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POLYCYCLIC-CARBAMOYLPYRIDONE COMPOUNDS AND THEIR
PHARMACEUTICAL USE

CROSS-REFERENCE TO RELATED APPLICATIONS

This patent application claims the benefit under 35 US.C. §119{(c} of
U.S. Provisional Patent Application No. 61/745,375, filed December 21, 2612, US.
Provisional Patent Applicstion No. 61/788,397, filed March 15, 2013, and US.
Provisional Patent Application No. 61/845803, filed July 12, 2013, The foregoing

applications are incorporated herein by reference in their entireties.

BACKGROUND

Field

Corapounds, compositions, and methods for the treatment of human
immunodeficiency virus (HIV) mfection are disclosed. In particular, novel polyeyclic
carbamoylpytidone compounds and methods for their preparation and use as therapeutic

or prophviactic agents are disclosed.

Description of the Related Art

Human tmmunodeficiency virus infection and related diseases are a
major public health problem worldwide. Human mmmunodeficicncy virus type 1
(HIV-1) encodes three cnzymes which are required for viral replication: reverse
transcriptase, protease, and integrase. Although druge targeting reverse transcripfase
and protease are in wide use and have shown effectiveness, particolarly when employed
in combination, toxicity and development of resistant strains have limited thetr
usefulness (Paiella, et al. N. Engl. ./ Med. (1998 338:853-860; Richman, 3. P, Nasre
{2001y 410:995-1001}.

Pregnane X receptor (FXR)} is a nuciear receptor that is one of the key
regulators of enzymes involved in metabolism and elimination of small molecules from
the body. Activation of PXR is known to up-regulate or induce the production of
metabolic enzymes such as cytochrome P450 3A4 (CYP3A4) as well as enzymes

involved in transport such as OATP2 in the liver and intestine {Endocrine Reviews
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(2002) 23(5x687-702). When one drug causes the vp-regulation of these and other
cnzymes by activation of PXR, this can reduce the absorption and/or exposure of a ¢o-
administered drug that is susceptible to the up-regulated enzymes. 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
Reviews (2002} 23(5%.687-702}. Thus for drugs that will be co-administered with other
drugs, it 1s important {o test for and mirumize PXR activation.

Transporters have been identified as playing a vole wm  the
pharmacokinetic, safety and efficacy profile or drugs, and certain drog-drug interactions
are mediated by transporters, See, Giacomini KM, ef ¢f. ““Membrane transporters i
drug development,” NatRey Drug Discov. 9: 215-236, 2010; Zhang 1., e al. “Trauvsportar-
Mediated Drug-Drug lInteractions,” Clin. Pharm. Ther. 89(43481-484 (2011). -One
tranporter, the organic cation wansporter 2 (OCT2; SLC22A2), 1s a member of the
solute carrier {SLC) super-family of transporters and 18 primarily localized on the
basolateral membrane of the renal proximal tubule. OCT2, in concert with apical
expressed muoliidrug and toxin extrusion {MATE) transporters 1 and 2-K,, is believed to
form the major cationic secretion pathway in the kidney and bas begn showu to
transport endogenous compounds including creatinine and xenobiotics including
metformin. inhibition of OCTZ can thus lead to increased levels of seram creatinine
and the potential for increased levels of other OCT2 substrates. 1t is important as well to
test and reduce OCT2 inhibition of drugs.

A goal of antirctroviral therapy is to achicve viral suppression in the HIV
nfected patient. Treatment guidelines published by the United States Department of
Health and Human Services provide that achievement of viral suppression requires the
use of combination therapies, .., several drugs from at least two or more drog classes.
{Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the use
of aptiretroviral agents in HiV-1l-infected adults and adolescents. Departioent of Health
and Human Services. Available at
http://aidsinfo. nth.gov/ContentFiles/ AdultandAdolescentGL pdf.  Section  accessed
March 14, 2013.) In addition, decisions regarding the treatment of HIV mfected patients
are complicated when the patient requires treatment for other medical conditions (Id. at

E-12). Becasse the standard of care requires the use of multiple different drugs fo
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suppress HIV, as well as to treat other conditions the patient may be experiencing, the
potential for drug interaction is a criterion for selection of a drug regimen. As such,
there is a need for antiretroviral therapies having a decreased potential for drug
interactions.

Accordingly, there is a need for new agents that inhibit the replication of

HIV and that minimize PXR activation when co-administered with other drugs.

BRIEF SUMMARY

The present disclosure is directed to novel polycyclic carbamoylpyridone
compounds, having antiviral activity, including stereoisomers and pharmaceutically
acceptable salts thereof, and the use of such compounds in the treatment of HIV
infections. The compounds of the present disclosure may be used to inhibit the activity
of HIV integrase and may be used to reduce HIV replication.

In one aspect of the present disclosure, there is provided a compound of

Formula Ia having the following structure:

or a pharmaceutically acceptable salt thereof.

In another aspect of the present disclosure, there is provided a
pharmaceutical composition comprising the compound as defined above, or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier,
diluent or excipient.

In a further aspect of the present disclosure, there is provided a
compound or a pharmaceutically acceptable salt thereof as defined above for use in a
method of treating an HIV infection in a human having or at risk of having the
infection.

In another aspect of the present disclosure, there is provided a compound
or a pharmaceutically acceptable salt thereof as defined above for use in medical

therapy.
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In a forther aspect of the present disclosure, there is provided a
compound or a pharmaceutically acceptable salt thereof as defined above in the
manufacture of a medicament for treating an HIV infection in a human having or at risk
of having the infection.

In one embodiment of the present disclosure, compounds having the

following Formula (I) are provided:

)

or a stereoisomer or pharmaceutically acceptable salt thereof,
wherein:

X is -O- or -NZ’- or -CHZ’-;

W is -CHZ™-;

Z', 7* and Z* are each, independently, hydrogen or C,_salkyl, or wherein
7' and Z*° or Z' and 7, taken together, form -L- wherein L
is -CR"-, -CRRCERY-, -CRNCERNCRY-, or -CRHDCER)HCRY)CR Y-,

wherein at least one of Z' and Z® or Z' and Z?, taken together, form -L-;

3a
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Z" is abond, -CHy-, or -CH,CH,-;

Y! and Y? are each, independently, hydrogen, C;.salkyl or Cy_shaloalkyl;
R' is phenyl substituted with one to three halogens; and

each R* is, independently, hydrogen, halo, hydroxyl or C;4alkyl.

In another embodiment of the present disclosure, compounds having the

following Formula () are provided:

o)

or a stereoisomer or pharmaceutically acceptable salt thereof,
wherein:

X is -O- or -NZ'- or -CHZ?-;

W is -O- or =NZ?- or -CHZ?-;

7}, 7% and 7* are each, independently, hydrogen or Cj.salkyl, or wherein
Z' and Z* or 7' and Z°, taken together, form -L- wherein L
is -C(R")2-, -CRMC(Rz-, -CRCRHCRY:-, -CRCRHRCERDCR Y-, -CR?):
OCR%);-, -CR*)NRC(R -, -C(R")2SC(R%:-, -CRM)2S(O)ICRM;2-, -C(R*)280,C(R),-
. “CROCRMCR -, -CRMCR*HOCRY,-, -CR)NR*C(R)C(RY-, -CRM)C(
R)NR*C(R?,-, -CRSCR*:C(R™,-, -CR):CR2SCRY,-, ~CRDSOICRDCR
Do+, -CRDCRD2S(O)CRY2-, -CRTSO:CR™:C(R -, -C(R)C(R*)2S02C(Re-, -C
(R*),SO.NRA*C(R?),- or -C(RF)NR*SO,C(R¥),-;

Z* is a bond or -CHy-, -CH,CH,-, ~-CH,CH,CH,-, -CH,OCH,-,
-CH,NR*CHy-, -CH,SCH,-,-CH,S(O)CH;- or -CH,SO,CHz-;

Y! and Y? are each, independently, hydrogen, Cy.salkyl or C,.shaloalkyl,
or 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 heterocyclic ring having from 3 to 6
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ring atoms, wherein the carbocyclic or heterocyclic ring is optionally substituted with
one or more R%;

R' is optionally substituted aryl or optionally substituted heteroaryl; and

each R" is, independently, hydrogen, halo, hydroxyl or Cjsalkyl, or
wherein two R* groups, together with the carbon atom to which they are attached, form
=0, and

wherein at least one of: (i) Z' and Z* or Z' and Z°, taken together, 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 heterocyclic ring having from 3 to 6
ring atoms.

In another embodiment, a pharmaceutical composition is provided
comprising a compound having Formula (I), or a stereoisomer or pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable carrier, diluent or excipient.

The disclosure also provides the use of a pharmaceutical composition as
described hereinabove for the treatment of an HIV infection in a human being having or
at risk of having the infection.

In another embodiment, a method of using a compound having Formula
(I) in therapy is provided. In particular, a method of treating the proliferation of the HIV
virus, treating AIDS, or delaying the onset of AIDS or ARC symptoms in a mammal
(e.g., a human) is provided, comprising administering to the mammal a compound
having Formula (I), or a stereoisomer or pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier, diluent or excipient.

In another embodiment, use of a compound of Formula (I) as described
herein, or a pharmaceutically acceptable salt thereof, for the treatment of an HIV
infection in a human being having or at risk of having the infection is disclosed.

In another embodiment, the use of a compound of Formula (I) as
described herein, or a pharmaceutically acceptable salt thereof, for the manufacture of a
medicament for the treatment of an HIV infection in a human being having or at risk of
having the infection is disclosed.

In another embodiment, an article of manufacture comprising a
composition effective to treat an HIV infection; and packaging material comprising a

label which indicates that the composition can be used to treat infection by HIV is
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disclosed. Exemplary compositions comprise a compound of Formula (I) according to
this disclosure or a pharmaceutically acceptable salt thereof.

In still another embodiment, a method of inhibiting the replication of
HIV is disclosed. The method comprises exposing the virus to an effective amount of
the compound of Formula (I), or a salt thereof, under conditions where replication of
HIV is inhibited.

In another embodiment, the use of a compound of Formula (I) to inhibit
the activity of the HIV integrase enzyme is disclosed.

In another embodiment, the use of a compound of Formula (I), or a salt
thereof, to inhibit the replication of HIV is disclosed.

Other embodiments, 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 present disclosure. These
objects and advantages will be realized and attained by the processes and compositions
particularly pointed out in the written description and claims hereof. The foregoing
Summary has been made with the understanding that it is to be considered 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 lawfully entitled.

DETAILED DESCRIPTION

In the following description, certain specific details are set forth in order
to provide a thorough understanding of various embodiments of the invention.
However, one skilled in the art will understand that the invention may be practiced
without these details. The description below of several embodiments is made with the
understanding that the present disclosure is to be considered as an exemplification of
the claimed subject matter, and is not intended to limit the appended claims to the
specific embodiments illustrated. The headings used throughout this disclosure are
provided for convenience only and are not to be construed to limit the claims in any
way. Embodiments illustrated under any heading may be combined with embodiments

illustrated under any other heading.
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Definitions
Unless the context rvequires otherwise, throughout ihe present
specification and claims, the word “comprise” and vartations thereof, such as,

“comprises” and “comprising” are to be construed in an open, inclusive sense, that s as

A 43

“including, but not limited to”.

Reference throughout this specification to “one embediment” or “an
cmbodiment” means that a particular feature, sfructore or characteristic described in
connection with the embodiment is included in at least one embodiment of the present
mvention. Thos, the appearances of the phrases “in ove embodiment” or “in an
10 embodument” i various places throughout this specification are not necessarily all

referring to the same embodiment. Furthermore, the particalar features, structures, or
characteristics may be combined in any suitable manner in one or move cmbodiments.
Unless the context requires otherwise, reference throughout this
specification to “a compound of Formula (I} or “compounds of Formula (1) refers to
15 all embodiments of Formula (I}, including, for example, compounds of Formulas (11-A),
(1I-B), 1Oy, (11-4), (11-B), (11O, (JH-D), (TL-E), JI-F), (-G), (-, (IV-AA),
(IV-AB), (IV-AQC), (IV-AD), (TV-AE), (OV-AF), (IV-AG), (IV-AH), (IV-BA), IV-BB),
dv-BC), dVv-BD), (V-BE), (IV-BF), V-BG), and (IV-BH). as well as the specific
compounds disclosed herein.
28 “Amino” refers to the “NHj radical.
“Cyano” refers to the -CN radical,
“Hydroxy” or “hydroxyl” refers to the -OH radical.
“Imine” refers to the =NH substituent.
“Witro” refers to the -NO, radical.
25 “Oxo” refers to the =0 substituent.
“Thioxo” refers to the =8 substituent.
“Alkyl” refers to a straipght or branched hydrocarbon chain radical
consisting solely of carbon and hydrogen atoms, which 1s saturated or unsaturated (i.e.,
containg one or more double and/or triple bonds), having from one to twelve carbon
30 atoms (C-Cyy alkyl), preferably one to eight carbon atoms (C)-Cy alkyl) or one to six
carbon atoms (C~Cs alkyl), and which s attached to the rest of the molecule by a single

bond, eg., wethyl, cthyl, n-propvl, l-wethyiethyl (so-propyl), a-butyl, n-pentyl,
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I i-dimethylethyl  {(~butyl), 3-methylhexyl, 2-methylbhexyl, ethenyl, prop-1-enyl,
bat-1-enyl, pent-l-euyl, penta-14-dienyl, ethynyl, propvayl, butynyl, pentynyl,

exynyl, and the like. Unless stated otherwise specifically in the specification, an alkyl
group may be optionally substituted.

“Alkylene” or “alkylene chain” refers to a straight or branched divalent
hydrocarbon chan linking the rest of the molecule to a radical group, consisting solely
of carbon and hydrogen, which is safurated or unsaturated (i.e., contains one of more
double and/or trple bonds), and having from one io twelve carbon atoms, eg.,
methylene, cthviene, propylene, r-butylene, ethenylene, propenylene, a-butenylene,
propynylene, n-butynvlene, and the like. The alkvlene chain is attached to the rest of the
molecule through a single or double bond and to the radical group through a single or
double bond. The points of attachment of the alkviene chain to the rest of the moleculc
and to the radical group can be through one carbon or any two carbons within the chain.
Unless stated otherwise specifically in the specification, an alkylene chain may be
optionally substituted.

“Alkoxy” refers to a radical of the forraula ~OR 4 where R s an alkyl
radical as defined above contaiming one to twelve carbon atoms. Unless staled
otherwise specifically in the specification, an alkoxy group may be optionally
substituted,

“Alkylamino” refers to a radical of the formula -NHRA or ~NRaR4

vhere each Ra is, independently, an alkyl radical as defined sbove containing one to
twelve carbon atormns. Unless stated otherwise specifically in the specification, an
alkylamino group may be optionally substitated.

Thicalkyl” refers to a radical of the formula -SR,4 where Ra is an alkyl
radical as defined above containing one to twelve carbon atoms. Unless stated
otherwise specifically in the specification, a2 thioalkyl group may be optionally
substituted.

“Aryl” refers to a monocylic hydrocarbon ring system radical
comprising hydrogen and 6 to 18 carbon atoms. Aryl radicals include, but are not
limited to, aryl radicals derived from benzene. Unless stated otherwise specifically in
the specification, the ferm “aryl” or the prefix “ar-" (such as in “aralkvl”) is meant to

include aryl radicals that are optionally substinuted.
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“Arabicyt” refers to a radical of the formula ~Rp-Re where Ry is an
alkylene chain as defined above and Re is one or more aryl radicals as defined above,
for examipie, benzyl. Unless stated otherwise specifically in the specification, an aralkyl
group may be optionally substituted.

“Cycloalkyl™ or “carbocyclic ring” refers to a stable non-aromatic
monocyelic hydrocarbon radical consisting solely of carbon and hydrogen atoms,
having from three to fifteen carbon atorus, preferably having from three fo ten carbon
atorns, and which i saturated or unsaturated and atiached to the rest of the molecule by
a single bond, Monocyclic radicals nchlude, for example, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptvl, and cyclooctyl. Unless otherwise stated
specifically in the specification, & cycloalkyl group may be optionally substituted.

“Cycloalicylalkyl” refers to g radical of the formula ~RgRy, where Ry is
an alikylene chain as defined above and Ry is g cycloatkyl radical as defined above.
Unless stated otherwise specifically in the specification, a cycloalkylalkyt group may be
optionally substituted.

“Halo” or “halogen” refers to bromo, chlore, fluore or 1odo.

“Haloaltkyl” refers to an alkvl radical, as defined above, that i
substituted by ome or more halo radicals, as defined above, e.g., trifluoromethyl,
difluoromethyl, trichloromethyl, 2,2, 2-trifluoroethyl, 1,2-difluoroethyl,
3-bromo-2-flucropropyl, 1.2-dibromoethyl, and the like. Unless stated otherwise
specifically in the specification, a haloalkyl group may be optionally substituted.

“Heterooyelyl” or  “heterocychic ring” refers to a stable 3-
18-membered non-arowatic ring radical which consists of two to twelve carbon atoms
and from one to six heteroatoms selected from the group consisting of nitrogen, oxygen
and sulfur, In the embodiments disclosed herein, the heterocyclyl radical is a
monocyclic ring system; and the heterocyclyl radical way be partially or fully saturated.
Examples of such heterocyelyl radicals include, but are not limited to, dioxolanyl,
thienyl, [1,31dithianyl, imidazolinyl, imidazolidinyl, isothiazolidinyl, isoxazolidinyl,
morpholinyl, Z-oxopiperazinyl, Z-oxopiperidinyl, 2Z-oxopyrrolidinyl, exazohdinyl,
piperidinyl, piperazinyl, 4-piperidonyl, pymolidinyl, pyrazolidinyl, thiazolidinyl,

tetrahydrofuryl, trithianvi, fetrahydropyranyl, thiomorpholinyl, thiamorpholinyl,
Y $ 3 yaropyrany | ) I Y

G
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t-oxo-thiomorpholinyl, and  1,1-dioxo-thiomorpbolinyl,  Unless  stated  otherwise
specifically in the specification, a heterocyclyl group may be optionally substituted.

“N-heterocyclyl” refers to a heterocyclyl radical as defined above
containing at least one nitrogen and where the point of attachment of the heterocyelyl
radical to the rest of the molecule is through a nitrogen atom in the heterocyclyt radical.
Unless stated otherwise specifically in the specification, an N-heterocyclyl group may
be optionally substituted.

“Heterocyclylalky!” refers to a vadical of the formula ~RpRyp where Ry is
an atkvlene chamn as defined above and Rp 18 & heterocyclyl radical as defined above,
and if the heterocyelyl is a nitrogen-containing heterocyclyl, the heterocvelyl may be
attached to the alkyl radical at the nitrogen atom. Unless stated otherwise specifically in
the specification, a heterocyelylalkyl group may be optionally substituted.

“Heteroary!l” refers to a 5~ to l4-membered monocyelic ring system
radical comprising hydrogen atoms, one to thirteen carbon atoms, one fo six
heteroatoms  selected from the group consisting of nitrogen, oxygen and sulfur.
Hxamples mclude, but are not himited to, azepinyl, furanyl, furanonyl, isothiazolyl,
imidazolyl, isoxazelyl, oxadiazolyl, 2-oxeazepinyl, oxazolyl, oxiranyl, 1-
oxidopyridinyl, l-oxidopyrimidinyl, l-oxidopyrazinyl, 1-oxidopyridazinyi, pyrazolyl,
pyridinyl, pyrazinyl, pyrimudinyl, pyridazinyl, thiazolyl, thiadiazolyl, (riazolyt,
tetrazolyl, triazinyl, thiophenyl, and thienyl. Unless stated otherwise specificaily in the
specification, a heteroaryl group may be optionally substituted.

“N-heteroaryl” refers to a heteroaryl radical as defined above containing
at least one nitrogen and where the point of attachment of the heteroaryl radical to the

est of the molecule is through a witrogen atom in the heterocaryl radical. Unless stated
otherwise specifically in the specification, an N-heteroaryl group may be optionally
substituted.

“Heteroarylalkyvl” refers to a radical of the formula ~RgRy where Ry is
an alkylene chain as defined above and Ry is a heteroaryl radical as defined above.
Unless stated otherwise specifically in the specification, g heteroarvialky! group may be
optionally substituted. The term “substituted” used herein moans any of the above
groups {ie., alkyl, alkyiene, alkoxy, allylamino, thicalkyl, aryl, aralkyl, cycloalkvl,

cyctoalkylalkyl, haloalkyl, heterocyclyl, N-heterocyelyl, heterocyclylatkyl, heteroaryl,

1¢
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N-hetergaryl and/or heteroarylalkyl) wherein at least one hydrogen atom 1s replaced by
a bond to a non-hydrogen atoms such as, but pot Hmited to: 8 halogen atom such as F,
Cl, Br, and I; an oxygen atom in groups such as hydroxyl groups, alloxy groups, and
ester groups; a sulfur atony in groups such as thiol groups, thioalkyl groups, sulfone
oroups, sulfonyl groups, and sulfoxide groups; a nitrogen atom in groups such as
amines, anudes, alkylamines, dialkylamines, arvlamines, alkylarylamines, diarylamines,
N-pxides, imides, and cnamines; a silicon atom in groups such as trnalkylsilyl groups,
dialkylaryisiiyl groups, allyidiarylsilyl groups, and triarylsilyl groups: and other
heteroatorns in various other groups, “Sabstiuted” also means any of the above groups
in whichk one or more hydrogen atoms are replaced by a higher-order bond {e.g., &
double- or triple-bond) to a heteroatom such as oxygen in oxe, carbonyl, carboxyl, and
cster groups; and nitrogen in groups such as imines, oximes, hydrazones, and nitriles.
For example, “substituted” includes any of the above groups in which one or more
hydrogen atoms are replaced with —NReRp, -NRoC(EORy, -NRaC(EONRGRy,
—N&:C(ﬁg)(}ﬁﬁ, ~NRGC{ZNRQ)NRGRH, "NRGSOQR{{,, *QC(ZO)NRGR{-;, -ORG, vSR(‘,‘,,
-SORg, -5OoRg, -O80G:Rs, ~-SG:0Rg, =NSOHRq, and -SO2NRgRy. “Substituted also
means any of the above groups in which ove or more hydrogen atoms are replaced with
L(=0Rg, -CEOYWRg, -CEOINRaRy,  -CHRSORe  -CHSOMNRgRy, In the
foregoing, Ry and Rp are the same or different and independently hydrogen, alkyl,
alkoxy, alkylanmino, thicalkyl, arvi, aralkyl, cycloalkyl, cycioalkylalkyl, halealkyl,
heterocyelyl, N-heterocyelyl, heterocyclylalkyl, heterparyl, N-heteroaryl and/or
heteroaryialkyl, “Substituted” further means any of the above groups in which one or
more hydrogen atorus are veplaced by a bond fto an amino, cyano, hydroxyl, mmine,
pitre, oxo, thioxo, halo, altkyl, alkoxy, alkylaming, thigalkyl, aryl, aralkyl, eyvcloalkyl,
cycloalkylalkyl, haloalkyl, heterocyelyl. N-heterocyclyl, heterocyelylalkyl, heteroaryl,
N-heteroaryl and/or heteroaryvlalky! group. In addition, each of the foregoing
substituents may also be optionally substituted with one or more of the above
substituents.

The term “protecting group,” as used herein, refers to a labile chemical
moicty which 1s known in the art o protect reactive groups including without limitation,
hydroxyl and amino groups, against undesired reactions during synthetic procedures.

Hydroxy! and amino groups protected with & protecting group arc referred o herein as
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“protecied hydroxyl groups” and “protecied amino groups”, respectively. Protecting
groups arc typically used sclectively and/or orthogonally to protect gites during
reactions at other reactive sites and can then be removed to leave the unprotected group
as i3 or available for further reactions. Protecting groups as known in the art are
described generaily in Greene and Wuts, Protective Groups in Organic Synthesis, 3rd
edition, Johnn Wiley & Sons, New York {1999}, Generally, groups are protected or
present as & precursor that will be inert to reactions that modify other areas of the parent
molecule for cowvversion into their final groups at an appropriate tirge. Further
representative protecting or precursor groups are discussed n Agrawal, et al., Protocols
for Oligonucieotide Conjugates, Eds, Humana Press; New lersey, 1994; Vol 26 pp. 1~
72. Exarapies of “hydroxyl protecting groups” mclude, but are not Hmited to, t-butyl, t-
butoxymethyl, methoxymethyl, etrahydropyranyl, I~cthoxyethyl, 1-{2-
chloroethoxyiethyl, Z-trimethylsilylethyl, p-chlorophenyl, 24-dinitrophenyl, benzyl,
2.6-dichlorobenzyl, diphenylmethyl, p-nitrobenzyl, iriphenylmethyl, trmethylsilyl,
tricthylsiiyl,  t-butyldmmethyisilyl, t-butyldiphenyisityl {TBDPS), triphenylsilyl,
benzoylformate, acetate, chloroacetate, trichloroacetate, trifluoroacetate, pivaloate,
benzoate, p-phenyibeuzoste, S-fluorenvimethvi carbonate, mesylate and tosylate,
Examples of “amino protecting groups” include, but are not limited to, carbamate-
protecting groups, such as 2-trimethylsilyiethoxyearbonyl (Teoc), 1-methyl-1-{4-
biphenyliyhethoxyearbony!l (Bpoc), t-butoxycarbonyl (BOC), allyloxycarbonyl {Alloc),
9-fluorenyimethyloxycarbonyl (Fmoc), and benzyloxycarbonyt (Chz); amide protecting
groups, such as forroyl, acctyl, tnhaloscctyl, benzoyl, and nitrophenylacetyi;
sulfonarnide-protecting groups, such as Z-nirobenzenesulfonyl; and imine and cyche
tmide protecting groups, such as phthalimido and dithiasuccinoyl.

The invention disclosed herein is also meant to encompass  all
pharmaceutically accepiable compounds of Formula (I} being isotopically-labeled by
having one or more atoms replaced by an atom having a different atomic mass or mass
number. Examples of isotopes that can be incorporated into the disclosed compounds
include isotopes of hydrogen, carbon, nifrogen, oxygen, phosphorous, fluorine,
chlorine, and iodine, such as “H, “H, ', ¥C, ¥¢, PN, PN, B, 7o, %0, e, ¥p, Vs,
B, 8L P and L, respectively. These radiolabeled compounds could be useful to

help determine or weasure the effectivencss of the compounds, by characterizing, for

12
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exarnple, the site or wode of action, or binding affinity to pharmacologically important
site of action, Certain isotopically-labcled compounds of Formula (1), for example,
those incorporating a radioactive isofope, are useful in drug and/or substrate tissue

T . ) e . . . I~ . By . 14
distribution studies. The radioactive isotopes tritium, i.e. "H, and carbon-14, i.e. 7C, are

(¥

particularly useful for this purpose in view of their ease of incorporation and ready
means of detection.

Substitution with heavier isotopes such as deuterium, fe. ZH,‘ may afford
certain therapeutic advantages resulting frovo greater metabolic stability. For example,
in vive balf-life may increase or dosage requirements may be reduced. Thus, heavier
10 isotopes may be preferred in some circumstances.

Substitution with positron emitting isctopes, such as e e B oand
"N, can be useful in Positron Emission Topography (PET) studics for cxamining
substrate receptor occupancy. sotopically-labeled compounds of Formula (I} can
generally be prepared by conventional techniques known to those skilled in the art or by
15 processes analogous to those described in the Examples as set out below using an
appropriate isotopically-labeled reagent in place of the non-labeled reagent previously
eruployed.
The invention disclosed herein is also meant to encompass the in vive
metabolic products of the disclosed compounds. Such products may result from, for
28 cxampile, the oxidation, reduction, hydrolysis, amidation, esterification, and the like of
the administered compound, primarily due fo enzymatic processes. Accordingly, the
mvention includes compounds produced by a process comprising administering a
compound of this invention to a mammal for a period of time sufficient to yield a
netabolic product thereof. Such products are typically identified by administering a
25 radiolabeled compound of the invention in a detectable dose fo an animal, such as rat,
mouse, guinea pig, monkey, or to human, allowing sufficient time for metabolism to
occur, and isolating its conversion products from the urine, blood or other biclogical
samples.
“Stable compound” and “stable structure” are moeant to indicate &
30 compound that is sufficiently robust to survive isolation to a useful degrec of purity

from a reaction vnxture, and formulation into an efficacious therapeutic agent,
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“Maramal” includes humaps and both domestic ammals such as
laboratory amimals and houschold pets {e.g.. cats, dogs, swine, cattle, sheep, goats,
horaes, rabbits), and non-domestic animals such as wildlife and the like.

“Optional” or “optionally” means that the subsequently described event
of circumstances may or may not occur, and that the description includes instances
where said eveni or circumstance occurs and mnstances in which it does not. For
cxample, “optionally substituted aryl” means that the aryl radical may or may not be
substituted and that the description includes both subsiituted aryl radicals and aryl
radicals baving no subshintion,

“Pharmaceutically acceptable carrier, diluent or excipient” includes
without limitation any adjuvant, carrier, excipient, glidant, sweetening agent, diluent,
preservative, dyc/colorant, flaver enhancer, surfactant, wetting agent, dispersing agent,
suspending agent, siabilizer, isotonic agent, solvent, or emulsifier which has been
approved by the United States Food and Drug Administration as being acceptable for
use in humans or domestic animals,

“Pharmaceutically acceptable salt” refers to a salt of 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. Examples of
“pharmaceutically acceptable salis” of the compounds disclosed herein inchude salts
derived from an appropriate base, such as an alkali metal {for cxample, sodium), an
alkaline earth metal (for example, magnesium), ammonium and NXs (wherein X is
C,—C;y alkyl). Pharmaccutically acceptable sslts of a nitrogen stom or an amino group
mclude for example salis of organic carboxylic acids such as acelic, benzoic,
camphorsulforye, citric, glucoheptonic, gluconic, lactic, fursaric, tarfaric, maleic,

walonic, malic, mandelic, isethionic, factobtonic, succinic, Z-napththalenesulfonic,
oleic, palmitic, propionic, stearic, and trimethylacetic acids; organic sulfonic acids, such
as methanesulionic, ethanesulfonic, benzenesulfonic and pw’folucm,ﬂuitcmc acids; and
imorganic acids, such as hydrochloric, hydrobromic, sulfuric, nitric, phosphoric and
sulfaniic acids. Pharmaceutically acceptable salis of a compound of a hydroxy group
include the anion of said compound in combination with a suitable cation such as Na™
and NXi (wherein X is independently selecied from H or a C;~Ca alkyl group).

Pharmaccutically acceptable salts also include salts formed when an acidic proton



Lo

10

15

28

30

WO 2014/100323 PCT/US2013/076367

present in the pavent compound is replaced by either a metal lon, e.g., an alkali metal
ion, an alkaline earth ton, or an aluminum jor; or coordinates with an organic base such
as diethanolamine, tricthanolamine, N-methylglucamine and the like. Also included in
this definition are ammonium and substituted or quaternized ammonium salts.
Lepresentative non-limiting lists of pharmaceutically acceptable salts can be found in
S.M. Berge et al, J. Pharma Sci., 66(1), 1-19 (1977}, and Remington: The Science and
Practice of Pharmacy, R. Hendrickson, ed., 2Ist edition, Lippincott, Willlams &
Wilkins, Philadelphia, PA, (2005), at p. 732, Tabie 38-5, both of which are hereby
incorporated by reference herein,

For therapeutic use, salts of active ingredients of the compounds
disclosed berein will typically be pharmaceutically acceptable, ie. they will be salts
derived from a physiologically acceptable acid or base. However, salts of acids or bases
which are not pharmaceutically acceptable may also find use, for example, in the
preparation or purification of a compound of Formula (I) or another compound of the
invention. All salts, whether or not derived from a physiologically acceptable acid or
base, are within the scope of the present tnvention.

Metal salts typically are prepared by reacting the metal hvdroxide with a
compound of this invention. Examples of metal salts which are prepared in this way are
salts containing LiT, Na™, and K. A less soluble metal salt can be precipitated from
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, e.g., HCL, HBr, H2SO4, HaPO4 or organic sulfonic acids, to basic
centers, typically amines. Finally, it is o be understood that the compositions herein
comprise compounds disclosed hereju tn their un-ionized, as well as zwitterionic form,
and combinations with stoichiometric amounts of water as in hydrates.

Often crystallizations produce a solvaie of the compound of the
mvention. As used herein, the term “solvate” refers to an aggregate that comprises one
or more molecules of a compound of the invention with one or more molecules of
solvent. The solvent may be water, in which case the solvate may be a hydrate.
Alternatively, the solvent may be an organic solvent, Thus, the compounds of the
present invention may exist as a hydrate, including a mounchydrate, dibydrate,

hemihydrate, sesquibydrate, tribydrate, tetrabydrate and the like, as well as the

.»-.e
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corresponding solvated forms. The compound of the invention may be true solvaies,
while in other cases, the compound of the invention may merely retain adventitions
water or be a mixture of water plus some adventitious solvent.

A “pharmaceutical composition” refers to & formulation of a compound
of the mvention and a medium generally accepted in the art for the delivery of the
biologically active compound to mamunals, e.g., humans. Such a medium inclodes all
pharmaceutically acceptable carriers, diluents or excipients therefor,

“Effective amount” or “therapeatically effective amount” refers to an
amount of a compound according to the invention, which when administered to a
patient in need thereof, is sufficient to cffect treatment for disease-states, conditions, or
disorders for which the compounds have utility. Such an amount would be sufficient to
clicit the biological or medical responsc of a tissuc system, or patient that is sought by a
researcher or clinician. The amount of a compound according to the invention which
constitutes a therapeutically effective amount will vary depending on such factors as the
compound and its biological activity, the composition used for administration, the time
of administration, the route of adminisiration, the rate of excretion of the compound, the
duration of the treatment, the type of disease-state or disorder being treated and its
severity, drugs used in combination with or coincidentally with the compmunds of the
invention, and the age, body weight, general health, sex and diet of the patient. Such a
therapeutically effective amount can be determined routinely by one of ordinary skill in
the art having regard to their own knowledge, the state of the art, and this disclosure.

The term “treatment” as used herein is intended to mean the
administration of a compound or compesition according o the present invention io
alleviate or eliminate svraptoms of HIV infection and/or to reduce viral load i a
patient. The term "treatment” also encompasses the administration of a compound or
composition according to the present invention post-exposure of the individual to the
virus but before the appearance of symptoms of the disease, and/or prior to the
detection of the virus in the blood, to prevent the appearance of sympioms of the
disease and/or to prevent the virus from reaching detectible levels in the blood, and the
admimstration of a compound or composition according fo the present invention to
prevent perinatal transmission of HIV from mother to baby, by administration to the

mother before giving birth and to the child within the first days of life.

16
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The term "antiviral ageot” as used hereiv is intended o mean an agent
{compound or biological) that is effective to inhibit the formation and/or replication of &
virus in 2 human being, including but not Hmited to agents that interfere with either host

or viral mechanisms necessary for the formation and/or replication of a virus in a

th

human being.
The term "inhibitor of HIV replication” as used herein is intended to
mean an agent capable of reducing or eliminating the ability of HIV to replicate in a
host cell, whether in vitro, ex vivo or in vivo.
The compounds of the invention, or their pharmaceutically acceptable
10 salts may contain one or more asymmetric centers and may thus give rise fo
enantiomers, diastereomers, and other sterecisomeric forms that may be defined, in
terms of absolute steveochemistry, as (K- or {$)- or, as {I)- or (L) for amino acids.
The present invention is meant to include all such possible isomers, as well ag their
racemic and optically pure forms. Optically active (+) and (-}, (R)- and (S}, or (D)~ and
15 {L)-1somers may be prepared using chiral synthons or chiral reagents, or resolved using
conventional techoiques, for example, chromatography and fractional crystallization.
Conventional techniques for the preparation/isolation of mdividual enantiomers include
chiral synthesis from a suitable optically pure precursor or resolution of the racemate
{or the racemate of a salt or dertvative} using, for example, chiral high pressure liguid
280 chromatography (HPLC) When the compounds described herein contain olefinic
double bonds or other centres of geometric asymmetry, and unless specified otherwise,
it 1§ intended that the corapounds include both E and Z geomcetric isomers. Likewise, all
tantomeric forms are also intended to be included.
A “stereoisomer” refers to a cowpound made up of the same atoms
25  bonded by the same bonds but having different three-dimensional structures, which are
not interchangeable. The present mmvention contemplates various stereoisomers and
mixtures thereof and includes “enantiomers”, which refers to two siercoisomers whose
molecules are nonsuperimposeable mirror images of one another,
A “tautorner” refers to a proton shift from one atom of a molecule to
30 another stom of the sarne molecule, The present invention includes tavtomers of any

said compounds.
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A “prodrug” rvefers to a compound that 18 chemicall

o

designed to
efficiently liberate the parcnt drug after overcoming biological barricrs to oral delivery.
In certain embodiments, the present invention includes prodrugs of the compounds of

Formulfa (1},

(9]

Compounds
As noted above, in one embodiment of the present invention, compounds

having antiviral activity are provided, the compounds having the foltowing Formula (I);

t0  ora stercotsowmer or pharmacentically acceptable salt theveof,

wherein:
X is -(- o N2 or -CHZ
W is -CHZ -

Z!, 7% and 2° are cach, independently, hydrogen or Crsalkyl, or wherein
15 Z'and Z7 or Z' and Z°, taken together, form -L- wherein L is ~C(R%)o-, -CER LCR -,
~CRIMCROERY-, or -CRDCR TR CRY),-, wherein at least one of Z* and 77
or 2" and Z°, taken together, form -L-;
Z% 18 a bond, ~CHy-, or ~-CHLCHy-:
Y and Y* are cach, independently, hydrogen. Ciaalkyl or Cishaloalkyl;
20 R’ is pheny! substituted with one to three halogens; and
each R" 1, independently, hydrogen, halo, hydroxy! or Cyalkyl.
In another embodiment, compounds are provided having the following

Formula Q1-A):

18
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fn another embodiment, corapounds are provided having the following

Formuda (11-BY:

5
(1-B)
In another embodiment, compounds are provided having the following
Formula (11-C):
]
DL é E H
L | s
\\l—/ T Sy ~
i O
|
i
G OH
10 {11-C)

In another embodiment, L is -C{R"}-. In a further embodiment, L is

C{RMHCR™,- In still a further embodiment, L is ~CR"HCRRCRY- o siill 2

19
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forther embodiment, each R" is hydrogen. In still a further embodiruent, one R® is
methyl and cach remaining R® is hydrogen. In still a further enobodiment, one R is
halpgen and each remaining R is bydrogen. In stili a further embodiment, two R are
halogen and each remaining R* is hydrogen. In still & further embodiment, one R" is
halogen and cach remaining R® is hydrogen.

In another embodiment, X is -O-. In another embodiment, X is -NZ°-. In
another cmbodiment, 3 is -NH-. 16. In ansther embodiment, X is -CHZ’- and Z! and
Z°, taken together, form ~L-. In a further embodiment, Z° is hydrogen. Tn another
embodiment, X is -CHo-.

In another embodiment, Z° is & bond or -CHy-. In another embodiment,
7% s -CHo-. In another embodiment, Z* is a bond.

In another embodiment, Y' and Y? are each independently hydrogen,
methyl or triflucromethyl.

In another embodiment, R* is substituted with one halogen. In a further
emnbodirnent, R is 4-fluorophenyl or 2-fluorophenyl.

In another embodiment, R’ is substituted with two halogens. In a further
ergbodiment, R' is 2 4-difluoropbenyl, 2,3-difluorophenyl, 2.6-difluorophenyl, 3-
fluoro-4-chiorophenyl,  34-difluorophenyl,  2-fluoro-4-chlorophenvl, or 3,5~
diffuorophenyl. Tn still a further embodiment, R' is 2,4-diftuorophenyl.

In another embodiment, R’ is substituted with three halogens. In 2
further embodiment, R' is 2,4,6-trifluorophenyl or 2,3.4-trifluorophenyl. In still a
further embodiment, R is 2,4,6-triftuorophenyl.,

In one embodiment, a pharmaceutical composttion is provided
comprising a compound of any one of the Formulas (1), (I1-A), (JI-B), or (1-C3, as
noted above, or a sterecisomer or pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier, diluent or excipient,

Another embodiment is provided comprising a method of treating an
HIV infection in & human having or at risk of having the infection by administering to
the human a therapeutically cffective amount of a compound of any one of the
Formulas (), (II-A), (I1-B), or (1I-C), as noted above, or a pharmaceutical composition
thereof.  Another embodiment is provided comprising a method of treating or

preventing an HIV infection in a human having or at risk of baving the infection by

20
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administering to the human 2 therapeutically effective amount of a compound of any
onc of the Formulas (1), (I1-A), (11-B), or (B-C}, as noted above, or a pharmaceutica)
composition thereof.

In another embodiment, the ase of a compound of any one of the
Formulas (I}, (1I-A}), (I1-B), or (1-C}, as noted above, or & pharmaceutical composition
thereof, for the treatment of an HIV infection iu a human baving or at risk of having the
infection is provided. In another embodiment, the use of a compound of any one of the
Formulas (1}, (1-A), (11-B}, or (H-C), as noted above, or a pharmaceutical composition
thereof, for the treatment or prevention of an HIV infection in a human having or at risk
of having the infection is provided.

In another embodiment, the use in wedical therapy of a compound of
any one of the Formulas (), {d:A), (H-BY or (I1-C), as noted sbove, or a
pharmaceutical composition thereof, is provided.

In another embodiment, the use of a compound of avy ove of the
Formulas (I}, (Il-A), (I-B}, or (1I-C}, as noted above, or a pharmaceutical composition
thereof, for use in the therapeutic treatment of an HIV infection is provided. In another
embodiment, the vse of a compound of any one of the Formulas (1), (II-A), (1I-B}, or
(1i-C}, as noted above, or a pharmaceutical composition thereof, for use in the
prophylactic or therapeutic treatment of an HIV jnfection is provided.

As further noted above, in another embodiment of the present invention,
compounds having antiviral activity are provided, the compounds having the following

Formula (1)

ra O OH
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or a stereoisomer ot pharmaceutically acceptable salt thereof,
wherein:

X is -0- ot -NZ'- o1 -CHZ'-;

W is -O- or ~NZ%- or -CHZ?-;

Z', 2" and Z° are each, independently, hydrogen, Craalkyl or
Cishaloalicyl, or wherein 7 and Z: or 7! and Z3, taken fogether, form -L- wherein L is
LR CRRCRY, -CRBPCRDLCR -, -CRDBCRROR RCRY),,
CRDPOCR -, -CRIPNRICRY-, -CRBSCR, -CR™RSOICR Y,
LC(R"HSCCR -, ~CR"MOCR HRCR -, ~CR*LCR HOCR -,
SCRRNRACR"HCR e, SCRMCRMNRCRY,-, ~C(RMSCR"OCR -,
CRDBCR"LSCERY-, SCR™,LSOVWCR R Y-, ~CERMOR"S(OYCR -,
CRRSOCR NCRYy,  CR RO RSOGCRY-,  -CR*LSONRCR - o
SC{RMHNR*SOC(R -,

Z' is a bond or -CHp, -CH.CHp-, -CHCHCHy-, -CH,OCH-,
~CHaNRCH,-, -CHRSCH,-,-CHS(O)YCH;- ot -CHR8CCH-;

v and Y° are each, independently, hydrogen or C; zalkyl, or Y!and Y 2
together with the carbon atom to which they are attached, form a carbocyclic ring
having from 3 fo 6 ring atoms or a heterocyclic ring having from 3 to 6 ring atoms,
wherein the carbocyclic or heterocycelie ring is optionally substituted with one or more
RY

R’ is optionally substituted aryl or optionally substituted heteroaryl; and

cach R® is, independently, hydrogen, halo, hydroxyl or Ciaalkyl, or
wherein two R® groups, together with the carbon atom to which they are attached, form
=03, and

wherein at least one oft () 2’ and 2% or 2! and 7°, taken together, form ~L-; or
(i) Y' and Y% together with the cartbon atom to which they are attached, form a
carbocyclic ring having from 3 to 6 ring atoms or a heterocyclic ring having from 3 to 6
ring atoms.

In another embodiment, W is -CHZ -

In another cmbodiment, Z' and Z% or 7' and 7°, taken together, form -L-,

In another erbodiment, cowpounds are provided having one of the

following Formudas (JI-A), {1-B), or (11-C):
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wherein L is CRY-, CRMHCRY, ACLRPHCRYCR e,
SC(RTCROR HORY-,  CRDHOCR -, ~CR"NRICRY,-, ~CIR HSCRY)-,
SCRM,SOWCR ), LR RS OLCER Y-, SCRHOCR BOR Ym

10 -CR*CERYHOCRY,-, -CRY)NRUCR HCR Y, ACR*CRNRCR -,
~C(R™M,SCR,CR -, SC(R ORISR -, -CRBSOICER RCR -,
CRIBCR RSOCR -, -CRESOCRRCR Y-, ~CRDLCRLSOCR -,
~CR“LSONRICR M- o1 -CRMNR*SG,CRM,-.
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In another embodiment, Y and Y7, together with the carbon atom to
which they are attached, form a carbocyclic ring having from 3 to 6 ring atoms or a
heterocyclic ring having from 3 to 6 ring atoms.

In another embodiment, compounds are provided having one of the
following Formulas (I-A), (118}, (1-C) or (I-D):

O
X /\)k
{,/ \T/Q\N \\ Nj ZR
H
i X i

o
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i 3 - .
wherein £’ and 27 are cach, mdependently, hydrogen or Ciaalkyl
In another embodiment, compounds are provided having one of the

5 following Formutas (BI-E), (Hi-F), (-G or (H-H}:
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wherein 7' and 77 are each, independently, hydrogen or Cysalkyl,

In another embodiment, both (i) 2" and 27 or Z' and Z°, taken together,
form -L-, and (i} Y and Y7, wgether with the carbon atom to which they are attached,
form a carbocyclic ring having from 3 to 6 ring atoms or a heterocyelic ring having
from 3 fo 6 ring atoms.

10 in another embodiment, compounds are provided having one of the
following Formulas (IV-AA}, (IV-AB), (IV-AC), IV-AD), (IV-AE), (IV-AF), (IV-AG)
or (FV-AH):

G

‘ )E\SZ
<ﬁA

OH

(IV-AA)
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f‘“-—-..O

Lo

(IV-AH)

wherein L is -C{RM -, CCRMOR e, SCRYCR HOERY,-,
SCRDBORHORRCR -, CRDMOC(RY,  -CR™NRYC(R -, -CRYLSCR Y-,
“CRDLSOICR ), -CR LSO, TR, CRDOCERRCR Y-,

10 ~CR"HCRLOCER -, SO NRCR (R -, SCERMO(RMNRACR e,
~CR BBCRTHCR -, R PCRLSCR -, -CER RSOCRRCR -,
SCRTRCERDLSOCR -, -CRBSCCR HBCRY-,  -CERBCER™SGOR -,
SCR™SONRUCR Y- or ~CR™NR*SO,CRY;-.

28
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In another cmbodiment, compounds are provided having one of the
following Formulas (IV-BA), {IV-BB), OV-BC), (IV-BD), (IV-BE), (IV-BF), (IV-BG)
or (IV-BH):

(IV-BC)
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G

G OH

(IV-BH)

wherein L is  -CR%.  -OROERYe,  -CR™HCERDCR -
CRPORYCEORY, -CROCR Y ~-CRONRCRY-,  -CR),SCRY,-,

5 CRLSOWRY,, CRLSOCR -, CRHOCER LR -,
CCRDBORDHOCRY-,  -CRNBICRYCRY-, -CR*HORYNRICR Y-,
-CRRSCRNCRYm, -CRMHCERSCRY, ~CR*RSIOICERLCR Y,

CRBPCRRSOICRY-, O RSOCERDCR -, -CRHORYSOCIR e,
CRBSONRICR Y o -CRDNR*SCLO(R)m,

10 In  avother  embodiment, L is -C(R%-, -CRBCRY,-,
SCIRDMOCERRCERY-, or -CIRDBCERDCRDRCR Y- In a further ombodiment, L is
-C(R"-. In still a forther embodiment, L is -C(R"CR"-. In still a further
embodiment, L is -CR*LCR"LCR -, In siill a further embodiment, each R* is
hydrogen. In still a further embodiment, one R® is methyl and each remaining R® is

15 hydrogen. In still & further embodiment, one R® is halogen and each remaining R® is
hydrogen. In still a further embodiment, two R® are halogen and cach remaining R is
hydrogen. In still a further embodiment, one R* is halogen and each remaiming R® s
hydrogen.

In another embodiment, L is -C{R"HOCR" -, -CRYLNRYCR -,

20 SCR™RSCER e, ~CR"SOYCAR -, or -CRYSOC(R Y-, Fn 2 further embodiment, L
is ~C(R"OCR™),~. 1n still a further embodiment, each R® is hydrogen. In still a further
embodiment, one R" is methyl and each remaining R* is hydrogen. In still a further
embodiment, one R* is halogen and each remaining R® is hydrogen. In still 4 further
embodiment, two R" are halogen and each remaining R® is hydrogen. In still a further

25  embodiment, one R® is halogen and each remaining R” is hydrogen.
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o another embodimeni, X is -O-. In a further embodiment, 77 ig
hydrogen. In another embodiment, X is -NZ*-. In another embodiment, X is -NH-. In
another embodiment, X is -CHZ - In another embodiment, X is -CHg-.

to another embodiment, Z' is a bond or -CHa-. In another embodiment,
7% s -CHy-. In another ombodiment, 7% is a bond.

In another embodiment, ¥’ and Y~ are each independently hvdrogen,
methyl or irifluoromethyl.

In another embodiment, R’ is substituted with one halogen. In a further
embodiment, R’ is 4-fluoropheny! or Nﬁuoropbmvi

In another embodiment, R’ is phenyl. In another embodiment, R’ is
pyridinyl.

In another embodiment, R is substituted with at least one halogen.

In another embodiment, R’ is substituted with one hatogen. In a further
embodiment, R’ is 4-fluoropheny] or 2-fluorophenyl.

In another exmbodiment, R' is substituted with two halogens. In a further
erobodiment, R' is 24-difluorophenyl, 2,3-diflucrophenyl, 2.6-difluoropheny], 3-
fluore-4-chlorophenyl,  34-difluorophenyl,  2-fluore-4-chiorophenyl, or  3,5-
diffuorophenyl. In stilf a further embodiment, R’ is 2,4-difluorophenyl.

in another embodiment, R’ is substituted with three halogens. In &
further embodiment, R’ is 2.4,6-trifluorophenyl or 2,3 4-triffuorophenyl. In still a
further embodiment, R is 2,4,6-triffuorophenyl.

In another embodiment, R' is 3-trifluoromethyi-4-fluorophenyl or 2-
cyelopropoxy-4-fluorophenyl.

In one embodiment, a pharmaceutical composition s provided
comprising a compound of any one of Formulas (I}, (I1-A), (1-B), (11-C), (HI-A),

1-B), (-G, G0, (B, Qi-Fy, GH-G), (JH-H), OV-AA), (IV-AB}, (IV-AC),
(IWV-AD), (IV-AE), (JV-AF), (IV-AG), (IV-AH), (IV-BA), (IV-BB), (IV-BC}, IV-BD),
(IV-BE), (IV-BF), (IV-BG), and (IV-BH), as noted above, or a stereocisomer or
pharmacentically acceptable salt thereof, and a pharmaceutically acceptable carrier,
diluent or excipient.

