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in example 2-2. 16 (60 mg, 0.13 mmol) and [(2 -2 pyrrolidinylmethyllamine (100
mg, 1.0 mmol) were reacted in dichloromethane (2 ml) with acetic acid to give
(4a.S,13a2) NV-{(4-fluorophenyl)methyll-9,11-dioxo- 10-[(ph‘cny!methyl)oxy]-2,3,/19.,5,9, 1
],,13,13a'octahydr0'lf:l‘layrido[l,Zt';z]pyrrolo[] ',2:3,4]limidazol1,2-dlpyrazine-8-carboxa
mide (60 mg, 91%). This material was hydrogenated in a second step as described in
example Z-2 to pive
(12.9,13a ) N-[(4-fluorophenyDmethyl]-10-hydroxy-9,11-diox0-2,3,42,5,9,11,13,13a-oct
ahydro-1.& pyridol1,2- alpyrrolol1',28,4]limidazol1,2- dlpyrazine-8-carboxamide (21 mg,
42%) as a white solid. 1 NMR (CDCls) § 11.72 (m, 1 H), 1.37 (mn, 1 H), 8,33 (s, 1
), 7.29 (m, 2 ), 6.97 (m, 2 ), 4.57 (m, 2 H), 4.52 (m, 1 H), 4.24-4.19 (mn, 2 H),

3.87-2.76 (m, 2 H), 8.14-3.07 (m, 2 H), 2.82 (m, 1 H), 2.11-1.89 (m, 3 H), 1.68 (m, 1 H);

BS MS: 4138 (M+1).

Bxample Z2-6:_

(3.5 112/ N-[(2, 4-DifluorophenyDmethvll-8-hydroxy=5.7-dioxo-3-(phenylmethyD-2,3,5,

7.11.11la-hexahydro[l,8loxazoclo(3.2 - alpvridol1.2-dlpyrazine-8-carboxamide.

aoH o \/>
Feoz . I
g Ne AN A~0
l
£ o) H

The title compound was made in two steps using a  similar process to that described

in example Z-2. 16a (37 mg, 0.08 mmol) and (2:5)-2-amino-3-phenyl-I-propanol (35
mg, 0.24 mmol) were reacted in dichloromethane (2 mL) with acetic acid to give

(3511270 N [(2,4-difluorophenylmethyl)-5,7-dioxo: 3-(phenylmethyl)-6-[(phenylmethy
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Doxy]-2,8,5,7,11,11a - hexahydroll,8]oxazolol3,2- dlpyridol1,2-dlpyrazine-8-carboxamide
(41 mg, 91%). This material was hydrogenated in a second step as described in
example 752 to give
(35, llalf)'A"[(2,tL-Diﬂuorophenyl)methyl]-G'hydroxy-ﬁ,7-dioxo-3-(phenylmethyl)-2,3,5,
7,11,11a-hexahydroll,3joxazolol8,2-alpyridoll,2-dlpyrazine-8-carboxamide. (25 mg,
75%) as a white solid. 'H NMR (CDCly) § 11.47 (bx, 1 H), 10,28 Gn, 1 FH), 8.35 (m, 1
1), 7.37-7.26 (m, 4 I, 7.18 (m, 2 H), 6.79 (m, 2 H), 5.03 (m, 1 H), 4.64-4.61 (n, 3 ED),
4.40 (m, 1 H), 4.28 (apparent t, J= 7.2 Hz, 1 H), 3.96 (dd, J = 8.8, 6.4 Hz, 1 H), 3.88
(apparent t, /= 11.2 Hz, 1 1), 8.87 (dd, J= 13.6, 8.2 Hz, 1 H), 2,99 (dd, J= 18.2 8.8

Hz, 1 H): 158+ MS: 482 (M4+-1).

Example 2-7:

(32.5,132.8)  M-[(4:TFluorophenyDmethvl]-8 - hydroxy-7.9-dioxo- 1 .2.8.32.4,5.7,9.18.13a-de

cahydropyridof1.,2"4 5lpyrazino(l,2-alpvrrololl.2-dpyvrimidine: 10-carboxamide.

The title compound was made in_two steps using a similar process to that described
in example Z-2. 16 (84 mg, 0.123 mmol) and {2-[(28)-2-Pyrrolidinyllethyl}amine (150
mg, 1.3 mmol) were reacted in dichloromethane (2 mL) with acetic acid to give
(SaS,13&5)-N[(-’1'ﬂuorophcnyl)methyl]-7,9'dioxo~8-[(phenylmethy])oxy}-1_2,3,3a,4,5,7,
9,13,13a-decahydropyrido[1',2"14,5)pyrazinoll,2- alpyrrolol1,2- dlpyrimidine- 10-carboxa

mide (86 mg, 90%). This material was hydregenated in a second step as described in

140

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
550 of 1915



WO 2006/1 16764 PCT/US2006/016604

example Z-2 to give
(3251829 M- [(4-FluorophenyDmethyll-8-hydroxy-7,9-dioxo-1,2,3,32,4,5,7,9,13,13a-de

cahydropyridell’, 24, 5lpyrazinoe[1,2- alpyrrolol1,2-clpyrimidine-10-carboxamide. (83
mg, 88%) as a white solid. 1H NMR (CDCI3/CD30D) 8 10.45 (m, 1 H), 8.23 (s, 1 HD),
7.35 (m, 2 H), 6.94 (t, J= 8.8 He, 2 H), 4.63 (m, 1 H), 4.58-4.48 (m, 2 I, 433 (dd, J=
13.6, 3.6 Hz, 1 H), 4.21 (m, 1 H), 4.11 (n, 1 ), 2.98 (m, 1 H), 2.85 (id, /= 13.2, 3.2 Hz,

11D, 2.41 (m, 1 H), 2.29 Gn, 1 H), 1.92 Gn, 1 H), 1.83-1.75 Gn, 3 H), 1.54-1.35 (m, 2 H)

LS+ MS: 427 (M+1).

Example Z-8:

(351120 N1(2.4-DifluorephenyDmethvl]-6-hydroxy:3-[(1.9-1-methvipropyl]-5,7-dioxo

-2.3,5.7.11.11a hexahvdroll.3loxazolol8.2-alpyridof).2- dlpyrazine-8-carboxamide

Ly

/

Nat O o}
F " [oF \1 LN' i
\Q\/N = N\/l\o
POy

The title compound was made in‘cwo steps using a similar process to that described
in example Z-1. 18a (417 mg, 0.89 mmol) and L-isoleucinol (259 mg, 2.21 mmol) were
reacted in 1,2-dichloroethane (40 mlL) with acelic acid to give
(38.11aR)-N[(2,4-difluorophenylmethyl]-3-[(1.8)-1-methylpropyl]-5,7-dioxo-6- [(phenyl
methylDoxyl-2,3,5,7,11,11a-hexahydro[l,3loxazolol3,2-alpyridoll,2-dlpyrazine-8-carbox
amide (426 mg, 90%). This material was hydrogenated in a second step as deseribed

in example Z-1 to give
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(85, 11a.R)- NV [(2,4-Diflucrophenymethyl] -6-hydroxy-8-1(1.8)-1-methylpropyll-5,7-dioxo
*2,8,5,7,11,31a-hexahydroll,3]loxazolo[3,2- alpyridoll,2- dipyrazine-8-carboxamide

(876 mg, 99%) as a coarse white solid, 1H NMR (CDCls) & 12.48 (by, 1 H), 10.27 (by,
11D, 8.2 (s, 1 H), 7.33 (m, 1 H), 6.79 (m, 2 H), 5.26 (dd, /= 9.6, 4,0 Hz, 1 H), 4.62 (m,
2 H), 4.42-4.35 (m, 2 H), 4.19 (dd, J= 8.8, 7.2 Hz, 1 H), 4.01 (&d, J= 8.8, 5.6 Fz, 1 I,
3.86 (dd, /= 12.0, 10.0 Hz, 1 H),2.27 (m, 1 H), 1.40 (m, 1 H), 1.16 (m, 1. 5, 0.97 (¢, J
=7.2 hz, 3H), 0.91 {d, J= 6.8 Hz, 3 H); £S* MS: 448 (M+1). 'This material (360 mg,
0.81 mmol) was treated with sodium hydroxide (0.81 mL, 1.0 M, 0.81 mmol) in
ethanol (16 mL) as described in example Z-1 to provide its corresponding sodium salt
(384 mg, 99%) as a white solid. 'H NMR (DMSO-ds) § 10.82 (m, 1 D, 7.80 Gn, 1 HD,
7.33 (m, 110, 7.18 Gn, 1 H), 7.00 (m, 1 H), 5.14 Gm, 1 H), 4.47 (d, J= 5.6 Hz, 2 H), 4.31
(m, 1 H), 4,18 (m, 1 H), 3.96 (m, 1 ), 3.84 (m, 1 H), 3.7% (m, 1 H), 8,40 (m, 1 H), 1.88
(m, 1 H), 1.36 (m, 1 F), 1.04 (m, 1 H), 0.85 {(t, = 7.2 Hz, 3 H), 0.80 (d, /= 6.8 Hz, 3

H); 158+ MS: 448 (M-+1).

(88.11a./)-N-[(2.4-Difluorophenylmethyll-6-hydroxy-3-methvl-5,7-dioxo-2.5.5.7.11. 11 a

chexahydrofl.8loxazolol8.2-alpyridol1.2-dlpyrazine-8-carboxamide sodiuwm salt.

Na' o (e}
Fe = o o X N
x I\/N\H/J\/N\/’i;o
F O

The title compound was made in two steps using a similar process Lo that described

in example Z-1,  16a (510 mg, 1.08 mmol) and (25)-2-amino- 1-propanocl {0.17 mL,
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2.17 mmol) were reacted in 1,%'dichlox‘oethane (20 mL) with acetic acid to give
(35,112 NV [(2,4-difluorophenyDmethyll-3-methyl-5,7-dioxo6-[(phenylmethyDoxyl-2,
3,6,7,11,11a-hexahydroll,3loxazolo[3,2-alpyrido[1,2-dlpyrazine-8-carboxamide (500
me, 98%). This material was hydrogenated in a second step as described in example
g to give
3.5 11a /D)- M[(2,4-Difluorophenyl) methyll-6-hydroxy-3-methyl-5,7-diox0-2,3,5,7,11,11a-
hexahydrell,3]oxazolol3,2- alpyrido{1,2-dipyrazine-8-carboxamide (386 mg, 94%) as a
tinted white solid. I1 NMR (CDCls) & 11.46 (m, 1 ), 10.28 (i, 1 H), 8.82 (s, 1 H),
7.85 (m, 1 H), 6.80 (m, 2 1), 5.30 (dd, 7= 10.0, 4.0 Hz, 1 I, 4.63 (m, 2 H), 1.48-4.37
(m, 3 H), 3.91 (dd, /= 12.0, 10.0 Hz, 1 H), 8.73 (n, 1 1), 1.48 (d, J = 6.0 Hz, 3 H)
ES* MS: 406 (M+1). This material (386 mg, 0.95 mmol) was treated with sodium
hydroxide (0.96 ml, 1.0 M, 0.95 mmol) in ethanol {15 mL) as desecribed in example Z-1
to provide its corresponding sodium salt (381 mg, 94%) as a white solid, 'H NMR
(DMSO-da 8 10.66 (m, 1 H), 7.93 (s, 1 H), 7.83 (m, 1 H), 7.20 (m, 1 1D, 7.01 (m, L H),

5.19 Gm, 1 ), 4.59 (m, 1 H), 4.48 (m, 2 I1), 4.22 Gn, 2 H), 3.75 ¢m, 1 H), 3.57 (m, 1 H),

1.24 (d, J= 5.6 Hz, 3 H).

Example Z-10:

(388.11aR)-N-[{4-FluorophenyDmethyll-6-hyvdroxy-3-methyl-5,7-dioxe 2,3,5.7, 11, 1)a he
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The title compound was made in two steps using a similar process to that described
in example Z°2. 18 (100 mg, 0.22 mmol) and (2.5)-2-aminc1-propancl (0.10 mL, 1.28
mmol) were reacted in dichloromethane (2 ml) with acetic acid to give
(38, 112.5)- M [(d-fluorophenyl)methyl)-3-methyl-5,7-dioxo- 6 [(phenylmethyDoxyl-2,3,5,
7,11,11a-hexahydrol1,3}oxazolo[3,2-2lpyrido(1,2  dlpyrazine-8-carboxamide (100 mg,
95%). This material was hydrogénated in a second step as deseribed in example Z-2
to give
(35,112 B Mild-FluorophenylDmethyll-6-hydroxy-3-methyl-5,7-diox02,3,5,7,11,11a-he
xahydroll,8loxazolol[8,2-alpyridoll,2-dlpyrazine 8-carboxamide (80 mg, 99%) as a
white solid, 1H NMR (CDCl) & 11.43 (br, 1 H), 10.28 (bx, 1 H), 8.35 (s, 1 H), 7.28 (m,

2 H), 6.97 (m, 2 F), 5.29 (m, 1 H), 4.55-4.38 (m, 5 H), 3.89 (apparent £, J= 10.8 Hz, 1

H), 8.70 (m, 1 H), 1.45 (d, J= 5.6 Hz, 3 H); B8 MS: 386 (M-1).

Iixample 214

(38 11a /D) N-[(2.4-DifluorophenyDmethyl]-8-(1,1-dimethylethyl)-6-hydroxy-5,7 dioxo-2

3.5.7.11.11a-hexahydrol1,3]loxazolol3.2-alpvrideli.2-dipvrazine-8-carboxamide

OH ©
F ' O AL N
N S N\/{\O
F ¢) 4

The title compound was made in two steps using a  similar process to that described

in example 7-2. 16a (41 mg, 0.09 mmoD and frecbased L-fertlsucinol (59 meg, 0.50
mmol) were vreacted in dichloromethane (2 mL) with acetic acid to give

(38, 11a - N 1(2,4-difluorophenyDmethyl]-3-(1,1-dimethylethy])-5,7-dioxo-6- [{(phenylm
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ethy])oxy]-2,8,5,7,11,.‘Lla-hexahydgo[l,3]oxazolo[3,2-a]pyrido[1,2-d]pyrazine-B-caﬁboxa
mide (40 mg, 86%). This material was hydrogenated in a second step as described in
example ) to give
(3.5,11a.5)-N-[(2,4-DifluorophenyDmethyl]-3-(1, 1-dimethylethyD-6-hydroxy-5,7-dioxo-2
,3,5,7,11,11a-hexahydro[l,3]Joxazolo[8,2-alpyrido(l,2-dlpyrazine-8-carboxamide (38
mg, 99%) as a tinted white solid. I3 NMR (CDCla) § 10,29 (s, 1 H), 8.37 (5, 1 HD,

7.34 (m, 1 H), 6.79 (m, 2 H), 5.48 (m, 1 H), 4.62 (m, 2 H), 4,36 (m, 2 ID, 4.21 (m, 1 H),

3.99 (, 1 H), 3.81 Gn, 1 H), 1.03 (s, 9 H); £S+* MS: 448 (M+1).

Example 2-12:

(35.11a/)-3-(1. 1-DimethylethyD A [(4-fluorophenyDimethyl]-6-hvdroxy-5,7-diox0-2,8,5.

7.11.11a-hexahvdro[l,3loxazclol3,2-alpyridoll.2-dlpyrazine-8 - carboxamide.

et

P © = N

SUBeSn
(o}

The title compound was made in two steps using a  similar process to that described
in example Z-2. 16 (41 mg, 0.09 mmol) and freebased L-zerclencinol (59 mg, 0.50
mmol) were reacted in dichloromethane (2 mI) with acetic acid to give
(8.5,11aR)-3-(1, 1-dimethylethy) - M[(4-fluorophenyDmethyll-5,7-dioxo-6-[(phenylmethy
Doxy]-2,3.6,7,11,11a-hexahydroll,3loxazolol3,2- alpyridoll,2- dlpyrazine-8-carboxamide
(40 mg, 85%). 'This material was hydrogenated in a second step as described in

-2 to give

=N

example

(3.5,1.1a - 3-(1,1-Dimethylethyl)- V- {(4-fluorophenyDmethyll-8-hydroxy-6,7-dicx0-2,3,5,
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7,11, 11a-hexahydro[l,3)Joxazolol3,2-alpyridol1,2-dlpyrazine-8-carboxamide (82 mg,
97%) as a tinted white solid, 'H NMR (CDCla) § 11.15 (by, 1 D, 1.0.82 (s, 1 H), 8.88
(s, 1 ), 7.29 (m, 2 H), 6.98 (m, 2 ), 5.43 (m, 1 H), 4.58 (m, 2 H), 4.36 (m, 2 F), 4.21

(m, 1 XD, 8.99 (, 1 H), 3.79 (m, 1 H), 1.02 (s, 9 H); BS* MS: 430 (M-+1).

Example £2-13:

(85112 /%) N-[(2.4-Difluorophenyl)methvl]-6-hydroxy-5,7-dioxo-3-phenyl-2.8,5,7.11.11a

-hexahydrolJ,3loxazolo[8.2-alpyridol1.2-dlpvrazine-8-carboxamide.

/ N

T P@wo

'The title compound was made in two steps using a  similar process to that described
in example Z-2. 16a (33 mg, 0.07 mmol) and Lr-phenylglycinol (19 ing, 0.14 mmol)
were reacted in  dichloromethane (2 ml) with acetic acid to give
(3;5’,11&]2)’]%[(d"ﬂ\10)‘opheny1)me(;}_1y]]-5,’7'diox0'B'pheny]-G-i(pheny3methy])oxy]-Z,B,E,

7,11,11ahexahydrol1,8loxazolol3,2-alpyridol1,2-dipyrazine-8-carboxamide (37 mg,
95%). This material was hydrogenated in a second step as described in example 2-2
to " give
(B8S,11a k) N [(2,4-Diﬂuorophcnyl)methy]]~G‘hydroxy-5,7-diox0-(_3'phenyl-2,3,5,7,11,11a

-hexahydro{1,8Joxarclcl3,2- alpyrido(1,2-dlpyrazine-8-carboxamide (33 mg, 99%) as a
tinted white solid. 'H NMR (CDCla) 6 11.23 (br, 1 H), 10.27 (s, 1 H), 8.39 (5,1 H),
7.43:7.82 (m, 6 H), 6,80 (m, 2 H), 5.58 (d, /= 6.8 Hz, 1 H), 5.37 (apparent t, J= 6.8 Hz,

1 H), 4.67-4.62 (m, 3 ), 4.654 (d, J=10.4 Hz, 1 H), 4.11 Gn, 1 H), 4.01 (m, 1 H); BS*
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MS: 468 (M+1).

Example Z-14:

(35.11aR)-N-1(2,4-Difluorophenyl)methyll-6-hydroxy:3-(hydroxymethyl)-5,7-dioxo-2.3
5.7.11.11a -hexahvdroli,3loxazolo[8,2-alpyridoll,2-dlpyrazine-8-carboxamide.
OH © oH
F " OV\H!\N{ :
N\’)\/N 5
l
= o H

The title compound was made in two steps using a  similar process to that deseribed
in example Z-2. 16a (50 me, 0.10 mmel) and
(2]5)-2-aminn'S'[(pheny]methyl)o.:y]'1'];1'01:2\1101 (0.1 ml) were reacted in
dichloromethane 2 ml) with acetic acid to give
{85 11a)- N l(2,/1'diﬂuorophenyl)mel;hy]]'5,7'dioxo-6-[(p}mnylme(:hyl)oxy“]'3'([(phenyl

methyloxylmethyl}-2,8,5,7,11,11a-hexahydro(l,3Joxazolo[3,2- alpyride[1,2-dlpyrazine-

8-carboxamide (61 mg, 99%). This material was hydrogenated in a second step as
described in example Z-2 to give
(85 11a)-M(2,4-Difluorophenyl)methyll-6-hydroxy-3-(hydroxymethyl)-5,7-dioxo-2,3,

5,7,11,11a-hexahydrol[1,3]oxazolo[3,2-alpyrido[1,2-dlpyrazine-8-carboxamide (37 mg,
87%) as a tinted white solid. I NMR (CDCls/CDs0D) § 8.23 (s, 1 H), 7.32 (m, 1 H),
6.79 (m, 2 H), 5.31 (d, J= 7.6 fx, 1 H), 4.56 (s, 2 H), 4.42:4.36 (m, 3 H), 4.17-4.11 (m,

2 H), 8.85 (m, 1 H), 3.62 (d, J=11.2 Hz, 1 H).

Example 715!
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(25,30 N-[(2,4-DifluorophenyDmethyl]-6-hydroxv-8-methyl-5,7 -dioxo 2-pheny}-2.3.5.7

L11.11a-hexahvdrol} 8loxazolal8,2-alpyride]1.2-dlpyrazine-8-carboxamide.
. OH O .
F ] O LLN/S,.... s
N As N g <\ />
5 6]

The title compound was made in two steps using a  similar process to that described
in exumple Z-2.  16a (25 mg, 0.05 mmol) and (15,22 (+)-norephedrine (0.1 mL) were
reacted in dichloromethane (2 mL) with acetic acid to give
(25,810 - V- 1(2,4-difluorophenyDmethyl]-3-methyl-5,7 dioxo-2-phenyl-6- [(phenylmethyl)
oxyl-2,3,6,7,11, 1 1a-hexahydrol1,8loxazolol[3,2-alpyridell,2- dipyrazinc-8-carboxamide

(30 mg, 99%). This material was hydrogenated in a second step as desceribed in
example 7-2 to give
(2.8,3.7)- V(2,4 difluorophenyDmethyl]l 6-hydroxy-3-methyl-5, 7-dioxo-2-phenyl-2,3,5,7,
11,11a-hexahydro(1,3loxazolol3,2-alpyridol1,2- dlpyrazine-8-carboxamide (25 mg, 91%)
as a white solid, This material is a single diasterecomer (>6:1 diastereomeric vatio
but unconfirmed relative sterepchemistry at the aminal center). H NMR
(CDCL/CD3OD) 6 10.28 (m, 1 H), 8.38 (s, 1 H), 7,10-7.30 (m, 6 ), 6.78 (m, 2 H), 5.70
{d, /=7.6Hz, 1), 586 (d, J=5.2 Hz, 1 H), 4,82 (m, 1 H), .61 (m, 2 H), 4.47 (@, J =
10.4 Mz, 1 H), 4.00 {apparent t, /= 10.4 Hz, 1 H), 0.94 {d, J= 6.4 Kz, 3 H); B8+ MS:

482 (M+1).

Bxample 2-16:

(BR 1129 NV [(2.4-DifluorophenyDmethyll-8-hydroxy-5.7-dioxo:3- (phenyimethvl)-2.9.5
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7.11.11a-hexahvdrol1,3Joxazolol3.2-alpyridol1,2- dlpyrazine-8-carboxamide

The title compound was made in two steps using a similar process to that described
in example Z-2. 16a (34 mg, 0.07 mmol) and (2R)-2-amino-3-phenyl-1-propancl
(D-phenylalaninol) (50 mg, 0.33 mmol) were reacted in dichloromethane (2 mL) with
acetic acid to give
(32,1129 V-[(2,4-difluorophenyDmethyl]-5,7-dioxo-3-(phenylmethyD-6-I{(phenylmethy
l)oxy]-2,8,5,7,ll,1.12\'hexahyd,ro[l,3]oxazolo[3,2'a]1Jy1'ido[1,2'n’]pyrfwine'8'ca)'boxamide
(29 mg, 70%). This material was hydrogenated in a sccond slep as described in
example 72 to give
(8.11’.,1]a.Sﬁ-N[(2,4-Diﬂuorophcnyl)metbyl]-G-hydroxy-5,7-di0xo-3-(pheny]met;hyl)-2,3,5.
7.,11,11a-hexahydrol1,3loxazolo[3,2- alpyridol1,2-dlpyrazine-8-carboxamide - (24 mg,
98%) as a white solid. 1 NMR (CDCl) 8 11.46 (br, 1 HJ, 10.27 (m, 1 H), 8.33 (m, 1
H), 7.82-7.16 (m, 6 ), 6.78 (m, 2 H), 5.02 (m, 1 H), 4.61 (m, 3 H), 4.39 (m, 1 H), 4.22
(m, 1 M), 3.95 Gn, 1 1), 3.87 (m, 1 H), 3.36 (m, 1 H), 2.97 (dd, /= 13.2 8.8 Hz, 1 1)

B8+ MS: 482 (M+1).

Bxample Z-17:

(37,1189 - NV-[(2,4-DifluorophenyDmethyll-6-hvdroxy-8-(2-methylpropyl)-5,7-dioxo-2.3,

5.7.11.11a-hexahvdro[1.3loxazole{3,2-alpyridol1,2-dlpyrazine-8-carboxamide.
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oH O ,/<

F (6] ;

The title compound was made in two steps using a similar process to that described
in example Z-2. 16a (32 mg, 0.07 mmol) and (28)-2-amino-4-methyl-I-pentano) (0.1
mL) weve reacted in dichloromethane (2 mL) with acetic acid to give
(821128 N [(2,4-diflnorophenyl)methyl]-3-(2-methylpropyD-5,7-dioxo-6-[(phenylmeth
yDoxy)-2,3,5,7,11,11a-hexahydrol1,3loxazolo[3,2-alpyridel1,2- dlpyrazine-8-carboxamid
e (43 mg, 99%). This material was hydrogenated in a second step as described in
example 72 to : give
(84,11a8)- M1(2,4-DifluorophenyDmethyll-6-hydroxy-3-(2-methylpropyl)-5,7-dioxo-2, 3,

5,7,11,11a-hexahydroll,3loxazole{3,2- alpyridol1,2- dipyrazine-8-carboxamide (32 mg,
90%) as a white solid. H NMR (CDCla) 8 11.47 (bor, 1 H), 10.29 G(n, 1 H), 8.35 (s,
1H), 7.39 Gm, 1 W), 6.80 (m, 2 H), 5.31 (m, 1 H), 4.62 (m, 2 H), 4.44 (m, 2 H), 4.37 (m,
1 D), 8.88 (m, 1 H), 3.84 (ad, J=8.0, 5.6 Hz, iH), 2.04 (m, 1 H), 1.62 (m, 1 ), 1.41 (m,

1H), 1.00 (d, /= 5.6 Hz, 3 H), 0.99 (d, J= 6.0 Haz, 3 H); BS* MS: 448 (M-+1).

Ixample Z-18:

(Bak, 14010 - M[{2.4-Difluorophenylmethyll-11-hydroxy-10.18-dioxo-1.2.3.4.52.6.10.1 2,

14,14a-decahydropyrido[l.2-alpyride{1'. 23 4}imidazol1.2 dlpvrazine 9-carb oxamide.

H

O o]
F ] o\)\)LN/yH
N x N\/l\NQ
1 H
F o]
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a) 1,1-Dimethylethyl (272)-2-(aminocarbonyD-1-pipevidinecarboxylate. To a cold (0
o() solution of (2-1-{[(1,1-dimethylethyDoxylcarbonyl}-2-piperidinecarboxylic acid
(1.0 g, 4.36 mmol) in THF (20 mL) was added triethylamine (0.60 mL, 4.38 ‘mmol)
followed hy slow addition of methyl ehloroformate (0.34 mL, 4,36 mmol). After a few
minutes a suspension had formed. To this mixturc was added concentrated NH,OF
(1.5 mI) and the solution was allowed to warm to rt as the bath warmed and stirred
for a total of 4 h. The mixture was concentrated 112 vacuo and the residue was taken
up in BtOAc. The organic layer was washed with citric acid, bicard and then brine,
dried over NazSOu. Filtration and concentration gave 1,1-dimethylethyl
(2]?)-2-(aminocarbonyl)-1-piperidinecarb.oxylate (1.0 g, 99%). 1¥I NMR (CDCly) & 6.03
(o, 1 H), 5.45 (bx, 1 FO, 4.77 (br, 1 H), 4.06 (br, 1 H), 2.82 (m, 1 H), 2.29 (m, 1 H),

1.67-1.43 (m, 13 ),

b) 1,1-Dimethylethyl (222)-2-cyano-1-piperidinecarboxylate. To a cold (0 oC) solution
of 1,1-dimethylethy! (2/2)-2-(aminocarbonyl)-1-piperidinecarboxylate (265 mg, 1.17
mmol) in THE (10 mL) was added triethylamine (0.833 ml, 2.34 mmol) and then
trifluoreacetic anhydride (0.17 mL, 1.17 mmol). The mixture was stivred at 0 oC for
1 h and concentrated 7nm vacuo. The residue was taken up in EtOAc and washed
suceessively with sodium bicarbonate, 0.5 N HCI and brine. The organics were dried
over Na250., filtered and concentrated to give 1,1-dimethylethyl
(ZIL’)'Z'cyanml-);ipericlillecarboxyiate (256 mg, 99%) as a crystalline solid upon
standing, 'H NMR (CDCly) § 6.23 (bx, 1 H), 4.05 (by, 1 I, 2.93 (br, 1 H), 1.93-1.39 (m,

6 1), 1.46 (s, 9 H).
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¢ 1,1-Dimethylethyl (22)-2-(aminomethyl)-1-piperidinecarboxylate. An ammonia
saturated ethanol sclution of 1,1-dimethylethyl (2/2)-2-cyano-1-piperidinecarboxylate
(265 mg, 1.19 mmol) was reduced with Raney'Ni in a similar manner to that
described in example %-3 to gi_\”e after filtration through a short plug of silica,
1,1-dimethylethyl (2/)-2-(aminomethyl)-1-piperidinccarboxylate (236 mg, 91%), as an
oil. 'H NMR (CDCL/CDsOD) & 4.15 (by, 1 H), 3.97 (m, 1 h), 2.96 (m, 1 H), 2.75-2.69

(m, 2 1), 2.23-2.08 (m, 3 H), 1.59-1.55 (m, 3 H), 1.43 (s, 9 ).

&) [27A)-2-Piperidinylmethyllamine bis HCI salt. A solution of 1,1-dimethylethyl
(2R)-2-(aminomethyD)-1-piperidinecarboxylate (236 mg, 1.08 mmol) in THEF (10 mi)
was treated with 4 NV HCI (3 ml) as described in example Z-3 to give the bis HCI salt
of[{(2-2-Piperidinylmethyllamine. 1H NMR (DMSO-dd § 9.67 (by, 1 H), 9.48 (br, 1
), 8.48 (br, 2 H), 3.70 (by, 2 H), 3.20 G, 1 H), 3.04 (m, 1 H), 2.86 (mm, 1 H), 1.89-1.41

(m, 6 H).

e)
(Sa.H.14&]2)'1\/"{(2,4'1)iﬂuorophenyl)methyl]'1l-hydroxy'10,12'di0x0'l,2,3,4—,5a;6,10,12,
14,lfl-a'decahydropyrido[1,Z'a]pyriclo[l',Z’i.’_-'i,4]im-idazo[1,2*d]pyrazinc*S)-carboxamide.
The title compound was made in two steps using a  similar process to that described
in example %-2. 16a (50 mg, 0.11 mmol) and [(2]\’.)'2'Pipcridinylmethyl]aminé‘. (1560
mg, 1.31 mmol) (free based using carbonate resin as described in example Z-3) were

reacted in  dichloromethanc (2  mlL)  with acetic  acid to give
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(Gai, 1daf)- N-[(2,4-diftuorophenylmethyll-10,12-dioxo- 11- [(phenylmethyDoxyl-1,2,8,4
,52,6,10,12,14, 14a-decahydropyridol1,2- alpyrido[1',2":3,4]limidazoll,2-dlpyrazine-9-car
boxamide (50 mg, 88%). This material was hydrogenated in a second step as
described in example 22 to " give
(5a R, 14a)- N{(2,4-difluorophenyl)methyl]l-11-hydroxy-10,12-dioxo- 1,2,3,4,5a,6,10,12,
14,14a-decahydropyrido{l,2- alpyride[1',2":3,4}imidazol1,2-dlpyrazine-9-carboxamide
(11 mpg, 44%) as a white solid. JH NMR (CD3OD/CDCls) 6 10.46 (m, 1 ¥, 8.32 (s, 1
H), 7.31 (m, 1 H), 6.80 (m, 2 H), 4.64-4.52 (n, 3 ), 4.14 (dd, J = 10.4, 2.8 Hz, 1 H),
3.91-3.82 (m, 2 H), 8.19 (appaventt, J= 10.8 Hz, 1 H), 3.08 (d, J= 10.4 Hz, 1 H), 2.50

(m, 1 H), 2.27 Gn, 1 H), 1.99-1.30 m, 6 H); 1S+ MS: 445 (M+1).

Lxample Z-19:

(2.5.3.8)- N(2.4-DifluorophenyDmethyll-6-Tivdroxy-8-[(methvloxy)methyll-5,7-dioxo-2-p

henvi-2.3.5.7.11.11a-hexahydro{1.8loxazolol3.2-alpyridall,2-dlpyrazine-8-carboxamide

OH ﬁ OMe
TS0
N ™ N\/LO

F (o}

The title compound was made in two steps using a similar process to that described

in example Z-2. 16a (36 mg, 0.07 mmol) and (2/9)-2-amino-4-methyl-1-pentanocl (0.1
ml.) were recacted in dichloromethane (2 ml) with acetic acid to give
(2.5,3.9- N-1(2,4-difluorophenyl)methyll-3-{(methyloxy)methyll-5,7-dioxo-2-phenyl-6-[(p

henylmethyDoxyl-2,3,5,7,11,11a-hexahydrol1,3loxazolol3,2- alpyridoll,2-dlpyrazine-8-c
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arboxamide. This material was hydrogenated in a sccond step as described in
example 7.9 to give
(25,38 N[(2,4-Difluorophenyl)methyll-6-hydroxy-3-[(methyloxy)methyll-5,7-dioxo-2p
henyl-2,3,5,7,11,11a-hexahydroll,3Joxazolo[2,2- alpyridoll,2- dlpyrazine-8-carboxamide
(25 mg, 64% for 2 steps) as a white solid,  This material is a single diastereomer
(>6:1 diastereomeric ratic but unconfirmed relative stereochemistry at the aminal
center). IH NMR (CDCla) § 11,48 (bx, 1 H), 10.30 (m, 1 H), 8.39 (s, 1 H), 7.39-7.24 (m,
6 XD, 6.78 (m, 2 H), 5.46 (dd, J= 10.0, 8.6 Hz, 1 H), 5.33 (@, J= 7.2 Hz, 1 H), 4.63 (m,
2 H), 4.54 (dQ, J= 12.4, 4.0 Hz, 1 ), 4.18 (m, 1 ¥), 4.12 (dd, J'= 10.4, 8.2 Hz, 1 1),

4.06 (m, 1 H), 3.65 (ad, J= 10.4, 1.6 Hz, 1 1), 8.40 (s, 3 H); ES* MS: 512 (M+1).

Txample Z-20:

(3.8 11a:)-3-(CyclohexylmethyD):-M[(2,4-difluorophenvl)methyil-6-hvdroxy-5.7-dioxo- 2.

3.5.7.11.311a-hexahydroll,3loxazolol3.2-a]pvridol1,2- dipvrazine 8-carboxamide.,

oH 0O
P O A ANy
@VHN\/‘I‘O
= (0] i

The title compound was made in two steps using a similar process to that described

in example Z-2. 16a (36 mg, 0.08 mmol) and (2;59'2~amino'3-cyclohexyk]rlpropanol
(30 mg, 0.19 mmol) were reacted in dichloromethane (2 mL) with acetic acid to give
(BS,].1a]?.)-.;3~(cyc]ohexylmethy1)~N'f(2,4'diﬂuorophenyl)me{.hy]_l-5,7-dioxo*6-[(phenylme
thyDoxy)-2,3,6,7,11,11ahexahydxoll,8loxazclol3,2- alpyxidol1,2-dlpyrazine 8-carboxa

mide (27 mg, 61%). This material was hydrogenated in a second step as described in
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-2 to give

Y

example
(35,1123 (cyclohexylmethyD)- M ((2,4-diflvorophenylmethyli-6-hydroxy 5,7 dioxo" 2,

3,5,7,11,11a-hexahydroll,3loxazolo[3,2- alpyrido(1,2-dlpyrazine-8-carboxamide (25 mg,
99%) as a white solid.  'H NMR (CDCl) & 11.48 (by, 1 H), 10.28 (s, 1 H), 8.33 (s, 1 1,
7.83 (m, 1 H), 6.78 (m, 2 H), 5.29 Gm, 1 H), 4.61 (m, 2 H), 4.47-4.33 (m, 3 H), 3.87-3.81
(m, 2 H), 2,05 (m, 1 H), 1.75-1.64 (m, 6 H), 1.839 (m, 1 H), 1.25-1.14 (m, 3 H), 1.02-0.97

(m, 2 H), BS* MS: 188 (M+1).

Example Z-23:

(3811aR-N[(2.4-DifluorophenyDmethvil-6-hydroxy-3-(I-methvlethvl)-5.7-dioxo-2.3.5

E o

The title cecampound was made in“(zwo steps using a  similar process to that described
in example Z-1. 16a (42 mg, 0.09 mmol) and (2.5)-2-amino-3-methyl-1-butanol (0.1
mL) were reacted in 1,2-dichloroethane (8 ml) with acetic acia to give
(3.5, 11a.R)- N-1(2,4-difluorophenyDmethyll-3-(1-methylethyl)-5,7-dioxo-6- [(phenylmethy
Doxyl-2,3,5,7,11,11a-hexahydro(1,8loxazolol8,2-alpyrido(1,2-dlpyrazine-8 carboxamide
(40 mg, 86%). This material was hydrogenated in a second step as described in
example Z-1 to give
(35, 11aR)-N[(2,4-difluorophenylimethyl}-6-hydroxy-3-(1-methylethyl)-5,7-dioxo-2,3,5,

7.11,11a-hexahydrol1,3loxazolol8,2- alpyridol1,2- dlpyrazine-8-carboxamide (34 mg,
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99%) as a white solid. 7 NMR (CDCla) 6 10.29 (br, 1 1), 8.36 (s, 1 II), 7.33 (m, 1 H),
6.79 Gm, 2 ¥, 5.29 (d, J= 6.4 Hz, 1 H), 4.61 (m, 2 H), 4.44 (d, J= 9.6 Hz, 1 H), 4.84 (m,
1H), 4.17 (m, 1 ), 4.02 (dd, J= 8.4, 5.2 Hz, 1 1), 3,86 (m, 1 H), 2.37 (m, 1 H), 0.97 (m,

6 1) BSTMS: 434 (M+1).

Example Z-22:

(BaZ 14a.5-N|(2.4-DifluorophenyDmethyl]l-12-hvdroxy-11,13-dioxo-5a,64.7,11,13. 14a"

hexahydro 5/ indenal1.2"4,51[1.8]loxaz0l0[3.2- alpvridol1.2-dlpyrazine-10-carboxamid

e.

o 2 H
F o~ O NE
L}J\/N \N/L"’
Yo
F @]

The title compound was made in two steps using a  similar process to that described
in example Zrl. 16a (42 mg, 0.09 minol) and
(1,.528)-1-amino 2,3 dihydro- 14-inden-2-01 (100 mg, 0.67 mmol) were reacted in
1,2-dichloroethane (5 mL) with acetic acid ta give
(6a R, 1428 N {(2,4-difluorophenyDmethyl]-11, 13-dioxo- 12-[(phenylmethy Doxyl-5a.6a,7
.11,13,14a-hexahydro-5/4 indenol1’,2"4,51[1,8loxazalo(3,2- alpyridoel1,2-dlpyrazine-10-c
arboxamide (65 mg, 99%). This materinl was hydrogenated in a second step as
described in example Z-1 to give
(SaJL’,14&5)'N[(2,4‘diﬂuorophenyl)mcthyl]'l2'hydroxy'11,18'dioxo-oa,6a,7,1],13,14:1'

hexahydro-b.A-indenol1',2:4,5][1,3]oxazolo[8,2- alpyridol1,2-dipyrazine- 10-carboxamid

e (45 mg, 97%) as a white solid. 'H NMR (CDCl) 5 10.28 (m, 1 H), 8.833 (s, 1 1),
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769 (d, J=7.2 Ha, 1 H), 7.34:7.19 (m, 4 H), 6.78 (m, 2 H), 5.96 (d, /= 6.0 Hz, 1 H),
5.82 (m, 1 H), 5.22 (m, 1 H), 4.60 (m, 2 H), 4.45 (d, J= 9.2 Hz, 1 1), 3.96 (apparent t, J
= 10.8 Hz 1 H), 8.40 (dd, J= 18.0, 6.8 Hz, 1 H), 3.24 (d, J= 17.6 He, 1 H); ); ES

MS: 480 (M+1).

Example 7-23 & 7-24:

(253121129 M[(2,4-Difluorophenyl)methvl]-6-hydroxy:5,7-dioxo-2,3-diphenyl-2,8.5.7,

11.11a hexahvdroll.3loxazolol3.2-alpyridol1,2-dlpyrazine-8-carboxamide &

(253 R 11aR)-N{(2 4-diftuorophenyDmethyll-6-hydroxy:5.7-dioxo-2.3-diphenyl-2,8.5.7

11.11a hexahvdroll,3loxazolol8.2-alpyrido[1.2-dlpvrazine-8-¢arboxamide.

N O o~ /=
.- ]\/H T N\/L/o> \‘:~—:/
o
o

@
@Vdr@w@ <

The title compounds were made in two steps using a similar process to that

described ‘in example Z-1. 16a (40 mg, 0.09 mmol) and
(15,2.7)-2-amino-1,2-diphenylethanol (50 mg, 0.23 mmol) were reacted in
1,2-dichloroethane 5 ml) witl acetic acid to give

(28,312,11a.8)- N-[(2,4-difluorophefiyDmethyll-5,7-dioxo-2,3-diphenyl-6-[(phenylmethyl
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oxy]-2,3,5,7,11,lla'hexahydro[1,3]oxazolo[S,Z'a]pyrido[l,Z‘a’]pyrazinu'8'ca;'boxa111ide
(34 mg, 63%) and
(25,32, 1122 N 1(2,4-difluorophenyDmethyl)-5,7-dioxo 2, 3-diphenyl-6-[(phenylmethyl)
oxy]-2,3,5,7,11,lla'hexahydro[I,BToxazo]of3,2~a]pyrido[l,2'd]pyrazine-S-curboxamide
(13 mg, 24%). These materials were hydrogenated in a second step as described in
example Z-1 to give

(28,3R.11a5)- M [(2,4-Difluorophenyl) methyll-6-hydroxy-5,7-dioxo-2,3-diphenyl-2,8,5,7,

11,11a-hexahydroll,8loxazolol8,2- alpyrido[1,2- dlpyrazine-8-carboxamide (example
Z-28, 29 mg, 099%) as a white solid and

(28,3, 11aR)- M(2,4-difluoropheny)methyll-6-hydroxy-5,7 dioxo-2,3-diphenyl-2,3,5,7,
11,11a-hexahydrol1,8)exazolol3,2-alpyridol1,2-dlpyrazine-8-carboxamide (example
Z-24, 10 mg, 89%) as a white solid respectively. For example Z-23: 1H NMR
(OMSO-da) & 10.29 (, = 5.6 Hz, 1 H), 8.65 (s, 1 H), 7.38 (m, 1 H), 7.22 (m, 1 ),
7.11-6.95 (m, 11 ), 6.16 (dd, J = 10.4, 3.6 Hz, 1 1), 5.71 (m, 2 H), 4.90 Gn, 1 H), 1.54
(m, 2 H), 4.838 (t, J= 11.2 Hz, 1 II); BS* MS: 544 (M+1). For example 2-24: 8 NMR
(CDCla) 6 11.64 (by, 1 1), 10.30 (s, 1 H), 8,45 (s, 1 H), 7.34 (m, 1 1), 7.01-6.90 (m, 10
), 6.80 {m, 2 H), 5.66 (m, 2 1), 5.42 (4, J= 6.4 Hz, 1 H), 4.73 (m, 1 H), 4.63 (m, 2 H),

4.49 (m, | ) BS+ MS® 544 (M+1),

Example 4-25:

(82,1325 NV-[(2.4-Difluorophenylmethyll-6: hydroxy-3-(1-methviethyl)-5,7-dioxo-2.8.5,

7,13, 1iahexahydro|l,3]loxazolol3,2 alpyridol1.2-dlpyrazine-8-carboxamide.
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The title compound was made in two steps using a similar process to that described
in example Z-1. 16a (40 mg, 0,09 mmol) and (2/)-2-amino-8-methyl-l-butanol (0.1
mL) were reacted in 1,2-dichlorocthanc (8 ml) with acetic acid to give
(3f€,l1aS)'N[(2,4'diﬂuorophenyl)methyl]'3'(1'methylethyl)'5,’7-dioxo-G‘[(phenyimethy
Doxyl-2,8,5,7,11,11a-hexahydrol1,8loxazolol3,2-alpyridoll,2- dlpyrasine-8-carboxamide
(11 mg, 92%). This material was hydrogenated in a second step as described in

example Z-1 to give

(3]\’,,l1aS)'1V'[(2,4'Diﬂuorophcnyl)mcthyl]'G'hydroxy‘f}(1'me.1;hyle1.hy1)—5,7-di0xo-2,3.5,
7,11,11a-hexahydro[l,3]loxazelol8,2-alpyridol1,2- dipyrazine-8-carboxamide

(32 mg, 94%) as a white solid. -11-] NMR (CDCls) 8 11.42 (bx, 1 H), 10.27 (by, 1 H),
8.34 (s, 1 H), 7.31 Gm, 1 H), 6.78 (m, 2 ), 5.28 (d, J= 6.0 Hz, 1 H), 4.60 (m, 2 H), 4.42
Gn, 1 XD, 4.33 (m, 1 ), 4.16 (m, | H), 4.01 (ad, J = 8.8, 5.2 Hz, 1 ID, 3.85 (m, 1 H),

2.837 Gn, 1 F), 0.97 (@, J= 6.8 Hz, 3 ), 0.95 (d, &/ = 6.4 Hz, 3 H); 1S+ MS: 434

(M+1).

Iixample 7-26

(3.5.11aR)- N-[(2.4-DiflucrophenyDmethyl]l-6-hydroxy-3-[2- Gmethylthiolethyl]-5,7-dioxo:

2.8.5.7,11, 11a-hexahvdrol3, 3loxazolo[3,2-2lpyride[1.2-dipyrazine 8-carboxamide.
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The title compound was made in two steps using a  similar process to that deseribed
in example Z-1. 16a {43 mg, 0.09 mmol) and (2.8-2-amino-4-(methylthio)-1-butanol
(0.1 mL) were reacted in 1,2-dichlorocthane (5 ml) with acetic acid to give
(3.5, 11al)-N[(2,4-difluorophenyl) methyll) 3-[2-(methylihio)ethyl}-5,7-dioxo 6-{(phenyl
methyl)oxy]-Z,B,G,'l,11,lla'hcxahydrol'l,3]0xazo]o[3,2';t]pyrido[1,2-d]pyrazine~8-carbox
amide (41 g, 81%). This matervial (20 mg, 0.04 mmol) was treated with
trifluoroacetic acid (1 ml) in dichloromethane (3 mL) at 0 °C to xt over 6 h. The
mixture was concentrated sz vacuo and subjected to reverse phase preparative HP1L.C
purification to provide
(88,112 R)- N {(2,4-DifluorophenyDmethyl]-6-hydroxy-3-[2-(methylthio)ethyl]-5,7-dioxo-
2,8,5,7,11, 1l a-hexahydro(l,3Joxazolo[3,2- alpyrido[1,2- dlpyrazine-8-carboxamide

(12 mg, 72%) as a white solid. . 'H NMR (CDCls) & 11.35 (br, 1 H), 10.25 (s, 1 H),
8.34 (s, 1 H), 7.33 (m, 1 H), 6.79 (m, 2 W), 5.82 (m, 1. FI), 4.62-4.53 (m, 3 H), 4.43-4.39
(m, 2 H), 3.91-3.87 (m, 2 1), 2,68-2.53 (m, 2 1), 2,39 (m, 1 H), 2.12 (s, 3 H), 1.89 (m, 1

H): IBS* MS: 466 (M+1).

Example Z-27

38 11aR)-N1(2,4-Diflugropheny)methyll-6-hvdroxy-3-[2-Gne thylswifonyDethyll-5.7-di

0x0:2.3,5,7,11, 1la-hexahvdro[1.3]loxazclol3 2-alpyridol1.2-dlpyrazine-8-carboxamide.

160
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To a solution of

(8.5 11a/D- M[(2,4-difluorophenylmethyl}l-3-12-(methylthio)ethyl] 5, 7-dioxo-8-[(phenyl
methylyoxyl-2,3,5,7,11,11a-hexahydroll,3loxazolol3,2- zlpyrido[1,2-dipyrazine-8-carbox
amide (20 mg, 0.04 wmanol) in dichloromethane {8 mlL) at 0 °C was added m-CPBA (20
mg, 70%, 0.082 mimol). The resultant solution was allowed to warm as the bath
warmed and stivred a total of 83 h. The reaction was quenched by the addition of
Na»S20s (aq) and sodium bicarbonate. The layers were separated and the organic
layer washed with brine. The aqueous layer was extracted with dichloromethane
and the combined organics dried over NasSO.. Filtration and concentration provided
(85 110 -NM1(2,4-difluorophenyDmethyl]-3-[2-(methylsulfonyDethyll 5,7 dioxo-6-[(phe
nylmethyDoxy]-2,8,5,7,11,11a-hexahydrol1,3loxazolo{3,2-alpyrido(l,2-dlpyrazine-8-cax
boxamide (26 mg, 99%) as a whi(’.e_solid. This material was hydrogenated in a second
step as deseribed in example Z-1 to give
(38,1125 -M1(2,4-Difluoropheny)methyl]-6-hydroxy-3-{2-(inethylsulfonylethyl]-5,7-di
0%0°2,3,56,7,11,11a-hexahydrall,8loxazolol3,2-alpyrido[3,2- dlpyrazine-8-carboxamide
(22 mg, 99%) as a white solid.  !H NMR (CDCls) 8 11.00 (br, 1 H), 10,16 (s, 1 H), 8.33
(s, 1 H), 7.36 (m, 1 1D, 6.81 (m, 2 H), 5.42 (m, 1 H), 4.62 (m, 3 ), 4.41 Gn,2 H), 5.98

Gm, 2 H), 8.31 (m, 2 H), 2.98 (s, 3 H), 2.40 (m, 1 ), 2.28 (m, 1 H); ES* MS: 498 (M-+1).

Ixample %-28:

161

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
571 of 1915



WO 2006/116764 PCT/US2006/016604

B8 11ia k) N[(2,4-DifluorophenyDmethyll-8-hydroxy-8-(1 Findol-8-vimethyD-5.7-dioxo

12,3,5,7.11,11a hexahydroe[1,3]oxazole[3,2- alpyrido(1.2- ¢ pyrazine-8-carboxamide.

N
OoH O /
F\@\ H ONN
T N N
ke

The title compound was made in two steps using a  similar process to that described
in example Z-1. 16a (43 mg, 0.09 mimol) and
(28)-2-amino-3-(1LAindol-8-yl)-1-propancl (100 mg, 0.62 mmol) were reacted in
1,2-dichloroethane 5 ml) with acetic acid to give
(85,112 /)-N1(2,4-difluorophenyDmethyl}-3-(1 Hindol-8-ylmethyD)-5,7-dioxo-6-[(phenyl
methyl)oxy]-Z,S,S,'?,11.lla*hexahydrol1,3]oxazolc[3,2-3]pyrido[1,2'dh)yrazine'&carbOx
amide (36 mg, 64%). This material was hydrogenated in a second step as described
in example 7= 11 ' to give
(8.5, 11a2)- M [(2,4-Difluorophenyl)methyil- -hydro.\'y-8-_(1]i'-indo‘1'3-ylmethy])-5,7~dioxo
-2,8,5,7,11,11a hexahydroll,8]oxazolo[3,2-alpyridol1,2- dlpyrazine-8-carboxamide (29
mg, 96%) as a white solid. 'H NMR (CDCls/CDs0OD) § 10.34 (m, 1 H), .98 (br, 1 1),
8.24 (s, 1 ID, 7.58 (4, /= 8.0 Hz, 1 ), 7.82 (m, 2 H), 7.15-7.01 (m, 3 H), 6.78 (m, 2 H),
4.94 (d, J=6.8 Iz, 1 H), 4.71 (d, J= 5.6 Hz, 1 H), 4.59 (m, 2 H), 4.35 (d, J= 10.4 Hz, 1
H), 4.22 (m, 1 H), 3.99 (m, 1 H), 8.81 Gn, 1 H), 8,40 (dd, /= 13.6, 11.6 Hz, 1 H), 3.18

(da, J= 14.0, 8.4 Hz, 1 H); RS* MS: 521 (M+1).

Example 2-29:

(4.£12a R) N ((d-fluorophenvimethvl]-7-hvdroxy-4-methyl- 1-(2-methylpropyl)-6.8-diox
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0-1.2.3.4.6.8,12.1%2a-octahydropyridol1.2%4,5]pyrazinol1,.2- alpyrimidine-9-carboxamid

e.

oH 9
N\[r \/N\/l!\N
&} H Y

a) (2/)-2-({l(1,1-DimethylethyDoxylecarbonyllamino)propyl methanesulfonate. To a
stirred solution of 1,1-dimethylethyl [(1R)-2-_hydroxy-].'methylethyl)carbamate (5.00 g,
28.5 mmol) and triethylamine (5.92 mL, 42.9 mmol) in CH2Clz (30 mL) cooled to 0 °C
and under a nitrogen atimosphere was added dropwise a solution of methanesulfonyl
chloride (2.43 ml,, 31.56 mmol) in CH:2Cls (26 ml), Stirring was continued for 20
minutes at 0 °C, after which tilﬁ; the reaction was judged complete by TI.C analysis
(1:1 hexanes/BtOAc). The solution was poured into water and the layers were
separated. The organic phase was washed with 0.1 N HC! and then with 6%
NallCOQOs, dried over NaaSOy, filtered and concentrated to give
(@R -2-({l(1,1-dimethylethyDoxylearbonyliamino)propyl methanesulfonate (7,08 g,
98%) as a white solid. 'H NMR (400 MHz, CDCl3) 6§ 1.23 (d, J= 6.8 Hz, 3H), 1.44 (s,

9H), 3.03 (s, 3H), 8.97 (n, 1H), 4.15 (dd, J= 4.2, 9.8 Hz, 1ID, 4.21 (m, 1H), 4.61 (bx s,

11D,

b) 1,1-Dimethylethyl [(1/)-2-cyano-l-methylethyllearbamate. To a stirred solution
of (2.R)-2-({[(1, 1-dimethylethyDoxylecarbonyilamino)propyl methanesulfonate (7.08 g,
27.9 mmol) in DMSO (50 ml) was added NaCN (3.78 g, 84.0 mmol). The solution

was stirred at 70 °C for 2 hours, over which time the formation of a precipitate was
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observed, After cooling at room temperature, water was added and the mixture was
extracted with I8t20. The ethereal layers were washed with a brine solution, dried
over NazS0., filtered and concentrated to give 1,1-dimethylethyl
[(1R)-2 cyano-l-methylethyllcarbamate (3.81 g, 73%) as a pale yellow solid. 1H NMR
(400 MHz, CDCIw) 8 1.30 (d, J = 6.8 Hz, 3H), 1.42 (s, 911, 2.51 (dd, J = 3.8, 16.8 B[22,

1), 2.73 (m, 1H), 3.93 (m, 1H), 4.63 (br s, 1H).

) 1,1-Dimethylethy]l [{(1.2)-3-amino-1-methylpropyllcarbamate. A solution of
1, 1-dimethylethyl [{1/2-2-cyano-1-methylethyllcarbamate (1.30 g, 7.1 mmol} in
ethano] saturated with anhydrous ammonia was treated with Raney Ni (1.5 mL of
50% aq. Suspension) and 56 psi of Hz overnight. The mixture was filtered through
Celite and the filtrate was concentrated fu vacuo. The residue was purified by flash
chromatography (80:19'1 CH2Cla/MeOH/NH,OH (87%) gradient. elution) through a
short plug of silica gel to give I,1-dimethylethyl
[(1)-3-amino-1-methylpropylicarbamate {1.37 g, 100%) as a clear oil that solidified.
'H NMR (400 MHz, CDCIa) § 1.14 (d, 7= 6.8 Hz, 83H), 1.43-1.62 (m, 18I, 2.76 (m, 25D,

8.77 (m, 1H), 4.67 (m, 1H).

Q) 1,1-Dimethylethyl {(1./2)-1-methyl-3-[(2-methylpropyDaminolpropylicarbamate.
1,1-dimethylethyl [(1/)-3-amino L-methylpropyllcarbamate (0.2320 g, 1.70 mmol),
isebutyraldehyde (150 nl, 1.62 mmol), and sodium triacetoxyborohydride (0.512 g,
2.42 mmol) were stirred in anhydrous dichloroethane (10 mL) at ambient temperature

overnight. The reaction was quenched by the addition of saturated NaHCOs and
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then extracted with dichloromethane. The combined extracts were washed with
water, dried over NasSOu, filtered and concentrated. The residue was purified by
flash chromatography (80:19:1 CHaCly/MeQH/NHOQH (37%) gradient elution) through
2 short plug of silica gel to afford 1,1-dimethylethyl
{(1.2)-1-methyl 3-[(2-methylpropyDaminolpropyllcarbamate (0.158 g, 40%) as a clear
oil. 1M NMR (400 MHz, CDCIs) 6 0.90 (d, J = 6.4 Hz, 6H), 1.13 (d, J = 6.4 Hz, 3H),
1.42-1.81 (m, 111D, 1.87-1.75 (mn, 2H), 2,33-2.42 (m, 2H), 2.68-2.72 (m, 2H), 3.72 (n,

1), 5.20 (m, 1H).

e) [(810)-3-Aminobuty)]{(2-methylpropyDamine. An ice cold solutionn of
1,1-dimethylethyl {{(1/-1-methyl-3-[(2-methylpropyl)aminolpropylicarbamate (0.158 g,
0.65 mmol) in THF (8 mL) was treated with 4 V' HCI (aq) (2 mL) and then stirred at
room temperature for 2 h. The mixtuve was concentrated in vacuc to give
[(8.8)-3-aminobutyll{Z-methylpropyDamine dihydrochloride. The HCI salt was then
dissolved in dichlovomethane and a minimal amount of methanol and treated with
solid supported carbonate resin (MP-Carbonate, Argonaut Technologies). After 30
minutes, the solution was filtered through a fritted tube and the solvents removed
carefully in vacuo to give [(8R)-3-aminobutyll(2-methylpropylamine (65 mg). 'H
NMR (400 MHz, CDCl) 8§ 0.88 (4, J = 6.0 Hz, 610, 1.06 (d, J= 5.6 Hz, 31D, 1.23-1.53

(m, 5H), 1.71-1.74 (m, 11D, 2.89 ém, 2H), 2.65 (m, 2H), 2.97 (m, 1H).

)

(42,122 R)- N-[(4-Fluoropheny) methyl]l-7-hydroxy-4-methyl-1-(Z2-methylpropyD-6,8-dio
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x0°1,2,3,4,6,8,12,12a octahydropyridol1',2"4,6]pyrazinol1,2-alpyrimidine-9-carboxami
de, The title compound was made in two steps using a similar process to that
described in example 712 16 (40 mg, 0.09 mmol) and
[(BR)-B'aminobutyl](2-methylpx‘opy])umine (65 meg, 0.45 mmol) were reacted in
dichloromethane 2 mL) with acetic acid to give
(472, 12a.R)- V- [(4-fluorophenyD methyl]-4-methyl-1-(2-methylpropyl)-6,8-dioxo-7- [(plen
ylmethyDoxyl-1,2,3,4,6,8,12,12a-octahydropyrido[1’,2"4,8lpyrazino(1,2- alpyrimidine 9
-carboxamide (29 mg, 60%), This material was hydrogenated in a sccond step as
deseribed in example Vi to give
(4.B,12a ) N-[(4-fluorophenylmethyl)-7-hydroxy-4-methyl-1-(2-methylpropyl)-6,8-diox
0-1,2,3,4,6,8,12,12a-octahydropyrido[1',2"4,5]pyrazino(1,2- alpyrimidine-9-carboxamid
e (18 mg, 756%) as a tan solid. ‘H NMR (400 MHz, CDCls) § 0.77 (4, J= 6.4 Hz, 3LI),
0.84 (d, J= 6.4 Hz, 3H), 1.32 (d, &/ = 7.2 Ha), 1.45-1.49 (m, 1H), 1.57-1.67 (m, 1H),
2.08-2.12 (m, 2H), 2.21-2.27 (m, 1H), 2.78-2.79 (m, 1H), 2.87-2.92 (m, 1H), 4.16-4.24
(m, 2H), 4.45 (s, 1H), 4.54°4.64 (m, 2H), 4.96:4.99 (m, 1H), 6.96-7.00 (m, 2,

7.29-7.32 (m, 21, 8.27 (s, 1M, 10.46 (s, 1H), 12.55 (s, 1H); 18S* MS: 466 (M+1).

Lixample 7-30:

@120 R)- N4 -RluorophenvDmethyll-7-hydroxy-d-methyl-1-(1 -methylethyD)-6.8-diox

01.234.6.8,1212a-actahydropyride(1'.2":4,5lpyrazinoll.2- alpyrimidine-9-carboxamid

e
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a)  [(849-3-Aminobutyl}{l-methylethyDamine, The free diamine was prepaved in a
similar manner as deseribed in example %Z-29. 'H NMR (400 MHz, CDCls) & 1.04 ,
J = 6.4 Hz, 6H), 1.06 (d, J = 6.4 Hz, 3H), 1.41-1.58 (m, 5H), 2.62-2.66 Gn, 2ED,

2.74-2.80 (m, 1H), 2.92-3.00 (m, 1H).

1)

(472,120 - N-[(d-FluorophenyDmethyl]l-7-hydroxy- 4-methyl-1-(1-methylethyl) -6,8-diox
0-1,2,8,4,6,8,12,12a-octahydropyrido[1',244,5}pyrazinol1,2-alpyrimidine-9-carboxamid
e. The title compound was m-ade in two steps using a similar process to that
described in example Z-2, 16 (40 mg, 0.088 mmol) and
[(87)-3-aminobutyl]l(1-methylethyDamine (78 mg, 0.60 mmol) were reacted in
dichloromethane (2 ml) with acetic aecid to give
(417, 12270 M- [(4-fluorophenyl)methyll-4-methyl-1-(1-methylethyl)-6,8-dioxo-7- [(phenyl
mothyDoxyl 1,2,8,4,68,8,12,12a-octahydropyridol1',2:14,5lpyrazinoll, 2-alpyrimidine-9-c

arboxamide (26 mg, 56%). This material was hydrogenated in a second step as

N

described in example -2 to give
(4R 12a8) N {(4-fivorophenyl)methyl]l-7-hydroxy-4-methyl-1-(1-methylethyl)-G,8-dioxo
-1,2,8,4,6,8,12,12a-octahydropyride(1',2"4,5]pyrazinoll,2- alpyrimidine-9-carboxamide

(21 mg, 90%) as an off-white solid. 'H NMR (400 MHz, CDCl:) § 1.01 (d, /= 5.6 Hz,

3H), 1.06 (d, J = 6.0 Hz, 3H), 1.31 (d, J = 6.8 Hz, 3H), 1.57 (n, 1H), 1.98 (m, 1H),
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2,70-2.82 (m, 2H), 3.16 (m, 1H), 4,15-4,19 (m, 1H), 4,30 (m, 1), 4.48 (s, 1H), 4.64-4.59
(m, 2H}, 4.97 (m, 1H), 6.98 (m, 2H), 7.29-7.32 (m, 2D, 8.27 (s, 1H), 10.49 (s, 1H),

12.52 (s, 1H).

Example Z-31:

(151229 N[(2.4-Difluorophenylymethyll-7-hydyoxy-d-methyl-1-(2-methylpronyl)-6.8-
i

dioxo:1.2.3,4,6,8,12,12a octahvdropyride[1'.2":4 5lpvrazing[1.2-alpyrimidine-9-carboxa

mide.
(’)H 0]
g l d ° ﬁ/u\‘“/‘j
A N = N\/i[\N
F (0] [\7/

a) L, 1-Dimethylethyl [(19-2-cyano-i-methylethyllcarbamate. The nitrile was
prepared in two steps using a modified procedure as described in example Z-29. To a
stirred solution of (2.9)-2-({{(1,1-dimethylethyDoxylcarbonyljamino)propyl
methanesulfonate (8.40 g, 33.2 mmol) in DMSO (50 ml) and KGN (6.51 g, 100.0
mmol) cooled to 0 °C was added 18-crown-6 (9.05 g, 84.8 mmol). The solution was
allowed to warm to room temperature and then heated to 70 °C for 1 hour. After
cooling at room temperature, water was added and the mixture was exiracted with
720, The ethereal layers were washed with a brine solution, dried over Na:SO.,
filtered and conceuntrated to give 1,1-dimethylethyl
[(19)-2-cyano-1-methylethyllcarbamate (5.37 g, 88%) as a pale yellow solid. :H NMR
(400 MHz, CDCls) 8 1.32 (d, / = 6.8 Hz, 3H), 1.44 (s, 91, 2.52 (dd, J= 4.0, 16.4 Hz,

1H), 2.74 (m, 11), 8.96 (m, 1H), 4.65 (br s, 11,
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b [(8.9-3-Aminobutyll(2-methylpropylamine dihydrochloride was prepared in a
similar manner as described in example Z-29. H NMR (400 MHz, CDCl/CDs0D) 8
0.99 Gn, 6H), 1.34 (m, 3H), 2.13-2.27 (i, 8H), 2.76 (m, 2H), 3.07 (m, 21D, 3.47 (m, 11D,

8.22 (n, 1 H), 8.83 {m, <1 H).

c)

(4,6,12a.9 N[(2,4-DifluorophenyDmethyll-7-hydroxy-4-methyl-1-(2-methylpropyl)-6,8-
dioxo-1,2,3,4,6,8,12,12a-octahydropyrido[1',2'14,5]pyrazinoll,2-alpyrimidine-9-carboxa
mide. The title compound was made in two steps using a similar process to that
described in  example Z-2. 16a (80 wmg, 0.17 wmmol) and free 'bascd
[(38)-3-aminobutyl}(2-methylpropyllamine (107 mg, 0.74 mmol) were reacted in
dichloromethane (2 ml.) with acetic acid to give
(48,122:9- N-[(2,4-difluoraphenyl)methyll-4-methyl-1-(2-methylpropyl)-6,8-dioxo-7-[(p

henylmethyDoxyl-1,2,3,4,6,8,12, I;a-octahyclropyrido[1’,2’:4—,5prrazino[1 2-alpyrimidi

ne-9-carboxamide (76 mg, 76%) as a film. This material was hydrogenated in a
second step as described in example 72 to give
(48,1229 - M(2,4-difluorophenyDmethyl]-7-hydroxy-4-methyl- 1-(2-methylpropyl)-6,8-

dioxo-1,2,3,4,6,8,12,12a-octahydropyridol1’,2':4,5]pyrazino(1,2- alpyrimidine-9-carboxa
mide (39 mg, 80%) as an off-white solid. H NMR (400 MHz, CDCly) §0.76 (d, J=6.4
Hz, 3H), 0.84 (d, J= 6.4 Hz, 31, 1.32 {d, J= 7.2 Hz, 3H), 1.45-1.60 (m, 1H), 1.60-1.69
(n, 1H), 2.03-2.12 (m, 2, 2.21-2.27 Gn, 1H), 2.73-2.79 (m, 1), 2.87-2.93 (m, 11D,

4,16-4.25 (m, 2H), 4.45 (s, 1), 4.57-4.68 (m, 2HD), 4.96-5.01 (m, 1H), 6.75-6.82 (in, 27D,
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7.32-7.38 (m, 1I), 8.26 (s, 11D, 10.45 (s, 1FD), 12.56 (s, 1FD); BS* MS: 475 (M+1).

Example 2-32:

(45,1225 -1-(CvclopropylmethvD)- M (2 4-difluorophenyDmethyl]-7-hiydvoxy-4-methvl-6

18:di0x0-1,2,3.4,6,8.12.12a-octahydropyridel1',2"4. 5lnvrazinoll,2-alpyrimidine-9-carho

xamide.

oH O

F@v»a O N
™ N S N\/\ 1
S S 2* il

a)  1,1-Dimethylethyl {(1.9-3-{(cyclopropylmethylaminol-1-methylpropylicarbamate.
The protected diamine was prepared using a2 modified procedure as described in
example 2-29. 1,1-dimethylethyl [(1.9-3-amino-1-methylpropyllcarbamate (0.293 2,
1.56 mmol), cyclopropane carboxaldehyde (96 pl, 1.80 mmol), and sodium
triacctoxyborchydride (0.439 g, 2.07 mmol) were stirred in a 1:1 mixture of anhydrous
cdichlovoethane and ﬁetrahydrofuran (10 mL) at ambient temperature overnight.
The reaction was quenched by the addition of saturated NaHCOs and then extracted
with JBtOAc. The combined exiracts were washed with saturated NaFCOa, then a
solution of brine, dried over NazSQs, filtered and concentrated. The residue was
purified by flash chromatography (80:19:1 CHaoCly/MeOR/NH.OH (37%) gradient
elution) through a short plug of silica gel to afford 1,1l-dimecthylethy]
{(1.8)-3-l{cyclopropylmethyDaminol- 1-methylpropylicarbamate (76 mg, 26%) as a clear
oil. H NMR (400 MHz, CDCls) § 0.09-0.13 (m, 2H), 0.44-0.49 (n, 2H), 0.92-0.95 (m,

1H), 1.14 (d, J= 6.4 Hz, 3H), 1.43:1.70 (m, 12H), 2.38-2.50 (m, 2H), 2.62-2.73 (m, 2H),
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3.74 (m, 1H), 4.88 (m, 1H).

b)  [(38)-3-Aminobutyll{cyclopropylmethyDamine dihydrochloride was prepared in a
similar manner as described in example 7-29. 1 NMR (400 MHz, CDCly/CDy0D) &
0,40 (m, 2H), 0.64 Gm, 2HD), 1.15 (m, 1H), 1.34 (m, 3H), 2.12-2.25 (m, 2H), 2.82 (m, 2H),

3.08 {m, 2H), 3.47 (m, 1H), 8.25 (br, < 1H), 9.04 (br, < 1ID,

C)

(45,12a.9)-1-(Cyelopropylmethyl)- N-[(2,4-difluorophenyl)methyil-7-hydroxy-4-methyl-6
,8-dioxo-1,2,83,4,6,8,12,12a-octahydropyridol1',2"4,5]pyrazino[1,2- alpyrimidine-9-carbo
xamide, The title compound was made in two steps using a shumilav process to that
described in example Z-2. 16a (50 mg, 0.106 mmol) and free lbased
[(3.9)-3-aminobutyll{cyclopropylmethylamine (44 mg, 0.31 mmol} were reacted in
dichloromethane (2 mL) with acetic acid to give
(4.5,12a.9) 1-(cyclopropylmethyl)- M [(2,4-difluorophenyl) methyll-4-methyl-8,8-dioxo-7-{
(phenylmethyloxyl-1,2,3,4,6,8,12,12a-octahydropyridof1',2":4,5]pyrazine[1,2- alpyrimi
dine-9-carboxamide (50 mg, 83%) as a film, This material was hydrogenated in a
second step as described in example T2 to give
(45,1225 -1-(cyclopropylmethyD-N-[(2,4-difluovophenylmethyl]-7-hydroxy-4-methyl-6,
8-dioxo- 1,2,3,4,6,8,12,12a-oc!;ahyciropyrido[]",‘ 4, 5lpyrazinell,2-alpyrimidine 9-carbo
xamide (23 mg, 56%) as an off white solid. 1H NMR (400 MHz, CDCIs) § 0.11 (m, 2H),
0.56-0.59 (m, 2H), 0.77 (m, 1H), 1.34 (d, J= 7.2 Hz, 3H), 1.46-1.50 (m, 1H), 2.04-2.13

Gm, 1H), 2.30-2,34 (m, 1), 2.46-2.51 (m, 1H), 2.90-2.96 (n, 1H), 3.16-3.19 (m, 1H),

Tl
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4.21-4.80 {m, 2H), 4.61 (s, 1H), 4.58-4.67 (m, 2H), 5.00-5.06 (m, 1F), 6.76-6.82 (m, 2H),

7.31-7.37 (m, 11), 8.28 (s, 11), 10046 (s, 1FD), 12.55 (by, 1H); RS+*MS: 473 (M-+1).

Example Z-33:

(4.51208)- N2, 4-Difluorophenvl methyl]-1-(2-furanylmethyl)-7-hyvdroxy-4-methyl-6.8

cdiox0-1,2,8,4.6,8,12,12a-octahvdropyridol1'.2:4 8lpyrazinol1.2- alpyrimidine-9-carbox

‘amidao.

oH O

Fo o O J\N/L\
X I K! ™ N\/}\ /’
~My ! N
F o L .o
AW,
a) l:(3$7'3'Aminobul:yl](2'furany_lmethyl)am:ine dihydrochloride was prepared in a
similar manner as described in example Z-32. 'H NMR (100 MHz, CDCl3/CDs0OD) §
1.27 (d, J = 6.4 Hz, 3H, 1.96-2.05 (m, 1H), 2.14-2.19 (m, 1H), 3.00-3.64 (n, 2H),

3.38-3.39 (m, 11D, 4.11-4.18 (mn, 21, 6.34 (n, 1H), 6.59 (m, 1H), 7.40 (m, 1H), 8.18 (b,

<1 H), 9.41 (br, < 1 ¥).

b)

(4.5,12a8)- - [(2,4-Difluorophenyinethyil-1-(2-furanylmethyl)-7-hydroxy-4-methyl-6,58
dioxo-1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazino{l,2-2lpyrimidine-9-carbox
amide. The title compound was made in two steps using a similar process to that
described in  example %-2. -163 (36 mg, 0.076 mmol) and free based
1(88)-8-aminobutyl}(2-furanylmethyDamine (70 mg, 0.42 mmol) were reacted in

dichloromethane (2 mL) with acetic acid to give
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(4,5,12a.:9)- N-[(2,4-diflnorophenyDmethyll-1-(2-furanylmethyl) -4-methyl-6,8-dioxo-7-[(p
henylmethyDoxyl-1,2,3,4,6,8,12,12a-octahydropyridol1’,2"4, 5]pyrazino[l,2- alpyrimidi
ne-9-carboxamide (82 mg, 70%) as a film. This material was hydrogenated in a
second | step as described in example %02 to give
(4.5122.9)- MV [(2,4-difluorophenyDmethyl)- 1-(2-furanylmethyl)-7-hydroxy-4-methyl-6,8-
dioxcr].,2,3,4,6,8,12,12a'octahydropyrido[l’,2'14,5]py’1Tazinoll,2utz]pyrimidine-S)'carboxa
mide (20 mg, 76%), as an off-white solid. 1H NMR (400 MHz, CDCls) § 1.24 @, J =
6.8 Hz, 8H), 7.456-1.49 (m, 1H), 2.04-2.13 (m, 1), 2,77-2.82 (m, 1H), 2.94-8.01 (m, 1H),
3.65 (d, /= 15.6 Hz, 1H), 3.89 (d, J = 16.0 Hz, 1H), 4.27-4.31 (m, 1H), 4.39-4.41 (m,
1H), 4:49-4.63 (m, 1F), 4.58-4.66 (m, 1H), 4.98-5.03 (m, 1HD), 6.24 (m, 1H), 6.36 (m,
1M, 6.75-6.82 (m, 2H), 7.31-7.39 (m, 1H), 7.40 Gn, 1D, 8.26 (s, 1H), 10,47 Gn, 1ID),

12.50 (by, 11D; 1S+ MS: 499 (M+1).

Examuple %-34:

-DifluorophenyDmethyll-7-hvdroxy-4-methvi-6.8-dioxo-1-(1,3-thiazol-

(481289 N[(2
2-vimethyD-1,2.3,4,6.8,12,12a-octahvdropyrido[1'.2:¢ Slpyrazino[1,2-alpyrimidine-9-¢
arboxanide.
OH O
pelbees
N =, N
Y\/ ) 1
F o Krs
] \
N\/)
a)  [(3.9-3-Aminobutyl}(1,3-thiazol-2-ylmethyl)amine dihydrochloride was prepared
in a similar manner as described in example Z2-32. H NMR (400 MHz, CDC1s/CDs-

OD) § 1.28 {d, /= 6.4 Haz, SH), 2.06 (m, 11D, 2.17 (m, 1), 3.20 (m, 2H), 3.39 (n, 1H),
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4.61-4.58 (n, 2HD), 7.52 (4, 18), 7.82 (d, iH).

b)

(4:5,122.9)- M[(2,4-Difluorophenyl)methyl]-7-hydroxy-4-methyl-6,8-dioxo-1-(1,3-thiazol-
2-ylmethyl)-1,2,8,4,6,8,12,12a-octahydropyrido[1',2"4,5]pyrazinoll,2- zlpyrimidine-9-¢
arboxamide. The title compound was made in two steps using a similar process to
that described in example %-2. 16a (35 mg, C.074 mmol) and frce based
[(88)-3-aminobutyl](1,3 thiavol-2-yIlmethylamine were reacted in dichloromethane (2
ml.) with acetic acid to give
(45,1228 M [(2,4-difluorophenyl) methyll-4-methyl-6,8-dioxo-7-[(phenylmethyDoxyl-1-
(1,3-thiavol-2-ylmethyl)-1,2,3,4,8,8, 1.2,]Zz\'octahyd1‘opyrido[1',2'Zt‘l,Bthrazinol_l,Z:zhzyr
imidine-9-carboxamide (36 mg, 80%) as a film. This material was debenzylated in a
second step to in a manner similar to Z-26 to give
(/1-5’,12:»159-.N'[(2,4-difluorophenyl')methyl]'7'hydroxy'4-methyl-G,S-dioxc'l-(].,3't'niazol-
2-ylmethy)-1,2,3,4,6,8,12,12a octahydropyrido{1',2':4,5]pyrazine[1,2- 2lpyrimidine-9-c
arboxamide (18 mg, 60%) as an off-white solid. I NMR (400 MHz, CDCls) § 1.30 (4,
J=17.2 Hz. 3H), 1.49-1.568 (m, 1H), 2.12-2.18 (n, 1H), 2.93-2.96 (m, 1), 3,07-3,18 (m,
1H), 3.99-4.08 (m, 1H), 4.13-4.17 (m, 1H), 4.24-4.27 (m, 1H), 4.57-4.61 (m, 3H),
5.08-5.06 (m, 1H), 6.75-6.82 (m, 2H), 7.26 (m, 1H), 7.831-7.37 (m, 2H), 7.76 (m, 1H),

7.94 (m, 11D, 10.40 (m, 1H), 12.48 (m1, 1H); ES*MS: 516 M-+1).

Sxample 7381

racemic(da R 6a 1425 - M2 4-DifluorophenyDmethyl]-12-hydroxy-11,18-dioxo-1.9.4
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42.5.60.7.11.18, 14a-decahydro 2 pyridel1'.2":4.5lpyrazino[1,2-21[3. 11benzoxazine- 10-

carboxamide
OH
H...}
Fas [ F ) OWKN '
H
N erh\/N\/i‘no
o H

a)

racemic{da R, 6ak, 1428 M[(2,4-DiflnorophenyDmethyll- 11,18 -dioxo-12-[(phe
nylmethyDoxyl-1,8,4,4a,5,62,7,11,13,14a-decahydro-2 H pyrido[1',274, 5l pyrazine[1,2- al
!3,].]}3ellzoxazine-]O'c}xl'boxall;lide. racemic-ers 2-Hydroxymethyl-1-cvclohexylamine
hydrochloride (24 mg, 0.186 mmol} was dissolved in a dichloromethane sclution
containing a small amount of methanol (to dissolve) and excess MP-Carbonate
(Argonaut '1’»clmologies) was add‘ed, the mixture was stirred for 30 minutes, and the
MP-Carbonate was removed by filtration. The free amine solution was transi’c}‘red to
a microwave vessel conbaining 16a (29 mg, 0.0617 mmel). One drop of glacial acetic
acid was added and the solution was heated for 10 minutes at 140 °C. The resultant
solution was absorbed on celite and the material was purified by silica gel
chromatography (0-12% methanol/dichloromethane gradient elution) to yield the
desired product as a white solid (18 mg, 63%). I NMR (CDCl) & 10.40 {(m, 1 H),
8.35 (s, 1 H), 7.60 Gm, 2 H), 7.34-7,26 (m, 4 H), 6.80 (m, 2 H), 5.85-5.23 (m, 2 H), 5.13
(m, 1 M), 4.77 (m, 1 H), 4.70 (m, 2 1), 4.22 (dd, /= 13.2, 8.2 Hz, 1 H), 4.07 (dd, /=
138.2, 6.4, 1 D, 3.96 Gn, 1 M), 3.76 (dd, J=11.2, 4.4, 1 H), 2.22 (m, 1 H), 1.84 (m, 1 D,

1.74-1.40 (m, 6 H), 1.17 (mn, 1 FOi BS* MS: 550 (M +1).
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b)

racemic(4all6ar, 14aS) N [(2,4-DifluorophenyDmethyll-12-hydroxy-11,13-dioxo-1,3,4,
4a,5,6a,7,11,18,1da-decahydro-2 A pyrido[1',2":4,5)pyrazinol1,2- 4l[3, 1)benzoxazine- 10-
carboxamide.

racemic{dal?,6aR,14a5)- N-[(2,4-Difluorophenyl) methyll- 11,13-dioxo 12 [(phenylmethy
l)oxs;]-].,3,4,4:1,5,6&1,’7,11,18,14u'Llecahyd):o“zH;pyrido[1',2’:4,5]pyrazino[].,2~.u][B,l]benz
oxazine-10-carbexamide (1.3 mg, 0.0236 mimol) was dissolved in tetrahydrofuran and
10 w.t.% Pd/C (13 mg) was adcle('l; Hydrogen was passed through the solution several
times and the mixture was stirred at 1 alm hydrogen for 18 hours until the reaction
was determined complete by TILC (5% methanol/dichloromethane). The mixture was
filtered through Celtite, cluting with methanol/chloroform and the filtrate was
concentrated under reduced pressure and purified by HPLC to yield the title
compound (7.3 mg, 73%) 'H NMR (CDCI») § 12.45 (n, 1 H), 10.38 (s, 1 II), 8.30 (s, 1
H), 7.82 (m, 1 H), 6,83-6.76 (m, 2 I}, 5.23 (m, 1 H), 4.75 (in, 1 1), 4.63 (m, 2 F), 4.26
(m, 1 H), 4.12-4.01 (m, 2 H), 3.83 (m, 1 H), 2.30 (m, 1 H), 31.91 (m, 1 H), 1.80 Gm, 1 H),

1.67-1.40 Gn, 5 H), 1.20 (m, 1 H); £S* MS: 460 (M +1).

Example Z-36:

zacemie{4a R Bal2 14a.9) N-[(4-FluoropheuyDmethyl]-12-hvdroxy-11.13-dioxo-1.8.4.4a.

5.6a,7,11,13,14a-decahydro-2/7 pyridof1.2%4 5lpyrazine[1,2- 2118, 11benzoxazine-10-car
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lu
///\]

a)
racamic{1aR,8aR, 14aS)-N-[(4-Fluorophenyl)methyll-11,18-dioxo-12-[(phenyl

mct:hy])oxy]"1,8,4,4a,6,6a,7.11,18,ldva-decahydrO'ZH-pyrido[l’,2"-4~,5]pyrazino[1,2-:1][3,
Tbenzoxazine-10-curboxamide. In a manner similar to that deseribed in example
7%-356, from J'acem/'c-c/s-2-1[-iyclroxymethyij 1-cyclohexylamine hydrochloride (50 mg,
0.303 mmol) and 18 (45 mg, 0.0995 mmol) was prepared
racemic{1aR,8aR, 14a8)-N-[{(d-flucrophenyl)methyl]l-11,13-dioxo-12- {(phenylmethyDox
y]-1‘3,4,4a,5,6a,7,11,1(-3,14»a-decahydro-ZH-pyrido[l'.2'34,5]pyrazinof1,2~a][3,1]benzoxa
zine-10-carboxamide (48 mg, 91%) as a white solid. 'H NMR (CDCls) § 10.42 (m, 1
H), 8.37 (s, 1 FD), 7.59 (m, 2 HD, 7.88-7.24 (m, 5 H), 6.98 Gn, 2 H), 5.26-5.18 (m, 2 I,
5.07 (m, 1 H), 4.74 (m, 1 H), 4.62-4.51(m, 2 H), 4.20 (dd, J = 138.6, 4 Hz, 1 H), 4.04 (m,
1 H), 8.91 Gn, 1 B, 8.71 {dd, J = 11.3, 4.8 Hz, 1 H), 2.18 (mn, 1 H), 1.82 (m, 1 H),

1.78-1.62 (m, 2 H), 1.62-1.56 (m, 2 H), 1.48 (, 1 X, 1.38 (m, 1 H), 1.14 {m, 1 H); BS"

MS: 532 (M +1).

)

racemic{4aR,6ak 14a5)-N-{(4-FlucrophenyDmethyl]-12-hydroxy-11,13-dioxo-1,3,4,4a,
5,6a,7,11,13, 1 4a-decahydro-2H-pyrido[1',244,5]pyrazinol1,2-a][3, 1lbenzoxazine- 10-car
boxamide. Tn a manner similay to that described in example Z-37, from

racemic(4alR,BaR,14a8)-N-[(4-fluorophenylmethyll-11,13-dioxo-12-[(phenylmethylox

177
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y]-1,8,4,44,5,61,7,11,13,14a -decahydro-2H-pyrido[1',2"14, 5)pyrazinof1,2-al [3, 1]1benzoxa
#zine-1Q-carboxamide (87 mg, 0.0696 mmol) and 10 w.t. % PA/C (3 mg) was prepared
the title compound (18 my, 58%) as a white solid after purification by HPLC, 'H
NMR (CDCla) & 1247 (s, 1 H), 10.39 (m, 1 H), 8.32 (s, 1 H), 7.30 (m, 2 H), 6.98 (m, 2
ID. 5.22 (n, 1 H), 4.74 (m, 1 H), 4.58 (m, 2 H), 4.28 (dd, 7= 18.2, 4 Hy, 1 H), 4.12-3.98
(m, 2 1), 3.81 (dd, /= 11.6, 4.8 Hz, 1H), 2.29 (m, 1 H), 1.91-1.19 (m, 8 H); BS* MS:

442 (M +1),

Example 7-87:

recenic{38 4a R 6altI4a,9) N-[(2.4-Difluorephenyl)methyl]-12-hydroxy-11.13-dioxo- 8-

phenyl-1,3.4.4a,5,6a,7,11,18,1da -decahydro-2 Hpyridel1'.2':4.5]pyrazinol1,2-21[3, 1]ben

1'acemfc'(35,421]1?,621]?,.14-21.5‘)-N[(2,4-Diﬂuoropheny]_)methyl]-le,lE-dioxo-S-phe
ny]-12'[(phenylmethyl)oxy]~1,3,4«,4a,5,6a1,7,11,13.].4a<decahydro~2prrido[1‘,2‘-‘4,5]py
razinoll,2-al{3,1]benzoxnziner 10-carboxamide. In a manner similar to that described
i example 2-35, fom racenne-{(17,2:5,5.5)-2-amino-5-phenyleyclohexyllmethanol
hydrochloride (82 mg, 0.160 m:nol) and 16a (30 mg, 0.064 mmol) was prepared

racemic- (85 4aR,6aR 14a8) A-{(2 +4-diflworophenylmethyll-11,13-dioxo- 8- phenyl-12-[(

phenylmethyloxyl-1,8,4,4a,5,6a,7,11,18, l4a-decahydro-2Hpyrido(1',2"4,5lpyrazinefi,
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2-41(3, 1]benzoxazine- 10-carboxamide (35 mg, 88%) as a white sclid. 1E NMR (CDCls)
§ 10.41 (m, 1 I, 8.38 (s, 1 H), 7.66 (n, 2 H), 7.40-7.26 (m, 6 ID, 6.81 (m. 3 H),
5.832-6.26 (m, 2 M), 5.17 (m, 1 H), 4.89 (m, 1 ), 4.66-4.62 (m, 2 I, 4.26 (dd, J= 13.6,
4 Hz, 1 H), 4.13-4.04 (m, 2 FD, 8.86 (dd, J=11.2, 4.4 Hz, 1 H), 2.56 (m, 1 H), 2.37 (m, 1

H3, 2.08-1.64 (m, 6 H); LS+ MS: 626 (M +1).

b)

racemic(3.54a R, 6ak,14a8) N (2,4-DifluorophenyDmethyl]l-12-hydroxy-11,13-dioxo-3-
phcnyl'1,3,4,4-21‘5,651,7,].1,13,1'1a'decahydl'O'21‘]'1Jyrido[]’,2’14—,5]pyrazi1‘m[l,2~;1][3,1]ben
zoxazine-10-carboxamide.
1'.;7061)7ic‘(3$,4a1?,Ga[{.,14:1:5)‘1\/‘[(2,tl»'Diﬂuorophenyl)methyl]-11,lS'dioxo.'B-phenyl-IZ'[(
phenylmethyloxyl-1,8,4.4a,5,6a,7,11,18, 1da-decahydro-2 H-pyridol(1',2":4, 5]pyrazinoll,
2-21[3,1lbenzoxazine-10-carboxamide (27 mg, 0.0432 manol) was suspended in
methanol, 1.0 w.t. % Pd/C ( 3 mg) was added and hydrogen was bubbled through the
system several times until the reaction was determined complete by TLC (5%
methanol/dichloromethane). The suspension was filtered through Celite eluting with
methancl/chloroform and the filtrate was concentrated under reduced pressure and
purified by HPLC to give the title compound (13 mg, 57%) as a white solid. 'H NMR
(CDCla) & 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
(m, 4 H), 6.79 (m, 2 H), 5.78 (br s, 1 H), 4.85 (m, 1 H), 4.62 (m, 2 H), 4.29 (m, 1 H),
4.16-4.09 (m, 2 H), 3.92 (dd, J = 11.6, 4.8 Hz, 1 ), 2.68 (m, 1 H), 2.46 (m, 1 H),

2.07-1.64 {m, 7 H); BS+ MS: 536 (M -+1).
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Ixample %-38:

_Sodium_

racemic(4aS,648.14a8):10-({[(2.4-difluorophenylmethyllaminolearbonyl) -6-(2-methvyl

propyl)-11,13-dioxo-1,2.3,4,4a,5.6,6a.7,11.18. 14z -dodecahydropyridel1.2" 4, 51 pyraginol

1.2-alguinazolin-12-olate.

Na' 0 o]
g Fooos A .
H
,/N\l, \/N\/I"N
i
O
a) racomic-1,l-Dimethylethyl {(18,2R)-2-(hydroxymethyl)cyclohexyllcarbamate,

racemic (17,2558 -2-Amino-5-phenyleyclohexylimethanol hydrochloride (800 mg,
4.82 mmol) was dissolved in MeOH (40 mL) and bis(1,1-dimethylethyl) dicarbonate
(1.16 g, 65.30 mmol) and triethvlamine (4 mL, 28.92 mmol) were added and the
mixture was stirred 18 hours at ambient temperature. The solvents were removed
wnder reduced pressure, ethyl acetate and aqueous saluraled sodium bicarbonate
were added and the product was extracted with ethyl acctate. The combined
organics were dried over sodium sulfate and the solvents were removed undey reduced
pressure. Purification by silica gel chromatography (9:1 hexanes: ethyl acetate to
ethy! " acetate gradient elution) gave 1,i-dimethylethyl
zracemic-{(18,2R)-2-(hydroxymethylDeyclohexyllcarbamate (934 mg, 85%) as a white
solid. 'H NMR (CDCls) 8§ 4.87 Gm, 1H), 4.03-3.95 (m, 2 H), 3.26 Gm, 1 H), 8,15 (m, L

), 1.73-1,48 (m, 5 H), 1.88 (s, 9 1). 1.27°2.15 (m, 3 H), 0.887 (m, 1 H).

b) racemrc-1,1-Dimethylethyl [(IS,ZR)~2'1'“ormylcyclohexyl]carbamato. To a

180
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salution of dimethy'lsu]foxide (0.2 mL, 2.88 mmol) in dichloromethane (3 ml) at -78 °C
was added oxalyl chloride (0.72 mL, 1.44 manol) c}ropwise. The mixture was stirred
10 minutes and racemic-l,1-dimethylethyl
[(1S,2R)-2-(iydroxymethyl)eyclohexyllcarbamate (220 mg, 0.961 mmol) in
dichlormethane was added dropwise and stirred 10 minutes. Triethylamine (0.53 mnL,
3.84 mmol) was added slowly and the reaction was stirved at -78 °C for one hour and
allowed to warm te ambient temperature. Water was added and product was
extracted with dichloromethane. The combined organics were washed with brine and
dried over sodium sulfate. Removal of solvents under reduced pressure afforded
racemic-1,1-dimethylethyl [(18,2R)-2-foxrmyleyclohexyllearbamate {223 mg,
quantitative) as a yellow oil. 1H NMR (CDCl) § 9.61{s, 1 HJ, 5.19 (m, 1 H), 3,88 (i,

1H), 2.61 Gm, 1 H), 1.85 (m, 1 H), 1.63-1.49 {(m, 4 H), 1.37-1.16 (n, 12 H).

c) racemic-1,1-dimethylethyl ((18,28)-2-{[{(2-MethylpropyDaminolmethyl}
cyclohexylcarbamate. racemic-1,1-Dimethylethyl
[(1S,2R)-2-formyleyclohexyilcarbamate (2283 mg, 0.982 mmol) was dissolved in
dichloroethane and 2-methylpropyDamine (0.15 mL, 1.47 mmol) and sodium
triacetoxyboxohydride (290 mg, 1.837 mmol) were added and the reaction was stirred
at ambient temperature for 18 Bours. Aqueous sodium bicarbonate was added and
the product was extracted with dichloromethane. The combined extracts weve dried
over sodium sulfate and the solvents were removed under reduced pressure.
Purification by silica gel chromatography (dichloromethane to 1% ammoniwm

hydroxide 19% methanol 80% dichloromethane gradient elution) afforded
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racemie-],l-dimethylethyl

((18,28)-2-{[(2-methylpropyDaminolmethyllcyclohexyldecarbamate (112 mg, 40%) as a
clear colorless oil. TH NMR (CDCly) 8 6.06 (br s, 1 H), 8.76 (brs, 1 H), 2.63 (m, 1 HD),
2,43-2.37 (m, 2 ¥D), 2.2-5 Gm, 1 H), 1.81 (m, 1 ¥, 1.71-1.59 (n, 3 H), 1.44-1.32 (m, 14 FD),

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

d) racemic(18,28)-2-{{(2-MecthylpropyDaminclmethylleyclohexanamine
hydrochlorids,

In a manner similar to that describe in example %-3, step e, from
racemic-1,1-dimethylethyl (18,28)-2-{[(2-methylpropyDaminolmethyl}
cyclohexylcarbamate (112 mg, 0.394 mnol) was prepared
(185,28)-2- {[(2-methylpropyaminclmethyllcyclohexanamine hydrochloride (130 mg, >
100%) as a white solid. 'H NMR (mcthanol-d//CDCla) 6 8.68-8.28 (in, 1 I, 3.62 (br
s, 1), 3.26 (m, 1 H), 2.88-2.78 (in, 3 H), 2.64 (brs, 1 H), 2,12 (n, 1 H), 1.82-1.66 (m,

3 H), 1.53-1.89 (m, 5 H), 0.96 (m, 6 H). 0.766 {(m, 1 H).

@)
racemic{4a8,628,14a8)-N-[(2,4- DifluorophenylDmethyl]-6-(2-methylpropyD-11

,13-dioxo-12-[(phenylmethyDoxyl-1,2,3,4,44,5,8,6a,7,1 1,13,14a-dodecahydropyrido(1’,2’

4,5) pyrazino(l,2-alquinazoline-10-carboxamide. In a manner similar to that
described in 7-35, from
racemic(18,28)-2-{((2-methylpropyDaminolmethyl}cyclohexanamine hydrochloride

(180 mg, 0.508 mmo)) and 16a (35 wmg, 0.117 mmol) was prepared
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1';1'0@1111'0'(4aS,b‘aS,l4aS)'N'[(2.4'(1ifluorophcny])methyl]'6'(2'1llethylpropyl)~11,13'diox
0-12-[(phenyimethyDoxyl-1,2,3,4,42,5,6,62,7,11,13,14a-dodecahydropyridoll',24,5]
pyrazino(1,2-alquinazoline-10-carboxamide (44 mg, 62%) with a 12: 1 dr. 'H NMR
(CDCls) & 10.46 (m, 1H), 8.33 (s, 1 ), 7.59 (m, 2 H), 7.37-7.24 (m, 4 H), 6.79 (m, 2 H),
5.80-5.238 (m, 2 H), 4.75-4.56 {m, 3 H), 4.23-4.09 (m, 3 ), 2.69-2.66 (m, 2 1), 2.21-1.98
(m, 3 H), 1.80 (m, 1 H), 1.71-1.33 (m, 6 H), 1.26-1.19 (m, 2 H), 0.810 (m, 38 H), 0.720 (m,

3H); B8 MS: 605 (M +1.

racemic-(daS,6a8,14a8)-N-{(2,4-DifluorophenyDmethyll-12-hydroxy-6-(Z-meth
ylpropyl)-].l,lB'dioxcrl,2,3,4,-’1~a,5,6,6a,7,ll,lB,1!1a-dodecahydropyrido[1',2‘14,6]pyrazin
ol1,2-alquinazoline-10-carboxamide. In a manmer similar to that described in
example 2351, from
racemic{4a8,6a8,14a8)-N-[(2,4-difluorophenyl)methyl)-6-(2-methylpropyl- 11, lB'dio;(
012 [(phenylmethyDoxyl-1,2,3,4,42a,5,6,62,7,11,13,14a-dodecahydropyrido(1',24,5]
pyrazinoll,2-algquinazoline-10-carboxamide (39 mg, 0.064 mmol) and 10 w.i. % Pd/C (7
mg) was prepared
racemic(4aS,8a8,14a8)-N-[(2,4-difluoropheny)methyl]- 12-hydroxy-6-(2-meithylpropyl)
-11,13-dioxo-1,2,3,4,44a,5,6,6a,7,11,183,14a-dodecahydropyridol1',2"4,5)pyrazinoll,2-alq
uinazoline-10-carboxamide (86 mg, > 100%) as a tan solid. JH NMR (CDCly) § 12.60
(brs, 1 H), 10.43 (brs, 1 1), 8.25 (s, 1 H), 7.35 (m,vl H), 6.78 (m, 2 H), 4.77 (m, 1 H),

4.63 (m, 2 H), 4.49 (br s, 1 H), 4.30-4.13 (m, 2 H), 3.68-3.40 (m, 2 H), 2.88-2.71 (m, 2

H), 2.32-2.21 (m, 2 H), 2.05 (m, 1 H), 1.88-1.11 (m, 7 FD), 0.830 (m, 3 H), 0.760 (m, 3

183
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H) AP+ MS: 516 (M +1),

g) Sodium
racemic<4aS,6a3,14a8)-10-({{(2,4-Difluorophenyl)methyllamino}earbonyl}-6-(2-methyl
propyl)-11,13-dioxo-1,2,3,4,42a,5,6,6a,7,11,18, 14a-dodecahydropyrido[1',2"4,5]pyrazino]
1,2-alquinazolin-12-olate. Tn a manner similar to that described in example Z-1,
from
l'acemI'C'(daS,GaS,14-58)'1\]*[(2,4'diﬂuorophenyl)m@.Lhyl]'12']1&droxy'G'(Z'methylpropyl)
-11,13-diox0-1,2,3,4,41,5,6,682a,7,11,13, Lld4a-dodecahydropyridol1’,2:4,5lpyrazinol1,2-alq
uinazoline-10-carbexamide (37 mg, 0.071 mmol) and 1 N sodium hydroxide (0.07 mL)
the t;tle compoeund was prepared as a yellow solid (26 mg, 88 “%). . 'H NMR
(DMSO-dd 8 10.78 Gn, 1 1), 7.94 (s, 1 H), 7.82 (m, 1 1), 7.19 (m, 1 H), 7.00 (m, 1 H),
4.59-4.41 (m, 3 H), 4.28 (m, 2 H), 4.14 (br s, 1 H), 2.63-2.60 (m, 2 H), 1.98-1.61 (m, 5
H), 1.48-1.36 (m, 4 H), 0.997 (m, 3 H), 0.760 (n, 8 H), 0.660 (m, 2 H); AP+ MS: 515

(M +1. of free acid).

Example Z-39:

(6aR.,7a8,1128)-N-{{2.4-DifluorophenyDmethyll-1-hydroxy-2.13-dioxo-2,6a,7.74.8.9,10,

11,11a,13 decahydro-86H -pyridel1'.2"4 5lpvrazinof1,.2-albenzimidazole-3-carboxamide

& Example 2-40:

(628.7a8,11a8)-N-[(2.4-DifluorophenvDmethyli-1-hydroxy-2.13-dioxo-2.6a,7,72.8.9.10.

. 1la,13-decahydro-6H pyridoll'.2"4,5]lpvrazino{l.2-albenzimidazole-3-carboxamide.

184
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oH o OH O
F F 0. J\\;’JJ\N@ Fa~F O\ '\N;<:>
H diane T
\©/\/N I\/N\/l\r\j H @/H\n/\ N\/i""N H
I H H o HH

a)

(8aR,7a8,11a8)-N-{(2,4-Difluorophenylmethyli-2,13-dioxo-1-[{phenylmethyDo

i

--xy]-2,62,7,72,8,9,10,11,11a,18 decahydro-6H pyrido [ 207¢, 5] pyrazino{l,2-a)

benzimidazole-3-carboxamide and
(6a8,7a8,11a9)-N-[(2,4-difluorophenyDmethyll-2,15-dioxo - [(phenylmethyDoxyl-2,6a,
7,72,8,9,10,11,11a, [3-decahydro-6H pyrido[1',2"4,5]pyraxzinoc[1,2-albenzimidazole+3-ca
rboxamide, In a manner similar toe that described in example %2-2, from

[(18.28)-2-aminocyclohexyllamine (122 mg, 1.07 mmol) and 16a (200 mg, 0.426 mmol)

was prepared

(6aR,72S,11a8)-N-[(2,4-difluoropheny)methyl)-2,18-dioxo-1-{{(phenylmethyboxyl-2,6a,
7,72,8,9,10,11,11a,13-decahydro-6H-pyrido {1',2%4,5] pyrazino{1,2-a]
benzimidazole-3-carboxamide (58 meg) and
(8aS,7a8,11a8)-N-[(2,4-difluorophenyDmethyl)-2,18-dioxo  1-[{phenylmethyDoxyl-2,62.
7,72,8,9,10,11,11a,13-decahydro 6H-pyridol1',2"4,56]pyrazino{l,2-albensimidazole-3-ca
rboxamide (10.6 mg) after separation of the diastercomers using silica gel

chromatography 0-12% methanol/dichloromethane).
(6aR,7a8S,11a8)-N-[(2,4-difluorophenyl)methyl]-2,13-dioxo- 1-[(phenylmethylDoxyl-2,6a,
7.74,8,9,10,11,11a,13-decahydro-6H-pyrido [1*.2"4,5) pyvazino[1,2-a]

benzimidazole-3-carboxamide (major): 'H NIMR (CDCla) § 10.40 (m, 1 ), 8.33 (s, I

H), 7.57 (m, 2 H), 7.40-7.25 (m, 4 H), 6.81 (m, 2 H), 5.82 (1, /= 10 Hz, 1 H), 5.13 (d, J
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=10 Hz, 1 HD, 4.64°4.58 (m, 3 I, 4.21 (dd, J= 12,4, 3.2 Hz, 1 1), 3.79 (m, 1 H), 3.04
(m, 1H), 273 (m, 1 H), 2.53 (m, 1 H), 2.01-1.79 (m, 4 F), 1.36-1.24 (n, 4 H); BSr MS:
535 ™M 1.
(8a53,728,11a8)'N-[(2,4-difluorophenyl)methyl]-2,18-dioxo- 1- [(phenylmethyDoxy]- 2,64,
7,’7a,8,9,10,11,lla,1li-decahydro'GH'pyrido[].',2‘14,5]pyr'ru_aino[1,2'a]benzimidaznle'&ca
rboxamide (minor diastereomer): 'H NMR (CDCl» 8 10,33 (m, 1 H), 8.28 (s, 1 H),
7.61 (m, 2 H), 7.39-7.28 (m, 3 H), 6.79 (n, 2 H), 5.29 (d, J= 9.6 Hz, 1 H), 5.05 (d, J =
9.6 Hz, 1 H), 4.84 (m, 1 H), 4.60 (m, 2 D), 3.90-3.84 (m, 2 H), 3.07 (m, 1 H), 2.76 (m, 1
H), 249 (m, 1 ), 2.07 (m, 1 H), 1.90-1.51 (m, 4 H), 1.33-1.19 Gn, 4 H); MS data

matches that of its diastereomenr,

) (For example Z-39).
(6aR,7a8,11a8)-N-{(2,4 DifluorophenyDmethyll-1-hydroxy-2,13 dioxo-2,6a,7,7a,8.9,10,
11,11a,13-decahydro-6H-pyrido(14,2"4,5]pyrazinol1,2-albenzimidazole-3-carboxamide.

In a manner similar to that deseribed in example Z-87, from the minor diastereomer
prepared in step a
(6a8,7a285,11a8)-N-1(2,4-difluorophenylmethyl]-2,13-dioxo- 1-[{(phenylmethyDoxyl-2,6a,
7,72,8,9,10,11,11a,18-decahydro 6 H-pyridol1',2":4,5]pyrazinol1,2-albenzimidazole-3-ca
rboxamide (7 mg, 0.0131 mmol) and 10 w.t. % Pd/C (catalytic amount) was prepared
(6aR,7a8,11a8) N-[(2,4-difluorophenyl)methyl]-1-hydroxy-2,13-dioxo-2,64,7,74,8,9.10,

11,11a,13-decahydro-6H-pyrido[1,2':4,8]pyrazino{l,2-albenzimidazole-3-carboxamide

(2.8 mg, 48%) aftexr purification by HPLC. 'H NMR (CDCls) & 12.15 (br s, 1 H),

10.42 (br s, 1 ID, 8.31 (s, 1 ), 7.86 (m, 1 H), 6.80 (m, 2 H), 5.01 Gm, 1 H), 4.63 (m, 2

186
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), 4.16 (m, 1 1), 8.96 (m, 1), 3.06-2.93 G, 2 H), 2.61 (m, 1 H), 2.18 (m, 1 H), 1.93

(m, 1H), 1.60-1.13 (m, 4 H), 0.893-0.840 (m, 2 H); ES* MS: 445 (M +1).

c) (For example 7-40),
(6a8,7a8,11a8)-N-1(2,4 Difluoropheny)methyll-1-hydroxy-2,13-dioxo-2,6a,7,74,8,9,10,

11,11a,18-decahydro-6H-pyridol1’,2"4,6lpyrazinoll,2-albenzimidazole-3-carboxamide.

