonyl group, 1-sulfo-1-(3-<cthoxy-4-hydrox-
yphenyDmethyl group, (5-methyl-2-0x0-1,3-dioxol-4-yl)m-
ethyl group and the like.

'[0883] Preferably, prodrugs of the compounds of the for-

mulas [T}, [K]-1, {I}-2, [1]-3 and {I}-4, wherein the hydroxyl -
group on ring B is modified by methyl group, benzyl group
or trimethylsilyloxymethyl group, can be mentioned.

{0884] The compound of the present invention can be
administered to a mammal (human, mouse, rat, hamster,
rabbit, cat, dog, bovine, sheep, monkey and the like) as an
anti-HIV agent, an integrase inhibitor, an antiviral agent and
the like.

{0885] When the compound of the present invention is
used as a pharmaceutical preparation, it is admixed with
pharmaceutically acceptable carriers, excipients, diluents,
exiending agents, disintegrants, stabilizers, preservatives,
buffers, emulsifiers, flavoring agents, coloring agents,
ing agents, thick correctives, dissolution aids,
and other additives, that are generally known per se, such as
water, vegetable oil, alcohol (e.g., ethanol or benzyl alcohol
¢tc.), polyethylene glycol, glycerol triacetate, gelatin, car-
bohydrate (e.g., lactose, starch etc.), magnesium stearate,
talc, lanolin, petrolatum and the like, formed into tablet, pill,
powder, granule, suppository, injection, eye drop, liquid,
capsule, iroche, aerosol, elixir, suspension, emulsion, syrup
and the like by a conventional method, and administered
systemically or topically, and orally or parenterally.

{0886] While the dose varies depending on age, body
weight, symptom, treatment cffect, administration method

- and the like, it is generally 0.01 mg to 1 g per administration
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for an adult, which is given once 1o several times a day orally
or in a dosage form of an injection such as intravenous
injection and the like.

[0887] As a preferable embodiment of the compound of
the present invention, a compound having high pharmaco-
logical activity (e.g., a compound having a strong HIV
integrase-inhibitory activity, a compound having a strong
anti-HIV (e.g., HIV-1 HIB strain) activity, a cotopound that
resists easy occurrence of drug resistant viruses, a compound
effective against multiple drug resistant viruses), a com-
pound having fine bicavailability (e.g., a compound:showing
high oral absorbability, a compound showing high cell
membrane (¢.g., Caco2) permeability, a compound stable to
metabolic enzyme (e.g., $9), a compound maintained at high
blood concentration for a long time (c.g., high blood con-
centration after 8 hours from administration), a compound
showing low binding rate o0 a protein (e.g., human plasma
protein, buman serum albumin, al-acidic glycoprotein), a
highly safe compound (¢.g.. 2 compound showing low

. inhibitory aclivity against P450(CYP)) and the like can be
mentioned.

[0888] An anti-HIV agent is generally required to sustain
its effect for a long time, so that can be effective nol only for
temporal suppression of viral growth but also prohibition of
viral re-growth. This means that a prolonged administration
is necessary and that a high single dose may be frequently
inevitable to sustain effect for a longer period through the
night. Such prolonged and high dose administration
increases the risk of causing side effects.

{0889] In view of this, one of the preferable modes of the
nitrogen-containing fused ring compound of the present
invention is such compound permitiing high absotption by
oral administration, and such compound capable of main-
laining blood concentration of the administered compound
for an extended period of time.

{0890] Furthermore, a compound that exhibits a strong
anti-HIV activity, bigh absorbability by oral administration,
and long-term sustention of blood concentration is desirable.

[0891] A compound showing less efiect of addition of
serum (¢.g., buman serum, fetal bovine serum, equine
serum) in in vitro tests and capable of maintaining strong
integrase inhibitory activity and strong anti-HIV activily is
also one of the preferable embodiments.

[0892] By the “prophylaxis of AIDS” is meant, for
example, administration of a pharmaceutical agent to an
individual who tested HIV positive but has not yet devel-
oped the disease state of AIDS, administration of a phar-
maceutical agent 1o an individual who shows an improved
disease state of AIDS after treatment but who carries HIV
still to be eradicated and whose relapse of AIDS is worried,
and administration of a pharmaceutical agent out of a fear of
possible infection.

[0893} Examples of the “other anti-HIV agents” to be used
for a multiple drug combination therapy include an anti-HIV
antibody, an HIV vaccine, immunostimulanis such as inter-
feron and the like, an HIV ribozyme, an HIV antisense drug,
a reverse transcriptase inhibitor, a protease inhibitor, an
inhibitor of bond between a bond recepior (CD4, CXCRA4,
CCRS aud the like) of a host cell recognized by virus and the
virus, and the like.
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[0894] Specific examples of the HIV reverse transcriptase
inhibitor include Retrovir(R) (zidovudine), Epivin(R) (lamni-
vudine), Zerit(R) (sanilvudine), Videx(R) (didanosine),
Hivid(R) (zalcitabine), Ziagen(R) (abacavir sulfate) Vira-
muae(R) (nevirapine), Stocrin(R) (efavirenz), Rescriptor(R)
(delavirdine mesylate), Combivirn(R) (zidovudine+lamivu-
dine), TriziviR) (abacavir sulfate+lamivudineszidovu-

dine), Coactinon(R) (e¢mivirine), Phosphonovir(R), Covi-

«acil(R), alovudine (3'-fluoro-3'-deoxythymidine), Thiovir

(thiophosphonoformic acid), Capravirin (5{(3,5-dichlo-
rophenylithio}-4-isopropyl-1-(4-pyridylmethyl)imidazole-
2-methanol carbamic acid), Tenofovir disoproxil fumarate

. ((RH[2-(6-amino-9H-purin-9-yl)-1-methylethoxylmethyl)

phosphounic acid bis(isopropoxycarbonyloxymethyl)ester
fumarate), DPC-083 ((4S)-6-chioro-4{(1E)-cyclopropy-
lethenyl}-3,4-dihydro-4-influoromethyl-2  (1H)~quinazoli-
none), DPC-961 ((4S)-6-chloro<4-(cyclopropylethynyl)-3,4-
dihydro-4-{trifluoromethyl)-2(1H)-quinazolinone), DAPD
((-)-B-D-2,6-diaminopurine dioxolane), Immunocal, MSK-
055, MSA-254, MSH-143, NV-01, TMC-120, DPC-817 and
the like, wherein (R) means a registered trademark (herein-
afier the same) and the names of other phanmaceutical
agents are general names.

[0895] Specific examples of the HIV prolease inhibitor
include  Crixivan(R) (indinavir sulfate ethanolate),
saquinavir, Invirase(R) (saquinavir mesylate), Norvir(R)
(ritonavir), Viracep(R) (uelfinavir mesylate), lopinavir,
Prozei(R) (amprenavir), Kaletra(R) (ritonavir+lopinavir),
mozenavir  dimesylate  ([4R-(40,5a,68))-1,3-bis{(3-ami-
nophenyl)methyl}-hexahydro-5,6-dihydroxy-4,7-bis(phe-
nylmethyl) -2H-1,3-diazepin-2-one . dimethanesuifonate),
tipranavir (3-[(1R)-1-{(6R)-5,6-dihydro4-hydroxy-2-oxo-
6-phenylethyl-6-propyl-2H-pyran-3-yl}propyl}- 5(trifluo-
romethyl)-2-pyridinesulfonamide), lasinavir (N{5(S)-(text-
butoxycarbonylamino)-4  (S)-hydroxy-6-phenyl-2(R)-(2,3,
4-trimethoxybenzyl)hexanoyl]-L-valine
2-methoxyethylenamide), KNI-272 ((R)-N-tert-butyl-3-
[(2S,38)-2-hydroxy-3-N{(R)-2-N-(isoquinolin-5-yloxy-
acetyl)  amino-3-methylthiopropanoyl Jamino-4-phenylbu-
tanoyl])-5,5-dimethyl-1,3-thiazolidine-4-carboxamide), -
GW-433908, TMC-126, DPC-681, buckminsterfullerene,
MK-944A (MK944 (N-(2(R)-hydroxy-1(S)-indanyl)-2(R)-
phenylmethyl-4(S)-hydroxy-5{4-(2-benzo[bjfuranyim-
cthyl)-2(S)-(tert-butylcarbamoyl)piperazin-1-ylpentana-
mide)+indinavir  sulfate), JE-2147  ([2(S)-oxo-4-
phenylmethyl-3(S){(2-methyl-3-
oxy)phenylcarbonylamino]-1-oxabutyl}-4-{(2-
methylphenyl)methylamino Jearbonyl-4(R)-5,5-dimethyl-1,
3-thiazole), BMS-232632  ((3S,88,95,125)-3,12-bis(1,1-
dimethylethyl)-8-bydroxy-4,11-dioxo-9-(phenylmethyl)-6-
{[4-2-pyridinyl)phenyl]methyl}-2,5,6,10,13-
pentaazatetradecanedicarboxylic acid dimethyl ester),
DMP-850 ((4R,5S,68,7R)-1-(3-amino-1H-indazol-5-ylm-
ethyl)-4,7-dibenzyl-3-butyl-5,6-dihydroxyperhydro-1,3-di-
azepin-2-one), DMP-851 and the like.

[0896] The HIV integrase inhibitor is exemplified by
$-1360 and the like, the DNA polymerase inhibitor or DNA
synthesis inhibitor is exemplified by Foscavir(R), ACH-
126443 (1.-2',3'-didehydro-dideoxy-5-fluorocytidine), ente-
cavir ((18,38,48)-9{4-hydroxy-3-(hydroxymethyi)-2-meth-
ylenecyclopentyljguanine), calanolide A ((10R-(10a.,118,
12¢)}-11,12-dihydro-12-hydroxy-6,6,10,11-tetramethyl-4-
propyl-2H,6H,10H-benzo[ 1,2-b:3,4-b"5,6-b" Hiripyran-2-
one), calanolide B, NSC-674447 (1,1'-azobisformamide),
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Iscador (viscum album extract) and the like, the HIV anti-
sense drug is exemplified by HGTV-43, GEM-92 and the
like, the anti-HIV antibody or other antibody is exemplified
by NM-01, PRO-367, KD-247, Cytolin(R), TNX-355 (CD4
antibody), AGT-1, PRO-140 (CCRS antibody) and the like,
the HIV vaccine or other vaccine is exemplified by
ALVAC(R), AIDSVAX(R), Remune(R), HLV gp41 vaccine,
HIV gp120 vaccine, HIV gpl40 vaccine, HIV gp160 vac-
cine, HIV p17 vaccine, HIV p24 vaccine, HIV p55 vaccine,
AlphaVax Vector System, canarypox gpl60 vaccine, Anti-
Tat, MVA-F6 Nef vaccine, HIV rev vaccine, C4-V3 peptide,
p2249£, VIR-201, HGP-30W, TBC-3B, PARTICLE-3B and
the like, Antiferon (interferon-a vaccing) and the like, the
interferon or interferon agonist is exemplified by Sumifer-
on(R), MultiFcron(R), interferon-t, Reticulose and the like,
the CCRS antagonist is exemplified by SCH-351125 and the
like, the pharmaceutical agent acting on HIV p24 is exem-

plified by GPG-NH2 (glycyl-prolyl-glycinamide) and the |

like, the HIV fusion inhibitor is excmplified by FP-21399

. (1,4-big 3-{(2,4-dichlorophenyl)carbonylamino }- 2-0x0-5,8-

disodium sulfonylJnaphthyl-2,5-dimethoxyphenyl-1,4-dihy-
drazone), T-1249, Synthetic Polymeric Construction No3,
pentafuside and the like, the IL-2 agonist or antagonist is
exemplified by interteukin-2, Imunace(R), Proleukin(R),
Multikine(R), Ontak(R) and the like, the TNF-c. antagonist
is exemplified by Thalomid(R) (thalidomide), Remicade(R)
(infliximab), curdlan sulfate, the a-glucosidase inhibitor is
exemplified by Bucast(R) and the like, the purine mucleoside
phospborylase inhibitor is cxemplified by peldesine
{2-amino-4-ox0-3H,5H-7-[(3-pyridyl)methyllpyrrolo 3,2-
dJpyrimidine) and the like, the apoptosis agonist or inhibitor
is exemplified by Arkin Z(R), Panavir(R), Coenzyme Q10
(2-deca(3-methyl-2-butenylene)-5,6-dimethoxy-3-methyl-
p-benzoquinone) and the like, the cholinesterase inhibitor is
exemplified by Cognex(R) and the like, and the immuno-
modulator is exemplified by Tmmmox(R), Prokine(R), Met-
enkephalin  (6-de-L-arginine-7-de-L-arginine-8-de-1~vali-
namide-adrenorphin), WF-10 (10-fold dilute
tetrachlorodecaoxide solution), Perthon, PRO-542 and the
like.

[0897] In addition, Neurotropin(R), Lidakol(R), Ancer
20(R), Ampligen(R), Anticort(R), Inactivin(R) and the like,
PRO-2000, Rev M10 gene, HIV specific cytotoxic T cell
(CTL immunotherapy, ACTG protocol 080 therapy, CD4-C
gene therapy), SCA binding protein, RBC-CD4 complex
and the like are exemplified.

[0898] As the “other anti-HIV agents” to be used for a
multiple drug combination therapy with the compound of
the present invention, preferred are a reverse transcriptase
inhibitor and a protease inhibitor. Two or three, or even a
greater number of pharmaceutical agents can be used in
combination, wherein a combination of pharmaceutical
agents having different action mechanisms is one of the
preferable embodiments. In-addition, selection of pharma-
ceutical agents free of side effect duplication is preferable.
Specific examples of the combination of pharmaceutical
agents include a combination of a group consisting of
efavirenz, indinavir, nelfinavir, ritonavir+indinavir,
ritonavir+lopinavir and ritonavir+saquinavir, and a group
consisting of  didanosine+lamivudine, zidovudine+
didanosine, stavudine+didanosine, zidovudine+lamivudine
and stavudine+lamivudine (Guidelines for the Use of Anti-
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retroviral Agents in HIV-Infected Adults and Adolescents.
Aug. 13, 2001). Paricularly preferred is Invirase(R)
(saquinavir mesylate).

[0899] Some examples of the production method of the
compound used for embodiment of the present invention are
shown in the following. However, the production method of
the compound of the present invention is not limited to these
cxamples.

[0900] Even in the absence of description in the produc-
tion method, efficient production can be afforded by intro-
duging, where necessary, a protecting group into a functional
group followed by dep ion in a subseq step, sub-
jecting a functional group to each step as a precursor and
converting the group to a desired functional group in a
suitable step, exchanging the order of respective production
methods and steps, and the like.

[0901] The work-up treatment in cach step can be applied
by a typical method, wherein isolation and purification is
performed by selectirig or combining conventional methods

as necessary, such as crystallization, recrystallization, dis-.

tillation, partitioning, column chromatography, thin layer
chromatography, preparative HPLC and the like. ’

[0902] The abbreviations used in the present specification
are as follows. Me means methyl group, Et means ethyl
group; Bn means benzyl group, n-Bu (or Bu) means butyl
group, t-Bu means tert-butyl group, Ac means acetyl group,
Boc means tert-butoxycarbonyl group, MOM means meth-
oxymethyl group and Ms means methanesulfonyl group.

[0903] Production Method 1
[0904] Production Method 1-1

wi
[o] 0/
RY o
~ N A~
H B y
x A 2,/“13
v

[8905] wherein L' is a leaving group such as a chlorine
atom, a bromioe atom, a methanesulfonyloxy group, a
trifluoromethanesulfonyloxy group, a toluenesulfonyloxy
group and the like, W' is a protecting group such as an acetyl
group, a benzoyl group, a benzyl group, a methoxycthoxym-
cthyl group, a tert-butyldimethylsilyl group and the like, or
a hydrogen atom, and other symbols are as defined above.

{0906] Compound [I] can be synthesized by reacting com-
pound {1] in an organic solvent such as tetrahydrofuran,
dioxane, dimethylformamide, dimethylacetamide, N-meth-
ylpyrrolidone,  1,3-dimethyl-2-imidazolidinone, tert-bu-~
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tanol, isopropanol and the like, in the presence of a base such
as sodium hydride, lithium diisopropyl lithium bis(t-
rimethylsilyl)amide, potassium tert-butoxide, triethylamipe,
diisopropylethylamine and the like at room temperature to
cooling to give Compound [I] ’

[6907] When a compound whercin R? is a hydrogen dtom
is desired, the reaction only needs to be conducted by a
conventional method under the conditicns to make W leave.
When a compound wherein R? is a C1-6 alkyl group, a
C6-14 aryl C1-6 alkyl group or —SO,R™® is desired, the
reaction only needs to be conducted under mild conditions
under which these substituents do not leave (the same
applied to the following production methods).

[0908] Production Method 1-2
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[0909] wherein L—X'— is C(R“)OMe),—CH(R™)—
or C(R*")(OMe),—CH(R**)—C(R**)(R*%)— wherein eac
symbol is as defiped above, when L>—X'— is
O(R*"(OMe),—C(R*)—, —X*— is —C(R*"y=C(R")-#,
when  L>—X'— is  C(R*YOMe),—CH(R™)—
CR™YR®)—, —X>— is —CRE)=C(R™)—
C(R™"WR™?)-#, and other symbols are as defined above.

[0910] A compound represented by the formula {I-1] can
be synthesized by subjecting compound [2] to a ring closure
reaction under acidic conditions in a solvent or without
solvent at room temperature to under heating.

[0911] As the acid to be used, inorganic acids such as
hydrochloric acid, sulfuric acid, phosphoric acid, polyphos-
phoric acid and the like, organic acids such as acetic acid,
trifluoroacetic acid, camphorsulfonic acid, p-toluenesulfonic
acid, methanesulfonic acid, triflucromethanesutfonic acid

and the like, acidic salts such as pyridinjum p-toluene-.

sulfonate and the like, and the like can be mentioned, and as
the solvent, cther solvents such as tetrahydrofuran, dioxane,
diethy] ether and the like, benzene solvents such as.benzene,
toluene, chlorobenzene, dichlorobenzene and the like, alco-
hol solvents such as ethanol, isopropanol, tert-butanol and
the like, and halogenated bydrocarbon solvents such as
methylene chloride, chloroform, dichloroethane and the like
can be mentioned. A combination of an organic acid and a
benzene solvent often produce good results. In addition,
preferable options include, for example, a reaction under the
conditions of using an acid such as phosphoric acid, poly-
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phosphoric acid, sulfuric acid and the like without using a
solvent, and the conditions of using acetic acid or trifluo-
roacetic acid as a solvent and adding aqueous hydrochloric
acid thereto. ’

[0912] Production Method 2

[0913] wherein W? is an alky! group such as methyl group,
ethyl group and the like, or a hydrogen atom, and other
symbols are as defined above.

.[0914] Compound [I] can be synthesized by subjecting

compound [3] to ring closure reaction under acidic or basic
conditions at room temperature to uader heating.

[0915] When W? is a hydrogen atom, for example, a ring
closure reaction can be achieved using a condensation agent
such as dicyclohexylcarbodiimide, 1-cthyl-3-(3-dimethy-
laminopropyl)carbodiimide, carbonyldiimidazole and the
like and conducting a reaction in the presence or absence of
a condensation additive such as 1-hydroxybenzotriazole,
N-bydroxysuccinimide and the like in an ether solvent such
as tetrahydrofuran, dioxane, dicthyl ether and the like, a
ben_z.eﬁe solvent such as benzene, toluene and the like, a
hydrocarbon solvent such as cyclobexane and the like, an
amide solvent such as dimethylformamide, dimethylaceta-
mide, 1,3-dimethylimidazolidioone and the like, a ketone
solvent such as acetone, 2-butanone and the like or a .
halogenated hydrocarbon solvent such as methylene chlo-
ride, chloroform and the like.

[0916]) When W is an alkyl group, 4 ring closure reaction
can be achieved by conducting a reaction in the presence of
an acid catalyst such as camphorsulfonic acid, p-toluenc-
sulfonic acid and the like or a base catalyst such as dim-
ethylaminopyridine and the like in a solvent such as ben-
zene, toluene and the like at room temperature to under
heating, particularly preferably under heating.
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[0917] Production Method 3
[0918] - Production Method 3-1
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[0919] wherein each symbol is as defined above.

[0920] Compound [I-2] can be synthesized by reacting
compound [4] in an organic solvent such as tetrahydrofuran,
dioxane, dimethylformamide, dimethylacetamide, N-meth-
ylpyrrolidone,  1,3-dimethyl-2-imidazolidicone, tert-bu-
tanol, isopropanol, cthanol and the like, or 2 mixed solvent
of these with water, in the presence or absence of an organic
base such as tricthylamine, diisopropylethylamine and the
like or a carbonate base such as sodium carbonate, potas-
sium carbonate, sodium hydrogen carbonale and the like at
room temperature to under heating.

[0921] Production Method 3-2

[} OR?
RY 0O
\N =7
] A B
e -3
X N\Yf/y

2]

[0922] wherein each symbol is as defined above.

[0923] Compound {I-2] can be synthesized by subjecting
compound [5] to the same reaction operation as in Produc-
tion method 1-1.
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[0924] Production Method 3-3
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[0925] wherein —X*—1? is —CH(R™)—C{R="}OMe),
of —CR™YR**)—CH(R*)—C(R*®)(OMc), wherein each
symbol is as defined above, when —X*—L* is
~CHR™)-CR™)OMe)  ,  —X— s
—CO(R¥)y=C(R™)-#, when —X*—L is YR
CHR*)—OR™YOMe),, —X*— is —CR¥NRG)—
C(R*)=C(R™®)-#, and other symbols are 2s defined above.

[0926] Compound [I-2] can be synthesized by subjecting
compound [6] to the same reaction operation as in produc-
tion method 1-2.

[0927] Production Method 3-4
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[0928] wherein —X*—L* is —CH(R*")—C(=O0)}R*®) or
—CR™YR?)—~CHR*)—C(=0XR®) wherein each
symbol is as defined above, when —X*—L* is
—CHR"}—C(=O0)R™), —X*— is —O(R“}=C(R*)#,
when —X*~L*' is —CR*)R®)—CHR")—
C(=0}R"), —X*— is —C(R™YR?)—C(R)=C(R")-#,
and other symbols are as defined above.

[0929] Compound [I-3] can be obtained by subjecting
compound [7] to a ring closure reaction in the same maaner
as in Production method 3-3.
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[13]

[0930] wherein each symbol is as defined above.

[0931] Compound [4], compound [5], compound [6] and
compound [7] can be obtained by performing a condensation
amidation reaction as illustrated above in the same manner
as in Production method 2.

[0932] In addition, a method comprising converting a
carboxyl group to an acid halide, followed by condensation,
is highly versatile, and often Icads to good resulls. Specifi-
cally, a starting compound is reacted with thionyl chloride,
oxalyl chloride and the like in a halogenated hydrocarbon
solvent such as methylene chloride, chloroform and the like
or a benzene solvent such as benzene; toluene and the like
in the presence or absence of a catalytic amouat of dimeth-
ylformamide, thercafter reacted in the presence of a base o
complete the condeasation reaction. Examples of the base to

4]

be wsed include potassium carbonate, sodium carbonate,
sodium hydrogen carbonate, triethylamine, pyndine and the
like, and good results are often obtained when an organic
base such as tricthylamine, pyridine and the like is used.

{0933] When these reactions are conducted and when
other reactive moieties are present, the methods usually
employed for general organic reactions often produce good
results, wherein they may be protected beforehand and
deprotected after the reaction, or condensation reaction is
conducted in the form of a stable precursor and thereafter
converted to a desired form and the like. Specifically, when
two nitrogen atoms are presend, a method comprising pro-
tecting the one desired to be free from reaction, a method
comprising camying out a condensation reaction using a
compound whercin 2 leaving group moicty is a hydroxyl
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group, thereby avoiding a reaction between leaving groups
L' to L? with a nitrogen atom, after which the hydroxyl
group is converted 10 a leaving group and the like can be
mentioned. .

[0934] Compound[8), compound [10] and compound {13}
can be prepared by a method described in JP-A-2-502281
(W088/06588), WOU03/016275, J. Med. Chem., 42, 4814-
4823, 1999 and the like, or 2 method analogous thereto.

[0935]} Compound [9), compound [11], cot;rpound 12}
and compound [14] can be prepared as a secondary amine by
a conventional method.
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{0936] wherein L® is a leaving group such as chlorine
atom, bromine atom, methanesulfonyloxy group, triftuo-
romethanesulfonyloxy group, wluencsulfonyloxy group and
the like, and other symbols are as defined above.

[0937) Compound [17] can be obtained by reacting com-
pound [15] or compound [18] as illustrated above in the
same manner as in Production method 3. When these
reactions are conducted and when other reactive moicties are
present, as described in Production method 4, the methods
usually employed for general organic reactions often pro-
duce good results, whercin they may be protected before-
hand and deprotected after the reaction, or condensation
reaction is conducted in the form of a stable precursor and
thereafter converted to. a desired form and the like.
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[0938) When the amide moiety (R'-——HNCO—) of com-
pound [15} and compound [18] is carboxylic acid or car-
boxylic acid ester (W —0CO0—), L’ may be R'—NH—.

[0939] Moreover, L>—X— may be C(R*"XOMe),—

CHR™)— or O(R*"Y(OMe),—CH(R™)—C(R™)}R*)—
wherein each symbol is as defined above.

Production method 6
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18]

[0940] wherein each symbol is as defined above.

[0941] Compound [15] and compound [18] can be
obtained by performing a condensation amidation reaction
as illustrated above in the same manner as in Production
method 2. :

{0942] Production Method 7
[0943] Compound [I}-1 wherein, in the formula [I],

[0944] is N—C(R**)=C(R*?), can be synthesized by the
aforementioned production methods (except Production
method 3-4). -
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[0945] wherein L is ! or 1.2, L7 is L or L3, and other
symbols are as defined above. The production method of
each step may be as described for each Production method -
No. indicated in the scheme.

{0946] Compound [10'] can be obtained by reacting com-
pound [8'] with NH,.

[0947) When producing compound [1}-1, fine results may
be achieved by using a compouad wherein R¥? is a hydrogen
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atom and introducing R¥* or a precursor thereof in any of the
above-mentioned steps. :

[0948] Specific examples are given in the following.

Prncuction method 7-1
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[0949] wherein each symbol is as defined above.

{0950} Production of compound wherein R¥? is a bromine
atom.

{0951] Compound[8'-2}can be oblained by reacting com-
pound [8'-1] with a brominating reagent such as bromine,
phenyltrimethylammonium tribromide and the like.

[0952] As the solvent, chloroform has bigh versatility, but
acetic acid, toluene, chlorobenzene and the like may be also
used. In addition, an alcohol solvent such as methanol,
ethanol and the like may be uscd in combination with these
solvents.

{0953} Production of compound [8'-3) wherein R¥?is C1-7
alkyl group, C3-8 cycloalkyl C1-6 alkyl group, C6-14 aryl
C1-6 alkyl group, C1-6 alkyloxy group, C6-14 aryl C1-6
alkyloxy group, C6-14 ary! group, heterocyclic group, cyano
group, —CO,R*, —CONR®R®, —SO,NR*R*, €6-14
arylcarbonyl  group, —NR™R®, —NR°*COR®’,
_NRcasozkw, _NRe]:!CONRcMRcIS, _NRcl(:COchU
or —NR“**COCOR**®, wherein each symbol is as defined
above.

[0954] Synthesis is performed according to a miethod
described in

[0955] a) Handbook of Palladium-Catalysed Organic
Reactions: Synthetic Aspects and Catalytic Cycles.
Jean-Luc Malleron et al. (1997) Academic Pr.

[0956] b) Palladium in Heterocyclic Chemistry: A
Guide for the Synthetic Chemist (Tetrahedron Organic
Chemistry Series, V. 20). Jie Jack Li et al. (2000)
Elsevier Science Lid. .

[0957] c) Handbook of Organopaliadium Chemistry for
Organic Synthesis. Ei-Ichi Negishi et al. (2002) Joha
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Wiley & Sons Inc. and the like, by subjecting com-
pound {8-2} to a coupling reaction using palladium as

a catalyst.
o ow!
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[0958] More specifically, the following methods can be
mentioned.

{0959] Production of compound wherein R*? is C6-14 aryl
group or heterocyclic group.

[0960] For cxample, the ~orresponding compound [8™-3]
can be obtained by heating compound [8'-2] and Rr—
SnBu, in dioxane in the nce of a catalytic amount of
tetrakis(triphenylphosphine)palladium(0).

[0961] When carrying out this reaction, fine results are
often obtained using R”>—B(OH), instead of R¥>—SnBu,.
While maoy useful options of palladium catalyst are
described in the above-mentioned reference literatures, one
of the options is a combined use of palladium(Il) acetate and
1,3-bis(diphenyliphosphino)propane. The usable solvent is
not limited to those mentioned above, and unless the reac-
tion is particularly inhibited, a comparatively wide variety of
solvents such as tetrahydrofuran, toluene and the like can be
used. When carrying out this reaction, fine results are often
obtained by carrying out the reaction in an inert gas to avoid
interference by oxygen and water.

{0962] Production of compound wherein R¥? is C1-7 alkyl
group, C3-8 cycloalkyl C1-6 alkyl group or C6-14 aryl C1-6
akkyl group.

[0963] A desired compound {8'-3} can be obtained by, for
example, reacting compound {§'-2] with R"”>—SnBu, in the
same manner as above.

[0964] Here, in the case of a oomgound wherein R¥? is
R —CX*H—CY*H— (whercin X> and Y’ arc cach a
lower alkyl group such as methyl group, ethyl group and the
like and R* is a group such as a C1-7 alkyl group, a C3-8
cycloalkyl C1-6 alkyl group and a C6-14 aryl C1-6 alkyl
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group, wherein the alkyl moicty is free of CX*H--CY°H
imoiety), fine results are often obtained by using Ry'—
CX*=CY*—SnBu, to give compound {§'-3] wherein R¥” is
R¥*—CX*=CY"—, and subjecting this compound lo a
catalytic reduction to give compound [8'-3] wherein R*? is
R"?—CX*H—CY*H—.

[0965] Production of compound wherein R¥? is C1-6 atky-
loxy group or C6-14 aryl C1-6 alkyloxy group.

{0966] A desired compound [8'-3] can be obtained by, for
example, reacting compound {8'-2] with R??'ONa (wherein
RY? is a C1-6 alky! group or C6-14 aryl C1-6 alkyl group)
in toluene in the presence of bis(dibenzylidemeacetone)pal-
ladium(0) or 1,1"-bis(diphenylphosphino)ferrocene.

[0967] Production of compound wherein R¥? is cyano
goup. .

[0968] The corresponding compound [8'-3} can be
obtained by, for example, heating compound [8"-2] and zinc

. cyanide in the presence of a catalytic amount of tetraki-

s{triphenylphosphine)palladium(0) in dimethylformamide.

[0969]) Production of compound wherein R”? is —CO,R*’
or —CONRZR=.

[0970] A compound [8'-3} wherein R¥? is —CO,R** can
be obtained by, for example, heating compound [8'-2] under
a carbon monoxide atmosphere in dimethyl sulfoxide in the
presence of R OH, triethylamine, palladium(If) acetate and
1,3-bis(diphenylphosphino)propane.

[0971) A compound [8'-3} wherein R is —CO,H can be
obtained by using methanol for R“*OH to give compound
[8'-3], wherein R¥* is —CO,CH,, and subjecting this com-
pound to hydrolysis by a coaventional method using aque-
ous sodium hydroxide solution/tetrahydrofuran and the like.