Another embodiment 18 provided comprising a method of treating an

HIV infection in 4 human bavivg or at risk of baving the infection by administering to
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the human a therapeutically effective amount of a compound of any one of Formulas
(), (11-A), (1I-B), (H-C), (=AY, (H-B), A0y, D), HI-E), (U-F), J0-G), (H-H),
{IV-AA)Y, (IV-AB), (IV-AC), (IV-AD), (IV-AE), IV-AF), (IV-AG), (1V-AH), (1V-BA),
(IV-BB), (AV-BC), (IV-BD), (IV-BE), (IV-BF), (IV-BG), and (1V-BH), as noted above,
or a pharmaceutical composition thereof. Another embodiment is provided comprising
2 method of weating or preventing an HIV infection in & human having or at risk of
having the infection by administering to the hurnan a therapeutically effective amount
of a compound of any one of Farmulas (1), (1-4), (1-B}, (1-C), (14, (1B}, (TT1-0),
(-0, (HI-E), (U-F), (B-G), (H-H), {V-AA), (V-AB), (OV-AC), (IY-AD),
(IV-AE}, (IV-AF), (IV-AG), (1V-AH), (IV-BA), (V-BB), (IV-BC), IV-BD), (V-BE),
(IV-BF), (IV-BG), and (JV-BH), as noted above, or a pharmaceutical composition
thereof,

In another embodiment, the use of a compound of any one of Formulas
IO, (1A, (-8, 10y, 11-A), (IE-B), dE-O), JU-D), (1B, (1B, (B11G), (HI-H),
{IV-A4), (IV-AR), (IV-AC), (IV-AD), (IV-AE), (IV-AF), IV-AG). (IV-AH), (IV-BA},
{V-BB), (IV-BCY, GV-BD), (0V-BE), (IV-BE}, (IV-BG), and (IV-BH), as noted above,
or 4 pharmaceutical composition thereof for the treatruent of an HIV infection i a
human having or at risk of having the infection. In another embodiment, the use of a
compound of apy one of Formulas (I}, (II-A), (1B}, (E-C), (1-A), (11-B), (HI-C),
(i-py, {dI-E), (bI-F)y, (dB-Gy (I-H), (@V-AaA), (IV-AB), (QV-AC), (IV-AD),
(IV-AE), (IV-AF), QV-AG), (dV-AH), (IV-BA}, (IV-BB), (IV-BC), (IV-BD), (IV-BE),
(IV-BF), (IV-BG), and (IV-BH). as noted above, or a pharmaccutical composition
thereof for the treatment or prevention of an HIV infection in a human itraviﬁg or at risk
of having the infection.

In another erabodirnent, the use in medical therapy of a compound of
any one of the Formulas (1}, (I1-A), (I-B), (-C) (11-A), (1-B), (1-C), (D),
(HI-E), (II1-F), (H1-G), (II-H), (V-Al), (V-AB), (IV-AQ), (V-AD), (IV-AE),
{IV-AF), (IV-AG). IV-AH}, OV-BA), (IV-BB}, (IV-BQO), (IV-BD), (IV-BE), (IV-BF},
(IV-BG), and JV-BH), as voted above, or a pharmaceutical composition thereof, is
provided.

In another embodiment, the use of a compound of any one of the
Formulas (1), (I-A), (-B), dI-C), (AL, (JH-B), QU-Cy, (D), (ME-E), (HLFy,

3
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(-G}, (HE-H), (IV-AAL, (IV-AB), (IV-AC), (QV-AD), (IV-AE), (JV-AF), OV-AG),
(IV-AH), (V-B4A), (IV-BB), (V-BC), (V-BD), (V-BE), (V-BF), V-BG), and
{(IV-BH), ag noted sbove, or g pharmaceutical composition thereof, for use i the
therapeutic treatment of an HIV infection is provided. In another embodiment, the use
of a compound of any oue of the Formulas (1), (11-A), (JI-B), (-O), (11-A), (1LB),
(1II1-C), (H1-Dy, GILE), (-5, Q-G (RH-H), (IV-AA), (IV-AB), {(IV-AQ), (IV-AD),
(IV-AEY, (OV-AFR), (IV-AG), (IV-AH), (JV-BA), (1IV-BB), (IV-BC), (IV-BD), JV-BE),
(IV-BF), (IV-BG), and (IV-BH), as noted above. or g pharmaceutical composition
thereof, for use in the prophylactic or therapeutic treatment of an HIV infection is
provided,

It is understood that any embodiment of the compounds of Formulas (1),
(-A), G1-B), (H-O), (LAY, (EB), (H-C), (H-D), (HE), §0-F), (1-G), JILH),
(IV-AA}, (IV-AB), (IV-AC), (IV-AD), (IV-AH), (V-AF), (IV-AG), IV-AH), (1V-BA),
(IV-BB), (V-BC), (1V-BD), (IV-BE}), {IV-BF), (IV-BG), and (V-BH), as set forth
above, and any specific substituent set forth herei for a Ri, R X, W, viv? i, zh ZE,
Z°, or Z* group in the compounds of Formulas (1), (I-A), (II-B), (II-C), (I1i-A), (III-B),
(1-0), (D), (ULE), (I-F), (1-G), (0-H), (IV-AA), (IV-AB), (IV-AC), (1V-AD),
(V-AE), (IV-AF), (IV-AG), (IV-AH), (IV-BA), (IV-BB), (IV-BC), (qV-BD), (IV-BE},
(IV-BF), (IV-BG), and (IV-BH), as set forth above, may be independently combined
with other embodiments and/or substituents of compounds of Formulas (1), (IL-A),
(1I-B), ALy, (IH-AY, ((H-B)y, (UR-CY, (LD, (A0-E), dI-Fy, (-G, (H-H), QV-AAL,
(IV-AB}, (IV-AC), (V-ADy), JV-AE), (IV-AF), (IV-AG), (IV-AH), (IV-BA), (IV-BB},
(Iv-BC), JV-BD), (IV-BE), JV-BF), (IV-BG), and V-BH), to form embodiments of
the inventions not spocifically set forth above. In addition, in the event that a list of
substitutents is fisted for any particular RY, R, X, W, ¥, ¥4, L. 2L 22 2 or Z' ina
particular embodiment and/or claim, it is understood that each individual substituent
may be deleted from the particular embodment and/or claim and that the remaining Hst
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),
(LAY, (I1-B), (110, dV-AA), (IV-AR), (IV-A(D), (IV-AD), (IV-AE) (IV-AF),
(IV-AG), (IV-AH), (IV-BA), (IV-BB), (IV-BC), (IV-BD), dV-BE}, (IV-BF), (IV-BG),

(8]
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17 T 2 H 3, 3 I . :
and (1V-BH), wherein Z' and Z7 or 7' and 77, taken together, form -L- may be shown o

several different ways. For example, the Compound 3 of Example 3 may be shown as:

O £ O F
G ': { H § /R
r/ \/’\N RN ”\{; ‘\i
\ \ J\\ ) i\\,.;f/'\r_.
w?
O OH or
3

Pharmaceutical Compositions

For the purposes of administration, in certain embodiments, the
compounds described herein are administered as 2 raw chemical or are formulated as
pharmaceutical compositions. Pharmaceutical compositions disclosed herein include 2
compound of Formula (1) and one or more of: a pharmaceutically acceptable carrier,
diluent or excipient. The compound of Forroula (1) is present in the composition in an
amount which is effective to treat a particular disease or condition of interest. The
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 certain embodiments, a
compound of Formula (I} 18 present in the pharmaceutical composttion in an amount
from about 25 mg to about 300 mg. In certain exnbodiments, a compound of Formula ()
is present in the pharmaceutical composition in an amount of about 100 mg to about
300 mg. In certain embodimeuts, a compound of Formula (1) is present in the
pharmaceutical composition in an amount of about 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

pharmaccutically acceptable salts, in pure form or in an appropriatc pharmaccutical

a2
k51
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composition, is carried out via any of the accepted modes of administration of agents
for serving similar utilities. The pharmaceutical compositions of the invention are
prepared by combining a compound of the invention with an appropriate
pharmaceutically acceptable carrier, diluent or excipient, and in specific embodiments
are formulated info preparations in solid, semi-solid, liquid or gaseous forms, such as
tablets, capsules, powders, granules, ointments, solutions, suppositories, mjections,
inhalants, gels, microspheres, and acrosols. Exemplary routes of administering such
pharmaceutical compositions include, without limitation, oral, topical, transdermal,
inhalation, parenteral, sublingual, buccal, rectal, vaginal, and intranasal. Pharmaceutical
compositions ¢of the invention are formulated so as to allow the active ingredients
contained therein to be bicavailable upon administration of the composition o a patient,
Compuositions that will be administered o a subject o patient take the form of one or
more dosage units, where for example, a tablet may be a single dosage untt, and a
cortainer of a compound of the invention in acrosol form may hold a plurality of
dosage units. Actual methods of preparing such dosage forms are known, or will be
apparent, to those skilled o this art; for example, see Remingion: The Science and
Practice of Pharmacy, 20th Edition (Philadelphia College of Pharmacy and Science,
2000). The composition to be administered will, in any event, contain a therapeutically
effective amount of a compound of the invention, or a pharmaceutically accepiable salt
thereof, for treatment of a disease or condition of interest in accordance with the
teachings described herein.

The pharmaceutical compositions disclosed herein are prepared by
methodologies well known in the pharwaceutical art. For example, in certain
embodiments, a pharmaceutical composition intended to be administered by injection is
prepared by combining a compound of the invention with sterile, distilled water so as o
form a splution. In some embodiments, a surfaciant 18 added to facilitate the formation
of a homogeneous sclution or suspension. Surfactants are compounds that
non-covalently interact with the compound of the invention so as to facilitate
dissolution or homogeneous suspension of the compound in the agucous delivery
systern.

The cornpounds of the invention, or theilr pharmaceutically acoeptable

salts, are administered in a therapeutically effective amount, which will vary depending
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upon a variety of factors 1ncluding the activity of the specific compound craployed: the
metabolic stability and length of action of the compound; the age, body weight, general
health, sex, and diet of the patient; the mode and time of administration; the rate of

excretion; the drug combination; the severity of the particular disorder or condition: and

h

the subject undergoing therapy.

Combination Therapy

n one embodiment, a method for treating or preventing an HIV infection
g human having or at risk of baving the infection is provided, coraprising

10 administering to the human a therapeutically effective amount of a compound disclosed
herein, or a pharmaceutically acceptable salt thereof, in combination with a
therapeutically effective amount of onc or more additional therapeutic agents.

In onc embediment, pharmaceutical compositions comprising &
ompound  disclosed  herein, or & pharmaceuntically acceptable salt thereof, in

15  combination with one or more additional therapeutic agents, and a pharmaceutically
acceptable carrier, diluend or excipient are provided.

In oue embodiment, combination pharmaceutical agents comprising a
compound disclosed herein, or a pharmaceutically acceptable salt thereof. in
conbination with one or more additional therapeutic agents are provided.

28 In the above embodiments, the additional therapeutic agent may be an
anti-HIV agent. For example, i some embodiments, the additional therapeutic agent is
selected from the group consisting of HIV protease mhibitors, HIV non-sucleoside
inhibitors of reverse transcriptase, HIV nucleoside inhibitors of reverse franscriptase,
HIV nucleotide inhibitors of reverse transcriptase, HIV integrase inhibitors, HIV non-

25 catalytic site {or allosteric} infegrase inhibitors, entry inhibitors {e.g., CCRS inhibitors,
gpdl inhibitors (1. fusion inhibitors} and D4 attachment inhibitors), CXCR4
inhibitors, gpi20 inhibitors, GO6PD and NADH-oxidase inhibitors, compounds that
target the HIV capsid ({“capsid mbibitors”; e.g., capsid polymerization inhibitors or
capsid disrupting compounds such as those disclosed in WO 2013/006738 (Gilead

30 Sciences), US 2013/0165489 (University of Penngylvamia), and WO 2013/606792

{Pharma Resources), pharmacokinetic enhancers, and other drugs for treating HIV, and

L]
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combinations thereof. o further embodiments, the additional therapeutic agent is
selected from one or wore of!

{1} HIV protease inhibitors selected from the group consisting of
amprenavir, atazanavir, fosamprenavir, ndinavir, lopinavir, ritonavir, nelfinavir,
saquinavir, tipranavir, brecanavir, darunavir, TMC-126, TMC-114, mozenavir (DMP-
450y, JE-2147 (AG1776), L-756423, RO0334649, KNI-272, DPC-681, DPC-684,
GWe40385X, DG17. PPL-100, DG35, and AG 1859,

2y HIV non-nucleoside or non-nuciectide  inhibifors of reverse
transcriptase selected from the group consisting of capraviring, emivirine, delaviridine,
efavirenz, nevirapine, (+) calanolide A, etravirine, GW5634, DPC-083, DPC-961, DPC-
963, MIV-150, TMC-120, rilpivirene, BILR 355 BS, VRX 840773, lersivirine (UK-

453061), RDEARDS, KMO23 and MK-1430

(3) HIV nucleoside inhibitors of reverse transcriptase selected from the
group consisting of zidovudine, emtricitabine, didanosine, stavudine, zalcitabine,
lamivudine, abacavir, amdoxovir, clvucitabine, slovudine, MIV-210, =FTC, D-d4FC,
erntricitabine, phosphazide, fozvudine tidoxil, apricitibine (AVX754), KP-1461, GS-

9131 (Gilead Sciences) and fosalvudine tidoxil {formerly HDP 99.0003);

{4) HIV nucleotide intubitors of reverse transcriptase selected from the
group cousisting of tenofovir, tenofovir disoproxil fumarate, tencfovir alafenamide
fumarate {Gilead Sciences), GS-7340 (Gilcad Sciencesy, G5-914% (Gilead Sciences),
adefovir, adefovir dipivoxil, CMX-001 (Chimerix) or CMX-157 (Chimerix),

{5y HIV integrase inhibitors sclected from the group consisting of
curcumin, derivatives of curcumin, chicoric acid, derivatives of chicoric acid, 3.5-
dicaffeoylquinic acid, derivatives of 3,5-dicaffeoylquinic acid, aurintricarboxylic acid,
derivatives of aurintricarboxylic acid, caffeic acid phenethyl ester, dertvatives of caffeic
acid phenethyl ester, tyrphostin, derivatives of tvrphostin, quercetin, derivatives of
gquercetin, S-1360, AR-177. L-870812, and 1L-870810, raliegravir, BMS-538158,
GSK364735C, BMS-707035, MK-2048, BA Q11, clvitegravir, dolutegravir and GSK-
744;

{6y HIV non-catalytic site, or sllosteric, mntegrase inhibitors (NCINI}
including, but not hmited to, B1-224436, CX0316, UX05045, CX14442, compounds
disclosed in WO 200%/062285 (Boehringer Ingelheiny), WG 2010/1300634 (Bochringer

38
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ingetheimy, WO 2013/159064 (Gilead Sciences), WO 2012/145728 (Gilead Sciences),
WO 2012/003497 (Gilead Sciences), WO 2012/003498 (Gilead Sciencesy cach of
which is incorporated by references in its entirety herein;

{7} gp41 inhibitors selected from the group consisting of enfuvirtide,
sifuvirtide, albuvirtide, FBO06M, and TRI-1144;

(8) the CXCR4 mhibitor AMD-070;

{9) the entry inhibitor SPOLA;

{10) the gp120 mhibitor BMS-488043:

{11} the G6PD and NADH-oxidase inhibitor immuniting

{12y CCRS mhibitors selected from the group consisting of aplavitoe,
vigriviroe, maraviroc, cenicriviroc, PRO-140, INCB15050, PF-232798 (Pfizer), and
CCREImMALGN,

{13) CD4 attachment inhibitors selected from the group consisting of

ibalizumab (TMB-355) and BMS-068 (BMS-663068),

oy

(14) pharmacokinetic evhancers selected from the group consisting o

cobicistat and SPI-452, and
¥ other drugs for treating HIV selected from the group consisting of

BAS-104, SPLL‘ESZ, REP 9, SP-01A, TNX-355, DES6, ODN-93, ODN%EII, VEV-1,
PA-457 (bevirimat), HRG214, VOX-410, KB-247, AMZ 0026, CYT 99007A-221 HIV,
DEBIO-025, BAY 50-479%, MDX010 (ipitmumab), PBS 119, ALG 889, and PA-
1050040 (PA-040),
and combinations thereof

fn certain  embodiments, 2 compound disclosed herein, or a2
pharmaceutically acceptable salt thereof, 18 combined with two, three, four or more
additional thevapeutic agents. In certain embodiments, a compound disclosed herein, or
a pharmaceutically accepiable salt thereof| is combined with two additional therapeutic
agents. In other embodiments, a compound disclosed herein, or & pharmaceutically
acceptable salt thereof, is combined with three additional therapeutic agents, In further
embodiments, a compound disclosed herein, or a pharmaceutically acceptable salt
thereof, is combined with four additional therspeutic agents, The two, three four or
more additional therapeutic agents can be different therapeutic agents selected from the

same class of therapeutic agents, or they can be selected from different classes of
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therapeutic agents.  In a specific embodiment, 2 compound disclosed herein, or a
pharmaccutically acceptable salt thereof, is combined with an HIV nuclcotide inhibitor
of reverse transcriptase and an HIV non-nucleoside inhibitor of reverse transcriptase. in
another specific embodiment, a compound disclosed herein, or a pharmaceutically
5 acceptable salt thereof, is combined with an HIV nucleotide inhibitor of reverse
transcriptase, and an HIV protease inhibiting compound. In a further embodiment, a
compound disclosed herein, or a pharmaceutically acceptable salt thereof, is combined
with an HIV nucleotide inhibitor of reverse transcriptase, an HIV non-nucleoside
inhibitor of reverse transcriptase, and an HIV protease inhibiting compound. In an
10 additional embodiment, a compound disclesed herein, or a pharmaceutically acceptable
salt thereof, is combined with an HIV nucleotide inhibitor of reverse transcriptase, an
1V nop-nucleoside inhibitor of roverse transeriptase, and a pharmacokinetic enhancer.
in certain embodiments, when a compound disclosed herein is combined
with one or more additionsl therapeutic agents as described above, the components of
15 the comaposition are administered as & simultancons or scquential regimen. When
admimstered sequentially, the combination may be administered in two or more
admimstrations.

in certain embdoiments, a compound disclosed herein is combined with
one or more additional therapeutic agents in a unitary dosage form for sinmidtaneous

20 administration to a patient, for example as a solid dosage form for oral adminisiration.
In certain embodiments, a compound disclosed herein is administered
with onc or more additional therapeutic agents.  Co-administration of & compound
disclosed hevein with one or wore additional therapeutic agents generally refers o

sitaultanecus or sequential administration of 2 compound disclosed berein and one or

5

25 more additional therapeutic agents, such that therapeutically effective amounts of the
compound disclosed herein and one or more additional therapeutic agents are both
present in the body of the patient.

Co-administration includes administration of unit dosages of the

compounds disclosed herein before or after administration of unit dosages of one or

3¢ more additional therapeutic agents, for cxample, administration of the compound
disclosed herein within seconds, minutes, or hours of the administration of one or more

additional therapeutic agents. For cxaruple, in some embodiments, a unit dose of &
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corapound disclosed herein is administered fivst, followed within seconds or minutes by
administragion of a wnit dosc of ove or more additional therapeatic agents.
Alternatively, in other embodiments, a unit dose of one or more additional therapeutic
agents is administered first, followed by edministration of a unit dose of a compound
5 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 {c.g.,
1-12 hours), by administration of a unit dose of one or more additional therapeutic
agents. In other embodiments, a unit dose of one or more additional therapeuntic agents
is administered first, followed, after a period of hours {e.g. 1-12 hours), by

10 administration of a unit dose of a compound disclosed herein,

The following Examples illustrate various methods of making

compounds of this invention, i.e., compound of Formula (I):

Yf y2

=3

IZ

i
k4]

. , S TV R rpd " .
wherein RY, X, W, Y, ¥*, 2 2% or 77 are as defined above. It is understood that one
skilled in the art may be able to make these compounds by similar methods or by
combining other methods known to one skilled in the art. 1t is also understood that one

skilled in the art would be able to make, in a similar manner as described below, other

I3

o

compounds of Formula (I} not specifically illustrated below by using the appropriate
starting components and modifyving the parameters of the synthesis as needed. In
general, starting components may be obtained from sources such as Sigma Aldrich,
Lancaster Sy:.zﬂ‘tesis, lnc,, Maybridge, Maltrix Scientific, TCI, and Fluorochem USA,
etc. or synthesized according to sources known to those skilled in the art (see, for

25 example, Advanced Organic Chemistry: Reactions, Mechanisms, and Structure, 5th
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editton {Wiley, December 2000)) or prepared as described herein.

The following cxamples are provided for purpeses of illustration, not
limitation.

EXAMPLES
5 GENERAL SYNTHETIC SCHEMES
Schemes 1-3 are provided as further embodiments of the invention and
iilustrate general methods which were used to prepare compounds having Formula (I}
and which can be used to prepare additional compound having Formula (1)
Scheme 1
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Al can be converted to amide A2 with an appropriate amine and a

15 coupling reagent such as HATU or EDCIL. A2 can be converted o A3 with a strong acid

such as methanesulfonic acid. A3 can be converted io either AS or A4 by heating with
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an appropriate cyclic diamane or cyclic aminoalcobol followed by methy! deprotection
with a reagent such as magnoesiurg bromide,
Alternatively, Al can be converted to Aé by treatment with a strong acid

such as methanesulfonic acid. A6 can be condensed with an appropriate cyclic diamine

5 or cyclic ammoalechol followed by methyl deprotection with a reagent such as
magnesium bromide to form either A7 or A8 respectively. A7 or A8 can be converted
into amides AS and A4 by treatiment with an appropriate amine and a coupling reagent
such as HATU or EDCT followed by methyl deprotection with a reagent such as
maghesium bromide,

10 Scheme 2
O is) \.—‘ Y' f\ ';.
O/\L f“/\‘ ’\N \T /\N/\/I‘lr\ Ap
\/O\A,/’ o e C [ A“‘ e \ }N (/‘\},/1{
o OBn 'J Gin 8 UH
B1 B2 B3
BI (as described in WO2012/018065) is condensed with diamine under
reflux condition to give B2, B2 is hydrolyzed and coupled with an amine by an amide-
forming method to afford product B3 upon removal of a benzy! protecting group.
15 REPRESENTATIVE COMPOUNDS
Example 1
Preparation of Compound 1
N-{2 4-difluorobenzyy-8-hydroxy-7,9-dioxe-2,3.4,5,7,%,13, 1 3a-ootahydro-2,5-
methanopyrido]1',2"4,5pyrazino{2, 1-b][ 1 3Joxazepine-10-carboxamide
F
0 F A
. \\(’\N/\ \,N/‘\\: \Q’;
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20 O OH
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Siep 1

1-(2 2-dimethoxyethy}-5-methoxy-6-(uethoxycarbonyl-4-oxo- | 4-
dihydropyridine-3-carboxylic acid (3-A. 0.300 g, 0.95 mmol), prepared as described in

5 WOR011/119566 A, was evaporated once from dry toluene, suspended in acetonitrile
{4 mL} and treated with N N-diisopropylethylamine (DIPEA) (6329 mL, .90 mmol},

2 4-difluorobenzylamine (6.125 mL, [.05 mmol) and HATU (8.433 ¢, {.14 mmol). The
reaction mixture was stirred for 10 minutes and concentrated. The residuc was purified

by flash chromatography on silica gel (10 o 60% ethyl scetate:dichloromethane) to

10 afford the compound methyl 5-(2,4-difluorobenzylcarbamoyi)-1 (2. 2-dimethoxyethyl)-
3-methoxy-4-oxo-1,4-dibydropyridine-2-carboxylate, 1-B. 'H-NMR (400 MHz,
DMSO-d6) & 10.28 (t. 7 = 6.0 Hz, 1H), 8.46 (5, 1H), 742 {dd, J = 154, 8.6 Hz, 1H),

7.24 (o, 1H), 7.00 (m, 1H}, 4.52 (m, 3H), 422 (d, J = 4.4 Hz, 2H)}, 3.92 (s, 3H), 3.80 (s,
3H}3.20 (d, 6H). LCMS-BSIT (ns): [M+H] calculated for CooHanFPoNoOo: 441.15;

15 found: 441.2.

Methyl 5-(2 A-difluorobenzyvicarbamoy-1-(2,2-dimcthox yethyl)-3-
methoxy-4-ox0-1,4-dihydropyridine-Z-carboxyiate (I-B, 0.106 g, .24 mmol)
acetonitrile (0.9 mL) and acetic acid (0.1 mL) was weated with methanesulfonic acid

20 {0.005 mL, 0.072 mmol), sealed with a yellow cap, and heated to 70 °C. After 16 hours,
the mixture was cooled to afford a crude solution of methyl 5-{24-

diflucrobenzylcarbamoyl)-1-(2,2-dihydroxyethyl)-3-methoxy-4-oxo-1,4-
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dihydropyriding-Z-carboxviate, 1-C. LOCMSEST (i) [M+HT calculated for
CisHoF NG 413.12; found: 413.1.

Steps 3 and 4

Methyl 5-(2 A-difluorobenzyicarbamoy!)- 1-(2,2-dihydroxyethyvi)-3-
methoxy-4-oxo-1,4-dihydropynidine-2-carboxylate (1-C, 0.65 mb of the crude mixture
from the provious step, 0.17 mumol) was treated with acetonitrile (0.65 mL)y and cis-3~
aminocycipentanal (0.06 wl). The reaction muxture was sealed and heated to 90 °C.
After 3¢ minutes, the reaction mixture was cooled and magnesium bromide {0.063 g,
0.34 mmol} was added. The mixture was resealed and heated to 50 °C. After 10
minutes, the reaction wmixture was partitioned between dichloromethane and
hydrochloric acid (0.2 M ag). The organic layer was removed and the agueous layer
extracted again with dichlormethane. The combined organic fayers were dried over
sodium  sulfate, filtered and concentrated. Prep-HPLC  purification  (30-70%
scetonitrile:water, 0.1% TFA) afforded Componnd 1 as g racernic mixture. "H-NMR
(400 MHz, DMSO-d6) & 1245 (brs, THY, 1035 (1, /= 5.8 He, 1H), 45 (s, 1H), 7.37
(dd. J = 154, 8.6 He, 1H), 723 (dt, J = 2.5, 9.9 Hz, 1H), 7.05 (dt, /= 2.2, 8.7 Hz, 1H)},
543 {dd, J=9.6,4.0 Hz, 1H), 5.09 (brs, 1H}, 4.68 (dd, J= 13.2, 4.0 Hz, 1H), 4.59 (br
s, 1HYL 4.53 {m, 2H), 4.02 (dd, J = 12.6, 9.4 Hz), 1.93 {brs, 413, 1.83 (d, /= 12.0 Hz),
157 (dt, /= 122, 3.2 Bz} LOCMS-ESE (m/z): [M+HT calculated for Oy HpoFNaOs:

432.14; found: 432 2.

Examples 2 and 3
Preparation of Compounds 2 and 3
{ZR,38,13aR-N-(2,4-diflnorobenzyi)-R-hydroxy-7,9-diox0-2,3,4,5,7,9,13,1 3a-
octahydre-2,5-methanopyrido] 1,274, Sjpyrazino{2,1-b}{ 1,3 loxazepine-10-carboxamide
(2} and (25,5R,13a8)-N-(2 4-diflucrobenzyl }-8-hydroxy-7,9-dioxe-2,3,4,5,7.9,13,1 3a-
octahydro-2,5-methanopyrido[ 1',2":4.5pyrazine{2, 1-b}{ 1.3 Joxazepine- 1 8-carboxamide

{3}
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Coropound {16 mg) was separated by chiral HPLC using Chiralpak
AS-H with 100% ethanol as cluent to afford Compounds 2 and 3 in enantiomerically
coriched form. For Compound 2. LOUMS-EST (ma)y [M+H] calculated for
CorHopbF N3G 43214 found: 432.2, Chirval HPLC retention time = 4.50 minutes
(Chiralpak AS-H, 150 x 4.6 mm, | mL/min EtOH}. For Compound 3: LOMS-ESI
{m/z}: [MAH]T calculated for CyHaF,NOs: 432.14; found: 432.2, Chival HPLC
retenttion time = 6.84 minutes {Chiralpak AS-H, 150 x 4.6 mm, | mL/min EtOH). 'H-
NMR (400 MHz, DMSO-d6) 6 1245 {br s, TH), 1035 (1, /= 5.8 Hz, 1H), 8.44 (s, 1H),
7.37{dd, J= 5.2, 8.4 He, 1M}, 7.23 (m, TH), 7.05 (dt, J = 1.8 Hz, 8.7 Hz, 1H), 544
{dd, J = 9.6, 4.0 Hz), 5.09 (brs, 1H), 4.68 (dd, J = 12.&, 4.0 Hz, 1H), 4.59 (br s, 18},
53 {m ”’H} 4.02 (dd, /= 12.6, 9.4 Hz, 1H), 1.93 (brs, 4H), 1.83 (d, J = 12.4 Hz, 1H)},
37 (1n,

fony
€I‘

Altemativciy, Compound 3 was prepared as follows:
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Methyt 5-(2 4-difluorcbenzylcarbamoyl}- 1 -{2,2-dihydroxyethyl)-3-

methoxy-4-oxo-1,4-dihydropyridine-2-carboxviate (3-C, 1.2 mmeol in § mL of 91
acetonitriiciacctic acid comtaining 0.026 mL methancsulfonic acid) was treated with
acetonitrile (5.0 mL) and cis-3-aminocycipentanol (0.24 g, 2.4 mmol). The reaction

mixture was sealed and heated to 90 °C. After 30 minutes, the reaction ruixture was
cooled, treated with potassium carbonate {0.332 g, 2.4 mmol), sealed and reheated to 90
°C. After 15 minutes, the mixture was cooled and partitioned between dichlormethane
and hydrochloric acid (0.2 M aqueous). The organic layer was removed and the
aquecus solution was extracted again with dichioromethane. The combined organic
layers were dried over sodium sulfste (anhydrouns), fikered and concentrated. The
residue was purified by flash chromatography {0-8% cthanol {containing 11% saturated
aguecus ammoniom hydroxidey in dichloromethave} to afford Intermediate 1-D

LOCMS-EST (m/z): [M+HT caleulated for CypHhaFoNa (s 446.15; found: 446.2
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Intermediate §-D (270 mg) was separated by chiral SFC on a 50 mm
Chiralpak AD-H column using 5% (1:1 methanol:acetonitriie) in supercritical carbon
dioxide as eluent fo afford Intermediates 3-A {first eluting peak) and 3-B (second
eluting peak) in enantioenriched form. For 3-A: LUMS-EST (m/a): [M+H] caleulated
for CpHnFNiOs: 446.15; found: 4462, For 3-B: LCMS-EST (nky [M+H]
calculated for CpHanFaNa(s: 446,15, found: 446.2.

A

Intermedhate 3-A4 (0110 g 0.247 mmol) m acetoniinle (5 mbl} was
treated portion wise with magnesium bromide (0.091 g, 0.494 mmol}, sealed and heated
to 50 °C. After 10 minutes the mixture was cooled and partitioned between

10 dichioromethane and hydrochloric acid (0.2 M aqueous). The organic layer was
separated and the aqueous extracted again with dichloromethane. The combined organic
lavers were dried over sodium sulfate, filiered and concentrated. Preparative HPLL
purification (30-70% acetonitrilerwater, €.1% TFA) afforded Compound 3 in
enantioenriched form. Chiral HPLC retention time = 6,51 minutes (Chiralpak AS-H,

15 150 x 4.6 mm, | mL/min BtOH). LCMS-ESE (m/2): [M+H] calculated for
CoHooF2Na0s: 432.14; found: 432.2. '"H-NMR (400 MHz, DMSO-d6) & 12.45 {br s,
1HY, 1035 (t, /= 58 Hez, 1H), 8.44 (s, 1M}, 7.37 (dd, J = 15.2, 8.4 Hz, 1H), 7.23 (m,
TH}, 7.05 (dt, J = 1.8 Hz, 8.7 Hz, 1H), 544 (dd, /= 9.6, 4.0 Hz), 5.09 (br s, 1H}, 4.68
(dd, J = 12.8, 4.0 Hz, 1H), 4.39 (br s, 1H), 4.53 {m, 2H), 4.02 (dd, J = 12.6, 9.4 Hz,

20 1H), 193 (hrg, 4H), 183 (d, J=12.4 Hz, 1H), 1.57 (m, 1H).

Example 4
Preparation of Compound 4
(15,4R)-N-(2 4-difluorobenzyh)-7-hydrory-6,8~dioxo-3,4,6,8,12,1 2a-bexahydro-2H-

1 4-methanopyrido{ 1,24, 3 pyrazinol1,2-apyrimidine-9-carboxamide

EC’A" 1 “L,\
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Methy! 3-(2 4-diftuorobenzy 1cax“bamayi}- 12, 2-dihydroxyethy()-3-
methoxy-4-oxo-1,4-dihyvdropyridine-2-carboxyiate (1-C, .12 mool in .33 mL of 4:1

acetonitriteracetic acid containing 0.002 mb methanesulfonic acid) was treated with

acetonitrile then (R)-pyrrolidin-3-amine (0.032 mL, 0.36 mmol). The reaction mixture

s

was capped and heated to 90 °C for 5.5 hours. After cooling, the mixture was
partitioned between dichloromethane and sodium bicarbonate (1M aqueous). The
organic layer was separaied and the aqueous was extracted again with ethyl acetate, The
combined organic layers were dried over sodium sulfate (anhydrous), filtered and
concentrated. The residue was dissolved o acetoniirile (1 mL), treated with magnesiom
10 bromde {0.022 g, 8.12 mmol), capped and heated to 30 °C for 10 minutes. After
cooling the mixture was partitioned between dichloromethane and ammonium chloride
{sat). The organic layer was separated and the agueous was cxtracied again with
dichloromethane. The aqueous layer was adjusted to pH = | with HC! (ag) and
extracied again with dichloromethane. The agueous solution was adjusied o pH = 3
15 with NaOH (aq) and extracted again with dichloromethane. The combined organic
layers were dried over sodium sulfate, filiered, and concentrated. Preparative HPLC
purtfication {10-35% acetonitrilerwater, 0.1% TFA} afforded Compound 4. 'H-NMR
(400 MHz, CD:0D-d4) 6 842 (5, 1H), 742, {q, J= 7.7 Hz, 1H), 6.99 — 0.90 {(m, 2H),
5.07 (brs, 1H), 473 {br d, J = 10.8 Hz, 1H)}, 4.62 (s, 2H}, 4.51 {(br d, J= 12.8 Hz, 1H),
20 4.07 {t, /=118 Hz, 1H), 3.4- 3.0 (m, 3H), 2.76 {br d, /= 8.8 Hz, 1H), 2.15-2.0 (m,
1HY, 1.9-1.8 (m, 1H). LOMS-ESE (m/z): [M+H] calculated for CooHoF N4y 417.14;

found: 4172,

Example 5
Praparaﬁi{m of Compound &
25 (4R, 12a8»N-(1-(2 4-difluorophenylicyclopropyl - 7-hydroxy-4-methyl-6,&-dioxo-

3.4,6,8,12, 1 2a~hexahydro-2H-[ 1,3 loxazino{3,2-dlpyrido{ 1, 2-a}pyrazine-9-carboxamide

49



i0

20

WO 2014/100323 PCT/US2013/076367

o9 \ff ? z
i : - :
OQ?,/&(\N,’\\E . , . F ‘{l’\i’,f“ y L}U L;?; /\\]
HOWN\,QKO/‘ DIEA SN AN A
{ H i B
o O
Befl, &4
£
MigBry ‘E’:’\
\;
Step 1

(4R, 12a8)-7-methoxy~4-methyl-6,8-dioxo-3,4,6,8,12,1 2a-hexahydro-
2H-[1,3loxazine[3,2-dIpyrido] 1, 2-alpyrazine-9-carboxylic acid (Intermediate 5-A) was
prepared 10 an analogous manmner to  (38,11aR)»6-methoxy-3-methyl-3,7-dioxo-
2,3.5,7,1 1.1 1a-hexahydrooxazolof3.2-djpyrido[ 1, 2-alpyrazine-8-carboxylic  acid  as
described o WO2011/119566, substituting  (R)-3-amincbutan-1-ol  for (S)-2-
aminopropai-1-ol, WO2011/119566 18 jucorporated hereln by reference v its entirety.
A suspension  of Intermediate 54 (248 wmg, 0080 mmol), 1-{24-
diflaorophenyhicyclopropanamine HCH salt (5-B, 21.9 mg, 0.107 mmol), and HATU (48
mg, 0.126 mmol) in CH)ClL (2 ml) was stirred at ambient temperature as NN-
dusopropylethylamine (DIFEA} (0.1 mi, 0.574 mmol} was added. After 30 minutes,
the reaction mixture was diluted with ethyl acerate before washing with 10% agueous
citric acid schution (x1) and ssturated aqueous NaHCG,; solution (x1). After the agucous
fractions were extracted with ethyl acetate (x1), the organic fractions were combined,
dried (MgSOy4), and concenirated. The residue was purified by combifiash {12 ¢
column} using hexanes, ethyl acetate, and 20% methanol in ethy! acetate to obtain
(4R, 12a8)-N-(1-2 4-diflvorophenylicyclopropy!)-7-methoxy-d-methyi-6 &-dioxo-
3,4,6,8,12,1 2a-hexabydro-2H-[ 1,3 joxazino|3,2-dJpyrido[ |, 2-alpyrazine-S-carboxanude,
Intermediate 5. LOCMS-ESE {m/z): {M"fwﬁf calculated for CosHaaFNOs: 460.17;

found 460.2.
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A suspension of Intermediate 8-C {39 mg, 0.080 mmel) and magnesivm
bromide (42 mg, 0.2282 mmol} in acetonitrile (2 mL) was stirred at 50 °C. After 1 hour,
the reaction mixture was stirred at 0 °C bath when 1 N HCU(2 mL) was added. After the

5 resulting mixture was difuted with water (~20 ml), the product was exiracted with
dichloromethane (x3) and the combined extracts were dried (MgSO.) and ce:)ncen’cmtcd.
The residue was purified by preparative HPLC to obtain (4R, 1288vN-(1-(2.4-
diflucrophenyljcvclopropy-7-hydroxy-4-methv!-6.8-dioxo-3,4,6,8,12,12a-hexahydro-
2H-[ 1,3 Jorazino{3,2-d}pyrido[ 1, 2-alpyrazine-S-carboxamide, compound 8, as TFA salt.
10 TH-NMR (400 MHz, CDCl) 8 10.72 (br s, 1H), 8.37 (5, 1H), 7.57 (d, § = 7.9 Hz. 1H),
6.71-6.81 {m, 2H), 5.23 (dd, J = 5.6 and 4.4 He, 1H}, 4.98 (br quint, J = ~6.5 Hz, 1H),
426 (dd, I = 13.6 and 4.4 Hz, 1H}, 4.12 (dd, J = 13.6 and 5.6 Hz, 1H), 4.00-4.06 (m,
28, 2.16-2.25 (m, 1H), 1.55 (brdd, J = 138 and 1.8 Hz, 1H), 140 (d, J = 6.8 Hz, 3H),
1.22-1.31 (m, 4H). °F NMR (376.1 MHz, CDCl) 8 -76.38 (s, 3F), -111.69 ~ -111.645
15 ¢m, 2F). LCMS-ESI" (m/2) [M+H]" calculated for CpHanFNOs: 446.15; found:
446.2.

Example 6
Preparation of Compound 6

(IR, 45)-N-(2 4-difluorobenzyl}-7-hydroxy-6,8-dioxe-3,4,6.8, 12,1 2a-hexahydro-Z H-

20 i 4-methanopyrido{1,2"4,5pyrazino| |, 2-apyrimidine-S-carboxamide
o F
f,.g\in\N/\ AN/\\[ Xy
[ i
\tf G F
i
¢ CH
&
Methyl 5-(2.4-difluorobenzylearbamoyi)- 1-(2,2-dibydroxyethyl)-3-

methoxy-4-oxo-1,4-dihydropyridine-2-carboxylate (1-C, $.100 ¢, 0.243 numol), (S)-
25 pyrrolidin-3-amine (0.043 ok, 0.485 mmel} and potassium carbonate (0,067 g, 0.4%3
mmol) were suspended in acetonitrife {1.9 mL} and acetic acid (0.1 mL) and heated to

90 °C for 1.5 hours. After cooling, the mixture was treated with magnesium bromide

i
—
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{0.099 g) and heated to 50 °C for 30 ynutes. After cooling, the rxtore partitioned
between dichlarometbane and 8.2 M HCL The organic layer was separsted and the
agqueous was extracted again with dichloromethane. The combined organic layers were

dried over sodivm sulfate (anhydrous), filiered and concentrated, Preparative HPLC

o

purification (25-50% acetonitrile:water, 0.1% TFA) afforded Compound 6. "H-NMR
{400 MHz, DM30-dsy & 1033 (t, /= 6.0 Hz, 1H), 8.44 (s, 1H), 748 — 7.32 {m, 1H),
731 = 7,85 (m, 1H), 7,34 - 6.97 (m, 1H), 4.86 (d, J=2.9 Hz, 1H), 4.62 — 4.54 {m, 1H),
452 (d, J= 59 He, TH), 4.01 {d, J=13.0 Hz, 1H}, 2.99 - 2.76 (m, 3H), 1.96 - 1.8] (m,
H), 171 - 153 (m, THD). LOMS-EST (m/a): [M+HT calculated for CooHjoF2NgGy:
10 417.14; found: 417.2,

Example 7
Preparation of Compound 7
(28,6R)-N-(2,4-difluorobenzy)-9-hydroxy-8,1-dioxe-3,4,5,6,8,10,14, 14a-octahydro-

2H-2.6-methanopyrido] 1,274, 5 jpyrazino[ 2, 1-b]] 1,3 Joxazocine- 1 I-carboxamide

15 G OH
7
Methyl 3-(2 A-diftuorchenzyicarbamoyi)-1-(2, 2-dihydroxyethy[)-3-

methaxy—&-axod,4-dihyfiﬁ‘spy:ridﬁneéwcafb0x371ate (1-C, 0050 g, 0.121 mmol),
{18, 3R)-3-aminocyclohexanol (0028 g, 0.243 mmol) and potassium carbonate (0.034
20 g, 0.243 ramol) were suspended mn acetonitrile (0.95 mL) and heated to 90 °C for 0.5
hour. After cooling, acetic acid (8.050 mbl) was added and the mixwure was reheated to
90 °C for 2h. Afier cooling the mixture was wreated with magnesium bromide (0.044 g)
and heated to 50 °C for 1 hour, After cooling, a second portion of magnesium bromide
(0.044 g) was added and the mixture was reheated to 50 °C for 15 minutes. After
25 cooling, the mixture partitioned between dichloromethane and 0.2 M HCL The organic
tayer was separated and the aqueous was extracted again with dichioromethane. The

combined organic layers were dried over sodium sulfate (anhydrous), filtered and

(¥
2
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concentrated. Preparative HPLO purification {40-80% acetonitrilerwater, 0.1% TFA)
afforded Compound 7. "H-NMR {400 MHz, DMSO-do) 8 12.40 (s, 1H), 1036 ¢, J =
6.1 Hz, TH), 845 {s, 1H), 748 ~ 7.29 (m, 1H), 7.31 ~ 7.13 (o, 1H), 7.13 ~ 6.97 {m,
THY, 5.56 (dd, ./ = 10.0, 4.1 He, 1H). 470 (dd, /= 12.7,4.1 Hz, 1H), 452, /=535
Hz, ZH}, 4.40 ~ 429 (m, 2H), 4.06 {dd, J = 12.5, 10.2 Hz, iH), 2.46 ~ 2.36 {m, 1H),
198 — 1.63 (m, 4H), 157 - 1.30 (m, 3H). LCMS-EST U?I/Z} {Mﬂ{] calculated for
CooHypFoMaOg: 446,15, found: 446.2.

(¥

Example 8
Preparation of Compound 8
10 (2R,65)-N-(2 4~diftuorcbenzyl)-9-hydroxy-8,10-dioxo-3,4,5,6,8,10,14, 14a-octahyvdro-

2H-2 6-methanopyrido] 1,274 $jpyrazinef2,1-b1[ 1,3 Joxazocine-1 1 -carboxamide

E
V\/’A "~ 4‘ \:/'L\
i
@ T
i F
c‘JH
8

Compound & was prepared m & similar manner to compound 7 using

15 {IR,38)-3-aminocyciohexanol in place of (15 3R)-3-aminocyclohexanol. H-NMR
{400 MHz, DMSO-dg) & 12.40 (s, 1H), 1036 (1, J = 6.1 Hz, 1H), 8.45 (s, 1H), 748 -

7.30 (o, TH), 7.23 (xd, J = 10,6, 2.7 Hz, 1H), 7.05 (td, J = 8.3, 2.3 He, 1H), 5.56 {dd, ./

= 10.1, 4.1 Hz, 1H), 4.70 {dd, /= 12.8, 3.9 Hz, 1H), 4.52 (4, J = 5.6 Hz, 2H), 4.39 -

427 (m, 2H), 4.06 {dd, J = 12.6, 10.0 Hz, 11), 2.47 — 2.35 (m, 1H), 2.00 - 1.64 {m,

20 4H), 1.38 - 1.30 {m, 3H). LOMS-ESI (naz): [M+HT calculated for CaHaaFyNa(ls:

446 15; found: 4462,

Examples % and 18
Preparation of Compounds & and 16
(28,5R,13a8-N-{R 3 I -{(4-fluorophenyDethy)-8-hydroxy-7,9~-dioxo-2,3.4,5,7.9,13,13a-
25 octabydro-2,5-methapopyrido[ 17,254, 5 lpyrazino[2,1-b][ 1,3 Joxazepine- 1 O-carboxamide

9 and (2R,58,13aR)-N-({R}~1-{4-fluorophenyllethyl -8-hvdroxy-7,9-dioxo-

L
L
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2,3.4,5,7.9,13,3a-octahydro-2, 5-muethanopyrido[ 1,274, S{pyrazino[2, 1 -

bi[1,3loxazepine-18-carboxamide 14
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Step 1

i

1-(2,2-dimethoxyethyl}-S-methoxy-6-{methoxycarbonyl)-4-ox0-1,4-
dihydropyridine-3-carboxylic acid (1-4, 0500 g, 1.59 mrmol), was suspended in
acetonitrile (6 mb) and treated with N N-ditsopropylethylamine (DIPEA) (0.350 mL,
317 wmol), Ry-1-(4-fluoropbenybethanaroine (0.242 wg, 1.74 wowmel) and HATU
(0.661 g, 1.74 mmol). The reaction mixture was stirred for 2 hours and partitioned
10 between ethy! acetate and water. The organic layer was separated and washed with HCI
{(10% agq), sodium bicarbonate (IM aq}, dried over sodium suifate, filtered and
concentrated  to afford crude  (R)p-methyl  1-(2,2-dimethoxyethyl}5-{1-(4-
fluorophenyliethyicarbamoyl}-3-methoxy-4-oxo-1 4-dihydropyridine-2-carboxylate
which was used without purification in the next step: LOMS-EST (m/): [M+H]
caleulated for CoiHosFMN-Oq 43717, found: 437.1

Ly

Ntep 2
{R}methvl 1-(2,2-dimethoxyethyl}-5-(1-(4-

finorophenyhethylcarbamoyl)-3-methoxy-4-0x0- 1 4-dihydropyridine-2-carboxylate

L
o
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~
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was suspended in acefonitrile (5.7 ml) and acetic acid {0.6 ml) and treated with
methane sulfomc acid {0.031 ml., §.477 mmol). The mixture was capped and heated to
75 °C. After 7h, the mixture was cooled and used withouwt purification in the next step:

LOMS-EST (m/z): [M+H] calculated for CioHaFN2Oy: 409.14; found: 409.0.

{(R)-methyl 1-{2.2-dihydroxyethyl)-5-(1-{4-
fluorophenyhiethylcarbamoyl-3-methoxy-4-oxo-1 4-dibydropyridine-2-carboxylate

(3.6 mL of the crude mixture from Step 2, 0.8 mumol} was dituted with acetonitrile (3.6

mi} and treated with cis-3-aminocyclpentanol, HCI salt (0.219 g, 1.6 mmol} and

10 potassium carbonate (0.276 g, 2.0 mmol). The mixture was capped and heated to 90 °C.

After 20 minutes, the reaction mixture was cooled and partitioned hetween

dichloromethane and HCI (0.2 M ag). The layers were scparated and the agueous layer

was extracted again with dichloromethane. The combined organic layers were treated

with a small amount of acctoniirile, dried owver sodium sulfate, filtered and

concentrated.

s
(o

The residue was suspended in acetonitrile (4 wl) and treated with
magnesium bromide (0.177 g). The mixnure was capped and heated o 50 °C. After 10
minttes, the reaction mixture was cooled and partitioned between dichloromethane and
HCE (0.2 M aq). The layers were separated and the aqueous layer was extracted again
20 with dichlormethane, The combined organic lavers were dried over sodium sulfate,
filtered and concentrated. The residue was purified by flash chromatography on silica

gel (0-8% ethanol.DCM) to afford & diastercomeric mixtore of desived 9 and 18,
The mirtare was separated by chiral HPLC using Chiralpak AD-H with
100% ethanol as eluent to afford Compounds 9 and 18 in enantiomerically enviched

25 form:

For Compound 9 LOMS-EST (mA) [M+H] calculated for
S HasF N0 428,16 found: 428.1. Chiral HPLC retention time = 10.177 minutes
(Chiralpak AD-H, 150 x 4.6 mm, | mL/min EtOH). "H-NMR (400 MHz, DMSQ-dg} &
1245 (s, 1H), 1045 (d, J= 7.7 Hz, IH), 8.40 (s, 1H}, 7.37 (dd, J = 8.6, 5.6 Hz, 7H),
TAS {1, J=89Hz, 2H), §.44 (dd, J = 9.5, 4.2 Hz, 1F), 5,17 - 5.04 {m, 2H}, 473 - 4.62
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{m, 1H), 4.59 (s, TH), 4.00 (dd, J = 12.7, 9.5 Hz, TH), 1.93 {5, 4H)}, 1.83(d, /= 11.8 Hz,
TH), 136 (dt, = 12.1, 3.4 He, 1H), 144 (d, J= 6.9 Hz, 3H).
For Compound 16 LOCMS-ESTT (ma) [M+HT calculated for

CoaHosF NGt 428.16; found: 428.1. Chirsl HPLC retention time = 14.061 minutes
5 {Chiralpak AD-H, 1530 x 4.6 mm, 1 mL/min 210H). TH-NMR {400 MHz, DMS0O-d53 &
i2.44 (s, 1H} 1046 (d, J = 7.8 Hz, IH), 841 (s, 1H), 7.37 (dd, J = 8.6, 5.6 Hz, ZH)},
7A5{1, /=89 Hz 2ZH)}, 542 (dd, J=9.6,4.] Hz, 1H), 5.18 - 5.02 {m, 2H)}, 4.67 (dd, J
12.8,4.2 Hz, 1H), 4.59 (s, 1H), 4.02 (dd, /= 127, 9.6 Hz, 1H), 1.93 (s, 45, 1.83 (d,
Je= 12,0 He, THD, L7 (d, J = 13.0, 3.5 He, 1H), 144 (d, ./ = 6.9 Hz, 3H).
16 Example 11
Preparation of Compound 11
{28,5R,13a5)-N-{{R)-1-(2 4-difluorophenylethyl)-8-hydroxy-7 9-dioxo-
2,3,4,5,7.9,13, 1 3a-octahydro-2,5-methanopyrido 1,274, 5 pyrazino[2, 1 -
bl{1,3]oxazepine-t¥-carboxamide
8 8 3]
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1-(2,2-dimethoxyethy[-S-methoxy-6-(methoxycarbonyl-4-ox0-1,4-

dihvdropyridine-3-carboxylic acid {I-A, 0313 g 1.00 mmol) was suspended in

5 acetonitrile (4 mb) and treated with N N-diisopropylethylamine (DIPEA) (0.348 mL,
2.00 mmol), (R)-1+(2,4-difluorophenylethanamine HCI salt {0.213 mg, 1.10 mmol} and
HATU (0418 ¢, 1.10 mmol). The reaction mixture was stirred for 1 hour and
partitioned betwegn dichloromethane and HCU (10% ag), The orgamic layer was
separated and washed sodium bicarbonate (IM aq), dried over sodivm sulfate, filieved

10 and concentrated to afford crude (Ry-methyl 5-(142 4~dtﬂuerﬁphmy]5emviccamamuy!:-
i-(2,2-dimethoxyethyl)-3-methoxy-4-0xo0-1 4-dihydropyridine-2-carboxylar which
vas used without purification in the next step. LOMS-ESI™ (m/z): [M+H] calculated
for CyHpsFalNLO-: 455,16, found: 455.1.

5 {(Ry-methyl 5-{1-2 4-diftuorophenyhethylcarbamoyl-1-(2.4-
dimethoxyethyl-3-methoxy-4-oxo-1 4-dihydropyridine-2-carboxylate was suspénded
in acetonitrile (3.6 mi} and acetic acid (0.4 mL) and treated with methane suifonic acid
(0.020 mL}). The mixture was capped and heated to 75 °C. After 16 hours, the crude
mixture was cooled and used without purification in the next step. LOMS-ESI (m/z):

20 [M+H] caleulated for CioHy FNoOx: 427.13; found: 427.1.