Ina manner similar to that described in example 2°37, from the major diastereomer
(30 mg, 0.0561 mmol) prepared in step a and 10 w.t. % Pd/C (catalytic amount),
(6aS,7aS,]laS}-N-[(2,4‘ﬁDiﬂuoropheny])methyl]'1'hydroxy-2,13-diox0-2,6a,7,7a,8,9,10,
11,11a,18-decahydro-6H-pyrido[1',2":4,6]pyrazinol1,2-ajJbenzimidazole-3-carboxamide

was prepared as a white solid (15 mg, 60%) after purification by HPLC. 'H NMR
(methanol da/CDCl) 6 10.41 (m, 1 ), 8.25 (s, L ), 7.30 (m, 1 H), 6.77 (m, 2 H), 4.77
Gn, 1 H), 4.67 (m, 2 FD, 4.45 (a1, 1 H), 3.91 (m, 1 H), 3.12 (m, 1 H), 2.67 {m, 1 H), 2.12

(m, 1 H), 1.87-1.84 (m, 2 H), 1.47-1.83 (m, 4 II); ES* MS: 445 (M +1).

Example Z-43:

(5aS.14a8)-N-[(2 4:DifluorophenyDmethyll-11-hydroxy-10,12-diox0-1.2.3,4,62,6,10,12,

2":3.4limidazo{1.2-dlpyrazine-9:carboxamide,

a)

(5a8,1428)-N-[(2,4-Diftuorophenyl) methyll-10,12-dioxo-11-[(phenylmethyDoxy)-1,2,3,4

187
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,68,6,10,12,14,14a-decahydropyrido{1,2-alpyrido(1',28,4}limidazol1,2-dlpyrazine-9-car
boxamide. In a manner similar to that described in example %18, from 18a (50 mg,
0.108 mmob and [(28)-2-piperidinylmethyllamine hydrochloride (50 mg, 0.269 mmol,
made in a similar mannor as described in example 2-18) was prepared
(5a8,14a8)-N-[(2,4 difluorophenyl)methy!]-10,12-dioxo- 11- [(phenylmethyDoxyl- 1,2,3,4,
62,6,10,12,14,14a-decahydropyridoll,2-alpyridol1',2":3,4}imidazo(1.2-dlpyrazine-9-cax
boxamide (40 mg, 78 %). H NMR (CDCls) § 10.43 (m, 1 H), 8.38 (s, 1 H), 7.59 {m, 2
M), 7.59-7.25 (m, 4 H), 6.81 (m, 2 H), 5.38 (d, J= 10 He, 1 H), 5.19 (4, /= 10 Hz, 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), 8.85
(m, 1 H), 3.74 (m, 1 H), 8.27 (m, 1 F), 2.99 (m, 1 H), 2.43 (m, 1 M), 2.24 (m, 1 H),

1.94-1.87 (m, 2 H), 1.77-1.68 (i, 2 H), 1.89-1.24 (m, 2 H); LES* MS: 536 (M +1).

b)
{6a8,14a8)-N-{(2,4-Difluorophenyl)methyl]- 11-hydroxy- 10, 12-dioxo-1,2,3,4,5a,6,10,12,
14,1i4a-decahydropyridoll,2-alpyridol1',2":8,4)imidazol1,2-dlpyrazine-9-carhoxamide.
Tm 8 manner similay  to  that described in  example  2-87, from
(SaS.14-aS)‘N‘f(2,4-'diﬂuorophenyl)methyi]']O,12~diox0'11'll(phenylmethyl)oxy]‘].2,8,4-,
5a,6,10,12,14,14a-decahydropyridol1,2-alpyrido(1',243,4)imidazo[1,2-d)pyrazine-9-car
boxamide (18 mg, 0.0337 mmol) and 10 w.t.% Pd/C (catalytic amount) was prepared
the title compound as a white solid (13 mg, 87%) after purification by HPLC, H
NMR (CDCl) & 11.71 (brs, 1 H), 10.36 (br s, 1 H), 8.31 (s, 1 H), 7.34 (m, 1 H), 6.78
(w, 2 1), 4.64-4.57 (i, 2 H), 4.28 (m, 1 H), 4,12 (m, 1 H), 3.92:3.89 (m, 2 H), 3.22 (m, 1

H), 8.04 (m, 1 ), 2.49 (m, 1 H), 2.28 (m, 1 H), 1.97-1.89 (m, 2 H), 1.78 (m, 1 D,

188
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1.66-1.60 (in, 2 ), 1.43-1.86 (m, 2 H); 1S+ MS: 445 (M +1).

Example 7-42:

(4aR,14aR)-N-[(2.4-Diflucrophenyl)methyll-9-hydroxv:8.10-diox0-2.8,4,.4a.6 6,8,10,14

14a-decahvdro- 1H-pyridol1.2-clpvrido]1'.2"4.5)pyrazine{l,2-alpyrimidine:11-carboxam

ide.

a

a) Phenylmethyl (2R)-2:(hydroxymethyl)-1-piperidinecarboxylate. In a manner
similar to that described in example Z-3a, from
(2R)-1-{l(phenylmethyDoxylcarbonyl}-2-piperidinecarboxylic acid (4.93 g, 18.75 mmol
was prepared phenylmethyl (2R)-2-(hydroxymethyl)-l-piperidinecarboxylate (2.24 g,
48%) as en oil that solidified upon standing to a white solid, 'H NMR (CDCly) 6
7.36-7.26 (m, & HX 5.18:5.10 (m, 2 H), 4.87 (m, 1 H), 4.08 (m, 1 H), 3,84 ( m, 1 H),

3.63 (m, 1 H), 2,906 (brs, 1 H), 1,71-1.42 (m, 6 H),

b) Phenylmethyl (2R)-2-(cyanomethyl):I-piperidinecarboxylate. In a manner
similar to  that A deseribed in example  %-3b, from phenyhmethyl
(2R)-2-(hydroxymethyl)-1-piperidinecarboxylate (1.09g, 4.88 mmol) was pl"epared
phenylmethyl (2R)-2-{[(4-methylphenylsulfonyllaxylmethyD)-1-piperidinecarboxylate
(1.06g, 59% impure with uncharacterized byproduct) as a clear colorless oil after

purification using silica gel ehromatography (10-100% ethy! acetate-hexanes). It is

189
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necessary to use this material in the next step as soon as possible or yields
deteriorate dramatically,. In a manner similar to that described in example Z-3c,
from phenylmethyl
(2R)-2-({[(4-methylphenyDsulfonylloxytmethyl)-1-piperidinecarboxylate (1.05 g, 2.61
mmol) and sodium cy?mide (583 mg, 7.82 mmol) ;ivas prepared phenylmethyl
(2R)-2-(cyanomethyl)-1-piperidinecarboxylate (171 mg, 25 %) as a yellow oil. IH
NMR (CDCla) & 7.35-7.29 (m, 5 H), 5.13 (s, 2 H), 4.65 (m, 1 H), 4,10 (n, 1 H), 2.96 (m,

1 H), 2.60 (m, 2 1), 1,82-1.67 (m, 4 1), 1.54-1.89 (m, 2 H).

d) Phenylmethyl (2R)-2-(2-aminoethyl)-1-piperidinecarboxylate. In a manner
similar to that described in example Z-3d, from phenylmethyl

(2R)-2-(cyanomethyl)-1-piperidinecarboxylate (171 mg, 0.663 mmol) was prepared
phenylmethyl (2R} 2-(2-aminoethyl)-1-piperidinecarboxylate (119 mg, 68%) as a clear
colorless residue.  'H NMR (CDCls) § 7.32-7.25 (m, 5 H), 5.08 (m, 2 H), 4.39 (bx s, 1
H), 4.01 (br s, 1 H), 2,78 (m, 1 H), 2.60-2.66 (m, 2 H), 1.96-1.86 (n, 3 1), 1.63-1.85 (m,

6 H).

e) {2-[(2R)-2-Piperidinyllethyllamine. Phenylmethyl
(2R)-2-(2-aminoethyl)-1-piperidinecarboxylate (119 mg, 0.454 mmol) was dissolved in
methanol and 10 w.t.% Pd/C (120 mg) was added. Hydrogen was bubbled through
the solution for 15 minutes and the reaction was stirved under 1 atm hydrogen for 18
hours until determined complete by TL.C (1% ammonium hydroxide 19% methanol

80% dichloromethane). The suspension was filtered through Celite eluting with

190
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methanol and the filtrate was carefully concentrated under reduce pressure to yield a
clear colorless ligquid (58 mg, quantitative). 'H NMR (CDCl) & 2.99 (m, 1 I,
2.71-2.66 (m, 2 H), 2.57-2.48 (m, 2 ), 1.72 (m, 1 H), 1.61-1.52 (m, 2 1), 1.48-1.42 (m,

2 H), 1.35-1.25 (m, 2 H), 1.05 (m, 1 H).

2

(4aR,14aR)-N-[(2,4-Difluorophenyl)methyll-8,10-dioxo-9-[(phenylmethyDoxyl-
2,8,4,42,5,6,8,10,14, 14a-decahydro-1H pyrido[1,2-clpyridof1’,2":4,5]pyrazinoll,2-alpyri
midine-1l-carboxamide. In a manner similar to that described in example 2-35, from
16a (56 meg, 0.106 mmol) and {2-[(2R)-2-piperidinyllethyllamine (58 mg, 0.4564 mmol)
was prepared
(4aRk,14aR)-N-[(2,4-difluorophenyDmethyll-8,10-dioxo 9- {{phenylmethyloxyl-2,3,4.44,
5,6,8,10,14,14a-decahydro-1H -pyridol1,2-clpyride[1,24,8]pyrazino[1,2-alpyrimidine-1
1-carboxamide (47 mg, 81%). 'H NMR (CDCls) 8 10.50 (bxr 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), 5.29-6.22 (m, 2 H), 4.66-4.66 (m, 3 H),
4.80 (m, 1 H), 4.19 (m, 1 H), 8,78 (by s, 1 H), 2.86-2.80 (m, 2 H), 2.18 (br s, 1 H), 1.94

(m, 1 HD, 1.68-1.86 (m, 6 H), 1.23 (by s, 2 H); 188" MS: 549 (M +1).

g

(4aR,14aR)-N-[(2,4-Difluorophenyl)methyl]l-9-hydroxy-8,10-dioxo-2,3,4,42a,5,6,
8,10,14,14a-decahydro-1H-pyrido[1,2-clpyrido(1',2:4,6]pyrazino[l,2-alpyrimidine-11-¢
arboxamide. In a manner similar to that described in example 7%-37, from

(4aR,14aR)-N-[(2,4-difluorophenyl)methyll-8,10-dioxo-9-[{(phenylmethyDoxyl-2,8,4,4a,

191
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5,6,8,10,14,14a-decahydror 1H-pyridol1,2 clpyridol1',2":4,5]pyrazino(1,2-alpyrimidine-1
I-carboxamide (47 mg, 0.0857 mmol) and a catalytic amount of 10 w.t.% Pd/C was
prepared the title compound as a white solid (19 mg, 54%) after purification by HPLC.
'H NMR (CDCla) 6 10.49 (m, 1 H), 8.29 (s, 1 H), 7.34 (m, 1 H), 6.79 (m, 2 H),
4.67°4.56 (m, 3 H), 4.41 (m, 1 H), 4.20 (m, 1 H), 3.93 (s, 1 H), 2.94:2.87 (m, 2 H), 2.28
(br s, 1 H), 2.01 (m, 1 H), 1.68-1.54 (m, 4 H), 1.44 (m, 1 H), 1.29-1.23 (m, 3 1), 0.850

(m, 1 H);, ES*MS: 459 (M +1).

Ixample 2-43:

(AR 12a ) N-[(2.4:Difluorophenvl)methvl]l-7-hydroxy-d-methyl-1-(3-methyvlbutyl)-6,8:d

10%0°1,2,3.4,6,8,12 12a-octahydropyridef1'.2":4,6]pvrazine{1.2-2lpyrimidine-9-carboxa

mide.
OH O
Foy o KA
I \N\)i\N)
F o} H‘\
PR

a) 18/ 3-Ainobutyll(3-methylbutyDamine dihydrochloride was preparved in a
shmilar manncr as described in example 2-32. 1H NMR (400 MHz, CDCl/CDsOD) &
0.87 (d, J= 5.2 He, 6H), 1.32 (m, 3H), 1.61 (n, 3H), 2.10-2.20 (m, 2H), 2.90-3.04 (m,

411), 8,46 (m, 1H), 8.28 (by, < 1 H), 8.96 (br, < 1 H), _

b)
(472,122 7)- M ((2,4-Dfluorophenyl)methyll 7-hydroxy-4-methyl-1-(3 ‘methylbutyl)-6,8-d1

0x%0°1,2,3,4,6,8,12,12a-octahydropyrido(1',2'4,5]pyrazinol1,2- alpyrimidine: 9-carboxam

192
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ide. The title compound was made in two steps using a similar process to that
described in  example Z-2, 16a (40 mg, 0.0856 mmol) and free
[(3 -3 aminebutyl](G-methylbutylDamine (46 mg, 0.35 mmol) were reacted in
dichloromethane (2 mL) with acebic acid to give
(AR 12a R N-[(2,4-difluorophenyDmethyll-4-methyl-1+(8-methylbutyl) 6,8 dioxo-7-[(ph
enylmethyloxy]-1,2,3,4,6,8,12,12a 0ctahydropyvido(1',2":4,5]pyrazinol1,2-alpyrimidine
-9-carboxamide (44 mg, 90%) as a film, This material was hydrogenated in a second
step as described in example Z-2 to give
(412,128 5)- NV [(2,4-difluorophenyl)methyl]-7-hydroxy 4'methyl-1-(8-methylbutyl)-6,8-d
iox0°1,2,8,4,6,8,12,12a-0octahydropyridol1',2"4,5)pyrazino[1,2-alpyrimidine-9-carboxa

mide (11 mg, 30%) as an off-whitc solid. 1H NMR (400 MHz, CDCls) 8 0.84 (d, /= 6.8
Hz, 8K, 0.86 (4, J/ = 6.8 Ha, 3H), 1,84-1.36 (m, 5H), 1.47-1.68 (m, 2H), 2.02-2.11 (m,
1H), 2.36-2.43 (m, 1H), 2,54-2,61 (mn, 1H), 2,77-2.92 (m, 2H), 4.16-4.26 (m, 2H), 4.44
(m, 1H), 4.62'4.64 (m, 2H), 4.95-5.02 (m, 1H), 6,75-6.81 (m, 2H), 7,31-7.37 (m, 1),

8.27 (s, LH), 10.43 (m, 1H), 12.54 (s, 11); BS* MS: 489 (M+1),

Lxample Z-44:

(451225 -N[(2.4-Difluorophenvi)methyll-7-hydroxy-4-methyl-1-(i-methyvlethy-6.8-di

0%0-1.2.8.4.6,8,12, 120 octahydronyrido[1',2:4.6]pyrazinol}.2-alpyrimidine-9-carboxam

ide.
oH O
O >
L i
193
Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040

603 of 1915



WO 2006/116764 PCT/US2006/016604

a)  [(88)3-Aminobutyl}(1-methylethyl)amine dihydrochloride was prepared in a
similar mauner as described in example 2-29. 'H NMR (400 MHz, CDCl3/CD30D) &
1.20-1,26 (m, 9H), 1.93-2.02 (m, 2H), 2.92 (n, 2H), 3.20-3.29 (m, 2H), 8.04 (by, < 1 H),

8.84 (br, < 1 H).

(45,12a.9)- M{(2,4-Difluorophenylymethyll-7-hydroxy-4-methyl- 1-(1-methylethyl)-6,8-di
oxo'1,2,3,4,6,8,12,12a-octahydropyridol1',2":4,5]pyrazinoe(1,2-alpyrimidine-9-carhoxam
ide. The title compound was made in two steps using a similar process to that
described in  example 2Z-2. 16a (60 mg, 0.13 mmol) and free based
[(35)-3-aminobutyl](1-methylethylDamine (35 mg, 0.42 mmol) were reacted in
dichloromethane 2 mL) with acetic acid to give
(4.5,12a.9)- M [(2,4-difluorophenyl methyl)-4-methyl-1-(1-methylethyl)-6,8-dioxo-7-[(phe
nylmel;hyl)oxy]‘1,2.3,4,6,8.12,.'l2a'octahydropyridofl',2'34-,S]pyrazino[1,2';ﬂpyrimidine~
9-carboxamide (40 mg, 57%) as a film, This material was hydrogenated in a second
step as described in example 2124 (’.;'7 give
(45,1229 N-[(2,4-difluorophenyDmethyl]-7-hydroxy-4-methyl-1-(1-methylethyl) -6,8-di
ox0-1,2,3,4,6,8,12,12a octahydropyrido[1',2"4,5]pyrazino{l,2-alpyrimidine-9-carboxam
ide (17 mg, 50%) as an off-white solid. 'H NMR (400 MHz, CDCls) § 1.02 (4, J = 8.4
He, 8FD), 1.07 (d, /= 6.4 Hz, 3H), 1.83 (d, J= 7.2 Hz, 3H), 1.55-1,58 (m, 1), 1.94-2.03
(m, 1H), 2.70-2.77 (m, 1H), 2.81-2.86 (m, 1H), 8.11-3,18 (m, 1H), 4.17 (dd, /= 3.0, 13.8
Hz, 1H), 4.32 (dd, J= 8.2, 14.0 Hz, 1H), 1.48 (m, 1H), 4.59-4.69 (m, 2H), 4.97-5.00 (m,

1H), 6.77-6.83 (m, 2H), 7.88:7.39 (m, 1H), 8.28 (s, 1H), 10.60 (m, 1H), 12.55 (s, 1H);
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1S+ MS: 461 (M+1),

(4.5.12a.8)-N-[(2,4-Difluorophenylmethyil-7 hvdroxy-4-methyl-1-(3-methylbutyD-6.8-d

i0x0°1,2,8.4.6.8.12.12a-octahydzopyridof1' 24, Blpyraszine(1,2-alpyrimidine-9-carboxa

mide
OH O
Fo s O \)\N/‘j
H
o) NS N\/}\N

F o Hi

a)  [(8.9-3-Aminochutyl)(3-methylbutylamine dihydrochloride was prepared in a
similar manner as described in example Z-32, 'H NMR (400 MHz, CDCL/CDsOD) &
0.86 (4, J= 5.6 Hz, 6F), 1.27 (d, J = 6.0 Hz, 3H), 1.58 (m, 3H), 2.03-2.14 (m, 211,

2.87-2.99 (m, 4H), 3.88 (m, 1H), 8.15 (b, < 1 H), 8.87 (br, < 1 H).

1)

(45,1228 - N-[(2,4-Difluorophenyl)methyl]-7-hydroxy-4-methyl-1-(3-methylbutyl)-6,8-d
jox0-1,2,3,4,8,8,12,12a-octahydvopyridol1',2":4,5lpyrazinoll, 2 alpyrimidine-9-carboxa
mide. The title compound was made in two steps using a similar process to that
descrilbed in example %:2. 16a (0.100 g, 0.21 mmol) and free based
[(3.5)-3-aminobutyl}(3-methylbutyDamine (0.104 g, 0.66 mmol) were reacted in
dichloromethane (2 ml) with acetic acid to - give
(4.5,12a,8) V- [(2,4-difluorophenyl)methyl]-4-methyl- 1-(3-methylbutyl)-6,8-dioxo-7-I(ph

enylmethyDoxyl-1,2,3,4,6,8,12,12a-octahydropyrido[1',2:4,5]pyrazinol1,2-alpyrimidine
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*O-carboxamide (88 mg, 72%) as a film. This material was hydrogenated in a second
step as described in example -2 to give
(4.5,122.9 NV [(2,4-difluorophenylmethyl]-7-hydroxy-4-methyl-1- (3 methylbutyl)-6,8-di
0x0-1,2,8,4,6,8,12,12a octahydropyridol1',2:4,5]pyrazinoll,2- alpyrimidine-9-carboxam
ide (66 mg, 74%). 'H NMR (400 MHz, CDCl3) 6 0.84 (d, J = 6.4 ¥z, 3H), 0.85-(d, J =
6.4 Hz, 3H), 1.24-1.37 (m, 5H), 1.45-1.63 (m, 2H), 2,02-2.11 (n, 1H), 2,87-2,44 (m, 11D,
2.66-2.63 (m, 11D, 2.80-2.92 (m, 2}, 4.22-4.29 (m, 2H), 4.45 (s, 1H), 4.62-4.63 (m, 2H),
4.97:5,00 (m, 1H), 6.75-6.82 (m, 2H), 7.81:7.87 (m, 1H), 8.37 (s, 1H), 10.48 (m, 1H),
12.53 (br, 1H): ES* MS: 489 (M+1),

i)
Example %-46:

(451289 N2 4-Diftworophenylmethyll-7-hydroxy-4-methyl 6.8 dioxo- 1-(3-pyridinyl

methyD)-1.2.3.4.6,8.12,12a-octahydropyridol1.2:4 5lpyrazinoll,2-alpyrimidine:9-carbo

a) 1,1"Dimethylethyl {(1.9-1-methyl-3-[(3-pyridinylmethyDaminolpropylicarbamate.
The protected diamine was prepared using a modified procedure as described in
example Z-32. A solution of 1,1-dimethylethyl
[(1.9)-8-amino-1-methylpropyllcarbamate (0.296 g, 1.6 mmol) and
3-pyridinecarboxaldehyde (120 pL, 1.3 mmol) in a 11 mixture of anhydrous

dichloroethane and tetrahydrofuran (10 mL) was treated with acetic acid (374 nl, 6.6
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mmol) and stirred for 80 minutes. Sodium triacetoxyborohydride (0.444 g, 2.1 mmol)
was added and thoe solution was stirred for 2 hours. The resultant was subjected to a
workup and purification procedure as deseribed in example Z:32 to give
1,1-dimethylethyl {15 1-methyl-3-((3-pyridinylmethyl)aminolpropylicarbamate
(0.245 g, 66%) as a cleaxr oil, 'H NMR (100 MHz, CDCl) 8 1,12 d, J = 6.4 Hz, 3D,
1.42 (s, 9H), 1.46°1.54 (m, 1H), 1.68 (m, 1H), 2.61-2.76 {m, 2H), 8.73- 3.80 (m, 3F),

4.86 (m, 1H), 7.22-7.24 (m, 1H), 7.68 (d, /= 8.0 Hz, 1H), 8.48 (m, 17, 8,53 (m, 1H).

b (39 -3-Aminobutyl}(3-pyridinylmethylDamine dihydrochloride was prepared in &

similar manner as described in example 2-29.

)

(4.5,122.8)- M ((2,4-Difluorophenyl)methyl}-7-hydroxy 4 -methyl-6,8-dioxo-1-(3-pyridinyl
methyl)-1,2,3,4,6,8,12,12a-octahydropyrido(1,2"4,5]pyrazinall,2-alpyrimidine-9-carbo
xamide. The title compound was made in two steps using a similar process to that
described in  example Z-2. i6a (60 mg, 0.13 mmol) and free Dbased
{(3.9)-3-aminobutyl}(3-pyridinylmethyDamine (83 mg, 0.47 mmol) were veacted in
dichloromethane (2 ml) with acetic acid to give
(451229 M[(2,4-difluorophenyl) methyl)-4-methyl-6,8-dioxo-7-[{phenylmethyDoxy]l-1-
(3'pyridinylmethyl)-1,2,3,4,6,8,12,12a-0ctahydropyrido[1',2":4,5}pyrazinoll,2- alpyrimi
dine*9-carboxamide (72 mg, 95%) as a film. This material was hydrogenated in a
second step as described in example %-2 to give

(45, 12a8) M [(2,4-diflworophenyDmethyl) - 7-hydroxy-4-meihyl-6,8-dioxo 1 (3-pyridinyl
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methyl)-1,2,3,4,6,8,12,12a-octahydropyridol1',244,5)pyrazinoll, 2- glpyrimidine-9-carbo
xamide (34 mg, 56%) as an off-white solid. 'H NMR (400 MHz, CDCla) § 1.837 (d, J=
6.8 He, 3H), 1.48-1.47 (m, 1H), 2.12 (m, 1H), 2.60-2.92 (m, 2H), 3.53 (d, /= 14.0 Hz,
1H). 3.82 (4, /= 14.4 Hz, 1H), 4.23-4.31 {m, 2H), 4.55-4.64 (m, 8E), 5.06-6.11 (m, 11D,
8.76-6.82 (m, 2H), 7.20-7.23 (m, 1H), 7.31-7.36 (m, 1}, 7.50 (m, 1H), 7.92 (s, 111), 8.48

(s, 1H), 10.39 (m, 1H), 12.5 (br, 1H); BS* MS: 510 (M+1).

IExample 2-47:

(45.122,9:1-Cyelopropyl- M[(2,4-difluorophenyDmethyll-7-hydroxy-4-methyl-8 &-dioxo-

1,2.3.4.6,8.12,12a-0ctahydropyrido(1.24 . 5lpyrazinofl 2-alpyrimidine-9-carboxamide,

OH ©

- o LNJj
\Q\/N = N\/i\N
E o HA

a) 1,1-Dimethylethyl {{(18)-1-methyl-3-oxopropylleavbamate, To a stirred solution of

1,1-dimethylethyl [(1.8)-2-cyano-l-mathylethyilcarbamate (0.656 g, 3.56 mmol) in
anhydrous cther cooled to -40 °C was added dropwise a 1.0 M solution of
diisobutylaluminum hydride in hexanes (14.2 ml, 14.2 mmeol) over 20 minules.
Stirring was continued at this temperature for an additional 20 minutes. - The yellow
solution was quenched with Rochelle’s salt and the resultant stirred at room
temperature for 1 hour. The solids were filtered off through celite and rinsed with
EtOAc. The organics were washed wilh brine, concentrated, and flash
chromatographed (10-100% BtOAc/hexancs) to give 1,1-dimethylethy]

[(19-1-methyl-8-oxopropyllcarbamate (0.193 g, 30 %) as a clear oil. 'H NMR (400
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MHz, CDCla) 6 1.22 (d, J = 6,8 Hz, 311, 1.41 (s, 9H), 2.58-2.66 (n, 21D, 4.08-4.13 (m,

1H), 4.68 (m, 1H), 9.74-9.75 (m, 17).

b)  1,1-Dimethylethyl [(19-3-(cyclopropylamino)-1-methylpropyllcarbamate.  The
protected diamine was prepared using a modified procedure as described in example
7-32. A solution of 1,1-dimethylethyl [(15)-1-methyl-3-oxopropyllearbamate {(0.178 g,
0.95 mmol) and cyclopropylamine (197 pl, 2.85 mmol) in anhydrous dichloroethane
(10 mlL) was treated with acetic acid (272 L, 4.8 mmol) and stirred for 80 minutes.
Sodium triacetoxyborohydride (0.444 g, 2.1 mmol) was added and the solution was
stivred for 20 hours. The resultant was subjected to a workup and purification
procedure as  described in example 2-32 to give 1,1-dimethylethyl
[(1,.9)-3-(cyclopropylamino}-1-methylpropyllcarbamate (0.136 g, 63%) as a clear oil
1 NMR (400 MHz, CDCla) 6§ 0.82-0.42 (m, 4H), 1,12 (d, /= 6.8 Hz, 3H), 1.39-1.61 (m,
10H), 1.58-1.92 (m, 2H), 2.05-2.10 (n, 1H), 2.67-2.80 (m, 2H), 8.71 (m, 1H), 4.78 (m,

1HD.

) [(8.9:3-Aminobutylleyclopropylamine dihydrochloride was prepared in a sumilar
manner as described in example %29, 'H NMR (400 MHz, CDCL/CDsOD) §
0.70-0.75 (m, 2H), 0.90-0.94 (m, 2H), 1.18 (@, J = 6.8 Hz, 3H), 1.84-1.94 (m, 1H),

1.97-2.05 (m, 1H), 2.49-2.54 (m, 1¥), 2.99-3.04 (m, 21, 3.23-3.28 (m, 1H).

d)

(4.5,12a8)- 1-Cyclopropyl- M [(2,4-difluorophenyl)methyl]l-7-hydroxy-4-methyl-6,8-dioxo
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1,2,3.4,6,8,12,12a octahydropyridol1,2"4,6]pyrazine{l,2- alpyrimidine 9 carboxamide.
The title compound was made in two steps using a similar process to that described in
example 7 2. 16a 80 mg, (084 minol) and free based
[(8:9)-3-aminobutylleyclopropylamine (75 mg, 0.59 mmol) were reacted in
dichloromethune (2 ml) with acetic acid to give
(45’,].2«155-1-cyclopropyl-/\/'[(2,4'diﬂnorophenyl)methyl]-4'mel;hyl'6,8'c‘lioxo-7'[(phenyl
methy])oxy]'1,2,3,4,6,8,12,]Za—octahydropyrido[1‘,2‘54,Slpyrazino[1,Z'a]pyrimid{ne'O'c
arboxamide (74 mg, 80%) as a film. This material was hydrogenated in a second step
as described in example 72 to give
458, 12a.9)1-eyclopropyl- A (2,4-difluorophenyl)methyll-7-hydroxy-4- methyl-6,8-dioxo-
1,2,3,4,6,8,12,12a - octahydropyrido{1',2"4,6]pyrazinoel1,2- alpyrimidine-9-carboxamide
(32 g, 52%) as an off-white solid. 'H NMR (400 MHz, CDCly) 6 0.37-0.64 (m, 3H),
0.64:0.70 (m, 1H), 1.36 (d. J = 7.2 Hz, 8H), 1.45-1.49 Om, 1H), 1.76-1.80 (m, 1H),
2.03-2.12 (m, 1H), 2.86-2.93 (m, 1H), 2.99-3.04 (m, 1H), 4.30 (dd, J=4.0, 13.6 H3, 1H),
4.49-4.67 {m, 4H), 5.00-5.07 (m, 1H), 6.75-6.82 (m, 217), 7.32-7.36 {m, 1H), 8.28 (s, 1H),

10.49 (m, 1H), 12.63 (s, 1H); LS' MS: 459 (M+1).

Example 72-48:

(45.122,9-N-{(2.4-DiflucrophenyDmethyl}-7-hydroxy-4-methyl-1- [2-Gnethvloxy)ethyll:

8.8:dioxpo-1.2.8.468.12.1 2a:octabydropyridel1.244. 5lpvrazine 1.2 alpviimidine -9 carb

oxamide
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OH O
O,
2~ N - NeAS

Sy

= 0 \
o]

]

a)  ((39)-83-Aminobutyll{2-Gnethyloxy)ethylJamine dihydrochloride., The protected
diamine, 1,1-dimethylethyl
(151 methyl-3-{{2-(methyloxy)ethyllamino}propylcarbamate was prepared in a
similar manner as described in example %47, Subsequently,
[(SS)'S'aminobutyl]l2‘(n\ethsrloxs;)etllyl]amine dihydrochloride was prepared in a
similar manner as described in example Z2-29. 'H NMR (400 MHz, CDCl&/CDsOD) &
1.21 @, J= 5.6 Hz, 8H), 1.03 (m, 18), 2.04 (m, 1H), 2.98-3.05 (m, 4H), 3.22 (m, 2H),

3.26-3.31 (m, 4H), 8.06 (br, < 1 1), 8,81 (bx, < 1 FD.

b)

(45,1208 N-[(2,4-DifluorophenyDmethyl}l-7-hydroxy 4 methyl-1-[2-(methyloxy)ethyll
6,8-di0x0'1,2,3,4,6,8,1,2.1Qu'octahydropyrido[1‘,2‘14-,6]pyra'/.ino[1,2'a]pyrimidine'S'carb
oxamide, The title compound was made in two steps using a similar process to that
deseribed in  example 7-2, 16a (60 mg, 0.13 mmol) and free based
((3.9-3-aminobutyll{2-{methyloxy)ethyllamine (63 mg, 0.837 mmol) were veacted in
dichloromethane (2 ml) with acetic acid to give
(45,1229 - N1(2,4-diflworophenyly methyl] <4 methyl-1-{2-(methyloxylethyl]-6,8 dioxo 7
[(phenylimethyDoxyl-1,2,8,4,6,8,12,12a-0octahydropyrido[1',2":4,6]pyrazinoll,2-alpyrimi

dine-9-carboxamide (47 mg, 68%) as a film. This material was hydrogenated in a
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second step as described in example 42 to give
(4.5,1228)-N[(2,4-diflnorophenyDmethyl]-7-hydroxy 4-methyl-1-[2-(methyloxy)ethyll-6
,8-dioxo-1,2,3,4,6,8,12,12a-octahydropyrido{l’,2" 14,5l pyrazinol1,2-alpyrimidine-9-carbo
" xamide (38 meg, 97%) as an off-white solid. 11 NMR (100 MHz, CDCls) § 1.34 (d, J =
7.2 Hz, 3H), 1.49 (m, 1H), 2.08-2.12 (m, 1H), 2.,67-2.70 (m, 1H), 2.81-2.92 (m, 2H),
3.06-3.16 (m, 1H), 3.30-3.87 (m, 4H), 3.58:3.63 (m, 1H), 4.20 (dd, /= 3.4, 14.2 Hz, 1H),
4.60-4.59 (m, 1H), 4.62-4.65 (m, 3H), 5.00-5.08 (m, 1H), 6.76-6.81 (m, 2H), 7.81-7.37

(m, 1H), 8.27 (s, 1H), 10.46 (s, 1H), 12.54 (s, 1E): BS* MS: 477 (M+1).

Exeunple 2-49:

racemic{(3a8,5a8,13a8)-N-[(2.4-Difluorop henyDmethyll-11-hydroxy:6-(2-methylpropyl

210,12-diox0-2,8.53a,4,5,62,6,10,12,13a-decahydro-1H-cyclopentalelpyridol1.2"4.51pyy

azinof1,2-alpyrimidine 9-cayrboxamide.

@&9

a) racemic<18,28)-2-{{(2-Methylpropylaminolmethylleyclopentanamine
hydrochloride.
in a manner similar to example 7Z-18a-c, {from

racemic(1R,28) 2-({{(1, i-dimethylethyl)oxylcarbonyliamino)cyclopentanecarboxylic
acid (255 mg, Qi mmol) wWas prepaved racemic i, t-dimethylethyl
[(15,28)-2-Gaminomeithyleyclopentyllearbamate (163 mg, 64 % over 3 stops) as a white

green residue. Reductive amination with isobutyraldehyde followed by deprotection
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as described in 7%-38 steps c and d respeclively, gave
racemic(18,28)-2-{(2-methylpropyl)aminclmethyllcyclopentanamine  hydrochloride
(106 mg, 39% over 5 steps from amino acid). I NMR (methanol-dw/CDCls) 8.90
(br s, <1 H), 8.64 (br s, <1 H), 8.28 (m, 1 H), 3.97 (br s, 1 H), 3,37 (m, 1 H), 2.83-2.69

(m, 3 1), 2.18-1.69 (m, 7 H), 0.996 (m, 6 H).

b)

racemic<3a8,5a8,1328)-N-[(2,4-Difluorophenyl)methyll-11-hydroxy-5-(2-meth
yipropyD-10,12-dioxo-2,3,3a,4,5,5a,6,10,12,13a-decahydro-1H - cyclopentalelpyrido[1,2'
:4,5]pyrazinoll,2-alpyrimidine-9-carboxamide, In a manner similar to that described
in example Z-36, from
racemic(18,28)-2-{1(2-methylpropyDaminolmethylicyclopentanamine  hydrochleride
105 mg, 0.434 mmol) and 16a ( 56 meg, 0.119 mmol) was prepared
racemic(3a8,5a8,13a9)-N-{(2,4-difluorophenylmethyl]-5-(2-methylpropyD-10,12-diox
o-11-[(phenylmethyloxyl-2.3,3a,4,5,5a,6,1.0,12,13a-decahydro-1H-cyclopentalelpyridol
14,24, 5)pyrazinol1,2-alpyrimidine-9-carboxamide (62 mg, 74%). This material was
deprotected in a second step similar fo the procedure described in example Z-37.
Thus, from
racemic{8a8,5a8,13a8) N-[(2,4-difluorophenyDmethyll-5-(2-methylpropyl)-10,12-diox
011 [{phenylmethybDoxy}-2.8,3a,4,5,54,6,10,12, 183a decahydro- 1H-cyclopentalelpyridol
1°,2%4,5]pyrazinol},2-alpyrimidine-9-carboxamide (48 mg, 0.081 mmol) and 10% Pd/C
(catalytic amount), the title compound was prepared as a white solid after purification

by HPLC (30 mg, 75%). 'H NMR (CDCla) 12.59 (s, 1 H), 10.42 (s, 1 H), 828 (s, 1 H),
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7.34 (m, 1 H), 6.79 (m, 2 H), 1.83 (s, 1 H), 4.68-4.58 (n, 3 H), 4.29 (m, 1 H), 4.14 (m, 1
H), 2.91 (m, 1 H), 2.46-2.32 (m, 3 H), 2.15-2.09 (m, 2 H), 1.85-°1,61 (m, 5 ), 1.39 (n, 1

H), 0.88 {m, 6 H); 18S* MS: 501 (M +1).

Example 2-50:

(8R11a9-N-[(2.4-DiflworophenyDmethyl]-3-ethyl-6-hydroxy-5.7-dioxo:2.8.6.7.11.11a-h

exahydroll . 3loxazolol3.2-alpyridol1,2- dipyrazine-8-carboxamide.

H

Q\ ™ N\/L o)
T

The title compound was made in two steps using 2 similar process to that described in

example 7Z-2. 16a (40 mg, 0.09 mmo)) and (2/)-2-amino-1-butanc! (0.02 ml,, 0.21
mmol) were reacted in dichloromethane (2 mL) with acetic acid to give
(BR,1128) N[(2,4-difluorophenyl)methyl]-3-ethyl-5,7-dioxo6- [(phenylmethyDoxyl-2,3,
5,7,11,1la hexahydro{l,8loxazolo(8,2-alpyridoll,2-dlpyrazine-8-carboxamide (40 ime,
938%). This material was hydrogenated in a second step as described in example %-2
to ) give
(8R,11a.8)- ¥ [(2,4-Difluorophenylmethyl]-8-ethyi-6-hydroxy-5,7-diox0-2,3,5,7,11,11a-h
exahydroll,3loxaznolo(3,2-alpyridol1,2- dlpyrazine-8-carboxamide (30 meg, 91%) as a
white solid. I NMR (CDCI2) 8 11.49 (by, 1 H), 10.28 (m, 1 H), 8.35 (s, 1 £, 7.34
(m, 11D, 6.79 (m, 2), 5.30 (m, 1 M), 4.62 (m, 2 ¥), 4.46-4.32 (m, 3 ), 3.93-3.86 (mn, 2

H), 2,11 (m, 1 H), 1.85 (m, | ), 0.98 (t, /= 7.6 Hz, 3 H); &S+ MS: 420 (M +1).
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Example 7-51:

racemic-(4aS 6aS. 14a8)-N-[(2 4-DifluorophenyDmethyll-12-hydroxy-6-[2-(4-morpholin

yDethyll-11.13 dioxo-1,2,3.4.44,6.6.6a,7.11,18, 14a-dodecahydropyvido[142'4,5]pyrazin

o[1,2-alguinazoline-10-carboxamide.

/Nj
@]
a) racemie-1,1-Dimethylethyl [(18,2R)-2-formyleyclohexyllearbamate. An

alternative procedure from the one given in example Z-38b follows: To a solution of
Dess-Martin Periodane (564 mg, 1.33 mmol) in dichloromethane was added
racemic-l,l-dimethylethyl [(18,2R)-2-(hydroxymethyl)eyclohexyllcarbamate (305 mg,
1.33 mmol, see example Z-38a) dropwise as a solution in dichloromethane. The
reaction was stirred 1 hour at ambient temperature until judged complete by TLC (1:1
hexanes! ethyl acetate KMnO4 stain). The reaction was quenched with aqueous
sodium bicarbonate and sodium thiosulfate soluiions, extyracted with dichloromethane,
and the combined organics were dried over sodium sulfate, Silica gel
chromatography (0-50% ethyl acetate/ hexanes gradient elution) gave
racemic-l,l-dimethylethyl [{18,2R)-2-formyleyelohexyllcarbamate (280, 93%). Seeo

example Z-38b for NMR data.

b) racemic+[(15,28)-2-Aminocyclohexyllmethyl} {2+ (4-morpholinyDethyllamine
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hydrochloride. In a manner similar to that described in example Z-88c-d from
racemic-l,1-dimethylethyl [(18,2R)-2-formylcyclohexyllcarbamate (78 mg, 0.344 mmol,
prepared using the procedure from example %-38b) and [2:(4-morpholinyDethyllamina
(87 mg, 0.515 mmol) was prepared
race)m'cl'(r(1S,2S)*2'aminocyclohexyl]methyl}[2'(d'morpholinyl)ethyl]amine.

hydrochloride (95 mg, 78% over 2 steps) as a white solid. 'H NMR
(methanol-d#/CDCly)  8.18 (br s, 1 1), 3.84-3.493 (n. 11 F), 3,19-3.119 (m, 5 H), 2.42

(m, 1 M), 2.11 (br s, 2 H), 1.87-1.17 (m, 10 H).

c)

racemic-4aS,6aS,14a8) N-[(2,4-Difluorophenymethyll- 12-hydroxy-6-(2-(d-mo
1‘pholinyl)ethy1]'11,13'dioxo-1,2,3,4,4-21,5,6,651,7,l].,13,1/-‘1~e1'dodecuhyr.lx'opy]'ido[l',Z‘:t},ﬁ}
pyrazinoll,2-alquinazoline-10-carboxamide. In a manner similar to that described in
example 736, from
racemic{{{18,28)-2-aminocyclohexyllmethyl}(2-(4-morpholinyllethyllamine
hydrochloride (95 mg, 0.272 mmol) and 16a (45 mg, 0.0967 mmol) was prepaved
racemie{4a8,648,14a8)-N-[(2,4-difluoropheny Dmethyll-6-[2-(4-morpholinyDethyll- 11,
13-dioxo-12-[(phenylmethyloxyl-1,2,8,4,44,5,6,62,7,11,13, 14a-dodecahydropyrido[1', 2
4,5]pyrazino[1,2-a]quinazoliue'1O-ca1‘boxamide (27 meg, 43%). This material was
deprotected in a second step similar to the procedure described in example %-87.
From
racemic{4a8,6a8,14a8)-N-[(2,4-difluorophenyl)methyi}-6-[2-(4-morpholinylethyl}- 11,

13-dioxo 12-[(phenylmethyloxyl-1,2,3,4,4a,5,6,6a,7,11,13,14a-dodecahydropyridol1',2"

206
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4,6)pyrazinall,2-alquinazoline-10-carboxamide (27 mg, 0.0408 mmol) and 10% Pd/C (1
mg‘j the title compound was prepared as a white solid after purification by HPLC, '
NMR (CIXCla) 12.30 (br s, <1 H), 10.41 (brs, 1 H), 8.29 (s, 1 ), 7.84 (m, 2 H), 6.78 (m,
2 H), 4,76 (m, 1 H), 4.62-4.54 (m, 3 H), 4.29 (m, 2 1), 3.65 (m, 4 H), 3.01 (m, 1 H), 2.76

(m, 2 H), 2.58-2.42 (m, 7 H), 2.21 (m, 1 H), 1.89-1.28 (m, 8 H); ES* MS: 572 (M +1),

Example 7-627

racemic{8aR.5aR. 13a8) N-{(2.4-Diftugronhenvlmethyl]-11-hydroxy-10.12-diox0e:1.2.3,

3a.4.52,6.10.12.13a-decahvdrocyclopentaldlpyridol1'.2'4,5]pyrazinel2.1-bl{1.3loxazine

:9-carboxamide.

oK o
e Y N@
@/H ~ N\/}{:o

F o

a) racemic-l,1-Dimethylethyl [(18,2R)-2-(hydroxymethylcyclopentyllcarbamate,
racemic{1R,28)-2-({[(1,1-Dimethylethyl)oxylcarbonyllamino)eyclopentanecarboxylic

acid (22 mg, 0.096 mmol) was dissolved in tetrahydrofuran and placed in an ice-water
bath. Q‘L-i;:thylamine was added, followed by the slow addition of methyl
chlovoformate. The reaction was stirred ten minutes in the ice-bath and sodium
borohydride was added. Methanol was then added slowly and stirring was continued
for two hours while the iccbath expired., 1M Potassiu'm hydrogen sulfate was added,
the yreaction was partially concentrated, and -product was extracted with
dichloromethane. The combined ovrganics were washed with sodiuvm bicarbonate,

brine, and dried over sodium sulfate. Removal of solvents under reduced pressure
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afforded racemiel,1-dimethylethyl [{18,2R)-2-(hydroxymethyDcyclopentyllcarbamate
(25 mg, >100%). 'H NMR (CDCls) 4.50 (brs, 1 H), 4.06 (m, 1 H), 5.64 (m. 1 H), 8.87

(m, 1 H), 2.09 (m, 1 ¥, 1.96 (m, 1 1), 1.64 (m, 3 M), 1.52 Gn, 1 H), 1.43 (s, 9 H), 1.11

(m, 2 H).
b) raceinic{(1R,28) 2 -Aminocyclopentiyllmethanol hydvochloride. In a manner
similar to that described in example, fiom racemic-l,1-dimethylethyl

[(18.2R)-2-(hydroxymethyleyclepentyllecarbamate and 4 N HC! was prepared
racemic[(1R,28)-2-aminocyclopentyilmethanol hydrochloride (20 mg, quantitative).
'H NMR (methanol-d4-CDCla)  7.76 {br s, <1 1), 3.73 (m, 1 H), 3.61- 8.28 (m, 3 1),
2.27 (br s, 1 H), 2.01 (m, 2.01 Gn, 1 H), 1.74-1.70 (m, 2 H), 1.56-1.42 (m, 2 F), 1.16 (br

s, L H), 1.05 (br s, 1 H),

racemic{3aR,13a8)'N-[(2,4- Diflworophenyl)methyl]-11-hydroxy-10,12-dioxo- 1,
2,3,3a,4,6a,6,10,12,18a-decahydrocyclopentaldlpyridol1,2":4,5) pyrazinol2,1-1){1,5]oxa
zine-9-carboxamide. In a manner similar to that described in example Z2-35, from
racemic{(1R,28) 2-aminocyclopentyllmethano! hydrochloride (20 mg, 0.132 mmol)
and 16a (24 mg, 0.051 mmol) was preparved
J‘acemic'(SaR,].BaS)'N'[(2,4--diﬂuoropheny])met.hyl]~10,12-di0xo-1'.l'[(phenylmethyl)oxy
]-1,2,8,3&,’1.521,6.10,12,13&'decnhydrocyclopen(-u[d]pyridol]_‘,2'14,5]1:)y'1'az'mo_[2,l'l)][l,B]
oxazine-9-carboxamide (7 ing, 26 %) as a white solid. This material was deprotected

in a second step similar to the procedure described in example Z-37. Thus, {rom
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racemic{3aR,13a8)N-{(2,4-difluorophenyl)methyi)-10,12-dioxo- 11-[(phenyimethyDoxy
1-1,2,8,3a,4,5a,6,10,12,13a decahydrocyclopentaldlpyridol1’,2"4,5lpyrazino(2,1-6]{1,3]
oxazine-9-carboxamide (7 mg, 0.012 1mmol) and 10% PI/C (I mg),
racemic-(3aR,13a8)-N-{(2,4-difluorophenyDmethyl]-11-hydroxy-10,12-dioxo-1,2,3,34a,4,
5a,6,lO,12,13&-dccahydrocyclopenta{d]pyridoll’,2‘¢4~‘5]pyrz\7,inof2,1~b][1,3]c;xn7.ine'9‘ca
rboxamide (4 mg, 72%) white solid. 'H NMR (CDCls) 12.20 (br s, 1 H), 10.37 (br s,
1H), 8.31 (s, 1 H), 7.85 (m, 1 H), 6.80 (m, 2 H), 5.16 (m, 1. H), 4.77 Gm, 1 F), 4.64 (im, 2
M), 4.28 (m, 1 H), 4.09 (m, 1 H), 3,97 (m, 1 H), 846 (n, 1 H), 2.49-2.20 (m, 2 ),

1.89-1.58 (m, 4 H), 0.986-0.840 (m, 1 I); 1S* MS: 446 (M +1).

Example Z:53:

racemic(4a8 6a8.14aS)-N-[(2.4-Difluorophenyinethyll 12-hydroxy-6-methyl-11,13:di

0x0°1,2.3,4.48.5,6,64,7.11,18, 14xa-dodecahydropyridall,2:4.5]pyrazinell,2-alguinazoli

re 10-carboxamide.

oH o

F F oSS = -
(I N A N\/'E,N
o i

a) racemic{{{15,28)-2-Aminocyclohexyllimethyl}methylamine hydrochloride. 1n
a manner similar 'l:o that described in example Z-38c-d from
racemie-1,1-dimethylethyl [(18,2R)-2-formyleyclohexyllcarbamate (0,410 mmol) and
methyl amine (0.5 ml. of a 2 M tetvahydrofuran solution) was prepared
racemic-{{(15,28)-2-aminocyclohexyllmethylimethylamine hydrochloride in two steps

as a white solid (46 mg, 63% 2 steps). 'H NMR (methanol-ds/CDCl3) 9.06 (br s,<1
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H), 8.72 (brs, < 1 H), 8.24 (brs, 1 H), 3.34 (m, 1 H), 8.29 Gm, 1 H), 2.85 (br s, 1H), 2.66

(brs, 4 1), 238 (brs, 1 H), 2.07-1.83 (m, 2 H), 1.67-1.14 (m, 6 H).

1)
racemic(4aS,6u8,14a8) N-[(2,4-Difluorophenyl)methyl]-12-hydroxy-6-methyl- .-

11,13-dioxo"1,2,8,4,42,5,6,64a,7,11,13,1da-dodecahydropyridol1',2"14,5]pyrazine(1,2-alq
uinazoline-10-carboxamide. In a manner similar to that described in example %-35,
from racemic-{[(18,28)-2-aminvcyclohexyllmethylimethylamine hydrochloride (46 mg,
0.215 mmol) and 16a (35 mg, 0.0744; mmaol) was prepared
racemie<(4aS,6a8,14a8) N-[(2,4-difluorophenyDmethyl]-6-methyl-11,13-dioxo-12-[(phe
ny]methyl)oxy]'1,2,8,4,441,6,6,63,7,11.1.’3,].4-a'dodecahydropyrido[l',2’:4.6]pyrazi’noll.2'
alquinazoline-10-carboxamide(17 mg, 41%) as a white solid. This material was
deprotected in s second step similar to the procedure described in example %-37.
Thus, from
racemic(4a8,6a8,14a8)-N-[(2,4-difluorophenyl)methyl]-6-methyl-11,18-dioxo- 12 [(phe
nylmethyloxyl-1,2,8,4,44,5,6,62,7,11,13,14a-dodecahydropyridol[1',2'14, 5] pyraginol1,2-
alquinazoline:10-carboxamide (17 mg, 0.0802 mmol) and 10% Pd/C (1 mg) was
prepared the title compound as a white solid (9 mg, 64%). 11 NMR (CDCls) 10.44
(m, 1 H), 8.29 (s, 1 H), 7.84 (m, 1 M), .79 (m, 2 H), 4.78 (m, 1 M), 4.62 (br s, 2 H), 4.20
(brs, 2 H), 8341 (s, 1 H), 2,92 (in, 1 H), 266 (m, 1 H), 2.35-2.25 (m, 4 1), 1.90°1.74 (m,

2 H), 1.67-1.24 (m, 8 H); 1S+ MS: 473(M +1).

txam Z-64:
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racemic(4aS,628,14a8)-N-[(2 4-DifluorophenyDmethvl]-12-hydroxy-6-[2-Gnethyloxye

thyll: 11,13 diox0-1,2,8.4.4a,5.6,64,7,11,1.8.14a-dodecahydropyrido[1',2"4, 6] pyrazinol L,

2-alguinazoline-10-carboxamide,

a) racemic-{l(18,28)-2-Aminocyclohexyllmethyl} {2 (methyloxylethyllamine
hydrochloride.
In a manner similar to that described in  example Z-38cd from
racemic-l,l-dimethylethyl [(18,2R)-2-formylecyclohexyllcarbamate (93 mg, 0,410
mmol) and [2-(methyloxy)ethyllamine (0.05 ml, 0.615 mmol) was prepared in two
steps racemic{l{(18,28)-2-aminocyclehexyllmethyl}{2 (methyloxy)ethyllamine
hydrochloride (83 mg, 80% 2 steps) as a white solid. 'H NMR (methanol di/CDCla)
9.02 (br s, <1 HD), 8.78 (or s, <1, M), £.29 (bv s, 1 H), 8.69 (br 5, 2 H), 3.46 )s, 3 H),
3.36-3.18 (m, 4 H), 2.97 (br s, 1 H), 2,46 (brs, 1 H), 1.86-1.40 (m, 8 1),
b)

racemic-4aS,6a8,14a8) N-{(2,4-Difluorophenyl)methyll-12-hydroxy 6 12-(meth
vlexy)ethyll 11,18 dioxe-1,2,3,4,44,5,6,84a,7,11,18,142-dodecahydrepyridol1',2"4,5]pyra
zino{l,2-alquinazoline-10-carboxamide. In a manner similar to that described in
example Z-35, from
racemic-{{(18,28)-2-aminocyclohexyllmethy!} [2-(methyloxy)ethyllamine hydrochloride

(63mg, 0.244 mmol) and 16a (40 mg, 0.0851 mmol) was prepaved

211

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
621 of 1915



WO 2006/116764 PCT/US2006/016604

racemic(4a8,6a8,14a8)-N-[(2,4-difluorophenyDmethyl}-6-(2-(mnethyloxydethyl}-11,13-d
ioxo 12 [{phenylmethyDoxyl-1,2,8,4,4a,5,6,6a,7,11,13,14a-dodecahydropyridol{1’,2":4, 5]
pyrazinoll,2-alquinazoline-10-carboxamide (44 mg, 81%) as a white solid. This

material was deprotected in a second step similar to the procedure described in

4

example Z-37, Thus, from racemaic-
(425,6a8,14a8)-N-{(2,4-difluorophenyDmethyl}-8-12-(methyloxy)ethyll-11,13-dioxo-12°[
{(phenylmethyloxyl-1,2,3,4,4a,5,6,6a,7,11,13,14a-dodecahydropyridol1',24,5lpyrazino
[1,2-alquinazoline-10-carboxamide (44 mg, 0.0726mmo)) and 10% Pd/C (1 mg) the title
compound was prepared as a white solid (37 mg, quantitative). 'H NMR (CDCls)
12,60 (br s, 1 H), 10.47 (m, 1 H), 8.28 (s, 1 H), 7.34 (m, 1 H), 6.79 (m, 2 H), 4.81 (m, 1
H), 4.64 (m 8 H), 4.51 (m, 1 H), 4.26 (m, 1 ), 3.63 (m, 1 H), 8.81 (s, 3 H), 8.19 (m, 1
H), 2.86 (m, 1 H), 2.67 (2m, 2 H), 2.21 (m, 1 H), 1.91-1.78 (m, 2 H), 1.671.62 (n, 4 H),

1.46-1.24 {m, 3 H); R’S*MS: 517 (M +1).

Example 2-55!

racemic{4a8,6aS.14a8)-6-12-(Acetylamino)ethyll-N-[{(2 4-difluorophenyD)methvil-12-h

vdroxv-11.13-diox0-1,2.8,4,4a.5,6,6a,7,11.13 1da-dodecahydropyridoll’,2" 4 5lpyrazino|

1.2-ajguinazoline-1Q-carboxamid

a) racemicN-{2-({l(18,28)-2-Aminoeyclohexyllmethyllamino)ethyllacetamide
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hydrochloride. In a manner similar to that deseribed in example Z-88cd from
racemic-l,1-dimethylethyl [(18,2R) 2 formyleyclohexyllcarbamate (93 mg, 0,41 mmol)
and N-(2-aminosthyDacetamide (63 meg, 0.616 mmol),
racemicN-[2-({{(18,28)-2-aminocyclohexyllmethyllaminolethyllacetamide

hydrochloride was prepared in two steps as a white solid (82 me), 71% 2 steps). M
NME (methanol-di/CDCly) 8.86 (br s, 1 H), 8.20 (br s, 1 H), 3.62:3.51 (m, 3 D,
3,40-3,28 (m, 4 M), 3.22-2.93 (m, 3 H), 2.47 (m, 1 H), 2,08-2.06 (m, 4 H), 1.83-1.75 (m,

2 H), 1.56-1.44 (m, 3 H), 1.23 (m, 1 H).

b)

racemic-4aS,6aS,14a8)6-[2-(Acetylamino)ethyl)-N-{(2,4-difluorophenyDmethy
11-12-hydroxy-11,13-dioxo-1,2,3,4,4a,5,6,6a,7,11,13,14a-dedecahydropyridof1', 24, blpyr
azinoll,2-alquinazoline-10-carboxamide. In a manner similar to that described in

-85, from

N

example
racemic N-[2-({[(18,28)-2-aminocyclohexyllmethyllaminolethyllacetamide
hydrochloride (82 mg, 0.849 mmol) and 16a (50 mg, 0.106 mmol) was prepared the
title compound (24 meg, 36%), This material was deprotected in a second step
similar to the procedure described in example 2Z-37. Thus, from racemic:
(428,6a8,14a8)-6-{2-(acetylamino)ethyl]-N-[(2,4-difluorophenyDmethyl]-11,13-dioxo- 1
2-[(phenylmethyloxyl-1,2,3,4,4a,5,6,6a,7,11,13,14a-dodecahydropyrido1,2"4, 5] pyrazi
nol1,2-alquinazoline: 10-carboxamide (24 mg, 0.08379 mmol) and 10% Pd/C (1 mg) was
prepared the title compound as a white solid after purification by HPLC. I NMR

(CDCls) 12.59 (s, 1 H), 10.44 (s, 1 H), 8.35 (s, 1 I}, 7.32 (m, 1 H), 6.79 {(m, 2 H), 5.86

218
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(s, 1 H), 4,78 (m, 1 H), 4.61-4.50 (i, 3 H), 4.30 (m, 1 ¥, 3.35 Gm, 1 H), 3.18 (m, 1 H),
2.96 (m, 1 H), 2.76 (n, 2 H), 2.48 (m, 1 H), 2.19 (n, 1 H), 1.89-1.23 (m, 12 H); ES*

MS: 544 (M +1).

Example 2-56! .

(8811aR) N-[(2,4-Difinorophenylmethyl] 8 -ethyl-6-hydroxy-5.7-dioxo 2.3.5.7.11.11a h

exahydro[l.8loxazolol3,2- alpyrido[1.2-dlpyrazine-8-carboxamide.

OH O
: g
" C ) OM{

s

The title compound was made in two steps using a similar process to that descr&bed in
example %-2. 16a (40 mg, 0.09 mmol) and (2.8 2-amino-1-butanol (0.1 mL) were
reacted in dichloromethane (2 ml) with acetic acid to give
(3.9,lle\.R)-fV'[(2‘/1-di.ﬂuoropheny])methyl]-3'ethyl-5,7'dioxo~6'[(ph@nylmethyl)oxy]"2,3,
§,7,11,11a"hexahydroll,3)oxazolo{3,2-alpyridol1,2- alpyrazine-8-carboxamide (39 meg,
90%). This material was bydrogenated in a second step as described in example Z-2
to giva
(36’,11a]*3)'N[(2,4—'dit'Juorophenyl)methyl]'3’ethy]-G'hydroxy'S,7'dioxo'2,3,5,7,11,11a~h
exahydro[1,3]loxazolol3,2-alpyridell,2-dlpyrazine-8-carboxamide (37 mg, 99%) as a
tinted white solid. 'H NMR (CDCla) § 11.47 (bx, 1 H), 10.26 (n, 1 1), 8.35 (s, 1 H),
7.82 {m, 1 H), 6.77 (m, 2), 5.29 (m, 1 H), 4.60 (m, 2 H), 1.47-4.32 (m, 3 H), 3.93-3.85

(m, 2 H), 2.08 (m, 1 H), 1.68 (m, 1 1), 0.95 (t, J=7.6 Hz, 3 H); RS+ MS: 420 (M +1).

214
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Example 4-87:

(35,112 -3-Butvl- V(2. 4-difluorophenymethyll-6-hydroxy-5.7-dioxo-2,3.6,7,11.11a-h

exahydrol1,8loxazolol3,2-alpyridoll.2-dlpvrazine-8-carhoxamide.

OH O
F /{ HO = N
S N ™ N\/}‘O'
F O V!

The title compound was made in two steps using a similar process to that described in
example %°2. 16a (40 mg, 0.09 nunol) and (28 -2-amino-1-hexanol (100 mg) were
reacted in dichlovomethane (2 ml) with acetic acid 10 give
(8.5, 11a/)-3-butyl- M-[(2,4-difluorophenyDmethyll-5,7-dioxo-6-[(phenylmethyDoxyl-2,5,

5,7,11,11a-hexahydro[1,8loxazolo(3,2-alpyridol1,2-dlpyrazine-8-carboxamide (43 mg,
94%). This material was hydrogenated in a second step as described in example 7-2
to give
(35 11a/)-3-butyl- V(2,4 difluorcphenyl)methyl]-6-hydroxy-5,7-dioxo0"2,8,6,7,11,11ah

exahydroll,8loxazolo(3,2 alpyrido(1,2-dipyrazine-8-carboxamide (33 mg, 92%) as a
tinted white solid. IH NMR (CDCIs) § 11.48 (by, 1 F1), 10.27 (br, 1 H), 8.36 (by, 1 ¥D),
7.31 Gm, 1 H), 6.77 (m, 2, 5.28 (m, 1 H), 4.59-4.36 (m, 5 H), 8,88 (m, 2 H), 2.08 (m, 1

. 1.58 {m, 1 H), 1.39-1.23 (n, 4 H), 0.90 (¢, /= 6.8 Hz, 3 H); S+ MS: 448 (M+1).

Lxample 268!
(3.5 11a/0-N1(2.4-DifluorophenyDmethyl]l -8-hvdroxv:3-[(4-hydroxyphenylmethyl]-5,7:

diox0-2,8.5,7.11,11a-hexahvdro[1.8loxazolo[3,2- alpyridel1.2-dipyrazine-8-carboxamide

[N
—
(]
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The title compound wis made in two steps using a similar process to that deseribed in
example Z-2. 16a (40 mg, 0.09 mmol) and 4-[(2.5)-2-amino-3-hydroxypropyiiphenol
(43 mg, 0.21 mmol) were reacted in dichloromethane (2 mL) with acetic acid to give
(85 11a.0)- N-[(2,4-difluorophenyl)methyl]l-3-[(4-hydroxyphenyDmethyl)-5,7-djoxo-6-{{p

henylmethyDoxyl-2,8,5,7,11,11a hexahydroll,3Joxazolol3,2- alpyridoil,2-dlpyrazine-8-c
arboxamide (10 mg, 20%). This material was hydrogenated in a second step as
described in  example %2 and purified via preparative HPLC (o give
(SS’,]laR)'N[(2,4~-diﬂ\.101‘0phe)'1y])met.hy1]'G'hydruxy-B'l(4'hydroxypheny])meth)-'ll'5,'7-

diox0-2,3,5,7,11,11a-hexahydroll,3loxazolo(3,2-alpyridol1,2- dipyrazine 8-carboxamide

(7 mg, 63%) as a white solid. ' NMR (CDsOD) 8 10.43 {m, 1 H), 8.34 (s, 1 ¥I),
7.83 {m, 1 H), 7.00 (d, /= 8.4 Hz, 2 H), 6.82 (m, 2 H), 6.71 (d, /= 8.4 Hz, 2 H), 5.05 (m,
1D, 4.67-4.57 (m, 4 1), 4.21 (dd, J= 8.8, 7.2 Hx, 1 D), 3.94 (dd, J= 8.8, 6.4 Hz, 1 H),

3.21{dd, /=13.2, 3.2 Fz, 1 1), 2.90 (dd, J=13.6, 8.8 Hz, L H); BS* MS: 498 (M+1).

(45.1288)-1-Cyclobutyl-N-[(2 4-difluorophenyDmethyl]-7-hydroxy-d-methyl-6,8:dioxo- 1

22.3.4.6.,8,12,12a 0ctahydropyridel1'.2"4,5lpyrazingll,2:alpyrimidine-9 carboxamide.

216
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a)  [(38)-3-Aminobutylleyclobutylamine dihydrochloride was prepaved in a similar
manner as described in oxample %-47. 'H NMR (100 MHz, CDCLy/CDsOD) § 1.23 (4,
J= 6.4 Hz, 3H), 1.69-2.26 (m, 8H), 2.83 (m, 2H), 3.31-3.83 (m, 1H), 8.65 (m, 1H), 8.08

(oy, <L), 9.07 (by, <1H).

b)
(4-5,1285)-l'Cyclobutyl'N-[(2,4'diﬂum'ophenyl)methyl]-7-‘nydroxy~d'metlxyi-ﬁ,s-diOXO'J.
,2,8,4,6,8,12,12a-cctahydropyrido{1,2"4,6]pyrazino{l,2-alpyrimidine-9-carboxamide.
The title compound was made in two steps using a similar process to that described in
example 2-2. 16a (80 mg, 0.17 mmol) and free based
[(38)-8-aminobutylleyclobutylamine (96 mg, 0.68 mmol) were reacted in
dichloromethane 2 ml) with acetic acid to give
(45,12a.9)- 1-cyclobutyl- M[(2,4-difluoropheny)methyl)-4-methyl 8,8 -dioxo 7 [(phenylm
ethyloxy]-1,2,8,4,6,8,12,12a-0ctahydropyrido{1',2:4,6lpyrazino(1,2- alpyrimidine-9-cav
boxamide (68 mg, 70%) as a film. This material was hydrogenated in a seccond step
as A described in example %2 to give
(45,1229 1-cyclobutyl- M- {(2,4-difluorophenyl)methyl]-7-hydroxy -4-methyl-6,8-dioxo-1
,2,3,4,6,8,12,12a-octahydropyrido[1’,2"4,6)pyrazinoll,2-alpyrimidine-9-carboxamide
(57 mg, 100%) as an off white solid. [ NMR (400 MHz, CDC13) § 1.91 (d, /= 6.8 Hz,

3H), 1.46:1.70 (m, 4H), 1.91-2,12 (m, 4H), 2.52 (m, 1H), 2.90-2.93 (m, 1H), 3.06 (n,

207
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1H), 4.16:4.29 (m, B3I, 4.57-4.66 Gn, 2H), 4.99-5.05 (m, 1H), 6.76-6.82 (m, 2H),

7.32°7.38 (m, 1H), B.20 (s, 1H), 10.44 (s, 1H), 12.51 (s, 1H: BS* MS: 473 (M+1).

Example 7:60:

(4512a8) - N[(2.4-DifluorophenyDmethyl]l-7-hydroxy-4-methyl:-6.8-dioxo- 1-(tetrahydrg-

2 thiopyran-d-y1):1,2.3.4.6.8 12, 12a-octahydropyrido[1'.2"4 5lnyrazinell 2-alpyrimid

ine-9-carboxamide.

a) [(39-3-Aminobutylltetrahydro- 2 A-thiopyran-4-ylamine dihydrochloride was
prepared in a similar manner as described in example Z-47. YH NMR (406 MHz,
CDCL/CDs0OD) 6 1.21 (&, ¢ = 6.4 Hz , 3H), 1.65-1.75 (m, 2H), 1.90-2.10 (m, 2H), 2.35
(m, 2H), 2.56-2.61 (n, 4H), 2,92-2.98 (m, 3M), 3.27-3.31 (m, 1H), 8.05 (by, <11, 8.90

(br, <1ID).

b)

(4.5,12a.8) V- [(2,4-difluorophenylmethyl]l - 7-hydroxy' 4-methyl-6,8-dioxo- 1-(tetrahydro-
2 H-thiopyran-4-y1)-1,2,3,4,6,8,12,12a-octahydropyrido{ 1',2"4,5]pyrazino[1,2- alpyrimid
ine'Y-carboxamide. The title compound was made in two steps using a similar
process to that de;c.ribed in example Z-2. 16a (80 mg, 0.17 mmol) and free based
[(88)-3-aminobutylltetrahydro- 2H-thicpyran-4-ylamine (108 mg, 0.58 mmol) were

rveacted in dichloromethane 2 ml) with acetic acid -+ to give

218
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(45,1209 M[(2,4-difluorophenyDmethyl]-4-methyl-6,8'dioxa-7- [(phenylmethyDoxyl- 1+
(tetrahydro 2 F thiopyran-4-y1-1,2,3,4,6,8,12,12a-octahydropyridel1,2"4, 8lpyrazine(i,
2-alpyrimidine-9-carboxamide (66 mg, 54%) as a film. This material was
debenzylated in a second step to in a manner similar to Z:26 to give
(4.8,12a8)- N[(2,4-difluorophenyDmethyll-7-hydroxy-4-methyl-6,8-dioxo-1-(tetrahydro-
2 Arthiopyran-d-yl)-1,2,8,4,6,8,12,12a-cctahydropyridol1',2'14,6)pyrazine(l,2- alpyrimid
inc-9-carboxamide (56 mg, >100%) as an off-white solid. ‘X NMR (400 MHZ, cDhC13)
§ 1.30 (d, J= 6.8 Hz , 3H), 1.64-1.68 (m, 1H), 1.72-1.82 (m, 8H), 1.97-2.11 (m, 21D,
2.60-2,76 (5H), 2.86 (m, 2FD, 4.17-4.30 (m, 2H), 4.62-4,66 (n, 8H), 4.92-4.96 (m, 1H),
6.75-6.82 (m, 2H), 7.32-7.38 (m, 1H), 8.31 (s, 1H), 10.46 (s, 1H), 12,48 (s, 1H); BES*

MS: 519 (M~ 1.

(45.120,9-N[(2.4-DifluorophenyDmethyll-7-hydroxy-1,4-bis{2-methylpropyl)-6,8-dioxo

-1,2,3.4,6,8,12.12a-octahydropyridof1'.2:4,6lpyrazine 1.2-alpyrimidine-9-carboxamide.

OoH O
S N x -N
Sy
F (o} \l/
al [(89)-3-Amino-5-methylhexyll{(2-methylpropyDamine  dihydrochloride was
prepared in a similar manner as described in example Z-32. 'H NMR (400 MHz,
CDCls/CDs0OD) 6 0.87 (d, J= 6.4 Hz ,6HD), 0.97 {d, /= 6.8 Hz , 6H), 1.34-1.41 (m, 1H),

1.45-1.52 (m, 1H), 1.58-1.66 (m, 1II), 2.01-2.13 (m, 2I), 2.72-2.73 (n, 2H), 3.03-3.06
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(m, 2H), 8.29 (m, 2H), 8.07 (br, <1IH), 8,71 {br, <1H).

b)

(4.5,12a.8)- N{(2,4-DifluorophenyDmethyll-7-hydroxy-1,4-bis(2-methylpropyl)-6,8-dioxo
°1,2,3,4,6,8,12,12a 0ctahydropyridol1',2'4,5)pyrazino{1,2  alpyrimidine-9-carboxamide,
The title compound was made in two steps using a similar process to that described in
example 72, 16a (80 mg, 0.17 mmol) and free based
[(88)-3-amino-5-moethylhexyll(2-methylpropyDamine (117 mg, 0.683 mmol) were
reacted in  dichloromethane (2 ml) with acetic  acid to give
(4.5,12a8)- N {(2,4- difluorophenyDmethyll- 1,4-bis(2-methylpropy)-6,8-dioxa-7-[(pheny!
methyDoxy)-1,2,3,4,6,8,12,12a octahydropyrido{1,2'i4,5]pyrazinol1,2- alpyrimidine-9-¢
arboxamide (68 mg, 66%) as a film. This material was hydrogenated in a second step
as described . in example Z°2 to l give
(45,1228 M [(2,4-difluorophenylmethyli-7 -hydroxy-1,4-bis(2-methylpropyl)-6,8-dioxo:
1,2,3,4,6,8,12,12a-octahydropyrido{1',2"4,5]pyrazincll,2-alpyrimidine-9-carboxamide
(56 mg, 97%) as an off-white solid. 'H NMR (100 MHz, CDCI13) § 0.74 (d, J = 6.4 Hg,
819, 0.84 (d, J = 6.4 Hz, 8H), 0.97-1.00 (m, 6H), 1.37-1.83 (m, 5H), 2.03-2.12 (n, 211,
2.21-2.28 (m, 1H), 2.77 (m, 1H), 2.90-2.93 (m, 1), 4.19:4.40 (m, 3H), 4.69:4.70 (n,
2H), 4.96:4.97 Gn, 1H), 6.77-6.83 (m, 2H), 7.33-7.89 (m, 1H), 8.28 (s, 1H), 1.0.47 (s, 1H),

12.59 (by, 1H); ES* MS: 617 (M+1).

Bxample 7:62:

racemie(4a8,6a8,14a8)-N-[(2.4-Diflucrophenylmethyl]-12-hydroxy 6-(2:-hydroxyethyl

220

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
630 of 1915



WO 2006/116764 PCT/US2006/016604

)-11,18-dioxo"1,2.8,4.4a,5.6,68,7,11,13 1da-dodecahydropyridof1,2"4.5lpyrazine[l,2-a]

quinazoline-10-carboxamide,

)
N N

O
OH
a) racemic2-({{(18,28)-2-Aminoeyclohexyllmethyllamino)ethanol hydrochloride.
In  a manner similar  to that described in example Z-568a, from

racemnie~l, 'dimethylethyl [(18,2R)-2-formyleyclohexyllcarbamate (112 wmg, 0.497
mmol) and 2-aminoethanol (0.04 ml.m 0,746 mmel) was prepaved
racemic-2-({{(18,28)-2-aminocyclohexyllmethyllamino)ethanol  bis-hydrochloride in
two steps (102 meg, 84% over 2 steps). !II NMR (methanol-di/CDCl3)  8.81-8.40 (m,
<2 H), 8.16 (brs, 1 H), 4.02-3.93 Gn, 2 H), 3.80 (br s, 2 H), 8.53 (m, 1 H), 8.36:2,93 (m,

6 H), 2.41 (by s, L H), 2.05 (m, 1 H), 1.76-1.41 (m, 4 H).

b)

racemic{4a$,6a8,14a8)-N-1(2,4-DifluorophenyDmethyl]l-12-hydroxy-6-(2-hydr
oxyethyD)-11,13-diox0-1,2,3,4,4a,5,6,6a,7,11,13,14a-dodecahydropyrido{1',2'14,5]pyrazi
nol1,2-alquinazoline 10-carboxamide. In a manner similar to that described in
example 7-35, from 16a (45 mg, 0.0967 mmol) and
racemic-2-({[(18,28)-2-aminocyclohexyllmethyllamino)ethanol hydrochloride (102 mg,
0.418 mmol) was prepared
racemic<4a3,6a3,14a8)-N-{(2,4-difluorophenyl)methyl]-6-(2 hydroxyethyl)-11,13-dioxo

-12-[{phenylmethyloxyl-1,2,8,4,42,5.6,6a,7,11,13, 14a-dodecahydropyridol1',2":4,5}pyra
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zinoll,2-alquinazoline- 10-carboxamide (7 mg, 12 %) as a white solid after silica gel
chromatography (1-12% methanol/dichloromethane gradient elution). This material
was deprotected in a second step similar to the procedure described in example %-37.
Thus, from
racemic(4aS,6a8,14a8)-N-{(2,4-difluorophenyl)methyll-6-(2-hydroxyethy)) 11,18-dioxo
-12-[(phenylmethyDoxy)-1,2,3,4,42,5,6,6a,7,11,18,14a-dedecahydropyrido(1’,2'i4,5)pyra
zinol1,2-alquinazoline-10-carboxamide (7 mg, 0.0118 mmol) the title compound was
prepared aftex purification by HPLC (3 mg, 50 %). I NMR (CDCla) 12.57 (br s, 1
), 10.45 Gm, 1 M), 8.29 (s, 1 H), 7.34 (m, 1 H), 8.78 (m, 2 H), 4.80 Gn, 1 H), 4.71 (s, 1
H), 4.62 (m, 2 H), 4,44 (n, 1 1), 4.33 (m, 1 H), 3.75 (m, 1 B, 8,62-3.20 (m, 3 M), 3.13
(m, 1 H), 2.74-2.71 (m, 2 H), 2.24 (m, 1 H), 1.90-1.87 (m, 12 H), 1.27°1.23 (m, 3 H)1.12

(m, 1 H); ES*MS: 503 (M +1).

racemic{4aS.6a8,14a8)-6-Cyclopropvl-N-[(2 4 -diflucrophenyDmethyll 12-hydroxy-11.1

3-dioxo-1.2,8.4.4a,5,6.62,7,11,13, 14a-dodecahydropyride[1'.2":4.5]lpyrazinol1.2-alquina

zoline-10-carboxamide.
. . OoH O H,
O N i
H H
N AN Ay
© "A

a) racemic(18,28)-2-[(Cyclopropylamino)methylleyclohexanamine hydrochloride.

In a manner similar to that deseribed in example Z-55a, from

racemic-l, -dimethylethyl [(18,2R)-2-formyleyclohexyllearbamate (112 mg, 0.497
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mmol) and cyclopropylamine (0.06 mL, 0.746 mmol) was prepared
racemic-(13,28)-2-{(cyclopropylamino)methylleyclohexanamine bis hydrochloride salt
in two steps (102 mg, 86% over 2 steps). This material was used without further
purification. 'H NMR (methanol-dd/CIDCL)Y 8,31 {br s, 1 ), 3.75 (br s, 1 H), 8.54
(m, 1 E), 2.96 (m, 1 H), 2,71 (m, 1 H), 2.27 (m, 1 ED, 1.94 Gm, 1 H), 1.76:1.16 (m, 8 T,

0.88-0.78 (m, 3 H).

b)
racemic<4aS,8a8,14a8)-6-Cycloprapyl-N-[(2,4-difluorophenylmethyll-12-hyd

roxy-11,18-dioxo-1,2,3,4,4a,6,6,6a,7,11,15, 14a-dodecahydropyride(1’,2"4,Alpyrazino(l,

2-alquinazoline-10-carboxamide. In a manner similar to that described in example
Z-35, from 16a (45 meg, 0.0957 mmol) and racemic-
(18,28)-2-[(cyclopropylamino)methylleyclohexanamine hydrochloride (102 mg, 0.428
mmol) was prepared
racemic{4a$,6a8,.14a8)-6-cyclopropyi-N-{(2,4-difluorophenyl)methyl}-11,13-dioxo-1.2-[(
phenylmethyDoxyl 1,2,3,4,4a,5,6,6a,7,11,13,14a-dodecahydropyrido(1'.24,5]lpyrazinol
1,2-alquinazoline- 10-carboxamide as a white solid after silica gel chromatography
(1-12% methanol/dichloromethane gradient elution). This material was deprotectad
in a second step similar to the procedure described in example Z-37. Thus, from
racemic(4aS,6aS,14a8)-6 cyclopropyl-N-[(2,4-difluorophenyl)methyl]l-11,1.8-dioxo-12-[(
phenylmethyDoxyl-1,2,3,4,4a,5,6,6a,7,11,13,14a-dodecahydropyrido(1’,2'4,58]pyrazinol
1,2-alquinazoline-10-carboxamide (66 mg, 0.0949 mmol) the title compound was

prepared as a white solid (41 mg, 81%). 'H NMR (CDCls) 12.10 (brs, < 1 H), 10.46
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(m, 1 H), 8.27 (s, 1 H), 7.33 (m, 1 H), 6.88 (m, 2 H), 4,77 (m, 1 ), 4.61-4.49 (m, 4 H),
4.33 (m, 1 H), 2,94 (m, 1 H), 2.79 (m, 1 H), 2.17 (m, 1 H), 1.86-0.86 (m, 10 F), 0.668 (i,

1H), 0.499-0.32 (m, 2 I); ES*MS: 499 (M +1).

Example Z-64:

racemic(4aS.6a8.14a8) N-[(2,4-Nifluorophenylmethyil  12-hydroxy- 11, 18-dioxo-6+[2:(

Lpyrvolidinylethyll-1,2,3.4,4a.5.6.6a2.7,11,13,14a-dodecahydropyridol 1,214 6lpyrazin

o[1,2-alguinazeline-10-carboxamide formic acid salt

HOn
F F O \ l\N Z ey
N Ny
™ H’u '\lJ\

0
HGO,H

O

a) racemic(18,28)-2-({[2-(1-Pyrrolidinyethyllamino}methylleyclohexanamine
hydrochloxide. In a manner similar to thet described in example %-66a, from
racemic-1,1-dimethylethyl [(18,2R)-2-formyleyclohexyl]learbamate (112 mg, 0.497
mmol) and 2-(l-pyrrolidinyDethanamine (0.09 mL, 0.748 mmol) was prepared
racemie<(18,28)-2-({{2-(1-pyrrolidinyDethyllaminolmethyDeyclohexanamine (88 mg,
60% 2 steps) as the bis hydrochloride salt in two steps as a white solid. 'H NMR
(methanol-dy/CDCls)  9.68 (br s, <1H), 924 (brs, < 1 H), 8.25 (brs, 1 H), 8.75- 3.04 .

(m, 11 H), 2.37 (br s, 1 H), 2.06-1.20 (m, 12 H).

b)
racemic{4a8,6a8,14a8)-N-[(2,4-DifluorophenyDmethyl)-12-hydroxy-11,13-dio
224
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%0-6-[2-(1-pyrrolidinyDethyl}-1,2,8,4,18,6,6,8a,7,11,18, 14a-dodecahydropyridoil’,214,5]
pyrazinoll,2-alquinazoline-1Q-carboxamide formic acid salt.

In a manner similar to that described in example Z-35, from 16a (80 mg, 0.0638
mmol) and
racemic(18,28)-2-({{2-(1-pyrrolidinyDethyllamino}methylcyclohexanamine
hydrochloride (88 mg, - 0.296 mmol) was prepared
racemic(4a8,6a8,14a8)-N-[(2,4-diflucrophenymethyll- 11,13-dioxo-12-1(phenylmethyl
Yoxyl-6-[2-(1-pyrrolidinylethyll-1,2,3,4,44,5,6,64,7,11,18,14a-dodecahydropyrido[1',2"
4,6]pyrazinoll,2-alquinazoline-10-carboxamide as a white solid (81 mg, 76%) after
silica gel chromatography (1-12% methanol/dichloromethane gradient elution), This
material was deprotected in a second step similar to the procedure described in
example Z-37. Thus, from
z‘{zceuu’r(daS,GaS.1¢I-aS)'N'[(2,.4--diﬂuorophenyl)mebhyl]‘].1,13'diox0‘]2'[(phenylme(;hyl
Yoxyl-6-{2-(1-pyrrolidinyl)ethyll-1,2,8,4,4a,5,6,6a,7,11,13,14a-dodecabydropyrido[1'.2"
4,6)pyrazinoll,2-alquinazoline-10-carboxamide (31 mg, 0,048 mmol) the title
compound was preparved ss a yellow solid after purification by HPLC (18 mg, G6%).
IH NMR (CDCls) 1039 (br's, 1 H), 8.56 (br s, 1 H), 8.390 (brs, 1 H), 7.34 (m, 1 H),
6.78 (m, 2 H), 4.76:4.40 (m, 6 H), 3.26-2.89 (m, 7 H), 2.73 Gn, 1 H), 2.15 Gn, 1 H),
2.02-1.18 (m, 14 H); ES* MS: 566 (M +1).

Example 7-656°

(428,14aS)-N-[(2 4-DifluorophenyDmethyl]-9-hydroxy-8,10-dioxo-2,3,4.44,5,6,8,10, 14, 1

226
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oH 0O

ST N

N

H
O.\ = N\/{\N
NH Rl
= D/F
.
F
a) {2-1(28)-2-Piperidinyllethyllamine.  This compound was prepared in a

similar manner as its enantiomer described in example Z-42a,

D)

(4a$,14a8) N-[(2.4-DillucrophenyDmethyil-9-hydroxy-8,10-dioxo-2,3,4,44a,5,6,
8,10,14,14a decahydro* 1H-pyvido!l1,2-cipyridol1',2'14, 6] pyrazinoll,g-alpyrimidine 11 ¢
arboxamide. In a manner similar to that described in example Z-36, from
{2-[(28)-2-piperidinyllethyllamine (28 mg, 0.218 mmol) and 16a (30 mg, 0.0638 mumol)
was preparaed
(4a5,1488)-N-[(2,4-difluorophenylmethyl]-8,10-dioxo 9-[(phenylmethyDoxyl-2,3,4,44,5
:6,8,10.14,14a decahydro-1H-pyrido[1,2-clpyrido(1’,2"4,6)pyrazinoll,2-al pyvimidine- 11
-carboxamide (29 mg, 82%) . This material was deprotected in a second step similar
to that described in example 2-37 to give the title compound as a white solid (26 mg,
quantitative). ' NMR (CDCls) § 12.44 (br s, 1 H), 10.48 (s, 1 H), 8.26 (s, 1 ). 7.55
(m, 1 H), 6.80 (m, 2 H), 4.68-4.57 (m, 2 H), 4.38 (m, 1 H), 4.20 (m, 1 H), 3.93 (s, 1H),
8.63:3.89 (m, 2 H), 2.91 (m, 2 H), 2.20 (br s, 1 H), 2.02 (m, 1 B), 1.69-1.456 (m, 4 H),

1.30-1.24 (m, 2 H), 1.12 (br g, 1 H); BS* MS: 459 (M+1),
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Example Z-66:

(48,12a8) N-[(4-FluerophenyDmethyll-7-hvdroxv-4-methyl-1-({2-(methyloxylethyll-6.8-

diox0-1.2,3.4.6,8,12,12a-octahvdropyrido[1.274,5lpyrazino(l,2-alpyrimidine-Y-carboxa

mide.

a) [(38)-3-Aminabutyll{2-(methyloxy)ethyllamine bis hydrochloride. In a

manner similar to that described in example %-47, from 1,1-dimethylethyl

[(18)-1-methyl-3-oxopropyllecarbamate (76 mg, 0.406 mmol) and
2-(methyloxy)ethyllamine (C.056 ml., 0.609 mmol) was prepaved

[(88)-3-aminobutyl][2-(methyloxy)ethyllamine as the bis hydrochloride salt in two
steps (19 mg, quantitative). 'H NMR (nmethanol dw/CDCla) & 9.02 (< 1 H), 8.21 (« 1
H), 3.68 (br s, 2 H), 3.49 (brs, 1 H), 3.34 (br s, 4 H), 3.15 (br s, 4 H), 2.26°2.11 (m, 2 H),

1.95 (br s, 3 H).

L)
(48,1228)-N-[{(4-Fluorcphenylmethyl]*7-hydroxy-4-methyl-1-[2-(mecthyloxylet
hyl}-6,8-diox0-1,2,3,4,6,8,12,12a octahydropyrido{1',2"4,5lpyrazinol1,2-alpyrimidine-9

-carboxamide. In a manner similar to that described in example Z-35, from 16 (15
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mg, 0.034 mmel) and [(88)-3:Aminebutyl][2: (methyloxy)ethyllamine bis hydrochloride
(19 mg, 0.087 mmol),
(45,12a8) N-[(4-fluorophenyl)methyll-4-methyl- 1-[2-(methyloxy)ethyl]l-6,8-dioxo-7-[(ph
enylmethyloxy}-1,2,3,4,6,8,12,12a-octahydropyridol[1',2"14,5]pyrazinoll,2 alpyrimidine
-9-carboxamide was prepared as a white solid aftexr silica gel chromatography (1-12%
methanol/dichloromethane), This material was deprotected in a second step similar
to that described in example 7Z-37 to give the title compound as a yellow solid (9 mg,
60 %, 2 steps). 1 NMR (CDCla) § 12.56 (s, 1 H), 10,51 (m, 1 H), 8.29 (s, 1 F), 7.92
(m, 2 H), 6.98 (m, 2 ¥0), 5.08 Gn, 1 H), 1.65:4.59 (m, 2 H), 4.53 (m, 1 H), 4.21 (m, 1 H),
3,61-8.40 (m, 2 H), 3.84-3.13 Gn, 3 H), 3,08 (m, 1 H), 2.94-2.84 (m, 2 H), 2.68 (m, 1 ),
2.07 (m, 1 H), 1.50 (m, 1 H), 1.35 (d, /= 7.2 Hz, 3 H), 1.14 (m, 1 H); RES* MS: 459

(M+1).

Lxample 7-67:

(48.12a8)-1-Cyelobutyl-N-[{4-fluorophenymethyll-7-hvdroxy-4-methyl-6.8-djoxo 1.2.8

4,6.8.12,12a 0ctahydropyridol1'.2'14,6lpyyrazino[1,2-a]pyrimidine-9-carboxamidse.

OH ©
o NJj
Ot afia_

N
S
=
L/%
N
F
a) {(39)-3-Aminobutylleyclobutylamine bis-hydrochloride. In a manner

similar to that described in example 2-47, from 1,1-dimethylethyl
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((18) 1-methyl-8-oxopropyllcarbamate (76 mg, 0.406 mmol) and cyclobutylamine (0.05
mT., 0,609 mmol) was prepared [(3%)-3-Aminobutyllcyclobutylamine bis-hydrochloride
in two steps (23 mg, 27%). H NMR (nethanol-d4/CDCls) 6 8.86 (s, <1 H), 7.97 (s, <
1H), 8.46 (m, 1 H), 8.21 (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, J=6 He, 1 H),

L)

(48,12a8)-1-Cyclobutyl*N-[(4-fluorophenymethyl)-7-hydroxy-4-methyl-6,8-di
ox0°1,2,3,4,6,8,12,12a 0ctahydropyrido[1',2-4,5lpyrazinol(l,2-alpyrimidine-9-carboxam
ide. In a similar manner to that described in example 2-35a, from 16 (18 mg, 0.39
mmol) and [(3S)-3-Amincbhutylleyclobutylamine bis-hydrochloride (23' mg, 0.107
mol),

(48,12a8)- 1-cyciobutyl-N-|(4-fluorophenyl)methyl)-4-methyl-6,8-dioxo-7-1{phenylmeth

yloxyl-1,2,3,4,6,8,12,12a-octahydropyride[1’,2':4,6)pyrazinoe(l,2-alpyrimidine-9-carbox
amide was prepared as a white solid, This material was deprotected in a second step
similar to that described in example Z-37 to give the title compound as a white solid
after purification by HPLC (4.6 mg, 256 % 2 steps). 'H NMR (CDCla) & 12.54 (s, 1 B,
10.48 (s, 1 H), 8.20 (s, 1 H). 7.81 (m, 2 H), 6,98 (m, 2 H), 5.02 (m, 1 H), 4.61-4.57 (i, 2
H), 4.26°4,14 (m, 3 1), 3.05 Gn, 1 M), 2.90 (m, 1 H), 249 (m, 1 H), 2.12 (m, 1 H),

2.06:1.87 Gn, 3 H), 1.84-1.61 (m, 3 H), 1.46 (m, 1 M), 1.32 (m, 3 H); ES* MS: 455

(M+1).

Lxample 2-68:

229
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(48,12a8) N-[(4-FluorophenyDimethyl)-7-hydroxy-4-methyl-1-(2-methylpropyl) -6.8-dicx

0:1,2,34.6.8.12 12a-octahydropyridof1'.2':4 5lpyrazinoll.2-alpvrimidine 9 carboxamid

a) [(38)-3-Aminobutyl](2-methylpropyDamine bis-hydrochloride. In a manner
similar to that described in example Z-47, this compound was prepared from
1,1-dimethylethyl [(18) 1-methyl-3-oxopropyllcarbamate (76 mg, 0.406 mmol ) and
(2-methylpropyDamine (0.06 ml, 0.609 mmol) in two steps as the bis-hydrochloride
salt (22 mg, 26 %). 'H NMR (methanol d/CDCL) 5 3.25 (brs, 1 H), 2.91 (br s, 2

H), 2.64 (m, 2 H), 2.02:1.98 (n, 3 H), 1.17 (m, 3 H), 0.88 (mn, 6 H).

b)

(45,12a8)-N-{(4-FluovephenyD methyli- 7-hydroxy-4-methyl-1-(2 methylpropyl)
*6,8-diox0-1,2,8,4,6,8,12,12a octahydropyridal1',2"4, 5lpyrazino[1,2-alpyrimidine-9-cax
boxamide. In a similar manner to that described in examplo 2-35, from 16 (16 mg,
0.085 mumol) and {(38)-3°Aminobutyl](2-methylpropyDamine bis-hydrochloride (20 mg,
0.0925 mmol),
(4S,.l2aS)-N‘[(4-'flum'ophenyl)methyl]'4‘methyl'1'(2'methylpropyl)'G;S'dioX0'7'[(pheny

Imethyloxyl 1,2,3,4,6,8,12,12a-octahydropyrido[1', 2’ 4,6]pyrazinell,2-alpyrimidine-9-
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carboxamide was prepared as a white solid, This material was deprotected in a
second step similar to that described in example Z-37 to give the title compound as a
tan solid (138 mg, 68% 2 steps). 'H NMR (CDCla) & 12,57 (s, 1 H), 10.46 (s, 1 F,
8.27 (s, 1 ¥, 7.32 (n, 2 H), 6.99 (m, 2 H), 4.98 (m, 1 H), 4.63-4.54 (m, 211, 4.5 (m, 1
H),4,26-4.16 (m, 2 H), 2,91 (m, 1 H),-2.77m, 1 H), 2.24 {m, L H), 2.14-2.08 (m, 2 H),
1.68 (m, 1 H), 1.48 (m, 1 H), 1.83 (m, 3 H), 1.09 (m, 1 F, 0.850 (m, 3 ), 0.789 (m, 8

H)i ES*"MS: 467 (M+1).

Example 2-69:
(485,12a8)-N-[{4-lugrophenvlmethvl]-7-hydroxy-1.4-dimethvi-6,8-dioxe:1.2.3,4.6.8.12

12a-octalivdropyridol1:.2%4 5lpyrazino(i.2-alpyrimidine-9-carboxamide,

OH O
Q = I\NJj
o] SN N\/l\N
NH H o

a) [(8S)-3-Amincbutyllmethylamine bis-hydrochloride. In a manner similar to
that described in example 2-47, this compound wasg prepared from 1,1-dimethylethyl
[(18)-1-methy)-3-oxopropyllcarbamate (76 mg, 0.409 mmol) and excess methylamine
(2 M in tetrhydrofuran) in two steps as the bis hydrochloride salt (17% 2 steps). 'F
NMR (methanol-di/CDCls) & 3.16 (m, 1 H), 3.08 (s, 2 H), 2.83 (m, 2 H), 2.45 (s, 3

H), 1.88 (m, 1 D), 1.75 (m, 1 HD, 1.09 (m, 3 H),
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L)

(45,12a8)-N-{{4-Fluorophenymethyl]-7-hydroxy-1,4-dimethyl-6,8-dioxo  1,2,8,
4,6,8,12,12a octahydropyridol1',274, 5] pyrazino(1,2-alJpyrimidine-9-carboxamide. In a
similar manner to that described in example Z-35, from 16 (18 mg, 0.0898 mmol) and
[(3S)-3-aminobutyllmethylamine  bis-hydrochloride (19 mg, 0.109  mmol,
(48,12a28)-N-[(4-fluorophenylmethyl]-1,4-dimethyl-6,8-dioxo-7- [(phenylmethyloxyl-1,
2,3,4,6,8,12,12a octahydropyrido(1',2:4,8]pyrazine{l,2-alpyrimidine-9-carboxamide
was prepared as a white solid. This material was deprotected in a second step
similar to that described in example Z-37 to give the title compound as a tan solid (7
mg, 44% 2 steps). H NMR (CDCls) & 12,538 (s, 1 H), 10.47 (s, 1 H), 8.29 (s, 1 D,
7.32 (m, 2 H), 6,99 (m, 2 H), 5.04 (1 H), 4.60 (m, 2 H), 4.23 (s, 3 ), 2.83-2.80 (m, 2 H),

2.82 (s, 3H), 2.13 (m, 1 M), 1.48 (m, 1 H), 1.34 (m, 3 H); ES* MS: 1415 (M+1).

Bxample 2-70! |

(4.5.120.5)- MV {{1-FluorophenyDmethyll-7-hvdroxy-4-methvl-6,8-dioxo- L-{tetrahydro-2 A

thiopyran-4-y1)-1.2.3 4,6,8,12 12a-octahydropyrido{1',2":d,5]pyrazinoll.2-alpyrimidine

-9-carboxamide.

OH O’
h G ONN"]
: N N
et Tt

N

.

S

The title compound was made in two steps using a similar process to that
described in example %-2, 16 (26 mg, 0.055 mmol) and free based

[(389-3-amincbutylltetrahydro-2 A thiopyran-d-ylamine (48 mg, 0.26 mmol) were
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reacted in dichloromethane ® ml) with acetic acid to- give
(4,5,128.8) N-[(4-fluorophenylmethyll-4-methyl-6,8-dioxo 7 [(phenylmethyloxyl-1-(tet
rahydro-2 A thiopyran-4-y1)-1,2,3,4,6,8,12,12a-octahydropyridoel1',2'4,5]pyrazinoll,2-a
Jpyrimidine-9-carboxamide (16 mg, 49%) as a film. This material was debenzylated
in a sacond step in a .manner similar to Z-26 to give
(48,1249 N [(4- fluorophenyl)methyll-7-hydroxy 4 methyl-6,8 -dioxo- 1-(tetrahydro- 2.4
thiopyran-4-yH-1,2,3,4,6,8,12,12a -octahydropyrido[1',2"'4,5]pyrazino[1,2-alpyrimidine-
9-carboxamide (8 mg, 59%) as an off-white solid. H NMR (400 MHz, CDCI3) § 1.30
@, J=17.2 Hz, 3H), 1.63-1.68 (m, 1H), 1.72-2.10 (m, 5H), 2.56-2.76 (m, 5H), 2.84-2,87
(m, 2H), 4,18 (dd, J'= 2.8, 14,0 Hz, 1K), 4.26 (dd, J = 3.4, 14.2 Haz, 1H), 4.92°4.97 (m,
1H), 6.96:7.00 (m, 2H), 7.29-7.86 (m, 2H), 8.31 (s, 1H), 10.48 {m, 1H), 12.48 (br, 1H)

BS MS: 501 (M+1).

Example Z:-71:

12.12a-gctahydropyridol1'.2.4.5lpyrazinoll . 2-alpyrimidine-9:-carboxamide.
OH (?
- oo K (‘\ij
A N\/;{:N
F 0o '

a)  [(889-3-Aminobutyllmethylamine dihydrochloride was prepared in a similar
manner as described in example Z-47, 'H NMR (400 MHz, CDCI13) 5 1.18 (4, J = 6.8
Hz, 8H), 1.82:1.91 (m, 1H), 1.94°2.03 (m, 1H), 2.53 (s, 3H), 2.89-2.93 (n, 2H),

3.22-3.30 (m, 1H), 8.02 (by, <I¥), 8.81 (by, <1H).
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b)

(4.5, 12a.9)- MV [(2,4-Difivorophenylmethyll-7-hydroxy-1,4-dimethyl 6,8-dioxo-1,2,3,4,6,8
,12,12a-0octahydropyrido{1',2'4,5]pyrazinoll,2- alpyrimidine-9-carboxamide. The title
compound was made in two steps using a similar process to that described in example
Z-2. 16a (40 mg, 0.085 mmol) and free based [(3.9)-3-aminobutyllmethylamine (24
mg, 0.28 mmol) were reacted in dichloromethane (2 mL) with acetic acid to give
(4.5,12a8)- N [(2,4-diflnorophenyDmethyll- 1,4-dimethyl-6,8-dioxo-7-{{(phenylmethyDoxy
]'1.2,3,4,6,8,12,12a'octahydropyrido[.1’,2‘34,5]pyrazino[1,2-a]pyrimidine-g-carboxamidc
(39 mg, 89%) as a film. This material was hydrogenated in a second step as
describad in example i) to give
(4512a8)- M[(2,4-difluorophenyDmethyll-7-hydroxy-1,4-dimethyl-6,8-dioxo-1,2,8,4,6,8
,12,12a-octahydropyride(1',2°:4,5lpyrazino(1,2- alpyrimidine-9-carboxamide (32 mg,
97%) as an off-white solid. 'H NMR (400 MHz, CDCI3) § 1.33 (4, J = 6.4 Hz, 3H),
1.46-1.50 (m, 1H), 2.12-2.14 {m, 1H), 2.32 (s, 3, 2.83 (mn, 2H), 4.24 (m, 3H), 4.62 (m,
21D, 5.02 (m, 1H), 6.77-6.79 (m, 21D, 7.33 (m, 1H), 8.30 (s, 11D, 10,43 (s, 1H), 12.60 (br,

1H); BSY MS: 433 (M+1).

Example 2-72:

(4.5.122.9 N [(4-Fluorophenyl)methyll:7-hydroxy-d-methyl-1-(1-methylethv])-6.8-dioxo

112,346,812, 12a-octahydropyridol3'2:4.5lpvrazino[1.2- alpyrimidine-9-carboxamide.
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g Mﬁj

The title compound was made in two steps using a similar process to that
described in  example Z-2. 16 (27 mg, 0,060 mmol) and free Dbasecd
[(88)-3-aminobutyll (1 methylethyDamine (687 mg, 0.51 mmol) were reacted in
dichloromethane (2 mlL) with acetic acid to give
(451229 MI(4-fluorophenyD methyll-4-methyl-1-(1-methylethyD)-6,8-dioxo-7-[{phenyl
methyloxy]-1,2,3,4,6,8,12,12a-octahydropyridel1',2'4,6]pyrazine[1,2- alpyrimidine-9-c
arboxamide (18 mg, 56%) as a film. This material was hydrogenated in a second step
as described in example Z-2 to give
(1.5,122.9) M{{4-fluorophenyDmethyl]- 7-hydroxy-d-methyl  1-(I-methylethyl)-6,8 dioxo
1,2,3,4,6.8,12,12a-octahydropyridof1',2::4,5]pyrazino[l,2-alpyrimidine-9-carboxamide
(15 mg, >100%) as an off-white solid. 'H NMR (400 MHz, CDCI3) & ],.Oé (d, J= 6.4
Hz, 3H), 1.07 (4, J = 6.4 Hz, 3H), 1.82 (d, J= 6.8 Hz, 3F), 1.54-1.58 (m, 1H), 1.94-2.03
Gn, 1), 2.71-2.76 (n, 1), 2.82-2.88 (m, 1), 3.13-3.16 Gm, 1H), 4.16:4.19 (m, 1),
4.30-4.33 (m, 1H), 4.48 (m, 1F), 4.55°4.65 (m, 2H), 4.97-6.00 (m, 1H), 6.97-7.01 (m,

2H), 7.80-7.34 {m, 211}, 8.28 (s, 1H), 10.51 {m, 1H), 12.55 (s, 1H); BS* MS: 443 (M+1).

Example 4-73'

(451288 M[(4-FluorophenyDmethyvl]-7-hydroxv-1,4-bis(2-methylpropyl)-6.8-dioxg-1.2

.3.4.6.8,12 12a-octahydropyrido[1',2":4,6lpyrazino{1,2-alpyrimidine-9-carboxamide.
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OH O ~

The title compound was made in two steps using a similar process to that deseribed in
example %-2. 18 (25 mg, 0.055 mmol) and free based
[(38)-3-amino-5-methylhexyl)(2-mothylpropyDamine (21 mg, 0.11 mmol) were reacted
in dichloromethane 2 mL) with acetic acid to give
(48,1229 MV [(4-fluorophenylmethyl]+ 1,4-bis(Z-methylpropyi)-6,8-dioxo-7-[(phenylmet
hyDoxyl-1,2,8,4,6,8,12,12a octahydropyrida[1,2"4,Blpyrazinoll,2 - alpyrimidine: 9-carbo
xamide (8 mg, 25%) as a film. This material was hydrogenated in a second step as
described in example Z2 to give
(48,1228 M [(4-fluorophenyldmethyl]-7-hydroxy-1,4-bis(2-methylpropyl)-6,8-dioxo-1,2,
3,4,6,8,12,12a-octahydropyrido[1’,2":4,5) pyrazino[1,2-alpyrimidine-9-carboxamide (6
mg, 78%) as an off-white solid. I NMR (400 MHz, CDCI3) § 0.74 (d, /= 6.4 W2, 3D,
0.84 (d, J = 6.4 Hz, 3H), 0.97-1.00 (m, 8H), 1.37-1.66 (m, 5IM), 1.76-1.82 (m, 1H),
2.06-2.09 (m, 2H), 2.21°2.26 (mn, 1K), 2.72:2,79 Gn, 1H), 2.87-2.93 (m, 1H), 4,16-4.26
(m, 2H), 4.88 Gn, 1H), 4.55-4.66 (m, 2H), 4.93-4.99 (m, 1H), 6.97-7.02 (m, 2H),

7.81-7.34 (m, 2H), 8.27 (s, 1H), 10.49 (m, 1H), 12.61 (s, 1) 1S* MS: 499 (M+1),

\

LExample 27-1 107

(24

B

IExamples in table below were isolated as a mixbure of diastereomers ranging from

11 to >10'1 ratios of sterecisomers al the center indicated as undefined.
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Chavacterization data reported herein consists of observed muss spectral signals for
molecular ions (M+1) of the compoeunds using electrospray ionjzation metheds in the
positive mode using LO/MS techniques well known in the field. Reported rél.ent’-iun
times refer to observed UV peaks coni'irme§ by NMR methods for the examples below
using the following gradient on a phenomenex C18 reverse phase HPLC column (150
mmX4.6 mm 6 micron). Solvent A = water w/ 0,1% formic acid, solvent B =
acetonitrile w/ 0.1% formic acid. Gradient = 10%B for 1 min, gradient from 10% to
90% B fram 1 to 9 min, ramping to 100% B at 9.01 min and holding at 100% B for 2
In several cases the diastereomers were noi separable by the standard HPLC

min.

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

[Table A}
Example Strueture Observed LC/MS or HPLC
No. data
Z7Z-1 oH O ES+ NS 419 (M +1)
F l P O \\’)kN/\J/
x N =y N\/‘%\N
o H
772 OH ©O 5SS MS: 406 (M +1)
F F y Oy
N = N\/A\O
o H
273 OH ? 1S+ MS: 509 (M +1)
F = ‘ = " Q S N/j/
SN N
on
Q ©/‘
774 OH ES* MS: 429 (M +1)
F y (8] S N
N x N\/el\
N ,
o o
237

Cipla v. Gilead

IPR2025-00033

Petitioner Exhibit 1040
647 of 1915



WO 2006/116764

PCT/US2006/016604

N
N

t

BS* MS

2416 (M +1)

ES* MS:

491 (M +1)

BS+ MS:

509 (M +1)

%728

S+ MS:

443 (M +1)

4Z-9

LS+ MS:

461 (M +1)

N

Y

St MS:

501 (M +1)

72711

B8+ MS:

475 (M +1)

TS+ M8

L 489 (M +1)
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77-13 OH O . B3 MS! 460 (M +1)
H /l\/’u\N
= N\%\O
b 5O
2714 OH O P LS+ MS: 442 (M +1)
F o] Ss, N
H e N\/%\O
g 5
o]
7715 oH © 1S MS: 489 (M +1)
H
N = N\/k/>—‘
TN
o] %
7716 OoH © 5 8.174 & 8.295 min.
F O A A A
| !
A = N
Y\/ i{ N
o)
2217 OH O TS MS: 461 (M +1)
F B G ‘\)L .
N
H i
\@/NWLN\%\}
3 H
7718 TS+ MS! 447 (M +1)
J N\/i\
ZZ-19 - ) BS* MS: 446 (M +1)
F\K\',F o )LN
\/]\/ N\/!\
7720 OH S MS: 432 (M +1)
F F O S
Tk
N N
o
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7721 oH O : 7.368 min

27-22 OH O e 7.150 min

17-23 B8 MS: 447 (M +1)
727-24 OH O = ES+MS: 447 (M +1)
F = : F " O N/B
1
SN = -N TN

The present invention further includes the following compounds.