[0972) Compound [8-3] wherein R™® is —CONR<*R**
can be obtained by condensation of this compound with
NHR*R®, As used herein, the condensation reaction can be
carried out according to the aforementioned production
method 2 and production method 4.

{0973} Production of compound wherein RY? is
—NR*R,

[0974] A desired compound [8'-3} can be obtained by, for
example, heating compound {8-2] and HNR*R*® in the
presence of cesium carbonate and a catalytic amount of
palladjum(Il) acetate and 2,2'-bis(di-tert-butylphosphino)-1,
P'-binaphthyl in benzene.

[0975] Production of compound wherein R*? is
—NRCCOR”, —NR¥SO,R®, —NR“’CONRR*,
—NRCO,R* or —NR°'®COCOR™,

[0976] Compound [8'-3] wherein R*? is —NR**COR®”
can be obtained by, for example, heating compound [8'-2]
and HNRCOR®’ in toluene in the presence of sodium
tert-butoxide and a catalytic amount of palladium(iT) acetate
or 1,1'-bis(diphenylphosphino)ferrocene.

[0977] While compound f{8'-3] wherein RY? is
_NReBSOZReD’ —NR 3CONRcMRc1 5, __NRc16c02Rc7
and —NR“™*COCOR® can be also synthesized in the same
manner, finer results are sometimes obtained when the
reaction is carried out step by step. That is, NH,CO,1-Bu and
compound [8-2] are subjected to a reaction similar to the
one mentioned above, whereby compound [8'-3) wherein
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R*? is —NHCO,1-Bu can be obtained. This is treated with
trifluoroacetic acid, hydrochloric acid-dioxane and the like
according to a conventional method to give compound [8'-5]
wherein RY? is -—NH, can be obtained.

{0978] The corresponding compound [8'-3] can be syn-
thesized by reacting the obtained compound [8'-5] with the
corresponding carboxylic acid (g, R"CO,H), carboxylic
acid anhydride (e.g., R7CO,COR®") or acid chloride (e.g.,
R’COCI), chlorocarbonic acid ester (R°7OCOCY), isocy-
anate (R®*—NCO), chlorocarbonic acid  amide
(RMRNCOCY), sulfonyl chloride (R®SO,Cl) and the
like, as described in the above-mentioned Production
method 2 and Production method 4.

[0979] R, R, R'3, R*6, or R*** may be introduced into
—INH, prior to the above-mentioned reactions or after the
reactions by a conventional method.

[0980] Production of compound wherein RY> is amino
group. :

[0981) Compound [8'-4] can be oblained by reacting com-
pound [8'-1] with nitric acid, fuming sitric acid, nitronium
tetrafluoroborate and the like.

* [0982] As the solvent, acetic acid, chloroform and the like

are generally used and various conditions knowno as nilration
conditions of aromatic ring may be used.

[0983] Compound [8'-5] can be obtained by subjecting
[8'-4] to catalytic reduction, reduction with 2 metal powder
such as iron, zinc and the like, or reduction with a metal ion
such as tin chloride and the like.

[0984] As a solvent for reduction with a metal powder,
acetic acid, hydrochloric acid-alcohol, hydrochloric acid-
tetrahydrofuran and the like are generaily used and for
reduction using tin chloride, methanol or ethanol is gener-
ally used.

[0985] The above-mentioned introduction of Br and con-
version to R¥? are not limited by compound [8] and can be
performed at a desired or suitable timing in the whole steps
in the already described Production methods, wherein intro-
duction of Br and conversion to R** may be conducted in
different steps. Particularly, introduction of Br sometimes
provide fine results when done in compound [5], {6], [10],
[173, (18], [10] or fI-1].
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[0986] wherein E is a functiopal yg,roup derived from an
electrophile corresponding to R such as —COR®,
—COOH, —SR®'° and the like, and each symbol is as
defined above.

[0987] As a differcat method of introducing a functional
group, a method comprising reacting compound [15'-1] with
a base and then reacting with an electrophile can be men-
tioned. ) .

[0988] Specific examples of electrophile include esters,
aldehydes, ketones, disulfides, carbon dioxide and the like.

[0989] As the base to be used, lithium diisopropylamide,
potassium hexamethyldisilamide, n-butyllithium and the
like can be mentioned, and as a solvent, tetrahydrofuran,
diethyl ether, dimethoxyethane and the like can be men-
tioned. When lithium diisopropylamide is used in tetrahy-
drofuran, fine results are often obtained. As the reaction
temperature, when a reaction is carried out at room tem-
perature to under cooling, fine results are often obtained. In
this way, the introduced functional group can be also con-
verted o a desired and suitable R¥? by various known
reactions.

[0990] As concrete examples, the following production
methods can be mentioned.

[0991] Production of compound wherein R7 is —COR®*.

[0992] Compound [15'-2] wherein R*? is —CH(OH)R**
can be obtained by adding R**—CHO as an electrophile 1o
compound [15'-1] treated with lithium diisopropylamide at
-78° C. in tetrahydrofuran.

[0993] The obtained compound {15-2] wherein R is
—CH(OH)R™ can be coaverted to compound {15'-2}
wherein RY? is —COR** by a treatment with a sulfur trioxide
pyridine complex in the presence of tricthylamine and
dimethyl sulfoxide in a solvent that does not itself iohibit the
reaction such as chloroform. This oxidation reaction is not
limited to the above-mentioned conditions, and the condi-
tions comprising using 1,1,1-tris(acetoxy)-1,1-dihydro-1,2-
benziodoxol-3-(1H)-one (Dess-Martin reagent) as an oxi-
dant in chloroform also affords fine results. While the
reaction is carried out at room temperature to under cooling
under any conditions, the range of from 0° C. to room
temperature is more preferable.

[0994] Production of compound wherein R*? is —COOH,
—SR**°, —SOR"** or —SO,R**2.

[0995] Using carbon dioxide or disulfide (R°'*SSR="® etc.)
as an electrophile, compound [15'-2] wherein R*? is
—COOH or —SR*'® can be obtained. Compound [15'-2]
wherein R¥? is —SR°!C is trcated with a peracid such as
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m-chloroperbenzoic acid and the like in chloroform,
whereby compound [15-2] wherein R*? is —SOR°** or
—SO*R*'? can be obtained.

{0996] The introduction of E by electrophile and coaver-
sion to R*? are not limited by compound {15] and can be
performed at a desired or suitable timing in the whole steps
in the already described Production methods, wherein intro-
duction of E and conversion to R*> may be conducted in
different steps.

[0997] However, in order to control side reaction, it is
often better to not introduce E by electrophile in the presence
of a base in compounds [3], [8] and {10].

[0998] Production Method 8
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[0999] wherein each symbol is as defined above.

[1000] Compound [I-5] can be obtained by converting
compound [10] to compound {19] and sequentially con-
densing the compound with a compound represented by
R~ CH{OMe),.

[1001] For conversion of compound [10'] to compound
[19] here, R*—NHNH—W (W is amino-protecting group)
is used instcad of R'—NH,, and a method according to the
method described in Production method 6 is performed.

[1002] A condensation reaction of compound [19] to com-
pound [I-5] is carried out in the presence of an acid catalyst
such as hydrochloric acid, p-toluepesulfonic acid, pyri-
dinium p-toluencsulfonate and the like in a benzene solvent
such as b toluene, chlorok and the like or an
alcohol solvent such as metbanol, cthanol and the like at
room lemperature to under heating.




US 2005/0054645 Al
Production method 8-
o OR*
Rl O
\N =~

H —

N -

RY! .

81
[0 OR?
Rl
~ g 0
ﬁ ——-
N.
o ;N/ & RY2
R
[20}
o - OR?
R o
\N
N
i n)\N/ S -
R
{-6]

[1003} whereip each symbol is as defined above.

{1004] Compound [I-6] can be obtained by converting
compound [8'} to compound [20] and sequentially condens-
ing with a compound represented by R¥°—CH(OMe),.

[1005] For conversion of compound [8'] to compound [20]
here, W—NH—NH,, (W is amino-prolecting group) is used
instead of L3—X—NH,, and a method according to the
method described in Production method 5 is performed. A
condensation reaction of compound [20] to compound [1-6]
is carried out under acidic conditions in the same manner as
in Production method 8-1.

42
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[1006] wherein each symbol is as defined above.

[1007} Compound [I]-2 is a part of the compound repre-
sented by the formula [I] and produced according to the
aforementioned method, wherein preferable results are often
obtained when the production follows this production
method.

[1008] That is, compound [22] is synthesized by reacting
compound [21] prepared according to the a method
described in a reference (Breslow, D. S._et al, J. Am. Chem.
Soc., 1946, 68, 1232) or a method analogous thereto with
R} M y=NH under acidic conditions or basic condi-
tions. As the acid to be used, hydrochloric acid, p-toluene-
sulfonit acid and the like can be mentioned, and the acid is
generally applied to the reaction in the form of an amidine
salt: Where necessary, the acid may be further added. As the
base, sodium methoxide, potassium carbonate and the like
can be mentioned, and as the solvent, methaool, ethanol,
dioxane, tetrahydrofuran and the like can be mentioned. This
reaction can be carried out in such a solvent that does not
particularly iohibit the reaction under comparatively wide
pH conditions. As a preferable method, for example, con-
ditions under which the reaction is carried out in methanol
using sodium methoxide as a base under heating can be
mentioned.

{1009] The subscquent production step to produce com-
pound [I}-2 from compound [22] via compound [23] is
performed according to the aforementioned Production
method 4 and Production method 3. Prior to this conversion,
it is necessary to hydrolyze compound [22] into carboxylic
acid in a solvent such as alcohol, tetrahydrofuran and the
like using sodium hydroxide and the like.
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[1010] wherein each symbol is as defined above.

[1011} Preferable results are ofien obtained when the
production of compound [I]-3 follows this production
method..

{1012] That is, compound [24] derived from amino acid is
reacted with methyl orthoformate in methanol or without
solvent in the presence of an acid catalyst such as bydro-
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chloric acid, p-toluenesulfonic acid, pyridinium p-toluene-
sulfonate and the like, and thereafter deprotecied, whereby
compound [25] can be obtained.

[1013] Compound [26] can be obtained by reacting com-
pound [25] with methyl chloroglyoxylate in the presence of
a base such as pyridine, triethylamine and the like in a
solvent such as chloroform, toluene, tetrahydrofuran and the
like or withowt solvent. Fine results are often obtained when
this reaction is carried out under cooling.

[1014] Compound [27] can be obtaived by reacting com- -
pound [26] with W2-~OAc. When performing this reaction,
fine results are often obtained when W2—OAc is treated
with a base such as lithium diisopropylamide, lithium hex-
amethyldisilamide and the like in a solvent such as tetrahy-
drofuran and the like to give an enolate, which is then
reacted with compound [26]. While the reaction is carried
out at room ternperature 1o under cooling, preferable resulis
are often obtained when the reaction is particularly carried
out at a temperature not more than 0° C.

[1015] Compound [28] can be obtained by hydrolyzing
compound {27} under acidic conditions. As the acid 10 be
used, 4N (or below) hydrochloric acid is preferable, and the
reaction is carried out in tetrahydrofuran or dioxane.

[1016] Compound [29] can be obtained by treating com-
pound {28] with a base. As the base (o be used, a metal salt
such as potassium carbonate, sodium carbonate and the like,
a metal amide such as lithium diisopropylamide, potassium
hexamethyldisilamide and the like, and an organic base such
as triethylamine, ethyldiisopropylamine, pyridine and the
like can be mentioned, and preferable results are often
obtained when triethylamine, ethyldiisopropylamine and the
likc are uscd. There are many options of solvent, and, for
example, chloroform, tetrahydrofuran, dioxane, methanol,
ethanol, toluene and the like can be mentioned, which are
obviously subject to limitation depending on the kind of a
base to be used. :

{1017] Astep to produce compound [I]-3 from compound
[29] via compound [30] can be performed according to the
aforementioned Production mcthod 5 and Production
method 1-1 or 1-2.

Production method 3-7
[od
R!
~ N
! -
X
(¢]
[31]
[0
R
I
X N —_—
n—H_
R?Z

32]
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{1018] wherein cach symbol is as defined above. < :

{1019} Compound {32] can be synthesized by reacting

compound {31} prepared by the method described in a

reference (Micovic, LV. et al,, J. Chem. Soc., Perkin Trans.

1(1996) 16, 2041) or a method analogous thereto with a

compound H,N—NH~-R?*? in a solvent such as methanol, Q 9 .
ethanol, tetrahydrofuran, dioxane, toluenc and the like at a —_—

. o
room temperature to under heating. :@/\?1 v
. . N
[1020] Compound [1]-4 can be obtained by reacting com- a /

pound [32] with oxalyl chloride in the presence of an organic /r
base such as triethylamine, ethyldiisopropylamine, pyridine

and the like in a solvent such as chloroform, tetrahydrofuran,
dioxane, toliene and the like. While the reaction tempera-
ture is subject to no limitation, preferable results are often
obtained when the reaction is carried out under cooling to
foom temperature.

EXAMPLES o (o}

[1021] The nitrogen-containing fused ring compound rep- a N e o
resented by the formula [I] and a pharmaceutically accept- —_—
able salt thereof of the present invention and production k/N P

methods thereof are now specifically explained by way of
Examples. However, the present invention is not limited by

a ) o
these Examples. U\ s
N
Example 1 |\/ #

Synthesis of 2-(3,4-dichlorobenzyl)-9-hydroxy-3,4-
dihydro-2H-pyrido[1,2-alpyrazine-1,8-dione hydro-
ot chlon'y;: {1023] Sep 1
{1024] To a solution of 3-benzyloxy-4-oxo-4H-pyran-2-
carboxylic acid (04 g) prepared according to the method
described in references (JP-A-2-502281 (WO88/06588), J.
Med. Chem., 1999, 42, 4814-4823) in chloroform (30 ml)
were added oxalyl chloride (0.21 ml) and dimethylforma-
mide (0.01 ml), and the mixture was stirred at room tem-
perature for 30 min. The reaction solvent was evaporated
under reduced pressure, toluenc was added, the mixture was
concentrated and dissolved in chloroform (5 ml). 34-
o o Dichlorobenzylamine (0.23 ml) and triethylamine (0.34 ml)
were added successively under ice-cooling, and the mixture

[1022]

7 ] - was stirred under ice-cooling for 20 min. 5% Aqueous
HO potassivm hydrogen sulfate solution was added to the
o7 obtained teaction mixture and the mixture was extracted

with chloroform. The organic layer was washed with satu-
rated brine and dried over sodium sulfate. The solvent was
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evaporated and the residuc was purificd by silica gel column
chromatography (hexane:ethyl acelate=1:1-1:8) to give
N-(3,4-dichlorobenzyl)-3-benzyloxy-4-oxo-4H-pyran-2-
carboxamide (0.43 g).

[1025] 'H-NMR(CDCL) 915(,1H,J=60 Hz), 8.1%(d,
1HJ=58 Hz), 7.54(s,1H), 75Xd,1H]J-84 Hz), 731-
7.20(m5H), 6.51 (d,1H,5=5.8 Hz), 5.17(s,2H), 4.46(4,1H,
3=6.0 Hz). )

{1026} Step 2

[1027] To a solution of N(3,4-dichlorobenzyl)-3-benzy-
loxy-4-0x0-4H-pyran-2-carboxamide obtaiged in the previ-
ous step in tetrahydrofuran (1 ml), ethanol (1 ml) and. water
(0.2 ml) were added successively cthanolamine (0.05 ml)
and 2N agueous sodium carbonate solution (0.06 ml), and
the mixture was stirred at room temperature for 1 hr and at
35° C. for 4 hrs. The solvent was evaporated, and the
obtained crystals were washed successively with ethyl
acetale and water and dried to give N«(3,4-dichlorobenzyl)-
3-benzyloxy-1-(2-hydroxyethyl)-4-ox0-1,4-dihydropyri- -
dine-2-carboxamide (0.142 g).

(1028] 'H-NMR(DMSO-d)d  9.46(,1H,J=58 Hz),
7.60(d,1H,J=7.7 Hz), 7.56(d,1H,]=2.1 Hz), 7.32(d,1H,=8.3
Hz), 7.30-7.27(m,5H), 7.25(dd,1H,J=2.183 Hz), 6.24(d,
1HJ=7.7 Hz), 5.05(s2H), 5.06-5.01(m,1H), 4.41(d,1H J=
5.8 Hz), 3.88-3.81(m,2H), 3.65-3.57(m,2H).

[1029] Step 3

[1030] To N-+(3,4-dichlorobenzyl)-3-benzyloxy-1-(2-hy-
droxyethyl)-4-0x0-1,4-dihydropyridine-2-carboxamide

(0.142 g) obtained in the previous step was added dry
tetrahydrofuran (2 ml), and the mixture was cooled under an
argon atmosphere at 0° C. Diisopropylethylamine (0.026 mi)
and methanesulfonyl chloride (0.009 ml) were successively
added dropwise at the same temperature, and the mixture
was stirred at room temperature for 1 hr. Diisopropylethy-
lamine (0.053 m1) and methanesulfonyl chloride (0.019 mi)
were successively added dropwise again at 0° C.,, and the
mixture was slirred at room temperature for 1 hr. IN
Aqueous hydrochloric acid was added to the obtained reac-

tion mixture under ice-cooling, and the mixiure was .

cxtracted three times with ethyl acetate. The organic layer
was washed with saturated brine and dried over sodium
sulfate. The solvent was evaporated and the obtained crude
product was dissolved in dry tetrahydrofuran (4 ml). Sodium
hydride (60%) (8 mg) was added, and the mixlure was
heated at 80° C. Sodium hydride (60%) (8 mg) was added
every 30 minutes, and after adding 5 times in total, 1IN
aqueous hydrochloric acid was added under ice-cooling, and
the mixture was extracied three times with ethyl acetate. The
organic layer was washed with saturated brine and dried
over sodium sulfate. The solvent was evaporated and the
residue was purified by thin layer chromatography (ethyl

acetate:methanol=5:2) to give 9-benzyloxy-243,4-dichlo- -

robenzyl)-3,4-dihydro-2H-pyrido[1,2-a)pyrazine-1,8-dione
(22 mg).

[1031] *H-NMR(DMSO-do}d 7.64(d,1H,J=7.4 Hz), 7.62-
7.56(m,2H), 7.51-7.46(m,2H), 7.34-7.22(m,4H), 6.26(d,1H,
J=7.4 Hz), 5.08(s,2H), 4.6%(s,2H), 4.17-4.08(m,2H), 3.63-
3.55(m,2H).

[1032] Step 4

[1033] To 9-benzyloxy-2-(3,4-dichlorobenzyl)-3,4-dihy-
dro-2H-pyrido[1,2-a]pyrazine-1,8-dione (12 mg) obtained

A
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in the previous step were added acetic acid (0.75 ml) and
conc. hydrochloric acid (0.15 ml) and the mixture was
stirred at 90° C. for 20 min. The solvent was evaporated, and
the obtained residue was crystaltized from hexane:cthyl
acetate=1:2 to give 2-(3,4-dichlorobenzyl)-9-hydroxy-3,4-
dihydro-2H-pyrido[1,2-alpyrazine-1,8-dione hydrochloride-
Gmp.

[1034] ‘H-NMR(DMSO-dd 7.96(d,1HJ=72 Hz),
7.67(d,1H,3=1.9 Hz), 7.62(d,1H,}=8.4 Hz), 7.36(dd,1HJ=
1.9,8.4.-Hz), 6.73(d,1H,J=7.2 Hz), 4.74(s,2H), 4.42-4.36(m,
2H), 3.79-3.74(m 2H).

Example 2

Synthesis of 2-(3,4-dichlorobenzyl)-10-hydroxy-2,3,
4,5-tetrahydropyrido[ 1,2-a) 1,4 Jdiazepine-1,9-dione

[1035]
Ct ° /

o]

o]

oH

a ; 0
a A
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{1036} Step 1

{1037] N-(3,4-Dichlorobenzyl)-3-benzyloxy-4-oxo-4H-
pyran-2-carboxamide (60 mg) obtained in the same manoer
as in Example 1, step 1 was dissolved in tetrahydrofuran (0.5
ml), ethanol (0.5 mly and water (0.1 ml), and 3-amino-1-
propano! (0.0226 ml) and sodium carbonate (8 mg) were
successively added. The mixture was stirred at room tem-
peraturc for 7 hr. The solvent was evaporated, and the
obtained residue was purificd by silica gel column chroma-
tography (cthyl acetate:methanol=100:0-4:1) to- give N-(3,
4-dichlorobenzyl)-3-benzyloxy-13-hydroxypropyl)-4-
ox0-1,4-dihydropyridine-2-carboxamide (43 mg).

{1038] ‘H-NMR(DMSO-dd 947(1H,J=60 Hz),
7.65(d,1H,J=7.4 Hz), 757d,1HJ=19 Hz), 7.34-725(m,
7H), 6.26(d,1H,J=7.4 Hz), 5.05(s,2H), 4.65(t,1H J=4.9 Hz),
4.42(d,2H,J=6.0 Hz), 386(dd,21 J=7.2,72 Hz), 3.35(dd,
2H=6.3,10.9 Hz), 1.84-1.7%m,2H).

[1039] Step 2

[1040] N-(3,4-Dichlorcbenzyl)-3-benzyloxy-1-(3-hy-
droxypropyl)-4-oxo-1,4-dihydropyridine-2-carboxamide
(30 mg) obtained in the previous step was dissolved in
tetrahydrofuran (1.5 ml) and the mixture was cooled 10 0° C.
under an argon atmosphere. Diisopropylethylamine (0.034
ml) and methancsulfonyl chloride (0.0065 ml) were succes-
sively added dropwise at the same temperature and the
mixture was stirred al room temperature for 2 br. Diisopro-

0
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pylethiylamine (0.017 mil) and methanesulfonyl chloride

(0.005 ml) were successively added dropwise again a1 0° C.,
and the mixture was stirred at room lemperature for 1.5 hr.
To the obtained reaction mixture was added 1N aqueous
hydrochloric acid under ice-cooling, and the mixtwure was
extracted twice with ethyl acctate. The combined organic
layer was washed successively with saturated aqueous
sodium hydrogen carbonate solution and saturated brine and
dried over sodium sulfate. The solvent was evaporated and
the obtained crude product was dissolved in tetrahydrofuran
(1.5 ml). Sodium hydride (60%) (5 mg) was added at room
temperature, and sodium hydride (60%) (8 mg) was added
every 30 minutes. After adding 3 times i total, IN aqueous
hydrochloric acid was added under ice-cooling, and the
mixture was extracted twice with ethyl acetate. The com-

Soz
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bined organic layer was washed successively with saturated
aqueous sodium hydrogen carbonate solution and saturated
brine and dried over sodium sulfate. The solvent was evapo-
rated, and the obtained residue was purified by thin layer
chromatography (ethyl acetate:methanol=2:1) fo give
10-benzyloxy-2-(3,4-dichiorobenzyl)-2,3,4,5-teirahydropy-
rido{1,2-a] 1,4]diazepine-1,9-dione (23 mg).

[1041] 'H-NMR(CDCL) 7.49-7.46(m,3H), 7.3%(d,1H J=
83 Hz), 7.30-7.26(m3H), 7.22(dd,1HJ=2383 Hz),
70%d,1H,J=75 Hz), 6.46(d,1HJ=75 Hz), 5.69(d,1HJ=
10.9 Hz), 5.06(d,1HJ=10.9 Hz), 4.71(d,1H,J=14.7 Hz),
4.48(d,1H,J=14.7 Hz), 3.82-3.77(m,2H), 3.07(dd,1H J=6.8,
15.5 Hz), 2.96-2.85(m,1H), 1.92-1.7%(m,1H), 1.74-1.61(m,
1H).

{1042} Step 3

[1043] 10-Benzyloxy-2-(3,4-dichlorobenzyl)-2,3,4,5-tet-

rahydropyridof1,2-a) 1,4)diazepine-1,9-dione (15 mg)
obtained in the previous step was dissolved in trifluoroacetic
acid (1.0 mi), and the mixture was stirred at room tempera-
ture for 30 min and then at 60° C. for.1.5 hr. The solvent was
evaporated, toluene was added, and the mixtere was con-
centrated, which operations were performed 3 times. Ethyl

acetate was added and the mixture was concentrated, which .

operations were performed 2 times. The obtained residue
was crystallized from cthyl acetate/hexane to give 2-(3,4-
dichlorobenzyl)-10-hydroxy-2,3,4,5-tetrahydropyridof 1,2~
aJ 1,4]diazepine-1,9-dione (11 mg).

[1044] 'H-NMR(DMSO-d)d 7.79(brs,1H), 7.66(d,1H,J=
8.3 Hz), 7.65(d,1H,J=2.3 Hz), 7.38(dd,1H,}=23,83 Hz),

6.50(brs,1H), 4.68(brs,2H), 4.10brs,2H), 3.33(b1,2H,J=6.4
Hz), 1.94(b1,2H,1=6.4 Hz)

Example 3
Synthesis of 2-(3,4-dichlorobenzyl)-9-hydroxy-3-

methyl-3,4-dihydro-2H-pyrido{1,2-aJpyrazine-1,8-
dione

[1045]

ot
- D
0T
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[1046] N-(3,4-Dichlorobenzyl)-3-benzyloxy-4-oxo-4H-
pyran-2-carboxamide (50 mg) obtained in the same manner
as in Example 1, Step 1 was dissolved in tetrahydrofuran
(0.5 ml), ethapol (0.5 ml) and water (0.1 ml). DL-1-Amino-
2-propanol {0.0191 ml) and sodium carbonate (7 mg) were
successively added, and the mixture was stirred overnight at
room temperatire. The solvent was evagporated, and the
obtained residue was purified by silica gel column chroma-
tography (ethyl acetate:methanol=100:0-4:1) to give N-(3,
4-dichlorobenzyl)-3-benzyloxy-12-hydroxypropyl)-4-
oxo-1,4-dihydropyridine-2-carboxamide (34 mg).

{1047] *H-NMR(DMSO-ds)s 9.43(t,1H,J=6.3 Hz), 7.57(s,
1H), 757(d,1H,J=7.4 Hz), 7.36(d,1H.J=8.1 Hz), 731
7.26(m,6H), 6.23d,1H,J=7.4 Hz), 5.08(d,1HJ=109 Hz),
5.04(d,1H,1=10.9 Hz), 5.02(d,1H,J=6.3 Hz), 4.44(dd,1H J=
63,148 Hz), 4.37(dd,1H, J=6.3,14.8 Hz), 3.81(brs,1H),
3.69(dd,tH,J=3.7,14.4 Hz), 3.60(dd,1H,J=88,14.4 Hz),
0.94(d,3H,1=6.3 Hz).

[1048] Step 2

[1049] N-(3,4-Dichlorobenzyl)-3-benzyloxy-1-(2-hy-
droxypropyl)-4-0xo-1,4-dihydropyridine-2-carboxamide
(34 mg) obtained in the previous step was dissolved in
tetrahydrofuran (1.5 ml) and the mixture was cooled to 0° C.
under an argon atmosphere. Diisopropylethylamine (0.0385
ml) and methanesulfonyl chloride {0.0074 ml) were succes-
sively added dropwise at the same temperature, and the

P22
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mixture was stirred at room temperature for 1 hr. Diisopro-
pylethylamine (0.0385 ml) and methapesulfonyl chloride
(0.0074 ml) were successively added dropwise at 0° C. and
the mixmre was stirred at room temp for 1.5 hr. To the
obtained reaction mixture was added 1N agueous hydro-
chloric acid under ice-cooling, and the mixture was
extracted twice with cthyl acetate. The combined organic
layer was washed successively with saturated aqueous
sodium hydrogen carbonate solution and saturated brine,
and dricd over sodium sulfate. The solvent was evagorated
and the obtained crude product was dissolved in tetrahydro-
furan (1.5 ml). Sodium hydride (60%X5 mg) was added at
room temperature, and sodium hydride (60%X8 mg) was
added every 30 minutes. After adding 3 times in total, 1N
aqueous hydrochloric acid was added under ice-cooling, and
the mixture was extracted twice with ethyl acetate. The -
combined organic layer was washed successively with satu-
rated aqueous sodium hydrogen carbonate solution and
saturated brine, and dried over sodium sulfate. The solvent -
was evaporated, and the obtained residue was purified by
thin layer chromatography (cthyl acetate:methanol=2:1) to
give 9-benzyloxy-2-(3,4-dichlorobenzyl)-3-methyl-3,4-di-
hydro-2H-pyrido[1,2-aJpyrazine-1,8-dione (8 mg).

(1050] *H-NMR(CDC,)5 7.62-7.59%(m,2H), 7.45-7.42(m,
2H), 735-72%(m,3H), 7.20(dd,1H,J=2383 Hz), 7.13(d,
1HJ=7.5 Hz), 6.52(d,1H,J=7.5 Hz), 5.58(d,1H,I=102 Hz),
5.25(d,1H,3=14.7 Hz), 5.24(d,1HJ=10.2 Hz), 4.09(dd,1H,
J=38,128 Hz), 3.97(d,1H,J=14.7 Hz), 3.62-3.58(m,2H),
1.04(d,3H,1-6.8 Hz).

{1051] Step3

[1052] 9-Benzyloxy-2-(3,4-dichlorobenzyl)-3-methyl-3,
4-dihydro-2H-pyrido[1,2aJpyrazine-1,8-dione (8 mg)
oblained in the previous step was dissolved in triffuoroacetic
acid (1.0 mf) and the mixture was stirred at 60° C. for 1.5 br.
The solvent was evaporated, toluene was added, and the
mixture was concentrated, which operations were performed
3 times. Ethyl acetate was added and the mixture was
concentrated, which operations were performed twice. The
obtained residue was crystallized from ethyl acetate/hexane
to give 2<3,4-dichlorobenzy!)-9-hydroxy-3-methyl-3,4-di-
hydro-2H-pyridof1,2-aJpyrazine-1,8-dione (6 mg).

[1053] *H-NMR(DMSO-ds)d 7.84(brs, 1), 7.70(d,1H J=
1.9 Hz), 7.6X(d,1H,J=8.4 Hz), 7.40(dd,1H,J=1984 Hz),
6.57(brs, 1H), 5.03(d,1H,J=15.3 Hz), 4.45(d,1H,J=15.3 Hz),
4.42-4.3%m,1H), 4.22-4.19(m,1H), 4.00(m,1H), 1.18(d,3H,
1-6.5 Hz).

Example 4

Synthesis of 2(3,4-dichlorobenzyl)-9-hydroxy-4,4-
dimethyl-3,4-dihydro-2H-pyrido[ 1,2-a)pyrazine-1,8-
dione

[1054]

m&g\f"\ﬁ _
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[1060] Step 3

[1061] To a solution of 3-benzyloxy-4-oxo-4H-pyran-2-
carboxylic acid (150 mg) obtained in the same manner as in
Example 1, Step 1 in chloroform (3 ml) were added oxalyl
chloride (0.069 ml) and dimetbylformamide (0.005 ml) and
the mixiure was stirred at room temperature for 1 hr. The

—
YS
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roacetic acid (2.0 ml) and the mixture was stirred at 65° C.
for 2 hr. The solvent was evaporated, toluene was added and
.the mixture was concentrated, which operations were per-
formed 3 times. Ethyl acetate was added and the mixture
was coucentrated, which operations were performed twice.
The obtained residue was crystallized from diisopropyl ether
to give 2-(3,4-dichlorobenzyl)-9-hydroxy-4,4-dimethyl-3,4-
dibydro-2H-pyrido[1,2-a]pyrazine-1,8-dione (22 mg).