Step 3
(R j-methyl 5-{1-(2 4-gdiftuorophenyethylcarbamoy}-1-(2,2-

dibydroxyethyi)-3-methoxy-4-ox0-1 4-dihydropyridine-2-carboxylate {half of the crude

N
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mixture from Step 2, approx 0.5 munol) was diluted with acetonitrile (2.5 mL) and
treated with (1S,3R)-3-aminocyclopentanol (0.110 g, 1.09 rwomol) and potassium
carbonate {0.06% g, 0.50 mmol}. The mixture was capped and heated to 90 “C. After 15
mimuites, the reaction mixture was cooled and magnesium bromide (0,184 g} was added.
5 The reaction mixture was heated 1o 50 °C. After 10 minutes, the mixture was cooled
and treated with an additional portion of magoesium bromide (0.184 g). The reaction
mixture was reheated to 50 °C and stirred for 10 minutes. Afier cooling, the mixture
was partitioned between dichioromethane and HCl (0.2 M ag). The layers were
separated and the aqueous Jayer was extracted again with dichloromethase, The
10 combined organic layers were dried over sodium sulfate, filtered and concentrated.
Preparative HPLC purification {30-60% acetonitrile:water, 8.1% TFA) afforded desired
Compound 11, LOMS-ESTT (m/b): [M+H] calculated for CpHpFoNaOs 446.15;
found: 446.1. "H-NMR (400 MHz, DMSO-ds) § 12.46 (s, 1H), 10.53 (d, /= 7.5 Hz,
1H), 8.38 (s, 1H}, 7.39 (q, J = 8.3 Hz, 1H), 729 - 7.12 (m, [H), 7.13 ~ 6,93 (m, 1H),
15 544(dd, J=98,42 Hz, 1H), 528 {(p,. /=73, 6.8 Hz, 1H}, 5.09 (s, 1H), 4.66 {dd, J =
13.2, 4.3 Hz, 1H), 4.59 (s, 1H}, 3.99 (dd, J= 13.1, 9.6 Hz, 1H), 1.93 (s, 4H), 1.83 (4. ./

s 124 Hz, TH) 156 (dt, J= 12,5, 2.9 He, 1H), 145 (d, J= 6.9 Haz, 3H).

Example 12
Preparation of Compound 12
20 (2R,58, 1 3aR}-N~{(R)-1-(2, 4-difluorophenylethyi)-8-hydroxy-7,9-dioxo-
2,34,5,7.9,13,13s-0ctabydro-2 S-methanopyride[ 1,24, 5 jpyrazino|2, | -

bi{1,3 joxazepime-1G-carboxamide
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25 Compound 12 was prepared in a similar mammer to compound 11 using

{1R,38)-3-aminocyclopentanol in place of (183R)-3-aminocyclopentancl. "H-NMR
(400 MMz, DMSEG-de) 6 12,43 (5, 1H), 1052 (4, /= 8.2 Hz, 1H), 838 (5, 1H), 7.39 (g,

i
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J= 8.4 Hz, 1H), 7.28 — 7.12 (m, 1H), 7.11 = 6.97 (m, 1), 5.41 {dd, J = 10.0, 4.0 Hz,
1H), 5.35 — 520 (m, 1H), 5.08 (s, 1H), 4.65 (dd, J = 13.1, 3.8 Hz, 1H), 4.58 (s, 1H),
401 (4d, /=128, 9.5 Hz, 1H), 1.92 (s, 4H), 1.83 (d, /= 11.5 Hz, TH), 1.61 - 1.51 (m,
H), 144 (d, J = 69 Hz, 3H). LOMS-ESI™ (m4) [M+H] caloulated for

5 CpHpFNsOs: 446,15, found: 446.1.
Example 13
Preparation of Compound 13
{26,5R,13aS - N-{{8)-1-{2 4-difluorophenyDethy-8-hydroxy-7,9-dioxo-
2,3.4,5,7.9,13,1 3a-octahydro-2,5-methanopyrido[ 1',2":4, 5 ipyrazino{2,1 -
10 bi[1.3]oxazepine-10-carboxamide
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Compound 13 was prepared in a similar manner to compound 11 using

{S)-1-(2 4-difluorophenyliethanaminein place of (R)-1-(2, 4-difluorophenyl)ethanamine,

15 and using only 2 single portion of magnesium bromide (0,184 ¢). "H-NMR {400 MHz,
DMSG-ds) 6 12.44 (s, 1H), 10.53 (d, J= 7.8 Hz, 1H), 839 (s, 1H), 7.39 (g, F= 8.5 Hz,

TH), 7.32 = 7.34 (va, 1D, 7.05 (4, J = 0.1 Hz, 1H), 542 (dd, J= 9.5, 4.2 He, 1), 5.29

(p,J =65 Hz, 1TH), 5.00 (s, 1), 4.65 (dd, J = }2‘9, 4.3 Hz, 1H), 4.59 (s, 1H), 4.02 (dd,

J=12.6, 9.8 Hz, TH), 1.92 (s, 4H3, 1.83 (4, /= 12.1 Hz, TH), 1.61 -~ 1.52 {m, 1H), 1 .44

28 {d,.J= 6.9 Hz 3H). LOMS-ESTT (m/zy [MHHT caleulated for CnHunFaNaOs: 446.15;
found: 446.2.
Example 14
Preparation of Compound 14
(2R,58,138R-NA(S)-1-(2, 4-difluorophenylethy D-8-hydroxy-7,9-dioxo-
25 2,3,4,57,9,13,13a-octahydre-2 S-methanopyride{1',2".4,5 lpyrazine{2,1-

b]i 1,3 ]Joxazepine-10-carboxamide
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Compound 14 was prepared in a similar manner to compound 11 using
(8)-1-(2,4-difluorophenylethanamine in place of (R)-1-(2,4-difluorophenyljethanamine
and using (1R, 38)-3-aminocyclopentanol in place of (18,3R)-3-aminocyclopentanol,
THNMR (400 MHz, DMSO-dg) § 12.46 (s, 1H), 1053 (d, J = 7.6 Hz, 1H), 8.3% (s,
1H3, 7.39 (g, J = 8.6 Hz, 1H), 7.28 < 7.14 {m, TH), 7.05 (t, J= 8.5 Hz, 1H), 5.44 (dd. ./
=98, 3.8 Hz, 1H), 528 (p, /= 8.0 Hz, 1H), 5.09 (s, 1H), 4.66 (dd, J =129, 4.0 Hz,
1H), 4.59 (s, 1H), 3.99 (dd, J = 12.5, 9.6 Hz, 1H), 1.93 (s, 4H), 1.83 (d, 7 = 2.6 Hz,
1H), 1.56 (dt, J = 13.0, 3.3 Hz, 1F), 1.45 (d. J = 6.9 Hz, 38 LOMS-ESI® (m/s):
{MH+ Hj “calculated for CpyHpFolNGs: 446,15, found: 446.1

Exampie 15
Preparation of Compound 158
(28.5R, £ 3a8)-N-(4-fluorobenzy!)-8-hydroxy-7,9-dioxe-2,2,4,5,7,9,13, 1 3a-octahvdro-

2. 5-methanopyridol 1,24, 5 Ipyrazino[2,1-b}[ 1,3 )oxazepine-10-carboxamide
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Step 1

1-(2,2-dimethoxyethyl}-S-methox y-6-(methoxycarbonyl i-d-ox0-1,4-
dibydropyridine-3-carboxvlic acid {1-A, 3.15 g, 10.0 mumol), suspended in acetonitrile
(36 mL) and acetic acid {4 mL) was treated with methane sulfonic acid (0,185 mL}. The
mixture heated to 75 °C. After 7 hours, the crude mixture was cooled and stored in g -
10°C for three days. The crude mixture was reheated 1o 75 °C for 2 hours, cooled used
without purification in the next step. LOMS-ESY (mf2): [M+H]' calculated for

C[gf‘iz;’}?zN'g‘,@v: 288079 found: 288.1.

Step 2

Crude  1-{Z,2-dihydroxyethyl}-S-methoxy-6-{methoxycarbonyl }-4-oxo-
i 4-dihydropyridine-3-carboxylic acid (16.8 mL of crude mixture from Step 1, approx 4
mmol) was combined with (18,3R)-3-gmnocyclopentanc! (0.809 g, & mmel}, diluted
with acetonitrile (16.8 mL), and treated with potassium carbonate (8.553 ¢, 4 mmol).
The reaction muxture was heated to 85 °C, stirred for 15 minutes, cooled o ambient
teraperature and stirved an additional 16 heurs. HCI (50 mi., 0.2M aq) was added and
the clear vellow solution was extracted three times with dichloromethane. The
combined organics were dried over sodium sulfate, filiered and concentrated to a
yellow solid. This crude material was precipitated from dichloromethane/hexanes to
afford desired intermediate 15-B as a light beige powder. "H-NMR (400 MHz, DMSO-
dey 0 8.72 (s, 1H}, 542 (dd, J = 9.6, 4.1 Hz, 1H), 509 (s, 1H), 4.72 (dd, J= 13.0, 3.7
Hz, 1H), 4.57 (s, TH), 4.09 {(dd, /= 12.5, 9.6 Hz, 1H), 3.43 {s, 3H), 1.92 (s, 3H}, 1.78
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(m, 2H), 1.62 — 1.47 {m, 1H), LOCMS-EST (i) [M+H] calculated for CisHiN;Oe:

321.17; found: 321.2.

Step 3
Intermediate  ¥5-B  (0.040 ¢, 0.125  mmol} and {4~

wn

fluorophenylmethanamine (0017 g, 0.137 mmol) were suspended in acetonuuile (1
mL} and treated with N N-diisopropylethylamine (DIPEA) {(0.033 ml, 0.187 ramol}
and HATU {(0.852 g, 0.137 mmol). After stirring for 30 minutes, the reaction mixiure
was treated with magnesiurn bromide (0.046 g, 0.25 nunol) and heated to 50 °C. After
10 minutes, the reaction mixture was cooled and treated with HCL (2 ml, 18% ag).
10 After a few minutes, the precipitate was filtered and washed with HCl (10% aqg) and
water. Preparative HPLC purification of the precipitate (20-05% acetonitrilerwater,
0.1% TFA)Y afforded desired Compound 15, TH-NMR (400 MHz, DMSO-ds) 6 12.44
{s, 1H), 1036 {, J = 6.0 Hz, 1H), 846 (s, 1H), 7.37 - 7.28 4m, 2H), 7.19 - 7.09 (m,
ZH), 543 (dd, 7= 9.6, 4.0 Hz, 1H), 5.08 (s, 1H), 4.68 (dd. /= 12.8, 4.1 Hz, 1H}, 4.59
15 (s, TH), 4,58 — 4,47 (va, 3H), 4.02 (dd, J = 12,7, 9.6 Hu, 1H}, 192 {s, SH), 1.83 {d, J =
12.2 Hz, TH), 1.56 (dt, ./ = 12.0, 3.4 Hz, 1H). LCMS-ESI (m/z): [M+H] calculated
for CoyHo FIN3Os: 414.15; found: 414.2.

Example 16
Preparation of Compound 16
20 {25,5R, 13a8-N-(2.3-difluorobenzyl-8-hydroxy-7,9-dioxe-2,3,4,5,7.9,13. 1 3a-

octabydro-2,5-methanopyrido] 1,2":4, 5lpyrazine{2,1-b}{ 1,3 Joxazepine-1G-carboxamide
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Compound 16 was prepared jn a similar manner to compound 153 using
25 (2,3-difluorophenylimethanamine in place of (4-fluoropheny!methanamine. "H-NMR

(400 MHz, DMS8O-dyy & 12,46 (s, 1H}, 1041 (t. /= 6.1 He, 1H), 8.45 (s, IH}, 7.43 —
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7.25 (n, 1H), 7.25 = 7.05 {m, 2H), 544 (dd, J= 9.5, 3.9 Hz, 1H), 5.09 (s, 1H)}, 4.68 {dd,

J= 128, 4.0 He, 1H), 4.65 = 4.53 (m, 3H), 4.02 (dd, /= 12.7, 9.8 Hz, 1H), 3.56 (s, 1H).

193 (s, 4H), 1.83 (d, J = 11.9 Hz, 1H), 1.57 (d, J = 11.5, 3.0 Hz, 1H). LOMS-ESE

{mzzy: [M+HT caleulated for CoHypoFaNa0s: 432.14; found: 4322

Example 17
Preparation of Compound 17
(28,5R,13a8)-N~(4-chlore-2-fluorcbenzyl-8-hydroxy-7,9-dioxo-2,3,4.5,7,9,13,1 3a-

octahydro-2,5-methanopyridol 1,2"4, 5 pyrazino{2, 1-b][ 1,3 joxazepine- 1 G-carboxamide
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Compound 17 was prepared in a similar manner to compound 15 using
(4-chloro-2-fluorophenytmethanamine in place of {(4-fluorophenyDmethanamine, 'H-
NMR (400 MHz, DMSO-d;} ¢ 12.46 (s, 1H), 10.45 - 10.29 {m, 1H), 8.44 (s, 1H), 7.42
{dd, /= 10.0, 2.0 Hz, 1H}, 733 (t, /= 8.1 Hz, 1H), 7.26 (dd, /= &4, 1.8 Hz, 1H), 5.50
—- 538 (m, H), 5.09 (s, 1H), 4.68 (dd, /= 13.0, 4.0 Hz, 1H), 4.59 (s, IH), 4.54 (m, 2H),
402 {dd, J= 12.8, 9.7 Hz, 1H), 1.93 (s, 4H), L83 {d. /= 12,0 Hz, IH), 1.57 (dt, J =
119, 3.4 Hz, 1H). LOCMS-ESE (m/4): [M+H] caleulated for CoHaoCIFN2O:: 448,11,
found: 44K.2.

HExample 18
Preperation of Compound 18
28,58, 13a8)-N-(3 4-difluorobenzyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,13a-

octahydro-2,5-methanopyrido[17,274, 5 pyrazino{2,1-b]{ 1,3 loxazepine-10-carboxamide
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Compound 18 was prepared in a similar manner to compound 1% uging

3 4-diftuorophenylymethanaming in place of (4-fluorophenyDmethanamine. 'H-NMR

5 (400 MHz, DMSO-ds) 0 12.46 (s, 1H}, 10.51 — 10.27 {m, 1E), 846 (5, 1H), 7.50 - 7.23

{m, 2H), 7.23 - 7.03 {m, 1H), 544 (dd, J = 9.5, 3.6 Hz, 1H), 5.09 (s, 1H), 4.75 ~ 4.63

{m, TH}, 4.60 (s, 1H), 4.57 ~ 4.44 (mm, 2H), 4.02 (dd, ./ = 12.6, 9.8 Hz, 1H), 1.93 (s, 4H),

1.83 (d, /= 12,0 Hz, 1H), 1.57 {dt, J= 12.0, 3.4 Hz, 1H} LCMS-EST (ma): [M+HT
calculated for CnHplNaOs: 432.14; found: 432.2,

if) Example 1%
Preparation of Compound 1%
{(1R.59)-N~2 4-difluorobenzyl)-§-hydroxy-7,9-dioxo-2,3,4,5,7.9,13,13a-octahydro-1,5-

methanopyrido] 1',2"4,8Ipyrazino] 1,2-a}i 1,3 iiazepine- 1 0-carboxamide
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Steps land 2
Methyl S-(2 A-difluorobenzyicarbamoyl)-1-(2,2-dihydroxyethyly-3-

methoxy-4-ox0-1.4-dihvdropyridine-2-carboxylate (31-C, 97.5 mg, 0.236 mmol) was

20 treated with acetontirile (1.9 mL}, acetic acid (0.1 mL), potassium carbonate (145 mg

64
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1.05 monol}, and {(Skpiperidin-3-amine dihvdrochloride (82 mg, $.472 wmmol). The
reaction maxture was sealed and heated to 90 °C. Afier 60 minutes, the rcaction mixture
was cooled partitioned between brine and dichloromethane. The aqueous phase was

thrice extracted into dichloromethane and the combined organic phases were combined,

Lo 4

dried over MgSQO4, filtered, concentrated. The crude product was dissolved into
acetonitrile (2 mL) and magnesium bromide (89,1 mg, 0.48 mmol) was added. The
mixture was rescaled and heated to 530 °C. After 90 muinutes, the reaction mixture was
guenched with ~5 mi of (.28 HClag), the pH adjusted to ~10, diluted with brine, and
thrice extracted into DUM. HPLC purification (Acetomtrile:water, 8.1% TFA) afforded
10 Compound 19, HANMER {400 MHz, Chloroform-d) 6 1043 (1, I = 5.9 Hz, 1H), 843 (s,
1H), 7.39 - 7.30 (m, 1H), 6.81 (g, = 8.1 Hz, 2H), 489 {dd, 1 = 11.6, 3.8 Hz, 1H]}, 4.69
(s, 1H), 464 (d, I =58 Hz, 2H), 426 (dd, = 12.6, 3.8 Hz, 1H), 391 {t, J = 12.1 Hz,
1H), 3.20 - 330 {m, 2H), 3.06 (s, 2H), 2.14 ~ 2.02 (m, 1H), 1.96 — 1 81 {m, 2H), 1.81 ~
170 (tm, 1H). LCMS-EST {m/zy. IM+H] calonlated for CoyHpeFoMNyGyr 431.15; found:
15 431.2.

Exampie 26
Preparation of Compound 28
{15,5R}-N-(2 4-difluorobenzyl)-R-hvdroxy-7,9-dioxe-2,3,4,5,7,9,13,1 3z-octahydro-1,5-

methanopyrido{ 1,24, 5 pyrazinof1.2-a}f 1,3 1diazepine- 1 O-carboxamide
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Steps Jand 2
Methyl 5-(2 4-difluorobenzy lcarbamoyl)-1-(2,2-dihydroxyethyh)-3-
methoxy-4-oxo-1 4-dihydropyridine-2-carboxylate {1~C, 103.3 mg, .25 mmol) was

treated with acetonitrile (1.9 mL}, acetic acid (0.1 mL}, potassium carbonate (159.8 mg,

iy

1.16 mmol}, and (R)-piperidin-3-amine dihydrochloride (90 mg, €.52 mmol}). The
reaction mixture was sealed and heated to 90 °C. After 40 minutes, the reaction mixture
was cooled partitioned between brime and dichloromethane. The agueous phase wag
thrice extracted into dichlorometbane and the combined organic phases were combined,
dried over MgSQs, filtered, concentrated. The orude product was dissolved into
16 acetonitrile (2 mL) and magnesium bromide (96.5 mg, 0.52 mmol) was added. The
mixture was resealed and beated to 50 °C. After 80 minutes, the reaction mixture was
quenched with ~5 mL of 0.2M HCI {aq), the pH adjusted to ~10, diluted with brine, and
thrice extracted into DOM. HPLC punfication (Acctonitrile:water, 0.1% TFA) afforded
Compound 20, 'H-NMR (400 MHz, DMSO-d.) 6 10.35 (1, ] = 6.0 Hz, 1H), 8.48 (s,
15 1H), 745-7.33 (m, 1H), 7.29 - 718 {xa, 1H), 7.05 (1d, J= 8.5, 2.4 Hz, 1H}, 5.06 (dd, J
= 11.4, 3.5 He, 1H), 4.56 — 447 (m, 3H), 444 (s, 1H), 4.05 (&, ] = 11.8 Hz, 1H}, 3.07 -
2.89 (m, 4H). 1.85 - 1.73 (m, 3H), 1.54 — 1.46 (m, 1H). LCMS-EST (m/a) [MHHT

calculated for CoiHaoF o NgO4: 431,15, found: 431 .2,

Example 21
Z0 Preparation of Compound 21
25.5R, 1328 -N{((8)- 1 -(4-fluorophenyliethyvi-8-hydroxy-7,9-dioxe-2,3,4,5,7,9,1 3,1 3a-

octabydre-2,5-methanopyrido| 1,2%4, 5 lpyrazino[2,1-b]{ 1,3 Joxazepine-1 G-carboxamide
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A i
Steps 1 and 2
{S)-Methvl 1+(2,2~-dihydroxyethyl).5-{ 1 -{4-

fluorophenyhethyicarbamoyiy-3-methoxy-4-0x0-1,4-dihydropyridine-2-carboxylate
(Z3-A. 1 mL, 0.23 M solution i 191 acetonitrile:acetic acid, prepared a8 per (R)-
methyi 12, 2~dihydroxyethyl)-5-( 1 -{4-fluorophenylethylcarbamoyl -3 -methoxy-4-
oxo-1A-dihydropyridine-2-carboxylate  9-A  from  Example 9 using (S)-1-(4-
fluorophenyljethanamine in place of (R)-1-{d-fluorophenvljethanamine} was treated
with (18.3R}-3-aminocyclopentanct (62 mg, 0.61 mmol) and potassium carbonate (34
mg, (.25 mmol). The reaction mixture was sealed and heated to 90 °C. After 60
minutes, the reaction mixture was cooled partitioned between brine  and
dichloromethane. The aqueous phase was thrice extracted into dichloromethane and the
combined organic phases were combined, dnied over MgSQO,, filtered, and concentrated.
The crude product was disselved into acetonitrile {2 ml) and magnesium bromide (74
mg, 0.4 mool) was added. The mixture was resealed and heated to 50 °C. After 100
mamtes, the reaction mixture was quenched with 0.2M HCI (ag), diluted with brine,
and thrice extracted mto DCM. HPLC purification (acetonitrilerwater, $.1% TFA)
afforded Compound 21, "H-NMR (400 MHz, DMSO-dg) 8 12.42 (brs, 1H), 1045 (d, J
=70 Hz, TH}, 8.40 (s, 1H), 7.36 (dd, 7 = 8.6, 5.5 Hz, 2H), 7.14 (1, J= 8.9 Hz, 2H), 542
{dd, I =96, 4.2 Hz, 1H), 5.15 — 5.04 {m, 2H), 4.72 - 4.55 (m, 2H)}, 4.02 (dd, J = 127,
9.7 Hz, 1H), 197 - 189 (m, 4H), 182 (d, J= 122 Hz, 1H), 156 {dt, 1= 119,33 Hz,
PED, 1.43 (d, 1= 6.9 Hz, 3H). LOMS-ESY (m/2): [M+H] calculated for CpHaFN,Os:
428.16; found: 428.1.

Example 22

Preparation of Compound 22
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(2R,58, 13aR)-N-{({5)}-1-(4-fluorophenylethyl)-B-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,1 3a-

octahydro-2, 5-methanopyridof 1,274, STpyrazine[2,1-bH 1,3 jexazepine- 1 §-carboxamide
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Steps 1and 2
{(8y-methyi 1~(2,2-dihydroxyethy)-3-(1-(4-

fluorophenyljethylcarbamoyl}-3-methoxy-4-oxo-1,4-dihydropyridine-2-carboxylate
(21-4, 1 mL, 0.23 M solution in 19:1 acetoniirileracetic acid) was treated with {1R,38)-
J-aminocyclopentanc!l (52 mp, 0.51 mmol} and potassium carbonate (31 mg, 022
mmol). The reaction mixture was scaled and heated to 90 °C. After 60 minutes, the
reaction mixture was cooled partitioned between brine and dichloromethans, The
agueous phase was thrice extracted into dichloromethane and the combined organic
phases were combined, dried over MgSQ,, filiered, and concentrated. The crude
product was dissolved into acetoniirile (2 mL) and magnesiom bromide (91 mg, 0.49
mmol} was added. The mixture was resealed and heated to 50 °C. After 100 minutes,
the reaction mixture was quenched with 0.2M HCHaq), dituted with brine, and thrice
extracted inte DOM. HPLC purification {acetonitrilerwater, 0.1% TFA) afforded
Cornpound 22, TH-NMR (400 MHz, DMSO-de) 8 12.44 (brs, 1H), 1045 (d, I =77
Hz, 1H), 839 (s, 1H), 7.36 (dd, J = 8.5, 5.6 Hz, 2H), 7.14 (, } = 8.9 Hz, 2H}, 543 (dd, J
= 9.6, 4.0 He, TH), 3.15 - 5.06 {m, 2H), 4.66 (dd, J = 12.8. 3.9 He, 1H), 4.58 (3, 1H),
399 {dd, J = 12,6, 9.3 He, 1H), 1.93 {5, 4H}, 182 (d, I = 12.0 Hz, IH), 1.56 {dt, J =
12.0, 3.0 Hz, 1H), 1.44 (4, J = 6.9 Hz, 3H). LOMS-EST (n2): [M+H]" caloulated for
CooHaFNaOs: 428.16; found: 428.1.
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Example 23
Preparation of Compound 23
{28,5 R,13a8)-N-(2-fluorobenzyl-K-hydroxy-7,9-dioxo-2,3,4,5,7,9,1 3.1 3a-octahydro-

2,5-methanopyridol 1,24 5 pyrazing{2,1-b}[ 1,3 loxazepine-10-carboxamide

O OH
23
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O
A
O H 0 P
MgBr, PN
e D
\‘\.V’Nm/\\ O = N
o OH
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Steps Land 2

15-B {41 mg, 0.13 mmol} was treated with acetoniirile (1 mb), (2-
fluorophenylmethanamine (17 mg, 0.14 romol), HATU (67 mg, .18 mmol), and N,N-
diisopropylethylamine (DIPEA) (24 mg, 0.19 mmol}. The reaction mixtare was stirred

¢ A

at room temperature for one hour and magnesium bromide (47 mg, €.26 mmol} was
added. The muxture was scaled and heated to 50 °C. After 60 minutes, the reaction

ixture was quenched with §.2M HC (ag), diluted with brine, and thrice extracted into
DCM., HPLU purification (Acetonitrilerwater, 8.1% TFA) afforded Compound 23, 'H-
NMR (400 MHz, Chloroform-d) 6 10.42 (s, 1H), 8.34 (s, 1H), 7.36 {t, T = 7.9 Hz, 1H)},
724 - 737 {m, TH), 712 - 697 (m, 2H}, 540 ~ 532 {m, 1H), 529 (, J = 3.5 Hz, 1H),
4.67 (s, 3H), 4.28 — 4.20 (m, 1H), 4.06 - 3.95 (m, TH), 2.20 - 1.96 {m, 4H), 1.95 - 1.84
{(m, 1H), 1.59 (dt, J = 12.4, 3.3 Hz, 1H). LCMS-ESI" (m/z): [M+H]' calculated for
CorHooFNa(ls: 414.15; found: 414.2.
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Exawple 24
Preparation of Compound 24
(25,5R,13a5)-N-(3,5-difluorobenzyl)-8-hydroxy-7,9-diox0-2,3,4,5,7,9,13,13a~

octabydro-2, S-methanopyrido[1,2":4, 5 pyrazine[2, 1 -bl{ 1,3 Joxazepine-10-carboxamide
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Steps Land 2

15-B (44 mp, 0.14 mmol) was treated with acetonitrile (I mL), (3,5-
difluorophenylUmethanamine (32 mg, 0.23 wmol}, HATU (54 mg, 0.14 mmol), and
M N-diisopropylethylamine (37 mg, 0.29 mrool). The reaction mixture was stirred at
oo temperature for one hour and magnesium bromide (57 mg, 0.31 mmol) was
added. The mixture was sealed and heated to 50 °C. After 60 minutes, the reaction
mixture was quenched with 0.2M HCI {aq), diluted with brine, and thrice extracted mio
DOM. HPLO purification {Acetonitrilerwater, 0.1% TFA) afforded Compound 24. "H-
NMR {400 MHz, Chloroform-~d} ¢ 10.39 (s, [Hj}, 8.42 (s, IR}, 6.82 (d, I = 7.9 Hz, 2H),
6.65 {t, F=88 Hz, 1H), 5.38(d, §=7.7 Hz, 1H), 5.28 (5, 1H), 4.78 ~ 441 {m, 3H), 4.32
{d, ] = Hz, TH), 402 (¢, T = 109 Ha, 1H), 2.30 - 1.97 {(m, 4H), 1.97 - 181 (m,
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10

1H), 1.59 (d, J 12.3 Hz, 1H). LOMS-BST' (mkZ) [M+HT calculated for
Cz;H}_gFgN;Oﬁ 432.14; found: 432.2.

L)‘t

Example 28
Preparation of Compound 25
R,13 1S}~T\n(4-ﬁumo -(trifluoromethyibenzy-8-hydroxy-7,9-dioxo-
3.4,5,7,9,13,13a~-octahydro-2, 5-methanopyrido[ 1,244, 5 [pyrazino[ 2, 1-

bil1,3loxazepine~-1(-carboxamide

H O
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Steps | and 2
158 (43 mg, 0.13 mmol) was treated with acetonitrile (1 mL), (4-fluoro-
I-(rifluoromethylphenyDmethanamine (29 mg, 0.15 mmol), HATU (62 mg, 0.16
mmol), and N, N-diisopropylethylamine (26 mg, 0.20 mumol). The reaction mixture was
stirred at room temperature for one hour and magnesium bromide (62 mg, 0.34 tomol)
vas added. The mixture was sealed and heated to 50 °C. After 60 minutes, the reaction
mixture was quenched with 0.2M HClag), dituted with brine, and thrice extracted into

DCM. HPLC purification (Acetonitrile:water, 0.1% TFA) afforded Compound 25, 'H-



WO 2014/100323 PCT/US2013/076367

NMR (400 MHz, Chioroform-d) & 10.44 (s, 1H), 829 (s, 1H), 7.56 — 7.38 (m, 2H),
7.06 (¢, § =92 Ha, 1H), 5.30 (dd, = 9.3, 3.5 Hz, 1H), 5.21 (s, 1H), 4.65 — 445 (m,
3H), 4.21 (dd, J = 12.8, 3.4 Hz, 1H), 3.95 (dd, I = 12.4, 9.7 Hz, 1H), 2.11 - 1.89 (m,
AHY, 189 ~ 174 (m, 1H), 1.53 (dt, J = 124, 3.2 Hz, 1H), LOMS-EST" (ma): [M+H]

5 calewlated for CobioF N5 482.14; found: 482.2.
Example 26

Preparation of Compound 26
(28,5R,13a8-N-{4-chloro-3-fluorobenzy }-&-hydroxy-7,9-diox0-2,3,4,5,7,9,13,1 35-

10 octabydre-2,S-metbanopyridol 1,24, Slpyrazine[2,1-b} 1,3 Josazepine-10-carboxamide
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15 Stepsland?

158 (41 mg, 0.13 mwmol) was treated with acefonitrile (I mb), 4-
chloro-3-fluorophenyiimethanamine (40 mg, 0.25 mmol}, HATU {60 mg, .16 mmol),
and N, N-diisopropylethylamine (28 mg, 0.22 mmol}. The reaction mixture was stirred
at room temperatore for one how and magnesium bromide (4R g, (.26 romol) was

20 added. The mixture was sealed and heated to 50 °C. After 60 minutes, the reaction

mixfure was quenched with 0.2M HCH (aq), diluted with brine, and thrice extracted into

-3
2
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DOM. HPLC purification (Acetonitrilerwater, 0.1% TFA) afforded Compound 26. 'H-
NMR (400 MHz, Chloroform-d) & 10.41 {s, 1H), 8.30 (s, 1H}, 7.24 (1, J = 6.1 Hz, TH),
7.13 - 6.90 (m. 2H}, 530 {dd, J = 9.1, 3.2 Hz, 1H), 5.22 (s. 1H), 4.61 {s, 1H}, 4.51 (s,
M}, 420 (4, ) = 94 Hz, 1H), 3.95 (d, J = 12.0 Hz, 1H), 2.11 — 1.90 (m, 4H}, 1.90 -

5 176 {m, 1H), 1.53 (d, J = 12.2 Hz, 1H). LCMS-ESE (m/z): [M+H]' calculated for
CoH o CIFNOs: 448.11; found: 448.2.

Example 27
Preparation of Compound 27
10 {28,5R)-N-(1-(2 4-difluorophenyhoyclopropyl}-8-hydroxy-7,9-dioxo-
2,3.4,5,7,9.13, 1 3a~octahydro-2, S-methanopyrido[ 11,24, 5 pyrazinef 2.1 -

bl{1.3loxazepine-10-carboxramide
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A suspension of the compound i-A (1.604 g, 3.19 mmol), the amine 27-
A {68R mg, 3.35 mmol), and HATU (1453 g 3.82 mmol} in CHLCh (20 ml) was
stirred in 0 “C bath as N N-ditsopropylethylamine (DIPEA)Y ( 2 mL, 11.48 mmol} was
added. After T hour at 0 °C, the reaction mixture was concentrated to a syrup, diluted
with ethyl acetate, and washed with water (x 2). After the aqueous fractions were
extracted with ethyl acetate (x 1), the organic fractions were combined, dried (Na,504),
and concentrated. The residue was purified by CombiFlash (128 g column) using
bexanes- ethyl acetate as eluents. The waior peak was combined and concentrated to
afford 1.082 ¢ (73%) of the product 27-B. After the minor peak was combined and
concentraied, the concenirated residue was dissolved in CHLCL and some insoluble
materials were filtered. The filirate was concentrated to get 361 mg (24%) of the
additional product 27-B. LCMS-ESI" Oni): [M+H] calculated for CapHasFoNaOy
467.16; found: 467.1.

Step 2 and 3

Compound 27-B (81 mg, 0.174 mmel) was dissolved in a mixture (1
mb} of acetonitrile (22 mbL), AcOH (2 mL), and methanesulfonic acid (0.14 mL, 2.16
mmol) at rootn temperature and the resulting solution was stivred at 635 °C for 20 hours,

After the resulting solution was cooled fo room temperature, the
aminoalcohoel 27-0 (50 mg, racemic, 0.363 mmol), K,COs (50 mg, 0.362 mmol), and
acetonitrile (2 mL) 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
acidificd with 1| N HCL (~2 mL}, diluted with water {(~8 mL), and extracted with CH;Cl
(x 3). Combincd extracts were dned (NapSO,), concentrated, and purified by
CorbiFlash to obtain 67 mg (82%) of compound 27-E. "H-NMR (400 MHz, CDCL)Y 8
1053 (s, THY, B.25 (8, 1H, 7.60 {td, .f = 8.5, 6.5 He, 1H), 6.85 - 6.57 (v, 2H), 5.33 {br,
1H), 526 (dd, 7= 9.6, 39 He, 1H), 460 (1, ./= 3.0 Hz, 1H), 4.18 ~ 4.06 (m, 1H}, 4.01
(s, 3H), 3.92 (dd, J = 12.7, 9.6 Flz, 1H), 2.11 ~ 1.97 (m, 4H), 1.88 - 1.71 (m, 1H), 1.60
— 149 (m, 1H), 1.31 ~ 1.10 (m, 4H). "F-NMR (376.1 MHz, CDCl3) 3 -111.80 (g, /=
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8.8 Mz, 1F), -112.05 {p, J = 7.9 Hz, IF). LCMS-EST (m/z): [M+HT calculated for
CoablaaF N Os: 472,17, found: 472.1.

A maxture of compound 27-E (67 mg, ¢.142 mmel) and MgBr, (66 mg,
0.358 mmol) in MeCON (G rol) was stirred at 30 °C for 30 minutes and cooled 1o 0 °C
before treating with 1 N HCE (3 mly. After the mixture was diluted with water (~30
mL}, the product was extracted with CH,ClL (x 3), and the combined extracts were
dried (Na;804) and concentrated. The product was purified by preparative HFLC and
freeze-dried to obtain product 27 as a 11} wixture with triflucroacetic acid, *H-NMR
(400 MHz, CDCl3) & 10.70 (s, 1H), 8.35 (5, 1H), 7.57 {q, /= 8.2 Hz, 1H), 6.91 - 6.56
{m, 2H), 531 (dt, J= 143, 4.0 Hz, 2H), 4.68 (s, 1H), 4.22 (dd, J = 13.2, 3.9 Hz, 1H),
399 (dd, J = 12.8, 9.3 Hz, 1H), 2.28 — 1.96 (m, SH), 1.88 {ddt, 7= 12.1, 8.6, 3.7 Hz,
TH), 1.71 - 1.49 {m, 1H), 1.38 ~ 1.11 (m, 4H). F-NMR (376.1 MHz, CDCL) 8 -76.37
(s, 3F), -1116 ~ -111.75 {m, 2F). LCMS-EST (w4 [M+H] calculated for
CasHaFN:0s: 458,15, found: 458.1.

Example 28
Preparation of Compound 28
(28,6R)-N-(1-(2.4-diffnorophenytieyclopropyl}-9-hydroxy-8,10-dioxo-
3,4.5,6,8.10,14, 14a-octabydro-2H-2 6-methanopyrido[ 1,2":4,5 I pyrazino{2, [ -

bj{t.3joxazocine-1 1-carboxamide
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Step land 2
Compound 27-B (87 mg, $.187 mmol) was dissolved in a muxture (2
ml} of acetonitrile (22 mL), AcOH (2 mL} and methanesulfonic acid (0.14 mb, 2.16
mmol} at roow temperature and the resulting solution was stirred at 63 °C for 20 hours.
Afier the oled to room
{2 mL} were added
to the solution. After the resulting roixiure was stirred at 65 “C bath for 30 minutes,

K,COs (41 mg, 0207

resulting solution was coo temperature, the

aminoalcohol 28-A (44 mg, racemic, 0.382 mmol) and acetonitrile

7 mmol) was added and the mixture was stirred at 65 °C for 21
hours. The reaction mixture was cooled to room temperature, it was acidified with T N
HCL (~2 mL), diluted with water (~8 mL), and exiracted with CHCls {(x 3). Combined
extracts were dried (Na;S80q), concentrated, and purified by preparative HPLC and the
fraction containing the product was freeve~-dried. After the residue was dissolved n
cthy! acetate, the solution was washed with saturated NaHCGO: (x 1), dried (Na;SOy),
and concentrated o obtain 18 mg {(20%) of compound 28-B as a 111 mixture with
triflucroacetic acid, "H-NMR (400 MHz, CDCl1) 8 10.54 (s, 1H), 8.26 (s, 1H), 7.63 {(id,
J=86,6.6Hz 1H), 676 (dddd, /=219, 11.2, 8.7, 2.3 Hz, 2H), 535 {dd, J=9.6, 3.7
Hz, 1H3, 4.53 ~ 436 (m, 2H}, 4.09 (dd, J = 12.8, 3.7 Hz, 1H), 4.03 (5, 3H), 3.99 {dd, J
=127, 9.7 Hz, 1H), 2.41 - 2.20 (m, 2H), 1.84 (dtd, /= 19.7, 9.3, 8§, 4.4 Hz, 2H), 1.74
{dd, J = 14.6, 2.5 Hz, TH), 1.62 - 1.35 (m, 2H), 1.34 ~ 1.14 (m, 5H). PF-NMR (376.1
MHz, CDCL) 8 -111.75 (g, J = 8.9 Hz, 1F), -112.01 {p, J = 7.9 Hz, 1F). LCMS-ESI"

{m/z): [M-+H] caleulated for CosHyFoN30s: 486.18; found: 486.2.
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Compound 28-B (18 mg, 0.037 mmol) was treated with MgBr; as
escribed in stepd in the synthesis of compound 27-E to obtais compound 28, H-
NMR (400 MHz, CDCL) 6 1066 (s, [H), 829 {5, 1H), 7.59 {td, J = 8.5, 6.6 Hz, 1H},
6.89 — 6.60 {m, 2H), 5.51 (dd, /= 9.9, 4.0 Hz, TH), 4.55 (s, 1H), 448 (. / = 4.2 Hz,
THY, 427 (dd, J = 12.9, 4.1 Hz, 1H), 3.99 (dd, ./ = 12.8, 8.8 Hz, 1H), 2.56 - 2.35 (m,
1H), 2.14 {dd, S = 16.1, 59 Hz, 1H), 1.96 -~ 1.74 (m, 3H), 1.66 ~ 1.37 {m, 3H}, 1.28 (d,
J=4.4 Hz, ZH), 126 — 1.19 (m, 28D, PR-NMR (376.1 MHz, CDCL) 6 -76.43 (s, 3F, -
11178 (m, 2F). LCMS-EST (m/z): [M+HT calculated for CuHyFoNsGsr 472.17;
found: 472.1.

Example 29
Preparation of Compound 29
{IR,6S)-N-A12,4-difluorophenyljcyclopropyl 3-9-hydroxy-¥, 1 0-dioxo-
3.4,5,6,8,10,14,14a-octahydro-2H-2,6-methanopyrido[ 1,24, 5 pyrazino{2, 1~

bif1.3loxazocine-1 L-carboxarmde
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Step 1 apd 2
Compound 29-B (13 mg, 14%) was prepared from compound 27-B (87

mg, 0.187 mmol} and the aminoalcohol 29-4 (45 my, 0.391 mmol} in a manner similar
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to that described in step 1 of the synthesis of compound 28-B. "H-NMR (400 MHz,
CDCL) 0 10.54 (s, 1H), 8.26 (s, TH), 7.63 (id, J = 8.6, 6.6 Hz, 1H)}, 6.76 {dddd, J =
21.9,11.2, 8.7, 2.3 Hz, 2H), 539 (dd, J= 9.6, 3.7 Hz, 1H), 4.53 — 4.36 (m, 2H), 4.09
{dd, J=12.8, 3.7 Hz, 1H}, 4.03 (5, 3H), 3.99 (dd, .J =127, 9.7 Hz, 1H), 2.41 - 2.20 (m,
2H), 1.84 (did, J =197, 0.3, K8, 4.4 Hz, 2H), 1.74 (dd, J = 14,6, 2.5 Hz, 1H), 1.62
1.35 (m, 28, 1.34 ~ 1.14 (m, SH). "F-NMR (376.1 MHz, CDCI) §-111.75 (g, J = 8.9
Hz, IF), -112.01 (p, / = 7.9 Hz, 1F). LOCMS-ESE (m2): [M+H] calculated for
CosHygFaNaGe: 486.18; found: 486.2.

Step 3

Compound 2% was prepared from compound 2%-B in a manner similar
to that described in step 2 of the synthesis of compound 16. "H-NMR (400 MHz,
CDCly) & 10.66 (s, 1E, 8.29 (s, 1H}, 7.59 (i, J= 8.5, 6.6 Hz, 1H), 6.89 — 6.60 (m, 25},
550 {dd, /=979, 4.0Hz, 1H),4.55 (s, 1H}, 448 (1, /=42 Hz, 1H), 4.21 (cid, J=12.9,

4.1 Hz, 1H), 3.99 (dd, J = 12.8, 9.8 Hz, 1H), 2.56 ~ 2.35 (m, TH), 2.14 {dd, .J = 16.1,
5.9 Hz, 1H}, 1.96 - 1.74 (m, 3H), 1.66 — 1.37 (m, 3H), 1.28 (4, /= 4.4 Hz, 2H}, 1.26 -
1.19 (m, 2H). VE-NMR (376.1 MHz, CDCL) § -76.41 (5, 3F, -111.79 (m, 2F). LCMS&-
EST (m/z): [M+H] calculated for CplinaF,Na0s: 472.17; found: 472.1.

Example 30
Preparation of Compound 30
(25,5R, 1 3a8-N-{1-(2 4-diftuorophenylicvelopropy!-8-hydroxy-7,9-dioxo-
2,3,4.5,7,9,13,13a-0ctabydro-2, S~mcethanopyridol 1,274, 5 |pyrazino{2, 1~

blil.3loxazepine-10-carboxamde

/b N /\/“» X/\
{ \@,Jvk L
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Step 1 and 2
Compound 27-B (150 mg, 8.322 mmol) was dissolved in acetonitriie {2
mby, AcOH (0.2 mL}, and methanesulfonic acid {0.007 mL, §.108 mmel) at room
5  temperature and the resulting solution was stirred at 65 “C for 20 hours. After the
resulting solution was cooled to room temperature, the aminealcohol 38-A (72.1 mg,
chiral, 0.713 mmol), KoCO: (894 myg, 0.647 mrool), and acctonifriie {2 mi} were
added to the sohmion. The resulting mixture was stirred at 65 °C bath for 0.5 hour. After
the reaction mixture was cooled to room temperature, it was acidified with 1 N HCI (~3
0 mL), diluted with water (~12 mL), and extracted with CH>Cl (x 3). Combined extracts
were dried (Na,S04), concentrated, and purified by CombiFiash to obtain 128 myg
(84%) of compound 30-B. "H-NMR (400 MHz, CBCLY & 10.52 (s, 1H), 824 (s, 1H),
7.61 (id, I=8.6,6.6 Hz, 1H), 6.85-6.65(m, 2H}, 533 (1, J=4.1 Hz, IH), 525 (dd, I =
9.5, 3.9 He, 1Hy, 461 (d, 1= 3.4 Hz, TH), 4.18 - 4.08 (m, 1H), 4.02 {5, 3H), 3.99 - 387
15 (my, TED), 212 - 191 (my, 48), 1.85 - 1.69 {im, 13D, 1.55 (ddd, =123, 4.1, 2.8 Ha, 11,
131 - 1.14 (m, 4H). “F-NMR (376.1 MHz, CDCly) 8 -111.79 (g, ] = 8.8 Hz, 1F), -
11205 (p, J = 7.9 Hz, 1F). LCMS-ESE On/4): IM+H] caleulated for CogHzaFaNaOq

47217, found: 472.
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Step 3
A mixture of compound 3¢-B (128 mg, 0.272 mmel) and MgBr, (130
wmg, 0.706 mamol) in MeCN (5 wl) was stirred at 3¢ °C for 30 minutes and cooled to 9

“C before treating with 1| N HCI (4 mL). After the mixture was diluted with water, the

LA

product was extracted with CHLCL (x 3), and the combined extracts were dried
{N2z504) and concentrated. The product was purified by CombiFlash to obtain product
36, ‘H-NMR (400 MHz, CDCL) 8 12.27 (s, EH), 10.52 (s, 1H), 8.16 (s, 1H), 7.61 {id,
J=8.6, 6.6 Hz, TH), 6.96 - 6.54 (m, 2H), 536 — 5.23 {m, 2H), 4.66 {1, ./ = 3.1 Hz, 1H),
418 - 4.06 (o, TH), 3.94 {dd, J= 12.8, 9.4 Hz, TH), 2.20 — 1.95 {(m, 4H), 189 (td, J =
10 114, 9.8 6.7 Hz, 1H), 1.70 ~ 1.54 (m, 1H), 1.32 — 1.15 (m, 4H). PF-NMR (376.1
MHz, CDCLy) 8 -11L.87 (g, J = 89 Hz, 1F), -112.21 (p. I = 7.9 Hz, 1F). LCMS-EST
{m/z): [M+HT caleulated for CouHnF NaOs: 458.15; found: 458.2,

Example 31
Preparation of Compound 31
15 (ZR,38)-N-{1-(2 4-diflusrophenylicyclopropyl 3-8-hydroxy-7,9-dioko-
2.3,4,5,7,9,13,13a-octahydro-2, 5-methanopyride{ 1,24, 5 Ipyrazino[2,1-

bili,3joxazepine- 1 (-carboxamide
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Stepland?

Compound 31-B (123 mg, 81%) was prepared from compound 27-B
(150 mg, 0. 322 mmol} and the aminoalcohol 31-4 (703 mg, 0.695 mmol) in a manner
similar to that described in step 1 and 2 of the synthesis of compound 30-B. "H-NMR
{400 MHz, CDCl3) & 10.52 {s, 1H), 8.24 {5, 1H), 7.62 {td, J = 8.6, 6.6 Hz, 1H), 6.91 -
6.63 (m, 2H), 533 (t, J = 4.1 Hz, 1H), 5.25(dd, J = 95,39 Hz, 1H), 4.61(d,J=34
Hz, 1H), 4.14 - 4.07 (m, 1H), 4.03 (s, 3H), 393 (dd, /= 12.7, 9.5 Hz, 1H)}, 2.12 - 1.9}
{m, 4H), 1.85 - 1.69 (m, 1H), 1.55 (ddd, J = 12.3, 4.1, 2.8 Hz, 1H), 1.31 - 114 {m, 4H).
PRNMR (3761 MHz, CDCLY 8§ -110.79 (0, /= 9.2, 8.7 Hz, 1F), -112.03 (b, /= 8.1,
7.5 Hz, 1F). LOMS-EST (nay [MHHT calculated for CouHaaF,Na0Os: 472.17; found:

Cornpound 31 was prepared from compound 31-B in & moanner similar to
that described in step 3 of the synthesis of compound 3¢, "H-NMR (400 MHz, CDCL)
8 12.26 (s, 1H), 10.49 (s, TH), 813 (s, 1H}, 7.58 (id, J = £.6, 6.5 Hz, 1H), 6.90 - 6.56
(o, 2H), 332 (dd, J= 9.4, 4.1 Hz, 1H), 527 - 522 (m, 1H), 4.64 (t, /7 = 3.1 Hz, 1H),
4.114dd, fj=128, 40 Hz, 1H),4.01 - 3.79 (m, 1H), 2.28 - 1.95 (m, 4H), 1.95 - 1.80 {m,
TH), 171 (m, 1), 1.56 (m, 1H), 1.42 - 1.08 (m, 4H). PF-NMR (376.1 MHz, CDCL) 6
S11195 (g, J = 8.9 Hz, IF), -112.22 {p, J = 7.9 Hz, 1F). LCMS-EST" (m/z): [M+H]
calculated for CaxHpFolNaOs: 45815 found: 458.1.

Example 32
Preparation of Compound 32
(28, 5R}-N-{1-(2,4-difluorophenylieyelobutyD)-8-hydroxy-7,%-dioxe-2,3,4,5,7,9,13,13a-

octahvdro-2,5-methanopyride[1.2"4,Spyrazinoi?,1-b1[ 1,3 joxazepine-10-carboxamide
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A solution of compound 32-A (22.2 mg, 0.069 mmol}, compound 32-B

{187 mg. 0.102 mmol), and HATU {43 mg, 0.113 mmol) in CH,CL (& mL) was stirred

at room temperature as N N-diisopropylethviamine (DIPEA) (0.075 miL, 0.431 mmol}

5 was added. After 30 minutes, the reaction mixture was diluted with ethyl acetate and

washed with water (x 2}, After the aqueons fractions were extracted with BA (x 1), the
otgauic fractions were combined, dried, covcentrated. and dried in vacuum.

A mixture of the above crude product and MgBr; (35 mg, 0.190 mmol}

n MeCUN (2 mL} was stirred at 50 "C bath for 1 howr and cooled to 0 C before being

0 treated with 1 N HCL (~ | mbL). The resulting solution was diluted with water, and

extracted with CHLCh (x 3). The combined extracts were dried {Na;S80,), and

concentrated. The product was purified by preparative HPLC and freeze-dried to obtain

compound 32. "H-NMR (400 MHz, CDCL) § 10.87 (s, 1H), ~9.3 (br, 1H), 8.35 (s, 1H),

750 (td, J =87, 6.3 Hz, 1H}, 6.80 - 6.78 (m, TH), 6.72(ddd, /= 11.2, 8.9, 2.6 Hz, 1H),

15 548 -5.12 (m, 2H)Y, 4,72 - 4.60 {m, 1H), 422 (dd, J= 13.0, 4.1 He, 1H), 3.98 (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, J= 12.4,

4.1, 2.7 Hz, 1H), PF-NMR (376.1 MHz, CD:CN) 8 -76.39 (s, 3F), -110.50 (g, J = 9.2

Hz, 1F) -11265 (p, J = 7.8 Hz, 1F). LCMS-ESI" (m4): [M+H] calculmed for

CoaHpaFaNa0s: 47217, found: 472.8.

20 Example 33

Preparation of Compound 33

82
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{25, 3R3-N-(1-(2 4-difluorophenyljcyclopenty -8~ hydroxy-7 9-dioxo-

2,3,4,5,7.9,13,13a-octahydro-2, S-methanopyrido] 1,274, 5 Ipyrazino[2, 1 -

bi[1,3joxazepine~-1G-carboxamide

2

Conmpound 33 was obtained from compound 32-A and compound 33-A

as described in the synthesis of compound 32, H-NMR (400 MHz, CBCLy 8 16,70 (s,

iH), ~9.5 (br, 1H), 8.41 (s, 1H}, 7.43 (td, /=8.9, 6.4 Hz, 1H), 6.85 - 6.76 (m, 1H), 6.72

0 {ddd, /=115 88, 2.6 Hz, 1H), 548 - 5.18 (m, 2H), 4.68 (1. /= 3.2 Hz, 1H), 4.26 {dd,

J=13.0,4.1 Hz, TH), 4.00 (dd, 7= 13.0, 94 Hz, TH), 2.72 - 2.45 (m, 2H), 2.22 - 1.96

{m, 6H), 1.96 - 1.75 (m, SH), 1.60 (ddd. J=12.5, 4.1, 2.7 Hz, 1H). "F-NMR (376.1

MHz, CD:CN) 8 -76.41 {5, 3F), 10786 {q, I =94 Hz, 1F),-113.13 (p, ] = 8.0 Hz, 1F).
LOMS-ESTT {m/zy IM-HT calculated for CosHagFy NG 486.18; found: 4R85.9,

15 Example 34
Preparation of Compound 34
(28,5R)-N-(1-(2 d-difluorophenylicyclohexyl-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13, 1 3a-

octahydro-2,5-methanopyride[1,2":4,5 pyrazino{2, 1-b][ 1,3 Joxazepine-10-carboxamide

g (Jg L
% [ \S\T/IJ\;:::N \E /«.,.