©kk G
o
K/ = %HJ\N
mm—g I o 1-7)
s N N
i \” Y \])\O
O Ra
[Table B)
No (R) in Ra
1 4—F i — CHs
2 4 ~TF — CH(CHzy)2
3 4—F — CH:CH:z0CH;
4 2, 4—-F — CH3
5 2, 4-TF — CH{CIs
6 2, 4—F — CH:CH:0CH;
7 2-F, 3—C] —CHa
8 2-F, 3-C1 — CH(CHy)s
9 2—F, 3—C L — CH:CRz0CH3
240
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Experimental Bxample 1

The H1V integrase inbibitory activity was investigated based on the following
assay method.

(1) Preparation of DNA solution

By the same method as that described in IBxperimental Example 1 of WO
2004/024693, a substrate DNA solution (2 pmol/nl) and a target DNA solution (5
pmol/pl) were prepaved, After each target DNA solution was once boiled, a
temperature was slowly lowered to anneal complementary chains, which was used.
Jach sequence of a substrate DNA and a target DNA is as described in the same
Iixperimental Example.

(2) Measurcment of inhibition rate ICpo value)

Streptavidin (manufactured by Vector Laboratories) was dissolved in a 0.1M
carbonate buffer solution (composition: 90 mM Na»COs, 10 mM NaHCO) to a
concentration of 40 ug/ml, Wach 50 nl of this solution was added to a well of an
immunoplate Gnanufactured by NUNC), this is allowed to stand at 4°C overnight to
aduorb. Then, each well was washed with a phosphate buffer {composition: 18.7 mM
NaCl, 0.27 mM KCl, 0.43 mM NaJHPO::, 0.14 mM KH2PO.) two times, and 300 pl of a
phosphate buffer containing 1 % skim milk to block it for 30 minutes. [Fuxrthey, each
well was washed with a phosphate buffer two times, 50 nl of a substrate DNA solution
(2 pmol/ul) was added to adsorb at room temperature for 30 minutes while shalking,
and this was washed with a phosphate buffer two times and, then, distilled watex
oncoe.

Then, to each well prepared as described above were added 12 pl of a buffer
(compositiont 160 mM MOPS (pH7.2), 756 mM MnCla, 50 mM 2-mercapioethanol, 25%
glycerol, 500 pg/ml bovine serum albumin-fraction V), and 51 pl of a reaction solution
prepared from 39 pl of distilled watexr. Then, 9 p'l of an integrase solution (30 pmol)
was added, and the mixture was mixed well. To a well as a negative control (NC)
was added 9 ul of a diluting solution (composition: 20 mM MOPS (pH?7.2), 400 mM
potassium glutamete, 1 mM EDTA, 0.1% NP-40, 20% glycerol, 1 mM DTT, 4 M urea),
and this was mixed well using a plate mixer,

After the plate was incubated at 30°C for 60 minutes, the reaction solution
was discarded, followed by washing with 250 ul of a washing buffer (composition: 150
mM MOPS (pH7.2), 50 mM Z2-mercaptoethanol, 26% glycerol, 500 pg/inl bovine serum
albumin-fraction V) three times.

Then, to each wgll were added 12 pl of a buffer (composition: 150 mM MOPS
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(pH7.2), 78 mM MgCly, 50 mM 2-mercaptoethanol, 25% glycerol, 500 ng/ml bovine
serum albumin-fraction V), and 53 ul of a reaction solution prepared from 41 pl of
distilled water, Further, 6 nl of a solution of a test compound in DMSO was added to
each well, and 6 ul of DMSO was added to a well as a positive control (PC), followed
by mixing well using a plate mixer. After the plate was incubated at 30°C for 30
minutes, 1 ul of a target DNA (6 pmol/pl) was added, and this wz'1s mixed well using a
plate mixer.

After each plate was incubated at 30°C for 10 minutes, the reaction solution
was discarded, followed by washing with a phosphate buffer two times. Then, an
anti-digoxigenin antibody labeled with alkaline phosphatase (sheep Fab fragment:
manufactured by Boehringer) was diluted 2000-fold with an antibody diluting
solution, 100 1l of the diluent was added to bind -at 30°C for 1 houy, and this was
washed successively with a phosphate buffer containing 0.05 % Tween20 two ti.mes,
and a phosphate buffer once. Then, 150 ul of an allkaline phosphatase coloring buffer
(compositien’ 10 mM paranitrophenyl phosphate (manufactured by Vector
T.aboratories), 5 mM MgClez, 100 mM NaCl, 100 mM Tris-HC1 (pH 9.5)) was added to
react at 30°C for 2 hours, 50 pl of a IN NaOH soluticn was added to stop the reaction,
an absorbance (OD405 nm) of each well was measured, and an inhibition rate (ICs0)
was obtained according to the following caleulation equation.

Inhibition rate (%) = 100[1-{(C abs.- NC abs.}) / (PC abs.- NC abs.)}]
- C abs.; absorbance of well of compound

NC abs.: absovbance of NG

PC abs.; absorbance of PC

Resulls a1e shown below.

[Table 1)

Example No. Integrase inhibitory activity
(IC50, ng/ml)
G2 3.3
¥-2 3.8
Ha 3.2

The present compound showed the strong integrase inhibitoyy activity

against HIV.

Experimental Bxample 2
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A derivative of 2937 cells oxpressing an attachment factor {o improve
adherence to plastic were used for the assay. A VSV-g pseudotyped HIV vector that
expresses luciferase (herein referred to ag PHIV) was produced by transfection of cells
with the pGJd3-Luci vector plasmid (Jarmy, G. et al,, J. Medical Virology, 64:223-231,
2001) and pVSV-g (Clontech). Cells were mixed with the PHIV vector and then
mixed with serially diluted compounds. Afte:r incubation at 37°C and 5% CO:2 for two
days, the plates were read by using Steady élo luciferase assay reagent (Promega) as
recommended by the manufacturer. To assess non-HIV specific inhibition,' a similar
assay was performed, except that cell/PHIV vector mixture was replaced by cells

which had been previously transduced and constifutively expressed luciferase.

[Table 2]
PHIV ICs
Example *=<10 nM,
number **=10-100 nM,

***5 100 nM
Z-1 ol
Z-2 i
Z-3 %
Z-4 &
Z-5 *
Z-6 &
Z-7 i
2_8 ®k
Z-9 &
Z-10 *
Z-11 x
Z-12 5
Z-18 £
Z-14 i
Z-15 i
Z-16 ¥
Z2-17 &
Z-18 e
Z-19 2
Z-20 A
Z-21 =
Z-22 £
Z-23 £
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Z2-24
Z2-25
2-26
Z-27
Z-28
Z2-29
Z-30
Z-31
Z-32
Z-33
Z-34
Z-35
2-36
Z-37
Z-38
Z-39
Z-40
Z-41
Z-42
Z-43
Z-44
Z-45
Z-46
Z-47
Z-48
Z-49
Z-50
Z-51
Z-52
Z-53
Z-54
Z-55
Z-59
Z-60

+x-;:(—t*x-t»:ex-*x»wx-x-nek+¢x-++xe>:—x-*x-x-x-x—t1x_~*

Formulation Example

A term “active ingredient” means the present compound, a tautomer thereof,
a pharmaceutically acceptable thereof, or a solvate thereof.
(Formulation Example 1)

Ahard gelatin capsule is prepared using the following ingredients:

dose
(mg/capsule)
Active ingredient 250
Starch (dried) 200
Magnesium stearate 10
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Total 460mg

(Formulation Example 2)

A tablet is prepared using the following ingredients:

dose
(ngitablet)
Active ingredient 250
Cellulose Gmicrocrystalline) 100
Silicon dioxide (fumed) 10
Stearic acid 5
Total 6656mpg

Ingredients are mixed, and compressed to obtain tablets, each weighing 665 mg.
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[Name of Document] Scope of Claims

I A compound of the formula:

OH

(wherein,

21 is NR4;

R4 ig hydrogen, optionally substituted lower alkyl, optionally substituted
cycloalieyl, optionally substituted eycloalkyl lowex alkyl, optionally substituted lower
alkenyl, optionally substituted lower alkoxy, optionally subs_tituted aryl, optionally
substitutod aryl lower alkyl, optionally substituted aryloxy, optionally substituted
heterocyclic group, optionally substituted heterocycle lower alkyl, optionally
substituted heterocycleoxy, hydroxy, optionally substituted amino, optionally
substituted phosphoric acid residue, aryl substituted with optionally substitited
phosphoric acid residue, aralkyl substituted with optionally substituted phosphoxric
acid residue, hydroxy substituted with optionally substituted phosphoric acid vesidue,
amino substituted with optionally substituted phosphoric acid residue or lower alkyl
substituted with optionally substituted phosphoric acid residue (the lower alkyl may
be intervened by a heteroatom group selected from COQ, O, S, SO, SOz, NR2 (Rris
hydrogen or lower allkyl), -N= and =N-)), C or CHx;

Z%is optionally substituted lower alkylene or optionally substituted lower
alkenylene, ecach may be intervened by a heteroatom group selected from O, S, SO,
S02 NR® (Rf is hydrogen, optionally substituted lower alkyl, optionally substituted
eycloalkyl, optionally substituted cycloalkyl lower alkyl, optionally substituted lower
allcenyl, optionally substituted lower alkoxy, optionally substituted aryl, optionally
substituted aryl lower alkyl, optionally substituted aryloxy, optionally substituted
heterocyclic group, optionally substituted heterocycle lower alkyl, optionally
substituted heterocycleoxy, hydroxy or optionally substituted amino, optionally
substituted phosphoric acid residue, aryl substituted with optlionally substituted

.phosphOJ'ic acid residue, aralkyl substituted with optionally substituted phosphoric
acid residue, hydroxy substituted with optionally substituted prhosphouic acid residue,
amino substituted with optionally substituted phosphoric acid residue or lower alkyl
substituted with optionally substituted phosphoric acid residue (the lower alkyl may
be intervened by a heteroatom group selected from CO, O, S, SO, SO= NR? (R5 is

selected independently from the same substituent group as R4), ‘N= and =N-)), -N= or
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=IN-,

R!is hydrogen or Jower alkyli

X is a single bond, a heteroatom group selected from O, S, SO, SOz and NH, or
lower alkylene or lower alkenylene each may be intervened by the heteroatom;

R? is optionally substituted aryl;

R? is hydrogen, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted eycloalkyl, optionally substituted lower allkenyl, optionally substituted
jower allioxy, optionally substituted lower alkenyloxy, optionally substituted aryl,
optionally substituted aryloxy, optionally substituted heterocyclic group, optionally
substituted heterocycleoxy or optionally substituted aminos

R4 and Z2part taken together forms a ring, where the compound M is represéntcd

by the following formula (I-1), oxr (I-11):

OH

(1-1)

(wherein,

A ring is optionally substituted heterocyele;

R and R® are independently hydrogen, optionally substituted lower allkyl,
optionally substituted cyeloalkyl, optionally substituted cycloalkyl lower alkyl,
optionally substituted lower alkenyl, optionally substituted lower alkoxy, optionally
substituted lower alkenyloxy, optionally substituted aryl, optionally substituted aryl
lowoer alkyl, optionally substituted aryloxy, optionally substituted heterocyclic group,
optionally substituted heterocycle lower alkyl, optionally substituted heterocycleoxy,
optionally substituted phosphoric acid residue, aryl substituted with optionally
substituted phosphoric acid residue, aralkyl substituted with optionally substituted
phosphoric acid residue, hydroxy substituted with optionally substituted phosphoric
acid residue, amino substituted with optionally substituted phosphoric acid residue or
lower alkyl substituted with optionally substituted phosphoric acid residue (the lower
alkyl may be intervened by a heteroatom group selected from O, S, 80, SOz, NR5 (RS is
selected independently from the same substituent group as R, -N= and =N-), hydroxy,
optionally substituted amino, optionally substituted lower alkyl carbonyl, op tionally
substituted cycloalkylcarbonyl, optionally substituted cycloalkyl lower alkyl carbonyl,
optionally substituted lower alkoxy carbonyl, optionally substituted arylearbonyl,
optionally substituted aryl lower alkyl carbonyl, optionally substituted

aryloxycarbonyl, optionally substituted heterocyclecarbonyl, optionally substituted
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heterocycle lower alkyl carbonyl, optionally substituted heterocyclecoxy carbonyl or
optionally substituted aminocarbonyl;

a broken line represents the presence ox absence of a bond, provided that when the
broken line represents the preseﬁce of a bond, R* is not present;

R1is hydrogen ar lewer alkyl;

X is a single bond, a heteroatom group selected from O, S, SO, SOz and NH, or
lower alkylene or lower alkenylene cach may be intervened by the heterocatom group;

R? is optionally substituted aryl;

R?* is hydrogen, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted
lower alkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl,
optionally substituted aryloxy, optionally substituted heterocyclic group, optionally

substituted beterocycleoxy or optionally substituted amino)

OH @]
o L
AN NT
. D
AL e (1-11)
(@] R2
{(wherein,

D ring is optionally substituted heterocycle;

R1is hydrogen or lower alkyl;

Xis a single bond, a heteroatom group selected from 0, S, SO, SOz and NH, or
lower alliylene or lower alkenylene each may be intervened by the heteroatom group;

R2is optior;ally substituted aryl;

R3 is hydrogen, halegen, hydroxy, optionally substituted lower alkyl, optionally
substituted cyeloalkyl, optionally substituied lower alkenyl, optionally substituted
lower alkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl,
optionally substituted aryloxy, optionally substituted heterocyclic group, optionally
substituted heterocycleoxy or optionally substituted amino));

or a pharmaceutically acceptable salt, or solvate thercof.

2. Acompound according to Claim 1, pharmaceutically acceptable salt, or solvate

thereof, wherein R is hydrogen.
3.  Acompound according to Claim 1, pharmaceutically acceptable salt, or solvate

thereof, wherein X is lower alkylene; R2 is phenyl or phenyl substituted with at least

halogen.
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4. A compound according to Claim 1, pharmaceuticaliy acceptable salt, or soivare
thereof, wherein R?is hydrogen, halogen, hydroxy, lower alkyl, lower alkenyl, lower

alkoxy, lower alkenyloxy or optionally substituted amino.

5. A compound according to Claim 1, pharmaceutically acceptable salt, or solvate
thereof, wherein R3 is hydrogen,

6. A compound according to Claim 1, pharmaceutically acceptable salt, or solvate
thereof, wherein R? is hydrogen or lower alkyl; X is lower alkylene; R#is phenyl or

phenyl substituted with at least halogén; RY1is hydrogen, halogen, hydroxy, lower

allkyl, lower alkenyl, lower alkoxy, lower alkenyloxy or optionally substituted amino.

7. Acompound of the formula:

(1-1)

(wherein,

A'ring' is optionally substituted heterocycle; )

R and R¥ are independently hydrogen, optionally substituted lower alkyl,
optionally substituted cycloalkyl, optionally substituted cycloalkyl lower alkyl,
optionally substituted lowexr alkenyl, optionally substituted lower alkoxy, optionally
substituted lower alkenyloxy, optionally substituted axyl, optionally substituted aryl
lower alkyl, optionally substituted aryloxy, optionally substituted heterocyclic group,
optionally substituted heterocycle lower alkyl, optionally substituted heteroeycleoxy,
optionally substituted phosphoric acid residue, aryl substituted with optionally
substituted phosphoric acid residue, arallyl substituted with optionally substituted
phosphaoric acid residue, hydroxy substituted with optionally substituted phosphoric
acid residue, amino substituted with optionally substituted phosphoric acid residue ox
lower alkyl substituted with optionally substituted phosphoric acid residue (the lower
alkyl may be intervened by a heteroatom group selected from O, 8, SO, SOz, NR® (RS is
selected independently from the éame substituent group as R4), -N= and =N-), hydroxy,
optionally substituted amino, optionally substituted lower alkyl carbonyl, optionally
substituted cycloalkylearbonyl, optionally substituted cycloalkyl lower allkyl carbonyl,
optionally substituted lower alkoxy carbonyl, optionally substituted arylcarbonyl,
optionally substituted aryl Jower ulkyl carbonyl, optionally substituted

aryloxycarbonyl, optionally substituted heterocyclecarbonyl, optionally substituted
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heterocyele lower allkyl carbonyl, optionally substituted heterocycleoxy carbonyl or
optionally substituteci aminocarbunyl;

a broken line represents the presence or absence of a bond, provided that when the
broken line represents the presence of a bond, RX is not present;

R js hydrogen or lower alkyl;

X is a single bond, a heteroatom group selected from 0, S, SO, SOz and NH, or
lower alkylene ar lower alkenylenc cach may be intervened by the heteroatom group;

R? is optionally substituted aryi;

R? ig hydrogen, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted
lower alkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl,
optionally substituted aryloxy, 0}31ionally substituted heterocyclic group, optionally
substituted heterocycleoxy or optionally substituted amino);

or a pharmaceutically acceptable salt, or solvate thereofl

8. A compound according to Claim 7, pharmaceutically acceptable salt, or solvate
thercof, wherein R! is hydvogen or lower alkyl; X is lower alkylene: R2is phenyl or
phenyl substituted with at least halogen; R3is hydvogen, halogen, hydroxy, lower

alkyl, lower alkenyl, lower alkoxy, lower alkenyloxy or optionally substituted amino.

9. A compound according te Claim 7, pharmaceutically acceptable salt, or solvate

thereof, wherein a broken line represents the absence of a band.

10.  Acompound according to Claim 7, pharmuceutically acceptable salt, or solvate

thereof, wherein R¥is hydrogen; Riis hydrogen or optionally substituted lower alkyl.

11, Acompound according to Claim 7, pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is an optionally substituted and optionally condensed 5+ to 7-

membered heterocycle containing 1 to 2 hetero atom(s).

12, A compound of the formula:

~ L
(R)m/ SN Ll EY

R3 RY4 Rx

(wherein,

A ring is an optionally substituted and optionally condensed 56- to 7- membered
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heterocycle containing 1 to 2 heterd atom(s);

the stercochemistry of an asymmetric carbon represented by * shows R- or 8-
configuralion, or o mixture thereof)

R and R¥ are independently. hydrogen, optionally substituted lower alkyl,
optionally substituted cycloalkyl, optionally substituted cycloalkyl lower alkyl,
optionally substituted lower alkenyl, optionally substituted lower alkoxy, optionally
substituted lower alkenyloxy, optionally substituted aryl, optionally substituted aryl
lower alkyl, optionally substituted aryloxy, optionally substituted heterocyclic group,
optionally substituted heterocycle lower alkyl, optionally substituted heterocycleoxy,
optionally substitutad phosphoric acid residue, aryl substituted with optionally
substituted phosphoric acid residue, aralkyl substituted with optionally substituted
phosphoric acid residue, hydroxy substituted with optionally substituted phosphoric
acid residue, amino substituted with optionally substituted phosphoric acid residue or
lower alkyl substituted with optionally substituted phosphoric acid residue (the lower
alkyl may be intervened by a heteroatom group selected from O, S, SO, SOz, NRs (RS is
selected independently from the same substituent group as R4), -N= and =N-), hydroxy,
optionally substituted amino, optionally substituted lower alkyl caxbonyl, optionally
substituted cycloalkylecarbonyl, optionally substituted cycloalkyl lower alkyl carbonyl,
optionally substituted lower alkoxy carbonyl, optionally substituted arylcarbonyl,
optionally substituted aryl lower ::lkyl carbonyl, optionally substituted
aryloxycarbonyl, optionally substituted heterocyelecarbonyl, optionally substituted
heterocycle lower alkyl carbonyl, optionally substituted heterocycleoxy carbonyl or
optionally substituted aminocarbonyl;

B3 is hydrogen, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted cycloalkyl, o.ptionally substituted lower alkenyl, optionally substituted
lower alkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl,
optionally substituted aryloxy, optionally substituted heterocyclic group, optionally
substituted hieterocycleoxy or optionally substituted amino), its pharmaceulically
acceptable salt, or

R!is hydrogen or lower alkyl:

1R is independently selected from halogen and Substituent group S1;

Substituent group S1(: optionally substituted phosphoric acid residue, aryl
substituted with optionally substituted phosphoric acid residue, aralkyl substituted
with optionally substituted phosphoric acid residue, hydroxy substituted with
optionally substituted phosphoric acid residue, amino substituted with optionally
substituted phosphoric acid residue, or lower alkyl substituted with optionally
substituted phosphoric acid residue (wherein the lower alkyl may be intervened with
a heteroatom group(s) selected from CO, O, O, 8, SO, SOz, NR» (R~ is hydrogen or

lower alkyl), -N= and =N-), lower alkoxy lower alkyl, amino lowex alleyl optionally
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substituted with mono- or cdi- lower alkyl, halogenated lower alkyl, lower allcoxy,
carbamoyl optionally substituted with mono- or di- lower alleyl, optionally substituted

lower alkyl sulfonyl amino, halogenated lower alkoxy, hydroxy lower alkyl)

m is an integer of 0 to 3);

or a pharmaceutically acceptable salt, or solvate thercof.

13, Acompound according to Claim 12, pharmaceutically acceptable salt, or solvate
thereof, wherein R* and R!7 are independently hydrogen ox optionally substituted

lowexr alkyl,

14. A compound according to Claim 12, pharmaceutically acceptable salt, ox solvate

thereof, wherein R* and R are hydrogens.

s, A compound according to Claim 12, pharmaceutically acceptable salt, or solvate

thereof, wherein R3is hydrogen.

16. A compound according to Claim 12, pharmaceutically acceptable salt, or solvate

thereof, wherein m is 0, or 1 to 3 and at least one of R is halogen.

17. A compound according to Claim 7 or 12, pharmaceutically acceptable salt, or

solvate thereof, wherein A ring is any one of the followings:

Rz"HZ [e7 R32 g3s Jacy
& /l/ 22 R28
AN HRza ;J\N ;\N R
/k /l\ R hHas

- 2 Q, R30 /!\ a7

Sl Iy ; 2 2 z R

RSS RQB

Z=Cor NR* 7= 0 or NRM 7= 0 or NR
A-1) (A2) (A-3)

(wherein, R20 to R0 aye cacl independently a group selected from Substituent group
82, or any two groups of R20 to R0, which bands to the same carbon atom, taken
together with the carbon atom, may form an optionally substituted carbocyle ox
optionally substituted heterocycle, or each combination of (R20 and R?2), (R and R24),
(R25 and R29), (R¥7 and R29), (R and R31), (R32 and R, (R% and R, (R37 and R38),
and (R¥9andR"), taken together with the neighboring atom, may form an optionally

substituted carbocyle or optionally substituted heterocycle.

Substituent group $2: hydrogen, optionally substituted lower alkyl, optionally
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substituted cycloalkyl, optionally substituted cycloalkyl lower alkyl, optionally
substituted lower alkenyl, optionally substituted lower alkoxy, optionally substituted
lower alkenyloxy, optionally substituted aryl, optionally substituted aryl lower alkyl,
optionally substituted aryloxy, optionally substituted heterocycle, optionally
substituted heterocycle lower allkyl, optionally substituted heterocycleoxy, hydroxy,
optionally substituted amino, optionally substituted lower alkylcarbonyl, optionally
substituted cycloalkylearbonyl, optionally substituted eycloalkyl lower alkylcarbonyl,
optionally substituted lower alkoxycarbonyl, optionally substituted arylcarbonyl,
oplionally substituted aryl lower alkyleaxrbonyl, optionally substituted aryl
oxycarbonyl, optionally substituted heterocyclecarbonyl, optionally substituted
heterocycle lower alkylecarbonyl, optionally substituted hetevocycleoxycarbonyl,
optionally substituted aminocarbonyl, optionally substituted phosphoric acid residue,
ary]l substituted with optionally substituted phosphoric acid residue, aralkyl
substituted with optionally substifuted phosphoric acid residue, hydroxy substituted
with optionally substituted phosphoric acid residue, amino substituted with
optionally substituted phosphoric acid residue, or lower alkyl substituted with
optionally substituted phosphoric acid residue (the lower alkyl may be intervened
with a heteroatom group(s) selected from CO, O, 8, SO, SOz, NR5 (Rbis independently

selected from the same Substituent group as R1), -N= and =N*)

the stereochemistry of an asymmetric carbon represented by * shows R- or S-

configuration, or a mixture thereof)

18. A compound according to Claim 17, nharmaceutically acceptable salt, or solvate
thercof, wherein R2% to R40 are each independently hydrogen or substituted lower
alkyl, or any two groups of R20 to R40, which bonds to the same carbon atom, taken
together with the carbon atom, may form an optionally substituted 3- to 7- membered
carboeyle or optionally substituted 3- to 7- membered heterocycle, or each
combination of (R20 and R22), (R23 and R24), (R and R26), (R27 and R29), (R3 and R3)),
(R32 and R%), (R36 and R36), (R and R38), and (R3%andR79), taken together with the
neighboring atom, may form an optionally substituted 5- to 7- membered carbocyle or

optionally substituted 5- to 7- membered heterocycle.

19. A compound according to Claim 17, pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is a ring represented by (A-1); one of R%0to R%5 is optionally

substituted lower alkyl and the others are hydrogens.

20. A compound according to Claim 17, pharmaceutically acceptable salt, or solvate
thoreof, wherein A ring is a ring represented by (A-1); one of (R2¢ and R?2), (R23 and

R21), and (R and R26), taken together with the neighboring atom, may form an
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optionally substituted 5- to 7- membered carbocyle or optionally substituted 5- to 7-

membered heterocycle.

21. A compound according to Claim 17, pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is a ring represented by (A-1); Z=NR26, and R2 and R26 taken
together with the neighboring atom may form an optionally substituted 5- to 7-

membered heterocycle.

22. A compound according to Claim 17, pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is a ring represented by (A-2); one of R27 to R3is optionally

substituted lower alkyl and the others are hydrogens.

28. A compound according to Claim 17, pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is a ring represented by (A-2); one of (R#iand R2%) and (R3% and
R31), taken together with the neighboring atom, may form an optionally substituted 5-

to 7- membered carbocyle or optionally substituted 5- to 7- membered heterocycle.

24. A compound according to Claim 17, pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is a ring represented by (A-2); Z=NR3!, and R30and R3! taken
together with the neighboring atom may form an optionally substituted 5- to 7-

membered heterocycle,

25, A compound according to Claim 17, pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is 2 ring represented by (A-3); one of B3 to R3%is optionally

substituted lower alkyl and the others are hydrogens.

26. A compound according to Claim 17, pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is a ring represented by (A-3); one of
(R‘-‘ZandR‘“),(R“andR‘"‘),(R37andR.35),and (R3%andR40), taken together with the
neighboring atom, may form an optionally substituted 5- to 7* membered carbocyle or

optionally substituted 5- to 7- membered heterocycle.

27. A compound according to Claim 17, pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is a ring represented by (A-3); Z=NR4, and R3? and R40 taken
togethexr with the neighboring atom may form an optionally substituted 5- to 7-

membered heterocycle.

28. A compound according to Claim 12, pharmaceutically acceptable salt, or solvate
thereef, wherein R¥is hydrogen: R} is hydrogen or optionally substituled lower, R3is

hydrogen; m is 1 to 3 and at least one of Rs is halogen: A ring is a ring described in
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Claim 17.

28 A compound according to Claim 12, pharmaceutically acceptable salt, or solvate
thereof, wherein RX is hydrogen; R!% is hydrogen; R*? is hydrogen; m is 0, 01 1 to 3
and at least onc of B is halogen; A ring is a ring described in Claim 17; R0 to R0 are
each independently hydrogen or substituted lower alkyl, or any two groups of R2! to
R0, which bonds to the same carbon atom, taken together with the carbon atom, may
form an optionally substituted 8- to 7- membered carbocyle or optionally substituted
3- to 7- membered heteroeycle, or each combination of (20 and R22), (R20 and R2), (R2»
and R26), (R27 and R29), (R3¢ and R3D), (R82 and R34), (R3% and R36), (R¥7 and RA8), and
(R#9andR49), taken together with the neighboring carbon atom, may form an
optionally substituted 5- to 7- membered carbocyle or optionally substituted 5- to 7+

membered heterocycle.

30. A compound of the formula:

N/w

{

D

A2 _NR . N—-L/ (I-11)

(wherein,

D ring is optionally substituted heterocycle;

R'is hydrogen or lower alkyl:

X is a single bond, a heteroatom group selected from O, S, SO, SOz and NH, or
lower alkylene or lower alkenylene each may be intervened by the heteroatom group;

R2is optionally substituted aryl;

R? is hydrogen, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionaily substituted lower alkenyl, optionally substituted
lower alkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl,
optionally substituted aryloxy, optionally substituted heterocyelic group, optionally
substituted heterocycleoxy or optionally substituted amino);

or a pharmaceutically acceptable salt, or sclvate thereof

37 A compound selected from the group consisting of:
(3!?,11&5)'!\7'[(2,4-Diﬂuoropheny1)methyl]'G'hydroxy~3'methy1~5,7'dio)m'2,3,5,7,11.11a

-hexahydroll,3loxazolol[3,2-alpyridol[1,2- dlpyrazine-8-carboxamide;
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(4a22,132.9) - V-[(2,4-Diflucrophenylmethyll- 10-hydroxy-9,11-dioxo-2,3,4a,5,9,11, 13, 18a

-octahydro- 17 pyridoll,2-alpyrrolol1’,2":8, 4limidazoll,2-dlpyrazine 8-carboxamide;

(3.5, 13a.9)- A*[(2,4-Difluorophenyl)methyll-8-hydroxy-7,9-dioxo-1,2,3,3a,4,5,7,9.13,13a

‘decahydropyrido(l',2":4,5]pyrazinoll,2-alpyrrolol1,2-dpyrimidine-10-carboxamide;

(4a.5,183aR)- NV [(2,4-DiflucrophenyDmethyl}- 10-hydroxy-9,11-dioxo-2,3,44,5,9,11,18, 13a

-octahydro- 1A pyrido{l1,2-alpyrrotol1',2:8,4]limidazol1,2- dlpyrazine-8-carboxamide;

(4a.5,13a ) A [{4-FluovophenyDmethyl)-10-hydroxy-9,11-dioxo-2,3,4a,5,9,11,13,13a-oct

ahydro- i& pyride(l,2-alpyrrolol1',2"3,4]iimidazol1,2-dl pyrazine-8-carboxamide;

(351122 - MV [(2,4-Difluorophenylmethyll-6-hydroxy-5,7-dioxo-3-(phenylmethyl)-2,3,5,

7,11,11a-hexahydroll,3loxaxolol3,2- alpyridol1,2- dlpyrazine-8-carboxamide;

(8a.5,13a8)- M ({(4-FluorophenyDmethyll-8-hydrexy-7,9-dioxo-1,2,3,3a,4,5,7,9,13,13a-de

cahydropyridol1',2":4,5]pyrazinoll,2-alpyrrololl,2-dpyrimidine 10-cavboxamide;

(8.5, 112.8)-N[(2,4-Difluorophenylmethyl]-8-hydroxy-8-[(1.9)- - methylpropyll-5,7-dioxo

2,3,6,7,11,11a hexahydro(3,3]loxazolol3,2-alpyridol1,2- dlpyrazine-8-carboxamide;

3.8 11a/@- M[(2,1-DifluorophenyDmethyl]-6-hydroxy-3-methyl-5,7-diox0-2,3,5,7, 1 1,11a

-hexahydrol1,3Joxazolo[3,2-alpyridoll,2- dlpyrazine-8-carboxamide;

(85, 11aJ9)- N-[(4-FluorophenyDmethyl)-6-hydroxy-8-methyl-5,7-diox0-2,3,5,7,11,11a-he
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xahydrell,3loxazolo[8,2- alpyridoll,2-dlpyrazine-8-carboxamide;

(35 11a.)-M(2,4-Difluorophenylmethyi])-3-(1,1-dimethylethyD-6-hydroxy-5,7-dicxo 2

,3,5,7,11,11a-hexahydroll,3loxazolol3,2- alpyrido{1,2-dlpyrazine-8-carboxamide;

(8.5, 11a/)-3-(1, 1-Dirnethylethyl)- N [(4-fluoropheny Dmethyll-6-hydroxy-5,7-diox0-2,8,5,

7.11,11a-hexahydrol1,3)oxazolol8,2- alpyrido[1,2- dlpyrazine-8-carboxamide;

(88 11aR)-M(2,4-DifiuorophenyDmethyl]-6-hydroxy-5,7-dioxo-3-phenyl-2,3,5,7,11,11a

-hexahydrol1,3loxazolol3,2-alpyridoll,2-dlpyrazine-8-carboxamide;

(35,1127 MN(2,4-DifluorophenyDmethyll-6-hydroxy-3-thydroxymethyl)-5,7-dioxo-2,3,

5,7,11,11a-hexahydrall,3loxazolo[3,2- alpyridol1,2-dlpyrazine-8-carboxamide;

(2.5,35)- M{(2,4-Difluorophenyl)methyll-6-hydroxy 3 methyl-5,7-dioxo-2-phenyl-2,8,5,7

,11,11a-hexahydroll,3loxazolol3,2-alpyridol1,2 - dlpyrazine-8-carboxamide;

(38R 1125 N [(2,4-DifluorophenyDmethyl]-6-hydroxy-5,7-dioxo-8-(phenylmethyl)-2,3,5,

7,11,11a-hexahydrall,3Joxazolo{3,2- alpyrido(1,2-dlpyrazine-8-carboxamide;

(87,112.9-N-[(2,4-Diflnorophenyl)methyll-6-hydroxy-3-{2-methylpropy-5,7-dioxo-2,3,

5,7,11,11a-hexahydrol1,3loxazolo[8,2-alpyridoll,2-dlpyrazine-8-carboxamide:

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

14,14a-decahydropyrido(l,2-alpyrido[1’, 218, 4limidazol1,2-dlpyrazine-9-carboxamide;
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(25,39 MN((2,4-DiftuorophenyDmethyl]-6-hydroxy-3-[(methyloxy)methyl]- 5,7-dioxo-2-p

henyl-2,8,6,7,11,11a-hexahydroll,3loxazolo[8,2- alpyridoll,2-dlpyrazine-8-carboxamide

(3.5, 11a R)-3-(Cyclohexylmethyl)- A*{(2,4-difluorophenylimethyl]-6-hydroxy-5,7-dioxo-2,

3,6,7,11,11a-hexahydrol1,3loxazolo(8,2- alpyrido[1,2-dlpyrazine-8-carboxamide;

(88 11a )M {(2,4-DifluorophenyDmethyl}-6-hydroxy 8-(1-methylethyl)-5,7-d iox0-2,3,5,

7,11,11a-hexahydroll,8loxazolo[3,2- alpyridol1,2-dlpyrazine-8-carboxamide;

(5a ki, 1429 N-[(2,4-Difluorophenyl)methyll-12-hydroxy-11,13-dioxc-Ga,6a,7, 11,13,14a-
hexahydro-5 4 indenol1',2":4,5}[1,3]oxazolo[3,2-alpyridol1,2-dlpyrazine-10-carboxamid

e;

(285,37 11a8)- NV ((2,4-Difluorophenyl)methyl] *6-hydroxy-5,7-dioxo-2,3-diphenyl-2,3,5,7,

11,11a hexahydroll,8Joxazolol3,2-alpyrido(1,2-dlpyrazine 8-carboxamide;

(2:53R,11aR)- N-[(2,4-difluorophenyDmethyl) -6 -hydroxy-5,7-dioxo-2,3-diphenyl-2,3,5,7,

11,11la~hexahydro(1,3loxaxolo[3,2-alpyridol1,2-dlpyrazine-8-carboxamide;

(822,110.5)- NV [(2,4«"Diﬂuorophenyl).ﬁ)ethyl]'G-hyd roxy-3-(1-methylethyl)-5,7-dioxo-2,3,5,

7,11,11a~hexahydro{1,8loxazolo[3,2-alpyrido[1,2- dlpyrazine-8-carboxamide;

(38 11aR)-M[(2,4-DifluorophenyDmethyl)-6-hydroxy- 3-[2- (methylthio)ethyll-5,7-dioxo-

2,3,5,7,11,11a-hexahydrol1,3Joxazolol8,2-alpyridoll,2-dlpyrazine-8-carboxamide;

j]
o]
w
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(35 112/ V[(2,4-DifluorophenylDmethyl}-6-hydroxy-8-12-(methylsulfonyDethyl)-5,7-di

0%0-2,8,6,7,11,11a-hexahydro[1,8loxazolol3,2- alpyride(1,2-dlpyrazine-8-carboxamide:

(3851128 M[(2,4-Difluorophenyl)methyll-6-hydroxy-8-(1 A indol-3-ylmethyl)-5,7-dioxo

-2,8,5,7,11,11a-hexahydro(1,8loxazclo[3,2- alpyrido[l,2-dlpyrazine-8-carboxamide;

(4R, 12a - N1(4d-fluoropheny)methyl}-7-hydroxy-4-methyl-1-(2-methylpropyl)-6,8-diex
0°1,2,3,4,6,8,12,12a-octahydropyrido[1',2'14,5]pyrazino(l,2- alpyrimidine-9-carboxamid

e

(47,122 - N:[(4-FluorophenyDmethyll-7-hydroxy-d-methyl-1-(1-methylethyl)-6,8-diox
0-1,2,8,4,6,8,12,12a-0ctahydropyrido{1',2":4,6] pyrazinol1,2- alpyrimidine-9-carboxamid

[c<H

(4:5.122.9) N[(2,4-DifluorophenyDmethyll-7-hydroxy-4-methyl-1-(2-methylpropyl)-6,8-
dioxo-1,2,3,4,6,8,12,12a-octahydropyvrido [l',2‘24,5]pyrazino[1,2'alpyrimidinc-9-carboxa

mide;

(4.5,122.9)-1-(Cyclopropylmethyl)- V-[(2,4-difluoropheny)methyll-7-hydroxy-4-methyl-6
8-dioxo-1,2,3,4,6,8,12,12a-octahydropyridol1,2"4,6lpyrazinel1,2- alpyrimidine-9-carbo

xamide;

(4.5,120.8)- N*[(2,4-DifluorophenyDmethyll- 1-(2-furanylmethyl)-7-hydroxy-4-methyl-6,8
-dioxo-1,2,3,4,6,8,12,12a-octahydropyridol1',2":4,5)pyrazinol1,2- alpyrimidine-9-carbox

amide;

e
(%3]
Q0
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(45,1228 M[(2,4-DiflnorophenyDmethyl]-7-hydroxy-4-methyl-6,8-dioxo-1-(1,3-thiazol-
2-ylmethyl)-1,2,3,4,6,8,12,12a-octahydropyridol1',2':4,5]pyrazinol1,2- alpyrimidine-9-c

arboxamide;

(4a2,6a8, 1429 M [(2,4-DifluoropenyDmethyl)-12-hydroxy-11,13-dioxo- 1,8,4,4a,5,6a,
7,11,13,14a-decabydro-2 Fpyrido[1',214, 5]lpyrazinel1,2- 213, 1]benzoxazine- 10-carboxa

mide;

(da R 6alt, 14a8)- M [(4-FluorophenyDmethyll-12-hydroxy-11,13-dioxo-1,3,4,4a,5,6a,7,11

,18,14a-decahydro-2 Hpyyidol1',2"4,5]pyrazinoll,2-2][8, 1)benzoxazine-10-carboxamide

(35, 4aR,6aR,14a.8) V- [(2,4-Diftuorophenyl)methyll- 12-hydroxy-11,13-dioxo- 3 phenyl-1
»3,4,42,5,6a,7,11,13, 14a-decahydro- 24 pyrido[1',2"4, 5] pyrazinoll,2-41[3, 1l benzoxazine

-10-carboxamide;
(4a8,6a85,14a8)-N-[(2,4-DifluorophenyDmethyl]-1 2-hydroxy-6-(2-methylpropyl)-11,13-d

ioxrr1,2,3,’1,/1«2(,5,6,63,7,].].‘il,3,].4a'dodecahydmpyrido[1',2’?4‘.5]pyrazino[l,2-a]quinazo]i

ne-10-carboxamide;

(6aR,72a8,11a8)-N-[(2,4-DifluorophenyDmethyl)-1-hydroxy-2, 1 3-diox0-2,6a,7,7a,8,9,10,

11.11a,13-decahydro-6I{-pyridol1’,2":4,5]pyrazincl1,2-albenzimidazole-3-carboxamide;

(6a5,7a8,11a8)-N-{(2,4- Difluoropheny)methyll- 1-hydroxy-2,13-dioxo-2,6a,7,7a,8,9,10,

11,11a,13-decahydro-6H-pyrido[1’,2"4,5]pyrazinoll,2-albenzimidazole-3-carboxamide;

260
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(528,1428)-N-[(2,4-Difluorophenylmethyll- 11-hydroxy-10,12-dioxo-1,2,8,4,5a,6,10,12,

14,14a-decahydropyrido(1,2-alpyrid 0[1',2"3,4)imidazol1,2-dlpyrazine-9-carboxamide;

(4a'R,14aR)-N-[(2,4-Difluorophenyl)methyl]-9-hydroxy-8,10-dioxo-2,3,4,44,5,6,8,10,14,
l4a-decahydro- 1H-pyridol1,2-clpyrido(1,27:4,5]pyra zino(1,2-alpyrimidine- 11-carboxam

1de;

(4R, 12aR)-MI(2,4-DifluorophenyDmethyl)-7-hydroxy-4-methyl-1-(8-methylbutyl)-6,8-d
©iox0-1,2,3,4,6,8,12,12a-octahydropyrido[1',274,5]pyrazinoll \2-alpyrimidine-9-carboxa

mide;

(4.5 124,59 M[(2,4-Difluorophenyl) methyl]-7-hydroxy-4-methyl-1-(1-methylethyl)-6,8-di
0x0-1,2,3,4,6,8,12,12a -octahydropyrido{1',2"4,5]lpyrazinoll,2- alpyrimidine-9-carboxam

ides

(45,122.9- M[(2,4-Difluorop henyDmethyll-7T-hydroxy-4-methyl- 1-(3-methylbutyl)-6,8-d
iox0-1,2,3,4,6,8,12,12a-octahydropyridol1,2':4,5]pyrazino(1,2- alpyrimidine-9-carboxa

mide;

L (481228 N {(2,4-Diflvorophenyl)methyl]-7-hydroxy-4-methyl-6,8-dioxo-1-(3-pyridinyl
mothyl)-1,2,8,4,6,8,12, 12a-octahydropyrido[1’,2":4,5]pyrazino(1,2- alpyrimidine-9-carbo
xamide;

(4.5,122.9)-1-Cyclopropyl- A-{(2,4-difluorophenyl)methyl]-7-hydroxy-4-methyl-6,8-dioxo-

261
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1,2,3,4,6,8,12,12a-octahydropyridol1',2"4,5]pyrazinell,2-alpyrimidine-9-carboxamide;

(4.5,1228)- MV [(2,4-DifluorophenyDmethyll- 7-hydroxy-4 methyl-1-[2-(methyloxy)ethyil-
6,8-diox0'1,2,8,4,6,8,12,12a-octahydropyridol1’,2':4,8]pyrazinell,2- alpyrimidine-9-carbh

oxamide;

(3a8,6a8,13a8)-N-[(2,4-DifluerophenyImethyll-11-hydroxy-5-(2-methylpropyl)- 10,12-d
iox0-2,8,8a,4,5,64,6,10,12,13a-decahydro-1H-cyclopentalelpyridol1',2':4,5)pyrazinel(1,2

-alpyrimidine-9-carboxamide;

(38R,13a.8)-M1(2,4-DifluorophenyDmethyll-3-ethyl-6-hydroxy-5,7-dioxo-2,3,5,7,11, 11ah

exahydroll,8loxazolol3.2- alpyridel1,2-dipyrazine-8-carboxamide;

(41a8,6a8,14a5)-N-[(2,4-Difluorophenylmethyl}-12-hydroxy -6-(2-(4-morpholinylethyll-
11,13-diox0"1,2,3,4,42,5,6,62,7,11,13,14a-dodecahydropyrido[1’,2":4,5lpyrazinol1,2-alq

uinazoline-10-carboxamide;

(8aR,6aR,13a8)-N-[(2,4-DifluorophenyDmethyll- 11-hydroxy-10,12-dioxo- 1,2,3,32,4,6a,
6,10,12,13a -decahydrocyclopenta{a]pyrido[l',2’-‘/1, 5lpyrazinol2,1-b1[1,3Joxazine-9-carbo
xamide;

(4a8,6a8,14a8)-N-{(2,4-Difluorophenyi) methyll-12-hydroxy-6-methyl-11,18-dioxo- 1,2,8

,4,42,5,6,6a,7,11,13, 14a-dodecahydropyrido(1',2"4,8]pyrazinoell,2-alquinazoline-10-car

boxamide;
(4a8,6a8,14a8)-N-[(2,4-Diflvorophenymethyl)- 12-hydroxy-6-[2-(methyloxyYethyll- 11,

262
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13 -dioxo-1,2,3,4,4a,5,6,6a,7,11,13, 14a-dodecahydyropyridoll’,2"4,5)pyrazinel1,2-alquin

azoline - 10-carboxamide;

(128,6a8,14a8)-6-[2-(Acetylaminoyethyl]-N-[(2,d-difluorophenylmethyl]- 12-hydroxy- 1
1,18-diox0°1,2,8,4,48,5,8,6a,7,11,13,14a-dodecahydropyride[1',2"4,5lpyrazinol1,2-alqui

nazoline' 10-carboxamide;

(881127 N [(2,4-DifluorophenyDmethyl]l-3-ethyl - 6-hydroxy-5,7-dioxo-2,8,5,7,11,11a"h

exahydroll,8loxazolo(3,2-alpyrido(1,2-dlpyrazine-8-carboxamide;

(35,1129 -3 Butyl-N-[(2,4-difluorophenylmethyl}-6-hydroxy-6,7-dioxo-2,3,5,7,11,11a-h

-exahydroll,8)oxazolol3,2-alpyridoll,2-dlpyrazine-8-carboxamide;

(38,11a7)-M[(2,4-DifluorophenyDmethyll-6-hydroxy- 3-[(4-hydroxyphenyDmethyl}-5,7-
dioxo-2,3,5,7,11, 11a-hexahydrol1,3loxazelo[3,2- alpyridoll,2- dlpyrazine-8-carboxamide
(48,1228)-1-Cyclobutyl-N-[(2,4-difluorophenyDmethyll-7-hydroxy-4-methyl-6,8-dioxo-1

,2,8,4,6,8,12,12a-octahydropyrido(1',2":4,5]1pyrazinoll,2-alpyrimidine-9-carboxamide;

(45,1209 - N[(2,4-DifluorophenyDmethyll-7-bydroxy-4-methyl-6,8-dioxo- 1-(tetrahydro-
2.H-thiopyran-4-y1)-1,2,3,4,6,8,12,12a-octahydropyridol 1,2"4,5]pyrazinoll,2-alpyrimid

ine-9-carboxamide;

(45,1229 - N[(2,4-DifluorophenyDmethyl]-7-hydroxy-1,4-bis(2-methylpropyl)-6,8-dioxo

-1,2,3,4,6,8,12,12a-octahydropyridol1',2:4,5lpyrazinol1,2-alpyrimidine-9-carboxamide;

263
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{(1a8,6a8,14a8)-N-[(2,4-DifluorophenyDmethyll- 12-hydroxy-6-(2-hydroxyethyl)-11,13-d
ioxo-1,2,3,4,42,5,6,6a,7,11,13,14a-dodecahydropyridol 1',2"d, 5] pyrazinol1,2-alquinazoli

ne-10-carboxamide:

(4a8S,6a8,14a8)-6-Cyclopropyl-N-{(2,4-difluorophenyDmethyll- 12-hydroxy-11,13-dicxo-
1,2,8,4,42,5,6,62,7,11,13,14a-dodecahydropyridol1',2"4,5]pyrazinol1,2-alquinazoline-1

O-carboxamide;

(1a8,6a8,14a8)-N-[(2.4-DiflucrophenyDmethyl)-12-hydroxy-11,13-dioxo-6- (2-(1-pyrroli
dinyDethyll-1,2,3,4,42,5,6,6a,7,11,18, 14a-dodecahydropyridal 17, 4, 5]lpyrazinell,2-alq
uinazoline-10-carboxamide;

(4a8,14a8)-N-[(2,4-Difluorophenyl)methyil-9-hydroxy-8, 10-dioxo-2,3,4,44,5,6,8,10,14,1
4ardecahydro-1H-pyridol1,2-clpyridol1',2:4,5) pyrazino[1,2-alpyrimidine-11-carboxamni

de;

(48,12a8)-N-[(4-Fluoropheny)methyl)-7-hydroxy-4-methyl-1- [2-(methyloxy)ethyl]-6,8-
dioxo0-1,2,3,4,6,8,12,12a-octahydropyridol1',2"4,6)pyrazino[l,2-alpyrimidine-9-carboxa

mide;

(48,12a8)-1-Cyelobulyl-N-[(4-fluorophenyl) methyl]l- 7-hydroxy-4-methyl-6,8-dioxo-1,2,3

14,6,8,12,122 0ctahydropyrido[1',2'14,5]pyrazinol 1,2-alpyrimidine-9-carboxamide;

264
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(48,12a8)-N-[{(4-FluorophenyDmethyl]-7-hydroxy-4-methyl-1-(2-methylpropyl)-6,8-diox
0-1,2,8,4,6,8,12,12a-octahydropyrido[1',2'4,6lpyrazino(l,2-alpyrimidine-9-carboxamid

[cH

(48,12a8)N-[(4-Fluoropheny)methyl)-7-hydroxy-1,4-dimethyl-6,8-dioxo-1,2.3,4,6,8,1.2

,12a-cctahydropyridol1’,2':4,5]pyrazino(l,2-alpyrimidine-9-carboxamide;

(4.8,12a.9- M [(4-FluorophenyDmethyll-7-hydroxy-4-methyl-6,8-dioxo-1- (tetrahydro- 27
-thiopyran-4-y1)-1,2,3,4,6,8,12,12a-octahydropyridol1,2':4,5]pyra zinol1,2-alpyrimidine

-9-carboxamide;

(45,1248 N-[(2,4-DifluorophenyDmethyl]- 7-hydroxy- 1,4-dimethyl-6,8-dioxo-1,2,3,4,6,8

,12,12a-octahydropyrido[1',274,5]pyrazinel1,2-zlpyrimidine-9-carboxamide;

(45,1228 N-[(4-Fluorophenyl)methyl]-7-hydroxy-4-methyl-1-(1-methylethyD-6,3-dioxo

-1,2,3,4,6,8,12,12a-octahydropyrido[1',24,5]pyrazino[1,2- alpyrimidine-9-carboxamide;

(4,8,122:9 N [(4-Fluorophenyl)methyl]-7-hydroxy-1,4-bis(2-methylpropyl)-6,8-dioxo-1,2
,3,4,6,8,12,12a-octahydropyridol1',2':4,5]pyrazinol1,2: 2lpyrimidine-9-carboxamide;

enantiomers thereofi diastercomers thereofi mixtures of enantiomers thereof
mixtures of diastercomers thereof; mixtures of enantiomers and diastercomers

thereofi and pharmacecutically acceptable salts thereof.

i)
o
(9]
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32, A compound selected from the group consisting of:
{425 13a.8)-N[(2,4-Difluorophenyl)methyl]-10-hydroxy-9,11-dioxo-2,3,4a,5,9,11,13, 13a

-octahydro-1 Hpyride[1,2-alpyrrolo[1,2':3,4}imidazol1,2-dlpyrazine-8-carboxamide;

(4aS13ak) -V [(4-FluorophenyDmethyl]l-10-hydroxy-9,11-dioxo0-2,3,4a,5,9,11,13, 18a-oct

ahydro- 14 pyridol1,2-alpyrrolo(1',28,4)imidazol1,2- ddpyrazine-8-carboxamide;

(35 11a M- N-[(2,4-DiftworophenyDmethyll-6-hydroxy-3-[(1.9-1-methylpropyll-5,7- dioxo

*2,3,5,7,11,11a-hexahydroll,3]oxazclo[3,2- alpyridol1,2-dlpyrazine-8-carboxamide;

(35,112 8)- N [(2,4-DifluorophenyDimmethyll-6-hydroxy-3-methyl-5,7-dioxo-2,3,5,7,11, 11a

-hexahydroll,3loxazolol3,2-alpyridoll,2- dipyrazine-8-carboxamide;

(388 11a./8)- MN-[(4-Fluorophenylmethyl}-6-hydroxy-3-methyl-5,7-dioxo-2,8,5,7,11, 11a-he

xahydroll,38loxazolol[3,2- alpyrido(1,2-dlpyrazine-8-carboxamide;

(151229 N [(2,4-DifluorophenyDmethyll-7-hydroxy-4-methyl-1- (2'methylpropyD)-6,8-
dioxo-1,2,8,4,6,8,12,12a-octahydropyrido(1',2":4,5]pyrazinoll,2- alpyrimidine-9-carboxa

mide;

(45,122.9-1-(Cyclopropylmethyl)- V- [(2,4-difluorophenyDmethyll-7-hydroxy-4-methyl-6
,8-diox0-1,2,8,4,6,8,12,12a-octahydropyrido [1',2":4,6)pyrazinol1,2- alpyrimidine-9-carbo

xamide;

(da 60,1428 N((2,4-Difluoropheny) methyl]-12- hydroxy-11,13-dioxo-1,3,4,4a,5,64a,

7,11,13, 14a-decahydro-2 F pyrido[1',2:4,5]pyrazinol(1,2-4)[3,1]benzoxazine- 10-carboxa
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mide;

(4a2,6a71428) N [(4-Fluorophenylimethyll-12-hydroxy-11,18-dioxo-1,8,4,4a,6,62,7,11

,13,14a-decahydro 2 pyrido[1',2"4,6)pyrazino(1,2-a)[8,1lbenzoxazine-10-carboxamide

48,9aR)-5-Hydroxy-4-methyl-6,10-diox0-8,4,6,9,9a,10-hexahydro-2H-1-oxa-da,

8a-diaza-anthracene-7-carboxylic acid 2,4, -difluoro-benylamide;

4dR,9a8)-5-Hydroxy-4-methyl-6,10-dioxo-3,4,6,9,9a,16-hexahydro-2H- 1-oxa-4a,

Sa-diaza-anthracene-7-carboxylic acid 2,4,-diflvoro-benylamide;

2R,928)-6-Hydroxy 2-methyl-6,10-dioxo-8,4,6,9,9a,10-hexahydro-2H- 1-oxa-4a,

8a-diaza-anthracene-7-carboxylic acid 4-fluoro-benylamide;

enantiomers thereofi diastereomers thereofi mixtures of enantiomers thereof;
mixtures of diastereomers thereofi mixtures of enantiomers and diastercomers

thereofi and pharmaceutically acceptable salts thereof.

33. A compound according to claims 31 or 32 wherein the pharmaceutically

acceptable salt is a sodium salt.

34. A pharmacentical composition comprising a compound accoxding to any one of

Claims 1 to 33, or a pharmaceutically acceptable salt, or solvate thereof.

35, A pharmaceutical composition according to Claim 34, which is an anti-HIV
agent.
36. A process for the preparation of a compound of formula (I-20a)
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.9 K
R’ . (\/N\)?o
@ (1-20a)

wherein Re is one or two halogen; R* is Ciwsalkyl, Ce-iiarylCrsalkyl, Coraaryl, or

alkoxy; and P! is CoagarylCiusalkyl;

comprising condensing a compound of the formula

wherein Re is one or two halogeni R%0 is Cy.aalkyli and P1is Ce-iaarylCisalkyl;

with a compound of the formula

wherein R# is Crsalkyl, CeisarylCi-salkyl, Coiaaryl, or alkoxy;

to form a compound of formula (I-20a).

37. A process for the preparation of 2 compound of formula (1-20b)

P‘\O Ou\ i

o] x N
s ees
) " (1-200)

wherein R¢ is one or two halogen; R* is Cisalkyl, CeraarylCygalkyl, Csasaryl, ox

alkoxy; and P! is CgisarylCrsalkyl;

comprising condensing a compound of the formula
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o o
~~ I
< N N
R° 3
o] CHO

wherein Re is one or two halogen; R80 is Gi-salkyl; and P! is Ce-1sarylCisalkyl;

with a compound of the formula

wherein Rz is Craalkyl, CenaryiCirsalkyl, Coaaryl, or alkoxy;

to form a compound of formula (I-20b).
38. A process for the preparation of a compound of formula (3-21a)

P\
~o

o]
l
O Sy H
R il a

I1-21a)

wherein Re is one or $wo halogen; and P! is Ce14arylCi-salkyls

comprising condensing a compound of the formula

wherein Re is one or two halogen; R0 is Cj-galkyl: and Pt is CgasarylCisalkyl;

with a compound of the formula

'

NH,

to form a compound of formula (I-21a).
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39. A process for the preparation of a compound of formula (I-21b)
PL
o O
~ l y ONN/%
3 N N N
Ay e
& (1-211)

whevein Re is one or two halogen; and P! is CoasarylCi-salkyls

comprising condensing a compound of the formula

(o]
u o] =~ OR®®
S N SPLN
R )
o] CHO

wherein Re is one or two halogen; R is Cisalkyl and P1is CeraarylCrgalkyls

with a compound of the formula

o,

NH,

to form a compound of formula (I1-21b).

40. A process for the preparation of a compound of formula (1-22a)

1
P\o o

N O N
({%)\/n X NV{\N i
R b N

g (1-22a)

wherein Re is one or two halogen; and P1is Cs-marylCrsalkyl;

comprising condensing a compound of the formula’
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Ce
AUbeqy
NG
R® b h
) GHO

wherein Re is one or two halogen; R is Cy-salkyl; and P! is CeivarylCisalkyls

with a compound of the formula

<H)\

to form a compound of formula (1-22a).

41. A process for the prepavation of a compound of formula (1-22b)

1
P\O o
b esel
s N \,N\/!\N N
H
o H

wherein Re is one or two halogen; and P1is CgaaavylCirsalkyli

(I-22b)

comprising condensing a compound of the formula

rl

O 0O
SUPDOLd
St

(o]

CHO

wherein Re is one or two halogen; R0 is Crgalkyli and P} is CoasarylCisalkyl;

with a compound of the formula

.
L

NH,

to form a compound of formula (I-22b).

42, A process for the preparation of a compound of formula (I-23a)
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3 . N ‘
W TN

wherein Re is one or two halogen; and P! is Ce1aarylCrsalkyls

comprising condensing a compound of the formula

s

RS0
CHO

wherein Re is one or two halogen; R® is Cisalkyl; and P1 is CeraarylCi-salkyl;

with a compound of the formula

(2

N
NH,

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

1

@\/'j (\/N\/I}L)

wherein Re is one or two halogen; and P! is Co-marylCraalkyl;

(I-28b)

comprising condensing a compound of the formula

o] CHO

wherein Re is one or two halogen; R60 is Ci-salkyl; and P is CersarylCiysalkyl;

with a compound of the formula ~
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C
i

to form a compound of formula (1-23b).

NH

2

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

(1-24a)

wherein Re is one or two halogen; R# is hydrogen, Cusscycloalkyl, heterocyecle, or
Ci-galkyl optionally substituted with hydroxy, Csseycloalkyl, alkoxy, heterocycle,
heteroaryl, Csaqaryl, or amino, wherein said amino may be optionally substituted
with —C(O)Crnalleyl or Crsalkyls

and P! is Ce1sarylCrsalkyl

comprising condensing a compound of the formula

CHO

wherein Re is one or twe halogen; R5% is Ci-salkyl; and P is CeraarylCi-salkyls

with a compound of the formula

wherein Rz is Cisalkyl; R#! is hydvogen, Cs-scycloalkyl, , heterocycle, or Cisalkyl
optionally substituted with hydroxy, Cs-scycloalky), alkoxy heterocycle, heteroaryl,
Cg-aaaryl, or amino, wherein said amino may Dbe optionally substituted with

~C(0)Ci-salkyl or Cisalkyls

to form a compound of the formula (I-24a).
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AU, Iy le’UC(:‘-SvS 0L e 1)1!:1)&11'!1(.)0“ L o CROUNPULLRIU UE LOLIII AR AL 2400/
P

o) oJ\ R*

0
=

3 N \.,Nvl\N
R H da
e R™ (1-24b)

wherein Re is one or two halogen; R# is hydrogen, Cusscycloalkyl, heterocycle, ox
Ci-galkyl optionally substituted_ with hydroxy, Cswscycloalkyl, alkoxy, heterocycle,
heteroaryl, Cs-isaryl, or amino, wherein said amino may be optionally substituted
with —C{Q)Ci-salkyl or Ci-salkyl:

and P! is CenuarylCraalkyl;

comprising condensing a compound of the formula

1
s @
/ N NG
J 'r:} N §
X
R® \loz B

CHO

wherein R? is onc ox two halogen; R5¢ is Cigalkyl; and P1is CeaarylCrsalkyl;
with a compound of the formula
HZ

.

HN
ézx

wherein R» is Cisalkyli R#! is hydrogen, Cascycloalkyl, heterocycle, or Crsalkyl
optionally substituted with hydroxy, Cs-ccycloalkyl, alkoxy, heterocyecle, heteroaryl,
Coaaaryl, or amino, wherein said amino may be optionally substituted with
—C{0)Ci-salkyl or Crsalkyl;

to form a compound of the formula (I-24D).

486, A process for the preparation of a racemic compound of formula (1-25)

1
220
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wherein Re is one or two halogen; R#i is hydrogen, Cascycloalkyl, hetarocyele, or
Cisalkyl optionally substituted with hydroxy, Caseycloalkyl, alkoxy, heterocycle,
heteroaryl, Cuasaryl, or amine, wherein said amino may be optionally substituted

with —C(0)Ci-salkyl or Crsalkyli and Pt is Ce-iaarylCrsalkyli
comprising condensing a compound of the formula
PL
o] CHO

wherein R¢ is one or two halogen; R5% is Ci.salkyli and P? is Ce-narylCrsalkyls

with a racemic compound of the formula

wherein R#! is hydrogen, Cascycloalkyl, heterocycle, or Ciaalkyl optionally
substituted with hydroxy, Cs-scycloalkyl, alkoxy, heteroeycle, heteroaryl, Cgasaryl, or
amino, wherein ¢aid amino may be optionally substituted with —C(Q)Cisalkyl ox

Cisalkyls
to form a racemic compound of the formula (I-25).

47. A process for the preparation of a racemic compound of formula (I-26)

wherein Re is one or two halogen; R#! is hydrogen, Cascycloalkyl, heterocycle, or
Ci-salkyl optionally substituted with hydroxy, Csscycloalkyl, alkoxy, heterocycle,
heteroaryl, Ceitaryl, or amino, wherein said amino may be optionally substituted

with —C(Q)C-salkyl or Ci-sallyl; and P1 is CsasarylCrsalkyli

275

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
685 of 1915



WO 2006/116764 PCT/US2006/016604

comprising condensing a compound of the formula

Px o
O
~N N
R° M
O CHO

wherein Re¢ is one or Lwo halogeni R50 is Cy-salkyl; and P1is Ce marylCrsalkyls

with a racemic compound of the formula

wherein R*» is hydrogen, Cscscycloalkyl, heterocyele, or Cisalkyl optionally
substituted with hydroxy, Cs-scycloalkyl, alkoxy, heterocycle, heteroaryl, Ceoaaryl, or
amino, wherein said amino may be optionally substituted with --C{O)Cigalkyl or
Crsalkyl;

to Torm a racemic compound of formula (I-26).

48. A process for the preparation of a racemic compound of formula (1-27)
A
Yo o
@\/H 9] x N/5>
N AN A~
e
e Sk
I-2m

wherein Re is halogeni and P is Ce-14ary1Cy-salkyl;

comprising condensing a compound of the formula

pl
So o
ol
N 2 N
R® !
o . CHO

wherein Re is one or two halogen: R is Cj.palkyl; and P is Co-1aaxylCr-salkyls

with a racemic compound of the formula
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to form a racemic compound of formula (I-27).

49, A method of treatment of an HIV infection in a human comprising administering
to said human an antiviral effective amount of a compound according to any of claims

1 to 33.
50. A compound as claimed in any of claims 1 to 33 for use in medical therapy.

51, Use of a compound as claimed in any of claims 1 to 33 in the manufacture of &

medicament for the treatment or prophylaxis of an H1V infection.

52. A compound of formula (I-20a) described in Claim 86. formula (I-20b) described
in Claim 37, formula (I-21a) described in Claim 38, formula (I-21b) described in Claim
39, formula (1-22a) described in Claim 40, formula (I-22h) described in Claim 41,
formula (I-23a) described in Claim 42, formula (1-23b) described in Claim 43, formula
(I-24a) described in Claim 44, formula (I-24b) described in Claim 45, formula (1-25)
described in Claim 46, formula (1-26) described in Claim 47, or formula (I-27)

described in Claim 48, or a pharmaceutically acceptable salt thereof.

53. A compound of formula (I-20a) described in Claim 36. formula (I-20b) described
in Ciaim 37, formula (I-21a) described in Claim 38, formula (I-21b) described in Claim
39, formula (I-22a) described in Claim 40, formula (1-22h) described in Claim 41,
formula (1-23a) described in Claim 42, formula (I-23b) described in Claim 43, formula
(1-24a) described in Claim 44, formula (I-24b) described in Claim 46, formula (I-25)
described in Claim 46, formula (I-26) described in Claim 47, or formula (I-27)
described in Claim 48, or a pharmaceutically acceptable salt thereof, wherein each P!

is hydrogen.

B54. A pharmaceutical composition according to claim 34 wherein said composition
comprises at least one additional therapeutic agent selected from reverse

transcriptase inhibitors and protease inhibitors.

56. A method of treatmment of an HIV infection in a human comprising administering

to said human a composition comprising a compound according to any of claims 1 to
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33 and another therapeutic agent.

66, The method according to claim §5 wherein said therapeutic agent is sclected

from reverse transcriptase inhibitors and protease inhibitors.
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(57) Abstract: The present invention relates 10 Tetracyelic Heterocycle Compounds of Formula (1) and phanmaceutically acceptable
salts or prodrug thereol, whercin n, X, Y, Z, R, R?, and R® arc as delined hercin. The ptesent invenlion also relates to compositions
comprising at least one Tewracyclic Heteroeyele Compound, and imethods of usbig the Tetracyclic Heterocyole Componnds for trea -
ing or preventing MUV infection in a subject.
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TETRACYCLIC HETEROCYCLE COMPOUNDS USEFUL AS HIV INTEGRASE
INHIBITORS

FIELD OF THE INVENTION

5 The present invention relates to Tetracyclic Tleterocycle Compounds,
compositions comprising at least onc Tetracyclic Hetcrocycle Compound, and methods of using

the Tetracyclic Heterocycle Compounds [or treating or preventing HIV infection in a subject.

BACKGROUND OF THE INVENTION

10 A retrovirus designated human immunodeficiency virus (HIV), particularly the
strains known as HIV type-1 (FITV-1) virus and type-2 (HIV-2) virus, is the ctiological agent of
the complex disease that includes progressive destruction of the immune system (acquired
immune deticiency syndrome; AIDS) and degencration of the central and peripheral nervous
system. A common feature of retrovirus replication is the insertion by virally-encoded integrase

15 of +proviral DNA into the host ccll genome, a required step in HIV replication in human T-
lymphoid and monocytoid cells. Tntegration is believed to be mediated by integrase in three
steps: assembly of a stable nucleoprotein complex with viral DNA sequences; cleavage of two
nucleotides from the 3' termini of the linear proviral DNA; covalent joining of the recessed 3'
OH termini of the proviral DNA at a staggered cut made at the host target site. The fourth step

20  in the process, repair synthesis of the resultant gap, may be accomplished by cellular enzymes.

Nucleotide sequencing of HIV shows the presence of a pol gene in one open
rcading framc [Ratncr, L. ct al,, Nature, 313, 277(1985)]. Amino acid scquence homology
provides evidence that the pol sequence encodes reverse transcriptase, integrase and an HIV
protcasc | Toh, H. ct al., EMBO J. 4, 1267 (1985); Powcer, M.D. ct al., Science, 231, 1567 (1986),

25  Pearl, L H. et al., Nature, 329, 351 (1987)]. All three enzymes have been shown to be essential
for the replication of HIV.

1t is known that some antiviral compounds which act as inhibitors of HIV
replication are effective agents in the trcatment of AIDS and similar discascs, including reverse
transcriptase inhibitors such as azidothymidine (AZT) and efavirenz and proteasc inhibitors such

30  as indinavir and nclfinavir. Thc compounds of this invention are inhibitors of HIV intcgrasc and
inhibitors of HIV replication.

The following references are of interest as background:

Intcrnationat Publication Nos. WO 11/045330 and WO 11/121105 disclosc
macrocyclic compounds having HIV integrasc inhibitory activity.

35 Kinzel ct al., Tes. Letiers 2007, 48(37): pp. 6552-6555 discloses the synthesis of
tetrahydropyridopyrimidones as a scaffold for HIV-1 integrase inhibitors.
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Ferrara ctal., Ter. Leners 2007, 48(37), pp. 8379-8382 discloses the synthesis of a
hexahydropyrimido[ 1,2-aJazepine-2-carboxamide derivative useful as an HIV integrase inhibitor.
Muraglia et al., J. Med. Chem. 2008, 51: 861-874 discloses the design and
synthesis of bicyclic pyrimidinones as potent and orally bioavailable HIV-1 integrase inhibitors.
5 US2004/229909 discloscs certain compounds having integrase inhibitory activity.
US 7232819 and US 2007/0083045 disclose certain 5,6-dihydroxypyrimidine-4-
carboxamidcs as 11V intcgrasc inhibitors.
US 7169780, US 7217713, and US 2007/0123524 disclose certain N-substituted
5-hydroxy-6-oxo-1,6-dihydropyrimidinc-4-carboxamides as HIV intcgrasc inhibitors.
10 US 7279487 discloses certain hydroxynaphthyridinone carboxamides that are
useful as HIV integrase inhibitors.

US 7135467 and US 7037908 disclose certain pyrimidine carboxamides that are
useful as HIV integrase inhibitors.

US 7211572 discloses certain nitrogenous condensed ring compounds that are

15 HIV integrase inhibitors,

US 7414045 discloses certain tetrahydro-4H-pyrido[1,2-a]pyrimidine
carboxamides, hexahydropyrimido[1,2-aJazepine carboxamides, and related compounds that are
uscful as HIV intcgrasc inhibitors,

WO 2006/103399 discloses certain tetrahydro-4H-pyrimidooxazepine

20 carboaxmides, tetrahydropyrazinopyrimidine carboxamides, hexahydropyrimidodiazepine
carboxamides, and related compounds that are useful as HIV integrase inhibitors.

US 2007/0142635 discloses processes for preparing hexahydropyrimido[1,2-
ajazepine-2-carboxylates and related compounds.

US 2007/0149556 discloses certain hydroxypyrimidinonc derivatives having HIV

25 intcgrasc inhibitory activity.

Various pyrimidinonc compounds useful as HIV intcgrase inhibitors arc also
disclosed in US 7115601, US 7157447, US 7173022, US 7176196, US 7192948, US 7273859,
and US 7419969.

US 2007/0111984 discloses a series of bicyclic pyrimidinone compounds useful

30 as HTV integrase inliibitors.

US 2006/0276466. US 2007/0049606, US 2007/0111985, US 2007/0112190,

US 2007/0281917, US 2008/0004265 cach disclose a series of bicyclic pyrimidinone compounds
useful as HIV integrase inhibitors.

85 SUMMARY OF THE INVENTION

In onc aspcet, the present invention provides Compounds of Formula (1):
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0
or a pharmaceutically acceptable salt or prodrug thereof,
wherein:
& X is O, -CH(R")- or -N(R%)-;
Y is O, -N(R®)- or C;-C; alkylene;
Z is a single bond or -C(RN~;
R! represents up to S optional phenyl group substituents, cach independently
sclected from C)-Ce alkyl, -O-(Ci-Cy alkyl) and halo;
10 R?isH;
R? is selected from H, C)-Cg alkyl, C;-Cg haloalkyl, -OR® and -N(R®)2:
each occurrence of R™ is independently selected from H, Cy-Cg alkyl, C-Ce
haloatkyl, -OR® and N(R%q; .
R%is H or C;-Cg alkyl or —0-(C-Cg atky):
15 R’ is sclceted from H, Ci-Cg alkyl and —C(O)RX and -SO,R%;
each occurrence of R is independently H or C-Cs atkyl:
R7is sclected from H, C-Cg alkyl and —O-(C,-Cg alkyl):
cach occurrence of R® is C1-Cg alkyl or NR®;
mis 0, 1 or2; and
20 nis 1. 2 or 3, such that the sum of m+ nis 2 or 3.
The Compounds of Formula (1) (also referred to herein as the “Tetracyclic
Heterocycle Compounds™) and pharmaccutically acceptable salts or prodrigs thereof can be
useful, for example, for inhibiting HIV viral replication or replicon activity, and for treating or
25  preventing HIV infection in a subject. Without being bound by any spccific theory, it is believed
that the Tctracyclic Heterocycle Compounds inhibit HIV viral replication by inhibiting HIV
Integrase.
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Accordingly, the present invention provides methods for treating or preventing
HIV infection in a subject, comprising administering to the subject an effective amount of at least

onc Tetracyclic Heterocycle Compound.

The details of the invention are set forth in the accompanying detailed description
below.

Although any mcthods and matcrials similar to thosc described hercin can be uscd
in the practice or testing of the present invention, illustrative methods and materials are now
described. Other embodiments, aspects and features of the present invention are either further

described in or will be apparent from the ensuing description, examples and appended claims.

DETAILED DESCRIPTION OF THE INVENTION

The present invention includes Tetracyclic Heterocycle Compounds,
compositions comprising at lcast one Tetracyclic Heterocycle Compound. and methods of using

the Tetracyelic Heterocycle Compounds for treating or preventing HIV infection in a subject.

Definitions and Abbreviations

The terms used herein have their ordinary meaning and the meaning of such terms
is independent at cach occurrence thercol. That notwithstanding and except where stated
otherwise, the following definitions apply throughout the specification and claims. Chemical
names, common names, and chemical structures may be used interchangeably to describe the
same structure. These definitions apply regardless of whether a term is used by itself or in
combination with other terms, unless otherwise indicated. Hence, the definition of "alkyl"
applics to "alkyl" as well as the "alkyl" portions of "hydroxyalkyl," "haloaliyl," "-O-alkyl." ctc...

As used herein, and throughout this disclosure, the following terms, unless
otherwise indicated, shall be understood to have the following meanings:

A “subject” is a human or non-human mammal. Tn one embodiment, a subject is
a human. In another embodiment, a subject is a primate. In another embodiment, a subject 1s a
monkey. In another embodiment, a subject is a chimpanzee. In still another embodiment, a
subject is a rhesus monkey.

The term "cffective amount” as used hercin, refers to an amount of Tctracyclic
Heterocycte Compound and/or an additional therapeutic agent, or a composition thereof that is
cffective in producing the desired therapeutic, amcliorative. inhibitory or preventative cffect

when administered to a subject suffering from HIV infection or AIDS. In the combination
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therapies of the present invention, an cffective amount can refer to cach individual agent or to the
combination as a whole, wherein the amounts of all agents administered are together effective,
but wherein the component agent of the combination may not be present individually in an
effective amount.

S The term “preventing,” as used herein with respect to an HIV viral infection or
AIDS, refers to reducing the likelihood or severity of HIV infection or AIDS.

The term "alkyl,” as uscd herein, refers to an aliphatic hydrocarbon group having
one of its hydrogen atoms replaced with a band. An alkyl group may be straight or branched and
contain from about 1 to about 20 carbon atoms. In one embodiment, an alkyl group contains

10 from about 1 to about 12 carbon atoms. In different cmbodiments, an alkyl group contains from
1 to 6 carbon atoms (C-Cg alkyl) or from about | to about 4 carbon atoms (C,-Cj alkyl). Non-
limiting examples of alky! groups include methyl, ethyl, n-propyl, isopropyl. n-butyl, sec-butyl,
isobutyl, tert-butyl, n-pentyl, ncopentyl, isopentyl, n-hexyl, isohexyl and neohexyl. An alkyl
group may be unsubstituted or substituted by onc or more substituents whiclh may be the same or

15 different, cach substitucnt being independently selected from the group consisting of halo,
alkenyl, alkynyl, aryl, cycloalkyl, cyano, hydroxy, -O-alkyl, -O-aryl, -alkylene-O-alkyl, alkylthio,
-NHa, -NH(alkyl). -N(alkyl),, -NH(cycloalkyl), -O-C(0)-alkyl, -O-C(O)-aryl, -O-C(O)-
cycloalkyl, -C(O)OH and ~C(O)0O-alkyl. In one embodiment, an alkyl group is linear. In
another cmbodiment, an alkyl group is branched. Unless otherwise indicated, an alkyl group is

20  unsubstituted.

The term "alkenyl,” as used herein, refers to an aliphatic hydrocarbon group
containing at least one carbon-carbon double bond and having one of its hydrogen atoms
replaced with a bond. An alkenyl group may be straight or branched and contain from about 2 to
about 15 carbon atoms. In one cmbodiment. an atkenyl group contains from about 2 to about 12

25  carbon atoms. In another embodiment, an alkenyl group contains from about 2 to about 6 carbon
atoms. Non-limiting examples of alkenyl groups include ethenyl, propenyl, n-butenyl, 3-
methylbut-2-enyl. n-pentenyl, octenyl and decenyl. An alkenyl group may be unsubstituted or
substituted by onc or more substituents which may be the same or different, cach substituent
being independently selected from the group consisting of halo, alkenyl, alkynyl, aryl, cycloalkyl,

30  cyano, hydroxy, -O-alkyl, -O-aryl, -alkylenc-O-alkyl, alkylthio, -NHz, -NH(alkyl), -N(alkyl),, -
NH(cycloalkyl), -O-C(Q)-alkyl, -O-C(O)-aryl, -0-C(O)-cycloalkyl, -C(O)OH and —C(0O)O-alkyl.
The term “C,-Cs alkenyl” refers to an alkenyl group having from 2 to 6 carbon atoms. Unless

othcrwisc indicated, an alkenyl group is unsubstituted.
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The term "alkynyl,” as used herein, refers to an aliphatic hydrocarbon group
containing at least one carbon-carbon triple bond and having one of its hydrogen atoms replaced
with a bond. An alkynyl group may be straight or branched and contain from about 2 to about
15 carbon atoms. In one ecmbodiment, an alkynyl group contains from about 2 to about 12

5 carbon atoms. In another embodiment, an alkynyl group contains from about 2 to about 6 carbon
atoms. Non-limiting cxamplcs of alkyny! groups include cthynyl, propynyl, 2-butynyl and 3-
mcthylbutynyl. An alkynyl group may be unsubstituted or substituted by onc or more
substituents which may be the same or different, each substituent being independently selected
from the group consisting of halo, alkenyl, alkynyl, aryl. cycloalkyl, cyano, hydroxy, -O-alkyl, -

10 O-aryl, -alkylene-O-alkyl, alkylthio, -NH,, -NH(alkyl), -N(alkyl), -NH(cycloalkyl), -0-C(0)-
alkyl, -O-C(O)-aryl, -O-C(O)-cycloalkyl, -C(O)OH and —~C(0Q)O-alkyl. The term “C,-Cg
alkynyl” refers to an alkynyl group having from 2 to 6 carbon atoms. Unless otherwise indicated,
an alkynyl group is unsubstituted.

The term "alkylene,” as used herein, refers to an alkyl group, as defined above,

IS5 wherein one of the alkyl group’s hydrogen atoms has been replaced with a bond. Non-limiting
examples of alkylene groups include —CHz-, -CH,CH,-, -CHyCH;CHs-, -CHCH2CHLCH -, -
CH(CH2)CH2CHy-, -CH(CHa3)- and -CH,CH(CH:)CHs-. In onc embodiment, an alkylene group
has from 1 to about 6 carbon atoms. In another embodiment, an alkylene group has from about 3
to about 5 carbon atoms. In another embodiment, an alkylene group is branched. In another

20 cmbodiment, an alkylene group is lincar. in one cmbodiment. an alkylene group is -CH,-. The
term “C;-C, alkylene™ refers to an alkylene group having from 1 to 4 carbon atoms. The term
“C;-C4 alkylene” refers to an alkylene group having from 2 to 4 carbon atoms.

The term "alkenylene,” as used herein, refers to an alkenyl group, as defined
above, wherein one of the alkenyl group’s hydrogen atoms has been replaced with a bond. Non-

25 limiting cxamples of alkenylene groups include ~CH=CH-, -CH=CHCHa-, -CH:CH=CH-, -
CH,CH=CHCH,-, -CH=CHCH;CH;-, -CH;CH>CH=CH- and -CH(CH3:)CH=CH-. In one
embodiment, an alkenylene group has from 2 to about 6 carbon atoms. In another embodiment.
an alkenylenc group has from about 3 1o about 5 carbon atoms. In another cmbodiment, an
alkenylene group is branched. In another embodiment, an alkenylene group is linear. The term

30 "Cy-Cg alkylene” refers to an alkenylenc group having from 2 to 6 carbon atoms. The term *Cs-
Cs alkenylene” refers to an alkenylene group having from 3 to 5 carbon atoms.

The term "aryl,” as used herein, refers to an aromatic monocyclic or muliticyclic
ring system comprising from about 6 to about 14 carbon atoms. In one cmbodiment, an ary!

group contains from about 6 to about 10 carbon atoms. An aryl group can be optionally
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substituted with onc or more "ring system substitucnts” which may be the same or different, and
are as defined herein below. In one embodiment, an aryl group can be optionally fused to a
cycloalkyl or cycloalkanoyl group. Non-limiting cxamples of aryl groups include phenyl and
naphthyl. In one embodiment, an aryl group is phenyl. Unless otherwise indicated, an aryl
S group is unsubstituted.

The term "arylene,” as used herein, refers to a bivalent group derived from an aryl
group, as defined above, by removal of a hydrogen atom from a ring carbon of an aryl group.
An arylene group can be derived from a monocyclic or multicyclic ring system comprising from
about 6 to about 14 carbon atoms. In one embodiment, an arylene group contains from about 6

10 to about 10 carbon atoms. In another embodiment, an arylene group is a naphthylenc group. In

another embodiment, an arylene group is 2 phenylene group. An arylene group can be optionally
substituted with onc or more "ring system substituents” which may be the same or different, and
are as defined herein below. An arylene group is divalent and cither available bond on an
arylene group can conncet to cither group flanking the arylenc group. For examplc, the group

15 *“‘A-arylene-B,” wherein the arylene group is:
VWAAN

sol

a

is understood to represent both:

In onc embodiment, an arylene group can be optionally fused to a cycloalkyl or
20  cycloatkanoyl group. Non-limiting examples of arylene groups include phenylene and
naphthalene. In one embodiment, an arylene group is unsubstituted. To another embodiment, an

arylene group is:

o

2=k 5

or

2

Unless otherwise indicated, an arylene group is unsubstituted.
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The term "cycloalkyl," as uscd herein, refers to a non-aromatic mono- or
multicyclic ring system comprising from about 3 to about 10 ring carbon atoms. In one
embodiment, a cycloalkyl containg from about 5 to about 10 ring carbon atoms. In another
embodiment, a cycloalkyl contains from about 3 to about 7 ring atoms. In another embodiment,

5 acycloalkyl contains from about 5 to about 6 ring atoms. The term “cycloalkyl” also
cncompasses a cycloalkyl group, as defined above, which is fused to an aryl (e.g., benzence) or
heteroaryl ring. Non-limiting examples of monocyclic cycloalkyls include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl. Non-limiting examples of
multicyclic cycloalkyls include 1-decalinyl, norbornyl and adamantyl. A cycloalkyl group can

10 be optionally substituted with one or more "ring system substituents” which may be the same or

different, and are as defined herein below. In one embodiment, a cycloalkyl group is
unsubstituted. The term 3 to 7-membered cycloalkyl” refers to a cycloalkyt group having from
3 to 7 ring carbon atoms. Unless otherwisc indicated, a cycloalky! group is unsubstituted. A ring
carbon atom ol a cycloalkyl group may be functionalized as a carbonyl group. An illustrative

IS example of such a cycloalkyl group (also referred to herein as a “cycloalkanoyl” group) includes,

but is not limited to, cyclobutanoyl:

//O

The term “halo,” as used herein, means —F, -Cl, -Br or -I.
The term "haloalkyl,” as used herein, refers to an alkyl group as defined above,
20 whercein onc or more of the alkyl group’s hydrogen atoms has been replaced with a halogen. In
onc cmbodiment, a haloalkyl group has from 1 to 6 carbon atoms. In another embodiment. a
haloalkyl group is substituted with from 1 to 3 F atoms. Non-limiting cxamples of haloalky!
groups include ~CH,F, -CHF3, -CF3, -CH,Cl and -CClz. The term “C;-C; haloalky!” refers to a
haloalkyl group having from 1 to 6 carbon atoms.
25 The term "hydroxyalkyl," as used herein, refers to an alkyl group as defined
above, wherein one or more of the alkyl group’s hydrogen atoms have been replaced with an —
OH group. In one embodiment, a hydroxyalkyl group has from 1 to 6 carbon atoms. Non-
limiting examples of hydroxyalkyl groups include —-CH,OH, -CH,CH,OH, -CH,CH>CH,0H and
-CH,CH(OH)CH.. The term “C,-Cq hydroxyalky!” refers to a hydroxyalkyl group having from

30 I to 6 carbon atoms.
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The term "heteroaryl,” as uscd herein, refers to an aromatic monocyclic or
multicyclic ring system comprising about 5 to about 14 ring atoms, wherein from 1 to 4 of the
ring atoms is independently O, N or S and the remaining ring atoms arc carbon atoms. In onc
embodiment, a heteroaryl group has 5 to 10 ring atoms. In another embodiment, a heteroaryl

5  group is monocyclic and has 5 or 6 ring atoms. In another embodiment, a heteroaryl group is
bieyclic. A heteroaryl group can be optionally substituted by onc or more "ring system
substitucnts” which may be the same or different, and arc as defined hercin below. A heteroaryl
group is joined via a ring carbon atom, and any nitrogen atom ot a heteroary! can be optionally
oxidized to the corresponding N-oxide. The term “heteroaryl” alse encompasses a heteroaryl

10 group, as defined above, which is fused to a benzene ring. Non-limiting examples of heteroaryls
include pyridyl, pyrazinyl, furanyl, thienyl, pyrimidinyl, pyridone (including N-substituted
pyridones), isoxazolyl, isothiazolyl, oxazolyl, oxadiazolyl, thiazolyl, pyrazelyl, furazanyl,
pyrrolyl, triazolyl, 1,2,4-thiadiazolyl, pyrazinyl, pyridazinyl, quinoxalinyl, phthalazinyl,
oxindolyl, imidazo[1,2-a]pyridinyl, imidazo[2,1-b]thiazolyl, benzofurazanyl, indolyl, azaindolyl,

15  Denzimidazolyl, benzothienyl, quinolinyl. imidazolyl, benzimidazolyl, thienopyridyl,
quinazolinyl, thicnopyrimidyl, pyrrolopyridyl, imidazopyridyl, isoquinolinyl, benzoazaindolyl,
1,2,4-triazinyl, benzothiazolyl and the like, and all isomeric forms thercof. The term
“heteroaryl” also refers to partially saturated heteroaryl moicties such as, for example,
tetrahydroisoquinolyl, tetrahydroquinolyl and the like. In one embodiment, a heteroaryl group is

20  a 5-membered heteroaryl. In another embodiment, a hetcroaryt group is a 6-membered
monocyclic heteroaryl. In another embodiment, a heteroaryl group comprises a 5- to 6-
membered monocyclic heteroaryl group fused to a benzene ring. Unless otherwise indicated, a
heteroaryl group is unsubstituted.

The term "heterocycloalkyl,” as used herein, refers to a non-aromatic saturated

25  monocyclic or multicyclic ring systcm comprising 3 to about 11 ring atoms, wherein from | to 4
of the ring atoms are independently O, S, N or Si, and the remainder of the ring atoms are carbon
atoms. A heterocycloalkyl group can be joined via a ring carbon, ring silicon atom or ring
nitrogen atom. In one embodiment, a heterocycloalkyl group is monocyclic and has from about
3 to about 7 ring atoms. In another embodiment, a heterocycloalkyl group is monocyclic has

30  from about 4 to about 7 ring atoms. In another cmbodiment, a heterocycloatkyl group is bicyclic
and has from about 7 to about 11 ring atoms. In still anothcr embodiment, a heterocycloalkyl
group is monocyclic and has 5 or 6 ring atoms. In one embodiment, a heterocycloalkyl group is
monocyclic. In another embodiment, a heterocycloalkyl group is bicyclic. There are no adjacent

oxygen and/or sulfur atoms present in the ring system. Any —NH group in a heterocycloalkyl
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ring may cxist protected such as, for example, as an -N(BOC), -N(Cbz), -N(Tos) group and the
like; such protected heterocycloalkyl groups are considered part of this invention. The term
“heterocycloalkyl™ also encompasscs a heterocycloalkyl group, as defined above, which is fused
to an aryl (e.g., benzene) or heteroaryl ring. A heterocycloalkyl group can be optionally
substituted by one or more "ring system substituents” which may be the same or different, and
arc as defined hercin below. The nitrogen or sulfur atom of the hetcrocycloa lkyl can be
optionally oxidized to the corresponding N-oxide, S-oxide or S,S-dioxide. Non-limiting
examples of monocyclic heterocycloalky! rings include oxetanyl, piperidyl, pyrrolidinyl,
piperazinyl, morpholinyl, thiomorpholinyl, thiazolidinyl, 1,4-dioxanyl, tetrahydrofuranyl.
tetrahydrothiophenyl, delta-lactam, delta-lactone and the like, and all isomers thereof

A ring carbon atom of a heterocycloalky] group may be functionalized as a
carbonyl group. An illustrative example of such a heterocyeloalkyl group is:

H

D
O

Inone embodiment, a heteroeycloalkyl group is a S-membered monocyclic
heterocycloalkyl. In another cmbodiment, a heterocycloalkyl group is a 6-membered
monocyclic heterocycloalkyl. The term =3 to 6-membered monocyclic heterocycloalkyl” refers
to a monocyclic heterocycloalkyl group having from 3 to 6 ring atoms. The term **4 to 7-
membered monocyclic heterocycloalkyl” refers to a monocyclic heterocycloalkyl group having
from 4 to 7 ring atoms. The term “7 to 11-membered bicyclic heterocycloalkyl” refers to a
bicyclie heterocycloalkyl group having from 7 to 11 ring atoms. Unless otherwise indicated, a
heterocycloalkyl group is unsubstituted.

The term "ring systern substituent,” as used herein, refers to a substituent group
attached to an aromatic or non-aromatic ring system which, for example, replaces an available
hydrogen on the ring system. Ring system substituents may be the same or different, each being
independently selected from the group consisting of alkyl, alkenyl, alkynyl, aryl, heteroaryl, -
alkylenc-aryl. -arylenc-atkyl, -alkylenc-heteroaryl, -alkenylene-heteroaryl. -alkynylene-
heteroaryl, -OR, hydroxyalkyl, haloalkyl, -O-alkyl, -O-haloalkyl, -atkylene-O-alkyl, -O-aryl, -O-
alkylene-aryl, acyl, -C(Q)-aryl, halo, -NOs, -CN, -SFs, -C(0)Ol1, -C(0)0-alkyl, -C(O)O-aryl, -
C(0)O-alkylene-aryl, -S(O)-alkyl, -S(O)s-alkyl, -S(O)-aryl, -S(O);-aryl, -S(O)-heteroaryl, -
S(O)z-heteroaryl, -S-alkyl, -S-aryl, -S-heteroaryl, -S-alkylenc-aryl, -S-alkylenc-heteroaryl, -
S(O)-alkyletic-aryl, -S(O),-ulkylenc-heteroaryl, -Si(alkyl), -Si(aryl),, -Si(heteroaryl),, -
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Si(alky){aryl), -Si(alkyl)(cycloalkyl), - Si(alkyl)(heteroaryl), cycloalkyl, heterocycloalkyl, -O-
C(O)-alkyl, -O-C(O)-aryl, -O-C(O)-cycloalkyl, -C(=N-CN)-NH;, -C(=NH)-NH,, -C(=NH)-
NH(alkyl), -N(Y1)(Y?2), -alkylenc-N(Y 1 XY 3), -C(ON(Y 1 )(Y2) and -S(O):N(Y)(Y2). whercin Y,
and Y, can be the same or different and are independently selected from the group consisting of
5 hydrogen, alkyl, aryl, cycloalkyl, and ~alkylene-aryl. “Ring system substituent” may also mean a
singlc moicty which simultancously replaces two available hydrogens on two adjacent carbon
atoms (onc H on cach carbon) on a ring system. Examplcs of such moiety are methylencdioxy,

ethylenedioxy, -C(CHa)s- and the like which form moieties such as, tor example:

10 The term “substituted” means that onc or more hydrogens on the designated atom
is replaced with a selection from the indicated group, provided that the designated atom’s normal
valency under the existing circumstances is not exceeded, and that the substitution results in a
stable compound. Combinations of substituents and/or variables arc permissible only if such
combinations result in stable compounds. By “stable compound’ or “stable structure” is meant a

15 compound that is sufficiently robust to survive isolation to a useful degree of purity from a
rcaction mixturc, and formulation into an cfficacious therapeutic agent.

The term "in substantialty purified form,” as used herein, refers to the physical
state of a compound after the compound is isolated from a synthetic process (e.g., from a
rcaction mixturc), a natural source, or a combination thercof. The term "in substantially purificd

20  form,” also rcfers to the physical statc of a compound after the compound is obtained from a
purification process or processes described herein or well-known to the skilled artisan (e.g.,
chromatography, recrystallization aad the like), in sufficient purity to be characterizable by
standard analytical techniques described herein or well-known to the skilled artisan.

1t should also be noted that any carbon as well as heteroatom with unsatisfied

25  valences in the text, schemes, examples and tables herein is assumed to have the sufficient
number of hydrogen atom(s) to satisfy the valcnces.

When a functional group in a compound is termed “protected”. this means that the
group is in modified form to preclude undesired side reactions at the protected site when the
compound is subjected (o a reaction. Suitable protecting groups will be recognized by those with

30  ordinary skill in the art as well as by reference to standard textbooks such as, for cxample, T. W.

Greene er al, Protective Groups in Organic Synthesis (1991), Wiley, New York.
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When any substitucnt or variable (e.g., alkyl, R', R, cte.) occurs morc than one
time in any constituent or in Formula (I), its definition on each occurrence is independent of its
definition at cvery other occurrence, unless otherwise indicated.

As used herein, the term “composition™ is intended to encompass a product

L

comprising the specified ingredients in the specified amounts, as well as any product which

results from combination of the specificd ingredients in the specified amounts.

Prodrugs and solvates of the compounds of the invention arc also contemplated
herein. A discussion of prodrugs is provided in T. Higuchi and V. Stella, Pro-drugs as Novel
Delivery Systems (1987) 14 of the A.C.S. Symposium Series, and in Bioreversible Carriers in
10 Drug Design, (1987) Edward B. Roche, ed., American Pharmaceutical Association and

Pergamon Press. The term “prodrug™ means a compound (e.g., a drug precursor) that is
transformed in vivo to provide a Tetracyclic Heterocycle Compound or a pharmaceutically
acceptable salt of the compound. The transformation may occur by various mechanisms (e.g., by
mctabolic or chemical processes), such as, for example, through hydrolysis in blood. For

I5  cxample. if a Tetracyclic Heterocycle Compound or a pharmaccutically aceeptable salt, hydrate
or solvale of the compound contains a carboxylic acid functional group, a prodrug can comprise
an cster formed by the replacement of the hydrogen atom of the acid group with a group such as,
for example, (C1-Cylalkyl, (C,-Ci2)alkanoyloxymethyl, 1-(alkanoyloxy)cthyl having from 4 to 9
carbon atoms, 1-methyl-1-(alkanoyloxy)-cthyl having from 5 to 10 carbon atoms,

20 alkoxycarbonyloxymethy! having from 3 to 6 carbon atoms, 1-(alkoxycarbonyloxy)ethyl having
from 4 to 7 carbon atoms. 1-mecthyl-1-(alkoxycarbonyloxy)ethyl having from 3 to 8 carbon
atoms, N-(alkoxycarbonyl)aminomethyl having from 3 to 9 carbon atoms, 1-(N-
(alkoxycarbonyl)amino)ethyl having from 4 to 10 carbon atoms, 3-phthalidyl, 4-crotonolactonyl,
gamma-butyrolacton-4-yl, di-N,N-(C;-Cz)alkylamino(C--Cs)alkyl (such as -

25  dimcthylaminoethyl), carbamoyl-(Ci-Ca)alkyl, N,N-di (C,-Ca)atkylcarbamoyl-(Ci-Ca)alkyl and
piperidino-, pyrrolidino- or morpholino(Cs-Cj)alkyl, and the like.

Similarly, if a Tctracyclic Heterocycle Compound contains an alcohol functional
group, a prodrug can be formed by the replacement of onc or more of the hydrogen atoms of the
alcohol groups with a group such as, for example, (C,-Cg)alkanoyloxymethyl, 1-((C,-

30 Cgalkanoyloxy)ethyl, 1-methyl-1-((C;-Ce)alkanoyloxy)cthyl, (C1-Cg)alkoxycarbonyloxymethyl,

N-~(Cy-Cg)alkoxycarbonylaminomethyl, succinoyl, (C,-C¢)alkanoy!, a-amino(C;-Cy)alkyl, o-

amino(C,-Cy)alkylene-aryl, arylacyl and a-aminoacyl, or u-aminoacyl-a-aminoacyl, where each

a-aminoacyl group is independently sclected from the naturally occurring L-amino acids, or
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glycosyl {the radical resulting from the removal of a hydroxyl group of the hemiacctal form of a
carbohydrate).

If a Tetracyclic Hetcrocycle Compound incorporates an aminc functional group. a
prodrug can be formed by the replacement of a hydrogen atom in the aminc group with a group

5 such as, for example, R-carbonyl-, RO-carbonyl-. NRR -carbonyl- wherein R and R are each

independently (Ci-Cio)alkyl, (Cs-C-) cycloalkyl. benzyl. a natural a-aminoacyl, -
C(OH)C(O)OY' whercin Y' is H, (C-Co)alkyl or benzyl, -C(OY?)Y wherein Y7 is (C,-Ca) alkyl
and Y7 is (C1-Ce)alkyl; carboxy (Ci-Cealkyl; amino(Cq-Cadalkyl or mono-N- or di-N,N-(C-
Celalkylaminoalkyl; -C(Y*)Y® wherein Y* is H or methyl and Y? is mono-N- or di-N,N-(C-

10 Cg)alkylamino morpholino; piperidin-1-yl or pyrrolidin-1-yl, and the like.

Pharmaceutically acceptable esters of the present compounds include the
following groups: (1) carboxylic acid estcrs obtained by esterification of the hydroxy group of a
hydroxyl compound, in which the non-carbonyl moiety of the carboxylic acid portion of the cster
grouping is sclected from straight or branched chain alkyl (e.g., methyl, cthyl, n-propyl,

15 isopropyl, t-butyl, sec-butyl or n-butyl), alkoxyalkyl (e.g.. methoxymethyl), aralkyl (e.g., benzyl),
aryloxyalkyl (for example, phenoxymethyl), aryl (e.g., phenyl optionally substituted with, for
example, halogen, Ciqalkyl, -O-(Cj.salkyl) or amino); (2) sulfonate csters, such as alkyl- or
aralkylsulfonyl (for example, methancsulfonyl), (3) amino acid esters, including those
corresponding {o both natural and non-natural amino acids (e.g., L-valyl or L-isoleucyl); (4)

20  phosphonate esters and (5) mono-, di- or triphosphate esters. The phosphate esters may be
further esterificd by, for example, a C,9 alcohol or reactive derivative thereof, or by a 2,3-di
(Cp24)acyl glycerol.

One or more compounds of the invention may exist in unsolvated as well as
solvated forms with pharmaccutically acceptable solvents such as water, cthanol, and the like,

25  anditis intended that the invention cmbrace both solvated and unsolvated forms. "Solvate”
means a physical association of a compound of this invention with one or more solvent
molecules. This physical association involves varying degrees of ionic and covalent bonding,
including hydrogen bonding. In certain instances the solvate will be capable of isolation, for
example when one or more solvent molecules are incorporated in the crystal lattice of the

30  crystalline solid. "Solvate” encompasscs both solution-phasc and isolatable solvates. Non-
limiting cxamples of solvates include cthanolates, methanolates, and the like. A "hydrate” is a
solvate wherein the solvent molecule is water.

Onc or more compounds of the invention may optionally be converted to a solvate.

Preparation of solvates is generally known. Thus, for example, M. Caira et al, J. Pharmaceutical
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Sci., 93(3), 601-611 (2004) describe the preparation of the solvates of the antifungal fluconazole
in cthyl acetate as well as from water. Similar preparations of solvates, iemisolvates, hydrates
and the like arc described by E. C. van Tonder et al, AAPS PharmSciTechours. , 5(1), article 12
(2004); and A. L. Bingham es al, Chem. Commun., 603-604 (2001). A typical, non-limiting,
process involves dissolving the inventive compound in desired amounts of the desired solvent
(organic or watcr or mixturcs thercof) at a higher than room temperaturc, and cooling the
solution at a ratc sufficient to form crystals which arc then isolated by standard methods.
Analytical techniques such as, for example 1R spectroscopy, show the presence of the solvent (or
water) in the crystals as a solvate (or hydrate).

The Tetracyclic Heterocycle Compounds can form satts which are also within the
scope of this invention. Reference to a Tetracyclic Heterocycle Compound herein is understood
to include reference to salts thercof, unless otherwise indicated. The term “salt(s)", as employed
herein, denotes acidic salts formed with inorganic and/or organic acids, as well as basic salts
formed with inorganic and/or organic bascs. In addition, when a Tetracyclic Heterocycle
Compound contains both a basic moiety, such as, but not limited to a pyridine or imidazole. and
an acidic moicty, such as, but not limited to a carboxylic acid, zwitterions ("inner salts") may be
formed and arc included within the term "salt(s)" as used herein. ln onc cmbodiment, the salt is
a pharmaccutically acceptable (i.e., non-toxic, physiologically acceptable) salt. In another
cmbodiment, the salt is other than a pharmaccutically acceptable salt. Salts of the Compounds of
Formula (1) may be formed, for example, by reacting a Tetracyclic Heterocycle Compound with
an amount of acid or base, such as an equivalent amount, in a medium such as one in which the
salt precipitates or in an aqucous medium followed by lyophilization.

Exemplary acid addition salts include acetates, ascorbates, benzoates,
benzencsulfonates, bisulfates, borates, butyrates, citrates. camphoratcs, camphorsulfonates,
fumarates, hydrochlorides, hydrobromidcs, hydroiodides, lactates, maleates, methancsulfonates,
naphthalenesulfonates, nitrates, oxalates, phosphates, propionates, salicylates, succinates,
sulfates, tartarates, thiocyanates, toluenesulfonates (also known as tosylates) and the like.
Additionally, acids which are gencrally considered suitable for the formation of pharmaccutically
useful salts from basic pharmaceutical compounds are discussed, for example, by P. Stahl e/ al,
Camille G. (eds.) Handbook of Pharmaceutical Salts. Properties, Selection and Use. (2002)
Zurich: Wiley-VCH; S. Berge et al, Journal of Pharmacewtical Sciences (1977) 66(1) 1-19: P.
Gould, fnternational J. of Pharmaceutics (1986) 33 201-217; Anderson ef al, The Practice of
Medicinal Chemistry (1996), Academic Press, New York; and in The Orange Book (Food &
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Drug Administration, Washington, D.C. on their website). These disclosurcs arc incorporated
herein by relerence thereto.

Excmplary basic salts include ammonium salts, alkali metal salts such as sodium,
lithium, and potassium salts, alkaline earth metal salts such as calcium and magnesium salts,
salts with organic bases (for example, organic amines) such as dicyclohexylamine, t-butyl amine,
cholinc. and salts with amino acids such as arginine, lysinc and the like. Basic nitrogen-
containing groups may be quartcrnized with agents such as lower alkyl halides (e.g., methyl,
cthyl, and butyl chlorides, bromides and iodides), dialkyl sulfates (e.g., dimethyl, diethyl, and
dibutyl sulfates), long chain halides (e.g., decyl, lauryl, and stearyl chiorides, bromides and
iodides), arylalky! halides (e.g., benzy! and phenethyl bromides), and others.

All such acid salts and base salts arc intended to be pharmaceutically acceptable
salts within the scope of the invention and all acid and base salts are considered cquivaient to the
free forms of the corresponding compounds for purposcs of the invention.

Diastcrcomeric mixturcs can be separated into their individual diastercomers on
the basis of their physical chemical differences by methods well-known to thosc skilied in the art,
such as, for cxample, by chromatography and/or fractional crystallization. Enantiomers can be
scparated by converting the cnantiomeric mixture into a diastcrcomeric mixture by rcaction with
an appropriatc optically active compound (e.g., chiral auxiliary such as a chiral alcohol or
Mosher’s acid chloride), separating the diastercomers and converting (e.g., hydrolyzing) the
individual diastercomers io the corresponding pure enantiomers. Sterochemically pure
compounds may also be prepared by using chiral starting materials or by employing salt
resolution techniques. Also, some of the Tetracyclic Heterocycle Compounds may be
atropisomers (e.g.. substituted biaryls) and are considered as part of this invention. Enantiomers
can also be directly scparated using chiral chromatographic techniques.

It is also possiblc that the Tetracyclic Heterocycle Compounds may exist in
ditferent tautomeric forms, and all such forms are embraced within the scope of the invention.
For example, all keto-enol and imine-enamine forms of the compounds are inciuded in the
invention.