[1067] ‘H-NMR(DMSO-d)d 7.96(d,1HJ=79 Hz),
7.68(d,1H,3=1.9 Hz), 7.65(d,1H J=8.1 Hz), 7.40(dd,1H J=
1981 Hz), 6.49(brs,1H), 4.74(s,2H), 3.67(s,2H), 144(s,
6H).- :

Example 5

Synthesis of 2-(3,4-dichlorobenzyl)-9-hydroxy-6-

reaction solvent was evaporated under reduced
" Toluene was added and the mixture was concenlraled, which
operations were performed twice and the residue was dis-
solved in chloroform (2 ml)..This solution was added
dropwise under ice-cooling to a solution of tert-butyl {2-(3,
4-dichlorobenzylamino)-1,1-dimethylethyljcarbamate (192
mg) obtained in Step 2 and tricthylamine (0.11 ml).in
chloroform (3 ml), and the mixture was stirred under ice-
cooling for 1 hr. 5% Aqueous potassinm hydrogen sulfate
solution was added to the obtained reaction mixture and the
mixture was extracted with chloroform. The organic layer
was washed successively with saturated aqueous sodium
hydrogen carbonate solution and saturated brine and dried
over sodium sulfate. The solvent was evaporated and the
residue was purified by silica gel column chromatography
(bexanesethyl acetate=1:1) to give crude tert-butyl {2{N-
(3-benzyloxy-4-oxo-4H-pyran-2-carbonyl)-N~(3,4-dichlo-
robenzylamino]-1,1-dimethylethyl}carbamate (270 mg).

[1062] Step 4

{1063] Crude tert-butyl (2-{N-(3-benzyloxy-4-oxo-4H-py-
ran-2-carbonyl)-N-(3,4-dichlorobenzyl)amino}-1,1-dimeth-
ylethyljcarbamate (90 mg) obtained in the previous step was
dissolved in 4N hydrochloric acid/dioxane solution (2 ml)
and the mixture was stirred at room temperature for 30 min.
The solvent was evaporated and azeotropic distillation with
chloroform was performed 3 times. The obiained residue
was dissolved in ethanol (3 ml) and saturated aqueous
sodium carbonale solution (1.5 ml) and stirred at 50° C. for
30 min. Water was added to the obtained reaction mixture
and the mixture was exiracted twice with ethyl acetate. The

combined organic layer was washed with saturated brine and .

dried over sodium sulfate. The solvent was evaporated and
the obtained residue was purified by thin layer chromalog-

raphy (ethyl acetate:methanol=3:2) to give 9-benzyloxy-2- -

(3,4-dichlorobenzyl)-4,4-dimethyl-3 4-dnhydm-2H—pyndo
[1,2-alpyrazine-1,8-dione (50 mg).

[1064] *H-NMR(CDCL)> 7.65(dd2HJ=1579 Hz),
7.46(d,1HJ=1.9 Hz), 745(d,1H,J=83 Hz), 7.37-7.2%m,
4H), 722(dd,1H]J=1983 Hz), 6.50(d,1HJ=1.5 Hz),
5.37(s,2H), 4.65(s,2H), 3.26(s,2H), 1.3%(s,6H).

{1065] Step 5

{1066} 9-Benzyloxy-2-(3,4-dichlorobenzyl)-4,4-dim-
ethyl-3,4-dihydro-2H-pyridof 1,2-aJpyrazice-1,8-dioge (30
mg) obtained in the previous step was dissolved in trifluo-

hydroxymethy1-3 4-dxhydro-2H-pyndo[1,2-a]pyra-
zine-1,8-dione

[1068]
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[1069] Step 1

{1070] tert-Butyl N«(2-aminoethyl) carbamate (1.51 g)

- was dissolved in chloroform (20 ml) and 3,4-dichloroben-

zaldehyde (1.65 g), acetic acid (0.54 ml) and sodium triac-
etoxyborohydride (2.6 g) were added at room temperature.
The mixture was stimed overnight. Saturated agueous
sodium hydrogen carbonate solution was added to the
oblained reaction mixture and the mixture was stirred and

_ extracted three times with chloroform. The combined

organic layer was washed with saturated brine and dried .
over sodivm sulfate. The solvent was evaporated and the
obtained residuc was purified by silica gel column chroma-
tography (chloroform:methanol=9:1} to give tert-butyl
[2-(3,4dichlorobenzylamino)ethyl Jcarbamate (2.1 g).

[(1071] 'H-NMR(DMSO-d)6  7.59(d,1HJ=19 Hz),
7.56(d,1H,J=8.3 Hz), 7.31(dd,1H,3=1.9.8.3 Hz), 6.73(brs,
1H), 3.67(bis,2H), 3.00(bdd,2HJ=6.0,124 Hz), 2.47(m,
2H), 2.2Kbrs,1H), 1.37%(s,9H).
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{1072} Step 2

ml) and triethylamine (7.4 ml) and dimethylaminopyridine
. -(5 mg) were added. Then tert-butyldimethylsilyl chloride
'\0 . (53 g) was added under ice-cooling, and the mixture was

o stirred at the same temperature for 1 hr. To the obtained

é _— 7 0 reaction mixture was added 5% aqueous potassium hydro-

oz gen sulfate solution, and the mixture was extracted with-
O A :

j\ {1073} Kojic acid (5 g) was dissolved in chloroform (50
/S

chloroform. The osganic layer was washed with saturated
aqueous sodivm hydrogen carbonate solution and saturated
brine, and dried over sodium sulfate. The solvent was
evaporated and the obtained residue was dissolved in chlo-
roform (50 ml). Diisopropylethylamine (8.0 ml) was added
and chloromethyl methyl ether (3.2 ml) was added. The
| . mixture was stirred under ice-cooling for 30 min. The
ice-bath was removed and the mixture was stirred overnight

at room temperature. 5% Aqueous pofassium hydrogen

o o . sulfate solution was added to the obtained reaction mixture

= — & — and the mixture was extracted with chloroform. The organic
O~

HO'

layer was washed with saturated aqueous sodium hydrogen
carbonate solution . and saturated brine, and dried over
sodium sulfate, The solveat was evaporated and the obtained
. residue was purified by silica gel column chromatography
o . O (hexane:cthyl acetate=4:1-2:1) 1o give S-tert-butyldimeth-
) ) yisilyloxy)-2-methoxymethoxymethyl-4H-pyran-4-one (5.5
o [o) 2 ‘

| -] - [1074] *H-NMR(DMSO-d;)5 8.19(s,1H), 6.41(s,1H),

on 4.66{s,2H), 4.3%s,2H), 3.28(s,3H), 0.92(s,9H), 0.16(s,6H).
- o ? [1075] Step3

[1076] 5-(tert-Butyldimethylsilyloxy)-2-meth-
oxymethoxymethyl-4H-pyran-4-one (5.5 g) obtained in the
[0} previous siep was dissolved in terahydrofuran (30 ml),
tetra(n-butyl)Jammonium fluoride (1.0 Mjtetrahydrofuran
o HO e solution) (19.2 ml) was added under ice-cooling and the
) mixture was stirred for 30 min. 5% Aqueous potassium
hydrogen sulfate solution was added to the obtained reaction
mixture to adjust to pH=3, and the mixture was extracted 4
" times with ethyl acetate. The combined organic laver was
o - washed with saturated brine aed dried over sodium sulfate.
- The solvent was evaporated and the obtained solid was
) washed with ethyl acetate/hexane. The obtained solid (2.3 g)
o ) was dissolved in water (20 ml) and IN aqueous sodium
I hydroxide solution (12.7 ml). 36% Aqueous formaldehyde
solution was added at room temperature and the mixture was
stirred for 6 hr. 5% Aqueous potassium hydrogen sulfate
solution was added to the oblained reaction mixture 0 adjust
to pH=3, and sodium chloride was added. The mixture was
extracted 5 times with ethyl acetate, and the combined
o o : organic layer was washed with saturated brine and dried
over sodium sulfatc. The solvent was evaporated and the
7 o obtained residue was dissolved in dimethyiformamide (10
: - ml). Potassium carbonate (1.97 g) was added and benzyl
o chloride (0.82 ml) was added at room temperature, and the
mixture was stirred overnight. 5% Aqueous potassium
hydrogen sulfate solution was added to the obtained reaction
mixture to adjust to pH=3, and the mixture was extracted
three times with ethyl acetate. The combined organic layer
)’ was washed with saturated brinc and dried over sodium
[o] sulfate. The solvent was evaporated and the obtained residue
| was purified by silica gel column chromatography (hexane-
:ethyl acetate=1:1-1:4) to give 3-benzyloxy-2-hydroxym-
ethyl-6-methoxymethoxymethyl-4H-pyran-4-one (783 mg)

\
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[1077] 'H-NMR(DMSO-d)8 7.47-732(mSH), 643(,
1H), 5.48(t,1H,7=6.0 Hz), 5.03(s,2H), 4.68(s2H}, 4.40(s, ~ontinued
2H), 4.28(d,2H,J=6.0 Hz), 3:29(s,3H).

[1078] Step 4

[1079] 3-Benzyloxy-2-hydroxymethyl-6-meth-
oxymethoxymethyl-4H-pyran-4-one (783 mg) obtained in
the previous step was dissolved in acetone (8.0 ml) and
saturated aqueous sodinm hydrogen carbonate solutior (8.0
ml), and potassium bromide (30 mg), 2,2,6,6-tctramethylpi-
peridine 1-oxyl, free radical (39 mg) were added, and 6%
aqueous sodium hypochlorite sohttion (3.4 ml) was added
dropwise under ice-cooling. The mixture was stirred for 30
min and 6% aqueous sodium hypochlorite solution (3.3 ml)
was further added dropwise. The mixture was further stirred
for 30 min. Water was added to the obtained reaction
mixture and washed twice with ethyl acetate. 5% Aqueous
potassium hydrogen suifate solution was added to the aque-
* ous layer to adjust to pH=3, and the mixture was extracted
twice with ethyl acetate. The combined organic layer was
washed with saturated brine and dried over sodium sulfate. .
The solvent was evaporated to give 3-benzyloxy-6-meth- o [0}
oxymethoxymethyl-4-oxo-4H-pyran-2-carboxylic acid (710

mg). . : “ N = —
[1080] *H-NMR(DMSO-3 - 7.44-730(m,5H), 6.54(s, o H O A

1H), 5.11(s,2H), 4.65(s,2H), 4.43(s,2H), 3.27(s,3H).

i‘ ' _ HO
o _ .
| o . a . . o
HO = - v “ |\/ N __#

HO
o/I : [1081} Step5 -

I [1082] 3-Benzyloxy-6-metboxymethoxymethyl-4-oxo- »
. 4H-pyran-2-carboxylic acid (658 mg) obtained in Step 4 was
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dlis‘o&'ed in dimethylformamide (5 ml), and tert-buty} {2-(3,
'4'u1bu1« b ylamino) lhyl}-‘ b (596 mg) obtained
in Step 1, 1-ethyl-3-(3-dimethylamivopropylycarbodiimide
{429 mg) and 1-hydroxybenzotriazole (343 mg) were added
at room temperature, and the mixture was stirred for 1 hr.
Saturated aqueous sodium hydrogen cartx solution was
added fo the obtained reaction mixture and the mixture was
extracted twice with ethy! acetate. The combined organic
laynfr was washed with saturated brinc and dried over
soz!xum sulfate. The solvent was évaporated and the obtained
residuc was purified by silica ge} column chromalography

(chloroform:methanol=15:1) to give crude tert-butyl {2{N- ~

e l\/N/

(Fbenzyloxy-6 thyl-4 i

0XY y yi-4-ox0-4H-pyran-
2«carbonyl)-N~(3,4dlchbmbenzyl)amiuo}etbyl}carbamalc
Wizg. - ]
[1083] Swcp 6

[1084} The ‘crude tert-butyt {2IN-(3-benzyloxy-6-meth-
o{:ymc!boxymcthyl-&oxo-4H-pyran~2-carbooy!)—N-(3,4»
dichlorobenzylamino)ethyl}earbamate (1.12 g) obtained in
u:fe previous step was dissolved in 4N hydrochloric acid/
dioxane solution (10 ml} and the mixture was stirred at room
temperature for 30 min. The solvent was evaporated, toluene
wis added, and the mixture was concentrated, which apera-
tions were performed 3 times. The obtained residue was
dissolved in ethanol (40 ml) and saturated aqueous sodium
carbonate solution {10 mf), and the mixture was stirred at
50° C. for 30 min. The solvent was evaporated, and the
resulting crystals weee washed with 5% aqueous potassium
bydrogen sulfate solution and a small amount of ethyl
acetate, and coltected by filtration to give 9-benzyloxy-2-
(3,4-dicht benzyl)-6-hydrox thy!-3,4-diliydro-2H-py-
rido{1,2-aJpyrazine-1,8-dione (433 mg).

[1085) ‘HNMROMSO-4® 76H4UHJ-15 Hz),
7.63(d,1H,J=83 Ha), 751(dd2H,J=1.583 Hz), 7.37-
72%(mAH), 64051, 56718157 Hz), 5.08(s2H),
4.68s2H), 43321157 H), 410-4.04(m 2H), 3.63-
3.52%m2H).

{1086} Step7

{1087] 9-Beazyloxy-2-(3,4-dichiorot
ethyl-3,4-dihydro-2H-pyrido[ 1,2a- Jpyrazioe-1.8-dione {15
mig) obtained in the previous step was dissolved in trifluo-
roacetic acid (1 ml) and the mixture was stirred at room
temperature for 1 br. The solvent was evaporated, toluene
was added, and the mixtuce was concentrated, which opera-
tions were pesformed 3 times. Ethyl acetate was added apd
the mixture was concentrated, which operations were pet-
formed twice, The obtained residue was crystellized from
cthyl acetate/diisopropyl ether to give 2-{3,4-dichloroben-
zyl)-9-bydroxy-6-hydroxymethyl-3,4-dibydro-2H-pyridof1,
2-alpyrazine-1,8-dione (12 mg).

11088} H-NMRDMSO-dd 12.20(brs,1H), 7.66(d,1H,
319 Hz) 7.62(8,18,1=8.1 Hz), 7.36(dd2H J=19,.8.1 Hz),
6.25(s,1H), 5.65(,1H,1=5.6 Hz), 4.71s.2H), 4.41(d,21,3=
5.6 Hz), 4.15-4.13(m,2H), 3.68-3.65(m,2H).

52

yi)-6-hydroxym-
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Example 6

Symhesis of 2-(3,4~dicblombenzyl)-9-hydroxy—!,8-
dxoxc~1,3,4,8-tctrahydro-2H-pyrido{1,2~a}pyrazine—
6-carboxylic acid

[1089]

Ie} : K/N &

{1090] Sep1

{1091] 9.Benzyloxy-2-(3,4-dichlorobenzyl)-6-hydroxym-
ethyl-3,4-dihydro-2H-pyrido{ 1,2-alpyrazie-1,8-dione (100 .
mg) obtained in Example 5, Step 6 was dissolved in acetone
(1.6 mi) and saturated aqueous sodium hydrogen carbonate
solution (1.0 mY) and potassium bromide (3 mg), 2,2,6,6-
tetramethylpipenidine 1-oxyl and free radical (3 mg) were

added, and 6% agueous sodium hypochlorite solution (3.4
ml) was added dropwise under ice-cooling. After stirring for
15 min, the ice bath was removed and the mixture was
stirred at room temperature for 4 hr. Furthermore, 6%
aqueous sodium hypochlorite solution (0.1 ml) was added
dropwise and the mixtuse was stirted for 1.5 hr. The obtained
reaction mixture was pouted into 5% aqueous potassium
hydrogen sulfate solution and stirved for 30 min. The result-
ing crystals were collected by filtration o give 9-benzyloxy-
243,4-dichlorobenzyl)-1 8-dioxo-1,3,4 8-tetrabydro-2H-
pyridof1,2-alpyrazine-6-carboxylic acid (94 mg).
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[1092] 'H-NMR(DMSO-d)d  7.64d1HJ=19 H2),

762(d,1HJ=8.4 Hz), 7.4%dd2HJ=198.4 Hz), 7.36- —continued
729(m4H), 6.70(s,1H), 5.11(s,2H), 4.67(s,2H), 4.26-

4.24(m,2H), 3.59-356(m,2H).

[1093] Step 2

[1094] 9-Benzyloxy-2-(3,4-dichlorobenzyl)-1,8-dioxo-1,

3,4,8-tetrahydro-2H-pyrido[ 1,2-a Jpyrazine-6-carboxylic . T o o
acid (25 mg) obtained in the previous step was dissolved in
trifluoroacetic acid (2 ml) and the mixture was stirred at
room temperature for 1 br. The solvent was evaporated,
toluene was added, and the mixture was concentrated, which
operations were performed 3 times. Methanol was added
and the mixture was concentrated. Ethyl acctate was added
and the mixture was concentrated. The obtained residue was HO'
crystallized from methanol/ethyl acetate to give 2-34-
dichlorobenzyl)-9-hydroxy-1,8-dioxo-1,3,4,8-tetrahydro-
2H-pyrido{1,2-a]pyrazine-6-carboxylic acid (20 mg).

[1095] 'H-NMR(DMSO-d)d 7.6%(d,1HJ=22 Hz),

7.64(d,1H,J=8 4 Hz), 7.39(dd,2H,1=2.2,8.4 Hz), 6.58(s,1H),
4.73(s,2H), 4.44-4.4K(m,2H), 3.71-3.68(m,2H).

C
(N
l

" Exarmple 7

a
Syuthesis of 2-(3,4-dichlorobenzyl)-6-(2,2-dimeth-
ylpropionyl)-9-hydroxy-3,4-dihydro-2H-pyrido[ 1,2~
a

aJpyrazine-1,8-dione
[1096}

[1097] Step 1

{1098] To a solution of 9-benzyloxy-2-(3,4-dichloroben-
zyl)-6-hydroxymethyl-3,4-dihydro-2H-pyrido[ 1,2-a]pyra-
zine-1,8-dione (860 mg) obiained in Example 5, Step 6 in
chloroform (80 ml) was added Dess-Martin reagent (843
mg). Afiter stirring at room temperature for 1 hr, the solvent
was evaporaled and chloroform (50 ml) was added to the
obtained residue and a solid product was filtered off. The
° o filtrate was concentrated and purificd by silica gel column
chromatography (chloroform:acetone=1:2) to give 9-benzy-

a N & 0 loxy-2-(3,4-dichlorobenzyl)-1,8-dioxo-1,3,4,8-tetrahydro-
D/\ l\/ _— 2H-pyrido[1,2-a]pyrazine-6-carbaldehyde (621 mg).
N A~

a [1099] 'H-NMR(CDCL)S 9.58(s,1H), 7.62-7.55(m,2H),
7.46-740(m2H), 7.37-726(m3H), 7.16(dd,1H,J=208.1
o Hz), 6.97(s,1H), 5.39(s,2H), 4.65(s,2H), 4.43-4.37(m,2H),

: 3.43-3.36(m,2H).
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[1100} Step 2 Example 8

[1101] A solution of 9-benzyloxy-2-(3,4-dichlorobenzyl)- Synthesis of 2-(3,4-dichlorobenzyl)-9-hydroxy-2H-
1,8-dioxo-1,3,4 8-tetrahydro-2H-pyridof 1,2-a }pyrazine-6- pyrido{1,2-aJpyrazine-1,8-dione
carbaldchyde (205 mg) obtained in the previous step in dry

tetrahydrofuran (40 ml) was cooled in a dry ice-acetone {1107

bath. tert-Butylmagnesium chloride (2.0 M/diethyl ether

solution) (0.448 ml) was added dropwise at the same tem-

perature and the mixiure was stirred for 30 min. Then 5%

aqueons potassium hydrogen sulfate solution was added to

adjust to pH=2, and the mixture was extracted with ethyl

acetate. The organic layer was washed with saturated brine

and dried over sodium sulfate. The solvent was evaporated 2 o

and the residue was purified by silica gel column chroma-
tography (chloroform:methanol=12:1) to give crude 9-ben-
zyloxy-2-(3,4-dichlorobenzyl)-6-(1-hydroxy-2,2-dimethyl-
propyl)-3,4-dihydro-2H-pyridof 1,2a-lpyrazine-1,8-dione
(220 mg). o

{1102] To a solution of the above-mentioned crude 9-ben-
zyloxy-2-(3,4-dichlorabeazyl)-6-(1-hydroxy-2,2-dimethyl-
propyl)-3,4-dibydro-2H-pyrido[ 1,2-aJpyrazine- 1,8-dione
(132 mg) in chloroform-(4 ml) was added Dess-Martin v
reagent (65 mg) and the mixture was stirred at room tem-

perature for 20 min. Saturated aqueous sodium hydrogen
carbonate solution and sodinm sulfite were added to the
reaction mixture, and the mixture was extracted with etbyl

acetate. The organic layer was washed with saturated brine
and dried over sodium sulfate. The solvent was evaporated
and the residue was purified by silica gel columa chroma-
tography (ethyl acetate:chloroform=4:1) to give 9-benzy-
foxy-2(3,4-dichlorobenzyl)-6-(2,2-dimethylpropionyl)-3,4-
dihydro-2H-pyrido[1,2alpyrazine-1,8-dione (38 mg).

[1103] 'H-NMR(CDClL)d 7.63-7.57 (m2H), 7.46-
738(m2H), 7.37-7.26(m3H), 7.15(dd,1H,J-2.18.1 Hz),

6.42(s,1H), 5.38(s,2H), 4.63(s,2H), 3.69-3.61(m,2H), 3.43-
3.36(m,2H), 1.27(s,9H).
{1104} Sicp 3
(o)

{1105] To 9-benzyloxy-2-(3,4-dichlorobenzyl)-6-(2,2-
dimethylpropionyl)-3,4-dihydro-2H-pyridof 1,2-aJpyrazine-

[}

1,8-dione (36 mg) obtained in the previous step was added “ N & o R,
trifluoroacetic acid (4 ml) and the mixture was stirred at k/“

room temperature for 1 hr. The solvent was evaporated, ci S &

toluene was added, and the mixture was concentrated, which
operations were performed twice. The obtained residue was
crystallized from ethyl acetate:diisopropyl ether=1:4 to give
2-(3,4-dichlorobenzyl)-6-(2,2-dimethylpropionyl)-9-hy-

droxy-3,4-dihydro-2H-pyrido[1,2-a]pyrazine-1,8-diose (26 2 I

mg) @ N & ?
[1106) *H-NMR(DMSO-d)6 12.40(brs,1H), 7.68(d,1H, k/”

1=2.1 Hz), 7.62(d,1H,=8.4 Hz), 7.38(dd, 1H,J=2.1,8.4 H2), a ~ &

6.15(s,1H), 4.71(s,2H), 3.92-335(m,2H), 3.67-3.5%m,2H),
1.22(s,9H).
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[1108} Step 1 Example 9

[1109] To a solution of N-(3,4-dichlorobenzyl)-3-benzy- Synthesis of 2{(3,4-dichlorobenzyl)-9-hydroxy-3-

loxy-4-oxo-4H-pyran-2-carboxamide (49 mg) obtained in methyl-2H-pyrido[ 1,2-a)pyrazine-1,8-dione

the same manner as in Example 1, Step 1 in tetrahydrofuran
(0.5 mt), cthanol (0.5 ml) and water (0.1 ml) were succes-
sively added amincacetaldehyde dimethyl acetal (0.026 ml)
and sodium tarbonate (6.4 mg), and the mixture was stirred
at room temperature for 1 hr and then at 45° C. for 4 br, and
at 60° C. for 20 hr. The solvent was cvaporated and the
residue was purified by silica gel columa chromatography
(ethyl acetate:methanol=100:0-5:1) 1o give N-(3,4-dichlo-

robenzyl)-3-benzyloxy-1-(2,2-dimethoxyethyl)-4-ox0-1,4- . 7 ?
dihydropyridine-2-carboxamide (30 mg). a N 7 o .
[1110] *H-NMR(CDCL)S 735(d,1H]J=20 Hz), 7.30- U\H oz -
7.20(m,7H), 7.09(1,1H,}=6.3 Hz), 7.05(dd,1H,)=2.0,8.0 H2), a

633(d,1MJ=74 Hz), 520(s2H), 451(t1HJ=5.1 Hz),

4.32(d,2H,)~6.3 Hz), 3.86(d,1H,1=5.1 Hz), 3.31(s,6H).

(117}

[1131] Stwep 2

[1112] To a solution of N-(3,4-dichlorobenzyl)-3-benzy-
loxy-1-(2;2-dimethoxyethyl)-4-oxo-1,4-dihydropyridine-2-

o (o}
Ct o}
carboxamide (30 mg) obtained in the previous step in N -
toluene (3 ml) was added camphorsulfonic acid (15 mg) and N__A -
the mixture was stirred at 110° C. for 30 min. A saturated i L

aqueous sodium hydrogen carbonate solution was added to

the reaction mixture and the mixture was extracted twice HO'
with ethy!l acelate. The organic layers were combined,
washed with saturated brine, and dried over sodium suifate.
The solvent was evaporated and the residuc was purified by
silica gel column chromatography (ethyl acetate:methanol=
5:1-4:1) to give 9-benzyloxy-2-(3,4-dichlorobenzyl)-2H-py-
rido[ 1,2-aJpyrazine-1,8-dione (17 mg).

) o o
Cl a 0
[113}. "H-NMR(CDCL)S 7.6Xd,1HJ=74 Hz), 7.43(d, i —
1H,J=8.4 Hz), 739(d,1HJ=20 Hz), 7.38-7.25(m,5H), N7
.a /(

7.15(dd,1H,3=2.0.8.4 Hz), 6.70(d,1H J=7 .4 Hz), 6.41(d,1H,

163 H2), 6.20(d,1H,J=6.3 Hz), 5.39(s,2H), 4.89(s 2H).
o

[1114] Step 3

{1115] To 9-benzyloxy-2-(34-dichlorobenzyl)-2H-pyrido
{1,2-a]pyrazine-1,8-dione (16 mg) obtained in the previous
step was added trifluoroacetic dcid (2 ml) and the mixture
was stirred at room temperature for 1 hr. The solvent was

o o
evaporaled, toluene was added, and the mixture was con- a N)l\'%:(o )
centrated, which operations were performed twice. The . -
obtained residue was crystallized from diisopropyl ether 10 mm" Z
give  2-(3,4-dichlorobenzyl)-9-hydroxy-2H-pyrido[1,2-a] o] ol
pyrazine-1,8-dione (9 mg). a D/\N 7 o
[1116] 'H-NMR(DMSO-d}d 8.11(d,1HJ=73 Hz),

7.71(d,1H,J=1.8 Hz), 7.66(d,1H,I=8.4 Hz), 7.40(dd,1H,J= a /K/ RN
1884 Hz), 7.35(d,1H,J=6.2 Hz), 7.03(d,1HJ=6.2 Hz),

6.76(d,1H,1=7.3 H7), 4.99(s,2H).
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[1118] Step 1

[1119) To a solution of N+(3,4-dichlorobenzyl)-3-benzy-
loxy-4-oxo-4H-pyran-2-carbx ide (0.04 g) obtained in
the same maaner as in Example 1, Stcp 1 in tetrahydrofuran
(3 ml) were added 1-amino-2-propanol (0.224 g) and satu-
rated aqueous sodium hydrogen carbonate solution (1 ml),
and the mixture was stirred at 60° C. for 4 hr. The reaction
solvenl was cvaporated under reduced pressure, and ethyl
acetate was added to the residue. The mixture was washed
successively with 1N aqueous hydrochloric acid solution
and saturated brine. After drying over magnesium sulfate,
the solvent was evaporated and the residue was purified by
silica gel column chromatography (chioroform:methanol=
20:1) to give N-(3,4-dichlorobenzyl)-3-benzyloxy-1-(2-hy-
droxypropyl)-4-oxo-1,4-dibydropyridine-2-carboxamide
(0.334 g).

[1120] 'H-NMR(DMSO-dgd 9.45(L1H), 7.58-7.5Km,
2H), 7.37-7.23(m,TH), 6.62(d,1H,1=5.7 Hz), 5.09-5.05(m,
3H), 4.50-431(m,4H), 381-342(m,4H), 0.92{d,3H.J=5.7
Hz). ’

{1121} Step 2

{1122} N-(3,4-Dichlorobenzyl)-3-benzyloxy-1-(2-hydrox-
ypropyl)-4-oxo-1,4-dihydropyridine-2-carboxamide (0.250
g) obtained in the previous step was dissolved in chloroform
(10 ml), Dess-Martin reagent (0.5 g) was added, and the
mixture was stirred overnight at room temperature. The
obtained reaction mixture was washed with saturated aque-
ous sodium hydrogen carbonate solution and dried over
magpesium sulfate. The solvent was evaporated and the
residue was purified by silica gel column chromatography
(chloroform:methanol=10:1) to give crude crystals (0.304 g)
of N-(3,4-dichlorobenzyl)-3-benzyloxy-4-oxo-1-{2-oxopro-
pyl)-1,4-dihydropyridine-2-carboxamide. The crude crystals
were dissolved in tetrahydrofuran-toluene (5:2, 7 ml),
p-toluenesulfonic acid (0.03 g) was added, and the mixture
was stirred at 80° C. for 10 br. The obtained reaction mixture
was purified by silica gel column chromatography (chloro-
form:methanol=10:1) to give 9-benzyloxy-2-(3,4-dichlo-
robenzyl)-3-methyl-2H-pyridof1,2-alpyrazine-1,8-dione
(0.063 g).

[1123] *H-NMR(DMSO0-d)5 7.9%d,1H,J=5.7 Hz), 7.84-
7.69(m,4H), 7.32-7.20(m,4H), 7.03(s,1H), 6.62(d,1H,J=5.7
Hz), 5.12(s,2H), 5.0%(s,2H), 2.01(s,3H).

[1124] Step 3

[1125] 9-Benzyloxy-2(3,4-dichlorobenzyl)-3-methyl-
2H-pyridof1,2-aJpyrazine-1,8-dione (0.063 g) obtained in
the previous step was dissolved in trifluoroacetic acid (2 ml)
and the mixture was stirred at room temperature for 3 hr.
Thereafier, the reaction mixture was subjected to azeotropic
distillation 3 times with tolucne. Crystallization from ethyl
acetate—diisopropyl elher gave 2<3,4-dichlorobenzyl)-9-
hydroxy-3-methyl-2H-pyrido{1,2-aJpyrazine-1,8-dione
(0.05 g). -

[1126] 'H-NMR(DMSO-d)b 8.19(d,1H,1=10 Hz), 7.64-
7.61(m,2H), 7.44(s,1H), 7.33(dd,1H,1=7.3,11 2 Hz), 7.05(d,
1HJ=9.6 Hz), 5.21(s,2H), 2.12{s,3H).

Example 10

Synthesis of 2-(3-chlorobenzyl)-9-hydroxy-4-iso-
propyl-2H-pyrido[1,2-aJpyrazine-1,8-dione hydro-

chloride
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[1128] Step 1

[1129} To a solution of 3-benzyloxy-4-oxo-4H-pyran-2-
carboxylic acid (3.00 g) in chloroform (30 mf) were added
oxalyl chloride (2.00 g) and dimethylformamide (50 zd) and
the mixture was stirred at room temperature for 30 min. The
solvent was evaporated from the reaction mixture, tolucne
was added and the mixture was concentrated to give acid
chloride. To a solution of 3-chlorobenzylamine (1.90 g) in
chloroform (30 ml) was added tricthylamine (1.85 g) and 2
solution of the above-mentioned acid chloride in chlosoform
(30 mly was added dropwise with stirring the mixture at 0°
C. After stirring at 0° C. for 30 min, saturated aqueous
sodium hydrogen carbonate solution (40 ml) was added fo
the reaction mixture, and the mixture was warmed to room
temperature and the organic layer was separated. The aque-
ous layer was extracted with chloroform. The organic layers
were combined, washed with saturated brine, and dried over
sodium sulfate. The solvent was evaporated and the residue
was purified by silica gel column chromatography (bexane-
:ethyl acetate=1:1-1:2) to give 3-benzyloxy-4-oxo-4H-py-
ran-2-carboxylic acid 3-chlorobenzylamide (3.90 g).