G OH
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Compound 34 was obtained from compound 32-A and compound 34-A
as described in the synthesis of compound 32, *H-NMR (400 MHz, CDCL) & 10.83 (s,
IFD, ~9.6 (br, 1H), 8.44 (s, 1H), 7.37 {td, /= 9.0, 6.4 Hz, 1H). 6.97 - 6.76 (m, 11}, 6.69
5 {ddd,J=11.9, 8%, 2.7 Hz, 1), 5.48 - 518 (m, 2H), 4.68 {t.J = 3.0 Hz, 1H), 4.28 {(dd,
J=13.1,4.1 Hz, 1H), 4.03 {(dd, /= 13.0, 9.4 Hz, 1H), 2.60 (d, J= 13,1 Hz, 2H), 2.29 -
1.96 (m, 45}, 1.95 - 1.77 (m, 4H), 1.77 - 1.65 {m, 4H), 1.61 {ddd, /= 12.5, 4.1, 2.7 Hz,
1H), 1.30 (br, [H). VF-NMR (376.1 MHz, CD:CN) § -76.41 (s, 3F), ~107.86 (¢, J =
9.4 Hz, 1F), -113.13 (p, J = 8.0 Hz, 1F). LOMS-EST (ma): [M+HT caleulated for
O CosHasFoNLOs: 560.20; found: 500.0.

Example 35
Preparation of Compound 35
(28,5R )-N-{4-(2 4-difluorophenyl ptetrahydro-2H-pyran-4-y1 }-8-hydroxy-7,9-dioxo-

2,3,4,5,7,9,13,13a-octahydro-2,5-methanopyride{ 1,24, 5 pyrazino{2, | -

[a—
a

bi[1,3]loxazepine-10-carboxamide
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Compound 35 was obtained from compound 32-A and compound 35-A
as described in the synthesis of compound 32, FNMR {400 MHz, CDCl) 8 1095 (5,
THY, B33 (s, 1H), ~7.6 (br, 1H), 738 (id, /= 9.0, 6.3 Hz, 1H}, 6.85 (1d, /= 84, 2.6 Hz,
1H), 6.73 {(ddd, /= 11.7, 8.6, 2.6 Hz, 1H), 532 (dt, /= 144, 4.0 Hz, 2H), 468 (t,J =

S 31 Hz IH), 424 {dd,./= 13.0,39 Hz, 1H). 4.11 - 3.81 (m, 5H), 2.60 (d, J= 13.7 Hz,
2H}, 233 - 2,17 {m, 2H}, 2.18 - 1.97 (m, 4H), 1.87 {m, 1H), 1.61 {d, /=125, 3.3 Hz,
1H). PF-NMR (376.1 MHz, CDyCN) 6 -76.40 (s, 3F), -108.78 (g, /= 10.3, 9.8 Hz,
iF), -112.63 (p, J = &0 Hz, 1F). LOCMS-ESI (n4) [M+HY calculated for
CstzﬁFgN;(}@: 592.},8; founds 502.0.

10 Fxample 36
Preparation of Compound 36
{28, 5R3-N-{{S)-1-2 4-tifhuorophenyh)-2,2 2-riftuoroethyl)-8-hydroxy-7,9-dioxo-
2,3.4,5,7.9,13, 1 3a-octahydro-2,5-methanopyrido] 1,24, S jpyrazino[2, 1 -
b1l 1.3Joxazepine-10-carboxamide
CF’
ISSaas
\.uv.l
15 O QO
36
o O CFy F
. f . 1 |
SN o £ _omaTuDEa, o \“/\*\’A‘*’/\ﬁ t\\
\‘\/"3\")‘\‘“/\0 HN E \J DMaBr, \ S % o : ,,»J\F
C oL N & OH
32-A 36-A 38

Corapound 36 was obtained from compound 32-A and compound 36-A

as described in the synthesis of compound 32, TH-NMR (400 MHz, CBCL)Y 8 11.37 (6,

20 J=984Hz, 1H), 841 (5, 1H), 7.65 - 744 (m, 1H), 695 (ddd, J = 9.6, 5.6, 2.0 Hz, 1H),
6.92 - 679 (m, 1HY, 6.15 (h, J = 7.4 Hz, 1H), ~6 (br, 1H), 541 {dd. ./ = 9.5, 4.0 Hz,

1H), 531 (t,J=4.0Hz, 1H, 470 (s, 1H}, 434 {dd, /= 128,39 Hz, 1H),4.05({dd, /=

129, 9.4 Hz, 1H), 2.26 - 1.99 (m, 4H}, 1.99 - 1.87 (m, 1H), 1.62 {dt, /= 12.6, 3.4 Hz,
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1), PF-NMR (376.1 MHz, CDCl) 8 -75.23 (t, J = 6.9 Hz, 3F), -76.33 (s, 3F), -

108.31 (m, 1F), ~112.30 {p. J = 8.0 Hz, IF). LCMS-EST' (m/2): [M+H]' calculated for
(33}519}?';\[105 5{){}¥2, found: 500.1.

Example 37

1

Preparation of Compound 37
(35,1 LaR)-N-{1-(2 4-difluorophenyljcyclopropyl3-6-hydroxy-3-methyl-5, 7-dioxo-

2,3,5,7, 11, 1 ta-hexahydrooxazelo{3, 2-apyridol 1, 2-dipyrazine-R-carboxamide

14 37-A

Step 1
Methyl 5-(1-{2 4-difluorophenylyeyclopropyicarbamoyl - 1-{2.2~
dimethoxyethyly-3-methoxy-4-oxo-1 4-dihyvdropyridine-2-carboxvlate (27-B, 0.150 g,

0.32 mmol)y in acetonitrile {1.5 mL) and acetic acid (0.2 ml) was treated with
methanesulfonic acid {(0.05 mL)}, sealed with a yellow cap, and heated to 70 °C. After
16 hours, the mixture was cooled to afford a crude solution of methyl 5-(1-(Z,4-

diftuorephenylicyclopropylearbamoyi}- 1-(2,2-dihydroxyethyl)-3-methoxy-4-ox0-1,4-

&6
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dihydropytidine-2-carboxylate 27-C. LOMS-ESIT (m/4z) [M+H] calculated for
CisH oFa N0 439 found: 439,

Stens 2 and 3

Methyt S-(1-(2,4-diflusrophenylycyclopropylcarbamoyly-1-(2,2~

5  dihydroxyethyl)-3-methoxy-4-o0x0-1,4-dihydropyridine-2-carboxylate  (27-C,  0.32
mmol, the crude mixture from the previous step) was dissolved in acetonitrile (1.5 mL}

and acetic acid (0.2 mL). (S)-2-aminopropan-1-ol {0.04% g, 0.64 mmol} and K,CO;
{0.088 g, .64 mmol) were added to the reachion mixture. The reaction mixture weas
sealed and heated o 70 °C. After 3 hours, the reaction mixiure was cooled and

16 magnestum bromide (0.081 g, (.44 mmol) was added. The mixture was resealed and
heated to 50 °C. After 10 mimutes, the reaction mixture was cooled io 80 °Coand I N
hydrochloric acid (0.5 mL) was added in. Then the rcaction mixture was diluted with
MeOH (2 mL) After filtration, the crude was punified by Prep-HPLC {30-70%
acetonitrilerwater, 0.1% TFA) to afford Compound 37 as a TFA salt. "H-NMR (400
MHz, Methanol-dy) 6 8.31 (s, 1H), 7.62 (1d, J= 92, R.7, 6.5 Hz, 1H), 7.02 - 6,78 {(m,
2H), 5.53 = 520 {m, 1H), 468 {dd, J = 123, 4.2 Hz, 1H). 440 (dg, J = 19.1, 6.7 Hz,
2H, 398 {dd, /= 122, 10.0 Hz, TH), 3.71 (dd. / = 8.3, 6.3 Hz, 1H), 1.41 {d, J = 6.1
Hz, 3H), 1.22 €5, 4H). VF-NMR (376 MHz, Methanol-d;) § ~113.66 ~ -113.95 (m, 1F),
~113.94 ~ 11429 (m, 1F). LCMS-EST (mazy: [M+H] calculated for CrHuFoN1Os:

20 432 found: 432.

p—y
A

Exarsple 38
Preparation of Compoand 38
{18,4R,12aR)-N-(2 4-diflnorobenzyi}-7-hydroxy-6,8-dioxe-1,2,3,4,6,8,12,1 2a-

octehydro-1,4-methanodipyrido 1 2-a:1".2'-d]pyrazine-9-carbuxamide
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Step |

A solution of compound 38-A (1562 mg, 5.79% mmol} (sce Exampie 41b
i WO 97/05139) in THF (10 mL) was stirred at =78 °C as 2.0 M LiBHy in THF (3.2
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 stitred
at room temperature for 17.5 hours. After the reaction mixture was diuted with ethyl
acelate and added waler slowly, two phases were separated, and the separated sgueous
fraction was extracted with ethyl acetate (x 1}). Two organic fractions were washed with
water (X 1), combined, dried (N9;80,), and concentrated. The residue was purified by
CombiFlash (40 g column) using hexanes - ethyl acetate as eluents to afford compound
38-B. "H-NMR (400 MHz, Chloroform-d) 8 4.11 (s, 1H), 3.65 - 3.52 (m, 2H), 3.45 (m,
PH), 232(d, T= 4.0 Hz, TH), 2.20 (s, 1TH), 1.75 - 1.64 {m, 2H), 1.61 (m, 2H), 1.49 -
141 {my, B, 147 {s, 9FD), 1.28 - 1.23 (4, J = 10 Hz, 1H). LOMS-ESY (m/zy [MAHT
cajeulated for CpHa NGO 228.16; found: 227.7.

Step 2

A solution of compound 38B (589 mg, 2.591 mumol) and NEn (047
mk, 3.369 mmol} in CH,C (6 mL) was stirred at 0 °C as MsCl{0.22 mL, 2.842 mmol)

was added. After 1 hour at room temperature, the mixture was diluted with ethyl acetate

8&
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and washed with water (x 2). The aqueocus fractions were exiracted with ethyl acetate (x
1}, and the organic fractions were combined, dried (NazSOs), and concentrated. The

residue was purified by Combt Flash (40 ¢ colunmn) using hexanes - ethyl acetate ag

eluents to afford compound 38-C. "H-NMR (400 MHz, Chloroform-d) & 4.39 ~ 4.28

{m, THY, 416 (5, 0.4H), 4.06 (5, 0.6H}, 398 (dd, /= 10.0, 8.7 Hz, 0.6H}L 3861, /=96

Hz, 0.4H), 3.31 (dd, J = 9.3, 3.7 Hz, 0.6H}, 3.43 {dd, J = 9.3, 3.6 Hz, 0.4H), 3.02 (s,
3H), 2.59 (m, 1H), 1.82 — 158 {m, 4H), 1.51 — 1.44 (m, 9H), 1.41 (d, J = 14.8 Hz, 1H),
1.31 (s, 0.6H), 1.29 (s, 0.4F).

~

Step 3
To a solution of compound 38-C {769 mg, 2.518 mmol.) in DMF (5 mL})

was added sodivm azide (819 my, 12.6 numol). The resction mixture was stirred at 50
°C for 15 hours, at 83 °C for 5 hours, and ar 100 °C for {9 hours. The reaction mixture
was difuted with 5% LiCl solution and the product was extracted with othyl scetate (x
2}. After the orgamic fractions were washed with water (x 1}, the two organic fractions
were combined, dried (NaxSOs), and cowvcentrated. The residue was purified by
CombiFlash (40 g column) using hexanes - ethy! acetate as eluents to afford compound
38-D. "H-MNMR (400 MHz, Chioroform-d) 6 4.16 (s, 0.4H), 4.06 (s, 0.6H), 3.6 {dd, J
= 122, 3.6 Hz, 0.6H), 3.581 {dd, .7 = 12.1, 3.2 Hz, 0.4H)}, 3.38 {dd, J = 9.4, 3.4 Hz,
0.6H), 3.26 {dd, /= 9.8, 33 Hz, 0.4H), 3.06 {dd, /= 12.Z, 9.4 Hz, §.6H), 3.01 - 292
{m, 04H}, 248 (d, /= 5.2 He, 1H), 1.82 - 1.57 {m, 4H), 146 {d, /= 3.0 Hz, OH), 1.42
{m, 1H}, 1.28 {m, 0.6H), 1.27 — 1.23 {m, 0.4H).

To a solution of compound 38D (507 mg, 2.009 mmol,) in ethyl aceiate
{10 mL) and BOH (10 mL) was added 10% PA/C (52 myg ). The reaction mixture was
stirred under H; atmosphere for 1.5 hours, The mixture was filtered through celite and
the filtrate was concentrated to afford crude compound 38-E. LOMS-ESE {(m/z}.
IM+H] calouiated for CpHasN,Gy: 227.18; found: 226.8.
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The maxture of crude compound 38-E (206 rog, 0.910 mmol}, compound
38-F (330 mg, 0.953 mmwel), and NaHCO; (154 mg. 1.833 mmol} in water (3 mL) and
EtOH (3 mL} was stirred at room temperature for 20 hours. After the reaction mixture
vas diluted with water and extracted with ethyl acetate (x 2), the extracts were washed
with water (x 1}, combined. dried (Na,SQy4), and concentrated to afford the crude
pyridine product.

The crude residue (38R myg) was dissolved in CHCl {4 wl) and 4 N
HCE in dioxane {4 mb). After 1.5 hours, additional 4 N HCL in dioxane (4 ml) was
added and stirred for 1 hour at room temperatare. The mixture was concentrated to
dryness, coevaporated with tohiene (x 1) and dried in vacuum for 30 minutes.

The crude residuce and [,8-diazabicycloundec-7-ene (DBU) (1.06 mi,
7088 mmol} in toluene (10 mb) was stirred at 110 °C bath. After 30 minutes, the
puxture was concentrated and the residue was purified by CombiFlash (40 g columm}
using ethyl acetate - 20% MeOH/ethyl acctate as eluents to obtain compound 38-G.
B-NMR (400 MEz, Chioroform-d) § 8.03 (s, 1H), 7.68 - 7.58 (m, 2H}, 7.36 - 7.27 {m,
3HD, 5.534(d, J= 99 Hz, TH) 511 (. J = 9.9 He, 1H), 493 {s, 1H), 443 - 430 (m,
2HDY, 389 (dd, J= 122, 33 He, TH)Y, 373 (0, J = 120 He, 1H), 3.59 (dd, F=11.9,3.3
Hz, 1H), 2.53{d, J=2.8 Hz, 1H), 1.87 - 1.67 {m, 4H}, 1.55(d, J = 10.0 Hz, 1H)y, 1.51 -
145 (m, 1H), 138 (t, I = 7.1 Hz, 3H). LOCMS-ESI (m/A): [M+HT calculated for
CopaHysMN2Gs: 409.18; found: 409.2.

Step

The raixture of compound 38-G (232 mg, 0.368 myuol} io THF (3 mL)
and MeOH (3 mL) was stirred at room temperature as 1 N KOH (3 mlL) was added.
After 1 bour, the reaction wuxfure was neutralized with 1 N HC] (~3.1 mL
concentrated, and the residue was concentrated with toluene (x 3). After the residue was
dried in vacuum for 30 minutes, a suspension of the crude residue, 2,4-
diflucrobenzylamine {86 mg, 6.681 mmol), and HATU {266 mg, §6.700 mmel) were in
CHLCl (4 mL) and DMF (4 mL) was stirred at 0 °C as N, N-diisopropylethylamine
{DIPEAY (0.7 wmi, 4019 mmol) was added. After 45 minutes, additional 24-

diftuorobenzylamine (86 mg, 0.559 mmel), HATU (266 mg, 4.700 mmol), and NN-
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dilsopropylethylansine  (DIPEA) (0.7 ml, 4.019 wwol) were added at room
temperature. After 1.25 bours, the mixtore was concentrated o remove most of CHCly,
diluted with ethyl acetate, and washed with 5% LiC (x 7). After the aqueous fractions
were extracted with ethyl acetate (x 1), the organic fractions were combined, dried
{(Na2804), and concentrated. The residue was purified by Combiflagh (40 ¢ column}
using ethyl acetate -20%MeOH/ethyl acetate as cluents to afford compound 38-H. 'H-
NMR (400 MHz, Chloroform-d) 6 10.48 (1, I = 6.0 Hz, 1H), 8.33 (s, 1H), 7.62 - 7.51
{m, 25}, 740 - 7.27 {m, 4H), 6.87 - 6,75 (m, 2H), 539 ¢d. I= 10.0 Hx, TH), 5.15(d, I =
10.0 Flz, 18, 4.92 (s, TH), 4.68 - 453 {m, 2H), 397 {dd, Y= 12.5, 3.4 Hz, 1H}, 3.77 ¢,
F= 122 He, 1H), 355 (dd, J =121, 3.3 He, 1H), 2.53(d, J= 3.1 Hz, 1H), 188 - 1.62
{ro, 4H), 1.59 - 1.42 (m, 2H). PR ONMER (376 MHz, Chloroform-d} 8 ~112.17 (g, 1 = 7.6
Hz, 1F), -114.79 (g, J = 8.6 Hz, 1F). LOMS-ESI (m/az): [M+HT calculated for
C28HZEFINRO4: 506.19; found: 506.2.

Compound 38-H (240 mg, 0.475 yorool) was dissolved in TFA (3 mL) at
room teroperature for 30 minutes, and the solution was concentrated, The residue was
purified by CombiFlash (40 g column} using CHLC-20% MeOH in CHCL, as eluents.
After the coilected product fractions were concenirated, the residue was iriturated in
MeCN {~2 mL} at 0 °C for 15 munutes, and the solids were filtered and washed with
MeCN. The collected solids were dried invacuum to afford compound 38.

The filtrate was concentrated, and the residuc was dissolved in MeCN
{~1 mL) and water (~1 ml} by heating. The solution was slowly cooled to room
temperature and then in ice bath for 15 minutes. The solids were filtered and washed
with MeCN, and dried in vacuum to afford additional compound 38, "H-NMR (400
MHz, Chioroform-dy & 11.68 {5, 1H}, 10.42 (s, TH}, 827 {s, 1H), 741 - 7.3 {m, TH).
6.86 - 6.73 (m, 2H)L 490 (d, I =25 Hz, 1H), 4.71 - 4.53 {m, 2H}, 4.07 (d, } = 10.6 Hz,
1H), 3.90 - 3.67 {m, 2H), 2.68 (s, 1H), 2.01 {s, 1H}), 1.97 - 1.80 (m. 3H), 1.80 - 1.62 (m,
2H). PF-NMR (376 MHz, Chloroform-d) & -112.28 {m, 1F), -114.74 {m, 1F). LCMS-
ESI' (m/z): {3‘:{'?“‘§{j+ calculated for CyHoF ;N304 416.14; found: 416.3.
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Exampies 3% and 40
Preparation of Compounds 39 and 40
(2R,38,5R, 13a5)-N-(2 4-difluorobenzyl }-R-hydroxy-3~-methyl-7,9-dioxo-
2,34,5,7.9,13,13a-nctahydro-2,5-methanopyride[ 1,24, 5 ipyrazino[2,1-
5 bli1,3joxazepine-10-carboxamide 3% and (25,3R.58,13aR)-N-(2 4-difluorobenzyl)-8-
hydroxy-3-methyl-7,9-dioxo-2,3.4,5,7,9,13, 1 3a-octahydro-2,5-
cthanopyride] I',274, 5 pyrazine[2,1-b} 1. 3joxazepine- 1 0-carboxamide 40
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Cuprous cyanide {290 mg, 3.27 mmol) was suspended in 3.3 mi THF
and cooled to -78 °C. A 1.6M solution of Meli (4.1 mL, 6.56 mmol} in diethy! ether
was added dropwise, the reaction solution was allowsd to warm to room temperature
over the cowrse of 2 hours, and recooled to -78 °C. Tert-butyl (IR,3R,38)-6-
oxabicyclo[3.1.0Thexan-3-yicarbamate {330 mg, 1.66 mmol) was added dropwise in 3.3
ml THF, followed by boron triflucride diethyl ctherate {0.25 mL, 1.99 mmol)}, allowed
to warm to -30 °C over 30 minutes, and stirved between =35 °C and -25 °C {or one bowr,
The reaction solution was then warmed © room temperature and quenched with a
mixture of saturated NHi{aq)/NH4{aq}, extracted to EtOAc, washed with brine, dried
over Mg8G4, filtered, concentrated, and purified by SGC (§-10% EOH/DCM) to
afford racemic tert-butyl (18,3848)-3-hydroxy-4-methyleyclopentylcarbamate. "He-
MMR (400 MHz, Chloroform-dy & 5.16 (s, 1H), 3.98 (s, 1H}, 3.74 (g, J = 4.3 Hz, 1H),
3.65{q,J=7.0Hz 1H), 2.23 {dr, /= 14.¢, 7.0 Hz, 1H), 1.98 (dt, /= 13.3, 7.0 Hz, 1H),
189 — 170 {m, 1H), 158 — 1.44 (m, 1H), 138 (s, 9H), 1.18 {1, /= T7.0 Hz, 1H), 0.91 (4,
J=7.0Hz, 3H).

3 mL HCVdioxane (4M, 12 mmol} was added to a solution of racemic
tert-butyl (18,385,48)-3-hydroxy-4-methyleyelopentylcarbamate {182 mg, 0.85 mmol) in
3 mL dioxane. The reaction mixture was stirred at room temperature for 2 hours,
concentrated and twice chased with toluene to afford racemic (15,2548 -4-amino-2-

methyleyclopentanol.

Step 3

Methyl 5-{2.A-difluorobenzylcarbamoy}- 12, 2-dibydroxyethyl)-3-
methoxy-4-oxo-1,4-dibydropyridine-Z-carboxylate (1-C, 310 mg. €.75 mmol}, racemic
{1S,25,48 -4-amuno-2-methyicyclopentanol {115 mg, (.76 mmel), and potassiom
carbonate (232 mg, 1.68 mmol) were taken up in 3.8 mL acctonitrile/0.2 mL acetic acid
and stirred at 90 °C for 2 hours, after which the reaction mixture was partitioned

between DCM and brine, the agueous phase extracted to DOM, combined organic
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phases dricd over MgSQy, filtered, concentrated, and purified by SGC (0-10%

BrOH/DCM) to afford intermediate 3%-A.

Step 4

intermediate 39-A (120 mg) was separated by chiral Prep-HPLC on a
Lox Cellulose-2 column using 9:1 ACN:MeQOH as cluent to afford Intermediates 38-B
(first cluting peak) and 48-A {second cluting peak) in enantioenriched form. For
intermediate 39-B: (absolute stereochemtstry confirmed by XRay crystallography),
Chiral HPLC retention time = 398 minutes {Lux Cellulese-2 1T, 150 x 4.6 mm, 2
mi/min @1 ACN:MeOH). For intermediate 40-A: (absolute stereochemistry confirmed
by XRay crystallography), Chiral HPLC retention time = 6.35 minutes (Lux Cellulose-

210, 1530 x 4.6 mum, 2 mb/min 9:1 ACN:MeOH).

Magnesium bromide {68 mg, 0.37 mumol) was added to & solution of
mtermediate 39-B (83 mg, 0.18 mmol} in 2 ml acetonitrile. The reaction mixiure was
stirred at 50 °C for | hour, acidified with 10% aqueous HCI, partitioned between the
aqueous and dichloromethane, and the aqueous phase extracted to dichloromethane.
The combined organic phases were dried over MgSO4, filtered, concentrated, and
purified by silica get chromatography {0-10% EtOH/DCM) to afford compound 3%. 'H-
NMER (400 MHz, Chloroform-d) 8 12.32 (5, 1H), 10.36 (s, 1H), 8.29 (s, 1H), 744 ~
7.33 (m, IH), 6.88 — 6.76 (m, 2H), 537 (dd. T = 9.5, 4.1 He, 1H), 5.28 (1, J = 5.3 Hz,
1), 463 (d, J= 5.9 Hz, 2H), 423 (4, J = 25.0 Hz, 21}, 3.99 (dd, J = 12.7, 9.5 Hz, 1H),
372 (g, J = 7.0 He, 1H), 251 (dg, J = 137, 6.8, 6.1 Hz, 1H), 2.15 {ddd, J = 14.7, 8.3,
23 Mz, 1H), 1,94 (d, =127 He, 1H), 177 (ddd, J = 12.7, 4.6, 2.9 Hz, 1), 1.61 (dt, J
= 14,6, 5.2 Hz, 2H), 1.24 (4, J = 7.0 Hz, 1H), 1.09 (4, ] = 7.2 Hz, 3H). LOMS-ESI
{m/zy, [IMTHT caiculated for CoHpnFaN-Os: 446.15; found: 446.2.

Step 5b
Magnesium bromide (59 mg, 0.32 mmol) was added to a solution of
ntermediate 464 (70 mg, 0.15 mmwol) in 2 mi. acetonitrile. The reaction mixture was

stirred at 50 °C for 1 hour, acidified with 10% aqueous HCL, partitioned between the
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agueous and dichloromethane, and the aqueous phase extracied to dichloromethane,
The combined organic phases were dried over MgSOy, filtered, concentrated, and
purified by silica gel chromatography (0-10% EtOH/DCM) to afford compound 46, "H-
NMR (400 MHz, Chloroform-d) 6 1232 (s, TH), 10.36 (s, 1H), 8.29 (5, 1H), 7.44 -
7.33 {m, 1H), 6.88 - 6.76 {m, 2H), 537 (dd, J= 9.5, 4.1 Hz, 1H), 5.28 {t, /= 5.3 Hz,
iH), 4.63 {d,J =509 Hz, ZH), 4.23 (d, /= 23.0 Hz, 2H), 3.99 (dd, /= 12.7, 9.5 Hz, 1H},
372 (q. /= 7.0 Hz, 1H), 2.51 {(dg, J= 13,7, 6.8, 6.1 He, IH), 2.15 {ddd, J = 14.7. 8.3,
2.3 iz, 1), 194 (d, /=127 Hz, 1HD), 177 (ddd, J = 12.7, 4.0, 2.9 Hz, 1H), 1.61 (dt,J
- 14,6, 5.2 He, 2H), 1.24 (6, J = 7.0 Hz, 1H), 1.0% {d, J = 7.2 Hz. 3H). LCMS-EST”

{m/zy, [Mr+ H’ caleulated for CoHopFaNsOer 446.15; found: 446.2,

Example 41
Preparation of Compound 41
{1R.48,12aR}-7-bydroxy-6,8-dioxo-N-(2 4, 6-trifluorobenzyl)-1,2.3,4,6,8,12,12a-

octahydro-1,4-methanodipyridof 1,2-a:1".2'-d]pyrazine-9-carboxamide
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Step 1
A solution of the 41-4 (2020 mg, 7463 mmol) (prepared by the same
method 2g 38-A) in THF {14 mL) was stirred at § °C as 2.0 M LiBH, in THF (7.5

[ 4

15 mmol} was added. After the resulfing mixture was stirred at vt for 21 h, it was
cooled at 0 °C and diluted with EA before water was added slowly to guench. Afler
two phases were separated, the agueous fraction was extracted with EA (x 1) and the
two organic fractions were washed with water {x 1), combined, dried (NaS04}, and

concentrated. The residue was purified by CombiFlash (120 ¢ column) using hexanes -
10 EA as cluents to get 41-B. LOCMS-EST (m/z): [M-CyHe+HT calculated for CoHiaNOs:

172.10; found: 171.95,
Sigp 2

A 100-mL round bottom flask was charged with reactant 43-B (1.6 g,

7.05 mmol) and triethylamine {6.94 g, 9.3 mmol) in. DCM (20 ml.). Methanesuifonyt
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chloride (0.91 g, 8.0 mmol) was added to the reaction mixture, Then the reaction
mixture was stirred at room femperatore for 3 howurs. The muxture was diluted with BA
{100 mL} and washed with water (2x}. The aqueous fractions were extracted with EA
{1x), and the organic fractions were combined, dried (Na2804), and concentrated. The
esidue was purified by Combi Flash (120 g column, cartridge used) using hexanes -
EA as eluents to afford 41-C. LCMS-ESI (n/z): [M+HT calculated for CisH oF,N20O:
306; found: 306.

A 100-mL  round botiom flask was charged with reactant 43-C (2.1 g,
6.9 mumol) and sodium azide (2.3 g, 34.5 mmol} in DMF (10 mL}. Then the reaction
mixture was stirred at 100 'C for overnight. The mixture was diluted with EA (100 mL)
and washed with water (2x). The aqueous fractions were extracted with EA {(Ix), and
the organic fractions were cornbined, dricd (Na;SQ4), and concentrated. The residue
was purified by Combi Flash (120 g cohomm, cartridge used)} using hexanes -~ EA ag
eluents to afford 41-Dy. LOMB-ESE (m/z) [M+H] calculated for CiaHoFoNaOg: 253;

found; 253,

Step 4

To a solution (purged with N7) of reactant 43-D (1.3 ¢} in EA (20 mL)
and EtOH (20 mL) was added PA/C {130 mg). The mixture was stirred under H; for 3
hours. The mixtore was filtered through celite and the filtrate was concentrated to afford
compound 45-F. LCMS-EST (m/z): [M+H]' caleulated for CxH 1oF,NoGy: 227; found:

227.

A 100-ml round bottom flask was charged with reactant 41-E (1.05 g,
462 mmol} and reactant 38-F (1.6 g, 4.62 nunol) in Ethanol (20 mbl) Sodium
bicarbonate (0.77 g, 9.2 mumol) in water (20 mL) was added to the reaction mixtore,
Then the reaction mixture was stirred at room temperature overnight. The mixture was
diluted with EA (100 ml) and washed with water (2x). The aqueous fractions were

exiracted with EA (1), and the organic fractions wore combined, dried (Na2804), and



Ly

10

WO 2014/160323 PCT/US2013/076367

concentrated. The crude product (2.4 g) was used for next step withoat further
purification. LOMS-ESTT Oniz): [MHT caloulated for CeH0FaNoOy: 556 found: 536,

A 100-mL round bottom flask was charged with the crude product from
the previous reaction in 4 N HC1 /dioxane (24.7 mL). Then the reaction mixture was
stirred at room temperature for 1 hour. After concentration, the intermediate (2.1 g) and
DRU (3.27 g, 21.5 mmol} in tolucne (30 mL) was heated to 110 °C with stirring for 1
bour. After copceniration, the residue was purified by CombiFlash (120 g column)
using hexanes - ethyl acetate as efuents to afford 41-F. LOMS-ESE (mz) [M+HT
caloulated for CiaHioFoNaThy: 409 found: 409,

Step &
A 100-mL round bottom flask was charged with rcactant 41-F (0.5 g,
22 mmol) m THF (5 mL) and MeOH (5 mL). 1 N KOH (3.7 was added to the

reaction mixture, Then the reaction mixture was stirred at room temperature for 1 hour,
The reaction mixture was acidified by adding I W HCl (3.7 mL), concentrated to
remove most of organic sofvents, and extracted with EtOAc (2 X). The organic layers

were combined, dried (NaxSQO4), and concentrated to afford compound 41-G.

Step 7

A 100-mL round bottom flask was charged with reactant 41-G (0.14 g,
0.37 mmol), (2,46-uifluorophenylimethanamine {0.12 g, 0.73 mmol), NN-
diisopropylethylapune (DIPEA) (0.24 g, 1.84 mmol) and HATU (0.28 g, 0.74 mmol)
were dissolved in DOM (5 mb). The reaction mixtore was stirred at room temperature
for 2 houwrs. The mixture was dituted with EA (100 ml) and washed with saturated
WNaHCO: (2x), saturated NFLC (2x) and dried over Na,SO4 After concentration, the
crude was purified by column chromatography on silica gel with hexane-EtOAc o
afford compound 41-H. LCMS-ESI (mz): [M+H] calculated for CiHoF N0

524.5; found: 524.5.
Step 8
A 30-mL vound bottom flask was charged with reactant 41-H (0.13 g,

0.25 mmol} in TFA (2 mL). The reaction mixture was stirred at room temperature for

9%
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30 mavutes. Afier concentration, the crude was purified by colurmn chromatography on
silica gel with FtOAc-MeOH io afford compound 41  "H-NMR (400 MHz,
Chioroform-d) & 11.61 {5, 1H), 10.70 - 10.01 {m, 1H), 826 (5, 1H), 6.65 (1, ] = &.1 Hz,
2H), 4.88 (8, [H), 4.65 (dd, J = 6.1, 2.4 Hz, 2H), 4.07 (d, } = 10.9 Hz, 15}, 3.93 - 3.58

5 (m, 2, 267 (d, J = 3.1 Hz, 1H), 2.08 - 1.41 (m, 7H). "F-NMR (376 MHz,
Chloroform-d} 6 -109.22 (d. } = 11.6 Hz, 1F), -111.04 - -112.79 {(m, 2F). LCMS-ESY”
{(m/z); [M+H] caleulated for Cp HyoFaNsOs: 434.; found: 434

Example 42
Preparation of Compound 42
10 (2R,38,13aR }-R-hydroxy-7,9-dioxo-N-(2,4,6-triffuorobenzyi)-2,3,4,5,7,9,13,13a-

octahydro-2,5-methanopyrido] I',2%4, 5 pyrazino[2, 1-b][ 1,3 Joxazepine- { (-carboxamide

H O F

1oH I

/ ”h\g(%/\o FrNE
MO0 OH

42
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step 1
1-(2,2-dimethoxyethyl -S-methoxy-6-(methoxycarbony-4-ox0-1,4-
5 ihydropyridine-3-carboxylic acid (3.15 ¢, 10 mmol) in acetonitrile (36 ml} and acetic

acid (4 mL) was treated with methanesulfonic acid {0.195 mL, 3 mmotl) and placed in a
75 deg C bath. The reaction mixture was stirred for 7 b, cooled and stored at -10 °C for
3 days and rehested to 75 °C for an additional 2 h. This material was cocled and
carried on crude to the next step.
10
rode reaction mibxture from step 1 (20 mi, 4.9 mmol} was wansferred
to a flask containing (1R.38)-3-aminocyclopentanc! (0.809 p, § mmeol}. The mixture
was diluted with acetonifrile (16.8 L), treated with potassivtn carbonate (0.553 g, 4
15 mumol) and heated to 85 °C. After 2 h, the reaction mixture was cooled to ambient
temperature and stirred ovemight. 0.2M HCI (50 mb) was added, and the clear yellow
solution was extracted with dichloromethane (2x150 mL). The combined organmic

lavers were dried over sodium sulfate, filtered and concentrated to 1.49 g of a light

o
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orange solid. Recrystallization from dichlormethane:hexanes afforded the desived
intermediate 424  LOMS-ESY (m/a) [M+HT caloulated for CsHimN2Og 32111

found: 321.3,

Intermediate  42-A (0225 g, 0702 mmol) and  (24.6-
iriftaorophenylmethanamine (0.125 g, ¢.773 mmol) were suspended in acetonitrile (4
mL} and treated with N N-diisopropylethylamine (DIPEA) (0.183 mmol, 1.05 mmol).
To this suspension was added (dimethylamino)-N,N-dimethyl(3H-{1,2,3 kiriazolof4,5-
blpyridin-3-yloxy ymethanimintum hexafluorophosphate HATU. 0.294 g, 0.774 mmol).
After 1.5 hours, the crude reaction mixture was taken on to the next step. LOMS-EST

(m/z): [M+HT caloulated for CpHy FaNaOs: 464:14; found: 464.2.

To the crude reaction mixture of the previous step was added MgBr
(0,258 g, 1.40 mmol). The rcaction mixture was stired at 50 °C for 10 minutes,
acidified with 10% aqueous HCL and extract twice with dichloromethane. The
combined organic phases were dried over MgSQy, filicred, concenirated, and purified
by silica gel chromatography (EtOH/dichlormethane) followed by HPLC (ACN/H,O
with 0.1% TFA modifier) to afford compound 42; "H-NMR (400 MHz, DMSO-ds) 8
1243 {5, IHD), 10.34 (t, /= 5.7 Hz, 1H), 842 (s, 1H), 7.19 (1, J = 8.7 Hz, 2H), 5.43 {dd,
J=935,4.1 Hz, TH}, 508 (s, 1H), 4.66 (dd, /= 12.9, 4.0 Hz, 1H), 4.59 (s, 1H), 4.56 ~
445 (m, ZH), 4.0} (dd, J = 12.7, 9.7 Hz, 1H), 1.93 (s, 4H), 1.83 (d, J = 12.0 Hz, 1H),
156 (dt, J = 120, 34 Hz, 1H). LCMS-ESI™ (ms) [M+HD calculated for
ConHisb N0y 456,13, found: 450.2.

Example 43
Preparation of Compound 43
(12aR)-N-((R}-1-(2.4-difluorophenyliethyl)-7-hydroxy-6,8-dioxo-1,2.3,4,6.8,12,12a-

octahydro-1,4-methanodipyridof 1,2-a:1',2'-dpyrazine-S-carboxamide
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Siep 1

A 168-mL round bottom flask was charged with reactant 41-G (0.14 g,
.37 romol), (R)y-1-{24-diflucrophenyiethanamine (012 . .74 womeol), ANA-
diisopropylethylamine (0.24 g, 1.84 mmol) and HATU (8.28 g, 0.74 mmol) and were
dissolved in DUM {5 ml.}. The reaction mixture was stirred at room temperature for 2
bours. The mixture was diluted with EA (100 mL) and washed with saturated NaHCO;
{2x), saturated NH4Cl (2%) and dried over Na;SO4. After concentration, the crude was
purificd by column chromatography on silica gel with hexane-EtOAc o afford

compound 43-A. LOMS-EST' (m/z): [M+HT calculated for CiaHioF:NoOy: 520; found:

A 3(-mL round bottom flask was charged with reactant 43-A (0.14 g,
0.27 mamoly in TEA (2 ml) The reaction mixture was stirced at room teraperature for
30 minutes. After concentration, the crude was purified by column chromatography on
sitica gel with EtOAc-McOH to afford compound 43, ‘H-NMR (400 MHz,
Chloroform-d) & 11.63 {s, 1H), 10.57 (s, 1H). 8.22 (s, 1H), 7.31 {m, 1H)}, 6.99 - 6.62 {1n,
2H), 5364532 (m, TH), 490 (d, F=2.7 Wz, TH), 404 (4, = 11.5 Hz, 1H), 3.93 - 3.63
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(m, 2H). 2.67 (s, 1H), 2.08 - 1.40 (m, 9H). PF-NMR (376 MHz, Chloroform-d) & -
113.09 (m, 1F), 11501 {m, 1F). LOCMS-ESI™ (mA) [MHH]" calculated for
CortpeFoN:0s: 430, found: 434,

Example 44
5 Preparation of Compound 44
{13a8)-8-hydroxy-7,9-dioxo-N-{2,3 4-trifluorobenzyl}-2,3,4,5,7,9.13, 1 3a-octahydro-

e 11

2, 5-methanopyridof 1.2%4, Sfpyrazinof 2, 1-b1{ 1 3joxazepine-10-carboxamide

H o i
\\;;/ \KA'\N/%{}T, \a i,.:':j\
B e

Mo oH F
44
o

H.H E H o
LN O OIS

N A Ay : 4o N A A T
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Ho o ¢ "o oo

15-8

19

Compound 15-B (40 mg, 0.12 mmol) was taken up in 1 mL acetoniirile

and treated with 2,3, 4-triffuorobenzylamine (29 wmg, .18 mmol), HATU (33 mg, 0.14
mmol}, N N-ditsopropylethylamine (BIPEA) (20 mg, .16 mmeol). and stirred at room

15 temperature for 2 hours, after which LUMS analysis revealed complete consumption of
compound 15-B and formation of intermediate 44-A. The reaction mixture was carried

onta the next step.

103



WO 2014/160323 PCT/US2013/676367

To the crade reaction solution of the provious step was added MgBr, {63

mg, (.34 mmol}. The reaction mixture was stirred at 58 °C for one howr, acidified with

10% aqueous HCI, partitioned between the aqueous and dichloromethane, and the

5 agueous phase extracted to dichlorornethane. The combined organic phages were dried

over MgSQy, filiered, concentrated, and purified by HPLC (ACN/H,Q with 0.1% TFA

modifier} to compound 44. "H-NMR (400 MHz, DMSO-ds) 8 12.45 (s, 1H), 1038 (4. J

< 6.0 Hz, 1), 8.43 (s, [FD), 7.27 (. J = 9.2 Hz, 1H), 7.16 (g, J = 8.5 Hz. 1H), 5.42 (dd,

J=9.5, 4.0 Hz, 1F), 5.08 (s, 1}, 4.76 — 4.47 (m, 4H), 4.0} (dd, J = 12.8, 9.7 Hz, 1H),

10 1.92 (s, 4H). 182 (d, J = 12,1 Hz, 1H), 1.55 (dt, / = 12.2, 2.9 Hz, 1H). LOCMS-ESH
{m/z}: {E\/}H{Z’* caleulated for CoiHoFaN1(4: 430.13; found: 450.2.

Example 45
Preparation of Compound 45

{(13a8)-8-hydroxy-7,9-dioxo-N-(2,4,6-trifluorobenzy}-2,3,4,5,7,9,13,13a-octahydro-

o)
A

2,5-methanopyrido{ 1,274, Sjpyrazinol2,1-b}[ 1,3 Joxazepine-10-carboxamide

*fof/\
EN L /\Li
HO OH
45
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Corapound 15-B (38 mg, (.12 mmol) was taken up in [ mL acetonitrile
and treated with 2,4,6-tfriflucrobenzylamine (34 mg, 0.21 mmel), HATU (50 mg, 0.13
mmol), N N-diisopropylethvlamine (BIPEA} (23 mg, (.18 mmol), and sifrred at room
temperature for 2 hours. after which LCMS analysis revealed complete consumption of
compound 15-B and formation of intermediate 45-A. The reaction mixture was carried

onto the next step.

To the crude reaction soiution of the previous step was added MgBrs (53
mg, .30 mmol). The reaction mixture was stirred at 50 °C for one hour, acidified with
10% aqueous HCI, partitioned between the aqueouns and dichloromethane, and the
aqueous phase extracted with dichioromethane. The combined organic phases were
dried over MgSQOs, filkered, concentrated, and purified by HPLC (ACN/H,C with 0.1%
TFA modifier) to afford compound 45. "H-NMR (400 MHz, DMSG-ds) 6 12.37 (s,
IH), 10.37 - 10.25 {m, 1H), 8.37 (s, 1H), 7.14 (4, J= 8.7 Hz, 2H}, 5.37 (dd, /= 9.5, 4.0
Hz, 1H), 5.02 (s, 1H), 4,66 — 4.40 (m, 4H}, 3.95 (dd, J = 12.8, 9.6 Hz, 1H}, 1.R7 (s, 4H),
177 (d, J= 11.9 He, TH), 1.50 (dt, /= 11.8, 3.2 Ha, 1H). LCMS-ESY (n/a2): [M+HT
calculated for Cy HiolFaNsOs: 450,13, found: 450.2.

Example 46
Preparation of Compound 46
{13a8)-N~{2,6-diflucrobenzyl)-8-hydroxy-7 9-dioxo-2,3,4,5,7,9,13,13a-0ctahydro-2,5-

methanopyrido[1',2":4,5pyrazino[2,1-b][1,3Joxazepine-10-carboxamide

H _H ji N
'x\:m\ﬁ, NP LIS
! i 1
Ho o OH
46
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Step 1

Compound ¥5-B (38 mg, 0.12 womool) was taken up in 1 mlb acetonitrile
and treated with 2,6-difluorobenzylarmne (19 mg, 614 mmol), HATU {36 mg, 0.15
mmol), N, N-diisopropyiethylamine (DIPEA) (20 mg, 0.15 mmol), and stirred at room
termperature for 90 minutes, after which LOMS analysis revealed complete consumption
of compound A and formation of intermediate 46-A. The reaction mixture was carricd

onto the nexi step.

To the crude reaction solution of the previous step was added MgBr; (50
mg, $.27 mmol). The reaction mixiure was stirred at 50 °C for one hour, acidified with
10% aqueous HCIL partitioned between the aqueous and dichloromethane, and the
agqueous phase exfracted with dichloromethane. The combined organic phases were
dried over Mg8Qy, filtered, concentrated, and purified by HPLC (ACN/HO with 0.1%
TFA modifier) to afford compound 46. "H-NMR (400 MHz, DMSO-d,} 8 12.37 (s,
1H), 10.33 - 10.26 (m, 1H), 837 (s, [H). 739~ 7.29 (m, 1H), 7.05 (1, J = 7.9 Hz, 2H),
3.37 (dd. J = 9.5, 4.1 He, 1), 5.02 (s, TH), 4.66 — 445 (m, 4H),3.95(dd, J= 127,96
Hz, 1H), 1.87 (s, 4H), 1.77 (d, J = 12.0 Hz, 1H), 1.50 (dt, 7 = 12.2, 3.5 Hz, 1H).
LCMS-EST™ (m/2): [M+HT caloulated for CoiFHaokF N3O 432.14; found: 432.2
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Example 47
Preparation of Compound 47
IRA45,12aR)-N-(2 4-difluorobenzy!)-7-hydroxy-6,8-dioxo-1,2,3 4,6,8,12,1 2a-
)

octahydro-1,4-methanodipyridof 1,2-a:1' 2"-d|pyrazine-9-carboxamide

F
HoH
1\‘1“”_%/‘\ N ,/‘\ u\ g /\\Yl/i\\]
H‘;\—{TNQ SSn L\”’/Jl‘F
¢ OM
47
¢
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Z Xy T E i
Kif N OH . (/\r{/ ﬁ S
H‘i \ﬂ/ 0 24-diflucrobenzylamine 3“""“ N N E
© OBn HY o c:san
434G GT-8
HoH i i
TEA f**f/”‘“N’:‘I"LN“\l N
T 4 H L
W "y No ~IF
G OH
47

Step 1

The crude acid 41-G (0.45 g, 1.18 mumol), 2.4-diflucbenzylamine (0.35
g, 2.44 mmol), N,N-diisopropylethylamine (DIPEA) (0.79 ¢, 6.11 mmol) and HATU
{0.93 g, 2.44 mmol) were dissoived in DCM (10 mbL ), The reaction mixture was stirred
at room temperature for 2 hours. The mixture was diluted with EA (100 mi) and
washed with saturated NaHCO: (2x), saturated NH.Cl (22) and dried over NapSO,.
After concentration, the crude was purified by column chromatography on silica gel
with hexane-EtOAc to afford compound 47-A. LEMS-EST (m/a): [M+HT calculated
for CsHoF N0y 506, found: 506.
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A 50-mL round bottom flask was charged with reactant 47-A (0.5 g,
0.9% mmol) in TFA (6 mL). The reaction mixture was stirred at room temperature for
30 minutes. After concentration, the crude was purified by column chromatography on
sitica gel with EtOGAc-MeOH to afford compound 47. "H NMR (400 MHz,
Chloroform-d) & 11.70 (s, 1H), 10.44 (s, 1H)}, 8.29 (s, 1H), 7.60 - 7.29 (m, 1H}, 6.95 -
6.58 {m, 2H), 4.10 (s, 1H}, 4.02 - 3.54 (m, 3H), 2.68 (d, } = 3.1 Hz, 1H), 2.00 - 1.40 (m,
8H). PF NMR (376 Mz, Chloroform-d} § -112.31 (¢, J = 8.0 Hz, IF), -114.77 (d, J =
8.4 Hz, 1F)., LCMS-ESI (m/4): [M+H] caleulated for CyHaoFoNa0s: 416, found:
10 416

(¥

Example 48
Preparation of Compound 48
{15,4R,12a8)-N-(2 4-difluorobenzyl}-7-hydroxy-6,8-dioxe-1,2,3.4,6,8,12,1 2a-

octahydre-1,4-methanodipynidef 1,2-a:1".2"-dpyrazine-9-carboxamide

13
O3
4 !
O OH
48
HoH 0 A
COsEL <
E‘l B H H &,&\ ‘Z/\NA\\‘ N /&
e NS SER®
gy ~—— oy OH e TN 0 F
H }“F’h ?j‘ “Boc o OH
458 48~8 48
20

48-B was prepared analogously to 55-H in Example 33, substituting 48-
A for 35-A. Compound 48 was prepared as deseribed for compound 38 in Example 38,
substituting 48-B for 38-B to afford compound 48. "H-NMR (400 MHz, Chioroform-
dy 8 11.79 (s, 1H), 1044 (m, 1H), 833 (s, 1H), 7.42 - 7.31 {m, 1H), 6.86 - 6.74 (m,
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2H), 4.74 (s, 1H), 4.63 {(d. I = 5.8 Hz, 2H)}. 4.19 (m, [H), 4.07 - 4.03 (m, 2H), 2.83 (s,
1H), 1.92 — 1.68 (m, 6H). PF NMR {376 MHz, Chloroform-d) 5 -112.3 (m, 1F), -114.8
{(m, IF). LCMS-EST" (mzy: [M+H] calculated for CpHapnFaNsGyr 416.14.; found:

416.07.
5
Example 49
Preparation of Compound 4%
(28,5R,13aS8)-8-hydroxy-7,9-dioxo-N-(3~{trifluoromethyDpyridin-2-yhmethyl)-
2,3.4,5,7.9,13,3a-octahydro-2, 3-methanopyrido{ 14,274, S Jpyrazine[2, I -
10 bi[1,3loxazepine-10-carboxamide
" 0 CF,
N Xy X
e
Ho OH
49
2ot i CFs H o H e
YN 0H HATU SN N
NS S D iR W SN N
O O =
158 X )
Yol P&
MgBr, : ”“*g/\'N/\\ N~ \}
------------------ w {\) N}H\lo H N\’?/,J
|
HO OH 4
Step L
15 Compound 15-B (44 mg, (.14 mmol} was taken up in I mL acetonitrile

and treated with (3~{trifluoromethylipyridin-2-yhmethanamioe (38 mg, .18 mmol, HCL
sait), HATU (69 mg, §.18 mmol), N,N-diisopropylethyviamine (DIPEA) (0.07 mL, 0.40
mmol}, and stired at room temperature for 1 hour, after which LCMS analysis revealed
complete conswmption of compound 15-B and formation of intermediate 49-A. The

20 reaction mixture was carried onto the next step.

109



WO 2014/160323 PCYT/US2013/076367

Step 2
To the crude reaction solution of the previous step was added MgRr, (51
mg, .28 mmol). The reaction mixture was stirred at 30 °C for 90 minutes, acidified

with 10% aqueous HC, partitioned between the aqueous and dichioromethane, and the

L

aqueons phase extracted with dichloromethane. The combined organic phases wer
dried over Mg30,, filtered, concentrated, and triturated by methanol followed by
diethy! ether to afford compound 49, "H-NMR (400 MHz, DMSO-ds) 8§ 12.42 (s, 1H),
10.80 ~ 16,70 {m, 1H), 8.83 {d, J = 5.0 Hz, TH), 844 (s, 1H), 8.19{d, J = 8.6 Hz, 1H),
7.56 (dd, J= 7.7, 5.2 Hz, 1H), 543 (dd, /= 9.5, 4.0 Hz, 1H), 5.08 (5, 1H), 4.86 — 4.80
0 qm, 2H), 4.67 (dd, J = 12.9, 4.0 Hz, 1H), 439 {s, 1H), 4.02 {dd, /= 12.6, 9.8 Hz, 1H),
1.93 (s, 4H), 182 (d, J = 12.1 Hz, 1H), 160 — 1.32 (m, 1H). LCMS-ESE (m/2):
[M+HT" calculated for Cz 1HaoFaN4Os: 465.14; found: 465.2.

Examples 56 and 51
Preparation of Compounds 56 and 51
5 N-(2 4-difluorobenzylj-9-hydroxy-8,10-dioxe-2,3,5,6.8, 14,14, 1 4a-ociahydro-2,6-

methanopyride{1",2%4,5 [pyrazine[2,1-b}{ 1,6.3 Jdioxazocine-1 [-carboxamide 50 and 31

O F
H o b | :
N /‘% L\\g’//’;\,; sV r"{\
Ny . > A
H o OH H O OH
56 51
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Step i
Methyl 5-(2 4-difluorobenzylcarbamoyl)- 1-(2,2-dihydroxyethyl)-3-

methoxy-4-oxo-1,4-dihydropyridine-2-carboxylate (1~C, 392 mg, .95 mmo!) (Example
S 87), racernic cis-S-aminotetrahydro-2H-pyran-3-0l (WO 2012/145569 Rennett, B. L. et

al, filed Aprit 20, 2012 ) {112 mg, 0.95 nmumol}, and potassium carbonate (134 mg, (.97

minol) were taken up in 3.8 mL acetounitrile/0.2 mi acetic acid and stirred at 90 °C for

90 minutes, after which the reaction mixture was partitioned between DOCM and brine,

the agueous phase extracted with DCM, combined organic phases dried over MgSO.,
ltered, concentrated, and purified by SGC (0-10% EtOH/DCM} to afford intermediate
8-A.