All stereoisomers (for example, geometric isomers, optical isomers and the like)
of the present compounds (including thosc of the salts, solvates, hydrates, esters and prodrugs of
the compounds as well as the salts, solvates and csters of the prodrugs), such as those which may
exist due to asymmetric carbons on various substituents, including enantiomeric forms (which
may cxist cven in the abscence of asymmuetric carbons), rotameric forms, atropisomers, and

diastereomeric forms, are contemplated within the scope of this invention. If a Tetracyclic
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Heterocycle Compound incorporates a double bond or a fused ring, both the cis- and trans-forms,
as well as mixtures, are embraced within the scope of the invention.
Iudividual stercoisomers of the compounds of the invention may, for example, be
substantially free of other isomers, or may be admixed, for example, as racemates or with all
5 other, or other selected, stereoisomers. The chiral centers of the present invention can have the S

or R configuration as defined by the /UPAC 1974 Recommendations. The usc of the terms “salt”

)

"o 27 1

"solvate”, “ester”, "prodrug” and the like, is intended to apply cqualiy to the salt, solvate, cster
and prodrug of enantiomers, stereoisomers, rotamers, tautomers, racemates or prodrugs of the
inventive compounds.

10 In the Compounds of Formula (1), the atoms may cxhibit their natural isotopic
abundances, or one or more of the atoms may be artificially enriched in a particular isotope
having the same atomic number, but an atomic mass or mass number different from the atomic
mass or mass number predominantly found in nature. The present invention is meant to include
all suitable isotopic variations of the compounds of generic Formula 1. For cxample, different

15 isotopic forms of hydrogen (H) include protium (*H) and deuterium (*H). Protium is the
predominant hydrogen isotope found in nature. Enriching for deutcrium may afford certain
therapeutic advantages, such as increasing in vivo half-lifc or reducing dosage requircments, or
may provide a compound uscful as a standard for characterization of biological samples.
Isotopically-cnriched Compounds of Forinula (1) can be prepared without undue experimentation

20 by conventional techniques well known to those skilled in the art or by processes analogous to
those described in the Schemes and Examples herein using appropriate isotopically-enriched
reagents and/or intcrmediates. In one embodiment, a Compound of Formula (1) has one or more
of its hydrogen atoms replaced with deuterium.

The Tetracyclic Hetcrocycle Compounds arc useful in human and vetcrinary

25  medicine for treating or preventing HIV infection in a subject. In onc embodiment, the
Tetracyclic Heterocycle Compounds can be inhibitors of HIV viral replication. In a specitic
embodiment, the Tetracyclic Heterocycle Compounds are inhibitors of HIV-1. Accordingly, the
Tetracyclic Heterocycle Compounds arc useful for treating HIV infections and AIDS. in
accordance with the invention. the Tetracyclic Heterocycle Compounds can be administered to a

30 subject in neced of treatment or prevention of HIV infection.

Accordingly, in onc embodiment, the invention provides methods for treating
HIV infection in a subject comprising administering to the subject an effective amount of at least
onc Tetracyclic Heterocycle Compound or a pharmaccutically acceptable salt thercof, In a

speetfic embodiment, the present invention provides methods for treating AIDS in a subject
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comprising administering to the subject an cffective amount of at least one Tetracyclic

Heterocycle Compound or a pharmaceutically acceptable salt thereof.

Anal.
ACN
AcOH
n-Bul.i
BnBr
br

calc.
m-CPBA
d

DBU
DCM
DEA

DIPEA or DIEA

DMF
DMSO
ES!
Et,O
Et:N
EtOAc
EtOH
HCI
HPLC
IPA
IPAC
KF
KO-Bu
LCMS
LiHMDS

m

Cipla v. Gilead

List of Abbreviations

analytical

acctonitrilc

acetic acid

n-butyl lithium

benzyl bromide

broad

calculated

3-chloroperoxybenzoic acid

doublet

1,8-diazabicycloundec-7-enc
dichloromethane

dicthylaminc

N, N-diisopropylethylamine
dimethyiformamide

dimethyl sulfoxide

clectrospray ionization

diethylether

triethylamine

cthyl acctate

cthanol

hydrochloric acid

high-pressure liquid chromatography
iso-propyl alcohol

iso-propy!l acetate

Karl-Fischer titration (to dctermine water contcnt)
potassium Zeri-butoxide

liquid chromatography-mass spectrometry
lithum hexamcthyl silazanc

multiplet

IPR2025-00033

Petitioner Exhibit 1040
709 of 1915



W

25

WO 2015/039348

MeCN
MeOH
MPa
MS
MTBE
NaHCO:
NBS
NHS
NMP
NMR
Piv
Pd/C

SFC
Si10;

TFA
THF
TLC
TMSN;
p-TsOH

wt%

The present invention provides Tetracyclic Heterocycle Compounds of Formula

O
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acctonitrile

methy! alcohol

millipascal

mass Spectroscopy

methyl rert-butyl ether

sodium bicarbonate
N-bromosuccinimide

normal human serum
N-methylpyrrotidine

nuclear magnetic resonance spectroscopy
pivalate, 2,2-dimethylpropunoy!l
palladium on carbon

room temperaturc

singlet

supereritical fluid chromatography
silical gel

triplet

trifluoroacetic acid
tetrahydrofuran

thin-fayer chromatography
trimethylsilyl azide
para-toluene sulfonic acid

percentage by weight

The Compounds of Formula (I)

O
X 3a
R
N Z N\
R? = /\N( Y
@) \Z mR3
OoH O R3a
IPR2025-00033
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and pharmaceutically acceptable salts thereof, whereinm, n, X, Y, Z, R', R? and R* are defined

above for the Compounds of Formula (1).

In one embodiment, X is O.

In another ecmbodiment, X is ~CHo-.

In another cmbodiment, X is ~N(-C(O)YCH;)-.
Tn one emhodiment, Y is O.

In another embodiment, Y is -N(R®)-.

In another embodiment, Y is C;-C: alkylene.
In still another embodiment, Y is —CH,-.

In one embodiment, Z is a singlc bond.

In another cmbodiment, Z is -C(R")-.

In one embodiment, R’ represents 1 or 2 optional phenyl group substituents, cach

15  independently sclected from C-Cg alkyl, -O-(C,-Cs alkyl), halo.

In another embodiment, R' represcnts I or 2 optional phenyl group substituents,

cach independently sclected from halo.

25

30

Cipla v. Gilead

In another coibodiment, R' represcnts an ortho F group and a para F group.
In one embodiment, R* is H.

In another embodiment, R is C;-Cg alkyl.

In another embodiment, R* is methyl.

In one embodiment, each occurrence of R* is H.

In another embodiment, at least one occurrence of R*™ is C;-Cs alkyl.
In onc embodiment, R is H.

In another embodiment, R* is C;-Cg alkyl.

In one embodiment, R® is H.

In another embodiment, R® is C-Cq alkyl.

In another cmbodiment, R is ~C(O)R®.

In still another embodiment, R* is -SO,R®.

In onc ecmbodiment, cach occurrence of R® is H or C;-Cy alkyl.

In another embodiment, at lcast one occurrence of R®is C;-Cq alkyl.
In one embodiment, R” is H.

In another cmbodiment, R is C;-Cs alkyl.

In another embodiment, R7 is —O-(C1-Cs alkyl).
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In one embodiment, the compounds of formula (I) have the formula (1a):

O
X
YN TN
i
= o = N i
OH O

(la)
5  orapharmaccutically acceptable salt or prodrug thercof,
whercin:
X 15 O or -N(-C(O)CH3)-)~;
R! represents up to 2 optional phenyl group substituents, each independently
sclected from halo;
10 misQorI; and

nis 1, 2 or 3, such that the sum of m+n is 2 or 3.

In one embodiment, for the compounds of formulas (1) and (la), m is 0.
In anothcr cmbodiment, for the compounds of formulas (1) and (la), mis 1.
15 In another embodiment, for the compounds of formulas (I) and (la). m is 2.
In onc embodiment, for the compounds of formulas (1) and (la), n is 1.
In another embodiment, for the compounds of formulas (1) and (Ia), n is 2.
In another embodiment, for the compounds of formulas (1) and (Ta), n is 3.
In one embodiment, for the compounds of formulas (1) and (Ia), m is 0 and n is 2.
20 In another embodiment, for the compounds of formulas (1) and (a), mis 0 and n
is 3.
In another embodiment, for the compounds of formulas (1) and (la), mis 1 and n
18 1.
In one embodiment, variables m, n, X, Y, Z, R', R? and R* for the Compounds of
25  Formula (1) are selected independently of each other.
In another embodiment, the Compounds of Formula (I) are in substantially

purified form.

Other embodiments of the present invention include the following:
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(a) A pharmaccutical composition comprising an cffective amount of a
Compound of Formula (I) or a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable carricr.

(b) The pharmaceutical composition of (a), further comprising a second

5  therapeutic agent selected from the group consisting of HIV antiviral agents, immunomodulators,
and anti-infective agents.

(c) The pharmaccutical composition of (b), whercin the HIV antiviral agent is
an antiviral selected from the group consisting of HTV protease inhibitors, HIV infegrase
inhibitors, nucleoside reverse transcriptase inhibitors, CCR5 co-receptor antagonists and non-

10 nucleoside reverse-transcriptase inhibitors.

(d) A pharmuceutical combination that is (i) 2 Compound of Formula (I) and
(i1) a sccond therapeutic agent selected from the group consisting of HIV antiviral agents,
immunomodulators, and anti-infective agents; wherein the Compound of Formula (1) and the
second therapeutic agent arc cach employed in an amount that renders the combination cffective

15  for inhibiting HIV replication, or for treating H1V infection and/or reducing the liketihood or
severity of symptoms of HIV infection.

(¢) The combination of (d), whercin the HIV antiviral agent is an antiviral
selected from the group consisting of HIV protcase inhibitors, HIV integrase inhibitors,
nucleoside reverse transcriptase inhibitors, CCRS co-receplor antagonists and non-nucleoside

20  reverse-transcriptase inhibitors.

(53] A method of inhibiting HIV replication in a subject in need thercof which
comprises administering to the subject an effective amount of a Compound of Formula (1).

(g) A method of treating HIV infection and/or reducing the likelihood or
severity of symptoms of HIV infection in a subject in need thercof which comprises

25  administering to the subject an cffective amount of a Compound of Formula (1).

(h) The method of (g), wherein the Compound of Formula (1) is administered
in combination with an effective amount of at least ane second therapeutic agent selected from
the group consisting of HIV antiviral agents, immunomodulators, and anti-infective agents.

(i) The method of (h), wherein the HIV antiviral agent is an antiviral selected

30  from the group consisting of HIV proteasc inhibitors, HIV integrase inhibitors, nucicoside
reverse transcriptasc inhibitors, CCRS co-receptor antagonists and non-nucleoside reverse-

transcriptase inhibitors.
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)] A mcthod of inhibiting HIV replication in a subject in need thercof which
comprises administering to the subject the pharmaceutical composition of (a), (b) or (c) or the
combination of (d) or (¢).

(k) A method of treating HIV infection and/or reducing the likelihood or
severity of symptoms of HIV infection in a subject in need thereof which comprises
administering to the subject the pharmaccutical composition of (a), (b) or (¢) or the combination
of (d) or (¢).

The present invention also includes a compound of the present invention for use )
in, (ii) as a medicament for, or (iii) in the preparation of a medicament for: (a) medicine, (b)
inhibiting HI'V replication or (c) treating HIV infection and/or reducing the likelihood or severity
of symptorns of HIV infection. In these uses, the compounds of the present invention can
optionally be employed in combination with one or more second therapeutic agents sclected
from HIV antiviral agents, anti-infective agents, and immunomodulators.

Additional embodiments of the invention include the pharmaccutical
compositions, combinations and methods sct forth in (a)-(k) above and the uses set forth in the
preceding paragraph, whercin the compound of the present invention employed therein is a
compound of onc of the cmbodiments, aspccts, classes, sub-classes, or features of the
compounds described above. In all of these embodiments, the compound may optionally be used
in the form of a pharmaceutically acceptable salt or hydrate as appropriate. 1t is understood that
references to compounds would include the compound in its present form as well as in different
forms, such as polymorphs, solvates and hydrates, as applicable.

It is further to be understood that the embodiments of compositions and methods
provided as (a) through (k) above are understood to include all embodiments of the compounds,
including such cmbodiments as result from combinations of embodiments.

The Compounds of Formula (1) may be referred to herein by chemical structurce
and/or by chemical name. In the instance that both the structure and the name of a Compound of
Formula (1) are provided and a discrepancy is found to exist between the chemical structure and
the corresponding chemical name, it is understood that the chemical structure will predominate.

Non-limiting examples of the Compounds of Formula (1) include compounds 1-

10 as sct forth below, and pharmaceutically acceptable salts thereof,

Methods For Making the Compounds of Formula (1)

The Compounds of Formula (I} may be prepared from known or readily preparcd

starting materials, following methods known to one skilled in the art of organic synthesis.
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Methods uscful for making thc Compounds of Formula (I) arc sct forth in the Examples below
and generalized in Scheme 1 below. Alternative synthetic pathways and analogous structures

will be apparent to those skilled in the art of organic synthesis.

Scheme 1 describes a method for making the compounds of formula (1), which
corrcsponds to the bridged tetracyclic 4-pyridinone compounds of Formula (D).

Scheme |

X
oH
HO HO.__OH HoN, Y R
i "
Z N NalO,4 A N c S d
N OMe ™ N OMe — L MRa
Ve

o o o
step 1
0Bn O P OBn O step 2 0Bn O

A B D

HoN I \J

NBS m 1. Pd(PPhg),, ¢ CO O/\ P N/\( j
TRE R

steg O Sl B 2. LiCl, DMF

E steps 485 G

A compound of formula A is oxidized to a dihydropyridinone of formula B then
condensed with amines of type C to provide bridged dihydropyridinone compounds of formula
D. Bromination followed by carbonylation with amines of formula F and deprotection of the

benzyl protecting group provides the product G.

EXAMPLES

General Methods

The compounds described herein can be prepared according to the procedures of
the following schemes and cxamples, using appropriatc materials and arc further exemplificd by
the following spccific cxamples. The compounds illustrated in the cxamples are not, however, to
be construed as torming the only genus that is considcred as the invention. The examples further
illustrate details for the preparation of the compounds of the present invention. Those skilled in
the art will readily understand that known variations of the conditions and processcs of the
following preparative procedurcs can be used to prepare these compounds. All temperatures are
degrees Celsius unless otherwise noted. Mass spectra (MS) were measured by clectrospray ion-

mass spcctroscopy (ESI). 'H NMR spectra were recorded at 400-500 MHz. Compounds
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described herein were synthesized as a racemic mixture unless otherwise stated in the

experimental procedures.

Example ]
5 Preparation of Intermediate Compound A
20 BnBr Z>0 LIHMDS Z>0  oH
(o] & Me  K,CO, O Z Me PhCHO O Z Ph
OH OBn OBn
1a 1b 1e
1. MsCL BN A0 1. RuCIy/NalO, Z o)
_— NPy T oA O
2.DBU . 2:Nacia, 0Bn &
1d 1e
HO HO
HoN OH OH OH
2 /\Oj\ _ Nj/\ " _ N]/\
o = OH o = OMe
OBn O OBn ©
1f A
Step A — Synthesis of Iniermediate Compound 1b
To a 20L 4-necked round-bottom flask purged and maintained with an inert
10 atmosphere of nitrogen, was placed 3-hydroxy-2-methyl-4H-pyran-4-one 1a (2 kg, 15.87 mol,
1.00 equiv), MeCN (10 L), potassium carbonate (2.63 kg, 19.01 mol, 1.20 equiv), BnBr (2.85 kg,
16.67 mol, 1.05 cquiv). The resulting solution was hcated to reflux overnight. The solid was
filtered. The filtrate was concentrated inr vacue. This resulted in 3.5 kg (crude) of 3-( benzyloxy)-
2-mcthyl-4H-pyran-4-one 1b as brown oil which was used dircctly.
15
Step B — Synthesis of Intermediate Compound 1¢
Into a 20-L 4-necked round-bottom flask purged and maintained with an inert
atmosphere of nitrogen. was placed 3-(benzyloxy)-2-methyl-4H-pyran-4-one 1b (930 g. 4.30
mol, 1.00 cquiv), THF (4.75 L). This was followed by the addition of LIHMDS (5 L, 1 N in THF.
20 1.20 cquiv) dropwisc with stirring at -60°C. The resulting solution was stirred for 3 h at -60°C.

Cipla v. Gilead

To this was added benzaldehyde (450 g, 4.25mol, 1.20 equiv) dropwise with stirring at -60°C.
The resulting solution was allowed to rcact, with stirring, for an additional 2 k at -60°C. The
reaction was then quenched by the addition of 1.2 L of conc. hydrogen chloride dropwisc at -

20°C. The resulting solution was diluted with 10 L/5 L of EtOAc/H,0. The aqueous phase was
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extracted with 2x5 L of EtOAc and the organic layers combined,dricd and concentrated in vacuao.
The solid was washed with E(;O (3x2 L). This resulted in 3-(benzyloxy)-2-(2-hydroxy-2-
phenylethy-4H-pyran-4-onc (907 g, 65% yicld) 1c, as ycllow crystals.

5 Step C - Synthesis of Intermediate Compound 1d
Into a 20-L 4-nccked round-bottom flask purged and maintained with an inert

atmosphere of nitrogen, was placed 3-(benzyloxy)-2-(2-hydroxy-2-phenylcthyt)-4H-pyran-4-onc

1c (900 g, 2.79 mol, 1.00 equiv). dichloromethane (4.5 L), TEA (423.8 g. 4.19 mol, 1.50 equiv).

This was followed by the addition of MsCl (419.0 g, 3.66mol, 1.31 equiv) dropwise with stirring
10 at -30°C. The resulting solution was stirred for 2 h at -30°C. To this was added DBU (1.698 kg,
11.15mol, 4.00 equiv) dropwise with stirring at 0°C. The resulting solution was stirred for an
additional 20 min at 0°C, The pH of the solution was adjusted to 5 with hydrogen chloride
(conc.). The combincd organic layer was washed with 3x3 L of Na,SO;, dried over anhydrous
sodium sulfatc and concentrated in vacuo. This resulted in 3-(benzyloxy)-2-[(E)-2-

15 phenylethenyl]-4H-pyran-4-onc (740 g, 87% yield) 1d as a ycllow solid.

Step D — Synthesis of uermediate Compound le
Into a 20-L 4-nccked round-bottom flask purged and maintained with an incrt
atmosphere of nitrogen, was placed 3-(benzyloxy)-2-[(£)-2-phenylethenyl]-4H-pyran-4-one 1d
20 (950 g, 3.12 mol, 1.00 cquiv), McCN (3 L), EtOAc (3 L), water (3 L). To this was added RuCls
(13 g, 62.67 mmol, 0.02 equiv) at 15°C. This was followed by the addition of NalO4 (2.673 kg,
12.50 mol, 4.00 cquiv) in portions at 15°C in 2 hrs. To this was added sodium chlorite (847.87 g,
9.37 mol, 3.00 equiv) in portions at 20°C. The resulting solution was stirred for 2 h at 20°C. The
solid was filtered out and washed with 3x2 L of THF. The combined filtrate was diluted with 5 L
25  of NaxS0;: (0.7 N). The pH of the solution was adjusted to 11 with sodium hydroxide (1 mol/L).
The resulting solution was extracted with 2x5 L of EtQAc. The pH of the combined aqueous
layer was adjusted to 3 with hydrogen chloride (12mol/L). The resulting solution was extracted
with 2x5 L of EtOAc. The combined organic layer was dried then concentrated in vacuo. The
resulting solid was washed with 4x1 L of cther. This resulted in 3-(benzyloxy)-4-oxo-4H-pyran-

30  2-carboxylic acid (397 g ,52% yicld) le as a whitc solid.

Step E — Synthesis of Intermediate Compound 1f
Into a 2-L 4-nccked round-bottom flask purged and maintained with an incrt

atmosphere of nitrogen, was placed 3-(benzyloxy)-4-oxo0-4H-pyran-2-carboxylic acid le (200 g,
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812.30 mmol, 1.00 cquiv), cthanoi (800 mL), 3-aminopropanc-1,2-diol (222 g, 2.44 mol, 3.00
equiv). The resulting solution was heated to reflux overnight, The resulting solution was diluted
with 200 mL of water. The resulting mixture was concentrated in vacuo to remove EtOH. The

resulting solution was extracted with 2x200 mL of EtOAc and the aqucous layers combined. The

W

pH value of the solution was adjusted to 3 with hydrogen chloride (conc.). The solids were
collected by filtration and washed with water (2x100 mL), dricd in an oven in vacuo. This
resulted in 3-(benzyloxy)-1-(2,3~-dihydroxypropyl)-4-oxo-1,4-dihydropyridine-2-carboxylic acid
(200 g,77% yield) 1f as a white solid.

10 Step E — Synthesis of Intermediate Compound A
Into a 2-L 4-necked round-bottom flask purged and maintained with an inert
atmospherce of nitrogen. This was followed by the addition of 3-(benzyloxy)-1-(2,3-
dihydroxypropyl)-4-oxo-1,4-dihydropyridine-2-carboxylic acid 1f (200 g, 626.35 mmol, 1.00
equiv), NMP (1000 mL), sodium bicarbonate (158 g, 1.88 mol, 3.00 equiv), CHal (133.5 2.

15 940.54 mmol. 1.50 equiv). The resulting solution was stirred overnight at room temperature. The
reaction mixture was cooled to 0°C with a watcr/ice bath. The resulting solution was diluted
with a solution of NaCl (73 g) in 500 mL of H20. Then the pH value of the solution was adjusted
to 4 with hydrogen chloride (conc.). The rcaction mixture was then stirred for another 2 hours,
The solids were collected by filtration, washed with water (2x100 mL) and then dried in an oven

20 invacuo. This resulted in methyl 3-(benzyloxy)-1-(2,3-dihydroxypropyl)-4-oxo-1,4-
dihydropyridine-2-carboxylate (117.6 g, 55% yield) A as a white solid.

Example 2
Preparation of Intermediate Compound 2e

o) o)
TMSN, é PdIC
Boc,0
Ny NHBoc
2a 2b 2c
OH OH
1. NaBH,4 HClin
2. isomer dioxane
separation NHBoc NH» .HCI
25 2d 2e
Step A — Synthesis of Intermediate Compound 2b
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To a stirred solution of TMSN: (167.0 g, 1.41 mol) in DCM (3.0 L) was added
AcOH (84 g, 1.41 mol) and the resulting solution was stirred at room temperature for 30 min. A
solution of cyclopent-2-cnonc 2a (100 g, 1.21 mol) in DCM (200 mL) was added and then
cooled to 0 °C. EtsN (370 mL, 2.78 mol) was added for 30 min at the same temperature. The

resulting reaction mixture was warmed to roomn temperature and stirred overnight. The reaction

(V]

progress was monitored by TLC [40 % EtOAc in petroleum cther, using KMNO; solution to
visualize the spot]. Ryvalucs of starting matcrial and product are 0.1 and 0.4 respectively. After
completion of the reaction (TLC), the reaction mixture was diluted with water and extracted into
DCM (2 x 500 mL) and washed with NaHCO3 solution. The organic layer was concentrated in
10 vacwo to provide the crude compound 2b (220 g). This was used as such in the next step without

further purification.

Step B — Synthesis of Intermediate Compound 2c
To a slurry of Pd/C (10 g) in cthano! (450 mL) was added solution of compound
15 2b (220 g, 1.76 mol) and Boc anhydride (200 mL, 0.88 mol). The resulting rcaction mixturc was
hydrogenated in a Parr shaker at room temperature for 5 h at 30 psi. The reaction progress was
monitored by TLC [60 % EtOAc in petroleum cther, using KMnOy to visualize the spot]. Ry
valucs of the starting matcrial and product are 0.4 and 0.6 respectively. After completion of
reaction (TLC), the reaction mixture was filtered through a Celite bed and the filtrate was
20  concentrated i vacuo to get the erude compound 2¢ (180.0 g). The crude compound 2¢ was
adsorbed on 400 g of 100-200 silica gel, which was loaded over a pre-packed column with silica
gel [120 mm x 75 cm width and height of column, loaded with 2.4 kg of 100-200 silica gel].
Elution started with 10 % EtOAc/ petroleum ether and finished with 30 % EtOAc/ petroleum
ether. All the pure fractions were collected, concentrated in vacuo to provide compound 2¢ (110

25 g, 31% yield) as a liquid.

Step C — Synthesis of Intermediate Compound 2d
To a stirred solution of compound 2¢ (110 g, 0.55 mol) in methanol (700 mL) was
added NaBH, (20.79 g, 0.55 mol) portion wise at 0 °C and stirred for 5 h. The reaction progress
30  was monitored by TLC [60 % EtOAc in petroleum ether, using KMnOj to visualize the spot]. Ry
valucs of starting matcrial and product are 0.6 and 0.3 respectively. After completion of reaction
(TLC), methanol was concentrated in vacuo and diluted with water, then extracted with EtOAc
(2 x 1.0 L.). The combined organic layers were dried over sodium sulfate and concentrated in

vacuo 10 get a crude mixture of cis & trans isomers (65 g). The crude mixture was adsorbed on
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200 g of 100-200 silica gel, which was loaded over a pre-packed column with silica gel [100 mm
x 60 cm width and height of column, loaded with 1.2 kg of 100-200 silica gel]. Elution started
with 30 % EtOAc/ petroleum cther and finished with 40 % EtOAc/ petrolcum cther. All the purc

fractions were collected, concentrated in vacuo to provide the compound 2d (47 g, 45% yield) as

wh

a colorless gum liquid.

Step D — Synthesis of ntermediate Compound 2e
To a stirred solution of compound 2e (47 g, 0.23 mol) in Dioxane (400 mL) was
added 2M Dioxane in HC! (150 m1.) at 0 °C and stirred for 5 . The reaction progress was
10 monitored by TLC [100 % EtOAc, using KMnO, to visualize the spot]. Ryvalues of the starting
material and product are 0.6 and 0.1 respectively. After completion of reaction (TLC), dioxanc
was concentrated in vacuo to get the crude compound 2e (36 g). The crude mixture was washed
with acctonitrile to provide the title compound 2e (31 g, 96 % yicld) as an off white solid. IR
(KBr, cmn™): 3431, 2969, 1626 and 1024. 'H NMR (400 MHz, DMSO-ds) : 8.0 (s, 3 H), 4.97 (d,
IS5 1H,J=3.6Hz),4.12(t, 1 H,J=44Hz),343 (t. | H.J=6 Hz), 2.12-2.0 (m, 1 H), 1.98-1.85
(m, 1 H), 1.80-1.60 (i, 3 H), 1.60-1.50 (m, 1 H). "C NMR (100.57 MHz, DMSO-de) &: 70.5,
49.7,33.2,28.3. M+1=102.2

Example 3
20 Preparation of Compounds 1 and 2
OH

HO NH,
Hoj) HOj/OH
=N NalO4 Z N 3a s N/\(O
L OMe o g N

o = OMe o
OBn O OBn O OBn O
A B 3b

3d o
Br O o}
NBS ZINTY 1. Pd(PPhy),, CO N NTY
—_— o = N F o = N

B 2. LiCl, DMF & &
3¢ 1and 2
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Step A - Synthesis of Intermediate B
To a solution of compound A (0.4 g, 1.2 mmol) in acetonitrile/water (1:1 - 4 mL/4
mL) was added acctic acid (7.21 mg, 0.12 mmol) and sodium periodate (0.308 g, 1.44 mmol) at
room temperature. The mixture was then stirred for 2 h at the same temperature, LCMS showed
5 the reaction was complete. Aqueous sodium thiosulfate (10%, 1.2 mL) was added and the
mixture was cooled to 5-10 C, concentrated and filtered by washing with water to provide
compound B (0.23 g, 61% yicld) as a whitc solid. TH-NMR: (400 MHz, DMSO-d) 8 7.61 (d. /
= 7.6Hz, 1H), 7.39~7.34 (m, 5H), 6.37~6.28 (m, 3H), 5.09 (s, 2H), 4.94~4.89 (m, 1H), 3.80 (s,
3H), 3.74 (d, /=5.6 Hz, 2H). M+1: 319.9.
10
Step B - Synthesis of Compound 3b
To a solution of compound 3a (HCI salt) in MeOH was added saturated NaHCO:
(1 cquiv) solution and the resuoting reaction was stirred for 10 minutes, then concentrated in
vacuo. To the residuc was added McOH. then filtered (repeated twice to remove salts), the
15 filtrate was concentrated in vacuo for cyclization.
Compound B (800 mg, 2.51 mmol) was taken up in MeOH (20 mL) and hcated
until completc dissolution. The solution was then concentrated in vacuo, and toluenc (20 mL)
was added stirred for 5 minutes and concentrated in vacuo. To the mixture, toluenc (35 mL),
acelic acid (0.8 mL, 2.51 mmol), and amino alcohol 3a (fice base, 537 mg, 4.51 mmol) were
20  added and the mixturc was heated and stirred at 90 C for 2 h. The mixture was concentrated in
vacuo washed with saturated aqueous NaHCO: (20 mL) and extracted with DCM (15 mL x 3).
The organic layers were concentrated in vacuo and the residue was purified using column
chromatography (Si0;. DCM: MeOH = 50:1 to 30:1) to provide compound 3b (300 mg, 34%
yield) as a light yellow solid. 'H-NMR: (400 MHz, CDCls) § 7.64 (d, /= 7.2Hz, 2H), 7.35~7.27
25 (m, 3H), 7.13 (d, / = 7.2 Hz, 1H), 6.46 (d, ] = 7.2 Hz, 111), 541 (d, /= 10.0 Hz, 1H), 535~5.34
(m, 1H), 5.25~5.19 (m, 2H), 4.59 (s, 1H), 3.90~3.84 (m, 2H), 2.04~1.97 (m, 4H), 1.77~1.75 (m,
1H), 1.56~1.51 (m, 1H). M+1: 352.9.

Step C - Synthesis of Compound 3¢

30 To a solution of compound 3b (37 mg, 0.11 mmol) in NMP (2 mL) was added
NBS (20.6 mg, 0.12 mmol) at room temperature. The rcaction mixture was stirred for 2 h, then
H;0 (3 mL) was added, and then extracted with DCM (6 mL). The organic layers were washed
with H,0 (2 mL) concentrated in vacuo and purified using prep-TLC (DCM: McOH = 15: 1) to
provide compound 3¢ (45 mg, quantitative) as a white solid. 'H-NMR: (400 Mllz, CDCls) &
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7.66 (d, /= 6.8 Hz, 2H), 7.60 (5,1H), 7.36~7.28 (m, 3H), 5.40 (d, / = 10.0 Hz, 1H), 5.33~5.26
(m. 1H), 5.24~5.23 (m, 1H), 5.18 (d. J = 10.0 Hz, 1H), 4.60 (s, 1H), 4.01~3.89 (m. 2H),
2.05~2.01 (m, 4H), 1.77~1.72 (m, TH), 1.56~1.52 (m, 1H). M+1: 430.8.

5 Steps D&E - Symihesis of Compound 1&2
To a solution of compound 3¢ (300 mg. 0.7 mmol) in DMSO (2 mL) was added

bonzyl amine 3d (1 g, 7.0 mmol), Et:N (0.61 mL, 3.5 mmol) and Pd(PPh.), (80.6 mg, 0.07
mmol) at room temperature under CO atmosphere. The mixture was then heated to 90°C and
stirred for 15 h. Reaction progresss was followed by L.C-MS. Then H,0 (20 ml.) was added,

10 extracted with EtOAc (15 mL x 4), and the organic layers were washed with HO (10 x 2 mL).
The mixture was concentrated in vacuo and purified using column chromatography (SiO,, DCM:
MeOH = 100:1 to 20:1) to provide the racemic mixture (130 mg, 34% yicld) as a white solid,
which was resolved and deprotected using the procedures below. 'H-NMR: (400 MHz, CDCly)
0 8.33 (s. 1IN, 7.61 (d, J = 7.2 Hz, 2H), 7.35~7.30 (m, 3H). 6.79~6.74 (m., 3H), 5.35~5.33 (m.

15 2H). 5.26~5.23 (m, 1H), 5.20~5.17 (m, 1H). 4.81 (s, 2H), 4.62 (s, 2H), 4.13~4.11 (m. 1H),
4.00~3.97 (m, 1H), 2.06~1.99 (m, 4H), 1.79~1.76 (in, 1H), 1.55~1.54 (m, 1H), M+1: 522.0.

Separated by chiral SFC (SFC condition: Column: Chiralpak AD 250 x 30mm
I.D., 20um, Mobile phase: Supercritical CO2/A (0.1%) NHa*H0 = 45/55 at 80 mL/min. A=
EtOH+ACN (2:1), Column Temp: 38 C, Nozzle Pressurc: 100 Bar. Nozzle Temp: 60 °C,

20 Evaporator Temp: 20°C, Trimmer Temp: 25°C, Wavcelength: 220 nm) to provide Peak 1 (50 mg)
& Peak 2 (50 mg).

To a solution of compound from peak 1 (50 mg, 0.096 mmol) in DMF (2 mL)
was added LiCl (120.9 mg, 2.88 mmol) at room temperature under N, atmosphere, then the

mixture was stirred at 95 C for 2 h, LCMS showed the reaction was completed. The mixture was

o
v/}

purificd using prep-HPLC to provide compound 1 (30 mg, 73% yield) as a white solid. 'H-NMR:
(400 MHz, DMSO-dg) 8 12.47 (s, 1H), 10.37 (1, J = 6.0Hz, 1H), 8.46 (s, 1H), 7.39~7.37 (m. 1H),
7.27-7.22 (m, 1H), 7.09~7.06 (m, 1H), 5.46~5.43 (m, 1H), 5.09 (s, |H), 4.69 (d, J = 8.8Hz, 1H),
4.60 (s, 1H), 4.53 (t, J = 6.0Hz, 2H), 4.06~4.02 (m, 1H), 1.94 (s, 4H), 1.83 (d, J = 12.0Hz, 1H),
1.59~1.56 (m, 1H). M+1=4319.

30 To a solution of compound from peak 2 (50 mg, 0.096 mmol) in DMF (2 mL.)

was added LiCl (120.9 mg, 2.88 mmol) at room temperature under N atmosphere, then the
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mixture was stirred at 95 C for 2 h, LCMS showed the reaction was completed. The mixture was
purified using prep-HPLC to provide compound 2 (31 mg, 75% yield) as a white solid. 'H-NMR:
(400 MHz, DMSO-dg) 3 12.47 (s, 1H), 10.37 (1, / = 6.0Hz, 1H), 8.46 (s, |H), 7.39~7.37 (m, I H),
7.27~7.22 (m, 1H), 7.09~7.06 (m. 1H), 5.46~5.43 (m, 1H). 5.09 (s, 1H), 4.69 (d. J = 8.8Hz, |H),

5 4.60 (s, 1H), 4.33 (t, J/ = 6.0Hz, 2H), 4.06~4.02 (m, 1H), 1.94 (s, 4H), 1.83 (d, / = 12.0Hz, 1H).
1.59~1.56 (m, 1H). M+1=431.9.

Example 4
Preparation of Intermediate Compound 4e
B
Bn\ Bn N,
TMSCHZNI Ex
NaBH(OAc)g Me®
o)
4a 4b 4c
Bn
N- NH;
LiAIH, Br pdic, Ha 2
S, —
HO HO

4d de

10 Step A — Synthesis of Intesmediate Compound 4b
To a solution of compound 4a (4.0 g. 35.1 mmol) in DCM (50 ml) and MeOH (5
mL) was added TMSCH:N; (30 mL, 60.0 mmol) at 0 °C. The solution was allowed to stir at 0°C
for 1.5 h. The solvent was evaporated in vacue to provide the compound 4b (4.4 g, 98% yicld) as

an oil.

Step B — Synthesis of Intermediate Compound 4¢
To a solution of compound 4b (4.4 ¢, 34.3 mmol) and dibenzylamine (8.13 g,
41.2 mmol) in AcOI1 (5 mL)/TIIF (50 mL) at room temperature was added NaBIT(OAc); (17.5
g, 82 mmol) and allowed to stir at room temperature overnight. The mixture was concentrated in
20 vacwo and difuted with H,0 (100 mL), the pH was adjusted to 8 with aqucous NaHCOs, and then
extracted with EtOAc (80 mL x 3). The combined organic layers were concentrated in vacuo and
the residue was purified using column chromatography (petroleum cther: EtOAc 100:1 to 30:1)

to providc compound 4c (7.35 g, 69% yicld) as a colorless oil.

25 Step C—Synthesis of Intermediate Compound 4d
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To a solution of compound 4c¢ (7.35 g, 24.88 numol) in THF (40 mL) at 0°C was
added to a solution of LiAIH, (1.03 g, 27.4 mmol) in THF (40 mL) dropwise. The mixture
solution was allowed to stir at 0°C for 2.5 h then mixture was quenched with H,O (1 mL),

15%NaOH (1 mL) and H,O (3 mL), then dried over MgSQ,. The solution was filtered and

(]

concentrated in vacuo to provide compound 4d (6.0 g, 86% yield) as an oil.

Step D - Synthesis of Intermediate Compound 4e
A mixture of compound 4d (4.69 g, 16.67 mmol) and 10% Pd/C (1.77 g , 1.67
mmol) in AcOH (2.0 mLYEtOH (40 mL) was allowed to stir at room temperature under H, (50
10 psi) for 16 h. The mixture was filtered through Celite cluting with excess 1:1 McOH/DCM, and
the filtrate was concentrated in vacuo. The resulting residuc was dissolved in 45 mL McOH. 1
mL AcOH was addcd to the solution, and it was loaded onto a pre-packed cation exchane column.
The column was washed with 250 mL MeOH. Product was cluted off the column with 250 mL
2 N NH: in McOH. The filtrate was concentrated in vacuo to provide compound de (1.39 g2,
IS 82% yicld) as a clear oil, and a ~5:1 mixturc of cis/trans isomers. Data reported are for the major
cis isomer. 'H NMR: (500 MHz, CD;0D) 3 3.45-3.40 (m, 2H), 3.28-3.20(m, 1H). 2.38-2.24 (m,
2H), 2.18-2.00 (m, 1H), 1.57-1.41 (m, 21}).

Example 5
20 Preparation of Compound 3

HO.__OH ﬁ
]’ HO

ZN /Y \
F OMe - N
° o
080 O oBn O S8n & Ot

NH,

B 5b
F F
H2N\:©/
3d
NBS Brm\oﬁ 1. Pd(PPhs)y, CO )ji\/f::’ﬁ
_— o = N
J 2. LiCl, DMF
5c

Step A - Synthesis of Compound Sa
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Compound B (1000 mg, 3.13 mmol) was suspended in McOH (5 mL) and heated
at 65 °C for 15 mins, to complete dissolution. The solution was then concentrated in vacuo and
THF (31 mL) was added. With stirring, acetic acid (1.03 mL mL, 17.2 mmol), and
aminoalcohol 4e (950 mg, 9.40 mmol) were added, and the reaction mixture was heated and

stirred at 70 'C for 5 h, until LCMS analysis indicated complete consumption of starting material.

(W)}

LCMS showed a ratio Sa: 5b ~1:1. The mixturc was concentrated /n vacuo and the residuc was
purificd dircctly by gradicnt clution on SiO; (2% to 8% McOH/DCM over 35 mins) to provide
5a (370 mg. 34% yield) as a tan gum. 'H-NMR: (400 MHz, CD;0D) 6 7.77 (d, ./ = 7.2 Hz, 1H),
7.51-7.49 (m, 2H), 7.34-7.29 (m, 3H), 6.58 (d, J = 7.2 Hz, 1H), 5.56-5.55 (m, 1H), 5.16 (s, 2H),

10 4.48-4.45 (m, 1H), 4.35-4.26 (m, 1H), 3.94 (s, 2H), 3.68-3.66 (m, 1H), 2.82-2.78 (m, 1H), 2.67-
2.52 (m, 2H), 2.09-2.02 (m, 1H), 1.86-1.81 (m, 1H). M+1: 352.9.

Step B - Synthesis of Compound 5¢
To a solution of compound 3a (30 mg, 0.142 mmol) in DCM (1.5 mL) was added
15 NBS (30.3 mg, 0.170 mmol) at room temperature. The mixture was stirred for 45 mins,
concentrated i vacuo, and purified dircctly by reverse phase chromatogrpahy (SunFirc'™ Prep
C18 OBD™ 5um 30 x 150 mm column; 3 to 95% CH;CN/water with 0.1% TFA modificr over
18 minutes). Product was extracted out of the combined aquoues fraction with 2x 25 ml DCM.
The combined organics were dried over Na;SOy, filtered, and concentrated in vacuo to afford
20  compound 5S¢ (56 mg, 92% yield) as a white solid. 'H-NMR: (400 MHz, CD;0D) & 8.29 (s, 1H),
7.53-7.51 (i, 2H), 7.34-7.30 (m, 3H), 5.59-5.56 (m. 1H), 5.18 (s, 2H}), 4.93-4.92 (m, 1H), 4.48-
4.47 (m, 1H), 4.34-4.33 (m, 1H), 3.94 (s, 2H), 2.84-2.78 (m, 1H), 2.70-2.66 (m, 2H), 2.07-2.04
(m, 1H), 1.87-1.84 (m, 1H). M+1: 430.8.

25 Steps C&D - Synthesis of Compound 3
To a solution of compound 5¢ (56 mg, 0.130 mmol) in DMSO (4.3 mL) was

added benzyl amine 3d (74.3 mg, 0.519 mmol), DIEA (0.113 mL, 0.649 mmol) and Pd(PPhz),
(60 myg, 0.052 mmol) at room temperature. The resulting suspension was degassed under N for
5 mins, evacuated, and back-filled with COy,, three times. The mixture was then heated to

30 105 °C and stirred under a balloon of COy, for 1 h.  The reaction mixturc was cooled to room
temperature, filtered, and purified directly by reverse phasc chromatogrpahy (SuaFire™ Prep
C18 OBD™ 5um 30 x 150 mm column; S to 95% CH;CN/watcer with 0.1% TFA modifier over

18 minutcs). Product was extracted out of the combined aquoues fraction with 2x 25 mL DCM.
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The combined organics were dried over Na;SQy, filtered, and concentrated in vacuo to afford the
penultimate intermediate (38 mg, 56% yield) as a tan solid.
A solution of the intermediate product above (15 mg, 0.029 mmol) in McOH (1
mL) was degassed with N; for 2 min, and then charged with 10% Pd/C (6.12 mg, 0.0058 mmol).
5 The resulting suspension was evacuated, and back-filled with H, (gas) three times. The mixture
was then stirred at room temperature for 2 h.  The rcaction mixture was filtered, and then
purificd directly by reverse phase chromatogrpaby (SunFirc™ Prep C18 OBD'™ Sum 30 x 150
mm column; 5 to 95% CH:CN/water with 0.1% TFA modifier over 18 minutes). Product was
isolated by lyophilization to afford compound 3 (7.5 mg, 60% yield) as an off-white solid.
10 'HNMR: (400 MHz, DMSO-dg) 8 12.49 (s, 1H), 10.37 (s, 1H), 8.55 (s, 1H), 7.40-7.39 (m, 1H),
7.27-7.22 (m, 1H), 7.07-7.05 (m, 1H), 5.78 (s, 1H), 4.82-4.8| (m,1H), 4.58-4.55 (m, 4H), 3.90-
3.87 (m, 2H), 2.59-2.52 (m, 3H), 2.10-2.06 (m, 1H)., 1.72-1.67 (m, 1H), M+1 =432.0

Example 6
15 Prcparation of Intcrmediatc Compound Ge

/©/CO2H

Q\ L-selectride O,N
—

(e} NHBaoc

HO NHBoc  DEAD. PPh,
6a b
1% /O\ K2CO; Q\ HCl Q
———— ==
O)*o NHBoc oo Lo NHBoc MeOH  HO NH, HCI
ON
6c &d Be

Step A — Synthesis of Intermediate Compound 6b
To a solution of compound 6a (5.0 g, 23.44 mmol) in THF (50 ml) was added L-
20 Selectride (35.2 mL, 35.2 mmol) at -78°C. The mixture was stirred at -78&°C for 2 h. TLC showed
the reaction was complete and the reaction was quenched with 10% aqueous NaOH (20 mL).
After concentration, the residue was diluted with EtOAc (200 mL), washed with brine (200 mL),
dricd over Na;SOs, and concentrated in vacuo. The residue was purified using column

chromatography (Si0z, Pctroleum cther: EtOAc = 10:1 to 1:1) to provide compound 6b 4.1g,

25 81% yield) as a white solid.
Step B — Synihesis of Intermediate Compound 6¢
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To a solution of compound 6b (4.1 mg, 19.04 mimol), 4-nitrobenzoic acid (3.82 g,
22.85 mmol), and PPh; (9.9¢, 38.1 mmol) in THF (60 ml) was added DEAD (6.03 mL, 38.1
mmol) at 0°C. The reaction mixture was then stirred at 25°C for 16 h, quenched with water (100
mL) and extracted with EtOAc (100 mL x 3). The combined organic phase was washed with
3 water (100 mL x 2), dried over Na,;SO4, and concentrated in vacuo. The residue was purified
using column chromatography (SiO2, Petrolcum cther: EtOAc = 10: 1 to 5: 1) to provide

compound 6¢ (1.3 g, 81% yicld) as a white solid.

Step C — Synthesis of Intermediate Compound 6d

10 To a solution of compound 6¢ (1.3 g, 3.57 mmol) in McOH (40 mL) was added
K>CO; (1.97 g, 14.27 mmol). The mixture was stirred at room temperature for 16 h. After
concentration, the residue was diluted with EtOAc (50 mL), washed with water (50 mL) and
brine (50 mL), dried over NapSO4, and concentrated i vacuo to provide compound 6d (700 mg,

91% yicld) as a whitce solid.

Step D — Synthesis of Intermediate Compound Ge
A mixturc of compound 6d (700 mg, 3.25 mmol) and 4M HCI’McOH (10 mL)
was stirred at room temperature for 1 h and concentrated in vacuo to provide compound 6e (350
mg, 93% yicld) as a brown oil. "HNMR.: (400 MHz, DMSO-d¢) 8 3.57~3.51 (m, 1H), 3.06~2.99
20 (m, 1H), 2.12 (d, J = 15.6 Hz, iH), 1.85-1.75 (m, 3H), 1.30~1.14 (m, 4H). M+1=116.

Example 7
Preparation of Compound 4

j/ HO' NH,
A N o Z N/\(o NBS Bra_~ N/\(o
TS
o P OMe o = N o Pz N
b

OBn O OBn O OBn O

B 7a 7
F F
HZN\D/
3d F o]
0.
1. Pd(PPha)s. CO /@AN AN
P S E o = N
OH O

2. LiCl, DMF

4
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Step A - Synthesis of Compound 7a

Compound B (200 mg, 0.626 mmol) was taken up in MeOH (5 mL) and heated
until complete dissolution. The solution was then concentrated i vacuo, toluenc (20 mL) was
then added and the solution was stirred for 3 minutes and concentrated in vacio. To the mixture,
toluene (20 mL), acetic acid (263 mg, 4.38 mmol), and amino alcohol Ge (frce base, 537 mg,
4.51 mmol) were addced. and the mixture was heated and stirred at 90°C for 1.5 h. The mixture
was concentrated in vacuo and the residuc was purified using prep-TLC scparation to provide

compound 7a (50 mg, 22% yield) as a solid.

Step B - Synthesis of Compound 7b

To a solution of compound 7a (50 mg, 0.136 mmol) in DCM (3 mL) was added
NBS (48.6 mg, 0.273 mmol) at room temperature. The mixture was stirred for 2 h, then
concentrated in vacuo and purified using prep-TLC (DCM: McOH = 15: 1) to provide compound
7b (20 mg, 74% yicld) as a ycliow oil.

Steps C&D - Synthesis of Compound 4

To a solution of compound 7b (30 mg, 0.067 mmol) in DMSO (3 mL) was added
benzyl amine 3d (33.2 mg, 0.232 mmol), DIEA (0.04 mL, 0.232 mmol) and PA(PPh;)s (11 mg,
9.30 mmol) at room temperature under CO atmosphere. The mixture was then heated to 90°C
and stirred for 15h. Reaction progresss was followed by LC-MS. Then H,0O (20 mL) was added,
the mixture was extracted with EtOAc (15 mL x 4), and the organic layers were washed with
H,0O (10 x 2 mL). The mixture was concentrated in vacuo and the residue was purified using
prep-TLC separation to provide the intermediate (10 mg, 28% vield) as a solid, which was
deprotected using the procedure below.

To a solution of the intermediate (10 mg, 0.019 mmol) in DMF (0.5 mL) was
added LiCl (24 mg, 0.56 mmol) at room temperature under Ny atmosphere, then the mixture was
stirred at 90'C for 2 h, LCMS showed the reaction was completed, the mixture was purified
using prep-HPLC to provide compound 4 (5 mg, 60% yicld) as a pink solid. '"HNMR: (400 MHz,
DMSO-dg) 6 10.38 (5, 1H), 8.31 (s, 1H), 7.39~7.33 (m, 1H), 6.83~6.78 (i, 2H), 5.52 (s, 1H),
4.64~4.50 (m, 4H), 4.25~4.12 (m, 1H), 4.05~3.95 (m, 1H), 2.46 (d, J= 14 Hz, 1H), 2.15(d, J =
14.8Hz, 1H), 1.89~1.81 (m, 3H), 1.55~1.43 (m, 3H). M-+]=446.

Example 8
Preparation of Intermediatc Compound 8e
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HO., cbzct O mMscl MO,
O—NHZ NHCbZ O—NHCbz
Na,CO3
8a 8b 8¢
NaNj N3 1o0% Paic MM
—_—c D—NHCbz " D—NH:
MeOH
8g 8¢

Step A — Svnihesis of Intermediate Compound 8b

To a solution of compound 8a (140 mg, 1.39 mmol) in DCM (2 mL) : HO (2 mL)

was added Na,CO: (294 mg, 2.77 mmol). The mixturc was stirred at room temperature for 5 min
then added CbzCl (237 mg, 1.39 mmol). The reaction mixture was stirred at room temperature
for 1.5 h. After concentration, the residuc was diluted with HoO (20 mL), extracted with DCM
(20 mlL x 3), dricd over NapSOa, and concentrated in vacun to provide compound 8b (260 mg,

77% yicld) as a brown solid.

Step B — Synihesis of Iniermediate Compound Sc

To a solution of compound 8b (260 mg, 1.07 mmol) in DCM (4 mL) was addcd
Et:N (0.3 mL, 2.14 mmol). The mixturc was stirred at 0°C for 5 min then added MsCl1 (0.17 mlL,
2.14 mmol). The mixture was stirred at room temperature for 2 h. The reaction mixture was
diluted with H,0 (20 mL), extracted with DCM (20 mL x 3), dricd over Na»>SOu, and

concentrated in vacuo 1o provide a crude mixture of compound 8c (400 mg) as a brown solid.

Step C — Synthesis of Intermediate Compound 8d

To a solution of compound 8c (400 mg, 1.28 mmol) in DMF (5 mL) was added
NaN; (166 mg, 2.56 mmol). The mixture was stirred at 60°C for 2 h. The reaction mixture was
quenched with water (30 mL) and extracted with EtOAc¢ (30 mL x 3). The combined organic
phase was washed with water (30 mL x 2), dried over Na»SO4 and concentrated in vacuo to

provide compound 8d (300 mg, 90% yicld) as a brown oil.

Step D — Synthesis of Intermediate Compound Se
A mixture of compound 8d (300 mg, 1.15 mmol) and 10% Pd/C (30 mg) in
McOH (15 mL) was stirred at 30°C under Ha balloon for 16 h. The rcaction mixture was filtered

and filtrate was concentrated in vacuo to provide compound 8e (140 myg, 93% yield) as a
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colorless oil. 'H-NMR: (400 MHz, McOH-dy) 3.33~3.28 (m, 2H), 2.27~2.23 (m, 1H), 1.94~1 89
(m. 2H), 1.56~1.53 (m, 2H), 1.20~1.17 (m, 1H). M+1: 101.

Example 9
Preparation of Compounds 5 and 6

HO.__OH ,&
j/ HoN NH, H
N
N Se e N/\r CH3COC! = N/\(
o pZ OMe o = N = N

(V]

O
OBn O OBn O 0o8n O
8 9a 9b
£ F
H,N
Me 2 J©/ Me
0. O
. T 3d F o T
7 E
NBS Ny 1. PA(PPhy),, CO N T Y
—_— o = N £ = N
O
. 2. LiCl, DMF i
9¢ 5and 6

Step A - Synthesis of Compound 9a
Compound B (80 myg, 0.25 mmol) was taken up in MeOH (2 mL) and heated until
10 complete dissolution. The solution was then concentrated in vacuo, toluene (2 mL) was added
and the mixturc was stirred for 5 minutes and concentrated in vacuo. To the mixture, tolucnc (2
mL), acetic acid (0.08 mL), and diamine 8e (30 mg, 0.3 mmo!) were added and the mixture was
heated and stirred at 90 C for 1.5 h. The mixturc was concentrated in vacuo and the residuc was

purified using prep-T1.C separation to provide compound 9a (50 mg, 57% yield) as a brown
15  solid.

Step B - Synthesis of Compound 96
To a solution of compound 9a (35 mg, 0.100 mmol) in DCM (1 mL) was added
Et:N (0.028& mL, 0.199 mmol). The mixture was stirred at room temperature for 5 min, then
20  added acetyl chloride (10.16 mg, 0.129 mmol). The mixture was stirred at room temperature for
2 h. The reaction was quenched with H,O (1 mL), the residuc was diluted with DCM (20 ml),
washed with saturated aqueous NaHCO: (20 mL) and brine (20 mL), dried over Na,SQq and

concentrated in vacuo to provide compound 9b (50 mg, 77% yicld) as yellow oil.
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Step C - Synthesis of Compound 9¢

To a solulion of compound 9b (30 mg, 0.076 mmol) in DCM (1 mL) was added
NBS (20.36 mg, 0.114 mmol). The mixturc was stirred at room temperature for 2 h. The residuc
was purified using prep-TLC (DCM: MeOH = 10: 1) to provide compound 9¢ (25 mg, 69% yicld)

5 asyellow oil.

Steps D&E - Svnthesis of Compounds 5 and 6

To a solution of compound 9¢ (20 mg, 0.042 mmol) in DMSO (3 mL) was added DIEA
(0.037ml., 0.212 mmol), (2, 4-difluorophenyl) methanamine (60.6 mg, 0.423 mmol) and

10 Pd(PhiP)s (9.79 mg, 8.47 pmol) at room temperature under CO atmosphere, then the mixture

was stirred at 90 °C for 15 h. The reaction was quenched with H,O (10 mL), extracted with
EtOAc (10 mL x4) and the organic layers were concentrated in vacuo. The residue was purified
using prep-TLC (DCM:McOH = 10:1) to provide the intermediate (6 mg, 25% yicld) as a
colorless oil, which was resolved and then deprotected using the procedures betow.

15 Separated by chiral SFC (SFC condition: Column: Chiralpak O 250 > 30mm LD, 20um,
Mobile phase: Superceritical CO2/A (0.1%) at 80 mL/min, A= EtOH+ NH;-H,0 (1:1). Column

Temp: 38 C, Nozzle Pressure: 100 Bar, Nozzle Temp: 60°C, Evaporator Temp: 20 C, Trimmer
Temp: 25°C, Wavelength: 220 nm) to provide Peak 1 (18 mg) & Peak 2 (15 mg).
To a solution of the intermediate from peak 1 (6 mg, 0.010 mmot) in DMF (0.5 mL) was
20 added LiCl (14 mg, 0.32 mmol) at room temperature under N; atmospherc. The mixture was
stirred at 90'C for 2 h, LCMS showed the reaction was completed, the mixture was purified
using prep-HPLC to provide compound 5 as a pink solid. '"H-NMR: (400 MHz, McOH-d4) &
8.44 (s, 1H), 7.45 (s, 1H), 7.00~6.82 (m, 2H), 5.60 (m, IH), 5.33 (m, 1H), 5.06~5.00 (m, 1H),
4.73~4.66 (m, 2H), 4.11~4.00 (m, 1H), 2.30 (s, 3H), 2.17~2.09 (m, 2H), 2.00~1.97 (m, 1H),
25 1.87-1.63 (m, 4H). M+1: 473. A similar dcprotcction procedurce was uscd starting with pcak 2
to provide compound 6 '1-NMR: (400 MHz, MeOH-d,) 3 8.44 (s, 111), 7.45 (s, 111), 7.00~6.82
(m, 2H), 5.60 (m, 1H), 5.33 (m, 1H), 5.06~5.00 (m, 1H), 4.73~4.66 (m, 2H), 4.11~4.00 (m, 1H),
2.30 (s, 3H), 2.17~2.09 (m, 2H), 2.00~1.97 (m, 1H), 1.87~1.63 (m, 4H). M+1: 473.

30 Example 10
Assay for inhibition of H1V replication
This assay is a kinctic assay that cmploys a reporter cell line (MT4-gag-GFP) to

quantify the number of new cclls infected in cach round of replication.
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MT4-GFP cclls (250,000 cells/ml) were bulk-infected with HIV-1 (NL4-3 strain)
at low multiplicity of infection (MOI) in RPMI + 10% FBS for 24 hours. Cells were then washed
once in RPMI + 10% FBS and resuspended in RPMI + 0% or 10% or 100% normal human
serum (NHS). Test compounds were serial-dituted in DMSQ on ECHO. The infected MT4-GFP

5 cells were added to a 384-well poly-D-lysine coated black plate with clear bottom in which the
diluted test compounds were placed. The cells were sceded at 8.000 cells per well and the final
DMSO concentration was 0.4%. The infected cells (Green GFP cells) were quantified at both 24
and 48 hours post incubation using Acumen ¢X3. Viral reproductive ratio (Rg) was determined
using the number of infected cells at 48 hours divided by the number of infected celis at 24

10 hours. Percent viral growth inhibition was calculated by [ 1-(R-Ruipieanie)/ ( Romso-Risipledrug )]+ 100.

Compound potency IP or ICs, was determined by a 4-parameter dose response curve analysis.
Hlustrative compounds of the present invention were tested using this assay

protocol and results are presented in the Table below.

WILD WILD
TYPE TYPE
CELL CELl:

No. Structure ASSAY ASSAY
1P (0% IP (100%
NHS) NEIS)
B 0
jogseets
1 F o~ NN 2 nM 209 nM
oH O

single enantiomer A

F

0
Joapeets
2 13 o~ NN 2 nM 466 nM

OH O
single enantiomer B

L 7
O
fogpser
3 F T 2 nM 86 nM
OH O

racemic
= ﬁ I o N/\(o
4 F/QA /02‘\“/“\3 4 nM 88 nM
OH O
racemic
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F 9 O’
D
£ o~ N 2 nM 43 nM

OH O

W

single enantiomer A
£ 0 O
N

o peey
6 £ P~ 2 nM 37aM

OH O

single enantiomer B

Treatment or Prevention of HIV Infection

The Tetracyclic Heterocycle Compounds are uscful in the inhibition of HIV, the

inhibition of HIV integrase, the treatment of HIV infection and/or reduction of the likelihood or

5 scverity of symptoms of HIV infcction and the inhibition of HIV viral replication and/or HIV
viral production in a ccll-bascd system. For example, the Tetracyclic Heterocycle Compounds
arc uscful in treating infection by HIV after suspected past cxposure to HIV by such mcans as
blood transfusion, cxchange of body fluids, bites, accidental needle stick, or exposurc to subject
blood during surgery or other medical procedures.

10 Accordingly, in one embodiment, the invention provides methods for treating
HIV infection in a subject, the methods comprising administering to the subject an cffective
amount of at least one Tetracyclic Heterocycle Compound or a pharmaceutically acceptable salt
or prodrug thereof. In a specific embodiment, the amount administered is effective to treat or
prevent infection by HIV in the subject. In another specific embodiment, the amount

15 administered is effective to inhibit HIV viral replication and/or viral production in the subject.
In one cmbodiment, the HIV infection has progressed to ATDS.

The Tetracyclic Heterocycle Compounds arc also uscful in the preparation and
cxccution of screening assays for antiviral compounds. For example the Tetracyclic Heterocycle
Compounds are useful for identifying resistant HI'V cell lines harboring mutations, which are

20  excellent screening tools for more powerful antiviral compounds. Furthermore, the Tetracyclic
Heterocycle Compounds arc uscful in cstablishing or determining the binding sitc of other
antivirals to the HIV Integrase.

The compositions and combinations of the present invention can be useful for

treating a subject suffering from infection related to any HIV genotype.

3%
W

Combination Therapy
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In another cmbodiment, the present methods for treating or preventing H1V
infection can further comprise the administration of one or more additional therapeutic agents
which are not Tetracyclic Heterocyele Compounds.

In one embodiment, the additional therapeutic agent is an antiviral agent.

In another embodiment, the additional therapeutic agent is an immunomodulatory
agent, such as an immunosuppressive agent,

Accordingly, in onc embodiment, the present invention provides methods for
treating a viral infection in a subject, the method comprising administering to the subject: (i) at
least one Tetracyclic Heterocycle Compound (which may include two or more different
Tetracyclic Heterocycle Compounds), or a pharmaceutically acceptable salt or prodrug thereof,
and (i1) at lcast one additional therapeutic agent that is other than a Tetracyclic Heterocycle
Compound, wherein the amounts administered are together effective to treat or prevent a viral
infection,

When administering a combination therapy of the invention to a subject,
therapeutic agents in the combination, or a pharmaccutical composition or compositions
comprising therapeutic agents, may be administered in any ordcr such as, for example,
scquentially, concurrently, together. simultaneously and the like. The amounts of the various
actives in such combination therapy may be different amounts (different dosage amounts) or
same amounts (same dosage amounts). Thus, for non-limiting illustration purposes, a
Tetracyclic Heterocycle Compound and an additional therapeutic agent may be present in fixed
amounts (dosage amounts) in a single dosage unit (e.g., a capsule, a tablet and the like).

In one embodiment, at lcast one Tetracyclic Heterocycle Compound is
administered during a time when the additional therapeutic agent(s) exert their prophylactic or
therapcutic cffect, or vice versa.

In another embodiment, at Icast onc Tetracyclic Heterocycle Compound and the
additional therapeutic agent(s) arc administered in doses commonly ecmployed when such agents
arc used as monotherapy for treating a viral infection,

In another embodiment, at Icast onc Tetracyelic Heterocycle Compound and the
additional therapeutic agent(s) are administered in doses lower than the doses commonly
cmployed when such agents arc used as monotherapy for trcating a viral infection.

In still another embodiment, at least one Tetracyclic Heterocycle Compound and
the additional therapeutic agent(s) act synergistically and are administered in doses lower than
the doses commonly employed when such agents arc used as monothcrapy for treating a viral

infection.
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In onc cmbodiment, at lcast onc Tetracyclic Heterocycele Compound and the
additional therapeutic agent(s) are present in the same composition. In one embodiment, this
composition is suitablc for oral administration. In another embodiment, this composition is
suitable for intravenous administration. In another embodiment, this composition is suitable for

5 subcutancous administration. In still another embodiment, this composition is suitable for
parcnteral administration.

Viral infections and virus-rclated disorders that can be treated or prevented using
the combination therapy methods of the present invention include, but are not limited to, those
listed above.

10 In one embodiment, the viral infection is HIV infection.

In another embodiment, the viral infection is AIDS,

The at lcast one Tetracyclic Heterocycle Compound and the additional therapeutic
agent(s) can act additively or synergistically. A synergistic combination may allow the use of
lower dosages of onc or morc agents and/or less frequent administration of onc or more agents of

15 a combination therapy. A lower dosage or less frequent administration of onc or more agents
may lower toxicity of therapy without reducing the etficacy of therapy.

In onc embodiment, the administration of at lcast onc Tetracyclic Heterocycle
Compound and the additional therapeutic agent(s) may inhibit the resistance of a viral infection
to these agents.

20 As noted above, the present invention is also directed to use of @ compound of
Formula I with one or more anti-HIV agents. An "anti-HIV agent" is any agent which is directly
or indirectly effective in the inhibition of HIV reverse transcriptase or another enzyme required
for HIV replication or infection, the treatment or prophylaxis of HIV infection, and/or the
trcatment, prophylaxis or dclay in the onsct or progression of AIDS. 1t is understood that an

25  anti-HIV agent is cffective in treating, preventing, or delaying the onsct or progression of HIV
infection or AIDS and/or diseases or conditions arising theretrom or associated therewith. For
example, the compounds of this invention may be effectively administered, whether at periods of
pre-exposure and/or post-exposure, in combination with effective amounts of onc or more anti-
HIV agents selected from HIV antiviral agents, immunomodulators, antiinfectives, or vaccines

30  uscful for treating HIV infection or AIDS. Suitable HIV antivirals for use in combination with

the compounds of the present invention include, for example, thosc listed in Table A as follows:
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Table A

Name Type
abacavir, ABC, Ziagen® nRTI
abacavir +lamivudine, Epzicom® nRTI
abacavir + lamivudine + zidovudine, Trizivir® nRTI
amprenavir, Agencrase® Pl
atazanavir, Reyataz® Pl
AZT, zidovudine, azidothymidine, Retrovir® nRTI
darunavir, Prczista® Pl
ddC, zalcitabine, dideoxycytidine, Hivid®@ nRTI
ddl, didanosine, didcoxyinosine, Videx® nRTi
ddl (enteric coated), Videx EC® nRTI
declavirdine, DLV, Rescriptor® nnRT1
efavirenz, EFV, Sustiva®, Stocrin® nnRTl
efavirenz + emtricitabine + tenofovir DF, Atripla® nnRTI +

nRTI

cmtricitabine, FTC, Emtriva® nRTI
cmtricitabine + tenofovir DF, Truvada® nRTI
cmviring, Coactinon® nnRTI
enfuvirtide, Fuzeon® Fi
enteric coated didanosine, Videx EC® nRTI
etravirine, TMC-125 nnRTI
fosamprenavir calcium, Lexiva® Pl
indinavir, Crixivan®@ Pi
lamivudine, 3TC, Epivir® nRTI
lamivudinc + zidovudine, Combivir@® nRTI
lopinavir Pl
lopinavir + ritonavir, Kaletra® Pl
maraviroc, Selzentry® El
nelfinavir, Viracept® PI
nevirapine, NVP, Viramune® nRTI
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rilpivirine, TMC-278 nnRTI
ritonavir. Norvir® P1
saquinavir, Invirasc®, Fortovasc® Pl
stavudine, d4T. didehydrodeoxythymidine, Zerit® nRTI
tenofovir DF (DF = disoproxil fumarate), TDF, nRTI
Viread®

tipranavir, Aptivus® Pl

El = entry inhibitor; FT = fusion inhibitor; PT = protease inhibitor; nRTI
= nucleoside reverse transcriptase inhibitor; nnRTI = non-nucleoside
reverse transcriptase inhibitor. Some of the drugs listed in the table are

used in a salt form; e.g., abacavir sulfate, indinavir sulfatc, atazanavir

5 sulfate, nelfinavir mesylate.
In one cmbodiment, onc or more anti-HIV drugs arc sclected from, lamivudine,
abacavir, ritonavir, darunavir, atazanavir, cmtricitabine, tenofovir, rilpivirine and lopinavir.
In another embodiment, the compound of formula (1) is used in combination with
10 lamivudine.
In still another embodiment, the compound of formula (1) is used in combination
atazanavir.
In another embodiment, the compound of formula (1) is used in combination with
darunavir.
15 In another embodiment, the compound of formula (1) is used in combination with
rilpivirine.
In onc ecmbodiment, the compound of formula (1) is uscd in combination with
lamivudine and abacavir.
In another embodiment, the compound of formula (1) is used in combination with
20  darunavir.
In another embodiment, the compound of formula (1) is used in combination with
emtricitabine and tenofovir.
In still another embodiment, the compound of formula (I) is used in combination
atazanavir,
25 In anothcr cmbodiment, the compound of formula (1) is used in combination with
ritonavir and lopinavir.
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In another embodiment, the compound of formula (1) is used in combination with
lamivudine.
In onc cmbodiment, the compound of formula (1) is used in combination with

abacavir and lamivudine.

W

In another embodiment, the compound of formula (1) is used in combination with

lopinavir and ritonavir.

Tn one embodiment, the present invention provides pharmaceutical compositions
comprising (i) a compound of formula (1) or a pharmaceutically acceptable salt or prodrug

10 thereof; (ii) a pharmaccutically acceptable carrier; and (iii) one or more additional anti-H1V
agents selected from lamivudine, abacavir, ritonavir and lopinavir, or a pharmaceutically
acceptable salt or prodrug thereof, wherein the amounts present of components (i) and (iii) are
together effective for the treatment or prophylaxis of infection by HIV or for the treatment,
prophylaxis, or delay in the onset or progression of AIDS in the subject in need thercof,

15 In another embodiment, the present invention provides a method for the treatment
or prophylaxis of infection by HIV or for the treatment, prophylaxis, or delay in the onsct or
progression of AIDS in a subject in need thercof, which comprises administering to the subject (i)
a compound of formula (I) or a pharmaccutically acceptable salt or prodiug thercof and (ii) one
or morc additional anti-HIV agents selected from lamivudine, abacavir, ritonavir and lopinavir,

20 or a pharmaccutically acceptable salt or prodrug thercof, wherein the amounts administered of
components (i) and (ii) are together effective for the treatment or prophylaxis of infection by
HIV or for the treatment, prophylaxis, or delay in the onset or progression of AIDS in the subject
in need thereof.

It is understood that the scope of combinations of the compounds of this invention

25  with anti-H1V agents is not {imited to the HI'V antivirals listed in Table A, but includcs in
principle any combination with any pharmacecutical composition usetul for the treatment or
prophylaxis of AIDS. The HIV antiviral agents and other agents will typically be employed in
these combinations in their conventional dosage ranges and regimens as reported in the art,
including, for example, the dosages described in the Physicians' Desk Reference, Thomson PDR,

30  Thomson PDR, 57* cdition (2003), the 58" cdition (2004), the 59™ cdition (2005), and the like.

The dosage ranges for a compound of the invention in these combinations are the same as thosc
sct forth above.
The doscs and dosage regimen of the other agents uscd in the combination

therapics of the present invention for the treatment or prevention of 1V infection can be
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determined by the attending clinician, taking into consideration the approved doses and dosage
regimen in the package insert; the age, sex and general health of the subject; and the type and
scverity of the viral infection or related discase or disorder. When administered in combination,
the Tetracyclic Heterocycle Compound(s) and the other agent(s) can be administered

5 simultaneously {i.e., in the same composition or in separate compositions one right after the
other) or sequentially. This is particularly uscful when the componcnts of the combination are
given on different dosing schedules, e.g., onc component is administered once daily and another
component is adniinistered every six hours, or when the preferred pharmaceutical compositions
are different, e.g.. onc is a tablet and one is a capsule. A kit comprising the separate dosage

10 forms is therefore advantageous.

Compositions and Administration

When administercd to a subjcct. the Tetracyclic Heterocycle Compounds can be
administered as a component of a composition that compriscs a pharmaceutically acceptable

15 carrier or vehicle. The present invention provides pharmaccutical compositions comprising an
cffective amount of at lcast one Tetracyclic Heterocycle Compound and a pharmaceutically
acceptable carvier. In the pharmaccutical compositions and methods of the present invention, the
active ingredicnts will typically be administered in admixture with suitable carrier materials
suitably selected with respect to the intended form of administration, i.e., oral tablets, capsules

20 (cither solid-filled, semi-solid filled or liquid filled), powders for constitution, oral gels, elixirs,
dispersible granules, syrups, suspensions, and the like, and consistent with conventional
pharmaceutical practices. For example, for oral administration in the form of tablets or capsules,
the active drug component may be combined with any oral non-toxic pharmaceutically
acceptable inert carricr, such as lactosc, starch, sucrosc, cellulose, magnesium stearate, dicalcium

25  phosphate, calcium sulfate, talc, mannitol, cthyl alcobol (fiquid forms) and the like. Solid form
preparations include powders, tablets, dispersible granules, capsules, cachets and suppositories.
Powders and tablets may be comprised of from about 0.5 to about 95 percent inventive
composition. Tablets, powders, cachets and capsules can be used as solid dosage forms surtable
for oral administration.

30 Morcover, when desired or needed, suitable binders, lubricants, disintcgrating
agents and coloring agents may also be incorporated in the mixturc. Suitable binders include
starch, gelatin, natural sugars, corn sweeteners, natural and synthetic gums such as acacia,
sodium alginate, carboxymecthylccliulose. polycthylene glycol and waxcs. Among the lubricants

there may be mentioned for use in these dosage forms, boric acid, sodium benzoate, sodium
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acetate, sodium chloride, and the like. Disintegrants include starch, methylcellulose, guar gum,
and the like. Sweetening and flavoring agents and preservatives may also be included where
appropriatc.

Liquid form preparations include solutions, suspensions and emulsions and may
include water or water-propylene glycol solutions for parenteral injection.

Liquid form preparations may also include solutions for intranasal administration.

Also included arc solid form preparations which arc intended to be converted,
shortly betore use, to liquid form preparations for either oral or parenteral administration. Such
liquid forms include solutions, suspensions and emulsions.

For preparing suppositories, a low meclting wax such as a mixture of fatty acid
glycerides or cocoa butter is first melted, and the active ingredient is dispersed homogeneously
therein as by stirring. The molten homogencous mixture is then poured into convenient sized
molds, allowed to cool and thercby solidify.

Additionally, the compositions of the present invention may be formulated in
sustained release form to provide the rate controlled relcase of any one or more of the
components or active ingredients to optimize therapeutic effects, i.e., antiviral activity and the
like. Suitable dosage forms for sustained release include laycred tablets containing layers of
varying disintegration rates or controlled rclease polymeric matrices impregnated with the active
components and shaped in tablet form or capsules containing suclh impregnated or cncapsulated
porous polymeric matrices.

In one embodiment, the onc or more Tetracyclic Heterocycle Compounds are
administered orally.

In another embodiment, the one or more Tetracyclic Heterocycle Compounds are
administered intravenously.

In onc embodiment, a pharmaceutical preparation comprising at least onc
Tetracyclic Heterocycle Compound is in unit dosage form. In such form, the preparation is
subdivided into unit doses containing effective amounts of the active components.

Compositions can be prepared according to conventional mixing, granulating or
coating methods, respectively, and the present compositions can contain, in one embodiment,
from about 0.1% to about 99% of the Tetracyclic Heterocycle Compound(s) by wcight or
volume. In various cmbodiments, the present compositions can contain, in onc cmbodiment,
from about 1% to about 70% or from about 5% to about 60% of the Tetracyclic Heterocycle

Compound(s) by weight or volume.
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The compounds of Formula | can be administered orally in a dosage range of
0.001 to 1000 mg/kg of mammal (e.g., human) body weight per day in a single dose or in
divided doscs. Onc preferred dosage range is 0.01 to 500 mg/kg body weight per day orally in a
single dose or in divided doses. Another preferred dosage range is 0.1 to 100 mg/kg body weight
5  per day orally in single or divided doses. For oral administration, the compositions can be
provided in the form of tablets or capsules containing 1.0 to 500 milligrams of the active
ingredient, particularly 1, 5, 10, 15, 20, 25, 50, 75, 100, 150, 200, 250, 300, 400, and 500
milligrams of the active ingredient for the symptomatic adjustment of the dosage to the subject to
be treated. The specific dose level and frequency of dosage for any particular subject may be

10 varied and will depend upon a variety of factors including the activity of the specific compound
employed, the metabolic stability and length of action of that compound, the age, body weight,
gencral health, sex, dict, mode and time of administration, rate of excretion, drug combination,
the scverity of the particular condition, and the host undergoing therapy.

For convenience, the total daily dosage may be divided and administered in

15  portions during the day if desired. In one cmbodiment, the daily dosage is administered in one
portion. In anothcr cmbodiment, the total daily dosage is administered in two divided doses over
a 24 hour period. In another embodiment, the total daily dosage is administered in three divided
doscs over a 24 hour period. In still another cmbodiment, the total daily dosage is administered
in four divided doses over a 24 hour period.

20 The amount and frequency of administration of the Tetracyclic Heterocycle
Compounds will be regulated according to the judgment of the attending clinician considering
such factors as age, condition and size of the subject as well as severity of the symptoms being
treated. The compositions of the invention can further comprise one or more additional
therapeutic agents, sclected from those listed above herein.

25

Kits
In one aspect, the present invention provides a kit comprising a therapeutically
cffective amount of at least one Tetracyclic Heterocycle Compound, or a pharmaccutically
acceptable salt or prodrug of said compound and a pharmaceutically acceptable carrier, vehicle

30  ordiluent.

In another aspect the present invention provides a kit comprising an amount of at
least one Tetracyclic Heterocycle Compound. or a pharmaceutically acceptable salt or prodrug of
said compound and an amount of at lcast onc additional therapeutic agent listed above, wherein

the amounts of the two or more active ingredients result in a desired therapeutic effect. In one
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embodiment, the onc or more Tetracyelic Heterocycle Compounds and the onc or more
additional therapeutic agents are provided in the same container. In one embodiment, the one or
more Tetracyclic Heterocycle Compounds and the onc or more additional therapeutic agents arc
provided in separate containers.

5 The present invention is not to be limited by the specific embodiments disclosed
in the examples that are intended as illustrations of a few aspects of the invention and any
embodiments that arc functionally equivalent are within the scope of this invention. Indeed,
various modifications of the inventiou in addition to those shown and described herein will
become apparent to those skilled in the art and are intended to fall within the scope of the

10 appended claims.

A number of references have been cited herein, the entire disclosures of which are

incorporated herein by reference.
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CLAIMS
1. A compound having the formula:
3a
ZaN /\( R
Z mR3
OH O R3a
5 M

or a pharmaceutically acceptable salt or prodrug thereof,
wherein:
X is O, -CH(R")- or -N(R")-;
Y is O, -N(Ré)— or C-C; alkylenc;
10 Z is a single bond or -C(R")-;
R' represents up to 5 optional phenyl group substituents, each independently
selected from C1-C; alkyl, -O-(C;-Cq alkyl) and halo;
R’ is H;
R is sclected from H, C;-Cq atkyl, C,-Cs haloalkyl, -OR®and -N(R®)z;
15 cach occurrence of R* is independently sclected from H, C-Cg alkyl, C-Cq
haloalkyl, -OR® and -N(R%),;
R is H or C,-Cs alkyl or —O-(C,-Cs alkyl);
R’ is selected from H, C,-Cg alkyl and —-C(O)R® and -SO,R%;
cach occurrence of R® is independently H or C-C alkyl;
20 R’ is selected from H, C-Cs alkyl and —O-(C,-Cs alkyl);
each occutrence of R® is C;-C; alkyl or NR®;
mis 0, | or2; and

nis 1, 2 or 3, such that the sum of m+ nis 2 or 3.

25 2 The compound of claim 1, wherein X is O or -N(-C(O)CH3)-.
B The compound of claim 1 or 2, wherein Y is CH;.
4. The compound of any of claims 1-3, wherein Z is a single bond.
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The compound of claim 4, wherein X is QO and Y is CH,.

The compound of any of claims 1-5, wherein R' represents 1 or 2 halo groups.
group

The compound of claim 6, wherein R' represents an ortho F group and a para F
] I group p

5 = 3. |
The compound of any of claims 1-7, wherein R’ is H and each of occurrence R**

The compound of any of claims 1-8, wherein R*, when present, is H.

The compound of any of claims 1-9, wherecinn is 1.

The compound of any of claims 1-9, wherein n is 2.

The compound of any of claims 1-9, whercin n is 3.

The compound of any of claims 1-11, wherein m is 0.

The compound of any of claims I-11, whercin m is 1.

A compound having the structurc:

F [¢] i3 o
O Q
= =
jegveeiBeapes:
F o F o .
OH OH O
(0]
F o) f 9 ij(
jeapoer | Beaprees
H = N
AN E o
i @ OH ©
Oh
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or a pharmaceutically acceptable salt or prodrug thereof.

16. A pharmaceutical composition comprising an effective amount of a compound

according to any one of claims 1 to 15, or a pharmaceutically acceptable salt or prodrug thereof,

w

and a pharmaccutically acceptable carricr.

17. The pharmaceutical composition of claim 16, further comprising one or more
additional therapeutic agents selected from, lamivudine, abacavir, ritonavir, darunavir, atazanavir,

10 emtricitabine, tenofovir, rilpivirine and lopinavir.

18. A method for the inhibition of HIV integrase in a subject in necd thereof which
comprises administering to the subject an effective amount of the compound according to any

onc of claims 1 to 15, or a pharmaceutically acceptable salt or prodrug thercof.

15
19. A mecthod for the treatment of infection by HIV or for the treatment, prophylaxis,
or dclay in the onsct or progression of AIDS in a subject in nced thereof, which comprises
administering to the subject an cffective amount of the compound according to any onc of claims
I to 15, or a pharmaccutically acceptable sall or prodrug thereof.
20

20. The method of claim 19, further comprising administering to the subject one or
more additional therapeutic agents selected from, abacavir, lamivudine, ritonavir and lopinavir,
wherein the amounts administered of the compound of any one of claims 1-15 and the one or
morc additional therapeutic agents, arc together cffcctive to treat infection by HIV or to treat,

25  prevent or delay the onsct or progression of AIDS.

21. A compound according to any onc of claims 1 to 15, or a pharmaceutically
acceptable salt or prodrug thercof, for usc in the inhibition of HIV integrase, for the treatment or
prophylaxis of infection by HIV, or for the treatment, prophylaxis, or delay in the onset or

30  progression of AIDS in a subject in need thercof.
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POLYCYCLIC-CARBAMOYLPYRIDONE COMPOUNDS AND THEIR
PHARMACEUTICAL USE

CROSS-REFERENCE TO RELATED APPLICATIONS

This patent application claims the benefit uader 35 U.S.C. §

5 US. Provisional Paient Application No. 61/745,375, filed December 21

oy =

Provisional Patent Application No. 61/788397, fiied March 15, 2013, and U.S.
Provisionai Patent Application No. 617845503, filed July 12, 2013, The forcgoing
applications are incorporated hierein by reference in thetr entiretics,

10 BACKGROUND

Field

Coropounds, compusitions, and mothods for the treatment of human
immunodeficiency virus (HIV) infection are discloscd. In particular, novel polycyelic
carbamoyipyridone compounds and methods for their preparation and use as therapestic

15 orprophylactic agents are disclosced.

Description of the Relatod Art

Human immunodeficiency viras infoction and rclated discases are a
major public health problem worldwide. Human immunodeficiency virus type 1
{HIV-1} cncodes three enzymes which are required for viral replication: reverse

20 wanscripese, protease, and integrase. Although drugs targeting reverse transcriptase
and protease arc in wide use and have showo effectivencess, particalarly when employed
in combination, toxicity and development of resistant strains have limited their
usefulness (Palella, et al. ¥, Engl J Med. (1998) 338:853-860; Richman, D. D. Nuture
{2001) 410:995--1001).

o3 Pregnane X receptor (PXR) is 2 nuclear receptor that is one of the key
regulators of enzymes involved in metabolisin and climination of small moleculcs from
the body. Activation of PXR is known to up-regulate or induce the production of
metabolic cnzymes such as cytochrome P4S0 3A4 (CYP3IA4) as well as enrymes

mvolved i trarsport such as OATP2 in the liver and intestine {(Endocrine Reviews
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{2002y 23(53:687-702). When one drug causes the vp-regulation of these and other

Friva

zymes by agtivation of PXR, this can rod

e the absorption and/or exposure of & ce-
administered drug that is susceptible 1o the up-regulated cazymes. To minimize the risk
of this type of drug-drug interaction, it is desirable to mimimize PXR activation. Further,
it is known that PXR is activated by many different classes of molecules (Endocrine

Revicws (2002) 23{53:687-702). Thus

w

for drugs that will be co-administered with other
drugs. it is important to test for and minimize PXR activation.
Tremsportcrs have been  identified  as  playing a role i the

pharmacokinetic, sately and efficacy profile or drugs, and certain drug-drug micractions

Gige

10 are mediated by wansporters. See, Glacomini KM, er af. fembrane transporiers in

drug development,” Nai Rev Drug Discov. 90 215-236, 2010; Zhang L. ¢f 4l “Transporter-
Mediated Drug-Drug  Interactions,” Clin. Pharm. Ther. §9(£):481-484 {2011}, -One
tranporter, the organic cation transporter 2 {OCT2; SLC22ZA2), is a member of the

solute carrier (SLC) super-famnily of transportors and is primarily localized on the

15 basolatcral membrane of the renal proximal tubule, OCTZ, in concert with apical
expressed mualtidrug and toxin extrusion (MATE) fransporters 1 and 2-K. is believed ©
form the major cationic secretion pathway in the kidney and bas been shown fo
transport endogenous compounds inctuding creatinine and xenobiotics including
metformin.  Inhibition of OUT2 can thus lead to increased levels of serum creatinine

o

200 and the potential for increased levels of other QUT2 substrates. 1tis important as well o
test and reduce OCT2 inhibition of drugs.

A goaj of entirciroviral therapy i3 o achieve viral suppression in the HIV
infected paticnt. Treatment guidelines published by the United States Deparoment of

Health and Huran Scrvices providc that achievement of viral suppression requires the

13

(%3

usc of combination therapics, 1.o., scveral drugs from at least two or more drug classes.
{Panci on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the use
of antiretroviral agents in H1V-1-infected adults and adolescents. Department of Health
and Human Services. Available at
hitp:aidsinfo.nib.gov/ContentFiles/Adultand AdolescentGL .pdf.  Section  accessed
30 March 14, 2013.) In addition, decisions regarding the treatment of HIV infected paticnts

are complicated when the patient requires treatment for other medical conditions (Id. af

E-12). Because the standard of care requires the use of multiple different drugs fo
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suppress HIV, as well as 1o treat other condirions the patient may be experiencing, the
poiential for drog interaction is a criterion for sclection of a drug regimen. As such,
there ds 2 nocd for antirctroviral thorapics having a decrcascd potentiai for drug
interactions.

5 Accordingly, there 1s a need for new agents that inhibit the replication of
HIV and that minimize PXR activation when co-administered with other drug

BRIEF SUMMARY

The present invendon is ditecied to novel polyeyclic carbamoyipyridone

compaounds, havirg antiviral activity, including stereoisomers and pharmaceutically

1& acceptable salts thoveof, and the we of such compounds in the treatment of HIV

infections. The compounds of the invention may be used to inhibit the activity of HIV
integrase and may be used to reduce HIV replication.

In onc ambodiment of the present invention, compounds havine the

following Formula (1) are provided:

‘A 2
\

R'l

X

vy/ v N N “1Nd

N
| H
N
Zh c}» éH

&3]

\

L

or a stereoisomer or pharmaceutically acceptable salt thereof,
wherein:
X is -O- or -NZ*- or -CHZ?-;
¢ Wis -CHZ -
7', 7% and Z° arc edach, independently, hydrogen or Cyyalkyi, or wherein
Z'and Z* or 2" and Z°. taken together, form -L- wherein L is -C(R%);-, -C(R* TR Y,-,
SCERMCIR RCR M-, 07 -CRDCIRMLORY R Y-, wherein at lcast one of Z' and 27

- 23 L .
or 2! and Z°, taken together, form ~L-;

L
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Z%is a bond, -CHy-, or -CHCHa-

b g 2 - 3 “ N N
Y and Y© are cach. independently, hydrogen, Cratkylor € shaloalkylh:

R’ is phenyl substituted with onc to three halogens; and
each R" s, independently, hydrogen. halo, hydroxyl or Ciaalkyl.
In ansther embodiment of the present invention. compounds having the

following Formula (1) arc provided:

4

: N

:
Lu :
T T
A O
(1}

T Y2
X X
i i

O

or a stercoisomcer or pharmaccutically acceptabice salt thereof,
wherein:

X is -0~ or -NZ*- or -CHZ -,

W is -0- or -NZ% or -CHZ™;

T ] . ; - f .
Z'.Z7 and Z7 are each, independently, hydrogen or Csalky!l, or whercin

7' and 7% or Z! and Z°, tuken rogether. form -L- wherein L is -C(Rym. ~C(RMCR)-,
SCRMDORPCR -, -CR P ORCR™HOR Y- ~-C{RL0C(R,-,
SCRYNRICRDz-. -CERBSCRY)-,  -GRIRSGICR M-, -CR"SOCR -,
~CR"MOCRCR -, SCRMMCERMOCR™-, SCER™NRYCR™1C(RY) -,
SCIRMC{R HNR TR -, ~C{RM:SCR"LCR -, SCORMRCIR™:SCR o,
SR LSIOICIRLCR Y-, -CRMCIR RSOWCRD - -CRDSCCR TR,
CRYBORY, SOOI, -CRMY;SONRAUCRY)- or ~-C(RDYNRPFSO:C(R Y-

7' is a bond or -CHs-, -CH:CH», -CHCHCH»-, -CH.OCH:-,
~CH;NRYCH;-, -CH;SCH,-,-CHLS(OYCH - or -CH,80,CH,-:

viand Y¥ are cach, independently, hydrogen, € salkyl or Cy.shaloalkyl.
ar Y' and Y7, together with the carbon atom fo which they are attached. form a

carboceychic ring having from 3 to 6 ring atoms or a heterocyelic ring having from 3 to &
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ring atoms, wherein the carbocyelic or beterocychic ring is optionally substituted with
one or more R
R' 15 optionaily substituied aryl or sptionaily substituted hetercaryvt: and
each R7 is, indepondently, hydrogen, halo. hydroxyl or Cyalkyl, or
5 wherein swo R” groups. together with the carben atom to which they are attached, form
=(. and
wherein at feast onc of: (1) Z' and Z7 or Z' and Z°. taken together, form -L-; or
Gy Y oand v together with the carbon atom to which they are attached, form a
carbocyelic ring having from 3 to 6 ring atoms or & beterocyclic ving baving from 3 0 6
Y ring atoms,
b oanother crobodiment, a pharmaccutical composition is provided
comprising ¢ compound having Formula (1), or 2 stereoisomer or pharmaceuticaily
acceptable sait thereof, and a pharmaccutically acceptable carrier, dituent or excipient.

The invention also provides the use of @ pharmaccutical composition as

15 described hereinabave for the treatment of an HIV infection in a human being having or
at risk of having the infection.
in another embodiment, o method of using a compound having Formala
(1) in therapy is provided. In particular, a method of treating the proliferation of the HIV
vinas, treating AIDS, or delaying the onset of AIDS or ARC symptoms in a maminal
a0 e

26 {eg., » human) is provided. comprising administering to the mammal a compound
having Formula (13, or a stereoisomer or pharmaceutically acceptable salt thereof, and a
pharmaceuticslly acceptable carricr. dileent or excipient.

In another ermbodiment. use of a compound of Formula (1) as described

berein, or a pharmaceutically acceptable sult thereof, for the treatment of an HIV

25 infection ina human being having ar at visk of having the infoction is disclosed.
in another embodiment, the use of a compound of Formula (1) as
described hercin, or a pharmaceuricaily acceptable salt thercof, for the munufucture of s
medicament for the treatmens of an HIV infection in a human being having or at risk of
having the mfecifon is disclosed.
30 In another cmbodiment, an article of manufacture comprising a

composition cffective to trear an FITV infoction; and packaging material comprising a

label which indicales that the composition can be used te treat infection by HIV is
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disclosed. Exemplary compositions comprise a cotapound of Formuia (I) sccording 1o
shis invention or a pharmaceutically aceeptable salt thereof

in stifl anothor embodiment, 2 methed of inhibiting the replication of

FHV iy disclosed. The method compriscs exposing the virus to an effective amount of

w

the compound of Formula (I} or a sal thereof, under conditions where replication of
HIV iy inhibited.

In another embodiment, the use of a compound of Formula (I) to inhibit
the activity of the HIV integrase cnzyme is disclosed.

In another emboditaent, the use of a compound of Formula (). or a salt

10 thercof, to inhibit the replication of HIV is disclosed.

Other enmbodiments, objects, features and advantages will be set forth in
the detailed description of the embodiments that follows, and in part will be apparent
from the description. or may be learned by practice. of the claimed invention. Thesc

obicels and advansages will be realized and attained by the processes and compositicns

/]

particularly pointed out in the writien description and claims hercof. The forcgoing
Summary has been made with the understanding that it is to be covsidercd as a brief and
general synopsis of some of the embodiments disclosed herein, is provided solely for

the benefit and convenience of the reader. and is not intended to limit in any manner the

scope, or range of equivalents, to which the appended claims are lawfally entitled.
2{ DETAILED DESCRIPTION
In the following description, certain specific details arc set forth in order
o provide a thorough understanding of various combodiments of the invention
However. one skilled in the art will understand that the invention may be practiced
without these details. The descrintion below of several cmbodiments is made with the
25 upderstanding that the present disclosure is o be considered as an cxemplification of
the claimed subject matter, and is not intended t¢ limit the appended claims o the
specific cmbodiments illustrated. The headings used throughout this disclosure sre
provided for convenience only and are not to be construed to limit the claims in any
way. Frobodiments iljustrated under any heading may be combined with embodiments

20 jlluestrated under any other heading.

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
755 of 1915



WO 2014/100323 PCT/US2013/076367

Definitions

Unless  the  comtext requires  otherwise, throughout the present
specification and claims, the word “comprise” and varlations thercof, such as,
“camprises” and “comprising™ arc o be construed in an open, inclusive sensc. thal is as

5 ncluding, but not limited to”.

Referenee throughout this specification o “onc embodiment™ or “an
cmbodiment” means that a particular feature, structure or characteristic described in
conngction with the embodiment is fnctuded in at feast enc embodiment of the present
wnventon. Thus, the appearances of the phrases “in one embodiment” or “in an

10 embodiment” in various places throughout this specification are not necessarily all
referring to the same cmbodiment, Furthermore, the putticnlar foatuyras, structures, or
characteristics may be combined in any suitable manner in one or more embodiments.

Unless the context requires otherwise, reference throughout this

specification to “a compound of Formulu (I)” or “corpounds of Formuia (I)” refers to

¥5 il emboditnenis of Formula (1), including, for example, compounds of Formulas (11-A).
(-8, (O, (H-A), (HI-B), (B1-C), (1H-D). JU-E). (I1-F), (1H-G), -, (IV-AA),
(TV-AB), (IV-AC), {IV-AD), (TV-AE), (IV-AF), (1V-AG), (IV-AH), (IV-BA), (IV-BB),
(V-3¢ (V-BD), OV-BE) (IV-BE), (IV-BG). and {(IV-BH), as well as the specific
compounds disclosed herein.

28 “Aming” refers to the Nty radical.

“Cyano™ refers to the -ON radical.
“Hydroxy” or “hyvdroxy!” refers w the -OH radical.
“huino” refers to the =N substituent,
“Nitre” refers to the -NO» radical.
25 “Oxe” refers to the = substituent,

“Thioxo™ refors to the =S substituent.
“A!kyi"‘ refers to u straight or branched hydrocarbon chain radical
consisting selcly of carbon and hydrogen atoms. which is saturated or unsamrated (e
contains one or more double and/or triple bonds), having from one o twelve carbon
30 atoms (C-Cy; alkyl), preferably onc to eight carbon atoms (C4-Cy atkyl) or one to six
carbon atoms {(1-0C5 alkyl), and which is atfached 1o the rest of the molecule by a single

bond. ey, methyl, clhyvi, n-propyl, I-meihylethyl (so-propyl), a-butyl, n-peotyi,

~1
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i.1-dirnsthylethyl  (-butyly, 3-methvthexyl, 2-metbhyibexyl, ethenyl, prop-i-enyl,
but-l-enyl, pept-l-enyl, penta-ld-dienyl. cthvnyl, propyoyl. butynyl. pentynyl
hexynyl, and the Hke. Unless stated otherwise speeificaliy in the speeification, an alkyl
group may be optionally sabstituicd.

S “Alkyiene” or “alkylene chain” refers to a straight or branched divaient
hydrocarbon chain linking the rest of the molecule o a radical group, consisting solcly
of carbon and hydrogen. which is saturatcd or unsaturated (7.¢., containg onc or more
double andfor triple bords). and having from one to twelve carbon atoms. e.g.
methylene. cthvlene. propyiene. s-butylene. cthenylene, propenyiene, r-butenylene,

st of the

[0 propynviene, n-butynylene, and the likke. The atlcylene chain is attached to the «
molecule through a single or double boad and o the radical group through a single or
double boend. The points of attachment of the alkylene chain to the rest of the molecuic
and to the radical group can be through one carbon or any two carbons within the chain.
Uniess stafed otherwise specifically in the speeification, an aikylene chain may be

i3 optionally substituted.

“Alkoxy” refers to a radical of the formula ~OR, where Ry s an alkyl
radical as defined above containing one to twelve cwbon atoms. Unless stated
otherwise specifically in rthe specification, an alkexy group may be optionally

substituted.

=) “Alkylamine” refers to a radical of the formule ~NHRA or ~NRARA

where each Ry is, independently, an alkyl radical as defined above containing one o

twelve carbon atorns. Unless stated otherwise specifically in the specitication, an
alkylarnino group may be opiionally substituted.

Thicalkyl” refers io a radical of the formula -8R where Ry is an alkyl

25  padical as defined above containing onc to twelve carbon atoms. Unless stated

otherwise spocifically in the specification, 2 thioalkyl group may be opiionally
N P Y i b

substituted.
“Aryl” refors ro a monocylic hydrocarbon ring  system  radical
COMmIPT] hydrogen and 6 to 18 carbon atoms. Aryl radicals include, but are not

30 Jimited to, ary! radicals derived from benzene. Uunless stated otherwise specifically in
[ ¥

- : 3

the spccification, the term “aryl” or the prefix

“such as in “aralkyl”) is meant to

include avyl radicals that are optionally subsiituted.
R ¥

oL
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“Araikyl” refers 1o a radical of the formula -Ra-Re where Ry is an
alkylenc chain as defined above and Ry is ane or more aryl radicals as defined above,
for cxample, benzyl Unless stated otherwise specifically in the specification, an aralkyl
group may be optionally substituted.

3 “Cycloalky!” or “carbocyclic ring” refers to a stabie non-aromatic

nonocyelic hydrocarbon radical consisting solely of carbon snd hydrogen atoms,

having from three to fiftcen carbon atoms, preferably having from three to ten carbon

atoms, and which is saturated or unsaturated and atiached o the rest of the moelecule by

a single bond. Monocyclic radicals include, for example, cyclopropyl. cyclobutyl

1

td  cyclopentyl. chexyl, cycloheptyl, and cyclooctyl. Unless otherwise stated

specifically in the specification, a cycloatky! yroup may be optionally substituted.
“Cycloallovlalkyl” refers o a radical of the formula ~-RuR;y where Ry is
an alkyiene chain as defined above and Ry is a cycloaliky! radical as defined above.
Uniess stated otherwise specificslly in the specification, a cycloalkylalkyi group may be
15 optionalily substituted.

<

“Halo™ or “halogen” refers o bromo, chioro, fluoro or iodo.

“Haloalkyl” refers to an alkyl radical, as defined adove, that is
substituted by one or more halo radicals, as defined above, c.g., wifluoromethyl,
difluoromethyl, trichloromethyl, 2.2.2-trifluorgethyl t.2-difluorocthyl,

ey

26 3-bromo-2-fluoropropyl, 1,2-dibromoethy!, and the like. Unless stated

PR

specifically in the specification, a halealkyl group may be optionaily substituled.
£ b iy ; yl'g b7 I 3

“Heterocyelyl™ or “heterocyclic ring” refers to a stable 3- tw©
{8-membered non-aromatic ring radical which consists of two to twelve carbon atoms

and from one to six hetcroutoms selected from the group consisting of nitrogen. oxygen

28]

n

and sulfur.  In the embodiments discloscd bercin, the hetcrocyciy] radical is a
monecyclic ring systeny; and the heterocyclyl radical may be partially or fully saturated.

Examples of such heterocyclyl radicals include, but are not limited to, dioxolanyl
thicnyl. {1.31dithianyl, imidazolinyl, imidazolidinyl, isothiazolidinyl, isoxazolidinyl.
morpholinyl, 2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopymolidinyl, oxazolidinyl.
30 piperidinyl. pipcrazioyl. 4-piperidonyl, pyrrolidinyl. pyrazolidinyl, thiazolidinyl.
tetrahydrofuryl,  teithianyl, tetrahydropyranyl,  thiomorpholinyl.  thiamorpholingd

Q
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i-oxo-thiomorpboiinyl, and 1.1-dioxo-thiomorpbolinyl.  Unless  stated  othera:
specifically in the specificalion, a heteroeyciyt group roay be optionally substituted.
“A-hetorocyehd™ refers o @ heterocyelyl radical as defined above
containing &t least one nitrogen and where the point of attachment of the heterocyelyl
5 radical 1o the rest of the molecule is through a nitrogen atom in the heterocyclyl radical.
Uniecss stated otherwise specifically in the specification, an N-heterocyclyl group may
be oprionaily substituted.
“Heteroeyclylalioy!” vefers to a radical of the formula -RuRy: where Ry i3
an atkylene chain as detined above and Ry is a heterocyelyl radical as defined above,
10 and if the hetzrocyelyl is a nitrogen-containing heterocyclyl, the heterocyclyl may be
attached to the alkyl vadical at he nitrogen atom, Unless stated otherwise specifically in
the specification. a heterocyclviaikyl group may be optionally substituied.

>

“Hetercaryl” refors to & 5- to ld4-membered monocyclic ring system
radicai comprising hyvdrogen atoms, onc to thirtcen carbon atorns, onc o six

hoteroatoms selected from the group consisting of nitrogen, oxygen and sulfur.

‘A

Examples incinde, but are not limiled to, azepinyl, luranyl, furanooyl isothiazolyl,
imidazolyl, isexazolyl, oxadiazelyl, 2-oxoaszepinyl, oxaswolyl, oxiranyl, 1-
oxidopyridinyl, [-oxidopyrimidinyl. l-oxidopyrazinyi, -oxidopyridazinyl, pyrazoiyl,
pyridinyl, pyrazinyl. pyrimidinyl, pyridazinyl. thiazolyl. thiadiazolyl, triazelyl,

tetrazolyl, triaziny!, thiophenyl, and thienyl. Unicss stated otherwise specifically in the

o
s
-

specification, a heteroaryl group may be optionally substituted.

“N-heteroarv!” refers to a heicroaryl radical as defined sbove containing
at Jeast one nitregen and where the point of attachment of the heweroaryl radical 1o the
rest of the molecule is through a nitrogen atom in the heteroary! radical. Uniess stated

25 otherwise specifically in the specification, an N-hetorcaryl group may be optionally
substituted.

“Heteroarylalky?” refers o a radical of the formulu —RsRy where Ry 18
an alkylene chain as defined above and Ry is a heteroaryt radical as defined above.
Unless stated otherwise specifically in the specification, a hetercarylatkyl group may be

30 optionally substiuted. The term “substituted” uscd hercin mcuns any of the above
groups (e, alkyl aikylene, alkoxy. alkylaming, thioalkyl, aryl, aralkyl, cycloalkyl,

cycloalkylalkyl. haloalkyl, heterocyclyl, N-heterocyclyl. heterocycelylalkyl, heteroaryl,
k24 YL ¥Ciy Yoy ) B,
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N-heteroaryl and/or heteroarylatkyl) wherein at least one hydvogen atom is replaced by
4 bond 1o a won-hydrogen aroms such as, but not tirnited to: o halogen atom sueh as P,
CL Br, and 1. an oxygen atom in groups such as hydroxy! groups, alkoxy groups, and

ester groups: a suifur atom in groups such as thiol groups. thioalkyl groups, sultone

o

groups, suifonyl groups, and sulfoxide groups: a nitrogen atom in groups such as

amines, amides, alicylamines, dislkylamines, arvlamines, alikyiarylamines, diarylamines,

N-oxides. imides, and cnamines: @ silicon atom: in groups such as trialkylsilyvi groups,

dialkvlarylsityl groups. alkyidiarvisiivl grous

and triaryisily! groups. and other

heteroatoms in various other groups. “Substituied” also means any of the above groups
10 in which one or wore hydrogen atoms are replaced by a higher-order bond (c.g.. a
double- o triple-bond) to a huteroatom such as oxygen in oxo, carbonyl. carboxyl, and
cster wroups: and nitrogen in groups such as imines, oximes, hydrazones, and nitrijes.
For example, “substituted” includes any of the above groups in which one or more
hydregen atoms arc replaced with ~NRoRp, -NRaCEOWRy NEaCEONRGR):L
SNRGOEGHORY, —NR(;C(=NRS)NR(;RH, SNRGSONR,, OC(=O)NRGRY, ~-ORg, -SRg.
-SORq, -80:Rg, -08S0:Rg. -SO,0Rs. ~NSO»Re, and -SONRgRy. “Substituted also

’Jl

means any of the above groups in which one or more hydrogen atoms are repiaced with
~CEORG -CEOW IR, -CEOINRGRa,  -CHSO:Rg,  -CHLSO:NRGRy, In the

foregoing, Rg and Ry arc the same or different and independently bydrogen, alkyl,

P2
P
(el

alkoxy, alkylamino, thicalkyl, aryl, araikyl, cycloalky!, cycloalkylalkyl, haloalkyl,
cterocyciyl, N-heterocyclyl, heterocyclylalkyl, heteroaryl. N-heteroaryl and/or
heteroarylalkyl. “Substituted™ fusther means any of the above groups in which one or
wore hydrogen atoms are replaced by o bond 10 an amino, cyane, hydroxyl, irmino,
uitro. oxo. thioso, hao, alkyl, alkoxy. aikylamine, thioatkyl. aryl, aralkyl, cycloalkyl,
25 cycloaikyialkyi, haloalkyl, heterocyelyi. M-hoterocyelyl, heterocyelylalkyl, heterparyl,
N-heteroaryl andfor  beteroarylaikyt group. fn addition, cach of the forcgoing
substituents may also be optionally substituted with one or more of the above
substitucnts
The term “proteciing group,” as used hercin, refers 1o a labite chemical
30 moicty which is known in the art to protect reactive groups inciuding without limitation.

ag synthehic procedures.

hydroxyl and amine groups, against undesired reactions durin

Hydroxyl and amino groups protected with 2 protecting group are velerred o herein as
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“protecied hydroxy! groups” and “prorectsd amnino groups”, respectively, Protecting
groups are typically used selectively andfor orbogonally to protect sites duting
reactions at ather reactive sites and can then be removed to jeave the unprotected group
as is or avatlable for further reactions. Protecting groups ax known in the art are
5 described gcneraily in Greene and Wats, Protective Groups in Organic Synthesis, 3rd

cidition, John Wiley & Sons, New York {1999, Generally, groups are protected or
present as a precursor that will be inert to reactions that modify other arcas of the parent
molecule for counversion into thelr final groups at an appropriate dme. Further
representative protecting ot precurser groups are discussed in Agrawal, ot al.. Protocols
10 for Oligonucleotide Conjugates, Eds, Humana Press; New Jersey, 194; Vol 26 pp. 1~
72. Exaniples of “hydroxyl proteeting groups™ include, but are not fimited to, +bulyl, -
putoxymethyt, methoxymethyl. seirahydropyranyi, l-ethexyethyi, f{2-
chioroethoxyjethyl, 2-trimethylsitviethyl, p-chlorophenyl, 2.4-dinitrophenyl. benzyl,
2.6-dichiorobenzyl, diphenyimethyl. p-nitrobenzyi, triphenyhmethyl, trimothylsilyl,

micthyisilyl,  t-butyldimethylsityl,  t-butyidiphenylsiiyl  (TBDPS),  triphenyisilyl,

=
il

benzoylformate, acetate, chioroacetate, richloroacetate, rifluoroacetate, pivaloate,
benzoate, p-phenylbenzoate, 9-fluorenylmethyl catbonate, mesylaie and  tosylate.
Examples of “amino protecting groups” include, but are not iimited to, carbamate-
protecting groups, such as 2-trimethylsilylethoxysarbonyl (Teoe). I-methyl-1-{4-

20 biphenyiylethoxycarbanyl (Bpoc). t-butoxycarbonyl (BOC), altyloxycarbonyl (Alloc),
9-fluorenylmethyioxycarbonyl {Fmoc), and benzyloxycarbonyl (Cbz); amide prol’ccting
groups. such as formyl. acetyl, wihalvacetyl, benzoyl, and nitrophenylacets
sulfonamide-protecting groups, sach as 2-nitrobenzanesaifonyls and inmine and cyelic
imide protecting groups. such as phthalimidoe and dithiasuccinoyl.