{1130] *H-NMR(CDCL,)5 8.08(brs,1H), 7.84(d, 11 J=5.5

Hz), 7.37-7.20(m,7H), 7.15(m, 1H), 7.05(m,1H), 5.38(s,2H),
437(d,2H,J=5.8 Hz).

[1131} Stwep 2

[1132] To a solution of 3-benzyloxy-4-oxo-4H-pyran-2-
carboxylic acid 3-chlorobenzylamide (1.20 g) obtained in
the previous step in toluene (120 ml) were added pyridinium
p-toluenesulfonate (815 mg) and 2-amino-3-methylbutanol
(702 mg)'and the mixture was stirred at 110° C. for 15 br.
2-Amino-3-methylbutanol (833 mg) was added and the
mixture was further stirred at 110° C. for 30 hr. The solvent
was evaporated from the reaction mixture, saturated aqueous
sodium carbonate solution (30 ml) was added and the
mixture was extracted twice with chloroform. The organic
layer was washed with saturated brine -and dried over
sodium sulfate. The solvent was evaporated and the residue
was purified by silica gel column chromatography (ethyl
acetate-chloroform:methanol=10:1) to give a crude product
containing N-(3-chlorobenzyl)-3-benzyloxy-1-(1-hy-
droxymethy!-2-methylpropyl)-4-oxo-1,4-dihydropyridine-
2-carboxamide as a main component. The total amounnt of
this crude product was used in the next step without fusther
purification.

[1133]) Stwep 3

[1134] 'To a solution of crude product of N-(3-chioroben-
zyl)-3-benzyloxy-1+(1-hydroxymethyl-2-methylpropyl)-4-

oxo-1,4-dihydropyridine-2-carboxamide obtained in the
previous step in dimethyl sulfoxide (8.5. ml) were succes-
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sively added tricthylamine (1.60 g) and sulfur trioxide
pyvidine complex (900 mg) and the mixture was stirred at
room temperature for 20 min. 1M Hydrochloric acid (50 ml)
was added to the reaction mixture and the mixture was
extracted twice with ethyl acetate. The organic layer was
washed successively with water and saturated brine, and
dried over sodiuth sulfate. The solvent was evaporated and
the residue was purified by silica gel column chromatogra-
phy (chloroform:methanol=100:1-20:1) to give 9-benzy-
loxy-2+(3-chlorobenzyl)-3-hydroxy-4-isopropyl-3,4-dihy-
dro-2H-pyrido[1,2a}pyrazine-1,8-dione (202 mg).

[1135] ‘H-NMR(DMSO-d5)6 7.70(d,1H,=7.4 Hz), 7.53-
7.46(m,3H), 7.40-72%(m,5H), 6.83(d,1H,1=5.6 Hz), 29(d,

1HJ=74 Hz), 5.12-5.02m4H), 431(d,111J=146 Hz),

38%dd,1H.1=100,1.5 Hz), 1.41(m,1H), 0.66(d,3H J=67
Hz), 0.55(4,3H,J=6.5 Hz).

{1136] Step 4

[1137] To 9-benzyloxy-2-(3-chlorobenzyl)-3-hydroxy-4-
isopropyl-3,4-dihydro-2H-pyrido[ 1,2a]pyrazine-1,8-dione
(200 mg) obtained in the previous step were successively
added acetic acid (5 ml) and conc. hydrochloric acid (5 mi)
and the mixture was stirred at 90° C. for 15 hr. The solvent
was evaporated from the reaction mixture, toluene was
added and the mixture was concentrated. Crystallization
from diisopropyl ether-cthyl acetate gave 2-(3-chloroben-
zyl)-9-hydroxy-4-isopropyl-2H-pyrido[ 1,2-aJpyrazine-1,8-
dione hydrochloride-(164 mg).

[1138] 'H-NMR(DMSO-dy)3 13.0(brs,1H), 8.52(d,1H J=
7.4 Hz), 7.50(s,1H), 7.43-7.35(m,3H), 7.25(m,1H), 7.22(s,
1H), 5.13(s,2H), 3.25(Hept,1H,J=6.7 Hz), 1.25(d,6H,J=6.7
Hz).

Example 11

Synthesis of 2{3-(2,6-dichlorophenyl)propyi}-9-
hydroxy-2H-pyrido[1,2-alpyrazine-1,8-dione

[1139)
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[1140] Step 1

{1141] Lithium aluminum hydride (1.31 g) was suspended
in tetrahydrofuran (30 ml) and 3«2,6-dichloropheny-
Dacrylic acid (4.62 g) was added dropwise under ice-cooling
over about 20 min. During the dropwise addition, tetrahy-
drofuran (20 m1) was added. After stirring at 0° C. for 3.5 br,
the mixture was stirred at room temperature for 18 hr. 4N
Aqueous potassium hydroxide solution was added to the
reaction mixture and a solid component was filtered off. The
filtrate was concentrated under reduced pressure, and to the

o) (o)
a K/“/
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residue was added 1N aqueous hydrochloric acid salution.
The mixture was extracted twice with ethyl acetate, and the
organic layer was washed with saturated brine and dried
over sodium sulfate. The solvent was evaporated to give a
crude product (540 g) of 3+2,6-dichlorophenyl)propan-1-
ok

[1142] Step 2

{1143} To a solution of tripbenylphosphine (6.14 g),
phthalimide (3.44 g} and 3-(2,6-dichlorophenyl)propan-1-ol

- (crude product: 540 g) obtained in the previous step in

tetrahydrofuran (90 mi) was added dropwise diethyl azodi-
carboxylate (40% toluene solution)(10.19 g) under ice-
cooling. After stirring at room temperature for 2 hr, the
reaction mixtufe was concentrated under reduced pressure.
Diethyl ether was added to the residue and precipitated solid
component was filtered off. The filtrate was concentrated.
Diethyl ether was-added again to the obtained residue and
the precipitated solid component was filtered off. The filtrate
was concentrated and purified by silica gel column chroma-
tography (chloroform-hexane:cthyl acetate=4:1) to give a
crude product (4.28 g) of 2{3-(2,6-dichlorophenyl)propyl]
isoindole-1,3-dione.

[1144] Step 3

[1145] To a solution of 2-{3-(2,6-dichlorophenyl)propyi]
isoindole-1,3-dione (crude product: 4.28 g) obtained in the

- previous step in ethanol (50 ml) was added hydrazine

monohydrate (2.79 ml) and the mixture was heated under
reflux for 1 hr. The reaction mixture was cooled to room
temperature, and 10% aqueous sodium carbonate solution
(90 ml) was added. The mixture was extracted with chlo-
roform (100 mlx2). The organic layer was washed with
water and dried over sodium sulfate. The solvent was
evaporated to give a crude product (3.20 g) of 3(2,6-
dichlorophenyl)propylamine.

{1146] Step 4

{1147] To a suspension of 3-benzyloxy-4-oxo-4H-pyran-
2-carboxylic acid (0.30 g) in chloroform (10 ml) were added
oxalyl chloride (0.13 ml) and dimethylformamide (0.01 ml),
and the mixture was stirred at room temperature for 30 min.
The reaction solvent was evaporated under reduced pressure
and toluene was added. The mixture was concentrated and
chloroform (5 ml) was added. A solution of 3-(2,6-dichlo-
rophenyl)propylamine (0.31 g) obtained in the previous step
in chloroform (1 ml) and triethylamine (0.21 ml) were
successively added under ice-cooling, and the mixture was
stirred under ice-cooling for 10 min. IN Aqueous hydro-
chloric acid solution was added 10 the obtained reaction
mixture and the mixture was extracted with chloroform. The
organic layer was dried over sodium sulfate. The solvent was
evaporated and the residue was purified by silica gel column
chromatography (hexane:ethyl acetate=1:1-1:2) to give
N{3+2,6-dichlorophenyl)propyl]-3-benzyloxy-4-oxo-4H-
pyran-2-carboxamide (0.24 g).

{1148] 'H-NMR(CDCL,)d 7.81(d,1H,J=5.6 Hz), 7.79(br,
1H), 7.36-7.26(m,7H), 7.08(dd,1H J=7.6,8.6 Hz), 6.49(d,
1HJ=56 Hz), 540(s2H), 331(d,2HJ=5272 Hz),
2.82(dd,2M,1=7.9,8.1 Hz), 1.62-1.5%m,2H).
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[1149] Step 5

[1150] To N-[3-(2,6-dichlorophenyl)propyl}-3-benzyloxy-
4-ox0-4H-pyran-2-carboxamide (0.24 g) obtained in the
previous step were added tetrahydrofuran (1.8 ml), ethanol
(1.8 ml) and aminoacetaldehyde dimethyl acetal (0.012 mi),
and the mixture was stirred at 60° €. for 46 hr. The solvent
was evaporated and the residue was purified by silica gel
column chromatography  (chloroform:methanol=100:0-
10:1) to give N{3«26-dichlorophenyl)propyl]-3-benzy-
oxy-1-(2,2-dimethoxyethyl)}-4-0x0-1,4-dihydropyridine-2-
carboxamide (0.24 g):

{1151] *H-NMR(CDCI)5 7.35-7.24(m,8H), 7.07(dd,1H,
17681 He), 6.42(d,IHJ=7.5 Hz), 625(br,iH), 528,
2H), 4.57(dd,1H,J=3.1,5.1 Hz), 3.89(d,2H,J=4.8 Hz), 3.41-

3.36(m,6H), 3.29(m,2H), 2.85(dd,2H,J=7.2,8.6 Hz), 1.71-.

1.62(m,2H).
[1152] Step 6

[1153} To a solution of N{3+2,6-dichlorophenyl)propyl]-
3-benzyloxy-1-(2,2-dimethoxycthyl)-4-ox0-1,4-dihydropy-
ridine-2-carboxamide (237 mg) obtained in the previous step
in toluene (20 mi) was added camphorsulfonic acid (106
mg) and the mixture was stirred at 110° C. for 5 hr. After
stirring at room temperature for 15 hr, camphorsulfonic acid
(21 mg) was added and the mixture was stirred at 110° C. for
3 hr. Trietbylamioe (1 ml) was added 1o the reaction mixture
at room temperature and the precipitated solid was filtered
off. The filtrate was concentrated and purified by silica gel
column chromatography (ethyl acetate:methanol=10:1-5:1)
and thin layer chromatography (ethyl acetate:methanol=5:1)
to give 9-benzyloxy-2{3+2,6-dichlorophenyl)propyl}-2H-
pyrido[1,2-a]pyrazine-1,8-dione (120 mg).

[1154] ‘H-NMR(CDCL,) 7.64(d,2HJ~7.9 Hz), 7.38(d,
1H,J=7.4 liz), 7.38-7.23(m,5H), 7.08(dd,1H,J=7.7,8.4 H2),
6.71(d,1H,J=74 Hz), 6.43(d,1H,5.8 Hz), 6.28(d,1H)=6.0
Hz), 5.35(s,2H), 3.8%(1,2H,J=7.4 Hz), 2.98(dd,2H }=7.28.4
Hz), 1.9%m,2H).

[1155) Step 7

[1156] Trifluoroacetic acid (1 ml) was added to 9-benzy-
loxy-2{3-(2,6-dichloropheny!)propyl]-2H-pyrido[1,2-a]
pyrazine-1,8-dione (120 mg) obtained in the previous step
and the mixture was left standing at room temperature for 1
hr. The solvent was evaporated, toluene was added, and the
mixture was concentrated, which operations were performed
twice. The obtained crystals were washed with diisopropyl
ether to give 2{3-(2,6-dichlorophenyl)propyl}-9-hydroxy-
2H-pyridof1,2-alpyrazine-1,8-dione (92 mg).

{1157) hu 1H-NMR(DMSO-G,)> 8.16(d,1H)=7.3 Hz),
746(d,2H,3=7.7 Hz), 741(d,1H]J=62 Hz), 7.28(m,1H),
7.11(d,1H,J=5.9 Hz), 6.85(d,1HJ=77 Hz), 4.43(br,1H),
3.92(1,2H,J=7.0 Hz), 2.93(dd,2H,1=7.7,8.4 Hz); 1.92(m,2H).
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Example 12
Synthesis of 2-(3,4-dichlorobenzyl)-9-hydroxy-2H-
pyrazinof1,2-c}pyrimidine-1,8-dione hydrochloride
{1158]
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[1159] Step 1

[1160] To a solution of dimethyl 2-benzyloxy-3-hydroxy-
2-butenedicarboxylate (3.0 g) in methanol (60 ml) were
added sodium methoxide (1.28 g) and formamidine hydro-
chloride (953 mg) uader ice-cooling, and the mixture was
stirred at 70° C. for 1.5 hr. The reaction solvent was
evaporated under reduced pressure, and water was added to
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dissolve the residue. 5% Aqueous potassium hydrogen sul-
fate solution was added, and the precipitated solid was
collected by filtration, washed with water and dried to give
methyl  5-benzyloxy-6-hydroxypyrimidine-4-carboxylate
(11 g).

[1161] *H-NMR(DMSO-d}d 13.1(brs,1H), 8.01(s,1H),
7.2-7.5(m,5H), 5.12(s,2H), 3.75(s,3H).

{1162] Step 2

[1163] Methanol (6 m]) and 1IN aqueous sodium hydrox-
ide solution (2.5 ml) were added to methyl 5-benzyloxy-6-
- hydroxypyrimidine-4-carboxylate (530 mg) obtained in the
previous step, and the mixture was stirred at room tempera-
ture for 1 hr. 2N Hydrochloric acid (2.5 ml)y was added to the
reaction mixture, and methanol was evaporaled under
reduced pressure. The precipitate was collected by filration,
washed with water and dried to give 5-benzyloxy-6-hy-
droxypyrimidine-4-carboxylic acid (253 mg).

[1164] *H-NMR(DMSO-d.)8 13.5(brs,1H), 13.0(brs, 1H),
8.00(s,2H), 7.2-7.5(s,2H).

{1165} Step 3

[1166] 5-Benzyloxy-6-hydroxypyrimidine-4-carboxylic
acid (103 mg) obtained in the previous step was dissolved in
acetonitrile/tetrahydrofuran (2 ml), carbonyldiimidazole (88
mg) was added, and the mixture was stirred at room tem-
perature for 30 min. The mixture was added to a solution of
N-(3,4-dichlorobenzyl)-N-(2,2-dimethoxyethyl)amine
obtained in the same manner as in Example 5, Step 1 in
acetonitrile (2 ml), and the mixture was stirred overnight at
room temperature. The reaction mixture was evaporated
under reduced pressure, and the residue was dissolved in
chloroform, washed with saturated brine and dried over
magnesium sulfate. The solvent was evaporated and the
residue was purified by silica gel column chromatography
(hexane:ethyl acetate=1:2-¢thyl acetate) to give an oil (210
mg).

[1167] This oil was dissolved in dioxane (5 ml), pyri-
dinium p-toluencsulfonate (22 mg) was added, and the
mixture was heated under reflux overnight. The reaction
solvent was evaporated under reduced pressure, and the
residue was dissolved in chloroform, washed with saturated
aqueous sodium hydrogen carbonate solution and saturated
brine and dried over magnesium sulfate. The solvent was
evaporated and the residue was purified by silica gel colurnn
chromatography (ethyl acetate-cthyl acetate:methanol=9:1)
to give an oil (40 mg). This oil was dissolved in acetic acid
(600 uly and conc. bydrochloric acid (200 ul) and the
mixture was stirred at 100° C. for 1.5 days. The reaction
solvent was evaporated under reduced pressure. Toluene was
added to the residuc and the mixlure was concenirated,
which operations were performed twice, after which the
residue was crystallized from methanol. The crystals were
collected by filtration auwd dried to give 2-(3,4-dichloroben-
zyl)-9-hydroxy-2H-pyrazino[1,2-c}pyrimidine-1,8-dionc
hydrochloride (12 mg).

[1168] 'H-NMR(DMSO-d}6 1.08(brs,1H), 8.48(s,1H),
7.68(d,1HJ=4 Hz), 7.63(d,1H, 3-8 Hz), 7.3-74m, 2H).
7.16(d,1H,1=8 Hz), 6.80(d,1H,J=8 Hz), 4.90(s,2H).
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Examptles 13-92

[1169] In the same manner as in Example 1-12 or by a
similar method or by a conventional method, the compounds
of Example 13-92 10 be shown in the Tables below were
obtained. -

Example 118
Synthesis of 2-(3-chlorobenzyl)-9-hydroxy-7-1-

hydroxy-2,2-dimethylpropyl)-2H-pyrido{ 1,2-aJpyra-
zine-1,8-dione hydrochloride

{1170}
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(1171] Step 1

[1172] To a solution of 3-benzyloxy-4-oxo-4H-pyran-2-
carboxylic acid 3-chlorobenzylamide (300 mg) obtained in
Example 10, Step 1 and 2,2-dimethylpropionaldehyde (9 mi)
in tetrahydrofuran (9 ml) was added dropwise 1.5 M lithium
diisopropylamide—etrahydrofuran/cyciobexane  solution
(45 ml) under nitrogen at ~78° C. After stirring at the same
temperature for 2 hr, the cooling bath was removed and 1N
aqueous hydrochloric acid (15 ml) and ethyl acetate (25 ml)
were added, and the mixture was warmed io room tempera-
ture. The organic layer was separated from the aqueous layer
and extracted with ethyl acetate (25 ml). The combined
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organic layer was dried, concentrated and purified by silica
gel column chromatography (ethyl acetate:hexane=1:3) to
give 3-benzyloxy-5-(1-hydroxy-2,2-dimethylpropyl)-4-oxo-
4H-pyran-2-carboxylic acid 3-chlorobenzylamide (0.22 g).

{1173} 'H-NMR(CDCl,)s 8.07(brt,1H,J=5.8 Hz), 7.82(s,
1H), 7.35-7.18(m,7H), 7.15(s,1H), 7.05(d,1H,J=7.0 Hz),
533s2H), 4.43(d 11172 Hz), 4.39(d,2H]J=58 Hz),
3.61(d,1H,3=7.2 Hz), 0.96(s,9H).

[1174] Swcp 2

[1175] To a solution of 3-benzyloxy-5-(1-hydroxy-2,2-
dimethylpropyl)-4-oxo0-4H-pyran-2-carboxylic acid 3-chlo-
robenzylamide (0.22 g) in tetrahydrofuran (1.5 mi)-ethanol
(1.5 ml) was added aminoacetaldehyde dimethyl acetal (0.16
ml) and the mixture was stirred at 60° C. for 24 hr. The
solvent was evaporated and purified by silica gel column
chromatography (ethyl acetate:hexanc=1:1-cthyl acctate) to
give 3-benzyloxy-1-(2,2-dimethoxyethyl)-5(1-hydroxy-2,
2-dimethylpropyl)-4-oxo-1,4-dihydropyridine-2-carboxylic
acid 3-chlorobenzylamide (198 mg). .

[1176] ‘H-NMR(CDCL)> 7.73brdd,1H,J=6.2,58 Hz),
7.33-7.10(m,10H), 5.76(brd,1H,J=7.4 Hz), 5.17(d,1HJ=
110 Hz), 5.01(d,1H,J=110 Hz), 4.50(t,1H =50 Hz),
4.39(dd,1H,1=6.2,15.1 Hz), 4.23(dd,1H,J=58,15.1 Hz),
4.14(d,1H J=7.4 Hz), 3.29(s,3H), 3.27(s,3H), 0.89(s,9H).

[1177] Step 3

[1178] To a solution of 3-benzyloxy-1-(2,2-dimethoxy-
cthyl)-5-(1-hydroxy-2,2-dimethylpropyl)-4-oxo-1,4-dihy-
dropyridine-2-carboxylic acid 3-chlorobenzylamide (60 mg)
in dioxane (0.55 ml) was added conc. hydrochloric acid
(0.55 ml) and the mixiure was stirred at 90° C. for 2 hr. The
solvent was evaporated, toluene was added, and the mixture
was concentrated, which operations were performed twice.
Crystallization from ethyl acetate-diisapropyl ether gave
2-(3-chlorobenzyl)-9-hydroxy-7-(1-hydroxy-2,2-dimetbyl-
propyl)-2H-pyridof 1,2-a}pyrazine-1,8-dione hydrochloride
(44 mg).

[1179] 'H-NMR(DMSO-d)6 830(s,1H), 7.70(d,1HJ=
6.2 Hz), 7.50(s), 7.44-7.34(m,3H), 7.26(d,1HJ=6.2 Hz),
5.09(d,1H,J=14.9 Hz), 4.9%(d,1H J=14.9 Hz), 4.76(s,1H),
0.87(s,9H).

Example 125

Syathesis of 2-(3-chlorobenzyl)-7-(2,2-dimethylpro-
pionyl)-9-hydroxy-2H-pyridof1,2-a]pyrazine-1,8-
dione hydrochloride

[1130)
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[1181]) Step 1

[1182] To a solution of 3-benzyloxy-1-(2,2-dimethoxy-
ethyl}-5(1-hydroxy-2,2-dimethylpropyl)-4-oxo-1,4-dihy-
dropyridine-2-carboxylic acid 3-chlorobenzylamide (120
mg) obtained in Example 118, Step 2 in dimethyl sulfoxide
(5 ml) were added triethylamine (1.1 ml) and sulfur trioxide
pyridine complex (450 mg) and the mixtire was stirred at
room temperature for 1 hr. A saturated aqueous ammonium
chloridc solution was added 1o the reaction mixture and the
mixture was extracted twice with ethyl acetate (30 ml). The
combined ethyl acetate layer washed with water, dried,
concentrated and purified by silica gel column chromatog-
raphy (ethy! acetate-hexane=1:3) to give 3-benzyloxy-1-(2,
2-dimethoxycthyf)-542,2-dimethylpropionyl)-4-oxo-1,4-di-
hydropyridine-2-carboxylic acid-3-chlorobenzylamide (104
mg).

[1183) *H-NMR{CDCL)5 8.27(brt,1H,}=6.0 Hz), 7.26-
7.14(m,8H), 7.06(t,1H,I=7.7 Hz), 5.08(s,2H), 4.54(t,1H,J=
5.1 Hz), 4.34(d,2H,3=6.0 Hz), 3.81(d,2H,T=5.1 Hz), 3.28(s,
6H), 1.20(s,9H).

[1184] Step 2

[1185] To a solution of 3-benzyloxy-1-(2,2-dimethoxy-
ethyl)-5-(2,2-dimethylpropionyl)-4-oxo-1,4-dihydropyri-
dine-2-carboxylic acid 3-chlorobenzylamide (100 mg) in
dioxane (1 mi) was added conc. hydrochloric acid (1 mi) and
the mixture was stirred at 90° C. for 2 hr. The solvent was
evaporated, toluene was added, and the mixture was con-
centrated, which operations were performed twice. Crystal-
lization from ethyl acetate-diisopropyl ether gave 2-(3-
chlorobenzyl)-74(2,2-dimethylpropionyl)-9-hydroxy-2H-
pyrido[1,2-aJpyrazine-1,8-dione hydrochloride (71 mg).
{1186] 'H-NMR(DMSO0-d,)5 8.09(s,1H), 7.48(s,1H),
743-73%(m3H), 722(d,1HJ=6.2 Hz), 6.94(d,1H]J=62
Hz), 4.98(s,2H), 1.1%(s,.9H).
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Example 161

Synthesis of 7-amino-2-(3-chlorobenzyl)-9-hy-
droxy-2H-pyrido[1,2-a}pyrazine-1,8«dione hydro-
chloride

{1187)
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[1188] Step 1

[1189] To a solution of 3-benzyloxy-4-oxo-4H-pyran-2-
carboxylic acid 3-chlorobenzylamide (5.13 g) obtained in
Example 10, Step 1 in chioroform (100 ml) was added a
solution of bromine (1.5 mi) in chioroform (50 mi) and the
mixture was stirred with heating under reflux for 2 hr. A
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solution of bromine in chloroform (1.0 ml) was added; and
after stirring with heating for 16 hr, the solvent was evapo-
rated. Toluene was added to the residuc and the mixture was
concentrated, which operations were performed twice to
give a crude product of 5-bromo-3-hydroxy-4-oxo-4H-py-
ran-2-carboxylic acid 3-chlorobenzylamide. The obtained
crude product was dissolved in dimethylformamide (50 ml),
and potassium carbonate (3.87 g) and benzyl bromide (2.75

. ml) were added thereto. The reaction mixture was stirred at

room temperature for 1 hr. Water (100 ml) and 1N aqueous
hydrochloric acid (50 ml) were added to the reaction mixture
and the mixture was exiracted twice with ethyl acetate (200
ml each). The ethyl acetate layer was washed, dried, con-
centrated and purified by silica gel column chromatography
(cthyl acetate:hexane=1:3) to give 3-benzyloxy-S-bromo—4-
oxo-4H-pyran-2-carboxylic acid 3-chlorobenzylamide (3.31
g

[1190] -H-NMR(CDCL,)5 8.21(s.1H), 8.01(brt,1H,1=5.9
Hz), 7.41-720(m.7H), 7.15(s,1H), 7.05(d;1H,J=7.3 Hz),
5:38(s,2H), 4.3%(d,2H J=5.9 Hz).

[1191) Step 2

{1192] To a solution of 3- bcnzyloxy-S-bmmo-4<)xo-4H-
pyran-2-carhoxylic acid 3-chlorobenzytamide (1.50 g) in
tetrahydrofuran (10 mf)-ethanol (10 ml) was added aminoac-
etaldehyde dimethyl acetal (0.73 ml) and the mixture was
stirred at 60° C. for 1 hr. The solvent was evaporated and the
residue was purified by silica gel columa chromatography
(ethyl acetate:hexane=1:3-1:2) to give 3-benzyloxy-5-
bromo-1-(2,2-dimethoxyethyl)-4-oxo0-1,4-dihydropyridine-

2-carboxylic acid 3~chlorobeazylamide (1.35 g).

[1193] *H-NMR(CDCL,)3 8.03(brt,1H,J=6.2 Hz), 7.65(s,
1H), 7.33-7.11(m,9H), 504(s2H), 4.53(,1H,J-5.1 Hz),
4.34(d,2H =6 2 Hz), 383(d,2H,J=5.1 Hz), 3.30(s,6H).

{1194] Siep 3

[1195] To a solution of 3-benzyloxy-S-bromo-1+(2,2-
dimethoxyethyl)-4-0x0-1,4-dihydropyridine-2-carboxylic

acid 3-chlorobenzylamide (3.89 g) in dimethyl sulfoxide (26
mi)-methanol (13 ml) were added palladium(il) acetate
(0.16 g), 1,3-bis(dipheaylphosphino)propane (0.3 g) and
triethylamine (2 mil) and the mixture was stirred under
carbon monoxide at 70° C. for 24 hr. The reaction mixture

. was concentrated and water was added, and the mixture was

extracted twice with cthyl acetate (200 ml each). The ethyl
acetate layer was-washed with water, dried and concentrated
to give a crude product of methyl 5-benzyloxy-6-(3-chlo-
robenzylcarbamoyl)-1{2,2-dimethoxyethyl)-4-oxo-1,4-di-

- hydropyridine-3-carboxylate (4.12 g). ~

[1196] H-NMR(CDCL,) 8.50(brs,1H), 7.95(s,1H), 7.29-
7.12(m,9H), 4.9%(s,2H), 4.56(,1H,1=5.1 Hz), 4.46(d,2H 1=
6.3 Hz), 3.83(d,2H,J=51 Hz), 3.73(s,3H), 3.27(s,6H).

{1197] Step 4

{1198] To a solution of methyl 5-benzyloxy-6-(3-chlo-
robenzylcarbamoyl)-14(2,2-dimethoxyethyl)-4-oxo-1,4-di-
hydropyridine-3-carboxylate-(2.0 g) in tetrahydrofuran (20
ml)-methanol (10 ml) was added 4N aqueous -lithium
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hydroxide solution (1.5 ml) and the mixture was slirred at
70° C. for 1 hr. The precipitated solid was removed by thin
layer of celite and washed with methanol. The solvent was
evaporated and 1N aqueous hydrochloric acid (6.5 mi) and
water (50 ml) were added. The mixture was extracted twice
with ethyl acetate (75 ml each). The ethy! acetate layer was
dried, concentrated and crystallized from ethyl acetate-
diisopropy] ether to give 5-benzyloxy-6-(3-chlorobenzylcar-
bamoyl)-1-(2,2-dimethoxyethyl)-4-0xo0-1,4-dihydropyri-
dine-3-carboxylic acid (1.2 g).

{1199] *H-NMR(CDCL,)5 8.35(s,1H), 7.42-7.09m,5H),
6.55(brs,1H), 5.34(s,2H), 4.50(t,1H,J=4.4 Hz), 4.40(d2H,
1=5.9 Hz), 4.10(d,2H,J=4.4 Hz), 3.31(s,6H). -

(1200} Step 5

[1201] To a solution of 5-benzyloxy-6-(3-chlorobenzyl-
carbamoyl)-1-(2,2-dimethoxyethyl)-4-oxo-1,4-dihydropyri-
dine-3-carboxylic acid (50 mg) in dimethylformamide (0.3
ml) were added triethylamine (0.07 ml) and diphenylphos-
phoryl azide (0.054 ml). Afier stirring at room temperature
for 1 br, tert-butanol (0.3 ml) was added, and the mixture
was heated to 100° C. and stirred for 1 hr. After cooling to
foom temperature, saturated aqueous ammonium chloride
solution (5 ml) and water (5 ml) were added, and the mixture
was extracted twice with cthyl acetate (15 ml each). The
ethyl acetate layer was washed with water, dried and con-
centrated. The obtained residue was purified by silica gel
column chromatography (ethy! acetate:hexane=1:2) to give
tert-butyl [5-benzyloxy-6-(3-chlorobenzylcarbamoyl)-1-(2,
2-dimethoxyethyl)-4-cxo-1 ,4-dihydropyridin-3-ylkarbam-

ate (40 mg).

[1202) ‘H-NMR(CDCl,)> 8.3%s,1H), 7.70(s,1H), 7.36-
7.08(m,9H), 6.43(brt,1H,1=6.2 Hz), 5.27(s,2H), 4.52(,1H,
I=51 Hz), 437(d2HJ=62 Hz), 4.06(d2HJ=51 Hz),
3.28(s,6H), 1.55(s,9H):

[1203] Siep 6

[1204] tert-Butyl [5-benzyloxy-6-(3-chlorobenzylcarbam-
oyD-1+2,2-dimethoxyethyl)-4-oxo-1,4-dihydropyridin-3-
ylJcarbamate (40 mg) was dissolved in acetic acid (0.4 ml)
and conc. hydrochloric acid (0.4 ml) was added. The mixture
was stirred at 90° C. for 5 br. The reaction mixtare was
concentrated, toluene was added to the residue and the
mixture was concentrated, which operations were performed
twice. Methanol was further added, and the mixtare was
concentrated, which operations were performed twice. Crys-
tallization from ethyl acetate-methanol-diisopropyl ether
gave 7-amino-2-(3-chlorobenzyl)-9-hydroxy-2H-pynido[1,
2-aJpyrazine-1,8-dione hydrochloride (23 mg).