1)

th

‘h

Step 2

Intermediate 86-4A (40 mg) was separated by chiral SFC on a Chiralpak

IC column using 10% DMF i supercritical carbon dioxide as cluent to afford

y—
(041

Intermediates 5G-B  (first eluting peak) and $1-A (second ecluting peak) in
cnantioenriched form. For imtermediate 56-B: {(absolute stereochemisiry unknown),

Chiral HPLC retention time = 11,48 minutes (Chiralpak IC, 130 x 4.6 mm, 1 mL/min
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Me(H). For intermediate 51~A: {absolute stercochemisiry unknown), Chiral HPLC
retention time = 14.35 munutes (Chiralpak IC, 150 x 4.6 mm, 1 vol/min MeOH).

Magnesipm bromide {12 mg, 0.06 mmol) was added to 2 solution of
intermediate 58-B (10.5 mg, .02 mmol, absolute stercochemistry unknown) in 1 ral
acetonitrile, The reaction mixture was stirred at 50 °C for 1 hour, acidified with 10%
aqueous HCL, partitioned between the aqueous and dichloromethane, and the aqueous
phase extracted with dichloromethane. The combined organic phases were dried over
MgS8Q,, filtered, concentrated, and purified by HPLC (ACN/HLO with 0.1% TFA
modifier) to afford compound 56. "H-NMR (406 MHz, Chloroform-d} 8 10.47 (1, J =
5.8 Hz, 1H), 842 (s, 1H), 7.35 (g, /= 8.6, 82 Hz, 1H), 6.81 {q, J = 8.7, 8.0 Hz, 2H),
641 {dd, J= 10.0, 3.6 Hz, TH), 4.79 (s, 1H}, 4.65 (s, 2H}, 4.36 — 4.26 (m, 2H), 4.20 ~
4.08 (m, 2H), 3.98(dd, J=12.4, 102 Hz, 1H), 3.88 (t, /= 11.8 Hz, 2H), 2.27 {d;, J =
133, 3.1 Hz, 1H), 2,15 - 2.06 (m, 1H). LCMS-EST" (m/a) [M+HT calculated for
(1P Na0g; 448.40; found: 4482,

Magnesium bromide {13 mg, 0.07 mmol) was added to a solution of
intermediate 51-A (13.2 mg, 0.03 mmeol, absolute stereochemistry unknown) in 1 mL
acetonitrile. The reaction mixture was stirred at 50 °C for 1 hour, acidified with 10%
aqueous HCI, partitioned between the aqueous and dichloromethane, and the aqueous
phase extracted with dichloromethane. The combined orgauic phases were dried over
MgS(,, filtered, concentrated, and purified by HPLC (ACN/HLO with 0.1% TFA
modifier) to afford compound 51, TH-NMR (400 MHz, Chioroform-d) § 10.47 {1, J =
5.8 Hz, 1H), 842 ¢s, 1H), 735 {q, /= 8.6, 8.2 Hz, 1H), 6.81 (g, J = &7, 8.0 Hz, 2H},
6.41 {dd. J = 10.0, 3.6 Hz, 1H), 4.79 (s, 1H), 4.65 (s, 2H), 4.36 - 4.26 (m, 2H), 4.20 —
4.08 (m, 2H), 3.98 (dd, J=12.4, 10.2 Hz, 1H), 3.88 (. /= 11.8 Hz, 2H), 2.27 (dt, J =
133, 3.1 Hz, 1H), 2,15 - 2.06 {m, 1H). LCMS-ESI" (m/a): [M+H] caleulated for
CorHaoFNaQ4: 448.40; found: 448.2,
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Example 52
Preparation of Compound 52
(25,5R,13a8)-N-(2-cyclopropoxy-4-fluorobenzyl }-8-hydroxy-7,9-dioxo-
2,3.4,5,7,9,13,13a-octahydro-2,5-methanopyride{ 1',2":4,5 Jpyrazino{2, 1

bil1,3joxazepine-10-carboxamide

o, 0,

Ho oM

2]
Bt

N“\/\ _CPrOH, NaH ) Q LA N Sy
F»"\Jf"j\x = ] o

,:’_\
Hol ch;: HoN =
oo MO0
\ LT
T Y A
5
MBI, ‘K\r’ NSy g:{f’\i’\,
[ H ¥
(\&,N \/:\\.G 7 ¢

Step 1

A solution cyclopropanot {1.9 g, 29 mmol} in 20 mL dioxane was added
dropwise to a & °C solution of Sodium hydride {60% dispersion in mineral oil, 1.04 g,
26 mmoly in 80 mbL dioxane. The reaction mixture was aliowed to warm 0 room
temperature, 2,4-difluorobenzonitriie {3.48 g, 25 mmol) was added portionwise, and
reaction temperature raised to 93 °C. The reaction sohution was cooled to room
temperature after stirring for 18 hours, diluted with cthyl acetate, washed twice with
water and twice with brine, dried over MgSQ,, filtered, and concentrated onto silica gel.
Purification by silica gel chromatography (0-10% FEtOAc/bexanes) afforded 2-

cyclopropoxy-4-fuorobenzonitrile. "H-NMR (400 MHz, Chloroform-d) 3 7.52 {dd, J =
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R.6, 6.2 Hz, 1H), 7.05 (dd, J= 105, 2.3 Hz, 1H), 6.73 (14, /= K.2, 2.3 Hz, 1H), 3.87 -
3.76 (xn, 1Hy, G.87 (m, 4H).

Step2

To a 0 °C suspension of lithiom aluminum hydride in THF (1M, 15 mL,
15 mmol} was added 2-cyclopropoxy-4-fluorobenzonitrile in 14 mlL diethyl ether
dropwise, The reaction solution was stirred for 3 hours, gradually warming to room
temperature, at which pownt i was recocled to § °C, an additional 8 mi Hthium
aluminum hydride in THF (IM, 8 mmol) added, and stirred for an additional 90
minutes. The reaction was quenched by sequential addition of 8.9 ml water, 0.9 mbL
15% NaOHug, and 2.7 mb water. The reaction was filtered through celite with diethyl
cther rinses, dried over MgS8Q0,, and concentrated to afford Z-cyclepropoxy-4-
fluorobenzylamine of sufficient purity to carry on as crude. 'H-NMR (400 MHz,
Chiloroform-~d) ¢ 7.17 — 7.08 {m, 1H)}, 6.96 (dd, J = 10.9, 2.4 Hz, 1H}, 6.61 (4d, J=8.3,
2.3 Hz, 1H), 3.76 — 3.66 {m, 3H}, 0.89 - 0.72 (m, 4H).

Compound 15-B (46 mg, 0.14 mmol) was taken up in 1 mL acetonitrile
and treated with 2-cyclopropoxy-4-fluorobenzyiamine (32 mg, 0.18 mmol), HATU (62
mg, 0.16 mmol), NN-diisopropylethylamine {DIPEA) (0.04 mL, (.22 mmol), and
stirred at room temperature for 2 hours, after which LCMS analysis revealed complete
congumpiion of compound 18-B and formation of intermediate 52-A. The reaction

mixture was carried onto the vext siep,

To the crude reaction solution of the previous step was added MgBr; (56
mg, (.30 mmol). The reaction mixture was stirred at 50 °C for 90 minutes, acidified
with 10% aqueons HCl, partitioned between the aqueous and dichloromethane, and the
aqueous phase extracted with dichloromethane. The combined organic phases were
dried over MgSQ,, filtered, concentrated, and purified by HPLC (ACN/H,O with 0.1%
TFA modifier) to afford compound 52, "H-NMR (400 MHz, DMSO-ds) 8 12.44 (s,
THY, 1020 (6 J =58 He, 1H), 841 (s, 1H)L 722 - 7.15 (m, IH)}, 7.12(dd, J=11.2,25
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Hz, 1H), 6.72 (td,./ = 8.5, 2.5 Hz, 1k, 5.42 (dd, J = 9.6, 4.1 Hz, 1H). 5.07 (s, [H), 4.66
{dd,.J = 12.8, 4.1 Hz, 1H), 4.58 (s, 1H), 434 (dd, J = 5.6, 2.4 Hz, 2H), 4.04 — 3.91 (m,
2H), 1.92 (5, 4H), 1.82(d, /= 11.9 Hz, 1H), 1.55 (dt, /= [2.4, 3.5 Hz, [F), 0.80 (q. / =
6.3, 5.7 Hz, 2H), 0.72 (q./ = 6.0, 4.9 Hz, 2H). LOMS-EST (m/2): [M+H]' caloulated

5 for CusbysFINSOq: 470.17; found; 4761,
Example 53
Preparation of Compound 83
{2R,535,13aR}-N-(2-cyclopropory-4-fluorobenzy }-B-hydroxy-7, 9-dioxo-
2,3,4,5,7,9,13,13a~octahydro-2 S-methanopyrido] 1',2":4, 5 Ipyrazino[Z, 1~
10 bli1,3loxazepine-10-carboxamide
o C'
d oM
\i}qN N o
Ho o oH
53
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53
Step 1
15 Compound 42-A (46 mg, .14 mmeol} was taken up in 1 mL acetonitrile

and treated with 2-cyclopropoxy-4-fluorobenzylamine (33 my, 0.18 mmol), HATU (61
mg, 0.16 mmol), N N-diisopropvlethylamine (DIPEA) (0.04 mb, 624 mmol), and
stirred at room temperature for 2 hours, after which LOMS analysis revealed conpiete
consumption of compound 42-A end formetion of intermediate 83-A. The reaction

20 mixture was carried onuto the next step.
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Sten |

To the crude reaction solution of the previous step was added MgBr; (55

mg, 0.30 mmol}. The reaction mixture wag stirred at 50 °C for 90 minutes, acidified

with 10% aqueous HCl, partitioned between the aqueous and dichloromethane, and the

th

aqueons phase extracted with dichloromethane. The combined organic phases were
dried over MgSQ,, filtered, concentrated, and purified by HPLT (ACN/H,0O with 0.1%
TFA modifier) to afford compound 53. H.NMIR {400 MHz, DMSO-ds) 6 12.44 (s,
1H), 1021 {6, J = 5.8 Hz, TH), 841 s, TH), 7.22 = 7.15 (m, 1H), 7.12 (dd, J= 11.2, 2.5
Hz, TH), 6,72 (td, J= 8.5, 2.5 Hz, 1H), 542 (dd, J = 9.6, 4.1 Hz, 1H}, 5.07 (s, 1H), 4.66
10 (dd, /=128, 4.1 Hz, 1H)}, 458 (s, 1H), 4.34 {dd, J = 5.6, 2.4 Hz, 2H), 4.04 - 3.91 (m,
2H), 1.92 (s, 4H), 1.82{(d, J= 119 Hz, 1H), 1.55(dt, /= 124,35 Hz, 1H), 080 (q, /=
6.3, 5.7 Hz, 2H), 0.72 (q, J = 6.0, 4.9 Hz, 2H). LOMS-ESI (m/4) [M+HT calculated
for CraHosFN3Qs: 470.17; found: 4701,

HExample 54
15 Preparation of Compound 34
2R, SSY-N-{{53-1-(2,4-difluoropheny)-2,2, 2-rifluoroethy!}-8-hydroxy-7,9-dioxo-
2,3.4,5,7,9,13,13a-0ctahydro-2, 5-methanopyrido{ 1,274, 5 Ipyrazino[2, 1

bi[1,3jorazepine~-10-carboxamide

F‘
o j":\l”‘: F
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Step 1

A 50-mL round bottom flask was charged with reactant 54-4 (0.02 g
0.06 mmol), (S)»1-(24-difluorophenyly-2,2, 2-rifluorocthanamine (0,019 g, 049
mimol), N,N-diisopropylethylamine (DIPEA) (0.048 g, 6.38 mmol) and HATU (0.03¢6
g, 0.09 mmol} in DCM (2 mi}). The reaction mixture was stirred at room temperature for
1 hour. The reaction mixture was concentrated down, re-dissolved in EtOQAc (56 mL),
washed with saturated NaHCO: (2x), saturated NHLCU and dried over NapSQO4. After
concentration, the crude was purified by column chromatography on silica gel with
hexane-Ft{dAc to obtain 54-B. LOMS-ESTT (ma): [M+H] calculated for
CigHieFaNo O 5140 found: 514

Step 2

A 50-mL round bottom flask was charged with reactant 54-B (0.03 g,
(.038 mmol) and magnesium bromide (0.03 g, 0.15mmol) in acetonitrile (2 mi). The
reaction mixiture was heated o 30 °C. After 10 munutes, the reaction mixture was
cooled to O °C and I N hydrochloric acid {0.5 mL) was added in. Theun the reaction
mixture was diluted with MeQH (2 mL}. After filiration, the crude was purified by Pre-
HPLC purification {30-70% acetonitrilerwater, 0.1% TEA) afforded compound 54 as
TRA salt. "H-WMR (400 MHz, Chloroform-d) 8 11.28 (d, J = 9.4 Hz, 15}, 839 (s, 1H),
7.54 {q, J= 7.8 Hz, 1H}, 7.12 - 6.76 {1, 2H), 6.40 - 5.98 {m, 1H). 5.57 - 5.18 {m, 2H),
4.68 (s, 1H), 4.29 (dd, J = 13.1, 4.0 Fiz, 1H), 4.05 (dd, T = 12.9, 9.3 Hz, 1H), 2.39 - 1.94
(m, 45, 1.86 (t, F= 10.5 Hz, 1H), 1.60 (dt, J = 12.6, 3.4 Hz, 1H). “F-NMR (376 MHz,
Chioroform-d) 8 -75.30 (1. J= 6.8 Hz, 3F), -108.33 (dd, J = 8.6, 6.3 Hz, 1F), ~111.56 - -
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11323 (m, 1 F). LOCMS-EST (n/zy: [M+H] calculated for CuHanFoN:0s: 300, found:

5606,

Example 55
‘Preparation of Compound 55
{1R,458,12a8)-7-hydroxy-6,8-dioxo-N-(2,4,6-trifluorobenzyl}-1,2,3,4,6,8,12, 1 2a-

octahydro-1,4~-methanodipyridof{1.2-a:1",2-d]pyrazine-2-carboxamide
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A mixture of compound 55-A (40.60 g, 150 mmol) and PA(OH)/C (12
g) in EtOH (400 mkL) under an atmosphere of Hy was stirred at room temperature
overnight. The reaction mixture was filtered and treated with HCVEtOH (400 mb), The
muxture was stirred at room temperature for 2 h. The reaction mixture was concentrated
to give compound S5-B. which was used in next step without purification. LOCMS-
EST" (m/z): [M+HT calculated for CoHNO: 170.1.; found: 170.2.

To s selution of compound 55-B (92.25 ¢, 0.45 mol) and KyC0s (186.30
g, 1.35 mol) in CHRUN (1 L) was added benzyl bromide (76.56 g, 0.43 mol) at ¢ °C.
The mixture was stirred at room temperature overnight. The rcaction mixture was
filtered, concentrated and the residue was purified by chromatography on silica gel to

give compoand S5-C.

To a mixture of diisopropylamine {50 g, 0.50 mol} in THF (400 mL) was
added n-Buli (200 mb, 0.50 mol) at -78 °C at N, atmosphere. After 0.5 h, the reaction
mixture was warmed to 20 "C and siiveed for 0.5 . The mixture was cooled o <78 °C
and added a solution of compound 85-C (64.75 g, 0.25 mol} in THF {600 mL) under N
atmosphere. The mixture was stired for 4 b and quenched with saturated NH4Cl
solution. The mixture was extracted with EtOAC and the organic layer was washed with
brine, dried over NaySQy, filtered and concentrated. The residuc was purified by

chromatography oun silica gel to give compound 58-13,

Step 4
A mixtare of compound 55-B (129.50 g 0.50 mol} n 4N HCI (1.36 L)
was refluxed for 4 h. the mixture was concentrated. The residue wag purified by HPLC

o give compound 55-E,
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Step 3

To a mixture of corapound 55-E (47 g, 176 munol) and PAOHL/C (9 ¢}
in EtOH {400 mi} under an atmosphere of H, was stirred at room temperature
overnight. The reaction roixtare was concentrated to give compound 55-F, which was
used in next step without purification. YH-NMR (400 MHz, CDClL) 8 4.22 (s, 1H},
400 (s, 1H}), 2.98-295 {d, /= 11.2 Hz, 1H), 1.96-1.93 {d, J= 11.2 Hz, 1H), 1.86-1.82
{(m, 2H), 1.76-1.74 (4, J = 9.2 Hz, 2H}, 149 (s, 1H). LCMS-EST" (m/): [M+H]

caleulated for C-HpNGy: 142.1.; found: 142.1.

Step 6
To a mixture of compound B5-F (29.20 g, 165 mmol) and 2N MNaOH
solution (330 mL, 0.66 mol) in dioxance (120 mL) was added Boco,O (39.60 g, 18]

mmol) at O °C. The reaction mixture was stirred at room temperature overnight. The

‘mixture was adjusted with 3N HCI to pH=5~6 and extracted with DOUCM, The organic

layer was dried over NapSQy, filtered and concentrated to give 55-G. "H-NMR (400
MHz, CBCL) 6 4.40 (s, 1H), 4.26 (s, 1H), 2.89 (s, 1H), 1.76-1.74 {5, 1H), 1.69-1.59 (m,
4H), 1.50 (s, iH), 147 (s, 9H). LCMS-ESY (m/4)y [M+Nal' calculated for
CiHioNNaQy4: 264.1,; found: 264.1.

Step 7

To a mixture of compound 55-G (500 mg, 2.07 momol) tn THF (10 ml)
chilled to ¢ °C was added BH3-DMS THF complex (2N fu THF, 8.23 punel, 4.3 mL)
slowly. Gas evolution ocoured. Internal temperature was monitored to ensure no major
exotherm. Reaction was allowed to warm to rt. overnight. Some starting material
remained by LC/MS, additional 2 mL BH.-DMS THF complex was added and the
mixture was stirred for additional 3 hr then cooled reaction to 0 °C and slowly quenched
with roethanol (gas evolution occurs). Iuternal ieroperature monitored to ensure
exotherm below 25 °C. The mixture was concentrated then purified by silica gel

chromotography (20-40% EtOAc/Hexanes) to afford §5-14.
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Compound 55 was prepared as described for Example 41, substituting
55-H for 41-B to afford compound 55, THNMR {400 MHz, DMSO-doy & 1181 (s,
TH), 10,40 (1, § = 5.8 Hz, TH), 8.39 (s, 1H), 7.19 (1, J = 8.6 Hz, 2H), 4.59 ~ 4.4% (m,

5 4H), 406 (6 1= 12.2 Hz, 1H), 4.03 (d, T=12.2 Hz, 1H), 2.69 (s, 1H), 1.75(d, ] = 10
Hz, 1H), 1.69 ~ 1.55 (m, 5H). "F NMR (376 MHz, DMSG-d6) 8 -109.3 (m, [F), -112.5
{(m, 1F)., LCMS-ESL (m/z): [M+HT calculated for CHoFsNa20y 434,13 found:
434.32.
Example 8¢
0 Preparation of Compound 56
(1R.ZS,4R,12aR -2-fluoro-T-hydroxy-6,8-dioxo-N-(2,4,6-triflucrobenzyl)-
1,2,3,4,6,8,12,1 Za-octahydro-1,4-methanodipyrido 1,2-a: 1", 2-dpyrazine-9-
carboxamide
15
F ¢ =
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Step 1

A solution of 86-A (3 g, 1943 mmol) in tetrabydrofuran (65 ml) was

cooled in an ice bath as (.5 M 9-borabicycio{3.3.1inonane (48.58 ml} was added

5 dropwise. The reaction nuxture was wanmed up to room femperature. After 18 hours,

the reaction was cooled to ¢ °C and a mixture of 2M sodium hydroxide (34 ml) and
hydrogen peroxide (9.34 mi, 97.15 mol} was added dropwise. Afler 2 hourg at § °

the reaction was warmed up 1o room tempersture and stirred for | howr, The mixture

was dituted with EfOAC and washed with water. The agueous fractions were extracted

¢ with EtQAc, and the organic fractions combined were dried (Nap804) and concentrated.

The residue was purified by silica column chromatography (50-70% EtOAc/hexanes) to

afford 5¢-B (3.05 g, 57%). LCMS-ESIT { mizy. [MAHHT caleulated for CigHaNOs:

278.34; found: 276.122.
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To a solution of 56-B (1.45 g, 5.27 mmol) in W, N-dimethyiformamide
{12 mi) was added tert-butylchlorodiphenvlsilane (1.51 mi, 5.79 mmol) and imidazole
(1.08 g, 15.8 mmol}. After 18 hours, the mixture was diluted with water, extracted into
EtOAc (2x), the organic fractions were combined, dried (Na,SO.), and concentrated.
The residue was purified by silica colurmm chromatography (106-20% EtOAc/hexanes) o
afford 56-C (2.6 g, 96.1%). LCMS-ESY (n/z2): [M+H] calculated for CypthaoNOsST:
513.74; found: 514.625,

Step 3

To a solution of 56-C (3.27 g, 6.36 mmol) in EtOH (26 mL) and acetic
acid {3 ml} was added 10% PAOH/C (0.52 g, 3.7 mmol) and the suspension was shaken
in a Parr apparatus at 5¢ atm for 20 hours. After filtering through Celite, the cake was
washed with EtOH, the filirate was concentrated under vacuum. The residue was
dissolved in ethanol (26 ml) and acetic acid (3 mi, 52.4 mmol), teated with 10%
PAOH/C (0.52 g, 3.7 mmol) and shaken in a Parr apparatus at 50 atm for 20 howrs.
Filtered through Celite, the cake was washed with EtOH, the filtrate was concentrated
ander vacuum to dryness to afford the crude deprotected product (2.07g, 79.4 %)
LOCMS-EST (n/z) [M+HT calculated for Coga NO»Si: 409.59; found: 410,485,

To the crude residue (2 g, 4.88 mmol) and di-tert-butyl dicarbonate 97%
(214 g, 9.7% mmol) in THF (20 ml) was added N )N-diisopropylethylamine (DIPEA)
(2.14 wl, 12.27 mmel). After 20 h, the reaction misture was diluted with water,
extracted into EtOAC (Ix) and the two organic fractions were washed with water,
combined, dried (Na;S04), and concentrated. The residue was purified by silica column
chromatography (10-20% EtOQAc/Hexanes) to afford 86-D (2.13 g, 86.14%). LCMS-
ESI" (m/z): [M+H] calculated for CsoHaNOsSic 523.74; found: 523.922.

Step 4
A solution of 56-D (2.07 g, 4.06 mmol) in THF (20 mi) was stirred in an
ice bath as 2.0 M LiBHy m THF (4.07 wl) was added and the resulting mixture was

stirred at room tergperature for 18 h. After, the reaction mixture was diluted with ethyl
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acetate and treated slowly with water. The two phases were separated, and the agueous
fraction was extracted again with ethyl acctate. The two organic fractions were washed
with water, combined, dried {Na,S04), and concentrated. The residue was purified by
silica column chromatography (20-40% EOAc/hexanes) to afford 86~ (1.59 g, 81.3%).

LOMS-EST (m/z): [M+H] calculated for CosHoNO,SE 481.7; found: 482.337.

A mixture of 56-E (1,58 g, 3.28 mmol), phthalimide (0.79 g, 5.38 mmol}
and triphenyiphosphine (1.93 g, 7.37 vamol) in THF (90 md) was cooled in anice bath.
Diisopropyl azodicarboxylate, 95% (1.46 mi, 7.42 mmol) was added. The mixture was
then warmed upy to room temperature and stirred for 20 h. After, the reaction mixture
was concentrated and the residuc dissolved in ether, cooled in an ice bath and stizred for
1.5 h. The solids were filtered off and the filtrate was concentrated. The residue was
purifiecd by silica columm chromatography {10-30% EtOAc/hexancs) to afford the
protected amino compound {1.86 g, 92.8%).

A solution of the protected amine compound 56-F (1.85 g, 3.03 mmwol)
and hydrazine hydrate (0.6 ml, 12.39 munol) n ethanol (19 wl) was stirred at 70 °C for
2 h. The reaction mixture was cooled in an ice bath, ether (10 ml}) was added and the
mixture was stirred for 30 min. The solid formed was filtered off and the filtraie was

concentrated under vacuum to dryness.

Step 6

A mixture of crude amino compound 56-F (991 mg, 2.06 mmol},
compound 38-F (Example 38) (714 mg, 2.06 mrol) and NaHCO: (347 mg, 4.12 mmol)
in water (15 mbL) and EtOH (15 mb) was stirved for 20 b, The reaction mixture was
copcentrated under vacuuwm and the residue was partitioned between water and EtOAc.
The aqueous layer was re-extracted with EtCAc und the combined organic layers were
dried {(Na;SC04) and concentrated. The residue (1.5 ¢) was dissolved in CH,Cl; (8 mL)
and 4N HCl in dioxane {(18.6 mbL} was added. After 1.5 hours the mixture was
concentrated to dryness, co-evaporated with toluene and dried in vacuo.

The crude residue (1.38 g) and BBU (1.4 ml, 9.38 mmol) in toluene (25

mi) was stirred at 110 °C. After 35 minutes the mixture was concentrated and the
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residue was purified by silica column chromatography (5-15% MeOH/Bt(OAC) to afford
86-0G (450 mg, 72.3%). LOMS-ESE (m/2zy: [M+H]" calculated for CaoHupNoOsSi
662.85; found: 663.766.

-

Step 7

Lo g

The mixture of 56-G (890 mg, 1.34 munol) in MeOH (14 ml) and THF
{14 1al) was stirred at room temperature a5 |M KOH (7.09 mi) was added. After 30 min
the reaction mixture was neutralized with IN HCL, extracted into EtOAc (2x) and the
combined organic extracts were dried (Na;804) and concentrated.

16 A suspension of the crude residue (850 mg), 2,4,6-triflucrobenzyiamine
(248 mg, 1.54 mmol} and HATU (662 mg, 1.74 mmeol) in dichloromethane (5 ml) was
stirred st yoom ternperaturc as N N-diisopropylethylamine (DWEA)Y (1.63 ml, 937
mimol} was added. After 1 b, additional 2,4,6-difluorobenzylamine (32 mg, 0.2 mmol),
HATU (153 mg, 0.4 mmol) and N N-dusopropylethylamine (DIPEA) (6.12 mi, 0.67

15 mmol) were added. After 30 minutes the mixture was diluted with water, extracted into
EtAc (3x) the combined orgamic phases were dried (NaySQ4), concentrated and the
residue was purified by silica column chromatography (50-75% EtOAc/hexanes) to
afford 56-H (919 mg, BE23%). LUMS-ESE (m4z): [M+H] calculated for
CaHpFaN0Os81 777.9; found: 778.409,

by
<

Step 8
A solution of 56-H (215 my, 118 mmol} in THF (5 ml) was stirred in an
tce bath as 1.0 M tetrabutylammonium flueride in THF (1,18 ml) was added dropwise.
The resulting mixtare 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, dried (MNazS0¢), concentrated and the residue was purified by silica column
chromatography (50-75% EtOAc/hexanes then 5% MeOH/EtOAc). The resulting
material (248 mg, 0.46 mmol) was dissolved in dichloromethane (2 mi) cooled to -78°C
as dicthylaminosulfur @ifluonide (0.07 mL, 0.55 mmol} was added dropwise and the
30 reaction was warmed to room temperature and stirred for 1 h. The reaction was cooled
in an ice bath and guenched with saturated NaHCOs, two phases were separated, and

the separated agqueous fraction was extracted with CHyCl. The two organic fractions
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were combined dried (NazS04), and concentrated. The residue was purified by silica
colurnn chromatography (1% MeOH/EtCAc) to afford 56-1 (75 mg) (LOMS-ESI
(m/z); (MHHT caleulated for CoeHpaFyNzOg: 541.49; found: 542.320) and 56-1 (30 mg)
(LCMS-ESY (m/z): {M+HT calculated for CogHanFaN304: 521.49; found: 522.05).

Compound 56-F (75 mg. 139 mmol} was dissolved in TFA (I mL),
stirred at roorn teraperature for 10 mmnutes, and the solution was concentrated. The
residue was purified by reverse phase HPLC (Gemini, 15 to 43% ACN/H,O + 0.1%
TEA) to afford compound 586. H-NMR {400 MHz, DMS0-d6) 8 10.67 (s, TH}, 7.80
(s, 1H), 717 {t, J = 8.6 Hz, 2H), 545 — 518 {m, 11, 470 ~ 439 {m, 3H), 423 (4, } =
11.5 Hz, 1H), 411 - 3.85 {(m, 2H), 2.85 (dd, 1 = 4.2, 2.0 Hz, 1H), 2.34 - 2,13 (m, 1H}.
181 (s, 1H), 1.55 ~ 1.33 (m, 2H). PF-NMR (376 MHz, DMSO-ds) 8 -74.20 (m), -
106.95 — -116.45 (m), -190.65 — -194.54 (m)}.

Example 87
Preparation of Compound 87
{1R.4R,12aR}-2,2-difluoro-7-hydroxy-6,8-dioxo-N-(2.4,6-triflucrobenzyl)-

1,2.3,4,6 8,12,12a-octahydro-1 4-methanodipyrido] 1,2-a: 1", 2-dIpyrazine-9-
) 3 P 2

carboxamide
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Step 1

A solution of 87-4A (1.45 g, 5.34 mmol} in dichloromethane (30 mi} was

cooled in an ice bath as Dess Martin periodinane (4.53 g, 10.69 mmol) was added In

5 portions and the reaction was stirred at room temperature for 18 b, The reaction was
quenched by addition of water, the precipiiate was filtered off and a saturated solution

of Nay8,0: was added. The wixtore was stivred until the Diphasic solution turned then
saturated MNaHCO: was added and the agueous layer extracted with CHxCly The
combined organic fractions were dried (Nu,SO4) and concentrated. The residue was

10 purificd by silica columnn chromatography (30-50% EtQAc/Hexanes) to afford §7-B
(1.13 g, 782 %), LOMS-ESY" {m/z): [M+H] calculated for CiaHysNGs: 269.29; found:

269.721.

Step 2
] A solution of 87-B (0.5 g, 1.86 mmol} in dichloromethane {10 wol) was
cooled to -78°C as diethylaminosulfur trifluoride (0.52 mL, 3.91 mmol} was added

dropwise and the reaction was warmed to room temperature and stirred for 18 h. The
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reaction was cooled in an ice bath and guenched with saturated NaHCO;, two phases
were separated, and the separated agueous fraction was extracted with CHoCly. The two
organic fractions were combined, dried (Na,S04) and concentrated. The residue was
purified by silica column chromatography (20-50% EtOAc/hexanes) to afford 57-C
(518 mg, 95.39%). TH-NMR {400 MHz, Chloroform-d) 8 4.43 (s, 1H), 436 - 427 (m,
TH), 4.22 (s, 1H3, 375 (5, 3H), 295 (4, 7= 8.1 Hz, 1H), 2.30 - 1.98 (m, 2H), 185~ 1.71
{m, 1H}, 1.44 {m, 9H).

A solution of 57-C (935 mg, 3.21 mmol} in THF (10 miy was stirred in
an ice bath as 2.0 M LiBH4 in THF (3.22 mb) was added and the resulting mixture was
stirred at room temperature for I8 h. After, the reaction mixture was diluted with ethyl
acetate and water was added slowly. The two phases were separated, and the separated
aqueous fraction was extracted with ethyl acetate. The two organic fractions were
washed with water, combined, dried (N2,SC4), and concenmrated. The residue was
purified by sthica column chromatography (20-40% EtOAc/hexanes) to aftord 57-D
(724 mg, 85.67%). TH-MMR (400 MHz, Chioroform-d) 8 4.30 = 3.48 (m, 5H), 2.75 -
2.56 (m, 1H), 2.24 ~ 1.90 {m, 3H), 1.86 ~ 1.65 (m., 1H), 1.47 {5, 9H).

Step 4

A mixture of 87-B (720 mg, 2.74 mmol}, phthalimide (402 mg, 2.73
mmol} and triphenyiphosphine (1.61 g, €.15 mmol) in THF (45 ml) was cooled in an icc
bath. Disopropyl azodicarboxylate, 95% (1.22 mi, 6.19 mmel), was added. The mixture
was then warmed up fo toom temperafure and stirred for 20 h. Afier, the reaction
mixture was concenirated and the residue dissolved in ether, cooled in an ice bath and
stured for 1.5 h. After the solids were filiered off| the filtrate was concentrated, The
residue was purified by silica column chromatography (40-60% EtOAc/hexanes) to
afford the phthalimide adduct (1.07 g, 99.7%). LOMS-EST" (m/zy: [M+HT calculated
for CooHpnFNaOy: 392 .4; found: 393,204

A solution of the phthalimmde adduct (1.07 g, 2.73 mmol} and hydrazine
hydrate (8.54 mL, 11.15 romol} in ethanol (00 mi) was stirred at 70 °C for 2 hours, The

reaction mixfure was cooled in an ice bath and ether (10 ml) was added. The mixture
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was stirred for 30 mun. The solid formed was filieved off and the filtrate was

conceutrated under vacaum to dryness to afford crude 87-E.

5 A mixture of crude 87-E (709 my, 2.7 mmol) compound 38-F (Example

38) (936 mg, 2.7 mmol) and NaHCGO; (454 mg, 5.41 mmol) in water {15 mL) and EtOH

{15 mL) was stirred for 20 h. The reaction mixture was concentrated under vacuurn and

the residue was partitioned between water and EtQAc. The aqueous layer was re-

extracted with BEtOAc and the combined organic layers were dried (NupSO4) and

10 concentrated. The residue (1.5 g} was dissolved in CHyCl; (7 mL)y and 4N HCY in

dioxane (26.9 mil.) was added. After 1.5 hours the mixture was concentrated to dryness,

co-cvaporated with toluene and dried in vacuum. The crude residue (1.3 g) and DBU (2

mi, 13.4 mmol} in toluene (25 mi) was stirred at 110 °C. After 35 minutes the mixture

was concenfrated and the residuc was pwrified by silica columm chromatography (5-

15 15% MeOH/EtOAC) to afford 87-F (426 mg, 36.17%). LCMS-ESI (m/z)y [M+HT
calculated for CraHpFaNoOs: 444.43; found: 445 280,

Step &
The mixture of compound 57-F (426 mg, (.96 mmel) in MeQOH (7 mb)
20 and THF (7 ml) was stirred at room temperature as 1M KOH {(5.06 mi) was added.
After 30 minutes the reaction mixture was neutralized with IN HCL extracted into
EtOAc (2x) and the combined organic extracts were dried (Na;SOy) and concentrated to

crude 87-G.

25 Step?

A suspension of the crude residue 537G (189 mg), 24,6-
trifluorobenzyiamine {95 mg, 0.59 mmol) and HATU (276 mg, .73 mmol) in
dichioromethane (3 ml} was stirred at room temperature as N, N-diisopropylethylamine
{(DIPEA) (0.59 ml, 3.4 mumol) was added. After 1 h he mixture was diluted with water,

30 extracted into EtOAc (3x). The combined organic phases were dried (NapSO4) and
concentrated to §7-H, LOMS-EST {m/z}. [’ZM%»!&%}”" calculated for CoaMwFsN: U4
559 4%, found: 560.24,
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Compound 37-H (150 mg, 0.27 mmol} was dissolved in TFA (2 mL),
stirred at room temperaiure for 10 min, and the solution was concentrated. The residue
was purified by reverse phase HPLC {Gemini, 15 to 60% ACN/HO + 0.1% TFA), to
afford compound 87 (85 mg, 67.5%) LCMS-ESE (m/i)y [M+H] calculated for
CoHiF N3Oy 469.36; found: 470.229, "H-NMR (400 MHz, DMSO-ds) § 10.41 {1, J =
5.6 Hz, 1H), 820 (s, 1H), 712 (t, /= 8.7 Hz, 2H), 4.79 (s, 1H}, 448 (m, 3H), 4.10 (m,
2H), 3.02 (d, J = 5.7 Hz, 1H), 2.33 {m, 1H), 2.22 - 1.97 (m, 2§-£},, 185 (d, /= 110 Hz,
18), 1.21 (s, 1H). °F NMR (376 MHz, DMSO-dg) § -69.88 | -71.77 , -74.09 , -88.33
{dd, J = 222.6, 23 .8 Hz), -109.15 - -109.60 (m}), -110.04 , -112.44 (1, J = 7.6 Hz).

Example 58
Preparation of Compound 58
{IR,4R,12aR}-N-(3-chloro-2 4-difluorobenzyi}-2.2-diflucro-7-hydroxy-6,8-dioxo-
1,2.3,4,6,8,12,12a~octahydro-1 4-roethanodipyridol 1,2-a: 1", 2"-d pyrazine-9-

carboxamide
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A suspension of the crude residue 87-G (120 mg), 3-chioro,2 4-
diffluorobenzylamine (67 mg, 0.38 mmol) and HATU (175 mg, 046 mmol} in
dichloromethane (3 mi} was stitred at room temperature a8 N N-diisopropyicthylamine
{DIPEA) (0.38 ml, 0.28 mmel) was added. After 1 b the mixture was diluted with
water, extracted into EtOAce (3x) the combined organic phases were dried (NaSO4) and
concentrated  to  vield 884, LOCMS-ESE w7y [M+HI calculated for

Coallon CHE NG 575,94 found: 576,394,

Step 2

Compound 58-A (166 mp) was dissolved in TFA (2 mL), stirred at room
temperature for |G min, and the sohution was concentrated. The residue was purified by
reverse phase HPLC (Geming, 15 to 70% ACNEHLO + §.1% TFA), to afford compound
87 (60 mg, 42.8%). LCMS-EST" (m4) [M+H] calenlated for CuHisCIFN:O4
485.82; found: 486.135. "H-NMR (400 MHz, DMSO-d6) & 10.77 (¢, J = 6.0 Hz, 1H),
797 (8, 1H), 7.28 (. 2y, 477 (s, 1H), 4.64 — 4.40 {m, 2H) 427 (d, I = 9.1 Hz, 1H),
3.93 (m, 2H}, 2.95 (d, J = 5.8 Hz, TH), 2.51 (s, TH), 242 - 2,17 (m, 1H), 2.14 - 1.89
{m, 2H), 1.77 (m, 1H). PFNMR (376 MHz, DMSO-ds) § -87.63 , -88.23 . -108.67 , -
1927, -11642 (1, J=T70Hz), -11848 (d, /= 7.8 Hz).

Example 58
Pyeparation of Compound 58

(IR.2R 4R, 12aR)-2-fluoro-7-bydroxy-6,8-dioxo-N-(2,4,6-triffuorobenzyl)-
1,2,3,4,6,8,12, 1 2a-octahydre-1 4-methanodipyrido! 1,2-a:1" 2-dpyrazine-9-

carboxamide
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Step 1

A solution of §7-B (1.9 g, 7.06 mumel) in methano! (35 mL} was stirred

5 at 0 °C as sodium borohydride (667 mg, 17.64 mmol) was added portionwise and the
resulting mixinre was stired at room temperature for 30 min, The reaction mixture was
cooled W an ice bath, quenched by addition of water and concentrated. The residue was
partitioned between water and EtOA¢, The aqueous layer was re-extracted with FtOAc

and the combined organic layers were dried (Na,S304) and concentrated The residue was

1¢ purified by silica column chromatography (30-60% EtOAc/hexanes) to afford 88-4
(1.49 g). "H-NMR (400 MHz, chioroform-d} & 4.57 (s, 1H), 4.52 — 4.42 (m, 2H), 4.28

{5, 1H}, 4.14 (s, 1H), 3.72(d, I = 2.1 Hz, 3H), 2.74 (s, 1H), 2.08 — 1.87 {m, 2H}, 1.43

{d, J=23.1 Hz, 10H) and 57-A (96 mg): "H-NMR (400 MHz, chloroform-d} § 4.65 —
4.40 (m, 2ZH), 4.34 — 4.02 (m, 13, 3.73 (4, J = 2.3 Hz, 3H), 2.74 (1, I = 5.3 Hz, 1H),

15 232 1.55{(m, 3H), 1.52 - 1.1& {m, 1 1H)

Step 2
To a solution of 59-A (686 mg, 2.53 mmol) in N N-dimethylformamide
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(5 ml) was added tert-butylchlorodiphenylsilane (8.723 ml., 2.78 romol} and inmudazole
{516 mg, 7.56 wroob). After 18 h, the rovrture was diluted with water, extracted into
BrOAc (2x), and the organic fractions were combined, dried (N2;SQs), and
concentrated. The residue was purified by silica column chromatograpby (10-20%
EtQOAc/hexanes) to afford 88-C. LCMS-ESY™ (mi) [M+H] caleulated for
CooHseNO551 509,71 found: 510,793,

2

H
3
B4
!%
feo

A sohution of 88-C (1.23 g, 241 mmel) in THF (13 mi) was stirred in an
ice bath as 2.0 M LiBH, in THF (2.42mL, 484 mmel)) was added and the resulting
mixture was stirred at room teraperature for 18 b After the reaction mixture was diluted
with cthyl acctate water was added slowly, two phasecs were separated, and the
separated aqueous fraction was extracted with ethyl acetate. The two organic fractions
were washed with water, combined, dried (Na,SOu), and concentrated. The residue was
purified by silica column chromatography (20-40% EtOAc/hexanes) to afford 59-D.
LOCMS-EST (m/z): [M+HT caleulated for CosHlaoNO4Si: 481.7; found: 482.741.

Step 4

A mixture of 5%-I3 (963 wg, 2.0 mmol), phthalimide (482 mg, 3.28
mmol} and triphenylphosphine (1.18 ¢, 4.4%9 mmol) in THF (50 ml) was cooled in an ice
bath. Diisopropyl azodicarboxylate, 93% {0.89 mL, 4.52 mmol} was added. The
mixture was then warmed up to room temperature and stirred for 20 h. After, the
reaction muixture was concentrated and the residue disselved in ether, cooled In an ice
bath and stirred for 1.5 h. After, the solids were filtered off and the filirate was
concentrated. The residue was purified by silica column chromatography (10-30%
EtOAc/hexanes) to afford the phthalimide adduct. LOMS-EST (mAk [M+HT
calculated for CieHaaNoO581: 610.81; found: 611,935,

A solution of the phthalimide adduct (1.2 g, 1.97 mmol} and hydrazine
hydrate 0.4 ml, 8.03 mmol) m ethanol (12 ml) was stirred at 70 °C for Zh. The reaction
mixture was cooled in an ice bath and ether (10 ml) was added, the mixture was stirred
for 30 run. The solid formed was filtered off and the filtrate was concentrated under

vacuum to dryncss to afford 59-E. LOCMS-EST {(m/z) IM+H] caleulated for
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ngi'thzOgSii 480(71; found: 481.356,

A vaixture of crude 89-E (770 mg, 1.60 mmol), compound 38-F
(Example 38) (555 mg, 1.60 mmol) and NaHCO; (269 my, 3.20 mmol} in water (12
mL} and BtOH (12 mL} was stirred for 20 h. The reaction mixture was concenirated
under vacoum and the residuc was partitioned between water and EtOAc, The aqueous
fayer was re-extracied with EtOAc and the combined ovganic lavers were dried
(NayS0y4) and concentrated.

The residue (1.29 g} was dissolved in CH;Cl (4 mb) and 4N HC in
dioxane {15.6 mL) was added. After 1.3 hours the mixture was concentrated to dryness,
co-cvaporated with toluene and dried in vacuum. LOMS-EST (m/z) [M+H]
caleulated for CyHeN0O-81: 708.91; found: 709.782.

The crude residue (1.09 mg) and DBU (1,17 ml, 7.8 mmol) in toluene
{20 mil) was stired at 110 °C. Afier 35 min the mixture was concentrated and the
residae was purified by silica columm chromatography (5-15% MeOH/EtOAC) to afford
S0.F. LOMS-EST (m/A): IM+H]" calculated for CaoHaN20sS8i: 662.85; found:
863.677.

Step 6

A mixture of 3%-F (680 mg, 1.03 mmol} in MeOH (10 mi) and THF (10
mi} was stirred at room temperature as 1M KOH (5.42 ml) was added. After 30 min the
reaction wmirture was neutralized with 1IN HCL extracted into BtOAc (2x) and the
combined organtc extracts were dried (NapSQu) and concentrated. LCMS-EST (m/z):
[M+H]" calculated for CarHieN,06Si: 634.79; found: 635.466.

A suspension of the crude residue (650 mg), 2,4,6-trifluorobenzylamine
(214 mg, 1.33 mmol} and HATU (623 mg, 1.64 mumol) in dichloromethane (6 mi) was
stirred at room temperature as N.N-diisopropylethylamine (DIPEA) (1.34 ml, 7.6&
mimol) was added. After 2 h, the mixture was diluted with water, extracted into EtQAc
{3x} nad the combined organmic phases were dried (NaySO4), concentrated and the
residue was purified by silica colomn chromatography {(50-75% EtQAc/bexanes) to

afford 89-G. LCMS-EST (mv/z): [M+H]" caleulated for CuHlaFaN20sS8t: 777.9; found:
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778.566.

Step 7

A solution of 58-G (648 mg, (.83 mmol } in THF (10 ml}) was stirred in
an ice bath as 1.0 M tetrabutylammonium fluoride in THF (0.83 mi) was added
dropwise and the resulting mixtore was stirred at room temperature for 30 min.
Additional 1,0 M tetrabutylammonium fluoride in THF (0.1 ml) was added dropwise,
After 30 minutes, the reaction mixture was concentrated under vacuum and the residue
was diluted with EtOAc, washed with water, dried (NaySQOy), concentrated and the
residue was purified by silica column chromatography (5% MeQOH/EIGAC) A solution
of the residue (290 mg, 0.54 mmol} in dichloromethane (3 mDwas cooled to -78°C as
diethylaminosulfur trifluoride (0.09 ml, 0.65 mmol) was added dropwisc and the
reaction was warmed to room temperature and stirred for 2.5 h. The reaction was cooled
i an ice bath, quenched with saturated NeHCG;, two phases were separated, and the
separated agqueous fraction was extracted with CHyCl. The two organic fractions were
corabined, dried (NaxSOq), and concentraied. The residue was purified by silica column
chromatography {1% MeOH/EtQAc) to afford 5. LOMS-EST {m/zy. [M+HT
catculated for CoabasF4N;04: 541,49, found: 542,326,

Step 8

Compound 59-H (103 mg, 0.19 mmol) was dissolved in TFA (1.4 mL)
af room tomperature for 15 min, and the solutton was concentrated. The residue was
suspended in DMEF, filtered off, and the precipitated product was washed with water,
dried under vacuum to afford compound 59, LCMS-ESE (m/z): IM+H] calculated for
CorH7F NGy 451,37, found: 452,226, "H-NME (400 MHz, DMSO-d6) 8 11.53 (s,
1H), 1035 (1, J = 5.8 He, 1H), 8.34 (s, 1H), 738 (1, I = 8.6 Hz, 2H), 5.15 ~ 4.88 (m,
1H), 4.73(d, =33 Hz, 1H} 449 (m, 3H), 404 (1. = 124 Hz, 1H), 3.65(dd, 1= 124,
3.7 Hz, 1H), 2.95 - 2.76 {m, [H}, 2.26 ~ 2.03 (m, 1H), 1.96 — 1.64 (m, 3H). "F-NMR
(376 MHz, DMSO-ds} 6 -73.93 , -74.74 (d, J = 28.8 Hz), -109.31 {m), ~112.51 {m}, -

165.65 (m}.
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Example &6

Preparation of Compound 68

vi-T-hydroxy-6,8-dioxe~1.2,3,4,6,8,12,12a-

-G-carboramide
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To a solution of dimethyl
5.5 g, 23 ramol} in MeOH (100 mL) was added 41-E (Example 41) (8 g,
sodium bicarbonate (3.6 g, 43 myvool),

15 1.5k 4M HCI (in dioxane, 55 wmL, 221 mmol} was added and the solation was heated

3-methoxy-4-oxo0-4H-pyran-2,5-dicarboxylate

The solution was stirred at room temperature for

22 mowl) and
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to 50 °C for 2h. The reaction was cooled fo room temperature and concentrated in
vaeno. The resulting oil was dissolved in sodium bicarbonate and washed with EtQAc.
The aqueous layers were then extracted with CHCl (4x). The combined CH,Ch
extractions were dried over Na:8O4 and concentrated to provide §4-A. LOMS-ESE
(m/zy [MHH] caleulated for CisH 10N, Os: 319.13; found: 319.20.

|43

]
o
¥

N

To a suspension of 66-A (3.7 g, 11.6 mmol} in MeOH (12 mL) apd THF

{23 roly was added agueous KOH (2M, 157 ml, 31.4 mmel). The resulling sotution

10 was stirred at room temperature for 10 min, Volatiles were removed in vacuo, and the

resulting aqueous layer was acidified with IN HCL  The resulting white solid was

filtered, washed with water, and dried in vacuo to provide 68-B. TH-NMR (400 MHz,

Chioroform-d} d 8.36 {s, 1H}, 5.01 (d, I = 2.7 Hz, 1H), 4.12 {5, 4H}, 390 (¢, 1= 122

Hz, 1H), 3.78 (dd, J = 12.1, 3.1 Hz, 1H), 2.69 (s, 1H), 1.5 - 1.71 (m, 4H), 1.70 - 1.54

i5  {m, 2H). LCMS-ESI (m/&): [M+B] caleulated for CsHsNoOs: 305.11; found:
305.185.

Step 3
To a solution of 68-B (0.10 g, 0.33 mmol} in CHCh (3.5 ml) was
20 added (2,3-dichlorophenylimethanamine {0.12 g, 0.70 mmol}, HATU (0.25 g, .66
mmol), and N,N-diisopropyicthylamine (DIPEA) (6.29 mL, 1.64 mmol). The resulting
solution was stirred at room temperature uniil judged complete” by LO/MS.  The
reaction mixture was diluted with CH,Cl, and washed with IWN HCL The agueous fayer
was back-extracted with CHyCly, and the combined organic lavers were dried over
25 NapSy and concentrated in vacuo. The crude material was dissolved in hot DMF and
allowed to precipitate upon cooling. Piliration provided 68-C. LEME-EST (m/i):

IM+HT calculated for CraHonCLN2Oy: 462.10; found: 462.14.

Step 4
14 To a slurry of 80-C (0.11 g, 0.24 mmol}, in accronitrile (4.5 mL), was

added magnesium bromide (0.089 g, 048 mmol). The reaction mixture was heated to

45 °C for 2.5 h and then cooled to room temperature.  The shury was diluted with
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CHoCly and washed with TN HCI and brive. The agueous lavers were back-extracted
with CHLCL (2x) and the combined organic jayers were dried over Na.SOs and
concentrated iz vacuo. The crude solid was triturated with methanol and filtered to
provide 66. "H-NMR (400 MFz, DMSO-d6) 3 11.72 (s, 1H), 10.50 (, TH), 8.34 (5,
TH), 7.55 (dd, 1H), 7.40 - 7.24 {m, 2H), 4.67 (s, 1H), 4.61 (d, 2H), 4.45 (dd, 1H), 3.95
{t, 1H}, 3.84 — 3.73 {m, IH), 1.86 - 1.67 (m, 3H), 1.66 - 1.40 (m, 4H). LCMS-EST’
{(m/z); [M+HT caloulated for CyHapChNaOy: 448.08; found: 448.18.

U

Example 61
Preparation of Compound 61
10 (IR.48.12a8)-N-{3-chlore-2 4-difluorcbenzyl)-7-hydroxy-6 8-dioxo-1,2,3,4,6,&,12,12a-

cctahvdro-1.4-methanodipvridoil,2-a: 1", 2-dpvrazine-9-carboxamide
3 Py i : P

=

L. O
7 | i~
SR N/\Q\Y/)LN SN ,u!
LN AR H Ei\x'
: T O F
O OH

61

(RIS
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3) NaHCO4 o OMe
&) KOH B1-A
HATU, DIEA o
_____________________ _— ,/’\E/\ fI[\ /Yv A
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HolN [ X ‘ Oile
P 61-B
MQE%?;
famammasaiaes -
61 was prepared analogously to Example 68, substituting (18,354R)-

tert-butyl  3-(aminomethyl}-Z-azabicyclo{2.2. 1 theptane-2-carboxylate  (prepared  in

Example 38) for 41-E, and (3-chloro-24-diffucrophenymethanamine for (2.3-

dichlorophenylymethanamine. TH-NMR (400 MHz, DMSO- doy & 11.85 (s, 1H), 1045
{t, 1H)}, 8.40 (s, 1H), 7.37 (1d, 1H), 7.27 {td, 1H), 4.63 - 4.46 {m, 4H), 4.17 (1, 1H), 4.04
(dt, 1H), 1.76 (d, 1H), 1.73 - 1.54 {m, 5H). LCMS-ESI (m/z): [M+H]" calculated for
CyHppCIFyNaQy: 456.10; found: 450.15.