25 The invention discloscd hercin is alsa meant to cncomipass  ail
pharmaceutically acceptable compounds of Formuda (1) being isotopicaily-labeled by
having one or more atoms replaced by an atom having a different atomic rass or ma
number. Examples of isotopes that can be incorporated into the disclosed compounds
include isotopes of hydrogen, catbon, uitrogen, oxygen. phosphorous, fluorine,

30 ehlorine, and iodine. such as 2H, °H, V¢, e, Mo, BN PN PoL Yo, Bo, e, e,

325 28

174}

B 36 123 5 =
Sp, M1 1Y and PN respectively. These radiolabeied compounds could be useful to

help delermine or measure the effectiveness of the compounds, by characterizing, for
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example, the site or rode of action, or binding affinity to pharmacoiogicaliy importan
site of action. Certain isciopicaliv-lubeled compounds of Formula {1y, for example,

thosc incorporating & radioactive isotope, are uscful in drug and/or substrate tissue

destribution studies. The radioactive isolopes tritium, e, “H, and carben-{4, /.e. ¥C. arc
3 particularly useful for this purpose in view of their ease of incorporation and rcady

ICHETN

f detection.

Substitution with heavicer isotopes such as deuterium, 7.e. “H, may afford

certain therapeutic advantages rosulting from greater metabolic stabitity, For example,
i vive ball-life may increase o dosage requirements may be reduced. Thus, heavier
H) isotopes may be preferred in sorne circumstances.

Substitution with positron cmitting sotopes, such as ] {3 ’ F, 70 and

He -

N, can be useful in Positren Emission Topography (PET) studies for examining
substratc receptor occupancy. Isotopicaily-labeicd compounds of Formula (1) can

generally be proparcd by conventional technigues known to those skilled in the art or by

L1

processes analogous fo those described in the Fxamples as sef out below using an
appropriate isolopicatly-labeted reagent in place of the non-labeled reagent previously
ernpioyed.

The invention disclosed herein is also meant to encompass the jn vive

metabolic products of the disclosed compounds. Such products may vesult from, for

20 example, the oxidation, reduction, hydrolysis, amidation, esterification, and the like of
the administered compound. primarily duc to enzymatic processes. Accordingly, the
invention inchudes compounds produced by @ process comprising administering a

compound of this invention to a mammal for a period of time sufficiont to yield a

metabolic prodoct thercofl Such products are wypically identificd by administerivg a

[£9)
n

radiolabeled compound of the invention in a detectable dose to an animal. such as rat,
mouse, guinca pig, monkey, or o human, allowing sufficient time for metabolism to
oceur, and isolating its conversion products from the urine, bluod or other biological
samples.

“Stable compound”™ and “stable stucture” are meant to indicate a
30 compound that is sufficiently robust to survive isolation to a uscful degree of purity

from a reaction mixture, and formuiation into an efficacious therapentic agent.

a
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“Maromal” inciudes bumans and Dboth domestic animals such as
Jaboratory animals and household peis {c.g.. cats, dogs, swine, cattle, sheep, goats,

horses, rabbits), and non-demestic animals such as wildlifc and the like.

“Optional™ or “optionaily” means that the subscquently described event

s

of circumstances may or may not occur, and that the description includes instances
where said ovent or circumstance occurs and mstances in which it docs not. For
cxample, “optionally substituted aryl”™ mecans that the arvl radical may or may not be

substituted and that the description includes both substtuted aryl radicals and aryl

radicais baving no substituuion.

i “Pharmaceutically aceeptable carrier, diluent or excipient” inchudes
without Hmitation any adjuvant, cui‘ricr, cxcipient, glidant, sweetening agent, diluent,
preservative, dye/colorant, flaver enhancer, surfactant, wetting agent, dispersing agent.
suspending agent. stabilizer. isotonic agent, solvent, or emulsifier which has been
approved by the United States Food snd Drug Administration as being acceptabic for

use in homans or domestic animals,

Ut

“Pharmaceutically acceptable salt” refers 10 a salt ol a compound that is
pharmaceutically acceptable and that possesses {or can be converted to a form that
possesses) the desired pharmacological activity of the parent compound. Bxamples of
“pharmaccutically accepiable salis” of the compounds disciosed herein inchide salts

20 derived from an appropriate base, such as an alkali metal (for example, sedivm), an
atkaline earth metal (for example, magnesium), smmeonium and NX.© (wheretn X is
,—Cy alkyl). Pharmaccutically accepiable salts of a nitrogen atorn oF an amino group
include for exampic satts of organic carboxylic acids such as acetic, benzoic,

camphorsulfonic, citric, glicoheptonic, gluconic. lactic, furnarie, tartaric, maleic,

2

i

malonic, malic, mandclic, iscthionic, lactobionic, succinic, 2-napththalcnesutfonic,
oleic, palmitic, proplonic, stearic, and trimethylacetic acids: orga nic suifonic acids, such
as methanesulfonic. sthanesulfonic, benzenesulfonic and p-toluenesulfonic acids; and
inorganic acids, such as hydrochloric, hydrobromic, suifuric, nitric. phosphoric and
sulfamic acids. Pharmaccuiically acceptabie salts of a compound of a hydroxy group
30 include the anion of said compound in combination with a suitable cation such as Na
and NX;' (whorein X is independently sclceted from T1 or a €0y alicyl groun).

Phurmaceutically acceptable saits also inciude salts formed when an acidic proton
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present in the parent compound is replaced by either a metal ion, e.g., an allaii mew)

for, an alkaline carth ion, or an aluminum jon; or coordinates with an organic base such
as dicthunolamine, tricthanolaming, Nemcthylgiucamine and the ke, Adse included in

this definition are ammonium and  substituted or guaternized  ammonium  salts.

W

Representative non-limiting lists of pharmaceutically acceptable salts can be found in
S.M. Berge ¢t alb, J. Pharma Sci. 66(1), 1-19 (1977), snd Re nington: The Science and
Practicc of Pharmucy. R. Hendrickson, od.. 21st cdition, Lippincott, Wiiliams &
Wiikins, Philadelphia, PA, (20051, at p. 732, Tabie 38-5. both of which are hereby
mneorporated by reference herein.

HO For therapeutic nse. salts of acive ingredicnis of the campounds

disclosed herein will typically be pharmaceutically acceptabie. Le. they will be salts

P

3

derived from a physiologically acceptable acid or base. However, salts of acids or bases
which are not pharmaceutivally acceptable may also find use. for example, in the

preparation or purification of a compound of Formula (1) or another compound of the

U

invention. All salts, whether or vot derived from a physiologically acceptabie acid or
base, are within the scope of the present invention.

Metal salts typically are prepared by reacting the metal hydroxide with a
compound of this invention. Exampies of metal salts which are prepared in this way are
salts containing Lit, Na™. and K¥. A loss sotublc metal salt can be precipitated from
20 the solution of a more soluble salt by addition of the suitable metal compound.

in addition, salts may be formed from acid addition of certain organic
and inorganic acids, ¢.g., HCL HBr, H2S04, H3PO4 or ovganic sulfonic acids, to basic
centers, typically amines. Finally, it is (0 be understood thut the corupositions herein
comprise compounds disclosed herein in their un-ionized. as well as wwitterionic form,

25 and combinations with stoichiometric amounts of water 2s in hydrates.

Often crysteliizations produce a solvaie of the compound of the
invention. As uscd herein, the term “solvate™ refers 1o an aggreyute that comprises one
or more molecules of a compound of the invention with onc or more molecules of
solvent. The solvent may be water, in which case the solvate may be a hydrate.

30 Ahematively, the solvent may be an organic soivent. Thus. the compounds of the
present mvention may exist as a bydrate, including a monohydrate, dihydrate,

hemibydrate, sesquibydrate, tibydrate, (ctrahydrate and the like, as well as the

Uy

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
764 of 1915



WO 2014/100323 PCT/US2013/076367

correspouding soivated forms. The compound of the invention may be frue soivates,

while in ather cascs. the compound of the invention muy merely rotain adventitions

s solvent.

water or be @ mixture of water pigs somne adventit
A “pharmaccutical composition” refers to a formulation of a compound

5f the invention and a medium genevally accepted in the ant for the delivery of the

(¥4
~

biologically active compound to mammals, e.g.. humans, Such a medivm includes all

pharmaccutically acceptable carriers, ditucuts or excipicents therefor.

1 1

“Sffective amount” or “therapeutically effective amount” rvefers to an
amount of a compound according to the iavention. which when administered to a
10 patient in need thereof, is sufficient to effect rreatment for disease-staics, conditions. or
disorders for which the cormpounds have atifity. Such an amouant would be sufficient to
clicit the biolopical or medical response of a tissue system, or patient that is sought by &
researcher or ciinician. The amount of a compound according to the invention which

constitutes a therapeutically effective amount will vary depending on such factors as the

J

compound and its biological activity. the composition used for adminisiration, the time

of administration, the route of adminisiration. the rale of excretion of the compound, the

doration of the treatment, the type of discase-state or disorder being treated and ite

severity, drugs used in combination with or coincidentally with the compounds of the

invention. and the age, body weight, general health, sex and diet of the patient. Such a

200 therapeutically effective amount can be determined routinely by one of ordinary skifl in
the at having regard to their own knowledge, the state of the art, and this disclosure.

The torm “treatment™ as used herein is intended o mcan  the

administration of a compound or composiion according to the present invention o

alleviate or climinate symptoras of HIV infection and/or to teduce viral loud in a

25 patent, The torm "trcatment” alse cncompasses the administration of a compound or

composition according to the present invention post-exposure of the individuat to the

drus but before the appearance of symptoms of the disease, and/or prior to the

deicction of the virus in the blood, to prevent the appearance of sympioms of the

diseuse and’or to prevent the virus from reaching detectible levels in the blood, and the

39 administration of a compound or composition according to the present invention to

prevent perinatal transmission of HEV from mother to baby. by administration te the

molther before giving birth and {o the child withia the [est days o life.

16
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The term "antiviral agent” as used herein is intended o mean an agent
{compaund or biclogical) that is effective to inhibit the formation and/er replication of 4
virus in a hwnan being, including but not lmited to agents that interfere with cither host

o viral mechanisms necessary for the formation and/or replication of a virus in a

wn

human being.

The term "inhibitor of HIV replication” as used hercin is intended 1o
mean an agent capable of reducing or climinating the ability of HIV to replicate in a
host celi, whether in vitro, ex vivo or in vivo.

The compounds of the invention, or their pharmaceuticaily accepiable

10 salts may contain one or more asymmetric centers and may thas give tise to

cianifvmcers, diastercomers, and other stereoisomceric forms that may be defined. in
terms of absolute siercochemisiry, as (K)- or {§)- or, as (D)~ or (L)~ for amino acids.
The present invention is meant to include ali such possibic isomers, as well as their

racemic and optically pure forms. Opticaily active (+) and {-). (R}~ and (&), or (D)~ and

5 {1)- 1somors may be prepared using chirai synthons or chiral reagents, or resobved using
conventional fechoiques, for example, chromatography and fractional crystailization.
Conventional techniques for the preparation/isalation of individual enantiomers include
chiral synthesis from a suitable opticaily pure precursor or resolution of the racemate
{or the racemate of a salt or derivative} using, for example, chiral high pressure liguid

°3)

28 chromatography (HPLCY When the compounds described herein contain olefinic
double beonds ov other centres of geometric asymmetry, and unless specified otherwise,
it is intended that the compounds inchude both E and Z geometric isorners. Likewise, ail
tautomeric forms are also intended to be included.

A “stereoisomer” refers 10 a compound made up of the same atoms

25 bonded by the same bonds but having diffsrent three-dimensional strucrurcs, which ar

&
aot interchanpeable. The prosent invention contemnlates various stercoisomers and
mixtares thereof and includes “cnanitomers™, which refers 1o two stereoisomers whose
molecules are nonsuperimposcable mirror images of one gnother.

A Ttautorner” refers 1o a proton shift from one atom of a molecule 1o
30 another atorn of the same molecule. The present invention includes tautomers of any

said compounds
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A “prodrug” refers to @ compound that is chemically designed to
officiently liberate the parent drug after overcoming biological barriers to oral delivery
in cortain cmbodiments, the present invention includes prodrugs of the compounds of

Formula (1).

5 Compounds
As noted ahove, in onc embediment of the present invention, compounds

having antiviral activity are provided, the compounds kaving the following Formula (1)
= o [ =

@] Y1 YE
\
W/ \\r T R & \R1
! ! =
2 z
Z /N\ \ S
ﬁ/ . o}
H
T
G O OH

-~

)

14 ora stercoisoracr or pharmaccutically accoptabic salt thereof,
wherein:
% i 0o g R b0 =CTTEY
W is -CHZ-;

PR e 5 e g g
2\ 77 and 27 are cach, independently, hiydrogen or Ciaalkyl, or wherein

15 Z'and 77 or 2" and Z°, takon rogether, form -L- wherein L is ~C(R")z-, C(RM:C(RN3-,
SR LOR,CRY -, or -C{R)C(RC(RY,C(RY),-. wherein at least one of Z' and Z°
aor 7} and 2, taken tegether, form -1
Z% is a bond, -CHy-, or ~-CHUHy-;
¥ and Y are each. independently, hydrogen. Ciaslkyl or Crshaloalioyl:
20 R} is pheny! substituted with one to three baiogens; and
each R iy, independently, hydrogen, halo, hydroxyl er Ciaalkyl.
In another embodiment, compounds are provided having the following

Formula (JI-A):
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'X \/[\ ,/\\

»-—-—z

(11-A3

in ancther embodiment, coraopounds are provided having ihe foiflowing

Formuia (11-By:

O
%
N i
i ' ; ]
\ -~
| j
_ O OH
d
(11-8)
in another cmbodiment, compounds are provided having the following
Formula (11-C):
O
f N/\\/IKN/\\R’
L | H
{ : i
!\\\/N\r ~
o]
i
0 OH
10 (1-Cy

I another embodiment, L is -C(R™~. i a {urther crobodiment, L. is

SCR"MO(R- In still a further embodiment. L ois -C(RY PC{RM:C(R M-, In still a

19
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further embodiment, sach R is hydrogen. In still a further erobodiment, one R is
methy! and cach remaining R is hydrogen. o still @ furtber embodiment, one R* is
halogen and cach reraining R is hydrogen. In stilf a further embodiment, tvo R are
halogen and cach remaining R is hydrogen. In still a further embodiment, onc R” ig
5 halogen and each remaining RY is hydrsgen.
In another cmbodiment, X is -O-. In another embodiment, X is -NZ'-. In
another embodiment, X is -NH-, 16. 1n another embodiment, X is -CHZ- and Z' and
Z7, taken together, form -L-. In a further cmbodiment, Z7 is hydrogen.  In another
embodimend, X is -CHoa-.
10 fn another embodiment, Z7 is & bond or -CHy-. In another embodiment,
Z% {8 -CHy-. Iy another embediment, 27 is a bond.
in another erabodimeni. Y' and Y© arc cach independently hydrogen,
methy! or triflusromethyl.
In ancther cmbodiment, R' is substituted with one halogen. In a further
i5  embodiment, R' is 4-fluorophenyl or 2-fleorophenyl.
In another erabodiment, R is substituted with two halogens. In a further
embodiment, R' is 24-difluorophenyi, 2.3-difluorophenyl, 2,6-difluoropbenyl. 3-
fluoro-4-chlorophenyl.  3.4-difluorophenyl.  2-flucro-4-chlorephienyl,  or  3.5-
diftuorophenyl. In still a further embodiment, R'is 2.4-difluorophenyl.

in another cmbodiment, R’ is substituted with three halogens. In a

[y
@)

further embediment, R’ is 2.4.6-trifluoropheny! or 2.3.4-wifluorophenyl. In sull a
further embodiment, R' is 2,4,6-tnflucrephenyl.

In onc embodiment, 8 pharmaccatical composition  1s  provided
comprising a compownd of any one of the Formulas (). (11-A). (J1-B), or {1I-C), as

25 noted above, or a stercoisemer or pharmaccutically acceptable salt thereof, and a

pharmaceutically acceptable carrier, difuent or excipient.
Another embodiment is provided comprising a method of treating an
HIV infection in a human having or at risk of having the infection by administcring to
the human 2 therapeutically cffective amount of a compound of any onc of the
30 Formulas (I3, (1I-A), (11-B}, or (JI-C), as noted above, or a pharmaceutical composition
thereof.  Ancthor embodiment is provided comprising a method of treating or

preventing un HIV infection in a human having or at risk of having the infection by

20
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administering 1o the human 2 therapeuticsily effective amount of a compound of any

ane of the Formulas {13, (H-A), (I1-B), or {(11-C), as noted above, or a pharmaceutical

compostiion thereof,

In another embodiment, the use of a compound of any one of the

Lh

Formulas {1, {11-A ) (1L-B). or (11-C), as noted above, or a pharmaccutical composition

thereod, for the trcatrent of an HIV infection in a buman baving or at risk of having the

infection is provided. in another embodiment, the wse of a compound of any one of the
Formutas {1, (1A}, (1-B), or (1-C), as noted sbove. or a pharmaccutical composition
thereof, for the treatment or prevention of an HIV infection in 4 human haviog or af risk
18 of having the infection is provided.
In anocther erabodiment, the use n medical therapy of a compound of
any onc of the Formulas (1), (1-A) {U-B), or (71-C). as noted azhove, or a
pharmaccutical conposttion thercef, is provided.
I another embodiment, the use of @ compound of any one of the
15 Formulas {), (1-A) (1B or {11-C). as noted above, or a pharmaceutical composition

thereof, for usc in the therapeutic reatment of an HIV infection is provi

cd. In another
cmboediment, the use of a compound of any onc of the Formulas (). {11-A), (11-R3, or
(II-C3. as noted above, or @ pharmaceutical composition thereof, for use in the

prophyiactic or therapeutic treatment of an HIV infection is provided.

3o
Py

As further noted above. in aucther embodiment of the present invention,
compounds baving antiviral activity are providad, the compounds having the following

Formuta (1)

)

24
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ar a stereoisomer or pharmaceuticatly acceptabie salt thereof,
wherei:
X is -0- or -N2*-or -CHZ
W is -0- or ~NZ% or -CHZ -

= = e Ead o 5 - a
3 Z'. 2% and 77 are each, independently. hydrogen, Ciaalkyl er

O

' shatoalkyi, oy wherein 7' and 77 or Z' and Z°. taken together, form -L- wherein L is

SCR-. -CRMC{R), -C(R*CRCIR ) CRY:CRRCR TR -,

~C(R™HOO(R Y-, SCRULNRPCIRY)-, SC(RYSCRM -, SCRM:S{OHC(R™Y -,

~CR"RSGOR M- ~CRMOCHRTBCR - ~CERMLCRMEOCR -

1 —C(R™HNRPCRYC(RY):-. SCRYCIRNRACR -, SCRD:SCRY IR -

CRMMCR 1RSCR -, SCORMSIOMCRM LR Y- GRS CRM M S{OYCIR z-,

SC(R™LSOCR BCRYp-, ~CRDCR NSO Rz, -CR'RSONR'CR - oF
SCRHNRISOC(R Y-

Z' is a bond or -CHy, -CH.CH,, -CH,CH,CHy-, -CH.OCH-

15 OHLGNRYCH-, -CHRSOH- -CHLS(0)CH- or -CHaSGCH-:

Y and Y7 are cach, independently, hydrogen or Cjalkyl, or viand Y7,
jogether with the carbon atom o which they are attached, forrm a carbocyclic ring
having from 3 o 6 ring atoms or a heterocyciic ring having from 3 to 6 ring atoms,
wherein the carbocyclic o hetcrocyelic ring is optionally substifuted with one or more

20 RY

R is optionally substituted aryl or optionally substituted hetercaryl; and

gach RY is, independently, hydrogen, halo, hydroxyl or Ciaalkyl, or
wherein iwo R groups, together with the carbon atom to which they are attached, form
=0, and

25 whercin at lcast onc of: (i) 2" and 27 or Z' and Z°. talken wgether, form ~L-: or
i)Y' and Y together with the carbon atom to which they are attached, form a
carbocyclic ring having from 3 to 6 ring atoms or a heterocyelic duy having from 3 w0 6
ring atoms.

in another embodiment, W is -CHZ -,

30 In another ecmbodimeoent, 7' and 7% or Z' and Z°. tsken together, form -L-.

In another embodiment, compoumds are provided having one of the

following Formulas {I1-4}, (II-B3), or {11-C):

2
2
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(%41

(1-C)

wherein L is ~C(R™ )z,
~CIRMCIRRCR TR, -CRDOC(RY);-,
~CR" SIOYCR™)-. -C{R" 1SO,CR Y-,

10 -CR™LOR)OCIRY) . C(RNRICIR)CRY -,
~C(R:SCRCR )am, CER®LC(R*SCR Y-,
CRDBORDLSDCR -, -CR:SOCRCR ),
CER*LSONRICR Y- 0t -CIR™NR*SO2C(RY,-.

Cipla v. Gilead IPR2025-00033
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in another embodiment, Y and Y7, rogether with the curbon atom 1o
which they ave attached. form a carbocyclic ring having from 3 1o 6 ving atoms OF 4
hotcrooycelic ring having from 3 1o 6 ving atoms.

fn anocther embodimeni, compounds are provided having one eof the

5 follewing Formulas (11.A), (IH-By, (0LCy or (HI-DY:

s \/‘\\/’l\}/

N

\K\\/‘\

{I-A)

\r/\“r* N /L\

R
N
l ~ \\ o
!
2 o} O
(1-B)
—
o A\

NEvi
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~ .>%
Seee

O
{1H-D)
wherein 2/ and 7° are cach, independently. hydrogen or Cy aalkyl
in another cmbodiment

W, compounds are provided having one of the
5 following Formulas (TH-E), (Hi-F). (1-GY or (Hi-H)

o \,«//\N' N ~n ~ g
g H
\*[//"‘\_’/J‘\\l/ =
7 é» C;)H
(1HE-1)
- /R
N A
[\\‘{/\\\ N \u/ -
i i
1/N\! /\(/\\C‘
z G OH
(Hi-F)
25
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L0
(111-G3
B Ty
oL
.
X, P
Y S
! #
] t
N vy
Y ~. \\E/\O
; i !
] c &
{(I-H)
S wherein 7' and 77 are each, independently, hydrogen or Ciaaikyl
In another embodiment, both (i) 7! and 727 or 2! and 2%, wken together,
form -L-, and (i} Y© and Y’, together with the carbon atom to which they are attuched,
form a carbocyclic ring having from 3 to & ving atoms or a heterocyclic ring having
from 3 fo 6 ring stoms.

14 in another embodiment, compounds are provided having one of the

following Formulas (TV-AA), (TV-AB}, (TV-AC), (IV-AD), (IV-AE), (TV-AF), (IV-AG)
or (IV-AH):

(IV-AA)
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Qj/\”i 7/\

(IV-AF)

3) QH
Lor
(IV-AG)
(G}
/X\\'/\N//\\\\\{/U\.,
. ;
M SN
. o] [G1]
5] 1
(IV-AH)
wherein 1 is -CiR"y,-, SR NC{R -, SCEYCR RCRY,-,
CORMBOR HORO(R -, -CROCR Y-, -CRNRICR)-, -CR™:SCR
~CIR™ L SOYCR o, -COR"LSOLCR ), SCRMOCRY L CIR e,
10 -CRROR)0CER Y CCRPNRICROR -, SCRYCIR NRACR Y-
~C(RSSCR HC(RM:z- ~CERT R CIRMSCR):z-, SCIR" BRS(ONCR (RN,

SCRILCIRT L SIOYCIR ) e, SCRMLSCHTIRCR e, SC{RMCIR"LSOCR ),
~CR"MSONRICR Y- or <CLIRMNRUSOC(R™);-.
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In another embodiment. compounds are provided having one of the
following Formulas (IV-BA), (IV-BB), (1vV-BC), (V-BI), (V-BEY (IV-BF), (1V-BG)
ot (1V-Bii):

-

N .
Q\/ ;1
N i
TN N
YT
O

Ok

5 AV-BA)
0
//\JY\N/\ Sy g
‘ 3
K\// N\\ )\\\{//\r.
) Or: ‘
UV-BB)
/N\
P
(//N N \(\\ N //\I\/U\’:i 2
P :
“Q,/N\!]A\ﬁ/ X
'ClJ (l)H
(IV-BC)
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O

/'N\ N R ><‘

/ : NN N ®!
|
L W/ \\‘ /\\r\

O Ok

[
l‘x/’N

(IV-BH)

wherein i s ~C{RM-, SCER"BCIRY-, SCRE L CRDCR Y-,
CRPORROERMCER Y-, -ORNOCR Y-, -CRMNRICRYy-, - CRBSCRMY,
-CLRY1LS(OICR MY, SCRYSO-CR -, SCERTHOCR YR Y-,
SCRMCIR BOCIRY,-, SCIRMNRMCR™LOR M-, CR"HCRMLNRM CR Y-,
SCR LSRR -, SC{RMCRY,SCRMY,-, CRDSIOCRY,CIR e,
CCRBCRRSOICR Y-, -CIRBSOOR PR -, -CORHORY:SOCERM,-,
SCOR,SONRYCR Y- o1 -CRUNR'SO,CIRY -

In  another  embodiment. L 8 -CR™-, -CRRUR™Y,-,
SCRTRCRCMR Y-, or -CRMCRC(RCRD:-. In a further embodiment, 1. is
SC{R"- I stiil & further embodiment, L35 -CR"RCR" -, In still a further
embodiment, L iy -CR RCR")DNLCR™ - to still 2 further embodiment, each K* is

hydrogen. i still a further embodiment, one R® is mcthyl and each remaining R is

hydrogen. In still a further cmbodiment, one R® is halogen and each remaining R® is
hydrogen, tn still a further embodiment, two R* are halogen and cach remaining R® is

hydrogen. I

jos]

stitl & further embodiment, one R¥ is halogen and cach remaining RY is
hydrogen.

v another embodiment, L is -CR"HOCIR"-, ~CRYLNRICEM-,
SCR RESCR -, -CRHSIOICER -, 0 -CR™HS LR 15-. In a fusther embodiment, L
is ~C(R")0CHR Y- In still a further erabodiment, cach R is hydrogen. In still a further
cmbodiment, one R* is mothyl and cach remaming R* is hydrogen. In still a further
embodiment, one R* ix hulogen and each remaining R* is hydrogen. Tn still » further
cmbodinment, two R” are hialogen and cach remaining R is hydrogen, In stiil a further

embodiment, one R* is halogen and sach vemaining R* is hydrogen.
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in another embodiment, X is ~0-. In a further embodiment, 75 s
hydrogen. 1o another embediment, X is NZ3 In another embodiment, X is -NH-. In
another embodiment, X is -CHZ - tn anothor embodiment, X s ~CHa-.

In another embodiment, 27 is a bond or -CHa- In another embodiment,

7% is «CHo-. 1n another embodiment, Z° is a bond.

Lh

In another embodiment, Y and Y7 are cach independently hydrogen.
methyl or trifluoromethyt.

In anothier embodiment, R' is substituted with onc hatogen. iz a farther
embodimend, R’ ig 4-fuoropheny! or 2-fluorophenyl.

i3 In another embodiment, R' is phenyi. In another embodiment, R' is

pyridinyt.
In another erobodiment, R s substituted with at east enc halogen.
in another embodiment, R is substituted with one halogen. In a further

. [ PERPEY i
embodiment, R’ is 4-fluorophenyl or 2-fluorophenyi.

i3 in another cmbediment, R is substituted with two halogens. In a further

ernbodiment, R' s 24-diffeorophenyl. 2.3-difluoropbenyl. 2.6-difloropbenyl. 3-

fluora-4-chiorophenyl,  34-difluorophenyl.  2-fluoro-4-chiorophenyl,  or  3,5-
difluoraphenyl. In stilf a further embodiment, R is 2.4-difluorophenyl.

In another embodiment, R' is substituted with thiee halogens. In a

20 further cmbodiment, & is 2.4, 6-wifluorophenyt or 2,3 d-trifluorophenyl. In still a

further embodiment, R is 2.4.6-trifluorophenyl.
In another cmbediment, RY is 3-giflucromethyl-4-fluorophenyt or 2-
cyclopropoxy-4-fluorophenyl.
In one oubodiment, a phavmaceutical composition 18 provided
25 comprising a compound of any ene of Formmulas (D), (LA}, (U-B). (1-C}, (1H-A)
(1B, (10-C), (D), (10-B). (11-F), (UG), (HE-H), (V-AA), (IV-AB), (IV-AC),
{V-AD). (IV-AE) (IV-AF), (TV-AG), (IV-AHD, AV-BA). (TV-BB), (1IV-BCY, (IV-BD).
OV-BE), (V-BF), (1V-BG) and (1V-BH), as uvoted above, or a storeolsonier or
pharmaccuticaliv acceptable salt thereof, and a pharmaccutically acceptable carrier,
39 diluent or excipient.
Another embodiment is provided comprisiug a method of freating an

HIV infection in & huwman having or at risk of having the infection by administering to
= -2 &
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the human a therapeutically effective amount of « compound of anyv one of Formaudas
(D, (H-A -B). (H-C), (-AY, (-1, (URC), (TU-D), (U-EY, (TH-0, GH-GO. (UE-HD,
(V-AA), (IV-AB), (IV-AC), GV-AD (IV-AE), (1V-AF). (1V-AG), (1V-AH), (1V-BA),
{(V-B3B), (V-BO)Y. (1V-BI), 0V-BEY (V-BF), (IV-BG), and (IV-B1H), as noted above,

W

or a pharmaceutical composition thereof. Another embodiment is provided comprising
a method of weating or preventing an IV infection in a human having or at risk of
having the infection by administering to the human a therapeutically ctfective amount
ot a compound of any ene of Formalas (1), {1-A), (1B, (110, (1A (HEBY, (11-0).
GH-DY E-E), (- (G), (HEHD, OV-AAL GVEAB), (IV-AC), (IV-AD).
PO V-AEN (VAR (IV-AG) (IV-ARD, (TV-BA)Y, (IV-BB), (IV-BO). (IV-BIDY), 1V-BE).

{V-BF) (1V-BG), and (IV-BH). as neted above. or & pharmacs

ical composition
thereof,

In another embodiment. the use of a compound of any one of Formulas
My (A d1-B), 41-C). (I0-A), (31-B), (I10-0), (10-D), (TE-E) (-8, (1I3-G), (IT-H).

B3 (IV-AA), (V-AB), (IV-AC) (IV-ADY, (IV-AE), (IV-AF), (IV-AG), (IV-AH), (IV-BA),
{(IV-BB), (JV-BO), (IV-BD). (IV-BE), (IV-BF), (IV-BG), and (JV-BH), as noted above,
or @ pharmaceutical composition thereof for the treatment of an HIV infection in a
human having or at risk of having the infection. In another embodiment, the use of a
compound of any one of Formulas (£}, (11-4), (H-B)y. (11-C), (H1-A). (JH-B), (1110,

2Dy, (LB, (IRE), -G (-, (V-AA), OV-AB) (IV-AC), (IV-ADY,
(IV-AE), {IV-AF). (IV-AG). (IV-AH). (IV-BA), (IV-BB), (IV-B(), (IV-BD), (IV-BE),
{IV-BF), (IV-BG). and (IV-BH). as noted above. or a pharmaceutical composition
thereed for the treatnent or prevention of an HFV infection in a human having or at risk
of having the jnfection.

25 In another embodiment. the use in medical therapy of 2 compoeund of
apy one of the Formulas (1) (It-A), (JI-B), ({1-Cy (HI-A), (JIE-B), (11-Cy, (1H-D),
(ME-E) (U-F), 01-GL (IT-H), (V-AA) (IV-AB), (V-AC), (IV-AD). (IV-AE),
VAR, (1V-AGL UV-AHD, (V-BA), (IV-BBL (IV-BU), GV-BD), OV-BEL ({V-BF),
GV-BG), and QV-BH). a5 noted above, or a pharmaceulical composition thereof, is

30 provided.

in another crbodiment, the use of a compound of any one of the

Formulas (1), (1I-A), (1B}, (N-O), (1-A), (HI-B), (1-C), (111-D), (1H-E). QI-F),
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OI-Gh. (HE-HYL (IV-AA), (IV-AB), {IV-ACHL (JV-ADY (IV-AE), (IV-AF) (V-AG).
(VAR OV-BA) GV-BR)Y. OV-BC), GV-8D). dVv-BI), (V-Bi), {IV-BG), and
{V-BH). as noted sbove, or & phanmaceutical composition tiereof, for usc in the
therapeutic treatment of an HIV infection is provided. In another embodiment. the use

of a compound of any one of the Formulas (i (1-A), (H-B), (H1-C3, =AY (11-B)Y,

¥4

1-0Y, (=D, GH-E (HI-EF), GH-Gh, (GH-H), (IV-AA)Y, OV-AB), (IV-AC), (1V-AD),
OVIAE) (TV-AF), (IV-AG), (IV-AHDY, (IV-BA), (1V-BB), (IV-BC). (IV-BD), (IV-BE)
{IV.BF), {IV-BG). und (IV-BH). us noted above. or a pharmsaceutical composition
thereof, for use in the prophylactic or therapentic treatment of an HIV infection is
1 provided.

it is understood that any embodiment of the compounds of Formulas (1},
{H-A), JI-BY. (1-0), (11-A) (O1-B), (H1-C). (H-D), (1-Ey (U1, (-G, (TH-H),
(AV-AA), (IV-AB), (IV-AC), (IV-AD), (IV-AE). (V-AF), AV-AG), (IV-AH), (IV-BA),
AV-BB), (1V-BC). (IV-BD). (IV-BE), (IV-BF), ({V-BGj. and (}V-BH), as sot forth

3 o 5 - 3 = S =9 1 2
above, and any specific substituent set forth hercin foraR LR X, WY sl 7 2

i

Z°. or 27 group in the compounds of Formulas (1), (F-A), (1-B}. (1-CY. (111-4), (JT-B),
11-Cy, (=D, (- (HEF), (-G, (I-ED, JV-AA)Y, (IV-AB), (IV-AQ). {IV-AD.
AV-AES (TV-AF). (IV-AG), (IV-AR), (1V-BA), (IV-BB}), (IV-BC). (IV-BD). V-BE).

AVABF), (1V-8G), and (IV-3i1), as set forth shove, may be independently combined

I
<

with other embodiments and/or substituents of compounds of Formulas (1), (H-A).
{1-B), (11-C), (111-A), (T1-B). (110, (AT-D), (UL-E), (I1-F), (IN-G), (1H-H), (IV-AA)y,
IVoAB), (IV-AC). (IV-ADY, (IV-AE), (IV-AF), (IV-AG), (IV-AH), (JV-BA), (IV-BB),
(V-BC). (JV-BD), (IV-BE}L (IV-BF), 3V-BG), and (IV-BH), tc form cmbodimenis of
the inventions not specifically set forth above. In addition, in the cvent that a list of
25 substitutents is listed for any particalar RLURL X, W, Y, Y5 L, zh 72 7 or 2 ina
particular embodiment and/or claim, it is undersiood that cach individual substituent
may be deicted from the particular embodment and/or claim and that the remaining st

of substituents will be considered to be within the scope of the invention.
As one of skill in the art will appreciate, compounds of Formulas (1),
30 (1-A). (IE-B), (11-C), (V-AA), (IV-AB) (IV-AQ), (IV-AD}, (IV-AE), (IV-AF),
(V-AG), (IV-AH), (IV-BA), (IV-BB), (IV-BC), ({IV-BD). (1V-BE), IV-BF}, (IV-BG).

9%
2N
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and (IV-BH}, wherein 2" and 727 or 7' 2nd Z , taken together, form -1- may be shows in

=

several different ways. For example. the Compound 2 of Example 3 may be shown as:

n

Pharmaccutical Compositions

For the purposes of administation, in cerlain embodiments, (he
16 compounds described herein arc adminisicred a5 a raw chomiczl or are formulated as
pharmaceuticsl compositions. Pharmaceutical compositions disclosed herein include a

compound of Formula (I} and onc or more of: & pharmaccutically acceptable carrier,

diluent or excipient. The compound of Formuia (0 is present in the CONTPOSINONG 113 an
amount which s cffective to treat a particular disease or condition of interest. The
15 activity of compounds of Formula (1) can be determined by one skilled in the art, for
example, as described in the Examples below. Appropriate concentrations and dosages

can be readily determined by one skilled in the art. In czrtain simbodiments, a

compound of Pormula (I} is present in the pharmaccutical composition in an amount

from about 23 mg 1o about 500 mg. In cortain cmbodiments. a compound of Formula (1)

o) B . - ik e - Shia. 3 sy e i I i OTAT -

<0 s present in the pharmacoutical compoesition in an wmount of about 100 my 10 about
300 mg. In cerlain embodiments, a compound of Formula {[y is present in the
pharmaceutical comiposition in an amount of sbout 25 mg. 50 mg, 100 mg, 200 mg,
300 mg, 400 mg or about 500 mg.

Administration  of  the  compounds  of the invention, or their

[3v]
[V}

pharmaceutically acceptable salis, in pure form or in @ appropriate pharmaceutical

L
N
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composition, is carried out viz any of the accepted modes of administration of ajents
for serving similar utilities. The pharmaceutical compositions of the mvention ure
prepared by combining s compound of tho invention with an  appropriate
pharmaceutically acceptable carrier, dituent or excipient, and in specific embodiments

5 are formulated into preparations in solid, semi-solid, liquid or gaseous forms, such as

tablets, capsules, powders, granaics, oinoments, solutions. suppositorics. injcctions,
izhalants, gels, microspheres, and acroasols. Exemplary routcs of administering such
pharmaceutical compositions include, without Lmitation, oral, topical, transdermal,
inhaiation, parcoteral, sublingual, buceal, recal, vaginal, and intvanasal. Pharmaceutical
10 compositions of the invention arc formulated so as to allow the active ingredienis
comained therein o be bisuvaiizble upon adrinistration of the composition 1o a patient.
Compositions that will be administered o a subject or patient take the form of one or
more dosage units, where for example. a tablet may be a single dosage unit, and a

container of a compound of the invention in scrosol form may hold a plurality of

13 dosage units. Actual methods of preparing such dosage forms are known, or will be
apparent, fo those skilled in this arl; for example, see Reminguon: The Science and
Practice of Pharmacy, 2k Edition (Philadelphia College of Pharmacy and Science,
20003, The composition to be administered will, in any event, contain a therapeutically
offective amount of a compound of the invention, or a pharmaccutically accepiable salt

20 thercof, for weatment of a discase ar condition af interest in accordance with the
teachings described herein.

The pharmaccutical comnpositions disclosed hercin are prepared by
methodologies well known in the pharmaceutical avt. For example, in cortain
embodiments, a pharmaccutical composition intended to be administered by injection is

25  prepared by combining a compouund ef the invention with sterile, distifled water so as 0

form a solution. In some cmbodiments, a surfactant is added to facititate the formation
of a homogeneous solution or suspension.  Surfactams  are  compounds  that
non-covaiontly interact with the compound of the invention so as o facilitarc
dissolution or homogencous suspension of the compound in the agueous delivery

30 system.
The compounds of the fveniion, or their phannaccatically acccptable

saits, are administered in a therapeuiically cffective amount. which will vary depending

36
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upon a variety of factors including the activity of the specific compound emploved: the
metabolic stability and length of action of the compound: the age. body weight, general
health, sex. and dict of the patient; the mode and time of administration: the rate of
excretion: the drug combination: the severity of the particuiar disorder or condition: and

5 the subject undergoing therapy.

Combination Therapy

inone embadiment. a method for treating of proventing an HIV infection
i a humen having or at risk of having the infection is provided. comprising
10 administering to the buman a therapeutically effective amonnt of 2 compound disclosed

herein, or a pharma

cutically accepiable salt thercofl in combination with a
therapeutically effective amount of one or more additional therapeutic agents.

In one embodiment. pharmaceutical compositions comprising a
compound disclosed herein, or a pharmaccutically sccepiable salt thercof. in

'3 combipation with one or more additional therapeutic agents, and a pharmaceuticaily
accepiable cavvier, diluent or excipient ate provided.

in ene embodimernt, combination pharmaceutical agents coveprising o
compound  disciosed herein, or a pharmaceutically accepiable salt thereof. in
combination with one or more additional therapeutic agents are provided.

20 in the above embodiments, the additional therapeutic agent may bhe an
anti-HIV agent. For example, in some embodiments, the additional therapeutic agent is
sefected from the group consisting of HIV protease inhibitors. HIV non-nucleoside
whibilors of reverse wauscriprase, HIV pucleoside inbibitors of reverse transcripsase,
HIV nucleotide inhibitors of reverse transcriptase, HEV jntegrase inhibitors, HIV non-

25 catalytic site (or allosteric) integrase inhibitors, entry inhibitors (c... COURS inhibitors.

gpal inhibit

s (e fusion inhibuiorsy and CD4 attachment inlibitors). CXCR4
inhibitors, ¢p120 inhibitors, G6PD and NADH-oxidsse inhibitors, compounds thut
target the HIV capsid  (“capsid inhibitors™ c.g., capsid polymerization inhibitors or
capsid disrupting compounds such as those disclosed in WO 2012/606738 (Gilead

30 Scicnees), US 2013014

89 (University of Pennsylvania), and WO 2013/006792

{Pharma Resources), pharmacokinetic cahancers, and other drugs for ueating 1TV, and
3 't <

=
-3
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combipations thereof.  In further embodiments, the additional therapeutc agent is
selected from one or roore of!

{1) HIV protcase inhibitors sclected from the group consisting

amprevavin, atazanavir, fosamprenaviy, mdinavir, lopinavir, ritonavir, nelfina i
saquinavir, tipranavir, brecanavir, darumaviy, TMC-126, TMC-I 14, mozenavir (DMP-

450y, JE-2147 (AGL776), L-756423, RO033464%, KNI-272, DPC-681, DPC-654,

W

GW640385X, DG 7, PPL-100, DG335, and AG 1839;
2y HIV non-nucleoside or non-nucicotide inbibitors of roverse
transcriptase seiceted from the group consisting of capravirine, emiviriag, delavuridine,
18 efavirenz, nevirapine, () calanolide A, stravirine, GWS634, DPC-0R3, DPC-S61, DPC-
963, MIV-150. TMC-120. rilpivirenc, BILR 355 8BS, VRX 840773, lersivirine (UK-
433061), RDEABGG. KMO023 and MK-1439;
(3) HIV nucicoside inhibitors of reverse transeriptase selected from the

group consisting of zidovudine, cmiricitabine, didanosine, stavudine, zalcitabine,

J

Jamivudine, abacavir, amdoxovir, elvucitabing, alovudine, MIV-210, (-FTC, D-d4FC,
crotricitabine, phosphavide, fozivudive tidoxil, apricitibine (AVX754), KP-1461, GS-
9131 {Gilead Sciences) and fosalvudine tidoxil (formerty HDP 99.06003);

wors of reverse transcriptase selected from the

{4y HiV nucleotide inhil
group consisting of tenofovir, tenofovir disoproxil fumarate. tenofovir alafenamide

fumarate (Giicad Sciences), GS-7340 (Gilead Sciences). GB8-9148 (Gilead Sciences),

S
ps
-

adefovir, adefovir dipivoxil, CMX-001 {Chimerix} or CMX-157 (Chimerix);
{5y HIV intcgrase inhibitors selecied from the group consisting of

roumin, derivatives of curcumin, cbicoric acid, derivatives of chicoric acid, 3.5-

dicaffeoyiquinic acid, derivatives of 3.5-dicaffeoylquinic acid, auvrintricarboxyhic acid,

derivatives of aurintricarboxylic acid, caffeie acid phencthyl ester, derivatives of caffeic

(2o}
w

~

acid pheneryl ester, tyrphostin, derivatives of tyrphestin, guercetin, derivatives of
guercetin, S-1360. AR-177, L-870812, and L-870810, valtegravir, BMS-538158,
GSK364735C, BMS-707033, MK-2048, BA 011, clvitcgravir, dolutegravir and GSK-
744

30 {6y HIV non-catalytic site, or allosteric, integrase inhibitors (NCINI)
including, but not limited to, BI-224436, CXO0316, CX(35045, CX14442, cormpounds
disclosed in WO 2009/062283 (Bochringer Ingetheim), WO 2010/130034 {Bochringer
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Ingelheim), WO 2013/155064 {Gilead Sciences), WO 2012/145728 (Gitead Sciences),
WO 2012002497 (Gilead Sciences), WO 2012/003498 (Gilead Sciences) cach of
which is incorporated by references in its entivety herein,

{7y gpd? inhibitors sclected from the group covsisting of enfuvirtide,

5 sifyviriide, aibuvislide, FBOO6M. and TRI-1144:

{3) the CXCRA inhibitor AMD-§7
(9) the entry inhibitor SPOLA:
{10} the gpl 20 inhibitor BMS-488042;
{11} the GO6PD and NADH-oxidase inhibitor imymunitin,

10 {(12) CCRS inhibitors sclected from the group consisting of aplaviroc.
vieriviroo, maravivoe, cenicrivivoe, PRO-140. INCBI5050, PF-232798 (Pfiza: 3. and
CCRSIMABOO4E,

{13) CD4 sttachment inhibitors selected from the group consisting of

ibalizumab (TMB-3535) and BMS-068 (BMS-663068):

‘N

{(14) pharmacokinetic cnhancers sciocted from the group consisting of
cobicistat and SPE-452; and

(13) other drugs for treuting HIV selected from the group consisting of
BAS-100. SP1-452, REP 9, SP-0TA, TNX-355, DES6, GDN-03, ODN-112, VG-I,
PA-457 (bevirimat), HRGZi4, VGX-410, Ki3-247, AMZ 0026, CYT 90007A-221 HIV
& DEBIO-025, BAY 30-479%, MDXO010 {ipilimumab). PRS 119, ALG S89, and PA-
1030040 (PA-0340),

P

and combinations thercof
In certain  cmbodiments, 2 compound disciosed herein, or a

pharmaceuticaily acceptable salt thercof. is combined with two, three, four or more

|28}

[

additional therapcutic agents. In certain embodiments. a compound disclosed herein, or

a pharmaceutically accepiable salt thereof. is combined with two additional therapeutic
agents. In other embodiments, a2 compound disclosed hevein, or « pharmaceuticuily
acceprable salt thercof, is combined with three additional therapeutic agents. In further
embodiments, a compound disclosed herein, or a pharmuceutically ac cceptable sait
30 thereof, is combined with four additional therapeutic agents.  The twe. throe four or
more additional therapeutic agents can be different therapeutic agents sciected from the

5

herapeutic ageots, or they can be selecied from dif

same class of fercol classes of
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therapsutic agents.  In u specific embodiment, a compound disclosed herein, or a
pharmaceatically acceptabic salt thereofl s combined with an HIV pucleotide inhibiter

of rovorse transeriptase and an HIV nen-nucleaside inhibitor of reverse transcriptase. in

another specific cmbodiment, a compound disclosed hercin. o a pharmaceutically

wn

scceptable salt theresf. is combined with an HIV nucleotide inhibitor of reverse
transcripiase, and an HIV protease inhibiting compound. In a further embodiment, a
compound disclosed hercin, or a phammuccutically accecptable salt thercof, is combined
with an HIV puclentide juhibitor of roverse transcriptase. an HIV non-nuclesside
inhibitor of reverse transcriptase. and an HIV protease inhibiting compound. In an
10 additional embodiment. a compound disclosed herein, or a pharmaceutcally acceptable
salt thercof, is combined with an H1V nucicotide inhilitor of roverse tramseriptase, an
HIV non-nucieeside inhibitor ef reverse transcriptase, and & pharmacokinetic enhancer.

In certain embodiments, when a compound disclosed herein is combined

with onc or more additional therapeutic agents as described above, the components of

kv

the composition are administered as s simuliancons oy sequential regimen. When
administered sequentiafly, the combination may be adminisiered in lwo or more
adrinistrations,

I certain embdoiments, a compound disclosed herein is combined with

onc or more additional therapoutic agents in a unitary dosage form for simnultancous

[

& administraiion to a patient, for example as a solid dosage form for oral administration.

in certain embodiments, a compound disciosed herein is administered

with one or raore additional thorspeutic agents,  Co-administration of @ compound
disclosed herein with onc or more additional therapeutic ageurs generally refors to

simuftancous or sequential administration of a compound disclosed herein and one or

[R9]
wn

more additional therapoutic agents, such that therapeutically effective amounts of the
compound disclosed herein and one or more additional thevapeutic agents arc both
present in the body of the patient.

Co-administration  includes administration of unit desages of the
compounds disclosed herein before or after administration of unit dosages of one ot
30 more addional therapeutic agents, for cxample. administration of the cempound
disclosed herein within sceonds, minuics, or hours of the administration of one or more

additional therapeuwtic agents. For cxample, in some embodiments, a unit dose ol a

44
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compound disclosed herein is adrmipistered fivst, followed within seconds or minutes by
adrinistration  of a unit dose of one or more additional therapeutic  agents.
Afternatively. in other embodiments, & unit dose of onc of more additional thera poutic

agents 1y admmistered first, followed by adminisivation of a unit dose of a compound

e

disclosed herein within seconds or minutes. In some embodiments, a unit dose of a
compound disclosed herein is administered first, followed, after a period of hours (s
i-12 hours), by administration of & unit dose of one or more additional therapeutic
agents. dn other embodiments, a unit dose of onie or more additional therapentic agents

s administered fisst, followed. afier a period of hours {eg. 1-12 hours), by

10 adminisration of a unit dosc of a compound disclosed hercin,

The foliowing Exampies illustrate  various methods of making

compounds of this invention. i.¢., compound of Formuta (1)

i

=
ny

R!

i
Tia

(H

e}
w

wherein RY, X, W, Y, v2 Zb 2% or 7F are as defined above. M is understood that onc
skilled in the art may be able o make these compounds by similar methods or by
combining other methods known to one skilled in the art. 11 ix also understood that one
skitled in the art would be able to make, in ¢ similar manner as deseribed below, other
20 compounds of Formula (1) not specifically illustrated below by using the apprapriate
starting components and maodifying the parsmeters of the synthesis as needed. In
gencral, starling composents may be obtained from sources such as Sigma Aldrich,
Lancaster Synthesis, Inc., Maybridge., Matvix Scientific. TCL and Fluorochern USA.
ete. or synthesized according to sources known lo those skilled in the anl isee, for

25 example, Advanced Organic Chemistry: Reactions, Mechanisms, and Structure, 5th

4
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edition (Wiley, December 2000)) or prepared as described herein,
The fellowing examples are provided for purpeses of illustration, not

limitation.
EXAMPLES

GENERAL SYNTHETIC SCHEMES

e provided as further crnbodincins of the nvention and
)

7

Schemes 1-3 a
iusirate general methods which were used to prepare compounds baving Formuta {

and which can be used 1o prepare additional compound having Formula (1).

Scheme |

Or g I HO O o v o v v
: i j i i o ;
WSO o ‘.ﬁa’\\(’km A = \N"*'i')\u' A - _/C(' ‘:\’\‘I oy

SOy RO e o 0\(&.‘,«( { Ny heig
¢ &, ¢ G o oo Mt G b
0 At A2 A3 AS
Hid, 9 v, e
] ;
N
............... - . “;\ S ﬂ A e
RASFE Y7 S0
O Go
A3 Ad
g O ¥, Vs
5 /.—-LK\:/\BZJAQ*)LOH ______________ ™~ lf”w;"‘u"\/l\;:xm
{ """ Ly eSSy
~ 5 Gl P
AT A5
() [V &
_____________ = f:i‘x/\w"'\x"ﬂ’i)ﬂ e /”«\‘{’\N’\\Y}\E‘(kﬁﬁ
H > A 1 X H
i l‘-v.?()«s‘:/x,v LA sty
Es 23 O G

Ad

A1 can be converted to amide A2 with an appropriate amine and a

15 coupling reagent such as HATU or EDCI. A2 can bo converted to A3 with a strong acid

such as methancsulfonic acid. A3 can be converted to cither AS or A4 by heating with

42
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an appropriate cyelic diamine or cyclic aminoalcobol foliowed by merbyl deprotection
with a reagent such as magnesiurg bromide.

Alematively, AY can be converted to AS by treatment with 2 strong acid

such as methancsulfonic acid. A6 can be condensed with an appropriate cyclic diamine

5 er cyclic aminocalcoho! followed by methyl deprotection with a reagent such as

magnosium bromide w form cither A7 or A8 respectively. A7 or A8 can be converted

o amnides AS and A4 by trcatment with an appropriate amine and a coupling reagent

such as HATU or EDCI followed by methyl deprotection with a reagent such az

Y":di”f‘x(‘\l um bromide.

1% Scheme 2
o] E (o3
- N /\’\
O ™ /\(.\ Ny R /\\ -1y \§¢ O/\ _/‘I‘r/\N/\)l !4 AF
¥ ,ov»\, 0 (AR ,J\ )\o NN A
6 OBn & OBa 6 Hn
81 B2 833

Bi (as described in WOZ012/418063) is condensed with diamine under
reflux condition io give B2, B2 is hvdrolyzed and coupled with an amine by an amide-

Forming method o aiford product B3 vnon removal of a benzy! nroloct ny group.
& | i 2

2

REPRESFNTATIVE COMPOUNDS

Example 1
Preparation of Compound 1
N-(2.4-diflsorcbenzyl)-8-hydroxy-7 9-dioxo-2,3.4,5.7.9,13 .1 3a-octahydro-2,5-

methanopyrido] 1,24, 5]pyrazino]2, [-b][1,3Joxazepine-1 O-carboxamide
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./OYD\ 9 A0 O F HOLLOH o :
H f i I ™
"’*\r) SOH HATU “ e A, hsoaH TN'\ ILN,\ A
A e i qF N N
O A N0 4,,0\”,)\/‘&0 SN E /C\“,/Ki/gc_ = H\%L‘f
N @ B L&,
1A -8 1-C
. o) 3 =
i H N o] =
I i & H i j
/\> D.“_ . 0\(/\51 \\l, ~\ - \{\\! MgBr,, .-(’O\.}/\-N/t\\f/l(\u'/\(j\\z
............ N N . - o e | i
\.\ wr /\ e \\\FVN'T&/\‘;;/ e e
Q, & OH
1D KR ach

Step L

1-{2,2-dimcthoxyethy()-3-methoxy-6-{methoxycarbonyly-4-oxo-1,4-

dihydropyriding-3-carbosylic acid (1-4, 0.300 ¢, 0.95 mmel), preparcd as described i1
W{O2611/

and weated with NQN-~diisopro;wlc\hyiamme (DIPEA) {0.3

119366 Al was evaporated once from dry toluene, suspended in acetonitrile

{4 mL) 29 mi., i.90 mmol).

2 A-difluorobenzyiamine (01235 mbL, .03 mmol) and HATU (0.433 g, 1.14 mmol). The

reaction mixture was stirred for 10 minutes and concentrstod. The residuc was purified
hy flash chromatography on silica gel (10 w0 60% ethyl acctateidichloromethane) fo
2-dimethoxyethyl)-

(40{) MHz,

afford the compound methyt 5+(2 d-difluorobenzylcarbamoyi)-1-(2
3-methoxy-4-oxo-1,4-dihydropyridine-2-carboxyiare.  1-B. PH-NMR
.28 (7= 6.0 Hz, 1H), 846 (s, 1H), 742 (dd, J = 13

24 (m, THD), 7.06 (m, THY 4.52 Gm, 3H), 422 (d, 7 = 4.4 Hz, 21, 3.92 ¢, 3H),
3H).3.29 {d, 6H). LCMS-ESE Na Q7
found: 441.2

DMSO-d6r &

8.6 Hz, iH).
3.80 (s,
441.15:

i,

(nz): [M+H] caleufated for CagHos

Methyl 5-£2,4-difluorebenzyicarbamoyi)- i -(2,2-dirnethoxyethyl)-3-

methoxy-4-ox0-1 4-ditvdropyridine-2-carboxylate (1-8, 0106 g, .24 rmmol) in

acetonitrile (0.9 mL) and acetic acid (0.1 ml) was treated with methancsalfonic acid

¢0.005 mL, 0.072 mmol), sculed with a yeilow cap, and heated to 70 °C. After 16 hours,

the mixture was cooled to afford 2 crude solution of methyl 35-(24-

difluorobenzylearbameyly- 1 <{2,2-dihydroxyethy! )-3-methoxy-4-oxo-1,4-

44
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dihydropyridine-2-carbosylate, 1-C. LOMS-ESE (n2): IMHHIT caloulated  for

CisH e N-07: 41212 found: 4131,

Steps 3 and 4

hethyi 5-(2.4-diffuorobenzylearbamoyi}- § (2 2-dihydroxyethyi}-3-

s

ncthoxy-4-oxe-1,4-diliydropyridine-2-carboxylate (1-C, 0.65 mi. of the crude mixture
frorn the previous step, 0.17 mmol) was treated with acctonitriie (0.65 mb) and cis-3-
aminocyeipentanol (8.06 ml). The reacton mixture was sealed and heated to 99 °C.
Alter 30 minuies, the reaction mixture was cooled and magnesinm bromide {0.063 g
(.34 mmot) was added. The mixturc was rescaled and heated to 50 °C. After 10
18 minutes, the seaction mixture was  paritioned  between  dichioromethane  and

hiydrochloric acid {0.2 M ag). The organi

(e}

layer was removed and the aqueous layer
oxtracted again with dichlormethane. The combined organic layers were dried over
sodium  sulfate,  filicred  and  concentrated.  Prep-HPLC  purification  (30-70%
accroniirilerwarer, 0.1% TFA) afforded Compound ¥ as 2 racemic mixiure. 'H-NMR
15 {400 MHz, DMSO-d6) 5 12.45 (brs, 1H), 1035 (1,7 = 38 He, 1H), R.45 (s, 1H). 7.37
{dd, J= 154, 8.6 Mz, 1H), 7.23 (dt,.J = 2.5, 9.9 Hz, 1H), 7.05 (&1, J= 2.2, 8.7 Hz, 1H),
5.43 (ad, J = 9.6, 4.0 Hz, 1H), 3.09 (brs. TH), 4.6% (dd, 7= 13.2, 4.0 Hz, 1H). 4.59 {br
S, UMD 453 {m, 2HD)L 402 (dd, J = 126, 9.4 Hzy, 193 (br s, 4H), 1 83 ¢d. /= 12.0 Ha)

122, 3.2 flz), LOMS-ESY (/) DM T caleulated for Ol NaOs:

20 132 14, found: 432.7.

Exampiles 2 and 3
Preparation of Compounds 2 and 3
(2R.38.132R-N-{2 4-difluorobenzyi)-¥-hydroxy-7.9-dioxo-2.3.4,5.7.9,13.1 3a-
octabydro-2,5-methanopyrido] 1,274 5 pyrazine]{2.} -b[I Joxazepine- 1 0-carboxamide
) (2} and (28,5R,13uS)-N-(2 4-difluorobenzyi 3-8-hydroxy-7.9-diox0-2,3.4,5,7.9,13,13a-
- )

octahydro-2,S-methanopyridol 1,274 5 pyrazino{2.1-bi[ | 2loxazepine- 1 G-carboxamidc

3

»
Lh
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@] F ) F
e n : P i :
tJ \J;/A~N/\‘E)\{j /\\ll,/‘\i ¥ r\)w-,//\N/?\Y"L \;N /\{\I
,';l. ! . { N L A R i - ] i i
! \""K? Ny S E \\\“\'/N\n’ "ﬁ/io \\/’\F
o OH o COH

2 3

Compound 1 {16 mg) was separated by chiral HPLC using Chiralpak
AS-H with 100% cthanat as cluent to afford Compounds 2 and 3 in cuantiomerically
enriched form. For Compound 20 LOMS-ESU (mz) [MHH]  caleulated for
CoHonk N0 432,140 found: 432.2, Chiral HPLC retention time = 4.30 minuies
{Chiralpak AS-H, 150 x 4.6 mm, | mbi/min EtOH). For Compound 3. LOMS-EST
(mi/zy {?\"HHEL culculated for CoHauF.N:Os: 432.14; found: 4322, Chiral HPLC
relention time = 6.84 minutes (Chiralpak AS-t, 150 x 4.6 mm, | mi/min EtOH). .
NMR {400 Milz, DMSO-d6) 8 12,45 (brs, HH), 10354, 7= 5.8 Hz HIL 844 (s, i1
7.37 4dd, J -+ 152, 8.4 He, 1H), 723 (. 18, 7.05 (dt, 7~ 1.R He, 87 He, 1H). 5.44
{dd, J = 9.6, 4.0 Hz), 5.09 (brs. iHL 468 {dd. J = 12.8, 4.0 Hz, 1H), 459 (br s, iH),

433 (im, 2H), 4.02 {dd, J = 12,6, 9.4 Hz, 1), 1.93 {brs, 4H), 1.83 (d, /= 12.4 Hz, 1H),

Ln

L
~J

1

p
{
{m, TH}.

Alternatively, Compound 3 was prepared as follows:

46
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BT OH
HOOH P " N-»(\'/ o JF\
H oo 3
N ,U\ = /’k - \N/\(/\N/\‘n/ SN
T \/ [ ,\ﬂ q """"""""""""" B M E\\/& i i /l
/‘O\,{ Syt NN S SF N
& O\ g C‘\
1-C 103 (+4)
1
; Chirat SFC
‘ ADH colun
j\
y AN
o ? ¢ ) o i
r /\N./\\\. N,—\\}r/\\l /Q\;/,\‘ ’/‘\\\'/H\N
N g = i ¥ by H B
\\‘.\’ N U e l‘\v/, g (’\ N A +
\ B N7 \r o
Sl 5 6
N AN
3-A 3-B
/'/-
MgBr,
’ S
.[/D\?r" SIPNGE N '\(’%l
$ N g Pl
\\\‘/ i \ﬂ/‘\}/%o S £
& OH
3
Methyi 3-(2.4-difluorobenzylewrbamoy)- 1-(2,2-dihydroxycthyi)-3-

methoxy-4-oxo-1.d-dihydropyridine-2-carboxylate (3-€, 1.2 mmeol in § mbL of 9:]

acctonitrileiacctic acid containing 0.026 mL methancsuifonic acid} was freated with

w

acetenitrile (5.0 mb) and cfs-3-aminoeyclpentanol (0.24 ¢, 2.4 mmol). The reaction
mixuwe was scated and heated to 90 °C. After 30 minuies, the reaction mixture was
cooled, weated with potassiom carbonate (6.332 g. 2.4 mmol). sealzed and reheated to 90
°C. After 15 minutes, the mixtare was cooled and partitioncd between dichlormethanc
and hydrochloric acid (0.2 M aqucous). The organic layer was romoved and the
(0 uaqueous solution was extracted again with dichioromethane, The combined organic
layers were dricd over sodium sulfatc (anhydrons), filiered and concentrated. The
residue was purified by flash chromatography (0-8% ethanei (containing 11% saturated
agueous ammonium hydroxide) in dichioromethane) to afford bntcrmocdiate 1-D.

LOMS-EST (nz) IM 1] caleulated for CaablaaFaNGOs: 446.15: found: 446.2

) 5
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intermediate 1-D (270 myg) was separated by chival SFC on a 30 mm

Chiralpak AD-H column using 50% (1:) methunel:acetonitrile) in supereritical cacbon

dioxide as clucnt to afford intermeodiates 3-A (first cluling peak) and 3-B {sccond

ciuting peak) in cnantioenriched form. For 3-As LOMS-ESU () M caleulated

5 for OnHnEN:Os 446,15, found: 4462, For 3-B: LCMS-ESIT (/) [M+HY
caleulated tor € FaN:Os: 44615 found: 446.2.

Intermediate 3-A (0.110 g, 0.247 mmol) in accionitrilc {5 mL) was

weated portion wise with reagacsium bromide (8.091 g, 0.494 muviol), sealed and heated

o 30 °C. Afier 10 minutes the mixture was cooled and partitionod between

10 dichioromethane and hydrochloric acid (0.2 M aquecous). The organic layer was

scparated and the agueous extracted again with dichloromethane. The combined organic

layers were dried over sodium sulfate. filiered and concenirated, Prepurative HFLC

purification  (30-70% acctonitrile:water, ©.1% TFA) afforded Compound 3 in

cnuntioenriched form. Chiral HPLC retention time = 6.31 minutes (Chiratpak AS-H.

s 150 x 46 mm, | mL/min BtOH). LOCMS-ESI' (ma)y [M+H]™ caiculated for

CoHaFaNa0s: 432.14; found: 432.2. "H-NMR (400 Mifz, DMSO-d6) & 12.45 (br s,

VED), 1035 (1,0 = 5.8 Tz, TH), K44 (s, 1H}, 7.37 (dd, J = 15.2, 8.4 Hz, ¥}, 7.23 (m,

TH), 7.05 (dt, J = 1.8 Hz, 8.7 Hz, 1), 3.44 (dd. / = 9.6, 4.0 Hz), 5.0% (br s, 1H), 4.68

(dd, J = 128, 4.0 Hz, 1H), 439 {br s, 1H) 4.53 (m, 2H), 4.02 (dd, J = 12.6, 9.4 He,

20 PR, 193 (he s, 4L, TR3(, 2= 124 = T, 157 (m, i

Exampie 4
Preparation of Compound 4
(1$,4R)-N-{2 4-diflucrobenzy)-7-hydroxy-6.8-dioxo-3,4.6.8, 12,1 2a-hexahydro-2H-

1 4~methanopyrido] 11,254, 3 Ipyrazino| 1,2-alpyrimidine-9-carboxamide

G F

I
GO
b R . | i /ﬁx\
Y o
4

OH

w2
N
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Metbyi 3-(2,4-diftucrobenzylcarbamoyl - 1-(2,2-dihydroxyethy)-3-
methoxy-4-ox0-L4-dibydropyridine-2-carboxylate (1-C, 9.12 mrso! in 0.353 mil of 911

acctonitriiciacctic acid containing 0.002 mb. methancsulfonic acid} was treated with

acetonitnile then (R)-pyrrolidin-3-amine {0.032 mi., .36 mmal). The reaction mixture

was capped and heated tw %0 °C for 5.5 hours. Afler cooling, the mixture was

D

vl

partitioned between dichloromethane and sodium bicarbonate (1M aqucous),
organic layer was scparaied and the agucous was extracted again with cthy! acctate, The
combined organic layers were dricd over sodium sulfate (anhvdrous), fiitered and
concentrated, The residue was dissoived in acctonitriie {1 mb). treated with magnesiom
13 bromide (0022 g, 0.12 mmel), capped and heated to 30 “C for 10 minutes. After
cooling the mixtue was partitioned between dichlioromethane and ammonium chloride
(sat). The organic layer was sepuiated and the aguecus was exiracted again with
dichloromethanz. The aqusous layer was adiusted to pH = | with HCI (aq) and

oxtracled again with dichloromethune. The aqueeus solution was adjusted 10 pH =

"

with NaOH (aq) and exuacted again with dichloromethane. The combined organis
Jayers were dried over sodium sulfate, filteved, and concentrated. Preparative HPLC
purification (10-535% acstonitriferwater, 0.1% TFA) afforded Corapound 4. "H-NMR
(400 Mz, C:0D-dd; 8 842 (s, 1), 7.42, {q. J = 7.7 Hz, THL 6.99 - 6.90 (m, 2H),
3.07 (brs, 11). 4.75 (brd, /= 10.8 Hz, 1H) 4.62 (5, 2H), 4.51 (brd. ./ = 12.8 Hz, 1H),
AGTLL /= 11K Hz HH), 3.8- 3.0 (m, 3H), 276 (br do /= 8.8 Hz, (), 2.15.2.0 (m,
{HY, 1.9-1.8 (m, 1H). LOCMS-EST' (m/2): [M+H] calculated for Tyl joFy

B
-~
fai}

?.;04'. 417, I‘!;
found: 417.2,
Example 3
Preparation of Compound 5
25 (4R, 12aS - N-(1-(2 d-difluoropheny heyclopropy])-7-hydroxy-4-metayi-6 {-dioxo-

3.4,6,8.12, 1 2a~hexshydro-2H-{1,3Joxazino]3,2-d]pyridof 1.2-alpyrazine-9-carboxamide

OH \ =
FT\/F \\j/]\/l\N/\
o g

NN \ e o
- =0
LX O H
<
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o0 2 9 §
T i e Y, SN - N S |
\}/J\ N \; . /\\\ I _HATU g //‘\!( H /\, N j
HO AN N );\,‘ o) _/_[s\_ N DIEA \/-xy/r\i\/ - ”\/l:\'o"
! a- F F AN A
| 2N :

O
5.8 5.8 5-C

Step 1
(4R,1228)-7-methoxy-4-methyl-6,8-dioxo-3.4,6.%,12.12a-hexabydro-

2H-fL.3loxazino]3, 2-d]pyrido[ 1,2-a]pyrazine-9-carboxylic acid {Intcrmediate §-Aj was

L

prepared  in an  analogous manner (38,1 1aR}-6-methoxy-3-methyl-5.7-dioxo-

w

2.2,5.7.1 1.1 1a-hexahvdrooxazole[2.2-d]pyridof 1,2-a]pyrazine-8-carboxylic  acid &
described  m WO2011/119566,  substituting  (R)-3-sminobutan-l-ol  for  (S3-2-
aminopropan-1i-ol, WO2011/119366 is incorporated herein by reference in its entivety.
A suspension  of Intermediate  SA (248 mg, 0080 mwmohy,  1-2.4-
19 difluorophenylievclopropanamine HUT salt (S8-B, 219 mg. 0,107 vunol), and HATU (4%
mg, 0.126 mmol) jn CH:Ci; (2 mL) was sthired at ambient temporature as N,oN-
diisopropyletiylaraine (DIPEAY (0.1 mL, 0.374 mmol) was added. After 30 mimues,
the reaction mixture was diluted with etivyl acctate before washing with 109 agucous
citric acid solution {x 1) aud saturated aqucous NaHCO; solution (x1). After the agucous
15 fractions were cxtracted with othyi acctate (x1). the ovganic fractions were combined,
dricd (MgSOy. and coucenirated. The residue was purificd by combiflash {12 ¢
columny using hexanes, ethyl acetate, and 20% methanol in ethy! acetate to obtain
{4R,12a8)-N-(1-(2.4-di fuorophenyljcyelopropy!)-T-methoxy-d-methyi-6.8-dioxo-
3,4.6.8,12,124-hexahydro-2H-{ 1,3 Joxazino[3,2-dpyridof } ,2-a]pyrazine-F-carboxamide,
20 Intermediate 5-C. LOMS-ESY (wz): [M+H] calculated for CoHpuF:NaOs: 460.17;

found 460.2.

Lh
oy
<
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Step 2

A suspension of Intermediate 5-C (29 myg, 0.080 mmoel) and magnesivm
bromide (42 mg, §.2282 nunol) in acclenitriic (2 mb) was stirred at 30 °C. Afier | hour,
the reaction mixture was stirred at § °C bath when I N JICH(2 mL) was added. After the
resulting mixture was diluted with water (~20 mL), the product was extracted with
dichloromethane {(x2% and the combined cxtracts were dried {MgSO,) und concentratcd.
The residuc was purificd by preparative HPLC to obtain {4R.12a8)-N-(1-(2.4-

di ﬂno’opruml)m iopropyly- .»hyd,-"oxy-4~|¥z¢thy[~6.8-di(}xo—'j.*fl,:‘,.u&12,1234‘,0;@113«&0—

(\)

1.3 Joxazino] 3, 2-dIpyrido] 1. 2-a jpyrazine-9-carboxarmide, compound 8, as TFA sall.
'Ei—NMR {400 MHz, CDCL 8 10.72 (br <o VH) 37 (s, 1H), 7.57 (d. § = 7.9 Hz, 1H).
871681 (m, 2H). 5.23 (éd, J = 5.6 und 4.4 Mz THY, 4.98 {br going, J = ~6.5 Hz, 1Hy.
426 {dd, J = 13.0 and 4.4 Hz, 1H), 412 {dd, J = 13.6 und 5.6 Hz, 1H)}, 4.00-4.06 {m,

2H), 246-2.25 (i, TH). 1.55 (br dd, T = 3.8 and 1.8 Hz, 1H), 1.40 (d. I = 6.8 Hz. 3H).
1.22-1.31 {m, 4H). '*F NMR (376.} MHz. CDCLY 8 -76.38 (8, 3F), -111.69 ~ -5 11.645
{m, ZF). LOMS-ESE" (m4) [M HHY caleutated for CupllanPyNaQs: 446.15; found:
4467

Exampie 6
Preparation of Compound ¢
(IRASHN-(2 4-difluorobenzyl)-7-hydroxy-6.8-dioxo-3,4,6.8,1 2, 1 2a- hexahydro-2f1-

l.4-methanopyrido[1'2"4 5]pyrazino[1,2-a|pyrimidine-S-carboxami

(g? F
‘/‘N\ N /‘\/L/\ﬁ/\\t S
ZUN NG . =
C OH
6
Mcthyt 5-(2.4-difluerobenzylcarbamoyh)- 1 (2,2 -dihydroxyethyl)-3-

mcthoxy-&?-oxo—iA—dia‘xydmpyridinc—z—carboxylatc (-C, 0,500 g, 0.243 mmoh, (S)-
pyrrolidin-3-amine (0.043 ml.. 0.485 mmol} and potassium carbonate (0.067 g, 0.4K85
mmoi) were suspended in acctonitrile {1.9 mb) and acetic acid (0.} mL) and heared o

90 °C for 1.5 hours. After cooling, the mixture was mreated with magnesium hromide

L
i
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{0.09¢ ) and heated 0 30 °C for 30 rinutes. After cooling, the mixture partitioned
between dichioromethane and 0.2 M HCUL The organic layer was separated and the
agucons was oxtracted again with dichloremethanc. The combined erganic fayers were
dried ever sodinm solfate (anhydrous), filtered and concentrated. Preparative HPLC

purification {25-50% acetonitriiewater, 0.1% TFA) afforded Compound 6. 'H-NMR

W

(400 MHz, DMSO-) 6 10.33 (1.7 = 6.0 Hz. 1H), 8.44 (s, LH). 7.48 — 7.32 ¢m, IH),
731 = 7.15 (m, 1H), 7.14 — 6.97 {m, iH). 4.%6 {(d,.J=2.9 Hz, 1H). 4.62 — 4.54 (m, {H),
452 (d, S~ 5.9 Hz TH)L 4.01 (d.J = 13.0 Hz, 1H), 2.99 - 2.76 {m, 3H), 1.96 - 1.81 (m,
P, 170 - 153 dm, 1D, LOMS-ESE (s [MiH] ealeulated for CaptinFaNaOu:

10 417.14: found: 4172

Example 7
Preparation of Compound 7

(28.6R)}-N-{2,4-difluorcbenzyl}-0-hydroxy-&,1 §-dioxo-3,4,5.6.8,10,14, I 4a-octahydro-

2H-2 6~methanopyride[ 11,274, 5 pyrazinef 2, 1-b]{ 1.3 Joxazocine-1 T -carboxanude

Methyi 5-(2, 4-difluorchenzylcarbamoyl)- 1-(2,2-dihydroxyethyl)-3-
methoxy-4-oxo-1.4-dibydropyridine-2-carboxylate  (1-C, 0050 g, 0.121 mmol),
{18.3R)}-3-aminocyclohexanol (0.028 g, 0.243 mmol} and potagsium carbonate (0.034

20 g, 3.242 mmol) were suspended in acetonitrile {0.95 mbL} and heated to 90 °C tor 0.5
hour. After cooling, acetic acid (9.050 mL) way added und the mixture was reheated tw
90 °C for 2h. After cooling the mixture was treated with magnesium bromide (0.044 ¢)
and heated to 50 °C for 1 hour. After cooling, a sceond pertion of magnesiurn bromide
{0.044 g) was added and the mixture was rcheated to 50 °C for 15 minutes. After

cooling, the mixture partitioned between dichloromethane and 0.2 M FICHL The organic

i~
W

layer was separated and the aqueous was exiracted again with dichioromethane. The

combined organic layers were dried over sodium sulfate {anhydrous), fiitered and

n
N
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concentrated. Prepavative HPLC purification (40-80% acetonitrilenwater, 0.1% TEA)
afforded Compound 7. "H-NMR {400 MHz. DMSO-d) 8 12,40 {s. 1H), 1036 (1. J =
6.1 Hz, IH), 845 (s, 1H) 748 - 7.29 {m, 1H), 730 ~ 7.13 {m, 1H), 7.13 ~ .97 (m,
iHy, 356 (dd. /= 10.00 4.1 Mz, TH)L 4.70 (dd. J = 127, 4.1 s, THD), 452 ¢d, /= 5.3
Hz, 2Hy 440 - 429 (m. 2H), 4.06 (dd, J = 12,5, 10.2 Hz, 1H). 246 - 2.36 (

[V}

5. {m, {H),
198 ~ 163 (m, 4H), 1.57 — 1.30 (m, 3H). LOCMS-ESI" (m2): [M+H] calculated for
CooHuEaN2Oe 446,13 found: 446.2.

Example 8
Preparation of Compound 8
16 {2R.683-N-(2 4-difluorobenzy -9-hyvdroxy-§,10-dioxo-3.4,5,6.4.1 0, 14, Y u-potahydie-

ZH-2 6-methanopyrido| 1'.27:4, 3 pyrazinof2, 1-b[ 1.3 ]oxazocine-1 i -carboxamide
1% | mny SR | RS

t’::Q

-

/b‘\/ ~ /\\,/ N \/L\j\
@esaget

I
O OH
8

Compound 8 was prepared in a similar manner o compound 7 using

IS {IR,3S}-3-aminocyciohexanol in place of (18,3R)-3-aminocyclohoxanol. 'H-NMR
(400 MHz. DMSG-ds) 8 12.40 (s, LH). 1036 {5, J = 6.1 Rz, 1H). §.45 (s, {H). 7.48 -
730 (ro. THL 723 (1d0 S = 1006, 2.7 o, 1HD), 7.05 (1d, = 8.3, 2.3 Mz, 1H), 5.56 (dd. ./
“ 100 40 Hz 1HD, 4.70 (34, /= 128, 3.9 He, {H), 4.52 (4. J = 5.6 Hz, 2H), 4.35 -
427 {m. ZH). 4.06 (dd. J = 12,6, 10,0 Hz, 1H) 247 - 235 (n. 1H), 2.00 - 1.64 {(m,

20 4Hy 158 - 130 {m, 3H). LCMS-EST (uz): [M +HY caleulated for CopHaFaNaOx
446.135; found: 446.2.

Examples 9 and 10
FPreparation of Compounds 9 and 18
{25.5R 12aSH-N-((R j-1-(4-fluoropheny]emyD-8-hydroxy-7 9-dioxo-2,3.4,5.7.9, 13,1 3a-
octahydro-2,5-methanopyridof 1,244 S]pyrazino{2.1-b)[ 1,3 Joxazepine-10-carboxamide

% and (2R.38,13aR)-N-((R)-1<¢{4-Nuorephenyijethy-8-hydroxy-7 9-dioxo-
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2.3.4,5,7.9.13, 13a-octahydro-2, 3-methunopyrido[ 1,274, S ipyrazinof2, 1 -

fudy

hi[1,3jexazepine- 10-carboxarnide 18

4 C,’ £ 44 Q z
i i z b i T
S 9 4 2 s : 0
Cr/CJY \N/\\Y)\N/ Ny /-J\f,/\N/%r N X
NI L, F L LN s, D 4 /‘
\\‘\‘\/ \r‘//\\;/‘\‘o \\_/\F \w‘\/,v i - QO - ,F
O O O OH
9 10
i
Al = & ) 0L OH
1 i Step 1 2N o e Step 2 - \x/ \’-|> g
\h;/‘\\‘{/ OH T — ~ Ty r,"‘\ [ \] i —— \N,-Q% Y . -y,
BN N ISR LH I
TYCYC SO Aty S~ O /A\r/ o e
@ 16 i i
'I\-A (s I e Ay B k) SO 9.8
1 g9 o 4P
Step 3 /O.;;/\NaJ.N R \f/“N"\ N y”j
—— il & i H/\f j é,m FO L 1
O \\,“\.-\"’N.—T(‘\\!/%O \/\ F T’/ H =& =
B o [
[ A o %
N
Step |
5 1-(2.2-dimcthoxyethyi)-S-mcthoxy-0-(imethoxycarbonyty-4-ox0-1 4~

dihydropyridine-3-carboxylic acid {1-A, 0.300 g, 1.59 mmoll. was suspended in
acotonitrile {6 mL) and weated with N, N-diisopropylethylamine (DIPEA) (6,350 mL,
3.17 mmol). {R)-1-(4-flucropbenyethanamine (0.242 mg, 1.74 mmol) and HATU
(0.661 g. 1.74 mmel). The reaction mixture was stred for 2 hiours and partitioned
10 bBotween othyl acctate and watcr. The organic layer was scparated and washed with HC
(10% aqy, sodium bicarhonate {1M ag)., dried over sodium suifate, filtered and
concentrated to afford  crude  (R)-methy!  1-(2,2-dimcthonyethyl)-5-(1-{4-
fluorophenyhethylcarbamoyl)-3-methexy-4-oxo-1.4-dihydropyridine-2-carboxylate
which was used withoui purification in the next step: LCMS-ESY () [M+H]
5 caleulated for CoriHusFNLOy: 437.17; found: 4371

Step 2
{R)-toethyl 1-(2.2-dimethoxyethyl-5-(1 -(4-
fluorophenyljethyicarbamoy()-3-methoxy-4-ox0-1,4-dihydropyridine-2-carbox ylate
54

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
803 of 1915



WO 2014/100323 PCT/US2013/076367

was suspended iwoacewonitrile (5.7 mil) and acetic acid (0.6 ral) and weated with
wmetbane sutfonic acid {0.03) mi, 0.477 mrool). The mixture was capped and beated to
75700 After 7h, the mixture was cooled and used without purification in the next step:

LOMS-EST (m/2): [M 1] caleulated for Crol12:FN2Ox: 409.14: found: 409.0.

(o]
/5
o
el
9

(R)-mcthyi 1-2.2-dihydroxyethyi}5-(1-14-
fluorophenyljethylcarbamoy!y-3-mothexy-4-oxo-1.4-dihy dropyridine-2-carboxylate
2l

(3.6 mL of the crude mixture from Step 2, 0.8 munoh) was diluted with acetonitrile (3.6

mh) and treated with ¢/s-3-aminocyclpentanol, MO salt (0.210 g, 1.6 mmot) and

-
<

potassiam carbonate (3.276 g, 2.0 mruoit. The mixture was canped and heated (o 90 °C,
After 20 minutes, the reaction mixwre was cooled and partitioned berween
dichloromethane and HCI {0.2 M ag). The iayers were separated and the aqueous fayer
was extracied sgain with dichiorometirane. The combined organic luyers were treated
with a smali amount of acctoniirile, dried over sodium sulfate, filtered and
15 concentraied.
The residue was suspended iy acetonittile (4 wl) and treated with
magnesium bromide {0.177 g). The mixture was capped and heated to 50 °C. After 10
minutes. the reaction mixture was cooled and partitioned between dichioromcthane and
HCL (0.2 M aq). The favers were separated and the aqueous layer was cxtracted again
20 with dichlormethane. The combined organic layers were dried over sodium sulfate,
flitered and concentrated. The residue was purified by fash chromatography on silica
et (0-8% cthanoh:IXCM) o afford a diastercomeric ruixtere of desired 9 and 180,
The mixture was scpavated by chival HPLC using Chiralpak AD-H with

00% cthanol as clucnt to afford Compounds 9 and 18 in cnantiomerically enriched

25 form:
For Compound 9. LOMS-ESY (mz): [M+H] caleulated  for
CorHosFNaOs: 428.16: found: 428,71, Chiral HPLE rowention time = 10,177 minutos
{Chiralpak AD-H, 150 x 4.6 mm, | mL/min EtOH). 'H-NMR {400 MHz, DMSO-dg) &
12,45 (s, JH). 1045 (d. J = 7.7 Hz, IH), 840 (s, {H) 7.37(dd. J = %. 6, 5.6 Hz, 2%
Mo TS T RO M, 28, 544 (dd, T = 6.5, 4.2 ¥z, 1), 517 — S.04 (m, 251, 4.73 — 4.6
=)
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2 12.7,9.5 Hz, 1H), 1.93 {s, 4H), 1.83{d, ./

,4.00(dd, S+

{m, 1H3, 4.39 (s, iH
VRO 186 (e, o 1200, 3.4 Hz, UHD), 144 (d. )= 6.9 Hz, 3H
For Cempound 18 LOMS-ESY {n.:,-’z): [M+H] caleulated  for
CanHFPNUs: 428.16; found: 4281 Chiral HPLO rclention tme = 14.061 minutes
5 (Chiralpak AD-H. 150 x 4.6 mm, } mL/min £tOH). "H-NMR (40‘) MHz, DMSO-d;) &
1244 (s, 1R, 1046 (d. J = 7.8 Hz, [H), 841 (s, IH), 7.37 (dd. / = 8.6, 5.6 Hz, 2,
13 (t, J = 8.9 Hz, 2H). 5.42 (dd,./ = 9.6, 4.1 Hz, 1H), 5.18 - 5.02 {m, 2H}, 4.67 (dd. J
= 12842 Mz, 1H)Y, 4.59 ¢s, THD, 4.02 (dd. /= 12,7, 9.6 Bz, TH), 1.93 (5. 4H). LE3 {d.
o120 Hz, 1Y, L7 (dG = 13.0, 3.3 e, 1H), 144 (4, J = 6.9 Hz, 2H).
14 Example 11
Preparation of Compound 11

(285K, 13aS)-N-{{R - 1-(2.4-diflucrophenylicthyl}-8-hydroxy-7.9-dioxo-
3.4,5,7.9.13,13a-octahydro-2,5-methanepyrido[ 1,274, 5 Ipyrazino[2.1-

b][1,3]Joxazepine- f-carboxamide

\/\I\/\)\
N ‘\/N\/k\/lxo ; e

11

Al
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1-(2.2-dimethoxyethy)-3-methony-6-{methoxycarbonyl i-d-0xo-1 4

dihydropyridine-3-carboxylic acid {1-A, 0.315 g 1.00 mmol), was suspended in

acetonitrite {4 mL) and treated with N.N-difsopropylethylamine (DIPEAY (9.348 mL

2.00 mmol), (R)-1-{2. 4-diflucrophenylethanamine HC salt {0.213 my, 110 mmol) and

HATU (0418 ¢, .10 mmol). The reaction mixture was stirred for | hour and

partitioned  bebween dichioromethane and HCU (J0% ag). The organic laver was

separated and washed sodium hicarbonate (1M aq), dried over sodivm sulfate, filiered

and concentraied to afford crude (Ryracthyl 5-(142 4<difluorophenybiethylearbar 1oy -
1-(2.2-dimethoxyethy!)-3-mathoxy-$-oxe-1 4-dihydropyridine-2-carboxylate which

was used without purification in the pext step. LOMS-ESI” (m/2): [M+H]' caloulated

for CobiasF N, 455, iG; found: 435.1.

{R)-methyl 5-(1-(2,d-ctiftuorophenyljethyicarbamoyt -1 (2.2~

dimethoxyetbyl)-3-methoxy-4-oxe- 1, 4-dihydropyridine-2-carboxylate  was susponded

in aceioniirite (3.6 mL) and acetic acid (0.4 mL.) and treated with methane swlfonic acid

(0.020 mL). The mixture was capped and heated w0 75 °C.

After 16 hours. the crude
mixtuire was cooicd and used without puriﬁcation in the next step. LOMS-ESE ()
{M+H] calcuiated for Ciobly FyN,0-: 42713 found: 427.1.

{R)-methyi S-(1-24-difluorophenyiethyicarbamoyl}-1-(2,2-

dihydroxyethyl)-3-methoxy-4-ox0-1,4-dihydropyridine-2-carhoxvlate (half of the crude

A

~3
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mixturs from Step 2, approx 6.5 morooh) was diluted with acetonirrile (2.5 mL} and
sreated with (1$.3R)-3-uminocyclopentanol (0110 g, 1.09 mmol) and potassium
carbonate (0.069 g, 0.50 mmaoih The mixture was capped and heated to 99 “C. After 13
minutes, the reaction mixture was cooled and magnesium bromide (0,184 g) was added.

The reaclion mixture was heated to 50 “C. After 10 minutes. the mixture was cooled

s

and troated with an additional portion of magnosivm bromide (0.184 g} The reaction
mixture was reheated to 30 °C and stirred for 10 minutes. After cooling, the mixture
was partiioned between dichloromethane and HC (0.2 M ag). The layers were
separated and the agucous layer was extracted again with dichioromethane. The
18 combined organic layers were dricd over sodium sulfate, filtered and concentrated.
Preparutive HPLE purification (30-60% accionitrilerwater, 0.3% TFAY afforded desired
Compound 1. LOCMS-ESYT (mzy: [M+H] caleulated for CpHoFoN:0Os: 44615
found: 446.1. "H-NMR (400 MHz. DMSO-de3 § 12.46 {s, 1H), 10.53 {(d, J = 7.5 Hz,
1HD, 8.38 (s, IH), 7.39(q..7 = §.3 Hz, 1H), 729 - 7.12 {m, 1H), 7.13 - 6.93 (m, iH).

15 544 (dd, S= 98, 42 Hz 1HL S28 {p, /= 7.3, 68 Hz, 1H) 5.00 {5, 1H), 4.66(dd, J =
13.2, 43 He, THD, 459 (s, TH), 3.99 (dd. J = 13,1, 9.6 Hz, TH 1,03 (s, 4H), 183 (d. ./
s 2.4 Ha, THY, 156 (A4 7= 12,5, 2.9 He, U, 145 (d, /= 6.9 Tz, 3FD
Example 12
Prepuration of Compound 12
2{ (2R, 55.13aR)-N-((R)-1-(2,4-diflucrophenylethyl)-8-hydroxy-7.9-dioxo-
2.3.4,5.7.9,13, 1 2a-octahydro-2, 5-methanopyrido[ 1,24, 5 pyrazino[2, i -
bl 1,3jovazepine-t0-carboxamide
® = F
St {3
(‘-) ) I‘[J -~y r/l'\-. {\-i/ \\ﬁj‘\\h
>/N { «\\\i/l%o SN
C  OH
12
28 Compound 12 was prepared in a similar manner to compound 11 using

{1R,38)-3-aminocyclopentanal in place of (1S.3R)-3-aminocyclopentanct. H-NMR

400 MBz, DMSO-de) § 12.43 (s, 1H), 10.52 (d, J = 8.2 Hz, TH), 8.38 (s, 1H). 7.29 (q.

i
on
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S %4 Hz, VY 7.28 - 712 (m 1), 711 = 6.97 (m, 1H), 5.41 (dd, J = 10.0, 4.0 Hz,

TR S35 - 520 (. TH), S.08 (s, 1H), 4.63 (dd, /= 130, 3.8 Hz, 1H). 4.5R (s. {H),

401 {ad, /= 128, 9.5 He, TH), 192 (s04H L 183 (d, /= 113 He, 1H), 1,61 — 1.51 (m,

Ty, 144 (d J o= 69 llz, 3H).  LCMS-ESE (/) M) calculated for
5 ConHpFiNG 446,15, found: 446.1.

Example 13
Preparation of Compound 13
(25,5R,13aS -N-{{8)- 112 4-difluorophenylethy B-8-hydroxy-7.9-dioxo-
2,3.4.5.7.9,13.1 3a-octalydro-2 5-methanopyrido[ 1,274, S ipyrazine{2.1 -

14 bl 1,3 Joxazepine-10-carboxamide

{ LN

N J 3] i l

N \\.\/’N\ Ry, NoZP N

Nt Ta 7 2 =
(Ol

Corpound 13 was prepared in a similar manner to compound 11 using

{S)-1-{2 A-difluorophenylicthanaminein place of (R)-1-(2 4-difiucrophenyi)ethanamine,

15 and using only @ singie portion of magnesium bromide (0.184 ¢). "H-NMR (400 MHz,
DMSG-de) & 1244 (s, IH), 10.53 (d. J = 7.8 Hz, 1H). 839 (5. [H} 7.39 (q./ =85 Hz,

THD, 7.32 = 7.4 (o, THY, 7.05 (1, 7= 9.1 Ha, 1#HD, 542 (dd. /= 9.5, 4.2 Hz, 1H), 5.2¢

(p.J 0.9 Hz, 1H), S.00 65, [H), 4.65(dd, J~ 12,9, 4.3 Hz, 1H), 450 (s, 1H), 4.02 (dd,

S 126098 Hzo TH) 192 (s, 4H, T3 (d, /= 12,1 Hz, TH). 161 — 1.52 (m. [H). 1.44

28 {d,J =69 Hz 3H; LOMS-ESY (o). [IMAHY calevlated for CopMaaFaNaQs 446.15;

found: 446.2,

Exampie 14
Preparation of Compound 14
(2R, 58, 13aR}-N-((S)-1+(2 4-dittuorophenyilethy N-8-hydroxy- 7. 9-dioxo-

3

25 2,3.4.5.7.9,13 1 3a-0ctahydro-2 5-methanopyridol 1,24 Sipyrazino[2, 1

bl{1,3joxazepine-{0-carboxamide

59
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Compound 14 was preparcd in a similar manner 1 compound 1 using
($)-1-(2.4-difluoraphenyiethanamine in place of (R)-1-(2,4-diftuorophenyl ethanamine

5 and using (IR383-3-aminacyclopentanol in place of (18,3R)-3-aminocyclopentanol.
HSNMR (400 Mz, DMSO-da) 5 12,46 {s. 1H), 1053 (4. J = 7.6 He, 1H) 838 (5,

THD, 7.39 (q, J = 8.6 Hz, 1H), 728 ~ 7.34 (m, 1H), 7.03 {1, J= 8.5 Hz, 1H), 5.44 (dd. ./
=08, 3.8 Hz, IH), 528 {p, /= 8.0 Hz, 11}, 5.09 (s, 1H), 4.66 {dd, ./ = 129, 4.0 Hz,

PHD, 4.59 (s, 1H), 3.99 ¢dd, J = 12.5, 9.6 Hz, [H), 1.93 (s, 4H), 1.83 (d. ./ = {2.6 Hz,

10 IHY. 156 (Gt J = 13.0, 3.3 Hz, I1H). 145 (d. J = 6.9 Hz, 3H). LOCMS-ESU (mi):

M1 calculated for CyailTpNaOs: 446.15: found: 4461,

Example 15
Preparation of Compound 18

(25.5R, i 385)-N-(4-fluorobenzy )-R-hydroxy-7,9-diox0-2,3.4,5.7.9,1 3,1 3a-octahydro-

155 2.3-methanopyridol 1.2"4,5pyrazinol 2, I-b][ 1 3loxazepine- 1 0-carhoxamide
0
o i
\_./ \'/’\N/\\,/ \N/\\;‘/\\\
Q\L N 3\ H I\ /!\
Ny l Re) N
0 OH
IR
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i i HO_.0H 5 . Q
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: ! vy R Xg W T
O oy L. & Oy
8 O
1-A ™54 15.8
i OL
Step 2 JG T b e . N
Step 2 ‘..r NN X N/\\l/ X
------------------------- - Sl a7 LA
R T R
Q Ot
18

i-(2.2-dimethoxyethyi)-3-methony-6-(mcthoxycarbonyl-4-0x0-1 4-
dihydropyridine-3-carboxylic acid (1-A, 3.15 g, 10.0 mmol), suspended in acctonitriic
5 {36 mL)and acetic acid (4 mL) was trcated with methanc suifonic acid (6.195 mL). The
mixture heated to 75 °C. Afier 7 hours, the crude mixture was cooled and stored in o -
10°C for three days. The crude mixture was reheated 1o 75 °C for 2 hours, cooled used
witheut purification in the next step.  LOMS-ESI (m/42): [M+H] calculated for

(";-’)I‘ngpzNgO'.Z ?5\5\\'\17, found: 288.1.

Crude  1-{2.2-dibydroxyethyl-S-methaxy-6-{tmethoxycarbonyli-4-ox0-

I A-dilrydropyridine-3-carboxylic acid {16.8 mL of crude mixture from Step 1, approx 4
mmol) was combined with (1S,3R)-3-urainocyciopenianol (0.809 g, & mmel), diluted

with acctonitrife (10.8 mL), und treated with potassium carbonate (0.353 g, 4 mumol).

15 The reaction mixtyre was heated to &3 “C. stirred for 15 minutes, cooled to ambient
temperature and stirred an addilional 16 houwrs. BHCE (530 mb, 0.2M aq) was added and

the clear yellow solution was extracted three times with dichioromethane. The
combined organics were dricd over sodium sulfute, filiored and concentrated o a
vellow solid. This crude material was precipitated from dichloromethanc/hexancs to

20 afford desired intermediate 15-B as a light beige powder. "H-NMR (400 MHz, DMSO-
dod & 872 (s TH), 542 (dd. /= 9.6. 4.1 Hz, 1H), 509 (s, 1R, 4.72 (&d, /= 13.0. 3.7

Hz, L 4.57 (5. 111, 4.09 {dd. .7 = 12.5, 9.6 Tz, 11}, 3.83 (s, 3HD), 1.92 (5, 31, 178
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{m, ZH), 1.62 — 1.47 {m, 1H)., LCMS-ESE (a/z) IMAH] calcutated for € -N20g

32101 found: 321.2.

aUep 2
Intermediate 13-B (0040 ¢, 0.123 mmeoi)  and  {4-
5 fluorophenvhmethanamine {(0.017 g, 0.{37 mmol) were suspended in acctonimile (1
mL} und foated with N N-diisopropylcthylamine (DIPEA) (0.033 mL. 0.187 mmol)
and HATU (0052 g. 0.137 mmol). After stirring for 30 minates, the rcaction mixture
was treated with magnesium bromude {6.046 g, 0.25 mumol) and heated to 50 “C. After
H) minates, the reaction mixture was cooled and treated with HCL (2 ml, 10% aq.
10

16 After a fow wiinutes, the precipiate was filtered and washed with HCT (10% ag) and
water. Preparative HPLC purification of the precipitate (20-639% accronitrilerwater,
0.1% TFA) afforded desired Compound 15, "H-NMR (400 MHz, DMSO-d.) § 12.44
(s, 1H), 16.36 (t, J = 6.0 Hz, 1H), 846 (s, 1H). 7.37 - 7.28 (n, 2H), 7.19 - 7.09 (o
28, 343 {(dd, J = 9.6, 4.0 Fiz, 1H), 5.08 (s, 1H), 4.68 (dd, J = 12.8, 4.1 Hz, U}, 4.59

15 {s. TH), 458 =447 (m. 3H 402 (dd, J ~ (2.7, 9.6 Haxz, TH), 1.92 (5. SHy, 1.83 (d. J =

12.2 Hz, 1), 1.56 (dt, /= 12.0, 3.4 Fz, 1H), LOMS-EST" Gz IVMH] calculated

for Co M2 FNaOs: 414.15; found: 414.2.

Exampie {6
Preparation of Compound 16

20 {28.5R.13a5)-N-£2, 3-difluorobenzy}-8-hydroxy-7,9-dioxe-2.3.4.5,7.9,13,13a-

octahydro-2,S-methanopyridol 1,24, 5 pyrazino{2.1-b}[ 1,3 Joxazcpine- 10-carboxamide

Compound 16 was prepared in a similar manner 10 compound 15 using
25 ('2,3~diﬂum‘opi‘:en\il}meihanamine in piace of (4-fluorephenylimethanamine. H-NMR

{400 MHz, DMSO-ds) § 12.46 (s, 1H), 1047 (i /= 6.1 Hz, TH), 845 (s, 1H). 743 —

62
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7.25 (o, 1H), 7.25 = 7.05 (m, 2H), 5.44 (dd, F= 9.5, 3.9 Mz, 1H), 5.09 (s, 1H), 4.6 (dd,
IZR. A0 Hz, 1H), 465 452 (m, 3, 4.02(dd, /= 12.7. 9.8 Hz, 1HY, 2.56 (s, 1HD,

TO3 G5, 4H), 183 (d, 7 119 Mz 1), 137 (dt 7 = 113, 3.0 He, 1H), LOMS-ESET
{mezy | MY calenlated for Oy Hagl T NaQs: 432.14: found: 432 2.

3 Example 17
Preparation of Cowmpound 17
(Z8.5R,13a8)-N-(4~chioro-2-flucrobenzy -8-hydroxy-7,9-dioxo-2,3.4.5,7.9.13,1 3a-
oclabydro-2,5-methanopyrido} .24, 3 [pyracino[2.1-b} 1.3 Joxazepine- 1 0-carboxamide
o i
0S4 RS
\\}\/, N \|‘X/L\‘{//l\\a NN
O OH
tG t7
Compound 17 was prepared in a similar manner to compound 15 using
{4-chlore-2-fluorophenyhimethanamine in piac f {(4-fluorophenylrpethanamine. "H-
NMR (400 MHz, DMSO-do) ¢ 12,46 (s, 1H), 10.45 - 1020 {m, 1H), 8.44 (s, 1H), 7.42
ddd, 7= 100,20 Hz. 1H). 733 (.7 =81 Hz, 1T, 7.26 (dd, /= ¥4, |.8 Hz, 1I{), 5.50
15 =538 ¢, TH), 509 (s, [H)L 468 (dd. J = 13.0, 4.0 He, 1H), 4.59 (s, 1H), 4.54 (m, 2H),
402 (dd, /=128, 9.7 Hz, 1H). 1.93 (s, 4H), 1.83 (d, /= 12.0 Mz, {H), 1.57 (6, J =
11.9, 3.4 Hz, TH). LCMS-EST (m/2): IM+H] calcalated for CrHpeCIFNLOs: 448,11
found: 44%.2.
Example I8
26

Preparation of Compound 18
{28,5R.13a8)-N-(3 4-difluorobenzyh)-8-hydroxy-7.9-dioxo-2.3,4,5.7.9.13,1 3a-

octahydre-2,5-methanopyridol 1. 24, Slpyrazinof2,1-bi[ 1,3 loxazepine- 1 G-carboxamide

63
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N | ; .
N /\}/‘%@ SN
a oM
i8

Compound 18 was preparcd in a similar manner © compound 18 using
{3.4-difluorophenylmethanamine in place of (4-fluorophenylimethanamine. ‘H-NMR
3 {400 Mz, DMSO-de) 8 12,46 (s, D), 1051 - 16,27 {(m, 1H), R.46 (s, ) 7.50--7.23

(G, 2HD), 723 - 7.03 (m, TH), 544 (dd, J = 9.5, 3.6 Hz, 1H), 5.09 (s, 1H), 475 ~ 4.63
{m, 1H). 4.60 {5, 1H), 4.57 — 4.44 (m, 2H), 4.02 (dd, /= 12.6. 9.8 Hz, 1H), 1.83 (5, 4H),
1.83 (4.7 = 12.0 Hz, 1H), 1.57 (6t, ./ = 12.0, 3.4 Hz. 1H). LCMS-EST" (m/o): [M+HT

calculated for o HaFNsOs: 432,14, found: 432.2.

HY Example 19
Preparation of Compound 19
(1R .58)-N-(2 4-diflucrobenzyl}-8-hydroxy-7.9-diexe-2,2,4,5.7.%. 13, ! 3a-octahydro-1,5-
methanopyrido[1'.274,SIpyrazino]1,2-a}i 1,3 }diazepine- 1 -carboxamide
”.'
/r’le.j /'\N./‘\TL /\/&‘
N %
\\2,:/5\1\ ARy~ k P
o
G OH
15 19

Lo, . (L
: NH;J"u,

I |
. i
e T o S NIRRT A,

H 5 4 U H |
AOn \]/\\/§_ L) K2EEs \ N\T’KK\VL - Tl\//\ .