[1205] *H-NMR(DMSO-dg)6 12.29(brs,1H), 7.99(s,1H),
7.78(d,1HJ=6.0 Hz), 7.58(d,1H,J=6.0 Hz), 749(,1H),
7.43.7.33m,3H), 5.10(s,2H).
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Example 165

Synuthesis of N{2-(3-chlorobenzyl)-9-hydroxy-1,8-
dioxo-1,8-dihydro-2H-pyrido[ 1,2-a]pyrazin-7-y1}

acetamide
(1206}
o] OH
pogeedin
- N .
K/ N nipna

[1207} 7-Amino-2-(3-chlorobenzyl)-9-hydroxy-2H-py-
nido[1,2-alpyrazine-1,8-dione  hydrochloride (23 mg)
obtained in Example 161 was dissolved in pyridine (0.1 ml)
and acetic anhydride (0.0123 ml) was added. Affer stirring
at room temperature for 1 hr, water (3 ml) was added to the
reaction mixture, and the mixture was extracled twice with
chloroform (6. mi each). The chloroform layer was dried,
concentrated and crystallized from chloroform-methanol-
diisopropy! ether to give 22 mg of a solid. This solid was
suspended in tetrahydrofuran (0.4 ml)-methanol (1 ml)-
chloroform (1 ml) and 2N aqueous sodium hydroxide solu-
tion (0.043 ml) was added. The mixture was stimred at room
temperature for 30 min. The reaction mixture was concen-
trated, 1N aqueous hydrochloric acid (6 ml) was added, and
the mixtare was extracted three times with chloroform (8 mt
cach). The chloroform layer was dried, concentrated and
crystallized from chloroform-methanol-diisopropyl cther to
give N{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,8-dihy-
dro-2H-pyrido{ 1,2-a]pyrazin-7-yl Jacetamide (18 mg).
[1208] 'H-NMR(DMSO-d)b 11.5%bs,1H), 9.44(s,1H),
9.08(s,1H), 7.49(s,1H), 7.47(d,1H J=6.0 Hz), 7.42-7.32(m,
3H), 6.95(d,1H,J=6.0 Hz), 4.97(s,2H), 2.17(s,3H).
. Example 94
Synthesis of 7-bromo-2-(3-chlorobenzyl)-9-hy-
droxy-2H-pyrido[1,2-aJpyrazine-1,8-dione hydro-
chloride
[1209]
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[1210] By subjecting 3-benzyloxy-5-bromo-1-(2,2-
dimethoxyethyl)-4-0x0-1,4-dihydropyridine-2-carboxylic
acid 3-chlorobenzylamide (50 mg) obtained in Example
161, Step 2 to a reaction operation similar to that in Example
161, Step 6 and crystallization from ethyl acetate-methanol-
diisopropyl ether, 7-bromo-2-(3-chlorobenzyl)-9-hydroxy-
2H-pyridof1,2-alpyrazine-1,8-dione hydrochloride (30 mg)
was obtained.

[1211] ‘H-NMR(DMSO4)S 8.63(s,1H), 7.48(s,1H),
744-733m3H);, 7.2M{d1HJ)=6.2 Hz), 6.95(d,1H =62
Hz), 4.98(s,2H).

Example 96

Synthesis of 2-(3-chlorobenzyl)-9-hydroxy-7-phe-
nyl-2H-pyrido[1,2aJpyrazine-1,8-dione hydrochlo-
ndé

[1212]
fo] OBn
G\@/\ N )‘\éfo
H
jagy
MeO' ‘OMe
Q OBn
H
jagy

MeO OMe

[1213] Step 1

[1214] To a solution of 3-bemzyloxy-5-bromo-1(2,2-
dimethoxyethyl)-4-oxo-1,4-dibydropyridine-2-carboxylic

acid 3-chlorobenzylamide (70 mg) obtained in Example
161, Step 2 in dimethoxyethane (1.4 ml)-water (0.7 ml) were
successively added pheaylboronic acid (32 mg), tetraki-
s(triphenylphosphine)palladium(0) (31 mg) and sodium car-
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bonate (42 mg), and the mixture was stirred at 80° C.-for 2
hr. After cooling to room temperature, the mixture was
purified by silica gel column chromatography (cthyl acetate-
:hexane=1:3-1:1) to give 3-benzyloxy-1-(2,2-dimethoxy-
ethyl)-4-oxo-5-phenyl- 1,4-dihydropyridine-2-carboxylic
acid 3-chlorobenzylamide (56 mg).

[1215] *H-NMR(CDCL,)8 7.27(brs,1H), 7.50(s, 1H), 7.40-
7.09(m, 14H), 5.15(s,2H), 4.55(t,1HJ=5.1 Hz), 4.16(d2H,
1=6.0 Hz), 3.85(d,2H,3-5.1 Hz), 3.28(s,6H).

[1216] Step 2

‘[1217] 3-Benzyloxy-1-(2,2-dimethoxyethyl)-4-0x0-5-

phenyl-1,4-dihydropyridine-2-carboxylic acid 3-chloroben-
zylamide {52 mg) was dissolved in acetic acid (0.5 m}) and
conc. hydrochloric acid (0.5 ml) was added, and the mixture
was stired at 90° C. for 2 hr. The reaction mixture was
concentrated, toluenc was added to the residuc and the

. mixture was concentrated, which operations were performed

twice. Methanol was further added and the mixture was
concentrated and crystallized from ethyl acetate-diisopropyl.
ether to give 2+(3-chlorobenzyl)-9-hydroxy-7-phenyl-2H-
pyrido{1,2-aJpyrazine-1,8-dione hydrochloride (39 mg).

(1218) ‘H-NMR(DMSO-d)d 8.50(s,1H), 7.73(d,2HJ=
7.0 Hz), 7.53-7.36(m,8H), 7.10(d,1H,1=6 2 Hz), 5.04(s,2H).

Examplc 104

Synthesis of 2-(3-chlorobenzyl)-9-hydroxy-7-iso-
propyl-2H-pyrido[1,2-alpyrazine-1,8-dione hydro-
chloride

[1219]

O

[a! . 7 0
H
N A~
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[1220] Step 1

[1221] To a solution of 3-benzyloxy-5-bromo-1-(2,2-
dimethoxyethyl)-4-oxo-1,4-dihydropyridine-2-carboxylic
acid 3-chlorobenzylamide (138 mg) obtained in Example
161, Step 2 in dioxanc (2.5 ml) were added tributyl-2-
propenyltin (245 mg) and tetrakis(triphenylphosphine-
Jpaltadium(0) (60 mg), and the mixture was stirred at 100°
C. for 4 hr. The solvent was evaporated, toluene was added,
and the mixture was concentrated again. The obtained
residue was purified by silica gel column chromatography
(ethyl acctate:hexane=1:3) to give 3-benzyloxy-1-(2,2-
dimethoxyethyl)-5-isopropenyl-4-oxo-1,4-dihydropyridine-
2-carboxylic acid 3-chlorobenzylamide (89 mg).

[1222] ‘*H-NMR(CDCL)> 7.75(brt,liLJ=6.0 Hz), 7.31-
7.09(m,10H), 5.80(d,2H =23 Hz), 5.19(dq,1H J=23,14
Hz), 5.09(s,2H), 4.52(t,1H,J=5.1 Hz), 431(d,2H,I=6.0 Hz),
3.82(d,2H,)=5.1 Hz), 3.29(s,6H), 2.05(brs,3H).

[1223] Step 2

[1224] To a solution of 3-benzyloxy-1+(2,2-dimethoxy-
ethyl)-5-isopropenyl-4-0xo0-1,4-dihydropyridine-2-carboxy-
lic acid 3-chlorobenzylamide (60 mg) in methanol (1 ml)
was added 5% palladium-carbon (20 mg) and the mixture
was stirred under an atmospheric pressure of hydrogen for
16 hr. A solid was filtered off and the filtrate was concen-
trated to give 1<{2,2-dimethoxyethyl)-3-hydroxy-5-isopro-
pyl-4-oxo-1,4-dihydropyridine-2-carboxylic acid 3-chlo-
robenzylamide (43 mg).

[1225] *H-NMR(CDCL,)> 8.89(brt,iHJ=5.8 Hz), 7.38-
7.24(m,5H), 4.63(d2H,J=5.8 Hz), 4.60(d,1HJ=4.9 Hz),
4.51(d,2H,J=4.9 Hz), 3.23(scp,1H,J=6.8 Hz), 1.23(d,6H,)=
6.8 Hz).

[1226] Step 3

[1227] By subjecting 1-(2,2-dimethoxyethyl)-3-hydroxy-
S-isopropyl-4-oxo- 1,4-dihydropyridine-2-carboxylic  acid
3-chlorobenzylamide (42 mg) to a reaction operation similar
to that in Example 161, Step 6 and crystallization from ethyl
acctate-methanol-diisopropyl ether, and further crystalliza-
tion from ethyl acetate. hanol, 2«3-chlorobenzyl)-9-hy-
droxy-7-isopropyl-2H-pyrido[1,2-apyrazine-1,8-dione
hydrochloride (18 mg) was obtained.

{1228] ‘H-NMR(DMSO-d)5 8.27(s,1H), 7.51-7.45m,
2H), 7.42-7.31(m,3H), 7.17(brd,1H,J=6.2 Hz), 5.04(s,2H),
3.23(sep,1H,J=7.0 Hz), 1.19(d,6H,J=7.0 Hz).
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Exampie 187
Synthesis of methyl [2-(3-chlorobenzyl)-9-hydroxy-
1,8-dioxo-1,8-dihydro-2H-pyrido[ 1,2-aJpyrazin-7-
yljacetate
[1229}

{12301 Step 1

[1231] To a solution of 3-benzyloxy-5-bromo-1(2,2-
dimethoxyethyl)-4-oxo-1,4-dihydropyridine-2-carboxylic .
acid 3-chlorobenzylamide (300 mg) obtained in Example
161, Step 2 in toluene were added under an argon stream
tributyltin fluoride (518 mg), tris(dibenzylidencacctone)di-
palladium(0)-chloroform adduct (58 mg), 1,1-bis(diphe-
nylphosphino){errocene (64 mg) and 1-(tert-butyldimethyl-
silyloxy)-1-methoxyethane (525 mg), and the mixture was
stirred at 100° C. for 15 hr. After cooling to room tempera-
ture, aqueous sodium hydrogen carbonate was added to the
reaction mixture and the mixture was extracted three times
with ethyl acetate. The extract was dried, concentrated and
purified by silica gel column chromatography (cthyl acetate)
to give methy] {S-benzyloxy-6-3-chlorobenzykcarbamoyl)-
12,2-dimethoxyethyl)-4-0xo-1,4-dihydropyridin-3-ylJac-
elate (184 mg).

[1232] H-NMR(CDCL)S 7.38(s,1H), 7.32-7.07(m,9H),
6.76(brt,1H, J=6.0 Hz), 5.24(s,2H), 4.52(1,1H J=5.1 Hz),
437(d2HJ=6.0 Hz), 3.90(d,2HJ=5.1 Hz), 3.72(s,3H),
3.48(s,2H), 3.31(s,6H).

[1233] Swep2

[1234] Methyl [S-benzyloxy-6-(3-chlorobenzylcarbam-
oyl)-1+2,2-dimethoxyethyl)-4-oxo-1,4-dihydropyridin-3-
yl]Jacetate (30 mg) was dissolved in trifluoroacetic acid (1
ml) and the mixture was stirred at 70° C. for 4 hr. The
mixture was cooled and concentrated. Toluene was added to
the residue and the mixture was concentrated again, which
operations were performed twice. Crystallization from ethyl
acetate-diisopropyl ether gave methyl, [2-(3-chlorobenzyl)-
9-hydroxy-1,8-dioxo-1,8-dihydro-2H-pyridof 1,2-alpyrazin-
T-yllacetate (17 mg).
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[1235] *H-NMR(DMSO-d)d 11.50(brs,1H), 8.05(s,1H),
7.48(s,1H), 7.42-7.31(m,3H), 7.18(d,1H,J=6.1 Hz), 6.86(d,
1H,J=6.1 Hz), 4.96(s,2H), 3.59(s,3H), 3.47(s,2H).

Example 191

Syathesis of [2(3-chlorobenzyl)-9-hydroxy-1,8-
dioxo-1 &dxhydro-ZH-pyndo[l,2—a]pvraz.m—7-yl]
acetic acid

. [1236]

@%
O“\éu
Ifééu

[1237] Step 1

{1238] To a solution of methyl [5-benzyloxy-6-(3-chlo-
robenzylcarbamoyl)-12,2-dimethoxyethyl)-4-oxo-1,4-di-
hydropynidin-3-yljacetate (150 mg) obtained in Example
187, Step 1 in tetrahydrofuran (1.5 mi)-methanol {1.5 ml)
was added 4N aqueous sodium hydroxide solution (0.11 ml),
and the mixture was stirred at 70° C. for 30 min. The
reaction mixture was warmed to room temperature, 1N
aqueous hydrochloric acid (0.5 ml) and water (15 ml) were
added, and the mixture was extracted twice with ethyl
acetate (30 mi each). The ethyl acctate layer was washed
with water, dried, concentrated, and crystallized from ethyl
acetate-diisopropyl ether to give [5-benzyloxy-6-(3-chlo-
robenzylcarbamoyl)-1-(2,2-dimethoxyethyl)-4-oxo-1,4-di-
hydropyridin-3-ylJacetic acid (116 mg).

{1239] *H-NMR(CDCL) 7.42(s,1H), 7.43-7.08(m,9H),
6.81(0or,1H =58 Hz), 5.27(s2H), 4.51(1,1H,J=4.6 Hz),
439(d2HJ=58 Hz), 4.01(d2HJ=4.6 He), 3.55(s,2H),
3.30(s,6H).

[1240] Step2

[1241] By subjecting {5-benzyloxy-6-(3-chlorobenzylcar-
bamoyl)-12,2-dimethoxycthyl)-4-oxo-1,4-dihydropyridin-
3-yl]acetic acid (20 mg) 1o a reaction operation similar to
that in Example 187, Step 2, and crystallization from ethyl
acetate-diisopropy! ether, [2-(3-chlorobenzyl)-9-hydroxy-1,
8-dioxo-1,8-dihydro-2H-pyrido[1,2-aJpyrazin-7-ylfacetic
acid (13 mg) was obtained.
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[1242] HNMR(DMSO-d)d 12.40(brs,1H), 11.52(brs,
1H), 8.05(s,1H), 7.48(s, 1H), 7.42-7.31(m 3H), 7.19(d, 1 H J=
6.3 Hz), 687(d,1H J=6.3 Hz), 4.96(s,2H), 3.40(s 2H).

Exanple 189

Synthesis of 24{2-(3-chlorobenzyl)-9-hydroxy-1,8-
dioxo-1,8-dihydro-2H-pyrido{ 1,2-aJpyrazin-7-y1}-N-
methylacetamide

[1243]

[1244] Sicp 1

[1245] To a solution of [5-benzyloxy-6-(3-chlorobenzyl-
carbamoyl)-1-(2,2-dimethoxyethyl)-4-oxo-1,4-dihydropyri-
din-3-ylJacetic acid (25 mg) obtained in Example 191, Step
1 in dimethylformamide (0.2 ml), were successively added
1-ethyl-3(3-dimethylaminopropyl)carbodiimide hydro-
chloride (19 mg), 1-hydroxybenzotriazole hydrate (15 mg)
and methylamine (2M tetrahydrofuran solution)(0.473 mi),
and the mixture was stirred at room temperature for 2 hr. The
obtained reaction mixture was applied as it was to silica gel
thin layer chromatography (chloroform:methanol=10:1) and
crystallized from ethyl acetate-diisopropyl ether to give
3-benzyloxy-1-(2,2-dimethoxyethyl)-5-methylcarbamoylm-
ethyl-4-0x0-1,4-dihydropyridine-2-carboxylic acid 3-chlo-
tobenzylamide (22 mg).

(1246] *H-NMR(CDCL)5 7.48(s,1H), 7.45(brd,1H,J=4.8
Hz), 734-7.05(m,9H), 6.38(brt,1H3=6.0 Hz), 5.27(s,2H),
4.49(1,1H,3-4.8 Hz), 4.36(d,2H J=6.0 Hz), 3.95(d,2H,J=4.8
Hz), 3.40(s,2H), 3.30(s,6H), 2.73(d,3H,J=4.8 Hz).

[1247] Step2

[1248] By subjecting 3-benzyloxy-1-(2,2-dimethoxy-
cthyl)-5-methylcarbamoylmethyl-4-oxo-1,4-dihydropyri-
dine-2-carboxylic acid 3-chlorobenzylamide (21 mg) 1o 2
reaction operation similar to that in Example 187, Step 2
and crystallization from ethyl acetate-diisopropyl ether,
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2{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,8-dihydro-
2H-pyridof1,2-aJpyrazin-7-yl}-N-methylacetamide (11 mg)
was obtained.

{1249] ‘H-NMR(DMSO-d,)5 11.44(brs,1H), 8.01(s,1H),
7.77(s,1H), 7.47(s,1H), 7.43-731(m,3H), 7.23(d,1H,)=6.0
Hz), 6.87(d,1H,J=6.0 Hz), 4.96(s2H), 3.2%(s,2H), 2.55(d,
3H,J=4.6 Hz). _ )

Example 390

- Synthesis of 9-benzyloxy-7-bromo-2-(3-chloroben-
zyl)-3,4-dihydro-2H-pyridof 1,2-aJpyrazine-1,8-di-

one
[12s0)
[e] OBa
H R ol
A Br .
[e} OBn
Qa o}
7
1oasod=
J/ " & Br

HO’
[0} OBn

Cl. . 7 0
\O/\I\/"/B

r

[1251] Step 1

{1252] Yo a solution of 3-benzyloxy-5-bromo-4-oxo-4H-
pyran-2-carboxylic acid 3-chlorobenzylamide (20 g)
obtained in Example 161, Step 1 in tetrahydrofuran (10
mi)-cthanol (10 ml) was added 2-aminocthanol (0.33 ml)
and the mixture was stirred at room temperature and at 50°
C. respectively for 30 min. The solvent was evaporated and
the residue was crystallized from ethyl acetate-diisopropyl
ether to give 3-benzyloxy-5-bromo-1-(2-hydroxyethyl)-4-
0x0-1,4-dihydropyridine-2-carboxylic acid 3-chlorobenzy-
lamide (1.95 g).

[1253] 'H-NMR(DMSO-d)5 9.44(bri,1HJ=58 Hz),
8.1%s,1H), 7.39-7.16(m,9H), 5.08(1,1H,=5.1 Hz), 5.05(s,
2H), 4.43(d,2H J=5 8 Hz), 3.92(1,2H,3=5.1 Hz), 3.62(q,2H,
J=5.1 Hz).

{1254] Step 2

[1255] 3-Benzyloxy-5-bromo-1-(2-hydroxyethyl)-4-oxo-

1,4-dibydropyridine-2-carboxylic acid 3-chiorobenzylamide
(1.75 g) was suspended in tetrahydrofuran (50 ml), and
N,N-diisopropylethylamine (3.72 ml) and methanesulfonyl
chioride (1.38 ml) were added. After stirring at room tem-
perature for 1 br, 0.5N aqueous hydrochloric acid (40 ml)
was added, and the mixture was extracted twice with ethyl
acetate (100 ml each). The cthyl acetate layer was washed
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with aqueous sodium hydrogen carbonate, dried and con-
centrated. The obtained residue was dissolved in dimethyl-
formamide (50 ml) and 60% sodium hydride was added by
small portions with stirring at room tcmperature. After
confirming ‘the completion of the reaction by thin layer
chromatography (TLC), the reaction mixture was ice-
cooled, 0.33N aqueous hydrochloric acid (300 ml) was
added, and the mixture was extracted twice with ethyl
acetate (250 ml each). The ethyl acetate layer was washed
with walter, dried, concentrated, and crystallized from ethyl
acetate-hexane  to give 9-benzyloxy-7-bromo-2~3-chlo-
robenzyl)-3,4-dibydro-2H-pyridof1,2-aJpyrazine-1,8-dione
(158 g).

{1256] H-NMR(CDCL)S 7.66(d,2H,J=6.7 Hz), 7.56(s,

1H), 7.37-7.25(m,6H), 7.16(m, LH), 5.32(s,2H), 4.62(s,21D),

3.94-3.88(m,2H), 3.52-3.45(m,2H). .
Example 244

Synthesis of 7-acetyl-2-(3-chloro-4-fluorobenzyl)-9-
hydroxy-2H-pyridd{1,2-aJpyrazine-1,8-dione hydro-
chloride
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[1258] Step 1

[1259] To a solution of 3-benzyloxy-5-bromo-1-(2,2-
dimethoxyethyl)-4-oxo-1,4-dihydropyridine-2-carboxylic

acid 3-chloro-4-fluorobenzylamide (150 mg) produced in
the same manner as for the compound described in Example
161, Step 2 in toluenc (2 ml) were added tris(dibenzylide-
neacetone)dipatladium(0)-chloroform adduct (14 mg), 1,1'-
bis(diphenyiphosphino)ferrocene (15 mg) and tributyl(l-
ethoxyvinyl)tin (189 mg) under an argon stream and the
mixture was stirred at 90° C. for 4 hr. After cooling to room
temperature, the reaction mixture was concentrated and
purified by subjecting to silica gel thin layer chromatogra-
phy (cthyl acctate:hexane=2:1)toluene:acetone=3:1) twice
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to give S5-acetyl-3-benzyloxy-1:(2,2-dimethoxyethyl)-4-
oxo-1,4-dihydropyridine-2-carboxylic acid 3-chloro-4-fluo-
robenzylamide (60 mg)-

[1260] *H-NMR(CDCL)S 8.07(s,1H), 7.34-7.25(m,6H),
7.09-6.96(m,2H), 6.67(brt,tH,J=6.0 Hz), 5.25(s,2H), 4.48(,
1H,1-4.7 Hz), 431(d2H)=6.0 Hz), 4.03(d,2H,J=4.7 Hz),
331(s,6H), 2.73(s,3H). - :

[1261] -Step 2
{1262] By subjecting  S5-acetyl-3-benzyloxy-1-(2,2-

dimethoxyethyl)-4-oxo-1,4-dihydropyridine-2-carboxylic
acid 3-chloro-4-fluorobenzylamide (59 mg) to a reaclion

operation similar to that in Example 96, Step 2, and crys-,

tallization from ethyl acetate-diisopropyl ether, 7-acetyl-2-
{3-chloro-4-fluorobenzyl)-9-hydroxy-2H-pyrido[ 1,2-a]
pyrazine-1,8-dione hydrochloride (35 mg) was obtained.

[1263] 'H-NMR(DMSO-d)d 8.48(s,1H), 7.65(m,1H),

7.43-740(m2H), 7.38(d,1HJ=6.3 Hz), 6.93(d1HJ=63 *

Hz), 4.92(s,2H), 2.61(s,3H).
Example 251
Synthesis of 7{2,2-dimetbylpropionyl)-2-(4-fluo-

robenzyl)-9-hydroxy-2H-pyridof 1,2a-Jpyrazine-1,8-
diope hydrochloride

[1264)
o OBn
o
N &
[ H —
D/\ O
F
Q OBo
o
N =
R
0. Va OH
F -
[} OB NH,

34y

Mar. 10, 2005

~continued

[1265] Step 1

[1266] To a solution of 3-benzyloxy-4-oxo-4H-pyran-2-
carboxylic acid 4-fluorobenzylamide (0.6 g) produced in the
samne manner as for the compound described in Example 10,
Step 1 and 2,2-dimethylpropionaldehyde (1.88 ml) in tet-
rahydrofuran (6 mi) was added dropwise 1.5 M lithium
diisopropylamide-tetrahydrofuran/cyclobexane solution
(14.9 ml) under nitrogen at —78° C. After stirring at the same
temperature for 2 hr, the cooling-bath was removed and 2N
aqueous hydrochloric acid (15 ml) and ethyl acetate were
immediately added, and the mixture was beated to room
temperature. The organic layer was separated and the aque-
ous layer was extracted with cthyl acetate. The combined
organic layer was dried, concentrated, and purified by silica
gel column chromatography (ethyl acetate:hexane=1:2-cthyl
acefate) to give 3-benzyloxy-5-(1-hydroxy-2,2-dimethyl-
propyl)-4-oxo-4H-pyran-2-carboxylic acid 4-fluorobenzyla-
mide (0.27 g). The total amount thereof was dissolved in
chloroform (3 ml) and 1,1,1-tris(acetoxy)-1,1-dihydro-1,2-
benziodoxol-3-(1H)-one (Dess-Martin reagent)(291 mg)
was added at room temperature, and the mixture was stirred
for 2.5 br. 2-Propanol was added and the mixture was stirred
for 30 min, after which agqueous sodium hydrogen carbonale
solution and aqueous sodium sulfite solution were added.
The mixture was extracted with ethyl acetate. The ethyl
acetate layer was washed with saturated brine, dried and
concentrated. The obtained residue was purified by silica gel
thin layer chromatography (ethiyl acetate:hexane=1:1) to
give 3-benzyloxy-5-2,2-dimethylpropionyl)-4-oxo-4H-py-
ran-2-carboxylic acid 4-fluorobenzylamide (0.13 g).

{1267] 'H-NMR(CDCL,)s 8.00(m,1H), 7.80(s,1H), 7.40-
6.9%(m,9H), 5.34(s,2H), 4.39(d,2H,1=5.76 Hz), 1.24(s,9H).

[1268] Step 2

[1269] To a solution of 3-bepzyloxy-5+(2,2-dimethylpro-
pionyl)-4-oxo-4H-pyran-2-carboxylic acid 4-fluorobenzyla-
mide (0.13 g) in tetrahydrofuran (0.5 ml)-ethanol (0.5 ml)
was added aminoacetaldehyde dimethyl acetal (0.033 mi)
and the mixwre was stirred at 70° C. for 3 days. After
cooling to room temperature, the solvent was evaporated to
give 3-benzyloxy-1+(2,2-dimnethoxyethyl)-5+(2,2-dimethyl-
propionyl)-4-oxo-1,4-dihydropyridine-2-carboxylic  acid
4-flucrobenzylamide (157 mg).

{1270] 'H-NMR(CDCL,)3 8.08(m,1H), 7.31-7.15(m,8H),
6.84-6.78(m,2H), 5.06(s,2H), 4.55(1,1H,J=5.1 Hz), 4.35(d,
2H,3=6.0 Hz), 3.82(d,2H,J=5.1 Hz), 3.30(s,6H), 1.21(s,9H).
[1271] Step 3

[1272] 3-Benzyloxy-1-(2,2-dimethoxyethyl)-5<(2,2-dim-
ethylpropionyl)-4-0xo-1,4-dihydropyridine-2-carboxylic
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acid 4-flucrobenzylamide (157 mg) was dissolved in acetic
acid (1.5 ml) and conc. hydrochloric acid (0.5 ml) was
added. The mixture was stirred at 90° C. for 3 br. The
reaction mixture was concentrated and crystallized from
ethyl acetate to give 7-«(2,2-dimethylpropioayl)-2-(4-fuo-
robenzyl)-9-hydroxy-2H-pyrido[ 1,2-a]pyrazine-1,8-dione
hydrochloride (92 mg).

[1273] ‘HNMRDMSO-d)6 8.07(s,1H), 7.46-7.41(m,
2H), 7.22-7.16(m,3H), 6.91(d,1HJ=6.0 Hz), 4.93(s2H),
1.18(s,9H).

Example 223

Synthesis of 2-(3-chlorobenzyl)-7-(2,2-dimethylpro-
pionyl)-9-hydroxy-3,4-dihydro-2H-pyrido{1,2-a]
pyrazine-1,8-dione hydrochloride-

[1274]
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[1275] Step 1

{1276] To a solution of 3-benzyloxy-5<1-bydroxy-2,2-
dimethylpropyl)-4-oxo-4H-pyran-2-carboxylic acid 3-chlo-
robenzylamide (0.22 g) obtained in the same manner as in
Example 118, Step 1 in chloroform (2 ml) was added
1,1,1-tris(acetoxy)-1,1 -dihydro-1,2-benziodoxol-3-(1H)-
one (0.23 g). The mixture was stirred at room temperature
for 30 min, aqueous sodium hydrogen carbonate solution
and aqueous sodium sulfite solution were added and the
reaction mixture was extracted with ethyl acetate. The
organic layer was washed with saturated brine, dried and
concentrated to give 3-benzyloxy-542,2-dimethylpropio-
nyl)-4-oxo-4H-pyran-2-carboxylic acid 3-chlorobenzyla-
mide (225 mg).

[1277] 'H-NMR(CDCL,) 8.02(1H,1,J=6.0 Hz), 7.81(1H,s),
7.36-7.16(7TH,m), 7.14(1H,s), 7.04(1HdJ=70 Hz),
5.36(2H,s), 4.39(2H,d,J=6.0 Hz), 1.26(9H,s).

[1278] Step 2

[1279] To a solution of 3-benzyloxy-5-(2,2-dimethylpro-
pionyl)-4-oxo4H-pyran-2-carboxylic acid 3-chlorobenzyla-
mide (113 mg) in tetrahydrofuran (0.7 mi)-ethanol (0.7 ml)
was added 2-aminoethanol (0.015 ml) and the mixture was
stirred at 60° C. for 11 hr. The solvent was evaporated and
the obtained residue was purified by silica' gel column
chromatography (etbyl acetate:hexane=3:1) to give 3-ben-
zyloxy-5-(2,2-dimethylpropionyl)-1-(2-hydroxyethyl)-4-
ox0-1,4-dihydropyridine-2-catboxylic acid 3-chlorobenzy-
lamide (91 mg).

[1280] *H-NMR(CDCL)5 8.37(1H,J=6.0 Hz), 7.36(1H,
s), 7.30(1H;s), 7.28-7.07(8H,m), 4.94(2H,s), 4.76(LH br s),
4.28(2H,d,)=6.0 Hz), 4.03-3.95(2H,m), 3.84-3.76(2H,m),
1.15(3H,5).

{1281} Step 3

[1282] To a solution of 3-benzyloxy-5-(2,2-dimethylpro-
pionyl)-1-(2-hydroxyethyl)-4-oxo-1,4-dihydropyridine-2-
carboxylic acid 3-chlorobenzylamide (91 mg) in tetrahydro-
furan (3 ml) was added N,N-diisopropylethylamine (0.187
ml) and the mixture was ice-cooled. Methanesulfony! chlo-
ride (0.07 ml} was added at the same temperature over 30
min with stirring. After confirmation of the completion of
the reaction by thin layer chromatography, 5% aqueous
potassium hydrogen sulfate solution was added to the reac-
tion mixture and the mixture was extracted with ethyl
acetate. The ethyl acetate layer was washed successively
with brine, aqueous sodium hydrogen carbonate solution
and brine, dried and concentrated. The obtained residue was
dissolved in dimethylformamide (2 ml) and 60% sodium
hydride (50 mg) was added by small portions with stirring
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at room temperature. After stirring for 30 min, the reaction
mixture was ice-cooled and 5% aqueous potassium hydro-
gen sulfate solution was added, and the mixture was
extracted with ethyl acetate. The cthyl acetate layer was
washed with brine, dried and com d. The obtained
residue was purified by sitica gel thin layer chromatography
(ethyl acetate) to give 9-benzyloxy-2-(3-chlorobenzyl)-7-(2,
2-dimethylpropionyl)-3,4~dihydro-2H-pyrido[1,2-aJpyra-
zine-1,8-dione (44 mg).