Exampie 62
Preparation of Compound 62
(2R,58,13aR)-N-(d-fluoro-2-(trifluoromethyl tbenzyl 3-8-hydioxy-7,9-dioxo-
2,3,4,5,7.9,13,13a-octahydro-2,5-methanopyride{1.2"4, 5 Jpyr dzmoffl,l

gy

bil1,3loxazepine-1{-carboxamide
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Compound 62 was prepared in a similar manner to compound 42 using
5 {4-fluoro-2-{(trifluoromethylyphenylimethanamine i} place of {2.4,6-
trifulorophenylphenyljmethapamine, "H-NMR (400 MHz, Chloroform-d) & 10.50 (s,
TH), 8.38 (s, 1Y, 7.57 (dd, TH), 7.36 {dd, 1H}, 7.19 (td, 1H), 5.40 - 5.28 (m., 2H). 4.79
(t, 2H), 4.69 {s, TH), 4.25 (dd, 1H), 4.03 (dd, 1§, 2.37 - 1.98 {m, 4H), 1.96 - 1.84 (m,
TED, 1.67 (dy, THD LOMS-ESE (may: {M—Jri%i}'* calculated for CpblpFa MO 482.13:
10 found: 482.145.

Example 63
Preparation of Compound §3
(2R,38, 13aR)-N-(2-chloro-4-fluorebenzyt-R-hydroxy-7,9-dioxe-2,3.,4,3,7,9,13,1 34~

octahydro-2,5~methanopyrido{17,2":4,5pyrazino{2,1-b]{ 1,3 Joxazepine-1 (-carboxamide

15
o ¢
o 'S
\%/’\\N/ \ Nﬂ‘ N ‘Q‘
. ! O F
0 OH
63
Cormnpound 63 was prepared n a similar manner to compound 42 using

20 {2-chlore-4-fluorophenylmethanamine n place of {2,4,6-

trifulorophenyiphenyljmethanamine. "H-NMR {400 MHz, Chloroform-d) 3 10.4% (s,
THY, 84S (s, 1H), 739 (dd, 1H), 712 (dd, 1H), 6.93 (d, THY, 5.37 (4 TED, 531 (¢, 16D,
4.68 (s, 3H), 429 {d, TH), 4.04 (t, 1H), 2.21 - 2.01 {m, 4H), 1.97 - 1.82 (m, 1H), 1.67 -
1.56 (m, 1H). LCMS-ESI™ (m/): IM+H] calculated for CpHagCIFNOs: 448.10;

25  found: 448.143.
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Example 64
Preparation of Compound 64
(2R.55,13aR}-8-hydroxy-7,9-dioxo-N-(2.4,5-triflucrebenzyl)-2,3.4,5,7,9,13,13a-

octahydro-2 S-methanopyrido{1'.2'4,5Ipyrazino[2,1-b}f 1,3 loxazepine-10-carboxamide

5
S
G .
)\F/\N/\\;z ﬁ O
N\{ R \O &
G OH F
&4
Compound 64 was prepared i a similar manner to compound 42 using
10 (24 5-trifluorophenyiimethanamine in place of (2,46~

trifulorophenylphenyDmethanamine. "H-NMR (400 MHz, Chloroform-d) § 10.42 {s,

1H), 8.42 (s, 1H), 7.19 {ddd, 1H), 6.91 (1d, 1H), 538 (dd, 1H), 531 (t, 1H), 4.69 {s,

1H), 4.61 (d, 2H), 4.29 (dd, iH), 4.05 (dd, 1H), 2.18 - 2.02 (m, 4H), 1.96 - 1.84 (m.

1H), 1.66 - 1.56 (m, 1H). LCMS-ESI" (ma): [M+H] calculated for O HwFaN:Os:
15 430.12; found: 454.119.

Example 65
Preparation of Compound 65
{2R,55,13aR -N-(S-chloro-2 4-diflucrobenzyD-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,1 3a-

octahydro-2, 5-methanopyrido{1'.2"4,5pyrazino{2, 1-b1[ 1,3 loxazepine-10-carboxamide

20
oJ i 1
H i {
Mo A
\>/ \r R /L\\\O T
O OH i
65

Compound 65 was prepared jn a similar manner to compound 42 using
25 (S-chloro-2 4-diftusrophenyimethanamine in place of {2,4.6-

trifulorophenylphenylmethanamine. "H-NMR (400 MHz, Chloroform-d} § 10.47 (1,
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5.31 {1, 1H), 4.69 (g, 1H},

740 (dd, 1H}, 6.90 (t, 1H), 537 (dd, 1H), 5

2,47 -2.02 {m, 4H), 1.94 - 1.86 (w, 1H), 161

1HD, 41 (s, 1D,

4.62 {d, 2H}), 4.28 {d, 1H), 4.04 (dd, 1H)},
(de, 1H). LOMS-EST” (mz): [M+H] calculated for € HioCIFN3Os: 466.09; found

466.107.
Example 66

5
Preparation of Compound 66

{1R.,45,12aR}-N~(3 4~-difluorobenzyi}-7-hvdroxy-6,8-dioxo-1,2,3,4,6,8,12,1 2a-
octahydro-1,4-methanodipyridof1,2-a:1",2-dJpyrazine-9-carboxamide

H
VS N'/V\YF
, oo
NWKL\\( o) S

' to compound 66 using

Compound 66 was prepared in a similar mann
(3,4~diflucrophenyl)methanamine in place of (2,3-dichlorophenylimethanamine. 'H-

15 NMR (400 MHz, Chloroform-d) § 10.59 (s, 1H), 7.24 —~ 7.16 {m, 2H}, 7.14 - 7.04 {m,
2H), 4.91 (s, 1H), 4.58 {d, 3H}, 3.94 — 3.82 (m, 1H), 3.79 (d, 1H), 1.99 ~ 1.81 {m, 4H)

176 {d, 1H), 1.70 - 1.60 (m, 3H). LCMS-EST (mz) [M+H] calculated for

{ leQC "-77\13().-‘;2 41613, found: 416,415
Example 67
Preparation of Compound 67

20
(1R,45,12aR}-N-{4-fluoro-2-(triflucromethyDbenzyl}-7-hydroxy-6,8-dioxo-
P 2-dlpyrazine-9-

A
1,2,.3,4,6,8,12,1 2a-octahydro-1 d-methanodipyridoef [,2-a:
carboxamide

Geseast

SN
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Compound &7 was prepared in a similar manner to compound 66 using

{4-fleore-2-(triflucromethyDphenylmethanamine in place of 2,3~
5 dichlorophenyl)methanamine. "H-NMR (400 MHz, Chioroform-4) 8 11.72 (s, 1H),
10.55 (s, 1H), 829 (s, 1H), 7.61 (s, 1H), 7.36 (dd, 1H), 7.18 (td, 1H)}, 4.91 (s, 1H}, 4.80
{d, 3H), 4.11 ¢s, 1H), 1.99 — 1.80 (m, 4H}, 1.76 (4, 1H}, 1.71 - 1.47 {m, 3H). LCMS-
ESE On/z): [MAHT calculated for CopFloFsNaOy: 466.13; found: 466.297.
Fxample 68
10 Preparation of Compound 68
{1R48,12aR}-N-(2-chloro-4-fluorobenzyl)-7-hvdroxy-6,8-dioxo-1,2,3,4,6,8,12,1 2a-
octahydro-1,4-methanodipyridof1,2-a:1' 2-d]pyrazine-9-carboxamide
H o ?E
aSoeA®
LQ/N Ny ’ S F
G GOH
15 68

Compound 68 was prepared in a similar manner to compound 68 using
{2-chloro-4-fluorophenyimethanamine in place of (2,3-dichlorophenylmethanamine.
YB-NMR (400 MHz, Chloroform-d) § 11.68 (s, 1H), 10.52 (s, 1H), 8.27 (s, 1H), 7.44 -

20 737 (m, 1H), 701 {dd, 1H), 6.93 (4d, 1H}, 4.90 (s, 1H), 4.68 {4, ZH), 4.16 ~ 4.01 (m,
1H), 3.88 ~ 3.70 (m, 2H), 2.00 - 179 {m; 4H), 1.75 (d, 1H), 1.70 ~ 1.57 (m, 2H).
LOMS-EST () IM+H]" calculated for Cy HuoCIFN-Oy: 432.10; found: 432.214.

Example ¢9
Preparation of Compound 69

(1R.45,12aR)}-N-{3-chloro-2 4-difluorobenzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,1 2a-

o
4

octahydro-1,4-methanodipyridof t,2-a:1' 2'-d]pyrazine-9-carboxamide
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Compound 6% was prepared in a similar manner to compound 6§ using

5 {3-chloro-2 4-difluorophenylimethanamine in piace of PR

oy

dichiowpi}eﬂvE‘}metbanamine. H-NMR {400 MHz, Chloroform-d) 8 11.71 (s, 1H},

1048 (s, 1H), 8.20 (s, LH}, 7.27 (s, 1H), 6.92 (td, 1H), 4.90 (s, 1H), 4.66 (d, 2H}, 4.08
1H), 3.91 = 3.6% {m, 2H)}, 2.01 - 1.79 (m, 3H)}, 1.75 (d, 1H}, 1.71 - 1.44 {m, 2H)

LCMS-ESE (m/4): [M+H] caleulated for CyHyoCIFaN:Oy: 4590.10; found: 450.27.

i0 Exampie 7¢
Preparation of Compound 78
(1R.45,12aR }-N-(2-fluoro-3-methylbenzyl)-7-hydroxy-6,8-dioxo-1,2,3,4.6,8,12,1 2a-
octahydro-1,4-methanodipyridol{,2-a:1",2"-d]pyrazine-9-carboxamide
5

Compound 78 was prepared in & similar manoer to compound 66 using

(2-fluoro-3-methylphenyDmetbanamine in place of (2,3-dichlorophenyDmethanamine,

20 TH-NMR (400 MHz, Chloroform-d) 8 11.62 (s, 1H), 10.39 (s, 1H), 8.30 (s, 1H), 7.19 (4,

THD, 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 - 179 {m, 3H), 1.78 - 1.39 (m, 3H). LCMS-ESY Gn/z): [M+H]
calculated for CpHaaFN3O4: 412.16; found: 412.26.
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Example 71
Preparation of Compound 71
(IR45,12aR)-N-(3,6-dichloro-2-flnorobenzyl)-7 -hydroxy-6,%-dioxe-1,2,3,4,6.8,12,1 2a-

octahydro-1,4-methanodipyridof 1,2-a:1'.2-d}pyrazine-9-carboxamide

5
71
Compound 71 was prepared in a similar manner to compound 68 using
10 (3,6-dichlore-2-flugrophenylimethanamine n place of {23~
dichiorophenylymethanamine. "H-NMR (400 MHz, Chloroform-d) 8 11.62 (s, 1H)
1047 (t. 18), 8.29 (s, 1H), 7.13 {dd, 1H), 4.88 (s, 1H), 4.85 - 4.73 {m, 2H}, 4.0% {d,
tH), 3.88 - 3.68 (m, 2H}, 1.99 -~ 1.53 (m, $H). LOCMS-ESY (m/2): [M+HT calculated
for Co H oCLEFN:O: 466.07; found: 466.257.
i3 Example 72
Preparation of Compound 72
{1R,485,12aR}-N-(3-chlorobenzyi)-7-hydroxy-6,8-diexo-1,2,3.4,6,8,12,1 2a-octabydro-
1.4-methanodipyridof1,2-a:1",2"-dpyrazine-9-carboxamide
B Q o
z ‘N\f’(&r Ny o
20 O OH
72
Compound 72 was prepared in a similar manner to compound 68 using
(3-chlorophenylymethanamine in place of (2,3-dichiorophenymethanarine. "H-NMR
25 {400 MHz, DMSO-d6) 6 11.75 (s, 1H), 10.44 (1, TH), 8.38 (s, 1H), 7.42 - 7.22 (m, 4H),

4.68 (s, 1H), 4.54 (d, 2H), 448 (dd, TH), 3.97 (1, 1H), 3.81 (dd, 1H}, 2.58 (5, 1H), 1.87 -

145



WO 2014/100323 PCT/US2013/076367

1.69 (m, 3H), 1.68 - 1.51 (m, 2H), 1.46 (d, 1H). LCMS-EST On/2): [M+H] calculated
for Cg;lifz;CiNng}i 4141 3‘, found; 414 .21,
Example 73

Preparation of Compound 73

{1R,45,12aR }-N-(3-chloro-2,6-difluorobenzy])-7-hydroxy-6,8-dioxe-1,2,3,4,6,8,12.12a-

5
octahydro-1,4~methanodipyridef 1.2-a: 1", 2"-d]pyrazine-S-carboxamide
O F
I j\
/:\{’/\Nf‘\\? NN Ny Cl
Q/N g )%\ . M . | _
0 OH
73
10
Cormnpound 73 was prepared in a similar manner o compound 68 using
{3-chioro-2,6-difluorophenyhimethanamine in place of (2,3~
dichlorophenylymethanamine, "H-NMR (400 MHz, DMSQG-d6) 6 11.71 (s, 1H), 10.46
(t, 1H}, 834 (s, 1H)., 7.60 (td, 18}, 7.19 (d, 1H), 4.67 (s, 1H), 4.62 (4, 2H), 4.44 (dd,
15 1ED, 3.95 {1, TH), 3.78 (dd, 1H), 2.57 (s, 1H), 1.86 - 1.68 (m, 3H), 1.67 - 1.49 {m, 2H),

145 (d, 1H). LCMS-EST (m2): [M+H] caleulated for CpHpoCIFaNaOy: 450.10;

found: 450.16.

Example 74

Preparation of Compound 74

uaro-3-{trifluoromethylybenzy - 7-hydroxy-6,8-dioxo-

20 (1R.48,] 2aR }-N-(2-f1
1,2,3,4,6,8,12,12a-octahydro-1 4-methapodipyridof 1,2-a:1' 2'-djpyrazine-9-
carboxamide
« T
ﬁ/\ NYLN/ %
< H
O OH
23 74
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Compound 74 was prepared in a similar manner to compound 68 using
(2-fluoro-3-(trifluoromethyDphenylymethanamine in place of (2,3-

dichlorophenyi}methanamine. 'H-MMR (400 MHz, DMSO-d6) 8 11.76 (s, 1H), 10.48

5 (L IHLB.36 (s, TH), 7.68 (q, 2H), 7.38 {t, 1H), 4.68 (s, 1H), 4.65 {(d, 2H), 4.47 (dd, 1H),
3.96 (1, [H), 3.80 (dd, 1H}, 2.57 (s, 1H), 1.88 - 1.69 {m, 3H), 1.67 - 1.50 {m, 2H), 145
(d, 1H;. LOCMS-ESI' (w4 [M+HT calculated for CpnHyFaN:Ou 466.13; found:
466.142.
Example 75
10 Preparation of Compound 7%
{1R,48,12aR)-N-{3-chloro-4-fluorobenzyl)-7T-hydroxy-6,8-dioxo-1,2,3,4,6,8,12.12a-
octahydro-1,4-methanodipyridof1,2-a:1", 2 d]pyrazine-S-carboxamide
f\f’/\i\s = N =
E—z N Hoo | P
oy 0 F
O OH
15 75

Compound 75 was prepared in a similay marnmer to compound 6@ using
{3-chloro-4-fluorophenylDmethanamine in place of {2,3-dichlorophenylmethanamine,
TH-NMR (400 MHz, DMSO-d6) § 11.75 (s, 1H), 16.43 (1, 1H), 8.38 (s, 1H), 7.51 {dd,

20 1H), 742 - 728 (m, 2H), 4.68 (s, 1H}, 4.51 (4, 2ZH), 4.47 (dd, IH}, 357 {1, IH), 3.80
{dd, 1H}, 2.58 (s, IH}, 1.86 - 1.68 (m, 3H), 1.68 - 1.52 {m, 2H), 1.46 (4, 1H). LCMS-
EST (m/zy: [M+HY calculated for Cp HyoCIFN;O,: 432.10; found: 432.159.

Example 76

Preparation of Compound 76

=
LA

(I1R,485,12aR}-N-((3,5-difluoropyridin-2-yDmethyl}- 7-hydroxy-6,8-dioxo-
1,2,3,4,6.8,12,12a-octahydro-1,4-methanodipyrido{ 1 ,2-a: 1*,2"-d}pyrazine-9-

carboxamide
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’ ol F
rW\N/\j\)LN/ E\
NN P N
- i F
a  OH
76

Compound 76 was prepered in a sirilar manner to compound 68 using

S {3 5-difluoropyridin-2-ylmethanamine in place of (2,3-dichlorophenyiimethanamine.

TH-NMR (400 MHz, Chloroform-d) 8 10.80 (s, 1H), 8.81 (s, 1H), 833 (4, 1H), 7.20

{rd, TH), 4.90 (s, 1H), 4.82 {s, 2H}, 428 {d, 1H), 3.92 — 3.75 (m, ZH), 348 (s, 2H), 1.98

— 1.80 {m, 3H). 1.77 (&, H), 1.7 - 1.58 {m, 2H). LCMS-EST" (m/2); [M+HT
caloulated for ConH1oFN4Gy: 417.13; found: 417,189,

10 Example 77
Preparation of Compound 77
{IR45,12aR - 7-hydroxy-6,8-dioxo-N-((R}-1-{2.4,6-trifluorophenyliethyi)-
1,2,3,4,6,%,12,12a-octahydro-1 4-methanodipyrido{1,2-a: ', 2'-d}pyrazine-9-

carboxamide

& ! F
G O
77
N g i : k NY LAk
: ~ A H ] P SN 3
{ -VPT/‘W OH N ,J\ HATU { N x\‘*(tﬁ bl L
o e 1 o it . i } H
/ N \T';/A\ (9] ) f&\'\, ﬁ\ " \Tr/%%‘:/}\}o F /AXE/ F
Lo BN £
& OBn O OBn
778 —_
[aJ s F
. 4 i
! \7 TR g\g/\érl\,
Yn A AT
2Ny - i S
B o5 on
77
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Step 1

A 50-mL round bottom flask was charged with 77-A (0.15 g, 8.39
mmol),  (R)-1-(24.6-trifluorophenyijethanamine  {0.14 g, 078 mmol), NN-
diisopropylethylamine (BIPEA)} (0.25 g, 1.97 mmeol) and HATU (0.29 g, 8.79 mmol) in
BCM (1¢ mb). The reaction mixture was stirred at room temperature for 1 h. The
reaction mixture was concentrated down, re-dissolved in EtOAc {50 mL), washed with
saturated NaHCO; (2x), saturated NHCl and dried over Na,SO4. After concentration,
the crade was purified by column chromatography on silica gel with hexane-EtCAc to

obtain 77-B as a white solid. LOMS-EST (m/2): [M+H] found: 538.

A 50-mL. round bottom flask was charged with 77-B (0.20 g, 0.37 mmol)
in TFA (2 mL). The reaction mixture was stirred at room temperature for 30 min. The
solution was concentrated and the residue was purified by flash chromatography using
FtOAc-20% MeOH i EtOAc as eluents to afford compound 77. "H-NMR {400 MHz,
Chloroform-dy ¢ 10.67 (d, J = 8.2 Hz, 1H), 822 (s, 1H), 6.61 (1, I = &4 Hz, 21, 5.60
(dd, T=K.1,69 Hz, 1H), 485 (s, TH), 3824, J = 122 Hz, 1H). 3.71{(dd, } = 124,34
Hz, 1H), 2.75 - 2.55 (m, 3H), 1.97 - 1.57 {m, 9H). “F-NMR (376 MHz, Chioroform-d)
§ -109.65 - ~111.29 {m), -111.76 - ~113.09 (m). LOMS-ESI" (m/): [M+H]" found:
448,

Example 78
Preparation of Compound 78
(2R, 13aR)}-8-hydroxy-7,9-dioxo-N-{{R}-1-(2,4,6-rifluorophenyijethyl)-
2,3,4,5,7.9,13,13a-0ctahydro-2,5-methanopyrido{ 1,274, 5 Jpyrazine[2, 1 -

bi{1,3}oxazepine-10-carboxamide

H o H 9 ¢ 1
OO D
i H
-N W3 N )\
l/ \l \; {} F, N \g:
& OH
78
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19

20

Hzﬁ‘;\ P = HATU
F-Q\F L %\(Jﬁ/& BN

Step i

A 50-mL round bottom flask was charged with 784 (030 g, (.94
(R)-1-(2 (0.3 g, 1.87 mmol), NN-
and HATU {871 g, 1

DCM (10 mi). The reaction mixture was stirred at room temperature for 1 hour. The

minol), 4. 6-triftuorophenyl)  ethanamine

diisopropyiethylamine (DIPEA} (0.61 g, 4.87 mmol) &7 mmol} in
reaction mixture was concentrated down, re-dissolved in BtOA¢ (30 mL), washed with
saturated NaHCO; (2x), saturated NHLC and dricd over WapSOs. Afler concentration,
the « wmda was purified by colurom chromatography on silica gel with hexane-EtOAc o

obtain 78-B as a white solid. LOMS-ESIT (n/z): [M+HT'; found: 478,

,.
o
@
(o]
188

A 50-mL round bottom flask was charged with 78-B (0.4 g, 0.84 mmol)
and npagnesium bromide (0.4 g, 2.2 mmol} in scctonitrile {5 mb). The reaction mixture
was heated to 50 °C. After 10 minutes, the reaction mixture was cooled t0 0 °C and I N

hydrochloric acid {4 ml) was added in. More waler {~ S mL} was added and the solid
YH-NMR
{400 MHz, Chloroform-dy & 1230 (s, 1), 10.59 (d, } = 8.3 Hz, 1H), 821 (s, 1H), 6.60
(t, = 84 Hz, 2H), 5.59 (1, 1 =74 Hz, 1H), 537(dd, 1 =94, 4.1 Hz, 1H), 531509
(m, 1H}, 4.64 (’s, =30Hz 1H),420(dd, J=129,4.1 Hz, 2H}, 3.96 (dd, = 12§, 94
Hz, 2H), 2.21 - 1.85 (m, 4H), 1.7} - 1.43 (m, 3H). "F-NMR (376 MHz, Chioroform-d)
& -110.37 (1, J = 8.7, 6.1 Hz), -112.19 (t, ] = 7.2 Hz). LCMS-EST (m/a): [M+HT

found: 464,

was filirated and washed with water and dried to afford afford compound 78.
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Example 79
Preparation of Compound 79
(1R,48,12aR}-7-hydroxy-6,8-dioxp-N~{2 4,5-trifluorobenzyi}-1,2,3,4,6,&,12,1 2a-

octahydro-1,4-methanodipyridof 1,2-a:1",2’-dJpyrazine-9-carboxamide
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78
step 1

A 50-ml round bottom flask was charged with 78-4 (0.12 g, 0.32
mmol}, 24, 5-trifluoropbenyiynethanarsine (010 g 063 mmol), NN-
diisopropylethylamine (IDIPEA) (0.20 g, 1.58 mmol) and HATU (0.24 g, 0.63 mmel) in
PBOM (10 ml). The reaction mixture was stirred at room temperature for 1 b The
reaction mixture was concentrated down, re-dissolved in EtOAc {50 mL), washed with
saturated NaHCO, (2x), saturated NH.C) and dried over Na,S0O4. After concentration,
the crude was purified by column chromatography on silica gel with hexane-EtOAc to

obtain 79-B as a white solid. LCMS-ESI (m/z): [M+H]; found: 524,

A 50-mi. round bottom flask was charged with 79-8 {0.13 g, (.29 mmol
g 4 g
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i TFA (2 mL). The reaction mixfure was stirred at room teraperature for 30 min. The
solution was concentrated and the residuc was purified by flash chromatography using
EtOAC-20% MeOH in BtOAc as eluents to afford compound 79, "H-NMR (400 MHz,
Chioroform-d) & 11.70 (s, 1H), 10.65 - 1018 {m, 1H), 8.27 (5, 1H), 7.26 {m, 1H), 6.90

5 (4, 1=97,64Hz [H), 489 (5, 1H,L460(d I=060Hz 2H), 400{dd, J=114,26
Hz, 1H), 3.96 - 3.66 (m, 2H), 2.68 (s, 1H), 2.15 - 1.43 (m, 6H). PF-NMR (376 MHz,
Chioroform-dy 8 120.53 - -120.85 {m}, -134.68 - -136.79 (m), ~142.26 - -144.11 (m).
LOMS-ESY (m/4): [M+H] found: 434.

Example 80
10 Preparation of Compound 86
{1R,48,12aR)-N-{5-chlorp-2 4-difluorobenzyl}-7-hydroxy-6,8-dioxo-1,2,3.4,6,8,12,1 2a-
octahvdro-1.4-methanodipyride[},2-a:1", 2 -dpyrazine-9-carboxamide
o F
Hy |
;5 -‘-JN\;T//K%\% L\\\[’_ F
H 1
O O i
{5 80
O F
O £ Hy i
E;i H ! i e 2 ¢ N
oo wegy e GO0
NN sy PN S N
"5 oBn & ¢ OBn ol
86-4 80-8
H o ﬂ i

TEA y 2*{’/\\&&/\\%&/\\\}‘;’ \i:l

T ————p 1 H i
HO5 om 3;5/
86

A 50-mb roond bottom flask was charged with 88-4 (0.12 g 032
200 mmol), (S-chlore-2 4-difluorophenyDmethanamine (0.11 g 0.63 mmel), NN-
dilsopropyicthylamine (BIPEA} (0.20 g, 1.58 mmol} and HATU (0.24 g, 0.63 mmol) in

DCM (10 ). The reaction mixture was stirred at room temperature for 1 h. The
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reaction mixture was concentrated down, re-dissoived in EtOAc (530 ral), washed with
saturated NaHCO, (2x), saturated NHC and dried over NaxSO4. After concentration,
the crude was purified by column chromatography on silica gel with hexane-EtQAc to

obtain 86-B as a white solid, LCMS-ESIT Graz): IM+HT'; found: 541,

5
Step 2
A 50-mL round bottorn flask was charged with 86-B (0.14 g, 0.26 ramol)
i TFA (2 mb}  The reaction mixtare was stured at room temperature for 30
minutes. The solution was concentrated and the residue was purified by fash
10 chromatography using EtOAC-20% MeOH in EtOAc as eluents to afford compound 8.

TH-NMR (400 MHz, Chioroform-d) § 1046 (s, 14D, 8.27 (s, 1H), 7.40 {1, } = 7.8 Hz

iH), 6.89 (1, J = 9.1 Hz, 1H), 490 (s, 1H), 478 - 4.48 (m, 2H)}, 408 {dd, 1= 113,25

Hz, 1H), 3.95 - 3.63 (m, 2H), 2.68 (s, 1H), 2.22 - 1.51 {m, 7H). "P-NMR (376 MHz,

Chioroform-d) 8 -113.37 (g, T = 8.1 Hz), -116.37 (g, J = 8.0 Hz). LUMS-EST (m/2):
15 [M+H] found: 451

Example 81
Preparation of Compound 81

(1R,35,45,12a8)-3-fluoro-7-hydroxy-6,8-dioxo-N-(2,4,6-triftuorobenzyl)-

20 1,2,3,4,6,8,12,12a-octahydro- | 4-methanodipyrido{ 1 2-a: 1", 2'-d|pyrazine-O-
carboxamide
B o 1 i
>-—~/"\ SR N =
,f\m! o o#H
Fad” TN Ny SN
c  oH
g1
25
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Step |

A 100-mL round botiom flask was charged with 81-A (1.0 g, 3.7 mmol)
i DCM (16 mL). The reaction mixture was cooled to ¢ 'C. Diethylaminosulfur
iftuoride (DAST) {(0.5% ml, 4.1 mwool) was slowly added in. Then the reaction
mixture was stirred at room temperature for one hour. The mixture was cooled back to §
°C. Saturated NaHCOs (5 ml) was added dropwise to quench the reaction. Then the

reaction mixture was difuted with EtOA¢ {100 mi), washed with sat. NaHCOs, brine,
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and dried over Na:80s After conceniration, the residue was purified by flash
chromatography using hexanes - EtOAc as cluents to afford 81-B. LCMS-EST™ (m/2):
IM+HY" found: 274.

A 100-mL round bottom flask was charged with 81-B (0.8 g, 3.0 mmol}
in THF (10 mL). The reaction mixture was stirred at -78 °C. 2.0 M LiBH,in THF (3.2
ml., 6.4 mumol) was slowly added in. Then the reaction mixture was warmed up and
stirred at voom temperature for 3 hours. Then the reaction wmixture was diluied with
EtOAc (100 mL) and treated slowly with water (H; evolution). After the two phases
were separated. the aqueous fraction was extracted with EtQOAc and the two organic
fractions were combined, washed with water, and dried over NaSO, Afier
coticentration, the residue was purified by flash chromatography using hexanes - EtQAc

as cluents to afford 81-C. LCMS-ESE (m/); [M+H] found: 246.

Step 3

o oM
{ g.) e 3

A 100wl round botiom flask was charged with 81-C (0.5
mmol}, triphenylphosphine (1.3 g, 5.1 mmol} and phthalimide (.55 g, 3.7 mmol) in
THF (15 mL). Then the reaction mixture was cooled to 6 °C with stirring. Diisopropyl
azodicarboxylate (DIAD) (1.0 mL, 5.1 mmol) was slowly added to the reaction mixture.
The reaction mixture was stirred at room temperature for overnight. After
concentration, the residue was purificd by flash chromatography using bexancs - EtOAc

as eluents to afford $1-D. LCMS-ESY (m/2): [M-+HT found: 375,

Step 4

To a solution of 8I-B (0.8 g, 2.1 mmol) EtOH (40 mbL} was added
fiydrazine monohydrate (0.6 ml). The reaction mixture was heated fo 70 °C with
stirring for 3 hours. After filtration to remove the solid, the filtrate was concentrated to

afford 81-E. LCMS-ESI (m/4z): [M+H] found: 245.

Step 8
A 180-mL round bottom flask was charged with 81-E (0.49 g, 2.0 mumol}
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and 81-F (0.7 g, 2.0 mumol} in ethanol {7 mL). Sodiwm bicarbonate (0.34 g, 4.0 mmol)
m water {7 mbL} was added to the reaction mixture.  Then the reaction mixture was
stirred at room temperature for overnight. The mixture was diluted with EtOAc (50 mLj
and washed with water (2 x). The aqueous fractions were extracted with EtOAc (1 x),
and the organic fractions were combined, dried (Nax3C4), and concentrated. The crade
$1-G was used for next step without further purification. LCMS-EST” (m/z)y: [M+HY

found: 573

A 100-mL round bottom flask was charged with 81-G (1.1 g, 1.9 mmol)
in 4 N HC| /dioxane (11 mlbl). Then the reaction mixture was stirred at room
temperature for 1 hour. After concentration, 1.0 g intermediate was obtained. The
intermediate and DBU (1.3 g, 8.8 mmol} were dissolved in toluene (10 mi}). The
reaction rixture was heated to 110 "C with stirring for 1 bour. After concentration, the
residue was purified by flash chromatography using hexanes - EtOAc as eluents to
afford 81-H, LOCMS-ESI (m/z): [M+HT found: 413.

Step ]

A 100-mb. round botiom flask was charged with 81-H (056 g, 14
mmol} in THF (5 mL) and MeOH (5 mL). | N KOH (4 mL) was added to the reaction
mixture. Then the reaction mixture was stirred at room temperature for 1 hour. The
reaction mixture was acidified by adding I N HCI (4 mL). After concentration, the

caidue was co-evaporated with toluene (3 x). Half of the crude acid, 2,4.6-

auny
52

g 3.1

wiftuobenzylamine (8.2 g, 1.3 mmol}, NN-diisopropylethylamine (DIPEA) (0.41
mmol) and HATU (0.48 g, 1.25 mmol) were dissolved in DMF (10 mL}. The reaction
mixture was stirred al voom temperature for 2 hours. The mixture was diluted with
EtQAc {100 mbL) and washed with saturated NaHCO; (2x), saturated NH,Cl (2x) and
dried over Na,SQy. After concentration, the crude was pwified by column
chromatography on silica gel with hexane-EtOAc to afford 83-1. LCMS-ESY (m/z):
[M+H]" found: 542,
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A 50-mL round bottom flask was charged with 81-1 {0.31 g, .38 mmol}
mn TFA (3 mb). The reaction mixture was stirred at room temperature for 30 minutes.
After concentration, the crude was purified by column chromatography on silica gel
with BtOAc-MeOH to afford compound 81, 'H-NMR (400 MHz, Chloroform-d) &
1029 (s, 1H)Y 8.31 (s, IH}). 6,65 {dd, J = 8.7, 7.5 Hz, 2H), 5.05 - 4.75 (m, ZH), 4.65(d, 1
= 5.6 Hz, 28, 411 (3 = 122 Hz, 15D, 3.83 (4, T = 12.3 Hz, 1), 3.56 {dd, I = 123,
3.3 Hz, 1H), 2.77 €s, 1H), 2.25 - 1.97 (m, 2H), 1.95 (4, J = 11.0 Hz, 2H), 1.77(d, J =

5%

10 112 Hz, 1H). PF-NMR (376 MHz, Chloroform-d) § -108.98 (1, J = 8.2 Hz), -112.03 {t,
J=7.2 Hz), -168.00. LCMS-ESE (m/2): found: 452,

Example 82
Preparation of Compound 82
(18.3R 4R, 12aR}-3-fluore-7-hydroxy-6,8~-dioxo-N-(2,4,6-trifluorobenzyl)-
15 1,2,3.4,6,8,12,12a-octahydro-1 4-methanodipyridof 1,2-a:1',2"-dpyrazine-9-

carboxamide
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Step 1

A 100-ml round bottom flask was charged with 82-4 (0.6 g, 2.1 mmol)

PCT/US2013/076367

5 in DOM (6 mL). The reaction mixture was cooled to 0 °C. DAST (0.35 mL, 3.0 mmol)

was slowly added in. Then the reaction mixture was stirred at roovn iemperature for one

hour, The mixture was cooled back o ¢ °C. Saturated NaFICO; (5 mL) was added drop

wise o quench the reaction.

mL}, washe

10 residue was purified by flash chromatography using hexanes ~ EtOAc¢ as eluents to
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afford 82-B. LOCMS-ESE (n/2): [M+HT found: 274.

Step 2
A 100-ml. round bottom flask was charged with 82-B (04 g, 1.5 mmol}

in THF (10 mL). The reaction mixture wus stirred at -78 °C. 2.0 M LiBH, in THF (1.6

s

mE. 3.2 mmol) was slowly added m. Then the reaction mixture was warmed up and
stirred at room temperature for 3 hours, Then the reaction raixsture was diluted with
EtOAc (100 mL) and added water slowly (F; evolution). Afier the two phases were
separated, the aqueous fraction was exiracted with EtOAc and the two organic fractions
10 were combined, washed with water and dried over Na,S04. After concentration, the
residue was purified by flash chromatography using hexanes - BtOAc as eluents to

afford 82-€. LOCMS-ESE (m/z): [M+HT found: 246.

Step 3
i3 A 100-mL round bottom flask was charged-with 82-C (0.25 g, 1.0
mruol), triphenyiphosphine (0.59 g, 2.2 mmol) and phthalimide (©.24 g, 1.6 mnool) in
THF (10 mL). Then the reactiop mixture was cooled to 0 °C with stirring. DIAD (0.44
ml, 2.2 mmol} was slowly added to the reaction mixture. The reaction mixfure was
stirred at roons temperaiore for overnight. After concentration, the residue was purified
20 by flash chromatography using hexanes - EtOAc as eluents to afford 82-D. LOMS-

ESY" (m/zy: [M+HT found: 375,

To a solution of §2-B (035 ¢, 0.9 mamol) EtOH (20 mL) was added
25 hydrazine monchydrate (0.3 mL). The reaction mixture was heated to 70 C with
stirring for 3 hours. After filtration to remove the solid, the filtrate was concentrated o

afford 82-E. LCMS-ESI (m/a): [M+HT found: 245,

Step 5
3¢ A 100-mL round bottom flask was charged with 82-E (0.21 g, 0.87
mmol) and 82-F (0.3 g, 0.87 mmol) in ethanel (7 wl). Sodiam bicarbonate (4,15 g, 1.7

mmol) i water (7 mbL) was added to the reaction mixture. Then the reaction mixture
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was stitred at room temperature for overnight. The mixture was diluted with EtOAc (50
mkL) and washed with water (2 x}. The aqueous fractions were extracted with EtOAc,
and the organic fractions were combined, dried (N2;804), and concentrated. The crude
82-0; was used for next step without further purification. LOMS-ESI™ (m/4 ) [M+HT

found: 573.

2iep &

A 100-ml round bottorn flask was charged with 82-G (0.49 ¢, 0.86
mmol} v 4 N HCl /dioxane (5 mL), Then the reaction mixture was stirred at room
temperature for 1 hour. After copcentration, (0.4 g intermediate was obtained. The
intermediate and DBU (0.6 g, 4.0 mmo!l) were dissolved in toluene (10 mL). The
reaction mixture was heated to 110 °C with stirring for 1 hour. After concentration, the
residue was purified by flash chromatography using hexanes - BiOAc as cluents to

afford 82-H. LCMS-EST” (m/z): IM+H] found: 413.

A 100-mL round bottom flask was charged with 82-H (6.2 g, 049
mmol}in THF (5 mL) and MeOH (5 mL). 1 N KOH (1.5 mL) was added 1o the reaction
nixture. Then the reaction mixture was stirred at room temperature for 1 hour. Th
caction mixture was acidified by adding § N HCl (1.5 mL). After concentration, the
residue was co-evaporated with toluene (3 x). The crude acid, 2,4,6-trifluchenzyiamine
{0.15 g, 0.95 mmol), N N-diisopropyletbylamine (DIPEA)Y (.31 ¢, 2.4 mmol) and
HATU (0.36 g, .95 mmol) were dissolved in DCM (10 mL). The reaction mixture was
stirred at room temperature for 2 hours. The mixtare was diluted with FtOAc¢ (100 mL)
and washed with saturated NatHCO; (2x), saturated NH 1 (2x) and dried over NayS0,.
Afier concentration, the crude was purified by column chromatography on silica gel

with hexane-EtOAc to afford §2-1. LCMS-EST (m/2) [M+HT found: 542.

A 50-mlL round bottorn flask was charged with 82-1 (0.22 g, 0.41 mmol}
m TEA (3 mL). The reaction mixture was stirred at room temperature for 3¢ minutes.

After concentration, the crude was purified by coluron chromatography on silica gel
i 3 Erapay g
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with EtOAc-MeOH to afford compound 82, "B-NMR (400 MHz. Chloroform-d) &

7

10.25 (s, 1H), 8.28 (s, 1H), 6.65 (s, 2H), 5.15 - 4.77 (m, ZH), 4.65 (s, 2H), 4.32 - 3.41

{(m, 2H), 2.7% {s, 1H), 1.86 (dd, J = 144.8, 72.3 Hz, 6H). "F-NMR (376 MHz,
Chloroform-d) 6 -108.98 (t, 1 = 8.2 Hz), -112.03 (1, § = 7.2 Hz), -168.00. LOMS-ESI"

5 (m/zy found: 452
Example 83
Preparation of Compound 83
{15,4R,12a5)-3,3-difluoro-7-hydroxy-6,8-dioxo-N-(2,4,6-triflucrobenzyl)-
1,2,3,4,6,8,12,12a~0ctahydro-1 4-methanodipyridof1,2-a:1' 2'-dipyrazine-9-
10 carboxamide

F‘wk L i
b
" o om
83
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Step 1

A 100-mL round bottom flask was charged with 83-A (1.0 g, 3

PCT/US2013/076367
&
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3.7 mumnol)

in DOCM (20 mL). The reaction mixture was cooled to 0 °C. 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.

After concentration, the residue was punfied by flash

chromatography using bexanes - EtOAc as eluents to afford 83-B. LCMS-ESI™ (m/z):

IM+H]" found: 270.
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A 100-mL round bottom flask was charged with 83-B (0.85 g, 3.2 mmol}
in DCM {15 mL). The reaction mixture was cooled to 0 e DAST (1.5 mL, 113
mmol} was slowly added in. Then the reaction mixture was stirred at room temperature
overnight, The mixture was cooled back to 0 °C. Saturated NaHCO; (5 mL) was added
dropwise fo quench the reaction.  Then the reaction mixture was diluted with EtOAc
{100 wk), wasbed with sat. NaHCO:, brine, and dried over Na8Q, After
concentration, the residae was purified by flash chromatograpby using hexanes ~ EtOAc

as eluents to afford 83-C. LOMS-ESY (m/z): [MHHT found: 292.

Step3

A 100-mL round bottom flask was charged with 83-C (044 g, 1.5
mumol) in THF {6 mL). The reaction mixture was stirred at -78 “C. 2.0 M LiBH, in THF
{1.6 mL, 3.2 mmol} was slowly added in. Then the reaction mixture was warmed up
and stirred at room temperature for 3 hours. Then the reaction mixture was dituted with
EtOAc (100 ml) and added water slowly {H, evolution). After the two phases were
separated, the aqueous fraction was extracted with EtOAc and the two organic fractions
were combined, washed with water, and dried over Na;SO4 After concentration, the
residue was purified by flash chromatography using hexanes - EtOAc as eluents to

afford 83-D. LCMS-ESE (m/z): [M+H]" found: 264.

Step 4

A 100-mi round beottoro flask was charged with 83-D (0.17 g, 0.65
mimel), triphenyiphospinne (037 g, 1.4 mmol} and phthalimide (0.15 g, 1.0 mmel) in
THF (10 mL). Then the reaction mixture was cooled to 0 °C with stirring. DIAD (0.28
mL, 1.4 mmol) was slowly added to the reaction mixture. The reaction mixture was
stirred at room temperature for overnight. After concentration, the residue was purified
by flash chromatography using hexanes - EtOAc as eloents to afford 83-E. LCMS-
EST (m/zy: [IM+H] found: 393,
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To a solution of 83-E (.25 g, 0.64 mmol} EtGH (20 mL) was added
hydrazine monohydrate (0.3 mL). The reaction mixture was heated to 70 °C with
stirring for 3 hours. After filtration to remove the solid, the filtrate was concentrated

afford 83-F. LCMS-ESE (m/4): [M+H] found: 263.

A 100-ml. round bottom flask was charged with 83-F (0.18 g, 0.69
mmol) and 83-G (0.324¢, (.69 mumol) in ethanol {7 ml). Sodivm bicarbonate (.12 g,
14 rmarool) in water {7 ml} was added to the reaction mixture. Then the reaction
mixture was stirred at room temperature overnight. The mixture was diluted with
EtOAc {50 mL) and washed with water. Tho aqueous fractions were extracted with
EtOAc, and the organic fractions were combined, dried (NaSO4), and
concentrated. The crude 83-H wus used for next step without further purification.
LCMS-EST (m/z): [M+HT found: 591,

A 100-mi round bottom flask was charged with 83-H (0.4 g, 0.68
mmol} in 4 N HCL /dioxane (3.8 mb). Then the reaction mixture was stirred at room
temperature for I hour. After concentration, 0.35 g intermediate was obtained. The
intermediate and DBU (0.51 g, 3.3 mmol} were dissolved m toluene (10 mLY. The
reaction mixture was heated to 110 °C with stirring for | hour. After concentration, the
residue was purified by flash chromatography using hexanes - EtOAc as eluents to

afford §3-1. LOCMS-ESE (m/z): [M+H] found: 431,

A 100-mbL round bottom flask was charged with 83-1 (0.2 g, 0.47 nunol)
m THF (5 mL) and MeOH (5 mL). 1 N KOH (1.4 mbl) was added to the reaction
muxture, Then the reaction mixture was stirred at room temperature for | hour. The
reaction mixture was acidified by adding 1 N HCI (1.4 mL). Afier concentration, the
residue was co-evaporated with toluene (3 ). The crude acid, 2,4.6-rifluobenzylamine

(6.14 g, 6.91 mmol), NN-diisopropylethylamine (DIPEA) (0.29 g, 2.2 mmol)} and
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HATU(0.35 g, 0.91 vamol) were dissolved in DCM (10 ml.). The reaction raixture was
stirred at room temperature for 2 hours. The mixture was diluted with EtOAc (100 mL)
and washed with saturated NaHC0; (2x), saturated NH4C! (2x) and dried over NapSQO.
After coucentration, the crude was purified by column chromatography on silica gel

with hexane-EtOAC to afford 83-4. LOMS-EST (m/z): [M+HT found: 560.

Step @

A 50-ml. vbf was charged with 83-F (0.18 g, 0.32 mmol) in TFA (3 mL).
The reaction mixture was stired at roow femperature for 3¢ minutes. After
concentration, the crude was purified by column chromatography on silica gel with
EtCAc-Me(OH 1o afford cam;wzmd 83 as a white solid. 'H-NMR {400 MHz,
Chioroform-d) 8 10.29 (d, 1 = 6.1 Hz, 1H), 8.34 (s, 1H), 6.65 (dd, } = 8.7, 7.5 Hz, 2H}.
4.83 (s, 1H),4.72 - 458 {m, 2H), 4.36 - 4.10 (m, 2H), 4.05 (t, = 1 1.5 Hz, 1H), 2.97 {d,
I = 4.4 Hz, 1H), 2.49 - 208 (m, 3H), 2.12 - 1.94 (m, 2H). PF-NMR (376 MHz.
Chloroform-d) 6 - 92.32 {(ddd, J = 225.6, 22.5, 9.1 Hz), -107.64 - -109.54 {m), -112.05
(i, 1= 7.0 Hzy, -114.67 (d, I = 226.7 Hz). LCMS-ESI" (m/z): found: 470.

Example 84
Preparation of Compound 84
{18,2R 45,1 2aR }-7-hydroxy-2~methyl-6,8-dioxo-N-(2 4, 6-trifluorcbenzyl)-
1,2,3,4,6,8,12,12a-octahydro-1 4-methanodipyridof1,2-a: 1, 2"-djpyrazine-9-

carboxamide
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Step 1

A 160-ml round bottom flask was charged with 84-A (1.6 g, 3.9 mmob)

5 in DCM (20 mL). The reaction mixture was cooled to § "¢ Dess-Martin periodinane

(4.9 g, 11.7 mrool) was slowly added in. Then the reaction mixture was stirred at room
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temperature for 3 hours. After concentration, the residue was purified by flash
chromatography using bexancs - BtOAc as cluents to afford 84-B. LOMS-EST™ (m/2):
IM+HT™ found: 270.

Step 2

A 100-mL round bottom flask was charged with 84-B (1.3 g, 4.8 mmol}
in THF (30 mL). The reaction mixture was cooled to § °C. Tebbe reagent (0.5 M in
toluene, 19.4 mi, 9.7 mmol) was slowly added in, Then the reaction mixture was
stirred at room teroperature for 2 hours. The mixture was cooled back to € °C. Saturated
NaHCO: (5 mL} was added drop wise to quench the reaction. The reaction mixture was
stirred at room temperature for another 135 minutes and filtered through celite. The
filtered cake was washed with DCM (2 x). The combined filtrates were concentrated in
vacuum and the residue was purified by flash chromatography using hexanes - EtQAc

as cluents to afford 84-C. LCMS-EST (m/z2): [M+HT found: 268.

To a solution (purged with No) of 84-C (0.9 ¢, 3.4 mmol} in EtOH {20
mL} was added Pd/C (0.18 ¢}, The mixtare was stirred under Hy for 3 hours. The
mixture was filtered through celite and the filtrate was concentrated to afford 84-D.

LOMS-ESI (m/z): [M+HT found: 270.

Step 4

A 100-mal. round bottom fask was charged with 84-D (0.9 g. 3.3 mmol}
in THF (6 mL), The reaction mixture was stivred at -7% °C. 2.0 M LiBH, in THF {132
mi., 26.4 mrool) was slowly added in. Then the reaction mixture was warmed up and
stirred at room iemperature for 3 hours. Then the reaction mixture was diluted with
EtOAc (100 mL} and added water slowly (H: evolution). After the two phases were
separated, the aqueous fraction was extracted with EtQAc and the two organic fractions
were combined, washed with water, and dried over NaySO,. After concentration, the
residue was purified by flash chromatography using hexanes - EtOAc as eluents to

afford 84-E. LCMS-ESI (m/42): [M+H]" found: 242.
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A 100-mbL round bottom flask was charged with 84-E (04 g,

H

1.66
mmol}, triphenyiphosphine (0.96 g, 3.6 mmol) and phthalimide (0.39 ¢, 2.7 mwmol) in
THF (i5 mL). Then the reaction mixture was cooled 1o 0 °C with stirring. DIAD (0.7
ml, 3.6 mmol} was slowly added to the reaction mixwre. The reaction mixture was
stirred at room femperature for overnight. After concentration, the residue was purified
by flash chromatography using hexanes - EtOAc as eluents to afford 84-F. LOMS-

EST (m/): [MHHT found: 371,

Step &

To g solution of 84-F (0.55 g, 1.5 mumol) EtOH (20 mL} was added
hydrazine monchydrate (0.3 mL), The reaction mixture was heated to 70 °C with
stirring for 3 hours. After filtration to remove the solid, the filtrate was concentrated to

afford 84-G. LCMS-EST™ (m/zy: [M+HT found: 241.

Ste

A 100-mL round bottom flask was charged with 84-G (035 g, 1.4
mmoly and 84-H (0.5g, 1.4 mmol) in ethanol (10 mL). Sedium bicarbonate (.24 g, 2.8
mmol} in water (10 mL) was added to the reaction mixture. Then the reaction mixture
was stirred at room temperature for overnight. The mixture was diluted with BtOAc (56
ml} and washed with water (2 x). The agueous fractions were extracted with EtQAc,
and the organic fractions were combined, dried (NaxS04), and concentrated. The crude
84-§ was used for next step without further purification. LOMS-ESI (m/a): [M+HT
found: 583.

A 100-mL rbf was charged with 84~ (0.84 ¢, 1.4 mmol) in 4 N HCI
/dioxane (8.2 mL). Then the reaction mixture was stirred at room temperature for |
hour. After concentration, 0.74 g intermediate was obtained. The intermediate and DBU
(1.1 g, 7.2 momol} were dissolved in toluene (10 mi). The reaction mixture was heated

to 110 °C with stirring for 1 hour. After concentration, the residue was purified by flash
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chromatography using hexanes - EtOAc¢ as eluents to afford 84-d. LOMS-ESL (m/2):
[M+H " found: 409,

Step 9

A 100-mL round bottom flask was charged with 84-3 (0.4 g, .98 mmol}
m THF (5 mlL} and MeOH (5 mL}. I N KOH (3.0 mL) was added to the reaction
mixture. Then the reaction mixture was stirred af room temperature for | hour. The
reaction ixture was acidified by adding 1 N HCU (3.0 mL). After concentration, the
residue was co-evaporated with toluene (3 x). The crude acid, 2.4,6-trifluobenzylamine
{0.32 g, 1.96 mmol), N.N-diisopropylethylamine (DIFEA} (0.63 g, 4.9 mmol) and
HATU (8,74 g, 1.9 mmol) were dissolved in DCM (10 mL). The reaction mixture was
stirred at room temperature for 2 hours. The mixture was diluted with EtOAc (100 mL)
and washed with saturated NaHCO; (2x), saturated NH,Cl (2x) and dried over Na; SO,
Atter concentration, the crude was purified by column chromatography on silica gel
with hexane-EtQAc to afford 84-K. LOCMS-ESIT (m/z): [M+HT found: 538.