S 0g & OH y4q
1C
Steps 1 and 2
Methyt 352 4-difluorobenzylcarbamoyl)- 1 (2.2 -dihydroxyethy)-3-

methoxy-4-oxo-1.4-dibydropyridine-2-carboxylate (1-C, 7.3 mg, 0.236 mmoel} was

20 treated with acctonitrile (1.9 mL). acctic acid (0.1 mL), potassium carbonate {145 my,

64
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105 mwwoly, and {(S)-piperidin-3-amine dibydrochioride {82 mg, (.472 mmol). The
reaction mixture was sealed and heated 10 90 °C. After 60 minuies, the reaction mixhire
was cooled partitioned between brine and dichloremethane. Tho agucons phase was

ihrice extracted into dichloromethanc and the combined organic phases were combined,

1%

dricd over MuSO4. filteved, concentrated. The crade product was dissoived ints
acctonitrile (2 mi) and magnesium bromide (89.1 myg, 0.48 mmol) was added. The
mixtyre was rescaicd and heated to 30 °C. Afrer 90 minutes, the reaction mixture was
quenched with -5 mil of 8.2M HCi(zq), the pH adjusied to ~19, diluted with brine, and
thrice exiracted into DOM. HPLO purificaiion (Acctonitrile:water, (.19 TFA)Y afTorded
10 Compound 19, "H-NMR (400 MHz, Chioroform-d) 6 10,43 (1§ = 5.9 Hz, 1H). R.43 (s,
1Ey, 7.39 - 730 (m, 1H), 6.81 (g, 3= 8.1 Ha 2H) 4.89 (dd T = 11,6, 3.8 Hz, 1H), 4.69
s, 1H), 4.64 (d. 3= 5.8 Hz, 2H), 4.26 (dd. J=12.6,3.8 Hz, 1R), 3.91 (1, J = 12.1 Hz
FH), 3.20 - 3,10 (m, 2HD, 3.06 (5. 211, 2.14 - 2.02 {m, 1H), 1.96 - .81 (m, 2H),
1.70 {m. iH). LOCMS-ESY (n/): IM+H]" caleulated for CoyHaeF NGO 431.15; found:

hS 431 2.

i

Example I
Preparation of Compound 28
(IS SR)-N-(2 4-diftucrobenzyl -N-hydroxy-7,9-dioxo-2,3.4.5,7 7,913 1 3a-octahydro-1,5-

methanopynidoe] 2545 Ipyrazine{ 1 2-alit ,J%‘_[diaz-:«pined O-carboxamide

(®
N i
T
/ )
Y 8 H
\g/'\" [ \1( e
1
20 G OH
20
H
e
., " 5 L
T 206 0 0 e i :
/\r/\ MY . SN
K,C0, ( il ] (& ool
s /.§ / N R A Y /N\// Xy \,;/"\,
.
208 &' Pl
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Methyi 5-(2,4-diftworohenzylearbamoyvl)- 12, 2-dihydroxyethy)-3-
mcthoxy-éi»om—i.4—{1&1'13-’&1‘0;)5@'5dinc~'_—c:‘.11‘b£)xy1atc (3-€C, 1633 mg, 6.25 mmol) was
treated with acctonitrile {1.9 mi.). acctic acid (0.1 mL), potassium carbonate (1398 my,

i.16 mmol), and (R)-piperidin-3-amine dihydrochloride {90 mg., £.52 mmol). The

1%}

reaction mixture was scaled und heated 0 90 °C. After 40 minutes, the reaction mixture
was cooled partitioned between brine and dichloromethane. The agucous phase was
thrice extracted into dichloromethane and the combined organic phases were combined,
dricd over MgSQs, Htered, concenrated. The crude product was dissolved inio
10 acetonitrile {2 mL} and magnesium bromide (96.5 mg, 0.52 mmol) was added.
mixture was rescaled and heated w0 30 “C. After 86 minutes. the roaction mixture was
quenched with ~3 mL of ¢.2M HCH {aq), the pH adjusted to ~10, difuted with brine, and
hrice extracted into DOM. HPLC purification (Acctonitiilerwater, 0.1% TFA} afforded
Compound 20. "H-NMR (400 MHz. DMSO-de) § 16,35 (1, = 6.0 Hz, 1H} 848 (s,

£S5 THD, 745 =733 (i, THD, 7.29 718 (m, D, 7.05 (td. = 8.5, 2.4 Hz, JH), 5.06 (dd, }
<114, 3.5 He, 1)L 4.36 - 447 (m, 3H)Y. 444 (5, 1HD), 405 (1, J - 118 He, 15D, 3.07 -
2.89 {m, 4H), 1.85 = 1.73 {m, 3H), 1.54 — 1.46 (m, 17D, LOMS-EST (sez) [MeHY
calcuiatad for CoyHePaNgOu 4310 135; found: 431 2.
Esample 21
2{ Preparation of Compound 21

(2S.3R, 1 328 - N-((8)-1 (4-fluorophenylyethyl)-R-hydroxy-7.9-diox0-2.3,4,5,7,9,13.13a-

octahydra-2, S-methanopyridol ',2%4,5]pyrazino[2,1-b}{ 3 Joxazepine- 1 0-carbeoxamide

&

o
H ; i
e N ,"\ N - \\.
\(‘\J\;:/\,I : {/f\p

i !
Q Ok

O
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o
T
HO._ 0O S
- 5 = 5
(T ,i . NHy N :L i b1, = el L S
SERPEEuOSOR R0 S ey T3
PPNy ~s K{’\F 20 & \_,r P NN L L N ‘§{ Ao, 2 Ny
Y Y o Il) i b L.
SEs e D & Ol ag
214 2i.8
Steps | and 2
{SY-Methyl {2 2+thydroxycthyh)-5-{1-{4
P B ) 7 \

5 fluorophenybethylcarbamoyt)-3-methoxy-4-oxo-1,4-dihydropyridine-Z-carboxyiate
(21-A. 1 i, 023 M solution in 191 acctonitrilciacetic acid, prepared as per (R)-
mothy! 1-£2.2-dihydroxyethyD-5-(1~(4-fluorophenylethyvicarbamoyl-3-methox y-4-
axo-i.d-dihydropyridine-Z-carboxylate  9-A  fromm  Example 9 using ($)-1-{4-

fluorophenylicthanamine in place of (R)-i-{(4-fluovophenylcthanaming) was wreated

g with (18 3R)-3-aminocyclopentenol (62 my, 0.61 mmal) and potassivm carbonaiz (34
mg. 0.25 mmol). The reaction mixture was sealed and heated to 90 °C. After 60
minutes, the reaction mixture was  cooled pariitioned between brine  and
dichioromethane. The agueous phase was thrice extracted into dichloromethane and the
combined organic phases were combined, dried over MgSQ,, filtered. and concentrated.

15 The crude product was disselved into acctoniteile {2 mbL) and magnesium bromide {74

mg, 0.4 mmoi} was added. The mixiure was rescaled and hested to 50 °C. After 100
minetes, the reaction mixwure was quenched with 0.2M HCI (ag), diluted with brine,
and thrice exmacted inte DCM. HPLC purification (aceionitrilerwater. (0.1% TFA)Y
afforded Compound 21, "H-NMR (400 MHz, DMSO-d.) 8 12.42 (br s, 1H), 10.45 d, }
280 =79 Hz IHL 840 (s, TH), 7.36 (dd, 3 = 8.6, 5.5 Hz, 2H), 7.14 (1. J = 8.9 Hz, 2H}. 5.42
{dd, J = 9.6, 4.2 Haz, THY 515 — 5.04 {m, 211, 472 - 4.53 (m, 211).4.02(dd, } = 7,
97 Hz. 1M 197 — 1.89 (o, 4H). 182 (d, 3= 122 He, JFD, 136 (dt, 3= 11.9, 3.3 He,
THY, 143 ¢d0 1= 6.9 He, 3H). LOMS-ESE (su2): IMAHT' calculated for CouHapnFN:Oy:
2816 foand: 4281,

1o
L

fxawmple 22

Preparation of Compound 22

67
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2,38, 13aR-N-(8)- 1 -(4-fuorophenyDethyl -8-hydroxy-7.9-dioxn-2,3,4,3,7,9,13.] 3a-
pneny ) : )

octahydro-2, S-methanopyridof 1.244, S jpyrazino{2, 1-b1[ 1.3 lexazepive- 1 0-carboxamide

QT/\,\j \\//‘l\ i\L ;
fj;y P'\ ’\/k C :\/{\F

‘o 6H
22
oH
X
7 bl
B, O e
< o Ners H (f\ i Mg 5\
H - e o M, N VigBrs
\.I,j‘.\, ix\g, \}/ §7 ‘—a;_"" ‘,>\¥/\r~/\\\r/ ; \(\I 5 ,u {/\N \\ f ‘x
N ’ 23 A 2 2
"O\E/ N PN g \‘"\"/NT"\\T/% FN \_}/ N s S \4\,—.
& O O Wy = & om 22
3 21-A e
Steps Land 2
(S)-methyi 1-(2,2-dihydroxyethyl)-53-(1-(4-

fluorophenyDethyicarbamoyl)-3-methoxy-4-oxo-1.4-dihydropyridine-2-carbox ytare

16 ¢21-A, 1 mL, 923 M solution in 19:1 acctonimilewcetic acid) was treated with (1R,38}-
3.aminocyclopentano! (32 myg, 0.51 mmol) and potassium carbonate (31 mg. 0.22
mmol). The reaction mixture was scaled and heated to 90 °C. After 60 minmutes, the
yeaciion mixture was cooled partitioned between Lrine and dichloromcthane. The

agueous phase was thrice extracted inio dichloromerhune and the combined organic

s
4

phasee wers combined. dried over MgSOa. filtered. and concentrated. The crude
product was dissoived into acctonitrile (2 mL) and magnesium bromide (31 mg, .49
mmol) was added, The mixture was rescaled and heated to SO YC. After 100 minutes,
the reaction mixture was quenched with 0.2M HCHag). dituted with brine, and thric
extracted imo DOM. HPLC puwrification (acctonitrilerwater, 0.19% TFA) afforded
20 Cornpound 22, TH-NMR (400 MHz, DMSO-dq) & 12.44 (brs, 1H), 1045 (d, J =77
Hz, 1H), 839 (s, 1H), 736 (dd. 7= 8.5, 5.6 Hz. 2H). 7.14 {1, I = 8.9 Hz, 2H), 5.43 (dd, ]
= 9.6, 4.0 Hz, 1H), 5.15 — 5.06 (m, 2H}, 4.66 (dd, 3 = 12.8, 3.9 Hz, 1H), 4.538 tH),
3.99 (dd, 3= 12,6, 9.5 Hz, iH), 1.93 (s, 411, 1.82 (g, ) = 12.0 Hz, 11D, 1.56 (dt, J =
12,0, 3.0 Hz, 1H), 144 (d, J = 6.9 Hz, 3H) LOMS-ESTT (ns): [M+H] cateulated for
25 CpHpFNaGs 428.16: found: 428, 1.
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Example 23
Preparation of Compound 23

(253K, 13u8)-N-{ 2-fluorobenzyh-8-hydroxy-7.9-diox0-2,3,4,5.7,9,1 3.1 3a-octahydro-

\

3 6 ity i {
P

JS-methanopyvido] 1,24 3]pyrazinoi 2. 1-b]] 1,3 Joxazepine-i O-carboxamide
oy ; b4 L >

O

_H i
:E/'U\}//\M» ™ \\I/\ . /\I
e A b, A
P 2

1

NP
AN T N
Sy (O

3 [N ]
23
Hof ™S .
u i T LA AL g
/O\?//\N/'\\\{/‘LCH ~—-—r—'——-—~§m N ,U\i,/\;},/.\/.(‘\ﬁ/\s \\.]
N SN ATy DIEA  \\ ‘N\ﬁ'/\\\e’ NN
oL U
© 9 s TN 34
o)
e} i
MgBr, (O\i/\x\}@ \L/\ ,\/\m
Nl g A A T AL
7’./\ ©
o COH
23
Steps land 2
34 15-B (41 myg, 0.15 mmol} was treated with acetoniivile {1 miy, (2-
fruorophenymethanamine (17 myg, 0.14 mownol). HATU (67 mg, 0.18 mmol), and N.N-
diisopropyicthylaraine (DIPEA) (24 mg, 0.19 mmob). The reaction mixture was stivred
at roor temperature for one bour and magnesium bromide (47 mg, 0.26 mmol) was
added. The mixture was sealed and heated to 50 °C. Afrer 60 minutes, the reaction
I3 mixturc was quenchad with 6.2M HCI (aq), diluted with brine, and thrice cxtracted into

DCM. HPLC purification {Acctoniiriic:waier, 0.1% TFA) afforded Compound 23. 'H-
NMR (400 MHz, Chloroform-d) 6 10.42 (s, 1H), 8.34 (s. 1H), 7.36 {t. ] = 79 Hz, ).
T24 - TAT (m AHL T2 - 60.97 (m, 2H), 546 - S32 (m, 1H), 5.29 041~ 3.5 Hz (H).
467 (s, 3HD. 4.28 — 420 (. 1THD, 4.06 — 3.95 (. 1HD), 2.20 — 1.96 (m, 4H), 1.95 — 1 84
26 {m, iH) 139 (dt, J = 124, 33 Hz, 1H). LCMS-ESE (ns): {M+HY calenlated for

C:lf'iZOE::N_:()_sZ 414.15; found: 414.2.
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Example 24
Preparation of Compound 24
(28,5R . 13a8)-N-{3,5-difluorobenzyl)-&-hydroxy-7,9-dioxo-2,3,4,5,7.9,1 3,13a-

5 octabydre-2,5-methanopyridof 17,24, 5 lpyrazino{ 2.1-bi[ 1, 3 joxazepine- 1 0-carboxamide

OH =4 !"

FN /"\E"\Y :
H ‘/5
Q i H ?

% i
\I/ o v /U\;/\NQ AT I/x\\]/
E /L N HATU. DIEA L Ny & ]\/
G o N S o
r~ o) (x‘\ 2
S 15.8 > 244

158 (44 mg. 0.14 numol) was treated with acetonitrile (I mb). (3.5~
difluorophenyDmethanamine {32 mg, 0.23 mmuol), HATU (54 mg, ¢.14 mmol), and

N, N-ditsopropylethylamine (37 mg. 0.29 sumol). The reaction mixiure was stirred at
room temperature for one hour and magnesium bromide (37 mg, 0.31 mmol) was

15 added. The mixture was scaled and heated to 30 °C. After 60 winutes. the reaction
mixture was quenched with 0.2M HCI (ag), diluted with brine, and thrice extracted into
DOCM. HPLC purification (Acetonitrilerwater, 0.1% TFA) afforded Compound 24. 'B-
NMR (400 MUz, Chioroform-d) 3 10.39 (s, 111 842 (s, 1), 6.82(d, 1= 7.9 Hz 2,
6.65(t, J= &8 Hz, 1H), 5.38(d. 3 =77 Hz, 1H), 5.28 (5, 1H). 4.78 - 4.41 {m, 3H), 4.32

200 (d, = 12,0 Hz, 1L 402 ¢ F= 109 He 1H), 2.30 - 1.97 (m, 4H). - 1.8 (m,
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iH), 139 (d, J = 2.3 Hz, IH). LCMS-EST" (mi)y [IM+H] caiculated for

;

ok aNGOs: 432,145 found: 4322,

Exampile 28

A

Preparation of Compound 238
{25,5R, 1 3a8)-N-{4-luoro-3-(riilaoromethybenzy -8-hydroxy-7,9-dioxo-
2,3.4.5,7.9.13,13a-octahydro-2, S-methanopyride[ 11,24, Sipyrazino{2, I -

b1, Yoxazepine- 1 0-carboxumide

o0 s -
YN TN

SLO4 b
\\“\,/“ N \p/ Ny \f// = F
i i

10 E5 -

o
H ? N - it
.‘/O"‘:{”\'N/\\\YJL OH B "'\?/\N/\/L\L\'«/\V )
i t 9 3 ! i b i
HATL, DIEA BN LA
NN Sy B PNy Y

MG i g :
- ) B, K
O Oy s ~ 25-A
Q
o o )
Mgy - /\)\_:(«\N/‘\\\ N7 i Rw
------------- b K H H i
L
o “Ir S0 #
@ 29 CFy

2%

Steps 1 and 2
158 {43 mg, .13 mmol} was treated with acctonitrile {1 mb}, 4-fleoro-
i3 3-(uifhioromethyliphenylymethanamine (29 mg, 0.15 mmol), HATU (62 mg, 0.16
mmoi). and N, N-diisopropylethylamine (26 mg, 0.20 mmol). The reaction mixture was
stirred at room femperatine Tor one hour and magnesivm bromide (62 mg, 0.34 rmal)
was added. The mixture was sealed and heated to 50 °C. After 60 minutes, the reaction

mixture was quenched with 8.2M HCl(ag), diluted with brine, and thrice extracted inte

o)
s
o

DOM. HPLC purification (Acctonitrilerwater, 0.1% TFA) atforded Compound 25, 'H-
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NMR (400 MHz, Chioroform-d) ¢ 10.44 {5, [H) 829 (s, 1H}, 7.36 - 738 {m, ZH).
TO6 ) =92 He, 1H), 530 (dd, § = 9.3, 3.5 He, TH), .25 (5. TH)L 463 — 445 (m.
3HY, 4.21 {dd, J = 128, 3.4 Hz, 1H) 3.95{dd. J =124, 9.7 Hz, 1H), 2.1} - 189 (m,
4HY, 189 — 1.74 (m, TH), 153 (dt, J = 124, 3.2 Hz 10 LCMS-ESEU () [MHHT]

S calcwated for CardloFaN:Os: 482.14: found: 482.2
Example 26
Preparation of Compound 28
{Z8.5R, 1 3a8)-N~{4-chiore-3-fluorohenzyi Mi-liydroxy-7 9-dioxo-2.3,4.5.7,9, 13,1 3u-
i octatiydro-2,S-methanopyrido{ 1,274, 3 pyrazino[2.1-Bi[1 3 Jovazepine-10-carboxamide

o 3
e \:{/\N/\‘ ”\N/\\T/ A
RL/N X H [l P
s O \T Cl
O OH (2
26

Y
5 b AT A |
wf’\.\;/’\N/’\\\Y ~OH - \T/\’,\;;,./\\\ [Ir\i/\\r/’\\\j
\\L H i H gl
B s RATU, DIEA N N Ay 2N
RS N2 NN - . g
A T O ;o
¥ s pm To2sA
o
4 i
MgBe, O3 A‘vi NS
M 1 i }I i
N My S0 o
. i i >
6 on £

15  Stepsland?2
15-B (41 mg, 0.13 mmol) was treated with acetonitrile {1 ml), (4-
chloro-3-fluorophenyiimethanamine (40 mg., 0.25 mmol), HATU (60 mg, 0.16 mmol),
and N N-diisopropylethylamine {2& mg. 0.22 mmol). The reaction mixture was stirved
at room temperature for one hour and magnesium bromide (48 my, 0.26 mmol) was
26 added. The mixtwre was scaled and heated to 38 ©C. Afier 60 minutes, the reaction

mixture was quenched with 0.2M HCH (aq), diluted with brine, and thrice extracted into

2

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
821 of 1915



24

Cipla v. Gilead

WO 2014/100323

PCT/US2013/076367

BOM. HPLT purification (Acctonitriic

NMR (400 MHz, Chlovoform-d) &

swater, 0.1% TFA) afforded Compound 26, 'H-
19,41 ¢s, 1), 8
713 - 690 (m, 2H), 5.30 (dd, § =91, 3.2 Mz,
2HY, 420 (d, ) =94 Ha,

.30 (s, TH), 724 {4, 3 = 6.0 Hao THY,
1H), 5.22 (s, 1H), 4.61 (s, 1H), 4.51 &,

2.0 Hz, THh. 2011 1.90 (m. 4H), 1.90 -
153 (d, 1 - 122 Hz, 13). LCMS-TSY (meiz)y IMEPHT calouiaied for
FNLQ: 44811 found: 4482,

), 3.95{(d, ) = {

i, PH,

)
CoHie

Example 27
Preparation of Compound 27
{Z8.5RNS{1-(2 4-diflucropheny Deyclopropy D-8-hydrox y-7.9-dioxo-

2.3,4.5,7.9.13,1 3a-octahydro-2 . S-methanopyridof 1',2":4.3]pyrazinof 2.1 -

bji 13 joxazenine- [0-carboxamide

L k Y LN
\\ N . N R Ny N
i OH & b Y/\W o 0 \[ h ﬁl i
—/\\/J\ o /(\) /\/\\O - \71\;

S o
~ ~.
27-8 '
1A 27-B
HO.__OH
N7
Y HOm N it g o
RSO \>l R ‘{\‘ \/’\\\\ (i') \\_.___/I :
MeCN, AcOH 2 : ! B
Aptye e T e
30
= e
Ty ~ g o L
,/ Y N \\/ N \’/% Mg{irr_,«_“ ol O\/ = /\~/ Xy

~J
(%)
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A suspension of the compound 1-A (1.004 g, 3.19 mmot}, the amine 27-
A {68% mg, 3.35 mmol), and HATU (14533 g 3.82 mmol) in CHRCH (20 mby was
stirred in 0 °C bath as NMN-ditsopropylethylamine {DIPEA) ( 2 mL, [ 1.48 mmol} was
5 added. After | hour at 0 °C, the reaction mixture was concentrated to @ syrup, dilute
with ethyi acetaie, and washed with water (x 23 Afict the aqueous fractions were
extracted with ethyl acetate (x 1), the organic fraciions were combined, dricd (Na:50:)
and concentrated. The residue was purified by CombiFiash (120 g column} using
hexanes- ethyi acetate as cluents. The major peak was combined and concentrated fo
10 afford 1.082 g {73%) of the product 27-B. After the minor peak was combined and
concentrated, the concentiated residue was dissolved in CHLCh and some insoluble
materials wore filtered, The filtrate was concentraied 1o get 361 myg (24%) of the
addivonal product 27-B. LOMS-BSIT (/o) [MAH]T caleslated for Canblast)NzOx
467.16; found: 467.17.

£5
Compound 27-8 €8] mpg, 0.174 mmol) was dissolved in a mixture (1
mL} of aceronitriie (22 mbL). AcOH (2 mL}, and methancsulfonic acid {0.14 mb, 2.16
mreol) at room temperature and the resulting solution wus stivred at 63 °C for 20 bours.
After the resulting sohition was coeled to room temperature. the
20 amincaleohot 27-8 (50 mg. racemic, 9.363 mmoly KCO: (50 mg, 0.362 mmol}, and
wcctonitrile (2 mLY were added to the solution. The resulting mixture was stirred at 63
“C bath for 1 hour. After the reaction mixture was cooled to room temperature, it was
acidified with 1 N HCI (~2 mL). diluted with water (~8 ml}, and extracted with CHLCL
{x 3. Combincd extracts were dried (NuaxSOs), cencentrated, and purified by
25 CombiFlash to obtain 67 mg (82%) of compound 27-E. *H-NMR (400 Mz, CDCL) §

10.53 (s, 1D, 8.25 {5, 1H), 7.60 (4d, ./ = 8.5, 6.5 Hz, 1H), 6.85 - 6.57 (. 2H), 5.33 {br,
tH), .26 (dd, = 9.6, 3.9 Hz, (H), 4.60 (1, = 3.0 Hz, TH), 4.1& ~ 406 (m, 1H), 4.01

5. 3H), 3.92 (dd, J = 12.7.9.6 Hz, 18) , 2.11 - 1.91 (m, 4H), 1.88 - 1.71 (i, 1H), 1.60
- 14D ¢m, 1H), 131 - 110 Gn, 4H). UF-NMR (376.1 MHz. CDCL) 8 -11180 (q. /=
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2.8 Hz, 1F), -112.05 (p. J = 7.9 Hz, 1F) LOMS-EST" (m2) [M+HT calculated for

C:.;i‘iza?zN}Osi 472.‘:7; f()lﬂ’id: 472. 1.

A mmixture of compound 27-E (67 mg, 0.142 nunol) and MgBr; (66 g,

3 0,358 mmoly i MeCON (3 mL)Y was stirzed at 30 °C for 30 minutcs and cooled to ¢ °C
before treating with 1 N HCE(3 mL). Afier the mixture was diluted with water {~30
mL), the product was extracted with CHLCl (x 3). and the conibined oxtracts were
dried {Nz:SCy) and concentrated. The product was purified by preparative HPLC and
ficeze~-dried @ obtain product 27 as a 11 reixtore with triflnoroacetic acid, *H-NMR
10 (400 MHz, CDCly) & 1070 (s, 1H), 8.35 (s, 1H), 7.57 (4. J = 8.2 Hz. 1H). 6.91 — 6.56
fw, 2 331 (dt /= 143, 4.0 Hz, 2H), 4.68 (s, 1H), 422 {dd, ./ = 13.2. 3.9 Hz, 1H).

399 {dd. S~ 128, 9.3 Hz, HHD 228 - 1.96 (m, SH 1R (ddt. .7~ 12,1, 8.6, 3.7 Mz

PHY, L71 - 149 {m, TH), 138~ 111 G, 46). F-NMR (376.1 MHz, CDCL) § -76.37

{s. 3F) -11L6 ~ 11175 fm, 2F). LOMS-EST (n4): [M+H] calowiated for

15 CoHnF3;NOs: 458.15; found: 458.1.

Example 28
Preparation of Compound 28
{25,0R)-N-(1-(2,4-difluorophenyleyclopropy)-9-hydroxy-8.10-dioxo-
3,4.5.6,8.10. 14, 1da-octahydro-2H-2 6-methanopyrido] 1.2":4.5pyrazino{2. 1 -

28 biit,3loxazocine-11-carboxamide

O F

N

L
h F

AN

Li\\}/, N T’/ﬁ/\ o

\

~J
1
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,O.\!/O\ "f ‘7 HG \/Jh HO,, Pra SNH
< r\ _)\ \J’ - /1§ \\ /’\ j ’\ / :' J ‘23 p\
LN Y.~ SN o b /E =
PNy ; /}\ a /k\,y\s_ \ﬁcCl\ AcGH gpes \r, I\/A\O = /7L Koy
| i
O [ o 'f)
S s T ze
@ =5 E ol i
i : O~ i :
‘_.[’ \1’/\ ;'\'/{\\‘\/‘LNX(,§§ MyBr, S ) -l\f /_Q\s \L\:SZW/%‘
o ] A H I LA o RS . ! i v i H
!\\ Mo Ji, /&,) Loteg ;\:?,I\\Tr/\\_]x&b ‘\/\F—
,'_', O‘_ o O
28-3 28

Step land 2
Compound 27-B (87 mg. 0.187 mmol) was dissolved iv a mixture (2
mL) of acctonitriic (22 mL). AcOH {2 mL). and mcthancsulfonic acid (0.14 mL. 2.16
5 mmob at room temperature and the resulting solution was stirred at 63 °C for 20 hours.
Afier the resulting solution was cooled to reom temperature, the
arninoalcohol 28-A {44 mg, racemic, (0.3K2 mmol) and acetonitrile {2 mL) were added
10 the solution. After the resulting rixtare was stivved at 65 “C bath for 30 minutes,

KLC0;: {41 mg, 0.297 mmol) was added and the mixture was stirred at 65 °C for 2

e

b hours. The resction mixture was cooled to room temperature, it was acidified with I N
HCT (-2 ral), dijuted with water {(~8 miL), and extracted with CH>Cly {x 3). Combined
extracts were dried (Naz80s), concentrated, and purified by prepavative HPLC and the
fraction containing the product was freeze-dried, Afler the residue was dissolve ed in
cthyl acctate, the solution was washed with saturated NaHCO: (x 1), dried (Na;SO.).

15 and concentratcd to obtain 18 mg (20%6) of compound 28-B as a il mixtwe with
trifluoroacetic acid, "H-WMR (400 MHz, CDCI) 8 10.54 (s, iH), 826 (s, 1), 7.63 (14,
J=86,6.6Hz, 1H), 6.76 (dddd, /= 21.9, 11.2, 8.7, 2.3 Hz, 2H), 5.3% {dd. /= 9.6, 3.7
Hz, 14, 4.53 - 4.36 (m, 2H), 4.09 (dd, J = 12.8, 3.7 Hz. iH), 4,03 5, 3H), 3.99 (ad, J
=12.7,9.7 Hz 1H). 2.41 —2.20 (m, 2H), 1.84 (drd. J=19.7, 9.3, &8, 44 Hz, 2F), 1.7

200 (dd, /= 14.6.2.5 Hz, TH). 1.62 - 1.35 (m, 21), 1.34 ~ 1.34 (m, SH). "F-NMR (376.]

MUz, CDCI) 8 ~111.75 {q. /= 8.9 Hz, {F). 112,01 {p, /=~ 7.9 Hz. 1F). LOCMS-ESY

{m/zy: [MHHT calculated for CasHaoF N304 4R86.18; found: 4862,

Step 3
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MgBr; as

2.35 (m,

WO 2014/100323
Compound 28-B {18 mg, 0.037 mmol) was weared with
deseribed in stepd in the synthesis of compound 27-F to obtain compound 28, ‘H-
Cly 6 10.66 (s, 1H), R29 s, 1), 7.59 (1d, J = 8.5, 6.6 Hz. 1H).
PEEY, 4.55 (s, TH), 4.48 (1, /= 4.2 H»

f=90 490 Hz
1H) 2.56 -

NMR (400 Mz,
12,8, 0.8 Hy,
3H), 1.28 (d,

.89 — 6.60 (m, 2H). 5.51 {dd. ./ -
SO HHD 421 d /129,41 He, 1R 3.99 (dd.
TH), 2,14 (dd. /= 16,1, 8.9 Hz. IHL 196 - 174 (m, 3H), 1.66 - 1.37 {m, 3H
S 4.4 Hz, 2H), 119 (m, 28y "F-NMR (376.1 MHz, CDCly) 8 -76.41 (s, 3F
2Fy LOCMS-ESY (mz): [M+H] culouloted for CoghhFo2, sOs: 47217,

1179 (m, 25}

found: 472.1.
Example 29

Preparation of Compound 29
(ZR.68)-N-(1-(2,4-difluorophenylicyclopropyl-9-hydroxy-8, 10-dinxo-
3.4,5,6.8.10, 14, 1da-octabvdro 2H-2.6-methanopyrido{ 1,24, 3 pyrazinel2, 1-
bif 1.3 joxazocine- 1l -carboxamide

2} \, b
0. Ny A S
g N N
00
SN Xy =
R < '
05 O O
29
HOOH . O~ Y.NH:,;
5 X7 ;\/) (28-4)

: DIV A Jl/\/\‘
i i
FANp ete

OOl =
; %
NN TRy i
TMELN ACC Ie
MelN AcOM O ﬂ)\l/\o =

Y
S o
27.8
[e] — =
Y |
AN NS NigE YN \HL N /\"k‘
Y N L
N R §O l\{ o= \[/ vk':o ’\,/\._
it .
G O S o
25-8 28

{45 mg, 0.391 mmol) in a manner similar

Step ] and 2

Compound 29-B (i3 mg, 14%) was prepared from compound 27-B (87
mg, (1.187 mmol} and the aminoalcchol 29 i TSI

~J
|

28
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to that described in step 1 of the synthesis of compound 28-B. TH-NMR (400 MHz
CBCHR)Y 3 10,54 (s, 1H), 8.26 (s, TH). 7.63 {td, J = 8.6, 6.6 Hz 1H), 6,76 (dddd, J =
21.9. 14.2, 87, 2.3 He, 2Hy 539 (dd, J = 8.6, 3.7 Hz, 11, 4.33 — 4.36 (m, 2H), 4.09
(dd, J=12.8, 3.7 Hz, 1H), 4.03 (s, 3H), 3.99 (dd. /= 12.7, 9.7 Hz, 1), 2.4) - 2.20 (m,

D 20 LR4 (did, 7 197, 930 REO44 By, 2FG 174 (ddL S 1406, 25 He, TH), 162 -
1.35 (. 2HDL 134~ 1,14 (m. SH). PF-NMR (376.1 MHz, CDCI 8 -111.75 (. /= 8.9
Hz, 1F), -112.01 (n, J = 7.9 Hz, 1F). LOMS-ESI™ (ma)y [M+HT calculated for
CosHaoF ) N:Os: 486,18, found: 456.2.

10 Compound 29 was prepared from compound 28-B  in 2 manner similar
to that described in step 2 of the synthesis of compoun-ﬁ 16, 'H-NMR (400 MHaz,
CDCRY 8 HL66 (5, 1D, R20 (s, 111, 7.59 (td. /= K5, 6.6 Tz, 111}, 6.8 — 6.60 {m, 214,
5.51 (dd, .J = 9.9, 4.0 Hz, 1H), 4.55 (s, 1H), 448 (1, /= 4.2 Hz, 1H), 421 (dd. ./ = 12.9,
4.1 Hz, 1H), 3.99 (dd. J = 12.8. 9.8 Hz, 1H), 2.56 - 2353 (m, 1H) 214 (dd. ./ = 161,

15 5.9 Hz, 1H), 1.96 — .74 &m, 3H). 1.66 — 137 (m, 3H), 1.28(d, ./ = 4.4 Hz, 2H), 1.26 -
1.9 (. 2H). PENMR (3761 MHz, CDCl3) 6 -76.41 (s, 3F, -111.79 (m, 2F). LOMS-
EST' () [M+H] caloulated for CoHFyNO5: 472.17: found: 472.1.

Example 30
Preparation ot Compound 38

(1-(2,4-diflucrophenybleyciopropy)-8-hydroxy-7,9-dioxo-

)
<
a
w
bl
by
o
o

(f)

2.34.5.7.9.13, 3a-octahydro-2,5-mcthanopyridof 1,274 S Ipyrazino{2,1-

bill,3Joxazepine-10-carboxamide

U N \v&r) \\/\F
AT | { .
Q QH
30
78
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O - HO OH
7 rol e

1
\_\l/‘\/l ></ 1 o L\f'\’/y’\g\‘l‘)\ﬁ/\‘,
."—L*‘Jj—*‘ - - - | i i

\]/\r’&o £ \\/ ielN, AcOH /O\f«§&( RN =
o 0
278 > @e

HO.,, ’\/ WNH (30-4) i/ \r’\N/\\ \;\"/ j/ \\x
e PANNLN i o g
(e T 7
Y
38-B
G e F
/0\_/‘\?“ /\\/‘L \.// X
MgBe, . :r.g é. { B i \&
NS g
O OH
30

Compound 27-8 (150 mg. 0.322 mimel) was dissolved in acetonitrile (2

mbLy, AcOH (0.2 mb), and methanesuifonic acid (0.007 mL. 9.108 mmel} at room

5 temperature and the resulting solution was stirred at 65 " for 20 hours.  After the
resulting solution was cooled te room temperature, the amincalcohol 38-4 (721 mg,
chiral, 0.713 mmol). KoCO:x {894 mg. 0.647 wrmod). and accionitrite {2 mL) were
added to the sotution. The resulting mixture was stirred at 63 °C bath for 0.5 hour. Afier

the reaction mixture was cooled to wom temperature, it was acidificd with 1 N HO (-3

e ml), dilured with water (~12 miL}, and extracted with CH,Ch (x 3). Combined extracts
were dried {(NaySCQq), concentrated, and purified by Combiflash to obtain 128 mgz
{84%) of compound 30-B. "H-NMR (400 MHz, ¢ D) 6 10,52 (s, 1H), 8.24 ¢s, 1HD,

7.61 {(td, J = 8.6, 6.6 Hz, |H), 6.85 - 6.65 (m, 2H), 5.33 (t. J = 4.1 Hz, 1H), 3.25(dd, I =

9.5, 3.9 Ha, 1H), 4.61 (d, = 3.4 Hz, 1H), 4.18 - 408 (m. 1H), 4.02 (s, 353, 3.00 - 3.87

ES 0 Gm, 1), 202 - 191 (m. 4113, 1.85 - 1.69 (m, 1), 1.55 (ddd, 3= 12.3. 4.1, 2.8 tz, 11D,

131 - 834 (m, 4H). U"F-NMR (376.1 MHz, CDCL) & -111.79 (q. 1 = 8.8 Hz, 1F). -
P05 (p, J = 7.0 Hao 1F) LOMS-ESE On/z) IMHH] calculsied for CostaN-Ox:

47217, found: 472.2
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A mixture of compound 30-B (128 mg. 9272 mmol) and MgBr; (130
mg. 0.766 numal) in MeON (5 mb) was stirred at 50 °C for 30 minutes and cocled 10 0
“C before treuting with 1 N HCI {4 mL). After the mixure was ditused with waicer, the

product was extracied with CHLCL (x 31 and the combined oxtracts were dricd

¥4

{(NazSO.) and concentrated. The product was purified by CombiFlash o oblain nproduct
30, 'H-NMR (400 MHz, CDCL)Y & 12,27 (s, THD. 10,52 (s [TH) 816 (s, 1H), 7.61 (1d,
JE= 8.6, 6.6 He, 1H), 6.96 - 6,54 (m, 24 336 - 523 (m, 3H), 4.66 (1= 31 Hz, TH),
A% — 4,06 (m. 1) 3.94 (dd, J = 128, 9.4 Mz, iy, 2.20 - 195 {m, 4H) 189 (td, S =
10 114, 98, 6.7 Hz, {H), 1.70 - 1.54 {m. 1H), 1.32 -~ 115 (mn, 4H). "F-NMR (376.1
MHz, CDCIY S -1 87 (g 1= 89 Hz, 1F), -112.21 (p, § = 7.9 Ha, 15 LUMS-ESE

{m/z): [VFFHTY caleulated for CraHFaNaQs: 458.15: found: 458.2.

Exampie 31
Preparation of Compound 31
(155 (2R.583-N-1 1-(2,4-diflusrophenylieyclopropyl -8-hydioxy-7,9-dioxo-
2.3,4.5,7.9,13, 1 3s-cctahydro-2, S-mcthanopyridof V.2 S fpyrazinof2, 1 -

b 1,3 loxazepine- 10-carboxamide

/O\/ D o [ g—O o
t Y 1 Y HG ar ™ N .
\’“3/§i\§:'§/ n!/:\\\ MsOH L“:\./\ /\E}il z’\\tl % (S1e
e } g . 7 » N e
/Owr/\\w/ X F/\//\ £ MeON, AcOH FoX : \\(/\\O F/\J o K 0O,
1 i
o (SN & O
27-8 27-C
o] 3 O F
O™ ™ I'L. TQ\/\ SN /\,"U\ ny \/1§
U S 11 = MgBr (‘/ N { {: i
i - G "
g/ N \f{/’\\\f/\l} \,.//\r :'\_/ "‘\n/\\\ N \//\F
o O o o
20 3-8 31

80
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Compound 31-B (123 mg, 81%) was prepared from compound 2
150 me. 0. 322 mmol) and the aminoaleshol 3§-A {703 mg, G.695 mmel) in a manner
similar to that described i step | and 2 of the synthesis of compound 36-B. "H-NMR
5 {400 MHz, CDCL)Y 6 10.52 (s, THD), B.24 (s, TH), 7.62 (1d. J = 8.6, 6.6 Hz, 1H), 6.91 -
.63 (my ZHY, 533 (L= 40 Ha TH), $.25¢dd, J = 9.5, 39 Mz, 1H), 4.61 (d, .7 = 3.4
Hz, 1H). 4.14 - 4.07 (m, 1H), 4.03 (s, 3H1 3.93 (dd, .7 = 12.7, 9.5 Hz, 1H), 2.i2 - 1.0}
{m, 4H), &S - 169 (m, TH), 1.535 (ddd, /= 12.3, 4.1, 2.8 Hz. 1H), 131 - £.14 {m, 4H).
PE-NMR (376.) Mbz, CDCLY 511079 (q. /= 9.2, 8.7 Ha. 1F), -112.03 (b, J = 8.1,
Y 7.5 He 1F), LOMS-ESE (a02): [IM+HT caleulated for CaaHotFo N 4721 7: found:

724

FoN

2]
o~
0

8]

Compound 31 was prepared from compound 31-B in a manner similar (o

that deseribed in step 3 of the synthesis of compound 30, "H-NMR {408 MHz, CD(CEH

£5 3 12.26 ¢s, 1M, 1049 (s, 1RO &1 (s THY, 738 (5, /= &6, 6.5 Hz, 1H). 690 - 6.56
(m. 2H), 5.32 (dd. J = 9.4, 4.1 Hz, IH). 5.27 - 522 (s, 1H), 4.64 {t. /= 3.1 Hz. 1H),

411 1dd. /=128 4.0 Hz, 1H), 4.01 - 3.79 (m, 1H), 2.25 - 1.95 {m. 4H), 1.93 - [.8D (m,

PR, D71 tm THDL 156 (my THY, 142 - 1OR (i, 45D, wF—Ni\iR(ET’é‘I MHz, CDCL) &
11095 (q.J = 8.9 Hz, iF), -112.22 {p, ./ = 7.9 Hz, IF). LCMS-EST {n2): [M+HT’

20 ealentated for CoslHa:FaNaOs: 45815 found: 4581,
Example 32
Preparation of Compound 32
{28.5R)-N-(1-(2,d-difluorophenylicyclobuty)-8-hydroxy-7,9-Giox0-2.3,4,5,7,9,13.1 3u-
octahydro-2 5-methanopyrido{1'.2"4, 5 Ipyrazine{2,1-b1[ 1.3 Joxazepine-1 0-carboxamide
1821
/C’\ TN A : 4
SNy TN D
\"\/N\q/\/*‘c \;/\
et i
25 O OM
32
&1
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JLHATUUDIEA ., o i }
2) MgBra \‘l:}/N\: 5 Ay \\/,L\F
[s] s
32

A solntion of compound 32-A (222 mg, 0.069 mmol), compound 32-B
{1%.7 mg. 0.102 mmol), and HATU (43 mg, 0.113 mmol} in CHLCls (2 mLy was stirred
at room tomperature as N N-diisopropylethyiaming (IJIPEA}Y (0.075 mi. 0.431 mmol}

was added. After 30 minutes, the reaction mixture was diluted with ethyl acctate and

(93]

washed with water (x 2). After the agucous fractions were extracted with EA (x 1), the
organic fractions were combingd, dried. concentrated. and dried tn vacuum,

A mixture of the above crude product and MgBr; (35 mg, 0.190 mmof}

i MeCON (2 mLE) was stivred at 50 °C bath for 1 hour and cooled to 0 C before being

10 treated with | N HCH (- 1 mb). The resulting solution was diluted with water, and

extracted with UH.Ch (% 3). The combincd eoxtracts wore dricd {Na;SOs). and

concenuated. The product was purified by preparative HPLC and freeze-dried to obtain

compound 32. 'H-NMR {400 MHz, CDClx) 8 10.87 {s. 1H), ~9.3 (br, 1H). 835 (s, 1H),
750 (td. ./ = §.7, 6.3 Hz, 1H), 6.89 - 6.78 (m. 1H), 6.72 (ddd, J = 11.2, 8.9, 2.6 Hz, 1H),

15 $5.48-5.12 (i, 2HDY. 4.72 - 4.60 (my, THD, 4.22 (dd, J = 13,0, 4.1 Hr, [H). 398 {dd, J =
12.9, 9.4 Hz, 1H), 2.68 (m, 4H), 2.33 - 1.98 (m, 6H). 1.90 (m, 2H), 1.60 (ddd, /= 12.4,
4.1, 2.7 Hz, it PF-NMR (376.1 MHz, CDON) 6 -76.39 (s, 3F). -110.50 ¢q. ./~ 2.2
Hz, 1T, -112.65 {(p. J = 7.8 Hz, 1T} LOMS-TRT Oniy: IMIH] culculated for
CaiH24FaN:Gs: 47217, found: 472.0.

26 Example 33

Preparation of Compound 33

§2
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{28,5R)-N-(1-{2 4-diflucrophenyhicyclopentyN-8-hydroxy-7 9-dioxo-

2.3.4.5,7.9,13,13a-0ctahydro-2, S-mathanopyrido] 1.2°4.5 ipyrazino|2. 1 -
bl 1.3Jexazepine-10-carboxanide
O\/\N/\/ f )\
‘\‘L\/'\;\;/L
O o”
5 33
e} o/ \r
/"\/"» 7Ry /u O {\ ., A/\ﬁ/g‘i-\ \)‘\ )g
L r’\ d \E oo, NX\)\ ‘%JJ\:'SB e _<L/ \M/\'}‘ b Q @\
oy \/\1/ Xg \]\J/J\ } MigBrz \‘““.\/:v.! \\T’ 0 P
o o oo
32-A 33-A 33
Compound 33 was obtaincd from compound 32-A and compound 33-A
as described in the synthesis of compound 32, TH-NMR (400 MHz CDClL) § 10.70 6,
1H), ~9.5 (br. 1H), 841 (s, 1H), 7.43 (1d, /= 8.9, 6.4 Hz, 1H), 6.85 - 6.76 (m, 1H), 6.72
10 ¢ddd, /= 11.5. 8%, 2.6 Hz, 1H), 548 - 5.18 (m. 2H ) 4.6% (& 2 Mz, 1HL 4.26 (dd.
S 330, 400 Mz, 1H), 4.00 {dd, 7 - 1320, 9.4 Haz, 1H), 2.72 - 2.45 (m, 2H), 2.22 - 1.95
{m, &H), 1.96 - 175 (m, 3H), 1.60 (ddd, /= 12.5. 4.1, 2.7 Hz, 1H}). "F-NMR (376.1
MHz, CDsCNY 8 -76.41 (s, 3F), -107.86 (¢, J = 9.4 Hz, 1F). -113.13 (p, ] = 8.0 Hz, 18).
LOMS-ESE (nafz): [MoH] caloulatcd for CugblaFoN3 Oy 486.18: found: 485.9,
S Example 34
Preparation of Compound 34
{28, 5R)-N-(1-(2,4-difluorophenylicyvelohexyl 8- -hydroxy-7.9-dioxo-2,3,4.5.7,9.13.1 3a-
octahydro-2,5-methanopyrido] 1424, 5 pyrarino]2, 1-bIf 1 JSlovazepine-10-carboxamide
o (e
‘a'/o \ f\/Lg}; RN
e
O Ox
20 34
83
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e \‘/\N"‘\\\" ~OH :\
-~ H -+
SN SRy A
T £
za

Compound 34 was obtained from compound 32-A and compound 34-A
as deseribed in the synthesis of compound 32, TEH-NMVIR (400 Mz, CDCLy) 8 10.83 (s,
PH). ~9.6 (br. TH). 8.44 (s, 1H). 7.37 (¢, 7 = 9.0, 6.4 Hz, 1H). 6.97 - 6.76 (m. 1H), 6.69
5 {ddd, /=119, 88 2.7 Hz, 1), 548 - 5,18 (m. 2H 3 4.68 {1,/ = 3.0 Hz, 1H), 4.28 (dd.
JoE 1300, 400 Bz, 1D 4.03 (dd, /= 13.0, 9.4 iz, TH), 2.60 (d.J = 131 Mz, 2H), 2.29 -
1.96 (m, 4H), 1.95 - 1.77 (m, 4H), 1.77 - 1.65 (my, 4H), 1.61 (ddd. /= [2.5.4.1, 2.7 Hz,
VD, 1.30 (or, iHy P-NMR (3761 MHz, CD:ON) § 27641 (s, 3F), -107.86 (q. J =
94 Mz IF), -113.33 (p, /= 8.0 Hz, 1F). LOMS-EST (m/z): [M+H] caloulated for
10 CaFlaeFoN:Os: 500.28; found: 500.0.

Exampie 35
Preparation of Compound 38
(25.5R)-N-(4-{2 4-difluoropheny Dictrahydro-2H-pyran-4-y1)-8-hydroxy-7 9-dioxo-

2.3.4.5,2,%,13, 13a-octahydro-2,3-methanopyridae{ 1,24, 5 pyrazino[ 2,1 -

15 bi[1,3Joxazepine- Ed-carboxamide
B0l
of Y+
noL_J
R N
N ; i H i
\\\/\'\.-,/\\:/)i"_) ‘\,//\:
o om

5 o ~O~
B oAb ( j = of IF
B ~, I -
SO Ny i _LATUDEA, 0\,/~N/~\/‘L\><(J\\
L \71/ S, HNTY, Xy 2) MgBry ( b 5 g
W »] AR N SN
5 b \-,/J\r N T O NN
S OH
32-A 35-A 35

84
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Compound 35 was obtained from compound 32-A and compound 35-A
as deseribed in the synthesis of compound 32, TH-NMR (400 Mz, CDCL) 3 10.05 (s,
TR, 83345, TH) ~7.0 {br, 1H), 738 (i J - 9.0, 6.3 He, 1M, 685 (td. /= 8.4, 2.6 Haz,
D, €73 (ddd. = 117, 8.6, 2.6 Hz, 1), 532 {de. /= 14.4, 4.0 Hz 211, 4.6% (f, fi=

5 3.0 Hz, MH), 424 (dd, /= 130, 3.9 He, 1HY 4,11 - 3,81 {m, SHY 2.60 (d, J = 13.7 Haz,
2H), 2.33 - 207 {m, 2H), 2,18 - 197 (m, 4H), 1.87 {m, 1H). £.6] (3L /= i2.5, 3.3 Hz,
T, PF-NMR (376.1 MHz. CD:CN) 8 -76.40 (s, 3F), -108.78 (q, J = 10.3, 9.8 Hz,
1y, 112,63 (p. J = &0 Hz. 1F). LOCMS-ESY Ona) [M+HY caleulated for
CasHasFaNzOg: 502,18, found: 302.0.
13 Example 36
Proparation of Compound 36
(28, 3R)-N-((S)- - (2, 4-diflucrophenyl-2,2 2-triftuorocthyl}-8-hydroxy-7,9-dioxo-
2,3.4.5,7.9.13,13a-0ctahydro-2, 5-methsnopyrido] 1,274, 5 Ipyrazine[2. L
bl[1.3Joxazepine-Id-carboxamide
i CFs F
eseanst
Sy \“)\] Q N
15 Qo Ok

36

4;1 (.i) Ses F
/V\I/A‘T‘/\\ oH B B \} P \/ﬁ\’\l/\\ /J\ﬁ/\\’ Sy
g S N RS e T
G O SN S on
32-4 36-A 3%

Compound 36 was obtained from compound 32-A and compound 3§-4A

as described in the synthesis of compound 32, "H-NMR (400 Mz, CDCL) 8 11.31 (4,

200 =04 He THYL R4 (s THY 7.65 - 7.44 (im, LHD, 6.95 (ddd. ./ = 9.6, 5.6, 2.0 Hz, 1),
6.92 - 679 (m, IH). 6135 (h, J =74 Hz, IH). -6 (br, 1H). 5.4} (dd, /= 9.5, 4.0 Hz,

T 53040 =40 Hz, ). 470 (s, 1D, 434 (dd. /= (2.8, 39 Hz. 1), 4.05(dd. /=

12.9, 94 Hz, 1H). 2.26 - 199 (m, 4H), 1.99 - 187 (m, 1H), 1.62 {dr, J= 2.6, 3.4 Hz,
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14y, CUF-NMR (376.1 Mz, CDCl 8 -75.23 (t. ./ = 6.9 Hz, 3F), -76.33 (s, 3F), -
108.31 (ro, 1F), -112.30 (p, J = 8.0 Hz, 1F). LCMS-ESI” (m/ay [MAH]' caleulated for

CoaHioF o Nas: 500.12; found: 580.1,

Exampie 37

5 Preparation of Compound 37
(38,1 1aR)-N-{ I-{2,4-diflucrophenyicyclopropyl j-6-hydroxy-3-methyl-5.7-dioxo-
2.3,5,7.1 V. ta-hexahydrooxazoelo 3. 2-aipyrido{ 1.2-d ipyrazine-R-carboxargide
3 3PS £ i
G o F
i I
(O \g./\ N—’\\v N ’\4 /’L\\\\Y
R L
C OH
37
_OH
020 ; N i
L0004 = HO._OH :
X S A cHsoH L T ! R
N7y {w ] \ﬁ -——————-‘:n» K‘m"fb /KN’ Y | omessss) oo
I 1 3
,OY"\\EAO N o \‘/L\Oh | .
G Oo & o
278 =
[ @ R £ O r
H 7 H ;
<04;/—\N/-\/1LNN/ EJ\ MuBr, - ol \g/f\N/\\lr/‘LN, S
e AL o B T R A A H# R
}/N S \-\‘\/&\o ~F g )’“\ﬁ-"\\*'/‘ko g
o O g O
10 37-A a7
Step 1
Methyi 5-(1-{2,4-difluorophenylicyclopropylicarbamoyl)-1-(2.2-
dimethoxycthyl+-3-methoxy-4-oxo-1,4-dibydropyridine-2-carboxyiate (27-B, 0.150 ¢,

032 mmol) in acetonitrile {1.5 mL) and acclic acid {(.2 ml)} was treated with
{5  methancsulfonic acid (0.05 mL), scaled with a yellow cap, and heated to 70 °C. After
16 hours. the mixture was cooled to afford a crude solution of methy! 5-(1(2.4-

2

difluorophenyeyelonropylearbamoy)- 1-(2 2-dihydroxycthyi)-3-methoxy-4-0x0-1,4 -

86
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dihydropyridine-Z-carbonylate  27-C. LOCMS-ESI (mz)y 1M+ calcelated  tor

CisHieFaN-O5: 439 found: 439,

S+ 12 d-difluorophenyl)eyclopropylcarbarovi)-1-(2 .2«
{ i Y1)Cyciapropy Ve

W

dihydroxycethyly-3-methoxy-4-cxo- 1, 4-dihydropyridine-2-carboxviate  {27-C.  0.32
mmol, the crude mixture from the previous step) was dissohved in accronitrile (1.5 mL)
and acetic acid (0.2 mb). (S)-Z-aminopropan-l-ol (D.04% g, 0.64 mmal) and K.C0:
{C.088 g. 0.64 mmol) were added to the reaction mixture. The reacton mixiure was
sealed and heated fo 70 °C. After 3 hours, the reaction mixture was cooled and
1 magnesium bromide (0.081 g. 0.44 mimol) was added. The mixture was rescaled and
heated o 50 °C. After 10 minutes, the reaction mixture was cooled to @ °C and 1 N
hiydrochloric acid (0.5 L) was added in. Then the reaction mixture was diluted with
MeOH (2 ml} Afler filtration, the crude was purified by Prep-HPLC (30-70%
acctonitriterwater, 0.1% TFA) w afford Compound 37 as a TFA salt. '"H-NMR (400
'3 M, Methanol-di) 6 8.31 (s, UHD). 7.67 (1d. J = 9.2, 8.7, 6.5 Hu, 1H), 7.02 ~ 678 Gn,

2H), 5.53 = 5.20 (m, ), 4.68 (dd, J = 123, 4.2 Hz, 1H), 4.40 (dq, /= 19.1, 6.7 Hz,
2H), 398 (dd. J = 1220 10.0 Hz, 1M, 371 (dd, /= 8.3, 6.3 Ha, 1H), 1.4 (d, J = 6.1
Hz, 3H), 1.22 (s, 4H). "F-NMR (376 MHz. Mothanol-ds 8 ~112.66 — -113.95 (m, 1F)
S113.94 — -114.29 Gu, 1F). LOMS-EST () (M1

:
20 432 found: 432,

caleulated for CasitslHNaO::

Exampie 3§
Preparation of Compound 38

{15.4R. 128 R-N-(2 4-diflnorobenzy!)-7-hiydroxy-6.8-dioxe-1.2.3,4.0.8,12.1 2a-

octahydro-1 4-methanodipyridol 1,2-a: 1. 2'-dpyrazine-9-carboxamide

[ (93
&
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& Ny b
S e ‘W NS e
/\\ j"' O wmsGi T.o-\cm, NeN., N

g™~ PY LN, 1
£ Boe H Boc H Boc
38.8 38-C 38.0
o
7SO0
i
1 FOS *‘\T/Lc- NaHCO, H 0
Ho, PA/C = X & ObBn 38F rﬁ\'\i“f’\N"‘\\’.\OEt
T “"}‘"'N. 2) =G beg~nN._- \‘-/Lo
X S-EBOC 3) DRU H X %BF
; 48-G

1L KGH

L ! ] 1
¥ N A P : Y,
BHATU DIEA oy Y0 S H oy Yy o F
2 4-difluoro- o OBn O OH
banzylaming 38-H 38

Step 1
A sohation of compound 38-A {1562 mg, 5.799 mmaol) {sce Exampic 41b
WO 9705139 in THE (10 mL) was stirred at -78 °C as 2.0 M LiBHs in THE {

5 mL) was added and the resulting mixture was stirred at room temperature. After 3
hours, additional 2.0 M LiBH, in THF (3.2 mL) was added and the solution was stirred
at room lemperature for 17.5 bours. Afier the reaction mixture was diluied with ethyl
acetats and added water slowly. two phases were separated, and the separated agueous

fraction was exiracted with cthyl acetate {x 1), Tweo organic fractions were washed with

10 water (x l). combined, dried {(Na;S(,). and concentraied. The residue was purified by

CombiF (40 ¢ column) nsing hexanes - ethyl acetate as cluents te afford compound
38-B. 'H-NMR (400 MHz, Chloroform-d) 8 4.11 {s, 1H), 3.65 - 3.52 (1m, 2H), 3.45 {m,
1), 232 (d, J = 4.1 Hz, 1H), 2.20 (s, IH). 1.75 - 1.64 (m, 2H), 161 (m. ZH), 1.49 —
P4 (my, 1HD), 147 (5. OHDL 128 - 123 (d. T 10 He, U LOCMS-EST (msy: [M+HY

I5 calouiated for CrabhaNQa 22816, found: 227,

=~

Step 2
A solution of compound 38-B (389 my, 2.591 mmol) and NEt: (0.47
mL. 3.36% mmol) in CH->ClL (6 mL) was stirred at 8 7C as MsCl1{0.22 mL, 2.842 mumol)

was added. Afier 1 hour at room temperature, the mixture was diluted with cthyl acctate

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
837 of 1915



WO 2014/100323 PCT/US2013/076367

and washed with water (x 2). The aqueous fractions were exiracted with ath vl acetate (¢
1), and the organie fractions were combined, dricd (NaxSOL), and concentrated. The
residuc was purified by Combt Flash (40 ¢ column) using hexancs - othy! acctate as

cluents to afford compound 38-C. 'H-NMR (400 Mifz, Chloroform-/y 6 4.39 - 428

50 {m, THYL 2416 (s, G4H) 4.06 (s, 0.6H). 3.98 (dd, ./ = 10.0, 8.7 Hz, 0.6H1. 3.86¢1,7 =06
Hz, 04H), 351 (dd, J = 9.3, 3.7 Hz, 0.6H), 3.43 (dd, / = 9.3, 3.6 Hz, 0.4H), 3.02 (s,
3H), 2.59 (m, [H} 182 ~ 158 (m. 4H). 1.5 — 1.44 (m, OH), 1.41 (d, /= 14.8 Hz, 1H),
P31 (5. 0.6HL 129 (s, 04HD.

Step 3
14 To a solution of compound 38-C (769 mg, 2.518 mmol) in DMFE (5 mL)

was added sodium azide {819 mp, 12.6 mmol). The reaction mixiure was stired at 50
°C for 15 hours, at 80 °C for 5 hours. and at 100 °C for {9 hours. The reaction mixture
was diluted with 5% LiCi solution and the preduct was oxtracted with cthyl acctate {x
2. Afier the organic fractions were washed with water (x 1), the fwao organic fractions
15 were corebined. dried (NaxS0Os), and cooncentrated. The residue was purifiecd by
CombiFlash (40 g cohwmn} using hexanes - ethy! acetale as ehients to afford compound
38-D. "H-NMR (400 Mz, Chloroform-¢) 6 4.16 g5, 0.4H), 4.06 (s, 0.6H), 3.6 (dd. ./
=322 3.6 Hez, 0.6HD, 358 (dd. /= 1201, 3.2 Hz, G4H). 338 (dd. J = 9.4, 3.4 Hz,
0.6, 3.26 (dd, J = 9.8, 3.5 g, 0.41, 3.06 {(dd. /= 12.2. 9.4 1iz, 0.6iD), 3.01 -~ 262
20 (m, 04H} 248 (d J =52 Hz 1H), 1.82 - [.57 {m, 4H), 1.46 {d, ./ = 3.0 Hz, OH), 1.42
{m. 1H), 1.28 (m, 0.6H), 1.27 - 1.23 (m. 0.4H).

Step 4
To & sclution of compound 38-B (507 mg, 2.009 mmol.) in cthyl acctate

{10 L) and EIOH (10 mi.} was added 10% Pas/C (32 mg 3. The rcaction mixture was

|20
(%

stirred under Hy atmosphere for 1.5 hours. The mixture was filtered through celite and
the filtratc was concentrated o afford crude compound 38-E. LOCMS-ESI (m/zy

[M+H] caleulated for CiH03N,O05: 227.18; found: 226 K.

§9
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Step §
The mixture of crude compound 38-E (206 my. 0.910 mmol}, compound
38-F (330 mg. 0.953 mumol). and NaH{CO; {134 my, 1.833 mmaol) in water {3 mbL) and

GrOH (3 ml) was stirred at room temperatfure for 20 hours, After the reaction mixture

o

was difuted with waler and extracted with ethyl acetate {x 2), the extracts were washed
with water (s 1), combincd, dricd (Na,SO3), and concentrated to afford the crude
vridine product.

The crude residuc (38R mg) was dissoived in CHCh ¢4 miy and 4 N

HOL in dioxane (4 ml). Atter 1.5 hours, additional 4 N HCU wn dioxane (4 mLj was

10 added and stirred for | hour at room temperature. The mixture was concantrated to
dryness. cocvaporated with tolucne (0 1y and deied in vacuun for 30 minues.

The crude residuc and i,8-diazabicycloundec-7-enc (DBU) {1.06 mL.

7.0%8 mmol) in toluene {10 mL) was stivred at 110 °C bath. After 30 minutes, the

mixture was concentrated and the resiguc was purified by CombiFlash (40 g colurnn)

13 using ethyl acewmte - 20% McOethyl acerate as cluents to obrain compound 38-G.

FLNBMR (400 MBz, Chioroform-d) 8 8.03 (s, 113, 7.68 - 7.38 (m, 2H), 7.36 - 7.27 (m,

3EH), 5,53 (4, 1 = 9.9 He, TH), 5.11 (4, T = 9.9 Hz, 1H), 493 (s, 1H), 443 - 430 (m,
25, 3.X9 {_dd‘ 3= 122,33 Hy, THY, 3,73 (L 3 = 12.0 Hz, 1), 3.59 (dd, 7= 11.9, 3.3
Fiz, 1H), 2.53 (d, J = 2.8 Hz, VH). 1.87 - LE7 (m, 4H), 1.55(d, I = (0.0 Hz. 1H), 1.51 -

200 145 (mo 1D, 138 4, 1 = 70 fiz 3. LOMS-ESE () [MeHY caloulated for
C:HasN»Os5: 409.18; found: 409.2.

Step &
The mixtere of compound 38-G (232 mg, 0.568 mmol) in THE {3 mL}

and McOH (3 ml) was stirred at room temperature as 1 N KOH (3 mL) was added.

25  After 1 hour, the rcaction mixture was npeutralized with 1 N HCH (~3.1 mb).
concentrated, and the residue was concentrated with toluene (x 3). After the residue was
dricd in vacuum for 30 minutcs, a suspension of the crude residue. 2,4-
difluorobenzylamine {86 mg, 0.661 mmol). and HATU (266 mg, 0.700 mmol) were in
CH-Cl (4 mb) and DMFE (4 mL) was stirred at 0 “C as N.N-diisopropyicthylamine
3 (DIPTAY (1.7 ml. 4019 mmol) was added. After 45 minules, additional 2.4-

diftusrobenzylamine (86 myg, 0.359 mmel), HATU (266 mg. 0700 mmol), and NN-

50
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diisopropyiethylarnine  {(RIPEAY (0.7 mL, 4019 rmmol) were added at room
weoperature, After .25 bours, the raixtere was concentrated o remove roost of CH-Cl,
diluted with othyl acctate, and washed with 3% LiC! (x 2). Afier the agucous fractions

were extracted with ethyl acerate (x 1), the organic fractions were combined. dried

W

(Na2804), and concentrated. The residue was purified by Combiflash (40 g colunm’
using cthyl acctate -20%McOH/ cthy! acctate as cluents ro afford compound 38-H. 'H-
NMR (400 MHz, Chioroformm-d) 8 10.4%8 (¢, 3 = 6.0 Hz, 1H). 8.33 (s, 1H), 7.62 - 7.5]
(. 28, 7.40 - 727 (m, 4H)L 087 - 675 ¢

L 2HD S0 (A I 100 He  IHYL SIS L )

H0.0 Ha, 1H), 4.92 (s, 11), 4.68 - 4.33 (m, 2H), 2.97 {dd, J = 12.5, 3.4 Hz, 1H), 3.77 (&

WO 3 =022 Hz, TH), 3.55 (dd, J = 12,1, 3.3 Hz, THY 253 (d. J= 3.0 He, 1H), 148 - 1.62
{m. 4H), 1.39 - 142 (m, 2H). F-NMR (376 MHz Chloreform-d} 8 -112.17 (q. 4 = 7.6
Hz, 1F), -114.79 (q. J = 8.6 Hz. IF). LCMS-EST (i IMHHD caleulated for
C28H2EF2N304: 306.19; found: 506.2.

Step 7
1) Coropound 38-H (240 mg, 0.475 mimol) was dissolved in TFA (3 mL) al
room temperatre for 30 minutas, and the solution was concentrated. The residue was
purified by CombiFlash (40 g column) using CHLU1-200% MeOH in CHLCl, as eluents.
Aftor the collected product fractions were councentrated. the residue was triturated in
MeUN (~2 mL) at 0 °C for 13 minutes, and the selids were filicred and washad with
20 MeCN. The collected solids were dried in vacuum to afford compound 38,
The filtrate wag concentrated, and the vesidue was dissolved in MeCN
{~1 mbLj and water (~1 ml) by heating. The soletion was siowly cooled 10 room
teraperature and then io ice bath for 15 minuies, The solids were filtered and washed

with MeC'N, and dried in vacuum to afford addivonal compound 38, TH-NMR (400

1J
wn

Mz, Chioroform-d) & 11.68 (s, 1H), 10.42 (s, 1HY, 827 (s. [H), 7.4] - 7.21 (m, {H},
6.86 - 6.73 (m, 2H), 4.90 (d. J = 2.5 Hz. 1H), 4.7} - 4.53 (m. 2H), 4.07 (d. J = 10.6 Hz,
1HD), 3.90 - 3.67 (m. 2H), 2.68 (s, TH). 2.01 (s, TH). 1.97 - 1.80 (. 3H5. 1.80 - 1.62 (m.
2H). F-NMR (376 MHz, Chloroform-d) 8 -1 12.28 (m. 1F), -114.74 (m, 1F). LCMS-

ESE (m/z): [M+HT caloulared tor CoH o3 N1y 416.14: founds 416.3.
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Examples 39 and 40
Preparation of Compounds 39 and 46

(2R,38,5R, 13a8)-N-(2 4-difluorobenzyl - 8-hydroxy-3-methyl- 7, 9-dioxo-

2,3.4,5,7.9,13,

.
bi{1.3joxa

(7]

wzepine- | Q-carboxamide 39 and {

28.3R.58,

13a-octahydro-2,5-methanopyrido] 1,2":4.5 ipyrazino| 2, I-

13aR)-N-2 4-difluorcbenzyl}-8-

hydroxy-3-methy!l-7.9-dioxo-2,3,4.5,7.9,13,1 3u-octahydro-2,5-

methanopyridof 1',2"4.5]pyrazine{2. 1 -bi{ ]

.3}oxazepine- 10-carboxamide 46

Bl o \/?L | HeH ? h
': On\:(\r\!/N\: NA - ™ ——:/\\_.r\)\;,/‘\N;\_\ N/\\“ Xy,
=l i H Ti ) \\ : ! 8] o
—-\\ ,N\”’ \\I f\\o N £ ,N.Tr S i \.{/'/\,F
NH S OH 1O O
39 44
NHBoc NHBaoc N
N Meli, CuCN_ TN HOdiovane [/
e “‘_7‘./ &F, CEt; :nn'\\i e
O H ?
OH OH
# (44
NHo
HOOH = LS \/I =
L e s AL \( \f’ N7 N
SNSON TN Q[ _____QL‘.,,, I SN A H J
JroNPE SN N B W N (1} Q\ \X/Iﬁ/ o) ~Fp
N 3 Ho&
O Ol 4 ~ 39-A

9
i

~

I

N
\/HV

(¥4}

Chiral HPLC

Lux azlumn

7\ \./AN A

/\
P ~ N\]/\[/\O A['\/k

IS
N NN N
=0 SN LI N
R X -

/MQBI MgBr
olf. L\ ! 8o
V */ N/\( _{/\ i '\L\ ! ‘T/ ‘}/\'\I/\
e N NN i 3 = \\ ‘ j
< 0 F A
Ny e a0
39
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Step 1
Cuprous ¢yanide (200 mg, 3.27 mmol) was suspended in 3.3 ml. THF
and cooled to -7& °C. A 1.6M solution of McLi (4.1 mL, 6.56 mmel} in dicthyl other
was added dropwise, the reaction solution was aliowed o warm to reom temperature
5  over the course of 2 hours. and recooled to -78 °C. Tertbutyl (IR 3R.58)-6-
oxabicyclo} 3. 1.0Thexan-3-yicarbamate (330 mg. 1.86 mmol} was added dropwise in 3.3
mL THF, fellowed by boron trifluoride dicthyl ctherate (6.25 miL. 1.99 mmol). aillowed
to warm to -30 “C over 30 minutes, and stivred between -35 °C and =25 °C for one hour.
The reaction solution was then warmed to room temperature and guenched with a
W mixtare of saturated NHi(aq)/NHa(ag), extracted to ErQAc, washed with brine. dried

over MgSO4. filt

i

od, concentrated, and purificd by SGC (0-10% FOH/DOM)
afford racemic tert-buiyl (18,38,4S)-3-hydroxy-d-methyleyciopentylcarbamaie. 'H-
NMR {440 MHz, Chloroform-d} 6 5.6 {s. 1H), 398 (s, 1H). 3.74 (q..7 = 4.3 Hz. iH).

3.65 (g, ./ = 7.0 Hz, 1H), ,2~(L,(,J=t@‘o 0 Hz, 1H), 1.98 (dt,.7= 133. 7.0 Hz, [H).
5 LE9 - 1.79{m, 1H), 158 — 144 {m, 1H), 138 (s. OFF), 1.1R (1, 7= 7.0 Mz, i#1), 0.91 (d.

7.0 Fz, 345,

Step 2
3 mb HCUdsioxane (4M. 12 mmol} was added to a soiution of racemic
tert-buty! (18,3548} 3-hydroxy-d-methyleyeiopentyloarbamate (182 myp, §.85 mmol) in
2 3 mL dioxane. The reaction mixture was stired at room temperature for 2 hours,
concenmrated and twice chased with tolucne o afford racemic (18,25,48-4-amino-2-

methyleyclopenianol.

Stepd
”y

Mothyt 5-(2 4-diffuorobenzylcarbamoy)-1-(2,2-dihydroxyothyi-3-

25 methoxy-4-uxo- [ 4-dihydropyridine-2-carboxylate (1-C. 310 my. 0.75 mmol), racemic

(18.28,48 p-4-amino-2-methyicyclopentanol (115 mg. 0.76 mmal), and potassium
carbonate {232 mig, 1.68 mrmol) were taken up in 3.8 mL acetonitrile/0.2 L acetic acid

and stirred at 20 “C for 2 hours, affer which the reaction mixture was partitioned

hetween DOM and brine, the aqueous phase extracted to DOM, combined organic
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phases dried over MgSOa. fitered, concentrated, and purified by SGC {0-180%

FtOH/DOM) o afford intermediate 39-A0

Step 4
Intermediate 39-A (190 mu) was sepavated by chiral Prep-HPLC on a

Lux Celintose-2 columm using 911 ACNMcOH as clucnt to afford Intermediaios 39-B

w

{(first cluting peak) and 48-A (sccond cluting peak) in cnantiocariched formn. For
intermediate 39-B: (absoiule stereochemistry confirmed by XRay crystallography),
Chiral HPLO retention fime = 3.98 minutes {Lux Cellulose-2 1€, 130 x 4.6 mm, 2
mbLAnin 91 ACNMaOH). For imermediate 48-A: {absolute sterecchemistry confivmed

19 by XRay crystaliography). Chiral HPLC retention time = 6.35 minutes (Lux Celiufose-

21C, 150 x 4.6 mm, 2 mbL/min 9:1 ACN:McOH}.

Magnesinm bromide (68 mg, 0.37 mmol) was added 0 2 solution of

intermediate 39-B (83 my, 0.18 romol) in 2 mL secionifrile. The reaction mixture was

15 stired at 50 °C for 1 howr, acidified with 10% aqueous HCI, pattitioned befween the
agueous and dichloromethane, and the zqueous phase extracied to dichloromethane.

The combincd organic phases were dried over MgSO4. filtered, concentrated, aud
puritied by silica ge! chromatography {6-10% EtOFEDOM) 1o afford compound 39. 'Hi-
NMR (400 MHz, Chloroform-d) 8 12.32 s, iH), 10.36 (s. 1H), 829 {5, [H), 7.44 -

20 7.33 (m. LH), 6.88 — 6.76 (m, 2H). 5.37 (dd, T = 9.5, 4.1 He, 1H), 528 (t, I = 53 Hez
Vi), 4.63 {d, J = 5.9 Hz, 2F), 4.23 {d, J = 23.0 Hz 2. 3.99 (dd. J = 12.7, 9.5 Hz, 1),

372 (q. 3 = 7.0 Hz, iH), 2.51 (dg, J = 13.7. 6.8, 6.1 Hz, 1H), 2,35 (ddd. J = 14.7, 8.3,

2.3 Hz, 1H), 1.94(d, } =127 Hz, 1H), 1.77 {ddd. I~ 12.7,4.0, 2.9 Hz. IH). .61 {dt, J

= 146, 5.2 Hz, 2Hy 124 (4 1 = 7.0 Mz, 1k, 109 {¢, 3 = 7.2 Hz, 3H} LOMS-ESE

On/zy: (MHHT caleulated for CoaHppFrNaOs: 448.15; found: 446.2.

>
(W3

Step 5b
Magnesium bromide {52 mg, 0.32 mmol) was added to & solution of
intermediate 40-A (70 mg. 6.15 mmo!) in 2 ml acctonityile. The reaction mixture was

2

stirred at 50 °C for | hour, acidified with 10% aqueous HCY, partitioned between the

94
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aguecus and dichloromethane, and the aqusous phase extracied to dichloromethane,
The combived org:z*xic phases were dried over MgSQu, filtered, concentrated, and
purificd by sifica chroratography {0-10% BIOH/DOM) to afford compound 48, 'H-
NMR (400 MHz, Chloroform-¢) & 12.32 (s, itiy. 10.36 (s. TEE), 29 (s, 111), 744 -

J

S 52310m IH},GFX T {m 2HYL S37{dd, /=95, 4.} Hz, 1H). 5328 i, .7 =

ti

IH), 463 (d, /= 5.9 Hz, 25), 4.23 (d,./ = 23.0 Hz, 2H). 3.99 {dd. /= 12.7, 9.5 Hz, 1H),

]

3721q, /= 7.0 Hz, iH), 231 (dq, /= 13.7. 6.8, 6.1 Hz, iH), 2.15 (ddd. J = 14.7. &.3,
23 Mz, YHY 194 (d, /= 12.7 Hz, TH), 1.77 {ddd. J = 12.7. 4.0, 2.9 Hz, TH). 1.61 {de, J

C 146, 5.2 He, 2H), 1.24 00 S = 7.0 Ha, L 1.09 d, 2 Hz, 3H) LUMS-ESEH
O Gn/zy [MEHT calculated for CanHanFaNaQs: 44615 found: 4462

Enample 41
Preparation of Compound 41
(JR.4S,12aR}-7-hydroxy-6,8-dioxo-N-{2 .4, o-triftuorobenzyi}-1.2,3.4,6,8.12,1 2a-

actabiydro-1 4-methanodipyridof 1,2-a: ', 2 ]pyrazine-9-carboxamide

o F
H H j
OO0
gN f 8 oy
15 O OH
41

D
e
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418
31.F
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O OBn benzyiamine Q8n
41.G 41-H
I}
H K T
IEA . //\? ﬂ?/\ N/\\\\[ ’\2/\ \’
Sl g LA A
NNy Sy S
' O OH
41

Step 1
A solution of the 41-A (2020 mg. 7.463 mmol) (prepared by the samce
method as 38-A) in THF (14 mL) was stirred at 0 °C as 2.0 M LiBH, in THF (7.5 mbL,
S 15 mmol} was added. After the resuiting mixtwre was stivred at vf for 21 b, it was
cooled at 0 °C and diluted with EA before water was added stowly o quench. Afier
two phases were separated, the aqueous fraction was extracted with EA (x 1) and the
two organic fractions were washod with water (x 1), combined, dried (Na;804), and
concentrated. The residue was purified by Combiliash (120 g column) using hexanes -
10 EA as cluents to get 41-B. LCMS- ESTY (ni/z): [M-CyHotHT caleulated for CeHisNO::
i72.180; found: 171.95.

A 100-mL round botiomn flask was charged with reactant 41-B (1.6 g.

7.05 mmol) and triethylamine {0.54 g, 9.3 mmel) in DCM (20 mL). Methanesuifonyl

96
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chloride {0.91 g, 8.0 mmoly was added to the reaction mixture. Then the reaction
mixturg was stirred at roow temperatare for 3 houre, The mixture was diluted with EA

Q100 mL) and washed with water (2x}. The agucous fractions were extracted with EA

{1x), and the organic fractions were combined, dricd (Na2804), and concentrated. The

5 esiduc was purified by Combi Flash {120 g column, cartridge used) using hexanes -

EA as cluents to afford 41-C. LCMS-ESE™ (nu/7): [M+RT caleulated for CpuH 1oF N0+
306: found: 306.

A 10-mb. round botrom flask was charged with reactant 41-C (2.1 .

§ 4.9 mmol) and sodium azide (2.3 g, 34.5 mumol) in DMF {10 mL). Thon the resction

mixture was stirved at 100 C for overnight. The mixture was diluted with EA (180 mL)
and washed with water (2x). The aqueous fractions were extracted with EA (1x). and
the organic fraciions were combined. dricd (Na,SO4), and concentrated. The residuc
ways putified by Combi Flash (120 g cohwnn, cartridge used) using hexanes - FA as

i5 cluents o alford 43-D. LCMS-EST™ (n/7): IMH] ealeulated for CieH pFoNGy: 253;
found: 253,

’f

Step 4
Tu « selution (purged with Ny) of resctant 41-D (1.3 gY in EA (20 mL)
and E1OH (20 mL} was added Pd/C (130 mg). The mixture was stirred under H, for 3
2¢  bours. The mixture was filtered through cciite and the filrate was concentrated to afford
compound 41-E. LCMS-ESI" (nzy [M-HT calcuiated for C o, N0 227: found:
227

Step

FEo2

A 100-mL round bottom Hask was charged with reactant 41-E (1.05 g,

D
(9%

4.62 mmol) and reactant 38-F (1.6 g, 4.62 mmol) in Ethans! (20 mbL) Sodium
bicarbonate {0.77 g. 9.2 numol) in water (20 mL} was added to the resction mixture,
Then the reaction mixture was stirred st room temperuture overnight. The mixture was

diluted with EA (3100 mL) and washed with water (2x). The agacous fractions wore

exiracted with BEA (ix), and the organic {vactions were combined. dried (Na2$S04), and
o7
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concentrated. The crude product (2.4 g) was used for wext step without further
purification. LOMS-ESIT (riz): [M+HT caleulated for CraHieFaN:Or 556 found: 556
A 100-mL round bottom flask ways charged with the erude product from

the previous rcaction in 4 N [ /dioxane (24.7 mL). Then the reaction mixture was

5 stirred at room temperature for | hour. After concentration, the intermediate (2.1 g} and
DRU (3.27 g, 21.5 mumal) in toluenc {30 mb) was heated to 110 °C with stirring for 1
hour. After conceutration. the residuc was purified by CombiFlash (120 g column?
using hiexanes - othyt scetate as cluents o afford 41-F. LOMS-ESI (n/smy [M+HT
caleulated for sl Fon: Oy 409 found: 489,

5

0 Sepd

A 100-mL round botton: {lask was charged with reaciant 41-F (0.3 g,
122 mmol) in THF (5 mL) and MeOH (§ mL). 1 N KOH (3.7 mL} was added to the
reaction mixturs. Then the reaction mixtnre was stirred ut room iemperature for 1 hour.

The rcaction mixture was acidified by adding 1 N HC (3.7 mbL), concentrated to

o
N

remove most of crganic solvents, and extracted with EIOAe (2 X). The organic layers

were combined, dried (Na:SOy), and concentrated to afford coropound 48-G.

Step 7
A 108-mE round bottom flask was charged with reactant 41-G {0.14 g,
037 mmeol), (2.4.6-wifluorophenylimethanaming {012 g, 0.73 mmol), NN-
20 diisopropylethylamine (DIPEAY (0.24 . 1.84 mmol) and HATU (0.28 g. 0.74 mmol)
were dissolved in DCM {3 mL). The vcacrion mixtare was stirred at room ferupevature
for 2 hours. The mixture was diluted with EA (100 ml) and washed with saturated
NaHE (s (2x). sanwated NHLC) (2x) and dricd over NaxSQ.. After concentration., the
crude was purificd by column chromatopraphy on silica gel with hexane-EtQAc fo

afford compound 41-H. LOMS-ESTT (m/z): IM+HT caleutated for CrHFNO:

o
(%

5324 .3 found: 524.5.

A 30-mT, round bottom flask was charged with reactant 41-H (0.13 g,

0.25 munod) in TEA (2 sul.y. The reaction mixiure was stirred at room temperature for

98
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30 minutes. Afrer covcenurarion, the crude was parified by colurnn chromatography on
sitica gel with EtOAC-MeOM to afford compound 41 ‘H-NMR {400 MHz,
Chloroform-dj 3 11.61 (s, 1H}, 10.70 - 13.01 (m. iH), 826 (s, 1), 6.65 ¢1, J = 8.1 Hz,

A0 488 (s, 1H)YL 465 (dd, J = 6.1, 2.4 Hz, 201), $.07 (d. J = 10.9 1z 1HY. 3.93 - 3.58

5 {m. 2Hy 267 {d. ¥ = 3.1 Hz, 1H), 208 - 141 (m, 7TH). PF-NMR (376 MHz,
Chioroform-d} & -109.22 (d. J = 11.6 Hz, 1F), -111.04 - <112.79 (m1, 2F). LOCMS-ESY”
{nvzy [MH] caloulated for Co HpFaN4Ox: 434 found: 434,

Example 42
Preparation of Compound 42
s {2R58,13aR)-8-hydroxy-7,9-dioxo-N-(2.4.6-r1 fuorobenzyi}-2,2,4.5.7.6,13.1 3a-

octahydro-2,5-methanopyridof I'.2"4,5 pyrazino{2.1-b}{ | J3loxazepine- 1G-carboxamide

Ho oy i i
ROE Sy A
1

{0 4l bo#H e
>(!\\:l/l\\!/§o " ,/J\.F

42

99
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Step 1

= N 4

1402, 2-dimethoxyethyl)-S-methoxy-o-{methoxycarbonyli-4-ox0-1.4-

dihydropyridine-3-carboxylic acid (3.15 g. 10 mmoi} in acetonitrile (36 mLy and scctic
acid {4 ml) was treated with methanesulfonic acid (0.195 mL, 3 mmol) and placed in a
75 deg C bath. The reaction raixsure was stirred for 7 . cooled and stored a2 -10 °C for
3 days and rcheated to 75 °C for an zdditional 2 h. This material was cooled and

carried on crude to the next step.

Crude reuction mixwre from step 1 (20 mL, 4.9 mmol) was transterred
to a flask containing {1R,38)-3-aminocyclopentanol (0.809 2. § mmol). The mixture
was dijuted with acetonitrile {16.8 L) treated with potassivm carbonate {1553 ¢, 4
minol} und heated o 85 °C. After 2k, the rcaction mixture wus cooled w ambient
temperature and stirred overnight. 0.2M HCI (30 mL) was added. and the clear yellow
solution was extracted with dickloromethane (2x150 mL). The combined organic

lavers were dried over sodium suifate, filtered and concentrated to 1.49 g of a light

109
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orange solid.  Recrystatlization from dichlormethanc:hexancs afforded the desired
intermediate 42A:  LOUMS-ESE (mz)y [MHH] caiculaicd for CisHaNaOar 321,71

found: 321.3.

5 Btepd
intermediate 42-A4 {0225 o, 8702 mwmel)  and  {2.4.6-
rifluorophenyl)methanamine {(0.125 ¢. 0.773 mmol) were suspended in acetonitrile (4
mb} and treated with N,N-dilsopropylethylamine (DIPEA) (0.183 mmwol, 1.05 mmol}.
To this suspension was added {dimcthylamino)-N Nedimethyv (37 1,2 3hriarolof4,5-
H Sipyridin-3-yioxy yncthuniminium hexaflusrophosphate (HATU. 0.294 4. 0.774 mmel),

After 1.5 hours, the crude reaction mixture was taken on to the next step. LOMS-ESE”

€m/zy [IMH] calenlated for Caobp FaN-Qs: 464, 14; found: 464.2.

Step 4

2

o the crude reaction wixture of the previous stop was added MgBrs

{G.258 ». 149 numol). The resction mixwure was stiired at 50 °C for 10 minutes,
acidified with 10% aqueous HCI, and extract twice with dichlorometbane. The
combined organic phascs were dried over MgSQa. filicred, concentrated, and purificd
by silica gel chromatography (E:OH/dichlormethane) followed by HPLC (ACKN/HO
20 with 0.1% TFA modifier) to afford compound 42: 'H-NMR (400 MHz. DMSO-ds) 8
1243 (s. iH) 10.34 (4. J = 5.7 Hz, 1H), 842 ¢, 1H) 7.19 (i, /= 8.7 Hz, 2H), 5.43 {dd,

J= 935,40 Hzo TH), 508 (s, tH), 4.66 (dd, S = 12.9. 4.0 Hz, 1), 4.59 {s, 1H), 4,56 -

445 (o, 2H). 400 {dd, T 127,97 Hu THL 193 (¢, 4H), 183 (d, /= 12.0 Hz, {5y,

(dt, J = 120, 34 Hz, 1H). LCMS-EST" (mA): [M+H] calculated for

25 (A.;;l [‘{;9F3N3()51 450.1 3,, found: 45(.2.

n
o))

Exampie 43
Preparation of Compound 43
(1 2aR }:-N-({R)-1-(2.4-diflucrophenyDethy)-7-hydroxy-6.8-dioxe-1.2.3.4.6,8,1 2.1 2a-

octahydro-1,4-methanodipyridof 1, 2-a: 1,2 «d]pyrazine-9-carbosamide

101
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Step |
A 100-mL round bottom fask was charged with reactant 41-G (0.14 g,
Q.12 g 074

diisopropyietbylamine {0.24 g, 1.84 mmoly aud HATU (0.28 g, 0.74 mnol) aud were

$.37 ramol), {(R)}-1-{2.4-diffuorophenyiecthavanine mmol), NMAN-

dissolved in DCM (5 mL). The reaction mixture was sfirred at room temperature for 2
bours. The mixture was dileted with A (100 mL) and washed with saturated NaHCO;
entration. the crude was

(2x), saturated NHaCl (2x) and dried over NaySO4. After conc

gzl with hexane-EtQAc to afford

CieFLoFaN-Oy: 520, found:

column chromatography on silica

LOMS-E8I7 (ms): IM+H] caleulated for €

purified by
compound 43-A.

520.

ol
i
iy
iz
i3

A 30-ml. round bottom flask was charged with reactant 43-A (0.14 g,
.27 mmwol) in TEA {2 mb). The reaction mixture was stirred al room lemperature for
oncentration. the crude was purified by column chromatography on
sitica gel with EtQAc-McOH to afford compound 43 TH-NMR (400 MHz,
(s, TH), 822 (5, 1H), 7,37 {m, 1H), €99 - 6.62 {(im.
= 2.7 Uz, 1H), 4.04 (4. T = 11.5 liz, 11}, 3.93-3.63

30 minutes. Afte

Chioroform-d)

8 i85 s 4 H); IGS7
200, 3.64 - 532 (m, 1H), 4.90 {d, |

1432
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{m, ZH), 2.67 {5, THY, 208 - 14D (m, 9D, YF-NMR (376 Mz Chioroform-d) & -
1309 (m, IF) 13500 {m. 1F). LOMS-ESE" (nan [M+HY calculated for
(:r'_-‘{“i,z(:f:;N_’«Os.' 430,; fmmci: 43().

Exampie 44

3 Preparation of Compound 44
{13a8)-8-hydroxy-7,9-dioxo-N-{2.3.4-wrifluorobenzyl)-2,3,4.5,7.9.1 3.1 3u-octahydro-
2.3-metharopyrido] 254, STpyrazino2,1-b][ 1,3 Joxazepine-1 -carboxamide
H H i
OO
N aliee
'O CH 3
44
10
Step 1
Compound 15-B (40 mg. 0.12 ramo!) was talen up in | ml. acetonitrile
and weared with 2.3, 4-trifluorobenzylamine (29 mg. 0.18 mmoi), HATY (53 mg. 0.14
mmaol), N N-dilsepropyicthylamine (DIPEA) {20 myg, 0.16 mmol). and stizred at reom
t5 emperature for 2 hours, after which LOMS analysis revealed complete consumption of

compound 15-B and formation of intermediate 44-A. The roaction mixture was carried

onta the acxi step.

193
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Step.z
To the crude reaction seiution of the previcus step was added MgBr; (63
me, (.34 mmol). The reaction mixtare was stireed at 30 °C for one hour, acidified with

i0% aqueous DICH partitioned between the agucous and dichloromethane, and the

W

agueous phase extracted to dichloromethane. The combined organic phases were dried
over MgSQO,, filiered, concentrated, and purified by HPLC {ACNALO with §.1% TFA
modificr) to compound 44, ‘H-NMR (400 MHz, DMSO-ds) 8 12.45 (s, 1H), 1038 (t.J
= 6.0 Flz, TH)L 843 (s, THYN 7.27 (. = 9.2 He THL 716 {g, /8.5 Yz, THY 5.42 {dd.
495, 4.0 Hz, 1H), 5.08 (s, 1H), 476 — 347 (m, 4H), 4.01 {dd, /= 128, 9.7 Uz, 1),
10 192 (s, 4H), 182 (d. J = 12,1 Hz, 1H). 1.55 ¢dt, /= 12.2. 2.5 Hz, 1H). LCMS-ESE

{2y [MAHT caleulaied for Co b oF N30 430.13; found: 450.2.

Example 48
Preparation of Compound 45
{13a8)-R-hydroxy-7.9-diaxo-N-{2.4,6-triffuorobenzyi}-2,3.4,5,7.9,13, 1 3a-octalydro-

1% 2,5-methanopyridoi 1,24, S]pyrazinoi2.1-b}] 1,3 Joxazepine-10-carboxamide

104
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Step L
Compound 15-B (38 wg, 0.12 mmel) was tgken up in | mal scetoniteiic
and treated with 24, 6-trifluorobenzyiamine (34 myg, 0.21 mmoh), HATU (50 mg, 0.13

mmoli. NoN-diisopropyiethylamine (RIPEA) (23 mg, 0.1% mmal), and stivred at room

W

temperature for 2 hours, afler which LOMS analysis revealed compiete consamption of
compound 15-8 and formation of intermediate 45-A. The reaction mixture was carricd

onto the nexrt step.

Step 2
To the crude reaction selution of the previous step was added MeRr: (55
18 my 0.30 minoh. The reaction mixture was stirred wt 30 °C for vnc hour, acidified with
10% aqueous HCL partitioned between the agucous and dichloromethane, and the
aqueous phase extracted with dichloromethane. The combined organic phascs were
dricd over MaSO.. filiered, concentrated. and purified by HPLC (ACN/H,0O with 8.1%
TFA maodifier) to afford compound 45, 'H-NMR (460 MHz. DMSQO-de) & 12.37 (s,
B5 H)OI037 - 3025 (m, 1HY 837 (s THDL 7004 (1, 7 R T Hy, 2, 537 (dd, 7+ 9.5. 4.0
Fiz, 1H), 3.02 (s, 1H), 4.66 — 4.40 (m, 4H), 3.95 (3d, J = 12.8,9.6 Hz, 1), ; 87 (s, 41D,
L7747 = 119 He 18, 1.50 {dt, /= 11.8, 3.2 Ha, 1H). LOMS-ESE™ (m/z): [M+H]
calculated for Co HoFNaOs: 456.13: found: 450.2.

N
=]

Example 46
Preparation of Compound 46
{13a83-N-2.6-difinorobenzyl)-8-hydroxy-7.9-dioxe-2.3.4,3,7,9,13, 1 3a-cetahydro-2,5-

methanopyrido] 1',2%:4,5pyrazine[2,1-b][1.3]Joxazepine- G-carboxamide

[
th
ban
[~

145
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Compound 15-B (38 mg. 0.12 ramol) was taken up in | wl acctonitrile

and treated with 2.6-diflnorobenzylamine (19 mg. 6,14 mmoly, HATU (56 mg, 0.15

5 mmol), N.N-diisopropyicthyiamine (DIPEA) (20 mg, 0.15 mmol). and stirred at room
temperature for 90 minutes. after which LOMS avalysis revealed complete consumption

of compound A and formation of intormediate 46-A. The resction mixture was carded

onio the aext step.

13 To the erude reaction solution of the previous siep was added MgBrs (50
mg, 0.27 mmal). The reaction mixture was stivred at 30 “C for one hour, acidified with
10% agqueous HCI, partitioned between the aqueous and dichloromethane, and the
agueous phase extracted with dichloromethane, The combined corganic phases were
dried over MgSQ,, filtered. concentrated, und purified by HPLC (ACN/H,0 with 0.1%
15 TFA wmodificy) to afford compound 46. FNMR (400 Mz, DMSO-d) & 12.37 (s,
1D, 10.33 — 10.26 {m, 1H), 8.37 (5, 1H), 7.39 — 7.29 (m, 1H), 7.05 {t, J == 7.9 Hz, 2H).
5.37 (dd, J = 9.5, 4.0 Hz, 11D, 5.02 (s, iH}, 4,66 — 445 (m, 411), 395 (dd, J = 12.7, 9.6
Fz, VR, 1.87 (s, 4H), 177 (d, = 12.0 Hz, 1H), 1.50 (dt, J = 12.2, 3.5 Hz, ).

LOMIS-ESTT (/) [M+H] calculated for Gy HzoF2N;Os: 432,14, found: 432.2.
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fxample 47
Preparation of Compound 47
(R85, 1 22R)}-N-(2 4-ditluorobenzy -7-hydroxy-6,8-Gioxo-1,2,3.4,6,8.12, 1 Da-

octahydro-1 d-methanodipyrido] |,2-a:1'.2-d|pyrazine-9~carboxamide

iy

/\”'1/\ N "‘\7/\0%% HATU, DIEA /\g’, ”l!f/\ N /’%f/xj\ N i ey
~ . ; | 4 ! i i
N N\:[/&\(/§O 2.4-diftuoroberzylamine QF'{—’N‘ /L%,/‘\‘O & N
H L HY T
O OBn O OBn
41-G &7 ~A

The crude acid 41-G (0.45 g, 118 mmol), 2.4-difluobenzylamine (0.35

1 g 244 mmot). N\N-diisepropylethylamine (DIPEA) (.79 ¢, 6.11 mmol) and HATU
{0.93 g. 244 mmol} were dissolved in DCM {10 mb). The reaction mixture was stirred

at room temperature for 2 howrs. The mixture was diluted with £A (100 mL) and
washed with saturated NaHCO: (2x), saturated NHaCl (2%) and dricd over NasSO,.
After concentration, the crude was purified by cofumn chromatography on silica pel

15 with hexane-EtOAc to afford compound 47-A. LOMS-ESY (n/2): IM+HT caleulated

for Cmi‘{;\)le\igg_vl 536 found: 506.

107
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A S50-mL round bottom flask was charged with reactant 47-A (0.3 g,
0.99 mmaoly in VFA {6 mL). The reaction mixture was stirred 2t room temperature for
30 minutes. After concentration, the crude was purified by column chromatography on
sitica gel with EiOAc-MeOH to afford compuund 47 'HONMR (400 MHz,
Chloroferm-d) & 11.70 (s, 1Hy, 16.44 (5, 1M}y, R29 (s, 1H), 7.60 - 7.2% (m, 1H), 6.95 -
6.3% (m, 2H), 4.10 (s, 1H). 4.02 - 3.54 {m, 3H). 2.6% (d, ] = 3.1 Hz, 1H}, 2.00 - 1.4¢ (m.
$HD. PF NMR (376 MHz, Chloroform-d) 6 -112.31 (¢, J = 8.0 He IFL-11477(d, § -
8.4 Mz, IF). LCMS-ESE (iz): [M+H] caleulated for O HaoFoNaOs: 416, found:
e 416,

¥4

Faample 48
Preparation of Compound 48
{1S,4R,12a8)-N~(2,4-difluorobenzy h-7-hydroxy-6.8~-dioxo-1,2.3.4,6.8. 12,1 2a-
) ¥ 3 2

actahydro-1 d-methanodipyrido[1,2-a: 1", 2"-d}pyrazine-9-carboxamide

i
oo 7 F
5 e >
s NS
g ‘N\/‘!’\AO ' 2~
3 il
(©) GH
48
H 9 -
H COsE : ; ‘
N ‘Xﬁ\i_\ A /\N/\T/LF/\\“//\\
i —~ [ s x |
Ag—r; - [y Tow Lj NS N
. i ) v
H ? Ph H “Bos G OH
48-A 48-8 48
20

48-8 was prepared snalogously to 83-H in Example 533, substituting 48-
A for $5-A. Compound 48 was prepared as described for compound 38 in Exaniple 38,
substituting 48-8 for 38-B to afford compound 48. 'H-NMR (400 MHz. Chloroform-
d) & 1179 (s, i), 1044 (m, JH), 833 (5, TH). 7.42 — 7.31 (m, 1H), 686 — 6.74 (i,

108
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2H), 474 (s, 1H), 463 (d, J = 3.8 Hz, 2H) 4.19 (m. 1H), 4.07 - 4.03 (m. 2H), 2.83 {s.
TE), 192 — 1.68 (m, OH). P NMR {376 MMz, Chioroform-d) 3 1123 {m, 1}, -114 .8
{m. 1F). LCMS-ESI" (nz)y [M+H] calcalated for Co HaFaNLOy: 416,14 found:

416.07.
5
Exaniple 49
Preparution of Compound 49
(285.5R,13a8)-8-hydroxy-7.9-dioxo-N-{(3-(triflucromethy pyridin-2-yl methyli-
2,3.4.5,7.9.13, 1 3a-octahydro-2, 3-roethanopyridol 1'.2':4, 5 ipyrazino[2, [ -
H} bl 1.3 jexazepine-1(-carbovamide
Hol Q ol
R \, N/\;j’\
\ N ; G N
vV H c’) os~
49
Step.d
1S Compound 15-B (44 myg, 0.14 mmol) was taken ap in | mb acctonitriie
and treated with (3-{trifluoromethypyridin-2-yhimethanamine (38 mg, 0.18 mmol, HCi
sulty, HATU (69 mg, 018 mmol), N N-diisopropylcthylamine (DIPEAY (0.07 mL, 0.40
mmol), and stirred at room temperature for 1 hour, after which LOMS analysis revealed
complete consumption of compound 15-B and formation of intermediate 49-A. The
20 reaction mixture was carried onlo the next stop.
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To the crude reastion seltution of the provicus step was added MgBr; (51

ma, 0.28 mmol), The reaction mixture was stirred at 50 °C for 90 minotes, acidifted

with 10% aqueous HUL partitioned between the aqueous and dichioromethane, and the

5 acgucous phuse exiracte

dricd

d with dichloromethans. The combined organic phases wer

e
<

over MySQ., filiered, concentrated, and triturated by methunol followed by

dicthyl cther to afford compound 49, H-NMR {400 MHz, DMSO-de) 8 1242 (s. iH),

1080 - 10.70 {m., FH), Q.83 {d.J ~ 5.0 He. THY. 8.44 (5. 1H), 8,19 (d../ ~ 8.6 Hz, H.

7.56¢dd, e 7.7, 3.2 Mz, TR, 543 (ddL S

\

9.5, 4.0 Hz, 1), 5.08 (s, 1), 4.86 — 480

H0 dm, 2H), 4.67 (dd, J = 12.9. 4.0 Hz, 1H), 4.59 (s, 1H), 4.02 (dd. .7 = 12.6, 9.8 Hz, 1H).

193 (s, 4H), 1.82 (d, J = 12.1 Ha, 1H), 1.60 -

{M+H] calcuiaicd for CpHzFaNyQs: 465,142 found: 465.2.

ixamples 58 and 5t
Preparation of Compounds 50 and 51

) N2 4-difluorobenzy-9-hydroxy-% 10-dioxo-2,3.3

methanopyrido] 1,24, 5pyrazino{2,1-bi

;\_.'

\;\~ /N

VH o

119
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H
O/\]:/O\?/’\ N /:§1(/J\
£ i
A LI
\T/\O N =
O

1.52 (m, THYL LOCMS-ESYT (m/o)

68,1014, 14a-octahydro-2 .6~

11,6,3]dioxazocing- 1 -carboxamide 56 and St

5:_.
NN

g H i
i ; |

S
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oH
%
HOLOH 3
‘\t-,“”\ /’u‘{\i”\_s X ] g ] .
2 \(/\\}/’QO ) ‘\v// I\ & 8 : k\‘:yf\‘ F
-~ (.\ 2
R

L. )
\]f/ N ’\EO NEON &
O S&ta
o] £
oo~k

Step |
Methyi 5-(2,4-diffuorobenzylearbamoyh- 1-(2,2-dihydroxycthyl)-3-

meilioxy-4-ox0-1.4-dihydropyridine-2-carboxytate (1-C, 392 mg, 0.95 rarnol) (Exampie

)

L
-

7). raceric cis-3-aminotebaitydro-2H-pyran-3-0! (WO 2012/145569 Bennett, B, L. ot
al, filed April 20, 2012 3 (112 mg, 9.95 mmol}, and potassium carbonate (134 mg, 0.97
mmol) were taken up in 3.8 ml acetonitrile/0.2 mL acetic acid and stirred ar 90 °C tor
S0 minutes, after which the reaction mixture was partitioned between DOM and brine,
the agqueous phase extracied with DOM, combined organic phases dried over MgSQO.,

10 filtered, concentrated, and purified by SGC (0-10% EsOH/DOM) to atford intermediate
58-A.

Step 2
Intermediate 86-A (40 mg) was scparated by chival SFC on a Chiralpak
IC column using 0% DMF in supercritical carbon dioxide as ecluent to afford
13 intermediates 58-B  (first cluting peak) snd S1-A (sccond cluting pesk) in
cnantioenriched form. For intermediate $8-B: {absolute stercochemistry unknown),

Chiral HPLC retention tinxe = 11,48 minuies (Chiralpak IC, 150 x 4.6 rm, 1 mi/min
P s
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MeOH). For intermediate SE-A: (absolute stersochemisiry unknown), Chiral HPLO

retention time = 1433 minutes (Chiralpak 1C, 130 x 4.6 mim, ! mbLAwn MeOH).

Nep da

Magnesium bromide (12 mg, 0.06 mmoly was added 1o a solution of

W

intermediate %0-B (10.5 mg, 0.02 mmwol, absolute stercochemistry unknown) in 1 mb
acctonitrile. The reaction mixture was stirred at 50 °C for | hour, acidificd with 10%
aquoous HC), partitioned between the aqueous and dichlororcthanc, and the aquesus
phase extracied with dichloromethane. The combined organic phases were dried over
MpSQ,, filtered, concentrated, and purified by HPLEC (ACN/HLG with 1% TFA
19 modificr) to afford cemp-;‘)und ¢, TH-NMR (400 MMz, Chloroform-dy & 10.47 (4, S =
5.% Hz, 1H), 8.42 (s, 1H), 735 {g, J = 8.6, 8.2 Hz, |H), 6.8 {q, ./ = 8.7, 8.0 Hz, 2H).
641 (dd. 7= 10.0. 3.6 Hz, iH}. 4.7¢ (5. 1H), 4.65 {s, 2H). 4.36 — 4.26 (m, 2H), 4.20 -
4.08 {m, 2H), 3.98 (dd, =124 102 Hz, 1H, 38R (i./= 118 Hz 2H) 227 (dt, J =
13.3, 3.1 Hz, i), 2,15 — 2.06 (m, {H) L(‘.MS—ESR’ {2y [MAHH] calculated for

15 C;ﬂ'{ggf“zNg()(ﬁ 44¥ 40,‘, I“oum.l dAR8.2.

'J +

(%]

Step 3b
Magnesinm bromide (13 mg, 0.07 mmol; was added to a solution of
intermediate 81-A {132 mg, .03 mmel, absolule stereachemistry unknown} in | mb
acetonitrile. The reaction mixture was stirred at 30 °C for 1 hour, acidified with 10%
20 agocous HCI, partitioned between the aqueous and dichloromethane, and the aqueous
phase extracted with dichloromethane. The combined organic phases were dried over
MeSOy, filtered, concentrated, and purified by HPLC (ACN/H,O with 0.1% TFA
modifier) to afford compound 5%, TH-NMR (4(}0 MHz, Chioroform-¢) & 10.47 (¢, .
S.& Haz, 183, 842 (s, 1H), 7.35 (g, J = 8.6, R.2 Hz, 1H), 681 {q. /= %7, 8.0 Fiz, 2H),
25 6.41 (dd. J = 100, 3.6 Hz., 1H). 4.79 {s. 1H). 4.65 (s, 2H} 436 -~ 4.26 {m, 2H), 4.20 -
4.08 ¢m, 2H), 3.9% (dd../ = 12.4, 10.2 Hz, 1H), 3.88 (t../= 1] .8 Hz, 2H), 2.27 (dt. / =
38y 3al L iHD, 2.15 = 2.06 (m, JH). LCMS-ESI' (m2): [M+HY calculated for

Ca HoeF N0 448 .40; found: 448.2,
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Example 32
Preparation of Compound 52
{28,5K,13a83-N-(2-cyclopropox y-4-fuorcbenzy -8-hydroxy- 7,9-dio xo-

Ja-octahydro-2,5-mcthanopyrido{ 1,274, 5 pyrazine| 2, I -

5 bi[1,3joxazepine-1{-carboxamide
le]
i i
\\/ \,/'\ Ry /‘WI\/\\\
f H i
\ :i :,J\\r/\\,) o -~’-’”"‘r
Ho on A
52
f . s
Nc\i("\\, PGl NaHJ‘C‘T \j\ Sty i-izr\i/\:[x/\
2 H
E \//\F (l)r\ﬁ’*g: O e
1
A
9] o]
0ot i BoH
NOFson T e e e e
N € e NP SN
\\XNYJ\K*\'O A AV G I
N - L i
VUH A O AN b4 O O A
158 k 52.8
A
MigBr, \K\ ’\L NN
e, L
\\’ H 5 ér \‘/\F
Q L)r1 /\
5% S
Step 1
) A sotation cyclopropanol (1.9 ¢, 29 mmel) in 28 ml dioxane was added

dropwisc to a { “C solutiop of Sodium hydride {(60% dispersion in mincral oil. 1.04 g,

26 mmoly in 80 ml. dioxanc. The reaction mixture was allowed to warm fo 107
temperature, 2.4-difluorobenzonitrile {3.48 g, 25 mumol) was added portivawise, and
caction temperatire raised to 95 °C. The reaction solution was cooled 1o room
I5  temperature after stirving for 18 hours. diluted with cthyl acetate, washed twice with

water and twice with brine, dricd over MgSQO,, filtered, and concentrated onto silica gel.,

Purification by silica gel chromatography {0-10% FtOQAc/hexanes) afforded

o \ segan Tz N o _
cyclopropoxy-4-fluorcbenzonitiic. " H-NMR (400 MHz, Chloroform-) § 7.52 {dd, J

113
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8.6, 6.2 Hz, 1), 7.05 (dd, /= 10.5, 2.3 Hz, 1H}, 6.73 (4, /= 8.2, 2.3 Hz, 1}H), 3.87 -
3,746 {m. 1H), 0.7 (m, 4H).

Step 2
To a 0 °C suspension of lithium aluminum hydride in THF (1M, 15 mL,
5 15 mmel) was added 2-cyclopropoxy-d-fluorobenzonitile in 14 mbL dicthyl other

dropwisc. The rcaction solution was stirred for 3 hours, gradually warming to room
tomperatyre, at which point it was recooled to 0 °C, an additional 8 mb lithium
alunimnu hyvdede in THFE (1M, 8 mmol) added, and stiired for an additional 90
minutes. The reaction was quenched by sequential addition of 6.9 ml. water. (.9 mL

% 15% NaOHpg. and 2.7 mL water, The reaction was Sltered throu :gh celite with dicthyl
cther rinses, dried over MgS0,, and concentrated o afford 2~cvc’iopropexy-4-
fluorobenzyiamine of sufficient purity to camy on as crude. TH-NMR (400 MHz,
Chioroforma-dy 3 7.17 — 7.08 (. 1H), 6.96 {dd, /= 109, 2.4 Hz. 1H), 6.61 («d../ =83
2.5 Hz, LH), 3.78 — 3.66 (m, 3H), 0.89 — 0.72 (m, 4H).