{1283} H-NMR(CDCL)s  761-759CQHm), 7.29-
7.22(8H,m), 5.3%(2H,5), 4.68(2H,5), 3.96-3.92(2H,m), 3.52-
3.46(2H,m), 1.32(9H,5). .

[1284] Step 4

{1285] 9-Benzyloxy-2-(3-chlorobenzyl)-7-2,2-diméthyl-
propionyl)-3,4-dihydro-2H-pyrido[1,2-aJpyrazine-1,8-di-
one (43 mg) was dissolved in triffuoroacetic acid (2 mi) and
the mixture was stirred at room temperature for 1 hr. The
solvent was evaporated and toluene was added, and the
mixture was concentrated again. Subscquently, a suitable
amount of hydrochloric acidfethyl acetate solution was
added, and the mixture was concentrated again. Ethyl
acetate (0.6 ml)-diisopropyl ether {1 ml) was added to the
obtained residue and the obtained solid was collected by
filtration to give 2-(3-chlorobenzyl)-7-(2,2-dimethylpropio-
nyl)-9-hydroxy-3,4-dihydro-2H-pyridof 1,2-alpyrazine-1,8-
dione hydrochloride (23.6 mg).

{1286] 'H-NMR(DMSO-d)5 7.73(1Hs), 7.45-7.30(4H,
m), 4.71(2H,s), 4.25(2H,1,J=5.6 Hz), 3.72(2H,1J=5.6 Hz),
1.20(9H s).

Example 154
Synthesis of 2-(3-chlorobenzyl)-9-hydroxy-1,8-di-

0x0-1,8-dihydro-2H-pyrido[ 1,2-aJpyrazine-7-car-
boxylic acid isopropylamide
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[1288] To a solution of 5-benzyloxy-6-(3-chlorobenzyi-
carbamoyl)-1-(2,2-dimethoxyethyl)-4-oxo0-1,4-dihydropyri-
dine-3-carboxylic acid (25.4 mg) obtained in Example 161,
Step 4 in tetrahydrofuran (0.3 m!) were successively added
tricthylamine (0.021 ml) and thiony! chloride (0.0056 m1) at
0° C. with stirring. After stirring at room lemperature for 10
min, the mixture was ice-cooled again and isopropylamine
{0.0086 ml) was added. After stirring at room temperature
for 30 min, 5% aqueous potassium hydrogen sulfite solution
was added, and the mixture was extracted with ethyl acetate.
The ethyl acetate layer was washed with brine, dried and
concentrated. Trifiuoroacetic acid was added to the obtained
residue and the mixture was stirred at 70° C. for 5.5 hr.
Trifluoroacetic acid was evaporated, toluenc was added and
the mixture was concentrated, which operations were per-
formed twice. Crystallization from cthyl acetate (2 ml) gave
2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,8-dihydro-2H-
pyrido[1,2-aJpyrazine-7-carboxylic acid isopropylamide
(13.6 mg).

{1289] *H-NMR(DMSO-d,)8 11.79(1H,s), 10.10(1Hd,
1=1.9 Hz), 8.74(1H;s), 7.51-7.4%2H,m), 7.40-734(3H,m),
701(1H,d,J=6.5 Hz), 4.96(2H,s), 4.05(1H,5ept,J=6.5 Hz),
118(6H,d,3=6.5 Hz).

Example 249
Synthesis of 2-(3,4-dichlorobenzyl)-9-hydroxy-7-

(thiazol-2-y1)-3,4-dihydro-2H-pyrido{1,2-a]pyrazine-
1,8-dione
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[1291] Step 1

[1292) To a solution of 9-benzyloxy-2-(3,4-dichloroben-
zyl)-3,4-dihydro-2H-pyrido[ 1,2-a}pyrazine-1,8-dione (3.8
g) obtained in Example 1, Step 3 in chloroform (90 ml)-
methanol (60 ml) was added phenyltrimethylammoaium
tribromide (5.0 g) and the mixture was stirred at room
temperature for 13 hr. An aqueous sodium sulfite sohtion
was added to the reaction mixture and the mixture was
extracted twice with chloroform. The combined extract was
washed with brine and purified as it was by silica gel column
chromatography (chloroform-methanol=19:1-10:1) to give
9-benzyloxy-7-bromo-2-(3,4-dichlorobenzyl)-3,4-dihydro-
2H-pyridof1,2alpyrazine-1,8-dione (2.44 g).

{1293] 'H-NMR(DMSO-dg)é 8.36(s,1H), 7.6-7.%(m,2H),
75-7.5(m,2H), 7.2-7.4m,4H), 5.08(s,2H), 4.68(s,2H), 4.1-
4.3(m,2H), 3.6-3.8(m,2H).

[1294] Step 2

[1295) To a solution of 9-benzyloxy-7-bromo-2-(3,4-
dichlorobenzy1)-3,4-dihydro-2H-pyrido[ 1,2-alpyrazine-1,8-
dione (150 mg) in dioxane (5 ml) were added tris(diben-
zylideneacetone)dipalladium(0)-chloroform  adduct (63
mg), tri-2-furylphosphine (57 mg) and (2-thiazolyltributyl-
tin (0.285 ml) under an argon stream and a microwave at 80
W was irradiated under sealing for 1 br. The obtained
reaction mixture was concentrated, and then purified by
silica gel column chromatography (chloroform:methanol=
40:1) to give 9-benzyloxy-2-(3,4-dichlorobenzyl)-7-(thia-
zol-2-yl)-3,4-dihydro-2H-pyrido[ 1,2-a ]pyrazine-1,8-dione
(95 mg). '

{1296] ‘H-NMR(CDCL)S 8.4%s,1H), 7.85(d,1H]J=3.3
Hz), 7.6-7.8(m,2H), 7.1-7.5(m,7H), 5.47(s,2H), 4.64(s,2H),
4.11(1,2H,J=5.4 Hz), 3.56(,2H,J=5.4 Hz).

[1297} Step 3

[1298] 9-Benzyloxy-2-(3,4-dichlorobenzyl)-7(thiazol-2-
y1)-3.4-dihydro-2H-pyrido[1,2a}pyrazine-1,8-dione (93 mg)
was dissolved in trifluoroacetic acid (2 ml). After leaving at
room temperature for 1.5 hr, the mixture was concentrated.
Toluene was added to the residue and the mixture was
concentrated again, which operations were performed twice.
Ethyl acetate was added and the solid was collected by
filtration to give 2-(3,4-dichlorobenzyl)-9-hydroxy-7-(thia-
zol-2-y1)-3,4-dihydro-2H-pyridof 1,2-alpyrazine-1,8-dione
(53 mg).
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[1299] 'H-NMR(DMSO-d,)8 12.25(brs,1H), 8.71(s,1H),
78%(d,1H,I=3.2 Hz), 7.69(d,1H,J-2 Hz), 7.6-7.65(m,2H),
73%(dd,1H,J=8.4 Hz,2 Hz), 4.74(s,2H), 4.4-4.5(m,2H),
3.75-3.85(m,2H). :

Example 219

Synthesis of 2-(3-chlorobenzyl)-9-hydroxy-1,8-di-
0%0-1,3,4,8-tetrahydro-2H-pyrido[ 1,2-aJpyrazine-7-
carboxylic acid methylamide
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[1301] Step 1

[1302] By subjecting 9-benzyloxy-7-bromo-2<(3-chlo-
robenzyl)-3,4-dihydro-2H-pyrido[1,2-a)Jpyrazine-1,8-dione
(600 mg) produced by the same method as in Example 249,
Step 1 to a reaction operation sitnilar to that in Example 161,
Step 3, a mixture of methyl 9-benzyloxy-2-(3-chloroben-
zyl)-1,8-dioxo-1,3,4,8-tetrahydro-2H-pyrido[1,2-aJpyra-
zine-7-carboxylate -and methyl 2-(3-chlorobenzyl)-1.8-di-
oxo0-9-hydroxy-1,3,4,8-tetrahydro-2H-pyride[1,2-a]
pyrazine-7-carboxylate was obtained (13 mg). This mixture
was dissolved in dimethylformamide (17 wml) and treated
with benzyl bromide (1.36 g) and potassium carbonate (1.75
g) and purified by silica gel column chromatography (ethyl
acetate-chloroform:methanol=10:1) to give methyl 9-benzy-
loxy-2-(3-chlorobenzyl)-1,8-dioxo-1,3,4,8-tctrahydro-2H-
pyrido[1,2-alpyrazine-7-carboxylate (480 mg).

[1363] 'H-NMR(CDCI,)5 8.02(s.1H), 7.66(d,2H 16 Hz),
72-74(w,6H), 7.17.2m1H), 5.33(s2H), 4.62(s2H),
3.94(1,2H,3=5.3 Hz); 3.91(s,3H), 3.50(1,2H,3=5.3 Hz).
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[1304] Step 2

[1305] Mecthyl  9-benzyloxy-2-(3-chlorobenzyl)-1,8-di-
0x0-1,3,4,8-tctrahydro-2H-pyridof 1,2-a}pyrazine-7-car-
boxylate (420 mg) was dissolved in tetrahydrofuran (8
ml)-water (2 ml), and 4N aqueous lithium hydroxide solu-
tion (0.58 ml) was added with stirring. After stirring at 70°
C. for 1 hw, the mixture was concentrated. Water (5 ml) and
then 5% aqueous potassium hydrogen sulfate solution (15
ml) were added with stirring. The precipitated crystals were
collected by filtration to give 9-benzyloxy-2-(3-chloroben-
zyl)-1,8-dioxo-1,3,4,8-ctrahydro-2H-pyridof 1,2-ajpyra-
zine-7-carboxylic acid (352 mg). -

[1306] 'H-NMR(DMSO-d)5 8.70(brs,1H), 7.2-7.6(m,
9H), 5.16(s,2H), 4.72(s,2H), 4.3-4.6(m,2H), 3.6-3.8(m,2H).
[1307} Step 3

[1308] By subjecting 9-benzyloxy-2-(3-chlorobenzyl)-1,
8-dioxo-1,3,4,8-tetrahydro-2H-pyridof 1,2-alpyrazine-7-car-
boxylic acid (350 mg) to a reaction operation similar to that
in Example 154, 2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-
1,3,4,8-tetrahydro-2H-pyrido[1,2-a Jpyrazine-7-carboxylic
acid methylamide (182 mg) was obtained.

[1309] 'H-NMR(DMSOQ-dg)d 12.28(s,1H), 9.8-10.0(m,
1H), 8.38(s,1H), 7.46(s,1H), 7.25-7.4(m,3H), 4.7Xs,2H),
4.40(1,2H,1-5.5 Hz), 3.75(,2H,J=3.5 Hz), 2.83(d,3H,J=4.9
Hz).

Example 362
Synthesis of 2-(3-chlorobenzyl)-7-(2,2-dimethylbu-

tyryl)-9-hydroxy-3,4-dihydro-2H-pyridof 1,2-a Jpyra-
zine-1,8-dione
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thionyl chloride (0.037 ml) were added at room temperature
with stirring. After stirring at room temperature for 10 min,
the mixture was cooled to -78° C. and 1.0 M 1,1-dimeth-
ylpropylmagnesium chloride/ether solution was added drop-
wise. After further stirring at the same temperature for 20
min, 5% aqueous polassium hydrogen sulfate solution (5 mi)
and ethyl acetate (6 ml) were added, and water (5 ml) was
further added. The mixture was extracted twice with ethyl
acetate-tetrahydrofuran (1:1, 30 m! each). The organic layer
was dried and concentrated, and ethy] acetate was added to
the residue. The obtained solid was collected by filtration to
give  9-benzyloxy-2-(3-chlorobenzyl)-7-(2,2-dimethylbu-
tyryl)-3,4-dibydro-2H-pyrido{ 1,2a}pyrazine-1,8-dione - (59
mg).

[1313} 'H-NMR(CDCL) 7.63-7.5%(m,2H), 7.36-7.17
(m8H), 5.89(s2H), 4.68(s2H), 3.97-3.91m,2H), 351-
3.46(m,2H), 1.78(q,2H,1=7.6 Hz), 1.28(s,6H), 0.8}t,3H,J=
7.6 Hz).

[1314] Step 2

[1315] 9] Benzy]oxy—Z-(3—chk>robenzyl) -7-(2,2-dimethyl-
butyryl)-3,4-dihydro-2H-pyrido{1,2aJpyrazine-1,8-dione
(55 mg) was dissolved in trifluoroacetic acid (0.5 ml) and the
mixture was stirred at room temperature for 30 min. The
solvent was evaporated and toluene was added, and the
mixture was concentrated, which operations were performed
twice. Crystallization from chloroform-diisopropyl ether
gave 2-(3-chlorobenzyl)-7-2,2-dimethylbutyryl)-9-hy-
droxy-3,4-dihydro-2H-pyrido[1,2-aJpyrazine-1,8-dione (32
mg).

[1316] 'H-NMR(DMSO-d)d 12.08(bs,1H) 7.70(s,1H),
7.46(s,1H), 7.44-7.32(m,3H), 4.72(s,2H), 4.30-4.22(m,2H),

3.76-3.6%m,2H), 1.65(q,2H,I=7.4 Hz), 1.16(s,6H), 0.77(,
3H,1=74 Hz).

Example 205
Synthesis of 2-(3-chlorobenzyl)-9-hydroxy-7-pro-

pionyl-2H-pyrido[1,2-aJpyrazine-1,8-dione hydro-
. chloride

[1317]

a m@ﬁ*&f

(1311] Step1

[1312] 9-Benzyloxy-2+(3-chlorobenzyl)-1,8-dioxo-1,3 4,

8-tetrahydro-2H-pyrido{ 1,2-a}pyrazine-7-carboxylic  acid
(200 mg) obtained in Example 219, Step 2 was suspended in
tetrahydrofuran (6 ml), and triethylamine (0.07 ml) and

VoS
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[1318] Step 1

[1319] 5-Benzyloxy-6-(3-chlorobenzylcarbamoyl)-1+(2,
2-dimethoxyethyl)-4-0x0-1,4-dihydropyridine-3-carboxylic

acid (517 mg) obtained in Example 161, Step 4 and triethy- -

lamine (0.43 ml) were added to tetrabydrofuran.(7 ml), and
thionyl chloride (0.098 ml) was subscquently added at 0° C.
The mixture was stirred at room temperature for 3 min and
the reaction mixture was. cooled to —78° 'C. IM Lithium
aluminum hydride/ietrahydrofuran solution (1.55 ml) was
added dropwise. After stirring at the same temperature for 3
min, 5% aqueous potassium hydrogen sulfate solution was
added, and the mixture was extracted with ethyl acetate. The
ethyl acetate layer was dried, concentrated and purified by
silica gel column chromatography (ethyl acetate-ethyl
acetate:methanol=20:1) o give 3-benzyloxy-1-(2,2-
dimethoxyethyl)-5-hydroxymethyl-4-0x0-1,4-dihydropyri-
dine-2-carboxylic acid 3-chlorobenzylamide (240 mg).

[1320] *H-NMR(CDCl,) 7.33-7.15(8H,m), 7.11(1HdJ=
7.4 Hz), 6.88(1H,1,)=6.0 Hz), 5.23(2H.5), 454-4.35(3H,m),
434(2H,d,1=6.0 Hz), 3.93(2H,d J=5.1 Hz), 3.32(6H.).

‘[1331] By

_7h9
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{1321] Step 2

1322] By subjecting _3-benzyloxy-1-(2,2-dimethoxy-
¢thyl)-5-hydroxymethyl-4-oxo-1,4-dihydropyridine-2-car-
boxylic acid 3-chlorobenzylamide (235 mg) 10 a reaction
operation similar to that in Example 223, Step 1, 3-benzy-
loxy-1-(2,2-dimethoxyethyl)-5-formyl-4-0xo-1,4-dihydro-
pyridine-2-carboxylic acid 3-chlorobenzylamide (197 mg)
was obtained.

[1323] 'H-NMR(CDCL,) 10.28(1Hzs), 7.8%(1Hs), 7.31-
719%8H,m), 7.11(IHAI=79 Hz), 6.2(IH1I=60 Hz),
529(2H;s), 449(1H,J=49 Hz), 43%(2H,dJ=60 Hz),
3.99(2H,d,J=4.9 Hz), 3.30(6HLs).

[1324] Step 3

[1325] To a solution of 3-benzyloxy-1-(2,2-dimethoxy-
ethyl)-5-formyl-4-0x0-1,4-dihydropyridine-2-carboxylic
acid 3-chlorobenzylamide (168 mg) in tetrahydrofuran (6
ml) was added dropwise 0.89 M cthylmagpesium bromide
(1.09 mt) with stirring at -78° C. After stirring at the same
temperature for 10 min, 5% aqueous potassium hydrogen
sulfate solution was added, and the mixture was extracted
with ethyl acetate. The ethyl acetate layer was washed with
saturated brine, dricd and concentrated. The obtained resi-
due was purified by silica gel column chromatography {ethyl
acelatechexane=2:1-4:1) 1o give 3-benzyloxy-1(2,2-
dimethoxyethyl)-5-(1-hydroxypropyl)-4-oxo-1,4-dihydro-
pyridine-2-carboxylic acid 3-chlorobenzylamide (137 mg).

{1326] H-NMR(CDCL,)b 7.30-7.16{8H,m), 7.10(1H,d,}=
7.4 Hz), 6.78(1H,1,J=5.1 He), 5.23(2H ), 456(1H,d J-7.4
Hz), 4.49(1HJ=4.9 Hz), 4.46(1HddJ-7.4,102 Hz),
435(2H,d,J=5.1 Hz), 3.92(HdJ=49 Hz), 3.30(3H,s),
329(3H,s), 1.83(2Hdq,J=72,102 Hz), 0.94(3H,J=72
Hz).

[1327] Step 4

[1328] By subjecting 3-benzyloxy-1<(2,2-dimethoxy-
ethyl)-5-(1-hydroxypropyl)-4-oxo-1,4-dihydropyridine-2-
carboxylic acid 3-chlorobenzylamide (102 mg) to a reaction
operation similar to that in Example 223, Step 1, 3-benzy-
loxy-1-(2,2-dimethoxyethyl)-4-oxo-5-propionyl-1,4-dihy-
dropyridine-2-carboxylic acid 3-chlorobenzylamide (92 mg)
was oblained. ’

[1329] 'H-NMR(CDCL)5 8.09(1Hys), 728-7.21(8H,m),
708(1Hd,)=74 Hz), 654(1Hd]J=60 Hz), 5.27(2Hs),
4.47(1H,1,J=5.1 Hz), 4.34(2H,d,J=6.0 Hz), 4.04(2H.dJ=5.1
Hz), 3.29(6H,s), 3.21(2H,q,J=7.1 Hz), 1.16(3H 1, J=7.1 Hz).

[1330] Step S

subjecting  3-benzyloxy-1-(2,2-dimethoxy-
ethyl)-4-ox0-5-propionyl-1,4-dihydrepyridine-2-carboxylic
acid 3-chlorobenzylamide (89 mg) to a reaction operation
similar to that in Example 96, Step 2, 2{(3-chlorobenzyl)-
9-hydroxy-7-propionyl-2H-pyrido[1,2-aJpyrazine-1,8-dione
hydrachloride (56 mg) was obtained.

[1332] 'H-NMR(DMSO-d)5 848(1Hs),
7.44-729(4H,m), 6.93(1HdJ=60 - Hz),
3.10(3H,q,1=7.2 Hz), 1.03(3H,11=72 Hz).

747(1H,3),
4.94(2H,5),
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Example 242 4-oxo-1,4-dihydropyridine-2-carboxylic acid 325

chlorobenzylamide (886 mg).
Synthesis of N{2-(3-chlorobenzyl)-9-hydroxy-1,8-
dioxo-1,8-dihydro-2H-pyrido{1,2-alpyrazin-7-yl} {1336] 'H-NMR (CDC1)d 7.41-7.18(m,8H), 7.15-
propionamide 7.12(m2H), 6.96(s,1H), 5.15(s,2H), 4.53(1,1H,J=5.0 Hz),
432(d2H,J~58 Hz), 3.93(brs,2H), 3.86(d2H,J=5.0 Hz),
{1333} 3.29(s,6H).

[1337] Step 2

- {1338] To a solution of S5-amino-3-benzyloxy-1+(2.2-
dimcthoxycthyl)-4-ox0-1,4-dihydropyridioe-2-carboxylic
O/\ )Hi‘:i acid 3-chlorobenzylamide (55 mg) in chloroform { mi)
were added, tricthylamine (0.033 ml) and propanoyl chio-
ride (0.012 mi) at 0° C. After stirring at the same temperature

for 20 min, aqueous sodium hydrogen carbonate solution
was added and the reaction mixture was extracted with ethyl
acetate. The ethyl acetate layer was dried, concentrated and

purified by silica gel thin layer chromatography (chloro-
form:methanol=10:1) to give N-{5-benzyloxy-6-(3-chlo-
robenzylcarbamoyl)-1+(2,2-dimethoxyethyl)}-4-oxo-1,4-di-

hydrepyridin-3-yljpropionamide (55 mg). By subjecting 51
mg of the obtained compound 10 a reaction operation similar

to that in Example 187, Step 2, N{2{3-chlorobenzyl)-9-
hydroxy-1,8-dioxo-1,8-dihydro-2H-pyrido{1,2-a]pyrazin-7-

McO %]:: - yljpropionamide (27 mg) was obtained.

{1339] 'H-NMR(DMSO-d-)d 11.59(s,1H), 9.34(s,1H),
9.1X(s,1H), 7.50-7.45(m,2H), 7.41-7.33(m,3H), 6.96(d,1H,

/“\/Mc J=6.0 Hz), 4.98(s,1H), 2.50(q,2H,J=7.5 Hz), 1.06(1,3H J=7.5
Hz).

Example 382
McO OMe
o OH

Synthesis of 7-(2,2-dimethylbutyryl)-2-(4-fluo-

Q P o robenzyl)-9-hydroxy-2H-pyridof 1,2-a}pyrazine-1,8-
i N o dione hydrochloride
' K/N S E/lk/Mc [1340]

[1334] Step 1

[1335] To a solution of 5-benzyloxy-6-(3-chlorobenzyl-
carbamnoyl)-1-(2,2-dimethoxyethyl)-4-oxo-1,4-dihydropy-
ridine-3-carboxylic acid (1 g) obtained in Example 161, Step

4 in tetrahydrofuran (15 mi)-toliene (15 ml) were added
triethylamine (0.61 ml) and diphenylphosphoryl azide (0.47
ml) and the mixture was stirred at room temperature for 30
min. The solvent was evaporated, and the residue was

dissolved in tetrahydrofuran (8 ml). Triethylamine (0.61 mi)
and diphenylphosphoryl azide (0.47 ml) were added again
and 2 br lates, and 3 hr later, triethylamine (1.22 ml, 0.61 ml)
and dipbenylphosphoryl azide (0.94 ml, 0.47 ml) were
OMe

respectively added, and stirring was continued. After con-
firmation of disappearance of the starting material, 9-fluo-
renylmethanol (7.7 g) and toluene (10 ml) were added, and
the mixture was stirred under reflux with heating. After 20
min, tricthylamine (2.5 ml) was added, and stiming was

contipued with heating for 1.5 hr. The mixture was concen-

trated, water was added to the residue and the mixture was

extracted twice with ethyl acetate. The combined ethyl I\/N P
acetate layer was washed with brine, dried and concentrated. HCl

The residue was subjected 1o silica gel column chromatog-
raphy (cthyl acetate:hexane=1:1-chloroform:methanol=
15:1) to give S-amino-3-benzyloxy-1-(2,2-dimethoxyethyl)-
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[1341] Step1

[1342] By subjecting 5-benzyloxy-6<(4-fluorobenzylcar-
bamoyl)-142,2-dimethoxyethyl)-4-0xo-1,4-dihydropyri-
dine-3-carboxylic acid (100 mg) obtained by the same
production method as in Example 161, Step 4 to a reaction
operation similar to that in Example 362, Stép 1, and
purification by silica gel thin layer chromatography (chlo-
roform:acetone=3:1), 3-benzyloxy-1-(2,2-dimethoxyethyl)-
5-(2.2-dimethylbutyryi)-4-oxo-1,4-dihydropyridine-2-car-
boxylic acid 4-fluorobenzylamide (40 mg) was obtained.

[1343] *H-NMR(CDCL)s 7.86(br,1H), 7.29-7.18(m,8H),
6.84(dd,2H J=8.7 Hz,8.7 Hz), 5.10(s,2H), 4.54(1,1H,1=5.0
Hz), 4.35(d,2H J=5.8 Hz), 3.8X(d,2H,1=5.0 Hz), 3.30(s,6H),
1.65(q,2H,3=7.5 Hz), 1.19(s,6H), 0.83(1,3H,J=7.5 Hz).
[1344] Step 2

[1345] By subjecting 3-benzyloxy-1-(2,2-dimethoxy-
ethyl)-542,2-dimethylbutyryl)-4-oxo-1,4-dihydropyridine-
2-carboxylic acid 4-flucrobenzylamide (40 mg) to a reaction
operation similar to that in Example 161, Step 6, 7-(2,2-
dimethylbutyryl)-2-(4-flucrobenzyl)-9-hydroxy-2H-pyrido
[1,2-a]pyrazine-1,8-dione bydrochloride (25 mg) was
obtained. .

[1346] 'H-NMR(DMSO-d)d 8.01(s,1H), 7.43(dd2H,
1=9.0 Hz,5.5 Hz), 7.22(d,1H,J=6.3 Hz), 7.19(dd,2H,J=0.0

Hz9.0 Hz), 690(d,1H,J=63 Hz), 1.60(q,2H,I=75 Hz),

1.13(s,6H), 0.77(1,3H,J=7.5 Hz).
Example 283

Synthesis of 2-(3-chlorobenzyl)-9-hydroxy-7-isobu-

tylamino-2H-pyrido{1,2a-Jpyrazine-1,8-dione hydro-
: chloride

[1347] -

0 OBn
a 0
H | .
PO
MeO OMec
o OBa
Cl /I\ﬁo
N
\©/\H
J O
~ /

'O O
(o] OH
K/ N NH
HCt

[1348] Step 1
[1349] To a solution of 5-amino-3-benzyloxy-1-(2,2-
dimethoxyethyl)-4-oxo-1,4-dihydropyridine-2-carboxylic

35
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acid 3-chlorobenzylamide (65 mg) obtained in Example
242, Step 1 in chloroform (1 mi) were successively added
isobutylaldehyde (0.025 ml), acetic acid (0.016 ml), sodium
triacetoxyborohydride and the mixture was stirred at room
temperature for 1 hr. Saturated brine (10 ml) was added to
the reaction mixture and the mixture was extracted twice
with chloroform (10 m! each). The organic layer was dried,
concentrated and purified by silica gel thin layer chroma-
tography (chloroform:methanol=10:1) to give 3-benzyloxy-
142,2-dimethoxyethyl)-5-isobutylamino-4-ox0-1,4-dihy-
dropyridine-2-carboxylic acid 3-chlorobenzylamide (68
mg). ’

{1350]) *H-NMR(CDCL,)% 7.26-7.20(8H,m), 7.1(1H,d )=
74 Hz), 680(1HI=60 Hz), 6.6X1Hs), 5.22(2Hs),
4.55(1H,1,J=5.1 Hz), 4.34(2H,d,J=6.0 Hz), 3.99(2Hd,J=5.1
Hz), 3.31(6H,5), 2.82(2H.d,7=7.0 Hz), 1.93(1H,dt J=6.5.7.0
Hz), 1.01(6H,d J~6.5 Hz).

- [1351] Step2

{1352} By subjecting 3-benzyloxy-1-(2,2-dimethoxy-
ethyl)-5-isobutylamino-4-o0xo-1,4-dihydropyridine-2-car-
boxylic acid 3-chlorobenzylamide (66 mg) to a reaction
operation similar to that in Example 161, Step 6, 2-(3-
chlorobenzyl)-9-hydroxy-7-isobutylamino-2H-pyrido{ 1,2-

. alpyrazine-1,8-dione hydrochloride (43.5 mg) was obtained.

[1353] 'H-NMR(DMSO-d)s B.07(1Hs), 7.64(1H,dJ=
6.0Hz), 7.50-7.30(5H,m), 5.09(2H,5), 2.99(2H,d,J=7.0 Hz),
1.95(1H,d1,1=6.0,7.0 Hz), 0.91(6H,d,J=7.0 Hz).

Example 302

Synthesis of N-{2-(3-chlorobenzyl)-9-hydroxy-1,8-
dioxo-1,8-dihydro-2H-pyrido[ 1,2-a)pyrazin-7-yl}-N-
isobutylacetamide

[1354]

ORGSO E
R/N P N/u\

[1355] 243-Chlorobenzyl)-9-hydroxy-7-isobutylamino-

2H-pyrido[1,2-ajpyrazine-1,8-dione hydrochloride (23 mg)
was added to chloroform (2 ml), and pyridine (0.062 ml) and
acetyl chloride (0.024 ml) were successively added at 0° C.
The mixture was stirred at room temperatuce for 2 hr. 5%
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Aqueous potassium hydrogen sulfate solution was added to
the obtained reaction mixture, and the mixture was extracted
with ethyl acetate. The solvent was evaporated and the
obtained residue was dissolved in tetrahydroferan (0.5 mi)-
methanol (0.1 ml), and 1IN aqueous sodium hydroxide
solution (0.084 ml) was added. The mixture was stirred at
room temperature for 30 min. 2N Aqueous hydrochloric acid
(0.056 ml) was added to the reaction mixture and the
mixture was extracted with ethyl acetate. The cthyl acetate
layer was washed with saturated brine, dried and concen-
trated. Crystallization from ethyl acetate-diisopropyl ether
gave N{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,8-dihy-
dro-2H-pyrido[ 1,2-alpyrazin-7-yl} N-isobutylacetamide
(18.2 mg). -

[1356] ‘H-NMR(DMSO-d)d 827(1Hs), 74%(1Hz),
7.39-732(3H,m), 7.18(1HdJ=60 Hz), 692(1Hd,I=6.0

Hz), 497(2Hs), 3.53(1H,dd 1=13.7,8.6 Hz), 3.12(1H dd )=

137,72 Hz), 1.76(3H,s), 1.62(1H,dd1J=7.286,6.5 Hz),
" 0.82(6H,d,1=6.5 Hz).

Example 349

Synthesis of N-[2-(3-chloro-4-fluorobenzyl)-9-hy-
droxy-1,8-dipxo-1,3,4,8-tetrahydro-2H-pyrido[ 1,2-a)
pyrazin-7-yllisobutyramide
(1357}

(o] OBa
F |\/N F Be
o] OBn
Cl (4]
Jopeodn
F K/N -
o} OBa
a
NN
L~
F NH;

o OBa
popesstE
F : I\/N # N)]\r

- H
[e] OH
Cl N Z °
|\/N N/H/
F .
. H

[1358) Step 1

[1359]  To a solution of 9-benzyloxy-7-bromo-2-(3-chloro-

4-fluorobenzyl)-3,4-dihydro-2H-pyrido[1,2-aJpyrazine-1,8-

S22
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dione (170 mg) produced by the same method as in Example
249, Step 1 in dioxane (1.7 ml) were added tert-butyl
carbamatc (49 mg), tris(dibenzylidencacetone)di-
palladium(0}-chioroform adduct (1.8 mg), 4,5-bis(diphe-
nylphosphino)-9,9-dimethylxanthene (3 mg) and cesium
carbonate (158 mg) under an argon stream and the mixture
was stirred at 100° C. Afier 10 hr, tert-butyl carbamate (49
mg), tris(dibenzylideneacetone)dipaliadium(0)-chloroform
adduct (18 mg)and 4,5-bis(diphenylphosphino)-9,9-dimeth-
yixanthene (30 mg) were added, and the mixture was
continuously stirred for 18 hr with heating. After cooling to
room lemperature, insoluble malerials were filtered off
through celite. The solvent was evaporated and the residuc
was purified by silica gel column chromatography (chloro-
form:acetone=2:1) to give tert-butyl [9-benzyloxy-2-(3-
chloro-4-fluorobenzyl)-1,8-dioxo-1,3,4,8-tetrahydro-2H-
pyrido{1,2-alpyrazin-7-ylJcarbamate (156 mg).