A 50-mL round bottom flask was charged with 84-K (0.5 g, ¢.93 mmol)
m TEFA (6 mL}. The reaction mixture was stirred at room temperature for 30 minutes.
After concentration, the crude was purified by column chromatography on silica gel
vith EtOAc-MeOH to afford compound 84, "H-NMR (400 MHz, Chloroform-d) 6
10.37 (8, 1H), 8.28 (s, 1H), 6.65 {t, J = 8.1 Hz, 2H), 4.80 (s, iH)_., 4.77 - 4.52 (m, 3H),
408 (d, J tHz, 1H), 3.88 (d, J = 12.3 He, 1HD, 247 (d, J = 3.2 Hz, 1H), 2.35 (s,
IHD, 2,36 (ddd, 1 = 143, 11.2, 3.6 Hz, 1H), 1.93 - 1.57 {m, 3H), 1.29 - 119 (m, 1H),
137 (d, ] = 7.0 Hz, 3H). PF-NMR (376 MHz, Chloroform-d) § -109.24 , -111.98.
LCMES-ESIT (m/a): found: 448,

Example 85
Preparation of Compound 85
(6aS,7R,118)-1-hydroxy-2,13-dioxo-N-(2 4,6~trifluorobenzy!3-6,64,7,8,9,10,1 1,13«

octahydro-2H-7,1 l-methanopyrido[ 1,24, 5 pyrazine] 1,2-ajazepine-3-carboxamide
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A solution of 85-A (1100 mg, 3.855 gunoel i BMSO (6 ml) and water
(0.75 mL) was stirred at room temperature as N-iodosuccinmide (885 mg, 3.934 mmol}
was added. After 2 b, additional N-iodoguccinmide {88 mg, 0.391 mmol} was added
and the resulting mixtare was stirred at room temperature for 1.5 b, The dark brown

reaction mixture was diluted with EtOAc, and washed with & mixture of 16 % aq.
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M2,S-0; selution and ag. NaHCO; solution (~1:4 mixture) and then with water {with
some brine). After the aqueous fractions were exfracted with EtOAce, the organic
fractions were combined, dried (Na;504), and concentrated. The residue was purified
by flash chromatography using hexanes - EtOAc as eluents to obtain 85-B. 'H-NMR
(400 MHz, CDCl3) 6 7.51 - 7.44 (m, 2H3, 7.33 - 717 (m, 3H), 4.22 - 4.05 (m, 2H), 4.02
- 386 (m, 2H) 377 (4, = 53 He, 1K), 3.54 - 3.44 (m, 1H), 327 {1, 3= 4.5 Hz, 1H),
275 -2.66 (m, 1H), 230 {dddd, J= 148, 13.1, 7.2, 5.8 Hz, 1H), 2.14 {dddd. I = 14,
3.0, 6.1, 2.1 Hx, 1HD), 1.97 (d, 3 = 8.9 He, 1H), 158 - 1.46 {m, 1H), 1.45 - 134 (x,
AH), 1.24 {4, J = 7.1 Hz, 3H). LCMS-ESE (m/z): [M-+H] calculated for CiaHasINO::
430.1; founds 43G.0.

sy

A sotation of 85-B (993 mg, 2.313 mmo!), AIBN (305 mg, 1.857 mmol),
and tributyltin hydride {1392 mpg, 4.79% mmol} in toluene (15 ml) was stirred at 100
°C. After 1 h, the reaction mixture was cooled to room temperature, diluted with
EtOAc, and washed with water and brine. After the aqueous fractions were extracted
with  EiQAc, the orgawic fractions were combined, dried (NaSQ4),  and
concentrated. The residue was purified by flash chromatography using hexanes -
EtOAc as eluents 1o obtain 83-C. "H-NMR (400 MHz, CDCi2) § 7.57 - 7.49 (m, 2H),
7.32 - 723 {m, 2H), 7.23 - 7.15 (m, 1H), 4.24 - 4.02 (m, 2H), 3.97 {q, ] = 6.7 Hz, 1H),
383(d, J=51Hz IH), 348, J=46Hz, 1H),319-304(m, 1H),258ip, J=40
Hz, 1H), 2.30 (dddd, ¥} = 14.7, 13.1, 7.6, 4.5 Hz, 1H), 198 (d, J = 11.2 Hz, 1H), 1.64
(tdd, J = 13.3, 6.2, 2.6 Hz, 1H), 1.49 - 133 (m, 3H), 137 (¢, J = 6.7 Hz, 3H), 1.32 -
126 (m, 1H), 1.23 (¢, J = 7.2 Hz, 3H). LCMS-ESE (m/4) [M+H] calculated for
CraHpeNGa: 304.2; found: 304.1.

Step 3

A mixture of 85-C (725 mg, 2.39 mmol} and 20% PAOHL/C (351 mg)
in EtOH (25 mL) and 4 N HCI in dioxane (0.9 mL) was stirred under H, atmosphere.
After 2 h, the reaction maxture was filtered, and the filtrate was concentrated. LOLCMS-
EST (n/z): [MA+H] calculated for CigHhgNOy: 200.13; found: 200.1. After the residue

was co-evaporaied with toluene (x 2), the residue and Boo (O (720 mg, 3.299 mmol) in
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THF (15 ml} was stirred at room temperature as N, N-diisopropylethylamine (DIPEA)
(1.2 mi, 6889 mmol) was added. After 1 h, the reaction mixture was diluted with
water and extracted with EtOAc (x 2). After the organic extracts were washed with

waler, the combined extracts were dried (Na,SO4) and concentrated. The residue was

try

purified by flash using hexanes - EtOAc as cluents to obtain 88-D which appears to be a
mixture of rotamers. "H-NMR (4060 MHz, CDCly) 8 4.42 - 3.97 {m, SH}, 2.62 (¢. J =
5.6 Hz, 1H), 245 - 2.26 (m, 1H), 2.25 - 2,15 (m, 1H), .80 {td. J = 13.7, 6.7 Hz, 1H),

1.66 (dd, J= 12.3, 6.6 Hz, 2H), 1.55 - 1.70 (w, ZH), 1.47 (s, 2H), 1.42 (s, 7TH), 1.28 {(dt,
J=95, 7.1 Hz, 3H), LCMS-ESI" (nz): [M+H] calculated for CisHaeNGs: 300.2;
10 found: 299.7.

Step 4
To a solution of §5-D (568 mg, 1.897 mmol) and pyridine (0.25 mL,
3.0%1 mmol} in THF (5 mL) was added phenyl chlorothionoformate (0.3 mL, 2.16%
15 mmol) at ¢ “C, which produced insoluble material quickly. After ~30 min at § °C,
additional pyridine {0.3 wl, 3.709 mmol) and phenyl chiorothionoformate (0.3 mi,,
2.169 murool) were added. After 1.5 b at 0 °C and 1 b at room temperature, the mixture
was concenirated, and the residue was dissolved 1 EtOAc and water. After separation
of two layers, the organic fraction was washed with ~0.1 N HC, saturated aqueous
20 NaHCG,, and brine . After the agueous fractions were exiracted with EtQAc, the
combined organic fractions were dried (Na;804), and concentrated. The residue was
purificd by flash chromatography using EtQAc/hexanes as cluents to afford 85-E. 'H-
NMR (400 MHz, CDCLY S 747 - 737 (m, 2H), 730(L J = 69 Hz, 1H), 7.11 dd, I =
8.0,4.0 He, 2H), 5.54 (dt, 1= 9.0, 4.9 Hz, 1H), 450 {dt, 1=9.8, 5.3 Hz, 1H), 4.35(dd, ]
25 =2014,50%z 1H), 430-4.14 (m, 2H), 2.71 (s, 1H), 2.54 (s, 1H), 2.14 - 2.00 {m, 1H),
1LE2 (m, 3H), 1.54 (m, 1H), 148 (5, 4.5H), 145 (5, 4.5H), 1.30{dt, I = 9.4, 7.1 Hz, 3H}
LOCMS-ESE (m/z): [M+HT calculated for CyHagNOsS: 436.2; found: 435.8.

Step S
34 A rmixture of 85-E (602 mg, 1.382 ramol}, AIBN (182 mg, 1.108 mmol},
and tributyliin hydride {608 g, 2.096 mmol) in toluene (8 wL) was stitred at 100 °C.

After 1 h, the reaction mixture was concentrated and the residue was dissolved in
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EtQAc before washing with water and brine. After the agueous fractions were
cxtracted with EtGAc, the combined organic fractions were dried (NapS04) and
concentrated. The residue  was  purified  with  flash  chromatography using
EtOAc/hexanes as eluents to give 85-F which appears to be a mixture of rotamers, 'H-
NMR (400 MHz, CDCI) 8 4.37 - 4.06 {my, 4H), 2.69 - 2.53 (m, 1H), 2.1 (m, 1H), 197
(m,0.65H), 1.93 - 1.80 (m, 1.35H), 1.54 (s, 5H). 1.46 (s, 3.15H), 1.42 (s, 5.85H), 1.27
{m, 3H} LOMS-EST (m/z): IM-CoHg+HT calculated for CnHaNOs: 228.1; found:
227.9,

Step 6

85-F (420 mg) was repwified and the purified 85-F in THF (3 mL) was
stirred at 0 °C as 2.0 M LiBH, in THF (1.5 mL) was added. Afier 5 min, the mixture
was stirred at room temperature for 17 b and additional 2.0 M LiBH. in THF (1.5 mL)
was added at room temperature. After 23 h at room temperature, additional 2.0 M
LiBH, in THF (3 mL) was added and the resulting mixture was stirred for ~72 . Afier
the reaction mixture was stirved at § °C as waler was slowly added and further diluted
with water, the product was extracied with EtOAc (x 2). The exiracts were washed
with water, combined, dried (Na,S0y), and concentrated. The residue was purified by
flash chromatography using hexane - EtOAc as ehuents to give $5-G. "H-NMR (400
MHz, CDCL) 34,12 (1, 1 =53 He, 1H), 399 (dd, } = 12.0, 7.9 Hz, 1H), 385 (dd, J =
8.0,4.7Hz, IH), 3.73{(dd, J =119, 14 Hz, 1H), 2.28 (d, } =4.6 Hz, 1H), 1.90 - 1.73
(m, 2H), 1.68 - 1.45 (1, 6H), 1.47 (s, 9H), 1.43 - 1.33 (m, 1H). LCMS-EST (m/z): [M-
CiHg+HT calculated for CoHiNOs: 186.1; found: 186.0.

A solution of 8%-6 (198 mg, 0.820 mmol}, phitalimide (200 mg, 1.359
mmol}, and PPha (488 mg, 1.861 mmel) in THF (10 mL) was stirred at 0 °C bath as
DIAD (0.36 mL, 1.828 mmol) was added. After 30 min at 0 °C, the mixture was stirred
at room temperature for 17 b, The reaction mixture was concentrated and the residue
was purificd by flash chromatography using hexane-EtOAc as eluents to 85-H which
appears to be a mixture of rotamers, "H-NMR (4060 MHz, CDCL) 8 782 (dd, J = 5.4,
3.1 Hz, 2H3, 7.69 (dd, J = 54, 3.1 Hz, 2H), 446 (s, 1H}, 4.19 {m, 2H), 3.95 (s, 1H),
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230 - 234 (m, 1HD, 205 (d, J = 16.5 Hz, 1H), 1.84 (m, 2H), 1.79 - 1.70 ¢m, 1H), 1.66
{(m, 1H), 1.61 - 1.30 {(m, 12H). LCMS-EST' (n/): [M +H] caloulated for CoyHorNyO4

371.2; found: 370.8.

To a solution of 85-H (270 mg, .729 ramol)} in EtOH (12 ml) was
added hydrazine hydrate (0.145 mL, 3.083 mrnol) at room ternperature and the resulting
solution was stirred at 70 “C. Afier 1.5 h, the mixture was cooled to 0 "C and diluted
with ether (30 wL) before stirting for 1 b at 0 °C. The mixture was filtered and the
filtrate was concentrated. The residus was dissolved 1o CHCly and filtered to remove
some insoluble material. The resulting filtrate was concentrated. The residus,
combined with 85-1 (257 mg, 0.742 mmol), and NaHCO; {131 mg, 1.559 mmol) in
water {3 mL) and EtOH (3 mL} was stirred at room temperature. After 1 h, the mixture
was diluted with water and extracted with EtQAc (x 2). After the extracts were washed
with water, the organic extracts were combined, dried (N22S04), and concentrated. To &
solution of the residue in CHLCL (2 mL) was added 4 N HCl in dioxane {6 mL). After
1.5 h at room temperature, the solution was concenirated and co-evaporated with
toluene. A mixture of the residue and DBU (0.6 mL, 4.012 mmol} in toluene (5 mi)
was stirred at 100 °C bath. After 1 b, additional DBU (0.3 mL, 2.006 mmol) was
added and the mixtwre was stirred snother 1 b at 100 "C. After the minture was
concentrated, the residue was purified by flagh chromatopraphy using EtOAc - 20%
MeOH/EtOAC as cluents to give 85-F. "H-NMR (400 MHz, CDCL) 4 8.08 (s, 1H),
701 - 7.62 (my, 2H), 7.36 - 7.28 (v, 2H), 7.29 - 723 (m, 1H), 5.44 (d, I = 9.8 Hz, 1H),
536 (d, J =98 Hz, 1H), 444 - 4.28 (m, 3H), 4.23 ¢, T= 13.0 Hz, 1H), 399 (ddt, J =
10.2,6.3,3.6 He, 2H), 2,44 - 2.36 (m, TH), 220 (dt, J = 11.6, 5.3 Hz, 1H), 1.84(dt, J =
10.8, 5.3 Hz, 2H}, 1.77 - 1.61 (m, 3H)}, 157 (d, J = 11,7 Hz, 1), 1.48 (ddd, § = 209,
12.3, 5.5 Hz, 1H), 1.38 (4, J = 7.1 Hz, 3H). LOCMS-ESIE" (m/z): [M +HT calculated for

C;;L;H;g?-NQOsI 4332, found: 423 .3,

Step &
A mixture of 85- (214 mg, 0.507 rumol} in THF {4 wL) and MeOH (4

mb} was stirred at room feraperature as 1 N KOH (1.1 wl) was added.  After 30 min,
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the reaction mixture was concentrated to ~1 k., acidified with I N HCH (~1.2 mL), and
diluted with brine before extraction with CH,Cl (20 mi x 2). The combined extracts
wete dried (NapS04) and concenirated to obtain the crude acid. LOMS-ESTT (m/z): [M
+H]" calculated for CpnHaaN2Os: 395.2; found: 395.3.

A mixture of the crude acid (199 mg, 0.505 mmol), 2,4,6-trifluorobenzyl
apuine (130 my, 0.807 mmeotl), and HATU (304 mg, 8.800 mmol) in CH,Cl, (6 mL) was
sarred at room femperature as N N-dusopropylethylamine (DIPEA) (0.62 ml, 3.559
mmol) was added. After 30 van, the reaction mixture was concentrated and the residue
was dissolved in EtOAc, washed with saturated aqueous NH4Cl (x 2), saturated aqueous
NaHCO, (x 23, and brine. After the agueous fractions were extracted with BtOAc, two
organic fractions were combined, dried {Na;SQOy) and concentrated. The residue was
purified by flash using BtOAc-20%McOH/EA as cluents to obtain 85-K. "H-NMR
{400 MHz, CDCly) 6 1040 (1, 1 = 5.7 Hz, 1H), 842 (s, 1H), 7.68 - 7.54 {m, 2H}, 7.33
(ddd, J =77, 6.3, 1.5 Hz, 2H), 7.30 - 7.26 (m, 1H), 6.74 - 6.60 (m, 2H}, 5.37 {(d, ]
100 Hz, 1H), 5,17 (d, J = 10.0 Hz, 1H), 4.76 - 4.57 (m, 2H), 4.46 {dd, ] = 6.0, 4.3 Hz,
TH), 434 (1, J = 12.4 He, li‘{), 4074(dd, 1=124,3.6Hz, 1H),3.91{dt, J=124,39 He,
TH), 2.52 - 244 (m, 1H), 232 {dd, J = 118, 6.2 Hz, 1H), 1.92 (di, T = 10.7, 5.4 Hz,
iH), 1.83 - 170 (m, 3H), 1.67 (d, I = 11.7 Hz, TH), 1,52 (dddt, J = 25.5,17.0, 11.8,5.3
Fiz, 2H). VF-NMR (376 MHz, CDCl) § -109.15 (dg, J = 15.0, 7.5, 7.1 Ha, 1F). -
11185 ¢, I = 6.8 Hz, 2F). LCMS-EST (m/z): IM +HT calculated for CooHurFaNaOy:
538.2; found: 338.3.

&5-K (187 mg, 0.34% myvol) was dissolved in trifluoroacetic acid (3 mL)
at room temperature and stired at roowm temperature. After 1 h, the solution was
concentrated and the residue wag dissolved in CH,Cly. After the solution was washed
with 0.1 N HCL the agueous fraction was extracted with CH>Cly (x 2). The organic
fractions were combined, dried (Na;504), and concentrated. The residue was purified
by flash chromatography using CH,CL-20% MeOH in CH,Cl, as cluents to obtain 150
mg {96%;} of compound 85. Compound 85 was further purified by recrystallization
from methanel (16 wl) to give compound 85, "H-NMR (400 MHz, CDCL) § 12.09 {s,
TH), 1039 ¢, 1= 5.7 He, TH), 836 (8, 1H), 6.74 - 648 (m, 2H), 464 (d, J = 5.7 Hz,
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2H), 459 (dd, J = 6.1, 44 Hz, 1H), 436 - 418 (m, 28}, 4.12 (dt, 1= 12.4, 4.1 Hz, 1H},
268 -2.47 (m, 1H), 2.25-210{m, 1H), 2.10 - 1.98 (rn, 1H), 1.98 - 1.66 {m, 4H}. 1.66 -
1.48 {m., 2F). PF-NMR (376 MHz, CDCL) 6 -109.23 (dad, J = 15.1, 8.6, 6.0 Hz, 1F), -

12.02 (¢, 1 = 6.9 Hz, 2F). LCMS-EST (m/z): [M +H] calculated for CapHo FsNaOy:
448.2; found: 448.3.

Ly

Example 86
Preparation of Compound 88
(1R,35,4R,12a8)-7-bydroxy-3-methyl-6,8-dioxo-N-{ 2, 4,6-riffuorobenzyl -
1,2,3,4,6,8,12,12a-octahydro-1 4-methancdipyrido[1,2-a:1" 2"-dlpyrazine-9-

16 carboxamide

Pl

86

176



WO 2014/100323 PCT/US2013/076367

A COOMe COOMe
COOMe IS T
I ~ - / ' “
W s LN BugSnt, AIBN [\[/i 'H
N DMSOH,T HO ¥ b o™ w\:,—f' N
. o Pr P
85-A &6-B 86-C
COOMe
. ¢ COOMe
COOMe
- ?,,{ vy -RessMarting, //N\{" 1 Tebbe's an
11 Hy, PG, HGL [‘ _,..—E\! Perodinane ¢y N—%‘"“ “Goc Tbag“i“‘ /; \..—»i\l
2) BocQ HO V “Boc oc
86-D 86-E 8-
OOM oH %L
C € p /’1\\\
Hy, PAIC ,-—’i'"iH LB, r’\r’?/‘* ShthiNH N P
, LN, FN BBy, DIAD T g et
i Boo ¥ Boo M‘LN %]
#6-G 86.H J “Boc
5.4
1) HoNNH,
SOCEL
O C O
2R ,)\\1, NaH{CO, H ?
\{I OB s \gf 7ONTSYT0B gy ko
» n 85 B ! 5
ST NN 7Y 2.4 5 BrNH,, FATU, DIEA
4) DBU 75 OB
864
o F
0 £ HH i
PN NN ~— '\a\s"\\r’ﬂ\w"\f’\
SN TEA oo H \J
N H S ——— N /A\\"\"f&‘o ’,:./3 U ~
y oSy p F y \E i ' '
S H
X ! O OH
O OBn 8t
86-K

Step 1
A solution of 86-A (10.160 g, 39.48 myuol) in DMBEO (52 mL) and water
S {6.5 mL) was stirred at room temperature as N-iodosuccinmide (8.888 g, 39.50 mmol)
was added. After 30 min, the dark browxn reaction mixture was diluted with EtOAc, and
washed with saturated aqueous NaHCO: solution, 10 % aqueous Nap$,0; solution Jand
brine. After the aqueous fractions were extracted with EtOAc, the organic fractions
were combined, dried (Na;S504), and concentrated. The residue was purified by flash
10 chromatography using hexanes - EtOAc as cluents to obtain 86-B as a white solid. 'H-
NMER (400 MHz, CDCl3) & 7.33 - 7,19 (m, 5H), 4.25 - 412 (m, 1H), 379 {g, ] = 1.6
Hz, 1H), 3.72 (g, J = 6.5 Hz, 15}, 3.51 {5, 1H}, 3.47 (s, 3H), 3.31 {dd, ] = 3.9, 1.6 Hz,
1H), 2.76 - 2.69 (m, 1H), 2.13 (ddd, T = 14.3, 7.8, 1.7 Hz, 1H), 2.08 - 1.97 (m, 1H), 1.91
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(did, T= 14.1, 4.9, 1.5 Hz, 1H), 142 (d, J = 6.5 Hz, 3H). LOMSB-EST (m/2): [M+HT
caleulated for CeHy ING;: 402.7; found: 402.0.

A solution of 86-B (12468 g, 31.07 mmol), azobisisobutvronturile
{AIBN) (4.082 g, 24.86 momol), and tibutyltin hydride (18047 g, 62.22 mmol) in
toluene (150 mL} was stired at 100 °C. After 30 min, the reaction mixture was cooled
to roow teraperature, diluted with EtQAc, and washed with water and brine. Afier the
aqueous fractions were extracted with EtOAc, the organic fractions were combined,
dried {(NapS(y), and concentrated. The residue was purified by flash chromatography
twice using hexanes - FtOAC as eluents to obtain §6-C. "H-NMR (400 MHz, CDCl:) 8
7.39 731 {m, ZH), 731 - 724 {(m, 2H), 724 - 737 {m, 1H), 4.11 (s, 1H), 3.72 {s, 1H},
349 (s, 3H), 3334, ¥=34Hz, 1H), 327 (4, } =64 Hz, TH), 2.65-2.51 {m, 1H}, 1.92
(ddd, J=13.6, 6.8, 2.4 Hz, 1H), 1.69 - 1.50 (m, 2H), 147 (d, 7= 10.1 Hz, 1H}, 1 .41 (d,
J = 6.6 Hz, 3H), 1.21 - 1.07 (m. IH). LCMS-ESI (m/z): [M+H] calculated for
CreHnNO: 276.2; found: 276.1.

A mixture of 86-C (4,187 g, 15.21 mumol) and 20% PAOHR/C (1.022 ¢)
in E4OH (100 mL)} and 4 N HCl in dioxane (5.7 mL) was stirred under H; atmosphere.
After 1.5 h, the reaction mixture was filtered, and the filtrate was concentrated.  After
the residue was co evaporated with toluenc, the residue was used for the next step.
LCMS-EST (ma): EM-%H}'* calonlated for CoH NGy 172.1; found: 172.1.

After the residue was co-evaporated with tolueue, the residue and Boe,O
(5712 g, 2617 mmel) in THF (45 ml} was stirred at room temperature as N,N-
ditsopropylethylamine (DIPEA) (8 mL, 45.93 mmol) was added. After 30 min, the
reaction mixture was diluted with water and extracted with EtQAc {x 2). After the
organic exiracts were washed with water, the combined extracts were dried (Ma;504)
and concentrated. The residue was purified by flash chromatography using hexanes -
EtOAc as cluents to obtain 86-D. 'H NMR spectrum suggests & mixture of
rotarners, TH-NMR {400 MHz, CDCl) 8 4.20 (d, 7= 7.6 Hz, 1H), 4.19 - 4.10 {m, 2H),

408(d, 3 =35 He, 1H),3.72 (s, 3H), 2.74 (4, J = 5.6 He, 1H), 1.97 (ddd. I=13.8, 6.9,



10

15

20

30

WO 2014/100323 PCT/US2013/076367

2.8 Hz, 1H), 188 - 178 (m, TH), 179 - 1.50 (m, 1HD, 1.46 (s, 38}, 1.38 (s, 61, 1.31
(d, J = 133 Hz, 1H). LCMS-ESI (n2) [M+H]" calcalated for CaHuNOs: 272.2;

found: 271.6.

A solution of 86-D (1659 mg, 6,115 mmoly in CHyChL (35 mL) was
stirred at 0 °C bath as Dess-Martin periodinane (5,183 g, 12.22 mmol) was added in
portions. After § min, the mixture was stirred at room temperature, After 2 h, the
reaction mixture was cooled 1o an ice bath, quenched with water, and filtered. The
filtrate was washed with saturated NaHCO;, dried (NapSGy), and concentraied. The
residue was purified by flash chromatography using hexanes - BtOAc as eluents to give
86-E. 'H NMR spectrum suggests two rotamers. H-NMR (400 MHz, CDCLy) § 4.43
(d.J= 38 Hz, 03H), 439 (s, 1H), 4.26 (s, 0.5H), 3.75 (s, 3H), 3.10 (s, 1H), 224 (d, ] =
45Hz 05H), 2.19(d, =44 Hz, 0.5H), 2.12(d, 1 =44 Hz, 0.5H), 2.07 {4, J =42 Hz,
0.5H), 2.01 (dd, J = 4.5, 2.2 Hz, 0.5H), 1.98 (dt, T =43, 1.9 Hz, 0.5H), 1.80 (s, 0.5H),
177 (s, Q.SH), 146 {3, 45H), 140 (d, J = 2.8 He, 4.5H). LCMS-ESE (m/2): [M-

CaHg+H] calculated for CoHpNOs: 214.1; found: 213.8,

Step §

A solution of 86-E (528 mg, 1.961mmol) in THF (12 mL) wag stirred at
0 °C as 0.5 M solution of Tebbe reagent in toluene (7.9 mL, 3.95 mmol) was added
dropwisc. After addition, the brown solution was allowed to warm to room temperatare
slowly and was stirred af room temperature for 2.5 h. The reaction mixture was stirred
at § °C bath as the reaction was quenched carefully by the addition of saturated aqueous
NaHCO, solution, After the mixture was diluted with CH.CL and stirred at room
temperature for 15 minutes, the vesulting mixture was filtered through celite pad and the
filter cake was washed with CH;CL. After the rwo fractions in the filtrate were
separated, the ag. fraction was extracted with CH,Cl,, and the organic fractions were
combined, dried (WNa,SC4). and concentrated. The residue was purified by flash
chromatography using hexanes - EtOAc as cluents o give 86-F. 'H NMR spectrum
suggests two votamers, TH-NMR (400 Mz, CDCL) § 5.13 (s, 0.6H}, 5.04 (5, 0.4H),
482471 (m, 1H}, 4.55 (s, 0.6H), 443 (5, 0.4H), 4.29 (d, T =3.7 Hz, 045}, 4.24 (d, J
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= 3.7 Hz, 0.6H), 3.71 (s, 3H), 2.84 (5, 1H), 2.14 (s, 2H), 1.75 (s, 0.6, 1.74 - 1.70 (s,
04H), L35 (m, 1H), 145 (s, 3.6H), 1.37 (s, S4H). LCMS-ESE (m4z) [M +H]
calculated for CiaH NG, 268.2; found: 267 .6,

A mixture of 86-F (333 mg, 1.246 mmol) and 20% PA{OH,/C (53 mg)
in BEtOH (5 mL) was stired under H, atmosphere. After 30 min, the mixture waus
filtered and the filtrate was concentrated to give $6-G. H NMR spectrum suggests two
rotamers, 'H-NMR {400 MHz, CDCl3) 6 4.20 G, TH), 4.08 {m, 1H), 3.71 {tweo s, 3H),
2.68 {m, 1H}, 2.06 {m, 1H), 1.80 - 1.63 {m, 2H), 1.63 - 1.51 (m, 1H), 1.44 {5, 4H), 138
(3, SH), 1.13 (m, 3H), 0.92 (m. 1H), LOMS-ESIT (ms2): M +H] calculated for
Crally NGy 2702, found: 269.7.

A solution of 86-G (336 mg, 1482 mmol} in THF (5 mL) was stirred at
0 °C as 2.0 M LiBH4 in THF (1.5 ml) was added. After S win, the mixture was stirred
at room temperature, After 2k, additiopal 2.0 M LiBH; in THF (1.5 wml) was
added. After 21 h at room femperature, additional 2.0 M LiBH, in THF (3 mL) was
added. After 3 h at room temperature, the solution was heated at 35 °C for 18 h. The
reaction mixmre was cooled to 0 °C and quenched carefully with water. After the
mixture was extracted with EtQAc {x 2}, the two organic fractions were washed with
water, combined, dried (NapSOy), and concentrated. The residuc was purified by flagh
chrotatography using hexanes - FtOAC to give 86-H. "H-NMR (400 MHz, CDCL)Y §
4,95 - 4.09 (br, TH), 4.05 (s, 1H), 3.82 (dd, J = 11.5, 7.7 Hz, IH), 3.76 - 3.69 (m, 1H),
360(d, J=11.5 He, TH), 245 (d, J = 4.1 Hz, 1H), 2.03 (dgdd, 1 = 11.4,7.0,4.5,2.6
Ha, 1H), 177 - 157 {m, 2H), 148 (dd, J = 10,1, 1.8 Hz, 1H), 145 {5, 9HL 100 (d, J =
6.9 Hz, 3H), 0.93 (ddd, J = 13.2, 4.7, 2.6 Hz, 1H). LCMS-ESE (nZzy [M +HT

calculated for CiHLNGs 242 .2; found: 2417,
Step &
A solution of 86-F {218 mg, $.903 mmol), phthalimide (218 mg, 1.482

mmol), and PPha (335 mg, 2.040 mmol} in THF (10 mI) was stirred at § °C bath asg
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DIAD (0.40 mL, 2.032 mrool) was added. After 10 min at 0 °C. the mixture was stirred
at room temperature for 19 b The reaction mixture was concentrated and the residuc
vas purified by flash chromatography using hexane-FtOAc as eluents to give 86-1. 'H
NMR suggests two rotamers. H.NMR (460 MHz, CDCl:)} ¢ 7.82 (dt, I = 7.3, 3.6 Hz,
2HD, 770 (d, T = 5.3 He, 2H), 453 - 426 (m, 1H), 4.26 - 3.89 {m, 2H}, 3.89 - 3.65 (i,
iH), 2.28 (m, 1H), 2.04 {(m, 1H), 1.82 - 163 (m, 2H), 1.66 - 143 (m, TH), 1.38 (s, 4H),
1.19 - 1.01 (m, 3H). LOCMS-EST (m/a): [M +H] calculated for CpnHaNoOu 371.2;
found: 370.8.

To a solution of 86-1 (319 mg, 0.861 mmol) in EtOH (12 ml.) was added
hydrazine hydrate (0.37 mb, 3494 mmol} at room temperature and the resulting
solution was stirred at 70 °C bath. After 1.5 h, the mixture was cooled to § °C and
diluted with ether (25 mL) before stirring for 1 b at 0 “C. The mixture was filtered and
the filtrate was concentrated. The residue was disselved in CHLCl, and filtered to
remove some insoluble material. The resuliing filtrate was concentrated to give crude
amine. LOMS-EST (n/z): [M +H] caleulated for CaFasNaOo: 241.2; found: 240.9.

After the crude amine was co-evaporated with teluene, a mixture of the
crude amine, 85-1 (300 mg, 0.866 mmol}, and NaHCO, (150 mg. 1.845 mmol} in water
{3 mL) and EtOH (3 mL) was stirred at room temperature. After 2 h, the mixture was
diluted with water and extracted with EtOAc {(x 2). Afier the extracts were washed with
water, the organic cxtracts were combined, dned (NaySO4), and concentrated. To a
solution of the residue 1o CH;CL, (2 mL) was added 4 N HC in dioxane (6 wL). After
1.5 b at vroom temperature, the solubtion was concentrated and co-evaporated with
toluene. A mixture of the residue and DBU (0.65 mL, 4.347 mmol} in teluene (6 mbL)
was stirred at 100 °C. Afier 1 h, additional DBU (0.65 mL, 4.347 mmol) was added
and the mixture was stirved at 100 °C. Additional DBU (0.65 mL, 4.347 mmol) was
added after | h and the mixture was stirred another 2.5 h at 100 °C. The mixture was
dituted with CH,Cl, and washed with water contaming 3 mL of | N HCL. The organic
fraction was dried (NapS04s) and concentrated, The residuc was purified by flash
chromatography using EtOAc-20% MeOH/FIOAC as eluents to give $6-3. "H-NMR
(400 MHz, CDCl3) ¢ 8.09 (s, 1H}, 7.70 - 7.62 (o, 2H), 7.37 - 7.27 (m, 3H), 548 (4, 1=
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99 Hez, 1Hy, 316 (d, I = 9.9 Ha, 1H), 4.53 (5, 1H}, 438 {m, 2H), 4.11 (m, 1H}, 3.97
(dd, J=12.2, 3.0 Hz, TH), 388 (dt, T = 12.2, 3.0 Hz, TH), 2,63 (d, J=4.2 Hz, IH), 2.28
(ad, J=7.2,3.1 Hz, TH), 2.00 - 1.88 {m, 1H), 1.80 - 1.56 {m, 2H}, 130 (¢, = 7.1 Hz,
3H3, 1.07 (d, J = 6.9 Hz, 3H), 1.04 (dd, J = 5.0, 2.5 Hz, 1H). LCMS-EST (ma): [M
+H]" calculated for CaaHpNoGs: 423 .2; found: 423 2.

Step 10

A mixture of 86-3 (83 mg, 0.196 mumel) in THE 2 mL) and BtOH (2
ml) was stirred at room temperature as | N KOH (0.4 ml) was added.  Afier 30 min,
the reaction mixture was diluted with water and washed with CH.Cl,.  After the
aqueous fraction was acidified with 1 N HCI 045 mL), the product was extracted with
CHClL (x 2). The combined extracts were dried (Na;S0,) and concentrated to obtain
the crude acid. LOMS-ESE (m/z) M +§rﬂ calculated for CypHaMN-05 395 .2; found:
3952,

A mixture of the crude acid (69 mg, 0.175 mmol}, 2,4, 6-trifluorobenzyl
arnine {42 mg, 0.261 mmol), and HATU (106 mg, 0.279 mmol) in CHCL (3 ml) was
stirred at room temperature as N,N-diisopropylethylamine (DIPEA) (0.25 ml., 1.435
mmoly was added. After 30 min, the reaction mixture was concentrated and the residue
was dissolved in Et{Ac, washed with saturated aqueous NH4Cl (x 2}, saturated aqueous
NaHCO; (x Z), and brine. After the agueous fractions were extracted with EtOAc, two
organic fractions were combined, dried (Na;SO4) and concentrated. The residue was
purificd by flash chromatography usimng EtOAc-20%MeQH/EtOAc as cluents to
obtain 86-K. "H-NMR (400 MEHz, CDCL) § 10.40 (t, T = 5.7 Hz, 1H), 840 (s, 1H),

7.66 - 7.51 (v, 2H), 7.36 - 7.29 (m, 2H), 7.29 - 7.23 {mw, 1H), 6.71 - 6.61 {(m, 2H}, 5.36
d, b= 10.0 Hz, 1H)}, 5.1§ ((i, F=10.0Hz, 18,473 -4.58 (i, 2H}, 4.53 (s, 1H}, 422 -
411 (m, TH, 4.03 (dd, J = 3.0 He, THY, 3.81(d, J = 123,37 Hz, 1H), 2.68-2.59

{n1, 1H), 2.29 (dddd, i =114, 7’.1, 4.7, 2.4 Hz, 1H), 1.94 (ddd, J = 13.5, 11.2, 4.6 Hz,
160), 1.88 - 1.67 (m, 2H), 1.06 {d, I = 7.0 Hz, 3H), 1.03-1.09 (m, 1H). PF-NMR 376
MHz, CDCly) 8 -109.14 (ddd, J = 152, 8.7, 6.2 Hz, IF), -111.86 (t. I = 7.0 Hz, 2F).
LCMS-EST (m/zy: [M +HT caleulated for CooHpF3NaQy: 538.2; found: 538.1,
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86-K. (61 mg, 0.113 mmol) was dissolved in trifluorcacetic acid (2 mL)
and stirred at room temperature. After 1 h, the solution was concentrated and the
residue was dissolved in CHRCly. After the solution was washed with 0.1 N HC, the
aguepus fraction was extracted with CHyCly, (x 23 The organic fractions were

§  combined, dried (N&:SGa), and concentrated. The residue was purified by flash
chromatography using CH,CL-20% MeOH i CHLCL as eluents to obtain cormpound
86. 'H-NMR (400 MHz, CDCly) 8 12.02 (s, 1H), 1040 (t, T = 5.7 Hz, 1H), 835 (s,
1H), 6.63 {1, J = R.1 Hz, 2H), 4.62 (d, I = 5.7 Hz, 2H), 4.59 (s, 11, 4.22 (dd, ] = 12.2
3.5 He, 1H), 4.13 (6 = 11.9 Hz, 1H), 4.05 (dt, 1= 12.0, 3.1 Hz, 1H), 2.77 - 2.70 (m,
10 1H), 231 m, 1H), 209 - 193 {m, 1H), 193 - 1.81 {m, 2H), 1.10 {ddd, } =139, 50,21
Hz, 1H), 1.02 (4, I = 6.9 Hz, 3H). “F-NMR (376 MHz, CDCL) § -109.22 (ddd, | =
15.1, 8.7, 6.1 Hz, 1F), -112.05 (¢, I = 6.9 Hz, 2F). LCMS-EST (m/Zz) [M +HT

calculated for CopHy FiNaDy: 448.2; found: 4483,

Example 87
15 Preparatiou of cis-5-amiuvotetrahydro-2H-pyran-3-o}
o o OH
/\’j e T N T N
O icns O onpiche O,
{44) (+)

20 A solution of benzyl (S-oxotetrahydro-2H-pyran-3-ylicarbamate (740
mg, 3.0 mmol) and cerium(Ill} chioride heptahydrate (1,12 g, 3.0 mmol) in 20 mL
methanol was cooled to 0 °C and sodium borehydride (120 mg, 3.2 mmol) was then
added portionwise, The reaction mixture was allowed to stiv at § *C for 45 minutes and
then guenched by slow addition of 1 wmi. acetone followed by 3 hours stirring at room

25 temperature. The reaction mixture was partitioned between water and dichloromethane

and the agueous phase extracted into dichloromethane followed by Z-butanol. The
combined organic phases were driod over magnesium sulfate, filtered, concentrated,
and the residue purified by flash chromatography (0-100% EtOAc/hexanes) to afford

the desired cis-benzyl ((3R.58)-5-hydroxytetrahydro-2H-pyran-3-yl)carbamate. "H-
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MR (400 MHz, Chloroform-dy 8 7.39 — 7.26 (m, 5H), 6.06 (br s, 1H), 5.07 (s, 2H},
3.86 ~ 3.70 {m, 2H), 3.69 - 3,47 (m, 4H), 2.00 — 1.89% (m, [H), 1.76 (d. /= 13.5 Hz,

TH}. The undesired srans-isomer was also isolated.

5 Swep2
To a solution of cis-benzyl {((3R,58-5-hydroxyietrahydro-2H-pyran-3-
yhcarbamate (290 mg, 1.16 mmel) in § mlL 11} DCMEIOH was added 10wt% Pd/C
{255 mg). This mixture was stured under balloon pressure hydrogen for 1% hours and
palladiurn removed by filtration thru celite with ethanol rinse, Upon concenfration of

10 filtrate, the cis-S-aminotetrabydro-2H-pyran-3-ol was afforded and carried on as crude.

Example 88
Preparation of Compound 88
(2R, 58, 13aR)-N-(3-chloro-2 -fluorobenzyl y-8-hydroxy-7,9-diexe-2,3,4,5,7.9,13,13a-

octahydro-2,5-methanopyridol 1,274, 5 Ipyrazine{2, 1-b][ 1, 3joxazepine- 1 O-carboxarmide

15
N i L .
/\\(/ \f/\g\l/\\ .NA\TE/‘\ Ci
Loy ioH
Ty
Hao OH
B8

Compound 88 was prepared in a similar manner to compound 15 using
20 (3-chioro-2-fluotophenylymethanamine in place of (4-fluorophenyt)methanamine. 'H-
NMR (400 MHz, Chioroform-d) & 10.43 (br s, 1H}, 8.34 (br s, 1H), 7.32 - 724 {m,
2H), 7.02 (t, J=T7.9Hz, 1H}, 536 (d, /= 94 Hz, 1H), 530 (s, 2H), 4.70(d, /= 6.0 Hz,
3D, 4.24 (3, J = 12.0 Hz, 1H), 400 (dd, J = 12.7, 9.5 Hz. 1H), 2.18 - 1.96 (m, 4H),
196 — 1.83 (m, 1) 160 (dt, J = 12.4, 3.1 Hz, 1H), LCMS-ESE (m/2): [M+H]

25 calculated for CoHioCIFN0:: 44811 found: 448.2,
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Example 89
Preparation of Compound 89

(2R,58,13aR}-N-(2,5-difluorobenzyi}-8-hydroxy-7,9-diox0-2,3,4,5,7,9,13, 1 Ja-

octahydre-2,5-methanopyrido{ 1,24, 5 Ipyrazino{2,1-b][ 1,3 Joxazepine-10-carboxamide

Corapound 89 was propared in a similar manner 0 compound 8 using
(2,5-diflucrophenylymethanamine in place of (4-fluorophenylmethanamine. *H-NMR
(400 MHz, Chloroform-} 8 1032 {t, J= 5.8 Hz, 1H), .31 (brs, 1H), 7.15 - 6.86 (m,
2H), 6.86 (d. J = 8.5 Hz, 1H), 540 (d, J = 83 Hz, 1H), 5.24 (s, 1H), 4.67 ~ 4.51 {m,
3H), 435 ~ 428 {m, 1H), 399 ~ 350 (m, 1H), 2.16 ~ 185 (m, 5H), 1.60 - 1.50 (m,

1H). LOMS-EST" (m/4): [M+HT caleulated for CyH oFNaOs: 432.14; found: 432.2

Example 94
Preparation of Compound 98
{1R,48, 12aR 3-N-(3-chloro-2-fluorobenzyl ) 7-hvdroxy-6,8-dioxe-1,2,3,4.6,8,12,1 2a-

pctahydro-1,4-methanodipyridof 1,2-a: 1", 2"-d]pyrazine-9-carboxamide

o F

/\- ‘ \ér,ﬁi
L
7;;“' N \2’/\‘-’” L H A

S8

Compound 9¢ was prepared in a similar mamner to compound 41 using

{3-chlore-2-fluorophenyhmethanamine in place of (2.4,6-trifluorophenylmethanamine.

IH"NNER (400 Mz, Chloroform-d}y & 9.22 (s, TH), 8.79 (s, 1H}, 7.39 — 7.28 {m, 2H},
7.06 {t, J= 8.0 Hz, 1H), 4.85 (5, 1H}, 4.70 ~ 4.56 {m, 3H), 4.06 - 3.83 (m, ZH), 3.0
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2.88 (w, THD, 2.77 (s, 1H), 1.97 — 1.58 (m, 6H). LOMS-ESIT (ma): [M+H] calculated
for CoiFioCIFN;Cy: 432,11 found: 432.2,

Example 81
Preparation of Compound 91
5 {1R,48,12aR)-T-hydroxy-6,8-dioxo-N-(2,3,4-trifluorobenzyiy-1,2,3,4,6,8,12.12a-

octahtydro-1,4-methanodipyrido{ 1.2-a:1,2'-d]pyrazine-9-carboxamide

10
Compound 81 was prepared i & simlar manner to compound 41 using

(2,3 4-trifluorophenylimethanamine i place of {2.4,6-triflusrophenylmethanamine.
"H-NMR {400 MHz, Chloroform~4) & 10.25 (s, 1H), 8.45 (s, 1H), 7.10 (4, J = 5.1 Hz,
1H), 6.9G {d, J =87 Hz, 1H), 4.89 (s, 1H), 4.63 (5, 2H), 4.22 (d, /= 11.6 Hz, 1H]}, 3.83
~ 373 {(m, 2H 271 (s, 1H), 1.97 — 157 (m, 6H). LCMS-EST (n/a2)y [M+HT

calculated for CoH o FNaOy: 434,13, found: 434.2.

Example 92
Preparation of Compound %2
o) e

{IR. 45, 12aR)}-N-{(4-chloro-2-fluorobenzyi)-7-hydroxy-6,8-dioxs-1,2,3,4,6,8,1 2,1 2a

24 octabydro-1,4-methanodipynidol 1,2-a:17.2-d]pyrazine-9-carboxamide

186



tn

10

WO 2014/100323 PCT/US2013/076367

Covapound 92 was prepared in a similar manner fo compound 41 using
{(4~chlore-2-fluorophenylimethanamine in place of (2.4, 6-wifluorophenylrnethanamine.
HMMR (400 MHz, Chloroform-d) § 10.28 (s, 1H), 841 (s, 1H), 7.29 (s, 1H), 7.11
6.95 (m, 2H), 4.85 (s, 1H), 4.57 (s, 2H), 422 {d, / = 10.2 Hz, 1H), 3.81 (g, J = 13.9,
13.1 Hz, 2H), 2.68 (s, 1H), 1.99 - 1.50 {(m, 6H}. LCMS-ESE (m/z): [M+HT calculated
for CnHiyoCIFN;O4: 432,11 found: 432.2

Example 93
Prepavation of Compound $3
(1R,45,12aR}-N-{2-chloro-4,6-difluorcbenzyl - 7-hydroxy-6,8-dioxo-1,2,3,4,6, 8,121 2a-

octahydro-1,4-methanodipyridof 1 2-a: 1", 2 -d}pyrazine-9-carboxamide

O F

oM
‘fw::*';g/\i\i/%./”\iﬁ
}4\2 i H
ﬁi, R e =

oY
G

CH
93
F F ¥
Na ' .
ﬁrﬁ Culn, PA(PPRy), g o BH; DMS — HNT S
| - | —— A
} H N \-i_"_*
o N o cl -
H ) M‘\.Y,AJ\W H oM fj\ &
;‘\N__f/ ~ /‘\\\Y/ o //\\//\ 5\7*‘}/ f":"‘\\}: N /\!H%\
f “F\‘ r)\ A e }-h 3 ‘ /“\\‘f, =
/YT o HATU Th d "
o OBn G OBn
93.‘&' §3"’E§

o F

o ] a
eA f\\'!; E/\N/\\/Lﬁ/\\;i‘ R
/ H_N\ﬂ/%\r&o o NN
O, OF



Lh

10

28

30

WO 2014/100323 PCT/US2613/676367

Step 1

A 5 mbL microwave vial was charged with 2-bromo-I-chlore-3,5-
difluorobenzene (540 mg, 2.4 mmol), cuprous cyanide (436 mg, 4.87 mmol),
tetrakis(iriphenylphosphineypalladium (63 mg, 0.05 mmol}, sealed, and
evacuated/backfilled with nitrogen. To this was added 5 ml. degassed DMF, The sealed
vessel was heated at 110 °C for 18 hours, diluted with ethyl acetate, and washed
sequentially with twice 9:1 NHOHNHClyg), twice 5% LiCli,). and brine. The organic
phase was then dried over magnesium sulfate, filtered, and concentrated. The crude
residue was purified by flash chromatography (100% hexanes) to afford 2-chloro-4,6-
difluorcbenzonitrile, *H-NMR (400 MHz, Chloroform-d) 8 7.13 (dt, J = 8.0, 1.9 Hz,
1H), 6.93 (¢d, J=8.5, 2.3 Hz, 1H}

To a solution of 2-chloro-4,6-difluorobenzonitriie (210 mg, 1.2 mmol} in
2.4 ml THF was added a 2M solution of borane-DMS in THF (0.6 ml.). This reaction
mixture was allowed o stiv at refluxing temperature for 18 bours resulting in 4 loss of
all solvent. The resichie was re~disselved (o 3 mL THF, cooled to § °C, & 6M sotution of
HCly was carefully added, and the mixture returned o reflux for 30 minutes. The
reaction mixfure was once again cooled to 0 °C and treated with 4M NaOHaq. The
aqueous phase was extracted with DOUM, combined ovganic phases dried over
magnesium sulfate, filtered, and concentrated. The crode residue was purified by flash
chromatography {-10% MeOH/DCM) 0o afford (2-chiore-4 6~
diflucropheny!moethanamine, "H-NMR (400 MHz, Chloroform-d) § 6.95 (dt, J = 8.3,
21 Hz 1H), 076 (td, /=94, 2.5 He, TH), 3.94 (d, /= 1.9 Hz, 2H).

StepsJand 4

A solution of 93-A (74 mg, G.11 mmeol), (2-chioro-4,6-
difluorophenylmethanamine {48.5 mg, 0.27 mmol), HATU (100 mg, 0.26 mmol}, and
N N-diisopropylethylamine (0.1 mL, .57 mmol) in I mL dichloromethane was stirred
af room temperature for one hour at which point complete disappearance of $3-A and

formation of 93-B was observed by LCMS. TFA (0.65 M) was added and the mixture
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was stirred af reom temuperature for one hour, at which point 1 mL DMF was added.
The veaction mixture and then concentrated and purified by preparative HPLC
(ACNHLRO + 0.1% TFA) to afford compound 93, "H-NMR (400 MHz, DMSO-ds) 6
1041 (t, /=57 Hz, TH), 833 (s, 1H}, 7.41 - 7.26 (m, ZH}, 4.72 ~ 457 (m, 3H), 4.43
(dd, /= 12.5, 3.6 Hz, 1H), 3.94 (t, /= 12.4 Hz, 2H), 3.77 (dd, /= 124, 3.6 Hz, 3H),
187 = 1.67 (m, 3H), 1.67 ~ 1.45 (m, 2H), 1.43(d, 7= 10.4 Hz, 1H). LCMS-ESI' (m/2):
{M%’H}" caleulated for CyHoCHLNLO,: 450,10, found: 450.2.

Example 94
Preparation of Compound %4
(IR,45,12aR)-N-benzy|-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12, 1 2a-pctabydro-1,4-

methanodipyridof1,2-a:1' 2-d}pyrazine-9-carboxamide

Compound 94 was prepared in a similar manner to compound 41 using
phenylmethanamine in place of {2.4,6-rifluorophenylymetbanamine. "H-NMR (400
MHz, Chioroform-d) 6 10.37 {s, 1H}, 8.26 (5, 1H), 7.37 - 7.19 {m, 5H), 4.55(d, /= 4.8
Hz, 1H), 4.34 (d, J = 5.7 Hz, TH), 423 {d, /=98 Hz, 1H), 4.09 (d. /=282 Hz, 1H}.
378 {(d, /=109 Hz, I1H), 3.64 (d, /= 132 Hz, 1H), 3.14 - 3.01 {m, 1H), 1.91 - 1.49
{rn, 4H). LCMS-EST' (m/z): [M+H] caleulated for CyHy N304 380.16; found: 380.2.

Example 95

Preparation of chiral tert-butyl 3-((1 3-dioxoisomdolin-2-ymethy]}-2-

azabicyclof2.1 . 1Thexane-2-carboxylates 95-A and 95-B
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Boc
95-A 95-B

Absciute sterecchemistries unknown

Step L

To a 0 °C solution of racemic tert-butyl 3-{bhydroxymethyi)-2-
azabicyelo[2.1.1 Jhexane-2-carboxylate (285 mg, 1.34 mmel), triphenyiphosphine {423
mg, 1.62 mmol}, and phthalimide (240 mp, 1.62 mmol} in 9 mi THF was added
dropwise a sohution of diisopropyl azodicarboxylate (0.35 mb, 1.8 mmol) in 1 ml THF.
The reaction mixture was warmed to room temperature, stirred for 90 minutes,
concentrated onto silica, and purified by flash chromatography (0-25% EtOAc/hexanes)
to afford tert-butyl 3-((1,3-dioxoiscindolin-2-yDimethyl)-2-azabicyclo[2.1. 1 Thexane-2-
carboxylate as a racemic mixture, LOMSE-ESYT (miz)y [M+H] calculated for
CroHaNa(y: 343.2; found: 342.8,

2
pes
Y
o
ko

Racemic tert-butyi 3-({1,3-dioxoisoindolin-2-yhmethyl)-2-
azabicyclof2.1. 1 Thexane-2-carboxylate (635 mg, 1.91 mmol} was separated by chiral
HPLC on a Lux Cellulose-2 column using an acctronitrile eluent to afford chiral $8-A
{first ehuting peak) and 95-B (second eluting peak} in enantioenriched form. For 98-A:
144 mg, 98%ee (absolute stereochemistry unknown). For 95-B: 242 mg, 49%ee

{absolute stereochemistry unknown).