Compound 15-B (46 mg, .14 mmol) was taken up in | mL acetenitrite
and treaied with 2-eyclopropoxy-4-flusrobenzyiamine (32 mg, 0.18 mmob., HATU (62
mp, 0.16 mmal), N N-diisopropylethylamine {(PLA) (0.4 mi, 022 mmol), and
stirred at room temperature for 2 hours, after which LOMS analysis revealec complete
20 consumption of compound 15-B and formation of intermediate 52-A. The reaction

mixiure was carried onto the next siep.

To the crude reaction solution of the previous stop was added MgBr: (56

mg, (.30 mmol). The reaction minture was stirred at 50 °C for 90 minules, acidified

o]
(W3

with 10% aqueous HCI, partitioned between the aqueous and dichloromethanc, and the
aqueous phase extracted with dichloromethane. The combined organic phases were
dricd over MgSO., filtered, concentrated, and parified by HPLC (ACN/H,O with 0.1%
TFPA medifier) to afford compound 52. H-NMR (400 MEz, DMSO-de) 8 12.44 (5,
TH, 1020 (L J - 5.8 He, iFD, 8.41 (s, 1FD). 7.22 - 7.15 Go. LH), 712 (dd, /= i B

b
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Hz, 3t), 6 72 (1d, J = 8.3, 2.5 Ha, 1), 342 (dd, J = 9.6, 4.1 Hz D), 5.07 (s, 1), 4.66
{dd. J = 128, 4.1 Hz, THY, 458 (s, TH), 4.34 (dd, J = 5.6, 2.4 Hy, 2H), 4.04 - 391 (m,

2ED, 192 (5. 44, 182 (d, J = 119 Hzo 1H), 155 (di, /o 1224, 3.5 e, 1H). 0.80 (s o

63, 5.7 Hz 2Uy, 0.72 (q. /= 6.0, 49 Hz. 2H), LOMS-ESE (i) IM I caleulated
S for CoH s FNaOg: 470.17: found: 470.1.

Example 533
Preparation of Compound 83
IRSS,13aR-N-(2-cyclopropox y-4-tluorobenzy -B-hydroxy-7.9-Gioxo-
2,3.4.5.7.9,13.1 3a-octahydro-2.5-methanopyrido[ 1,24, 5 pyrazino[ 2.1~

i bl 1.3 jexazepine-10-carboxamide

. 0

r:‘l Je H s I .
:'\ji ~3 ;\l‘. /}\/ \ \r/ )

N A A /\\/’ -

X Y o 9

O O A

53
O ©)
P it S fr] PO
ANGEON A Ay HaNTY ety -0~ -/\/i\ TR
: N o U NN NS TS,
\\ P v O T E LN A A P
D Y o 1 DY Y e o
O O Ve S O A
424 53-4
I C\ AR ! N
MgBr, L’ v 3 \/L ~
\/N I/J\ \/,)\F

X

Step d

st
(o]

Compound 42-A (46 mg, .14 mmol) was taken up in | mL acetonitriie
and treated with 2-cyclopropoxy-4-fluorobenzyiamine {33 mg, 0.1% mmoll, HATU (6]
mg, 0.16 mmol). N,N-diisopropylethylamine (DIPEA)Y (0.04 mi, 0.24 mmol), and
stirred at roem temperature for 2 hours, afier which LCMS analysis revealed complete
consumption of compound 42-A end formation of intermediate §3-A. The reaction

2@ mixture was carvied onto the next step.

11S
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i3

Step.
To the crude reaction solution of the provious step was added MgBr; {33
may, 0.30 mmeol). The reaction mixture was stirred at 50 °C for 90 minutes, aciditicd
with 10% aqueous HC'L, partitioned between the aqueous and dichiorornathane, and the
5 agueous phase extracted with dichloromethane. The combised organic phases were
dricd over MgS0,, filtered, concentrated, snd purified by HPLC (ACN/H,0 with 8.1%
TFA modifier) to afford compound &3, *H-NMR (400 MHz, DMSO-de) & 12.44 (s,
M), 1020 (LJ S8 Hz, THDL 841 (s, TH), 722 - 705 (o, 1H), 712 (dd.J 112,25
Mz, 1M, 672 (td, S 8.5, 2.5 Mz, 1) S4Z (dd. /= 9.6, 4.0 e, TH), 3.07 (s, 1), 4.66
PO ¢dd, /=128, 4.1 Hz, 1H), 458 (s, 1H), 4.34 (dd. ./ = 5.6, 2.4 Hz, 2H}, 4.04 - 391 (im,
2, 192 (504D, 182 (L = 119 e, 1H), 1.5 (dn S+ 12,4, 3.5 Hz, TH), 080 (g, J =
6.3, 5.7 Hz, 2H), 0.72 (a. J = 6.0, 4.9 Hz, 2H). LCMS-ESF {mizy. IM+H] calculated

for CaHasFN.Q: 470,17 found: 470.1.

Example 54
15 Preparation of Compound 84
{2R,58)-N-{(S)- 1-(Z,4-difluoropheny!)-2 2, 2-triflucroethyD-8-hydroxy-7,9-dioxe-
3.4,5,7,9,13,13a-0ctahydro-2,5-methanopyrido{ 11,274, S pyrazine[ 2, -

b1 1,3 joxazepine-1 §-carboxamide

&

\I/F b
ge x, . ]
ﬂ \r N/\) \1
u o H
26} 54
116
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A 50-mL round bottom flask was charged with reactant 54-A (0.02 g,

0.06 mmol)  (S)-1-(2.4-difluorophenyl)-2,2,2-wriftuoroethanamine  {0.019 g, 0.09

5 mmel), N.N-diisopropylethylamine (DIPEA} (0.048 ¢, 0.38 mmo!) and HATU (0.036

g. 0.69 mumol) in DCM (2 ml). The reaction mixture was stirred ut room temperature for

t hour. The reaction mixture was concentrated down, re-dissolved in EtOAc (50 mi),

washed with saturated NaHCO. (2x), saturated NHLCl and deied over NanSQy. Aller

concentraiion, the crude was purified by column chromatography on silica gel with

10 hexane-EtDAc to obtain  84-B. LOMS-ES1T (w&) [MUH}]  calculated for
CiaHaFaNGs: 514; found: 314,

]
e
]
3
10

A 50-mL round bottom flask was charged with reactant 34-B (0.03 g,

0.03¢ romol) and magnesium bromide (0.03 g, 0.15mmol} in accronitrile (2 mL). The

IS rcuction mixture was beated to 50 °C. After 10 minutes, the reaction mixfme was
cooled to 0 °C and | N hydrochioric acid (0.5 mL) was addcd in. Then the roaction
nixture was diluted with McOQH (2 mby. After filtration, the crade was purified by Pre-
HPLC purification {30-70% scetonitrile:water, 0.1% TFA) afforded compound $4 as

TFA salr. "H-NMR (400 MHz, Chloroform-d) 3 11.28 (d, J = 9.4 Hz. [H). 8.39 (5. 1H).

20 7.54(q,J=78Hz, 1H), 7.12- 6.76 (m, 2H), 6.40 - 5.98 {m, 1H). 5.57 - 5.1% (m, 2H.
468 (s, 1H)Y. 4.29(dd, J= 13,1, 4.0 Mz, iH), 4.05(dd, J = 12.9. 93 Hz. 1H).2.39-1.94

{m, 4y, 186 (6, 7= 103 Mz, 1HL L0 (dt, T 12,6, 3.4 Hz. TH). PF-NMR (376 M1z,
Chiorolorm-d) 8 -75.30 (1, J - 6.8 He, 3 F), -108.33 {dd, J - 8.6, 6.3 He, 1F), -111.56 - -

157
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$13.23 (. | B LOMS-ESE (avz): [M+H] calculated for Crbhol2NaDs: 300 found:

500,

Esample §5

Preparation of Compound 35
P

(1R,45.12aS - 7-hydroxy-6,8-dioxo-N-(2,4.6-wifluorobenzyl3-1.2.3,4.6,8, 12,1 24-
f ) 3 v-0, ¢ ¥ij

w

octahydro-1,4-methanodipyridof 1.2-a:1, 2 -d]pyrazine-9-carboxarnide

O

P HCHELC L
[/L‘-Y/ COLE 2) HCVE:OR f
f : i, &
&
55-A 55-8 £5.C

! O <
P V. w
4 HC 1 "
EAN
¢ ~TNH - HC
N i & HCi

- N’ S
)
~-Buli THF e cel P4t Mo, Pa{OHIC
n-Bu ..1.\ HIF L[J}.J‘EH refluxed, 4 h 2 - e z{—/’\\,/».
T8O, 5k { =L, overright i
COH
55-F

) o]
g B !
/\\"(*:/\N/\)\N” =
! h H H | L
pA/
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A mixewre of compound 55-A (40.60 g, 150 nunol) aad Pd{CH),/C {12

2) in EtOH (400 mL) under an atmaosphere of H; was stitvred at room temperature

S overnight. The reaction mixture was filtered and freated with HOUEOH {400 wl}. The
mixfure was stirred at room temperature for 2 h. The reaction mixture was concentrated

to pive compound 85-B, which was used in next step without purification.  LOCMS-

ESI" (m/y: [M+H] calculated for CoHNOQ: 1791, found: 7R,

To u solution of compound 55-8 (62.23 g, 6.45 mol) and K-CO» {1%6.30
g. 1.35 moly in CH:ON {3 L) was added benzyl bromide (76.50 g. .45 mol) at ¢ °C.
The mixture was stiveed @t oot termperature overnight, The reaction mixture was

filtered, concentrated and the residue was purified by chromatography on silica gel w

—
LA

give compound 85-C.

To a muxture of diisopropylamine (30 g. 0.50 mol) in THF (405 mL) was

added s-Bult (200 ml. 0.50 moi) at -78 °C at N, atmosphere. After 0.5 b, the reaction

20 mixture was warmed 10 20 “C and stirred for 0.5 h. The mixture was cooled ia -78 o0
and added a solution of compound 55-C (64.75 ¢, 0.25 mol) in THF (600 mL) under N»
atmosphere. The mixture was stirred for 4 h and quenched with saturated NMHLCI
solution. The mixture was extracted with EtOAc and the organic layer wus washed with
brine. dricd over Na,S04, filtered and cencentrated. The residuc was purified by

25 chromatography on silica gel to give compound S5-D.

A mixture of compound S5-I (129,50 ¢ 0.50 mol) in 4N HCH (130 L)

was rofluxed for 4 h. the mixture was concentrated. The residue was purified by HPLC

LIRS
o
<o

10 give compound 35-E.
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n

To a mixture of compound S8-E (47 g, 176 munol) and PAOHp/C {9 g}

in BEtOH (400 mL) under an atmosphere of H: was stirred at room temperature

5 overnight. The reaction mixture was concenfrated (o give compound 55-F, which was
used in next step without purification. 'H-NMR (400 MHz, CDCL) 8 4.22 (s, TH)
4.06 {8, 1H), 2.0%8-2.95 (d. /= 112 Hz, 1H), 1.96-1.93 (4,7 = 11.2 Hz, 1), 1.86-1.82

(m, 2H), 1.76-1.74 (d.J = 92 Hz, 2H), 149 (5. 1H). LCMS-ESI" (n/sz): [M+H]

calculated for CoHNO,: 1421 found: 142.1.

Steg &
To a mixture of compound 55-F (29.20 g. 165 mmol) and ZN NaOH
solution (330 mL, 0.66 mol) in dioxune (120 mL) was added Boe,O (39.60 g, 18]

a

mniol} at 0 °C. The reaction mixture was stirred at room temperature overnight. The

o
]

mixture was adjosted with 3N HCL to pH=5-6 and oxtracted with DOM. The organic
layer was dried over NapSO;. filtered and concentrated to give $5-G. H-NMR (460
MHz, CDCE) 6 4.40 (5. 11D, 4.26 (s, THD, 2.89 (5, 1H). 1.76-1.74 {5, 1H}, 1.69-1.5% (m,
AHY, 1.50 (s, 1HYL 147 (s, 9H). LOCMS-ESI™ {m/z): [M+Nal  calculated for
CHHwNNaQyg: 264 1 found: 2641
Step 7

To a mixiure of compound 35-G (300 mg. 2.07 mmot) in THE (10 ml)
chilled to 0 °C was added BH;-DMS THF comnlex (2N in THFE. 8.23 mmol, 4.1 mL)

slowly. Gas evolution occured. fnternal temperature was monitored to ensure no major

[\
(48

cxotherm. Reaction was allowed to warm to r.t. evernight. Some starting material
remained by LC/MS, additional 2 mL BH:-DMS THF complex was added and the
mixture was stivred for additional 3 hir then cooled reaction to 0 °C and slowly quenched
with methanol {gas evoiution occurs). luternal femperature smonifored to ensure
exotherat beiow 25 °C. The mixture was concenirated then purified by silica gel

33 chromotography (20-40%% EtOAc/Hexanes) to afford S5-H.

120

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
869 of 1915



WO 2014/100323 PCT/US2013/076367

Compound §3 was prepared as deseribed for bxampie 41, substituting

$5-H for 41-B (o afford compound 55, 'H-NMR (100 Mz, DMSGC-dé) 8 11 .81 (s,
DL 1040 e J = 5.8 Hz, TH), 839 (s, 1H), 719 (4 J = 8.6 Haz 2H), 4.59 « 448 (m,
S04 46 (0] 122 He, TFD, 403 (4,3 122 Hlz, THD), 269 (s 1HL 175 (AL 3 1603
Hz, TH), .69 ~ 1.55 (m. SH). "F NMR (376 MHz, DMSO-d6) 3 -109.3 (i, 1£), -112.5

{m, 1F). LOCMS-ESY (Guz): (M+HD calculated for €z H oFaN2Oy 434,13 found:

43432,

Example 36
10 Preparation of Compuund 56
(IR.28,4R,12aR)-2-luoro-7-hydroxy-0,8-dioxo-N-(2,4 6-trifluorobenzy -
1.2.3.4.6.8.12,12a-octahydro-} 4-methanodipyrido] i,2-a:1' 2'-d]pyrazine-9-

carboxamide

N

o) F
H ] i
R
e M
76 OH

36
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Step 1

10

A solution of 86-A (5 g, 19.43 mmel) in icrrabydrofuran {65 mi) was

cocled m an ice bath as 0.5 M 9-borabicyclo{3.3.tlnonanc (48.58 ml) was added

. Afier 18 bours,

and

dropwise. The reaction mixture wus warmed up @ room temperaivre

to 0 °C and a

34 ml, 97.15 mmol) was added dropwise. After 2 hours at § °C,

the reaction was cooled mixiure of 2M sodium hydroxide (34 ml)

hydrogen peroxide (9.
the reaction was warmed up to room temperature and stirred for 1 hour. The mixture
was difated with T1OGAc and washed with water. The aqueous fractions were extracted
with FIOAc, and the organic fraciions combined were dried (Na;S04) and concentrated.

The residus was purified by silica cofumn chiromatography (30-70% EtQAc/ hexancs) to

afford 56-B (3.05 ¢. 37%). LOMS-ESI™ o) [MHY

275.34; found: 276.122.

122
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Step 2

o a solution of 56-B (1,45 g, 5.27 mumel) in N,N-dimcthyiformamide

(12 mi} was added tert-butvichiorodiphenylsilane (£.51 mi. 5.79 mmol} and imidazole

(V3

1.08 g, 158 mmol). After 18 hours, the mixture was diluted with water. extracted into
ErQOAC (2x), the organic fractions were combined. dricd (Na,SC.), and concentrated.
The residuc was puriﬁcd by silica colurnn chromatography (10-20% EtQAc/hexancs) w©
afford 86-C (2.6 g 96.196). LOMS-ESH ¢

313.74: found: S14.62

7y M HT caleatated for Co M NGRS

n

1y

To a solution of 86-C (3.27 2, 6.38 mmol} in EtOH (26 mL) and &

acid {3 mL} was added 10% PIOH/C (0.52 g, 3.7 mmol) and the suspension was shaken

in o Parr apparatas at 58 atm for 20 hours. After filtering through Celite, the cake was

T

washed with EiGH, the filrate was concontrated under vacuum. The residue was
dissolved in ethanol (26 mi} and acetic acid (3 ml, 32.4 nunol), weated with 10%
PAOREC (0,52 g, 3.7 mmol) and shaken {n a Parr apparatos at 50 atn for 20 hours,
Filtered through Celite, the cake was washed with EiQH, the filtrate was concentrated
under vacuum to dryness to afford the crude deprotected product (2.07g, 79.4 %),
20 LOMS-ESH (m

¥ IV caleolated for Caal 13 NO:SI: 409.59; found: 410.485.
To the crude residus (2 g, 4.88 mmol) and di-tert-buty! dicarbonate 97%
{Z.14 ¢, 9.79 mumol) in THF (20 ml) was added N\N-diisopropylethylamine (DIPEA)
£2.34 mb 1227 mmel). Afier 20 h, the reaction mixture was diluted with walter,
extragted into EtOAC (2X) and the two orgar:ic fractions were washed with water,
25 combined, dricd (Na:SOy). and concentrated. The residuc was purified by silica column

chromatography (10-20% ErOAc/Hexances: to afford 86-D3 (2,13 g, 86.14%). L.CMS-

ES1" (m/z): [MTHY caiculated for CaoHaNO;Si: 523.74; found: 523.922.
Step 4
390 A selution of 56-13 (2.07 g. 4.06 mmol) in THF (20 mi) was stirred in an

ice bath as 2.0 M LiBIL in THF (4.07 ml) was added and the resuliing misture was

siirred at room temperature for 18 h. Afler, the reaction mixture was diluted with ethyl
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acetate and treated slowly with water. The two phases were separated, and the aqueous
fraction was extracted again with ethy! acctate. The two organic fractions were washed
with water, combined, dried (NaSQy), and concentrated. The residuc was purified by
sitica column chromatography (20-40% EOAc/hexancsy to afford 56-8 (1.59 g, 81.3%).

LOMS-ESTT (non): [M+HT caleulated for O HaoMO,Si: 481.7; found: 482337

W

A mixture of S6-F (1.5% g, 3.28 mmol). phthalimide (0.79 g. 5.38 mmol)
and triphenyiphosphine (1.93 g, 7.37 mmol) in THE (30 mD was cooled in an ice bath.

,
10 Diisopropyl azodicarboxylate, 95% (1.46 mi, 7.42 mmol) was added. The mixture was
then warmed up to room temperature and stizred Tor 20 h. Afier, the reaction minture
was concentrated and the residuc dissolved in ether, cooled in an ice bath and sirved for

. The solids were filtered off and the filtrate was concentrated. The residue was

(N

purificd by silica colunn chromatography (10-30% EiOAc/hexancs) to afford the

th

protected aming compound (1.86 g, 92.8%).

A solution of the protected amino compound 56-F (1.85 g, 3.03 muvol)
and hydrazine hydrate (0.6 ml, 12.39 mymol} o ethanol (19 ml) was stivred at 70 °C for
2 h. The reaciion mixture was cooled in an ice bath, ether (19 ml) was added and the
mixtare was stirred for 30 min. The selid formed was filtered off and the filtrate was

20 concentrated under vacuum o dryness.

Step 6
A mixture of crude amino compound 56-F (991 ing, 2.06 mmol),
compound 38-F (Example 38) (714 mg, 2.96 mrool) and NaHCO: (347 myg, 4.12 mmmol)

in water (13 mL) and EfOH (15 mL) was stivred for 20 h. The reaction mixture was

(R}
[l

concentratad under vacuum and the residuc was partitioned between water and EtOAc.

(¢

The aqueous layer was re-extracted with EfQAc und the combined organic layens wer
dricd (Na;S804) and concentrated. The residuc (1.5 g) was dissolved in CH,CL {5 mL)
and 4N HCl in dioxane (186 mL) was added. After 1.5 hours the mixture was
30 concentrared to dryness, co-cvaporated with tolucne and dried 1 vacuo.
The erude residus (1.28 g) and DBU (5.4 ml, 9.38 mmol) in toluene (25

ml) was stirred at 110 °C. Afler 35 minules the mixture was concentrated and the

124
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residue was purified by silica column chromatography (5-15% MeQH/EOAC) to afford
56-G (450 myg, 72.3%). LOMS-ESY {(m2) [M+H] calouisicd for CseFLNaOs8i

662 .85; found: 663.766.,

(V)
1748
(%3

<

The mixture of 36-G (830 mg. 1.34 mmol) in McOH (14 mi) and THF

{14 miy was stirred at room temperature as 1M KOH (7.09 mi) was added. Afier 30 min

the reastion mixiure wag neutratized with IN HCL extracted into EtOAe (2x) and the
combined organic extracis were dried (Ma8504 and concentraied.

to A suspension of the crude residue (850 mg), 2,4.6-trifluorohcnzyiaming

{248y, 1.54 mmoly and HATU (662 mg, 1.74 mmol) in dichloromethance (5 ruf) was

stirred at room (emperature as N N-diisopropylethylamine (DIPEA; {(1.63 ml 9.37

mmol) wos added. Afier 1 b, additional 2.4.6-diflucrobenzylamine (32 mg, 6.2 mmol).

HATU (153 mg, 0.4 mmol} and N.N-diisopropyicthylamine {DIPEA) {0.12 ml. 0.67

13 mmol) were added. After 30 minutes the mixme was dituted with water. exiracted fito
EtOAc (3x) the combined organic phases were dried (Na-SOy), concentrated and the
residue was purified by sitica column chromatography (50-73% RtOAc/hexanes) o
afford 36-H (919 mg, ¥&23%). LOMS-EST (ma) [M+B]  caiculated for
CaaHapFNOs8 777.9: found: 778.409.

260
Step 8

A solution of 56-H (915 my, 1.18 mmol) in THF (5 ml) was stirred in an
ice bath as 1.0 M tetrabutylammoniom fluoride in THF (1,18 ml) was added dropwise.
The resulting wixture was stirred at room temperature for 30 min. The reaction mixture

25 was concentrated under vacuum and the residue was diluted with EtOAc. washed with
water, dricd (NaaSQs), concentraicd and the residuc was purified by silica columin
chromatography (50-75% EtOAc/hexanes then 5% MeOH/EtOAc).  The resuiting
material (248 myg, 0.46 mmol) was disselved in dichloromethane (2 mi) cooled to -78°C
as diethylaminosulfur trifluoride (0.07 mL, 0.55 mmol) was added dropwise and the

30 reaction was warmed to room tormperature and stirred for 1 h. The reaction was coeled
in an ice bath and quenched with saturated NalIC0;, two phases ware separated, and

the scparated agueous [raction was extracted with CHaCly, The two organic [ractions

=S
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were combined dried (Na2SO.). and concentraied. The residue was purified by sifica

colurnn chromatography (1% MeOR/EIOAC) to afford 56-F {75 mg) {(LCMS-ESY”

{nzzy: IMHHT caleulated for CaH b

3

(EA,(T;\’IS%ESEQ (a2 IMU ] calcatated tor CoHanPaNsOy: §21.49; found: 522.03).

sOu0 541.49; found: S42.320) and 56-1 (30 my}

F:‘
ey
(e}
D

Compound 56-3 {75 mg. 139 mmol) was dissolved in TFA (1 mbl),
stirred at room terpetatere for 10 minutes. and the selution was concenirated. The
residue was puritied by reverse phase UPLC (Gemind, 13 to 43% ACNALO + 0%

10 TFA) to afford compound 56, 'H-NMR (400 MHz DMSO0-d6) § 10.67 (s, 1H). 7RO
(s, 1HD), 717 (& 3 = 8.6 Hx, 2H), 5.45 - 518 (m, TH), 4.7C - 4.39 (m, 383, 423 (d, T =
115 Hzo 1H 410 ~ 3.85 (m, 2H), 2.85 (dd. J = 4.2, 2.0 Hz, 1H), 2.34 - 2,13 {m. [H)
1&1 (s, THY, 1.55 - 1.33 (m, 2H). PF-NMR (376 MHz. DMSO-ds) 5 -74.20 (m), -
106.95 — -1 16.45 (m). ~190.65 ~-194.54 (m}.

£5 Example 87
Preparation of Compound 87
{1R4R,12a8R)-2,2-difluoro-7-hydroxy-6.8 -dioxo-N-{24,6-trifluorobenzyt)-
1,2.3,4.6.%,12,12a-pctahydro- | 4-mcthanodipyridof ;. 2-a: ', 2 -d]pyrazine-9-
carboxamide

29
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Stegp |
A solution of 87-A {1.45 g, 3.34 mmol) in dichleromethane {30 mly was
cooled in an jce bath as Dess Martin periodinane (4.53 g, 10.69 nmoi) was added in
5 portions and the reaction was stirred af room temperature for 18 h. The reaction was
gquenched by addition of water, the precipitate was filtered off and a sawarated solution
0 Na:8:0: was added. The mixivee was sirred unul the hiphasic selution furmed then

saturated NaHCO:; was added and the aqueous fayer extracied with CHCl. The

combined organic fractions were dried (Mas$O.) and concentrated. The residue was
% purified by silica column chromatography (30-50% E1OAc/Hexunes) to afford 57-B

(343 g, 782 %03 LCMS-ESE (nzy: [M+H] calculated for O

269.722.

TroNOs: 269.29: found:

Step 2
ts A solution of 57-B (0.5 g, 1.86 mmaol} in dichloromethane (10 mi) was
ceooled o -78°C as dicthytaminosulfur (rifluoride €0.52 ml, 391 mmoi} was added

drepwise and the reaction was warmed to toom fc emperature and stirred tor 18 h. The
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reaction was cooled in an ice buth and guenched with seturated NalHCQOs;, two phases
were separated, and the separated agqueous fraction was extracted with CHClh. The two
organic fractions were combined, dried {N2S04} and concentrated. The residue w
purified by silica celumn chromatography (20-50% BrOAc/hexanes) to afford 87-C

5 (518 :ng, 95.39%4). "HONMR (400 MHz, Chloroform-d) 3 4.43 (s, 1H), 4.36 - 427 (i,
PHY, 4.22 (s, 1HD, 3.75 (s, 3H). 2.95 (1, } = 8.} Hz, 1H). 2.30 - L.98 (m, 2H), 1.85 - 1.71
{m. 1H). 1.44 {(m, 9H)

V¥

.
$ad
1

Ho]
o

K] A sohition of §7-C (935 mg, 3.21 mmel) in THE (10 mi) was stirred in
an feo bathvas 2.0 M LiBH4 in THF (3.22 ml) was udded and the resulting mixture was
stirred at room temperature for 18 h. Afier, the reaction mixture was difuted with ethyl
acctate and watcr was added slowly. The two phases were separated, and the separated

agucous fraction was cxtracted with cthyl acetate. The two orgenic fractions were

K

washed with water, combined, dried (Na,SGy), and concentrated. The residue was
purified by silica column chromatography {20-40% EtQAc/hexanes) to afford 57-D
{724 my, R5.67%). HLMNMR (400 MFe, Chioroform-¢) 6 4.30 - 3.48 (my, 5H), 2.75 -

2,86 {m, 1H), 2.24 ~ 1.90 {m, 3H), 1.86 — 1.65 (m. 1H), 1.47 (5. 91D

20 Stepd

2

A mixture of §7-D (720 mg, 2.74 mmol), phihalimide (402 mg, 2.73
mmol) and riphenyiphosphine (161 g, 6.15 mmol) in THF {45 mi) was cooled in an ice
bath. Dilsopropy! azodicarboxylaie, 95% (1.22 ml, 6.19 mmeol), was added. The mixture
was then wammed up o room temperature and stirred for 20 h. After, the reaction

mixture was concentrated and the residue disselved in cther, cooied in an ice bath and

12}
wh

- 1

stirred for 1.5 b After the solids were filicred off. the filtrate was concentrated. T}

he
residue was purified by silica column chromuatography (40-60% EtQAc/hexanes) to
afford the phthalimide adduct (1.07 g. 99.7%). LCMS-ESI™ (m/2): [M+HT calculated
for CrtlFoN,O4: 392.4; found: 383.204

30 A solution of the phthalimide adduct (1.07 g, 2.73 mmo!) and hydrazinc
hydrate (0.54 mL, 11.15 mmol) in cthanol {10 ml) was stirred at 70 °C for 2 hours. The

reaciion mixiure was cooled in an ice bath and cther (10 mly was added. The mixture

AL
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was stired for 30 min. The solid formed was filtered off and the filtrare was

concentrated under vacuum to dryness to afford crude 87-E.

(%43

A mixture of crude S7-E 709 Yig 2.7 J‘an{:‘;:‘ compound 38-F {Exﬁinl)l\:
wil [
38) {8936 mg, 2.7 munol) and .‘\aJICO; {454 mg, 5.41 mmol) in watcr (’15 mL} and EtGH
AN =31 ) il s

&

15 mL) was stirred for 26 h. The reaction mixture was concontrated under vacuur and

-~

the residuc was partitioned belween water and EtDAc, The aqueous layer was ro-
exvacted with LtOAc and the combined organic layers were diied {NazS0:) and
10 concentrated.  The residee (1.5 ) was dissolved in CHLCL (7 mLy and 4N HC in
dioxane (20.9 L) was added. Afier 1.5 hours the mixture was concentrated o dryness,

co-cvaporated with toluene and dried in vaceum. The crude residue {1.3 p)y and DBY (2

nl, 13.4 mimot) in toiuene (25 mi) was stirred at |10 °C. After 35 minutes the mixture

was concentrated and the residuc was purificd by silica column chromatography (5-

15 15% MeOHA0AC) to afford 87-F (426 mg. 36.17%). LOMS-EST (miz): [MEHT
caleulated for Co:HanF NoOs: 444 .43: found: 445 280,
Step 6
The mixture of compound 57-F (426 mg. 0.98 mmol) in McOH (7 mi)
20 and THF (7 ml) was siired at room temperature as 13 KO (3.06 mi) was added.
After 30 minutes the reaction mixturs was neutralized with IN HCL extracted into
EtOAC {2x) and the combined organic extracts were dried (Na,SO4) and concentraied o
crude £7-G.

35 Step?

A suspoasion of  the  crude  residue 57-6G (188 my), 2.4.6-
trifluorobenzyiamine (95 mg, 0.59 mmol) and HATU (276 mg. 0.73 mmol) in
dichloromethanc (3 mi) was stirred at room tomperature as N.N-diisopropylathyiamine
{DIPEA) (0.39 ml, 2.4 mimol) wus added, After I h he mixture was diluted with water,

30 oxiracted into EtOAc (3x). The combined organic phases were dried (Na;SQs) and

23N Oy

concenirated to 57-H. LOMS-ESY (ma) [MHF calculated for oyl

539 .4R%; found: 560.24.

129
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Step.8

Compound $7-H (150 mg. £.27 mmol} was dissolved in FEA (2 mb),
stirred at room temperatare for 10 min, and the solution was concentrated. The residue
was purified by reverse phase HPLC (Gemini. 18 0 60% ACNH0 + 0.1% TFA), ©
afford compound 87 (85 mg, 67.5%). LCMS-ESIT (mud): [M+H] caleclated for
CoyHeF N0y 469.36; found: 470.229. "H-NMR (400 MHz, DMSO-ds} 6 10.41 (1, /=
5.6 Hz THY. 820 (s, THY, 7.32 {47~ £.7 Hz, 2H), 479 (s. THj 4,48 (m, 3HD), 4.10 (m
21, 3.02 ¢d. = 5.7 He, 1), 2.33 (my BED, 2.22 - 1.97 (m, 20, ERS (4,7 = TLA Hz,
1H), 1.21 (s, 1H). PF NMR (376 MHz, DMSO-dg) § -63.88 . -71.77 , -74.09 . -R&.33

(dd, J = 222.6. 23,8 Fiz), <109.15 — -109.60 {m), -110.04 , -112.44 (1.7 = 7.6 Hz),

Example 58
Preparation of Compound 58
(IR 4R, 12aR)-N~3-chloro-2 4-difinorabenzyl)-2,2-difluore-7-hydroxy-6,8-dioxo-
1,2,.3.4,6.8,12.12a-octahydro-1 4-methanodipyridof 1.2-a: 1, 2-djpyrazine-0-

carboxamide

; & p
Fd H 4 Fz( ” 2
4 J ‘! I A \E ) - A
= F ] o A SN \\'/LN/\ . O
AN A A A X L L L2
4 \“/ \T © //H i i
O OBn —_ O O8n 55-A
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A suspension of the crude sosidue 57-G (120 mg). 3-chiore,2.4-

difluorobenzylamine (67 mg, 038 mmol) and HATU {175 mg, 0.46 mmol} in

(¥4}

dichleromethane (3 ml) was stirred al room temperature as N,N-diisopropylethyiamine

{DIPEA} (0.38 ml, €28 mumol) wus sadded. After | I the mixture was diluted with

water, extracted into EtOAc (3x) the combined organic phases were dried (Na,SO4) and

concontrated  to yield  38-A. LOMS-ESY G4y IMSHT calevlated  for
5

Cosl O NO: 37

Step 2
Compound 38-A (166 mp) was dissolved in TFA (2 mL), stirred at room
temperature for 10 min, and the solution: was concentrated. The residus was purified by
reverse phase HPLC {Germini, 15 to 70% ACN/HLO + 0.1% TFA). to afford compound
587 {60 mg, 42.8%). LOMS-ESE (m/Zzp: IMAHT calculated for CpMsCIRaNOy-
485.82; found: 486.135, "H-NMR (400 M., DMSO-d6) 6 10.77 (i, T = 6.0 Hz, iH),
777 (s, U, 728 (v, 2HY, 477 (s, 1), 4.64 — 4,40 (mn, 2HD), 4.27 (4, J = 9.1 iz, HED),
393 {m, 2H), 29544, F = 5.8 Hao 1H), 2,31 5, 1HD), 2,42 « 2,17 (m, 1H), 2,14 ~ 1.89
(m, ZH), 177 (m, THy FNMR (376 MHz, DMSO-ds} 3 -87.63 , -88.23 | 10867, -

24 F09.27 11642 (. J =70 [z, - 11848 (d, J = 7.4 Uz

Example 59
Prcparation of Compound 59
{IR,2R.4R,1 ZaR.)-2~ﬂ'um‘(»7~hydmxy~6,8-dioxo—N~(2.4.()—m'ﬂuorobenzyi)—
1,2,3,4.6 8.12.1 2a-octahydro-] 4-methanedipyridol 1,2-a1 " 2 -dpyrazinc-9-

., :
2 carboxamide
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A solution of 87-B (1.9 g, 7.06 mmol) in mcthanol (33 mb) was stirred

f=24 3

at 0 °C as sodium borchydride (667 myz, 17.64 mmel) was added portionwise and the

'A

resulting mixiure was stisred at goom temperature for 30 min. The reacton mixture was
cooled in an ice bath. quenched by addition of water and concentrated. The residuc was
partitioned betwesn water and EtQAe, The agueous layar was re-extracted with EtOAe
and the combined orgenic layers were dried (Na;SO.,) and concenirated The residue was
10 purificd by silica column chromatography (30-60% EtQAc/hexancs) to afford 5%-A
{1.49 g). H-NMR {400 MHz. chioroform-/} & 4.57 (s, 1H), .52 — 442 (m, 2H), 4.28
(s, 1H). 4.14 (s, 1H), 3.72 (4, I = 2.1 Hz, 3H), 2.74 (s, |H), 2.08 — 1.87 (m, 2H), 1.43
¢d, b= 221 Hz, 10H) and 57-A (96 mg): "H-NMR (400 Mbz. chilovoform-d) & 4.85 —
4.40 (., 2H), 4.34 — 4.02 (m. 1H), 3.73 (. J 2.3 Hz, 3H), 274 1, 1~ 5.3 He, 1H),
15 2.2 -1.55(m, 31}, 1.52 - 1.i& (m. THH).

....
»}

Step 2
To a solution of 88-A (686 myg, 2.33 mmol) in N,N-dimethytformamide
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{5 mly way added tere-butyichlorodiphenylsifane (0.723 mi., 2.78 mmol) and imidazoie
{316 myg. 7.536 wwmol). After 18 h, the mixture was diluted with water, extracted into
Et3AC (2xh and the organic fractions weore combined. dricd (NaySQs), and
concentrated. The residue was purified by sitica column chromatography (10-209%
BtOAc/hexanes) to afford 59-C. LOMS-ESE On4): [M+H]  caleuiated  for
CoplaeNO:SL 309,71 found: 510.793.

[

Step 3
A solution of 89-C (123 ¢. 2.4 minol) in THE (13 mi) was stirred in an
{0 ice bath as 2.0 M LiBH, in THF (2.42ml., 484 mmol)) was added and the resulting
pHKture was stivred at room temperature for 18 b After the reaction mixture was diluted
with cthyl acetate water was added slowly, two phases were separated, and the
sepavated aqueous fraction was extracted with cthyl acctate. The two organic fractions
were washed with water, combined. dricd (Na;SO4). and concenirated, The residuc was
'3 purified by silica cotumn chrvomatography (20-40% EtQAchoxanesy fo afford 39-

LOMS-EST () [IM+H] calewated for CagHl:oNOLSE: 481.7; Tound: 482,741

Step d
A mixture of 39-D (963 mg, 2.0 mmel}, phthalimide {8%2 mg, 3.28
2 mmol) and tiphenyiphosphine (118 g, 4,49 ramoly in THEF (50 mi) was cooled in an ice

ba

Diisopropyl azodicarboxylate, 93% {(0.89 mL, 4.52 mmol} was added. The
mixture was then warmed up o room temperature and stirred for 20 h. Afier, the
reaction roixture was concontrated and the rosidue dissolved in ether, cooled in an ice
bath and stirred for 1.5 ho After, the solids wore filtered off and the filoate was

25 concentrated. The residuc was purified by silica column chromatography (10-30%,
EtQOAc/hexanes)
valculated for CigHy:NoGsS1: 610.81; found: 611,935,

to atford the phthalimide adduct. LOMS-ESE" (na) [M+i)

A solutien of the phthalimide adduct (1.2 g, 1.97 mmol) and hydrazine

hydrate (0.4 mi, 8.03 mmol) in ethanol (12 ml) was stirred at 70 °C for 2h The reaction

31,4

mixture was cooled in an ice bath and cthor (10 mi) was added, the mixture was stirred

[F%]

for 3G min. The salid formed was filterod off and the filtrate was concentrated under

vacuwin {0 diyness o alford 5%-E. LOMS-ESY (/) [M+H]  caleulated tor

=
L3
i
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CoHageN2ORS1 484,71, found: 481,356,

Step §
A mixture of crude S$9-E {770 myg, 1.60 mmol), compound 38-F

5 {Exampie 38) (855 mg. .60 mmol) and NaHCO; (269 mg, 3.20 mmol} m water {12

aL) and EtOH (12 mL) was stired for 20 k. The reaction mixture was concontrated
under vacuum and the residuc was partitioned between water and EtOAc. The aqucous
layer was re-extracied with EtOAc and the combined organic layers were dried
{N&:S{Ug) and concentrated.

10 The residue (1.29 @) was dissolved in CH:ClL (4 mL) and 4N HCL in
dioxane (15.6 mL) wes added. Aficr 1.5 hours the mixture was concentrated o dryness,
co-evaporaied with toluene and dried in vacuum, LOCMS-ESIT (mzy [M+HY
calculated for €y HagN-0581: 704.81; found: 709.782.

The crude residuc (1.09 mg) and DBU (1.17 ml 7.8 mmal) in toluenc

15 {20 mi) was stirred st 110 °C. After 35 min the mixie was concentrated and the
residue was purified by silica eolumn chromatography (3-15% MeOH/E QALY to alford

RO.F. LOCMS-ESIY (ws) [MH] calculated for CiFapNzOgSii 662.85; found:

~yry

20 Step 6
A mixture of $9-F (680 mg, 1.03 mmol} in MeQH (10 ml) and THF {10
mi} was stirred at room temperature as [ M KOH (5.42 mi) was added. After 30 min the
reacton mixture was ueuttalized with 1N HC, extacted into EtOAc (2x) and the
combined organic extracts were dried (Nap8Q4) and concentrated. LCMS-ESI (mi)
25 {M+H] calcuiated for CatHsNoO6St: 634.79; found: 635.466.
A suspension of the crude residue (650 mg), 2.4.0-wifluorobenzylamine
{214 my, 1.33 mmol) and HATU (623 myg, 1.64 mmol) in dichioromethane (6 mib) was
siirred 2t room temperature as N.N-diisopropylethylamine (BIPEA) (1.34 ml. 7.68
mmol) was added. After 2 h, the mixture was diluied with water, extracted into EtQAc
30 {3x) vad the combined organic phascs were dricd {(NasSO4). concentrated and the
residue was purified by silica column chromatography (50-75% EtOAc/hexancs) to

afford 59-G. LOMS-ESY (m/z): IM+H] caleutated for Cyalda:F3N2OGsSE: 777.9; found:
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A selation of $8-05 (64% mg, (.83 mmol } in THF (10 mi) was stirred in

an ice bath as 1.0 M teoabutylammonium fuoride in THF (0.83 mi) was added
dropwise and the resulting mixture was stivred at room temperature for 30 min.
Additional 1.0 M tetraburylamumonium fluoride in THF (0.1 miy was added dropwise.
After 30 minutes. the reaction mixture was cencentrated under vacuum and the residuc
was diluted with E1OAc. washed with water, dried (Na:SQs), concentruied and the
residue was purificd by silica cohmn ehromatography (5% McOM/EIOAC) A solution
of the residue (290 mg, 0.534 mmol) in dichloromethunc {3 mwas cooled to -78°C s
dicthylaminosulfur trifluoride (0.09 mL, 0.65 mmol) was added dropwise and the
reaction was warmed to room temperatuire and stirred for 2.5 h. The reaction was cooled
in an ice bath, quenched with ssturated NeHCO:, two phases were separated, and the
separated agueous fraction was extracied with CHoCly, The two organic fractions were
combived. dried (NaxSO4), and concentraied. The residue was purified by silica cohrnn
chromatography (1% MeOH/E0OAC) 1o afford S9-H. LOME-ESY (ma) [M+H]

calcuiated for Cod: FANQy: 341.49; found: 342.320.

Compound §9-H (103 mg, 0.1 mmol} was dissctved in TFA (1.4 mL)
at room femperature for 15 min, and the solution was concentrared. The residue was
suspended in DMF, filtered off, and the precipitated product was washed with water,
dricd under vacuum to afford compound 38, LCMS-ESL (/) [M+H] caleulated for
CoHpFaNLOyr 45137, found: 432.226. '"H-NMR (400 MHz, DMSQ-d6) & 11,53 (s
), 1035 (4, 5 = 5.8 Hz, 1H), 834 (s. 1y, 708 {6, § = 8.6 He, 2HY, 515 - 448 (m.
YHY 473 (d, 7 =33 Bz, 1H), 4.49 (m, 3H), 4.04 (1.3 = 124 Hz, 1H). 3.65 (dd. J = 12.4,
3.7 Hz, tH), 2,95 - 2.76 (m. 1H), 2.26 - 2.03 {m. 1H), 1.96 - 1.64 (m, 3H). *F-NMR
{376 MHz, DMSG-d) 6 -73.93 , -74.74 (d, J = 28.8 Hz), -109.31 {m), -112.51 (my, -

165035 (m).
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Example 68

Preparation of Compound 68

(1R, 48,1 2aR 3-N~(2 3-dichlorobonzyl3-7-hydroxy-0,8-dioxe-1,2,3.4.6,8.12.1 Za-

octahydro-1,d4-methanodipyride] . 2-a:1%,2"-d]pyrazine-9-carboxamide

5
G Gl
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G s)Me o OH
60-C &8¢
i0
Step !

To a solution of dimethyi 3-miethoxy-4-oxo-4H-pyran-2,5-dicarboxylate

{5.5 g, 23 mamol) in McOH (100 mL) was added 43-E (Example 41) (5 g. 22 mmol) and
sodium hicathonate (3.6 g, 43 morno!). The solution was stirred at room temperature o1
h3 1.5 h. 4M HCi {in dioxane, 55 ml., 221 mmol) was added and the solulion was heated

136
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10 50 7C for 2h. The resction was cooled o room temperature and concentrated in
vacuo. The rexulting oil was disselved in sedium bicarbonate and washed with EtQAc.
The aqueous laycrs were then extracted with CHACh (4x). The combined CHLCl,
extractions were dried over NaxSOu and concentrated 1o prmﬂde 60-A. LCMS-ESY
{mzy [M+HY caleulated for O H NG 319.13; found: 3192

[’
&

=

To a suspension of 60-A (3.7 2. 11.6 mmol) in MeOH (12 mbL) and THF

{23 ml) was added aqueous KOH (M, 15.7 L. 314 mumols. The resulting solution
10 was stisred at room temperatare for 10 min. Volatiles were removed i vacio, and the
resulting agucous luyer was ucidified with IN HCL The resulting white solid was
filtered, washed with water, and dried i vacio © provide 66-8. 'H-NMR (400 MHz,
Chioroform-d) & 8.36 (s, 1H), 5.01 (d. 3= 2.7 Hz, IH). 4.12 (s. 4H), 390 (r. T = 12.2
Hz  1H) 378 (dd. J = 12,1, 3.1 Hz, iH}, 2.69 (5. 1HY. 195 - 171 (m. 4H), 1.70 - 1.54

F5 0 dm, 2D, LOMS-ESE (/7)) IMHHT calcutated for CieifoN:Os: 3051 . found:
SOS.18
Step 3

To a solution of 68-B (0.10 2. 0.33 mmol} in CHCl; (3.5 mL) was
20 adgded (2 3-dichiorophenylymethanaming (012 g (.70 mmel), FTATL (G.25 g, 0.66
mmol}, and N,N-diisepropyiethyjamine (DIFEA) (.29 mL, 1.64 mmol). The resuiting
solution was stirred at room temperature until jodged complete by LO/MS.  The
reaction mixtwre was diluted with CH,Cly and washed with IN HCLL The aqucous layer

was back-extracied with CHzCly. and the combined organic layers were dried over

25 NapS0y and cencentrated in vacwro. The crude mateorial was disseived in hot DMF and
allowed to precipitate upon coolivg.  Filtration provided 68-C. LOMS-ESIH (mo)
{M+H]T calculated for CroHypClNaOy4: 462.10: found: 462.14.

Step A

30 To a shurry of 68-C (0.11 g, 0.24 mmoll in accronitrile (4.5 mbL), was
added magnesium bromide (3.089 g, 048 mmal). Tho reaction mixtare was heated to
45 °C for 2.5 b and then cooled w room temperature.  The sivery was diluted with

137
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CH:Cly and washed with IN HCH and brine. The aqueous fayers were back-extracted

with CH:CL {2x) and the combined organic layers were dried over Na.SO. and

concentrated in vaco.

The crude solid was triturated with mothano! and filtered to

provide 68, H-NMIR (400 Mz, DMSO-d6) 6 11.72 (s, 1), 10.50 ¢, 1H, 834 (s,

W

PH). 7.55 (dd, 1H), 7.40 -

7.24 (m, 2HY 4.67 {5, 1HY 4.61 (<, 2H), 4.45 (dd, 1H), 3.95

f, 1H), 3.84 — 3.73 (m, 1H), 1.86 — 1.67 (i, 3H), 1.66 — 1.40 (m., 4H). LCMS-ESI’

{2y [M+H] caleulated for CyHypClLN: Oy 448.08; found: 448 18,

19 (IRAS.]

i

Cipla v. Gilead

Example 61

Preparation of Compound 61

2a$)-N-{3-chloro-2 4-di fluorobenzyl)-7-hydroxy-6.8-dioxe-1,2.3,4.6.8,12,1 2a-

octahydro-1.4-methanodipyridof 1,2-a: 1", 2'-d]pyrazine-9-carboxamide

3 £
H ! }
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61 was prepared analogously to Example 60, substituting (18,35.4R)-

tert-butyl  3-{aminomethyl)-2-azabicycle{2.2. 1 lhepiane-2-carboxylate (prepared  in

5 bxampic 55) for 41-E, and (3-chloro-2 4-diflusrophenylymethanamine for (2.3-
dichﬁorophenyi)methanamine. TH-NMR (400 MHz, DMSQO-do) & 11.85 (s, 1H), 10.45
H), 8.40 (s. [H). 7.37 (td, LH). 7.27 {ed, 14), 4.63 - 4.46 {m, 4H), $.17 (¢, 1H)}, 4.04
idy, TH), 176 (4, | 173 - 1.54 (m, SH). LCMS-ESE (n) [M U] calcolated for
CoHpCLFN2O4: 450.10; found: 45015,
L} Example 62
Preparation of Compound 62
(2R, 38, 13aR)-N-(4-flunro-2-(trifluoramcthylybenry -8-hydiosy-7,9-dioxo-
2,3,4,5,7.9,13. 13a-octabydro-2, 5-metha nopyrido[ 11,244, 5 pyrazino[2, I -
bif1,3]oxazepine-10-carboxamide
15
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r\:é/ F
SR

Cornpound 62 was prepared in a similar taanner o compound 42 uxing
5 {4-fluoro-2-(triflucromethylphenylmaerhanamine in place of (2.4,6-
wrifulorophenylphenyl ruethanamine.  TH-NMR (400 Mz, Chloroform-d) 6 10.50 (s,
PEEY, .38 (s, UMDY, 7.57 (dd, THY, 736 (dd, VHD, 780 Qd, 1HD, 5.40 - 528 (i, 2H). 4.79
{, 211), 4.69 (s. 114), 4.25 {dd, 11, 4.03 (dd, 1H), 2.17 - 1.98 {m, 4l1), 1.96 - 1.84 {m,
THD, 1.61 idt, TH) LOMS-ESY (mzy [MHHT calculated for CxpHzaFaNaGy: 4R2.13;

10 tound: 4R2.1435,

Exampie 63
Preparation of Compound 63

(2R 55,13aR )-N-{2-chloro-4-fluorobenzyi)-R-hydroxy-7.9-dioxo-2.3,4.5.7.9,1 3,1 3a~

octahydro-2, S-methanopyrido] 17,274, 5)pyrazine{2.1-6][ 1,3 Joxazepine-10-carboxamide

5
ge) ¥ PN J(f\ e ff\l
G ssapel
S S S
o  OH
63
Compound 63 was prepared in a similar manner to compound 42 vsing
24 {2-chloro-4-fluorophenylyvethanaming in place of (2.4,6-

irifulorophenyiphenyl rnethanamine. YH-NMR (400 MHz, Chloroform-d) & 10.48 (s,
THY, 845 (s, 1), 7.39 (dd, 1H), 7.12 (dd, 1H), 6.93 (td, tH). 537 (d, THD. 531 (¢, 1H),
468 (s, 3H), 4.29 (d, 1H), 4.04 (1, [H). 2.21 - 2.01 (m, 4H), 1.97 - .82 {m, [H) 1.67 -
156 (m, . LOMS-ESE (m/42): {MHEH] calculated for CuMaeCiN:Os: 448.10;

found: 448,143,

]
w

140
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fxample 64
Preparation of Compound 64

{2R,58,13aR)-8-hydrony-7 9-dioxe-N-(2.4,5-triftuorobonzyi-2.2
octahydro-2.5-methanopyrido] 1,244,5 fpyrazino}2, 1-bl} 1 3joxazepine- | 0-carboxamide

° O
\E{/\N R /’\»\1 \L
e L
AT T
64
Compound 64 was prepared in a similar manner 1o cormpound 42 using
10 24 5-trithucrophenyi ymethanamine in nlace of {2.4.6-
irifuloropbenyiphenyhmethanamine.  'H-NMR {400 MHz, Chlorofor-d) & 10.42
HH), 842 (s, 1H), 7.19 (ddd, 1H), 6.91 (1d, TH), 3.38 {dd, 1H), 3.31 (t, 1H), 4.69 (5.
TH), 4.61 (d, 2H). 4.29 (dd, TH), 4.05 (&4, TH), 2,18 - 2.02 (m. 4H), 1.96 - 1.84 (m.
1H), 1.66 ~ 1.56 (m, 1H). LOMS-ESE' (uis): {_]\/H-E-{]' caleulated for €y H i FaN<Os:
i5  450.12: found: 450.1i9.

Example 65

Preparation of Compound 63
{2ZR.58.13aR)-N-(3-chloro-2 4-difluorobenzy!}-8-hydroxy-7.9-dioxo-2.3,4.5,7.9. 1 3.1 3a-
2':4, S pyrazino|2, [-b}[ 1,3 Joxazcpine- 1G-carboxamide

octahydre-2,S-methanopyridoi 1.2

Y
. 9
(‘34/'\[\'/‘\\ /U\N,/\ ,J\i
' Py L 5|
SN T
¢ Cl

O OH

Compound 65 was prepared in a similar marmer 10 compound 42 using
of {2,4.6-

{5-chiovo-2,4-diffuorophenylymethanaming
H-NMR (400 MHz, Chloroform-d) § 10.47 (t.

25 in place
irifulorophenylphenymethanamine.

141}
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TH), 841 (s, TH), 7.40 (dd, 1H), 6.90 &, 1H) 5.37 (dd, 1H), 3.31 (4, i), 4.69 (s, 1H),

4.62 (¢, 24, 4.28 (¢, 1H), 4.04 (dd, 1H), 2.17
LOMS-ESE Gy [M=HT caleulated for CoHieClFaN:Gs: 466.09. found:

- 2.02 (m, 4H), 1.94 - 1.86 (v, 1H). 161

{df, 1H).
466.107.

Example 66
Preparation of Compound 68
(1RA4S, 122R-N-(3.4-difluorobenzyi)-7-hydroxy-6.8-dioxo-1.2,3.4.6,.8,12.3 2a-

aotahydro-1 4-rnethanodipyridol §.2~a: U, 2-¢]pyrazine-9-carboxamnide
B ik :7 L > )

Compound 66 was prepared in a similar manner to compound 68 uvsing
(3 4-diflunrophenylymethanamine in place of (2,3-dicklorophenyiymethanumine. 'H-
NMR (400 MHz, Chioroform-«) & i0.59 {s, iH), 7.24 - 706 {im, 2H). 7.14 - 7.04 (m
MY, 401 (s, 1H), 458 (d, 3H), 3.94 - 3.82 (m, 1H), 3.79(d, IH), 1.99 - 1.81 (m, 4H)
176 (4, 1), 170 ~ 160G (m, 3H)  LCMS-ESE' (mz) [M+H] calculated for
Co HoeFaN:04: 41613 found: 416,415,

Example 67
20 Preparation of Compound 67
(IR 4S,12aR)-N-(4-fluore-2-{nitiuoromethybenzyl)~7-hydroxy-6,.8-dioxo-

1,2,3,4,6,8.12,12a-octahydro-1,4.methanodipyridof ,2-a: 1.2 -dpyrazine-9-

carboxamide

[N
W

142
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6-.
i
H

Compound 67 was prepared in a similar manner to compound 66 using

{4-fluora-2-(triffuoromethyphenyiymethanarnine m place of (2,3-
5 dichlorophenylimethanamine. "H-MMR (400 MHz, Chloroform-dy & 11.72 {s. 1H),
Q55 (s, 1H)Y, 829 (s, 1H}, 7.61 (s, [HDY. 7.36{dd, 1H), 7.18 (td. 1HD), 4.91 (s, 1H}. 4.80
(d. 3H), 411 ¢s, 1H), 199 — 180 (m. 4H), 1.76 (d. 1H), 1.71 — .47 (m. 3H). LCMS-
ESE Ondoy [MHHY cateulated for CopHoFaNaQg: 466.13: found: 466.297.
Exawmple 68
10 Preparation of Compound 68
(1R.45,12aR)-N-{ 2~chloro-4-fluorobenzy)- 7-hydroxy-6,8-dioxo-1,2,3.4,6,%,12. 1 2a-
octahydro-1.4-methanodipyridof1.2-a:1".2-d]pyrazine-S-carboxamide
v 9 7
I U Ve
KNP P i {\F
(;:i) EH
13 68

Compound 68 was prepared in o siilar manner (o compound 64 using
{2-chloro-4-flnorophenyhimethanamine in place of (2.3-dichloraphenyi)methanamine,
TH-NMR (400 MHz, Chioroform-«) & 11.68 {s, 1H), 18.32 {s. 1H). 8.27 (s. i1H), 7.44

20 737 um, EH) 7.0 {dd, TH), 6.93 {td, [H) 4.90 (s, 1H), 4.68 (d. 2H). 4.16 ~ 4.01 (m.
HH), 3RE - 370 (m, 2HY 2.00 - 179 (m, 4H), 1.75 {(d, TH), 1.70 ~ 1.57 (m. 2H).
LOMS-ESI (m/z): [M+HT caleulated for O, HagCIFN; Oy 432,10, found: 432,214,

Example 69

Preparation of Compound 69

]
o

TR.45.12aR)-N-(3-chloro-2 4-diflucrobenzyl)-7-hydroxy-6.8-dioxo-1,2.3.4 6.8,12.1 2a-
¥

octahydro-1,4-methanodipyridol1,2-a:1' 2-d]pyrazine-O-carboxamide
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69

Ly

1

Compound 68 was prepared in a similar manner to compound 68 using
in place of {23~

3-chiors-2 4-diffuorophenylimethanamine
dllz, Chloreform-dy ¢ 11.71 (s Lil),

5
dichlorophenyhimcthanamine. HI-NMR (400 3
1048 (s, T1H). 8.26 (s, 1H). 7.27 (5, 1H), 6.92 (td, 1H), 4.90 (5, 1H), 4.66 (d. 283 4.08
{6, THD, 3,98 — 3.69 (m, 2H), 2.01 — 1.79 (m. 3H), 175 (& TH)y 171 - 144 {m, 2H).
LCMS-EST Un/z): [M+H] calculated for oy HoCIF,NAGs: 450.10; found: 450.27,
3¢ Example 70
Preparation of Compound 78
(1R.48,12aR-N-(2-fluorp-3-methyibenzyl)-7-hydroxy-0,8-diexe-1.2,3,4.6,8, 12,1 2z~
octahydro-1,4.methenodipyridelt,2-a:1".2-d]pyrazine-%-carboxamide
PPN P
S SRR
;/N\ﬁ/K\F/\.O ~F
13 G O
70

Compourd 78 was prepared in a similar manner to compound 66 using
(2-fluoro-3-rocthylphonyDmethanamine in place of (2,3-dichlorophenymethanarmne.

2
20 M-NMR (400 MMz, Chloroform-d) 8 11.62 (5. 1H), 10.39 (s, 1H, 830 (s, TH) 7.19(,
1H), 7.07 (1, 1H), 6.96 (5, 1H), 4.89 (d. 1H), 4.67 (d, 2H), 4.08 {s, 1H), 3.88 - 3.67 (m.
2H), 2.26(d, 3H), 1.97 - £.79 {m, 3H), 1.78 - 1.39 {m, 3H). LCMS-ESE {(m/z) [MAH+HT
calculated for CoaHaaFN;Qu: 412.16; found: 412.26.

144
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fixample 71

Preparation of Compound 71
{1R.48,12aR)-N-{3 6-dichloro-2-fluorobenzy)-7-bydroxy-6,%-diox0-1,2,3,4,6,8, 12,12

W&,12,10a-

octahydro-1,4-methanodipyridel 1,2

-a:1'.2-d]pyrazine-9-carboxamide
5
O F
3 PN Ao
AINI N R e
AUy
\/1’\,\‘/ \Q(/ X o "
i
o] OH
73

Compound 71 was prepared in a similar manner 1o compound 6§ using

16 {3.6-dichloro-2-fuorophenylimethanamine in place of {Z.3-
dichiorepbenylmcthanamine,  'H-NMR (400 MHz, Chloreform-d) 8 11.62 {s. 1Eh.
10.47 (1, 1H), 829 (s, 1H), 7.13 (dd, 1H), 4.88 (s, IH), 4.85 - 4.73 (m, 2H). 4.09 (4.
PH), 3.88 - 3.68 (m. 2H}, 1.99 - 1.55 (im, SH). LCMS-EST () [M+H] calculated
for CoiH o CLEFN:Qy: 466.07; found: 466.257.
i5 Example 72
Preparation of Compound 72
{1R,45,12aR}-N-(3-chlorobenzyi-7-hydroxy-6,8-diox0-1,2,3.4,6,8.12 ~octahydro-
1.4-methanodipyridof1,2-a:1".2" -d]pyrazine-9-carboxamide
N Cl
aseane
2L N\r/\\\j
20

{i
O

Cornpound 72 was prepared in a sintilar manner to compound 68 using
(3-chlorephenylimethanaminge in place of (2. 3-dichlorophenyimethanarmine. "H-NMR
{400 MiHz, DMSO-d6) 3 11.75 (s, 1H,

N
Vi

10.44 {1, 1H), 8.38 (s, 1H}, 7.42 - 7.22 (m, 4H),
4.68 (s, 1H), 4.54 (d, 2H). 4.48 (dd. TH). 3.97 ¢, 1H). 3.8 (dd, 1H), 2.58 (s, 19), |

145
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1.69 (ra. 3HD) 168 - £.51 {m. 2F), 1.46 dd. 1HD). LEMS-ESE (n/n [ MeH| cajouluted
for Co 3o CINGOy: 41411 found: 414 .2 1.

Esample 73
Preparation of Compound 73
5 {IR,48.12uR)-N-(3-ckloro-2 6-difluorobenzyl)-7-hydroxy-6,8-dioxoe-1,2,3,4,6.8,12. 1 2u-

octahvidro-1,4-methanodipyridof |.2-a:1".2-dJpyrazine-2-carboxamide

0 F

i;

)"’\N/\ Xy w |
H j,l\/

o F

Compound 73 was prepared in a similar manner o compound 68 using
{3-chlore-2.6-diflucrophenymethanamine in place of (2.3~
dichlorophenyiymcthanamine. HHONMR (400 MEz, DMSO-d6) 6 11.71 (8, 1H), 1046
¢, PH) ®.34 (s, TH), 7.60 (1d, 1HY 7.09 (td, TH), 4.67 (s, 1H), 4.62 (d, 2H}, 4.44 {dd,
TEE), 3.95 ¢, TH). 3.78 (dd, 111, 2.57 (s, 111). 1.86 - 1.68 (m, 3H). 1.67 - 1.40 (m, 211},
145 (6, 1H), LOMS-ESE (m2zy (M calealated for O HeCHFNO 430.10:
found: 450.16.

Example 74
Preparation of Compound 74
(IR 48, 12aR3-N-(2-Tuaro-3-{triluoromethyDbenzy D-7-hydroxy-6,8-diexo-
1,2,3,4,6,8,12,1 2a-octabydro-1 d-methanodipyridof §,2-a:1",2"-d Jpyrazine-9-

carboxamude

N

U
~1
£

146
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Compound 74 was prepered i a similar manner to compound 68 using
{2-floore-3-(Iriffuyororncthy Dphenyiymethanamine in place of (2,3~
dichiorophenylymethanamine, *H-NMR (400 Mliz, DMSO-d63 6 11.76 (s, 1H), 10.48

5 (L IHD, 836 (s;. PHY. 7.68 {q. 2H), 73R8 (1, tH; 4.68 (s, [H}. 4.65 (d. 2H), 4.47 (dd, 1H),
3.96 (1, 1H) 3.80 (dd, 1H), 2.57 (s, 1HD, L.8& - 1.69 (n1, 3H), 1.67 - 1.50 (m, 2H), 1 .45
{d, 1H). LOCMS-ESI {mz) [M+H] caleulated for CoaHpFaN.Ca 46613 found:
466,142

Exampie 78
g Preparation of Compound 78
(1R.48,12aR )-N{ 3-chioro-4-fluorobenzyli-7-hydroxy-6,5-dioxo-1,2,3.4,6,8,12.1 2a-

octahydro-1.4-methanodipyridof ! 2-a:1'.2-d]pyrazine-9-carboxamide
¥ ii2)

/’\p N l \ ’\[1/\1

o OH

“F

v
-~}
n

Compound 78 was prepared in o simnilar manner 1o compound 60 using
(3-chloro-4-flucrophenylymethanamine in place of (23-dichloraphenyymethanamine.

"H-NMR (400 MHz, DMSO- d6)y 8 11.75 (s, k), 10.43 (t. 1#), 8.38 (s, 1H). 7.51 (dd.

20 IH), 742 - 728 (m, 2H), 4.68 (s, 1H), 4.51 {d, 2H), 4.47 (dd, THY. 3.97 (1, iH). 3.80
fdd, HH), 258 {0 §ED), 1.86 - 168 fmu 3H)L §.6% - 1.52 (m, 2H), 146 (4, )., LOCMS-
EST (m/z): [M +HT caleulated for CoyHoo CIFNLO,: 432,10, found: 432,159,
Example 76
Prepagation of Compound 76
25 (IR.45,12aR)-N-({3.5-difluoropyridin-2-y)methy-7-hydroxy-6,4-dioxo-

1.2.3,4.68,12,12a-pctahydro-1 4-metha nodipysidof 1.2-a:} S2-dipyruzine-9-

carboxamide

147

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
896 of 1915



PCT/US2013/076367

WO 2014/100323
G

/\1/~ R \/ﬂ\ﬁ/\\f )\\\
O OH
76

prepared in a similar manner to compound 68 using

Compound 76 was
3,5-difluoropyridin-2-yimethanamine in place of (2.3-dicklorophenyimethanamne
th, 7.20

- 3.75 (m, 2H).

5
HE-NMR (400 Mliz, Chloroform-d) & 10.80 (s, 1H). 8.&1 {s, 111, 8.33 (d,
IH), 3.48 (s, 2H). 1.95
LCMS-EST (i) [MH+H]

td, 1H). 4.90 (s. 1H), 4.82 (s, 28, 428 (&, 1H), 3.92
- 1.80 (m, 3H), 1.77 {d. 1FD, 1.71 — 1.58 (m, 2H).
5N4Ou: 417.13: found: 417,389,

calculated for CroHliFoN
10 Exampie 77
Preparation of Compouud 77
{1R.48,12aR)-F-hydroxy-6,8-dioxo-N-{{R}-1-(2 4,6-trifluorsphenyDethy -
1.2.3,4.6.8,12,12a-0ctahydro-1.4-methanodipyridof 1 2-a: 1,2 d]pyrazinc-9-

|

carboxamide
i
H o} 0 z E
/\= L/’\\N,/ ‘}\-/ \. -~ \V/&i
\/\ N l% i H
v \rl/ \r/\o F_/ Ty £
H g5 ow
g
o o : F
B i F *.'_.‘ H i 1
(7“‘}/\”/ =3 /i\OH A HATL =L~ N’\/Aﬁ/\vf\
A i HyN iz e / i i f ,L\ ;
Dy S 4 P N
: . TF H !
H (’) GBi o] OGBn
7TA e
b O oy
FA T i J
=SS Q; /\".‘/\*r’[\!\g”‘ N
—h )“ : ]% A
//" N\!/ L o) e
Hos  on
ke
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& 50-mlL round bottow flask was charged with 77-A (0,15 g, 9.39
mmob.,  (K)-i24.6-rifluorophenyljethanamine (014 g, 078 mmol),  N,N-
diisopropyiethylamine (DIPEA)Y (0.25 ¢, 1.97 mmol) and HATU (9.29 . 0.79 mmol) in

5 DOM (10 mb). The reaction mixture was stirred at room temperature for 1 h. The
reaction mixture was concentrated down, re-dissolved in EtOAc (30 mbL), washed with

saturated NaHCOs (2x), saturated NHCl and dricd over Na,SO.. After concentration,

the crude was purificd by column chromatography on sitica gel with hexane-FrOAc w0

obtain 77-B as a white soHd. LOMS-ESE Gy MAIH] found: 338,

Sep2
A 30-mL round bottom flask was charged with 77-8B (0.20 2. .37 mmol)
in TFA (2 mL). The rcaction niixture was stirred at room ternperature for 30 min. The
solution was concentrated and the residuc was purified by flush chromatography vsing
5 FrOAc-20% MeOH in EtQAc as eluents to afford compound 77, HH-NMR (400 Mz,
Chioroform-d) 6 10.67 (d, J - 8.2 He, 1HY, 822 (5, TH). 6.61 (1. ) = R4 Hy, 2H). S.80
{dd, 3= 8.1, 6.9 Hz, 1H), 4.85 (¢, 1F), 382 (1, 1 = 122 Hy, 1), 3.71 {dd, 1 = 12.4, 3.4
Hz, 1H), 2.73 - 2.35 (m, 3H), 197 - 1.57 (m, 9H). VR-NMR (376 MHz. Chicroform-d;
3 -109.65 - -H11.29 (o), <110.76 - -113.09 (m). LOMS-EST (m/zy {M+H] found:

24 448,
Example 78
Proparation of Compound 78
(2R,13aR}-8-hydroxy-7.9-dioxe-N-({R)- i (2.4 6-trifluorophenylethyl -
2,3.4.5,7,9.12,13a-octahydro-2 5-methanopyrido] 1,24, Sipyrazino| 2.1 -
25 bi{1.3Joxazepine- | 9-carhoxamide

149
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o} o s F
I i % I WSl row
NAOJ N N s Iy HATU /\=/1'l\!,//\-\g\’/-\\1\,/[\“/\\,;\>
5 = Mg I G E G o
y ""N\ﬂ/*\ g g Nyt TN e g
& Ol 0 O
78-4 7B

Step ]

A 50-mL reend bottom flask was charged with 78&A (030 g, 0.94
mmel),  (R)-1-(2.4,6-triflucrophenyl)  cthenamine (0.39 g, L&7 mmol), N.N-
dilsopropylethytamine (DIPEAY (9.61 g, 4.87 mmoD) and HATU (0.71 g, 1.87 mmob in
DOM (10 ml). The reaction mivture was stired al room fomperature for 1 hour, The
reaction mixture was concentrated down, re-dissolved in EtGAc (50 mL). washed with
saturated NaHOOx (2x), saturated NHLCL and dried over NuaSOs. After concentration,
the crude was purified by colurnn chromatography on sitica gel with hexane-EtOAC 1o

abtain 78-B as a whitc solid. LOMS-ESE {m/z) (ML found: 478,

A5G-l round bottom flask was charged with 78-B (0.4 2, 0.84 mmol)
and magnesium bromide (0.4 g, 2.2 mmel) in acctoniuile (3 mL). The reaction mixture
was hoated to 30 °C. After 10 minutes, the rcaction mixture was cooled to § “Cand I N
hydrachloric acid (4 mL) was added in. More water (~ 5 mL) was added and the selid
was filirated and washed with water and dried to afford afford compound 78. 'H-NMR
{400 MHz, Chioreform-d} 3 12.30 (s, 1EDL 10.39¢d, J = 8.3 He, 1H), 821 (5, 1H), 6.60
it, J = 84 Hz, 2H), 3.59 (r. ) = 7.4 Hz, 1H}, 537 {dd, J = 9.4, 4.1 Hz. 1H), 5.31 - 5.0%
{m. JH). 4.64 {t, T=3.0 Hz, 1H),420(dd, J= 129, 4.1 Hz, 2H}. 396 (dd. I = 12.8, 94
Fiz, 28, 221 - 1.85 {m. 4H), 171 - 1.43 {m, 3H). "F-NMR (376 MHz, Chiotoform-d)
5 -110.37 (i, J = 8.7, 6.1 Hz), -112.19 (. J = 7.2 Hz}. LCMS-ESI™ (m4a): [MTH]’
found: 464.

150
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fixample 79
Preparation of Compound 7¢
{(IR48,12aR)-7-hydroxy-6.8-dioxe-N-(2.4,S-triftuorobenzy - 1.2,3,4,6,8. 12, 1 2a-

octahydra-1,d-methanodipyridol |, 2-a:1',2"-dpyrazine-9-carboxamide

w

i 3 - NE i :
H i | g’-/ s OBn

79-8

Step |
A 30-ml. vound botiom {lask was charged with 79-A (0.12 g, 0.32
mmols, (2.4, 5-wifluorophenyDmcthanamine (010 ¢, 063 mmoly, N.N-

diisoprapylethylamine (DIPEA) (0.20 g, 1.58 mmo!) and HATU (9.24 g. .63 mmol} in

w

DCM (10 mi). The reaction mixture was stirred at room temperature for | h. The
reaction mixiure was concentrated dowan, re-dissolved in FtOAc (50 mi), washed with
saturated NaHCO: (2x). satursted NHLCL and dricd over NaySQOs. After concentration,
the crude was purificd by column chromatography on silica gel with hexane-EtQAc o

obtain 79-B as a white <olid. LOMS-ESY' (n/2): IMTT] ; found: 524,

Step 2

A 30-ml. round bottom flask was charged with 79-8 (0,15 2. 0.29 mmol)
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in TEA (2 mb). The reaction misture was stirred at roorn temperature for 30 pin, The
solution was concentrated and the residue was purified by flash chromatography using
e . I d A ; 3 DR o b

ErOAc-20% McOH in EtOAC s clucnts to afford compound 79, "H-NMR (400 Mz,

Chioroform-d) 3 11.70 ¢s, 1), 10,65 - 10,18 (m, 111, 8.27 {s, 1H), 7.26 (m, 1), 6.90

ws
A
2
.
—
#
=]
~i
o
o
v
N
ET
-
EN
o
o
N
s/.
ey
£
By
&
o~
o
Ly
i
o
o
o)
N
1)
o
o
)
e
=
[oN
a
li
B
)
o

Hz, iH). 3.96 - 3.66 (. 2H), 2.68 (s, 1H) 2.15 - 1.43 (m. 6H). "F-NMR (376 MHz.
Chioroform-d) 8 120.53 - -120.85 {m). -134.68 - -136.79 (m), -142.26 - -144.11 (m).
LOMS-EST (ma): [M+H1 found: 434.

Exawmple 80
16 Preparation of Compound 88
{1R,4S,12aK)-N-{ 5-chloro-2 4-diftuorobenzyl)-7-hydroxy-6,8-dioxo-1,2,3.4,6,8.1 2,1 2a-

octahydro-{.4-methanodipyridof 1.2-a: 1", 2"-d]pyrazine-9-carboxamide

[ #
H W
(’\/g\_! Ry \:/)’\N/\x,;,)-\]
/ | [ ﬂ\
N l/”b\\r/\\‘o L\\\lv’ F
H 6 o !
i5 50
o I
F HH i
i H INE ~ 2 < ~. /,k
/\—]1/ SN v oH HaN \L%’J\;, A > N \\i/l\ﬁ T
X/N\T:/J\\\i//i§o \\\fIL‘F ;}k':N\F. ‘\\j/\bo S
. i O OBn Ci
80-A 80-82
AN N §
TFA Q*}/’\T/\\‘ \a"\:// I
Y 'N\I/ \\(’b‘\o Sy
o8 ou &
34
Step i

A 50-mlb round bottom flask was charged with 86-A (0.12 g, 032

26 mmol), {S-chioro-24-dittuorophenylymethanamine (1L11 g, 0.63 mmol), NN-
diisopropylethyiamine (BIPEA) (0.20 g, 1.58 mumol) and HATU (0.24 g, €.63 mmol) in

DCM (10 mi). The reaction mixture was stired at room temperature for 1 h. The
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reaction mixture was concentraied down, re-dissolved in E1OAc¢ {50 b)), washed with
saturated NaHCO: (2x), saturated NHLCH and dried over Na»SO,. Afier concentration,
[2

the crude was purified by cohunn chromatography on sitica gel with hexane-EiQAc ©

obtain 80-B as a white solid. LOMS-ESE (mt): (M I« tound: 541,

3
Step 2
A 30-mL round bottom flask was charged with 88-B (0,14 ¢. 0.26 mmol)
i TFA (2 mil). The seaction mixture was stired at voom temperature for 30
minvies. The solution was concentrated and the residus was purified by flash
10 chromatography using EtOAc-20% MeOH in EtOAC as cluents to afford compound 8.

PH-NMR (400 MHz, Chiowoform-d) 8 10.46 s, 1H), 8.27 (s, 1H). 7.40 (= 7.8 Ha
1HY, 683 (1, J = 9.1 Hz, 1H)Y 4.90 (s, 1H). 4.78 - 4,48 {m, 2H), 4.08 (dd, } = 11.3, 2.5
Hz, 1H), 3.95 - 3.63 (m., 2H), 2.68 {s. 1H), 2.22 - 1.51 (m, 7H). "F-NMR (376 MHz.
Chioroform-d) & -113.37 (q. J = 8.1 Hz). -116.37 {q. 1 = 8.0 Hz). LCMS-EST {(m/z):

P53 MR found: 451,

Example 81
Preparation of Compound 81

IR3S,48,12a8)-3-1Tluoro-7-hydroxy-6,8-dioxo-N-{2.4.6-triflnorobenzy -

20 1,2,3.4,6.8,1 2,1 2a-nctahydra- | 4-methanodipyrido{ 1 2-a: 1", 2% dpyrarine-9-
carboxamide
H 2 i
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Step }

A 100-mL round boitom flask was charged with 81-A (1.0 g. 3.7 munol)

h

in DCM (10 al). The reaction mixture was cooled to 0 "C. Diethylaminosuiiuc

trifluoride (DAST) (0.5% mwl, 4.1 munoly was slowly added in. Then the reaction

mixture was stivred at room temperature for one hour. The mixture was cooled back o

YO Saturated NaHC Oz (5 mL) was added dropwise to quench the reaction.

Then the

reaction mixture was diluted with FtOAc (100 mL), washed with sat. NaHC Oz, brine,

154
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and dried over Na:SO;. After concentration. the residue was purified by flash

romatography using hexanes - EtOAe as eluents to afford §1-B. LOMS-EST” (miz:

-

IM+HT found: 274,

W

Step 2

A 100-mL vound bottom flask was charged with 81-B (0.8 g, 3.0 mmol)
ir THF {10 mL). The reaction mixture was stirred at -78 °C, 2.0 M LiBH4in THF (3.2
mk. 6.4 mmol) was slowly added in. Thon the reaction mixture was warmed up and
stirred at room temperature for 3 hours. Then the reaction mixiure was diluied with
) EtOAc (100 mi} and weated slowly with water (H. evolution). Afrer the two phascs
were separated. the agueous fraction was ostracted with EtOAc and the two organic
fractions were combined, washed with water, and dried over NusSQu  After
concentration. the residuc was purified by flash chromatography using hexancs - EtOAc

as clucnis to afford 81-C. LCMS-ESTY (m2): [M+H] found: 246.

1)

Stepd
A 100-mE round bottom flask was charged with B1-C Q.37 g, 2.3

mmol) tripbenylpbosphine (1.3 g. 5.1 mmol) and phthalimide (0.35 g, 3.7 mmo!) in
THE (15 mL). Then the reaction mixture was cooled o 0 %C with stirring. Diisopropyl

20 azodicarbonylate (DVAD)Y (1.0 mL. 5.1 mmoly was siowly added o the reaction mixtuie.
The reaction mixtwre was stirred at toom  temperature for overnipht. After
concentration, the residue was purified by flash chromatography using hexanes - EtOAc
as cluents to afford 81-D. LCMS-ESE" on4): [MH 1] found: 375.

25 Stepd

To a soiution of BI-B (0.& ¢ 2.1 mmol) FiOH (40 mlL) was added
hydrazine monohydrate (0.6 mL). The reaction mixture was heated to 70 °C with
stirving for 3 hours. After fiitration 1o remove the solid, the filtrate was concentrated to

afford 81-E. LCMS-E8E" (m2): [M+H] found: 245,

A 100-mL round botiom flask was charged with 81-E (0.49 g, 2.0 mmob)

LSS
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and 81-F (0.7 ¢, 2.0 mmol) in sthanol {7 mi.). Sodium bicarbonate (0.34 g, 4.0 mmol)

£ &

in water {7 mb) was added to the reactont mixture.  Then the reacton mixture was
stivred ai room tomperature for ovornight. The mixture was diluted with £tGAc (30 mL)
and washed with water (2 x). The aqueous fractions were extracted with EtOAc (1 %),

anic fractions were combined, dried (N2»SQ4), and concentrated. The crude

5 and the on
$1-G was uscd for next stop without further purification. LCMS-ESL™ Gn/z): [M+H]

found: 573.

1o A 100-ml. round bottom flask was charged with 81-G (1.1 g. 1.9 mmol)
in 4 N HCI /dioxanc (11 mbL). Then the reaction mixture was stirred ut room
iemperature for 1 hour, Afier concentration, 1.0 g intermediaic was obtained. The

intermediate and DBU (1.3 g. 8.8 mmol) weie dissolved in toluenc {10 mL). The

A

z - : 3 D o ONE: 1 " o W
reaction mixture was heated to 110 °C with stirring for 1 hour. After conceniration,  the

5 residue was porified by flash chromatography using hexanes - EIOAc as cluents o
alford 81-3. LOMS-ESY (n/2): {M+HT found: 413.
Step 7
A 100-mL round bottom flask was charged with 81-H (0.56 g, 1.4
20 mmely in THE (5 mbL) and MeOEi {3 mb) 1 N KO (4 mL) was added to the reaction

mixture. Then the reaction mixture was stirred at room temperatwre for | hour. The
reaction mixture was acidified by adding 1 N HCI (4 wL). After concentration, the
residuc was co-evaporated with tolucne (3 x). Half of the crude acid, 2.4.6-
triffucbenzylamine (0.2 g. 1.3 mmol), N,N-diisopropylethylwnine (DIPEA)Y (041 g, 3.1

mmol) and HATU (0.48 g. 1.25 mmol) were dissolved in DMF (10 mL). The reaction

(2o
W

mixture was stirred at room temperature for 2 hours. The mixture was diluted with
EtOAc {160 mL) and washed with saturated NaHCQ» (2x), saturated NH,Cl (2x) and
dricd over Na-SOs. Afier concenwation, the crude was purified by column
chromatography on silica gel with hexane-EtOAc to afford 8i-1. LCMS-ESE" (/)

30 [MA+H] found: 542.

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
905 of 1915



WO 2014/100323

PCT/US2013/076367

A 50-mL rourd bottom fask was charged with 81-1 {¢.31 g, 0.5% mmol)

i TPA (3 mij. The reaction misture was stirred at room temperatire for 30 minutes.

wn

After concentration, the crude was purified by column chromatography on silica gel

with EtQOAc-MeOH o afford compound 81, 'H-NMR (400 Mz, Chloreform-d) &
10.29 (s, 1H). 831 (5, 1H), 6.65 (dd. J = 8.7, 7.5 Hz, 2H). 3.05 - 4.75 {m, 2H). 4.63 (4, J

= 5.6 Hz, 2H). 4.1 (d. J

3.3 Mz 1, 2.

12.2 Hz, 1H). 3.83 (1, J =

), 2.25 - 197 (o, 2H), 193 (d, J

12.3 Hz 1H), 3.56 (dd. 1~ 123

= LLO Mz 2H), 177 {d, J =

10 112 Hz, 1H). PF-NMR (376 MHz, Chioroform-d) 5 -108.98 (t, } = $.2 Hz). -112.03 (1.

3= 7.2 Ha), -168.00. LOMS-ESI™ (n/2): found: 452.

Example 82

Preparation of Compound 82

{1S.3R 4R, 12aR 1-3-fluoro-7-hydroxy-6,8-dioxo-N-{2,4.é-triftuorohenzy -

%]
o

Cipla v. Gilead

L) 1,2,3,4,6.8.12 1 2a-0ctahydro-1 4-methanodipyridol 1 2-a: 1, 2 d|pyrazin

carboxamide
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Swep 1

A 100-mL round bottom flask was charged with 82-A (0.6 ¢, 2.1 mmmolj

5 in DCM (6 mL). The rcaction mixture was cooled to 0 9C. DAST {0.35 mL. 3.0 mmol}
was slowiy added in. Thon the reaction mixture was stirred at roorn tomporature for onc
hoor. The mixhee was cooled back to ¢ 5C. Saturated NaiiCO» (5 mb) was added drop
wise to quench the reaction.  Then the reaction mixiure was diluted with EtOAc (100
mLY, washed with sat. NaHCO,, brine, and dried over Na:SC,. After concentration, the

10 residue was purified by flash chromatography using hexanes - EtOAc as ecluents tw©
£ p i eprii Y B
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afford 82-B. LCMIS-ESE (/2 IM+H] ' found: 274.

A 1Q0-mL round bottom flask was charped with 82-B (0.4 2, 1.5 mmol)
in THF (10 mL). The reaction mixture was stirred at =78 °C. 2.0 M LiBH,in THF Gl
mb, 3.2 mmelj was slowly added in. Fhen the reaction mixture was warmed up and
stirred at room temperature for 3 hours. Then the reaction mixtare was diluted with
EQAc (100 mL) and added water slowly (M. cvolution), Afier the two phases were
separated. the aqueous fraction was extracted with EtOAC and the two organic {ractions
were combined, washed with water and driad over Na-SQO,. Aficr concentration. the
restduc was purified by fash chromatography using hoxancs - EIOAC ay cluenis o

afford 82-C. LCMS-ESE (m/z): [M+HT found: 246.

Step 3

A 100-mL round bottom flask was charged with 82-C (0.25 g 1.0
miol), tiphenylphosphine (0.39 g, 2.2 mmol) and phthalimide (0.74 g. 1.6 mumoly in
THE (16 mL). Then the reaction mixture was cooled to 0 °C with stivring, DIAD (0.44
mb. 2.2 mmol} was slowly added to the reaction mixture. The veaction mixture was
stirred at room emperature for overnight. After concentration. the residue was purificd
by flash chrornatography using hexanes - FtOAc as eluents to afford 82-D. LOMS-

ESY () [M+HY found: 375,

7

DIER 4

Irp

To a solution of 82-B (0.35 g, 0.9 rumol) FtOH (20 mL) was added
hydrazinc monohydrate (0.3 mL). The rcaction misture was heated to 70 °C with
stirring for 3 hours. Afier fijtration to remeve the salid, the filtrate was concenirated io
afford 82-E. LCMS-ESE (ua): [M~HT found: 245,

Step 8

A 100-mbL round bottom flusk was charged with 82-E (0.2] g, 0.87
mmol) and 82-F (0.3 g, 6.87 mmol) in cthuno! (7 mL). Sodiam bicarbonate (0,15 g, L7
minol} in water (7 ml) was added (0 the teaction mixture.  Then the reaction misture

159
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was stirred at roorn temperature for overniybt. The mixture was diluied with EIOAC (50
L) and washed with water (2 x). The aqueous fractions were extractod with EtOAe,
and the organie Tractions were combined, dried (Na,504). and concenteated. The crude
¥2-G was used for next step without further punfication. LOMS-EST (rzy [MATE]

found: 573.

W

A 180-mb round bottorn flask was charged with 82-G (0.49 g, 0.8

mmol) in 4 N HC! /dioxave (5 mb). Then the reaction mixture was stirrad at room

10 temperature for | hour. After concentration, 0.4 g intermediate was obtained. The
intormediate and DBU (0.6 g, 4.0 ounol) were dissolved in toluene (10 mi). The
reaction mixture was heated to {10 “C with stirring for | hour. After concentration. the
residue wvas purified by flash chromatography using hexanes - EtDAc as cluents fo

afford 82-3. LCMIS-EST (/2 IMHHT found: 413,

"N

Step 7

A 100-mb tound botiom flask was charged with 82-1F (0.2 g, .49
mmoly in THF (5 mL) and MeOH (5 mi.). 1 N KOH (i.5 mL) was added {0 the veaction
mixture. Then the reaction mixture was stirred at voom temperature for U hour, The

O caction mikture was scidified by adding 1 N HCU {1.5 mi). After concentration, the
h ¥ \ J

2

residue was co-cvaporated with toluene (3 x). The crude acid, 2.4,6-trifiuobenzylamine
(0.15 g, 0.95 mmol), N.N-diisopropyiethylamine (DIPEAY (0.31 g, 24 mmaol} and
HATU (0.36 g 0.95 mumol) were dissolved in DOM {10 mL). The reaction mixiurg was
stirred at roons temperatere for 2 hours. The mixwre was diluted with EtOAc (100 mkb.)

and washeod with saturated NaHCO: {2x ), saturated NH.CU(2x) and dricd over Naz5Qq.

7
(il

After concentration, e crude was purified by column chromatography on silica gel

with hexane-EtOAC to afford 82-1. LUMS-ESE™ (/) [M+H] found: 542.

Step &
30 A 50-mL round bottorn #ask was charged with 82-1 (6.22 ¢. 0.41 mmol)
in TFA (3 mL). The rcaction mixiure was stirred at room temperature for 30 minuies,

Adter concentration, the crude was purified by columa chromatography on silica gel

160
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with EtOAc-MeOH to afford compound 82, 'H-NMR (400 MHz, Chloroform-d) &
1025 {s. TH), 828 (s, 1H), 6.65 {5, 2H), 513 - 4.77 {m, 2H), 4.65 (s, 2H), 4.32 - 3.41
(m, ZH), 278 (s, 1H), 1.86 (dd. J = 144.8, 723 Hz, 6t). F-NMR (376 MHz,

Chloroform-d) 6 -1ON.98 (£ J = 8.2 Hap, -112.03 (6. J = 7.2 Hz), <168.00. LOMS-ESE

S (nzy found: 452,
Example 83
Preparation of Compound 83
{15,48,12a83-3.3-difluoro-7-hydroxy-6.8-dioxo-N-(2,4,6-t1 {1 vorobeozyl)-
1.2,34.6,8.12.12a-octabydro-1 d-methanadipyridof 1, 2-a:} 2-dipyrazine-9-
TG carboxurnide

. Q F
g r~.}j R |
EOa A
[l i ! i
2 'N\i K(4\\‘0 PN
B 6 om
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A 100-mL round bottom flask was charged with 83-A (1.0 g. 3.7 mmol)

5 in DCM (20 mL). The reaction mixture was cooled to ¢ 9C. Dess-Martin periodinane
(1.8 g. 4.2 mmol) was slowly added in. Then the reaction mixture was stirred at room
temperature for 3 hours. Aftor concentration, the residuc was purified by flash
chromatography using hexanes - EtOAc as sluents to afford 83-B. LOMS-EST (m/z):

IM+H]" found: 270,

162
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Step 2

A 100-mb round botiom flask was charged with 83-B (0.85 g. 3.2 mmol}

i BOM (15 mL). The reaction mixtie was cooled to & “C. DAST (1.5 mL. 113

o

mmol) was slowly added in. Then the reaction mixture was stirred at room termperature
overnight. The mixture was cooled back 16 0 *C. Satarated NaHC O (5 mb) was added
dropwisc to quench the reaction.  Then the reaction mixture was diluted with EtOAc
(100 i) washed with sat, NaHCO. brine, and dricd over Noo80. After
concentration. the vesidue was puriticd by Hash chromatography using bexancs ~ EXAC

10 aschents to atford 83-C. LOMS-ESE (m/z): [M+HT found: 292,

Step 3
A 108-mL round bottom flask was charged with 83-C (044 ¢ 1.5

mrol) in THF (6 ml). The reaction mixture was stirred at -78 “C. 2.0 M LiBH, in THE

5 41.6 mi, 3.2 samol) was slowly added in. Then the reaction mixture was warmed up
and stiveed at room temperature for 2 hours. Then the reaction mixture was dilited with
EtOQAC (100 ml) and added water slowly (3, evolution). After the two phases were
separated. the aqueous fraction was extracted with £1OAC and the two organic fractioss
were combined, washed with water, and dricd over Na:SQ. After concentration, the

28 esidue was purified by flash chramatogrephy using hessnes - HtOAC as elucnts o

afford 83-D. LCMS-EST” (/) [M+H] found: 264.

Siep 4
A 180-ml vound bottom flask was charged with 83-D (0.17 g, 0.65
25 mmol), triphenyiphosphine (.37 g. 1.4 mmo!) and phthalimide (3.15 g. 1.0 mmol} in
THE (10 ml). Then the reaction mixture was cooled to 0 °C with styring. DIAD (02K
mL, L4 minol) was slowly added to the reuction mixture. The reaction mixture was

stirred at room

perature for overnight. Afer concentration, the rosiduc was purificd
by flash chromatography using bexanes - EtQAc as cluents to afford 83-E. LOMS-

30 ESE () [MHHT found: 393,
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To & solution of 83-E (025 ¢

&

0.64 mmol) EiOH (20 mL} was added
hydrazine monohydraie (0.3 wl). The reaction mixture was heated to 70 9 with
stirring for 3 heurs. After filtration to remove the solid, the tiltrate was concentrated o

afford 83-F. LOMS-ESIT (n/z): IM+HT found: 263

W

A 100anL reund bouom flask was charged with 83-F (038 g, 0.69

mmol) and 83-G {0.324g, 0.69 mmol) in ethanol {7 ml.). Sodtem bicarbonate (0.12 g.

10 1.4 mmol) in water (7 ml) was added to the reaction mixture.  Then the reaction
mixture was stitred at room lemperature overoight. The mixture was dituted with
EtOAc (30 mL) and washed with water. The agueous frzctions were extracted with
EtOAc, and the organic fractions were combined, dried (Na,SQ4), and
concentratcd. The crade 83-H was uscd for noxt step without further purification.

15 LOMS-ESE (n/z) [M+H] found: 391,

A 100-mL round botiom flask was charged with 83-H (04 g, 0.68
mmol) in 4 N HCI fdioxane (3.8 mL). Then the reaction mixture was stirred at room

was obtained. The

28 emperature for | hour. After concentration,
intermediate and DBU (0.51 g, 3.3 mmol) were dissolved in toluene (160 mL). The
reaction mixture was heated w 110 °C with stirring for | hour. After concentration, the
vesiduc was purificd by Hash chromatography using hexanes - EtOAc as cluents w

afford 83-1. LOMS-ESE" (m/2): [M+H] found: 431,

Step ¥
100-mL round bottorn flask was charged with 83-1 (0.2 g, 0.47 mmol)
in THE (5 mL) and McOH (3 mL). 1 N KQOH ({4 mbL) was addcd to the reaction
mixture. Then the reaction mixture was stirred at voom temperature for 1| hour. The
30 reaction mixture was acidificd by adding 1 N HCJ (3.4 mL). After concentration, the
residuc was co-cvaporated with toluens (3 k). The erude acid, 2.4 6-trifluobenzylamine

{0.14 g, 0.51 rureol). NN-diisopropyicthylamine (BIPEA) (0.29 g. 2.2 myool) and

164
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HATU (0.35 ¢, 0.91 rawmel) were dissoived in DOM (10 ral). The reaction mixture was
stired at room temperature for 2 hours, The mivture was dituted with EfOA¢ (100 mL)
und washed with saturated NaHCUOs (25), satorated NHLCH (2x) and dried over Nax$SO..
After concentration, the crude was purified by cofumn chromatography en silica gol

5 with hexane-E1OAc to afford 83-3. LOMS-EST (no): [M+HT found: 560.

A 30-ml vbf was charged with 83-3 (0,18 2. 0.32 romol} in TFA {3 mL).

The reaction mixture was stitred at roowm temperature for 30 minutes. Atter

10 concentration, the crude was purified by column chromatography on silica gel with
ELQAC-MeOH to afford compound 83 as & white solid. "H-NMR (400 Mz

483 (s, IHD, 472 - 458 (m, 2FD), 4.36 - 4.10 {m, 2H), 4.05 (1. J= 115 Hz, [H)L. 2.97 (4.

= 4.4 Hz, 15). 2.49 - 208 {0, 3H3, 212 - 1.94 (m, 2H). F-NMR (376 MHz

'35 Chioroform-d) 6 - 92.32 (ddd, J = 2256, 22.5, 9.1 Hz), -107.64 - -109.54 {(m), -117.05

(3~ 7O M -114.67 (&, 1 - 226.7 Hy). LOMS-EST Guk): Tourncl: 470,

Chioroform-d) 3 10.29 (d, ] = 6.1 Hz, [H}. 834 (s, 1H), 6.65 (dd. J = 8.7, 7.5 Hz. 2H).

Example 84
Preparation of Compound 84
(18,2R 48,1 2aR 3 7-hydroxy-2-methy -6 §-dioxo-N-{ 2.4, 6-wrifluorcbenzyl)-
X 2 E K e 3 2y > h > o
i

20 1.2.3.4,6.%,12,12a-0ctahydro- 1 4-methanodipyrido] 1 2-a: 1%, 2" d]pyrazine-9-

carboxamide

Q

B
~ gy /u\ /\v/\
Sehe
A k F_./\/"'\F
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A 100-mL round botlom flask was charged with 84-A (1.6 g, 5.9 mumol)

I

in DOCM (20 wl). The reaction mixnure was cooled to O ¢, Dess-Muartin periodinane
(4.9 g, 11.7 mmol) was slowly added in. Then the reaction mixture was stirred at room

166
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temperature for 2 bours. Afier conceniration, the residus wus purified by flash
chromatography using hexanes - EtOAc as oluents o afford 84-B. LOMS-E8T7 (mi/2):

IMHH] found: 270,

s
|74
[N}

A 100-mb round bottom flask was cherped with 84-B (1.3 g, 4.8 mmob
in THF (30 mL). The rcaction mixture was cooled to 0 °C. Tebbe reagent (0.5 M in
wluene, 194 mi. 2.7 mmol) was slowly added in. Then the seaction misture was
stivred at oo femperature for 2 bours, The mixiure was cooled back to 0 “C. Saturated

1 NaMCO; (3 mL) was added drep wise to quench the reaction. The reaction mixiure was
stizred at rovw emperature for another 13 miwates and fliceed through colite. The
filtered cake was washicd with DOM (2 x). The combined flitrates were concentrated in
vacuuin and the residue was purified by flash chromatography using hexancs - EtQAc

as clucnts to afford §4-C. LCMS-ESE' (12 [M+HT found: 268,

W

Step 3

To a solution {purged with Na) of 84-C (0.9 ¢, 3.4 mmel) in EtOH (20
mL) was added P/C (318 g). The mixwure was stirred under Hy for 3 houts. The
maixture was filtered through celite and the filtrate was concentrated to afford §4-13.

20 LOMS-ESE (ma) (M) found: 270,

jor

Step 4
A 100-rol. round bottom flask wag charged with #4-D (0.9 g, 3.3 mumol)
in THE (6 mlL). The reaction mixture was stivved at -78 °C. 2.0 M LiBH, in THF (W
25 ml, 264 mmol) was slowly added in. Then the reaction mixture was warmod up and
stirred at voom temperature for 3 houars. Then the reaction mixture was diluied with
EtOAc (100 mL) and added water slowly {H: evolution). After the two phases were
separzted, the aquoous fraction was oxtracted with EtDAc and the two organic fractions
were combined, washed with water, and dried over Na;SO.. After concentration, the
30 residuc was puriticd by flash chromatography using hexancs - EtOAc as cluenis fo

afford 84-F. LOMS-ESY' () IMATT] found: 242,
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Step. 3
A 100-mL round bettorn flask was chorged with 84-8 (0.4 2. 1.6

mmal. triphenyiphosphine (0.96 g, 3.6 mmol) and phthalimide {0.39 g, 2.7 mmol) n

o

THF (5 mL). Then the reaction mixture was cooled to 0 8¢ with stirring. DIAD (0.7
mL. 3.6 mmol} was slowly added to the reaction mixwre. The reaction mixture was
stirred at room semperature for overnight. After concentration, the residue was purified
by flash chromatography using hexanes - EtOAc as cluents 1o afford 84-F, 1LOMS-

ESY (m/): [M+H] found: 371

1o

To = solution of $4-F (£.53 g, 1.3 mmol) EtOH (20 mL) was added
fiydrazine monohydrate (0.3 mL). The reaction mixture was heated to 70 °C with
stirring for 3 hours. After flitration to reraove the solid, the filtrate wus concentraicd to

afford 84-G. LCMS-EST (m/7):

L

INELET found: 241,

Step 7
A 100-mL round botiom flask was charged with 84-G (0.35 g, 1.4
8

rmol) and 84-H (0.5, 1.4 mmol) in cthanol (10 mL). Sodium bicarbonate (0.24 g. 2.8

Dt

{ mmaoly in water (10 mb) was added to the reaction mixture. Then the reactdon mixture
veas stirred at room temperature for overnight. The mixture was diluted with EtOAc (30
mL) and washed with water (2 x). The aqueous fractions were extracted with EtOAc,
and the organic fractions were combined, dried (Na SOy, and cencentrated. The crude
84-1 was used for next step without further purification. LUMS-EST (mz): [MAHT

25 found: 583,

Step &
A 100-mL rbf was charged with 84-1 (0.84 ¢, 1.4 mmol) in 4 N H{!
/dioxane (8.2 mbL). Then the reaction mixture was stirred at roorn temperature for 1
30 hour. Afier concentration, 0.74 g intermediate was obtuined. The infermediate and DBU
(11 g 7.2 mmol) were dissolved in toluene {16 mi). The reaction mixtare was heated

to 110 °C with sticring for 1 hour. Afller concentration. the residue was purilied by tash

o
058
X%
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chromutography using hexanes - EiQAC as ejusnts to afford 84-d4. LOMS-ESH (ni/z):
M+H} found: 409,
Step 9
5 A 100-mL round hottom flask was charged with 84-3 (0.4 ¢, 3.98 mmol}
in THF (3 ml} and McOH (3 mL) | N KOH (3.0 mL) was added 0 the reaction
mixture. Then the reaction mixture was stirved at room temperature for | hour. The
veaction mixture was acidified by adding 1 N HCl (3.0 wL). After concentration, the
vesidue was co-gvaporated with oluene (3 x). The crude acid, 2.4,6-1i fluobenzylarsine
10 €032 g, 1.96 mmol), NN-diisepropylethylamine (DIPEA) (0.63 g, 4.9 mmol) and
HATU (0.74 w. 1.9 vamoby were dissolved in DOM (10 mL). The reaction mixiure was
stirred at room temperature for 2 hours. The mixture was diluied with EtOAc (100 mL)
and washed with saturated NaHCQO, (2x), saturated NHLCl {2x) and dried over Na.SO..

After concentrution, the crude was purified by column chromatography on silica gel

13 with hexane-FiOAc te afford §4-K. LOMS-ESTY (n2): [M+1]" found: 538
Step 10
A 30-mL round botrom flask was charged with 84-¥ (0.5 g, 0.93 mmol}
in TFA (6 mL). The reaction mixture was stivred at room tomperature for 30 minuics.
23 After concentration, the crude was purified by column chroratagraphy on silica gel
with EtOAc-MeOH to afford compound 84, "H-NMR (400 MHz, Chloroform-d) &
10.37 (s, 1H), 8.28 (5, 1H), 6.65 (1, J = 8.1 Hz, 2H). 4.80 (s, iH), 4.77 - 4.52 {(m, 3H),
A0K(d, J = 13.1 Haz, 1H), 3.88 40, J = 123 Hz, [H), 2.47 (d, J = 3.2 Hz. 1H), 2.35 (s
iH). 216 (ddd, ¥ = 14.3, 11.2. 3.6 Hz, 1), 1.93 - 1.57 (ov. 38, 1.29 - 1.19 {m, 1H).

25 117 4d, 2 = 7.0 Hz, 3M) YF-NMR (376 MHz, Chloroform-d) & -109.24 | -111.98.
LOMS-ESI™ (m/z): found: 348,

Fxaveple 8§53
Preparation of Compound 8%
(6a5.7R 1 15)-1-hydroxy-2., 1 3-dioxo-N~{2.4,6-triflucrobenzyl)-6,62,7.8.9.10,1 1.13-

actahydro-2H-7, H -mcthanopyrido{ 1,274 5ipyrazinol 1. 2-a]azenine-2-carboxamide

»
oy
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_LisH,
1) HoNNM,
. O/\\ImOE
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A solution of 85-A (1100 my, 3.855 nunol) in DMSO (6 mL) and water
(0.75 ml.} was atirred at raom temperature as N-iodosuccinmide (883 mg, 3.934 mmol;
was added. After 2 h, additional N-iodosuccinmide (88 mg, 0.391 nunol) was added
mixture was stirred at room temperature for 1.5 . The dark brown

and the resulting

10 reaction mixture was diluted with EtGAc, and washed with & mixture of 10 % aq.
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Na-503 solution and aq. NallCO: solution (~1:4 mixture) and then with water {with
some brine). After the aqueous fractions were extracied with EtOAe, the organie
fractions were combined, dricd (NazSO4), and concentrated. The residue was purificd

by fash chromatography using hexanes - FrOAc as clucnts to obtain 85-B. TH-NMR

(P

(400 MHz, CDCI 8 7.51 - 7.44 (m, 2HY 7.33 - 7,17 (m. 3H), 4.22 - 4.05 (m. 2H}. 4.02
- 3.86 (m, ZH), 377 (d, 3= 33 Hz, 1H), 3.54 - 3.44 (m, 1H), 327 (1. = 4.5 Hz, 1H),

2775 - 2,66 {m, 1H), 230 (dddd, J = 14.8, 13.1, 7.2, 5.8 Hz. 1H). 2.14 (dddd. ] = 14. &,
130, 6.1, 201 Hay TH) 197 (do 2 = $.9 Ha 1H), 158 - 1,46 (m, THY. 145 - 1.34 (m.
AR, 124 00§ o 71 Mz, M0 ROMS-ESE () [MiH] calculated for CrglaaINQ
O 43001 found: 4300

soque

2
el
(1%

A solution of 85-B (993 mg, 2.313 mmol), AIBN (305 mg, 1857 mmol),

and tributyltin hydride (1392 mg. 4.799 mmol) in tolucne (153 mL) was stirred at 100

P3P0 After 2 h, the reaction mixture was cooled o room temperature, difuted with
EtQAc, and washed with water and brine. Afier the aqueous fractions wers extracied
with  TtOAc, rthe organic  fiactions  were  combined,  dried (Naz80y), and
concentrated. The sesidue was purified by flash chromatography using hexanes -
EtOAc as clueats o obtain 85-C. "H-NMR (400 MHz. CDCi:y 8 7.57 - 7.49 (1, 2H),

20 T2 723 (my, 2D, 723 - 705 (n, Y, 4.24 - 402 (e, 2H), 3.97 (q. ] (REFAREE N
3.83(d, J=5.1 Hz, 1H). 348 (1, ] = 4.6 Hz, 1H), 3.19 - 3.0d {m, 1H), 2.58 ip, ] = 4.0
Hz, JH}. 230 (dddd. J = 14.7, 13.1, 7.0. 4.5 Hz, IH), 198 (d. T = 112 Hz, 'H). |.64
(dd, 3= 13.30 6.2, 2.6 Ha, 1), 1.49 - 533 (m, 3H), 1.37 4, § = 6.7 Haz, 3H), 1.32 -
L26 (my, 1H), 1.23 (103 = 7.2 Haz, 3H). LCMS-ESE (ug): IMAH]) caleulated for

25 CHzeNO:: 304.2; found: 304.1.

s

Step

A mixture of 88-C (725 mg, 2.39 mmol) and 20 PA{OR L (351 mg)

in EtOH (25 ml) and 4 N HCI in dioxane (0.9 mL) was stirred under H, atmiosphere,

30 After 2 by the reaction mixture was filtiered, and the filtrate was concentrated, LOMS-
ESY' (a/z): [MIFT caleulated for CoH NOx: 200.13: found: 2001, After the residuc

was co-evaporated with tolucne {x 2), the residue and Boe:O (720 mg, 3.299 mmol) in
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THF (15 mb) was sticrad at room teraperature as N,\N-ditsopropylethylamine (DIPEA)
{1.2 ml., 6.8%9 mmol} was added. Afrer | 7, the reaction muxture svas diluted with
water and oxtracied with EtOAc (x 2). After the organic cxtracts wore washed with
water, the combined extracts weve dried (NaxSQys) and concentrated. The residuc was
3 purified by flash using hexanes - EtOAc as eluents 10 obtain 85-1 which appears to be 2
mixture of rotamers. "H-NMR (400 MHz, CDCL) 8 4.42 - 397 (m, SH), 262 (d.J =
5.6 Hz 1H), 2.45 - 2.26 (nu 1H). 2.25 - 2.15 (m, {H} 1.80 (td, } = 137, 6.7 Hz. 1H),
166 (dd 3 12,3, 6.6 Bz 2H). 155 - 1.70 (o, 200 147 (s, 2ED), 142 {8, 78D, 1 28 (4t
=95, 70 Ha 3H). LOMS-ESE O/ [MAH] calculated for CisteNGOs: 300.2:

{0 found: 299.7.