{1360] 'H-NMR(CDCL,)>  83i(s,1H),  7.80(s,1H),
7.62(m2H), 7.38-7.10(m,5H), 7.12(dd,1H,J1-8383 Hz),
5.33(s,2H), 4.65(s,2H), 4.38(br,1H), 4.02-3.98(m,2H), 3.50-
3.47%(m,2H), 1.50(s,9H).

[1361] -Step 2

[1362) To a solution of tert-butyl [9-benzyloxy-2-(3-
chloro-4-fluorobenzyl)-1,8-dioxo-1,3,4,8-tetrahydro-2H-
pyrido[1,2-aJpyrazin-7-ylJcarbamate (179 mg) in dioxane (2
ml) was added 4N hydrochloric acid/dioxane solution (2 ml)
and the mixture was stirred at room temperature for 3.5 hr.
The solvent was evaporated and aqueous sodium hydrogen
carbonate solution was added to the obtained residue. The
mixture was extracted with chloroform. The chloroform
layer was dried, concentrated and purified by silica gel
column chromatogeaphy (ethyl acetate:methanol=5:1) to
give 7-amino-9-benzyloxy-2-(3-chloro-4-fluorobenzyl)-3,4-
dihydro-2H-pyrido[1,2a]pyrazine-1,8-dione (88 mg).

{1363] *H-NMR(CDCL,)3 7.66-7.64(m,2H), 7.35-7.24(m,
4H), 7.19-7.15(ddd,1H,J=1.9,4.4,.8.6 Hz), 7.10(dd,1H,J=8.3,
8.6 Hz), 6.96(s,1H}, 5.27(s,2H), 4.5%(s,2H), 3.91-3.88(m,
2H), 3.45-3.42(m,2H), 2.42(br.2H).

[1364] Step 3

[1365] To a solution of 7-amino-9-benzyloxy-2-(3-chloro-
4-fluorobenzyl)-3,4-dihydro-2H-pyrido{ 1,2-alpyrazine-1,8-
dione (29 mg) in chloroform (0.6 mi) were added pyridine
(0.0082 ml) and isobutyryl chloride (0.01 ml) at 0° C., and
the mixture was stirred at room temperature for 1.5 hr. 5%

. Aqueous potassium hydrogen sulfate solution was added

and the mixiure was extracted with ethyl acetate. The
obtained ethyl acetatc layer was dried, concentrated and
purified by silica gel thin layer chromatography (chloro-
form:methanol=10:1) to give N{9-benzyloxy-2-(3-chloro-
4-fluorobenzyl)-1,8-dioxo-1,3,4,8-tetrahydro-2H-pyridof 1,
2-a]pyrazin-7-ylJisobutyramide (29 mg).

[1366] *H-NMR(CDCL)5 8.80(s,1H), 8.6X(s,1H), 7.66-
7.64m,2H), 7.39(dd,1H,}=23,6.7 Hz), 7.36-7.30(m,3H),
7.21(ddd,1H1=2.3,4.6,8 4 Hz), 7.14(dd,1H,J=8.3,88 Hz),
5.35(s,2H), 4.66(s,2H), 4.03-4.00(m,2H), 3.52-3.50(m,2H),
2.6X(sept,1H,3=7.0 Hz), 1.25(d,6H,)=7.0 Hz).

[1367] Step 4

[1368] By subjecting N-[9-benzyloxy-2-(3-chloro-4-fluo-
robenzyi)-1,8-dioxo-1,3,4,8-1¢trabydro-2H-pyrido[ 1,2-a)
pyrazin-7-ylJisobutyramide (27 mg) 10 a reaction operation
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similar to that in Example 223, Step 4, N-[2-(3-chloro-4- Exampie 222

fluorobenzyl)-9-hydroxy-1,8-dioxo-1,3,4,8-tetrahydro-2H-

pyrido[1,2-aJpyrazin-7-yl}isobutyramide (17 mg) was Synthesis of 2-(3-chloro-4-fluorobenzyl)-9-hydroxy-

obtained. 4-hydroxymethyl-1,8-dioxo-1,8-dihydro-2H-pyrido

[1,2-a)pyrazine-7-carboxylic acid methylamide

[1369] ‘H-NMR(DMSO-d)s 11.91(br,1H), 9.13(s,1H), hydrochloride

8.71(s,1H), 7.64(dd,1H,1=1.6,79 Hz), 7.43-7.39(m,2H),

4.70(s,2H), 4.30-4.26(m,2H), 3.74-3.71(m2H), 2.88(scpt,  [1373]
1H,J=6.7 H2), 1.07(d,6H,J=6.7 Hz).

Example 353

R [o] OBa
A, P 0 .
Syathesis of N-[2-(3-chloro-4-fluorobenzyl)-9-hy-- N
droxy-1,8-dioxo-1,3,4,8-tetrahydro-2H-pyrido[ 1,2-a] Nz
pyrazin-7-yljmethanesnlfonamide F Br
) . o OBa
(1370}
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[1371] By subjecting 7-amino-9-benzyloxy-2-(3~chloro-
4-fuorobenzyl)-3,4-dihydro-2H-pyrido{1,2-a}pyrazine-1,3-
dione (29 mg) obtained in Example 349, Step 2 to a reaction
operation similar to that in Example 349, Steps 3 and 4
except that methanesulfonyl chloride was used instead of
isobutyryl chloride, N-{2-(3-chloro-4-fluorobenzyl)-9-hy-
droxy-1,8-dioxo-1,3,4,8-tctrahydro-2H-pyridof1,2-a]
pyrazin-7-yi}methanesulfonamide (4.7 mg) was-obtained.

f1372] *H-NMR(DMSO-dy)5 12.08(br,1H), 8.83(br,1H),
7.78(s,1H), 7.63(dd,1H,J=1.7,7.7 Hz), 7.42-7.40(m,2H),
4.71(s,2H), 4.30-4.27(m,21), 3.74-3.72(m,2H), 2.97(s,3H).
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[1374] Step 1

[1375] 3-Benzyloxy-5-bromo-4-oxo-4H-pyran-2-car-
boxylic acid 3-chloro-4-fluorobenzylamide (380 mg)
obtained by the same method as in Example 161, Step 1 and
2-amino-3-methoxymethoxy-1-propanol (275 mg) were dis-
solved in tetrahydrofuran (2 mi)-ethanol (2 mi) and the
mixture was stirred at 60° C. for 1 hr. The reaction mixture

* was concentrated and purified by silica gel column chroma-
tography (chloroform:methanol=10:1) 1o give 3-benzyloxy-
5-bromo-1-(1-hydroxy-3-methoxymethoxy-2-propyl)-4-
oxo-1,4-dihydropyridine-2-carboxylic  acid  3-chloro-4-
fluorobenzylamide (410 mg).

[1376] Step 2

[1377] To a solution of oxalyl chloride (0.245 ml) in
methylene chloride (1 mi) was added dropwise a solution of
dimethyl sulfoxide (0.269 ml) in methylene chloride (1 ml)
under 2 nitrogen stream at ~78° C. and the mixture was
stirred for 10 min. A solution of 3-benzyloxy-5-bromo-1-
(1-hydroxy-3-methoxymethoxy-2-propyl)-4-oxo-1,4-dihy-
dropyridine-2-carboxylic acid 3-chloro-4-fluorobenzyla-
mide (410 mg) in methylene chloride (16 ml) was added at
the same temperature over S min. After stirring for further 10
min after the completion of the dropwise addition, triethy-
lamine (1.37 ml) was added and the mixture was heated to
room temperature. The mixture was stireed at room tem-
perature for 1 hr and conceatrated. Water was added and the
mixture was extracted twice with ethyl acetate. The com-
bined ethyl acetale layer was washed with saturated brine,
dried and concentrated. The obtained crude product was
dissolved in chloroform (8 ml), and N,N-diisopropylcthy-
lamine (0.734 ml) and methanesulfonyl chloride (0.101 ml)
were successively added. under ice-cooling. After stirring at
room temperature for 2 hr, methanesulfonyl chloride (0.05
ml) was added and the mixiure was further stirred for 1 hr.
The reaction mixture was concentrated, and aqueous sodium
hydrogen carbonate solution was added to the residue. The
mixiure was extracted twice with cthyl acetate. The com-
bined ethyl acelate layer was washed with saturated brine,
dried, concentrated and purified by silica gel column chro-
matography (ethyl acetate:bexane=1:2-¢thyl acetate) to give
9-benzyloxy-7-bromo-2-(3-chlorc-4-fluorobenzyl)-4-
(methoxymethoxy)methyl-2H-pyrido[1,2-aJpyrazine-1,8-
dione (163 mg).
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[1378] *H-NMR(CDCL) 8.35(s,1H), 7.69-7.65(m,2H),
7.37-7.16(m,SH), 7.13(dd,1H,3=8.7 Hz 8.7 Hz), 6.32(s,1H),
5.3%(s,2H), 4.88(s,2H), 4.68(s,2H), 4.46(s,2H), 3.42(s,3H).

[1379] Step 3

[1380} By subjecting 9-benzyloxy-7-bromo-2-(3-chloro-
4-fluorobenzyl)-4-(methoxymethoxy)methyl-2H-pyrido{ 1,
2a-Jpyrazine-1,8-dione (125 mg) to a reaction operation
similar to that in Example 161, Step 3, methyl 9-benzyloxy-
2+(3-chloro-4-fluorobenzyl)-4-(methoxymethoxy)methyl-1,
8-dioxo-1,8-dihydro-2H-pyrido{1,2-a]pyrazine-7-carboxy-
late (28 mg) was obtained.

[1381] 'H-NMR(CDCL,)S 8.68(s,1H), 7.69-7.65(m,2H),
7.38-7.18(m,5H), 7.13(dd,1H,1=8.5 Hz8.5 Hz), 6.32(s,1H),
5.39(s,2H), 4.87(s,2H), 4.69(s,2H), 4.46(s,2H), 3.96(s,3H),
3.41(s,3H).

[1382} Step 4

[1383] By hydrolyzing methyl 9-benzyloxy-2-(3-chlofo-
4-flucrobenzyl)-4-(methoxymethoxy)methyl-1,8-dioxo-1,8-
dihydro-2H-pyrido[1,2-a pyrazine-7-carboxylate (27 mg)
by the same method as in Example 161, Step 4, and
subsequently subjecting to a method analogous to Example
154, 2-(3-chloro-4-fluorobenzyl)-9-hydroxy-4-hydroxym-
ethyl-1,8-dioxo-1,8-dihydro-2H-pyrido{1,2-a]pyrazine-7-
carboxylic acid methylamide hydrochlonde (2.2 mg) was
obtained.

[1384] ‘H-NMR(DMSO-do}d 1222(s,1H), 9.9%(s,1H),
8.83(s,1H), 7.69-7.66(m, 1H), 7.44-741(m,2H), 7.16(s,1H),
SSY(LILI-S3 Ha), 496(s21D, 450(d2H,1=5.3 Ha),
2.85(d,3H,J=4.6 Hz).

Example 316
Syathesis of 9-hydroxy-2-(3-phenylpropyl)-7-(thia-

zol-2-y1)-3,4-dihydro-2H-pyridof 1,2-a]pyrazine-1,8-
dione hydrochloride

[1385)
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{1386] Siep 1

{1387] 3-Benzyloxy-4-oxo-4H-pyran-2-carboxylic  acid
(6.82 g) was suspended in methanol (20 ml)-tetrahydrofuran
(50 m}) and 2M (trimethylsilyl)diazomethane/hexane solu-
tion (25.8 ml) was added dropwise under ice-cooling, and
the mixture was slirred at room temperature for 1.5 hr. The
solvent was evaporated under reduced pressure and the
obtained residue was dissolved in chloroform (50 mt).
Thereto was added bromine (14.2 wml) and the mixture was
stirred at 75° C. for 2 days. After allowing the mixture to

_ return to room temperature, the mixture was concentrated
under reduced pressure, and hexane was added to the
residue. The precipitated solid was collected by filtration.
The obtained solid was dissolved in dimethylformamide (40
ml) and potassium carbonate (4.59 g) and benzyl bromide
(3.62 ml) were added. The mixture was stirred at 80° C. for
40 min. The solvent was evaporated aod 1N aqueous hydro-
chloric acid was added to the obtained residue. The mixture
was extracted twice with ethyl acetate. The combined ethyl
acetate layer was washed with saturated brine, dried, con-
centrated and purified by silica gel column chromatography
(ethyl acetate:hexane=1:4-1:1). The eluate was concentrated
and the precipitated crystals were collected by filtration to
give methyl 3-benzyloxy-5-bromo-4-oxo-4li-pyran-2-car-
boxylate (4.69 g). ’

[1388] H-NMR(CDCL)S 8.10{s,1H), 7.47-7.44{m,2H),
7.38-732(m,3H), 5.32(s,211), 3.88(s,3H).
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[1389] Step 2

{1390] To a solution of methyl 3-benzyloxy-5-bromo-4-
oxo-4H-pyran-2-carboxylate (2.3 g) in dioxanc (25 mi) were
added tetrakis(triphenylphosphine)palladiumn(0) (1.57 g)
and (2-thiazolyl)tributyltin (5.08 g) under an argon stream,
and the mixture was stirred at 100° C. for 1.5 hr. The
obtained - reaction mixture was concentrated, and subse-
quiently purified by silica gel column chromatography (ethyl
acetate:hexane=1:4-1:2) to give methyl 3-benzyloxy-4-ox0-

" 5<thiazol-2-yl)-4H-pyran-2-carboxylate (1.47 g).

[1391] *H-NMR(CDCL)s 8.98(s1H), 7.92(d,1HJ=32
Hz), 7.53-7.48(m,3H), 7.48-7.25(m,3H), 5.41(s,2H), 3.91(s,
3H), :

[1392] Step 3

[1393] Methyl 3-benzyloxy-4-oxo-S-{thiazol-2-yl)-4H-
pyran-2-carboxylate (1.47 g) was suspended in ethanol (15
ml)-dioxane (15 ml), and tert-butyl (2-aminotthyl)carbam-
ate (0.816 ml) was added. After stirring at 70° C. for 1.5 hr,
the solvent was"evaporated and 4N hydrochloric acid/diox-
ane solution (70 ml) and chloroform (10 mI) were added to
the residue. After stirring at room temperature for 2 hr, the
reaction mixture was concentration under reduced pressure.
Saturated aqueous sodium hydrogen carbonate solution (20
ml) and methanol (50 mf) were added 10 the residue and the
mixture was stirred for 2 br. The solvent was evaporated and
the obtained solid was collected by filtration and washed
thoroughly with water to give 9-benzyloxy-7<(thiazol-2-yl)-
3,4-dibydro-2H-pyrido{ 1,2-aJpyrazine-1,8-dione (1.07 g).

[1394] H-NMR(DMSO-do} 8.84(s,1H), 8.66(bn,1H.J=
3.7 Hz), 7.93(d,1H,1=3.2 Hz), 7.68(d,1H,J=3.2 Hz), 7.5%(d,
2H,J=6.8 Hz), 7.40-7.30(m,3H), 5.17(s,2H), 4.41-4.36(m,
2H), 3.54-3.48m2H). .

[1395] Step 4

[1396] 9-Benzyloxy-7-(thiazol-2-yl)-3,4-dihydro-2H-py-
rido 1,2-aJpyrazine-1,8-dione (30 mg) and 3-phenylpropyl
bromide (0.02 ml) were added to dimethyl sulfoxide (1 ml),
and sodinm hydride (7 mg) was added with stirring. After
stirring for 20 min, 5% agueous potassium hydrogen sulfate
solution was added and the mixture was extracted twice with
ethyl acetate. The ethyl acetate layer was washed with brine,
dried, concentrated, and subsequently purified by silica gel
thin layer chromatography (chloroform-methanol=15:1) to
give 9-benzyloxy-2-(3-phenylpropyl)-7-(thiazol-2-y1)-3,4-
dihydro-2H-pyrido[1,2-a}pyrazine-1,8-dione (27 mg).
[1397] 'H-NMR(CDCL)d 8.50(s,1H), 7.86(d,1H,=3.2
Hz), 7.69-7.65(m,2H), 7.42(d,1H,1=3.2 Hz), 7.36-7.16(m,
8H), 5.45(s,2H), 4.11-4.07(m,2H), 3.62-3.53(m,4H), 2.70(,
2H,3=7.5 Hz), 1.96(t1,2H,1=7.5 Hz,7.5 Hz).

{1398] Step 5

[1399] To a solution of 9-benzyloxy-2-(3-phenylpropyl)-
7<(thiazol-2-yl)-3 ,4-dirydro-2H-pyrido[ 1,2-a]pyrazine-1,8-
dione (27 mg) in acetic acid (1 ml) was added conc. aqueous
hydrochloric acid (0.5 ml) and the mixture was stirred at 90°
C. for 2 br. The solvent was evaporated and ethyl acetate was
added to the residue. The obtained solid was collected by
filtration to give 9-hydroxy-2(3-phenylpropyl)-7-(thiazol-
2-y1)-3,4-dihydro-2H-pyridof1,2-a)pyrazine-1,8-dione
hydrochloride (25 mg).

[1400] H-NMR(DMSO-d)é 8.72(s,1H), 7.8%d,1H,J=
31 Hz), 7.63d,IHJ=3.1 Hz). 7.30-7.14(m5H), 4.45-

'3
P4
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4.40(m,2H), 3.82-3.7(m,2H), 3.55(t,2H,1=7.1 Hz), 2.64(t,
2H,)=7.7 Hz), 1.91(1,2H,J=7.1 Hz,7.7 Hz).

Example 291

Synthesis of 2-(3,4-difluorobenzyl)-9-hydroxy-7-
(thiazol-2-y1)-3,4-dihydro-2H-pyrido{ 1,2-aJpyrazine-
1,8-dione .

[1401)
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{1402] Step 1

[1403] According to a2 method analogous to the method
described in Example 316, Step 3, 9-benzyloxy-7-bromo-3,
4-dihydro-2H-pyrido[1,2-aJpyrazine-1,8-dione (1.05 g) was
obtained from methyl 3-benzyloxy-5-bromo-4-oxo-4H-py-
ran-2-carboxylate (1.2 g) obtained in Example 316, Step 1.

[1404] ‘H-NMR(DMSO-d)d 8.61(br,1HJ=40 Hz),
8.37%(s,1H), 7.53(dd,2H,J=8 4 Hz,1.7 Hz), 7.37-7.26(m,3H),
5.05(s,2H), 4.20-4.1%(m,2H), 3.46-3.41(m,2H).

{1405] Step 2

[1406] According to a method analogous to the method

described in Example 316, Step 4, 9-benzyloxy-7-bromo-2-
(3,4-diftuorobenzyl)-3,4-dihydro-2H-pyridof1,2a Jpyrazine-

9576
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1,8-dione (60 mg) was obtained from 9-benzyloxy-7-bromo-
3,4-dihydro-2H-pyrido{ 1,2-aJpyrazine-1,8-dione (50 mg).

{1407] *H-NMR(CDCL)> 7.67-7.64m2H), 7.57(s,1H),
737-729(w3H),  7.48-7.10(m2H), 7.04-6.99(m,1H),
5.33(s2H), 4.61(s,2H), 3.96-3.92(m,2H), 3.53-3.48(m,2H).

[1408] Step 3

[1409] According to a method analogous to the method
described in Example 249, Step 2, 9-benzyloxy-234-
difluorobenzyl)-7-(thiazol-2-yl)-3,4-dihydro-2H-pyndo{ 1,
2-apyrazine-1,8-dione (35 mg) was obtained from 9-ben-
zyloxy-7-bromo-2-(3,4-difluorobenzyl)-3,4-dihydro-2H-
pyrido[ 1,2a-Jpyrazine-1,8-dione (60 mg).

[1410] 'H-NMR(CDCL)> 8.50(s,1H), 7.85(d,1HJ=3.3
Hz), 7.69-7.65(m,2H), 7.42(d,1H,J-3.3 Hz), 7.38-7.30(m,
3H), 7.20-7.12(m,2H), 7.07-7.02(m,1H), 5.47(s,2H), 4.66(s,
2H), 4.14-4.0%(m,2H), 3.59-3.54(m,2H).

[1411] Step 4

[1412] 9-Benzyloxy-2-(3,4-difluorobenzyl)-7-(thiazol-2-

yl)-3,4-dihydro-2H-pyrido[1,2-alpyrazine-1,8-dione (35
mg) was dissolved in trifluoroacetic acid (1 ml) and the
mixture was stirred at room temperature for 3 br. Triffuo-
roacetic acid was evaporated under reduced pressure, tolu-
ene was added to the obtained residue and the mixture was
concentrated, which operations were performed twice. Ethyl

acetate was further added and the obtained solid was col- -

lected by filtration to give 2-(3,4-difluorobenzyl)-9-hy-
droxy-7-(thiazol-2-y1)-3,4-dihydro-2H-pyrido[ 1,2-a]pyra-
zine-1,8-dione (14 mg).

[1413] ‘H-NMR(DMSO-d)3 1230(s,1H), 8.71(s1H),
7.89(d,1H,J=3.2 Hz), 7.6Xd,1H,J=32 Hz), 7.52-7.40(m,
2H), 7.28-7.22(m, 111), 4.72(s,211), 4.49-4.43(m,211), 3.81-
3.76(m,2H).

Example 106

Synthesis of 2-(3-chlorobenzyl)-8-hydroxy-6-me-
1hyl-2,3,4,6-tetrahydro-2,6-naphthyridine-1,7-dione

[1414] Step 1

[¢]
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[1415] To a solution of (N-benzyloxycarbonyl-N-methy-
lamino)acetic acid (15 g) in tetrahydrofuran (150 ml) was
added carbonyldiimidazole (16.3 g) under ice<cooling, and
the mixture was stirred at room temperature for 2 hr. A
suspension of magnesium chloride (6.21 g) and ethyl potas-
sium malonate (17.2 g) in tetrahydrofuran (250 ml) was
separately stirred at 50° C. for 7 hr and ice-cooled. The
above-mentioned solution was added dropwise thereto over
30 mip with stirring. The mixture was stirred for 12 hr and
the solvent was evaporated under reduced pressure. Ethyl
acetate and 5% aqueous potassium hydrogen sulfate solution
were added to the residue and the mixture was stirred. The
organic layer was washed with saturated aqueous sodium
hydrogen carbonate solution and saturated brine, dried over
sodium sulfate and concentrated under reduced pressure 1o
give an oil (16.8 g). This oil was dissolved in tetrahydro-
furan (120 mi)/cthanol (180 ml) and sodium borohydride
(6.5 g) was added under ice-cooling. After 20 min, calcium
chloride (9.54 g) was added, and the mixture was stirred at
room temperature for 1 hr. IN Aqueous hydrochloric acid
and ethyl acetate were added to the reaction mixture. The
scparated organic layer was washed with saturated brine,
dried over sodium sulfate, and concentrated under reduced
pressure to give an oil (12.48 g). This oil was dissolved in
dimethylformamide (100 ml), and tert-butyldiphenylchlo-
rosilane (12.81 ml) and imidazole (6.71 g) were added under
ice-cooling, and the mixture was stirred for 1 hr. Water was
added to the reaction mixture and the mixture was extracted
with ethyl acetate. The organic layer was washed with
saturated brine, subsequently dried over sodium sulfate, and
concentrated under reduced pressure. The residue was puri-
fied by silica gel column chromatography (cthyl acefate-
‘hexane=1:3) to give benzyl N{4-(tert-butyldiphenylsilany-
loxy)-2-hydroxybutyl}-N-methylcarbamate (12.84 g).

[1416] 'H-NMR(CDCL,® 7.67(4H,dJ=70 Hz), 7.48-

7.28(11H,m), 5.14(2H,5), 4.14(1H,br 5), 3.89(2H,br 5), 3.47-
3.27(2H,m), 3.04(3H,5), 1.79-1.60(2H,m), 1.07(9H.s).

I
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[1417] Step 2

[1418] To a solution of benzyl N{4-(tert-butyldiphenylsi-
lanyloxy)-2-hydroxybutyl }-N-methylcarbamate (12.84 g) in
chloroform (150 m1l) was added 1,1,1-tris(acetoxy)-1,1-di-
hydro-1,2-benziodoxol-3-(1H)-one (Dess-Martin reagent)
(15.50 g) under ice-cooling, and the mixture was stirred for
1 br. The reaction mixture was washed successively with
saturated aqueous sodium hydrogen carbonate solution,
saturated aqueous sodium sulfite sotution and saturated brine
and dried over sodium sulfate. The solvenl was evaporated
under reduced pressure and the obtained residue was puri-
fied by silica gel columa chromatography (ethyl acetate-
:hexane=1:4) to give benzyl N{4-(tert-butyldiphenylsilany-
loxy)-2-oxobutyl}-N-methylcarbamate (1092 g). To a
solution of the obtained compound (7.95 g) in methanol (70
ml) were added methyl orthoformate (70 ml) and pyridinium
p-loluencsulfonate (4.08 g) and the mixture was stirred at
60° C. for 18 br. The reaction mixture was concentrated, and
cthyl acetate was added to the residue and the precipitated
solid was filtered off. The filirate was concentrated under
reduced pressure and the residue was purified by silica gel
column chromatography (ethyl acetate:hexane=1:5) to give
benzyl N{4-(iert-butyldiphenylsilanyloxy)-2,2-dimethoxy-
butyl}-N-methylcarbamate (2.25 g).

[1419] ‘H-NMR(CDCL)S  7.74-7.62(4H,m),  7.45-
722(11H,m), SOF(IHbr s), 4.96(1H,dJ=100 Hz),
379Q2Hbr s), 341(2Hbr s), 3.12(6Hbr 5), 2.95(3H,5),
1.99(2H.5), 1.06(9H.5).
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[1420] Step 3
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{1421] To a solution of benzyl N{4{tert-butyldiphenylsi-
lanyloxy)-2,2-dimethoxybutyl]-N-methylcarbamate (3.22 g)
in methanol (60 ml) was added 10% pailadium-carbon under
a hydrogen atmosphere (3 atm), and the mixture was stirred
for 2.5 br. Palladium-carbon was filtered off and the filtrate
was. concentrated to give an oil (2.44 g). This oil was
dissolved in pyridine (30 ml), methyl chloroglyoxylate
(0.839 ml) was added under ice-cooling, and the mixture
was stirred at the same temperature for 30 min and at room
temperature for 30 min. The solvent was evaporated and
saturated agueous sodium hydrogen carbonate solution was
added to the obtained residue. The mixture was extracted
with ethyl acctate and the organic layer was washed with
saturated brine and dricd over sodium sulfate. The solvent
was evaporated under reduced pressure to give an oil (2.968
£)- To a solution of lithium enolate prepared from lithium
bis(trimethylsilyl)amide (1M -tetrahydrofuran "solution,
12.14 mi) and benzyl acetate (1.753 ml) at -78° C. in
tetrahydrofuran (60 m1) was added the above-mentioned oil
at ~78° C. and the mixture was stirred at the same tempera-
ture for 20 min. Acetic acid (1.04 ml), water and ethyl
acetale were successively added to the reaction mixture and
the mixture was heated to room temperature and partitioned.
The aqueous layer was extracted with ethyl acetate, and the
combined organic layer was washed with saturated brine,
dried over sodium sulfate, and concentrated under reduced
pressure. Dioxane (50 ml) and 2N aqueous hydrochloric
acid solution (5 ml) were added fo the residue and the
mixture was stirred at room temperature for 1 hr. The solvent
was evaporated and subsequently, toluene was added and
concentrated again. The obtained residue was dissolved in
chioroform (40 ml) and tricthylamine (20 ml) and the
mixture was stirred for 1 br. The solvent was evaporated and
the residue was dissolved in pyridine (60 ml), and benzoyl
chioride (1.41 ml) was added under ice-cooling. After stir-
ring for 1 br, the solvent was evaporated. Water was added
to the residuc and the mixture was extracted twice with ethyl
acetate. The organic layer was washed with saturated brice,
dried over sodium sulfate and concentrated under reduced
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pressure. The residue was purified by silica gel column
chromatography (ethyl acetate:hexane=1:2) to give benzyl
3-benzoyloxy-5{2(tert-butyldiphenylsilanyloxy)ethyl}-1-
methyl-2-ox0-1,2-dihydropyridine-4-carboxylate (2.519 g).
This compound was dissolved in methanol (75 ml) and 7.5%
palladium-carbon was added. The mixture was stirred under
a hydrogen atmosphere (1 atm) for 1 hr. Palladium-carbon
was filtered off and the filtratc was concentrated. Crystalli-
zation from ethyl acetate/hexane give 3-benzoyloxy-5-{2-
(tert-butyldiphenylsilanyloxy)ethyl}-1-methyl-2-oxo-1,2-
dihydropyridine-4-carboxylic acid (1.32 g).

{1422] H-NMR(CDCL)® 8.15(2H,dJ=83 Hz), 7.62-
7.56(5H.m), 7.49-7.36(8H,m), 7.07(1H;s), 3.83(2H,1J=6.0
Hz), 3.52(3H,5), 2.70(2H,1,J=6.0 Hz), 1.06(9H,5).
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[1424] To a solution of 3-benzoyloxy-5{2-(tert-butyl-
diphenylsilanyloxy)ethyt]-1-methyl-2-oxo-1,2-dihydropyri-
dine-4-carboxylic acid (0.956 g) in dimethylformamide (10
ml) were added 1-bydroxybenzotriazoke. hydrate (HOBT)
(0.395 g), 1-ethyl-3(3-dimethylaminopropyl)carbodiimide
hydrochloride (WSC) (0.495 g) and 3-chlorobenzylamine
(0.274 ml) and the mixture was stirred at room temperature
for 2 hr. Water was added and the mixture was extracted
twice with ethyl acetate. The organic layer was washed with
saturated brine, dried over sodium sulfate and concentrated
under reduced pressure. The residue was purified by silica
gel column chromatography (ethyl acetate:hexane=1:2) to
give  52-(tert-butyldiphenylsilanyloxy)ethyl }-4-(3-chlo-
robenzylcarbamoyl)-1-methyl-2-0xo-1,2-dihydropyridin-3-

yl benzoate (0.615 g). This compound was dissolved in *

tetrahydrofuran (20 ml), and acetic acid (0.259 ml) and
tetrabutylammonium fluoride (0.474 g) were added, and the
mixture was stirred overnight at room temperature. The
reaction mixture was concentrated, and the residue was
purified by silica gel thin layer chromatography (chloro-
form:methanol=10:1) to give 4-(3-chlorobenzylcatbamoyl)-
5-(2-hydroxyethyl)-1-methyl-2-0x0-1,2-dihydropyridin-3-
yl benzoate (0.213 g). o :
[1425] 'H-NMR(CDCL,)5 8.04(2H,d,1=7.4 Hz), 7.64(1H,
t}=74 Hz), 7.46(2H,1,J=7.9 Hz), 7.22(1Hs), 7.15(1H,s),
6.99(2H,3,1=7.9 Hz), 6.86(1H,t,J=7.9 Hz), 6.67(1H,1,J=6.5
Hz), 4.43(2H,4,=6.0 Hz), 3.86-3.78(2H,m), 2.69(2H,1,J=
6.0 Hz), 2.67(1H,br s).