Example 96
- Preparation of Compound 96
{1R,3R. 11a8)-6-hydroxy-5,7-dioxo-N-{2,4,6-trifluorcbenzyly-2,3,5,7,1 1, ia-

hexahydro-1H~1,3-methavopyrido[1,2-alpyrrolof 1 2-d]pyrazine-R-carboxamide
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{Absolute stereachemisiries unknown)

Step 1

unknown absolute stercochemistry} in @ mb cthanol was added hydrazine hydrate (8.5

To a solution of mtermediate 95-A (141 mg. 041 mmol, 98% ece,
i, 10.3 mmol) and stured at 70 °C for 18 hours 1o afford $6-A of unknown absolute

stereochemistry, Solids were removed by filtration and the filtrate concentrated and

carried on as crude.
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A mixture of crude 96-4 (0.41 mmol assumed), 96-B (430 mg, 125
mmol}, and sodium bicarbonate (69 mg, 0.82 mmeol) in 2 mL water and 2 mL ethanol
were stirred at room teroperature for 18 hours, after which the reaction mixwure was
diluted with water and thrice extracted fo ethyl acetate. The combined organic phases
were dried over magnesium sulfate, filtered, concentrated. The crude residue (222 mg)
was dissobved in 1.5 mal. DCM and 4 W HCI 1o dioxane (4 mL) was added and stirved
for B0 minutes at room temperature, The mixture was concentrated to dryness and
coevaporated with toluene. The crude residue and DBU (0.3 ml, 2.0 mumel) in 6 mL
methanol was stirred at 3¢ °C for 90 mimutes. The reaction mixture was then
concentrated onto  silica gel and purified by flash chromatography (0-10%
MeOQH/DOM) to afford $6-C. LOMS-EST (m/z): FM+HT caleulated for CpHaNoOs:
395,16, found: 395.2.

A wmaxtare of 96-C (112 mg, .28 mmol), IM aguecus potassium
hydrexide (1 mi}, 4 mL methanol, and 4 mL THF was stirred at room temperature for 3
hours, at which point the mixture was dituted with dichloromethane, acidified by
addition of 1M aqueous hydrogen chloride, and the organic phase extracted to
dichioromethane. The combined organics were dried, filtered, and concentrated from
toluene. After drying under vacuum, the residue was suspended in 1.5 mL DCM and
trifluorobenzylarine (62 mg, 0.38 mmol), HATU (220 mg, 0.58 mmol), and N,N-
diisopropyiethylamine (DPEA) {0.15 b, 0.86 romol) were added. This reaction
mixture was stirved at room temperature for 2 hours to afford 96-I which was carried

forward as crude.

Step d

Trifluoroacetic acid (1.7 mi, 22.2 ramol} was added to the crude
reaction solution containing 96-D from the prior step and the reaction mixture allow
to stir at room temperature for 90 mimutes. 1 mL of DMF was then added, the reaction

mixture concentrated down to ~1 wmi, filtered, and puorified by preparative HPLC
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{ACN/water +0.1% TFA) to afford compound 86 {unknown absolute stereochemisiry).
TH-NMR (400 MHz, DMSO-dg) 8 10.45 — 10.35 (m, 1H), 8.39 (s, 1H), 7.23 ~ 7.09 (m,
2HY, 4.67 (dd, J = 12.6, 4.8 Hz, 2H), 4.53 (d, J = 5.5 Hz, 2F), 4.20 (dd, /= 11.9, 3.8
Hz, 1H), 4.05 - 3.95 (m, 1H), 2.96 - 2.88 (m, 1H), 2.16 (d, /=70 Hz, 1}, 1.97 (4, ./ =
7.0 Hz, 1H), 1.68 ~ 1.60 (m, 1H), 1.53 — 1.45 (m, 1H} LCMS-ESI (m/az) [M+HT

calculated for Cg()I’E]_f,F;NgO;;I 426.12; found: 420.2,

Example 7
Preparation of Compound 87
(15,38, 11aR}-6-hydroxy-5,7-dioxo-N-{Z 4, 6-triflucrobenzy()-2,3,5,7,11,1 1a-

hexahydro-1H-1_3-methanopyrido[1,2-ajpyrrolef 1 2-d]pyrazine-8-carboxamide

sesasel

{Abso mie stefmchemgstry unknpown)

87

Comapound 87 (49% ce, unkvown absolute stercochemistry) was
prepared in a similar mamner to compound 86 using intermediate 95-B (49% ce,
unknown absolute stereochemistry) in place of enantiomerically opposite intermediate
95-A. 'H-NMR (400 MHz, DMSO-dg) § 1039 ¢, J= 5.7 Hz, 1H), 8.42 (s, 1H), 725 ~
7.13 (o 2H), 4.73 ~ 4.66 (m, 2H), 4.54 (d, J= 5.7 Hz, 2H), 420 (dd, J= 123, 3.8 Hz,
IH), 401 {8, /=124 Hz, 1H), 293 (dd, J= 67,34 Hz, 1H),2.19~2.14 {m,, [Hy, 1.97
(d, J= 8.3 Hz, 1H), 1.65 (dd, /= 104, 7.9 Hz, 1H), 1.49 {dd, /= 105, 7.7 Hz, 1H).
ECMS-EST {m/z): [M+HT calculated for Oyl oFaNaOy: 420.12; found: 420.2.

Example 98
Preparation of Compound 98
{15,4R, 12aR}-3 3-difluore-7-hydroxy-6,8-digno-N-(2.4,6-trifluorobenzyl -
1,2,3.4,6,8,12, i Za-octahydro-1 4-methanodipyridof 1,2-a: 1", 2"-d jpyrazine-9-

carboxamide
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Step 1

88-4 (0.5g, 1.87mmeol} was dissolved in DCM (20 mL} and cooled 1o &

°C under Nitrogen. Dess-Martin Periodinane (1.59 ¢, 3.74 mmol} was added slowly.

10 The mixture was stirred for 2 h at room temperature, quenched with NapS,03/NaHCO;

(7:1) aqueous saturated solution {160 mL) and stirred vigorously until two layers were

separated. The crude product was twice extracted with DCM. The combined organic

layers was dried over sodiom sulfate and concentrated. The crude product was purified

by flash chromatography on silica gel with (-20%McOH/DCM to afford 98-B. 'H-

15 NMR (400 MHz, Chloroform-dy & 4.34 - 4.05 (m, 1H), 3.97 - 3.75 (m, 1H), 3.69 (s,
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3H), 289 (dd, J = 4.4, 2.1 Ha 1H), 230- 1.97 (m, 3H), 1.56 (d, J = 11.3 Hz, 1H), 1.35
(s, 9H). LCMS-EST (m/2): EM+HT calcalated tor CH oNOs: 269.13; found: 270.78.

Niep 2

A5}

A solution of 98-B (504 mg, 1.87mmel) in DCM (i5 mb) was stirred at
0 °C. DAST (imly wag added drop wise to the reaction mixture. After overnight
stirring at room ternperature, the reaction mixture was cooled back to 8 “C. Saturated
NaHCO; (10 mL) was added stowly. The mixture was extracted with twice with DCM
and dried over NapSCh. After concentrativg, the residue was porified by fash
10 chromatography 0-50% BEtOAc/hexanss o give 98-C. 'H-NMR (400 MHz,
Chloroform-d} 8§ 4.45 - 4,18 (m, 1H), 3.85 (m, 1H), 3.72 {d, } = 1.5 Hz, 3H), 2.72 {ddd,
I=5.1,32, 1.6 Hz, 1H),2.27 - 1.52 (m, 4H), 1.41 (d, T = 21.9 Hz, 9H). "F-NMR (376
MHz, Chloroform-d} & -91.72 - -93.99 (m), -113.65 - ~115.98 (m). LCMS-ESY” (m/2):
[M+H]" caleulated for CiHoF NGy 291.13; found: 291.55.
13
Step 3
98-C (476 mg, 1.634mmol} in THF (20 ml) was stirred at 0 °C as 2.0
M LiBHy in THF (2.4 mL, 4. 8mmol) was added. The mixture was warmed to room
temperature and stirred for 4 h. The reaction mixture was quenched with ice and diluted
20 vith EtOAc and saturated NHiCl (some Hy evolution). After the two phages were
separated, the organic fraction was washed with brine, dried (NaSQs), and
concentrated. The crude product of 98-Ir was used as is for the next step, LOMS-EST”
{m/z}. {i‘\fi‘f-i—l}* calculated for C o HcFaNOy: 263.13; found: 164.10.

25 Stepd
98-1 {1.634mmol), phthalimide {0.36 g, 2.4 Smmol}, and PPh; (0.855 g,
3. 26mmel} i THE (10 mL) was stirred at 0 °C bath as DIAD (0.642 mL, 3.26numol)
was added. After addition, the mixture was stirred at 0 C for 30 min and then at room
temperature for 16 b, It wag diluted with BtOAc, and saturated NH4CL After stirring for
30 5 min, a solid was filtered off and the two phases were separated. The organic phase
was washed with brine, dried (Na;8O4), and concenirated. The crude product was

purified by flash chromatography with 0-50%EA/Hex as sluenis to give 98-E. 'H-
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NMR suggests a mixture of two rotarsers. F-NMR (400 MHz, Chloroform-d) 8 7.89 -
7.80 (m, 2H), 7.78 - 7.66 (m, 28D, 5.02 {ddt, J = 16.6, 12.5, 6.3 Ha, H—I}a 424 (d, I =
71.8 Hz, 1H), 4.10 - 3.92 {m, 1H), 3.83 - 3.5 (m, 2H}, 2.46 (5, 1H), 2.21 - 1.98 (m,
2HY, 1.87 - 1.62 (m, 2H),1.31 (d, 1 = 8.5 Hz, OH); "F-NMR (376 MHz. Chloroform-d}
§-91.22--93.58 {m), -113.20 - -115.45 (m). LCMS-EST” (m/%): [M+HT caleulated for
CogHypFalNLO4: 392.15; found: 3933,

Stepd

To a solution of $8-E {696 mg, 1.774mmol) in EtOH (J0mL} was added
hydrazine hydrate (Iml) at room temperature and the resulting solution was stirred at
room temuperature for 2 h. The mixture was diluted with ethyt ether (30 mL) and stirred
at § °C for 60 min before filtration. The filtrate was concentrated and the residue was
dissolved in CHyCly and filtered. The filtrate was concentrated and purified by flash
chromatography on silica gel with 0-20% MeOH (0.2% TEA) /DCM to give 98-F. 'H-
NMR (400 MHz, tHomform—d) 8491 (p.J=62Hz 1H) 429 -3.97 (1, 1H), 3.36 -
2.93 {m, 2H), 2.49 (g, J = 8.8, 3.2 Mz, 2H), 2.08 {dddd, J = 25.5, 14.0, 7.1, 4.9 He, 1H)},
1.89 - 1.49 (m, 48D, 141 and 121 (d, J = 62 Hz, 9H). YF-NMR (376 Mz,
Chioroform-d) & -91.63 - -93.16 (m), -113.11 - -115.08 {m). LOMS-ESIT (mi)
[M+H1" caiculated for CioHaFaNoO,: 262,15, found: 262.8.

Step 6. 7 and 8
The mixture of 98-G (3758 mg, 1.55 mmel), $8-E (370 mg, 14!

mmol}, and NaHCO; (261 mg, 3.10 mmol} 1o water (5 mL) and EtOH (5 mL) was
stirved at yoom temperature for 2 h, The mixture was diluted with brine and extracted
with EiQAc¢ (x 23 The extracts were combined, dried (Na,80,), concentrated, and
dried in vacuo to afford crude A, LOMS-ESY (ns) [MHH] 530159, Crude A
{1.38mmol) in CHCh (8 mil.) was added 4 N HCl in dioxane (5 mL). After 2 h at room
temperature, mixture was concentrated to dryness. It was co-evaporated with toluene
once and dried i vacuo to afford crude B. B (1.38mmol + 0.442mmel) and DBU (G
mi., 11mmel) in anhydrous MeOH (15 mL ) were stirred at 530 °C bath for 40 min. The

mixture was concentrated. The residue was purified by flash chromatography (80 g
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column) using O - 20% MeOH/DCM as cluents to give 98-F. LOMS-EST {(m/):
[M+H] calcniated for CoaHpFNoOs: 444.15; found: 445.36 (50%), 431,18 {310%).

@

Steps 9,10 and 11

5 The remaining steps were performed using procedures similar to
Example 41 to afford desired compound 98, 'H-NMR (400 MHz, Chloreform-d) §
10.29 (d, J= 6.1 Hez, 1H), 834 (s, 1H), 6.65(dd, } = 8.7, 7.5 Hz, 2H), 4.83 (5, 1H), 472
- 4,58 (m, 2H), 4,36 - 4.10 (m. 2H}, 4.05 (4, T = 11.5 Hz, 1H), 2.97 (4, ] = 4.4 Hz, 1FH),
249 - 208 (m, 3H), 2.12 - 1.94 (m, 1H), PF-NMR (376 MHz, Chloroform-d) § -92.0%

10 - 9357 (m, 1F}, ~108.92 {ddd, J = 15.1, R &, 6.3 Hz, 1F), ~109.30 - -110.65 {m, 1F), -
11236 {p, 1 = 7.3 Hz, 2F)L LOMS-EST {mzy [MHHT caloulated for CoiHieFsN3O4t
469.11; found: 474.23.

Example 9¢
Preparation of Compound 9%
i35 (IR,354R,12aR)-7-hydroxy-3-methyl-6,8-dioxo-N-{2 4, 6-irifluorobenzyl-
1,2.3.4,6,8.12,12a-octahydro-1 4-methanodipynidol 1,2-a: 1,2 -dpyrazine-9-

carboxamide

24 8%
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Step

AV 4]

To a stured solution of 99-4 {1 g, 3.71 mmol} in THF (20 mbL) was

added dropwise a solution of the Tebbe reagent (0.5 M in toluene, 14.85mk, 7.42
mmol) at 0 °C. After addition, the brown solution was aliowed to warm to room
temperature slowly and was stirred at roorn temperature for 2 h. The reaction was
quenched carefully by the addition of saturated NaHCO3 solution at ¢ °C, and the
10 mixture was stitved at room temperatare for 15 minutes. The wmixture was filtered
through celite, and the filter cake was washed with ether and DCM (1:1) twice. After
separated layers, the organics were combined and concentrated in vacuo, and the
residue was purified by column chromatography on silica gel column with 0-50%
EtOAc/hexanes to afford 9%-B. "H-NMR (400 MHz, Chloroform-d) 8 5.06 {di, J =

15 486,2.6Hz, 1H), 4.73(d. J=7.0Hz, 1H),442(d, T=61.8 Hz, 1H), 381 (d, I =482
Hz, 1H}373(d, J=16Hz 3H), 274 (dd, 1= 94, 4.4 Hz, 1H), 2.38 (ddt, 1 = 13.5, 4.5,
2.5 Hz, TH), 2,18 - 2.06 (m, TH), 199 {dt, J= 10.2, 24 Hz, 1H), 1.58 (s, 1H)}, 142 (d, ]
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= 25.5 Hz, 9H). LCMS-EST (m/z): [MA+H] calcnlated for CiyHy NGy 267.15; found:
267.68.

Step 2

(¥4

A mixture of 99-B (675 mp, 2.506 mmol) and 20% PA{OH,/C (500 mg)
i EtOH (50 mL) was stirred under H; ammosphere. The mixture was filtered through
Celite and the filtrate was concentrated to give 89-C. "B-NMR (400 MHz, Chloroform-
dy ¢ 423 - 399 (m, 1H), 3.77 - 3.64 (m, 4H), 2.55 (4, I = 48 Hz, TH), 2,14 - 1.86 (m,
3H), 142(d, J = 24.2 Hz, O}, 0.96 (4, ] = 6.6 Hz, 3H), 0.85 (ddd, 1 = 12.5, 4.8, 2.4 Hz,
10 TH). LOMS-ESY (/) [M+HT calculated for ©pHaNGy: 269.16; found: 269.69.

Step 3
99-C (670 mg, 2.488 mmol) in THF (20 mL) was stirred at 0 °C as 2.0
M LiBH; in THF (3.7mL, 7.46 mmol) was added. The mixture was warmed to room
i5  temperature and stred for 4h. The reaction mixture was quenched with ice and diluted
with EtOAc and saturated NHgCl (some H, evolution). After two phases were
separated, the organic fraction was washed with brine, dried (NanSQy4), and
concentrated. The crude alcoho! 99-1¥ was used as is for the next step. LOMS-ESI™

(m/zy: [M+H] calculated for C1aHosNOa: 241.17; found: 241.76.

28
Steps 4 and S
Steps 4 and 5 were performed using procedures similar to those in
Example 41 to afford 99-F. LCMS-ESI' (m/2): {Nﬁ-‘%ﬂ}" caiculated for CiablaaNoOo:
240.18; found; 241.2.
25
Slen 6, 7and B
Steps 6, 7 and 8 were performed using procedures similar to that of
Example 41 to give 99-G. LOMS-EST (m/z): [M+H] calculated for CoyHueNyOs:
422.18; found: 423.21,
30

Step @ 10 and 1]
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The remaining steps were performed using procedures similar 1o
Example 4% to afford compound 98 BLNMR (400 MHz, Chioroform~d) 8 11.71 (s,
THY, 10.36 (1, J= 5.7 Ha, TH), 8.28 (s, TH), 6.63 (, 1 = 8.1 Hz, 2H), 4.63 (4, 1= 5.4 Hz,
SH), 432 (dd, J =123, 35 Hz, TH), 383 (£, J = 123 Hy, 1H), 3.67 (dd, J = 12.3, 3.4

5 Hz IH) 264 - 252 (m, 1H), 230 (ddg, J =105, 72,36 Hz, 1H), 213 (¢d, I =
44 Hz, 1H), 1.82 - 163 (m, 2H), 1.24 (d, 1= 3.3 Hz, [H), 1.04 (d, J=6.9 Hz, 4H), 090
- 0.79 (m, 1H). PF-NMR (376 MHz, Chloroform-d) 8 -109.20 (ddd, J = 15.0, 88, 6.2
Hzj, -112.02 {t, J = 7.0 Hz). LOMS-ESI” (m/z); [M+HT calcalated for CarFHpoFsNaOu:
44714, found: 448.32,
10
Example 166
Preparation of Compound 1068
(1R 4R,12a8)-N-(2 4-diftuorchenzyl)-7-hydroxy-6,8-dioxo~1,2,3,4,6,8,12,1 28~
ctahydro-1,4-cthanodipyridof 1,2-a:1", 2-d}pyrazine-9-carboxamide
15 -
‘\/\.,‘ N’A SN
J ) \T f&\ﬁ’ gy H k}’\sx
O OH
168

200
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A 100l vbf was charged with 186-A (2.0 g, 7.8 mmol} in THF (20
mL}. The reaction mixture was cooled to 0 °C.

17.6 mb} was slowly added in. Then the reaction mixture was stirred at room

Borane dimethyl sulfide 2 N in THF,

temperature for overnight. The reaction mixture was cooled back to § “C. Methanol (8

mkE) was added drop wise to gquench the reaction. After concentration, the

purified by Combi Flash (40 g column, cartridge use

d) using hexanes

afford 100-B. LOMS-ESI” (m/z): [M+H]' found: 242.

N

Step

A 10G-mL  bf

was charged with 106-B

(18 g

esidue was

s - BA 45 eluents fo
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triphenyiphosphine {4.3 g, 16.2 mmol} and phthalimide (1.8 g, 12.2 mmol} v THF (30
mL). Then the reaction mixture was cooled to © °C with stirring. DIAD (3.2 mL, 16.2
mmol} was slowly added to the reaction mixture. The reaction mixture was stirred at
room temperature for overnight. After concentration, the residue was purified by Combi
Flagh (80 g column, cartridge used) using hexanes - EA as cluents to afford 18¢-C.
LCMS-ESY (m/z): [M+H] found: 371

Step 3

To a solution of 188-C (2.5 g, 6.8 mmol) in EtOH (50 wl) was added
hydrazine monohydrate (1.7 ml}. The reaction mixture was heated to 70 O with
stirring for 3 hours. After filtration to remove the solid, the filtrate was concentrated to

afford 106-D. LOMS-ESTT (m/z): [M+HT found: 241,

A 100-mL rbf was charged with 168-D (1.6 ¢, 6.7 mmol) and 106-E 2.3
g, 6.7 munol) in etbanol (30 ml.). Sodium bicarbonate (1.2 g, 1.4 mmol} m water {30
mL} was added to the reaction voixtore.  Then the reaction yixture was stirred at room
temperature for overnight. The mixture was diluted with 2A (200 ml.) and washed with
water (2 x). The aqueous fractions were extracted with EA {1 x}, and the organic
fractions were combined, dried (Na;SO4), and concentrated. The crude 166-F was used

for next step without further purification. LCMS-ESI (m/z): [M+H] found: 569,

A 100-mL rbf was charged with 106-F (3.7 g, 6.5 mmol) in 4 N HCI
/dioxane (38 mb). Then the reaction mixture was stirred at room temperatore for 1 hour,
After concentration, 3.2 g intermediate was obtained. The intermediate and DBU (5.1 g,
33.8% mmol) were dissolved in toluenc (100 ml). The reaction mixture was heated to
110°C with stirring for 1 hour. After concentration, the residue was purified by Combi
Flash (80 ¢ column, cartridge used) using hexanes - EA as cluents to afford 160-G.

LCMS-EST (m/z): [M+H] found: 423,
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Step 6
A 100-mL vbf was charged with 186-G (2.0 g, 4.7 nunol) in THF (20
mLyand MeOH (20 mL}). 1 N KOH (18.9 mL) was added to the reaction mixture. Then

the reaction mixture was stirred at room femperature for 1 hour. The reaction mixture

o

vas acidified by adding 1 N HCL (18.9 mL}. After concentration, the residue was co-
evaporated with toluene (3 x).  The crude acid (0.28 g 072 omel}, 2. 4
diflucbenzylamine (0.2 g, 1.44 mmol}, N N-diisopropylethylamine (DIPEA) (047 g,
3.6 mmoly and HATU (0.55 g, 144 mmol) were dissolved 1w DCM (20 mb). The
reaction wixture was stivved at roors terperature for 2 bours, The voixtore was diluted
10 with EA (100 mL) and washed with saturated NaHCO,: (2x), saturated NHC1 (2x) and
dried over NaxSO4 After concentration, the crude was purified by colomn
chromatography on silica gel with hexane-FtOAc to afford 106-H. LOMS-EST (m/a):
[M+HT found: 520.
15 Step?
A 50-ml tbf was charged with 106-3 (0.36 g, 0.6%9 numol} in TFA (S
mL). The reaction mixiure was stirred st room lemperature for 30 minutes. After
concentration, the crude was purified by columm chromatography on silica gel with
EtOAc-MeOH to afford compound 160, "H-NMR (400 MHz, Chloroform-d)} § 12.25
20 {m, 1H), 1047 (t, § = 59 Hz, 1H), 830 (5, IH), 7.58 - 7.28 (m, 1H), 6.98 - 6.50 {(m,
2H), 4.62 {(dd, J=14.8, 4.9 Hz, 3H}, 422 (, J= 12.2 Hz, 1H}, 4.14 - 4.07 (m, 1H), 3.96
(ad, ¥=12.2,3.1 Hz, 1H), 2.26 - 1.44 (m, 9H). ®F-NMR (376 MHz, Chloroform-d} § -
112384, 1= 7.7 Hz), -114.78 (q, J = 8.5 Hz). LOMS-ESE (m/7): found: 430.

Example 101
25 Preparation of Compound 161
(1R.4R, 12a8}-7-hrydroxy-6,8-dioxo-N-(2,4.6-triffuorobenzyi)-1,2,3.4,6,8,12,1 2a-

octahydro-1 4-cthanodipyridof1,2-a:1",2dpyrazine-9-carboxamide
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Step 1

A 100-mL rbf was charged with 181-A (0.3 g, 0.72 mmol} in THF (2
mL} and MeOH (2 mL). I N KOH (2.1 mL) was added to the reaction mixture. Then
the reaction mixture was stirred at room femperature for | hour. The reaction mixture
was acidified by adding 1 N HCL (2.1 mL). After concentration, the residue was co-
evaporated with toluene (3 x). The crude acid (0.72 mmol), 2. 4, 6-trifluobenzylamine
(0.23 g, 1.44 mmol}, N N-diisopropylethylamine (DIPEAY (0.47 ¢, 3.6 mmol) and
HATU (0.55 g, 1.44 mmol) were dissolved in DCM (26 mL). The reaction mixture was
stirred at rooms temperature for 2 hours. The mixture was diluted with EA (100 mL) and
washed with  saturated NaHCO: (2x), saturated NHLCE (2X) and dried over NapSQ,.
After concentration, the crude was purified by column chromatography on silica gel

with hexane-EtOAc to afford 161-B. LOMS-EST (m/2): [M+HT found: 538,

Step 2

A 50-mol. vbf was charged with 1¢1-B {0.36 ¢, 0.67 mmol) in TFA (8
mL). The reaction mixture was stirred at room iemperature for 30 minutes. After
concentration, the crude was purified by column chromatography on silica gel with
EtDAc-MeOH to afford compound 101, "H-NMR (400 MHz, Chloroform-d) 3 12.11
(s, 1H), 10.40 (t, J = 5.8 Hz, 1H), 8.28 (s, 1H), 6.91 - 6.3% (m, ZH), 4.62 (ddd, ] = 25.0,

204
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£5,2.8 Hz, 3H)L 421 (1, = 12.2 Hz, 1H), 4.09 (dd, 7= 12.5, 3.0 Hz, TH), 3.93(dd, I =
12.2, 3.1 Hz, 1H), 2.35 - 1.39 (m, 9H). F NMR (376 MHz, Chloroform-d) § -112.38
(i, I=7.7 Hzy, -114.78 (g, } = £.5 Hz). LOMS-ESI" (m/z): found: 448,

Exawple 142
Preparation of Compound 182
{15,4S,12aR)-7-hydroxy-6,8-dioxo-N-(2,4,6-iriflucrobenzyl}-1,2,3,4,6,8,12,1 24-

actabydro-1,4-ethanodipyridof 1,2-a:1".2"-d pyrazine-9-carboxamide

/" N g ?
[
182
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A 100-mL rbf was charged with 182-4 (2.0 g, 7.8 mmol) w THF (20
5  ml). The reaction mixture was cooled to 0 °C. Borane dimethy! sulfide (2 N in THF,
17.6 mLy was slowly added in. Then the reaction mixiure was stirred at room
temperature for overpight. The reaction mixture was cooled back to 0 C. Methanol (&
mlL) was added drop wise to quench the reaction. After concentration, the residue was
purified by Combi Flash {40 g column, cartridge used) using hexanes - EA as cluents to

10 afford 102-B. LCMS-ESI (m/z): IMAH]" found: 242.
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Stepd

A 100-mL vbf was charged with 02-B (18 g, 74 mmol),
triphenylphosphine (4.3 g, 16.2 mmol} and phthalimide (1 8 g, 12.2 punol} in THF (30
mL}. Then the reaction mixture was cooled to O “C with stirring. DIAD (32 mL, 162
mmol}y was slowly added to the reaction mixture, The reaction mixture was stirred at
roorn temperature for overnight. After concentration, the residue was purified by Combi
Flash {80 g coluran, cariridge used} using hexanes -~ EA ag eluents to afford 102-C.

LCMS-EST (m/z); [M+H]" found: 371.

To a solution of 102-C (2.5 g, 6.8 mmol) in EtOH (50 ml) was added
hydrazine monohydrate (1.7 mL). The reaction mixture was heated to 70 °C with
stirring for 3 hours. After filtration to remove the solid, the filtrate was concentrated to
afford 162-D. LCMS-EST' (m/z): Vi+H] found: 241,

A 100-mL rbf was charged with 1§2-I (1.6 g, 6.7 mumol) and 182-E (2.3
g, 6.7 mmol) in ethanol (30 mL). Sodmam bicarbonate (1.2 g, 1.4 mmeol} in water (30
mL) was added to the reaction mixture. Then the rcaction mixture was stirred 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 {1 x}, and the organic
fractions were combined, dried (Na,804), and concentrated. The crude 182-F was used

for next step without further purification. LOMS-EST (m/z): [M+H] found: 569.

A 100-mL rbf was charged with 162-F (3.7 2, 6.5 mmol} in 4 N H{CI
/dioxane (38 mL). Then the reaction puxture was stirred at room temperature for 1 hour.
After concentration, 3.2 g intermediate was obtained. The intermicdiate and DBU (5.1 g,
33.8 mmol) were dissolved m toluene (100 mL), The reaction mixture was heated to
110°C with stirring for 1 hour. After concentration, the residue was purified by Combi

Flash {80 g column, cartnidge used) using hexanes - BA as cluents to afford 182-G,
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LCMS-EST (m/2): IM+HT found: 423,

A 100-mL rbf was charged with 102-G (0.3 g, 0.72 mmol} in THF (2
mi} and MeOH (2 mL). | W KOH (2.1 mL) was added to the reaction mixture. Then
the reaction mixture was stirred at room temperature for 1 hour. The reaction mixture
was acidified by adding 1 N HCL (2.1 mL). After conceniration, the residue was co-
evaporated with toluene (3x}). The crude acid (0.72 wmel), 2, 4, 6-trifluobenzylamine
{6.23 g, 144 mmol), N.N-dusopropylethylamine (DIPEA) (0,47 g, 3.6 mwol) and
HATU {0.55 g, 1.44 mmol} were dissolved in DCM (20 mL). The reaction mixture was
stirred at room temperature for 2 hours. The mixture was diluted with EA (100 raL) and
washed with saturated NaHCO: (2x), saturated NH.Cl (2x) and dricd over NapSO,.
After concentration, the crude was purified by column chromatography on silica gel
with hexane-EtOAc to afford 162-H. LCMS-EST (m/z): [M+H] found: 538.

A 50-ml tbf was charged with 102-H (0.36 g, 8.67 munol) i TFA (5
mL). The reaction mixture was stirred at room femperature for 30 minutes. After
concentration, the crude was purified by column chromatography on silica gel with
EtOAc-MeOH to afford compound 182, "H-NMR (400 MHz, Chloroform-d) & 12.13
{s, 1H), 1040 (t, J = 5.8 Hz, 1H), 828 (s, 1H), 6.64 (t, } = 8.1 Hz, 2H), 4.89 - 441 {m,
3H), 4.22 (¢, J = 12.2 Hz, 1H). 409 (dd, T = 12.3, 3.1 Hz, 1H), 3.95 (dd, J= 12.1, 4.1
Hz, 1H}, 2.45 - 1.60 (m, 9H). PF-NMR (376 MHz, Chloroform-d) § - 109.26 (ddd, J =
15.1, 8.8, 6.3 Hz), -111.99 (1, ] = 6.9 Hz). LCMS-EST (m/2): found: 448.

Example 103
Preparation of Compound 183
{IR,4R,12aR )-2,3-difluore-7-hydroxy-6,8-dioxo-N~(2,4,6-trifluorobenzyl }-
1,2,3,4,6,8,12,12a-octabydro~1 4-methanodipynidol1,2-a:1",2-d]pyrazine-9-

carboxarnide
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Step 1

A solution  of (AR3RARSR6S)-methyl  3,6-dihydroxy-2-{{8)-3-
phenylethylj-2-azabicyclo[2.2. | heptane-3-carboxylate  (2.0g, 69mmol} in DCM
(27mL) was cooled to <78 °C in a dry icefacetone bath, To this solution was added
DAST (2.18 mi, 16.4% mmol} via plastic tipped pipetie. The solution was stirred at =78
°C: for 30 minutes after which time it was removed from the bath, let warm slowly to
room femperature, snd stirred at voom temperature for one hour. The reaction was
quenched by slow addition of the reaction mixture fo a stirring solution of saturated

sodium bicarbonate (150mL) via plastic tipped pipette. The layers were separated and

269



WO 2014/100323 PCT/US20613/676367

the agqueous layer was back-extracted with dichloromethane. The combined organic
fayers were dried over magnesium sulfate, fiitered and concentrated i vacuo. The
crude product was purified by silica gel chromatography {7-28% ethy! acetate/hexang)
to provide 183-A. TH.NMR {400 MHz, Chloroform-d} & 7.43 — 7.16 {m, 5H}, 5.01 ~
5 460 (ro, 2H), 3.85 (g, f= 7.1, 6.6 Hz, 1H), 3.55 (s, 2H), 3.53 - 3.42 (m, 2H), 2.76 (dg,
J=5.1,2.0Hz 1H), 2.19 - 2.07 (1m, 1H)}, 2.03 - 1.88 (m. 1H), 1.39(d, /= 6.7 Hz, 3H).

Steps 2 and 3
To a solution of 13-4 (0.96 g, 3.24 mmol} in Ethanol (36.01 mi} and
1 1.25M HCi-ethanol (4.09 wl) 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 filirate was concentrated under
vacuum fo dryness to afford the crude deprotected product which was assumed to be
324mmol for next step. LCMS-ESI” (m/z): [M+H] calculated for CgffFoNOy:
15 192.08; found: 192.114.
To the crude residue (0.62 g, 3.24 mmol} and Di-tert-butyl dicarbonate
(1.06 g, 4.86 mol in 2-Methyltetrahydrofuran (3243 ml) was added W,N-
diisopropylethylamine (0.56 ml, 0 mol). Upon complction, the reaction mixture was
dituted with water, extracted imto BtOAC (2x) and the organic fractions were washed
20 with water, combined, dried (Nap504), and concentrated. The residue was purified by
silica colurmm chromatography {0-55% EtOAc/Hexanes) to afford 183-B. 'H-NMR
(400 MHz, Chioroform-d} & 5.12 - 5.01 {m, 1H), 4.92 (s. 1), 449 (s, 1H), 414 (d, J =
14.7 Hz, 1H), 3.75 {5, 3H}, 2.91 (s, 1H), 2.24 - 1.9R8 {1, 2H), 1.47 (s, 5H), 1.38 (s, SH).
LOMS-EST (m/2): [MHHT calculated for CiaHayFoNGa: 292.13; found: 291.75.

j o
po ]

A solution of 183-B (0.68 g, 2.33 mmol) in THF (15 mi} was stirred in
an ice bath as 1.0 M LiBH, in THF {4.65 mi) was added and the resulting mixture was
stirred at 0 °C for 30 minutes at which time it was shown to be complete by TLC. The

30 reaction mixture was carefully treated with water (0.3 mL), then with NaOH (~15%,

3.5M, 0.3 mL}. then finally with additional water (0.9 mL). The mixture was stirred at
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room temperatare for 15 minutes, and the ppt that formed was filtered, washed with
dicthyl ether and the supernate was concentrated to afford 163-C. TH-NMR (400 MHz,
Chloroform-d} & 4.83 (s, 1H), 4.56 (d, J = 10.5 Hz, 1H), 4.37 (s, 1H), 3.78 - 3.47 (m,
3H)L2.76 (s, THY 236 - 218 (m, TH), 2,17 - 1.98 (m, TH) 1.55 {5, 1H), 148 (s, OH).

Steps S and 6

A mixture of 163-C (0.59 ¢, 2.25 mruol). phthalimide {0.53 g, 3.6 mmol}
and triphenylphosphine (1.3 g, 4.95 mmol) in THF (11 mi) was cooled in an ice bath.
Dhisopropyl Azodicarboxylate (0.97 mi, 4.95 mmol) was added. The mixture was
then warmed up to room temperature and stirred for 14h and then concentrated in
vacuo. The residue was dissolved in ether, stirred for 1 h, then the solids were filtered
off and the filirate was concentrated. The residue was purified by silica column
chromatography (10-31-91% EiQAc/hexancs) to afford the protected amino compound
{assumed 2.25mmol of product). LCMS-ESE (mZy [M+H]" caiculated for
CagtlaaF NGy 393.15; foumd: 392.77.

A solution of the protected amino compound (0.88 g, 2.25 mmol) and
hydrazine hydrate (0.46 ml, 9.52 mmeol) in ethanol (22 mi} was stirred at 60 °C for 2 h.
The reaction mixture was cooled m an ice bath, ether (10 ml) was added and the
mixture was stirred for 30 min. The solid formed was filtered off and the filirate was
concentraied under vacuum to dryness to give 183D, TH-NMR (400 Mz,
Chloroform-d} 6 5.17 - 4.61 (s, 2H), 4.37 (s, 1H), 3.80 (s, 1H), 3.11 - 2.77 (m, 1H},
201 (s, 2H), 1.87 (s, 1H), 1.83 (d, J = 7.4 Hz, 1H), 146 (s, 9H), 1.30 {d. J = 6.4 Hz
IH), 127 (d, 1 = 63 Hz, 3H). LOMS-ESI" (ni) [M+HT calculated for
CraHooF NG 263,15, found: 262.86,

Steps 7. 8and ©

Cornpound 183 was prepared in a similar manner to compound 66 using
143-D in place of 41-E and using (2.4,6-triflucrophenylimethanarine in place of (2.3~
dichlorophenyDmethanamine. A single diastercomer resulted. The stercochemistry of
the fluorines is unknown. "H-NMR (400 MHz, Chloroform-d) 8 8.08 (s, 1H), 646 -
€27 {ra, 2H), 4.95 (4, I =535 Hz, (H), 465 (d, I =549 Hz, 1H), 445 (s, 1H), 433 (d,

[
—
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J=536Hz 2H}, 3.84 (1, J= 3.6 Hz, 2H), 2.75 (5, 1H), 2.28 {p, } = 1.9 Hz, 2H), 2.20 (s,
1H), 191 (dd, J = 333, 152 Hz, 1H), 095 (s, 1H) LOCMS-EST (mA) [MHT
calculated for Uy H;-FsNzGy 470,115 found: 476,13,

ANTIVIRAL ASSAY

Example 164
Amptiviral Assays in MT4 Cells

For the anfiviral assay utilizing MT4 cells, 8.4 pl of 189X rest
concentration of 3-fold serially diluted compound in DMEO was added to 40 ul. of cell
growth medmm (RPMI 1640, 10% FBS, 1% penicilline/Streptomycine, 1% L-
Glutamine, 1% HEPES)Y in cach well of 384.well assay plaies (10 concentrations) in
guidruplicate.

I mL 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 medium (mock-
infected) or a fresh 1:250 dilution of an HIV-ilib concentrated ABI stock (0.004 m.o.i.
for MT4 cells). Infected and uninfected cells are dituted in cell growth medium and 35
pL of 2000 (for MT4) cells is added to cach well of the assay plates.

Assay plates were then incubated in a 37 °C incubator. After 5 days of
incubation, 25 pl of 2X concentrated CellTiter-Glo™ Reagent (catalog # G7573,
Promega Biosciences, Inc., Madison, WI) was added to each well of the assay plate.
Cell lysis way carried out by incubating at room temperature for 2-3 minutes, and then
chemilumingscence was read using the Envision reader (PerkinElmer).

Compounds of the present invention dewoustrate antiviral activity o this
assay as depicted in Table 1 below. Accordingly, the compounds of the fuvention may
be useful for treating the proliferation of the HIV virus, treating AIDS, or delaving the

onset of AIDS or ARC symptoms.

Table 1
nivE in MT-4
Compound Nuroaber _ “
E:‘:CSD CC a4
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nM in MT-4
Compound Mumber
ECso CCey
] 2.6 5819
2 2.2 3111
3 2.0 38446
4 14.8 45769
5 8.1 10452
6 5.3 53192
7 3.5 13610
& 2.5 13948
9 5.1 13451
10 . 3670
3! 49 10274
i2 59 3337
i3 46.0 12666
i4 63.5 4939
15 2.2 16268
16 1.5 13633
i7 5.9 6613
18 4.1 10263
i9 2.8 38690
20 3.3 277990
21 38.3 13010
22 64.3 4433
23 2.3 13444
24 6.1 12074
25 26.2 5233
26 10.3 8836
27 4.4 8751
28 15.6 18687
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Compound Nurber BN
ECso CCsy
29 13.9 8444
36 4.0 6828
31 9.0 4523
3z 14.0 4684
33 435 3971
34 4221 3585
35 15780 13546
36 7.6 11424
37 10.2 19486
38 1.7 13223
39 3.6 12174
40 2.4 9560
4} 2.1 1567
43 2.5 3544
43 6.9 10221
44 2.3 FB60
45 2.4 15765
46 2.6 19295
47 1.9 11301
48 2.7 13967
49 33.3 52219
S0/51
19 37173
{racemic mixture)
52 15.0 12943
53 14,3 3347
54 15.6 3236
53 1.5 11100
56 3.1 17238
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nM in MT-4
Compound Nurnber

ECsq CCeq
57 2.3 11751
58 1.5 7694
59 3.1 22200
60 2.1 31308
61 1.8 25881
62 8.2 3492
63 2.5 3164
&4 3.5 3332
65 2.4 2508
66 9.4 11848
67 10.7 2981
o8 2.7 1175
69 1.9 4767
74 5.1 8413
71 2.6 4660
72 4.3 6255
73 1.8 9194
74 29.3 4340
75 2.8 52062
70 17.8 34581
77 5.6 10145
78 5.6 3108
79 3.4 120692
§0 4.6 5045
81 1.9 12298
82 29 30434
83 1.5 27561
84 i) 9727
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Compound Number B

Esq CCqy
85 2.0 10378
86 2.3 224035
88 2.9 3230
89 .4 4629
90 5.7 8086
a1 50 7183
92 18.6 4553
93 2.2 6158
94 115 51173
26 2.6 26586
97 2.1 17341
9% 24 17947
a9 2.0 8473
160 2.2 11580
101 2.1 11585
102 2.3 12042
103 10.3 35127

Example 105

Human PXR Activation Assay

Luciferase Reporter Gene Assay, A stably transformed tumor cell line

(DPX2) was plated on 96-well microtiter plates. DPX2 cells harbor the human PXR
gene {WR1E2) and & luciferase reporter gene linked fo two promoters identified in the
human CYP3A4 gene, namely XREM and PXRE. The cells were treated with six
concentrations of each compound (0.15 ~ 30 pM) and incubated for 24 hours. The
number of viable cclls was determined and the reporter gene activity was assessed,
Positive control: Rifampicin at 6 concentrations (.1 ~ 20 uM). %E .y relative to the

maximum fold induction by 10 or 20 uM RIF was caleulated for test compounds

216
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according to the following cquation which adjusts for the DMSO background: YeE .y =

{Fold wduction ~ 1 ¥{Maxinum fold induction by RIF — 1} x 100%.

Table 2

Compound YoE max at
Number 15 pM
2 4.5
3 7.5
4 3
5 32
6 )
7 6
8 7
5 7
10 19
15 20
16 17
17 7
i8 4
19 2
20 2
23 45
28 6
29 3
32 14
33 17
36 3
37 2
38 7
39 6




WO 2014/100323

Compound YoEmax at
Nuniber 15 udM
40 0
41 115
42 21
43 i8
44 4
45 14
46 34
47 11
48 3
34 2
55 24
56 3
57 3
58 1
56 4
60 3
&1 1
63 13

64

66 8
67 ¢
68 6
&9 5
70 i0
71 3
72 4
73 7
75 Y

PCT/US2013/076367
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Compound Yo max at
Number 15 uM
77 il
74 0
&0 2
81 i
32 1
83 ]
R4 21
85 77
86 30
88 27
89 5
90 i1
91 3
92 3
93 9
86 11
97 9
o8 &
39 17
100 45
102 123
i03 i
Example 106

OCTI Enbibition Assay
The dese dependent inhibition of OUT2 mediated uptake of a model
substrate 'C-Tetraethylammonium (TEA) by test compounds was studied in wild-type

and CCT2-transfected MICKIE cells at 7 concentrations from 0.014 uM 1o 10 uM.

219
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MDCEIT cells were maintained in minimal esseutial mediom (MEM}
with 1% Pen/Strep, 10% fetal bovine scrum, and 0.25 mghml hygromycin B in an
incubator set at 37 °C, 90% bhumidity and 3% C(,. 24 howurs prior to assay, media

containing 5 mM sodium butyrate were added to MDCKI cells in flasks, and cells were

(o

grown to 8(3-90% confluence. On assay day, cells were trypsinized and resuspended in
Krebs-Henseleit Buffer (KHR), pH 7.4 at 5 x 10° million cells/mL. Cells were
preincubated for 15 min in assay plate before addition of test compound or substrate.
Test compounds were serially diluted in DMSO and then spiked {2 ul)
e m 04 mL KHB buffer containing wild-type or OCT2-trauvsfected cells and
10 incubated for 10 minutes. Assay was initiated with the addition of 0.1 mL of 100 uM
BOCTEA in KHB buffer (20 uM final concentration after mixing). The concentration
of TEA is based on the K. After 10 minutes of incubation, the assay mixture was
quenched with addition of 0.5 mL of ice-cold 1X PBS buffer. Samples were then
centrifuged at 1000 rpm for 5 min and supernatants were remmoved. Wash steps were
I35 repeated four times with ice-cold PBS. Finally, the cell pellets were lysed with 0.2N
Na(H and let sit at room temperature for at least 30 min to ensure complete lysis.
Samples were then counted on Tiquad scintillation counter and dpm couunts were used o
perform the following calculations. The % inhibition was calculated as foliows: %
mhibition = [1- { [OCT2} - (WTl § / {{OCT2-{WTha! 1*100 where, {OCT2)
2 represents the dpm count in the presence of test compound for either OCT2 cells,
{OCT2], represents the dpm count in the absence of test compound for OCT2 cells and
[WTly represents the dpm count in the absence of test compound for wild type cells,

respectively.

Table 3

138
(4

Compound s (nM)
Number
2 240
3 250
3 2230
i1 10000
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Compound 1Cs0 (nM)
Nupiber
13 610
36 10000
39 358
40 204
41 2823
42 487
45 137
47 6200
4% 4909
35 476
63 42
64 94
77 3830
82 10000
43 16000
a6 1357
98 3726
89 1506
100 450

The data in Tables 1, 2 and 3 represent an average over time of each
assays for each compound. For certsin compounds, multiple assays have been
concucted over the life of the project. Thus, the data reported in Tables 1, 2 and 3
inchude the data reported in the priovity documents, as well as data from assavs ron in

the intervening period.
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Hxample 107
Pharmacekinetic Analysis Following Oral or Intravencns Administration to
Beagle Dogs

Pharmacokinetic analysis was performed on various test compounds
following intravenous or oral administration to beagle dogs.

For pharmacokinetic analtysis of intravenously adwministered compounds,
the test compounds were formulated in 5% Ethanol, 55% PEG 300, and 40% water at
6.1 mg/ml for 1V infusion. For pharmacokinetic analysis of orally administered
compounds, the iest compounds were formulated as an aqueouns suspension i (.1%
Tween 20, 0.5% HPMC LV100 in D1 Water at 1 mg/kg.

Each dosing group consisted of 3 male, non-uaive purebred beagle dogs.
At dosing, the animals weighed between 10 o 13 kg The animals were fasted
overnight prior to dose administration and up to 4 br after dosing. For studies of
mtravenous adminisiration, the tfest article was administered to the animals by
intravenous infusion over 30 min. The rate of infusion was adjusted according to the
body weight of each animal to deliver a dose of 0.5 mg/kg. For studies of oral
administration, the test article was administered according to the body weight of cach
animal to deliver a dose of | mg/kg.

For pharmaceokivetic analysis of intravenously administered compounds,
serig] venous biood samples {approximately | mL cach) were taken from cach animal at
G, (.230, 0.483, 0.583, 0.750, 1.00, 1.50, 2.00, 4.00, R00, 12.0, and 24.0 hours after
dosing. The blood samples were collected inte Vacutainer™ tubes containing EDTA-
K2 as the anti-coagulant and were immediately placed on wet ice pending
centrifugation for plasma.  An LOMS/MS method was used to measure the
concentration of the test compound m plasma. An aliquot of 100 L of each plasma
sample was added to a clean 96 well plate, and 400 pl of cold acetoniirile/internal
standard solution (ACNY(ISTD) was added. After protein precipitation, an aliguot of
110 pL of the supernatant was transferred to a clean 96-well plate and diluted with 300
gl of water. An aliquot of 25 pul. of the above solution was injected into a TSQ
Quentum Ultra LO/MS/MS system utilizing o Hypersil Gold Cjs HPLC columm (56 X

3.0 mm, 5 pm; Thermo-Hypersii Part # 25105-053030). An Agilent 1200 series binary
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pump (P/N G1312A Bin Pump) was used for elution and separation, and an HTS Pal
aptosampler (LEAP Technologies, Cartboro, NC) was used for sample injection. A
TSQ Quantum Ultra tniple guadrupole mass spectrometer was utilized in selective
reaction monitoring mode {Thermo Finnigan, San Jese, CA). Liquid chromatography
was performed using two mobile phases: mobile phase A contained 1% acetonitrile in
2.5 mM ammontum formate aqueous solution with pH of 3.0, and mobile phase B
coptained 90% acetonitrile in 10 mM ammonium formate with pH of 4.6, Non-
compartmental pharmacokinetic analysis was performed on the plasma concentration-
time data. The resulting data are shown in the first three columns of Table 4. 1o Table
4, CL refers to clearance, which characterizes the rate at which drag is removed from
plasma. The lower the clearance of a drug is, the longer the elimination half life s in
the body. V refers to the steady state volume of distribution and indicates how well a
drug is distributed mto the tissues. The larger the Vi is, the longer the climination half-
fife 15 in the body. MRT refers to mean residence time, which is a measure of the
average time molecules exist in the body.

For pharmacokinetic analysis of orally administered compounds, serial
venous blood samples (approximately 0.3 mi each) were taken from each animal at
time points of 0, 0.25, 0.50. 1.0, 2.0, 4.0, 6.0, 8.0, 12.0 and 24.0 hours after dosing.
Blood samples were collected, prepared and analyzed in a similar way to the
mtranveous studies described above. Non-compartmental pharmacokinetic analysis
was performed on the plasme concentration-time data. The rosulting data are shown in
the last three columns of Table 4. In Table 4, F (%) refers to oral bisavailability, Ciay
refers to the peak plasma concentration of the compound after adminisration. AUC
refers to area under the curve and is & measure of total plasma exposure of the indicated

compound.

Table 4

Compo CL Ve MRT F (%) Crax(gM) | AUC |
und # | (L/Avkgy | (L/kg) | (B) agueous | agueeus | (BM*h) |
saspension | suspension | agueous
| suspension |
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98 0.047 §.16 3.3 n/a. N4 /8,
83 0.161 .38 24 n/a n/4 n/a
535 0.058 0.24 4.2 wa N/a n/a
77 0.300 8.64 2.2 n/a n/a /e
41 0.015 0.11 7.5 10.7 2.4 16.3
42 0.020 0.13 7.1 28.0 4.5 28.6
47 0.014 0.10 7.4 12.6 2.8 204

g 0.49% 0.87 1.8 /a n/a n/a
7 0.510 1.20 2.3 n/a wa n/a
3 0.047 0.23 4.9 18.7 1.2 9.2
2 0.030 (.20 6.5 40.7 7.8 66.1

All of the U.S. patents, U.S. patent application publications, 1.8, patent

applications, foreign patents, foreign patent applications and non-patent publications

referred to in this specification are incorporated herein by reference, in their entirety to

the extent not inconsistent with the present description.

From the foregoing it will be appreciated that, although specific

embodiments of the mvention have been described herein for purposes of iltustration,

various modifications may be made without deviating from the spirit and scope of the

mvention. Accordingly, the invention 1s not limited except as by the appended claims.
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CLAIMS
What isclaimed is:

1. A compound of Formula la having the following structure:

y 0 F
O X
Frdnd
NN So F F

H © OH

..l.'lI

or a pharmaceutically acceptable salt thereof.

2. A pharmaceutical composition comprising the compound of clam 1, or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier,
diluent or excipient.

3. The pharmaceutical composition according to claim 2, wherein said
pharmaceutical composition further comprises one or more additional therapeutic agents.

4. The pharmaceutical composition according to claim 3, wherein the one or
more one additional therapeutic agentsis an anti-HIV agent.

5. The pharmaceutical composition according to claim 4, wherein the one or
more additional therapeutic agents is selected from the group consisting of HIV protease
inhibitors, HIV non-nucleoside inhibitors of reverse transcriptase, HIV nucleoside
inhibitors of reverse transcriptase, HIV nucleotide inhibitors of reverse transcriptase, and
combinations thereof.

6. The pharmaceutical composition according to claim 5, wherein the composition
comprises the compound of claim 1, or a pharmaceutically acceptable salt thereof, tenofovir
alafenamide fumarate and emtricitabine.

7. A compound or a pharmaceutically acceptable salt thereof according to
claim 1 or apharmaceutical composition according to any one of claims 2 to 5 for usein
amethod of treating an HIV infection in a human having or at risk of having the

infection.
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8. A pharmaceutical composition according to claim 6 for usein
amethod of treating an HIV infection in a human having or at risk of having the
infection.

9. A compound or a pharmaceutically acceptable salt thereof according to
claim 1 or a pharmaceutical composition according to any one of claims2to 5 for usein
medical therapy.

10. Use of a compound or a pharmaceutically acceptable salt thereof according to
claim 1 or a pharmaceutical composition according to any one of claims 2 to 5, in the
manufacture of amedicament for treating an HIV infection in a human having or at risk of
having the infection.

11. Use of a pharmaceutical composition according to claim 6 in the manufacture of a
medicament for treating an HIV infection in ahuman having or at risk of having the infection.
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