Step 4
To a solution of 85-D {368 mg. 1.897 mmo}l} and pyridine {0.25 mL,
3.091 mmol) in THE (5 niL) wes added phenyl chiorothionoformate (0.3 mL. 2.169
15 mamol) at 0 °C, which produced insoluble material quickly. After ~30 min at 0, 9@,
additional pyridine (0.3 ml, 3.709 mmol) aod phenyl chlorothionoformate (0.3 mb,
2,169 wmmol) were added. After 1.5 b at 0 °C «nd 1 b al room temperature, the miciure
was concentrated. and the residue was dissolved in EtOAc and water. After separation
of two layers. the organic fraction was washed with ~C.1 N ML, saturated agqueous

NsHCO;, and brine . After the aguecus fractions were extracted with [i(Ac, the

$2
=

combined organic fractions were dried (Na;SQ4), and concenirated, The residue was
purified by flash chromatography using EtOAc/hexances as chucnts to afford 85-E. "H-
NMR (400 Miz CDCl) 8 747 - 7.37 {m, 2H), 7.30 (L, ) = 69 1H). 7.41 (dd, J
8.0, 4.0 Hz 203, 5.54 (61, ] = 9.0, 4.9 Hz, Ui}, 4.30 (dt, 1 = 9.8, 5.3 Hz, 1), 435 (dd, ]
25 =204, 5.0 Hz 1H)L 4.30-4.14 (m. 2H), 2.71 {s. THYL 254 (s, iH3 2,14 - 2.00 (m. TH)
L2 (i, 3H), 154 {m, 1H), 148 (s, 4.5H), 1.45 (s, 4.3H), 1.30 (dr, J= 9.4, : balile S
LOMS-ESIT (nz): [M+H] caleulated for CpHapNOsS: 4 436.2; found: 435.8.

Step S
30 A roixtare of 85-E (602 mg, 1.3%2 mmol), AIBN (i82 mg, 1108 mmol},
and tributyltin hydride (608 mg. 2.096 mmol) in tolucnc (R ml) was sihred at 100 °C.

After 1 h, the reaction mixture was concertrated and ihe vesidue was dissolved 1o
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EtQAc before washing with waier and brine. Afler the aqueons fractions were
extracted with EtOAc, the combined orgsnic fractions were dried {(Na,8C4 and
concentrated. The  rosiduc  was  purificd  with  flash chromatography  using
QA c’hexanes as cluents o give 85-F which appears 0 be & mixture of rotamers, i

NMR (400 MHz, CDCly) 8 4.37 - 4.06 (m, 4H), 2.69 - 2.53 (m, FH), 2.0 (m, H) 197

"

{m.0.65H). 193 - L8O (m, 1.35H). 1.34 (s, SH), £.46 (s. 3.15H), 1.42 (%, SBSHD, 27
(. 3H). LCMS-ESI” (ma): [M-CiHy+H] calculated for CiHieNGOs: 228.1: found:

o Stepd
85-F {420 mg) was repurificd and the purificd §5-F in THE (3 ml.} was
stirred at 0 'C as 2.0 M LiBH, in THE (1.5 mL) was added. Atfter § min, the mixture
was stirred at room temperature for 17 h and additional 2.0 M LiBH, in THF (1.5 mL)
was added at room temiperature. After 23 h at room temperature. additional 2.0 M
15 LiBHy in THF (3 ml.) was added and ihe resulting misture was stivred for ~72 i A fier
the reaction mixture was stirred at 0 °C as water was slowly added and further diluted
with water, the product was extracied with TtOAc {x 2}. The extracis were washed
with water, combined. dried (NaxSOy), and concentrated. The residue was purified by
flash chromatography using hexane - EtDAc as eluents 1o give 85-G. "H-NMR (400
200 Mz, CDCI) 342 (1, § = 3.3 iz, T, 399 {dd, 3= 12.0, 7.9 Bz, iHY. 385 dd, § =
80.4.7 Hz, IH), 3.73(dd, J = 11.9, 1.4 Hz, 1H), 2.28 (d. ] = 4.6 Hz, 1H), 1.90 - 1.73
{m. ZH). 1.68 - 1.45 {m. 6H). 1.47 (s, 9H). 1.43 - ] 33 (m, 1H). LCMS-EST {(miTy (M-

CaHetH] caleulated for Coi o NO:: 1861 found: 186.0.

25 Btep?

A solution of 85-G (198 mg, 0.820 mmol), phthatimide (200 mg. 1.359
mmoi), and PPh; (48% my, 1.861 mmol) in THE (10 mL) was stirred at 0 °C bath as
DIAD {0.36 mL, 1.828 mumnol) was added. After 30 min 21 O °C, the mixture was stirred
at roomn temperature for 17 h. The reaction mixture was concentrated and the residuc

30 was purificd by flash chromatography using hexane-EtOQAcC as cluents to 85-H which
appears 10 be 4 mixture of roramers. 'H-NMR (400 MiTz, CDCL) § 7.2 (dd. T= 354,

3.1 He, 2H), 7.69 (46, T - 5.4, 3.1 Huz, 2H). 4.46 (s, LH, 4.19 (m, 2H), 3.95 (s. 1H),
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Po204 (o, HEDL 2,08, T= 16,5 Hz, HHD), 184 (m, 21D, 1.79 - 176 (m, U, 166
{m, 1H), 1.61 - 1.30 (. 12H) LOMS-EST (m/z): [M +H] ealeudated for CoilaaNaOy:

w

i

371.2; found: 370.8.

w

/2
li;

[l

To a solution of 85-H (270 my, 0.729 mmol) in EtOH (12 mL) was
added hydrazine hydrate (0.145 mL, 3.083 mimoi) at roorn temperature and the resulting
solution was stirred at 70 °C. After 1.5 h, the mixiure was cooled o ¢ "C and diluted
with ether (30 mL) before stiming for | & at ¢ °C. The mixture was filtered and the

10 fittrate was concentrated. The residue was dissolved in CHyCly and filiered to remove
some insoluble material. The resulting filtrate was coumcentrated.  The residue,
combined with 83-1 (257 mg. 0.742 mmol), and NaHCO: (131 mg, 1.339 mmel) in
water {3 mL) and EtOH (3 mL) was stitred at room tempersture. After I, the mixture
was difuicd with water and oxtracted with EtOAc (x 2). After the extracts were washed

i3 with water, the arganic extracts were combined, dried (Na;SOy), and concentrated. To a
solutjon of the residus in CHLCl {2 mL) was added 4 N HC in dioxane (6 mL). After
1.5 h at room temperature, the sofution was concentrated and co-evaporated with
toluens. A mixture of the residue and DBU (6.6 mL, 4.012 mmol) in toluene (5 mb}

was stirred at 100 °C bath. After 1 b, additional DBU (0.3 mL. 2.006 mmol) was

b

od another 1 h at 100 "C. Afler the mixture was

{+ added and the mixture was st
concentrated, the residue was purified by flash chromatography using EtOAc - 20%
MeOH/ELOAC as clucnis to give §8-J. VH-NMR (400 MHz, CDCL) & 808 (s 1H),
7.71 - 7.62 {m, 2H), 7.36 - 7.29 (m, 2H), 7.29 - 723 (m, 1H), 5.44 (d, § = 9.8 Pz 11,
3.0 {d. 3= 9.8 He, 1H). 4.44 - 4.28 (m, 34, 4.23 (1, I = 13.0 Hz, 1H), 3.99 {ddt. J =
10.2, 6.3.3.6 Hz, 2H) 244 - 236 (m, 11, 2.29(dt, J = 11.6, 33 Hz, TH), L84 (dt, 3=

(3]
wn

0.8, 5.3 Hz, 2H), 177 - 161 (m, 34}, 1.57 (d, J = 1 1.7 Hz, 1H), 1.48 (ddd, J = 20.9,
12.3, 5.5 Hz, 1H), 1.38 {1, 3} = 7.1 Hz, 3H) LOMS-ESE" (srz): [M +HT calewlated for

25 H N, O 423.2; found: 423.3.

30 StkepY
A mixture of 83-F (214 mg, 8.307 mmeol) in THF {4 mL) and McOH (4

mE) was stired at roem teraperature as 1 N KOH (1.1 mL) was added.  After 20 min,

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
923 of 1915



WO 2014/100323 PCT/US2013/076367

the reaction mixture was concentrared 16 ~1 k., acidified with 1 N HCL {~1.2 mi.)}, and
diluted with brine before extraction with CHLCl (20 mi x 2}, The combined exiracts
were dricd {NaySOa) and concentrated to obtain the crude acid. LOMS-ESIT {2y [M
11 caleutated for CallaaNoO:: 39521 found: 31952,

E) A mixture of the crude acid (199 mg, 0.505 numel), 2.4 6-trifluorobenzyl
amine {130 myg. 0.867 mmol), and HATU (304 mg, 0.800 mmol) in CH,CL, {6 ml.} was
stirred at room tomporare as N, N-ditsopropylethyvlamine (DIPEA) (0.62 mL, 3.559
mmol} was added. After 30 rain. the reaction mixture was concenirated and the rosidue
was dissolved in BIOAC, washed with saturated agucous NHLC (x 2). saturated aqueous

FO NaHCO; (x 2), and brine. After the aqueous fractions were exiracted with EtOAc. two

erganic fractions wore combined, dried (MNaySO4) and concontrated. The residue was
purified by flush using EtQAc-20%MeOH/EA as cluents to obrain 85-K. 'H-NMR
{400 MHz, CDCL) & 10.40 (t, T = 5.7 Hz, 1H), $.42 (5, 1H), 7.68 - 7.54 (m. 2HY. 7.33

{ddd. J = 7.7, 63, 1.5 Hz. 2H), 7.30 - 7.26 (m, 1H), 6.74 - 6.60 (m, 2H). 5.37 {d, J=

5 100 Bz, 1H), 507 (d. 1= 10.0 Mz, 1H), 4.76 - 4.57 (m, 2H), 446 (dd, 1 = 6.0, 4.3 Tz,
D 434 (LT~ 12.4 Hz, 1H), 407 (dd, F = 124, 3.6 Hz, THYL 3.91 (4L, T~ 124, 3.9 He,
IH), 252 - 244 (m, YH), 232 (dd, J = [1.8, 6.2 Hz, 1), 192 ¢d, T = 10.7, 5.4 Ha,
TH), 183 - 1.70 {m, 3H), 1.67 (d, J = 11.7 Hz. 1H), 1.52 (dads, § = 25.5, i
Ftz, 2H). PF-NMR (376 MHz, CDCla) 8 -109.15 (dq. J = 15.0, 7.5, 7.1

20 1185 (L 1= 6.8 Hz, 2F). LOMS-ESE Oz IM 1H) calculaied for Caobl

538.2; found: 338.3.

Siep 10
858-K (187 mg, 0.34% mmo!) was dissolved in trifluoroacctic acid (3 mL)
25 st room temperature and stired at room tomperanme. After 1 b the solution was
concentrated and the residue was dissofved in CHCls. After the solution was washed
with 0.1 N HCL the aqueous fraction was extracted with CH,Cly (x 2). The arganie
fractions were combined, dricd (Na,SGL). and concentrated. The residuc was purificd
by flash chromatography using CH>Cl-20% MeOH in CHLCh as clsenis o obtain 150
30 mg (96%) of compound 85, Compound 85 was further purified by reerystailization
fram methane! (10 mL) 10 give componnd 85, -NMR (400 MUz, CDCL) § 12.00 (s,

D, 10.39 (L 1 = 5.7 Ha, TH), 8.36 (s, 1H), 6.74 - 6.48 {m, 2H), 4.64 (d, J - 5.7 Hz,

175
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28, 459 (dd, J = 6.1, 4.4 Fzo 1M, 4.36 - 4, 1% (my, 20, 4,12 (g, 1+ 124, 4.1 Hz, 1H),
2682247 (. THYL 2.25 - 210 (m, 1H3, 210 - 1 9% (., T, 1.98 - 1.66 (m, 4H), 1.66 -
1A% (m. 2H). PEANMR (376 Mite, CDCL 8 -109.23 (ddd, 3 = 151, 8.6, 6.0 Ha, 1F), -
11202 (4, 3= 6.9 Hz, 2F). LOMS-ESE /2y (M 1] caleulated for Cozt 13N 0.

3 4482 found: 448 3.

Example 86
Preparation of Compound 86
{1R,3%,4R, 1Za8)-7-hydroxy-3-meihyi-6, 8-dioxo-N-(2.4.6-trilluorobenzyl }-

1,2,3,4.6,8.12.12a-octabydro-1 4-methanodipyrido[1,2-a: 1 2-djpyrazine-0-

JE0; carboxamide
adtH g
/»—V\\ X 'J\ N
{ £
’,; n\i \y/\EO -
e} QH
36
176
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CCOMde

iﬁx CO0Me A= A §oome
AT NiS 4 o ™ BuaSnH AIBN R
L BRSORE Ha YTyt TR SN
P o " Ph : PPI;
86-A 86-B 86-C

LOH
LiBH, /\,/jw-s
- V7%
e “
\ Baoc
B6-H

13 HaNNH,
o S COVER

Z)Eto\’)\/&\_ NaHC O,
oLl
o OBn_ 85

’ ‘L’ 1) KOH
TTH /'/r"N»T)‘\\'/\\C 22457 BniiR,, FATU. DIEA

4y DBU " & den
36
T iy
/\T g\)/\r/// ; TEA /m-~\i z\\f II:‘I :(A‘,
A A AT Y e TS
T oo GSOH

A sotution of 86-A (10,160 g, 39.4% mmol) in DMSO (52 mL) and water
{6.5 mL) wus stirred at room temperature as N-jodosuccinvnide (8.888 ¢, 39,308 mmol)
was added. After 30 min, the dark brown reaction mixture was diluted with EtQAc, and
washed with saturated aquecus NaHCO: sofution, 10 % aquecus Na»$:0: solution Jand
brinc. After the aqueous fractions were extracted with EtQAc, the organic fractions
were combined. dried (NaySQy), and concentrated. The residue was purified by flash
chromalograpby using hexanes - EtOAC as clucnis 10 oblain 86-B ax a white solid, 'H-
NMR {400 MHz, CDCla) 8 7.33 - 7.19 (n, 5H), 4.25 - 412 {m. 1H), 3.79{q, ] = 1.6
Hz, 1H), 3.72 (g, 3 = 6.5 Mz, TH), 355 {8, 1M, 3.47 €5, 3H), 3.31 (dd. 1 = 3.9, 1.6 Hz,
D, 276 - 2.69 (m, HD, 2,93 (ddd, T+ 143, 7.8 1.7 Hz, L), 2.0%- 1.97 (m. Pey, 19

Ayt
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(dd, T+ 14.1, 4.0, 1.5 Hz, 1H), 1.42 (&, J = 6.5 Hz, 3H). LCMS-ESI" (mz): {M+H]

calculated for Ciel: ING;: 402.1: found: 402.0.

5 A solution of 86-B (12468 g, 31.07 mmol). azobisisobutyronitrite
{AIBN) (4.082 g, 24.86 mmol), and tributyltin hydride (18.047 g, 62.22 mmol) in
tolucne (150 ml) was stired at 100 “C. After 30 min, the reaction mixture was cooicd
to room temperature, dituted with EtOAc. and washed with water and brine. After the
agueous fractions were extracted with EtOAg, the organic fractions were combined,

10 dricd (Na:SQy), and concentrated. The vesidue was purified by flash clwomatography

twice using hexancs - BEIOAC as chicnts to obtain §6-C. TH-NBMR (400 Mz, CDCES
7397310 (m, 2H), 731 - 724 (m, 2H), 724 - 707 {m, THL 4.1 (50 TH), 372 (5, TH)
3.49 (s, 3H), 3.33(d, J=34 Hz, 1H), 327 (d.§ = 6.4 Hz, [H}, 2.65-251 (m, 1H). 1.92
{ddd. 7= 136, 6.8. 2.4 Hz, iH). 1 69 - 1.50 (m. 2H). 1.47 (d, T = 10.1 Hz. 1H), 1.41 {d.
15 3 = 6.6 Hz, 3H), 121 - 107 (m, 1), LOMS-ESE (m/z)y [M+H] calcolated for

C‘,{.I'{;QNO}Z 276.2: !‘mxnd: 276.1.

A mixture of 86-C {4,187 ¢, 15.21 mmoly and 20% PA(OH R/ (1.022 g)

200 in DO (100 mib) and 4 N HICHin dioxane (8.7 mb.) was stirred under H; atmosphere.
After 1.5 h, the veaction mixture was filtered, and the filtrate was concentrated.  After
the residue was co evaporated with tolucne. the residue was used for the nexe step.
LCMS-ESE (m/2): [M+H] calculated for Col NGO« 17201 found: 1721,

After the residue was co-cvaporated with toluene, the residue and BooO

25 {3712 g 26.17 mmol) in THF (45 mb) was stirred at voom tomperature as NoN-

diisopropyicthylamine (DIPEA) (R mL, 45.93 mmol) was added. After 30 min, the
reaction mixture was diluted with water and extracted with EtOAc (x 2). After the
organic extracts weore washed with water, the combined extracts were dried (Na:SQOq)
and concentrated.  The residue was purified by flash chromatography using hexanes -

30 EtOAc as cluents to obtain 86-D. 'H NMR spcotrum suggests a mixture of
yotamers, H-NMR (400 MHz, CDCL) 6 420 (8, T= 7.6 Hz, 111}, 419 - 410 (m, 21,

4.08 (d, § ~ 3.5 He, 1H), 3.72 (s, 3H). 2.74 (4, 1 = 5.6 He, 1H), 1.97 (ddd. 1~ 13.6, 6.9,
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2.8 Hz, 1H). L88 - 178 (m, 1M}, 1.79 - 1.50 (mn. 1H), 1.46 (s, 3H), 1.38 (s, &), 1.31
(d, 3= 133 Mz, D LOMS-ESE (i) IM+HT culcalated for ColNOQs: 272.2:

e ter]

found: 271.6.

¥4
r

)
B

A solution of $6-D (1639 mg. 6.113 mmoly in CH,Ch (35 mL) was
stirred at 0 °C bath as Dess-Martin periodinanc (5183 g, 12.22 mmo!) was added in
pothions. Afier 5 min, the mixture was stirred at room lemperature. After 2 h, the
reaction mixture was cooled in an ice bath, guenched with water, and Hiltered. The

10 itrate was washed with saturated NaHCOs, dried (NapSO.), and concentrated. Tha
rosidue was purificd by flash chromatography using hexancs - EiQAc as cluents to give
86-E. 'H NMR spectrum suggests two rotamers. TH-NMR (460 MHz, COCI) 8 4.4
{d. = 3.8 Hz. 6.3H), 439 (5. 1H), 4.26 {5, 0.5H), 3.75 (5, 3H)L 310 (5. 1H). 2,24 (d, I =
45Hz. 0.5H). 2.19(d. J =44 Hz. 0.5H),2.12¢d, =44 Hz, 0.5H). 2.07(d. ] =4.2 Hz

'S0, 2.00 (dd, J =45, 22 Hz, 0.5}, 1.98 (dt. ] = 4.3, 1.9 Hz, 0.5H), 1.80 (s, 0.5H),
LT (s, OSHDY, 146 (s, 45HD), 140 (d, T - 2.8 Fle, 4.5H). LOMS-EST (m/4): [M-

Cslg+ MY caleulated for CHHNO: 2141 found: 213 8.

s

Step s

20 A solution of 86-E (528 mg, 1.9601mmal) in THE (12 mL) was stivred at
0 "C as 0.5 M solution of Tebbe reagent in toluene (7.9 mL, 2.95 mmol) was added
dropwise. After addition, the brewn solution was allowed to warm to room terperature
slowly and was stitred al yoom ternperature for 2.5 h. The reaction mistwre was sirred

at 0 “C bath us the reaciion was quenched carefully by the addition of szfurated aqueous

i

[

NaH{ Oz solution. After the mixture was diluted with CHCL and stivred at room
temperature for {5 minutes, the resuiting mixture was filtered through celite pad and the
filter cuke was washed with CH,Cla. Afier the two fractions in the filtrate were
scparated, the ag. fraction was extracted with CH,Cly, and the organic fractions were
combined. dried {Na;SOq). and coucentrated. The residue was purified by flash
30 chromatography using hexancs - EtOAc as cluents to give 86-F. 'H NMR specirum
suggests two rotamers. TH-NMR (400 Mifz, CDCL) & 5,13 (&, 0.6, 5.04 (s, 0.4,

482471 (m, 1H), 4.55 (s, 0.6H), .43 (s, 0.4H), 4.29 (d. ] -~ 3.7 He, 0.44), 4.24 (d, ]

179
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= 3.7 Haz, 0.6H), 3.71 (s, 3H), 2.84 (s, U, 2.14 (ra, 2H), L.75 (s, 0.6H), 1.74 - 1.70 (s,
0.4F). 1.55 (. THD, 1.45 (s. 3.6H). 137 (5. S.4H) LOMS-ESE (2} [M +#H]

calculated for Ciabaa MO, 268.2; found: 267.6,

58
U
~
(€]

N

A mixturc of 86-F (333 myg, 1.246 mumol) and 20% PA(OH})»/C (33 my)
in EtOH (5 ml) was stirred under Hy amiosphere. After 30 min, the mixture was
filterad and the Slirate was concentrated 1o give 86-G. "H NMR spectrum suggests two
rotamers. H-NMR (400 Mbiz, CDC) 3 4.20 (ru. THD), 4.08 (m, 1, 3.71 (wo s, 3D,

16 268 (m, 1H), 2.06 {m, 1HY, 1.80 - 1.63 {m, 2H), 1.63 - 131 (m. [H) 44 (s, 4H), 1.3&
{5, SH). 113 (m, 3HD), 0.92 (v U LOMS-ESU (ns): M HHY caleulated for

CiHuNOy: 270.2; found: 269.7.

Step 7

i3 A solution of 86-G {336 myg, 1482 mmol} in THF (3 mi} was shirred at
0 °C as 2.0 M LIBH; in THF (1.5 mb) was added. Afler 5 win, the mixture was stirred
at roem temperature. After 2 b, additional 2.0 M LiBH, in THF (1.5 wl) was

iy was

-

added. After 21 & ar room temperature, additional 2.0 M LiBH; in THF {3

added. After 3 h at room temperature, the solution was heated at 35 °C for 18 b, The
20 reaction mixture wax cooled to 0 °C and quenched carcfilly with water. After the
mixture was extracted with EtOAc (x 2), the two organic fractions were washed with
water. combined, dried (Na;SO4). and concentraied. The residuc was purified by flash
chromatography using hexancs - BtOA¢ to give 86-FL VH-NMR (460 MMz, CDCL) 8
495 - 4.09 (br, 1R, 4.05 (s, 1H). 3.82 (dd, J = 11.5, 7.7 Hz, 1, 3.76 - 3.69 {m. 1},
366 (d. J= 11.5 Hz, 1H) 245 (d, J = 4.1 Hz, 1H}, 2.03 {dadd. J = 11.4, 7.0, 4.5, 2.6
iz, 1H), 1.77 - 157 {m, 2H), 1.48 (dd, 1= 103, 1.8 Hz, 1H), 145 (s, 9, 1.00 (d, J =
6.9 Hz. 3H). 0.93 (ddd, J = 13.2, 4.7, 2.6 Hz, 1H). LCMS-ESI" (m2) [M +HY

caleulated for Ci:H.aNQ: 242.2: found: 241.7.

30 Step¥
A solotion of 86-1 (218 mg, £.903 mmal), phthalimide (218 mg, 1.482
miuol), and PPhs (5335 mg, 2.040 nuncl) in THF (10 mL) was stirred at 0 °C bath as

t=id

180
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PIAD €0.40 ml., 2.032 mrool) was added. After 10 win a1 0 °C, the mixture wus stirred
at room temperature for 19 h. The reaction mixture was concentrated and the residue
was purificd by flash chromatography using hoxanc-EtOAC as clucnts to give 86-F 'H
NMR suggests two rotamers, H-NMR (400 MHz, CDCLY S 7.82 (dt, 1= 7.3, 3.6 1z,
2HY, 770 (d, J= 5.3 Hz. 2H). 4.53 - 426 (m, iH), 4.26 - 3.89 {m, 2H), 3.89 - 3.65 (m.
PH), 2.28 (m, TH), 2.04 (m, TH), }.82 - 165 (my, 2H), 1.66 - 1.43 (m. 7H). 138 (s, 4HD),
19 - L0} (m, 3H). LCMS-ESI" (muz): 3O 372y

found: 3705,

W

{M +H} calculated for €. H:

{0 Step 9
To a solution of 86-F (319 my, 0.861 mimo!) jn BtOH (12 mL) was added

hydrazine hydrate (0.17 mL, 3.494 mmol) at room temperature and the resuiting
solution was stirred at 70 °C bath. After 1.5 b, the mixture was cooled to 0 °C and

diluted with cther (25 mL) befere stirring for 1 h at 0 °C. The mixture was filtered and

) the filtratc was concontrated. The residue was dissolved in CHLCl: and filtered to
remmove some insoluble material. The resulting filtraie was concentraied to give crude
amine. LOMS-EST (i) IM +H] calowlated for CraFiaN:Oy: 2471 .2 found: 2400,

After the crude amine was co-evaporated with toluene, 2 mixture of the
crude amine. 85-1 (300 mg, 0.866 mmeol), and NaHCO, (150 mg. LR4S mmob) in waier

Zain

24 {3 mij and BrOH 3 mb) was stired at room teraperature. After 2 h, the mixture was
dituted with water and extracted with EtQAc (x 2). After the extracts were washed with
water, the orgamic extracts were combined. dricd (Na,SO4), and concentrated. To a
sohstion of the residue tn CHCL (2 mL) wus added 4 N HCT in dioxane (6 mb). After

i.5 b at room temperature, the solution was concentrated and co-cvaporated with

B9

W

teluene. A mixture of the residuc and DBU (0.65 ml. 4.347 mmol} in toluone (6 mi)
was stizred at JOO "C. After 1 b additional DB (0.65 ml., 4.347 pumol) was added
and the mixture was stirred at 100 °C. Additonal DBU (0.63 mL. 4.347 mimol) was
added after | h and the mixture was stirred another 2.5 h at 100 °C. The mixture was
diluted with CH,Cl, and washed with water containing 3 mL of | N HCL. The organic
30 fraction was dried (Na;SO2) and concentrated, The residuc was purificd by flash
chyomatography using BtOAC-20% MeO/TIOAC as cluonts to give §6-7. TH-NMR

(400 MHz, CDCls) 8 8.09 (s. 1H), 7.7 - 7.62 (m, 251}, 7.37 - 7.27 (i, 3H). 5.48 (d, J

181
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9.9 Hz, THY. 5.16 (d. J = 9.9 Hz, 1H). 4.53 (5, 1H), 4.38 (. 2H), 4,31 (m, 1H), 3.97

(dd, T~ 12.2, 3.0 Hz 1HD, 3.88 (dt., Jo 12,2, 3.0 Hz, TH). .63 (d, 1= 4.2 Hz, 1H). 2.28
(qd, = 7.2, 3.0 Hazo TH), 2.00 - 1.88 (m. 1H). 1.80 - 1.56 (m, 2H), 1.39 (1, J = 7.1 Hz
3E0y, 1.07 (d. = 0.9 Hz, 311, 1.04 (dd. 1= 5.0, 2.5 Hz, 1) LOMS-ESH (miz): [M

5 +H] calculated for CpHN>Os: 423.2; found: 4232,

A mixture of 86-8 (82 mg, 0.196 mmol) in THF (2 mL) and EtOH (2

ml) was stirred at voom temperature as | N KO (0.4 mL) was added.

the reaction mixmre was diluted with water and washed with CHCls.

After 30 mnin,

After the

agueous fraction was acidified with 1 N HCH 0.45 mLy, the product was extracted with

CHACLL (x 2y
the crude acid. LOMS-ESY (m/z): M

SEE

b-)

fhe combined extracis were dricd (Na:SOy) and concentrated to obtain

+H] calcuiated for CrrHaN:Q5: 395.2; found:

'S A nixture of the crude acid (69 myg, 0.173 mmai}, 24 Sarifluorobenzyl

arnine {42 mg, 0.261 vamol), and HATU (106 mg, 0. 279 mmoly in CHLCL (3 mL) was

stivred at room temperature as NN-diisopropytethylamine (DIPEA) (0.25 mi

mmol) was added. After 30 min, the reaction mixture was concentrated 2

, 1433

ad the residue

was dissoived in EtQAc, washed with saturated agucous NHLCH(x 2}, saturated aqucous
$

200 NaHCOs: (x 23, and brise. After the agquenus fractions were

organic fractions were combined, dried (Nap;S(ay and concentrated.

extracted with EiJAc, iwo

The residue was

surified by flash chromatography using FtOAc-20%MeOH/EtOAC as cluents o
P ¥ LFADTY g

obtain 36-K. "H-NMR (400 Mz, CDCL) 3 1040 (1, = 3.7 Hz, 1
7.66 - 7.51 (m. 2H), 7.36 - 7.29 (m, 28}, 7.29 - 7.23 (m. DL 6.71 - 6.61 (m,
{d, =100 Hz, 1H), 318 ({d, =100 Hz, 1H). 473 -

11 (m, 1HD, 4.03¢dd, I = 12.4, 3.1 Hz, [H). 3.81 (di.J = 123,3
(m, [H), 220 (dddd. J = 114, 7.1, 4.7, 2.4 Hz, 1H), 1.94 (ddd, § = 13.5,
1H), 1.88 - 1.67 (m. 2H). 1.06 (d, 1 = 7.0 Hz,
MHz, CDCls) 8 -199.14 (ddd, J = 15.2, 8.7

12

(]

Cipla v. Gilead IPR2025-00033

M), .40 (s,
2H). 5.
458 (m, 2H3 4.53 (5. tH), 4
31 Mz, 1H), 2.68 -
11.2, 4.6 Hz,
3H). 1.03-1.09 (m, 1H). PF-NMR {376
L 6.2 Hz IF) -111.86 (1, )} = 7.0 Hz, 2F).
LCMS-ESTT (mi/z): [M +H] caleulated for CaoblerFaNOy: 538.2:; found: 538.1.

1,

36
22 -
2.5
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86-K (61 myg, 0.113 mmol) was dissolved in triffuoroucetic acid (2 mib)
and stired at room temperature. After 1 b, the solution was conccotrated and the
residuc was dissolved in CHCH After the solution was washed with 0.1 N HCY, the
agqueous fraction was extracted with CHCly {x 2). The organic fractions werc

5 combined. dried (N2:SOu). and concentrated.  The residue was purified by fiash

chromatography using CH,CL-20% McOH in CHLCL, as clocnss to obuwin compound

86. 'H-NMR (400 MHz, &DC!;) 8 12.02 (s, 1H). 10,40 €1, J = 3.7 Hz, [H}. 835 (s,

VHY, 6.63 (1 3 R Hz, 2H), 4.62 (d. 1+ 5.7 He, ZH). 4.59 (s, 14D, 4.22 ¢34, 1~ 12.2,

3.5 M THL 403 80 = 119 Ha TH), 4.05 (de 3= 12,0, 3.1 Haz, DD, 2277 - 2,70 (m,

13 ), 2310 m, 1M, 209 - 1.93 {m, 1), 1.93 - 1.81 (m, 28), 1.10 (ddd. F= 139,50, 2.1

Bz, 1H), 1.02 (4, § = 6.9 Ha 3H) PRINMR (376 Mz, ML) 8 -109.22 (ddd. 3 =

P51, X761 He, (F), -112.03 {t, J = 6.9 Hz, 2F). LCMS-ESI™ (o) [mM +HY
calculated for CooHy FaNAD4: 448 2: found: 44K 3.

Lxample 87
i3 Preparation of ¢iv-3-aminotetrahydro-2H-pyran-3-ol
o O Okt
AN CeCt MaBl, ,,/1\,] My PUC N
oo i
i e ')\
O nricn O ot = \N’
[ (LI}
STC’; 1
24 & salution of benzyl {S-oxgietrahydee-2H-pyran-3-ylcarbamare (740

mg, 3.0 mvaot} and ceriem{Uy chloride heptahydrate (112 g, 3.0 mimol) in 20 mL
methanol was cooled 10 0 °C and sodium borohydride (120 mg, 3.2 rmel) was then
added portionwise. The reaction mixture was allowed to stiv at ) “C for 45 minutes and
then quenched by slow addition of 1 mL acetoue foilowed by 3 hours stirring at room

25 temperature. The roaction mixture was partitioned between water and dichloromethanc
and the agueous phase extracted into dichlovomethane followed by 2-butanel. The
combinud organic phases were diled over magnesium sulfate, filtered, concentrated,
and the residue purified by flash chromatography (0-100% EiOAchexanes) to afford

the desited cis-berizy]l ({3R.SS)-3-hvdroxytetrahydro-2H-pyran-3-ycarbamate. H-
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NMR (400 MEiz Chloroform-«) & 7.39 — 7.26 (m, SH), 6.00 (br s, H), 5.07 (s, 2H),
3.84 - 270 (. 2H 289 - 3.47 (m, 4H), 2.00 - 189 (o, THY 176 (d. S = 3.8 17,

1), The undesived frans-isomer was also isolated.

1]

’ g
}E’:
[

To a solution of ciz-benzyl {((3R,58)-5-hydroxyictrehydro-2H-pyran-3-
vicarbamate (290 mg, 1.16 mmol) in § mL i:1 DCM:EtOH was added 10w PA/C
{255 mg). This mixture was stirred ynder balloon pressure hydrogen for 18 hours and
paljadiun removed by filtration thru celite with ethanol rinse. Upon concentration of

filtrate, the cis-S-aminotetrahydro-2H-pyran-3-ol was #fforded and carried on as crude.

Faample 88
Preparation of Compound 88
"(2R,5S, 1 3aR)-N-{3-ch loro-2-fluorobenzyl)-8-hydroxy-7,9-dioxe-2,3.4,5.7.9,13,13a-

octahydre-2,5-methanopyridof 17,274, 5 pyrazino[2,1-bI[! 3loxazepine- 10-carboxamide

3 B
H i
/\YO\I/\r SN {J\ (/\”)\\\\ A
!l v
it OH

88

Compound 88 was prepared in a similar manner o compound 138 using
{3-chiore-2-fluorophenyiymethanamine in place of (4-fluorophenylymethanamine. 'H-
NMR (400 MHz, Chloroform-d) & 10.43 (br s, 1H), §.34 (br s, 1H). 732 - 7.24 (m,
2H), 7.02 (4, J = 7.9 Hz, 1H), 5.36 (d, J = 9.4 Hz, 1H), 530 (s, ZH), 4706(d. /=60 Hz,
3H), 4.24 (d, J = 120 Hz, 1H), 4.00 (dd, J=+ 12,7, 9.5 Hz. 1H), 2.18 - 1.96 (rm, 4H),
196 ~ 1.83 (m, TH), 160 (df, J = 124, 3.1 Hz, 1H) LOCMS-ESI (i) [M+HT
calculated for CoiHioCIFNSOs: 4481 1; found: 443.2.

1R4



WO 2014/100323 PCT/US2013/076367

Example 89
Preparation of Compound 89
{2R.58,132R}-N-(2,5-diflucrobenayi p8-hydroxy-7,9-dloxe-2,3,4,5,7,9.13, { 3a-

octahydro-2,5-methanopyrido] 1.2:4,5 [pyrazino]2,1-b} | 3 oxazepine-10-carboxamide

wn

Q F
Mo H i
/\?{/O 3~ N N )\i
LY e Y
o on F

8%

Compound 8% wus prepared in a similar manner o compound 15 esing

10 25-difluorophenylmethanamine in place of ( 4-fluorephenyDmethanamine, "H-NMR
{400 MHz, Chlorolorm~/) § 1032 (1, ./ = 5.8 Hz. TH3, 831 {brs. 1H), 715 -~ 6.89 (m,

2H), O.86 (A /= 8.5 He, 1H), 540 (d, J == 9.3 Hz, 1H), 524 (5, 1H). 4.67 - 4.5§ {m,

3Hy 435 - 4.28 (m, TH), 399 ~ 3.90 (m, 1H), 2,16 - 185 {m, SH). 1.60 - 1530 (m,

Lbty LOMS-ESI (/z): [M+HT caleulated for CoHoFNaOs: 432,14, found: 432.2.

Is
Example 9¢
Preparation of Componnd 68
{1R.48,12aR)-N-(3-chloro-2-fluorobenzyi-7-hydrox y-6,8-dioxo-] 2.3.4.6,812.12a-
sctahydro-1.4-methanodipyridol 1 2-a: 1,2 d pyrazine-9-carboxamide
20
o) =
BB i Py
R Fe N N W NG
S OERS
-‘NY'\\ g0 =
H
G O

6

Cempound 98 was prepured in a similar manner 1o compound 4% using

25 {3-cblore-2-flucrophenyDmethanamine in place of (2 4.6-triffuorophenyimethanamine.
TH-NMR (400 Mz, Chloroform-d) 3 9.22 (s, 1H), £.79 (s, 1H), 7.39 - 728 {m. 2.

706 {t, .= 8.0 Hz, 1H), 4.89 (5, 1H), 4.7¢ - 4.56 (m, 3H), 4.06 - 3.83 (m, 243}, 3.94 -

18S
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2.88 (ra, 1H), 2.77 (s, 1§1), 1.97 — 1.58 {m, 6H). LOMS-EST" {n/): (M HL caloulated
for CoHioCIFN:Os: 4321 1; found: 4322

Example 91
Preparation of Compound 91

{1R,48,12aR)-7-hydroxy-6,8-tdioso-N-(2,3 4-trifluorobenzyi-1,2,3.4.6.8,12.1 23-

w

octahivdro-1,4-methanodipyridof |.2-a:1",2'-dpyrazine-2-carboxamide

Compound 91 was prepared in a similar manner to compound 41 using

(2.3 44 luorophenyiimethanaming in place of (245w fluorophenyl}methanamine.
'H-NMR (400 MUz, Chioroform-d) & 10.25 (s, 131), 8.45 (s, 11} 7.10 (d, J ~ S.1 Wz

), 6.90 (d, 7= 8.7 Hz, iH)L 480 (s, TH), 4.63 (3. 2H). 422 (d, /= 1 1.6 Hz, 1H), 3.93

5 - 373 (m, 2H), 271 (s, 1H), 1.97 - 1.57 (m, O6H). LCMS-EST" (w2} [M+H]

caleuiated for CoHFaNaOg: 43413 found: 434.2.

Example 92
Preparation of Compound $2
(1R 48,12aR)-N-{4-chiovo-2-fluorebenzyl}-7-hydroxy-6,8-dioxo-1,2.3,4,6 8 12,122~

28 octahydro-1,4-methanodipyrido] 1, 2-a:1".2"-d]pyrazine-O-carboxamide

186
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Cormpound $2 was prepared in a similar manner o compound 41 using
{4-chlore-2-fluorophenylimethanamine in place of (2,4.6-rifluorophenyDmethanamine.
H-NMR (400 MHz, Chloroform-e) § 10.28 (s, 1H), 8.41 ¢s, 1H), 7.29 ¢s, 11}, 7.11 ~
695 (m, 211), 4.85 (s. 10y, 4.57 {5, 2H) 422 {d, /= 10.2 Hz, 1H), 3.81 fqh ' = T3 19,

5 130 Hz 2ZH) 268 (s, TH), 1.99 - 1.50 (m, 6H). LCMS-ESE Griz): [M+HT caleulated
tor Cp HoCIFN:Os: 432,11 found: 432.2.
Example 93
Prepavation of Compound 93
{1R,48,12aR }-N-(2-chloro-4,6-difinerobenzy)-7-hydroxy -6 8-dioxo-1,2.3.4,6,8.12.1 2a-
& getahydro-1 d-methanodipyridof 1 2-a:1,2-dpyrarine-9-carboxamide

I £
Cn, PA(FPL}, S

O ~ B
7 N /'\\A,‘ T s ,I' N. Y m/)\ F e
It HATU Ve Y e @ E
s} OBn ¢} OBn
23.4 938

,..‘

o
©
(%]
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Step L

A 5 mi. microwave viasl was charged with 2-bromo-i-chiore-3,5-

difluorobenzene (540 mg, 2.4 mmol). cuprous cyanide {436 mg, 487 mmaol),

N

tetrakis{triphenyiphosphineipalladium (63 mg.,  0.05  mmol)  secaled. and

W

cvacuutedbackfilled with nitrogen. To this was added 5 mb degassed DMF. The scaled
vessel was heated at 110 °C for IR hours, diluted with cthyl acctate, and washed
seguentially with twice 911 NHOHNHCl . twice 5% LiCl,,.. and brine. The organic
phase was then dried over magnesium sulfate. filtered, and concentraied. The crude
1 residuc was purified by flash chromatography (100% hexanes) to afford 2-chioro-4.6-
difluorobienzoniirile. "H-NMR (400 MHz, Chloroform-¢y § 7.13 (dy, J = 8.0, 1.9 Hz,

1H), 6.93 (1d.J = 8.5, 2.3 Hz, 1H).

Step 2

]

To a solution of 2-chioro-4 6-difinorobenzonimriic (210 mg, 1.2 mmol} in
2.4 ml THE was added a 2M solution of borane-DMS in THF (8.6 mL). This reaclion
mixture was allowed to stiv at reflluxing termperature for 18 hours resulting in 4 Joss of
all solvent. The residue was re-dissolved in 3 mb THE, cooled ¢ 8 °C, a 6M soletion of
HClp, was carcfully added, and the mixtore roturned to reflux for 30 minutes. The
20 reaction mixture was once again cooled to O °C and treated with 4M NaOH. The
aqueous phase was extracted with DOM, combined organic phases dricd over
magnesium sulfate, filtered. and concentrated. The crude residuce was purified by fash
chromatography {0-10% McOH/DCM) o atford (2-chlore-4.6-
difleorophenyDmethanamine. PH-NME (400 MHBz, Chloroform-d) & 6.93 (dt. ./ = 8.3,
2.1 Hz, 1H), 6.76 (td. /= 0.4, 2.5 Hz. THL 3.94 (d. /= 1.9 Hz 2H).

3

N

Steps 3 and 4
A solution of 93-A (74 mg, 0.1} munol), {2-chloro-4.6-
difluorophenymethanamine (48.5 g, 0.27 mmol), HATU (100 mg, 0.26 mmol), and
30 N N-ditsopropylethyvlaming (0.1 mL, 4.57 mmot) in | mU dichloromcthane was stivred
at roors temperanie for one hour af which point compicie disappearance of 93-A and

formation of 93-B was observed by LCMS. TFA (0.65 M) was added and the mixlure

18%
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was stitred at room temperatore for one bour, at which point T ml DMF was added
The veaction muxture and then concentrated and purificd by preparative HPLC
{ACNHG + 0.1% THA)Y w afford compound 93. YH-NMR (400 MHz, DMSO-d) &

04 (1, /=357 Hz, 1. 833 (s, 1F), 741 - 7.26 (m, 2H), 472 ~ 4.57 {m, 3H), 4.43

5 {dd, J=1253.6Hz 1H), 394 (1, .= 124 He, 2H), 3.77(dd. J = 124, 3.6 Hz, 3H),
PRT = 167 (m, 3H). 167 ~ 145 {m, 2H), 1.43(d, ./ = 10.4 Hz, 1H). LCMS-E8}" (usn):
[M+H] calculated for CyH (2CIF/N:O4: 459.10: found: 430.2.

Example 94
Preparation of Compound 94
1¢ {IR 48.12aR)-N-benzyl-7T-hydroxy-6 8-diexo-1,2,3.4,6.8.1 2, 1 2a-octahyvdro-1 ,4-
methanodipyridof 1,2-a:1' 2 -d]pyrazine-Y-carboxamide
<
’\\’yf/\w/\vj\m/“ e
/"/ ’{‘ 2\» ’L\\ " x\,//'
YA \’ y_ e
O OH
94
i)

Compound 94 was prepared in a similar manner to compound 41 using
phenyimethanamine n place of (24 6-riftuorophenyDmethanamine. 'H-NMR (400
MHz, Chloroforme-d) 8 10.37 (s, 1H), 826 (s, 1), 7.37 - 7.19 (m, SH), 4.55 (d../ = 4.8
Hz, 1H}, 434 {d, /=357 Hz, iH}, 4.23 ¢d. J = 9.8 Hz, 1H), 4.09 (d. J = 28.2 Hz, iH),

20 37R{d.J= 109 Hz, [HL 364 (d,J= 132 Hz, 1H), 3.14 - 3.01 (m. 1H), 1.91 ~ ] .49
(m, 4H). LCMS-ESE" (n/z): [M+H] calculated for Ca 5 N304 380.16; found: 380.2.

Exampie 85
Preparanion of chiral tert-buty] 3-((1,3-dioxoiscindelin-2-yDimethy1)-2-

azabicycio]2.1. ! thexane-2-carboxylates 95-A and 95-B

129
I

189
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HO
4

\\’m_ / _Eflii’!—a-lin'nde ]

y—'&‘a DIAD, PP
10ied

{44

(8] o}

X J
-0 -0
S—N = N =
a Bcf: / \Bocc/‘.

95-A 95-8

Absciute siereochemisiries unknown

Step 1

-

To a 0 “C selution of racemic teri-butyl 3-{hydroxymethyl})-2-

5 azabicyclo[2.1.1Thexane-2-carbosiylate (2835 mg. 1.34 mmot), triphenyiphosphine (425
my, 1.62 mmot), end phthalimide (240 myg, 1.62 mmol) in 9 mL THF was added
dropwise a soiution of dilsopropyl azodicarboxylate (0.35 mL, 1.8 mmol) in | mi THF.

The reaction mixture was wurmed m toom femperature, stirred for 90 minutes,

OB

eoncentrated onto silica, and purified by flash chromatography (0-25% EtQAc/hexs
18 1o afford tert-butyl 3-((1,3-dioxoisoindolin-2-ylymethyl}-2-azabicycio[2.1. 1 fhexane-2-
carboxylale as a ruvemic mixiure LOMS-ESH (ma) [M+HD calculated for

CroloaNa Qe 343.2; found: 342.4.

Step 2

e Racemic tert-butyi 3-{{1,3-dioxotsoindolin-2-yhmethyl}-2-
azabicyclo]2.1.1Thexanc-2-carboxylate {635 mg. 1.91 minol} was scparated by chiral
HPLC on a Lux Cellulose-2 column using an acetronifriie eluent to afford chiral 95-A
{(first cluting peak) and 95-B (sceond efuting peak) in enantioenriched form, For 85-A:

144 mg, 98%se (absolute stereochemistry unknown) For 95-B: 242 mg, 4%%ee

LJ

{abseluic stereochomistry unknown).

Exampie 86
Preparation of Compound 86
(1R,3R. 1 1aS)-6-hvdroxy-5,7-dioxo-N-(2,4.6-trifluorobenzyi}-2.3,5.7, 1 1, i a-

hexahydro-1H-1,3-methanopyrido[1,2-aIpyrrolo] 1,2-d]pyrazine-8-carboxamide

190
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o
1 (‘/\/l\f‘)f' .
g EtO\T/KQﬁ//&\O s VR
- "‘\/W,’\ NHoNHy W‘NH: & bgn 6B
H 0 — et e e
P fNS P,
7 el Cy Boc 2) HO
98-A 96-A, 33 DB

{Absolute siereacnemisiies unknown)

Step |

To a soluiion of intermediate 95-A (141 myg, 047 mmol. 98% ce,
unkuown absolule stercochenistry) in $ mi cthanol was added hydrazine hydrate (0.3
mL, 10.3 mmol) and stitred at 76 °C for 18 hours to afford 96-A of unknown absolute
stercochomisiry, Solids wore removed by fijtration and the filvate concenirated and

carried on as ¢rude.

191
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A miixture of crude 96-A {041 mmo! assumed), 96-8B (430 mg, 123
mmoly. and sodium bicarbonate (69 mg. 0.82 mmol) in 2 mi water and 2 mi. ethanol

were stirred at room temperature for iR hours, afier which the reaction mixture was

W

diluted with water and thrice extracted to cthyl acctate. The combined organic phases
were dricd over magnesium sulfate, fiitercd, concentrated. The crude residuc (222 mg)
was dissolved in 1.5 mi. DOM and 4 N HC in diovane {4 ml) was added and stirred
for 90 minutes at room femperature. The mixture was concentrated to dryness and
1o coevaporated with toluene. The crude vesidue and DBU (0.3 md., 2.0 mmel) in 6 mL
methanol was stirred at 30 °C for 98 mivates. The reuction wixture was then
concentrated ome silica gel and purified by flash  chromatography {0-10%
MeOQH/DOM) to afford 96-C. LOCMS-EST (n/z): [M+HT caleulated for CrxH-N>Os:

395 16: found: 395.2.

Stepd

A mixture of 96-C (112 myg, 0.28 mumel), 1M agueouns potassium

hydroxide (1 mb). 4 mL methanol, and 4 mL THF was stirred at room iemperature for3
hours, at which point the mixture was diluied with dichloromethane. acidified by

20 addition of 1M aqueous hydrogen chlovide, and the organic phase extracted o
dichioremethane. The combined organics were dried, filtered, and concentrated from
toluene. After drying under vacuum, the residue was suspended in 1.5 mL DCM and

wifluorobenzylamine (62 mg, 0.28 mmol), HATU (220 mg, 0.38 munol), and N.N-

diisopropyiethylamine (DIPEA) (0.13 rol, 0.86 mmol) were added. This reaction

1)

w

mixture was stirred at room temperature for 2 hours to afford 96-1 which was carricd

farward as crude.

Step 4
Trifluoroacetic acid (1.7 mL, 22.2 mmol} way added to the crude
30 reaction solution containing 96-8 from the prior step and the reuction mixturc allowed
fo stiv at room terperature for 90 minutes, 1 mL of DMF was then added, the reaction

mixture concenualed down to ~1 mb, filtered, and pusified by preparative HPLC

102
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(AN water + 0.1% TFA) w afford compound 96 (unknown absolute stevsochemisiry),
SH-NMR (400 MHz, DMSO-do) 8 10.45 — 10.35 (m. 1H), 8.39 (s, THY, 7.23 - 7.09 (m,
261y, 4.67 (dd. = 12,6, 4.8 Hz, 2H), 4.53 {d, /= 5.5 Hz, 2H). 420 (dd. J ~ 11.9, 3.8
Hz, 14D, 4.05 - 395 {m, TH), 2.96 - 288 {m, L 216 (d. /=70 Hz, 111, 1.97(d,./=
5 7.0 Hz, 1H). 1.68 ~ 1.60 {m, 1H). 1.33 ~ 145 (m, IH). LOMS-EST {4y [M+HT

calculated for CopllioFaNCy: 428,12 found: 4202,

Example 87
Preparation of Compound 97

{15,38,11aR)-6-hydroxy-5.7-dioxo-N-(2.4, 6-trifluorobenzyi}-2.3,5,7.1 1.1 la-

16 hexalydro-1H-1.3-methanopyridof1 2-alpyrrolof 1, 2-dipyrazine-%-carboxamide
9 &

i il
- ;'”‘N/\Y&'Q”T&L
| XN )\\WO = o i

{Absolte stereochemistry unknown)

97

5 Cornpound 97 (49% ce, unkvnown absolute  stercochemisiry) was
prepared in a similar manner 1o compound 96 using intermediate 95-B (49% ce,
unknown absolute steveochemistry} in place of enantiomericaliy opposite intermediate
95-A. "H-NMR (400 MHz, DMSO-d,) 6 1039 {t. /= 5.7 Hz, 1H), 8.42 {s, IH}). 7.25
TA3 (m, 2H). 4.73 - 4.66 (m, 2H), 4.54 (d. /= 5.7 Hz. 2H). 4.20 {dd, /= 123, 3.9 Hz,

20 IHL 400 {4 /= 124 Hz, 1H), 2.93 (dd. J= 6.7, 3.4 Hz, 1H), 2.19 - 2.14 (m. 1H}, 1.97

{d, /= 83 Hz, 1HY 1.65 (dd, J = 104, 7.9 Hz, IH). 1.49 (dd. J = 16.5. 7.7 Hz, {1,

LOMS-EST (nus): PG caloulated for CuoblisFiNaD e 426.12: found: 420.2.

Example 98
Preparation of Compound 98
25 {15.4R12aR)-3 3-difluove-7-hydroxy-6.8-dioxo-N-{2.4,6-trifluorobenzy 1)
1,2.3,4,6,8.12,1 2a-octahydro-1 A-methenodipyridol 1,2-4:1" 2-d)pyrazine-9-

carboxamide

193
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g . HA 3
\\II\\—Y/,\I N \//‘k N/\/

iseasy]

Ho &

28

NHHNH,

98-D 98-,

3
BH o ? 6) NaHCO;
- /r\?/I N O Ty 74N LICH in dioxane
R § 0 e 2 8} DBLYMeOH
F/\!P_i “Boc \/o\;(” N0 i
H C O
Bn
98- 98-G
, Q z
}L: —/\\ F I‘ H/‘* (“
1/ ~ :-_,_tl\r 1 \N/\\E \ﬁ/\//
3 : i i
/ \n C 10y HATU, amine Y Y o
‘ O‘Bn o O OH
981 11ITFA g
Step 1

98- (0.5z. 1. 8Tmmol) was dissolved in DOM (20 mL} and cooled @
°C under Nitrogen. DBess-Martin Periodinanc (1.59 g, 3.74 mmel) was added slowly.
10 The mixture was stirred for 2 h at room temperature, quenched with Nay8,0:/NaHCO:x
{7:1) aqucous saturated solution (160 mlj and stirred vigorously until fwo jayors were
separated. The crude product was wwice extracted with DCM. The combined organic
fayers was drisd over sodium sulfate and concentrated. The crude product was purified

by flash chromatography on silica gel with 0-20%McOH/DCM to afford 98-B. 2
IS5  NMR (400 MHz, Chioroform-dy 8 4.34 - 4.05 (m, 1H), 3.97 - 3.75 (m, 1H), 3.69 {s.

194
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3H), 2.89¢dd, J = 4.4, 20 Hz 1D, 230 - 1.97 (m, 3H), 1.56 (4, 1 = 11.3 He 1H), 1.35
{s.9H). LOMS-EST (m2): IM+H] caleulated for CsHLoNOs: 26913 found: 270.78.

=

Step 2

W

A solution of 98-8 {504 mg. | 87mmel) in DOM (15 mL) was stirred af
§ °C. DAST (imb) was added drop wise t© the reaction mixture. After overnight
stiring at room temperaiure, the reaction mixture was cooled back fo 0 "C. Suturated
NaHCO: (10 mL) was added stowly. The mixtare was extracted with twice with DOM
and dricd over NaxSUa. After concostrating, the residue was purified by Hash
10 chromatography 0-30% FtOAc/hexanes to give 98-C. 'H-NMR (400 MHz7,
Chioroform-d) 8 4.45 - 418 Gu. 1HY 3.85 (m, (R 372 ¢dL § = 1.5 Hz, 3H), 2.72 {ddd.
J=5.3.32, L6 Hz THL 227 « 1.52 (modH), 141 (4§ = 21.9 Hz, 9H). "F-NMR (376
MHz, Chioroform-dy 8 -91.72 - -93.99 (m}, -113.65 - -115.98 (m). LCMS-EST" (1.2
[M+H] caleuiated for CoaHwFyNQy: 291 13: found: 291 .55,

)

Step 3
98- {476 myg, 1.634memol} to THF {20 mil) was stivred at § °C a5 2.0

M LiBHy in THE (2.4 mL, 4.8mmol) was added. The mixture was warmed (0 room
temperature and stirred for 4 b The reaction misture was quenched with ice and diluted

20 with BtOAc and saturated NHLCH (some My evolution). After the two phases weve
separated, the organic fraction was washed with brine, dried (Na;SQ.), and
concentrated. The crude product of 98- was used as is for the next step. LCMS-EST”
(mdzy [M+HT caleulated for € FaNOL: 263.13: found: 164,10,

25 Stepd

98-1» {1.634mmol), phthalimide (.36 g, 2.4 Smnwly, and PPh: (0.855 g.
326mmol) in THE (30 mL) was stirred at § °C bath as DIAD (0.642 mL, 3.2émimol)
was added. After addition, the mixture was stirred at § °C for 30 min and then at room
temperature for 16 h. {t was diluted with EtOAc. and saturated NHLCL After stirving for

30 3 min a solid was filtered off and the two phascs were scparated. The organic phasc
was washed with brine. dricd (NaxS80), and concentrated. The crude nroduct was

o o - : <0 A o 1
purificd by {lash chromaiography with 0-30%4EA/Hex as eluents o give 98-E. "H-

195
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MMR suggests 2 mixture of two rolumers, H-NMR (400 Mz, Chloroform-d) 8 7.89 -
7.80 {my, 24D, 7.78 - 7.66 {m, 2H), 5.02 (4di, J == 1660125, 6.3 Hz, 1D, 4.24 (d, 3 =
TIR Mz T, 410 - 3.92 (m, TH), 3.83 - 3.57 (m, 2H), 2,46 (s, 1H), 221 - 1.98 {m,
20y, LR7 - 62 (my, ZHD, L3 (A 3= 805 Lz, SH) PEaNMR (376 Mz, Chiosoforme-d}
5 5-91.22--93.58 (m), -1 13.20 - -115.45 (m). LOCMIS-ESY (/) [M+HY calculated for

CooHo FaN,Oy: 392.15; found: 3933,

To a solution of 98-£ (696 mg, 1.774mmol) in E(OH (J0ml.) was added

10 hydrazine hydrate (ImbY at room temperatuse and the resilting solution was stirred at

room tomperatiie for 2 h, The mixture was diluted with cthy! ether (3¢ ml) and stirred

at 0 °C for 66 min before filtration, The filtrale was concentraied and the residue was

dissolved in CH,Ch: and filtered. The fitrate was concentrated and purified by flash

chromatography on silica gel with 0-20% MeQOH (0.2% TEA} /DCM to give 98-F. 'H-

15 NMR (400 Mz, Chloroform-dy 8 4.91 (p, 1= 6.2 Hz, 1H), 429 - 3.97 (m. tH), 3.36 -

293 {m, 2H), 2.49 (g, 1 = 8.8, 3.2 Hy, 2H), 208 (dddd, ] - 25.5.14.0. 7.1, 4.9 He, 1H),

189 - 140 (m, 4H), 141 and 123 (d, 3+ 62 Hz, 9H) YF-NMR (376 MHz,

Chloroform-dy 3 -91.63 - -93.16 (m), -113.11 - -3115.08 {m). LUMS-ESE {(mi):
M caleutated for CpHzF N0z 262.15; found: 262.8.

Step 6. 7and §

The mivture of 98-G (375.8mg, 1.55 mmol), 98-E (370 mg, |41
mmol), and NaHCO: (261 mg, 3.10 mool) in water (S mL) and F1OH (5 ml) was
stirred at roorn temperature for 2 h. The mixture was diluted with brine and extracted

25 with EiOAc (x 2). The extracts were combined, dricd {NaxSO04). concentrated, and
dried in vacuo to afford crude A. LOMS-KSE (ma) [MHH] 39159 Ciude A
{1.38mmol) in CH,Ch (5 mL) was added 4 N HCH in dioxane (5 mL). After 2 b at room
temporature, mixture was concentrated to dryness. It was co-cvaporated with tolucne
once and dried in vacuo to afford crude B. B (1.38mmol + 0.442mmol) and DBU (3

mL, 11mmol) in anhydrous McOH (15 mbL) were stitved at 50 °C bath for 40 min. The

[¥]
&

mixturs was concentrated. The residec was purificd by flash chromatography (80 ¢

196
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colurnn) using G - 20% MeOH/DCM as cluents o give 98-H. LOMS-EST {nilz):

IMAHT calenlated for CaaHpnFaN-Os: 444 15; found: 445 .36 {00%3. 431 1R {10%).

Steps .10 and 11

The remaining steps were performed using procedures similar o
Exampic 41 to afford desired compound 98, 'H-NMR (400 NHz., Chloroform-d) §
10.29 (d. 1= 6.1 Hz, 1H). 8.34 (s, 1H), 6.65 (dd. J = 8.7, 7.5 Hz. 2H), 4.83 (5. [H). 4.72
- A58 (m, ZH)YL 436 - 410 (m. ZHL 405 (8 = 1LE Bal TH) 297 (6, 1~ 4.4 Hz, TH).
2.49 - 2.08 (m, 345, 2,12 - 1.94 (o, 1H), PF-NMR (376 MHz. Chloroform-d) & -92 0%
-=93.57 {m, 1F). -108.92 (ddd, J = 15.7, 8.8, 6.3 Hz, (F), -109.30 - -110.65 (m, 1F). -
H2.36 (p, = 7.3 He, 2F). LOMS-ESI (pot): [M+H] calouiated for CoiH il aNaOy
4691 1; found: 470.23.
Example 29
Preparation of Compound 99
{(1R,35,4R 12aR}-7-hydroxy-3-methyl-6.8-dioxo-N-( 2,4 6-trifluorabenzyl)-
1,2.3,4,6.8,12,12a-0ctahydvo-1 4-methanodipyridol 1,2-a: 1,2 -dIpyrazine-0-

carboxamide

H Q

""" N‘\/'l‘}\,/ R = I/ Y,
v Y0 F/\,//'
H 6 on e

99

197
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(@]
1) Tebhbe's L= OL e
T FACER R TR IR } ~ 3) LiBH,
— A — N ks
— N PAOHIC 7N
4 /' Boc
H H
98-8 99-C
Q
B B e ™ H H
'\'3 ¥ . A NG B i i
\/’ /'“"1/ OH 4y Misunobu /H N\]’)‘\/) 5y NHoNH \ / NHy
O F T - TN
//rN Boc } O ‘Boc
£ Hooo H
g _
913 99 ' 99.1
o) 63 NaHCO3 P Q
/:k - /\\ ll\ /’\
Oy TS HHA EN L ----- I
NENB AP N A
1 7T PR }~
G Qw_.-eh ) © L-\ -Ph
996
s H ? F
HLK 4 \’ é/\\r\/ "‘N"\/'I\
= H TN
1\))] ATU \/\,-\ o
: /}: vy o e
. Kb o =
9%
S To a stirred solution of 99-A {0 g, 3.71 mmal) in THE (20 mi.) was

added dropwise a solution of the Tebbe reagent (0.3 M in toluene, 14.85mi, 742
mmol) at 0 °C. After addition, the brown solution was allowed to warm o room
temperature slowly and was stirred at room temperature for 2 h. The reaction was
quenched carcfully by the addifton of saturated NallCO3 selution at 0 °C, and the

10 misxture was stitred at room iemperature for 15 minutes. The mixture was {iltered
through celite, and the filter cake was washed with ether and DCM (111} twice. After
separated layers, the organics were cornbined and concentrated in vacuo. and the
csiduc was purified by column chromatography on silica gel column with $-30%
EtOAc/hexancs to afford 99-B. "H-NMR (400 MHz, Chloroform-d) & 5.06 (dt, I =

15 486, 2.6 Hz, 15}, 4.73(d. } = 7.0 Hz, 1H), 442 {d, § =61.8 Hz, 1H). 3.81 (d, J =482
Hz, 1H). 3.73(d, T= 1.6 Hz, 3D, 2.74 (dd. T= 9.4, 4.4 Hr, 11, 238 (ddi, T=13.5.4.5,

2.5 H, HL 2,18 - 2.06 (o, THD, 199 (di, ]+ 10.2,2.4 He, 1H), 1.58 (s, iH), 1 42(d. J

108
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25.5 Hz, OH). LOCMS-ESY (p2): [M+H] calcalated for € by NO,: 267.13; found:;
2676

N

Step 2

w

A mixture of 99-B (675 myp, 2.506 mmoi} and 20% PA4(OHL/C (500 g}
in EtOH (50 mL) was stirred under H, amnosphere. The mixture was fittered through
Celite und the filtrate was concentrated to give 99-C. 'H-NMR {400 MHz, Chloroform-
dy 5423 - 3.09 {m, THY 3.77 - 3.64 (m, 4H), 2,55 (4.1 = 4.8 Hz, 1), 2,14 - 1.86 {m.
3D, T42 (d, = 242 Hz, OH), 0.96 (4, &= 6.6 Hz, 311, 083 (ddd. 1= 2.5, 4.8, 2.4 Hy,

Y IH) LOMS-EST (ns): [MAHT calenlated for Oy Mo NGy 269, e fommnd: 269.69.

/

Step
89-C (670 mg, 2.488 mmwol} in THF (20 mL) was stirred at § °C as 2.0
M LiBH, in THF (3.7mL, 7.46 mmol} was added. The mixture was warmed 0 room
5 tomperature and stivred for 4h. The reaction mivture was quenched with ice and ditured
with EtOAc and saturated NHaCl (some H: cvolution), After two phases were
separated, the orgavic fraction was washed with brine, dried (NanS0Qy). and
concentiated. The crude alecho! 99-D was used as is for the next step. LOMS-EST™

{1 [MEHY calculated for CraHasNOs: 241.17; found: 241,76,

20
Steps 4 and 3
Steps 4 and 5 were performed using procedures similar to those in
Example 40 to afford 89-F. LCMS-ESIT () M+H]' caiculated for Coab NGy
240.18; found; 241.2.
25

Steps 6. 7 and 8 were performed using procedures similar to that of
Example 41 to give 9%-G. LOMS-ESI” (niz): IM+H] calculated for CoHuoN,Ox:
422.18; tound: 423.21,

Step 9, 18 and

11

100
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The remuining steps were performed using procedures similar o
Exampic 41 10 afford compound 98 FH-NWMR (400 MHz, Chloroform-d)y 8 11.71 (s,
TR, 1036 ()= 5.7 Ha, TH) 828 (s, THD), 6.63 (4 1 = 8.1 He, 2H), 4.03 (L 17 5.4 Ha,
309y, 412 (dd. 3= 123, 3.5 Ha 1My, 383 (4 0 = 123 He, W), 3.67 (dd, )= 12,3, 3.4
230 (ddg, } = 10.5, 7.2, 3.6 Hz, 1H), 213 d. J = 12.4,
H), 1.24 {d, 1= 3.3 Hz. 1H), 1.04 (d,J = 6.9 Hz, 44}, 0.90

Hz, 1H). 2.64 - 2.52 (m. I1H
4.4 Hz, 1H), 182 - 1.63 (m,

1

- 0.79 (m. 1H). PF-NMR (376 MHz. Chloreform-d) 8 -109.20 (ddd, I = 15.0. 8.8, 6.2

L
)
S

Hzy, ~112.03 (6§ = 7.0 Hz). LOMS-ESE {(n/z) [M+H] calentated for CorHuPiN:Ou:

447 .14 found: 448 32,

Examgle 106
Preparation of Compound 168
(IR.AR,12a8 1-N=(2,4-difluorobenzy!)-7-hydroxy-6,8-dioxo-1,2,3,4.6,5. 12,1 2a-

octahydro-1,4-cthanodipyridef §, 2-a:1',2-d]pyrazine-O-carboxamtde

200
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2
y PN
7 [ COOH N
/_5,-\7(: Phthirfide 1"‘~f \"/\\ Z
L T PPh, DIAD /’“‘N o
Aoc THF, 5.8, Boc
100-4 10C-C
i
i —NH, R NoneTN,
Hydra‘vmﬁ L-éx\)f bei + (?) I o NaHCO,
....... 4 . . e
N Py ELOMIH,Q
fHoc 6 OB
146-D 190-E

1) HCldioxane

‘c) DEUIT ol
100G
7

1) KOH N»'\/:\T‘ TFA
2} HATU . H SN =
HoN /\'7;"\\\

(.

SN 1004

O F

(.\ HH

A TG0l obf was charged with 100-A (2.0 g, 7.8 mmol) in THF (20

5 mL) The reaction mixture was cooled to 0 “C. Borane dimethyS sulfide (2 N in THF,
17.6 mb) was slowly added in. Then the reaction mixture was stired at room
temperature for overnight. The reaction mixture was cooled back to 0 "C. Methanol (8
ml) was added drop wise w0 quench the reaction, After concentration, the residue was
purificd by Combi Flash (40 g column, cartridec used) using hexaocs - EA as cluents o

afford 160-B. LCMS-ESI” (m2): M+ H] found: 242,

=

Step 2

A 100-mL b was charged with 106-B (1.8 oo 7.4 mmol,
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wriphenyiphosphine (4.3 ¢, 16.2 mmol) and phthalimids (1.8 g, 12.2 mmol) in THF (30
mLy. Then the reaction mixture was cooled to 0 °C with stirring. DIAD (3.2 k. 16.2
mmol) was stowly added to the reaction mixtare, The reuction mixture was stirred at

rooim temperature for overnight. Afrer concentration, the residue was purified by Combi
& 3 1} P

W

Flash {80 ¢ column, cartridue used) using hexanes - EA ay cluents to afford 106-C.
L = =

LCMS-ESE Gn/z). [M+H] found: 371

Stepd
To a solution of 108-C (2.5 g, 6.8 mowol) in GO {50 mlL) was addes
[0 hydrazine monchydrate (1.7 mlL). The reaction mixture was heated to 70 9C with
stivring for 3 hours. Afler filtration 1o remove the solid, the filtrate was concentrated 0

afford 168-D. LCMS-ESE (mz): [M+H] found: 241.

He A 100-ml. #bf was charged with 100-D (1.6 g, 6.7 mmol) and 180-E (2.3
2. 6.7 muoly in ethanol (30 mlb. Sodium bicarbonate (1.2 g, 1.4 mmwl) in water (30

mL) was added 0 the reaction mixture.  Then the reaction reixture was stiveed at toom
temperature for overnight. The mixture was dituted with EA {200 mi) and washed with
water (2 x). The aquoous fractions were extracted with EA (1 xJ, and the organic
20 Fractions were combined, dried (Na;SO4), and concentrated. The crude 166-F was used

for next step without further purification. LCMS-EST (myz): [M+HT found: 569.

Step 3

A 100-mi rbf was charged with 100-F (3.7 g, 6.5 mmol} in 4 N HCl

i3

w

/dioxanc (38 mL). Then the reaction mixture was stirred at room teniperature for 1 hour.
After concentration, 3.2 p interinediate was ubtained. The intermediate and DBU (5.1 g.
33.8 mmol) were dissotved in toluene {100 mL). The reacton mixture was heated io
110°C with stirring for 1 hour. After concenmation,  the residuc was purified by Combi
Flash (80 ¢ column, cartndge uscd) using hexanes - EA as cluents to afford 160-G.

30 LOMS-ESI (m/z): [M+H] found: 423.

202
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& 100-mL vbf was charged with 100-G (2.0 ¢, 4.7 mmol) in THE (20
mbyand McOH 20 mL). | N KOH {(18.9 mb) was added to the reaction mixture, Then

the reaction mixture was stivred at room temueratare for | hour. The reaction mixture

e

was acidified by adding 1 N HCI {18.9 mL). Afier concentration, the residuc was co-
cvaporaied with teluene {3 x). The crude acid (028 g, 0.72 mmwol), 2, 4-
difluobenzylamine (0.2 g, 1.44 mmol), N\N-diisopropyicthylamine (DIPEA) (047 g,
3.6 mmol) and HATU (0.55 g 144 mmol) were dissolved in DCM (28 mb). The
reaction mixture was stirred at room tarnperature for 2 hours. The mixture was diluted
FO with BA (100 mL and washed with sarwated NaHCO: (2x), saturated NHLOL(2x) and
dricd over NasSOq Aflor concemtration, the crude  was purtfied by  column
chromatography on silica gel with hexanc-£1QAc 1o afford 166-H. LOMS-ESE (nay
{M+HT found: 520.

) Step 7
A S0-ml rbl was charged with 100-H {0.36 g, 0.69 mmol) in TFA (3
ml ). The reaction mixture was stirred af room ternperature for 30 minutes. After

concentrajon, the crude was pwified by column chromatography on silica gel with

EtQAc-McOH to afford compound 100, "TH-NMR (400 MHz. Chloroform-d) & 1225
0 {m, 1), 1047 ¢, 0 = 3.9 Tz, ), 830 (5, TH) 758 - 7.29 (nu 1), 6.98 - 6.50 (m,
2HY, 4.62 (dd, J= 14.8, 49 Hz, 3H),4.22 (1, 3= i2.2 Hz, 1H), 4.14 - 4.07 (m, [H}, 3.96
{dd, J=12.2, 3.1 Hz, 1H), 2.26 - 1.44 (m, 9H). "F-NMR (376 MHz, Chloroform-d} & -
V238 (1,3 7.7 Hzp, -114.78 (g, J = 8.5 Hz). LCMS-ESI (/2 found: 430,
Example 101
25 Preparation of Compound 141

{IR4R 122837 -hydroxy~6,8-dioxo-N-(2,4.6- trifluorobenzyi)-1,2,3.4,6.8,12,12a-

octzhydro-1.4-cthanodipyridof | 2-a:1' .2 -dpyrazinc-D-carboxamide
¥ Ps Py

o F
ApH /L\ P
P O @
.{/ N\T SN /{ N /’\\
H i
O OH
203
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191

A\ B
1} KOH { ‘;:_.;(A\N,»\\_;/’\N/\\:_//
DHATY ¢ LN :

a
§r i
NS g™ A \Of/\

{
! HzN/\T./}\\\ o]

{ i
Iy ]
F/ \\f;‘\

Step 1

A 100-mbL rbf was charged with 181-A (0.3 g 0.72 mmoly in THF (2
mL) and MeOH (2 mi). § N KOH (2.} mL) was added w the reaction mixture. Then
the reaction mixture was stivred af room tempevature for | hour. The reaction mixture
was acidificd by adding 3 N HCI (2.1 mbL). After concentration, the residuc was ¢o-
cvaporated with toluene (3 x). The crude acid (0.72 mmoly, 2. 4, G-trifluobenzylamine
{023 u, 1.44 mmoi), N.N-diisopropylethyiamine (DIPEA) (0.47 g, 3.6 vumol) and
HATU (0.55 ¢. 1.44 mmol) were dissotved in DCM {20 mL}. The reaction mixture was
stirred at room temperature for 2 howrs. The mixture was dituted with EA (160 mlb) and
washed with  saturated NabCQO: (2x), saturated NHLCE (2x) and dried over NaxSQ.,
After concentration, the crude was purified by column chromatography on silica gel

with hexanc-EtOAc to afford 101-B. LOMS-ESH {n/2): [M+H] ound: 338,

2
G
o

1%

A 50-mi vbf was charged with 10E-B (0.36 g, 0.67 mmol) m TFA &
mL). The reaction mixture was stirred af room temperature for 30 minutes. After
concentration, the crude was purified by column chromatography ou silica gel with
EtQAc-McOR w afford compound 161, YH-NMR (400 MHz, Chloroform-dj 6 12.11
(5. 1H), 10.40 (1, J = 5.8 Hz, 1H), .28 (s, 1H). 6.91 - 6.39 (m, 2H), 4.62 (ddd. } =23.0,

204
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6.5, 2.8 ¥z, 3H), 421t ] = 12.2 Bz, L), 4.09 (Gd. 3 = 12,5, 3.0 Bz, 15), 3.93 (dd, 1 =
12.2, 2.0 Fao THY 235 - 1.39 (m, 94, PF NMR (376 Mz Chioreform-d) 8 -1 12,38

{0 7.7 Hzy, - 11478 (g, F 8.3 Hz) LCMS-ESE {ni/zy: found: 448.

Examyple 1062
5 Preparation of Compound 162
(15.48.12aR)-7-hydroxy-6,5-dioxo-N-(2,4,6-trifluorabenzyl}-1.2.3,4.6,8.12.1 2u-

octahydro-1,4-cthanodipyrido] 1,2-a: 1. 2-djpyrazine-S-carboxamide

ARB

AET AT

e
O OH

10 192

205
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A w . /j H —_ , Q
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/- E Lo L ST e i / 1 4
Ay Ry THF N o PP, DIAD Ayl W
Boc o€ THF, r.t Boe N
G
102-8 T o 162-C
/ i
S N
Hydrazine i y o O Y o MNaMCO,
— A7 NP SN e
N \;\;Hz pate Tr' Ee EtOH/H,0
Boc ¢ O8n
102-D 102-E

I
AH B P
g~~~ 1) HClidioxane SN0
O r’ H i
T mmm—— = i N._ /{\/&0
2; DB Yol ¥] 7
o} CBn
102-G
p 0 ¢
1) KOH Ll TR
} N\ TR Y N \}// ~ TFA
 Nriay i H i = o
ZIHATU AN J\\/*“o S
i H ] ;
NN, o oOBn
i f
F/\/J\F 102+H
0! F

AH H T
\_\/; F\N,A\\*/J\N/ SN,
f \—N ™ ] il ,J\\ I)\
AT e Y

o OH

1902

Step i
A 190-mL ibf was charged with 162-A (2.0 g 7.8 mmol) in THF (20

mL). The vcaction mixture was cooled o 0 “C. Borane dimethyl sulfide (2 N in THE,

n

17.6 mb) was slowly added in. Then the reaction mixture was stirred at yoom
temperatute for overnight. The reaction mixture was cooled back o 0 °C. Methanol (8
mL) was added drop wise to quench the reaction. After concentration, the residuc was
purified by Combi Flash (40 g column, cartridge used) using hexanes - EA as elusnis to

10 afford 102-B. LOMS-ESI™ (m/2): [M+H]" found: 242.
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Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
955 of 1915



WO 2014/100323 PCT/US2013/076367

A 130-mbL b was  charged with i162-8 (1.8 g. 7.4 mmol),

mphenylphosphine (4.3 ¢. 16.2 mmaol) and phthalimide (1.X g, 12.2 mmol) in THE (30

(¥4}

mL}. Then the reaction mixture was cooted to 0 “C with stirving. DIAD (3.2 miL, 16.2
mmot) was slowly added to the reaction mixture. The reaction mixture was stirred at
rootn temperature for overnight. Afier concentration, the residuc was purified by Combi
Flash (80 g column, cartridge used) using heoxanes - EA as cluents to afford 142-C.

LOMS-ESY (az) [IM+H] found: 371

Step 3
To a soiution of 102-C (2.5 3, 6.8 mmeol) in EtOH (36 mL) was added
hydrazine monohydrate (1.7 mL). The rzaction mixture was heated to 70 °C with

stirring for 3 hours. After filtration to remove the solid, the filtrate was concentrated to

15 afford 162-D. LOMS-ESH (/) [M+H] found: 24
Stepd
A 100-mb bt was charged with 182-D (1.6 g, 6.7 mmol) and 192-E (2.3
2. 6.7 mmoly in cthanol (30 mbL ). Sodium bicarbonate (1.2 g, 1.4 mmol) in water {30
1

20 mL}y was added 1o the resction mixture.  Then the reaction mixture was stitred at room
temperature for overnight. The mixture was diluted with EA {200 mL) and washed with
water (2 x). The aqueous fractions were extracted with EA (I x). und the organic
fractions were corubined. dricd (Na,804), and concentrated. The crude 163-F was usod

for next step without further purification. LEMS-ESH (s/z): [M+HT found: 569.
P p

Step 3
A 100-mL bf wus charged with 182-F (3.7 g, 6.5 mmol) in 4 N HCI

/dioxanc {38 mL}. Then the reaction mixture was stirred at room tomperawure for | hour.

After concentration, 3.2 g intermediate was obtained. The intermediate and DRU (5.1 g,

2 5.1 g

3¢ 33.8 mmel) were dissolved in tolucne (1060 mL). The roaction mixiure was heated to
HHO7C with stirving for | bowr. After concentration,  the residue was purified by Combi

Flash (80 g colunmun, cartvidge used) using hexanes - EA as cluenis to afford 102-G.

207
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LRES-EST (miz) [MoHY found: 423,

A 100-mL rbf was charged with 102-G (0.3 g, 0.72 mmolj i THI (2

S mLiand MeQH (2 mL). | N KOH (2.1 mL) was added to the reaction mixture. Then
the roaction mixture was sthived at room temperature for | hour. The reaction mixture

was acidificd by adding ! N HCI (2.1 mL). After concentration. the residuc was co-
cvaporated with toluene {3x). The crude acid (0.72 mmal). 2, 4, S-trifluobenzyiaming
(623 g 144 mmol), N N-diisopropyletbylamine (DIPFEA) (047 g, 3.6 moiol) and

10 HATL {055 g, 1.44 mmol) were dissolved fn DCM (20 mL). The reaction mixturc was
stirred at rootn tempezatare for 2 bours, The mixture ways diluted with EA (100 mlL) and
washed with samrated NaBCO: (2x), saturated NHLCl (2x) and dricd over NapSO,.
After concentration, the crude was purified by column chromatography on silica gel

with hexane-EsOAg to afford 102-H. LOMS-ESI" (m/z): [M+H] foand: 538.

HE)
A 30wl fbf was charged with §02-H (0.36 g, 0.67 nunol) in TFA (3
mL). The reaction mixture was stirred at room ternperature for 30 mimutes. After
concentration, the crude was purificd by cobumn chromatography on sifica gel with
20 BrOAc-MeQll o afford compound 1492, E-NMR (400 Mz, Chlotoform-d) 4 1213

s, H). 1040 (1, J = 5.8 Hz, 1H), 8.28 {5, 1), 6.64 (t, ] = 8.1 Hz, 2H}, 4.89 - 441 {m,
3H), 4.22 (¢, T = 12.2 Hz. 1H), 4.09 (dd, J = 12.3, 3.1 Hz, 1H), 3.95 (dd J = 12.1, 4.1
Hz, TH), 2.45 - 1.60 (m, 9H). WENMR (376 MHz, Chloreform-d) & - 109.26 (ddd. J =
15.1. 8.8, 6.3 Hz), -1 11.99 (¢, 1 = 6.9 Hz). LCMS-ESI’ (in/2): found: 448.

]
o

Esample 103
Preparation of Compouud 163
(1R, 4R, 12aR)-2,3-difluore-7-hydroxy-6.8-dioxo-N-(2,4,6-tr fluorobenzyi)-
1.2.3.4.6,8,12.12a-octalydro- 1 d-inethanodipyridof 1,2-a:1".2"-dpyrazine-9-

carhaxamide
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Step 1
A solution of  (IR3ZRARSR.6S)-methyl  3.6-dihydroxy-2-((5)-1-
phenyicthyi)-2-azabicyclo[2.2.1 jheptane-3-carboxylate  (Z.0g, &9mmal) in  DOM
(27mL) was coeled to -7% *C in a dry ice/sceione bath. To this solution was added
10 DAST (2.1 ml. 16.4% mmol) via plastic tipped pipetic. The sofution was stirred af -78
“C Hor 30 minutes after which time it was removed from the bath, lel warm stowly to
oo temperature, and stired at room temperature for one hour.  The reaction was
quenched by slow addition of the reaction mixture to & stirving solution of saturated

sodium bicarbonate (130ml.) via plastic fipped pipette. The fayers were scparated and
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the aqueous layer was back-oxtracted with dichloromethane. The combined orpanic
fayers were dried over magnesium sulfate. filtered and concentrated m vacuo. the

7

crude product was purificd by silica gel chromatography (7-28% cthyl acctatehexanc)
10 provide 103-A. TH-NMR (400 MMz, Chloroform-d) & 7.43 — 7.16 (m, 5H), 5.01 ~
S 460 (m. 2F. 3.85 (. 7.1, 6.6 Ha, TH)Y, 3.55 (s, 2HD, 3.53 - 3.42 (m, 2H), 2.76 (dg.

J=51,20Hz 1H), 2.19 ~2.07 (m, 1H), 2.03 - 1.8 (m, IH). 1.39 (d,./= 6.7 Hz, 3H).

Steps 2and 3
To a solution of 143-A {0.96 g, 3.24 mmel) in Ethanol {36.0% mi) and
10 1.25M HCi-cthano] (489 ml) was added 20% PAOH/C (1,14 g, 1.62 mmol) the
suspension was stirred under an atmosphere of hydrogen for 22 hours. After filtering
through Celite, the cake was washed with EtOH, the filtrate was concentrated under
vaeuum to dryness to afford the crude deproteeted product which was assumed o be

324mmoi for next step. LOMS-ESIT (miz): [M+H] calculated for CyHiafNOs:

|55 192 0K found: 192,110,
To the crude residuc (0.62 ¢, 3.24 mumol) end Di-teri-buty! dicarbonaic
{1.06 g, 4% mmoh in 2-Methyltetrahydrofuran (3245 ml) was added NN-
diisopropyicthylamine (0.56 ml, 0 mol). Upon completion, the reaction mixture was
diluted with water, extracted nto BIOAC (2x) and the organic fractions were washed
20 with water, cornbined. dried (NapSQ4). and concentrated. The residue was purificd by
silica column chromatography (0-55% EtCAc/Hexanes) to afford 103-B. "H-NMR
{400 MHz. Chloroform-d) & 5.12 - 5.05 {m, LH}, 4.92 (s, 11). 449 ¢s, 1H), 4.14 (d, I =
14.7 Bz, 1) 3.75 s, 3H), 2.91 (5, 1H), 2.24 - 1.98 (s, 2HD), 1.47 (s, 3H), 1.38 (s, SH).

LOMS-EST sy [M+H] caleulated for CoHaeFaNOy: 292.13; found: 291.75.

Step 4

N

A solution of 103-B (0.68 . 2.33 mmel} in THF (15 ml) was stirred in
an ice bath as 1.0 M LiBsH,y in THF (4.65 mi) was added and the resulting mixture was
stirred at 0 °C for 30 minutes at which fime it was shown to be complete by TLC. The

30 reaction mixture was carefully treated with water {0.3 mL}, then with NaOQH {(~13%,

350, 0.3 mL), then finally with additional water (8.9 mL). The rixture was stirred at

210
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room temperature for 13 minutes. and the ppt that formed was filtered. washed with
diethyi cthor and the supernate was concentrated to afford 183-C. TH-NMR (400 Mz,

Chioroform-d) 0 4.83 (s, 1H), 4.36 {d, J = 10.5 Hz, 1H). 437 (s, 1H), 3.78 - 3.47 {m,

SHY 276 (s, TH) 2.36 - 218 (o, 1HD, 2.17 - 198 (m, TH). 135 (s, 1H). .48 (s, OH).
5
Steps S and 6
A rmixture of 163-C (0.59 g, 2.23 mmol). phihalimide (0.53 2. 3.6 mimol)
and wiphenylphosphine (1.3 g, 4.95 mmol) in THF {11 mi) was cooled in an ice bath.
Biisopropyl Azodicarboxylate (6.97 ml. 4.95 mmel) was added. The mixture was
16 then waracd up to roorn temperature and stirred for 14h and then concentrated in

vacuo. The residuc was dissolved in cther, stirred for | k. then the solids were filered
off and the filtrate was concentrated. The residue was purificd by silica column
chromuatography (19-31-9 1% ExOAc/hexanes) to afford the protected amine compound
{assumed 2Z.25mmol of product). LCMS-ESY" (mzh [M=H]  calculated for
S CaMaabaNA04: 39315, found: 392.77
A solution of ke proweted aniino compoond (.88 g, 2.25 mmol) and
hydrazine hydrate (0.46 ml, 9.532 mmol) in ethanol (22 mi) was stirred at 60 °C for 2
The reaction misture was cooled in an ice bath, cther (16 mi) was added and the
mixfure was stizred for 30 min. The solid formed was filtered off and the filrate was
20 concentrated under vacuum to dryness o give 103D, 'H-NMR (400 MMz
Chieroform-d) & 5.17 - 4.61 {m. 2H), 4.37 (s, 1H}, 3.80 (s, tH), 3.11 - 277 {m, 1H),
2,01 {s, 2H), 1.87 (5. 1), 183 (d, T = 7.4 Hr, 1), 1.46 (s, 94 130 ¢d. ) = 6.4 Hz
HD. 127 (80 F = 63 Hz, 3H)  LOMS-ESIT Uasy [MEH]  caiculuted for
CioHoeFN2O7: 263.15: found: 262 .86.

N
(4

Compound 143 was prepared jn 2 similar manner to compound 66 using

183-D in place of 41-E and using (2.4,6-trifluorephenylmethanamine in place of (2.3-
dichlorophenylimethanamine. A single dinstercomer resuited. The stercoche nistry of

33 the fluorines is unknown. "H-NMR (400 MHEz. Chioroform- dy 8 RO8 (s, 1H), 6.46 -
627 (m, 2H), 4.95 (¢, J = 53.5 Hz, 1H), 4.65 (d, 1 =349 Hz, 1H), 445 (5. 1H), 4.33 (d.
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J=5.6Hz 2H), 3.84 (t. J = 3.6 Hz, 2H), 2.75 (s. [H). 2.28(p. § = 1.9 Hz, 2H), 2.20 (s,
P, 191 {dd, § o= 333, 152 Hzo TH 095 {50 1h). LOMS-ESE (m/2)y [MHHE

[

calculated for Cp PNy 478, 1 L found: 47013,

Example 104

Antivival Assavs in MT4 Cells
For the antivirai assay utilizing MT4 cells, 8.4 ul of 189X test
concentration of 3-fold serially diluted compound in DMSO was added 0 40 gL of cell
(0 growih medimn (RPMI 1640, 10% FBS, (% penicilline/Streptomycine, 1% L-
Glutamine, 1% HEPES) in cach well of 384-wcll assay plates (10 concentrations) in
gquidruplicate.
! mil aliquots of 2 » 10% MT4 cells are pre-infected for 1 and 3 hours
respectively at 37 ¢C with 25 uL (MT4) or of either cell growth medimm {mock-
15 infected) or a fresh 1:250 dilution of an HIV-111b concentrated ABT stock (0.004 m.o.i.
for MT4 celis). Infected and uninfected cells are difuted fu coll growth medivm and 35
gL of 2000 (for MT4) celis is added o each well of the assay plates.
Assay plates were theu incubaied in 2 37 °C incubator. After 3 days of
incubation, 25 pL of 2X cencentrated CellTiter-Glo?™ Reagent (catalog # G7573,
20 Promcga Biosciences, Inc., Madison, WI) was added fo cach well of the assay plate.
Cell Iysis was carried out by incubating at room temperature for 2-3 minuies, and then
chemiluminescence was read using the Envision reader (PerkinEbner).
Conpounds of the present invention detooustrate antiviral activivy o this
assay as dopicted in Tabic 1 below. Accordingly, the compounds of the invention may
25 be useful for teating the proliferation of the HiV virus. treating ATDS, or delaying the

onset of AIDS or ARC symptorns.

Table |

nM in MT-4

Compound Number
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nMin MT-4
Conmpeund Nuraber

ECso CCsq

2.6 3819
) 2.2 A
3 200 38446
4 14.& 45769
5 8.1 104352
¢ 3.3 S8 7
s SIS 15610
8 £S5 139458
9 3.1 13451
i0 6.1 370
1§t 4.9 10274
12 8.9 3337
Hig) 46.0 12666
14 65.5 4939
15 2.2 16268
i6 ] 13633
17 Si9 6613
18 4.1 10263
19 2.8 38690
20 33 27990
2] 383 13010
22 64.3 4433
23 28] 13444
24 &l 12074
23 26.2 SES8
26 10.3 8¥36
AT 4.4 8751
28 15L6 18687

213

IPR2025-00033

Petitioner Exhibit 1040

962 of 1915



WO 2014/100323

Cipla v. Gilead

PCT/US2013/076367

Compound Number

nMin MT-4

ECso CCq

29 IS Q446
30 4.0 6828
31 8.0 4525
32 14.0 40684
33 43.5 3571
34 422.1 3585
38 157.0 15546
36 7.6 11424
37 8.2 19486
34 1.7 10223
39 3.6 12174
40 2.4 9560
41 . 15673
12 25 3544
43 6.9 10321
44 2.8 9869
45 24 I %76S
16 2.6 19295
47 1 11301
48 2.7 13067
49 333 52219

50/51
1o 37173
{racemic nuxture)
52 159 12943
33 14.3 3347
34 15,6 3236
53 i3 11100
36 3.1 1725%
214
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nM in MT.4
Compound Number

ECs CCey
B 2.3 11751
S¥ 1.3 7694
39 31 22200
60 21 3308
Gl IR 25881
62 §.2 3492
63 Zu 3164
04 3.5 3553
a3 2.4 230%
66 9 4 118348
67 10.7 20&1
iR 27 4175
G0 1.9 4767
70 5.1 2413
P 2.6 4660
72 4.3 6235
73 1.8 9194
74 293 4340
75 2.8 Swan
76 i7.8 34581
i 5.6 10143
78 5.6 3108
7 3.4 12092
80 4.6 5645
81 1.9 12268
82 23 30434
83 1.9 27501
84 2.9 9727

245
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n in MT-4
Conmoeund Number
ECso CCq
83 2.0 10378
86 2.8 22405
g4 2.9 3230
86 &4 4(29
30 3.7 SO86
@1 50 7183
82 i8.0 4553
93 %2 6158
G4 ii.s SIS
96 2.6 26586
7 2.1 17341
38 24 17947
99 2.0 8475
160 b 11380
FO1 o 11383
102 253 12042
103 19,3 35327

Exampie 105
Human PXR Activation Assay

Luciferase Reporter Gene Assav. A stably transformied tumor cell line

{DPX2) was plated on 96-well microtiter plates. DPX2 cells harbor the human PXR
5 gene (NRII2) and a luciferase reporter gene linked to two promoters identificd 1w the
human CYP3AS gene, numely XREM and PXRE. The cells were sreated with six
concentrations of cach compound (0.13 ~ 50 uM) and incubated for 24 hours, The
number of viable colls was determined and the reporter gone activity was assesscd.
Pasitive control: Rifampicin at 6 conceatrations (0.1 -~ 20 1M} Yolln relative to the

10 maximim fold induction by 10 or 26 uM RIF was caleulated for fest compounds

21,
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according to the following cquation which adiusts for the DMSO background: %E

Bux

{Feold induction — DY(Maximum fold induction by RIF — 1) x 1009,

Table 2

5
Compound YoE man @t
Nuniber 15 uM
2 4.8
8 7.5
4 3
5 S
6 0
7 6
8 -
9 7
10 13
is 20
IS 7
17 [
i8 4
i9 2
24 2
23 45
28 6
29 }
32 14
33 17
36 3
37 2
38 7
3G G
17
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Compound YoE wax AL
Number 15
40 0
41 P15
42 21
43 18
44 4
45 19
46 34
47 11
4% 5
54 2
55 24
56 3
37 3
58 1
59 4
60 3
61 !
63 13
&4 &
06 0
&7 0
68 6
69 S
70 10
71 3
72 4
73 7
75 0
218
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Compound YeE pax at
Number 15 uM
77 il
79 0
RO o
S }
K2 i
83 ]
R4 2
83 i
84O 30
88 27
) S
30 11
91 3
2 3
93 9
96 11
i 9
R 3
99 17
100 45
102 123
103 0

Exawmple 106
OCT2 inhibition Assay
The dose dependent inhibition of OGCT2 mediated upiake of a model
substrate ’4(.'~Tctracf.hy!ammomum {TEA) by tcst compounds was studied in wild-type

5 anrd OCT2-transfected MDCKIE cells at 7 concentrations from 0.014 uM o 10 uM.
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MDCKII celfs were maintained in minimal essential medium (MEM)
with 1% Pen/Strep, 10% fetal bovine serum. and 0.23 my/ml. hygromyecin B in an
incubator st at 37 °C. 90% bumidity and 3% COu 29 hours prior lo assay, modia
containing 5 mM sodium butyrate were added to MDOKI cells in flasks, and cells were

3 prown to 80-90% confluence. On assay day, cells were trypsinized and resuspended in
Kacbs-Henscleit Buffer (KHBY pH 7.4 at 5 x 10% million cells/ml.  Ceils were
preincubated for 13 min in assay plate before addition of test compound or substrale.

Test compounds were serially diluted in DMSO and then spiked (2 plb)
into in 04 ml KHB bhufler coutaining wiid-type or OUT2-traustected cells and

10 incubated for 10 minutes. Assay was initiated with the addition of 0.1 mL of 100 uM
FCSTEA in KHB bulfor (20 ¢M final concentration afier mixing). The concentration
of TEA is based on the Ky, After 10 minutes of incubation, the assay mixture was
quenched with addition of 0.5 mL of ice-cold iX PBS buffer. Samples were then

centrifuged at 1000 rpm for 5 min and supernatants were rernoved, Wash steps woere

13 yepeated four tmes with ice-cold PRS. Finally, the cell pellets were iysed with 0.2N
NaOH and lof sit at room temperature (or at least 30 min to ensure complete lysis.
Samples were then counted on lquid scintiltation counter and dpm connts were used ©
perform the following caiculations. The % inhibition was calculated as follows: %
inhibition = [I- { [OCT2} - [WTla + 7 {JOCT2Le{WThi} 1* 100 where, [OCTT2):

ey

20 represents the dpm count in the preseace of test compound for either OCT2 cells,
[OCT21, represents the dpm count in the absence of test compound for GCT2 cells and
[WTl, reproseats the dpm count in the abscnce of tost compound for wild type cells,

respectively.

[\
o

Tabhie 3

Comnound 1Cs0 (nM}

220
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Compound 156 (nMy)
Number

13 610
36 10000
39 358
40 204
41 2823
42 487
45 137
47 6200
4K 4909
o) 476
63 42
&4 94
i 3830
82 100068
83 10600
LY 1357
98 3726
89 1500

B i00 450

The deta in Tables 1, 2 and 3 roprosent an average over time of cach
assays for each compound. For cortain compounds, multiple assays have been
conducted over the fife of the project. Thus, the data reported in Tables 1. 2 and 3

5 include the data reported in the priority documents, as well as data from assays ren in

the intervening period.

(2]
v
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Exawmnple 107
Pharmacokinelic Analysis Following Oral or Intravenous Administration to
Beagle Dogs

Pharmacokinetic analysis was performed on various fest compounds

(%)

following intravenous or oral administration to beagle dogs.

For phartmacokinetic anatysis of jntravenously adwministered corpounds.
the jest compounds were farmulated in 5% Ethanol, 55% PEG 300, and 40% water at
0.1 mgml for IV infusion. For phanmucokinetic znalysis of orally administered
compounds, the test compounds were formulated as an aqueons suspension in 8.1%
t0 Twoen 20, 0.5% HPMC LVI00 in Di Water ar 1 mg/kg.

3

c¢h dosing group consisied of 3 walce, non-naive purcbred beagle dogs.

At dosing, the animals wcighed between 10 to 13 kg The animals were fasted
overnight prior 1o dosc administration and up to 4 hr afier dosing.  For studics of
inttavenous administration, the fest articde was administered to the apimals by

15 intravenous infusion over 30 min. The rate of infusion was adiusted according to the
body weight of cach aniral to deliver a dose of (5 mg'kg. For studies of oval
administration, the test article was administered according to the body weight of cach
anime! to deliver a dose of T my/ke.

For pharmascokingtic analysis of inuavenously adminisicred compounds,

20 serial venous blood samples {(approximately | ml. cach) were taken from each animal at
0, 0.250, 0.483, 0.583. 6,750, 1.00, 1.50, 2.60, 4.00, R.00, 12.0, and 24.8 hours afier
= o P % ng R B
dosing. The blood samples were collected inlo 'V acutaimer’ ™ tubes containing EDTA-
g i g
K2 as the anii-coagulant and weore immediatcly placed on wet ice pending

MSMS mothod was used to tocasure the

centrifugation for plasmu. An L

b2
Ut

concentration of the test compound in plasma. An aliquot of 100 ub of cach plasma
sample was added to a clean 96 weil plate. end 400 ul of cold acerontirilelinternal
standard solution {(ACNY(ISTD) was added.  After profein precipitation, an aliquot of
110 uL of the supernatant was transferred to a clean 96-well plate and diluted with 300
eb of water. An aliguot of 25 gL of the above solution was injected into a TSQ

30 Quantom Ultra LO/MS/MS system utilizing a Hypersil Gold Cis HPLC column (50 X

3.0 mm. 5 um; Thermo-Hypersil Part # 25105-053030). An Agilent 1200 scries binary

o
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pump (BN G1312A Bin Pump) was used for elution and scparation, and an HTS Pal

agtosampler (LEAP Technologies, Cartboro, NC) was used for sample A

TSQ Quuniem Ulira triple quadrupels mass spocuometer was utilized in sclective

reaction menitoring mode {Thermo Finnigan. San Jose. CA). Liquid chromatography

W

was performed using two mobile phases: mobile phase A confained 1% acetonitrile in
23 mM ammonium formaie squeous solution with pH of 3.0, and mobiie phasc B
contained 90% aceronitrile in 10 mM ammoniom formate with i of 4.6, Won-

compartmentai pharmucokinctic ang fysis was performed on the plasmyu concentretion-
time data. The vesulting data are shown in the first three columns of Table 4. in Table
10 4, CL refors to clearance, which churacierizes the rale at which drug (s removed from
piasma. The lower the clearance of a drug is. the longer the elimination half-lifc is in
the body. V. refers io the steady state volume of distribution and indicates how well a
drug ix distributed into the tssucs. The larger the Vi, is. the fonger the chimination haif-

life is in the body. MRT refers to mean residence time, which is a measure of the

e
4

average time molocules exist in the body.

For pharmacokinetic analysis of orally administered mpounds, scrial
venous blood samples (approximately 9.3 mb each) were taken from each animal at
time points of 0, 0.25, .50, 1.0, 2.0, 4.0, 6.0, 8.0, 12.0 and 24.0 hours after dosing.

Blood samples were cotlected, prepared and analyzed in s simil

r oway to the
20 iatranveous studies described above.  Non-compartmental pharmacokinetic analysis
was performed on the plasma concentration-time data. The resulting data wre shown in
the Jast three cotumns of Table 4. In Table 4, ¥ (2 o) refers to oral bioavailability. Cp.
refers io the peak plasma concentration of the compound after administration. AUC
refers o ares under the curve and is o measure of total plasma cxpasure of the indicated

25 compound.

Table 4

Compo CL Vi MRY F (%) Cruas (VD)
und # (L/b/kg) | (LK) (b} agueous aguecus
suspension | suspension a(;ueous
suspension
223
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All of the 11.8. patents, U8, patent application publications, U.S. patent
applications, forcign patents, forsign patent applications and non-patent publications
referred to in this specification are incorporated berein by reference, in their entirety o

5 the cxtent not inconsistent with the prescnt description.

Fram the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of illustration.
various modifications may be made without deviating from the spirit and scope of the

irvention. Accordingly, the invention i not Hmited excopt as by the appended claims.
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Ci.AIMS

What is claimed is:

A compound having the following Fermula (1)

o .Y\f_ Y'g

P

R1

3
1

X
V;‘J'/ \/\\N/

or a stereoisorner or pharracentically acceptable salt thereof,
whercein:

X s -O- o -NZ'- ov -CHZ

W is -CHZ™-;

2\ 2 and 27 ave cach, independently, hydrogen or Cysatkyl, or wherein
Z'and Z7 or 7' and 77, taken together, form -L- wherein L is -C(R%z-, -CR™)2C(R*)o-,
-CR™MRCRYCIR Y-, or -CRDCR™LC(R™LCRY:-, wherein at loast onc of 7! ang 72
orZ'and 2, taken wopcther, form -L-;

Z1is a bond. -CHy-. or -CHCHa-;

Y and Y are cach. independently, hydropgen, Ciaalkyl or Cyshaloatioyi:

R'is pheny! substituted with one o three halogens: and

cachk R" is, independently, hydrogen, halo, hydroxyl or Cigalkyl.

12

A compound of claim | having the following Formula (11-A):

e}
IR
W
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3}
g
]
N il
/: \‘E/\\N/\ P\x/\\k
oo l i
\\VN\H/\/&O
© é)"*
1-Bj
4, A compound of elaim | having the following Formula (H-()
O
4\//\ )j\\ N
{11-C)
5. A compound of any onc of claims 1~ 4 wherein L is -C(R");-
6. A compound of any one of claims -4 whevein L s
-C(Ra)z(_:(Ra)?—.
226
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d

7. A compound of any one of claims 14 wherein L i

SCOR"ROCR R ,-

8. A compound of any onc of claims -7 whercin cach R® is
hiydrogen.
& A compound of any one of claims 17 wherein one R is methyl

and cach remaining R" is hydrogen.

0. A compound of any one of claims -7 wherein ai loast one R is
halogen and cach remaining R is hydrogen.

H A compound of any onc of claimss 1-7 wherein two R* are
halogen and cach remaining RY is hydrogen.

iZ A compound of any ove of claims 1-7 wherein one R* is halogen

and cach remaining R™ is hydrogen.

HEA A compound of any one of claims 1--2 or 5-12 wherein X is -O-.

%

A compound of any onc of claims 1-2 or 512 wherein X iy -

:(;.;

NZ*-.

A compound of any one of claims 1-2 or 5-12 wherein X is

-NEE-,

s A compound of any one of claims 1-2 or 512 wherein X s

-CHZ and 7' and Z°, taken together, form -L-.

~d

A compound of claim 16 wherein Z7 is hydrogen.

N3
i3
t3
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18 A compound of any one of claims 1-2 or 5-12 wherein X is
-CHo-

P A ~ . e - N E 7B

i9. A compound of any one of claims 1 or 5-18 wherein 77 is a bond
ot -CHy-.

20. A compound of any onc of claims T or 5-18 wherein 27 1s -CHy-

adle A compound of any one of claims 1 or 3-18 wherein Z7 s a bond,

o 3 3 = g . £ 2
22 A compound of any onc of claims | or 3-21 whercin Y and Y

arc cach independently hydrogen, methy! or trifluoromethyl.

L.

2 A compound of any enc of claims [-22 whercin R’ is substituted

with one halogen.

24, A compound of claim 23 wherein R is 4-fluoropheayt or 2-

fluorophcnyl.

w

£y
Lot

A compound of any onc of claims 1-22 whercin R is substituted

with fwo halogens.

206. A compound of claim 25 whercin R' is 2,4-difluorophenyl. 2.3~
difluorophenyl. 2.6-difluorephenyl, 3-fluora-4-chlorophenyl, 3 d-difluorophenyl, 2-

fluoro-4-chlerophenyl, or 3,5-difluorophenyl.

27 A compound of elaim 26 wherein R is 2, 4-diflusrophenyi.
28 A compound of any onc of claims 1-22 whercin R’ is substiruted

with three halogens.

228
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29, A compound of claim 28 wherein R’ is 2,46~ -triffuorophenyt or
2.3 4-mifluorophenyt
30. A compound of claim 29 wherein R is 2.4.6-trifluorophenyl.
Bl A cempound of cluim { sclected from:
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