[1426] Step 5

HO’

Swins?
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-continued

o] O o]
a o .
N
¥
U\ >
MsO
(o] ol
Cl O
N “
i SN

{1427] To a solution of 4-(3-chlorobenzylcarbamoyl)-5-
(2-hydroxyethyl)-1-methyl-2-0x0-1,2-dihydropyridin-3-yl
benzoate (0.1 g) in tetrahydrofuran (4 ml) were successively
added diisopropylethylamine (0.119 ml) and methanesulfo-
nyl chloride (0.035 ml) under ice-cooling. After 20 min,
diisopropylethylamice (0.119 ml) and methanesulfonyl
chloride (0.035 ml) were further added and the mixture was
stirred under ice-cooling for 20 min. Water was added and
the mixture was extracted twice with ethyl acetate. The
organic layer was washed with saturated brine, dried over
sodium sulfate, and concentrated under reduced pressure.
The residue was crystallized from ethy] acetate/hexane and
the crystals were collected by filtration to give crystals (0.15
8). The crystals were dissolved in dimethylformamide (3 ml)
and sodivm hydride (0.09 g, 60%) was added under ice-
cooling. Thie mixture was stirred at room temperature for 30
min. Ethyl acetate and 2N aqueons hydrochloric acid solu-
tion were added and the mixture was extracted. The organic
layer was washed with saturated brine, dried over sodium
sulfate, and concentrated under reduced pressure. The resi-
due was purified by silica gel thin layer chromatography
(ethyl acetate-chloroform:methanol=6:1) and crystallized
from ethyl acetate/hexane and the crystals were collected by
filtration to give 2(3-chlorobenzyl)-8-hydroxy-6-methyl-2,
3,4,6-tetrahydro-2,6-naphthyridine-1,7-dione (0.029 g).

[1428] 'H-NMR(CDCL,)% 12.75(1H,s), 7.33-7.29(3H,m),
724-7.19(1Hm), 6.61(1Hs), 4.71(2Hs), 357(3Hs),
346(2H,T=6.4 Hz), 2.732H,,J=6.4 Hz).

84
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Example 123

Synthesis of 6-(3-chlorobenzyl)—4-hydmxy-2-mc;
thyl-2,6,7B-tetrahydropyrido{4,3-c Jpyridazine-3,5-
dione

[1429] Step1

Cl
U\ NH2 )

(]
M on —
(a1}
[o]

O

[1430] To a solution of 3-chlorobenzylamine (15 g) in
ethanol (150 ml) was added dropwise a solution of ethyl
acrylate (11.5 ml) in ethanol at room temperature and the
mixture was stirred overnight. The reaction mixture was
concentrated under reduced pressure and chloroform (500
ml), pyridine (50 mi) and 4-dimethylaminopyridine (3.9 g)
were added to the residuc. Ethyl maloayl chloride (13.6 ml)
was added dropwise to this mixture under ice-cooling, and
the mixture was stirred under ice-cooling for 1 hr, and
further at room temperature for 1 hr. The reaction mixture
was washed with 2N aqueous hydrochloric acid, saturated
aqueous sodium hydrogen carhonate solution and saturated
brine, and dried over-magnesium sulfate. The mixture was
concentrated under reduced pressurc and the obtained resi-
duc was purified by silica gel column chromatography
(n-hexane:ethyl acetate=2:1-3:2) to give an oil (25.6 g). A
solution of this oil (25.6 g) in toluene (50 ml) was added
dropwise to a suspension of potassium carbonate (50 g) and
18-crown-6 (1.9 g) in toluenc (250 ml) with heating under
reflux and the mixture was stirred at the same temperature
for 12 hr. After cooling to room temperature, the reaction
mixture was poured into iced water, 6N aqueous hydrochlo-
ric acid was added to adjust the pH of the reaction mixture
to not more than 1 and the mixture was extracted three times
with chloroform. The chloroform layer was dried, conocen-
trated and 10% aqueous oxalic acid solution (200 ml) was
added to the obtained residuc. The mixture was heated under

/\m

+
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reflux for 3 hr. The reaction mixture was cooled, extracted
threc times with chloroform, and dried over magnesium
sulfate. The solvent was evaporated under reduced pressure
and the obtained residuc was purified by silica gel column
chromatography (n-hexane:ethyl acetate=2:3-1:2) to give
1-(3-chlorobenzyl)piperidine-2,4-dione (6.2 g).

[1431] 'H-NMR(CDCL)5 7.1-74(4H,m), 4.67(2Hys),
3.51(2H,1,J=6.3 Hz), 3.44(2H s), 2.58(2H,1.J=6.3 Hz). Step
2

N

|
HN\M‘

[1432] 1-(3-Chlorobenzyl)piperidine-2,4-dione (1.2 g)
was dissolved in ethanol (25 ml), and methylhydrazine (0.5
ml) was added. The mixture was heated under reflux for 1 hr.
The reaction mixture was concentrated under reduced pres-
sure and the obtained residue was purified by silica gel
column chromatography (chloroform:methanol=95:1) to
give  1-(3-chlorobenzyl)-4-(methylhydrazono)piperidin-2-
one (1.05 g).

[1433] *H-NMR(CDCL)S 7.1-7.44H,m), 4.2-4.8(3H,m),
3.2-3 5(4H,m), 2.95(3H.5), 2.3-2.7(2H,m).

[1434] Step 3

[1435] 143-Chlorobenzyl)-4-{methylhydrazono)piperi-

din-2-one (1.05 g) was dissolved in chloroform (20 ml) and
triethylamine (1.2 mi) and methyl oxalyl chloride (0.735 ml)
were successively added under ice-cooling. After stirring at
room temperature for 2 hr, the reaction mixture was washed
with saturated aqueous sodium hydrogen carbonate solution

26l
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and saturated aqueous sodium chloride solution, and dried
over magnesium sulfate. The mixture was concentrated
under reduced pressure and the obtained residue was puri-
fied by silica gel column chromatography (n-hexane:cthyl
acetate=2:3-ethyl acetate-chloroform:methanol=90:10) to
give an oil (200 mg). This oil was dissolved in tetrabydro-
furan (4 ml), sodium hydride (27 mg) was added under
ice-cooling and the mixture was stirred at the same tem-
perature for 30 min. 5% Agueous pofassium hydrogen
sulfate solution was added to the reaction mixture and the
mixture was extracted three times with cthyl acetate. The
ethyl acctate layer was washed with saturated brine and
dried over magnesivm suifate. The solvent was evaporated
under reduced pressure and the obtained residue was puri-
fied by silica gel column chromatography (chloroform-
:methanol=90:10) to give 6-(3-chlorobenzyl)-4-hydroxy-2-
methy!-2,6,7,8-tetrahydropyrido[ 4,3-clpyridazine-3,5-dione
(92 mg).

[1436] 'H-NMR(DMSO-do)b 13.41(1H,s), 7.39-7.33(4H,
m), 470(2H,5), 3.64-3.56(5H m), 2.85(2H,1,1=6.5 Hz).

.Examplc 438

[1437] 742,2-Dimethylpropionyl)-2-(4-fluorobenzyl)-9-
hydroxy-2H-pyrido[1,22 Jpyrazine-1,8-dione hydrochloride
(7.5 g) obtained in the same manner as in Example 251 was
suspended in ethyl acetate (1.5 L) and saturated aqueous
sodium hydrogen carbonate (500 ml) was added with stir-
ring. After the suspended substance was dissolved, the
aqueous layer was separated and eXtracted with a small
amount of ethyl acetate. The combined ethyl acetate layer
was washed with saturated brine, dried over sodium sulfate,
and concenirated. Acetone-ethyl acetate was added to the
obtained residue and the obtained crystals were collected by
filtration to give 74(2,2-dimethylpropionyl)-2-(4-fluoroben-
zyl)-9-hydroxy-2H-pyridof1,2-a]pyrazine-1,8-dione  (6.38
g)-

[1438] 'H-NMR(DMSO-d)o 11.65(1Hbr), 8.04(1H,s),
744(2HAdJ=8851 Hz), 7.192HddJ=8888 Hz),
7.18(1H,d,J=60 Hz), 688(1H =60 Hz), 4.92(2H,s),
1.17(9H,5).

Example 439

[1439] 742,2-Dimethylpropionyl)-2-(4-fluorobenzyl)-9-
hydroxy-2H-pyrido{1,2-alpyrazine-1,8-dione (100 mg)
abtained in Example 438 was suspended in tetrahydrofuran-
methanol (3:1) (4 ml). 1M Agueous sodium hydroxide
solution (270 ) was added and the mixture was stirred for
24.5 hr. The precipitate was collected by filtration, washed
with tetrahydrofuran and dried in vacuo at 50° C. to give
7+(2,2-dimethylpropionyl)-2-{4-flucrobenzyl)-9-hydroxy-
2H-pyridof1,2-a]pyrazine-1,8-dione sodium sal1 (94 mg).

[1440] 'H-NMR(DMSO-d;®d 7.48(iHs), 7.37(2H,dd,J=
8856 Hz), 712,88 Hz), 686(1H,dJ=63 Hz),
6.57(1H,d,1=63 Hz), 4.78(2Hs), 1.21(9H,3).

[1441] Sodium salt, potassium salt, hydrochloride, trifluo-
roacetate, metl lfonate, b ulfonate and toluene-
sulfonate were obtained from the compound of Example 165
by conventional methods.

[1442] N-{2-(3-chlorobenzyl)-9-hydroxy-1,8-dioxo-1,8-

dihydro-2H-pyridof1,2-alpyrazin-7-yljacctamide  sodium
salt (Example 440)
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{1443} 'H-NMR(DMSO0-d)> 8.92(1Hbrs), 8.54(1H.s),
7.41-7.26(4H,m), 6.9%1Hbrs); 6.60(1Hbrs), 4.83(2H3), TABLE 1-continued
2.08(3H,5).

[1444] A free compound and a sodium salt were obtained
from the compound of Example 223 by conventional meth-

o ou
ods.  2(3-chlorobenzyl)-74(2,2-dimethylpropionyl)-9-hy- a o
" droxy-3,4-dihydro-2H-pyrido[1,2-a]pyrazine-1,8-dione N &
sodium salt (Example 441) . ]\/N s
a .
‘OH

Example No. : - Structural formula

s

{1445] ‘H-NMR(DMSO-d) 7.39-7.24(5H,m), 4.65(2H,
's), 4.17-4.05(2H,m), 3.54-3.47(2H,m}, 1.23(9H,3).

[1446] A free compound, a sodium salt, a potassium salt
and a benzenesulfonic acid salt were obtained from the

[ OH
compound of Example 251 by conventional methods. a . 7 o
N .
_ Examples 93-437 ‘ Ij/\k/N b
[1447) The compounds of Examples 93-437 other than the a -
. O 'OH

above-mentioned compounds were oblained by metbods
similar or analogous to those of Examples 1-12, 118, 125,

161, 165, 94, 96, 104, 187, 191, 189, 390, 244, 251, 223, 7 ° on
154, 249, 219, 362, 205, 242, 382, 283, 302, 349, 353, 222, .
316, 291, 106, 123, 438 and 439 or conventional methods. a N ~ 0
[1448] The chemical stuctural formulas and physico- . k/ Ne_
chemical data of Example compounds are shown in Tables [a}
1-37.
H,C o
TABIE1 - H,C
CHy
Example No. Structural formula
! o) oH 8 . o] OH
a (o]
a 0
N ‘ K/N Va
a I\/ v Qa
Ha 9 0 oH
b1 [o] OoH a 0
" : Y
N
z )\/N
D/\ a e X &
a N, _# .

10
3 [o] OH

. 0 OH
: : a o
/
a - o N
Ao ~
. N
o HC A
HQ HsC CH»

n

o on :
GD/\N /“\')\j/o a o [o3;]
- o
) &
’ e cH; . a N A
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TABLE 1-continued TABLE 2-continued
Example No. Structural formula m::k . St 3 formula
12 o oH 17 [} OH
C‘D/\N/IH/k‘/O C‘:@/\N v °
a |\/"\/" a NS
HCt
HsC 'CH, )
[1449] 18 ) o] OH
TABLE 2 GDAN aa
Example /l\/H
No. Structural formuia fe) H3C
13 o oH il
a N 7 0 19
i 0
) < DA
CH;
14 ) OH
Cl N S 0 »
a N A D/\ 0}
15 0o OH
a . o 0 2l
0
a A Iﬂ l i
16 o oH
a 0
a N
o OH
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(1450}
TABLE 3-continued
TABLE 3
Example No. Structural formula
Example No. Structural formula
28 [e] OH
2 [ OH a o
S .
. N2
a k/N # a . \\E
- ) OH
0
éﬂ, 2 [} OH

<
| o
CH;
CH, 32 [e] OH
a 0
27 o on D/\ N r
a o) N, P
D/\N 7 a
L~
C /
CH, O==§==0
o 87
| CH,
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{1451}
TABLE 4-continued
TABLE 4
Example No. Structural formula
Example No. ) Structurat formula 38 o OH

S . . 3 o} OH

HgC\H
HC .
o (o]

CH,
3s 0 OH 40 Q OH
a 0 a 0
JORSY IrCr
! @
a k/ a 7~
HyC o] HyC OH
* o oH [1452]
cl o] )
N - TABLE 5
k/N Example No. Structural farmula
[o]
41 o OH
S a 0
H, CH. K/N
C 3 a P
37
0
OD/\
a
42 o) OH
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TABLE S-continued TABLE 5-continued
Example No. Structural formwuta
Example No. Stroctural formula

43

44
O/\ Cﬁé/ [1453}
TABLE 6
s Example No. Structural formuba
51 F 0 OH_
a
l\/ W NN
46 k/" Va
D/\ 0 52 . :
Q/\ i I
k/ N’ / o
k/" #
4 o on 53
a
s Y
| I\/
N.
a \/N / (o]
i HyC.
‘OH
CHy CH,
a8 o OH 54 [} OH
a
BORGOS IJCr
X Lo+
G k/ # a
Cli,
\0 3
49 K] OH CH;

a N P 0 ss [} OH
AT ordey
. a
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[1454]
TABLE 6-continued
TABLE 7
Example No. Structural formula E te
No. Structuzal formula
56 o] oH
61 ) - [} oH
JoO Yooy
"~ ‘\/
a - o N~
. HT ° 0- N/\CH3
CH,
‘\CH,
57 [o] OH
62 0o OH

Ct N/

s8
63
e
e
59
o OH
e} o
:©/\N & o
N.
a &
o
CH, 65 a [} OH
o
N &
LA
60 o OH 6 ° on
a o
D/\N - ° N Z °
N,
a 7 k/“ #
CH;
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TABLE 7-continued ) TABLE 8-continued
Example Example
No. Stuctural formula
No. Structural formuta
72 o] OH
67 L] OH :
. : cl .0
N &
cl N % o
k/N a N AN A
a 7 ) HA
) ) CH
HyC CH.
CH, 3 73

. o OH
a o)
N &
68 o OH . l\/
HC. N~
[o! o ~
D/\N / . ° .
74
N Q oH
i I\/ e .
H,C.

H,
3C\N / o]
’ OH
H;C L - N N o
3
69 o) OH
HG_ 0
3G\N
R N A s 0o aH
an-
ﬁ\ { / 0
N
a j/ P
7 o] OH Né
Cl o
a K/N P N /
K/N s
{1455]) n ° oH
TABLE 8 H 0
3C\N /
Example N.
No. Structural formula ~ &

7 a o OH
©/\/\N & °
. I\\\yN S
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TABLE 8-continued TABLE 9-continued
Ex-
Example
No. Structural formula -:tk Structural formuta

78

o) OH

a u % o
L+

a

OH

R [} OH
a:(j\n “ 0
h,C CH,
[o 3 OH
79 o] OH
3 [o] N 7 O
Ci e
U\/\T\/ - . AN A
a S INF
o OH o
Ql. N / ; o}
I\/" &
[&]
TABLE 9 86 o OH
Ex- <1 N P O
ample
No. Structural formula o . .\(N A
OH

81 [o] OH
a k/” A \/@

80

&

[e] OoH
Ct N / O
peA g[ b
‘CH,

[1456]

%

o
o
82 [e] OH
PORGSS
N A
a 88 o OH
° a o
N &
o
|\/” /

HCI

o] OH
c . 7
JIUC
HyC.
CH,
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TABLE 9-continued TABLE 10mnt_inued
Ex- Example No. Structural formula
ample
No. Structural forawla 95 a o OH
89 . o CH Nk - O
. a o .
D/\N g |\/N #
? F
a N A HCl )
. % o on -
[« 4 [+ ‘
| C‘\<j/\N = ©
CHy . k/ -
N
%0 o OH ~ &
HCt

DORGSS
. 97 o] OH
N.
F K/ ~ a O
. HCO N e
T
‘ (e]

[1457]
HHCy,
TABLE 10 \T
Example No. Structural formula CH;3
91 93 [} OH
a o
N =
iN _
L7 Ho (o}
9 o OH
a o
N =
‘\/ N.
HCL
93
100 o OH
a o
\Q/\N s
N. N
K/ P
aa N
o4 101 0 OH
a o}
[\ &
LN
N,
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TABLE 10-continued ) TABLE 11-continued
Example No. - Structural formula Ex-
ple
102 o on No. Structura] formula

a N / 0. 107 0 OH
P G\Q/\N AN°

N N S
HO'
L
[1458] - .
108 [¢] OH .
‘ . TABLE 11 a o
N =
am- N\/N
ple
No. Structural formula 109 Tﬂs
103 [o] OH 0=?=0
a (e 7 q
N & a O
N &
oo NN
) A Na A
Br
HO 'CH3
110 [o] OH
104 a
(4] OH N e 0o
(o] O
N Z /K/’N
HO Br
K/N s CH; HC
HC CH; m o OH

105 o OH a N & °
e N & ° |\/ N

'j:N g

o CH, 12

o oH
a O
o O N Z
a y ~ o I\/N 7 a
4 HCl
. ~cu,

106
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[1459]

TABLE 12

Example No. Structural formuta
CIU\

114 o] OH

13

115

116

117

HC ™
118 [o] OH
l ¢}
N &
N N. Y OH
HCt
HyC CH,y
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TABLE 12-continued

Example No. Structural formula

119

120 [¢] OH

121 o oH
BORASES
a ~ N\CH,

12 A (0] OH
Q004

F A N\CH3
123 (0] OoH
C]\O/\N / O
\N/N\cﬂ3
124
(o] on

Cl . Z 0]
K/N e a O,

HCl
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{1460

TABLE 13

Example No. Structural formula

125

Cl\@/\\
126 . o OH
<l . 0o
N & CHsy
N o
N,
= Z cH,
HC
127 o OH
cl 0
N a
S N A
HO F
F
128
o OH
Cl 0
N &
K/N Vs
HQ
o
H;C/
128 o o
cl o}
N &
N A
Br
HO
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TABLE 13-continued

Example No. Structural formula

130 [o] OH

F

HCl

132

133

HCl
I
CH,
134 [} OH
cl )
N N
l\/ N W CHy
HCI
135 [o} OH
Ci (o}
N & cH,
l\/N #
HCl

375
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TABLE 13-continued

Example No. Structural formula

136 [¢] OH”

cl . ~ ‘0. ’
‘\/N s OH

[1461}
- TABLE 14-continued
TABLE 14
&.
&‘ anm--
am- pk
e - . No. Structural formmia
No. Structural formula
141 ] OH
137 OH - ©
(] N /
a e}
- N . NN
|\/N /
HO'
HC [0}
142 [+ OH
138 o od a 0
a 0 4 i ~
N 7
NN A
N A .
Hal 'OH
&, 143 P a OH
Is}
F N -

139

0 OH "
“ N i ° ~ N\C”’
e’ a .

o OH
: a
‘\/" # y
“ ,
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TABLE 14-continued TABLE 14-continued
Ex- ' ‘ _ Ex-
an- . -
ple No. Structural formula
No. Structural formula i

. 148 ’ .
146 o ‘oH )
a N / O . . (o] OH
: K/" ava
147 o oH ) : HQ NJ
e o 7 o. . HJC/
. \O/\K/" # o<
]

CHy

[1462]

TABLE 15

Example No. Structural formula

149 ) OH
a N 7 0
K/N . 0
HC

HyC CHy
150 [o] OH
a . # 0
oR0S o
o CH,
151 Ha o] OH

joRGes
a K/N/

152 [¢] OH
Cl N 7 0
K/ N P (o]
HCt OH
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"TABLE 15-continued

102

Examiple Ne. Structural formuta

156

157

159

153 . o) OH
" a I}
N
. I\/N # 0

154

155

I{N\CH3
(o] OH
cl N / 0
Kot Ao
N.
CH; CH,
HQ O OH
JORSeS
Br K/N &
HO [e) OH
B'\©/\N 7 °©
K/N P
[¢] OoH
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TABLE 15-continued

Example No. Structural formula

160 o oH
a . 7 0 ‘
K/N/ 0. ’

[1463)

TABLE 16-ontinued
TABLE 16

Example . No.  Structural formula
No.  Stiuctural formula

166
161 (o} OH

; BA

o] OH
QO/\TWO
Ny INF
w I
CH
o OH
a N 7 0
I\/" AN
- J
[o] OH
N. N.
K/ Y /\N
HQ NJ

H

o/w’ 0 Ol
a o 0
U\N e /@AN%
N.
K/" " a K/ #
HAO
0 oH
a . ~ o
I\/N P o
NH,
o/CH3 o ol
a i ~y & o
‘\/N /
HCQ
a o OH
NG N A 0
HC K/N P

162
167

163

164
169

170

165

Q OH
ogece
K/" gJ\m,
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TABLE 16-continued TABLE 16-contimued
Example
Examplke - No.  Stuctural formula
No.  Structural formuta 172 o OH
m o o . a N & °
a . 0. K/N Ao
ks A o
’ HN

w0

CHy
[1464)
TABLE 17
Example
No.  Structural formula
173 [o] OH

174

175 [0} OH
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TABLE 17-continued

105

Example

176 Q OH

177 o " OH
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TABLE 17-continued

Example
No.  Structural formula

181

182 (o] o

a
N & oy
I\/N # N P
o
183 o on
a .
VNN
XN N N
o
184 o on
a . ~ o
' ‘\/" e D
o
[1465]
TABLE 18

Example No. Structural formula

185 [e] OH
a _ . 7 0 l/\o
10 00¢S
[}

186

CH,

I ua (o] OH
a I\/N 7

S§2-
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TABLE 18-continued

Example No. Structural formuta

187 0 OH

a . 7 o .
I\/N P " _-CHy
. o on
a . 7 o
Neo
I\/" A i
HCl

" 188

NN
H
189 o OH
a, o
N & o
. I\/N P N _-CHh
H
190 o OH
c 0
N 7 o
. K/N S _CHy
N
CHy
191 [} OH

KA,
[o] OH
Hq\ &7 on

192

193
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TABLE 18-continued

Example No. Structural formula

194 Ko OH
o] - 0
\©/\N
'\/N A 0 o

"N\/u\ Clly
v : T/
. CH;

195 . [0 OH
<Cl\©/\N / e]
ooy
m\)kﬁ _CHy
196
o OH
f NN
rvhooW
HCl m\@

197 [s] OH
Cl N / 0
\©/\ K/” NN
Ha o\)

198 o od
OH
a . 7 0
K/N P N
HCl
o

=LY
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[1466]

TABLE 19

200
201
L¢]
202 CH;
- [ OH
O
N =
K/N P
HO :
<l
203 9] OH
e} 0
N &
0=T=0
CH,
204 o] OH
e} 0
N &
K/N P CHy
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TABLE 19-continued
Example
No. Structural formula
205 o OH
N.
HCIK/ - CHy
’ o
206 Q OH
A N 7 o
K/N S
207 fe) OH ’
PO RS OY
H
F HCI K/N # N\Cﬂs
o
208 [¢) OH
IyCrr
. K/N 7 N\CH,
()
209 Q OH
<l x ~ 0
s O
oI g
4 en,
o [¢]
210 [¢] OH
CI\©/\N P O °
H
K/” # RN,
[¢]
211 o] OH
a N 7 0
I\/N / N /Cﬂa
o=b=o
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TABLE 19-continued

Example
No.  Swructural formula

212 CH

3 [¢] OH
. 0. . F O
K+
. . 1 HO

[1467]

TABLE 20

Exampie
No.  Structural formula

/

213 o) OH
/ ¢ NN o
' K/" i

214 o] OoH
\/ ) 1 g \/©/F
k/ N
[ j N _# N

]
215 [e] oH
Cl N S o]
|\/N e /N
5\)
216 [¢] OH
Ci N A 0
: : K/N / <
HO
O
(3 OH

27

H

a . / O
F: : |\/" e ©
HiC CH,

HO
CHy

2877

Mar. 10, 2005

4



US 2005/0054645 Al
112
TABLE 20-continved
Example
No.  Structural formula
218 Q ol
Q . /
K/N / =
N
Ha s~
219 [0} OH
a N 7 ]
H
|\/N N\G'lg
. . o
220 o] OH
a 0 .
ORS¢ :
k/" v N\CH,
o
221 o] on
Q\O/\N ~ ° Oy
P
HCE CH:H’
o
222 [o] OH
a:@/\ N o
R
F NN Sa,
HCH o
HO'
224 2] OH
X
I K
N.
& on,
HQ o
223

OoH (o] OH
a K/" &
HCI
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TABLE 20-continued

Example
No.  Structural formula

225 o] OoH .
¢ I\/N F ‘/N
S\)

226 cl:ﬂ, o oH’
@/ N\"/\ N% o -
© ma K/N < .

[1468]
TABLE 21-continued
TABLE 2%
Exam-
. ke
Exam- :10 Structural formuda
ple .
No. Structural formula 0
227 o OH
a 0
N & .
Lor Ak
F \CH:

o

231
228

[o] OH
O
. l\/N P ]

232

229 o OH
a 0
N &
‘\/N 7 o 23

Cily
HC o]

HCl '} CHs
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[1469}
TABLE 21-continued
TABLE 22
Exem-
ple . Exam-
No. . Structoral formuta ple
No. Structural formula

234

) o] oH
S A o
(sgessde
. o
235 0 OH
L,

O

o
237 o oH
“ AN NN
K/” Y
N
238 o OH
a o)
Iyirre
‘\/ CH;
N
a CHy
0
239 Q OH
a
N & ° o
l\/“ F /lk‘/(}h
CHs
240 0 on

a o
Joaeee
F l\/N # N/u\cu,
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" TABLE 22-continued TABLE 22-continued
Exam-
ple ) Exam-
No. Structural formula ple
248 No. Structural formula

o] OoH
C'\©/\N ~ 0 255
NG 3
A /l
§ Glsv - \O/\I\/ P v
o o J’
CIL N 7 (¢}
A VN Seee
-5 \©/\§/N/ /“\/\q_h'
250 HQ i

e l\/ﬂ A ’ TABLE 23

251 o] OH Exam-
ple

N e 0 o, No. Structura! formula
| CH 257
K/N P o oH
F CH, a o]
U
’ \
HQ N
N F N/Ik©
H

249

252 o oH

A MLy Mo

HC s ‘\/" & /“\/\O

253 o  oH

/©/\ N A’ 259

. A \O/\

3
A k/ )k

%4 q o oH

CHly 260

/
N
- " K
LN a ANA°
F CH, N 0
0 U\@i;ﬁ,{l\/o\
H
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TABLE 23-continued TABLE 23-continued
Exam- E;Lm-
ple No. Structural formula
No. Structural formula

261

%2 - o oH G\O/\N A0
a A~ AN o |\/N AR
U e e

Y

CHa 270 . o OH

o o" g
c 0 .
N & o i
K/N F )]\ ~CHy @
N o

264 (o] [0 OH
[1471)
TABLE 24
F Ex-
am-
ple

No. Structural formula

o oH
a
7
\©/\N I “ NN
K/" F N)H‘/Cﬂa l\/
H NN A
o
I
¢ o m O OH

a o
U\K/" P Y N i TN
, NG

o

266 (o} OH

267
273 CHj

[ OH
o o Q OH cH,
N Qa ¢]
K/ N N i " CH3
N.
N FNF ™ NH J K/ N, A N,
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TABLE 24-continued TABLE 24-continued
Ex- Ex-
am- am-
ple le
No. Structural formula P
° - No. Structural formula
274 o oH .
281
cl 0
\@/\NJ\(‘I °
N.
AN
H
275 0O OH
a 0 F
N2 3 282
i
276 O OH
a o
N - 0
N am,
i CHy
CH;
282
2717 o oH
cl 0
'\/N A N H HC CH,
IC CH
284 o oH
278 o OH
cl 0
N & [
“@A*ﬁ i IORS® ’
994 Y
HsC CHj
F
279 o OH
a @ [1472)
N & ° 0, )‘\617
HO ' TABLE 25
NN A N
ﬁ Exam-
N~ ple
No. Structural formula
280 o OH 285 0 OH

C\g\n AN
l\/" a
HCA H)/kcﬂg

RORGOE
\ HC
K/" Nli

CHy
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TABLE 25-continued TABLE 25-continued
Exam- Exam-
ple ple
No. Structural formula No. Structural formula

e . o’ e Q 293 ) OH
G\O/\N A ~° o"o/lké; ' Ao
K/N & . F /@/\N
. NP . a k/n ~> /:7
B s /
204 o o
\QAK/N P J\O ‘:@/\N 7 o
- I\/
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’ ClU\Nk%IO i > O/Cﬂs o oH
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E g )

N.
o k/"/’/
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S
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291 (o] OH

HQ
A
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[1473]
TABLE 26-continued
TABLE 26 B
Exa © ple
pl:r Ne.
No. Structural formute 306
299 . . [o] OH
(o] N 7 o
K/N ravs
| » CJ
200 o ou
hoASed “”
|\/N P N CHy
<
jile] 5—2'/
= e
HN o
Q OH 308
‘o > o
N, S,
* SN
302 ] OH 309
4
@ N &~ o
'I\/” v /u\CH
HaC.
CH, 310
303 [ OH
0
F I\/N # )I\CH
H
304 [} OH
[1474)
o]
Z
/©/\ Nk/ i TABLE 27
N,
F N # N Exam-
H ple
No. Structural formula
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906 L
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TABLE 27-continued TABLE 27-continued
Exam-
ple Exam-
No. Structural formula ple
312 F o oH No. Structural fonmula
[e! N 7 o 320 Q OH
k,N NS N NN o
(_J g
- N, P
N S
. F F } ]
313 - o oH ot _
. E. N
: 0
321 o OH .
o -
. &
F R N N/u\rCH:*
H
CH,
322 o oH
o
315 N =
P Ny N A N\/\O/mz
Il
3z o} OH
316 N & e
N 2 H CH;,
F ~
' [}
324 o OH
317 o
N < o
N
¥ ‘\/ A /U\cn
[1475)
318 o OH
° TABLE 28
/O/\ Ki'\/ ~ /I(L/ e
N. 0. ple
F = 4 N e, No. Structural formula
325 [ o OH
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Q
\ (J O
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TABLE 28-continued TABLE 28-continued
Exam- Exam-
ple ple
No. formuia Na. Structural formula
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